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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      
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Feb. 9, eP 14:39:56.1, 320 N. t 1160 W. Lower California.

iL 14:52:38, Magnitude 6~-7.

~T 15:16:27,
Feb. 12, iP 12:01:31.8, 19° N., 119~oE. Off northwest coast of

Luzo.o, P. I. Magnitude 6Y..6~.
Feb. 19, eL 02:37, 520 N. t 131Ylo W. Queen Charlotte Islands. :

~4agnitude 6~.

Feb. 18, iP 07:43:52.2, 300 N., 137~o E. South of Honshu, Japan.
Depth about 450 km. Magnitude 7~-7~.

MaT. 3, iP 00:12:58.2, 150 S., 173~o w. Samoa Islands region.
Magni tude 6Y2 -6~.

'\Iar. 13, eP 13:24:43.8, 70 N., 82° W. Off south coast of Panama.
Mar. 22, iP 06:45:52.3, 3~0 S., 7C)OW. Ecuador. Depth about 100 km

MagDitud~ 6~-6~.

o
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LOCAL EARTHQUAKES

The data for the following local earthquakes wer~ dctcrrnined
from seismographs on the islands of llawaii and ~1:'\ui operated
by the IIawaiian Volcano Observatory. Except for smaller earth
quakes of spe~ial inter:st, on~)' earthq~akes classed as slight
or larger were Includ~d 10 the lIst. The Intensity ratings assign
ed are based on the Bosch-On1ori seismograph at the U/hit;ey
Laboratory. This intensity scale has been extended empirically
to permit its use with the Loucks-Omori nnd Sprcngnerhcr s~is

mographs. The entries for a given earthquake are: d~te) time
of arrival at the nearest ~tation (J-Iawaiian standard tinle),
intensity at the nearest station, name of th~ nearest station. ,
epIcenter, and general remarks.

Jan. 9, 05:02:55, slight at Uwckahuna. Near Kilauea caldera. -
Feb. 5, 07:21:03) slight at,Uwekahuna. Kaoiki fault near Hnlfway

House. Felt at Hawaji Notional Park and
Pahala.

Feb. 18) 17:07.:50, moderate at Uwekahuna. Kaoiki fault west of
Kilauea calder-a. Felt at Hawaii National
Park.

"Mar. 3, 21:49:35, Moderate at the Whi~ncy Laboratory. Ten km south
of Kilauea caldera at a dcpt~ of (about 10 km.
Felt at Hawaii National Park, O!aa, and I1ilo.

Mar. 9, 13:35:00, slight at the Whito<oy Laboratory. No£thea~t rim
of Kilauea caldera. Felt at the Volcano House.

Mar. 10, 01:58:07, slight at Hilo. Off east const of Ilawaii about
20 km en$t northeast of Hilo at a depth of about
40 krn. Felt At Hilo and Glenwood.

Mar. 29, 15:53:27, modera te at Pahoa. E:lst rift of K,iJauea south of
Pahoa. Felt at Pahoa.

DISTANT EAR-rHQUAKES
The following earthquakes of distant origin were recorded on

the seismographs at the lIa~\'aiian Volcano Ohscrvatory (190

25.'4 r N. latitude, 1550 17.7 r W. longitude). Bel!,inninj;!=l of
phases are given in Greenwich civil time, which is 10 hours
faster than lIawaiian standard time. Locations of epicenters,
magnitudes, and depths of focus are from the notices of Pre
liminary Determinations of Epicenters published by the U. S.
Coast and Geodetic Survey.

Jan. 10, eP 09:01 :46.4, 25° S., 1.760 w. Tonga Islands region.
eS 09:09:05.7, Depth about 200 kIn. ~fagnitude 7 X.

Jan. 31, iP 09:26:19.2, 40 S., 152" E. New Ireland. Depth about
400 km. ~fC\8nitude 7-7X·

Feb. 1,. iP 13:50:56.1, 190 N., 145~o E. Marianns Islands. Depth
about 350 km. Magnitude 6~7.
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PREFATORY NOTE
This sumfa1&:ry of observations made at the Hawaiian Volcano

Ob'servatory is published for the use of volcanological and seismologi
cal observatories and others interested in the data at intervals more
frequently than once a year. ° Heretofore this .mate~ial was av~~lable

in The Volcano Leller, publtshed by the University of Haw3u, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. 'Summary of volcanic conditions

January

l'he Hawaiian volcanoes were very quiet during January.
Only 12 earthquakes were recorded during the month on the
Bosch-Omori seismograph in the Whitney Laboratory of Seis
mology, on the northeastern rim of Kilauea caldera. Of these,
only 7 were larger than tremors. This is the smallest number
since October 1947, when only 11 quakes were recorded, and is
the same as the number recorded during February 1954. The
more sensitive Sprcngnether vertical seismograph at the Uweka
huna station recorded a total of 114 earthquakes during January,
but almost all of them were very small.
, The gradual subsidence of Kilauea caldera and the surround
"ing ar~a that had continued through the last months of 1955,
following the end of the eruption in east Puna, finally stopped
during January, and during the last third of the month there was
ia small accumulation of northward tilting of the ground 'surface
at the Whitney Laboratory, suggesting the possibility of a small
rc inflation c;>f the volcano. '

February

Volcanic conditions in February were even quieter than in
January. The seismograph at the 1'hitney Laboratory of Seis
mology recorded only 9 earthquakes during the month, the small
est number for n.ore th3.n 15 years. The "Sprengnether vertical
seismograph at Uwekahuna recorded 81 earthquakes. The
Loucks-Onlori seismograph at the Mauna Loa station recorded
'28 quak~s,. nnd that at the Pahoa station recorded 26. Thus
there was more earthquake activity both on ~fauna Loa and on
the east rift zone of Kilauea than in the Kilauea caldera region.

T Bting of the ground at the Whitney Laboratory was approxi
m~tely normal in the east-west direction, but there was appre-

1
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3. Table of tilt at s~ismograph stations on the rim of Kilauea
caldera.

,2. Earthqual:es recorded on the Bosch-Omori seismograph in
....he Whi tncy Laboratory of Seismology, on the northeast
'rim of Kilauea caldera.

')

• I..oc;) .s~·ismicity i:; an .arbitra~ value. Each local l'arrhql1akc is assioncd
a S~lsmlC1ty v;}l~c accord~ng to Its strength. as follows: tC(~mor, 0.25; very
feeble, 0 . .5; (cc~Jt', 1.0; ~ll~ht. 2.0; modcr<lte. 3.~; srronc. 4.0. These value!';
?rl' tot.d~d to ~JVC the weekly local ~cisroicity. Continuous volr.anic tremor is
Ignored tn the c.~lc~lntion. The ~trcngth assigned to the earthquake depends
on th.c d~ublt· amplitude oC the maximum oscillation it causes on the Bosch
Omora selsmogr3ph, a~ 1,)llows: Tremor, less than 0.5 rTllD; very fceble, 0.5 to
4 rom; feeble, 4 to 11 rom; slight, 11 to 25 mm; moderate, 25 to 60 mm; strong,
~:rcatcr than 60 mm.

, Week
Urnitney station Uwekahuna station

beginning-
: (northeast rim) lwest rim)

Direction
Amount,

Direction
Amount

: [(seconds c( arc) (seconds of arc)

Jan. 1 N t15° E 0.7 S 0.3
8 S 39° E 2.1 N 340 W 1.2

: 15 S 57° E 0.4 N 45° W 0.4
22 N 71 0 W 0.4 S 64° W 0.7

29 N 0.1 S 14° E 1.3
Feb. 5 S 710 W O~4 S 31° E 1.9

12 N 71° W '0.4 S 0.3
19 N 0.1 S 450 E 0.9
26 S 390 W- 0.8 W 0.6

'Mar. 4 S 45° W 0.8 ..... --_ ..... -..... ---_ ... 0.0
11 S 34° W 0.4 E 0.3
18 w 0.1 S 270 E 1.4
25 S 790 W 0.6 N 26° W 0.7

,-
Mihutes

Week Very Moder-
Local

I beginning
vf

feeble
Feeble Slight Strong Total SClS-

tremor ate micity •

Jan. 1 0 1 0 0 0 0 1 0.5

8 0 ,3 0 . 1 0 0 4 3.5
15 0 0 0 0 0 0 0 0,

22 2 2 0 0 0 0 4 1.5
29 2 0 0 0 0 0 2 0.5

Feb. 5 0 0 0 1 0 0 1 1.0

12 0 2 0 0 1 0 3 4.0

19 0 3 0 0 0 0 3 1.5
26 1 1 0 0 1 0 3 3.7.

'Mar. 4 4 3 1 1 0 0 9 5.5
11 0 2 0 0 0 0 2 1.0

18 10 4 0 0 0 0 14 4.5
25 1 3 2 0 0 0 6 3.7.

2

Afarch

Earthquake actIvIty at Kilauea volcano increased markedly
during March, as compared to that during January and February.
The seismograph in the Whitney Laboratory recorded 34 earth..
quakes, and the more sensitive Sprengnether seismograph at
Uwekahuna recorded 197 quakes. The Mauna Lou seisnlograph
recorded 38 quakes, and that at the Pahoa station recorded 22.
Even with the increase in activity, however, the number of
quakes recorded in the Kilauea caldera region was onlYI slightly
greater than that nornlally recorded during times of volcanic

quiet.
Most of the earthquakes appear to have originated in the

~icinity of Kilauea caldera~ severnl of them at a depth of about
1.5 km. : Some originated along the east: rift zone of Mauna Loa,
and others along the east rift zone of Kilauea in east Puna.
A quake at 13h 35m on March 9, felt as a sharp short sh3ke in
the Headquarters area of Hawaii National Park, came from a
focus beneath Kilauea caldera. A quake at 1h 5H

m
on ~iarch 10

was felt from Glenwood to IIilo. It seems to have originated
about 20 km east northeast of I-iilo at a depth of about 4~ km.

Many small landslides occurred during the month on the walls
of llalemaumau crater. Most of them were on the southwest
and northeast sides. \\,here the rift zone intersects rhe crate,:

walls.
Early on the morning of ~farch 27 a higllly sensitive vertical

electromagnetic seismograph in n new station at the south edge
of Kilauea caldera recorded about 3 hours of continuous tremor
resembling that know!: to accolnpany the movernent of liquid
lava in the feeding conduits of tI,e volcano. The tremor was

:so small that it is barely visible on the r~cords from the other
seismographs. It probably was caused by rnovemcnt of magma
deep beneath Kilauea calder(1. I-Iowevcr, because this new
instrument h3S much higher magnification than any instr\Jment
previously operated at Kilauea, we do Got know whether oc not

small-amplitude tremor of this sort is ~nusuaI.

As during February, south ward tilting of the ground :t t the
Whitney Laboratory was much less than usual at that Season

of the year, probably indicating a small increase of rnagmatic
pressure beneath the caldera region. Westward tiltin~ was

approximate1y normal in alnount.

ciably less southward tilting than usual at that season Of the
year. This suggests a slight turnescence of the volcano, ()I'ob

ably resulting from an increase of magmatic pressure beneath
the caldera region.
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• LOCality 3 Uwellohuno lIi,/nooropfl ,to'ion

Ao4d " H.odquort.rt Hawaii Hollonol ~Il
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TQtloorophy by U.S. GeoIOfieol Survey

Map of the Island of Hawaii, showing location ;'f the Hawaiian
Volcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.



magnitudes, and depths of focus are from the notices of Pre
liminary .Determinations of Epicenters published by the u. s.
Coast and Geodetic Survey ..

Apr. 18. eP 11:07:31.2,

Apr. 22. eP 17:29:17.8,

Apr. 2:3. e P 03: 41 :12.5,

May 6. e T 21:40:20.8,

May 23" i P 20:55:40.4,
is 21:00:35.4

May 26, eP 20:28:43.0,

MIY 28. eP 13:35:43.3,

M.y 30. eP 15:50:03.5,

]u'ne 4. eP 07:16:08.~,

] me 13" e P 12: 19:45.1 ,

].ne28. eS 13:10:07,
eL 13:14:42

520 N., 1780 W. Andreanof Islands, Aleutian
Islands. Magnitude 6-6X.

54° N., 162
0

W. South of Alaska Peni~sula.
Magnitude 6.

42~°1'l.,144° E. Off east coast of Hokkaido.
Felt- Magnitude 6Yr6%.

54~ N., 162~0 w. Unimak Island region,
Alaska.. Magnitude sY:rS%.

25~o S., 1790 W. Fiji Islands. Depth about
450 lern. Magnitude 7~.

19° S., 178~0 W. Fiji Islands" Depth about
5 SO Ian. Magnitude 6X-6X.

10 N., 121 XO E. Northern Celebes. Depth
abomt 100 km.

23° S.. , 178Xo W. Tonga Islands region.
Depth about 350 km.

52° N., 170Xo W. Fox Islands, Aleutian
Islands. Magnitude 6X.

XO S., 124Xo E. Near coast of Celebes.
Depth about 200 km.

49° N., 129~0 w. Off coast of Vancouver
Island, British Columbia. Magnitude 6X
6~.

o
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LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

fro~ seismographs on the islands of Hawaii and Maui operated
by the Hawaiian Volcano Observatory. Except for smaller earth
quakes of special interest,. only earthquakes classed as slight
or larger were included in the list. The intensity ratings assigned
are based on the Bosch-Omori seismograph at the Whitney
Laboratory. This intensity scale has been extended empirically
to permit its u'se with the Loucks-Omori and Sprengnether seis
mographs. The entries for a given earthquake are: date, time
of arrival at the nearest station (Hawaiian standard time),
intensity at the nearest station, name of the nearest station,
epicenter, and general remarks.

Apr. 5, 18:48:21, sli~ht at Uwekahuna. About 10 km south of
Kilauea caldera at a depth of about 15 km.

Apr. 7, 08:30:57, slight at Mauna Loa. Near the Mauna Loa
Slope Observatory at a depth of about 10 km.

Apr. 15, 19:09:20, modera te at Kamuela. About 20 km north
northwest of Keahole Point at a depth of
about 15 km. Felt at Honokaa.

May 13, 21:53:36, moderate at Kamuela. 200 17' N., 155 0 17' W.,
a bout 75 km east of Hana, Maui and about
90 km north of Laupahoehoe, Hawaii. Depth
probably about 20 km. Felt from Hawaii
National Park on Hawaii to Honolulu on Oahu.

May 21, 01:06:30, slight at Kamuela. Fifteen km northwest of
Kamuela at a depth of about 30 km.

May 27, 15:41:00, strong at Mauna Loa. Five km north of Ainapo
at a depth of about 5 km. Felt from Keala
kekua to Hilo, strongly at Kapapala.

June 7, 00:35:58, moderate at Kona. Near Kealakekua, probably
at a shallow depth. Felt at Kealakekua.

June:14, 15:09:55, strong at Kona. Several km north of Kealakekua
at a depth of about 5 km. Felt throughout
Kona and as far as the Hawaiian Volcano
Observatory.

June 24, 15:30:59, slight at Mauna Loa. About 15 km deep near
the Mauna Loa seismograph station.

June 24, 15:31 :38, slight at Mauna Loa. About 15 km deep near
the Mauna Loa seismograph station.

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded

on the seismographs at the Hawaiian Volcano Observatory
(19 0 25.4' N. latitude, 1550 17.7' W. longitude). Beginnings
of phases are given in Greenwich civil tim~, which is 10 hours
faster than Hawaiian standard time. LocatiOlls of epicenters,
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PREFATORY NOTE
This summary of observations made at the Hawaiian Volcano

Observatory is publis~ed for the use of volcanological and se ismologi
cal observatories and others interested in the data at intervals more
frequently than once a year. Heretofore this material was available
in The Volcano Letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. Summary of volcanic conditions

April

Seismic actIVIty dropped to a very low level during April.
Only 8 earthquakes were recorded by the seismograph beneath
the Volcano House. The more sensitive seismograph at Uweka
huna recorded 120 earthquakes during the month, but most of
these were very small.

At 7:09 p.m. on April 15 an earthquake originating about
15 km deep 20 km north northwest of Keahole Point was felt
at Honokaa. A small swarm of earthquakes about 45 km beneath
Kilauea caldera on April 18 and April 19 was followed by a
sequence of tiny, shallow earthquakes in or near Kilauea caldera
between April 24 and April 30.

Tilting of the ground surface at the northeast rim of Kilauea
caldera was negligible during April. Since the normal tilting
at this point during April was moderate in amount and directed
toward the southwest, the absence of tilt may reflect a slight
swelling of the top of Kilauea volcano.

May
Seismic actIVIty in Hawaii increased somewhat during May.

Nineteen earthquakes were reRistered by the seismograph be

l



neath the Volcano House, and the more sensItIve seismograph
at Uwekahuna recorded about 220 mostly very small earthquakes.

An earthquake felt from Hawaii National Park on Hawaii to
Honolulu on Oahu at 9:54 p.m. on May 13 originated about
75 km east of Hana, Maui, at a depth of about 20 km. This
epicenter lies on the northeast margin of the Hawaiian Arch
along a line which has been the site of several large earth
quakes during the last 20 years.
. At 3:41 p.m. on May 27 an earthquake stemming from a focus
about 5 km north of Ainapoand 5 km deep was felt from
Kealakekua to Hilo. The shaking was reported to be severe
at K:apapala.

Tilting of the ground surface at the Volcano House was to
ward the northeast and in excess of the normal amount. The
reversal from westward to eastward in the east-west component
of tilt occurred nearly three months earlier than usual. This
early reversal could nave been caused by a tumescence of
Mauna Loa; but so many fa:ctors, including temperature and
rainfall, affect the tilt recorded at the Volcano House that no
certain interpretation is possible.

June

Seismic activity on Hawaii again dropped to a very low level
during June. Only 5 earthquakes were registered on the seis

mograph beneath the Volcano House during the month. At Uweka

huna the sensitive Sprengnether seismograph recorded about
300 earthquakes. Most of these were very small, however.

At 12:35 a.m. on June 7 a sharp earthquake originating within
a few:km of Kealakekua was felt in central Kona. A somewhat
larger earthquake from the same region was felt from Kona to
Hawaii National Park at 3:09 p.m. on June 14.

On June 30 several hundred very tiny earthquakes from deep
beneath Kilauea caldera were recorded at Mauna Loa and Uweka
huna. Swarms of tiny earthquakes have stemmed from ~his

source several times a year for the last three years.
Northward tilting of the earth's surface at the Volcano House

wa~ slightly more than normal. The rate of eastward tilting
at this location, which had been abnormally rapid for several
months, gradually decreased to normal during the last two weeks
of June.

2

2. Earthquakes recorded on the Bosch-Omori seismograph in
the Whitney Laboratory of Seismology, on the northeast
rim of Kilauea caldera.

Week Minutes
Verr Moder-

Local
of Feeble Slight Strong Total seis-

beginning feeb e ate
micity •tremor

April 1 2 1 1 1 0 0 5 4.00
8 1 0 () 0 0 0 1 .25

15 0 2 0 1 0 0 3 3 .. 00
22 0 0 0 0 0 0 0 0.00
29 2 5 0 0 0 0 7 3 .. 00

May 6 0 1 0 0 '0 0 1 .50
13 1 2 0 1 0 0 4 3.25
20 0 1 0 0 0 0 1 .50
27 2 3 0 0 0 1 6 6.00

June 3 0 0 1 0 0 0 1 : 1.. 00
10 0 0 0 1 0 0 1 2.00
1.7 0 1 0 0 0 0 1 .50
24 0 2 0 0 0 0 2 1.00

• Local seismiCity is an arbitrary value. Each local earthquake
is assigned a seismicity value according to its strength, as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0;
strong, 4.0. These values are totaled to give the weekly local se is
micity. Continuous volcanic tremor is ignored in the calculation. The
strength assigned to the earthquake depends on the double amplitude
of the maximum oscillation it causes on the Bosch-Omori seismo
graph, as follows: tremor, less than 0.5 mm; very feeble, 0.5 to 4 mm;
feeble, 4 to 11 mm; slight, 11 to 25 mm; moderate, 25 to 60 mm; strong,
greater than 60 mm.

3. Table of tilt at seismograph stations on the rim of Kilauea
caldera.

Whitney station Uwekahuna station
Week (north~~ast rim) (WI! :t rim)

beginning Direction Amount Direction Amount
I<seconds of arc) (seconds of arc)

April 1 S 63 0 w 0.3 W 0.3
8 N 570 W 0.4 S 180 E 1.0

15 N 720 E 0.8 S 630 E 0.7
22 S 22 0 W 0.7 N 45 0 W 0.5
29 N 0.5 W 0.3

May 6 N 0.8 S 45 0 E 0.5
13 E 0.5 E 0.3
20 .._-------------------- 0 w 0.3
27 N 63 0 E 0.5 N 270 W 1.4

June 3 N 18° E 0.4 N 570 W 1.2
10 N 270 E 0.5 N 63 0 W 0.7
17 W 0.2 Record interrupted by
24 N ISO E 0.4 work in vault.

3
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9, eP 10:08:00.7,

17, iP 07:45:43.4,

·July

I

I
Aug.

I

18, iP

23, eP
eS
eL

9, iP
is
eL

12, ~P

eS

06:30:55.1,

19:36:10.7,
19:44:34
19:51:26

23:07:59.6,
13:13:46
13:16:57

17:09:46.7,
17:18:07

200 N.; 730 W. Near coast at Haiti. Mod
erate property damage of Port de Paix.
Depth about 100 km. Magnitude 6Yr6~.

70 S., 126W> E. Banda Sea. Depth about
450 km. Magnitude 6~.

50 S., 1300 E. Banda Sea. Magnitude 7-7~.

240 S., 1020 w. Easter Island region. Mag
nitude 6~6X.

150 S.1 ~ 79
0 w. Samoa)slands reJtion. Depth

about 2)0 km. Magnitude 6~.

340 N., 1380 E. Near south coast of
Honshu, Japan. Magni tude 6Yr6~.

South

Depth

region,Islands

Northern Celebes.

Prince Edward
Indian Ocean.

~o S., 1230 E.
about 150 km.

540 N., 1640 W. Unimak Island, Aleutian
Islands. Magnitude 6.

460 N., 1510 E. KorBe Islands. Magni-
tude 6~.

530 N., 172~o E. Near Islands, Aleutian
Islands. Magnitude 6~.

410 N., 126~0 W. Off coast of northern
Cali fornia. Magni tude 5~.

34 0 N., 69~ E. Magnitude 6~~6~.

51~'~0 N., 159~o E. Near south coast of
Kamchatka. Magnitude 6~.

15~0 S., 173~o w. Samoa Islands. Mag
nitude 6.

220 S., 1750 E. Fiji Islands region.

II :03 :31.9,
11:13:44
11:25:19

13:28:41,
13:35:39

04:35:21.2,
04:41:40
04:46:24

04:31:15.1,
04:40:27
04:41 :53

05:31:26;
05:38:25
06:04:42

Q2:52:50,

iP
is
eL

eS
eL

eP
eS
eL

eP
eS
eL

eP
eS
eT

eL 16~0 S., 17~0 E. Fiji Islands. Magnitude 6-
6~.

eP 21:12:41.7, 40~0 N., 1550 E. Northern KurileIslands.
eS 21:19:51 Magnitude 6-6~.
eL 21:26:03

eL ,,09:28:25,

eP 22:00:38.4,
eS 22:07:37

eP 06:12:06.8,
eL 06:22:10

eP 07: 11 :16.0,
eL 07:23:05

iP 22:34:36.7,

14, eL 03:59:46,

15,

15,

24,

30,

30,

24,

11,

30 N., 1280 E. Off north coast of Hal
roahera. Depth about 60 km.

29, eP 23:30:48.9, 35~o N., 1400 E. Central Honshu, Japan.
One killed, several injured and minor
property damage in Tokyo. Depth about
60 km .. Magnitude 6~-7.

16,
20,

29,

Sept. 11,

o 0125



July 26, 01:40:45,

Aug. I, 23:22:14,

3, 15:36:28,

Sept. 5, 22:36:35,

7, 08: 15:06,

26, 00:43:37,

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs on the islands of Hawaii and Maui operated

by the Hawaiian Volcano Observatory. Except for smaller
earthquakes of special interest, only earthquakes classed as
slight or larger were included in the list. The intensity ratings
assigned are based on the Bosch-Omori seismograph at the
Whitney Laboratory. This intensity scale has been extended
empirically to permit its use with the Loucks-Omori and Spreng
nether 'seismographs. The entries for a given earthquake are:
date, time of arrival at the nearest station (Hawaiian standard
time), 'intensity at the nearest station, name of the nearest
station, epicenter, and general remarks.

moderate at Naalehu. About five km south
east of Puu 0 Keokeo on the southwest
rift of Mauna Loa. Felt in central Kona.

slight at Naalehu. Ten km north of Naalehu
at a depth of about fi ve km.

sli~ht at Uw.ekahuna. Thirty km deep under
Kilauea Iki. .

slight at Naalehu. About 10 km northnorth
west of Naalehu at a depth of about five km.

slight at Uwekahuna. Kaoiki fault near
Halfway House at a depth of about 30 km.

slight at the Whitney Laboratory. Fifteen
km west southwest of Kalapana along
the south shore of Kilauea at a depth of
about 10 km. Felt in Hilo.

DISTANT EARTHQUAKES
The follo"wing earthquakes of distant origin were recorded

on the seIsmographs at the Hawaiian Volcano Observatory
(190 25.4' N. latitude, 1550 17.7' W. longitude). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. Locations of epicenters,
magnitudes, and depths of focus are from the notices of Pre
liminary Determinations of Epicenters published by the U. S.
Coast and Geodetic Survey.

July 4, eP 00:47:23.7, 180 S., 178~0 w. Fiji Islands. Depth
about 450 km.

9, eP 03:30:43.6, 370 N., 260 E. Aegean Sea. 42 killed
and many injured. Several towns de
stroyed on Thira and los Islands. Mag
nitude 7~8.
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PREFATORY NOTE

This summary of observations made at the Hawaiian Volcano
Observatory is published for the use of volcanological and se ismologi
cal observatories and others interested in the data at intervals more
frequently than once a year. Heretofore this material was available
in the Volcano Letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. Summary of volcanic conditions

July
A flurry of tiny, shallow earthquakes orIgInating in or near

Kilauea caldera the last week of the month made July the most
seismic month for Hawaii since April, 1955. On the Spreng
nether seismograph at Uwekahuna almost 1400, mostly very
small earthquakes were recorded. The Bosch-Omori seismograph
in the Whitney station recorded 206 disturbances, of which 51
were earthquakes larger than tremors.

These earthquakes were very similar in appearance to those
which accompanied the marked downwarping of the caldera and
surrounding area in March and April, 1955, during the Puna
eruption.

1



An earthquake ongtnating about five km southeast of Puu 0

Keokeo on the southwest rift of Mauna Loa at 1:41 a.m. on
July 26 was felt in central Kona.

The rate of eastward tilting of the earth's surface at the
Whitney station was somewhat less than normal during July.
Northward tilting, however, proceeded at about twice the rate
norma1 for the month.

August
Seismic activity on Hawaii remained at a moderate level during

August. Twenty-eight earthquakes registered on the Bosch
Omori seismograph in the' Whitney station. Almost all of the
more than 400 earthquakes rec,?rded by the Sprengnether' seis
mogniph at Uwekahuna originated in or near Kilauea caldera
and were very small.

The largest earthquake of the month occurred at 3:36 p. m.
on August 3. It originated about 30 km deep under Kilauea lid
Crater just east of Kilauea caldera and was reported felt by no
one.

A small earthquake at 11:21 p. m. on August 23 was felt by
a few residents of Kona.

At the Whitney station the. nonhward component of tilting of
the ground surface was normal for August, but the eastward
component was only one third of the normal amount.

September
Frequent, tiny earthquake s 'in and near Kilauea caldera marked

the month of September at Hawaii's volcanoes. Twenty earth
quakes Iwere recorded at the Whitney station. The Sprengnether
sei smograph at Uwekahuna regi stered 344 earthquakes. Almost
all ,of these were very small and originated in Kilauea caldera.

A shallow eanhquake near Kalalua Crater on the east rift
of Kilauea was felt in the Volcano area at 7:09 p. m. on Sep
tember 12. A slightly Jarger earthquake originating southwest
of Kalapana at a depth of about 10 km at 12:44 a.~. on Sep
tember 26 was fe It in Hilo.

Northeastward tilting of the earth's surface at the Whitney
station proceeded at about half the rate normal for Septemb~r.

2

2. Earthquakes recorded on the Bosch-Omori seismograph in

the Whitney Laboratory of Seismology, on the northeast rim of
Kilauea caldera.

Week
Minutes

Very Moder- Local
of Feeble Slight Strong Total seis-beginning tremor feeble ate

micity •

July 1 1 ·1 0 0 0 0 2 0.75
8 8 2 0 0 0 0 10 3.00

15 30 2, 0 0 0 0 32 : 8.50
22 22 12 1 0 a 0 35 . 12.50
29 102 34 2 0 0 0 138 44.50

Aug. 5 1 0 0 0 0 0 1 ·25
12 2 0 0 0 0 0 2 .50
19 2 10 0 '0 0 0 ;12 5.50
26 2 2 0 0 0 0 4 1.50

Sept. 2 1 3 1 0 ·0 0 5 2.75
9 0 1 i 0 0 0 3 2.50

16 4 4 0 0 0 0 8 3.00
23 1 0 0 1 0 0 2 2.25

*Local seismicity is an arbitrary value. Each local e~rthquake is
assigned a seismicity value according to its strength, 'as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate,.
3.0; strong, 4.0. These values ·aretotaled to give. the weekly local
seismicity. Continuous volcanic tremor is ignored in the cal¢ula
tiona The strength assigned to the earthquake depends on the double
amplitude of the maximum oscillation it causes on the Bosch-Omori
seismograph, as follows: Tremor, less than 0.5 mm; \f~ry feeble,
0.5 to 4 mm; feeble, 4 to 11 mm; slight, 11 to 25 mm; moderate, 25 to
60 mm; strong, greater chan 60 mm.

3. Table of tilt at seismograph stations on the rim of Kil~uea

caldera.

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning Direction Amount Direction Amount
(seconds of arc) (seconds qf arc)

July 1 N 220 E 0.7
I

8 N 230
W .9 Record interrupted by work in

15 N 370
E .6 vault.

22 N 220 E .7 W 330
S 0.5

29 N 370
E .6 S .5

Aug. 5 N 14° E .5 W .3
12 N 110 W .6 N .2
19 N 27<>' E .3 N 310

W .9
26 N 330

W .4 VI 370 N 1.5
Sept. 2 E 33° N .4 W 60 S 1.5

9 N 450
E .5 N 330

VI 1.1
16 N .1 S 45 0 VI 1.1
23 E .2 W 8° N 1.1

3
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Oct. 26, eS 23 :06: 29,
eL 23:13:11

Oct. 28, iP 03:38:27.4,
is 03:46:23
eL 03:54:23

Nov. 4, eP 07:14:04.9,

Nov. 9, iP 13:15:53.9,
eS 13:23:44

Nov. 17, eP 20:35:03.8,
eL 20:43:29
eT 21:14:43

Nov. 28, eP 19:36:01,
eL 19:50:40

Nov. 29, eP 09:25:03.3,

Dec. 8, eP 16:17:53,
is 16:23:23
iL 16:27:21

Dec. 18, eP 02:44:39.3,
eS 02:56:49
iL 03:14:11
eT 04:27:54

Dec. 21, is 09:12:04,
eL 09:14:20
eT 09:44:58

Dec. 23, eP 08:47:03,

Dec. 27, iP 00:22:27.0,
is 00:29:08
eL 00:33:13

Dec. 28" eP 14:34:56.1,
eS 14:45:42
eL 14:55:03

14° S., 167° E. New Hebrides Islands.
Magnitude 6~.

320 S., 179
0

W. Kermades Islands. Mag
nitude 6~.

20~0 S., 176~0 W. Tonga Islands. Depth
about 100 km. Magnitude 6~-6%.

170 N., 940
W. Southern Mexico. Slight

damage In Oaxaca Province. Depth
about 150 kITh Magnitude 6.

54~0 N., 1340 W. Queen Charlotte Islands
region. Felt: Ketchikan, Alaska. Mag
nitude 6~-6~.

49~ N., 1550 E. Northern Kurile Islands.
Magnitude 6%~7.

270 N., 1410 E. Bonin Islands. Magni
tude 7.

510 N., 179~0 W. Andreanof Islands,
Aleutian Islands. Magnitude 6~.

25~0 S., 68~0 W. Chile-Argentina border.
Felt: Antofagasta and Copiapo. Mag
nitude 6%-7~.

51 0 N., 1310 W. Queen Charlotte Islands.
Magnitude 6Yr6%.

220 N., 144~0 E. Marianas Islands region.
Depth about 100 km. Magnitude 6~.

24
0

S., 177
0 w. Tong~ Islands region.

Depth about 300 km. Magnitude 7-7~.

380 S., 167~0 E. Near coast of North
Island, New Zealand. Depth about
150 km. Magnitude 6Y4'6%.
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1. Summary of volcanic conditions.

This ~;ummary of observations made at the Hawaiian Volcano Obser
vatory is published for the use of volcanological and seismological
observatories and others interested in the data at intervals more
frequently than once a year. Heretofore this material was available
in The Volcano Letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Wash-:
ington 25, D. C.

PREFATORY NOTE

October
The swarm of tiny earthquakes from the region of Kilauea

caldera that began near the end of July continued through Octo
ber. At Uwekahuna the Sprengnether seismograph recorded
702 quakes. As in past months these earthquakes predominantly
were very small and originated in or near Kilauea caldera at
shallow depths.

At 12:45 a.m. on October 16, a strong earthquake from an
epicenter at sea about 45 km west of Kailua, Kona, was felt
over the entire island of Hawaii and as far north as Honolulu
on Oahu.

At the Whitney station on the northeast rim of Kilauea caldera,
northeastward tilting of the earth's surface continued at a rate
slightly less than normal for October.

November
During November the swarm of small earthquakes from Kilauea

caldera declined slightly. The Sprengnether seismograph at
Uwekahuna registered 562 quakes, most of which originated

within a few km of the station.

Near the Mauna Loa
at a depth of about

fee ble at Pahoa. Near the south shore of
Kilauea 10 km southwest of Kalapana at a
depth of about 5 km. Felt in Hilo.

slight at Uwekahuna. Near Kilauea caldera at
a depth of 30 km.

slight at Uwekahuna. Near Kilauea caldera at
a depth of about 10 km.

slight at Uwekahuna. On the Kaoiki fault near
Ki lauea caldera at a depth of about 10 km.
Felt at the north rim of Kilauea caldera.

slight at Mauna Loa.
seismograph station
10 km.

feeble at Kona. Near the Kona seismograph
station. Felt in Kona.

Oct. 20, 22:05 :14,

Oct. 25, 07:05:14,

Nov. 3, 08:05:12,

Nov. 13, 00: 11 :25,

Nov. 15, 17:43:46,

Dec. 14, 19:13:21,

13~0 N., 120~0 E. Mindoro Island,
Philippine Islands. Depth about 100 km.

12
0

N., 87° W. Near coast of Nicaragua.
Minor damage at Managua. Felt: South
ern El Salvador. Magnitude 7-7X.

12
0

N., 870 W. Nicaragua aftershock.
Felt: El Salvador and Nicaragua.
Magnitude 6-6~.

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded

on the seismographs at the Hawaiian Volcano Observatory (190

25.4' N. latitude, 155 0 17.7' W. longitude). Beginnings of
phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. Locations of epicenters,
magnitudes, and depths of focus are from the notices of Pre
liminary Determinations of Epicenters published by the U. S.
Coast and Geodetic Survey.

Oct. 11, eP 02:33:33.1, 460
N., 150~0 E. Kurile Islands. Felt:

eS 02:40:46 Hokkaido, Japan. Depth about 100 km.
iL 02:47:57 Magnitude 7~-7~.

Oct. 11, eP 16:55:24.4, 40~0 N., 126~0 w. Off Cape Mendocino,
eS 17:00:41 Calif. Felt: Coastal area of northern
iL 17:02:07 California. Magnitude 6.
eT 17:28:32

Oct. 19, eL 14-42, 56~0 S., 1220 W. South Pacific Ocean.
Magnitude 6~.

.520
N., 1770

E. Rat Islands, Aleutian
Islands. Magnitude 6~.

Oct. 19, eP 20:55 :03.5,
eS 21:01:08
eL 21:05:16

Oct. 23, eP 08:53:28.0,

Oct. 24, eP 14:53 :06.3,
is 15:01:58
iL 15:09:37

Oct. 25, eP 05:32:43,

4
1



Oct. 11, 12:53:34,

~, Oct. 16, 00:44:55,

Oct. 16, 17:31:24,

Oct. 20, 20:23:04,

Only one earthquake was reporte<f felt during November. It
occurred at 12:26 a.m. on the 13th on the Kaoiki fault near
Kilauea caldera and was felt along the north rim of the caldera.

At the Whitney station normal eastward tilting continued
through the month, but tilting toward the north reversed sharply
in mid-November. This reversal from northward to southward
tilting occurred about one month earlier than usual.

December

Seismic actIVIty declined slightly during December. Almost
all of the 439 disturbances recorded by the Sprengnether se is
mograph at Uwekahuna originated at Kilauea caldera and were
very small.

The only earthquake reported felt during the month shook
central Kona at 7:13 p.m. on December 14.

At the Whitney station on the northeast rim of Kilauea
caldera, 'southward tilting of the ground surface was slightly
in excess of the amount normal for December.

2. Earthquakes recorded on the Bosch-Omori seismograph in
the Whitney Laboratory of Seismology, on the northeast
rim of Kilauea caldera.

Week Minutes
Ve~ Moder- Local

of Feeble Slight Strong Total selS-beginning feeb e ate micity *tremor

Sept. 30 2 1 0 0 0 0 3 1.00
Oct. 7 3 0 0 0 0 0 3 0.75

14 0 1 2 0 0 1 4 6.50
21 2 1 0 0 0 0 3 1.00
28 2 1 0 0 0 0 3 1.00

Nov. 4 4 1 0 0 0 0 5 1.50
11 2 4 1 0 0 0 7 3.50
18 16 5 0 0 0 0 21 6.50
25 23 14 0 0 0 0 37 12.75

Dec. 2 13 8 0 0 0 0 21 7.25
9 6 2 0 0 0 0 8 2.50

16 7 2 0 0 0 0 9 2.75
23 11 5 0 0 0 0 16 5.25

* Local seismicity is an arbitrary value. Each local earthquake is assigned
a seismicity value according to its strength, as follows: tremor, 0.25; very fee

ble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0; strong, 4.0. These values

are totaled to give the weekly local seismicity. Continuous volcanic tremor

is ignored in the calculation. The strength assigned to the earthquake de

pends on the double ampiitude of the maximum oscillation it causes on the

Bosch-Omori seismograph, as follows: tremor, less than 0.5 mm; very feeble,

0.5 to 4 mm; feeble, 4 to 11 mm; slight, 11 to 25 mm; moderate, 25 to 60 mm;
strong, greater than 60 mm.

2

3. Table of tilt at seismograph stations on the rIm of Kilauea

caldera.

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning
Direction

Amount
Direction

Amount
(seconds of arc) (seconds of arc)

Sept. 30 E 18° N 0.8 W18° N 0.5
Oct. 7 N45° E 0.2 W 0.5

14 E34° N 0.9 W18° S 1.0
21 E 27° S 0.3 W 0.2
28 N45° E 1.0 W34° N 0.5

Nov. 4 E 11° N 0.6 N27° W 0.3
11 S 0.1 W18° S 0.5
18 E 0.7 W27° N 0.3
25 S 18° E 0.8 S 14° E 0.6

Dec. 2 S 30° w 1.0 E 22° N 0.8
9 S 45 0 W 0.2 W11° S 0.8

16 0 W18° N 0.5
23 E 18° N 0.4 S 0.5

--

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs on the islands of Hawaii and Maui operated
by the Hawaiian Volcano Observatory. Except for smaller earth
quakes of special interest, only earthquakes classed as slight
or larger were included in the list. The intensity ratings
assigned are based ~n the Bosch-Omori seismograph at the
Whitney Laboratory. This intensity scale has been extended
empirically to permit its use with the Loucks-Omori and Spreng
nether seismographs. The entries for a given earthquake are:
date, time of arrival at the nearest station (Hawaiian standard
time), intensity at the neare st station, name of the nearest
station, epicenter, and general remarks.

slight at Kamuela. About 20 km northwest of
Kamuela at a depth of about 15 km. Felt
in Kamuela.

strong at Kona. At sea about 45 km west of
Kailua, Kona, at a shallow depth. Felt over
the entire island of Hawaii and as far as
Honolulu on Oahu.

slight at Kona. Aftershock of previous earth
quake. Felt in Kona.

very feeble at Pahoa. Near the south shore of
Kilauea 10 km southwest of Kalapana at a
depth of about 5 km. Felt in Hilo.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Mar. 29

H Tmax 08:08:30

53~ N., 167 W., 07:25:58

Mar. 29

U iP 22:56:39.5 c
eL 23:07:45

H eL 23:05:17
Tmax 23:32:15

53 N., 169 W., 22:49:51
Magnitude 6-6%

Mar. 30

H Tmax 01 :27: 10

51~ N., 179~ W., 00:42:40

Mar. 30

U iP 09:24:04.3 d
Tmax 10:02:43

H Tmax 10:00: 10

52 N., 175 W., 09:17:00

Mar. 31

U eP 10:15:46
eL 10:25:31

Tmax 10:55:00

H Tm~x 10:52:45

51~ N., 178 W., 10:08:28

o

12 INT .-DUP. SEC .• "ASH .• D.C ... 2170

PREFATORY NOTE

This summary of observations made at the Hawaiian Volcano
Observatory is published for the use of volcanological and seismologi
cal observatories and others interested in the data at intervals more
frequently than once a year•. Heretofore this material was available
in The Volcano Letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. Summary of volcanic conditions

January
The swarm of tiny earthquakes which has been emanating from

Kilauea caldera since July, 1956, continued into 1957. Of the
490 earthquakes recorded by the Sprengnether seismograph at
Uwekahuna during the month, 360 originated at moderate depths
beneath the caldera on January 12, 13, and 14. Most of the others
Were from shallow foci in or near the caldera.

Four earthquakes were reported felt on Hawaii during January.
At 9:26 p. m. on January 6 an earthquake from an epicenter near
the northeast rim of Kilauea caldera was felt at Hawaii National

1



Park headquarters. An earthquake in Kona on January 6 was
felt by many people in central Kona at 8:45 a. ffi. The largest

earthquake on Hawaii during the month originated seven km east
of Anipeahi on the southeast flank of Mauna Loa at 12:54 p. m.
on January 7. It was felt from Kilauea caldera to central Kona.
An earthquake from an epicenter in Kona was felt by several
people in central Kona at 6:35 p. m. on January 22.

Tilting of the ground surface at. the Whitney station was marked
by the absence of strong southerly tilting normal for January.
Westward tilting recorded during the month was only slightly
less than normal.

February
The number of earthquakes recorded on the Sprengnether seis

mograph at Uwekahuna increased to 525 for February. Almost
all of these earthquakes were very small and stemmed from shal
low foci in or near Kilauea caldera.

The largest earthquake of the month, which was felt near Kilauea
caldera and in central Kona, originated 7 km west of Apua Point

at a depth of 15 km on February 11 at 2:03 p. m. An earthquake
in Kona at 5:35 p. m. on February 23 was felt by many people
in central Kona.

Tilting of the earth's surface recorded at the Whitney station
was in the southwesterly direction normal for this season, but
its amount was only one fifth of that expected for February.

March

Increased seismic unrest at Kilauea caldera raised the number
of earthquakes recorded by the Sprengnether seismograph at
Uwekahuna to 1,260 for March. These earthquakes, half of which
occurred on March 2,3, and 4, were predominantly from extremely
shallow foci in or near the caldera.

An earthquake which originated 10 km beneath the sea 25 km
southeast of Apua Point at 7:57 a. m. on March 13 was felt just
east of Kilauea caldera. A slightly larger earthquake with a
focus 30 km deep and 5 km west of Uwekahuna which occurred

at 10:07 a. m. on March 14 was not reported felt.
At the Whitney station on the northeast rim of the caldera

strong southerly tilting normal for March was entirely absent.
Only a weak westerly tilting which was normal in direction but
only one third of the normal amount was recorded.
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MaT. 23

U iP 05:24:20.2 d

H iP 05:24:18.1 d

5~ S.,. 131 E., 05:12:31
Magnitude 7

MaT. 23

H Tmax 09:35:33

MaT. 23

U eP 13:31:33

51~ N., 179 W., 13:24:33

MaT. 23

HTmax 22:51:18

MaT. 23

U eP 07:36:33 c
Tmax 08:15:50

H Tmax 08:·13:33

51 N., 179~ W., 07:29:15

MaT. 24

U eP 08:29:38.3 c
eL 08:38:44

Tmax 09:09:13

H eL 08:39:33
Tmax 09:07:41

51 N., 130 W., 08:22:23
Magnitude 6-7

MaT. 24

U iP 11:13:00.5 d
Tmax 11:50:45

H Tmax 11 :48:43

52~ N., 169~ W., 11:06:10

MaT. 24

U iP 11:43:47.0 d
eL 11:53:03

Tmax 12:21:03

H eP 11:43:36
Tmax 12:19:15

52~ N., 171~ W., 11:36:50

MaT. 24

H Tmax 14:37:59

MaT. 25

U eP 00:46: 17."1 c
Tmax 01:23 :57

H Tmax 01:21:48

53 N., 168 W., 00:39:22

MaT. 25

H Tmax 01:47:28

52 N., 176 W., 01:03:59

MaT. 25

U eP 14:20:26.6

54 N., 165~ W., 14:13:33

MaT. 26

H Tmax 02:53:04

54 N., 165~ W., 02:10:15

MaT. 26

HTmax 03:37:14

51 N., 177X W., 02:47:50

MaT. 26

U iP 16:09:01.1 d

50~ N., 180 W., 16:01:53

MaT. 28

H Tmax 18:04:44

MaT. 28

U eL 20:29:24

51 N., 171X W., 20:08:20

MaT. 29

U iP 05: 17:24.8 d
is 05:22:59
eL 05:25:29

Tmax 05:54:46

H eP 05:17:15
eS 05:22:29
eL 05:24:26

Tmax 05:52:47

53X N., 167 W., 05:10:28
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MaT. 17-Continued

H eL 23:00:14
Tmax 23:27:23

54 N., 166 W., 22:44:44
Magni tude 6~

MaT. 18

U eP 02:32:22
eL 02:41:34

Tmax 03:09:54

HTmax 03:07:45

52~ N., 171 W., 02:24:39

MaT. 18

U eL 21:40

6 S., 152 E., 21: 14: 12

MaT. 19

H Tmax 04:22:48

52 N., 175~ W., 03:39:35

MaT. 19

H Tmax 12: 12:31

51~ N., 176~ W., 11:28:50

MaT. 19

U iP 12:57:50.9 c
eS 13:03:59
eL 13:07:17

Tmax 13 :36:30

H eP 12:57:43
eL 12:05:03

Tmax 13:34:11

517; N., 175 W., 12:50:51
Magnitude 6%

MaT. 19

H Tmax 21:08:01

MaT. 20

U eP 00:29:09

53 N., 169 W., 00:22:25

MaT. 20

H Tmax 01:25:21

Mar. 21

U iP 12:38:25.2 d

H eP 12:38:14
Tmax 13: 13 :52

52 N., 171 W., 12:31:30

MaT. 22

H Tmax 00: 18:32

MaT. 22

U iP 14:28:03.7 c
i 14:28:14.6 d
'is 14:33:37
eL 14:37:06

Tmax 15:05:55

H eP 14:27:49
eS 14:33:05
eL 14:34·:47

Tmax 15:03:39

54 N., 166 W., 14:21:06
Magnitude 7

Mar. 22

U eP 14:40:01.5 c
Tmax 15 :17:25

H Tmax 15:15:16

54 N., 165~ W., 14:33:13

Mar. 22

U eP 17:16:39.0
Tmax 17:54:32

H Tmax 17:52:15

52~ N., 171 W., 17:09:51

Mar. 22

U eL 20:00:02
eT 20:25:21
iT 20:26:04

Tmax 20:26:20

H eT 20:25:49
Tmax 20:26: 18

. 37.9 N., 122.6 W., 19:44:22
Magnitude 5~-5~

Mar. 23

H Tmax 00:56:43
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2. Earthquakes recorded on the Bosch-Omori seismograph in
the Whitney Laboratory of Seismology, on the northeast rim

of Kilauea caldera.

Week
Minutes

Moder-
Local

of Very Feeble Slight Strong Total seIS-
beginning tremor feebl~ ate micity*
Dec. 30 0 0 0 0 1 0 1 3.00
Jan. G 1 0 1 1 0 0 3 3.25

13 0 4 0 0 0 0 4 2.00
20 0 2 0 0 0 0 2 1.00
27 1 6 0 0 0 0 7 3.25

Feb. 3 3 3 0 0 0 0 6 2.25
10 4 6 0 0 1 0 11 6.00
17 0 3 0 0 0 0 3 1.50
24 0 3 0 0 0 0 3 1.50

Mar. 3 0 2 0 0 0 0 2 1.00
10 0 4 2 0 0 0 6 4.00
17 8 2 0 0 0 0 10 3.00
24 1 3 0 0 0 0 4 1.75

* Local seismicity is an arbitrary value. Each local earthquake is
assi~ned a seismicity value according to its strength, as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0;
strong, 4.0. These values are totaled to give the weekly local seismi
city. Continuous volcanic tremor is ignored in the calculation. . The
strength assigned to. the earthquake depends on the double amplitude
of the maximum oscillation it causes on the Bosch-Omori seismograph,
as follows: Tremor, less than 0.5 mID; very feeble, 0.5 to 4 mm; feeble,
4 to 11 mm; slight, 11 to 25 mID; moderate, 25 to 60 mm; strong, greater
than 60 mID.

3. Table of tilt at seismograph stations on the rim of Kilauea
caldera.

WhItney statIon Uwekahuna statIon
Week (northeast rim) (west rim)

beginning
Direction*

Amount
Direction

Amount
(seconds of are) (seconds of arc)

Dec. 3D N 56\JW 0.4 ----.---.---------- 0
Jan. 6 N 45° E 1.0 N 76°W 1.3

13 S 58° W 1.1 W 0.5
20 S 53° E 0.6 N 72° E 0.3
27 N 76°W 0.5 W 0.3

Feb. 3 N 72° E 0.4 w 0.6
10 S 27° E 0.3 N 18°W 0.5
17 ~ 45°W 0.5 N 57° E 0.5
24 S 50° W 0.9 S 45° E 0.9

Mar. 3 N 9°W 0.7 E 0.2
10 S 45° W 0.2 N 51 Ow 0.8
17 S 56° E 0.4 S 18° W 0.5
24· N 53°W 0.6 E 0.5

* Note: In some previous issues, some unconventional expressions of
direction were used, i.e., E 18° N, or W 18° N.
The directions are correct as stated·, and not typographic errors.
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Feb. 23, 17:34:32,

Mar. 2, 05:04:33,

Mar. 6, 00:01:25,
Mar. 13, 07:57:26,

Mar. 14, 10:06:48,

Mar. 17, 10:51:11,

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs on the islands of Hawaii and Maui operated
by the Hawaiian Volcano Observatory. Except for smaller earth
quakes of special interest, only earthquakes classed as slight
or larger were included in the list. The intensity ratings are
based on the Bosch-Omori seismograph at the Whitney Laboratory.
This intensity scale has been extended empirically to permit its
use with the Loucks-Omori and Sprengnether seismographs. The
entries for a given earthquake are: date, origin time (Hawaiian
standard time), intens ity at the nearest station, epicenter, and
general remarks.

1an. 3, 21 :25 :42, moderate at the Whitney Laboratory. Northeast
rim of Kilauea caldera. Felt by a few people at
Hawaii National Park headquarters.

1an. 6, 03 :52 :46, slight at Mauna Loa. Ten km southwest of the
Mauna Loa seismograph station at a shallow
depth.

1an. 6, 08:45, feeble at Kealakekua Central Kona. Felt by m~DY

people in central Kona.
1an. 7, 12:54:15, moderate at Mauna Loa. Seven km eastof Anipeahi

at a shallow depth. Felt from Kilauea caldera to
Kona. Magnitude 4.3.

lan.22, 18:35:24, slight at Kealakekua. Central Kona. Felt by sev
eral people in central Kona.

1an. 29, 07:36:42, feeble at Naalehu. At sea south of Hawaii 35 km
west southwest of Naalehu at a depth of about
5 km.

Feb. 11, 14:03:24, moderate at Uwekahuna. Seven km west of Apua
point at a depth of 15 km. Felt: in the vicinity
of Kilauea caldera and i~ central Kona. Magni
tude 4.0.

moderate at Kealakekua. Central Kona. Felt by
many people in central Kona.

moderate at Mauna Loa. Five km southwest of
the Mauna Loa seismograph station at a depth
of 5 km.

slight at Naalehu. Five km north of Naalehu.
very feeble at Uwekahuna. Twenty-five km south

east of Apua point at a. depth of about 10 km.
Felt near Kilauea caldera. Magnitude 3.5.

slight at Uwekahuna. Five km west of Uwekahuna
at a depth of 30 km. Magnitude 3.8.

slight at Mauna Loa. Seven km south of the Mauna
Loa seismograph station at a depth of 5 km.

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded. on

seismographs of the Hawaiian Volcano Observatory on Hawaii

4

Mar. 13 Mar. 14

HTmax 08:05:57 U iP 15:58:06.3 c

52 N., 178 W., 07:21:54 51~ N., 177~ W., 15:51:00

Mar. 13 Mar. 15,
HTmax 09:50:42 U iP 02:58:59.4 d

:1 52~ N., 170 W., 09:09:34 is 03:04:33
eL 03:07:37

Mar. 13 Tmax 03:36:28

U iP 15 :49:17.4 d H eP 02:58:36

is 15:55:04 eL 03:06:12

eL 15:58:52 Tmax 03:34:28

Tmax 16:28:50 53 N., 167 W., 02:52:08

H eP 15:49:05.8 Magnitude 6~-6%

eL 15 :56:50
Mar. 16Tmax 16:20: 17

51~ N., 179 W., 15:42:05 U eP 02:41 :30.2 d
i 02:41:47.7 dMagnitude 6%
is 02:47: 15

Mar. 13
eL 02:51:01

Tmax 03 :21 :20
U eP 20:06:45

H eP 02:41:17eS 20:11:40
eS 02:46:43eL 20:15:10
eL 02:49:08Tmax 20:43:48

Tmax 03:18:46
HTmax 20:42:03

52 N., 179 W., 02:34:12
54 N., 166 W., 19:59:23 Magnitude 6%-7

Mar. 14 Mar. 17

U eL 02 :10: 16 U eL 08:21

52~ N., 169 W., 01:52:16 51 N., 179 W., 07:53:51

Mar. 14 Mar. 17

UTmax 04:20:13 UTmax 12:14:42

HTmax 12: 12:39
Mar. 14

53~ N., 167 W., 11:30:07
HTmax 11:16:38

Mar. 17

" Mar. 14
16:23:58 dU eP

U iP 14:54:48.1 d eL 16:32:54
is 15:,00:41

H eL 16:32: 13eL 15:04:25
Tmax 15:33:44 52~ N., 166 W., 16: 17: 13

H eP 14:54:36
Mar. 17eS 15:00:13

eL 15:02:06 U eP 22 51 39.6 c
eS 22 57 15Tmax 15:31:38 eL 23 00 54

51~ N., 177 W., 14:47:45 Tmax 23 29 12
Magnitude 7~-7~
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(Uwekahuna, U, 19 0 25.4 1 N, 155 0 17.6' W, 1240m) and On~1all1

(Haleakala, H, 20 0 46.0' N, 156 0 15.0 W, 2090m). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. A ftc" following the time

of P indicates that the first motion was a compression; a ftd",
that it was a dilatation. Locations of epicenters, or igin time s,
focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters published by the U. S. Coast and

Geodetic Survey.

Mar. 10

H Tmax 21 :55: 11

Mar. 11

U eL 00:26:02

52 No, 174 Wo, 00:08:07

Mar. 11

U iP 03: 19:4508 d
eS 03:25:39
eL 03:28:48

Tmax 03:58:47

H eP 03:19:32
eL 03:27:12

Tmax 03 :56:15

51 No, 177 Wo, 03:12:41
Magnitude 6%-7

Mar. 11

U iP 10:05:36.2 d
is 10:11:1"3
eL 10:14:29

Tmax 10:43 :02
t

H eP 1':):05:27.5
eS 10:10:49
eL 10:12:46

Tmax 10:40:53

53 N., 164~ W., 09:58:42
Magnitude 6%-7~

Mar. 11

U iP 15:02:31.7 c
is 15:08:15
eL 15:12:01

Tmax 15:42: 12

H eP 15:02:15
eS 15:07:49
eL 15 :10:04

Tmax 15:39:36

51~ N., 178~ W., 14:55:19
Magnitude 6%-7~

Mar. 11.

U iP 15:43:08.1 c
Tmax 16:22: 18

H eP 15:42:57
Tmax 16:20:15

51~ N., 178 W., 15:35:58

Mar. 12

HTmax 03:04:57

53 No, 170~ W., 02:22:57

Mar. 12 tU iP 07:35:43.6 c
is 07:41:21
eL 07:44:35 4JTmax 08: 13 :56

H eL 07:43:27
Tmax 08: 11:42

51~ N., 173~ W., 07:28:40
Magnitude 6~-7

Mar. 12

U eP 07:46:25.7 c
Tmax 08:25:48

HTmax 08:23:33

52 No, 178 W., 07:39:17
Magnitude 6~-6~

Mar. 12

U eP 11:51:54.4 c
e 11:52:04 c
is 11:57:40
eL 12:01:20

Tmax 12:31 :06

H eP 11:51:47
eS 11:57:28
eL 11:59:43

Tmax 12:29:03

51 N., 177 W., 11 :44:50
Magnitude 7-7~

Mar. 12

U eP 12:53:07.0 c
Tmax 13:30:32

HTmax 13:28:22 'I ~
53 N., 168~ W., 12:46:12

f ,
Mar. 12

~'

HTmax 20:43:07

Mar. 13
U iP 02:55:13.1 d

eL 03:03:45
Tmax 03:32:45

52 N., 171~ W., 02:48:20
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Jan. 2

U eP 00:46:13.0 c
is 00:51 :48
eL 00:54:48

530 N., 168~0 W., 00:39:22
Magnitude 6~-6%

Jan. 2

U eP 02:24:26.8 c

is 02:29:58
eL 02:33:00

H Tmax 03:00:06

52~ N., 168 W., 02:17:35
Magnitude 6%

Jan. 2

U eP 03:19:42.8 c
is 03:25: 16
eL 03:28:32

H eL 03:27:13
Tmax 03:55:32

53 N., 168 W., 03: 12:52
Magnitude 7

Jan. 2

U eP 03:55:37.7 c
eS 04:01:13

H eL 04:04;58
Tmax 04:31 :01

53 N., 168 W·., 03:48:44
Magnitude 7-7~

Jan. 2

U eP 04:10: 18

52~ N., 169 W., 04:03:26
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Jan 2

U eP 10:56:25.0
eS 11:01:56
eL 11:04:56

H eL 11 :04:40

52~ N.; 168 W., 10:49:32

Jan. 3

U eP 00:47:58

53 N., 168 W., 00:41:02

Jan. 3

U iP 12:58:17.6 c
eS 13:06:19

H eP 12:58:08.6

44 N., 130 E., 12:48:27
Magnitude 7. Depth about 600 km.

Jan. 9

U iP 07:59:56.2 c
eS 08:05:22
eL 08:08:37

H eL 08:07:15

53 N., 167~ W., 07:52:56
Magnitude 6%-6~

Jan. 17

U eP 22:36:28.7 c

33 N., 137X E., 22:26:10

Jan. 25
U iP 03:43:56.4 d

eL 03:53:35
Tmax 04:22:58

H Tmax 04:20:27
51~ N., 177 W., 03:36:47



Jan. 28

U eP 08:23:47.9 d
eL 08:34:02

H eP 08:23:57

15~ S., 173 W., 08:16:19

Feb. 3

U eP 17:33:41.1
eS 17:40:46
eL 17:45:05

53~ N., 159 E., 17:24:50
Magnitude 6~-6%

Feb. 9

U eL 16:51:43

41~ N., 126 W., 16:38:10
Magnitude 6~-6~

Feb. 10

U eP 22:44:09.1 c

10 N., 126 E., 22:32:15
Magnitude 6~-6%

Feb. 10

U eP 23:02:53.5 d

10~ N., 126~ E., 22:50:52
Magnitude 6%

Feb. 11

U eP 01:26:44 c

10 N., 126 E., 01 :14:44

Feb. 13

U eP 00:41:40.2 d

10 N., 126~ E., 00:29:48

Feb. 13

U eP 12:45:48

18 S., 170 E., 12:36:51

Feb. 17

U eP 16:11:21.5 c

Banda Sea?, 16:03:55

6

Feb. 21

U eP 14:36:58.0 c

53 N., 171 W., 14:30:06
Magnitude 6%. Depth about 100 km.

Feb. 23

U eP 20:38:03.5 d

H eP 20:38:01.9
eL 21:03

24 N., 122 E., 20:26:12
Magnitude 7-7~

Mar. 9

U iP 14:29:29.3 c
1 14:29:47.1 c

Tmax 15:09:19

H eP 14:29:06.0
Tmax 15:06:45

51 N., 175 W., 14:22:27
Magnitude 8-8~, Tsunami

Mar. 9

U P 14:39:29
Tmax 15: 17:43

H Tmax 15: 15:40

Mar. 9

U eP 15 :48:48.7
Tmax 16:26:29

H Tmax 16:25:55

50~ N., 177 W., 15:41:50

Mar. 9

H Tmax 16:59:55

Mar. 9

H Tmax 17:29:40

51~ N., 174 W., 16:45:26

Mar. 9

H Tmax 18:40:10

Mar. 9

H Tmax 20:20:30

51~ N., 173 W., 19:37:31

Mar. 9

U iP 20:46:08.4 d
is 20:51:42
eL 20:54:35

Tmax 21:23:35

l!
H eP 20:45:58

eL 20:53:21
Tmax 21:21:44

52~ N., 169~ W., 20:39:15
Magnitude 6%-7~

Mar. 9

HTmax 22:16:55

Mar. 9

HTmax 22:38:55

53 N., 168 W.,. 21:56:24

Mar. 10

HTII;\ax 01:15:55

Mar. 10

HTmax 02:26:05

Mar. 10

U iP 03:13:11.4 d
eS 03:18:46
eL 03:22:14

H eP 03:13:05
Tmax 03:49:10

52 N., 176 W., 03:06:02
Magnitude 61':r6%

Mar. 10

U iP 03:15:59.5 c
Tmax 03:53:09

HTmax 03:51:55

51~ N., 174 W., 03:08:55

Mar. 10

HTmax 05:13:10

Mar. 10

H Tmax 08:12:40

52 N., 176 W., 07:23:18

. Mar. 10

H Tmax 10:57:25

Mar. 10

U eP 11:27:36
is 11:33: 12
eL 11:38:52

Tmax 12:05:19

H Tmax 12:03:05

52 N., 171 W., 11:19:~7

Mar. 10

U eP 12:42:55.0
eL 12:51:18

Tmax 13:21 :31

51 N., 171 W~, 12:36:04

Mar. 10

U eP 13:17:43.6
Tmax 13:56:38

H Tmax 13:55:25

51~ N., 180 W., 13: 10:13

Mar. 10

U eP 13:35:51.1
eL 13:45:11

Tmax 14:15:16

H Tmax 14:12:15

51~ N., 179 W., 13: 28: 30

Mar. 10

H Tmax 14:32:55

Mar. 10

U eP 15:33:18.3
is 15:38:55
eL 15:42:21

Tmax 16: 11: 15

H Tmax 16:08:45

52 N., 173 W., 15:26:23
Magnitude 6%

·Mar. 10

U eP 16:46:43.0
Tmax 17:23:45

H Tmax 17:22:30
51~ N., 173~ W., 16:37:45

7
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UNITED STATES
D'El~ARTMENTOF THE INTERIOR

GEOLOGICAL SURVEY

HAWAIIAN VOLCANO OBSERVATORY
SUMMARY 6
April-Jul.le 1957

By

J. P. Eatol.'l and George D. Fraser

N

J

.. Seismograph Itotlon I Hawollan Volcano Observolory

D City, town,or vil1098 2. Whitney Laboratory of seismology

x Locality 3. Uwekahuno seismograph station
19 ..'-+-----~-___+::Il~___tI__--19· Rood 4. Heodquarters Hawaii Nationol Pork

Contour intervoll,OOO feet
Kolae (South) Point Datum is mM/n s~a IIW~I

Topooraphy by U.S. Geological Survey

Map of the Island of Hawaii, showing location of the Hawaiian
Volcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.
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PREFATORY NOTE

This summary of observations made at the Hawaiian Volcano
Observatory is published for the use of volcanological and seismologi
cal observatories and others interested in the data at intervals more
frequently than Once a year. Heretofore this material was available
in the Volcano letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. Summary of volcanic conditions

April
The Sprengnether seismograph at Uwekahuna recorded 590

earthquakes during April as seismic activity at Kilauea continued
at a high level. Almost all these earthquakes were very small
and originated at shallow depths in or near Kilauea caldera.

The earthquake that was felt in Kamuela at 10:29 p.m. on
April 5 originated near Kamuela. Hawaii's largest earthquake
for the month occurred just south of Kilauea caldera at 9:58 a.m.
on April 6. It was felt in the vicinity of the caldera.

At the Whitney station on the northeast rim of Kilauea caldera,
gentle northeasterly tilting of the earth's surface prevailed
during April instead of the moderate southwe sterly tilting normal
for the month. This evidence for tumescence of the summit of
of Kilauea was supported by the northwesterly tilting recorded
at Uwekahuna on the west rim of the caldera.

May
Seismic unrest at Kilauea continued through the first three

weeks of May. The Sprengnether seismograph at Uwekahuna
recorded 705 earthquakes during the month. As in previous
months, most of these earthquakes were very small and originated
at shallow depths in or near Kilauea caldera.

1



An earthquake that occurred about 5 km southwest of Pahala
at 4:52 p.m. on May 14 was felt at Kapapala. The largest earth
quake of the month on Hawaii was felt from Hilo to Kapapala

at 3:38 a.m. on May 16. It originated about 5 km south of the
Mauna Loa seismograph station. At 10:53 on May 18 a few
persons in Capt. Cook felt an earthquake that stemmed from the
Kealakekua fault. An earthquake from a focus 35 km deep and
10 km southeast of Uwekahuna was felt from Kilauea caldera to
Hilo at 6:47 a.m. on May 21. This earthquake marked the end
of the months-long sequence of shallow earthquakes at Kilauea
caldera.

Tilting of the earth's surface outward from Kilauea caldera
recorded at the Uwekahuna and Whitney stations during April
ceased abruptly at the end of the first week in May. F or the
remainder of the month both stations recorded a moderate tilting
:-o'\vard the caldera.

June

Only 90 earthquakes were recorded by the Sprengnether seis
mograph at Uwekahuna during June. This is the smallest number
recorded during any month since February 1956.

A small earthquake beneath the northeast rim of Kilauea ,caldera
was felt sharply in the vicinity of the caldera at 6:41 a.m. on
June 5. Two small earthquakes were felt at Capt. Cook during
June. The first of these occurred at 12:36 a.m. on June 9; the
second, at 10:37 p.m. of June 20. The largest earthquake of
the month originated 13 km north of Naalehu at 11:00 p.m. on
June 23. It was not reported as felt.

At the Whitney station moderate southwesterly tilting of the
earth's surface replaced the moderate northwesterly tilting

normal for June.

2. Earthquakes recorded on the Bosch-Omori seismograph in
the Whitney Laboratory of Seismology, on the northeast
rim of Kilauea caldera.

Week Minutes
Very Moder- Local

beginning of
feeble

Feeble Slight ate Strong TOtal selS-
tre.ffior micity *

Mar. 31 0 3 0 1 0 0 4 3.25

Apr. 7 0 0 0 0 0 0 0 0.00

14 16 2 0 0 0 0 18 5.00

21 5 8 0 0 0 0 13 5.25

28 25 13 0 1 0 0 39 14.75

2

(

(

(

(



June 19,
U eP 08:10 21

is 08: 16 36
eL 08: 19 51

16~0 S, 176~0 E, 08:01:30

Magnitude 6Yr6%

June 20,

U iP 01: 16:04.8 d

H iP 01 :15 :57. 1

20° N, 145~0 E, 01 :06:25

June 22,
U iP 06:29:03.1 J

eS 06:37:04
eL 06:44:12

H iP 06:29:03.5 d

16° N, 94° W, 06: 19:06

Magnitude 6~

June 23,
U iP 00:01:38.5 d

eS 00:10:43
eL 00:18:51

H eS 00:11:15

1° S, 137° E, 23:50:23

Magnitude 7-7~

June 23,

U eL 03:45:39
Tmax 04:18:05

H Tmax 04:16:42

58~0 N, 1370 W, 03:27:02

Magnitude 5~-5%

June 24,

U iP 09:59:42.7

16° IN, 94° W, 09:49:47

June 27,

U eP 00:21:01.7 d
eS 00:30:34
eL 00:40:28 ) )H iP 00:20:53.1 d
eS 00:30:23
eL 00:40:09

56~0 N, 116° E, 00:09:28

Magnitude 7~-7%

Ju~e 29,

U iP 07:54:57.3 c
eS 08:,00:29
eL 08:03:34

H Tmax 08:30:48

51~0 N, 166° W, 07:48: 18

June 29,
HTmax 11 :34:00

51~oN, 1780 W, 10:49:42

0 ) .)

Table-Continued

Week Minutes
Verr Moder- Local

beginning of feeb e Feeble Slight ate Strong Total seIS-
tremor micity *

May 5 11 6 0 0 0 0 17 5.75

12 33 10 0 1 0 0 43 15.25

19 4 0 1 0 0 0 5 2.00

26 1 0 0 0 0 0 1 0.25

June 2 0 2 0 0 1 0 3 4.00

9 0 0 0 0 0 0 0 0.00

16 0 1 0 0 0 0 1 0.50

23 1 0 1 0 0 0 2 1.25

* Local seismIcIty is an arbitrary value. Each local earthquake
is assigned a seismicity value according to its strength, as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0;
strong, 4.0. These values are totaled to give the weekly local seis
micity. Continuous volcanic tremor is ignored in the calculation. The
strength assigned to the earthquake depends on the double amplitude
of the maximum oscillation it causes on the Bosch-Omori seismograph,
as follows:

Tremor, less than 0.5 mm; very feeble, 0.5 to 4 mm; feeble, 4 to
11 mm; slight, 11 to 25 mm; moderate, 25 to 60 mm; strong, greater
than 60 mm.

3. Table of tilt at seismograph stations on the rIm of Kilauea
caldera.

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning Direction Amount Direction Amount
(seconds of arc) (seconds of arc)

March 31 ------------- .. _---- 0.0 N 72° W 0.5

April 7 S 0.4 N 56° W 0.5

14 S 27° E 0.3 N 450 W 0.6

21 N 23° E 0.9 N 76° w 1.2

28 E 0.1 N 56° w 0.5
May 5 S 11° E 0.6 N 0.3

12 S 63° W 0.3 S 63° W 0.7

19 W 0.5 S 67° E 1.2

26 S 72° W 0.4 N 82° E 1.1
June 2 S 53° W 0.6 S 56° E 1.1

9 S 0.7 N 14° E 0.6

16 N 45° W 0.2 N 41° W 1.4

23 N 63° w 0.3 S 0.2

10 INT . -CUP. SEC., lASH., D. C~ ., ~ ~ ~ 3



LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observatory
on the islands of Hawaii and tv1aui. Except for smaller earth
quakes of special interest, only earthquakes classed as slight
or larger were included in the list. The intensity ratings are
based on the Bosch-Omori seismograph at the Whitney Laboratory.
This intensity scale has been extended empirically to permit
its use with the Loucks-Omori and Sprengnether seismographs.
The entries for a given earthquake are: date, origin time (Hawaiian
standard" time), intensity at the nearest station, epicenter, and
general remarks.

June 6,

U iP 20:01 :49.4

30 N, 126~0 E, 19:49:47

June 7,
H Tmax 03:30:42

51~0 N, 179
0

W, 02:46:40

June 10,

U iP 01:13:00.5

H iP 01:12:59.3

90 S, 1170 E, 00: 59:54

June 13,

U eP 10:47:38.2 c
is 10:53:17
eL 10:56:25

Tmax 11:26:26

H eP 10:47:29 c
Tmax 11:24:09

51~0 N, 1750 W, 10:40:38

Magnitude 7

June 13,

U iP 21:39:42.2 c

~o N, 123~0 E, 21:27:18

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii

(U=Uwekahuna, 190 25.4' N, 155 0 17.6' W, 1240m), and Maui
(H=Haleakala, 200 46.0' N, 1560 15.0' W, 2090m). Beginnings

Apr. 5, 22:28:40,

Apr. 6, 09:57:38,

Apr. 28, 12:00:40,

May 14, 16:51:47,

May 16, 03:38:27,

May 18, 10:52:56,

May 21, 06:46:44,

June 5, 06:41: 19,

June 5, 20:43:02,

June 9, 00:35:52,

June 20, 22:37:15,

June 23, 23:00:25,

moderate at Kamuela. Near Kamuela at a depth of
about 30 km. Felt 5 km northwest of Honokaa.

slight at Uwekahuna. Five km south of Uwekahuna
at a depth of about 35 km. Felt in the vicinity
of Kilauea caldera. Magnitude 3.8.

slight at Uwekahuna. Five km west of Makaopuhi
Crater at. a depth of 15 km. Magnitude 3.3.

feeble at Naalehu. Five km southwest of Pahala
at a depth of 20 km. Felt at Kapapala.

moderate at Mauna Loa. Five km south of the
Mauna Loa seismograph station at a depth of
15 km. Felt from Hilo to Kapapala. Magnitude 3.5.

very feeble at Kealakekua. Kealakekua fault.
Felt at Capt. Cook.

feeble at the Whitney station. Ten km southeast
of Uwekahuna at a depth of 35 km. Felt from
Kilauea caldera to Hilo. Magnitude 3. L

moderate at the Whitney station. One km north
of the Whitney station at a depth of 2 km. Felt
along the northeast rim of Kilauea caldera.

very feeble at Pahoa. Sixty km south of Pahoa
(180 57 I N, 1540 56' W) at a depth of 55 km.
Magnitude 3.0. .

feeble at Kealakekua. Kealakekua fault. Felt at
Capt. Cook.

very feeble at Kealakekua. Kealakekua fault. Felt
at Capt. Cook.

moderate at Naalehu. 13 km north of Naalehu at a
depth of 5 km. Magnitude 3.3.

(

(

(

(

June 10,

U iP 03:22:58.8 c

H iP 03:22:52.8 c

13~0 N, 143~0 E, 03:13:11

Magnitude 6%-7

June 11,

U eP 14:59:07.6
is 15:96:46
eL 15:13:45

H iP 14:59: 14.4

300 S, 1780 W, 14:49:47

Depth about 100 km.
Magnitude 6%-7

June 11,

U eP 19:01 :34.3

H eP 19:01:28.4 d

180 N, 120~0 E, 18:49:24

June 12,

U eP 00:00:58

H eP 00:00:45
Tmax 00~37:31

520 N, 1760 W, 23:53:57

June 12,

U eP 08:38:17.5 c

H eP 08:38:06.9 c

41~0 N, 142~0 E, 08:28:34

9

June 14,

U iP 06:31 :26.6 d
eS 06:37:04
eL 06:40:56

Tmax 07:09:40

H Tmax 07:07:57

52 0 N, 175~0 W, 06:24:20

Magnitude 6~

June 15,

U eP 18:25: 15
eS 18:30:53
eL 18:35:23

Tmax 19:02:41

H Tmax 19:00:38

520 N, 171 0 W, 18:18:20

Magnitude 6

June 17,

U iP 06:24: 13 d

150 S, 173~0 W, 06: 16:44

Magnitude 5%

June 18,

U iP 11:30:57.7 c

180 N, 120~0 E, 11:18:53

Depth about 60 km.

June 18,

U iP 18:05 :49.3 d
is 18: 13:42
eL 18:21:08

250 S, 1700 E, 17: 56:03

Magnitude 6

4



of phases are given in Greenwich civil time, which is 10 hoas
faster than Hawaiian standard time. A ftc" following the time of
P indicates that the first motion was a compression; a ftd", that
it was a dilatation. Locations of epicenters, origin ti~es,

focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters published by the U. S. Coast and
Geodetic Survey.

May 2,

U eP 11:35:58.9
HTmax 12:11:35

52~0 N, 169° W, 11:29:13

May 2,

U eP 11:45:43.8
Tmax 12:23:00

H Tmax 12:21:25

52~0 N, 169° W, 11:38:52

May 2,

II iP 21:48:17.3 d

7~o S, 120° E, 21:36:25

Depth about 600 km.

May 8,

U eP 20:17:15.6 d
eL 20:26:47

15~0 S, 179° E, 20:09:55

Depth about 400 km.

May 18,

U eP 05:30:19

51° N, 171° W, 05:24:01

May 20,

U eL 02:08

51° N, 180°,01:50:54

May 21,

U iP 01:21:36.7 d
is 0::29:23

H iP 01:21:28.5 d

21~0 N, 144° E, 01:11.:58
Depth about 100 km.

May 22,

U eP 13:36:39.6
eS 13:42:21
eL 13:45: 19

H eP 13:36:27.2 d
eS 13:40:47
<~ L 13 :43:'4:

Tmax 14:11:44

50° N, 177° W, 13:29:44

Magnitude 6~

8

May 24,

U iP 02:49:43.9 d

H iP 02:49:48.6 d

3° N, 76~0 W, 02:37:37

Magnitude 6Yr6%

May 24,

U eP 03:43:42
Tmax 04:20:43

H Trrax 04:18:44

53° N, 167~0 W, 03:36:33

Magnitude 6-6~

May 26,

U e 06:55:02
eL 07:29:39

41° N, 31° E, 06:33:31

Magnitude 7

May 31,

V eP 22:24:27

H eP 22:24:17.4
Tmax 23:01:29

51° N, 179~0 W, 22: 17: 10

June 4,
U iP 11:23:38.0 c

H iP 11:23:38.1 c

10~0 S, 166~0 E, 11:14:50

June 4,
V iP 17: 12:25.5 c

H iP 17:12:31.1 c

17~0 S, 178° W, 17:05:02

Depth about 550 km.
Magnitude 6~-6~

June 6,

H Tmax 04:14:45

52° N, 178° W, 03:30:22

June 6,

V eP 05:45:29.8 c
Tmax 06:22:30

H e 05:45:24
Tmax 06:20:45

52° N, 171~0 W, 05:38:27

)

t

)

Apr. 1,

V iP 08:06:04.2

4~0 N, 129° E, 07:54:20
Depth about 100 km.

Apr. 1,

V eP 11:42:19.3

51
Q

N, 173° W, 11:35:30

Apr. 2,

V iP 00:46:33.6 c

51° N, 173° W, 00:39:42

Apr. 2,

U eP 20:23:47.5

51~0 N, 173° W, 20:16:57

Apr. 2,

V eP 21:34:47.4

51° N, 173° w" 21:27:54

Apr. 4,
V iP 00:20: 19.8 d

58° N, 155~0 W, 00: 13:08
Depth about 150 km.

Apr. 5,

U iP 02:56:36.7 c
Tmax 03:33:51

H Tmax 03:31 :50

52° N, 172~0 W, 02:49:39
Magnitude 6~

Apr. 5,

U iP 07:39:39.4 d

26~0 S, 177° W, 07:30:22
Depth abOut 100 km.
Magni tude 6%

5

Apr. 5,

U eP 16:22:57.2 d

12~0 N, 88° W, 16:12:20
Depth about 100 km.

Apr. 7,

U eP 10:25:20.8

lOS, 137~0 E, 10:14:08
Magnitude 6-6~

Apr. 8,

V iP 20:29:29.9 d

8~0 N, 83° W, 20:18:09
Magnitude 6~

Apr. 9,

V iP 00: 34: 11.5 c

30~0 N, 138~0 E, 00:24:39
Depth about 450 km.
Magni tude 6~-6%

Apr. 9,

H Tmax 10:43:38

51° N, 178~0 W, 09:59:27

Apr. 9,

U eP 11:09:25.9 d
Tmax 11:48:22

H Tmax 11 :46: 19

51~0 N, 178~0 W, 11:02:12

Apr. 9,

H Tmax 18:24:26
51~oN, 179~0 W, 17:40:13

Apr. 9,

U iP 20:30:45.6 c

52~0 N, 169° W, 20:23:56



Apr. 9,

H Tmax 23:33:48

51~0 N, 1770 \XI, 22:49:47

Apr. 10,

U eP 03:32:27.8 c
Tmax 04:09:33

H Tmax 04:07:27

530 N, 1680 W, 03:25:20

Apr. 10,

U iP 05:21:37.1 d

15~0 N, 980 W, 05:12:08
Magnitude 6~-7

Apr. 10,

U iP 09: 16: 18.2 c

51
0

N, 1770 W, 09:a9:18

Apr. 10,

U eP 11:37:06.0 c
eS 11:42:42
eL 11:46:04

T m rtx 12: 15 :48

H eL 11:44:52
Tmax 12:14:42

560 N, 1540 W, 11:29:58
Magnitude 7-7~

Apr. 10,

U eP 13:28:20
Tmax 14:06: 16

51~0 N, 176~0 W, 13:20: 14

Apr. 12,

H Tmax 05:01:50
51~0 N, 178~0 W, 04: 17:45

H Tmax 07:37:58

51~0 N, 1760 W, 06:49:11

Apr. 12,

H Tmax 13:46:48
Andreanof Islands, 13 :03 :45

Ap". 13,

U e 03:53:43
eL 03:59:48

Tmax 04:29:01

48~0 N, 1280 W, 03:44:00
6

Apr. 13,

U eP 06:42:04 d
6~0 N, 126~o E, 06:30:08

Apr. 14,

U eP 19:25:26.2 c
1 19:25 :28.3 d
eS 19:31:32
eL 19:34:41

Tmax 20:03:31

H iP 19: 25 :35.3
eL 19:34:45

Tmax 20:06:03

15~0 S, 1730 W, 19:17:57
Magnitude 7~-8

Apr. 14,

U iP 21:06:03.6

50~0 N, 1790 W, 20:59:00

Apr. 15,

U eP 10:45:47.6 d
eS 10:51 :35
eL 10:55:19

H Tmax II :22: 50

51~0 N, 1790 W, 10:38:37

Apr. 15,

HTmax 20:37:16

51~0 N, 1760 W, 19:53:39

Apr. 15,

U eP 21:39:59
eS 21:45:21
eL 21:50: 19

H Tmax 22:18:26

51~0 N, 1670 W, 2.1 :33:05

Apr. 16,

U eP 04: 16:46.3 c
ipP 04:18:53.5 c
eG 04:44:22

4~0 S, 107~0 E, 04:04:04
Depth about 600 km.
Magni tud e 7~

Apr. 17,

U eP 08: 15: 15.5 c

200 S, 1760 W, 08:07:58
Depth about 200 km.

-1-

( <.

Apr. 17,

U eP 09:34:47.4 c
Tmax 10: 12:08

52~0 N, 1710 W, 09:27:54

Apr. 17,

U eP 13:31:47.4
Tmax 14:09: 15

H Tmax 14:07:26

52~0 N, 169° W, 13:24:58

Apr. 18,

U eP 07:07: 12.0 d
Tmax 07:45:49

51~0 N, 1760 W, 07:00:06

Apr. 19,

U eP 15:51:34.2 c·
eS 15:57:01
eL 15:59:54

51~0 N, 168~0 W, 15:44:53

Apr. 19,

U iP 22:26: 14.1 d
i 22:26:25 c
is 22:31:43
eL 22:34:36

H Tmax 23:02:05

52° N, 166~0 W, 22:19:26

Magnitude 7-7~

Apr. 20,

U eL 07:24

54~0 S, 148Xo E, 06:48:04

Apr. 21,

U eP 21 :24:46.9 c

H eP 21:24:55.2

70
N, 72 0 W, 21:12:26

M~gnitude 6X-6%

Apr. 25,

U eP 02:44:37.5 d
eL 03:24

36~0 N, 290 E, 02:25:36
Magnitude 7-7X

7

Apr. 25,
U eP 11:18:09.9 c

1~0 N, 1260 E, 11 :06:02

Apr. 25,
U eL 22:14

33° N, 115~0 W, 21:57:36

Magnitude 5~-6

Apr. 25,

U eL 22:40

33~0 N, 115~0 W, 22:24: 11

Magnitude 5~-6

Apr. 28,

U iP 01:35:36.8 d

70
N, 1270

E, 01:23:40

Magni tude 5%-6

Apr. 28,

U eL 15:06

52~0 N, 168~0 W, 14:48:52

Apr. 29,

U eL 04:48

52~0 N, 168~o W, 04:30:04

May 1,

U eP 23:35:18.5 d

52~0 N, 1710 W, 23 :28:09

May 2,

H Tmax 03:04:44

540 N, 1660 W, 02:22:18

May 2,

U iP 04:06:53.5 c

720
N, 67~0 W, 03:55:34

Magni tude 6-6~

May 2,

U eP 10:46:30 d
eL 11:10:53

56~0 S, 1230 W, 10:34:14
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I. Hawaiian Volcono Observatory
2 Whitney Laboratory of S.ismology

3. Uwekahuno seismo9raph station

4. Heodquarters Howoii Nationol Pork

Upolu Point

Kolae (South) Point
Contour interval 1,000 feet
001u;" is m~on s~o 1611,,1

Tapoqraphy by U.S. Gealo9ical Survey

Map of the Island of Hawaii, showing location of the Hawaiian
Volcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.
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Aug. 28,

U eP 23:59:54

21° N, 145
0

E, 23:50:15

Sept. 7,

U eP 10:13:50
eL 10:23:32

Tmax 10:53:13
H eP 10:13:43

Tmax. 10:50:56

51~0 N, 178~0 W, 10:06:47

Sept. 10,

U i P 15:39:43

50 N, 125~ 0 E, 15:29:40

Sept. 12,

U eP 00:38:49

17~o N, 85
0

W, 00:28:02

Sept. 20,

U eP 23:14:13

520 N, 170~0 W, 23:07:22

Sept. 24,

U i P 08:33:01.4 d
eS 08:42:39
eG 08:51:29

H eP 08:32:56.8 d

5~ N, 1270 E, 08:21:05
Magnitude 7%

Sept. 26,

U eP 12:13:36

3~ho S, 174~0 E, 12:03 :01
Depth 150 km

Sept. 27,

U iP 04:20:35 d

10 5, 127
0

E, 04:08:23

Sept. 27,

U eP 04:30:52

10 S, 127~0 E, 04: 18:49

Sept. 27, )~

UTmax 06:32:20
HTmax 06:30:25 1
530 N, 168

0
W, 05:48:15 .

Sept. 28,

U iP 00:37:01.4 c
H iP 00:36:52.5 e

30~0 N, 137~0 E, 00:27:31
Depth about 500 km.
Magnitude 6%

Sept. 28,

U iP 14:27:32.9 d
is 14:33:35

H iP 14:27:38.3 d
is 14:33:46

20~0 S, 1780 W, 14:20:00
Depth about 650 km.
Magnitude 7 - 7~

Sept. 29,

U iP 06:49:36.7 c

O~ 124
0

E, 06:37:33
Depth about 200 km.

Sept. 29,

U iP 08:21:36.5
H iP 08:21:41.5

250 S, 178~0 E, 08:12:22
Depth about 600 km.

:lMagnitude 6~

0 !

PREFATORY NOTE

This summary of observations· made at the Hawaiian Volcano
Observatory is published for the use of vole.anological and seismologi
cal observatories and others interested in the data at intervals more
frequently than once a year. Heretofore this material was av~ilable

in The Volcano Letter, published by the University of Hawaii, but
discontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. ·Summary of Volcanic Conditions

July
The Sprengnether seismogr~phat lJwekahuna recorded 190 earth

quakes during July. Most of these earthquakes. were very small
and oriRinated in the vicinity of Kilauea caldera.

A strong earthquake originating about 8 km southwest of Waikii
at 12:54 a.m. on July 4 was felt generally over the island of Hawaii.
Nine minutes later, at 1:03 a.m., a sharp earthquake stemming from
the Kaoiki fault about 5 km southwest of Ohaikea was felt in Ha
waii National P ark and Kealakekua.

On July 22 at 10: 17 a.m. a moderate earthquake originated be
neath the sea about 35 km north of the Haleakala, Maui, seismo
graph station. This earthquake was not reported felt.

The largest earthquake of the month occurred at 1:41 a.m. on
July 26. This earthquake, which was felt in Kealakekua, origi
nated beneath the sea about 30 km west of Hawi.

Small earthquakes from epicenters in central Kona were felt in

Kealakekua at 9:32 a.m. on July 19 and at 2: 17 a.m. on July 27.
Tilting of the earth's surface at the Whitney Laboratory was

normal for July.

8
33&102

1



August

The relatively low level of seismic actIvIty at Kilauea that
characterized June and July extended into August. 200 earth
quakes were registered on the Sprengnether seismograph atUweka
huna. About half of these quakes originated at Kilauea caldera
and were very small.

The largest earthquake in the Hawaiian area in many months
originated at a shallow depth beneath the sea 45 km east of Hana,
Maui, at 12:42 a.m. on August 18. This earthquake was felt ~en

erally over the islands of Maui and Hawaii. 59 earthquakes, in
cluding 9 with magnitudes of 3.0 or greater, stemmed from this
region during August.

A moderate earthquake from an epIcenter beneath the sea 30 km

east of Naalehu at 5: 21 p.m. on August 21 was not reported felt.
Three small, sharp earthquakes that originated near the north

east rim of Kilauea caldera at 8:38 a.m., 8:41 a.m., and 8:47 a.m.
on August 23 were felt at Hawaii National Park Headquarters.

A moderate earthquake from a focus about 35 km beneath the
summit of Kohala mountain was felt at Pohakuloa and Kukuihaele
on August 26.

Tilting of the earth's surface at the Whitney Laboratory was
approximately normal for August.

Se'ptember

A mild resurgence of seismic activity in the vicinity of Kilauea
caldera during mid-September raised the number of earthquakes
recorded by the Sprengnether seismograph at Uwekahuna to 310.

Most of these earthquakes occurred on September 8, 14, and 15
and originated at depths of more than 30 km.

A moderate- earthquake from a focus about 30 km deep and 5 km
northwes! of Kamuela at6:28 a.m. on September 4 was not reported
felt.

An earthquake from an unusual sourc~ was felt in Hilo at 9:31
a.II). on September 5. It originated 10 km north of Keaau at a depth
of 50 km.

The l~.lgest of 9 earthquakes originating 45 km east of Hana,
Maui, during September occurred at 1: 36 a.m. on September 7. It
was not reported felt.

An earthquake from an epicenter- 5 km east of Apua Point was
fe It in Hilo at 5: 23 a.m. on September 14.

The largest earthquake of the month originated at 3:37 a.m. on
September 29 on the Kaoiki fa'!~t 5 km south of Ohaikea. This

2

July 27,

U eP 15:49:20.9

5}f N, 127~0 E, 15:37:30

July 28,

U iP 08:49:25.3 d
e 08:49:38
eS 08:56:58
eG 09:00:24

Tmax 09:46:23
H eP 08:49:31.0 d

1 08:49:41
Tmax 09:47:19

17° N, 99° W, 08:40:04
Magnitude 7% - 7~

July 29,

U eS 17:54:05,
eL 17:57:25

Tmax 19:13:13

23~o S, 71~ W, 17:15:14
Magnitude 6% - 7~

Aug. 4,

U iP, 14:25:40

17° N, 99~o W, 14:16:18

Magnitude 6~

Aug. 12,

U eP 07:20:53

6° N, 124~oE, 07:08:38

Aug. 16,

U eP 23:40:56.7
is 23:48:13

Tmas 00:34:42
HTmax 00:37:12

10~0 N, 104° W, 23:31:55
Magnitude 6~ - 6%

Aug. 17,

U i P 12:49:18.5 c

29° N, 141° E, 12:39:23

7

Aug. 18,

U eP 08:48:59.5
eS 08:58:59
eL 09:08:51

12° N, 124° E, 08:36:57

Aug. 18,

U eP 21:21:40.1 c

16~0 N, 99° W, 21;10:42

Aug. 18,

U ep 21:51:31
eS 21:58:21
eL 22:04:31

H Tmax 22:43:14

50° N, 157° E, 21:42:30
Magnitude 6~ - 6~

Aug. 20,

U eP 12:11:09.1
eS 12:18:42
eL 12:23:23

10° S, 161° E, 12:01:54
Magnitude 6~ - 6~

Aug. 22,

U eP 08:07:36.0 d

1° N, 126° E, 07:55:06

Aug. 22,

U eP 16:53:01

15° S, 168° E, 16:43:35

Aug. 23,

U eP 02:09:50
eS 02:17:37

Tmax 03:09:12

6° S, 154~0 E, 02:00:05
Magnitude 6~

Aug. 27,

U i P 21:04 :43 d

25~0 S, 178° E, 20:56:29
Depth about 650 km.



phases are given in Greenwich civil time, which is 10 hours faster
than Hawaiian standard time. A ftc" followin,g th~ time of P indi
cates that the first motion was a compression; a ftd", that it was a
dilatation. Locations of epicenters, origin times, focal depths,
and magnitudes are from the notices of Preliminary Determinations
of Epicenters published by the U. S. Coast and Geodetic Survey.

JuLy 2,
U e 01:12:21

eL 01:38:21

360 N, 53
0

E, 00:42:23
Magnitude 714 - 7X,

July 3,

U eP 12~31:42.9 d
eS 12:37:26
eL 12:40:58

50Xo N, 1790 W, 12:24:37
Magnitude 53~ - 6X

July 7,

U i P 16:20:51.1 c
HiP 16:20:49.5 c

61JJ.° S, 156
0

E, 16:11:15
~1agnitude 6%

July 10.

U eP 09:15:30.4 c
eS 09:25:03
eL 09:33:18

8° N, 821JJ.° W, 09:04:08
Magnitude 61JJ. - 7

July 14,

U i P 06:32:44.8 d
is 06:39:52

HiP 06:32:50.8 d

27Y20 5, 1770 W, 06:23 :50
DeiJth about 200 km.
Magnitude 6% - 7X

.I uly 14,

U i P 08:20:10.1 c
i 5 08:27:43
eL 08:34:47

HiP 08:20: 16.4 c

300 S, 177
0

W, 08: 10:45
Magnitude 6% - 7

6

July 17,

U eP 11:18:57.2 c
eS 11:26:00
eL 11 :30:09

H iP 11:18:58.2 c

11 0 S, 1670 E ,. 11: 10: 10
Magnitude 6X - 61JJ.

July 18.

U i P 12:16: 10.0 c
HiP 12:16:04.0 c

300 N, 1390 E, 12:06:39
Depth about 400 km.

July 22,

U eP 06:26:48.8 c

331JJ.° S, 178
0

W, 06:16:52

July 23

U eP 00:52: 16.6 d
eS 00:58:00
eL 01:01:42

Tmax 01:31:04
H eP 00:52;01.7

Tmax 01:29:05

52
0 N, 177

0 W, 00:45:12
Magnitude 6X - 61JJ.
July 24,

lJ e S 11 :19:00
eL 11 :23 :40

H iP 11:11:42.9 c

200 S, 1690 E, 11:02:30
Magnitude 61JJ.

July 25,

U i P 07:49:39.6
eS 07:55:15
eL 07:58:44

H Tmax 08:26:20

510 N, 177
0

W, 07:42:25
Magnitude 6X

earthQUake, which had a focal depth of about 25 km, was felt at
the Mauna Loa Slope Observatory and at Capt. Cook.

At the Whitney Laboratory mild southeasterly tilting replaced
the 'strong northeasterly tilting bf the ground normally recorded
during September.
2. Earthquakes recorded on the Bosch-Omori seismograph in

the Whitney Laboratory of Seismology, on the northeast
rim of Kilauea caldera.

Week Minutes Very Moder- Local
of Feeble Slight Strong Total seis-

beginning tremor feeble ate micity *
June 30 0 O· 1 0 0 1 2 5.00
July 7 1 1 0 1 0 0 3 2.75

14 0 1 0 0 0 0 1 0.50
21 1 2 0 0 0 0 3 1.25
28 1 1 0 0 0 0 2 0075

Aug. 4 0 1 1 0 0 0 2 1.50
11 0 4 1 0 0 0 5 3.00
18 1 2 2 0 1 1 7 10.25
25 1 4 0 0 0 0 5 2.~5

Sept. 1 1 1 1 0 0 0 3 1.75
8 0 1 2 0 0 0 3 2.50

15 54 1 0 0 0 0 55 14.00
22 0 1 0 0 0 0 1 0.50

* Local seismicity is an arbitrary value. Each local earthquake
is assigned a seismicity value according to its strength, as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0;
strong, 4.0. These values are totaled to give the weekly local seis
micity. Continuous volcanic tremor is ignored in the calculation. The
~trength assigned to the earthquake depends on the double amplitude
of the maximum oscillation it causes on the Bosch-Omori seismograph,
as follows:

Tremor, less than 0.5 mm; very feeble, 0.5 to 4 mm; feeble, 4 to
11 mm; slight, 11 to 25 mm; moderate, 25 to 60 mm; strong, greater
than 60 mm.

3. Table of tilt at seismograph 'stations on the rIm of Kilauea
caldera.

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning
Direction Amount Direction Amount

(seconds of arc) (seconds of arc)
June 30 N 27

0
W 0.5

Instrument
July 7 N 27

0
W 0.3 out of

14 W 0.1 order
21 N 27

0
E Oe3

3
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Table Continued
Whitney station Uwekahuna station

Week . (north~ast rim) (west rim)

beginning Amount Amount
Dir~ction (c;:econds of arc)

Direction (seconds of arc

July 28 N 57° E 0.4 N 27° W 0.3
Aug. 4 N 0.4 N 79

0
W 0.8

11 N 76
0

E 0.5 W 0.2

18 N 11
0

W 0.6 N 79° W 0.8

25 E 0.4 W 0.2
Sept. 1 S 18

0 E 0.4 S 18°E 0.5
8 S 72° E 0.4 N 45°W 0.2

15 S 45
0 E 0.3 N 57

0
W 0.5

22 N IS
o

W 0.4 S 63° W 0.7

2/:)0 48 ' N, 155 0 28 'W. Depth about 10 km. Mag
nitude 4.0.

280 48' N, 1550 28' W. 45 km east of Hana,
Maui, at a depth of about 10 km. Felt widely on
the islands of Hawaii and Maui. Magnitude 5.6.

45 km east of Hana, Maui. Magnitude 3.0.

45 km east of Hana, Maui. Magnitude 3.0.

slight at Naalehu. About 30 km east of Naalehu
at a depth of about 15 km. Magnitude 3.5.

feeble at the Whitney Laboratory. Felt at Hawaii
National Park Headquarters.

moderate at the Whitney Laboratory. Felt at Hawaii
National Park Headquarters.

very feeble at the Whitney Laboratory. Felt at
Hawaii· National Park Headquarters.

45 km east of Hana, Maui. Magnitude 3.2.

strong at Kamuela. Beneath the summit of Kohala
mountain at a depth of about 35 km. Felt at
Kukuihaele and Pohakuloa. Magnitude 3.3.

45 km east of Hana, Maui. Magnitude 3.0.

5 km northwest of Kamuela at a depth of about
30 km. Magnitude 3.3.

slight at Hilo. 10 km north of Keeau at a depth
of 50 km. Felt in Hilo. Magnitude 3.3.

200 46 ' N, 155 0 27 'W. 45 km east of Hana, Maui,
at a depth of about 5 km. Magnitude 3.6.

60 km beneath the Mauna Loa seismograph station.
Magnitude 2.3.

200 16' N, 1570 38' W. 115 km south of Koko
Head, Oahu. Magnitude 2. 7.

very feeble at the Whitney Laboratory. 5 km east
of Apua Point at a depth of about 5 km. Felt in
Hilo. Magnitude 2.5.

45 km east of Hana, Mau~ ;vlagnitude 3.0.

45 km east of Hana, Maui. Magnitude 3.0.

slight at Uwekahuna. 5 km south of Ohaikea at a
depth of about 25 km. Felt at the Slope Observ
atoryand Capt. Cook. Magnitude 3.9.

DI5TANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U= Uwekahuna, 190 25.4

T
N, 155 0 17,6 T W, 1140m), and Maui

(H=Haleakala, 20 0 46.0 1 N, 156 0 15.0' W, 2090m). Beginnings of

5

Aug. 11, 09:39: 18,

A'Lg. 18, 00:41:56,

Aug. 19, 15:52:07,

Aug. 19, 18=38:10,

Aug. 21, 17:21:05,

~I

'~
Aug. 23, 08:38,

Aug. 23, 08:41:14,

Aug. 23, 08:46:44,

Aug. 26, 08:04:18,

Aug. 26, 16:58:52,

Aug. 28, 09:59:52,

Sept. 4, 06:28: 18,

Sept. 5, 09:31:24,

Sept. 7, 01:35:13,

Sept. 8, 08:37:22,

Sept. 8, 19:36:0'8,

Sept. 14, 05:22:48,

Sept. 14, 15:38:46,

Sept. 17, 11:47:37,

Sept. 29, 03:37:02,

strong at Kamuela. 8 km southwest of Waikii at
a depth of about 15 km. Fe It generall y over the
island of Hawaii. Magnitude 4.5.

feeble at Uwekahuna. 5 km southwest of Ohaikea
at a depth of about 15 km. Felt in Kealakekua
and Hawaii National Park. Magnitude 2.8.

slight at Uwekahuna. Kilauea caldera.

near Kealakekua. Felt in Kealakekua.

35 km north of the Haleakala seismograph station
at a depth of about 35 km. Magnitude 3.2.

strong at Kamuela. About 30 km west of Hawi.
Felt in Kealakekua. Magnitude 4.6.

feeble at Kealakekua. Near Kealakekua. Felt in
Kealakekua.

2I!J0 48 ' N, 155
0

28 'W. 45 km east of Hana, Maui,
at a depth of about 10 km. Magnitude 4.2.

2(j0 48 ' N, 155
0

28 'W. Depth about 10 km. Mag
nitude 4.3.

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observa
tory on the islands of Hawaii and Maui. Except for smaller earth
quakes of special interest, only earthouakes classed as slight or
larger were included in the list. The intensity ratings are based
on the Bosch-Omori seismograph at the Whitney Laboratory. This
intensity scale has been extended empirically to permit its use
with the Loucks-Omori and Sprengnether seismographs. The en
tries for a given earthquake are: date, origin time (Hawaiian stand
ard time), intensity at the nearest station, epicenter, and general
remarks.

July 4, 00:53:59,

July 4, 01:03:28,

July 13, 00:01:06,

July 19, 09:31:51,

July 22, 10:17:22,

July 26, 01:40:30,

July 27, 02:16:57,

Aug. 10, 14:43:43,

Aug. 11, 04:39:26,
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Palimo Point

Conlour interval 1,000 feet
Oatum is mean sea ItWtll

Topography by U. S. Geological Survey

Keaau

I. Hawaiian Volcano Observatory

2. Whitney Laboratory of Seismology

3. Uwekohuno seismogroph station

4. Headquarters Hawaii Notional Pork

EXPLANATION
• Seismograph station
a City, town,or village

x Localily
I'~' --t-----~-~"--~--19° Rood

1560 1550

N

Mahukona

J
20 0 20

I\1ap of the Island of Hawaii, showing location of the Hawaiian
V(~lcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.
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PREFATORY NOTE
This summary of observations made at the Hawaiian Volcano

Observatory is published for the use of volcanological and seismologi
cal observatories and others interested in the data at intervals more
frequently than once a year. ·Heretofore this material was available
in The Volcano Letter, published by the University of Hawaii, but
d_iscontinued with issues number 529 and 530, July-December, 1955.
Those who wish to receive this summary should request inclusion on
the mailing list from the Director, U. S. Geological Survey, Washing
ton 25, D. C.

1. Summary of Volcanic Conditions

October

The Sprengnether seismograph at Uwek~huna recorded only
120 earthquakes during October. Most of these earthquakes
were very small and originated at shallow depths near ~ilauea

caldera or along the Kaoiki fault zone southwest of the caldera.
An earthquake from an epicenter near Keahole Point was felt

in Capt. Cook at 1 :03 a. m. on October 25. At 7:24 p. m. on
O<:tober 28 a small, sharp earthquake originating at the eastern
rim of Kilauea caldera was felt at Hawaii National Park Head
quarters. An earthquake felt in Capt. Cook at 5 :48 a. m. on
October 31 stemmed from the Kealakekua fault about 5 km south
east of Kealakekua.

Moderate northeasterly tilting of the ground at the Whitney
station was normal for October.

November
Seismic actIvIty In Hawaii remained at a low level during

November. ~10st of the 165 earthquakes recorded by the Spreng
nether seismograph at Uwekahuna were very small and stemmed
from Kilauea caldera or the adjacent portion of the Kaoiki fault
zone.

1



An earthquake felt in Kealakekua and Capt. Cook at 2:31 a.m.
on November 16 originated beneath the ocean 30 km west of
Kailua. At 8:21 p. m. on November 23 an earthquake from an
epicenter near Anipeahi was felt at Hawaii National Park,
Kealakekua, and Kamuela. A s~all earthquake from the Keala

kekua fault was felt in Capt. Cook at 5:16 p. m. on November 30.
At the Whitney station the northward component of ground

tilting was normal for November, but the eastward component
was about three times greater than normal.

December
The Sprengnether seismograph at Uwekahuna recorded only

160 earthquakes during December. .As in preceeding months
most of the'se earthquakes were very small and originated near
Kilauea caldera at shallow depths.

No earthquakes were reported felt on Hawaii during December.
The largest earthquake of the month originated beneath the

ocean about 45 km east of Hana, Maui, at 01 :21 p. m. on De
cember 6.

At the Whitney station on the northeastern rim of Kilauea
caldera gentle northwesterly tilting of the ground replaced the
moderate northeasterly tilting normal for December.

2. Earthquakes recorded on the Bosch-Dmori seismograph in
the WhItney Laboratory of Seismology, on the northeast
rim of Kilauea caldera.

Week
Minutes

Very Moder- Local
of Feeble Slight Strong Total seis-

beginning
tremor feeble ate

micity·
Sept. 29 0 1 0 1 0 0 2 2.50
Oct. 6 1 0 0 0 0 0 1 0.25

13 1 0 0 0 0 0 1 0.25
20 0 0 1 0 0 0 1 1.00
27 0 1 1 0 0 0 2 1.50

Nov. 3 0 1 0 0 0 0 1 0.50
10 0 1 0 0 0 0 1 0.50
17 0 3 1 1 O· 0 5 4.50
24 0 3 0 0 0 0 3 1.50

Dec. 1 1 3 0 0 0 0 4 1.75
8 1 1 0 0 0 0 2 0.75

Dec. 15 0 2 0 0 0 0 2 1.00
22 0 0 0 0 0 0 0 0.00

* Local seiSmICity is an arbitrary value. Each local earthquake
is assigned a seismicity value according to its strength, as follows:
tremor, 0.25; very feeble, 0.5; feeble, 1.0; slight, 2.0; moderate, 3.0;
strong, 4.0. These values are totaled to give the weekly local seis
micity. Continuous volcanic tremor is ignored in the calculation. The
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Nov. 25,

HTmax 22:57:28

45° N, 130° W, 22:16:44

Nov. 26,

U eP 11:42:46
eS 11:48:24
eL 11:51:58

51~0 N, 176° W 11:35:44

Nov. 28,

U eP 20:59:06
eS 21:06:13
eL 21:12:39

Tmax 21:52:09
H eP 20:59:04

Tmax 21:52:32

15° S, 168~0 E, 20:50:10

Nov. 29,

U iP 22:32:50 d
is 22:43 :09

H iP 22:32:56 c

21 ° S, 66° W, 22:19:38
Depth about 200 km
Magnitude 7~ - 8

Dec. 4,

U iP 03:50:36 c
is 04:of~08
iL 04:13:50

H iP 03:50:30 d
eS 04:01:03
eL 04:16

45~0 N, 99~0 E, 03:37:45
Magnitude 7% - 8

Dec. 7,

U iP 03:28:21 c

6~o S, 123~0 E, 03:16:43
Depth about 550 km

Dec. 10,

U iP 14:45:37 c
is 14:53:19
eL 14:58:08

6° S, 154~0 E, 14:35:57
Magnitude 6~ - 6%

o
6

Dec. 13,

U is 20:38:40
eL 20:41:09

52~0 N, 170° W, 20:26:22

Dec. 16,

UTmax 18:15:13
H Tmax 18:14:15

50° N, 127° W, 20:26:22

Dec. 17,

U eP 05:18:40
eS 05:25:35
eL 05:31 :42

43~0 N, 162° E, 05 :10:11
Magnitude 6%

Dec. 17,

U eP 13:58:57 c
is 14:05:51
iL 14:10:09

Tmax 14:52:19
H iP 13:58:57 c

eS 14:05:54
eL 14:10:40

12° S, 167° E, 13:50:05
Magnitude 7%

Dec. 26,

U iP 12:18:59 c
eL 12:35

32~0 S, 178° W, 12:09:11

Dec. 26,

UTmax 13.01:08

41~0 N, 127° W, 12:20:35

Dec. 31,

II eP 14:39:49
eL 15:02:26

45° S, 165~0 E, 14:28:15

38 J 50

f i

Table-ContiQued
strength assigned to the earthquake depends on the double amplitude
of the maximum oscillation it causes on the Bosch-Omori seismograph,
as follows: tremor, less than 0.5 mm; very feeble, 0.5 to 4 mm; feeble,
4 to 11 mm; slight, 11 to 25 mm; moderate, 25 to 60 mm; strong, greater
than 60 mm.

3. Table of tilt at seismograph stations on the rim of Kilauea
caldera.

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning Direction Amount Direction Amount
(second s of arc) (seconds of arc)

Sept. 29 N 79
u

E 0.6 N 34° W 0.5
Oct. 6 E 0.4 E 0.2

13 N 45° E 0.7 N 63° W 0.3
20 N 81° E 0.7 S 45° W 0.2
27 N 51° E 1.5 N 37° W 0.3

Nov. 3 N 40° E 0.9 W 0.4
10 N 63° E 0.5 S 81° E 0.9
17 S 74° E 0.9 S 72° W 1.0
24 N 60° E 1.0 N 79° W 0.8

Dec. 1 S 27° W 0.8 S 72° E 0.5
8 N 30° E 1.7 S 68° W 0.8

15 S 84° W 1.20 N 56° E 0.5
22 E 0.6 W 0.2

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observa

tory on the islands of Hawaii and Maui. Except for smaller

earthquakes of special interest, only earthquakes classed as
slight or larger were included in the list. The intensity ratings
are based on the Bosch-Omori seismograph at the Whitney Lab
oratory. This intensity scale has been extended empirically to
permit its use with the Loucks-Omori and Sprengnether seismo
graphs. The entries for a given earthquake are: date, origin
time (Hawaiian standard time), intensity at the nearest station,
epicenter, and general remarks.

Oct. 20, 05 :09:43, slight at Uwekahuna. 5 km west of Ohaikea at
a depth of about 5 km. Magnitude 2.8.

Oct. 25, 01:02:38, very feeble at Kealakekua. Near Keahole Point.
Felt at Captain Cook. Magnitude 2.2.

Oct. 28, 19:23:57, feeble at the Whitney station. East rim of Kilauea
caldera. Felt at Hawaii National Park Head
quarters.

3



Oct. 31, 05:48:24,

Nov. 9, 11:26:25,

Nov. 16, 02:30:32,

Nov. 23, 20:21:28,

Nov. 30, 17:15 :45,
Dec. 6, 13 :20:34,

feeble at Kealakekua. On the Kealakekua fault
about 5 km southeast of Kealakekua. Felt at
Capt. Cook.

very feeble at Kamuela. 25 km northwest of Kam
uela at a depth of 35 km. Magnitude 3.1

very feeble at Kealakekua. 30 km west of Kailua
at a shallow depth. Felt at Kealakekua and
Capt. Cook. Magnitude 3.5.

moderate at Uwekahuna. 10 km southwe st of the
Mauna Loa seismograph station at a depth of
5 km. Felt at Hawaii National Park, Kealakekua,
and Kamuela. Magnitude 3.5.

Kealakekua fault. Felt at Capt. Cook.
45 km east of Hana, Maui, at a depth of about 5 km.

Magnitude 3.2.

(,.

Oct. 24,

U iP 09:15:05 c
H iP 09:15:12' C

20~0 S, 1790 W, 09:07:30
Depth about 550 km

Oct. 25,

U eP 10:12:31
is 10:19:22
iL 10:24:53

50~0 N, IS6~0 E, 10:03:32
Magnitude 6~ - 6%

Nov. 13,

U iP 17:32:28 C

iL 17:48:21
H eP 17:32:33

33
0

5, 179
0

W, 17:22:41
Magnitude 6~ - 6%

Nov. 16,

U eP 01 :56:08 c
eS 02:01:41
eL 02:05:24

51~0 N, 1770 W, 01:48:48

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U~ Uwekahuna, 190 25.4' N, 155 0 17.6' W, 1240m), and Maui
(H=Haleakala, 200 46.0' N, 1560 15.0' W, 2090m). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. A (tc" following the time of P in
dicates that the first motion was a compression; a Rd", that it
was a dilatation. Locations of epicenters, origin times, focal
depths, and magnitudes are from the notices of Preliminary De
terminations of Epicenters published by the U. S. Coast and
Geodetic Survey.

Oct. 3,

U iP 06:09:53

40 5, 1340 E, 05:58:08

Oct. 5,

U eP 16:18:22

10~0 5, 122~0 E, 16:05 :38

Oct. 10,

U eP 19:00:54
Tmax 19:38:41

540 N, 1660 W, 18:53:59
Magnitude 5%

Oct. 15,

U iP 06:04 :34

300 5, 1790 W, 05:55:21
Depth about 100 km.
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Oct. 19,

U eP 18:40:45 c

23~0 N, 1220 E, 18:28:50
Magnitude 6~ - 6%

Oct. 23,

U eP 06:03:43
e5 06:09:13
eL 06:12:37

Tmax 06:40:22
H Tmax 06:38:58

52~0 N, 169~0 W, 05:56:52
Magnitude 6~

Oct. 24,

U eP 00:26:33
e5 00:33:47
eL 00:40:09

14~0 5, 167~0 E, 00: 17:37
Magnitude 6~

I·
t. I

Oct. 26,

U iP 08:33:50

20~0 5, 1780 W, 08:26: 12
Magnitude 6 - 6~

Oct. 27,

U eP 22:41:07
eL 23:02:20

H eP 22:41:01

560 N, 161 0 E, 22:32:25
Magnitude 6~ - 6%

Oct. 31,

U eP 10:19:27
eS 10:28:55
iL 10:40:48

6~oN, 830 W, 10:07:54
Magnitude 6~ - 6%

Nov. 2,

U iP 07:30:53 C

150 N, 93~0 W, 07:20:58
Depth about 100 km

Nov. 2,

U eP 18:39:15
eS 18:46:30
eL 18:51 :04

130 5, 166~0 E, 18:30:24

Nov. 5,

U eP 10:02:16 d

130 S, 1690 E, 09:54:29
Depth about 650 km

5

Nov. 17,

U iP 18:04:36 C

30~0 N, 1380 E, 17:55:04
Depth about 450 km

Nov. 20,

U eP 12:47:19 C

e5 12:52:54
eL 12:54:42

Tmax 13:25:02
H eP 12:47:11

Tmax 13:22:55

540 N, 1650 W, 12:40:23
Magnitude 6~ - 6~

Nov. 23,
U eP 01:05:30

e5 01:11:04
eL 01:14:53

Tmax 01 :42':48

52~0 N, 1680 W, 00:58:33

Nov. 25,

U eL 19:08:43
Tmax 19:40:45

H Tmax 19:40:25

440 N, 1300 W, 18:55:12

Nov. 25,

U eL 20:48:00
Tmax 21:13:30

H Tmax 21:12:38

44~0 N, 129~0 W, 20:32:25
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Mar. 11,

U eS 14:15:44
eL 14:21:59

130 S, 1670 E, 13:59:00

Mar.20,

U eP 01:44:47.6
is 01:50:11
eQ 01:51 :48
eR 01:53:20

51 0 N, 173 0 W, 01:38:04

o

8

Mar. 31,

U i P 10:40:44.7

170 N, 93~0 W, 10:30:56
Depth about 100 km.

4<'989

I,
I

~.
<"I.

'I
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PREFATORY NOTE

This summary of observations made at the Hawaiian Volcano
Observatory is published for the use of volcanological and seismologi
cal observatories and others interested in the data at intervals shorter
than once a year. Those who wish to receive this summary should
request inclusion on the mailing list from the Director, U. S. Geological
Survey, Washington 25, D. C.

1. Chronological Summary

January

Most of the 239 earthquakes registered by seismographs at
Uwekahuna during January were very small. The chief sources
of this weak seismic activity were Kilauea caldera and the
Kaoiki fault zone west of the caldera.

An earthquake from a focus 25 km beneath Kilauea caldera at
2:27 a. m. on January 14 was felt along the north rim of the
caldera. At 4:54 a. m. on January 20 an earthquake from an
epicenter near Laupahoehoe was felt at Hakalau.

The largest earthquake in the Hawaiian area during January
was not reported felt. It originated 15 km southeast of Hana,
Maui, at a depth of about 45 km at 9:26 p. m. on January 19.

At 12:54 p. m. on January 28 an earthquake occurred beneath
the ocean about 220 km south of Kalapana. This epicenter lies
farther southeastward along the prolongation of the Hawaiian
chain tha.n that of any earthquake previou~ly reported.

Gentle southeasterly tilting of the earth's surface at the Whit
ney station replaced the' moderate southerly tilting normal for
January.

February

Seismographs at Uwekahuna recorded 292 earthquakes during

February. As in previous months most of these earthquakes
were very small and originated at shallow depths beneath Kilauea
caldera or along the Kaoiki fault zone west of the caldera.

1



A small, sharp earthquake from the northeast rim of Kilauea
caldera was felt at Hawaii National Park Headq.uarters at 2:11 p.m.
on February 11. The largest earthquake of the month, which
originated 17 km southeast of Naalehu at a depth of about 35 km,
was felt at Naalehu and Pahoa on February 15 at 4:49 p. m.
At 7:19 a. m. on February 20 on earthquake from an epicenter
10 km northeast of Honokaa was felt at :Kamuela.

An earthquake from a shallow focus 8 krn northeast of Ulupau
Head, Oahu, awakened residents of windward Oahu at 4:01 a. m.
on F ebruary 2J~

At the Whitney station on the northeast .rim of Kilauea caldera,
tilting of the earth's surface was in the southwesterly direction
normal for February but was much weaker than usual.

March

Continuing mild seismic activity at Kilauea caldera and along
the nearby Kaoiki fault zone accounted for most of the 226 earth
quakes recorded by seismographs at Uwekahuna during March.

An earthquake fe It in Hilo at 9:44 a. m. on March 9 originated
about 15 km southwest of Kalapana.

A swarm of earthquakes from an unusual epicenter, 5 km west
of Keanakolu on the northeast flank of Mauna Kea, was recorded
by Observatory seismographs from March 9 to March 14. Of the
11 earthquakes of this swarm that were magnitude 2.5 or larger,
at least 5 were felt at Honokaa. These earthquakes were felt
at 3:09 a.m.on Marchl0,at 10:13 p.m.on March lI,at 9:06 p.m.
and 11:19 p. m. on March 12, and at 8:10 a. m. on March 13.

At 3:09 p. m. on March 13 an earthquake from a focus 20 km
beneath Puu Kulani was felt a few km east of Kilauea caldera.

An earthquake from an epicenter 10 km northeast of Apua
Point was felt in Hilo at 1:30 p. m. on March 29.

Strong southwesterly tilting of the earth's surface recorded
at the Whitney station was 'normal for March.

2. Local Earthquake Summary

Week Number of E
Minutes of
continuousbeginning magnitude L2.5 magnitude < 2.5 tremor·

Dec. 29 3 63 0
Jan. 5 3 65 0

12 1 45 0
19 2 51 41
26 1 43 0

Feb. 2 0 105 13
9 2 60 0

2
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Feb. 1,

U eP 18:14:38.8
is 18:24:18
eR 18:38:28

20 N, 790 W, 18:02:39
Magnitude 6% - 7 (Pas)

Feb. 1,

V ~p 20:57:39
eS 21:07:28
eQ 21 :18
eR 21:20:48

1~0 N, 790 W, 20:45:45
Magnitude 6% (Pas)

Feb. 2,

U eP 08:20:46
eS 08:28:02
eR 08:34:17

48~0 N, 154~0 E, 08:11:53
Magnitude 6~-6% (Pas)

Feb. 7,

U i P 23:36:14.0 c

31~0 N, 1040 E, 23:23:30

Feb. 12,

U eP 23:50:47.6
eS 23:56:53
eR 24:00:07

520 N, 1750 W, 23:43:45
Magnitude 6 (Pas)

Feb. 15,

V eP 01:56:02.9 d
eS 02:03:47
eR 02:10:50

44° N, 1470 E, 01:46:40
Magnitude 6 -6~ (Pas)

Feb. 16,

U eP 06:14:06
eS 06:22:00
eR 06:29:50

390 N, 142
0

E, 06:04:05
Magnitude 6 - 6~ (Pas)

7

Feb. 22,

U i P 10:57:17.6 c
is 11:02:51
eQ 11:04:31
i R 11:05:55

Tmax 11:57:06.2 c

50~0 N, 175 0 W, 10:50:23
Magnitude 6% (Pas)

Feb. 23,

U eP 10:57:37,,4 c

240 N, 141~o E, 10:47:40

Feb. 24,

U eP 12:39:53.2

450 N, 990 E, 12:27:06

Mar.3,

U i P 16:26:44.8 d

55~0 N, 166~ E, 16:18:17
Magnitude 6~ -6~ (Pas)

Mar. 3,

U eP 17:41:15

55~0 N, 1660 E, 17:32:47

Mar. 9,

U eP 10:31:34
eS 10:39:57
eL 10:47:36

340 S, 178~0 W, 10:22:25
Depth about 60 km.
Magnitude 6~ - 6% (Pas)

Mar. 11,·

U eP 00:37:29.5
epP 00:37:52.4
is 00:46:55
eQ 00:55:45
i R 01 :00:12

2S~0 N, 1250 E, 00:25:56
Depth about 60 km
Magnitude 7 (Pas)



Jan. 15,

U eP 19:27:21..9 d
is 19:37:57
eSS 19:44:01
iQ 19:50:57
eR 19:55:11

Tmax 21:06:19

16~0 S, 71~0 W, 19:14:29
Depth about 100 km
Magnitude 7 (Pas)

Jan. 15,

U eP 22:24:47.2
eS 22:31:51
eSS 22:35:21
eQ 22:36:36
i R 22:38:21

13~0 S, 1670 E, 22:15:44

Jan. 16,

U eL 11:26:50

14
0

S, 1670 E, 11:03:32

Jan. 17,

U eP 04:26: 11.5

l O S, 1270 E, 04:14:02

Jan. 18,

U eP 15:34:08

290 S, 130 W, 15:14:26

Jan. 19,

U eP 14:19:15.6 c
ipP 14:19:25
is 14:29:00
i R 14:42:33

HiP 14:19:28.4 c

1~0 N, 79~0 W, 14:07:23
Ma~nitude 7~ (Pas')
Seismic sea wave damage
at Las Emeraldas and
Guayaquil, Ecuador.

6

.]an. 19,

U eP 14:55 :16
is 15:05 :06
iR 15:21:21

1~0 N, 79~0 W, 14:43:24
Magnitude 6% (Pas)

Jan. 23,

U i P 09:01:14.7 c
H iP 09:01:17.3 c

18~o S, 170° E, 08:52:23
Depth about 150 km.

Jan. 24,

U eP 06:02:42.9 c
is 06:09:36
i R 06:15:51

56~0 N, 1630 E, 05:53:58
Magnitude 6~ (Pas)

Jan. 26,

U eL 04:10:21

54°,S, 1330 W, 03:35:21

Jan. 27,

U eP 07:51:29
eS 07:57:31
i R 08:01 :21

15° S, 1740 W, 07:43:58
Magnitude 6% (Pas) I

Jan. 30,

U eS 06:30:50
eL 06.:38:30

7~0 S, 155~0 E, 06:13:24
Magnitude 6~ (Pas)

Feb. 1,

U i P 16:22 :08.0 d
eS 16:31:50
eSS 16:36:40
eQ 16:42:21
i R 16:44:58

20 N, 79~ W, 16:10:15
Magnitude 6% - 7 (Pas)

.~
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Table-Continued

Minutes of
-

Week Number of Earthquakes continuous
beginning magnitude ?2.5 magnitude <2.5 tremor*,
Feb. 16 3 68 51

23 1 49 0
Mar. 2 3 25 °9 14 84 9

16 3 43 0
23 1 34 °• Recorded at Uwekahuna on a vertical component electr,?magnetlc

seismograph with a peak magnification of 20,000 and galvanometer
and seismometer periods of 0.5 second.

3.. Tilt coordinates· at seismograph stations on the rim of Kilauea
caldera.

Whitney station Uwekahuna station
(northeast rim) (west rim)
N-S E-W N-S. E-W

Jan. 5 500 500 500 500
12 497 500 499 500
19 496 502 500 504
26 495 504 500 502

Feb. 2 497 499 50'1 499
9 495 501 503 499

16 495 503 502 498
23 492 501 504 497

Mar. 2 491 498 507 490
9 493 503 504 490

16 488 497 502 491
23 483 491 503 488
30 480 491 503 490

* All tilt coordinates were arbitrarily set equal to 500 on January 5,
1958. Increasing tilt coordinates correspond to northward and east
ward tilting of the earth's surface: i.e. to a relative subsidence to
ward the north and east. A one unit change in coordinate reveals a
tilting of one part per million (one mm per km) in the direction indi
cated.

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observa
tory on the islands of Ha:waii and MauL Except for smaller
earthquakes of special interest; only earthquakes with magni
tudes of 2.5 or greater were included in the list. The entries
for a given earthquake are: date, origin time (Hawaiian standard
time), epicenter, and general remarks.
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DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U=Uwekahuna, 190 25.4 tN, 1550 17.6 t W, 1240m), andMaui
(H = Haleakala, 200 46.0 TN, 15~0 15.0 TW, 2090m). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. A "c· following the time
of P indicates that the first motion was a compression; a ftd",
that it was a dilatation. Locations of epicenters, origin times,
focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters published by the U. S. Coast and
Geodetic Survey.

Mar. 12. 06:27:33~ 5 km west of Keanakolu. Magnitude 2.6.
Mar. 12, 21:05:46,. 5 km west of Keanakolu. Felt at Honokaa. Magni

tude 2.9.
Mar. 12) 22:13:53~ 5 km west of Keanakolu. Magnitude 2.5.
Mar. 12, 23:19:20! 5 km west of Keanakolu. Felt at Honokaa. Magni

tude 2.9.
Mat. 13, 08:10:21. 5 km west of Keanakolu at a depth of about IS km.

Felt at Honokaa. Magnitude 3.1.
Mar. 13, 11:06:41, 5 km west of Keanakolu. Magnitude 2.5.

. Mar. 1?, 15:08:33, Near Puu Kulani at a depth of about 20 km. Felt
j usc east of Kilauea caldera. Magnitude 2.7.

Mar •. 14, 00:14:31. 5 km west of Keanakolu. Magnitude 2.5.
Mar. 16, 19:34:11. 10 km south of Puu 0 Keokeo at a depth of about

5 km. Magnitude 2.7.
Mar. 19, 08:48:47. 35 km south of the Mauna Loa seismograph station

at a depth of 35 km. Magnitude 3.2.;
Mar. 20, 23 :46:01. 5 km northeast of Apua Point at a depth of about

5 km. Magnitude 2.7.
Mar. 29, 13 :29:46. 10 km northeast of Apua Point at a depth of about

5 km. Felt in Hilo. Magnitude 3.0.

Jan. 1, 13:47:32,

Jan. 2, 06:01 :36,
Jan. 2, 21:19:02 ..
Jan. 5, 17:35:39..

Jan. 5, 20:37:27,

Jan. 6, 15:39:49,

Jan. 14, 02:26:59,

J an. 15, 23: 07: 58,

Jan. 19, 21 :26:04,

Jan. 20, 04:54:17,

Jan. 28, 12:53 :55"
Feb. 11, 14:10:39,

Feb. 14, 13:38:17.
Feb. 15, 16:48:38~

Feb. 19, 18:53:45,

Feb. 20, 07:19:23,

Feb. 20, 12:51:13 ..

Feb. 23, 04:00:35,

Mar. 2, 09:52:39,

Mar. 3, 08:44:20,

Mar. 5, 01:59:25,

Mar. 9, 09:43:52,

Mar. 10, 03:09:04,

Mar. 10, 20:34:57,

Mar. 11, 03:27:39~

Mar. 11 , 18:35 :47,
Mar. 11, 22:13:01,

35 km we st of Mi10Iii ~t a depth of about 15 km.
Magnitude·2 .9.

Kealakekua fault. Magnitude 2.8.
Central Kona. Magnitude 2.7.
South shore of Kilauea 13 km southwest of Kala

pana at a depth of about 5 km. Magnitude 2.5.
25 km west of Milolii at a depth of about 15 km.

Magnitude 2.9.
60 km south of Kalapana at a depth of about 15 km.

Magnitude 2.8.
Beneath Kilauea caldera at a depth of about 25 km.

"Felt near Hawaii National Park Headquarters.
Magnitude 2.6.

Beneath Puu Koae at a depth of about 30 km~

Magnitude 2.7.
15 km southeast of Hana, Maui, at a depth of about

4 5 km~ Magnitude 3.7.
Near Laupahoehoe at a depth of about 15 km.

Felt at Hakalau. Magnitude 2.5.
220 km south of Kalapana. Magnitude 3.3.
Northeast rim of Kilauea caldera at depth of 2 km

or less. Felt at Hawaii National Park Head
quarters and Kilauea Military Camp. Magni
tude 1.9.

40 km. east of Hana, Maui. Magnitude 3.0.
17 km southeast of Naalehu at a depth of about

35 km. Felt at Naalehu and Pahoa. Magnitude 3.9.
North rim of Kilauea caldera at a depth of about

30 km. Magnitude 2.7.
10 km northwest of Honokaa at a depth of about

15 km. Felt at Kamuela. Magnitude 3.0.
10 km east of Apua Point at a depth of about

40 km. Magnitude 2.8.
S km northeast of Ulupau Head, Oahu, at a shallow

depth. Felt on Oahu. Magnitude 3.7.
35 km south of Kilauea caldera at a depth of about

40 km. Magnitude 2.8.
7 km west of Pahala at a shallow depth. Magni

tude 2.5.
10 km sou"thwest of the Mauna Loa seismograpli

station at a depth of about 5 km. Magnitude 3.1.
South shore of Kilauea 15 km southwest of Kala

pana at a depth of 5 km. Fe It in Hilo. Magni
tude 3.5.

5 km west of Keanakolu. Felt at Honokaa. Magni-·
tude 2.'7.

2 km east of Puu Koae at a depth of about 30 km.
Magnitude 3.0.

5 km west 6f Keanakolu. Magnitude 2.5.
5 km west of Keanakolu. Magnitude 2.6.
5 km west of Keanakolu. Felt at Honokaa. Magni

tude 2.9.
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Jan. 5,

U eP 08:16:41.7

2
0

N, 122~o E, 08:05:11
Depth about 550 km.

Jan. 11,

U i P 113:37:33.4 c
is 13:34:16

23~0 S, 1770 W, 13:18:47

5

Jan. 13,

U eP 00:09:49.2

52~0 N, 177
0

E, 00:02 :24
Depth about 100 km.

Jan. 13,

U eP 03:03:19.9
eL 03:16:26

70 N, 830 W, 02:52:40
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EXPLANATION
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• Seismograph station I. Howoiian Volcana Observatory

• City. lown tor villaQe 2. Whitney Laboratory of Seismolo9Y

• Locality 3 Uwekohuna HismaQraph statian

Road •. Headquarters Hawaii National Pork

Kalae (South) Point
Contour interval 1.000 feet
Datum is mtHIn $.0 Iw,l

TOPOQrophy by U.S. GeolOQical Survey

Map of the Island of Hawaii, showing location of the Hawaiian
Volcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.
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June 26,

U iP 04:46:58.6 c
ipP 04:47:27
iR 05:00:20

54~0 N, 15~0 E, 04:38:12
Depth slightly greater than normal
Magnitude 6~ - 6% (Pas)

June 26,

U eR 23:55:15

310 N, 141~0 E, 23:29:32

June 27,

U eP 05:55:03
eR 06:14

130 N, 88720 W, 05:44:28
Depth about 60 km
Magnitude 6 (Pas)

o
9

June 29,

U eR 09:34

16~0 S, 1720 W, 09:14:37

June 30,

U eS 18:44:05
iR 18:50:05

31
0

N, 141~0 E, 18:26:20
Magnitude 6~ (Pas)

.. 7266



June 3,

U iP 19:40:50.4 c
is 19:47:59
eQ 19:51:48
iR 19:54:33

150 S, 1680 E, 19:31 :52
Magnitude 6~ (Pas)

June 4,

U iP 14:36:39.6 d
is 14:42:12
eQ 14:43:52
iR 14:45:22

52~0 N, 1670 W, 14:29:50
Magnitude 6 - 6~ (Pas)

June 6,

U eP 09:22:29
is 09:31:41
iSS 09:36:15
iQ 09:40:22
iR 09:42:20

Tmax 10:38:13

80 N, 84~o W, 09:11:14
Magnitude 6~ - 6~ (Pas)

June 8,

U eP 00:45:41
eR 00:54:30

Tmax 01:23:00
H Tmax 01 :20:54

530 N, 1670 W, 00:38:52
Magnitude 6~ - 6% (Pas)

June 12,

U iP 20:59:47
is 21:05:13
eQ 21:07:02
eR 21:08:08

H eP 20:59:37
Tmax 21:35:25

530 N, 1670 W, 20:52:57
Magnitude 6~ (Pas)

8

June 15,

U iP 15:01:57
is 15:07:50

H iP 15:02:02

18
0

S, 178~0 W, 14:54:37
Depth about 600 km
Magnitude 6~ (Pas)

June 16,

U eQ 08:29:46
eR 08:31:36

14~0 S, 177~0 W, 08:13:07

June 17,

U eP 19:16:30
eR 19:33:43

250 N, 142~0 E, 19:06:43
Depth about 60 km

June 19,

U eP 05:26:53
eS 05:33:48
eR 05:39:09

49~0 N, 1560 E, 05:18:00
Magnitude 6~ (Pas)

June 20,

U eQ01:04:25
eR 01:07:45

160 S, 1730 W, 00:47:58

June 25,

U eP 09:47:03.2 d
eS 09:55:30
eQ 10:02:10
iR 10:04:50

H iP 09:46:59.6 d

30 S, 144~0 E, 09:36:30
Magnitude 6X - 6~ (Pas)

r PREFATORY NOTE
This summary of observations made at the Hawaiian Volcano Observ

atory is published for the use of volcanological and seismological
observatories and others interested in the data at intervals shorter
than once a year. Those who wish to receive this summary should
request inclusion on the mailing list from the Director, U. S. Geological
Survey, Washington 25, D. C.

1. Summary of Volcanic Conditions

April
Increased seismic activity near Kilauea caldera was respon"

sible for most of the 920 earthquakes recorded during the month
by seismographs at Uweokahuna. On April 1 about 200 small
earthquakes accompanied by several hours of weak spasmodic
tremor originated at a depth of about 60 km a few km north of
Uwekahuna. Most of the other earthquakes during April were
very small and originated at shallow depths in or near Kilauea
caldera.

An earthquake felt in Hilo at 6:07 a.m. on April 21 stemmed
from a focus 5 km northwest of Apua Point and 15 km deep.

The largest earthquake of the month was felt over most of the
island of Hawaii at 3:07 a.m. on April 24. It originated beneath
the ocean· 5 km north of Laupahoehoe at a depth of about 25 km.

At the Whitney station gentle northerly tilting of the earth's
surface replaced the gentle southerly tilting normal for April.

May

Most of the 440 earthquakes registered by seismographs at
Uwekahuna during May were very small and originated at shallow
depths in or near Kilauea caldera.

The largest earthquake of the month originated 10 km south
of Mokuaweoweo at 12:33 a.m. on May 19.

No earthquake was reported felt during May.
Weak westerly tilting of the earth's surface recorded at the

Whitney station was normal for May.

1



June

Seismographs at Uwekahuna recorded 310 earthquakes during
June. Shallow earthquakes at Kilauea caldera were less numer
ous than during April and May.

Two small earthquakes from shallow foci along the north rim
of Kilauea caldera were felt in that region on June 3. The first
occurred at 10:52 p.m.; the second, at 10:55 p.m.

The largest earthquake of the month originated 5 km southeast
of Ahuaumi at a depth of about 15 km at 11 :04 a.m. on June 17.
It was not reported fe It.

Gentle easterly tilting of the earth's surface at the Whitney
station replaced the gentle northerly tilting normal for June.

2. Local Earthquake Summary

Week Number of Earthquakes* Minutes of
continuous

beginning
majtnitude ~ 2.5 majtnitude < 2.5 tremor'*

Mar. 30 3 250 270
Apr. 6 1 250 0

13 2 144 0
20 3 178 0
27 4 129 0

May 4 2 185 0
11 1 131 0
18 3 43 0
25 1 39 4

June 1 7 41 0
8 1 39 5

15 1 36 37
22 1 117 5

*Recorded at Uwekahuna on a vertical component electromagnetic
seismograph with a peak magnification of 20,000 and galvanometer and
seismometer periods of 0.5 second.

3. Tilt coordinates * at seismograph stations on the rim of
Kilauea caldera.

Week Whitney station Uwekahuna station

beginning (,northeast rim) (west rim)
N-S E-W N-S E-W

Apr. 6 483 493 503 491
13 486 494 504 491
20 488 493 503 492
27 487 494 504 489

May 4 488 496 506 491
11 488 494 506 486
18 491 495 507 486
25 487 493 507 485

2
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1
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May 17.

U eQ 07:27:26
eR 07:30:16

3
0

S, 147~0 E, 07:02:25

May 18,

U eP 02:41:52
eS 02:48:57
eQ 02:53:35
eR 02:55:26

130 S, 1670 E, 02:32:52
Magnitude 6~ - 6~ (Pas)

May 18

U eR 03:54

130 S, 1670 E, 03:31:18

May 18,

U eR 05:50

13°S, 1670 E, 05:26:44
Depth about 60 km.

May 18,

U eP 12:30:18
eS 12:37:25
eQ 12:42:05
eR 12:43:40

130 S, 1670 E, 12:21:18
Magnitude 6 - 6~ (Pas)

May 19,

II eR 00:28:35

13° S, 1670 E, 00:06:00

May 22,

U eQ 15:33:32
eR 15:36:08

3
0

S, 1460 E, 15:08:00

May 25,

U eR 00:51:46

51~0 N, 1770 W, 00:35:23
Magnitude 5~ - 5~ (Pas)

May 25,

U eR 15:10:46

51~0 N, 1770 W, 14:54:30

7

May 25,

U eP 21:23:49
eS 21:33:51
i R 21:48:28

3
0

S, 770 W, 21:11:45
Depth about 100 km.
Magnitude 6~ (Pas)

May 26,

U iPup 11:03:31.0 c
Tmax 11:41:10

H ePdn 11:03:18.6 d
Tmax 11:39:12

530 N, 169~0 W, 10:56:30
Magnitude 6 - 6~ (Pas)

May 29,

U eP 07:08:44

16~0 N, 97~0 W, 06:59:11

May 30,

U eP 16:23:19

250 N, 1220 E, 16:11:40
Depth about 100 km

May 30,

U eP 18:11:43
is 18:17:08
iQ 18:19:14
iR 18:20:12

Tmax 18:49:12
H Tmax 18:47:06

52~o N, 1690 W, 18:04:50
Magnitude 6 - 6~

May 31,

U iP 19:41 :28 c*
is 19:48:41
iQ 19:52:31
iR 19:54:41

Tmax 20:35:10

150 S, 1690 E, 19:'32:30
Magnitude 7~ (Pas)

*c on long period vertical
d on short period vertical



Apr. 15,

U eS 04:13:10
eR 04:23:36

9
0

N, 840 W, 03:52:39
Magnitude 6~ (Pas)

Apr. 16,

U i P 12:48:21.6 c

140 N, 120~o E, 12:36:24
Depth about 150 km

Apr. 17,

U eR 06:50:27

60 S, 1550 E, 06:21:43

Apr. 17,

U eR 10:30:47

5~0 S, 1520 E, 10:04:46

Apr. 19,

U eR 04:22:01

26~0 N, ilot~ '1', 04:03:26
Magnitude about 6 (Pas)

Apr. 21,

U eP 20:22:25
eS 20:28:29
eR 20:31:59

150 S, 174~0 '1', 20:14:47
Magnitude 6~ (Pas)

Apr. 23,

U eS 03:14:23
eR 03:20:49

45 0 N, 1520 E, 02:57:40

Apr. 27,

U eS 19:16:12
eR 19:19:03

Tmax 19:48:23

52~0 N, 1690 W, 19:03:50

Ap,.28,

U eP 12:00:20
eS 12:10:49
eQ 12:23:23
eR 12:27:29

110 S, 740 W, 11:47:40
Magnitude 6~ (Pas)

May 1,

U i P 00:37:49.6 c
HiP 00:37:51.9 c

13~o S, 16~o E, 00:29:15
Depth about 200 km.
Magnitude 6~ (Pas)

May 6,

U eQ 00:10:36
eR 00:11:56

Tmax 00:44:02
H Tmax 00:42:48

57~0 N, 136~0 W, 23:53:29 (May 5)

May 9,

U eR 01:11:55

l~o N, 94~o '1', 00:44:12
Magnitude 6 (Pas)

May 10,

U eQ 23:12:42
eR 23:15:49

650 N, 152~o W, 22:54:40
Magnitude 6~-6~ (Pas)

May 11,

U eQ 05:43:49
eR 05:45:44

650 N, 152~0 W, 05:23:54
Magnitude 6~ - 6~ (Pas)

May 12,

U eP 18:37:51

120 N, 1620 E, 18:37:58

6

Table~Continued

Whitney station Uwekahuna station
Week (northeast rim) (west rim)

beginning N-S E-W N~S E-W

June 1 489 492 503 4MB
8 492 497 501 490

15 492 497 502 488
22 490 498 506 488
29 489 497 510 482

• All tilt coordinates were arbitrarily set equal to 500 on January 5,
1958. Increasing tilt coordinates correspond to northward and east
ward tilting of tbe earth's surface: i.e. to a relative ,subsidence to
ward the north and east. A one nnit change in coordinate reveals
a tilting of one part per million (one mm per km) in tbe direc don in
dicated.

LOCAL EARTHQUAK ES
The data for the following local earthquakes were de'termined

from seismographs operated by the Hawaiian Volcano Observa
tory on the islands of Hawaii and Maw. Except for smaller
earthquakes of special interest, only earthquakes with magni
tudes of 2.5 or greater were included in the list. The entries
for a given earthquake are: date, origin time (Hawaiian standard
time), epicenter, and general remarks.

Apr. 1, 10:18:56, 5km north of Uwekahuna at a depth of about60km.
Magnitude 2.5. This is the largest of several
hundred small earthquakes originating at this
location between 04:00 and 18:00 on Apr. 1.

Apr. 3, 10:16:12, southwest rift of Mauna Loa near Puu 0 Keokeo
at a depth of about 5 km. Magnitude 2.7.

Apr. 4, 00:25:51, beneath the summit of Kohala Mountain at a depth
of about 35 km. Magnitude 2.7.

Apr. 8, 11:35:12, 200 04 r N, 1570 W, about 140 km soutb of Honolulu.
Magnitude 3.0.

Apr. 15, 11:13:50, 5 km northwest of Apua Point at a depth of about
5 km. Magnitude 2.8.

Apr. 18, 07:57:41, on the Kealakekua fault 5 km south of Kealakekua
at a depth of about 5 km. Magnitude 2.5.

Apr. 21, 06:06:36, 5 km northwest of Apua Point at a depth of about
15 km. Felt in Hilo. Magnitude 3.2.

Apr. 24, 03:06:33, beneath the ocean 5 km north of Laupahoehoe at
a depth of about 25 km. Felt over most of the
island of Hawaii. Magnitude 4.3.

Apr. 26, 18:29:43, 10 km southwest of Kiholo Bay at a depth of about
15 km. Magnitude 2.5.

Apr. 27, 20:53:24, Kealakekua fault at a depth of about 5 km. Mag
nitude 3.2.

3



DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U~Uwekahuna, 190 25.4' N, 1550 17.6' W, 1240m), and Maui
(H =Haleakala, 200 46.0 ' N, 1560 15.0' W, 2090m). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. A ftc" following the time
of P indicates that the first motion was a compression; a ftd",
that it was a dilatation. Locations of epicenters, origin times,
focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters publis'hed by the U. S. Coast and
Geodetic Survey.

Apr. 27, 21:58:59,

Apr. 28, 08:11:00,
May 3, 00:12:20,

May 5, 01:59:18,
May 6, 22:37:35,

May 13, 05:03:39,

May 18, 16:13:48,

May 19, 00:32:48,

May 22, 08:20:39,

May 28, 13:28:23,

June 3, 22:51:49,

June 3, 22:55:10,

June 4, 16:17:46,

June 5, 12:57:36,

June 5, 16:43:03,

June 5, 16:47:09,

June 5, 16:58:03,
June 5, 21:38:18,

June 6, 11 :46:25,

June 11, 22:34:20,
June 17, 11:03:55,

June 21, 03:42:35,

June 25, 02:41:40,

June 30, 04:21:40,

Kealakekua fault 5 km south of Kealakekua at a
depth of about 15 km. Magnitude 2.5_.

35 km west of Upolu Point. Magnitude 2.8.
15 km west of Keahole Point at a depth of about

15 km. Magnitude 2.5.
25 km southwest of KealakekuaBay. Magnitude 2.5.
5 km west of Pahala at a depth of about 5 km.

Magnitude 3.0.
18

0
45' N, 1560 20' W, a'bout 80 kmwest of Kalae.

Magnitude 3.0.
near coast of Kilauea about 45 km south of Hilo

at a'depth of about 5 km. Magnitude 3.0.
10 km south of Mokuaweoweo at a depth of about

10 km. Magnitude 3.2.
10 km southwest of the Mauna Loa seismograph

station at a shallow depth. Magnitude 2.7.
south shore of Hawaii about 15 km south-southeast

of Pahoa at a depth of about 5 km. Magnitude 2.6.
north rim of Kilauea caldera at a shallow depth.

Felt on the north rim of Kilauea caldera. Mag
nitude 0.9.

north rim of Kilauea caldera at a shallow depth.
Felt 011 the north rim of Kilauea caldera. Mag
nitude 1.7.

10 km east.of Kamuela at a depth of 35 km. Mag
nitude 3.0.

2 km southwest of Ohaikea at a depth of about
5 km. Magnitude 3.0.

20 km west-southwest of Naalehu at a depth of
35 km. Magnitude 2.9.

ISo 59'N, 1550 28' W, about 15 km southeast
Naalehu, at a depth of 35 km. Magnitude 3.3.

aftershock of previous quake. Magnitude 2.7.
10 km north of Naalehu at a depth of 5 km. Mag

nitude 2.6.•
near Puu 0 Keokeo at a depth of about 15 km.

Magnitude 3.0.
20 km west of Kailua. Magnitude 2.7.
5 km southeast of Ahuaumi at a depth of 15 km.

Magnitude 3.5.
190 10' N, 1540 45 'W, about 40 km south of Cape

Kumukahi. Magnitude 2.4.
210 08' N, 155

0
00' W, about 125 km northeast of

Upolu Point. Ma~itude 3.1.
190 01 'N, 1540 53 W, about 50 km south of pahoa.

Magnitude 3,,0.

4
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Apr. 7,

U eP 15:39:12.8 c
is 15:46:05
i Q 15:49:30
iR 15:51:55

H eP 15:38:59.6 c
eS 15:45:45
eQ 15:49:10
eR 15:5t:05

66~0 N, 1570 W, 15:30:38
Magnitude 7 (Pas)

Apr. 7,

U eP 18:14:46
eS 18:22:40

38~0 N, 1430 E, 18:05:02

Apr. 9.

U i P 06:22:38

56~0 N, 1390 W, 06:15:12

Apr. 10,

U eR 23:37:19

4~o S, 1070 W, 23:12:47
Magnitude 6 (Pas)

Apr. 11,

U iP 23:20:19 c
eS 23:27:24
eR 23:33:18

47~0 N, 153~0 E, 23:11:26
Depth about 100 km
Magnitude 6~ (Pas)
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Apr. 12,

U is 12:01:06
eQ 12:04:13
eR 12:05:23

26~0 N, 1110 W, 11:46:58
Magnitude 6~ (Pas)

Apr. 13,

U eP 09:15:55

660 N, 1560 W, 09:07:24
Magnitude 6% (Pas)

Apr. 13,

U eP 12:37:45
is 12:44:43
i R 12:50:38

530 N, 1610 E, 12:29:07
Magnitude 6~ (Pas)

Apr. 14,

U eP 21:44:26
is 21:54:11
iSS 21:59:06
eQ 22:04:10
eR 22:07:28

10 N, 79~0 W, 21:32:28
Magnitude 6~ ~ 7 (Pas)

Apr. 15,

U eP 01:42:39
eS 01:52:22
eSS 01 :57:13
eR 02:05:50

10 N, 79~0 W, 01:30:43
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Sept. 19,

U i P 08:24:34.0 d

2Y7.° N, 1270 E, 08:12:33

sept. 25,

U ePS 07:48:58
eSS 07:54:34
eG 08:05:38
eR 08:10:48

90 N, 39~0 W, 07:20:01
Magnitude 6~ (Pas)

Sept. 20,

U iP
is
eQ
iR

HiP-

17:19:02.8 c
17:26:45
17:31:25
17:34:21
17:19:01.5 c

o

Sept. 24,

U eP
eS
iQ
iR

Tmax

03:52:20
03:58:29
04:01:07
04:02:45
04:35:51

Erratwn: Tilt coordinates for the Whitney station reported in
Summary 10, April-June 1958, were in error. Correct
coordinates are as follows:

Whitney station
Date (northeast rim)

N-S E-W

.A.pr. 6 476 487
13 475 484
20 476 482
27 475 484

May 4 473 481
11 475 481
18 474 478
25 476 483

June 1 471 480
8 472 477

15 472 477
22 472 478
29 472 4RO

13



sept. 2,

U eR 03:21:37

6Y2° S, 155° E, 02:56:34
Depth about 100 km.

sept. 2,

U eR 20:34:33

15° N, 92Y2° W, 20:07:04

Sept. 3,

U ePKS 04:07:20
ePPS 04:18:09
eSS 04:24:41
eR 04:44:53

0°, 18° W, 03:44:24

Sept. 3,

U eS 08:28:11
iR 08:35:48

40Y2° N, 143° E, 08:10:26
Depth about 60 km.

Sept. 4,

U eP 22:04:47
eS 22:15:34
eQ 22:31:36
i R 22:35:32

33~0 S, 69Y2° W, 21:51:08
Magnitude 6% -7 (Pas)

Sept. 7,
U eR 05:09:46

10° S, 153° E, 04:40:57

Sept. 8,

U eP 05:34:20
eS 05:41:17
is 05:49:25

H Tmax 06:24:41

53Y2° N, 159° E, 05:25:37

Sept. 9,

U eR 11:55:18

46° N, 151° E, 11:32:05

Sept. 9, fJ
u eR 22:41:48

54° N, 171° E, 22:23:37

Sept. 11,

U eR 18:34:39

7~0 N, 12672° E, 18:01:44

Sept. 14,

U iP 14:32:58
eR 14:56:51

57° N, 121° E, 14:21:37
Magnitude 6~-6Y2 {Pas}

Sept. 15,

U eQ 05:58:30

8Y2° N, 10372° W, 05:36:18

Sept. 15,

U iP 19:57:11.8 c
epP 19:59:24
isP 20:00:26
eS 20:06:38
eSP 20:07:29
esS 20:10:47
esPS 20:21:23

H iP 19:57:08.7

2Y2° N, 120720 E, 19:45:40
Depth about 600 km
Magnitude 6 - 6~ {Pas}

Sept. 17,
fit"

U eR 12:46:13 .
48Y2° N, 155

0 E, 12:23:50 t
ti

12

PREFATORY NOTE
This summary of observations made at the Hawaiian Volcano Observ

atory is published for the use of volcanological and seismological
observatories and others interested in the data at intervals shorter
than once a year. Those who wish to receive this summary should
request inclusion on the mailing list from the Director, U. S. Geological
Survey,-Washington 25, D. C.

1. Chronological Summary

July
The first week of July brought the most impressive seismic

display recorded in Hawaii since the end of the 1955 eruption
of Kilauea. From July 3 through July 6 a great swarm of small
earthquakes accompanied by many hours of spasmodic tremor
stemmed from a source about 10 km northeast of Kilauea caldera
and 55 km deep. Although 48 of these earthquakes were larger
than magnitude 2.5, the largest being magnitude 3.4, none was
reported felt. Seismographs in the Mauna Loa station and in the
new ftDesert" station 4 km southwest of Mauna Iki recorded over
2100 separate earthquakes and almost 60 hours of nearly con
tinuous spasmodic tremor during this swarm. On seismographs
nearer the caldera in the Outlet and Uwekahuna stations the
swarm was less impressive. Fewer earthquakes were discernable
at these stations; and records of earthquakes that were recorded
were smaller and had less distinct P phases than at Mauna Loa
or Desert. Short period earthquake waves such as those charac
terizing these earthquakes are strongly attenuated when they
pass up through the crust beneath Kilauea caldera.

Seismographs at Uwekahuna registered about 1100 earthquakes
during July. 150 of these quakes originated at shallow depths
beneath the caldera during the last week of the month.

An earthquake from a focus about 12 km south of Cape Kumu
kahi and 35 km deep was felt in Hilo, Pahoa, and the Volcano
district at 2:12 p. m. on July 2. The largest earthquake of the
month, magnitude 3.8, occurred about 55 km west of Kailua, Kona,

1



at 4:21 a. m. on July 13. It was felt in Kealakekua. The earth
quake felt in Capt. Cook at 7:18 p. m. on July 16 originated about
25 km north of Naalehu at a depth of 35 km.

Tilting of the earth's surface at the Whitney station on the
northeast rim of Kilauea caldera was about normal for July.

August
Most of the 400 earthquakes recorded by seismographs at

Uwekahuna during August were very small and stemmed from
shallow foci beneath Kilauea caldera.

Three earthquakes were felt in the vicinity of Kilauea caldera
during the month. The first of these originated about 5 km south
west of the Outlet seismograph station at a depth of about 30 km
at 9:01 a. m. on August 11. The other two occurred about 15 km
beneath Kilauea caldera on August 20; the first, at 9:46 a. m.
and the second, at 01:14 p. m.

The largest earthquake of the month originated near Hookena
at 12:43 a. m. on August 21. It had a magnItude of 3.8 and was
felt in Kealakekua and Capt. Cook.

Moderate northeastward tilting recorded at the Whitney station
was about normal for August.

September

Only 275 earthquakes were registered by seismographs at
Uwekahuna during September. Most of these earthquakes orig
inated beneath Kilauea caldera, and some of them had unusually
shallow foci.

At 4:06 p. m. on September 8 an earthquake with a magnitude
of only 0.6 that originated along the northeast rim of Kilauea
caldera was felt just south of Hawaii National Park Headquarters.
On September 9 at 11 :04 a. m. another earthquake from the same
region was felt at Hawaii National Park Headquarters. A magni
tude 3.8 earthquake, the largest of the month, that occurred
10 km north of Naalehu at a depth of 25 km was felt from Hilo
to Kealakekua at 8:48 p. m. on September 28.

The strong northeastward tilting of the earth's surface recorded
at the Whitney station was normal for September.

2
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Aug. 17,

U iP 21:21:18.1 c
eR 21:40:48

35~0 S, 179~0 W, 21:11:09

Aug. 19,

U eP 04:55:48
eS 05:01:29
iR 05:07:31

19
0

S, 1750 E, 04:45:45

Aug. 19,

U eR 16:22:45

51~0 N, 175~0 W, 16:06:18

Aug. 19,

U eR 16:51:33

530 N, 160
0 E, 16:29:44

Aug. 19,

U is 12:06:16
iR 12:14:33

10 S, 149~9 E, 21:48:07

Aug. 20,

U i P 03 :49:08
is 03:56:23
eQ 04:02:28
iR 04:03:23

140 S, 1670 E, 03:40:07
Magnitude 6X - 6~ {Pas}

Aug. 21,

U eP 21:07:30

180 S, 1760 W, 20:59:10
Depth about 250 km.

Aug. 24,

U i P 17:06:14.8 d

140 N, 1210 E, 16:54:25
Depth about 150 km.

Aug. 26,

U eR 12:43:58

140 S, 1670 E, 12:20:43
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Aug. 26,

U eS 13:01:36
eR 13:07:48

140 S, 167
0

E, 12:45:02

Aug. 26,

U eS 18:11:58
eR 18:18:38

140 S, 1670 E, 17:55:34

Aug. 26,

U eS 23:48:12
eR 23:54:30

140 5, 1670 E, 23:31:38

Aug. 27,

U is 02:43:05
eR 02:50:34

4~0 5, 104~0 W, 02:25:32

Aug. 29,

U eS 12:40:40
eR 12:47:00

14~0 5, 1670 E, 12:24:23
Magnitude 5~ -6 (Pas)

Aug. 30,

U eS 18:52:17
i R 18:57:35

27~0 N, 1120 W, 18:38:18

Aug. 31,

U eS 23:15:02
i R 23:20:32

630 N, 144~0 W, 23:00:16
Magnitude 5~ - 6 {Pas}

Sept. 1,

U eR 01:18:32

240 S, 175~0 W, 00:57:10

Sept. 2,

U eR 02:40:26

10~0 S, 164~0 E, 02:27:41



Aug. 12,

U eR 08:32:29

SI~o N, 1750 W, 08:15:59

Aug. 12,

U eP 19:37:15
eS 19:47:11
i G 19:57:43
eR 20:01:04

00, 126~0 E, 19:25 :05

Aug. 13,

U eR 04:27:29

'Y2
0

N, 126
0

E, 03:50:35

Aug. 13,

U eP 20:20:00
eS 20:25:40
eR 20:29:33

51
0

N, 177'Y2° W, 20:13:00

Aug. 14,

U eP 15:02:09.6
is 15:07:49
iR 15:10:57

52
0

N, 175
0

W, 14:55:10
Magnitude 6~ (Pas)

Aug. 1', .

U eR 02:54:27

60 S, 150~0 E, 02:26:51

Aug. 15,

U eP 20:04:20.2
ePP 20:06:43
is 20:11:17
iSS 20:14:58
eQ 20:15:30
i R 20:17:05

H eP 20:04:12
eR 20:16:46

Tmax 20:54:57

53
0

N, 160~0 E, 19:55:39
Depth about 60 km.
Magnitude 6% (Pas)
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Aug. 1',
U i P 22:41:10.7 d

ipP 22:42:02
is 22:51:02
esS 22:52:01
i G 23:01:56
eR 23:02:56

1'Y2° N, 1250
E, 22:29:17

Depth about 200 km
Magnitude 6% - 7 (Pas)

Aug. 16,

U eP 13:24:54
is 13:30:33
i R 13:34:06

HTmax 14:01:43

51~0 N, 1760 W, 13:17:52
Magnitude 6 - 6~ (Pas)

Aug. 16,

U eG 20:05:45
eR 20:14:25

34~0 N, 480 E, 19:13:45

Aug. 17,
U eS 09:21:18

i R 09:24:47

51~0 N, 1760 W, 09:08:35

Aug. 17,

U eR 11:07:10

51
0

N, 1760
W, 10:50:40

Aug. 17,

U eR 11:32:25

51~0 N, 1760 W, 11:16:13

Aug. 17,

U eP 18:12:27
eS 18:20:15
eQ 18:26:25
i R 18:29:21

30 S, 14S~0 E, 18:01:05

"..:

2. Local Earthquake Summary

Week Numbet: of Earthquakes· "Minutes of

beginning magnitude ~ 2.5 magnitude < 2.5
continuous

tremor·

June 29 49 700 470
July 6 5 150 0

13 5 44 0
20 2 67 29
27 3 129 45

Aug. 3 6 30 0
10 2 135 18
17 4 35 123
24 0 43 6
31 1 51 18

Sept. 7 2 137 6
14 3 42 7
21 0 31 0
28 2 43 0

·Recorded at Uwekahuna on a vertical component electromagnetic
seismograph with a peak magnification of 20,000 and galvanometer and
seismometer periods of 0.5 second.

3. Tilt coordinates * at seismograph stations on the rim of
Kilauea caldera.

Whitney station Uwekahuna station
Date (northeast rim) (west rim)

N-S E-W N-S E-W
July 6 474 481 506 483

13 476 482 507 482
20 475 482 507 479
27 476 483 504 480

Aug. 3 479 484 505 483
10 480 487 507 477
17 480 486 505 475
24 479 484 507 474
31 482 485 510 474

Sept. 7 487 485 512 478
14 492 486 512 478
21 492 488 512 476
28 496 492 511 474

• All tilt coordinates were arbttrarily set equal to 500 on January 5,
1958. Increasing tilt coordinates correspond to northward and eastward
tilting of the earth's surface: i.e. to a relative subsidence toward the
north and east. A one unit change in coordinate reveals a tilting of
one part per million (one mm per km) in the direction indicated.
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LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observa
tory on the islands of Hawaii and Maui. Except for smaller earth
quakes of special interest, only earthquakes with magnitudes of
2.5 or greater were included in the list. The entries for a given
earthquake are:. date, origin time (Hawaiian standard time),
epicenter, and general remarks. South Pacific Ocean, 15:10:18

Aug.3,
U i 01:14:12.0 c

21~0 5,179
0

W, 01:06:24

Aug•.11,

U eR 08:16:44

180 S, 168~0 E, 07:53:12

15:46:13

Aug. 4,

U iP 04:25:06.3 c
eQ 04:45:08
eR 04:48:36

H eP 04:25:02.2

60 5, 130
0

E, 04:13:19
Depth about 150 km

Aug. 6,

U eP 21:16:47
eS 21:22:55
eR 21:27:15

HiP 21:16:56

17
0

S, 173
0

W, 21:09:09
Magnitude 6% (Pas)

Aug. 10,

U eR 18:31:43

3720 S, 151
0

E, 18:05:54

Aug.1,

U i 05:46:53
is 05:50:43
esS 05:54:02

160 5, 176~0 W, 05:37:50
Depth about 450 km

July 30,

U eP 04:55/:55
eS 05:05:39
eR 05:15:43

2lh.° 5, 140
0

E, 04:44:53

July 30,

U eL

July 26,

UTmax 21:21:49

12
0

N, 161~0 E, 20:29:59

July 26,

U iP 17:49:12 d
epP 17:51 :26
i 5 17:38:49
i 18:00:31
isS 18:03:14
iSS 18:04:07

13~0 S, 690 W, 17:37:09
Depth about 650 km
Magnitude 7 - 7~ (Pas)

July 30,

U eL 03:11:23

44~0 N, 148~0 E, 02:47:17

J7fly 23,

U eP 10:37:08
is 10:45:08
iR 10:56:51

310 N, 142~ E, 10:27:19

July 24,

U eR 13:23:28

52~0 N, 170
0

W, 13:08:05

July 21,

U i P 14:44:29
i 5 14:50:12
i R 14:53:53

Tmax 15:23:30
HTmax 15:21:22

51Xo N, 1780 W, 14:37:18
Magnitude 6~ (B erk)

July 22,

UTmax 04:46:49
HTmax 04:45:42

58720 N, 138
0

W, 03:55:35

July 21,

U e5 07:41:44
i R 07:48:44

44~0 N, 147~0 E, 07:24:58
Magnitude 6 - 6~ (Berk)

r

4

2, 06:40:38, 15. km west of Keahole Point. Magnitude 2.5.
2, 14:11:48, 19 0 25 f N, 1540 48' W, about 12 km south of

Cape Kumukahi at a depth of about 35 km. Felt
in Hilo, Pahoa, and the Volcano di strict. Mag
nitude 3.6.

3-6, On these days a major swarm of earthquakes and
associated spasmodic tremor originated about
55 km beneath a region about 10 km northeast
of Kilauea caldera. The largest of approxi
mately 2100 earthquakes from this source (ab
breviated Kilauea-Mauna Loa deep) are listed
separately below. None of these earthquakes
was reported felt.

3, 23:32:24, Kilauea-Mauna Loa deep. Magnitude 2.5.
3, 23:49:10, Kilauea-Mauna Loa deep•.Magnitude 2.5.
4, 01:51:52, Kilauea-Mauna Loa deep. Magnitude 2.5.
4, 05:14:51, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 05:40:32, 30 km east of Naalehu at a depth of about 15 km.

Magnitude 2.5.
4, 06:34:49, Kilauea-Mauna Loa deep. Magnitude 3.1.
4, 08:07:01, Kilauea-Mauna Loa deep. Magnitude 2.5.
4, 08:46:06, Kilauea-Mauna Loa deep. Magnitude 3.2.
4, 09:33:58, Kilauea-Mauna Loa deep. Magnitude 2.7.
4, 09:37:30, Kilauea-Mauna Loa deep. Magnitude 3.2.
4, 10:44:45, Kilauea-Mauna Loa deep. Magnitude 3.1.
4, 11:35:15, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 11:39:33, Kilauea-Mauna Loa deep. Magnitude 3.1.
4, 11:59:58, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 13:15:18, Kilauea-Mauna Loa deep. Magnitude 2.8.
4, 14:06:00, Kilauea-Mauna Loa deep. Magnitude 3.3.
4, 14:20:02, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 14:25 :46, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 14:53:08, 30 km west of Hookena at a depth of about 10 km.

Magnitude 3.1.
4, 15:27:36, Kilauea-Mauna Loa deep. Magnitude 2.8.
4, 15:40:47, Kilauea-Mauna Loa deep. Magnitude 3.1.
4, 15:47:36, Kilauea-Mauna Loa deep. Magnitude 3.0.
4, 15:51:22, Kilauea-Mauna Loa deep. Magnitude 2.5.

July
July

July

July
July
July
July
July
July
July
July
July
July
July
July
July
July

July
July
July
July

July
July
July
July
July
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July 12. July 17. July 4, 17:09:18, Kilauea-Mauna Loa deep. Magnitude 3.4.

U eP 03:37:26.3 U eS 19:14:55 July 4, 18:06:37, Kilauea-Mauna Loa deep. Magnitude 3.0.

eR 03:48 iR 19:18:37 July 4, 19:19:44, Kilauea-Mauna Loa deep. Magnitude 3.1.

Tmax 04:17:55 510 N, 1760 W, 19:02:10
July 4, 20:52:35, Kilauea-Mauna Loa deep. Magnitude 3.1.

HTmax 04:17:53 Magnitude 5~ (Berk)
July 4, 20:54:25, Kilauea-Mauna Loa deep. Magnitude 3.0.

12
0

N, 1650 E, 03:29:58
July 4, 22:09:56, Kilauea-Mauna Loa deep. Magnitude 2.7.

1 July 4, 22:37:11, Kilauea-Mauna Loa deep. Magnitude 2.9.
July 17, July 4, 23:45:02, Kilauea-Mauna Loa deep. Magnitude 2.9.

July 13, U eP 21:06:25 ~
July 5, 00:34:38, Kilauea-Mauna Loa deep. Magnitude 2.9.

UTmax 09:01:09 eS 21:12:04 July 5, 02: 16:04, Kilauea-Mauna Loa deep. Magnitude 3.3.
HTmax 08:59:57 iR 21:15:39 July 5, 03:04:44, Kilauea-Mauna Loa deep. Magnitude 3.1.

58.30 N, 136.90
W, 08:10:02 510 N, 177~ W, 20:59:17 July 5, 04:06:57, Kilauea-Mauna Loa deep. Magnitude 2.7.

Magnitude 5~ - 5~ (Pas) Magnitude 6 (Berk) July 5, 05 :16:49, Kilauea-Mauna Loa deep. Magnitude 2.7.
July 5, 05:40:19, Kilauea-Mauna Loa deep. Magnitude 2.7.

July 13, July 18,
July 5, 05:51:00, Kilauea-Mauna Loa deep. Magnitude 3.1.
July 5, 07:36:09, Kilauea-Mauna Loa deep. Magnitude 2.7.

U iP 12:12:53.3 d U eP 00:46:34 July 5, 08:05:01, Kilauea-Mauna Loa deep. Magnitude 2.9.
H iP 12:12:53.0 d eS 00:52:04 July 5, 11:49:17, Kilauea-Mauna Loa deep. Magnitude 2.8.

100 S, 161~0 E, 12:03:50
iR 00:55:30

July 5, 13:20:53, Kilauea-Mauna Loa deep. Magnitude 2.8.
Depth about 100 km 510 N, 176~0 W, 00:39:18 July 5, 15:16:52, Kilauea-Mauna Loa deep. Magnitude 3.0.

Magnitude 5~ (Berk) July 5, 16:12:19, Kilauea-Mauna Loa deep. Magnitude 2.5.

July 16, JuJy 5, 18:43:21, Kilauea-Mauna Loa deep. Magnitude 2.7.

U eR 04:08:59
July 18. July 5, 18:58:39, Kilauea-Mauna Loa deep. Magnitude 2.5.

51~0 N, 176~0 W, 03:52:39 U iP 01:59:17.0 c July 6, 02:57:40, Kilauea-Mauna Loa deep. Magnitude 2.7.

4°.S, 780 W, 01:47:21
July 6, 08:50:02, Kilauea-Mauna Loa deep. Magnitude 2.7.
July 6, 11:26:30, Kilauea-Mauna Loa deep. Magnitude 2.6.

July 16
Depth about 100 km July 6, 13:25:30, Kilauea-Mauna Loa deep. Magnitude 3.2.

U eS 13:13:33
July 11, 04:07:15, 15 km northwest of Naalehu at a depth of about

iQ 13:20:41 July 18, 15 km. Magnitude 2.5.

29~0 S, 1130 W, 12:54:18 HTmax 17:54:03 July 13, 04:20:52, 55 km west of Kailua, Kona. Felt in Kealakekua.

58~0 N, 138~0 W, 17:03:58
Magnitude 3.8.

Magnitude 6 (Berk) July 13, 12:04:36, 20 km north of Naalehu at a depth of about 5 km.
Magnitude 2.7.

July 16, July 19, July 16, 19:17:58, 25 km north of Naalehu at a depth of about 35 km.

U eS 17:10:30 U iP 06:41:16.7
Felt in Capt. Cook. Magnitude 3.3.

c July 17, 15:53:54, 5 km south of Puu Ulaula at a depth of about 10 km.
eR f7:16:56 40 S, 138~0 E, 06:30:19 Magnitude 2.6.

120 S, 166~0 E, 16:54:17 Depth about 150 km July 19, 22:57:58, 25 km west of Kealakekua Bay. Magnitude 2.6.
July 23, 06:17:39, 15 km east of Apua Point at a depth of about 30 km.

Juty 16, July 19, Magnitude 2.5.

U eR 19:02:52 U iP 09:1}/:16.6 d
July 26, 06:27:57, 25 km west of Keahole Point. Magnitude 2.9.
July 28, 16:26:01, about 30 km from the Haleakala seismograph station

120 S, 166~0 E, 18:40:21 at a depth of at least 15 km. Magnitude 2.5.

July 19, .' Aug. 2, 09:52:26, 10 km west of Pahala at a depth of about 5 km.
. \ Magnitude 2.7.

July 17, U eP 18:28:40.4 c

UTmax 14:39:50 eQ 18:47:45 ~ Aug. 2, 19:00:28, 10 km north of Naalehu at a depth of about 5 km.

HTmax 14:38:29 eR 18:49:05 ,i Magnitude 2.6.

H eP 18:28:41 Aug. 5, 21:52:32, 5 km northwest of Apua Point at a depth of 5 km.

57~0 N, 1370 W, 13:48:45
00, 129~0 E, 18:16:5 2

Magnitude 2. 7.

5
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July 12,

U eR 02:56:48

4~0 S, I05~0 W, 02:31:55

July 12,

U eS 01:05:46
i R 01:13:04

Tmax 01:56:20

50 S, 106~o W, 00:48:30
Magnitude 6 (Pas)

July 11,

UTmax 20:41:04
II Tmax 20:40:01

57~o N, 137~0 W, 19:50:08

July II,

U e 19:35:48
eR 19:52:56

210 S, 690 W, 19:10:20
Magnitude 6~ (Pas)

July 10,

U iP 08:06:09 c

Mtershock

July 10,

U eP 12:34:37 c

Mtershock

July 10,

U i P 06:23:39.6 d
iScP 06:29:12
is 06:30:02
i L 06:33:03

Tmax 07:07:00
H eP 06:23:34.8

eS 06:29:50
eL 06:32:40

Tmax 07:05:52

58.60 N, 137.10 W, 06:15:51
Magnitude 8 (Pas)

July 4,

U eR 19:10:21

60 N, 125
0

E, 18:34:03

July 3,

U eR 00:58:22

550 S, 1260 W, 10:23:02

July 3,

U eP 06:36:32 d
is 06:43:42
eR 06:49:47

290 S, 1790 W, 06:27:44
Depth about 400 km
Magnitude 6 (Pas)

DISTANT EARTHQUAKES
The following earthquakes of distant origin were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U=Uwekahuna, 190 25.4' N, 15~0 17.6' W, 1240m), and Maui
(H=Haleak~la, 200 46.0' N, 1560 15.0' W, 2090m). Beginnings
of phases are given in Greenwich civil time, which is 10 hours
faster than Hawaiian standard time. A ftc" following the time
of P indicates that the first motion was a compression; a ftd",
that it was a dilatation. Locations of epicenters, origin times,
focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters published by the U. S. Coast and
Geodetic Survey.

July 1,
U eP 06:00:13 c

e S 06:05:54
eR 06:09:40

54~o N, 176~o W, 05:53:07
Magnitude 6 (Pas)

6

50 km from the Haleakala seismograph station.
Magnitude 2.9.

5 km southeast of Hakalau at a depth of about
35 km. Magnitude 2.6.

5 km southwest of Pahala at a depth of about
40 km. Magnitude 3.0.

10 km southwest of the Mauna Loa seismograph
station at a shallow depth. Magnitude 3.0.

On the Kealakekua fault about 5 km southwest of
Kealakekua at a depth of about 10 km. Mag
nitude 3.2.

5 km southwest of the Outlet seismograph station
at a depth of about 30 km. Felt near Kilauea
caldera. Magnitude 3.7.

5 km southwest of Hookena at a depth of about
15 km. Magnitude 3.1.

10 km west of Mahukona at a depth of about 45 km.
Magnitude 3.3.

beneath Kilauea caldera at a depth of about 15 km.
Felt near the east rim of Kilauea caldera and
in Hilo. Magnitude 3.7.

beneath Kilauea caldera at a depth of about 15 km.
Felt near the east rim ol Kilauea caldera. Mag
nitude 2.5.

near Hookena at a depth of about 5 km. Felt in
Kealakekua and Capt. Cook. Magnitude 3.8.

10 km east of Puu 0 Keokeo at a depth of about
5 km. Magnitude 2.9.

10 km south of Apua Point at a depth of about
10 km. Magnitude 3.4.

200 52' N, 155°' 53 1 W, 15 km northeast of Hana,
Maw, at a depth of 40 km. Magnitude 3.4.

near the northeast rim of Kilauea caldera at a
very shallow depth. Felt just south of Hawaii
National Park Headquarters. Magnitude 0.6.

near the northeast rim of Kilauea caldera at a
shallow depth. Felt at Hawaii National Park
Headquarters. Magnitude 1.7.

25 km west of Keahole Point. Magnitude 2.9.
13 km southeast of Makaopuhi at a depth of about

45 km. Magnitude 3.1.
10 km east of Kamuela at a depth of about 40 km.

Magnitude 2.7.
10 km north of Naalehu at a depth of about 25 km.

Felt from Hilo to Kealakekua. Magnitude 3.8.
20 km north of Kamuela at a depth of about 25 km.

Magnitude 2.5.

Aug. 6 t 09:39:13 t

Aug. 8, 11:33:51,

Aug. 8, 13:11:06,

Aug. 8, 18:20:49,

Aug. 9, 12:53:42,

Aug. 11, 09:01:28,

Aug. 15, 01:50:03,

Aug. 17, 00:2t:32,

Aug. 20, 09:46:07,

Aug. 20, 13:13:55,

Aug. 21, 00:42:57,

Sept. 1, 00:05:24,

Sept. 7, 02:02:07,

Sept. 8, 07:01:59,

Sept. 8, 16:06:10,

Sept. 9, 11:07:39,

Sept. 17, 01:47:35,
Sept. 18, 04:13:48,

Sept. 20, 20:09:18,

Sept. 28, 20:48:06,

Sept. 29, 01:08:49,

7
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Map of the Island of Hawaii, showing location of the Hawaiian
Volcano Observatory, seismograph stations operated by the
observatory, and localities mentioned in text.
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Dec. 23,

U eR 07:02:36

2 0 N, 79 0 W, 06:27:15

Dec. 19,

U eR 18:52:51

51~0 N, 177~ W, 18:36:23

Dec. 14,

U iR 07:43:31

35 0 5, 108~0 W, 07:11:28
Magnitude 6

Dec. 10,

U iR 22:08:40

24~0 N, 109 0 W, 21:49:20
Magnitude 5~

PREFATORY NOTE
This summary of observations made at the Ha~aiian Volc~no Obs~rv-tj.;

atory is published for th~ use of v?lcanologlcal ~d seismological
observatories and others Interested 10 the data at Intervals shorter
than once a year. Those who wish to receive this summa~y should
request inclusion on the mailing list from the Director, U. S. Geological
Survey, Washington 25, D. C.

October
Continuing mild, shallow seismic actIVIty at Kilauea caldera

accounted for most of the 338 earthquakes recorded at Uwekahuna
during October•.

An earthquake felt in Kealakekua at 10:15 p ..m. on October 22
originated beneath the ocean about 20 km west of Hookena. Its
magnitude was 2.8.

On October 22, 23, and 24 a group of moderate earthquakes
stemmed from a shallow focus beneath the ocean about 25 km
south of Uwekahuna. The two largest earthquakes of this group,
both of magnitude 4.3, were reported felt. The quake at 11 :43 p.m.
on October 22 was felt from Hawaii National Park to Kealakekua;
that at 12:23 p. m. on October 23 was felt at Pahala.

Strong northeasterly tilting recorded at the Whitney station was
normal for the month.

1. Chronological Summary

.,

08:15 :32:2 c
08:23:33
08:32:07
08:15:30.3 c

U iP
eS
iR

H iP

Dec. 25,

Dec. 17,

U eP 09:06:50.7

.33 0 N, 137 0 E, 08:51:10
Depth about 400 km.

Dec. 6,

U eR 10:06:40

6~0 N, 83 0 W, 09:~3:45

Magnitude 6 - 6X

Dec. 8,

U eR 12:32:30

44 0 N, 149W E, 12:08:23

Dec. 7,
U iP 02:57:52.4

~ N, 127 0 E, 02:45:49

Dec. 3,

U eR 10:26:30

19 0 N, 121W E, 09:48:26

Dec. 2,

HTmax 18:25:36

40~0 N, 125 0 VI, 17:43:30
Magnitude 4 - 4~

Nov. 30,

U iP 01 :42:29.7 c
eR 01:58:14

32 0 N, 137~0 E, '01:32:41

Magnitude 6

Dec. 10,

U iP 07:12:51.1
ipP 07:13:48.4
is 07:20:57
isS 07:23:09

H iP 07:12:56.7

37 0 N, 176~0 E, 07:02:59
Depth about 300 km
Magnitude 6~

Dec. 10,

U eP 14:50:45.2

50 N, 126 0 E, 14:39:00
Depth about 200 km.

Dec. 3D,

U eP 08:49:20.3 d

35~0 S, 105~0 W, 08:37:56
Magnitude 6

November
Only 138 earthquakes were recorded at Uwekahuna during No

vember. Most of these were small and occurred near Kilauea
caldera.

The largest earthquake of the month originated about 30 km
beneath the southeast rim of Kilauea caldera at 5 :56 a. m. on
November 2. Its magnit~de was 4.4, and it was felt from Hawaii
National Park to Hilo.

A magnitude 3.0 earthquake that was felt in Kealakekua at .
8:48 p. m. on November 14 stemmed from a shallow focus about
8 km southwest of Kealakekua.

o
8

62695
1



Moderate northeastward tilting at the Whitney station was nor
mal for the month.

December
216 earthquakes were recorded by seismographs at Uwekahuna

during December.
The only earthquake reported felt during the month occurred

about 7 km northwest of Hilo at a depth of 45 km at 9:17 a. m.
on December 27.. This earthquake, with a magnitude of 4.5, was
felt over most of Hawaii. It was the largest quake in the Hawaiian
Islands since the -magnitude 5.6 earthquake that occurred 45 km
east of Hana, Maui, on August 18, 1957.

Tilting of the ground at the Whitney station was about normal
for the month.

2. Local Earthquake Summary

Number of E~rth,quakes• Minutes of
Week

beginning continuous
magnitude 2 2.5 magnitude < 2.5 tremor·

Oct. 2 1 117 2
9 1 45 0

16 4 74 3
23 7 70 13
30 4 32 0

Nov. 6 2 18 0
13 2 32 0
20 1 35 3
27 0 34 0

Dec. 4 1 32 7
11 1 36 0
18 3 34 0
25 2 97 0

• Recorded at Uwekahuna on a vertical component e lecttomagnetic
seismograph with a peak- magnification of 20,000 and galvanometer and
seismometer periods of 0.5 second.

3. Tilt coordinates· ·at seismograph stations on the rim of Kilauea
caldera.

Whitney station Uwekahuna station
Date (northeast rim) (west rim)

N-S E-W N-S E-W
Oct. 2 499 496 512 470

9 502 496 511 469
16 505 495 512 468

2

Nov. 12,

U iP 20:32:44.8 c
e 20:39:07
is 20:40:13
eSS 20:43:43

t'. iQ 20:44:43-\..., iR 20:47:43
Tmax 21:13:33

• H eP 20:32:32.9

44~0 N, 148~0 E, 20:23:26
Magnitude 6% - 7

Nov. 13,

U eR 03:20:43

44°N, 148~oE, 02:56:26

Nov. 13,

U eR 04:28:27

44~0 N, 148° -E, 04:04:37

Nov. 14,

U eR 05:39:04

3<? 5, lOt> W, 05:04:25

Nov. 14,

U iP 05:56:36.2 c
ipP 05:56:53.0

Nov. 14,

U eR 05:58:56

44 ° N, 149 0 E, 05:34:53

Nov. 14,

U eP 14:00:15.2
eG 14:17:29
eR 14:23:44

6° S, 131 ° E, 13:48:20
~, Nov. 15,

U iR 09:24:39
It

44° N, 149 0 E, 09:00:45
Magnitude 6~ - 6X

7

Nov. 16,

U iR 18:02:05

16° 5, 172 0 W, 17:44:48
Magnitude 6~

Nov. 17,

U eP 09:55:39.4

10~0 S, 162~0 E, 09:46:30

Nov. 18,

U eR 08:02:25

50~0 N, 179 0 E, 07:45:20

Nov. 19,

U eS 09:40:50
eR 09:47:46

44 0 N, 149° E, 09:23:51
Depth about 60 km.

Nov. 19,

U iP 04:03:38.0

31 0 5, 179 0 W, 03:53:56

Nov. 19,

U iP 15 :09:58.4 c

60~o N, 150~0 W, 15:02:15
Depth about 60 km.

Nov. 20,

U eR 05 :58:21

52 0 N, 159~0 -E, 05:36:33

Nov. 20,

U eP 14:27:24.3
eR 14:31:46

45 ° N, 149~0 :E, 14:18:04

Depth about 60 km.



Nov. 8,

44~0 N, 148~0 E, 22:58:06
Depth about 60 km.
Magnitude 8 - 8~

Nov. 4,

U eR 23:30:35

50° 5, 115 ° W, 22:54:46

LOCAL EARTHQUAKES
The data for the following local earthquakes were determined

from seismographs operated by the Hawaiian Volcano Observatory

on the islands of Hawaii and Maui. Except for smaller earthquakes
of special interest, only earthquakes with magnitudes of 2.5 or
greater were included in the list. The entries for a given earth
quake are: date, origin time (Hawaiian standard time), epicenter,
and general remarks.

Table-Continued

*All tilt coordinates were arbitrarily set equal to 500 on January 5,
1958. Increasing tilt coordinates correspond to northward and eastward
tilting of the earth's surface: i. e. to a relative subsidence toward the
north and east. A one unit change in coordinate reveals a tilting of one
part per million (one mm per km) in the direction indicated.

Oct. 8, 14:42:41, 10 km southwest of Hilo at a depth of about 25 km.
Magnitude 2.5.

Oct. 9, 04:57:10, 15 km northwest of Mokuaweoweo at a depth of
about 5 km. Magni tude 2.5.

Oct. 21, 10:20:45, 20 km southwest of Kalapana at a depth of about
10 km. Magnitude 2.8.

Oct. 22, 22:14:47, 20 km west of Hooke"-,a at a depth of about 15 km.
Felt in Kealakekua. Magnitude 2.8.

Oct. 22, 23:43:28, offshore south of Kilauea at 190 12.5 'N, 1550 19 'W
at a shallow depth. Felt from Hawaii National
Park to Kealakekua. Magnitude 4.3.

Oct. 22, 23:50:53, 19° 12.5' N, 155° 19' W at a shallow depth. Mag
nitude 3.9.

Oct. 23, 03:21:19, 19" 12.5' N, 1550 19' W at a shallow depth. Mag
nitude 3.2.

Whitney station Uwekahuna station
Date (northeast rim) (west rim)

N-S E-\Yl N-S E-W

23 506 502 510 469
30 508 506 512 454

Nov. 6 509 510 511 453
13 512 512 512 462
20 515 516 511 459
27 513 516 512 460

Dec. 4 515 518 512 457
11 516 518 511 458
18 516 _ 516 510 458
25 517 515 510 457

23:07:21.5 c
23:14:31
23:22:11
24:04:30
23:07:10.9 c
23:14:24
23:18:54
23:21:07

U iP 09:31:31.8 d
is 09:38:45
eR 09:47:21

52° N, 159W E, 09:22:53

Nov. 7,

U eR 05:27:41

44W N, 149° E, 04:59:56
Depth about 60 km.

Nov. 7,

U eP 01:52:11

44~0 N, 149~0 :E, 01:42:56

Nov. 6,

U iP
is
iR

Tmax
H iP

is
eQ
iR

Nov. 4,

U eP 08:41:01
eR 08:55:19

28° N, 140~0 E, 08:28:28

Nov. 6,

'U eP 15:41:49

6° S, 128° E, 15:30:06
Depth about 250 km.

Nov. 1,

Nov. 1,

U eP 03:48:40.7
is 03:56:41
eG 04:01:38
iR 04:05:00

3° S, 150° E, 03:38:35
Magnitude 6X -6~

Oct. 31,

U iP 23:51:05.5 d

25 ° N, 122~0 E, 23:39:27
Depth about 100 km.

Oct. 28,

U eR 11:36:36

30~0 N, 85 ° E, 10:46:27

Oct. 29,

U iR 00:07:17

52° N, 179~0 E, 23:50:08 (Oct. 28)

Nov. 1,

U eP 12:25:38
eS 12:33:18
iR 12:40:10

17~0 S, 1680 :E, 12:16:36
Magnitude 6 - 6X

Oct. 29,

U eP 07:51:29.2 d
Tmax 08:31 :55

H eP 07:51:17
Tmax 08:29:30

51~0 N, 179W:E, 07:44:10
Magnitude 6X

Oct. 28,

U eR 04:52:16

62~0 5, 157 0 W, 04:14:55

U eS 16:07:10
eR 16:14:18

17~0 S, 168° E, 15:50:10

Nov. 12,

U eR 11:04:20

7° S, 156 0 E, 10:39:47
Depth about 100 km.

3
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of phases are given in Greenwich civil tirne, which is 10 hours
faster than Hawaiian standard time. A «c" following the time
of P indicates that the first motion was a compression; a ctd",
that it was a dilatation. Locations of epicenters, origin times,
focal depths, and magnitudes are from the notices of Preliminary
Determinations of Epicenters published by the U. S. Coast and
Geodetic Survey.

Oct. 23, 04:38:55, 19° 12.5' N, 155° 19' W at a shallow depth. Mag
nitude 3.5.

Oct. 23, 12:23:23, 19° 12.5 T N, 155° 19 T W at a shallow depth. Felt
at Pahala. Magnitude 4.3.

Oct. 24, 17:24:12, 19° 12.5 T N, 1550 19 T W at a shallow depth. Mag
nitude 2.7.

Oct. 25, 00:01:49, south rim of Kilauea caldera at a depth of about
15 km. Magnitude 2.5.

Oct. 26, 19:39:28, 10 km northeast of the summit of Mauna Kea at
a depth of about 15 km. Magnitude 2.7.

Oct. 29, 19:55:27, 20 km southeast of Kamuela at a shallow depth.
Magnitude 2.8.

Oct. 30,' 13:17:19, 15 km northwest of Mokuaweoweo at a depth of
about 30 km. Magnitude 2.6.

Oct. 31, 03:55:37, offshore 10 km northeast of Honokaa at a depth of
5 km. Magnitude 3.1.

Nov. 1, 08:52:16, 10 km northwest of Pahala at a depth of about
15 km. M~gnitude 3.0.

Nov. 2, 05:55:44, 4 km southeast of Uwekahuna at a depth of about
30 km. Felt from Hawaii National Park to Hilo.
Magnitude 4.4.

Nov. 7, 08:59:07, about 5 km west of Puu 0 Keokeo at a depth of
about 15 km. Magnitude 3.2.

Nov. 10, ·01:36:54, .5 km northwest of Apua Point at a depth of about
25 km. Magnitude 3.0.

Nov. 14, 20:47:47, 8 km southwest of Kealakekua at a depth of about
5 km. Felt at Kealakekua. Magnitude 3.0.

Nov. 14, 20:49:46, 8 km southwest of Kealakekua at a shallow depth.
Magnitude 2.6.

Nov. 23, 12:10:19, 20 km southeast of Naalehu at a depth of about
25 km. Magnitude 3.0.

Dec. 7, 21:41:15, 8 km southwest of Kalapana at a depth of about
25 k:m. Magnitude 2.6.

Dec. 15, 23:37:16, ~5 km southeast of Kamuela at a depth of about
30 km. Magnitude 3.2.

Dec. 23, 21:17:35, 5 km north of Kapapala at a depth of about 25 km.
Magnitude 3.4.

Dec. 24, 17:05:21, about 5 km west of Ohaikea at a depth of about.
10 km. Magnitude 3.5.

Dec. 27, 09:17:24, 7 km northwest of Hilo at a depth of about 45 km.
Felt from Hilo to Kealakekua. Magnitude 4.5.

Dec. 31, 00:55:42, 10 km southeast of Hookena at a depth of about
15 km. Magnitude 2.7.

DISTANT EARTHQUAKES
The following earthquakes of distant origi~ were recorded on

seismographs of the Hawaiian Volcano Observatory on Hawaii
(U=Uwekahuna, 190 25.4 T N, 1550 17.6 T W, 1240m), and Maui
(H =Haleakala, 20° 46.0' N, 1560 15.0' W, 2090m). Beginnings

4

r

Oct. 1,

U eR 10:11:13

57 0 S, 147 0 E, 09:29:43

Oct. 2,

U eP 15:12:42.4

7~0 N, 127 0 E, 15:00:50

Oct. 3,

U eP 00:45:22.7

13~0 N, 120 0 E, 00:33:07

Oct. 4,

U eR 12:12:24

22~0 N, 144~0 E, 11:33:07

Oct. 6,

U eP 00:56:42.9

32 0 S, 179~'0 E, 00:47:20
Depth about 250 km.

Oct. 7,

U eP 12:42:38
is 12:50:30
eG 12:56:26
iR 12:58:32

50 S, 15~0 E, 12:32:40
Magnitude 6~ - 6X

Oct. 9,

U eS 11:58:16
iR 12:19:09

55~0 S, 27~0 VI, 11:20:17

5

Oct. 10,

U eP 08:39:01
eS 08:46:01
iR 08:52:04

53~0 N, 160~0 E, 08:30:26
Depth about 100 km.

Oct. 10,

U eS 15:38:42
eR 15:51:02

27X o N, 125~0 E, 15:18:42
Depth about 250 km.
Magnitude 6~

Oct. 19,

U eR 02:29:44

19 0 $, 172~0 W, 01:53:54

Oct. 19,

U eP 11:52:37

34~0 S, 178 0 W, 11 :42:42

Oct. 20,

U eP 01:02:42
iR 01:12:02

HTmax 01:38

52 0 N, 175 0 W, 00:55:34

Oct. 20,

U iR 01:57:20

~ho S, 112~0 E, 01:12:30

Oct. 26,

U eP 02:30:20

5~0 N, 117 0 E, 02:17:32
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 13

Preface
~~-.s

The gradu.al improvement of instruments and techniques ernployed
in recording events at Hawaiian volcanoes necessitates an occasional
revision of the content and format of this summary 0 In such.revision
a compromise is sought between the need to summarize current data as
fully as possible and the desirability of maintaining continuity in
the type of data reported and the nature of its presentation6

In Sumnlary 9 the local earthquake statistical sunllnary was rTlodified
to eliminate its arbitrary dependence on the obsolete seismograph at
the Whitney station, and the summary of tilting at Kilauea caldera was
modified to permit a simpler, more useful presentation of the data,
Revisions incorporated into the present summary (13) again involve
local earthquakes and tiltinge, To permit the reporting of epicenters
of local earthquakes with the added precision made possible by recent
improvements in the seismograph network, epicenter locations will now
be given in terms of geographic coordinates; and the map (figo 2) has
been provided with latitude and longitude guides~ The pattern of
tilting around Kilauea caldera delineated by the· newly developed
liquid-level tiltmeter bases* will also be displayed in summaries
covering quarters during which measurements are rnade~ Weekly indica
tions of tilting at the Whitney station will be -discontinued, for they
have proved to be so strongly dependent on vagaries of temperature and
rainfall as to be generally unreliable as an index to the swelling and
shrinking of the volcano 0

This summary also describes seismogt'aph installations operated by
the UoS, Geological Survey in Hawaii, Changes in the network will be
reported in the summary covering the quarter during which they occur.
and the entire network will be redescl"ibed in the sUlllmary covering the
first quarter of each year g

Measurements made during the first week of February at tilt bases
around Kilauea caldera revealed that the ground surface had tilted
outward from the south edge of the caldera since October 1958c From a
maximum rate of about 3 microradians per month at Uwekahuna and Summer
Camp, tilting decreased rapidly at greater distances from the caldera v

*J. P. Eaton, A portable water-tube tiltmeter, Seism~ Soc~ Arner~

Bull., v. 49, no. 4, pt 301-316, October 1959~

1



Tilting at Uwekahuna vault during the first quarter of 1959 was
rather erratic and did not reflect the gentle swelling of the Kilauea
summit indicated by the tilt bases around the caldera 0

More than l~OOO earthquakes were recorded at Uwekahuna during
January~ About 400 of these originated at very shallow depths beneath
Kilauea calderae On January 5 and 6 about 600 small to moderate earth~

quakes and several hours of accompaijying tremor from a source about 60
km deep and 10 km northeast of the.caldera were registered by seismo~

graphs around the summit of Kilauea and at Hilo," Although 29
earthquakes of this swarm were of magnitude 2~5 or larger, none was
felte

The largest e.arthquake in the Hawaiian region during January
occurred beneath the sea about 125 km south of Honolulu at 20015~ N,.
157055' W, on January 12 at OlhOSffi o Although its magnitude was ~oO,

it was not felt~

An earthquake with a magnitude of only lc6 which originated at a
very shallow depth beneath Kilauea.caldera was felt at the caldera at
16hllm on January 29~ A magnitude 2~9 earthquake from an epicenter
about 12 km east-northeast of Apua Point was felt in Hila at OSh33rn

on January 30~

Only 175 earthquakes were recorded at Uwekahuna during February~

marking a sharp decline in the number of shallow earthquakes beneath
the caldera¢

At 23h29m on February 9 a magnitude 3 0 5 earthquake from a source
about 5 km south of the caldera and 10 krn deep was felt at Kilauea
caldera and at Hiloo

On the evening of February 19 three earthquakes from an origin
about 12 krn northeast of Apua Point and 5 km deep were felt at
scattered points over most of the island of Hawaiic The first of these
earthquakes, with a magnitude of 4~O, occurred at 19h58m: It was
followed. at 20hOOm• by a magnitude 4:.5 earthquake, the largest earth~
quake in the Hawaiian region during February, which was felt at least
as far away as Honokaa~ The third earthquake. with a magnitude of 3 t S,
occurred at 20h3Sm

Q

The number of earthquakes recorded at Uwekahuna declined to 130
for Marchr Five of these were felto

At OSh32rn on March 5 a magnitude 3,5 earthquake from a focus 5 krn
deep and 10 krn north-northwest of Apua Point was felt from the vicinity
of the Desert seismograph station to Hilo~

2



The earthquake felt in Capt~ Cook at 16h45m on March 6 originated
beneath th.e oc'ean about 15 km west of Keahole Point: Its m.agni tude was

"+.0.

An earthquake with a magnitude of 3~5 from a source 5 km southeast
of Waikii and 15 km deep \AlaS felt at Pohakuloa at 04h26m on March g"
At 07h4Srn on March 12 a magnitude 4~O earthquake with an epicenter 10
km southeast of Honokaa and a focal depth of about 15 kIn was felt at
Kukuihaele (10 km northwest of Honakaa)~

The earthquake which was felt at Kilauea caldera and Capt~ Cook
at 07h49ffi on March 17 emanated from a focus 10 km southeast of
Mokuaweoweo and 5 km deep~ Its magnitude was 3~5c

Briefly, this quarter may be summarized as a period of continuing,
slow inflation of the summit of Kilauea~ The swarm of tiny shallow
earthquakes beneath Kilauea caldera which was so pronounced in January
declined greatly during February and March,:,

Tilting of the .&!:.ound around Kilauea.caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short~base water-tube tiltrneter in Uwekahuna vault t and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt bases and a portable water-tube tiltmeter
(tables 1 and 2): The attitude of the ground surface at each tilt
base is reported in terms of north=south and east--west tilt coordi=
nates, Both coordinates at each station were arbitrarily set equal to
500 when measurements at that station were bugun~ Increasing tilt
coordinates correspond to northward and eastward tilting of the earth~s

surface, that is, to a relative subsidence toward the north and east:
A l-uni t change in coordinate corresponds to a l--micrf)x'adian (1 Tnm per
krn) tilt in the direction indicated~

Events recorded by the U~S~ Geological Survey seismograph network
. i.n Hawaii fall into two categoriesi local earthquakes and tremor
originating in the region of the Hawaiian Islands~ usually within 100
km of the Observatory, and distant earthquakes originating farther
than 3,000 km from Hawaii~ As an index of seismic activity at
Hawaiian volcanoes~ weekly totals of earthquakes with magnitudes of
2c5 or greater~ earthquakes with magnitudes less than 2~5, and minutes
of continuous tremor~ all recorded on the HVO~l seismograph at
Uwekahuna t are reported in table 3c Earthquakes of magnitude 205 or
greater are generally sufficiently well recorded to be located; they
are listed individually in table 4~ Data on identifiable phases from
distant earthquakes are listed in table 5:

Locations of t:be seismograph stations are shown on figure 2!. and
essential data on the stations are given in table 6:

3



Table 1.--Ti1t coordinates at Uwekahuna vault, January-March 1959

Date N-S E-W Date N-S E-W
..

Jan. 4 511 455 Feb. 22 506 456

11 513 457 Mar. 1 504 458

18 508 457 8 505 459

25 504 4·58 15 507 460

Feb. 1 506 456 22 507 464

8 504 457 29 511 466

15 504 458

4



Table 2.--Tilt coordinates and changes at tilt bases around Kilauea caldera (see fig. 1)

Tilt base Date Tilt coordinates Direction and rate ··Date of
(location) (1959) of tilting since last

N-S E-W last reading reading

(10-6 rad/mo)
: (1958)

Uwekahuna Feb. 2 543.9 472.7 3.3 N. 33~ w. Oct. 2
(19°25.5' N., 155°17.4' w.)

Tree Molds Feb. 5 508.6 499 .. 0 2.2 N. 7° w. . Oct. 9
(19°26.3' N. , 155°17.3' w. )

Summer Camp Feb. 8 508.4 427.1 3.. 1 N. 77° E. Oct. 7
(19°24.6' N. , 155°15.6' w.)

Sand Spit Feb. 8 505.1 494.1 2.4 N~ 49° W.. Oct .. 31
(19°24.1' N. , 155°16.8' w.)

Ka1ihipaa Feb. 9 495.9 503.3 0·9 So 42° E.. Octo 6
(19°21.4' N. , 155°15.3' w. )

Keamoku Mar. 2 500.0 500.. 0 --- --------- -----'--
(19°25.1' N., 155°19.0' w. )

Kamokukolau Mar. 4 500.0 500.0 --- -~------- -------
(19°22.7' N., 155°16.6' W.. )

:



• Kam C
~

.KN

J----I
TILTING RATE 2.5)( 10- 6 RADIANS/ MONTH N

-----5KM I~r

Figure l.--Tilting of 'the ground around Kilauea caldera. Oct. 6. 1958.
to Feb. 6. 1959. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltrneters.
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Table 3.--Local earthquakes and tremor recorded by the HVO-1

seismograph at Uwekahuna, January-March 1959

Week Number of earthquakes Minutes of

beginning continuous
Magnitude Z2. 5 Magnitude <2.5 tremor

Jan. 4 33 ca. 700 cae 400
11 1 57 106

18 0 115 14
25 4 84 68

Feb. 1 1 37 3
8 L~ 45 0

15 5 39 30

22 3 40 0

Mar. 1 2 23 0

8 4 35 33
15 2 32 0

22 5 18 64
29 3 26 0

'-:-" .--_-.-.....-........._~--



Table 4.--Local earthquakes- recorded by seismographs of the U.S. Geological Survel4

January-March 1959

[Except for smaller earthquakes of special interest, only earthquakes with

magnitudes of 2.5 or greater are listed. Time is Hawaiian standard]

One

Date Time Magnitude Epicenter Rema.rks

h m s . Latitude Longitude Des.cription
- -

N W

Jan. 1 18 36 00 2.5 19°21' 155°56' 5 km SW of Hookena------- D~pth about 15 km.

2 00 19 39 2.8 19°25' 155°26' 10 km NW of D-esert- Depth ab·out 5 km..
seismograph.

'.,

2 04 15 08 2.8 19°29' 155° 56' 5 km SSW of Kea1akekua--- Do.

3 03 04 35 2. ·5 19°26' 155°56' 4 km WNW of Honaunau----- Depth about 10 kmo

3 18 25 38 2.9 19°26' 155°16' Beneath NE rim of 30 km deep ..
Kilauea caldera.

5 07 35 17 2.6 19°33' 1550 39' 10 km NW of Mokuaweoweo-- At shallow depth.

5 15 41 34 2·5 19°29' 155°13' 10 km NE of Uwekahuna---- Depth about 60 km.
of several hundred
small earthquakes f
this source Jan.. - -5-

5 16 25 26 2·9 --do--- -~-do..,..-- -----do------------------ Do ..

5 16 35 31 2.5 --do"",-=- ---do--- ----~do-----------~--""'-~- Doo

J 18 00 10 2,5 a.-do .... ~- .c .... ..,do ..... -= -----doa.---~---------=--- Doo



Table 4. --Local earthquakes recorded by seismographs of-the-'lt;·S'. Geological- SUTVek

January-March 1959--Continued

ne

.from
6.

Date Time Magnitude Epicenter Remarks

h ill s Latitude Longitude Description
-

N W

Jan. 5 18 07 22 2.6 19°29' 155°13' 10 km NE of Uwekahuna---- Depth-about 60km. °of several hundred
. _0 s-mald o:ea-rthquakes

thios source Jan. 5-

5 19 30 42 3·2 --do--- ---do--- -----do------------------ ·oDo.

5 20 55 13 2.7 --do--- ---do--- -----do------------------ .Do.•.

5 21 13 04 2.8 --do--- ---do--- -----do--------------~--- -Do~

5 22 03 46 2.5 --do--- ---do--- -----do------------------ Do.

5 22 09 04 2.5 --do--- ---do--- -----do------------------ Do.

5 22 33 17 2.5 --do--- ---do--- -----do------------------ Do.

5 22 34 03 2.5 --do--- ---do .... -- -----do-------------~--- Do.

5 22 54 53 2·9 --do--- ---do--- -----do------------------ _Do ..

5 23 01 02 2·9 --do--- ---do--- -----do------------------ Do.
0.

6 00 21 24 2.°5 --do--- ---do=-- -----do------------------ Doo

6 02 39 24 3.0 --do-- .... -- ....do-.., .... -----do------------------ Do.

6 04 01 32 2c7 -<=doc:>-~ ..:--do- .... c= -----do-------~--------.... - Doc>



Table 4.--Lofal earthquakes recorded by seismographs of the UoSo Geological Survey,

J~nuary-March 1959--Continued

m

Date Time ~agnitude Epicenter Remarks

'.- ~

h m s Latitude Longitude Description- - ...
N W

Jan., 6 04 09 21 2('9 19029~ 155013 ' 10 km NE of Uwekahuna.... c=- Depth about 60 km
One of several
hundred small
earthquakes fro
this source Jan
5-6(\

6 04 25 13 2~5 --.-do--... - ...-do---- -~---do-~~----~~-~~~~~~~ Do(\

6 04 35 18 2 f1 5 -.a-do--- -c=-do-...-- -~---do-~~~-~_c=~~=~~~=~~ Doo

6 05 13 03 2~8 ---do-...,,- ---do-~-c» -----do-~c=~-~~~~~~~=~c:>~c:> DO<l

6 05 46 49 2t.9 ---do--- ae--do---- -----doc=~~=~c:=>~c=~~~c:>c:>~=c:>- DOt-

6 06 36 26 2c8 ---do--.... ---doo=oc=:_-. ---c:>-do-~~-~-~c:>_c:>~~=c=c=~~ DOb

6 06 42 17 2t>5 -c=-do--c= -.--do- ... -.- c:=>--~~do~-~~~~~~c:>CDc:>==-c:>-c:> Doo

6 10 38 20 2n5 ---do--=> --.... do--.c=c:=> ~--=-do~ ...c=c:>-~~~c:>=c:>~~=~~= DOn

6 11 50 24 2('8 -eoe...doe-=o= C31'--do...,.-c=- ----~do-~~=~=~=c:>==-=~c==~ 00<,

6 12 08 35 3,6 20 0 45 U 155°32 9 120 km east of Hanal) Depth about 15 km
Mauie



Table 4o--Local earthquakes recorded by seismographs of the UcSe Geological-Survey,

January-March 1959~-Continued

I

Date Time M.agnitude Epicenter Remarks

h rn s Lat-ituae. Longitude bescription- - -
_.--

N
-

W

Jan" 6 13 20 54 205 19°29' 155°13' 12 krn NE of Uwekahuna~-~ Depth about 60 km

6 14 51 12 2()7 .,. ..-do.-_ .... ....,.,-do---- -----do---~-~~~~~~==~=~~ Doo

6 19 03 14 2c7 ..... to::t=doc..-- _cc-do... --c::>... -----do~-~--~~-~~~~=~~-- DOe

7 17 37 43 205 19°26' 155°28 V 10 km SW of Mauna Loa Depth about 5 kmr
seismographc

10 08 58 32 31'2 19°19 i 155°10 g 7 km NNE of Apua Point=-- At shallow depth~

12 01 05 15 4{.0 20 0 15 v 157°55 v 125 km south of Depth about 15 km
Honoluluo

26 00 36 43 2~6 190 24 w 1550 29 w 13 km NW of Desert .Depth about 5 kmc.
seismograph()

29' 16 10 45. 1<.6 190 25{? 155°17' Felt at Kilauea caldera'~ At shallow deptho

30 01 16 17 2,,7 190 22{1 1550 25 i 5 km NW of Desert Depth about 10 km
seismograph~



Table 4 f) --Local earthquakeas recorded. by .seismographs of the U() So Geological Survey,

January-March 1959~-Continue'd

Date Time ~agnitude Epicente·r Remarks
'.

h m· s Latitude L~ngitude Description- - -
...

N W

Jane 30 05 32 41 2()9 19019~ 155°07' 12 km ENE of Apua Point!' Depth about 10 km
Felt in Hilon

Febtl 5 13 28 12 2 0 7 20°00' 155034~ 10 km east of KamuelaC::>C:::OeD Depth about 15 km

9 23 28 51 305 19°21; 155017 i 5 km south of Outlet Depth about 10 km<
seismographc Felt at
Kilauea caldera and
Hi10fl

10 14 01 44 206 19023 tl 155025 i 7 km NW of Desert Depth about 5 km(,
seismograph f'.

10 19 10 27 2(\5 190 13 v 155013 v 5 km SW of Apua Point=---- Doc

13-' 02 30 40 2tl5 19°22' 155°19 9 5 km SW of Outlet Dot.
seismographr-



Table 4~--Local earthquakes recorded by seismographs of the UcSo Geological Survey,

January-March 1959a:>-Continued

Date Time Magnitude Epicenter Remarks

h m s- .,.... ~

Latitude Longitude Description

Feb, I? 19 50 53 15 km west of Keahole
Pointt'

Depth about 15 km~

19 19 58 01

I

; I I
i I !19 ~ 20 . 00 ~ 28

1 9 ~ 20 I 3 ~ I 04

:0 161 0:I08
26 00 10 27

28°" 00 24 17
~'

28 , 06 i 54 54

-.."...do-.--

"""~do .... _..

---do- ... aoo

.".,,,,,,,,_odo---

12 km NE of Apua Point~ Depth about 5 krn
Felt at scattered
points over the
Island of Hawaii
(Capt~ Cook 8 Honokaa 8

Hilo, Hawaii National
Park) "

50 km west of Milolii~~ Depth about 10 kmt

60 km west of Kealakekua Depth about 15 kmr
Bayt>

7 krn west of Pahala~~~~ At shallow depth

20 km west of Uwekahuna Depth about '5 kmf



Table 4.--Local .ar~bquakel.recorded_byseismographs of the U.S. Geological Survey.

Januarx-Marclil959';'-Corrtinued

m.

Dl.

...

Date Time ~itud. .EpicenteJ' Remarks
.- -

h m ·s Latitude ~.£tJlt4e. Description- .. -
."

·N 'W

Mar. S 05 32 10. 3.5 19°20' 155°13' lO'xm NNW of Apua Point~ Depth ~out 5 km
Felt from Kapapala (10
km SW of Desert seis-
mOi~aph~ to Hilo&

6 16 45 lS 4.0 19°44 9 150°12' 15 km west of Keahole Depth ~out 15 k
Point a Felt at Capt~

Cook 0

J :

9 04 25 4~ 305 190 50 ' 155°38' 5 km ·SE of Waikii. Felt Do.
v at Pohakuloa.

:

9 10 16 33 2.8 19°22 ' iS5026' 7 km NW of Desert Depth about 10 k
BeiSIDC>Faph~

.' ,

10 21 08 58 2 e 5 190 23' 155°20' 7 km sw of Uwekahuna Doo
on SW .1'ift zone of
Kilauea.

12 07 44 S5 ~.o 20°01' 155°25' 10 km SE of Honokaa. Depth about 15 k
Felt at Kukuihaele ( lo'i
km NW of Honokaa).

17 07 49 07 3.5 19°24' 155°32' 10 km SE of·Mokuaweoweo Depth about SJcm
calde"X'8o Felt at
Kilauea caldera and
Ca.pt. Cook.



Table 4.--L~ca1 earthquakes recorded by seismographs of the U~S~ Geological Survey.

January-March 1959--Continued

-=arav ~ _4Awa_24SU - :ea::s&::::ii:!.r

Date Time Magnitude Epicenter Remarks

h rn s Latitude Longitude Description... - ...
N W

Mart' 21 05 37 31 2c7 19°26' 155°33' 7 km SE of Mokuaweoweo Depth about 15 km
caldera~

- -

22 00 40 19 3~O 19°26' 155°16 ' Beneath NE rim of 35 km deep()
Kilauea calderac

22 00 58 01 2(>6 19°26' 155°30' 20 km west of Uwekahuna- At shallow depth~

24 01 16 52 2c;6 19°23' 155°16 v 2 km east of Outlet Depth about 10 km
seismographr

25 07 27 14 2.,7 20 0 02 v 1550 25 i 8 km SE of Honokaa~-~=-c=- Depth about 15 km

25 12 51 13 3eO 19°14' 155°11 w 3 km south of Apua DOr
Pointe

29 10 52 31 206 19°23' 155018~ 2 km west of Outlet Depth about 10 km
seismograph 0

30 01 39 01 3~2 19°12' 155°33' 15 km north of Naalehu-- At shallow depthc

~,



[T~mes are reported in Greenwich civil time, which is 10 hours faster
than Hawaiian standard time>: A "c" following the time of P indicates
that the first motion was·a compression; a ltd",. that it was a dila..."
tation, Station symbols, locations, and instrumentation are presented
in table 6. Locations of epicenters, origin times, focal depths, and
magnitudes are from the notices of Preliminary Determination of
Epicenters published by the U.S. Coast and Geodetic Survey~]

Jan, 5
~.......

M Z

o z

D Z

u z

iP 09:56:03.1 c

iP 09:56:02.5 c

iP 09:56:01~6 c

iP 09:56:02~5 c

M Z

o z

D Z

u z

eP 21:28:45~6 c

eP 21:28:44.7 c

iP 21:28:44~7 c

u PEZ eS 10:03:35 Hi Z

U PEZ eR 10:11:07

171-1/2° E~t 22 0 S~. 09:46:42
Loyalty Is. region
Magnitude 6-1/2 to 6-3/4

" I _ .. til; ,

Jan. 13

25 "., 1 / 20 S ~, 1.800

South of Fiji Is~

h = 500
I~agnitude 6-1/2

Jan:> 16
~~

13-1/2° N., 1460 Et' 01:15:25
Mariana Is.
l"1agnitude 6-3/1+

u PEZ eR 01:41:16

Jan. 13
-~""'~""'.~..

1"1 Z eP Ol:38:16~4

D Z 01:38:16,,7.1 e

U Z eP 01:38:20 .. 6

U PEZ eS 01: lt3 ~ 29

U p--n eR 01:47;36_ LlJ

go N~t 33-1/2° W., 08:34:08
Costa Rica region
h = 100

o z eP 08:45:20.7 52° Ne~ 1710 W~t 01:31:25
Fox Is~ Aleutian Is~

h :: 60
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Table 5.--Distant e~r~r~ua~~~--Continued

ll!a

eP 20:28:18~.7

eR 20:37~26

e 19:52:29,,4

e 05:18:23~8

eP 05:18:23~1

iP 05~18g2306

iP 0 5 ti 5 5 : 4 2 ~ 9

Jan~ 26
l

ipP 05:18g46 c 9

Jan~, 29
.!'t'_.l.~"'·.l·"-

52° N~! 1740 W~~ 20~21:27

Andr~anof 1St Aleutian Is~

Magnitude 5~3/4 to 6

,Jan" 24
~~l""

u z

u z

16a l/2° S~t 174-1/2° We' 05~48z27

Samoa Is~ regi.on
H = 300

o z

D Z

15° N~t 92-1/2° W~t 19:42:20
Mexico-Guatemala border
Hagni tudt;} 6--1/ L~

o z

Hi Z

D Z

37-1/20 Nt. 1410 Eo, 05~08:35

Coast of Honshu, Japan
h = 100

u

Hi Z

M Z

. &3l"
\
I;

340 N., 1420 E.• 05:10:25
Coast of Honshu t Japan
Magnitude 6-3/4 to 7

Jant 16
.~~

M Z T 17:37

0 Z T 17:37

D Z T 17:37

U Z T 17:37

Hi Z T 17:37

Ha Z T 17:36

520 N •• 131-1/20 w.
Queen Charlotte 1st.

Jan • 22
......... $

M Z eP 05:20:11.3

0 Z e 05:20:15.9

D Z e 05:20:10,9

U Z eP 05:20:13.7 c

U PEZ iP 05:20:13.5 d

U PEZ is 05:28:06

U PEN eQ 05:33:36

U PEZ iR 05:36:02

Hi Z eP 05:21:04.8 d

Ha Z e 05:21:04.8

17



U PEE

M Z

o z

Jane 30
_.-..,;:W"!~.

iP 00:28:38.5

iP 00:28:37.6

c

c

M z

Jano 30-,...~

is 22~34:19

D Z iP 00:28:38.5 c U PEZ iR 22:41:59

U Z iP 00:28:38.3 c

U PEZ eR 00:42:52

44° N~, 1440 E~, 22:16~47

Hokkaido, Japan
Magnitude 6-1/4

Hi Z iP 00:28:38.6 c

100 S .• 1610 E~, 00:19:25
Solomon Is~

Magnitude 6-3/4
6-1/2° S~. 126° E6' 03:56:12
Banda Sea
h = 150

Ha Z iP 00:28:38,6 c

JanCl 30_... _--

M Z

o z

Feb ~ 2
,~,

iP 04:08:18~1 d

iP 04:08~18~5 d

M Z iP 18:18:49.6 d

o z iP 18:18:49.2 d
M Z

Febll 5

iP 01 :12 ~ 01 0 9
D Z

u Z

iP 18:18:48.3 d

iP 18:18:49~5 d
o z

D Z

iP 01:12:0204

iP 01:12:0207
Hi Z iP 18:18:51.9 d

Hi Z iP 01:12
Ha Z iP 18:18:55.0 d

PEZu

1
31° S.• 1790 Wit 18:09:02 J Alaska Peninsula
Kermadec lSi I h - 100

-_.....---...J..an-.-3..0-_...._--.-._~~.......~__i_....~......I..I ............~--~~~
-=._- t

i
~

44° N•• 1440 E~t 20:38:58 ~
~Hokkaido, Japan t

Magnitude 5-3/4 to 6 t
~.-c.._-"'---""··"'·---·f
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Table 5.--Distant e~r!p9..uak~--Continued

:eel • • &. •• -"",1l • ..At

Feb. 6
~..-...

M Z iP 14:40:03.1 c

0 Z iP 14:40:03.6 c

D Z iP 14:40:03.7 c

U Z iP 14:40:03.1 d

U Z i 14:40:l8.0

U Z Tmax 15:18:42

U PEZ eS 14:45:49

U PEZ eR 14:48:48

Hi Z eP 14:40:02.2 c

Hi Z i 14:40:16.6

Ha Z eP 14:39:49.1 c

Ha Z i 11-1- : 40 : 04 41 8

Ha Z Tmax 15:16:25

51-1/2° Nt. 175-1/2° W., 14:33:02
Andreanof Is. Aleutian Is.
Magnitude 6

19

11_.A'tIW'W....... I I 1 I . ""_SI ...
Feb ~ 7
-.nlr~.....

M Z iP 09:48:43~8 c

H Z i 09:48:57 0 8

0 Z iP 09:48:43/10 c

0 Z i 09~48:5701

D Z iF 09 : Lt 8 : 43 (I 6 c

D Z i 09:48:57 e 5

U Z eP 09:48:42~8 d

U Z i 09:48:56 0 7

U FEZ iP 09:48:42 c O c

U PEE is 09:58:23~8

U PEN is 09:58:26~6

U PEZ is 09:58:27~8

U PEN iG 10:08:29

U PEZ iR 10:11:11

Hi Z iP 09:48:42.;2 d

Ha Z eP 09~48:52~1 c

I.~O S. ~ 81-1/2° WII , 09:36:51
Coast: of Peru
~lagnitude 7-1/4

__"liCk .................................'Il:!J •• ImlllWu .UlIlJ"'~



~~~lMf~."~.ec~..,....it/'(l~""M<,,.,...·.,'.•~Mtlllii I __ n J: ."'~,"~~9!li~""",~lllIlIl\M;""~~_~~~lII&'.~ -S.,;i

Feb. 7 J Feb~ 9
~"'IU/,llIt'Il'!' t -"'''''''':I~rrMJo'''.:'k40·.

~

M Z iF 10:21:22.0 d

0 Z iP 10:21:22.6 d

D Z iP 10:21:22.0 d

U Z iP 10:21:24.1 d

Hi Z iP 10:21:24.1

11a Z iP 10:21:15.9 d

160 N. t 1460 E •• 10:11:39
Mariana Is.

!m ..- I. Ina

Feb. 8
~..(---

M Z iP 05:54:13.2 c

0 Z iP 05:54:13.0 c

U Z iP 05:54:13.5 c

Hi Z iP 05:54:16.7 c

Ha Z iP 05:53:19.8 c

23() S •• 1800
t 05:46:15

South of Fiji
h = 600

- ............_..~~........

M Z eP 04 : 49 ~ 28 ;.9

0 Z eP 04:49~3303

D Z e 04:49:34 c 3

U Z iP 04:49:33~2

Hi Z eP 04:49 :28.0

50-1/2° N•• 177-1/2° Wg • 04:42~33

Andreanof Is 0 Aleutian ISb

Feb\) 9
,.. "'Wcfa1ll

M Z eP 21:22:5509

0 Z e 21:22:55Q6

D Z e 21:22:55.5

U PEZ eR 21:38:37

Hi Z iP 21:22:57 0 6

Hi Z epP 21:23~18~1

Ha Z eP 21:22~53~5

5° S~, 154° E., 21:13~18

Solomon 15/\

h = 100

20
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~

Feb co 11 ~ Feb. 23

M Z

o z

iP 14:16:5o_4 c

iP 14:16:49.5 c

U PEZ eR 02:26:05

5-1/2° S~, 150 0 Eo, 01:58~38

New Britain
16° N., 97° W" 13:52:13
Coast of Oaxaca, Mexico
Magnitude 6 Feb 0 23...,..

53~1/2° No, 159 0 E~, 10:31:14
Kamchatka
h ::: 100

U PEZ

Feb. 11___._1

eR 21:53:39

M Z iP 10:39:53,,6

15° S., 173-1/2° W., 21:36:46
Samoa Is. region

Feb. 15
-.......,..~1fCimltWlP

H Z

Febt:. 27

eP 21:07:43,,1

U PEZ eR 04:59:12 lJ PEZ eR 21:28:13

59-1/2° S't 26° W" 04:42:35
Sandwich Is.
Magnitude 6-3/4

27-1/2° Nt, 129 0 E~, 20~56~30

Ryukyu Is.

Mar II 1
... 111 .B

Feb • 17..,......,............
M Z iP 12:09:52.1 c

0 Z iP 12:09:53.0 c

D Z iP 12:09:53.1 c

U '-' eP 12:09:52.7 d£.1

U PEZ is 12:1S:21

lJ PEE iQ 12:16:59

U PEZ iR 12:17:08

51-1/2° N Ii , 171° W. t 12:03:05
Fox Is. , Aleutian Is.
Magnitude 6 to :6-1/4

..~'

21

M Z

U Z

U PEZ

U PEN

eP 17:00:33Q6

iP 17:00:3502

eP 17:00:38

e::; 17~lO~OO

iQ 1 7 ; 18 ~ tl~l,

iR 17:21:55

iP 17:00:39.5

iF 17:00:33,,7



Mar. 3
.·..,..__"f"tr....~:a~ _

Mar" 19

Ha Z Tmax 00:09:41 u PEZ eR 09:13;20

37-1/2° N., 122° W., 23:27:15
Coast of California
Magnitude 4.9

350 Nn, 360 Wf't 08:25~32

North Atlantic
Magnitude 6-1/4

u PEZ eS 01:47:32 u PEN

Marc 23
"~,,,_,

eQ 07:26:43

u

u

PEN

PEZ

eQ 01:53:10

iR 01:56:20

40 0 N,t 1180 W~t 07:10:22
Western Nevada
Magnitude 6-1/4

7° N., lL~5° E. 't 01: 29: 07
Caroline Is.
Magnitude 6

u PEZ eR 1'7:45;17

Mar. 17
""~.~.I(A:.'4K.,)

34° N~ t 1420 E~, 17:18:24
Coast of Honshu, Japan

20° S., 178-1/2° W~, 19:47~07

Fiji 1St

Magnitude 5-3/4 to 6
h = 600

M Z eP 08:36:27.8

0 Z iF 08:36:26.2 d

D Z iP 08:36:25.5 d

U Z eP 08:36:26 d

U PEZ eP 08:36:27 d

U PEZ eR 09:01:37

Hi Z eP 08:36:27.4- c

Hi Z

Mar~ 28
~,~-",,-

iP 19:54:40 0 2

Mar. 31
u.nrMltlsl~p

15° S~t 1730 W" 07:20:45

27-1/2° N. t 1300 E., 08:25:22
Ryuku Is.
Magnitude 5-3/4 to 6

u PEE eQ 07:38:45

Samoa Is~

Magnitude 6

~'~".ii:-o-lt"':';J~·;;~·':....un"""'I...a-~~·!"~.;~t1I,\""«"~~4I!i·~"Jl"i·"", .........__~:O'~.l~'~~nnD . rw AftJl'@ 1IlJ' .. i!t .eN .~

~~'tI~.H.'n· "~d'!P«D_I,~"""IiHm.."!«'l"'~n'8....,.w_{.:Jt&lilI"t _~~\~IlRaaJ""'"~lIIftn~~~
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I"·

EXPLANATION

• S.llm09laph Station

• Town or locality

10 1& Mil..

10 1& 20 25 tt,....,.,.

Contour int.rval 1,000 f••t
O"u'" i. fIl.Oft ... '.v,1

To,• .,.,Il.. b, US G••lo.leol Sun...

Laupoho.hO. --i 20.

eo,.
K"-.hl

,---------------------+----------- I'·

Figure 2.--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of local earthquakes are given in terms of
geographic coordinates. which are indicated at the edges of the
map.
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~~.'~_._~__~"""""f~~~l-·· .. ,,"' ,-"~.Ila2l....-.....~....ro-c"'~lI!I!IIIt-il!!leo-n_I'·_-~l Al:tUde '1
M

, ,l" • '0" EqUiPment' -'0 ,

~ i \ m) (Z. vert ical; N.. 'n'orth-south ;
Station

19°25.4' .155°17.6'1 1,240 I Long-period Press':'Ewing: N, E, Z;
(Hawaiian Volcano J i I j ~ (seismometer and galvanometer

Observatory) • I ~ I r I ~::~~~~i::~y~~ and 90 seconds,

~ f ~. ! I. Short-period Sprengnether: E ~ z.,
ij 5. ~ £ ~ -i I., i ~ ~ HVO-l: zl/~
f ~ ~ i i Short-base liquid-level tiltmater.

J' ~ '15502~ ~t:~ 2 Ol~ i 2/Ma.una Loa·... - --".,..".-- - UO' ~ M ~ 19° 29 .. 8' i ~ '" r t,J ~ ,u I Remote recordi,ng HVO-= 2 ~ Z-:"" ..
~ ~ a ;; ~

Outlet-=,-.-c,---- ..---I 0 119023 ,4' I~..·.l.,. 155
0

16.9'(.', 1~080 :ii'.~L~f...'-.: Remote recording HVO""'2~ Zi;'f! I ~ Short-base liquid~level tiltmeter.

Desert,.. i D !-=----~ .. --t [19020.2' "155°23. 3W i 815 i Remote recording HVO-2: Z.

N
''}.. p" f t (~

,orTd'!t~-·--~·----1 N ~ 19°24.9' 1550 17.0'1 1,115 I Remote recording HVO-2: Z.

WhitneY------~~----[ W . 19°25.9' 1155015<.7" 1,210 t,!.l BO:~~~~~O~i~ec:~d~;.(seiSmometer

I I I I Short-base liquid-level tiltmeter.

B:iio,.--..-----------f Hi i 19°43.2' i 155
0

05 0 3',1 20 I ~~~~~~nd:;son~ N, E. Operated by

..~I Sister Thecla at St .. Joseph l s

I

I:,.. I School.

f I



rv
U'l

Station

Naaleh~-------~----

Pahoa--~------~~---

Kamuela- -~ _ex - - .~- - - ... --

Konawaena~-----~--~

Haleakala, Maui----

Symbol

Na

Fa

Ka

Ko

Ha

Location Altitude
(rn)

above se-
level

205

205

815

495

2,090

Equipment
(Z, vertical; N, north-south;

E, east-west)

Joucks--Omori: N, E;' (seismorrleter~

period 3 seconds). Operated by
Mr. 'Alfred Kahakua at Naalehu
School.

oucks-Omori: N, E; {seismometer
period 3 seconds}. Operated by
Mr. Kongo Kimura at Pahoa ScLlool ..

oucks .... Omori: N, E; (s~isn1ome"ter

period 3 seconds)~ Operated by
Mr~ T. C. Mills at Waimea School.

rawaiian~type seismograph~ N~ E;
(seismometer period 9 seconds).
Operated by Mr. Howard Tatsu~o at
Konawaena School.

HVO-l: z.
Wood-Anders on ; N ~ E., Operat ed by

the staff of Hawaii National Park
at Haleakala, Maui.

1/ HVO-,l is a moving-coil, hinged, vertical~component seismograph with seismometer and
galvanometer periods of O~5 second~ Overdamping of both seismometer and galvanometer is used to
control the strong galvanometer reaction. This seismograph has a peak magnification of about 20,000
at a period of 0.25 second~ Recording is optical~ on photographic papert



2/ HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of
0.8 seconde Its signal is transmitted over telephone wires to the Hawaiian Volcano Observatory,
where it is recorded on smoked paper. The response of this seismograph is similar to that of
HVO-l. Records from these seismographs at the Mt 0, and D stations are recorded on a 3--component
drum to permit an accurate comparison of arrival times at these stations.
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HAWAIIAN VOLCANO 013SLRVATORY SUMMARY 14

By J. P. ~aton and H. L. Krivoy

Releveling of tilt bases around Kilauea caldera in late April and
early May disclosed that the pattern of tilting around the caldera
during February, March. and April was somewhat more complicated than
during the preceding few months. Tilting rates were moderate at all
stations, averaging about 4 microradians per month. with a maximum of
10.3 at Sand Spit and a minimum of 1.1 at Uwekahuna. All stations
except Uwekahuna and Tree Molds. both on the northwest rim of the
caldera, tilted away from an east-northeast to west-southwest axis
just southeast of the caldera. Moderate tumescence along this a~is
and a slight re1ative collapse along the northwest rim of the caldera
are suggested by the tilt pattern.

During/April. 138 earthquakes were recorded at Uwekahuna. Three
of these. with magnitudes between 2 and 2.5. occurred beneath the
summit of Kilauea at depths of 10 to 30 km.

The largest earthquake in.the Hawaiian region during April came
from a focus 35 km deep and 20 krn east of the summit of Haleakala
volcano on Maui at l7h34m on April 24. It has a magnitude of 3.58

No earthquakes were reported felt during Aprili

Only 137 earthquakes were recorded at Uwekahuna during May, and
none was reported felt.

On May 5 a small swarm of tiny. deep earthquakes accompanied by
about 4 hours of very weak spasmodic tremor stemmed from a zone about
10 km north of Kilauea caldera and.55 km deep. The largest of.these
earthquakes occurred at 17h51m and had a magnitude of only 2.2. About
60 distinct earthquakes from this swarm appeared on the Mauna Loa
seismograph. '

At 14h2Sm on May 7 a magnitude 3.1 earthquake originated about
5 km southwest of Halemaumau at a depth of about 30 km. The largest
earthquake in Hawaii during May originated about 3 km southwest of
Halernaumau at a depth of .about 30 km at 06h3Sm on the 20th. Although
it had a magnitude of 3.5. it was not reported felte

The number of earthquakes recorded at Uwekahuna declined to 95
during June. Five of these. with magnitudes between 2 and 2.5.
occurred beneath the summit region of Kilauea at depths ranging from
15 to 30 km,



Four earthquakes were felt in Hawaii during Juneo The earthquake
felt on Maui at 04h31m on June 3 originated beneath the sea about 5 km
east of Huelo Pointo Its magnitude was 3 0 30 A magnitude 2 0 8 earth
quake that occurred about 5 krn northwest of the Desert seismograph at
21h26m on June 9 was felt at Kilauea caldera o An earthquake from a
focus 15 krn deep beneath the southwest end of Mokuaweoweo caldera at
20hOlm on June 24 was felt from Kilauea caldera to Capto Cook a It had
a magnitude of 3 0 7 0

The largest earthquake in the Hawaiian region during June originated
beneath the sea about 50 km west of Milolii at l2hl7m on the 26tho It
had a magnitude of 4 0 2 and was fe~t in Capto Cook 0

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base' wat"er-tube tiltrnete'r in, Uwekahuna vault. and at
irregular intervals it is measured,on a regional scale'by means of a
network of field tilt bases and a portable water-tube tiltmeter (tables
land 2)0 The attitude of the ground surface at each tilt base is
reported in terms of north~south and east-west tilt coordinates 0 Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were beg6n o ' Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface,
that is, to a relative subsidence toward the north and east o A I-unit
change in coordinate corresponds to a 1 microradian (1 mm per km) tilt
in the direction indicated 0

Seismic summary

Events recorded by the UoS o Geological Survey seismograph network
in Hawaii fall into two categories~ local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of the Observatory, and distant earthquakes originating farther than
3,000 km from Hawaii o As an index of seismic activity at Hawaiian

1

volcanoes, weekly totals of earthquakes with magnitudes of 2 0 5 or,
gr~ateri earthquakes with magnitudes less than 205, and minutes 9£
continuous tremor, all recorded on the HVO-l seismograph at Uwekahuna,
are reported in table 3 0 Earthquakes of magnitude 2 0 5 or greater are
generally sufficiently well recorded to be located; they are listed
individually in table 4 0 Data on.identifiable phases from distant c

earthquakes are listed in table 50

Locations of the seismograph stations are shown on figure 2; and
essential data on the stations were given in Summary 13, table 60

2



Table l,,--Tilt coordinates at .Uwekahuna vault, April-June. 1959
I • t I - _

Date N-S E-W Date N-S E-W
~ ~,l':~",~

/~pr. 5 512 464 M'ay 24 515 470
.... , ,

12 512 466 31 515 469

19 513 468 June 7 515 466

26 513 469 14 515 470

May 3 513 471 21 515 474

10 515 469 28 518 474

17 514 471

JiU8'l" I ILl - - ..... ~ ..

3.



Table 2o==Ti£! coordinates ~nd changes. at tilt. bases around Kilauea caldera (see fiSo 1)

=-ssa.... I ~

Tilt base Date Tilt coordinates Rate and direction Date of
(location) (1959 ) of tilting since last

las~t reading reading
N...S Et=W (10"'!6 rad/mo) (1959 )

'-

Uwekahuna
(19°25 0 5' No. 155°17 0 4' Wo) Apro 27 544 0 2 46908 1 0 1 No 84° Wo Feb a 2

Tree Molds
(19°26 0 3' No, 155°1703' Wo) Apr 0 28 502Ql 498 0 7 2 0 4 So 2° We Febe 5

Summer Camp
(19° 24 0 6 t . NOt 1550 15 0 6 i WG) May 4 517.~ 7 528 0 0 3 0 3 No 5° Eo Feb 0 8

Sand Spit
(19°24 0 1' No, 155°16 0 8' We) May 4 53101 482 0 8 10 0 0 No 23° Wo reba 8

Kalihipaa
(190 21 0 4ij NOt 155°1503' W0) Apr o 28 48703 502 0 4 3 0 4 So 6° Wo Feb 0 9

Keamoku
(19°25 0 1' Not 1550 19 0 0 v Wo) May 12 512 0 8 498 b 6 5 0 4 No 6° Wo Marc 2

Kamokuko1au
(19°22 0 7' No, 155°16 0 6' Wo ) May 5 489 n 2 50605 601 So 31° Eo Marc 4



ss

-KN

-HP

t---t

TILTING RATE 2.5 l( 10- 6 RADIANS/ MONTH N

------5KM ------I~ f.

Figure 1.--Ti1ting of the ground around Kilauea caldera, Feb. 6, 1959,
to May 5, 1959. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.

5



·.,,:ti·.'tiW\~,~tt:~~-'-;)·":·~·'~''''~!''l;-''~·.• '·,·~ • ~~ ., •~ •."'J \r~ &..0:'1'

Week Number of earthquakes Minutes of
:ieginning continuous

'Magni tude ~,2 0 5 Magni tude ~ 2 c. 5 tremor
""'~

... .... -/nlti.', """l"4~.~{.rat

..\.pril 5 1
~

30 0

12 2
!

21 0

J

19 2 1 37 0

26 1 29 9

May 3 2 35 240

10 0 24 0

17 2 31 10

24 4 27 0

31 2 20 4

June 7 3 17 0

14 1 24 10

21 4 20 0

28 1 14 25

6



Table 4 o<==Local ... earth uakes of the U6 So Geolo ical Surve

[Except for smaller earthquakes of sp~cial_interestJ only earthquakes with
magnitudes of 2-05 or greater are listedo time is Hawaiian standard]

Date Time Magnitude Epicenter Remarks

"h m s .Lat..o No Longo We Description .- ~.- ~ ~

Apr o 4 07 -23 18 .2 0 8 19°26' 155°27' 10 km SW o of Mauna Loa Depth about 5 km o
.-

seismograph 0
-.

Aprc, 5 00 10 09 3 0 3 20°54' 154°57 i About 130 km No of Hilo=== Depth about 15 kmo

Apr 0 12 23 49 28 208 19°20' 155°14' 8 km SEo of the Outlet Depth about 3 kmo
seismograph"

Apr o 13 17 38 30 2 0 5 19°27 i 155°26' 7 km SWo of Mauna Loa Depth about 8 kmo
seismograph 0

Apr 0 20 10 31 42 2 7 19°59" 155°27' 12 km So of Honokaa-=~==== Depth about 10 kmo

Apr 0 24 17 33 50 3 0 5 20 0 43 11 156°03 ff 20 km Eo of summit of Depth about 35 krno
Haleaka1a. Mauio

Apr o 28 15 19 55 3 0 1 20°02' 155°30' 8 km SSW o of Honokaa-.-~==== Depth about 10 kmo

May 7 14 21 37 301 190 22 tt 155°18' 3 km SW o of the Outlet Depth about 30 km o

seismograph 0

May 7 15 16 38 2 0 5 19°44; 155°23' 15 km Eo of Pohakuloa"'~=c==> Depth about 15 kmo

May 20 06 35 00 3 0 5 19°23' 155°19 R 3 km SW o of Halernaumauc=o=== 30 km deep 0



Table 4o~=Local earthquakes recorded by seismographs of the UoS o Geological _Survey,
April~June 1959~~Continued

Date Time Magnitude Epicenter Remarks

h m s Lato No Longo Wo Description
~ .- c..

May 23 11 35 03 208 19°20' 155°50' West flank of Mauna Loa Depth about 5 kmo
about 25 km SW o of
Mokuawe owe 0 0

May 24 15 28 27 3 0 0 19°10' 156°20 i About 45 km Wo of "Milo1ii= Depth about 15 kmo

May 24 19 59 25 2 0 7 19°21' 1550 34 w 13 krn o So of Mokuaweoweoc== Depth about 5 km o

May 26 08 41 03 3 G O 19°59' 155°40' 5 km So of Kamuela--·-.-.===..., Depth about 30 kIno

May 26 08 41 02 2 0 6 20 0 11 fl 155°31' 20 km NEo of Kamuela--=c==>-- Depth about 15 kmo

June 3 04 31 29 3 0 3 20°55' 156°10' 5 km Eo of Huelo Point, Depth about 15 km o

Mauio Felt on the
island of Mauio

June 6 OS" 08 28 3:)4 20003 t 155°40' 5 km No of Kamuela beneath 35 km deepo
the summit region of
Kohala Mountain 0:

June 7 20 41 01 205 19°05 ' 155°24' Beneath sea 20 km"Eo of Depth about 10 kIno
Naalehu 0

June 7 21 21 05 2 0 7 19°26' 155°28' 10 km SW c of Mauna Loa Depth about 5 km o

seismograph 0

June 9 21 25 50 2 0 8 190 23ij 155°25' 5 km NW o of Desert seismo~ Depth about 5 km o

graph 0 Felt at Kilauea
caldera 0



Table 4o=~Local earth uakes hs,of the UoS~ Geolo ical Surve
-<llcCont~nued.........................

June 16

h m s- .... ~

09 06 15

Description

19°24', '1550 28' 10 km NW o of Desert
seismograph 0

Remarks

Depth about 5 kmo

to

June 22

June 24

June 25

June 26

14 28 09

20 01 18

16 11 30

12 16 34

19'?19 V 155°45' 10 km No of Puu 0 Keokeo~~ At shallow deptho

155°36' At SW o end of Mokuaweoweo Depth about 15 km o

caldera 0 Felt from
Kilauea caldera to Capt 0

Cooko

155°31' 7 km NW~ of Pahala-~=~==== Depth about 5 kmo

156°22' 50 krn Wo of Miloliio Felt Depth about 15 kmo
in Capt~, Cooke

June 28 02 52 57 1550 56! Kealakekua fault at
Kealakekua Bayo

At'shallow deptho



[Times are reported in Greenwich civil time, which is 10 hours faster
than Hawaiian standard timet A "e" following the time of P indicates
that the fi~st motion was a compression; a "d." that it was a dila
tation~ Station symbols, locations. and instrumentation were presented
in Summary 13, table 6. Locations of epicenters, origin times, focal
depths, and magnitudes are from the notices of Preliminary Determination
of Epicenters published by the U~So Coast and Geodetic Survey]

Apr 0 1

Hi z

!apr 0 6

M z iP 14:25:33 0 9

18-1/2° S~t 169° W.
14:48~34c

New Hebrides Iso
h about 200 km o

o

D

u

z

z

z

iP 14~25:3307

iP 14~25~3301

Apr 0 1

Hi z iP 23g43:2000
u PEN is 14g36~14

U PEN ~SS 14:42:00
6° So, 154° E c,

23:33:45 6

Solomon rSt)

h about 100 krn o

Apr o 5

u

u

Hi

PEN

PEZ

z

eQ 14:48:40

eR 14~53~46

eP 14:25~3501

15-1/2° S~. 167-1/2° Eo
21~05:54o

New Hebrides Iso
h about 100 km e

10° SOt 120-1/2° Eo
14g12:36 o

Sumba Iso
Magnitude 6-1/40

M

o

u

z

z

z

eP 21:14:44.1 Ha Z

Apro ..8

M Z

iP 14:25:22 0 2

iP 01:32:38 0 3 d

Apr 0 5 o z

Hi

u

u

PEN eQ 23~54~30

PEZ eR 23g58~OO

D Z

u z

Hi Z

eP Ol~32:3605 d

iP 01g32:4005 c

5-1/2° Se, 146° Eo
23~29:25o

Near north coast of New Guineao

10

Ha Z eP 01:32:42~8 d



Table 5~--Distant earthquakes--Continued
_M

Apr c 8--Continued

32-1/2° So, 179-1/2° Eo
01:23~26G

Kerrnadec Is. region 0

h about 400 krn()
Magnitude 6 to 6-1/4 0

Apro 11

M

o

D

z

z

z

iP 11~40:5104

Apr o 9

U PEZ eR 07:20:20

1° S." 128° E~

11:28g50
Spice Iso

36° S (\ t 77° E.
06 : 18 ~ 34 0

Kerguelen IS e region 0

Apr e 12

M Z

U PEZ eR 15:56:38

eS 15:44~26

eP 15:34~0907z

z

PEEu

M

U PEZ eS lO~12:56

u

U Z eP 10g04~2806

Hi Z

17-1/2° Nt, 95° Wo

09~54:51c

Mexicoo Damage at Cordoba 0

h about 100 'km 0

Magnitude 6-1/40

U PEZ eR 10:20:30

Apl' o 9

U PEN eQ 18:06:18

U PEZ eR 18:08:23

7° Not 82° W~

17:36:10e
South of Panama~

Magnitude 6-1/4 to 6-1/2 e

Apr 0 10

M Z iF 05:55~5301 d

0 Z iP 05:55~53eO d

D Z iP 05:55:52 0 1 d

U Z iP 05:55:53 tJ l d

Hi Z iP 05:55~56~6 d

4-1/2° So, 1340 Eo
15:22g33 o

Near coast of New Guinea o

h about 100 km8

25° So, 178-1/2° E~

05g47g34 o

South of Fiji Iso
h about 600 km e

Hi Z eP 15:34g10 0 5.

11



Table 5 o --Distant earthguakes--ContinuedII _

Apr o 12

M Z eP 21:01:30 0 3

0 Z eP 21:01:29 6 8

D Z eP 21:0l~2go9

U Z iP 21g0l~3007

U PEZ eS 21:07:27

U PEZ iR 21~11:09

Hi Z iP 21:01~35e1

15-1/2° So, 173° Wo
20:54~OOo

Samoa IS e region 0 Felt
at Apiao

Magnitude 6 to 6-1/4 0

Apr 0 14

U PEZ eR 03:12:07

24° NOl 109-1/20 Wo

02~53:04()

Gulf of Ca1ifornia o

Magnitude 5-1/4 to 5-1/20

Apr~ 14

M Z iP 07~27~4801

0 Z iP 07:27~4807

D Z iF 07g27g49 0 3

U Z iP 07:27~4800

Hi Z iP 07g27:4506

57-1/20 N f,I • 1550 W0

07~20~28o

Alaska Peninsulao
h about 60 km<t

Apr 0 15

U PEZ eR 00:40:52

41-1/2° NO l 143° Eo
OO:15~21o

Near south coast of Hokkaido ,
Japan 0

Apro 16

M Z iP 07:35:36,,1 d

0 Z iP 07:35:35.,8 d

D Z e 07g35g3501

U Z iF 07:35g3509 d

Hi Z iP 07:35:38 0 4 d

23-1/20 So, 179 0 E e

07:27:27 0

South of Fiji Is~

h about 550 kmo

Aprt) 16

M Z iP 16g23:53 0 9

0 Z iP 16~23:5402

D Z e 16~23:5303

U Z eP 16:23~5307

U PEZ eR 16:40~31

Hi PEZ eP 16~23:54~8

12-1/2° Net 1430 Es
15:13~56o

Mariana Iso region 0

h about 100 km o

Magnitude 6-1/2 0

12



Apr o 18 ~1,2.-~Cont.inued

4-1/2° S~. 153-1/2° E~

06:18~OO~

New Ireland regiono Felt at
Londolovit and Rabaul o

h about 100 km~

Hi z iP 06:27:37 0 1 6° S~. 149~1/2° Eo
03:27:52"
New Britain$ Felt at Kandrian

and Walindio
h about 100 km o

Magnitude 60

56° N. t 162~1/2° Wo

12~42g50o

Bristol Bayo

Apr 0 19

U PEZ eR 08:09:30

45° SO" 82° W6

07~26:15o

Pacific Oceano
Magnitude 6 0

M

D

z

z

iP 12:50:00 0 8

Apr" 19 Apr o g

M z iP 15:10:52 0 8 M z iPn 11:03:21 0 1

o z iP 15:10:52 0 9 o z iPn 11~03~22G7

D z D z iPn 11:03:23 0 1

u z eP 15:10g52 0 3 'u z

u PEZ eR 15:20~59 u z

Z Tmax 11:39~Z2

Z e 11:02:19

58° No, 152-1/2° Wo
15~03;26o

Near Kodiak Iso, Alaska o

Magnitude 6-1/4 0

u

Hi

Hi z iPn 11:03~1908

U PEZ eSS 03:50:25

U PEE eS 03:46~15

Ha Z Tmax 11:37~29

Z Trnax 11:39:13

zHa

Hi
eP 03:28g02 0 4Hi

Apro 20

u

u

PEN eG Q3g50:01

FEZ eR 03~55:37

54° No, 1670 We
10:55:05 e

Fox ISct Aleutian Iso
Magnitude 6~

13



Table Se--Distant earthquakes~~Continued

Apro 22 Apro 26

U PEZ eR 21:02:38 0 Z iP 20:52:0909 c

36-1/2° So t 97-1/2° Wo D Z iP 20:52:09 0 4 c
20:26:46t)
Pacific Oceane U Z iP 20~52:0905 d
Magnitude 5-3/4 to 60

U PEZ iP 20g52~0903 c
Apr o 24

U PEZ ipP 20~52:37

U PEZ eR 10:02:21
U PEZ isP 20:52~46

11-1/2° NG • 86-1/2° W.
09~31:33o U FEZ ePP 20:54:44
Near coast of Nicaraguao
Magnitude 6-1/4 to 6-1/2 0 U PEZ is 21:01~44

Apr o 24 U PEZ iPS 21:02:22

M Z iP 18:07:3903 d U PEZ eSS 21~06:02

I

0 Z iP 18:07:38.6 d U PEN iG 21:09:40

D Z iP 18:07:37 0 5 d U PEZ iR 21:14:50

U Z iP 18:07:38 0 2 c Hi Z iP 20:52:09~8 c

U PEZ iP 18:07:38 0 5 c Hi N eS 21:01:40

U PEN is 18:15:24e2 Ha Z iP 20:52:03 v O c

U PEZ eSS 18:19~O3 Ha N eS 21~01~31

U PEZ iR 18~29:05 25° No. 122-1/2° Eo
20:40:38c

Hi Z eP 18:07:4002 c Near northeast coast of Formosa 0

Two killed and minor damage
Ha Z eP 18:07:44- 0 5 c at Taipeio

h about 150 kmo
31° SOt 1780 We Magnitude 7-1/2 to 7-3/4 r~

17:57:58 0

Kermadec Iso Apre 27
Magnitude 6-3/4 to 7 0

M Z eP 10~00~17f'O

0 Z eP 10:00:17t.5

0: 14



Table 5o~-Distant earthquakes-~Continued
11

Apr o 27--Continued Apr o 28--Continued

D Z eP lO:00~1407 150 No. 93° Wo
11:09:30.

U Z eP 10:00:17 0 4 Mexico-Guatemala bordero
Magnitude 6-1/2 to 6~3/4o

Hi Z eP lO:00~1902

May 1
70 So, 1290 Eo
09~48:09o Hi Z iF 15:06:57 0 4
Banda Sea o

5° So. 154 0 Eo
Apr" 27 14:56:57 0

Solomon Iso region~ Felt
M Z iP 12:59:29 0 7 at Londolovit and Rabau10

h about 60 km o

0 Z iP 12g59~2g~7

May 3
U Z eP 12g59~2609

U PEZ eR 05: 11': 33
1/20 So, 1240 Eo
12:47:270 12-1/20 Net 87-1/2° We
Celebes regiono 04:41:241) .
h about 200 km o Near coast of Nicaraguao

Felt at San Vicente. El
Apr 0 28 Salvador~

h about 100 kID I

M Z iP 11:19~3geO d

Max ..!!:.
0 Z iF 11:19:38 c l d

M Z iP 07~24:2106 d
D Z iP 11:19:38 0 7 d

0 Z iP 07:24:2205 d
U Z iP 11:19~3803 d

D Z iP 07:24:2209 d
U PEZ iP 11~19:3705 c

U Z iF 07~24:2204 d
U FEZ is 11g27~5200

U PEZ iP 07~24:2204 d
U PEZ eSS 11~31~46

·u Z ePn 07~27:0101

U PEN eG 11~34~24

U PEN is 07~31~15

U PEZ iR 11g36g49
U PEN eSS 07g34~OO

Hi Z ipl 11:19g36 0 8 d
U FEZ iSSS 07g34:56

Ha Z iP 11:19:47 0 9 d
U PEE iQ 07:35:00

15



Table 5o-~Distant.earthquakes~-Continued

~ay ~--Continued May 5--Continued-
U PEZ iR. 07g36~49 U Z eP 19~l3:0702

U Z Tmax 08g17~24 U PEZ eS 19~20:23

Hi Z iP 07g24g21 0 0 d U PEZ eR 19~26g14

Hi Z ePn 07~27~O7 530 Not 1590 Eo
19~04~16o

Hi E eS 07g31:26 Kamchatka aftershock 0

Magnitude 6 ~

Hi E eQ 07:35~40

May 5
Hi N iR 07g37~36

M Z iP 17:36g45 0 3
Hi Z Tmax 08g16~42

0 Z iP l7~36g4407

Ha Z iP 07:24g10 0 2 d
Hi Z iP 17~36g4808

Ha Z iPF 07:26g09 0 6
18° SOt 1790 Wft

Ha Z ePn 07:26:43 17:29:26
Fiji Iso

Ha Z ePPP 07:26;47 h about 600 kmo

Ha N eS 07~31:05 May 7

Ha E eQ 07g35~12 U PEZ eS OOg21~50

Ha N iR 07g36~51 U PEZ iR OO~30~27

Ha Z Tmax 08g22g02 3-1/2° So 148.-1/2° Eo
OOg03g24~

52-1/2° Not 159-1/20 Eo Bismarck Sea o

07g15g42~ Magnitude 6 to 6-1/4 0

Near east coast of Kamchatka;
1 killed and 13 injured o May 7

h about 60 kmo
Magnitude 8 0 U FEZ eR 11:44:15

May 5 3.-1/2° SOt 1500 Eo
11g17:16~

M Z eP 19 ~ 13 g04 () 4 Bismarck Seao

D Z eP 19g13~0500

16



May 7

Table 5 e --Distant. earthquakes--Continued

May 12--Continued

8-1/2° So. 123-1/2° Eo
20~22:41o

Flores Iso

May 8

M Z eP 11g43:30 0 8

0 Z eP 11:43:30 e O

D Z eP 11g43~3106

U PEZ eS 11~50:35

U PEZ iR 11:56:37

53-1/2° N f) • 160-1/2° E e

11:34:50 0

Near east coast of Kamchatka o

h about 60 km,
Magnitude 6 0

May 10

U PEZ eR 00:24:35

45° N() t 149° Eo
23g57g09 (May 9) 0

Kurile Iso

May 12

M Z eP 05g05~55<)4

0 Z eP 05:05:54 0 9

D Z eP 05g05:53 0 7

U PEZ eP 05~O5:49

U PEN is 05~12:36

U PEE iQ 05~15g51

U PEZ iR 05:17:56

17

M z iP 20:35:18 0 1 Hi N eR 05:17:42

54-1/2° No. 1680 Eo
04:57~35o

l<omandorskie Iso
Magnitude 6-1/20

May 12

U PEZ eS 21:53:05

U PEZ iR 21~56~34

Ha Z Tmax 22g24~15

51-1/2° No. 1770 Wo

21:40:22 0

Andreanof Iso, Aleutian Iso

May. 12

M Z eP 22:07:10,,7

0 Z eP 22:07:10 0 9

D Z eP 22:07:11 0 8

U PEZ is 22;12:36

U PEZ iR 22~16:12

Ha Z Trnax 22~43:45

51-1/2° No, 177° Wo
21~59:56o

Andreanof Iso, Aleutian Is,
Magnitude 6 0

May 14

U PEZ eR 07:39~06

35-1/2° No, 24-1/2° Eo
06:36g57"
Crete II

Magnitude 6-1/2e



May 14

Table 5e--Distant.ea: th uakes--Continued

May 16--Continued

PEZ eS 09:49:52 u PEZ iR 06:41:35

u PEZ iR 09:56:46 u Z Tmax 07:25:37

4-1/2° So, 153-1/2° Eo
06:16:230
New Britain 0 Felt at Karoola.

Taliligap and Rabau10
h about 60 km o

Magni tU.de 6-3/4 0

19 0 8(1' 1700 Eo
09~33~22t}

New Hebrides Iso

May 14

U PEZ eS 12:05:45

J U PEZ iR 12:12:37

19 0 So, 1700 Eo
11~49:20o

New Hebrides Iso

Hi Z

Ha Z

Ha Z

iP 06:26~0105

eP 06:26:00

Tmax 07:25:26

23° S(I, 1140 We

00:50:030
South Pacific Oceano

May 14

U PEZ eS 13:35:51

U PEZ iR 13:42:47

190 Se. 170° E"
13:19:32 0

New Hebrides Is~

May 2~

M

o

z

Z

eP 01:00:05 0 1

eP 01:00:03 0 6

May 16

M

o

D

z

Z

z

eP 06:26:01,,0

eP 06~26:0103

eP 06:26:0018

May 20

M

o

D

z

z

z

iF 11~36:0500

eP 11:36~0508

iP 11:36:05 0 4

u

u

PEZ eP 06:25:58

PEE is 06:33:50

32-1/2° No, 136-1/2° Eo
11:26:28 0

South of Honshu, Japan 0

h about 450 km o

u

U

u

PEZ eSS 06:37:11

PEN iQ ·06:39:46

PEZ iSSS 06~40:11

18

Mal: 20

M

o

z

z

iF 19:44:32~5 c

iP 19:44:33 e1 c



Table 5o--Distant earthquakes~-Continued

May 20--Continued May 24--Continued

D z u Z iP~ l9~27:0602 d

u z eP 19:44~3300 c u PEZ iP 19:27:07 d

u PEZ eR 19959~07 u PEZ ipP 19927g35

Hi z u PEN is 19~34~48

44-1/2° No, 149° Eo
19:35:03 e

Ku~ile Iso

u

u

PEN isS 19:35:24

FEZ eSS 19:38g28

May 21

U PEZ eR 07:07~42

u

u

PEN iG 19940:35

PEZ iSSS 19:40~48

52~1/2° NOt 170-1/2° Wo

06:5l:40 a

Fox Is 0 t Aleut ian Is 0

U PEZ iR 19:42:57

Hi Z iP 19:27:04 6 4 d

May 21 Ha Z eP 19:27:13.2 c

28° So, 69° Wo
11:34:23 0

Northern Chile ~ Argentina
bordere

h about 60 kmG
Magnitude 6 0

Hi

u

u

u

Z eP 11:47:47 0 1

PEZ ePS 12:00:11

PEZ eSS 12:05:17

PEZ eR 12~17:23

17-1/2° No, 97° Wo
19:17g40 o

Oaxaca, Mexico. 5 killed,
10 injured. and minor
property damageo Felt
also in Mexico CitYo

h about 100 km o

Magnitude 6-3/4 to 7 G

May 26

U Z eP 04~24:1002

U PEZ eR 04:44:48

May 24

M z iP 19:27~0609 d

Hi Z

Ha Z

eP 04:24:09 0 9

eP 04g24:01 0 7

o

D

z

z

iF 19~27:0602 d

iP 19:27~0609 d

19

27-1/2° No, 126-1/2° Eo
04:13;010
Ryukyu Iso regiono
h about 100 kIno
Magnitude 6-1/2 to 6-3/4 6



Table 56~-Distant earthquakes-~Continued

May 29 May 31--Continued

M Z iP 10:51:53 0 6 c 6c.l/2° So. 155° Eo
09~28:09o

0 Z iP 10:51:53 0 2 c Solomon Iso
Magnitude 6-1/2 0

D Z eP 10:51:52 0 4- c
June 1

U Z iP 10~51~5303 c
U PEZ eP 17:16:45

U PEZ iP 10:51:54 0 3 c
U PEZ eS 17:24:25

U PEZ ipP 10:52:16 e 8
U PEZ eSS 17~28~O9

U PEZ is, rO:59:42
U PEZ iR 17~31g39

U PEN eQ 11~03:26

6-1/2° So. 155-1/2° Eo
U PEZ iSSS 11:05:01 17:07g23 0

Solomon Iso
U PEZ iR 11:07:40 h about 100 km e

Hi Z iF 10:51:56 6 3 c June 2

Ha Z iP 10:51~5509 c U FEZ eR 01:17

Ha Z epP 10:52~22 31-1/2° No, 131-1/2° Ef)
OOg47~17o

19° So, 169-1/2° Eo Near coast of Kyushu. Japane
10:42:48 0

New Hebrides Iso June 2
h about 60 km o

Magnitude 6-1/20 U PEZ eR 03:44:49

May 31 25° SOt 176° Wo

03~23g12o

0 Z eP 09 ': 37 : 39 ~ 7 Tango Iso region 0

D Z eP 09:37:38 0 9 June 2

U PEZ iF 09:37:41 U PEZ eR 05~19g29

U FEZ is 09:45~16 21° No. 121-1/2° E~

04~57~18o

U PEZ eSS 09:49:06 Baton Iso regiono

U PEZ iR 09:52g37

U PEE eQ 09:54:37

20



Table 5o--Distapt eartpquakes~-Continued

June 3 June 14"'..Continued

U PEZ eR 05:59~09 Hi Z iP OOg25:06 0 5 c

52-1/2° Ne , 170° Wo Hi Z ipP 00:25:38 0 4
05:43~28o

Fox Iso, Aleutian Iso Hi Z Trnax 02:08~00

June 5 Ha Z iP 00:25:1704 d

U PEZ eR 2l:07~35 Ha Z epP 00:25:49 0 9

12° No, 86-1/2° Wo Ha Z Tmax 02:09:29
20:37:15 0

Near coast of Nicaraguao 20~1/2° So, 68° Wo
h about 100 km o 00g11g57 o

Southwestern Bolivia~ 1 killed
June 14 and minor property damage

in northern Chi1eo
M Z iP 00:25:09.8 c h about 100 km.

Magnitude 7-1/4 to 7-1/2 6

0 Z iP 00:25:09 0 1 c
June 14

D Z iP OO:25~O9()4 c
M Z eP 21:10:57 0 1

U Z iP 00:25:10 0 0 c
0 Z eP 21:10~56c6

U PEZ iP 00:25:10 d
23-1/2° So, 179-1/2° We

U PEZ ipP 00:25:38 21:02:320
Tonga Iso regiono

U PEZ iPP 00:28:34 h about 300 krn o

U PEZ iPPP 00~29g34 J·une 15

U PEE is 00g35g38 M Z iP 02~50:3407

U PEE isS 00:36:40 0 Z iF 02~50:3500

U PEZ eSP OO~42:29 D Z iP 02~50:3406

U PEN eQ OO~48~59 25° No, 122-1/2° Eo
02g38~48o

U PEZ iSSS OOg49:41 Near northeast coast of
Forrnosao

U PEZ iR OO:54g36

21



Table So--Distant earthquakes~~Continued

U FEZ eR 20g52~53

Hi Z eP 20g42g20 e 6

June 18~~Continued

June 19

eQ 14:50~53

eR 22~34:08

eP 14~15~0401

PEN

FEZ

u

27-1/2° No, 111° Wo
20~34g40o

Gulf of California 0

17 0 So. 177° Wo
14g06:50 o

Fiji Iso

Hi Z

39° No, 119° Wo
14g35:02 o

Western Nevada o Felt in
Nevada and eastern Ca1ifornia o

Magnitude 6-1/4 0

11-1/2° So, 167° Eo
22~11~51o

Santa Cruz Iso

u

54° No. 1610 Eo
15~58~38o

Near east coast of Kamchatkao
Magnitude 6~1/2 to 6~3/4 {sie)o

June 21

June 22

June 23

June 18

U PEZ eR 07~26g09

55° ,So, 129° Wo
06~50~45o

Pacific Ocean()

June 18

M Z iP 15~40~lOo9

0 Z iP 15:40~11e8

D Z iP 15g40~1107

U Z eP 15g40~1100

U PEZ eP 15:40~1205

U PEN ePcS 15:46~49

U PEZ is 15~47:18

U PEE iQ 15~51~29

U FEZ iR 15~53:23

Hi Z iP 15~40~lOo3

54° Not 161° Eo
15~31~25o

Near east coast of Karnchatkao
Magnitude 6-1/4 to 6-1/2 (sic)o

June 18

M Z iP 16:07g23 0 8

0 Z iF 16g07g24 0 9

D Z iP 16~07~2408

U FEZ iR 16~20~O9

Hi Z eP 16:07:20 0 9

22



Table 5 o --Distant earthquakes~-Continued

June 25 June 28

U PEZ eR 07g3l~48 M Z iP 19:56:07 0 4

62° NG • 27-1/2° Wa 0 Z iP 19:56:0708
06~46g55o

South of Iceland 0 D Z iP 19~56:0702

June 27 U Z iP 19:56:08 0 4

M Z iP 19914~15eO d U PEZ is 20:06:27

0 Z iP 19:14:14 0 6 d U PEZ eR 20~23~34

D Z iP 19:14:13 0 8 d Hi Z iP 19g56:09 0 3

U Z iP 19:14:14 0 7 d Ha Z iP 19~56g0505

U PEZ iP 19:14:14 0 7 d 9-1/2° SOt 122-1/2° Ec
19943~22o

U PEZ epP 19:14~49 Sawoe Sea o

U PEZ esP 19:15g11 June 29

U PEN is 19;22:04 U PEZ eP 07:25:44

U PEN isS 19:23g04 U PEE eS 07~33:41

U PEZ eSS 19:25~52 U PEZ eR 07:41~20

U PEN eQ 19~27g48 7° So, 155-1/2° Eo
07~16g07o

U PEZ eR 19930g48 Solomon Iso
Magnitude 6 to 6-1/40

Hi Z iP 19~14g1704 c
June 29

Ha Z iP 19g14:20 0 8 c
M Z iP 13~31:3105 d

33° So. 179° Wo
19~04g270 0 Z iP 13:31:31 0 6 d
South of Kermadec Iso
h ab,out 100 km o D Z iP 13:31:30 0 6 d
Magnitude 6-3/4 c

U Z iF 13g31:31 0 7 d

23



Table 5o~=Distant earthquakes--Continued

34° SOt 1790 Wo

lO:23g17
South of Kermadec Iso

June 29=~Continued

6° No l26~1/2° Eo
13g19g47 o

Near south coast of Mindanao o

Philippine Iso
h about 150 km o

24

June 30

M

o

z

z

eP lO~33~l201

iP 10~33;1105



Kolopona

Apuo Point

20·

Cape
. Kumukahi

Contour interval 1,000 feet

EXPLANATION

10 1511111••

Oolum i, mean ..0 'e.e'

• Seismoc;Jraph Station

• Town or locality

TOPoQ,ophy by US Geolooicol Sur.ey

Laupahoehoe -+- _

,------------------------+--""""'------ 19-19· -.+---------.........

20· --+------

Figure 2.--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms
of geographic coordinates, which are indicated at the edges of
the map.
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 15

By Jo Po Eaton and Ho Lo Krivoy

Tilt bases around the Kilauea summit tilted generally inward toward
the south rim of Kilauea caldera between early May and rnid~Augusto

Rates of tilting were quite small at all stations~ averaging slightly
less than 1 microradia~permonthi with a maximum of 104 microradians
per month at Sand· Spit and Kamokukolau and a minimum of· 0 CJ 5 micro~

radian per month at Kalihipaao Comparison of the present pattern of
tilting (figc 1) with that from October 1958 to February 1959 (Summary
13) reveals a striking contrast 0 rhe present tilt vectors are almost
exactly reversed with respect to corresponding vectors of the earlier
epoch; and present tilting rates average only about 1/3 those of the
earlier epocho Even Sand Spiti) which appeared to be anomalous during
the October to February epoch because it tilted toward the caldera
while other stations tilted away~ reversed. v From May to August it
tilted outward from the caldera while other stations tilted toward the
caldera 0

Gentle subsidence of the summit of Kilauea in response to a slow
escape of magma from a reservoir beneath the south rim of the caldera
is suggested by the present tilt patterno Keamoku~ a new tilt base~

failed to conform to the pattern set by the rest of the stations and
tilted northward away from the southwest rift zone adjacent to the
caldera 0 Possibly~ magma moving from the sub~summit reservoir into the
southwest rift zone is responsible for this apparent anomaly 0

Of the 107 earthquakes recorded at Uwekahuna during JUly~ 3 were
reported felto The first of these occurred near Kealakekua at 02h19m
on July 10 and was felt in Capto Cook 0 Its magnitude was only 2 0 00
The second was somewhat larger~ with a magnitude of 300~ and it was
also felt in Capt 0 Cooke It originated at a shallow depth near Hookena
at lSh27m on July 29 0 The magnitude 3c5 earthquake which was felt at
Kilauea caldera on July ~t1. at lSh44m was the largest Hawaiian earth.....
quake of the rnonth~ It originated at a focus 5 kIn south of Mokuaweoweo
caldera and 30 km deepo

An interesting group of moderately deep earthquakes with magnitudes
of 2~6 to 3 0 5 occurred.at scattered points on a broad ring around
Kilauea "olcano at an average distance of a.bout 35 km from Kilauea
caldera~ In order of occurrence these earthquakes were~

July 7, 15h41m2ls~ 8 km south of Bilo and 40 km deep;
July 13 t Ogh S2mOls ~ 27 km south· of Cape KUInukahi and 15 krn deep;
July 13, 22h21mOOs~ 22 krn east of Naalehu and 25 km deep;
July 28, 16h51mOls~ 10 km southeast of Kalapana and 10 km deep;
July 31, lSh43m5Ss

t 5 km south of Mokuaweoweo and 30 km deepo



On June 30~ 1959 3 Dv H~, Richter arrived from Denver to join the
Observatory staff as Geologist to replace G~ D0 Fraser~ who returned
to Denver on July 26~ 1959 0

From August 14 to August 20 a great swarm of small earthquakes
and many hours of accompanying spasmodic tremor emanated from a zone
a few kilometers nOI'th of Kilauea caldera and about 52 km beneath the
surface of the earth v About 2 9 400 distinct earthquakes were recorded
on the Desert seismograph~ which obtained the clearest record of the
swarm 0 Spasmodic tremor was strong enough during the first day to
mask.man~ earthquakes o After about 40 hours tremor diminished markedlYt
and ~t d~ed out altogether during the last half of the swarm o

Earthquakes of the swarm were divided into two familiesg (1)
those for which the first arrival at Hilo followed that at Uwekahuna
by less than 1 0 6 seconds and (2) those for which it followed by le6
seconds or more o An analysis of 26 of the largest earthquakes of the
first family disclosed that the P wave reached Uwekahuna first~ 7 0 5
seconds after the earthquake occurred 0 Arri.val times of P at other
stations minus its arrival time at Uwekahuna were as follows~ Outlet~

+OQl sec~; Desert~ +O~4 secc; Mauna Loa~ +0,4 sec c ; Hilo 9 +103 secc;
Haleakala~ +16 04 secG These data fixed the focus of this group of
quakes at 19 0 29 v Nos 1550 18 v Wcs at a depth of 54 km~ A similar
analysis of 28 earthquakes of the second family indicated that P
reached Uwekahuna 6 0 9 seconds after the origin time o Additional times
required for P to reach other stations were~ Outlet 9 +0 0 1 sec~; Mauna
Loa t +0~4 seco; Desert~ +0 0 5 seco; Hilo~ +1 0 8 sec~; Haleakala t +16 0 7
sec o These data placed the focus of the second family of earthquakes
at 190 28 v Nv~ 1550 19 Q WU at a depth of 49 km g about 5 km above and 2
km southwest of the focus of the first family of quakeso

In the computation of both foci the Mauna Loa arrival times were
corrected by ~OQ3 sec~ to allow for a delay at that station revealed
by a study of distant earthquake P phasesG

Actually~ the two families graded into one another; and the two
foci should serve only to indicate the apparent dimensions of the
region from which they emanated~ This region is clearly distinct from
that which produced a similar swarm of deep earthquakes and spasmodic
tremor in January 1959~ however (Summary 13)~ It lies about 10 krn
above and 10 km west of the source of the January disturbance~

As a result of the swarm of deep earthquakes the number of earth=
quakes recorded at Uwekahuna during August rose to 2~314; but only
three were felto The first t which had a magnitude of 3~4 and was
felt in Captu Cook and Kealakekua~ originated 20 km west of Keahole
Point at 16h13m on August 12; The second~ with a magnitude of 4 c O
was the largest earthquake in Hawaii during August~ It occurred 8 km
south of Kalapana at a depth of about 45 km at 13hSSm on August 18 and
was felt at Kilauea caldera and Hilo~ The third was reported felt

2



only in Hilo u It originated 4 km north of Keanakolu at 03h06m on
August 25 and had a magnitude of 3 0 5c

During Augus~seven earthquakes with magnitudes of 1~8 to 2g8
occurred at depths ranging from 20 to 32 k~ beneath the summit of
Kilauea; none of these was feltv

The number of earthquakes recorded at Uwekahuna during September
fell to 1460 The magnitude 4 0 0 earthquake from a shallow focus 3 km
west of Kalalua Crater at 14h SOm on September 18, which was felt at
Kilauea caldera and Hilo~ was both the largest earthquake and the
only earthquake felt in Hawaii during the month o

Two magnitude 2 0 0 earthquakes originated at depths of about 30 km
beneath the summit region of Kilauea in early September v

One earthquake in August and four in September augmented the group
of moderately deep earthquakes which occurred around Kilauea during
July at a distance of about 35 km from the calderac, These earthquakes
were:

Aug" lSi 13hS4mSSs
i 8 knl south of Kalapana and 45 km deep;

Septc l~ 21h22m16s~ 15 krn north of Hila and 50 km deep;
Sept~ 12& 07h44m21s~ 14 km south of Hila and 25 km deep;
Septo 13, 18h31m25s~ 10 km southeast of Naalehu and 35 km deep;
Septo 18 9 llh05m54s~ 10 km west~southwest of Hila and 40 km deep~

In mid~September the North Pit seismograph began to record a swarm
of tiny, shallow earthquakes originating very near the northeast rim of
Halemaumauo From its commencement about September 17 until September
24, the swarm averaged about 60 earthquakes per day~ From September 24
unti~ the end of the month it averaged about 85 earthquakes per day~

~arthquakes of the swarm were so small and originated ~o near the North
Pit seismograph that no more than one earthquake in 10 recorded at that
station could be' detected on the Outlet seismograph less than 3 km awayc
For the largest quakes i amplitudes recorded at Outlet were only about
l/lOOth of those recorded at North Pit~

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water~tube tiltmeter in Uwekahuna vault~ and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt bases and a portable water·~tube tiltmeter (tables
1 and 2), The attitude of the gro1lnd surface at each tilt base is
reported in terms of north-south and east~west tilt coordinates~ Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun( Increasing tilt coordinates
correspond to northward and eastward tilting of the earthYs surface~

3
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19

26
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4

466

471

467

467

469
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ng
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27

28
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Tilt base l Date Tilt coordinates I. Rate and direction Date~

(location) t (1959 ) of tilting since last
:.' --::il

E-Vi
last reading readi

~ N-S ( lO&~5 (1959V. rad/mo)f.i I;
~~

. :i.~ ,... ~1ilII. "'.li: . :'S;:"!. _., .....'Qi.,,~--. .. 'J-

I
.- '"

i
U~lekahuna ! J

(19°25.5' N. , 1550 17.4 ' W~ ) ! Aug 0 13 543,,3 f 471GO 0.4 f s. 54° Ec
f

Apr~J

I i fTree Molds ~ tI I
(19°26.3' NI)' 155°17.3' W•. ) 14 49ge7 498.5 0 .. 7 ( S .. 5° WCl ! AprC'~ Aug~

f i f~ ~
(, ..

~ f •Summer Camp f, ~ j,.
I Augr-

,
!(19024~6! N .. , 155°15.-6' We) 15 517~7

f 525 .. 2 0.,8 w~ May~ C; i·
;" I, t

IAug,

~.

f\- ~

Sand Spit ! i I
(19°24.1 f NO' So 155°16,,8' W~) 15 527c-4 i 485,,8 f 1~4 i So 38° Ec , Ma}7

IAug.

r I j

i I !

Kalihipaa j. ~

(19°21 .. 4 I' Nft , 1550 15 .. 3 t W" ) 14 488~.6
t 501,,0 oC's !: NC' 44° W" IAprc.~ I (

I t r

I
I'

Keamoku II "I(19°25.1 t N" t 155°190:0' W~ ) Aug,. 17 516«.1 497~5 1,,1 N., 17° Wo
r May

Kamokukolau
(19°22.,7' N f o ,

155°16.,6' WCo) Aug., 16 493~9 506~1 1('4 No 5° We, filay J..

------- -'- ,.,~~...
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Figure 1.--Ti1ting of the ground around Kilauea caldera, May 5, 1959,
to Aug. 15, 1959. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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that is, to a relative subsidence toward the north and east o A l-unit
change in coordinate corresponds to a l-rnicroradian (1 mm per km) tilt
in the direction indicatedo

Seismic summfrX

Events recorded by the UyS~ Geological Survey seismograph network
in Hawaii fall into two categories~ 'local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of at least one seismograph i and distant earthquakes originating
farther than 3,000 krn from Hawaiio As an index of seismic activity at
Hawaiian volcanoes. weekly totals of earthquakes with magnitudes of
2.5 or greater, earthquakes with magnitudes less than 205» and minutes
of continuous tremor, all recorded on the HVO-l seismograph at
Uwekahuna, are reported in table 3 u Earthquakes of magnitude 2~5 or
greater are generally sufficiently well recorded to be located; they
are listed individually in table 4~ Data on identifiable phases from
distant earthquakes are listed in table 50

Locations of the seismograph stations are shown on figure 2; and
essential data on the stations were given in Summary 13, table 60
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Week Number of earthquakes Minutes of
beginning ."V.....b!tI_IIl..~.......~·jI:~· ~~~lIll"'~:&''-'.1Il:1:."t#"''(j._ continuous

Magnitude ~2 t 5 Magni tude (2. 5 tremor
'l'hclb~\'IR'ItCl :.l!_U~~~i.~~ ~~".Mli~

July 5 3 29 56

12 3 21 8

19 1 20 0

26 3 24 29

Aug. 2 t 0 20 0

I
9 ~ 35 1,345 1,815

t
(

16 i 13 852 555
J

23 I 1 36 4

30 3 I 22 0

Sept. 6 2 29 0I

13 5 37 0

20 1 35 0

27 1 35 34
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[Except for smaller earthquakes of special interest, only earthquakes with
magnitudes of 2.5 or greater are listedr Time is Hawaiian standard]

5 krn ..

Depth about 5 kmo

Depth about

Depth about 15 km ..

Depth about 25 km~

. At shallow depthc.

fKawaihae-------·---------~- Depth about 15 km.
~I10 km SW. of Kalapana-~--- I" Depth about 10 km.

JWest coast of Hawaii near • At shallow depth.
~ Hookena" Felt in Capt c' j

¥ Cook'i
~ 5 km S, of Mokuaweoweo ,~ Depth about 30 km(
~ caldera, Felt at Kilaue
Ii

~ caldera,.

3.·5

'"*_Uj" "--T'" · - ;' --- ...... I _., . -,. ",_e. 1-=· _....,..~.~~.~.,.~,
Date ~ Time ~ Hagnitude ~ Epicenter ~ Remarks

th-r~: lsi ~ Lat'. ~~:TZ:g·"""w·:f "--';:~c~iption I
.. -~-W-.i ~~ i-'--',T-1--1.-..,.-- --... . _ _,----_.--.---~

July 7 t. 15 iJ 41 I 21 ~ 2.6 I 19°39' ~ 155°04' 8 km S. of Hi1o-----------1 40 km deep.

8 112140 551 2, 5 !19°22' 1155026' (7 ~:i:~~g~=p~~sert , Depth about 5 km.

S I~. 14 ~ 56 36 i 2.7 II: 19°27' 11550 24'! 5 km S, of Mauna Loa I
I . t i seismograph~

I l i ! t
10 i 02 19 17 f 2 , 0 •..• , iNear Kealakekua · Felt in

~ t I ,~ ,caPt" Cook ~
f' ~.~ -~ ~ .

12 III 37' 16 1 2. 9 19°15' i155°33' i10 kIn NW < of Pahala-------

13 ~ 09 52 01 I 2 · 6 i 19°17 ' '151
1-

0 47' f 27 km S. of Cape Kumukahi-

13 ~ 22 ;; 21 00 ~ 3.0 f 19°03' ~ 155°23' ~ 22 km E. of Naalehu-------

f f i. 20°03.'19 21:~ 00 It 9 ~~ 2 ~ 5 i
~ r i !

28 ~ 16 (51 011 3 . 0 I",:',· 19°17 'I ~
29 ~ 5 fj 27 29 I 3 ~ 0

J.. W,,; ft
~, .~

18 ~ 43· 54 I

'I' I Iij





Table 4~--Local earth uakes Geolo ical Surve

15

15

15

15

Time Magnitude

2.9

2.8

3.1

3.1

Epicenter

Lat. N. Long. W.

KM 54.

KM 54e

KM 49 ..

KM 49«>

KM 49 •.

KM 54~

KM 49.

KM 54"

KM 54~

KM 49.

KM 49~

KM 49

KM 49c

Description

Remarks



Table 4 ~--t-.0cal .. ealrt2~a~esg M:;e<;ord~?1 by. s~!~m?$raEh~f!.,2e! ~~P.~Y~~;_ ~';'21oi!.£al,~;~::~~LL

J~.ly-S~!?temberlif llf~.59~-Continued

~..
I

' ..~..;~~.. ~O! !:: -. .·n

Date Time IMagnitude Epicenter

-~-----I
b ~ Lat. N. Lon.g~ W..m s

~
Description f- - - ~.-"

;,:

~
..-

~a
Aug. 15 09 08 39

I
2.5 1 KM 49 .. I

~
! tl

15 09 ~ 19 06 2.8 I g KM 54. i;
!

i: I ~
~! i15 17 01 56 2 •. 5 KM 49~ I; i I

15 17 22 16 2.8 ~ KM 49 ..i ~
tt

~ r,
15 19 31 52 3.0 I KM 49 .. j- ..

f
;1 j

15 19 35 59 2.-9 KM 540:. I1!
f

58 2r8 KM 541:
It

15 19 14 g
t;

fl

15 20 42 09 3.2 KM 49~
ti'

!
~.

i~;'

15 20 48 56 .!l 2.8 .~ KM 49. ~

f
,

I' ~;

~
~ ~

\If I15 21! 39

1
11 I 2~5

t KM 49.
i

i
~J ~
~

38 i ~I
15 t

221 25

1
2.5 KM 49 .. i

f~

r.
39

1
f

23

1
2 .. 5 KM 49 ..

~

15 52 1 N
~

~t

r.l6 011
r 2,,8 KM 54"34 1 311

If

?J I
16 011 56 ~ 19 2r5 KM 54"

I ~
~I i

16 03J 341 41 2.5 KM 54 ..'
:i

I



Table 4.--Lopal earthsuakef recorded_fl~seismosr~ph~~t_~h~ U~S~ Geological Survey,
JUtl-September 19~9--Continued

-
Date Time Magnitude Epicenter Remarks

h Ul S Lat40 N. Long. w. Description- - -
Aug. 16 07 05 42 j 2.5 KM 54.

~

16 oa l 29 30 2tt5 KM 4ge

I
16 10 I 47 46 2$6 19°22' 1550 16' 5 km SE .. of Outlet 20 km deepf:

seismograph~
~

17 00 46 39 1 2.5 KM 54 fl

17 02 02 34 2~5 KM 54fl

17 02 13 56 287 KM 54.,

17 02 33 48 2.8 KM 540

17 I 22 04 45 2.9 KM 540

18
~

04 34 3s1 2.5 KM 49,.f
I

i

18

f
13 54 50 4.0 19°17' 154°57' 8 km S .. of Kalapana~ Depth about 45 km«'

Felt at Kilauea caldera
and Hiloo

25 03 06 16 3r,5 19°57' 15502~' 4 km Nr. of Keanakolur> Depth about 10 kmc'
i Felt in Hiloc.r I

22,1
,'1

t
Sept", 1 21 16

1
2,,8 190 51 1r i 155OQ4 v

-, 15 krn N e, of Hi lo~<=,..",~...~-=~"'"";"", 50 km deep(,

I i, I f2 06 08~ 2,,5 190 00f. ~r

155041~ 10 km N. of South Point Depth abovt 548
1 I £ I~rn~ ,

~
I I , on the Kahuku,faultr i
I ~ K ~



Table 4 () --Local e~rtphq!l.~kes r.ecorded. by seismographs of ~?he U~ :Sf!:' Geoloaica1 Survey t

JUly-~eptember 1959~-Continued

-~
'-

..
.-

f
~

Date Time ! t-1agrlitude .Epicenter Remarks.i
!!
'I" t

h
~ Lat. N~ i Long~ w~ Descriptionm s ~ I- -' ........ f.. --,

110Sept .. 5 23 33 51 t 2.5 19°18' 155°53' km s. of Hookena------- Depth about 10 km
~•

11

I
22 55 01 i 3 .. 0 18°57' ! 1560 43' (lOa km vi ~ of South Point-- Depth about 15 km

4.:

i i .~
.~

!155
0

03 ' __ \1412 07 44 I 21 .~. 2 .. 5 19°36 ' knl Sf' of Hilo--oe----.---- Depth about 25 kI!li !

I18 I
I I13 31 t 25 ~ 2.,4 18°59' 1155°32' 10 km SEO' of Naalehu------- Depth about 35 kmi I

~

i. Ir t
14- l 07 i 01 27 i 2 .. 6 20°06' [ 155°50' 7 km N~ of Kawaihae- ... ----.=ew-- Depth about l5 km~

f!
t ~...
j' ;14 23 57 ~ r- i 3 .. 3 19°4S t 157°59' 170 km S~ of Honolulu-=-=-~..". Depth about 15 km.L:> I I

-.r 10 50 2'" i 2t.9 19°49' i 155° 55' 5 km S., of Kiholo Bay.-.&=c..-~ Depth about 10 km.LO L I I
18 11 05 541 3~1 190 41 f j 155°10' 10 km WSW., of Hi10-'" - -= -= r-. ~ 0,- Depth about 40 km~

I I ~ J
I

j

18 141 50 I 04 i 4~O 19°24t' f 155°06' 3 km \'1 .. of Kalalua Craterf' At shallow depth ..
j t !

Felt at Kilauea calderaf f t t P
f. i) i and Hilo.,i Ii

It I ;
'-E i

HI t
I r ~

20 16 J 07l 20'5 19°28' i 155°53' 5 km SW~ of Capt" Cook on Depth about 10 kmf'

I f

I I Kealakekua fault"i

i I .-' .-:....~...".....~.~, ......---._-



Table 5o~-Distant ear~hquakes

[Times are reported in Greenwich civil time, which is 10 hou~s faster
than Hawaiian standard timeo A ftc" following the time of P indicates
that the first motion was a.compression; a '''d,u that it was a dila..,
tation o Station syrnbols i locations •. and instrumentation were presented
in Summary 13 1 table 6 0 Locations of epicenters. origin times, focal
depths 9 and magnitudes are from the notices of Preliminary Determination
of Epicenters published by the UoSo Coast and Geodetic Survey]

• 7Y

July 2 July 3-~Continued

M Z iP 11~41:5007 c U PEE iQ 18~15~38

0 Z iP 11g4lg49 0 8 c U PEZ iR l8~16g44

U Z iP 11g41g49 0 7 d 16° So t 1730 Eo
17g55~53o

Hi Z iP 11g41g5205 c New Hebrides Islands r.egiono
Magnitude 6=1/20

20° So. 178-1/20 Wo
11g34:20o July 6
Fiji Islands o

h about 650 kmo U PEZ e 09~22~52

July 3 M Z epPP 09g29~27

U PEZ iP 18g03~5104 U PEZ esPP 09g30g24

U PEZ is 18g10g47 U PEZ eSP 09g35~24

16° SOt 1730 Eo U PEZ esSP 09~39~26

17g55g10o
New Hebrides Islands regiono U PEZ esSS 09g44g28

Magnitude 6-1/2 0

09g23g09Hi Z e

July 3
26~1/2° So, 610 Wo

M Z eP 18g04g30 0 6 d 09g10~17o

Chuco Province. Argentina 0

0 Z eP 18g04g29 0 6 d h about 600 kmo
Magnitude 6a=3/4 o

U Z eP lB~04g31

July 6

U PEZ iF IBg04g3101 d
U PEE ePS 09g48~38

U PEZ is 18:11g27
U PEE esSP 09:52~30

U PEZ iSS 18g14g54
U PEZ esSS 09g57g38
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Table 5.--Distant earthquakes--Continued

July 6--Continued Ju1.l 11

26-1/2° So, 61..1/2° W() U PEZ eR 05~15:29
09~23~21o

Chuco Province, Argentina 0 July 11
h about 600 kmt)
Magnitude 6--3/4 to 7 0 U PEZ eR 13g02~19

July 9 37° So t 79° Eo
12601g39 6

M Z eP 16~18g2900 Indian Oceano
Magnitude 6-1/4 to 6-1/20

M Z epP 16 :19 :- 05 •0
JUly 12

M Z esP 19~19~1405

M Z eP 00g32~0405

0 Z eP 16~18~2905

0 Z eP OO:32~0209

0 Z esP 16~19~15~3

Hi Z iP 00~32g0507

D Z eP 16g18~2907

19-1/2° So. 177-1/2° Wo

D Z esP 16:19:15 Q 7 OO~24:22o

Fiji Islands regiono
U Z eP 16~18:3006 h about 400 km o

Magnitude 6-1/4 e

U PEZ eP 16~18:31

July 13
U PEZ isP 16:l9~11

M Z iP 12:35:39 0 2 c
U PEZ esPP 16~22:50

M Z ipP 12:35:49 0 5
U PEZ eS 16~29~54

0 Z iP 12:35~3907 c
U PEZ esPS 16~31~18

0 Z ipP 12g35~5004

U PEZ eSS 16~35~50

D Z iP 12:35:40 0 9
U PEZ iR 16~48g20

D Z ipP 12:35:5008
Hi Z eP 16g18:28 0 0

U Z iP 12:35~3900 c
Ha Z eP 16:18:38 0 0

U Z ipP 12:35~4905

20-1/2° S" I 68° Wo

16:05:18& U Z ePn 12~36:5406

Chile~Bolivia bordero
h about 100 kmo U Z Tmax 13:13~12

Magnitude 6-3/4 0

U PEZ eP 12~35:3901 d
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Table 5 o --Distant.earthquakes--Continued

July l3--Continued July 18-~Continued

u

u

PEZ

PEZ

ePP 12g37~OO

is 12:41:12

12~18:35o

Off. coast of Vancouver. British
Columbia 0

u

u

Hi

PEE

PEZ

z

iQ 12g42g57

iR 12~44~30

July 18

M

o

z

z

Hi Z ipP 12:35~4803 u z

Hi Z

Ha Z

ePn l2~36:5208

eP 12~35g2501 c

Hi Z

Ha Z

52° No, 172-1/2° W~

12:28:45t'
Andreanof Islands, Aleutian

Islands 0

Magnitude 6-1/2.

19:29~22o

Fiji Islands region o

Ha Z

Ha Z

ipP 12~35:3401

Tmax 13:11:23
July 18

M

M

M

z

z

z

iP 20g06:54~0 d

ipP 20~07:33e7

July 14

u PEZ eR 08:56:31

o

o

z

z ipP 20:07:33 0 8

51-1/2° No, 172° WG

08:40~48o

Fox Islands, Aleutian Islands c

o

D

z

Z

isP 20g07g47,,7

16-1/2° So, 1730 Eo
13:00:24 0

New Hebrides Islands regiono
h about 100 km o

July 14

u

u

July 18

u

PEZ

PEZ

PEN

eS 13:15:53

eR 13:21~25

eL 12~35

17

D

D

u

u
u
u

u

u

u

z

z

z

Z

PEZ

PEZ

PEZ

PEN

PEZ

ipP 20~07:3408

isP 20:07:47 0 0

iP 20~06:5606 c

ipP 20~07:3305

iP 20~06~55a6 d

ipP 20~07~31$6

is 20:16:48

isS 20:17:49

iSS 20:21:09



Table 5o--Distant earthquakes--Continued

JUly 18--Continued JUly 19--Continued

u PEN iSSS 20:25:14 Ha Z iP 15:19:01 0 9

U PEZ

Hi Z

Hi Z

Ha Z

iR 20:31g27

iP 20:06:5606 d

ipP 20:07:34 0 2

iP 20:06:49 0 5 d

15° SOt 70-1/2° Wo

15g06g10 o

Peruo Felt in Northern Chileo
h about 200 km o

Magnitude 7.

JU1,i 20.-

Ha Z ipP 20:07:27.8 M z iP 17:01:41 0 6

15-1/2° Ne • 120-1/2° E~

19:54:450
Luzon, Philippine Islands. felt6
h about 150 kmC)
Magnitude 6-1/2 to 6-3/4 t

July 19

o z

D Z

u z

Hi Z

iP 17:01:4001

iP 17:01~40f)7

iP 17:01~43e9

u z eP 15~18:51 Ha Z eP 17:01:4508

u

u

u

PEZ

PEZ

PEZ

iP 15:18:52.0

epP 15~19:54

esP 15:20:07

23-1/20 SOt 179° Eo
16:53:38~

Fiji Islands region~

h about 600 km"

U PEN esSS 15:36~56

U PEZ epPP 15~23g17

u

u

u

U

FEZ

PEN

PEN

PEN

ePP 15:22~26

is 15:29~30

isS 15~31:04

eSS 15:35:28

July 21

M

o

u

u

u

z

Z

PEZ

PEZ

PEZ

iP 07~52g0507

eP 07:52:12

is 07:59:26

iR 08~05:32

u

u

PEN

PEZ

iG 15~42~09

iR 15:49:09

14-1/2° S~t 167-1/20 E&
07:43g13 o

New Hebrides .Islandso
Magnitude 6-1/40

Hi Z

Hi Z

iP 15:18:54 0 2

epP 15~19:47G5

18





Table 5~--Distant earthquakes--Continued

July 24--Continued Auge 7--Continued

u PEN eS 01:35:13 Hi Z Tmax 22:31:30

u PEN iQ 01:36:54 Ha Z Tmax 22:30:15

Hi Z

u

u

PEZ eR 01:38:09

Z Tmax 02:04

eP 01:29:4802

56-1/2° N•• 154° Wo

21:45:26 0

Kodiak Island~

M,agni tude 5 e

41° No, 125-1/2° Wo
01:23:09.
Off coast of Northern California.

Felt at Humboldt County.
Magnitude 5-3/4.

Ha Z

eR 01:08:41

iF OO:56~1909 c

eQ 01:07:11

iP 00:56:1ge5 c

eS 01:03:07

eP 00:56:19.9

iP 00:56:20 0 0 c

ipP OOg56:29.4

epP 00:56:29.5

ipP 00:56:29 0 8

ipP 00:56:29 0 9

z

PEZ

PEN

PEN

z

z

z

z

z

z

M

D

o

M

Hi Z

D

o

u

u

u

u

eP 01:29:51 0 7

eP 08:09:52~1

eQ 01:36:59

eQ 01:37:06

eP 08:09:51 0 1

Trnax 02:03:49

Tmax 02:05:25

z

Z

zo

M

u

Hi Z

Hi Z

Ha Z

Ha Z

Aug. 4

20-1/20 S•• 1780 Wo

08:02:17.
Fiji Islands regiont
h about 600 krn~

55° N~, 162-1/2° Eo
00:47:38&
Near east coast of Kamchatka.
Magnitude 6-1/2.

Ha Z

eS 09:56:47

eR 10:00:37PEZ

PEZ

u

u

Augc} 8

eR 22:02~31

eS 21:08:47

Trnax 22:31:20z

PEZ

FEZ

u

u

u

Aug" 7

20



Table 5 o --Distant earth~uakes--Continued

Aug 0 9

M

o

D

z

z

z

iP 20:38g36.2

iP 20:38:36 0 0

iP 20:38:3501

Aug 0 14--Continued

0°, 125-1/2° Eo
04:39:07 0

Molucca Pass,age 0

Aug 0 15

u

u

u

z

PEZ

PEZ

eP 20:38:35,1

is 20:46:15

eR 20:52:39

M

o

D

z

z

z

eP 09:09:00 e 4 c

eP 09:09:0006 c

eP 09:09:00&0 c

Hi Z iP 20:38:38,,9 u z eP 09:09:0002 d

10° So, 161° Eo
20:29:28&
Solomon Islands.
h about 100 kIno

Ha Z

Hi Z

Auge 12

u

u

u

u

u

z

FEZ

PEN

PEE

PEZ

eP 10:06:22c.2

eP 10:06:16

is 10:12:39 0 0

eQ 10:15~11

10:15:56

u

u

u

u

u

U

PEZ

PEE

PEE

PEN

PEN

PEZ

iP 09:08:59 0 5 c

is 09:18:52

iPPS 09:19:45

iSS 09:23:25

iQ 09:28:11

eR 09:32:31

iP 09:09:0106 c

iP 09:09g06.4 c

U PEZ

Hi Z

Ha Z

iR lO~17:11

eP 10~06:1608

eP 10:06:27 0 8

23° No, 121° Eo
08g57:04 o

Formosa; 16 killed, many injured
and extensive property damage.

Magnitude 6-3/4 to 7.

16-1/2° So, 177-1/2° We
09:58:22.
Fiji Islands regione
Magnitude 6-1/2 0

Aug 0 14

u

u

u

PEZ

PEZ

PEZ

eP 01:01:0305

eS 01:08:44

eR 01:15:51

M

o

Z

z

iF 04:51:24 0 2

eP 04:51:24 e 4

21

21° So, 169 0 Eo
00:51:400
Loyalty Islands regioDo
Magnitude 6 0



Table 5e--Distant earthquakes--Continued

AuS· 16 Aug 0 18--Continued

Hi Z iF 10:01:11 0 7 22-1/2° No. 122° Eo
00:34:03.

18° So. 178° w. Near east coast of Formosa 0

09:53~52. h about 200 kmo
Fiji Islands.
h about 350 kIno Augo !8

Aug. 17 M Z eP 06:45:31 0 3

M Z eP 21:14:17 6 3 c 0 Z iP 06:45:30 0 2 d

0 Z eP 21:14:17.2 c D Z iP 06:45:3162 d

D Z eP 21:14:16 0 6 c U Z iP 06:45:31.5 d

U Z iP 21:14:18 e 4 d U PEZ iF 06:45:3105 c (d)

U PEZ iP 21:14:18 6 7 d U PEZ is 06:52:13

U PEN e 21:21:11 U PEZ iSS 06:55:43

U PEE is 21:22:02 U FEN iG 06:56:11

U PEZ iSS 21:25:49 U FEZ iR 06:57:45

U PEN iQ 21~26:58 Hi Z iP 06:45g29~8 d

U PEZ iR 21:29:19 Hi E eS 06:52:10

Hi Z eP 21:14:1901 c Hi N eQ 06:55~16

Ha Z iF 21:14:16el c Ha Z iP 06:45g2B.3 c

7-1/2° So. 156° Eo Ha E eS 06:52:06
21:04:40.
Solomon Is1andso Ha N eQ 06:55:53
Magnitude 7 to 7-1/4~

Ha N eR 06:58:13
~~go 18

44°55' Nu, 111°05' Wo
M Z eP OO:45:33 e 8 06:37:15000

Hebgen Lake, Montana; many
0 Z eP 00:45:34.3 killed and injured; major

property damage G

D Z eP 00:45:3308 Magnitude 7.1 6

22



Table 5.--Distant earthq~akes--Continued

M

a

D

z

z

z

iP 15:34:23 0 0 c

iP 15:34:23 0 0 c

iF 15:34x24 0 1 c

Augo 20--Continued

.70 So, 85° We
07:18:34 0

Off coast of Peru o

Aug. 21

u z eP 15:34:22.2 d u PEN ePPS 08:28~26

u PEZ iP 15:34:22 0 8 d u PEZ eR 08:44:33

u

u

u

PEN

PEN

PEN

is 15:41:06

iSS 15:44:21

eQ 15:45:58

50-1/2° So. 139-1/2° Eo
08g03g15o
Indian Ocean south of Australiao
Magnitude 5-3/4 to 6.

Hi Z

u PEZ iR 15:46:58

eP 15:34:19.4 d

Augo 21

U PEZ eR 10:19:18

44°53' No. 110°44' W.
15:26:06 0 5.
Hebgen Lake aftershock o

Magnitude 6-1/2 0

50-1/2° So. 140° E.
09:37:49 0

Indian Ocean south of Australia.
Ha Z

Aug. 19

iP 15:34:20.4 d

Aug 0 24

M Z

o z

iP 15:50:54 0 8 d

iP 15:50:54 0 6 d

44°54' N~. 111°38' Wo

04:04:03.0.
Hebgen Lake aftershocko
Magnitude 6.

Hi Z

u

Aug. 20

M

o

PEZ

z

z

eR 04:23:51

eP 07:30:13.7

eP 07~30:1207

D

u

u

u

u

z

z

PEZ

FEZ

PEZ

iP 15:50:53.8 d

eP 15~50:5400 c

iP 15:50:54 0 0 c

eS 15:58:29

eR 16:05:57

iF 15:50:57 0 2 c

D z eP 07:30:14.2
Ha Z iP 15:50:54 0 6 c

u z eP 07:30:13 0 4

23

10-1/2° So. 161-1/2° Eo
15:41:40 0

Solomon Islands foreshock e



Table 56--Distant earthquakes--Continued

Ii

Aug. 24 Aug" 26--Continued

M Z iP 21:40:01()O c D Z iF 08:35:24 0 1 c

0 Z iP 21:40:00<\7 c D Z ipP 08:35:3501

D Z iP 21:39:59()2 U Z iF 08~35~2303

U Z eP 21:39:5905 c U Z ipP 08:35:34 0 9

U PEZ eP 21:39:58 c U PEZ iP 08:35:23.7 c

U PEN e 21:47:01 U PEZ is 08:43~23

U PEN is 21:47:39 U PEN iG 08:50:00

U PEZ eSS 21:51:06 U PEZ iR 08.52:15

U FEZ iR 21:53:59 Hi Z iP 08:35:21.5 c

Hi Z iP 21:40:02 6 2 d Hi Z ipP 08:35:33 0 1

Ha Z iP 21:40:00.5 d Ha Z iP 08:35:28 e 4 d

10-1/2° So t 1610 Eo Ha Z ipP 08:35:39.2
21:30:46 0

Solomon Islands. 180 No. 94-1/2° Wo

Magnitude 7e 08:25:30 b

Vera Cruz, Mexico; 14 killed.
Aug 0 24 many injured. and extensive

property damage throughout
U PEZ eS 23:49:13 Tehuantepec Isthmuso

Magnitude 6-3/4 0

U PEZ eR 23:55~19

Aug 4) 26
10-1/2° So, 1610 Eo
23:32:23. U PEZ eP 10:34:45
Solomon Islands aftershock o

U PEZ is 10:40:43
Augo 26

U PEN iQ 10:42:41
M Z iF 08:35:23 0 9 c

U FEZ eR 10:44:18
'M Z ipP 08:35:36.0

U Z Trnax 11:13:31
0 Z iP 08:35:23.3 c

Hi Z iQ 10:42:48
0 Z ipP 08~35:3501

Hi Z Tmax 11:13:15

24



Table 5.--Distant earth~uakes--Continued

Aug. 26--Continued

45° Set 80-1/2° W.
13:36:50.
Off coast of southern Chile.

51° No, 1320 W.,
10:27:41(1
Queen Charlotte Islands regiono

go S., 158° Eo
02:37:00
Solomon Islands.
h about 150 km o

AUio 28--Continued

17° So, 167 0 E c

15:52:10.
New Hebrides Islands 0

Augf) 29

U PEZ eR 03:45:11

03:21:07 II

Solomon Islands region,

Augo 29

M Z iF 17g15:20 0 8 d

a z iF 17:15:2103 d

D Z iP 17:15:21.3 d

U Z iP 17:15:20e5 d

U PEZ iF 17:15:2106 d

U FEZ is 17:25:27

U FEZ eSS 17:30:47

U PEN eG 17:36:41

U PEZ eR 17:40:11

Hi Z iP 17:15:20.7 d

Ha Z iP 17:15:12e6 d

52° No, 106-1/2° Eo
17:0-3:100
Lake Baikal, USSR o

Magnitude 6-1/2 to 6cm 3/4 o

Aug 0 30

U PEZ eR 22:45:30

36-1/20 So. 78-1/2° Eo
21:45:07 0

Indian Oceane

eQ 10:42:38

eR 03:01:41

eR 14:20:21

iP 12:15:51 0 7

iP 12:15:49 0 4

Tmax 11:12:55

PEZ

PEZ

Ha Z

Ha Z

u

Hi Z

u z

u

Augo 27

Aug. 28

AUio 28

63-1/2° No, 149° W"
12:07:44 0

Central A1aska e Felt at College
and Fairbankso

Augo 28

U Z eP 16:01:44 0 3

U PEZ eP 16:01:43

U PEZ eS 16:09:01

U PEZ eR 16:15:41

25



Sept. 3

Table 5~--Distant earthquakes--Continued
I _

Sept t) 5

M z iP 06:40:0685 u PEZ eR 16:08:43

o

D

u

z

z

z

iP 06:40:06 0 4

eP 06:40:06.3

1° N•• 129° Eo
15:34:44~

Halmahera aftershocko

Sept 0 5

u

u

u

u

u

PEZ

PEN

PEZ

PEN

PEZ

iP 06:40:06.3

eS 06:50:37

eSS 06:56:03

eG 07:01:35

eR 07:05:31

u

Sept. 5

M

o

D

PEZ

z

z

z

eR 21:45:45

iP 23:12:2207

iP 23:12:2107

eP 23:12:20 e 8

4-1/2° So, 123° Eo
06:27:300
Celebes Islands.

Sept. 3

u z

Hi Z

Ha Z

iP 23:12:21 0 4

iP 23:12:24 0 6

iP 23:12:26.7

15° So, 175-1/2° We
21:48:56 0

Fiji Islands regiono

u PEZ eSS 22:06:47 18° So, 178-1/2° Wo
23:04:00 c

Fiji IslandsQ

Septc 6

1° No, 129° E.
06:07:380
Halmahera Island regionc

5-1/2° No, 126-1/2° E~

OO~27:59o

Near south coast of Mindanao,
Phillippine Islandse

Sept. 5

M

o

u

u

u

z

z

PEN

PEN

PEZ

eP 06:19~3403

eP 06:19:34 e 7

ePPS 06:30:03

eQ 06:39:05

eR 06:41:36

26

M

o

u

Septo 8

u

z

z

z

PEZ

iP 00:39:57,3

eP 00:39:57.2

eP 00:39:57.2

eR 14:25:27



Table 5.--Distant earthquakes--Continued. -

Seet, 8--Continued

47° N" 1520 E.
22:56:34.
Kurile Islands.

13:12:04.
South Atlantic Ocean about 700

miles east of Bouvet Island.

42-1/2° N" 142-1/2° E.
19:19:39.
Hokkaido, Japan; felt at Hiroo.

Obihiro, Kushiro t and Urakawa.

Septu' 10

M Z iP 05:44:41.9 d

0 Z iP 05:44:41.8 d

D Z iP 05:44:41.0 d

U Z eP 05:44:42.8

U PEZ eS 05:52:56

U PEZ eSSS 05:58:41

U PEZ eR 06:00:21

Hi Z iP 05:44:44.1 c

Ha Z iP 05:44:40.7 c

6-1/2° S., 154-1/2° E.
05:35:04.
Solomon Islands.

Sept. 10

eR 07:29:31PEZu

3° S. 146-1/2° E.
07:01:45.
Bismarck Sea.

Sept. 12

U PEE is 11:42:00

U PEZ iR 11:49:39

9-1/2° S. t 1560 E.
11:24:27.
Solomon Islands region.

Sept. 14

U Z eP 13:24:40.3

U FEZ eS 13:31:35

U PEZ eR 13:38:01

Hi Z eP 13:24:36.7

Sept. 12,

U PEZ eSKS 02:04:15

U PEZ eSS 02:12:25

U PEZ isSS 02:12:46

U PEZ eSSS 02:16:11

U PEN eQ 02:18:51

U PEZ iR 02:21:51

20° SOt 68° W.
01:41:03.
Southern Bolivia.
h about 150 km.

Sept. 12

eP 23:05:42.0

eP 23:05:42.5

eR 19:44:39PEZ

z

zD

M

u

Sept. 8

27



Table 5 ~..,-Distant earth~uakes--Continued

Septe 14--Continued Septo 14... -Continued

24° SOt 176-1/2° Wo Ha Z iP 14;19:02 0 0 c
13:15:490
Tonga Islands region. Ha Z ipP 14~19~2003

Magnitude 5-3/4 to 6<1
Ha N eS 14g26g14

Septo 14
Ha E eR 14~34g03

M Z iP 14~18:56()7 d
28-1/2° So, 1770 Wo

M Z ipP 14:19:16.4 14:09:390
Kermadec Is1ands~ Felt on

0 Z iP 14~18:5601 d Raoul e

Magnitude 7-3/4C1
0 Z ipP 14~19:1508

Sept 0 14
D Z eP 14~18:55tol d

M Z eP 17~15:2908

D Z ipP 14~19~1409

0 Z eP 17:15:29 0 4-
U Z iP 14:18~56eO d

D Z e 17:15:24 0 7
U Z ipP 14:19:14 0 4-

U Z eP 17:15:31 0 3
U PEZ iP 14:18:52 0 9 d

U PEN is l7~23g00

U FEZ i 14~18:5602

U PEZ eR 17~30g01

U PEZ ipP 14:19~O7

Hi Z iP 17~15g32Q9

U PEN is 14~26~28

Ha Z e 17~15g4902

U PEE eScS 14:28:47
29° So, 176-1/2° Wo

U PEE iG 14~30~41 17~O6~15(.

Kermadec aftershock o Felt on
U PEZ iR 14:33:11 Raoul 0

Hi Z iP 14~18:5802 c Sept.l'. 114

Hi Z ipP 14~19~1608 M Z eP 22:33:17 0 7

Hi N eS 14:26~31 0 Z eP 22~33:1605

Hi E eQ 14:31g35 U PEZ eP 22:33:18

Hi N eR 14:38~45 U PEN is 22:40:39

28



Table 5 o --Distant earthguakes--Continued

Sept. 14--Continued Septo 15

U PEZ eR 22g47:27 M Z iP 11:13:20 0 2 c

29° S I) , 177° Wo M Z iScP 11~17:3803

22:23~53l)

Kermadec aftershock~ Felt on 0 Z iP 11g13:1906 c
Raoul.

Magnitude 6-1/20 0 Z iScP 11:17:37 0 7

Septe 15 D Z eP 11:13:20.1 c

M Z iP 06:08:58 0 3 U Z iF 11:13:19 0 1 c

0 Z iP 06:08:57 0 1 U PEE is 11:19:33

U Z eP 06:08:53 0 4 U PEE iScS 11:22:18

U PEZ iP 06:08~54Cl4 Hi Z iP 11:13:21 6 8 c

U PEE is 06:16:22 Ha Z iP 11:13:25.1 c

U PEE iScS 06:18:53 21-1/2° SG, 179-1/2° W"
11:05:33 0

U PEZ iSS 06:19~55 Fiji Islands regiono
h about 600 krno

U PEE eQ 06:20:11 Magnitude 6-1/2 0

U PEZ iR 06:23:45 Sept 0 16

Hi Z eP 06g08:59 0 2 U PEN is 16:13~45

Hi E eS 06:16~20 U PEZ eR 16:21:11

Hi E eQ 06:24~39 28-1/2° So. 1760 Wo

15g57~03e

Hi N eF" 06~28~03 Kermadec aftershock6
Magnitude 5.... 3/4 to 6 6

Ha Z iP 06:08~5908

Septo 17
Ha N eS 06~16~29

U PEN eS 14:52:47
Ha N eQ 06:22:35

U PEZ eR 15~OO:31

28-1/2° So. 1770 Wo
05:59~42o

Kerrnadec aftershocke Felt on
Raoul.

Magnitude 6-1/2 to 6-3/4 0

29

28~1/2° So, 1760 WO

14~36:11G

Kerrnadec aftershock o

Magnitude 5-3/4 to 6 0



Table 5o--Distant ear~hquakes--Continued

Sept" 17 Sept. 25

u PEZ eR 22:32:11 M z eP 02:48:45.6 d

Sept. 20

57-1/2° SOt 24° We
12:01:1l~

Sandwich Islands.

30-1/2° SOt 114° Wo

22:14:40.
Gulf of California.
Magnitude 5-1/4.

U PEZ

c

eR 03:11:28

iP 02:48:46.1 d

eS 02:58:38

eP 02:48:45 0 3 d

iP 02:48:4501 d

iP 02:48:45

eSS 03:02:51

z

z

PEE

z

PEZ

PEZ

PEZ

o

D

22° N' t 122-1/2° Eo
02:36:48.
Near east coast of Formosa.

u

u

u

u

u

Sept. 26

eR 13:00:31

eS 06:25:15

eR 06:32:35

eQ 06:30:27

PEZ

PEN

PEZ

u

u

u

Sept. 18

13-1/2° SOt 11-1/2° Wo

06:07:59.
Pacific Ocean north of Easter

Island.

Hi E

Z Tmax 09:02:31

Z Tmax 09:02:30

eP 08:27:42.4

iP 08:27:40 e 6

Trnax 09:02:35z

z

z

M

M

D

o

o

eQ 06:32:49

Trnax 07:16:16zu

Sept. 21 u PEN eS 08:32:50

u PEZ eR 02:37:11 u PEN eQ 08:34:30

Hi Z

9-1/2° S.t 149° Eo,
02:08:28«)
Near coast of New Guinea. Felt

on Wanigellae

u

u

PEZ iR 08:35:40

Z Tmax 09:02:45

eP 08:27:34 0 4

Hi N eQ 08:35:35

Hi Z Tmax 09:02:11

30



Table 5G--Distant earthquakes--Continued

Sept. 26--ContiIlued Sept. 30

Ha Z iP 08:27:37.7 M Z iP 20:35:1503 d

Ha Z Tmax 09:02:08 0 Z iP 20:35:15,,1 d

43-1/2° No, 128-1/2° w. D Z iP 20:35:13 0 9 d
08:20:510
Off coast of Oregon. U Z iF 20:35:14 0 7 c

Sept. 29 U FEZ eS 20:43g55

U Z eP 15:41:18.0 U PEZ eR 20:50;30

U PEZ eP 15~41:16.0 Hi Z eP 20:35~1704 d

U PEN is 15:48:44 Ha Z eP 20:35:16 0 6 d

U PEZ eR 15:54:50 18° S (). 1680 E.
20:25:58.

29° So, 176-1/2° w. New Hebrides Islands 0 Felt at
15:31:57 0 Port Vila and Vateo
Kermadec Islands. Magnitude 6-1/20
Magnitude 6-1/2 to 6-3/4 0
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Upolu Point

EXPLANATION

• Seismooraph Station

• Town or locality

Contour int.rval 1,000 f••t

TOP0910pllW bw uS GeolOllcol Sur.ey

Laupaho.hoe ------+-------- 20.

Cope
K",,"*ohl

Kolopana

Apuo Point

(-----------------------+---------- I.·

Figure 2.--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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Hawaiian Volcano Observatory
Summary 16

• .I.

Preface

It is important for the reader to notice that this Summa~ 16, for
October, November and December of 1959, is actually being issued in 1965.
All modern summaries, starting with 24, have been circulated or are in
press; the gap between 16 and 24 is being filled now.

The gap in chronological sequence of this series was caused largely
by the extreme activity of Hawaiian volcanoes which began in November, 1959
with the eruption of K11auea-Iki. And there have been surface lava flows
from Kilauea every year (excepting 1964) since then, as well as varied
seismic storms and crises.

I~~~~~ ~ismic and volcanic events between 1959 and 1965,
the staff of the Hawaiian Volcano Observatory grew in experience as
well as in numbers. Also many changes and improvements in instrumentation
took place in that period. It would be foolish to blind ourselves to
this broader understanding and general amelioration. And so this Summary
16, and the others lip to Summary 24, will certainly reflect this "anned~

vision." It should, however, not be confused with prevision; in writing
Summariesgl6 through 23 we will be guided by our knowledge of eruptions

II 'Iand earthquakes yet to come. But in mentioning these events in a context
of earlier chronology, we mean to avoid giving any manifestation of a
prescience we neither have, nor claim to possess.

!n the present Summary we have attempted an hybrid reportage --
using formats, tables, etc. which were used in Summary 15 --- but also
consciously starting a transition toward the style, format and content
in vogue by the time of Summary 34. To complicate this attempt at
evolution, we are confronted by the unique events of 1959/60 and by
the need to ~tilize entirely new graphical and tabular methods for their
complete a~d orderly representation.

If there is any confusion, therefore, in the continUity or
interpretation of Summaries 16 through 23, the reader is urged to
consult both Summaries 15 and 24; or he is invited to write for
information to:

Hawaiian Volcano Observatory
Hawaii Volcanoes National Park
Hawaii
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PR.EFATORY NOTE

It is important for the reader to notice that this Summary 16, for

October, Noyember and December of }959, is actually being issued in 1966~

All modern summaries, starting ;~~~heen circulated or are in, 1~-
press; the ~ap between 16 and 24 iR hei~~ ~il1ed now.

The gap in chuonolo~ical sequence 9f this series Ras caused larRely

by the extreme activity of Hawaii~n volcanoes which be~an in November,

1959'with the eruption of Kilauea-Iki. And there have been surface lava

flows as well as vanted seismic storms and crises eveey yea0"xcep t 19~

Rince then.

/
In the present Summary l-le have' attempted' R'n hybrid reportage

" using formats, tables, etc. which were used in ~U~1marv 15 --- but also
.~~

cons~iou'sly startinR a transition to't·,ard the styl(~.: form.~ t and content

in vogue by the time of Summary 3Lr~' To'complicate t·r,~.S attempt at

evolution, we are confronted hy the'uniq~~ events of 1959/60 and by

the' need to utilize entirelv newg'raph}cal and tabular methods for, .'
" ,

~heir complete ~nd orderly repres~ritati?n.'

-
I

'. .~

If there is any confusion, therefore, i~ the continuity or

. 'interpretation of Summaries 16 th,rough 23, the reader i's urged to
I'

consult both 5ummaries 15 and 24; ',or h,e ';1S invited to write for
I

information to:

Hawniian, Volcano Ob8ervatory

I "



Chronological Su~ry

During this quarter workers at Hawaiian Volcano Observatory had the
opportunity to study and to sample a very remarkable eruption in Kilauea-Iki,
a collapse feature near the summit of Kilauea. Many useful accounts of the
Kilauea-Iki eruption have already been published although the most definitive
report is still being finalized. Thus we shall attempt to give 8 brief review
of major events in a style and sequence which will not be too repetitive of
earlier publications and also which will not detract from the forthcomi.ng
Professional Paper.

A partial list of references is aR follows:

1. Ault, W. u., 1960, Geochemical research during the 1959-60 activity of
Kilauea Volcano: Geochemical News, p. 1-5.

2. Eaton, J. P., 1962, Crustal structure and volcanism in Hawaii in Crust
of the Pacific Basin: Geophys. Mon. 6, p. 13-29.

3. Eaton, J. P., and Murata, K. J., 1960, How volcanoes grow: Science,
v. 1;2, no. 3432, p. 925-938.

4. Eaton, J. P., and Wentworth, C. K., 1962, The Hawaiian Volcano Observatory
in Thrum's Annual "All About Hawaii" (1961 ed.): p.35-44.

5. Macdonald, G. A., 1961, Volcanology: Science, v. 133, no. 3454, p. 67;-679.

6. Richter, D. H., 1963, Volcano observations: Am. Geophys. Union Trans.,
v. 44, no. 2, p. 505-507.

7.. Richt.er, Donald H., and Eaton, Jerry P.,~The 1959-60 eruption of Kilauea
volcano: The New Scientist, v. 7, p. 994-997.

In the third quarter of 1959 (Su~ry 15) small, inward tilting was
measured at Kilauea tilt bases. Thus measurements around October 16, 1959
(Fig. 2a) revealed a radical change in the pattern; gentle collapse was
replaced by gentle re-inflation. Tilt measurements made before the eruption
of 14 November (Fig. 26) showed about five times the previous rate of inflation
tilt. In the short article for The New Scientist#(reference 7, above) Richter
and Eaton illustrate this tilt trend in their Figure 2. That illustration
shows the same results depicted by Figures 2c and 2d in the following text.
Figure 2c shows the collapse coincident with the Ki1auea-Iki eruption; 2d shows
the re-inf1ation of the summit storage zone which actually began early in the
Kilauea Iki eruption.

* On Page 7 of Summa~ 24 are plotted 7-day averages of tilt recorded East-West
and ~~~h-South by the short base, liqu4d-level tiltmeter in Uwekahuna Vaulte
This~llustrates the history of tilt measurements at Uwekahunaj it starts
in July of 1956 and is plotted till August, 1962. The deformation described
above is shown and also its relationship to tilt cycles before and after
Kilauea-Iki. .

I
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The daily tilt readings in Table I, if plotted, reveal a curve similar

to that shown in the New Scientist article and one which might be more indicative
of day-by-day deformation.

Thu~, Kilauea before the eruption in Ki1auea-Iki displayed an increasing
rate of shallow lava storage. Seismically there was little of note except for
a greater and greater number of events recorded at the North Pit sei.smometer.
In Table :3 these events are counted under the heading "Kilauea cald~ra, shallow."
It can be seen in Table 3 that this count reached a high of 800 quakes on
October 24 and then the count decreased to reach 90 on November 1, 1959. There
after the count rose sharply; by November 8 the number could only be estimated,
by November 12 it exceeded 2000 events in a 24-hour period.

This activity had not been previously observed in Hawaii -- probably
because there had never been such a sensitive instrument so fortuitously
located. In the present case it is noteworthy that similar instruments at
Uwekahuna and Outlet -- within 3 km of North Pit failed to show more than
1~ of the thousands of small, shallow events. These therefore are assumed
to come from failure of the inflating floor of Kilauea caldera, from Halemau~u

itself, and from the nearb,Y 1954 rupture zone which lies at the head of the
east rift and which leads to Kilauea-Iki and the "chain-of-craters."

The largest quake recorded in October was magnitude 4.4 on October 4, 1959.
It was located beneath the offshore portion of Haleaka1a's east rift and was
felt by residents of east Maui.

Three other quakes of magnitude 3.4 were recorded during the month but
were not reported felt. Of these, the quake of 03-10-03.5 on 21 October was
interesting in that it took place only 30 km south of Honolulu and seemed
relatively. deep.

Other unusual quakes in October were 8S follows:

A. 3 Oct., 15-36-08.0 M = 3.2 h I:: 50
This deeper event was located 25 km east of Pahoa in a region
where shallow, east-rift quakes are more common.

B. 16 Oct., 03-37-37.0 M = 3.0 h ca 30
This event was located 35 km N. of the Haleakala seismograph.

c. 25 Oct., 01-43-14.2 M= 2.9 h ca 8
This quake was similar in location to the "felt" event of Octo
ber~ de~cribed above. Earthquakes from this offshore source
are remote from the Kilauea seismic network and so their location
is tentative. But the general region -- north of Kohala and east
of Haleakala has produced many quakes since 1956.

2



~Jring the first 13 days of November, 1959, the following large,
unuRlJsl and/or felt quakes took place:

A. 6 Nov., 11-14-33.4 M I: 3.1 h = 5
This event 4 km N. of the Desert station was in the Kaoiki
Fault system which separates Mauna Loa and Kilauea.

B. 11 Nov., 07-22-52.3 M I:: 4.0 h Ie 13
This is an unusual quake from an offshore epicenter 200 km
south of Oahu and 300 west of Mauna Loa station.

c. 12 Nov., 00-21-12.2 K I: 3.2 h = 15
I~~~J~ 00-31-22.5 M c 3.2 h = 15

These two events from an epicenter 11 km SE of Naalehu were
almost replicas of each other; t~e exception lay in a reversal
of first-motion direction at the Hilo seismometer.

D. 12 Nov., 18-04-36.7 M=2., h I: 3
13 Nov., 01-00-46.6 M = 1.4 h c 8
Both of these smaller quakes originated at shallow depth
beneath Kilauea's summit and they were felt in the summit
area.

It should be observed that many small events are listed in Table 4;
magnitude 2.5 has hitherto been regarded as a cutoff point for use in this
listing. Because of the Kilauea-Iki eruption, however, we have tried to
locate and list all readable events which preceed 14 November. There
seemed to be no seismic indication during October that an eruption was
near(eicept for the thousands of events recording at North Pit. These
circumstances, together with tilt results, kept the staff of HVO and the"
interested public in 8 high 'state of expectation during October.

Thea state of public and official alert continued into November heightened
by increased tilt and shallow seismic activity. The felt quakes during the
afternoon of November 14 added to the general excitement, and by the time of
the outbreak that evening, the Hawaiian Volcano Observatory and the Uwekahuna
overlook were already crowded with U.S.G.S. staff members, National Park
personnel and tourists -- all scanning and searching the dark vista.

3



Introduction

During this <1uarter,: workers at Ha'va.iian Volcano Ohservatory,'

had the uni~ue opportunity to study'and to sample a very remarkable eruption

i.n Kilauea';""'Iki, a collnpse feature' near the SUMMit of Kilauea. Many useful

!
accounts of the Kilauea-Iki eruption have alreRdy heen pu~lished, althou~h

the mORt definit ive report is still hein~" final ized. In this summary,

therefore, ~ajor events will be reviewed in a style anrl sequence which

will not be too repetitive of earlier puhlications, and also which will

not detract from the forthcoming P~ofessional Paper~

In the course of the seismic and volcanic events betweert

1959 and 1966, the staff of the Hawaiian Volcano Observatory grew in

experience as well as in numbers ~ :. Also many changes and improvements

in 'instrumentation took place in that l1eriod. And so this 8urnmarv 16

and the others up to Summary 24, \~il1 ref~lect a sort of "armed vision."

It should, however, not be confuse4 with prevision; in writing

Summaries 16 through 23 \ve will be'; guiped by our Y~nowledge of eruptions'

.and earthquakes "yet to come. t1 But in ment ion~~ng these events in a
l'

/

context of earlier chronology, we~ean to avoid giving any manifestation



Pr~-~r~tion.events

In the third q~arter of lq~9 (Summary 15), small

inward tilting (collapRe) wa~ measured at Kilauea tilt bases.' Thus,

measurements around October 16, lQ5q (fig. 2a, tnble 2a) revealed

a change in the pattern~ gentle collapse wa~ replaced hy gentle

inflation. Tilt measurements made just prior to the eruption of

November 1~, 1959 (fig. 2b, tRble 2b) showed about five times the

previous rate of inflationary tilt. Richter and Eaton (1960, fig.2)

illustrated this tilt trend and sho~~ed the same results depicted by

figures 2~'and 2d of this Summary. The collapse coincident with the

Kilauea-Iki eruption is shown 'on figure 2c, and the reinflation of

the summit stora~e zone (which actudl1~, begCln early in the Kilauea-

Iki eruption) is shown on figure 2d.

"The history of tilt measurements at Uwekahuna, "in 11\70 Summa.ry

24 (Krivoy and others, 1961, t>.7, fig.2) illustrated the deformation
,

described above, and also its relationship to tilt cycles before and

after Kilauea-Iki. The daily ~ilt readings in table 1, if plotted,

reveal a curve similar to that: shown by Richt~r and Eaton (1960), and

one which is more indicative of day-by-day ,deformation.

In general, therefore, th~re was 'evidence to show an increasing

rate of shallow lava storagebtheneath Kilauea prior to the eruption

in Kilauea-Iki.

/
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-! ~'.-\.}~~ There was little to note seismically in this period except for an

increasing number of events recorded at the North Pit seismometer.

These events are recorded (trtblc 3) under the ~e<ldin{! "Kilauea

Caldera, shallo~". If Thi~ count, reached R ht~h of 800 quakes on

October 24 hut decrertsed to <)0 by ~~oveMher 1, 1959 (tahle 3).

The count rose sharply therenfter: bv Nnvcmher R the number could

only be estimated, and hv November 1~ it exceeded 2,nnn events per
, \

24-hour period .

. Such micro-earthqunke activity had not heen previously observed

in Hawaii -- prohably because there hnd never heen ~uch a sensitive
\

instrument so fortuitously located. Seismometers located at

IJwekahuna an.d Outlet, within 3 krn of North Pi.t'l failed to show

more tban 1 percent of the thou~ands' of small shallow events.

Therefore -these events are assumed to, come from failure of the

inflating floor of Kilauea caldera, from Halemaumau ttself, and

from the nearhy 1954 eruption fissure zone which lies at the

head of the east rift leading, ·to Kilauea-Iki rtnd the "chain.-of-

craters."

The thousands of events recorded at North ?it and the tilt

findings Ikept the 8taff of t~e.Hawaiian Volcano Observatory and the

interested public in a high state of expectation during October.

An e.a'rthquake of magnitude !~. 4 occur~d on October 4, 1959,
'\

beneath the offshore portion of Haleakala's eAst rift and was felt

by residents of enRt ~aui. This w~s the ]nr?pst quake recorded

for. the month. Three events of magnitude 3.4 were also recorded

hut were not reported felt. Of thef;e, th~ qunkc of 03:10:NiX 03.5

on October 21 was interesting ·in that it took ?lace only 30 km
I

/M~~~'; HD,~;lUi;·:~i~~>:t:,.e~~::~~pep.L,~

/



An unusually deep quake (h=S0) wns recorned at 15:3~ on October 3 from

an eoicenter 25 krn enst of 'Pahoa. This M:lf!nitude 3.2 event came,

therefore., from an epicentral lo~n t ion ~'Jhere shallow quakes are more

common. On 16 October at 03:37;. a magnitude 3.0 earthquake occured

at a depth of about 30 km and a location ahout 35 km north of the

station at Haleakala, Maui. At 01:43 on Octoher 25, an earthquake

of R km dppth and 2.9 maRn! tune ,''os locnted close to the fel t

event of 4 Octoher described nbove. Earth~unke5 from this offshore

source are'remote from the Kilauea seismic network and so their location

is tentative. But the ~eneral rc~ion --- north of Koha~a and east

of Haleakal~ --- has produced many ~~nkes since 1956.

unusual and/or felt quakes took place; At 11:14:33.4 on November 6

a ,magnitude 3.1 quake occurred at a depth ofS km about 4 km north

of the Desert seismometer in t6~ Kaoiki Fault system which separates

Mauna Loa and Kilauea. At 0!:·22:52.'3,l on 'November 11, an unusual

quake of magnitude 4.0 originat~d f~om an offshore epicenter ZgO km

south of Oahu and 300 km west of Mauna T"oa station. A depth of

13 km is assumed for this event;··'

On November 12 at 00:21:12.2 and 00:31:22.5 two almost identical

quakes originated at 15 km depth and 11 km sOl1thea!=;t of Naalehu. Beth

quakes were measured as 3.2 magtlitude: they \a1ere lIep1icas of each other

with the sole expeption of a reversal of first-motion direction at the
. ,1:' T --i.. ·... t,e . ~ j"~

RHo; seismometer. C''f:'!tAlIJ''l...,..e Itt,! ~>(~A"+d L;""17<.{/~,!/,f:A,:;~:'/



At }R:04:36.7 on Novernher 12 and at Ol~00:46.6 on the 13th. shallow

earthquakes of magnitudes 2.3 rind 1.4 respectivelv, ori2inated beneath

Kilauea's summit. These were remark~hl~ because they were reported felt

despite their small sixe. In th~s re~nrcl it should be ohserved that

Table 4 --~ once restricted to ~hrth~uake~ of mRRnitude 2.5 or greater

ha~ beetr'~xpanded in scope so ai to list and describe all interpretable

events regardless of Bi~e.

vfuat was true of Octoher, 1959 can also he said of the fir8t

13 days of November --- there seemed to be no seismic indication that

an eruption was near, except for the thousnnds of events recording at

KKKXXXKXXXHXXHX~XXHHXXH~XIHX*~MXXeMX~HHIIHXIMXXXMI~KXXKXKMXHXXM~~MKXXXIMK

These circumstances, however, caused the stAte of puhlic and official

alert to continue into Novembet. ~ The felt ~uakeR during the afternoon

of November 14 ~dded to the general excitement, and by the time of

the outbreak that evening, the Hawaiian Volcano Observatory and the

Uwekahuna'Overlookwere already··~rowded with U.S.C._S. staff members,

all scanning and searChing,/

.'\,;.,..,~~~."'rt~!I~
._..::-,,-.-r:-...

Park personnel and tourists

,.77i

l ,(,(.~\ .1 ,',£t. ~ ~,

alark vista.
/ .
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Seismol@@ical tracking of the eruptive nrocess

A three-component set of fJr'eRs-Ewin~ seismometers (15-secon~ seismometetd

and 90-~econd galvanometers) re'c'ordin~' optica'llv at 15 mm per minute, has, . . .

been used continuously KIKHHXXXHHKX~ ~MXX~ ~nd with no change ~n~ physi~al

characteristics since January 1~5R. These in~truments have been ~ital

to the study of distant earthq~~~e5, ann also have responded usefully

to some local events and to haro~etric pressuYe chan~es.
i

The present evaluation of the 1959-60 records shows a corre~ation

between 'certain features of volca"nism and instapllity of the Pre~s-

" cL" ~~ I

Ewin~ traces. The autho~first'observed tlrl19' ~Mile phenomenon during

\

the eruptive events of 1961
I

Iand it was correctly interpreted $S
I

J

I

tilt-induced. This same sort of tilt "storm" has been recognize~ as Oils~ -I
I r~. ~~

a premonitory feature of lava movements both surficial and sUb-surface",~tk.t,
~

In fact, the Press-8wing "depart-ures!! would serve to give several hours

of warning in the case of incipl~nt volcanism. Such use of the data
\

would require electronic develo~mentso that a visible recording was
.', I

always ava~lable, and so that a,':\warning signal might be generated to
I

alert. the bbservatory staff~ ;/~i ~.

Many related events are l~~ted in chronological order in Table A
I
I

in genet~l keyed to a qualitative appraisal of Press-Ewing behavior.
1

I

Table A/starts with November 14;',l9~9;,but, i~stahility was firstl

noted in the records of Novemb~r 8. This instability took the form
, \ I I

I ' i

of warldeting o~ the spot at per.~ods of abO\lt 20 minutes. Most obvious

on the east-west component, it continued through November 9, 10, 11 and

12 but was either small or else not present on the records of 13lNovember,

Il ":,



...

I

By January of 1958 11 three-component set of Press-Ewing seijsmometers
-, .. .', I

ware operat iona 1. Th-eae-h.a,v.,e been used continuously since then with no
change in~ physical characteristics; 90-second galvanometer1s and 15
second seismometers, recording optically at 15 mm/minute. These, instruments
have been vital to our study· of distant earthquakes and:have gi~en useful

, I

responses to some local events and to barametric pressure charg~s.

During the eruptive events of 1961, the author observed imp!ortant
correlations between certain features of volcanism and instabilfity of the
Press- Ewing ~~~: These were correctly interpreted as t ilt- induced
departures and all Kilauea eruptive events (as well as some apparent sub
surface lava movements) have been indexed by the recorded long-period
response of the Press-Ewings in the Uwekahuna vault. Whe~ the evaluation
of the old 1959/60 records was resumed (in 1964) the same phenomena were
noted. The following schedule, therefore, lists many related e~ents in
chronological order -- in general, keyed to a qualitative appraisal of
Press-Ewing behaviour. Other sources of information were the o~iginal logs
of the Hawaiian Volcano Observatory, a National Park report -- '~Report of
Eruption in Kilauea-Iki", the text of the forthcoming professional paper,

'''The 1959-60 eruption of Kilauea, and the Pess'e. wi author's p~rsonal notes,
recollections and record-analysls. I

The following review commences with 14 November, 1959. It 'should be
noted in Table III, however, that Press-Ewing instability was first noted
on November 8, 1959., This wandering of about 20-minute period was....-~Is,

active on the east-west component; it continued through the 9th, 10th, 11th,
and 12th of November; but was reduced in amplitude on 13 November 1959'.

~--------t-
I
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Table A. --Schedule of tilt-induced departures of the Press-Ewing horiiontals at Uwekahuna Vault, and

~heir correlation with other observations during the Kilauea-Iki eruption of 1959-60

Date Time
(1959) From ·-To

Nov. 14 14:15 14:20

14 14:48
'" 14 20:02 -----

~......_-,

-------

Press Ewing

5"-/,
Strong ~o~tffiteo~ tilt records on horizontals.

Summit collapse indicated. ,

--"

Other sources'!!

First of about ~ dozen felt,
Kilauea -Iki premonitory eve~~s,~

Tremor increase indicates actUal
start of eruption;

p .-----~_:-----

'.

-. ,,' ~, ; , ." ..

!I Other sources include the-original logs of the Hawaiian Volcano Observatory; a report by
the Hawaii National Fark, "Report of the Eruption in Kilauea-Ik1~ the test of the ~/.

forthcoming professional paper on the 1959-60 eruption of Kilauea-Ikij ~f the __~th?:or'6 ! _
personal notes, recollections, and record analyses. I t))1./rD-1,.. . . ~ ,I

I :. · ~,' {/ A· ·
\' r' 'I,v~d(~d/



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna.Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60.

Nov. 14, 1959 
14:15 to 14:20

Press-Ewing Evidence

Strong south-west tilt records on horizontals. Summit
collapse indicated.

Other Sources

14:48

20:02

20:08

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - first of about one dozen felt,
Kilauea-Iki premonitory events.

tremor increase indicates actual
start of eruption.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Kilauea-Iki eruption sighted.

Nov. 21, 1952 - - - MOderate NNW tilt takes place.
19:25

End of tremor and also observed
time for end of Phase I.

, 1
I

Nov. 26, 1959
16:34
16:35

16:47

Nov. 29, 1959
21:47
21-:4&-----

Dec. 4, 1959
01:00

02:57

Strong WNW tilt on horizontal P-E
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Reported by observers as "instant"

end of fountain with immediate back-
flow. End of II.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Tremor ends on most short-period
instruments.

- Official end of Phase III
Strong WNW tilt" (inflation)-- simil-ar to II.

(start of Phase IV)
- - - - - - Given as starting time in HVO

reports.
Occasional spurts to 100' reported
by Rangers.



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60 (cont.)

Press-Ewing Evidence Other Sources

50-100' reported by Rangers

- - - - - - - - - - _ _ _ - _ - - - - - - - - - - - - - - - "increased outpouring" reported by
Rangers.

09:45 to 11:20

"all morning" - - - - - - - - - - - - - - - - -
(no special action near 9:00 a.m.)
09:10 Good indication of modest SE tilt

(collapse of summit) on Press Ewings

Dec. 5, 1959
0):26

Slight N-tilt and large W-ti1t. Seems gradual but persists
for 2 hours of overwriting. Thus strong inflation
indicated beneath north-central portion of Kilauea Caldera.

03:27 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Official report -- "Dead calm
settled over the vent" end of
Phase IV.

Dec. 6, 1959
06: 14

06:05

Gratuitous tilt between phases IV and V.
Start of two large north-tilts (on PE-N)
lasting 1/2 hour. Important inflation beneath
Halemaumau implied.

Start of same process on the E-W; west-tilt ~n
two distinct surges which lasts 1/2 hour.

Tremor· on ~ 0613 ± -;) 06:50
t® - 1 to 2 MH
o - 3/2 MK
N - over-write

{D, ML, not seen}
pp 1I/~l~tG SVKF./!Cfi" PII£,I''/':)I1'/C#,,/.)

Ar rHG nMfi ~F THIS Tli.:r AM.])

n?£Mbl<. ..

-Dec. 6, 1959 Ph.8se V_ star_t_, lndic.atedQn PF;.~_E/W_.p_y_suQtle_,_"
gradual east- tilt (collapse) shown as slight. ~•. -
widening between adjacent lines.

Dec. 7, 1959 Strong west-tilt begins at 00:21 and persists (slightly
north). Showing inflation of center of Kilauea Caldera End of Phase V.



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Ki1auea-Iki eruption of 1959/60 (cont.)

00:24
00:32

Press-Ewing Evidence Other Sources

Listed on "of'ficial table" in
- - - - Professional Paper ms. Probably

in error.

Dec. 8, 1959
02:45

02:45

0;:00, 04:00
°5: 00, 06:00

Another big W-ti1t starts at exactly 02:45, crosses over
and covers the next hour-line.

Official end of Phase VI.

- Widening PE lines to indicate east tilt or deflation - - - Tremor on Z and NP -- possible
charge very clear on "0" starts at
05:03.

8 Dec. 1959
around 1;:00
16:53 - - - -

16:53

20:12

20:12

On E/W Press Ewing only, gentle but persistent E-ti1t
which widens spaces between lines for one hour.

Immediate demonstration of strong west-tilt (slightly
north) i.e.: supposed inflation beneath north-central
caldera.

Phase VII start reported.
"Suddenly at 16:53 the fountain
roared to 850 ft." (Fr~ P.P.)

End of Phase VII.

21:05 to
23:00

-- -:.

PE-E/W wide spaces = east tilt - - - - - - - - - - - - - - "Fountain stopped abruptly"
good "band" of tremor U, D, H, etc.
21:05~ 23:00 ±

Dec. 10, 1959 - - - Power outage in Uwe Vault 12:20 to 21:11



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60 (cont.)

15:15

Press-Ewing Evidence Other Sources

- - - - - Subtle start of VIII.

Dec. 11, 1959
02:00
02: 10 ±

02:40
03:30

- - - - Activity picks up - HNP
Widening of spaces begins and implies east-tilt and
increased eruptivity.

Ftns. to 700 & 1000 ft. do.
Spatter Ridge shower.

(Dec. 10, '59) Starting around 21:20 only on PE-Z about one hour of ca.28o
second waves (13 cycles in one hour». Probably a barometric
phenomenon due to testing?

Strong west-tilt (slightly north) in the usual manner.
" IITakes one hour to recover or catch up.

- - - - - - "Official" slow death of Phase VIII.

Dec. 11, 1959
10:48

08:14 to
10:48

Dec. 13, 1959
05:08
06:25
ca. 06:;0

by 07:00
1;:40

Dec. 14, 1959
07:45 to
10:40
11:00

11 :01

(No PE change)

Spacing increases in a direction to imply east-tilt,
caldera collapse and increased outpouring.

- Typical west-tilt deflection of Press-Ewing E/W

Strong east-tilt starts with spaces wider than ever at - 
the "starts" so-far studied.

Feeble start of IX.
- Rolling boil of lava.

Ft. betw. 100 & 700 ft.
- Offician end of Phase IX.

Slow start of X.
"Ftn. roared to life"
(to 1100 ft. in 8 minutes).

. .1



Schedult of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60 (cant.)

Press-Ewing Evidence Other Sources

Dec. 15, 1959
19:30 - - - - - - - - -

15:;6

Dec. 15, 1959
06:11

ca. 06:25

10:25
10:27 to
10:28

(20:00)
19:55

21:28
21:;0
22:35

- - - Strong west-tilt in the usual manner for end of phase - - - Also "official" end of Phase x.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Gentle start of XIj but at 1000 ft.
in minutes.

Very strong east-tilt begins and seems to last 1/2 hour.
Also around 07:00, south-tilt becomes apparent on the
N-S instrument.

- - - - - Official end of XI.

- Usual WNW tilt shows strongly. (Wide spacing in E-W
immediately after 10:28 inflation shows collapse on
the heels of the usual west-tilt). (This might be
the start of storage in the east-rift).

- - - - - - - - - - - - - - - - - - - - - - First sighted & "within 30 min.
jetting to 1000 ft."

Strong east-tilt on E/W pinpoints start of strong action.
At the same time (roughly) there is subtle south tilting
shown on N/S.
Start of strong west-tilt (north, too subtle to copy).

- - Official end of XII.
Slight "bobble" on E/W, P-E coincides with end of noise
and rapid backflow whirlpool.

Dec. 16, 1959 (During phase XIII)
13:35 - - - - - - - - - "Rapidly hit a peak outflow in a

few minutes"
Indicates east-tilt at ca. 13:45 which persists 1/2 hour.
Also compression of lines shows slight south-tilt.

- -~._--- • ..... _-_-.--- •. _-_ - •. .,,-.- -- ...... -1It~-- _ ~~ - -'~ ~--~--- ~__. •__..._4 .._~_~ ----



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60 (cont.)

Press-Ewing Evidence Other Sources

16:35
17:19
17: 19
17:20

Good, strong cross-over on E/W to show west-tilt.
- Weak indication of north-tilt.

Fountain choked.
XIII appeared stopped by backflow.

Official end of Phase XV.

- - - - - - - Approximate "official" start of
Phase XIV.

Collapse shown on PE-E, only.
Start of west-tilt on PE-E.

Small west tilt.
Start of large west tilt which persists 1/2 hour.

- - - - 1900 ft. fountain.
- - - - Surges begin.

- - - - - Official end of Phase xiv
- - - - - - - - Spatter observed and small out-

flow for two hours.
- - - - Sudden pickup in output.

- Large east tilt.
(No special change)

Dec. 17. 1959
02: 15

02:32
04:01
04:02
11:10

1;:5;
13:55
14:05
14:41
15:18
15:29
15:32

Dec. 19. 1959
02:40

03: 1;

06: 14 to
06:15
06:16

Gentle start of XVI which reached
1500 ft. during next 25 minutes
(03: 251 ).

East tilt readily apparent on EW P-E, and faint south
t-ilt implied--o-n----Nls. --- ----- ----t" _

Strong west tilt on EW, P-E small, but visible on N-S.
- - - Abrupt end observed.

-- -,------ -----,---..~~ ---- ---- ------- .. ----,---- ---- ----- - ....-.--.. _-_... ----.- ... -'.,..... -.'C'"r-:- ..... -~-r'.~-~.~ ..---------;"'..-----_._--.------ ..__._-_..~------



Schedule of tilt-induced departures of the Press-Ewing horizontals at Uwekahuna Vault,
and their correlation with other observations during the Kilauea-Iki eruption of 1959/60 (cont.)

Phase XVII. Has no tilt ramifications on the Press-Ewings, although the record changed about 07:58 on 12/20 --
roughly the time of phase ending. Also no Z tremor seen during this Phase.

Up to, and including Jan. 8, Press-Ewing E/W has no overt or sudden departures. As of the records of Jan. 9, 10,
11, 12, and 13, as many as 10 departures daily showed east- or collapse-tilt. At this time Nand Z did nothing
observable.

Jan. 14, 1960. Either no suspicious tilt on P-E or too much earthquake noise to read it.

Jan. 30, 1960. West-stop reached on Press Ewing E/W... i.e., east-tilt has taken its toll.
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',~ ·A/ftlJo..U' t~:~V'l

t•."- ~/V U
Scientific Investigation{((Juring the Ki lauea-Iki Eruption

h.~ IJ.? \) ... ~.:P 'vL.J. ,~'- J
As one inter-nat iona 1 atte~t ~on to aCAt])~3 vo 1can ism, the~e ~ ,

C(.d IrL-\ c~ IA) /IJi;" tJ!..' ..e .
eed I t1 otJlle1~ humah b.:3hav lour under such c i rcumstance~

,'.: " I
protect i ond ·of the ci v I I I an popu IaCjand. conduct of the

/ ';

necessary sc i ent Ifie invest i gat i ons~,•.; 1t ~eems val i d, therefore, to add to th i 5
i· '

goowing I Iterat.re --- If only for t~e gutdance and Information of future workers
~ , /

" , J
at the HawaJ ran Volcano Observatory. '~"

A telegram sent by the HVO scientist:~'(n-charge, H::.J.Murata to--our :Branch Chief
'\
'\

(Field Geochemistry and Petrology) i~ 'Washlhgton D.C., Wi I 11am'T~ Pecora, wi' I
I
I' ,

introduce the theme. "An eruption o'f Ki lauea volcano started Saturjd,y night,
I

Nov. 14, in Ki lauea-Iki, a pit cratef" immediately adjacent to the siummit

caldera. After first breaking out on a wide front, the lava is now issuing

f rom a s Jng Ie Iarge vent ina fiery ,'"f,t?unta i ,n 700 feet high. It is ian awesome

sight, especially at night. We are so occupied that we must beg off giving

a detal led account at this time."

The foregol n9 on Iy vague I'y suggests, 'the great act i vi ty undertaken by workers

at the U. S. G. S., Hawa i ian Vo Icano Observatory and by the emp loyees of the

National Park Serv Ice ;th I s was an activity SCh~d~_.1eg..,.s:..~p Iete I y by nature

., ~"'~ 1
so that after a few weeks of dramaft~'erup+lon~ equally dramatic quiet,

I ife on the Summit of Ki lauea became"~ beautiful, ,sleepless blur of unreal ity.

A primary condideration was for th~;wel I-bein~ and convenience of the thousand~

of visitors who came from Hawai I ,J~er iSlands, of the State and from the mainland
I •

to witness this breath-taking naturaJ:wonder. Durlng the' first ph~se of the

outbreak it became difficult to use the Crater-Rim R6ad where it passed behind

the main /Ki lauea-Iki vent. For the '~~rly phases of the eruption the Hawaii

National Park crew was ~bl'~ to fre~'the ~~ad of ash once the pha5~s subsided.
, I

But the job soon got to be too great-for'avai lable, road equipment (a sma I I
.If' ..·• -

I I

'I

~ 1/ I. I· .

,h.
;," ., ' ~i

•• ,I I ,I. tf.
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i

road grader had to be rescued itself) and the fal I-out hi" now known as

Puu Pauai was at lowed to grow. It now covers parts of the old Crater Rim

road with over 100 feet of ash and, ·(1 re-founta'i n ag Iut i nate.
I

AIso eventua I IY
I

covered was a pleasant pi en i c area" ca I 'e~ ','Summer Camp." Th is area, wh i ch

includes the water-tube tl It base iisted by the same Marne, now lies under
!

twenty or thirty feet of ash and is.part ~f the Devastation Trai Ii area

where a wooden cat-walk permits toorists'to Inspect tree-molds anp other

features of Ki lauea-Iki volcanism.

Thus, the Kl\auea-Ikl eruption provided a serious traffic problem for

~the Par~ Service~nger staff. Eventually. this was handled by settinQ

up a OAkoy patt~rn Ol~fiC in which visiting vehicles were turned
j

at Thurston Lava Tube (j~st ~est of'~BM 391~ at the eastern extremity

of Kilaue Iki crater. See Flgure,C,~.) On'the return ttip (westward)

toward Park Headquarters, they wer:e permi,tted ,to' par.k and to view

the eruption from a railed overlook near· 8M 3874. This kJl4.r, therefore,

became the rna i'n view Ing po i nt for' the thousands of tour i sts who vis i ted..

i· ..
I

I

l

I

the Park during the eruption. It w·as J·us,t: about one ki lometer from theI . .
oJ ~~/ -tv£,rna in founta in; ~ it~ t&4 ~a~ un-b locked v! ew of founta inl.,' wh i ch I/.IJ. ~~~~~~fJ~~~

at tlim~s ~oa red to 2,',OOOfe~tj IJ .4r:td._\ n the· fO"-R~ r::Q.. -S:~Q ¥Q"'~g .
'-)"r(...4.., ~. QN. fN~L'~ .... .

I aya ' akA oJ "i I aaeai-1 k1f r ,.",--[~
A .~OU

At this main overlook, therefore, rational Park taturalls"!>wa's almost~ I'

on QJ i' I t»'b duty. The I r notes of' founta I n he i ghts and the' r co Ior f i Irn

footage/and sti I I photography~ were to prove vital I inks In piecing mogether -
\ -

the comp Iete story of the eruptt on~. Ii As 'soon as the Ki Iauea-I k t founta in

began to demonstrate a proclivity fpr unheard of heights, Park Service

and Geological Survey officials consulted to set safety 'standards. It was

decided to evacuate tourists from the main overtook whenever the measured

r •. , •

fountain h~\i9hi exceeded, 1000 ft',:.;hiS was later raised to I,zqo feet when
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the deepening lava lake.

I

,
/
/

we' began to get more blase. prob.. ab I V b1cau,~e~tr~de wi dds pers i sted
V,'t 1 ":'Au k,·~,·4" 9([ ~tJ

throughout the eruption~ carrie~e'ruPtion debris over ,the Kau
~O~~

Desert to the south and southwest of the main vent,V~t.~"le
'1 '.

ash fa I lout was ever exper i ence~f at the rna i nv is i tor over look. Neverthe Iass
\I \t,(O\'4?,' . " .
~were evacuated at times according to the criteria of fountain height

and also when the adjacent trees and shrubs were dried and ignited by t

,..S~..A-tit1 -\"cv{..

Just north of the main Kilauea-Iki vent, on the north rim o+~~crater,

were other trai Is and possible 'oyerlooks. These were within 1,500 feet

of the main vent. And it is a .tribute to the vigi lance of Park Rangers

that no visitors were injured on··the several occasions when the fountain

deflected and plastered large a,teas of that north rim with MMMM bomas and

molten spray.lt is a tribute to~some g6ddess of chance that no scientist

b~ park official or official press observer ever ·suffered more than slight'. ~t~'v~~
damage. .AI though we a I I had to r,ui a"fJyt 6" IIIeo III , 88eeos i eo Ii3 from wind

changes or from increased fountains.

A~_~PSYChOIOgiCal hazara early in the eruption was caused by low

flying aircraft which flocked i~ from Oahu~t~/~I~~/tM~/~fd~tl~~i To

those of us working within the crater, the noise of their engines suggested.. ' ..,
imm'nent, new volcanism right uDder our feet. To flight passengers the
~

trip might have given a sensatl';>-". of f,lying ~hrough the field of fire of
\

an arti Ilery 'piece~ At any rat,~> such'overf.l ights were discontinued by

FAA order a~ter seyeral Instances of wlndshield breakage and other.,._....v.. I \

damage;t; t?vq'CA'-6Cff

:.'."

.;......

i.
/'
b
i·

; \'
I \

1 I
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The foregoing should suffice to show, in a brief and general way, the

rather hectic and carnival atmosphere 6f a ~ypical Hawaiian eruption. It

is important to stress that many~uf the international guides to evacuation
I

and protection of the 'populace simply do not apply in Hawaii where the
I

problem Is the reverse --- the Inflow of large numbers of tourists. < \, ~ ~11 t
I ~ W~~~

From Tab.les 2a, 2b, 2c and 2d It can be reckoned that 24 basesl were tj<::;f,;. ,
0-V~/_'rr;i)i/;"~occupied using the water tube tf Itmeter during the quarter. These are '_ fJ V~I

\ I i ,f~v~~
done after djark and requ ire a tea'm' of four men. Each 5 i n9 Ie ocqupat ion

takes ~n av~rage of two hours. ~hus It ~an be seen that a greaf deal

of time needed to be devoted to the basic material of this summary by
\'1

people ~Iready working double shifts at both routine and emerge~cy

i

duties. the ti It crew always consisted 6f Eaton and Krivoy as readers.

As note~e'~per and va I ve-man, dut'y. was rotated among other members of

the staff~ J.C.Forbes, Akira Ya~~moto, W.H.Francis and B.J.Loucks~ were
l

the most frequently tap~ed for t~,is duty. ~"8h D.H.Richter~ W.U.Ault,

K.J.Murata, G.KoJlma and R.T.Okamura either joined the tilt parJlon

eccasions, 'or else took on some other task which freed some other

staff member for the function.
I

The,flrst task seriously .undertaken after the outbreak in Kf lauea-Iki

was the att~mpt to col ledt gase~, and vapours. Most of the people at HVO

had a hand in that and we worked 'onder the direction of geochemist W.U.Ault. /
I

Figure Bw i ',I' 9 i va some idea of the number and Iocat i on of the :or i gina I

outbreak vents. Where these laY~'paral~el to the Crater Rim Road, thick

clouds ~'5 751 'Ie rose up the 5 'lopes of Ki I auea-I k i Crater and

swirled over the road. Most of the staff; therefore, spent co~siderable
I

time going back and forth to this location with a variety of e~acuBted

f~asks supplred by Wayne Ault and George KoJ~ma. The most obvious

constituent of these gas clouds was
502 with some Slight '

admix~ure



' .../ .

\

--......,. ~

~
\
(

\

<

~
Q~'

,
)'

~
\
\

\

---~.-../'

....

..~ <~"

'-,

KILAUEA IKI CRATER - '.

.~~

__---if~!~

,/1 \"~'I__ ~' .-__ --=-'\1
// ", .~

\( -',

'~~,
\,

...._--4---- - j

L -

~ .

"Oeb

p.V.
~>-

!J5'~!~

Spdtter CO'lf'

Bpdd",d cmd"'" ##.-

-t'
--~

~_J

• ...,_ Ai Jv
I

\S
~---=?~~ '397~!..- Hawa!l1ia.tlonaIParkHeadQuarters

ef
~/:~- .,,,~-~~ ~''"'~~~~ ~\s.;~
~(:": . ".' ,,~- ,c.. - =-~~~~

J8~J ~::,:-", \~'~~~~\~VO~I~::~e,/1////1'· ,". ,~(~~ ~~,

rId/~~·,·..<" .,~~- '. ""
1'//'//'..".. "'~ , ...~\ ~'.\ I
/f(/ ,> .. ', " \1\.~ ~ \.A.:~,~,: . ~'~' ,:~~~~~!I,

~;;::'P/ ,'.-',": .::~~~ "'\\1/;//.// ~ .' j' '" , .',.":',~ ~~ (~ ~ \'\\, ~~I~'''«: ",':, , Lava flow of 1919 , . . . " .:' : " '~\~ \j -<_:....~-l:1
'~' I '/;. , " '" ~ .. 0' _\ 'T~~I~/" I~" "", " '. ',", :~':---'_": I ,/\~~

,/'/,' / ". " .. . "'-.;: - ,I ~ ~~ .~

i ~// ~ /. ',':- . ... 1\. "-'-~ '\\

z:;" '/ ,: ", '.. . '. B r l "'~\ '~1\t\'
~ / , '- '.. \. / ',\~\\\" '?~~~, " : " ' . '. '.f ' ".' 0 t.. _~-~ - - ~:'.' ,.;1\.\, '. .~o~4090' ~:<- ~ , CI' - " • \ \ 1\ ", ~'-.\: 0. lr\~~.:' i:,~, pJ \.;, / il "\~~~'

.. t ... , c. ) oJ ,,' i".\-......~r )') ,'- ~~ _ _ __ ," : _', ''',
~ J ,~ I ( '\L'·. . .-/ / " '\ l'\,.\~.' .j, \~ " ..... \ r' ~ . /'- ~r.r, - HawaIIan VOlcano. Observatory ~// '-., ..... __ ;" '-) ,\/

~
~ J J.\.\\(L" .y'1 t' ••..// (' :( / It '. ~". '--- "

./ ...-,.-j .' -, ) ,I <.-;.> ~ . .-:::-.1 . .X, \
r--- ! :)1t,·,· ..., \ . -~, '~.

~ 1'1[""" ',Iv '" J
~./~ --,' J~:/"'.. (::":'. "", ........... / ',/-r/ " ,'J. ~Ir;.:~~<. ',' ' \( r- / ../

/ .-../ I '/1- ' .. ' "'. \/ /
i j- r--- ~-- ~fJ. '" _.'" . '\.. }(r ' ;;.:.~( ..... " ---

.......



EXPLANATION

~ '''j- 1

~-~

I

1000 Meters

: :.:' : ~

J>../\-.-
~ ,J

-~!

n:~~;~(;
Lava flow of May 31. 1954

~

Zones of cracking formed during
the 1954 eruptio'"

Trace of eruptive fissur~

~.

Cinder and spatter cones and ramparts at vents

-' "
Lava flows of 1832. 1868. 1877. 1919. and 1921

500

.--'----

KEANAKAKOI CRATER

~ ...)

.,.i ~.;:
~I Q::r C
o ~

ZI \....
-.I' Ii::::lj I....
;: /~

1/«
~i~

'----/

®"-T i ~~ J\
'..Y I \,-,~,

~< / ,~-ff~ ~.
~~"

~''---' ~-~(~';, ~--v -<-.- .-...-/I ~ ,~I

~~ -"3500!
1000 o

I L ~__

Contour interval 50 feet
(25 feet or floor of Halemaumau I

Durlan I.S m,·an s.f} /,·"t

4000 Feet

::::0..

-. -... I
J-op()gr1!Phi.c_"..Q~s~,J!W!'J,J· SJ. ~log,t;.~..LS!Jryey ql}~dre.n.gl~-..r]f.P? ~f..~J:~31.~,.. _.

surveyed 1913. 1922: revised from surveys by staff of HawaIIan Volcano Observatory I
---~-----------_.~_._--- ---_. _. ---_._-

d~B~
?



I
of H S.\ It was found to be too, clumsy to use gas masks; wet handkerchiefs

2 ' I

were prefJrred. The investigators were usually able to park on the side

of the road away from the crater where they could work without protection

and with only moderate discomfort. The practise then was to cpver nose
.' \ 'I I

Iand mou'th with a wet cloth and 'to dash over to the edge of thei road wh i ch

was also the edge of the crater, to plunge the collecting flask into the

most obVious gas and vapour cloud, t~ break the vacuum seal and final IV

~o re-seal the vessel and retreat for another flask.

,Resu'ts of these stud ies of t·he gas phase wi I I be discussed If n the

forthcoming Professional Paper.' The techniques described above could be
U~

used only during the earliest hours and days of the eruption; ,~Ki lauea
i
!

Iki settled down to a single ~oaring vent it imposed such a strong pattern

of air circulation that no sampl ing wes possible except over the orifice.
i
I

In the course of the eruption'a"few gas samples were attempted by the

expedient of flights through the ~a~,rising vapour column. Some gas

Ico I Iect ions were made f rom the ,vent and f rom the grow i ng cinder cone

between phases of the eruption., Thoughtw~i was given to the possibi Itty

of erecting a collecting tram although this was not carried\out during
I

,the Ki lauea-Iki eruption. Such a device was completed for sampl fng

gasses in HaleMaumau during 1960, and another was operated in 1961 which

I

Jack Murata erganized the laboratory faci I ities which permitted him

ran on !wires above the main Halemaumau vent~.
I
!

to run rapid stl~ca determinat1ons. And during the Ki lauea-Iki and

Kapopo eruptions, the staff supplied him with freshly collected, timed

and dated samples which represented what was probably the mos~ complete
. . i

chem Ica I and mInera 'og lea' rec<?rd of c;!n erupt 1on° anywhere in jthe wor Id.
I

The'perslstence of single vents --- both at KI lauea~lkl and at Kapoho 0

:" I



made such samples more meaningful 'and easier to obtain. At Ki lauea-Iki wef

were al I 'armed with sample bags and could easi Iy drive along Crater Rim ~oad,

observe fresh samples fal ling on ~he road, and make collections with reasonable

impunity. At night, freshness could be attested by glowing interiors; at times
, . , I

fingers were burned and sample bags were charred. To supplementlthls hourly

sample sufte, the fal I-out cone ~rid the~ lake surface were sampled whenever

possible.

As often as was possible, temperature measurements were made using two
I

Leeds and ,Northrup opt i ca I pyrome·ters. These were used by groups of two

or three peop Ie who passed the py'rometers f rom man to man i n order to get
;

as much confirmation as possible;'of the lava temperature in any particular
!

fountain and at any particular tl~e. Other measurements involve~ the lava
obtained

production of each phase. These data w~re .J(.'ri>t.R'tA' by Don Richter who

made level and transit runs Into Ki lauea-Iki crater leaving monuments at

j ·kn~wn. elex.aa!iOnS~~ ~.··•. ,,:.'1'2:.j~.,'t·~..e-~. . ~1i4·4.-vie ~n~
j 1i~~./1J ~/tt r; ~1:·tLL{'·-e. ~~-U(.~~, (

Othef erupt i on dut i es i nc I uded. dea I i'ngs with. the pub II c, the press and
I

,'. with officials of both local and'·federal g<Dvernments. Once the eruption
~ I

; ~ , ..
.,
t '

~ .

....

. broke out/the Observatory went on a 24-hour basis; ~erson was needed

to shange the smoked-paper se I smog rams wh I ch, often" f i I I ed I n th~ee or

four hours; another person was ne~ded .t6 ans~e~ the phones ~nd keep a

log of the activities and whereabouts of the staff. Many of these functions

were ably handled by volooteers, J~Jletfe/~e~fw0ffMt/~~~le~~/'~r~etMrs.Chester
, I

I
• I

Wentwqrth and Mrs. Burt Loucks. :'Observatory workers were very apprec i 'at i ve of
I

emergency snacks which turned up, out in the field thanks to some unknown Park

Service, USGS or Volcano Community wife.

Thousands of feet of c~l~r 16mm. movie fi 1m were expended wf~h most everyone
['11/6~ ""'. I

taking a turn with th~ Bell and Howe I I. Hundreds of 4x5 black and white

photos we~e made of ea,ry· conce I/~ab Ie scene and f rom every poss I b I e ang Ie •

I
..
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A pip portable tape-recorder was used to record eruption sounds:

fountains roaring, a hornito hissing, splatter and ash falling', etc.

I Although we did not have synchronous recording of sound and fi
l
1m, the

mag~etic tapes were used with considerable effect by the film !laboratories
I
I

where actual recordings were dupbed'into eruption footing for !the movie

1959-60 Eruption of Kilauea.

We went through the motions of using a vertical Askania magneto~eter

soon after the eruption broke out. Although there was a magn~tic traverse

which crossed Kilauea and part of Mauna Loa, it was far from Kilauea Iki.

Furthermore no one on the sta61 had had sufficient preparition in work
\

on Kilaue~ to permit the establishment of a better traverse. lAs is typical
/ I ,r-

in other igneous settings, slight changes in tripod level or docation .

can cause excursions of thousands of gammas in the reading. ~hus care,
\ "i

patience and experience are vi tal in. any study of the Blbsolu~e field

or of transients in such an·environment. jt was found to be very hard

to read, the magnetometer near·.. t·he vent due to mechanical agitation of

the ba~ance caus~d by earth tiemor. After a few trials t~ magnetometer

was put aside. In the six yea~s since the Kilauea Iki erupti~n some

scant; use of magnetometers has been made usually to study;the terrain

such as Kilauea-Iki.

effect of steep banks and/or the cooling and thickening of hot lava lakes

The Hawaii Institute of Geophysics has flown
I I

crude, prelimmBary magnetic traverses over the Hawaiian volcanoes. ~ut

tM:ll~~
no one ha;s~the magnetomet,er< as an. aid i\n outlining sub-surface lava

1
pockets.Nor have they used magnetic transients as a clue to underground

lava motio~ such as is hinted'Bt by tremor, tilt and deformation in

general.

~efore the end of 1959, a poitable World-Wide gravimeter was in .
j

use to compile a gravity map/of Kilauea (Krivoy and Eaton, 1961). In;
I

I
,/



I
I

the intervening years, gravity maps have been completed for Hawaii, as well

as for other major islands of the state. Some attempt has been made to
I

I

tepeat traverses using the drift-free LaCoste-Romberg. ~ut it seems
I

,likely that in gravity, as well as in geo-magnetism, sensi tiv:e, low-drift,

continuous-recDrding devices might prove~ most instructive: regarding

volcano-dynamism in Hawaii. I" ...
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I j

Tilting of the gro:J11o. :around Kilal1ea caldera. --Tilting of the ground
around the summit of Kilauea' is monitored daily by a short-base water
tube tiltmeter in Uwekahun~ Vault, and at irregular intervals it is
measured on a regional scale by means of a network of field tilt bases and ia
portable water-tube tiltnl~ter. The attitude of the ground surface a each:
tilt base is reported in terms of north-south and east-west tilt coordinat~s.

Both coordinates at each station were arbitrarily set equal to 500 when
measurements at that station 'tlere begun. Increasing tilt coordinates
ccrr~spond to northward a~d ~astward tilting of the earth's surface, i.e.,
to a relati.-ve subsidence t,oward the north and east. A one -l.lllit change in
coordinate corresponds to ~ iilting of 1 microradian (1 mm per km) in
tne directicn indicated.

I
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Table 1. --Tilt coordinates at Uwekahuna Vault October, November, and Decernber,

[These data are usually reported on a basis of 7-day averages. Dates and
coordinates in parenthesIs reflect ad(led detail irltroduced because of
rapid, changes during this :eruption period. ]

· i

~, .. ~.

J

Date N-S E-W Date N-S E-W

Oct. (1) (522) (462) Nov. 15 513 445

4 523 460 (18) (511) (449)

(7) (523) (461) 22 506 484

11 523 459 (25) (506) (480)

(14) (522) (461) 29 509 461

18 523 460 Dec. (2 ) (510) (453)

(21) (524) (459) 6 514 441

25 523 455 (9) (517) (432)

(28 ) (524) (454) 13 523 428

r-lov. 1 523 , 451 (16) (531) (425)

(4) (523) (453) 20 538 428

8 520 449 (23) ( 540) (428)

(11) (518) (448) 27 542 430

(30) (546) (432) i
I

\
I

I.

I
1

.1

f
~



Fourth quarter, 1959

Table 2a.--Ti1t coordinates and changes at bases around Kilauea caldera (See tilt diagram, fig. 2a).

Tilt base Date Tilt coordinates Rate (10- 6 rad/mo) Date of last
and direction of reading

N-S E-W tilting since ( 1959)
last reading

Uwekahuna Oct. 12 546.9 468.2 2.3 N38°w Aug. 13
5.5'N, 155°17.4''')

Tree Molds 13 501.5 498.1

1

0·9 N13°W 14
6.3 'N, 155°17.3'~)

Summer Camp 16 519.8 529·5 2.3 N64°E 15
4.6'N, l55°15.6'~)

Sand Spit 16 525.3 483.7 1.4 s46°w 15
4.1'N, 155 °16.8'~ )

488.6Kalihipaa 13 500.7 0.15 w 14
1.4 'N, 155 °15.3'~ ) ,

Keamoku 20 515.4 493.3! 1·9 S81°W 17
5.1 'N, 155°19 .O'~ )

Kamokuko1au 19 488.6 505.8 2·5 I S3°W 16
2.7'N. 155°16.6''')

( 19°2

( 19°2

( 19°2

{ 19°2

( 19°2

( 19°2

(
·/~I.·: .J/,)

"I " •

- {19 °2

Table 2b .--Ti1t coordinates and chan~es at bases around Kilauea caldera (See tilt dia~ram. fig. 2b) •

Uwekahuna Nov. 10 552.8 464.9 7.0 N2C)°W Oct. 12

Tree Molds 12 509·5 496.4 8.2 N12°W 13

Sunnne~ ~amp 1~_ 531.0 23~.Q _________ J5 ·5 N38°E ___16

Sand Spit 13 527·5 473.9 11.8 N78°w 16

Kalihipaa "12 ~487.1 501.7 1.8 S34°E 1;
I



Fourth quarter, 1959

Table 2c.--Tilt coordinates and changes at bases around Kilauea caldera (See tilt diagram, fig. 2c).

Tilt base Date Tilt coordinates Rate (10-6 rad/mo) Date of last
and direction of reading

N-S E-W tilting since ( 1959)
last reading

Uwekahuna Dec. 1 535.7 464.1 23.3 S,oW Nov. 10

Tree Molds 2 504.7 490.1 11·9 S53°W 12

Sand Spit 4 545.0 469.9 25.7 N13°W 13

Ka1ihipaa 2 486.7 501.8 0.5 SlOoE 12

Keamoku 4 504.9 496.7 7.4 S17°E Oct. 20

) Kamokukolau 3 479.2 500.9 7.1 s28°w 19
/'

(tlflill

I

Table 2d.--Ti1t coordinates and changes at bases around Kilauea caldera (See tilt diagram, fig. 2d).

Uwekahuna Dec. 28 570.5 447.1 42.7 N25°W Dec. 1

Tree Molds 28 516.2 488.2 13.4 N9°W 2

Sand Spit 31 605.8 467-7 67.7 N2°W 4
-~---------- __ 0- _________

-- - ------

Kalihipaa 29 471.3 509·0 19.0 S25°E 2

Keamoku 31 543.8 469.8 44.7 N42°W 4

~' /ih ),J: ) Kamokukolau ;0 414.1 535.6 81.9 S27°E 3
\. .
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Figure 2a.-- Ti Iting ~of the ground aroun,d Ki lauea cal,dera, Au·gust 15 to
Octo~er 16, 1959. The vector depicting:: ti It'i·ng at a given tilt base

'; ~6iri~s in the dir~ction of maximum ~relatiVe subsidence a~d has;a
'I ength "proporti o'na I to 'the rate of Iti It i ng durfng. th~, measurement :
interval. 'Clo,sed circles_represent,' field ·ti I.t ,bases; open clr¢les, ~
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Figore 2b.-- Tilting of the grou~d around Ki lauea caldera, October 16 to
November 13, ·J959. The vector depicting ti iting at a·given1ti It base
points In the ~irection of maximum re'lative subsidence and has a

'.Iength p·roportional. to the rate of ti Iting during the ,measurement
interval. Closed circles represent fie'ld tilt bas~s; op~n circles,

, short-base water-tube .t i I tmeters •. A I I fie I d bases were not 9ccup,i ed
beca~se of the ,start of the 1959 :eruptton in' Ki la'uea-Iki the' even·rng
of Nov.ember' 1~ ,:,. 1959. I

I I,

.'~ . ,

° .

..
I

"'... '. -,.,
.. i'

g



• KN

o

I
(

\

....-....
25 x 10.6 RADIANSI MONTH N

r
3, 1959

' ..
. ----

I~ ".'
5KM ~

.'

Figure 2c.-- Ti Iting of the ground around Ki laue~ cal'dera,' Novem~er 13 to
. December 3, ~959. The vector depicting ti Iting at a ~iven ti It base

P9.,!nts in the d.irection of maxlmum··relative subsidence and has a
. lehgth proportional to the rate of ~i Iting during the ~easurement

inte~val. Closed Circles repre~ent field ti It bas~s~, open ~ircles,

shortabase water-tube.:t,ittmeters~, The ti It base· .at' ·Summer Camp .(SC)
was occup i ed fo.r th~ 1ast time on' October '16 :,' 1959; i'n, the Fourse·"
o~ the·.Kllauee..... kl .eruptlon It was covered by ab~~t thirty Ifeet'~:'
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SwAeff)
Deep seismlc(storm]

A very farge swarm of deep.quak'e's',with associated tremor

began during the afternoon of December", 1959. This swarm

ceased during the night of De6ember 14 after~ a total of 4,500

se~arate events had been counted (or estimated conservatively,)

on the Desert seismograms.

• I'

During the swarm, eruptive'·phases IX and X took place In

there Is a brief description o~f:,a deep' swarm from a source 10 km

~ ,

;,

! ~ I

, I

- (.:

.-,"

- \ " "

I' ..
!
:on page 2,

-;Jt.:":.~~_••:-:-(,-,,- ...... :-~--:.-'

",: ~- ..... ..

, .~ ~ .:j (~.'::-"': f:
~ .; : 1-': '-" "- r" "i~' ~,;·._7:~"..:- .~ ~ ': ',,, ..

, In the Chronological Summary ~+ 'HVO Summary 13

northeast of Kilauea caldera at a depth of about 60 km. That

swarm ~ontlnued for two days (Janua~:5 a~d~, 1959) and added J!

up to some 600 separa~e events. Of these, 29 were magnituee 2.

• I

recorded on the USGS Kilauea summit network~ Thls,swarm consisted

of about 2,400 Individual events; 45 were'greater than magnltudl

1.5; none was felt although the largest was magnitude 3.4.
_._ T

This seismic sto~~~~ August, 1959 semmed to represent two

KI I~Dea- f k I. ~~~tf And lhus,' m,any evehts ·CQU I d on I y be counted i g

I

!

or greater, although none was t~lt.' The largest was magnitu~e ~.2.

h T
Between August 14th and August 20, 1959, another deep swarm

and could not be timed, because of excess 'background "noise."

S~Ch noise was In the form of ~~u~tlo~ tr~mor, deep tremor (Wlt~
, " I 'I'

the first 2,000 recorded quakes) andlor confusion caused by ! .. ,J
quakes recording two or three:perminute and' Interfering wtth .u.U.ttt~~vl-vAt

A I .. '
.. , I -' . '

events on adjacent traces.

1"'- '. I

deep ,fam lit as wh Ich graded Int,o' one another \'and w'ere recodded i n

no spec'i a I .~~der • One of thes~ f am ii" es be~~ fir a depth of 54

k~}~~d Ian .'ePlcenter 7 km nort~ of Uwekahuna; the second family

[!r.;;;~ a 1ocat Ion 5 km NNW of: .Uwekahuna and a depth of 49 km.

The deep August swarm Is rapor-ted 1n 's.wmmarY IS
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The first deep quake which co~ld be timed on summit seismpgrams
I

took p Iace, at IOh06m on 12 Decembe~, 1959. The fo I low i n9 schedu 1e ii s an

. ~

, ~

attempt to oomplete the record by describing a chronology of deep e~ ents
/

which could\~e read and/or tImed.
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14 eLE;:8
ABSTRACTS FROM OR IGt'NALtRfi'AD I NG SHEETS FOR' THE

'/ DEEP SWARM BETWEEN .Decemb~r II and December 14
i

Ca 21:00, p-travel-tlme
decreases to 7.9 sec

Dec.11 Ca 14:00 = start of
tremor and deep quakes
P-travel-time (when
discernible) 8.4 to 8.6
seconds.

Ca 16:00 faint tremor is seen
Ca 11/00 1,700 quakes a~pear in

tremor of inc4easmmg a1pl itude.

P-travel time varies frJm ~.5 (7.5)
to 6~7 sec; the sma 1lar !value at
22:00 record change' i

DESERT (4,500 total)

/'
.' .

' ..

MAUt·JA LOA------ (4,300 total)
I

Ca 22:50, p-travel-tlme
decreases to 7.5 sec
or less.

22:39 to 04:20 (2nd.record)
p-travel-time 7.0 to 7.5 sec.

Dec.12 some ev~nts of magnitude 3 &4
Instances of both UP and DOWN
first-motion

04:26 to 10:02, 6.7 to 7.0 sec
Both UP and DOWN first-mot ion'.

10:06 = first readable quake

1(3 : 08 to I3: 32, 6. 9 to 7. 0 sec'

13:36 to 18:52, 6~8 to 7.1 s~c

Both UP and D6WN first-mot I o~·'~

18:58 to 03:55, 6.8'to 7.3 sec
Dec.13 04:06 to 13:20, fewer deep events

+ eruption tremor.

13: 25 to 00: 46, 6.6 to 7.0 se.e
Dec.14 p~-travel-time. Flrst-motlo~.

not easily seen.

00:51 to 12:52 de~p quakes In·
erupt' on tremor no 1sa. 6. 8 t·b~··

7.1 sec. ~~travel-tlme.

22:50 to 06:45, where vfsible, first
motion is down and p·+r~vel-time is

.' between 6.4 and 7.3 sec1nds.

06:50 to 13:02, p-travel-time bet.eem
6.4 and 7.0 seconds.

" ,
. "

13:07 to 18:49, 6.4 to .7 seconds
-r ll,. ,

18:54 to 04:07, 6.3 to 6.8 seconds
04:17 to 15:06,6.4 to 6.7 seconds,

first-motion mixed, UP and DWWN.

15: 10 to 03:45, 6.4 to 6.7 seconds
and mixed UP and DOWN ~irst-motion.

03: 52 to '17 :00, fewer d ep events

Dec.15
12:55 to 02:47, fewer deep
events of 6.1 to 1.1 sec P-.:"·
tr~vel-tlme.

'I,· I.'

I ',:'1,

Ii, ','

,.' I
I •

17:05 to 06:07, deep qu kes decrease
shar1p'I y .In number.

I"

, 11 I'
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ABSTRACTS FROM 8~rGtNAL READING SHEETS FOR
THE DEEP SWARM ,BETWEEN December--i I and 14tg.

I

Maui :*Z becomes"active"after 20:00
----but no time markslon record.

However, S-P is measureable
on 3 ev ants and ~I I are UP
first-~otion. 18~1 and 18.2
seconds S-P is about 24.8 or
24.9 seconds p-tr~vel-time.

I

,HMO(Oahu) dows not sh~w emtijer
deep quakes or tremor.

I

U~ekahuna: readings on deep ev&nts
blocked hy tremorlof Phase IX.

Maui :*by the mor~ing I f December 13,
NO fur·ther deep events seen on
Maul record.

OUTLET

Dec. I I 17: 10 to 06: 51 (I 2/ I2) ca' I30 I

e~ents counted. In the +~w
cases where first-motlonls
seen, it is always UP. P~travel

times are between 6.2 and""','1.0 sec
/ '.

Dec.12 06:57 to 21 :32, first-motion
UP, when readable. P-travel-time
between 6.4 and 6.8 seconds.

21:45 to 07:07, deep events
eonfus~d by eruption of Phase IX'

Dec.13 Tremor of Phase IX blocks al I
earthquake readings

UWEKAHUNA,et

Tremor and deep quake
ca 16:00 but spot is
active and faint to b
after 18:30

be~d>m

00

r'ead

r)ec.14 Tremor from Phase IX, Phase X !

and bursts of tremor between
these two phases + fewer\deep
events --- al I factors reduce
the value of, Outlet record .for
tht s study., .

, /:
I~

;'

, 'i .i '" Ii ~,-
',' I'

I
/' "

;.,'

I:

';",+T

\

\

* a total of 21 deep events wera
large enough to record on the
M~UI records;[ of these only
three were clear enough to
use .for some Ii dea of $-P
time and for p-first-motion.

, I·
!
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I

: •. ·.ii
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Figure A. -- Epicentral locations of six separate deep 5~ismic swarms
from 1958 to 1960. Arrows ledd from one epicentral region to the npxt
in chronological order. Data givEn are: ntunber of events, depth and
date. ~ase map used is standard Kilauea tilt plat as per Figure 2.
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Instrumentation and earthquake-reporting

In the seven days from the 4th. of October, 1959 to the 11th. a number of
earthquakes took place in Hawaii and were recorded with varying acuity at
different sites and by different instruments of the Hawaiian Volcano Observatory
network. This period of time is selected for convenience; also it irepresents

"nonnal" background seismicity in that 0 1y a single
seismic anomaly contributes to "th;ll background. Tlle following ache ule will
list the features which we wish to illustrate.

Instrument Name Number of Events Counted Installation

Uwekahuna - Z 60 hi-gai~ vertical

Mauna Loa - z 57 hi-gaiq vertical
I

Outlet Z 61 hi-gai~ vertical

Desert Z 54 hi-gain vertical

North Pit Z 2,680 hi-gain vertical

NaalehU, E & N 1 lo-gai~ mechanical

Kealakekua, E &N 2
hO~izo~~al p~ndulae

I

I

Waimea, E & N 1 " itt "
I

I

Pahoa, E & N I 1 91 in ff

Hilo - Z 10 hi-gain vertical

I
I

IIn the week reviewed above, 17 lex: al earthquakes were chosen for
study, location and analysis; these were judged to be well-enough recorded
60 as to perm~t accurate location. It can be seen that mechanical seismographs
contributed Itttle during this particular week. Perhaps a period could be

. found which portrayed mechanical recording in a more favourable light. But
the opposite has, usually been found to be true; the mechanical i~strumentB

prOVide pooi~-ttmed and poorly-recorded data on about 10% of q~kes large
enough for location. And in extreme cases - by comparison with iocal
swarms such as recokded on North Pit above, they record less tha~ 1% of
events oountable on the records of more sensitive instruments lodated at
more fortuitous sites. i

Specifical~, the low gain (magnification about lOX) dras4'ical~
limited· the amount of information contributed by mechanical hori ontals.
Low-gain,combindd with horizontal polarization made first-motion ."p" questionable
in all but the largest quakes; a general rule-of-thmmb was that '~the mechanicals
would not record quakes unless they were~ felt in the ~ediate 'town where
the instrument was located; and if the quakes were felt near the iinstrument site,
the instrument would perforce be dismantled." All of these prob~ems were~~
vast~ more comp~icated at stationsg such as Konawaena, Waimea aq.d Pahoa. ~~e
first two reqllire; half a day for travel time alone. Thus per1od~c visits tor
care and cleaning were not frequent enough, and special trips atittmes of
emergency were out of the question. I

Ear~ in the 1950' s when experimental short-period, high-gain

----------1--
I



vertical seismometers proved their practicality and acuity, the slow
transition to electr()r#,i~¢tt¢ dynamic recording was begun. Hilo and
Maui were the first Ilon-Kilauea station so converted. In Decem"Qer of
this present quarter Konawaena was compitetft~ abandoned; the ancilent
mechanicals there had deteriorated beyond repair. Unfortunately, it
was not till 1964 that a more modern system was installed at Kona.

Eventually all mechanical, horizontal pend~ were replac~d with
high-gain instruments; such changes will be described in the appropriate
summaries. In some cases (Pahoa and NaalehU) it was sufficient 'to
block off Windows, erect partitions, re-build piess and essentially uo
use the same bUilding for electro-dynamic/optical-recording installations.
In Watmea it was discovered that the low-gain si!e was adjacent ,to a
heavily travelled vehicular road~ay. 1his did not disturb the original
seismograph, but it ruled out any simple conversion; the new in~trument

at Waimea waB moved several miles away. I

rrhis is the painful and happy story of modernization at lIVo. We
hope it will always be in progress but wish to point out that it was
most radical in the decades 1950 and 1·960•

. --_._----------~--
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IFigure l.--Map of the island of H~wa1i showing se~smograph st~t1ons

operated by the Geological Survey and localities mentione~ in the
text. Epicenters of earthquakes are given in terms of ge~graph1c

coordinates, which are indicated at the edges of the map. I
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Table 3.--Number of earth uakes and minutes of tremor recorded most! on seismo ra hs

U, M, 0, D, and N around Kilauea caldera

Categories: Ha1emaumau rock slides -- which are detected by the characteristic record they produce on the North Pit (N)
seismograph; shallow earthquakes in the Kilauea caldera region -- again, seen and counted mostly on the
North Pit record; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the
Kaoiki fault system - these are recorded most efficiently on the Desert (D) seismograph; earthquakes along
the eastern half of Kilauea's east rift zone - detected by residents in Pahoa,~ or reco~ded by a seismo
graph at that town or by ~-a -portable-met-er in the- neighborhood; earthquakes at de_Pth~$ ~_~~t~een 15 and 30 km
and roughly beneath Kilauea caldera - these are determined by character and by relative arrival-~time across
the Kilauea seismic net; other notable seismic events -- such as tremor, teleseism or quakes local to other
volcano systems (see Fig. 1) are briefly noted in this final column.

Data appearing in this table concern events which experiencJseismologists can glean "at sight" from the
~ records. Table 3, therefore, is an attempt at a daily record of the history of Hawaiian volcanoes;
it presents more detailed statistics than 3A (which it will replace in Summary 17) and it is less exact
and more general than Table 4.

Tremor
( in minutes) Earthquakes

Date
( 1959)

Inter- Hale- Kilauea SW. rift Lower
Deep mediate Shallow maumau caldera and east Kilauea

slides shallow Kaoiki rift 15 to _~O km depth Others
i

Oct. 1 I

75 2 T-phaseI
2 ~-~ 5

I
130 4 I I-pressure pulse
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Tremor
(in minutes) Earthquakes

Date
(1959 ) ;

lnter- Hale- Kilauea SW. rift Lower
Deep mediate Shallow maumau caldera and east Kilauea

slides shallow Kaoiki rift 15 to 30 km depth Others
-- - -- --- - -- -- f---- - /-- --

Oct. 6 380 . 4 - - - - ---- KItrt 22~kta JQ 7 ---..... km45 I-Kana'

7 32 340 /- M#~~·\A

8 380 5 f
/ (Sf ..-

9 430 3;&MI 13 I-teleseism

10 36 480 2 1 2 periods deep tremor
+
39
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Table 3a*.--Local earthquakes and tremor recorded by the HVO-l

I
I

I
I
I

I

\
I

seismograph

~ i I 'J;, "

at Uwekahillla, in October, IiTovemoer, and December of 1959

Week Number of earthquakes

beginning Greater than Greater than
magnitude 2.5 magnitude 2.5

Oct. 4 8 52·

11 4 80
·18 3 - 155
25 3 48

Nov. 1 2 82
8 7 . 350

15

22

29

Dec. 6

13

20

27 -·31

4

2

5

CA 150

CA 13

8

11

50**

214**

183**

CA 1150**

CA 170**

90

59

Minutes of continuous tr~mor

32 (deep)
36 (deep)
39 (deep)

4 (deep)
24 (deep)
35 (deep)
300 (shallow, pre -e.rup )
Continuous tremor during

Phase I.
Continuous erution tremor

until 11/21/59. \
Continuous shallow tremor \

except for eruption \
I

tremor, Phases II and I~.

Continuous shallow tremor I

except eruption tremor
Phase IV.

I
I

Continuous plus eruption III

tremor Phases V, VI, VIlli
and VIII.

I

Continuous shallow tremor :
plus eruption tremor :
Phases IX, X, XI, XII, X~II,
XIV, XV and XVI. ~

Six days of light, shallow:
tremor, qUiet on 11/26/5~.

I
I
I

I
I

I

1
I·

I,
~
i
I

* In future summaries the weekly statistical count (represented by 3a) will
no longer be presented. It will be -replaced by t~he daily counting
Schedule as per taclle 3, abo~re.

~ Conservative count; eruption trenlor could mask many small events.
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Table 4.-·-Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December,~q~7

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report or other comments. Usually the list consists of all events of magnitude 2.5 and larger;
in this summary all clearly readable events are located and listed because of possible correlations
between seismicity and surface volcanism starting 14 November 1959.

-10- the following list deep quakes belonging to a swarm will be listed by depth as "KM 45", "KM 47", etc.
- The first entry only will give epicentral data unle-ss-these change.

In Summary 24 "Kaoiki" was introduced as a symbol for listing any of a family of quakes with mean focus
19°24'N., 155°24'W., h = 3 to 8 km. This symbol is used in the following list.

The locrtl events listed in Table 4 are i~~t described k~xxixXNRXEfxxkR as caiefully as possible
~cc0rcling to size, depth and geo~raphical coordinates. In addition there is included a verbal
~!RSEXi~~iNHXHf location related to prominent geographic~es or to seismograph installations
sho\tJn on the M:.1p of Ha\.Jaii Island in Fi~ure 1. (flCt~
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Dec.11 The deep swarm (h greater than 42 km) began to record at Hilo around -_.__ .-.~~lX)~~
17:30. From 18:30 to 24:00, weak to moderate spasmodic tremor lltel Fe .... t " '::.:.
is seen. But at the sam~ time, this tremor at summit stations was so epc~t"
large that identification of individual quakes was noi possible. . A

Therefcbre, the following origin times and magnitudes are the beat . . '. ':>~''-.

paS.Sib.'e estimate...s bas.. ed.o.n Hi.IO readings alone. Assuming that greater ,Toi\ ~.5' '.,
p_=-tra\le_'-tJ!TJ~s .f_Qr !h~se _~~ r I_y. eV.f?~ts l nd i c;_ate---.9 reater depth!, the irge \, r,.." I

f<:>llowing depth.and magnit~de estimates are based on measured p-travel- ~! ~ '·'.F" .
tImes -- also listed. It IS futther assumed that p-travel-times, 7.8, !S an~ .l .,',
7.9,8.0 and 8.1 are normal variations of the final class of these ,?:-;;/)<." ~_t~,~ : I:~
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SPECIAL SECTI-ON OF TABLE IV,- SHOW ING ALL DEE-P-- SWARM- QUAKES-WH ICH--GAN BE READ A-THI LO.
AT THE TIME OF THES~ RECORDINGS, SUMMIT STATIONS WERE TOO DISTURBED BY TREMOR AND

. ----- J~AR1·HOUAK~ N()I~r=.TO ~LlJSE OF THEIR DA,TA; HII 0 READINGS ...~RE THE ONLY ONES AVA-.l-ABl-~.--- ..__
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SPEC,tAL SECT I ON OF TABLE I V, SHOW I NG ALL DEEP SWARM QUAKES 'WH ICH CAN' BE READ AT HI LO
ONE (LISTED BE-LO-~lr-WAS ALSO READABLE AT -S'UMM1T' 'STAT Ia-N'S; IT. WILL ·BE-'REPEATE·D IN -THE-
MAIN CHRONOLOGY OF EVENTS. ---_ .. _._---.-------------------------_.~--~----:-------_.-- .. -----._.- --

\.

D~te Time __ .1~~_~gnJ-= D~pt.h_ .. __ _. .__ .. . EP!~~_I!.~~r __._. ._. ~_. .?
1954~k .. ------- tude (krn) :as,lst

~ I ~ ~ lat.N. Long. W. Descrition < r=-lr~S,!
~ € PTH' : P TRAveLJ rll4Af P10T!JA! i::>
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~ i n"'J r I'/) /1/ 0 7 ~ - - }/~.A. //"?~.....-.----- 9.Lj-' --.-- -.-- .. -.-------. - I":JD
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SPECIAL SECTION OF 'TABLE rV,-SHOWrNG ALL DEEP SWARM QUAKES WHICH CAN BE'READ AT HILO
A FEW OF THEM ALSO WERE READABLE AT THE SUMMIT:; AND THOSE WILL BE REPEATED. .
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SPECI-AL--SECTtON-OF TA-BLE IV, SHOWING ALL DEEP SWARM QUAKES WHICH CAN BE READ
AT HILO.
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SPECIAL SECTION OF TABLE IV, SHOWING ALL DE~P SWARM QUAKES WHICH CAN BE READ
AT HI LO. A FEW OF THEM WERE ALSO READABLE ON SU~J1M IT SE I SMQGRAMS.; THOSE WILL

....--8E_- JNDLUOED-- .ItL ~OTH.TH 1:5 ~_I 5T I NG- ANQ IN THE REGULAR SCHEDULE OF -TABLE IV, 'TO OOELOW.

! ~ __ .1-8 2/; 5/11 ,0 ~__ .__ -, ----- __ -_ -~4._ .. _-_ .. .._1.!tt.- . - . _- (.,/8._.
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SPECIAL SECTION OF TABLE LV, SHOWING ALL DEEP SWAR~ QUAKES WHIC~ CAN ~E'READ

AT HILO. A FEW OF THEM ~ERE ALSO READABLE ON SUMMIT SEIS~~GRAMS;THOSE WILL BE
.. -.~NGLIJ[)[~I.~,.-B6nf'fHLS~LLsf lliG~..AfJD I N THE REGl II AR SCHEnlJl E OF TABL.E IV, TO FOLLOW.

I
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'I Table 5.-~Distant earthquakes

Times are reported in Greenwich Civil Time, which is 10 hours faster
than Hawaiian Standard Time. A "c" following the time of P indicates'
compressional first motion; a "d" indicates dilatational first motion~

Station symbols, locations, and instru.mentation will be presente'd in I

table 6, SUn;tmary 17 (the first summary of 1960). Location of ePicenttr,
origin time~, focal depths, and magnitude reported by other institutions
are taken from Seismological Bulletins MSI-226, MSI-227, and MSI-228 ·1

published by the U.S. Coast and Ge?detic Survey to cover October, i

November, and Decembe:r of 1959'. Reference will also be made to United
States Earthquakes, 1959, another publication of the U.S. Coast and r
Geodetic Survey. I

I
I

October 2, 1959

M
o
D
N
U
Hi
Ha

z
z
z
z
z
z
z

T-phase
T-phase
T-pllase
T-phase
T-phase
T-phase
T-phase

13:43-13:46
13:43-13:46
13:43-13:46
13:43-13:46
13:43-13:46
13:44-13:45
13:43-13:45

Not listed in United States Earthquakes, 1959, or in MSI-226

October 2, 1959

October 6 1959,

M Z eP '05,: 56: 48.5 c
0 Z eP 05:56:48.3 c
N Z iP ,05:: 56: 49. 0 c
U Z iP 05,: 56 :48.5 c

PEZ
PEN

. PEE

I

Start of the phenomena was about 23:22:30 (150-sec. period).
(

I ,

Start of the phenomena was about 23:22:30 lOO-sec. period).
Start of the phenomena was about 23~22:30 ( 50-sec. per~od) .

Pressure pulse due to weather or to atomospheric nuclear test. I

No such events listed in United States Earthquakes, 1959, or in ~SI-226.

I

u
u
u

~nited States Earthquakes, 1959

05:44:37
0.5 0 N., 122.5° E..
Celebes
h about 200 km.

I

, I
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Table 5. --Distant earthquakes--Continued

October 15, 1959

Not listed in United States
Earthquakes) 1959 or in
lvEI-226.

October 10} 1959

M
o

z
z

iP
eP

02:15:03.4 d
02:15:03.3 d

October 19, 1959

M z iP 14:00:27.3 d
0 Z iP 26.9 d
D Z iP 27.2 d

.u Z eP 26.9 d
Hi Z iP 29.4 c
Ha Z iP 32.1 c I

I

M31-226 I

MSI-226

October 19, 1959

l4 z iP
0 Z iP
D Z eF
U Z eP

M Z iP 06:28:12.5 c
0 z eP 06:28:12.8 c
U FEZ iP 06:28:1$.0 c
U PEZ iP 7. 06:39,:26
U PEZ eR o6:55~08
u PEN iG 06:50:39

M31-226
06:15:32
0.5° N.) 120.5° E.
Celebes
Magnitude 6.5.

October 16.~ 1959

13:52:40
22.0° S., 179.5° w.
Fiji Islands Region
h about 600 km. I

I

I

I

16:14:41.. 7 d I
41.2 d
40.8 d
41.1 d

M
o

z
z

eP
eP

16:27:35.0 c
16:27:35.2 c

15:55:30
54.5° S.~ 29.0° w.
Sandvlich Islands Region.

~I-226
08:27:21
27.5° S., 1770 w.
Ker~adec Islands!
Magnitude 6.25.,

kEI-226
16:14:53
6° N., 1250 E.
Near south coast of Mindanao,
Philippine Islands.

October 19, 1959

October 26, 1959

i

I

I

I
I

I

i

i

Japar
!

'I

I

07:44:51.2 d
51.8 c
51.6 c
53.2 c
52 d

52:42
59:59
58:39
58:09

07:44:53.6 c

MSI·..226
07:35:12
37.5° N.~ 142.50 E.
Near east coast of Honshu,
h abo·ut 60 krn
Ma.gni t 11de 6. 5.

M Z eP
0 Z e ?
D Z e ?
U Z i ?
U PEZ eP
U PEZ is
U FEZ iR
U PEN eSS
U PEE eQ?
Hi Z .p

l ..

08:36:31.7 d
08:36:31.2 d
08:43:50
08: 50:.48

Z eP
Z eP
FEN eS
PEZ eR

M
o
u
u
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Table 5. --Distant earthquakes--Continued

~

,I

I
)

fO···'.

j

October 26, 1959 October 29, 1959 I

I

M Z iP 10:37":45.6 d M Z iP 14:29:07.8 4
0 Z e? 45.8 d M Z ipP 23.7 4
D Z eP 46.4 d 0 Z iP 07.4 d
u Z .•-? 46.6 c I

J.. 0 Z ipP 23.7 q.
Hi Z iP 44.4 c D Z eP 06.5? Id

N Z iP 07.5 q.
MSI":226 N z ipP 23.7 d

u Z iP 04.3 d
10:29:09 U Z ipP 23 c

151.5° eN., 157.5° E. u PEZ eR? 14:43:41
INear east coast of Kamchatka U PEN eS 14:36:45

h about 150 km. U PEN eR 14:43:49
October 27, 1959 Hi z iP 14:29:09.9

M Z T-phase 06:53-06:55 MSI-226

0 Z T-phase 06:53-06:55
14:19:51D Z T-phase 06:53-06:55

N Z T-phase 06:53-06:55 29.5° s. , 176.5° w.
u Z T-phase 06:53-06:55 Kerma.dec Islands

Hi Z Tmax 06:53:22 Felt on Raoul

Hi N eQ oi6 :26: 17 h about 60 km

Ha Z T,max 06:53:55 Magnitude 5.75 (Brk) .

M3I-226 October 29, 1959

06:12 :1'0( M Z iP 14:40:15.1 c

42.5° N. , 127. O~ w. 0 Z iP 15.7 c

Ofr coast of Oregon D Z iP 15.4 c

Magnitude 5-5. 2 ,5 (Brk) . N Z iP 15.2 c
U Z iP 14:40:15.3 c

October 27, 1959 Ha Z iP 14:41:06.3 c
Hi Z iP 11+:40:15.4 c

M Z eP? 07:01:48.3 c
0 Z eP? 48.4 c MSI-226
D Z eP? 48.8 c
U PEZ eP? 58.0 c 14:30:24

IT] PEZ is 07:09:04 43° N., 131.0° E.
I

U PEZ iR 07:15:36 China-Korea border
I

U PEN iG? 07:12:49 h about 550 krc
I

U Z eP 07:01:43.5 d. ivi.agnitude 6.25. I

Hi Z eP 07:01:55.8 c I

October 300' 1959 I

M31-226 I

M Z
.p 07:12:21.2 c I

06: 52: 50
1.-

I

0 Z eP 20.2 d
I45.5° N.) -"151.0° E.

~T Z iF 19.8 cKurd-Ie Isl.ands !

U Z eP 20.6 c I. h about 100 km Hi ,., iP 23.2 d IMagrlitude 6.5.
u

I



o

11:50:17
13.00 B., 166.5° E~
New Hebrides Islands
h about 100 km.

MSI-227

November 5, 1959

M Z eP
0 Z eP
D Z eP
N Z eP
U Z eP
U PEZ eS?
U PEZ eR?
U PEN eS?
U PEN eR?
Ha Z iP?
Hi Z eP

T,able 5. --Distant earthquakes--Continl.led

I '

07:04:48
19° S., 177.5° w.
Fiji Islands
h about 450 km.

M31-226

Octobe~ 31, 1959

M Z iP 04:34:28.7 c
0 Z iP 28.0 c
D Z iP 28.0 c?
N Z iP 27.7 c
u Z iP 28.3 c
Ha Z iP 33.6 d
Hi Z iP 32.0 d.

October 30, 1959--Conttnued

I

I

I

-----------~~
I

I

11:59:04.5 f
03.4 f
03.6 c
04.6 ?
05.9 c

12:05:57 I

12:45 I

10:52 I

12:19 I

11:59:07 ?
11:59:24.0 f

I

IYEI-226

04:27:12
16.5° S., 178.0° W.
Fiji Islands (relt at Apia)
h about 450 lcm
Magnitude 6.5-6.75. '.

20:03:32
5.50 s., 151.5~ E.
New Britain, f~lt at Pomio, Karlat,
Rabaul, and Walindi.
h about 60 km !

~B.gnitude 6.75.

M31-227

November 2, 1959

T-phase at o2:43±z

13: 51~: 55
44.00 N., 140.5° E.
Near west coast of Ho~{aido, felt.
Magnitude 6.5- I

Not recorded. on. other instrument~.

Unable to locate in ~BI-227 or lin
table 2, United States Earthql1<jkes:

1959· I

November 17, 1959

M Z iP 14:04:54.1 1
0 Z iP 55.1
D Z iP 54.8 t
N z- iF? 52.6? ?
U Z iP 54.8 d
u SpZ iP 55.1 ~
1J PEZ iP 55.2 d
U PEZ eS? 14:12:59.2
U PEN eS? 14:13:01.2 :
H' Z iP 14:04:55.0 j.1

Ha Z iP 14:04:44.8 i

M3I·-227 I---

Ha

November 8, ~959

20:13:26.6 d
26.6 d
26.2 d
27.0 d
27.0 d

lost---------
lost---------
lost----------

Z iP
Z iP
Z iP
Z iP
Z iP
PEZ--Records
PEE--Records
PEN--Records

M
o
D
N
U
U
T]

U
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Table 5. --Distant earthquakes--Contirlued

November 19, 1959

M Z iP 11:19:00.9 d
D Z iP 00.0 d
U 'SpZ eP 18: 58.7 d
u PEZ eP? 18:59 ?
U PEN is 11:27:23 N
U PEN • ? 11:34:33 S1.

U PEE is 11:27:27 W
U PEE e? 11:34:35 E
Ha ;Z iP 11:+8:59 d

MSI-227 ' I

November 22, 1959

U PEN 17:00±
U PEE 17:00±

(Rayleigh (only) from due

MSI-227

16:26:34
54° B., 136° w.
South Pacific Ocean.

November 27, 1959

I
I .

r
I

I

sout~)

I

I

I

I

I

November 20, 1959
I

11:08::41
5.5° S,., 146.0° E.
Near north coast of New Guinea.
Slight damage at Lae and Madang.
h about 100 km
Magnitude 7.

Ha z Tmax 00:35±

U PEN, PEE OO:OO±
(Rayleigh (only) from west)

~SI-227

23:09:23 (Nov. 26)
5.5° S., 103.0° E.
Near coast of Sumatra.
Magnitu.de 6.75.

December 2, 1959

09:34:00
1° S., 1230 E.
Celebes
.Magnitude 6.5-6.75.

M31-227

23:53:49
42.5° N., 126.5° w.
orr coast of Oregon
Not on other records.

November ' 22, 1959

M Z eP? 12:58:55.7 d
Hi Z eP 12:58:58.0 c

(not seen on other.records)

M31-227---

12:47:56
3.0c S.;, 140.0° E.
Near north coast of New Guinea.

M Z iP
o Z eP
D Z iP
N Z iP
U Z iF
U PEZ eP
U FEZ eR
U PEN eS
U PEN iG

M31-228

09:46:29.9 c
30.0 c
29.2 c
29.6 c
31.0 c
31 c

10:12:11
09 :56 :31 ~T I

10:08 :11 N I

I

I

I

I

I

I

I
I

i

I

I

I

I
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Table 5.--Distant earthquakes--Continued

December 5, 1959 December 14, 1959

MSI-228

December 14, 1959

M Z ipP 18:10:18.9 c
0 Z ipP 16.2 c
D Z ipP 18.7 c
u Z ipP 19.0 c
Ha Z iP 14.1 c

08:13:36
40.5° N., 126.0° w.
orr coast of northern California.
Felt in Humbolt Count~

Magnit;ude 5 (Btk).

T-phase 03:20-03:22
T-phase 03:20-03:22
lost in tremor
T -phase 03 :20-03,:22
T-phase 03 :19-031:21

iP? 23:41:07.3 ~I

ipP 13.7 d1
iP 23:41:06.2 q
ipP 10.4 oj

i? 23:42:52 I

obscured by tilt arift.

I

1

z

z
z
Z
Z

z
z
z
Z
PEZ
PEE

23 :21: 56
59.5° S., 31.0° w.
Sandwich Islands
Magnitude 7.

1v:SI -228

M31-228

02:39:02 1
40.56 N., 124.0° w. I

California (felt in Humbolt Co.l)
Magnitude 4.5° (Brk).

December 22, 1959

Ha
Ha

"M
M
U
U

M
~ 0

N
U
Ha

T-phase 08:55-08:56z

17:58:33
5.5° N:., 125.5° E.
Near s:outh coast of.Mindanao,
Philippine Isl~nds.

Felt at Davao, General Santos
and Hinazuan.
h about 200 km.

M31-228

Ha

December 14, 1959 December 24, 1959

13:20:2~.1 d
20.2 c,

28.3 d

I

i?
eP?
e?

z
z
z

MSI-228

13:08:34
9° N., 126.5° E.
Near rlorth coast of Mindanao,

Philippines.

1~

o
D

U PEZ is 22:13:10
U PEZ eR 22:16:10
U PEZ iQ 22:~9:04
U PEN iR 22:~6:oo

(Short-period records do not show
P, or it is lost in eruption
tremor. )
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T~b1e 5. --Distant earthquakes--Continued

-----------------------L
December 27, 1959

!

M z: ip? 16:01:41.2 c
0 Z ip? 42.0 c
D Z • ? 40.7 c1..

I

U Z, ° ? I, 47.5 d1.
I

U P:EZ iP? 01-37 d
u PEZ O? 03-201..

U PEZ is? 08-39
U PEZ iR? ~-49
U PEN is 08-20

I'

U PEE is 08-31
Ha Z T -phase 16:51-16:53

I

M3I-228

15:52:55
56° N.~ 162.5° E.
Near east coast of Kamchatka
Magnitude 6.75-7.

December 28, 1959

·.~ ......

M
o
D
N
U
U
U
U

Z,
Z:

Z
Z
Z
p~Z

PEZ
PEN

iP 07:29:12.0 c
eP 12.3 c
iP? 14.3 c
eP 12.3 c
~P 13.2 d
is? 36:14
iR 42:07
eS 3.6:05

MSI-228

07:20:32
52.5° N., 160° ,E.
Near southeast coast of ~amchatka

Magnitude 6. 5.
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I ~m! sending you the last of the ~'tch~'pters" in ~;the .Tal:?l.e of C'ontents.,~ Summary 16.
It (i$ probak?ly not 'v~tal to t:~e~ per,lqd unde.r discussion';.··a better place wou.ld be
Su~m?ry 17' during which quart:er seve.ral st.ati9ns were ~mPFo've~~ Also: that would
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Area of
l.ke

(Acres)

1st pb_
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Table B: . Eruption Statistics Compiled from Several National Park Information Releases

1959 Eruption Statistics (as of January 1, 1960)

Kilauea Iki Crater, the site of the 1959 eruption, is at the head of the SE rift zone of Kilauea Volcano and
is less than a mile from the Kilauea summit crater. When this eruption began, lava fountains played along the rift
outbreak about 1/2 mile long on the south wall of Kilauea Iki. Within 24 hours the activity was restricted to a
single fountain playing at the west end of the crater. All further activity centered around this fountain. After
each phase of the eruption the lake level lowered, as the crust cooled and as lava poured back into the vent.

Phase Starting Date Finishing Duration Maximum Fountain Maximum Lake Minimum Lake
hour hour (hours) Height Depth Depth
(HST) ( feet) ( feet) (after this phase)

( feet)

1 20:08 Nov. 14-21 19:25 168 1,250 335 328
2 01:00 Nov. 26 16:35 15-1/2 1,000 351 321
3 16:45 Nov. 28-?t 21:47 29 1,700 341 329
4 01:00 Dec. 4-5 09:27 32-1/2 650 395 361
5 14:48 Dec. 6-7 12:23 9-1/2 1,250 403 375
6 15:20 Dec. 7-8 02:45 11-1/4 800 413 389
7 13:00 Dec. 8 20:12 7-1/4 1,400 411 378
8 15:15 Dec. 10-11 10:48 19-1/2 1,100 414 319
9 05:08 Dec. 12 13:40 8-1/2 800 413 369

10 07:05 Dec. 14 15:36 8-1/2 1,100 409 379
11 06:11 Dec. 15 10:25 4-1/4 1,200 405 382
12 19:30 Dec. 15 21:25 2 1,100 396 376
13 13:35 Dec. 16 17: 19 3-3/4 1,150 396 381
14 14:15 Dec. 11 04:02 1-3/4 1,150 393 387
15 11:10 Dec. 17 15:32 4-1/4 1,900* ~8 378
16 03:01 Dec. 19 06:16 3-1/4 1,500 03 382

* Highest measured in Hawaii.
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Ncrn-ber 1959 - Monthly Report

An eraption or nlauea volcano started Satu.rd.ay night, Nov. 14,
'. " I
in Kilauea Iki, a pit crater 1Jmediately adjacent to the su.nit ca.ldera.

I I

Atter t1rat breald.ng out on a vide front, the lava i8 now issuing from
i I

a 8inale Targe vent in a tiery fountain 700 teet high. ItIis an

....c.e .icht, espec1all7 at night. We are so occupied that we II118t
I I

bee ott girlng a detailed. account at thie t1ae. I
I

I
I

I
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9-1225
..(War 1958)

Dept of Interipr ~~eological Survey
Geochemistry & Petrology Branch

I

PROJECT ONTHLY REPORT

lor the period:

Se~?t • 21, 1959
To

, -
I
I
I

t ..11, 1959

..... :.
. "'''''1

Project Number and Title. Project Leader

~.

....

I

REPORT -KHEN APPROPRIATE ON THE FOLLOWING TOPICS:

I. Referred samplesl completed and on hand at the end of the month. ,
II. Manuscripts revije.ed, memorandum and progress reports written, and 5tatu~ of manuscripts

in active preparation. !

III. Technical progr~s6 of project, signif~cant results, problems encountered.
IV • Trips. visi tors t' conferences and comml. ttee tasks.

I

I

il, UX. , I

Kilauea continues to show muc1:t ~3v.hsurface act! ~,'1ty. It apparent~y ru1.6 reversed
1ts trend ot the pastl two months and beerus to be bulgil18 upward again.i Much
manpower (Eaton, Krlvoy, Loucks, Forbe:J, Richter, arld l-'ranc1s) is be1z{g devoted
to obtaining add1tionB.l tUtmeter CL:lt,E~ needed to e~~luate the new trel1d. Small,

1

shallow earthquak[~s are also be:tng recorded at a rata of several hundred per day
at a s1Dg1e station on the edge of li~J.anm,umau pit" l'"ne meaning of th~ae 111ghl,y
localized earthquakes, ls, at present, :.~onjectural. Eaton, Krlvoy, an I YarlBmOto
made a ground-m1c:.~ophone survey all a}'ound Halemauma.tl in an attempt t de1~ect

aDy sound fran the shallow disturbances but found none.

Richter and YUrflta prepared j).lustrations and continued writing ~!he paper
entitled ''Kinetics orl eruption alld cOl!l1)os1tion or basaltic lavas". .

i i

Wentworth 1s orSan1lt1ng the Observatory rile of },;hotographs and ~ncorporatil18
into it the collection lett to the Ob~ ~rvatory by tIle late Harry o. wQod.

i

Ault and Kojinll are studying the effects ot 8ml)llfler stabl1ity,scan.n1ng
~te, and sample pressure control on the sensitiVity of the mass spec~romvter.

Using liqu1d air deliVered from IIonol~Lu, they have also start.ed conc~ntn~t1ns

the minor canst1tuent~ of the gas eamftl.es by freeZing cut the maj or cdnstituents •

Okamura cont1nue~ separating c:.n.d ;·Ul8J.yz1ng 011"'lines from Mauna K a basalts.

..~ ,

IV• Visi tors
G. Baudette) I

G. Taylor ) U~S.G.S. Em'oute to Antarctica

Rear Admiral F. D. Foley, USN, flonolulu )
H. Sugiyama.. statistician, O€'.ul~a University)

1

L. Bjerrum, ,Norwegian Geotecl"J1ica.l Inst1tute)
I

Field exam1na ion of
Hawaiian basalts

I

'j

General visit lor Observa
tory

'" 'II



1959~'rom Nov 17, 1959

For the period:Dept of Interior • Geological SurYey
Geocheaiatry & Petrology Branch

PROJECT OiTHLY REPORT

Referred sampleJ completed and on hand at the end of the. month.
Manuscripts rev~e.ed, memorandum and progress reports wrltten, and stat of manuscripta

in active preparation.
Technical progr~8s of project, significant results, problems encountered.
Trips, visitors~ conferences and committee tasks.

I.
II.

III.
IV.

9-1225
(Mar 1958)

I

i
I

!

i
Ifhe eruption at lilauea Iki has developed a per1od1eit1' heretorbre not

recorded for Hawaii", "IOleanoee~ The initial week-long phase depo8i~ed about
40 million cubic ;yaH- of lava in the pit crater. The pond ot 1&.. rose hiah
enough to encroaeh 1;lpon the Tent, situated halt w&7 up the side ot the crater.
In succeeding erupttons , when the laft fountain (max. height 1,~ tto) quit
about 8 million cubic ,ards of the tl"8Sh lava poured back down the ~t. This
~1'r;le ot eruption and withdrawal of lava has ha'ppened 14 times to date.

Eaton and Kri"lOY by .,.ilDie prospecting have located the probabJ ah&llD"
magma chamber involved in this peculiar ge7ser-like activity. Thq ~ook advantace
of a prolonged series of deep earthcruakee to outline an area 1n the SUJIIIlit region
ot Kilauea in which i the deep quakes were detected yery poorly or not at .~l.

Richter and Wentworth have been keeping t~ack of volumes of lava diseharged.
R1~ht6i' and Eaton are preparing a prelilllinary accotmt ot the erupti tor
Geotimes. I

Ault and Kojima i have beeIl collecting and analyzing the gaseeG 2 is eo
strong in many gas ~nts that approach is impossible ~dthottt masks. H~ eannot
be detected ~ Aft,er Iehok~ on 502 tor a while one 1s convinced that ~2' not
H~ J i e the primary I magmat~c su11·ur gas.

Mu:aata and Okamura have been collecting lavas and determining p cent 51°2
Arter varying ~etW88n /.6.J and Lt9.5 percerlt in the early stages. al ca has lOre
or 48SS stabiliZed at around 46.8 percent.

JI" "
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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CHRONOLOGICA SUM~1ARY--FLANK ERUPTION d~a ~~

I Durildg he I,qst quarter of 1959, Ki ~')uea Vol.~a}l0L beg 11& s~.(:1-U',....' J
o.L-t~wf~ A-t7A-~dO t(.N\~J~~~t(.IM'I"".:-~"1'
Go~plQtQ &8~~8Reo of eF~~ti~'e 3etivity i~ r+3 hi~tOi 9. Eruption ~J

I

events in thJt quarter consisted of inflation of the volcano, and a

major outpou ing of lava at the summit from November 14 to December

21, 1959.

~ fu{)17o."
Three major events took place in the first quarter of 1960, the

flank erupti n along the East rift zone of Ki lauea, the rapid,deflation

of the summif, and finally the col lapse of the summit caldera. Two

notable Phas1s of seismic activity which began in the fourth quarter

of 1959 cont ilnued into the first ql11u!.lir of 1960; weak harmon ~ c tremor

continued on the North-Pit seismometer, and the swarm of smal I

earthquakes hich began the last week of December was recorded in

ever-increasi~number on the Pahoa seismographs.

On January 2, the Pahoa station was improved by the ~4ition of a

short-period, high-gain, optically-recording unit to the set of

hor~zontal m chanical instsuments already in the vault. This 9hange
I

resulted in re accurate dai Iy earthquakes counts from the Pahoa
I
I

station.

It is interesting to note on graph the comparison in activity

along the east rift zone and SW rift zone during the last week in

December.



Both zones w re quite active with the SW zone generally havin more

events per d y than the East rift zone. This led Observatory

per~onneI to Ispecu Iate that a flank erupt ion might occure a long the

SW ~ift. Thi~ feel ing was tempered during the first week of January
, I --

Whe; activit~ along the SW rift decreased from 208 events per week

to 93 events Iper week. At the same time, activity along the east
I

riff zone al 0 decreased as compared to the last week in December.

second week in January earthquakes activity sharply

increased al ng the east rift lone. The number of earthquakesirecorded

on the Pahoa seismometer rose from 100 on January 8 to more than a

1000 on Janu ry 12. The sources of the east rift zone events were
I
i

loc9ted by the use of a sensitive portable seismograph. At the

beg~nning of the second week in January, the epicenter migrat~d down the
i

rift zone to the sea. On January 12, the source was traceQ to a

I i

i

smal I graben situated abrest the east rift zone just north of:the

vi I lage of K pohoa and ten km east of Pahoa.

: On Janu ry 13, at approximately 05h45m earthquakes from the

vic~nity of apoho sharply increased in both size and frequen~e

whi Ie the hy ocenter of these events moved upward to a very shal low
rj)

depth. Durin~ the afternoon, however, seismic activity along the

east rift 20 e gradually diminished. The Kapoho graben began

s~iding the morning of January 13 and continued to drop unti' mid-

afternoon. AIrong the south side of the graben movement occured a long



I I

'.7 mi les of he Kopoho fault, whi Ie on the north side of the ;graben

( K~ae fault) movement oecured along a pre-existing fault scarp.
I

Max i:mum vert i Fa I d i sp Iacenlent was respectively : Kapoho fau It3t

; I

fee~, Koae fault 4 feet. Movement along both faults was confi~ed
i

I ~ :

to vertical drsplacement and no lateral sl ippage was either measured

or observed. the cessation of subsidence was accompanied by a marked

decrease in s~ismie activity, and after 15hOOm only an·· ..·.oecasioral

earthquake wat recorded along the rift.

:

At 19h30~ on January 13, harmonic tremor began recording on the

Pahoa seismometer and the flank eruption broke out along a fissure
1

one km in length which spl it the center of the graben. This eruptive
I

fissure conti1ued to expand toward the east with the nearly continous

I ine of fountains attaining a maximum length of 3500 feet. Initial

fountains were between 50 andlOO feet high whi Ie fountain heig~ts

rea&d a maximum of 300 feet from the newer eruptive vents to the

east. l

• In t ho r after the eruption began, fountaining abated riotieeable.

On the west en of the initial outbreak fountaining became fee~le and

at 22hOOm fountaining from the eastern vents of the fissure ceased abruptly.

Althdugh many fountains had nearly ceased, the rate of lava extrusion

continued to r 58. Lava from the western most vents flowed sout~ward

wh i Ie lava f the eastern vents f lowed i nJnorther Iy d i reet ion:.

When the lava rom the eastern vent~reached the north edge of the

graben and its high fault scarp (20 to30 feet) it turned and



flowed in a n rth eastward direction along the fault scarp. T~us,
I

on the north ide of the graben, the lava was confined in a narrow

I j
I !

trough between the Koae fault scarp and the northward ti Ited graben

floor. In this trough, the lava formed a narrow flow and advanced

rapidly toward the sea.

At 23hl5 large quantites of brackish ground water gaine~

I

access the th eruptive conduits with resulting loud roaring

exp 1:05 ions and spew i ng of da rk clouds f rom the vents.

I I

Activity along the eruptive fissures continued into Januqry 14.

Fourltains gra ual ly dimished and brackish water continued to enter

blast lasting for 2 minutes

black clouds of steam and ash lasting for 2 minutes

and ash emission lasting 50 minutes

emission lasting approximately I minute

ure for one period of observation.

r steam emission

m and ash emission lasting for 2 hours

m and ash emission lasting for 35 minutes

Violet steam emission lasting more than an hour

Steam blast lasting approximately I minute

along the

01:00

02:QO

04: 1:5

05:50
I

06:00

07:40

08:50

09:45

09:50

the lava conduits. This ground water provided the fueVfor the erratic
I

seri,es of m explosions which took place on January 14. The
$(,( WI'" Ct I< i'/..r:~,;;

foillowing bri fly./the steam and ash eruptions from different vents
: !

: I By 10:30 stea and ash emission had essentially stopped.
I ;
I :



By IOh30~ on January 14, fountaining was restricted to a 1700
I I

I

foot segment of the original fissure. Lava had advanced to within
I I

0.3 mi les of ~he sea by mid-afternoon. At 20hOOm fountain heights had
I

increased to f50-300 feet.

(l(Ouringl the second week of January, seismic activity at the

summit was rellativelY quiet with the exception of January 13. Twice

as many eventr were recorded on th i s .ia
a4 compared to either the

previous day br the fol lowing day.~
: I
i During the early hours of January 15, there was very little

change in the i founta in i ng. Lava cont i nued to advance toward ithe sea

and ,at 08h08ml the ma in I ava front reached the sea a few hunde~ed

feet: south of: Kaoko Po i nt. Founta in act i vi ty s low I Y increased ;dur i ng
i

the day. By ~OhOOm fountaining was restricted to a vent at t~e east

end of the eruptive fissure. This fountain reached a maximum h!eight

of 4;00 feet. ~ecause of the increased founta in he i ght, pum ice land

I I

cinder accumu~ations which began in the afternoon were accel~~ated

a",d !by 23h45m:the pumice and cinder cone was estimated to be 80

feet· heigh near the fountain base.

I i



Fountain height continued to increase at the eastern venf

ithrqugh Janualry 17. The following I ist indicates fountain heiqhts

and ;the time of their observation:

I
02: 1'5 - 550-600 feet

I

03:45 - 600-700 feet with an occasional burst to 900 feet
I

21 :30 - 800 ffet

22:50 - Occasional burst to 1050 feet

During tre day pahoehoe flows spread southward across th~

graben whi Ie pn aa flow moved southward along the coast from the
I

mairi front. Lava began fi I I ing Higashi pond at about 19h45m. Higashi
I

pond is a long shal low inlet marking the seaward side of the Kapoho
I

I I I

graben. It appeared during the 1924 collapse of this graben 'a~d was
I

fi II:ed during the present eruption. Thus it appears neither on the
I

i
I0' d ~"( 1921) m' ps of Puna, nor in modern post-erupt i on mapp i ng. The

U.S.G.S. Prof ssional Paper on the 1959-60 Eruption af Ki lauea now
I

I

in print does: include accurate maps of this short-I ived feature.

[
I

On Januarv 17 the summit of Ki lauea began to subside. This

subsiidence was not however accompanied by an unusual number of
i

ear\hquakes. Oai Iy counts from the summit area indicated I ittlre

change from the previous day, Although ti It readings clearly

tracked the col laps~.J



~J.V~

~r

I

I

Althoughl fountain heights Bad decreased during the night,' lava

i
and pumice output remained large. The cinder cone had attained a

I i

he i giht of 100: feet by ear I y morn i ng, and by 17h 15m the cone Iw~s
i

170 'feet high!. An increase in act i vi ty began at 06h35m and founta in

heidhts of 12~0 feet were measured with average heights rem~i~ing high
i I
I ,

700-1000) throughout the day.

Although! sometimes erratic, fountain heights continued it~ reach
!

high! levels between January 18 and January 21, with a spetacul!ar
I I I

I I I

bur~t on Janupry 18 when the main fountain reached 1700 feef. :Ouring
, !

the morning of January 18, lava broke out of the graben on th~ north
i . I I
I I i

side and moveq northward. By January 21, lava had nearly reached the
!

V i I Irage of Koae.
I I
I I I

! Cinder cbne growth continued through the period and by 20h40m

i

on January 20 the cone was 235 feet high. [

(2}lJ( [art quake activity at Ki lauea caldera decreased ste~dlY

from 50 eventr on January 18 to 19 events on January 21. Ki lauea

caldera activity remained nearly the same during the next da'y" but

on J!anuary 23 a notable increase in seismic activity from this!

region occure • This day marked the beginning of the shal low Ki lauea
@.:~i

caldera swarml which accompanied the collapse of the summit. Llhe

numb:er of evehts recorded f rom the ca I dera increased by a factor of

over 10 betwe~n January 23 (90 events) and January 28 (108oieJents). »)J



From Jan ary 22 to"'~F eb ua ry I , lava continued to pour out [i n
I

great quantit es. The fo I low i ng are estimates on the va Iume of~

I
lava! extruded and the area of coverage.

January 24 60,000,000 cubic yards lOBO acres

January 28 85,000,000 cubic yards 1280 acres'

Two erup ion features were noted during the above . d Iperla, .'

A lava lake w ich ~s larger and higher than the earl ier lake was

in the mi dd Ie of the lava fie Id ~ Th is [I ake

provi ded lava for a f low wh i ch cu rved eas twa rd past Koae. Th~ il a ke

a Iso fed Iava Itubes wh ich rad iated f rom the center of the Iakel. These
, i I

tubes fed sev1ra I sma I I aa tongues and pahoehoe oozes and a !I aya
i I

stream which flowed around the west side of Kuhi i. This flow breached
I
I

the ~ast end of the first Kuhi i-Kapahoa barrier. i

i

The stee~ sided parasitic cone which began January 21 continued
I

to grow and bi Janaary 22 was as high as the main cone. On J~nLary
I

I I

24, the parasitic cone rose 65 feet above the main cone. Altho~gh

the main cone did not grow in height between January 20 and Jaruary
I
I •24, its mass was greatly increased by compactiona and lateral ~preadlng
I

I
!of pumice. ,I

I

On Januar 27, the heaviest pumice fal I of the entire erurtion

occured in a 1hour period. A broad pumice loaf, nearly as high as

the main cone, accumulated 3000 feet northeast of the fountain This loaf
I

was later dissected by a lava river.



At 21h45m on January 27, the eruption abruptly ceased and this
'I : i

I I

cessation of iactivity lasted unti I 2lh~m when the spatter vent

roared back to I ike. This phenomenon was recorded on the seismic

'. pit · tit d t d f th 5 · I tnet~ At ahoa, 1armoniC remor comp e e s oppe or e mlnu e
I I

per~od and at the summit stations absolute quite prevai led du~ing

the period.
I

Activity along the eruption fissure remained unchanged uAti I
I I
i

Febuary 6. On Febuary 6, lava extrusion essentialy ceased. After

this date, and unti I activity ceased entirely on Febuary 19, there
I i

! I I

were only mi~or changes in activity. A lava flow which poured:out

of the splat~er cone on Febuary 18 marked the end of the flank

eruption. Mi~or interm~ttet gas and cinder emissios continu¢d on
: I

I I
Febuary 19, but by 14hOOm this had ceased.

j

By the end of the eruption, approximately 160,000,000 cubic

yards of lav covered an( area of 2510 acres, 500 acres of wh ch
!

were added b yond the old coastl ine. Lava covered the Vi I Iage of

f:/~~o the i I Iage of Koae, a U.S.Coast Guard station and severalp,

homes along he beach. Pumic covered 2750 acres to a depth ~fio. I feet
I I

or more. 820 acres had foot of pumice overlay and 55 acres nad ~
i

or more
I feet; IOf

I

pumice.



I

HALEMAUMAU c6 LAPSE
I

!

During t e last few days in January, subsidence of Ki lau a caldera

which began J~nuary 17 continued as lava from the summit move out into

deformation

tremor associated wit the

I

eruption of i lauea Iki increased as the movement of lava from

J
: the

summit intEhns:ified. Between January 28 and Febuary lover 10, 00
i

I

the rift zonel. Ti It measuments made between January 19 and Ja uary22
(l) c~~~~ .

showed rapid ~ettl ing of the summit. §eis~ic activity increas d dai Iy

as brittle sJface rocks of the caldera fialed under the rape

I ~ •caused by the subsidence. Weak harmonic

shal low Ki lau a caldera earthquakes were recorded at the summ t stations.

and hundreds f these earthquakes were felt.

In the first few days of Febuary seismic activity at Ki 1 uea
I

caldera continued to increase and on Febuary 6 nearly 5000 Ki auea

caldera even~ were recorded at the summit stations. New peti heral
I

cracks develolped around Halemaumau and Ki lauea, and old crack widened.
I I

Many landslid s were recorded from Halemaumau. I

The col lapse began on Febuary 7 when a fissure broke thr ugh and

drained the lava from beneath the floor of Halemaumau causing the floor
i

to drop 150 feet. This feature is referred to as the Centra~ 01 lapse

I

Pit in Figur~ I. after (Richter and others, The l2£l Eruptionl2i Ki lauea

I

Volcano, Hawaii i ). Just before noon, an area 1000 feet in diameter in
I i

the center ofl the f loar drapped an add i tiona I 200 feet. Th i s av i ty



partially refil led with highly viscous lava. During the af1e noon

the 5ubsideh e gradually ceased, but on Febuary 9 another sm I I

col lapse (Sduthwest Col lapse Pit) occured in the floor. Thi
I

col lapse was not accompied by refi I I ing of lava.
I

Dai Iy Ki lauea caldera counts from the summit station re~ained

high ( generally over 1000 a day) for the entire month of 'F~bUary.
IA sharp drop in Ki lauea caldera earthquakes was recorded on March
I

crease in activity lasted unti I March when dai IY

IV quadrupuled. The increased seismic activity lasted

unti I March I I. On March I I, the third and final col lapse ~f IHalemaumau

took place. A pit, 100 feet deep and 300 by 400 feet in diam ter
I !

I

formed at th northeast corner of the remaining 1954 lava I,e ge
I

(Northeast·C I lapse Pit).Total volume of the Halemaumau col:1 pse was

approxiamtel 29,000,000 cubic yards.

activity gradually decreased during the rest 9f March.

Ki lauea cald ra earthquakes associated with the col lapse con inued

. I

into Apri I wile a moderate subsidence of the summit continlu d into

the summer 0 1960.
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Ti I in of the round around Ki lauea caldera.-- Ti Iting of the

ground a und the summit of Ki lauea is monitored dai Iy by la short

base water-tube ti Itmeter in Uwekahuna Vault, and at irre~Ular

intervals it is measured on a regional scale by means of network'

of field i It-bases and a portable water tube ti Itmeter. Ilhe attitude

of the gr und surface at each ti It base is reported in terlms of

north-sou h and east-west ti It c~rdinatms. Both coordina~es at each

station w re arbitrarily set equal to 500 when measuremen~s at that

station w re begun. Increasing ti It coordiantes correspondl to north

ward and astward ti Iting of the earth's surface;i .e.,to ~elative

subsidenc toward the north and east. A one-unit change in; coordinates

correspon s to a ti fting of I microradian ( Imm per km ) in the
direction indicated. ,
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Flgure 1.-- Ti Iting of the ground around Ki·lauea caldera, December 30, 1959
to January 21, 1960. The vector depciting ti Iting at a given ti It base

-points in the direction of maximum relative subsidence and has a length.
proportional to the rate of ti Iting during the measurement interval.
Closed circles represent field ti It bases; open circles, short-base
water-tube tiJtmeters.
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Figure 2.--Ti Iting of the ground around Ki lauea caldera, January 21, 1960 to
Febuary 5, 1960. The vector depciting ti Iting at a given ti It ~ase points
in the direction of maximum relative subsidence and has a length pro
portional to the rate of ti Iting during the measurement interval. Closed
circles represent field ti It bases; open circles, short-base water-tube
ti 'tmeters.
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Figure 3.-- Tilting of the ground around Ki lauea caldera, Febuary 5, 1960 to
Apri I I, 1960. The vector depciting ti Iting at a given ti It base points
in the direction of maximum relative subsidence and has a length pro
portional to the rate of ti Iting during the measurement interval. Closed
circles represent field ti It bases; open circles, short-base water-tube
til tmeters.
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Seismic summary. ~-Events recorded by the U. S. Geological Survey I.
seismograph network .in Hawaii fall into two categories: local earthqu~kes
and tremor originating in the region of the Hawaiian Islands, usually i
within 100 km of at l~ast one seismograph, and distant earthquakes !

originating more than 3,000 km from Hnwaii. As an index of seismic
activity at Hawaiian volcalloes, daJ.Ly COtmts of earthquakes and minute~

of tremor recorded by seismograplls ill Hawaii are listed in table 3. The
earthquakes qre separated into groups on the basis of region of origin:
as determined by analysis of records obtained daily at the Observatory!
(U, ,M, A, D, iN,~. 1Earthquakes of magnitude 2.5 or greater are :
gene~rally s~ficient1y well recorded to be located with greater precis;i.onj
they are listed individually in table 4. Data on·identifiable phases from
distiant earthquakes are listed in table 5. .

, i
i
I

Locations of the ,seismograph stations are shown on figure 1, and
essential data on the stations were given in S 3 II,.~ 6-

I

. !

7

\'



October 13, 965
I

I

Dear Jerry: i

Here i s the data. I hope i tis ina form wh ich wi I I be useL I I. I have
been trying to gather my thoughts for the chronological summary. ~t looks
I ike soom of the Idata would lend itself nicely to graphing. I hav~ in
mind the Pahoa quake count and Pahoa tremor. Table 3 points out t e

I dramatic change in counts and I thought it might be worthwhi Ie to graph
I it. I cbuld also do th~s with the Ki lauea summit count. Let me kn w how

you feel about these brain storms.
!

I

Things are progressing at a rapid pace on the Alaskan adve ture.
It looks like we1wi I I leave Denver sometime around the 25th, and
probably wi I I not have the chronological summary completed by the.

Sincerely

~:k
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N around Ki lauea caldera
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraohs U,M, A, 0,
N, WP, and MP around Ki lauea caldera-
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoqraphs U,M, A, 0,
N, WP, and MP around Ki lauea caldera~
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Table 3.-- Numbers of earthquakes and minutes of tremor on seismoaraphs U,M, A, 0,
N, WP, and MP around Ki lauea caldera'
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Graph 1.-- Numbers of i lauea caldera earthquakes in month
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Table 4.--Local earth~lakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963

[Entrie.:;, f",:)!' a given qu.ake are: date, origin time {Hawaiian Standard Time), magn::--_-t:i~; ~.. :::~.:~.#J epicenteJ
and fe2:t reports. All earthq1.lakes of magnitude 2.5 and larger, as well as manJ-~ fc.·\7Vrst~~,; -!8cated
smaller ones, occurring on or near the island of Hawaii are included in the ~ist~

In t~e fOollOWing · some origin times ".and a statement of r.1e..gnitude.

Th~. re all me~ers of a c;o~~·~~·~~~~~~~~~~~~~~a~l~s~o~in other S~arieE. T~s best
mea~.ls for this .: eneath Halemaumau at a kilometers (19°21.;. ~-' ". 155°17.1
w.y~

29 a persistent earthquake seq enc~-was codified by the ~pit· 1s KT w~ich refe~~ed to
cation alo.ng the Kalapana Trail This designation is re ned for tte p~r~~~ S of this

SummaF ut Wl discontinued in th utur unless Kalapana Tr kes re5Uffi€. I ,. approxima e
epic ~ ter for these qUakes is 19°'20' N., and 15 05-' W., and shallow dep is a2sumed. '.

fI;1 S~~ 24, "Kaoiki" was _~;oduc.ed as a symbol for ~ting.any of a familvf quakes ~.. _~l_.t_h.: ._ m~_e._~_~_l_.. __-.
~C~~241 N., 155°25' ~, ~3_to 8 km. This symb~ ~§ed in the follo~ng listJ

---_::--"-- -~-- ----_.~--- ------ - ----- -----_.-_._---~~---------------- --

- ...,- ------"-~-::;;;;;;:-,;;;;;:-.;;;;-------.a---------..----.....---- ......----------------------
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthguakes recorded by seismoqraphs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthguakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthguakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthguakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthguakes recorded by seismographs of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismo-graphs-of the U.S.Geological Survey---
January, February, and March 1960 .
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Tabla 4.--Local earthquakes recorded by seismographs- of the U.S.Geological Survey
--------.----------~- January, February:;::and f\1arch 1960.

I

~1agn il~ _Depth __:
tude _I (km) I

--.._~-_. - -_.. -. .1.
I," f <.. '"3 !

__Ep i _CJ~Jlier: . ~tr~~~~t _
Lat. ·N~-I-~~--w. Description 1 _

/C/V :J.5:?// /5-S°/~,~-// 2.. ~r~ L:- of tlWt'k9 J,J,(l1a. _._~_._. ..._.. _

s-e;'~ h1 0 ,vy] ·e re ~ !

I / 9 0 :2-l~/ ~ // /5-:~o/S;;;'II 6. :2..~-.k'n-? ,&-HE ~F !
LIUI e k.~ },HJIJ ~ .<; e- I ~ mtJ W1PJ;if. i

/~ 7

/. ;2

t .... _ ~ If) ! J~ 32,8'

, ,

I

;'3,h /, tJI

3C,.! '! /,0

"I~~ /,0

----f--

6-5',0 /, 6-

:

,
~3>I

<3

! <3

;

<"~

C(3
:

I <'"3
1
I

.<..?!
i
I ~3

j
! -<':5
i

I 3
:

- <?
I
:

I

..__..... - ---_ .._- _ .. -_.. -.....



Table 4.--Local earthquakes recorded by seismographs- of th-e U.S.Geological S.ur~e_¥ __
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Table. 4. --Loc.a I earthquakes reco.r.d.ed. by__se.Lsmogra.pOs_ efthe U. S .Gee I OzS Leal Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismograph.s of the U.S.Geological Sur.vey
January;:FebruarYL:and March 1960.
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Table 4.~-Local earthquakes recorded by seismo9raphs~of the U.S.Geological Survey
January, February, and March 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
January, February, and March- 1960~.~~~~-~~--~~~~~~~~~~~·
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
J-an-uar-y, Feb r-ua ry,- a-n·d-rI,1arch 1960.
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Table 4.--Local earthquakes recorded by seismo.graphs of the. U.S.Geological Surv~y
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Table 4.--Loca_1 earthguakes recorded.by seismogrqphs of th(3 U.S.Geolpgical Survey
.------------------,unuarvdebrua!?h:.no-nd f\1arch 1960.
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geological Survey
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Table 4.--Local earthquakes recorded by seismographs of the U.S.Geologicai Survey
JanuarYJ February, and-March 1960.
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Table 5- --Dista.nt earthquakes

[Times are reported in Greenwich Civil·Time which is 10 hours faster than
H.awaiian Standard Time. A "c" following the time of P indicates
c'ompressional first motion; a "d" indicates dila~onal first motion.
~~n~ymbols, locations, and instrumentation~ presented in
~M8~ O~. ~agnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenters, origin times) focal
depths, and magnitudes reported. by other iIlstitutions are taken from
"Preliminary Determinatlon of Epicen 1.ers" l'ul)lished by the U.S. Coast
and Geodetic Survey]
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Figure l.--Map of the island of H~waii showing se~smograph sta~ions

operated qy the Geological Survey and localities mentionedl in the
text. Epicenters of earthquakes are given in terms of geographic

I . - 'coordinates, which are indicated at the edges of the map. !
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Table 6.--U.S. Geologfcal Survey seismSira~~ stations in Hawaii

Location

Station Symbol

IAltitude
___, ~-~ \m)

;-t-""olabove seaLatitude Longitude level
N. W.

Equipment
(Z. vertical; N. north-south;

E. east-west)

1,080 i Remote recording HVO-2: Z. (P, cae·:) .." Til1tJ"j~ \J'&"'9.."/f"'~)
I () 7" .---)~ Short-base liquid-level tiltmeter ..
) lJIt'IlI9,.''1'-O O~T/~T I",sT.ru ..,t,T 1->'1011( ... T~ .'rWt;~

815 t., Rdmote recording HVO-2: Z.

1,115 ~ ~~mote r~cording HVO-2: Z~

-19°2-5.4' -.- 15-5°17 .6- 1 -1,240-Uwekahuna --U -
(Hawaiian Volcano
Observatory) •

Mauna Loa-----.------ M 19°29.8' 1550 23.3'i!

155016. 9 t i~

Outlet-~--~-------- 0 19°23.4'-'=

A-lt(,,(o - - - A /9 ~». ."1" I :.~- ~-o/.s: 9"

Desert .., .. _________ca_- D 19°20.2' 155°23 .. 3'

North Pi t·----- ----- . N 19°24.9' 155°17.0'

Whitney------------ , W 19°25.9' 1S50 1Se- 7'

2,010

1,210

'Long.;..peri-od Press':'Ewing-: N, E, z;
(seismometer and galvanometer
periods are 15 and 90 seconds.
respectively). .

Short-period Sprengnether: E, z.
HVO-l: Zl/.
Short-base liquid-level tilt~eter.

Remote recordi.ng HVO-2 ~ z2! ..

Bosch-Omori: N, E; (seismometer
period 9 seconds).

Short-base liquid-level tilt~ster.

Hilo------~-------- 20 HVO-l: z.
Wood~Anderson: N, E. Operated by

Sister Thecla at St~ Joseph's
--S-chool.··---· ---- --'- -- ~-- --. --
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Table 6.--U.S. Geol~gical Survey sei~molr~h stations in_Hawaii--Continued

Location
Statficm Symbol

Latitude
N.

Longitude
w.

Altitude
(m)

above sea
level

Equipment
(Z. vertical; N. north-south;

E. east-west)

Naalehu----------- Na _t-Ioucks-Omori: N, E; (seismometer
period 3 seconds). Operated by
Mr. Alfred l<ahakua at Naa) ehu
School.

Pahoa----------~---

Kamu~la------------

Konawaenw----------

Haleakala~ Maui----

Fa

Ka

Ko

Ha

205

815

495

2.090

~oucks-Omori: N, E; (seismometer·
period 3 seconds). Operated by ,
Mr. Kongo Kimura at Paho.3. Scbool.(P'·sc~t'fTlntl"l

J a 1'1 :J..1 It"S- A H V () -I.' Z I -", ~ T.:; I' t J t.. I J i? ~ -:z.., I 9' f6C) 0

L ~_f. o =~_(1\...._.. L - 0 ~1 CJ,e Ioucks-Omori: N, E; (seismom~~er--~ _~
-.-....---.-~~-

'perio43 seconds). Oper~ted by
Mr.• T. C. Mills at Waimea Scho(~l.

riawaiian-type seismograph: N, E;
<seismometer period 9 seco~ds).

Operated by Mr. Howara Tars 11no at
Konawaena School.

HVO-l: Z.
Wood-Anderson: Nt E. Operated by

the staff of Hawaii National Park
at Haleakala, Maui.

1/ HVO-l is a moving-coil, hinged, vertical-co~_on~nt s~ismQgr~h ~it~_seis~eter-~,d--

--- ---galvanometer peri9-asof DeS second~-Overdampingof both seismometer and galvanometer is used to
control the strong galvanometer reaction~ This seismograph has a peak magnification of about 20,000
at a period of O~25 second~ Recording is optical~ on photographic paper~

,- .-- - - . -.. .' ..-. - ,,~.' . . ,d.... '!*'W.. - •c. ...-1)
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Table 6.--U.S. Geplogical Survey seismograph stations in Hawaii--Continued

2/ HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of
0.8 second. Its signal is transmitted over telephone wires to the Hawaiian Volcano Obs ervator.y ,
where 'it is recorded on smoked paper. The response of this seismograph is similar to that of
HVO-l. Records from these seismographs at the M, 0, and D stations are recorded on a 3-ccmponent
drum to permit an accurate comparison of arrival times at these stations. .

.... ,.-.
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1
(For c..t. _d Geodetic Surve7

.... ,'"

United State. lartlaqUlJee, 1960)

\
. \.

"\,,

HAWAllil ISLANDS

(15Oth Meridian or Hawaii_ Standard ru.)
I

i
I

I

"otel Data on the followiDi local disturbance were d.terllia-d trOll

se1sIIOgraph et4t1oD.8 on the 1alaDde of Hawaii and Haui b7 the Ba1l&11&D
!

Volcano Ob8.rY~to17 ot the U.S. Geological Surwy. For additloll&1 iDtOrlla

t1on, ••• the Hawaiian Volcano Obeenato!7 S~ 17 throUCh 20.

8 lea DorttnMst of Honokaa at a ct.ptb of 12.5 lea. Felt

Dear Wdp10 Valley on Haaakua cout ot Hawa11. Magnit11de 2.'.
JanU&r7 131 Durine the 14 hour. p-ecediDg the outbreak of • fiaJ?i eraptioD

I ,

on :1be east rift ~~ ot lUau•• at about ]jOO h01lr8 a'beat
I

\

• !

~

I,
y

I

of 'Iapobo. CoDtellpOraneou. with tb1•••18111c actl~t7
I

I , I

the I Kapoho craben nb81d.d about. 4 tNt. 'lb••• ~e.
I

I I

1IIIre of -.pit_de 2.0 or 1••• and ..re felt at • ...-
I

ra~ of two per lI1Dute durin& tile earq pC't of the 1J.4 boar
: I
I i

period. BecalM of th.ir ..all 81M aDd INat -.bet DO
I I

I

attellpt 1IU ..de to 1te111se tbeL I
I

1000 .arthquak•• were t.lt. in th. Tic1n1t7 of the Y11lage
i
I

Janu.-y lei 18t 26th6.0I-. 1p1center l'-2ht north, 15,·4S' ve.t, II

I
I

lS kIl e..t northeast of RoORDa at a depth of 3 kL 'i[Felt
I

I11_a ca1clera area, Pohakuloa aDd 10Da. Mapitudll 'h.S.
I

I.



AccofTlpanying the summit subsidence of Kilauea Volcan , during the
early part of 1960, marlY ~9-rthqu.akes were fel t In the vicinity of I

Kilauea Ckudera. Dates,oii.gin times (to the nearest min te) arui appro-',
x1Jnate marnttudes for these _~"eartJ'1q\lakes al'e listed below:

I

I ;

I ,:

; I

I ,I

I I
I I

i :

Date

I

Jan. 26
I

" I

Jan. 2P

Jar.le 29

Jan. 30

"
ff

"
n

n

It

t1

ft

It

"
!I

!f

II

,Time
I
I

I

'i 16: 11

\16: 20

IP3: 26

i09:1~

P1:16

~7:26
[

0'7:30
i

f7:35
01:51
i

08: 0·7

~A:13
I
0P: 1 rJ
I

~8:27

t8: 2A

~R:29
~P,: bl

1::~:
~PI: 5'(

~::::
clP: Sf!,

I

Magnitude

2.3

0.6

1.8

2.2

2.2

1.6

2.2

2.1

2.6

1.9

2.8

2.R

2.6

2.0

2.2

2.4
? "').........

2.3

Date

Jan. 30

II

"
II

f1

"

"

"

"
It

11

Jan. 31

11

II

tt

tr

n

Feb. 1

"
"
II

Time

08:59

09:00

09:02

09:02

09:04

09:05

09:01

09:0"7

09: .')8

11t32

23:42

04:17

04:28

11:10

11:37

15: 29

20:00

0'7: 48

OR: .30

QP.: 58

09:04

16:06

Magnitude

2.5

2.2

I.?

2.2

1.8

2.2

2.2

2.6

2.3

1.8

2.2

2.1

1.8

i !

i

I

I 'I
I

I :

qi~: 59 2.]

I

!I Ielt island-vide.
~/ ':81$' II.I leQ.

eL pote es tEch 7 pesd etc.

ff 16:51 2.6

........ ,..

IiI I

I II~ ..... ,....J~- _ la .. '" '~L •.0:..:-................ +no . I . dil •• ·' ",;,\;. b St....
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, i

, I

: I

Date

Feb. 1

"

"
Feb. 2

It

"

"

"
tt

"
n

Feb. 3

"
"
n

If

n

"
II

"
"
"

"

Time
I

~9:05
I

22z2'7

2:3:41
I
I

06:38

O~7: 24

14:56
r

18:S5

19:07

20:18
I

21124

22:19

O~:lO
I

02:,30
I

03z26
I

04:16

04:25
i
I

04:28

04z29
I

I

04!: 29

o4~:45

10:50

11141
I

I
llr~

Magnitude

2.1

2.2

2.2

2.0

2.A

2.4

2.3

2.4

2.2

2.0

2.4

2.2

2.5

2.3

1.8

2.0

2.2

2.8

2.6

2.0

Date

Feb. 3

n

"
"
"
"
"

"
u

n

"
Feb. 4

"
"

"
II

n

"

"
"

"

"
II

Ti_

121.39

12:55

13z18

14:18

14:25

17:31

18:)0

19:18

2l:Sl

22:01

22:44

03:11

04:53

06142

0'7:29

10141

14:46

16:43

16:46

11:06

20:10

20:52

21:20

Magnitude

2.3

1.8

2.3

2.4

3.0

2.6

2.3

2.2

2.0

2.2

1.8

2.,
2.5

2.6

2.3

.3.0

3.0

1.8

1.6

2.5

2.2

I

I I
I I
I I

I

Ii'

t'

---; .....
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I

I
I '

~

i
I

. j
!

I ,
I

i
I

Date Time Magnitude

I

Time l-lagni tudeDafe
I

I
I I

2.5Feb. h 2~:29
~'e b. c: o5:oe 2.3It

2~:33 2.1
" 05:12 2.8I

05:5/

I

211: 4AI

" 2.6
" .o.~ 2.2

! I
I ,

I
I I

I

" 22 1:00 1.8
" 06:03

! 1.8
" 22:01 2.0

rr
06:04 I.eI

" 22~03 2.2
II 21:41 2.2

I I
I

I, I

tr 22:04 2.2
" 22101 1 2•3I

" 22~O1 2.3 n 22:02 2.8
I I
: I

II 2.5
Fe t. 6 02:02 2.6

2.2 :2..3"
" 03:10 ~

" 23:02 2.8
11 03:17 fe3

23+9
; I " 2.3

It 03:49 2.5
I I

" 23:f2 2.2 rr 03:58
I

2.3
04:00

Feb. S 00:15
"

I , If Ou: 5 2.3
" 04:06I

It 04:JA 2.5
" 04:20I

n 04:42 2.3
" 04: 2'7

I '

I :
II !

OU:~6 2.3
04:u6

"
"

t1 04:52 2.8
" 05:10

" 05:0~ 2.2
" 05:25

If
05:0~ 2.3

fI 05:35
II 05:02 2.4 rr 06:03 2.2i

" 05:04 2.5
" 06:01 3.I

2.5" 05:0~

" 06:12 2.
If

05:°, 2.2
" 06:15

'-f-
~---
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! I

Date Ti~ Magnitude Date Time Magnitude

I

Feb. 6 lOi44 2.8 Feb. 8 04:ll 1.9I

!

" 11:14 2.5 n 08:45 1.9

" 16:44 2.3 Feb. 9 03&25 2.5
I

In 1'7 :113 2.3 .. 06:19 I 2.3I ,

I

II lB:l~4 1.4 II 15:29 I 3.1I
j

n 19:
1,4 2.8 " 11:27 I 2.0I
I

II
In 22:08 2.2 " 1'7: 27 I 2.2
I

I

" 23:29 2.6 " 17z28 I 3.1
I

I

" 23:55 2.2 " 11:29 I 2.9
II ,

I

IFeb. 7 00:41 2.3 n 1'7:29 I 2.8
I I
I

I
n 01:38 2.2 " 17:30 I 2.3

I

I

02:04 2.3 • 11131 I 2.5II
I

I

I

021~8 2.3 II 17132
I 2.9It

" 02120 2.5 n 21120 2.2
I

I

n 0512
1

7 4.1 " 21:4·/ 2.,
i
I

22:3," 06104 2., " 2.2

" 0610, 2.6 Feb. 10 00148 2.2

" 06:01 2.1 !I n 18:14 1.8
II ~':of 3,~
tt 21:.34 3.6 " 18:29 2.5

I

!

" 22:36- 3.8 11 21:2, l.e
Feb. 11 00141 2• .3

I

I

" 01:09

, i " 01:53 .8



I :

, I

1 I

:Oate '1'1wJ ! Magnitude Date Tille nitud8
1

I1
Feb. 11 01:$6 1.8 Feb. 20 12140 12.4

i I

,
It 02109 2.3 " 14:48

1

2•2 ~
1

1.8 • 14:5~ 12.3 f
" 021111

" 03:26 3.3 .. 21140 12.3
I

II OJ:33! 1.9 " 22:$1
1

2
•
2

!

n 04:1~3i 1.8 Feb. 21 121.31 1.9

II 05:5); 2.7 " 1.3:20 2.3

" 01:24
1

1.6 " 1.322S 2.0

" 11: 39
1

3.3 • 131)S 0.6

reb. 12 04117: 2.8 • 15140 1.9

" 04tSS 3.5 n 16154 2.3
I

" 08143 2•.3 " 17103 2•.3
I

" 09127 2.2 " 17:20 1).0
I

" lOtlr 3.2 " 1'7237 3.3

• 161~W 4.1 " 18115 1.6

" 161'~ 2.8 " 18117 1.9

Feb. 15 20:19 1.3 " 21131 2.1

Feb. 16 1513$ 2.3 " 22:29 2.3
1

Feb. 18 09:2S 2.0 • 22:33 2.0

" 20:06 1.9 " 22:39 2.0

" 20:07 1., " 22152 1.8

1
I

,WW'. I te A respon8ib1e tor fault IlOt1on aerose HU1na 001 road
I

and destruction qt about tifty fe'et or that road. 19- 21' north, S5-11' "'8t.
,.~

i I

t.



I
j

Ilite ITime Magnitude Date Time Magnitude (

~
Feb. 22 04:29 2.1 Fet. 24 03:55 2.5 i

II [as: 29 3.3
II Oh:36 2.6

I "" ~05: 40 2.0 05:20 0.8
1

i 06:47n q5:53 2.2 n 0.8
1

II 10:11 1.8
II 20:15 2.0

" 13:0A 2.3 " 20: 21 2.3
I

" 114: 25 2.6 II 20:25 1.9

tt :15: 29 2.6 'eb. 25 03:25 0.8
I

tt 116t31 2.2 " 03:29i 1."7

" 121:44 3.5 " 03131 1.3

It ~22: 35 1.8 " 04:1"7 3.0

It 122:42 3.8 " 05:21 2.6
I

II
1
23:31- 3. "7 If 09t21 2.8

Feb. 23 08: 24 2.6 It 14:25 2.6

ft 09:0, 2.0 " 14:32 2.2

" 109:15 3.6 II 15:15 2.2

"
I 2.0

11 23:11 2.3
1
11:501

i Feb. 26 01100 2.9" !11:53 2.3

n !14:11 3.1 tr 12:41- 3.1
I

i

It i 14:31 1.8 If 15:58 3.0
1

" 15:43 2.4 .. 16:06 2.2

" 116:06 2.0
tI 16:12 2.6

" 116:45 2.2 Feb. 2·' 04:42 2.2

It 1'7:11 2.5 " 05:36 2.3.

" 18:58 3.4 " 10:48 1.0

" 19:02 2.2 " 10:54 1.8

7.



{)ate Time I 11at!ni tude Date Time Magnitude
I
I

Feb. 2"7
I

O.~ I~r. 2 15:07 1·i811: 31;
I

2.\'n lIe 341 2.3 n 15108
i

2JO" 12:03: 2.1 II 15:13
! I

I
1

It 13: 11; 2.8 " 15:53 2~6

I

11 13:31 1.9 " 18:40 1.9
I

" 13: 50 2.0 " 22:02 1.8

" 22: 5"1 2.3 " 2):11 2.2

" 23: 23: 2.0 " 23:24 2.0

Feb. 28 \ 2.2 Mar. 3 02:0. 2.300:19:

II 02: 171 1.8 11 12:0"7 2.8

It 12:24 2.2 " 13:24 2.2
:

It 22:15 2.2 " 14:26 2.2
I

I
II 23:12: 2.3 It 14:30 2.2

I

i 1.8 Mar. 5 05:28 1.8It 23: 15!
I
I

Feb. 29 10:14
1

2.6 " 06:41 2.0

t1 11:38: 2.3 II 06:44 215
I

06:50If 13:47: 2.5 .. 2~3

1

11 r 1~2 3~3" 15:421 1.9 It

I

It 16: 59\ 2.0 Mar. 6 21:04 015
I I

18:12 It 21:16
i

It 2.2 0~7

II 19:1"7 3.4 If 23:34 3~O
I
I

Mar. 1 06:4~:~ 1.8 l'-'lar. "7 08:4"7 2.2
I

" 21:~ 1.6 V " I 16:32 3.8

u 22:07 1.9 Mar. 8 01:05 1.8

Mar. 111 05:49 2.0

" 07109 2.2

t.



March 41

March 11

March 191

March 23:

March 231

06:04126.0*. Epicenter 19-26' north, lSS·S1' ...t,
!

S b leaat of HoDa1mall at a depth of 8 0. Felt at BOrth aDd

80Uth 10Da. Magnitude 3.0.

0)124111.,*. Epicenter 19°26'. DOrtb, 15S-13' ~.t,

8 kIl northeast of Hal_uaau ~1.t • depth ot S b. F.lt

at IU_.a caldll~ area. DUb•• broken in 4 hOlIeS, -U

objecte overturned. Magn1tu<le 3.3.

12 0 BOuth IJ outhwe.t of BooDDa at • depth of 3 b. Felt
I .

at Capt. Cook, Iona. MapitllcW 3.2.

'beDeath lUauea Iki crater. Felt east ria of lUa••

'beneath IiI... Dei crater. Felt east ria of n1all.a

caldera. Magn1tude~3.S.

9.



Karch 24a

iprU 3:

.lpr1lI'~1

AprU 5:

April 221

April 261

April 291

13z16121.5--. Epicenter 1~24' north, lSS-22' ...t,

10 ba ...t 8outhea.,t of Rale..,..u at • d8ptb ot e 0.

,elt DorthlMst ria of IDauea cal~ra_ Mapitucle 3.21

•

I

1;141103.8*. Epicenter 19- 21' north, lS,ol,' ..st, I

7 kII 8OUth••• t ot Haleaaumau at • depth ot .3 m. Felt

north and DOrthveet ria ot I11auea caldera. Mapiwdl 2.8.

04: )4111.1*. Bp1center 19° 21' DOrth, 155-16' ·...at, 7 ba

south southeast ot Halell&UII&u at ,a shallow depth. Fel.~

nort,h and nortbea.t ria of lilauea caldlra. Map1tud.e.3 •.3.

0)1181 53.S* • 1p1ceat8r 19- 2,' north, lS,-17' _at, 8 ka

beneath Bale..1IIIau. relt at ...t ria of l11au•• caldera.

Magnitude 3.2.

07120126.6*. Epicenter 19-25' DOrth, lSS·17' ...t, 60 ka beDea1ila

Rale..uaau. F.l~ at •••t ria of nlau•• caldera. JIap1tudll 2.6.

07.(412).e*. Epicenter 19-2S' north, 1,5-16' "lit,

southeaat .ector of Iilauea caldera at a ~tb of 8 ~.

rel~ at eut ria of Iila.a caldera. Mapituc» 2.3.'

(611)109.)*. Epicenter 19-2,' Dart.h, 15,-26' ...t,

17 0 ...t nortbve.t of Hale..UII&u at a depth ot 8 ka.

Pelt. trOll HUo to lena. IIap1.tude .3.9.

09zla6I.34.O*. Epicenter 19-2S' BOrth, lSS-11' _Bt,
shallow depth below H&1.emaUIIAu". rtit at north ria ot

KUAuea calclera. Magnitude 2.6.

I~ \
I

I__._.1.. ..... ..J
1



iala-nelll. MagDitude 3.9.

r

I
I
V
I
I

.. , I

Mq 81

May 11:

May 12:

May 25:

Mq 211

May 31:

JUDe 21

I

O6s28139.0*. Eploeater 1,.21' north, lSS·l,t "A,

;8 k. aoutbwe.t ot Hal...uaau at • depth ot 25 ~

Pelt 18laDi-vide. Mapitude 4.0

2)106.45.9*. Epicenter 19-24' north, l.$S-18 , wen,

,2 ka 80UtInMat of Haleaau-.u at a Iballow depth, Felt

at north ria of Illa... cald8ra. Map1t1Ide 2.6.

:11:18:09.9*. Epicenter 19-2)' north, lSS-20' .at,
I
I

7 lea BOUthW88t of Hal...UII&u at .. depth or 15 m. mt

Sf!(,.~·O" I

:10145:3.3.0*. Epicenter •••tern pGRYB ot lila... caldera

,at a mallow depth. relt at BOrth_st ria of l1lau.. caldBra.

IMagnit.1Ide 1.6.

:OSI49:~.0*. Bp10eQer 19-25' north. lSS-11' ...t,
I
I

northeast ria of Hal...,..u at a _til of 12.S~. relt

lro. JC11auea caldlra aNa to BUo. lIapit1acle 3.~.
I

i

:OSaS8:10.0I-. Bpi.llter l~ 25' IIOrtb, lSS-11' .en,
'northeast rlll of Hal_u.s.ll at • depth 01 l2.S a. hlt.

fro. l1J.auea ealdllra aNa to BUo. IIagD1twle 3-4-

1411214).2*. Epicenter 1~24' DOrlh, lSS-U' ...t,
H~tt1tUI""u !,4 ka 8OUtInM.t of __at a depth of lS 1aI. I Felt.

I

;.t northwe.t ria of rna,.. eU_ra. Kapitld. 2~6_

20:4'7122.6*. Epicenter 19-16' BOrth, lSS·27' ...-t,
~1n4&.t"'.LI

120 kIl ...t of VveIlMi .t a depth of Sba. Ptit tra.

nlauea caldera area to IoIUl. Magnitllct. 3.,.

II

I
;
I

I,

\
I

I

I
I
l
\

i



June Sa

JUDe 7:

June 13:

JUDe 14:

June lSI

JUDe 181

Ju. 181

June 201

231401~.6M-j Epicenter 1~21' BOrth, lSS-16' ...ot,

8 kIl aouth southeast of Hal._uu.u at a depth ot e al.

Felt at east ria ot l11&uea caldera. Magrdtude 2.6. I

12119124.1*. Epicenter 19-10' aorth, lSS-34' ...t,

10 kIl north ot laalehu at • depth of S kIl. Felt at

Pahala and north aDd ...,t r1.as of Iilauea caldera.

Magnitude 4.1.

17:53159.4*. Epicenter 19-08' north, 155-27' .st, 8 ka

south .outbweet of Pahala at a ct.pth of 25 1aI. hIt

at Kealakekua. Magnitude 3.6.

23115:.34.)*. Epicenter 19-2$' north, 1SS-I7' vest, 8 IaI

below Ha1e..umau. Felt at KUauea caldera region. llapitudll 3.3.

23:531.36.'3*. Epicenter 19-25' north, lSS-11' ..at, 8 IaI

below Hale..umau. Pelt at nlauea caldera region. Mapitud.e 2.8.

C1'Illl:40.0*. Epicenter 19-21' aorth, 1.$,-11' ...t, i

6 ka north DOrtbwe.t of Ral...uaau at a II&lle1r ~ptb.

Pelt at IDauea c&1clera regioa. Mapitude .3.0•

.. ollS6107.4*. Epicenter 19-18' BOrth, lSS-2S' wen, 18 ka

aouthveat of Hal.eaauu.u at a depth et 8 0. M\ at I1laUlaa

caldera region. MagDitude 3.9.

09ISOt01.S*. Epicenter 19-19' DOrth, iSS-I)' ...at, 1h bl

.Ol1th••at of Hal.......u at a ~tb of 3 m. Felt at

•••t ria ot lUau.. oald8ra. !lap1t" 3.4.

12,,8123•.$*. Epicenter 19-24' north, 155-21' .It, 6 IaI

..at 8Outh...t of Bal........ at a d8pth of 12.S bl. :Felt

islaad-v1de. Mapit1lde h.I.

12r,



JUDe 20:

June 20:

June 21:

June 212

JUDe 26s

I

soutbwest ot Hal....UJI&1l at • depth ot 12.5 kill. }pelt
area

trOll KUauea caldera/to Iona. Magnitude 3.9.
Sf

18:,8:)&.)*. Epicenter 19°2li' DOrth, 155-19' .et, 4 ka

southwest of HalellaUll&ll at a depth ot 12.$ D. relt at

east ria ot Illausa caldera. Magn1tude 3.1.

01:00:18 •.3*. Epicenter 19-24' north, 15,-21' vest, 6 D

-"t SOlltb1l88t ot Hal...au.u at a depth ot lS ta.

'.It at north ria ot lila.- caldera. Mapit1Xle 3.2.
I

10s'6:49.2*. Epicenter 19-2.3' north, lSS-16' wat, 4 ta

south southeast or Hal...u.au at a ahallcnr depth. Felt,
I

at I1lauea caldera area. IIqD1tlXi. ).,.

14133:08.6M-. Epicenter 1~2S' north, 155-1,' west,
I

8 D beneath northwest ria ot lUausa lid. '.It at lila...
I

caldera area. Magnitude 3.1.

13.



Jul;r 1: 09:J.oI27 .1*. :Epicenter 19- 27' north , 155-15t'i wet, 3 kaI

north ot Volcano Ron•• at a d.pth or ,2 kit. I,Felt, at east

ria of Kilauea caldera. Magnitwle 3.1.

July 71 14:33:35.0*. Epicenter 19·~7' north, 15S-15, west, 3 0

north ot Volcano Hous. at a depth ot S2 0. Felt at, east

ria of KUauea ca1.der~. Magnitm8 2.9.
~,

JulT 19: 181.,43.2*. Epicenter 19-27' north, 15,S-16' .et, BOrth

ria ot Iilauea, Dear Ieauhou Ranch at • shallow depth. Felt

along north and east ri_ at I1lauea caldera. I

July 19s

August 71

August lOt

Magnitude 1.8.

18:40s16.9*. Epicenter 19-27' north, 15,-16' ,..t, DOrtb

ria ot lilauea near leauholl Ranch at a 8hallov depth.

Felt &lOBI DOrth and east ria ot mau.a calde~a.

ria ot KUauea caldera at a depth ot S0. Felt at DOrtbea8~

ria of I1lauea caldera. Magnitude 2.7.

11133:22.0*. Epicenter 19-26' north, 155.18 1 ".t, north
I

ria of lila_a caldera at a depth of 10 m. S-tuie 3.0.

Felt at north aDd e.at r1IuI ot Iilauea cal4era.

2)1161,5.1*. Epicenter 19-54' north, l,S-36' "It, 7 kII

I nor'tbe.st of Va1kl1 at a depth at 10 m. Felt near Waiplo

valley on Haaakua co••t ot Hawaii. Magnitude 3.9.

I+:
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August 11:

Aupst 11:

01141:17.1*. Epicenter 19-52' DOrth, lSS- 36' ven, S kII

••at ot Waiki1 at a depth of 10 D. Felt at BoraNaa.
!

Magnitude 3.8.

1010)114.0*. Epicenter 19-2,' DOrth, 1$,-18' vest, S loa

beneath Hal...UII&u. Felt, at northwest rill ot lila•• caldera.

August 141

Magnitude 1.9.

04,20:2.3.9'*. Epicenter 19- 33' DOrth, 15S-41' .at, northwest

nau of Mauna Loa 25 ka •••t of Capt. Cook at • depth of

5 D. IMt at Clpt. Cook, 108&. Kqn1tude 2.S.
~~

Septeaber 14: (41191)9.0*. Epicenter 19-1)' north, 15S·.......t, 30 D

south of Cllpt. Cook, at • ~th ot is _ .•• lI",a. Felt

at Capt. Cook, Iona. Mapitll~ 3.6.

Sept..her 171 1'2:331 25.0*. Epicenter 19-2,' DOrth, lSS-17' lIIwt, B&1_....

• t a depth ot $ loa. Pelt Oil DOrtb. ri. of I1laMa calMra.

Mapitllde 1.8.

Septeaber 18: 12ISJI 34.0*. Ep1ceater 19-24' DOrth, ISS-lB' ...t,

.~th.ut Iilau•• caldera, 'Yel7 eballcnr. '.It OIl 80Mb rill

.t Kilauea oald.... IIap1t.dIa 1.1.

Septeaber 191 lS,2-,:21.S*. IpiceatAtr 1~2S' DOrth, lSS-20' ".", S 

...t at Hal_UIIl8l1 at a depth of 10 loa. Felt on ~.t rill of
I

lila.. caldera. Mapitude 1.8.

Septellber 201 (11129143.2*. Epicenter 19-,8' north, is,· 34' welt

DOrthlllst fiank ot Mauna Ie. 17 _ 80uth ofI~. at •

depth of 12.5 0. Wida17 felt. north r1Jl ot l1la_.,
~&1akekua aDd lukuihule. Mapitude 3.1.

_......._-----...~~--------...
I
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I
I

Septellber 211 I 20108lhl.0*. Epicenter 19-45' north, 1S6-1S' -.8t,
i

I 20 0 1I8st ot leahole Pt. at a depth ot about, lS m.

Widely telt in DOrth Iona, reporta tre. Iealakekua,

Honokahau and IaiDallu. Magni tude J..3.

September 291 E>8:23:19.6If.. Epicenter 1~24' north, 15,°16- vest,

HaleaaUll&u at a depth ot 27 0. hit at east ria ot

Kilauea caldera. MagDi tuct. 2.1.

October 8:

October 111

October 18:

1112'111,.1*. Epicenter 19-27' north, 1$5-24' ...t, about

20 0 east of MokualMoveo at a depth of. 8 0. r.lt 1D

HUo, Pahoa cd e••t ria at Inanea caldera. Mapitm. 3.1.

1314312'.S*. EpicenMr 1~2S' north, lSS-17' ••t,

IUau.a caldera at a depth of S b. Felt at ...t ria of

lilauea calct.ra • Magnitude 1.5•

09129153.2*. Epicenter 19-2,' north, 155-22' ...t, about

9 m ...t ot Hal...1mI.U at a depth ot 48 0. '.it at ...t

ria of IU... caldera. Mapit1lde 2.8.

0$:18128.8*. IpiceDjer 19-27' DCrth, 1,,-16' ...t,

!north ri. of Iilauea caldera at a depth of 10 0.
I

Felt ..st ria of Iilauea caldera. Magnitude 2.4~

October 25: 21131156.0*. Epicenter 19-26' north, 155-11' ...t,

north rill ot lUau.. caldera at a shallow es.pth. Felt all

oftr Kilauea 8UII1t area. Cracked path., roac:la aDd tenD18

courta at ll1lita17 reat ClIlp on BOrth ria of Iila.a cal.ciIra.

,Magnitude 3.2.

1(,.

a:UE.



Nov8llber 11

lov8llber 5t

Moveaber 7:

NOTe.her 1:

I

'06~32:'O.5*. Epicenter 19-26' north, lSS-11' ",t,
I

I

'Haleaaua.u at & depth ot about S lea. Felt on nar!th aDd
I

east l'1.,ot IUauea caldera. II.agD1tuct. 2.1.

10:.35,3,.$*. Epicenter l~21t north, iSS· OS' 1I8.t,

at Puu MaDa OD the 80utheut l1l.au.. Pall ~tea, 40 lea
at shallow depth

south of Hll~ Felt in Hila. Mapitude 3.0.

09~36:29.()M-. Epicenter 19-25' north, 1,,-18' ...t,

east ria of lila.a caldera at a depth of 7 lea. relt on

DOrtInIIa.t. ria of nlauea caldera. Magrdtude 2.0.

1212110$.1*. Epicenter 1~25' north, 15S-18, ves~,

east ria of Kilauea caldera at a depth ot 1 b. Felt

on northwest ria ot IUa•• caldera. Magnitude 2.3.

Hoft.ber 7: 20:21:)2.1*. Epicenter 19-2,' north, 15S-18' ..et,

.ast ria ot Kilauea caldera at a depth ot 7 D.

F.lt OD DOrth ria ot nlauea caldera. Magnitude 2~1.

lIaY..ber lOt 141$8:49.8*. Epicenter 19-2,' north, lSS-18' west,

.~.t rbl ot KUa•• caldera at • depth of 1 a.
I

'.It OD nortbwe.t ria of IUaue. caldera. JIap:1tu~ 2.1.
I

NoTellber ·101 lStb,5110.;*. KpicenMr 19-25' north, lSS-18' ...t,11

e.8t rbl ot lilau.. caldera at a depth of 7 m.

Felt OD aorthw8.t ria of lilauea caldera. llapitudla 2.4.

Jlo.eaber 151 llt5S:11.8*. Epicenter 19-2b' north, lSS-lB' ...t,'lUauea

80Uth1l88t rift at a depth ot S lea. h1 t at northwe.t ria

of !IUau.. calcMra. llagnitwt. 2.1.

..1.
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I

Ncw••ber))s l.3l30s~.()I-. Epicenter 19-2)' north, 1S,-19' ...t,
I
I

Kilauea loutbw.t rift, at a depth or 30 D. Felt at

lila08- .-it area. Magnitude 3.5.

!io'Y••ber 3<n I 19'41141.61-. Epicenter 19-23' north, lSS-18' west, I

, Cone Peak region at a depth ot 30 0. F.lt at Iilaua

s-.it H area. Magnittde 3.3.

Deceaber 51 '1
1
11:54:32.1*. Epicenter 19-26' north, 155-20' ¥est,

1

Fel:t at e.at
I

I'I northern Iaoild 8yate. at a depth or 1, lea.

!i ria ot K~aue. caldera. Magnitude 1.9.

Deceal:er 13: '1,12:06:51.0*. Epicenter Hale....u at • depth of' 30 D.

I Felt in Pohakuloa, along KODa coast and in KUauea caldera

region. MagDitllie 4.0.

Felt
1

Epicenter Hal...uaau at a depth of III-X> D.
I

I

in Pohakuloa, IUa•• caldera region, and aloD8 Ibna coaat.

12:08:16.4*.
I

Dec••'ter 13:

~tud. 4.0.

S~i kIl south of Hal_uaau at a depth of 10 0.

Decelllber 111

Decellber 211

I

i

20:51:16.1*. Epicenter 19-42' north, lS,-45, ...t, 16 0
I

I

nortt..st of Dal.kekua at • depth ot 3 D. Pelt II at Iealak.Da.
I
I
I
I

I
I
I

2',2t1,t4,. ()It • Epicenter 19-n' north, 1,,- 11 _.~,

1

I

F~t in Kilauea caldera region. Magnitude 2.$.

Deceaber 2,1 02:56:28.01-. Epicenter 19-1)' north, lSS-)8' ve.t, eouth
I
1

~ank or Mauna loa is D .st or Pahala at a Iball~ depth.

Felt in southern halt ot the island; Iilau•• reliOD to South
i

Po~t to north IoDa. MagDitudta 4.5.
Dec_ber 81 2)127:41.5*. IpiceDter 19-26' DOrth, 1,S-21' ...t, 7 D ...t

I

of Hale..uaau at • ~pth of S 0. '81t at DOrtb ria of
Kilauea calc»ra. Kap1 tw1e 2.1.
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  1

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JAN  1 0738 43.79 19 24.75 155 27.29 10.20  6 .08 1.3 3.8 KAO         256 11

1960 JAN  1 2014 11.98 19 26.10 154 46.73  1.70  6 .1710.8 7.3 SLE F# 3.4X 306 45

1960 JAN  2 1247 40.53 19 20.38 155  9.96 29.79  7 .05 3.6 3.1 DEP    2.3X 260 13

1960 JAN  2 2156 38.12 19 24.07 154 31.79  6.87  7 .2112.616.3 DIS  - 2.9X 324 68

1960 JAN  2 2246 26.00 19 26.97 154 40.91  6.66  5 .00 6.5 5.6 LER    2.9X 315 52

1960 JAN  3 0453 58.76 19 27.49 155 19.03 14.52  6 .07 1.3  .8 DML    3.7X 143

1960 JAN  3 1553  6.94 19 23.78 155 25.90  7.61  6 .10 2.2 4.5 KAO    2.3X 237

1960 JAN  3 1603 45.82 20  2.65 155 52.31 12.78  8 .10 8.411.9 KOH  - 2.8X 326 79

1960 JAN  3 2127 35.56 18 57.95 155 28.03 16.89  7 .13 2.716.6 DLS  -      326 42

1960 JAN  4 1721 27.55 19 21.78 155 31.02 10.40  5 .07 1.6 5.3 KAO    2.4X 300 14

1960 JAN  4 2309 36.93 19 26.73 155 27.72  0.28  7 .06 2.3  .8 KAO    2.3X 265 10

1960 JAN  5 0556 34.86 19 22.85 154 49.95 12.53  5 .06 7.1 9.9 LER  - 2.3X 301 46

1960 JAN  5 1131 53.47 19 19.86 155  5.01  5.61  7 .12 2.211.6 SF5  - 2.6X 272 22

1960 JAN  5 1835  6.33 19 11.49 155 27.43 12.21  8 .14 3.4 1.3 LSW    2.5X 333 18

1960 JAN  5 2235  8.65 19 19.82 155 25.44 11.50  7 .05 1.6  .8 KAO    2.8X 292

1960 JAN  7 0524 38.44 19 25.79 154 44.99  5.24  6 .05 3.0 1.6 LER    3.0X 309 48

1960 JAN  7 0815 29.16 19 24.97 154 46.35 14.78  6 .06 6.810.0 LER  - 2.7X 307 47

1960 JAN  7 1453 36.84 19 22.48 155  6.01  5.62  6 .21 2.215.2 SF4  - 3.3X 235 21

1960 JAN  7 1502 16.03 19 21.61 155 10.83 14.36  8 .16 2.6 1.2 DEP    2.6X 206 11

1960 JAN  7 1656 32.44 19 22.65 154 51.26 10.74  6 .13 4.2 2.0 LER    2.6X 302 16

1960 JAN  7 2336 33.08 18 41.22 154 26.29 13.04  8 .13 9.413.6 DIS  - 3.3X 336104

1960 JAN  9 1259 50.79 19 24.16 155  7.81  8.24  7 .10 1.5 4.9 SF4    2.7X 193 16

1960 JAN  9 1434 30.17 19 18.30 155  5.54  1.01  7 .14 3.315.9 SSF  - 2.8X 241 22

1960 JAN 11 0157 54.27 19 28.06 154 43.56  8.91  8 .14 7.9 7.1 LER    3.1X 312 47

1960 JAN 11 0519 29.26 19 24.53 154 40.70  5.82  7 .05 3.3 2.0 LER    3.1X 316 55

1960 JAN 11 0536 51.00 19 30.81 154 54.09  0.16  5 .18 6.1 6.8 SLE  # 2.7X 338

1960 JAN 11 0547 34.12 19 27.93 154 46.42  6.96  8 .15 2.4 1.8 LER    2.7X 307 43

1960 JAN 11 1715 50.76 19 22.83 154 39.01  9.01  7 .09 8.311.3 DIS  - 3.1X 317 59

1960 JAN 11 1741 30.98 19 20.45 154 45.05  0.76  7 .08 8.1 3.7 SLE    3.5X 310 54

1960 JAN 12 0037  9.39 19 16.34 154 57.28  6.78  4 .01 3.3 9.6 LER  - 2.5X 340 34

1960 JAN 12 0059 44.27 19 27.45 154 56.59  0.02  7 .09 4.3  .7 SLE  # 2.8X 260

1960 JAN 12 0409 58.80 19 28.60 154 53.65  0.03  7 .16 1.7 2.0 SLE  # 3.0X 291

1960 JAN 12 1819 42.50 19 57.91 156 28.82  6.97  4 .1311.413.0 DIS  - 3.5X 353126

1960 JAN 13 1017  8.20 19 28.08 155 16.93 10.14  5 .02 1.1 1.8 GLN    2.7X 159

1960 JAN 13 1100 23.78 19 29.48 154 53.21  6.90  6 .14 3.113.9 LER  - 2.8X 291 33

1960 JAN 13 1102 11.76 19 22.67 155 16.90  6.32  4 .00 4.0 5.7 INT    3.0X 142

1960 JAN 13 1106  7.41 19 35.68 154 58.81  6.90  4 .06 5.012.6 HIL  - 2.8X 270 18

1960 JAN 13 1142 19.83 19 30.77 154 34.54  2.67  5 .0610.3 6.4 DIS  - 3.2X 324 58

1960 JAN 13 1218 24.70 19 28.37 154 40.59 10.74  5 .10 8.712.1 LER  - 3.3X 316 51

1960 JAN 13 1237 20.74 19 32.11 154 33.20  2.91  5 .05 9.6 6.2 DIS  - 3.7X 326 60

1960 JAN 13 1303 22.76 19 28.70 154 40.34  0.06  6 .09 3.7  .9 SLE  # 3.6X 317 51

1960 JAN 13 1342 17.74 19 30.90 154 54.20  0.30  7 .1482.931.6 SLE  X 2.9X 288 30

1960 JAN 13 1441 32.45 19 26.88 154 39.81  3.03  5 .17 7.0 5.8 DIS    3.3X 316 54

1960 JAN 13 1445 40.27 19 27.41 154 47.05  3.23  5 .20 8.911.9 SLE  - 3.1X 306 43

1960 JAN 13 1506 42.72 19 30.91 154 39.85  0.67  4 .2924.810.1 DIS  - 3.5X 323 50

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  2

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JAN 13 1600 24.78 19 26.39 154 46.07  7.83  7 .17 2.3 2.4 LER    3.5X 308 20

1960 JAN 13 1611 48.74 19 25.60 154 41.87  0.02  8 .14 3.3 1.1 SLE  # 3.3X 314 52

1960 JAN 13 1629 36.11 19 26.82 154 31.59  7.58  4 .1114.215.0 DIS  - 4.1X 325 66

1960 JAN 13 1720 11.46 19 26.00 154 42.82  6.08  6 .13 2.4 3.1 LER    3.2X 320 51

1960 JAN 13 1802  1.21 19 35.72 154 42.05  4.74  8 .19 2.8 4.1 HIL    3.6X 319 43

1960 JAN 13 2012 38.97 19 28.23 154 42.10  3.73  6 .12 2.5 3.4 SLE    3.3X 314 49

1960 JAN 14 0206 29.23 18 59.37 154 23.27  6.84  4 .3519.024.9 DIS  - 3.1X 333 81

1960 JAN 14 1503 25.09 19 14.85 155  6.42  0.90  5 .1013.7 6.0 SSF  -      333 22

1960 JAN 16 1142 37.27 19 25.87 154 51.38  0.02  6 .1910.0 2.7 SLE  # 2.5X 297 40

1960 JAN 17 1924 36.86 19 24.62 155 13.92 19.80  7 .09 2.2 1.4 DEP    3.3X 198

1960 JAN 18 1331 13.72 19 24.75 155 25.24 15.67  6 .01 1.3 2.5 DML         222

1960 JAN 18 1826 47.32 19 20.94 155 47.27  7.04  6 .04 3.311.5 KON  - 4.7X 337 42

1960 JAN 21 1705  3.57 19 14.57 155 33.51  2.46  5 .06 9.6 8.6 LSW  -      328 33

1960 JAN 22 2021 54.57 19 25.57 155 24.87  0.05  6 .14 2.0 1.3 KAO  # 3.3X 215

1960 JAN 23 1442 57.39 19 18.85 155 26.35  9.73  5 .11 2.0 2.7 LSW    2.6X 304

1960 JAN 23 1954 58.65 19 20.59 155 24.92 12.19  5 .07 1.4 2.8 SWR    2.7X 265

1960 JAN 24 0043 40.72 19 14.39 155  9.77  5.19  5 .13 3.813.3 SF3  -      329 18

1960 JAN 24 1217 57.51 19 23.67 155 12.26 29.36  7 .14 3.3 1.9 DEP    2.8X 232

1960 JAN 25 0754 33.16 19 24.24 155 17.30  1.96  5 .01 1.7 1.1 SSC    2.6X 157

1960 JAN 25 1241 15.56 19 23.69 155 17.74 13.95  5 .02 1.6 1.4 DEP    2.2X 122

1960 JAN 25 1907  8.25 19 26.38 155 24.14  6.45  4 .01 4.210.8 KAO  - 2.5X 234 11

1960 JAN 25 2201 50.24 19 20.16 155 20.97  0.01  5 .03 2.3 1.0 SWR         207

1960 JAN 26 0211 22.42 19 21.02 155 34.27  0.66  7 .0810.1 4.3 MLO  - 2.6X 315 19

1960 JAN 26 0443  5.62 19 22.85 155 15.67 26.66  8 .11 1.5 1.3 DEP    2.8X 137

1960 JAN 26 1007 21.33 19 24.55 155 16.92  2.42  5 .03 1.7  .4 SNC    2.2X 191

1960 JAN 26 1234 34.87 19 24.24 155 17.08  2.06  6 .06 1.9  .9 SSC    2.7X 142

1960 JAN 26 1617 36.91 19 24.18 155 17.55  1.95  5 .03 1.6 1.4 SSC    3.0X 140

1960 JAN 26 1916 12.26 19 23.71 155 17.86  0.93  5 .05  .7 1.5 SSC    2.2X 117

1960 JAN 26 2146 14.40 19 24.39 155 16.51  3.22  5 .08 2.0  .7 SSC    2.8X 208

1960 JAN 26 2336 56.00 19 23.63 155 17.70  1.13  6 .06 1.0 1.5 SSC    2.4X 113

1960 JAN 27 0315  2.22 19 23.98 155 17.65  1.33  6 .03 1.3 1.5 SSC    3.0X 102

1960 JAN 27 0511 25.72 19 25.19 155 15.59  3.33  5 .08 1.8 1.1 SNC    3.5X 244

1960 JAN 27 1058 30.59 19 29.99 155 16.36  4.47  5 .18 2.617.4 GLN  - 3.3X 267

1960 JAN 27 1253 20.57 19 27.13 155 15.09  0.86  4 .25 9.718.9 SNC  - 3.1X 261

1960 JAN 27 1336 32.73 19 25.84 155 25.36  6.98  4 .23 5.918.6 KAO  - 3.0X 226

1960 JAN 27 1554  8.43 19 24.50 155 16.14  0.04  6 .05 1.0  .4 SEC  # 3.0X 225

1960 JAN 27 1614 18.54 19 26.60 155 16.25  0.03  5 .21 1.0 1.7 SNC  # 3.0X 239

1960 JAN 27 1623 24.56 19 26.48 155 18.53  0.11  4 .1315.7 1.5 SNC  - 2.5X 193

1960 JAN 27 1712 38.84 19 29.51 155 15.17  4.67  6 .27 2.821.4 GLN  - 3.0X 273

1960 JAN 27 1728  7.38 19 24.55 155 15.81  0.03  6 .27 1.6 1.0 SNC  # 3.2X 236

1960 JAN 27 1730 31.28 19 23.79 155 16.91  0.03  5 .21 2.1 1.9 SSC  # 3.1X 167

1960 JAN 27 2048  6.25 19 26.25 155 16.45  0.06  4 .13 5.4 8.2 SNC  # 2.8X 233

1960 JAN 27 2213 28.90 19 23.86 155 17.70  0.01  4 .03  .531.6 SSC  - 2.8X 127

1960 JAN 27 2236 39.35 19 25.60 155 15.13  0.03  6 .22  .8 1.5 SNC  # 3.0X 254

1960 JAN 27 2304 16.12 19 26.29 155 19.00  9.15  5 .1811.7 3.3 INT    3.2X 172
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  3

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JAN 28 0144  6.31 19 22.45 155 29.81  5.56  4 .22 2.020.7 KAO  - 2.5X 290 12

1960 JAN 28 0326 25.33 19 24.26 155 17.72  1.47  4 .01 1.7 1.5 SSC    3.0X 187

1960 JAN 28 0843 37.41 19 24.83 155 23.33  3.00  4 .06 1.131.6 KAO  - 2.9X 181

1960 JAN 28 1013 47.22 19 24.87 155 16.46  1.00  5 .22 5.231.6 SNC  - 2.5X 230

1960 JAN 28 1716 42.90 19 23.86 155 17.61  0.03  5 .26 1.2 2.4 SSC  # 2.7X 124

1960 JAN 28 1738 48.36 19 24.26 155 17.06  1.23  5 .07 8.4 5.5 SSC  - 2.8X 231

1960 JAN 28 1806 59.25 19 23.74 155 18.16  0.03  6 .07  .4  .9 SSC  # 2.6X 112

1960 JAN 28 1839 24.18 19 25.67 155 14.55  0.50  5 .02  .6  .7 SNC    3.0X 265

1960 JAN 29 0054 21.70 19 25.20 155 16.49  0.01  4 .29 3.331.6 SNC  - 2.4X 247

1960 JAN 29 0056 15.93 19 24.38 155 16.23  0.01  5 .31 6.631.6 SEC  - 2.5X 222

1960 JAN 29 0057 38.87 19 32.89 155 11.59  0.30  4 .8469.031.6 GLN  - 3.2X 340 17

1960 JAN 29 0319 21.23 19 24.62 155 15.56  0.02  4 .24 3.9 1.3 SNC  # 2.5X 307

1960 JAN 29 0910 20.40 19 21.46 155 12.31  7.77  6 .05 2.3 2.0 SF2    4.2X 248

1960 JAN 29 1305 16.52 19 24.43 155 16.73  2.92  6 .08 1.9  .6 SSC    2.9X 186

1960 JAN 29 1448 12.53 19 24.55 155 15.16  1.45  5 .05 1.5  .9 SNC    3.1X 296

1960 JAN 29 1825 27.23 19 24.51 155 17.57  0.03  5 .17 1.6 2.2 SSC  # 2.0X  89

1960 JAN 29 1828 18.54 19 23.65 155 17.40  0.01  5 .26 1.031.6 SSC  - 3.0X 137

1960 JAN 29 2043 58.39 19 27.62 155 13.17  8.00  4 .08 4.531.6 GLN  - 3.6X 284

1960 JAN 29 2221  3.18 19 23.80 155 16.04  0.93  5 .02 1.9  .8 SEC    2.9X 282

1960 JAN 30 0033 37.50 19 24.00 155 18.19  0.04  5 .07  .4 1.2 SSC  # 2.5X 106

1960 JAN 30 0237 57.16 19 23.80 155 17.58  0.20  4 .01  .531.6 SSC  - 3.1X 131

1960 JAN 30 0449 45.08 19 24.92 155 14.21  2.22  5 .02 1.1 1.3 SNC    3.4X 273

1960 JAN 30 0619 48.20 19 25.37 155 15.92  0.20  4 .10  .731.6 SNC  - 2.3X 236

1960 JAN 30 0813 13.28 19 24.10 155  7.62 16.06  5 .04 3.4 1.5 DEP    3.3X 324 15

1960 JAN 30 1005 45.31 19 24.15 155 16.78  9.43  5 .02 1.7 1.0 INT    3.0X 185

1960 JAN 30 1048 32.43 19 24.86 155 16.38  2.48  5 .09 1.9  .6 SNC         221

1960 JAN 30 1106 21.44 19 24.22 155 17.01  2.72  4 .01 1.3  .7 SSC         174

1960 JAN 30 1143 13.16 19 25.92 155 15.43  5.20  5 .04 2.0 1.2 INT    3.0X 250

1960 JAN 30 1144 19.13 19 24.18 155 16.93  1.28  5 .01 1.7  .8 SSC         178

1960 JAN 30 1145 59.20 19 25.07 155 17.03  2.12  4 .01 1.7  .3 SNC         209

1960 JAN 30 1150 38.95 19 23.79 155 16.19  6.78  4 .01 3.1 3.4 INT         207

1960 JAN 30 1757 11.65 19 24.04 155 16.90  2.53  6 .08 2.1 1.0 SSC    2.2X 156

1960 JAN 30 1910 14.57 19 24.74 155 14.85  0.01  6 .13  .7 1.0 SNC  # 3.0X 261

1960 JAN 30 1934 48.26 19 23.79 155 18.09  0.01  5 .10 1.4 3.4 SSC  #      112

1960 JAN 30 2009 28.76 19 24.51 155 16.88  2.17  6 .04 1.8  .5 SSC    2.8X 172

1960 JAN 30 2012 37.41 19 24.75 155 15.27  1.89  6 .10 1.3  .8 SNC    2.7X 251

1960 JAN 30 2229 39.23 19 23.92 155 17.78  0.77  6 .12 1.1 1.8 SSC    2.4X 105

1960 JAN 30 2315 23.28 19 24.50 155 17.29  0.73  4 .00 2.3 1.4 SSC    2.2X 166

1960 JAN 30 2342  0.57 19 24.02 155 17.41  2.00  5 .07 1.9 1.5 SSC    2.8X 114

1960 JAN 31 0033 18.41 19 24.17 155 17.95  0.01  4 .05  .531.6 SSC  - 2.3X 101

1960 JAN 31 0342 49.52 19 25.36 155 13.92  6.11  4 .03 5.0 5.1 SF2    3.0X 276

1960 JAN 31 0349 48.81 19 25.88 155 15.52  0.03  6 .13  .6  .8 SNC  # 2.8X 248

1960 JAN 31 0353 37.50 19 25.54 155 14.86  0.88  6 .10  .7 1.0 SNC    2.9X 259

1960 JAN 31 0417 10.97 19 23.57 155 18.36  0.01  7 .27  .831.6 SSC  - 2.4X 119

1960 JAN 31 0428 29.88 19 25.67 155 15.12  0.01  5 .21 1.131.6 SNC  - 2.3X 254

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  4

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JAN 31 1110  2.83 19 25.35 155 16.05  3.45  6 .00 1.7  .4 SNC    2.9X 234

1960 JAN 31 1137 49.05 19 24.02 155 18.26  0.03  7 .27  .7  .8 SSC  # 2.8X 196

1960 JAN 31 1231  5.20 19 25.68 155 15.71  0.02  5 .04  .4  .6 SNC  # 2.8X 244

1960 JAN 31 1249 28.23 19 23.75 155 18.37  0.55  5 .03  .6 1.6 SSC    2.7X 114

1960 JAN 31 1529 12.64 19 23.89 155 17.70  1.11  7 .11  .6  .6 SSC    2.7X 105

1960 JAN 31 1953 45.04 19 24.13 155 17.28  0.54  6 .02 1.1 1.1 SSC    2.5X 124

1960 JAN 31 2000 56.78 19 24.19 155 17.78  0.16  7 .09  .4  .5 SSC    2.7X  98

1960 JAN 31 2114 29.85 19 25.26 155 15.53  1.62  6 .08 1.0  .9 SNC    2.6X 245

1960 JAN 31 2158 46.43 19 23.65 155 16.59  0.01  4 .36 3.031.6 SSC  - 2.7X 180

1960 JAN 31 2301  1.80 19 28.27 155 14.03  0.11  5 .13 3.0 8.8 GLN  # 3.1X 277

1960 JAN 31 2336 15.65 19 26.83 155  9.52  0.05  6 .29 4.831.6 GLN  - 3.0X 311 14

1960 JAN 31 2352 10.11 19 24.74 155 15.29  2.90  5 .10 3.2  .9 SNC    2.9X 250

1960 FEB  1 0117 44.76 19 25.79 155 14.31  3.28  4 .00 3.2 2.6 SNC    3.1X 269

1960 FEB  1 0140 18.10 19 23.89 155 17.93  0.02  5 .05  .6 1.4 SSC  # 3.0X 108

1960 FEB  1 0159 52.68 19 25.92 155 15.85  0.02  6 .24  .8 1.3 SNC  # 2.5X 242

1960 FEB  1 0249 41.38 19 26.30 155 15.12  0.01  5 .29 1.2 1.6 SNC  # 2.7X 256

1960 FEB  1 0254 13.88 19 28.01 155 13.53  0.13  5 .20 3.811.6 GLN  # 3.2X 281

1960 FEB  1 0459 46.93 19 25.57 155 15.26  0.03  5 .04  .4  .6 SNC  # 2.7X 251

1960 FEB  1 0524 11.78 19 24.70 155 15.56  2.31  6 .08 1.5  .7 SNC    2.8X 244

1960 FEB  1 0605  5.24 19 23.63 155 16.08  0.54  6 .10 2.3  .6 SEC  # 3.0X 205

1960 FEB  1 0655 18.31 19 25.93 155 14.96  0.01  6 .12  .7  .9 SNC  # 2.5X 258

1960 FEB  1 0659 28.64 19 25.07 155 14.85  1.41  6 .10  .8 1.1 SNC    2.5X 260

1960 FEB  1 0716 38.60 19 24.56 155 14.66  0.01  4 .10  .931.6 SNC  - 3.1X 266

1960 FEB  1 0855 34.12 19 23.98 155 18.21  0.41  5 .19  .7 1.7 SSC    2.5X 107

1960 FEB  1 0858 58.19 19 23.95 155 18.24  0.14  6 .04  .5  .3 SSC    2.8X 108

1960 FEB  1 0904 27.69 19 23.72 155 18.00  0.96  5 .03  .6 1.4 SSC    2.7X 113

1960 FEB  1 0921 12.41 19 24.17 155 16.09  4.88  5 .01 1.8  .9 SEC    2.6X 223

1960 FEB  1 1052 31.91 19 24.49 155 15.02  7.40  6 .28 4.0 2.1 INT    3.3X 257

1960 FEB  1 1103 25.02 19 24.97 155 15.82  2.82  6 .03 1.5  .5 SNC    2.5X 237

1960 FEB  1 1132 34.65 19 24.85 155 16.38  2.88  6 .13 2.1  .6 SNC    2.9X 221

1960 FEB  1 1204 40.07 19 25.63 155 14.38  0.02  6 .18 1.0 1.2 SNC  # 2.7X 268

1960 FEB  1 1211 18.06 19 25.08 155 14.88  0.02  6 .17  .9 1.2 SNC  # 3.2X 259

1960 FEB  1 1356 17.54 19 25.73 155 14.33  0.02  6 .18 1.1 1.1 SNC  # 3.0X 269

1960 FEB  1 1358 26.37 19 23.44 155 14.94  5.96  5 .16 3.0 1.8 INT    2.8X 273

1960 FEB  1 1543 34.84 19 23.69 155 17.82  0.01  6 .02  .4  .8 SSC  # 2.4X 112

1960 FEB  1 1606 13.22 19 24.47 155 17.13  1.77  5 .04 1.8  .8 SSC    2.6X 134

1960 FEB  1 1610 35.99 19 24.69 155 14.47  4.39  5 .19 2.1 3.9 SNC    2.9X 269

1960 FEB  1 1630 18.94 19 25.48 155 14.75  0.01  5 .06  .731.6 SNC  - 2.2X 261

1960 FEB  1 1701 37.59 19 24.45 155 16.98  1.41  5 .06 1.9  .7 SSC    2.8X 155

1960 FEB  1 1742 47.56 19 23.82 155 17.75  1.98  6 .07 1.4 1.8 SSC    3.3X 108

1960 FEB  1 1744 15.06 19 24.64 155 16.58  0.05  4 .09 2.031.6 SNC  - 3.1X 213

1960 FEB  1 1905 31.47 19 25.82 155 12.70  4.56  6 .26 2.717.5 SER  - 3.0X 290

1960 FEB  1 2124 11.71 19 23.73 155 18.20  0.41  6 .10  .5 1.2 SSC    2.6X 113

1960 FEB  1 2152 20.01 19 22.68 155 13.27  6.22  5 .13 2.8 2.1 SF2    2.7X 309

1960 FEB  1 2201 44.75 19 25.57 155 16.37  0.33  4 .08 8.3 9.0 SNC  - 2.8X 228
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1960 FEB  1 2203 11.03 19 24.98 155 15.72  2.37  6 .12 1.7  .7 SNC    2.8X 240

1960 FEB  1 2227 36.46 19 23.86 155 17.49  0.50  6 .08  .5  .3 SSC    3.1X 104

1960 FEB  1 2309 55.49 19 24.06 155 16.75  1.04  4 .0711.6 7.6 SSC  - 3.0X 169

1960 FEB  1 2327 45.72 19 21.90 155 16.69  0.01  4 .06 1.331.6 KOA  - 2.5X 229

1960 FEB  2 0004 31.30 19 25.56 155 15.32  0.03  4 .08  .731.6 SNC  - 3.0X 250

1960 FEB  2 0030 49.05 19 23.52 155 17.84  0.09  4 .11 3.5 9.2 SSC    2.2X 129

1960 FEB  2 0051 20.95 19 24.05 155 16.99  0.00  4 .24 3.4 2.7 SSC  # 3.0X 170

1960 FEB  2 0715 27.99 19 23.78 155 16.27  1.17  5 .02 2.1  .7 SEC    2.9X 202

1960 FEB  2 0716 29.08 19 24.43 155 19.04  0.03  5 .23  .9 1.7 KAO  # 3.0X 100

1960 FEB  2 0724 25.52 19 23.09 155 18.77  0.03  5 .21  .7 1.7 SSC  # 3.1X 133

1960 FEB  2 0812 10.33 19 27.40 155 15.70  1.28  6 .13 1.0 1.6 SNC    2.8X 254

1960 FEB  2 0849 47.25 19 25.87 155 15.82  0.03  6 .20  .7 1.1 SNC  # 2.7X 243

1960 FEB  2 0852 49.97 19 24.90 155 15.98  0.03  6 .24 1.3  .8 SNC  # 2.6X 232

1960 FEB  2 0900  1.38 19 24.88 155 15.70  1.68  6 .14 1.5  .8 SNC    3.0X 240

1960 FEB  2 1015 23.46 19 25.18 155 18.19  0.58  5 .04  .7  .7 SNC    2.4X 169

1960 FEB  2 1041 26.36 19 24.71 155 18.00  5.38  6 .09 1.5 1.3 INT    3.0X  90

1960 FEB  2 1316 47.71 19 26.56 155 15.08  2.06  6 .13  .9 1.8 SNC    3.1X 258

1960 FEB  2 1349 17.53 19 24.10 155 16.86  0.00  5 .29 3.9 3.3 SSC  # 2.6X 160

1960 FEB  2 1447 34.88 19 24.17 155 16.81  3.38  5 .02 1.5  .7 SSC    3.0X 168

1960 FEB  2 1456 26.56 19 24.16 155 18.43  1.34  8 .16  .6  .5 SSC    2.8X 104

1960 FEB  2 1832 18.49 19 23.92 155 17.18  1.57  5 .00 1.9 1.5 SSC    2.6X 132

1960 FEB  2 1855 12.50 19 23.74 155 17.72  0.12  7 .05  .4  .2 SSC    2.7X 110

1960 FEB  2 1907 20.04 19 23.86 155 17.20  1.65  8 .13  .7  .4 SSC    3.2X 109

1960 FEB  2 1928 52.70 19 24.37 155 17.47  0.00  5 .26 2.2 3.2 SSC  # 2.7X 103

1960 FEB  2 2013  1.22 19 24.26 155 16.52  3.19  6 .17 2.7  .8 SSC    3.0X 197

1960 FEB  2 2018 47.34 19 23.69 155 19.01  1.27  8 .15  .6  .6 SSC    2.7X 117

1960 FEB  2 2115 43.91 19 23.76 155 17.36  2.22  5 .39 4.8 4.6 SSC  # 3.0X 141

1960 FEB  2 2143 21.38 19 24.99 155 15.15  1.55  6 .14 1.2 1.1 SNC    2.8X 254

1960 FEB  2 2219  9.20 19 24.18 155 17.42  1.30  7 .11  .5  .3 SSC    3.3X 109

1960 FEB  2 2245 47.00 19 25.46 155 15.63  0.37  5 .07  .5  .8 SNC    2.6X 244

1960 FEB  2 2349 27.28 19 24.03 155 16.89  0.00  4 .29 5.3 3.3 SSC  # 2.4X 164

1960 FEB  3 0006 16.46 19 24.12 155 17.73  0.04  5 .08 1.4 2.5 SSC  # 2.5X 100

1960 FEB  3 0050  9.68 19 23.74 155 18.10  1.11  8 .15  .6  .4 SSC    2.4X 113

1960 FEB  3 0138 40.42 19 24.72 155 15.07  7.06  5 .16 2.9 1.5 INT    3.1X 255

1960 FEB  3 0416 21.06 19 23.72 155 18.50  0.03  6 .39  .9 1.0 SSC  # 2.7X 115

1960 FEB  3 0445 19.73 19 23.46 155 18.28  0.75  8 .19  .6  .5 SSC    3.1X 121

1960 FEB  3 0547 14.63 19 19.24 155 16.82  1.40  7 .27 3.2 1.1 SSF    2.8X 306

1960 FEB  3 0626 50.99 19 25.65 155 14.52  0.02  5 .21 1.0 1.4 SNC  # 3.1X 265

1960 FEB  3 0719 38.73 19 23.74 155 17.93  0.13  6 .06  .4  .9 SSC    2.5X 112

1960 FEB  3 0750 28.80 19 25.36 155 15.78  1.12  6 .14 1.0 1.0 SNC    2.7X 241

1960 FEB  3 1025 11.10 19 23.60 155 18.26  0.79  6 .10  .5 1.3 SSC    2.9X 117

1960 FEB  3 1127 30.95 19 23.83 155 18.16  0.12  6 .12  .4 1.1 SSC  # 2.8X 111

1960 FEB  3 1144  9.36 19 24.25 155 17.28  0.02  5 .19 2.0 2.3 SSC  # 2.7X 122

1960 FEB  3 1235 28.07 19 25.71 155 14.91  0.02  5 .09  .7  .9 SNC  # 3.0X 258

1960 FEB  3 1239  9.84 19 22.34 155 19.14  0.01  4 .03  .631.6 KAO  - 3.2X 154

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  6

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 FEB  3 1253  4.60 19 23.69 155 17.38  1.23  6 .01 1.3 1.4 SSC    2.8X 116

1960 FEB  3 1255 31.46 19 23.66 155 17.68  0.85  8 .13  .6  .4 SSC    2.7X 112

1960 FEB  3 1318 56.13 19 25.91 155 15.91  0.05  6 .34 1.0 1.6 SNC  # 3.2X 239

1960 FEB  3 1328 13.64 19 25.03 155 15.54  0.67  6 .15  .9  .8 SNC    2.8X 245

1960 FEB  3 1339  8.92 19 23.86 155 17.81  0.85  6 .02  .8 1.2 SSC    2.9X 107

1960 FEB  3 1529 39.73 19 25.09 155 15.57  1.03  5 .02 1.0 1.0 SNC    2.5X 244

1960 FEB  3 1731 41.85 19 24.93 155 16.64  0.23  4 .03 9.6 5.1 SNC  - 2.7X 216

1960 FEB  3 1737 20.63 19 24.50 155 15.99  2.52  6 .02 1.6  .6 SEC    2.9X 229

1960 FEB  3 1739 32.23 19 24.10 155 17.29  0.02  5 .19 1.9 2.2 SSC  # 2.7X 124

1960 FEB  3 1812 28.46 19 25.54 155 15.54  1.01  6 .13  .8 1.0 SNC    2.9X 246

1960 FEB  3 1830 24.73 19 23.85 155 17.65  1.64  7 .11  .7  .4 SSC    2.8X 125

1960 FEB  3 1910 51.79 19 24.54 155 15.66  0.01  6 .10  .9  .6 SNC  # 2.6X 241

1960 FEB  3 1936 35.01 19 24.26 155 15.63  0.96  5 .06 1.5  .8 SEC    2.7X 293

1960 FEB  3 2049 16.81 19 23.68 155 17.74  0.46  5 .01  .5 1.1 SSC    2.7X 122

1960 FEB  3 2115 35.76 19 25.12 155 16.15  1.62  6 .05 1.3  .5 SNC    2.9X 229

1960 FEB  3 2151 12.18 19 24.60 155 16.52  2.94  6 .10 2.0  .5 SNC    2.7X 216

1960 FEB  3 2154 40.45 19 24.70 155 15.65  3.47  5 .01 1.7  .8 SNC    2.8X 240

1960 FEB  3 2201  7.72 19 23.91 155 17.33  1.65  7 .10  .6  .4 SSC    2.8X 108

1960 FEB  3 2242 18.25 19 24.28 155 16.92  0.00  4 .3011.610.7 SSC  # 2.7X 158

1960 FEB  3 2251 12.14 19 24.73 155 16.12  0.65  6 .10 1.3  .5 SNC    2.3X 227

1960 FEB  4 0047 45.01 19 25.30 155 16.09  2.80  6 .06 1.5  .5 SNC    2.9X 232

1960 FEB  4 0729 33.33 19 25.78 155 14.70  1.55  6 .12  .9 1.4 SNC    3.0X 262

1960 FEB  4 1124  2.97 19 24.98 155 15.63  0.57  6 .10  .8  .7 SNC    3.0X 242

1960 FEB  4 1213 21.37 19 23.83 155 17.63  0.03  6 .10  .7 1.3 SSC  # 3.0X 106

1960 FEB  4 1217 59.87 19 24.90 155 15.54  1.56  6 .13 1.4  .9 SNC    2.9X 244

1960 FEB  4 1314 35.90 19 25.10 155 15.15  0.02  6 .17  .7  .8 SNC  # 2.9X 253

1960 FEB  4 1411 21.50 19 25.02 155 15.92  1.60  6 .14 1.5  .7 SNC    3.0X 234

1960 FEB  4 1446 32.07 19 24.08 155 17.30  1.36  8 .14  .7  .4 SSC    2.9X 111

1960 FEB  4 1546 21.22 19 24.04 155 17.67  0.08  6 .06  .6 1.0 SSC    2.6X 101

1960 FEB  4 1643 41.32 19 24.90 155 16.68  3.06  7 .13  .8  .4 SNC    3.0X 133

1960 FEB  4 1646 13.35 19 25.07 155 17.00  2.34  7 .14  .7  .3 SNC    2.9X 127

1960 FEB  4 1706 46.24 19 26.68 155 14.72  1.95  7 .36 1.8 3.1 SNC    3.0X 167

1960 FEB  4 1752 49.22 19 25.22 155 15.64  0.12  6 .02  .6  .8 SNC    2.9X 243

1960 FEB  4 1834 24.96 19 25.05 155 15.76  0.04  6 .03  .5  .5 SNC  # 2.8X 239

1960 FEB  4 2010  7.51 19 24.94 155 15.65  1.89  6 .12 1.5  .7 SNC    1.9X 242

1960 FEB  4 2019 41.10 19 25.51 155 15.16  3.92  6 .08 1.6 1.3 SNC    3.1X 253

1960 FEB  4 2337  6.62 19 25.79 155 15.83  0.02  5 .06  .5  .8 SNC  # 2.3X 242

1960 FEB  5 0009 31.09 19 23.88 155 17.99  0.02  5 .05  .4 1.0 SSC  # 2.4X 113

1960 FEB  5 0025 20.36 19 24.23 155 17.91  1.13  6 .10 1.2 1.6 SSC    2.5X  99

1960 FEB  5 0108  4.01 19 25.35 155 15.33  0.02  6 .08  .5  .6 SNC  # 2.3X 250

1960 FEB  5 0128 48.96 19 24.01 155 16.97  0.00  5 .28 3.4 3.1 SSC  # 2.7X 148

1960 FEB  5 0133  4.20 19 24.02 155 17.44  1.73  7 .07  .6  .3 SSC    2.4X 107

1960 FEB  5 0139 50.21 19 23.89 155 18.25  0.04  5 .08  .5 1.1 SSC  # 2.5X 110

1960 FEB  5 0527 47.59 19 25.58 155 15.56  0.03  6 .18  .6  .9 SNC  # 2.7X 246

1960 FEB  5 0642 20.06 19 25.00 155 15.89  0.18  5 .01  .6  .5 SNC    2.7X 236
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1960 FEB  5 0716 12.07 19 25.04 155 16.21  0.39  4 .06 8.9 7.6 SNC  - 2.4X 227

1960 FEB  5 0806  7.20 19 25.33 155 15.73  0.02  6 .04  .4  .5 SNC  # 2.8X 242

1960 FEB  5 0830 37.43 19 25.44 155 15.78  0.00  5 .09  .5  .7 SNC  # 2.8X 241

1960 FEB  5 1014 32.50 19 25.55 155 15.65  0.01  5 .15  .731.6 SNC  - 2.9X 244

1960 FEB  5 1253 17.35 19 24.27 155 16.71  3.25  5 .01  .8  .4 SSC    3.1X 128

1960 FEB  5 1302 36.99 19 25.37 155 16.11  1.01  6 .18 1.3 1.0 SNC    3.0X 232

1960 FEB  5 1311 20.55 19 25.52 155 15.82  0.03  5 .06  .4  .6 SNC  # 2.9X 240

1960 FEB  5 1316 17.89 19 25.30 155 15.68  0.03  5 .08  .4  .6 SNC  # 2.6X 243

1960 FEB  5 1415 28.17 19 25.25 155 15.84  0.04  6 .12  .6  .6 SNC  # 2.7X 239

1960 FEB  5 1416 58.53 19 24.44 155 17.80  0.03  5 .13  .7 1.3 SSC  # 2.1X 127

1960 FEB  5 1516  7.66 19 24.35 155 16.29  1.97  5 .05 1.8  .7 SEC    2.6X 218

1960 FEB  5 1821 37.37 19 25.30 155 15.76  0.03  5 .09  .6  .7 SNC  # 2.7X 240

1960 FEB  5 1852 54.29 19 25.42 155 15.86  0.02  5 .06  .5  .7 SNC  # 2.7X 239

1960 FEB  5 2022 43.13 19 25.28 155 15.94  0.03  5 .02  .5  .6 SNC  # 2.8X 236

1960 FEB  5 2031 36.35 19 24.95 155 16.07  0.79  5 .03 1.0  .6 SNC    2.5X 230

1960 FEB  6 0056 48.91 19 25.27 155 15.52  0.01  6 .26 1.0 1.1 SNC  # 2.7X 246

1960 FEB  6 1234 55.24 19 23.87 155 17.75  0.05  6 .11  .7 1.4 SSC  # 2.9X 107

1960 FEB  7 2013 37.83 19 25.59 155 15.71  0.04  5 .05  .4  .6 SNC  # 2.7X 243

1960 FEB  7 2134 25.21 19 21.59 155 15.66  3.31  8 .21 1.3  .7 KOA    3.8X 236

1960 FEB  7 2217 18.39 19 23.88 155 17.96  0.12  6 .06  .4  .9 SSC    2.4X 107

1960 FEB  8 0142 12.96 19 24.75 155 15.96  1.43  6 .12 1.6  .6 SNC    2.7X 232

1960 FEB  8 0456 20.68 19 25.39 155 15.76  0.02  5 .05  .4  .6 SNC  # 2.7X 241

1960 FEB  8 0534  4.53 19 25.24 155 15.73  0.03  6 .10  .5  .6 SNC  # 2.7X 241

1960 FEB  8 0912 14.23 19 24.51 155 17.41  0.01  4 .11 1.031.6 SSC  - 2.5X 156

1960 FEB  8 0913  1.88 19 25.29 155 15.62  0.21  6 .11  .6  .7 SNC    2.9X 244

1960 FEB  8 1639 42.51 19 24.25 155 16.19  0.01  6 .10 1.6  .6 SEC    2.7X 220

1960 FEB  8 1805 36.25 19 20.14 155 12.30  0.02  8 .16 1.8  .8 SSF  # 3.1X 215

1960 FEB  8 2052 25.31 19 26.44 154 44.42 11.08  7 .12 8.811.5 LER  - 3.2X 310 48

1960 FEB  9 0326 14.38 19 24.69 155 15.46  4.09  8 .09  .6 1.1 SNC    2.7X 117

1960 FEB  9 0449 27.01 19 23.62 155 18.12  2.77  6 .02 1.5 2.1 SSC    3.0X 116

1960 FEB  9 0540  9.26 19 25.11 155 15.61  0.79  6 .11  .9  .8 SNC    2.8X 243

1960 FEB  9 0735 30.72 19 24.97 155 15.84  0.01  5 .09  .8 1.0 SNC  # 2.8X 237

1960 FEB  9 0913 24.63 19 24.45 155 16.70  3.58  6 .05 1.8  .6 SSC    2.7X 191

1960 FEB  9 1001  2.27 19 24.28 155 19.89  0.05  4 .14  .9 6.4 KAO  # 2.7X 111

1960 FEB  9 1018  5.05 19 25.69 155 15.92  0.01  5 .05  .3  .6 SNC  # 2.8X 238

1960 FEB  9 1218 41.75 19 24.96 155 17.01  0.23  4 .05 9.4 1.7 SNC  - 2.1X 207

1960 FEB  9 1432 16.23 19 25.28 155 15.92  0.60  6 .13  .9  .8 SNC    3.0X 236

1960 FEB  9 1536 15.42 19 25.02 155 15.93  1.03  6 .07 1.0  .6 SNC    2.8X 234

1960 FEB  9 2120 29.57 19 24.43 155 16.35  3.04  6 .07 1.9  .6 SEC    3.0X 218

1960 FEB  9 2147 53.19 19 25.34 155 16.19  1.87  6 .14 1.6  .8 SNC    3.0X 230

1960 FEB  9 2235 21.98 19 26.13 155 16.53  6.01  7 .16 1.2 1.1 INT    3.2X 139

1960 FEB 10 0328 51.11 19 24.15 155 18.10  0.52  6 .02  .5 1.0 SSC    2.7X 103

1960 FEB 10 0419  8.29 19 15.45 155 10.76  3.01  5 .07 2.813.5 SSF  - 2.7X 250 21

1960 FEB 10 0621 48.78 19 24.96 155 15.99  2.68  6 .08 1.7  .6 SNC    3.0X 233

1960 FEB 10 0815 18.49 19 24.73 155 16.24  3.18  5 .08 1.9  .7 SNC    3.1X 224

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  8

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 FEB 10 1057 20.37 19 22.89 155 16.43  0.31  5 .08  .7  .6 SEC    2.6X 114

1960 FEB 10 1204 13.71 19 25.19 155 15.32  2.08  6 .10 1.2 1.0 SNC    2.9X 250

1960 FEB 10 1239 14.14 19 25.96 155 14.36  0.09  5 .06  .8 1.1 SNC  # 3.2X 268

1960 FEB 10 1611 53.76 19 27.24 155 15.49  0.94  5 .04  .6 1.0 SNC    2.9X 255

1960 FEB 10 1830 46.80 19 23.83 155 17.37  2.57  7 .11  .6  .4 SSC    2.9X 105

1960 FEB 10 2042 13.33 19 25.31 155 15.38  1.73  6 .07 1.0  .9 SNC    2.8X 249

1960 FEB 10 2058 20.60 19 23.82 155 17.65  0.02  6 .10  .6 1.0 SSC  # 2.7X 106

1960 FEB 10 2125  8.93 19 25.14 155 15.59  0.45  6 .12  .8  .8 SNC    3.2X 244

1960 FEB 10 2153 52.42 19 23.12 155 15.14  0.13  8 .13  .6  .6 SEC    2.8X 202

1960 FEB 11 0109  7.18 19 25.74 155 15.10  0.01  6 .08  .631.6 SNC  - 2.9X 255

1960 FEB 11 0911 11.81 19 24.22 155 17.55  2.49  5 .05 1.7 1.3 SSC    2.7X 141

1960 FEB 11 1139 35.50 19 21.77 155 16.10  1.62  7 .05  .4  .7 KOA    3.5X 192

1960 FEB 11 2005 12.05 19 23.86 155 18.19  0.03  6 .06  .4  .9 SSC    2.8X 109

1960 FEB 11 2254  2.15 19 24.03 155 17.33  1.48  8 .13  .6  .4 SSC    2.5X  96

1960 FEB 12 0417  0.58 19 21.69 155 14.86  1.37  7 .04 1.1  .8 KOA    3.1X 238

1960 FEB 12 0455  5.98 19 21.41 155  8.92  0.01  5 .15 3.031.6 SER  - 3.7X 211 16

1960 FEB 12 0613 34.76 19 24.59 155 16.18  0.43  6 .08 1.3  .5 SNC    2.9X 224

1960 FEB 12 0843 14.75 19 25.21 155 15.94  3.33  6 .03 1.5  .5 SNC    3.0X 235

1960 FEB 12 1634 38.35 19 20.28 155 14.57  4.48  8 .26 2.0 3.8 SSF    4.1X 250

1960 FEB 12 1640 14.87 19 21.47 155 16.74  2.18  6 .2013.510.0 KOA  - 2.9X 219

1960 FEB 12 1650 45.59 19 25.86 155 15.24  1.69  6 .07  .7 1.1 SNC    3.4X 253

1960 FEB 13 0326 57.66 19 23.91 155 18.32  0.03  5 .07  .5 1.0 SSC  # 2.7X 109

1960 FEB 13 1415 54.15 19 21.22 155 14.13  4.99  4 .1416.7 2.7 KOA  - 2.4X 300

1960 FEB 14 0024 49.30 19 25.41 155 14.79  3.43  6 .05 1.2 1.3 SNC    3.3X 261

1960 FEB 14 1103 30.96 19 17.53 155 11.76  3.86  5 .3514.427.9 SSF  - 3.4X 318 12

1960 FEB 15 1024 49.98 19 23.71 155 18.36  0.54  5 .27  .8 3.2 SSC  # 2.5X 115

1960 FEB 15 1929 38.89 19 25.30 155 15.67  1.58  5 .03  .9 1.1 SNC    2.7X 243

1960 FEB 15 2052 39.40 19 25.40 155 15.20  0.02  5 .15  .8 1.3 SNC  # 2.7X 253

1960 FEB 16 1855 26.10 19  0.20 155  5.95  7.48  5 .07 4.6 2.4 LOI         343 48

1960 FEB 17 1138  0.28 19 24.29 155 17.90  0.03  4 .03 2.4 7.6 SSC  # 3.0X 120

1960 FEB 17 1720  3.80 19 18.97 155  2.44  6.91  5 .12 3.812.3 SF5  - 3.5X 335 28

1960 FEB 17 2041 25.14 19 24.84 155 14.70 30.21  5 .07 3.5 2.0 DEP    3.1X 264

1960 FEB 17 2256 39.57 19 25.18 155 15.78  0.91  6 .09  .9  .7 SNC    2.8X 240

1960 FEB 18 0007  6.38 19 24.20 155 17.12  1.32  4 .00 1.8 1.1 SSC    2.4X 167

1960 FEB 18 0450 54.20 19 24.15 155 15.44  3.28  6 .13 2.3 1.0 SEC    3.1X 246

1960 FEB 18 0656 58.43 19 25.58 155 15.15  0.03  6 .20  .9 1.3 SNC  # 2.9X 254

1960 FEB 18 0925 25.98 19 25.35 155 15.55  0.28  5 .02  .5  .7 SNC    3.1X 245

1960 FEB 18 1356  1.07 19 24.00 155 16.05  0.02  6 .10 1.5  .8 SEC  # 3.2X 219

1960 FEB 18 2005 46.79 19 23.97 155 16.41  3.11  6 .09 1.1  .7 SEC    2.8X 213

1960 FEB 18 2034 46.69 19 23.70 155  2.11  5.59  6 .12 3.512.6 SF5  - 3.4X 334 24

1960 FEB 20 0152 57.45 19 25.54 155 15.64  0.01  6 .09  .5  .7 SNC  # 2.4X 244

1960 FEB 20 1340 34.96 19 25.34 155 15.73  0.32  5 .07  .7 1.0 SNC    2.7X 242

1960 FEB 20 1349 37.58 19 25.55 155 15.67  0.03  6 .20  .7 1.0 SNC  # 2.9X 243

1960 FEB 20 1448 16.90 19 24.32 155 17.44  2.26  6 .06  .6  .3 SSC    3.1X 111

1960 FEB 20 1456  0.28 19 24.77 155 16.59  3.77  5 .01 1.6  .6 SNC    3.2X 215
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  9

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 FEB 20 1617  3.64 19 24.76 155 16.80  1.08  4 .01 1.8  .6 SNC    2.7X 209

1960 FEB 20 2140 35.66 19 24.10 155 17.17  0.95  8 .12  .6  .4 SSC    2.4X 114

1960 FEB 21 0110 58.95 19 23.82 155 18.33  0.04  5 .11  .6 1.5 SSC  # 2.7X 112

1960 FEB 21 0432 18.16 19 24.52 155 17.50  1.55  6 .01 1.6 1.0 SSC    2.8X  93

1960 FEB 21 0724 50.06 19 21.91 155 15.51  1.10  8 .11  .8  .3 KOA    2.9X 191

1960 FEB 21 0746  6.37 19 24.48 155 16.89  1.83  6 .08 1.9  .6 SSC    2.9X 169

1960 FEB 21 1055 40.04 19 24.42 155 16.73  2.32  6 .07 1.9  .5 SSC    2.9X 186

1960 FEB 21 1056 48.66 19 25.16 155 15.43  3.58  5 .02 1.6 1.0 SNC    2.9X 248

1960 FEB 21 1314 46.30 19 15.98 155  8.78  9.00  4 .13 3.931.6 SF4  -      329 17

1960 FEB 21 1320 26.44 19 23.95 155 10.72 16.19  4 .00 3.1 1.2 DEP    3.5X 316 10

1960 FEB 21 1325  6.38 19 24.06 155 17.74  1.78  7 .13  .7  .5 SSC    3.0X 101

1960 FEB 21 1540 15.46 19 25.36 155 15.79  1.82  6 .09  .7  .7 SNC    2.8X 154

1960 FEB 21 1653 49.27 19 23.82 155 17.67  2.51  7 .15  .8  .6 SSC    2.8X 106

1960 FEB 21 1703 37.95 19 25.33 155 15.95  1.11  5 .03  .7  .7 SNC         236

1960 FEB 21 1817 10.00 19 24.23 155 17.37  1.61  8 .09  .6  .3 SSC    2.9X 111

1960 FEB 21 2137  8.21 19 25.55 155 15.03  0.52  6 .10  .6  .9 SNC    2.8X 256

1960 FEB 21 2239  3.81 19 24.13 155 17.42  1.72  8 .10  .6  .3 SSC    3.0X 109

1960 FEB 21 2250 34.98 19 24.15 155 18.67  1.69  6 .08  .9 1.9 SSC    2.5X 106

1960 FEB 22 0319 37.55 19 24.29 155 18.88  0.39  6 .05  .5 1.0 SSC    2.6X 103

1960 FEB 22 0533  0.56 19 25.33 155 15.64  2.01  6 .08 1.2  .9 SNC    2.7X 243

1960 FEB 22 0553 23.27 19 24.27 155 18.58  1.57  7 .17  .7  .5 SSC         102

1960 FEB 22 1529  3.00 19 23.75 155 17.99  2.09  7 .14  .9  .5 SSC    3.3X 197

1960 FEB 22 1631 32.05 19 23.98 155 17.67  1.46  7 .14  .7  .5 SSC    3.1X 102

1960 FEB 22 1808 21.62 19 21.65 155 15.64  1.67  6 .23 5.9  .6 KOA    3.3X 276

1960 FEB 23 0915 16.05 19 24.49 155 16.85  1.74  8 .13  .6  .2 SSC    3.4X  82

1960 FEB 23 0924 45.65 19 24.90 155 15.89  0.62  6 .10 1.0  .6 SNC    3.0X 236

1960 FEB 23 1153 28.09 19 24.10 155 18.16  0.42  8 .11  .4  .3 SSC    3.1X 104

1960 FEB 23 1543 35.13 19 25.32 155 16.85  2.33  8 .11  .6  .4 SNC    2.6X  86

1960 FEB 23 1717 37.43 19 23.34 155 16.69  0.32  7 .19 1.0  .6 SSC    3.2X 173

1960 FEB 24 0227 26.45 19 24.67 155 15.84  0.01  6 .15 1.0  .6 SNC  # 2.3X 210

1960 FEB 24 0323 54.87 19 24.08 155 18.14  0.07  6 .01  .4  .9 SSC    3.0X 104

1960 FEB 24 0436 34.95 19 24.33 155 17.55  1.31  7 .10  .7  .3 SSC    2.8X 176

1960 FEB 24 0945 23.03 19 24.97 155 15.35  1.61  6 .12 1.2  .9 SNC    2.6X 249

1960 FEB 24 2015 21.78 19 25.15 155  9.51  4.86  4 .07 1.912.2 SER  - 3.5X 177 12

1960 FEB 24 2021 30.61 19 25.02 155 15.18  0.01  5 .06  .731.6 SNC  - 2.5X 253

1960 FEB 25 0417 34.75 19 25.32 155 17.31  0.02  6 .15  .9  .3 SNC  # 2.7X 113

1960 FEB 25 0527 59.85 19 24.06 155 17.74  0.34  7 .08  .5  .4 SSC    2.7X 101

1960 FEB 25 1101 31.04 19 24.31 155 18.20  4.43  5 .01 1.2 1.5 SSC    2.1X  99

1960 FEB 25 1305 34.75 19 22.82 155  9.01 14.75  4 .0912.5 5.3 DEP  - 3.5X 322 12

1960 FEB 25 1425 36.51 19 24.29 155 17.55  0.78  7 .11  .7  .4 SSC    2.7X 109

1960 FEB 25 1431 57.06 19 25.30 155 15.69  2.18  6 .11 1.4  .9 SNC    2.7X 242

1960 FEB 25 1433  8.12 19 25.33 155 15.74  2.29  5 .09 1.5 1.2 SNC    2.9X 241

1960 FEB 25 1515 27.52 19 23.47 155 18.48  0.03  7 .11  .5  .3 SSC  # 3.0X 122

1960 FEB 25 1832  3.93 19 25.20 155 15.96  0.10  6 .11  .8  .7 SNC    2.9X 234

1960 FEB 25 1835 12.91 19 23.76 155 16.05 40.26  6 .07 4.3 1.8 DEP    2.8X 211

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 10

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 FEB 25 2311 44.00 19 23.38 155 17.38  1.81  8 .09  .5  .4 SSC    2.7X 117

1960 FEB 26 0100  1.68 19 23.91 155 14.57  0.02  5 .12 1.1  .8 SEC  # 3.1X 222

1960 FEB 26 0414 55.57 19 23.89 155 18.24  0.03  7 .11  .4  .9 SSC  # 2.8X 110

1960 FEB 26 0440 50.06 19 24.33 155 17.37  0.79  5 .02 1.3 1.2 SSC    3.0X 155

1960 FEB 26 1035 45.94 19 23.86 155 17.38  1.34  6 .10 1.0  .9 SSC    3.2X 164

1960 FEB 26 1258  1.88 19 19.65 155 13.61  2.67  6 .31 5.1 2.1 SSF    3.1X 305

1960 FEB 26 1558 50.89 19 24.56 155 16.86  0.01  8 .08  .6  .4 SNC  # 3.0X  83

1960 FEB 26 2001 35.67 19 25.26 155 15.96  0.70  7 .14  .7  .9 SNC    2.9X 132

1960 FEB 26 2035 30.97 19 20.73 155 15.96  1.04  7 .06  .7  .4 KOA    3.3X 203

1960 FEB 26 2103 51.38 19 25.50 155 16.86  0.01  4 .10  .531.6 SNC  - 3.0X 175

1960 FEB 27 1054 14.48 19 24.76 155 17.09  2.59  7 .09  .6  .3 SNC    2.6X 123

1960 FEB 27 1134 19.66 19 24.09 155 17.88  0.44  8 .06  .4  .4 SSC    2.7X 102

1960 FEB 27 1311 38.55 19 24.13 155 17.72  0.76  8 .06  .5  .3 SSC    3.3X  99

1960 FEB 27 1349 58.99 19 24.00 155 17.22  0.50  8 .18  .7  .4 SSC    2.8X 112

1960 FEB 27 1421 15.85 19 24.38 155 18.75  0.03  5 .50 1.7 3.3 SSC  # 2.8X 100

1960 FEB 27 1442 32.64 19 25.47 155 15.58  1.70  6 .01  .9  .8 SNC    3.0X 245

1960 FEB 27 2257 33.02 19 24.25 155 17.87  0.84  7 .06  .5  .4 SSC    2.9X 102

1960 FEB 27 2323  2.24 19 24.06 155 16.37  4.49  6 .12  .9 1.2 SEC    3.2X 136

1960 FEB 27 2341 20.96 19 24.75 155 16.24  2.70  6 .04 1.6  .5 SNC    2.6X 224

1960 FEB 28 0045 59.02 19 24.06 155 17.39  0.02  6 .09 1.0 1.3 SSC  # 2.7X 116

1960 FEB 28 0111 56.13 19 24.02 155 18.00  0.04  6 .00  .4  .9 SSC    3.0X 104

1960 FEB 28 0519 16.28 19 23.45 155 18.43  0.04  7 .11  .4  .9 SSC  # 3.1X 122

1960 FEB 28 0714 29.24 19 24.43 155 16.50  3.16  6 .04 1.5  .4 SEC    2.9X 209

1960 FEB 28 1155 38.55 19 22.03 155 16.41  0.02  5 .16 2.0 1.6 SEC  # 1.9X 203

1960 FEB 28 1224 43.10 19 24.00 155 18.26  0.19  7 .21  .7  .5 SSC    2.8X 107

1960 FEB 28 1303 18.90 19 24.86 155 16.37  1.27  6 .07 1.4  .4 SNC    2.9X 222

1960 FEB 28 1820 24.08 19 25.81 155 15.32  1.87  6 .11  .9 1.3 SNC    2.6X 252

1960 FEB 28 2159  7.92 19 24.14 155 18.04  0.98  6 .03  .8 1.3 SSC    3.0X 102

1960 FEB 28 2215 28.59 19 23.76 155 17.89  0.02  6 .04  .4  .8 SSC  # 2.9X 111

1960 FEB 28 2312 35.43 19 24.10 155 17.28  1.41  8 .12  .6  .4 SSC    2.8X 112

1960 FEB 29 0834 41.82 19 25.16 155 15.20  1.41  6 .11  .9 1.0 SNC    3.1X 252

1960 FEB 29 0935 30.16 19 25.89 155 15.37  1.64  6 .09  .8 1.2 SNC    2.8X 251

1960 FEB 29 1014 24.70 19 25.38 155 15.85  0.58  6 .07  .7  .7 SNC    2.8X 238

1960 FEB 29 1138 12.03 19 24.00 155 17.24  1.33  9 .14  .6  .4 SSC    3.1X  96

1960 FEB 29 1347 29.14 19 24.71 155 17.98  1.53  8 .17  .8  .3 SNC    2.8X  90

1960 FEB 29 1355  3.09 19 18.75 155 11.64  4.75  5 .11 2.714.1 SSF  - 2.7X 317 15

1960 FEB 29 1659 38.04 19 24.25 155 18.16  1.44  8 .16  .7  .4 SSC    2.9X 101

1960 FEB 29 1812 11.16 19 24.29 155 17.32  0.93  8 .14  .6  .3 SSC    3.2X 113

1960 FEB 29 1917 36.98 19 21.01 155 16.52  1.58  5 .0712.1 6.6 KOA  - 3.2X 240

1960 FEB 29 1926 46.23 19 19.98 155 16.06  0.01  8 .15 1.0  .5 SSF  # 3.0X 211

1960 FEB 29 2114 57.36 19 20.43 155 16.41  0.36  9 .23 1.0  .5 SSF    3.0X 206

1960 FEB 29 2139 13.58 19 20.05 155 13.93  5.06  5 .11 2.711.8 SF2  - 2.6X 302 10

1960 FEB 29 2343 36.62 19 20.48 155 13.91  4.85  5 .04 2.210.8 SSF  - 3.6X 302 10

1960 MAR  1 0127  0.09 19 24.40 155 15.38  4.19  4 .00 2.0 1.1 SEC    3.0X 248

1960 MAR  1 0348 28.55 19 17.50 155  3.08  6.89  4 .12 4.013.5 SF5  - 2.7X 336 29
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1960 MAR  1 0418 32.81 19 24.63 155 17.28  0.00  5 .20 1.7 1.7 SNC  # 2.7X 106

1960 MAR  1 0539  8.26 19 20.96 155 17.93  0.00  5 .14 3.3 7.8 SWR  # 3.6X 209

1960 MAR  1 1037 47.71 19 24.19 155 16.75  0.01  4 .0110.0 6.3 SSC  - 2.4X 271

1960 MAR  1 1126  4.45 19 24.27 155 15.27  3.91  5 .02 1.9 1.1 SEC    2.5X 252

1960 MAR  1 1207 42.23 19 24.19 155 15.94  0.01  5 .05 1.531.6 SEC  - 2.5X 292

1960 MAR  1 1214 36.63 19 25.36 155 14.60  1.69  5 .07  .9 1.8 SNC    3.1X 264

1960 MAR  1 1226 45.40 19 19.93 155 16.29  0.01  4 .2418.431.6 SSF  - 2.5X 265

1960 MAR  1 1300 12.42 19 23.97 155 17.10  0.01  5 .04  .931.6 SSC  - 2.3X 233

1960 MAR  1 1426 36.00 19 25.07 155 15.97  0.03  5 .05 2.0 2.1 SNC  # 2.4X 233

1960 MAR  1 1428 19.15 19 26.33 155 16.05  0.54  4 .23 9.614.1 SNC  - 2.4X 240

1960 MAR  1 1448 34.07 19 25.43 155 15.32  0.03  6 .16  .6  .9 SNC  # 2.6X 251

1960 MAR  1 1529 55.97 19 25.44 155 15.36  2.23  6 .05 1.0  .9 SNC    3.0X 249

1960 MAR  1 1627 27.44 19 25.12 155 16.27  0.10  4 .02 6.5 6.7 SNC  - 2.1X 226

1960 MAR  1 1803 11.82 19 25.12 155 15.60  3.03  6 .06 1.5  .6 SNC    2.6X 244

1960 MAR  1 1923 40.07 19 24.34 155 18.34  1.20  7 .20  .9 1.5 SSC    2.8X 100

1960 MAR  1 2105 48.07 19 25.31 155 15.45  2.39  6 .06 1.2  .9 SNC    2.7X 247

1960 MAR  1 2304 23.95 19 24.54 155 16.09  0.30  6 .09 1.2  .6 SEC    2.2X 227

1960 MAR  1 2348  6.64 19 25.14 155 15.31 16.07  7 .13 1.8 1.0 DEP    3.5X 133

1960 MAR  2 0011 15.49 19 24.63 155 16.75  2.83  6 .05 1.7  .4 SNC    2.3X 201

1960 MAR  2 0158 20.85 19 24.16 155 17.43  0.23  6 .19 1.3 1.6 SSC  # 2.3X 112

1960 MAR  2 0254 55.35 19 25.72 155 12.86 16.61  5 .12 3.4 1.6 DEP    2.3X 288

1960 MAR  2 0256 32.04 19 24.12 155 16.74  0.01  4 .07 2.031.6 SSC  - 2.5X 255

1960 MAR  2 0259 25.42 19 24.73 155 17.05  0.76  5 .05 1.6  .6 SNC    2.2X 138

1960 MAR  2 0412 22.23 19 24.71 155 15.84  0.01  4 .3621.521.6 SNC  - 2.5X 249

1960 MAR  2 0428 17.60 19 25.49 155 14.64  0.00  6 .30 1.4 1.5 SNC  # 2.5X 264

1960 MAR  2 0441  5.06 19 23.89 155 11.23  4.79  5 .33 4.624.0 SER  - 3.3X 315 10

1960 MAR  2 0446 45.12 19 26.01 155 11.23  4.57  5 .30 3.326.1 GLN  - 2.9X 302 11

1960 MAR  2 0511  7.85 19 24.22 155 17.88  0.14  6 .08  .6 1.0 SSC    2.8X  98

1960 MAR  2 0615  3.97 19 25.47 155 15.77  1.15  5 .01  .7  .9 SNC    2.7X 241

1960 MAR  2 0626 26.91 19 46.00 155  7.31 43.26  8 .11 3.1 1.3 HIL    3.3X 294

1960 MAR  2 0629 46.15 19 24.35 155 14.75  4.20  4 .01 3.8 1.5 SEC    3.1X 266

1960 MAR  2 0643 45.92 19 24.28 155 16.54  0.07  5 .2113.7 4.8 SSC  #      197

1960 MAR  2 0729  6.61 19 25.54 155 15.92  1.64  5 .02 1.0 1.1 SNC         237

1960 MAR  2 0743 59.63 19 24.71 155 14.09  7.31  4 .00 2.3 1.1 INT         276

1960 MAR  2 1310  0.47 19 24.70 155 16.23  3.93  6 .06 1.8  .7 SNC         224

1960 MAR  2 1314  0.56 19 25.87 155 16.66  0.02  6 .22  .7 1.2 SNC  #      225

1960 MAR  2 1349 52.35 19 24.34 155 17.41  0.84  6 .08 1.5 1.3 SSC         108

1960 MAR  2 1452 25.26 19 24.13 155 16.59  1.33  5 .03 2.1  .6 SSC         186

1960 MAR  2 1507 34.10 19 24.65 155 16.75  0.37  5 .10 1.9  .4 SNC         277

1960 MAR  2 1508  2.46 19 24.08 155 19.06  0.85  7 .17  .6  .4 KAO         108

1960 MAR  2 1513  0.91 19 23.83 155 18.20  0.57  8 .08  .4  .4 SSC         111

1960 MAR  2 1529  7.73 19 24.74 155 15.96  2.66  5 .05 2.4  .6 SNC         231

1960 MAR  2 1532 20.92 19 24.55 155 16.55  0.03  6 .12 1.6  .4 SNC  # 2.7X 213

1960 MAR  2 1639 25.85 19 24.04 155 17.55  2.92  6 .12 2.1 1.8 SSC    2.7X 105

1960 MAR  2 1652  6.42 19 22.15 155 14.80  0.55  6 .20 1.4  .8 SEC    3.3X 191

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 12

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 MAR  2 1840 23.75 19 24.28 155 17.34  5.15  5 .21 2.8 3.3 INT    2.9X 116

1960 MAR  2 1938 39.93 19 22.70 155 16.60  2.55  6 .20 1.0  .7 SSC    2.9X 135

1960 MAR  2 2202  7.59 19 24.68 155 19.93  0.76  5 .09  .9 3.5 KAO    2.6X 113

1960 MAR  2 2233 35.29 19 24.49 155 17.01  1.30  6 .01 1.8  .7 SSC    2.4X 153

1960 MAR  2 2241 47.73 19 24.89 155 18.55  1.34  6 .16 1.4 2.0 SNC    2.2X 102

1960 MAR  2 2322 13.20 19 25.01 155 16.43  0.80  6 .07 1.2  .4 SNC    2.2X 222

1960 MAR  2 2324 16.14 19 24.77 155 16.14  2.88  6 .19 2.7  .7 SNC    2.8X 227

1960 MAR  3 0240  0.49 19 23.89 155 18.08  1.68  6 .11 1.4 2.0 SSC    2.4X 109

1960 MAR  3 0400 38.61 19 17.06 155 19.52  4.31  4 .06 4.913.2 SWR  - 2.5X 280

1960 MAR  3 0449 29.90 19 25.86 155 16.64  0.02  5 .14  .8 1.1 SNC  # 2.3X 258

1960 MAR  3 0541 30.85 19 26.46 155 16.35  0.39  5 .05  .5  .9 SNC    2.2X 237

1960 MAR  3 1207  7.92 19 24.04 155 17.12  1.21  7 .06  .5  .3 SSC    3.3X  93

1960 MAR  3 1248 32.38 19 25.67 155 15.80  0.47  5 .02 2.1 2.5 SNC    3.0X 241

1960 MAR  3 1425 56.25 19 24.22 155 17.49  0.00  8 .22  .6  .6 SSC  # 2.8X 106

1960 MAR  3 1430 42.18 19 24.28 155 18.10  0.10  6 .13  .7 1.5 SSC    3.1X  99

1960 MAR  3 1802 10.13 19 25.39 155 14.68  5.87  5 .09 2.4 1.7 INT    3.7X 263

1960 MAR  3 1922 14.28 19 21.79 155 17.21  0.03  6 .23 1.0 2.0 SWR  # 3.0X 188

1960 MAR  3 2359 15.36 19 24.96 155 16.81  1.53  6 .07  .7  .4 SNC    3.2X 126

1960 MAR  4 0315 12.94 19 22.47 155 16.40  1.00  6 .07  .7  .4 SEC    3.0X 154

1960 MAR  4 0435  8.79 19 24.98 155 16.37  1.37  6 .12 1.5  .5 SNC    2.6X 223

1960 MAR  4 0504 38.80 19 24.84 155 16.66  2.16  7 .11  .9  .4 SNC    2.3X 126

1960 MAR  4 0604 33.39 19 25.25 155 24.42  4.77  5 .25 1.623.5 KAO F- 2.8X 205

1960 MAR  4 0648  6.27 19 24.25 155 17.22  0.40  6 .22 2.1 1.9 SSC    3.1X 128

1960 MAR  4 1148 28.96 19 24.75 155 19.30  0.00  4 .18 2.2 3.4 KAO  # 3.4X 208

1960 MAR  4 1835 38.19 19 21.93 155 14.84 30.81  4 .00 3.2 1.2 DEP         295

1960 MAR  4 1915 24.01 19 23.80 155 14.37  0.12  4 .33 9.411.9 SEC  # 2.5X 281

1960 MAR  4 2028  4.60 19 25.73 155 14.82  0.03  5 .22 4.1 7.8 SNC  # 2.5X 261

1960 MAR  5 0055 44.72 19 25.07 155 17.04  2.81  5 .02 1.5  .3 SNC    2.8X 208

1960 MAR  5 0121 38.28 19 24.89 155 15.54  0.03  6 .23 1.1  .8 SNC  # 2.9X 244

1960 MAR  5 0641  1.78 19 24.36 155 17.96  1.24  8 .19  .7  .4 SSC F  2.8X  96

1960 MAR  5 0644  8.08 19 23.88 155 17.80  0.68  5 .16  .8 1.4 SSC    2.4X 106

1960 MAR  5 0649 53.51 19 24.10 155 17.41  1.51  7 .15  .7  .3 SSC    2.4X 109

1960 MAR  5 1152 38.30 19 26.34 155 13.30  1.57  5 .09 1.2 2.2 GLN    3.0X 282

1960 MAR  5 1503 42.97 19 22.92 155 18.63 23.50  5 .10 3.612.4 DEP  - 2.5X 138

1960 MAR  5 1748 12.44 19 25.16 155 15.40  0.02  6 .19  .8  .8 SNC  # 2.7X 248

1960 MAR  5 1801 35.95 19 25.65 155 15.56  0.09  6 .11  .5  .8 SNC    2.6X 246

1960 MAR  5 2138 27.02 19 21.43 155 16.34  1.38  5 .0311.2 5.7 KOA  -      237

1960 MAR  5 2151 18.70 19 21.58 155 15.11 25.86  7 .08 2.3 1.3 DEP    2.5X 196

1960 MAR  5 2357 18.02 19 20.70 155 15.05  0.06  6 .21 1.8 4.2 KOA  # 2.8X 205

1960 MAR  6 0952 16.71 19 25.10 155 15.35  2.56  6 .10 1.5  .9 SNC    2.3X 249

1960 MAR  6 1127 17.57 19 25.12 155 16.11  0.12  5 .02 1.9 1.8 SNC    2.1X 230

1960 MAR  6 1148 32.70 19 23.39 155 16.87  0.11  4 .30 9.9 8.5 SSC  # 2.3X 181

1960 MAR  6 1215 17.20 19 26.60 155 28.01  4.56  7 .18 1.914.4 KAO  - 3.0X 269 10

1960 MAR  6 1321 30.39 19 23.63 155 18.22  0.84  5 .01  .4 1.3 SSC    2.5X 116

1960 MAR  6 1351  8.06 19 25.09 155 15.34  2.14  5 .14 1.5 1.6 SNC    2.3X 250
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 13

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 MAR  6 1438 17.24 19 26.90 155  9.83  5.07  5 .21 2.716.9 GLN  - 2.8X 310 13

1960 MAR  6 1627 15.77 19 23.94 155 17.83  0.02  5 .17 1.8 3.6 SSC  # 2.4X 106

1960 MAR  6 1732 27.40 19 24.30 155 16.95  0.00  4 .37 4.7 3.3 SSC  # 2.7X 161

1960 MAR  6 1926 46.72 19 24.39 155 17.11  0.72  5 .03 1.7 1.1 SSC    2.1X 138

1960 MAR  6 2013  4.30 19 25.32 155 15.53  0.01  6 .26  .9 1.1 SNC  # 2.4X 245

1960 MAR  6 2104 27.67 19 24.44 155 17.17  1.62  6 .08 2.0  .9 SSC    2.8X 130

1960 MAR  6 2115 50.19 19 25.43 155 15.46  1.35  6 .04  .8  .9 SNC    2.7X 247

1960 MAR  6 2218 33.83 19 24.88 155 17.17  0.01  5 .27  .731.6 SNC  - 2.3X 120

1960 MAR  6 2333 57.25 19 24.24 155 13.08  6.95  7 .14 1.4 2.8 SF2 F  2.9X 166

1960 MAR  7 0324 18.66 19 24.92 155 13.78  5.48  7 .13 1.2 2.9 SF2 F  3.9X 146

1960 MAR  7 0519 10.52 19 25.44 155 15.80  3.55  5 .16 2.4 1.3 SNC    2.1X 240

1960 MAR  7 0522  6.85 19 24.80 155 17.15  2.82  6 .12 2.0  .6 SNC    2.3X  99

1960 MAR  7 0924 13.23 19 24.58 155 15.35  0.02  5 .21 1.2 1.6 SNC  # 2.7X 249

1960 MAR  7 1053 17.15 19 25.25 155 16.35  0.01  4 .23 1.131.6 SNC  - 2.5X 226

1960 MAR  7 1157  0.84 19 24.84 155 15.72  2.22  5 .07 1.5  .9 SNC    2.4X 240

1960 MAR  7 1408 28.02 19 25.69 155 15.65  1.40  5 .11  .8 1.5 SNC    2.7X 245

1960 MAR  7 1632 31.48 19 27.10 155 13.00  0.04  6 .05 1.131.6 GLN F- 3.7X 285

1960 MAR  8 0141 35.32 19 21.21 155 12.32  0.99  6 .13 1.8 1.0 SER    3.1X 315

1960 MAR  8 0202 34.45 19 25.77 155 16.07  0.38  6 .05  .5  .8 SNC    2.4X 236

1960 MAR  8 0224 12.98 19 25.20 155 17.07  2.24  5 .06 1.7  .3 SNC    3.0X 210

1960 MAR  8 0434 53.81 19 25.13 155 15.78  1.53  5 .10 1.2 1.2 SNC    2.7X 239

1960 MAR  8 0542 43.64 19 26.55 155 14.98  0.91  6 .12  .8 1.3 SNC    3.1X 259

1960 MAR  8 0950 37.21 19 25.63 155 14.50  0.12  6 .23 1.1 1.6 SNC  # 2.8X 266

1960 MAR  8 0951 22.23 19 23.74 155 17.96  0.06  5 .09  .5 1.3 SSC  # 2.6X 113

1960 MAR  8 1155 42.00 19 25.03 155 15.37  1.04  5 .07  .7 1.2 SNC    2.8X 248

1960 MAR  8 1452 38.69 19 24.76 155 16.86  0.85  5 .01 1.8  .3 SNC    2.6X 201

1960 MAR  8 1901 40.92 19 24.68 155 15.29  0.03  5 .39 1.9 3.4 SNC  # 2.9X 251

1960 MAR  9 0024 58.35 19 23.62 155 16.92  3.92  4 .00 1.9 1.6 SSC    2.9X 160

1960 MAR  9 0346 16.76 19 25.58 155 15.24  0.67  5 .13  .9 1.5 SNC    3.0X 253

1960 MAR  9 0528 56.17 19 24.76 155 16.19  0.29  4 .1814.810.5 SNC  - 2.2X 226

1960 MAR  9 1015 44.18 19 25.36 155 14.17  0.03  6 .33 1.6 1.8 SNC  # 2.7X 272

1960 MAR  9 1058 25.46 19 24.63 155 17.06  0.00  5 .23 2.0 1.5 SNC  # 2.4X 142

1960 MAR  9 1606 20.60 19 23.19 155 15.10  0.00  4 .24 8.8 6.8 SEC  # 2.3X 271

1960 MAR  9 1817 36.06 19 26.06 155  9.76  4.82  6 .29 3.022.4 GLN  - 3.0X 311 13

1960 MAR  9 2113 54.58 19 26.07 155 14.62  0.35  5 .10  .9 1.3 SNC    2.4X 264

1960 MAR  9 2114 52.15 19 24.23 155 17.10  0.63  5 .04 1.5 1.0 SSC    2.2X 141

1960 MAR 10 0124 50.16 19 25.87 155 12.78  7.00  5 .6423.311.4 SF2  # 2.7X 289

1960 MAR 10 0728 57.93 19 25.36 155 15.16  0.10  5 .07  .7 1.0 SNC    2.6X 254

1960 MAR 10 1129 32.10 19 24.77 155 16.45  2.57  4 .01 1.8  .6 SNC    2.8X 219

1960 MAR 10 1146 17.51 19 25.57 155 13.29  0.00  4 .17 2.3 2.1 SER  # 3.1X 284

1960 MAR 10 1220  7.23 19 25.17 155 14.63  0.01  5 .22 1.2 1.8 SNC  # 2.8X 264

1960 MAR 10 1225 16.68 19 31.45 155 10.69  5.97  4 .05 1.710.1 GLN  - 3.1X 306 16

1960 MAR 10 1257 52.81 19 24.24 155 17.69  0.48  4 .00 1.6 1.9 SSC    2.0X 133

1960 MAR 10 1359 17.66 19 25.80 155 15.24  0.08  5 .12  .8 1.2 SNC    2.4X 253

1960 MAR 10 1446 36.32 19 25.45 155 16.05  0.02  6 .10  .5  .7 SNC  # 2.2X 234

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 14

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 MAR 10 1535 44.28 19 25.35 155 15.59  0.03  6 .15  .8 1.1 SNC  # 2.5X 244

1960 MAR 10 1654 45.95 19 25.03 155 15.05  2.10  5 .01 1.3 1.0 SNC    2.6X 256

1960 MAR 10 1911  0.95 19 23.87 155 16.55  4.81  4 .01 1.8 1.2 SSC    2.7X 190

1960 MAR 10 1939 35.06 19 23.11 155 17.35  2.65  5 .01 2.2 2.6 SSC    2.7X 126

1960 MAR 10 1941 23.44 19 24.78 155 17.67  4.30  4 .00 1.4  .8 SNC    2.4X 139

1960 MAR 10 2205 31.73 19 25.05 155 16.79  1.19  4 .00 1.8  .5 SNC    2.4X 214

1960 MAR 10 2216 58.20 19 25.33 155 14.89  0.02  5 .28 1.4 2.1 SNC  # 2.4X 259

1960 MAR 10 2243 51.91 19 24.24 155 17.68  0.48  4 .00 1.6 1.9 SSC    2.8X 134

1960 MAR 11 0044 49.15 19 25.41 155 15.70  0.03  5 .22 1.0 1.5 SNC  # 2.5X 242

1960 MAR 11 0131 56.85 19 24.42 155 15.71  1.37  4 .01 2.5  .8 SEC    2.5X 238

1960 MAR 11 0329  5.76 19 28.02 155 13.51  8.96  4 .01 2.7 2.3 GLN    3.1X 281

1960 MAR 11 0426 24.24 19 25.63 155 15.79  0.14  5 .06  .6 1.0 SNC    2.8X 241

1960 MAR 11 1543 32.59 19 24.88 155  4.62  5.41  6 .19 3.617.4 SF5  - 2.4X 200 16

1960 MAR 11 2016 30.53 19 23.41 155 17.22  0.00  4 .09 1.9 3.0 SSC  # 2.5X 138

1960 MAR 11 2047 41.94 19 23.50 155 10.41  4.74  6 .39 5.127.9 SER  - 3.4X 317 10

1960 MAR 12 2205 33.88 19 22.77 155 13.50  0.09  5 .22 1.7 1.0 SER  # 2.4X 310

1960 MAR 13 0650 27.07 19 50.81 155  3.91 44.60  7 .15 6.3 2.9 KEA    2.6X 328 14

1960 MAR 13 0727 19.04 19 26.16 155 26.14  7.19  4 .08 4.713.1 KAO  - 2.5X 241

1960 MAR 13 1045 21.56 19 23.71 155 14.72 11.24  5 .15 2.9 1.1 INT    2.5X 274

1960 MAR 15 0737 56.86 19 23.92 155 17.18  3.81  5 .01 1.7 1.3 SSC    2.8X 156

1960 MAR 16 0717 32.65 19 19.78 155 53.34  2.37  5 .07 9.3 8.1 KON  - 2.8X 341 53

1960 MAR 17 0408 57.41 19 25.69 155 15.52  0.32  6 .24  .9 1.3 SNC    2.8X 247

1960 MAR 17 0413 47.30 19 26.53 155 14.59  0.02  5 .24 1.1 1.6 SNC  # 3.0X 265

1960 MAR 19 0008 20.64 19 25.09 156  7.29  7.13  6 .1510.914.2 KON  -      347 77

1960 MAR 19 2208 24.28 19 20.03 155 12.18  0.55  7 .15 2.0 1.4 SSF    2.9X 256

1960 MAR 19 2228 11.84 19 46.25 156  6.56  5.14  6 .1912.715.6 HUA  - 3.3X 336 81

1960 MAR 20 1441 50.55 19 26.19 155 15.81  0.03  6 .05  .4  .7 SNC    3.0X 245

1960 MAR 21 2041 25.42 19 25.62 155 33.66  9.85  6 .06 1.8 6.2 MLO         308 20

1960 MAR 23 1158 32.01 19 24.51 155 15.53 14.81  8 .03 1.4  .7 DEP    2.6X 163

1960 MAR 23 1748 26.04 19 25.39 155 15.66 14.59  9 .18 1.4 1.1 DEP F  3.8X 109

1960 MAR 23 1752 59.95 19 23.75 155 15.58 21.68  8 .09 1.5 2.5 DEP    3.8X 122

1960 MAR 23 1755 19.63 19 25.25 155 16.67 15.77  9 .08 1.1  .8 DEP    2.7X  89

1960 MAR 23 1842  3.95 19 25.77 155 16.23 14.72  9 .13 1.3 1.0 DEP    2.4X  97

1960 MAR 24 1316 21.68 19 24.91 155 22.72 11.03  9 .12 1.0 1.1 KAO F  3.2X 167

1960 MAR 24 2334 49.88 19 21.96 155 31.34 10.66  7 .10 1.8 1.1 KAO    3.0X 302 14

1960 MAR 26 2020 16.03 19 24.01 155 15.23 16.07  8 .15 2.2 1.2 DEP    2.5X 176

1960 MAR 31 0152 25.59 19 20.06 155 20.25 30.29  4 .00 2.5 1.8 DEP         213

1960 MAR 31 1010 48.29 19 24.15 155 17.47 14.23  8 .11 1.3 1.0 DEP    2.4X  96

1960 MAR 31 1225 29.30 19 27.00 155 12.44 11.90  6 .01 2.3 1.3 GLN    2.8X 290

1960 APR  1 1906 11.28 19 24.99 155 17.74 16.69  9 .10 1.2 1.0 DEP    3.0X  94

1960 APR  1 1908 53.65 19 32.69 155  9.97  4.91  4 .01 2.212.5 GLN  - 2.3X 199 19

1960 APR  2 1816 45.20 19 12.32 155 37.59  0.75  5 .18 5.218.6 LSW  - 2.4X 232 16

1960 APR  3 1541  4.11 19 22.25 155 17.09  0.02  8 .15  .5  .3 SSC  # 2.8X 142

1960 APR  4 0434 11.72 19 21.57 155 16.55  0.00  8 .12  .8 1.1 KOA  # 3.3X 189

1960 APR  4 0936 42.84 19 21.67 155 17.04  0.03  8 .23  .9  .7 SWR  # 2.9X 169
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 15

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 APR  5 0318 53.86 19 25.83 155 16.56  2.53  6 .02  .7  .4 SNC    3.2X 138

1960 APR  5 0443 23.83 19 25.58 155 13.68 23.43  8 .02 2.2 1.4 DEP    2.2X 190

1960 APR 17 1735 44.72 19 28.70 155 13.37 20.13  8 .14 1.5 3.4 DEP    2.9X 115

1960 APR 18 1641  0.22 19 13.67 155 10.08  6.95  4 .12 1.916.1 SF3  - 1.7X 210 38

1960 APR 20 1655 34.85 19 26.59 155 16.21 47.96  5 .01 3.0 5.3 DEP    2.3X  96

1960 APR 20 1808 18.98 19 35.26 155 24.03 65.20  9 .14 3.0 1.9 KEA    2.4X 248 10

1960 APR 20 1943  5.96 19 35.19 155 22.67 62.70  8 .15 4.3 2.0 KEA    2.4X 237 10

1960 APR 21 0438  4.03 19 36.54 155 26.57 59.46  7 .20 6.4 2.3 KEA         262 14

1960 APR 21 0521 18.94 19 33.52 155 22.53 58.10  9 .11 2.9 1.1 DML         216

1960 APR 21 0554 14.87 19 32.40 155 24.07 61.70  8 .11 4.0 1.4 DML         254

1960 APR 21 0630 15.12 19 31.77 155 24.87 58.69  9 .09 3.4 1.6 DML         254

1960 APR 21 0631 21.65 19 24.31 155 18.24  6.51  5 .17 2.815.3 INT  -      155 12

1960 APR 21 0651  5.09 19 34.64 155 24.80 59.24  8 .08 2.3 1.6 DML    2.4X 251

1960 APR 21 0815 29.87 19 31.90 155 21.54  0.03  4 .1513.9 2.4 MLO  -      236

1960 APR 21 0815 52.81 19 25.13 155 12.23  6.99  4 .10 1.614.4 SF3  - 2.3X 154 28

1960 APR 21 0817 11.31 19 22.62 155  8.12  0.01  4 .10 2.8  .4 SER  # 2.1X 227 30

1960 APR 21 0854 29.98 19 48.32 155 34.98 37.82  5 .01 5.3 5.4 KEA    2.5X 279 40

1960 APR 21 0942 32.81 19 32.19 155 26.90 57.56  6 .06 3.1 1.7 DML         257

1960 APR 21 1015 52.32 19 36.34 155 28.17 54.46  6 .08 3.1 1.9 KEA    2.4X 268 15

1960 APR 21 1025 45.36 19 25.87 155 13.97  6.93  4 .08 1.113.3 SF2  - 2.0X 162 18

1960 APR 21 1027 50.18 19 25.12 155 12.83  6.92  4 .25 1.822.7 SF2  - 2.0X 171 20

1960 APR 21 1028 47.79 19 34.67 155 16.01 45.00  4 .02 2.331.6 DEP  -      174 16

1960 APR 21 1031  2.92 19 27.12 155 16.61 25.70  6 .25 2.5 4.4 DEP    2.3X 100

1960 APR 21 1126 30.38 19 25.24 155 13.37  6.93  4 .10 1.114.4 SF2  - 2.0X 168 19

1960 APR 21 1140 44.55 19 26.36 155 17.59 31.10  4 .09 4.4 9.9 DEP  - 2.3X 142 12

1960 APR 21 1758 52.08 19 25.44 155 13.37  6.94  4 .09 1.113.6 SF2  - 2.0X 167 19

1960 APR 21 1759 52.73 19 27.63 155 14.08  6.94  4 .23 1.722.5 INT  - 2.0X 202 17

1960 APR 21 1802 53.60 19 27.72 155 18.28 30.29  4 .06 4.7 9.4 DEP  - 2.1X 129 10

1960 APR 21 1826 35.07 19 35.69 155 21.90 55.06  7 .10 3.0 1.9 KEA    2.3X 231 11

1960 APR 21 1848 50.02 19 26.50 155 15.86 30.02  4 .08 3.910.5 DEP  - 2.5X 150 14

1960 APR 21 1852 51.04 19 26.61 155 13.97  6.95  4 .00  .911.4 GLN  - 2.0X 156 17

1960 APR 21 1854 22.16 19 37.11 155 19.93 44.15  7 .13 2.3 2.0 KEA    2.4X 222 15

1960 APR 21 1900 33.35 19 27.55 155 17.68 29.43  4 .06 4.6 9.9 DEP  - 2.2X 133 11

1960 APR 21 1903 45.01 19 34.69 155 22.35 54.74  8 .12 3.4 1.9 DML    2.8X 231

1960 APR 21 1935 38.19 19 35.14 155 24.98 56.15  7 .15 5.0 1.9 KEA  # 2.4X 253 10

1960 APR 21 1959 42.25 19 23.65 155  4.37  7.00  5 .27 3.125.4 SF5  - 2.0X 262 34

1960 APR 21 2020  2.20 19 33.66 155 21.88 54.06  4 .01 3.7 1.4 DML    2.3X 218

1960 APR 21 2023  5.58 19 38.44 155 26.72 54.41  6 .10 4.3 1.8 KEA    2.3X 277 17

1960 APR 21 2114 40.17 19 25.16 155 13.52  6.91  4 .16 1.417.2 SF2  - 2.1X 169 19

1960 APR 21 2118 53.41 19 31.71 155 21.30 64.34  5 .00 3.4 2.2 DML    2.4X 187

1960 APR 21 2126 47.71 19 27.01 155 16.56 19.34  5 .05 1.5 3.4 DEP    2.4X 137 13

1960 APR 21 2227 41.50 19 27.11 155 17.14 28.73  4 .09 4.610.8 DEP  - 2.5X 139 12

1960 APR 21 2311 33.84 19 25.94 155 13.88  6.93  4 .16 1.417.0 SF2  - 2.0X 162 18

1960 APR 21 2353 19.97 19 27.25 155 17.44 28.68  4 .12 5.211.8 DEP  - 2.2X 137 11

1960 APR 22 0027 16.95 19 26.22 155 13.97  6.93  4 .04 1.011.9 GLN  - 2.0X 159 18

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 16

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 APR 22 0116  7.13 19 26.79 155 14.74  6.91  4 .21 1.921.0 INT  - 2.0X 211 16

1960 APR 22 0129 40.57 19 26.39 155 14.26  6.94  4 .15 1.316.1 INT  - 2.0X 157 17

1960 APR 22 0142 48.91 19 26.82 155 14.82 13.28  5 .01  .9 1.3 DEP    2.5X 141 16

1960 APR 22 0151 17.38 19 29.69 155 17.88 25.97  5 .23 2.4 4.5 DEP    2.6X 129

1960 APR 22 0205 17.32 19 27.78 155 17.50 30.04  4 .02 4.3 9.1 DEP  - 2.3X 132 11

1960 APR 22 0240 35.49 19 28.88 155 18.95 28.87  4 .06 5.5 9.6 DEP  - 2.5X 119

1960 APR 22 0254 23.15 19 27.18 155 16.51 20.58  4 .00 2.4 3.9 DEP    2.3X 149 13

1960 APR 22 0302 43.04 19 36.54 155 20.30 30.77  6 .03 1.6 2.7 KEA    2.1X 220 14

1960 APR 22 0312 22.07 19 28.76 155 17.93 28.91  4 .08 5.410.6 DEP  - 2.4X 124 10

1960 APR 22 0318 50.89 19 28.56 155 17.06 25.59  5 .10 1.6 2.9 DEP    2.1X 115 11

1960 APR 22 0330 11.29 19 34.31 155 19.62 48.97  7 .04 1.5 1.7 DML    2.7X 198 11

1960 APR 22 0353 18.22 19 34.01 155 19.53 53.82  8 .12 1.6 2.0 DML    2.5X 194 10

1960 APR 22 0358 56.24 19 34.64 155 22.99 52.65  6 .13 3.1 2.2 DML    2.3X 238

1960 APR 22 0416 37.69 19 26.15 155 14.58  6.93  4 .04 1.012.0 INT  - 2.2X 157 17

1960 APR 22 0441 36.93 19 32.72 155 25.94 45.20  5 .23 9.6 5.6 DML    2.6X 224

1960 APR 22 0458 15.64 19 36.70 155 27.77 53.12  5 .06 4.3 2.7 KEA    2.3X 267 15

1960 APR 22 0503 24.14 19 23.92 155 13.23  6.85  4 .18 4.719.0 SF2  - 2.3X 206 21

1960 APR 22 0519 31.19 19 25.76 155 15.73 15.66  4 .00 1.4 1.7 DEP    2.8X 144 15

1960 APR 22 0554 21.41 19 38.20 155 23.62 58.32  5 .4913.7 6.6 KEA    3.0X 235 33

1960 APR 22 0600 42.03 19 36.13 155 22.42  5.74  5 .01 2.3 3.0 KEA    2.3X 225 33

1960 APR 22 0602 20.73 19 47.47 155 23.55 58.81  4 .01 4.9 2.5 KEA    2.9X 268 33

1960 APR 22 0831 53.53 19 31.23 155 22.40 50.99  5 .01 3.0 2.0 DML         242

1960 APR 22 0903 23.05 19 25.29 155 15.53  6.81  4 .08 2.813.8 INT  -      146 16

1960 APR 22 0920  7.36 19 29.69 155 19.08 52.58  6 .03 2.8 1.7 DML         177

1960 APR 22 1024 11.79 19 37.39 155 21.33 28.85  6 .06 1.5 1.5 KEA         266 14

1960 APR 22 1035 45.79 19 27.10 155 15.41 12.80  4 .01 1.6 1.3 INT         151 15

1960 APR 22 1045 54.87 19 23.20 155 12.52  0.03  6 .37 1.8 1.0 SER  #      163 20

1960 APR 22 1221 15.03 19 39.56 155 21.86 33.76  4 .00 3.7 2.4 KEA         272 18

1960 APR 22 1253 44.93 19 39.77 155 19.35 26.28  4 .00 2.7 3.2 KEA         272 20

1960 APR 22 2039  1.09 19 27.67 155 16.29 22.47  7 .27 2.5 3.6 DEP    2.4X 105

1960 APR 22 2050 36.05 19 33.23 155 22.32 52.04  6 .09 2.8 2.3 DML    2.3X 222

1960 APR 22 2310 41.26 19 31.95 155 19.65 52.38  8 .09 2.8 1.5 DML    2.7X 171

1960 APR 23 0033 17.82 19 34.74 155 17.38 52.23  7 .08 2.6 1.5 DEP    2.4X 184 14

1960 APR 23 0044 25.96 19 34.87 155 26.90 48.92  9 .07 3.1 1.5 DML    2.6X 261 11

1960 APR 23 1332 10.45 19 33.65 155 22.37 52.62  5 .03 3.2 2.1 DML         266

1960 APR 23 1342 56.28 19 23.59 155 19.04  1.90  5 .04 1.8 3.0 KAO    3.6X 176

1960 APR 23 2020 18.91 19 23.03 155 14.92  2.23  7 .08  .7  .7 SEC    3.8X 168

1960 APR 24 2233 19.61 19 18.35 155  5.75  7.45  4 .06 4.110.4 SF4  - 2.8X 241 24

1960 APR 25 1615  3.57 19 22.50 155 24.36  0.65  5 .04 2.0 1.2 KAO  # 3.3X 211

1960 APR 25 1654 54.48 19 20.35 155 11.19  4.60  5 .19 3.418.6 SSF  - 2.9X 320 13

1960 APR 25 1919 57.24 19 24.88 155 25.13  4.49  6 .15 1.313.9 KAO  - 2.7X 220

1960 APR 26 0701 50.93 19 17.93 155  7.08  4.46  5 .06 2.712.8 SSF  - 3.2X 331 22

1960 APR 26 0704 24.08 19 23.90 155 18.27  4.88  8 .13  .7 1.1 SSC    3.0X 110

1960 APR 26 1325 41.12 19 20.97 155 16.24  5.80  4 .2315.915.2 SF1  -      252

1960 APR 26 2254 32.36 20  0.94 155 19.72  0.37  5 .4728.315.3 KEA  - 3.9X 347 58
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 17

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 APR 27 0952 54.42 19 40.43 155  6.44 45.85  6 .05 5.8 4.2 HIL    3.7X 330 34

1960 APR 29 0613  5.43 19 38.09 155 38.67  9.09  6 .0610.4 4.4 KEA  - 4.4X 321 31

1960 APR 29 1200 42.56 19 28.99 155 33.02 26.01  5 .04 8.1 5.5 DML  -      311 17

1960 APR 30 0103 28.65 19 22.96 155 26.16  6.30  4 .12 5.912.1 KAO  -      246

1960 APR 30 1322 18.08 19 24.12 155 17.37  0.69  6 .11 1.4 1.4 SSC    2.5X 116

1960 APR 30 1335 21.30 19 24.20 155 18.09  0.02  4 .13 2.0 4.3 SSC  # 2.2X 102

1960 APR 30 1840 54.04 19 24.21 155 16.94  1.76  5 .01 1.9  .9 SSC    2.4X 178

1960 APR 30 2130 42.58 19 17.42 155  9.37  4.46  4 .1113.815.1 SSF  - 2.7X 326 15

1960 MAY  3 0706 54.87 19 23.87 155 14.83  4.91  6 .05 2.0 1.5 SEC    2.6X 268

1960 MAY  3 2042 35.04 19 25.29 155 14.91  0.02  6 .27 1.1 1.3 SNC  # 3.0X 259

1960 MAY  5 0946 32.70 19 16.96 155 17.33  4.93  6 .17 3.3 8.3 SWR  # 2.9X 277 10

1960 MAY  8 0526 52.13 19 18.20 155 17.38 29.19  7 .10 2.9 1.7 DEP    2.7X 231

1960 MAY  8 0628 38.44 19 22.14 155 19.46 32.22  8 .18 2.3 2.4 DML    3.8X 135

1960 MAY  8 0630 15.59 19 20.86 155 20.74 36.54  6 .12 3.2 1.4 DEP    3.8X 187

1960 MAY  9 1255 30.91 19 18.09 155 29.93  4.81  6 .02 1.5 2.5 LSW    2.8X 188 12

1960 MAY  9 2000 18.72 19 21.43 155 17.62  0.02  7 .13  .9  .9 SWR  # 2.8X 165

1960 MAY 11 2308 45.48 19 25.41 155 15.21  0.04  6 .16 3.7 5.8 SNC  # 2.9X 253

1960 MAY 12 1118  8.55 19 16.53 155 24.54 24.81  7 .25 3.2 4.6 DEP    3.9X 156

1960 MAY 16 0526 53.32 19 22.59 155 26.23 12.12  6 .10 1.4 3.0 KAO    2.7X 251

1960 MAY 17 0305 15.92 20 41.43 155 37.13  7.01  7 .09 8.911.2 DIS  - 3.8X 342121

1960 MAY 19 1420  0.95 19 22.22 155  2.66 37.45  8 .04 1.8 3.7 DEP    2.8X 229 17

1960 MAY 20 0224  7.74 19 23.56 155 28.42  9.33  8 .14 1.3 1.1 KAO    3.4X 198 11

1960 MAY 21 0841 36.66 19 37.20 155 37.48  6.85  6 .09 3.510.6 KEA  - 3.0X 337 28

1960 MAY 25 0235 50.67 20  8.45 155 36.02  6.81  8 .08 8.610.7 KOH  - 2.7X 325 71

1960 MAY 25 1045 34.63 19 24.21 155 17.45  1.71  5 .03 1.6 1.3 SSC    2.8X 109

1960 MAY 27 0549  8.93 19 27.08 155 14.24  6.44  8 .20 1.7 2.9 INT    3.5X 172

1960 MAY 27 0558 10.95 19 27.36 155 15.03  8.43  7 .12 1.7 1.0 INT    3.3X 188

1960 MAY 29 0442 25.98 19 25.04 155 15.81  1.04  4 .01 1.4 2.4 SNC    2.4X 238

1960 MAY 31 0131  3.10 19 10.09 155 12.81 10.36  7 .12 4.2 1.6 SF2    3.6X 304 23

1960 MAY 31 1616 30.84 19 24.24 155 16.94  0.02  5 .04 1.7 1.0 SSC  # 2.0X 162

1960 MAY 31 1728 19.21 19 24.50 155 17.46  1.15  5 .0811.6 7.1 SSC  - 2.0X 170

1960 MAY 31 1930 20.27 19 24.35 155 18.29  1.56  5 .01 1.1 1.5 SSC    2.5X  99

1960 JUN  2 0202 56.55 19 18.29 155 59.46  6.95  5 .1410.513.7 KON  - 2.9X 337 63

1960 JUN  2 0322 59.09 19 23.92 155 17.95  0.03  7 .11  .5  .4 SSC  # 2.3X 107

1960 JUN  2 2047 23.49 19 23.77 155 26.37  4.15  9 .21 1.7 6.2 KAO    3.5X 202

1960 JUN  4 1655 45.04 19 18.95 155 10.91  4.76  6 .32 4.526.0 SSF  - 2.9X 321 11

1960 JUN  5 1147 32.11 19 42.14 155  9.15 30.08  6 .10 6.0 4.7 KEA    2.8X 268 32

1960 JUN  5 1235 29.25 19 20.95 155 14.05  5.08  4 .03 2.5 9.4 SF2  - 2.8X 303 10

1960 JUN  5 2150 55.55 19 24.08 155 17.70  1.33  5 .01 1.2 1.5 SSC    2.7X 131

1960 JUN  5 2340 31.05 19 21.21 155 15.98  1.02  6 .05 1.0  .3 KOA    3.1X 238

1960 JUN  7 1219 24.81 19 14.38 155 35.62  6.99  5 .02 2.8 9.2 LSW  - 4.0X 220 20

1960 JUN  7 2041 40.16 19 24.59 155 16.96  8.24  6 .04 1.6 1.0 INT    2.8X 161

1960 JUN  8 0613 55.97 19 24.33 155 14.42  6.95  4 .00 2.3 1.2 INT    3.3X 272

1960 JUN  9 2002 55.06 19 21.77 155 17.57  7.20  5 .01 1.2 2.2 SWR    2.7X 186

1960 JUN 10 1902 12.81 19 24.30 155 16.90  1.36  5 .02  .4  .2 SSC    2.7X 123

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 18

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JUN 11 0402  2.94 19 25.71 155 15.36  1.73  4 .00 1.4 3.3 SNC    2.4X 250

1960 JUN 13 1753 57.84 18 59.05 155 20.75 12.05  7 .12 1.8 1.5 LOI    3.7X 254 27

1960 JUN 14 2315 34.71 19 25.32 155 16.24  1.73  7 .06  .8  .4 SNC    3.1X 144

1960 JUN 14 2353 36.66 19 25.84 155 16.35  2.02  8 .02  .5  .6 SNC    2.5X  94

1960 JUN 15 0711 40.81 19 24.46 155 17.99  1.85  8 .10  .6  .3 SSC    3.1X  94

1960 JUN 15 1216 50.85 19 24.90 155 18.81  0.86  5 .13  .7 1.6 SNC    3.0X 106

1960 JUN 16 0321 34.73 19 24.29 155 17.41  1.24  6 .02 1.5 1.2 SSC    2.9X 110

1960 JUN 16 1443 42.80 19 24.02 155 18.17  0.20  6 .04  .4  .9 SSC    2.6X 106

1960 JUN 16 1605 14.08 19 24.78 155 16.61  2.25  5 .00 1.9  .3 SNC    2.7X 215

1960 JUN 16 1653 19.61 19 24.75 155 16.74  1.33  5 .01 1.6  .5 SNC    2.7X 211

1960 JUN 16 2024 38.92 19 24.45 155 16.88  1.40  6 .12 2.2  .7 SSC    2.5X 169

1960 JUN 17 0244 43.71 19 25.34 155 16.03  0.58  6 .08  .8  .7 SNC    2.6X 234

1960 JUN 17 0256 51.85 19 26.60 155 14.43  0.65  6 .08  .8 1.1 SNC    3.3X 268

1960 JUN 18 0155 12.67 19 24.13 155 17.78  1.04  6 .02 1.0 1.3 SSC    2.7X 100

1960 JUN 18 0156  7.55 19 19.24 155 11.34 17.95  4 .00 2.8 2.1 DEP    3.6X 223 10

1960 JUN 18 0428 33.20 19 25.05 155 17.39  1.77  5 .01 1.5  .4 SNC    2.5X 142

1960 JUN 18 0838 13.61 19 24.38 155 16.68  1.92  6 .11 2.2  .5 SSC    2.4X 189

1960 JUN 18 0842 52.88 19 24.27 155 17.47  1.85  5 .02 1.6 1.2 SSC    3.1X 106

1960 JUN 18 0950  8.81 19 22.03 155 17.27  0.02  8 .09  .5  .3 SSC    3.5X 150

1960 JUN 18 0959 39.64 19 26.07 155 14.31  0.02  6 .23 1.3 1.4 SNC  # 2.7X 269

1960 JUN 18 1252 10.88 19 24.75 155 16.65  2.21  4 .00 1.8  .5 SNC         214

1960 JUN 19 0354 34.91 19 24.33 155 17.71  1.42  5 .05 1.5 1.5 SSC    2.9X  95

1960 JUN 19 0810 15.36 19 23.71 155 18.05  0.02  5 .08 1.4 3.3 SSC  # 3.0X 113

1960 JUN 19 0829 25.93 19 24.89 155 14.12  2.12  5 .10  .9 1.4 SNC    2.9X 275

1960 JUN 19 0925 58.80 19 23.30 155 17.27  1.02  8 .13  .6  .5 SSC    2.3X 118

1960 JUN 19 1816 40.65 19 19.94 155 11.43  4.58  6 .11 2.813.8 SSF  - 2.6X 318

1960 JUN 20 1111 24.77 19 20.32 155 12.18  4.95  5 .14 3.813.6 SSF  - 3.8X 315 12

1960 JUN 20 1258 24.32 19 22.74 155 21.19 30.20  9 .14 2.0 1.7 DML    4.5X 126

1960 JUN 20 1314 48.15 19 23.24 155 20.77 21.35  6 .03 2.4 3.3 DML    4.0X 240

1960 JUN 20 1358 54.01 19 19.47 155 20.18  3.67  7 .15 7.311.9 SWR  - 3.8X 315 11

1960 JUN 20 1529  4.76 19 22.37 155 16.25 30.00  8 .10 1.8 1.3 DEP    3.1X 235

1960 JUN 20 1858 58.31 19 24.19 155 16.04 15.75  9 .04 1.4  .6 DEP    3.3X 147

1960 JUN 21 0100 17.28 19 21.88 155 17.50 28.48 10 .09 2.9 1.3 DEP    3.1X 152

1960 JUN 21 0329 12.59 19 23.93 155 18.09 13.93  9 .11 1.1  .4 DEP    3.3X  93

1960 JUN 21 1056 45.68 19 23.41 155 17.82  0.04  5 .12 1.6 3.7 SSC  # 3.8X 120

1960 JUN 22 0509 56.69 19 20.02 155 12.70  4.90  5 .04 2.210.9 SSF  - 3.2X 311 12

1960 JUN 22 1130 16.88 19 19.10 155 14.98  6.49  8 .07 1.2 2.0 SF1    2.7X 212

1960 JUN 24 0302 36.84 19 25.06 155 16.74  1.29  4 .01 1.9  .3 SNC    2.7X 215

1960 JUN 24 0412 42.71 19 19.07 155 27.33  7.99  5 .08 9.3 5.0 KAO  - 2.8X 306

1960 JUN 26 0147 25.39 19 25.76 155 16.47  0.01  5 .33  .931.6 SNC  - 1.7X 228

1960 JUN 26 1433  9.06 19 25.33 155 14.13  2.78  7 .18 1.1 2.4 SNC    3.2X 137

1960 JUN 28 0001  7.13 19 24.99 155 16.32  0.44  4 .1212.0 8.7 SNC  - 2.2X 224

1960 JUN 30 1849  2.62 19 25.61 155 14.72  1.84  6 .10  .8 1.3 SNC    2.4X 262

1960 JUL  3 1652 13.53 19 29.04 155 24.49 10.40  5 .06 1.7 2.5 KAO    2.5X 244

1960 JUL  6 1850 50.04 19 27.26 155 15.59 29.87  4 .01 2.6 9.6 DEP  -      153
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 19

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JUL  6 1902 40.87 19 25.52 155 19.45  7.00  4 .00 1.512.4 KAO  -      172

1960 JUL  6 1911 23.96 19 27.37 155 16.54 28.53  4 .01 2.4 9.1 DEP  -      140

1960 JUL  6 2003  3.09 19 10.81 155 11.94  7.03  4 .00 4.112.4 SF3  -      270 22

1960 JUL  6 2147 15.81 19 31.63 155 13.63 60.49 10 .12 3.5 1.6 DEP    2.5X 135 13

1960 JUL  6 2315 14.34 19 15.75 154 51.91 17.78  5 .11 4.115.5 DIS  - 2.0X 278 48

1960 JUL  7 0022 26.50 19 25.78 155 18.24 14.49  4 .01 2.6 6.7 DEP         171

1960 JUL  7 0057  1.56 19 25.56 155 18.80  6.99  4 .00 2.312.3 INT  -      183

1960 JUL  7 0124 16.43 19 26.26 155 11.13 40.16  4 .04 5.111.8 DEP  -      212 11

1960 JUL  7 0231  5.38 19 31.52 155 11.71 58.62  9 .12 3.3 1.5 DEP    2.3X 125 15

1960 JUL  7 0336 12.10 19 19.45 154 46.63  5.71  4 .00 2.5 2.2 LER    2.0X 313 52

1960 JUL  7 0352 32.13 19 29.90 155  9.51 39.56  4 .10 4.410.8 DEP  -      203 18

1960 JUL  7 0432 23.27 19 31.35 155 13.25 59.75  7 .10 6.0 3.6 DEP    2.3X 164 13

1960 JUL  7 0447 43.04 19 31.15 155 12.94 44.63  6 .07 2.5 9.3 DEP    2.0X 127 13

1960 JUL  7 0453 51.84 19 29.41 155 11.46 50.02  5 .03 3.1 5.0 DEP    1.9X 124 15

1960 JUL  7 0501 10.99 19 33.33 155 15.14 57.06  7 .08 3.8 2.3 DEP    2.4X 190 15

1960 JUL  7 0517  1.16 19 15.23 154 50.24 17.13  5 .11 4.115.3 DIS  - 2.2X 283 51

1960 JUL  7 0525 55.51 19 29.71 155 12.30 52.43  6 .04 3.2 4.6 DEP  # 1.8X 117 15

1960 JUL  7 0607 54.61 19 31.04 155 10.11 48.68  5 .10 5.211.4 DEP  - 1.8X 193 17

1960 JUL  7 0629  0.05 19 27.26 155 11.52 40.74  5 .03 2.2 5.8 DEP    1.8X 141 12

1960 JUL  7 0634 27.50 19 33.69 155  6.26  7.05  4 .42 7.131.3 HIL  -      215 18

1960 JUL  7 0650 17.06 19 24.08 155 18.54 13.01  7 .12 1.5  .7 DEP    2.6X 107

1960 JUL  7 0825 31.94 19 32.91 155 15.68 48.39  6 .07 3.4 2.0 DEP    2.4X 193 14

1960 JUL  7 0827 59.30 19 27.09 155 13.70 36.93  4 .00 3.2 7.7 DEP         153

1960 JUL  7 0900  1.22 19 33.53 155 12.28  6.98  4 .14 2.315.6 GLN  - 2.5X 213 18

1960 JUL  7 0903 23.78 19 27.53 155 15.18 42.94  4 .01 3.6 8.9 DEP  -      155 10

1960 JUL  7 0940 27.77 19 32.58 155 17.42 48.91  8 .06 3.2 1.4 DEP    2.9X 196 13

1960 JUL  7 1002 14.02 19 27.84 155 14.15 41.88  6 .06 2.6 5.6 DEP    2.0X 114

1960 JUL  7 1003  9.25 19 32.10 155 15.19 48.21  6 .11 2.6 3.3 DEP    2.4X 146 13

1960 JUL  7 1015 42.55 19 28.50 155 14.72 37.73  4 .01 3.211.7 DEP  - 2.1X 160

1960 JUL  7 1026 38.09 19 29.62 155 14.72 61.67  6 .03 2.8 4.4 DEP    2.4X 121 13

1960 JUL  7 1124 18.52 19 30.62 155 13.26 41.72  5 .04 2.3 9.3 DEP  - 2.0X 124 16

1960 JUL  7 1127 10.21 19 29.30 155 11.01 49.29  4 .05 4.510.7 DEP  - 2.3X 193 15

1960 JUL  7 1135 23.20 19 41.27 155 31.89 10.50  7 .06 1.1 2.3 KEA    2.6X 260 38

1960 JUL  7 1143  8.78 19 28.49 155 13.02 37.47  5 .03 3.3 7.0 DEP    2.9X 167 10

1960 JUL  7 1248 24.45 19 31.48 155 10.10  6.99  4 .42 5.027.6 GLN  -      195 20

1960 JUL  7 1250 24.72 19 28.53 155 10.26 65.84  5 .04 5.9 5.1 DEP    2.5X 205 15

1960 JUL  7 1257 40.27 19 29.79 155 13.74 39.75  5 .05 3.6 7.8 DEP    2.2X 179 11

1960 JUL  7 1300  6.44 19 33.30 155 15.23 39.81  5 .26 4.317.5 DEP  - 2.3X 157 16

1960 JUL  7 1302  2.96 19 29.99 155 12.14 49.72  8 .06 2.4 1.5 DEP    2.4X 116 13

1960 JUL  7 1312 55.17 19 31.28 155 14.44 47.43  9 .16 3.2 1.8 DEP    2.6X 134 12

1960 JUL  7 1324 31.46 19 29.56 155 12.48 49.67  9 .13 2.9 1.6 DEP    2.8X 116 12

1960 JUL  7 1326 53.20 19 30.13 155 13.01 46.88  8 .08 2.4 1.5 DEP    2.8X 120 12

1960 JUL  7 1329  3.88 19 23.80 155 21.38  4.23  5 .19 3.314.4 KAO  - 2.4X 239 10

1960 JUL  7 1345 10.80 19 32.52 155 14.95 50.83  8 .19 3.8 2.1 DEP    2.8X 148 14

1960 JUL  7 1409 37.29 19 31.96 155 16.69 50.84  8 .04 2.5 1.4 DEP    2.5X 152 12

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 20

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JUL  7 1415 34.41 19 31.58 155 12.10 19.69  5 .09 1.5 8.9 DEP    2.1X 127 15

1960 JUL  7 1428 35.23 19 31.22 155 15.82 49.29  6 .10 3.2 2.8 DEP    2.4X 185 16

1960 JUL  7 1431 27.44 19 22.98 155 11.10 45.79  7 .05 3.0 1.5 DEP    2.6X 168

1960 JUL  7 1433 35.05 19 26.34 155 11.33 50.84  7 .04 3.3 1.4 DEP    2.6X 150 11

1960 JUL  7 1510  8.82 19 26.18 155 15.79 24.89  4 .04 5.010.4 DEP  -      245

1960 JUL  7 1513  8.35 19 19.52 155 13.38 49.49  5 .28 8.718.0 DEP  - 2.5X 218

1960 JUL  7 1524  4.27 19 29.83 155 13.03 43.02  5 .10 2.710.9 DEP  - 2.2X 118 15

1960 JUL  7 1544 36.80 19 27.26 155 16.40 23.36  4 .04 4.9 9.8 DEP  -      242

1960 JUL  7 1600 55.85 19 29.88 155 14.93 35.08  5 .12 3.812.8 DEP  - 2.1X 153

1960 JUL  7 1601 57.06 19 29.54 155 10.67 49.63  6 .07 4.8 3.3 DEP    2.4X 195 16

1960 JUL  7 1605 37.59 19 41.69 155 31.00  2.98  7 .15 1.6 2.5 KEA    2.7X 259 38

1960 JUL  7 1626 44.83 19 28.54 155 14.57 36.19  4 .07 3.512.7 DEP  - 2.3X 162 12

1960 JUL  7 1637 56.99 19 27.52 155 11.31 32.18  4 .02 3.810.3 DEP  - 2.4X 202 12

1960 JUL  7 1638 56.33 19 28.00 155  9.68 44.83  5 .06 4.0 4.2 DEP    2.3X 212 15

1960 JUL  7 1639 41.72 19 27.78 155  9.21 45.66  7 .06 4.4 1.6 DEP    2.8X 217 15

1960 JUL  7 1648  6.99 19 29.17 155 11.25 49.54  8 .12 4.9 2.5 DEP    3.0X 193 13

1960 JUL  7 1700 26.63 19 28.07 155 13.36 30.47  4 .02 2.8 9.7 DEP  - 2.2X 178 11

1960 JUL  7 1706 48.73 19 11.24 155 33.15  6.99  4 .15 3.917.9 LSW  -      331 37

1960 JUL  7 1722 18.27 19 28.91 155  8.57 49.27  7 .09 4.4 2.6 DEP    3.0X 215 17

1960 JUL  7 1724  4.78 19 27.96 155 13.48 32.50  6 .08 3.210.3 DEP  - 2.2X 177

1960 JUL  7 1727 42.20 19 32.42 155 11.31  7.00  5 .13 2.113.0 GLN  - 2.1X 177 17

1960 JUL  7 1735  6.33 19 29.22 155  9.80 50.47  7 .14 5.6 2.6 DEP    3.2X 205 15

1960 JUL  7 1743  5.24 19 22.14 154 52.26  6.97  4 .21 4.721.5 LER  - 2.4X 301 41

1960 JUL  7 1755 52.99 19 28.84 155  9.42 49.21  6 .05 4.6 1.8 DEP    2.5X 209 16

1960 JUL  7 1759 59.37 19 30.69 155 12.69 49.69  7 .08 4.0 2.0 DEP    2.7X 172 13

1960 JUL  7 1818 43.08 19 32.06 155 10.72 46.17  6 .10 4.9 1.9 DEP    2.2X 183 17

1960 JUL  7 1827 23.81 19 27.84 155 12.03 32.89  4 .04 3.510.8 DEP  - 2.1X 193 12

1960 JUL  7 1831 50.95 19 41.70 155 31.81 12.26  5 .01 1.6 1.7 KEA    2.4X 261 39

1960 JUL  7 1835 24.25 19 28.06 155  9.11 48.31  6 .04 4.4 1.6 DEP    2.5X 216 16

1960 JUL  7 1854 24.02 19 26.80 155  7.40 47.95  6 .09 5.0 1.8 DEP    2.7X 236 17

1960 JUL  7 1916 23.62 19 27.58 155  7.02 63.61  6 .10 6.6 5.4 DEP    3.0X 224 18

1960 JUL  7 1920 40.36 19 20.25 154 55.24 25.08  6 .14 4.812.5 LER  - 2.3X 292 36

1960 JUL  7 1923 27.59 19 31.69 155 10.07  0.07  4 .11 2.113.4 GLN  - 2.2X 190 18

1960 JUL  7 1926 20.96 19 30.32 155 11.81 52.36  5 .03 4.6 9.9 DEP  - 2.5X 182 14

1960 JUL  7 2033  4.57 19 31.27 155 10.75 49.68  6 .03 4.4 3.0 DEP    2.1X 186 19

1960 JUL  7 2039 38.82 19 31.38 155 10.52  6.98  4 .39 4.625.6 GLN  - 1.9X 188 19

1960 JUL  7 2120  5.90 19 31.33 155 11.02 46.65  6 .04 4.2 1.9 DEP    2.7X 184 16

1960 JUL  7 2136 34.43 19 39.97 155 30.91 12.68  6 .13 2.1 2.2 KEA    2.6X 255 36

1960 JUL  7 2139 59.66 19 28.97 155 12.80 35.43  5 .04 3.310.4 DEP  - 1.9X 179 11

1960 JUL  7 2146  3.97 19 41.13 155 30.95 17.37  6 .18 1.819.1 KEA  - 2.5X 258 37

1960 JUL  7 2336  1.18 19 28.25 155 13.22 49.17  5 .07 5.4 3.1 DEP         284

1960 JUL  8 0000 19.18 19 28.83 155 13.98 26.86  5 .01 2.4 6.4 DEP    2.0X 167

1960 JUL  8 0017  9.01 19 28.32 155 13.28 28.80  4 .01 2.6 8.9 DEP  - 1.9X 177 12

1960 JUL  8 0056 56.81 19 28.46 155 13.23 31.69  5 .06 3.0 9.3 DEP  - 1.9X 177

1960 JUL  8 0108  1.20 19 29.64 155 10.94 49.65  6 .02 3.8 2.7 DEP    2.1X 193 14
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 21

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JUL  8 0110 25.91 19 18.03 154 54.47 20.74  6 .31 7.325.9 LER  - 2.4X 272 43

1960 JUL  8 0113 13.03 19 30.39 155  9.96 53.01  7 .07 5.0 3.2 DEP    2.4X 198 16

1960 JUL  8 0134  2.31 19 25.76 155 19.85 22.71  4 .09 2.611.8 DML  -      138

1960 JUL  8 0314 46.12 19 42.54 155 31.66  9.35  7 .08 1.0 2.5 KEA    2.3X 263 40

1960 JUL  8 0331 13.38 19 41.90 155 33.32  6.92  7 .30 2.626.1 KEA  - 2.1X 291 41

1960 JUL  8 0343 30.20 19 29.17 155 14.48 29.35  4 .01 2.6 9.1 DEP  - 2.1X 161 13

1960 JUL  8 0524 37.96 19 27.79 155 12.06 32.68  4 .13 4.112.6 DEP  - 1.9X 193 12

1960 JUL  8 0813 46.59 19 28.33 155 14.42 29.25  4 .01 2.6 9.1 DEP  - 1.9X 164 11

1960 JUL  8 1352 32.91 19 27.54 155 12.75 31.72  4 .03 2.910.3 DEP  - 1.9X 187 11

1960 JUL  8 1540 46.44 19 31.65 155 11.01  6.99  4 .37 4.224.6 GLN  - 1.9X 182 19

1960 JUL  8 1603  1.70 19 22.14 155 26.69 10.22  8 .08 1.3  .5 KAO    3.0X 178

1960 JUL  8 1618 31.17 19 13.93 155 24.00  7.01  4 .07 2.213.6 SWR  - 2.7X 320 21

1960 JUL  8 1716 44.19 19 29.91 155 10.52 48.31  5 .02 4.3 9.3 DEP  - 2.2X 195 15

1960 JUL  8 1901 37.62 19 36.50 155 21.90  6.90  4 .03 2.510.7 KEA  - 1.8X 241 28

1960 JUL  8 1911 15.45 19 29.03 155 10.97 39.61  6 .04 2.6 5.8 DEP    2.2X 129 15

1960 JUL  8 2018 21.48 19 28.39 155 13.15 47.01  4 .05 4.210.2 DEP  -      166 12

1960 JUL  8 2103 22.03 19 28.23 155 11.51 34.76  5 .11 3.9 8.1 DEP    2.3X 164 12

1960 JUL  8 2111  2.78 19 31.72 155 12.53 51.43  8 .10 2.6 3.2 DEP    2.4X 130 15

1960 JUL  8 2131 21.60 19 28.23 155 12.07 45.01  4 .04 4.0 9.8 DEP  -      165 13

1960 JUL  8 2137 45.81 19 19.33 154 54.36 17.18  5 .23 5.022.2 LER  - 2.3X 272 42

1960 JUL  8 2144 59.53 19 29.05 155 12.81 36.08  4 .00 3.2 7.9 DEP         172 13

1960 JUL  8 2150 58.82 19 29.98 155 12.30 40.44  4 .03 3.6 9.0 DEP  -      181 15

1960 JUL  8 2325  4.64 19 34.69 155 13.62  6.91  4 .26 3.919.1 GLN  -      224 19

1960 JUL  8 2335 26.18 19 26.82 155 18.43 18.20  4 .01 3.4 8.3 DEP  -      207

1960 JUL  9 0110 23.21 19 30.92 155 11.63 48.39  6 .04 2.0 3.1 DEP    2.0X 121 17

1960 JUL  9 0150  5.29 19 30.79 155 13.26 44.70  7 .09 2.2 3.2 DEP    2.3X 126 16

1960 JUL  9 0205 13.04 19 27.64 155 13.53 26.45  4 .01 2.410.1 DEP  - 1.9X 178

1960 JUL  9 0231  6.55 19 30.41 155 12.85 44.99  8 .07 1.9 2.9 DEP    2.2X 122 12

1960 JUL  9 0240 27.30 19 26.94 155 16.23 25.56  4 .14 6.213.6 DEP  -      242

1960 JUL  9 0313  0.64 19 30.20 155 13.55 57.80  7 .09 3.0 4.7 DEP    2.6X 122 11

1960 JUL  9 0537  3.06 19 27.24 155 12.11 36.54  6 .07 2.6 3.6 DEP    2.1X 156 10

1960 JUL  9 0818 36.11 19 28.48 155 12.97 48.14  8 .07 2.6 1.5 DEP    2.4X 120 10

1960 JUL  9 0828 50.44 19 38.47 155 32.76 17.08  6 .14 1.816.8 KEA  - 1.9X 255 36

1960 JUL  9 1701 54.26 19 27.99 155 12.78 35.63  4 .00 3.1 7.7 DEP         162 12

1960 JUL  9 1836  3.44 19 24.46 155 26.03  0.71  6 .03 1.9  .9 KAO    3.0X 237

1960 JUL  9 1920 57.27 19 28.31 155 14.42 31.12  5 .03 1.4 4.4 DEP    2.2X 109 11

1960 JUL 10 0808 43.28 19 25.69 155 23.64  1.50  6 .03 1.4 9.1 KAO  - 2.9X 188

1960 JUL 11 1309 39.07 19 42.09 155 21.77 10.80  4 .06 5.911.3 KEA  - 2.3X 258 23

1960 JUL 13 1731  6.53 19 27.33 155 28.21  2.26  8 .13 2.5 2.0 KAO    3.0X 267 10

1960 JUL 13 2022 43.77 19 48.45 155 54.80 35.68  7 .09 5.2 8.1 HUA    2.6X 323 65

1960 JUL 14 0322 12.09 19 24.88 155 21.79 10.40  6 .09 1.1 1.3 KAO    2.3X 146

1960 JUL 14 1105  9.28 19 34.09 155 18.89  3.70  4 .08 7.113.9 GLN  -      301 11

1960 JUL 15 0057 20.00 19 23.95 155 17.76  1.76  5 .04 1.4 1.7 SSC    3.0X 126

1960 JUL 15 1741 24.93 18 44.57 155  6.43  7.02  6 .08 8.310.8 LOI  - 3.5X 325 72

1960 JUL 19 1838 43.43 19 25.64 155 15.63  0.02  6 .23  .9 1.5 SNC F#      245

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 22

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 JUL 19 1840 16.95 19 25.66 155 15.43  0.03  6 .17  .7 1.3 SNC F# 2.9X 248

1960 JUL 23 1320 25.09 19 25.61 155 16.58  2.96  7 .09  .7  .5 SNC    2.8X  91

1960 JUL 25 1921 24.50 19 22.80 155 20.66 20.18  7 .09 1.5  .9 DML    2.5X 246

1960 JUL 26 1226 48.12 19 21.75 155 17.62  0.03  4 .09 2.1 2.5 SWR  # 2.1X 186

1960 JUL 28 0559 55.69 19 19.28 155 16.50 13.57  6 .13 2.1 1.4 DEP    2.3X 219

1960 AUG  1 1431 40.91 19 26.86 154 55.91  5.76  4 .05 3.912.8 LER  - 2.8X 340 36

1960 AUG  2 1418  4.04 19 23.18 155 18.04 14.98  4 .00 3.0 7.4 DEP    2.3X 129

1960 AUG  4 0532 58.79 19 19.68 156 10.95  2.54 11 .08 2.9 2.1 KON    3.9X 244 69

1960 AUG  5 1344 25.60 19 24.60 155 16.90 13.40  7 .09 1.4  .9 DEP    3.2X  91

1960 AUG  7 0505 28.03 19 24.75 155 42.80  7.00  4 .1113.311.0 MLO  -      331 35

1960 AUG  7 1733 23.01 19 25.73 155 17.50  5.05  7 .06  .6  .7 INT    2.9X 122

1960 AUG  9 1436 46.79 19 25.18 155 24.47  4.39  5 .12 2.814.2 KAO  - 2.5X 265

1960 AUG 10 2316 55.64 19 55.48 155 35.42  8.72 11 .06  .9 1.5 KOH    3.7X 163 52

1960 AUG 11 0147 18.18 19 54.64 155 36.39 11.48 10 .12 1.3 3.1 KEA    3.8X 165 51

1960 AUG 11 1003 14.64 19 24.60 155 16.76  2.94  6 .12 2.1  .5 SNC    3.0X 195

1960 AUG 11 1932 32.61 19 12.43 155 27.51  0.03  6 .10 2.7  .6 LSW  # 2.6X 174 16

1960 AUG 13 2200 36.70 19 23.72 155 28.39  2.23  7 .12 4.0 3.0 KAO    2.8X 272 11

1960 AUG 14 0420 26.52 19 30.05 155 36.47 11.77  7 .10 6.8 1.8 MLO    2.7X 297 23

1960 AUG 17 0418 31.19 19 24.24 155 18.38 13.78  9 .11 1.3  .4 DEP    2.7X 145

1960 AUG 17 0431 40.82 19 25.08 155 17.79 13.20  8 .04 1.0  .5 DEP    2.5X  85

1960 AUG 17 1315 43.86 19 48.16 155 35.12  5.59  7 .07 2.4 2.4 KEA    2.7X 301 52

1960 AUG 18 0306 21.66 19 24.25 155 17.41  2.93  5 .06 1.8 1.2 SSC    2.6X 150

1960 AUG 21 0302 26.75 19 22.08 155 25.75 10.36  4 .00 2.7  .9 KAO         248

1960 AUG 25 0348 31.04 18 52.05 153 41.74 45.00  7 .27 8.231.6 DIS  - 3.7X 343149

1960 AUG 28 1314 55.10 19 47.18 155 30.69 23.99  4 .03 9.6 8.0 KEA  - 2.6X 294 35

1960 AUG 28 1800 15.24 20 10.72 156 39.75  6.69  7 .05 7.8 7.4 DIS  - 4.2X 269 78

1960 AUG 30 0431 59.64 19 19.88 155 15.73 30.59  5 .03 3.4 1.5 DEP    2.8X 276

1960 SEP  4 1442 31.53 19 23.09 155 18.26 17.59  6 .07 1.7 1.3 DEP    2.7X 113

1960 SEP  5 1718 46.06 19 27.87 155 28.92 10.57  8 .10 1.3 1.0 KAO    2.8X 270 10

1960 SEP 11 0847 34.05 19 25.02 155 17.67 30.03  8 .14 2.1 1.5 DEP    2.5X  84

1960 SEP 12 2302 40.86 19 21.14 155 13.74 35.33  6 .12 3.5 4.4 DEP    3.1X 246

1960 SEP 14 0419 40.30 19 10.86 155 44.48  4.65  8 .15 4.1 2.6 KON    3.5X 339 41

1960 SEP 16 0951  4.66 19 26.18 155 17.30 15.72  9 .08 1.2  .9 DEP    2.4X  90

1960 SEP 17 1233 25.28 19 24.29 155 19.14  0.58  6 .08  .5  .5 KAO    2.3X 103

1960 SEP 18 2001  7.42 19 25.13 155 28.64 19.41  6 .05 1.9 3.3 DML    2.3X 273 13

1960 SEP 18 2253 34.23 19 23.98 155 17.61  0.96  8 .10  .5  .4 SSC    2.1X 102

1960 SEP 19 1527 21.77 19 24.96 155 17.80 13.61  6 .03 1.2  .6 DEP F  2.5X 112

1960 SEP 20 0729 43.47 19 58.75 155 34.11 12.63  7 .07 7.911.0 KOH  - 3.7X 332 57

1960 SEP 21 1500 27.51 19 22.53 155 25.50 10.43  6 .09 1.2 2.8 KAO         238

1960 SEP 21 2008 41.45 19 26.83 156 14.26 19.75  6 .11 3.114.9 KON  - 3.5X 341 89

1960 SEP 21 2208  3.58 19 14.69 155 21.79 14.23  9 .11 1.8  .7 DEP    3.0X 173 11

1960 SEP 28 0633  8.10 19 20.87 155 22.54 14.40  7 .14 1.6 1.4 DEP    2.7X 140

1960 SEP 29 0823 19.94 19 23.26 155 16.38 26.62  6 .05 3.2 4.2 DEP         171

1960 OCT  5 0231 57.07 19 36.44 155 11.90 53.51  6 .04 2.8 2.5 KEA    2.1X 163 17

1960 OCT  5 0250 15.33 19 32.18 155 17.77 51.48  6 .21 5.2 4.5 DEP  # 2.5X 160 11
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YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 OCT  5 0255 58.93 19 25.87 155 17.20 27.76  6 .19 2.4 4.2 DEP    2.1X 140

1960 OCT  5 0331 54.44 19 32.15 155 16.97 53.80  8 .21 3.4 1.9 DEP    2.5X 155 12

1960 OCT  5 0344  4.23 19 27.64 155 13.80 29.03  5 .21 2.4 5.0 DEP    2.2X 119 10

1960 OCT  5 0346 25.83 19 31.31 155 14.81 52.97  8 .14 3.4 1.8 DEP    2.6X 137 12

1960 OCT  5 0434 35.53 19 38.12 155 15.36 53.40  5 .09 3.4 2.5 KEA    2.5X 198 20

1960 OCT  5 0459 17.79 19 35.02 155 21.39 46.44  8 .05 3.3 1.3 KEA    2.3X 218 19

1960 OCT  5 0500  1.57 19 31.69 155 17.59 50.85  9 .12 3.1 1.6 DEP    2.3X 154 11

1960 OCT  5 0507 39.98 19 34.58 155 22.23 47.28  7 .18 5.4 3.5 DML  # 2.5X 219 19

1960 OCT  5 0511 48.67 19 26.89 155 14.91 15.29  4 .01 1.1 1.4 DEP    2.0X 140 16

1960 OCT  5 0516 27.71 19 34.53 155 11.86  6.99  4 .05 1.012.6 GLN  - 2.1X 148 20

1960 OCT  5 0529 59.67 19 45.22 155 32.96  6.60  5 .16 3.0 3.6 KEA    2.2X 271 45

1960 OCT  5 0536 37.93 19 36.77 155 22.51 51.03  6 .15 5.4 3.7 KEA    2.4X 227 23

1960 OCT  5 0541  0.28 19 40.94 155 32.34 11.42  7 .30 2.9 3.5 KEA  # 2.2X 259 39

1960 OCT  5 0550 57.51 19 32.66 155 14.37 48.97  5 .04 3.6 2.2 DEP    2.1X 150 15

1960 OCT  5 0551 43.26 19 32.50 155 13.23 55.75  5 .26 9.7 6.1 DEP    2.5X 160 18

1960 OCT  5 0655 55.83 19 39.19 155 19.77 57.12  6 .06 3.5 1.8 KEA    2.5X 233 18

1960 OCT  5 0704 44.50 19 28.68 155 15.30 35.72  5 .05 2.2 5.1 DEP    2.5X 114

1960 OCT  5 0911 13.39 19 25.88 155 19.67  2.13  4 .00 1.3 2.1 KAO    1.4X 144

1960 OCT  5 0921 50.65 19 34.00 155 25.57 43.69  8 .06 3.5 1.4 DML    2.5X 227 21

1960 OCT  5 1119 20.83 19 26.37 155 15.40 40.45  6 .01 2.6 3.5 DEP    2.2X 144

1960 OCT  5 1120 29.68 19 27.41 155 17.08 43.17  6 .01 2.9 3.7 DEP    2.2X 150

1960 OCT  5 1143  4.00 19 28.66 155 16.74 44.92  7 .12 3.7 1.6 DEP    2.5X 165

1960 OCT  5 1311 39.53 19  9.99 155  7.00  7.08  5 .19 1.515.2 LOI  - 2.2X 232 28

1960 OCT  5 1331 36.77 19 31.41 155 16.87 47.49  6 .13 4.1 1.8 DEP    2.5X 199 11

1960 OCT  5 1332 41.77 19 38.99 155 14.68 29.78  5 .12 3.2 2.3 KEA    2.3X 256 23

1960 OCT  5 1348 41.33 19 33.08 155 18.53 50.28  5 .23 5.8 5.3 DEP    2.3X 176 10

1960 OCT  5 1352  0.54 19 34.65 155 21.13 49.56  6 .18 5.0 3.3 DML    2.8X 216 10

1960 OCT  5 1359 30.38 19 29.63 155 15.63 46.76  6 .12 3.9 1.7 DEP    2.6X 177

1960 OCT  5 1401 53.42 19 28.35 155 17.47 50.08  5 .02 3.3 1.3 DEP    2.5X 160

1960 OCT  5 1437 56.68 19 28.13 155 17.34 47.05  7 .14 4.1 1.8 DEP    2.5X 158

1960 OCT  5 1458 20.60 19 27.81 155 15.74 30.29  6 .05 2.2 2.4 DEP    2.1X 157

1960 OCT  5 1537 58.30 19 30.47 155 17.63 37.19  7 .08 1.8 2.8 DEP    2.5X 139 10

1960 OCT  5 1546 33.75 19 35.14 155 18.56 71.26  5 .10 8.0 6.9 KEA  - 2.7X 243 13

1960 OCT  5 1557 41.96 19 28.08 155 17.68 24.17  4 .00 4.2 4.9 DEP    2.2X 235 10

1960 OCT  5 1601 13.41 19 28.14 155 18.56 47.43  6 .09 3.1 1.3 DEP    2.5X 154

1960 OCT  5 1607 25.89 19 22.88 155 24.28 12.84  7 .08 1.3  .8 KAO    2.6X 158

1960 OCT  5 1702 36.44 19 33.86 155 20.24 39.57  5 .01 2.3 2.4 DML    2.4X 210 22

1960 OCT  5 1720 21.83 19 36.50 155 28.73 32.38  6 .04 6.1 6.9 KEA  - 2.3X 242 28

1960 OCT  5 1733 21.08 19 39.96 155 30.72  8.35  9 .22 1.4 4.1 KEA    2.3X 255 35

1960 OCT  5 1744 42.43 19 26.18 155 15.54 47.00  7 .09 3.5 1.5 DEP    2.5X 141

1960 OCT  5 1746  9.11 19 27.55 155 20.58 71.54  5 .18 8.5 7.3 DML    2.8X 132

1960 OCT  5 1750 44.50 19 34.94 155 20.28 42.94  9 .18 4.2 1.9 DML    2.3X 214 18

1960 OCT  5 1802  1.91 19 30.27 155 16.78 47.50  8 .10 2.9 1.1 DEP    2.5X 134

1960 OCT  5 1832  1.96 19 28.59 155 14.84 45.60  8 .13 3.1 1.8 DEP    2.5X 112

1960 OCT  5 1839 30.32 19 29.11 155 19.95 42.97  7 .23 5.2 2.3 DML    2.7X 165

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 24

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 OCT  5 1908 43.22 19 24.65 155 13.54 30.00  5 .24 3.731.6 DEP  - 2.2X 153

1960 OCT  5 1922 40.32 19 29.04 155 14.62 28.59  9 .36 3.0 7.8 DEP    2.3X 115

1960 OCT  5 1947 37.93 19 30.76 155 12.16 13.29  4 .00  .9 6.1 DEP    1.7X 122 17

1960 OCT  5 2029 39.50 19 26.07 155 18.49 21.54  5 .01 1.8 3.0 DEP    1.7X  92

1960 OCT  5 2030 19.50 19 22.76 155 15.60 55.88  6 .12 3.9 6.5 DEP    2.5X 151

1960 OCT  5 2147 52.71 19 34.22 155 18.56 42.94  8 .05 2.7 1.3 DEP    2.4X 216 16

1960 OCT  5 2212  6.42 19 27.67 155 14.27 41.71  6 .19 4.4 5.9 DEP    2.8X 158

1960 OCT  5 2254  8.44 19 25.95 155 13.19 47.66  5 .03 2.4 4.3 DEP    2.3X 144

1960 OCT  5 2352 38.13 19 29.77 155 15.16 34.67  8 .06 1.6 2.9 DEP    2.0X 123

1960 OCT  5 2354 10.43 19 29.23 155 17.21 46.76  7 .06 3.3 1.4 DEP    2.4X 172

1960 OCT  6 0054 44.73 19 29.63 155 13.40 51.91  7 .05 3.4 1.5 DEP    2.2X 177 11

1960 OCT  6 0106 36.64 19 31.53 155 20.16 42.51  6 .13 4.0 2.7 DML    1.9X 215 12

1960 OCT  6 0120 12.17 19 29.91 155 13.04 50.15  7 .08 4.8 3.3 DEP    2.0X 172 12

1960 OCT  6 0135 50.66 19 34.35 155 22.67 39.38  7 .22 5.0 3.1 DML    2.1X 219

1960 OCT  6 0222 25.67 19 32.75 155 17.50 39.54  7 .19 3.4 2.4 DEP    1.9X 165 12

1960 OCT  6 0351 49.68 19 28.45 155 14.27 27.31  5 .01 1.4 4.6 DEP    1.8X 110

1960 OCT  6 0415  2.45 19 25.47 155 13.70 46.68  6 .06 2.9 4.7 DEP    1.8X 140

1960 OCT  6 0430  0.71 19 27.88 155 14.05 52.06  5 .09 3.2 5.5 DEP    2.1X 160 11

1960 OCT  6 0502 35.53 19 31.12 155 17.14 44.52  7 .11 2.1 2.7 DEP    2.0X 144 11

1960 OCT  6 0521 45.23 19 32.42 155 18.72 49.63  7 .09 3.6 2.2 DEP    2.0X 200 19

1960 OCT  6 0525 13.01 19 27.01 155 14.75 53.10  5 .08 3.5 6.2 DEP         151

1960 OCT  6 0543 46.54 19  5.11 155  3.44  8.37  5 .2711.019.1 LOI  - 1.9X 254 39

1960 OCT  6 0554 33.70 19 27.50 155 16.15 49.96  7 .11 3.8 1.6 DEP    2.8X 154

1960 OCT  6 0613 30.62 19 43.21 155 33.07 70.50  5 .04 8.5 5.4 KEA  - 2.3X 288 30

1960 OCT  6 0632  4.19 19 29.76 155 14.10 54.29  8 .21 4.5 2.5 DEP    2.5X 120 10

1960 OCT  6 0704 12.32 19 35.22 155 20.09 48.72  8 .10 3.7 1.5 KEA    2.1X 215 19

1960 OCT  6 0734 36.74 19 31.33 155 15.80 36.43  5 .10 2.4 9.3 DEP    2.0X 141 13

1960 OCT  6 0756 52.94 19 32.21 155 19.34 47.76  4 .01 3.1 3.0 DML  # 2.3X 202 32

1960 OCT  6 1002 20.36 19 30.33 155 15.05 42.49  8 .10 2.4 1.6 DEP    2.0X 128 10

1960 OCT  6 1133 16.04 19 29.05 155 15.40 53.56  8 .09 2.6 1.3 DEP    2.6X 118

1960 OCT  6 1139 40.91 19 31.20 155 15.98 48.05  8 .27 5.2 6.3 DEP    2.3X 141 11

1960 OCT  6 1146 48.96 19 33.40 155 17.04 50.38  8 .11 3.5 2.2 DEP    2.3X 169 13

1960 OCT  6 1437 23.70 19 30.16 155 15.60 44.91  7 .09 2.7 2.7 DEP    2.3X 179

1960 OCT  6 1616 14.71 19 29.92 155 15.01 25.47  6 .11 1.6 4.8 DEP    1.8X 124

1960 OCT  6 1916 44.28 19 26.42 155 27.02  3.76  5 .08 2.2 3.7 KAO    2.2X 260 13

1960 OCT  6 1942 25.68 19 29.65 155 12.79 47.65  7 .09 2.1 3.4 DEP    2.0X 116 12

1960 OCT  6 2051 14.94 19 32.58 155 20.04 79.86  7 .14 6.3 4.8 DML    2.3X 183

1960 OCT  6 2236 29.29 19 28.98 155 15.02 20.82  6 .13 1.6 4.1 DEP    2.0X 116

1960 OCT  8 1727 15.13 19 28.37 155 24.37 12.16 10 .09 1.2  .9 KAO    4.3X 126

1960 OCT 17 1343 25.40 19 23.66 155 13.81  8.05  7 .27 3.9 2.3 SF2 F  3.1X 293

1960 OCT 17 1500 26.45 19 31.01 155 18.03 42.57  7 .06 2.4 1.6 DEP    2.6X 147

1960 OCT 18 0929 54.51 19 27.39 155 18.03 37.00  6 .08 4.0 1.8 DEP F  2.7X 121

1960 OCT 18 1302 24.07 19 28.02 155 20.37 39.11  7 .17 2.7 4.2 DML    2.1X 103

1960 OCT 19 0641  3.47 19 28.02 155 16.04 39.71  6 .06 2.8 2.3 DEP    2.1X 145

1960 OCT 22 0226 12.73 19 23.80 155 16.30 13.60  6 .05 1.6  .9 DEP    2.4X 195
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN 25

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS

1960 OCT 22 0417 31.10 19 23.98 155 17.11 11.94  6 .03 1.4 1.0 INT    2.4X 137

1960 OCT 22 1223 23.24 19 22.80 155 18.39 27.47  7 .13 2.8 1.6 DEP    2.5X 142

1960 OCT 25 0518 30.21 19 25.44 155 16.12  2.00  6 .07  .7  .8 SNC    2.9X 146

1960 OCT 25 2131 56.28 19 26.04 155 16.85  0.89  5 .02  .7  .8 SNC    3.7X 134

1960 NOV  1 0632 49.42 19 25.99 155 15.20  0.03  5 .24 4.1 7.5 SNC  #      254

1960 NOV  5 1035 35.81 19 18.10 155  0.05  7.01  7 .11 1.511.6 SF5 F- 3.1X 287 29

1960 NOV  7 0936 29.13 19 25.94 155 17.64  4.63  5 .04 1.6  .5 SNC F  2.9X 208

1960 NOV  7 1227  5.88 19 24.93 155 18.67  3.52  7 .14  .9  .5 SNC F  3.1X  95

1960 NOV  7 2021 31.62 19 25.90 155 17.90  0.64  5 .02  .7  .9 SNC F# 2.6X 117

1960 NOV 10 1458 50.01 19 25.12 155 18.36  4.35  5 .08 1.4 1.1 SNC F  3.0X 113

1960 NOV 10 1545 10.72 19 25.22 155 17.96  4.06  6 .09  .6  .7 SNC F  2.8X  87

1960 NOV 15 1155 17.96 19 24.08 155 17.75  0.87  6 .03  .9 1.2 SSC F  3.0X 101

1960 NOV 30 1330 57.80 19 21.82 155 12.63 30.21 10 .08 3.3 2.0 DEP    3.5X 214

1960 NOV 30 1947 41.56 19 24.12 155 15.57 30.41 10 .07 2.9 1.5 DEP    3.3X 164

1960 DEC  5 1754 33.07 19 26.08 155 17.09 14.96  6 .05 2.0  .9 DEP F  2.6X 219

1960 DEC  9 0700 51.60 20 24.98 156  9.98  9.31  7 .04 4.9 4.5 KOH    3.4X 203 40

1960 DEC  9 0829  3.52 19 27.20 155 56.32  5.61  6 .03 4.5 1.1 KON    3.5X 343 58

1960 DEC 13 1206 51.12 19 27.03 155 16.49 29.35  8 .22 2.5 2.1 DEP    4.1X  99

1960 DEC 13 1208 16.07 19 24.07 155 17.25 33.01  9 .23 2.6 3.1 DEP    4.0X  79

1960 DEC 13 1232 16.09 19 23.54 155 17.30 32.96  9 .15 2.5 1.5 DEP    2.2X  91

1960 DEC 13 1252 27.53 19 22.92 155 16.83 30.92  9 .11 3.3 1.4 DEP    3.0X 103

1960 DEC 17 2057 17.38 19 39.58 155 58.47  4.58 10 .13 1.2 1.9 HUA    3.4X 199 64

1960 DEC 21 2215 45.49 19 21.33 155 15.18  8.52  7 .04  .8 1.2 SF1    3.6X 198

1960 DEC 25 0256 28.01 19 12.40 155 42.57  0.01  8 .18 5.0 1.4 LSW  # 4.6X 268 20

1960 DEC 28 2327 41.47 19 26.16 155 23.05  0.47 10 .13  .9  .6 KAO    3.3X 174

1960 DEC 30 0035  7.77 19 28.52 155 17.66 18.77  5 .08 5.6 8.8 DEP  - 2.8X 240
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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HAWAIIAN VOLCANO'OBSERVATORY SUMMARY 24

By H. Lo Krivoy, R. y~ Koyanagi, and Ao T. Okamura

Chronological summary

Coincident with the injection of magma into a"long section of
Kilauea's east rift zone during the brief 1961'eruption (Septo 21-25),
the summit of the volcano subsided rapidly. Although the total
subsidence during the 1961'eruption was only about one half as great
as that associated with the 1960 flank eruption at Kapoho, the rate
of subsidence in 1961 was far greater than in 1960. In contrast to
the 1960 subsidence, which continued slowly for months after the
eruption, the 1961 collapse terminated with the' eruption, and the
cycle of inflation at Kilauea which began late in 1960 resumed.
Slow swelling of the volcano continued through the rest of the year.

The tilting diagram (figo 1) showing the 1961 collapse is based
on changes between July 23 and October 8, and it obscures the high
rates of subsidence that occurred during the brief eruption. A more
detailed, qualitative picture of swelling and subsidence at Kilauea
is provided by a graph of the daily readings of the short-base
liquid-level tiltmeter in Uwekahuna vault (fig. 2), which summarizes
the history of tilting at that station from July 1956 to August
1962. For comparison, tilt coordinates and changes from December
1959 to October 1961 at the Uwekahuna field tilt-base are listed in
table 3.

During the later stages of the 1960 collapse, a great swarm of
shallow earthquakes originated in and around Kilauea caldera. During
February and March 1960. about 350 earthquakes were 'reported felt,
and thousands were recorded by the seismographs. No such swarm of
earthquakes at the summit of Kilauea accompanied the 1961 collapse,
although many earthquakes originated along the rift zone just before
and during the eruption 0 Apparently the collapse in 1961, like the
first week of collapse in 1960, did not strain rocks surrounding
the shrinking reservoir beyond the elastic limito The lower
pre-eruption level of the Kilauea summit, the smaller total sub
sidence, and the earlier cessation of subsidence in 1961, as compared
to 1960, might also have checked the development of a swarm of
collapse earthquake~ in 19610

Feeble shallow earthquakes at Kilauea caldera averaged about
20 per day throughout the quarter, A sequence of earthquakes from
Kilauea's southwest rift zone continued through the quarter; daily
counts of these earthquakes ranged from 1 to 31 and averaged about
10.

The most important seismic activity of the quarter originated in
a zone about 30 krn beneath Halemaumau (southwest edge of Kilauea
caldera) 0 Earthquakes from this source became prominent when Kilauea



began to reinflate in the fall of' 1960, following' the 1960 collapse.
During the last quarter of 1961 quakes of this family occurred in
groups of 40 or 50 over periods of 2 or 3 hours '0 About 'ISO of them
were large enough for study 0 Foci of these" earthquakes seemed to
follow no regular pattern of migration, but they showed a "normal"
scatter which indicated a source region that was 'broader than it was
high 0

Daily counts of these earthquakes -are shown in table 4. Only
one earthquake of this group had a magnitude larger than 2 0 4 during
October; but in November there were 34 such earthquakes, and in
December there were 17 0 The largest earthquakes from this deep
source occurred on November 21 (magnitude 3 Q 8).'November 23 (magnitude
3 0 8). November 2S (magnitude 3 0 7). December 2 (magnitude 3 0 9), and
December 31 (magnitude 3 0 9)0 Earthquakes of'magnitude 2 0 9 were at
the threshold of sensibility. and nearly all larger ones were
reported felto Ten were 'reported felt'during November and 5 during
December 0

Most of the other earthquakes felt in Hawaii during this quarter
originated in Konao They are listed in table 5.

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea' is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna vault (table 1),
and at irregular intervals it is measured on ~.regional scale by
means of a network of field tilt-bases and a portable water-tube
tiltmeter (table 2)~ The attitude of the ground' surface- at each tilt
base is reported in terms of north-south and east-west tilt coordinates.
Both coordinates at each station were arbitrarily set equal to 500
when measurements at that station were beguno Increasing tilt
coordinates correspond to northward and eastward tilting of the earth's
surface. that is, to a relative subsidence toward the north and easte
A l~unit change in coordinate corresponds to a'tilting of 1 micro
radian (1 mm per km) in the direction indicated o

Seismic summary

Events recorded by the U0 8 0 Geological Survey seismograph"network
in Hawaii fall into two categories~ local earthquakes and tremor
originating in the region of the 'Hawaiian Islands, usually within
100 km of at least ope seismograph, and distant earthquakes origi
nating more than 3,000 km from Hawaiio As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and
minutes of tremor recorded by seismographs in Hawaii are listed in
table 4 0 The earthquakes are separated into groups on the basis of
region of origin as determined by analysis of records obtained daily
at the Observatory (U, M. A. D. N)o Earthquakes of magnitude 2 0 5 or

2



greater are generally sufficiently well recorded 'to be located with
greater precision; they are listed individually in' table 5. - Data on
identifiable phases from distant earthquakes' are listed in'table- 6.

Locations of the seismograph stations are'shown on figure 3,
and essential data on the stations are given in Summary 21.

3



Table lo--Ti1t coordinates at Uwekahuna vault, October, November, and
December, 1961

N-S
. ,

E-W Date N-S E-WDate

" .

Octo 1 410 588 Nove 19 412 562
......

8 410 584 26 414 556

15 411 577 Dec. 3 415 554

22 412 572 10 415 556

29 414 568 17 415 555

Nov~ 5 408 569 24 415 554

12 409 566 31 416 552

4



Table 2v=~Tilt coordinates and changes at bases around Kilauea- caldera (see figo 1)

Tilt base Date Tilt coordinates Rate (10=6 rad/mo) Date of
(location) (1961) and direction of last

tilting since reading
-.. ~

N=>S Ec=W last reading (1961)
:

Uwekahuna
(19°25 0 5' No, 155°17 0 4' Wo ) Octo 6 358 0 9 56502 54 0 8 So 32° Eo Septo 22

Tree Molds
(19°26.3' Not 155°17 0 3' WG) 7 389,5 52806 27.8 S!) 16° Eo July 25

Sand Spit
(19°24 0 1' No. 155°16 0 8' Wo) 11 839~O 696.2 54 0 0 So 15° Ec 25

Kalihipaa
(19°21.4' Ne • 155°1503' W" ) 8 580 0 4 421 0 3 16 6 4 No 20° W. 22

8 580.3> 421 0 3 34 0 3 N6 29° We Sept 0 22

Keamoku
(19°25.1' N6• 155°19 0 0' w. ) a 443.2 677.8 49.7 Sa sao E. July 21

Kamokukolau t

(19°22 0 7' N. , 155°16 0 6' We) 7 769/94 469.4 90 0 0 No lao We 21

Kipuka Nene
(19°19.4' N., 155°16.7' Wo ) 9 516 0 3 495 t 4 3 41 0 No 34° w. 24

Hilina Pa1i
(19°18.2' No. 155°18.6' W0) 9 511.0 497 0 8 2 tl 9 Ne 32° We 23

Mehana
(19°26.2' N a • 1550 14 e 3' Wo) 10 524 0 5 527.6 10.8 S" 47° We 25

Nov. 2 525.5 530ga 4 8 5 N. 72° Eo Oct 0 10
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Figure l.--Tilting of the ground around Kilauea caldera. July 23. 1961.
to Oct. 8. 1961. The vector depciting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting dur~ng the
measurement interval. Closed circles represent fie¥d tilt bases;
open circles. short-base water-tube tiltmeters.
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NORTH
TILT HISTORY AT UWEI<At«JNA VAULT 200-INCli. LIQUID-LEVEL "'ETER E-W AND N-S COMPONENTS

NORTH

I

Figure 2.--East-west and north-south components of tilt revealed by daily readings at the short-base, liquid-
level tiltmeter in Uwekahuna vault.

Data are plotted from July 17, 1956, when these readings began. The plots represent computed relative
tilt based on 7-day avera~es and referred to an arbitrary base value of 500 parts per million on
January 1, 1958. Departu ~es from this base, therefore, represent changes of inclination at Uwekahuna
in parts per million, or microradians. The curves are further keyed (along the date-line abscissa)
to important periods of both geological and instrumental change.

Tilt variations toward the north and the west represent inflation of Kilauea centered approximately
at Halemaumau. Important inflationary peaks were reached on January 12, 1960 and September 20, 1961
with a third cycle of swelling in progress on August 15, 1962--where the curve presently ends.
Conversely, deflation such as Kilauea experienced on January 13, 1960 and September 20, 1961 is
demonstrated by inclination of this tilt base toward the southeast.



Table 3 o .--Tilt
--.....-----~-...- ........~IJ!I!!.II~~~......M!I!~------

[In general. tilting toward the northwest at Uwekahuna indicates swelling
of Ki1aue~ and tiltin~" toward" the south~ast indicates subsidence]

..." ...........a

Dates Tilt coordinates Rate Azimuth
(u-rad/mo)

'.. ~:

N-S E-W
~~

12/28/59 to 3/28/60 518 480 i '.'" 118 So 34° E.
-"

3/28/60 to 7/5/60 219 679 19 S., 32° E.

7/5/60 to 9/16/60 216 678 1 S. 21° W.

9/16/60 to 11/29/60 283 609 39 No 46° We

11/29/60 to 2/23/61 375 548 38 N. 34° W.

2/23/61 to 5/8/61 444 514 31 N. 26° We

5/8/61 to 6/26/61 A 468 503 16 N. 25° We

6/26/61 to 7/22/61 477 492 16 N e 51° w.

7/22/61 to 9/22/61 404 546 44 Se 37° Ee

9/22/61 to 10/6/61 360 565 55 Sf) 32° E.

8



Upolu Point

EXPLANATION

20·

Capt
Kumullohl

Kolopano

10 15 Mil..

10 20 25 Kllom,',,.

• SeismoQraph Station

• Town or locolity

Contour intervol 1,000 feet
Ootum i, m,on 110 1,.,1

Topoorophy by US G,oloOlcol Sur.'y

Apuo Point

Laupahoehoe -+- _

,-----------------------+----------- I'·

Figure 3.--Map of the island of Hawaii showing seismograph statione
operated by the Geological Survey and localities mentioned in the
text. Epice'nters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the map.
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Table 4.--Numbers of earth uakes tremor recorded on
U, M, A, D, and N

Table 4. summary 24. p:

ra hs around Kilauea

[Tremor is separated into three categories--(l) deep, (2) intermediate, and (3) shallow--on the
basis of relative amplitudes on seismographs in the summit region. Unless otherwise stated,
tremor is presumed to be associated with movement of magma within the central complex of
Kilauea.

Halemaumau rock slides (4) are detected by the characteristic record they produce on the North
Pit seismograph.

Earthquake categories are: 5, shallow earthquakes in the Kilauea caldera region;
6. shallow earthquakes along the SW. rift zone of Kilauea and the

adjacent portion of the Kaoiki fault system;
7, earthquakes along the eastern half of Kilauea's east rift zone;
8. earthquakes from a source about 30 km beneath Halemaumau (SE.

edge of Kilauea caldera);
9, earthquakes from other regions: Kona, Mauna Kea, etc. ]

~

Date Tremor (in minutes) Halemaumau Kilauea SW. E. 30 Others
(1961) slides caldera rift rift km

Deep Intermediate Shallow

1 2 3 4 5 6 7 8 9

Oct. 1 - .._.. ------------ ---......- 3 36 10 1 5 --------------2 .._~- ------------ ......_-..- 1 35 14 1 1 1
3 ---~

..__-._~--~ .._- _-.._-..-~ 2 18 7 2 2 --------------4 .._~- -~ .._-...._.._...... ----.. -- 1 25 1 -.-,- .. 2 2
5 ---- ------------ 3 ---------- 21 19 ........ -- -....._-_.........---~
6 21 ..~---------- ------- ---------- 22 8 ---- 1 --------------
7 33 --------.. - ..- ------- -.......----- .. 28 12 ~--- 5 --------------
8 _....- -_..--------- ------- 1 29 11 1 2 --------------
9 ---- ------------ 3 7 53 18 4 1 1

10 4 ------------ 5 16 54 9 1 3 --......-....- ....- ....
11 ---- ------------ 12 ---------- 13 13 1 3 2
12 ---- ..-..~--- .._-_ .. 5 2 9 6 ----- 1 -_..~......-..-..-..-
13 32 _.._--.._-~-_ .. ------- 2 38 8 ---- 4 1 (60 km)



14 ..-..-~ .._--~~-. ------- ---------- 33 8 5 ---------------
15 --..,-....~_ ......- ------- 1 18 5 1 3 1 (60 km)
16 ~----..._~ ..--- ..-.._-~- -.. __..~ .._..- 12 2 2 6 ....~_ ..----_..-_ ...-
17 ------------ ------- ---------- 23 7 1 2 _..._~_ .._-_ .._-....-
18 ------------ --_.-...-~ -~~ ..__..-.... 15 8 1 3 (Kona)

19 -..~---~- ....-- ..---~-- .._-~--_ ..-- 17 6 1 3 ~--_-.-.....----~-~
20 ------------ ------- ---------- 21 2 4 1 (Kona)

21 ------------ -_...._..- .._---~_ ....- 24 7 5 1 (Kona)

22 2 ------- ---------- 7 6 1 5 ..--_-...-.....~ ..-.._~
23 -_.._..........__.. ------- ---------- 27 2 1 5 ---------------
24 ------------ ------- ---------- 19 5 5 ---------------
25 ------------ ------- 1 22 1 1 1 ---------------
26 ------------ ------- 1 20 10 1 ---------------
27 ------------ ------- ---------- 1E> 9 2 ----..-.._--~-_ ..-
28 ------------ ....~ .._-- ---------- 17 9 2 1 (Kona)

29 3 ------- 3 20 10 6 ---------------
30 3 ------- ---------- 12 8 3 3 _.. __ ...--..........--..
31 40 ------------ ------- 1 24 7 _......... -. ............._..-

~.
~ Nov. 1 -.._--_.....--.. ...~ ---......- -_ ..._-~~-.-- 40 2 2 4 (Mauna Loa)

2 ------------ ------- 1 30 5 1 4 _.._~ ..----~--_ ..-
3 ------------ -----...-- 1 40 9 2 2
4 ------------ ------- ---------- 40 11 1 25 1 (Kamuela)

5 --....-.._......-~ ------- ---------- 46 30 25 1

6 --------_..-- ------- ---------- 40 8 1 8 1

7 ...._- ....----~ .. ------- ---------- 40 5 10 1 (Mauna Loa)

8 ...._.....~..--~ .... --_.......... 2 17 12 1 5 1
9 2 ------- ---------- 25 10 2 6 1 (Koha1a)

10 .._-_ ...._--_..- ..-_....-. .. ---------- 30 16 3 1 (Koha1a)

11 _.._~~----_ ..- -~_ ........ ---------- 50 11 4 _..._-- ....--_.......--
12 ------------ --------- ---------- 30 8 16 ---------------
13 --~------....- --_........ ---_.._.,----- 25 4 18 1 (Kona)
14 4 ..-_ ....~- ..-....-..._....~ 23 15 1 12 -_ .._--..~--_ .._---.
15 ---~-~_..-..-- -........_.. -... --_..-~..- 30 7 6 ...._-~--~ .._..~--~
16 ------------- ------- -----....-.... 24 13 1 19 2
17 ~_..--_.._---.. --~ ..._.... .. ..._- .._~_ ..- 35 37 42 2
18 ~- ...._..__.._~-

-~_ .._..- 2 30 23 3 -----..---------..
19 ---~- .._----~ ----....... ---------- 26 13 1 54 ---------------
20 ------------ -_..~--- ......_--_.-_.. 18 6 49 ---------------
21 ------------ ------- ....----_.-~- 56 6 150 1 (Kona)

22 ........~ .._--~- .. ------- ---------- 20 11 61 2
23 .._-_...._----- 8 1 19 5 55 ---_....-----_.._..



24 ---- -- ..--_-._---_.-- _..~~_ ..- _.._....-..~..- 17 11 ---- 30 2
25 -_ ..- ..-..-_......._~-- ------- -~----_ ...... 10 14 ---- 41 2
26 ~--~ .._--...._------ .... --_.... ...............--- 32 12 ---- 32 -. ..~_ ..-..~- ..~----
27 ---- ~ .._---_...._~- ~---- ..- ~---_ ..-.....- 29 11 2 28 ......_-_.. -_ .._-......

28 ......- ...........-_----- ~---- ..- -~..,-~-_.._- 32 21 ..---- 18 ...._-.., ... -_ ..--_ .._-
29 ~-.... ....-.-..-........_- -- ............ ......_-_..--- 16 12 ..-. ..- 5 1 (Kona)
30 ---- ------------- ..---_.... ~ ...._......_-- 11 16 -~-- 19 2

Dec. 1 ---- ~ .._..-........_..- 2 --_.. -- ..----- 11 7 ---- 6 -~~--------..-..-
2 -_..~ ------------ ....--_.... ..-~----_ ..- 8 7 -~-- 63 ~--_..----------
3 ---- ------------ ..........._- 1 10 6 ....._- 35 ~------~-------
4 ---- ------------ ----..-- ------........ 26 11 _....- IS 2 (Mauna Loa)
5 ---- ------------ ------- ---------- 28 10 -~-- 8 2 (Mauna Loa)
6 ---.. -- -----_ .._-~_ .. ------~ 19 21 5 .._-- 13 1
7 ---- ------------ ..- ........- 2 12 11 ---- 22 1
8 3 ...._--------- ..- ..---- .._---..- ..-- 18 11 ...... -. 11 ...~--~--~-_ ....---.
9 --~~ ----.-, ......_--- ..~-._-._-. --~ .._-_....- 40 7 1 12 1 (Kona)

10 ---..-- 2 _......~_ .. 4 17 7 --~ .. 5 1 (Kona)
11 .... -.- --_..._-------.. -.-._ .... - .... 2 14 12 ---- II 1 (Kona)
12 ......... ----_......_-_ .. --..---- ----.._..---- 22 6 1 9 1
13 ---- I .......~~_ .. 2 28 5 ~- ..~ 4 ---------------
14 19 ------------ _-._---- 8 26 6 -- .... 2 -------------....--
15 _....-

~~- ..---~_ ....- ......_-.... 2 12 15 1 28 .._--_.._--_.... -~-_..
16 ..--- ------------ ~--- ..-- ----- .._---- 6 15 ---- 22 2
17 .._..- 5 ------- 5 14 10 ---- 13 2 (Kona)
18 ......- ...._---~- ........ ------- 1 18 18 ........ 12 1 (Kona)
19 -~..- -~----_.._--- -------- _..-----_.... 7 6 ....-- 18 ----_..-.._-~----
20 ---- ------------ 2

~---------
18 16 1 4 1

21 _..~- ------------ ....----~ 2 23 25 ---- ... 13 1 (Kona)
22 --_...- 2 ....- .._-- ..~---_ ..--- 46 20 1 20 ..~---.- ...--_.._-~-
23 --~- 5 ~.._...._..

--~_ ......---.. 32 23 ---- 10 .. -. .......-~-._- ..---~
24 ----- ------------- -- ..- .._- -~-~ .._..~ ..- 70 31 ~--- 15 1 (Kaoiki)
25 -_ ...- 5 ........__ .. 1 38 9 2 2 3
26 _..~- 5 ------_ .. _-.--..---_.. 50 12 ---- 7 1 (Kona)
27 --~.. -------_.._-- 2 _......._-_ .. --.. 50 10 -~_.. 7 2
28 16 ..-..~_ .._..__..- ......--.....

~-----~ ..~- 59 3 -_ ...- 24 -----------..---
29 12 _.._--------- _..~.._~- ..--_..~ ..-..- 51 14 ---- 12 ----------------
30 .. ~~..., ------------- _.._---~ . ..~-_ .._~-- .. 63 10 1 7 3
31 2 --...._- ...._--- -_ ....__ ... 6 34 12 1 55 1



Table 50 ==Loca1 earth uakes recorded.
October,

the UoS o Geolo ical Surv
er, -1961

[Except for smaller earthquakes of 'special interest j only earthquakes with magnitudes of_ 2 0 5 or
greater are listedo Origin time is Hawaiian standard o

In the following list some origin times are followed only by "KM 30" and a statement of magnitudeo
These are all members of a continuing family of quakes noted in other reports as wello They
were especially predominant in this quarter and thus are listed in this abbreviated fashiono
The most accurately located mean epicenter for this group is under Halemaumau at a depth of 30
km (190 24 0 1 v N~, 155°17 0 1' W)o ]

tho

tho

Date Time Magnitude Epicenter Re'marks
(1961)

h m s Lato No Longo We) ,Des_cription- - -
19°1505' 155°30 0 3' of

... -.-
At shallow depOcto 1 22 10 25 0 0 2 0 5 6 km NNW 0 Pahala-.c===---·

2 00 17 46 0 5 2 0 3 19°18.8' 155°0500' 45 km So of Hi10, Eo rift 3 km deepo
zone of Ki1aueac

4 06 01 25 0 7 2 0 3 19°22 8 7' 155°1908' 6 km Wo of Ahua sei~mo~ 25 km deepo
metero

-5 02 25 37 0 5 3 0 3 19°29 0 8' 155043~5t 20 km ESEo of Kealakekua- 3 km deepo

6 12 46 22~5 2 0 7 19°09 0 1' 155°26,,7' 6 km SEa of Paha1a j SW o 8 km deep 0

rift zone of Ki1auea o --

15 19 05 22 0 3 2 0 5 19°37.1' 155°16 0 2' 22 km SW o of Hi1o-~-~c=_-- 55 km deepo

18 08 34 2905 2 0 6 19°47 0 7' 155°39$8' 7 0 5 km So of Waikii--c=--- 8 km deepo

18 17 15 3205 2 0 6 19°46 0 4' 155°49.9' Beneath PUll Waawaa o Felt At shallow. dep
in No Kona and.Kamuelao



Table 5~==Local earth the UoSo. Geolo ical .Surve ~

~~~~..-e~~~II!!Ie!I~"''''£IIIIII~~e~·r~,~,.1_9.6!11161 =>'?ContJ.nue

tho

tho

Date Time Magnitude Epicenter Remarks
(1961)

h m s ' -Lato No L.ongo Wo 'D.escript ion
~ ~ ==-

Oct: 22 09 49 4505 2 0 8 19°11 0 7 9 1550 35 0 3 i 14 km No of Naalehu====== 3 km deepo

23 05 04 49 0 0 2 0 6 KM 300

29 07 25 21 0 0 2 0 2 19° 2902 Ii 1550 51 0 2 w 10 km SE o of Kealakekuac ~t shallow; dep
Felt near Kealakekuao

29 11 39 09 0 7 20.5 19°4302 9 1550 13 0 6 Y 15 km Wo of Hilo========= 30, km deepo
;

Novo 3 09 13 14 0 5 2 0 6 19°53 0 0' 155°34 0 9' 18 km SEo of Kamuela--=-==-= At shallo'.'1 dep

'"
4 06 24 29 0 0 3 0 0 19°22 0 1' 155°29 0 4' 18 km NNW o of Pahala==-==- 8 km deepo

5 06 56 27 0 0 3 0 0 19°47 0 2' 155°34 0 8' 11 km SEo of Waikiio 12 0 5 km deepo
Felt near PUll Waawaao

-

5 07 20 52 0 3 205" KM 300

19°2105' 155°32 0 4' 20 km NW o of Pahalae==~--.c=
- .

krn deep 05 14 14 37 0 5 2 0 6. 12 0 5

8 11 51 00 0 5 2 0 4 19 0 26 Q 5' 155°1805' 11 km SEc of Mauna Loa Doo
seismometerQ

10 05 38 17 0 4 3 0 4 19°25 0 8 9 1550 18 Q 8' 11 km SEo of Mauna Loa Do o

seismometero. Felt in
Hilo and Kilauea.caldera
region.



recorded b
er, November-;

Surv

ptho

pth~

Date Time Magnitude Epicenter Remarks

(1961)
h ID- S Lat. No Longo Wo .. De·scr.iptiJJn .'- - -

.'
..

Novo 12 15 45 22 0 0 2 0 7 19°2005' 155°09 0 8' 29 km 5W o of Pahoa. Eo rift 3.~.km deepo
zone of Kilaueao

14 04 51 27.0 3.3 19°25$4' 155055~3' 11 krn 59 of Kealakeku~o Doo
Felt in Honaunau'.

16 06 17 12.4 205 KM 30.

16 15 10 1601 2 0 6 KM 300

16 16 50 41.9 2.7 KM 30.

16 19 03 51 0 2 2.5 19°12.9' 155°21.2-' 30 km NE. of Naalehu------- .35 km deep.

17 17 48 47.0 2.4 KM 30.

17 19 33 26.0 2.5 KM 30e

17 19 56 49 0 5 3.0 19°44 0 3' 155°57.6' 25 km NNW. of Kea1akekuao At shallow de
Felt near Puu Waawaao

17 23 22 37 0 4 2
0

8, KM 300

18 03 44 OOet5 2.5 KM 300

18 08 09 14 0 5 3,0 19°26 0 3' 155°54 0 7' 9 krn S. of Kealakekua. At shallow de
Felt throughout Kona6

18 09 41 01 0 5 2 e 7 KM 30 c



Table 5o=~Local earth

Date Time Magnitude Epicenter -Remarks
(1961)

Description
. -

h m s Lato No Longo Wo- .- ....

Novo 20 01 40 24 0 0 2 0 9 KM 300

20 03 14 07 0 1 2$6 19°21 0 7' 155°06.4' 8 km Eo of Makaopuhi 5 km deepo
Crater, Eo rift zone

.-

of Kilaueao

20 19 40 27.2 2.5 KM 30.

21 00 41 25.5 2.9 KM 30. Felt on Eo rim
of Kilauea caldera.

21 02 42 56 0 9 2.4 KM 30.

21 23 22 39.3 3.a KM 30. Felt in Hilo,
Kilauea caldera region,
and No Kana.

21 23 25 56.8 2.4 KM 30.

21 23 27 05.4 2.6 KM 30.

21 23 46 01 0 9 3 0 0 KM 30. Felt on Eo rim of
Kilauea caldera.

21 23 48 1809 3.0 KM 30.

22 00 Ct9 20.7 2.7 KM 3041

22 03 27 35.5 2.9 KM 30.



Table 50 :==Loca1 earthquakes recorded by seismographs of the U Cl S 0 ~eo1ogi.ca1 .. SurveYI'
October, -- November," and~'December:, '~1961~t:S>Cont~nued

th.

Date Time Magnitude Epicenter Remarks
(1961)

h m s Lato No Longo WO Description"- - -
..

48 0 1 3 0 1 KM 300Novo 22 05 44

22 10 55 55 0 5 3 0 2 KM 30 6 Felt on No rim
of Kilauea calderat)

22 16 32 41 e B 2.6 KM 30 0

23 06 39 41 0 2 2,,4 KM 30e . - ....

23 07 24 54.5 2 11 7 KM 30.

23 16 29 36 0 6 3.0 KM 30. Felt on.NE. rim
of Kilauea caldera,

23 17 09 55.7 3 0 3 Do.
:,

23 i7 14 30 0 6 3 0 8 KM 30 41 Felt throughout
Kilauea caldera re'gion.

23 17 30 41.4 2.5 KM 30.

24 05 35 40.7 2.9 KM 30. Felt on NE o rim
of Kilauea c.a1dera•

.,

24 10 31 11.8 2.7 19°18 0 1' 155°07.7' 17 km SEe of Ahua seismo. .8 kin deepa
meter.

24 20 46 55.5 2 ca 4 19°21.2' 155°47 05 ' 23 km SE.of Kea1akekua--- At shallo~ dep



Table 5o=~Loca1 earth

Date
..

Time Magnitude Epicenter Remarks
(1961)0.

h m s Lat 0 No Longo Wo Desc.ription - ..

~ - ~

Novo 25 06 14 11 0 0 2 0 4 19017~3t 155°1106' 12 0 5 km SEo of Ahua 12 0 5 km deepo
seismometer 0

25 06 14 2105 2 G 7 19°17 0 9' 155°0805' 17 km SE o of Ahua 3 km deepo
seismometer 0

25 13 26 03 0 0 3 0 7 KM 300 Felt in No Kona
and Kilauea caldera
area 0

25 20 22 5505 2 0 '3 19°44 0 0' 155°3101' 47 km Wo of Hilo--------- 8 Jan deep.o

27 01 32 35 0 8 2.8 KM 30 0

27 04 51 23 0 5 3 0 4 KM 30. Felt from Kilauea
caldera region to Kona.

27 09 44 45 0 5 2.5 KM 30.

27 15 55 40.0 2.5 KM 30.

30 14 30 49 0 5 2.6 KM 30.

30 16 51 17 0 5 2.4 KM 30.

30 18 58 46 0 5 2 0 6 KM 30 0

30 20 14 26 0 1 2.5 KM 30.



tho

tho

Date Time M.agnitude Epicenter ·-Remarks

(1961) .-

-. h m -s Lata Nt) Longo Wo .- Descrip.tion-- - -
Deco 1 06 37 43t)6 2 G 8 KM 300

1 07 33 58 0 0 2 0 9 19°22.2' 155°42 c O' 23 km E, of Hookena. SW o. At sha11o~ dep
rift of Mauna Loao

1 09 09 38.1 2.6 KM 300

2 18 57 59 c 8 3G9 KM 300 Felt throughout
the island o

- -

2 20 28 45.0 203 KM 30.

3 01 01 35 0 8 2.6 19°24.2' 155°25.3' 8 km NNW. of Desert 5 km deepo
seismometer.

3 11 33 37 0 6 2 0 4 KM 300

4 01 06 5003 2.3 KM 300

4 04 12 17 0 5 2.3 KM 300

4 14 08 03.5 3.1 KM 30.

4 23 27 50 0 0 2.6 19°19 0 8' 155°44 0 6' 20 km SEo of Hookena. SW o At shallow." dep
rift of Mauna Loa.

-

5 01 54 19 0 0 2 0 5 19°18 0 7' 155°09.2' 30 km SWo of Pahoa--~ca-o:- 3 ~m deep.
- -



Table 5o~~Local earthquakes recorded by seismographs of the UoSo Geological Survey,
October, November, and December, 1961-~Con~inued

the

tho

th~

Date Time Magnitude Epicenter Remarks

( 1961)
h

- ~. .

rn s Lat$ N~ L'ongc w~ Description- - -
Deco 5 06 32 52 0 0 2 0 9 19°2102' 155°47.3' 13 km ESEo of Hookena~~~ At shailow dep

-.

5 13 19 31 0 8 2.9 KM 30 0

5 17 11 13 e 8 2 0 4 190 21e2' 155°47 0 3' 13 krn ESE, of Hookena--- At shallo~ dep

5 20 41 28 e O 3 0 3 19°10.0' 155°38.3' 13 km NW& of Naalehu. 25 km deep.
Felt in Pahala.

6 03 08 05 0 5 2 9 6 19°13.6' 155°00.3' 21 km SSW. of Pahoa----- 35 km deepo

7 09 42 59 0 7 2 0 6 KM 30.

9 16 59 19 0 8 2.9 KM 30 6 Felt on Eo rim
of Kilauea caldera.

9 19 37 52 0 5 2.7 19°44.5' 155°57.4' 12 km NNE e of Kailua---- 8 krn deep.

10 20 47 34.0 2 0 6 19°59.7' 155°31.0' 10 km SW. of Honokaa---- Do.

11 17 03 1803 3.0 19°24.3' l55044~8' 17 krn Eo of Hookena----- At shallow dep

11 21 55 31 0 5 3 0 0 KM 30. Felt throughout
Kilauea caldera
region.

13 01 36 32$5 2.6 KM 300



Table 5o~=Loca1 earth
October,

ical..Surve

. -

Date Time Magnitude Epicenter Remarks
(1961)

h m s Lato No L~ngo Wo Description- - -
DecG 15 10 37 20 0 9 21'5 19 0 31 e 4' 154°50 0 3' 35 km SEo of Hil0. Eo 8 km deepo

rift zone of Kilaueao

15 11 17 57 G 4 3,2 KM 30 0 Felt on E G rim
of Kilauea caldera G

16 20 48 58 0 8 2 0 3 19°37 0 1' 155°16.2' 21 km WSW. of Hi1o------ 1205 km deepe.

17 05 46 15 0 0 2 0 2 KM 30e

17 07 19 44.4 2.3 KM 30.

17 07 50 52 0 5 304" 190 37 Q 7' 155°51 0 2' 10 km Eo of Ho1ua1oao 1205 km deep 0

Felt near Kealakekua.

21 03 04 55 t 5 2.5 19°57 0 7' 155°19.6' 10 km SW o of Laupahoehoe Do.

22 05 57 43 0 1 2 0 8 19°22.8' 155°48.7' 10 km Eo of Hookena----- 3 km deep.

23 06 37 1305 2.6 19°20.7' 155°30.6' 16 km NNW. of Pahala---- Do.

23 08 18 32 0 8 2.5 KM 30.

24 10 54 40.6 3.0 KM 30.
"

24 22 29 3409 2e>S 19°26.2' 155°26.1' 9 km SW e of Mauna Loa 8 km deepo
seismometer.



Table 5o=~Loca1 earthquakes recorded by seismographs of the UcSo.Geological Survey,
October, November,' and December', 1961-~~ontJ.nued-- ,

Date Time Magnitude Epicenter Remarks
(1961)

:

h m s Lato No Longo Wo -De.sc~ipti·on.- - -
"

Deco 25 10 17 45 0 0 2 0 4 19°28 0 3' 155°28 0 3' 30 krn No of Pahala":'=o--~- 5 km deep 0

26 19 48 04 0 3 2Q9 1902g e 2' 155°50 0 9' 8 km ESEo of Kealakekua.. 3 km deep 0

27 17 14 27 0 7 2 0 7 19014 c 2' 155°3500' 19 km N. of Naalehu----- DOe

28 00 28 46 0 0 2 0 7 19024 t 2' 155°06.1' 20 km SW o of Pahoa, Eo Doo
rift zone of Kilaueae

28 22 42 57~6 301 KM 306

28 22 43 33.6 2.5 KM 30.

30 12 09 30 0 0 2 0 6 19°46 0 7' 155°26 0 3' 37 km WNW 0 of Hilo------ 8 km deep.

30 13 08 22 0 0 2.5 KM 30 1t

31 06 03 23.2 3,00 19047~0' 15.5°31.8' 5 km No of Pohakuloa 0 8 km deepo
Felt in Pohakuloao

31 07 43 44 0 8 2 0 9 19°20 0 8' 155°26 0 3' 35 krn NW. of Naalehu---- 3 km deep 0

31 08 13 06.8 2 0 5 19°14" 5' 155°12 0 8' 40 krn SW o of Pahoa------- 5 km deepC)

31 08 52 09'09 3 0 9 KM 30e Felt on Eo rim
of Kilauea calderae

31 11 38 17.0 3.6 20°54' 154°46' 139 km NNE G of Hilo----- 124)5 km deepo

31 19 07 22 0 7 2e9 KM 30 0



Table 6 o -·Distant earthquakes

[Times are reported in Greenwich civil time which is 10 hours faster
than Hawaiian standard- -time 0 A "c'" following the time of P
indicates compressional' first-motion; a "'d'" indicates dilatatio'nal
first motion o Station"symbols, locations, and instrumentation are
presented in Summary'2l o ' Magnitudes calculated from the Hawaii
seismograms are followed "by' '(HVO) .' Locat ion of epicenter. origin
times', and focal depths. ,- and .magnitudes 'reported by other institu
tions are t'aken from-·t.tpreliminary· Determination of Epicen.ters"
published by the ,U~So 'Coast- and:'Geodetic Survey] -

Octo 2 Oct. 8--Continued
•

M z eP 07:12:34.2 c u z iP 23:52:22 0 7 d

A

D

u

Z iP

Z eP

PEZ eR

07:12:33 0 5 c

07:12:34 0 0 c

07:29:07

C&GS card 82-61:
1.60 N•• 127.30 E.
23:41:32.20'
Halrnahera.
h about 102 ~m.

'Octo 18From a southerly direction o

No preliminary C&GS'list~ngt

Octe! 4

u

u

PEZ ePP 17:l5:54

PEZ iPPP 17:17:58

u

u

u

PEN eS

PEZ eS

PEZ eR

02:39:11

02:46:47

u

u

M

PEZ is 17:23:28

PEZ eR 17:35:32

Z Tmax 18:51:05

C&GS card 81-61:
13 0 2° Sa, 166.50 Eo
02g23:23C)5.
New Hebrides regiono
h about 66 kmo'

Oct <) 5

Pa Z iP 18:17:52 0 8 c

'~agnitude 6.8 (HVO).

C&GS card 84-61:
36~7° S~. 72 0 6° W.
16:52:0002 Q

Near coast of southern Chileo
h about 67 km o

~agnitude 6.5 (Pas)o

Oct. 21

No preliminary C&GS list~ngo

Octo 8

M

A

D

z

Z

z

iP

iP

iF

23:52:22.3 d

23:52~2308 d

23:52:23 0 4 d

21

M

A

D

u

z
z

z

Z

z

iP

iP

eP

eP

iF

11:50:57.9 d

11:50:57.4 d

11 : 50 ': 57 e 6 d

11:50~5701 d

11:50:57 0 6 d



Start of pressure waves caused
by Russian nuclear explosion.
First waves had average period
of 105 seconds.

C&GS card 96-61:
3.5 0 N•• 126.6° E.
14:52:28.2.
Molucca Passage.
h about 32 km.

C&GS card 91-61:
3.50 N., 126.40 E.
14:39:33.5.
Mo1ucca Passage.
h about 25 km.
Magnitude 6.5 (Pas) 6.25
. (Berk).

Ocs· 23

M Z iP 15:04:27.4 d

A Z iP 15:04:28.5 d

D Z iP 15:04:27.3 d

U Z iP 15:04:27.8 d

15:14:27

15:14:15

15:14:19

16:49:00

05:34:36.7 d

05:34:37.8 d

05:34:37.3 d

iP

iP

iP

z

PEZ eR

z

PEN eR

PEE eR

z

PEN

u

M

A

u

u

D

u

Oct. 23

Oct. 24

.. Oct ~ .23--ContinuedOct. 21--Continued

Ka Z eP 11:50:58.3 c

Na Z iP 11:50:54.0 c

Pa Z iP 11:50:59.8 c

Hi Z iP 11:50:59.9 d

Ha Z iP 11:51:02.7 C

C&GS card 84-61:
18.0° S't 178.5° W.
11:43:41.3.
Fiji Islands.
h about 618 km.

Oct. 21

M Z iP 17:43:01.8 c

A Z eP 17:43:02.1 d

D Z iP 17:43:00.6 c

Pa Z iP 17:43:02.8 d

Hi Z eP 17:43:04.6 c

C&GS card 85-61:
10 .8° S., 166.0° E.
17:34:36.8.
Santa Cruz Islands.
h about 192 km.

Oct. 23

M Z iP 14:51:33.0 d

A Z iP 14:51:33.4 d

D Z iP 1l~:51:32.6 d

U Z iP 14:51:32.9 d

U PEE eS 15:02:20
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Table 6.--Distant earthquakes--Continued

Oct. 24--Continued " "Oct~'29

u z iP 05:34:37.1 c u PEN eL 09:27:29

From a northerly direction.

No preliminary C&GS list~ng.

Oct. 26

Hi -z

Ha Z

Ha Z

eL 09:27:33

aL 09:28:02

Tmax 09:56:43

M

A

D

z

z

z

eP

eP

eP

00:48:35.6 c

00:48:35.8 c

00:48:35.2 c

M

A

D

z

z

z

Tmax 09:57:13

Tmax 09:57:26

Tmax 09:57:26

u PEZ eP 00:48:35 c u z Tmax 09:57:25

u PEZ eSS 01:00:42 Pa Z Tmax 09:57:27

u

u

u

u

PEZ iR

PEE is

PEE eG

PEN eG

01:05:40

00:56:45

01:03:20

01:03:25

C&GS card 86-61:
49.0° N•• 128.7° W.
09:12:15.7.
Vancouver Island region.
h about 16 km.

··Oet.'29

Magnitude 6.5 (HVO).

C&GS card 89-61:
3.10 S., 147.4° Eo
00:38:20.3.
Bismarck Sea.
h abou~ 14 km e

Magnitude 6.5 (Pas and":aerk,).

Oct., 28

Pa Z

Pa Z

Pa Z

Pa Z

Pa Z

Tmax 10:47:22

Tmax 11:55:19

Tmax 12:01:53

Tmax 14:45:07

Tmax 17:01:29

C&GS card 88-61:
13.90 S., 166,00 E.
22:44:33.6.
New Hebrides Islands.
h about 89 km.

These T-phases have no prelimi
nary C&GS listing. They ·are
assumed to have originated off
the Vancouver Island-Oregon
coasts.

u

u

PEZ eS

PEZ eR

23:00:53

23:07:16

Pa Z

Pa Z

Pa Z

Tmax 19:12:18

Tmax 20:13:43

Tmax 23:09:51
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Table 6. - ..Distant': eat'ths.ua.kes--Continued
p

: • • • • • • • • : " • ~ • ~ I • : • • , • I

Oct. 29 .. Oct ~ .30--Continued
I

U PEN eL 15:03:49 eGGS card 86-61:
42.3° N•• 126.7° w.

Ha Z Tmax 15:31:41 02:16:32.7.
Off coast of Oregon.

Pa Z Tmax 15:32:21 h about· 36 km.

M Z Tmax 15:32:14 Oct. 30

U Z Tmax 15:32:16 0 PEN 17 :01:00

C&GS card 90-61: Start of pressure waves caused
48.7° N. , 128.3° W. by Russian nuclear explosion.
14:47:18.3. First waves had average
Vancouver Island .

period' of 140 seconds •~egJ.on.

h about 73 km.
. 'Nov. 4

Oct. 30
M Z eP 03:47:18.7 d

Pa Z Tmax 02:25:50
A Z eP 03:47:19.4· d

Ha Z Tmax 02:25:55
C&GS card 89-61:

No C&GS listing. 50.0° N•• J.55.5° E.
03:38:30.1.

Oct. 30 Kurile Islands.
h about 32 km.

U PEN eL 02:31:01
Nov. 5

Ha Z Tmax 02:57:29
M Z iP 10:45:46.9 c

Ka Z Tmax 02:57:50
A Z iP 10:45:47.9 c

Pa Z Tmax 02:57:41
D Z iP 10:45:47.5 c

M Z Tmax 02:58:03
U Z iP 10:45:47.6 c

A Z Tmax 02:57:59
Pa Z iP 10:45:53.0 c

D Z Tmax 02:58:01
Hi Z eP 10:45:47.6 c

U Z Tmax 02:58:00
Na Z iP 10:45:47.8 c
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Table 6.--Distant'earthquakes--Continued

Nov. 5--Continued ' 'Nov~ lS--Continueq.

C&GS card 89-61: Ha Z eP 07:26:33.1 d
45 0 7° No. 147.9° E.
10:36:39.5. M,agnitude' 7.0 (HVO) •
Kuri1e Islands.
h about 142 krn. C&GS card 91-61.

43.1° N•• 145.1° E.
Novo 10 07:17:12.4.

Felt near coast of Hokkaido.
M Z iP 18:08:06.7 c Japan.

h about 43 km.
A Z iF 18:08:06,0 c

Nov. 19
D Z iP 18:08:06.1 c

M Z iF 23:33:54.9 d
U Z iF 18:08:06.1 c

A Z iP 23:33:55.2 d
Hi Z iP 18:08:09.5 c

D Z iP 23:33:54~4 d
Pa Z iF 18:08:08.3 c

U Z iP 23:33:55.0 d
Na Z iP 18:08:03.0 c

Hi Z iP 23:33:55.8 d
Ka Z iF 18:08:09.3 d

C&GS card 96-61:
Ha Z iP 18:08:11.7 c o.8° N•• 124.3° E.

23:21:55.5.
C&GS card 91-61: Northern Celebes.

17 05° S •• 178.8° W. h about 157 krn.
18:00:49.6.
Fiji Islands. ' .No'1 ~ '20
h about 586 km.

U PEZ is 12:01:19
Novo 15

U PEZ iSS 12:04:51
M Z eP 07:26:41.9 c

U PEZ iR 12:09:05
A Z eP 07:26:43.0 d

M,agnitude 6.0 (HVO).
D Z eP 07:26:42.4 c

C&GS card 97-61:
U Z eP 07:26:42.4 d 21.80 S•• 169.9° E.

11:44:19.4.
Hi Z iP 07:26:41.5 c Loyalty Islands r,egion.

h about 33 km.
Pa Z eP 07:26:44.1 c

Ka Z iP 07:26:37.0 d
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Table 6.--Distant·earth1uakes~-Contin~ed

.. Dee~ 5

:.-D~e~ l--Continued

C&GS card 100-61:
26.5° N., 124.9° E.
21:13:04.1.
East China Sea.
h about 206 km.

M Z eP 13:11:16.2 c

A Z iP 13:11:16.6 c

D Z eP 13:11:15.8 c

U Z eP 13:.11:17.3 c

Pa Z iP 13:11:19.9 c

Ha Z iP 13:11:19.4 c

U PEN iPs 13:23:56

U PEZ iR 13:42:56

C&GS card 102-61:
50.8° S., 139.80 E.
13:01:04.7.
Southwest of Tasmania.
h about 64 km.

16:48:31 cePZM

Dec. 6

C&GS card 104-61:
0.6° St. 127.1° E.
17:10:33.3.
Ha1mahera region.
h about 25 km.
Magnitude 6.25 to 6.5 (Pas).

Nov. 21

M Z iP 11:19:15.4 'c

U Z iP 11:19:15.2 c

N Z iP 11:19:15.6 c

C&GS card 94-61:
0.90 N•• 122.5° E.
11:06:38.1.
Northern Celebes.
h about 85 km.

Nov. 27

M Z iP 17:~~:39.2 d

A Z iP 17:22:38.8 c

U Z eP 17:22:39.5 d

U PEN eG 17:42:51

U PEZ eR 17:46:29

Magnitude 6.0 (HVO).

Magnitude 6.3 (HVO).

C&GS card 99-61:
49.4° N•• 155.2°E.
16:39-:31.5.
Kurile Islands.
h about 22 krn.
Magnitude 6 to 6.25 (Pas).

6 • 25 (BeI'k).

Dec. 1

M Z eP 21:24:12.1 d

A Z eP 21:24:12.7 d

D Z eP 21:24:12.4 d

U PEE eS 21:34:24

U PEZ eG 21:46:08

u

u

PEZ

PEZ

is

iR

16:55:40

17:02:04
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Table 6.~-Distartt·earthquakes--Continued

Dec. 9 Dec. 9--Continued

U' PEN eL 02:31:02 D Z eP 19:57:27.4 c

Ha Z Tmax 02:59':'45'.0 Ha Z iP 19:-57:32.3 d

Hi Z Tmax 03:00:58.4 Ka Z eP 19:57:29.3 d

U Z Tmax 03:01:20.6 Hi Z iP 19:57:29.5 d

M Z Tmax 03:01i23.2 Pa Z iP 19:57:29.1 c

Pa Z Tmax 03:01:27.2 Na Z iP 19:57:23.4 c

C&GS card 99-61:
56.30 N•• 153.9° W.
02 : 1,5 :22 eO.
Kodiak Island. Alaska region,
h about 31 km. I

Magnitude 5.5 to 5.75 (Bark).
. 5.5 (Pal).

U PEZ iR 12:02:48
~agnitude 6.5 (HVO).

C&GS card 99-61:
43.7° S$. 75~2° Wo

11:18:08.9.
Near coast of southern Chile.
Magnitude 6.75 (P~~)~'6~5

. (Berk). 5.75 to 6,0 (Pal).
h about' 34 km.

PEZ eSS

PEZ ePS

13:38:12.8 c

13:37:26.4 d

13:38:15.4 c

13:37:20.1 d

13:38:05.8 c

13:38:06.5 c

13:37:21.0 d

13:38:05.8 c

13:37:20.1 d

13:37:20.8 d

13:37:18.6 c

13:38:06.6 c

13:37:19.7 d

13:38:09.2 c

13:37:19.0 c

13:37:22.5 c

ipP

eP

eP

epP

eP

eP

iP

ipP

eP

eP

eP

ipP

ipP

z

z

z

z

z

D

A

D Z

A

Ha Z ipP

U PEZ iP

U PEZ ipP

M

l<a Z

Hi Z

Hi Z

Na Z

Ka Z

Ha Z

M

Pa Z

C&GS card 99-61:
21.70 S., 179.9° E.
19:49:41.3.
Fiji Islands.
h about 620 krn.

Dec. 20

19:57:27.1 d

19:57:26.9 d

19:57:26&8 d

11:44~20

11:49:40

eP

eP

iP

Tmax 03:01:41.5

Tmax 03:01:33.5

z

z

Z

z

Z

A

M

u

u

A

U

D

Dec. 9

Dec e 9
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u PEZ aL

Table 6. --Distant·' earthquakes--Cont inued

00:27:49
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Table 6.--Distant·ea~t~suakes--Continued

Dec. 27--Continued

Magnitude 6.5 (HVO).

C&GS card 105-61:
41.2° 5., 175.7° E.
23:48:01.3.
North Island, New Zealand.'
h about 57 km.
Magnitude 6.75 (Pas). 6 to

6.25 (Pal).

Dec. 29

..~ DeC ~ .30--Continued

~agnitude 6.8 (HVO).

C&GS card 105-61:
52.3° N., 177.7° E.
00:39:24.1.
Rat Islands.
habout;' 52 km.
Magnitude 6.75 (Pas). 6.5
, (Berk), 7 (Pal),

C&GS card 105-61:
12.4° S• , 166.3° E.
23:55:57.6 ( D~~c. 28).
Santa Cruz Islands.
h about 100 km.

Dec. 30

M Z eP 00:46:48.7 d

A Z eP 00:46:50.0 c

N Z eP 00:46:51.2 c

U Z eP 00:46:50.8 d

Pa Z iP 00:46:52.3 c

Hi Z eP 00:46:49.8 d:

Na Z iP 00:46:52.5 c

Ha Z eP 00:46:36.8 c

U PEZ iP 00:46:50.2 d

U PEZ is 00:52:52

U PEZ iR 00:57:02

Ha Z Tmax 01:27:35.0

29

u PEE eR 00:16:15 M Z eP 11:46:59.5 d

A Z eP 11:47:00.4 d

D Z eP 11:46:59.9 c

N Z eP 11:46:59.6 c

Hi Z eP 11:46:57.4 d

Ha Z Tmax 12:21:53.6

Off Oregon coast.

No preliminary C&GS listing.

Dec. 30

M Z eP 11:48:19.5 c

A Z eP 11:48:21.4 d

D Z eP 11:48:22.2 c

N Z eP 11:48:21.2 c

Hi Z eP 11:48:17.4 d

From northeast source.

No preliminary C&GS listing.
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN   1

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 JAN  2 2030 15.49 21 12.60 155 19.10 11.18 10 .16 9.310.5 DIS  - 4.1X 287109 

1961 JAN  4 0008 57.74 19 26.47 155 21.74 15.89  5 .06 1.8 8.7 DML         143  7 

1961 JAN  4 0903 42.19 19 10.33 155 42.67  6.48  6 .09 5.612.3 LSW  -      271 18 

1961 JAN  4 1132 46.08 19 24.01 155 24.87  6.96  4 .01 3.2 9.9 KAO  -      216  8 

1961 JAN  4 1137 52.14 19 25.56 155 40.36  7.00  4 .1413.810.5 MLO  -      327 31 

1961 JAN  4 1802  6.58 19 29.49 155 22.89  6.99  4 .06 8.110.3 KAO  -      180  1 

1961 JAN  4 1839 29.01 19 27.01 155 29.26  5.16  5 .03 3.812.2 KAO  -      283 12 

1961 JAN  7 0357 47.51 19 43.32 156 23.76  7.41  8 .1710.711.8 DIS F- 3.9X 319109 

1961 JAN  7 1550 22.63 18 48.80 155 10.90  7.18  6 .08 8.611.1 LOI  - 3.3X 348 62 

1961 JAN  7 1705 34.68 19 46.46 155 24.45 17.57  9 .13 2.713.4 KEA  - 2.7X 266 31 

1961 JAN  8 0930 37.16 19 24.15 155 14.56 30.53 10 .21 2.7 1.7 DEP    2.5X 146  4 

1961 JAN  9 0042 32.73 19 21.53 154 53.39  4.54  6 .32 7.425.4 SLE  - 2.6X 289 16 

1961 JAN 11 1419 40.13 19 20.11 155 19.20 24.94  6 .07 2.3 2.0 DEP         171  7 

1961 JAN 12 1218 44.70 19 25.58 155 17.06 30.57  7 .04 2.7 1.5 DEP    2.6X 128  1 

1961 JAN 14 1539  0.17 20  2.46 155 20.96 14.92  6 .08 7.111.4 KEA  - 3.1X 318 45 

1961 JAN 15 0044 42.20 19 52.98 155 37.21 12.94  8 .09 1.5 4.1 KEA F  4.2X 169 59 

1961 JAN 16 0554 34.43 19 11.18 156  3.32  9.83  6 .1610.614.6 KON F- 3.4X 343 72 

1961 JAN 16 1021 17.83 19 20.69 155 10.89 41.22  5 .18 9.111.0 DEP  - 2.9X 286  9 

1961 JAN 19 0314  4.12 19 16.62 155 12.89  7.57  7 .08 1.0 4.2 SF2    2.6X 190 17 

1961 JAN 21 0139 36.88 19 13.40 155 39.62  9.93  8 .07 3.0 1.1 LSW F  4.8X 247 19 

1961 JAN 21 1930  0.91 19 20.96 155 31.78 13.33  5 .2410.8 1.7 DML    2.8X 307 15 

1961 JAN 22 0547  7.23 19 20.41 155 17.35 30.92  6 .05 3.2 1.9 DEP         192  4 

1961 JAN 22 2145 10.49 19 59.73 155 27.84  3.44  8 .19 3.3 4.4 KEA    2.4X 314 50 

1961 JAN 23 2227 46.92 19 30.67 155 10.56 43.76  6 .04 4.1 3.8 DEP    2.3X 191 16 

1961 JAN 24 1330 42.00 19 58.16 155 28.98  5.75 10 .16 1.2 1.5 KEA F  3.3X 165 50 

1961 JAN 24 1727 22.55 19 37.21 156 12.81  6.87  8 .08 8.410.7 KON  -      323 88 

1961 JAN 26 0941 49.81 19 23.70 155 18.29  0.03  5 .14 1.2 3.3 SSC  # 2.8X 115  3 

1961 JAN 26 2016  1.02 20  0.96 155 23.82  6.91  6 .03 2.3 1.5 KEA    2.3X 316 46 

1961 JAN 27 0643 34.57 19 26.16 155 24.66  5.08  6 .07 1.211.1 KAO  - 2.6X 212  7 

1961 JAN 28 1642 50.17 19 22.02 155 15.86 29.94  6 .07 3.2 1.7 DEP         231  1 

1961 JAN 29 0917 20.40 19 19.04 155 14.44  2.73  5 .02 1.5 2.6 SSF  # 2.9X 214 13 

1961 JAN 31 2007 26.00 19 27.76 155 22.21 12.72  5 .07 1.6 2.0 KAO         146  4 

1961 FEB  1 1951 30.21 19 20.25 155 21.10 26.83  6 .09 2.3 2.5 DEP         154  4 

1961 FEB  4 0445 16.84 19 24.87 155 28.50  6.45  4 .10 5.812.8 KAO  -      271 13 

1961 FEB  8 1717 28.34 19 21.95 155 14.40 31.92  5 .01 3.6 1.6 DEP         300  3 

1961 FEB  9 0946 26.67 19 22.20 155 28.64  7.55  5 .04 1.2 4.6 KAO         282 10 

1961 FEB 12 2034 39.26 19 25.25 155 35.23 12.46  6 .10 3.0 1.9 MLO F  2.5X 238 23 

1961 FEB 13 0522 53.19 19 28.51 154 55.50  0.59  6 .10 1.6  .6 SLE F  2.6X 285  3 

1961 FEB 13 1832  0.91 19 29.18 154 44.91 13.41  6 .03 7.1 9.5 LER F- 2.2X 310 44 

1961 FEB 14 0911 39.98 19 31.99 154 53.08  6.99  5 .21 4.517.9 HIL  - 2.7X 292 30 

1961 FEB 15 0427 32.32 19 26.92 155 22.15 29.78  7 .17 3.1 1.7 DML    3.0X 131  6 

1961 FEB 15 0524 37.67 19 10.34 155 43.71  7.02  6 .03 1.910.4 KON  - 3.0X 276 19 

1961 FEB 18 1026 13.34 19 24.70 155 26.66  0.22  8 .16 1.4  .7 KAO    2.8X 190 10 

1961 FEB 19 1157  9.72 19 31.62 155 44.70  7.15  4 .04 2.712.8 KON  -      336 38 

1961 FEB 20 1734 20.37 19 18.48 155 38.53  7.00  5 .04 3.010.1 LSW  - 3.4X 244 27 

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN   2

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 FEB 24 0640  7.88 20  3.65 156  8.52  6.73  5 .1912.115.6 KOH  - 2.9X 333101 

1961 FEB 26 0649 54.49 19 26.33 155 14.62  3.56  6 .08 1.0 2.1 SNC    3.0X 265  5 

1961 MAR  3 0431 26.79 19 55.11 155 44.52  8.33  8 .07 7.6 9.9 KOH  - 3.7X 317 60 

1961 MAR  4 0457 45.14 19 24.75 155 13.72  0.01  4 .19 2.531.6 SER  - 2.3X 282  6 

1961 MAR  5 1109 40.18 19 25.75 155 15.36  6.75  4 .01 1.8  .8 INT F  2.8X 250  4 

1961 MAR  8 1555 57.34 19 31.71 156  4.80  6.88  5 .1410.513.7 KON  -      346 73 

1961 MAR  9 0116 55.71 19 22.91 155 14.37 28.86  4 .01 2.5 5.3 DEP         184  3 

1961 MAR  9 1855 51.08 19 25.27 155 22.88 26.60  5 .06 2.5 2.9 DML    2.8X 146  8 

1961 MAR 10 1158  3.49 19 20.40 155  0.16 52.74  7 .16 4.0 4.2 DEP    2.7X 252 18 

1961 MAR 11 2330 28.75 19 34.48 154 40.17  4.25  5 .20 7.5 7.2 HIL  # 3.0X 320 47 

1961 MAR 12 2208 56.40 19 25.69 155 25.52  7.34  4 .01 3.7 3.5 KAO    2.5X 229  9 

1961 MAR 13 0336 12.11 19 30.32 155 17.40 45.88  6 .09 2.5 4.2 DEP    2.7X 136 10 

1961 MAR 13 1706  0.90 19 21.54 155 15.53 34.15  7 .08 2.1 1.2 DEP    3.1X 162  2 

1961 MAR 13 2123 46.75 19 24.02 155 17.01  0.00  5 .09 2.9  .8 SSC  # 2.7X 169  3 

1961 MAR 14 0502  9.34 19 13.94 155 11.99 20.47  5 .07 1.7 4.1 DEP    2.7X 204 17 

1961 MAR 15 0632 32.90 19 24.27 155 26.64  6.81  4 .07 4.310.9 KAO  -      247 10 

1961 MAR 20 1258 27.83 19 22.54 155 34.63  6.53  6 .12 2.0 1.3 MLO    3.0X 311 20 

1961 MAR 20 2329 56.35 19 15.60 155 17.84 32.53  4 .00 3.3 5.5 DEP         220 13 

1961 MAR 21 0904 25.45 19 27.43 155 14.66 14.18  4 .00 1.3  .9 DEP         155 10 

1961 MAR 21 0937 40.14 19 55.59 155 33.35  8.51  5 .04 2.9 1.9 KEA    3.0X 310 51 

1961 MAR 22 2141 54.96 19 23.29 155 31.11  7.19  7 .04 1.1 1.3 KAO    2.8X 296 15 

1961 MAR 23 0223  0.27 19 24.85 155 15.31 31.02  6 .05 2.8 1.5 DEP    2.9X 130  4 

1961 MAR 27 1324 30.67 19 25.25 155 24.31  7.03  4 .18 3.114.4 KAO  -      202  9 

1961 MAR 29 0321 36.32 19 48.06 155 31.17  6.81  7 .09 2.7 2.3 KEA    2.7X 297 46 

1961 MAR 29 1007  9.56 19 23.35 155 26.43  7.66  6 .09 1.2 4.0 KAO    2.5X 248  8 

1961 MAR 29 1841 14.41 19 35.57 155 16.91 22.73  9 .10 2.2 1.4 KEA    3.2X 206 19 

1961 MAR 29 2159 45.25 19 54.97 155 41.68 14.22 10 .10 1.1 2.3 KEA    3.5X 156 56 

1961 MAR 31 0119 25.06 19 25.89 155 13.70 33.27  8 .11 3.5 1.8 DEP    2.3X 187  6 

1961 MAR 31 0159  7.06 19 49.03 155 29.88  9.19  8 .16 1.3 2.9 KEA    2.6X 277 44 

1961 APR  1 1006 36.39 19 24.37 155 17.89  1.03  5 .03 1.3 1.5 SSC    2.9X 181  2 

1961 APR  2 0604 16.38 19 59.20 155 24.26  8.90  9 .09 2.1 1.9 KEA    3.1X 313 44 

1961 APR  3 0035 46.37 19 26.42 155 42.94  2.22  4 .15 4.612.9 MLO  - 3.3X 263 44 

1961 APR  6 0505 42.37 19 45.96 155 42.19 10.52  7 .09 3.8 1.4 KEA    2.7X 309 44 

1961 APR  6 1428 51.22 19 19.26 155 25.78  5.37  9 .08 1.1 2.0 KAO    2.8X 161  5 

1961 APR  7 1735 39.06 19 24.05 155 11.68 32.58  6 .09 3.3 5.7 DEP         180  8 

1961 APR  9 0813 53.56 19  9.81 155 35.61  7.02  5 .03 2.712.4 LSW  -      214 11 

1961 APR  9 0916 13.48 19 25.42 155 29.30  8.94  8 .07 1.0 1.1 KAO    2.9X 217 13 

1961 APR  9 1810 23.37 19 23.74 155 16.12 31.53  9 .15 2.2 1.5 DEP F  3.7X 100  3 

1961 APR 12 0101 44.68 19 22.91 155 16.08 27.27  8 .07 2.1 1.2 DEP    3.1X  92  1 

1961 APR 12 0404  6.90 19 23.01 155 23.46 10.10  4 .07 3.1 9.3 KAO  -      185  5 

1961 APR 12 1352 30.96 18 54.56 155 14.96  9.44  8 .06 2.0 1.2 LOI    3.5X 286 39 

1961 APR 15 2211 35.52 19 16.68 155 11.84  1.31  9 .06  .9  .9 SSF    2.8X 193 13 

1961 APR 16 0026 53.69 19 21.11 155 15.19 35.21  7 .07 2.2 3.3 DEP         165  3 

1961 APR 16 1531 13.28 19 18.40 155 11.91  0.02 10 .17 1.4  .4 SSF  # 3.0X 223 10 

1961 APR 16 1631 18.33 19 13.90 155 16.76 14.38  8 .19 2.3  .9 DEP    2.6X 191 16 
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1961 APR 16 2053 30.40 19 27.47 155  2.53 21.90  5 .04 5.410.2 DEP  - 2.0X 258 25 

1961 APR 17 0641 12.09 19 22.67 155 17.94 19.06  4 .02 3.6 8.9 DEP  -      148  4 

1961 APR 17 0642 25.09 19 25.95 155 10.88 32.43  9 .18 4.6 1.9 DEP    2.6X 210 11 

1961 APR 18 2304 45.03 19 54.23 155 17.69 11.24  5 .01 2.5 1.8 KEA    2.5X 300 30 

1961 APR 20 1654 34.29 19 22.53 155 25.32 11.57  7 .03 1.6  .8 KAO    2.2X 234  6 

1961 APR 21 1131  4.37 19 19.26 155 25.24  7.41  7 .05 1.1 1.4 KAO    3.7X 157  4 

1961 APR 22 1048 57.94 19 25.84 155 16.72 17.83 10 .13 1.2 1.0 DEP    2.6X  89  2 

1961 APR 22 1730 46.33 19 32.35 155 15.33 24.95  5 .07 2.410.3 DEP  -      149 13 

1961 APR 23 0930 12.10 19 27.53 155 27.14  1.47  8 .07 1.0  .7 KAO F  3.0X 214  8 

1961 APR 23 1041  7.14 19  9.69 155 35.97  0.00  7 .28 6.3 1.3 LSW  # 2.6X 218 11 

1961 APR 25 1141 56.46 19 13.84 155 33.16  3.53  4 .07 2.313.6 LSW  -      199 19 

1961 APR 25 1346 29.68 19 26.43 155 22.28  0.58  5 .02 1.0  .7 KAO    2.4X 156  6 

1961 APR 26 2244 48.83 19 23.74 155 29.59  8.65  8 .13 1.5 1.5 KAO    2.5X 284 13 

1961 APR 27 0631 32.32 19 23.59 155 24.04  7.31 10 .10  .8 1.6 KAO    3.3X 157  6 

1961 MAY  3 0025 46.38 19 25.21 155 25.06  8.37  4 .05 3.0 9.6 KAO  -      218  9 

1961 MAY  5 1806 13.14 19 42.37 155 20.16 21.79  8 .17 2.2 3.6 KEA    2.8X 252 24 

1961 MAY  6 1057 39.69 19 23.74 155 18.71 16.81  5 .03 1.3 1.8 DEP         115  4 

1961 MAY  7 0823 50.31 19 21.56 155 13.68 38.49  6 .05 3.7 2.9 DEP    2.8X 210  4 

1961 MAY  9 1846 15.74 19 27.57 155 46.72  6.86  5 .19 9.818.4 KON  -      289 41 

1961 MAY 10 2340 15.16 19 25.35 155 16.57 30.81  8 .18 2.7 1.6 DEP    2.7X  91  2 

1961 MAY 10 2343 21.49 19 22.19 155 15.45 33.05  6 .21 3.9 2.1 DEP    2.6X 160  1 

1961 MAY 13 1721 47.96 19 34.03 155 15.04 28.34  7 .10 3.0 1.8 DEP    1.9X 163 16 

1961 MAY 14 1301 30.05 19 22.91 155 17.56 32.82  8 .21 3.2 1.8 DEP    2.7X 114  3 

1961 MAY 14 1355 40.56 19 23.94 155 25.87  5.51  6 .08 1.0 3.7 KAO    3.0X 178  8 

1961 MAY 14 1829 11.78 19 22.02 155  5.10  3.90  4 .10 3.515.1 SSF  -      220 19 

1961 MAY 16 1627 31.65 19 27.53 155 19.25 31.27  8 .09 2.8 1.5 DML    2.9X 192  5 

1961 MAY 16 1706 55.27 19 26.91 155 16.43 30.87  8 .08 2.4 1.4 DEP    2.2X 167  3 

1961 MAY 16 1810 58.68 19 26.44 155 17.31 40.03  7 .08 2.5 4.0 DEP    3.1X 171  2 

1961 MAY 16 2140 35.63 19 23.73 155 13.91 30.57  9 .09 1.8 2.3 DEP    3.0X 166  4 

1961 MAY 17 0433 39.36 19 29.11 155 21.32 30.52  8 .11 2.3 1.4 DML    2.6X 116  4 

1961 MAY 19 0031 51.00 19  5.05 155 16.78 16.19  7 .10 2.213.7 LOI  - 4.1X 229 30 

1961 MAY 20 0247 23.20 19 23.60 155 28.01  7.21  7 .12 1.4 3.8 KAO    2.5X 268 10 

1961 MAY 20 0355 26.53 19 24.72 155 15.52 24.66  6 .06 1.3 3.0 DEP         115  4 

1961 MAY 22 2221 43.34 19  6.59 156 12.47 12.29  7 .14 9.413.0 KON  - 3.3X 325 66 

1961 MAY 22 2232 18.63 19 25.01 155 23.37 13.96  9 .11 1.3  .5 DML    2.8X 152  9 

1961 MAY 26 0512 54.40 19 27.15 155 24.74 11.88  9 .07 1.2  .7 KAO    3.0X 183  6 

1961 MAY 26 1941 19.91 20  5.54 156 59.03  0.09  8 .4218.6 3.3 DIS  # 3.2X 278107 

1961 MAY 26 2212 45.42 19 27.11 155 27.03  6.77  9 .09 1.0 2.1 KAO F  4.0X 132  8 

1961 MAY 26 2255 12.93 19 26.95 155 27.89  7.58  6 .05 1.5 2.3 KAO    2.2X 265 10 

1961 MAY 28 1348 31.90 19 18.69 155 13.84 11.42  6 .06 1.8 1.3 SF2    2.2X 225  8 

1961 MAY 30 0316  1.08 19 24.91 155 15.52  1.01  6 .13 1.0  .8 SNC F  3.0X 245  3 

1961 JUN  1 0019 25.43 19 24.53 155 12.87 28.97  9 .09 1.7 1.0 DEP    2.7X 155  7 

1961 JUN  2 1343 54.82 19 14.19 155 16.65 69.42  6 .11 4.6 5.6 DEP    2.5X 190 15 

1961 JUN  4 1310 55.86 19 18.97 155 21.85  2.13  9 .19 1.0 1.3 SWR    2.4X 155  3 

1961 JUN  7 0848 34.18 19 30.58 155 20.88 51.58  4 .08 5.410.5 DML  -      257  4 

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN   4

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 JUN  7 1434  6.86 19 21.39 155 14.78 29.58  7 .08 1.6 2.1 DEP    2.2X 165  3 

1961 JUN  8 1600 21.59 19 20.57 155 26.08 10.68  9 .13 1.7  .7 KAO    2.8X 167  5 

1961 JUN 10 2252 24.23 19 22.12 155 16.76 29.55  7 .09 2.3 1.3 DEP         153  2 

1961 JUN 10 2313 59.53 19 19.32 155 17.29 31.15  8 .08 2.1 2.1 DEP    2.8X 167  6 

1961 JUN 10 2327 26.00 19 27.91 155 13.29 16.22  6 .07 1.8 1.3 DEP         179  9 

1961 JUN 11 1214  1.40 19 18.36 155 21.94  2.56  7 .06 1.0 1.5 SWR    2.3X 167  4 

1961 JUN 11 1748 19.64 19 27.92 155 29.14  7.12 10 .13 1.1 2.9 KAO    2.7X 221 11 

1961 JUN 12 0529 58.95 19 19.55 155 22.42  3.42  7 .05  .6  .7 SWR         105  2 

1961 JUN 14 0114 37.08 19 18.48 155 22.16  3.17  8 .08  .6 1.2 SWR         123  4 

1961 JUN 14 1050 45.24 19 22.61 155 22.82  6.96  4 .01 1.9 4.9 KAO         166  5 

1961 JUN 17 0628 29.61 19 18.88 155 20.64  4.80  6 .09 2.5 5.9 SWR         232  4 

1961 JUN 17 1055  6.42 19 25.32 155 17.45  4.09  7 .10 1.1  .7 SNC    3.6X 164  1 

1961 JUN 17 1102 58.50 19 17.18 155 23.44  2.03  7 .11 2.2 1.3 SWR         280  6 

1961 JUN 17 1652 34.65 19 24.75 155 15.13 24.54  7 .04 1.8 3.1 DEP         130  3 

1961 JUN 17 1741 44.29 19 20.97 155 16.96 23.68  6 .16 5.913.4 DEP  -      173  3 

1961 JUN 18 0715 52.65 19 25.87 155 16.49 29.93  9 .14 1.9 1.3 DEP    3.1X  92  2 

1961 JUN 18 0717 13.26 19 30.46 155 13.18  8.29  6 .15 1.3 7.1 GLN    1.7X 123 12 

1961 JUN 18 0726  1.36 19 28.01 155 19.08 30.84 10 .13 2.9 1.5 DML    2.7X 187  5 

1961 JUN 18 0729  9.19 19 24.18 155 12.46 37.63  8 .10 3.4 4.5 DEP         205  7 

1961 JUN 18 1150  3.68 19 23.68 155 17.03 18.28  5 .01 4.0 7.9 DEP  -      138  2 

1961 JUN 18 2043 20.26 19 21.23 155 18.28 38.56  8 .09 2.0 3.2 DEP    2.2X 119  5 

1961 JUN 19 0453 36.20 19 21.02 155 20.14  0.17  7 .05  .5 3.5 SWR         101  6 

1961 JUN 19 1701 31.65 19 18.45 155 22.28  0.03  9 .38 1.3  .8 SWR  # 2.4X 122  4 

1961 JUN 20 0020 17.63 19 19.06 155 23.20  3.14  6 .12 3.1  .7 SWR         252  2 

1961 JUN 20 2207 47.90 19 20.82 155  0.24  6.93  4 .04 3.610.7 SF5  - 2.0X 249 17 

1961 JUN 20 2330  6.92 19 17.47 155 19.30  6.81  6 .10 8.7 8.5 SWR  -      254  1 

1961 JUN 21 1320 36.45 19 10.91 155 32.85  2.05  9 .11 3.3  .9 LSW    3.3X 200 14 

1961 JUN 21 2126 31.44 19 18.28 155 23.43  3.85  9 .14  .9 1.7 SWR         142  4 

1961 JUN 22 0435  0.72 19 17.39 155 22.74  1.07  7 .10 2.3 1.0 SWR    2.7X 269  5 

1961 JUN 22 0443 54.16 19 18.52 155 23.24  2.93  6 .14 4.4 1.2 SWR         261  3 

1961 JUN 23 1416 20.55 19 23.44 155 18.35  0.55  6 .19 1.2 4.6 SSC    2.7X  88  5 

1961 JUN 23 1706  3.46 19 13.66 155 19.54  4.43  5 .05 9.510.6 SWR  -      311  8 

1961 JUN 23 1706 58.33 19 14.95 155 19.16  9.96  8 .13 2.3 1.0 SWR    3.2X 300  6 

1961 JUN 24 0239 32.84 19 17.88 155 24.41  2.65  7 .08 3.9 2.1 SWR         276  5 

1961 JUN 25 0446 38.08 19 24.89 155 16.87 32.44  8 .11 2.2 2.8 DEP    2.3X  84  0 

1961 JUN 25 0726  5.89 19 20.91 155 21.58  0.03  5 .08 1.3 3.6 SWR  #      178  3 

1961 JUN 25 1944 57.39 19 16.78 155 24.12  4.60  7 .18 2.013.6 SWR  - 3.0X 286 10 

1961 JUN 26 0837  5.13 19 19.80 154 59.40 41.10  9 .17 1.8 2.0 LER    3.5X 252 19 

1961 JUN 27 0111  1.35 19 22.41 155 18.90 28.22  8 .09 2.0 1.0 DEP    2.4X  88  5 

1961 JUN 27 1859 54.60 19 19.38 155 23.52  3.94  7 .13 1.6  .9 SWR    2.6X 149  2 

1961 JUN 28 0028 19.77 19 21.51 155 16.65 29.58  9 .12 2.3 1.5 DEP    2.8X 142  2 

1961 JUN 28 0224 22.22 19 28.83 155 20.25 31.01  9 .15 3.5 1.9 DML    2.6X 205  8 

1961 JUN 28 0607 32.22 19 19.59 155 17.91 34.85  8 .13 2.1 3.3 DEP    2.7X 140  3 

1961 JUN 29 0247 59.94 19 23.07 155 15.14 30.04  9 .08 1.6 1.2 DEP    2.6X 159  2 

1961 JUN 29 0409 29.77 19 20.84 155 17.58 32.02  9 .12 1.2 1.8 DEP    4.4X 160  4 
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1961 JUN 29 0415 16.78 19 22.09 155 15.90 30.51  9 .10 1.9 2.3 DEP    3.4X 188  1 

1961 JUN 29 0452  0.34 19 21.05 155 16.96 34.89  7 .08 1.9 2.5 DEP    2.8X 161  3 

1961 JUN 29 0546 15.70 19 20.73 155 13.49 32.34  6 .06 2.5 1.9 DEP    2.7X 212  5 

1961 JUN 29 0642 16.22 19 23.55 155 15.98 29.43  9 .07 1.6 1.1 DEP    2.6X 105  2 

1961 JUN 29 0801 36.64 19 22.07 155 15.70 27.05  7 .02 2.5 1.1 DEP  # 2.9X 202  1 

1961 JUN 29 0935 45.67 19 20.86 155 16.83 28.36  5 .00 1.6 2.5 DEP    2.2X 161  3 

1961 JUN 29 1123 21.96 19 25.31 155 16.47 32.31  6 .07 1.9 2.4 DEP    2.5X 158  5 

1961 JUN 29 1534 23.03 19 21.59 155 18.18 36.66  7 .10 2.6 3.5 DEP         154  4 

1961 JUN 29 2342 21.58 19 23.55 155 15.75 28.83  9 .12 2.9 1.7 DEP    2.4X 162  2 

1961 JUN 30 0223 12.41 19 23.36 155 17.79 33.27 10 .16 2.3 1.7 DEP    2.8X 103  3 

1961 JUN 30 0223 55.63 19 24.65 155 17.13 28.60  9 .09 1.7 2.2 DEP    3.0X  81  1 

1961 JUN 30 0225 56.85 19 23.25 155 16.56 33.96  9 .12 1.7 2.4 DEP    3.1X  80  2 

1961 JUN 30 0245 17.51 19 22.82 155 15.90 29.60  9 .05 1.6 2.0 DEP    2.7X 112  1 

1961 JUN 30 0321 12.91 19 21.83 155 16.04 31.28 10 .06 1.8 1.1 DEP    2.7X 160  1 

1961 JUL  1 0219 29.50 19 27.74 155 18.47 29.88  8 .09 2.0 1.6 DEP    3.3X 186  5 

1961 JUL  2 0036  6.26 19 24.50 155 15.41 27.62 11 .11 1.3 2.0 DEP F  3.4X  76  3 

1961 JUL  2 1200  8.28 19 16.49 155 10.77  1.37  6 .0912.3 6.5 SSF  - 3.2X 309 14 

1961 JUL  2 1326 52.07 19 21.36 155 16.94 29.96  7 .12 3.5 2.2 DEP         182  3 

1961 JUL  3 0441  0.83 19 17.60 155 22.69  5.41  9 .11 1.0 2.3 SWR    2.7X 158  5 

1961 JUL  3 1048 47.94 19 19.03 155 13.46  2.54  9 .10 1.2 1.3 SSF    2.7X 223  8 

1961 JUL  5 0633 58.64 19 10.52 155 28.86 31.40  9 .11 2.5 2.3 DLS    2.9X 165 17 

1961 JUL  5 1458  7.72 19 23.91 155 16.09  4.24  6 .08  .6 1.2 SEC    2.4X  83  3 

1961 JUL  5 2152 12.07 19 20.87 155  6.01 43.03  8 .13 3.0 2.9 DEP         238  7 

1961 JUL  5 2258  6.20 19 18.39 155 16.20 38.35  5 .00 3.4 6.4 DEP         228  7 

1961 JUL  7 0232 33.26 19 25.36 155 17.45  1.82  8 .06  .6  .2 SNC    2.9X  83  0 

1961 JUL  7 0251 16.52 19 24.06 155 17.26  1.65  6 .12 1.0  .7 SSC F  3.4X  95  2 

1961 JUL  9 1118 54.70 19 18.01 155 15.56 14.56  6 .14 2.9 2.5 DEP         237  8 

1961 JUL  9 1229 12.94 19 20.56 155 26.18 36.76  8 .19 4.2 2.4 DML         168  5 

1961 JUL 10 0144  9.60 19 26.45 155  6.30 56.07  6 .09 8.5 5.0 DEP         273 18 

1961 JUL 10 1943 14.05 19 25.34 155 16.74  1.49  4 .01 1.7  .8 SNC    3.1X 218  2 

1961 JUL 11 1156 26.17 19 18.96 155 22.30  1.68  5 .12 1.2 1.4 SWR    2.8X 159  3 

1961 JUL 12 0758 17.78 19 16.59 155  3.69  5.48  5 .06 1.7 2.1 SF5    3.2X 221 24 

1961 JUL 12 1737 13.90 19 25.35 155 26.16 14.40  5 .10 1.5 1.7 DML F  2.8X 189 10 

1961 JUL 13 0910  1.33 19 21.79 155 16.49 29.58  7 .05 1.2 1.0 DEP    3.0X 158  2 

1961 JUL 13 1430 30.54 19 18.43 155 26.16 15.00  4 .03 2.031.6 DLS F- 3.8X 306  6 

1961 JUL 14 0336 54.34 19 23.88 155 19.67  6.98  4 .00 1.912.3 KAO  -      142  7 

1961 JUL 14 0414 49.09 19 20.66 155 18.73 43.39  7 .10 1.4 3.0 DEP  # 2.1X 157  6 

1961 JUL 14 0415 38.14 19 20.64 155 14.82 28.74  8 .34 2.9 2.5 DEP    2.7X 168  4 

1961 JUL 14 0418 43.23 19 17.49 155 11.86 49.10  6 .06 3.2 3.2 DEP         226 11 

1961 JUL 14 0423 43.54 19 20.77 155 17.33 42.06  5 .13 4.8 4.1 DEP    2.1X 187  4 

1961 JUL 19 1749  0.52 20 10.14 156 14.59 13.00  5 .0510.213.1 KOH  - 2.9X 225 66 

1961 JUL 22 1940 57.24 19 32.40 155 40.42  6.98  4 .1013.710.7 MLO  -      333 30 

1961 JUL 23 0524 15.49 19 22.58 155 16.82 26.13  8 .04 1.0 1.5 DEP F  4.1X 122  2 

1961 JUL 23 0528 23.36 19 23.76 155 17.84 23.42  7 .13 1.4 2.3 DEP F  4.0X 147 12 

1961 JUL 23 0536 50.43 19 21.10 155 17.10 31.77  5 .05 1.9 3.0 DEP F  3.2X 160  3 

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN   6

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 JUL 23 0605 25.81 19 23.13 155 15.12 36.46  9 .08 2.3 2.2 DEP         201  2 

1961 JUL 23 0650 54.96 19 22.23 155 14.01 31.24  7 .15 1.6 2.7 DEP F  2.1X 163  3 

1961 JUL 23 0757  5.65 19 20.29 155 16.71 26.37  6 .05 1.5 2.2 DEP         151  4 

1961 JUL 23 0758  9.27 19 20.91 155 12.78 28.75  6 .07 1.3 2.1 DEP         166  6 

1961 JUL 23 0816 10.03 19 21.64 155 13.74 30.43  7 .11 1.3 2.1 DEP    2.1X 142  4 

1961 JUL 23 0820 18.74 19 23.64 155 15.89 23.07  5 .06 2.4 3.2 DEP         110  2 

1961 JUL 23 0930 30.65 19 23.31 155 15.99 29.43 10 .14 1.3 1.1 DEP    2.6X  70  2 

1961 JUL 23 0940  3.37 19 20.92 155 15.13 32.37  6 .07 4.5 3.0 DEP         255  3 

1961 JUL 23 0958 10.96 19 23.36 155 14.54 37.00  7 .07 3.0 2.3 DEP         203  3 

1961 JUL 23 1042 47.14 19 22.64 155 17.51 29.14 10 .05 1.3  .8 DEP    2.6X 123  3 

1961 JUL 23 1048 11.39 19 24.46 155 14.55 27.73 10 .13 1.2 1.4 DEP    2.5X  91  4 

1961 JUL 23 1050  3.76 19 22.85 155 17.64 30.79 10 .08 1.0 1.1 DEP F  2.7X 139  3 

1961 JUL 23 1419 11.01 19 20.73 155 16.58 28.67  6 .06 3.0 1.7 DEP         206  3 

1961 JUL 23 1550 31.85 19 24.86 155 16.51 28.06  9 .10 1.1 1.1 DEP    2.3X  91  2 

1961 JUL 23 2029 12.58 19 22.64 155 17.37 34.78  9 .19 2.9 1.7 DEP         124  3 

1961 JUL 23 2136 12.59 19 22.46 155 16.27 32.40  7 .11 2.7 1.5 DEP         124  1 

1961 JUL 23 2329 56.65 19 10.15 155 15.16  5.28  6 .03 3.1 2.2 SF1    2.1X 237 23 

1961 JUL 24 0114 48.45 19 22.53 155 15.88 28.33  9 .23 1.7 2.0 DEP    3.0X 123  0 

1961 JUL 24 0238 54.01 19 22.32 155 17.02 28.64  8 .08 1.3 1.0 DEP         139  2 

1961 JUL 24 0259 57.31 19 22.66 155 13.22 31.33  9 .14 2.5 1.5 DEP    2.7X 208  5 

1961 JUL 24 0322 42.23 19 23.82 155 16.58 30.42 10 .19 1.8 1.4 DEP F  3.0X  83  3 

1961 JUL 24 0512 28.28 19  9.46 155 38.92  1.31  6 .07 4.0 1.9 LSW    3.3X 249 12 

1961 JUL 24 0750 18.41 19 21.52 155 15.58 27.18  7 .09 3.3 1.0 DEP    2.7X 246  2 

1961 JUL 24 1659 46.17 19 25.01 155 16.82 30.70 11 .22 1.8 1.4 DEP F# 3.3X  85  0 

1961 JUL 24 1903  9.37 19 19.40 155 17.10 31.11  9 .12 1.6 1.3 DEP         167  6 

1961 JUL 25 1659 35.81 19 22.51 155 17.68 29.83  8 .09 2.8 1.4 DEP    2.8X 129  3 

1961 JUL 25 2010  8.73 19 18.41 155 15.77 33.14  8 .08 3.1 1.1 DEP         233  7 

1961 JUL 25 2306 12.24 19 23.92 155 41.16  7.00  4 .3023.318.3 MLO F-      328 32 

1961 JUL 26 2318 22.82 19 20.75 155 14.08 35.24  7 .04 3.2 1.4 DEP         206  4 

1961 JUL 27 0539 34.45 19 20.98 155 16.02 27.82  6 .10 2.8 4.2 DEP         200  3 

1961 JUL 27 2121  3.60 19 25.71 155 17.14 31.21  9 .11 1.8 1.3 DEP    2.8X  86  1 

1961 JUL 27 2319 21.24 20  3.24 155 19.02  3.00  8 .11 3.4 2.6 KEA F  3.0X 312 44 

1961 JUL 28 1251  9.47 19 19.36 155 14.37 41.36  6 .12 2.8 4.2 DEP    2.5X 174  6 

1961 JUL 29 0357 59.32 19 29.02 155 17.21 12.25  7 .09 1.1 1.9 GLN F  2.9X 131  7 

1961 JUL 29 1621 28.79 19 24.46 155 18.06  0.55  7 .12  .5  .6 SSC F  2.4X  95  2 

1961 AUG  2 0344  0.49 19 12.45 155 32.99  2.28  8 .07 1.1  .8 LSW    2.8X 158 16 

1961 AUG  2 1608 25.25 19 21.70 155 42.75 33.63  5 .02 4.4 8.2 DML         268 34 

1961 AUG  3 1336 29.81 19 22.96 155 17.98  0.03  6 .09  .4  .9 SSC  # 2.3X 137  4 

1961 AUG  3 1336 37.34 19 23.88 155 14.52  8.34  6 .11 2.5 1.4 INT F  3.6X 276  4 

1961 AUG  4 0001 26.61 19 27.53 155 37.07  4.92  5 .07 9.612.6 MLO  -      321 24 

1961 AUG  7 0141 32.42 19 56.42 155 47.68 18.05  8 .09 3.0 4.4 KOH    3.2X 186 16 

1961 AUG  9 1933 29.62 19 21.44 155 17.32 32.06  8 .13 2.7 2.1 DEP    2.6X 192  3 

1961 AUG  9 1950 13.71 19 25.57 155 16.48 31.82  9 .08 1.1  .9 DEP    3.1X 109  2 

1961 AUG  9 2110 51.79 19 22.03 155 13.37 42.61  7 .06 5.4 4.0 DEP         261  4 

1961 AUG 12 0217 38.54 19 48.84 155 37.12 11.40  8 .09 1.4 1.5 KEA    2.5X 192 24 
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1961 AUG 12 1942 19.09 19 23.15 155 18.47 31.04 10 .13 1.3  .8 DEP F  3.1X 113  4 

1961 AUG 14 1617 10.99 19 28.34 155 49.36  9.88  4 .0713.0 3.6 KON  -      338 46 

1961 AUG 15 1240 47.83 19 21.96 155 30.00  0.01  7 .09 6.7 2.4 KAO F# 2.9X 294 12 

1961 AUG 15 1757 30.37 19 23.06 155 17.86  0.08  7 .15  .4  .3 SSC F  2.6X 133  4 

1961 AUG 15 1814 30.12 19 28.65 155 41.49  7.01  4 .1514.911.8 MLO  -      330 32 

1961 AUG 16 1157  7.04 19 21.82 155 17.16 31.92  7 .10 2.3 2.9 DEP         157  2 

1961 AUG 16 1733 15.28 20  6.97 155 31.10 10.59  6 .15 3.9 2.8 KEA         184 19 

1961 AUG 17 1446 58.15 19 17.38 155 12.59 25.60  9 .18 1.6 1.8 DEP    2.7X 188 11 

1961 AUG 20 1040  7.50 19 16.39 155 35.57  3.58  4 .0713.113.9 LSW  - 2.7X 329 23 

1961 AUG 20 1943 19.76 19 23.12 155 13.11 28.37  9 .11 1.2 1.0 DEP    2.7X 188  8 

1961 AUG 20 2344 45.62 19 22.00 155 14.76 31.28 10 .12 1.3 1.5 DEP    3.1X 162  7 

1961 AUG 21 0648 19.95 19 25.00 155 17.08  3.80  4 .0914.4  .7 SNC  - 3.1X 192  0 

1961 AUG 21 0655 11.36 19 24.54 155 14.64  0.23  6 .21 1.3 4.9 SNC F# 2.7X 152  5 

1961 AUG 21 0943 31.05 19 23.44 155 17.87  0.46  7 .06  .4  .3 SSC    2.4X 119  3 

1961 AUG 22 0756 53.41 19 23.20 155 17.26  0.02  6 .17  .7 1.1 SSC F# 2.4X 122  3 

1961 AUG 22 1239 57.73 19 24.69 155 17.32  1.46  6 .08 1.8  .8 SNC F  2.9X  93  1 

1961 AUG 22 1503 15.20 19 23.15 155 16.44  3.68  6 .05 2.5 1.7 SEC F  3.1X 162  2 

1961 AUG 22 1609 50.78 19 23.07 155 18.07  0.91  5 .08 1.4 3.4 SSC F  2.7X 132  4 

1961 AUG 25 0631 55.69 19 23.58 155 17.06  2.33  9 .15  .6  .6 SSC    2.4X  86  2 

1961 AUG 25 0845 34.93 19 49.79 155  5.28 43.60  9 .15 2.6 1.3 KEA F  4.5X 228 12 

1961 AUG 25 1231  3.63 19 53.18 155 32.50  0.26  7 .06 1.7  .8 KEA    2.5X 153 20 

1961 AUG 26 2209 46.86 19 22.51 155  4.50 43.08 10 .11 2.1 2.0 DEP    2.6X 193 19 

1961 AUG 28 0305 28.12 19 26.11 156 17.68  1.30  9 .11 3.6 1.8 KON    2.7X 243 85 

1961 AUG 28 2211 24.98 19 28.38 155 14.76 20.11  7 .08  .9 1.5 DEP    2.4X 127  7 

1961 AUG 31 0107 28.34 18 58.22 155 46.40 35.66  7 .18 3.8 8.9 DIS         309 57 

1961 SEP  1 0954 52.92 19 22.60 155 16.11 24.88  4 .01 2.1 4.2 DEP         117  1 

1961 SEP  1 1734 48.69 19 27.05 155 13.53 18.64  6 .11 1.5 2.1 DEP         126  8 

1961 SEP  2 0605 51.50 19 23.65 155 17.08  3.09  5 .04 1.9 1.5 SSC    3.1X 153  3 

1961 SEP  3 0424 29.82 19 49.53 155 20.67 31.23 10 .13 1.3 3.5 KEA F  3.6X 155 29 

1961 SEP  3 1914 14.20 19 37.43 155 40.89  3.54  9 .18 1.6 3.5 KEA    2.5X 200 34 

1961 SEP  5 2257 45.58 19 22.68 155 16.11 26.08  7 .06 1.8 2.0 DEP          88  1 

1961 SEP  8 0335 17.48 19 23.12 155  4.67  6.70  7 .07 1.8 7.8 SF5    2.3X 213 18 

1961 SEP  8 2234 11.58 19 23.53 155 15.98  2.49  8 .17  .7  .6 SEC F  2.6X 105  2 

1961 SEP  9 0825 54.26 19 27.63 155 28.41 28.06  6 .14 3.2 3.6 DML    3.3X 279 10 

1961 SEP  9 1331 20.99 19 24.34 155 27.44  6.10 10 .14 2.5 5.8 KAO    2.9X 142 11 

1961 SEP  9 2004 45.91 19 25.76 155 15.72  0.43  8 .06  .5  .6 SNC F  2.3X 154  3 

1961 SEP 12 1347 12.74 19 23.00 155 17.73  1.29  7 .04  .5 1.0 SSC F  3.1X 134  3 

1961 SEP 13 1910 59.16 19 18.07 156 16.33  6.78  7 .1911.515.8 KON F-      311 93 

1961 SEP 13 2200  2.30 19 12.25 155 33.04  2.76  7 .02 1.1 2.4 LSW    2.6X 159 16 

1961 SEP 15 1506 14.42 19 26.40 155  8.24 39.49  8 .05 1.8 1.6 DEP    2.7X 169 15 

1961 SEP 15 2024 29.96 20  1.34 156 19.97  5.73 10 .11 2.3 5.6 KOH F  3.7X 222 69 

1961 SEP 16 0638 58.15 19 22.64 155 24.25  0.02 11 .19  .9  .5 KAO  # 3.1X 130  5 

1961 SEP 17 0249 22.76 19 32.72 155 48.60 20.98  6 .12 5.714.1 KON  -      339 45 

1961 SEP 17 2214 57.87 19 23.07 155 16.56 30.85  7 .05 2.3 2.0 DEP    2.8X 109  2 

1961 SEP 17 2320 21.53 19 22.74 155 16.04 28.90  7 .08 2.3 2.0 DEP          93  1 

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN   8

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 SEP 18 0020 38.19 19 16.29 155 27.08 27.93  7 .07 2.7 1.8 DLS    2.6X 314 10 

1961 SEP 21 1317  3.31 19 21.33 155 12.24  0.71  6 .09  .9  .9 SER    3.2X 172 12 

1961 SEP 21 1353 55.48 19 18.68 155 13.07  4.90  5 .04 2.412.6 SSF  - 3.2X 274 15 

1961 SEP 21 1419 38.04 19 17.63 155 12.62  3.94  4 .16 5.214.0 SSF  - 3.2X 278 17 

1961 SEP 21 1433  8.03 19 17.90 155 13.37  1.86  4 .00 4.5 3.6 SSF    3.2X 279 16 

1961 SEP 21 1441 56.99 19 30.50 155 26.76  7.14  4 .10 2.811.6 MLO  - 2.7X 220 19 

1961 SEP 21 1454 21.61 19 18.76 155 13.70  4.86  5 .09 2.814.3 SSF  - 3.3X 276 14 

1961 SEP 22 1701 33.91 19 23.32 155  9.42  7.75  6 .07 2.1 2.6 SF3    4.4X 221 11 

1961 SEP 23 1919 53.57 19 27.29 155  5.80  4.64  7 .11 1.6 3.0 GLN    2.9X 242 20 

1961 SEP 24 0108 18.24 19 20.86 154 58.93 12.06  8 .07 2.0 1.5 LER    2.9X 284 30 

1961 SEP 24 0349 51.49 19 20.55 155  8.31 17.51  4 .2120.2 5.9 DEP  - 3.7X 325 14 

1961 SEP 24 1841  0.95 19 20.93 154 54.28 13.65  8 .12 3.9 2.8 LER    3.5X 272 38 

1961 SEP 24 1909 39.88 19 23.09 155 15.39 29.97 12 .14 1.4 1.1 DEP F  3.3X 147  2 

1961 SEP 24 1925  7.01 19 12.87 154 58.64 38.76  4 .03 9.8 8.0 DIS F- 4.4X 312 35 

1961 SEP 24 1928 53.40 19 17.64 154 59.75  7.69  8 .12 2.0 1.5 LER F  4.3X 235 23 

1961 SEP 24 1935 39.81 19 21.06 155  0.52  1.95  6 .09 1.8 1.9 SSF    3.2X 221 17 

1961 SEP 24 1938 34.05 19 13.07 154 45.53 17.39  7 .07 5.512.9 DIS  - 4.0X 291 36 

1961 SEP 24 1944 59.03 19 18.68 154 59.51 16.97  6 .22 7.216.3 LER  - 3.0X 261 21 

1961 SEP 24 1948 42.10 19  8.34 154 56.92 19.45  6 .09 2.911.7 DIS  - 3.1X 311 39 

1961 SEP 24 1950 14.57 19 23.57 155  3.76 11.24  7 .06 1.5 1.0 SF5    3.8X 190 17 

1961 SEP 24 2001 24.14 19 14.44 154 54.34  7.00  5 .08 1.913.1 DIS  - 3.5X 290 28 

1961 SEP 24 2029 22.26 19 18.45 155  1.46  9.17  7 .09 2.0 1.2 SF5 F  4.3X 225 22 

1961 SEP 24 2038 27.39 19 18.21 154 57.24  9.89  8 .14 1.6 1.8 LER    3.6X 247 21 

1961 SEP 24 2050 33.76 19 25.24 154 54.62 13.10  7 .14 3.6 1.3 LER    2.8X 284  9 

1961 SEP 24 2114  6.86 19 23.77 155  6.85 12.42  6 .05 2.5 1.4 SF4 F  3.0X 230 16 

1961 SEP 24 2116 38.23 19 18.86 154 56.49 14.79  8 .07 4.5 4.6 LER    2.9X 249 20 

1961 SEP 24 2136 37.75 19 14.92 154 55.94  7.03  5 .06 1.813.3 DIS  - 3.0X 285 27 

1961 SEP 24 2139 25.88 19 16.13 154 59.48  1.69  8 .17 2.4 2.0 SLE  # 3.0X 241 25 

1961 SEP 24 2253 13.48 19 16.41 154 57.01  5.26  7 .12 2.8 2.3 LER    3.5X 251 25 

1961 SEP 25 0119 13.70 19 21.27 155 16.77 32.26  8 .10 3.2 1.4 DEP    3.1X 190  3 

1961 SEP 25 1302 30.73 19 19.13 154 58.51 12.39  8 .09 1.6  .8 LER F  3.5X 239 20 

1961 SEP 26 1712 19.11 19 16.90 154 59.10  7.06  7 .17 1.814.1 LER  - 2.3X 291 31 

1961 SEP 26 2208 46.54 19 23.55 155  3.14  9.76  6 .05 1.7 4.2 SF5    2.7X 217 16 

1961 SEP 27 0250 10.58 19 13.04 155  2.01  5.76  7 .14 1.912.7 SF5  -      295 30 

1961 SEP 27 2124 38.52 19 15.65 154 57.14 10.41 10 .13 1.5  .9 DIS F  3.7X 280 26 

1961 SEP 27 2129 41.49 19 16.24 154 57.42 12.54 10 .18 1.8 1.0 LER F  3.7X 278 25 

1961 SEP 28 1807 27.15 20  1.93 157 34.52 16.43  9 .08 1.512.3 DIS  - 3.9X 232151 

1961 OCT  1 2210 23.81 19 10.76 155 36.88  0.70 10 .19 1.9  .7 LSW    2.6X 190 13 

1961 OCT  2 0017 47.71 19 19.28 155  4.22  8.72 10 .13 1.2 1.9 SF5    2.4X 239 21 

1961 OCT  2 0706 58.18 19 24.74 155 14.97 22.87  6 .07 1.3 3.5 DEP         128  5 

1961 OCT  4 0601 25.42 19 23.12 155 16.22 28.80 11 .14 1.5 1.3 DEP    2.0X  87  1 

1961 OCT  4 1357 39.63 19 28.78 155 22.10 34.47  8 .15 3.4 1.5 DML    2.4X 200 10 

1961 OCT  5 0825 41.88 19 24.60 155 35.94  8.87  8 .13 1.7 2.3 MLO    3.1X 239 24 

1961 OCT  6 0147 13.28 19 18.93 155 17.74  0.44  7 .11 1.2  .8 SWR    2.2X 223  7 

1961 OCT  6 1246 23.18 19 12.16 155 31.33  0.50  9 .13 2.6  .4 LSW    2.7X 179 17 
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1961 OCT 15 1905 22.46 19 40.53 155 17.10 50.95 10 .09 3.1 1.5 KEA    2.4X 227 21 

1961 OCT 18 0834 28.72 19 50.32 155 40.93  1.67  8 .05 2.2 1.5 KEA    2.7X 288 61 

1961 OCT 18 1715 32.09 19 49.23 156  2.14  6.44  7 .1310.311.9 HUA F- 3.1X 291 44 

1961 OCT 20 0501 45.39 19 22.46 155 19.75  2.17  6 .11  .9 3.4 KAO    2.0X 129  7 

1961 OCT 21 2051 56.26 19 21.58 155 15.61 27.53  8 .07 2.2 1.4 DEP  #      162  2 

1961 OCT 22 0949 46.13 19  8.47 155 38.62 10.02  6 .05 2.8 6.7 LSW    3.0X 249 10 

1961 OCT 23 0504 49.31 19 25.68 155 14.77 29.01  9 .16 2.2 1.4 DEP    2.5X 123  5 

1961 OCT 29 0725 21.53 19 31.40 155 58.93  7.06  6 .08 8.910.9 KON F-      344 62 

1961 OCT 29 1139 10.40 19 41.94 155 12.67 20.96  8 .13 3.5 4.8 KEA    2.5X 219 13 

1961 NOV  1 1148 19.45 19 24.25 155 14.58 30.67  8 .08 2.1 1.6 DEP    2.0X 142  4 

1961 NOV  3 0913 14.50 20  4.43 155 39.88 29.06  9 .13 2.0 2.1 KOH    2.8X 160  6 

1961 NOV  4 0624 29.60 19 23.44 155 30.06  8.37 10 .18 1.2 1.5 KAO    3.1X 152 13 

1961 NOV  5 0656 27.39 19 49.01 155 31.16 12.82 10 .12 1.4 1.7 KEA    2.6X 140 28 

1961 NOV  5 0720 52.73 19 24.29 155 15.37 29.79 10 .19 1.6 1.4 DEP    2.6X 123  3 

1961 NOV  5 1337 25.42 19 23.97 155 18.28 14.75  5 .00 2.5 6.8 DEP         108  3 

1961 NOV  5 1414 37.95 19 22.71 155 32.39 14.61  8 .12 1.3 1.2 DML    2.1X 161 17 

1961 NOV  5 1602 22.10 19 23.45 155 19.01  8.37  5 .06 1.6 4.7 INT         123  4 

1961 NOV  5 1651 19.39 19 23.17 155 16.91 23.73  5 .03 4.310.2 DEP  -      130  2 

1961 NOV  5 1702 45.43 19 21.91 155 16.86 35.13  9 .13 1.8 2.4 DEP  # 2.0X 157  2 

1961 NOV  8 1151  0.89 19 26.86 155 18.38 15.06  9 .10 1.0  .3 DEP    2.6X 109  3 

1961 NOV 10 0538 17.64 19 26.49 155 16.94 17.58  9 .11 1.1 1.4 DEP F  3.3X 133  2 

1961 NOV 10 0928 13.28 19 28.71 155 14.82 25.07  7 .06 1.5 1.6 DEP    2.5X 113  8 

1961 NOV 12 1545 23.11 19 20.75 155  9.82  9.22  8 .07 1.3 1.8 SF3    2.9X 181 11 

1961 NOV 14 0451 27.53 19 27.36 156  0.81 10.55 10 .12 5.6 7.5 KON F  3.3X 299 62 

1961 NOV 16 0617 12.54 19 24.15 155 15.82 28.14  9 .14 1.8 2.5 DEP    2.7X 111  2 

1961 NOV 16 0659 16.47 19 22.80 155 15.40 27.68  8 .08 2.2 1.3 DEP         157  1 

1961 NOV 16 1510 16.26 19 25.59 155 17.62 28.08  8 .06 1.2  .8 DEP    3.0X 108  0 

1961 NOV 16 1650 40.00 19 18.81 155 11.38 41.63  6 .07 6.0 7.9 DEP  - 2.6X 278 10 

1961 NOV 16 1903 50.18 19 17.23 155 26.31 45.60  9 .15 4.8 2.0 DLS    2.4X 184  8 

1961 NOV 17 1719 42.94 19 22.68 155 16.65 31.61  7 .10 1.5 1.0 DEP    2.6X 113  1 

1961 NOV 17 1748 46.98 19 24.05 155 14.84 30.76  8 .10 2.0 1.2 DEP    2.7X 141  4 

1961 NOV 17 1933 26.24 19 25.16 155 15.91 28.99  9 .10 1.7 1.2 DEP    2.7X 104  2 

1961 NOV 17 1956 49.09 19 45.63 156  9.94  6.72  8 .08 8.310.3 HUA F- 3.1X 301 59 

1961 NOV 17 2247 39.32 19 21.15 155 17.17 26.45  7 .06 2.5 1.5 DEP         181  3 

1961 NOV 17 2322 38.30 19 25.51 155 14.44 26.66 10 .17 1.3 1.5 DEP    2.6X 130  5 

1961 NOV 17 2327 53.00 19 21.05 155 16.08 28.98  8 .07 2.2 1.5 DEP         163  3 

1961 NOV 18 0344  1.00 19 24.25 155 15.07 29.09 11 .16 1.6 1.3 DEP    3.2X 131  4 

1961 NOV 18 0809 14.08 19 22.10 156  7.10  6.91  8 .13 8.612.0 KON F- 3.3X 300 77 

1961 NOV 18 0941  1.63 19 25.55 155 17.96 30.75  9 .10 2.3 1.2 DEP  # 2.7X 170  1 

1961 NOV 20 0140 24.48 19 25.59 155 18.08 27.89  9 .09 2.4 1.2 DEP    2.5X 171  1 

1961 NOV 20 0313 17.12 19 21.59 155 16.24 26.05  7 .12 2.8 1.5 DEP         193  2 

1961 NOV 20 0314  6.27 19 21.61 155  6.54  0.02  9 .06 1.2  .6 SSF  # 2.7X 189 16 

1961 NOV 20 0338 26.81 19 21.91 155 16.96 26.66  7 .07 2.5 1.3 DEP         188  2 

1961 NOV 20 1325 23.39 19 24.22 155 14.52 28.50  6 .07 3.5 1.7 DEP    2.5X 272  4 

1961 NOV 20 1400 57.83 19 23.53 155 16.14 28.96  7 .03 2.5 1.3 DEP    2.6X 101  2 
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1961 NOV 20 1611  1.91 19 22.65 155 15.39 28.54  7 .06 2.6 1.4 DEP         176  1 

1961 NOV 20 1940 27.75 19 25.26 155 15.23 28.90 10 .12 1.1 1.2 DEP    3.0X 118  3 

1961 NOV 21 0041 26.00 19 18.05 155 14.41 26.56  8 .06 3.9 3.9 DEP F  2.5X 180  8 

1961 NOV 21 0242 57.08 19 20.82 155 15.67 29.21  9 .07 1.3 1.1 DEP    2.7X 165  3 

1961 NOV 21 0342 23.13 19 23.59 155 15.97 29.62  7 .05 2.6 1.4 DEP         107  2 

1961 NOV 21 2322 39.78 19 23.18 155 13.24 23.67  8 .10 1.6 2.4 DEP F  4.1X 186  5 

1961 NOV 21 2325 56.89 19 19.94 155 14.13 27.26  9 .07 1.1  .8 DEP    2.7X 173  5 

1961 NOV 21 2327  6.05 19 17.95 155 11.82 21.40  8 .07 1.2 1.6 DEP    2.9X 188 11 

1961 NOV 21 2346  2.06 19 22.84 155 15.39 28.36  9 .09 1.8 1.1 DEP F  3.2X 157  1 

1961 NOV 21 2348 19.26 19 24.32 155 16.58 28.36  9 .12 2.0 1.3 DEP    2.8X  88  1 

1961 NOV 22 0009 21.03 19 17.49 155 13.34 21.32  8 .10 1.3 1.7 DEP    3.0X 185 10 

1961 NOV 22 0327 30.06 19 22.11 155 14.19 28.29  9 .09 1.7 1.2 DEP    2.9X 163  3 

1961 NOV 22 0434 39.44 19 18.82 155 13.50 22.59  8 .22 1.9 2.4 DEP    2.5X 179  8 

1961 NOV 22 0536 36.58 19 25.88 155 14.30 19.26  6 .06 1.4 1.3 DEP    2.7X 141  5 

1961 NOV 22 0544 48.43 19 23.95 155 15.66 29.95  9 .06 1.7 1.0 DEP    3.2X 117  3 

1961 NOV 22 0735 58.57 19 23.14 155 15.65 30.59  6 .05 3.3 1.6 DEP    2.6X 235  1 

1961 NOV 22 0816 17.02 19 23.46 155 12.06 29.77  8 .11 2.4 1.5 DEP    2.7X 163  7 

1961 NOV 22 1055 55.86 19 23.39 155 16.03 27.07  9 .09 1.7 1.1 DEP F  3.3X 102  2 

1961 NOV 22 1128 59.33 19 23.18 155 15.42 27.82  5 .02 3.2 1.5 DEP         253  2 

1961 NOV 22 1631 57.70 19 21.97 155 15.11 29.00  8 .05 2.1 1.4 DEP    2.7X 162  2 

1961 NOV 22 1632 41.91 19 19.94 155 14.81 27.35  9 .13 1.6 1.0 DEP    3.1X 171  5 

1961 NOV 22 1932 17.67 19 21.30 155 16.24 29.35  8 .09 2.4 1.5 DEP    2.6X 161  2 

1961 NOV 23 0205 45.27 19 22.35 155 16.01 28.70  8 .11 2.5 1.4 DEP    2.6X 158  0 

1961 NOV 23 0447 32.81 19 21.71 155 16.19 26.45  8 .09 2.2 1.4 DEP         160  1 

1961 NOV 23 0451 14.15 19 22.01 155 16.69 26.10  8 .08 2.1 1.3 DEP         158  2 

1961 NOV 23 0639 41.16 19 22.49 155 16.70 28.71  8 .10 2.4 1.3 DEP    2.8X 128  1 

1961 NOV 23 0724 54.87 19 20.79 155 15.74 26.70  8 .12 1.5 1.1 DEP    3.1X 165  8 

1961 NOV 23 1042 36.94 19 28.21 155 13.86 14.69  6 .06 1.5  .9 DEP         163  8 

1961 NOV 23 1629 36.40 19 22.75 155 15.74 29.62  8 .16 1.9 1.2 DEP F  2.7X 157  6 

1961 NOV 23 1709 55.93 19 25.48 155 18.89 29.68  8 .15 1.4 1.0 DEP F  3.5X 123  2 

1961 NOV 23 1714 31.01 19 23.80 155 15.48 26.81 10 .11 1.1 1.1 DEP F  3.7X 126  3 

1961 NOV 23 1730 42.08 19 21.84 155 17.75 26.13  7 .05 1.3 1.6 DEP    2.7X 151  3 

1961 NOV 24 0535 41.23 19 21.67 155 15.05 27.96 10 .13 1.5 1.4 DEP F  2.7X 163  2 

1961 NOV 24 0806 16.18 19 22.64 155 14.19 27.95  6 .04 3.2 1.6 DEP         304  3 

1961 NOV 24 1031 11.01 19 17.74 154 58.98  7.05  8 .20 1.815.8 LER  - 2.8X 290 31 

1961 NOV 24 1557 46.86 19 21.88 155 15.60 28.19  6 .08 3.2 1.6 DEP         281  1 

1961 NOV 24 1715 42.97 19 23.58 155 15.56 27.48  7 .09 2.7 1.5 DEP         126  2 

1961 NOV 24 2046 58.64 19 17.56 155 40.69  1.05  7 .12 4.013.6 LSW  -      254 27 

1961 NOV 25 0614  6.70 19  5.94 154 55.65  6.98  6 .13 5.5 1.7 DIS    2.6X 345 47 

1961 NOV 25 0614 22.04 19 16.64 155  7.64 12.90  9 .22 2.1 1.4 SF4    2.8X 246 18 

1961 NOV 25 1326  3.22 19 23.92 155 16.57 28.30  9 .09 1.7 1.3 DEP F  3.9X  85  2 

1961 NOV 25 1914 58.98 19 21.53 155 16.85 29.37  8 .05 2.2 1.3 DEP    2.6X 159  2 

1961 NOV 25 2022 55.05 19 47.28 155 34.22  6.95  7 .09 1.911.3 KEA  - 2.5X 299 37 

1961 NOV 26 0910 40.99 19 20.85 155 15.15 25.93  8 .06 2.0 1.5 DEP    2.5X 167  3 

1961 NOV 26 2043 25.74 19 21.72 155 15.99 28.98  8 .06 2.2 1.4 DEP         160  1 
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  11

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 NOV 27 0035  5.58 19 19.65 155 15.55 30.02  8 .12 3.5 2.5 DEP  # 2.6X 170  5 

1961 NOV 27 0132 34.78 19 27.01 155 19.84 37.70  7 .08 2.7 1.9 DML    3.0X 187  5 

1961 NOV 27 0215 53.97 19 19.47 155 26.69 13.72  6 .03 1.5 2.3 DML         300  6 

1961 NOV 27 0451 22.88 19 21.64 155 13.83 33.68 10 .13 2.1 1.2 DEP F  3.4X 209  4 

1961 NOV 27 0943 56.40 19 21.18 155 15.31 29.90  8 .06 2.2 1.5 DEP    2.8X 164  2 

1961 NOV 27 1555 40.25 19 19.27 155 15.96 27.11  7 .07 1.9 1.6 DEP    2.8X 170  6 

1961 NOV 28 0449 16.59 19 20.58 155 13.22 39.09  6 .05 4.2 1.7 DEP         307  6 

1961 NOV 29 2105  8.37 19 21.84 155 58.80  6.85  6 .1510.312.7 KON  -      344 62 

1961 NOV 30 0646 10.03 19 21.98 155 16.71 25.63  6 .06 2.7 1.4 DEP         194  2 

1961 NOV 30 1430 49.81 19 22.88 155 11.71 27.47  9 .10 1.3 1.8 DEP    2.8X 193  7 

1961 NOV 30 1651 17.65 19 22.49 155 14.43 27.89  9 .07 2.0 1.1 DEP    2.7X 233  3 

1961 NOV 30 1858 46.81 19 20.87 155 16.71 27.27  8 .12 2.4 1.6 DEP    3.0X 162  3 

1961 NOV 30 1932 17.36 18 59.28 155 28.60  7.25  5 .09 3.713.8 LSW  -      283 14 

1961 NOV 30 2014 26.41 19 21.67 155 15.78 28.01  8 .09 2.3 1.5 DEP    2.8X 161  1 

1961 DEC  1 0637 43.97 19 23.64 155 15.01 28.16  9 .07 1.9 1.0 DEP    2.5X 190  3 

1961 DEC  1 0733 59.17 19 23.76 155 40.12  0.86  8 .09 1.111.2 MLO  - 2.9X 194 30 

1961 DEC  1 0909 38.28 19 21.98 155 14.43 29.95  8 .07 3.0  .9 DEP    3.0X 259  3 

1961 DEC  2 0441 36.51 19 22.47 155 15.41 28.57  7 .04 2.8 1.6 DEP    2.8X 257  1 

1961 DEC  2 1857 59.39 19 21.68 155 16.84 35.69 10 .08 1.1 1.8 DEP F  4.2X 158  2 

1961 DEC  2 1940  2.86 19 21.65 155 16.24 31.20  8 .02 2.2 1.3 DEP         160  2 

1961 DEC  2 2028 45.08 19 21.97 155 15.29 29.98 10 .07 1.2 1.0 DEP    2.4X 161  1 

1961 DEC  3 0101 35.96 19 23.67 155 25.53  6.41  9 .11 1.0 2.5 KAO    2.4X 174  7 

1961 DEC  3 1016 40.77 19 20.29 155 15.64 27.01  8 .12 2.4 1.9 DEP         167  4 

1961 DEC  3 1021 16.02 19 22.77 155 16.22 27.55  8 .07 2.1 1.2 DEP          88  1 

1961 DEC  3 1049 53.54 19 25.11 155 24.70  0.02  7 .11 1.6  .8 KAO  # 2.2X 211  9 

1961 DEC  3 1133 38.02 19 22.24 155 13.42 29.28  8 .06 2.7 2.2 DEP    2.6X 238  4 

1961 DEC  3 1658 33.77 19 13.85 155 26.09  8.26  5 .02 2.6 1.3 LSW    2.2X 173 13 

1961 DEC  4 0106 49.77 19 22.60 155 16.62 32.24  8 .09 1.1 1.7 DEP    2.7X 118  1 

1961 DEC  4 0412 17.44 19 24.72 155 16.43 30.48 10 .14 1.3 1.2 DEP    2.3X  93  1 

1961 DEC  4 0821 56.46 19  4.35 155 23.23 30.82  7 .07 4.2 3.1 LOI         247 21 

1961 DEC  4 1408  3.29 19 24.16 155 17.31 31.10 10 .18 1.6 1.3 DEP    2.7X  79  1 

1961 DEC  4 2008 58.04 19 21.06 155 16.81 30.98  8 .12 2.7 1.7 DEP    2.6X 161  3 

1961 DEC  4 2327 50.25 19 20.66 155 52.30  3.63  7 .15 7.210.6 KON  - 2.8X 295 43 

1961 DEC  5 0154 20.38 19 20.41 155  9.98 11.23  9 .12 1.4  .9 SF3    2.7X 183 11 

1961 DEC  5 0632 49.23 19  6.20 156  5.38  6.28  7 .13 8.812.6 KON  - 3.6X 313 78 

1961 DEC  5 1319 31.01 19 19.75 155 12.92 37.29  8 .06 3.3 2.5 DEP    3.1X 217  7 

1961 DEC  5 1711 15.20 19 20.81 155 51.92  6.87  7 .09 2.2 1.4 KON         295 43 

1961 DEC  5 2041 26.46 19  2.00 155 35.54 41.51  8 .14 5.5 7.1 DLS F  3.3X 318  3 

1961 DEC  6 0308  5.91 19 20.47 155  1.30 39.90  8 .11 1.8 3.0 DEP    2.6X 246 19 

1961 DEC  6 1857 41.85 19 22.79 155 15.09 30.69  7 .08 2.8 2.5 DEP         176  2 

1961 DEC  6 2121 24.62 19 24.43 155 23.16  0.41  8 .12  .9  .6 KAO    2.2X 177  8 

1961 DEC  7 0942 59.76 19 25.43 155 18.13 29.36  6 .06 3.2 1.2 DEP    3.0X 123  1 

1961 DEC  7 1956 38.94 19 21.83 155 15.92 27.74  7 .04 2.3 2.0 DEP    2.5X 191  1 

1961 DEC  7 2004  6.48 19 20.63 155 16.22 26.91  6 .06 2.8 1.4 DEP         258  3 

1961 DEC  7 2040 55.78 19 21.22 155 16.28 28.26  6 .03 2.6 2.5 DEP         209  2 

---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  12

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 DEC  7 2048 11.26 19 22.30 155 15.77 29.47  8 .09 2.3 1.4 DEP         158  0 

1961 DEC  8 0444 47.71 19 22.34 155 16.88 30.02  7 .06 2.7 1.3 DEP         165  2 

1961 DEC  9 1659 19.78 19 24.26 155 15.21 31.13  9 .12 2.4 1.5 DEP F  2.5X 128  3 

1961 DEC  9 1937 52.97 19 37.75 156  0.72  7.15  8 .13 8.811.4 KON  -      313 67 

1961 DEC 10 2047 34.24 20  2.27 155 33.23 27.29 11 .13 1.6 2.3 KEA    2.7X 166 12 

1961 DEC 11 1703 17.12 19 18.58 155 54.02  0.25  9 .14 6.1 1.5 KON  # 3.3X 290 54 

1961 DEC 11 2155 31.96 19 25.80 155 14.40 26.85 10 .12 1.6 2.1 DEP F  2.4X 127  5 

1961 DEC 12 1919 10.97 19 18.75 155 17.42 26.79  8 .11 2.4 2.0 DEP         169  7 

1961 DEC 13 0136 32.39 19 29.49 155 24.78 28.55  8 .11 1.1 1.7 DML    3.1X 134 15 

1961 DEC 14 0328 42.31 19 18.41 155 16.54 34.72  7 .04 2.0 3.2 DEP    2.7X 173  7 

1961 DEC 14 1756 10.06 19  6.31 155 26.44 34.24  5 .05 3.1 2.5 DLS         336 26 

1961 DEC 15 1037 21.36 19 30.15 154 48.37  9.68  6 .06 5.5 2.4 LER         344 50 

1961 DEC 15 1117 58.95 19 23.59 155 16.96 19.64  8 .07 1.5 1.8 DEP F  3.2X 110  2 

1961 DEC 16 2048 59.82 19 36.01 155 18.36  0.52  9 .11 1.7  .5 KEA    2.3X 201 14 

1961 DEC 17 0522 18.83 19 16.54 155 18.31 28.66  7 .13 2.5 2.4 DEP    2.2X 175 11 

1961 DEC 17 0546 15.53 19 21.16 155 16.74 25.70  8 .04 1.7 1.5 DEP    2.5X 161  3 

1961 DEC 17 0719 44.37 19 26.60 155 18.90 32.25  8 .07 2.6 1.4 DEP    2.8X 183  3 

1961 DEC 17 0750 52.44 19 40.95 155 52.45 19.37  9 .16 3.316.3 HUA F- 3.3X 216 55 

1961 DEC 20 0659 41.44 19 27.32 155 14.64 23.80  7 .20 2.7 1.4 DEP         154  6 

1961 DEC 21 0030  6.95 19 21.19 155 15.28 31.80  7 .18 3.4 2.2 DEP         164  2 

1961 DEC 21 0304 55.65 19 57.36 155 18.52 12.48 11 .11 2.3 1.3 KEA    2.3X 217 35 

1961 DEC 22 0557 46.21 19 18.43 155 38.26  0.52  7 .09 2.511.2 LSW  - 2.5X 243 26 

1961 DEC 23 0140 31.92 19 22.87 155 15.50 26.58  7 .05 2.4 1.4 DEP         151  1 

1961 DEC 23 0501 11.80 19 21.92 155 15.92 28.87  7 .05 3.0 1.2 DEP         255  1 

1961 DEC 23 0637 14.10 19 20.76 155 31.90  6.89  7 .09 2.0 1.1 KAO    2.7X 319 22 

1961 DEC 23 0818 32.88 19 22.56 155 16.74 29.39  8 .07 2.0 1.4 DEP    2.7X 149  1 

1961 DEC 23 1129  0.06 19 23.05 155 16.23 30.43  8 .08 2.3 1.2 DEP          91  1 

1961 DEC 24 0741 21.23 19 18.49 155 15.44  3.03  7 .06 1.4 1.0 SSF         262  7 

1961 DEC 24 1053 11.68 19 20.10 155 17.55 32.71  8 .09 2.3 2.2 DEP    2.6X 163  5 

1961 DEC 24 1054 41.25 19 25.03 155 15.48 27.37  9 .09 1.0 1.1 DEP    3.1X 114  3 

1961 DEC 24 2134 25.65 19 24.19 155 25.90  5.36  7 .12 1.2 6.4 KAO    2.0X 235  9 

1961 DEC 24 2229 35.51 19 26.56 155 25.61  3.69  9 .13 1.6 4.0 KAO    2.4X 234  7 

1961 DEC 25 1017 45.61 19 27.11 155 24.80  1.29  8 .12 1.8  .7 KAO    2.3X 219  6 

1961 DEC 25 1959 24.24 19 19.19 155  5.97 12.48  6 .14 3.5 4.8 SF4    2.7X 331 18 

1961 DEC 26 1948  4.19 19 31.01 156  3.22  7.00  6 .1912.416.3 KON  - 3.2X 346 70 

1961 DEC 27 1714 28.23 19 13.74 155 38.45  5.90  9 .10 1.8 1.3 LSW    2.8X 239 19 

1961 DEC 28 0028 44.22 19 16.80 154 58.01  5.28  7 .09 4.910.5 LER  - 2.9X 274 24 

1961 DEC 28 2242 57.42 19 23.67 155 13.28 30.91  9 .07 2.0 1.7 DEP    2.5X 222  5 

1961 DEC 28 2243 33.96 19 23.22 155 15.71 28.08  9 .10 1.8 2.2 DEP    2.8X 123  2 

1961 DEC 28 2251  2.05 19 22.03 155 16.68 27.62  7 .04 2.4 1.2 DEP         187  2 

1961 DEC 28 2339 25.14 19 20.05 155 12.62 10.88  4 .00 3.2 3.0 SF2         214  7 

1961 DEC 28 2344  7.13 19 22.35 155 15.67 29.63  7 .03 2.6 1.3 DEP         187  0 

1961 DEC 28 2346  9.48 19  5.40 155 27.85 44.27  9 .06 2.7 2.1 DLS         208 13 

1961 DEC 28 2350  0.53 19  1.88 155 25.55 53.52  6 .12 5.0 5.4 DLS         258 17 

1961 DEC 29 0001 16.36 19 22.15 155 16.90 27.36  7 .08 2.6 1.3 DEP         178  2 
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---ORIGIN TIME (HST)-- -LAT N-- --LON W-- DEPTH  N RMS ERH ERZ LOC    PREF AZ MIN  13

YEAR MON DA HRMN  SEC  DEG MIN  DEG  MIN    KM  RD SEC  KM  KM REMKS  MAG  GAP DS 

1961 DEC 29 0100 13.95 19 23.08 155 16.16 29.34  6 .01 3.0 1.5 DEP         183  1 

1961 DEC 29 0223 41.95 19 23.78 155 17.77 28.48  7 .07 2.6 1.3 DEP         109  2 

1961 DEC 29 0245 14.24 19 22.17 155 14.52 30.12  6 .03 3.2 1.6 DEP         297  2 

1961 DEC 29 1114 53.95 19 23.15 155 15.97 25.94  7 .09 2.6 1.5 DEP    2.6X 105  1 

1961 DEC 29 1122  3.87 19 23.03 155 15.19 27.45  7 .08 2.7 1.5 DEP         159  2 

1961 DEC 29 1356 11.95 19 23.69 155 14.63 28.65  7 .03 2.5 1.4 DEP         154  3 

1961 DEC 29 1609  7.85 18 59.24 155 15.77 11.38  7 .22 2.0 1.7 LOI         284 35 

1961 DEC 29 2014 13.47 19 23.53 155 15.43 25.23  7 .07 2.4 1.4 DEP         132  2 

1961 DEC 29 2307 50.99 19 22.11 155 15.43 29.28  7 .05 2.6 1.4 DEP         190  1 

1961 DEC 30 0334 56.83 19 24.75 155 16.98 30.83  9 .11 1.9 1.4 DEP    2.0X  81  0 

1961 DEC 30 1209 30.16 19 48.43 155 27.20  6.95  7 .08 1.311.8 KEA  - 2.5X 292 39 

1961 DEC 30 1308 22.38 19 22.72 155 16.64 27.28  7 .04 1.7 1.6 DEP    2.9X 135  1 

1961 DEC 31 0603 23.85 19 47.70 155 32.69 13.26  9 .10 1.4 1.7 KEA F  2.8X 171 28 

1961 DEC 31 0743 45.15 19 22.89 155 27.36  2.20  9 .10 1.0 1.4 KAO    3.1X 187  9 

1961 DEC 31 0813  6.95 19 15.77 155 13.07 10.97  9 .13 1.3  .9 SF2    2.3X 248 13 

1961 DEC 31 0852 10.16 19 21.49 155 14.65 28.34 10 .15 1.8 2.3 DEP F  4.1X 198  3 

1961 DEC 31 0901 39.43 19 22.79 155 15.27 27.68  7 .04 2.5 1.4 DEP         169  1 

1961 DEC 31 0914  7.93 19 24.67 155 14.24 29.96  7 .08 3.0 1.7 DEP         142  5 

1961 DEC 31 0937 42.90 19 22.67 155 15.42 30.70  7 .13 3.5 1.8 DEP         172  1 

1961 DEC 31 0954 35.42 19 22.45 155 13.88 30.32  7 .07 2.9 1.6 DEP         191  4 

1961 DEC 31 1103 55.55 19 21.81 155 13.86 29.75  9 .12 1.9 1.5 DEP    2.6X 166  4 

1961 DEC 31 1136 27.98 19 23.77 155 14.62 25.96  9 .13 1.6 1.5 DEP    1.9X 152  3 

1961 DEC 31 1138 19.14 20 47.30 154 49.31 15.09 11 .11 3.8 7.4 DIS    3.5X 276121 

1961 DEC 31 1342 40.21 19 23.38 155 13.42 26.49  8 .08 1.2 1.5 DEP    2.3X 180  5 

1961 DEC 31 1907 23.08 19 23.09 155 16.62 28.07 11 .12 1.5 1.3 DEP    2.7X 111  2 

1961 DEC 31 2320 36.37 19 24.43 155 17.08 29.85  8 .04 1.7 1.2 DEP    2.7X 161  1 
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 25

By R. Y. Koyanagi, Ho L~ Krivoy, and A. To Okamura

Introduction

Of interest to students of Hawaiian volcanism are the various
approaches to the natural history of this regiono Dr. Chester K.
Wentworth of the HVO staff very kindly prepared "the -following short
summary of his more detailed work on the subject of the history of
the Hawaiian Volcano Observatory. We are very pleased to present
this abstract. therefore. as a guide to historical re"s"earches in
Hawaiian volcanism. Scientists, as well as the agencies'which support
them. are quite incidental to the ageless volcanic process. Dr.
Wentworth describes the painful--often penurious--circumstances under
which workers in Hawaii .have labored to examine a minuscule sample
of the countless events that have built the volcanoes.

History of the Hawaiian Volcano Observatory

By Chester K. Wentworth

The earliest recording of events and history at
Kilauea Volcano was the work of certain individuals among
the Protestant missionaries, who first arrived in Hawaii
in 1820. There were legends among the Polynesians for the
preceding centuries, which were recorded by the mission
aries, and also a few notes from the voyages of Cook and
Vancouver.

The condition and history of Kilauea first became-known
to the world through the journals and diaries of certain
members of the missionary company who speculated about
volcanic behavior at the time when valid accounts were just
beginning to be formulated in the rest of the world. There
were also the visits of naval expeditions coming to Hawaii
with various missions in the first half of the 19th century;
these usually visited Kilauea as a favored "world \ionder."
Several of these expeditions left printed accounts or maps.
Later there were specific scientific missions that issued
reports.

From the arrival of the missionaries, there were
individuals among them who made repeated"visits to the
volcanoes and developed a comparative narrative. There was
a growing facility and permanence of communication 0 Among
the recurrent visitors were those who emphasized the need
for a permanent agency and station for observation and
analysis of Kilauea e Such suggestions'were made for 50
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years before the first effective steps were taken by Thomas
A. Jaggar to organize local interest 'by means of the Hawaiian
Volc'a'no Research' Association and to gain the support of the
Massachusetts Institute of Technologyo The first continued
observations were made by Fo Ao Perret, in 1911. from temporary
buildings on the floor of Kilauea caldera. near the edge of
the Halemaumau pit~ In early 1912. a permanent observatory
building was built. largely with la~or and materials donated by
the citizens of Hilo, and TG Ao Jaggar arrived to take resident
charge. with the continued cooperation of HoVoRoA~ and MoloT o

Publication of the Bulletins of the Hawaiian Volcano
Observatory was commenced 0 During the first decade of the
Observatory, Perret, and H. 0 0 Wood were observers o Later.
in 1919. the sponsorship of the Observatory, with the same
staff and facilities. was transferred to the U.S. Weather
Bureau. At that time R. Ho Finch, who had been with the
latter bureau, carne out as assistant to Jaggaro

In 1924 came the spectacular steam-blast eruption by
which Halemaumau was enlarged to 3,000 feet in diameter and
more than 1.300 feet deep. In July 1924 the Observatory
control was assumed'by the'UaSo' Geological Survey 0 After
the 1924 explosion. Halemaurnau was filled slowly'. mostly by
small flows coming into the bottom of the shallowing pito
Different techniques continued to be devised for studying
the ungerground activitYo In 1935 the Volcano Observatory
became a part of the Hawaii National Park with the same
objectives as before but with a closer participation in the
work of the Park Service.

Dr. Jaggar retired in 1940 0 During the ensuing several
years of the war. Finch. who had succeeded Jaggar as volcan
ologist. managed to keep active a minimum program'of observations.
He also preserved intact ,essential property of the Observatory
which otherwise might h'ave been lost in the course of moves
made necessary by the burning of the Volcano House hotel and
by growth of Park Service activities o Late in 1947, the
station was transferred back to the U~S~ Geological Survey 0

Since that time there has been a continued growth of the staff
in numbers and skills~ The facilities and support have been
greatly increased,

The 1950's and early 1960's were marked by several,types
of activity, adding greatly to the experience of observers
of this generation 0 However.- Kilauea being a prodigious
uncontrolled phenomenon of irregular habits, it is increasingly
evident that only observing and recording events over many
human generations, or thousands of years, can build a picture
of total activity that will support any presumption to
generalize or predicto
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Chronological summary

The summit of Kilauea Volcano continued to'swell throughout the
last quarter of 1961 and the first quarter of 1962 0 Outward tilting
of the ground at the inner ring of tilt-bases (U. TM, Kea, and Kam)
averaged about 12 microradians per month from October 8, 1961 to
January 5, 1962 (figo 1) and about 6 microradians per month from
January 5, 1962 to March 29, 1962 (fig o 2)a The most distant
tilt-base, HP, tilted gently toward the caldera dur~ng both quarters,
while gentle tilting at Kal and KN showed"no consistent tilting
pattern.

The frequency of feeble shallow earthquakes from the vicinity
of Kilauea caldera increased steadily throughout the quarter 0 From
about 20 per day during the last 3 months of 1961. the average daily
count of these earthquakes increased to 46. 53, and 83 during January,
February, and March, respectively. Earthquakes from the source about
30 km beneath Halemaumau were prominent again during this quarter i

averaging nearly 10 per day; the largest number--113-~occurredon March
23. In late February another persistent source of earthquakes developed
along the southeastern flank of Kilaueao - -The seismograms of these
earthquakes are very difficult to interpret~ normal phases, such as S.
are very poorly developed.· and recorded amplitudes diminish rapidly
between the nearest stations (A. N, and U) and the next closest ones
(Pa, D, ML, Hi).

Five earthquakes were reported felt during January; all of them
were associated with Kilauea Volcano 0 The l~rgestt of magnitude 400,
originated 14 km southwest of Pahoa on January 7 and was felt
th-roughout the island e The three earthquakes felt during February
all originated about 30 km be·neath Kilauea caldera on February 7 0

The largest earthquake of the month was- not felto It occurred beneath
the sea about 35 krn southeast of Cape Kumukahi on February 100

Eight earthquakes were reported felt during Marchi and all but
one of them originated beneath Kilaueao The one exception occurred
at a depth of about 15 km beneath Puu Waawaa on March 9 0 It has a
magnitude of about 400 and was felt over half of the islando The two
largest earthquakes of the month both originated about 30 km beneath
Halemaurnau and were felt over the 'entire island o The first, with a
~agnitude of 4 0 4. occurred on March 23; the second. with a magnitude
of 4.5. occurred on March 300

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltrneter in Uwekahuna vault (table I),
and at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter

3
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Figure l.--Tilting of the ground around Kilauea caldera. October 8, 1961,
to January 5. 1962. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and has
a length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt ba$es; open circles,
short-base water-tube tiltmeters.
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Figure 2.--Tilting of the ground around Kilauea caldera. January 5. 1962.
to March 29. 1962. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. The area covered by this diagram has been increased to
include the new tilt base at Kapapala (Kap).
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Table l.--Tilt coordinates at Uwekahuna vault, January, February, anp
,~r.ch, 1962

Date N-S E-W Date N-S E-W
.'

-..

..~ . '. I'

Jan. 7 411 553 Feb~ 18 423 543

14 418 551 25 426 537

21 418 552 Mar. 4 427 536

28 419 550 11 \~.~ 438 537

Feb. 4 419 546 18 429 535

11 421 546 25 429 536

6



(table 2). The attitude of the ground surface at each tilt base is
reported in terms of north-south and'east-west-tilt coordinates. Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface.
that is. to a relative subsidence toward the 'north and east. A I-unit
change in coordinate corresponds to a tilting of 1 microradian (1 mm
per km) in the direction indicated.

Seismic summary

Events recorded by the U.S. Geological 'Survey seismograph network
in Hawaii fall into two categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of at least one seismograph, and distant earthquakes originating
farther than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes. daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(U. M. A. D, N). Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located with greater
precision; they are listed individually in table 4. Data on identi
fiable phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on'figure 3. and
essential data on the stations are given in table 6.
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Table 26--Ti1t coordinates and changes at bases around Kilauea caldera (see figs. 1 and 2)

Tilt base Date Tilt coordinates Rate (10-6 rad/mo) Date of
(location) (1962) and direction of last

tilting since reading
N-S E-W last reading (1961)

Uwekahuna
(19°25.5' N. t 155°17 .4' W.) Jan. 2 394.1 531.1 17.3 No 44° W" Oct. 6

Tree Molds
(19°26.3' N., 155°17.3' W.) 4 412.9 519.4 8.7 N. 22° Wo 7

Sand Spit
(19°24.1' N., 155°16.8' W.) 9 844.1 693.4 2.0 N. 29° W~ 11

Kalihipaa
(19°21.4' N., 155°15 0 3' Wit) 5 583.4 42203 1.1 S .. 18° E~ 8

Keamoku
(19 0 25.1' No, 155°19.0' W.) 5 447.0 651!tO 9.0 N. 82° W" 8

Kamokukolau
(19°22.7 1 N•• 155016~6' W. ) 3 733.6 489 0 0 14.4- s. 29° E. 7

Kipuka Nene
(19° 19.4' No, 155°16.7' W. ) 4 516.7 494t!4 0.4 Nt' 66° Wb 9

Hilina Pali
(19°18.2' N~ • 155°18(>6' Wo) 8 513.7 499~2 100 N~ 28° Ee 9

Mehana
(19°2602' N<", 155°14 0 3' W~ ) 2 525c7 536~6 3~3 N~ 83° E¢ 10

Kapapala Ranch
501.4.1(19°20.5' Nt\ I 155°23.8' We) 9 501~O 01'8 N.. 55° Efl 10



cD

Table 2.--Tilt coordinates and changes at bases around~Ki1auea.caldera.(see figs 0 1 and 2)

Tilt base Date Tilt coordinates Rate_(10-6 rad/mo) Date of
(location) (1962) and direction of last

tilting since reading
N-S E-W last reading (1962)

Uwekahuna
(19°25.5' N· t 155°17.4' W. ) Mar. 27 409.2 521.3 6.4 N~ 33° W~ . Jan & 2

Tree Molds
(19°26.3' N. t 155°17.3' W. ) 27 420.5 517.5 2.8 N. 14° We: 4

Sand Spit
(19°24.1' N•• 155°16.8' W. ) 29 849.2 701.9 3.7 Ne 59° Ec 9

Kalihipaa
(19°21 .. 4' N.. t 155°15.3' W0) 28 583.2 422.1 Oel SQ 56° We 5

Keamoku
(19°25.1' N. t 155°1900' W. ) 29 453.8 637.6 5_4 Ne 63° We> 5

Kamokukolau
(19°22.7' N. t 155°16~6' vi. ) 28 717.6 499 0 6 6.8 5&\ 34° Ee 3

Kipuka Nene
(19°19.4' N· t 155°16.7' W. ) Apr. 5 516.4 494 e 6 Oel So 34° E{l 4

Hilina Pali
(19°18.2' N~ t 155018~6' WCt) 4 515.0 498e2 Dco6 N. 50° Wf) 8

Mehana
(lg026~2t No, 155°14 0 3' W0 ) ... -- ...-.-- ....... ---- -._~CllRf2M,.~

_ ..at _ _=a._lSIa
aD~.c:::a.~c:=::.c..czc:a..~..,

__ ._____ ~_e-.

Kapapala Ranch
(19°20 0 5' No, 155°23 0 8' Wo ) Mal'o 30 500 0 0 501~4 0~4 Due south 9
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Figure 3.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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Table 3.--Numbersof earth uakes and minutes of tremor recorded on
caldera U, M, A, D, and N

Table 3, summary 25, p:

ra hs around Kilauea

-~

[Tremor is separated into three categories--(l) deep, (2) intermediate, and (3) shallow--on the
basis of relative amplitudes on seismographs in the summit region. Unless otherwise stated,
tremor is presumed to be associated with movement of magma within the central complex of Kilauea.

Halemaumau rock slides (4) are detected by the characteristic record they produce on the North Pit
seismograph.

Earthquake categories are: 5. shallow earthquakes in the Kilauea caldera region;
6, shallow earthquakes along the SW. rift zone of Kilauea and the

adjacent portion of the Kaoiki fault system;
7, earthquakes along the eastern half of Kilauea's east rift zone;
8, earthquakes from a source about 30 km beneath Halemaumau;
9, shallow earthquakes along the Kalapana Trail (SE. flank of Kilauea

10 to 15 km W. of Kalapana);
10, earthquakes from other regions: Kona, Mauna Kea, etc. ]

Date Tremor (in minutes) Halemaumau Kilauea SW. E. 30 Kalapana Others
(1962) slides caldera rift rift km Trail

Deep Intermediate Shallow

1 2 3 4 5 6 7 8 9 10

Jan. 1 _.. ..,..
..~ ...._-..--...... -.-_........ 1 82 10 ~~-- 9 ..--~-- ..- ...._----_ .._-----

2 -~..- 5 ..~.._---- - ........_---- 88 5 ---- 18 -~ ..---..- 1
3 --~-

...._-_..--......- ..----~~ 8 76 20 3 9 --~-~----
_.._~......_.. .,._.._.....

4 ---.. 3 --......~- 8 118 5 4 2 - ..-_ ....-- --.. - ....._---_ ...----
5 ~~~.. ------ ...._--_.. .-, ------- ~--_.._--..... 27 10 13 7 -._-------- --_....~_.._-.-_-~..,
6 ---- ...-....--~- ..--- ....__..~~ - ....__ ......._- 30 6 8 10 - ..--..- .... 2
7 ---- ------------.. ---.--_ ..-. ......-.. --..~_ .. 53 6 3 2 -------- ---------------8 - ..- .. ------------- ..~----~ 1 41 3 ---- .. 5 ..----- .. -- _.._-----_ ... --,-.- ..
9 ---- ....._~-_-. .._-~- --..~ ..-.. _....__ ........~ 33 6 1 7 ----...... .- ~- .....---~-~ .....-....

10 ---- ...._------_.... _..........- ..-......._~--- 40 4 1 6 _... - ......-- 1
11 .._.... _.._-~----_ ..- 5 3 41 5 3 7 -----_-... ~-------_ .._....-...
12 .. - .... ----_...---~--

-~ .._-.. -. 2 61 15 ------ 2 -------- --,...._..~_ ..---_-.-



13 4 ....__....-..~_..- _..__-._- -....~- ..~~-- 51 5 1 3 - ....- ........ 1 (Kona)
14 3 9 1 95 7 6 ........~- ..- 3
15 ~ ......._~ ....---- 6 ---------- 81 7 3 .-_~_..__ .. 3
16 ....._---~ ..._-~ .. --------- ---._-..---..- 35 10 3 ------.. -. ..--- .... --_ ...._---
17 --------~_..- ~--- ...... .._----~--~ 70 8 6 --~--. ..~- 1
18 3 ........__.. ..-_....-_...... 4 3 2 ............ ..,.. 3 (15 km)
19 ..-~_ ..----_..- 8 ........--_....- 44 4 2 2 ------.._- 1 (Kona)
20 .._--_...._---- 2 ........------ 31 8 2 ---.......... -----~~--~--~-~~

21 .._--------- ..-- ------- 1 22 8 8 _... ------- ---_ .._---_...._--~
22 7 ..-~-_ .... ...~-_ ..._........ ·36 4 2 --_..~-- .. 1 (Kona)
23 ..._-~~_ .......-_..

-~- ...._- -.- .......--.,- .... 23 10 1 4 -------- 1 (Mauna Loa)
24 5 ------- 2 30 8 1 17 ..............-

---------~~~--~~

25 5 -...._-..~ ......--_..- .... 45 5 2 3 ......_---- -_....-.-..~......._--_..
26 12 ------- ----_.._--- 22 14 16 .........-..-- ~--------~---~--

27 2 ----- ...- -- ......------- 27 11 4 -------- -- ......_----_....._--
28 .- ....----..-_ .... .. ..----- -..~-..~.- ....- 33 8 2 6 -------- 1 (Kona)
29 --- ..-- ....-_-. .. 7 ---------- 31 5 1 5 ~.._--~-- -.~_ ...~--- ..~------
30 ---~--_....-...-- -..-~..~.. ---------- 29 6 1 3 .... _-_..~ .. ..~------_ ..--....~-
31 -----..--------- ------_ .. ----~_ ..--- 33 22 3 ~_ .._~--- 1

Feb. 1 15 ------------ ~ .._...~-- 2 25 5 4 2 ...._-~ ..~.. 1 (Kona)

- 2
---~------ ------- - ....._-..---_ .. 60 8 4 4 -------- 1 (s. Point)

~ 3 ------------ ----~ ..- 1 47 9 7 -------- 1 (Kona)
4 -----.-----..- .. ------- ---------- 51 10 12 _....---_....

--~--~- ..---~~---
5 4 ------ .. ---------- 60 13 1 5 --------.... -----_ .._---------
6 2 ------- .._----......- 74 18 1 13 -------- 6

7 ---~--~....-.... ...._.....--
-----~-_..~ 40 8 1 70 ...._----- _.._.._..~ ..----..-~ ..

8 ------------ _....,..--- ---------- 35 14 3 3 _...-._---~ 1 (Kona)
9 _..~.._------~ 3 ---------_.. 30 7 3 -------- -. ... .--.._-_ ..-..-.....~-

10 2 ..-._---- 1 58 3 2 4 -------- 3
11 ....__ ...--....~~.. ------- 2 59 7 7 -------- 1 (Kona)
12 3 ........-. ..- 3 40 10 1 3 -------- --~ .._-_ ....-~_ .._..-
13 6 ...._-- ..- 7 45 6 1 3 --.......... ..,

----~-~--~~--~--

14 ....._--------- ..-~- ..-.. 5 44 16 1 3 --------- --------------_..--
15 -., ....-----..--- ...~ ....--- .._.._....._--- 40 14 3 2 -- ..~---- 3 (Kohala, Kana)
16 ------------ ..---_..~ 1 25 8 5 -_ ..._------ 2
17 ~...._..--._-....- _-._----- ..--~------ 52 10 1 _-._------ 2
18 ----~-..----- _...~--_ ..

~--- ..--.- .... 27 13 3 ..~ ..-....-- .._--_.._--_.._....-~
19 ..~-~ ....--_..-.. --------- ..-.~- ...._-_.. 33 17 1 3 -~ ......--- 1 (Kana)
20 ------~----- -~----- -.._------~ 52 7 1 3 -- ..-..--.. 1 (Mauna Loa)
21 _.._-..-_..~-.... ~ .._...._.. 3 70 8 1 4 ...._~ ..-~ .. ------------.. ---_..
22 .. .-.....~~_ ........- -------- .._--------- 38 11 2 ~-~~-~---~-----~



23 --.._-~ ..--..~-- .......-~ .... --- .. _----.--_ .. 55 11 2 9 1 1 (Maui)
24 -~-~..------- -------.. --_-. ..-...,--~ 70 12 3 -~~_ ..--_-.

-~----~~~~--~---

25 ----~-..----- ~_ ..~-.,-- ---..--_-.-. .. 65 8 2 15 1 2
26 ..~ .._..__ ..._....... ------- ......_---..-- 66 5 1 5 3 ~-~~~~----~~-~--

27 ..~.._.._--_.._~ ------- 1 66 13 4 3 ..-_....--~~-- ..----
28 _.._-_..~...._~- 20 ..~---~ ....-.. 70 8 1 6 1 1 (Kona)

Mar. 1 ..~-----~~ ..~.. ------- 2 73 15 5 4 ....._-- ...... .._..-.--_...._--~-_ ..
2 ..------------ ...... ----.. _..-~_.._.. --. 100 9 2 7 1 2 (Pahala)
3 -- .._-- ........ _- ------- 3 67 13 3 23 5 -~---_ ..~-~-----~
4 --_.---_-... - .... _............ 1 82 20 2 4 4 _... -----........._-- .....
5 --_ ....__ ..__.... ----- ..-- ---------- 81 16 3 3 2 1 (Kona)
6 ---- .._---.-, ..--_ .. --..-.._~ ..- ..._~ ..--~~ 150 9 2 7 ....._...._..-

-----------~~-_ ..
7 ~-_ .._..------ 5 ---~ .._---.. 155 13 1 6 2 --~--~-~---~~~--

8 ~ 35 ------------- ....----- -._-_.......~..- 96 21 6 4 1 (Naalehu)
9 ......--......- .._- ..-..~ .._- ..-.._--- ...... 95 35 3 7 6 2 (Mauna Loa)

10 ..__..-..-"--_..~ ...._..~- .. -_.....~..-._-- 103 33 1 1 3 1 (01aa)
11 ----.--------.. --~---~

.... - ........-_.. 96 26 1 12 ..--~---- ---~-----~--~--~

12 ------~--_-.~ 6 1 70 11 2 1 1 -~--~-------~-~-

13 _.- .._-~ ....---.. ...~ .. -. .....- ---~--_-.-. ... 70 5 3 1 5
14 -..~-_ ....----- -..-..~-- 3 57 8 5 1 -~~-~--------~--

15 -----.. .-, ..----- -~-.--_.. 1 64 10 1 1 ~--~---~-------~

16 ....__.... -.- .._-- ---_..~- --- ..----- ..-..-- 60 7 2 2 -------- ..~-~ ..-..-------..-
17 .._------ .._.... ....... -~-. .. 1 50 14 5 1 ~-----_ ..-------~
18 39 --....-..--- ..-- -- ..-.._..~ ..- .......--- ...- 55 9 5 3 ..-...~---~ ------_ .._-------
19 ----_....- ........ -~_ ...._~ .... __ .......~-- 51 6 9 _.._~---~ ~~~~--~~~-~-----

I-' 20 8 65 9 2 8 5 _....._-~_ .......-_..-_ ........, ~-~ .._.- .....-.._-
~---~-- .._-

~ 21 - .........._..-_.... -_ ..- ...... .._--~--_ ..- 62 11 2 25 2 --~..,--~_ ....---_.._--
22 ----_ ....----- ------- 1 58 12 2 5 2 ~~----~~-------~

23 ....~--~ ..-..._..- -.._~_ ..-
~_ ..--_ ..~-- 50 5 2 113 ...------- 1 (s. Point)

24 ------------- _.._.._..~ ---------- 72 27 1 24 --_..---.-. 2 (s. Point)
25 ..------...._--- .. - ..---.... .........__ ...- ..- 74 30 6 17 3 3
26 ------------ ---_.. -- ..

----~ ..~--- 59 7 2 5 3 -----------------
27 ---_...._----- ..........-- ...._-~ ..._--- 61 30 2 14 1 -----~-~---~----

28 .... ~--. ....----~ ----_.... -.- .............-- 120 17 8 8 ----_..--- 1
29 ....._------~-- ...._.. _- ..

~--.- ...._- ..- 146 24 3 4 ----....._-- ...._.... -_.._....._~ ....~
30 --.._-~ ....~....~ --_ ..-. ...- -_-.~ ....-...~- 85 14 3 20 -....__ ....-

-----~----------
31 ... - .. -. ......- .._..- 3 ----..-.. ..,..~ 160 19 4 10 -----..--- ~~ ....-.._-~---_ ....-



Table 4.--Local earth uakes recorded b
Januarx, Fe

hs of the U.S. Geolo ical Surve
March. 1962

[Except for smaller earthquakes of special interest, only earthquakes with magnitudes of 2 0 S or
greater are listed. Origin time is Hawaiian standard.

In the following list some origin times are followed only by "KM 30" and a statement of magnitudeo
These are all members of a 'continuing family of quakes noted. in other summaries $ They were
prominent in this quarter and so are listed in this abbreviated fashion. The best mean focus
for this group is beneath Halemaumau at a depth of 30 km.(19024 3 1' No. ISSol701' W.)o

In the Chronological summary another recurrent earthquake type was described 0 The table of daily
events in this quarter has been expanded to include earthquakes of this type t which are listed
in column 9 (table 3). In the following list, origin times_of these .. quakes are followed by
"KT" (Ka1apana Trail) 0 The tentative epicenter for these.quakes.is 19°20' Nei lSS00S' Wo This
location is remote from habitation and traffic.. and these quakes, aregeneral1y not felt 0

Because they originate at very shallow depths and far from our. seismometer concentrations~

~ these quakes are poorly recorded, and the epicenter given above is only approximate]
I\)

Date Time Magnitude Epicenter Remarks
(1962)

h m s Lato No Long. W. Description- - -
Jan. 3 11 51 41 0 8 301 19°27 0 0' 15S011 0 7' 12 km ENEo of Uwekahuna 2S km deepo

. "

seismograph. Felt at
Volcano~

3 18 16 4106 3 0 1 19°26 0 6' lSS012.S' 10 km ENE. of Uwekahuna DOe

seismograph. Felt at
Volcano 0

4 06 39 S501 2 0 8 190560S' ISS,oOSt'S' 12 km NNE 0 of Pepeekeo- ca 121)S km deepo

S 01 23 3S04 2 0 8 19°18 0 8' 1SS007.0' 11 krn NE o of Apua Point~ 3 krn deepo



Table 4. --Local earthquakes recorded._ by seismographs. of the U0 s. Geologi cal. Survey.
January' February a-and' March, ·1962~-Contlnued- --

Date Time Magnitude Epicenter Remarks
(1962)

h m s Lat. N. Long • .W. Des'cription- - _.
.-'

~

Jan. 5 11 57 04.6 : 3.0 19°23.5' ,155°23".2' 7 km N. of Desert 3 km deepo
seismograph.

6 05 36 46.3 2.7 KM 30.

1 01 40 55 0 1 2.3 19°12 0 1' 155°13 0 8' 7 km SW. of Apua Point- ....... :_ 15 km deepo

7 02 57 53 0 4 4 0 0 19°24.5' 155°03 0 1' 14 km SW. of Pahoao Felt 5 km deepo
throughout the is1ando;

7 09 17 27 0 6 2,,7 19°31.1' 155°3600' 5 kmNNW o of Mokuaweoweo 3 km deep.o
caldera 0

7 12 29 29 0 4 21»9 KM ~OO

8 15 18 17 0 7 2 0 5 KM 30a

9 17 44 22 0 4 3 0 0 19°13.2' 155°32.8' 8 -km WNW o of Paha1a--c. ...--= 12 0 5 km deep.

10 02 57 50 0 8 3 0 0 KM 30 4
~

10 16 59 52 0 1 2 0 9 21° 1600' 155°25 0 0' 125 km NE of Upolu Point- .----do-..-- .....---
~

14 08 10 49 0 9 2 0 9 19°30 0 0' 155°42 0 2' 22 km ESE o of Kea1akekua~ 3 km deepo

17 18 58 45 0 5 2 0 3 19°20 0 2' ·155°13C)3' 7 kmSE o of Ahua 8 km deepo
seismographo



Table 4.--Local earth uakes recorded b
Januarr,

ra hs. of the U. S. Geolo ical._ Surve
March, 1962--Cont~nued

Date Time Magnitude Epicenter Remark"s'

(1962) --
b -m s Lat. N•. Long. W,. .Description- - -

--

Jan. 18 17 07 06.5 2.4 KM 30.
..

20 03 01 20.3 2.6 19°31.8~ 155°42 0 9' 23 km E. of Kealakekua--- 3 km deep.

21 04 05 36.5 3.1 19°23.0' 155°02.0' 7 km NW, of Kalapana-~--- 50 km deep.

21 16 31 08.9 2.8 KM 30. Felt at Volcano.
.-

25 07 55 4509 2.3 19°06.2' 155°45.5' 20 km WNW. of Naa1ehu---- 8 km deepe

26 14 04 23 e 2 3.3 i9015.8' 155°12.8' 2 km We .of Apua Pointe 15 km deep,
Felt from Hilo to
Volcano.

28 08 21 51 0 5 3.0 19°35.8' 155°49.8' 13 km NEe of Kealakekua-- 3 km deepe

Feb. 1 19 30 08.3 2.5 19°3100' 154°3.5.0' 25 km Eo of Cape 12 0 5 km deepo
Kumukahi.

3 23 41 25.7 2.0 19°22.8' 155°26.2' 8 km NW. of Desert 8 km deep.
seismograph 0

4 07 33 26 0 2 300 19°42 0 2' 155°56 0 0' 21 km NNW:) of Kea1akekua- 8 km"'deepo

6 19 27 2601 202 19°20 0 7' 155°04 0 3' 22 krn SWo of Pahoa-lD~-"-- 5 km deepo

6 20 49 42 0 1 208 190 22 0 1 v 154°51 0 7' 17 km SEo of PahoacolO
"''''---

8 km deepo



hs of. the U. S. Geolo i_cal_ s.urve
1962~-Cont~nued-_......._-_........_--~..'-_...

Table 4.--Loca1_____~~__~~----......._.......~~~-.i__- ....--..----...

"\

Date Time Magnitude Epicenter Remarks
(1962)

h m s Lat. N. Lo.ng. W. Description- - ._- " ..

..

19° 50.4-' 155°34.4'
- .

:3 km deep.Feb. 6 22 49 0000 2.8 30 km SSW. of Honokaa----

7 01 30 25.2 2.9 KM 30.

7 06 09 20.3 2.9 KM 30.

7 10 06 . 35.2 3.5 KM 30. Felt at Volcano.

7 10 10 43.0 3.5 KM 30. Felt at Volcano.

7 10 49 18.3 2.7 KM 30.

7 11 13 40.9 2.4 KM 30.

7 11 57 07.4 3.1 KM 30.

7 15 26 39.3 2.9 KM 30. Felt at Volcano.

7 15 29 45 0 0 2.5 KM 30.

7 20 39 46 0 5 2.7 KM 30 0

8 16 15 51.8 2 0 5 19°40 0 0' 156°32 0 0' 50 km WSW o of Keahole 8 km deepo
Point 0

8 16 34 44 0 6 2 0 5' 19°10 0 1' 155°22 0 2' 13 km ESEc of Paha1aCD
----- 3 km deep.

10 16 00 46 0 6 4 0 0 19°18.2' 154°33 0 0' 35 km SEo of Cape Kumukahi Doo



ical._ .Surv

.-
Date Time Magnitude Epicenter Remarks

(1962):
h Lat. N. Long. W. Des~ription

- .

m s- - -
Feb 0 11 0.6 04 32 0 0 300 19°42.7' 156°05.0' 12 km NW o of Kailua------ 8 km deepo

11 l4 21 52 0 a 2.8 19°31.3' 155°51.4' 7 km ENEo of Kea1akekuacoo
- 3 km deepo

14 OQ 58 25 0 2 2 0 5 19°35.2' 155°49.0' 13 km NE.of Kealakekua--~ Do o

14 06 31 5500 2.3 19°24.5' 155°2706~ 12 km SW e of Mauna Loa 5 km deepo
seismograph.

15 09 0'1 21 0 7 2 0 9 19°3106:' 155°501)5' 8 km ENEo of Kealakekua-- 3 km deep 0

-
15 20 3.3 44 0 2 2 0 6 20°0501' 155°50.1' 5 km N~ of Kawaihae~~-~-- 1205 km deepo

15 22 40 44 0 3 2.7 20°01 0 5' 155°5000' 2 km So of Kawaihae------ 8 km deep.

16 07 52 27 0 5 2e7 19°52 0 2' 156°00.0' 17 km NE o of Keahole 1205 km deepo
Point 0

17 02 47 34.9 208 KM 30 0

23 05 01 54.8 207 KM 300

23 05 51 18 0 6 2 0 9 19°12 0 7' 1550 40 0 7 Y 19 km NW o of Naa1ehu-c::. ... c:.- 8 km deepo

23 16 44 4801 200 19°25 0 7' 1550 2901 v 13 km SW o of Mauna Loa DOG
seismograph 0



Table 4.--Local earth uakes recorded b
J-an·uary·, Fe ruary,

ical.Surve

Date Time Magnitude Epicenter Remarks

h rn s Lat. N. Long. W. Description- - -
Feb 0 23 19 03 5903 2.8 21°09.0' 155°38.0' 102 km NNE. of Upolu Point 1205 km deep&

25 12 54 33.0 3.2 19°06.9' 155°37.8' 7 km NW o of Naa1ehu------- Do~

25 18 55 10 0 4 2.7 KTo

26 22 24 38.7 3.,0 KT.

Mar o 3 02 29 28.0 2.0 19°06.5' 155°21.4' 17 km SEe of Pahala------- 15 km deepo

4 01 32 13 0 7 2 0 5 KT.

4 03 37 58.3 2 0 7 19°39.2' 154°5601' 18 km NNE o of Pahoa----- .... - 'Do 0

6 02 50 33.0 2 0 7 19°3200' 155°5100' 7 km ENEo of Kealakekua--- 3 km deepo

8 21 14 43.1 2 0 6 19°09 0 6' 155°3707' 11 km NW o of Naalehu------ 1205 km deepc

9 21 39 02 0 2 3 0 3 KT o Felt at Volcano.

9 23 46 19 0 0 4 0 0 19°47.8' 155°50 0 3' 2 km NNE o of Puu Waawaao 15 km deepo
Felt in half the islando

10 00 24 38 0 0 2 0 7 KT o

10 00 34 56 0 9 2 Q 3 KT o

10 21 37 04 0 4 2 0 3 19°32 0 7' 1.55°07 0 9' 3 km SW o of Mountain View- 3 km deep&



Table 4.--Loca1 earth uakes recorded b
JanuapY. Fe ruary,

ical .. Surv

tho

Date Time Magnitude Epicenter Remarks
(1962)

h m 5 Lat. N. Lo.ng. W. Description- - -
Mar. 12 05 17 06.0 2.7 KM 30.

15 05 23 45.1 2.7 KT.

16 23 28 09.9 2.7 19°14.1' 155°37.2' 19 km NNW. of Naalehu--- ... 3 km deepe

18 00 33 45.0 2.4 19°46.0' 156°09.0' 11 km WNW, of Keaho1e At shallow dep
Point.

18 04 13 13.7 2.7 KT o

20 05 55 10 0 0 2.5 KM 30 0

21 10 04 28.2 2.9 KT.

21 12 26 52.0 2.7 18°55.2' 155°27 0 2' 22 km SEt of Naa1ehu------ 8 km deepo

22 09 30 12.3 2.8 KT o

22 16. 35 42.1 3 0 4 19°14 0 3' 154°57.8' 13 km SSE. of Kalapanao 45 km deepe
Felt at Vo·lcanoo

23 14 56 46.6 4~4 KM 30 0 Felt throughout
the island &

23 18 47 03 0 8 3 0 0 KM 30 0 Felt at Vo1canoo

24 04 16 34 0 8 2 0 0 18°57 0 2 v 155°15 0 6' 38 km ESE1 of Naalehu---- 12 0 5 km deepo



Table 4.--Local earth uakes recorded.b
. " January! Fe ruary I 196 2--·Cont~nued

ical .. Surve

!

Date Time Magnitude Epicenter Remarks
(1962

h m s Lat. N. Lo.ng. w. Des·cripti·on. ..... - - . . ..

):~ . ~

Mar. 24 11 13 27.4 2.5 KM 30 0

24 19 47 53 0 3 2.9 KM 30. Felt at Volcano 0-

27 15 36 10.2 2.5 KT,

28 15 52 40 0 0 3 G 4 19°16 e 9' 155°13 0 4' 5 km NW. of Apua Pointo 5 km deepo
Felt at Volcano 0

30 06: 42 16 0 6 2.3 19°21.7' 155°25 0 7' 5 km NWo of Desert Do o

seisrnographo

30 18 15 55 0 1 4 0 5 KM 30. Felt throughout
the islando



Table 5.--Distant'ea~thsuakes

[Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "e" following the time of P indi
cates compressional first motion; a "d" indicates dilatational
first motion. Station symbols, locations. and instrumentation are
presented in Summary 25. Magnitudes calculated from the Hawaii
seismograms are followed by (HVO). Location of epicenter, origin
times, and focal depths. and magnitudes reported by other institu
tions are taken from "Preliminary Determination of Epicenters"
published by the U.S. Coast and Geodetic Survey]

Jan. 1 ' 'Jan. 4--Continued

M Z eP 02:48:44.3 c U Z eP 04:46:05.2 d

A Z eP 02:48:44.0 d Pa Z eP 04:46:06.3 c

D Z eP 02:48:45.2 d Hi Z iP 04:46:05.2 d

U Z eP 02:48:45.7 d Na Z eP 04:46:03.8 d

Magnitude 5.7 (HVO) • Ka Z eP 04:46:01.5 d

C&GS card 1-62: Ha Z eP 04:45:56.2 c
52.3° N., 177.9° E.
02:41:06.0 U PEE eS 04:55:00
Rat Islands, Aleutian Islands.
h about 26 km. U PEN eG 05:01:24

Jan. 1 U PEZ iR 05:04:00

M Z eP 23:47:48.0 c Magnitude 6.5 (HVO) •

N Z eP 23:47:48.3 c C&GS card 1-62:
33.9° N., 135.2° Eo

U Z eP 23:47:50.3 c 04:35:42.6.
Near Shikoku, Japan.

U PEZ eR 23:58:02 h about 56 km.
Magnitude 6.0 (Berk).

C&GS card 1-62:
52.4° N., 177.7° E. Jan. 5
23:40:20.3.
Rat Islands, A1eutain Islands. U PEZ eP 00:31:18
h about 27 km.

U PEZ eS 00:37:38
Jan. 4

U PEN eL 00:40:33
A Z eP 04:46:05.2 c

Magnitude 6.7 (HVO) •
N Z eP 04:46:03.8 c

D Z eP 04:46:05.2 c
20



Table 5.--Distant"ea~thsuakes--Continued

, 'Jan~ 9

M Z eP 12:52:17.1 d

A Z eP 12:52:17.7 d

D Z eP 12:52:17.4 d

U PEZ eScS 13:01:47

U PEZ eR 13:04:53

Off coast of O~egon.

No preliminary C&GS listing.

C&GS card 3-62:
44.3° N., 128.8° W.
06:27:45.2.
Off coast of Oregon.
h about 25 km.

Tmax 07 : 08 : 00

Tmax 07:08:24

Tmax 07:08:28

Tmax 06:46:31

Tmax 06:46:21

~agnitude 6.2 (HVO).

C&GS card 2-62:
42,9 0 N., 144.8° E.
12:40:49.3.
Near coast of Hokkaido, Japan.
h about 78 krn.

N Z

Hi Z

N Z

Pa Z

Pa Z

Jan ~ 10

"Jan~"lO

C&GS card 4-62:
15.5° S., 177.7° W,
00:23:32.1.
Fiji Islands.
h about 24 km.
Magnitude 6.25 (Pas), 6,25 t6"

6.5 (Berk).

C&GS card 1-62:
18.50 N., 70.5° W.
01:00:24.2.
Near south coast of Dominican

Republic.
h about 63 km.
Magnitude 7.0 to 7.5 (Pas),

6.25 to 6.5 (Berk). 6.5 (Pal),

I
21

Jan. 5

U PEZ eL 08:24:10.

C&GS card 3-62:
15.5° S., 172.5° W.
08:08:07.5.
Tonga Islands region.
h about 60 km.

Jan. 8

M Z eP 01:12:27.5 c

A Z eP 01:12:26.2 c

D Z eP 01:12:29.0 c

Pa Z eP 01:12:26.6 d

Hi Z eP 01:12:27.9 c

Ka Z eP 01:12:27.8 c

U PEN e 01:34:06

U PEZ eR 01:36:54

Magnitude 6.5 (,HVO) •

Jan. 5--Continued



Table 5. --Dis tant·. ~~~~~$~~~~s~~Continued

Jan. 10 Jan~ 10

N Z Tmax 07:09:40 N Z Tmax 07:48:45

Pa Z Tmax 07:09:13 Pa Z Tmax 07:48:40

Ha Z Tmax 07:09:19 Ha Z Tmax 07:48:14

C&GS card 5-62: Off coast of O~egon.

44.3° N•• 128.7° W.
06:28:40.5. No preliminary C&GS listing.
Off coast of Oregon.
h about 61 km. Jan~ 11
Magnitude 4.75 (Pal).

U PEN ePP 06:57:49
Jan. 10

U PEZ eR 07:05:53
N Z Tmax 07:14:28

Ha Z Tmax 07:33:11
Pa Z Tmax 07:14:31

C&GS card 9-62:
Hi Z Tmax 07:14:20 51.9° N•• 179.3° W.

06:49:07.6.
Ha Z Tmax 07:14:07 Andreanof Islands. Aleutian

Islands.
C&GS card 3-62: h about 60 km.

44.3° N,. 128.8° W.
06:33:56.5. Jan. 16
Off coast of O~egon.

h about 25 km. M Z eP 11:45:07,5 c

Jan. 10 A Z eP 11:45:07.0 c

N Z Tmax 07:16:47 D Z eP 11:45:05.5 c

Pa Z Tmax 07:16:25 Pa Z eP 11:45:10.7 d

Hi Z Tmax 07:16:01 Hi Z eP 11:45:11.9 d

Ha Z Tmax 07:16:07 Ka Z eP 11:45:10.7 d

Off coast of Oregon. Ha Z eP 11:45:29.9 c

No preliminary C&GS listing. U PEZ iP 11 :45 :08 c

U PEZ is 11:52:52

U PEN eG 11:59:10
22



Table S.--Distant earthquakes--Continued

Jan. 16--Continued

Magnitude 6.0 (HVO).

C&GS card 6-62:
30.5° S., 177.9° W.
11:35:41.3.
Kermadec Islands.
h about 39 km.
Magnitude 6.5 (Pas).

, .Jart ~ .30--Continued

C&GS card 9-62:
12.7° N. 87.7° W.
08:34:26.8.
Near coast of Nicaragua.
h about 101 km.

, .Jan •. 30

M Z eP 15:32:12.5 d

A Z eP 15:32:13.6 d

D Z eP 15:32:12.5 d

Hi Z eP 15:32:15.5 d

C&GS card 8-62:
20 •7° N.. 144. 5° E.
15:22:49.4.
Mariana Islands region.
h about 187 km.

. 'reb. 2

Single 'acoustic pulse - 70 sec
·period.

eGGS card 9-62:
49.9° N., 78.2° E.
07:59:58.5.
l<azakh. U.S.S.R.
h about 0 km.

Feb. 3

M Z eP 00:49:02.3 c

A Z eP 00:49:02.8 c

D Z eP 00:49:02.9 c

N Z eP 00:49:03.2 c

U Z eP 00:49:06.4 c

23

Jan. 28

M Z eP 05:47:43.1 d

A Z eP 05:47:43.0 d

D Z eP 05:41:41.6 d

N Z eP 05:47:43.1 d

Hi Z eP 05:47:44.4 d

Ka Z eP 05:47:46.5 c

U PEZ eR 05:58:17

C&GS card 11-62:
17.2° S., 172.00 W.
05:40:08.2.
Tonga Islands.
h about 25 km.
Magnitude 6.25 (Pas) •

Jan. 30

M Z eP 08:45:01.8 d

A Z iP 08:45:00.6 d

D Z eP 08:45:00.8 d

Pa Z eP 08:44:59.4 d

Hi Z eP 08:44:59.1 d

u PEN e 21:26:00



Table 5.--Distant"earthsuakes--Continued

Feb. 3--Continued Feb. 5--Continued

Hi Z eP 00:49:07.3 c C&GS card 9-62:
35.9° N•• 138.8° E.

Na Z eP 00:49:02.6 c 22:55:49.6.
Central Honshu.

U PEZ is 00:58:04 h about 151 km.

U PEZ iR 01:09:43 Feb~ 8

U PEN iSSS 01:05:47 M Z iP 12:00:01.0 d

Magnitude 6.5 (HVO). A Z eP 12:00:00.1 d

C&GS card 10-62: U Z eP 12:00:00.3 d
1.20 S., 137.80 E.
00:37:53.6. Pa Z eP 12:00:03 0 5 d
North of New Guinea.
h about 17 km. Hi Z eP 12:00:03.6 d

Feb. 4 Na Z eP 11:59:58.8 d

M Z eP 03:07:28.8 d Ka Z iP 12:00:07.0 d

A Z eP 03:07:28.4 d Ha Z eP 12:00:07.1 d

D Z eP 03:07:28.4 d U PEZ eR 12:19:10

N Z eP 03:07:29.1 d U PEN iG 12:16:18

C&GS card 11-62: ~agnitude 6.1 (HVO) •
4.6 0 S., 119.0 0 E.
02:54:42.1. eGGS card 14-62:
Celebes. 3.2 0 S., 141.30 E.
h about 89 km. 11:49:13.9.

New Guinea.
Feb, 5 h about 87 km.

M Z eP 23:05:42.3 d . ·reb~ 9
F

A Z eP 23:05:43.1 d M Z iF 22:03:29.8 c

D Z eP 23:05:42.6 d A Z iP 22:03:29.8 c

Pa Z eP 23:0-5:43.9 c D Z eP 22:03:28.4 c

N Z iP 22:03:29.6 c

24



Table 5.--Distant 'ea:rths"uakes--Continued
l , .. , ...•....•.

Feb. 9--Continued Feb. 'll--Continued

U Z iP 22:03:29.3 c Hi Z ePcP 19:05:34.2

C&GS card 11-62: Na Z iP 19:04:58.5 c
0.60 N" 123.9° E.
21:51:13.2. Ha Z iF 19:05:08.4 c
Celebes.
h about 50 'km. Ha Z iPcP 19:05:35.1

Feb. 11 U PEZ eP 19:05:00.9 c

M Z iP 02:52:03.5 c U PEZ iG 19:18:46

A Z iP 02:52:05.0 c U PEN is 19:12:52

D Z eP 02:52:03.5 c M.agnitude 6 • L~ (HVO) 0

Pa Z iP 02:52:05.3 c C&GS card 11-62:
4.50 S •• 153.5° E.

Ha Z iP 02:51:55.7 c 18:55:32.0.
New Ireland ~egion.

Na Z iP 02:52:03.5 c h about 100 km.
Magnitude 6 (Berk).

C&GS card 11-62:
29.6 0 N., 139.00 E. Feb. 14
02:42:36.1.
South of Honshu, Japan. U PEZ iP 06:49:35 d
h about 400 km.
Magnitude 6.25 (Pas) • U PEZ iPP 06:53:33

Feb. 11 U PEZ iPPP 06:55:38

M Z iP 19:05:00.7 d U PEZ iPS 07:02:09

M Z ePcP 19:05:29.7 U PEZ iSS 07:07:22

A Z iP 19:05:00.7 d U FEZ iR 07:20:03

A Z ePcP 19:05:33.4 U PEE is 07:00:05

D Z eP 19:05:00.0 d U PEE iSSS 07:11:23

D Z ePcP 19:05:30.9 U PEN iL 07:15:09

Pa Z eP 19:05:03.1 c U PEN iG 07:16:03

Hi Z iP 19:05:03.8 c M Z Tmax 08:36:13

25



Table 5o--Distant earth~uakes--Continued

Feb. 14--Continued

A Z Tmax 08:35:58

D Z Tmax 08:36:02

N Z Tmax 08:36:04

U Z Tmax 08:36:06

Pa Z Tmax 08:35:42

Na Z Tmax 08:35:56

Magnitude 7.5 (HVO)o

C&GS card 11-62:
38.1° S•• 73.1° W.
06:36:01 0 3.
Near coast of Chile.
h about 44 km.
Magnitude 7.25 (Pas), 7.5

(Berk) •

Feb. 18

M Z iP 17:37:14.1 c

A Z iP 17:37:14.7 c

N Z iP 17:37:14.5 c

Pa Z eP 17:37:10.1 c

Ka Z eP 17:37:15.6 c

U PEZ eR 18:01:44

Magnitude 6.1 (HVO).

C&GS card 14-62:
8.1° N., 74.6° W.
17:25:17.3.
Northern Colombia
h about 70 krn.

Feb. 19

M Z iP 11,:12:46.8 c

A Z iP 11:12:45.9 c

D Z eP 11:12:45.5 c

Pa Z eP 11:12:48 e O d

Hi Z iP 11:12:49.3 c

C&GS card 14-62:
20.2° S., 175.1° W.
11:04:46.6.

26

Feb 0 19--Continued

C&GS card 14-62--Continued
Tonga Islands.
h about 95 krno

Feb o 20

M Z iP 10:15:40 6 0 c

A Z iP 10:15:39.0 c

D Z eP 10:15:38 04 c

N Z iP 10:15:38.6 d

·U Z iP 10:15:38 0 9 d

Pa Z iP 10:15:4002 c

Hi Z iP lO:15~41&3 c

Ka Z iP 10:15:41 0 4 c

C&GS card 14-62:
25.9° S., 178 0 4° Eo
10:07:26.6.
South of Fiji Islands region 0

h about 655 krn.

Feb. 20

M Z iP 16:15:26.5 c

A Z iP 16:15:27 0 4 c

D Z eP 16:15:27.0 c

U Z iP 16~15:26.1 c

Pa Z iP 16:15:28.6 c

Hi Z iP 16:15:26.9 c

Na Z iP 16:15:31,,4 c

Ha Z iP 16:15:16 0 5 c

U PEZ iR 16:30:36

Magnitude 602 (HVO)o

CGGS card 14-62:
43 0 0° Not 144.9° E.
16:05:44.6
Near coast of Hokkaido, Japan.
h about 55 krne



Table 5.-~Distant earthquakes--Continued

U PEZ iPKS 13:12:15

U PEZ iSKS 13:16:47

U PEZ iPSPS 13:24:43

C&GS card 15-62:
6.3° S., 147.00 :E.
11:40:52.8.
North coast of New Guinea G

h about' 80 krn.

eGGS c~rd 15-62:
O,l°S., 122.3° E.
08:4:4:48.8.
Northern Celebes.
h about 25 km. I

Feb. 27

Magnitude 6.3 (HVO).

C&GS card 15-62:
37.4° S., 73.2° W.
12:40:48.9.
Near coast of central Chile.
h about 40 km.
Magnitude 6.25 to 6.5 (Pas),

6 (Berk).

Mar. 1

Pa Z eP 23:49:35 0 6 d

Hi Z iP 23:49:37.2 c

U PEZ iP 23:49:34 d

U PEZ iSS 23:56:30

U PEZ eP 00:01:42

U PEN eScS 23:59:42

M,agnitude 5 0 7 (HVO) 0

C&GS card 16-62:
14.0° Se, 172.5° Eo
23:41:14.5.
Samoa.
h about 73 km.
Magnitude 6 (Pas).

Mar. 2

M Z iP 13:14:54.0 d

A Z eP 13:14:55.4 d

D Z eP 13:14:53.6 d

N Z eP 13:14:54.5 d

U Z iP 13:14:55.0 d

Ha Z eP 13:15:05 0 4 d

C&GS card 16-62:
5.4 No, 126.5° Eo
13:02:59.0.
Off south coast of Mindanao,

P.l o

h about 30 km.

11:51:07.6 c

13:06:51 c

eP

PEZ eP

Hi Z.

u

Feb. 23

M Z eP 20 ,: 31 :15 •4 c

A Z eP 20:31:16.7 c

U PEZ eR 20:47:24

C&GS ca~d 17-62:
3.8° S., 152.0° E.
,20:21:28.6.
New Britain.
h about 25 km.

Feb. 26

M Z iP 08:57:14~8 c

N Z eP 0,8:57:18.2 c

Feb. 23

27



Table' S.--Distant earthquakes--Continued

Mar. 3 'Matt~ 5--Continued

M Z iP 12:26:39.0 c "N Z Tmax 21:39:12

A Z iP 12:26:39.4 c U Z Tmax 21:39:12

D Z iP 12:26:38.5 c Pa Z Tmax 21:39:07

N Z iP 12:26:39.0 c Ha Z Tmax 21:38:52

U Z iP 12:26:39.7 c C&GS card 20-62:
40.3° N•• 125.1° W.

Pa Z eP 12:26:41.2 c 20:57:52.1.
Off coast of California.

U PEZ eR 12:49:42.2 h about 25 km.

C&GS card 16-62: Mar. 7
7 .4° N. t 126. 5° E.
12:14:52.1. M Z iP 11:09:44.0 c
Near east coa$t of Mindanao,

P.I. M Z iPcP 11:10:29 0 3
h about 90 km.

M Z isPP 11:14:53.6
Mar. 4

A Z iP 11:09:44.8 c
Ha Z Tmax 12:21:35

A Z iPcP 11:10:30 0 4
Pa Z Trnax 12:21:40

A Z iPP 11:12:06.8
No preliminary C&GS listi.ng.

A Z isPP 11:14:49.1
Mar. 5

D Z iP 11:09:43.9 c
Ha Z Trnax 08:26:03

D Z iPcP 11:10:29.1
C&GS card 19-62:

34.6° N•• 121.6° W. D Z iPP 11:12:05.3
07:44:00.0.
Off coast of California. N Z iP 11:09:44.4 c
h about 25 km.
Magnitude 4.25 (Pas). 4.25 N Z iPcP 11:10:3109

(Berk).
N Z ePP 11:12:06.0

Mar. S
Pa Z iP 11:09:47.8 d

M Z Tmax 21:39:11
Pa Z iPcP 11:10:34.1

A Z Tmax 21:39:12
Hi Z iP 11:09:46.7 d

D Z Tmax 21:39:11

28



Table 5.--Distant ea~~~$~a~es--Continued

Mar. 7--Continued . 'Ma~~ '11

Na Z iP 11:09:43.6 d M Z eP 15:30:56.3 d

Ka Z eP 11:09:41.1 d A Z eP 15:30:58.9 d

Ha Z iP 11:09:38.1 c D Z eP 15:30:58.5 d

U PEZ isP 11:12:41 N Z eP 15:30:58.3 d

U PEZ isPP 11:14:49 Pa Z eP 15:30:58 0 4 d

U PEZ is 11:16:41 Hi Z iP 15:30:56.8 c

U PEZ iG 11:23:46 Ka Z eP 15:30:52.2 c

U PEE eScS 11:18:01 C&GS card 18-62:
52.3 0 Nt. 178.00 E.

U PEN eSS 11:20:25 15:23:40.7.
Rat Islands. Aleutian Islands.

Magnitude 6.6 (HVO). h about 135 km.

C&GS card 20-62: . 'Ma:t'~ 11
19.3° N•• 145.30 E.
11:01:00.4. M Z iP 19:30:54.4
Mariana Islands.
h about 680 km. A Z iP 19:30:56.1
Magnitude 6 (Berk). 7 (Pas).

A Z iPcP 19:31:13.5
Mar. a

D Z eP 19:30:53.8
M Z eP 10:43:41.7 d

N Z iP 19:30:54.5
A Z eP 10:43:42.9 d

Pa Z eP 19:31:01.7
N Z eP 10:43:42.8 d

U PEZ is 19:40:50
Ka Z eP 10:43:46.4 d

U PEZ eSS 19:45:40
C&GS card 21-62::

35.1° S•• 179.7° W. U PEZ eSSS 19:48:46
10:33:41.9.
Off northeast coast of North U PEZ iR 19:53:40

Island, N.Z.
h about 25 km. Magnitude 6.3 (HVO) •

29



Table 5.--Distant eart~$Uakes~-Continued

Mar. 11--Continued .. Mar~ '12--Continued

C&GS card 19-62: Ka Z eP 11:51:37.4 c
9.00 N•• 126.7° E.
19:19:05.6. Ha Z iP 11:51:45.1 c
Near east coast of Mindanao,

P.I. U PEZ is 12:01:24
h about 25 km.

U PEZ eG 12:11:20
Mar. 12

U PEZ eR 12:14:24
M Z iP 09:52:55.1 c

M.agnitude 6.7 (HVO) •
A Z iP 09:52:52.3 c

C&GS card 19-62:
D Z eP 09:52:52.8 c 8.10 N•• 83.0° W.

11:40:12.8
Pa Z eP 09:52:49,5 c Near south coasts of Panama

and Costa Rica.
Hi Z eP 09:52:55.0 d h about 58 km.

~agnitude 6.75 (Pas). 6.25
C&GS card 18-62: to 6.5 (Pal) •

9.00 N•• 83.0° W.
09:41:45.7. Mar~ 16
Costa Rica.
h about 113 krn. M Z iP 19:51:25.8 d

Mar. 12 A Z iF 19:51:25.9 d

M Z iP 11:51:36.1 d D Z iP 19:51:24.9 d

A Z eP 11:51:33,1 d N Z iP 19:51:25.9 d

A Z ePcP 11:52:26.6 U Z iP 19:51:25.9 d

D Z iP 11:51:36.1 d Pa Z iP 19:51:26.4 d

D Z ePcP 11:52:30,4 Na Z iP 19:51:22.0 c

N Z eP 11:51:33.6 d Ha Z iP 19:51:26.8 d

N Z ePcP 11:52:31.7 U PEZ eS 19:58:36

Pa Z iP 11:51:35.5 d U· PEZ iR 20:05:00

Hi Z eP 11:51:34.1 d Magnitude 5.8 (HVO).

Na Z eP 11:51:37.2 d
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Table 5.--Distant ea~~h1uakes--Continued
' ,., .

Mar. 16--Continued

C&GS card 22-62:
10.8° S., 165.7° E.
19:42:39.2.
Santa Cruz Islands ~egion.

h about 25 km.

Mar. 17

"Ma~~ 19--Continued

C&GS card 23-62:
0.3° Nt, 123.5° E.
05:54:24.4.
Near south coast of Minahossa

Peninsula, Celebes Islands.
h about 53 krn.

Magnitude 6.8 (HVO).

C&GS card 24-62:
10.6° N., 43.7° W.
20:47:31.7.
North Atlantic Ocean.
h about 25 km.

Mar. 18

u

u

u

u

u

PEZ iPP

PEZ iPS

PEZ iSS

PEE iG

PEZ eR

21:06:19

21:15:40

21:21:27

21:32:12

03:28:39

Mar~ 20

M Z Tmax 17:17:34

A Z Tmax 17:17:44

N Z Trnax 17:17:50

U Z Trnax 17:17:37

Pa Z Tmax 17:17:42

Ha Z Tmax 17:17:00

C&GS card 23-62:
50 •8° N., 129. 7° W.
16:31:48.3.
Queen Charlotte Sound area.
h about 25 km.

, 'Ma~~ '22
C&GS card 23-62:

16 .1° S. I 167. 2° E. U PEZ iP 15:23:56 c
03:06:39.4.
New Hebrides Islands region. U PEZ iG 15:40:07
h about 200 km.

U PEZ iR 15:43:02
Mar. 19

U PEE is 15:32:33
M Z iP 06:06:42.0 c

Magnitude 6.7 (HVO)o
A z iP 06:06:42.4 c

C&GS card 23-62:
D Z eP 06:06:41.7 c 3.20 S. t 142.3° E.

15:13:03.9.
U Z iP 06:06:42.2 c Near north coast of New Guinea.

h about 25 km.
Pa Z iP 06:06:44.2 c Magnitude 5.75 (Berk).

Hi Z iP 06:06:43.3 c
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Mar. 23

Ha Z eP u FEZ eR 17:17:04

No preliminary C&GS 1ist~ng.

Mar. 24

A Z eP 01:59:31 0 3 d

C&GS card 24-62:
40 0 6° So, 73.3° W.
16:32:43.60
Near coast of Southern Chile.
h about 32 km.

No preliminary C&GS listing.

U Z eP

M Z iP

D Z iP

'Mat', 29

M Z iP 02:00:57,9 c

D Z eP 02:00:58 0 6 c

N Z eP 02:00:58 0 7 c

U Z eP 02:00:58.1 c

C&GS card· 25-62:
51.8 0 Nt. 157.2° Eo
01:52:25.4.
Near south coast of Kamchatka.
h about 155 krn.13:09:56.1 c

13:09:56.7 c

13:09:56.1 c

13:09:56.7 c

01:59:31.5 dePzD

A Z eP

Deep.

Mar. 24

Pa Z eP

Hi Z eP

Ka Z eP
I

U PEE is
U PEZ eSS

U FEZ iR

13:09:58.6 d

13:09:58.8 c

13:09:59.0 c

13:18:26

13:22:47

13:28:55

.Mar ~ .29

M Z iP 20:21:02.3 c

A Z eP 20:21:02.8 c

N Z eP 20:21:02.6 c

U Z iF 20:21:02,7 c

Hi Z iP 20:21:03.5 c

Magnitude 6.1 (HVO).

C&GS card 24-62:
5.70 S., 145.00 E.
12:59:30.9.
Near north coast of New Guinea.
h about 111 km.

u PEN iQ 13:25:45 C&GS card 28-62:
0.5 0 S., 127.4° Eo
20:09:01 .. 9.
Ha1mahera region.
h about 25 km.
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Table 6.--U.S. Geological Suryey seismograph stations in Hawaii

LocationStation

Uwekahuna
(Hawaiian Volcano
Observatory) •

Mauna Loa----------

~ Ahua--~~--~--~-----

Desert------~------

North Pit-~-~------

Whitney-~-~~-------

Hilo---------------

Naalehu----~-------

Symbol

U

M

A

D

N

w

Hi

Na

Latitude
N.

Longitude
w.

Altitude
(m)

above sea
level

2,010

815

1,115

1,210

20

205

Equipment
(Z, vertical; N, north-south;

E, east-west)

Long-period Press-Ewing: N, E, Z
(Seismometer and galvanometer
periods are 15 and 90 seconds,
respect ively 0 )

Short-period Sprengnether: E, Z.
HVO-l: z1/o
Short-base liquid-level tiltmeter

Remote recording HVO-2: ~/~

Remote recording HVO-2: Zo

Do o

Bosch-Omori: N, Eo (Seismometer
period 9 secondso)

Short-base liquid-level tiltmeter

HVO-l: Zo
Wood-Anderson~ N, Eo Operated by

Sister Thecla at St~ Joseph's
Schoolo

HVO-l: Zo
Operated by Rev 0 Ho Hanson at

Naalehu Schoolo



Table 6.--U.S. Geological Survey seismograph stations in Hawaii--Continued

Station"-- . ..
Symbol Location'

'0 •

Altitude Equipment
(m)

" .,

(Z. vertical; N. north-south.
Latitude LO,ngitude above sea E, east-west)

N. w. level
·t c

Pahoa------·------- Pa 19°29.7' 154°56,8'
-0

205 HVO-1: z.
Operated by Mr. KO,ngo Kimura at

Pahoa School.

Kamuela------------ Ka 20°01.9' 155°42.0' 740 HVO-l: Zo
Operated by Mr. Edward Van Gorder,

Preparatory Academy, Kamuela.

Konawaena---------- Ko 19°30.8' 155°55.1' 495 Not operated in 1962.

Haleakala, Maui---- Ha 20°46.0' 156°15~0' 2,090 HVO-l: Zo
Wood-Anderson: N. Eo Operated

by the staff of Hawaii National
Park at Haleaka1a. Maui.

1/ HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and
galvanometer'periods of 'DoS secondo Over-damping of both seismometer and galvanometer is used to
control the strong galvanometer reaction 0 This seismograph has a peak magnification of about 20,000
at a period of 0 0 25 secondo' Recording is optical, on photographic pape~o

2! HVO-2 is a moving-coil, 'vertical=cornponent seismograph with a seismometer-period of 0 0 8
secondo Its signal is transmitted over telephone wires to the Hawaiian Volcano Observatory, where
it is recorded on smoked paper~ The response of this seismograph is similar to that of HVO-lo
Records from these seismographs at the M, O~ and D stations are recorded on a 3~cornpon~nt drum to
permit an accurate comparison of arrival times at these stations 0



Vis~tors to the Hawaiian'" Volcano""Observatory' during the first
quarter, 11962, included·the follow~ng: .

E. J. Walter, John Carroll University.
Robert E. Houtz, Lamont~Observatory.

T. A. Eastland, Bendix Radio Corp.
A. F. Ellman. Bendix Radio Corp.
Tokuji Utsu, Japan Meteorological" Agency.
Warren Hastings. Howard Leak,' Stan-Lord, Swede Miller, Dan

Davis--U.S. Geological Survey.·~round Water Division.
Masatusugi Suzuki t' Nihon University.
Ryutaro Takahasi. University of Tokyo.
Senator and Mrs. Hubert Humphrey' and son Robert.
A. Furumoto, Institute of Geophysics, University of Hawaii o

H. Vitousek, Institute of Geophysics', University of Hawaii o

Richard Sykes, Magabor Co., Kansas.
Tom Bastien, University of Minnesota.
John Aaron, U.S. Geological Survey, Washington D.C.
Masashi Honma, University of-Tokyo. '

During the quarter "felt·reports"~wereeither phoned or mailed
in by the following people to whom' we' wish to'express'our gratitude
for these and other instances of" cooperation.

From North Hawaii: Mrs. Christensen, Mr. Paiva', Honokaa Police
station.

From Kau: Mrs. Walters.
From Central Hawaii:' Mr. Walker. Mr. Hansen. Mrs. Lindsey.
From the Hilo area': Mr. Cha,ng t' Mr'. Pierce t Mrs t Shaeffer.

Mr. Blackwood, Mr. Baldwin", Mr.'Kumukahi. Mrs. Elalauli,
Mr. Ho, U.S. Weather Bureau.

From the Kilauea Volcano summit district., Mr. 'Mist, Mrs. Francis,
Mrs. Hansen. Mrs. Duncan. Miss'Cruz, Miss'English, Mrs. Moore,
Mrs. Correa. Mrs." Sumner. Mrs.' Wentworth i M'r • Hamilton. and
Dr. D'Avanzo.
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HAWAIIAN VOLCANO- OBSERVATORY SUMMARY 26

By Ao To Okamura. Ro'Y o Koya~agit and' Ho Lo Krivoy

Introduction

Dro Powers. who has written the following' report', 'has worked on
or with volcanoes for a large part of his professional career. He
was first employed at the 'Volcano Observatory from 1929 through 1930.
From 1932 through 1941 he worked on' ground-water problems in Maui
and also served the Hawaii National Park at Haleakala o Dr e Powers
worked at the Hawaiian Volcano Observatory 'again-from 1946 through
1948 0 Since 1949 he has been stationed at 'Denver 'and ,. concerned
with geological problems in northern California, -the 'Aleutian Islands,
and in Hawaii o

Report on the~ International Symposium on' Volcanol,o,gy.

Tokyo', 1962

By Howard Ao Powers

Scientists"' frorn"22"countries' attended"the"Internationa1
Symposium on Volcanology that was convened"on" May 9 -. ' 1962.
in the Nihon Toshi Ce'nter. Tokyo 0 ' "Included were 140""repre
sentatives from 40 centers of learning in Japan, and about
80 representatives from 23 other countries located on every
continent of the globe 0 Fourteen'wives and'daughters were
among the foreign delegation 0 The' entire ~, grou'p'rnet "socially
at two delightful evening receptions. hos'ted by" the Science
Council of Japan and by the Ministry of Education o The
ladies of ~he group were entertained at many varied 'functions
during the course of the conference o

The 2-week scientific program was ingeniously arranged
to intersperse auditorium' ses'slons "with 'field observati'on
trips 0 Altogether, 4 days were allotted to auditorium
meetings and a total of 50 papers were presentedo Six
papers were directed toward problems of prediction of volcanic
eruptions and of minimizing their hazards to the local
populace 0 Twenty papers dealt with the 'characteristics,
either general or specific, of a nu~~p of vOlcanic'regions.
ignimbrites or pyroclastic flows and calde:ras are'the',promi
nent features of 11 of the areas discussed. The ubiquitous
subject of terminology of the process and products of
pyroclastic eruption was discussed informally in a special
half~day sessiono Seven reports were concerned with some
aspect of igneous volatile constituents or volcanic sublimate
deposits 0 Results of current expanded research at the Hawaiian
Volcano Observatory were discussed in three papers, and
certain aspects of continuing laboratory experimental



investigations of silic'ate liquids with~the composition of,
or approaching, natural basalts" were 'summarized in three
reports 0 Three papers appraised "geophysical knowledge of
the crust and upper mantle in'te'rms <'of" hypotheses o'f origin
and behavior of magmaso Several papers discussed special
ized subjects, for example~ 'geomagnetic changes at Volcano
Mihara t potassiumcmargon dati'ng of rocks. mechanics of
volcanic earthquakes. and special conditions of possible
lunar volcanismo

Field sessions 'of,the'conference'were'held'at the
active volcano' Asama' and' in" the" ina'ctiv'e H'akone 'caldera
complex 0 At 'the 'Asama 'Volcano' Observ'atory" we' were briefed
on the instrumentation 'and the'types' of geophysical
observations now being rna'de as a result' of 30 years of
operational experien'ceo We examined" in detail the products
and results of different phases of activity during the
eruption of 17830 At Hakone the emphasis was centered'on the
major changes in eruptive activity"and~in"rock'composition
during th'e lo.ng evolution of the Hakone center 0

Three post--conference field "trips" were' run concurrently,
one nortgward to Hokkaido, one southward~to·Kyushu. and to
Ito and 0 shima in central Japano Both,the'Hokkaido and
Kyushu trips featured explosive activity and caldera forma
tion involving ~agma of intermediate to silicic composition;
the Ito and b shima trip featured basaltic to andesitic
lavas and their pertinent type of' eruption o The' trips had
been planned 'with meticulous care; each stop was at a
magnificent "textbook" example'''of volcanism. and together
they presented a clear picture of the'~array""of-volcanism
for which Japan is famouso

Chronological sumrnarx

Inflation of the summit region of Kilauea Volcano continued at
nearly the same rate during the second quarter of 1962 as during the
first quarter 0 The average rate of'tilting. outward from the,·'caldera.
at the inner ring of tilt bases (U. TM. Kam and 'Kea) was about 5
microradians pe'r month (fig o 2) 0

Very small shallow earthquakes at·, Kilauea' caldera continued
unabated throughout the second quarter o Average daily"counts during
April. May t and June were 56. 38. and 56. res'pectively 0 Twenty-one
earthquakes. 6 of which were larger than magnitude 2Q5, originated
along the Kalapana Trail beneath the south'east flank of Ki'lauea "between
April 5 and April 8 0 This source was responsible for occasional
earthquakes throughout the rest of the second quartero An earthquake
from this region at 4g04 aom o on June 7 was reported felt in Hilo o

2



During most of April the number' of earthquakes emanating from
the eastern half of the east rift zone of 'Kilauea averaged 'less than
2 per dayo Earthquakes from this region' 'increased' moderately in
frequency on April 29. and during May the "average 'daily count was 50
The east rift zone was relative'ly quiet during June t when the average
daily count was again less than 2 per dayo One earthquake from this
region was felt at Pahoa on May 26 ,at 1:14 porn.; two others were felt
at Kapoho on June 11 at 9g05 porno and 9~41 porno

The zone about 30 km beneath Halemaumau was again a source of
frequent earthquakes during the second quartero 'Average daily earth
quake counts from this source were 6. 7. and 4 during' April, May,
and June, respectively 0 Intervals of relative inactivity (less than
5 earthquakes per day) were interrupted every few weeks by flurries
of heightened activity lasting several dayso A 'magnitude 4 0 3
earthquake from this 30 km deep source was felt throughout the island
of Hawaii at 5~56 aomo on May 10 0 Another. with 'a magnitude of 3 0 7,
was felt over the eastern half of the island at 6:37 aom o on May 11.
A second magnitude 4 0 3 earthquake from this zone. at 4:35 pOm& on
June 14, was felt over the entire island o A magnitude 207'earthquake
from the same source was felt near Kilauea caldera at 8:31 porno on
June 14 0

The southwest rift zone of Kilauea and the adjacent portion of
the Kaoiki fault system near the Desert seismometer yielded an average
of about 15 earthquakes per -day during April. May. 'and most of June 0

At 3~05 aom o on April 24 a magnitude 4 Q O earthquake from this region
was felt over the entire island of Hawaiio A magnitude 3 0 5 earthquake
from the same region was felt in Pahala and Hile at 9:43 porno on
June 8 0

On June 27 a magnitude 6 0 1 earthquake from an epicenter along
the Kaoiki fault system (19°24° No. 155°25' Wat focal depth 3 to 8 krn,
origin time 6~27~1403 HST) was felt over the entire' island of Hawaii
and on the islands of Maui and Oahu o It was the largest earthquake
in the Hawaiian Islands since March 30, 1954, when two earthquakes of
comparable size originated near the south shore of Hawaii west of
Kalapanao As the epicenter lay in the very thinly popUlated Kau
District of Hawaii, no serious damage was done,' although there was
widespread minor damage to loose objects which were overturned or
dislodgedo

Aftershocks of this earthquake were very numerous o Hourly
aftershock counts for the first 60 hours following the main earthquake
are shown on figure 1 0 More than 500 were recorded during the first
6 hours o The largest aftershock (magnitude 3 0 7) occurred at 3:37 aome
on June 28; it was felt in Hilo o

In addition to earthquakes belonging to the groups discussed
above, seven others were felt in Hawaii during the second quarter o

The first of these originated about 7 krn northwest of Hilo at a depth
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of about 20 krn at 11:19 porno on April 11 0 Its magnitude was 3 0 0 and
it was reported felt in Hilo o An 'earthquake felt in Pahoa at 9~26 porn.
on May 16 had a magnitude of only 2 04 and 'emanated -from a shallow
focus about 9 km southeast of the Ahua seismometer o

A magnitude 3 0 5 earthquake from "a focus 'about l2'km deep and
3 km north of Kealakekua was felt near its epicenter at 11~17 aorn o

on May 23 0

The earthquake felt over the entire'island of-Hawaii at 10:58 p.mc
on May 23 had a magnitude of 3 0 7 and originated about 10 km south of
the Desert seismometer at a depth of about 45 km G A magnitude 3 0 6
earthquake from a focus about 8 km deep and 14 km northwest of the
Desert seismometer was felt in Mountain View at 9:11 porno on May 29 0

An earthquake felt in Honokaa at 11:02 p~mo on May 31 originated about
22 km east of Honokaa at a depth of about 12 kmo Its magnitude was
2 0 9 0

On June 4 at 11~58 porno a magnitude 3 0 9 earthquake from a focus
about 5 km deep and 20 km south-southeast of the Ahua seismometer was
felt over the southern half of the island of Hawaiio The earthquake
felt at Pahala at lO~03 aorn o on June 7 originated about 5 km south of
the Desert seismometer at a depth of about 45 km. Its magnitude
was 3 0 4 0

The field tilt-base network was reoccupied'immediately after the
large Kaoiki fault earthquake of June 27 to 'ascertain whether the
summit region of Kilauea had been deformed at the time of the earth
quakeo The pattern of tilt changes spanning the occurrence of the
earthquake (figo 2) is very similar to that during the previous
several months (Summary 25)0 However, it does appear that tilt changes
at Keamoku (Kea) and Kapapola Ranch (Kap) were abnormally large
during the second quarter o Both stations are'on the downthrown side
of the Kaoiki fault.systemo Keamoku tilted toward the fault. and
Kapapala tilted away from ito

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short~base water-tube tiltmeter in Uwekahuna vault (table 1).
and at irregular intervals it is measured on a regional scale by means
of a network of field tilt~bases and a portable water-tube tiltrneter
(table 3)0 The attitude of the ground surface at each tilt base is
reported in terms of' north-south and east-west tilt, coordinates 0 Both
coordinates at each station were arbitrarily set 'equal to 500 when
measurements at that station were begun o Increasing tilt coordinates
correspond to northward and eastward.tilting of the earth's surface.
that iSi to a relative subsidence toward the north and easto C A I-unit
~hange in coordinate corresponds to a tilting of 1 rnicroradian (1 mm
per km) in the direction indicated o

4



200

"1.....
OQ
~

180tj
CD (1)
SlJ
tj ~

rt •::r"1
..01 I"~ ::r:
g, 0
~~en tj
~

AFTERSHOCK FREQUENCYO~
140til

0
OlO
•• t:=

FOLLOWING THE KAOIKI FAULTr-0::S
~rt

to 0 120
• t-h QUAKE OF ISh 27 m JUNE 27. 1962s (/)

• PJ lU
.. t-h ~

r+
~IOOC-t(1)

~ tj a=' en
(}l en ::T

LL.0
1\.>0 0
---.Ji"\' 80.. en

~
~~ LrJ
U>O CD
O'f-' :I
l\)~

• 0 ::::) 60
~ Z.....
='OQ

r+ 40:r
(b

~
PI
0..... 20
~.....
t-h
PJ
~.... 0 4 8 12 16 20 24 28 32 36 40r+

TIME IN HOURS



Table 1.~-Ti1t coordinates at Uwekahuna vault, April, May, and June,
1961

Date N-S E-W Date N-S E-W

".i':"

Apr. 1 430 535 May 13 433 531

8 431 536 20 433 531

15· 432 535 June 3 434 533

22 433 535 10 435 534

29 435 535 17 436 532

May 6 436 532 24 435 529
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Tilt coordinatesTilt base
(location)

Date
(1962)

N-S E-W

Rate (10- 6 rad/rno)
and direction of

tilting since
last reading

Date of
last

reading
(1962)

Uwekahuna
(19025~5' N•• 155°17 0 4' W.,) 'June 29 Maro 27

Tree Molds
(19°26.3' Net 155017~3' WQ) 29 427.1 51407 27

Sand Spit
(19°24 0 1' N•• 155°16.8' WI) Not occupied this'epocho 29

Kalihipaa
(19 0 21 e 4' N., 155°15.3' W.) July 5 583~2 422.3

Change negligibl.e.
direction randome

28

Keamoku
(190 25.1' N.~ 155°1900' W.), June 30

Ahua Karnokuko1au
(19°22.7" Ne, 155°1606' W.) July 1

466.1

704.7

623.2 6.3

5.2

N~ 50° W. 29

28

Kipuka Nene
(19°19.4' N., 155°16 0 7' W. )

Hi1ina Pali
(19°18.2' N Q t 155°18 0 6' W. )

r~ehana

(19°26., 2 f N. , 155°14.3' W. )

Kapapala Ranch
(19°2005' N~ t 155°23.,8' W. )

Not occupied this epocho

Not occupied this epoch.

Not occupied this epocho

Apr. 5

4

Mar. 26
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Figure 2.--Tilting of the ground around Kilauea caldera, March 29, 1962,
to June 30, 1962. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles. short-base water-tube tiltmeters.
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Seismic summary

Events recorded by the"UoSo Geological Survey seismograph network
in Hawaii fall into two'categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of at least one seismograph, and distant earthquakes originating
more than 3,000 km from Hawaiio As an index of seismic activity at
Hawaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismographs in Hawali are listed in table 3 0 The earth
quakes are separated into groups on the basis of region of origin as
determined by analysis of records obtained daily'at the Observatory
(U, M, A, D, N)o Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located with greater
precision; they are listed individually in table 4. Data on identi
fiable phases from distant earthquakes are listed in table 50

Locations of the seismograph stations are shown on'figure 3,
and essential data ori "the stations were given in Summary 25 8
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Upolu Point

I,e --+-------~,

EXPLANATION

• SeismoQraph Station

• Town or locality

10 I~ MU..

Contour int.rval 1,000 f••t

Datum i, mlan lIa 'I'"

Topa,raph, b, US Glolo,lcol Sur.l,

Laupahoehoe -+- _

Capt
l(u",""ahi

Apua Point

Point

,-----------------------+--------- I,e

Figure· 3.--Map of.the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text, Epicenters of local earthquakes are given in terms
of geographic coordinates. which are indicated at the edges of
the map.
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Table 3, summary 26, p:

Table 3.--Numbers of earth uakes and minutes of tremor recorded on
U, H, A, D, and N

ra hs around Kilauea caldera

[Tremor is separated into three categories--(l) deep, (2) intermediate, and (3) shallow--on the basis
of. relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea.

Halemaumau rock slides (4) are detected by the characteristic record they produce on the North Pit
seismograph.

Earthquake categories are: 5, shallow earthquakes in the Kilauea caldera region;
6, shallow earthquakes along the SW. rift zone of Kilauea and the

adjacent portion of the Kaoiki fault system;
7, earthquakes along the eastern half of Kilauea's east rift zone;
8, earthquakes from a source about 30 krn beneath Halemaumau;
9, shallow earthquakes along the Kalapana Trail (SE~ flank of Kilauea

10 to 15 km W. of Kalapana);
10, earthquakes from other regions: Kona. Mauna Kea, etc. ]

Date Tremor (in minutes) Halemaumau Kilauea sw. rift E. 30 Kalapana Others
(1962) slides caldera and rift km Trail

Deep Intermediate Shallow Kaoiki

1 2 3 4 5 6 7 8 9 10

Apr. 1 _-._ ..
-._-------~~- -------- ---------- 245 14 ..~-- 6 -------- .............._-_...._.._-. ..-

2 ..- .... ------------ ..-....--_ ... ....~------- 71 9 ..- .... 11 ------_..- 1 (Kawaihae)
3 ---- 18 --~_..--. .. ---------- 42 12 1 10 .._............ 1 (Puu ou)
4 _..~.. 2 -_.-_...._.. ...._-_..~--- 71 15 2 6 .. ...~_ ......... 1 (Kana)
5 ......- ~_...._--.._-~ ...

~------- ---------- 30 3 ~ .._.. 7 5 1 (Kona)
6 --_.. ..~..~ ..--~_ ....- ~~..---_ ... ......-._---_ ... 40 11 ---- --- 13 ~--~- ..._----~-~---
7 ---- -_..--..---....- -------- ---------- 40 8 1 5 2 1 (Kona)
8 33 ....--------_.. -------- ---------- 45 11 1 5 1 2 (offshore)
9 ....-- .._--_-._----- ....-..---- ---...._-- .... 63 9 1 14 ~- ...----- 1 (Kana)

10 6 ..-_.._--~---- -------- ---------- 37 12 1 11 -~-_....~.. 1 (Kona)
11 ---- .._-.._-..-._---

--~~--_ .. --~-_ .._--- 55 12 1 12 ----_-._--- 1 (Hilo)
12 --- .. .... ---------- -------- ---------- 47 7 2 11 -------- --_.....__..~....--..-..



13 --..........__ ..--- ----_-._-- ---------- 40 13 5 9 ---------- 8 (Scripps tests)
14 .....--..------ .. -------- ---------- 44 25 4 -.--_-.----- 3 (Mt. View)
15 --_..--....~ ..._... .._--.......~ ---------- 52 10 3 -.._~~--- 1 (Mt. View)
16 ...._~ .._-........- -------- ---------- 60 16 1 2 -. .....- .. .-.... 2 (Mt. View)
17 3 -------- ---------- 37 19 1 5 -~...,---~- 1 (Kona)
18 ~ ..._..-_.._~_ ..- ......, ..- ..- .. .... .- __........- 44 10 5 --....-~-~ 1 (Mauna Kea)
19 ------------ -------- ---------- 57 11 2 8 -------- ..~_ ...~~ ................._~
20 5 -------- ---------- 60 10 3 2 -------- -...._-----...............-
21 24 ------------ -------- ---------- 45 7 3 -- ..._-- .... -. ~--~-~-_.._~---~~
22 ------------ -------- ---------- 70 14 2 3 .. -.__......... ......_.........-... __ ..__..
23 ------------ -------- ---------- 63 33 2 11 -------- -~-~~----~--~---

24 ------------ -------- ---------- 39 57 3 -------- ~-~~-------~~~ ..-
25 ------------ -------- ---------- 56 14 3 --.._--~ .. 2
26 3 -------- ---------- 44 36 1 3 -------- 2 (offshore)
27 22 62 ---------- 37 22 3 2 .... __ ...-_.. ......-_ ...._....- ....-_..
28 ------------ 7 ---------- 60 5 1 8 .......-_....- ~--_ ..........--.-...._---
29 ------------ 2 ---------- 45 11 13 4 ..........-_..- ----.---..---_-.._--
30 5 -------- ---------- 37 9 4 8 1 ----------------

May 1 9 -------- ---------- 37 7 1 14 --._-~..~- 1 (offshore)
::t 2 2 -------- ---------- 38 24 2 1 --------_..-..-....~\T"'

3 12 2 ---------- 41 7 7 ..-.._~- ..- 2

4 ------------ -------- ---------- 26 4 1 3 -------- ---.---~-~ .._...-__..
5 3 3 -------- ---------- 30 9 8 3 --------.. ~~~----~---~~---

6 ------------ -------- ---------- 25 7 9 3 1 1 (5. Point)
7 ------------ -------- ..~ .._...~---_ .. 38 10 8 3 ..----~~-- 2
8 _.._....- .. _-.-,_ .. -------- ---------- 50 11 9 20 --~.-..--- -.,- ..---~-_ ...._~-~-
9 ~-_ ..._.._-..-_-. _-. ....--_ ... ---------- 40 8 1 26 -~_-.-_.... _.. __..__-..-------~

10 ------------ .._-_....._- ---------- 34 28 1 46 -------- -~_ .....---_.._-_.._-
11 15 ------------ 7 ---------- 50 15 2 20 ..-,-,_.. _--- 1 (5. Pali)
12 14 -------- ---------- 45 20 5 6 .-,------- 1 (S. Pali)
13 ------------ 80 ---------- 33 10 3 4 1 .._-_..-_..........__....-
14 ........---....- .... -------- ---------- 26 33 23 4 5 ---..-_-._-------~
15 ..--~~ ..--_.._- 6 ---------- 25 27 9 5 --~_ ..--- -----..-------------
16 4 3 ---------- 35 9 3 4 --. ...-,-. ...--- ..--~--_ .._........-_..
17 ..._-~-_ ..._--- .. .... -.__ ....- ...._--_......- 30 5 4 3 .s ...._.._----_ .._----
18 ------------ ..-..-_....- .. ~.-.-_ ..-....- 30 9 4 3 -------- 1 (Ainapo)
19 ------------ -------- ~-_ ..-~---- 30 12 4 7 1 1 (Mauna Loa)

20 25 -------- ---------- 38 14 11 5 -------- 1 (Mauna Kea)

21 ------------ 3 ---------- 60 21 4 -------- 1 (Honokaa)
22 2 -------- _.._-~- .._-- 36 4 5 1 ..--..~---- .-._~-- ..._---- .._-..-
23 _..-~..,_ ....._--~ -------..-.- ~ ....._--_ ..-- 39 26 3 ..-~-_-._~ 2



24
---~-------.. 25 ---------- 52 19 2 2

------~-
.._---- ...--._---_..~

25 4 -~-..-~-- _..--~---~~ 35 14 ~_ ....-_..- ------_..-.~_ .._....-.

26 ..------------ ~- ....._-~-., _....._~ ...._.... 33 5 8 1 .- ......- ..- ..-. --._----~-~..-..---
27 -----------._-- --_ ....-.... .......----~~- 39 5 2 1 --_..~ ........ 1 (Kaena Point)
28 -~----..-..... ~.., ~~ .._~---- -. ..........---- 21 8 2 3 ~ .._-~-~ .. -._--~~_ ...._.._..__-.

29 2 .._..~ .._------ .-,-----.... -~...._----- 32 18 1 .._..,~--_ .. 1 (offshore)
30 ...-..---- ..~....- ....._--..-..

..._--~----- 32 10 4 1 ...-~--_..- ..-_.-_-------------.
31 ~...._.._-~---- -- ..-.-._--- ...._........_-- 49 29 6 -~---_ ..-. 2 (Pahala, Honokaa)

June 1 ---------------- 6 ---------- 39 6 3 1 2 (Kau)
2 ---~..--~- .._- -------- ---------- 35 22 2 2 -....-~--- ---~ ....-..----_.. _..,~
3 -.._--.............. --------- ----------- 31 16 2 --- ...----- ----..---_..~..-.......
4 ......~--- .._..-.. ..~-_-. __.. -..-._------- 43 10 1 3 .._--_..~- ----_..~----~-~ ..
5 --..,.._-_ ..._--- .._..._.......- ---------- 34 11 1 2 -------- _.. __..----...._.._......

6 3 ........._~---- ..- 7 ........-.._.-,-- 57 20 1 2 1 (Kana)
7 2 _........~..-

~-..-_.... -_.. 35 14 2 -- ..-~~.- .. _.._-_-.-._~_ .._~_ ..-
8 4 ......-~~-- ..-..- _..........._..

..~- ....-~ ..~ .. 31 30 1 8 1 (Hilo)
9 ------------ 3 ---------- 50 14 -~------

----~-..__ ...-.._-..-
10 ......_---.......-- -~ ..-_.._- ---------- 51 12 3 -----_ .... -~--~---_ ..-_ .._..-
11 ------------- .._-_..--~ 1 64 25 6 --------- 5 (Pahala, Kohala)
12 -~_...--_...._.... -------- ---------- 78 22 10 -----~_.. ---_ ..------ .. .., ... _-
13 6 ..........-----....... -------- ...._--_ ..-~- 44 25 30 ---_...~.... ---~ ..--_.._---~--
14 ..~ ..__.._-..-_.. ----.. -- ..._.. ---------- 40 15 7 -------- -~_ ........-------~ ..-
15 4 ---_..~..~ ---------- 39 10 3' 1 ----------------
16 ..-......_.._....-- -------- ---------.. 42 25 5 5 ..----~_ .... 2 (Mauna Kea. Kana)
17 ....~------~--- _....-........ ---------- 93 27 2 4 -..~----- 1 (Kona)
18 2 5 ....._~_ .._-..,- 95 15 2 7 -~-_ ..~ ..~ 2..-
19 4 102 16 10 2...... .. .._--------- ----------

_____ .... -r-.

~ 20 6 ..- ..-...._.., ..~_ ..-.._-_.. 95 9 1 -------- -_-. ...--_..-..-~ ...-~~

21 ~ .._~--~_ .._...- 5 ---------- 95 24 1 1 _..__........- 1 (Mauna Kea)
22 -....-~----~ .. .., ....~----~ --_..-..~--.., 71 10 7 2 -------- 1
23 2 10 ----_..~..-.. 69 18 2 1 2 (Kona)
24 2 .._----_.. ------------ 54 13 5 7 --------... 1 (Kohala)
25 ~--------_..~ ~....-..-..- ~_ ..-..---.... 57 16 9 ... ..__ ..-~~ 4
26 ......~_ .._--..-... ~~---~_ ..~ -._...._--- .... 69 19 1 5 ..........- .. - 1 (Kona)
27 ------------ -------- 7 29 500 2 ~-_ .._~-- _......__ .._-----.....-
28 .._~........_-- ..- -------- 8 37 410 ..--..~--- ~--- ..... ---_.._-~--
29 ..--~ .._----_ .. ..----~-- ....--~-~--- 42 III 3 4 ---~..--.. 2 (Maui)
30 -. .._---.. _-_-.- ~_ ..-...-.... --_.._-_..-.~ 65 126 3 6 ---------- ..-------- ....- ...._--



Table 4o~-Loca1 earth uakes recorded
Apr~

U.So-Geolo ical.Surve

[Except for smaller "earthquakes'of special interest, only earthquakes with magnitudes of_2 0 5 or
greater are listed o Origin time is Hawaiian standardo

In the following list some origin times are followed only by "KM 30" and a.statement of magnitudeo
These are all members of a 'continuing family of quakes noted also in other Summariese. The best
mean focus for this group is beneath Halemaumau at a depth of 30 km (19°24 0 1' Not 155~l701t Wo)o

Origin times of members of a second persistent sequence of earthquakes are.followedby "KT"
(Kalapana Trail) 0 These earthquakes originate at very shallow depths in a remote regi.on along
the Kalapana Trail west of Kalapana, and they generally are not fe1to Seismograms 'of "these
earthquakes are poorly recorded and difficult to interpret. so only an approximate epicenter a
19°20' No, 155°05' Wo , can be assigned to theme

The mean focus of the magnitude 6 0 1 Kaoiki fault system earthquake of June 27 and its aftershocks
is 19°24' No. 155°25' Wo, at a depth of 3 to 8 kmo This focus has been abbreviated. "KaoikiftJ

Date Time Magnitude Epicenter Remarks
(1962)

h m s Late Ne Longo Wo Descripti"on.. - -
Apr o :2 12 21_ 5100 2 0 1 19°24 0 9' 155°04 0 1' 13 km NW~ pf Ka1apa:na~-- 8 km deepo

2 23 22 24 0 5 2 0 9 19°59 0 0¥ 155°4908' 12 km So of Kawaihae~"'-" 5 krn deepo

4 07 32 04 0 0 2 0 0 19°3065' 155°43.5' 21 km Eo of Kealakekua=- - 3 km deepo

5 01 35 01 0 9 2.4 19°15.9' 155°1202' 2 km NW o of Apua Point-- 12 0 5 km deepo

5 08 33 57.0 2112 190 24()0' 155°42 0 8' 15 km NNEo Of Puu 0 5 km deepo
Keokeo ..

5 10 33 25.9 2 0 3 19°24.9' 155°16.2' Kilauea caldera--------- 50 km deep.



ical. Surv

Date Time Magnitude Epicenter ·Remarks
(1962)

h m s Lat& Nit L'ongo Wo Description- .. -
Apro 5 22 19 12 0 6 3.4 KT o

5 22 46 20.9 2 0 7 KT o

6 17 38 02 0 7 3eS KT.

6 19 58 46.5 3.2 KT G

6 23 46 10.8 3 0 5 KT.

7 05 29 03 e O 3GO KT o

8 07 08 15 0 4 2.8 19°16.0' 156°33.0' 70 km WSWo of Kealakekua- 8 km deepo

8 23 57 53 0 1 2.4 19°06.8' 154°55.2' 34 km SEe of Apua Point-- 12b5 km deepo

9 10 55 26 0 2 2 0 4 19022~l' 155°51 0 9' 5 km SEt of Hookena---~-'" 5 km deepo

10 02 54 25 0 3 2 0 5 KT •
.-

10 20 53 14.5 202 19°13 0 7' 155°4902' 11 km NEo of Milolii~---- Do.

11 03 26 06 0 0 2 0 4 19°19 0 1' 155°11.4' 10 km SEe of Ahua 3 km deepo
seismometer.

11 14 33 17 0 6 2.7 KTo

11 23 19 16 0 5 3 0 0 190 44 e5' 155°08.5' 7 km NW o of Hilo. Felt 20 km deepo
in Hiloo



Table 4 o --Local earth uakes recorded b
Apr11, May,

ieal,. Surve

!

Date Time Magnitude Epicenter .. ·Remarks
(1962')

h Lat6 No Longo W. Description
.- - ..

m s- - -
Ap~c 13 15 30 34 D7 2.5 19°29.2' 155°46 0 4' 15 km ESE. of 'Kealakekua 3 km deepo

14 05 42 0503 2.9 19°38' 156°19' 53 km WSW. of Keaho1e 8 km deepo
Point.

14 07 46 58 0 8 2.7 KT.

16 16 38 40 0 1 2.1 19°38.8' 155°10.8' 13 km SW. of Hi1o------- 45 km deepo

16 17 50 48 0 3 201 19°26 0 7' 155°09.7' 32 km SSW. of Hi1o------ 25 km deepo

17 19 40 55 0 6 203 19°28.6' 155°16.8' 6 km NNE. of Uwekahuna 12 0 5 km deepo
seismometer.

18 23 24 18.2 2 0 0 19°4409' 155°29 0 6' 3 km ESE o of Pohakuloa~- 5 km deep.

20 17 32 24~1 203 Kaoiki.
.

23 18 23 16 0 9 2.4- KM 300

24 03 04 50cl 4~0 Kaoiki. Felt island-wide.

26 04 54 20.5, 2.5 19°07.3' 155°04.0' 66 km S. of Hilo-------- 8 km deepo
~ .

26 09 21 58.8 3.4 20°05' 156°08' 50 km WNW. of Kamue1a--- 12 0 5 ~m deepo

27 12 47 07.3 2.7 KT.



Table 4
0
--Local earthquakes recorded by seismographs" of the" U& So Geological Survey" ,

April, Max, and June, 1962--Continued

Date Time Magnitude Epicenter Re·marks

(1962)
h rn s Lat~ N. Longe. W. Descriptio~ "0- - -

Apr 0 27 22 08 27.2 2$6 Kaoiki.

28 20 03 0208 2.4 19°26.5' 155°21 0 4' 6 km SEo of Mauna Loa 8 km deepo
seism"ometer.

29 17 51 39.0 2 0 5 19°20.0' 155°07 0 7' 16 km SEo of Ahua 12 0 5 km deepo
seismometer.

30 16 38 36.5 3.0 KT.

May 1 18 58 13.4 3.7 18°40' 156°40' 117 km SW. of Kealakekua 12 0 5 ~m deep.

2 01 25 29.7 2.5 19°13.0' 155°17.5' 16 km SEo of Desert 40 km deep.
seismometer.

2 13 31 47.7 201 19°25.1' 155°04 0 0' 34 km SSEo of Hi1o------ 3 km deep.

3 13 11 45.5 2.3 19°09.8' 155°38.6' 13 km NW. of Naalehu~--- Doo

3 16 22 57 0 0 2.1 19°37 0 8-' 155°06.8' 9 km N. of Mt. View----- Doc

6 03 38 57.7 2 0 3 KT.

6 05 20 23.1 2.1 Kaoiki. .-

6 15 18 31.5 2.3 19°03.1' 155°17.8' 34 km SSE. of Desert 12 0 5 km deep.
seismometer.



Table 4 o --Loca1 earth uakes recorded b
Apr1l, .

ic.al· .. Surv

.....
0'1

Date Time Magnitude
I

Epicenter Remarks
(1962 )..

h m s Lato No LO,ngo Wo Descrip.tion- - - -

-.

May 7 00 58 38 0 4 3.1 19°14 0 3' l55°05~7' 53 km So of Hi1o-e»<:=c:I:>..C=-.- 45.- k.m deep 0

8 03 24 28 0 0 2 0 2 19°02.8' 155°31 0 7' 6 km ESE e of Naa1ehuCD~"- 12 0 5 km deepo
..

8 14 49 01 a 5 2.5 KM 30 0

8 21 04 14 0 0 2 0 5 19°13.0' 155°17 0 5' 16 km SEc of Desert 40 km deepo
seismometer o

8 12 04 46 0 0 2.,3 19° 18 ~ 8' 155°23 0 9' 4 km SSW o of Desert Do o

seismometer 0

9 22 19 19.0 2.6 KM 30.

10 00 37 01 0 6 2.6 KM 30 e

10 05 56 04 0 9 4.3 KM 30 0 Felt is1and-wideo

10 06 15 46 e 6 2.5 KM 30.

10 07 43 26 0 4 3()4 KM 30.

10 07 44 47.1 2.5 KM 30.

10 15 02 28e6 2.7 KM 30.

10 16 28 23.5 2.5 KM 30.

10 20 19 30.8 2.4 KM 30.



.i·cal',Sl.trVe.Table 4 o --Local
--------............1111!1!!111--.........--.-.....~~-.....-............- .....~-~---- ...

i

Date Time Magnitude Epicenter . Remarks
(1962)"

h m s . - .Lato No Lo~g. W. .Description- - -
May 11 00 47 34 0 3 2,,4

....

19°16 0 7' 1550 08e5' 18 km SE~ of Ahua 8 'km deepo..

seismometer o

11 01 55 4703 2.3 KM 30.

11 02 51 39.8 2.3 KM 30.

11 05 00 23.0 2.3 19°0805' 155°00.4' 13 km SW. of Pahoa------ 3km deepe

11 06 37 23 0 4 3.7 KM 30 0 Felt in eastern
half of island'.

11 06 40 50$2 2.7 KM 30,

11 10 38 02.5 2 0 6 19°18.8' 155°13.9' 9 km SSE .. of Ahua 3:,km- deepo
seismometer.

11 15 04 20$2 2,'3 KM 30.

12 16 16 56.3 2.4 19°18.4' 155°0502' 45 km S. of Hilo-------- 3 km deepo

12 22 27 23.5 2.5 19°15.1' 155°12.9' 14 km SSE. of Ahua 45 km deep.
seismometer.

13 06 36 55.9 2.3 KM 30.



Table 4~--Local earth uakes recorded b
Aprl.l! -May,

Date Time lMagnitude Epicenter Remarks
(1962) -

h NG W, ,Description
" '.

m s Late Longo- - _.
May 13 07 57 l4~7 3&3 Kaaiki.

14 04 00 54 0 0 2.5 KT o

14 16 59 52 0 0 3 0 1 19°14.0' 154°59.8' 34 km SEt of Ahua At shallow: dep
seismometero

16 21 25 44c.l 2 0 4 19°27 0 9' 154°52.7' 9 km SEt of Ahua Do o

seismometer. Felt at
Pahoao

17 14 24 45.7 2.7 KTo

17 17 13' 12.2 2.9 KT.

18 09 24- 37~2 2.6 19°22.0' 155°30.0' 19 km SW. of Mauna Loa 3 km deep.
. - seismometer•

18 23 21 38 0 1 2.4 KT.

20 13 43 18 0 6 2 8 1 ~9°52.9' 155°26.1' 11 km SW o of Keanako1u-- 8 km deepo

20 19 05 15 0 3 2 0 5 19°23 0 2' 155°30.0' 18 km SW o of Mauna Loa 3 km deep 0

seismometer.

21 02 11 41 0 4 2 0 4 19°16.0' 155°1201' 14 km SE. of Ahua 8 km deepo
seismometer.' -



Geolo ic:al."Surve
1·9&2--Con-t1.nued...._..._......--_...--..

Table 4 o --Local_-.._-_...._-........__....~111111161-~.........~!!111!!111~~~~~~-_...__.....----

Date
(1962r

Time

h m- - s-
Magnitude Epicenter

Lat ~ -N. Lo.ngo W0 Description

Remarks

May 21 15 19 29 0 6 190 24 d 8' 155°18 0 4' 2 km SW. of Uwekahuna
seismometer o

8 km deep.

21 15 43 23 0 0 2.4 19°27.5' 155°11 0 4' 11 km ENE~ of Uwekahuna 12 0 5 km deep.
seismometer 0

21 23 16 30 0 2 20°11.7' 155°23 0 6' 15 km NEt of Honokaa--~~ 3 km deepo

22 02 41 45.0
......
CD 23 11 17 05.5 19°32 0 5' 155°55.5' 3 km No of Kea1akekua&

Felt at Kona.
12c5 km deep.

23 22 58 09 0 9 19°15.1' 155°23.1' 10 km S. of Dese~t

seismometer 0 Felt
island-wide.

45 km deep.

26 13 13 45 0 8 2.9 19°26.0' 154°55.3' 8 km SSE. of Pahoao
Felt at Pahoa$

5 km deep&

29 21 11 08.3 3.6 19°23.3' 155°30.0' 14 km NW. of Desert
seismometer. Felt at
Mto View.

8 km deepo

29 21 27 27 0 5 19°04 6 8' 155°19.6' 30 km SSE. of Desert
seismometere

Do~



Table 4 0 --Local earthquakes recorded by seismographs. of the U·. S 0 Geo~o'gical Survey.-·
April, May, and June, 1962--Continued

; i

Date Time Magnitude Epicenter Remarks
(1962)

h m s Lat. N$ Long~ Wa De:scrip;~iC?n- - -
May 31 13 44 29~1 2.7 19°1301' 155°30.9' 5 km NW. of Pcihala-~r=---t:D 8 k.m deepo

31 23 02 03.8 2.9 20003~3t 155°17 0 5' 22 km Ee of Honokaao 1205 km deepo
Felt at Honokaa c

June 1 18 59 01.8 202 18°50.1 ' 155°30.5' 20 km SE o of Kalae Pto-- 8 km deepo

1 23 37 40,4 2.0 19°12 0 3' .155°23.9' 8 km E. of Paha1a------- 45 km deepo

2 07 33 . 05.8 2.3 KM 30,

2 12 20 46.3 2.4 19°22.4' 155°03.2' 18 km SW. of 'Pahoa------ 5 km deep.

3 11 30 11.5 2.5 19°19.0' 155°02.5' 22 km SW ca of Pahoa------- 45· km deepo

4 23 35 2103 3.9 19°13' 155°13' 20 krn SSE Q of Ahua 5 km deepo
seismometer. Felt in
Hil0. Pohakulo~. Puna.
Pahala. and Volcano •

..

7 01 33 19 0 2 2 e 4 19°25 0 0' 155°42.9' 25 km SEo of Kealakekua- 3km deepo

7 04 03 37 0 0 2 0 7 KT o Felt at Hiloo

7 10 02 58 0 8 3.4 19°17.7' 155°23.1' 5 krn S. of Desert 45 km deep.
seismometer, Felt at

I Pahala.



Table 4.--Local earth uakes recorded b
Apr~l. May,

!

Date Time Magnitude Epicenter Remarks
(1962)

h m s Lat. N. Long. W. "Description- - -
June 8 10 10 54.1 2.4 Kaoiki o

8 11 21 55.9 2.5 19°39.2' 155°12 0 6' 15 km SW o of Desert 45 km deep~

seismometer.

8 11 24 58.9 205 KT~

8 17 38 31.0 2.6 KT.

a 21 43 16 0 5 3.5 Kaoikio Felt at Pahala
and Hiloc

9 00 47 52.0 2.9 KT.

9 04 32 38.8 3.2 KT.

10 00 15 04.4 2.7 19°09.4' 154°59.7' 11 km SW o of Pahoa-----~ 8 km deep.

10 01 09 45~4 300 KM 30.

10 02 24 15 0 4 2.5 19°14.0' 155°03.7' 53 km S. of Hilo-------- 8 km deepo

10 05 28 46 0 0 2 0 7 Kaoiki.

10 17 09 17 0 0 2 0 5 19°21.5' 155°03.4' 40 km SSE. of Hi1o------ 8 km deep.
-

11 02 55 57.0 2 0 7 20°06.1' 155°42 0 3' 10 km NW. of Kamuela---- 3 km deep.



2--Cont~nue..._...._........._-....-_.-.-
.......

Date Time Magnitude ; Epicenter ~'-"Remarks

(1962)
h m .s Lat. No Longo Wo '" .D·es.cription- - ....

.-

June Ii 08 11 29.2 2 0 5 200 06 e l' 155°42.3' 10 km NW o of Kamuela----<::D 3 km deepo

11 09 41 58 0 0 2 0 6 19°20.5' 155°3006' 17 km NNW o of Pahala--czoa= 8 km deep 0

11 10 53 28(J7 2 0 8 20°06.1' 155°4213' 10 km NW o of Kamuela=--ca- 3 km deepo

11 19 46 35 0 5 2.6 19°17.3' 155°30.1' 10 km NNW. of Pahala---- Do o

11 21 04 54.1 2.8 19°25 0 5' 155°00.4' 10 km SW o of Pahoa$ 8 km deepo
Felt at Kapoho.

11 21 41 18.3 1.9 ---do--- ---do---- -------do--------------- Do.

12 06 15 35 0 4 2.5 19°12.5' 155°10.2' 21 km SE~ of Ahua Do~

seismometer o

13 16 34 55.3 4.3 KM 300 Felt island-wideo

13 19 16 18.9 3.2 KM 30 0

13 19 27 52 0 7 2.4 KM 30.

14 20 31 18.9 2.7 KM 30 0 Felt at Volcano
region.

15 01 10 00.5 2.6 190 18e7' 155°16.8' 13 km S. of Uwekahuna 8 km deeps
seismograph~



Table 4~--Loca1:earth ical ...Surv .

Date Time Magnitude Epicenter _.: Remarks

(1962)
h m s Lata No Longo W. Des~ription.- - --

June 16 13 41 00e5 2 0 5 KM 30 t
.'

16 13 50 05 0 6 2 0 1 19° 45.2' 155°28 0 7' 5 km Eo of Pohaku1oa---- 12 0 5 km deepo

16 20 11 23.8 2 0 5 19°13 0 7' 155°36 0 6' 18 km NNW o of Naa1ehu..... c::a- 3 km deepo

17 07 02 49 0 9 205 19°20 0 5' 155°49 0 4' 20 km SE~ of Kealakekua~ Doc>

18 04 38 11.1 2.5 Kaoiki e

18 05 40 47 0 2 2 0 5 19°21 0 9' 155°0502' 40 km So of Hilo-------- 8 km deep.

18 15 21 38 0 3 2 0 5 19°56 0 2' 155°31.5' 20 km SE~ of Kamue1a---- 3 km deepo

19 04 09 22 0 7 2.7 Kaoikio

19 21 37 02 0 3 2 0 8 20°06 ' 156°19' 67 km WNW. of Kamue1a--- 12 0 5 km deepo

21 11 13 25.5 2 0 3 19°55.0' 155°31.5' 20 km SW. of Kamuela--~- 3 km deepo

21 12 57 45.4 2.9 19°16.5' 155°07 0 1' 20 km SEt of Abua 8 krn deepo
seismometero

22 00 11 45.3 3 Gl 2 KT.

22 00 21 59 0 1 2.9 20°58' 155°01' 128 km NE& of Kamuela--- 12 0 5 km deep.



Table 4.--Local earth Geo10 ical Surve

th~

Date Time Magnitude Epicenter Remarks

(1962)
h m s Lat& N. Long. Wo De-s-cription- .- - . .:..

June 22 00 57 40 0 1 2.5 :KTo

22 01 05 43 t 7 2.5 19°21.8' 1550 03 e 4' 19 km SW. of Pahoa------ 12 0 5 km deep 0

22 02 15 28.2 2 •.8 ---do--- ---do---- ------~---do------~~--~- Do~

23 00 08 49.3 2.3 190 21 e 5' 155°05&6' 40 km S. of Hilo...---,,~"'-- 8 km deepo

23 17 00 34.2 2.8 KT.

21+ 02 33 17 0 1 2.5 KM 30.

24 04 22 27.0 2.5 19°32.2' 155°53.1' 3 km NE. of Kea1akekua-- 3 km deep.

24 09 53 37.0 2.5 ---do--- -- ---do---- -----~----do----~------- Do.

25 10 00 46.4 3.0 18°33' 154°40-' 115 km SEo of Ahua 12 0 5 km deep.
seismometer.

25 22 06 36 0 0 2.7 19°52.2' 155°33.7' 20 km SE. of -K-amuela---- 8 km deep.

26 1-8 48 18.3 2.3 19°24 0 1' 155°47.9' 18 km SEe of Kealakekua- At shallow dep
-.

27 04 31 33 0 5 2 0 5 KM 300

27 18 27 14.3 6.1 19°24' 155°25' Kaoiki. Felt on Hawaii. 3 to 8 km deep
Maui. and Oahu.



Table 4 o --Local earthquakes recorded by; seismographs. of tbeUoS. Geological Survq.
April, Max. and June, 1962--Continued

;

RemarksDate Time Magnitude Epicenter
(1962 )

h m s Lato N. LO?g. W~ ne-scripti,?n- - -
June 27 19 15 30.4 3.2 Kaoikio

27 19 40 27.0 2.3 Kaoikio

27 19 48 03.7 2.5 Kaoiki.

27 20 14 10.7 2 0 9 Koaiki.

27 21 30 38.5 2.8 Kaoiki.
•

27 21 50 52.4 2.5 Kaoiki.

27 22 42 05.8 2.5 Kaoiki.

27 22 47 49.0 2.5 Kaoiki.

27 23 09 27.0 2.5 Kaoiki.

27 23 S1 27.9 2.5 Kaoiki.

28 00 05 4200 2.4 Kaoiki.

28 00 46 29.4 2.4 Kaoikio

28 01 -57 09.4 2.8 Kaoiki.

28 02 22 02.4 2.7 Kaoiki.



Table 4 o --Local earth recorded b
prJ-I, May.

Geolo i.ca·l. Surve

Date Time Magnitude Epicenter Remarks
(1962)

h Lat. N. Long • w. Des'cription
. -

m .S- - _.
June 28 02 25 21.2 2.4 Kaoiki o'

28 02 46 47.0 3.0 Kaoiki.

28 02 58 06.2 2.9 Kaoiki~

28 03 35 18 0 9 2.8 Kaoiki.

28 03 36 56.7 3.7 Kaoiki. Felt at Hilo.

28 04 17 11.1 2.3 Kaoikio

28 04 55 16 0 0 2.4 Kaoikio

28 07 28 03~3 2.7 Kaoiki.

28 08 00 11.4 2.6 Kaoikio

28 08 44 08.8 2.6 Kaoiki.

28 10 30 19.4 2.3 Kaoiki.

28 10 37 06.0 2.3 Kaoiki.

28 12 55 12.5 2.6 Kaoiki.

28 14 59 12 0 8 2 0 3 Kaoiki o



Table 4 o --Local earth
2--Cont.lnue....---_....-------

Time Magnitude
'!

Epicenter . Remark'sDate
(1962 J"

h m s Lat, N. LongtWo De·sc~ipt·-i-on- - -
June 28 15 17 38 0 9 2.3 Kaoiki.

28 15 20 14 0 3 2 e 3 Kaoiki.

28 15 23 02.5 2.3 Kaoiki.

28 15 29 25.7 2 0 6 Kaoikio

28 17 13 00 0 3 2 0 5 Kaoikio

29 01 19 30.3 2 0 3 Kaoiki.

29 03 23 09.8 2 0 4 Kaoiki.

29 08 30 37 0 6 3 0 2 Kaoikio

29 08 39 52.8 2.6 Kaoiki.

29 14 41 53.0 3.0 20°52' 155°22' 95 km NEo of Ha1eaka1a-- 12,5 km deep.

29 16 59 00 0 0 3.5 Kaoikio

29 17 41 56 0 2 3.1 Kaoikio

29 17 47 53 0 3 2.4 KM 300

29 21 13 33.0 2 0 7 20°06' 156°39' 87 km SW. of Haleaka1a-- .12 6 5 Jcm -de-ep.

29 23 43 16 0 2 2.5 Kaoikio

30 07 10 56 0 5 2 0 3 19°23 0 1' 155°03 0 6' 17 km SW. of Pahoa------ 3 km deepo

30 20 39 15.1 2.5 Kaoikio



Table 5.--Distant'earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "c" following the time of P indi
cates compressional first motion; a "d" indicates dilatational
first motion. Station symbols, locations, and instrumentation are
presented in Summary 25. Magnitudes calcul.ated from the Hawaii
seismograms are followed by (HVO). Location of epicenter, origin
times, and focal depths, and magnitudes reported by other institu
tions are taken from "Preliminary Determination' of Epicenters"
published by the U.S. Coast and Geodetic Survey.

It is unusual to record clear. identifiable phases from the Atlantic
or the Caribbean on seis~ographs' in'Hawaii. Such a quake is listed
on April 20.

Although many seismic phenomena' from distant· sources are recorded,
few such events are felt in Hawaii. Such an uncommon event was
recorded on May 11th in the form'of-T-phase arrivals from an
underwater nuclear test (these~data'are being prepared for special
publication). In this case the T-phase was' reported felt by
residents of the coastal towns and cities of the ~ig Island]

Apr. 1

M Z eP 12:22:05.4 c

Hi Z eP 12:22:07.9 d

U PEN eG 12:37:36

U PEE eR 12:40:44

C&GS card 25-62:
4.2° S., 143.6° E.
12:11:09.2.
Near north coast of New Guinea.
h about 80 krn.

Apr. 2

M Z iP 00:24:08.3 c

A Z iP 00:24:09.0 c

D Z eP 00:24:07.9 c

U Z iP 00:24:08.8 c

Pa Z iP 00:24:10.9 c

Hi Z eP 00:24:09.8 c

Apr. 2--Continued

C&GS card 25-62:
18.6° N., 145.5° E.
00:14:50.4.
Mariana Islands.
h about 205 km.

Apr. 3

M Z eP 16:33:59.1 d

Pa Z eP 16:34:00.5 d

Hi Z eP 16:33:59.7 d

Ha Z iP 16:33:58.0 c

U PEN iG 16:45:12

U PEZ eR 16:46:56

Magnitude 5.9 (HVO).

C&GS card 26-62:
10.6° S., 164.9° E.
16:24:55.6.
Santa Cruz Islands region.
h about 36 km.
Magnitude 5.5 (Pal).

27



Table 5,--Distant~arthSUakes--Continued

Apr. 6 "'Apr~ 0 12--Continued

M Z eP 17:00:29.4 d U PEZ is 01:10:19

D Z eP 17:00:27.5 d U PEZ iSS 01:14:18

N Z eP 17:00:32.1 d U PEZ iR 01:18:15

U Z eP 17:00:32.4 d U PEE iL 01:15:32

C&GS card 26-~2: U PEN iG 01:16:04
26.7° S•• 113.2° W.
16:50:14.2. ~agnitude 7.4 (HVO) ..
Easter Island ~egion.

h about 33 km. C&GS card 28-62:
'38.2° N•• 142.3° E.

Apr. 7 00:52:47.0
Near east' coast of Honshu.

D Z eP 06:31:34.1 c Japan.
h about 68 km.

N Z eP 06:31:33.1 d ~agnitude 7 to 7.25 (Pas).
6.75 to 7.0 (Pal).

U PEZ eR 06:40:35
,Apr-~ '16

C&GS card 28-62:
10.0° N., 144.4° E. M Z iP 13:29:55.0 d
06:21:38.4.
Caroline Islands r.egion. A Z i.P 13:29:56.0 d
h about 50 krn.
Magnitude 6 (Pas). D Z eP 13:29:55.2 d

Apr. 12 N Z iP 13:29:55.4 d

M Z iP 01:02:24.2 c Ha Z iP 13:29:47.0 d

A Z eP 01:02:25.5 c Na Z iP 13:29:54.6 d

D Z eP 01:02:25.1 c Hi Z eP 13:29:56.2 d

N Z eP 01:02:25.2 c Pa Z eP 13:29:57.8 d

Ha Z iP 01:02':15.3 c U PEE eS 13:37:38

Na Z eP 01:02:24.4 d U PEZ iR 13:46:22

Hi Z eP 01:02:25.6 c ~agnitude 6.0 (HVO) •

Pa Z eP 01:02:26.1 d

28





Table 5.--Distant earthquakes--Continued
" \.,

Apr. 20--Continued 'Apr~ 22--Continued

Magnitude 6.6 (HVO). Pa Z iP 04:55:14.4 c

C&GS card 31-62:
18.9° S., 169.5° E.
02:10:12.1.
New Hebrides Islands ~egion.

h about 288 km.

C&GS card 31-62:
20.6° N., 72.2° W.
05:47:55.3.
Near north coast of Haiti,

minor damage at Port-au-Prince
Felt at San Juan, Puerto Rico.

h about 25 km.
Magnitude 6.5 to 6.75 (Pas),

6.75 to 7.0 (Berk), 6.0 (Pal).

Hi Z

Pa Z

06:07:40 0 7 d

06:07:52 c

06:07:45.3 d

06:07:48.9 d

06:07:45.8 d

06:07:47.1 c

06:20:55

06:07:51.3 c

06:07:45.3 d

06:15:36

06:07:45.6 d

06:08:14

06:19:20

06:23:55

06:07:4902 c

04:55:14.9 c

06:09:52

eP

eP

eP

eP

eP

iP

iF

eP

iP

iP

z

z

z

z

z

z

PEZ iPP

PEZ iR

PEN is

FEZ eSS

PEN iL

PEZ ipP

PEZ iP

u

D

A

u

M

u

U PEZ eG 05:10:50

u

U PEN eSKS 05:03:58

U

Na Z

u

u

Pa Z

N

U

Ha Z

Hi

Hi Z

C&GS card 30-62:
15.50 N., 93.1° W.
04:45:20.3.
Near coast of Chiapas, Mexico.
h about 69 km.
Magnitude 5.25 to 5.5 (Pal)o

Apr. 23
02:18:51.8 c

04:55:16.6 d

04:55:16.6 d

02:18:52.3 d

02:18:52.4 c

02:18:54.2 c

04:55:17.1 d

02:18:56.11. c

02:18:55.9 d

02:18:51.8 c

02:18:51.5 c

04:55:17.2 d

04:55:16.8 d

eP

eP

eP

eP

eP

eP

eP

iP

iP

iP

iP

iP

iP

z

z

z

z

z

z

z

z

z

z

M

u

D

A

D

u

A

M

N

N

Ha Z

Apr. 22

Apr. 22

30



Table 5."-Distan~:~~~~~$t1~)(~~~~Continued

Apr. 23--Continued : .Apt"~ "26--Continued

U PEN iG 06:21:19 Ha Z iP 07:33:4603 c

Magnitude 6.8 (HVO). C&GS card 32-62:
17.8° S•• 179.1° W.

C&GS card 30-62: 07:26:31.3.
42.9° N•• 143.4° E. Fiji Islands.
05:58:04«19. h about 689 km.
Hokkaido, Japan.
h about 25 km. . ·Apr. 30
Magnitude 7 to 7.25 (Pas) •

7 (Pal). M Z iP 02:36:16.6 c

Apr. 25 A Z eP 02:36:17.5 c

U PEE is 16:05:00 D Z eP 02:36:16.9 c

U PEZ eSS 16:08:27 N Z eP 02:36:16.5 c

U PEZ iR 16:13:06 U Z eP 02:36:16,2 c

U PEN eL 16:10:16 Hi Z eP 02:36:16.5 c

C&GS card 32-62: U PEE iP 02:36:18 c
38.4° N., 142.5° E.
15:47:29.2. U PEE iPF 02:38:29
Honshu, Japan.
h about 56 km. U PEE eSS 02:48:16

ARr. 26 U PEE iR 02:52:33

M Z iP 07:33:41.1 d U PEE is 02:44:13

A Z iP 0'7:33:40.6 d U PEE iG 02:50:42

D Z eP 07:33:40.1 d C&GS card 33-62:
38.8° N•• 140,9 0 E.

N Z iP 07:33:40.6 d 02:26:30.0.
Honshu, Japan.

U Z eP 07:33:40.9 d h about 104 km.

Na Z iP 07:33:38.4 c Apr. 30

Pa Z iP 07:33:43.7 d M Z eP 16:24:41.8 c

Hi Z iP 07:33:44,8 c N Z eP 16:24:40.3 c
31



C&GS card 34-62:
17.9° S•• 176.1° W.
16:16:47.8.
Tonga Islands region.
h about 26 km.

Apr. 30

Air. 30--Continued

u

u

u

u

u

PEE is

PEE iG

PEE eS

PEE eG

PEZ eR

16:31:12

16:33:58

18:45:19

18:48:25

18:49:48

"May 2--Continued

N Z Tmax 03:28:52

U Z Tmax 03:28:58

Pa Z Tmax 03:28:44

Na Z Tmax 03:28:29

Hi Z Tmax 03:28:27

Ha Z Tmax 03:28:51

C&GS card 33-62:
55.9 0 N., 156.1° W.
02:43:25.9.
Kodiak Island. Alaska region.
h about 25 km.

Start of pressure wave from
Christmas 'Island nuclear
blast; 5 mm max. seismogram
amplitude, 75 eecond period-
lasts till 20:04:00.

May 6

U PEZ ePP 19:20:42

U PEZ ePS 19:30:38

U PEZ eR 19:56:10

U PEN eSS 19:37:34

U PEN eSSS 19:41:54

U PEN eG 19:50:49

~agnitude 6.8 (HVO) •

C&GS card 34-62:
18.0° S., 176.4° W.
18:31:06.6
Fiji Islands region.
h about 135 km.

Apr. 30

M Z iP 20:51:52.9 d

A Z eP 20:51:53 0 4 d

N Z iP 20:51:52.8 d

C&GS card 34-62:
6.4° N., 124.0° E.
20:39:45.1.
Banda Sea.
h about 28 km.

May 2

M Z Tmax 03:28:53

A Z Tmax 03:28:50

D Z Tmax 03:29:00

32
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U PEN 19:49:00



Table 5.--Distant ~l eattth9t,uakes--Continued
• - •• I .... ,. , I I I ,I ••

May 6--Continued

C&GS card 35-62:
60.0° 5., 32.8° W.
19:00:10,2.
Sandwich Islands region~

h about 25 km.
Magnitude 7.0 (Pas), 6,75 to

7 (Berk), 7.0 (Pal).

May 7

M Z

A Z

D Z

N Z

Ha Z

Ka Z

Hi Z

Pa Z

Na Z

iF

iP

iP

iP

iP

eP

eP

eP

eP

17:49:15.1 c

17:49:15.9 c

17:49:15.0 c

17:49:15.5 c

17:49:04.0 c

17:49:09.5 c

17:49:12.6 d

17:49:16.7 c

17:49:17.4 c

. 'Ma~'lO

M Z iP 00:11:30.9 d

M Z epP' 00:11:50.0

A Z iP 00:11:31,9 d

A Z epP 00:11:50.3

D Z iP 00:11:31.9 d

D Z epP 00:11:50.1

Ha Z eP 00:11:21.5 d

l<a Z eP 00:11:27.5 d

Hi Z iP 00:11:29.5 c

Pa Z eP 00:11:29.5 d

C&GS card 35-62:
62.0 0 N., 150.10 W.
00:03:40.2.
Alaska_
h about 72 km.
Magnitude 6.0 (Berk). 4.75 to

5.0 (Pal).

u

u

PEZ iP

PEZ eS

17:49:14 c

17:57:02

May 10

U FEZ eR 01:00:46

C&GS card 38-62:
45.3° N., 146.7° E.
17:39:50.3.
Kurile Islands
h about 25 km.
Magnitude 6.75 (Pas). 7.0

(Berk). 6.0 to 6.25 (Pal).

u

u

PEZ eSS

PEZ iR

18:00:46

18:03:34

eGGS card 38-62:
41.8° St. 171.6° E.
00:27:17.5.
South Island. N.Z.
h about 54 ~m.

May 10

M Z iP 05:19:07.5 c

M Z ePP 05:20:20.6

A Z iP 05:19:13.7 c
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Table S.--Distant·ea~th1uakes--~ontinued
•• # •••••••• '. '" •••

May 10--Continued :. Max 'll--Continued

A Z ePP 05 : 20 : 2'4 •.2 N Z iP 12:14:25.6 c

N Z iP 05:19:07.7 c U Z eP 12:14:25.6 c

N Z ePP 05:20:22.7 Na Z eP 12:14:22.1 d

Ha Z eP 05:19:02.6 c Pa Z iP 12:14:27.9 c

Hi Z ePP 05:20:23.7 Hi Z iP 12:14:28.5 c

U PEZ is 05:24:42 Ka Z iP 12:14:27.1 c

U PEZ iR 05:28:10 Ha Z eP 12:14:28.0 c

U PEE iL 05:26:50 C&GS card 39-62:
14.3° S•• 170.40 E.

M Z Tmax 05:56:20 12:06:42.1.
New Hebrides Islands region.

A Z Tmax 05:56:49 h about 623 km.

D Z Trnax 05:56:52 May 11

N Z Tmax 05:56:45 M Z eP 14:21:05.7 c

U Z Tmax 05:56:43 A Z eP 14:21:05.1 c

Ha Z Tmax 05:54:20 D Z iP 14:21:05.9 d

Hi Z Tmax 05:56:08 N Z eP 14:21:03.6 c

Pa Z Tmax 05:56:28 U Z eP 14:21:05.0 c

C&GS card 36-62: Pa Z eP 14:21:07.5 c
52.4° N•• 170.9 0 W.
05:12:15.9. Hi Z iP 14:21:08.7 c
Fox Islands, Aleutians.
h about 43 km. l<a Z eP 14:21:08.6 c
Magnitude 6.0 (Berk). 5.5

(Pal). Na Z eP 14:21:12.4 d

May 11 U PEZ as 14:28:38

M Z iF 12:14:25.9 c U PEZ eSS 14:32:22

A Z eP 12:14:25 0 4 d U PEZ eG 14:34:04

D Z eP 12:14,:24.6 c U PEZ iR 14:36:04
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Table 5 o --Distantoearthquakes--Continued

May 15--ContinuedMay ll--Continued

Magnitude 6 0 6 (HVO). Ha Z eP

C&GS card 35-62:
17 0 00 No, 99 0 7° Wo
14:11:5109 e

Near coast of Mexico o

h about 25 krn.
Magnitude 7 0 0 (Pas), 7 4 0 to
7°.25 (Berk).

u

u

u

u

PEZ iP'

PEZ ipP

PEZ ipP

PEZ eR

05:35:54 c

'05:36:45

05:39:19

06:01:10

PEN iSS '05:50:43

May 11

M z Tmax 20:39:56

u

u

PEN is 05:46:08

A

D

z

z

Trnax 20:39:53

Tmax 20:39:54

u

u

PEN iSSS 05:54:26

PEN iG 05:56:49

N Z

u Z

Pa Z

Hi Z

Ha Z

Tmax 20:39:54

Tmax 20:39:54

Trnax 20:39:45

Tmax 20:39:43

Tmax 20:49:17

C&GS card °38-62:
7 0 30 So, 128.3 0 Eo
05:23:45 0 9.
Banda Sea.
h about 34 kme
Magnitude 7.0 to 7.25 (Pas),

o 7. 5 (Berk).

May 16

C&GS card 40-62:
13.4° So, 167.30 Eo
17:33:05.50
New Hebrides'Is1ands o

h about 35 km o

Artificial T-phase--probab1y
caused by nuclear explosion;
felt on northeast coast of
Hawaii Island, Hawaii o

No preliminary C&GS 1isting o

May 15

u FEZ eR 17:55:48

Hi Z

M

A

D

N

z

z

z

z

iP

eP

eP

eP

iP

05:35:54 0 4 c

05:35:5500 c

05:35~5507 c

05:36:01 0 2 c

35

. May 19

M

A

D

N

u

z

z

z

z

z

iP

iF

iF

iP

iP

15:07:31 0 2 d

15:07:29.9 d

15:07:31 0 1 d

15:07:30.1 d

15:07:32.5 d



T ,

May 19--Continued . 'May21--Continued

Pa Z iP 15:07:31.3 c Hi Z eP 12:16:02.5 c

Hi Z eP 15:07:31.4 c Pa Z iP 12:16:09.0 d

Ka Z eP 15:07:29.9""0 u PEZ iP 12:16:10 d

Ha Z iP 15 : 07 : 40 •2 d "" u PEZ iPP 12:19:46

u PEZ iF 15:07:34 d u PEZ eS 12:26:52

u FEZ is 15:15:01 u PEZ ePS 12:28:34

tJ PEZ iR 15:22:42 u PEZ eSS 12:33:34

u PEN iScS 15:17:20 u PEZ eG 12:40:50

u PEN iSS 15:18:34 u PEZ eR 12:45:22

Magnitude 6.8 (HVO).

C&GS card 38-62:
17.2° N., 99.5° W.
14:58:13.3.
Near coast of Mexico.
h about 20 km.
Magnitude 7.0 to 7.2S"(Pas).

Ha Z

PEN eG

21:23:12.5 c

21:23:12.5 c

21:23:12.1 c

21:23:12.5 c

21:23:12.4

21:23:14.3 d

eP

eP

iP

eP

iP

iF

z

z

z

z

z

M

A

D

N

u

Pa Z

~agnitude 6.6 (HVO).

C&GS card 39-62:
37.3° N•• 96.0° E.
12:02:50.6.
Chinghai Province, China.
h a"bout 25 km.
Magnitude 7.0 to 7.25 (Pas),
. 6.5 to 6.75 (Pal).

. 'May' 21- .

15~19:45

12:16:06.4 d

12:16:09.7 d

12:16:04.7 d

12:16:01.9 d

12:16:09.2 d

12:15:59.4 c

eP

iP

eP

iP

eP

eP

z

z

z

z

z

u

M

A

D

N

u

May 21

Ka Z eP 12:15:58.7 d
Hi Z

Ka Z

iP

eP

21:23:15.3 c

21:23:15.5 c
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Table 5.--Distant ear~h$u~~es--Continued

Mal 21--Continued . 'May'22--Continued

Ha Z iP 21:23:18.5 d U Z ipP 08:15:44.3

U PEZ iP 21:23:14 c Pa Z iP 08:15:15.7 d

U PEZ ipP 21:24:43 Pa Z ipP 08:15:46.3

U PEZ isP 21:25:24 Hi Z eP 08:15:17.3 c

U PEE is 21:29:24 Hi Z ipP 08:15:45.5

U PEE isS 21:31:38 Ka Z eP 08:15:16.4 d

U PEE iSS 21:32:42 Ha Z iP 08:15:15.8 d

U PEN iG 21:34:2~ Ha Z ipP 08:15:34.3

Magnitude 7.1 (HVO) • u PEZ iF 08:15:14 c

eGGS card 39-62: U PEZ ipP 08:15:45
20.0 0 S., 177.50 W.
21:15:31.0. U PEZ isS 08:23:06
Fiji Island region.
h about 379 km. U PEZ iSSS 08:27:43
Magnitude 6.75 to 7.0 (Pas) •

U PEZ eR 08:28:48
May 22

U PEE is 08:22:13
M Z iP 08:15:13.2 d

U PEN isSS 08:·26:42
M Z ipP 08:15:44.1

C&GS card 39-62:
A Z eP 08:15:13.2 c 12.3° S., 166.6° E.

08:06:38.7.
A Z ipP 08:15:44.0 Santa Cruz Islands.

h about 151 km.
D Z eP 08:15:13.3 c Magnitude 6.5 to 6.75 (Pas) •

5.75 to 6.0 (Pal).
D Z ipP 08:15:42.8

N Z eP 08:15:13.4 c May 22

N Z ipP 08:15:43.8 U PEZ eS 22:22:56

U Z eP 08:15:13.7 c U PEZ eSSS 22:29:29
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Table 5.--Distant ··e~~~~Q.~~~~~~.~.~ontinued

C&GS card 44-62:
26.3° S., 113.7° W.
21:52:50.0.
Easter Island region.
h about 25 km.

C&GS card 42.62:
44.6° N•• 129.5° W.
04:57:46.2.
Off northern co~st of

California,
h about 25 km.

C&GS card 42-62:
51.8° N., 177.1° W.
21:00:16.4.
Andreanof Islands, Aleutian

Islands.
h about 25 km.

22:22:52

Tmax 21:43:54

Tmax 05:40:03

PEZ iR

May 29

Ha Z

.. May' 25

U PEZ eP 04:27:56 c

U PEZ eS 04:34:11

U PEE eScS 04:37:26

U PEE ePKS 04·:42 :21

C&GS card 42-62:
20.7° S., 174.3° W.
04:19:57.0.
Tonga Islands.
h 'about 281 km.

. 'May' 30

Ha Z

May 22--Continued

U PEN eG 22:29:00

C&GS card 43-62:
5.5° S., 152.0° E.
22:03:36.0.
New Britain.
h about 100 km.

May 24

U PEZ eP 04:31:08 d

U PEZ ePP 04:32:43

U PEN eS 04:36:52

U PEN eL 04:39:29

U PEN iR 04:41:08

M Z Tmax 05:09:49

A Z Tmax 05:09:45

D Z Tmax 05:09:53

N Z Tmax 05:09:41

U Z Tmax 05:09:59

Ha Z Tmax 05:09:06

Hi Z Tmax 05:09:28

Pa Z Tmax 05:09:38

C&GS card 41-62:
49.1° N., 129.4° W.
04:24:49.8.
Vancouver Island .

~eg~on.

h about 25 km.
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Table 5.--Distant 'aarth$uakes--Continued
I • ~. ••

May 31 'Mal'31--Continued

M Z iP 06:37:52.4- d N Z iP 0'6: 42 :18.6 d

M Z isP 06:38:56.4 ' U Z iP 06:42:18.7 d

A Z iP 06:37:52.9 d Pa Z iP 06:42:19.8 d

D Z iP 06:37:52.4 d Hi Z iP 06:42:19.4 d

D Z isP 06:38:56.7 Ka Z iP 06:42:17.2 c

N Z iP 06:37:52.6 d Deep. northwest source.

U Z iP 06:37:52.8 d ' 'June 2,
..

Ha Z iF 06:37:44.7 c U PE~ eL 12:41:05

Ka Z iP 06:37:49.5 d M Z Tmax 13:11:17

Hi Z iP 06:37:53.9 d A Z Tmax 13:11:29

Pa' Z iP 06:37:54.3 d D Z Tmax 13:11:28

Na Z eP 06:37:52.8 d N Z Tmax 13:11:40

U PEZ iP 06:37:52 c U Z Tmax 13:11:34

U PEZ iPP 06:40:07 Ha Z Tmax 13:10:52

U PEE is 06:45:33 Hi Z Tmax 13:11:06

U PEN iG 06:52:07 Pa Z Tmax 13:11:30

C&GS card 41-62: C&GS card 45-62:
22.1° N., 142.6° E. 49.9° N., 129.8° W.
06:28:26.2. 12:26:09.6.
Volcano Islands region. Vancouver Island region.
h about 257 km. h about 25 km.
Magnitude 6.5 .(Pas). Magnitude 5.75 (Pal).

May 31 June 2

M Z iP 06:42:18.4 d U PEZ eR 17:45:49

A Z iP 06:42:18.6 d C&GS card 44-62:
29 •8° N•• 130.6° E.

D Z iP 06:42:18.0 c 17:15:08.7.
Kyushu t Japan.
h about 15 km.
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Table 5. --Distan~ :~~~~~$~~~~,~,~~.Continued

June 6 . 'June '11

U PEN eL 18:04:13 M Z eP 04':42:43.0 c

Ha Z Tmax 18:32:02 A Z eP 04:42:43.5 c

Pa Z Tmax 18:32:03 N Z iP 04:42:43.6 c

eGGS card 44-62: Pa Z eP 04:42:41~5 c
39.1° N•• 123.1° W.
17:50:08.6. Hi, Z iP 04:42:41.3 c
California.
h about 23 km. Ha Z iP 04:42:44.9 c
Magnitude 5.25 (Pas) •

C&GS· card 46-62:
June 8 19.6° S •• 177.7° W.

04:35:00.6.
M Z iP 01:39:13.7 d Fiji Islands.

h about 370km.
N Z eP Ol:39:13.~ d

, 'June '14
U Z iP 01:39:13.3 d

M Z iP 08:00:01.2 d
Hi Z iP 01:39:16.3 d

A Z eP 08:00:02.0 d
Ha Z iP 01:39:18.6 d

D Z eP 08:00:01.8 d
eGGS card 45-62:

18.1° S•• 178.4° W. N Z iP 08:00:01.6 d
01:31:59.9.
Fiji ~s1ands. U Z eP 08:00:01.4 c
h about 603 km.

Ha Z iP 07:59:49.5 c
June 11

Hi Z iP 07:59:55.0 c
U PEN eL 01:08:17

Pa Z eP 08:00:01.7 d
Pa Z Tmax' 01:37:53

U PEZ iP 08:00:01 d
C&GS card 47-62:

49.7° N•• 129.30 W. U PEZ is 08:06:43
00:52:47.3.
Vancouver Island region. U PEZ iR 08:12:05
h about 25 km.

U PEE iG 08:09:57
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-
June l4--Continued

C&GS card 45-62:
54.3° N•• 169.1° E.
07:51:51.0.
Aleutian Is •• Near Islands.
h about 34 km.
Magnitude 6.0 to 6.25 (Pas"). 

5.75 (Berk).

June 14

M Z iP 08:03:55.9 c

A Z iP 08:03:56.4 c

D Z eP 08:03:56.6 d

N Z eP 08:03:56.3 c

U Z iP 08:03:56.0 d

Ha Z iP 08:03:43.5 c

Hi Z iP 08:03:54.9 c

Pa Z eP 08:03:56.0 c

U PEZ iP 08:03:56 c

U PEZ is 08:10:36

U PEE iG 08:14:11

C&GS card 45-62:
54.2° N•• 169.3° E.
07:55:48.9.
Aleutain Is •• Near Islands.
h about 56 krn.
Magnitude 6.0 (Pas).

June 16

M Z it> 06:39:39.8 d

egGS card 46-62:
0.2° S•• 122.8° E.
06:27:29.8.
Celebes region.
h about 177 km.

June 17

M Z eP 22:35:44.3 d

A Z eP 22:35:45.0 d

D Z eP 22:35:44.7 d

U Z eP 22:35:45.7 d

Hi Z iP 22:35:35.6 c

Ka Z eP 22:35:31.0 c

C&GS card 46-62:
51.7° N•• 177.0° E.
22:28:04.1.
Andreanof Islands, Aleutian

Islands.
h about 22 km.

. 'June "18

M Z iP 23:52:17,6 d

Hi Z eP 23:52:20.5 d

Ha Z iP 23:52:15.7 d

U PEE is 00:00:09

U PEN eG 00:07:01

U PEZ eR 00:08:33

C&GS card 48-62:
4.80 S., 151.8° E.
23:42:31.3.
New Britain region.
h about 47 km.
Magnitude 6.75 (Pas).

June 23

M Z iP 09:55:50.6 d

A Z iP 09:55:51.0 d

D Z eP 09:55:50.9 d
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Table S.--Distant ea~~~$~~~~s--Continued

"," June 23--Continued

C&GS card 49-62:
24.30 N•• 122.60 E.
11:10:23.3.
Off coast of Formosa.
h about 33 km.
Magnitude 5.75 (Pas). 5.5
. (Berk).

C&GS card 49-62:
19.10 N•• 121.40 E.
09:58:26.0.
Near coast of Luzon. Philippine

Islands.
h about 40 km.

Magnitude 5.9 (HVO).

C&GS card 50-62:
16.50 N•• 122.00 E.
19:29:51.0.
Coast of Luzon. Philippine

Islands.
h about 40 km.

20:06:15

19:41:51.3 c

19:41:51.1 c

19:41:51.4 c

Z eP

Z eP

Z eP

PEZ eR

D

u

M

N

June 30

'June 25

M Z eP 11:22:12.9 c

A Z eP 11:22:11.9 c

N Z eP 11:22:10.9 c

Pa Z eP 11:22:13.3 d

U PEZ iP 11:22:09 c

U PEZ eR 11:44:33

U PEN is 11:31:55

June 23--.Continued

N Z eP 09:55:50.5 d

U Z iP 09:55:50.8 d

Ha Z iP 09:55:43.2 d

Ka Z iP 09:55:47.0 d

Hi Z iP 09:55:52.1 d

Fa Z iP 09:55:52.9 d

U PEZ iP 09:55:51 d

U PEZ iR 10:16:33

U PEE ePP 09:57:36

U PEE eS 10:05:05

C&GS card 48-62:
25.70 N., 128.5 0 E.
09:44:37.7.
Ryukyu Islands.
h about 36 km.
Magnitude 5.75 (Berk).

June 23

M Z eP 10:10:25.8 d

A Z eP 10:10:25.4 d

D Z eP 10:10:24.9 d

N Z eP 10:10:24.8 d

U Z eP 10:10:24.8 c

U PEZ eP 10:10:25.3 d

Hi Z eP 10:10:23.8 c
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The following persons or ,agencies .reported "'felt'" earthquakes
during the second quarter, 1962. Their" assistance is, gratefully
acknowledged.

North Hawaii

Mr. Pawa
Mrs. Lindsey
Mrs. Walker
Miss Tully
Dr. Tabrah
Honokaa Police
Mrs. C. Hansen
Mrs. Eklund
Mrs. Stewart
Mro Ferguson
Mrs. Christianson

Hilo region

Miss Yamaguchi
Mr. MacDonald
Mr. Donohoe
Mr. Williamson
Mrs. Wong
Mrs. Kuntz
Mr. Sadamot·o
Miss Bergsten
Mr. Kumuhaki
Mr. Vaughn
Miss Phirite
Mrs. Kaneshiro
Miss Ah Sing
Mr. Martin
Mrs. Breyton
Mrs. Pierce

Kau region

Mr. Schattauer
Mrs. Walters
Mrs. Schattauer
Mrs. Street
Mrs. Billings
Miss Cataluna
Mr. Coram
Mrs. Elarianoff
Mr. Araujo
Mrs. Isbell
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Kilauea summit region, -
Mrs. Hongo
Miss Cruz
Mrs. Hagnauer
Mrs. Fraser
Mrs. Hansen
Miss English
Mrs. W'entworth
Mrs. Yong
Mr. Ayres
Mr. Mist
Mrs. Mist
Mrs. Duncan
Dr. Eaton
Mr. Yamamoto
Mrs. Ault.

Kona coast

Mr. Ladd
Mr. Sutherland
Mr. Glass
Miss Greenwell
Mr. Tanaka
Miss. Wallace
Mr. Yeaman
Mr. Paris

Puna----
Mr. Edwards
Mr. R. He
Mr. Vaughn
Mr. Warner
Mrs. Green

Central Hawaii

Mr. Haa
Mr. Kowahara
Mr. Machado
Mrs. Lindsey
Mr. Hansen
Mr. Walker



An unusually large number of"persons .visited the Observatory
during the second quarter. 1962 0 ' Many "of them were, goi,ng to or
returning from the International Symposium"on Volcanol,ogy in Tokyo.
These visitors were:

\

)

Dan Ao Davis. Milton Hackett. G~ Fo Worts, Jack Rosenau, U.S.
Geological Survey, Ground Water Division.

Thomas E. Chase. UoS. Bureau 'of' Commercial Fisheries~

Stuart M. Smith, Depto' of Earth Science, Scripps Institution.
Donald Wise, Dept Q of Geology', Franklin and' Marshall College.
Victor Vacquier. Scripps tnstitution~

George Short Jro. Scripps Institution.
Lo Radley Squier, Shannon and Wilson. Inc., Seattle.
Robert Eppley, U0 S Q Coast and" Geodetic" Survey, Honolulu

Observatory 0

Kelchi Kasahara. Earth Research Institute, University of Tokyo.
Robert Ao Stonely. UoSo' Coast· and Geodetic Survey. Washington, D.Co
Ao S. Furumoto. Institute of Geophysics, University of Hawaii.
M. Bordner, Hawaii State Economic Research and Development

Commission.
Hatten Yoder, Jr o • Geophysical Laboratory 0

C. E. Tilley, Cambridge, England G

J. Fo Schairer. Geophysical Laboratory&
Ao R~ McBirney, Scripps Institutionc
Co Ro Robson. Seismic Research Unit. U.CoW.I., Trinidad.
Jerry McLaughlin, Donald J. Murray, Eugene E.' Moe', Harry Carles,

Mell Baker. U. So Geological Survey.' Topographic Division.
EG F41 Osborn, Penn-. State University. .
Ann Palm, University of California, Berkeley.
Wo T. Cronenwett. Electro-Mechanics·Co~.Austin, Texas.
Bernard Geze, Institut National Agronomique. Paris.
J. Noetzlin, CNRS de France,-Geneva, Switzerland 0

J o Lo Kulp, Lamont'Observatoryo
Robert Decker, Dartmouth College. N.H.
Pierre Evrard, Universite de 'Liegeo
Jerry Po Eaton, UoS Q Geological'Survey, Crustal Studies Branch.
Howard Ao Powers, UoS o Geological Survey, Denver. Colorado 0

Allan Wilson, University of Queensland. Brisbane.
Ko J o Murata. UoS e Geological'Survey, Menlo Park.
Irving Friedman, UGS o Geological Survey, Washington and Denver e

Roland VonHuene, Naval Ordnance. China Lake. .
Kumizi Iida, Institute of Earth Sciences, Nagoya University.
Allen Loomis, Jet PropUlsion Lab., Pasadena.
Harry Smedes, Robert Fournier. UoS G Geological'Survey, Washington.
Willard Ho Parsons, Wayne State University.
Robert L. Smith, Branch Qf Field Geochemisty and Petrology. U.S.

Geological Survey, Washingtono
Roy Ao Bailey, UGS o Geological Survey, Washington.
George Mo Brownell, University of Manitoba, Winnipeg.
Hans Ao Bomke, USASRDA, Fort Monmouth. N. J.
I~ Ao Balton, USASRDA, Fort Monmouth. No J.
Charles FQ Sebastian. Western Geophysical CO~~ Los Angeles.
Thomas LQ Slaven. Western Geophysical Co''. Los Angeles.
Michael N~ West. Alfred University, Alfred, N.Y.
Heinz Ho Grote. USASRDA. Fort Monmouth, N.Jo
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By A. T. Okamura, George Kotiima, and Akira Yamamoto

Direction of First Motion from Four Earthquakes from a Single Focus

By Harold L. Krivoy

Table A presents data on four earthquakes: epicenter, focal depth,
origin times, compressional wave travel times, first-motion
directions, and magnitudes. The first two quakes were felt weakly only
in the community of 1tVolcano." The second two were felt island-wide.
This size difference is also reflected in the questionable timing of
the first arrival at such distant stations as Maui. In quakes I and II,
the Maui instruments evidently failed to record the earliest compressional
arrival.

Thanks are due to the following Hawaii residents who reported feeling
the four quakes:

1st ,quake--Miss English (Volcano)
2nd quake--Miss English, Mrs. Duncan (Volcano)
3rd and 4th quakes--Miss English, Mrs. Duncan, Mrs. Fraser, Mrs. Hansen,

Mr. Mist, Mr. Francis, Mr. Ayers, Mrs. Wehrsig, Dr. Wentworth,
Mr. Koyanagi, Mr. Yamamoto, Dro Moore, Mr. Krivoy (Volcano or
National Park); Mr. and Mrs. Baldwin, Mr. Zuprick, Mr. Wilson,
Mr. Elliot, Mrs. Ingledue, Miss Nitta, Mr. Ho (Hilo area);
Mr. Hansen (Central Havlaii); Kulani Honor Camp personnel; Mrs.
Linsey (North Kana); Mrs. Walters, Mrs. Kiva (Kau region) j Honokaa
Police, Mrs. Christensen (North Hawaii).

With only one exception, residents who reported the third-quake also
reported the smaller fourth quake. These quakes originated about 25 kIn
beneath the community of Volcano, which probably accounts for the
numerous reports from volcano, Hilo, National Park and Kulani Honor Camp.
Of special interest is the report from Mrs. Lindsey of Puu Anahula--a small
community near Puu Waawaa where deep Kilauea quakes are surprisingly
well-felt. In this case (as in others) Mrs. Lindsey reported quakes not
felt by equally perceptive observers in parts of Kona and Kau much closer
to the epicenter.

The pattern of first-motion direction is identical for the first
three quakes, and is reversed for the last quake of the group. The
third and fourth quakes come within 3 minutes of each other from essentially
the same focus; they suggest complex strains in the focal region because
every discernible first-motion of IV is opposite to its counterpart in I,
II, and III.



°l:u.OJ.e f\..

. .

Magnitudes - -
, First motion of P p-O, compressional wave (? magnitude = motion too

- travel time great for recording system)

I II III IT I II III ·N I II III rv

Mauna Loa _. - - + 4.8 4.8 ·4.8 4·.8 2·9 2·9 ? ?

Ahua - - - + 4.4 4.1- 4.2 4·3 ? 2·9 " ?~

.-

Desert . _. - - + 5·2 5.1 5·1 4.9 ? '? ? r;

North Pit - - - + 4.0 4.0 4.1 3·9 ? ? ? ?

Uwekahuna - - - + 4.1 3·9 4.1 3·9 3·1 3·1 3·7 3·5

Hila + + 7 -7 6.2 6.2 6.1 6·3 3·0 3·0 3·9 3.8

Pahoa +? + ?! ? 6.1 5·9 6.0 5.9 3·0 3·0 7 ?+. t •

---I
Naalehu - ? -7 i +7 9.4 -- 9·1 9.6 9.4 2.8 2·7 7 ?

I
I

Kamuela 7 ? ? I ? 11.67 13·1? 11·9 11.6 2.8 3·1 ? ?
t

Maui ? ?
I 28.07 28.77 24.0 24.0 3·1 2·9 3·6 3·4-1 I _.
I
i
I

:

I = 11:51:41_9 HST, Jan. 3, 1962
II = 18: 16: 41.8 HST, Jan · 3, 1962 .

III = 07:22:49.7 EST, Sept. 11, 1962
IV = 97:25:27.7 HST, Sept. 11, 1962

Epicenter: 19~28.6' N., 155°14.0' w.
Depth: 25 kIn



First-motions plotted on the station location map do not fall into
the quadrant pattern typical of strike-slip faults; the region of
compression can be separated from that of rarefaction by a single line
through the epicenter with an azimuth between about No 35° W" and No 80 0 w.
The uncertainty could be materially reduced by additional stations at
such sites as Puu Waawaa, Makaopuhi or Kalapanaa Apparently the' fault
movement was predominantly dip-slip in .all four quakes, the southwest
side being downthrown during the first three and upthrown during the
fourth 0

Because of its small size, this group af four similar quakes has
proven convenient as an illu,stratian of the needs and possibilities in
analysis of first~motion data prOVided by the Volcano Observatory
seismic net" In 6 years of modern recording we have observed about
six distinctive earthquake families 0 Some of these appear to be
endemic and are still being recorded; others, once prolific, seem now
to have ceased 0 Some of these families consist of swarms of thousands
of quakes; some come by the hundreds 0 We hope to be able to' review
and to analyze each such group in an effort to learn more about the
dynamics of Hawaiian volcanism 0

Chronological summary

Inflation of the summit region of Kilauea appears to have been
somewhat more rapid during the third quarter of 1962 than during the
previous 6 months. Tilting at Uwekahuna Vault (table 2) averaged
12 urad/month toward N(> 50° W0 during the third quarter as compared
with 7 urad/month and 3 urad/month in the same direction, during the
first and second quarters, respectively 0

Small shallow earthquakes at Kilauea caldera (table 3) continued
through the third quarterj the average daily counts were 52, 64" and
62 for July', August, and September, respecti.vely.

Average daily cOtmts of earthquakes from the source about 30 kIn
beneath Halemaumau were 6 far July, 3 for August, and 2 for September.
Earthquakes of this group were felt in the region of Kilauea caldera
and elsewhere on Hawaii on July 6, July 14, July' 27, and September 27.

The frequency of aftershocks of the magnitude 6,,1 Kaoiki earthquake
of June 27 and of small earthquakes from the adjacent part of Kilauea's
southwest rift zone decreased. steadily during July from 112 on the 1st
to 1.5 on the 31st 0 The average daily count of these earthquakes decreased
from 31 for July to 12 for August and to 8 for September 0 Earthquakes
from this source were felt in Hila on July 15 and in Hila, Pahoa, and
Naalehu on July 270)

An unusual variety of large local quakes from scattered sources
was recorded during July, and many of them were felt (table 4) 0 The
largest, from a shallow focus 14 kIn west~northwest of Kealakekua,
had a magnitude of 409 and was felt over the entire island at 23h53m
on July 23 () Loose objects were overturned and there was alarm in
Kona; but no serious damage was reported. 0 A magnitude 4 c> 5 shock from

3_



a shallow focus 8 kIn west ... southwest, of Kealakekua was felt in Kana at
23h 53m on July 230 The earthquake felt over the entire islarld at
7n3BD1 on July 14 had a magnitude of 400 and originated 18 kIn
south-southwest of Waikii at a depth of about 10 kmo

The largest eart,hquak.e du.ring A'ugust occurred about 8 kIn deep
and 11 kIn southeast of the Ahua seismometer at 16h59Dl on the l8tho
It had a magnitude of 406 and was felt over the entire island () A
magnitude 400 earthquake from a focus 14 kIn northeast of Naalehu and
about 8 km deep was felt from Hila to Kona at 23h3(jIl on August 170

The largest earthquake du,ring September (magnitude 401) originated
25 km south-southeast of Apua Point and was felt in Hila and the
Kilauea caldera region at 3h 59ID on September 8. Two earthquakes from
a focus 9 km northeast of Uwekahuna and 25 kIn deep were felt over the
entire island on September 11. The first, at 7h23m, had a magnitude
of 307; the second, at 07h25ID

, had a magnitude of 3.60

Minutes of deep tremor recorded during September greatly exceeded
that recorded during any other month since October 19610

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Va~lt (table
2

0

), and at irregular intervals it is measured on a regional scale by
means of a network o;f' field tilta:>bases and a portable water-tube
tiltmeter~ The attitude of the ground surface at each tilt-base is
reported in terms of north"losOl;4tb~ and east-west tilt coordinates. Both
coordinates at each station were aroitrari1y set equal to 500 when
measurements at that station were beguno Increasing tilt coordinates
correspond to northward and eastward t.ilting of the earth t 5 surface,
that is, to a relative subsidenoce t'oward the north and east (I A I-unit
change in coordinate corresponds to a tilting of 1 microradian (1 mm
per kIn) in the direction indicatedn

The field tilt~bases were not occupied during this third quarter,
1962u
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Table 1.--Ti1t coordinates at Uwekahuna Vault, July, August, and September,

1962

Date N-S EQDW Date N-S E-W

July 1 440 ~ 529 Sept 0 2 449 516

8 440 527 9 452 513

15 442 530 16 454 511

22 444 526 23 456 505

29 444 525 30 4'57 505

Aug 0 5 446 523

12 446 520

19 446 522

26 447 520
I)
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Seismic summary

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, ~sually within 100
kIn of at least one seismograph, and distant earthquakes originating
more than 3,000 kIn from Hawaii. As an index of seismic activity at
Havlaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(U, M, A, D, N). Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located with greater
precisionj they are listed indiVidually in table 4. Data on
identifiable phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1,
and essential data on the stations were given in Summary 25.

6
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EXPLANATION
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Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms
of geographic coordinates, which are indicated at the edges of
the map-
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Table 3. ~"'C3Numbers of earthquakes and minutes of tremor recorded on

seismographs. U, M, A, DI and N around Kilauea caldera

Tremor is separated into three categories~ deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region~ Unless otherwise stated, tremor is presumed to
be associated with movement of magna within the central complex of Kilaueao

Earthquake categories are~ Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region; shallow
earthquakes along the SWo rift zone of Kilauea and the adjacent portion of the Kaoiki fault system;
earthquakes along the eastern half of Kilauea t s east rift zone; earthquakes from a source about
30 km beneath Halemaumau; shallow earthquakes along the Kalapana Trail (SE., flank of Kilauea 10 to
15 km Wo of Kalapana); and earthquakes from other regions: Kana, Mauna Kea, etc.

a

oa

Tremor
(in minutes). " Earthquakes

Date
(1962 )

Hale- SW. rift Eastern Hale- Kala...
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides caldera Kaoiki rift 30 km Trail

July 1 eatlSls='l~~" &::IC:SC»c::I_~c:a CWe3«ee:::Jcaca_ 1 83 112 2 9 1 1 Offshore Kalaparl
2 &-.r:=-t=-~~~ ClClIE:liQl3c::::D~rJC2lIl 4 9 105 86 2 4 1-'-=«=>_"""" ~~~~~~--~~~~~~~~~~

3 C2e:te:::.c::.CDc:. 2 eac:::a~c::=a«= .. ew 2 36 53 ~_o:::t ____ e:::t 4 1 1 Mto View
1 SW .. rift Mauna L

4 «='_e::::tr':'~~ CSJ~mate:a., .. C"::tc:=J-=-e':'I.-::J~c:I .. e:::tcz,;,c::o-=-c:::!c:8 89 90 22 7 __ c:::II",=C::>_

~~~~~~-~~~---~-~-~

5 CJlc:::ta»~"'CI'::J _eno-=:::csc:»_ e::::tc=:ac:as.aW:t~-=- 2 86 77 1 6 .OE'=C::O_=~ ~~~~~~~~~~~~~~~~~~

6 c::::.. ....:..a~-="'C2~ 2 ~eD~~c=::ra::3c;a

c::>""''''''t= ___ 48 37 4 12 I-_c::>e::te::tc:::= ~~~~~~~~~~~~-~~~-~

7 e:;,e;,,_e;::::,-.a.03 ... .,~e":"':)~ .. e:.::t tl:Je=t c:.:ac::::Deac::-2 .. .,,-=tc= ... -=tc:a~ 37 33 3 17 """ ..... e>.,.. .... t:t ...... 2 Apua Ptc
8 Clc:ac:.c:a_C8 c.:a&:l-=ae:::=--=--=:a c;J~C.}~e:-r .. _ ..... c::::::3'~~ .. c:;::l 42 29 3 5 !=' __ ~c=."c::::> 1 Offshore Apua Pt
9 37 ca .... Il.':'S) .. .,_ c=taoe.«:?"~4=:1 1 31 33 .~_ezo __ ... _ 9 __ .... =c:::>"'"'CC> 1 Offshore Naalehu

10 ~.,~c::aC'.. iEltCt~.,..... .. ~ca .. ae.,_ CC'~ ... _ .. __ 33 26 3 5
__ """'t:> ___

-~~~-~-~~-~~~-~~~~

11 3
~ .. _-=t_ ..

_e;;e_."."ClO_ ------- 58 26 2 7 2 ~---~-~~~----~----

12 .,...,..,,--- 8 c:. ___ .. ca_ ------- 51 38 1 3 1------- -----~~~~~-------~

13 c::a_ ... _ .... ..-........ __ c:a"-=:I' __ t=- __ ea _____ 41 26 4 4 ~------= ----~-~-~--------~

14 ------ 3 ----- ..- -..,---- .. 41 31 12 2 ------- 1 MaWla Kea



Table 3.--Numbers of earthquakes and minutes of tremor recorded on

seismographs U, MJ A, D, and N around Kilauea caldera--Continued

Tremor. Earthquakes
(in minutes)

Date
(1962) Hale- sw. rift Eastern Hale- Ka1a-

Inter- maumau Kilauea and East maumau pana Others
Deep mediate Shallow slides caldera KaoilU rift 30-km Trail . '

July 15 _.._-- ------- --_.._~-- 1 69 37 2 13 - ------ 1 Offsh.ore Naalehu
16 ----- -_ .. --_ .. --_ ...._-- ----.- .. 68 34 3 3 ~ ------ 1 Offshore Apua Pt.
17 3 ----- .. - -- ...._---- .-_-_.. ~ 30 11: 3 5 -------- 1 Kona~

18 ----- _.._~--- -----_ .. - ------ 36 26 1 8 ------- 1 Offshore Naalehu
19 ----- ---- ..-- --------- ---- .. _- 38 20 1 1 .. ----_ ..

--~~--------------
20 .... ---- 3 --------- _.._....- 22 22 3 1 - ------- 1 Hilina Pal'i
21 ----- -~----- ---_ ..---- ---_ .... 38 23 2 3 ~---_ .. - 1 Offshore Kawaihae
22 ----- - .. ----- --_.-_--- -_ .. --- 66 17 --_ .. 6 2 1 Offshore Apua Pt.
23 ..~--- _....-- ..~ --------- 1 83 39 ..--- I ~-- ..--- 1 Kona

-24 ---- .. ---- ...... _.._~- ..~~
--~--- 56 23 --_ .. 4 ------- 1 Kona

25 --- .... _.... - ....- -------- -_ ..--- 37 32 1 1 1 1 Mauna Kea
26 .. ---- -----~.. -------- ----- .. 60 46 .-_-- 1 ---~--- ~-----------~------
27 ----- .. _- ..-_ .. -_......~_ .. --_ ..~ .. 43 33 16 22 1 -----~-----~---~~~~

28 .... - ..- ------- ----_.. -- 1 38, 22 5 4 ------- -~-~~~--~~---~---~-

29 ----- -~----- -------- .. ------ 49 28 2 3 ...._~_ ..- 1 N. Kana
3° ---- ..- 6 ~ .._...._-- ..-- ...... 24 20 10 3 1 1 Mauna Kea
31 2 3 ------_..- 1 68 15 2 1 1

------~----------~~
Aug. 1 ------ ------ -_ ..~- .. -- ---_ .... 53 22 1 ------ ---- .... - 1 Offshore Hamakua

2 3 ...... _-- 2 _..-~- .. 34 18 5 5 --_ .. __ ..
------------------~

3 --_ ... - 5 2 ..- .._.... 50 15 1 .. -_ .... - ----_ ..- 1 Offshore Naalehu
4 ----- 2 ..~-_ ..-..- 1 45 19 4 6 2

--------~---~----~-

5 ------ - ..---- ...._-_ ....- .._.._-~ 38 15 3 4 _... __ ..~-
---~-~----~-----~~~

6 ----- ------ _.. - ....--- 1 50 8 -... --- 9 ------..
------------------~

7 ----- ------ 2 1 63 9 ....__ ... 4 -_ ..........
---------------~-~~

8 ----- ------ ------- .. - .._----- 75 16 _......- 5 ---- ... - ..
--------~--~---~~-~



Table 3 .... -Numbers of earthquakes and minutes of tremor recorded on

seismographs U, M, Az D, and N around Kilauea caldera... -Continued

a

Tremor Earthquakes
(in minutes)

Date
(1962) Hale co SW. rift Eastern Hale co Kala=

Intero:=> maumau Kilauea and East maumau pana Others
Deep mediate ShaJ.low .slides caldera Kaoiki rift 30 kIn Trail

Aug. 9 C::»CII __ c:::a_
-=acoc::a ........ &:1«:313_.:1_ .... .. ~e:seo-=a 94 22 --~QIIIt"~ 1 ~..,.ca __ ..

-~----------------~
10 -~~ .._~ .... -.ct_ .. _ ------- .. -- ..~-~ 56 18 1 2 -- ..--- 1 Kona

2 Hi1ina Pa1i
11 C2.:1_.a~_ ------ .... __ ea_ 1 95 18

____ 'S.4_
1 -- .. _.. .., 1 Kona

12 37 4 ClOC:JCOC)c;:::D-.:2 _=-=c=a~~... 62 14 __ ca_-=-«;:) 2 _c..-=- .. _~ 1 No Kona
13 c:::tc:ae:::3"«::JCiD K:)c::JcmCZ2SAC2 C:::Sc:;le:taoe"~ ~c:aQC')cm"'<:l 60 9 .,~cm~~-=- 3 1 1 No of' Naalehu

'V 1 Cape Kumukahi
14 c."c:::el)"e:::I~ 4 C::»~fCt8IC~-=- "c:'It~c::::a-=::e::;;t 83 14 5 1 ..,-_..-- 1 Offshore Kona
15 ce_&.:Je:::tC;8_ .... c:=-c::ac::::rG:)&:JI

__ C' ... c::>_
e::tc=:t"C::::=C8e;;:t 65 11 ---~~~ 2 ......_-- 1 Hilina Pali

2 Kana
16 14 .. c:. .. _"c::20 e:- c::II-=:t tC3J ca 8:1 -=re:;a.,-=:r_-=:t 50 8 3 _c=:t .... 2

----------------~~-
17 .. _-----=- II:IaCD __ e:t_ .,1eIl .. e::- ....

t:a __ ICIC3C11 43 9
• _____ .-»C':)

~ .._~ ------ 1 NE of Naalehu
18 ... _- ....- 9

__ &:2-=- ____

4 61 7 - -_..--~ 1 ------ 1 Hilina Pali
19 ~-_...... ~ .._--~ _ "'-=-~C3'"

caC::).., .. ___ 52 10 3 8 ------ 1 Laupahoehoe
1 Kamuela

20 ~----~-
_~_M:l«::)C£t _-=-IC)C"»c:.--=a .. .,. ... e=_c=o 55 6 6 "'~_-=::li 9 1 Offshore Kona

1 Offshore Hila
21 ____ coc:a"

.a~e:t~C=C8 ~c:::JE:S.,..,.., 1 70 11 1 1 -.,---- 2 Of:fshore Kona
2 SW. rift Mauna Lo

22
___ -.._.:t _.......~- ____ £ai~

1 66 7 1 1 3 1 Offshore Kona
23 3 _e- .. ~_..,

~_&:J_.c ..
-~--- .. 69 10 _..~~~- 8 -' ____ .m_

-----~---~~~---~~~-~

24 ---~.,.. -.:J"_~"-=a
_.. _~ ...- .._..~ ..- 79 3 3 2 -..---~ 1 No Kana

25 ." .. ca_~_
~C;:Io"' __ " .-&;;l_..,ea_ 3 80 4 6 3

CIO __ ~~_ 1 Offshore Kana
26 CDeti __ -=-_

aJ-=:t~~c:._

e:-~~ __ ~

-=-~r.., ....... _ 74 -11 4 2 am_ ... ___
~~----------~---~~-~

~o



Table 3.--Numbers of earthquakes and minutes o~ tremor recorded on

seismographs U, M, A, D, and N around K11auea.·~Caldera..~Continued

t.

Tremor

Date
(in minutes) Earthquakes

(1962)

Hale- SWIt rtf't Eastern Hale- Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides caldera Kaoiki' rift 30 kIn Trail

Aug. 27 "'~"c::;IICl:I'"
__ -"WOICO-=t-=t

_"C":IIcra_a=-tca c:ac::a~co_c::o 80 5 2 3 1ICa~ .. ~aa"8I> 1 Central Kana
1 Offshore Kana

28 =-a_~c:::»-=a .. 3 c=::ac:J .. -=--.:ac::J~ 1 76 6 1 1 --_... _-- 1 rl ~ Kana
29 _C3c:ac:aICl<:::t &:JCQ., .... -=--= c::o...,..,c:;;:>c;:aWl= 1 47 30 1 e:te::t-'_" .... ~--~-.., 1 Offshore Kana
30 c:.1Clc:;:)lCIc::;IIe:> ~~c:::;a==»C::C.2~ .... c=I~CID_C3C2 _=-~_e:tC;:;J= 86 17 2 3 1- "_"-=t .. _~_-=r-=,____ .. ..,

31 e::te3C2c::1CC1 ... c:I -=rc=c;:J =:t =» =- C:Ca=::J~c::a~-=t.-:D -.:.rrra~c:mC'i:'~o:::J 65 6 CDc::D~s::te:a CD e:-D c;r -=-., _.a =:aC:::JCDI.-:a eo .,~--..,~--_~___ ... ..,.'dJJtIo

Sept~ 1 I ~e=c-aC:lc::;lt:::lc:::a c:a':=c:QI=---.c.oe::t c.t:::I2g:Ji ... .a-~ .. 73 7 4 ~_~c::;)E;) 1 .._- .... ~ .. ,-. .... _~~-- ....
i

2 _CDt~~ .... ~cz:::::J.,-=s_ClD-='
c:::I~ .. _ .. ~-= c::a .... aac:::»ca~ 57 11 1ZIQ~c.r.;;&:J1ID c:» co D::lI c...., .._c::a_-=:I_~ 1 Kula.'1i

1 Offshore Kana
3 ,,~"'~&:IiI~

_~c:wc::::sc:g,.,.-=t

C2~ __ "eD~ __ ... _Cla .. e:;:,t:=a 40 4 =-~"'-.JI" -~~--
M:I ... ..,.,._ .. _ -=t ____ -=:2 __ -:s~_ ... -=-_ ... __

4 eKI"-=-"'CC_ .... _-=:ae:;:,_Ci) .. ~.a".. c:;::::I" -.oc::a_~e-Jc._ 37 5 __ .. -=ae::t 1 C8c..-.:J_-=-_" .,---...,.. -.---------..,
5 ...... _-=::1- ____ -=- .. *' -. ______ c::a .. .- ..-........ 90 ? 1 6 ~---_ .. - -' -----~ ... --- .- ..- -- -

6 -.:. .. _ .. -=:1 .. _a::Ite::-_""" ..........-... ______ c=t_-=a

73 6 .... _tcJ~ 2 -------- 1 Offshore
Kawaihae ..

7 ..-.._~- ___ .... _ca .. ... _....-.... .. ..--_..~ 110 6 1 6 _-=ac:::a __ -=-_
-~-------~---~~~~

8 ___ tE:J .. _'"
..... am"'aa"'4ICI ..-... ~,.. ..... - _ ..... ~.aCCt.. 60 9 1 3

__ .-.-.s ____

1 Offshore Apua P
9 _ ... C:I_ .... ~_-=:I__ e:t~

.. _IIID~-=t_CII 2- 80 8 5 _-=-_."c-._ .. ~ ... _e._ .. 1 s. Kona
10 --..,-_ ... ClCI.;,III_"«a_~ GO -=t .... .,.-a.,-=- 1 52 13 _",,..sg~CD 2 _.. ~---- 1 Offshore Kana
11 25 QOCD~eat~c=o" ~aD"'CIa"-=>C) ... c= J,;'";lCI:I «:II e-.:a IIS"I 53 8 ..,.,tKlt==lo:t':lC!IiCI 2 CIA-='CIO_~-=t_ 2 Kulani

1 Offshore Kana
12 21 CQc:;:)C:»CO~C:>~ ~-=-~c::JC=c:oa_ Cle::tGQ,CI:):Ae;:,=:= 60 8 ~.-:t~~CESc:::::. 2 ~.,.,_ .. _I.:t 1 Central Kona
13 _..,. __ cw>co

~c;:t .. ~c::::w-=a- ==t e.;,. eoc:=:., c::;J' c:.J ~c.-c:::IIl::)~OP~ 64 12 .oc-.e:o .. .."ClO 2 3 ~~~~~~--~----~~-~~

14 _.,., ... .,e- c:::Dcocr::»_z:ccca:t ..,.,CC)~..,t=:'~ «»"a:.J""C':.J~~ 62 7 <.Wt~QOGI)e:t_ 2 2 2 Kana
15 -=:a __ .-.cKIle:-ll

K:)C)c::;:lIc:ac::l co c-. ..,,~a:::tt=D.. c.-ac:o C:OCDegc=~t;a:::K) 82 6 -=t"''''_'''''' 2 ......... .,~.,t:'a
~~------~-~~~~~~-~



Table 3 .....Numbers of earthquakes and minutes of tremor recorded on_

seismographs UI M, A, D, and N around Kilauea Caldera--Continued

Tremor Earthquakes

Date
(in minutes)

(1962)
I'

Hale aoo SWo rift Eastern Hale<=> Kala-
Inter.... maumau K1lau..ea and East .L1laumau pana Others

Deep mediate Shallow slides caldera Kaoiki rift 30 kIn Trail

Sept. 16 3 CK3 Clac:::;:)-=:J c=;J QD c::::l c::aClCtCE)C£)c:::Jcoe::." c:=IC=:S -=tee Cl CIID 72 15 1 ~ODCQCi:Jic::.J(:;) c:::I:)a:tcaill~~ 1 Offshore Kona
17 3 CIID c::» aID c;z:) c::::DCICI ClClI C::::»<:I:''''aIIIC~e-oc:;::l G:)CIIO..,~~e:::t 51 21 1 Ql)t:=)t:=)Ci:)l;:IICJQ:J 2 ~~~-~~~~~~~~~~~~~~~

18 ~c;;Jc:;:;JC:::> t= Cll:Jc::OI c:::::::J QDC:::»C"J c=lC:::Oc:)cz::J~=-c:z::t C!Dc::Jc:.:.aa::-~c::;J 50 7 CZ:Ic;gc::>a:> .... CID~ 3 ~mEac::::a8E>e:::t 1 Mauna Kea
2 Kona

19 e::>e::tc::::>CD c=tC;;JC&Oe.:::tagaD~ ~CK'c;:)t::::)c::oCIIII:JCI:) ~C2 ~C":.:lOO~ 36 5 1 1 c;:I~C=QI)e:::t 1 Offshore Maui
2 Mauna Kea.

20 C:lc::JC%Jc:I OIQ c:I:3 c::oc:.>CICt c:;) ==- =~c:::>a:..>c::>c::>c= c;::::)c:::ICD<=lc:s:t Q::) 45 14 1 1 2 1 Offshore Maui
21 QCIQ1Da;>e::t CElI<aaCOC::>=== C')c:::JC]~~e:::::tc:::a 1 54 7 c::>c::>=== 3 e::::taoe.,;,E:::J.::D 1 Offshore Naalehu

-22 c;:)C:c:.JC:t caC=ClDc;:ac=:>~CC C1D.,c:;>= .... ~c::::> ..,c=:>c.-.c::a..,c:a 38 7 3 1 ~<=tGG~aa 1 Offshore Naalehu
2 Offshore Kona

23 D:)-=a~CO ClDGlCCQClI:J=_C:> ccc:o~co==c:o 1 73 9 1 C:=CCt~e;m.c::Jc:;r::t a::Je:;;:t~QDe- 1 Kohala
24 _=c::>.c _C:::>c::JC:>C1ll>C:OIC> I;;;)ClDC::>=C:>C::>C:> 2 64 4 1 1 CE)"c.D~C'Zt

~~---~~~-~~~~~-~~~~~

25 ~t:Ctcg __ em c=:J c::::> e::::::t C=-=' c:::s c::JC=C:=c::Jc:D~c::r CJCJc::>ClZ>ClI:Jte:J 50 12 3 ;::::)~c=t:Dc:::)c:J cm.,c::c:J.,.., 1 s. Flank Mauna Loa
1 Mto View

26 ~c:::;aaDC:::::) c:=;Jcac::ac:::l"~<:::) _=c:>c:::>cc ..... c::o ..,I;lI:)CDc::a~c:> 75 10 c= ClK)CEJ c::,gec c.J 1 C1Cc::JC=:II.,c:a
~--~~~-~~~~~~~~--~~~

27 21 C1CC)~DDc::;J«::)CJD e::tC:OClEllcz:)c::::)c::Je:::t ~~c.c,:]~C:::; 78 7 2 8 t::I:)C8)CE) ex::tc:;:l 1 Offshore
Laupahoehoe co

28 55 C) co CIO C::;S C...:J ~ C) C:)c:..:.a~c:::2c;;;,~c;::::I c:::J~c.;,:)&:S3c::uc::::a 55 12 1 3 CX)c::;)=::ICID~ 1 Offshore Naalehu
1 Offshore Molokai

29 =c::>C:;:)CG c;:) e:te::;:, C"'.,j c::;::)e::::tQC C"':)c....,c..~e:::::tc.;:J,~C'.::I c:::Jc::?C.2C."":)C.:JC:J sr.; 4 5 2 CIa -=- C=:O-."CID 2 Kona.~

30 ~c::>c;:)c:;> c::JaoCl:lc:::J~e;;:,c::J c:>c:..,c.;;)CX)~~C::I 1 75 8 29 IClE)CKJIc:::I:)iX)t::)QD ~(ZIICSJClDCIU 1 Kona
1 Offshore N{~.tlehu



Table 4.--Local earthquakes recorded by seismo aphs'of the u.s. Geological Survey,
July, August, and. September, 19 2

[Except tor smaller earthquakes of special interest, only earthquakes with magnitudes of 2.5 or
greater are listed 0 Origin time is Hawaiian standard 0

In the following list some origin times are followed only by "KM 30" ~d a statement of magnitude"
These are all members of a continuing family of quakes noted also in other Summaries. The- best
mean focus for this group is beneath Halemaumau at a depth of 30 kIn (19°24o-i r N., 155°11Ql' W'o)o (~,

Origin times of members of a second persistent sequence of earthquakes are followed by "KT It

(Kalapana Trail) e> These earthquakes originate at very shallow depths in a remote region along
the Kalapana Trail west of Kalapana, and they generally are not felt. Seismograms of these
earthquakes ar~ poorly recorded and difficult to interpret; so only an approximate epicenter,
19°20' No, 155°05' Wo, can be assigned to theme

The mean focus of the magnitude 601 Kaoiki fault system earthquake of June zr and its
aftershocks is 19°24'No, 155°25' We' at a depth of 3 to 8 kIno This focus has been abbreviated
"Kaoiki H

]

in

i'~_ ...

-

Date Time Magni= Depth Epicenter Felt
(1962) tude (kIn) Report

h .2!!.... s Lato No Longo Wo Description
~

July 1 09 18 5305 301 13 19°1002' 1540 5802' 20 kIn south of Ka1apana .. ..,_-ClI:)_~~WllI__ .,_C8)

1 10 17 3801 201 ;} 19°1709' 155°3808' 27 kIn north~northwest of _".-:lI",1X)_.-a ___ C*)~C-=tae

Naalehu.

3 02 CJ7 13?2 207 13 19°3408' 155°1106' 8 kIn west=northwest of' Felt in Mounta

Mountain Viewo View.

3 18 40 4103 305 5 19°1500' 155°37f)7 t 21 kIn north~northwest of Felt in' Pahala

Naalehu 0

--

t--.~-;..
w·



Table 4o--Loca1 earthquakes recorded by seismo aphs of the UoS. Geological Survey,
July, August, and September, 19 2-~Continue

Date Time Magnic:> Depth Epicenter Felt
(1962) tude (kIn) Report

h l!l s Lato No Longo Wo Description
I

July 4 00 08 3706 2g7 t:=Jc::>c:r:> CIICI Cll::2cz:JCID C:O., C=>CII:)aDCDClI:>COor::>C=:> KT-~~----~--_ClI:>=~=~~-~=~G::)CXle.-~W,)c:mIt:::lCC)c::::a,*,a:o~cz:)CK)'"

4 01 17 2105 200 8 11 2002 t 155°23c2' Near Desert seismometer CllPtZt.-»CII:t_a-J_QE)c-.CElCKlICI;::)o]IB_c::.,

4 06 21 4500 207 35 19°2201' 155°1608' Near Ahua seismometer...... C!OCID ... e-_ ... _..,.,~CI::I.."CIE:Ii... ~

5 01 05 1206 203 CICI CD=> Q:CI" Cll':lCO c::3ICIO e::::tClOC::O~QD~Cl:)e.t Kaoik1aD~~-..._~-~-_ClI:>_-~- C'::JCIO..,c.-QIl:;)'-*~ ... _ .. '*='~c.:JIamCID

6 00 58 4203 300 ..,c:::)""'" =c;.>c:nc:;)=c:o c=:JCIO&)~cz:a.a:::»CXJCD Kaoiki-~=--~CICI_~~_CICI~_... - Qli)ClDIlXIe-tQICCID-.,czalX»c:::JcalS3WiJt=)Qa

6 06 41 5209 205 OI:Jc::>C:o:>
CIOt::L:JGO occ::oe::;, _= <=>c:o-=>c::> ao""", KM 30~~~",=~ClClaoCICICICI_~_CICI"''''CICI Felt in Kilauea

caldera regio

6 16 41 2500 2·3 .,.CZOCIO
ClO ___ C::>G::I

CX)QDGO-O-=-l:CalaC::C Ka..o·ik.i .... ." eo:> ClIO ... .., 18>'" _ ... - - _ ......
_~c=-.-;a_a::a.. ____ ~ ... _.a

7 05 53 5005 2.1 3 19°14.9' 155°0701' 8 kIn east.,..,southeast of ~'-»-~--~"-"'---OEI"

Apua Point.

7 05 55 12·5 207 5 19°1300' 155°0608' 10 km southeast .of ... ..,ea::t ____ ... tw:JI-=-mDCD_~..

.. Apua Pointo

7 17 28 1006 2~7 _.,..,c:> CK:I~C;:)c::Ic.tCD
"'~CIO ... a:>QD __ KM 30 CKI"~"_ClD,*,'-:'_"",,,,-,:>.aa_

8 22 24 1.207 209 8 18048 1 155°08 V 50km south-southeast ""'-"_Cll:J"'~_"__ QD~"

of Apua Point.
J

~



Table 4.--Local earthquakes recorded by seismographs of the UoS. Geological Survey,
July, August, and September, 1962--Continued

Date Time Magni~ Depth Epicenter
(1962) tude (kID)

h m .§. Lato No Long. Wo Description

July 9 21 52 0800 2·5 Ge:l'.. -=, -=-~C2~&:I.:a .. E2"c:::J"lIC:I~~ KM 30-~-~-~~~=~~~-~~--

9 01 45 28.4 2.6 8 18°58.1.1 155°21·5' 21 km east~s.utheast of

Naalehu.

12 04 18 4702 207 cu ...... c=:t"c=1~CDC= _C::»_Cla"'~_= KT-~~~--~~_.._~-~ ...._----

12 15 35 4204 206 c::JC:S~ ~C::::Sc::z::J-=tc=:)CK3i c:a .. _e"c:::JCJCDC2 KM 30~--"~~-~~~-_",,,,_-~-

13 03 06 28·5 203 c::J" c::>e;:, C;.:I c=a e::tCz:laac::s ....... &.:J KM 30oc .. _c::>_C:::O&::lc:>c:g ...... c=or.:o .. """.ClDCIl ....

14 05 48 3306 209 =a:3G:) CK).--a~CS)c::) CIOan_~-=t8D_~ KM 30~------_ ..~~~~-=-~-

.' ...

14 err 37 5301 4.0 10 19°4404 1 155°3802" 18 km south-southeast

0'£ Waikii.

15 02 35 220'6 302 --- .... __ ...... c:a cu_e:;,_ .. ___
Kaoiki---~7-~-~----~--

15 17 11 1205 301 3 19°0103' 155°27.5' 15 kIn easte=>sQutheast

of Naalehuo

16 04 28 4702 207 e:._., C>_c:>_~

.... _., .......~_c:o KM 30...----~ .. ~~CIl~--~--

16 04 30 4507 200
_.0_

e.t_~eaC':l
_...... 10:3_'"'_ .. KM 30~-",,-~--_,,~------

Felt
Report

~ ~ - _0.. __ .. _ ..~ ~.c:t CD

Felt in Kilauea

caldera region .

Felt island-wide

Felt in Hilo



Table 4.-taLocal earth s recorded b
July, August,

cal Surve ,

D~Jte Ti:me Magaics Depth Epicente:c Fjelt .. '

(1962) tl1.k.1.e (kIn) --. Report
li m a LatQ I\fc . Long. Wo De~c:ciption

-

Ju.ly 16 13 03 53e6 2 .. 8 13 18°14 ' 155°01.t 62 km southe.tsQutheast
_c-. _______ .a_

of Apua Point.

16 19 12 5900 205 45 19°39()8 r 155~2100' 19 km north~northea.st
_.,;t __ ~"'___ «::I«::I

(~ '. of Mauna Loa, seismo~eter.

17 23 26 18~4 203 C:3c::3 c:3e:::tC:3~c:::JC"'~ C"3C"".,c::a~_c;:at:=l Kaoiki~~~c:::J~~-~~~~c::a_~- c:aC3C'2c::a"II3IC:OC2~C»c::a

18 04 44 23·0 2~O 3 ~9°03Q4~ 1.550 25.3' 17 kIn east of Naalehu c:>t1Cl1PJA;;:)c...,I:"' .... ~_~c:a

19 11 39 4000 205 C2c:::J ~e:::t~c::o_"'_
~_c=-C2__ e:::tCl Kaoikic::ac:::Je:::t~e:::tc::a~~_ICI_c::a~e:::t~ c=-c:a_C2~~e:-c::a_c:a4:::a

19 12 45 04Gf7 205 c::ae:::t '=''''~c:>I'''''~''''
~ ... _~c=-e:::tC"c:::a Kaoiki-c::a~---~~------- C3C:J_C3IQc::a ___ c:::ac::a

19 19 14 52.2 2.4 C5C1 Clc:J~c:::JClc:::Jc:::J -------- :KM 30---------------- -----------
21 16 50 36.5 305 3 1ge 58 '. 156°16 ' 45 km west-southwest -----------

of Kawaihae.

22 11 55 20,,6 2·7 3 18°54c2' 1554>0802 40 km Bouthc:>lsoutheast ___ ~C2c::J~."C;;)It3e:::t

-
of Apua Point 0

22 14 08 55~5 3el c.tC=- e":'~~L2~~c=J ~c:tC<).,~c-:sc-,c:t KT~~~a~~~~~~c:::J~~~~~~~~ ~-CXIc:,.et~~CI"'C':'C='

22 . 22 16 37~3 2s5 C='~ c:3c:::J~c=tC"J~c:-a ~C'!'r::"2C":"C='~C'C:JI KM 30~~~~~~~c:t~~c:::a_~~~c::a c:2C1c:::Jtr:::I~ClltC2C::>~~c:lI



Table 4 0 -~Local earthquakes recorded by seismogra hs of the U. S. Geological Survey
July, August, and September, 19 2~~Cont1nued'

st

;waii

wide.

Date Time Magm.i~ Depth Epicenter Felt
.(1962) tude (km) Report

h m ·s Lat" No .Longo'W 0 Desc~ipt·iel'l

July 23 04 19 2603 203
ao __

a::;),...,,,~~GCI
c::3-.:J8D_ .... __

KT-~=~--~------------
.. _CCt_ ..... c:la-~-=t __ ~

23 23 5~ 4101 405 shallow 19°2809' 155°5902' 8 km west-southwest Felt along we

of Kealakekua. coast of He;

24 09 18 4408 205 &::>cac= c;)CXlc.;3~e:::tE:::2 c::)c:.c..:;)c.~e.."c:sa... Kaoiki-~~~~~~~~~-~~~- -"~_"'~"~_"-=-GD~_

24 13 15 5300 2,,2 3 19°2502' 154~5208r 12 km southeast of CDc.ll-=- ..... ___ .. c::J.-,~a;J

Pahoa 0

24 17 48 1309 4~9 3 19°3400' 156°01.9' 14 km west~northwest Felt island...

of Kealakekua.

25 00 32 0605 205 13 19°56.1' 155°25.8' 10 km west-northwest -----------_ .._-
of Keanakolu.

25 08 28 0001 205 e=t." ...

___ -.:J ___ .._--_ ......
KT---------~--------

__ .. ____ ~ ___ .. _=t__

....

25 15 21 5201 204 -~..,. CP~c-:::=Jc;c:::)~<.-;JiC':) 8!Oc::ac:Ac-.....,~c::IK:Jc::J KT~~==--~~~-~~-~--~-
___ .. ~ .. _.,_.» ..am~~

zr 00 04 4402 300 llC~~ «::)Qt)c.":)~c,:)e;,t::J ~«::tC'~Ga~r..;"c.=a'" Kaoiki~-~~~~~~~---~- Felt in Hilo,

Pahala, and

Naalehu 0



Table 4"..,c:>Local earth uakes recorded by seismogra hs of the UGSO Geological Survey,
July, August, and, September, 19 2~~Continued

c::.-c

Date Time M.agni= Deptrl Epicenter Felt
(1962) tude (km,) Repor't,

h -- Latv Nc Longe. We Descriptionm s
a-.> c-.., =olD

-- 'e

July 27 20 57 4805 205 e:;,<::..>c:2 ~ <:::l >= = ,':.:J C:l CJ e:;:..:, c_:;· c:::a '.:. ) :.-'~ C;.... .:::a;l c::;;2 Kooiki~ au = (".;> c:> ow = .= C~~ = = .... c-::l ex> ... == CIC C)C'IOC::;:)-=*~_QOlraQC>e;:,c::::lGOc:a;>.....-::;:Ie:.:;..t

21 22 06 4107 304 C::>c=:1~ ~C::>C:::>C:;OC:3c::lC::>'" e;)C>e:::tc.:»CKJc;:)C%:)t3t KM 30~~~~=~~-~~=~~=~~-~~ Felt in Paha,la,

and Kilauea

caldera

regionc

zr 22 16 4901 2.8 crJe...""")c:.) ~c::.>c:::;)=c::>co~ t':'c:::Jc;;,,;.)~C"""l~t::2 KM 30==~=~=~~~~=~~~~~=~= c:.:;)CD""~cmaDtZ)o.~_~':::::>c.Jc::::2CIQ

28 05 44 36Q8 2.1 c=Jc::-'.J,~ C;j~CD~c.=>o::><IIO "~c:::JC3c::l_= KT~=--~---~--~=~-~-=~~~~Felt in Kapoho

(Cape

Kumukahi)

29 06 51 16.0 209 13 19°4602' 155°5409 10 kIn west of Puu Waawaa ClQc.,J 4IIE) c:..-~..:t_QO., _____ GD(:JQD

30 22 58 5603 207 8 19°5205' 155°1903 5 kIn southe>sQutheast Felt in Paauilo

of Keanakoluo (northern

coast of

Hawaii) c



Table 4.......Local earthquakes recorded by seismographs· of the U080 Geological Survey,
July, August, and September, 1962~-Continued

Date Time Magni= Depth Epi,center .Felt
(1962) tude (km) -Report

h m s Lat(~ N'o Longe Wl' Description- ~ """"'"

-

July 31. 02 46 4800 . 3 c5 shallow 19°2505 t 155° "OOl'O' 8km southwest of Pahoa Felt in Kapoho

31 03 24 1508 3v7 ~Cl::>,:::>c:o CJc.:.3==c:;Jc::)= c;::::llcoc::;:.e:::tJc:=;tC:::J~·~ :Icr:',-"..., c;Q c:."" e:;:,~j c=o = == -_ e:;;, c= ~e:::>c:.:>c::oOllDc::::l Felt in Hilo

Aug 0 1 09 57 3902 3~O 13 20057 f 155°08~ 105 km north~northeast c::::II ___ e:::t_a:::t_e;:t.."woc='ct1

of Laupahoehoe.

1 16 06 2804 30.0 &::;:)c::::l0'0cx> c:;;:JQ:)~e;:)c::;)~e:::a ~~c::;:::Jo-=:ae-~C';";:)~ Kaoiki-=~=~~~~~=-~~~~~ CI!l',I; __ G)~cmflK)CD_e:::te::tUOl

1 16 28 3106 203 c::a~,*,C:=- c;::>==c.~c.>e:::tc;:) c:ne:t:;)«::)C:J~CDCEJ~ KT=-=-~~_Cl:>OIlDCl:>QClOIlDOIlD~=~"'~== cc c::::::a CID c=- gg _ ~ CIit' ~ CIQ ~,:) c::::J

1 21· 58 5102 204 ~CID""'C= c::::)&.JC=~c:,;)c:;:a~ ~~::eCll)"c:aC';1~ KT=~~-~~CX>~=~~=~~e:::t~-=-~ C;)C=c=::t~a:_-eCO~~CD8)

2 04 38 1301 1$9 8 19 0 28.8' 155°01·7' 8 km west-southwest of Felt in Pahoa

Pahoa 0

3 05 50 41.7 205 8 19°24eO' 154°5707' 13 km south-southwest c::J_--'-'-'.:1cm-'COCElC21

of Pahoa 0

3 05 57 4400 205 3 19°2401 t 155°0101' 13 km southwest of e-cg_~GIC:)~~~_CX:Gac:::a

Pahoa 0

3 08 31 5900 203 8 19°0409' 155°3108' 7 km east~northeast _C>c::IC::::>C:>..,C::>C::>C:::>=ClDClKl

of Naalehuo



f\)
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Table 4 ~ - ==Local earthquakes recorded by seismographs of the U. S Q Geolo ical Survey,
July? August, and September, 19-2-~Continued

-.-- a::.;:::au::;.:Atr ....:...;~~~c:;~

Date Time Ma.gnic:> Depth Epicenter Felt
(1962) tude (kID) Report

PQ' .-

h m s Lato 1fo Longo We Descri.pt.ion-- .=- -

Aug. 5 02 18 0603 201 ~~~~ c::::Ir;Q;4IO_t=:2;.-C=' .-:.J t,;-, ., .-0 «::) ~ :aa IE' KM 30~=~~~==~~~~~-~~~~~-~ ..,.-;r.~_c.~.aC"CJI....-::JMI

5 02 58 29QO 204 3 19°27' 154°54' 8 kIn SE of Pahoa--------- e.tC2oec.t~.a~__ ..,

8 11 46 2900 2~3 -=-aI:i1c::'.=:I~ ~e:-oa-=>-=-.~ Q;l.l_ .. :o::::t_ .... CIl:*_ KM 30---~------~=~~--~-~~
CID"'CI:I"_" __ ~_

9 00 27 1102 203 c:QtC:)C» «z:Ii ~~==:>:;;:;;:;aQl';)~
_~e::. __ ~ ... ~ KM 30~----~-~~~=~==-----~ CII:)~CII:::)QOm:»..,._~=::»..,

9 06 44 5309 207 C::>_~c=I c:::IC;;;SIllIO~~e:2C.;,j1 cr=:t:;zt-=a~CDc::J_~ KT-=~~~-=~~=~~-=~-~~-~~-~
c;:;::aE;)c=\f8)~ __ ~""~

9 15 50 (J{ 00 2:)7 e-~~C"..::i &;'::)C:::ac:)..,c;;JCi:lc=:;J ~~~~C:04;::,;)-=-C=; Kaoiki=~--~-~~----~---~~- .... ___ aa===-to=~..,~c:;.;)

9 21 16 5402 205 C:J~CiDCit) ..,.c=aCDCD~-=»=- ~e::tc::Js-.G::)C:;:S_ew Kaoiki-~~-~~~~~~~~-~~~---
eRc..::Je-t _____ C..l_

9 23 12 1900 200
.-e> __

c:::>CJ«:IIIDe;,_c* _~":lI:I-=aGI:I_~

KT~~--~----~-~-----~~----~ ... ----_ ..--

10 02 17 55·0 200 ~ .. _.,
__ C>c=-=~~

~...,,_....-..-- KT~----~-------------~--~
ee:t_.,-=-_~__ ... _

10 15 37 2001 2.2 _ .. e;:,.:a C:>_C::OC:>CJlE>C:> _-=~CD&:t_-=:J-': KM 30------------------~-
~_~ .. C":»_ .... _C8 ...

11 01 39 2602 2.6 50 19°1006' 1.55°20e2 t 20 kIn SSE of Desert ~e:-f __ ~..,-=-__ C::t

seismometer 0

11 22 46 57 02 205 G:l •.~ tL;J c..-;, ""'=C":Ic::::><=3=<:::I COc::2t.QQtIR3'->c:I=:I_ KM 30~~---~----~-~~-----
~OIO- ____ c.._e-::t

12 02 CJ7 18~2 205 13 19°4500' 155°46·5' 7 kIn ESE of Puu Waawaa ~CI:Ilc:.:IiQIlGD"-'"cc",



Table 4o~~Local earth uakes recorded b seismo a hs of the UoSQ Geolo ical Survey,
July, August, and September, 19 2~~Continued

ho

ho

""'"

Date T:ime MagniC2 tDepth \ Epicenter Felt
(1962) tll.,1le (lml) Report-..

h m s Lat~c ~:r 0 Longo Wo Description- ~ ="""

~..-

Aug 0 13 16 28 0105 202 8 19°1304 1 1~55°3500f 18 km north of Naalehu QD~cao~c::::D"'CSI~06C~"~

13 22 32 0600 204 5 19°14' 154°34~ 40 km southeast of Cape CI:D~ ___ CKtc:::J_c:::;a~e=ClDC-=

Kumukahi.

14 19 28 2504 2:>6 3 19°22~ 156°16' 40 km southwest of c:J~-=-QQ_ca_~"_=-

Kealakekua 0

14 21 11 3900 205 shallow 19°2802' 154°5807' 5 km southwest of' -=:a_ ... ...,_~c::::J;-.aa_c=tc::;)

Pahoa 0

14 23 37 5000 207 c::) e::t c= C;;I ~.:a-=:t..,e-,e-c= _"~C'CQ"'",,",C::O KT=~----~-~-~~-~~-~~-~- ~ .. aa ....._~ .. .c .. ~c;;.;»

16 17 15 07 Q5 206 1 1/2 19°2302' 154°5306' 14 km south~southeast Felt in Kapo

of Pahoa 0- (Cape

Kumakahi)

16 18 31 3905 207 1 1/2 19°2302' 154°5306' 14 km sQuth<=southeast Felt in Kapo

of Pahoa 0 (Cape

Kumakahi)



Table 40 -~Local earthquakes recorded by seismographs of the U0 S 0 Geological Survey,
July, August, and September, 1962- IOContinued

Date Time Magni.", Depth Epicen.ter Felt
(1962) tude (kIn) Report

h m s Lato No Longe> Wo Description
~ - .-

Aug 0 17 23 30 06g5 400 8 19°1008' 155°32QO' 14 kIn northeast of Felt in the

Naalehue southern

half of

Hawaii 0

18 16 58 41G8 406 8 J.9°1802' J.55°1107' 11 kIn southeast of Felt island=

Ahua seismometerc video

18 18 21 4908 207 8 19°17 07' 155°2404' 13 km northeast of ... ~ ____ ... _ ..... -=:ac.a_.,

Pahala.

18 18 47 2100 200 3 19°2208 'I 155°09·7 11 kIn east of Ahua
-=-~ ______ -=t __ .. ClD

seismometer.

19 00 19 0204 202 8 19°5207' 155°1608' 15 kIn south.... sQutheast c::'II~CI:I-=-~~a::J.,Cii:lc=tc=tC:O_g;Q

of Laupahoehoeo

19 00 53 1100 300 8 19°2200' 155°2900' 18 kIn north of Pahala ~e:;, __ 8:)_"C'C)~c:::l"(;W~c::':)



1\).
lJJ

Table 4o-.."Local earthquakes reco~d~d by seismographs· of the U.So Geological Survey,
~July, AUgQst, and" September, 1962--Continued

, ..

Date Time Magni Depth Epicenter Felt
(1962) tude (kIn) Report

~ !!! .§. Lato No Longo Wo n"escription

Aug 0 19 20 23 5000 205 8 19°50~5f 155°31Q4' 28 kIn southeast of t:::t _____ e::t ______ c::a

Kamuela.

20 01 39 (J(,3 300 8 19°10' 156°13' 50 kIn southwest of e::::te- __ ~~e-~_ .. ocC&t

Kealakekua.

20 03 44 2509 2e2 8 19°48.9' 155°15·9' 23 kIn northwest of e:tc;Je-_ ... .,~__ tr'Ct-=c::::::I

Hil0.

20 05 31 39.1 300 ---- .-,es-=-C:D.ae-c:. ....~----- KT~--~---~--~-~--~-
____ ... _ .. ~e- .. _=:tc:=

20 06 24 37el 2·7 _...-
~t::)c::.c:::2_c:a-==» e::::t~~"IiiD"''''' KT~~-------=-~--~-- ",,,~_,,,,,~CI:)=-..,e;:,~

20 13 40 2309 209 ......- ~ODoc::aeac:ac=-C':) ODc:;:)C;Jc;)ca-.., .. KT~=~~~~~=~-~~----- C'2::)_~~"c::2~~"'IKIc;::::)



Table 4o~-Local earthquakes recorded b seismographs of the U.S. Geological Survey,
July, August, and September, 19 2~~Continued

.' .:....- ~

Date Time Magni~ Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lato N~ Longo Wo Description
- = ..-

Aug 0 20 14 41 5109 206 C'c:>c::> ~~c:::a~CID&;:)CE:J _c::ac;>-=O_CDC::SC:> KT~~--~=-~--~~~~-~~~
m-c:ac.> .. __ ~_..,l-=tag

20 14 58 29·2 208
c:o __

c;D~ca.. cac:ec::J _"'_-=:Jeu~-=,CD KT~~~----~~---_c::s_~~-
E:2c:a ____-.oa...~~_~_

21 04 26 3405 2 .. 8 8 19°10 ' 156°13~ 50 kIn southwest of _"_c::I_ca~a:tc:r_c::Jl

Kealakekua 0

21 13 29 3108 2·9 8 19°10~ 156°13 ~ . 50 kIn southwest of .., ...... CD .. c::;:)_Cl:Je=-=

Kealakekua.

21 13 39 58.8 2.6 3 19°29·2' 155°42.6' 13 kIn west-northwest
c:=- .. _____ .. ca __ ~

of 'IvIokuawe0weo 0 ------------
ca1derae

21 13 52 2205 2.4 3 190 27.9' 155°42.1' 12 kIn west of . ' ., ----~._-......-
Mokuaweoweo

caldera 0

-

_..



Table 4. --Local earthquakes recorded by seismographs of the UoS. Geological Survey,
July, August, and September, 1962.. -Cont1nued

ea

Date Time Magni- Depth Epicenter Felt
(1962) tude (km) Report

h !!!. .§. Late No Long .. w. Description

...... .-
- - -,

Aug. 22 14 24 41c7 2<>8 8 19°10 1 156°13' 50 km southwest of c:&:38Ea'_~"'-.:J_-=---':>___~"

Kealakekua 0

22 22 52 4409 2·7 --- c::::Jao __ -c:::I-~ ~~_K:l.ac.a__ KM 30----------- .... -- _.. - ...--------~

22 23 22 3409 303 __ c::>CID -=tCll:tCKI ___ .-a _ ____ ~~.,.:1 KT----------------- Felt in Kilau

ca1d~r.a reg

23 18 39 2008 2·5 ...-- ~1S:J_=s._aC2 ... .,aD
a:::t~_"____ ~ KM 30-------------- -------------

23 18 3.9 3809 209 ~~- ..,~ ..~~-~~ C*I __ CZl~CKI_-=:» KM 30----------.. ---
_______ -a ___ ~_

25 13 "20 4405 202 -.. """ c;:::IIC=IZ:::=ICKI~CI;2""

C1~CIm' ___ "':' KM 30-------........... --- a:t_c:at=)_-' __ ~~_ ... ~

25 17 54 0005 204 .....- -. .. -=aGD"4ID_.aa CJe.D~_ca::Jc;ac::sCI:I Kaoiki~------~--.... -- ..~- .._.._-----~
25 21 41 14.3 201 8 19°20·5' 155°0105' 19 km southwest of ~--..---------

Pahoa.

25 22 22 19·0 3.4 13 19°09' 156°10' 50 km southwest of --------------
Keala.kekua.

'Z7 03 23 19·9 2.8 13 19°CJ7' 156°10' 53 kIn southwest of ..~----------- ..
Kealakekua.

21 12 31 53Q7 2.5 8 19°3202' 155°55·5' 3 km north-northwest-------------~

of Kealakekua..

29 20 30 4002 2.6 13 ~8°571 156°15 I 70 kIn southwest of
.. ____ ~~__ c_. ___ ~

Kealakekua.

30 03 'Z{ 1304 2·5 8 19°21.1' 155°2302' 1 1/2 km north of
__________ -.;1 _____

Desert seismometer.-------------

30 15 53 43e1 2·3 ~--
fataDa;lr;m, ____ ....

~.,_.,cae:;J__ KM 30--~-----------1--------------



Table 4.--Local earth uakes recorded by seismo a hs of the. U.S." Geological Survey,
~Ju...ly, August, and September, 19 2.a-Continued ~;" -.,

Date Time Magni~ Depth Epicenter Felt
(1962) tude (lml) Report

h m s Lat~ N~ Long. w. Description
~~ - -

Aug. 30 16 16 33~2 3~1 --.,;::) _-=:t .. _ .. __ _c=a_ ... _~ ....
KT--~--------------- ----------------

30 16 44 28.9 2·5 3 19°2201' 155°29.3' 17 lml south''1est of -------------- ..

Mauna Loa

seismometer 0

,

31 09 42 3lQO 3·0 8 19°28~ot 155°25.5' 5 kIn southwest of -.--------..-----

Mauna Loa

seismometer.

sept. 2 13 16 00.4 2.6 30 19°25·7' 155°18.1' 1 kIn northwest of .._ ... _.. _- ..--- ..~-

Uwekahuna

seismometer.

2 14 II CJ7~3 2.2 30 19°25Q7' 155°18.1' 1 kIn northwest of ~-.t______ ...... -.:t ....

~-~

Uwekahuna

seismometer 0



Table 4o--Local earthquakes recorded by seismographs of the U.S~ Geological survey,
July, August, and September, 1962-~Continued

n

--- ..

Date Time Magn1&"J Depth Epicenter Felt
(1962) tude (ron) Report

h m s Lato No Longo WO Description- - --- -

Sept 0 2 15 34 40.0 205 ~c::a'" C.o;)~c:ac:ac:aQ;,)1QD c:ac::=tlX>e:::tC:2~"" Kaoiki~~-~------~~-~--- -=--=-----_...... -.:11 __

__ 2 17 17 0502 3c;l 30 19°28.5' 155°15·0' 7 kIn northeast of' Felt in Kilauea

UwekahWla caldera regio

seismometer 0

2 21 49 20QO 305 13 lc~°08 ' 156°11~ 50 kIn southwest of " __ ..ca~«:J""~""'~_"_;/ .

Kealakekua 0

3 07 28 02.8 2.4 --- ---=----- ..____a_-
Kaoiki~---~----~-~-

_____ 00 _____ .. ___

3 13 34 50·3 2·5 --- _....-..-- -------- Kaoiki----~-------- - .. ---- .._-_-._---
I l

4 04 27 54.0 204 10 19°1806' 155°15.8' 7 kni south of Ahua ..-....._.,~ .._... .,., .._..

seismometer 0

~



Table 4o--Local earthquak~s recorded by seismographs o~ the U.S. Geological Survey;
July, August, and September, 1962--Continued

ahaa

JIi-le
1auea
a

eastern

.~

Date Time Magni- Depth Epicenter Felt··
(1962) ; tude (kIn) Report

h m s Lat. No Longo w. Description-- ~

Sept. 4 04 36 4800 2Q4 10 19°18.6' 155°15.8' 7 km south, of Ahua aD~_"'.:a_me_.-..-:t

seismometer.

6 02 47 2309 3·3 13 19°59.8' 156°00.0' 19 km west-southwest --~------.."

of Kawa~hae.

8 01 42 1208 208 3 19°2703' 154°50.1' 13 km southeast o~ Felt in P
/'

Pahoa.

8 03 58 5800 401 8 19°02·3' 155°08·5' 25 kID. south-southeast Fe~t~:iB.:

and Ki
of Apua Point. calder-

region.
9 07 17 3207 2.6 3 19°20·7' 155°06.6' 17 km east-southeast ----------

of Ahua seismometer.

9 10 05 26.1 2·5 3 19°23·8' 155°00.6' 13 km southwest of ---- .... ----
~ "-~

Pahoa.

9 17 57 5700 2·7 8 19°18.0'. 155°50·3' 12 kIn southeast of _tlD ______ aac-.

-.,4.

Hookena.

10 19 11 1500 306 3 19°20.0' 155°06.3' 18 km east-southeast Felt·-in -
.- .......

of Ahua seismometer. Hawaii.
I
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Table 4.-caLocal ea.rthquakes recorded by seismographs" of the- U.S. Geological Survey,
July, August, and September, 1962--Continued

Date Time Magni~ Deptb Epicenter Felt
(1962) tude (km) Report

h m s Lat. N«> . Longo W. Description- -
I - -.- - - o. - .- __- ... ·-.4

Sept-. 10 "22 36 4456 2·9 13 19°05.5 156°10«>0' 55 km southwest of Ciii:II .... .,., .. _e:t_ca.:ac:z:;tc::clc::l

Kealakekua .

11 (J{ 22 49.8 3·7 25 19°28.6' 155°14.0 1 9 km northeast of Felt island-

Uwekab:una seismomr~er. Wide •

11 err 25 27·5 306 25 19°28.6' 155°14.0' 9 km northeast ,!"f F~lt island..

Uwekahuna seiSll;DD1eter. wide.
- .

~ 17 39 51·7 2.9 13 19°05·5' 156°10.0 1 55 km southwest of I_~C3________.. -=-_

Kealakekua •
..

12 17 46 05·7 :2.8 8 19°34.5' 155°55.4' 7 kIn north of .._---_..__...._-~

Kealakekua•
. . -- - ...

54.9 8 19°16.0' 155°12.1' 14 kIn southeast12 00 3() 2.2 ---------____ -.-=:1'

of Ahua seismometer.
."~

12 16 08 26.6 2.0 3 19°18.1' 155°21.6' 9 kIn southwest of I ~---.-.-.--------
..

Desert seismometer.

KT---------~----~--I
..

13 12 41 59·9 2.2 --- -------- ..~--~--- ------_.. _____ .-:a
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Table 4.--LocaJ. earthquakes recorded by seismographs' of the U.S. GeologicaJ. Survey,
July, August, and September, 1962-cgContinued

--

Date Time Magni- Deptb Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. :N' • Long. We Description
- ~ -

. ,. . _.

Septet 13 13 09 38.3 2·5
_ ClI __

__ ..."c::::otn ...,C'll e."''''''C::OO'''''IC_«_ KT~~~~~~~~~~_~~~~d~- C:::>CO"""-~c=>to=lC=:>C"_C:=c::I

14 16 32 1107 3~6 C::Oc::lC')c;:a C3_-.»e::t-=»t::»t::» ClI~C2=c:ac::::lC=-c:l KT~~~~_e::o~-~-~e::o~~~c::a~- e::::tat)«:::=I~CI;Ic:::Ic.:ac:::ac."c::»c.::t

15 02 22 1403 301 coc:a.,. C3

c-::lI ______

C:$co_aac::lc::::l£:>c» KT--~~~_c::::I_--~-~--"""C:::>- C3_caa::JcaC-:lCR:)_"c.~c:::J

16 11 Z7 2600 2·7 3 19°16.2' 155°0209' Z7 kIn southwest of' C3_".,,_~a...~_ .. ~

Pahoa.

17 1.1 17 55c3 3·1 ClIe:tc::oc::l

C' .. ____ ._CJ1 ______ ca~

KaoikiCll~~~-~------~ _ -=- ... c:s co..,., ., ..., _ ~ _ ....

18 03 30 0301 2.8 _.....~~ c:ae-;,_C31 ___ __r.llC"ID""'.,.e::o Kaoiki-c::o--C31~---~~~- e;"a:JE:)c:::;)e::tcc-=~-=aC'=:t-=-tKD

18 03 46 3202 3~O 8 19°5004' 155°4308' 21 kIn south-southwest ---=-------
of Kamuela.

18 06 55 08.1 206 5 19°22.6' 155°05.1' 37 kIn south of Hila -- ..-_ .._-----
19 03 29 45.1 2.8 13 20°46' 155°49' 40 kIn east of ------------

HaJ.eakaJ.a, ...
__ c:a _________

Maui seismograp~o

19 04 Z7 08e7 205 8 20°00.8' 155°2008' 11 kIn west~northwest
-=> __ .cc::;) __ c::::a"e::t.,~

of' Laupahoehoe 0



Table 4.-caLocal earth es recorded b seisjnogr8;---~'_of 'the U.S. Geolo cal Surve
July, August, and Septem er,' 19 2~-Continued

•

DeJt:e Time ~.gn1~ Depth Epicenter Felt
(1962) t'tld~e (kin) RepoTt

~C~

~ m B L~-,to No Long. Wo Description- - -
~.;:l l:.c'.~-~ . . ..

Sept 0 19 ~6 o~ 3703 ";) f"{ 13 19@118~5~ 155~04$71r 45 kin south of Felt in Hile{, .dO

Hil.Oo

19 17 54 1800 208 8 190 531115 11 155°37tJ7' 16 kin southeast of C2c;acgc=-c:.CII~C:SC:=-"C::SCJ

Kamuela.
, .

20 22 46 0509 3·;7 13 2o()46!,. " ~55@O,·_,~:·tJ 109 kin northeast 1iOJC"_e:;ae::-.,eaCllc:l~c:lc:J.... >.: '.~

--

of Kamuelao

21 ~5 28 0800 2,,7 1.3 19°02.8 v 155°2503 9 18 k:m eMtc=southeast ..,C:=-elCJC::ScaSiact_c:lc:lc:I

of Naalehu.
.. - . ~ . - .

2l 18 52 1006 201 c::;Ie:I e::sCllOco:te-et~ c:=-cc:JeaCJC::SCJc:it KM 30~c:lC:SC:=-ClIC:=-_~CI~CI~~" CSe:::t_Cle:::t_CII~CI_C_

22 13 ZT 2902 3.0 13 19~46# ~-' 156032~, f' 70 k:m northwest of _e:::t___e:l_ ...cseac:.c:I

Kealakekua.

22 13 33 4200 206 8 19°22o~1 155°5609 i 16 k:m southc:Jsouthwest e:::t_caC8c:::1_c;ac:Jc:I~

~ of Keala.kekuaG I
22 1.9 34 llca2 202 8 19~06.6· 155~22.8t 23 k:m east-northeast

________O_CIIC)

of Naalehuo

23 10 38 4704 2.9 13 20°1302' 1550 4900' 25 kIn northwest of ------------
Kamuela..



Table 4. ~-Local earth es recorded· b se16inO~ hs' of the U 0 So Geolo ieal Survey,
July, August, and-September, 19 2c;3C3Continued

a .

and

rth

=,

Date Time ~i~ Deptffl R'pi~ente:r F~lt

(1962) t~l1de (kIn) Report
c:::- -

h m 0 L~;~o No Longo W~ r)es(~:£;):1D-t:t:Jn '".
- -

..

SeptQ 23 14 50 26&0 2~4 30 19~2603~ 155°0709 i 16 ktn northeast of C3c;;o"c:DCOCDC::8e:Jc:;:I~~

Ahua seismometer 0

24 13 34 47~4 2e3 10 19°1806 w 155°1205' 6 kin southeast of ~C=-"c:2l::!tC:;)~e::II"c::ICC

Ahua seismometer 0

. -

24 19 05 2103 208 C::Jc:2 c::Ie"'~C'c:-,c::a~C3 c::aC2C3e::11~e::t(::3c:::1e::t K80ikic:2~e::II~~e::II~c:2~c::I~e::II~ C2CCC:>C:::>E3lC2=CJle::tC3c::1

25 09 03 4805 2.6 3 19@2508 t 155°02.5 R 25 km eMt C2northeast C2C3"'~COe::ll~~c::Ie::IIC3

of Ahua seismometer.

25 13 22 50~4 3-5 8 19°15.1' 155°3002' 8 kIn northwest of Felt in·H1·1

pahaJ..a,Q and Pahal
.-

26 13 C$ 5109 204 C:8a=1 C81OC3_c:::ae:lC"
c:acaCClc:.. __ etc:2 Kaoiki~~c:::ae::lle::te::ll~_e::II"_e::II_~ e::II~e::llc::J_C=O_CK)C::t_c:::I

Z7 00 52 0206 - ~2 15 20°0303' 155°0502' 38 km north of Hilo. ~e;::,ICI_e:te::llC3IC11C2~CJI

'Z{ 1.8 04 17.7 3·2 -- __ e::II~C":I~c::lI

~e-ctc=oe::-e:::ae::llC2 KM 30~~~~c::lI~~e::-~~~~~e::-c=o FeJ.t in no

Hawaii~

Kilauea

caldera
reg1ono



es recorded by seislno a; he -of the' U0 S 0 Geological Survey,
July, August, and September, 19 2~-='Continued

Date Time ~i~ DeI,th Epicenter :F~lt

(1962) t'ulle (km) Repc,rt
..

h m §~ l~~;G c Ns Longo w~ Degc:ription

Sept 0 Z7 20 11 42.'7 206 c::2~ ClIC3C:::>C:::>C:::>c::.C3 C':)c:::>c:::>ClI~C:::>C:::>C:::> KM 30~ClI~~~~C:::>C:::>C:::>~ClI~C:::>~C:::>C:::> c:::>c:nc:::>c:::>C3c:::JC:;:)~=~

28 09 44 4900 205 8 18@56.8 v 155~1.8C11' 35 kIn southeast of C:::>c::Ic;::)e::tCllC;::)C:::>~C:::>C:::>

NaalehuG _..

28 12 44 43&7 34·3 13 21@27' . 1560 47', .. 96 kIn norlhwest of e;, ___ c:oe»t::I_-='~C3

Haleakala seismometero

28 22 50 050(1 205 30 190 21.2' 155°19.6' 7 km. east-northeast of
cs __ -.____..... _

Desert seismometerG

29 09 50 53e9 203 8 19~3307i 1550 41,,5' 25 km east-northeast C:::>C:::> __ Cll)c:::I_e:o.,c:::>c:::>

of Kea.la.kekuao
;

29 10 13 5Q.O 302 8 19°2lo0' 155°54.9' 5 km southC3southwest ce ___ C3IC2C11-=- ___

of Hookena.

30 12 45 1005 2.5 ICICl1 _-=-e;,e:::tC":ltC:lC:::>

_______ ca

Kaoiki-------------
______ cs~."e::::t_

30 13 05 4200 2.5 3 19(.)2507' ].54°56.8' 8 km south of Pahoa _Cll ____ CItC)c:ac:J~

30 20 22 1200 209 3 19°02$81
155~25.2' 18 km e~c;t of Naalehu ._---------



Table 5o~~Distant earthquakes

[Times are reported in Greenwich Civi.l Time which is 10 hours faster
than Hawaiian Standard Time 0 A ne " following the time of P indicates
compressional first motion; a "d lt indicates dilatational first motiono
Station symbols, locations, and instrumentation are presented in
Summary 25 0 Magnitudes calculated from the Hawaii seismograms are
followed by (HVO) 0 Location of epicenter, origin times, and focal
depths, and magnit~des reported by other instituti~ns are taken from
"Preliminary Deterinination of Epicenters~' published by the U0 S 0 Coast
and Geodetic Survey 0

A major disaster recorded this quarter was the Iranian quake of
September 1, 1962. By comparison, the Agadir earthquake of
February 29, 1960, caused roughly equivalent casualties and damage,
but it failed to record any recogni~able phases on the HVO network]

July 3

iF 08~41:1607 c U PEN eS 18:44:17

iP o8:41:16~7 u PEZ iR 18~56~53

eP 08:41:1602 d C&GS card 59aD62~

18:22~o6~3

iP o8:41~16<>5 c 54,,60 So, 132<.3 0
Wo

south Pacific Ocean
iP 08:41:1806 c h about 25 kIn 0

iP 08: 41 ~ 13 ~ 7 P: July 5

iP 08:4l:19~4 c U PEZ eR, 18~o6~30

iP 08:41:18.2 d C&GS card 52~62:

17:4o~5503
iP 08:41:17 c 3009° No~, 14.1040 E<.

South of Hor.1shu
iR 08:54:57 h about 23 kIn r.

eS o8:48~18

eL 08: 52: 29

U PEN

U PEE

C&GS card 54-62:
08:32:3109
10.3° S., 165.9° E.
Santa Cruz Island
h about 50 kIn
Magnitude 603 (Berk)0

July 2, 1962

M Z

A Z

D Z

U Z

Pa Z

Na Z

Hi 'Z

Ha Z

U PEZ



Table 5.--Distantearthquakes-~Continued

C&GS card 53<",,62~:

03~32:0005

1004° N~, 122~6° E~

Panay, Phi.lippine Islands
h about 66 kIno

C&GS card 53C'_·62~

12~4o~3007

Iln9° N , 12201° Ee
Pan~, Phi.li,ppine Islands
h about 25 me',

C&GS card 54~92~

03=22:03·8
.5105°, Nt), 17805° Eo
Aleuti~ Islands,- Rat Islands
h about 60 kala

JulY 8

M Z eP 03~29~15Q2 d

A Z eP 03:29~16()2 d

N Z eP 03:29:16.7 d

U FEZ ,eR 03: 3'9: 1102

O.3~ 44~ 02 c

o4:o8~22

Z eP

FEZ eRu

M

July 11

M Z eP 12~52:4705 c

A Z eP 12~52~48.o c

D Z eP 12~52~4704 c

N Z eP 12~52:47 .. 8 c

U PEN eo 13~13~41

U FEZ eR 13~17~O5

July 13

July 6, 1962

M Z eP 23:23:50.1 c

A Z eP 23:23:50.1 c

N Z eP 23:23=49.1 c

U PEZ iP 23:24:10 c

U PEN eSKS 23:33:52
I

23:58:30U FEZ eG

C&GS card 54-62:
'23: 05: 3202
3606° N., 70.4° Eo
Hindu Klish
h about 203 km~

July 7

M Z iP 06~20:1103 c

A Z eP 06~20~13<)0 ~

D Z eP 06:20:1204 c

N Z eP 06~20~1203 c

U FEZ iP 06~20~13 c

u PEN eS 06~25:55

U PEN iR 06~29~35

Ha Z Tmax 06~58:0506

C&GS card 54-62~
"06:12:48.9
51.3° No, 178.6° E.
Rat Is1~ds, Aleutian Islands
h about 60 kIn a

35



Table 5o--Distant earthquakes--Continued

July 15, 1962 July 16~-Continued

M Z iP 66~57:04~6 d COOS card 53.,.,62:
12:54~4006

A Z iP 06~57:0502 d 6203° No, 15301° WO
Alaska

D Z iF o6~ 57.: 0404 d h about 39 km.

N Z iP 06:51:0500 d J'u1y 17

U z iP 06:57:0404 c M Z iP 17:30:05 d

Pa Z eP 06:57:05n8 c Hi Z eP 17~30:06 c

Hi Z eP 06:57:05,,4 d U PEN eS 17:37:43

Ha Z eP 06:57:1802 d U PEE eL 17: 42~ 55

U PEZ eG 07:13~43 U PEZ iR 17:45:17

C&GS card 53-62: C&GS card 56--62 ~

06:47:22.5 17:20:22·9
3908° N., 140.9° E. 43<>1° No, 144c5° E~

Honshu, J"apan Hokkaido, Japan
h about 103 km. h about 30 kIn.

July 16 July 22

M Z iP l3:02:36~7 d M Z iP 13~4,6:01 d

A Z iP 13:02:3709 d D Z eP 1.3:46:08

D Z eP 13:02:3707 d N Z eP 13~46~01 d

N Z iP 13:02:3607 d C&GS card 57-62:
13:36:49-7

U Z eP 13: 02:3704 c 8.4° So, 158.8° EG
Solomon Islands

Hi Z iP 13:02:3404 d h about 107 km~,

Ha Z eP 13:02:27->5 d

U PEZ eP 13:02:3702 c

U PEZ eR 13:14:55

U PEE eS 13:10:27

36
):. 'j



Table 5.--Distant earthquakes--Continued

July 24, 1962 July 25--Continued

M Z iP 21:18:15G3 d C&GS card 60-62:
04:37:50.7

A Z ip 21:18:15.0 d 18.9° N., 81.1° Wo
West of Jamaica

D Z eP 21:18:15 h about 64 kIn

21:18:14.3 d
Magnitude 6 (Pas), 6.2 (HVO),

N Z eP 505 (Berk)
6 (Pal). '

Pa Z iP 21:18:12.1 c July 26

Hi z iP 21:18:1308 c M Z iP 08:26:05.4 c

Ka Z iP 21:18:15.8 d A Z iP 08:26:04.8 c

U PEZ eP 21:18:18 d D Z iP 08:26:05.0 c

M Z ipP 21:18:42.5 N Z iP 08:26:04.6 c

A Z ipP 21:18:41 U PEZ iF 08:26:05 c

N Z epP 21:18:41.4 Pa Z iP 08:26:0301 c

U FEZ epP 21:18:41 Na Z eP 08:26:07.5 c

U Z eS 21:26:43 Hi Z iP 08:26:03.8 c

C&GS card 57-62: Ka Z iP 08:26:0604 c
21:08:22.6
15.5°N., 92.5° W. Ha Z iP 08:26:09.8 c
Mexico
h about 129 kIn A Z ePP 08:28:53
Magnitude 5.6 (Berk)

5.5 (Pal) U FEZ is 08:35:23

July 25 U FEZ iSS 08:40~07

U· FEZ eP 04:48:19 c U PEN iL 08:43~55

Hi Z eP 04:48:58 d U FEZ iR 08:47:25

Ka Z eP 04:48:57 c C&GS card 58-62:
08:14:4108

U PEZ eS 04:58:21 7.5° N., 82.7° w.
South of Panama

U FEZ eSS 05:02:27 h about 21 kIn
Magnitude 6.8 (Pas)

U FEZ eR 05:09:59 7 (Berk)
37 7 ·5 (HVO)



Table 5.--Distant earthquakes--Continued

July 28, 1962 July 30--Continued

C&GS card 61-62:
00:05:10.8
16.2° S., 173.2° w.
Samoa Islands
h about 40 kIn.
Felt: Apia

PEZ eS

FEZ eG

FEZ iP
20:30:44.6 d

20:30:4108 d

20:30: 4409

20:30:4403 d

i.P

eP

eP

iP

Z eP 20~30:53.2 c

Z eP 20:30:47.0 c

Z

PEE iL 20:51:10

PEE iG 20:51:41

z

z

PEZ iP 20~31:19 c

FEZ ePP 20:34:11

PEE is 20:41:05

FEE iSS 20:45:21

z

u

u

u

u

u

N

A

Ha

Hi

u

D

M

C&GS card 60-62:
17:16:4404
3.3 0

~o, 143.9° E~
North Coast of New Guinea
h about 25 kIn
Magnitude 6.8 - 7 (Pas)

7 (Berk)
7 (Pal)

July 30

17:27:2103 c

17:27:21.7 c

17:27:21.4 c

17:27:21.9 c

00:22:11

00:12:44.0 c

00:12:43.8 c

00:12:42.7

00:12:44.0 c

00:12:4407 c

00:12:49.3 c

00:12:55

00:18:47

eP

eP

eP

iP

eP

eP

iP

iP

iP

iP

z

z

Z

z

z

Z

Z

z

Z

z

A

D

u

M

A

N

u

M

u

Hi

Ha

u

D

July 30

U FEZ iR -17:45:56

u

Hi

u

u

u

u

FEZ iP 17:27:2101 c

Z iP 17:27:22.8 d

FEZ ePP 17:29:51

PEE is 17:36:11

PEE iSS 17:40:25

PEN iG 17:43:21

C&GS card 58~62:

20:18:4903
5.0 0 N., 76".3 0 w.
Western Colombia
h about 45 kIn
Magnitude 100 (HVO)

6.8 (PaA)
6.8 (Ber~)

6 (Pal) 0

47 killed in Caldas Province;
property damage over 400,000
sqG miles.



Table 5.--Distant earthquakes--Continued

July 31, 1962 August 1--Continued

M Z iP 05:25:05.8 d C&GS card 62-62:
04:36:57.6

A Z iP .~,~ .. :' ::'.06.5 d 3.2 0 s., 14307 0 Eo,'J,'''-"..•

North coast of New Guinea
D Z iP 05:25:05.6 d h about 33 k'.M

Magnitude 6 .. 5-.6 .8 . (Pas 0)
N Z iP 05:25:06.1 d 7 (Berk)

6.5 (Pal)
U FEZ eR 05:50:13



Table 5.--Distant earthquakes--Continued

Aug. 3, 1962--Continued Aug. 11--Continued

A Z Tmax 10:53:45 N Z eP 01:55~o405 d

D Z Tmax 10:53:47 Pa Z iP Ol:~55~o603 d

U Z Tmax 10:53:45 Hi Z iP Ol~;55~0105 d

C&GS card 62-62': Ka Z iP 01: 55: 01 02 d
08:56:12.1
23.2° S., 67.5° w. Ha Z iP Ol~55:10~O d
Northern Chile-
Argentina border U PEN eS 02~01:o6

h about 11 kIn
Magnitude 7-7.3 (Pas) C&GS card 64...62:

6.8· (Berk) 01:41:3906
20.0° So, 178(,80 wo

Aug. 6 Fiji Islands
h about 638 kIne

M Z iP 21:00:53.3 d
Aug 0 11

A Z iP 21:00:53.0 d
M Z iP 08~zr~09lo7 c

N Z eP 21:00:54.3 d
A Z iP o8~21~lO.5 c

u FEZ eP 21:00:53
D Z iP 08:27:0901 c

Hi Z iP 21:00:56.3 d
N Z eP 08~27~0909 c

U PEZ is 21:08:09
U FEZ iP o8~21~lO c

U FEZ iSS 21:11:39
Pa Z iP o8~27~1104 c

u FEZ eL 21:12:21
Hi Z iP o8~21:1006 c

U FEE iR 21:14:49
Ka Z iP o8~27~0701 d

C&GS card 66-62-:
20:51:56.8 Ha Z iP 08:27:0208 c
26.9° S., 117.1° w.
h about 50 kIn U FEZ isP 08~27~44

Kermadec Island region
Magnitude 6 (Berk) U PEE is 08~36~38

5.5 (Pal)
o8:47~22u PEE eG

Aug. 11
C&GS card 69~62:

M Z eP 01:55:04.8 d 08:15:4307
25.2° No, 123~3° Eo

A Z eP 01:55:05.6 d Off NE'coast of FO~osao

h about 140 kIn

D Z eP 01:55:04.8 d Magnitude 6 (Pas)
40 5-505 (Pal)



Table 5.--Distant earthquakes--Continued

Aug. 13, 1962

A Z eP 06:47:25.1 c

N Z eP 06:47:24.8 c

U PEZ eS 06:56:46

U PEZ eL 07:06:16

August 17,--Continued

C&GS card 67-62:
05:04:31.5
10.6° N., 121.6° Eo
Panay region, Philippine Islands
h about 33 kIn.

C&GS card 65-62:
06:35:56.0
2.1°N., 83.5° w.
About 300 miles ffil of Ecuador
h about 33 km
Magnitude 6.5-6.8 (Pas)

5.4 (Berk)
5.5 -5.8 (Pal)

C&GS card 63-62:
08:19:37.8
54.6° N., 161.5° E.
East coast of Kamchatka
h about 52 kIn.

Aug. 17

M z iP 05:16:1~lo6 c

A Z iP 05:16:42.8 c

D Z eP 05:16:42.3 c

N Z eP 05:16:42.6 c

U FEZ iP 05:16:44 c

Hi Z eP 05:16: 1l-4.7 c

U PEZ eSKS 05:27:40

U PEZ ePPS 05:29:42

U PEZ eG 05:41:22
41

Aug. 15

M

u

Z eP

PEZ eR

08:28:12.4 c

08:42:04

Aug. 18

M z iP 16:51:50.1 d

A Z iP 16:51:51.1 d

D Z iP 16:51:51.0 d

N Z eP 16:51:50.2 d

Pa Z iP 16:51:50.0 d

Hi Z iP 16:51:48.8 d

U FEZ eR 17:04:49

C&GS card 67-62:
16:43:54·3
62.3° N., 152.5° w.
Central Alaska. Fe1t~

h about 32 kIn
Magnitude 6-6.3 (Pas)

·5 0 3- 5·5 (Pal)

18
5·3 (lIVO)

Aug.

M Z iP 17:54:10.4 d

A Z eP 17:54:11.0 d

D Z eP 17:54:11.2 d

N Z eP 17:54:10.4 d

Pa Z iP 17:54:08.2 c

Hi Z iP 17:54:09.0 d

U FEZ eS 18:00:53

U PEZ eR 18:06:25



Table 5.--Distant earthquakes--Continued

Aug. 1B--continued Aug. 23--Continued

C&GS card 65-62: Ka Z Tmax 20:12:17
17:46:14·9
62.3° N., 152.50 w. Ha Z Tmax 20:11:59
Central Alaska. Felt.
Magnitude 6-6.3 (Pas) C&GS card 69-62:

5.3-5.5 (Pal) 19:17:26.6
5.3 (HVO) 15.6° S., 172.2° W..

Samoa Islands Region
Aug. 22 h about 3·3 k.m •

M Z iP 21:20:28.6 c
Aug .. 24

D Z eP 21:20:28.8 c
M Z eP 09:11:49.1 c

N Z eP 21:20:28.6 c
A Z eP 09:11:41.9 c

Hi Z iP 21:20:25-3 c
D Z eP 09:11:49.7 c

U PEN ePP 21:22:41
Hi Z eP 09:11:50.4 d

U PEE is 21:29:05
U PEE eS 09:17:47

U PEZ eSS 21:33:17
U PEE eG 09:19:49

U PEE iG 21:36:21
C&GS card 69-62:

C&GS card 67-62: 09:04:22.9
21:08:22.9 15.0° s., 173.3° w.
8.3 0 N., 123~8° E. Samoa Islands region
Mindanao, Philippine Islands h about 33 k.m
h about 125 k.m. Magnitude 5.3-5.5 (Pal)

Aug. 23 Aug. 25

u PEZ eR 19:43:06 M Z iP 08: 39:22'04 d

M Z Tmax 20:12:33 A Z iP 08:39:21.8 d

A Z Tmax 20:'12:36 D Z eP 08:39:21.2 d

D Z Tmax 20:12:29 U Z iP 08: 39·: 21.3 c

U Z Tmax 20:12:30 Pa Z iP 08:39:23.3 c

Pa Z rnnax: 20:12:07 Hi Z iP 08:39:24.6 c

Hi Z Tmax 20:12:02 Ka Z iP 08:39:24·3, .
Ha Z :lP 08: 39: Zl·. u·
U PEZ esP 08:42:07

42



Table 5.--Distant earthquakes--Continued

Aug. 28

C&GS card 67-62:
02:18:58.8
40.2 0 N., 137.8° E.
Sea of Japan
h about 274 kIn.

C&GS card 68-62:
16: 20-,:, 04 -1
38.3° N., 142.4°E.
Off east coast of Honshu,
Japan
h about 40 kIn.

C&GS card 68-62:
lO:59:58.5
38.0° N., 23.1° Eo
Greece
h about 120 kIn
Magnitude 6.8 {Pas) one death
Felt: Italy, Sicily, Crete,
Malta, and Yugoslvia.

16:29:44.3 cePz

M Z iP 11:18:44.0 d

A Z iP 11:18:44.3 d

D Z iP 11:18:45.1 d

U Z iP 11:18:43.8 d

Hi Z iP 11:18:43.1 d

Ka Z iP 11:18:58.1 d

Aug. 27

M z iP 02:28:39.7 c

A Z iP 02:28:45-9 c

D Z eP 02:28:36.0 c

Hi Z iP 02:28:40.4 d

Aug. 27

M

COOS card 68-62:
23:30:38.0
3 .7° S t, , 140 .1 0 E.
New Guinea
h about 50 kIn.

C&GS card 67-62:
08:31:48.7
20.5° S., 178.5° w.
Fiji Islands
h about561 100.

U FEZ is 08:45:29

U PEE eScS 08:48:23

M Z eP 06:58:51.2 d

A Z eP 06:58:49-3 d

D Z eP 06:58:50.8 d

U PEN eG 07:13:04

U PEZ eR 07:16:44

M Z eP 23:41:31.7 d

A Z eP 23:41:31.4 d

D Z eP 23:41:26.8

N Z eP 23:41:31.4 d

Hi Z eP 23:41:33.4 d

U FEZ eR 00:01:24

COOS card 67-62:
06:48:57.1
34.0° N., 139.2° E.
East coast of Honshu, Japan
Felt: Tokyo
h about 38 kIn.

Aug. 25--Continued

Aug. 26

Aug. 26



Table 5.--D1stant earthquakes--Continued

C&GS card 71-62:
17:17: 51.9
21.2° S!, 114.4° w.
Tonga Islands
h about 33 kIn
Magnitude 5.5 (Berk)

Aug. 31

M Z iP 17:09:53.9 c

A Z eP 17:09:55.4 c

D Z iP 17:09:54.7 c

N Z eP 17:09:53.9 c

U PEZ iP 17:09:55 d

Pa Z eP 17:09:54.1 c

Na Z eP 17:09:55-9 c

Hi Z eP 17:09:53.2 c

Ka Z eP 17:09:48.9 c

U FEZ is 17: 15: 40

U PEZ iR 17:19:40

C&GS card 72-62:
17:02:43·4
51.3° N., 179.7° w.
Rat Islands, Aleutian Islands
h about 26 kIn
Magnitude 6.8 (Pas)

6-6.3 (Pal)
sept. 1

Aug. 30--ContinuedAug. 29,. 1962

M Z eP 22:46:49-5 c

A Z eP 22:46:48.7 c

N Z eP 22:46:49.2

U PEN eG 23:01:08

U PEZ eR 23:03:40

C&GS c&rd 70-62:
22:36:53·9
34'.10 N., 139.10 E.
Near yast coast of Honshu, Japan
h about 33 kIn
Magnitude 5-7 (HVO)

Aug. 30

M Z eP 13:43:28.6 d

A Z eP 13:43:29.8 d

D Z iP 13:43:31.4 d

U Z eP 13:43:29.3 c

U PEN eG 13:53:40

U PEZ eR 13:55:48

C&GS card 66-62:
, 13 :35 :28 ·9

41.90 N., 111.4° w.
utah-Idaho border
h about 33 kIn
Magnitude 5.8 (Pas)

5.8 (Pal)

Minor damage in Logan, utah
Felt in four states.

Hi z eP 17:26:06.1 c

Aug. 30 M Z iP 03:53:31.9 c

M Z eP 17:25:59.0 c A Z eP 03:53:31.0 c

A Z eP 17:26:02.3 c N Z eP 03:53:31.1 c

D Z eP 17:26:01.5 c U FEZ is 03:59:04
1 ~
t·t .,.... ~



Table 5.--Distant earthquakes--Continued

sept. 1, 1962--Continued sept. 1

U PEE eG 04: 01: 26 . 'M Z eP 07~58:16.2 c

U PEZ iR 04:03:16 A Z eP 01:58:17.3 c

Ha Z '!'max 04: 30: 38, D Z eP 07:58:18.7 c

C&GS card 70-62: N Z eP 07:58:18.0 c
03:46:05.0
51.3 0 N., 179.7 0 w. Hi Z eP 07:58:14.6 d
Rat Islands, Aleutian Islands
h about 25 kIn U PEN is 0,8:04:08
Magnitude 6.5 (Pas)

6 (Pal) U PEE eG 08:06:20

sept. 1 U PEZ iR -08:07: 56

M Z iP 05:00:47.9 c .Ha Z '!'max 08:35:34

A Z iP 05:00:47.6 c C&GS card 70-62:
07:51:08.2

D Z iP 05:00:46.6 c 51.3° N,•., 179.9° W.
Rat Islands, Aleutian Islands

N Z iP 05:00:47.·6 c h about 42 kIn
Magnitude 6.5 (Pas)

Pa Z iP 05:00:49.9 c 6. (Pal)

Na Z iP 05:00:44.5 c sept. 1

Hi Z iP 05:00:50.4 c M Z eP 19:39:47.4 c

Ka Z iP 05:00:48.4 c· A Z eP 19:39:47.4 c

Ha Z iP 05:00:49.5 c Hi Z eP 19:39:28.6 c

U PEE eScS 05:10:10 U PEZ iPP 19:41:00

U PEZ eSSS 05:13:40 U PEN iPS 19:50:56

C&GS card 70-62: U PEN iSS 19: 57: 51
04:52:14.5
15.9° S., 168.2° E. U PEN eSBS 20: 02::36
h about 244 kIn ~

New Hebrides Islands. U PEN iR 20:11:48

C&GS card 70-62:
19:20:38.5
35.6° N.

L~)
50.0° E.



Table 5.--Distant earthquakes--Continued

Sept __ l, 1962--Continued

C&GS card 70-62--Continued
Northwest Iran
'h about 21 kIn
Magnitude 7-3 (Pas), 7.8 (Berk)

7 (Pal)
OVer 10,000 killed, many injured,
extensive property damage.

Sept'. 7

Sept. 14--continued

A Z iP 18:2~':33.5 c

D Z eP 18:25:33.5 c

U Z iP 18:25:34.0 c

Na Z eP 1~:25:31.0 d

Hi Z iP 18:25:36.6 d

Ha Z iP 18:25:39.2 c

C&GS card 75-62~
18:17:52.1
19 .9°S.;- 177 .6° w.
Fiji Islands
h about 350 kIn.

Sept., 15

M Z eP 22:59:25.2 c

A Z eP 22:59:25.7 c

D Z ~P 22~ 59':25.7 c

UU Z eP 22:59:26.6 c

Pa Z eP 22;: 59: 27.8 c

Hi Z eP 22:59:26.0 c

Ka Z eP 22:59:25.~ d

Ha Z eP 22,: 59: 18.1 c

U PEN is 23:06:30

U PEE eG 23:10:38

U PEZ eR F3: 12:59

6.0 (HVO).

23:46:42.8 d

23:46:42.1 d

23:46:42.1 d

15:51:34_3 c

15:51:33.8 c

15:51:32.6 c

15:51:33.8 c

15:51:35 d

15:51:34.5 d

15:51:30.7 d

15: 51.: 30.7 d

15:51:36.5 c

15:~1:38.9 d

15:54:25

15:57:39
16:Ql:11

eP

iF

iP

eP

iP

iP

iP

iP

iP

z
z
z
z

U FEZ ePPP

U PEN is
U FEZ iSS

C&GS card 73-62:
15:43:59.4
21.1° B., 179.2° w.
Fiji Islands
h about 640 kIn
Magnitude 6,. 5 (Pa~),

Na

Hi

Ka

Ha

M Z iP

A Z iP

U Z iP

C&GS card 75-62:
23·:37:27 ·5
26.3° S., 178.0° w.
Kermadec Islands region
h about 50 kIn.

Sept., 10

M Z

A Z

D Z

N Z

U PEZ iP

Pa Z

Sept. 14

M Z iP ;1.8:25:34.0 c



Table 5.--Distant earth~uakes--Continued

I :

sept. 15, 1962--Continued

C&GS card 73-62:
22:50:46.3
48.5° N., 156.8° E.
Kuri1e Islands
h about 33 kIn
Magnitude 6.5 (Pas), 6 (Pal)

Sept. 16

M Z iP 03:14:12.7 c

A Z iP 03:14:11.9 d

D Z iP 03:14:12.6 c

N Z iP 03:14:11.2 c

M Z 1pP 03:14:31.6

A Z ipP 03:14:28.7

U Z epP 03:14:30.2

C&GS card 75-62:
03:05:33·0
19.30 N., 103.1° w.
Jalisco, Mexico
h about 100 kIn
Magnitude 4.8-5 (Pal).

sept. 17

sept. 18

M Z iF 00:40:29 . d

A Z iF 00:40:28.4 d

D Z eP 00:40:28.7 d

U Z eP 00: ItO: 25.2 d

U FEZ iP 00:40:28 c

Na Z eP 00:40:30.7 c

Hi Z iP 00:40:24.2 d

U PEN Q is 00:49:50

U FEZ iSS 00:54:11

U PEN iG 00:57:54

U FEZ iR 01:01:"04

C&GS card 75-62:
00: 29: 05.2-
7.50 N., 82.3° w.
South of Panama
h about 33 km
Magnitude 7 (Pas)

7 (Berk)
6.5-6.8 (Pal)

Felt: Chiriqui Province.

C&GS card 77-62:
06:10:26·3
2.3° N., 126.9° E.
Molucca Passage

h about 33 kIn.

M Z iF 18:03:21.7 d

A Z iP 18:03:21.3 d

D Z eP 18:03:21.5 d

U Z eP 18:03:21.4 d

Ka Z iP 18:03:24.0 d

Ha Z iP 18:03:27.1 d

C&GS card 75-62:
17:55:45.4
21.00 S., 179.10 w.
Fiji Islands
h about 601 kIn.

sept. 18

M

u

z

z

eP

eP

06:22:26.1 c

06:22:29.9 c



Table 5.--Distant eaxthquakes--Continued

Sept. 30, 1962

M Z eP 22:09:22.1 d

A Z iP 22:09:23.9 d

D Z iP 22:09:23.3 d

U Z iP 22:09:23.3 d

Pa Z iP 22:09:25.1 d

Na Z eP 22:09:22.6 d

Hi Z eP 22:09:24.7 d

','C&GS card 78-62:
21: 57 :24 .8 '
18.6° N., 120.9° E.
Near north coast of Luzon, Philippine Islands
h about 51 km.

48
;',1 ~



The following persons or agencies reported "felt'f earthquakes
during the third quarter, 1962. Their assistance is gratefully acknowledged.

North Hawaii

Mr. McKay
Mrs. EklWld
Honokaa Police
Mrs. Christianson

Kilauea Summit region

Mr. and Mrs. :Francis
Mrs. Hansen
Dr. Wentworth
Mr. Richter
Mr. Yamamoto
Mr. Yang
Mr. Forbes
Mrs. :Fraser
Miss English
Mr. Koyanagi
Mrs. Duncan
Dr. Moore
Mr. Wehrsig
Mr. and Mrs. Mist
Mrs. Ferry
Mr. Ayres

Kona coast

Miss Wallace
Mr. Sutherland
Miss Greenwell
Mr. Mitchell
Mr. Paris
Mr. Ackerman
Mr. Greenwell
Mrs. Higashihara
Mr. Tanaka
Mr. Glass
Mr. Hayashi
,Mr. Chong
'Mr. Baldwin
Mr. Vredenberg
Kealakekua Police
Mr. Vanderbraok
Mr. Johnston.

Kona coast--Continued

Mr. Apple
Mr. Lind
Mr. Mitchell
Mrs. Higashi
Mr. Toy
Mr. Yoshina
Mr. Harai
Mrs. Hahn
Mr. S. Greenwell
Mr. Schattauer

Central Hawaii

Kulani Honor Camp
Mrs. Lindsey

H~lo region
.~

Mrs. Elliott
Mrs. Zsupnik
Miss Nitta
Mrs. Duncan
Mrs. Hansen
Mr. Williamson
Mrs. Ingledue
Mrs. Schaeffer
Dr. Hinds
Mrs. Weight
Mr. Ho
Mr • and Mrs. Bal~win

Mr. Wilson
Mr. Chong
Mr. Northwood
Mr. Donahoe

Kau region

Mrs. Elarionoff
Mr. Billings
Mrs • Walters
Mr. Coram
Mrs. Akana

Kau region--Cont.

Mrs. Kiva
Mr. Meinecke
Mr. G~dfrey

Puna

Mr. Warner
Mr. Edwards
Mr. Ho

NOTE: The Kona coast is· Hawaii's western coast, Kau is the district
south of Mauna Loa summit, southwest of Kilauea and on the flanks of both
volcanoes. Puna is the cultural/political district which lies on the
East Rift of Kilauea.
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 28

By Harold L. Krivoy, Robert Y. Koyanagi, Arnold Okamura, and

George Kojima

The 1962 Flank Eruption of Kilauea, by ,James G. Moore

On December 7-9, 1962, a small flank ~ruption occurred on the
upper part of the east rift zone of Kilauea Volcano in and east of
Aloi Crater. 'l'his outbreak occurred 15 months after the last previous
eruption of the volcano which occurred on the lower (eastern) part
of the same rift.

The first indication of the possibility of an imminent eruption
was the onset of sporadic tremor &1d local Sllallow eartl1.quakes at
1.9h3an December 6. The harmonic tremor rapid1.y be·came continuous and
was accompanied by small shallow eartllquakes averaging about one per
minute. A few of tllese earthquakes were laltge erlough to be felt,
particularly in the community of Volcano, 3 miles northeast of the
center of the caldera.

At Olhl<f' December 7, a glow, described as white at first,
changing to red, was observed from both the south side of the caldera
and from the Volcano Observatory, toward the direction of the upper
part of the east rift zone. From each observation point, the glow
was seen to grow from virtually nothing to a prominent light visible
for many miles. Hence it is believed that the first actual outbreak
occurred only slightly before it was first sighted. At Olh2om an
Observatory party arrived at Aloi Crater on the upper east rift zone
of Kilauea Volcano and found a nearly continuous line of fountains
extending in a line completely across the wooded floor of the pit
crater (fig 0 2) 0 The fissure was about 500 feet long and was
slightly modified by right,..offset en echelon arrangement. The lava
fountains wel"e playing to heights of about 30 feet with spurts up
to 60 or 80 feet. Almost the entire floor of the crater was covered
by approximately 10 feet of new lava, but trees were still standing
in many places on the crater f"loor even within a few feet of the lava
fountains themselves.
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The fountai..l1s continued at about the same height until 02h20
m

and
gradually filled up the bottom of the pit crater. By 03rJ.Qam the fountains
had become thicker and increased in volume, and. occasional bursts t~xew

spatter above the opposite rim, or more trlatl 250 f'eet high" These large
bursts were accompanied by loud booming soun·ds.

By o3ho5m the lava lake 'tvas apprl)ximately 40 feet d.eep and the line
of fountains had. consoli.iated to three a.reas of fottntaining" one near
each end of the original fissure and a la!Jge :four~tain in the middle of the
pit crater. The rim of the pit crater was perceptibly shaking in rhythm
with the activity of the fountains. Shortly aftel' 03D.o5m the lava lake
began to drown the fountain on the west.

By 03hOffl the :fountains died. down and rapid drainback into the vents
commencled. By 03h lom the fountains were a1.most qUiet, drainback (especially
into the west vent) having lowered the entire lava lake approximately 10
feet. The crust of the lake was, in general, rJ.o longer incandescent,
being perhaps 6 inches or a foot thick. Ho\\rever, cracks through the crust
showed the bright red of the molten lav'a below. Se\reral groups of cracks
concentric to the small bubbling west fountain indicated the process of
drainback operating thereo

By 03h33m all tr.te fountains had stopped and drainback into the
eruptive vents continued to lower the lake surf'ace. At 03h4~ a large
part of the south rim of the crater broke off and crashed down into
the lava lake which by then was entirely black on i.ts surface except for
a few incandescent crackso The landslide broke through the lake crust
and splashed incandescent lava 20 or 30 feet into the air 0) The appearance
of the boulders as they plunged into the lava l.ake suggested that its
depth was 10 to 20 feet.

At 04h20m two new lava fountains broke out northwest of MakaDpu..'1i
Crater on the west slope of Kane Nui 0 Ramo (no. 2, fig. A). While
l~a was still pl~ing from these fissures a third outbreak occurred at
04 45m one-quarter mile to the southwest hno. 3, fig. A). These fountains
played only for about one hour, and b~r 07 oam they were not active except
for strong degassing, though booming and roaring noises were heard from
their direction for several hours mareo

At IlhOzn a new vent (no. 4, fig. A) on the north side o:f Alae Crater
(called Alea Lea Crater on some maps) began liberating fume. At 11h25m
this vent de,,-eloped a small lava 1'ountaLV). ~ Inc·an.descent spatter was
erupted from this vent urltil llh33m, at wInch time the faint roaring
sOWld died and erupting spatter was no longer visi.ble from the road near
Alae Crater.

At Cf7h03ID, Deeember 8, a ball o:f brown-yellow smoke was seen, from the
Observatory, rising about 100 feet above th.e eruptive m-ea east of Aloi
Crater. The smoking which lasted about 20 minutes is believed to

2
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have been caused by outbreak number 5 less than one-~arter mile northeast
of Aloi Crater (fig. A). This vent was visited at 11 oom and the small
lava flow was still hot and incandescent in cracks at that time.

A sixth and final outbreak occurred between 08h3am and 09hl~
December 9, about midway between Aloi and Alae Craters (no. 6, fig. A).
The active vent was observed from the air at oSh4om. At that time a
thin line of fountains 300 to 400 feet long played to heights of 60
feet, but averaged less than 30 feet. A rumbling noise was heard
during this period for about 20 minutes in the community of Volcano,
5 miles north of the eruptive area. The lava flow from this fissure
started a small forest fire which swept to the summit of the cinder
cone, Puu Huluhulu.

Minor falls of Pele's hair were reported on the road near Aloi
Crater at llh49Il and about 14hoom on December 9. Presumably this
originated from vent number 6 and was blown south at that time by winds.

Total volume of lava conducted to the surface during the entire
eruption was 436,000 cubic yards (table A). However, 280,000 cubic
yards drained back down the eruptive fissure in Aloi Crater leaVing
a total of 156,000 cubic yards on the surface.

3
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EXPLANATION

Eruptive vents and lava flows of December 1%2
eruption. Number indicates sequence of eruption.

Historic eruptive vent showinq year of activity.

S indicates only fume liberated. Lava flows not

shown.

Prehistoric eruptive vents. Lava flows not shown.

Normal fault, chiefly. prehistoric. Ball denotes

~ downthrown side. Circular faults around pit craters

not snown.

Contour interval 100 feet

SCALE

Figure A. --Map of the upper east rift zone of Kilauea showing vents and flows
of the 1962 eruption.
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Table A·--Area and volume of lava erupted in December 1962

Lava flow Area Thickness Volume
Sq. yds. yds. cu . yds. x 103

. x 103

1 (remaining on surface) 27 3 82

1 (drained back) (27 ) 10 (280)

2 (east flow) 23 1 23

2 (double west 'flow) 12 1 12

3· 16 1 16

4 1 1 1

5 4 1 4

6 18 1 18

Total remaining on surface 101 ----- 156

Total erupted --- ----- 436

5
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Chronological summary

The most interesting event of the fourth quarter was the brief
eruption of Kilauea in and near Alei Crater in December 0 This
summary reviews the geophysical DUU~ife6tations that preceded and
accompanied the eruption for comparison with Moore's just-presented
description of the eruption.

After the sharp collapse d.uring ttJ.e September 1961, east
rift zone eruption (Summary 24), swelling of Kilauea volcano resumed
and continued at a moderate, but dimin:tshing, rate until the end
of June 1962. At the inner ring of tilt bases (Uwe, T M, Kea,
Kam) the average rate of outward tilting declined from 12 }.Lrad/month
(Oct. 8, 1961, to Jan 5, 1962, SUlmna..~y 25) to 51JXad/month .
(March 29,1962, to June 30,1962, Slnnmary 26). ,Between June 30,1962,
and October 30, 1962, (fig. 2-a and table 2-a) the average rate of
outward tilting at these stations increased again to 8llTad/month.
From the record of the short-base tiltmeter in Uwekahuna Vault
(table 1), it appears that this increased ra/ce of swelling continued
until the December eruption.

Subsidence of the caldera region in response to withdrawal of
magDls,from the central reservoir d~ing the eruption is revealed in the
pattern of tilting between October 30 and December 12 (fig. 2-b and
table 2-b) 0 The amount of subsidence is best indicated by the
change at Uwekahuna Vault (table 1), where a tilting of about 16

1J.radians toward the caldera occurred during the er1.1ption.
Comparison of this figure with that which accompanied the
collapse of the Kilauea summit follo~ng the 1960 east rift zone
eruption suggests that 5-10 million cubic yards of magma escaped
from the reservoir during the December erup~ion.

By the end of December swelling of tJ:le Kilauea- summit "r..ras
again in progress.

The daily count of small' shaJ..l~)w eaJ.--thquakes at ~ilauea caldera
averaged 63 du.ring the fir'st two weeks of October. On October 16
this number jumped to 90, and by October 31 it had reached 155. The
count climbed to 460 on November 7, then decreased slowly to 208
on November 18. These earthquakes averaged only 54 per day during
the rest of November. From an eleven month low of 20 on December
1, the daily count rose to 110 on December 5, just before the
eruption. Following the eruption, the average daily number of
earthquakes from the caldera was 38 for December 10-18, but rose
to 133 for the r~st of tIle month.

Possibly indicative of 8" rapid :flow of m.agma at depth, episodes
of continuous tremor originating beneexh the Kilauea summit totaled
177 minutes during October and 101 minutes during November.
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Harmonic tremor beginning at 19h
30

m
on December 6 (Introduction)

testified to the escape of magma from the summit reservoir, and the
concurrent swarm of' small shallow earthquakes from the vicinity of Aloi
Crater heralded the opening of fissures along the rift zone for about
5 hours before lava appeared at the surface early on December 7. These
earthquakes were all smaller than magnitude 207, and only the largest
were felt in the nearby community of Volcano.

Earthquakes from the source about 30 km beneath Halemaumau averaged
about 2 per day during October and November and 5 per day during
December. Only one was felt : it had a magnitude of 3 0 7 and was felt over
the entire island at 21h36ID on December 130

The largest earthquake during October originated at l3h3l
m

on the
31st about 15 km north--northeast of Naalehu alld 3 km deep 0 It had a
magnitude of 3.7 and was felt in Naalehu. The largest earthquake
during November had a magnitude of 401 and originated at 05hl8M on
November 22 at about 19°20' N., 155°05' W. (Kalapana Trail). It was
felt from Volcano to Hilo.

An earthquake from a focus 13 km east--northeast of ~ua Point and
8 km deep was felt over half of the island at Olho6m on December 28.
It had a magnitude of 4.1 and was the largest earthquake of the month.
A magnitude 4.0 earthquake from a focus 18 km north of Naalehu and
about 3 km deep was felt over half the island at l7h47m on December 30.

other earthquakes felt in Hawaii during the fourth quarter (23 in
addition to those associatec. with the outbreak of the December eruption)
are included in Table 4.

starting with the eruption, small shallow quakes have become frequent
all along the Koae fault system just south of Kilauea caldera~ Such
earthquakes have not been frequent in recent yea:rs, except at times of
major collapse such as the spring of 1960.

During this quarter, George Keller, U0 S 0 Geological Survey, visited
Hawaii Island and carried out assorted electromagnetic and electrical
experiments~ He found, among other things, that the electrical resistivity
of Hawaiian rocks was very uniform and that three classifications were
possible:

1). very recent flows had resistivities between 5,000 and 10,000
ohm-meters,

2)., the bulk. of' Hawaii Island above sea-level had resistivities
between 500 and 1,000 ohm-meters,

3). at or below the water table, resistivity was less than
5 ohm-meters.

Electromagnetic studies by Frank Frischknecht and Leonard Anderson in
April 1962 revealed a resistivity of 102 ohm-meters for the still-molten
portions of the 1959 Kilauea-Iki lava la.'ke.

7



\

During the quarter a Scripps Institution experiment in noise
analysis was completed and equipment removed from lIVO. This
gear included a short-period installation and a three-component
long-period set established in the old West Pit tilt cellar. At the
time of their departure there were extra tele-recording channels
available at HVO, and so the abandoned data-lines were put to use and
recordings made from West Pit. These have proven to be very useful
in clarification of small seismic events near Halemaumau. The
new instrument (West Pit = wp) is located between the western edge
of Halemaumau and the western rim of Kilauea, caldera. It is
not convenient to plot this new installation at the scale of Figure
1.

8



EXPLANATION
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Figure 1. --Map of.' the island of Hawaii showing seismograph stations
operated by the Geologic~ Survey and localities mentioned
in the text. Epicenters of local earthquakes are given in
terrns of geographic coordinates, which arte indicated at the
edges of the map.
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Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault (table 1)
and at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter
(table 2). The attitude of the ground surface at each tilt base is
reported in terms of north-south and east-west tilt coordinates. Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface,
that is, to a relative subsidence toward the north and east. A l-unit
change in coordinate corresponds to a tilting of 1 microradian (1 nun per
km) in the direction indicated.

10



Table l.--Tilt coordinates at Uwekahuna Vault, October, November,

and December, 1962

Date N-S E-W Date N-S E-W

sept. 30 457 505 Dec. 2 472 487

Oct. ·7 459 5014- 9 462 499

14 461 503 16 467 502

21 463 500 23 467 497

28 465 491 30 462 496

Nov. 4 467 497

11 468 496

18 469· 495

25 470 1~90

11
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Table 2a. - -Tilt coordinates and changes at bases around Kilauea 'caldera (see :rig. 2a)

-
Tilt coordinates

. 6
Tilt base Date Rate (10- rad/me ) Date of
(location) (1962) and direction of last

tilting since reading
N-S E-W last reading (1962)

.~.

Uwekahuna
(19°25.5' N. , 155°17.4' w.) Oct. 30 447.0 496·3 7·1 N. 29° w. June 29

Tree Molds
(19026.3 ' N. , 155°17 .3' w.) 31 438.. 5 512.8 2·9 N. 9.3 0 w. 29

Sand Spit
895.1(19°24.1 tN., 155°16.8' w.) Nov. 1 7CJ7·7 6.7 N. 7.3 0 E. Mar. 29

Kalihipaa
574.4(19 0 21.4 1 N., 155°15.3 1 w.) Oct. 30 4Z7.1 2.6 s. 28.5° E. July 5

Keamoku
(19°25.1' N., 155°19.0' W.) 31 481.3 598_3 7·4 N. 58.5 0 w. June 30

Ahua Kamokukolau
(19°22.7' N., 155°16.6' w.) 26 652.6 522.0 14.0 s. 13.5° E. July 1

Kipuka Nene
514·7' 495.2(19 0 19 ~ 4' N., 155°16.7' W.) 25 .26 s .. 18° E . Apr. 5

Hilina Pali
(19°18.2' N., 155°18.6' w.) 24 512.0 496.1 ·5 s. 35° w. 4

Kapapala Ranch
155°23.8- w.) 497.6 504.4(19°20.5' N., 23 .6 s. 51.3° E. Mar. 30



---.
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-~2000
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Figure 2a.--Tilting of the ground around Kilauea caldera between

June 30 and October 30.
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Table 2b.--Tilt coordinates and changes at bases around Kilauea caldera (see fig. 2b)

Date> Tilt coordinates ( -6Tilt base Rate 10 rad/rna) Date of
(location) (1962) and direction of- last

tilting since reading
N-S E-W last reading ,( 1962)

Uwekahuna
(19°25.5' N., 155°17.4' w.) Dec. 10 437·3 499.6 7·7 S. 18.7° E. Oct. 3C)

~

Tree }JIolds
(19°26.3' N. , 155°17.3' W.) 12 435.8 512·5 2.0 s. 9.5° w. 31

Sand Spit
155°16.8' w.) 891.4 4.7 54.8° w.(19°24.1' N. , 12 702·5 - s. Nov. --,

Kalihipaa
155°15.3' w.) 575.4 423.8 72.~o w.(19°21.4' N. , 11 2.5 N. OCt. 30

Keamoku
(19°25.1' N., 155°19.0' W.) '11 474.4 605.4 7·3 s. 46.,2° E,. 31

Ahua Kamokukolau
(19 0 22.7' N~, 155°1~.61 W;') 10 658.1 521·7 3·7 N. 2.5° w. 26

Kipuka Nene
510.4 496.1~ 2.8(19°19.4' w., 155°16.7' W.) 13 ,.,

15° E. 25e>.

HilinaPali
(19 0 18 .2' N ~ , 155°18.6' w.) Not occupied this epoch. 24

Kapapala Ranch
155°23·8' w. ) 497.6 504.9(19°20.5' N., Dec. 19 ·3 due East 23.

.. ,
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Figure 2b. --Tilting of the ground around Kilauea caldera between
October 30 and December 12.
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Seismic summary

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of at least one seismograph, and distant earthquakes originating
more than 3,000 km from Hawaii. As an index of seismic activity at
Hawaiian volcanoes, daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated irito groups on the basis of region of origin
'as determined by analysis of records obtained daily at the Observatory
(U, M, A, D, N). Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located with greater
precision; they are list~d individually in table 4. Data on indentifiable
phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1) and
essential data on the stations were given in Summary 25.
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Table 3o~~Numbers of earthquakes and minutes of tremor recorded on

seismographs U? M? Aj Dp and N around Kilauea caldera

Tremor is separated into three categories~ deep, intermediate, .and shallow, on the basis of relative
amp11~udes on seismographs in the smmnit region. Unless otherwise st~tei, tremor is presummed to
be associated with movanent of_magma within the central complex of Kilaueao

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the Nnrth Pit seismograph; shallow earthquakes in the Kilauea caldera region; shallow
earthquake:~ alon.g the":SWo rift zone of Kilaue~ and the adjacent portion of the Kaoiki fault
system; earthqUaKes along the eastern half or Kilauea's east rift zone; earthquakes from a
source about 30 kIn beneath Halema.umau; shallow earthquakes 'along" the Kalapana Trail (SE ~ flank
of K11aue~ 10 to 15 km Woof Kalapana); and earthquakes from other regions: Kana, Mauna Kea,
etc 0

..
Tremor

(in minutes) Earthquakes
Date

(1962}
Hale.., SWo rift Eas"tern Hale.,., Kalaca

Inter~ maumau. Kilauea and East maumau pana Others
Deep mediate ShalloW' f?lides Caldera Kaoik1 rift 30 km Trail

Octo 1\ =cooOCJ 3 ... c:>c::aCJc::lC:>eo CJc=t~c;:)C2c:g 81 7 . - 7 <::tCD c:::s ClCJQII C:::Sc.:Jc:> CDCOIQaI 1 Kona
2 cpoO~CJO e;,eo .. c:>e::tCJc:D c::lIaoCl:)CJ~CJc:::D CDoCJc:>e::t=CID 68 13 C2CJc:::.c::>c::>C3 1 11 C::>~c=tC::>_c::>_CJ~~CJ_~=C::>~C::>C:::S

3 C:>CJOe:::tO~ c:::Jc;::)c;:)CJc::.3C:)c::> e::tCJCJ=CJCJc::II C:>CJC:::JC:>~CJ 42 11 ~~C:::SC::>C::»CJ 5 9 1 Kona
4 21 CJCJCJClCJC::;)e;::, C:::>CJc::a=CJC:::>c::I C3c::1c::1C::;)C::>C::» ? 7 ~~e::tC)~c:> i Cltc::JC::»C::>CDCIO 1 Kana
5 e::tO~c::JCJC:> C)c:JC::>c::Ic::::J=c::J c::>C31CJc::JCJc::JCJ ClDc::>c::>C:>c:>c::;) 81 7 1 =CJC)C)e::t~ _=CJc:::>CJCCt 1 Kona
6 c;:)C:SCDCJ~CD ~UDC:::>C::>C:>C:::>c=t = CJC:=C:::>CJCJc::I 1 ? 3 6 2 4 1 Kana
7 ~C;:)CJC:::>ClIC::> ~CJC:>CJ<Sl~CD =CJQD~ClDc::I~ (:DICDC)C")=C) 90 3 4 1 3

CJC)_e::t ____ ~ ____ e::t_~_~

8 c::Je::tC)c;:)e::tC2 5 e::tC2e::te::tc::.3e::tc:> ~CZlC::>OC::>ClD 7 1 2 6 CJ==c::IC::::>_
~~____ C::>~_~CZI___ c::lIc:::se::tc::ll

9 45 c~_e::tc:o __ c::> ~
C2e::t_=c=-aaCD ~ClDCQC:>C:>CD .75 10 CC)C2c;:)CJc:D 5 C.:JC)C::>c..-:>C3~ 1 Honokaa

10 c::::::c:>c::>c::aC)c:D c::>c::ae;,c::aCJc;:)C) c:::::1CJcaCJ~C::>CJ COc::> C)C" CD_ 59 8 C:>c::lICDC><3_ 1 ("=>~~~~CD

~---~~--~~~~--~~~~
~

11 cD"'C:lc;::)C)QD ~C:lc::IC=-C=-C:lCD C)e:::tc::.e:::tc» CD CD Cb~C)C)c:::oaa 65 1 C»CJCZ:>C=>CD_ 3 cDc)CJC::»C'c::I 1 Mauna Kea



Table 3.--Numbers of earthquakes and minutes of tremor recorded on

seismographs U, M, A, D, and N around Kilauea caldera--Continued

Tremor

Date (in minutes) Earthquakes

(1962)

\ Hale- SWo rift Eastern Hale .... Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides Caldera Kaoiki rift 30 km Trail

-

Oct~ 12
_ ca ___

.. _c-. .. ____ e- .. _ .. _ClD _ -------- 60 8 -- ..--- 4 ~c:::Jc.c:J_

~~-~~----~---~-~--~

13 ----- -.... ---- e. .. _ .. c::. .. _
___ c.- __

63 13 3
_____ IID

.. e::te::tc;a-=s
~-~-~--~---~--~--~~

14 __ ~CI:iI"

e-.:I_ ....a._ --_ ..-_.. ..-.._.... 63 18 1 3 _ ... caca~ - 2 Kona
15 ------ -_.....--- ------- _ .. _ ... _e- 65 7 ... 5 1 c:. .. a::aL3_ 2 Kawaihae
16 10 __ c=- .. --c._ _ca~ .. _.,_ ------- .. 90 3 ------- 6 c:::Ilca" __ 1 Kana
17 ----- 28

___ .. C;J __ --_..-- 111 12 1 9 CD c:'2e::::t et-. 1 Mauna Kea
18 -_ ..-- --~_ ..-.. -------- ..__ c:.-_e-I 96 6 1 2 c::.c»_c:a .. 1 Kona
19

___ ca .. _ -----..- 7 ---.e::-a._ 98 9 1 ..-_ ..-.-- .. c:.e- ___ 1 Mauna Loa
1 Kana

20 .,--~-

_____ aac._ -------- 1 120 7 1 2 1 -~~~~~~-~--~-~~--~-

21 .... 5$_ .. .._......-.. ____ e:--_ ..
; ..._-- .... 135 7 1 5 c:.-=- ..~ .. 1 Kana

22 "C!:II_~"
_~ ..... _~c:. ------- ...... CIIIiIl __ 116 9 1 3 «:IOI::tc=-C'2I_

~-~~-----~-------~~

23 c:::D_-=ca._ .. .....-..~~ .. - -..---_ .. _e:- ____
96 15 1 2 ~CZ!I-'C»"

-~------~~-~~-~~~--

24 _.~a.e:w _ .. _ .. o. ..~"

C::ID ____ e- ___

~----- 106 7 3 2 5 1 Kona
25 c._ ...... ~ ..-_.._- 10 ---~-.. 95 7 1 2

____ -coo

1 Ku1ani
26- 35 5

___ cw ____

-- ... --- 126 6 a.u. .... __ .. 2 ~e:-.-=»c:a ..
~~--~~~---~--~~~~-~

27 _.. .." ..- t:8~_ .. _ .... ..... a::I __ ~_ .._---- 137 9 1 2 _ .. c::a.-:t_ 1 Kona
28 .. a::I __ .. 1 -_.._~-- _.. _.- .... 130 11 19 2 .... C"K:)«:::Il ..

~---~--~---~-~~--~-

29 _.. --- .. 4 -------- --_ ...... 135 8 10 2 ~_-=a_ .. 1 Pahala
30 2 1 -_ .._~ ..- , 140 15 1 5 -=--=--_1-'

--~-~--~---~--~~--..1-

31 .......-- -- .._---- .. ~--' ...... _ ........ c-. .. 155 8 1 ------- ...c:::. ___ c..

1 Mauna Loa
Nov. 1 -..,~--~ ------- -- .._--- -.._--- 178 4 1 6 1 ~--~~~-----~---~_ ...

2 ----- 1------- ~----- .. -..---- 160 4 2 3 ~_c=-e._ 1 Mauna Loa
2 Kona



Table 3o--Numbers of earthquakes and minutes of tremor recorded on

seismographs U, M, Al D, and N around Kilauea ca1dera--Continued

Tremor
(In minutes) Earthquakes

Date
(1962)

Hale- SW. rift Eastern Hale- Ka1a-
Inter- maumau Kilauea and East maumau pana Others.

Deep mediate Shallow slides Caldera Kaoiki rift 30 kIn Trail

Novo 3 20
__ CD:~__ c::I ------ ..~ .._-- 157 5 _"_c:l __ ___ e:t .. .,

-~_ .. _- 1 Mauna Kea
4 __ -=-_IIID 3 14 - ... ---- .. 187 8 1 --_.... ~ .... c:»lIII:Ca_CIaI

~~~~-~--~~--~-~~-~

5 C3J ___ aos --_ ...._.. .. c::a _____ .. __ .... - 250 7 3 1 2 ~~--~-~~-~-~~~~~~~

6 CD .. ca .. _ -------- 8 2 180 3 2 2 1 1 Pahala
7 2 ~ .._~ ....- 11:8 ___ "_ -------- 460 10 2

__ ... _c=-~
1 ~~~~~---~-~-~~--~~

8 .. __ .... ..--=--_ ..... _..~ .._-
~--_ .. -=- 300 8 12 4 ·6 1 Offshore Naalehu

9 ..-..~., QD_-=t ..~ .. _ _ .... c._~ _.._-~- 226 11 1 1 "_c::I~_" 1 Ma1.Ula Loa
10 --- .... ------- .._..~-- 1 288 4 .. .. _--.. 1 "~c:a __ -=a 2 Kana
11

__ e- ___ ------- ------ ------ 87 26 1 3 .. ~e:t .... _ 1 Kona
12 __ .-_c. .. -_ .. -=- .... --_ .. _- ------ 145 6 e:-_ .. ___ 4 cw_c:ac:. ....

~---~-~~~~---~~-~~

13 -._--- -- .. - ..-- _.. _--_ ..
--~ ..-- 235 9 ~_ .._-- 3 2 --~--~~~-------_ ..~

14 -_ .._- -- ..---- - .... --- __ e- .. _ .. 256 6 1 -.._-~ .. -- .. ~.., ..-
------~--~~----~--

15 --_ .... -_ ... _--- -- .. ---- ------ 228 10 9
___ -=t __

_~ca~e-_ 1 Kona
16 .. --- ..~ -....._--- .._--~- -..---~ 220 8 2 1 ~ .. c:a .. __ 2 Kana

1 Mt. View
17 _......- ------- --- ...... _- ~_ .._-- 220 11 4 c._c. ..... ~ c::. ...... _ ... 2 Mauna Kea
18 .._.. ..,- ...------- .. --=---- .., .._~_ .. 208 3 3 2 c:::. ..... __ .. 1 Ma1llla Kea

1 Kana
19 -- .. --- 6 -..-~-- -_ ....-- 143 8 3 1 -- ..~ ..... 1 Kona
20 coa_ ...... .._-_...... _.._...... -=--- .... -- 86 5 2 3 7 1 Kawaihae
21

___ e:II~ .._------ _cm_ ...... --_ ..-- 52 6 ..,_-=:I_ca ___ e.- _______ ------ ~----~---~---~~~---

22 --- ..-- 6 --_ .. - .. ----.:I_- 53 2 4 3 CZI_~"' __

--------------~----
23 _..._-- _.. __ ....- ------ 1 48 4

__ ct .... ___ ---_ .. .., 4
-----------~-------

24 ----- ------- ... ----- ---_ .... 65 11 3 1 ----=----- -~~-~-~--~~--------

25 42 ------- ------ ----- ..- 45 3 1 ------ ..._---- 1 Offshore Naalehu
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Table 3e-~Numbers of earthquakes and minutes of tremor recorded on

seismographs U, M, A, D, and N around Kilauea caldera --Continued

Tremor
(in minutes) Earthquakes

Date
(3.-962)

-.., "'

Ha1e- SW. rift Eastern Hale- Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides Caldera Kaoiki rift 30 km Trail

-

Nov. 26 c:::aCD ___ c:D_ "C8_"c::D __ _c::II_~~CIIII_

___ aa_ca 37 7 6 c::aC:»~a::llJGD c::::I c::.e::::ta::-c:at:::2e:::::t
~~---~--~~~-~~~~~

zr CDJ-=-CD'.:w ___ ...... ___ -=-ce --- ......- ----=».... 25 2 2 _C:»C:;::)ClIliD't::::a
c::JIc:;)c;::» __ c:a

~~~-~~~~~-~~~~--~

28 ___ C2C1l"

_c:::aaa.-cmt_ .. -_ .. .., ... --- _caca __ -. 24 2 2 _C::IcatlD_e::a c::Jc:=c:::J .. ~CIII

-~--~-~-~--~~-~-~

29 .. ~.,_ .... _~ .. c.GCI'~_

__ .. CI:I ___
c.. ____ ~ 32 5

.:3 _____ ca

1 C2lC::tG:Jl_ ....
~~~---~--~-~~~~-~

30 e:- ..... ___ -------- ___ e-a- .. ~ .. e- ____ 41 4 3 -8 c::::~c:aGD"'.a

~~~~---~-~-~-~-~~

Dec. 1 -=a~a. ..~_
e- ....... __ .. -=-c::;a_.:t_ .... _"'c::D_aa~ 20 2 4 30 e::;;,co c. .. .., CI:8

~~~~-~-----~~~~--

2 c:D .. _ .. ea;,,~ -- ....-_ ... ___ ~ .. c:II_ ___ .. _a:- 45 5 2 5 1 1 Koha1a
3 ca_ .... CD ..

_CIJilt-. __ tct_ _.._----- 6 48 12 1 1 e;:::,c::.ca..-_-=a 1 Mauna Loa
1 Kona

4 ca:ac.-a.eDca ...

.. _ca ____
_ .. ~_e:. .. _ 2 97 10 _.._.._-~ 2

e:tc::a~ ___

~~~~-~-~~~-~-~---

5 e-_e-_-=-'" _ .... e»CD_ca _t:D_-.:a .. ~_ _______ c=I

110 16 3 5 c::ae:::tCI::ICDCD _ I-Kana
6 ~oi eruption ------- ? 13 1 4 c;::)c::3e:::::-e::::t_e. 1 Hilina-Pali
1 lA,loi eruption

______ -.D

? 11 2 15 c::ac:::ae:;, .... ~ 1 Laupahoehoe
2 Apua Pt.

a Aloi eruption 1 ? 10 C2"~__ "_ 15 c=~e:::t .. __

---~--~----------

9 Uoi eruption 2 ? 23 cmc=- ___ .-"' __ 2 c::aCOC::II_c:::._ 1 Mauna Kea
10 ~., .. __ ..

~~"_~C18_ c.-_CIIIe:t .. a- ... ~- ....... _- 24 15 110 g;a; e- CD C2l =-- c;::a 4 c:;:)t:.3Ie:::t ___ ., 1 Mauna Kea
11 cae- cz::a~ca CD ~ .... "'_a:a4D _.._.._-- 1 19 10 tr:Jc.-c:::-c=:tc:a_c:a 4 e=c:ac::;;aa-t=l_ 1 Apua Pt.
12 .-:rCl8 .... ca ..

____ -.:Ja::a ..
.. -=ac:a.,. .... _ ...-_a-ca_ .. 40 13 .:;a~"»a::t"'''~ _ 1 3 1 Mauna Kea

1 Mauna Loa
13 ------ --=~ .. _-=- ....

C31 ___ ~ __ ..... c.._ .. __ 45 22 Q:._CD .. ____ 12 1 2 Mauna Loa
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on

seismographs U, M, A D, and N around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1962)

\
/

Hale- SW. rift Eastern Hale- Kala....
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides Caldera Kaoiki rift 30 kIn Trail

Dec $ 14· ,j---- 2 ---=----- ------ 30 15 1 __ .. e-_
'-'c.c.-C7caca 1 Hi1ina Pali

15 ---- ....__ .. -.- ---_..-- ------ 70 16 1 9· .. c:a~~c:::D~
~-~~-~-~-~-~-~~-~~-~~

16- ---- ---- ....- ........__ ..
..-~..,_ .. 47 22 2 2 .. c:."~c=tl" 1 Hilina Pali

2 Offshore Naalehu
17 ---- ------- -_ ...._-- ------ 39 5 ----- 4 c::a.~~"ca ..

~---~~~~-~~~~-------~

18 ---- 2 ----- ..- ------- 30 14 -~ ....- 4 -.c. .. CC2 .... 1 Hakalau
1 Pohakuloa

19 10 ------ -=---_ ....- -_ .._-- 76 21 ~---- 3 _-=--=a .. c:aCII 1 Keahole Pt.
20 ---- ........ca_ -- ... ----- ------ 69 8 --_ .._- 1 _ .. e.-_c:a .. 1 MatUla Loa
21 ---- ..........- _-=t_ .... .:._ ------ 85 15 .. _ .... e:- 3 _-=tc=-C:llcac., 1 Maui

2 Kona
22 --_ .. .. ______ -e. -......_-- ------ 82 14 ----- .. 2 ~ .. c::.c:;J"_

~-~~~~-~-~~~~-~-~---~

23 -26 ------ ..-......_- "_ClIe ____
90 19 _.-:a_ .. -=r 4 c:::a C8 C8 c:a-=t Cit

---~~--------~-~--~~-

24 ---- 3° --_ ...._- 1 74 17 ca .... .,._

e:- ____

CDC8-=aC8C=:JCIl 1 Kana
25 23 ..-.._.... ..-----_.. _... _--- 116 9 2 2 ........ ca .. 1 Kana
26 ~_ .. c.- -..-....- __ ca_aD __ _.....-..- 94 20 3 10

_-=-c=t ____
1 Kona

Z7
at ___

.. __ .. aa~
.... c. ____ _...----- 124 14 .. c.c:a .. _ 2 c:I ___ .... 1 Kana

28 ---- ------ ...... ..,.~- .. ------ 97 8 2 3 .......... ~c:::J,_ 1 Kona
1 Apua Pt.

29 ---- ------- -~- ...._- 2 89 9 ..~ .... c:a., 5 caac:a-.z:t ..... _ 1 Mauna Loa
30 19 -=---_ .... .,. ...._---- ..------ 96 11 --.....- 1 .. .,c::a-=- c._ 1 Kona

1 Mauna Loa
31 6 ..---_ .. _.._---- .._---- 103 10 ----- 2 _~..,C8.:J .. 1 Mauna Loa

1 Kana
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Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962

[Except for smaller earthquakes of special interest, only earthquakes with magnitudes of 2.5 or
greater are listed. Origin time is Hawaiian standard.

In the following list some origin times are followed only by "KM 30" and a statement 6f magnitudeo
These are all members of' a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is "beneath Halemaumau at a depth of 30 kIn (19 0 2401" N., 155°17.1' We).

Origin times of members of a second persistent sequence of earthquakes are followed by "KT"
(Kalapana Trail). These earthquakes originate at very shallow depths in a remote region- along
the Kalapana Trail west of Kalapana, and they generally are not felt e Seismograms of these
earthquakes are poorly recorded and difficult to interpret; so only an approximate epicenter,
19°20' No, 155°05' W., can be assigned to them.

The mean focus of the magnitude 6.1 Kaoiki fault system earthquake of June 27 and its aftershocks
is 19°24 tN., 155°25' w., at a depth of 3 to 8 kIn. This focus has been abbreviated nKaoiki tt.

In the following list a number of quakes are described as "Upper east rift".. These were generally
so small and shallow as to make exact location impossible at this time 0 Statistical treatment
of the "family", which began just before the December eruption, gives a near-surface focus
within one kIn, to the south, of Alai crater]

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. N. Long. W.. t'>- Description- -

Oct. 1 06 52 03.6 3·0 13 19°32.7 ' 155°56.0' 3 kIn NW of Kealakekua --------------

3 06 13 04.5 2·5 8 19°24.0' 155°04.9' 36 kIn south of Hila -------------~

3 09 47 39·5 2.2 --- -------- --------- Kaoiki-------~------- ---------------
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Table 4. --Local earthquakes recorded by seismographs of the"·U. S. Geological Survey,
October, November, and December, 1962--Continued

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. N. Long. w. Description- - -

Oct. 3 12 55 34.5 2.1 3 190 23.5' 155°05.4' 36 kIn south of Hilo .... _____ .. e- ____

3 13 19 32·3 2.2 3 19°21.4' 155°04.6' 40 kIn south of Hilo -------------
3 15 46 02.5 2.2 3 19~19.8f 155°04.0' 43 kIn south of Hilo .. ----_.. -.... - ....

3 22 31 26.8 2.8 --- ------- -_ .._-~-- KT----------------- ------.-------

4 03 07 29·5 2·7 3 19°26.8' 155°44.2' 21 kIn ESE of _. _.._--_ .. __ ....--
Kealakekua.

4 03 11 20·5 2.4 5 19°19.1' 155°04.0' 44 kIn south of Hilo ---_ ..-.-_-----

5 14 56 23·3 2.·8 13 19°34.2' 155°53.4' 7 kIn WE of ----.-_--------
Kealakekua.

6 14 02 41.2 2·5 --- ...._----- _.... __ .._- KT---------------- --~-_ .. _- .._---
6 15 15 01.2 3-5 8 19°22.8' 155°03.0' 17 kIn SW of: Pahoa -.. ----- .._----

6 15 21 38.0 3·0 8 19°21.2' 155°03·4' 20 kIn SW of Pahoa -------- .._~--

6 21 57 -19.6 2.2 3 190 22.7' 155°08.5' 14 kIn east of -..--- ..~------
Ahua seismometer. !-':"::"",: , . . ~;;;"".:.~',~ ......

6 22 16 08.9 2.2 8 19°21.0' 155°08.5' 14 kIn ESE of ..~--- .... _-_ ..--
Ahua seismometer.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

'.

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. N. Long. w. Description- - -
_.. -

Oct. 7 02 11 37·7 2·9 8 19°28.6' 155°50·5' 10 kIn SE of Kealakekua
_______ ~ .. c. ______

7 13 32 29.6 2.2 10 19°18.9' 155°11.5' 10 kIn SE of Ahua .. _----------------
seismometer.

7 13 33 25·0 2·3 10 19°18.9' 155°11.5' 10 kIn SE of Ahua ----_ ... _-- .._--~--
seismometer.

7 18 47 46·3 3·1 8 19°18.8' 155°03·0' 24 Ian SW of Pahoa -------------- ... -

7 21 54 35·1 2.2 --- ~-- ..~-_ .. _.._------- KT--------------------- -------- .... _----- ..

8 03 32 27·5 2·3 --- --~ .._--- --------- KM 30------------------ ----------_ .._---
8 07 40 44.9 2·5 13 19°19.5' 155°05·9' 20 kIn SE of Ahua

---~-------------
seismometer.

8 21 12 28.6 2·3 --- ------- --------- KM 30---------------~-- .._-----------_ ....

9 09 21 38.6 3·3 13 20°13.6' 155°31.0' 16 kIn NNW of Honokaa ----------------
10 21 35 34.7 2.4 --- --~----- --------- KM 30------------------ .._-~~_ .. _-- ..--~--

11 11 03 16.0 2.4 8 19°52.2' 155°29·1' 28 kIn SE of Kamuela -------------- ..

13 04 12 47.7 2·3 50 19°29.0' 1550 21.0' 5 kIn ESE of Mauna Loa ----- .._----- .... -
seismometer.
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Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

Date Time Magni- Depth' Epicenter Felt
(1962) tude (kIn) F.eport

h m s Lat. N. Long. w. Description- - -
..

Oct. 14 16 48 43·0 2.2 8 19°13·8' 155°09.8' 20 kIn SE of Ahua seismometer -------------

14 18 56 28.2 2.1 13 19°22.6' 155°08.1' 15 kIn east of Ahua -------- ... _----
seismometer.

15 00 35 26.0 3·3 8 19°37 ' 156°09 ' 28 kIn WNW of Kealakekua----- -----_ .. ~--- ... -

15 02 08 48.3 3·2 --- -------- ------_ .... Km 30----------------------- --------------

15 04 23 15·7 3·3 13 19°40' _156°20' 46 kIn NW of Kealakekua------ -------------

15 15 37 28.7 2·7 8 20°01.2' 155°53·1' 20 kIn west of Kwmuela------- --------------

15 16 47. OO'~7 2.6 8 20001~2' 155°53.1'- 20 kIn west of Kamue1a------- -------_ .. _----

15 22 23 43·5 . 2·3 8 19°(){·7' 154°57.0' 41 kIn SSW of Pahoa---------- -------~-----

16 03 15 26·1 2·3 5 19°3C':"J. ' 155°40.6' 25 kIn east of Kea1akekua---- --------------

17 03 12 56.8 2.8 13 1904d.o' 155°42·7' 26 kIn south of Kamue1a------ .. _----~-------

17 21 59 01.0 3·0 12 1/2 20°05' 156°59' 112 km SW of Haleakala -- ... ----------
seismometer.

18 03 07 37·5 2.6 3 19°23·5' -154°54.4' 12 kIn SSE of Pahoa---------- -------------

18 03 19 32.4 2.6 --- ------- ..------~ KM 30----------------------- -----_.-_-----



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

ala

a.

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. N. Long. W. " Description- - - "'

Oct. 18 05 10 16.6 2.6 --- ------- ------~- ~ 30-------------------- C=-C8 .. c::a .. -=- .._~ .. _

18 08 48 49.1 2.5 35 19°19.1' 154°59.5' 20 kIn SW of Pahoa--------
_a. __ .. ___ ~_ ..

18 16 29 08·7 2.0 --- --- .._--- ___ .. __ -._e:- KM 30---------------~~--- -----------
19 06 43 29.0 3.6 13 19°40.1' 156°06.0' 25 kIn NW of Kealakeku_a- -- Felt at

Kealakeku
20 02 30 25·7 2·5 --- -------- --------- Kaoiki---------------~---

.. c. .. c. ________

21 06 52 05.4 2.5 8 19°21·9' 155°03.1' 18 kIn SW of Pahoa-------- ..------~---

21 10 04 53.4 2·9 3 19°24.2' 155°57.5' 15 kIn SW of Kealakekua--- -- ..... ,.. .. - .... --

21 16 09 17·1 2.1 3 19°16.1' 155°34' 23 kIn north of Naa1ehu--- ------------
24 02 00 26.6 3·0 10 19°17·6' 155°27·3' 10 kIn SWof Desert Felt in Pah

seismometer. and Hila.

24 05 43 37.6 2.1 --- --------- ------- ...- Kaoiki------------------- .. __ .. _.. ___ e.:_

I

24 07 02 47 ·5 2·3 --- -------- --- ..-_ .... - KM 30-------------------- -------~---

25 02 49 12·3 2·3 --- .._.._--..-
---~----- KT----------------------- ---_ .. -_ ...._-

·25 03 32 01·9 3-5 --- ------_ .. ------_.. - KT----------------------- ..----~ .._---
26 03 36 04.4 2·3 --- -_ .._~_ .... ---------- Kaoiki------------------- -----------

f\)
0\



Table 4. - -Local earth uakes recorded by seismo a hs of the U. S. Geological Survey,
October, November, and December,

\

Date Time Magni- Depth Epicenter Felt
(1962~ tude (kIn) Report

h· m s Lat<t N. Long., w. Description- - -

Oct. 'Z7 10 zr 53·0 ·2,,7 3 19°22.8' 1550 30.5' 15 kIn WNW of Desert seismometer --------_ ..
28 06 37 28.0 2.2 10 19°12.0' 155°15.7' 14 kIn SE of Ahua seismometer ----------
28 15 13 59.0 2.7 --- -------- --------- KM 30-------------------------

_______ a- __

28 23 02 33·1 2·3 --- -------- --------- Kaoiki---------------------~~~ .... -=-c:=a~.. C8 .. c=__

29 00 34 40.8 2.1 5 19-25.8' 1540 51.6 ' 7 kIn SSW of Pahoa------------- ----------
29 04 27 11.0 2.2 35 19°13·3' 155-29.1' 4 km NNW of Pahala------------ ... _-_ ... --_ .....

30 11 55 40.9 2.1 --- -------- --------- KM 30--------------~---------- ----------
31 13 30 50.0 3·7 3 190 11.8' 155-33.2' 15 kIn NNE of Naalehu---------- Felt in

Naalehu.

ov. 2 04 51 40.6 2·1 --- ------- --------- KT---------------------------- ----------
2 09 02 37-7 2.4 10 19°18.7' 155°13.3' 9 kIn SE of Ahua seismometer ----------
2 22 30 39·3 208 8 19°32.2 1 155°53.0' 5 kIn NW of Kealakekua~------- ----------
2 22 50 28.9 2.6 8 19°09.8' 155°34.6' 1.1 kIn north of Naalehu------- Felt in

Naalehu.

3 03 55 31.2 2.5 13 19°46.3' 155°34.8 1 13 kIn SE of Waikii----------- ----------
.3 06 32 20.9 2.4 8 19°19.1 1 155·01.1' _20 kIn SW of Pahoa------------ ----------.

N



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

a

a

a

a

la

Date Time 14agni- Depth Epicenter Felt
(1962) ~ude (kIn) Report

h- m s Lat. N. Longo W. Description- - -
I

No"r. 6 - 00 16 26.4 2·7 13 19°18.6' 155°05.5' 45 kIn south of Hilo---- Felt· in·Hilo

6 05 56 13·5 2.8 3 19°11.8' 155°28.7' 1 kIn south of Pahala--- Felt in Paha

6 07 15 54·3 3·1 --- ------..- _.... -_ .. __ ..
KT-------------~-------

_-=-ca" ___ " ___ ~

6 21 55 31·9 3·0 3 19°24.1' 155°00.6' 12 kIn SW of Pahoa------ Felt in Paho

7 08 CJ7 38.6 3·0 3 19°09.9' 154°59.1' 37 kIn SSW of Pahoa-----
... e-_ .. ______ ..~

8 00 06 52·3 2·7 3 19°27.9' 154°56.1' 4 km south of Pahoa---- Felt in Paha

8 00 08 21·0 2·7 3 19°21·9' 154°56.1' 4 km south of Pahoa---- Felt in Paho

8 00 09 21·5 -2·5 3 19°2:7.9' 154°56.7' 4 km south of Pahoa---- Felt in Paho

8 06 43 36.2 2.8 --- -------- --------- KT--------------------- -_ ... .................... ,.......... ' ... -
8 10 zr 3900 2.6 3 19°21.8' 155°04.5' 40 km south of Hilo---- ..-----------

'.

8 14 24 55·0 3·0 13 19°01·3' 155°15.8' 35 k:m ESE of Naalehu--'- ~---.. - ..-----
10 05 CJ7 12.9 2.1 --- -------- --------- KM 30------------------ ....--~-------
11 06 26 30.0 2.6 8 19°24.4' 155°30.5' 15 kIn NW o:r Desert ---------- ..-

seismometer.



Table 4.-~Local earthquakes recorded.by seismographs of the U.S. Geological S~vey,

October, November, and December, 1962--continued

amuela,

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s Lat. No Long. w. Description- - -

Nov. 14 03 10 36.3 204 3 19°24.1' 155°01.5' 14 kIn SW of Pahoa---------- ~ .._..------
14 20 28 27·9 2·3 20 19°26.5' 155°18.6' 2 kIn NW of Uwekahuna -=a ... ___ .. ___ ~

seismometer.

15 13 15 42.8 2.4 3 19°23.4' 155°05.6' 36 kIn south of Hilo--------
c=I _____ ~~ .. _

16 22 19 16.0 2·7 8 19°49.7 1 156°01.8' 37 kIn NNW of Kealakekua- ... -- ca __ ... __ .. ____

17 00 31 16.0 2·5 15 19°52.8' 155°14.8' 25 kIn NW of Hi1o---~-------
.. ca __ .. _ .. ___

17 10 06 28.0 2.4 13 19°47.8' 155°40.2' 7 kIn SSW of Waikii--------- --------- .. -

17 10 07 34.0 2·3 --- ---- .. --- --------- Kaoiki--------------------- --~- ..._.._--
18 13 49 18·5 2·5 8 19°28.0' 155°51.9' 8 kIn SE of Kealakekua------ -=-_ .. _----_ ..

18 17 53 45.0 2·3 12 1/2 19°4703' 155°43.5' 10 kIn SW of Waikii---------
_e-~_______

19 03 23 04.6 2·3 13 19°21.5' 155°56.4' 18 kIn SSW of Kealakekua---- ... -----_ .._-

19 21 01 28.0 2.2 --- ...._.._..-- ..~- .._--_ .. Kaoiki----------~--~------- _..~----_-. ..

20 01 56 55·2 3·7 13 20°00.1' 155°53·4' 8 kIn SW of Kawaihae~------- Felt in K
Kohala.

I\)
\D
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Table 4.--Local earthquakes recorded by sei'smographs of the U.S. Geological Survey,
October, November, and December, 1962--Contlnued

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn)

"'-
Report

h m s Lato N. Long~ w. Descr~pt~on- - -

Nov. 20 04 33 34·5 2.0 --- ---_ .._.... ----_....... Kaoiki---------------------- ----------------
20 16 54 30·5 2·7 --- --_ .._.._- ... _--_ .. _- KT-------------------------- ---_-.-_ ... _---_.--

20 20 38 11.4 2·9 --- _-._----- .._~----- KT-------------------------- -----_ ... _--------

21 06 45 31.1 2·9 --- -~----_ .. ..- ..__ .. _--
KT-----------------~-------~ ~-- ...._-~-~-_ .. -.

22 03 05 55.6 2.6 --- -----~-- -------- KT-------------------------- -------~ .._----
22 04 26 10.0 3·9 --- -------- ----_ ... _.. KT-------------------------- ..---------_ .. _-
22 05 18 21·7 4.1 --- -------- ________ .0

KT-------------------------- Felt from
Kilauea
surmnit to Hi

22 19 32 26.5 2.0 --- -------- _.._--_ ..- KM 30----------------------- -.-----~_ .... __ ..

23 09 51 50.0 2·5 --- _____ -ca-_ .. -------- KT-~------------------------ -------_ .._---

23 11 52 54.5 2·7 --- _.... - .._-- -_ ..--.--- KT-------------------------- -_ ....- .. -------

23 12 04 57·3 2.2 --- ---_ .._-- --- .._.....- KT-------------------------- ---------~--_ ..

23 16 47 ,37 ·5 2.0 3 19°19.7' 155°03.5' 10 kIn WSW of Kalapana------- --------------....



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

t

ummit

Date Time Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m s '·Lat. N. Long. w. Description- - -

Nov. 24 17 54 57·0 2.4 3 19°23·0' 154°57.7 ' 14 kIn SSW of Pahoa------------ -~-----------

25 09 45 31.5 2.2 3 19°04.1' 155°26.1' 17 kIn east of Naa1ehu--------- -------------

26 06 56 04·3 3·2 3 19°27·0' 154°58.0' 6 km SSW of Pahoa------------- Felt in Pahoa
arid along
the SE coas
of Hawaii.

30 02 02 56.0 2·5 ---- -------- --------- Kaoiki------------------------ -------------
Dec. 1 03 22 14.5 2.4 ----- -------- - ..----- ... - KM 30------------------------- .... ----- ... ----~-

1 09 41 54.4- 2.2 ---- --------- --------- KM 30------------------------- -------------

2 02 13 15.6 2.1 ---- -------- -~-----~- KM 30------------------------- -------------

2 02 21 45.5 .2.8 13 20°17.2' 155°38.9' 28 kIn NNE of Kamuela --_ ... ---------
seismograph station.

2 11 50 03·2 2.5 ---- --------- --------- KT---------------------------- --------------

3 03 28 17·0 2·9 8 19°17.0' 155°47.0' 17 kmNE of Milolii----------- -------- ... -----

-3 03 34 50.0 2·5 8 19°11~0' 155°36.9' 14 kIn NNE of Naalehu---------- --------------

3 07 . 30 55·0 2·3 13 19°23·5' 155°18.5' 6 km WNW of Ahua seismometer Felt in. the s
region of
Kilauea.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

NE
ea Iki.

en
and
hoe.

-.

Date Time -Magni- Depth Epicenter Felt
(1962) tude (kIn) Report

h m 5 Lat. N. -Longo w. Description- - -
, ..

Dec. 4 10 52 20.0 2.0 25 19°18.0' 155°17.2' 9 kIn SSW of Ahua ----------
seismometer.

5 06 28 05·2 2.8 8 19°36.5' 156°10.1' 28 kIn WNW of Kealakekua ------ .. ----

5 12 32 42.5 2.1 --- ------ ... - -_ .... _--~-- Kaoiki----------------------- ----------

6 19 01 36_0 2.2 13 19°03.4' 155°16.5' 37 kIn SSE of Desert ----------
seismometer.

6 19 59 53·0 2.6 --- -------- ---------- Upper east rift-------------- Felt just
of Kilau

6 20 31 39.1 2.4 --- ------ ..... - ... ------- Upper east rift-------------- Do.

6 20 40 25·0 204 --- -------- ---------_ .. Upper east rift-------------- Do.

6 21 26 26.9 2·7 --- ------- .. --------- Upper east rift-------------- Do.

7 08 05 43·0 2.4 ---. _____ c... __ -- .. ------ Upper east rift-------------- ----------

7 13 42 57.8 2.0 --- - .. _------- ---------- Upper east rift-------------- ----------

7 23 37 38.5 . 2.6 13 19°59·3' 155°19.8' 10 kIn west of Laupahoehoe. Felt betwe
Honakaa
Laupahoe

7 23 57 28.0 2.0 13 19°16·9' 155°13·1' 4 kIn NW of Apua Point. ----------



Table 4.--Local earthquakes recorded by seismo raphs of the U.S. Geological Survey,
October, November, and December, 19 2--Continued

kaa

ana

ahala

Date Time Magni- Depth Epicenter Felt
(1962) tude (km) Report

h m s ~ Lat. N. Long. w. Description- - -

Dec. 8 22 42 15.6 203 10 19°25.9' 155°17.8' NW rim of Kilauea caldera -------------
I

8 23 59 00·5 2.4 10 19°23·2' 155°19.6' 6 km SW of Uwekahuna -------------
seismograph station.

9 00 08 00·5 3·0 45 19°51.2' 155°23~0' 20 km SW of Laupahoehoe------- Felt near
Puu Waawaa

9 03 05 42·3 2.1 8 19°25.1' 155°16.5' Kilauea ca1dera-~-------~-----
__ e- ___ c-. _____

10 20 15 39·0 2·3 3 19°58.5' 155°20.5' 12 km WSW of Laupahoehoe------ Felt in Heno

11 00 16 34.8 2.8 3 18°50' 155°07' 47 km SSE of Apua Po~nt
___ ~c=- ___ ... ___

11 08 49 55·2 2.6 8 19°17 · 5' 154°41·8' 30 km SE of Pahoa------------- --- ..... _- ... _- .. -

12 00 08 23.4 1·5 8 19°12.2' 155°21.1' 17 km SSE of Desert seismometer ------------

12 02 36 10.0 2.8 3 19°12·9' 155°21.5' 12 km ENE of Pahala----------- Felt at Volc

12 16 30 00·5 2.4 3 19°54.2' 155°28.5' 26 kIn SE of Kamuela seismograph ------------
station.

12 23 18 34.5 2.2 --- -------- ----- .... _-- KT----------------------------- -- .. _---------

13 00 20 11.1 2·7 --- -------- --------- Kaoiki------------------------- ------------

13 02 02 32.0 2.2 5 19°11.8' 155°39.1' 16 km NW of Naalehu------------ -------------

13 20 21 31·7 3·5 3 19°13.3' 155°21.2' 13 km ENE of Paha1a------------ Felt near P
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued

...

Date Time M~gni~ Depth Epicenter Felt
(1962) tude (km) Report

h m s Lat. N. Long. w. Description
~ - -

- .

Dec. 13 20 24 5803 200 3 19°12.2' 155°21·3' 16 km SSE of Desert seismometer _e- ___ .. ___ -.

13 21 36 18.7 3·7 --- --------- --------- KM 30--------------~----~------ Felt is1and-
wide.

14 13 04 51·5 2.8 --- --._----- --_.. _- ....- Kaoiki------------------------- ------------
14 13 47 27·6 2·5 --- --------- .. - ... .- ... - ..-- KT----------------------------- ~ ____ .. __ ca_=:lt_ ...

14 23 49 47.5 2.0 8 19°07·5' 155°1800' 27 km SSE of Desert seismometer _c='e- ____ c:=-ca .. aaCZl

15 11 05 54.0 3·0 --- c. ___ ...... _ __ ~e-_ .. _ .. a:a

Kaoiki------~--~-~~~-----------
-.cw-=tc::a ... ____ e:::tc:a __

16 04 39 33·0 2·3 25 19°08.1' 155°2501' 21 kIn ENE of Naalehu-----------
,...ea _____ .. __ ~_

16 06 23 44.8 2.2 8 19°0303' 155°19.6' 28 km east of Naalehu~------~--
a.~,..____ .. _ ... _e-

16 06 47 35·9 1.8 8 19°15.5' 155°22 .. 0' 10 kIn SSE of Desert seismometer ... -.._~-------

16 08 38 37·7 2·5 <3 19°11.8' 155°19.8' 17 kIn SSE of Desert seismometer ~- ...._--- ....-..-
17 19 39 23·7 2.1 -...- ....... _- .. _- __ ~~_CII ... __

KM 30------~-------~~---------- -- .. ---- ...._..--

18 23 28 28·5 2.4 8 19°54.1' 155°10.1' 5 kIn west of Hakalau~---------- -...--~-- .._---
18 23 30 09.4 2·3 13 19°47·3' 155°33.8" 7 kIn NW of Pohakuloa~~---------

________ e- __ ..

19 04 52 57 ·5 2·3 3 19°09.5' . 155~25·7' 7 kIn SE of Pahala~~------~----- - ..... -_ .. _--- ..--

19 20 08 11.5 2.2 --- --------- ---- .. ---- Kaoiki--------------~------~-~-c:a __ ~ __ .. ca ___ ..
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Table 4o--Local earthquakes recorded by seismographs of the U080 Geological Survey,
October, November, and December, 1962--Continued

Date Time Magni- DeptLJ Epicenter Felt
(1962) tude (kIn)

/,

Report
h m s Lato N. Long. w. Description
- - -

Deco 20 05 15 50·5 2.8 8 190 47 ' 156°12' 45 km NE of Kealakekua-~--~ e:- __ a-_a.~__ eae:t ..

I

155°41.0'21 05 08 0303 2·3 3 19°12.0' 18 km NW of Naalehu----~-~~ -=-ca_e. ___ "_~CD"~

21 07 00 56.5 3·3 8 19°06.4' 155°21.8' 16 km SW of Pahala--~~-~---
~-=:Ii> __ -' __ "'_" __

21 16 20 08.0 2$8 8 20°40' 154°38' 140 km ENE of Upo1u Point-- c::D_~___ .a_ ....... e-

21 17 21 44.5 ~.6 3 19°24.1' 155°43·1' 25 km SE of Kealakekua----- .. c.~~__ .. __ ~CI ..

21 21 47 10~3 208 13 20°48' 155°25' 75 km NE of Upo1u Point----
ca ____ ~ ____ .. _

23 15 21 19.9 2.0 8 19°1908' 155°25.8' 5 km WSW of Desert ~_"-=-C8,,__ "c::D"'-=-

seismometer.

24 08 12 3°·5 200 --- ___ .. _ca_
~ ....-...._- Kaoiki-------------~~~------

_ .. _CQca .. _ ....~_ .. _

25 12 19 35·3 2·7 8 19°4008' 156°0108' 29 km NW of' Kealakekua------ ------- ... _----

26 20 24 38.5 2.6 3 19°25.2' 155°58.2' 13 kIn SW of Kealakekua------ GII .._~ .. _______ ..

27 04 59 06.4 2.8 --- _.a __ ~ ___ -.._~ ..-.... KM 30--------~--~~--~~------ .. _--_ .._--~ ... _-

'Zl 05 20 23·0 2·3 --- 1-------- --------- KM 30-----------~~---------- -..~-----~- ..---

27 12 14 18.0 2·1 --- --~ ..--_ .. .. _----_ ..- Kaoiki------------~--------- .. .. _------_ ..- ..



Table 4.-c:>Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1962--Continued '

n
e

Date Time Magni- Depth Epicenter Felt
(1962) tude (km) Report

h m s Lat. No Long. W. Description- - - \

Deco 28 01 06 10&1 401 8 19°18e5' 155°05.0' 13 km ENE of Apua Point------ Felt over
the easter
half of' th
island 0

28 03 49 36.0 3.4 8 19°14.2' 155°48.8' 33 km SSE of Kealakekua - - - - - ------------
29 14 09 38.1 3·0 8 19°08.8' 155°41.5' 14 km NW of Naalehu-------- .... -.. .-._----------

29 18 41 zr ·5 3·0 --- .. - .._..-_.. .._----- .... KM 30-------------~--------- --=--- ........ -=- .. - ..

29 18 48 25·5 2.4 --- -------- ~_ ..-.._...... KM 30---------~------------- ---- .._---_ ....

30 17 47 19·0 4.0 3 19°14.0' 155°35.8' 18 km north of Naalehu------ Felt over
half the
island.

31 06 02 03·5 3·0 <3 19°24.1 155°45.5' 21 km BE of Kealakekua-----_ Felt on the
western
half of'
the island.

31 CJ7 11 10.1 2.9 <3 19°12.0' 155°38.0' 16 km NNW of Naalehu:-------- --_ .._--~----

~



Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a lid" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in
Swnmary 25. Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenter, origin times, and focal
depths, and magnitudes reported by other institutions are taken from
"Preliminary Determination of Epicenters" published by the U.S.
Coast and Geodetic Survey.

During the quarter, no exceptionally large or disastrous quakes were
recorded from distant sources. The period was notable, however, for the
number of deeper quakes which took place. Also, both long-period and
short-period energy was recorded from U.S. atmospheric tests about
800 miles from Hawaii. Some of these were even felt or sensed in the
State; the largest (Which took place during the day and so was not
visible) alarmed manY people in Honolulu. During this quarter large
Russian nuclear tests recorded at HVO as long period barometric
pulsations on the PreSS-Ewing set at Uwekahuna]

Oct. 1, 1962

M Z iP 04:04:08.1 d
A Z iP 04:04:07.7 d
D Z eP 04:04:08.0 d
U Z iP 04:04:07.8 d
Pa Z iP 04:04:09.3 c
Na Z iP 04:04:04.4 c
Ka Z eP 04:04:11.0 d
Ha Z iP 04:04:12.9 c
Hi Z iP 04:04:10.7 c

C&GS card 78-62:
03:56:52.0
17.5° S., 178.9° w.
Fiji Islands
h about 550 km.

Oct. 1

M Z iP 10:02:24.7 c
A Z eP 10:02:25.8 d
D Z eP 10:02:25.4 d
U Z eP 10:02:25·2·d
Pa Z iP 10:02:26.3 c

. Hi Z eP 10:02:24.5 c

C&GS card 78-62:
09:53:32·9
47 .3 0 N., 151.5° E.
Kurile Islands
h about 127 kIn.

37

Oct. 6

M Z eP 04:32:37.6 c
A Z eP 04:32:37.4 c
Pa Z eP 04:32:39.0 c
Hi Z eP 04:32:42.2 d
Ha Z eP 04:32:43.4 d
U PEZ is 04:40:00

iSS 04:43:31
iR 04:46:57

U PEN eG 04:44:29

C&GS card 81-6 2:
04:23:24.1
17.4° S., 167.7° E.
New Hebrides Islands
h about 33 km
Felt: Port Vila
Magnitude 6.6 (HVO).



Oct. 6, 1962

Table 5.--Distant earthquakes--Continued

Oct. 9

C&GS card 81-62:
01:56:20.4 '
11.4° S., 167.9° E.
New Hebrides Islands
h about 33 km
Fe1t~

COOS card 84-62:
20:14:38.3
3.20 S., 148.2° E.
Bismarck Sea
h about 33 kIn
Magnitude 6.3 (Pas)

6.6 (liVO).

u

Oct. 6

u

PEZ eS
iR

FEZ eS
iR

08:12:41
08:20:16

23:48:11
23:54:51

u
u

Oct. 13

u

PEE is
PEZ iR

PEZ el~

20:32:57
20:41:33

19:10:23

C&GS card 87-62:
23:31:21·7
17.5° S., 167.6° E.
New IIebrides Islands
h about 11-2 km.

Oct. 8

COOS card 84-62:
18:47:44'.5
12.6° S., 166.6° E.
Santa Cruz Islands region
h about 33 km.

Oct. 14

C&GS card 82-62:
21:56:22.2
24.3° N., 121.7° E.
Near east coast of Formosa
h about 29 km
Magnitude 6.0 (Pas)

6.3 (Pal).

C&GS card 84-62:
00:'29: 56.0
33.4° S., 179.3° W.
Kermadec Islands region
h about 33 km.

Oct. 14

M
U

u

Z eP
PEZ iP

eR
PEN is

22:08:08.9 c
22:08:09 c
22:31:21
22:18:03

M
A
N

eP
eP
eP

00:39:41.5 c
00:39:40.6 c
00:39:41.2 c

M Z Troax 10:22:41.3
A Z Tmax 10:22:49.3
D Z Tmax 10:23:04.0
U Z Tmax 10:22:48.8
,Pa Z TInax 10:22:30.1
Ha Z rlmax 10:22:30.1
Ka Z Tmax 10:22:40.1
Hi Z Tmax 10:22:36.1



Table 5.--Distant earthquakes--Continued

C&GS card 86-62:
12:39:12.0
33.3° Nv, 137.70 E.
South of Honsu, J'apan
h about 335 km.

C&GS card 84-62:
18:02:32.9
51.6· N., 175.80 w.
Near Islands, Aleutian Islands
h about 21 km
Magnitude 5.3 (Pal).

Oct. 16

M z iP 18:09:33.5 d
A Z iP 18:09:35.1 c
D Z eP 18:09:34.3 d
U Z eP 18:09:34.4 d
Ka Z eP 18:09:21.3 c

Oct. 14, 1962--Continued

C&GS card 84-62:
09:41:09.6
38.8° N., 123.5° w.
orr coast of northern Calif.
h about 33 km.

Oct. 14

M Z Tmax 10:56:01.3
A Z Tmax 10:56:05.1
D Z Tmax 10:56:01.4
U Z Tmax 10': 55: 58.8
Pa Z Trnax 10:56:51.6
Ha Z Tmax 10:55:54.6
Ka Z Tmax 10:56:01.4
Hi Z Trnax 10:55:54.2

C&GS card 83-62:
10:14:32.,4
38.1° N., 124.00 w.
orr coast of northern Calif.
h about 33 km.

Oct. 14

Oct. 17

M
D
Na

z
z
z

iP
iP
iP

12:48:51.2 d
12:48:51.5 d
12:48:50.9 d

No C&GS preliminary listing.

M
A
U
Pa
Ha
Ka
Hi

z
z
z
z
z
z
z

Trnax 11:52:00.5
Tmax 11:52:03~O

Tmax 11:51:59.6
Trnax 11:52:46.2
Tmax 11:51:45.4
Tmax 11:51:42.7
Tmax 11:51:53.8

Oct. 18

M z iP 08:49:53.1 c
A Z eP 08:49:53.7 c

Z ePcP 08: 50: 5'6"~1
D Z iP 08:49:53.5 c

Z ePcP 08:50:53.9
U Z eP 08:49:53.8 d
Pa Z iP 08:49:55.1 d
Hi Z iP 08:49:53.6 d
Ka Z eP 08:49:48.3 d

39



Table 5.--Distant earthquakes--Continued

Oct. 18, 1962--Continued

COOS card 85-62:
08:40:55.5
46.5° N., 149.6° E.
Kuri1e Islands
h about 140 kIn.·

Oct. 18

u
u

PEZ eR
PEN

16:07:53
17:22:37

Oct. 21

M Z eP 02:13:18.2 c
Z ipP 02:13:34.9

A Z iP 02:13:18.7 c
Z ipP 02:13:35.2

U Z eP 02:13:18.2 c
Pa Z eP 02:13:24.0 c
Na Z eP 02:13:27.5 d
Hi Z eP 02:13:17.2 d
Ka Z iP 02:13:15.3 c

C&GS card 84-62:
19:49:59.2
16.20 N., 93.5° w.
Chiapas, Mexico
h about 179 kIn.

Probably due to U.S. nuclear
testing in Pacific--pressure
waves start about 17:22:37
with 64 sec. period and
amp1itude of 17 rmn.
Pressure waves "sensed" on
island of Hawaii.

C&GS card 84..62:
04:34:38109
3~4° s., l45~3° E.
Bismarck Sea
h about 36 kIn ..

C&GS card 85-62:
02:05:22.7 .
61.1° N., 149.7° W.
Vicinity Anchorage, Alaska. Felt.
h about 80 kIn.

15:45:37

05:03:29

PEZ eR

PEZ eR

u

u

Oct. 22

Oct.22

19:59:42.2 c
19:59:41.3 c
19: 59:42.2 c
19:59:41.5 c

eP
iP
eP
eP

z
z
z
z

lvl
A
D
U

Oct. 18

Oct. 19

M Z
A Z
U Z

iP
iP
eP

23:54:12.6 d
23: 54: 12 .• 4 d
23:54:12.4 d

COOS card 85-62:
15:23:32.9
49.80 N., 155.80 E.
Northern Kurile Islands
h about 19 kIn.

C&GS card 86-62:
23:42:34.9
5.7 0 s., 130.3~ E.
Banda Sea
h about 111 kIn.
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Table 5.--Distant earthquakes--Continued

Oct. 22, 1962 Oct. 27

u PEN 17:36: 57 u FEZ 17:09: 57

C&GS card 84-62:
09:06:10.1
73.4 0 N., 54.9° E.
Novuya Zemlya
h=O
Magnitude 5.3 (Pal)

Pressure waves from nuclear blast
start about 17:36:57 with period
of 80 sec. and amplitude of 2 mm.

Oct. 25

Pressure waves from nuclear blast
start about 17:09:57 with a period
of 1~0 sec. and an amplitude of
8 rnm.

Oct. 28---
M Z i1) 15:12:31.9 c
A Z iP 15:12:31.9 c
D Z eP 15:12:31.4 c
U Z iP 15:12:31.8 c
Hi Z eP 15:12:33.3 d

C&GS card 89-62:
08:31:51.8
12.5° N., 88.0° w.

C&GS card 86-62:
15: 00: 17 .0
0.1° N., 123.6° E.
Northern Celebes
h about 61 kIn.

C&GS card 86-62:
22:53:01·3
16.0° N., 93.6° w.
Chiapas, Mexico
h about 110 kIn.

Oct. 30

A Z eP 08:42:24.0 d
D Z eP 08:42:25.0 d
U Z eP 08:42:25.0 d
Hi Z eP 08:42:26.1 d
Ka Z eP 08:42:27.6 c

23:02:46.8 d
23:02:46.1 d
23:02:46.7 d
23 :02: 45 ·7 d
23:02:44.0 c

eP
iP
eP
eP
iP

z
z

z
z
z

M
A
D
U
Pa

Oct. 28

M Z eP 08:20:35.4 d
Z ipP 08:20:50.1

A Z iP 08:20:34.8 d
Z epP 08:20:48.4

D Z iP 08: 20: 35 · 5 d
Z ipP 08:20:49.8

Hi Z eP 08:20:34.0 d

M Z iP 09:46:08.9 c
A Z iP 09:46:09.0 c
D Z iP 09:46:08.2 c
U Z iP 09:46:09.0 c
Pa Z iP 09:46:10.3 c
Na Z iP 09:46:07.2 c
Ka Z iP 09:46:11.7 c
Hi Z iP 09:46:10.5 c

C&GS card 86-62:
08:10:24.5
14.0° N., 90.4° w.
Guatemala--El Salvador border
Felt: western El Salvador
h about lCf7 kIn.

C&GS card 85-62:
09:34:14.6
3.00 N., 126.7° E.
Molucca Passage
h about 33 kIn.

Oct. 27
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Table 5.--Distant earthquakes--Continued

Oct. 30--Continued Nov. l--Continued

C&GS card--Continued
orr west coast of Nicaragua
h about 80 km.

Oct. 30

C&GS card 88-62:
15:33:22.6
1.9° N., 133.0° E.
orr coast of Western New Guinea
h about 56 km.

u PEN 17:45: 58 Nov. 2

C&GS card 90-62:
14:46:39.2
10.0° S., 111.8° E.
South of Sumbawa
h about 33 kIn.

C&GS card 90-62:
22:53:34.2
43.2° S., 15.6° w.
Ofr coast of southern Chile
h about 33 km
Magnitude 5.8-6 (Pas)

5· 5 (Pal).

PEZ eR

PEZ eR 00:43:02

23:38:20

14:59:42.9 d
14: 59: 42. 7 d
14:59:42.1 d
14:59:43-2 d

eP
eP
eP
eP

z
z
z
z

u

u

M
A
D
Ka

Nov. 8

Nov. 4

C&GS card 86-62:
11:32:29.0
5.6° N., 82.6° W.
South of Panama
h about 33 km
Magnitude 6.5 (Pas)

5. 5 (Pal) ·

M Z eP 11:43:51.3 d
A Z eP 11:43:50.8 d
D Z eP 11:43:51.1 d
U Z eP 11:43:50.8 d
Pa Z eP 11:43:51.0 d
M Z Tmax 13:02:10
A Z Tmax 13:01:59
D Z Tmax 13:02:00
U Z Tmax 13:02:09
Pa Z Tmax 13:01:56
Na Z Tmax 13:01:48
Hi Z Tmax 13:02:06

Pressure waves from' nuclear blast
start at 17:45:58 with a period of
120 sec. and amplitude of 11 mm.

Oct. 31

Nov. 1

M Z
U Z

eP
eP

15:41~:50.2 d
15:44:50.0 d

C&GS card 90-62:
00:02:08.6
15.1° S., 75.6° w.
near coast of southern Peru
h about 33 kIn.
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Table 5.--Distant earthquakes--Continued

M Z iF 22:11:31.1 d
Z ipP 22:11:52.8

A Z ipP 22:11:53·1
N Z eP 22:11:29.0 d

Z epP 22:11:53·3

C&GS card 91-62:
22:14:18.7
43.2° S., 76.0° w.
orr coast of southern Chile
h about 33 kIn
Magnitude 6.5-6.8 (Pas).

Nov. 14

Nov. 10, 1962

M Z iF 01:42:34.1 d
A Z iP 01:42:35.3 d
D Z iP 01:42:34.7 d
U Z iP 01:42:34.9 d
Pa Z iP 01:42:37.0 d
Hi Z eP 01:42:34.7 d
U PEZ eR 01:57:25

C&GS card 92-62:
01:33:15·0
43.7° N., 147.1° E.
Kurile Islands region
h about 24 kIn
Magnitude 6.0 (HVO).

Nov. 11

Nov. 11

u PEZ eR 22:58:29

M Z eP 16:19:03.7 c
D Z eP 16:19:01.2 c
Pa Z iP 16:19:04.0 c
Ha Z eP 16:19:06.0 c
Hi Z eP 06:19:03.9 d
U PEZ is 06:26:32

eR 06:33:37

COOS card 92-62:
16:09:51.6
12.9° S., 166.5° E.
Santa Cruz Islands
h about 77 kIn
Felt: Port Vila
Magnitude 6-6.3 (Pas)

6.1 (HVO).

COOS card 96-62:
21:59:16.1
0.3 0 S., 123.00 E.
northern Celebes
h about 92 kIn.

Nov. 15

M Z eP 23:37:17.9 c
A Z eP 23:37:18.8 c
D Z iP 23:37:19.3 d
Pa Z iP 23:37:17.6 c
Hi Z iP 23:37:18.6 c
Ka Z eP 23:37:21.3 c
Ha Z iP 23:37:25.9 c
U PEZ eR 00:01:53

C&GS card 92-62:
21:45:20.5
48.9° N., 128.8° w.
Vancouver Island region
h about 33 km.

Nov. 11

Ha
Pa

z
z

Tmax
Tmax

22:30:02
22:30:18

COOS card 93-62:
23:25:15·1
8.7 0 S., 79.8° w.
near coast of northern Peru
h about 45 kIn
Magnitude 6 (Pas).



Table 5.--Distant earthq~akes--Continued

C&GS card 95-62:
06:52:57.8
25.1° N., 122.9° E.
Ryukyu Islands
h about 148 km.

Nov. 27--Continued

Z eP
PEZ is
PEZ iR

NoV. 16, 1962

D Z eP 07:29:28.1 c
Pa Z eP 07:29:28.2 c
U PEE is 07:38:25
U PEN iG 07:45: 57

PEN iR 07:48:13

C&GS card 93-62:
07:18:37.3
32.3° 8.;111.1° W.
Easter Island region
h about 43 km
Magnitude 6.5-6.8 (Pas)

6 (Pal)
6.6 (HVO).

Pa
Hi

Nov. 29

Hi
U

z
z

iP
iP

07:04:26.5 d
07:04:25.6 c

19:15:45.4 c
19:23:03
19:29:31

C&GS card 94-62:
14:21:30.6
2.80 N., 121.7° E.
Celebes Sea

. h about 609 km.

C&GS card 96-62:
23:05:!~7 .4
21.5° S., 119.3° W.
Fiji Islands
h about 609 km.

Nov. 23

M Z eP
A Z eP
N Z eP
Pa Z eP
Hi Z iP
Ha Z iP

Nov. 17

M
A
D

Nov. 27

M
A
D

z
z
z

z
z
z

iP
eP
eP

iP
iP
iP

14:32:53.9 d
14:32:54.1 d
14:32:53.4 d

23:13:27.7 c
23:13:26.9 c
23:13:26.9 c
23:13:28.2 d
23:13-29.8 c
23:13:32.1 d

07:04:24.8 d
0'7:04:25.5 d
01:04:24.9 d

44

C&GS card 96-62:
19:06:37.6
11.3° S., 168.5° E.
New Hebrides Islands
Felt: Port Vila and Tongoa
h about 33 km
Magnitude 6.1 (HVO).

Dec. 1

M Z iP 01:57:10.0 d
Z iPP 01:58:23.6

A Z .. iP 01:51:11.1 d
Z iPP 01:58:27.8

D Z eP 01:57:11.1 d
Z iPP 01:58:28.7

U Z eP 01:51:10.6 d
Z iPP 01:58:24.9

U PEZ eR 02:06:25

C&GS card 96-62:
01:50:20.4
52.4° N., Y70.10 W.
Fox Islands, Aleutian Islands
h about 38 km
Magnitude 5.5 (HVO).



Table 5·*, --Distant earthquakes--Continued

Dec. 1, 1962

M Z iP 04:26:15-9 d
A Z iP 04:26:15fl2 d
U Z iP 04:26:15~4 d
Pa Z iP 04: 26 :16 •5 d.
Hi Z eP 04:26:18,,4 c

Dec '. 4--Continued

C&GS ca:rd--Cont'inued
Magnitude 5-5.3 (Pal).

Dec. 7

Dec. 1

C&GS card 98-62:
21:02:51.8
17.7° s., 178.7° W'.
Fiji Islands region
h about 620 kIn.

C&GS card 100-62:
04:16:59.6
29 .r( 0 S., 177.70 'W'.
Kermadec Islands
h about 52 kIn.

C&GS ca.rd 99-62:
18:18:29.1
15.2'"' B., 173.7 '" w~

Tonga Island region
h about 33 kIn
Magnitude 6.1 (HVO).

M Z eP 14:13:03*8 d
D Z eP 14:13:03.6 d
U Z eP 14:13:04.4 c
Pa Z iP 14:13:o6 .. l c
Na Z iP 14:13:04~1 c
Hi Z i'P 14:13:05~1 c

Z ipP 14:14:37
Ka Z iP 14:13:02 .. 3 c
U PEZ iP 14:13:03 c

FEZ ipP 14:14:38
PEZ iPP 14:15:18

U PEN is 14:20:46
PEN iG 14:28:02

C&GS card 96-62:
14:03:37.0
29.2u

N~, 139~2Q E.
Bonin Islands region
h about 411 kIn
Magllitude 6.8-7 (Brk).

Dec. 8

Na Z eP 18:25:49.5 d,
Hi Z iP 18:25:54.5 d
Ka Z eP 18:25:55.4 d
Ha Z iP 18:26:00.8 c
U FEZ iP 18:25:52 d

PEZ iPP 18:27:28
PEZ eS 18:J2:14
FEZ iL 18:35:50

03:52:16

PEE eL

PEZ eR

C&GS card 101-62:
03:29:40.8
10.1° N., 103.6° w.
Ofr coast of Guerrero, Mexico
h about 33 kIne

u

M Z iP 21:10:03.9 d
A Z~ iP 21:10:03-5 d
D Z eP 21:10:02.8 d
U Z iP 21:10:03.4 d
Pa Z iP 21:10:05.2 d
Hi Z iP 21:10:06.2 c
Ka Z iP 21:10:06.0 c
Ha Zt iP 21:10:08.7 c

u

Dec. 4

Dec. 4

'~

C&GS card 99-62:
16:40:06.0
16.5° S., 172.8° w.
Samoa T~l.A.nd region
h about 33 kIn



Table 5.--Distant earthquakes--Continued

No C&GS preliminary listing.

C&GS card 99-62:
04:21:21.2
63.3° N., 149.7° W.
South ceptral Alaska.
h about 47 kIn.

C&GS card 103-62:
10:08:48·5
4.80 S., 153.8° E.
New Britain
h about 94 km.

Dec. 8, 1962

Hi Z eP 21:40:05.2 c
Z epP 21:42:14·3

Pa Z eP 21:40:06.0 c
U PEZ iP 21:40:10 c

PEZ epP 21:42:23
PEZ iPP 21:44:22
FEZ iSKS 21:49:50
FEZ j-8P 21:52:30
FEZ eSS 21:58:16
FEZ eSSS 22:01:50
FEZ iG 22:08:30

U PEN eS 21:50:51
U PEE iPS 21:53:52

PEE isSP
PEE isPS 21: 56:-18

C&GS card 99-62:
21:27:22.2
25.8° S., 63.4° w.
Salta-Santiago
Del Estero Provinces
border, Argentina
h about 620 km.

Dec. 8

M Z iP 23:01:56.1 d
D Z eP 23:01:56.7 d
U Z iP 23:01:56.6 d
Pa Z iP 23:01:57.1 d
Hi Z iP 23:01:33.2 c
Ka Z eP 23:01:49.6 d
Ha Z iP 23:01:43.2 c
U PEZ eR 13:11:06

C&GS card 99-62:
22:55:01.2
50.5° N., 176.8° w.
Andreano:f Islands,
Aleutian Islands
h about 33 km.

Dec. 10

M
D
U
Hi

Dec. 12

M
M
M
A
D

Pa
Na
Hi
Ha
U
U

Dec. 13

M
D
Hi

z
z
z
z

z

z
z
z
z
z
z
z
Z
PEE
PEZ

z
z
z

iP
iP
iP
eP

eP
epP
ePcP
eP
eP
epP
ePcP
eP
eP
eP
eP
is
eG

eP
eP
eP

05:15:53.4 c
05:15:52.9 c
05:15:53.4 c
05:15:53.9 c

10:18:20.5 c
10:18:41
10:19:03
10:18:20.5 c
10:18:19.8 c
10:18:40
10:19:02
10:18:22.3 d
10:18:16.9 d
10:18:22.2 c
10:18:37.3 c
10:26:09
10:32:55

04:29:25.0 d
04:29:26.0 d
04:29:25.6 c



Table 5.--Distant earthquakes--Continued

Dec. 17, 1962

M Z eP 11:11:54.1 c
A Z eP 11:11:54.3 c
D Z eP 11:11:53.6 c
U Z eP 11:11:54.0 c
Hi Z eP 11:11:55.4 c

C&GS card 102-62:
11:00:16.0
2.1° N., 122.9° E.
Celebes Sea
h about 393 kIn.

Dec. 18

Decc 21

M Z eP 08:49:33 d
A Z eP 08:49:35 d
D Z eP 08:49:34 d
N Z eP 08:49:34 d

ePP 08:50:45
ePP 08:50:45

Pa Z eP 08: 1.~9: 35 d
Hi Z eP 08:49:34 c
U PEZ iP 08:49:30 d

PEZ iPP 08:50.54
PEZ is 08:55:06
PE'Z eG 08: 57: 54
PEZ eR 09: 00: 51~

C&GS card 104-62:
10:33:58.4
28.3° S., 178.2° w.
Kermadec Islands
h about 214 kIn.

M
A
Pa

z
z
z

eP
eP
iP

10:42:50.3 d
10:42:49.,8 d
10:42:51.5 d

C&GS card 102-62:
08:42:48.1
52.4° N., 168.5° w.
Fox Islands, Aleutian Islands
h about 33 ¥JD.
Magnitude 6.3 (Brk)

6. 5 (Pas)
6.8 (Pal)
6.8 (HVO).

Dec. 21

,~

Dec. 20----
M Z iP 08:55:27.2 d
A Z eP 08:55:26,.7 d
D Z eP 08:55:26.2 d
U Z eP 08: 55: 27.0 d
Pa Z eP 08:55:28.4 c
Hi Z eP 08:55:30.1 d
Ha Z iP 08: 55:31.8 d

C&GS card 105-62:
08:47:23.3
23.4° B., 179.3° E.
Fiji Islands region
h about 512 kIn.

M Z iP 09:07:26.3 c
A Z iP C~9:07:27 ·3 c

Z ePP 09:08:41
D Z eP 09:07:28 c
I~ Z iP 09:07:26.4 c

C&GS card 102-62:
09: 00: 41. t~

52.4 0 N., 168.5° w.
Fox Islands, Aleutian Islands
h about 33 km.

Dec. 21

M Z eP 09:16:46 c
A Z eP 09:16:49 c

Z ePP 09: 17: 58
D ~. eP 09:16:49 c

Z ePP 09: 17: 58
N Z eP 09:16:48 c
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Table 5.--Distant earthquakes--Continued

Dec. 21, 1962--Continued

C&GS card 102-62:
09:10:01.6
52.5° N., 168.5° w.
Fox Islands, Aleutian Islands
h about 33 kIn.

Dec. 21

M Z iP 09:42:58.7 d
A Z iP 09:42:59.9 c
D Z iP 09:42:59.1 d
N Z iP 09:42:59.5 c
Pa Z iP 09:43:00.2 d
Na Z eP 09:43:00.5 d
Hi Z . iP 09:43:00.0 d

C&GS card ]04-62:
09:33:15.5
42.4° N., 142.3° E.
Near south coast of
Hokkaido, Japan
h about 27 knl.

Dec. 22

M Z iP 01:01:40.4 c
D Z iP 01:01:40.5 c
U Z iP 01:01:40.6 c
Hi Z iP 01:01:44.5 c
U PEZ is 01: 09: 19

iSS 01:13:07
iR 01:17:09

C&GS card 106-62:
00:52:23.4
22.0° S., 170.1° E.
Loyalty Island region
h about 33 kIn
Magnitude 6.5-6.8 (Pas)

6.2 (liVO)

Dec. 26

Dec. 26

Dec. 22--Continued

C&GS card 102-62:
15:20:31.0
52.5° N., 168.8° w.
Fox Islands, Aleutian Islands
h about 47 kIn
Magnitude 6.3 (Pas)

6.4 (liVO).

23:54:21.0 c
23:54:22.2 c
23:54:21.7 c
23:54:21.5 d
23:54:13.9 c
23:54:15.2 c
23:54:21.5 c
23:54:22.7 c

22:33:22.3 c
22:33:23.6 c
22:33:23.5 c
22:33:23.0 c
22:33:23.1 c
22:33:24.3 c
22:33:22.1 c
22:33:17.9 c
22:33:11.5 c
22:33:22
22:45:18
22:40:06
22:43:22

Z eP
Z eP
Z eP
Z iP
Z eP
Z eP
Z eP
Z eP
Z iP
PEZ iP
PEZ iR

U PEN is
U PEE iG

C&GS card 104-62:
22:25:15·5
53.9° N., 168.7° E.
Komandorskie Islands
h about 33 kIn
Magnitude 6.5 (Pas)

6.4 (liVO)

M Z iP
A Z eP
D Z iP
U Z eP
Ha Z iP
Ka Z iP
Hi Z iP
Na Z eP

C&GS card 104-62:
23:46:14.7
54.0° N., 168.8° E.
Kormandorskie Islands
h about 33 kIn.

M
A
D
U
Pa
Na
Hi
Ka
Ha
U

iP 15:27:16.8 c
iP 15:27:17.6 c
iP 15:27:18.1 c
eP 15:27:16.9 c
iP 15:27:17.3 c
iPP 15:28:28.5
eP 15:27:19.0 d
eP 15:27:13.6 c
is 15:32;52
eR ' 15:35:40

Na Z
Hi Z
U PEZ

Dec. 22

M Z
A Z
D Z
U Z
Pa Z
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Dec. 29, 1962

Table 5.--Distant earthquakes--Continued

Dec. 29--Continued

C&GS card 104-62:
04:12:09.0
2.4° N., 127.1° E.
Halmahera region
h about 33 kIn.

M
A
D
U
H~

Dec. 29

z
z
z
z
z

iP
eP
eP
iP
iP

04:24:04.7 d
04:24:04.6 c
04:24:04.1 c
04:24:04.6 c
04:24:06.0 d

C&GS card 106-62:
14:47:41.4
31.2° S., 177.9° w.
Kermadec Island region
h ~bout 43 kIn
Magnitude 6-6.3 (Pas) ·

u

M
A
D
U
Pa
Na
Hi
Ha

PEZ eS
PEZ eR
Z TInax
Z TInax
Z TInax
Z Tmax
Z TInax
Z TInax
Z Troax
Z TInax

11:06:25
11:23:13
12:36:38
12:36:25
12:36:28
12:36:39
12:36:03
12:36:41
12:36:22
12:38:02

C&GS card 104-62:
10:41:04.1
20.0° B., 69.9° w.
northern Chile
Felt: Arequipa, Peru
h about 46 kIn
Magnitude 6.8 (Pas)

6.5 (Brk)
6 (Pal).

Dec. 29

, l~ Z eP 14:57:11_5 c
A Z eP 14:57:11.7 c
N Z eP 14:57:11.7 c
U PEN eS 15:04:57
U PEZ eR 15:14:57



During this last quarter of 1962 ttfelt" reports were received from
the following people to whom we express our continued mahalo:

,.

North Hawaii

Dr. Tabrah
Mr. Godfrey

Kilauea Summit Region

Miss English
Mr. Cruz
Mrs. Hansen
Mrs. Mist
Mrs. Fraser
Mr. Ferry
Mr. Soriano
Mr. English
Mr. Moriwaki
Mr. Walter
Mr. Yamamoto
Mr. Ayres
Mr. Lake
Mrs. Yong
Mr. Moore
Mr. Loucks

Central Hawaii

Mr. Greenwell
Mrs. Lindsey
Mr. Eklund
Hawaii Prep. Academy students
Kulani Honor Camp

Kau District

Mrs. Billings
Mrs. Schattauer
Naalehu Police
Mr. Thompson

Hilo Region

Mrs. Bryan
Mr. Paiva
Mr. Ho
Mrs. Baldwin
Mrs. Brayton
Mrs. Schaffer
Mrs. Pacheco
Mr. Okamura
Mrs·. Ingledue

Puna

Mr. Isbell
Mr. Warner
Mr. Williamson
Mrs. Kimura
Mr. R. Ho
Mr. Thompson
Mr. Green
Mrs.~ Hoopai
Mr. Schattauer
Mr. Edwards
Mr. Albright

Kona Coast

Miss Greenwell
Mrs. Conley
Miss WalJace
Mr~ McKinkle
Mr. Johnson
Mrs. Hahn
Mr. Glass

Northwest Coast

Mr. McKay
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Publications of special interest and

HVO numbered contributions, 1962

Decker, R. W., 1962, Magnetic studies o~ Kilauea Iki lava lake, Hawaii
[absQ]: Internat. Symposium on Volcanology, May 1962, Science
Council of Japan.

:1963, Volcanoes and geophysical lineaments [abs.]: Am. Geophys.
---U-n-i-on Trans., v. 44, no. 1, p. 114.

Doell, R. R., and Cox, A., 1963, The accura~y of the Paleomagnetic method
as evaluated from historic Hawaiian lava flows~ Jo~o Geophys.
Research, v. 68, no. 7, p. 1997-2009.

Eaton, J. P., 1962, Crustal structure and volcanism in Hawaii, in Crust
of the Pacific Basin: Geophys. Mon. 6, p. 13-290 (HVO Contr~ 179.)

Eaton, J. P., and Wentworth, C. K., 1962, The Hawaiian Volcano Observatory,
in Thrum's Annual l'All about Hawaii" (196~ ed.): p. 35-44.

Moore, J. G., and Richter, D. H., 1962, Lava tree molds of September
1961 eruption, Kilauea Volcano, Hawaii~ Geol. Soc. America Bull.,
v. 73, no. 9, p. 1153-1158. (HVO Contr. 178.)

1962, The 1961 flank eruption of Kilauea Volcano, Hawaii [abs.]:
---Am-.-Geophys. Union Trans., v. 43, no.. 4, p. 446 0

Pollard, D. D., and Eaton, J. P., 1963, Crustal structure of the Island
of Hawaii [abs.]: Seismol. SOCo America 59th Ann. Mtg., Berkeley,
April 8-10, 1963, program.

Richter, D. H., Moore, J. G., and Haugen, R. T., 1962, Recent growth
of Halemaumau, Kilaue~ Volcano, Hawaii, in Short papers in geology,
hydrology', and topography: U«;S v Geol Survey Prof. Paper 450-B,
po B53-B5f.). (H\?{} Cantr. 17~·.) :

u.S. Coast and Geodeti.c Survey, 1962, Hawaiian Islands, in United States
earthquakes, 1960: Washington, p. 32-34.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      
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Chronological summary

Following its small, sharp subsidence during the December 1962
Aloi eruption, the summit region of Kilauea promptly resumed the
cycle of swelling that began in the sunnneI',of 1960. A moderate rate
of inflation during the first quarter of 1963 is indicated by the
average rate of outward tilting at the inner ring of tilt bases
(Uwe, 'I'M, Kea, and Kam), which was 11 microradians per month between
December 18, 1962, and March 18, 1963. As was true throughout 1962,
tilting at Kamokukolau was more rapid than at any other base during this'
interval.

The average daily count of shallow Kilauea' caldera earthquakes
diminished from 113 during the first half of Janu~ry, to 62 during
the second half, and to 50 during the first half of February. A
moderate resurgence of these earthquakes during the second half of
February sent the average daily count to 138. The level of this
activity remained moderately high throughout March, with an average of
92 per day~

The frequency of earthquakes from the southwest rift zone of
Kilauea and the nearby Kaoiki fault system rose from an average of 6
per d~ during January to 15 per day during February and March.

The number of earthquakes from the upper part of the east rift
zone of Kilauea (near Alai crater) also increased during the quarter,
from a -total of 20 in January, to 49 in February, and to 92 in March.
These quakes were particularly frequent late in March, when 83 occurred
between the 19th and 27th 0

Deep tremor was' quite prominent during the quarter with totals of
82 minutes during January, 75 minutes during February, and 119 minutes
during March.

Excluding January 8 and 9, the frequency of earthquakes from the
source about 30 kIn beneath Ha1emaumau was about 5 per day during the
entire quarter. A flurry of activity from this source on January 8
and 9, however, produced 154 earthquakes. Four of these were felt
(table 4, p. 14 and 15).

The first of these earthquakes--which occurred on January 8,
at 09h39m44. 98 , magnitude 4.3, was the largest earthquake in Hawaii
during January and was felt -throughout Hawaii and on Maui and Oahu.

The lower part of Kilauea's east rift zone near Pahoa was the
source of occasional earthquakes throughout the quarter and of a
mild swarm of 55 earthquakes during the first week in March. Five
earthquakes from this region were felt in Pahoa (table 4, p. 16) 17) and 18).

The largest earthquake in the Hawaiian region during February was
not felt. It originated 83 kIn west of Keahole Point at 09hOsm on the
17th and had a magnitude of 4.1.



During March, 6 earthquakes in the Hawaiian Islands had. magnitudes
of 3.5 or greater (t~ble 4, p. 18 and 19).

The largest earthquake in March, with a magnitude of 4.5, originated
14 km southeast of Waikii at a depth of about 13 km at 22h3~ on the 24th.
It was felt over all of the island of Hawaii and on Maui.

A very interesting earthquake was felt throughout Maui at 07hl~
on March 25. It had. a magnitude of 3.9 and originated 35 km beneath
Haleakala National Park headquarters. There were neither foreshocks
nor aftershocks~

other earthquakes felt during the quarter are listed in table 4.
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EXPLANATION
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Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local ,earthqtmkes are given in terms
of geographic coordinates, which are indicated at the edges of
the map.
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Tilting of the ground around Kilauea caldera.-.-Tilting of the
ground around the summit of Kilaue~ is monitored daily by a short~base

water-tube tiltmeter in Uwekahuna Vault (table 1), and at irregular
intervals ~.t is measured on a regional scale by means of a network of
field. tilt bases and a portable water... tube tiltmeter (table 2) 0 The
attitude of the grotmd surface at each tilt base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at
that station were begun~ Increasing tilt coordinates correspond to
northward anCi eastward tilting of the earth's surface, i. eo, to a
relative subsidence toward the north and east 0 A one....unit change
in coordinate cooresponds to a tilting of 1 microradian (1 :mm. per kIn)
in the direction indicated 0

4



Table l.--Tilt coordinates Uwekahuna Vault, January,

February, and March, 1963

v-

Date N-S E-W Date N-S E-W

Jan. 6 4·60 492 Mar~ 3 470 486

13 465 492 10 476 482

20 467 490 17 485 482

27 467 490 24 488 482

Feb. 3 467 . 490 31 489 483

10 468 491

17 470 487

24 469 488

5



Table 2. --Tilt coordinates and changes at bases around Kilauea caldera,

1st Quarter, 1963 (see fig. 2)

Rate (10-6 rad/ma)

Tilt base Date Tilt coordinates and direction of Date

(location) (1963 ) tilting since last reading
N-S E-~l last reading (1962 )

,

Uwekahuna Mar. 20 471.2 481.2 11.6 N. 28.5° W~· Dec. 10
(19°25~5' N., 155°17.4' w.)

Tree Molds Mar. 19 44807 511.0 4.0 N. 6.9 0 w. Dec. 12
(19°26 ~ 3 'N., 155°17.3' w. )

Sand Spit Mar. 21 938.5 7Cf7 G 5 13-9 N. 6.0 0
E. Dec. 12

(19°24.1' N., 1550 16 .8 f W.)

Kalihipaa Mar. 18 56805 428.3 2 .. 6 Sqt 33.0° E. Dec. 11
(19°21.4' N., 155°15~3' We)

Keamoku Mar. 18 49405 577.6 10~7 N. 54$10 We Dec. 11
(19°25.1' N., 155°19·0' w~ )

Ahua Kamokukolau Mar. 19 599·3 539·3 l8c5 s~ 16~7 0 E. Dec. 10
(19 0 22&7' N., 155°16.6' w.)

Kipuka Nene Mar. 15 507·1 496·7 1.1 s. 5° E8 Dec. 13
(19°19.4' W~, l55°16~7' W~)

Hilina Pali Mar. 13 509.6 497.4 0.6 So 27.6° E. Oct~ 24
(19°18.2' N., 155°18~6' We)

Kapapala Ranch Mar. 14 49704 505.0 0.1 Se 27°' Ee Dec. 19
(19°20.5' N., 155°23.8' w.)
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Figure 2.--Tilting of the ground around Kilauea caldera. The vector
depicting tilting at a given base points in the direction of
maximum relative subsidence and has a length proportional to the
rate of tilting during the measurement interval.
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Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 kIn of at least one seismograph, and distant earthquakes
orig~nating more than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismograp'hsin Hawaii are listed in table 3. The earthquakes
are separated into groups on the basis of region of origin as determined
primarily by analysis of records obtained daily at the Observatory
(U, M, A, D, N). Earthquakes of magnitude 205 or greater are generally
sufficiently well recorded to ~e located with greater precision; they are
listed individually in table 4. Data on identifiable phases from distant
earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1.
Essential data on the stations are given in table 6..
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Table 3~--Numbers of earthquakes and minutes of tremor recorded on

. seismographs UJ MJ AJ DJ and N around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the ~u.mmi.t reg1on~ Unless otherwise stated, tremor is presumed to
be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of' the Kaoiki
fault system; earthquakes along the eastern half of Kilauea's east rift zone (rrom the Pahoa
seismograph); earthquakes from a source about 30 kIn beneath Halemaumau; earthquakes from the
upper east rift zone and the adjacent fault sy~tems on Kilauea's south flank, and earthquakes
from other regions: Kana, Mauna Kea, etc.

Tremor
Date (in ~inutes) Earthquakes

(1963 ) .\
I

Hale- SW. rift Eastern Hale- Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides Caldera Kaoiki rift 30 kIn Trail

Jan. 1 -~ .._.. --- .._-- -----_.- ----"..- 105 9 -...~--- 2 3 1 South Point
2 Zl .. __ .. _w.- ..

-----~~-
_ .... ec ... __ 110 12 _ .. tIID ___ 1 1 ------ .._-------

3 ..._- .... ..------ -_ ....--- _... -- ..- 115 3 ------ 3 ...._--- -_ .._-----------~
4 --- ..- - .. -.. - ..... ___ -.c ____ -- ..... -- 110 3 ---- .. _- 2 ---- .. .., 1 South Point
5 _.._-- ..------- -------- .._----- 110 4 ------- 5 .._---- 1 Mauna Kea
6 3 ~ .. ----.. .., ...._--- ..- .. - .... 127 7 .. .._--- 4 ------- --_ .... ----------
7

_____ .-r- .. _---- ..- 7 ---- .... 75 3 ~.., .._-.., 6 .. ---- ... - ---~._--..,-----~-

8 -..,-_.-> ., ... _--_ ..- .. ~ ..-.. ~ .. --~_ ...- 82 6 -~_ ... _- 112 2 1 Kana
9 _... ~ ..- .... _--- ..- .._... -_ .. - 1 160 4 .._-~ .... 42 1 1 Mauna Kea

10 --_ .. - eD .. ,.. .. ____

~------ -_ .. --- 115 5
_~ __ -.:t_

5 ------- .._-------- ..._-~ ..
11 24 8) _______ ..---_..... ............ - 80 ·5 1 2 1 1 Kona
12 _..--- -..~--- .. .. ------ -_ .. _-- 110 8 --_ ... _..- ·5 1 1 .Apua Pt.
13 .... --- --------- _..---_ .. ----- .. 107 5 _.. ~ .. ~- 2 ~ .... _-- 1 Kana
14 ----~

_.._- ..-- _...--- .... ...... --- 170 5 .._-~ ..- 4 10 -.tIIII5 .. _____________



Table 3 e --Nwnbers of earthquakes and minutes of tremor recorded on
seismographs U, M, A, D, and N around Kilauea caldera-=-Continued

Tremor
(in minutes) Earthquakes

Date
(1963 )

Hale- SW. rift Eastern Hale- Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides caldera Kaoiki rift 30 kIn Trail

Jan. 15 _ .. __ .m -.., .._-- .. -~_ .. _- 1 89 5 _tm __ .... 2 ------ --------------
16 Instruments turned off--extreme weather
17 --_ ... - ..~-_ .. _- -~_ ..-- ----_ ...... 66 5 .. ..,..,--- 2 ------- ------~-------
18 ----- --~..--- .e ____ .. -------- 50 5 --_ ...... 4 --_ ... _- 1 Kona

.- 1 Kohala
19 --_.-- .. -----.., _.-_ ....-

-----~_ .. 40 6 ..---~- 5 -----_ .. -.c. _____________

20 ----- 4 ~_ ..--- - ...--_ .... - 61 6 ------- .. 5 ----_ ... 2 Puako
21 ----- 1 ~-._ .._- ------- 50 5 ----~ .. 4 .._---~ 1 Kona
22 10 ------- ~-_.....- .m __ .. _.-~ 75 14 ------ 2 _ ... .-m ___

-------------~
23 --- ..- -..---~- -.:. __ ...~- 3 66 7 1 6 -:11_---- -=------ .. ~ .. -----
24 -._--- ~-_ .. ~--., _ar>_ ....... 1 52 7 ------- 3 ~---_ ..

~--------------
25 28 40 ... -=a...,wm .. '" 3 60 4 .._--~~ 1 ~----- -------------~26 ..---- ~~---=-..- ..,~ ...-..- 2 90 10 ---..,-~.. 5 ~----- ------ ..------~
Z7 ----- ... - _-.t ___ .. __ 7 100 13 .,--~- .. -=- 10 ---_ .. ~ ... _---_ .. -.-:»---- ...
28 ----~

~ ..~-_ ..-
~----- 1 47 9 -----~ 4 ------- 1 Kona

29 ...._-- ---- .... - --_ ..--- 2 49 6 ------ 3 ... ____ -..-=a
... _-- .. _--------

30 _.cr~_ ... .- .. __ .-_~

____ e.t __ ..- ..... - .. - 45 7 ------ 7 1. 1 Kana
31 Poor records--extreme weather

Feb. 1 ---~-
.._~ .._- ..

..,-~--- ------- 30 15 _eD"'~__ 3 ------ -------- .. - ...... -
2 .._.... -

~------ ----.- .. --_ .. _--- 58 17 ----- .. 6 ---~.,- 3 Kana
3 ----- .. __ ... ~ .. .a

----~-
-._----- ... 69 27 - ___ 4lID __ 5 1 2 Kana

4 c=- .... ~ .. _..-- ... _-.., ~___ -.D" ________ tIID 26 31 '-alla~_ .. c.I 6 .._-- .... 1 Kahala
5 _ .... IE)_

__ ~ .. _ .. e- _
_-=a~~_"

-~----- 40 23 __ -=- __ 8110

3 _.-::t-m_-=t _ 1 Kana
1 Koha1a

6 ------- 4 aD~ __ ..,_
.ac-._~__ ., 28 18 ~-="'~~..,- 10 1 5 Kona

7 "t.WI~_'"
"'''' __ -.s-=,~ ~-=t"c..~.., 1 35 25 c:::aCZIICKII~~aa 9 13 ~----~~-------

8 --_ .. ., c.~_ ... _..c., ... CG __ -=-_ I-t---_.. - 55 22 1I8:I __ CCl~1I:I 11 a.~ __ ~..:J 2 Kona
9 QCltCZ)"~C»

.a_~-.a_ .._
"'c:m_~"_ 1 60 36 a»e- ___ ca., 7 5 -=-_~_e.:t~ ____ ~ ... _ ...



Table 3~--Numbers of earthquakes and minutes of tremor recorded on
seismographs U, M, A, D, and N around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963)

rift EasternHale- SW~ Hale- Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep mediate Shallow slides caldera Kaoiki rift 30 km Trail

Feb. 10 ~--~~
~ ..~-_ .... ------- ----_ .. 50 18 -_....~- 4 .. - ...._-

-------------~--
11 4 ..------ .. -:t ______ ------ 53 13 _.c ____ 2 --- ....- 3 Kona
12 ___ ... .-P

________ .a _..-----~ ---_ ..- 74 7 .._--~- -- ..--- ------ 1 Kana
13 ----- --- -._-- ..... _-., ..- ..- ------- 34 7 ------ 2 .. _--=--- 1 Kana
14 ---_ .. _ .. _.a .... _ ..-------- ------- 40 6 - ..---- 2 ~----- ----------------
15 29 -~-_ .._- ------- 1 80 10 1 3 ------ ------ .. _-----.,----
16 29 _..------- .._---,.,~ -------- 240 11 -- ..._-- 3 1 1 Maui
17 ----- --_..- ...- ------- .. --=-_-. 350 10 ------ 3 ----- .. 1 Kana
18 -. .. _-- ------_ .. - __ .m..- __ -" ----_ .. 300 12 1 13 __ .. .m. __ 4 Kana
19 _........

-~--- .... 4ID _____ ~

------ 60 15 ------ 12 _.. --~- 1 Kona
20 13 ... ____ ..,,_.:a ..-_.. ~ ..- ------ .. 100 16 ..a_~_~-.t 7 1 1 Kona
21 ---- .. -.--~..,~~ -=-..,-~--- ------- 100 8 ------ 3 .. _----- -- ___ ~~~__ ... __ -oae..,

22 - .. - ..... --~~-.~- -.------ ~ .. - .. -=:I~ 45 5 ----~~ 5 ___ .c. __ -------------------
23 ----- .._--~-- 3 -- ... ~-., 70 15 --_ .. _- 7 1 ----------------
24 ... _--- ----..,--- -----~-

_.... --- 120 20 ------ 5 ---.,---
~-~-~-----------

25 ,-.---- 4 ------- ------ 115 14 ------- 1 1 1 Kana
26 ----- -_ ..~-_ .. _.._---- ------- 150 15 1 2 ___ aIIE' ___ ----------------
'27 _... _...-

-=- .. ----- ..,~---_.. - .. - ..... - 80 15 .._---- 3 18 1 Kohala
28 ..,~W:t__ ....---_ .. _.a ______ _.._--- 65 17 1 1 7 1 Kona



Table 3~-~Numbers of eart.hqua~s ~d minut~s. of ~r~mor recorded on
seismo.graphs U j M.~. & .D, and N around Kilauea caldera==Continued

.QIIIo:.:r~ --...:

Tremor
(in minutes) Earthquakes

Date
(1963 ) t

Hale- SW, rift Eastern Hale~ Kala-
Inter- maumau Kilauea and East maumau pana Others

Deep. mediate Shallow, slides caldera Kaoiki rift 30 kIn Trail

Mar~. 1 ~-_ ..- ___'~_"'-.e
'IIlIIt""~"3IIIIE _ ------ 50 12 --'_ .... __ CIIIIt" 2 c=lC>l= ___

S:lQIg liK'- c:..-e:::::t __ ~ CQ.lcr 62·_ ~ __~

2 ~.......... _.-.a .. ..,~ ..
~~---- ------ 70 17 2 2 QGco __ -

e:::t;::::,;. ... _~r..3l21a=-aal:'~~____ ..

3 ..... ~--.g --~ .._.. '-:t:Ila".a-._ ------ 65 11 9 .... ~ .._~ Clc::8e:;, ... __
~c.::J_ .. c:a"'''_IlID.-a-=-=- ____

4 _..........- ___ a:a .. _ --- .._~- ----~- 166 12 8 3 1 4 Kona
5 _.... --- ~~-~_.- ,z::a"'_6a~~ ----- ......- 100 13 12 3

_c:a ____
1 Mauna Kea

6 ~~'3D_"
~-~---

-.co~ ... " __ -_ .. ---- 80 14 21 1
e::tc:::lc:a ___

~-=_"___ "WIEi"''''''-== __ '''

7 ~1K_"'"

.... ~ .. c.- __ _..... ~- .. ------ 120 20 3 2 .-E:a .. __ ~ 1 Maui
8 .. _C8D ..... ___ ..-,-.em

~ ..~~ ...- _-e-.. _ .. _ 100 7 ---_.... ~ ~_~.-_cz:

e:-aa ___ ~ __ .... _ .. __ aIII'~ ___ ~ ____ ..

9 ----~
.... __ ... _tI& 3 ----.... 70 16 --- ........ 2 1'. ~ ... __ ... _ 1 Maui

10 -~~---- 25 --~-- .. ------- 60 15 4 6 ~~ ..~~- 1 Kana
11 ...~~~- -,...-- ...- 2 ~.-. ... --- 80 30 _e.-..-_,-_ 2 3 1 Mauna Kea
12 -... -~- ... ------ ------ -~-- ..- 80 22 1 ------- .... .- __ .. 1 Kona

1 Mauna Kea
13 40 ------ -- ...._-- .-_~ .. _~ 90 Zl ~-_ .. _-= 3

c.r _______

3 Kona
1 Mauna Kea

14 _ ... ~cw; ....

aa: ________ .. a. ____

-~--..- 75 6 RI' .... __ ~ 9 __ c:e_":'- -.. _- ...-----~---~~

15 "8';l!=t::8_

.. ___ ~tIC

~--- .... ..,- _ ... _~e-~ 100 17 1 3 1
a::.~._: ______ .. ______

16 15 ... _.. _.....
-.;-~"2a~~~

:.t_ ... ~-.:_ 90 20 1 7 1 1 Kona
17 ..._s::»_..,. ~"qIIf.~-.:"-=- --=------- 1 75 20 ~--- .. - 1

.-.~CIWII ___

2 Kona
18 59 .... "ce ... ~_ ~ .. W)ar. ... -. J»CI:ll4lC"CIID~ca 79 32 ca'_el:J"'~'" 6 1 3 Kona

2 Mauna Kea
19 C:O~ ___

_~SlDe:ra .... _
Cit~:-""'_ -.c..,\lK.c;c: ...... 76 18 c:::J cr:.- CZ't =- #".ac 5 5 .. :.. .. _~mI'_~ __ ~e_t> ___ e:_

20 ~-= ~CI;.I'" .;m~K:JC:O~-=- -=t:"'CZc=-~_.. c::a_e-DCIE'1-"C:::W 96 15 C~c-.::J C3t CZt ae c:- 12 40 2 Kona
21 __ «:" cc e.-, I'"'-~

~-.J.;IiiiI!r"OCI'''
__ CillDc:::Il--'''", _CG .. ec;.~_ 90 15 CS'c=c:ae=_-=- 10 1 1 Kana

22 ~.,'=='~-= ~~ca.c::= .. -= _~e:-CI:"~-= 8111C ...... a;_C!:I 90 10 c:. e:t c= SIt c;.-= 7 3 2 Kona
J Mauna Loa



Table 3~~~Numbers of earthquakes and minutes of tremor recorded on
seismographs U, M1 A, D, and N around Kilauea calderaG:l-Continued

Tremor
(in minutes) Earthquakes

Date
(1963)

HaJ-e- sw. rift Eastern Hale- Kala-
Interc:> maumau Kilauea and East pana Others

Deep mediate Shallow slides caldera Kaoiki rift 30 km Trail

Mar. 23 C::Oc:c_c:la:o .... ""'a.JaDClCCD_ CDC:::=_CWC=~ G:le-~_GIDCDca:I 80 16 ____ e:::tc:::> 10 c::::r CDi DD c=- CD c::I ~~~~~~~~~~-~~~~~~

24 3· ... COCID_"'cmCD c:aCD .....~_
CD GIl ~"c.- "'.K:I 115 11 _~a._.. a. 6 10 1 Pohakuloa

1 Maui
25 -=~ .. c= ..... CDGI'cgC'CCics:::aca a:;J _.,c..ca2c-. ~ .. _tlDc:Da::Ic::. 176 28 1 9 16 ~~~~~~~~~~~~~~-~-

26 _ec"'c:DCDC:::> 19 CD ... C1Dc:.~_ eatCD .. c::a-=t~_ 120 8 2 5 c:=,;:::><D __ ....

~~~~~-~~~~~~--~~-

zr 12 ~c:=- __ e::-c::aa. .. cza_ ...... 5 153 19 ...._-_ .. 5 9 3 Kona
1 Mauna Kea

28
ca _____

_ .. a--=a .. a:::tCD
........ a=- __ c. __ ... _ ... _ 100 9 ..~ .. ~_c=- 4 c=tcecst_ca_ 1 Mauna Kea

29 _c:::J ..... ~CD COiClC~_c..~.. -=:tCD" _., .. ------- 120 8 ------- 1 1 ~~~~-~~-~--~~~~~~

30 .. ca-.a_caGD CD8a~CEI_"'ca

_c:-. __ .... _
2 100 7 "CD __ c.C. e-asa_-=-r::.-.:t

C2cm ___ ~

~~~-~~~-~-~~~--~~

31 ., .. c::.-=tc.._ "'e-Dl ... -.a.alCll
ca~_aa_.. ------- 3 3 2 4 c..CEte- ____ 1 Mauna Kea



Table 40 _....Local earthquakes recorded by seismographs of the U0 S ~ Geological Survey,

January, February, and March, 1963

[Except for smaller earthquakes of special interest, only earthquakes with magnitudes of 205 or
greater are listed c> Origin time is Hawaiian standard 0

In the folloWing list some origin times are followed only by "KM 30" and a statement of magnitudeo
These are all members of a continuing family of quakes noted also in other Summaries 0 The best
mean focus for this group is beneath Halemaumau at a depth of 30 kIn (19°24,,1' No, 155°1701' Wo).

Origin times of members of a second persistent sequence of earthquakes are followed by "KT"
(Kalapana Trail) 0 These earthquakes originate at very shallow depths in a remote region along
the Kalapana Trail west of Kalapana, and they generally are not felt ~ Seismograms of these
earthquakes are poorly recorded and difficult to interpret; so only an approximate ·epicenter,
19°20' No, 155°05' Wo, can be assigned to them 0

The mean focus of the magnitude 6.1 Kaoiki fault system earthquake of June 27 and its aftershocks
is 19°24' No, 155°25' W., at a depth of 3 to 8 kIno This focus has been abbreviated "Kaoikio"

Since the flank eruption near Alai Crater (SUImllary 28) numerous earthquakes have been recorded
from the Aloi region and the Koae fault system southwest of Alo-i 0 These are described as

f-J "upper east rift If earthquakes in this table]
+:-

Date Time Magni co Depth_ Epicenter Felt
(1963 ) tude .~(S}~) Report

h m s Lat. N. Long. W" \ Description- - -

Jan 0 2 03 41 54.4 2·5 8 19°11.2' 155°3709 t 15 kIn NNW of NaalehuIl::>C02 .... -- ~~~~--~------~~-~~

2 08 03 0004 2·9 3 19°13.8' 155°35.2' 19 kIn north of Naalehuc.-- ~--~----~~~--~~~~

5 17 33 57.2 202 --- ~ .. a._ .. _ ..-_ _*=' __ t:lDa:-CDlliKO~ Kaoiki~~~~-~-~~~-~~~~~~~-~~--~-~-~~~~~-~-~

5 22 27 59.4 2,,2 3 19°4808' 155°20.2' 28 kIn WNW of Hilo~-c=t_CDco_-'
-~-~~~~~~-~--~--~

8 ar 56 oo~6 205 ectCD_ CQCUeo~ __ CII~'" C'!IlIc=t ....... c:=-..-ac:4-c::::. KM 30~~~-~~~-~~~~~~~~~~-- ~~~-~~-~~~~--~~--

8 09 39 4409 4~3
_coo a::>

e::::tcac::a;'le;.,Ct8a:»~cc;) CO-=-a.cao ... c:aCIDCi:Jc:.;:, EM 30~~~~~~=~~~~c=~~~~~~-~ Felt island-wide,
Maui and Oahu.

8 09 46 2503 2.4 CD ~c.. r;-. _c:-.ce~..,·_c::::a..
... lIIQ __ = .... _~c::D KM 30~~~ ....~~~-=~~=~~~~~~~- ~-~--~-~~-~--~~-~

8 09 48 44eO 202 CD_ ..... .. c.-c.- .... __ e;, ., .. t:.t .. _ .... ce::tc::::a KM 30~=~~~~~-~=~~~~~~~~~~ ~~~~~~~~~~--~~~~~

8 09 49 2501 2·3 ~_ .... ..._ ...... ~ .._- ca.c .. ___ -aa~_QCII KM 30=~,,-~~~--~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

8 CY9 50 49.2 2.4 ~"".-:o
...... __ C::OCl»aa_

... .aaD~.. ~c:z:tc::D:~ KM 30~~- ..~~~~~=~~~~~=~~~- -~~~~~~~~~~~~~~~~

8 10 02 08~5 201 -..... CDc.-aDa-~ .. _e::t ~_.c.""'''G::»CDC::=- KM 30c::o~~~~~~~~~~~~~~~~~ .. - ~~~~~~~~~~~~~~~~~



Table 4o ....-Local earthquakes recorded by seismographs of the U.S. Geological Survey,
" January, February I and March, 1963 --Continued

i

aalehu

Date Time Magni- Depth Epicenter Felt
tude (kIn) Report(1963 ) h', r~ m s Lat. N. Long. w. Description- - -

8 08 :2.4
i

Jan. 10 37·2
c:::a ___

--------- -.....~~~~_ ..- KM 30---------~--------~~
..C»~........~~~.. ___

8 10 57 14.8 2.8 _c::a .... _ ---------
.i~________

KM 30---~--------------~-
_ .... ___ ........ a-_.-

I
8 11 14 44~4 2·3 ---- _......---..~ _.._---_ .... _- KM 30-----------------~~-

.. ___ .... -.-_-._ca ....

8 12 gO 40.1 300
___ CIt ______ c:::. ....~ ------ .... _-- KM 30---~----------~---~~

__ CII_~_____---

8 15 41 0602 4.2 _~c::a_

c::a .. Ci» .. .-C::»,,«DCD

____ ..__ a..-c:aG8J

KM 30----------CD~--~~-~~~ Felt widely
on Hawaii.

8 15 45 15~O 304 __ e-.- ____ ."c:a .... =- _
_CIDlID_:oaCDc:::.ca_G11 KM 30-----~-------~-~~-~~

~G;Sca_tDc::a ........ ____

8 18 06 2309 2,,3 s=t __ .-:a
c..aDc:m .. czt .... _ .... c;;at::a .. _ .. _ .......... KM 30-~-----~-~~~-~-~-~~~

___ <» ______ 0:2 __

8 18 18 23<99 2~8 c::aGae::::tCli:l
cg ___ C:lt_ .._~ ... _ ......... c::a«a~ __ KM 30-~---~~-~--~-~--~--~

C3., ..... ..,~___ ~ca_a.

8 19 21 06ct9 2.1 "'~c::a~ e:::-"Ciia'~ca"'e::;t"c::a .-CSc:::8CZ'tCDI!"::tt::3 .. Clc::a KM 30~~--~~~~--~---~--~~~
c=:aaa .. .a--.ca .. .- ______

8 20 do 5905 2·5 5 19°200_8' 155°0408' 21 kIn SW of Palloa- .... =:acgc:a..,.c:a-
c:ac»=-~_ca______ c.-

9 00 39 4800 2c2 ~~c::a~ c=-_~... c.r»ew~-=- • .a:ac::a .. ~=-c::ac::ac::a~c=a Kaoiki~~~~--~-~~~-~~-~~~~
C2 __ cg _______--

9 04 36 12~7 206

I

c::=~e:::t_ .... .- .... c-.~~ca: cac:a __ c=- ..... .,-=-~c::J KM 30-~~~-~~~~~-~~--~~~~~
_=-CIl _______c:.--

9 04 36 24~o 3~2 =~Cl:"_ c=a .. gar... CIa'~e=-~"
_c:-._ ........... _C::O~C::I KM 30~-~~-~~~-~~-~--~--~~ Felt on Havai

9 05 19 2909 208 C=-_""4ID ~c::a"aD"'''~~.c:a a.a- ... o:a ... CD~;.:::Jl':ac:ca.. KM 30--~-~~~-~--~~----~-~ .. _GDea_ .... .., .... ca .. C'

9 05 24 42~7- ~~5 <3 19°21.5 i 155°43~3i 28 kIn SE of Kealakekua. ....-_.--....-..~ ...-
9 06 45 21~5 203" ",.o;nG;)E:I c:::se-_"'CSC!'ft~c.Git c.CIl'_e-~_...~ .. C!S' KM 30~~~~- __m_~ __ ~~--~~-~ ......... ~CD_..-..~_ .... _

9 08 57 45.4 2:>4 c::lIICIOS~" o:nc::e_~t::-on."..COlt""

C81Ct _____ ew_c:ac:::»

KM 30----~~~~~--~-~~~-~~-
a.~ .... _ .. __ ... 4a.- .. _

9 09 2~ 0809 3Ql C3t::1c::ac:::a
_~__ .... ua~ .. a-

c::2e:t ... _c:;a.cac:D~~c. KM 30--~~~---~--~-~-~---~ Felt from N
...J

to Ku1.a.ni.

9 10 54 07~8 3·2 e»c-.. ..,ca C:tc:a_ca"~~CD""
.... c;:;II __ .. c:.c:crC3c::::a .. KM 30~~~--------~~~~~~-~~

.. __ .. cw .. __ .- _____

10 04 05 49~1 2Q4 8 19°57·7 t 155°21..,5' 13 kIn WSW of Laupalloehoe ...... ~.-c.___ ~~c.-_

10 Cf7 37 28'.t4 2~2 C8CDa;ac::::l CSCD ......... ,...,maCllJ c::r:Ie=J~.. _aaCO .. ClC3c::»
~.. el:'CDC>.,._c::Ic= .... _·___~_ ... C::J_e:;, ... ___ .. ~ .. _ ....... c.lC:S_-._ ..

10 15 31 3500 201 e;, .... =- ... caca'-c::z:;IiaDe- .. e::tc;;::ll

c=- ____ .. a:.caC:OCD

KM 30~~-~~~---~-~~~-~---- ~_" __ ""_c.lJ~"""

11 01 i:O 42~O 2:37 caca=ac::a
_~C»CDCW__ c::a_ .... _____ &2 ___

KM 30~~-~---~~-~~=----~~~ -------------,1"-

11 14 06 44.3 2~7 a:2CDCll~ "'CD .. c.w-c::w~e."DC311

_..____ cac.c:ac::a
KM 30----~~-~~-~~ca-~~--~- -------------

12 01 49 "5803 2.4 8 18°56.0' 155°19.8' 32 kIn SE of Naalehu------ -------------
12 23 44 0194 3·5 c::IGDCOll_

__ "'CD __ ~_C:=O

---------- KT-----------------~-~~~~ -------------
13 20 54 55.0 3·1 8 19°32.2' 156°12.3' 32 kIn l-.'NW of Kealakekua- cza -------------



Table 4.--Local earth uakes recorded by seismogra hs of the U.S Geological Survey,
January,February, and March, 19 3--Continued

d

Date Time" Magn1~ Depth Epicenter Felt
(1963) tude (km) Report

h" m s Lat. No Long. w. Description- - -
Jane> 14 13 50 21.0 205 3 19°21.9' 155°08.2' 14 km east of Ahua seismometer \. _ c= _ .. ____ co _ ....._~

15 03 21 20.0 302 co~"ca
__ ~"'a:8_-.a_ .. _ga~---=-_ .. KM 30--------~~---------------

_________ .. ___ ClICD

18 05 58 50.2 2.2 .... _ell _"_ .._~a-"
---~-.. ., .... KM 30-------------~-~------ .. - .. ~CICI __ .. .., ...... e:::t __ I:8e::tca

18 10 51 06 If 0 2·3 5 19°1105' 155°3705' 15 km NNW of Naalehu---------- c::a ___ .. _a_c::lIe:accrca_CIlICilI

18 20 59 5700 207 13 20°04.9' 155°48.9' 12 km WNW of Kamuela --= ______ c::::>Cle:tlZD ___

seismograph 0

20 10 26 35·0 3·1 13 20°13' 156°15' 40 km WSW of Upolu Point~..-~-= c:c:Jc:::Klte::::tc:a~taI_c:::::Dc::aac»c:=tS3caCD"

20 17 42 32.8 2.2 KJ'caca_ _......_---- C8_ .. ___ cac::::li~ KM 30----D-------~-~----------
co ... c::oe:t __ ......... _c:a_ .. _CI

23 06 12 41.0 2.8 8 19°27.0' 154°52.8' 1'\' 10 km SE of Pahoa~-~--~------- Felt in Hilo an
Pahoa.

26 22 12 0404 2.2 3 19°24.8' 155°1507' SE edge of Kilauea Caldera---- c.., __ .... _ea:tQDQDc:D~c.... c:EI

26 23 14 01.8 203 3 19°2408' 155°15·7' SE edge of Kilauea Caldera---- e::taID ...~_ ...... __ c::;).,a:D __ ~

26 23 29 5903 2Q2 _aac::a_ CID .... e-a.C*ai .. _c:I C3 ____ a.c. .. c.a
Kaoiki--------~-=-~~-----~~---

... c.._~ ___ .:»_c:::Jt ___ ca_

27 13 58 05.5 3.4 c:a ____
ao_G:lGII~c:a.... GD,,~_D:lCD_"'_ KM 30-----------~~~--~--~---~-

_~.._:c:a ____ a._c.a_ ...... c:.

28 02 08 18.7 205 8 19~11.2' 155°3460' 14 km NNE of Naa1ehu-~-------~
__ ~ __ "' __ G!Dc:El..:tt.a_"'~

29 12 53 1900 2Ct3 ----- ---~--- ... "

c::::a_c-. __ e:::::t_-.a __ KM 30-------~---~--~-~~~~~---- ... __ aa __ e-.a::Ic:=--=-_ ........

29 14 08 02.9 3·2 "c:::I.-J" CD~_a.~~~e:t

_..... _-_ .._~
Kaoiki---------~-----~---~-~-~

_a::I_~ .. _c=_~_c.. ___ a:l_~

30 23 08 10.8 202 5 19°1303' 155°42.6' 23 km NW of Naa1ehu~~-=~--~~~- -=::t~~~_ ... C81 ___ C3_=__ .. CIQ

31 14 25 05.6 208 8 19°1805' 155°0905' 13 km SE of Ahua seismometer--
__ ~02___ a:a-.:tc:::acm ____

Feb 0 2 03 24 23-3 2.1 8 19°1407' 155°02.0' 14 km SSW of Kalapana--~------
c»~ ... ___ c-. ______ - ..

4 12 48 44.0 201 13 20°19' 1550 30' 34 km NE of Kamuela ...... c:D_=- __ c.4:a_C:lK;J __ ~

seismograph 0"

5 13 36 4788 2·3 -..,.-- c.-_ .. aac:.'CDOJD«=.- 8:a~~__ ""-=t" Kao1ki-------~------~=----~-~- e::te:::teR~C2_=a.a_cm_=... c::8."CWCCZl

5 20 '39 44.3 207 13 19°57.1 ' 155"°44.8 ' 10 km SW of Kamuela ... c:a~-=:te- ... ca_W:lIaD-'c.-_"aD'

seismograph 0

5 22 47" 25·5 202 5 19°13.9' 1.55°38.2' 19 km NNW of Naalehu-~-~------ GZlc:;J-:l' ......... ~.aClI:::) .... _-=-CIQ'

7 19 05 10<)9 2·3 ----- _CD-=:J ........ _ .. __ -."cm-CS_c:;:lIc::.

KT------~----------------~----
CQICilDCSI-=:t_c:a __ .. ___ ... ___ ..

9 94 25 53·5 2.5 8" 19°35.7' 156°0008' 13 km NW of Kea1akekua---~---- _8I)aa~__~~_ .. Q;D.,_~~

9 10 19 53.4 2.0 ---- .. __ .. _w:;,_ .. _" __ c:l __ c:;:a~

KT-------------------------~-~
..... _c:aG:J .. __ ... _~ ... _ .. _

9 04 24 5300 2~9 8 19°35.7' 156°00.8' 13 km NW of Kealakekua----~-~- c::= .. -=-_ ... e.- ___ lai .... e;:::::,_.a

10 18 49 48.5 2.7 --=-.., .. -------- -..--~ .. .,_.. Kaoiki-----------~~----~~~~---
_a;ac:;Je:w __ .. ~C::J_a:3aD.,_ _=t ..

12 02 28 2805 2~5 8 19°29.0' 155°5802' 7 km WSW of Kealakekua~~------
____ .. _ .._~ .. c::a __ C=t_



Table 4o--Local earthquakes ~ecorded by seismo a hs of the U.S. Geological Survey,
January, February, and March, 19 3--Continued

Date Time Magni- Depth Epicenter R~~~~t(1963 ) tude (kIn)°h m s Lat. N. Long. w. Description- - -

Feb" 12 16 58 02·5 2.4 _~ .. -=t
____ .. t=lcaI~

"'CD-=-=t-=-_~... _ Kaoiki------------------------- ------~~--------~

13 08 47 48.5 2·7 8 19°32.8' 155°55.7' 3 kIn NNW of Kealakekua--------- -~--~-~----~~-~~-

14 09 17 30·.0 3·1 8 19°05~or 156°12.5' 35 kIn WSW of Mi101ii--~-------- ---~---~~--~-~--~

15 02 36 43.8 2.1 'aBC:O ..... .... - .. _--=aG;;l c-.-= .. _a=t-=t_ .... KM 30-------------------------- ~~~~~--~---~-~~~-

16 07 01 13·5 2·5 8 19°16.2' 155°04.2 1 23 kIn ESE of Ahua seismometer-- -~-~~~-~------~--

16 09 31 22.6 204 -«;11I--- e-~e:::t_=tCiDc:Ele:;::t.,
c:I", _____ .aGID-==- Upper east rift--------~------- ~-~~-~-~-~~~--~~~

16 13 56 2001 2·5 30 19°29.4' 155°0905' 10 kIn SW of Mountain View~----- -~--~--~-~-~-~~-~

17 01 32 23e7 2·5 13 18°57.3' 155°0801' 50 kIn ESE of Naa1ehu-~----~---- -~~~~--~----~-~-~

17 09 ()( 4405 401 13 19°43' 156°52' 83 kIn west of Keahole Point---- ~~---~~~~--~~~-~~

17 11 47 2606 2·3 5 19°30.0' 155°41.8' 25 kIn east of Kealakekua------- ~-~---~~~--~-~~~~

17 23 10 3507 2·3 10 19°19.5' 155°21&2' 6 kIn SW of Uwekahuna ~------~----~----

seismometer.
19 01 52 4303 2·3 __ .. ca _Gaca __ ca __ " ___ CEt __ ca..aS':l' KM 30-----~---------~---------- -~~~~-~-~-~-~~~~~

19 04 00 13·4 2.4 8 19°30.1' 155°46.7' 15 kIn east of Kealakekua-----~- -~~---~---~~---~~

19 21 25 51.1 2.2 3 19°10.8' 155°35.0' 13 kIn north of Naa1ehu--------- --~--~--~---~~--~

21 05 41 28.2 2.8 13 19°03' 156°16' 65 kIn SW of Kealakekua=-------- --~-~~~~~--~---~~

22 21 24 33·5 2·3 8 19°21.9' 155°56.6' 5 kIn SW of Hookena------------~ ------------~----
23 21 - 59 24.4 2·3 3 19°21.8' 155.°05.6' 40 kIn south of Hi1o------------ -~~~------~-~-~~~

24 19 24 26.5 3·1 13 21°30' 156°40' 38 kIn north of' Halawa Cape, --~-~~-----~----~

Mo1okai.
25 11 38 28.5 2.4 3 19°20e9' 155°47.1' 13 kIn SE of Hookena------------ -------~--~-----~
25 13 11 21·9 2.8 5 19°30.7' 155°2602' 5 kIn WNW of Maillla Loa ~-~---~----~---~-

seismometer 0

26 01 21 42.0 2.0 8 19°2404' 154°52.2' 13 km SE of Pahoa-------------- -~--~~--~~----~~-

2:7 15 44 28.5 2·9 13 20°08.4' 155Q 50.6' 18 kIn NW of Kamue1a... ---------- ..· Felt in K~~u.ela--

27 21 42 1903 2.6 o:a_ ...... .._~ .._~-- .._ ... ~- ......... Upper east rift----~-------~~-- ~--~~~---~-~-~~~~

zr 22 22 10.1 3·0 __ ~c:::JCD

C!>I _______

._-------- Upper east rift------------~--- ---~~~--~~~~~~~~~
28 11 03 20·3 204 8 19°47~4' 155°3104' 5 kIn north of Pohaku1oa-------- -~~~~~~--~~~~~~~-

28 11 10 20.6 204 8 19 0 47 .4' 155°31.4' 5 kIn north of Pohakuloa-~------ ~~-~-~----~--~~--
28 11 21 5008 201 8 190 26.8' 155°00~1' 8 kIn SW of Pahoa-----~--------- Felt in Pahoa-·---



Table 4~--Local earth uakes recorded by seismo a; hs of the U.S.-··Geolo ical Survey,
~anuary, February, and March, 19 3--Continued

h
of

auea

Date Time Magni- Depth Epicenter R~~2>~t(1963 ) tude (km)
~ m s Lat. N•. Longo W. Description- -

--
."

Mar. 1 01 48 2606 3·2 3 19°19.8' 155°45.0' 17 km SE of Hookena----------- Felt along sout
western shore
Hawaii Island.

1 02 43 00.,7 2·7 13 18°5703' 155°38.3' 5 kID NE of Ka1ae Point-------- -~ ... -_.. --_ ... __ .. -.,
06 14 3800

------"..
3 203 --- ____ t=t_ICI"c:a _ .. _c:a-=- ____

ID~ 30--~---~--~---------------
__________ Cllli_ ... _~ ..

5 17 11 16.4 2.5 5 19°28.5' 154°54.9' 5 km SE of Pahoa-------------~ .. _--_ .._-~-_ .. __ ..
5 20 04 19.8 204 5 19°28ct5' 154°54.9' 5 kID SE of Pahoa-~------------

__ .. _ .. _ .. ~ .. e:Il) .. _ ..~_

5 20 44 02·3 206 8 19°59.0' 155°24.1' 14 km SE of Honokaa----------- ... _-8D~____ .,,_=_ca._es:a'C3_

6 02 23 55·1 2.8 5 19°2805' 154°54.9' 5 km SE of Pahoa-----------~-- Felt in Pahoa--
6 05 46 J.4.3 2·9 5 19°2805' 154°54.9' 5 km SE of Pahoa-------------- Felt in Pahoac.c::o
7 16 08 34~7 2.4 8 19°30 .. 8' 156°04e8' 18 km west of Kealakekua~----~ cro_~__ c:ac:.~_.. __ .,...,aD

8 14 25 2303 203 8 19°1709' 155°11.8' 11 km SE of Ahua seismometer-- " ___ ~-=-_~_a.GIIa~-=_-=::I

8 15 45 27 .0 2·3 8 19°1709' 155°1108' 11 km SE of Ahua seismometer-- -=:ta::a ... ..,caDi.:II_e:-_ ..~_ .. .e_
8 ·17 22 1708 2·7 8 19°53.0' 155°3108' 23 km SE of Kamuela-~--~------

.. m- __ c:. ________ a::I_"

9 12 47 50.5 2.4 3 19°3801 9 156°0402' 21 km NW of Kealakekua-------- .. __ .. ~_CItI____ ~_ .. c:a

10 11 51 5220 203 8 19°1409' 155°04Ql' 54 km south of Hilo----------- .m .. _ .. _Cl:lJ __ ~CD_=:t_a:e.. _

11 10 06 25·.0 2v6 8 19°5700& 155°21.9' 15 km WSW of Laupahoehoe------ Felt in Hi1o---
1~ 17 45 28·3 3·0 1~ 21°08' 156007 t 43 km NNE of Ha1eakala ....... __ ~ ... ____ ~caCll:'.,

seismometer (Maui).
11 21 33 22.6 204 8 19°0505' 155°2109' 39 km south of Hilo-~~-----~-- .... 8»_CS.c::::liD'_ .. «:::t(:!:)~e::t~.. ~

12 22 08 05·2 2·7 3 19°53·1' 155°2208' 6 km SW of Keanakolu--~---~--- c::alQllua __ ccaa ___ e:a-=aCllD_-=-

13 01 37 3305 300 8 19°40«11' 155°50tt4' 19 km NE of Kealakekua-~~-----
_CO"'~_tIEI__ e::;:I~ ___ e=CaI

13 03 22 52~7 203 3 Igo51.0 a 155°23·3' 10 km SW of Keanakolu---~~-~-- _CD-=:t_'-c.J_-=a-.D ___ ClD __ C3

13 10 57 2609 305 5 19°2402' 155°3000' 15 km SW of Mauna Loa Felt. in Pahala,
seismometer 0

Hila, and Ki1
13 22 28 1809 2Q5 3 19°5100' 155°23~31 10 km SW of Keanakolu-----~~-~

Caldera area 0

C:lc=--=-_-=--=-_",,,"'_a-c:::a_.,.

14 00 18 35c7 303 13 19°29 i 157°14' 138 km west of Kealakekua----- -=-~c:..~-=a__ ..... __ CDc::1~~

14 . 01 23 2600 2~1 ~c:>_
8lDC2c=rc;:!>C3_ ... _

CD~"CI:I8D_CDe:a_ KM 30-~----~----~~-------~~--~ .. c::aCIJa...,_CD .. _ .. ~ao ... ~c:::::3

14 08 23 2005 300 8 20°12.7' 155°5508 v 31 km NW of Kamuela-~~-----~~- ~..,eID __ c:D_c..eD.., __ ..... .,

15 18 10 WoO 207 8 19°31.0' 155°0303' 11 km NW of Pahoa~~--------~~- Felt in Pahoa-=-



Table 4.--Local e~thquakes recorded by seismographs of the U.S. Geological Survey,
January, February, and March, 1963--Continued

kua

Date Time ~agni- Depth Epicenter Felt
(1963 ) tude (kIn) Report

h m s Lato No Long. w. Description- - -
\

5708 19°2900' 155°44.6'Mar~ 17 23 32 2·5 <3 20 kIn ESE of Kealakekua--------- -----------_ ... _-
1'-' 23 44 52.0 2·5 '<.3 19°29.0' 155°44.6' 20 kIn ESE of Kealakekua---~-----

.-a __________ -a:::::::aCE»_C)

18 14 44 13·2 209 --- 8It_CD_a.ca-=-_ ~ ....... ~ClCla:sC'iD_ KM 30~----------~-----~---------

aa ____________ ~~

18 15 50 43$7 203 3 19°53.1' 155°4600' 13 kIn WNW of Waikii------------- _ ... ___ ... __ GEa ___ .... -=:;II

18 22 02 3609 2.4 8 19°49.2' 155°32.6' 8 km NNW of Pohakuloa~----------
... .-a~ ___ e:t ___~_ ........

19 02 35 01·5 2.4 5 19°24.2' 155°4606' 20 kIn SE of Kea1akekua---------- .. e.-_ ... _____ ... _II.'~_ ..
19, 17 56 36.6 2·7 8 19°41.9' 156°06&2' 5 kIn SWof KeaholePoint--~--~-~ __ .......~ __ a._-.~_.. 1Ia;I

20 14 17 03·0 2e2 8 19°18.6' 155°05.5' 45 kIn south of Hilo~---~--------
_e-c=- ____ -._C::3C8 _____ OSD

20 20 42 15-7 2.6 ---., ____ ~C8a::J..
"'1Z:Ic:::a~C:=-ClC-=:t~_ KM 30------------=----~--------~

___ ...,-=-t'-!.a_ .. _ ..... _~e::m-=a

20 21 15 3802 2.2 --- -=:t .. ___~~ .. K:II _~ ___ ~ ........ I:S Upper east rift----------------- ~_a:D_~_._aJ_ .... _.. _..

21 19 57 31.4 2·3 <3 19°26.8' 155°46.0' 18 kIn SE of Kealakekua---------- ..... _---_ ... _-------
22 10 59 40.5 3·8 13 19°32.6' 155°49.9' 10 kIn ENE of Kealakekua--------- Felt in Hil0,

Kamuela, and
Kealakekua.

22 17 38 16·3 3·0 3 19°53·8' 155°16.3' 28 kIn NW of Hilo---------------- _..~---.-_--- ...._..
22 18 01 16.9 208 8 19°44~3' 155°45.6' 30 kIn NE of Kealakekua---------- .,. .. __________ -=-_-=t

22 20 59 43.0 2.4
__ c::a

~ .. __ ... __ CI
1CI1K:I.:a __ ~c;a .. ., Upper east rift----------------- ---------------

22 21 07 56.0 2·7 --- __ .. _.,~_ca
"'C:J_"~_e-IlS:I~ Upper east rift----------------- .. ___________ SIIaac-.

22 21 09 02·3 2.6 --- _____ c:a"'GD
CJCD-=-_c.l., .. _e::t Upper east rift----------------- ..------_.._----~

22 21 _11 16~5 2.8 8 19°48.5' 156°01.4' 35 kIn NNW of Kea1akekua--------- ..,----- ..-----_ .... -
23 04 48 13.4 3·5 13 19°53.2-' 155°20.8' 5 kIn SW of Keanako1u-~---------- .. ..,-- ____ ~ .. aD_ .. _.,

24 10 03 34.-5 2.9 --- ~ .. CIIIt __ ClGc::..o _m. .. c:a"8:JClDc::D~ KM 30~------------~------------- ~GRII_ .. _e- __ -._ ...~~~ ..
24 11 31 08.2 202 --- _ .. __ c:::.~c:::...

_.,~_.. -=--=-ca ..

KM 30-------------------------~-
~ .. _=_C81 ____ .. c._.:r.aCD .. _=a.,

24- 20 30 35·9 206 --- -------_ ... .... -_ .. --- .. Kaoiki-------------------------- -_.., _____ -. .... _ ..... c.

24 22 31 51.8 4.5 13 19°47.0' 155°33.8' 14 kIn SE of Waikii-------------- Felt in Hawaii
and Maui.

24 23 43 06·3 200 --- _..-~.-- ..- .-a=-_ca.a-. ___ KM 30--------~------------------ ---=t-- ..-..-____ ~4IIDc:a1Et

25 06 41 50.2 2.5 <3 19°2082' 155°42ct3' 22 km ESE of Hookena------------ ........ _----- ... ---_ ... -
25 06 57 05.6 2·7 <3 19°2807' 155°4805' 13 kIn ESE of Kealakekua--------- Felt in Kealake
25 (JJ 18 35.0 3·9 35 20°47' 156°14' 3 kInNE of Haleaka1a Felt throughout

seismometer (Maui) (I Maui.



f\)
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Table 4.--Loca1 earthquakes recorded by setsmographs of the U.S.- Geologic-al Survey,
January, February, and March, 1963--Continued

Date Time Magni- '.iDepth Epicenter Felt
(1963 ) tude (km) Report

h m s Lat. N. Long. w. Description- - -

Mar. 25 23 30 20.0 2·5 13 19°05.4' 155°25.2' 18 kIn ENE o~ Naa1ehu----------- -.,------------- ..
26 20 56 19.2 2·5 ca .. _CII

-~--......- _ClZt _______ Kaoiki------------------------- -------- ..-------
Z7 04 55 50.6 2~2 c=a-.-=t .. _......_--- -=t_ .... _....~ .. KM 30-------------------------- ------------------
zr 11 12 57·0 2.9 8 19°55.7' 155°32.1' 20 kIn SE of Kamue1a------------ _...._-~- ..------_ ..
Z7 17 24 25.9 204 8 19°21.4' 155°45.4' 16 kIn ESE of Hookena-----------

.. ____ .. __ ~ _ _=o ___ ....

28 00 26 22.9 2·3 8 19°26~1' 155°36.8' 5 kIn SW of Mokuaweoweo Caldera..., ~_~ ________ _.D .. __ ..

28 02 37 45.2 2.1 ----- _____ .,_-=- .. -------_..- KM 30----------~--------------- ----_ .._-_ ....-- ..--
28 13 08 27.1 206 8 19°4709' 155°34.6' 8 kIn NW of Pohakuloa----------- - ... _- .. ------------
28 19 47 02·5 2.8 _"C:=-«a ----_ .._.. ___ ~_-=:I__ '8ICI Kaoiki------------------------- -------------------
29 08 50 08.8 2.1 ----- --~ ..-.. _- --~-- .._-- Upper east r1ft---------------- ..~---~----_ ..~---
30 20 49 01.9 2.8 35 19°09.5' 155°30.0' 14 kIn NE of Naalehu------------ -~ .._---~----_ ... _-
31 16 35 57 ·5 3·7 8 20°01.0' 155°52.9' 6 kIn SW of Kawaihae------------ Felt in Kamuela



Table 5. --Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "e tt folloWing the time of P indicates
compressional first motion; a rid" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in table 6.
Magnitudes calculated from the Hawaii seismograms are followed by (lIVO).
Location of epicenter, origin times, and focal depths, and magnitudes
reported by other institutions are taken from "Preliminary Determination
of Epicenters lt published by the U.. S. Coast and Geodetic Survey]

Jan. I, 1963 Jan. l--Continued

M Z iP 12:26:51.6 d Pa Z Tmax 00:24:43
A Z eP 12:26:50.1 d

C&GS card 1-63:
D Z iP 12:26:49.8 d 23:39:05.6
N Z eP 12: 26: 5,1.2 d 56.6° N., 157 .7° Ttl.
\~ Z iP 12:26:51~1 d
Na Z iP 12:26:48.0

Alaska Peninsula
h about 50 kInPa Z iP 12:26:52~0 c
!~agnitude 6. 5 (Pas)

Hi Z eP 12:26:53,.3 d 5.75 (Pal)Ka Z eP 12:26:54.5 d 6.5 (lIVO)
C&GS card 1-63:

Jan" 212:17:38.6
6.80 s., 155.9° E. M Z iP 15:07:35.8 c
Solomon Islands N Z eP 15:07:35-5 c
h about 165 kIn.

Jan. 1 C&GS card 4-63:
14:56:05.4

M Z eP 23:46:13.6 d 4.10 S., 132.2° E.
A Z eP 23:46:14.4 d Near south coast of western New
D Z iP 23:46:14.5 d Guinea.
N Z eP 23:46:13~9 d h about 33 kIn.
\\1P Z eP 23:46:13~9 d Jan. 2
U Z iP 23:46:13~7 d
Ha Z iP 23:46:03~4 c U FEZ eR 16:32:21

epP 23:46:191D7 C&GS card 3-63:Ka Z eP 23:46:08.6 d
15:55:47~9Hi Z iP 23 :4·6: 11. 4 d 52.9° S .. , 118.2° w~Pa Z iP 23:46:13-5 d

Na Z iP 23 : 46: .16 .8 d
South Pacific Ocean

U FEZ iP 23:46:14 d
h about 33 kIn~

is 23:51:57 Jan~ 3
iSS 23:55:03 U FEZ eR 10:06:20

U PEE isS 23:52:27
eL 23:54:41 e&Gs card 3-63:

U PEN i 23:52:52 09:39:46.8
i 23:56:16 5.3 0 B., 151.5° E.

M Z TInax 00:24:45 New Britain
A Z Tmax 00:24:48 h about 74 kIn
D Z Tmax 00:24:40 l~agnitude 5 ~ 3 (Pal).
N Z Tmax 00:24:48
\\1P Z Tmax 00:24:44
U Z Tmax 00:24:45
Ha Z Tma,x 00:23:07
Ka Z Tmax 00:24:01
Hi Z Tmax 00:24:11

21



Table 5.--Distant earthquakes~-Continued

J'an. 4, 1963 Jan. 7--Continued

Jan. 7

C&GL card 1-63:
00:20:11.6
3.20 N., 127~Oo E~

Halmahera region
h about 33 km.

C&GS card 2-63:
13:16:38.0
10.0° S., 124.0° E.
Timor
h ~bout 33 km4'

C&GS card 2-63:
12:16:38.0
4.7 0 S., 154.0° E.
Solomon Islands region
h about 69 kIn.

12:16=32.5 c
12:16:40 d

02:42:23.2 d
02:42:23.7 d
02:42:23.7 d
02:42:23.3 d

eP 03:22:47.9 c

eP
eP
eP
eP

iP
eP

z

z
Z

z
z
z
z

Na
Hi

Pa

M
A
N
WP

Jan. 9

C&GS card 9-63:
12:09:01.2
15.2 0 S., 173.6° w.
Tonga Islands region
Felt: Apia
h about 33 kIn~

C&GS card 4-63:
02:32:39.9
13.4° N., 145.3° E.
Mariana Islands
h about 38 km.

Jan. 24

COOS card 4-63:
03:13:26.4
18.60 N., 145.11-° E.
Mariana Islands
h about 192 kIn.

Jan. 15

C&GS card--Continued
Magnitude 5.5-5.8 (Pal)

6.0 (HVO).

12:33:51
12:41:46

13:29:19.1 d
13:29:18.5 d
13:29:18.1 d

iP
eP
eP

z
z
z

FEZ is
PEZ iR

u
u

M
A
D

J·an. 5

M Z iP 00:31:16.7 c
Z ipP 00:32:08.2 c

A Z eP 00:31:15.7 c
Z epP 00:32:07.3 c

D Z eP 00:31:15.6 c
Z epP 00:32:07.2 c

Jan. 5

C&GS card 7-63:
12:49:42~O

21.8° N., 143~8° Ee
Mariarla Islands region
h about 190 km.

M Z eP 12:00:27.6 d
WP Z eP 12:00:27.0 d
U Z eP 12:00:27~2 d
Ka Z eP 12:00:28.8 d

IU PEZ eR 12:25:12

C&GS card 3~63:

11:48:22.7
0.60 N., 126.7° E.
Halmahera region
h about 42 km

Jan. 25

A z eP 12:59:54.1 c

22



Table 5. --Distant earthquakes--Continued

Jan. 28, 1963 Jan. 28--continued

M Z eP 12:22:12.8 d C&GS card 7-63:
A Z eP 12:22:11.9 d 13:00:50·7
D Z eP 12:22:11.9 d 54.7° N., 161.60 E.
u Z eP 12:22:12.7 d Alaska Peninsula
Na Z eP 12:22:11.5 c h about 33 kIn
Fa Z eP 12:22:13.7 c Magnitude 6.0-6.5 (Pas)
Hi Z iP 12:22:16.2 c 6.7 (HVO).
Ha Z iP 12:22:16.5 c
U PEE is 22:30:25 Jan. 29
U FEZ eSS 22:34:10

iR 22~38:37 M Z iP 09:29:54.6 d
A Z eP 09:29:55.4 d

C&GS card 10-63: D Z eP 09:29:54.8 d
12:12:19.8 N Z eP 09:29:55.0 d
2.60

S~, 149.90 E. u Z eP 09:29:55.1 d
New Britain Ka Z iP 09:29:49.4 d
h'about 33 kIn Hi Z iP 09:29:54.0 d
Magnitude 6.5 (Pas) Pa Z iP 09:29:55.6 d

6.7 (HVO). Na Z iP 09:29:56.7 d

Jan. 28 C&GS card 8-63:
09:21:14·3

M Z iF 13:07:44.8 d 49.7° N., 154.9° E.
A Z eP 13:07:45.7 d Kurile Islands
D Z iP 13:07:45-9 d h about 126 kIn.

i 13:08:54.1 c
N Z eP 13:07:45.5 d Jan. 30
WP Z eP 13:07:45.4 d
U Z eP 13:07:45.6 d 111 Z eP 10:29:10.9 c

ePP 13:09:10.7 c U PEN eSKSP 10:41:26
iPcP 13:10:06.9 c iSS 10:48:36

Ha Z eP 13:07:40.5 c iG 11:02:36
Hi Z eP 13:07:43.7 c
Pa Z eP 13:07:44.1 d COOS card 10-63:
Na Z eP 13:07:49.1 c 10:10:04.1
U FEZ is 13:13:21 55.6° S., 28.3° w.

iR 13:16:49 Sandwich Islands region
M Z Tmax 13:45:33 h about 33 kIn
A Z Tmax 13:45:28 Magnitude 6. 5 (Pas)
D Z rnnax 13:45:30 7· 5 (HVO).
N Z Tmax 13:45:11
WP Z Tmax 13: 45:24 Jan. 31
U Z Tmax 13:45:21
HA Z Tmax 13:43:33 Hi Z eP 05:18:03.6 d
Hi Z Tmax 13:44:55 Pa Z eP 05:18:04.3 d
Pa Z Tmax 13:45:08
Na Z Tmax 13:45:15 C&GS card 9-63:

05:06:46.0
z{.9°N., 126.3° E.

23



Table 5.--Distant earthquakes--Continued

Jan. 31, 1963--Continued

C&GS card--Continued
Ryukyu Islands
h about 33 kIn.

Feb. 4

M Z iP 23:29:50.5 d
A Z eP 23:29:5105 d
D Z eP 23:29:51.0 d
N Z eP 23:29:51.3 c
WP Z eP 23:29:51.4 d
Hi Z iP 23:29:49.5 d
U Z eP 23:29:50.8 d
Pa Z iP 23:29:52.0 d

C&GS card 10-63:
23:21:09.0
48.5° N., 154.9° E.
Kuri1e Islands
h about 85 kIn.

Feb. 5

U FEZ eSS 21:10:35
eR 21:22:35

C&GS card 10-63:
20:39:21.6
38.40 S., 73.2° w.
Near coast of central Chile
h about 41 kIn
Magnitude 6.3-6.5 (Pas)

6.0-6.3 (Brk)
5.8-6.0 (Pal)

Feb. 12

M Z iP 23:14:45.2 d
A Z iP 23:14:44.3 d
D Z iP 23:14:43.6 d
N Z iP 23:14:44.5 d
WP Z iP 23:14:4403 d
U Z iP 23:14:44.4 d
Na Z iP 23:14:40.5 d
Pa Z eP 23:14:45.4 d
Hi Z iP 23:14:50.0 d
Ha Z iP 23:14:54.3 d

2

Feb. 12--Continued

C&GS card 13-63:
23:07:28.9
17.8° S., 178.6° w.
Fiji Islands
h about 583 kIn
Magnitude 5.5 (CGS)

Feb. 13

M Z eP 09:01:47.8 c
A Z iP 09:01:48.4 c
D Z iP 09:01:47.5 c
N Z iP 09:01:48.1 c
WP Z iP 09:01:48.0 c
U Z eP 09:01:48.3 c
Ha Z iP 09:01:46.3 c
Ka Z eP 09:01:44.2 c
Hi Z iP 09:01:48.7 c
Fa Z eP 09:01:49.4 c
Na Z iP 09:01:47.0 c
U FEZ iP 09:01:48.0 c

eR 09:25:34
U FEE is 09:11:32

iSS 09:16:41
U PEN eSSS 09:19:46

C&GS card 13-63:
08:50:02.2
24050 N., 121.8° E.
Northern Fo~osa

3 deaths and Widespread damage
h about 33 lml
Magni~ude 7.3 (Pas)

7.3 (Brk)
700-7.3 (Pal)
7.5 (lIVO)

Feb. 13

M Z iP 18:23:05.5 c
A Z iP 18:23:04.8 d
D Z iF 18:23:03.9 d
N Z iP 18:23:05.0 d
wP Z iP 18:23:04.9 d
Na Z iP 18:23:02.8 d
Pa Z iP 18:23:06.3 d



Table 5.--Distant earthquakes--Continued

Feb. 21

M Z iP 02:43:22.'T c
A Z eP 02:43:2306 c
D Z eP 02:43:23.0 c
WI> Z iP 02:43:23.4 c
U Z eP 02:43:23.3 c
Ha Z eP 02:43:13.3 c
Na Z iF 02:43:22.3 c

C&GS card 16-63:
22:07:54·3
5.00 S., 14406° E.
Eastern New Guinea
h about 80 kIn
Magnitude 6.5 (Pas)

6.0 (Pal)
6.2 (HVO)
6.0 (CGS)

Feb. 14--continued

22:37:14PEZ iRu

C&GS card 16-63:
18:13:5501
9.90 S., 160.8° E.
Solomon Islands
h about 29 kIn
Magnitude 6.0-6.3 (Pal)

6.5 (Pa~)

6.5 (Brk)
5.8 (eGs)
6.6 (lIVO).

Feb. 13, 1963--Continued

Hi Z eP 18:23:07.5 d
Ka Z eP 18:23:06.8 c
Ha Z iP 18:23:05.8 c
U FEZ iP 18:23:06 c

eR 18:37:34
U PEE is 18:30:42
U PEN eG 18:35:00

Feb. 14

C&GS card 14-63:
02:33:35·9
33.4° N., 139.2° E.
South of Honshu, Japan
h about 168 kIn
Magnitude 4.4 (CGS)

M Z iP 07:16:32.8 c
D Z eP 07:16:31.3 c
N Z eP 07:16:32.3 c
WP Z eP 07:16:32.1 c
U Z iP 07:16:32.0 c
Na Z iP 07:16:30.4 c
Pa Z iF 07:16:33.9 d
Hi Z iP 07:16:34.6 c
Ka Z iP 07:16:3400 c
Ha Z iP 07:16:34.2 c

Feb. 21

Ha Tmax 12:42:14

C&GS card 15-63:
07:04:40.8
7.2- S., 128.2° E.
Banda Sea
h about 197 kIn
Magnitude 6.5 (Pas)

5.8 (CGS)
Felt: Darwin, Australia.

Feb. 14

M Z iP 22:18:22.3 c
D Z eP 22:18:21.5 d
N Z eP 22:18:21.8 d
U Z eP 22:18:21.8 d
Hi Z eP 22:18:2403 c
U PEN eG 22:34:28

C&GS card 17-63:
12:01:19.4
40.4° N., 125.0° w.
Near coast of northern California
h about 33 kIn.

Feb. 21

M Z eP 13:24:14.6 d
A Z eP 13:24:14.0 d
N Z eP 13:24:14.5 d
WP Z iP 13:24:14.4 d
U ·z eP 13:24:14.0 d
Hi Z iP 13:24:15.8 c
Ka Z eP 13:24:16.6 c
Ha Z eP 13:24:18.9 d

5



Table 5.--Distant earthquakes--Continued

Feb. 21, 1963--Continued Feb. 26

C&GS card 15-63: M Z iP 20:24:22.2 d
13:16:05.6 A Z eP 20:24:20.7 d
20.6° S., 175.1° w. U Z iP 20~24:22.0 d
Tonga Islands region Na Z iP 20:24:20.4 d
h about 33 kIn isP 20:25:2005 c
Magnitude 5.2 (CGS). Pa Z iP 20:24:24.3 d

Hi Z iP 20:24:24.8 d
Feb. 22 ipP 20:25:03.0 d

Ka Z iP 20:24:25.6 d
M Z eP 08:06:14.2 c Ha Z iP 20:24:26.5 d
A Z eP 08:06:13.5 c isP 20:25:17.9 c
N Z iP 08:06:14.1 c U PEZ iP 20:24:22 d
WP Z iP 08:06:14.1 c ipP 20:25:05 d
U Z eP 08:06:13.9 c isP 20:25:25 c
Na Z iP 08:06:10.7 c U PEZ ipPP 20:27:31 an
Pa Z iP 08:06:15.8 c ipPPP 20:28:46 an
Hi Z iP 08:06:16.8 c iPKKP 20:42:41
Ka Z iP 08:06:17.1 c U PEE iPP 20:26:47
Ha Z iP 08:06:19.8 c is ,20:32: 46

iScS 20:33:21
isS 20:34:00

C&GS card 16-63: U PEN iG 20:40:05
01:58:57.0 M Z Tmax 21:32:24
17.8° S., 178.8° w. A Z Tmax 21:32:16
Fiji Islands region WP Z Tmax 21:32:16
h about 550 kIn Ha Z Tmax. 21:32:11
Magnitude 5.0 (CGS).

Feb'. 24 C&GS card 16-63:
20:14:08.7

M Z eP 13:44:18.2 d 7.5° s., 146.2° E.
A Z eP 13:44:17.4 d Eastern New Guinea
D Z eP 13:44:17.9 d h about 171 km
N Z eP 13 :44: 17 •5 d Magnitude 7.3-7.5 (Pas)
WP Z eP 13: 44: 17 · 5 d- 7.0-7.3 (Brk)
U Z eP 13:44:17.4 d 6.8-7.0 (Pal)
Hi Z iP 13:44:15.5 d 7.1 (CGS)
Pa Z iP 13:44:14.8 d 7.0 (liVO).
Ka Z eP 13:44:20.9 d

Feb. zr
C&GS card 17-63: M Z eP 04:40:17 d13:34:15.7

14.6° N., 91.40 w. u PEZ eP 04:40:15 d
is 04:48;27Central Guatemala iSS 04:52:39h about 135 kIn

Magnitude 5.7 (CGS). eR 04:57:55
U PEE iG 04:55:15

26



Table 5.--Distant earthquakes--Continued



Table 5.--Distant earthquakes--Continued

Mar. 7, 1963--Continued Mar. 10--Continued

C&GS card--Continued
Near coast of southern Chile
h' about 45 kIn
Magnitude 5.6 (eGs).

Mar. 8

u PEZ eR 03:08:0'7

C&GS card 20-63:
10:51:48.1
29.9° B., 71.2° w.
Near coast of central Chile
h about 70 km
Magnitude 6.0-6.3 (Pas)

5· 5 (eGs).

Mar. 10

14:03:01.9
14:03:01.7
14:03:01.4
14:03:01.,3
14:03:01.4

C&GS card 22-63:
02:44:31.5
1902° S., 169.7° E.
New Hebrides Islands
h about 33 kIn
Magnitude 5.3 (eGs).

Mar. 8

U PEZ eR 03:48:27

C&GS card 22-63:
03:24:57.2
19.2° S., 169.6° E.
New Hebrides Islands
h about 49 kIn
Magnitude 4.8 (CGS).

Mar. 10

M Z Tmax 02:12:18
A Z Tmax 02:12:26
D Z Tmax 02:12:08
N Z Tmax 02:12:20
WP Z Tmax 02:12:18
U Z Tmax 02:12:23
Pa Z Tmax 02:11:56
Hi Z Tmax 02:11:40
Ka Z Tmax 02:12:35
Ha Z Tmax 02: 10: 50

C&GS card 20-63:
01:26:04.1
56.2° N., 153.8° w.
Kodiak Island, Alaska
h about 33 km
Magnitude 501 (eGs).

Mar. 10

M Z Tmax 12:50:12
A Z Tmax 12:50:02
D Z Tmax 12:50:07
N Z Tmax 12:50:06
Na Z Tmax 12:50:06

C&GS card 20~63:

28

M Z iP
A Z eP
N Z eP
WP Z eP
U Z iP

C&GS card 20-63:
13:51:04.3
2.40 N., 126.6° E.
Celebes Sea
h about 41 kIn.

Mar. 15

M Z iP 00:27:41.0 c
iPcP 00:27:54.1 d

A Z iP 00:27:4207 c
iPcP 00:27:54.4 d

D Z iP 00:27:41.7 c
ePcP 00:27:54.8 d

N Z eP 00:27:42.2 c
iPcP 00:27:55.0 d

WP Z iP 00:27:42.0 c
ePcP 00:27:53.9 d

U PEZ iP 00: 27': 42·.3 c
U PEZ iPcP 00:27:53.2 d

C&GS card 21-63:
00:16:01.3
8.4° N., 126.40 E.
Mindanao, Philippine Islands
h about 117 kIn
Magnitude 5.0 CGS).



Table 5.--Distant earthquakes--Continued

Mar. 16, 1963

M z
A Z
D Z
N Z
U Z
Pa Z
Na Z
Hi Z
Ka Z
Ha Z
U PEZ
U PEZ

U
Ha

PEE
Z

iP
iF
iP
iP
eP
eP
iP
iP
iF
iP
iP
i
i
iPP
is
iSS
eR
iG
Tmax

08:53:36.1 c
08:53:37.0 c
08:53:3607 c
08:53:36.5 c
08:53:36.4 c
08:-53:37.0 d
08:53:38.2 d
08:53:3600 d
08:53:34.1 c
08:53:26.7 c
08:53:37.2 c
08:53:57 d
08:54:13 c
08:55:45 d
09:00:'39
09:04:14
09:07:51
09:05:13
09:45:44

Mar. 20

M Z eP 04:53:12.0 d
D Z eP 04:53:10.9 d
N Z eP 04:53:11.6 d
WP Z iP 04:53:11.6 d
U Z eP 04:53:11~8 c
Pa Z iF 04:53:13.0 c
Na Z iP 04:53:09.5 c
Hi Z eP 04:53:14.8 c
Ka Z iP 04:53:14.9 c
Ha Z iP 04:53:17.5 c

C&GS card 24-63:
04:45:49.5
19.6° 8.,179.3° w.
Fiji Islands region
h about 680 kIn
Magnitude 5.2 (eGs).

Mar. 20

Mar. 24

C&GS card 23-63:
16:38:55.8
2.4° s., 138.40 E.
Western New Guinea
Magnitude 5.5 (CGS)
h about 40 kIn.

. -

C&GS card 21- 63 :
08:44:48.3
46.50 N., 154.7° E.
Kuri1e Islands region
11 about.26 kIn
Magnitude 7.0 (Pas)

7.8 (Brk)
6.8 (Pal)
6.2 (CGS)
7.3 (HVO).

M z iP 16:49:57.1 d

02:20:03.5 c
02:20:03.0 c
02:20:02.4 c
02:20:01.9 c
02:20:08.6 c
02:43:22

Mar. 20

M Z eP 04:50:37.6 d
A Z eP 04:50:3602 d
D Z eP 04:50:36.5 d
N Z iP 04:50:37.2 d
Pa Z iF 04:50:38.1 c
Hi Z eP 04:50:3904 d
Ka Z iP 04:50:39.6 c
Ha Z iP 04:50:42.2 c

C&GS card 24-63:
04:43:13.5
19.90 S., 179.1° w.
Fiji Islands region
n about 680 kIn
Magnitude 5.2 (eGs).

29

M Z iP
A Z iP
D Z eP
Na Z iP
Ha Z iP
U PEN iL

C&GS card 26-63:
02:07:12.8
9.7 0 s., 120~4° E.
Sumba Island region
Magnitude 6.3 (Pas)

6.0 (Pal)
5.4 (CG·S)

h about 57 kIn.



Table 5.--Distant earthquakes--Continued

Mar. 24, 1963 Mar. 26--continued

M Z iP 09:55:10.7 c Pa Z iP 09:57:40.8 c
A Z iP 09:55:11.2 c Na Z eP 09: 57: 34.7 d
D Z iP 09:55:1003 c Hi Z eP 09 : 57 :41. 5 d
Pa Z iP 09:55:12.8 c Ka Z eP 09:57:43.6 c

Ha Z eP 09:57:46.4 c
C&GS card 25-63: U PEZ iP 09:57:38 c

09:43:20.2 is 10:05:15
9.00 N., 125.6° E. iSS 10:08:51
Mindanao region, PEE iG 10:09:49
Philippine Islands iR 10:12:23
Magnitude 5.2 (eGs)
h about 51 kIn. COOS card 26-63:

Mar. 24 09:48:19.7
29.7° S., 177.80 w.

M Z iP 21:42:38.1 d Kermadec Islands
A Z eP 21:42:39.8 d h about 45 kIn
D Z iP 21:42:40.5 d Magnitude 6.8-7.0 (Pas)
N Z eP 21:42:39.7 d 7.0 (Brk)
WP Z eP 21:42:39.7 d 7.0 (Pal)
U Z eP 21:42:40.0 c 7.1 (RYO).
Pa Z iP 21:42:40.1 c,
Ha Z eP 21:42:28.8 c Mar. 26
U PEZ eR 21:52:03
M Z Tmax 22:21:23 M Z iP 13:34:24.2 d
D Z Tmax 22:22:05 A Z iP 13:34:22.9 d
N Z Tmax 22:21:34 D Z eP 13:34:22.6 d
WP Z Tmax: 22:21:24 N Z eP 13:34:23&2 d
U Z Tmax 22:21:34 WP eP 13:34:23.2 d
Pa Z Tmax: 22:21:32 U Z eP 13:34:22.8 c
Ha Z Tmax 22:19:37 Pa Z eP 13:34:24.9 d

Na Z eP 13:34:21.4 d
COOS card 24-63: Hi Z eP 13:34:26.4 d

21:35:24.4 Ka Z eP 13:34:28.2 d
51.8° N., 178.1° w. Ha Z eP 13:34:31.5 c
Andreanoi' Islands, U PEZ iP 13:34:23
Aleutian Islands iSS 13:45:33
h about 57 kIn iR 13:49:23
Magnitude 6.0 (Pas) U PEN is 13:41:55

5.0 (Pal)
5.5 (CGS) coos card 27-63:
5.4 (RYO). 13:25:02.6

29.8° S., 177.9° W.
Mar. 26 Kermadec Islands

h about 42 kIn
M Z iP 09:57:39.4 d Magnitude 7.3 (Pas)
A Z iP 09:57:38.0 d 6.5 (Pal)
D Z iP 09:57:37.2 c 5.9 (CGS)
N Z eP 09:57:37-7 d 6.4 (RYO).
WP Z eP 09:57:37.6 d
U Z eP 09:57:37.3 d

30



Table 5.--Distant earthquakes--Continued

Mar. 26, 1963

M z iP 19:56:56.2 c
A Z eP 19: 56: 57.0 c
D Z iP 19:56:56.4 c
N Z iP 19:56:56.7 c
WP Z iP 19:56:56.6 c
U Z iP 19:56:56.5 c
Pa Z eP 19:56:5102 c
Na Z eP 19=56:57.3 c

M Z iP 21:45:00.9 d
A Z iP 21:45:01.7 d
D Z iP 21.:45:01.1 d
N Z iP 21:45:01.4 d
WP Z iP 21:45:01.4 d
U ·z iP 21:45:01.2 d
Pa Z iP 21:45:03.1 d
Na Z iP 21:45:01.4 d
Hi Z eP 21:45:00.5 c
Ha Z iP 21:44:52.3 d
U PEZ iP 21:45:01

iG 22:03:05
U PEE is 21:53:55
U PEN eSSS 22:00:31

C&GS card 25-63:
19:47:46.0
44.4° N., 146.7° E.
Kuri1e Islands
h about. 110 kIn
Magnitude 5.6 (CGS)

Mar. 26

C&GS card 24-63:
.21:34:41.1
36.00 N., 135.7° E.
Near east coast of Honshu,
Magnitude 6.0-6.3 (Pal)

6.5 (Pas)
6.5 (Brk)
509 (CGS)
605 (HVO)

17:01:11.4 d

11:21:52.9 c
11:21:52.5 c
11:21:52.3 c
11:21:55.2 c

iP

eP
eP
eP
eP

z

z
z
z
z

M

M
A
WP
Hi

Mar. 30

M Z iP 02:02:21.9 c
A Z eP 02:02:21.6 c
D Z eP 02:02:20.5 c
N Z eP 02:02:21.6 c
WP Z eP 02:02:21.6 c
U Z iP 02:02:21.4 c
Na Z eP 02:02:18.5 c
Hi Z iP 02:02:24.1 d
Ka Z eP 02:02:24.8 c
Ha Z iP 02:02:25.1 c

C&GS card 29-63:
01:53:28.8
19.10 S., 169.1° E.
New Hebrides Islands
Magpitude

6
6.1 (CGS).

h about 1 ° kIn.
Mar. 30

C&GS card 27-63:
11:12:31·3
30.2° S., 17708° w.
Kermadec Islands
h about 38 kIn.

Mar. 28--continued

U FEZ iSS 00:45:33
iSSS 00:49:15
iR 00: 56: 59

C&GS card 27-63 :
00:15:47.5
66.3° N., 19.6° w.
Iceland
Magnitude 7.0-7.3 (Pas)

6.5 (Bks)
6.5-6.8 (Pal)
7.0 (HVO) ,

h about 15 kIn.
Mar. 28

Japan

00:39:31
00:52:23
00:40:36

PEE is
iL

PEN iPS

u

u

Mar~ 28

31



Table 5o--Distant earthquakes--Continued

Mar. 30, 1963--Continued

D Z iP 17:01:11.7 d
N Z eP 17:01:11.7 d
WP Z eP 17:01:11.9 d
U Z eP 17:01:11.6 c
Pa Z iP 17:01:13.6 d
Na Z eP 17:01:12.5 d
Hi Z iP 17:01:11$2 d

Mar. 31--Continued

C&GS card~-Continued

Magnitude 6.3-6.5 (Pas)
6~5 (Bks)
600-603.' (Pal)
507 (eGs)
6.3 (liVC)

C&GS card 27-63 :
07:07:36·3
6.10 S., 149.00

E.~ New Britain
Magnitude 6 -3 (Pas)

6.0 (Pal)
5-7 (CGS).

C&GS card 27-63:
19:22:53·3
30.0° S., 178.0° w.
Kermadec Islands
h about 50 kIn
Magnitude 6.3-6.5 (Pas)

6.5 (Bks)
5.8 (CGS).

Mar. 31

M Z iF 19:32:13-9 d
A Z eP 19:32:12.9 d
D Z eP 19:32:12.2 d
N Z iP 19:32:13.4 d
WP Z iP 19:32:13.4 d
U Z iP 19:32:13.4 d
Hi Z eP 19:32:14.9 d

C&GS card 27-·63:
16:51:56.6
44.20 N., 148.0° E.
Kurile Islands
b about. 33 kIn
Magnitude 5.3-5.5 (Pal)

6.3 (CGS)

Mar. 30

M Z Tmax 22:20:44
A Z Tmax: 22:20:33
D Z Troax 22:20:32
N Z Tmax 22:20:30
U Z Tmax 22:20:31
Pa Z Tmax. 22:20:01
Na Z Troax 22:20:29

C&GS card 28-63:
21:13:5401
807 0 So, 109.2° w.
About 2,000' kIn southwest of
Galapagos Islands
h about 33 kIn
Magnitude 406 (CGS).

Mar. 31

M Z iP 05:40:05.6 d
A Z eP 05:40:02.2 d
N Z eP 05:40:02.7 d
U Z eP 05:40:03.4 d
Pa Z eP 05:40:07.3 c
U PEN is 05:47:36
U PEZ eR 05:54:44

C&GS card 27-63:
05:30:49.3
.29.9° S., 177.7° w.
Kermadec Islands
h. about 48 kIn.

32

Mar. 31

D
U
U

Z iP
PEN iG
PEE eR

07:18:13.7 d
07:32:48
07:35:32



Table 6.--u.s. Geological Survey seismograph stations in Hawaii

station Symbol

Location

Latitude Longitude
N. W.

Altitude
(M)

above sea
level

Equipment
(Z, vertical; N, north-south;

E, east-west)

----------......----+-----......-----+-------------------------
Uwekahuna

(Hawaiian Volcano
Observatory) G

Mauna Loa------------

Ahua-----------------
Desert---------------

North Pit------------

West Pit---------~---

Whitney Vault--------

u

M

A

D

N

WP

w

19°24.9'

19°24.7'

155°23·3'

155°15.9'

155°23·3'

1,240

2,010

1,070

815

1,115

l,llO

. 1,210

Long~period Press-Ewing: N, E, ZQ
(Seismometer and galvanometer
periods are 15 and 90 seconds,
respectivelyo)

Short-period Sprengnether: E, z.
HVO-l: .zJJ.
Short-base liquid-level tiltmeter
April 9, 1963 to May 'Zf, 1963 a

Wood..Anderson (NS) replaced Sp-Z
on an experimental, temporary
basis.

Operated by John Forbes, Akira
Yamamoto and other HVO staff
members.

Remote recording HVO-2: ~

Remote recording HV~-2: z.

Do.

Do.

Do.
Installed October 31, 1962.

Bosch-Omori: N, E. (Seismometer
period 9 seconds.) Discontinued
February 1, 1963.



Table 6.--u.s. Geological Survey seismograph stations in Hawaii--Continued

Location
Symbol -t-----....----.........-..station

Hi10---------------

Naalehu--------~~--

Pahoa--------------

Kamuela------------

Konawaena-------~--

HaleakaJ.a, Maui----

Hi

Na·

Pa

Ka

Ko

Ha

Latitude
N.

Longitude
) VI.

155°5501'

156°15.0'

Altitude
(M)

above sea
level

20

205

205

140

495

2,090

Equipment
(Z, vertical; N, north-south;

E, east-west)

HVO-l: Z
Wood-Anderson: N, Eo Operated

by Sister Thecla at sto Joseph's
School.

HVO-l: ZO
Operated by Rev. H. Hanson till

September 1, 1962, when new
operator, Rev. D. Thompson,
took over duties at Naalehu School.

HVO-I, buried July 17, 1962.

HVO-l: z.
Operated by Mr. Kongo Kimura at

Pahoa School.

HVO-l: Zo
Operated by Mr. Edward Van Gorder,

Preparatory Academy, Kamuela.

Not operated in 1963.

HVO-I: z.
Wood-Anderson~ N, E. Operated

by the staff' of' Hawaii National
Park at Haleakala, Maui.

See footnotes at end of table, po 35.



Table 6.--u.s. Geological Survey seismograph stations in Hawaii--Continued

~ HVO-l is a moving~coil, hinged, vertical-component seismograph with seismometer and
galvBJlometer periods of 0 CI 5 second It Over-damping of both seismometer and galvanometer is used
to control the strong galvanometer reactiono This seismograph has a peak magnification of
about 20,000 at a period of 0025 secondo Recording is optica.l, on photographic paper 0

2/ HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of
oC/8 secondo Its signal is transmitted over telephone wires to the Hawaiian Volcano Observatory,
where it is recorded on smoked paper. The response of this seismograph is similar to that of
HVO-lo Records from these seismographs at the _M, A, and D stations are recorded on a 3c:»component
drum to permit an accurate comparison of arrival times at these stations.



TIle following persons or agencies reported "felt" earthquakes during
the first quarter, 1963. Their assistance is gratefully acknowledged.

•

North Hawaii

Honokaa School
Mrs. Hunter
Mr. Van Gorder
Mrs. Lindsey
Miss Tulley
Mrs. Thwine
Mrs. Richards, Jr.
Mrs. Christensen
Mrs. Walker
Hawaii Preparatory Academy
Mr. McCabe
Mrs. Weight
Mrs. Eklund
Miss Wallace
Mr. stewart

Kilauea summit region

Mrs. Loucks
Keakelani School
Mrs. Hansen
National Park Headquarters
Volcano House Hotel
Mrs. Mist
Mr. Koyanagi
Shipman Ranch (Keaau)
Mrs. Wentworth
Mrs. Duncan
Kilauea Military Camp
Miss English
Mrs. Fraser
Mrs. Yamamoto

Kona coast

Mr. Johnson, Jr.
Mr. Sutherland
Miss Greenwell
Mr. Paris
Mrs • Mitchell
Mr. S. Greenwell
Mrs. Rice
Mr. Sleightholm
Mr. Yeoman
Mrs. Higashihara
Mrs. Cherry
Mrs. Miyatake
Mrs. Hayashi
Mrs. Yamasaki
Mrs. Korenaga

Puna

Mr. Edwards
Mr. HB3
Miss'Takemoto
Mrs. Isbell
M:r. Warner
Mrs. Walker

Hila region

Mr 0 Sadamoto
Mr. McMurray
Mr. Pierce
Miss Perriera
Mrs. Schaeffer
Mrs 0 Duncan
Mr. Elliot
Mrs. Ingledue
Mr. Okamura
Mr. Warner
Mrs. Baldwin
Mr. Ho
Mr. Onuma
Mrs. Veriato
Mrs. Breyton

Kau region

Mr. Godfrey
Mrs 0 Schattauer
Mrs. Billings
Mrs 0 Yamamoto
Kau Police Dept.
Mr. Manierre
Mr. Edwards

Central Hawaii

Kulani Honor Camp
Lt. Carvalho
Mr. Kamiko
Puu Analiulu School

Mau! Island

Mrs. Boyum
Mr. Griffiths
Mr. Ching
Dr. Leekrick
Ulupalakua Ranch
Hana-Maui Hotel
Haleakala National Park
Mr. Hupp
Mr.a. L~nQ.eay
Kan,'.llu1 Airport

.';-.; "

Oahu Island

Mr. Johnson
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Chronological summary

Slight inflation of Kilauea volcano during early April was indicated by
northwestward tilting at Uwekahuna. Very heavy rainfall (26 inches in one
week) was followed by moderate but persistent southward tilting between
April 17-30. Part of the apparent collapse may have been caused by cooling
and shrinking of near-surface lava storage, but most of it is best attributed
to rainfall-induced deformation in the immediate vicinity of Uwekahuna Vault.

April was not an unusual month seismically: shallow caldera quakes were
slightly more numerous but activity elsewhere was similar to that during
March (table 3). Three earthquakes were felt in Hawaii during the month
~table 4).

Strong northward tilting at Uwekahuna characterized the first 8 days
of May. Except for slightly increased activity along the Kaoiki fault,
including a magnitude 3.4 "felt" earthquake on March 4, the statistics of
shallow and deep seismic activity continued unchanged from April.

h m
At 21 50 on May 9, an episode of unusual seismic activity consisting

of frequent earthquakes in a background of continuous harmonic tremor
began. Early in this crisis, which lasted 4 days, about a dozen earthquakes
were felt lightly in the Kilauea summit region. Only two of these could be
identified individually {table 4). Otherwise, earthquakes were not felt,
although they occurred at rates as high as five per minute. The appearance
of harmonic tremor on instruments of the Kilauea summit network suggested
that lava was moving at a shallow depth beneath the summit region. Earth
quakes that could be read through the tremor background originated along the
Koae fault system in the vicinity of Puu Koae on Kilauea's southwest flank
(fig. 2)~ Fresh cracks up to 2 feet in width were eventually found in this
region in a zone several miles long. The cracks were all tensional. The
tilt diagram for March 18 to May 12 (fig 2) very clearly shows tumescence of
an elongate zone along the southwest rift zone. Movement of lava into this
region from the summit reservoir is believed to have caused the seismic
activity and extensive cracking.

While the southwest rift zone was swelling and cracking, a remarkable
collapse of the Kilauea summit region was recorded by the short-base
tiltmeter at Uwekahuna. Although the summit collapse is shown in a gross
manner (7-day averages) in table 1, a more detailed record of this event is
provided by the unaveraged tilt coordinates at Uwekahuna Vault derived from
a stepped-up reading schedule during the collapse (table A). On May 12
summit collapse ceased and rapid reinflation began, as indicated by rapid
northwestward tilting at Uwekahuna. A remarkably similar episode of summit
collapse accompanied by earthquakes and ground cracking south of the
caldera occurred in December 1950 (Volcano Letter 510).

The frequency of earthquakes in and near Kilauea caldera decreased
sharply after the May 9-12 crisis. Three additional earthquakes were felt
on Hawaii during the rest of the month.

During June, seismic activity in the vicinity of Kilauea caldera and
along the upper part of Kilauea's east rift zone increased slightly.
Tilting at Uwekahuna declined about the end of May and showed little change
during June.
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Four earthquakes were felt on Hawaii during June. The largest was of
magnitude 4.2 and occurred beneath the south flank of Mauna Loa on June 6 e

Note on instrumentation.--Early in April an HVO-2 seismometer was
installed at Makaopuhl Crater. Its signal is transmitted over a telephone
line to the Observatory, where recording of data from the new station (MP)
was begun on April 18.

Table A.--Tilt coordinates and cumulative changes at Uwekahuna Vault

during the May 9-12 summit collapse

Date Time
Tilt coordinates and cumulative changes
N-S S(N-S) E-W S(E-W)

urad urad

•

May 8

9

10

10

10

10

10

10

10

11

12

12

13

08h30m

08h30m

OOh15m

03h 1Sm

06h30m

08h30Tn

11h30m

14h30m

lSh30m

08h OOm

09h30m

12h30m

08h30m

505

505

509

503

496

493

494

493

490

491

484

489

486

2

o

o

+4

-2

-9

-12

-11

-12

-15

-14

-21

-16

-19

482

482

494

499

505

506

505

508

508

505

510

508

510

o

o

+12

+17

+23

+24

+23

+26

+26

+23

+28

+26

+28
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Figure l.--Map of the island of H~waii showing se~smograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of earthquakes are given in terms of geographic
coordinates, which are indicated at the edges of the map.
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Tiltin of the round around Kilauea calderao~~Tilt~ng of the ground
around t e summ~t of K~lauea ~s mon~tored da~ly by a short-base water-tube
tiltmeter in Uwekahuna Vault. and at irregular. intervals it is measured on
a regional scale by means -'of a network of field tiltc:.bases and a portable
water-tube'tiltrneter'o The attitude of the ground surface at each tilt base
is reported in terms of"northlE>south-and east-west tilt'coordinateso Both
coordinates at each station were arbitrarily set equal to 500 when measure
ments at that station were beguno Increasing tilt coordinates correspond
to northward and eastward tilting of the'earthUs surface; ioeo J to a rela
tive subsidence toward' the north and easto A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in the direction
indicated o

Table 'lo~-Tilt coordinates at Uwekahuna Vault,

April, May, and Jun€ 1963

Date N..,8 E-W Date N-S E-W

April 7 495 482 June 2 504 496

14 496 481 9 507 494

21 490 483 16 507 493

28 491 483 23 507 493

May 5 501 483 30 505 497

12 491 504

19 494 502

26 501 497

4
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Table 2c - --Tilt coordinates and changes a.t bases arouIld Kilauea ca.ldera (see fig. 2)

(J1

( -6Tilt Base Date Tilt coordinates Rate 10- rad/mo) Date of
. (location) (1963) and direction of last read=i.ng

N-S E-W tilting since (1 9" ~ )
• ..1. b,../

last reading

Uwekahuna May 10 471 .. 6 494~6 8.0 East Maretl 20
(19°25.5' N. , 155°17.4' We)

Tree Molds 14 453~6 512.4 2.8\ N. 15.9° E. 19
(19°26.3' N. , 155°17.3' W.)

Sand Spit 14 829.9 709·9 4.2 S. 15.4° E. 21
(19°24.1' N. , 155°16.8 1 w.)

Ka1ihipaa 11 559·5 451.0 13~8 s. 68.5° E. 18
(19°21.4' N. , 155°15.3' W.)

Keamoku 10 519·1 564.1 15·9 N. 28.9° w. 18
(19°25.1' N. , 155°19.0' W.)

Ahua Kamokuko1au 10 607.9 583.2 26.0 N. 79.0° E. 19
(19°2207' N., 155°16.6' w.)

Kipuka Nene 13 497£9 507.7 7.4 S. 51.1° E. 15
(19°19.4' N. , 155 0

16~ 7' W.)

Hilina Pali 13 501.4 501.9 4.7 S. 28.8 0 E. 13
{19° 18.2' N.. , 155°18~6' W.)

Kapapa1a Ranch 11 497~8 503.1 1.0 N. 78° w. 14
(19°20r 5' N... 155°23.,8' w.
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Figure 2.--Tilting of the ground around Kilauea caldera, March 18 to
May 12, 1963. The vector depicting. tilting at a given tilt-base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt-bases; open circles,
short-base water-tube tiltmeters.
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Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 km of at least one seismograph, and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(U, M, A, D, N, MP). Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located with greater precision;
they are listed individually in table 4. Data on identifiable phases from
distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1, and
essential data on the stations were given in Summary 29.

7
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, and MP arolmd Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow) on the basis of relative
amplitudes on seismographs in the summit regiona Unless otherwise stated, tremor is presumed to
be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
shallow ea,rthquakes along the SW, rift zone of Kilauea and the adjacent portion of the Kaoiki fault
system; earthquakes along the eastern half of Kilauea's east rift zone (from the Pahoa seismograph);
earthquakes from a source about 30 km beneath Halemaumauj earthquak~s from the upper east rift zone
and the adjacent fault systems of Kilauea's south flank, and earthquakes from other regions: Kona,
Mauna Kea, etc. ?=Obscured by the swarm of earthquakes near Puu Koae.

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Halee- . Kilauea SW. rift Eastern ~Hale- Upper

Deep mediate Shallow maumau caldera and East maumau East Others
slides Kaoiki rift 30 km rift

r-

April 1 3 8 ... --=:~-~ 2 170 11 ------- 4 13 ~---------------~-

2 11 ---=-~~~
-_ ... _-~ _~ __ c=-_ 90 5 -----~ 5 10 ------------------

3 34 -=re-_--=r=-~

~-~--- ----~- 90 13 ~ __ c::._~ 4 2 ~------------~----

4 _c. ___ ..
-----~

c.- ____ ~ ------ 137 11 .m_=_ ____ 2 ------- ~---------~-------

5 -~~--
c= __ ~_=_e.I

----~- ~----~ 150 15 -----~ 3
s::- ______

--~---------------

6 _ 1!'2:lI-=:'~_ 3 _-='_r=oII __ ~~ __ c..-~ 130 10 ~-c. ____ 1 ------- ------------------
7 ~-=- ~ c:. em-

_~_c._l:__ ------ 2 160 13 e::- ___ t=II'_ 3 6
--------------~---

8 ~-~-- ------ ... ----- l3:::.~ ___ ~ 197 25 -------- 5 l l offshore Kana
9 ----- _i-.l_c-._~ 6 ------- 195 10 1

a._~ ____
5 ------------------

10 ____ c. ------ ------ _.. _--~ 179 10 _-=-_c-. __ 6 3 ~-~------------~--

11 ----=-- _"' __ IL~-=-

~--~-.,
-==- __ c::::l_ 196 18 ---_ ... - 2 6 1 Naalehu region

12 ----- ----~.,. -~-~--

c=- _____ 150 16 -=------ 2 __ c:::::. __ ea:t

--------------~---

13 32
e- ___ ~_ 2 1 115 5 ------ 2 2 2 Hi1ina Pali

14 ~_c:"_~

_-.:I_~~- --=:-=_-- -~---=- .. 102 27 --=----- 4 6 1 offshore Kona
15 -~--- ..----~ r-a _____

-~--=- .. 70 29 1 3 ~~ __ r::_II::2_

-------~-~--------

16
_~_c::o_

-----~ 6 2 100 12 __ ~ __ e:::3 2 -~----=- ~-------~---------
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs

U, M, A; D, N, and MP around Kilauea caldera--Continued

Tremor
(in minute s ) Earthquakes

Deep
Inter
mediate

Hale - Kilauea
Shallow maumau caldera

slides

SW. rift
and

Kaoiki

Eastern
East
rift

Hale
maumau

30 km

Upper
East
rift

Others

1 offshore Kana

1 offshore Puna
1 Pahala

1 Klllani
1 Kona
1 Pohakuloa
1 Pohakuloa

lO

Apr. ·17
18
19
20
21
22
23
24
25
26
27

28
29
30

May 1
2

3
4

5
6
7
8
9

10
11
12

13

5

18

2

4

?
?
?
?

5

?
?
?
?

5

3
190

1440
960

5

1

1

?
?
?
?

100
55
90
80
59
70

120
110
110
100

110
130
113
120
100

95
120
160

130
75
80

100
?
?
?
?

7
7
9
9

20
12
6
5

11
9

12
20

5
12
16
12

7
27

16
8

20
17

?
?
?
?

?

3

?
?
?
?

2

5
6
1
3
3
6
3
5
5
4

1
7
2
4
4
9

2
1
1
1
?
?
?
?

3

9
2

3
10

15
10
6

2

2

1

2
1

?
?
?
?

ca 600""
ca 2000
ca 400
ca 250

ca 50

about
5 km SSW
of
Halemaurna·;
near Puu
Koae.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs

U, M, AJ D; N, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Hale- Kilauea SW. rift Eastern Hale- .Upper

Deep mediate Shallow maumau caldera and East maumau East Others
slides Kaoiki rift 30 km rift

May 14 ~--- 45 ------ ------ 43 12 ------ 4 ____ t=:II_ 1 Kona

15 ---- ----- ------ ------- 40 6 ------ 3 1 -------------------
16 ---- ----- ------ ------ 36 15 ------ 3 2 1 Pohakuloa

J-7 ---- ----- ------ ------ 33 9 ------ 1 2 1 offshore Kana
18 ---- ----- ------ ------ 36 18 ------ 6 3 -------------------
19 12 ----- ------ ------ 80 14 ------ ----- 3 2 Pahala

1 Kona
20 ---- ----- ------ ------ 70 25 ------ 1 1 1 Pahala
21 ---- ----- ------ ------ 45 7 ------ 2 3 1 Honokaa

1 offshore Kana
22 ---- ----- ------ ------ 25 10 ------ 5 1 1 Waikii

23 10 ----~ ------- ------ 16 8 ------ 2 ----- -------------------
24 15 ----- ------ ------ 40 36 ------ 3 2 -------------------
25 ---- ____ c.- ------ ------ 37 26 ------ 1 ----- -------------------
26 ---- ----- 5 ------ 42 16 1 4 2 -------------------
27 ---- ----- ------ ------ 61 12 ------ 2 3 1 offshore Hilina-

Pali.
28 ---- 5 ------- ------ 43 10 ------ 3 1 1 offshore Hilina-

Pali.

29 ---- ----- ------ 1 47 15 ------ 3 1 -----------------~

30 ---- ----- ------- ~~---- 52 8 ------ 2 1 1 Kamuela

31 ---- ~---- ------ ----~- 30 20 ------ 5 ------ -------_ ........ _-------

June 1 ---- ----- ------ ----~- 37 16 1 11 3 1 Kona------------

2 --=--- ----- ------ ----~- 35 10 1 3 2 1 Kona

3 ---- ~---- ------ ---~-- 29 8 ------ ------ 4 ------------------
4 c-. ____ t~ ____ ------- ------ 42 9 ------ ____ e. 3 1 Naalehu

5 -~_ .... ---~~ ------- --~--- 47 12 --~~-- 8 7 -----------------~

6 _..., __ c::.
_-=-~ c-.c.= ------ ------ 45 18 ------ 3 6 1 Naalehu
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Table 3. --Number of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
~

(1963) Inter- Hale- Kilauea SW. rift -Eastern lHale- Upper
Deep mediate Shallow maumau caldera and East maumau East Others

slides Kaoiki rift 30 km rift

June 7 10· 60 12 ------ 9 5 ------~-------------~--

8 4 65 13 ------ 3 10
---------~-------------

9 ------ 65 10 1 3 10 1 Kona-----------------
10 ------ 75 21 1 3 15· -----------------------
11 4 51 8 ------ 2 21 -----------------------
12 3 2 65 15 ------ 12 20 1 Kona-----------------
13 ------ 68 18 ------ 8 27 ----------------------
14 6 11 48 12 ------ 20 17 -----------------------

~ 15 6 ------ 66 15 3 2 18
-----------------~-----

~ 16 5 68 10 ------ 7 11 1 Kona-----------------
17 ------ 40 10 ------ 5 15 1 Kona-----------------
18 ------ 31 8 ------ 3 8 -----------------------
19 43 ------ 42 3 ------ 1 18

------------------~----

20 ------ 35 7 ------ 2 11 -----------------------
21 ~----- 34 8 ------ 6 9 1 Mauna Kea------------
22 ------ 43 8 ------ 8 7 -----------------------
23 3 ------ 48 11 ------ 15 6 1 Ma..ui - - - - - - - - - - - - - -" - - -
24 ------ 60 14 ------ 7 6

---~-------------------

25 ------ 46 9 ------ 6 9 -----------------------
26 ------ 43 10 ------ 4 25 -----------------------
27 ------ 26 3 ------ 2 2 --------~--------------

28 ------ 52 6 ------ 1 1 Kamuela--------------
1 Molokai--------------

29 ------ 87 8 ------ 3 45 1 Kona-----------------
30 10 -------- 77, 8 ------ 3 21 1 Kamuela--------------



Table 4. --Local earthql.1akes recorded by seismographs of the U. S. Geological Survey,

April, May, and June 1963

[Entries for a given quake are: date, origin time {Hawaiian Standard Time), magnitude, depth, epicenter,
and felt reportse All earthq1.lakes of magnitude 2.5 and larger, as well as many favorably ~l.ocated

smaller ones, occurring on or near the island of Hawaii are included in the list.

In the following list, some origin times are followed only by "KM 30" and a statement of magnitude.
These are all members of a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is beneath Halemaumau at a depth of 30 k~lometers .{19°24.1' N., 155°17.1'
w. ).

In Summary 29, a persistent earthquake sequence was codified by the initials KT which referred to
a "poor" location along the Kalapana Trail. This designation is retained for the purposes of this
Summary but will be discontinued in the future unless Kalapana Trail quakes resume. The approximate
epicenter for these quakes is 19°20' N., and 155°05' W., and shallow depth is assumed.

In Summary 24, "Kaoiki" was introduced as a symbol for listing any of a family of quakes with mean
focus 19°24' N., 155°25' w., h=3 to 8 km. This symbol is used in the following listJ

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. Long. w. Description- - -

Aprc 2 09 12 06.0 3.1 ------ ______ wa,_ e- __ ca.-. ____ KT-----------------------
_~c=_ ____________

2 10 00 Ilt7 2e5 .. e-a ___ __ e- __ "'c._ _... -----_ .. l(III- - - - - - - - - - ~ - - - - - - - - _. - ...... .-~~caClte=_ElJ=-~ _ _=_C3t~ __

2 15 37 14.2 2.8 ----~~

~:;;311 ____ c:._ --------- KM 30-------------------- --r- _____ c=_c=::I ____

3 06 10 09·5 2.0 3 19°17.8' 155°12c7' 12 km southeast of Ahua ---------------
seismometero

7 06 00 5507 2.0 8 19°26.2' 155°25.0' 7 km south-southwest of
_IEI:::II _______ ~ _____

Mauna Loa seismometer, - ".4 _ ---

7 07 38 39.8 2.1 3 19°27.9' 155°23e2' 2 km south of Mauna Loa
c=c:::.~_~ __________

seismometer.
7 08 24 11..~~ 8 3.3 ---~-

_..,.alll:!!' _____ -------- Kaoiki~------------------ Felt in Hilo
and Pahala.

7 23 04 47.7 2.2 10 19°21.1' 155°16.5' 5 km south-southwest of - .. ------- __ ~_c-. __ ..
Ahua seismometer.



Table 4~~-Loca1 earthquakes recorded b~ seismographs of the U.Se Geological Survey,

April, May, and June 1963--Continued

Date Time JY1agni coo Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. Long. W. Description-

Apr 5 8 09 02 51·5 3~2 8 19°26.5' 155°27.4' 10 km southwest of Maill1a _a-_~ __ c.-_~~_..-: ____
Loa seismometer.

8 19 58 21.3 3.7 13 19°13' 156°27' 60 km southwest of ~----~~--__ c. ____

Kealakekua.
10 21 28 13c2 2.2 -----=- __ -=-_ .. c:::::. __ --------- KM 30------------------- ----~-----__ c::.~ ___

11 07 11 30.9 2.0 -~--- -------- -=--------- KM 30------------------- ----------------
11 07 31 23c-5 2.5 8 19°11.7' 155°39.8' 16 km north=-northwest of -_ .... _------------

Naalehu.
11 13 01 40.5 2.7 ----- -~------ -------~- Kaoiki------~----------- ------- ____ -a ____

11 22 01 19.8 2 .. 0 15 19°19.3' 155°12.1' 9 km southeast of Ahua ----------=-------
seismometer.

12 00 19 06.0 2.6 25 19°23.7' 155°20.4' 6 km southwest of -----------------
Uwekahuna seismometer.

13 19 19 02.9 2.5 5 19°14.3' 155°14.6' 6 km west-southwest of -.... _~------------
Apua Point.

13 19 20 11~5 2.2 3 19°15~3' 155°13.3' 3 km west-southwest of ----------------
Apua Point.

13 22 52 16.0 3.2 _ e- __ .... __ -w _____ --------- Kaoiki----------------- -a ____ ~ __ ~ _______

14 05 22 18. ·8 3·3 13 19°29' 156°17' 37 km west of Kealakekua -=-~_~_~__ tra _______

17 17 23 40.1 2.3 - ... _-- _ca_eaJl __ c::a-=-
~~--- .. _-- KM 30~------------------ ~-~-~~-~~ ___ c::.:::::_-=:I_

18 07 12 40.6 2.0 10 19°20.1' 155°16~1' 4 km south of Ahua ~-- __ ~_-=:Ie=t_______

seismometer.
19 07 19 14.7 2.2 10 19°19.5' 155°16.1' 5 km south of Ahua -------- ... _-- ... _--

seismometer.
19 17 24 10 .. 8 2.1 35 19°21.4' 155°10.5' 2 km south of Makaopuhi ----------------

seismometer~

20 03 12 29~2 2.0 ---~ .. "'_=rtt_~ __ ..
-~------- KM 30~---------~------- .....~ __ ~KB-..~~~______

22 04 01 29·2 3.2 C""' __ ~·_rs ~_~ __ -.r:J-=:S_
-~ __ cr'I£""'~_e- KM 30~~--~~~----=--~--~ Felt in Kilauea

summit area,:
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rrab1e 4. ·~ ... Loca1 earthquakes rFcorded by seismographs of the U. S. Geological Survey,

April, May: and June 1963--Continued

Date Time Magn.i- Depth Epicenter Felt
(1963) t'ude (km) Report

h m s Lat" N. Long. w. Description- - -

Apr. 23 03 44 35.6 3.0 13 19°4l! 156°17' 25 km wsw of Keahole Point - _ ~ _ e:t -=- .. ~ __ ~ ~ _ ~"_

25 07 18 33.3 2·9 8 19°21.8' 155°14.9' 2 km BE of Ahua seismometer -~--~___ c:::::EI--"c::::::::I __ -';)_

26 23 46 33.2 2.3 -., ~ ..... c::a .... _r=-c:IIi=-~~
.. __ ~ ___ c:::= .... KM 30-------------~----~~~- ~---~----------

27 01 49 38.4 3.4 15 19°32.8' 155°14.8' 15 km NNE of Uwekahuna Felt-in-Kilauea
seismometer. summit area,

Hilo, Glenwood,
and Pahoa.

27 01 53 43.0 2.6 3 19°26.8' 155°41.3' 27 km ESE of Kealakekua
~-=--------------

28 20 20 46.9 2.0 < 3 19°21.2' 155°16.0' 3 km S of Ahua seismometer ------------~--

28 13 43 56.4 3.0 ~ ... ~- ~ ____ c=_~ --=-------- Kaoiki-------------------- ------------.--
~ 29 02 43 03.7 2.7 10 19°20.9' 155°2402' 2 km NW of Desert ---------~-=-----
~ seismometer.

29 02 52 47.1 2.2 .... ..-_- "'~I'C' _____

--------~ Kaoiki-=------------------ ca _______________

29 19 15 40.0 2.7 5 19°51.2' 155°30.2' 12 km NNW of Pohakuloa -~-------------

30 01 25 29·0 2.7 8 19°47.5' 155°35.8' 10 km ENE of Pohaku1oa _c.. ______ ~~ ______

May 1 17 30 40e7 2·9 ----
______ ~I.a -------_ ... Kaoiki--------------------

~-=- ________ II:Zr~ ___

4 15 22 55.0 2.2 38 19°19.6' 155° 05.5 43 km S of Hi1o---------=- ----------------
4 16 11 25 .. 0 3·,4 --.:0-- ~e.- ________ ----------. Kaoiki-------------------- Felt in Kilauea

summit area,
Hilo, Kapapa1a"
Pahala, and
Honaunau.

4 18 22 59·0 3.0 8 19°10.3' 155°30.6' 5 km SW of Pahala---------
_____ ~ _____ e_ ___

9 20 51 43.5 2.9 3 19°22.3' 155°17.4' Koae fault system near Puu Felt Vo1cano---
Koae ..

9 20 54 07.1 3.1 3 19°22.9' 155°1900' ---~do----~----~---------~ Felt Volcano----
9 20 54 51.1 2.7 < 3 19°21.9' 155°18.9' ----do~-~---------------~~ ~--~-~-------~--

9 20 56 0207 2.7 < 3 19°21.3' 155°19.1' -~~-do-------------------~ ~-~----=-~~------

9 20 58 50$1 2·5 < 3 19°22,,0' 155°19~5' -~~=do~-----------------=~
__ ~_c.. ___ =- ____ .. __

9 21 00 42.6 2.0 < 3 19°22.3' 155°18.4' -~--do~-~-=-------------~~
C2_ ... ~ ______ ~ ______



.....
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Table 4. -~Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963--Continued

Date Time Magni- Depth Epicenter Felt
{1963 ) tU.de -{km) Report

h m s Lat" Net Long. w. Description- - -

May 9 21 02 17.0 2~8 < 3 19°20.5' 155°19.8' Koae fault system near Puu. Koae __ ..-s=-:::::s __ c== ______

9 21 04 38.3 2~5 < 3 19°20.5' 155°19.8' ----do--------------~---------- --------------
9 21 08 06.1 2·3 < 3 19°22.3' 155°18.6' ----do---------------~----~---~

~ ___ ~e- ______

9 21 38 01$6 2.4 < 3 19°21.1 1 155°19.2' -~--do---=-~=----------------~~ -=---=-_IIIIE'_--=t _____

9 22 48 37.4 2~3 < 3 19°22.0' 155°20~2' -~--do~---------=-----~-------=----~-------

9 22 56 13 .. 6 204 < 3 19°20.6' 155° 18.2' ~---do~-~--~~------------------
~ __ ~_~_c:.: ____

10 00 16 50.2 2.4 < 3 19°22.5' 155°16.8' --~~do~~=---~----------=------=
__ ~ ___ c=:=e:- ___ ~

10 00 42 42~O 2.1 < 3 19°21.2' 155°17.8' ---=do--=-------~~----=-----~~~
C21-= ____ r- _____

10 03 59 24~7 2.1 < 3 19°20.9' 155°19.3' -=~~do-=------------------------==--~--------

10 04 05 43~1 200 < 3 19°22.0' 155°19.1' ----do------------------------- -=- ___ -=s ________

10 04 31 11~9 2.2 < 3 19°21.1' 155°19.3' -~-~do-------------=-----------
~ c=- c:2 ~ _ c=I ~ ____ -__ ..-

10 04 57 OO~9 2~5 < 3 19°2085' 155°16,,0' -=-~do--~-------~~--~----------
e- ___ ~~;;ID_r.-~__

10 05 22 1307 2.0 < 3 19°21~5' 155° 18.9' -~~~do-----------------------~~
c=J __ c=:J ________

10 07 01 17·9 2e1 < 3 19°21.5' 155°1900' --~-do~-~-------~------~~-----~
~ __ e:a_e=-.::::.~t:z::I__ ~

10 07 28 29·3 2.5 < 3 19°21.6' 155°18.9' --~~do~---------~---~~---==--~=
~_~t=--=- ________

10 08 12 54~4 2e3 < 3 19°19.8' 155°21.2' ~-=-do=--=-==--------------~~-~
c::8 ___ c=:J ___ amo ___ c.

10 09 05 04.9 2.3 < 3 19°20.7' 155°19~1' -=~~do--=~--~-~--------=---~~--c::::21C:11"'-=::t~C=-_e:::'=I~_~_

10 09 30 55~3 2.4 < 3 19°20.9' 155°18.4' ~---do--~---~-----------~----~-
E::a __ ~~c.Dc:alC::::::__ "~

10 14 14 36p1 2·5 < 3 19°20~6' 155°19~6' -~--do---------=--~-=---~-~-===
1I::::::Io-=a __ CII=_~ ___ ca_

10 14 20 30·9 2,2 < 3 19°21.8' 155°18.6' ---=do-----------------------~~ c:a~-_~c.-c:::l~_ ... ~1I:W

10 19 10 4100 2·9 10 19°16.5' 155°14~6t 5 km WNW of Apua Point.,. - ~ r... - 0= -- "'" = ~c==_=:::::=-~~_-='~ ___

11 06 15 42.1 2.1 < 3 19°22 .. 2' 155°19.0' Koae fault system near Puu Koae ~ __ cz::~ __ c::::::::::_~_~

12 09 01 07.7 2.2 < 3 19°201'3' 155°19.2' ~=--do------=------------------
EZl __ =- _____ ~ ___

14 06 48 27~Q 2.6 8 19°31.2' 155°55.0' 1 km r~ of Kealakekua----------- -=a ___ ~_~_____

14 09 31 45~ 8 2.0 8 19°23~9' 155°17.2' 3 km SSE of Uwekahuna -------------
seismometer.

14 16 20 19.2 2r,7 :a: ___ t::=:=I

------~~ ------~-- KM 30-------------------------- .,-=:;;;t_~c_._______

16 08 37 21~2 2.1 8 19°19.0' 155°15.0' 6 km. SSE of Ahua seismometer--- ------------
16 15 24 4203 2~1 8 19°21,,2' 155°17.2' 3 km SW of Ahua seismometer --- _ .... __ aca~ ______



Table 4~~~Local earthquakes recorded by seismographs of the UoSo Geological Survey,

April, May, and June 1963-o=ContinuAd

Date Time Magnic=> Depth Epicenter Felt
(1963) tu.de ~km) Report

h m s Lat .. No Longe w. Description
..-.. - -

l~y 16 21 22 41e5 2~1 5 19c46~5t 155°36~6~ 10 km WNW of Pohak'uloa = ~ =0 = =~ c::zJ~-==a-=_:20~~_:::-l:':ca::lC::~

17 01 31 19~O 2c,8 8 19°36 Y 156°26' 57 km WNW of Kealakekua ,.., = ==C3 =:aC:=c::ar.:u~_a.-==-:r_t:=e--=-I:::)~

17 09 19 07,,0 205 20 19°2305' 155°17~5' 3 km NW of Ahua seismometer ~C::::=c=~e=rc=:l,=-,(=zIc;o:::.r-=c::::lC::c;:::lc-.~

17 04 54 16e9 2,2 25 19°12.3' 155°3202' 4 km west ef Paha1a~--==-==~ -=e=-::-c=- __ c::::~c::::::: ... -=-c.._~~

19 01 54 59,4 304 5 19'~ 1204! 155°2103' 14 km ea,st of Paha1ac= "'_=:.o_===t ~r-==~~~=-.=:at:::::J~~c:="~IaI;-=:J

19 02 21 25:5 3v9 8 19°14~7; 155°3101' 6 km NW of Paha1a---=-=--=~=Felt. in Kilauea
summit area,
Hila, Pahala,

and Waiohinu.
19 03 01 37.7 2$2 ~~-=-c::::::a. e:t=-IIS""\~c=:Ica=-&:J

~_~_c:=2~~~~

Kaoiki=~==-====-~=----=~~-==e::rc:::::.C::=c::.t=~~DID=-'-:_Qlf~~_

19 17 20 o8c6 3~3 QI:Ic::;::;1~e::- ~C:;:Jc=-~~~c.= C::=~~tK::::I~c:::II~~c=II: Kaoiki===~==~-=~~=-~~~~==-~= c=::e-..~e:t=-:t~_c::=aa~IS;~ ___

19 19 37 36~2 2.0 ~c::c::=sc:= c::Ic:::::~e=-==-..,;:_~ c:::a'-'~~E:;lI-==-e8_~ Kaoiki=~--=~--=-------=--=--c::lI-=-c::3)~_-=:'I:SI~___ c::::a=-_~_

19 19 56 10~1 2~9 c::::2o_t"':S~ r::a::::::;;a_-..~.,..~c::3I

1IIC2 __ ~e=:t'.-:Ie- ___

Kaoiki~--~~=-~=~-=-~~-~=~=~=C:=C=::-==a:::=:.c=-c=;.a:::::=e::::-~.. r=- ___ c..c=s

19 22 06 23.9 2,4 8 19°41' 156c
, 08' 10 km SW of Keaho1e Point .... =c:a ~~c====-r=IIIC:I~~r==-__ ~~~

20 03 09 52cl 2,2 c:::~e-:a c:I"'c=ac;;;.3l~~~lI:::::I ~==~cs:;.e=o=~~~C"a Kaoiki =0 "'"' ~_ I!OC = .... <roo ....... =- =_.." __ "". ""'.,. _ =~!CO r""3~c:.r:::aa.c:::r~c:="~~=-:'c::a:~c::::=-C":t

20 04 11 16~o 2.,8 8 191

; l4~ 3 i 155°3106' 7 km NW of Pahala-==~~~~~==~Felt in Pahala
20 10 31 27,3 3~1 ~C=-c:::::3~ ~a.~~c::::::=~c- ~CDc:.;.~C;;;CI~~-=-~ Kaoiki==----=-=--=-----==~==c:::lIC=:=c:.c::!Ic::._=c::I~c::D~C:tar"~

20 10 31 54c6 3~9 ~~c:=:::t~ :3l1E::lt.2t.-:l::::Ic.ae=e:t l=tt=-e=c:::-.c::;:Je:::-~_c::::I Kaoiki==---~=~-==~~~--==-==~c::;)CI&.Ic-=e-_~c::5~~t:::ICE:~-==C:=~

20 10 39 28.7 201 ~-=-~~ G:I em r= ('~ c:::::a a:::a -=:I c:::::=I ~c::::Jc::::at=Dc:::)=e=~C:::c::::::lI Kaoiki=-=====-====--==~-~-== ~~~~..:Jc:::a~c::::::I~_~c=_~c:::::I

20 12 15 01,,0 2~8 ~c::='e:::;,::::::. c::I_~~~~C;Z;c::::II c:=:II~=-~~~c:=::._c=- Kaoiki=~=---=~~~~-~========~ c::::lc:;)~aoac:::::f~"'.-::c:::.e:::te=.car._c=:~

21 06 19 2604 2.4 3 19°17.2~ 155°06,,1' 12 km BE of l'-1akacpuhi c:=!CX_~~c:=:re::.c=.~~e-~_laIC~

seismometer.
2J_ 09 25 5902 2,,0 C::::::~~~ ~~c»-=='~_c=ac::2 C=Se-Cll::C=:;-==~QI::2c;'2~ Kaoiki=~==--~-====~=-===~~=~ c::::J1C:)C::=-=c.:r=c=\eat~==-~e-~e-''''c::'t

21 14 26 5503 2<l6 8 19°54~2' 155°29.0 1 18 km S of Honokaa=~=~~~=-~= e=~C:2'C:::=C::::=c:::I~r""":':"-==a~__ ra:tar=1E='

21 19 27 0907 2·3 3 19°o8~0' 155°1608' 16 km BE of Desert _"'_c:I:)CIIIIIO~Oll::tlc::.r~_C=...-.e::::I-=:Ie-

seismometer"
21 20 15 19~1 2·5 13 19'='39' 156°27~ 42 km WSW of Keahole Point C:l~_~~~c==Ic.:II=~_r:=:__ ~

22 06 07 57. 7 208 45 19°16.9' 155°01*5' 25 km SW of Pahoa=-- .... ~-=-=-~=-=> C:=Ot=:Jro::=I~=--c=J __ -=:_CE::C3:_~~

I

22 23 01 20,5 2~6 3 19°52~8' 155c4o~6' 3 km NW of Waikii=--~-=---~=-
e:.:t~~ ______ c=:s=--c=:- ____

23 10 34 32r5 2~5 5 19°14.2' 155°22~1' 12 km SSE of Desert C::::-c..,:IIC::==CIC'~~c:lcz.~__ c-=:_~_

seismometer" ~



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963--Continued

l

Date Time Magni- Depth Epicenter Felt
(1963) tllde \km) Report

h m s Late 1'J • Long. W. Description- - ~

May 25 01 49 00.2 2~8 m::IE:IClIe-I.-» 16C~s:a_=~_c::2
__ ~C:I_~~-=.L.-::

Kaoiki-~------~------~--~-~~"'=-- __ l'P'-. ___ ~~ ... _~_~

25 04 32 56eO 2.4 10 19°17.1' 155°13.1' 10 km SW of Makaopu-hi ~C;;;;;'C.I~-=c=t~~~ ______

seismometer.
27 02 23 09.8 2~6 e-:::3 C31C_

-==-------~

-==--=~ ____ c=__
Kaoiki--~--~---~----~~----- ~_c:m~_"' __ =--=--e=:tCID ___

27 16 19 52·5 2e6 13 18°56.2' 155°14e9' 50 km S of Ahua seismometer Clt:I_~~_~_IE:'=-c=-_... _c:::a_

28 09 52 05·0 2.1 3 19°15.6' 155°18.1' 18 km S of Uweka.huna -~c:==t~-.r~c:::..~-=s __ ..,.. ___

seismometer.
28 23 56 53.2 202 13 18°5609' 155°16.0' 48 km S of Ahl~a seismometer e:::-~c::;::I-= __ ~_~az,__ &;:;~_

30 18 54 47~1 2e2 10 19°31eO' 155°03.4' 23 km SSE of Hilo.".---=----- .. - - ~ ~ ~ ____ c::=a ~ l,. aD ___

30 19 55 04.8 2~3 "-=-~CEJ 1I::::c-:-"_"'e-f'E'-=S~ c=:l"'c:=II_~_-=CIlII~ KM 30---=----~---~-~~=---~-
tIE::: __ c::::I __ ~_~&:1_c:::.___

30 23 32 14.5 2.9 8 19°58c5 t 155°37.8' 10 km SE of KamllelEt ... ~ -..., .... ~..,. &a

-:Elc:a ____ -==-~c:=~_=tcz:a-.__

31 00 09 40 .. 2 3~3 8 19°26.5' 155°26.5 1 9 km SW of Mauna Loa Felt in Kilauea
seismometer. summit area

and Pahala.
31 22 19 05.7 290 8 19°21,,8' 155°14e9' 3 km SE of Ah:.la seismometer ~c::::I-=ae:-___ ~"l!!IlIIca__ c-._

June 1 02 45 o4~8 2~7 3 19°33R6' 155°55.7' 5 km N of Kealakekua---~---Felt in
Kealakekua.

1 12 07 12~, 2 2.3 ,,~~,~ eo- ~.~ ... _ ~ c:::;o:-=-
-=--~~---=- KM 30---------------------- ~---~--~~-~----

2 01 30 4405 2~4 3 19°37e6' 159°03r-4' 20 km NW of Kea1akekua--~-..,
~ .. ~-=::-=_c..e:-____ ~ ___

3 03 53 48.6 3,.0 ~'=-::~[:::3

CII:l ___ CllE __ a8

-.:lca_~_~~_ Kaoiki--~--~=~-------~---=~c.:I-=~_=-~~:_=:t__ ~_~~_

3 09 18 49~8 2~3 6 19°2308' 155°17~3' 4 km SSE of lTwekahuna .:ae::.:. __ e:::._ .. .-:t_~~_«'""t___

seismometero
4 07 28 42e4 2~7 8 19° 13,· 9' 155°38~lt 20 km NNW of Naalehu~--ao-=- ~~~--==~-=-~~~-~-~~-

4 19 59 2007 2.3 10 19°18~3' 155°14~1' 9 km SSE of Al1ua __ ~e=-'3Ir ____ ~ __ '-_-'_

seismometerG
6 09 01 23.3 2'14 ~~--

__ ~.ca_"_C::II

e- __ ~ ___ .......

Kaoiki----------~-------~--
t==' _____ .-, ___ -=-= _____

6 19 19 40.8 2~8 ..-~~~

___ ~C=-ca::i __ ~_
~~~_e:.D~_~_

Kaoiki------------~----~--=Felt on north
rim of Kilauea
calderaI'

6 22 25 38e8 4~2 3 19°11·9' 155°33.1' 15 km NNE of Naalehu.." .... --OE>_~ Felt in Hila,
Pahala, Naaleh
Waiohinu, and



Table 4~--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963--Continued

Date Time Magni- Depth Epicenter Felt
(1963~ tude (km) Report

h m s Lat., N. Long. w. Description
-=-

Jtli'1.e 7 12 52 25.6 2~4 15 19°23.4' 155°59~5' 13 km SW of Pahoa-or>----~&Z_- -_~ar=...alI::: .. -I1&::::::a~_~___ ,_

7 22 04 05·7 2~2 40 19°18.8' 155°08.4' 7 km SW of Makaopuhi -=--=-~-~--c=""~"_e::::::.--="'_

seismometer.
8 03 49 06rl 2·9 .. =-,...~ _~.:.t~C='-'-~-=-

.-E"_--=" ____ c=.-

Kaoiki~~--~---=------------ ~_cz:r ___ "' ___ ~"'_c.:..:__

9 05 03 28.7 2~6 < 3 19°25~3~ 155°45.5' 15 km EN"E of Hookena---~... -- - ':'-_C=-_=-_=--~_-=- ___ -=t

10 20 49 51,,8 2~4 8 19° 22.,8 1 155(\15.1' 1 km NE of Ahua seismonleter a:::E ~ ~ - - _ ~ __ ~ _ ~ ~ _.c=r _

10 21 O() 15~5 2.~ 6 8 19°22~6' 155°14~5' 3 km ENE of Ahua ~-CR:'~e- ___ a.-_c::=- ... ___

seismometerr
12 03 50 01 .. 7 2~2 8 19°2041 w 155°09,0' 4 km SE of' Makaopuhi -----=---~-~--~=---_..:...--

seismometer"
12 07 58 32.0 2 .. 4 <3 19"28.7' 155°46.8' 15 km ESE of Kealakekua--...,. -.. ._-~-~--=-~-~----
12 11 49 56,6 2,,0 8 19°20~4' 1550 08.3' 5 km SE of ~1akaop-uhi ~_CI!O~=- __ :-.c.c:.:2:=-~~e.-c-._ ...

seismometer.
13 07 28 15·· 7 2,4 ~c=-o'_.:",,. -'~-=- ..... ~-.e_~ c=:"~ __ =-- __ c.-"''''' KM 30--------------------- - «=- ... r-..: .., .-r.I ClCI ..... ...:I:! DI:' ~ ~ ~ _' __

13 07 32 50,,3 2,.4 ~~IC;'".Ja:- ~"'''e:-:_I'\E~~ ==-1"2 .. c.~~ __ ~~ KM 30----=-------~----~--- - ~ :=;II -= ~ t._ ..- ~ ~ a.a __~ _ ~ -. _

14 11 17 57.· 0 3~7 30 19°26~2i 155°16~7' 2 km NE of TJwekahlLY1a Felt in Ki1a'uea
seismometer .. summit area,

Kl11ani, and
north Kana.

14 11 43 57.8 2~4 25 19°26~1! 155°17.3~ 1 km r~E of Uwekahuna ~:-.= ... ~ ~ __ c-::t ____ ~ ___

seismometer ..
14 11 45 37.0 2~3 25 19C.26~lt 155°17.. 1' 1 km NE of UwekahuIla - ~ t~ ~ __ ~ -=- ~ __ ... _ c=- ___

seismometer.
14 12 46 38~4 2,4 25 19°25.9' 155°16.4' 2 km NE of Uwekahuna c.;e:- __ .:a.~ __ ~ __ ... ~_ .. ";"_

seismometer.
16 06 31 35~6 2.2 3 19°20~5' 155°49~3' 10 km SE of Hookena ~CP"'_o;ae:::.~~=-:::;:,___ ~ ____

17 04 14 3542 2~4 < 3 19°34.2' 155°53.3' 7 km NNE of Kealakekua ~~ ___ ~"" __ -a~ __ c:= ____

17 04 36 19·0 2.4 13 19°21.7' 155°06.2' 9 km E of Makaopuhi ~-_e::- ... __ ~_c.e.- __ ....... r:-

seismometer.
1'7 14 48 42-9 2.0 5 19°18.6' 155°14.4' 8 km SSE of Ahua -=:_e;,C:::~~~_~::::::.o~c...-~_.c. __

seismometer ..



Table 4.~-Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1963--Continued

Date Time Magni- Dept};1 Epicenter Felt
\1963 ) tade r(km) Report

h m s Lat. N. Long. w. Description
~ -

June 17 22 42 42·9 2.7 5 19°22.0' 155°14~8' 3 km SE of Ahua seismometer -~--~-----~-=---

20 21 30 16e4 2r6 K:2~ c. a;z .. -=--=-~ ... c:=~ _c::::.~c:::I_~-=- __
KM·30~------=-----------------=>-=-----------

21 17 54 33.9 2_6 3 19°5007' 155°22.1' 8 km SW of Keanakolu---~--- wa--=-='*='ca.~c=lc.:II:=_._~~___

23 03 35 11~6 3.2 13 20°48' 155° 58' 30 km ENE of Ha1eaka1a CZ'~ __ e-= __ ~_Il::I ______

seismometere
24 04 39 25~3 2,,1 ~-=c;a =z ...

____ c::. ____ --------- KM 30---------------------- ~------------=----

24 08 36 33.8 2.3 _c._ .... -=- _ ~I::c=: __ C2_=_ ~ _____ c.=~ _ KM 30-------=---------~----
___ a.~ _____ ~ _____

24 13 20 42.8 2.2 .a-=-_~_ -==- ... ~~c:._c:::3~
~--------- KM 30---------------------- --~--~--~-------

26 11 42 05.3 2112 40 19°15.8' 155° OS. 8' 12 km SSE of Makaopuhi c::::a_~ __ -. __ ~ __ .. ____

seismometer.
28 00 13 04.3 2.8 40 19°13.1' 155° 06.8' 19 km SSE of Makaopuhi ~_~ ____ Cz::I __ ~ ______

seismometer.
28 03 56 30.3 2.3 3 19°53.2' 155°44.8' 16 km SSE of Kamuela e-_~~~ .. ___ ~ ____ ... __

28 22 50 50.1 3.4 13 21°20' 157°05' 19 km NW of Kalaupapa, -~---= ...... _~-------
Molokai.

29 05 14 47.7 2$5 3 19°24.3' 155°52.5' 5 km NE of Hookena ~ __ ~c=- ___ ~_=_ ______

29 18 43 26.5 2.1 8 19°22.0' 155°14.7' 3 km SE of Ahua -- ____ e-_~_______

seismometer ..
30 04 59 59.6 2.1 10 19°22.0' 155°15.0' 3 km SE of Ahua

----~~--=---------

seismometer.
30 11 13 22.7 3 .. 1 8 19°51.2' 155°42.1' 20 km S of Kamuela - ______ CIII ________



Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "c" following the time of P indicates
compressional first- motion; a "dn indicates dilatational first motion.
Station symbols, locations, and instrumentation were presented in
summary 29~ Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenters, origin times, focal
depths) and magnitudes reported by other institutions are taken from
"Preliminary Determination of Epicenters" published by the U.S. Coast
and Geodetic Survey]

April 9

April 6--Continued

C&GS card 27-63:
11:19:23.3
63.4° No, 149.5° w.
Central Alaska
h about 39 km
Magnitude 5~5 (cas).

C&GS card 30-63:
07:03:06.5
17.5° S., 178~9° w.
Fiji Islands region
h about 526 km
Magnitude 5.1 (CGS).

iP 11:27:28.7 d
iP 29.0 d
iP 29.3 d
eP 28.5 c

Z
Z
Z
Z

M Z iP 02:09:43.3 d
A Z eP 42.8 d
U Z iP 43.0 d
Na Z iP 39.0 c
Pa Z eP 43.3 c
Hi Z iP 44.1 c
Ha Z iP 47.8 c

M
A
D
U

April 6

C&GS card 35-63:
14:47:5505
5504° S., 128.2° We
South Pacific Ocean
h about 33 km
Magnitude 5.8 (CGS).

April 6

April 3

U PEZ eR 15 :23 :49
Pa Z Tmax 16:32:32

C&GS card 25-63:
16:18:55.6
53.2° No, l71~7° W.
Andreanof Islands, Aleutian Islands
h about 142 km
Magnitude 6~25-6.5 (Pas)

5.5 (Brk)
5.7 (CGS).

April 2, 1963

M z iP 16:25:43.5 d
A Z iP 44~5 d
u Z iP 43.8 d
Ha Z iP 31.1 c
Ka Z iP 35.8 d
Hi Z iP 42.7 d
Na Z iF 46.7 c

M Z iP 07:10:24.9 d
A Z iP 24.3 d
D Z eP 23.2 d
U Z iP 24.7 d
Pa Z iP 25.3 c
Hi Z iP 26.7 c
Ka Z iF 27.2 c
Ha Z iP 29·5 d

C&GS card 30-63:
02:02~25.l

17.7° S., 178.7° w.
Fiji Islands region
h about 538 km
Magnitude 4.9 (cas).

20



Table 5.--Distant earthquakes--Continued

C&GS card 31-63:
07:50:30.2
9.2°S~, 125.0° Eo
Timor
h about 33 km
Magnitude 5.2 (CGS).

C&GS card 31-63:
02:20:57.5
6.20 S., 76.50 w.
Central Peru
h about 125 km
Magnitude 6.75-7 (Pas),

6.3 (CGS).

April 10, 1963

M z iP 08:02:57.6 c
A Z iP 57.4 d
D Z eP 56.1 c
U Z iP 57.3 d
Na Z eP 55.4 c
Ha Z iP 08:03:00.6 c

iPZ

April 13--Continued

Hi

C&GS card 30-63:
14:31:21.0
3.40 S., 135.4° E.
Near north coast of New Guinea
h about 31 km
Magnitude 5.6 (cGS).

April 16

April 16

M Z eP 01:41:19.5 d
A Z iP 18.7 d
D Z iF 18.0 d
u Z iP 19.4 c
Pa Z eP 20.6 d
Ha Z eP 23.4 d
U PEZ iP 19 d
u FEZ iSS 01:56:15
U PEZ iR 02:04:51
U PEE is 01:51:17
U PEE iPPS 01:52:00
U PEN iSSS 01:59:24

iG 02:01:21

C&GS card 31-63:
01:29:19.4
0.80 S., 128.0° E.
Ha1mahera region
h about 33 km
Magnitude 7 (Pas), 6.1 {CGS),

7.5 (HVO).

M Z iF 01:48:55.2 c
A Z iP 54.6 c
D Z iP 53.5 c
Pa Z eP 56.1 d
Ha Z eP 59.1 c
U PEZ is 01:59:01
U PEZ iR 02:12:29
U PEN iSS 02:04:17

C&GS card 31~63:

01:36:59.4
1.20 88' 128.4° E.
Ha1mahera region
h about 33 km

21 Magnitl1de 6.3 (CGS), 7.5 (HVO).

02:33:04.3 d
03.7 d
33.9 c
03.9 d
03.8 d
33.9 c
04.6 d
02.1 d
03.2 d
05.9 d
10.8 c
04 d
36 c

02:44:26
02:43:08
02:48:40
02:54:54

14:42:43.0 d
43.2 d
42.1 d
4249 d
40.8 d
45.0 d

iP
iP
eP
eP
iP
eP

Z eP
Z iP
Z ipP
Z eP
Z eP
Z epP
Z eP
Z eP
Z iP
Z eP
Z iP
PEZ iP
PEZ ipP
PEZ iPS
PEN is

iSS
iG

April 13

M
A
A
D
U
U
Na
Pa
Hi
Ka
Ha
U
U
U
U

April 13
M Z
A Z
D Z
U Z
Na Z
Pa Z



April 16, 1963

Table 5.--Distant earthquakes--Continued

April 19

A Z iP 02:07:13.9 c
D Z eP 12.6 c
U Z iP 14.3 c
Ha Z eP 18.0 c
u PEE iSS 02:22:01
U PEN iSSS 02 :25:28
U PEN iG 02:27:11
U PEZ iR 02:31:04

C&GS card 31-63:
01:55:10·9
0.70 S., 128.00 E.
Halmahera region
h about 32 km
Magnitude 6.0 (CGS),

7.25 (HVO).

U PEl\I is 07:59:22
U PEN iG 08:14:16
U PEZ iPS 08:00:53
U PEZ iSS 08:05:44
U PEZ iL 08:13:16
U PEZ iR 08:18:06

C&GS card 32-63:
07:35:23.7
35.8° N., 96.9° E.
Tsinghai Provinc~ China
h about 33 km
Magnitude 7 (Pas), 6.75-7 (Brk),

6. 1 (CGS), 7 -~HVO).

April 24

April 16

C&GS card. 31-63:
02 :05 :,42
1.30 S., 126.9° E.
Halmahera region
Magnitude 5.8 (cas).

M
A
D
U

Z
Z
Z
Z

iP
eP
eP
eP

02:17:51.0 c
50.3 c
49.3 c
51.1 c

M Z iP 21:50:23.7 c
A Z eP 23.1 c
N Z iP 23.2 c
1Y1P Z iP 23.0 c
Ha Z iP 28.3 c

C&GS card 33-63:
21:42:49.0
20.80 S., 179.1° w.
Fiji Islands region
h about 603 km
Magnitude 5.1 (CGS).

April 17

Pa Z iP 02:19:58.0 d
A Z iP 57.0 d
N Z iP 57.5 d
u PEZ is 02.:26 :43
U PEZ iR 02:32:53
U PEl'J iG 02:30:27

C&GS card 31-63=
02:11:26.1
19.6° S., 178.6° E.
Fiji Islands
h about 33 km
Magnitude 6.5-6.75 (Pas),

6.0 (Brk) ,
5.9 (cGS),
5.9 (HVO).

22

April 25

M Z iP 08:24:14.1 d
A Z iP 14.3 d
D Z iP 13.6 d
1Y1P Z iP 14.5 d
u Z iP 13.9 d
Ha Z iP 09.3 d

Coos card 33-63:
08:12:57.2
4.70 N., 122.4° E.
Celebes Sea
h about 610 km
Magnitude 5.5 (CGS).



Table 5. --Distant earthquakes--Continued

C&GS card 34-63:
16:35:56_2
1.3° S., 128.7° E.
Halmahera region
h about 33 km.

April 25, 1963

M z eP 16:47:52.4

May l--Continued

Ka Z iP 19.0 d
Ha Z iP 20.3 c
u PEZ iP 16 c
u PEZ • ? 10:13:05 d1 __

U PEZ isS 10:20:10
U PEE is 10:19:25
U PE:N i ? 10:20:29
U PEN iG 10:24:06

April 30

C&GS card 34-63:
21:44:17.1
51.4° N., 178.6° E.
Andreanof Islands,
Aleutian Islands
h about 60 km.

April 29
C&GS card 36-63:

10:03:20.0
19.00 S., 169~0° E.
New Hebrides Islands
h about 140 km
Felt.
Magnitude 7 (Pas), 6.75-7 (Brk),

6.2 (CGS).

eP 06:02:58.7 d
iP 06:03:01.0 d
iP 59.2 d
eP 57.9 c

z
Z
Z
Z

May 4

M
A
U
Hi

21:51:43.0 d
21:57:25
22:01:25
22:29:33

Z eP
PEN is
PEZ iR
Z Tmax

Hi
U
U
Ha

C&GS card 35-63:
05:56:04.1
51.8° N., 175.4° w.
Andreanof Islands, Aleutian

Islands
h about 69 km
Magnitude 5.5 (cas).

C&GS card 37-63:
15:17:01·9
24.7° s., 69.5° w.
Northern Chile
Felt: Antafagasta
h about 50 km
Magnitude 5.1 (CGS).

M Z iP 01:10:17.4 c
Hi Z eP 23.6 c
U PEE is 01:20:41
U PEN iG 01:29:59
U PEZ iR 01:33:13

C&GS card 36-63:
00:58:18.3
0~7° S., 129.0° E.
Ha1mahera region
h about 33 km
Magnitude 6.75 (Pas),

6.5 (Pal), 5. 6 ,.,(CGS),
7.0 '{HVO).

May 1

M Z iP 10:12:15.8 d
A Z iP 15.7 d
D Z eP 14.6 d
MP Z eP 15.8 d
U Z eP 15.9 d
Na Z iP 13~1 c
Pa Z eP 17.2 c
Hi Z iP 18.0 d

May 5

Na z Tmax 17:14:18



Table 5.--Distant earthquakes--Continued

May 12

C&GS card 42-63:
15:08:46.1
5.6° So, 127q8° E.
Banda Sea
h about 405 km
Magnitude 5.3 (CGS).

C&GS card 40-63:
15:24:00.3
5.3° N., 125.7° E.
Off coast of Mindanao,

Philippine Islands
h about 70 km
Magnitude 5.6 (CGS).

A Z iP 20:15:53.5 d
D Z iP 53.7 d
MP Z iP 53.7 d
U Z iP 53.4 d
Ha Z iF 47.6 d
Hi Z iF 51.2 d
Na Z iP 57.1 c
U PEZ iP 54 d
U PEZ eS 20:21:43
U PEZ iR 20:25:52
Ha Z Tmax 20:53:44

C&GS card 37-63:
20:08:43.0
57.4° N., 153.9° w.
Kodiak Island, Alaska
h about 80 km
Magnitude 5.9 (CGS),

5~ 8 {HVO)8

iP 15:20:13.2 c
eP 13.0 c
eP 13.1 c
iP 13.5 c

iP 15:35:55.4 d
iP 55.5 d
iP 55.6 d

Z
Z
Z
Z

Z
Z
Z

May 14

M
A
N
MP

May 8

M
A
N

C&GS card 35-63:
10:22:11.2
36.6° N., 141.0c E.
Honshu, Japan
h about 53 km
Magnitude 6.1 '\CGS).

May 8., 1963

M Z iF 08:57:48.6 c
M Z iFF 08:59:16.2 c
A Z iP 08:57:49.4 c
A Z ePP 08:59:17.5 c
D Z iP 08:57:50.4 c
D Z iPP 08:59:17.2 c
MP Z iP 08:57:49.7 c
MP Z ePP 08:59:17.8 d
U Z iP 08:57:49.1 c
U Z iFP 08:59:16.7 c
Hi Z iF 08:57:47-5 c
Hi Z iPF 08:59:13.8 c
Pa Z iP 08:57:49.0 c
Pa Z ePP 08:59:16.0 c
Ha Z iPP 08:58:56.0 d
M Z Tmax 09:35:41
A Z Tmax 33
D Z Tmax 28
MP Z Tmax 26
U Z Tmax 24
Pa Z Tmax 28
Ka Z Tmax 09:34:36
Ha Z Tmax 09:33:46

C&G-S card 35-63:
08:50:56.0
54.9° N., 163.9° w.
Unimak Island,
Aleutian Islands region
h about 89 km
Magnitude 5.6 (CGS).

May 8

M Z eP 10:31:54.6 c
U PEE is 10:40:00
U PEE iG 10:46:34
U PEZ eR 10:49:20

24



Table 5.--Distant earthquakes--Continued

May 17, 1963 May 19--Continued

C&GS card 40-63:
07:33:17.5
31.0° S., 179.8° w.
Kermadec Islands region
h about 358 km
Magnitude 4.7 {CGS).

C&GS card 41-63:
22:40:06.7
24.4° S., 177.2° w.
Tonga Islands region
h about 70 km
Magnitude 5.9 (CGS).

May 19

May 17

PEZ ePP
PEZ iSS
PEZ iR
PEE iPS
PEE iPPS
PEN is
PEN eL
PEN eG
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

11:47:27.8 d
27.4 d
27.3 d
27.5 d
24.7 d
28.7 d
29.4 d
30.2 d
33.8 d
27.6 C

11:55:09
11:58:48
12:02:41
12:00:21

17:46:48
17:53:22
17: 50: 58

PEZ is
PEZ iR
PEN iL

C&GS card 40-63:
11:38:00.9
30.7° S., 178.3° w.
Kermadec Islands region
h about 34 km
Magnitude 6.75-7 (Pas),

6.5 (Brk), 6.2 (eGS'),
6.5 (INO).

C&GS card 45-63:
00:58:07.4
56.0° S., 123.9° W.
South Pacific Ocean
h about 33 km.

May 21

U PEZ eR 01:34:22

May 21

May 20

M Z iP
A Z iP
MP Z iP
U Z iP
Na Z eP
Pa Z iP
Hi Z eP
Ka Z iP
Ha Z iP
U PEZ iP
U PEZ is
U PEZ iSS
U PEZ iR
U PEE iG

C&GS card 39-63:
01:03:04.1
46.5° S., 75.1° w.
Coast of southern Chile
h about 33 km
Magnitude 6.75 (Pas), 6.5 (eGs),

7 (INO).

u
U
U5

22:48:46.3 c
45.7 c
44.8 c
45- 9 c
47.3 c
48.8 c
51.8 c

01:20:37
01:35:01
01:47:57
01:29:31
01:30:07
01:27:26
01:42:29
01:43:30
03:04:35

31
33
26
34
15
23
27

07:42:18.2 c
18.0 c
17.0 c
17.6 c
18.1 c
20.8 c

iP
eP
eP
iP
iP
iP
iP

iP
iP
eP
eP
iP
eP

Z
Z
Z
Z
Z
Z
Z

z
z
Z
Z
Z
Z

M
A
D
U
Hi
Ka
Ha

M
A
D
MP
U
Ka

u
u
u
u
u
u
u
U
M
A
D
MP
U
Pa
Na
Hi



Table 5.--Distant earthquakes--Continued

May 21--Continued May 22--Continued

C&GS card 45-63:
17:30:15.4
11.1° S., 163.3° E.
Solomon Islands region
h about 33 km
Magnitude 5.75-6 (Pal),

5.4 (CGS).

C&GS card 39-63:
16 :25: 36. 8
52.2° N., 165.3° w.
Fox Islands, Aleutian Islands
h about 33 km
Magnitude 4.2 (cas).

May 22

C&GS card 41-63:
21:53:02.5
882° S., 115.7° E.
Java Sea
h about 33 km
Magnitude 5.6 (CGS).

May 22

fvr Z eP 14:05:31.6 c
A Z eP 32.8 c
MP Z eP 32.6 c
U Z eP 32.1 c
Ka Z eP 28.4 c
Hi Z iP 31.3 c
Na Z iP 35.3 c
u PEE is 14:12:40
U PEZ iSS 14:16:04
U PEZ iR 14:18:56
Ha Z Tmax 14:56:51

M

:May 23

M

z

Z

iP 22:06:09.3 c

eP 01:03:40.7 d

C&GS card 42-63:
15:42:4806
4.3° N., 127.9° E.
Molucca Passage
h about 58 km
Magnitude 5.0 (CGS).

May 22

M Z eP 15:54:33.6 c
A Z eP 34.1 c
N Z iP 33.9 c
MP Z eP 34.3 c

C&GS card 39-63:
13:56:43.0
48.6° N., 15407° E.
Kurile Islands region
h about 22 km
Magnitude 6.5 (Pas),

6 (Brk),
603 (CGS), 6.3 (HVO).

May 22

PEZ is 03:52:06
PEZ iR 03:58:32

C&GS card 42-63:
00:51:40.3
1.6° N., 12604° E.
h about 33 km
Molueca Passage
Magnitude 4.8 (cas).

May 23

M z iP 03:40:30.6 c
MP Z eP 29.9 c
U Z eP 30.1 c
Na Z iP 27.9 d
Hi Z iP 31.6 d
Ka Z eP 32.1 d
Ha Z iP 35.3 d

C&GS card 40-63:
03:33:1901
15.0° S., 176.7° w.
Fiji Islands region
h about 279 km
Magnitude 5.4 (CGS).

May 23

u
u26

16:32:15.1 ciPzM



Table 5.--Distant earthquakes--Continued

May 23 J 1963--Continued May 27--Continued

C&GS card 48-63:
03:35:34.7
10.9° S., 163.3° E.
Solomon Islands region
h about 33 km
Ma.gnitude; 505 (CGS).

C&GS card--Continued
Near east coast of Kamchatka
h about 54 km
Magnitude 5.25 (Pal), 5.7 (CGS).

May 29

M Z iP 23:15:38.4 c
A Z eP 40.1 c
N Z iP 39.0 c
Pa Z eP 4000 c
U PEZ iR 23:29:15

May 23

M Z iP 15:23:53.7 c
A Z eP 54.0 c
MP Z iP 54.7 c
u Z eP 53.9 c

C&GS card 41-63=
23:06:55.0
55.2° N., 159.9° E.
Near east coast of Kamchatka
h about 47 km
Magnitude 4.25 (Pal),

5.3 (CGS).

C&GS card 43-63:
15:12:05.7
6.0° N., 126~1° E.
Near east coast of Mindanao,

Philippine Islands.
h about 88 km
Magnitude 5.5 (CGS).

May 26 Tmax 19:42:57
Tmax 52
Tmax 51
Tmax 44

Tmax 19: 39 :4.4
Tmax 50
Tmax 25
Tmax 20
Tmax 34

z
Z
Z
Z

Z
Z
Z
Z
Z

May 29

C&GS card 49-63:
18:30:25
24.4° S., 114.7° w.
Easter Island region
h about 33 km
Magnitude 4.5 (eGs).

May 30

U PEZ iR 07:37:56

C&GS card 46-63:
06:56:09.3
54.2° S., 143.7° E.
South of Australia
h about 33 km
Magnitude 5.25-5.5 (Pal).

M
A
D
MP

C&GS card 46-63:
18:27:19.1
22.6° S., 114.4° w.
Easter Island region
h about 33 km
Magnitude 4~7 (CGS).

M
A
MP
Pa
Na

04:07:30.0 d
30.7 c
32.1 d

04:19:17
04:21:07

May 27

M Z iP
D Z iP
Pa Z eP
U PEE iG
U PEZ iR

C&GS card 42-63:
03:58:47.9
55.3° N., 160.1° E. 2



Table 5.--Distant earthquakes--Continued

June 2, 1963 June 6--Continued

June 4

C&GS card 44-63:
07:35:54.3
34.2° N., 138.7° E.
Honshu, Japan
h about 43 km
Magnitude 5.3 (CGS).

C&GS card 46-63:
21:04:42.3
1.2° S., 127.3° E.
Halmahera region
h about 31 km
Magnitude 5.2 (CGS).

C&GS card 46-63:
21:04:24.2
58.5~ S., 15.6° w.
Sandwich Islands region
h about 50 km
Magnitude 6-6.25 (Pal) I

5.9 (CGS).

U PEE iL 22:53:31

C&GS card 47-63:
04:16:37.7
55.4° s., 146.4° E.
800 km west of Macquarie Islands
h about 33 km
Magnitude 6.25 (Pas), 5.75-6 (Pal),

6.1 (CGS), 6.7 (HVo1.

C&GS card 51-63:
22:37:30.0
15.3° S., 173.2° W.
Samoa Islands region
h about 33 km
Magnitude 5.0 (CGS).

M Z iP 04:29:34.4 d
A Z iP 32.4 d
D Z eP 32.3 c
U Z eP 33.2 d
U PEE eG 04:53:58
U PEZ iR 04:58:14

June 10

June 7

June 7

C&GS card--Continued
Magnitude 5.8 (CGS).

U PEZ is 19:47:15
U PEZ eR 19:53:53

C&GS card 49-63:
19:30:35.6
8.5° N., 103.1° w.
Clipperton Island region
h about 33 km
Magnitude 5.5-5.75 (Brk),

5.25-5.5 (Pal),
4.9 (CGS).

05:30:56.9 d
56.0 d
56.1 d

07:45:56.6 c
08:03:01

22:05:29

iP
eP
eP

Z
Z
Z

Z eP
PEZ eR

PEZ eR

M Z iP 21:16:45.5 d
A Z eP 45.6 d
MP Z iP 45.8 d
u Z eP 45.7 c
Hi Z eP 46.3 c
U PEN eL 21:37:02
U PEZ eR 21:41:10

June 3

June 6

u

M
U

M
A
D

C&GS card 46-63:
05:18:55.1
19.9° N., 120.2° E.
Off north coast of Luzon,

Philippine Islands.
h about 33 km 28



Table 5.--Distant earthquakes~-eontinued

June 10, 1963

M Z iP 06:52:06.5 d
A Z iP 04.9 d
u Z eP 05.3 d
U PEN eSS 07:08:54
U PEN eG 07:16:32
U PEZ iR 07:20:21

June 17--Continued

C&GS card--Continued

Southwestern Yukon
h about 33 km
Magnitude 5.25-5.5 (Pal)

5.1 (eGG).

C&GS card 49-63:
18:22:09.6
3.5° G., 153.4° E.
New Ireland region
Fe1t-: Rabaul
Magnitude 5.1 (CGG).
h about 279 km.

C&GS card 49-63:
09:09:04.0
4.7° N., 126.5° E.
Ta1aud Islands region
h about 83 km
Magnitude '5.25-5.5 (Pal),

6.2 (CGG),
6.0 (HVO).

June 19

June 19

09:20:53.9 d
55.3 d
54.2 d

09:44:06

iP 18:31:19.4 d
iP 15.4 c
eP 17.4 d

Z
Z
Z

Z iP
Z iP
Z eP
PEZ eR

Ha
Na
Hi

M
A
U
U

C&GS card 49-63:
09:19:54.8
50.8° N., 129.5° w.
Vancouver Island region
h about 33 km
Magnitude 4.4 (CGS).

M Z Tmax 10:05:34
A Z Tmax 10:06:02
D Z Tmax 10:05:58
MP Z Tmax 10:05:48
U Z Tmax 10:05:55
Pa Z Tmax 10:05:51
Hi Z Tmax 10:05:23
Ha Z Tmax 10:04:58

C&GS card 48-63:
06:39:04.0
55~jO S&, 146.1° E.
800 km west of Macquarie Islands
h about 18 km
Magnitude" 6.25-6.5 JPas),

6.25-6.5 '(Pal),
6.0 (CGS),
6.6 (HVO).

June 16

June 17

M
D
MP
U
Hi
Ha
U
U

Z iP
Z iP
Z eP
Z eP
Z eP
Z iP
PEE eL
PEZ eR

18:40:05.7 c
06.8 c
08.2 c
06.2 c
04.5 c

18:39:58.7 c
18:49:57
18: 51: 53

C&GS card 49-63:
18:32:14.5
60.4° N., 140.8° w.

29



Table 5.--Distant earthquakes--Continued

June 24, 1963 June 24

M Z iP 04:34:12.0 d M Z iP 15:08:51.9 d
A Z iP 13.5 d A Z iP 51.7 d

• D Z iP 13.8 d N Z iP 52.1 c
MP Z eP 13.6 d MP Z eP 51.0 c
U Z iP 13.1 d Na Z iP 47.8 d
Pa Z eP 10.0 c Hi Z iP 53.9 c
Na Z iP 16.8 c Ha Z iP 56.7 c
Hi Z iP 11.1 c
Ha Z iP 01.6 d C&GS card 53-63:
U FEZ iP 13 d 15:01:44.2
U PEZ iPP 04:35:41 d 15.5° S., 177.5° w.
u PEZ iPPP 04:36~25 d Fiji Islands region
U PEZ iR 04:44~54 h about 412 km
TT PEE is 04:40:20 Magnitude 5.0 (CGS).
U PEE iL 04:43:04
Ha Z Tmax 05:12:41 June 24

C&GS card 46-63~ M Z iP 16:24;08.4 d
04:26:37.9 M Z iPP 16:25:21.0 d
59. 5° N., 151.7° w. A Z eP 16:24:08.7 d
Cook Inlet U Z ePP 22.7 d
h about 52 km U PEZ is 16:29:39
Magnitude 6.75 (Pas), U PEZ iR 16:33:13

5.7 (CGS), Ha Z Tmax 16:59:36
6.5 (HVO).

C&GS card 49-63:
June 24 16:17:15.4

52.3° N., 171.2° w.
M Z Tmax 11:04:19 Fox Islands region
A Z Tmax 10 Aleutian Islands
D Z Tmax 30 h about 33 km
MP Z Tmax 17 Magnitude 5.4 (cGS), 5· 5 (HVO).
U Z Tmax 12
Pa Z Tmax 12 J1ll1e 25
Hi Z Tmax 11:03:53
Ha Z Tmax 11:03:23 Ha Z Tmax 09:06:41

C&GS card 52-63: C&GS card 52-63:
10:17:02.5 08:26:21.9
52.8° N., 131.9° w. 44.3° N., 129.1° w.
Queen Charlotte Islands region off coast of Oregon
h about 38 km h about 31 km
Magnitude 3.9 (cas). Magnitude 405 (cas).
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June 25, 1963

Table 5.--Distant earthquakes--Continued

June 28--Continued

C&GS card 50-63:
09:39:28.4
44.3° N., 129.1° W.
off coast of Oregon
h about 32 km
Magnitude 4.5 (CGS).

Ha Z Tmax 10:19:36 C&GS card 50-63:
21: 55: 38. 8
46.5° N., 153.2° E.
Kuri1e Islands region
h about 33 km
Magnitude 6.75 (Pas),

6.1 (CGS),
7.0 (HVO).

June 26 June 29

C&GS card 54-63:
12:43:47.5
11.6° N., 142.7° E.
Mariana Islands region
h about 30 km
Magnitude 5.2 (CGS).

A Z eP 17:54:03.2 c
D Z eP 02.2 c
U Z iP 03.7 d
Pa Z eP 05.9 d
U PEN is 18:03:27
U PEN iG 18:12:45
U PEZ iR 18:15:39

C&GS card 50-63:
17:42:40.6
7.1° N., 82.3° w.
near south coast of Panama
h about 20 km
Magnitude 6.25-6.5 (Pas),

5.5-5.75 (Pal),
6.0 (eGs), 6.2 (HVO).

June 27

U PEZ eR 07:28:08
Ha Z Tmax 07:59~00

C&GS card 50-63:
07:08:01.7
60.5° N., 140.7° W.
Yukon territory
h about 29 km
Magnitude 4.6 (CGS).

June 28

u Z eP 22:04:22.6 c
Pa Z iP 2206 c
Hi Z iP 22.7 c
Ha Z eP 21.3 c
U PEZ iP 23 d
u PEZ iPPP 22:06:44
U PEZ iSSS 22:17:56
U PEE is 22:11:44
U PEE isSS 22:16:16

M
U
Pa

Z
Z
Z

iP 12:53:54.5 d
eP 54.6 c
iP 56.7 d



The following persons or agencies reported "felt" earthquakes during
the second quarter, 1963. Their assistance is gratefully acknowledged,.

l

...

North Hawaii

Mrs. Eklund
Mrs. Lindsey
Puuanahulu School
Miss Wallace

Kilauea summit region

Mrs. Hansen
Mrs. Mist
Mrs. Wentworth
Mrs. Cuskel.ly
KMC residents
Mr. Ryall
Mrs. Yong
Mrs. Hirano
Miss English

Kona coast

Mr. B. Berman
Mr. Ladd

Puna

Mr. Edwards

Central Hawaii

Kulani Honor Camp

Hilo region

Mrs. Shoemaker
Mr. S. Ho
Mr. Baldwin
:tv'fJ.ss Patten
Mrs. Carter

Kau region

Mr. Mizuba
Kau Police station
Kahuku Ranch
Lt. C. Araujo
Mr. Godfrey
Kapapala Ranch residents
Mrs. Billings
Mrs. Walters
Mr. Meinecke
Mrs. Schattauer
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U.S.-Japan cooperative study of Kilauea Volcano

For 6 months, beginning in the summer of 1963, a team of ~apanese

scientists lived and worked at Kilauea Volcano in close cooperation with
the staff of the Volcano Observatory. This study was part of a program
of scientific cooperation between the United States and Japan; the program
originated in talks between President Kennedy and Prime Minister Ikeda in
June 1961. The United States' participation is financed by the National
Science Foundation and Japan's participation by the Japanese Ministry of
Education.

The main group of Japanese scientists which arrived in Hawaii June 29,
included Takeshi Minakami, Professor of Geophysics, University of Tokyo,
leader; Daisuke Shimozuru, Assistant Professor of Geophysics, University
of Kyushu; and Shigeo Aramaki, Assistant in Geology, University of Tokyo.
Kosuke Kamo, Geophysicist, University of Kyoto, joined the team later.
Several technicians accompanied the group.

The principal program of the Japanese scientists was the monitoring
of seismic activity in the Kilauea summit area. To do this, a net of
about 16 short-period seismometers (mainly vertical instruments) was
placed in and near Kilauea caldera in the summit region of the volcano
(fig. A). The instruments telerecorded at the Observatory. Six
instruments recorded continuously on smoked paper drums and the others
recorded a few hours per day (or longer during periods of exceptional
activity) on photographic paper.

While the team was in Hawaii, seismic recordings were made of several
noteworthy events: earthquakes and tremors associated with the eruptions
of August and October; the collapses of July and August; several other
large earthquakes and earthquake swarms; and explosions set off as part
of the Geological Survey's program of refraction seismology.

The Observatory staff joined with the Japanese team in an offshore
investigation of the south flank of Kilauea Volcano. The Kagoshima Maru,
a 1,OOO-ton fisheries research vessel from Kagoshima University, which
was on a training voyage in Hawaiian waters, was utilized in a 4-day
echo-sounding program in August. The ship made about 400 km of depth
profiling traverses over a submarine part of Kilauea Volcano directly south
of the summit region. Observatory members sailed on the ship and aided
in the operation of the echo-sounder, and members of the Japanese team
joined the Observatory staff in fixing the position of the ship from
three transit stations on land.

The first data-gathering stage of the U.S. -Japan cooperative program
was completed in early 1964 when the Japanese team left Hawaii. The
second stage--analysis of the data--will continue for 2 years. Results
will be compared and data integrated at future meetings, terminating in
the fall of 1965.

J. G. M.
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Figure A.--Map of the Kilauea caldera region at the summit of
Kilauea Volcano. Locations of seismometers operated by
visiting Japanese team are shown by double circles.
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Chronological summary

The month preceding the opening of this quarter was exceedingly
quiet in terms of any kind of seismic activity, and no clear trend of
tilting was indicated by the short-base tiltmeter. However, during
this quarter there were two episodes of su~mit collapse, two swarms
of Kaoiki quakes, and two surface eruptions of lava (if we include the
first week of October in the period of generalization).

A shar~ spasm of seismic activity that began at 9:50 p.m. July 1,
1963, included a great many felt earthquakes, a countless swarm of
small quakes, and probably intermittent tremor. Rapid collapse tilting
began at Uwekahuna shortly before midnight, and at about the same time
cracks opened and pavement buckled in the road at Devil's Throat
(fig. B). This structural crisis was over by July 5 and no lava had
appeared at the surface. However, the Kilauea summit showed about the
same amount of tilt collapse as it had shown during the December 1962
eruption along the upper Puna rift. Also upward swelling in part of this
rift, as determined by precise leveling of the bench marks along the
Chain of Craters road, was as much as 3 feet in the center of the disturbed
zone. From these observations it is inferred that strong structural
disturbance along the Puna rift and its junction with the Koae fault system
permitted the movement of perhaps 10 million cubic yards of magma from under
the summit region into the Puna rift system.

During the rest of July, tilting at Uwekahuna was moderately strong
westerly, a direction associated with tumescence, but there was no
noteworthy seismic activity.

On August 3, shallow tremor began at 9:25 p.m. and continued,
accompanied by a swarm of shallow earthquakes centered near Aloi that
began 15 minutes later. The quakes were felt only feebly in the
Kilauea summit area 6 miles northwest, but their intensity caused
concern at Ainahou Ranch 2 miles south of Aloi. The seismic crisis
lasted only about 2 hours, but several new cracks intersected the
Chain of Craters road, and leveling revealed surface subsidence of a
2-mile section of the road) greatest (.4 ft) in the zone of cracking.
A swarm of 30-km-deep quakes under the Kilauea summit followed the
surface crisis by a few hours (fig. C ).

There was comparative inactivity, both seismically and tiltwise,
until August 21. On that day lava appeared, at about 6:00 p.m., from
fissures across the floor and up the northeast wall of Alae Crater. The
eruption lasted about 38 hours and formed a lake in the crater bottom
containing almost a million cubic yards of tholeiitic basalt. Careful
study of this lava lake was started immediately for the purpose of
observing all aspects of the cooling history of the lava.

On August 26 at 8:49 a.m., an earthquake of magnitude 4.9 took
place in the Kaoiki fault zone. The shock was felt strongly throughout
the island of Hawaii. Aftershocks numbered about 50 per day for
several weeks to follow. Two of the earliest of these were felt in the
Kilauea summit area: one of magnitude 3.1 at 09:48, August 26, and one
of magnitude 3.3 at 21:35, August 26.

3
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Figure B. --1963 faults and cracks along the Koae fault system on Kilauea's south flank mapped

by James G. Moore (see also Summary 30).
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A second swarm of Kaoiki quakes was initiated by an earthquake
of magnitude 4.8 that took place at 6:24 a.m. on September 21. This
quake also was felt throughout the island. Two of the many aftershocks
were felt throughout the southern half of the island: one of magnitude
3.5 at 06:26, Septo 22, and a second of the same magnitude one minute
later at 06:27_

Large numbers of small quakes centered under Kilauea summit
accompanied the numerous aftershocks from the Kaoiki fault zone until the
end of the quarter, in fact lmtil the beginning of a flank eruption at
Napau Crater on October 4, which will be reported in the next quarterly
summary_
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Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms
of geographic coordinates, which are indicated at the edges of
the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base water-tube
tiltmeter in Uwekahuna Vault, and at irregular intervals it is measured on
a regional scale by means of a network of field tilt bases and a portable
water-tube tiltmeter. The attitude of the ground surface at each tilt base
is reported in terms of north-south and east-west tilt coordinates. Both
coordinates at each station were arbitrarily set equal to 500 when measure
ments at that station were begun. Increasing tilt coordinates correspond
to northward and eastward tilting of the earth's surface, i.e., to a
relative subsidence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (1 mm per km) in
the direction indicated.

8



Table l.--Tilt coordinates at Uwekahuna, Vault, July, August,

and September, 1963

Date N-S E-W Date N-S E-W

~
June 30 505 497 Sept. 1 503 491

July 7 498 504 8 504 494

14 499 504 15 505 490

21 502 499 22 505 482

28 502 495 29 505 476

Aug. 4 502 492

11 501 492

18 503 488

25 501 1+94

9
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Table 2a.--Tilt coordinates and changes at bases around Kilauea caldera (see fig. 2a)

Tilt base Date Tilt coordinates Rate (10-6 rad/mo) Date of
(location) (1963) and direction of last

N-S E-W tilting since reading
last reading (1963)

Uwekahuna July 6 478.6 488.2 5.0 N. 42.5° w. May 10

(19°25.5' N. , 155°17.4' w.)

Tree Molds 4 452.6 512.9 0.67 s. 24.3° E. 14
(19°26.3' N. J 155-17. 3' w~ )

Sand Spit 6 824.3 725.5 9.6 s. 70.2° E. 14

(19°24.1' N., 155°16.8' w.)

Ka1ihipaa 3 349.2 387.5 127.8 s. 18.3° w. 11

(19°21.4' N. , 155° 15. 3' w.)

Keamoku 4 531.2 552.4 9.5 N. 44.9° w. 10

(19°25.1 ' N. , 155°19.0' W.)

Ahua Kamokukolau 3 521.1 548.3 52:9 N. 22.1° w. 10
(19°2?I' B., 155°16.6 1 w.)

Kipuka Nene 5 486.8 510.3 6.5 s. 16.0° E. 13
(19°19. 4' N., 155°16.7' W.)

Hi1ina Pa1i not occupied this epoch
(19°18.2' N., 155°18.6' w.

Kapapala Ranch not occupied this epoch
(19°20.5' N., 155°23.8' w. ."
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Figure 2a.--Ti1ting of the ground around Kilauea caldera, May 12 to
July 4, 1963. The vector depicting tilting at a given tilt
base points in the direction of maximum relati1re subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Table 2b.--Tilt coordinates and changes at bases around Kilauea caldera (see fig. 2b)

-6
Tilt Base Da.te Tilt coordinates Rate (10 rad/mo) Date of
(location) (1963) and direction of : last

N-S E-W tilting since -reading
last reading (1963)

Uwekahuna Aug. 6 486.8 480.5 .11.3 N. 43° w. July 6

(19°25.5' N. , 155°17.4' W.)

Tree Molds 6 457.0 515.8 4.8 N. 33° W. 4

(19°26.3' N. , 155°17.3' W.)

Sand Spit 12 821.4 727.0 2.6 s. 26° E •. 6

(19°24.1' N. , 155°16.8' w.)

Kalihipaa 5 336.1 377.8 14.8 S. 37° w. 3
(19°21.4' N. , 155°15.3' W.)

Keamoku 12 536.9 544.7 6.8 N. 54° w. 4

(19°25.1' N. , 155°19.0' W.)

Ahua Kamokuko1au 5 528.1 555.7 9·3 N. 47° E. 3
(19°22.7' N., 155°16.6' w.)

Kipuka Nene 9 484.8 510.1 1.7 s. 06° w. 5
(19° 19. 4' N., 155°16.7' W.)

Hi1ina Pa1i 8 497.5 500.7 1.4 s. 17° w. May 13

(19° 18. 2' N., 155°18.6' w.)

Kapapa1a Ranch 8 496.9 503.5 0.3 s. 24° E. 11

(19°20.5' N., 155°23.8' w.)
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Fi g11re 2b. --Tilting of the ground around Kilauea caldera, July 4 to
August 6, 1963. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Seismic sun~ary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 km of at least one seismograph, and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated into groups on the basis of region of
origin as determined by analys~s of records obtained daily at the
Observatory (U, M, A, D, N,MP). Earthquakes of magnitude 2.5 or
greater are generally sufficiently well recorded to be located with
greater precision: they are listed individually in table 4. Data on
identifiable phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1,
and essential data on the stations were given in Summaries 25 and 30.

14



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, and MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
a.mplitudes on seismographs in the summit region. Unless otherwise stated, tremor is presumed to
be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record they
produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region; shallow
earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki fault system:
earthquakes along the eastern half of Kilauea's east rift zone--detected largely on the Pahoa short
period vertical; earthquakes from a source about 30 km beneath Halemaumauj earthquakes from the upper
east rift zone and the adjacent fault systems of Kilauea's south flank (these are usually first arrivals
at Ahua or Ma.kaopuhi); and earthquakes from other regions: Kona, Mauna Kea, etc.

"Kalapana Trail" quakes formerly listed as collJ.mn 9, have essentially ceased and are thus no longer listedt

A question mark (?) in the colUlnn indica.tes questionable interpretation of the records due to high concen
tration of seismic activity or an instrumental problem.

Tremor
~ Date

(in minutes) Earthquakes
\J1

(1963) Inter- Hale- Kilauea SW. rift Eastern Ha1e- Upper
Deep mediate Shallow maumau caldera and East maumau East Others

slides Kaoiki rift 30 km rift
July 1 ------ ------ 25 10 6 ?

-----~------------~--

2 ? ? ? ? ? ? 1 900+ ---------------------
3 ? ? ? ? ? ? ------ 600+ 1 s. Pali
4 ------ ------ 34 ? 5 275+ 2 Kona
5 ------ ------ 30 - ----- 1 2 65+ ---------------------
6 ------- ------ 29 ------ 1 1 38 1 Offshore
7 ------ ------ 31 8 1 33 ---------------------
8 ------ ------ 1 32 11 1 12 ---------------------
9 ------ ------ 3 49 19 6 13 --------------~------

10 ------ ------ 35 3 14 16 1 Mauna Kea
11 ------ ------ 23 20 6 10 ---------------------
12 ------ ------ 32 5 3 5 ---------------------
13 12 ------ ------ 30 9 11 2 ---~-----------------

14 ------ ------ 60 11 2 6 8 ------------------~--

15 ------ ------ 80 8 11 --------~---------~--

16 ------ ------ 37 30 2 1 ---------------------
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

li, M, A, D, N, and EE around Kilauea caldera--Continued

Tremor Earthquakes
(in minutes)

Date
(1963 ) Inter- Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow maumau Kilauea and East maumau East Other
slides caldera Kaoiki rift 30 km rift

July 17 42 ----- ----- ----- 60 3 -_ .... _- 1 3 -------~~-----------

18 ---- ----- ----- ----- 50 10 -----=-~ 5 7 1 Kona

19 ---- ----- ----- ------ 50 17 ----'- 21 3 ---------------~----

20 ---- ----- ----- ----- 45 5 ----- 3 3 1 Kohala
1 Mauna Loa

21 ---- ----- ----- ----- 60 10 ----- 3 10 1 Honokaa

22 _... -- ----- ----- 1 41 11 ----- 5 8 --~----------------

23 ---- ----- ----- ----- 46 21 ----- 3 3 1 Offshore
1 Mauna Kea

24 ---- ----- ----- 1 70 5 ----- 2 6 2 Offshore

25 ---- ----- ----- ----- 46 11 ----- 2 3 -------------------

26 ---- ----- ----- ----- 45 6 1 7 4 ---------------~---

27 ---- ----- ----- ----- 50 8 ---~ .. 4 3 -------------------

28 ---- ----- ----- ----- 64 16 ----- 8 1 1 Mauna Kea

29 ---- ----- ----- ----- 90 30 ----- 2 --- .... ---------------~----

30 ---- ----- ----- ----- 60 18 ----- 5 ---- 1 Mauna Loa

31 ---- ----- ----- ----- 100 25 ----- 11 ---~ --------------------

Aug. I ---- ----- 8 -----. 65 9 ----- 9 1 --------------------

2 ---- 37 ----- ----- 70 8 1 9 ---- --------------------

3 --~- 50+- ----- 2 50 13 ----- 53 200+ 1 Offshore

4 ---- ----- ? ----- 37 12 ----- 71 3 1 s. Pali
1 Mauna Kea

" 5 13 48 12 ----- 9 5----- ----- ----- -------------~-------

6 -_ ... - ---~-

____ -=:P ----- 44 14 ____ e- 4 2 -----~---------------

7 46 ----- ----- ----- 94 18 -_ .... -.- 8 7 1 Hualalai

8 3 ----- ----- ----- 40 9 ~ .. -_ .. 21 1 -------~~---------~--



•

Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, and EE around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow maumau Kilauea a,nd East maumau East Others
slides caldera Ka.oiki rift 30 kIn rift

Augc 9 ---- --.--=--- -------=-- ____ aD_- 50 7 IIIE:S ____ 2 4 ~-----~~-------~----

10 _-.-- -.. ... --- ----~--
~~ ... _- 75 5 ---- f) 4 ~-~---~~-~~-~----~--'-

11 --- -- -=..., _ ... - ------ ----~ 60 11 ~e-:- ... _ ~ 7 -----~----------~~--~

12 ---- ----- 3 ----~ 81 11 ~--- 5 5 ~-~-----------~----~

13 ---- ----- ------=-- ----- 73 7 ------ 1 17 ~---~---------~---~-

14 -_ ... - ----- ------ ----- 85 5 ---- 1 ---~- 1 Oahu

15 ---- ----- ------ ----- 80 6 ---- 2 6 1 Offshore

16 ---- ----- ------ 1 80 6 ---- 1 4 --------------------

17 ---- ----- -=------ ------ 88 6 ---- 4 ----- ---~-----------~----

18 ---- _.... _-- ------ ----- 91 6 ---- 4 6 ---._-----------------

19 2 ----- ------ ----- 96 6 ---- 2 8 --------------------

20 3 ----- ------ ----- 105 8 ---- 1 7 -----------------~~-

21 Eruption starts at 18:00, 50+ 13+ ----- ---- 675+ --------------------

22 continuous tremor~ Eruption 12+ 5+ _... _- ? ? -------------------~

23 ends 08:10. 30+ 2+ 1 3 ? -~------------------

24 ---- ----- ------ ------ 35 5 ---- 2 4 1 Hualalai

25 ---- ----- ------ ----- 42 14 ---- 5 3 1 Kawaihae
1 Offshore Maui

26 ---- ----- .-.----- 1 70 375+ ---- 1 ----- --------------------

27 38 ----- ------ 4 63 85 ---- 5 2 1 Ma.una Loa

28 ---- ---~- ------ 1 92 83 ---- 4 ----- 1 Kona
1 Offshore

29 ---- _.. --~ ------ ----- 60 23 ----- 8 ----- -----------------~---

30 4 ____ lIS- ------ ------- 50 31 -_ ... - 5 1 ---------------------

31 ---- ----- ------ -_ ... _- 75 32 2 15 ------ 1 Kana
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, and EE around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Ha.le- SWc rift Eastern Hale- Upper

Deep mediate Shallow maurnau Kilauea an.d East maurnau East Others
slides caldera Kaoiki rift 30 km rift

Septe 1 14 ----~ ------ ____ ca 70 35 1 9 1 1 ~-1auna Loa
1 s. Pali

2 --~ ... -~-~- ---=~- ----- 80 35 ---- 5 8 ----------~-------

3 ---- .----- _c. ___ ----- 102 77 ---- 3 2 ------~-~--------~

4 -- _.... - ------ ----- ------ 53 20 ---- 9 ------ ------------------
5 ... --- ----- ----- ----- 65 30 ---- 2 1 ------------------
6 -- - .. - ----- ----- 1 50 30 ---- 2 2 2 s. Pali

3 Kona

7 ---- - ------ ----- 1 60 30 ---- 7 2 1 Offshore Maui
8 ----- ------ _-.--- ------ 60 42 ---- I 3 2 Kona

1 Mauna Loa

9 ---- ----- 9 ----- 69 35 ---- 7 2 1 s. Pa1i

10 15 ---_ ... ----- ----- 120 24 1 19 ----- -------------------
11 ---- ----- ----- ----- 71 22 ---- 4 ----- -------------------
12 4 ----- ----- 1 60 24 ---- 2 5 ------------------
13 30 ----- ----- ----- 85 8 ---- I 5 1 s. Pa1i

14 ... --~ ----- ----- ----- 110 28 \
2 1 -----------~------

15 ,..--~ ----- ----- ----- 75 27 ---- 7 2 1 s. Pali

16 ... --- ----- ----- ----- 120 32 ----- 4 2 1 s. Pali
1 Offshore

17 32 ----- ----- 1 150 33 ---- 7 6 1 Offshore

18 ---- ------ ----- ----- 115 44 1 5 4 2 Mauna Kea

19 ---- ----- ----- 1 170 48 ----- 7 5 1 Kana

20 ---- ----- ----- ----- 85+ 75 1 2 ----- --------------------
21 26 _..---- ... ---- 2 155+ J-960 3 --.._- 2 1 Offshore

1 Mauna Kea

22 --=-'--- 2 120 1300 2 1 ~

--~-----~-----~~~~~~-- -- -=-- -~---
c:..
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, and EE around Kilauea caldera --Continued

Tremor
(in minutes) Earthquakes

Date
(1963 ) Inter- Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow maumau Kilauea, and East maumau East Others
slides caldera. Kaoiki rift 30 km rift

Sept. : 23 -=-_ .. - ----- _.a __ -== 1 130 740 5 4 4 --~-~--~-----------

24 e- ___ ----- ----- ----- 190 580 7 8 12 1 Kona
1 lv1auna Kea

25 ---- -~---
... ~-=--~- c::a-=-~_~ 200 305 ---- 1 9 1 Offshore

26 ---- _&.aI «-. _.,
--=-~~-

~C2:"__ 200 160 7 3 10 -~----~~--~~~-~-~-

27 20 _e. ___ ----- ------ 170 120 7 4 11 -------------~----

28 ---- ----=-- c= ___ ~ ----- 160 135 4 ----- ---- ----~------------~

29 72 -~--- ----- 1 185 130 ---- --=--~- 5 1 Of:fshore
30 ---- ~ ... _--- -- .. _- ------ 185 95 _e. __ 2 9 --~-~--~~----~--~~



Table 4.--Local earth uakes recorded b
July,

,

ical Surve

Entries for a given quake are: date, origin time (Hawaiian Standard Time), epicenter, depth, magnitude
and felt report. Except for smaller earthquakes of special interest, only earthquakes with
magnitudes of 2.5 or greater are included in the list.

In the following list, some orlgln times are followed only by "KM 30" and a statement of magnitude.
These are all members of a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is beneath Halemaumau at a depth of 30 ki1ometer$ {19°24.1' N., 155°17.1'
w. ).

In the following list a number of quakes are described as "Upper east rift" {see Summary 28). Further
statistical study of this group which occurs in the swarm periods during July 1 to 6 and August 3 to 4
gives a mean epicenter 19°21.5' N., 155°14' W~ about 2 km south of Aloi Crater at near-surface
depth.

In Summary 24, "KaoikiH was introduced as a symbol for listing any of a family of quakes with mean
focus 19°24' N., 155°25' W., h=3 to 8 km. This symbol is used in the following list.

I\)

0

Date Time Magni- Depth Epicenter Felt
(1963) tude \km) Report

h m s Lat. N. Long. w. Description

July 1 08 39 20.7 2.4 ____ c.l ___ --------- Upper east rift------- ---------------
1 08 40 54.4 2.6 ___ a. ____ ---------- ----do---------------- Felt at Volcano
2 06 06 54.1 3.0 ----- ... _- --------- ----do---------------- ---------------
2 06 18 22.9 2.9 -------- ---------- ----do---------------- -----~---------

2 06 41 05.7 3.0 -------- --------- ----do---------------- ---------------
2 06 47 43.4 3.2 -------- --------- ----do---------------- ----------------
2 07 15 23.4 2.7 -------- --------- ----do---------------- ---------------
2 07 37 30.1 2.9 -------- --------- ----do---------------- ---------_ ... ----
2 07 41 23.4 2.8 -------- --------- ----do---------------- _.. _--~-_ .. _---_ ..

2 07 51~ 07.5 2.9 ____ ca_-=-_
-=--~----=--- --~-do~~--------------

-..,- .. --== _____ ~ __ .a

2 08 08 2809 2.7 ___ -=' __ ca_=_
ES ___ E:2 ____

~~~-do----~----------- --~~~-------.. --
2 08 22 09.4 2.7 _ lQIIc. _____ E:= _____ e--=- _

----do~-~-~----------~
C:II __ c:a_-=- ___ -==--=-_-==c::..e-

2 08 45 30.6 2.5
___ -=a~ ___

-~--~--~-= ----do~~--------------
_r. __ -=:lIIK:;II ______ -=-_ca .. E:I

2 09 37 37.1 3.1 ----~~-- -=--------- ----do-~-~-----~------
___ c=- .... r:. __ -= __ E:!I .. ~_



•

Table 4e--Local earthquakes recorded by seismographs of the UoS. Geological Survey,
July, August, and September, 1963--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. r.. Long. w. Description
- - -

July 2 09 46 11.0 3.3 -------- --------- Upper east rift--------- ---------~-------

2 10 00 25.3 3. 5 -------- -----~--- ---do------------------- ~----------------

2 10 17 10.4 3.0 -------- --------- ---do------------------- -----------------
2 11 18 38.8 2.0 -------- --------- ---do------------------- -----------------
2 11 23 55.8 2.4 -------- --------- ---do------------------- -----------------
2 11 36 01.8 2.0 -------- --------- ---do------------------- -----------------
2 11 49 51.7 2.8 -------- --------- ---do------------------- -----------------
2 11 55 51.1 2.0 -------- --------- ---do------------------- -----------------
2 13 16 24. 3 3.0 -------- _____ 1:.» ___ ---do------------------- ---------------~-

2 13 19 17.8 2. 9 -------- _______ CIII_ ---do------------------- -----------------
2 13 23 51.7 2.7 -------- --------- ---do--------~---------------------------
2 14 29 42. 3 3.1 -------- --------- ---do------------------- ----------------~

2 15 36 55.7 2.8 -------- ---..,----- ---do------------------- -----------------
2 15 49 32.2 2.8 -------- ---------- ---do------------------- -----------------
2 15 52 32·9 2.6 -------- --------- ---do------------------- -----------------

f\)

15 57 12.8 2. 3 ---do----~--------------\---I 2 --------- ---_.-.----- ~----------------

2 16 24 11.4 2. 3 -------~ ---------- ---do~-------~---------------------------
2 17 51 13.4 2.1 5 19°19.0' 155°09' 8 km NE of Apua Point--- -----------------
2 18 16 00.8 2.1 -------- ___ tIIC8 _____ Upper east rift--------- ~----------------

2 18 35 34.7 2.4 -------- --------- ---do------------------- ---------~-~~----

2 18 59 18.6 3.0 -------- -_ .. ~----- --~do----~-------------- --------~-------~

2 19 38 45.7 3. 1 -....,-~--=--=--=-

____ r.-_-=- ____
--~do~------------~-------~------------~-

2 19 45 39·7 2.4
_____ tlCI~~

--~~---~.. ---do---~----------~---- --~----'-~-------~

2 21 55 17.1 2.8 -------- _~e;., ______

---do~--~-------------------------------~

3 00 04 25.7 2. 3 -------~
_.- _____ .:3_ ---do------------------- ~----------------

3 01 06 44.8 2.2 -------- -------~- ---do------------------- ---------~-------

3 02 56 19.4 2.7 -------- --------- ---do------------------- -----------------
3 03 58 23·2 2.1 --------- --------- ---do------------------- -----------------
3 04 54 55.1 2. 0 -------- --------- ---do------------------- -----------------
3 05 41 28.3 2.6 -------- --------- ---do-----=~---------------~-------------

3 06 16 27.2 2.7 -------- --------- ---do---~--~-------------~-~-~-----------



f\)
f\)

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, and September, 1963--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. Long. w. Description- - -

July 3 06 30 15·7 3.1 --- -------- --------- Upper east rift---------- Felt at Volcano
3 06 37 31.7 2.0 --- -------- --------- ---do-------------------- -------~-----------

3 10 11 36.4 2.3 --- ____ .a. ___ ---------- ---do-------------------- ~------------------

3 16 01 08.4 2.7 --- -----~-- --------- ---do-------------------- -------------------
3 16 28 53s4 2.0 --- ------ .. - --------- ---do-------------------- -~---------------~-

3 19 30 34.8 2.6 I

---do----------------------- ____ -a __ -=- ------ ... --
---~-~-------------

3 20 31 51·5 2.5 --- -------- --=--------- ---do-------------------- -~--~--------------

4 00 12 50·9 3.3 --- -------- --------- ---do------~------~------Felt at Volcano
4 05 03 40.4 2.3 --- --------..,

__ c:. ___ ~ __

---do------~~-----------------~~---~--------

4 06 45 18.0- 2e8 13 19°22.3' 155° 55. 6' 16 km SSW of Kealakekua
-----~---~---------

4 07 38 31.4 2.9 13 19°2503' 155°59.0' 13 km S"l of Kea1akekua--- -~---------~-~-----

4 08 04 11.1 2.9 --- --..,---~- -----=----- Upper east rift ...... -.,.----~- Felt at Volca.no
4 08 39 09·9 2.6 --- "'c.- _____ e:::tr..- -----=--..,-- --~do-------~------------ -~-----------------

4 10 52 12.7 2.4 --- -------- --------- ---do-------------------- ---~--------------~

4 12 05 04.4 2.8 ---- .. -~-----
__ e--~ _____

---do-------------------- ---~-~----~--------

4 17 01 02.7 2.6 --- ----~--- ---.,------ --~do--~~---=---------------~-------~---~-~~

4 17 55 57.4 2.8 --- -- .... ---~ .. --------- ---do------=------------- -~------~---------~

4 17 58 13.9 2.5 --- ~ .. ___ CllE ___ --------- ---do------~-----------------~------~-------

4 20 06 26.7 2.0 --- -------- --------- ---do------------~--------~---------~-------

4 20 07 13.0 3.0 --- --------- --------- ---do------~-------------Felt at Volcano
5 03 19 27.2 2.5 --- -------- --------- IQ1 30-------~---~---- .. --- ----~~~----~-~----~

5 15 14 34.5 2.5 --- --~~ ... _-- ~~~------ Upper east rift---------- -~-------~-~-~~~~-~

6 16 34 43.2 2.2 --- --=------ ---=--_-.~-- ---do------------~-~-~----~~~~~~---~~~~~--~~

6 17 12 01.1 2.4 3 19°16.8' 155°04~0' 13 km SW of Kalapana----- ------~---~----~---

7 01 42 19·0 208 --- --~_ .. _--
--~------ KM 30---~--------~------- Felt at Volca,no

10 16 32 44.0 3.4 13 19°55.5' 155°28.8' 18 km SSW of Honokaa----- Felt at Kamuela
11 01 39 26.0 3.3 8 19°16.5' 155°16.2' 12 km S of Ahua Felt at Volcano

seismometer.
11 02 43 57.5 3.8 3 19°15.2' 155°10.1' 3 km ESE of Apua Point--- Felt at Volcano

to Hi10.
14.7 Felt

I
11 03 10 3.5 --- ------- C'::I~ _____ ~ Upper east rift---------- at Volcano to

Hilo.
11 11 29 19.8 2.5 - -.- -----~- -------- ICM 30--=-~-----------~--= ~------~----~----~~

12 21 36 1105 2.2 --- -------- -=--------- Upper east rift-~-------.., ~------------~-----



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, and September, 1963--Continued

Date Time Mag11i- Depth Epicenter Felt
(1963) tude (km) - Report

h m s Lato N. Long. w. Description- -

July 14 08 10 16.0 2.6 --- -------- -------- Kaoiki-------------------- --------------
14 22 54 54.7 2.6 --- -------- -------- ---do--------------------- --------------
15 22 44 10.3 2.6 --- ---~---- -------- Upper east rift----------- ---------------
17 18 43 36.0 2.3 --- -------- -------- KM 30-------~------------- -------------. ..
18 11 27 46.0 3.3 8 19°22.0' 155°52.3' 18 km SSE of Kealakekua Felt at

Honaunau.
18 16 28 51.7 2.4 --- ~---- ----- ---------- KM 30--------------------- -~---_....,-- ..-- ...
19 20 12 36.5 2.5 --- -------- ---~.. _--- Upper east rift-----------

.:.~ _____ _=s ______

20 00 03 21.2 2.7 13 20°04.0' 155°37.2' 10 km ENE of Kamuela _.. _--..-------~-
seismograph station.

20 11 2.6 43.5 203 --- -=:t_~ __ .:2""

-------~- Kaoiki-----~--~-----------
_.,.. ___ ~c=_ .. _____ Ea_

20 12 31 31.5 3.2 13 19°10.8' 155°36.9' 12 km 1~"'W of Naalehu------
__ ... ____ e-~ ___ a.._

21 17 24 02.0. 3.2 13 19°59.0' 155°2~·.2' 13 kIn SE of Honokaa------- -.:a __ -=- ___ -=-K:3 ______

23 01 37 01"10 ·2.8 3 18°59.0' 155°13.5' 32 krn SSW of Apu.a Point--- ---------~____ K:I

23 03 52 10.8 3.2 --- ____ ~ __ cs

---_.-:------ KM 30-----------------~---
-=- ___ ._ca-=- _______

23 01 38 12.6 2.7 13 19°50.9' 155°32.1 1 13 km ESE of Waikii------- ---------=------
24 19 18 03.5 2.7 3 19°36.9' 155°25.8' 14 km Nm.[ of l\'Ja1ll1a Loa --------------

seismometer.
25 16 18 15.5 2.8 13 18°57.5' 154°58.2' 41 km SSE of Apua Point --------------
25 18 19 36.1 2.7 13 19°45.0' 155°58.9' 27 km N1"'W of Kealakekua _. --- - -- - - - - - ----
26 03 21 19.7 2.3 --- -------- --------- Kaoiki-------------------- --------------
28 03 32 1005 2.4 13 19°51.5' 155°38.2 1 2 km ESE of Waikii-------- ----------~---

29 08 39 12.5 2.7 --- -------- -.&~ ...~-~--~ Kaoiki-------------------- ---------------
30 04 32 54.0 2.4 8 19°47.5' 155°26.5' 34 km NNW of Mauna Loa --------------

seismometer.
Aug. 1 01 10 52.4 2.9 --- -------- -----~--- KM 30--------------------- Felt at

Glenwood
and Volcano.

2 10 06 29·3 2.1 --- -------- --------- KM 30--------------------- --------------
2 14 53 03.1 2.8 --- -------- ---~----- KM 30--------------------- --------------
2 17 55 00.4 2.0 --- -------- --------- Upper east rift----------- --------------



Table 4.--Loca1 earth uakes recorded b seismo ra hs of the u.s. Geo10 ieal Surve
July, August, and September, 1 3--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

£ m s Lat. N. Long. w. Description-

Aug. 3 06 41 22.0 2.6 8 18°44' 154°57' 64 km. SSE of Apua Point
----~---~--------

3 23 21 02.5 2.0 --- ---------- - .....~------ Upper east rift-------- ----------~---~--

3 23 47 35.0 2.0 ..._- -..,------ -----~-.. ----do----------------- -----------------
4 00 10 49.5 2.7 --- _.. _----- .._-~_ .. _- ----do----------------- ~----------------
4 00 54 11.7 2.3 --- -------- ... _-_ .. --- ----do----------------- --------------~--

4 01 13 48.1 2.3 --- --------- .._-~ .._-- 1M 30------------------ ------~-------._-

4 01 39 54.9 2.0 --- -------- ..... _----- Upper east rift-------- -----------------
4 02 57 06.5 2.0 --- -------- -----_ ...- ----do----------------- -----------------
4 03 45 53.0 2.3 3 19°18.8 1 155°0~ 5' 14 km WSW of Kalapana ----~~--------~-

4 07 17 40.5 2.0 ... _- ----_.-_- -------..... - Upper east rift-------- ------~----~----.

4 07 54 58.6 2.3 --- -_-.----- ---- .. -_ ... KM 30------------------ ----------~------

4 08 53 35.3 3.4 13 20°02.3' 155°18.8' 9 km NW of Laupahoehoe Felt at Kamuela
5 08 15 22.1 2.5 --- ---.----- -----~~... Upper east rift-------- --------~-~------

·7 07 54 23.0 2.9 13 19°45.9' 156°00.8' 7 km NE of Keahole Point
--------~-----~--

.8 16 13 55.2 2.2 --- ---~---- --------- KM 30------------------ -----~-------~-~-

8 16 14 20.0 3.3 --- -------- ---_.-.--- KM 30------------------ Felt at Volcano
8 22 04 14.1 2.1 --- c.- _______ ------._- Upper east rift-------- -----------------
9 18 41 43.0 2.4 --- -------- -_ .. ----- Kaoiki----------------- -------~----~----

10 04 10 08.0 2.5 --- -~------ ----.---- KM 30------------------ -----------------
12 11 09 42.6 2.2 --- ------~- --------- Upper east rift-------- --------~--------

14 05 25 38.1 3.5 30 21°28' 158°06' Waianae Mountains near Felt in Oahu
Koleko1e Pass, Oahu.

15 10 31 38.4 3.4 shallow 1~035.7' 155°58.8' 11 km NW of Kealakekua ----------------
15 11 01 19.0 2.3 --- -------- -------- Upper east rift-------- -----------------
18 16 40 41.3 2.2 --- -------- -------- ----do----------------- -----------------
19 02 03 00.1 2.8 --- ------~- -------- IQ.1 30------------------ -----------------
24 03 02 20.5 2.9 13 19°40.2' 156°02.9' 8 km SSE of Keahole

--~--------------
Point..

25 06 55 05.0 2.3 13 20°00.7' 155°49.8'
%:~

SSE of Kawaihae--- -----------------
25 22 41 43.0 3.1 13 21°23' 156°29' NNW of Haleakala,

U1. -----------------
25 23 35 45.0 2.3 --- -------- -------- KM 30--------- -----------------
26 08 49 17. 6 4.9 --- -------- -------- Kaoiki----- ------ Felt island-wide.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, and September, 1963--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lato N. Long. We Description- - -

Aug. 26 09 48 23.3 3.1 ---- ---=------- ---------- Kaoiki-----~----------- Felt in Kapapala
Bind Kilauea
summit area.

26 15 24 38.2 2.2 ~--- --~~--_.. __ ~K:S"_~CW:~

Kaoiki-~-----------~---
ca __________ K::'_~ __

26 18 17 0509 2.0 ---- --~----- ~-=:;--=----- ~--~do------~----------
___ ~_~_=s_=_ _ _=__=__~_.,~

26 18 42 15~4 2.0 ~--~ ---=~----
-=_ .... _-=-~..,_c:- --~~do--~-~--~---------

-.a e::- __ ,_ -= _ .. _ ~ -=- .- .. ___ c-=-

26 19 28 24~5 2cO --- ... - .-:l.., ... e:- ___ ~

-=--~-=:I_--_.-I ~~--do---~~-~~----~---- _ a.& ~ ... '-. -=- -= ~ ~ -= -=- e- .. -=- -=:II -==

26 19 34 .'r"\ r-'7 2.0 -~--
___ ~_brc.e:::t_

-=-E::~c:::J~~__=_e_ =~--do--------~~-~=~--~
~ ___ _.~c:=_ ___ c;:a_=:l~~__ 1:::a

-!-oc. r

26 19 44 1997 2~6 ~-..-; .. _~C"!E_~_~~
~~~c::.c:w ... ca~ _ ~=~~do~--~=~~~~=-~~--~- ~~~~~~~~~~~~~~-~~

26 21 35 0000 3~3 _.-:_-
--=..m~C!S:'SE:ta;;;~c::=- c:ECE~_C::==,,~-==~ =~~~do~~-~--~~~~~==~~~- Felt in JC8papala

and rJaalehue
26 22 17 3104 2~O - ..... - _~ __ -=- __ CZ'

-=-cz~ __ ~c=_ ..

-~--do-~--~----~--~--~- ~~~~--~~-~~~~~~~~

27 02 20 04 0 2 2.2 ~---= - .. _c..-r"AIa_~ _~~_~,-=~e=c;::) ---~do~~---~--~~--~---~ -~~-~-~-~-~~~--~~

27 13 13 37~5 2.9 1CK.-s..,_ _c.l.-K'_~-' __ CIIIt" _~_-==-,c.-~..-E'_C=- ~-~-do~---=-~~~----~-~-
___ ..c_~c=a_~-=_~__ C2~E»

27 14 10 27.7 203 -=- c::a ___ ___ -e-=-_..:..-:J~

_~ __ ... a-t_c-.WR

~---do~-~-~~---~~--~-----~~~--~~~~-~~--~

27 19 07 3006 2.9 8 19°2354' 155°36.4' 24 km west~northwest of c;a ___ e:a-.a~ ____ c:...,-..--

Desert seismometer.
28 05 14 03c8 2.7 <3 19°2908' 155°56.o i 3 klTI s01.1thv.Test of Felt in

Kealakekua. Kealakekua.
28 05 51 59.8 3.6 13 18°59~7v 155°18.2 t 31 km east-sou.theast --~-~--~-~~-~~-~-

of Naalehu.
29 01 06 43e4 2,9 ---- .. __ ~ __ IiIE'~

-----~_-. '.:' I<:M 30-------=- --------- -~---~-~~~~-~--~~

29 21 10 40.4 2.7 _e:- __ -------- --------- :K14 30- - - - - - - - - - - - -- - -- ----------~----~-

30 10 58 48.6 2.0 10 19°19.2' 155°12.8' 6 km southwest of -----~-----------

Makaopuhi seismometer.
31 20 24 05.5 2.5 8 19°35.1' 155°53.9' 8 k! ~okth-northwest of -----------------

Kea a e ua
ept. 1 01 24 17.7 2.3 ---- -------- ---=----- 101 30------------------ ----~-------~---~

1 11 31 15.1 3.3 3 19°11.9' 155°39.3' 17 km NW of Naalehu---- Felt in Pahala
1 21 43 59g3 2.6 30 19°14.3' 155°21.8 i 11 km south-southeast ---------------~-

of Desert seismometere
2 10 05 38.4 2.2 ---- -=--------- ~~------ Upper east rift--------- ---~----~-------~

s

I\)
0\
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Table 4.--Local earth uakes recorded b seismo raphs of the U.S. Geological Survey,
July, August, and September, ~9 3--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. Long. w. Description- - -

Sept~ 3 12 54 30.6 3.6 --- -------- ____ cs _____ -.t

Kaoiki~----------------- Felt in
Kapapala.

3 13 51 57.2 3·0 --- ______ .:::011_ e-~ _ _=:II ___ awc.

-~-do-~--~-----~----~~~- - ... -""'Do .... ~--.,.----""
3 17 17 39.7 2.1 --- .-., ..... _ .. c._

-~~_ .. _..,.-- ---do---~-~-~-------- .... =-
__ cw _____ ~ ______ ~_=_

3 18 25 04.5 2·9 --- ---~---- ----~-~..,~ ~--do-------~----------- Felt in Kapapala
4 21 58 37e4 301 --- ca_.:._-=-_c:.1l-. --------- KI~ 30~------------------Felt in Kilauea

summit a.rea.~

6 00 54 45.4 2.5 8 19°29.0' 155° 5305' 5 km SE of Kealakekua---
_________ ~_~ __ C;:»_=:I

6 02 41 37.6 2.3 10 19°16.0' 155°13~2' 13 km SSE of Ahua
_______ c-._~ _ _=_ __ c:.c::I»

seismometer.
6 03 30 01.6 3.6 3 19°29.1' 156°02.9' 15 km WSW of Kealakekua Felt in

Kealakekua
and Captain
Cook.

6 09 10 48.8 2.1 8 19°17.4' 155° 14.3' 10 km SW of Ahua ---------------
seismometer.

6 22 47 53.0 2.6 5 19°28.3' 155°52.2' 8 km SE of Kealakekua ---------------
7 05 07 40.0 2.2 --- -------- --,..;----- Kaoiki------------------ -------------~..
7 05 32 11.2 2.1 10 19°19.8' 155°11.8' 5 km SW of Makaopuhi ---------------

seismometer.
7 12 01 18.6 2.9 13 20°48' 155° 12' 100 km NE of Kamuela---- ---------------
7 18 04 17.4 2.1 --- _____ ~_c:.~ ___ m. ____ Upper east rift--------c= --=----------=---~-

8 04 48 04.9 2.4 8 19°40.2' 156°05.8' 11 km west of Kai1ua- ...... -~-~------_ .. _~-='

8 12 09 36.8 3.0 3 19°12.3' 155°34.8' 16 km north of Naalehu- --------- .. ---~-
8 12 43 43.9 3.0 3 19°22.6' 155°54.1' 1 km south of Hookena-- ---------------=-
8 23 37 06.0 2.3 --- --------- --------- Kaoiki----------------- ______________ -=t

9 01 33 43.4 2.3 J-O 19°17.1' 155°09.3' 9 km SSE of Ahua ---------------
seismometer.



Table 4.--Local earth uakes recorded b seismo raphs of the U.So Geolo ical Survey,
July, August, and September, 19 3--Continued

e

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Late N~ Long. w. Description- - -

Sept~ 10 00 21 23.8 2.0 10 19°20,,7' 155°17.0' 4 km SW of Ahu~a seismometer
_~C»_____________

11 08 00 39.5 3~2 ---- ~-~----- ~--~-~--~ KM 30---------------------~ Felt in Kapapala
13 23 58 09·5 203 8 19°16~1' 155°13.7' 5 km WNW of Apua Point----- --~~------_... _--~

15 02 22 58.3 2·9 5 19°1605' 155° 1206' 3 km 1lW of Apua Point- ... ---- Felt in Kilallea
summit area.

15 02 50 48.6 2.7 ...--:- .... - ca ___ e-_.a-=:l c:;aCDc:.3 __ .m-==-., ... KM 30--~---~--=--~---=-~~=~
_-=-~C:3c:;::.,_ .... _-= ____ c.~_

15 02 53 56.0 203 ~ ~ rw_ _"_ .. _~~e- __ c:=- __ c._CS_ KM 30~~-~=~---=-----~-~~~== ~ __ ~c::::lI_c::.c::JIC=e=o-=-.... c::. ___ C::=

16 00 24 07.9 2~0 8 19°14~8f 155°21.4' 11 km SSW of Desert _-e't ______ -=- __ ~IlI:'IC3_c:a

seismometer"
16 20 34 11·5 3.8 13 18°48' 156°39' 100 km SW of Hookena~----co~ _=-C"'~'=-'~~_"«::::I~_"___

17 13 25 25.8 2~8 5 19°2103' 155°17.2' ':{ km SW of .Allua seismoineter _c::.r.-c::::II~..,__ c:._~_C'_~_

..J

17 14 12 17.4 2.8 13 19°21' 156°34' 73 km WSW of Kealakekua-~--
_~ __ ~~~ __ c:lt __ "'_~_

~l

18 07 54 43.5 2.1 < 3 19°4802' 155°31.7 f 6 km north of Pohakuloa---- ... ~_~tC:)_.., __ ~ ______

18 08 07 57.5 3.5 13 19°5009' 155°32.2' 11 km 110rth of Pohakllloa -- - - Felt in
Pohakuloa

18 21 31 45.2 2e6 -=: _ e-_
-=------=-~ ---=-"~-~-- Kaoiki----~------~~~~=~~~-

__ ~-=-c.ar .... __ ... ______

18 21 33 44.7 2.3 -~--

-etwr- .. ~_~ __ __ ... ,.. __ =-c.- --~do~------------~~-----~
co-~ .. ~ _____ c::.J ______

18 21 50 33c2 2.2 -~~-
1E:I~_-.r__ ~CZI

~---~-~-.., ----do--------~----~---~=----------=----- ... --=----
19 06 23 23.7 3.4 3 19°28.3' 155° 54~ 5' 5 km SSE of Kealakekua----- Felt in

Kealakekua,
Captain Cook,
and Hila.

21 00 17 48~0 3.1 13 20°27' 156025 ' 40 km SW of He1eakala _c:.C'e:.-~_c»____ "- __

seismometer.
21 00 19 05,7 2.5 13 19°53.1' 155°24.0' 8 km SW of Keanakolu -----------------
21 06 24 26.5 4.8 ---- -------- --------- Kaoiki-------------------- Felt island-wid



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, and September, 1963--Continued

Date Time Magni- Depth Epicenter Felt
{1963 ) tude -(km) Report

h m s Lat~ N~ , Long. w. Description- , -

Sept. 21 06 33 24.0 2.3 --~- -------- -------- Kaoiki-------------------- ------ .. _-----
21 06 49 59.4 2."8 ----- -------- .-c _______

---do----------------~---- --=------------
21 07 04 28~8 2.4 ... __ m. --------- -------- ---do-------------~------- -_-._---------
21 07 40 27.4 2.2 ----- --~----- ---~----- ---do--~------------------

~ ______ c.. ____ ....

21 08 38 23.3 2.3 ---- -------- -------- ---do-----------~--------- ----------- .... -
21 08 46 16~5 2.4 ---- -~---_.-:-

------~-= ---do--------------------- -------------
21 10 02 59.1 2.2 _cz __ -------- -~----~-. --=do--------------------- ---------_ ..... -
21 18 49 43.7 2.3 ---- --= - -- -- -'~ ~_ .... ----~ -~-do-------------~------~ .... _---------~--
21 20 18 15.0 2.2 --=---- -~------ -----~-- ---do--------------------- -----------=---
21 23 19 11.0 2.3 ---- _-=s ______ -------- ~--do------~---~~--------- --=------------
22 06 26 17.4 3e5 ---- -----~-- -------- ---do------~~------------- Felt in Hil0,

Kapapala,
and Kilauea
summit area

22 06 27 24.4 3.5 --- ..~ .. _~-_-. ---_ ... --- Kaoiki-------------------- Felt in I-lil0,
Kapapala,
arid Kilauea
summit area

22 07 33 23.2 2.3 ---- -. ... _-----
-=-------~- Kaoiki-------------------- -------------

22 17 16 33.4 2.2 ---- --------- --------- ---do--------------------- -------------
22 19 23 34.3 2.3 ---- -------- -------- ---do-----~--------------- --------~_.. _-
23 21" 44 11.4 2.6 ---- -------- -------- ---do--------------------- -------------
24 01 48 04.9 3.4 5 19°26c6' 154°57.1' 6 km south-southwest of Felt in Pahoa

Pahoa. and Kapoho.
24 05 58 22.3 2.7 5 19°36.0' 155°2103' 4 km northwest of -------------

Keanakolu.
24 08 18 02.2 3.3 8 19°16.5' 155°53.3' 13 km south-southeast of -------------

Hookena.
24 09 36 16.0 2.1 25 19°30.1' 155°05.3' 24 km south of Hi10 ---------~---

24 23 54 58.0 2.3 13 19°09.9' 154°59.1' 37 km south-southwest -------------
of Pahoa.

25 20 02 11.5 2.6 35 18°58.7' 155°25.1' 21 km southeast of -------------
Naalehu..

26 05 01 27.6 2.1 8 19°26.8' 154°57.0' 5 km south of Pahoa------- -------~-----



Table 4o--Local earth uakes recorded b seismo ra hs of the U.S. Geolo ·cal Surve ,
July, August, and September, 19 3~~Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h in s Lat. N'. Long. Wo Description- - -
Septl: 27 17 09 24c7 2c9 3 19°251)8' 154°5703' 7 km south~southwest of Felt in Pahoa

Pahoa~

27 20 04 20cO 2.3 0= 0= -=
c:-::.~_c:r ___ ~

~ ___ ~~'-=UIIE'-':K.AI Kaoiki~--~~~--~~~----- --~~~~~~~~~~~~~~~

28 02 45 3309 3.0 3 19°2608 t 154°56.1~ 6 krn south of Pahoa~-.., Felt in K8.poho==~

29 10 18 10.6 204 8 18°5802' 155°18.0\ 51 km south of ~~~~~~~~~~~~~~~~~

Uweka'huna
sei Sffionleterc

30 08 28 10.0 2.4 5 19°26.9' 154°54.6' 7 km soutbeast of Pahoa, ~~~~~~~~~~~~~~~~~



Table 5.--Distant earthguakes

[Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A !tcn follo~wing the tirne of P indicates
compressional first motion.j a ndn indic:ates dilatational first motion.
Station symbols, locations, and instrumentation are presented in Summary
28. Magnitudes calculated from the Hawaii seismograms are followed by
(HVO). Location of epicenter, origin times, and focal depths, and
magnitudes reported by other institutions are taken from" "Preliminary
Determination of Epicenters" p'ublislled by t~he U.Se Coast and Geodetic
Survey]

°

July 10- ....Continued

·U PEZ iP 49 d
U PEZ iR 05:45:31
U PEE is 05:39:02
U PF..N iL 05:43:26

C8~GS card 57-63:
17:06:38,,6
39.4° S., 174.9° E.
North Island, New Zealand
h abOll.t 189 km
Magnitude 6vo {cas).

J-u1y 14

M Z on 17:16:58.6 d1..L

A Z iP 58.1 d
D Z on 57.3 dlJ..

MP Z iP 58.1 d
U Z iP 58.3 d

Trnax 07:11:51zHa

July 15

C&GS c8.rd 55-63:
05:22:57.1
46e3° N., 152.9° E.
Kurile Islands region
11 about 33 km
Magnitude 5.6 (cGS)

601 (HVO).

C&C1S card 57-63:
06:28:21.7
51.8° N., 176.8° w.
AndTeanof Islands, Aleutian Islands
h about 33 km
MB.gnitude 4.6 {cGS).

July 4, 1963

M Z eP 11:06:56.7 d
A Z eP 56.4 d
D Z eP 55.4 d
MP Z eP 56Q4 d
U Z iP 56.6 d
Pa Z iP 5801 d
Na Z iP 53113 d
Ka Z iP 5901 d
Hi Z iP 59.1 d
Ha Z iP 11:07:03.1 d
U PEZ iP 11~o6:56 d
U P~J is 11:13:59

C&GS card 54-63:
10:58:13.2
26.3° S., 177.7° We
Tonga Islands region
h about 158 km
Magnitude 6.75 (Pas)

6.75 to 7 (Brk)
6. 5 ~{CGS).

July 9

U PEZ eR °9:57=02

C&GS card 55-63:
09:24:33.3
8.5° N., 83.0° w.

• Costa Rica
Panama Border
h about 31 km
Magnitude 5.1 (CGS) .

July 10

M Z iP 05 : 31 :49 o~· d
N Z eP 5002 d
Pa Z eP 49<»7 d



Table 50--Distant earthquakes-~Continued

(Bks)

20:23:30 d
20:38:20
20:31:00
20:35:56

h abo'ut 33 km
~~gnitude 503 (CGS).

July 29

'U PEZ iP
U FEZ iR
U PEE is
U PEN iG

C&GS card 61-63:
20:14:07.3
30.20 S., 177.3° w.
Kerrnadec Islands
h about 39 km
Magnitude 6.5 -6.75

5.7 (CGS)
6.5 (HVO).

July 24--Continued

08:49:4303 d
4500 d
44.3 d
44.1 d
44.3 d

09:39:39

18:56:45
19:16:33
19:22:11

eS
eL
eR

iP
eP
iP
eP
iP
Tmax

PEN
PEI~

PEZ

C&GS card 56-63:
08:41:07.5
55.6° N., 162.0° E.
Kamchatka
h about 60 knl
Magnitude 5.2 (CGS).

July 16

U
u
U

July 15

M Z
A Z
D Z
U Z
Pa Z
Ha Z

19:38:19.5 diFZ

July 30

M Z iP 05:55:16.0 d
A Z iP 15.5 d
D r'7 eP 14.9 dLJ

U FEZ iP 16 d
u PEZ iR 06:10:28
U PEN is 06:02:52
U PEN eG 06:07:40

C&GS card 59-63:
05:45=53 .. 3
29.6° So, 177.3° w.
Kermadec Islands region
h about 33 km
Magnitude 5.3 (CGS)

6.1 (HVO).

C&GS card 62-63:
19:26:26.0
6.0° N., 125.1° E.
Mindanao, Philippine Islands
h about 118 km
Magnitude 5.0 (CGS).

Aug. 2

M

12:07:51

Tmax 00:48~23

Tmax 00:49:02
Z
Z

Ha
Pa

July 19
M Z Tmax 13:28:16
A Z Tmax 13:28:00
D Z Tmax 13:28:18
MP Z Trnax 13:27:59
Ha Z Trnax 13:28:05

C&GS card 57-63:
00:04:05.3
4901° N., 128.9° w.
Vancouver Islands region
h about 33 km
Magnitude 4.8 (CGS).

C&GS card 57-63:
18:27:18.4
43.1° N~, 41.5° E.
Georgia SoS.R ..
h abO·Llt 33 km
Magnitude 5.8 (CGS).

July 18

No coast and Geodetic Survey
preliminary listing.

July 24

U PEZ eR

•

C&GS card 59-63:
11:32:17.7
24.6° No, 12200° E.
Near east coast of Formosa

31



Table 5. --Distant earthquakes --Co11tinued

August 3

U PEZ ePP 10:41:26
U PEZ iSS 10:56:45
U PEE iPS 10:50:53
U PEE iL 11:07:53

C&GS card 67-63:
01:09:56
8.8° 88' 108.3° w.
Southwest of Galapagos Islands
h about 33 km
Magnitude 4.4 (eGs).

•

August 3

Pa z Tmax 02:17:26

August 4-5--Continued

U Z iP 3'3.7 c
Pa Z eP 34.8 d
Na Z iP 30.5 c
lea z iP 36.0 c
Hi Z iP 35.4 d
I-Ia Z iP 38.5 d

C&GS card 62M>063:
23: 54: 1)+0 0
17.5° So, 179.1° w.
Fiji Islands region
h abo'ut 515 km
Magnitude 5.2 ~CGS).

August 8

C&GS card 61-63:
10:21:36.6
7.7° N., 3508° w.
Mid-Atlantic Ocean
h about 33 km
Magnitude 6.1 (cas)

6.3 (HVO).

M Z eP 02:23:04.6 c
D Z iP 05.2 c
U Z iP 05.0 c
Pa Z iF 06.0 c
Hi r7 eP 03.7 cLJ

U PErr\J eS 02:29:40
U PEE eL 02:33:04
U PEZ iR 02:35:11

C&GS card 62~63:

20:26:0401
30.7° Se, 178.3° w.
Kermadec Islands
h abo'ut 37 km
Magnitude 5. 2 .tcGS).

August 3

M Z iP 20:35:30.5 d
A Z eP 30~3 d
D Z eP 29.0 d
Hi Z eP 33.1 d

August 4-5•
M
A
D
MP

z
Z
Z
Z

iP
iP
eP
iP

00:01:33.9 c
33.8 c
33.6 c
33.8 c

2

Cg~GS c8,rd 63-63:
02:14:54.4
5402° N., 168.1° E.
Fox Islands, Aleutian Islands
h about 33 km
Magnitllde 5. 5 -( coo )

5.8 (HVO).

August 8

M Z eP 11:26:04.9 d
A Z eP 05.0 d
D Z iP 04.4 d
u Z eP 05.0 c
l'Ja Z eP 02.1 c
1Ii Z iP 07.0 c
Ha Z iP 08.1 d
·u PEZ eP 05 c
U PEZ iR 11:43:04
U Y...EE e8 11:34:09
U PEN eL 11:40:04



Table 5. --Distant earthg,llakes- ...Continued

06:21:1702 c
20.0 d ft_ugo 1-7
1~( 0 5 c
19.3 c M n eP 11:23:20.9 dLJ

18.3 C 14. Z eP 21.8 c
15g0 d D Z eP 21.5 C

18 d Pa Z eP 23.3 C

06:37:54 Hi Z eP 21.0 d
06:29:15 U PEZ iP 21 d

U PEZ iR 11:42:33
3

Aug. 9

U PEZ eP 14~44:14 c
U PEZ is 1·4·~ 50: 34
U PEZ iR 14:54~39
U PEE iL 14~52:56

C&GS card 64~63~

18:43~55u5

3g4° S~, 13504° E~

West Iran
h abou.t 33 krn
Magnitude 66>4 (CGS)o

17:37:14.5 d
14.9 d
15.0 d
12.9 C

14.9 c
15 d

17:39:21 d
17:41:12
17:43:00
17:43:27
17:47:04
17:47:44
17:48:38
17:52:37
17:54:04
17:57:02
18:08:26
17:39:53
17:50:59
18:00:27
18:02:57
18:14:28

iF
eP
iP
eP
eP
eP
ipP
iPF
ipPP
iPPP
iSKS
is
iSP
i
iSS
isSB
i
isP
esB
e
iG
i

z
z

z
z

PEZ
PEZ
FEZ
PEZ
PEZ
FEZ
PEN
PEN"
P~J

PEN
PEl\T

Z
PEZ
PEZ
FEZ
PEZ
PEZ
PEZ

C&G8 card 65-63:
17:25:05.9
13~8° SO) 69.3° w.
Peru-Bolivia border
h about 543 km
MagnitU.de 7075 (Pas)

8 (Bl~s).

C&GS cctrci 61.~-63:

06:11:34.6
3709° N., 141.6° E.
Near east coast of Honshu, Japan
h about 59 l\:m
MaJgnitllde 6. 6 (HVO).

u
u
U
D~

U
U
U
TJ
'U
U
U
U
u·
U
U
U
U

.A.
D
N
Pa
Hi

Allg. 1~

August 15--Continued

18 ~ 55 :18 g 8 d
18.0 d
19,,6 c

iF
iP
eP

z
z
Z

M
A
Hi

August 8, ~963~~Continued

C&GS cBJrd 65-63 ~
11:16~l.lg2

5g8° Sg, 151g0° E.,
New Britain
h about 48 km
Felt: PalmaInlal, Pornio
Magnit'ude 5 (Bks)

6:8 ~~~~L

Aug. 14

C&GS card 64~63~

14:36~456)9
15.3° Sg, 1r r5o rro wo.
Fiji Islands region
h about 33 km
Magnitude 585 (CGS)

5. 7 (HVO) g

Aug. 15

M Z eP
A Z eP
D Z eP
Pa Z eP
Hi Z iP
Iia Z eP
U FEZ iP
U PEZ iR
U PEE 0Q

lu

•



Table 5Q--Distant earthquakes--Continued

August 17, 1963--Continued Aug. 20--Continued

U PEE is 11:32:17 C&GS card 65 uo63:
U PEN iG 11:39:49 15:48:12112

• C&GS card 66-63: 41 Q 2° N., 142.7° E.
11:12:41.2 orr east coast of Honshu, Japan
30.6° N., 130.9° E. h abollt 50 km
Ryukyu Islands region Magnitude 4.5 {CGS).
h about 33 km
Magnitude 5~6 (CGS) Aug. 22

6u5 (HVO) g

Aug. 17
Ha Z Tmax 10:09:25

M Z iP 11:43:48.3 c C&GS card 68-63:
A Z iP 47.4 c °9=27;09g3
D z iF 48.3 c 4200° N., 126.2° w.
U Z iP 4'r.8 c orr coast of Oregon
Pa Z iP 44.8 c 11 about 33 km

C&GS card 67-63: MaV1itude 5.6 (CGS).

11:34:2304 A1.1go 22
17.7° N., 94~3° We
Veracruz, Mexico

1'4 Z iP 20:01:47.4 ch about 163 km D Z iP 46.9 cMagnitude 409 {CGG).
) ·u Z eP 47.2 c

Aug. 18
Pa Z eP 50.2 c
Na Z eP 45.1 c

M Z eP 18:50:1002 c Hi Z iP 50.5 c
A Z iP 12.2 c Ha Z eP 51.1 c
U Z eP 11.3 c U PEZ eP 50 d
Hi Z iP 10.4 c u PEZ iR 20:16:46
U PEE eL 18:58:00 U PEE is 20:09:26
U PEZ eR 18:59:33

C&GS card 65-63:
18:43:1601
50.3° No, 176.9° w.
Andreanof Islands, Alelltian Islands
h about 33 km
Magnitude 505 (eGs) ...

Aug. 20

u PEZ eR 16:13:59

34

C&GS card 69-63:
19:52:25.0
9g4° S., 158.0° E.
Solo1non Islands
Felt
h about 33 km
Magnitude 6075-7 (Pas)

601 (CGS)

g~g. J~VP~l'k).



Table 5. --Distant earthquakes--Continued

C&GS card 67- 63:
12 :18:12.5
17.5° S~, 178.8° w.
Fiji Islands region
h about 565 km

Magnitude 6.5 (Pas)
6-6.25 (Brk)
6.1 (CGS)
6.5 (RVO).

19:58:28.5 c
28.2 c
28.3 c
28.3 c
29.9 c
31.9 c
31.1 c
33.9 c

21:03:51.9 d
21:41:02

14
12

21:41:15
21:40:53
21:39:27

13:43:19.0 c
19.3 c
19.6 c
20.1 c
19.0 c
16.6 c

13:57:40
14:04:54
14:01:00
14:01:52

eP
eP
eP
iP
iP
iP
iP
iP

eP
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

Z
Z

z

z
z

Z
Z

IV! Z iF
A Z iP
D Z iP
MP Z eP
U Z eP
Hi Z eP
U PEZ eSS
'U PEZ iR
'U PEN eL
U PEE eG

C&GS card 71-63:
13:32:12.3
71.4° Nn, 73.3° w.
Near east coast of Baffin

Island. Felt: Clyde River.
h about 33 km
Magnitude 6025-6.5 (Pas)

6 (Bks)
5.9 (eGs)
6.2 (RVO).

C&G·8 card 72 -63 :
20:56:59.9
53.9° N., 165.6° w.
Fox Islands, Aleutian Islands
h about 33 km
Magnitude 5. 0 (CGS).

Sept. 8
M Z
A Z
MP Z
U Z
Pa Z
Ka Z
Hi Z
IIa Z

Sept. 6

M
M
MP
U
Pa
Hi
Ha

September 4

35

15:42:27.3 d
26.7 d
26.7 d
26.8 d
25.1 d
23.8 d
27.7 c
3305 d
27 d

15: 52: 58
16:02:50
16:06:02

12 :25 :27. 3 c
27.0 c
25.8 c
2707 c
27.3 c
29.1 c
29.7 c
31.0 c
32.3 c
27 c

12:27:06
12:27:18
12:35:52
12:28:10
12:31:18
12:34:32

Z eP
Z eP
Z eP
Z eP
Z eP
Z eP
Z iP
Z iP
Z iP
PEZ iP
PEZ ipP
PEZ iPP
PEZ iSS
PEE isP
PEE is
PEE isS

M
A
D
MP
U
Pa
Hi
Ka
Ha
U
U
U
U
U
U
U

Aug. 29
M Z iP
A Z eP
D Z eP
U Z iP
Pa Z iF
Na Z iF
Hi Z eP
Ha Z eP
U PEZ iP
U PEZ is
U PEZ iSSB
U PEZ iG

C&GS card 68-63:
15:30:31.4
7.1° B., 81.6° Wo
Off coast of Peru
h about 23 km
Magnitude 6.5 (Pas)

6.1 (CGS)
608 (RVO).

August 25, 1963

•



Table 5Q--Distant earthquake~--Continued

•

September 8, 1963--Continued

C&GS card 72-63:
19:50:29.8
23.~0 S., 179.8° E.
Fiji Islands region
h about 550 kIn
Magnitude 5~7 {CGS).

Sept. 13--Continued

1Y1P Z eP 24.3 c
U Z eP 25.1 c
Pa Z eP 22.4 c
I\fa Z eP 29.6 d
Hi Z eP 21.9 c
Ha Z eP 24.2 d

C&GS card 72-63=
02:45:45015
4e 4° S., 152,Q 7° EQ
New Britain;
felt, Rabau1
h about 3 km
Magnitude 5~6 (eGs)

6Q 3 (HVO)o

C&GS card 'T5 -63 :
08:59:37~6

3.5° So, 131.2° E.
Ceram
h about 33 km
Magnitude 507 (CGS).

Sept. 13

Sept. 9
M Z eP 02:55:29.1 c
Hi Z eP 29.3 c
Ha Z eP 31.2 c
U PEZ iP 28 c
u PEZ eG 03:03:34
U PEl'. eR 03:11:52
U PEE eS 03:03:17
M Z Tmax 03:55:51
A Z Tmax 38
D Z Tlnax 48
U Z Tlnax 48
Ka Z rrmax 03:56:02
Ha Z Tmax 03:56:27

Sept. 11

M

M
A
D

Z

z
Z
Z

eP

eP
eP
eP

09:11:23 .. 4 c

17:07:25oJ4 c
24.8 c
26.3 c

No C&GS preliminary 1isting~

Sept. 14

M Z iP 04·:01: 53il8 d
li. Z eP 53~3 d
MP Z eP 52.9 d
U PEZ iR 04:17:16

C&GS card 77-63:
03:52:161»9
3104° So, 17900° w~

Kerrrladec Islands
11 about 33 km
Magrli t"ude 4. 9 ,( CGG )

5u 9 ~HVO) v

Septa 15

M Z iP 00:55:35.5 d
A Z iP 35.4 d
D Z iP 34w4 d
U Z iF 35.3 d
Pa Z iF 37.3 d
Na Z iP 31.5 d
Ka Z eP 3906 d
Hi Z iP 38.4 d
Ha Z iP 40.8
U PEZ iP 35 d
U PEZ is 01:02:42
U PEZ iR 01:08:57
U PEN iG 01:06:28
M Z Tn~x 01:47:23
A Z Tmax 19
D Z Tmax 22
U Z Tmax 21
Ha Z Tmax 01:47:51

C&GS card 75-63.:
00:46:54 .. 1
1003° So, 165,,6° Eo
Santa Cruz Islands 0 Felt, Vanikoro.
h about 33 km
l~~litude 7~25-705 (Pas)

6w 3 (CGS)
6~75-7 (Pal)

6 7 ~ 5 (HVO) 0



Table 50 --Distant earthquakes,--Continued

September 16, 1963 Sept" _ 17 ~ -Continued

C&GS card 76-63:
20:05:21.9
13.4° S., 166.5° E.
Santa Cruz Islands
h about 28 km
Magnitude 5~0 (CGS).

C&GS card 75 ..63:
05:54:33.7
10.6° S., 78.2° w.
Central Peru
h about 61 km
Magnitude 6075 (Pas)

5.5 (eGs).
6~0 (liVO).

PEZ eR

03:05:01.7 d
00.6 d
00 .. 4 d
02 .. 7 d
03.3 d
05.3 c
01 d

03:18:10
03:12:12

19:30:33.7 c
33.4 c
33.6 c

02:55:5704 c
58.0 c

iF
iP
iP

iP
eP

z
z

z
Z
Z

Z eP
Z eP
Z eP
Z eP
Z eP
Z eP
?EZ iP
FEZ eR
PEN is

C8::,GS card 76-.63:
19:20:08.2
10.1° So, 165.3° E.
Santa Cr'uz Islands
Felt: Eastern Solomon Islands
h about 17 km
M"agnit'ude 7 0 25 (Pas)

7 ~ 5 (Brk)
7 (Pal)
601 (eGs)
7. 5 (HVO) 0

C&GS card 82-63:
02:56:2463
19.. 3° S., 175.9° E~

Fiji Islands region
h about 28 knl
Magnitude 5.8 (cGS).

C&GS card 76-.63:
02:49:03.4
5205° N., 17409° w.
A11dreanof Islands, Aleutian
ISJa11dso
11 abou_t 105 km
Nt~grlitu(le 4. 8 (~GS)o

M
A
N

M
A
D
Pa
Hi
Ha
U
TJ
U

Sept. 22

Septu 22

37

20:28:10

19:28:51+~2 d
5304 d
53.1 d
5400 d
5)+.6 c
51 .. 5 d
5409 c
56.5 c
54 d

19:36:00
19:42:09
19:39:l~7
20:20:44

23

06:07:08.0 c
08 .. 5 c

06:31:52
07:36:04

34
36
16
22

07:35:43
07:36:23

iP
eP
eP
iP
iP
iP
iP
iP
iP
is
iR
iG
Tmax
Tmax

eP
eP
eP
Tinax
Tmax
Tlnax
Tmax
Tmax
Truax
Tmax

z
Z
Z

z
Z
PEZ
Z
Z
Z
Z

Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEZ
PEZ
PEN
Z
Z

u

M
A
D
U
Pa
Na
Hi
Ha
U
U
U
U
M
U

D
Pa
U
M
A
D
MP
U
Pa
Na

Sept. 17

Sept. 17

•

..



Table 5u--Distant earthquakes--Continued

September 22, 196::l... -Cont~nl~ed. Sept. 24--Continued

C&GS card 76-63:
19:21: 5'-r.l
19.2° Su; 17509° E.
Tonga Islarlcls region
h about (~4 krh"

C&GS card 76-63:
17:02:36,,6
51.3° N., 179v2° Wv
Andreano£' If31arlc_s, Aleutian
Islands~

h about 33 knl
Magni tucle 5G 2 (eGS) ..

MP Z iF
Pa :-7 ePLJ

Na Z eP
Ka Z eP
Hi Z eP

14:59:06.3 d

Tlnax 05: 06: 18
Tmax 05:05:01

eP

z
z

z

C&GS card 76-63:
16:30:16.0
10.6° B., 78.0° w.
Near coast of Peru
h about 80 l{nl
Magnitude 7 (Pas)

6.5 (Brk)
6.0 (CGS)
6. 6 (~vo).

Pa
Ha.

M

Septu 25

C&GS card 77-63:
14:50:18.2
10.1° S., 161+.5° E.
Solo~non Islands region
h about 33 km
Magnitude 5,,1 (cas).

.Septu 26

33.3 c
34.6 d
30.1 d
35.9 c
37.3 c

zM

Sept. 23

Sept. 24

M Z iP J..6: 42 :28. 8 c
A Z j.P 28.2 c
D Z it> 28.3 c
N Z tI) 28.3 c
MP Z i.I' 27 0 1~ c
Pa Z tl-' 29.0 c
N'a Z :.F ~~9. 5 c
Ka Z iP 31.6 c
Ha Z j.l) 32.5 c
u PEZ ~!_.P ~~8 c
u PEZ :LIJP 16:43:04
U PEZ iP}) 16:45~42

... U PEZ I~~P;) 16:53:37
'4.

U PEZ eSf3 16:58:13
U PEZ eR 17:07:28
U PEN is 16:52:38
U PEN eSSE> .17:01: 52
U PEN ie· lr"(: 04: 20
U PEE e~)S 16:53:18
U PEE i ~3~f?S /

s~)p 16:54:09

C&GS card 77-63:
04:20:21.5
56.5° N., 153.4° Wo
Kodiak Island region
h about 33 km
Magn:i t'.Ide 40 8 (CGS).

Sept. 26

M Z eP 05:35:00.4 c
U FEZ eS 05:40:42
U PEZ eR 05:44:14
U PEE eL 05:42:28

C&GS card 76-63:
05:28:07lJ3
50.4° No~ 176.9° w.
Andreanof Islands, Aleutian
Islands.
11 about 33 km
Magnitude 5.3 (cas).
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Table 5e--Distant earthquakes--Continued

September 26, 1963

M Z Tmax 07:26:51
A· Z Tmax 07:27:16
D Z Tmax 07:27:20
MP Z Trnax 07:27:20
U Z Tmax 0'""(: 27: 09
Pa Z Tmax 07:27:04
Ha Z Tmax 07:25:31

C&GS card 77-63:
06:40:4305
56.6° N., 15382° Wo
Kodiak Island region
h abou.t 33 kIn
Magnitude 4~8 'CGS).

Sept. 27

U PEN eS 11:41:24
U pEN eG 1l.:44:49
U PEZ eR 11:46:53

C&GS card 7'9-63:
11:25:53.6
17g2° Se, 17407° E.

.Fiji Islands region
h about 33 km
Magnitude 5. 0 (eGS).

Sept. 28

M Z iP 07 : orr: 090 4 d
A Z iF 0809 d
D Z iP 08.0 d
MP Z iP 08~9 d
u Z iP 09.2 d
Hi Z eP 10.4 d
Na Z eP 06.1 d
Ka Z iP 11.6 d

C&GS card 79-63:
06:58:12.7
31.5° So, 179.6° Eo
Kermadec 1sJa nds
h about 457 km
Magnitude 5.0 (cas).
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During the quarter "felt reports" were either phoned or mailed
in by the following people to whom we wish to express our gratitude
for these and other instances of cooperation.

North Hawaii

Mrs. Lindsey
Mrs. Ecklund
Mrs. Van Gorder
Dr. Heather

~ Mr. Hea
Mrs. Calles

Kau

Mrs. Billings
Mrs. Paiva
~..r. Meinecke

Hila region

Mrs. Shoemaker
Mrs. Ingledue
Mrs. Shaffer
Mre Baldwin
Mrs. Baldwin
Mr. Donahoe
Mr. Ha
Mr. Wessel
Mr. Potlock
Mr. Usagawa
Mr. Kumuhaki
Mr. Reeves
Mr. Guerimo

Pu.:n.a

Mrse Isbell
Mrs. Kimura
Miss Takemoto

Ko~a coast

Mr. Johnston
Mr. Glass

I

-- Mrs. Fujino
Mr. Sutherland
Miss Greenwell
Miss Wallace
Mro Apple
Mrs. Apple
Mr. Ladd

40

Kilauea summit area

Mrs. Mist
Mr. Koyanagi
Mrs. Forbes
Dr. Wentworth
Dr. Moore
Mr. Francis
Mr. Young
Mr. Yamamoto
Miss English
Mr. Shipman
Mr. Correa
Mr. Cuskelly
Mrs. Hansen

Central Hawaii

Kulani Honor Camp
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Chronological summary

A flank eruption lasting less than 30 hours occurred on the central
part of the east rift zone of Kilauea Volcano (fig. 4) on October 5 and
6, 1963, just 43 days after the last previous eruption in Alae Crater.

The eruption was preceded by a marked deflation of the summit of
Kilauea, which began at 03h06m October 5, as indicated by a deflection
of the long-period seismographs at Uwekahuna. Ten minutes later
seismographs at the summit and upper east rift zone began to record
strong harmonic tremor and local shallow earthquakes. Harmonic tremor
increased markedly after 05h25m, which may have marked the beginning of
the eruption in Napau Crater.

A pilot who flew over Napau Crater at o6h05m on a flight to Naalehu
observed lava fountaining from a fissure extending across the floor of
the crater. When an Observatory party arrived at Makaopuhi Crater at
06hoSm they observed a billowing fume cloud and heard a faint roar to the
northeast. At Osh50m when they reached the southwest rim of Napau Crater
an active line of lava fountains up to 50 feet high extended across the
floor of the pit crater slightly north of the lS40 spatter ridge, and
So percent of the floor of the crater was flooded with 20 feet of lava.
Spatter and a small pad of lava across the trail northwest of Napau
was still fuming when first seen at OgP05m.

Beginning at Ogh30m regular aerial observation of the eruption
was begun. At that time a line of vents extended from the west side
of Napau Crater 4 miles to the northeast along the rift zone. At
about 14hoom a quarter-mile line of 150-foot-high fountains broke out
farther down the rift zone near Kalalua Crater. These fed two lava
flows that were moving side by side down the rift zone. By 20h30m the
flows had reached slightly more than a mile from the source fountains
and were moving at less than 1/4 mile per hour; by o4hoom the next
morning the glow of fountains had ceased and the flows, now 1 1/2 miles
long, had stopped. The final outbreak of the eruption occurred at
09h4om on a fissure about 3 miles northeast of Napau Crater. Lava
fountained briefly to heights of 25 feet, but by 09h 50m the vent
spattered weakly and presumably it soon died.

The site of the eruption, an inaccessible area of rain forest,
severely hampered observations both during and after the eruption.
However, the upper half of the area was examined on foot in October and
December, and the lower part was sampled and mapped by helicopter in
January. These studies, together with aerial photographs of the area
taken by the Navy in November, show that an almost continuous line of
active vents extended 7-3/4 miles northeastward along the rift zone
from a point 1/3 mile west of Napau Crater. The vents are on the
extreme north side of the rift zone, and a·re arranged in a right offset
en echelon pattern. In addition to the small areas of spatter the
eruption produced a shallow lava lake in Napau Crater and two major flows:
a mile-long flow 2 to 3 miles northeast of Napau, and a double flow



(2~ miles long and as much as ~ mile wide) north of Kalalua Crater. The
flows contain from less than 1 percent to 15 percent olivine, probably
cover about 1-1/3 square miles, and contain about 10 million cubic yards
of lava~ Occupation of the network of long-base tilt stations around the
summit of Kilauea showed a marked deflation of the summit area between
August 6 and October 10, and the short-base tilt instruments at Uwekahuna
indicated that the detumescence associated with the October eruption was
equivalent to the removal of approximately 30 million cubic yards of
magma from the summit reservoir.

J. G. M. and D. L. P.

During the eruption, readings of the short-base tiltmeter (table 1)
showed strong collapse along the direction Eo 28° S., and for a week
following. the eruption showed moderate collapse to the south. For about
a month, from October 15 to November 15, the tilt indicated slow
tumescence along the direction W. 28° N. This was accompanied by a
sporadic, moderate increase in the daily number of local caldera quakes.
From mid-November to the year-end, tilt recovered slightly in a due west
direction. Total recovery of tilt from the end of the eruption to the end
of the year was less than 1/2 to the west and 1/5 to the north of that lost
in the collapse. The daily number of small local quakes again showed
sporadic and moderate increase during the last six weeks, and there was
a slight peak of 30 deep small quakes on December 26.

Mid-October to early November was a period of high earthquake
activity along the Kaoiki fault system. On October 23 a Kaoiki quake
of ~agnitude 5.3 occurred and was followed by several hundred smaller
shocks. Several of these were felt.

Two distant earthquakes originating in the Kurile Islands were
large enough to alert coastal residents of Hawaii of possible sea
wave activity. These occurred on October 12 and 20 (H.S.T.) with
magnitudes of 8.1 and 7.6, respectively. No damaging sea wave occurred in
Hawaii.

H. A. P.

2
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Figure A. Preliminary map showing area of lava erupted October S~6, 1963.
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• Seismograph Station

• Town or locality
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Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms
of geographic coordinates, which are indicated at the edges of
the map_
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Tilting of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter in Uwekahuna Vault, and at irregular intervals
it is measured on a regional scale by means of a network of field
tilt-bases and a portable water-tube tiltmeter. The attitude of the
ground surface at each tilt base is reported in terms of north-south
and east-west tilt coordinates. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that station were
begun. Increasing tilt coordinates correspond to northward and
eastward tilting of the earth's surface, ioe., to a relative subsidence
toward the north and east. A one unit-change in coordinate corresponds
to a tilting of 1 microradian (l,mm per km) in the direction indicated.

4



Table 1. --Tilt coordinates at Uwekahuna Vault, October,

November, and December, 1963

Date N-S E-W Date N-S E-W

Oct. 6 480 516 Dec. 1 .467 511

13 461 538 8 467 510

20 461 535 15 467 510

27 462 530 22 467 506

Nov. 3 465 522 29 468 505

10 466 519

17 467 514

24 467 513

5
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Table 2.--Tilt coordinates and changes at bases around Kilauea caldera (see fig. 2)

Tilt base Date Tilt coordinates Rate (10-
6

rad/mo) Date of
(location) (1963) and direction of last

N-S E-W tilting since reading
last reading (1963)

Uwekahuna Oct. 10 420.8 527.5 37.3 S. 36° E. Aug. 6
(19°25.5' N. , 155°17.4' w.)

Tree Molds 9 422.7 527.3 17.0 s. 19° E. 6
(19°26.3' N. , 155°17.3' w. )

Sand Spit 11 860.2 797·9 40.4 N. 61° E. 12
(19°24.1' N. , 155°16.8' w.)

Kalihipaa 7 363.8 351.8 18.1 N. 43° w. 5
(19°21.4' N. , 155°15.3' w.)

Keamoku 7 501.6 605.9 34.2 S. 57° E. 12
(19°25.1' N. , 155° 19. 0' W.)

Ahua Kamokukolau 10 628.2 529.8 47.0 N. 14° W. 5
(19°22.7' N., 155°16.6' W.)

Kipuka Nene 14 486.2 5'10.8 0.7 N. 27° E. 9
(J-9° 19.4' N., 155°16.7' W.)

Hilina Pali 14 497.4 501.5 0.3 s. 83° E. 6
(19° 18. 2' N., 155°18.6' W.)

Kapapala Ranch 11 495.5 501.4 1.2 S. 56° w. 8
(19°20.5' N., 155°23.8' Wo)
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Figure 2. --Tilti.ng of the ground around Kilauea caldera, August 6 to
October 10, 1963. The vector d.epicting tilting a.t a given tilt
ba.se points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Seismic summary. --Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: Local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 km of at least one seismograph, and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismographs in Hawaii are listed in table 3. The earthquakes
are separated into groups on the basis of region of origin as determined
by analysis of records obtained daily at the Observatory (U, M, A, D, N, MP).
Earthquakes of magnitude 2.5 or greater are generally sufficiently well
recorded to be located with greater precision; they are listed individually
in table 4. Data on identifiable phases from distant earthquakes are
listed in table 5.

Locations of the seismograph stations are shown in Figure 1, and
essential data on the stations were given in Summaries 25 and 29.

8
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is presumed to
be associated with movement of magma within the central compl~x of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki
fault system; earthquakes along the eastern half of Kilauea's east rift zone--detected largely
on the Pahoa short-period vertical; earthquakes from a source about 30 km beneath Halemaumau;
earthquakes from the upper east rift zone ahd the adjacent fault systems of Kilauea's south
flank (these are usually first arrivals at the Ahua meter or at the new experimental geophone near
Makaopuhi Crater (MP)); and earthquakes from other regions: Kana, Ma,una Kea, etc.

Tremor
(in minutes) Earthquakes

Deep
Inter
mediate Shallow

Hale
maumau
slides

Kilauea
caldera

8W. rift
and

Kaoiki

Eastern
East
rift

Hale
maumau
30 km

Upper
East
rift

Others

3071140+

------ ------ ------ 145 65 2 5 6
------ ------ ------ 140 59 6 2 5
------ ------ ------ 115 - - 57 5 4 8
Although many hundreds of earthquakes were recorded. during this

period (eruption), their arrival times were obscured by strong
continuous harmonic tremor; therefore, few epicenters were located.

------ ------ ------ 20+ 14+ 2 5 200+ 3 Offshore
------ ------ ------ 40+ 34+ ----- 3+ 165+ ------------------
------ ------ ------ 40+ 20 ----- 10 50+ 2 Offshore
------ ------ 1 40+ 29 1 3 25 1 Offshore

1 Mauna Loa
4 Offshore
1 Offshore-Maui

3
Oct. 1

2
3
4
5
6
7
8
9

10

11
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Table 3o--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- ". ", Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow maumau Kilauea and East maumau East Others
slides caldera Kaoiki rift 30 km rift

Oct. 12 ---- 6 ------ ----- 25+ 85+ ~---- 3 10 1 Offshore
13 ---- ------- ~----=- ----- 30+ 40 ----- -~--- 9 1 Kona

1 Offshore
14 _em-_ __e- __ ------ 1 40 21 1 ----- 8 1 Offshore

1 Kona
15 ---- ----- 2 1 15 14 1 3 7 ----------------~~-

16 ---- ---=-- 5 ----=-- 30+ 23 1 1 ----- ~--~--------~---~--

17 -~--
e- c=:::I_ c:.;_ ~e;:, __ ~~ 1 20 21 ------ 2 17 ~---~---~----~--~--

18 ---- ~_c::::a __ _C3It _____ ------ 17 10 _~~==CEI 5 5 1 Se Pa1i
19 &a--=- __ 5 5 --~-- 25 19 _ -=-e:-:I_-=- CE3 __ .... __ 4 1 Offshore
20 ----- K2 -== _ -=-_ 3 1 25+ 12 _c::a_~_

c=-_e-._c:a _ 17 2 Offshore
21 ---- 2 ~-----=- ~-~~- 50+ 14 .. ~_c::a_ E;D-=- ____ 10 ~---------~-----~-~

22 ---- ----- ____ .:3_ 1 30 17 c=-_~ __
~----~ 5 1 Offshore-Maui

1 Kona
23 --~- ----- -------- ---=--- 43 425+ ~----

__ e- ___ 4 ~--~---------------~

24 _ K» __
_cal_&-. _ ------ ---~- 40 76 -~--- ------ 5 -------------~~--~~-

25 ---- -~--- -----~ 3 60 115 ----- _c::3_~__ 8
--~------~----------

26 ---- ----- -=------=- 1 35 73 ----- --~--- 8 l Mauna Loa
27 ---- ~~---- -~--~- 1 70 64 ~--~- ------ 4 1 Mauna Loa
28 ----- ----- 3 ------ 90 40 ----- -- .. -=-~- 4 1 Mauna Loa
29 ---- ----- -----==-- ----- 70 34 ----- ------- 5 ~-----------~-------

30 ---- ___ e-_ ------ ----- 80 98 --~-- 8 40 1 Offshore-Maui
1 Offshore

31 ---- ----- ------ ----- 80 70 ----- 6 26 --------------------



Table 3c--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow maumau Kilauea and East maumau East Others
slides caldera Kaoiki rift 30 km rift

Nov. 1 ------ 80 70 8 23 ---------~-----------

2 3 ------ 70 80 11 1 Mauna Loa

3 ------ 90 123 6 7 1 Mauna Loa
1 Mauna Kea

4 ------ 60 54 2 6 1 Mauna. Kea.

5 12 ------ 40 27 1 14 ---------------------

f---J 6 ------ 20 18 2 12 1 Offshore
f---J

7 ----- ------ 40 26 8 ---------------------
8 1 50 16 2 --------------~--~---

9 ------ 100 88 9 ---------------------
10 3 ------ 60 50 10 ---------------------
11 ------ 100 49 12 ---------------------
12 ------ 70 58 4 13 1 Kohala

13 ------ 35 41 17 ---------------~-----

14 33 ------ 55 15 6 15 1 Offshore
1 Mauna Kea

15 ------ 50 25 17 2 1 Offshore

16 ------ 51 34 10 8 ---------------------
17 ------ 45 42 13 1 Offshore

18 ------ 45 28 5 28 ---------------------
19 ------ 40 42 4 13 --------~------------

20 ------ 20+ 25 4 18 ---------------------
21 ------ 26+ 25 6 ---------------------
22 ------ 47 49 17 ---------------------

23 ------ 34 17 8 7 1 Offshore

24 ------ 41 19 3 6 ---------------------
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Table 30--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963) Inter- Hale- SW. rift Eastern Hale- Upper

Deep mediate Shallow ma·umau Kilauea and East maumau East O,thers
slides caldera Kaoiki rift 30 km rift

Nov. 25 7 ------ 1 26 19 4 10 ---------------------
26 ------ ------ 33 8 1 15 ---------------------
27 12 ------ ----'-- 35 13 8 8

--------~~~--~-~--~-~

28 4 ------ ------ 35 13 5 -----~----------~~~--
29 ------ ------ 50 30 18 6 1 Mauna Kea
30 ------ ------ 60 31 9 ---------------------

Dec. 1 ------ ------ 78+ 15+ 3+ 7 -----------------~---

f-J 2 ------ ------ 50 1'1 2 9 ---~-----------------[\)

3 57 12 4 15------ ------ ---------------------
4 ------ ------ 60 14 11 7 1 So Pali
5 ------ ------ 52 31 __11 9 ---------------------
6 -----_. ------ 95 36 7 6 ---------------------
7 ------ ------ 100 31 8 6 ---------------------
8 3 ------ 90+ 35+ 1 6 1 Kona

1 Mauna Loa
9 ------ ------ 105+ 43 7 11 1 Mauna Kea

10 36 2 ------ ------ 120+ 10 2+ 10 --------------------
11 4 ------ ------ 115 40 3 13 --------~-----------

12 64 ------ ------ 55 14 2 13 --------------------
13 31 ------ ------ 65 36 6 7 ---------------~----

14 ------ ------ 65 25 6 15 1 Mauna Loa
1 Kawaihae

15 ------ ------ 78 12 6 --------------------
16 ------ ------ 75 10 2 6 7 1 Mauna Loa
17 ------ 2 83 18 2 3 --------------------
18 ------ ------ ------ 85 25 14 2 --------------------



Table 3o--Nurnbers of earthquakes and minutes of tremor record~d on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor
(in minutes) Earthquakes

Date
(1963)

Inter- Ha1e- SW. rift Eastern Ha1e- Upper
Deep mediate Shallow rnaurnau Kilauea and East maurnau Ea,st Others

slides caldera Kaoiki rift 30 km rift

Dec. 19 ---- ------ ------ ------ 85+ 14 ----- 2 6 1 Mauna Kea
20 ---- ------ ------ ------ 80 18 ----- 7 8

------~---------------

21 ---- ------ ------ ------ 160 40 ----- 9 20 ----------------------
22 ---- ------ ------ -------- 180+ 34 ----- 6 13 ----------------------
23 ---- ------ ------ ------ 39 7 ----- 2 3 1 Offshore
24 ---- ------ ------ ------ 90 30 ----- 6 4 ----------------------
25 ---- ------ ------ ------ 190 30 ----- 15 6 ----------------------
26 ---- ------ ------ ------ 170 18 ----- 30 10 ----------------------
27 ---- ------ ------ ---~-- 150 25 ----- 5 7 1 Kawaihae
28 ---- ------ ------ ------ 170+ 28 ----- 10 10

---------------------~

29 ---- ------ ------ ------ 180+ 35 ----- 1 12 ----------------------
30 ---- ------ 4 ------ 175+ 18 ----- 12 9 ---------------------~

31 ---- 3 ------ ------ 69+ 16 ----- 4 6 1 Offshore



Table 4.--Local earth uakes recorded b seismo raphs of the U.S. Geological Surve ,
October, November, and December, 19 3

[Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are included in the list.

In the following list, some origin times are followed only by "KM 30" and a statement of magnitude.
These are all members of a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is beneath Halemaumau at a depth of 30 km (19°24.1' N., 155°17.1' W.).

In the following list a number of quakes are described as "Upper east rift" (see Summary 28). Further
statistical study of this group which occurrEd in the swarm periods during July 1 to 6 and August
3 to 4 gives a mean epicenter 19°21.5' N., 155°14' w. about 2 km south of Aloi Crater at near-surface
depth.

In Summary 24, "Kaoiki" was introduced as a symbol for listing any of a family of quakes with mean
focus 19°24' N., 155°24' W., h=3 to 8 km. This symbol is used in the following list]

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. Long. w. Description- - -

Oct. 1 00 06 04.2 2.4 30 19°08.5' 155°26.6' 7 km SE of Pahala--------- ----------------
1 11 04 04.3 2.2 10 19°17.1' 155°05.4' 48 km S. of Hilo---------- ----------------
4 06 39 04.1 2.0 ---- -------- --------- KM 30--------------------- ----------------
4 07 04 33.3 2.0 ---- -------- --------- KM 30--------------------- ----------------

Although hundreds of earthquakes
were obscured by strong harmonic
These shocks originated mainly along

rift of Kilauea..
km ENE of Makaopuhi
seismometer.

4 km NE of Makaopuhi
seismometer.

33.440 17.003

5

5

5 Shallow harmonic tremor and earthquakes start at 03:16.
were recorded during the eruption, their wave arrivals
tremor and few epicenters could be located precisely.
or south of the upper and middle sections of the east
03 '32 23.0 3.1 3 19°22.6' 155°08.1' 5



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1963--Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h m s Lat. N. .,Long. w. Description- -

Oct. 5 03 56 14.5 2.9 3 19°22.0' 155°08.0' 5 km E of Makaopuhi ------------------
seismometer.

5 03 58 08.6 3.1 3 19°22.6' 155°08.9' 4 km ENE of Makaopuhi ------------------
seismometer.

5 04 14 04.. 2 3.3 3 19°22.2' 155°09.0' 3 km ENE of Makaopuhi ------------------
seismometer.

5 04 20 41.4 2.6 3 19°22.6' 155°08.9' 4 km ENE of Makaopuhi ------------------
seismometer.

5 04 24 59·5 3.5 3 19°22.0' l55°08.0' 5 km E of Makaopuhi ------------------
seismometer.

5 04 51 07.5 2.7 3 _19°22.8' 155°08.5' 4 km ENE of Makaopuhi ------------------
seismometer.

5 05 44 41~7 2.6 3 19°22.8' 155°06.2' 8 km ENE of Makaopuhi ------------------
seismometer.

5 10 25 57.9 3.0 3 19°20.7' 155°15.0' 4 km SEe of Ahua ------------------
seismometer.

5 10 41 22.5 3.1 <3 19°20.4' 155°17.5' 5 km SW. of Ahua ------------------
seismometer.



Table 4o--Loca1 earth uakes recorded by seismo raphs of the D.So Geo10 ica1 Survey
October, November, and December, 19 3-~Continued

Date Time Magni- Depth Epicenter Felt
(1963 ) tude (km) Report

h m s Lat. N. Long.. W. Description
- - -

Oct. 5 18 10 14.5 2.7 5 19°21.7' 155°15.6' 1 km SEe of Ahua -------------------
seismometer.

5 19 26 51.9 3.1 <3 19°20.9' 155°16.5' 3 km ssw. of Ahua -------------------
seismometer.

5 20 42 35.7 2.8 3 19°20.3' 155°15.2' 4 km SSE. of Ahua -------------------
seismometer.

5 20 54 00.2 3.4 3 19°20.6' 155°14.8' 5 km SEe of Ahua -------------------
seismometer.

5 21 39 53.6 2.9 5 19°21.9' 155°16~7' 1 km SW. of Ahua -------------------
seismometer.

5 21 45 25.2 2.4 5 19°21.5' 155°15.8' 1 km S. of Ahua -------------------
seismometer.

6 00 38 28.2 2.6 8 19o17e9' 155°02.6' 17kmSE. of Makaopuhi
----------------~--

seismometer.
6 04 05 43.0 2~'-5 10 19°21.1' 155°05.8' 10 km E. of Makaopuhi -------------------

seismometer.
6 06 19 21.9 3.0 13 19°22.8' 155°07.5' 6 km ENE. of Makaopuhi -----------------~

seismometer.
6 08 09 49. 6 2.5 10 19°20.2' 155°01.0' 5 km wsw. of Ka1apana -----------------

6 09 28 48.4 2.4 10 19°24.2' 155°05_9' 11 km NE. of Makaopuhi -----------------
seismometer.

6 10 07 26.9 2.7 e 1.9°17.1' 155°00.6' 8 km 8W. of Kalapana -----------------
6 12 26 28.8 3.4 10· 19°21.8' 155°09.5' 3 km E. of Makaopuhi Felt in Hila,

seismometer. Kapapala, and
Kilauea district.

6 21 04 41.5 2.6 10 19°16.8' 155°03.1' 49 km SSE. of Hila -------------------
7 04 08 07.9 2.7 13 19°20.2' 155°06.7' 8 km ESE. of Makaopuhi -------------------

- seismometer.

7 06 34 11.0 3.0 10 19°12.1' 155°07.5' 10 km SEe of Apua -------------------
Point.



Table 4.--Local earth uakes recorded b seismo raphs of the UcS~ Geol0 ical Surve ,
October, November, and December, 19 3-~Continued

Date Time Magni- Depth Epicenter Felt
(1963 tude (km) Report

h m s Lat. N. Longo w. Description
- - -

Oct. 7 17 05 15.3 2.5 8 19°19.8' 155°03.7' 45 km SSE. of Hila ------------~----~

7 20 14 48.8 2.5 10 19°1808' 155°05.8' 45 km S. of Hila ------------------
7 21 40 28.4 2.6 5 19°12.4' 155°10.8' 7 km SSE. of Apua Point -------~~~--~~._-~-

7 22 20 33.7 3.7 5 19°12.5' 155°10.5' 7 km SSE. of Apua Point Felt in Kilaua
district.

8 06 10 52.0 2.0 --- ------- -------- KM 30------------------ ------------------
8 11 44 35.3 3.3 8 19°1806' 155°05.1' 45 km S. of Hi1o------- Felt in Kilauea

district.
9 03 15 04.1 2.6 10 19°17.9' 155°1303' 5 km NW. of Apua Point ------------------
9 18 45 24.0 200 3 19°06.0' 155°08.2' 18 km SEe of Apua Point ------------------
9 19 05 27.0 202 3 19°06.0' 155° 08.2" 18 km SEe of Apua Point ------------------

10 00 07 0506 2.5 8 19°1507' 155°0102' 5 km SW. of Ka1apana ------------------
10 21 34 2906 2.8 8 19°08.1' 155°44.0 18 km NW. of Naalehu--- ~-----------~~----

10 20 02 1802 2.3 35 19°11.2' 155°2801' 2 km SEe of Pahala----- Felt in Pahala-·---
11 11 04 35.7 2.0 8 19°05.8' 155°2307' 21 km ENE. of Naalehu-- ------------------
11 13 49 11.2 2.4 3 19°15.4' 155°20.1' 11 km SEe of Desert ------------------

seismometer.
11 13 40 48.9 2.6 3 19°15.4' 155°20.1' 11 km SEo of Desert Felt in Kapapa.la

-- ----- -
seismometer.

11 16 52 47.8 3.8 8 19°08.3' 155°05.0' 64 km S. of Hila Felt in Kilauea
district.

11 17 37 34.4 2.2 8 19°08.3' 155°05.0' 64 km S. of Hila -----------------
11 17 38 16.3 2.3 10 19°14.8' 155°0707' 7 km ESE. of Apua Point. -----------------
11 22 44 22.4 2.2 8 19°12.0 155°2101' 16 km SSE. of Desert -----------------

seismometer.
11 23 46 01.3 3.2 13 21°10' 155°20' 106 km NE. of Ha1eakala -----------~-----

seismometer.
12 16 39 39·2 2.8 8 19°06.6' 155°06.4' 67 km S. of Hilo------- -----------------
12 18 14 25.6 2.8 8 19°14.5' 155°22.0 11 km S. of Desert ----------------

seismometer.
12 21 16 30.3 3.3 8 19°14.5' 155°22.3' 11 km S. of Desert ----------------

seismometer.



Table 4Q--Local earth uakes recorded b seismo raphs of the U.S. Geo10 ical Surve ,
October, November, and December, 19 3-~Continued

Date Time Magni- Depth Epicenter Felt
(1963) tude (km) Report

h Lat. N. Longo w. Description -m s- - -

Oct. 13 01 45 0 .2 2.2 ---- ------- -------- Kaoiki----------------- ------------------
13 06 37 08.0 2.8 3 19°25.3' 155°46.1' 20 km SEe of Kealakekua ------------------
13 09 59 16.2 2.0 8 19°09.9' 155°11.5' 10 km S. of Apua Point ------------------
13 12 06 13.3 2.6 5 19°17.8' 155°27.2' 9 km SW. of Desert ------------------

seismometer.
14 07 58 35·9 2.4 3 19°0500' 155°15.0' 20 km SSW. of Apua Point -----------------~

14 23 36 03.1 2.7 <3 19°29.0' 155°53.0' 6 km SEe of Kealakekua ------------------
15 13 57 01.2 2.8 --- -------- --------- KM 30------------------- Felt in Kapapa1a
17 04 26 10.6 2.5 8 19°17.1' 155°14.9' 11 km SSE. of Ahua ------------------

seismometer.
17 09 27 56.4 2.0 8 19°18.0' 155°21.5' 5 km SEe of Desert

----~-----~-------

seismom~ter.

18 14 19 51.0 2.9 8 19°12.5' 155°20.9' 13 km E. of Pahala Felt in Pahala
18 17 53 42.7 2.6 10 19°17.2' 155°08.7' 9 km SEe of Makaopuhi ------------------

seismometer.
19 16 34 34.9 2.9 3 19°03.1' 155°17.8' 31 km E. of Naalehu ------------------
20 02 31 42.8 2.7 8 19°0805' 155°15.8' 15 km SW. of Apua Point --~--------~----~-

20 18 29 55.5 2.4 8 19°05.5' 155°16.3' 35 km E. of Naalehu ------~--------~-~

20 11 20 36.2 2.4 --- -------- --------- ,Kaoiki--~-------------- --~--------------~

21 14 49 17.2 2.0 13 19°18.2' 155°14.7' 8 km SSE. of Ahua ------------------
seismometer.

22 03 16 41.6 2.1 8 19°15.0' 155°13.7' 5 km wsw. of Apua Point ------------------
22 03 54 23.6 2.0 10 19°19.5' 155°13.1' 6 km SW. of Makaopuhi -------------------

seismometer.
22 07 35 45.2 3.3 13 20°23' 156°14' 40 km S. of Haleakala ------------------~

seismometer.
22 19 08 11.7 3.2 --- -------- -------- Kaoiki----------------- Felt in Kilauea

district.
22 21 01 19.0 2., 3 19°28.0' 155°43.3' 21 km ESE. of Kealakekua -------------------
23 10 24 06.4 5.3 --- -------- -------- Kaoiki------------------ Felt island-wide
23 10 35 58.5 2.7 --- -------- ----=----- Kaoiki-------------~:--- -------------------
23 10 48 00.7 2.6 --- -------- -------- Kaoiki------------------ -------------------
23 11 24 47.0 3.8 --- -------- -------- Kaoiki------------------ Felt in Hila, Pahala

and Kapapala.



Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1963-~Continued

ct"

Date Time Magni- Depth Epicenter Felt

(1963) tude (km) Report
h m s Lato N. Long~ w. Description
- - -

Oct. 23 11 33 31.4 2.1 --- -------- ------- Kaoiki-------------------- --=-------=---------
23 12 36 16.9 2.9 --- -------- ------- Kaoiki-------------------- Felt in Kapapala
23 12 53 56.0 2.0 --- -------- ------- Kaoiki---------------~--------------------
23 13 02 48.8 2.0 --- -------- ------- Kaoiki-------------------- -=----------------
23 13 28 10.1 2.7 --- _____ -=a __ ------- Kaoiki-------------------- Felt in Kapapala

and Kilauea
district.

23 13 37 07.0 2.2 --- -------- ------- Kaoiki-------------------- Kaoiki

23 17 31 08.3 2.2 --- -------- __ c:. ____ Kaoiki-------------------- -------~--------

23 18 25 28.6 3.5 --- -------- -------- Kaoiki-------------------- Felt in Kapapala
Pahala., and
Kilauea distri

23 20 52 57.6 2.8 --- ----~--- ------- Kaoiki-------------------- Felt in Kapapa1a
24 08 53 57.8 2.3 --- ------~- ------- Kaoiki-----------------~--

__________ -=a _____

24 16 07 53.7 2.7 --- -------- ------- Kaoiki-------------------~Felt at Kapapa1a

25 15 29 34.0 3.8 --- -------- ------- Kaoiki-------------------- Felt in Kapapa1a
Pahala, and
Kilauea
district.

26 00 03 54.7 3.5 --- ------- ------- Kaoiki-------------------- Felt in Kilauea
district.

26 02 29 04.8 3.3 --- ------- ------- Kaoiki-------------------- Felt in Kilauea
district.

26 06 57 53·9 3.2 --- ------- ------- Kaoiki-------------------- Felt in Kilauea
district.

26 13 09 28.4 2.4 8 19°11.3' 155°38.8' 15 km NW. of Naalehu -_ ... _-------~----

26 22 46 40.6 2.2 --- ------~ ------- Kaoiki-------------------- ----------------

27 00 46 59·0 2.1 8 19°14.2' 155°32.3' 8 km NW. of Pahala-------- ----------------
28 01 08 56G9 2.2 --- ------- ------- Kaoiki-------------------- ----------------
28 04 45 33.7 2.1 8 19°17.8' 155°32.6' 13 km NW. of Pahala------- ---------_&:-_----

29 13 01 45.3 3.3 30 19°17.5' 155°23.3' 6 km S. of Desert Felt in Kapapala
seismometer.



Table 4.-~Local earthquakes recorded by seismographs of the UoSo Geological Survey,
October, November, and December, 1963--Continued

Date Time Magn'i'" Depth Epicenter Felt
(1963) tude (km) Report

h !!! s Lat. No Long. Wo Description

Oct. 29 23 53 42.5 2.3 25 ,19°14.7' 155°13.9' 5 km wsw. of Apua Point ---~~~~~~---~-----

30 02 08 46.2 2.2 13 20°31' 155° 53.' 46 km SEe of Ha1eakala ------------------
seismometer.

30 05 40 29.0 2.0 --- __ c.- _____ --------- Kaoiki---------------=--- ------~---~------~

30 07 15 19·9 2.4 --- -------- -------- Kaoiki------------------- ----~------------~

30 07 20 26.2 202 --- ~------- -------- Kaoiki----~-------------- -----------------~

30 12 57 04.2 2.7 --- -------- ----~--- KM 30-------------------- Felt in Kapapa1a
30 14 02 22.7 3.0 35 18°56.8' 155°22.8' 26 km SEe of Naa1ehu----- Felt in Pahala

Novo 1 13 48 05.2 2.7 --- ----~--- -------- KM 30-------------------- ----~-----~-~---~~

2 12 46 04.5 206 --- -------- -------~ Kaoiki------------------- ----------------~~

2 22 09 42.6 2.7 _... - -------- -------- Kaoiki------------------- --------~--~~-~--~

2 03 22 32.9 2.7 8 19°1204' 155°3405' 17 km NNE. of Naa1ehu---- --------~-~-----~-

3 10 35 56.4 304 5 19°1201' 155°34.9' 15 km N. of Naa1ehu------ ----~-~~---------~

3 21 23 2504 3.7 13 20°09.3' 155°2700' 8 km NNEo of Honokaa----- Felt 1/2 of island
4 00 25 45.3 203 13 19°52.1' 155°29.6' 13 km NNE. of Pohaku1oa ~----------~-~--~-

5 06 45 2700 304 --- --------- _ .. __ c:zi ___ ~

Kaoiki------------------- Felt Kapapala and
Volcano.

5 22 01 0205 3.1 5 19°12.2' 155°31.3' 5 km WNW. of Paha1a------ ------------------
6 02 38 15.5 2.3 13 19°13.4' 154°58.2' 15 km S. of Ka1apana----- ------------------
7 08 43 03.7 2.2 --- -------- --------- Kaoiki------------------- ------------------
8 22 18 32.5 301 --- -------- --------- Kaoiki------------------- _._----------------
8 22 36 51.6 2.5 --- -------- --------- Kaoiki-----------------~- ---------------~--

12 01 50 15.0 2 0 6 8 19°16.4' 155°10.2' 3 km NE. of Apua Point-- -------------------
12 18 48 15.5 2.3 8 19°13.2' 155°0701' 10 km SEe of Apua Point-- ----------~-------

12 23 12 27.0 2.0 13 20°11.9' 155°38.2' 21 km NNE. of Kamuela
---------------~--

seismometer.
13 02 42 15.3 2.1 --- ------- --------- KM 30-------------------- ----------~-~-----

14 01 37 12.0 3.2 --- ------- --------- Kaoiki-~--------------~-- Felt Kapapala and
Volcano.

14 09 33 31.5 2.6 --- ------- ---------- Kaoiki----- g

-------------
Felt at Kapapa1a

14 21 50 16.0 2·9 13 19°46' 157°01' 120 km WNW. of Kealakekua -----------------~-
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Table 4.~-Local earthquakes recorded by seismographs of the UQS. Geological Survey;
October, November, and December, 1963-~Continued

Date Time ~gni-- Depth Epicenter Felt
(1963) tude '(km) Report

h m s Lat. N" Long. w. Description- - -

Nov!» 14 23 38 50.5 2.6 3 19°54.0' 155°32.5' 23 km SEe of Kamuela ~----------------

seismometer.
15 04 02 09.0 3.5 13 19°26' 156°09' 25 ~{m wsw. of -----------------

Kealakekua.
15 07 18 34.0 2.1 ---- ------- -------- Kaoiki------------------ -----------------
15 09 01 26.5 3.8 ---- ------- ---=------ KM 30------------------- Felt in half of

island.
15 10 11 33.2 2.2 ---- ------- -------- KM 30------------------- ---------------~~

16 06 55 51.5 203 ---- ------- -------~ KM 30------~------------ -----------------
16 12 26 39.1 209 ---- ------- -------- KM 30------------------- -----------------
16 16 07 0002 2.1 ---- ------- -------- KM 30------------------- , -----------------
17 08 23 2700 204 13 18°56' 155°09' 37 km SSE. of Apua Point -----------------
17 11 16 14.0 205 ---- ------- -------- Kaoiki-------~---------- Felt at Kapapala
l7 17 07 47.5 203 ----

___ c:a ___ --------- Kaoiki-~---------------- -----------------
18 19 51 25.7 2.4 ---- ----_ ... - __ c=- _____ Kaoiki------------------ ---~-------------

20 14 16 58.7 2.2 ---~ ------- --------- K}.1 30------------------- -~-------------~-

23 02 29 41.3 207 13 19°38' 156°35' 52 km WSw~ of Keahole ---------~-~-----

Point.
26 00 13 18.5 2.4 ---- ------- --------- Kaoiki------------------ -----------------
26 11 21 1805 3.3 3 19°21.8' 155°07.1' 13 km NE of Apua Point-- --------------~--

27 02 14 52'.5 2.0 ---- ------- --------- Kaoiki------------------ -----------------
29 18 02 58.0 3.6 8 19°20.1' 155°07.8' 12 km NE. of Apua Point Felt in Volcano,

Puna, and Kulan
29 19 51 25.3 2.2 13 19°56.2' 155°21.5' 13 km SW. of Laupahoehoe -----------~------

Dec. 2 03 11 2206 2.3 ---- -------- --------- KM 30------------------- ------------------
3 09 51 26.5 2.9 8· 19°16.2' 155°13.0' 3 km WNW. of Apua Point ------------------
4 14 02 05.7 2.5 8 19°14.8' 155°15.8' 15 km So of Ahua --------~---------

seismometer.
8 01 34 07.0 2.2 8 19°33.8' 155°54.8' 6 km N. of Kealakekua ------------------
8 li 20 49 50.8 2.0 8 19°12.2' 155°41.4' 18 km NW. of Naalehu - - - - - - -- - ---- - -- - --



Table 4o--Local earth uakes recorded b seismo raphs of the U.S. Geol0 ical Surve ,
October, November, and December,

Date Time ~gni Depth Epicenter Felt
(1963) tude (km)

Reporth m s Lat. N. Long. w. Description- -
'..

Dec. 9 18 47 55.5 3.4 8 19°53.1' 155°3103' 26 km SEe of Kamuela- .... - Felt in half of
island.

9 18 50 07.0 2.5 8 19°56.7' 155°30.6' 23 km ESE. of Kamuela-- -~--------------~-~

11 22 22 24.0 206 ---- -------- --------- Kaoiki---------------~- ---~-----------~--~

12 17 29 1900 2.3 8 19°18.8' 155°1004' 8 km NNE. of Apua Point -----------------~~

13 21 19 24.0 2.4 8 19°17.8' 155°17.5' 12 km ESEo of Desert -~----------~----~~

seismometer.
14 03 32 34.0 202 --- _____ c::.c:= -=-------- KM 30--~--------------~- -------~-~-----~-~~

14 22 16 04.7 2.2 8 19°1401' 155°36.7' 19 km NNW 0 of Naa1ehu- .... - -~----------------~

14 23 59 22.1 2.3 13 19°59.2' 155°5902' 18 km WSW 0 of Kawaihae-- -----------------~~

16 10 57 39.8 2.6 8 19°1301' 155°34.8' 17 km N. of Naa1ehu----- ----------~-~~~--~~

19 21 17 3000 2.3 13 19°57.0' 155°2202' 15 km wsw. of Laupahoehoe ~-----------~-~---~

21 00 30 58.4 2.1 ---~
""e:::tcalZ:l8-=-_a.~

_c::.~,..c.-__ -=t_ KM 30-------------------- ------------~-~~-~-

21 06 06 1101 2.8 ___ c::a ____ -=_c=-~c_.

---=-----~- KM 30----=------..,,-----~=~ -~---~~~~~~-~~-~---

23 16 49 19.4 2.2 ----- ______ -=-_

~-------- Kaoiki----~-------------s~-~-~-~--~~-~~~---~

23 17 44 55.5 2.6 8 19°19.2' 155°1207' 10 km SEo of Ahua ---~~-------~------

seismometer.
24 04 33 3700 2.0 3 19°18.1' 155°05.8' 12 km ENE~ of Apua Point -~---------------~-

24 20 04 55.5 2.3 8 19°14.9' 155°11.3' 2 km SSEo of Apua Point -------~---~~~-----

25 04 20 04.0 2.3 8 19°1405' 155°2509' 12 km SSW. of Desert ---------------~-~-

seismometer.
26 12 11 21.0 2.7 ---- --~---- -------- Kaoiki------------------ ~---~---~--------~~

27 15 39 31.1 2.7 13 20°0102' 155°53.0' 7 km wsw. of Kawaihae--- ~-~----------------

27 02 12 '30.6 200 ---- ------- -------- KM 30-~~---------------- ---~---~----------~

27 03 03 23.3 2.0 ---- ______ c.. --------- KM 30~------------------ -~--------------~--

27 17 33 15,.0 2.4 ---- -----~-

__ __ -_ __ e-

KM 30------------------- -~-~---~-~--------~

28 11 14 55.5 2.4 ..~--~ ------- --------- Kaoiki------------------ -------------------
29 04 02 0201 2.4 25 19°19.8' 155°12.8' 8 km SEo of Ahua ----------------~--

seismometero



f\)
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Table 4.--Local earthquakes recorded by seismographs of the U~S. Geological Survey,
October, November, and December, 1963~-Continued

Date Time Magni- Depth Epicenter Felt
(1963 ) tude (km) Report

h m s Lat. N. Long. Wo Description- - -

Dec. 29 16 22 19.0 2.4 ---- ------~-- -=---------- Kaoiki--------------- ----------------~

29 22 14 50.3 2.7 ---- --------- ---------- Kaoiki--------------- -----------------
31 03 18 07.0 2.3 10 19°12.7' 155°11.0' 6 km SSE. of Apua --'--------------~

Point.
31 09 24 56.3 3.1 ---- --------- ----~---- KM 30---------------- ---------------~--



Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a "d" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in summary, 29.
Magnitudes calculated from the Hawaii seismograms are followed by (HVO).
Location of epicenter, origin times, and focal depths, and magnitudes
reported by other institutions are taken from "Preliminary Determination
of Epicenters" published by the U.S. Coast and Geodetic Survey]

C&GS card 80-63:
15:48:17.2
58.5° S., 25.1° W.
Sandwich Islands
h about 54 km.

C&GS card 83-63:
05:47:05.5
20.8° S., 174.1° w.
Tonga Islands
h about 33 km
Magnitude 5. 3 {CGS)

5.7 (HVO)o

C&GS card 80-63:
23:24:34.7
32.2° No, 131.6° Eo
Kyushu, Japan
h about 33 km
Magnitude 605 (Pas)

6 (Pal)
5. 7 (CGS) 0

Oct. 2, 1963

M Z eP 05:55:15.6 d
U PEE eS 06:02:14
U PEE eSS 06:05:35
U PEE eL 06:06:43
U PEZ eR 06:08:53

00:24:25.3 c
23.9 c
23.2 c
24.8 c
25.2 c
21.0 c
27.6 c
31.1 c

iP
iP
iP
iP
iP
iP
iP
iP

Z
Z
Z
Z
Z
Z
Z
Z

C&GS card 81-63:
00:17:01.1
15.1° S., 173.2° w.
Samoa Islands region
h about 33 km
Magnitude 6 ,Pas)

5. 75 (Bks)
5.7 (CGS).

M
A
D
N
MP
Na
Hi
Ha

C&GS card 81-63:
13:14:24.6
23.6° S., 179.9° E.
Fiji Islands region p

h about 550 km
Magnitude 5.7 (CGS).

Octo 8

Oct. 7

M Z iP 13:22:24.9 d
A Z iP 24.4 d
D Z iP 23.1 d
N Z iP 24.4 d
MP Z iP 24.7 d
Na Z iP 20.9 d
Ka Z iP 27.6 c
Hi Z iP 27.3 d
Ha Z iP 29.1 c

23:35:19.9 c
21 c

23:54:49
23:44:09

16:48:07PEZ eR

Z eP
PEZ iP
PEZ eR
PEE is

U

M
U
U
U

Octo 3

Octo 3

23



Table 5.--Distant earthquakes--Continued

Oct. 13

C&GS card 84-63:
12:58:21.6
45.0° No, 150.1° E.
Kuri1e Islands
h about 50 km
Magnitude 5.4 (CGS).

M Z iP 16:08:56.7 c
WP Z iP 57.2 c
MP Z iP 57.9 c
Hi Z eP 56.3 c
U P:E:N is 16:16:24
U PEE iL 16:21:14
U PEZ iR 16:23:22

C&GS card-84-63:
15:59:52.9
45.6° N., 150.5° E.
Kurile Islands
h about 35 km
Magnitude 6.1 (CGS).

Oct. 13 (14)

00:17:50PEZ eRu

Oct. 13

M Z iP 13:07:24.9 d
A Z iP 26.1 d
D Z iP 25.1 d
E Z iP 26.2 d
U Z iP 25.2 d
Hi Z iP 24.8 d

Oct. 12, 1963

M Z iP 11:36:09.4 c
D Z iP 10.1 c
N Z eP 10.3 c
Pa Z eP 10.6 d
Na Z eP 14.7 d
Ka Z eP 05.2 c
Hi Z eP 10.0 c
Ha Z eP 11:35:57.5 c
U PEZ iP 11:36:10 d
U PEZ is 11:43:31
U PEZ iR 11:50:30

C&GS card 85-63:
11:26:57.9
44.8° N., 149.0° E.
Kuri1e Islands
h about 40 km
Magnitude 6.75-7 (Pas)

7 (Bks)
6075-7 (Pal)
705 (HVO).

Octo 13

M Z iP 05:27:03.6 d
A Z eP 04.7 d
D Z eP 04.2 d
U Z eP 03.9 d
Na Z iP 06.0 c
Hi Z eP 01.3 d
Ha Z eP 05:26:52.7 d
U PEZ iP 05:27:04 d
U PEZ is 05:34:26
Ha Z Tmax 06:21:20

C&GS card 84-63:
23:52:22.8
44.5° N., 150.1° E.
Kurile Islands
h about 50 km
Magnitude 5.5 (eGs).

Oct. 14

C&GS card 84-63:
05:17:57.1
44.8° N., 149.5° E.
Kurile Islands
h -a·bout 60 km
Felt: Hokkaido and Honshu,
Japan. Seismic sea waves:
400 ft. Hokkaido; 2.5 ft.
Oahu, Hawaii; 2.2 ft.
Crescent City, California;
1.5 ft. Attu, Aleutians.
Magnitude 8.25 (Pas)

7.75-8 (Pal)
8.1 (HVO)

Small tsunami in Hil0 Bay.
2

D
U

Z eP
PEZ eR

04:20:15.5 d
04:35:06



Table 5.--Distant earthquakes--Continued

Oct. 14

C&GS card 90-63:
06:49:37.8
4282° N., 152.3° E.
Kurile Islands
h about 40 km
Magnitude 4e2 (cas)

5.8 (HVO).

C&GS card 84-63:
13:21:45.2
44.8° N., 151.0° E.
Kurile Islands
h about 60 km
Magnitude 5.75 (Bks)

5.9 JcGS)
6.0 (HVO).

Oct. 14, 1963--Continued

C&GS card 84-63:
04:11:14.0
44v7° N., 150.6° E.
Kurile Islands
h about 45 km
Magnitude 6,3 (cas).:'

.0 (HVO).

23:46:09
23:48:23

M Z iP 09:19:48.7·c
A Z iP 49.7 c
D Z iP 49.3 c
MP Z iP 50.1 c
U Z iP 49.3 c
Pa Z iP 50.5 c
Na Z iP 49.4 c
Hi Z iP 48.9 c

C&GS card 85-63:
00:53:07.2
44.7° N., 150.7° E.
Kuri1e Islands
h about 25 km
Seismic sea waves: 1.0 ft.
LaJol1a, California; 0.5 ft. Oahu,
Hawaii.
Magnitude 6.75-7 (Pas)

7.25-7.5 (Pal)
7.6 (HVO).

C&GS card 87-63:
09:10:43.9
44.4° N., 150.0° E.

U PEN iG
U PEZ iR

C&GS card 84-63:
23:24:34.4
44.6° N., 149.0° E.
Kurile Islands
h about 45 km
Magnitude 5.4 (CGS)

6.6 (HVO).

Oct. 20---

Oct. 20

M Z iP 01:02:20.6 d
A Z eP 22.0 d
D Z iP 21.3 d
Ha Z eP 14.4 c
Na Z eP 22.8 c
Hi Z eP 20.3 d
U PEZ iP 22 d
U PEZ is 01:09:36
U PEZ iR 01:16:10
U PEN iG 01:14:00

Oct. 17--Continued

07:13:23PEZ eRu

M Z iP 13:30:41.7 d
A Z eP 43.0 d
D Z iP 42.7 d
MP Z eP 43.7 d
U Z iP 42~8 d
Pa Z iP 44.1 d
Na Z iP 43.0 d
Hi Z iP 42.2 d
Ha Z iP 31.3 d
u PEN iG 13:42:51
U PEZ eR 13:44:51

Oct. 17

M z iP 23:33:57.8 d
A Z iP 59.4 d
D Z iP 58.7 d
Pa Z eP 23:34:00.8 d
U PEN is 23:41:17

25
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Table 5.--Distant earthquakes--Continued

Oct. 20) 1963--Continued Oct. 25~-C9ntinued

C&GS card--Continued:
Kurile Islands
h about 40 km
Magnitude 5.5 (cas).

Oct. 20

C&GS card 89-63:
19:58:58.3
12.3° N., 144.5° E.
Mariana Islands
h about 29 km
Magnitude 5.4 (CGS).

u PEZ eR 12:16:01 Oct .. 29

C&GS card 87-63:
11:52:20.7
44.7° N.) 150.2° E.
Kurile Islands
h about 45 km
Magnitude 4.2 (CGG)

Oct. 31

C&GS card 88-63:
07:01:42.7
40.4° N.) 124.7° w.
Near coast of Humbolt County,
California
h about 38 km
Magnitude 4.7 (CGS)

Oct. 22

Pa
Ha

Z
Z

Tmax 05:16:20
Tmax 05:14:14

Ha z Tmax 07:43:07

Oct. 25

C&GS card 87-63:
03:25:38.8
43.9° N., 150.3° E.
Kurile Islands
h about 50 km
Magnitude 4.9 (cas).

(

C&GS card 85-63:
04:29:11.7
51~O° N.) 179.40 E.
h about 55 km
Rat Islands, Aleutian Islands
Magnitude 4.9 (CGG)

M Z iP 20:09:05.2 c
A Z iP 05.4 c
D Z iP 04.8 c
MP Z eP 06.9 c
U Z iP 05.2 c
Ha Z eP 20:08:59.1 c

26

M Z eP 03:26:00.6 c
A Z eP 03:25:58.0 c
NIP Z eP 57.2 c
U Z eP 58.1 c
Pa Z eP 59.7 c
Na Z eP 56.7 d
Ka Z eP 03:26:03.1 c
Ke Z eP 00.1 C
Hi Z eP 02.1 c
U PEE eS 03:32:41
U PEE eG 03:36:00

C&GS card 89-63:
D3:l7:42.0
21.8° S., 175.0° w.
Tonga Islands
h about 33 km
Magnitude 6.25 (Pas)

5.5 (Bks)
6.25-6.5 -(Pal)
5.2 (CGS)
5.9 (HVO).

03:49:26PEZ eRu

Octo 22



Table 5.--Distant earthquakes--Continued

Nov. 4--Continued

C&GS card 91-63:
01:14:32.8
15.1° B., 167.3° E.
New Hebrides Islands
h about 154 km
Magnitude 6.75-7 (Pas)

5.8 (CGS).

C&GS card 91-63:
01:17:08.9
6.8° B., 129.6° E.
Banda Sea
h about 80 km
Felt throughout Australia,
northern Tasmania, and Papua
Magnitude 7.5 (HVO).

01:29:03.6 d
04.9 d
03.6 d
04.5 d
04.8 d
06.4 d
02.0 d
01.6 d
06.7 d

01:29:05 c
01:29:17
01:29:34
01:29:50
01:32:42
01:35:00
01:38:53
01:44:05
01:47:42
01:49:51

eP
eP
iP
eP
iP
iP
iP
iP
eP
iP
iPcP
ipP
isP
i
i
iB
iSB
iBBB
iG

iPZ

Z
Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEZ
PEZ
PEZ
PEZ
PEZ
PEE
PEE
PEN
PEN

M
A
D
:MP
U
Pa
Na
Ke
Hi
U
U
U
U
U
U
U
U
U
U

Ha

Nov. 4

Oct. 31, 1963

M Z iP 08:58:53.2 d
D Z eP 52.0 d
U Z iF 52'.1 d
Pa Z iP 54.1 d
Ka Z iP 56.7 c
Ke Z iP 52.7 c
Hi Z iP 55.3 c
Ha Z iP 57.9 c

C&GS card 89-63:
08:51:42
17. 9° S., 178.8° w.
Fiji Islands region
h about 637 km
Magnitude 4.3 (cGSl

Nov. 3

M Z iP 03:22:20.9 d
A Z iP 19.8 d
D Z iP 20.0 d
MP Z iP 19.5 d
u Z iP 20.2 d
Pa Z iP 18.8 d
Na Z iP 20.1 d
Ka Z iP 22.4 d
Ke Z iP 21.7 d
Hi Z iP 20.5 d
Ha Z iP 25.0 d
u PEN is 03:32:32
U PEN" iG 03:42:56
U PEZ iR 03:46:10

C&GS card 90-63:
03:10:12.7
3.50 B., 77.8° w.
Peru-Ecuador border
h about 33 km
Magnitude 6.75 (Pas)

6-6.25 ("Bks)
6.0 (Pal)
6. 0 (CGS) "
6.3.-(HVO).

Novo 4

M Z iP 01:23:14.1 c
Pa Z eP 15.4 c
Na Z iP 11.9 c
Ke Z iP 12.7 c

7



Table 5.--Distant earthquakes--C~ntinued

Nov. 6, 1963 Nov. 9--Continued

M Z iP 02:24:25.1 c C&GS card 93-63:
U Z eP 24.5 c 21:15:30.4

• U PEE is 02:33:19 9.0° S., 71.5° w.
u PEN eL 02:40:35 Western Brazil

h about 600 km
U PEZ iR 02:44:43 Magnitude 6.75-7 lpas~

6.75-7 Bks
C&GS card 93-63: 5.9 (CG )

02:13:16.8 7 (HVO ).
138.4° E., 2.6° S. Nov. 10
Western New Guinea
h about 33 km M Z eP 01:12:26.8 c
Magnitude 6.3 (HVO). A Z eP 26.3 c

MP Z eP 25.8 c
Nov. 8 Pa Z iP 25.0 c

Hi Z iP 25.8 c
M Z iP 16:25:05.6 d Ha Z eP 32.0 c
MP Z iP 06.0 d u PEE is 01:22:19

U PEE iSP 01:23:34
C&GS card 91-63: U PEE i 01:26:58
1~13:36.2 C&GS card 93-63:128.4° E., 2. 7° N. 01:00:38.8Molucca Passage

9. 2° S., 71. 5° w.h about 216 km
Magnitude 5.7 (cGS). Western Brazil

h about 600 km

Nov. 9
Magnitude 6.5-6.75 (Pas)

6. 25 (BKS)

M Z eP 21:27:17.4 c 5.6 (CGS).

A Z eP 16.5 c Nov. 10
MP Z eP 15.9 c
Pa Z eP 15.0 c M Z eP 17:27:05.0 c
Ka Z eP 18.1 c D Z eP 05.5 c
Hi Z eP 15.9 c U Z eP 05.2 c
Ha Z iP 21.8 c u PEN is 17:34:45
U PEZ iP 17 c u PEN eL 17:39:19
U PEZ ipP 21:29:25 U PEZ iR 17:41:43
U FEZ esP 21:30:31 C&GS card 93-63:
U PEZ iPP 21:31:09 17:17:42.7U PEZ ipPP 21:32:55 44.4° N., 149.0° E.u PEZ iPPP 21:33:43 Kurile Islands
U PEZ i 21:39:35 h about 40 km
U PEE iSKS 21:36:51 Magnitude 5.5 (cGS)
U PEE iSP 21:38:19 6.4 (HVO).
U PEE isP 21:41:01
U PEN is 21:37:15 Nov. 15
U PEN i 21:42:19 M Z eP 21:15;40.6 c
U PEN iSS 21:43:31 A Z eP 42.7 c
U PEN iSSS 21:46:47

D Z iP 42.6 cu PEN i 21:49:55
U PEN eG 21: 52:13 28



Table 5.--Distant earthquakes--Continued

Nov. 15, 1963--Continued

C&GS card 93-63:
14:38:28.9

29.9° N., 113.6° w.
Gulf of California
h about 14 km
Magnitude 6.5 (Pas)

6.5-6.75 (Pal)
5.7 (cGS).
6.5 (HVO).

C&GS card 93-63:
21:06:34.0
44.3° N., 149.0° E.
Kurile Islands
h about 50 km
Magnitude 6.0 (Bks)

6.25-6. 5 -(~al)
6.0 (cas)
6. 5 (HVO).

Z eP
Z iP
Z iP
Z eP
Z iP
PEZ iP
PEZ iR
PEN is
PEN iG

09:59:46.9 d
47.0 d
46.2 d
47.0 d

Tmax 16:02:06z

M Z iP
A Z eP
D Z eP
U Z iP

C&GS card 96-63:
09':47: 59.0
1.6° N., 128.4° E.

Ha

C&GS card 96-63:
07:50:46.3
30.1° N., 114.0° w.
Gulf of California
h about 14 km
Magnitude 6 (Pas)

6 (Bks)
5.1 (CGS)
6.0 (HVO).

C&GS card 96-63:
15:13:11.0
52.2° N., 174.2° E.
Near Islands,
Aleutian Islands
h about 33 km
Magnitude 5.4 -( CGS).

Nov. 30

Nov. 23

M Z Tmax 09:19~16
U Z Tmax 12
Ha Z Tmax 15

C&GS card 102-63:
08:32.31
29.9° N., 114.0° w.
Gulf of California
h about 14 km
Magnitude 5.3 (CGS).

Nov. 28

Nov. 23

M Z iP 07:58:08.6 c
U Z eP 08.2 c
U PEZ eR 08:08:04
M Z Tmax 08:37:41
U Z Tmax 49

14:45:58.7 d
58.3 d
59.3 d
57.9 d
5801 d
56.8 c

14:46:03.1 c
14:45:56 d
14:46:02.7 c
14:46:02.7 c
14:51:56
14:56:06
15:25:50

41
15:26:15

43.3 c
42.. 0 c
44.3 c
44.3 c

21:15:43.0 c
42.4 c

21:30:40
21:23:02
21:27:40

iP
eP
eP
iP
iP
iP
iP
eP
iP
eP
is
iR
Tmax
Tmax
Tmax

z
Z
Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEZ
Z
Z
Z

W'
U
Pa
Na
Hi
U
U
U
U

Nov. 18

M
A
D
MP
U
Pa
Na
Hi
Ke
Ha
U
U
U
Pa
Ha

•
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Table 5.--Distant earthguakes--Continued

•

Nov. 30, 1963--Continued

C&GS card--Continued
Halmahera region
h about 61 km
Magnitude 5.5 (cas).

Dec. 2

Dec. 7

M Z iP 04:15:40.9 c
A Z iP 40.1 d
U Z iP 40.4 c
Pa Z iP 41.9 d
Hi Z eP 42.8 d
Ke Z iP 38.6 d

Dec. 7

04:55:36.0 d
36.2 c
36.0 c
38.0 d
38.4 d

C&GS card 99-63:
04:07:52.8
22.1° S., 179.4° w.
Fiji Islands region
h about 546 km
Magnitude 5.5 (CGS).

M Z iP
A Z iP
U Z eP
Pa Z iP
Hi Z eP
C&GS card 102-63:

04:46:52.2
18.8° S., 169.2° E.
New Hebrides Islands
h about 227 km
Magnitude 4.7 (CGS).

Dec. 9

M Z Tmax 06:22:49
A Z Tmax 47
D Z Tmax 43
:rv1P Z Tmax 47
U Z Tmax 43
Pa Z Tmax 48
Hi Z Tmax 19

M Z Tmax 07:40:15
A Z Tmax 20
MP Z Tmax 22
U Z Tmax 21
Pa Z Tmax 17
Hi Z Tmax 02
Ha Z Tmax 07:39:24

M Z Tmax 01:00:14
A Z Tmax 02
D Z Tmax 11
U Z Tmax 07
Pa Z Tmax 00:59:43
Ha Z Tmax 01:02:48

C&:GS card 97-63:
23:03:41.6
22.4° S., 69.3° W.
Northern Chile
h about 18 km
Magnitude 6.25 (Pas)

6.1 {CGS).

C&GS card 97-63:
06:52:20
54.1° N., 134.2° w.
Queen Charlotte Islands
h about 33 km
Magnitude 3.9 (CGS).

Dec. 3 (4)

C&GS card 103-63:
01:35:24.5
45.3° N., 153.4° E.
Kurile Islands
h about 60 km
Magnitude 4.1 (CGS).

Dec. 4

Ha z Tmax 02:43:11

30

C&GS card 99-63:
05:38:29.5
54.9° N., 159.4° w.
Alaska Peninsula
h about 45 km
Magnitude 5.1 (CGSj.



Table 5.--Distant earthquakes--Continued

•

Dec. 10, 1963

M z iP 03:42:52.6 c
A Z iP 52.3 c
MP Z iP 52.6 c

C&GS card 100-63:
03:31:21.1
6.2° S., 128.1° E.
Banda Sea
Felt: Darwin
h about 366 km
Magnitude 5.6 (CGS).

Dec. 11

Dec. 12--Continued

C&GS card 99-E?3:
23:24:36.6
46.3° N., 150.5° E.
Kurile Islands
h about 90 km
Magnitude 5. 2 CCGS).

Dec. 14

M Z iP 07:59:19.8 c
A Z iP 20.4 c
D Z iP 20.7 c
MP Z iP 20.5 c
Ke Z iP 19.4 c

A Z eP 00:55:10.3 d
Na Z iP 09.7 d
Hi Z eP 15.9 c
Ke Z eP 11.2 c
U PEZ eR 01:05:17

C&GS card 103-63:
02:31:19.4
17.8° S., 178.6° w.
Fiji Islands
h about 537 km
Magnitude 4.9 (cGS).

C&GS card 101-63:
00:47:48.3
15.1° S. J 173.6° w.
Tonga Islands region
Magnitude 5.6 (CGS ) i.'

h about 33 km.
Dec. 11

Dec. 15

19:47:17.5 d
17.9 d

19:57:58

M Z eP
A Z eP
U PEZ is

C&GS card 102-63:
15:44:22.3
51.0° N., 128.8° w.
Vancouver Island region
h about 33 km
Magnitude 4.0 (cas).

M Z Tmax 16:30:12
A Z Tmax 14
D Z Tmax 15
MP Z Tmax 07
U Z Tmax 12
Pa Z Tmax 18
Hi Z Tmax 00
Ha Z Tmax 16:29: 31

C&GS card 101-63:
07;51:07.9
62.7° N., 149.5° w.
Central Alaska
h about 95 km
Magnitude 5.1 (CGS).

Dec. 15

02:38:3704 c
36.4 c
35.8 c
36.4 c
36.8 c
33.7 c
39.9 c
35.5 c
39.3 c
41.7 c

iP
eP
iP
iP
iP
iP
iP
iP
iP
iP

z
z
z
z
z
z
z
z
z
z

M
A
D
MP
U
Na
Ka
Ke
Hi
Ha

Dec. 12

M Z
D Z

iP
iP

23:33:35.0 d
35.4 d

1

C&GS card 103-63:
19:34:45.5
408° S., 108.0° E.
Java Sea



Table 5.--Distant earthquakes--Continued

•

Dec. 15, 1963--Continued

C&GS card--Continued
h about 650 km
Felt: Djakarta
Magnitude 6.4 (CGS).

Dec. 18

M Z iP 00:38:43Q4 d
Pa Z iP 44.7 c
Na Z iP 40.5 c
Ka Z eP 47.8 d
Hi Z eP 45.7 d
Ha Z iP 50.1 c
U PEZ iP 43 d
u PEZ iR 00:52:12
U PEE is 00:45:47
U PEE iSS 00:49:22
U PEl\I iG 00:50:00

C&GS card 107-63:
00:30:02.6
24.8° s., 176.6° w.
Tonga Islands
Felt: Tonga, Fiji & Kermadec
Islands.
h about 46 km
Magnitude 6. 5 (CGS).

Dec. 21--Continued

C&GS card--Continued:
21.2° S., 175.8° w.
Tonga Islands
h about 90 km
Magnitude 5. 1 /( CGS ) .

Dec. 21

M Z iP 13:21:18.4 c
A Z eP 19.1 c
D Z iP 18.4 c
MP Z iP 19.7 c
u Z eP 18.9 c
Pa Z iP 20.4 c
Na Z iP 17.8 c
Ka Z eP 17.8 c
Hi Z iP 20.0 c

C&GS card 105-63:
13:09:09.6
16.1° N., 119.7° E.
Near west coast of Luzon, P.I.
h about 49 km
Felt: Manila
Magnitude 5.6 (CGS).

Dec. 24

C&GS card 103-63:
08:57:17.8
7.0° S., 129.3° E.
Banda Sea
h about 103 km
Magnitude 5.5 (CGS).

C&GS card 105-63:
11:18:15.2
13.1° S., 166.7° E.
Santa Cruz Islands region
h about 61 km
Magnitude 5.5 {eGs).

Dec. 20

M
MP
Hi

Dec. 21

M
Na
Hi

z
Z
Z

Z
Z
Z

iP
eP
eP

eP
iP
eP

09:09:12.4 c
13.1 c
14.0 c

12:42:49 d
47.9 d
53 d

M
U

z
z

eP
iP

11:27:17.6 c
17.2 c

C&GS card 104-63:
12:34:22.7

3.2



•

Table 5.--Distant earthquakes--Continued

Dec. 28, 1963

M Z eP 05:54:53.0 c
D Z eP 51.9 c
Na Z iP . 50.4 d
Hi Z iP 55-7 c
Ha Z eP 57.8 c

C&GB card 105-63:
05:45:20.2
5.1° B., 153.5° E.
New Ireland region
h about 70 km
Magnitude 5.5 (cas).

Dec. 28

M Z iP 09: 13 : 35. 0 c'
A Z iP 34.3 c
D Z iP 33.6 c
MP Z iP 34.6 c
u Z iP 34.5 c
Pa Z iP 35.7 c
Na Z iP 31.2 c
Ka Z iP 37.4 c
Hi Z iP 37.3 c

C&GS card 106-63:
09:03:52.9
32.7° B., 178.9° w.
Kermadec Islands
h about 33 km
Magnitude 5.5-5.75 (Pal)

5.8 (CGS).
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The following persons or agencies reported "felt" earthquakes during the
fourth quarter, 1963. Their assistance is gratefully acknowledged.

North Kona

Mr. Ready
Dr. Heather
Mr. Sherwood
Dr. Tabrah
Mrs. Tabrah
Mrs. Christensen
Mrs. Van Gorder

Hilo region

Mrs (I Shaffer
Mr" Isherwood
Mrse Lewis
Mrs. Chiquita
Sister Thecla
Mr. Okamura
Mrs. Okamura
Mrs. Potlock
Mr. Shoemaker
Mr. Baldwin
Mr. Blackwood

Kau region

Mrs 0 Paiva
Mrs. Ashton
Mr. Meinecke
Mrs. Billing
Mi s s Yamamoto
Mrs. Walters

Puna

Mr. Warner
Mr. Williamson
Miss Takemoto

Kilauea summit region

Mr. Smith
Mr. Bush
Mr. Forbes
Mrs. Yong
Mr. Yong
Mrs. Mist
Mrs. Wentworth
Mrs. Yamamoto
Miss Engliph
Mrs. Hansen
Mrs. Dune-an

Kana coast

Mrs. Glass
Mrs. Higashihara
Mr. Ladd
Miss Greenwell
Mr. Johnston
Mr. Apple
Mr. Yeaman
Mr. Wallace
Mr. Sutherland
Mr. Sleightholm
Mrs. Gray

Central Hawaii

Mrs. Vredenburg
Mrs. Lindsey



Publications of special interest and HVO

numbered contributions, 1963

Kinoshita, W. T., Krivoy, H. L., Mabey, D. R., and McDonald, R. R., 1963,

Gravity survey of the is.land of Hawaii: U.S. Geol. Survey Prof.

Paper 475-C, art. 89, p. 114-116. ~HVO Contr. 182)

Moore, J. G., and Reed, D. K., 1963, Pillow structures of submarine

basalts east of Hawaii: U.S. Geol. Survey Prof. Paper 475-B,

art. 40, p. 153-157. (HVO Contr. 181)

Muir, I. D., and Tilley, C. E., 1963, Contributions to the petrology

of Hawaiian basalts, II, The tholeiitic basalts of Mauna Loa and

Kilauea: Am. Jour. Sci., v. 261, no. 2, p.111-128.

Richter, D. H., 1963, Volcano observations: Am. Geophys. Union Trans.,

v. 44, no. 2, p. 505-507. ~HVO Contr. 180)
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Chronological Summary

The first quarter of 1964 showed less activity associated with the
volcanoes than has been experienced for several years. Mauna Loa
continues to appear calm, and Kilauea has shown no restlessness, although
the density of sulfurous fumes and the amount of sulfur stain on the
lava crusts have increased.

January 7, about OlhOOm__some residents of the Hilo and Puna Districts
were awakened by a quake of magnitude 3.7 and about 8 km deep along the
Poliokeawe fault system, southeast of Makaopuhi, near the coast; 44 small
aftershocks were recordedG

January 29-February 6--a cluster of seismic events included: a
felt quake on the east flank of Mauna Loa, a felt quake 30 km deep of
magnitude 3.3 with 15 aftershocks, 2 half-hour spells of deep tremor,
and more than 100 small shallow local Kilauea quakes in 5 consecutive
days.

h m
February 20 at 22 32 --residents of Maui and northern parts of Hawaii

felt a quake of magnitude 4.3. The epicenter was located at about 13 km
depth off the southwest shore of Maui.

March was ushered in by 3 days of more than a hundred shallow local
Kilauea caldera quakes each, and ended with Alaska's Good Friday earthquake,
its tsunami and aftershocks.



EXPLANATION

5EHCEHCEe8t=:==~===31OE:===:::J'P Mile.

• SeismoQraph Station

o Town or locality
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25 Kilometer.
Ii. A .J LJ,o 1b...J>

Contour interWI 1,000 fHt
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1'-

Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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Tilting of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter in Uwekahuna Vault (table 1)) and at irregular
intervals it is measured on a regional scale by means of a network of
field tilt bases and a portable water-tube tiltmeter. The attitude
of the ground surface at each tilt base is reported in terms of
north-south and east-west tilt coordinates. Both coordinates at each
station were set equal to 500 when measurements at that station were begun.
Increasing tilt coordinates correspond to northward and eastward tilting
of the earth's surface, i.e., to a re~ative subsidence toward the north
and east. A one-unit change in coordinate corresponds to a tilting of
1 microradian (1 mm per km) in the direction indicated.

3



Table 1.--Tilt coordinates at Uwekahuna Vault, January,

'February, and March 1964

Date N-S E-W Date N-S E-W

Jan. 5 467 504 Mar. 1 462 505

12 463 507 8 461 507

19 462 507 15 461 507

26 459 509 22 462 504

Feb. 2 462 508 29 460 504

9 461 508

16 462 504

23 461 506

4

."



\Jl

First quarter, 1964

Table 2.--Tilt coordinates and changes at bases around Kilauea caldera. (See tilt diagram, fig. 2.)

Tilt Base Date Tilt coordinates Rate '(10-
6

rad/mo) Date of
(location) (1964) and direction of last

N-S E-W tilting since reading
last reading {1963 )

Uwekahuna Jan. 22 440.6 503.1 9·1 N. 51° w. Oct. 10
~19°25. 5' N. , 155°17.4' W.)

Tree Molds 21 436.3 508.5 4.5 N. 28° w. 9
(19°26.3' N. , 155°17.3' w. )

Sand Spit 23 850.4 769.3 10.0 S. 55° w. 11
(19°24.1' N., 155°16.8' w.)

Kalihipaa 20 340.4 386.0 1.4 N. 18° w. 7
(19°21.4' N. , 155°15.3' w. )

Keamoku 23 492.3 599.4 2.9 r S. 35° w. 7
-(19°25.1' N., 155°19.0' w. )

Ahua Kamokukolau 22 631.2 536.6 2.1 S. 66° E. 10
119°22.71 N., 155°16.6' w.)

Kipuka Nene 2{) 485.4 509.6 0.4 S. 73° w. 14
(19°19.4' N., 155°16.7' W. ~

Hilina Pali Not occupied this epoch 14
(19° 18. 2' N., 155°18.6' W.~J

Kapapala Ranch 21 495.2 503.3 0.6 s. 82° E. 11
(19°20.5' N., 155°23.8' W.)
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Figure 2.--Tilting of the ground around Kilauea caldera, Oct. 10,
1963 to Jan. 22, 1964. The vector depicting tilting at a
given tilt base points in the direction of maximum relative
subsidence and has a length proportional to the rate of
tilting during the measurement interval. Closed circles
represent field tilt bases; open circles, short-base water
tube tiltmeters.
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Seismic summary.--Events recorded by the D.Se Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 km of at least one seismograph, and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated into groups on the basis of region of
origin as dete~mined by" analysis of records obtained daily at the
Observatory CU, M, A, D, N, WP, MPl. Earthquakes of magnitude 2.5 or
greater are generally sufficiently well recorded to., be located
with greater precision; they are listed individually in table 4. Data
on identifiable phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1, and
essential data on the stations are listed in table 6.

7
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Table 3o-~Number of earthquakes and minutes of tremor recorded on seismographs

U, M, AI D, N, WP, and MP around Kilauea caldera

Tremor is separated into three categories~ deep, intermediate~ and shallow, on the basis of relative
amplitudes on seismographs in the summit region~ Unless otherwise stat~d, tremor is presumed to
be associated with movement of magma within the central complex of Kilaueae

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic. record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea .:·caldera regionj
shallow earthquakes along the SW~ rift zorle of Kilauea and the adjacent portion of the Kaoiki'
fault system; earthquakes along the eastern half of Kilauea's east rift zone=-dete.cted largely
on the Pahoa shortgcperiod vertil~al, earthquakes from a source about 30 km beneath Halema1irnau.J
earthq~akes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank (these a,re usually first arrivals at the Ahua meter or at the new experimental g'eophone near
Makaopuhi Crater (MP»); and earthquakes from other regions: Kana, Mauna Kea, etc.

Tremor

Date (in minutes) Earthquakes

(1964) Inter- Hale,., SWe rift Eastern Hale- uppe1
Deep mediate Shallow maurnau Kilauea and East maumau East Others

slides caldera Kaoiki rift 30 km rift

Jan~ 1 ~ea::t_-=

___ c-.
~m::::ID:I-:I_ _CiiD_c=-c:-. 65 9 --~-. 1 6 ~-------~---~----~~~

2 t!IIIIt. CSiI =- a.:)
_c::..~~

--~-~ ~-:::--- 44 20 "'''-'_CIII 4 7 ~-------~~-----~--~-

3 "':3c::2i~

as_c=:t_
~----='

..-r:~_~«=- 50 21 1 1 2 -~-~------~-~-~~~~--

4 -=:o_~_
.., __ l:aO -c=c ___

~---- 83 13 ----= ---- 6 2 Kana
5 a».=- ... ..,

__ aE:l ..
aK~_~l:C:t

:.m~~__ 121 2.0 __ -=0'1_ 1. 6 1 Mauna Loa
6 -~~-- 6 __ c-.-=_

~c:-.c::zt!CID~ 115 14 ----- ~=--- 35 1 off south shore
1 Mauna Kea

7 ---- __ am_ ~=-t__ -. 1 .125 17 _e-aIZ:J.c:K" 7 9 ~ Kohala Mtc region
1 off south shore

8 _-=»"'::aJ -~.,- .-:)-=:ac:.-c:M~ -= 0::211,,_ ~ 160 9 -~..,- CI8~_~ 15 1 off west coast
1 Kohala Mte
1 Mauna Loa

9 ~CCI"liIK' c:s c::I '8 tK) 4 -1E)_~e- 105 18 1 7 22 1 off north shore
1 off south shore

10 _l2iJ~~ -~''''&...IIa QlDt=-_~~ -.cm .. .-wc. 1-05 13 1 8 10 ~~--------~~---~---~--

11 _-eC::::~ ~t-s'-l~ ~cm~~_ 1 120 10 -~..,- 5 4 ~------------~~-~-~~-~



Table 35--Number of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, AND MP around Kilauea caldera--Continued

Tremor

Date (in minutes) Earthquakes

{1964) Inter-
\

Hale- SW. rift Eastern Hale- Upper
Deep mediate Shallow maumau Kilauea and East mauma-u East Others

slides caldera Kaoiki rift 3-0 km rift

Jan 0 12 60 9 7 ~---~------~~--~--~-~~

13 1 64 18 3 6 1 Mauna Loa
14 26 12 1 3 ~-------~-------~----~

15 50 3 3 1 Koha1a
16 15 2 1 5 1 Waimea region
17 35 -8 1 2 ~---~--~----~~------~~

18 52 -1-0 7 ~---~-~~~----~~---~~~~

19 58 21 2 7 --------~-~~----~-~~~~

20 50 6 7 ------~~~~------~~-~-~

\.0 21 60 5 1 1 -~-~-~-~~---~-~~~~~~~~

22 80 14 7 ~--~~-~~~---~~~~--~~~~

23 80 6 8 2 Offshore
24 70 6 5 7 ~--~~~~-~--~-~~~~~--~~

25 55 5 2 11 ~~-~~-~~~-~~~-~~~~~~~~

26 60 7 5 1 Kana
1 Hilina Pali System

27 35 6 ~~---~~--~-------~-~~~

28 60 '7 1 5 ~-~-----~-~~~~~~~~-~~-

29 75 3 2 4 1 Mauna Loa
30 55 ~--~-- 16 3 -~--~-~~--~~-~~~~~--~~

31 30 43 17 2 8 l off west coast
Feb. 1 50 13 6 11 1 Kana

1 Mauna Kea
2 45 51 6 6 1 Mauna Kea

3 100 11 3 4 1 off west coast
4 130 5 4 -----~---------~------

5 7 -1 120 12 4 5 ----------~----~----~-

6 50 9 6 7 -----------------~----

7 65 5 4 3 ~-----------------~---
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Table 3.--Number of earthquakes and minutes of-tremor recorded on seismographs

U, M, A, D, Nz WP z and MP around Kilauea ca1dera--Continued

Tremor

Date (in mi.nutes) Earthquakes

(1964) Inter- Hale.., SW¥ rift Eastern Hale- Upper
Deep medi8,te Shallow maumau Kilau.ea and East maurnau East Others

slides caldera Kaoiki rift 30 km rift

FebQ 8 ~-~-
~.-~~~ ClI:l~~"-~ _UI&.~~'" 30 10 1 3 6 2 off south shore

9 ~-:lI_~
~*='''~l:ClI --=-=-~~ -.=:I C=.-:: c::Il) ~ 30 7 2 4 7 1 Kana

10 ~c:::.-=_ ..... ~~~-= ~~-=:;la.:lc:. -::::a;,-=~,,=~ 40 4 ~"'CII:I" 2 5 ~~---~--~~---------~-~

11 -~:-.~ _.elC~c.-~

~~ __ tIC.

t....-<t -=.:3' ~ .... 85 3 ---~- 4 3 ~--~-----~-~----------

12 =!:!II!!:~IIE:) _ =- ~ c:.otllE1 ., ~ ~--
CEoJll!')" __ .m 80 5 ---~ 3 3 -~------~-------~-----

13 _~a.; ... lIIIC~~~~ ilI8' =-a c::=:-._ ~~CIIIt--=--= 50 6 -~..,- 2 3 ~------~-~-----~--~-~-

14 =CZD_ ... ~~.,-~~ -=~.,~~ t:IIItc:::ll-=:lC-=:--== 46 3
__ 11::I_ 1 4 1 off north shore

15 ~~~~

~-.E-= __ c:;:l
~C:II~-_ ~~~~- 68 6 _"~CWD 1 ~ EZ 3m--=

-~------~-~----~~----~

16 25 ~-~-=:.-=, 5 ~3Et ....... ~ 60 13 ---- 2 5 ------------------~---

17 32 -=-~~-~ --=---- --=~-- 60 11 - -' - ~ 1 -.~~~

---------~~-----------

18 38 ~ =:5 ~-='C3
~--~-

~~-=_=-: 80 9 ---- 8 -~~- 1 Kana
1 Mauna Loa

19 -~-~-
.-;~~c:=-~ ~-~_-. ~~-"-'" 88 17 --~~ 6 4 1 Kana

1 Mauna Kea
20 az:-:t.-ac::: ~~c-.~~

~-~- .. ':E'~..m_~ 52 14 -: - =-- 3 3 1 offshore -M.aui
21 t=J_..:J_ ~ __ -==C3I ~ __ C2t~~

~~=--=- 49 10 ----~ 9 9 1 Kana ...
22 22 10 _c-=~ __

'=-~-~~ 50 6 __ l::Sl_ 4 4 1 Kana
23 21 _ ~::.IIE:)t=

~-~--

~-=:l __ ~ 50 4 __ ~CD 4 6
-~ _______________ ~ ___ D

24 ~_~t:M -._~-=:.c::::ro

~:8I'l~ __ 1- 66 22 1 3 5 1 Kona
1 off south shore

25 -= ~a- =-0: 22 :z:= ... ..,_:.- =-:I'JE::)~~a:: 50 16 --=»-~ 6 3 -~------~--~-----~--_.

26 =-:::I:.lI_~ .c~_~CIIK ~_=-~caJ ~~C"tc::._ 45 7 1 3 3 -~--~-----~----~~----~

27 ~---
_ c.~_c;-.

t-.~::Dc:a _ c.tl.., =- ma:_ 20 5 _~".:J 3 5 ~----------~--~-~-----

28 ~~~c::z: ~a.:._~~ ~c=-_Ii1C~ ~~-a~,~ 75 5 _,..,.c:_ 3 6 -----~----~~~~~~~~ ___ n

29 ~c.a-..aa.l -~~-~ ~~_c::s .....
-~~-~ 50 7 1 2 14 1 Mauna Loa

Mar. 1 ~~-='~
~ __ ~c-.

_::x::.-~_ _~~IIE:::~ 50 6 ~e-o~~ 2 5 ------~-~~~---------_.

2 30 -~~-- _~_a.J~ 1 150 12 --- - 5 15 ~~-------~-~---~~---_.

3 -~~~ 2 -=.-.rt~_
-~~~- 150 10 ---~

... ~_ ...... 1 ~~~---~~~-----~--~-~_.

4 ---'QIIII;
.-EI_~_~

-..,~._~

:K) __ ~~ 170 14 ---- ...... ---- 12 --~--~-----------~---.

5 ~~~- ~-~~~ ----- ~~~~-= 88 7 ~--~ ----- 7 1 Mauna Kea

'.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor

Date (in minutes) Earthquakes

(1964) Inter- Hale- SW. rift Eastern Hale- Upper
Deep mediate Shallow maumau Kilauea and East maumau East Others

slides caldera Kaoiki rift 30 km rift

Mar. 6 ---- ----- ----- --~-- 75 10 ---- 1 6 1 Kona
7 --_.- ----- ----- -----=- 88 10 ~--- 1 10 2 offshore-Kona
8 ---- ---~- ----- ----- 65 12 ~--- 4 ---- --------------------
9 ---- ----- .._--- ------ 60 4 --_ ... 1 4 -~--------~-~-----~-

10 ---- ----- ----- ----- 70 4 1 3 3 ~------~----------~-

11 ---- ----- ----- 1 107 9
___ .:E: 4 2 1 Kohala

12 ---- ----- ----- ----- 75 6 ---- ------ 4 --------------------

13 ---- ----- ----- ----- 105 8 - ---- 1 2 2 Mauna Loa
14 ---- ----- ----- ----- 76 12 ~--- 3 3 --------------------
15 ---- ------ c::. ____ ...... _-- 88 9 __ -=--=a ------- 5 2 Kona
16 ---- ----- ----- ------ 100 24 ..,--- 3 3 1 off west coast
17 20 --=--- -=----- ----- 75 10 ---- 6 7 --------------------
18 -=---- ----- ----- 1 127 13 --=--- 12 7 --------~--~--~--~-~

19 Severe electrical storm--instruments turned off
20 ··-do- -do-- -do-- -do-- --do-- -do-- -dQ- --do-- -do- . do ..
21 ___ -=- ----- ----- 1 60 3 ---- -=--=----- 6 ---~----~~------~~~-

22 ---- dIIt ____ 4 9 53 6 2 2 6 ---------------~---~

23 ---- -~--- 4 11 63 5 ---- 6 6 -------~~-------~~--

24 7 ----- ~---- ----- 48 9 1 4 4 ---~--------~~~~----

25 ---- ----- -=----- -~--- 76 6 ---- 2 10 -----~----~~-~-----~

26 ---- ----- ----- ------ 59 10 ---- 5 l4 1 Mauna Kea
-. 1 Mauna. Loa

27 ---- ----- ----- ------ 101 5 1 1 ---- -------------~------

28 ---- ----- ----- --~-- 71 20 ---- 5 6 --------------------
29 ---- ----- ----- ----- 60 7 ---- 5 7 --------------------
30 ---- ----- ----- ----- 73 7 ---- 5 6 --------------~-----

31 ---- ----- ----- ----- 80 6 ---- 3 12 -~------------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March 1964

[Entries for a given quake are: date" origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are4included in the list.

In the following list some origin times are followed by "KM 30" and a statement of magnitude. These are
all members of a continuing family of quakes noted also in other Summaries. The best mean focus for
this group is beneath Halemaumau at a depth of 30 km (19°24.1' Ne, 155°17.1' W.).

In the following list a number of quakes are described as "Upper east rift" (see Summary 28). Their
average epicenter is approximately 19°21.5' N., 155°14' W. about 2 km south of Aloi Crater at near
surface depth.

The mean focus of the magnitude 6.1 Kaoiki fault system earthquake of June 27, '1962, and its aftershocks
is 19°24' N~, 1,55°25' W.} at a depth of 3-8 km. This focus has been abbreviated "Kaoiki"]-

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat~ N. Long. W. Description- - -

Jan .. 1 20 52 22c4 2,3 ~~-~~ ~----= ... --~ _I:E".~~ __ ~_ Kaoiki-------------------- ---------------
2 06 20 27.4 2~5

.-r_~ __ ~
--~--..,-QE:l _-=:_'-'--~~ -~do---------------------- ~---~----------

3 06 18 33·9 2~6 _~_~c:.

~ ___ ~_C3lK-=:J~ _--= __ .-tJ~_ ... KM 30--------------------- _______ ellllE-.,c::= _____

3 13 47 04.0 3.1 -_ ...-~..-: _"--till:~~ -= _ ~ _~-= __ -.r .. .- Kaoiki-------------------~ ----------------
6 05 24 22.4 2~6 8 19°08.3' 155°24.5' 22 km SSW of Desert ---------------

seismometer.
6 17 11 45~3 3~0 13 19°49.1' 155°31.8' 8 km N.. of Pohakuloa - - -'- -- Felt in Honokaa
7 01 06 2500 3.7 8 19°18~o' 155°13~5' 9 km SSW of Makaopuhi----- Felt over half

the island of
Hawaii.

7 01 27 39~5 2.2 8 19° 16r, 2' 155°13.4' 12 km SSW of Makaopuhi---- ~--------------...

7 02 04 17e9 3.6 5 19° 16~ 3' 155°11 .. 8' 2 km N. of Apua. Pt~-------
__________ ~_:'lc_=_ __

7 08 14 43~O 2~7 8 19°14~8' 155°13.2' 3 km SW of Apua Pt~-------
___ ~ ____ ~ ___ -.r- __

7 18 11 01w6 2~4 13 19°51~6' 155°31.5' 12 km N. of Pohakl.l1oa - - - - - --=--~--------_:-

7 22 54 52.5 2.3 "--- .... ~ ... -. __ te='t!£::)_~

_c.') ____ ~ __

Kaoiki-------------------- ------_ ... ---~-~-

8 01 10 14.0 2.8 13 19°57' 156°53' 112 km WNW of Kealakekua ------------------
8 03 14 55~0 219 13 20°05.6' 155°39c7' 8 km NNE of Kamuela Felt in Kamuela

'.
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March 1964~-Continued

ne

t---

Date Time Magni- Depth Epicenter Felt
-(1964 ) tude (km) Report

h m s Lat. N. Long. We Description-- -

Jan. 8 11 08 19.5 2.3 8 19°09.8' 155°41.9' 17 km NW of Naa1ehua-------- ~c::=t~c==t_ ... ~_~~_c:.lI_~

9 09 47 4405 3.1 13 20°20' 156°02' 20 km WNW of Upolu Pt------c=o c.c=c=::=- ___ ... ___ c::=_~ __

9 15 01 1204 202 < 3 19°22.1' 155°05.7' 9 km E.. of Makaopuhi~--~---~ c::JIc::::.a=:=_~c:::::::l_~-='___ =-~

9 18 32 3103 2~4 3 19°1408' 155°12eO' 2 km SSW of Apua Pt~coo--coo-_ .... - -=- .. -£:._---~---~-

10 01 58 1405 2.2 c.- ___
_____ -=-a_~ __ r=-_ ... _~c::::ae:-

Kaoiki~-=--~----------------
~~_~_~_~.-::I ___ c..~

10 19 13 15.4 2.5 8 19°16 .. 5' 155°13 .. 2' 4 km NW of Apua Pt---------""" c:::a ___ e-~ __ ClllC_r:._c.i't::I&c=::J

15 04 59 33.9 2.0 8 19°16.6' 155°1403' 6 km NW of Apua Pt----------
_c:::E: _________ ~~~

16 15 40 5700 300 13 20°0604' 155°4908' 16 km WNW of Kamue1a ca =------ Felt in Waimea
18 20 46 49.9 203 _"'~c::::::I

_.__ ~-=:a __ 1:ZI

1I:-e-:::J_mD_a=c=-_t=- Kaoiki-c=o-------~-=-~-------~
_c:::I __ e;::,_c::k: __ c.l __ ca-=:;ll

23 15 43 49.5 2.0 3 19°2408' 155°08.2' 7 km NE of Makaopuhi--------- ____ c::.. ____ CI:I-=_c=::Jc:a::lIc::I:a

23 17 43 07.5 3.0 13 19°42' 156°08' 32 km NW of Kealakekua~------
_c-._e-: __ -=- ___ ~_t=-c::::s

23 19 04 47.0 2.7 13 18°50 1 155°19' 40 km SE of Naalehu~---------
___ ~a=;;a __ -a~~~ __ c==e:-

25 23 58 23.0 205 8 19°15.6' 155°13 .. 2' 3 km W.. of Apua Pt---~--~---- -==--~------~-~~

26 20 40 44.0 2.5 45 19°13.3' 155°03.8' 16 km ESE of Apua Pt--------- -----.-::-------~

30 05 38 43.3 3.2 ~---=-

__ ~r-. __ c:::lI~
~~~_c=_-=-__ .~ Kaoiki--==~--~----~~--------- Felt in the

Kilauea
summit
regiono

31 00 29 00.1 303 --- ... _ClS_c::a.__-=-c=- ~.a ... ~_=_~-=:ac:ac::3 KM 30--------~------~-------- Felt in the
Kilauea
summit regia

31 05 44 36.0 2.2 ~e-_c:.

-=- ____ c=-_E::J
____ ~C2 __

KM 30------------------------ ~_._:l_a._~~_t::::I:llI_C=:I __

31 18 31 41.0 2.6 8 19°3304' 155°5908' 10 km WNW of Kea1akekua------ _~.::::le-__ ~_c=::I_~_c;li:Je::D

Feb~ 1 19 44 16.5 2~4 8 19° 48. l' 155°3405' 8 km NW of Pohakuloa~-------
_c:= __ c:sE:l-=- _____ ~_=:I

2 13 48 40.0 2g3 3 19° 17. ~, 155°12.8' 12 km SSE of Ahua seismometer c::a_a- ___ c.--~c::::J_-=--1IC"

2 22 12 48.0 2.2 ----=-- ___ a.a __ -=a_ ---------- Kaoiki----------------------- -------------==---
3 09 2-7 20.0 2.0 8·- 19°13.7' 155°29.3' 3 km NNW of Pahala---------- -------------~-

3 11 06 34eO 2.8 8 19°35.5' 156°07.5' 24 km WNW of Kea1akekua-----
____ ~-=- __ -=-~ ___ c::=3

'4 11 29 41.6 2.5 13 19°26.8' 155°16e9' 3 km NNE of Uwekahuna------- --------------



Table 4~--Local earth uakes recorded b seismo ra hs of the U&S. Geol0 ical Surve
January, February, ffnd March 19 4~-Continued

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h lTI S Late, N. Lop-g. w. Description- -

Feb" 5 15 57 09~5 2~2 ~-~~ -..-:._'=--~-:;- ~ __ IIIIC.-='_'-,-_~ Kaoiki~-------------~------ -=----_ .. ~--------
6 01 18 o8~6 2.2 -- -=~~ _,,(K-"~cz:a_~_ _... _---~---=- KM 30--------------~-----=-

-e:. __ ~ ___ ~_=_ ______

7 01 35 46.5 2.7 3 19°16.3' 155°07.5' 8 km ENE of Apua Pt~-------
~_- __ l:IIIe _____~ ___

7 08 06 02~0 2.8 3 19°18.0' 155°0300' 16 km ESE of Makaopuhi----- ~--~-----------8 14 22 35~0 3,4 13 18°40' 156°56' 137 km WSW of South Point ~~~ ___ e-. ________

8 20 05 24~0 2.0 8 19°01a5' 155°20.5' 27 km ESE of Naalehu~------
~--------------

9 12 09 32.5 2.5 8 19°18~9' 155°48.2' 27 km SSE of Kea.Lakekua---- ~ ... _------------
9 21 06 34~0 2.9 ~~c.--=

_~ __ ~tE::WID_~

~-------- KM 30---------------------- Felt near the
Kilauea
summit region

10 12 57 50.2 2.5 --..-_-=- _~s::::::tc::=-",,_c:J~

~-=:I_----~~ Kaoiki--------------------- ----------------
13 21 21 27.0 2.8 ~~ .. ~ __ -=:J ____ ~

---------=- Kaoiki-~------------------- -.-::_-~----------

14 21 50 1100 3Jl 13 200 34 i 155°49' 33 km NNE of Upolu Pt------ --~----=-~~~----

16 03 10 37.5 300 -=~~fIIE\ ~/IIIIE_~~~~=_' --------- Kaoiki--------------------- Felt in the
Kilauea
summit region

18 02 59 48.3 2.4 8 19°07.. 8' 155°43.3' 16 km WNW of Naalehu:------~ .... ~a.t __ ~_-=t_::____ ~_

19 23 56 15.0 2.5 8 19°49~4' 155° 35.8' 8 km BE of Waikii---------- -~----~-------=-

20 22 31 44.5 4.3 13 20° 42' 155°50 1 41 km ESE of Ha1eakala ... ---- Felt in east
Maui, Koha1a,
Honokaa,
Kamuela, and
the Kilauea
summit region

21 00 39 5400 2~. 4 8 19°42~8' 155°47.2' 27 km NE of Kealakekua----- t:z:) __ -= ___________

21 17 14 30~8: 2.1 -'=-~~
_ -..~._;,..a::.~_

-='.s_aII~ ____

Kaoiki~... --------------~---~
~_ ... e-~ .. _________

21 23 45 5300 2G3 3 19°18,,2' 155°07.5' 10 km BE of Makaopuhi----~-
_.z:::lc::s-== ___ ..,_Cla ___ ~_

22 14 45 57.5 2v5 8 19°15,,9' 155°52,,2' 10 km NNE of Milo1ii-----=- .c:I~---------_-.cza_m.

23 18 22 48.9 2.0 l~ 19°244'9' 155°14.5' 5 km NNE of Ahua seismometer e:::--_~ .. ____ c:.-~CIl::S~_~

24 05 42 52.0 2~3 8 19°17.2' 154°50.9' 16 km SE of Kalapana------ao:> --=--=~--_ ... -=.~~II:J_~.

~5
00 51 37~O 2.1 3 19°2003' 155°05 .. 9' 9 km ESE of Makaopuhi .... --~-- ~ c:. __ ... __ ... ___ ____

23 51 28~0 204 8 19°18 .. 1' 155°09.0' 8 km SSE of Makao:puhi-ICO~-"'- ~-~-----=----=-~~-

- ...



•

Table 4.--Local earth uakes recorded b seismo raphs of the UoSe Geolc ical Surve ,
January, February, and March 19 ~-Continued

Date Time Magni- Depth Epicenter Felt
(1964) tude ---{km)

~ Report
h m s Lata Nc Lo:ng~ We Description- - -

Feb 0 26 09 29 27.3 205 ~-~-

_s.- __ c:::::::B_~~
c::::::r_c=c.~ __ -=-e- KM 30~-~-----------~~~-~-- e::-c:.c::::D~ ___ ~~c:.:l::3 __ ~~c:::::I

26 16 55 59.8 2.2 -.. -~ ____ -=- __ -=-_c.I
c::._~_ ... .-c:::=-_ .. KM 30~~~~----------------- C»~~_c=BC=-_~~c.I~~~c:::.~c=:::J

29 22 46 4905 301 5 19°1900' 155°0700 1 8 km ESE of Makaopuhi----- ~_~e-c-.e:.-~_e.~~__ ~_1::::1

29 23 49 36c2 2.6 8 19°14.8' 155°34c8' 20 km Nll of Naalehu~------ t=::IQI;;:lI~c:::.a_c:=:Ic:ae_::=aC=-:lIi::c~m=~:::E:I~

Mar 0 1 12 33 5507 201 3 19°17~2' 155°1108' 3 km No of Apua Pt------- ... __ ~c:=_c_=~ClmIc=::~c-.~c=J_~~E:J

1 15 42 56 6 0 205 ___ C3_ ___ .. c:::._ .. ~ ~_e-. __ e:=Ite::- __

KM 30~----~----=----------
a:- ____ ~~~ __ =-~~~C=_:l_

1 19 22 27eO 2Q7 _~s=2_

I::'c:aC=-="E:I __ c::8
-='~~c=-_c..I-=tc::sClll Kaoiki~~---~---------~---~ Felt near Pahala

2 11 12 4902 208 _ca __
~c:=--=-_c=a-=-~c-. ~~e-e:-e::-o"'~~_ Kaoiki==------------------ Felt near Pa.hala

5 22 19 1203 3.0 13 19°5202' 155°36.5' 19 km SSE of Kamuela~----- Felt in Honokaa,
Kamuela, and
near
Pohakuloao

7 01 05 01 .. 0 2c7 13 19°18e8' 155°5305' 23 km SSE of Kealakekua--- c=-c=t_~"e:-c::::::z~_-=~_-=-IIIIIICI~c:=;ot

7 19 01 46e5 3.0 13 19°12' 156°28' 67 km wsw of Kealakekau---· E::zrc;:)_~_-='!~_=c::lClle-~_ca:~~

7 20 15 07.0 200 ---- -----=-~--
1I:::::a~~c:;;;;;;a_c::::»c::::;a-=::a1lZ Kaoiki~----===-~---=-~-~~~ .. -=-ca._e-_c:a::lC=::::l:2:ICZ:::~c:::a_c=il~c:::::I

10 00 54 3800 3e6 8 19°16c5 i 155°1009' 2 km NE of Apua Pt-----=-- Felt trIer east
half of
island of
Hawaii 0

10 15 00 03.3 2~0 8 19°11.5' 155° 26. 8\t 3 km ESE of Pahala------E:a- ~~ ___ ~_al::::Ie_o __ ::c::;:~II=::J_=_..,

10 22 09 0804 2.0 ca ___ ~_c::._____
--~-----~ Kaoiki-~--=------~-~-=--~-

~_r::a~-=:a__ e_JC"=I_Ck1~fZ3I___

11 19 08 14G5 2e6 8 20°04,,6' 155°4903' 13 km WNW of Kamue1a-"..---- c:::._c. ___ ~~ClCe:a_~~c=I_=_c::II~

11 19 30 56.4 3.7 10 19°17.5' 155°0508' 12 km SE of Makaopu.hi----~ Felt in the
Hila regione

13 11 55 09.0 2e8 3 19°30.8' 155°36.0' 3 km NW of North Bay ____ ~_ ... e-C-='c=3I ____ .. c:s

seismometer"
13 21 20 20.5 2.4 8 19°09,,1' 155°40.0' 14 km NW of Naalehu------- -~-----~_=_e.__ ~_~_

14 05 44 42.0 2.5 -----
______ c:a~

--------- Kaoiki--------------------
_~ _____ e_~ ______ ~

14 15 ·58 15.5 203 3 19°23,,2' 155°47.1' 21 km SE of Kealakekua---- __ .. _____ r.-e-J_~ ___ ca

15 12 56 36.9 3.2 3 19°21G1' 155°07.1' 7 km ESE of Makaopuhi----- _-=-e:-e:-_&:I_-=-_~______

15 19 55 37.0 2.4 8 19°22.8' 155°56.3' 4 km wsw of Hookena------- .. ~ ______ ~_~ __ a.e__



Table 4~--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
January) February, and March 1964--Continued

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat. N. Long. W. Description- - -

Mar. 15 19 55 37.0 2.4 8 19°22~8' 155°56.3' 4 km WSW of Hookena -_IIIIIIt; ______________

16 09 09 56.7 3~1 13 19° 15 t 156°25' 62 km wsw of Kealakekua -~~~------------

16 12 17 36.5 2~4 ~QIKlI~~

~ ___ -.c~ __

~------- Kaoiki------------~----
_:JIE _____ ~_~ ___ _= __

16 23 06 46~0 2e8 _-=-tE::~

-~-~---~~

tIIa! _____ r:::.J_ Kaoiki----------------- Felt- near Pahala
17 21 13 1299 2~1 3 19°18~8' 155°05.8' 12 km ESE of Makaopuhi --~-------=-_.-_---

18 13 25 35~5 2.3 25 19°18.0' 155°15.5' 8 km 80 of Ahua ..cI~ _____ ~_~ _ _.El ____

seismometer.
19 21 14 20.0 2.3 8 19°08~3' 155°0200' 30 km SSE of Makaopuhi =-~_e-________ ~ ___

20 07 52 1305 2~5
I

KM 30--------------~~---... _IIR-= ~ __ :zr~~:IK:~~ -=-_~ __ ~_~a:m

~-=-~-:------------

23 03 08 5000 2.0 .-:c:.c.-::-.
:..-~=~~--~ ~~~-~---~- KM 30---------------~-~- ---~---=-~~-~-----

24 02 05 12.7 2,,0 3 19°15.9' 155°12.3' 2 km NW of Apua Pt------ ~~~~ __ ~c:a _ _:.: ______

24 02 43 14~0 2~0 8 19°22.8' 155°02.9' 15 km ENE of Makaopuhi .:E:.=- ______________

24 12 57 07~5 3eO 3 19°22.1' 155°05.2' 11 km E. of Makaopuhi Felt irl Hila
24 16 12 35.5 2.0 8 19°15.5' 155°29.4' 16 km SW of Desert -------~--------

seismometer.
25 17 32 42.7 2·9 ~::':-c::::JeE:l ~~~~3E~~~ ,-,==~,--=,_e-'~_ Kaoiki-----~----------~ -----~----~----~

26 00 54 49QO 2~4 8 19°52.5' 155°10.0' 19 km NNW of Hilo------ -~---------~-~_..
26 17 11 30.0 2 .. 6 8 19°11.3' 155°25.9' 22 km NE of Naa1ehu=c=--- ~-----~~~=-'~~--_ ..
27 02 10 22·5 2t,4 3 19°21.8' 154°54.8' 15 km SSE of Pahoa---.c- ---,-..------------
28 12 03 46.2 205 _~t:aIC_

-~~~-=--.:::::.~

__ ~ ___ ~~ _ _.E. KM 30---------------=-- -=---------------
29 16 16 15.0 2,,2 8 19°16,,2' 155°13.8' 4 km WNW of Apua Pt---- -------~--------

30 11 22 47.0 206 -- -~-- ~------.-, --------=-.- Kaoiki----------------- ~-='~-------------

30 12 15 35·0 2.6 3 19° 1·7 ~ 4' 155°10.7' 10 km 8 of Makaopuhi Felt near Hila



'."

Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a "d" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in
table 6. Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenter, origin time, focal depth,
and magnitude are taken from "Preliminary Determination of Epicenters"
published by the U.S. Coast and Geodetic Survey.

The great number of aftershocks following the March 28 Alaskan
earthquake necessitated a separate listing of these events (end of
this table). Many Alaskan aftershocks continued to occur after
the end of the quarter, and these will again be listed separately
as "Alaskan aftershocks" in HVO Summary 34]

Jan. 5, 1964 Jan. 6

C&GS card l-64~

18:33:5407
8.0° S., 74.5° w.
Central Peru
h about 150 km
Magnitude 5.2 (CGS)o

Jan 0 5-6 Jan. 7

C&GS card 1-64:
23:45:23.4
50.9° N., 157.3° E.
Southern Kamchatka
h about 33 km
Magnitude 5.6 (CGS)

5.9 (HVO)o
(

M Z
D Z
rvIP Z
U Z
Pa Z
Ke Z

eP
eP
iP
iP
iP
eP

18:46:51~8 c
50.6 c
49.8 c
5007 c
49.6 c
52.8 c

M
U
U
U

Z eP
PEE eS
PEN iG
PEZ iR

23:54:05.5 c
00:01:07
00:05:27
00:07:31

C&GS card 3-64:
23:46:1007
52.3° S., 28.6° E.
Prince Edward Islands region
h about 33 km
Magnitude 6.5 (HVO}.

M
D
Na
Ke
Ha
U
U
U
U

Z ept
Z ept
Z eFt
Z ep t

Z ep t

PEN iSS
PEE eL
PEN eGo
PEZ eR

00:05:52.0 d
5008 d
49.7 d
52.3 d

00:06:01.8 d
00:29:25
00:47:05
00:48:32
00:55:17

17

M Z iP 08:54:56.0 c
A Z eP 57·5 c
D Z iP 57.8 c
MP Z eP 58.0 c
U Z eP 57.0 c
Pa Z eP 56.9 c

C&GS card 1-64:
08:46:48.0
54.0° N., 165.5° w.
Fox Islands, Aleutian Islands
h about 80 km
Magnitude 4.7 (CGS).

Jan~ 8

M Z iP 22:43:30.1 c

C&GS card 1-64:
22:30:52.5
308° S., 119.3° E.
Celebes
h about 112 km
Magnitude 5.3 (CGS).



Table 5.--Distant earthquakes--Continued

,i

Jan. 13

Janc. 15

M Z eP 2l:45:55~9 d
A Z iP 57a2 d
D Z iP 5600 d
U Z iP 57~0 d
Pa Z iP 59cl d
Hi Z iP 57.7 d
Na Z iP 56c2 d
Ke Z iP 50~8 d
Ha Z iP 47~6 d
U PEZ i.R 22:08:34

C&GS card 3-64:
21:36:05~0

29.10 N., l40~8° E.
South of Honshu, Japan
h about 70 km.
Magnitude 6~75 (Pas)

6~ 4 (CGS) ~

Jane 18

M Z iP 12:16:3806 c
D Z eP 38~7 c
U Z iP 3903 c
Ke Z iP 3203 c
Na Z iP 37~2 c
Hi Z iP 40aO c
Pa Z iP 41~2 c
U PEE is 12:27:24
U PEN iL 12:36:26
U PEZ eR 12:40:26

C&GS card 4~64:

12:04:40&0 0

23~loN., 120.5 E.
Taiwan
110 dead, 479 injured
h about 33 km
Magnitude 6.75 (Pas), 6~75-7

18 (Brk), 6ft5-6~75 (Pal),
6 .. 1 (CGS) J 6. 5 (HVO )'.

08: 57= 57
56
54
52
53
54
57
52

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

preliminary listing.

M Z
A Z
D Z
MP Z
U Z
Pa Z
Hi Z
Na Z

Japan No C&GS

Jan,: 10, 1964

M Z iP 05:00:34.,5 c
D Z eP 35.0 c
U FEE is 05:08:30
U PEZ eR 05:16:32

C&GS card 1-64:
04:50:53~4

42~0° N., 142~6° E.
Near south coast of Hokkaido,
h about 33 km
Magnitude 5,,75-6 (Brk), 5w"5 (CGS),

6~ 2 JHVO).

Jan~ 10

M Z iF 17:06:44~2 c

C&GS card 2-64:
16:57:26.5
45~4° N~, 150~0° E.
Kurile Islands
h about 50 km
Magnitude 5 ~ 4 .( eGS ) .

Jan. 12

M Z iP 06:07:02.1 d
A Z iF 03.1 d
D Z iF 03*.2 d
U Z iP 02.6 d
Pa Z iP 02~5 d
Hi Z iP 00~6 d
Na Z iP 05~0 d
Ha Z iP 06:06:50.2 d
U PEZ eR 06:16:07
M Z Tmax 06:44:30
A Z Tmax 06:44:57
D Z Tmax 06:44:35
U Z Tmax 06:44:26
Pa Z Tmax 06:44:36
Ha Z Tmax 06:42:41
Hi Z Tmax 06:44:08

C&GS card 4-64:
06:00:13~2

53D 2 0 N., 166.3° We
Fox Islands, Aleutian Islan.ds
h about 33 km
Magnitude 5~5 (cas), 5.8 (HVO).



~able 5.--Distant earthquakes--Continued

17:27:44.3 c
45.;1 c
44.5 c
45.4 c
44.7 c
35.7 c
41.0 c
44.4 c
44.8 c
45-9 c

Feb. 5

Jan. 26

11:43:01.4 c
02.6 c

11:42:59.3 c
11:43:03.8 d

05.1 c
07.3 d

09:22:20.4 c
20.7 c
20.1 c
20.6 c
19.4 c
20.6 c
24.6 c

C&GS card 12-64:
11:30:15.7
36.5° N., 141.0° E.
Central Honshu, Japan
Felt: Tokyo
h about 46 km
Magnitude 6.25 (Pas), 5.4 (CGS),

5.8 (HVO).

Feb. 5, 1964

Hi Z eP 11:40:08 d
U PEE eS 11:48:04
U PEZ eR 11:56:16
M Z Tmax 12:43:02
A Z Tmax 12:42:55
MP Z Tmax 12:42:57
U Z Tmax 12:42:53
Pa Z Tmax 12:43:04

A Z iP
D Z iP
:MP Z iP
U Z iP
Pa Z iP
Hi Z iP
Ke Z iP

C&GS card 9-64:
09:09:33.9
16.3° S., 71.7° W.
Southern Peru
6 injured, slight damage

at Arequipa
h about 116 km
Magnitude 6.1 (CGS).

D Z eP
U Z eP
Na Z eP
Pa Z iP
Hi Z iP
Ha Z eP

C&GS card 12-64:
11:35:18.6
19.7° S., 179.8° w.
Fiji Islands region
h about 414 km
Magnitude 5. 5 (eGs)

Jan. 22, 23

M Z eP 00:08:52 d
U PEN eS 00:15:58
U PEN eG 00:20:22
U PEZ eR 00:22:46

C&GS card 9-64:
23:59:43.6
13.7° S.~ 165.9° w.
New Hebrides Islands
h about 33 km .
Magnitude 6.0 ~CGS), 6.1 (HVO).

Jan. 24

Jan. 20, 1964

M Z eP 17:17:37.4 c
A Z eP 37.1 c
U Z eP 37.2 c
Na Z eP 33.9 c
Hi Z eP 40.0 c
U FEZ i 17:18:16 d
U PEE is 17:24:56
U FEN eBS 17:28:57
U PEN eG 17:30:18

C&GS card 7-64:
17:08:37.4
20.7° S., 169.9° E.
Loyalty Islands region
h about 141 km
Magnitude 6.75 (-Pas.), 6.1 (CGS;,

6.0 (HVO}.

M Z iP
A Z eP
D Z iP
MP Z iP
U Z eP
Ha Z iP
Ke Z iP
Na Z iP
Hi Z iP
Pa Z iP

C&GS card 7-64:
17:17:45.5
38_7° N., 129.4° E.
Near East Coast of Korea
h about 54.2 km
Magnitude 5.3 (cGS).

19



Table 5.--Distant earthquakes--Continued

C&GS card 14-64:
l3:07:25~2

55.7° N., 155~8° w.
Kodiak Island region
h about 33 km
Magnitude 6c75-7 (Pas), 6~5-6.75

GBrk), 6u75~7 (Pal),
6~ 5 (HVO).

Feb. 6; 1964

M Z iP 13:14:26.1 c
A Z eP 27~1 c
D Z eP 27.4 c
U Z eP 26.4 c
Ha Z eP 18.3 c
Pa Z eP 25c7 c
Na Z iP 30.2 c
Ke Z iP 25.8 c
U PEN is 13:20:12
U PEZ iR 13:24:02
M Z Tmax 13:52:57
A Z Tmax 50
D Z Tmax 44
MP Z Tmax 13:52:48
U Z Tmax 59
Pa Z Tmax 55
Ke Z Tmax 40
Ha Z Tmax 13:51:05

Feb. 6--Continued

iP 11:25:15.7 c

Tmax 15:45:46
Tmax 44
Tmax 35
Tmax 15 :43: 54

Z

Z

M

C&GS card 17-64:
15:00:32.6
56.1° N., 154.3° w.
Kodiak Island region
h about 33 km
Magnitude 4.4 (CGS).

Feb~ 8

M Z
U Z
Pa Z
Ha Z

M

C&GS card 14-64:
13:13:45.2
55.8° N., 155~9° w.
Kodiak Island region
h about 33 km
Magnitude 5.4 (cas).

C&GS card 12-64:
15:19:38.1
10.5° S., 120.7° E.
Sumba Island region
h about 43 km
Magnitude 4~9 (CGS).

Feb. 6

Feb~ 6

iP 13:20:4509 c
iP 47.0 c
eP 46~3 c
iP 45.2 c
iP 49.5 c
Tmax 13:59:04
Tmax 04
Tmax 13:58:57
Tmax 13:59:00
Tmax 07
Tmax 13:58:55
Tmax 13: 57: 34
Tmax 13: 58 :44

Feb. 6

M Z
P Z
U Z
Pa Z
Na Z
M Z
A Z
D Z
MP Z
U Z
Pa Z
Ha Z
Ke Z

20



Table 5.--Distant earthquakes--Continued

C&GS card 15-64:
16:29:45.0
5.1° S., 151.7° E.
New Britain
h about 55 km
Magnitude 6.75 (Pas), 6.0 (CGS),

6.4 (HVO).

Feb. 14--Continued

C&GS card 16-64:
20:32:53.6
40.2° N., 124.6° W.
Near coast of Humboldt

Ca.lifornia
h about 27 km
Magnitude 4.6 (CGS)

C~GS card 15-64:
09:53:5101
44.6° N., 150.0° E.
Kurile Islands
h about 50 km
Magnitude 5.2 (CGS).

Feb. 26

COilllty,

iP 10:02:53.6 d
eP 54.3 d

Tmax 21:14:56
Tmax 56
Tmax 56
Tmax 34
Tmax 56
Tmax 37

Z
Z

M Z
A Z
U Z
Pa Z
Ka Z
Ha Z

Feb. 20

M
D

C&GS card 12-64:
02:00:07.3
16.5° S., 179.2° W.
Fiji Islands region
h about 480 km
Magnitude 5.3 (CGS).

Feb. 8, 1964--Continued

A Z iP 17.1 d
U Z eP 16.2 c
Ha Z iP 08.9 d
Pa Z iP 17.5 d
Hi Z iP 15.3 d
Na Z iP 18.2 d
Ha Z Tmax 12:05:08

C&GS card 12-64:
11:17:46.5
52.3° No, 175.6° E.
Rat Islands, Aleutian Islands
h about 60 km
Magnitude 5. 4 (CGS) .

Feb. 9

M Z iP 02:07:23.4 c
A Z eP 23.0 c
U Z iP 23.2 c
Na Z iP 19.2 c
Hi Z iP 25.7 c
Ha Z iP 28.0 c

Feb. 12

U PEZ iR 22:51:31
M Z Tmax 23 :23 :08
Ke Z Tmax 23:22:55

C&GS card 16-64:
22:33:59.2
15.3° S., 174.4° w.
Samoa Islands region
h abou.t 33 km
Magnitude 5.75 (Brk), 5.0 (CGS).

Feb. 14

A Z eP 16:39:32.0 c
Na Z iP 28.2 c
U PEE eS 16:47:35
U PEN eG 16:53:43
U PEZ eR 16:56:07

Mar. 2

M Z iP 19:40:30.8 c
A Z iP 30.5 c
u Z iP 30.7 c
Pa Z iP 32.4 c
Ha Z iP 36.3 c

C&GS card 24-64:
19:32:41.7
18.9° S., 174.8° w.
Tonga Islands

21 h about 105 km
Magnitude 5.3 (CGS).



Table 5.--Distant earthquakes--Continued

Mar. 3, 1964
1

M Z Tmax 20:44:04
Ha Z Tmax 20:43:42

C&GS card 18-64:
20:02:33.1
40.3° N., 12501° W~

Near coast of Northern California
h about 33 km
Magnitude 4.8 (CGS).

Mar. 8

Mar. 14--Continued

Ha Z

C&GS card 27-64:
15:05:54a4
13.7° S.: 172.3° E.
New Hebrides Islands region
h about 611 km
Magnitude 5.1 (CGS).

Mar~ 15

C&GS card 20-64:
13:59:54~8

1.9° N.) 127.5° E.
Molucca Passage
h about 117 km
Magnitude 5~6 (CGS).

C&GS card 31-64:
01:35:48~1

44~00 Se, 168~4° E.
South Island, New Zealand
h about 33 km
Magnit~de 5.6 ~CGS7.

C&GS card 20-64:
01:o6:oo~4

1.80
N~J 127.1° E.

Molucca Passage
h about 58 km
Magn,itude 596 JCGS).

Mar. 14

M Z iP
NB Z iP
Pa Z iP
Na Z iP

04:45:1t9~6 d
50.9 d
50.8 d
49.0 d
5101 d
51.5 d
49.4 d
47.0 d
39.7 d

04:52:40
04:55:00

Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iF
Z iP
PEN is
PEN" esS

Mar) 18

C&GS card 23-63:
04:37:26.9
5205° N., 153.6° Eo
Sea of Okhotsk
h about 440 km
Magnitude 5~6 (CGS).

M
D
U
NB
Pa
Na
Hi
Ke
Ha
U
U

C&GS card 20..,64:
22:30:26.0
36.2° No, 7.60 w.
West of Strait of Gibraltar
Felt: Portugal, Spain,

Morocco
h about 27 km
Magnitude 6.75~7 (Pas), 7-7~25

, {Bks), 6.25-6.5 (Pal),
6.2 (CGS), 6.8 (HVO}.

U PEZ ePP 22:50:18 c
U PEN iPS 23:00:12
U PEZ iSS 23:06:46
U PEE eSSS 23:09:44
U PEE eL 23:18:52
U PEZ iR 23:25:04

15:13:24~8 d
24100 d
26.9 d
21.0 d

iP 01:17:55.1 d

iP 01:47:0903 d
iP 01:47:10.6 d

eP 14:11:41.2 c

Z

Z

Mar. 10

Mar, 11

A ,Z

Fa Z

M

M

22



Table 5.--Distant earthquakes--Continued

Mar. 21

C&GS card 25-64:
03:42:19
6.4° B., 127.9° E.
Banda Sea
Felt: Darwin, Australia
h about 367 km.

Mar. 19, 1964

Na Z eP 21: 51:21. 4 d
Ke Z eP 26.5 d
U PEN" eB 21:57:28
U PEZ eR 22:01:00

C&GS card 24-64:
21:44:03 .. 8
15.1° S., 172.6° w.
Samoa Islands region
h about 33 km
Magnitude 5.6 (CGS).

Tmax 09:28 :04
Tmax 09:28:02

Tmax 10:23:53
Tmax 10:23:03

Mar. 25

C&GS card 26-64
08:46:13.0
40.4° N., 124.8° w.
Near Coa~t of Northern California
h about 33 km
Magnitude 4. 5 .{ CGS ) .

Mar. 26

Ceram Sea
h about 33 km
Magnitude 5.1 -( CGS).

Mar. 24

C&GS card 25-64:
09:37:56.2
51.1° N., 129.6° w.
Vancouver Island region
h about 22 km
Magnitude 4.2 (CGS).

WP Z iP 02:14:45.8 d
U PEZ eR 02:32:01

C&GS card 27-64:
02:04:20.2
11.3° N., 142.0° E.
Mariana Islands
h about 33 km
Magnitude 4.9 (CGS).

Mar. 22--Continued

Pa Z
Ha Z

C&GS card--Continued

Pa Z
Ha Z

iP 16:36:14.9 d
iP 17.9 d
iP 14.9 d
iP 20.9 c

u Z iF 03:53:51.4 c
Pa Z iP 53.3 c
Na Z iP 49.6 c
Hi Z iP 53.5 c
Ke Z iP 48.6 c
u PEN iB 04:03:26
U PEN iSS 04:08:40

Mar. 21

C&GS card 25-64:
16:27:11.7
27.6° S., 177.2° w.
Kermadec Islands region
h about 33 km
Magnitude 5.6 (eGB).

u Z
Hi Z
Ke Z
Ha Z

Mar. 22

M Z iP 05:44:17.6 d

C&GS card 26-64:
05:32:07.7
2.7° S., 126.4° E. 23



Table 5.--Distant earthquakes--Continued

Mar. 26

M Z eP 13:39:28.1 d
U PEZ eS 13:47:23
U PEN eG 13:52:37
U PEZ eR 13:54:55
M Z Tmax 14:39:05
A Z !'Tmax 14:39:08
D Z Tmax 14:39:04
MP Z Tmax 14:38:52
U Z Tmax 14:39:03
Pa Z Tmax 14:38:22
Na Z Tmax 14:38:58
Hi Z Tmax 14:38:37
NB Z Tmax 14:38:30
Ha Z Tmax 14:40:19

C&GS card 25-64:
13:29:5602
4.4° S., 104.7° w.
1500 km southwest of Galapagos

Islands
h about 33 km
Magnitude 4~9 (CGS)

Mar. 27

M Z eP 20:30:12.6 c
A Z eP 12.2 c
U Z eP 12.6 c
Ke Z iP 11.2 c
Hi Z eP 13.8 c
Ka Z eP 14.7 c
Ha Z eP 18.7 c

C&GS card 25-64:
20:22:10.6
23.7° S., 179.9° E~

South of Fiji Islands
h about 520 km
Magnitude 5.0 -( cas).

Mar. 27

M Z eP 20:30:12.6 c
A Z eP 12.2 c
U Z eP 12.9 c
Ke Z iF 10.2 c
Ha Z eP 18.7 c

2

Mar. 27--Cont1nued

C&GS card 25-64:
20:22:10.6
23~7° B., 179.9° E.
Bo~th of Fiji Islands
h about 520 km
Magnitude 5. 0 (CGS) 0

Major Alaskan Earthquake and its
aftershocks are listed separately.

Mar. 28

M Z iP 11:42:22.3 d
A Z eP 2202 d
D Z iP 21.4 d
U Z iP 2205 d
Pa Z iP 23.9 d
Na Z iP 19.0 d
Hi Z eP 24.3 d
Ke Z iP 19.1 d

C&GS card 31-64:
11:30:09.8 ,
0.5° N., 122.3° E..
Northern Celebes
h about 140 km
Magnitude 5. 8 (CGS ) ·

MarG 29

M Z iP 21:50:15.6 c
D Z iP 14.8 c
Pa Z eP 18.0 c
Na Z iF 11.3 c
Ke Z iF 12.3 c
u PEZ eR 22:05:26

C&GS CARD 31-64:
21:40:32.7
6.7° s., 155.1° E.
Solomon Islands
Felt: Rabaul
h about 68 km
Magnitude 6 (Pal), 5.3 (CGS).



•

Table 5.--Distant earthquakes--Continued

Mar. 31, 1964

M Z eP 00:23:24 c
Hi Z iP 00:23:23.4 c
U PEE eS 00:30: 50
U PEN eG 00: 35:10
U PEZ eR 00:37:18

C&GS card 31-64:
00:14:11.7
45.3° N., 151.0° E.
Kuri1e Islands
h about 60 km
Magnitude 5.5-5.75 (Pal),

5. 3 (CGS).

Mar. 31

Ke Z iP 09:08:48.0 c
NB Z eP 09:08:43.5 c
U PEE eS 09: l 4:38
U PEN i 09:17:02
U PEZ eR 09:18:06
M Tmax 09:47:16
A Tmax 36
D Tmax 27
U Tmax 39
Pa Tmax 29
Hi Tmax 09
Ha Tmax 09:46:43

C&GS card 31-64:
09:01:30.2
50.8° N., 130.2° w.
Vancouver Island region
h about 15 km
Magnitude 6 (Pas)! 6-6.25 (Brk),

6.5-6.75 (Pal), 5.6 (eGs) .

25



Table 5" --Distant earthquakes--Continu.ed

The Good Friday Alaskan Earthquake and its aftershoc.ks

YT..ar. 28

U Z' Tmax 06:35:5·0
Pa 'z Tmax 39
Hi Z Tmax 27
Ha Z Tmax 06:34:15

C&GS card 28-64:
05:44:54.9
60.1° N., 148.4° w.
h about 33 km
Magnitude 4~9~

C&.GS card 28-64:
06:08:44.2
60.1° N~, 148.6° w.
h about 20 km
Magnitude 4.25-4.5 (Brk), 5Q6

. {CGS).

Mar. 28

iP 06:l6:26~9 d
iP 28.2 d

z
z

Mar" 28

M
D

C&GS card 28-64:
03:36:12.7
61.1° N., '.147.6° w~

Prince William Sound, Alaska
114 dead or missing, many injured
and major property damage in
Alaska. Extensive damage from
seismic sea waves throughout
the Gulf of Alaska, along the
West Coast of North America,
and in Hawaii 0

h about 20 km
Magnitude 8.4 (Pas), 8.5~8.75

(Brk), 8~6 (Pal),
(8~ 5 (CGS) 0

Mar. 28, 1964

A z iP 03:44:0503 d
D Z iP 05.4 d
u Z iP 04.6 d
Ke Z iP 03.9 d
Pa Z eP 03.8 d
Hi Z eP 01.6 d
Na Z iP 07.9 d
Ha Z eP 03:43:54.1 d

C&GS card 28-64:
05:33:52e6
60e2° N8' 146.2° W~
h ab'out 20 km
Magnitude 5{. 6 (CGS) ~

C&GS card 28-64:
05:31:05.4
58.1° N., 150~1° w~

h about 33 km
Magnitude 5~3 (cas).

Mar 0 28

C&GS card 28-64:
06:32:3806
60Q1° N.) 147.6° W.
h about 33 km
Magnitude 4c5-4~75 (Brk),

5e5 (CGS) 0

Mar. 28 •
06:49:09.9

10.1
07~4

07:31:16
01
33

07:30:05

iP
eP
iP
Tmax
Tmax
Tmax
Tmax

eP 06:40:19.3 d
iP 18.9 d
iP 19.9 d
iP 19.5 d

z
z
z
z
z
z
z

z
z
z
z

M
U
Hi
U
Hi
Pa
Ha

U
M
D
A

26

Tmax 06:25:08
Tmax 08

Tmax 06:22:30
Tmax 29
Tmax 07
Tmax 06:20:59

u Z
Pa Z

Mar. 28

M Z
Pa Z
Hi Z
Ha Z



Table 5.--Distant earthquakes--Continued

The Good Friday Alaskan Earthquake and its aftershocks

Mar. 28--Continued

C&GS card 28-64:
06:41:28.0
59.9° N., 147.8° w.
h about 15 km
Magnitude 4.75-5 (Brk),

5$ 5 (eGs).

C&GS card 28-64:
07:10:21.4
58.8° N., 149.5° w.
h about 20 km
Magnitude 6.2 (Pas), 5.75-6

(Brk), 6.1 (CGS)~:'

Mar. 28

C&GS card 28-64:
06:43:57.4
58.3° N., 151.3° w.
h about 25 km
Magnitude 5.5-5 .. 7 C).'.' (Brk),

6.1 (CGS).

C&GS card 28-64:
07:24:21.7
59.3° N., 149.8° w.
h about 20 km
Magnitude 5.0 (cas).

Mar. 28

Mar. 28

u Z
Pa Z
Hi Z

iP
eP
eP

06:51:22.8 d
06:51:21.1 d

20.0 d

U
Pa
Hi
Ha

Z
Z
Z
Z

Tmax
Tmax
Tmax
Tmax

08:15:33
52
31

08:14:23

Ma.r. 28

U Z eP 06:58:12.0 d
Hi Z iP 09.1 d

u Z
Pa Z
Hi Z
Ha Z

Tmax 08:17:22
Tmax 45
Tmax 27
Tmax 08:16:01

C&GS card 28-64:
06:50:48.9
57.1° N., 152.3° w.
h about 33 km
Magnitude 5.0 \CGS).

Mar. 28

C&GS card 28-64:
07:28:20.5
57.9° N., 150.4° w.
h about 20 km
Magnitude 5. 0 (~GB/).

Mar. 28

•
U Z
Hi Z

iP 07:01:07.0 c
iP 04.3 c

M Z
Pa Z

iP 07:37:49.5 d
Tmax 08:19:38

COOS card 28-64:
06:53:35.6
58.8° N., 149.5° W.
h about 20 km.

Mar. 28

C&GS card 28-64:
07:30:29.6
57.4° N., 151.7° w.
h about 15 km
Magnitude 5.25-5.5 (Brk),

5.7 -( CGS).

u Z iP 07:17:52.5 d
Pa Z eP 50.9 'd
Hi Z eP 49.9 d
Ha Z iP 42.4 d
Pa Z Tmax 07:59:22

27

Mar. 28

u Z
Pa Z

Tmax 08: 37: 19
Tmax 37



Table 5~ --Distant earthquakes--Continued

The'Go~~ Friday Alaskan Earthquak~ an~ its aftershocks

Mar. 28--C'ontinued

C&GS card 28-64:
07:48:47.8
57~0° N.} 153~3° w~
h abqut 15 km
Magnitude 5 ~ 0 -1 CGS ) ,f

C&GS card 28-64:
07:47:47.1
58.3° N. J 150.2° W~

h 33 km
Magnitude 438 (CGS)~

Mar. 28

U Z Tmax 09=42:07
Fa Z Trnax 09:41:47
Ha Z Tmax 09: 40: 27

eP 09:08:10.7 d
eP 07.6 d
Tmax 09:47:32 .
Tmax 31
Tmax 09:46:02

C&GS card 28,·,64:
08:55:2208
56.7° N., 151~9° Wo
h about 25 km
Magni.tude 5~ 1 (CGS).

Mar. 28

u Z
Hi Z
U Z
Pa Z
Ha Z

Tmax 08:38:26

Mar. 28

Mar~ 28

Pa Z

C&CS card 28-64:
08:33:47.0
58.1° N~, 151G1° w.
h about 25 km
Magnitude 5.25-5,5 (Brk),

5* 6 (cas).

C&GS card 28-64:
07:59:40.7
57.9° NQ, 150.3° w~

h about 25 km
Magnitude 4.4 (CGS)~

Mar~ 28

C&GS card 28-64:
09:05:56.4
56.6° No, 153~2° w.
h about 25 km
Magnitude 5.. 3·

C&GS card 28-64:
09:01:00u5
56.5° No, 152.00 w.
h about 20 km
Magnitude 6~2 (-Pas), 5~5-5.75

(Brk), 6eO (CGS)c

•

t.

Tmax 09:52:17
Tmax 09: 52 :16
Tmax 09:51:56
Tmax 09: 50: 49

Mar. 28

u Z
Pa Z
Hi Z
Ha Z

iP 08:41:10e7 c
iP 09.4 c

Tmax 08:47:20Pa Z

u Z
Pa Z

Mar. 28

M Z
U Z
Pa Z
Ha Z

iF 08 :47:14'b 0 c
Tmax 09:27:27
Tmax 27
T max 09 ~ 2 5 ~ 53

C&GS card 28-64:
o8:39:54~9

57,5° N~, 151.6° w.
h about 20 km
Magnitude 5~4 (CGS)*

28



Table 5. Distant earthquakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 28

U Z Tmax 10:20:21
Pa Z Tmax 10:20:19
Hi Z Tmax 10:20:00
Ha Z Tmax 10:18:47

C&GS card 28-64:
09:34:01.5
56.8° N., 152.3° w.
h about 20 km
Magnitude 5. 0 :( cas).

Mar. 28

U Z Tmax 11 :27: 30
Hi Z Tmax 11:27:15
Ha Z Tmax 11:26:17

C&GS card 28-64:
10:35:31.2
60.9° N., 143.7° w.
h about 25 km.
Magnitude 5.1 ~CGS).

Mar. 28

eP 10:42:52.6 d
iP 52.1 d
Tmax 11:22:43
Tmax 11:22:29
Tmax 11:22:07
Tmax 11 :21: 05

u Z
Pa Z
U Z
Pa Z
Hi Z
Ha Z

eP 10:00:34.7 c
eP 33.6 c
eP 32.0 c
Tmax 10:43:41
Tmax 10:43:17
Tmax 10:42:20

March 28

M Z
Pa Z
Hi Z
Pa Z
Hi Z
Ha Z

C&GS card 28-64:
09:52:5507
59.7° N., 146.6° w.
h about 30 km
Magnitude 6.2 (Pas), 5-5.25

(Brk), 5.5 (eGs).

C&GS card 28-64:
10:35:38.9
57.2° N., 152.4° w.
h about 33 km
Magnitude 6.3 ~Pas), 5.75-

6 (Brk), 6.0 (CGs).

March 28 Mar. 28

C&GS card 28-64:
10:17:48.5
56.6 N., 152.2 w.
h about 15 km
Magnitude 5. 1 ,( CGS ) .

Mar. 28

C&GS card 28-64:
10:57:18.1
60.6° N., 144.7° w.
h about 33 km
Magnitude 4.7.

Mar. 28

u Z
Pa Z
Ha Z

Tmax 11:04:20
Tmax 11:04:15
Tmax 11:02:42

Pa Z

Pa Z

Tmax 11:48:45

Tmax 11:46:25

C&GS card 28-64:
10:33:00.2
57.7° N., 152.2° w.
h about 35 km
Magnitude 5.2 (CGS).

u Z
Hi Z

eP 10:40:19.1 c
eP 16.0 c

29

C&GS card 28-64:
10:59:16.3
57.4° N., 151.6° w.
h about 30 km
Magnitude 5.2(CGS).



Table 5Cl--Distant earthquakes--Continued
The Good Friday A1as~an Earthquake and its aftershocks

Mar~ 28

C&GS card 28-64:
12:03:16c5
60~3° N" 146~6° We
h about 15 km
Magnitude 5»1 {Pas), 5,,4 (CGS)~

u Z iP 12:27:59.4 c
Pa Z iP 58.2 c
Hi Z iP 56~8 c
u Z Tmax 13:07:07
Pa Z Tmax 13:07:08
Hi. Z Tmax 13 :'06: 42
Ha Z Tmax 13:05:38

C&GS card 28-64:
11:08:26.0
60z1° N~, 148r.4° W.
h about 15 km
Magnitu,de 5.6 (Pas), 5!· 25-5· 5

(Brk)} 5~7 (eGs).

t.

eP 13:08:57~7 c
eP 56~6 c
eP 55~4 c
Tmax 13:52:22
Tmax 13:52:13
Tmax 13: 51: 58
Tmax 13:50:46

Tmax 13:20:21
Tmax 13:20:18
Tmax 13:18:46

Mar~ 28

C&G·S card 28..,64:
13=01:14£2
60~lo N., 147.0° w.
h about 20 km
Magnitude 5·t 1 (eGs}..

Mar" 28

M Z iP l4:02:15.4 c
U Z .Tmax 14:48:17
Pa Z Tmax 14:48:09
Hi Z Tmax 14:47:48
Ha Z Tmax 14:46:24

C&GS card 28 ·-64 :
13:54:19-9
62~10 N~, 147.1° W~

h about 15 km
MagnitlJ.de 4.. 6 {cas).

C&GS card 28-64:
12:31:29.8
59~1° N~, 149R6° w.

. h about 20 km
Magnitude 4.7 (cas).

u Z
Pa Z
Hi Z
U Z
Pa Z
Hi Z
Ha Z

Mar. 28

U Z
Pa Z
Ha Z

.Mar., '28 - -Continued

C&GS card 28-64:
12:20:49.8
56m5° N~, 154~Oo w~

h abo\l.t 25 km
Magnitude 6~5 (Pas), 5.25-5075

(Brk), 6.1 (CGS).

3

iP 11:39:50.3 d

iP 11:16:15~1 d
13.6 d
12 .. 0 d

Trnax 11 :59 :38

eP 12:11:03~6 d
iP 01~1 d
Tmax 12:56:50
Tmax 12:56:46
Tmax 12:56:24
Tmax 12: 55: 01

z

Mar~ 28

M

C&GS card 28-64:
11:32:19····0
59.0° N9, 149.5° We
h about 20 km
Magnitude 4~9 (CGS)~

Mar~ 28

Mara 28

U Z
Pa Z
Hi Z
Pa Z

u Z
Hi Z
U Z
Pa Z
Hi Z
Ha Z

.'"



Table 5.--Distant earthquakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 28

U Z Tmax 15:32:42
Pa Z Tmax 15: 32 :47
Hi Z Tmax 15: 32 :21
Ha Z Tmax 15:30:55

C&GS card 31-64:
14:46:33.6
56.7° N., 153.6° w.
h about 33 km
Magnitude 4.9 (CGS).

Mar. 28

~r. 28

U Z Tmax 17:13:46
Pa Z Tmax 17:13:38
Ha Z Tmax 17:12:21

C&GS card 28-64:
16:26:16.9
5705° N., 150.9° w.
h about 30 km
Magnitude 5.0 (cas).

Mar. 28

C&GS card 28-64:
14:47:37.1
60.4° N., 146.5° w.
h about 10 km
Magnitude 6.3 (Pas), 5.75

6 ,~Brk), 6.5
6.75 (Pal),
5. 7(eGG).

C&GS card 28-64:
16:44:35.9
59.3° N., 147.8° Wo
h about 25 km
Magnitude 4.75-5 (Brk),

5.3 (CGS).

u Z
Fa Z
Hi Z
U Z
Pa Z
Hi Z
Ha Z

iP 14:55:25~0 c
iP 24.3 c
iP 22.3 c
Tmax 15:39:14
Tmax 15:39:11
Tmax 15:38:32
Tmax 15=31,:20

u Z
U Z
Pa Z
Hi Z
Ha Z

Mar. 28

Pa Z

eP 16:52:12.1 c
Tmax 17:35:14
Tmax 17:34:47
Tmax 17 :34 :32
Tmax 17: 33 :22

Tmax 18:52:45

C&GS card 28-64:
14:49:13.7
60.4° N., 147.1° w.
h about 10 km
Magnitude 6.5 (Pas), 5.5-5.75

(Brk), 5.8 (cGS).

Mar. 28

U Z
Pa Z
Hi Z
U Z
Pa Z
Hi Z
Ha Z

iP 14:57:00.9 d
iP 14:56:59.7 d
eP 14:56:58.2 d
Tmax 15: 40 : 50
Tmax 15: 40 : 56
Tmax 15:40:27
Tmax 15:39:30

31

C&GS card 28-64:
18:02:54.9
59.5° N., 149.3° w.
h about 33 km
Magnitude 4.6.

Mar. 28

U Z iF 20:36:45.5'd
Pa Z iP 44.7 d
Hi Z iF 42.3 d
Ha Z eP 37.6 d
U PEZ is 20:42:57
U PEE eG 20:45:45
U PEZ iR 20:47:39
U Z Tmax 21:20:22
Pa Z Tmax 21:20:18
Hi Z Tmax 21:19:59
Ha Z Tmax 21:19:02



Table 5.--Distant earthguakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks,

Mar~ 28--Continued 'Mar~ 29--Continu.ed

C&GS card 29..,64:
01:29:33M7
57,5° N., ,151~ 30 Wo
h about .20 km
Magnitude 4.6 (Pas), 5.75-6

(Brk), 5.6 (CGS)&

C&GS card 28-64~

20:29:08.6
59~8° N., 148.7° w~

h about 40 km
Magnitude 6,,6 (Pas)" 6·.5-6. 75

(Brk, Pal), 5.8 (CGS)}
6~ 6 (HVO).

Mar. 28

11 Z Tmax 00:34:09
Pa z· Tmax 00:33:55 .
Hi Z Tmax 00:33:31
Ha Z Tmax 00:32:21

Mar., 29

u Z
Pa Z
Hi Z
Ha Z

Tmax 02:34:31
Tmax 02:34:22
Tmax 02:34:06
Tmax 02:32:52

C&GS card 28-64:
23:46:22.0
57~5~ N., 151.1° w.
h about 33 km
Magnitude 5~0 (Pas),

5e 5-5~ 75 (Brk),~
5~ 2 (eGs) ~

C&GS card 29-64:
01~48:18~5

56~3° N., 15377° W~
h about 20 km
Magnitude 4.8 (CGS).

Mar~ 29

Mar. 29

Pa Z Tmax 00:59:09

C&GS card 29-64
00:12:3233
56e8° N~, 153.4° w?
h about 33 km
Magnitude 4.5 (CGS)c

C&,C·S card 29-64:
01:09:36,,4
59.8° N. J 149~2° w~
h about 20 km
Magnitude 5,~2 (Pas), 5.,25-5.5

(Brk): 5~5 (Pa1j,
5c 5 (cGS).

'Ilmax 02: 54 :09
Tmax 02:54:09
Trnax 02: 53 :43
Tmax 02:52:38

Tmax 03:12:25
Tmax 03:12:21

r7
.LJ

Z

C&GS card 29-64:
02:07:4106
56~5° N~, 152.6° w.
h abol1t 20 km
Magni.tude 4,,5 (CG'S).

~1ar., 29

C&G!.S card 29-·64:
02:25:25~1

57~0° N., 151~7° w,
h abou.t 20 km
Magnitu,de 5·.. 2 (CGS) ,0

u Z
Pa Z
Hi Z
Ha Z

TJ
Pa

eP 01:17:16~4 cz

Mar .. 29

M

Mar~ 29· Mar~ 29

u Z
Pa Z
Hi Z
Ha Z

Tmax 02:17:05
Tmax 02:17=05
Tmax 02:16:42
Tmax 02~15:42

u z
u Z
Pa Z
Hi Z

iP 04:20:01.9 c
Tmax 05:03~45

Tmax 05:03:42
Tmax 05:03:23

3



Table 5.--Distant earthquakes--continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 29--Continued Mar. 29

Ha Z Tmax 05:02:18 C&GS card--Continued

C&GS card 29-64:
05:13:42.4
59.5° N., 147.4° w.
h about 33 km
Magnitude 3.9 ~CGS).

C&GS card 29-64:
05:08:25.8
56.7° N., 152.7° w.
h about 20 km
Magnitude 4.6 (CGS).

C&GS card 29-64:
04=51:53.3
56.8° N., 152.4° w.
h about 40 km
Magnitude 4.8.

C&GS card 29-64:
04:12:15.7
60.2° N., 145.5° w.
h about 15 km
Magnitude 5.2 (Pas),

4.75-5 (Brk),
5.3 (CGS).

Tmax 07:39:23
Tmax 07:39:20
Tmax 07:38:00

Tmax 06:24:21

Mar. 29

U Z
Pa Z
Ha Z

h about 20 km
Magnitude 4.4 (eGs).

C&GS card 29-64:
06:53:19.5
56.1° N., 154.5° w.
h about 25 km
Magnitude 408 (CGS).

Mar. 29

U Z eP 06:11:48.7 c
U PEZ is 06:17:34
U PEE iG 06:20:10
U PEZ iR 06:21:50
U Z Tmax 06:50:49
Pa Z Tmax 06:50:46
Hi Z Tmax 06:50:22
Ha Z Tmax 06:48:58

CWS card 29-64:
06:04:44.5
56.1° N., 154.3° w.
h about 30 km
Magnitude 5.8 (Pas), 5.25-5.5

{Brk), 6-6.25 (Pal),
5.6 (CGG).

C&GS card 29-64:
05:37:47.4
56.9° N., 153.3° w.
h about 25 km
Magnitude 4.8.

Mar. 29

Pa Z

Tmax 06:08:24

Tmax 06:04:21

Tmax 05: 54 : 50

Tmax 05:38:29
Tmax 05:38:35
Tmax 05:38:05
Tmax 05: 36: 56

Mar. 29

Mar. 29

Pa Z

Mar. 29

Fa Z

Fa Z

Mar. 29

u Z
Fa Z
Hi Z
Ha Z

t.

C&GS card 29-64:
05:21:09.8
57.1° N., 150.4° w. 33



Table 5.--Distant earthquakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 29'. 1964 Mar", 29~-Continued. .

Pa Z Tmax 08:04:51 C&GS card 29-64--Continued

C&GS card 29-64:
07:18:08.0
57.0° N~, 151~8° Wu
h about 25 km
Magnitude 4~ 8 (CGS).

56.7°N., 152.1° w.
h about 33 km
Magnitude 403 (CGS).

Mar. 29

Mar. 29 Pa Z Tmax 09:53:09

M Z
U Z
Fa Z
Hi Z
Ha Z

eP 08:00:00.2 d
Tmax 08:38:59
Tmax 08:38:32
Tmax 08:38:37
Tmax 08:37:13

C&GS card 2.9--64:
09:06:44~8

56~6° N., 152.2° Wv
h about 15 km
Magnitude 4.8.

C&GS card 29-64:
07:52:46.4
56~1° N., 154.2° w.
h about 25 km
Magnitude 409 (Pas), 4.8 (CGS). C&GS card 31-64:

09:15:55~4
58.4° N~, 150.5° W.
h about 15 km
Magrlitude 4,,6 .(cds).

Mar~.' 29

eP 09:23:29.2 dzM

Tmax 08:52:21Pa Z

C&GScard 29-64:
08:07:52e3
56.5° N~, 152~6° w.
h about 20 km
Magnitude 4G9 (CGS).

C&GS card 29-64:
08:06:03.7
56~6° N~, 152.4° w.
h about 25 km
Magnitude 4~5 (CGS)~

Mar" 29

Pa Z Tmax 09:36:25

C&GS card 29-64:
08:50:03CJ6

eP 10:57:05.2 c
Tmax 11:37:39

z

Mar., 29

C&GS card 29~64:

10:49:40,,3
58.2° N~, 150.4° w.
h about 25 km
Magnitude 5~2 (CGS)_

Mar. 29

C&GS card 29-64:
10:08:02.4
60.0° N~, 148.6° w~

h about 20 km
Magnitude 5~0,t(Pas), 5.25-5~5

(Brk), 5.3 (CGS).

M Z
Pa Z

1J

·4

Tmax 08 : 54 :08
Tmax 08:54:05
Tmax 08:52:38

Mar~ 29

u Z
Pa Z
Ha Z



Table 5.--Distant earthquakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 29, 1964 Mar. 29--Continued

C&GS card 29-64:
12:48:05.9
59.9° N., 145.6° w.
h about 25 km
Magnitude 4.5 (CGS).

C&GS card 29-64:
11:56:33.0
58.0° N., 151.6° w.
h about 20 km
Magnitude 5.1 (CGS).

Mar. 29

Mar. 29

h about 15 km
Magnitude 4.9 (Pas), 5.0 (CGS~.

Marl» 29

U Z eP 16:48:41.8 c
Pa Z eP 41.2 c
Hi Z eP 39.Q c
Ha Z eP 33.8 c
U PEZ eS 16:55:06
U PEE eG 16:58:08
U PEZ iR 16:59:50
U Z Tmax 17:31:47
Pa Z Tmax 17:31:52
Hi Z Tmax 17:31:33

C&GS card 31-64:
16:40:57.9
59.7° N., 147.0° w.
h about 15 km
Magnitude 5. 8 ~(Pas), 5. 5-5.75

(Brk), 5.6 (CGS)o

eP 12:03:56.5 c

Tmax 13:39:22
Tmax 13:39:19
Tmax 13:38:59
Tmax 13:37:59

zM

u Z
Pa Z
Hi Z
Ha Z

Pa Z Tmax 16:25:17 Mar. 29

Mar. 29

C&GS card 29-64:
15:39:28.6
5601° N., 154.4° w.
h about 25 km
Magnitude 4.2 (CGS).

C&GS card 29-64:
16:09:15.3
60.3° N., 146.6° w.
h about 15 km
Magnitude 4.8 (CGS).

U Z Tmax 17:10:05
Pa Z Tmax 17:09:59
Hi Z Tmax 17:09:39

C&GS card 29-64:
16:18:29.3
60.4° N., 146.0° w.

eP 16:53:15.4 d
Tmax 17:36:26
Tmax 17:36:29
Tmax 17:36:01

U Z iP 17:01:14.3 c
Hi Z iP 11.5 c
U Z Tmax 17 :44 : 58
Pa Z Tmax 17:45:10
Hi Z Tmax 17:44:40
Ha Z Tmax 17:43:46

U Z
U Z
Pa Z
Hi Z

Mar. 29

C&GS card 31-64:
16:45:33.6
59.8° N., 146.9° w.
h about 20 km
Magnitude 4.75-5 (Pas),

6.25 r,(Pa1), 5.3 (CGS).

C&GS card 29-64:
16:53:26.6
60.3° N., 146.1° W.

35 h about 15 km
Magnitude 4.75-5 (Brk), 5.2 \CGS).

eP 16:17:02.8 dZ

Mar. 29

u

t



Table 5~ --Distant eatthquakes-:-Continued

The Good Friday A1aska,n Earthquake and its after,shoc~s

Mar. ~9, 1964 Mar. 22~~Continued

C&GS card 29-64:
17:26:00.2
56~4° N~, 153k3° Wn
h about 33 km
Magnitude 4.1 (CGS).

Mar-.r 30

C&GS card 29-64:
19:09:03.3
60.1° N , 146.0° W~

h about 15 km
Magnitude 486 (CQS).

C&GS card 29-64:
23:49:28.6
59.9° N" 147.1° W.
h about 20 km
Magnitude 4., 8 (CGS} t

Pa Z

Mar. 29

Pa Z
Hi Z
Ha Z

Mar. 29

M Z
Hi Z
Ha Z

Tmax 18:12:18

Tmax 20:00:26
Tmax 20:00:08
Tmax 19 : 58 : 57

iF 23:57:10~7 d
Tmax 00:39:45
Tmax 00:38:55

C&GS card 30-64:
02:18:06.3
56.6° N.,., 152.9° W.
h about 25 km
Magnitude 6.6 (Pas), 6.5-6c75

(~rk), ~r75 {Pal},
5.8 (CGS).

Mar. 30

U Z Tmax 03:28:20
Pa Z Tmax 03:28:15
Hi Z Tmax 03:28:01
Ha Z Tmax 03:26:52

C&GS CARD 30-64:
02:41:59.6
5605° N., 153.0° W.
h about 30 km
Magni tu.de 4.9"

Mar. 30

u Z Tmax 05:13:29
Pa Z Tmax 05:13:17
Iii Z Tmax 05:12:57
Ha Z Tmax 05: 11: 54'

C&GS card 30 -64 :
04:22:43~1

59.5° N~, 146~3° w~
h about 15 km
l~gnitude 4~5 (CGS)~

U Z eP 02:25:18,,2 c
Pa Z eP 17~0 c
Hi Z eP 15~4 c
Ha Z iP 11~0 c
U PEN is 02:31:16
U PEZ iR 02:35:00
U Z Tmax.P3~04:25

Pa Z Tmax 03:04:31
Hi Z Tmax 03:04:04
Ha Z Tmax 03:03:05

Mar. 30

u Z eP 07:17:18.2 c
Pa Z iP 17.4 c
Ha Z iP 08.8 c
U PEZ is 07:23:32
U PEN i 07:26:58
U PEZ iR 07:28:12
U Z Tmax 08:00:49
Pa Z Tmax 08:00:52
Hi Z Tmax 08:00:27
Ha Z Tmax 07: 59:31

36



Table 5.--Distant earthquakes--Continued

The' Good Friday Alaskan Earthquake and its aftershocks

Mar. 30--Continued Mar. 30--Continued

C&GS card 30-64:
07:09:34.0
59.9° N., 145.7° w.
h about 15 km
Magnitude 6.2 (Pas), 5075-6 (Brk)

6.25-6. 5 (Pal),
5.6 -{eGs).

C&GS card 30-64:
10:59:27.6
58.4° N., 149.2° w.
h about 25 km
Magnitude 5.0 (CGS).

Mar. 30

C&GS card 30-64:
08:40:10.7
56.5° N., 153.0° w.
h about 20 km
Magnitude 4.3 (cGS).

C&GS card 30-64:
07:56:29.1
56.3° N., 154.4° w.
h about 20 km
Magnitude 5.0 (CGS).

Mar. 30

C&GS card 30-64:
11:48:40.4
56.4° N., 152.5° w.
h about 20 km
Magnitude 5.2 (cas).

Mar. 30

C&GS card 30-64:
12:05:43.5
60.1° N., 147.0° w.
h about 25 km
Magnitude 5.0 (Pas), 5.0 (CGS).

Mar. 30

eP 12:13:27.0 c
Tmax 12: 56 : 51
Tmax 12:56:43
Tmax 12: 56 : 33
Tmax 12: 55 :29

eP 11:55:51.2 c
Tmax 02:35:10
Tmax 02: 35: 01
Tmax 02:34:44
Tmax 02: 33 :27

M Z
U Z
Pa Z
Hi Z
Ha Z

M Z
U Z
Pa Z
Hi Z
Ha Z

Tmax 10:14:14
Tmax 10:14:21
Tmax 10:13:55
Tmax 10:12:55

Tmax 09:26:32
Tmax 09:24: 56

Tmax 08:42:34
Tmax 08:41:40

Mar. 30

u Z
Pa Z
Hi Z
Ha Z

Pa Z
Ha Z

Mar. 30

Pa Z
Ha Z

C&GS card 30-64:
12:14~'28.4

58.0° N., 151.6° w~
h about 25 km
Magnitude 5.0 (cas).

t
C&GS card 30-64:

09:23:05.0
59.9° N., 145.6° w.
h about 33 km
Magnitude 4.5 (CGS)G

Mar. 30

M Z eP 12:21:41.1 c

Ha Z Tmax 11:46:17
37



Table 5~ --Distant earthquakes--Continued

The Good Friday Alaskan Earthquake a.YJ.d its aftershocks

Mar. 30, 1964--Continued Mar ". 30- -Continued

C&GS card 30-64:
12: 38·: 16" 0
59~7° N0' 146~9° Wr
h about 30 km
Magnitude 5.0 (CGS)~

C&GS card 30-64:
15:07:490)3
58M7° N., 149~6° We
h about 25 km
Magnitude 5. 3 (CGS) ..

C&GS card 30-·64:
13: 32.:'18.5
564>4° N~, 152.60 W.
h abo·ut 15 km.'
~1agni tude 4" 8 (CGS).

u Z
Pa Z
Hi Z
Ha Z

Mar. 30

u Z
Fa Z
Hi Z
Ha Z

Tmax 13;29:07
Tmax 13:29:06
Tma.x 13: 28 ~ 39
Tmax 13:27:41

Tmax 13:45:54
Tmax 13~45:59

Tmax 13 :45: 37
Tmax 13:44:41

Mar. 30

M Z

Mar. 30

eP 15:15:27.1 d

C&GS card 30-64:
12:55:124>5
59~7° N., 147~0° W~

h about 30 km
Magnitude 406 (CGS)e

Hi Z
U Z
Pa Z
Hi Z
Ha Z

iP 16:16:36~5 c
Tmax 16: 56 :02
Tmax 16: 55: 55
Tmax 16: 55 : 34
Tmax 16:54:35

Mar. 30

M Z
U Z
Pa Z
Hi Z
Ha Z

eP 13:10:45~7

Tmax 13: 50: 08
Tmax 13:49:55
Tmax 13: 49 : 4-7
rrmax 13 ~ 48 :35

C&GS card 30-64:
16:09:28.4
56.6° Nft' 152~1° w~
h about 25 km "
Magnitude 5~5 (Pas), 5.5-5·75

(Brk), 5.75-6 (Pal),
5.5 I{CGS).

C&GS card 31-64:
13:03:34.9
56~5° 'N., 152~7° W.
h about 20 km
Magnit'ude 5.. 3 (eGG), 4,,75

5 (Brk), 5Q5-5e75
(Pal), 5.3 (cas) Q

u Z Tmax 14:18:45
Pa Z Tmax 14:18:35
Hi Z Tmax 14~18:20

Ha Z Tmax 14, :17: 11

Mar .. 30

u Z Tmax 17:30:51
Pa Z Tmax 17:30:35
II.i Z Tmax 17:30:11
Ha Z Tmax 17:29:16

C&{}S card 30-64:
16:38:26~5

60~1° N~, 150.7° W~

h about 15 km
Magnitude 4.4 (cGS).

Mar~, 30

~.

u z Tmax 17:39:48



Table 5.--Distant earthquakes--Continued
The Good Friday Alaskan Earthquake and its aftershocks

Mar. 30--Continued Mar. 31~-Continued

Mar. 30

C&GS card 30-64:
16:53:07.7
56.6° N., 152.2° w.
h about 15 km
Magnitude 5.0 (CGS).

C&GS card 30-64:
17:16:06.7
59.6° N., 146.5° w.
h about 33 km
Magnitude 4.3 (CGS).

Fa Z Tmax 17:50:47
Ha Z Tmax 17:49:19

C&GS card 31-64.:
17:04:21
56.7° N., 152.5° W.
h about 33 km
Mag~itude 4.3, (CGS).

Tmax 12:39:50
Tmax 12:40:07
Tmax 12:39:37
Tmax 12: 38 :33

iP 11:11:06.2 c
eP 04.6 c

Tmax 05:33:44
Tmax 05: 33 :21
Tmax 05: 32 :12

Mar. 31

u Z
Pa Z
Hi Z
Ha Z

Mar. 31

C&GS card 30-64:
11:03:35.4
58.9° N., 149.9° w.
h about 20 km
Magnitude 5.0 (CGS).

C&GS card 30-64:
04:46:06.1
57.6° N., 151.2° w.
h about 33 km
Magnitude 4.7 (CGSJ.

u Z
Pa Z

Mar. 31

Pa Z
Hi Z
Ha Z

h about 20 km
Magnitude 4.7 (CGS).

Tmax 18:05:18

Tmax 17:39:35
Tmax 17:39:18
Tmax 17:38:11

Mar. 31

Mar. 30

Ha Z

Pa Z
Hi Z
Ha Z

C&GS card 30-64:
01:57:54.3
57.6° N., 150.1° w.
h about 20 km
Magnitude 4.8 (CGS).

Ha Z Tmax 02:44:17 C&GS card 34-64:
11:53:14.4
56.5° N., 152.3° w.
h about 25 km
Magnitude 4.8 (CGS).

Mar. 31

C&GS card 30-64:
02:43:3506
56. 7° N., 15'4,-.'0° W.

C&GS card 31-64:
12:53:43.6
56.7° N., 152.2° W.
h about 33 km
Magnitude 4.3 ,eGs).

Mar. 31

Pa Z
Ha Z

Tmax 03:29:49
Tmax 03:27:56

39

Pa Z
Ha Z

Tmax 13:40:07
Tmax 13:38:39



Table 5~--Distant earthquakes--Continued

The Good Friday Alaskan Earthquake and its aftershocks

M z iP 21:11:27.7 c

C&GS card 30-64:
21:04:01.1
58.2° N., 150~3° W~

h about 20 km
Magnitude 5" 2 (CGS).

40

,,'



Table 6.. --u:s" Geological Survey seismograph stations in Hawaii

Location

Station

Uwekahuna
(Hawaiian
Volcano
Observatory)

Mauna Loa

Ahua

Desert

North Pit

West Pit

Makaopuhi

Hila

Kipapa Oahu

Symbol

u

M

A

D

N

WP

MP

Hi

Kip

Latitude

N.

19°24r9'

19°24,,7'

19°21~8'

Longitude

W.

155°23.3'

155°15.9'

155°23.3'

155°17.5'

155°10.7'

Altitude
(m)

above sea
level

1,240

2,010

1,070

815

1,115

1,115

885

20

Equipment
(Z, vertical; N, north-south;

E, east-west)

Long-period Press-Ewing: N, E, z.
~ (Seismometer and galvanometer
periods are 15 and 90 seconds,
respectively. )

Short-perigd Sprengnether: E, Z.
HVO -1: Z .!./
Short-base liquid-level tiltmeter,

Remote recording HVO-2: Z g/

Do.

Do~

Do.

Do ..

1.0 sec. Benioff with transistorized
pre-amplifier: Z. Wired into
HVO-2 recording sys~em.

HVO-l: Z.
Wood-Anderson: N, E. Operated by
Sister Thecla at St. Joseph's
School,

HVO-l: Z. Operated by U~S~ Coast
and Geodetic Survey.



Table 6~--u.s# Geological Survey seismograph stations in Hawaii

Location

+:
f\)

Station

Naalehu

Pahoa

Kamuela

Haleakala, Mau.i

North Bay
Installed
3/12/64

Kealakekua
Installed
1/28/64

Symbol

Na

Pa

Ka

Ha

NB

Ke

Latitude
N.

Longitude
W~

155°55·3'

Altitude
(m)

above sea
level

205

205

740

2,090

4,005

505

Equipment
(Z, ver~ical~ N, north-south;

E, east-west)

1.0 sec. EV-17 seismometer, 0.5 sec.
galvanometer: Z. Operated by
Rev. D. Thompson at Naalehu
School"

HVO-l: z~ Operated by Mr. K. Kimura
at Pahoa School.

HVO~l: Z. Operated by Mr. Ed.
Van Gorder, Preparatory Academy,
Kamuela"

HVO-l: Z. Wood-Anderson:. N, E.
Operated by the staff of
Haleakala National Park, Maui.

0.8 sec. EV-17: Z. with helicorder.
Operated by U.S~ Weather Bureau.

1.0 sec. EV·-17, 0.2 sec. galvanometer:
z. Wood-Anderson: N~ E. Operated
by Mr~ H. Nelson at Kana County
Hospital.

See footnotes at end of table, p.43



Table 6~--u.s~ Geological Survey seismograph stations in Hawaii--Continued

~ HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and
galvanometer periods of 0-5 second. Over-damping of both seismometer and galvanometer is used to
control the strong galvanometer reaction. This seismograph has a peak magnification of
about 20,000 at a period of 0.25 second. Recording is optical, on photographic paper.

g;/ HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of
0.8 second. Its signal is transmitted over telephone wires to the Hawaiian Volcano Observatory,
where it is recorded on smoked paper. The response of th~s seismograph is similar to that of
HVO-l_ Records from these seismographs at M, A, and D, and at N, WP, and MP (Benioff) are
recorded on two 3-component drums to permit more accurate comparison of arrival times at these stations.



The following persons or agencies reported "felt" earthquakes during
the first quarter, 1964. Their assistance is gratefully acknowledged~

Kila'uea summit area

Mr.) and Mrs·. G" Yong
1'frrs. w. !'ftJ.st
Mrlt H. Powers
Mrs~ C. Wentworth
Mrs 11 V. Hansen
Miss M~ English
Mr . W'l Cuske lly
Mr, R41 Koyanagi
Mr~ A., Yamamoto
Mrs.. O.~ Duncan
Mr~ J.. Forbes

North Hawaii

Honokaa Police Dept.
Mrs. R. Eklund
lfITs~ P e Christensen
Mrs. P ';l Richards
Mrs. A. Walker
Mr. E. Van Gorder
MrB41 E. Lindsey

Hila region

Mr0 R. Baldwin
Mr~ C. Shoemaker
Mr~ J, Bryan
lJIr.. H;; Pierce
Mrs~ B. Shaffer
Mr r, ·W. SOllthward
Mrs ~ C ~ Guerin 0

Miss E,~ Patten
~rtrs. II., Lewis
I~s. C, Hubbard
Miss R~ Chiquita

Puna

MrQ R., Williamson
MrS,. D" Isbell
Y.tr:~ H.,. Warner
Ntr .. K .., Kirr~ura

Kau
Mrs~ P. Billings
Mrs & A~ Pai-rIa
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Chronological summary

Hawaiian volcanoes were exceptionally quiet during the second quarter
of 1964. From April 1 to May 15 no measurable tilting was indicated by
the short-base tiltmeter that is read daily~ During this span of time
there were a few bu~s of tremor (April 16 to April 22) and six scattered
earthquakes barely large enough to be felt. On May 23, in the Kaoiki
fault system, an earthquake of magnitude 3 was followed by 27 aftershocks
in less than 2 hours. A Kohala-centered quake of 3.5 magnitude was felt
on May 28. Two quakes were felt on June 4, the first at about 08h30m from
45 km depth under Kilauea, and the second at about l3h30m, from a shallow
quake on the southeast flank of Mauna Loa. Other quakes were felt on
June 8, 17, and 18.



Ki~ulo
!jay

EXPLANATION

• Seismograph Station

o Town or locality

Contour int.rval 1,000 fe.t
Dotum is meon seo Itvel

Topoorophy by US GeoloVical Survey
----.- 20°

Apua Point

Figure l.--Map of the island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter in Uwekahuna Vault, and at irregular intervals
it is measured on a regional I scale by means of a network of field
tilt-bases and a portable water-tube tiltmeter. The attitude of the
ground surface at each tilt base is reported in terms of north-south
and east-west tilt coordinates. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that station were
begun. Increasing tilt coordinates correspond to northward and
eastward tilting of the earth's surface, i.e., to a relative subsidence
toward the north and east. A one-unit change in coordinate corresponds
to a tilting of 1 microradian (1 mm per km) in the direction indicated.

3



Table l.--Tilt coordinates at Uwekahuna Vault, April,

"May, and June 1964

Date N-S E-W Date E-W

Mar. 5 460 506 June 7 465 506

12 461 506 14 466 505

19 461 506 21 466 507

26 462 503 28 467 502

May 3 463 502

10 462 503

17 464 501

24 464 501

31 464 500

4
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Second quarter, 1964

Table 2.--Tilt coordinates and changes at bases around Kilauea caldera (See tilt diagram, fig. 2.)

64

Tilt ba.se Date Tilt coordinates Rate (10-
6

rad/mo) Date of

(location) (1964) and direction of last
N-S E-W tilting since reading

last reading (1964)

Uwekahuna April 29 452.5 491.9 5.0 N. 43.3° w. Jan. 22
(19°25.5' N. , 155°17.4' w. )

Tree Molds May 1 433.2 510.9 2.2 N. 19.3° w. 21
(19°26.3' N. , 155° 17. 3' '-1.)

Sand Spit May 1 848.5 768.5 0.6 s. 25.7° E. 23
(19°24.1' N. , 155° 16.8' w.)

Kalihipaa April 27 338.6 383.8 1.0 S. 45.0° w. 20
(19°21.4' N. , 155°15.3' W.)

Keamoku April 28 495.8 591·9 2.7 N. 65.0° w. 23
(19°25.1' N. , 155°19.0' w. )

Ahua Kamokuko1au Ma.y 1 620.3 532.3 3·5 s. 21.5° w. 22
(19°22.7' N., 155°16.6' w.)

Kipuka Nene April 27 485.3 511.. 0 0.4 s. 84.3° E. 20
(19°19.4' N., 155°16.7' W.)

Hilina Pa1i April 30 498.1 497.8 0.6 N. 79.8° w. Oct. 14" 19
(19°18.2' N., 155°18.6' W.)

Kapapa1a Ranch April 28 495.3 502.3 0.3 N. 83.5° w. Jan. 21, 19
(19° 20. 5' N., 155°23.8' w.)
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Figure 2.--Tilting of the ground around Kilauea caldera, January 22 to
April 27, 1964. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open circles,
short-base water-tube tiltmeters.
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Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands, usually
within 100 km of at least one seismograph, and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismographs in Hawaii are listed in table 3. The earthquakes
are separated into groups on the basis of region of origin as determined by
analysis of records obtained daily at the Observatory (U, M, A, D, N, WV,
MP). Earthquakes of magnitude 2.5 or greater are generally sufficiently well
recorded to be located with greater precision; they are listed individually
in table 4. Data on identifiable phases from distant earthquakes are
listed in table 5.

Locations of the seismograph stations and essential data on the
stations are listed in table 6, of summary 33.
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Table 3~-~Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, NJ WP, and MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region. Unless otherwise stated, tremor i~ presumed to
be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismopgraph; shallow earthquakes in the Kilauea caldera region;
shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki
fault system; earthquakes along the eastern half of Kilauea's east rift zone--detected largely
on the Pahoa short-period vertical; earthquakes from a source about 30 km beneath Halemaumauj
earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank (these are usually first arrivals at the Abua meter or at the newexperimentalsei-smometer
near Makaopuhi Crater (MP)); and earthquakes from other regions: Kona, Mauna Kea, etc$

n

Tremor

Date·~·~·:
(in minutes) Earthquakes

(1964)
Inter- Hale- SW. rift Eastern ~ Hale- UpperI

.-

Deep media.te Shallow maumau Kilauea and East maumau East Others
slides caldera Kaoiki rift 30 km rift

Apr. 1 ---,.-.- -~-=-:_-- ----..,--- ------ 70 8 - -=-- 8 7 --------------
2 19 -----=--- ------- ------ 82 6 1 1 9 1 Kilauea

south flank.
3 -_.-:_- ------- ------- 1 85 6 1 1 3 1 off· phore of

Kana.
4 ___ t-...-_ -------=- ------- ___ e::- ___ 64 22 ---~ 11 9 1 Mauna Kea

region.
5 --~~- .-_----- _____ ~'z::Ii

------~ 5$ 12 ---- 6 3 ~-------------

6 ~~---

___ ~_-=o_
-~ ___ ca.t=-

-~~_:.--:- 73 12 _ __ IE:' 2 3 ---------------
7 ~ ... _-- e.:.- _____

-----~ ... ~------ 52 16 ---- 13 2 1 Mauna Kea
region.

8 ---- ---~-==-~ -~~----... -----~~ 39 ? 5 ... _~-- 5 5 1 Kohala regio
1 Mauna Loa

region ..



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Date Tremor
(1964) (in minutes) Earthquakes

Inter- Hale- SW. rift Eastern Hale- Upper
Deep mediate Shallow maumau Kilauea and East maumau East Others

slides caldera Kaoiki rift 30 km rift

Apr~ 9 ------ 44 3 ------ .... 2 5 ----------~------------

10 ------ 56 15 ------ 1 3 ---------------------~-

11 ------- 1 39 9 ------ .... 3 1 -----------------------
12 ------ 37 15 1 3 1 1 Mauna Kea region
13 ------ 51+ 30 1 3 4 -~-------------------~-

14 ------ 48 19 3 8 1 2 Kona-----------------
1 near Kalapana.

15 ---~-- 1 48 4 -----~ 3 3 ~----------------------

\0 16 ------ 45 12 ----- .... 3 ? -----------------------
17 ------ 35 11 -----~ 2 ---------~-~-----------

18 75 ------ 40 16 ~----~ 4 6 -----------------------
19 ------ 44 13 1 14 1 1 near Ka1apana--------
20 40 ------ 66 12 -----~ 3 3 2 Kona
21 -"_-=::I ... ~ 59 16 -----_.. 4 2 2 Mauna Loa------------
22 27 -- - --- 76 12 1 8 2 1 Mauna Loa---------- ca

-

23 ___ c:.-_«:I:» 46 12 _.a ___. __ 4 3 -----------------------
24 ~----- 58 4 ------ 1 ----------~------------

25 --- - - -- 48 18 ------ 14? -----------------------
26 ____ E.-_ 49 5 ~----- 5 6 -----------------------
27 ------- 48 8 ------ 3 2 -----------~----~------

28 56 ------- 64 4 =-=------ 2 4 --------~-------~------

29 --~--- 52 9 ca _____ 2 1 2 Kona-----------------
30 ------ 40 8 _C:lt _____ 1 2 1 Kona-----------------

May 1 ------ ----- - 40+ 4 ------ 3 ---------------------~-

2 ------- 40 9 ------ 4 6 ---------------------~-

3 ------ 39 13 1 8 2 -------------------~---

4 ------ 32 6 ------ 2 5 1 Kona-----------------



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D t N J WP,. and ME' around Kilauea caldera,--Continued

Others

Earthquakes
Tremor

(in minutes)

Deep

Date
(1964j_-----t~----..----+-----;..----..-----~---.....----..........-.------....----------Inter- Hale- SW. rift Eastern Ha1e- Upper

mediate Shallow maumau Kilauea and East maumau East-
slides caldera Kaoiki rift 30 km rift

I-'
o

May 5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22

2'3
24
25 t3
26 37
27
28
29
30

3

5

3

60
60

3

46
48
46
40

54
39
42
35
46+
58
50
67
43
52
40
40+
39
33

30
30
40
42
85
62
58
57

10
5

10
5

10
7

20
12
11
13
14
22
12
37
15
-8

40
5

32
8
7
9

10
7
8
'8

1

4
1

1

10
8
2
3

6
3

10
4
3
3
3
2
9
5
4
3
1.

2
2
6
2
3
2
8'
3

2
3
2
4

3+
3
3
1
2
3
4
2+
1+
?
?

5

?

5

2
2
5
1

1 Mauna Kea

1 off south shore
of Hawaii.

1 Kona-----------~

1 Near Apua Point
~~-----~---~-~-----

1 Kana

2 Mauna Kea, 1 Kana

1 Mauna Loa
1 offshore Kana
1 Mauna Kea-~------

1 Kona-------~-----

3 Koha1a region----

2 Kona------------
1 Near Kapoho------



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Date Tremor
(1964) (in minutes) Earthquakes

Inter- Hale~ 8W. rift Eastern Hale- Upper
Deep mediate Shallow maumau Kilauea and East maumau East Others

slides caldera Kaoiki rift 30 km rift

May 31 32 60 8 2 1 Mauna Kea------------
1 near Apua Point------

June 1 2 53 8 3 1 Kona, 1 Kohala--------
2 15 6 65 9 3 3 1 Mauna Kea region------
3 60 8 3 2 -------------------~-~~

4 60 4 2 2? ---------~-~-----------

5 53 12 3 5? ~-------------------~~-

6 1 54 8 3 2 1 Kona, 1 Mauna Kea
J-l 7 38 51 6 10 1 Mauna Loa~--------=---
~ 8 9 52 5 3 3 1 Mauna Loa--------------

1 off south shore of
Hawaiic

9 10 54 7 5 2 ---------~----~~~~-~~-~

10 71 7 1 1 17 ~-~----~---~--~-----~~-

11 5 58 9 1 2 Mauna Loa-------------
12 4 57 4 1 2 1 Kona-----~--------~~-

13 40 4 1 1 2 -~--------~~--------~--

14 31 35 6 1 1 13 1 Mauna Loa------------
15 53 8 1 3 ---~----------------~-~

16 36 10 ------
--------~------------~-

17 37 4 4 1 2 Kona, 1 Mauna Kea
regionc

18 62 11 1 1 -~--------~------~---~~

19 60 7 2 2 ---------~-~-----------

20 65 9 2 5 ----~--------------~--~

21 65 8 2 2 1 1 Kona-----------------
22 60 7 3 1 ---------~-------------

23 6 53 8 1 ~---------------~-----~

24 72 16 3 3 1 Koha1a region--------
25 70 21 __ ~_.:3I" 2 ---------------------~~



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs

Uj M, A, D, N; WP, and MP around Kilauea caldera--Continued

Tremor

Date
(in minutes) Earthquakes

(1964)
Inter~ Hale""" SW. rift Eastern Ha;le- Upper

Deep mediate Shallow maumau Kilauea and East maumau East Others
slides caldera Kaaiki rift 30 km rift

June 26 ---- ____ c:. __ -------- ---'-=~ 67 17 .-_~=-- 2 11 1 Kana
1 near Apua Point

27 35 13 --.-- -- -- ~---~ 49 10 ---=-=-.-:I~ 11 6 -----------~-------

28 -~-- --~-~~ 15 ----~ 70 9 -=------- 6 5 ---------~---------

29 ---- 9 ------- _._--- 46 6 ----~ 2 4 1 Mauna Kea
30 ~ - -.-. -----~ ------- ------- 67 11 ----- - -3 ------ 1 Kana--------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1964

[Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are included in the list.

In the following list, some origin times are followed only by 1fKM 30 ft and a statement of magnitude.
These are all members of a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is beneath Halemaumau at a depth of 30 km {19°24.l' N., 155°17.1' W.).

In the following list a number of quakes are described as fTUpper east rift fT (see Summary 28).. Their
average epicenter is approximately 19°21.5' N., 155°14' W. about 2 km south of Aloi Crater at
near-surface depth.

The mean focus of the magnitude 6.1 Kaoiki fault system earthquake of June 27, 1962, and its aftershocks
is 19°24' N., 155°25' W., at a depth of 3-8 km. This focus has bee abbreviated 1fKaoiki1fJ

Date Time Magni- . Depth' Epicenter Felt
(1964) t-l1de (km) Report

h m s Lat. N. Long W. Description- - -
April 1 02 ' 2B 53.0 3·9 ---- ~~---- .... - ... - ----------- Kaoiki----------------- Felt over half of

! island of Hawaii
2 00 47 08~0 2.4 8 19°16.1' 155°13.8' 4 km vJNW of Apua Point -------~------~--~

2 05 41 57.4 2.0 ---- -------~- ----------- KM 30------------------ ------~~--------~-

2 22 18 51.0 2.9 ---- --------- ------------ Kaoiki----------------- Felt in Pahala
3 10 07 25·5 2.7 8 19°48' 156°09' 40 km NW of Kealakekua ---~--------------

3 18 04 54.5 2~0 3 19°21.7' 155° 08.0' 5 km E. of Makaopuhi ----------------~-

4 17 39 08.5 205 3 19°54.0' 155°54.0' 17 km NNE of Pohakuloa --------~---------

5 01 00 00.2 2.0 ---- _c:r:ao __ ~ ___ -=:_------- KM 30----------------~ -~~~--------------

6 04 19 22.0 2~3 3 19°19.0' 155°10.2' 6 km S. of Makaopuhi-- ----~------------~

7 11 45 57·5 2.3 8 19°45~8' 155°22.2' 32 km WNW of Hilo----- ~--------------~~-

7 19 03 24.5 2.3 1I:ol»a:. __ .:3I1C:3I ___ ee. __ --------- KM 30----------------- ----~------------~

8 07 39 49.5 2.5 13 19°32.1' 155°37.1' 7 km NW of North Bay ---~------------~-

seismometer ..
9 08 02 40.1 2.1 3 19°17.7' 155°11.9' 9 km SSW of l~akaopuhi ---~--------------

10 19 13 09·5 2.7 ---- -~------ --------- KM 30---------------~ -~-------------~--

10 21 50 32.7 2.1 3 19° 18.5 f 155°09.3' 8 km SSE of Makaopuhi --------~-------~~

11 03 29 53.3 2.5 ---- _______ e:t ------=--- Kaoiki--------------- -------------~--~~

11 19 51 01·5 2.4 13 19°13.7' 155°29.8' 3 km NW of Pahala---- --------~~-------~



Table 4,. -=oooIJocal earthquakes recorded by seismographs of the lT. S .. Geological Survex,

April, May, and June 1964--Continued

Date Time :Magni~ Depth Epicenter, Felt
(1964) tude (km) Report

h
.'.

Lat# N.. Long. w. Descriptionm s- - -

April 12 05 43 58~ 5 200 13 19°44 .. 5' 155°26.3' 9 km ESE of Pohaku1oa Felt in Naalehu
12 19 29 08.8 2 .. 0 8 19°1788' 155°10~6' 8 km S. of Makaopuhi ~--------~--~---~

14 02 45 20004 2D2 3 19°26.5' 155°52.9' 9 km SSE of Kealakekua ---~-------------

14 05 41 54.0 2~1 8 19° 19~ 5" 155°02~5' 7 km WSW of Kalapana --~--------------

14 13 08 31e9 3.-0 -.t.~~t:ID

.-ror-::e:-~ __ ~'-

--------~ KM 30---------------~ Felt at Volcano
14 13 23 o4Q3 2~4 -~~~ -----~_-:I ~---~---- KM 30---------------- ------~-------~--

14 14 02 44.0 2.6 13 19° 33' 155° 58' 7 km NW of Kealakekua Felt in Kana
18 09 22 19·5 2e6 ---'=-'-- ~._- -=--- -- --------- KM 30---------------- -----------------
19 00 48 32r5 2.5 3 19°20.8' 155°03 .. 1' 8 km WSW of Kalapana -------~---~-~~-~

19 03 51 5180 2.0 3 19°1ge7' 155°05.9' 10 km ESE of Makaopuhi --~--------------

19 21 39 10eO 2!2 3 19°18.8' 155°04.3' 14 km ESE of Makaopuhi' -~--------------~

20 06 04 04 .. 0 288 3 19°40.8' 155°53.9' 18 km NNE of Kealakeku ~ Felt in Kona-----
20 14 07 13.0 3.4 < 3 19°25' 156°01' 17 km SW of Kealakekua Felt in Kona-----
21 09 58 35.5 2.2 13 19°07.5' 155°29.7' 12 km NE of Naalehu--- -----------------
21 20 49 32.3 2.7 3 19°12.8' 155°35.0' 17 km N. of Naalehu--- -----------------
22 14 08 13.5 2.5 3 19°13.6' 155° 33. 3 ' 18 km NNE of Na.alehu -----------------
26 00 44 '50.0 2.9 3 19°18e9' 155°11.8' 8 km SSW of Makaopuhi Felt a.t Volcano
26 10 20 39.6 2.9 3 19°21.8' 155°04~9' 12 km E. of Makaopuhi Felt in-- Hila
28 05 32 16.7 2.5 ---- -------- --------- KM 30---------------- ----------------
28 06 27 15.9 3.2 ---- -------- --------- Kaoiki--------------- Felt near Pahala
28 15 33 53.0 2·5 3 19°17.8' 155°06.1' 12 km SE of Makaopuhi -----------------
30 01 26 42.3 2.5 3 19°19.4' 155°08.0' 8 km SE of Makaopuhi -----------------
30 04 23 08.0 2.8 3 19°27.4' 155°57.8' 8 km SW of Kealakekua -----------------

May 2 17 55 33.5 2.4 8 19°16.8' 155°11.8' 10 km SSW of Makaopuhi -----------------
3 02 40 58.5 3~1 8 19°20.2' 155°05.2' 10 km ESE of Makaopuhi -----------------
4 01 41 23.0 2·9 3 19°27.0' . 155°58.2' 9 km SW of Kealakekua -------~---------

7 22 58 54.0 2.3 5 19°18.0' 155°15.5' 9 km S. of Ahua -----------------
seismometer.

8 03 44 42.0 2~2 3 19°13.2' 155°15.2' 18 km S. of Ahua -----------------
seismometer.

8 13 36 20.0 2.7 13 18°54' 155.0 30' 22 km SSE of Naalehu -----~-----------

9 07 56 32~5 2.6 --~- -------- -------- Kaoiki--------------- -----------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1964--Continued

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

-
h m s Lat. N. Long. w. Descripti on
- . - -

May 9 15 53 23.0 2.6 ---- -------- --------",,-- KM 30---------------- ----------------
9 18 40 13.3 2.6 30 19°22.2' 155°19.8' 7 km NE of Desert ----------------

seismometer.
10 11 03 48.0 2.7 35 19°26.8' 156°02.2' 15 km SW of Kealakekua ------------_._---
11 03 45 51.3 2·5 ---- ----_-._- --------- KM 30----------------- ----------------
11 06 39 25·5 2.1 ---- -------=-- --------- KM 30----------------- ----------------
11 11 46 39·5 2.6 ---- ______ e-_ --------- Kaoiki---------------- ----------------
11 16 19 06.2 2.1 ---- -------- -=--------- KM 30----------------- ----------------
11 21 00 11.0 2.4 8 19°16.3' 155°09.2' 5 km ENE of Apua Point ----------------
11 22 42 01.7 2.6 ----- -------- --------- Kaoiki~--------------- ----------------
12 20 14 56.0 2.2 ---- -------=-- --------- Kaoiki---------------- ----------------
14 02 28 51.1 2.3 5 19°19.0' 155°09.6' 7 km SSE of Makaopuhi ----------------

14 10 13 12·5 2 .. 0 -~ .. - ---------- --------- KM 30----------------- ----------------
14 16 05 02.9 2.3 10 19°23.9' 155°15.8' 2 km N. of Ahua -----------"'-------

seismometer.
15 05 49 17.5 2.4 .3 19°19.0' 155°06.9' 10 km SE of Makaopuhi -_=_ ____________ -=:3_

16 09 48 46.3 3.0 --=-_ ... --------- -------.:::.- Kaoiki---------------- Felt in the
Kilauea Summit
region.

16 18 18 22.7 2·5 3 19°21.6' 155°08.0' 6 km E. of Makaopuhi ----------------
18 03 47 19·0 2.7 3 19°22.8' 155°45.5' 23 km SE of Kealakekua

_e:- _____________ ~

18 07 32 56.5 2.9 --=--=--- _oc.- ______ --------- KM 30----------------- Felt near Pahala
18 11 00 11.5 2.8 13 20°03.5' 155°32.1' 15 km ENE of Kamuela ----------------

seismograph.
18 11 02. 34.3 2.6 13 20°03.5' 155°32.1' 15 km ENE of Kamuela ----------------

seismograph.
20 23 43 59·0 2.0 ---- -------- --------- KIY1 30--------------- ------------------
22 11 51 23.3 3.0 8 19°32.2' 155°37.2' 7 km NW of North Bay -----------------

seismometer.
22 14 21 29.2 2.7 13 19°29' 156°17' 40 km WSW of Kealakekua

___________ ~_ .. __ e-

I

23 21 23 19·0 2.8 13 20°07.0' 155°50.4' 18 km NW of Kamuela _______________ -=-

seismograph.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1964--Continued

selsmometer.

Date Time Magni- Depth Epicenter Felt

(1964) . tude (km) Report
h m s Lat. N. Long. w. Description
- - -

y 24 05 05 56.0 3.2 3 19°15.0' 155°24.4' 11 km SSW of Desert Felt----------~---

seismometer.
24 05 28 OO~5

" 2.6 3 19°10.9' 155°22.9' 18 km SSW of Desert ------------~-----

seismometer.
24 07 15 27e7 2.2 3 19°15,.1' 155°23.1' 12 km SCI of Desert --------~~-------

seismometer.
27 15 01 45.5 2.4 13 19°5398' 155':>29.0' 28 km SE of Kamuela Felt in Kamuela

; seismograph.
28 04 06 01·5 3.4 13 20°05.9' 155°50.3' 18 km WNW of Kamuela Felt in Kamuela

seismograph. and Kohala.

29 05 04 56.6 2.3 3· _c:.r __ -=- __ c-. -------- Kaoiki-------~------ ~-----~--~-~-~----

30 20 57 56.5 2.2 5 19°32,,0' 154°52.9' 5 km NW of Kapoho--- Felt in Kapoho----

31 03 20 26.3 ~.5 10 19°15.8' 155°06.5' 10 km E. of Apua ------------~-----

Point.
ill1e 1 03 14 43.0 2.7 10 20°05.8' 155°50.8' 17 km ~ of Kamuela -----------~------

2 00 16 :06.0 2.4 ----- -------- --------- KM 30--------------- ~---~-------------

2 21 05 37.2 2.5 40 19°54.3' 155°10.1' 10 km NW of Pepeekeo ------------------
4 08 34 31.9 4.0 45 19°26.8' 155°16.8' 4 km NE of Uwekahuna Felt Island-wide.

seismometer.
.4 12 52 16e7 2~5 ~_--.-

------~- --------- Kaoiki---------~------ ----~~~--~--~~----

4 13 22 30.0 3.8 8 19'° 19. 2 t 155°05.2' 12 km ESE of Makaopuhi Felt in Hi1o------
seismometer.

6 19 31 24.3 2.8 8 19°51c9' 155°44.8' 10 km W.. of Waikii---- -------~----------

6 20 04 03.3 2~4 - ---- ~ .. ------ --------- Kaoiki--------------~- ~~--~~~-----------

8 03 36 14.4 2·5 8 19° 02. 8,' 155°27.6' 14 km E. of Naalehu -----~~-----~-----

8 12 00 50~5 4~1 8 19° 37 e 8:' 155°25.1' 15 km NNW of Maill1a Felt Island-wide
Loa seismometer.

9 02 15 07·1 2 ..8 8 19°22.6' 155°06.2' 9 km E. of Makaopuhi ----~--~-----~----

seismometer.
10 05 04 28.5 2·5 13 19°20.. 2' 155°06.7' 5 km BE of Maiaopuhi -----------~~----

J

Ma



Table 4.--Local earth uakes recorded b seismo
April, May, and June

Geol0 ical Surve

selsmometerc

I

Date Time Magni- Depth Epicenter Felt
(1964 ) tude (km) Report

h m s Lat. N. Long. w. Description
- - -

June 10 07 13 32.4 2.6 ---- --------- --------- KM 30---------------------- -----------------
10 09 05 16.5 2.7 8 19°17.4 1 155°11.4 1 9 km S. of Makaopuhi -----------------

seismometer.
10 22 45 34.9 2.0 10 19°24.5 1 155°05.6 1 11 km NE of Makaopuhi -----------------

seismometer.
11 14 10 37.7 2.3 35 19°12.7 1 155°31.9 1 6 km WNW of Pahala -----------------
14 05 05 38.5 2.2 _c-. __

-------~ --------~ KM 30-------------=-- -----------------
14 10 58 22.0 2.4 8 19°10.8 1 155°31.9 1 14 km NNW of Naalehu -----------------
14 11 23 14.4 2.7 ----

__ ~e_ _____

--------- Kaoiki--------------- ----~------------

14 16 38 15.2 2.6 8 19°18.9 1 155°11.6 1 5 km SSW of Makaopuhi ----------~------

seismometer.
15 03 25 31.6 2.7 10 19°16.7 1 155° 08.1 1 11 km SSE of Makaopuhi -------~---------

seismometer.
16 12 04 40.7 3.1 13 18°54.0 1 155°35.6 1 18 km S. of Naalehu -----------------
17 00 48 20.0 2.0 3 19°27.1 1 155°46.2 1 17 km SE of Kealakekua -----~-----------

17 14 13 31.3 3.0 3 19°28.0' 155°50.6' 10 km SE of Kealakekua Felt in Kona-----
18 05 07 5808 3.2 50 19°4500' 155°05.2' 4 km N. of Hilo------- -----------------
19 04 14· 43.6 2.5 25 19°12.2' 155°18.6' 18 km SE of Desert -----------------

seismometer.
20 18 14 28.7 2.6 ---- _____ c.- ___ ------_ ..... Kaoiki---------------- ~---------------~-

21 05 23 10.3 2.1 10 19°19.0' 155°07.0' 10 km BE of Makaopuhi ~--~~-------------

seismometer.
21 11 23 34.3 2.6 8 19°43' 156°10' 12 km E. of Keahole. -~----------------

Point.
22 17 30 32.8 2.9 ___ .:a __ c.--._~"_

______ cm __

Kaoiki~---------------- Felt in Paha1a----
26 14 34 36.0 2.6 3 19°43.0' 155°41.9' 33 km NE of Kealakekua ------~--------~-~

26 15 36 33.5 2.9 3 19°15.5' 155°11.4' 1 km SE of Apua Point -~----~----------~

26 18 56 08.1 2.1 10 19° 18.1' 155°10.9' 7 km S. of Makaopuhi ~~-------~~-~~~~~-

seismometer.
26 20 52 54.1 2.7 10 19°18.7' 155°11.4' 6 km SSW of Makaopuhi --------------~--~

-



'rable 4~ - -Local earthqriakes recorded by seismographs of the U. S. Geological Survey,

April, May, and June 1964"·-Continued

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat4 N. Longp W" Description- - -
.~ ...-..

Jurle 27 07 02 50cO 2l.3 8 19" 19· 8' 155°05~8' 10 km BE of Makaopuhi ~~~---~~----~-~~~

seismometer"
27 13 07 10~3 r"\ '"'") a."r-r'.rw" n::'_ ..... ~~..-o~.e

~_~~~ __ l3» KM 30=--=--=-~--------=- ~~-~~-------- --~~--c::..,...J
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Table 5.--Distant earthquakes

[Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a "d" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in
summary 33. Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenter, origin times, and focal
depth, and magnitude reported by other institutions are taken from
"Preliminary Determination of Epicenters" published by the U.S. Coast
and Geodetic Survey.

The high concentration of aftershock activity following the March 28,
1964, Alaskan earthquake necessitated a separate listing of these
events; and such is listed in the end of this table, as continued
from summary 33J

C&GS card 36-64:
01:44:50.3
36.4° N., 139.9° E.
Central Honshu, Japan
h about 67 km
Magnitude 4.7 {CGS).

C&GS card 32-64:
15:56:52.6
5.8° N., 1250 w.
Mindanao, Philippine Islands
h about 179 km
Magnitude 5.7 (CGS).

April 5

April 2

M Z eP 16:08:34.6 c
A Z eP 34.9 c
D Z eP 34.3 c
U Z iP 37.4 c
Pa Z eP 39·2 c
NB Z iP 34.1 c
Hi Z iP 38.5 c
Ke Z eP 33.6 c

C&GS card 34-64:
10:58:09.1
45.8° N., 150.8° E.
Kuri1e Islands
h about 40 km
Magnitude 5.5-5.75 (Brk), 6.25

6.5 (Pal), 5.5 (CGS),
6.1 (HVO).

April 7

M Z eP 13:30:25·9 c
A Z eP 26.3 c
D Z eP 25.3 c
MP Z eP 26.5 c
U Z iP 26.1 c
Pa Z eP 27.1 c
NB Z iP 25.1 c
Hi Z eP 27.3 c
Na Z eP 23.9 c
Ke Z iP 22.4 c

C&GS card 33-64:
13:18:18.9
0.1° N., 123.2° E.
Northern Celebes
h about 150 km
magnitude 5.9 (CGS).·

April 8

M Z eP 11:07:23 c
U PEE eS 11:14:37
U PEZ iSS 11:18:15
U PEE eG 11:19:10
U PEZ iR 11:21:30

19

Sumatra

01:54:36.0 c

01:39:38
01:45:18
01:55:38

iPzM

April 2, 1964

U PEZ ePS
U PEN eSS
U PEl\I eG

C&GS card 32-64:
01:11:55
5.90 N., 95.70 w.
Near coast of Northern
h about 132 km
Magnitude 5.2 (CGS).



Table 5. --Distant .earthg.uakes-·-Continued

C&GS card '35-64:
16:18:54
8.6° S., 117.3° E.
Sumbawa Island region
h about 58 km
Magnitude 5. 3 (CGS).) .

C&GS card 35-64:
13:43:08.9
52.1° N., 169.4° w.
Fox Islands, Aleutian Islands
h about 33 km
Magnitude 4.9 (CGS).

April 13--Contihued

C&GS card--Continued
6.9° N., 126.6° E.
Near east coast of Mindan.ao.,

Philippine Islands
h about 110 km.

C&GS card 35-64:
01:04:34.5 ,
37.0° N., 142.7° E.
Off East coast of Honshu, Japan
h about 38 km
Magnitude 5.1 (CGS)o

April 16

l6:31:53.6 d

01:14:23.8 c

14:00:46

iP

ePZ

z

PEZ eR

April 16

April 14

u

M

M

April 11

M Z iP 01:13:19.7 c
A Z iP 19~5 c
u Z iP 19.6 c
Pa Z iP 20.9 c
NB Z eP 20.0 c
Hi Z eP 22.4 c

C&GS card 33-64:
01:04:30.2
2980° S., 178.9° Ws
Kermadec Islahds
h about 302 km
Magnitude 5.3 (CGS).

April 12

M Z iP 11:20:40.8 c
A Z iP 40.3 c
D Z iP 11:20:39~6 c
MP Z eP 40.1 c
U Z eP 40.3 c
Pa Z eP 42 c
NB Z iP 40.3 c
Hi Z iP 42~9 c
Ke Z iP 39.5 c
Ha Z iP 46.7 c

C&GS card 36-64':
11:10:54.8
33~9° S~, 179.8° w,
Kermadec Islands
h about 89 km
Magnitude 5~4 (CGS)w

April 13

M Z eP 08:54:49.3 d
A 'Z eP 50.0 d
D Z eP 49.3 d

C&GS card 33-64:
08:45:24.6
2203° N~, 142e1° Ee
Bonin Islallds region
h about 309 km
Magnitude 5 ~ 1 (CGS)~.

C&GS card 35-64:
14:05:14.9
7.0° B., 155.7° E.
Solomon Islands
Felt: Kieta & Omori
h about 78 km
Magnitude 5.4 (CGS).

April 13

M Z iP'
A Z iP

C&GS card 33,-64:
11:26:52.1

11:38:3430 d
34.3 d

20

April 16

M Z
D Z
Na Z

eP
eP
eP

14:14:59.4 d
58.4 d
56.3 d



Table 5.--Distant earthquakes--Continued

April 17, 1964

C&GS card 35-64:
06:00:00.2
6.6° S., 154.9° E.
Solomon Islands
Felt: Buin & Omori
h about 85 km
Magnitude 5.4 (CGS),

6.4 (RVO).

April 24

M Z eP 06:06:36.2 d
D Z eP 35.5 d
Pa Z eP 39.2 d
NB Z iP 36.1 d
Hi Z iP 38.7 d
Na Z iP 34.9 d
Ke Z eP 33.0 d
U PEZ i 06:07:06
U PEN is 06:15:14
U PEE iG 06:22:26
U PEZ iR 06:25:14

C&GS card 39-64:
05:56:10.1
5.1° S., 144.2° E.
North-East New Guinea
h about 106 km
Slight damage at Hagne
Felt widely
Magnitude 6.5-6.75 {Brk),

6.3 (CGS), 7 (HVO).

April 23--Continued

Ke Z iP 23.3 c
U PEZ iPP 03:47:33
U PEZ iPPP 03:49:28
U PEZ is 03:54:11
U PEZ iSS 03:59:08
U PEZ iSSS 04:02:38
U PEN iG 04:04:19
U PEZ iR 04:07:16

C&GS card 36-64:
03:32:50.3
5.3° S., 134.0° E.
Aru Islands region
h about 33 km
Felt: Darwin, Australia
Magnitude 6.4 (cas),

6.8 (HVO).

03:44:26.8 c
26.6 c
25.7 c
26.5 c
28.5 c
25.6 c
28.5 c

20:09:09.9 d
09.5 d
08.7 d
12.3 d

14:41:10
14:47:24
14:03:18

06:09:27.4 d
26.6 d
29.4 d
26.9 d
29.7 d
24.5 d
24.7 d

07:08 :08,

iP
iP
iP
iP
eP
iP
iP

iP
eP
iP
iP

iP
iP
eP
iP
iP
eP
iP
Tmax

Z
Z
Z
Z

C&GS card 36-64:
20:00:22.8
15.5° S., 167.5° E.
New Hebrides Islands
h about 123 km
Magnitude 5.0 (CGS).

April 23

M Z
A Z
D Z
U Z
Pa Z
NB Z
Hi Z

M
A
NB
Ra

April 22

April 19

U PEZ ePS
U PEZ eSS
U PEZ eR

C&GS card 35-64:
14:12:21.9
60.5° S., 58.3° S.
Near South Shetland Islands
h about 33 km
Magnitude 5.4 (CGS).

M Z
D Z
Pa Z
NB Z
Hi Z
Na Z
Ke Z
Ke Z

21



Table 5.--Distant earthquakes--Continued

07:09:38
07:21:26
07:25 :26

16:13:06.0 d
16:21:11
16:26:53
16:29:09
17:14:09

M Z Tmax 13:12:50
A Z Tmax 51
D Z Tmax 51
u· Z Tmax 35
Pa Z Tmax 25
NB Z Tmax 50
Hi Z Tmax 09

C&GS card 38-6'4:
14:40:28.3
13.3° NA' 88ft8° w.
Near coast of E1 Salvador
h about 158 km
Magnitude 6 (Pal), 5.1 ·(CGS).

08:27:27'
08 :31: 51
08:33;59

08:08:15.7 c
17.6 c
15.9 c
16.5 d
17.0 c
14.1 c
16.1 c
15.6 d
12.0 c

08:08:07.3 c
08:16:31
08:22:47
08:24:51

16:20:04.0 d
, 0.4.8 d

16::27:25
16:32:15
16:34:31

May 7

M Z iP
A Z eP
D Z eP
U Z iP
Pa Z eP
NB Z iP
Hi Z eP
Na Z eP
Ke Z eP
Ha Z eP
U PEE is
U PEN iG
U PEZ iR

C&GS card 40-64:
07:58:14.3
40.4° N., 139.0° E.
Off coast of northern Honshu,

Japan.
Felt: Northern Honshu and

Hokkaido.
h about 33 km
Magnitude 7 .(Pas), 7 (Brk),

6.5-6.75 (Pal),
6.2 (CGS), 7.1 (HVO).

May 2

M Z' iP
. U Z eP
U PEN is
U PEN iG
U PEZ iR

, C&GS card 38-64:
16:11:00.2
45.5° N., 150.3° E.
Kurile Islands
h about 35 km
Magnitude 5.7 (cas), 6.6 (HVO).

May 6

U PEZ eS
U PEN eG
U PEZ eR

C&GS"card 38-64:
08:10:47.5
11.1° S., 162.2° E.
Solomon Islands
h about 40 km
Magnitude 5. 1--( CGS ), 5. 6 (HVO).

22(HVO ).

April 24, 1964

M Z eP 14:50:50.1 c
A Z iP 49.6 c
D Z iP 50.0 c
u Z iP 49.9 c
NB Z iP 52.9 c
Hi Z eP 49.3 c

April 27
U PEN ePS
U PEE eG
U PEZ eR

C&GS card 39-64:
06:44:25.1
60.1° S., 15100° E.
Balleny Islands region
h about 33 km
Magn.itude 5.0 (CGS), 6. 0 (HVO).

April 28

C&GS card 38-64:
12:21:25.6
59.0° N., 13807° w.
Near coast of southeastern Alaska
h about 33 km
Magnitude 4.6 (CGS)a

April 30

M Z eP
U PEN eS
U PEN eG
U PEZ eR
NB Z Tmax

C&GS card 42-64:
16:03:3104
4.6° Se, 153.2° E.
New Ireland region
h about 78 km
Felt: Londo1ovit, Rabau1
Magnitude 5.2 {CGS), 5.8



Table 5.--Distant earthquakes--Continued

C&GS card 40-64:
02:02:28.8
52.2° N., 169.6° w.
Adreanof Islands, Aleutian

IsJands
h about 25 km
Magn~tude 5.1 (CGS).

May 7

Ke Z iP 11:20:30.3 c

C&GS card 40-64:
11:11:04.9
30.6° N., 137.7° E.
Off south coast of Honshu, Japan
h about 469 km
Magnitude 5.1 (CGS).

11:08:44
11:15:37
11:17:33

05:35:08.7 c
08.6 c
08.8 c
05.0 c

05:43:05
05:52:27

14:29:53TmaxZ

Z eP
Z iP
Z eP
Z eP
PEN is
PEZ iR

C&GS card 44-64:
05:25:26.1
32.8° s., 178.3° w.
Kermadec Islands region
h about 33 km
Magnitude 5.3 (CGS), 6.6 (HVO).

May 15

U PEE is
U PEN eG
U PEZ iR

C&GS card 43-64:
10:50:21
3.5° S., 149.1° E.
Bismark Sea
h about 44 km
Magnitude 4.7 (CGS), 5.9 (HVO).

May 10

C&GS card 42-64:
13:44:03
51.4° N., 129.2° w.
Vancouver Island region
h about 33 km
Magnitude 4~1 {CGS).

May 13

M
A
U
Ke
U
U

Pa

C&GS card 42-64:
05:39:42.6
29.0° N., 141.5° E.
Bonin Islantis region
h about 62 km
Magnitude 4.75-5 (Brk), 5.3

(CGS) .

May 10

M Z iP 05:49:29.6 c
D Z iP 29.8 c
U Z eP 30.1 c
NB Z iP 28.4 c
Hi Z eP 30.7 c
Ke Z iP 25.7 c

23

02:09:16.3 c
02:17:59

23:52:59
23:56:17

20:22:50.0 d
20:31:07
20:35:03
20:37:09
20: 39:23

C&GS card 38-64:
23 :4

1

0 : 44. 1
52.2° N., 169.5° w.
Adreanof Islands, Aleutian

Islands
h about 20 km
Magnitude 5.2 (CGS).

May 9

M Z eP
U FEZ eR

C&GS card 38-64:
20:12:49.3
40.5° N., 139.0° E.
Off west coast of Honshu, Japan
Minor damage in Akita Province
h about 33 km
Magnitude 5.9 (CGS), 6.5 (HVO).

May 8

U FEZ eS
U FEZ eR

May 7

M Z eP
U PEN is
U PEZ eBB
U PEN iG
U PEZ iR



Table 5.--Distant earthquakes-~Continued

May 16) May 20

C&GS card 44-64:
16:07:46.2
32.8° S.) 178.3° w.
Ke'rmadec Islands region
h about 33 km
Magnitude 6.0 (Pas), 5.4,-( CGS),

6 (HVO) 3

May 18

M Z eP 14:20:26~3 c

C&GS card 43-64:
14:12:10.1
21.2° S., 174.5° w.
Tonga Islands region
h about" 33 km
Magnitude 4~5 (Brk), 5.,6 (CGS).

May 17

U PEZ ePS 19:53:59
U PEZ eSS 19: 58': 51
U PEN eG 20:08:07
U PEZ eR 20:13:33

C&GS card 45-64:
19:26:20.6
35.2° N., 35.90 w.
North Atlantic Ocean
h about 33 km
MagnitU.de 6~,5 (Pas) j 5.75-6 (Brk) ,

6-6.25 (ral), 5.6
(C9S)" 6'.4 (HVO).

l~: 57:15'

09:50:27.3 c
27.8 c
26.8 c
28.3 c
27.5 c

11 :'3'1: 58.1 c
58.0 c
58.3 c
59.8 c
56(,9 c
54.5 c

06 :12 :09 e 9"C

08$ 9 c
,09.8 'c

12.6 c
06.2 c

May 23

M Z iP
D Z iP
lJ Z eP
Pa Z eP
NB Z iP
Ke' Z iP

C&GS card 43-64:
11:22:33.3
28.6° N." '139.4° ET"
Bonin Islands region
h about 409 km
Magnitude 5.1 (CGS).

May 24

U PEZ eR

e&Gs card 43-64:
10:31:24~1

34c3° N. J 141.1° Eo
Near east coast of Honshu,

Japan
h about 33 km
Magnitude 5~ 2 (CGS).

May 26

M Z iP
A Z iP
D Z iP
MP Z iP
U Z iP

C&GS card 43'-64:
09:40:57.9
16.5° N., 145.9° E.
Mariana Islands region
h about 94 km
Magnitude 5. 5 {.CGS).

M Z eP
D Z eP
U Z iP
Hi Z eP
Ke Z eP

C&GS card 43-64:
06:01:14.8
2.7° S., 139.'3° E
Near north coast of western

New Guinea
h about 61 km
Magnitude 5.8 (CGS) 8

24

23: 15,:,34.5 c
23:25:~5

23:30:07
23:35:39
23:38:39

16:17:28.5 c
16:25:27
,16: 34:29

A Z eP
U PEE is
U PEZ eR

May 19

A Z eP
U PEE is
U PEZ eSS
U PEN" eG
U PEZ eR

C&GS card 43-64:
23:03:41,8
0070 S., 80#2° W~

Near coast of Ecuador
h about 54 km
Magnitude 5" 5 (Pal), 5· 25-5. ,5

(Brk), 5.4 (CGS)..,
6.1 (lIVO).



Table 5.--Distant earthquakes--Continued

May 26--Continued

C&GS card--Continued

h about 120 km
Magnitude 7.5-7.75 (Pas),

7.5-7.75 (Brk),
7-7.25 (Pal), 7.6 ~HVO).

Ma.y 29

M Z iP 19:10:13.3 c
A Z iP 12.7 c
MP Z iP 12.6 c
U Z iP 12.8 c

C&GS card 46-64:
19:01:57.0
2601° So, 178.3° E.
Fiji Islands region
h about 613 km
Magnitude 40 1 (cas).

May 30

M Z iP 14:40:33.0 c
U Z eP 33.6 c
NB Z eP 32.3 c
Hi Z eP 34.1 c
Na Z eP 33.7 c
Ha Z eP 24.0 c
U PEE is 14:48:34
U PEZ eSS 14:52:28
U PEZ iR 14:57:04

C&GS card 43-64:
14:30:45.3
3602° N., 141.1° E.
Near east coast of Honshu,

Japan.
h about 49 km
Magnitude 505-5.75 (Pal),

5.4 (CGS), 6.0 (HVO).

May 26, 1964

M Z ip T

A Z ePT
D Z eP'
l\1P ZiP'
U Z ePT
Na Z iP'
Ha Z iP'
U PEZ eP
U PEZ ipP
U PEZ ip T

U PEZ ipP'
U PEZ iPP
U PEZ isPP
U PEZ i
U PEZ ePPP
U PEN eSKKS
U PEN eS
U PEN i
U PEZ iPS
U PEN ipPS
U PEZ isPS
U PEE i
U PEE iSPP
U PEZ iSKKP
U PEZ i
U PEZ i
U PEE i
U PEZ i
U PEN" iSS
U PEN isSS
U PEN i
U PEE i
U PEE iSSS
U PEE i
U PEZ i
U PEZ i
U PEZ i
U PEN iG
U PEN i
U PEN i
U PEZ i
U PEZ i
U PEN i
U PEN i
U PEN i
U PEZ i

C&GS card 46-64:
10:59:12.3
56.2° S., 27.8° w.
Sandwich Islands

11:18:0600 d
05.4 d
05.6 d
04.9 d
05.5 d
04.9 d
07.7 d

11:14:53 c
11:15:21 c
11:18:09
11:18:38
11:20:06
11:20:48
11:21:58
11:22:56
11:25:54
11:27:46
11:29:36
11:30:18
11:30:42
11:30:54
11:31:04
11:31:18
11:31:43
11:32:18
11:33:26
11:34:48
11:35:23
11:36:54
11:37:46
11:39:48
11:40:38
11:42:00
11:45:14
11:46:21
11:48:24
11:49:26
11:51:30
11:54:48
11:56:54
11:57:56
12:02:38
12:04:23
12:06:43
12:10:48
12:13:00

25

May 31

M Z
A Z
D Z
U Z
Pa Z
NB Z
Hi Z
Na Z
Ke Z
Ha Z

eP 00:49:55.5 d
eP 56.8 d
eP 55.8 d
eP 56.3 d
eP 57.3 d
eP 54.3 d
eP 55.9 d
eP 56.8 d
eP 52.0 d
iP 44.9 d



Table 5.--Distant earthquakes~-Continued

C&GS card 50-64:
18:26:54.5
9.~0 S., 117.6° E.
Sumbawa region
h about 33 km

.Magnitude 5~0 (CGS).

June 10

June 8~-Continued

C&GS card 46-64:
22,: 53 :21. 7
17.7° N., 145.7° E.
Mariana Islands
h about 163 km
Magnitude 5.4 (CGS).

June 10

M Z iP 22:28:21.9 d
A Z iP 22 .. 1 d
D Z eP 21.4 d
MP Z iP 23.0 d
u Z eP 22.0 d
NB Z iP 20~7 d
Hi Z eP 23.9 d
Ke Z eP .19.9 d

·Ha Z eP 16.7 d
U PEZ ipP 22:28.:45
U PEZ isP 22:29:06
U PEZ i 22:51:38

C&GS card 49-64:
22:16:44.8
5.0° N., 127.4° E.
Talaud Islands region
Felt: Gen. Santos &

Hinatuan, Philippines
h about 146 km ,
Magnitude 5.5 (C~S), 6~o (RVO).

June 11

M Z iP 17:12:40.3 c

C&GS card 47-64:
l7:0l:48~5

2.0° S., 140.8° E.
Near north coast of New Guinea
h about 18 km.

18: 39: 56.5 diPZM

May 31, 1964--Continued

U PEE is 00:57:27
U PEZ iSS 01:01:10
U PEE eG 01:02:38
U PEZ iR 01:04:50
Ha Z Tmax 01:46:07

C&GS card 43-64:
00:40:36.4
43. 5° N., 146., 8~ E.
Kurile Islands
h about 48 km
Magnitude 6~5-6.75 (Pal), 6~3

(eGs), 7.2 (RVO).

June 6

M Z iP 19:18:02.2,c
A Z iP 00.4 c
D Z iP 00.6 c
u Z eP 00.7 c
Pa Z eP 19:17:59.5 c
NB Z iP 19:18:03.5 c
Hi Z eP 01.8 c
Na Z eP 01.7 c
Ha Z iP 11,.1 c
M Z Tmax 20:23:56
A Z Tmax 57
D Z Tmax 56
U Z Tmax 54
Pa Z Tmax 35
NB Z Tmax 20:24:02
Na Z Tmax 20:23:44

C&GS card 46-64:
19:07:51.4
26.6° S., 114.4° w.
Easter Island region
h about 33 km
Magnitude 5.8 (CGS).

June 8

M Z iP 23:02:42.1 d
A Z eP 42.8 d
D Z iP 42.1 d
MP Z iP 23:02:43.3 d
U Z iP 42.5 d
Pa Z iP 44 .. 6 d
NB Z iP 40.2 d
Hi Z eP 43.5 d
Na Z iP 40.7 d
Ke Z iP 37·.8 d

26



Table 5e--Distant earthquakes--Continued

June 11, 1964 June 16

M Z iP 18:41:57.4 M Z iP 04:11:41.3 d

C&GS card 47-64: A Z iP 42.0 d
D Z iP 41.6 d18:32:17.9
1:'@ Z eP 42.4 d33.1° N., 137.6° E. u Z eP 41.9 dNear south coast of Honshu, Japan Pa Z eP 43.0 dh about 330 km
NB Z iP 40.6 dMagnitude 4.8 (CGS).
Hi Z eP 42.2 d

June 11 Ke Z eP 39.9 d

A Z Tmax 22:58:36 Ha Z iP 33.4 d
u PEE is 04:19:45U Z Tmax 34 U PEZ iSS 04:2:3 :44NB Z Tmax 53 U PEE iG 04:26:06Ha Z Tmax 22:57:59 U PEZ iR 04:28:22

C&GS card 50-64:
22:18:19.8
40.3° N., 126.5° W.
Off coast of northern California
h about 33 km
Magnitude 5.4 (cas).

June 12

M
A
D
U

z
Z
Z
Z

iP
iP
eP
eP

16:07:57.8 d
58.1 d
57.3 d
58.0 d

C&GS card 51-64:
04:01:44.3
38.3° N~, 139.1° E.
Near west coast of Honshu, Japan
h about 57 km
25 killed, many injured, and
extensive property damage at
Niigata. 7 foot tsunami
along coastal areas
Magnitude 7025-7.5 (Pas),

7.25 (Pal),
6.1 (CGS), 7.5 (HVO).

C&GS card 48-64:
15:56:21.3
11.4° N., 124.9° E.
Cebu, Philippine Islands
h about 183 km.
Magnitude 5.5 (cas).

June 12

June 16

M Z
A Z
D Z
NB Z
Hi Z

iP
eP
iP
eP
eP

07:03:08.5 d
09.5 d
08.6 d
07.8 d
09.7 d

C&GS card 51-64:
07:14:57.1

27 38.5° N., 139.2° E.

C&GS card 51-64:
06:53:05.0
38.7° N., 139.0° E.
Near west coast of Honshu, Japan
h about 15 km
Magnitude 5.6 (CGS).

June 16

M Z iP 18:20:36.0 c
A Z iP 35.0 c
MP Z iP 35.1 c
U Z iP 35.1 c
Pa Z iP 36.1 c
NB Z iP 34.8 c
Ke Z iP 33.6 c
Ha Z iP 40.3 c

C&GS card 50-64:
18:12:20.5
26.5° S., 178.3° E.
South of Fiji Islands
h about 648 km
Magnitude 5.3 (eGs).

M
A
D
U
Pa
NB

z
z
Z
Z
Z
Z

iP
iP
iP
iP
eP
iP

07:24:59,,6 d
07:25:00.6 d
07:24:59.9 d
07:25:00.4 d
07:25:01.7 d
07:24:59.2 d



Table 5.--Distant earthquakes--Continued

June 16, 1964--Continued

C&GS card-~Continued

Near west coast of Honshu,
Japan.

h about 16 km
Magnitude 549 (CGS).

C&GS card 53-64:
03:03:37.9
10.4° S., 161.1° E.
Solomon Islands
h about 70 km
Magnitude 5.4 (GGS), 5.8 XHVO).

June 23

June 22

Z iP
Z iP
Z eP
Z iP
Z iP
Z iP
Z iP
Z iP
PEN is
PEZ iSS
PEN iL
PEE iG
PEZ iR

07:29:33~2 c
33.8 c
34r.3 c
33.4 c
33.0 c
34.1 c
31~5 c
33.5 c

13:01:31.9 d
27.1 d

13:09:35
13:13:29
13:14:53
13:17:47
14:03:43

35
43..
44
17
46

iP
iP
iP
eP
iP
iP
iP
iP

Z
Z
Z
Z
Z
Z
Z
Z

June 28

June 29

C&GS card 53-64:
07:21:32.8
62.7° N., 152.0° W.
Southern Alaska
Felt: College, Alaska
h about 33 km
Magnitude 5.6 (CGS).

M
A
D
U
Pa
NB
Hi
Ke

Hi Z eP
Ke Z eP
U PEN is
U PEZ eBS
U PEN iG
U PEZ iR
M Z Tmax
A Z Tmax
D Z Tmax
U Z Tmax
Ke Z Tmax
NB Z Tmax

C&GS card 53-64
12:51:34.6
1.7° S4' 149.6° E~
New Ireland region
h about 7 km

Magnitude 5-75-6 (Brk), 6.4
(~GS) .

June 30

03:12:42.4 d
43.3 d
42.3 d
43.0 d
42.0 d
49.5 d

03:20:04
03:27:22
04:07:55
04:08:13
04:08:19

01:35:59.0 c
5967 c
59.3 c
59.4 c
59.1 c
55.8 c
58.7 c .
49.1 c

01:43:34
01:47:23
01:48:15
01:48:30
01:50:50

iP
eP
iP
eP
eP
iP
is
iR
Tmax
Tmax
Tmax

z
Z
Z
Z
Z
Z
PEE
PEZ
Z
Z
Z

M
A
D
U
NB
Ha
U
U
Ke
NB
Ha..

M
MP
U
Na
Hi
Ke
NB
Ha
U
U
U
U
U

c&GS card 53-64:
01:26:37<;0
43.3° N~, 146.1° E.
Kurile Islands
h about 77 km
Magnitude 7 (Pas), 6.75-7 (Brk),

6~75 (Pal), 6.2 (CGS),
7.0 (HVO).

2

M
A
D
U
NB
Ke
Ha
U
lJ
U

Z iP
Z eP
Z eP
Z eP
Z eP
Z eP
Z eP
PEE epP
PF~ is
PEE iPPS

13:58:43,,3 c
4348 c .
43.2 c
43.4 d
40.9 c
40.1 c
48.,8 c

14:01:59
14:09:03
14:10:09



Table 5.--Distant earthquakes--Continued

June 30, 1964--Continued

U PEN eSS 14:14:17
U PEE eGSS 14:18:09
U PEN iG 14:20:29
U PEZ iR 14:24:01

C&GS card 54-64:
13:46:21116
O.8? Su., 122. 5° E.
Northern Celebes
h about 36 km
Magnitude 6.3 (CGG),

6.7 (HVO).

June 30

M
U

z
z

iP
eP

19:59:44.6 c
44.7 c

C&GS card 52-64:
19:47:22.5
0.0° N., 122.9° E.
Northern Celebes
h about 33 km
Magnitude 4.9 (CGS).

June 30

M Z iP 20:17:27.8 c
A Z iP 28.6 c
D Z iP 28.4 c
U Z eP 28.5 c
Pa Z eP 29.7 c
NB Z eP 26.9 c
Hi Z eP 28.2 c
Na Z eP 28.8 c
Ke Z eP 24.7 c

C&GS card 52-64:
20:08:28.5
46.6° N., 144.6° E.
Sea of Okhotsk
h about 383 km
Magnitude 5.5 {CGs).
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April 1, 1964

Table 5.·--Distatlt earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

April 1

U
Ke

z
z

eP
iP

00:08:58.6 c
58.8 c

Pa
Ha

z
z

Tmax 14:42:01
Tmax 14:40:29

C&GS card 32-64:
00:01:10.6
60.4° N., 146~4° w.
h about 10 km
Magnitude 4.9 (CGS).

April 1

C&GS card 32-64.:
13:54:31.9
57.5° N., 151.3° W.
h about 20 km
Magnitude 4. 9 (CGS).

April 1

C&GS card 34-64:
03:23:17.2
57.2° N., 151.3° w.
h about 25 km"
Magnitude 5.25 (Pal), 5.1 (CGS).

C&GS card 32-64:
16:29:09.0
59.7° N., 146.5° W.
h about 15 km
Magnitude 4.7 (CGS).

April 1

U
Pa
Hi
Ha

z
z
z
z

Tmax
Tmax
Tmax
Tmax

04:10:47
40
11

04:09:02

NB
Ha

z
z

Tmax 17:19:48
Tmax 17:18:39

C&GS card 32-64:
04:49:26
57.2° N9, 15184° W.
h about 20 km
Magnitude 4.8 (CGS).

April 1

C&GS card 32-64:
20:07:24
56.6° N., 153.0° w.
h about 33 km
Magnitude 4~ 4 (CGS).

Pa
Ha

z
z

Tmax 05:36:20
Tmax 05:34:45

Pa
Ha

z
z

Tmax 20:53:38
Tmax "20: 51: 57

April 1

U Z Tmax 06:24:22
Pa Z Tmax 23
Hi Z Tmax 03
Ha Z Tmax 06:22:56

C&GS card 32-64:
05:33:02r.9
59.9° N., 146.0° W.
h about 15 km
Magnitude 405 (cas).

30



Table 5.- ....Distant earthql.:.akesaa ...Continued

Aftershocks of the Alaskan earthquake of March 28 2 1964

April 2, 1964 April 2

C&GS card 32-64:
08~27:13.5

56.6° N., 152~4° w~

h about 33 km
Magnitude 4.3 (cGS).

C&GS card 32-64~

12~19:09

56.3° N~, 152.20 W0
h abou.t 33 km
Magnitude 40 3 -( CGS) ~

Pa z Tmax 09=14:11 Fa
Ha

z
z

'I'max
Tmax

13~o6~12

13:04:47
I

C&GS card 32-64:
19:40:19.. 9
5946c

N~, 144.8° w~

h about 20 km
Magnl.t·ude 4e 7 (CGSi)~

April 2

April 2
April 2

U Z Tmax 1o~44:16

Pa Z Tmax. 10~44:16

NB Z Tmax 10:44:03
Hi Z Tmax 10:43':48
Ha Z Tmax 10:42:46

C&GS card 32-64~

09:57:54e5
56.5° N., 152~8° We
h about 20 km
Magnitude 4. 9 (CG·S) e

Pa
Ha

z
z

Tmax
Tmax

20:31:29
20:30:00

C&GS card 32-64:
10~09~47eO

56. 7° N~" 152~6° w~
h about 33 km
Magnitude 402 (CGS)e

April 2

April 2

C&GS card 32-64:
20:09:42.0
59~8° No, 147~0° w.
h about 10 km
M.agnitude 5.0 (CGS)"

21~OO:38

20 ~ 58: 59
Tma.x
Tmax

z
z

Pa
HaTmax 10:56:07

Tmax 10:54:41
z
z

Pa
Ha

April 2

M Z eP 11:48:49.. 1 c
Na Z eP 51.0 c
Ke Z iP 49 .. '2 c
Pa Z Tmax 12~4o~37

Hl Z Tmax 12:40:05

u Z Tmax 23:25:59
Pa Z Tmax 53
NB Z Tmax 52
Ke Z Tmax 42
Hi Z Tmax 29
Ha Z Tmax 23:24:23

C&GS card 32co64~

11~41:10,,7

58,,8° N., 149.6° Wo
h about 20 km
Magnit-l1de 5. 4 (eG·s}o

C&GS card 34".64~

22:34:31v7
59080

N0~ 144.3° W.
h about 20 km
Magni.t1J-de 4c 75-5 (Brk) ~ 5~ 75

6 (Pal), 500 (CGS)o
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Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

C&GS card 32-64:
04:34:56.9
60.3° N., 146.5° W.
h about 5 km
Magnitude 5.0 (CGS).

April 4

April 4April 3

u Z Tmax 09:30:10
Pa Z Tmax 09:29:56
NB Z Tmax 09:30:23
Hi Z Tmax 09:29:23
Ha Z Tmax 09:28:28

C&GS card 32-64:
08:38:42.8
59~6° N., 144.7° w.
h about 10 km
Magnitude 5.4 (cas).

M
Pa
Hi

z
z
z

iP
eP
eP

04:42:45.3 c
45.8 c
43.1 c

C&GS card 32-64:
06:53:25.9
60.4° N., 146.0° W.
h about 15 km
Magnitude 4.8 (CGS).

C&GS card 32-64:
04:54:01.7
60.1° No} 146.7° w.
h about 40 km
Magnitude 5.6 (CGS), 6.0 (HVO).

April 4

Z iP
Z eP
Z eP
Z eP
Z iP
Z iP
PEZ eS
PEZ iR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

07:45:03
07:43:48

05:01:45.3 c
45.4 c
43.0 c
49.1 c
45.6 c
35.5 c

05:08:02
05:12:36
05:44:48
05:45:13
05:44:44
05:45:19
05:44:32
05:43:32

Tmax
Tmax

Z
Z

Pa.
Ra

M
Pa
Hi
Na
Ke
Ha
U
U
M
U
Fa
NB
Hi
Ha

April 3

u Z Tmax 09:37:50
Pa Z Tmax 33
NB Z Tmax 54
Hi Z Tmax 17
Ha Z Tmax 09:36:36

April 3

C&GS card 34-64:
08:46:27
57.9° N., 150.5° W.
h about l5 km
Magnitude 5~ 5 (CGS).

C&GS card 32-64:
22:33:42.2
61.6° N., 147.6° w.
h about 40 km
Magnitude 6 (Pas), 6.25-6.5 -(Pal)

5.25 (Brk), 5.7 (CGS)
5.8 (HVO).

M Z iP 22:41:35.6 d
U Z iP 36.0 d
Pa Z eP 35.0 d
NB Z iF 36.4 d
Ke Z iP 35.9 d
Ha Z eP 26.5 d
U PEN eS 22:48:14
U PEE eG 22:51:14
U PEZ eR 22:52:58
Pa Z Tmax 23:26:04
Ha Z Tmax 23:24:35
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Tabel 5.--Distant earthquake--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

April 4, 1964

M Z eP 08:47~45.4 d
U Z eP 45.9 d
Na Z eP 48~1 d
U PEN eS 08:53~38

U PEZ iR 08 ~ 57: 38
M Z Tmax 09:27:00.. U Z Tmax 09:27:00
Pa Z Tmax 09:26:47
NB Z Tmax 09:26:53
Hi Z Tmax 09:26:27
Ha Z Tmax 09:25:28

C&GS card 32-64:
08:40:29.8
56.5° N., 152.6° w.
h about 15 km
Magnitude 6.0 (Pal), 5. 3 (CGS).

April 4

M Z iF 09:l8:o8~6 d
U Z iF 09,,2 d
NB Z eP 09.1 d
Hi Z iP 06.0 d
Na Z iP 13.1 d
Ke Z iP 09.0 d
Ha Z eP 58.2 d
M Z Tmax 09~57:37

U Z Tmax 33
Pa Z Tmax 34
NB Z Tmax 44
Hi Z Tmax 14
Ha Z Tmax 09~56:o6

C&GS card 32-64:
09:l0:55~1

56.9° N., 152.7° w.
h abo·ut 15 km
Magnitude 5.75-6 (Pal), 5.9 (-CGS).

April 4

M Z Tmax 15~58:50
Fa Z Tmax 58
NB Z Tmax 15:59:29
Ha Z Tmax 15:57~39

C&GS card 32-64:
15:08:12e3 33

April 4-~Con.tinued

C&GS card-~Continued

59.6° N., 146~9° w~

h about 15 km
Magnitude 4.7 (CGS).

April 4

u Z eP 17:53:15.8 c
Na Z eP 18.7 c
Hi Z eP 13.0 c
U PEZ 'C 17~59:02lu

U PEN e(} 18:01~22

U PEZ eR 18 :02: 50
M Z Irmax 18:32:28
·u Z lrmax 23
Pa Z Tmax 22
]:\TB Z Tmax 31
Hi Z Tmax 18 :31: 58
Ke Z Tmax 18:32:39
Ha Z Tmax 18:30:42

C&GS card 32-64~

17~46:o8.6

56.3° N., 154.4° w~

h about 25 km
Magnitude 6.5 (Pas), 5-75-6

(Brk), 6.5-6e75 (Pal),
5.7 (CGS), 6.5 (HVO).

April 4, 1964

Hi Z iP 18:06~49.7 c
J)1 Z rr1max 18~46~oo

u Z Tmax 18:45:57
Pa Z Tm.ax 18:45:53
NB Z :rmax 18:46:00
Hi Z Tm.ax 18:45:40
Ha Z Tmax 18:44:37

C&GS card 34-64~

17:59:43-3
56.4° Ne, 154.5° w.
h about 25 km.
Magnitl~de 5.25 (Brk), 6c5-6,.75

(Pal), 5.5 (CGS)e



Table "5.--Distant earthquake--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

C&GS card 32-64:
22:16:54~5

59.4° N., 145.2° W.
h about 10 km
Magnitude 5~5-5.75 (Pal),

5~ 1 (CGS).

C&GS card 33-64:
01:22:13.3
56.2° N., 153~5° w.
h about 25 km
Magnitude 6-6c25 {Pal), 5.4 (cas),

6.2 (HVO).

April 4, 1964

April 5

M Z
U PEZ
U PEZ
M Z
U Z
Pa Z
NB Z
Hi Z
Ha Z

09:45:07
09:43:26

Tmax
Tmax

z
z

April 5

C&GS card 34-64:
08:13:12.4
56.9° N., 152.0° W.
h about 15 km
Magnitude 4.5 (CGS).

Pa
Ha

April 5, 1964

M Z Tmax 08:36:13
U Z Tmax 06
Fa Z Tmax 05
NB Z Tmax 11
Hi Z Tmax 08:35:46
Ha Z Tmax 08:34:44

C&GS card 34-64:
07:44:51
60.0° N., 144.8° w.
h about 15 km
Magnitude 4.2 (CGS).

April 5

Pa Z Tmax 08:59:15
Ha Z Tmax 08: 57:44

01:29:20.6
01:35:14
01:38:42
02:08:08
02:08:24

09
30

Og:07:53
02:07:18

eP
is
eR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

Tmax 23:08:00
Tmax 23 :06: 47

z
Z

Pa
Ha

April 5

M Z Tmax 02:27:34
U Z Tmax 44
Pa Z Tmax : 39
NB Z Tmax 02:28:02
Hi Z Tmax 02:27:13
Ha Z Tmax 02:26:05

C&GS card 33..,64:
08:59:02
56.2° N., 154.5° w.
h about 15 km
Magnitude 4.7 (CGS).

April 5

M Z Tmax 18:27:12
C&GS card 33-64:

U Z Tmax 18:27:00
01:41:45.0 Pa Z Tmax 18:26:5756,.2° N. , 153.3° w. NB Z Tmax 18:27:09
h about 35 km

(COO) . Hi Z Tmax 18:26:40
Magnitude 5~75-6 (Pal), 5·2 Ha Z Tmax 18:25:32

C&GS card 33~64:

17:40:43.1
56.3° N., 152~9° W4
h about 10 km
Magnitude 4.9 (CGS)e



Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

C&GS card 34-64:
ll':42:07.4
59.6° NQ} 144.9° Wo
h about 15 km
Magnitude 501 (eGs).

C&GS card 33-64:
01:51:49
59u4° N., 146.8° w.
h about 15 km
Magnitude 4.3 <CGS)~

April 5, 1964

M Z Tmax 18:33:26
U Z Tmax 25
Pa Z Tmax 20
NB Z Tmax 27
Hi Z Tmax 18:32:52
Ha Z Tmax 18:31:57

01:50~5408 c
54.7 c
54c3 c

Tmax

Tmax

eP
iP
iP

z

Z

z
z
Z

April 6

Pa

M Z Tmax 11:33:48
U Z Tmax 57
Pa Z Tmax 54
NB Z Tmax 11:34~o8
Hi Z Tmax 11:33:39
Ha Z Tmax 11:32:29

C&G·S card 34-64:
09:03:12.9
59.5° N., 14503° w.
h about 15 km
Magnitude 4.4 (CGS).

April 6

C&GS card 34-64:
10:42:36.3
59~9° N., 145e6° W.
h about 15 km
Magnitude 4.8 (eGs) u

April 6

Pa

COOS card 34~64:

10:56:29
59.8° N., 147.9° We
h about 33 km
~~gnitude 4~o (CGS).

April 7

C&GS card 33-64:
01:43:28.7
58~5° N., 154~5° w.
h about 30 km
Magnitude 5.1 (CGS).

M
NB
Ke

19:36~o4c3 d
04.6 d
04.4 d
02.0 d
04.2 d

20~19:31

20

02:42:34
02:42:34
02:41:08

Tmax
Tmax
Tmax

z
z
z

April 5

M Z iP
U Z iP
NB Z eP
Hi Z eP
Ke Z eP
M Z Tmax
U Z Tmax
Pa Z Tmax ," (,,: 12

Hi Z Tmax 20:18:58
Ha Z Tmax 20:18:13
C&GS card 33-64:

19:28:18.1
60.2° N., 146.7° W.
h about 15 km
Magnitude 5-5G25 (Brk))

5.5 (Pal),
5.8 (eG·s).

April 6

M
U
Ha
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Table 5.--Distant earthquakes-~Continued

Aftershocks of ~he Alaskan earthquake of March 28, 1964

C&GS card 33-64:
06:02:00
60.0° N., 145.7° w.
h about 33 km
Magnitude 4.0 (CGS).

April 7

M Z
U Z
Pa Z
NB Z
Hi , Z

Tmax
Tmax
Tmax
Tmax
Tmax

06:53:00
17
10
13

06:52:57

April 9

Pa z eP 13:14:05.8 d
NB Z eP 07.7 d
Hi Z eP 04.5 d
Na Z eP 10.9 d
Ke Z eP 07.7 d
M Z Tmax 13:57:30
U Z Tmax 38
Pa Z Tmax 29
NB Z Tmax 32
Hi Z Tmax 15
Ha Z Tmax 13:56:15

'-

M Z Tmax 20:24:03
U Z Tmax 16
Pa Z Tmax 03
NB Z Tmax 10
Hi Z Tmax 20:23:41
Ha Z Trrax 20:22:42

C&GS card 33-64:
18:02:24.7
57.3° N., 151.1° w.
Ma~itude 4.8 '(CGs).
h about 20 km..

April 8

April 7

C&GS card 34-64:
13:22:29.6
56.8° N., 152.0° W.
h about 33 km
Magnitude 4.7 (CGS).

14:08:51TmaxZ

April 9

April 9

Pa

i
:C&GS card 34-64:

13:06:15.2
59.6° N., 146.1° w.
h about 15 km
Magnitude 5.5-5.75 (Pal),

5.1 {CGS).

18:49:44
18:49:32
18:48:18

Tmax
Tmax
Tmax

Z
Z
Z

Pa
Hi
Ha

C&GS card 34-64:
14:14:36.5
59.8° N., 146.0° w.
h about 10 km
Magnitude 4.3 (eGs).

C&GS card 33-64:
19:33:19.0
59.6° N, J 147~O° w.
h about 15 km
Magnitude 5.1 (CGS).

April 8

Pa z Tmax 15:05:59

C&GS card 34-64:
19:50:l6c8
60.4° N., 145.9° W.
h about 10 km
Magnitude 5_25-5.5 (Pal), 5.3 (CGS).

1

3~6

M
NB
Ke

Z
Z
Z

eP
eP
iP

19:58:04.9 c
05.3 c
05.2 c

April 10

M Z iP 01:15:27.7 c
A Z iP 28.4 c
u Z eP 27.9 c
NB Z eP 28.l c
Hi Z eP 23.4 c
Ke Z iP 27.5 c
Ha Z iP 19.3 c



Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

C&GS card 34-64:
21:44:06.7
60blo N., 153.7° w.
h about 10 km
Magnitude 5.5-5.75 (Pal)}

5. 6 (CGS).

April 10, 1964--Continued

C&GS card 33-64:
01:08:00.2
58~4° N., 150.6° w.
h about 15 km
Magnitude 5-5.25 ~Pal), ·-5~5 (eGs).

April 10

01:31:40.5 d
41.0 d
38.0 d
L~l. 2

01:37:34
01:39=38
01:41:34
02:10:57
02:11:14
02:11:04
02:11:01
02:10=59
02:10:45
02:08: 30

Z eP
Z eP
Z iP
Z eP
PEN eS
PEE eGo
PEZ iR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

C&GS ca.rd 35-64:
01:24:31~2

56~6°,N. J 152.2°.W.
h about 22 km
Magni t'ude 5. 6 -( CGS ) ,

6w 1 (HVO).

April· 12

M
A
Hi
Ke
U
U
U
tv1
A
U
Pa
NB
Hi
Ha

21:51:49.8 d
49.9 d
47.5 d
49.9 d

eP
eP
eP
eP

z
z
z
z

IvI
NB
Hi
Ke

Pa z Tmax 08:24:49
April 12

C&GS card 35-64:
07:33:52
59.6° N., 144.8° w.
h about 33 km
Magnitude 4.4 (CGS).

April 11

M
A
U
Pa
NB
Ha

z
Z
Z
Z
Z
Z

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

10:21:11
17

10:20:55
10:21:06
10:21:12
10:19:46

C&GS card 35-64:
09:23:51.5
56.4° N.) 152.2° W.
h about 33 km
Magnitude 4.6 (CGS)e

Pa z Tmax 10:10:06 C&GS card 35-64:
09:34:44.1
56.6° N., 152.1° w.
h about 20 km
IvIagnitude 5. 1 (CGS).

April 12

37

C&GS card 35~64~

11 : 36 ~ 00. '5
60.4° No, 146.4° W.
Magnitude 4.8 (eGs).
h a.bout 15 km.

April 11

Pa z Tmax 12:27:31
M Z Tmax 13:23:48
A Z Tmax 52
U Z Tmax 45
Pa Z Tmax 43
NB Z Tmax 49
Ha Z Tmax 13:22:20

C&GS card 37-64:
12:36:23
56.4° N., 151.4° w.
h about 30 km

. Magnitude 5.0 (CGS).



Table 5.--Distant earthquake--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

C&GS card 35-64:
16:14:06.3
56.6° N., 152.1° W.
h about 33 km
Magnitude 5a1 (cas).

C&GS card 36-64:
14:05:00.0
57.6° N., 151.2° w.
h about 25 km
Magnitude 4.75 (Brk), 5-5~25

(Pal), 5.5 (CGS).

April 12, 1964

M Z Tmax 18:13:33
A Z Tmax 40
U Z Tmax 28
Pa Z Tmax 26
NB Z Tmax 13
Ha Z Tmax 18:12:08

C&GS card 35-64:
17:22:02.2
60.2° N., 145.6° w.
h about 20 km
Magnitude 5.0 (CGS).

April 13

M Z eP 12:33:24 c
U PEZ eS 12:39:52
U PEE eG 12:42:34
U PEZ iR 12:44:22
M Z Tmax 13:17:10
A Z Tmax 13:17:05
U Z Tmax 13:17:04
Pa Z Tmax 13:16:47
NB Z Tmax 13:17:15
Hi Z Tmax 13:17:05
Ha Z Tmax 13:15:28

C&GS card 44-64:
12:25:36
59.4° N., 143.9° w.
h about 40 km
Magnitude 4~9 (CGS).

April 13

M Z
M Z
A Z
D Z
U Z
Pa Z
NB Z
Hi Z
Ha Z

April 13

M Z
A Z
U Z
Pa Z
NB Z
Hi Z
Ha Z

eP 14:12:17.3 d
Tmax 14:52:40
Tmax 39
Tmax 44
Tmax 38
Tmax 30
Tmax 13
Tmax 14
Tmax 14: 51 :08

Tmax 17:00:37
Tmax 39
Tmax 35
Tmax 28
Tmax 38
Tmax 07
Tmax 16: 58 :48

April 13

M Z iP 21:32:49 .. 9 c
A Z i.P 50.2 c
D Z iP 50.5 c
u Z iP 49.8 c
NB Z iP 49.7 c
Ke Z eP 49.3 c



Table 5.... -pistant earthquakes= ....Contin.l1ed

Aftershocks of the Alaskan earthqu~ake of rYIa,r,::.h 28, 1961+

April 13, 1964--Continued

C&GS card 35=64:
21:25:33.0
57.50 N., 15309° w.
h about 30 km
Felt~ Kodiak
Magnitude 5.5 (CGS)Q

April 13

M Z Tmax 22~34:43

A Z Tmax 47
U Z Tmax 46
Pa Z rrmax 31
Ha Z Tmax 22~33:21

C&GS card 35...,64~

21:43~16.5

59.4° N.} 143.1° Wo
h about 33 km
Magnitude 5Ql (CGS)o

April 14

M Z eP 23~O2~51.9 c
A Z eP 52~ It c
D Z iP 53.0 c
·u Z :iP 52.8 c
NB Z iP 52·5 c
Hi Z eP 49.3 c
Na Z iP 55.8 c
Ha Z eP 42.2 c
1J PEZ eS 23:o8~38
·U Fl:EE eG- 23~11~22

U PEZ eR 23~12~58

C&C~S card. 35-64:
22:55:3103
5800° N~ ~ 152.6° Wo
h ab011.t 30 km.
Magn_tude 5.4 (cc~),

5~ 5 (FlO).

April 15

C&GS card 35-64~

22~29:31~1

59.9° N., 145~6° w~
h abo"ut 23 km
Magnitude 4.5 (cas).

April 14

M Z
A Z
D Z
U Z
NB Z
Ha Z

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

23:20~52

50
49
51
33

23:19~27

39

M Z eP 15~37:54~9 c
D Z eP 56el c
U Z eP 55&4 c
Ke Z eP 54.4 c
U PEZ Q 15:43~46eu
U PEE eG 15~46~O2
TJ PEZ iR 15~47~34
M Z Tmax 16~.l7~O9
A Z Tmax 16
D Z Tmax 07
U Z ~Imax 05
Pa Z ;rmax 16~16~58
NB Z Tmax 16~17~35
Hi Z 'Iimax 16~16~39
Ke Z Tmax 16~17~20
Ha. Z yrmax 16~15~12

C&GS card. 35=64. ~

15~30~47~1

5685° Nv, 15484° W~
h abollt 35 kIn
Magrlit'ude 5e 5 (CC-s) ~ 5. 9 (Wl()) ~



Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

April 16, 1964

19:34:04.9 c
05.8 c
05.9 c
05.1 c
04.1 c
04.2 c
02.5 c
09.9 c
04.5 c

19:33:56.1 c
19:35:26
19:39:50
19:41:58
19:43:38
20:13:06

20
30

20:13:20
12
38

20:12:55
20:12:59
20:11:31

C&GS card 35-64:
04:49:30.5
56.4° N., 152.9° w.
h about 25 km
Magnitude 5.3 (CG·S), 5.7 (HVO).

..
09:16:28.6 c

29.7 c
28.3 c

09:56:52
09:56:53

59
51
50
2l.t

34
09:55:30

04:56:40.1 c
41.2 c
39.7 c

04:02:26
04:04:34
04:06:26
05:35:42
05:36:00
05:35:48
05:35:46
05:35:46
05:36:11
05:35:30
05:34:19

05:08:04
05:06:52

April 17

M Z iP
D Z iP
Ke Z eP
M Z Tmax
A Z Tmax
D Z Tmax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Tmax
Ha Z Tmax

COOS card 35-64:
09:09:07.8
57.7° N., 151.4° w.
h about 20 km
Magnitude 5.4 (CGS).

C&GS card 35-64:
04:16:59.4
59.6° N.·, 144.7° w.
h about 33 km
Magnitude 4.9 (CGS).

April 17

M Z eP
D Z eP
Ke Z eP
U PEZ eS
U PEE eG
U PEZ iR
M Z Tmax
A Z Tmax
D Z Tmax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Tmax
Ha Z Tmax

April 17

Pa Z Tmax
Ha Z Tmax

M Z Tmax 08:28:17
U Z Tmax 23
Ha Z Tmax 08:27:00

C&GS card 35-64:
07:37:35.8
59.6° N., 14609° w.
h about 33 km
Magnitude 4. 3 (CGS).

April 16

M Z iP
A Z iP
D Z iP
U Z iP
Pa Z iP
NB Z eP
Hi Z eP
Na Z iP
Ke Z eP
Ha Z eP
U PEZ ePP
U PEZ is
U PEE iG
U PEZ iR
M Z Tmax
A Z Tmax
D Z Tmax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Tmax
Ke Z Tmax
Ha Z Tmax
COOS c~rd 35-64:

19:2b:57.4
56.4° N., 152.9° w.
h about 30 km
Magnitude 5.5 (CGS), 6.2 (HVO).

April 17

Pa Z Tmax 04:55:08
Ha Z Tmax 04:53:54

coos card 35-64:
04:03:55.9
59.6° N., 144.7° w.
h about 20 km
Magnitude 4.9 (CGS).
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Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

April 17, 1964 April 20--Continued

M Z Tmax 12:39:58 Hi Z Tmax 04:25~40

A Z Tmax 12:40:04
C&GS card 35E>064~

D Z Tmax 12:40:03
03~34:4581

U Z Tmax 12:39:49 59. 7° 1'J~, 144. 6° W$
Pa Z Tmax 55
NB Z Tmax 58

h abo11t 30 km

Hi Z Tmax 29
Magnitude 407 (cGS).

Ha Z Tmax 12:38:35 April 20
...;"

C&GS card 35-64: M Z eP 12:o4~34.3 c
11:48:44.7 A Z eP 35~0 c
60.0° N., 145 .. 5° w. u Z eP 34.5 c
h about 33 km Pa Z eP 34~2 c
Magnitude 4.4 (CGS)e NB Z eP 34.7 c

Na Z eP 3780 c
April 18 Ke Z eP 3401 c.

M Z Tmax 20:54:30
U PEZ eS 12:10=54
U PEE iG 12:14:14

A Z Tmax 24 U PEZ eR 12:15~56
U Z Tmax 34

M Z Tmax 12:48:56Pa Z Tmax 12
Hi Z Tmax 20:53:46

U Z Tmax 47

Ha Z Tmax 20:52:34
Pa Z Tmax 55
NB Z Tmax 46

C&GS card 35-64: C&GS card 37-64:
20:08:1907 11:56:4106
56.1° N., 153.7° w. 61.4° N., 14703° W~

h about 15 km h about 30 km
Magnitude 4.9 (CGS). Magnitude 6~5 (Pas), 6.75 (Blk),

April 18 6-6~25 (Pal), 5~ 7 (CGS),
5.8 (H'lO).

M Z Tmax 21:01=54
A Z Tmax 21:02:12 April 21
U Z Tmax 21:01:59 M Z iP 05:09:2704 c
Pa Z Tmax 21:02:00 A Z iP 28.0 c
NB Z Tmax 21:01:28 D Z iP 28 .. 3 c
Hi Z irmax 21:01:39 U Z eP 2705 c
Ha Z Tmax 21:00:31 NB Z eP 27.6 c
C&GS card 35-64: Ke Z iP 27.5 c

20:16:16.3 U PEZ eR 05 :20: 58
5601° No, 153.7° w. C&GS card 36-64:
h about 30 km 05:01:35.7Magnitude 4~9 (CGS). 61. 5° N~, 147.4° w,

Apri~ 20 h about 40 km

M Z Tmax 04:26:02
Felt: &l1.chorage
Magnitude 6 (Pas), 4.75-5 \Brk),

A Z Tmax 00 5.4 (CGS), 5. 5 (HVO).
U Z Tmax 03
Pa Z Tmax 04:25=54
NB Z Tmax 04:26:26
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Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

May l--Continued

C&GS card 46-64:
03:40:36.2
59.7° N., 144.1° w.
h about 20 km
Magnitude 4.4 (CGS).

May 1

April 24, 1964

M Z Tmax 04:42:07
A Z Tmax 07
U Z Tmax 04
NB Z Tmax 31

C&GS card 38-64:
03:51:05.0
59.5° N., 144D5° w.
h about 33 km
Magnitude 5.2 (CGS).

M
U

Z iP
PEZ eR

06:09:41.6
06:21:09

April 25 C&GS card 38-64:
06:01:55.4

M Z Tmax 07: 52::26 60.5° N., 145.6° w.
A Z Tmax 29 h about 20 km
U Z Tmax 25 Magnitude 5.4 (CGS).
NB Z Tmax 39 May 2
C&GS card 41-64:

M Z Tmax 10:53:0507:01:20 A Z Tmax 04
59.8° N., 145.3° w. u Z Tmax 12h about 33 km NB Z Tmax 08Magnitude 3e8 (CGS). Ha Z Tmax 10:51:45

April 25 C&GS card 41-64:
M Z Tmax 10:34:37 10:02:42
A Z Tmax 45 59. 4° N., 146. 5° w.
D Z Tmax 30 h about 33 km
U Z Tmax 36 Magnitude 4.3 (CGS).
Pa Z Tmax 30 May 6NB Z Tmax 57
Hi Z Tmax 16 D Z eP 15:33:48.6 d
Ke Z Tmax 21 U Z eP 48.4 d
Ha Z Tmax 10:33:04 U PEN eS 15:39:43

C&GS card 38-64: U PEE eG 15:42:15
09:43:30~7 U PEZ eR 15:43:54
59.9° N., 144.9° w. M Z Tmax 16:13:09
h about 30 km A Z Tmax 16
Magnitude 5.0 (CGS). D Z Tmax 29

U Z Tmax 16:12:59
May 1 Pa Z Tmax -16:13:04

M Z Tmax- 04:32:09 NB Z Tmax 16:13:21
Hi Z Tmax 16:12:44A Z Tmax 11 Ha 16:11:39D Z Tmax 14 Z Tmax

U Z Tmax 09 C&GS card 38-64:Pa Z Tmax 03 15:26:35.5NB Z Tmax 20
Hi Z Tmax 04:31:47 56.7° N., 152.1° W.
Ha Z Tmax 04:30:43 h about 15 km

Magnitude 5.4 (CGS), 5.4 (HVO).
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Table 5.--Distant earthquakes--Continued
Aftershocks of the Alaskan earthquake of March 28, 1964

15:32:36
15:32:37

35
15~30~59

15:10:25
31
22
19
32
07

15:09:15

Tmax
Tmax
Tmax
Tmax

May 16

M Z
A Z
U Z
Ha Z

May 14

M Z Tmax
A Z Trnax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Irmax
Ha Z 'IImax

C&GS card 42-64:
14:19:05
59.7° N., 144.4° w.
h about 33 km
Magnitude 4.5 (CGS)e

May 12--Continued

Ha Z Tmax 19:01:51

C&GS card 42-64:
18:16:41.9
56.6° N. J 152.4° w.
h about 10 km
Magnitude 5.5-5-75 (Brk),

6-6.25, '(Pal),
5.3 (cas), 6.0 (HVO)e

21:42:31.5 d
21:53:23
22:26:54
22:26:53

16:28:59.1 c
16:34:47
16~38:51

17:07:59
17:08:15
17:08:21
17~08:21

17:07:59
17:08:15
17:07:42

eP
eR
Tmax
Tmax

eP
eS
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

Tmax 10:13:20

Z
PEZ
Z
Z

C&GS card 38-64:
16:21:49.8
56.7° N., 154.0° w.
h about 25 km
Magnitude 5.3 (C08·.), 5.7 (HVO).

May 8

M
U
M
U

C&GS card 38-64:
09~23:33.1

59.4° N. J 14584° w.
h about 20 km
Magnitude 485 (CGS).

May 8
M Z
U PEE
U FEZ
M Z
A Z
D Z
U Z
Fa Z
NB Z
Hi Z

May 8

Ha Z

C&GS card 38, -64:
21:34:40.6
60.8° N., 143.6° w.
h about 35 km
Magnitude 504 (CGS).

May 12

C&GS CARD 40-64:
14:44:54
57.6° N~J 151.0° w.
h about 33 km.
Magnitude 5& 4 (CGS) v

May 17

M
A
Ke
U
U
U
M
A
U
Pa
NB
Hi

Z
Z
Z
PEZ
PEE
PEZ
Z
Z
Z
Z
Z
Z

iP
iP
iP
eS
iG
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Irmax

18:23:54.8 c
57.1 c

L 56. 5 c
18:29:43
18:32:09
18 :33 :47
19:03:20

23
10

19:03:14
23

19:02:56

M Z eP 00:57:5783 c
U PEN eS 01:04:19
U PEN eG 01:07:29
M Z Tmax 01:41:49
A Z Tmax 01:42:04
D Z Tmax 01:41:59
U Z Tmax ol~41:55

Ha Z Tmax 01:40:20

C&GS card 43-64:
00:50:17.9
59.4° N., 142.7° w.
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Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28/ 1964

C&GS card 43-64:
15:37:35~9

57~0° N" 152.8° W.
h about 25 km
Magnitude 4.9 (CGS)Q

May 17 - -Continued

C&GS card--Continued
h about 35 km
Magnitude 5.75 (Pas),

6-6.25 (Brk), 6.25-6.5
{Pal), 5~1 (CGS).

5.6 (CGS),

16:25:29~7 c
30.2 c
30~7 c
30.1 c
29.7 c
29.5 c

10:25:21~2 d
21.7 d
22.1 d
21.8 d
21.5 d
21.7 d
18.4 d
20.9 d
11.5 d

10:36:19
11:08:48

48
54
35
54
51
50
17

11:07:19

May 2

M Z iP
A Z iP
D Z iP
MP Z iP
U Z iP
Ke Z eP

e&Gs card 43-64:
16:18:04~2

58.3° N., 156.0° w~

h about 25 km
Magnitude 5.4 (CGS).

May 29

M Z iP
A Z iP
D Z iP
MP Z iP
U Z iP
NB Z eP
Hi Z iP
Ke Z eP
Ha Z iP
U PEZ iR
M Z Tmax
A Z Tmax
D Z Tmax
MP Z Tmax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Tmax
Ha Z Tmax

C&GS card 43-64:
10:17:34.5
60.2° N_, 146.3° w.
h about 5 km
Magnitude 5~5 (Pal),

5·8 (HVO).

14:38:19
31
25
19
20
40

14:36:31

15:44:45 c
16:24:23

31
23
-28

16:23:54

15:43:34.0 d
34.5 d
34.1 d
33.5 d

15:52:33
15:54:18

(Brk), 5.3

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

eP
Tmax
Tmax
Tmax
Tmax
Tmax

May 18

M Z
A Z
D Z
U Z
Pa Z
NB Z
Ha Z

C&GS card 43-64:
13:47:22.7
59.6° N., 145.0° We
h about 20 km
Magnitude 4.6 (CGS).

May 19

M Z
M Z
A Z
U Z
NB Z
Hi Z

May 21

M Z eP
A Z eP
U Z eP
NB Z eP
U PEN eG
U PEZ eR

C&GS card 45-64:
15:36:0145
59QO° N~, 153.5° w~

h abou.t l5 km
Magnitude 5~75-6

(eGs) .
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Table 5.--Distant earthquakes--Continued

Aftershocks of the Alaskan earthquake of March 28, 1964

22:14:17v9 c
18.5 c
19.0 c
1801 c
17.2 c
18,,2 c
15.3 c
21.6 c
17.5 c
07.7 c

09:58:22u5 c
23c4 c
22.6 c
22.6 c

14:54:53
14:54:57
14:55:09
14:54:55
14: 55 :01
14 ~ 54 :.49

14:55:11
14:54~33

14:53:38

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

M Z iP
A Z iP
D Z iP
U Z iP
Pa Z iP
NB Z iP
Hi Z iP
Na Z iP
Ke Z iP
Ha Z eP

C&GS card 45-64:
22:06:53.0
58.1° N., 152.1° W.
h about 15 km
Magnitude 5.0 (CG·S).

M Z iP
D Z eP
U Z eP
Ke Z iP

C&GS card 45-64:
09:50:35.0
60.4° N., 146.0° We
h about 15 km
Magnitude 5.2 (CGG).

June 5

June 5

June 3
M Z
A Z
D Z
MP Z
U Z
Pa Z

NB Z Tmax
Hi Z Tmax
Ita Z Tmax

C&GS card 43-64:
14:03:42.4
59.9° No, 143.9° Wo
h abol1t 20 km
Magnitude 5.1 (CGG) 0

17:20:59
17:21:02
17~21:02

17:20: 56
17:20:51
17:21:00
17:20:29
17:19:30

16:17:05.7 c
06.2 c

17:00:44
50
36
25
53
16

16:59:10

03:25:46.0 c
46.6 c
47.0 c

Tmax
Tmax
Tmax
Tmax
Tm.ax
Tmax
Tmax
Tmax

May 30

Ha Z Tmax 23:19:31

coos card 43-64:
22:34:33.3
56.6° Ne, 152.3° w.
h about 15 km
Magnitude 4.7 (-eGS).

June 2

M Z eP
A Z eP
M Z Tmax
A Z Tmax
U Z Tmax
Pa Z Tmax
NB Z Tmax
Hi Z Tmax
Ha Z Tmax

C&GS card 45-64:
16:09:23 .. 5
59.7° N., 144.4° w.
h about 15 km
Magnitude 4.75 (Brk), 5.1 (CGS).,

June 2

M Z
A Z
D Z
U Z
Pa Z
NB Z
Hi Z
Ha Z

May 30
M Z eP
A Z eP
D Z eP

C&GS card 43-64:
03:18:08.3
59.5° N., 148.5° w.
Magnitude 4.25-4.5 (Pal),

5.5 (CGS).

•

C&GS card 45-64:
16:29:41.5
59.7° N., 144b2° We
h about 10 km
Magnitude 4.8 (cas).



Table 5. --D,istant earthquake,s--Continued

~ft~.rshock~_~f--!:b~_.:~l:~~~~~~_ear~~9.u~~~,_~.f ~~aE.£~g~---.l·2>§~

JUTI.e l:2~J..-l-264

Ivi Z eP 23 :32 :3'7. 6 c

C&GS card 47-64:
23:25:09.1
59.1° N., 153.8° w.
h about 33 km
Magnitude 5.1 (CGS).

June 28

M Z iP 19:16:29.5 c.
A Z iP 30.4 c
D Z iP 30.7 c
u '1 iP 29.8 c,.;.J

Pa I, eP 28~6 c-'1 L.J

l~;.:.~ ~._~B Z eP 30.1 c
Iii Z eP 27.3 c
Ke Z iP 29.4 c

C&GS card 52-64:
19:09:05.4
58.3° N., 150.2° w.
h about 23 km
Magnitude 5.5 (eGs).
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During the quarter "felt reports" were either phoned or mailed
in by the following people to whom we wish to express our gratitude
for these and other instances of cooperation.

Kilauea summit area

Mrs. V.. Hanson
Mrs. W. Gorder
Mr. and Mrs. C. Wentworth
Mrs. W. Mist
Mr. G~ Kojima
Mr. R. Koyanagi
Miss M. English
Miss L .. Yong
Mrs. O. Duncan
Mr~ and Mrs. A. Yamamoto
Mrs. K. Okamoto

North Hawaii

Mrs. E. Lindsey
MrS1 P. Richards
Mrs. R" Edlillld
Kohala Police Station
Mrs. A .. Paiva
Dr? F. Tabrah

Hila region

Mrs. T~ Crabb
Mrs. H. Lewis
Mr. and Mrs. R. Baldwin
Mr:) C, Shoemaker
Mr. Y. Kojima
Miss E. Patten
Mr. C.. Okamura
Mrs .. T. Indledue
Mr. J. Bryan

Puna

Mr. H. Warner
Mrs" D. Isbell
Mrs. C. Guerino
Keaau Police Station

Ka"u

Mrs J> A. Paiva
Rev. D. Thompson

Kona region

Mr. H. Nelson
Miss A. Greenwell
Mr. M. Sutherland
Mrs. R. Apple
Miss N. Wallace

Central Hawaii

Pohakuloa Military trainees
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Chronological summary

Most conspicuous du.ring the third q-uarter of 1964 were the increase in
sulf-urous fuming f·rom I-Ialernaumau and the step-up in rate of iTlfl,ati.on of K,ilauea
summit which was indicated by both the short-base tiltmeter and the net of
long~base tiltmeters~ The number of felt earthquakes increased (43 during the
quarter), but the total daily counts of quakes remained very lowe

During J~ly the short~base tiltmeter indicated slight but erratic
inflation of Kilauea. A flurry of small earthquakes fro~ the Kaoiki fault
on July 16 lasted 3 hO'urs) Two relatively large quakes were felt d'uri11g
July: one magnitude 4,5 earthquake from a shallow focus beneath the
southeast flank of Kilauea was felt througho'ut eastern Hawaii on the 1st,
and another magnitude ~-o 5 quake J offshore, west of Mauna Loa, was felt
islandwide on the 17th~

In the first half of August the summit tilting accelerated to a rate
sufficient to increase the elevation of Uwekahuna a tenth of an inch per
day, The number of shallow quakes originating in the Kilauea caldera area
increased to more than 100 per day) and tremor was conspicuous by its
absenceo On August 26 one deep magnitude 405 quake under Kilauea and
another of the same magnitude off the northwest coast of Hawaii were felt
islandwidee The daily count of local. caldera qu.akes decreased on August
16 and remained low for the remainder of the quarter.

There was increased seismic activity near Pahoa on the lower east
rift of Kilauea d'uring the first half of September ~ An average of
25 small shallo~T earthq-uakes per day was recorded by tllc Pahoa
seisrnograph~ Several larger q.uakes wi th magni tudes of from 305 to 4 were
felt strongly in the Puna region.; a, dozen smaller ones were felt only
near Pal10a(, This local activi ty waG monitared on several occasions
by a portable seismGgraph~

Inflation of the s'ummi t area continued at a lower rate during
September, and no evidence suggesting movement of magma into the lower
east rift zone was recorded~

An earthquake of magnitude 409 was felt t'hrougb.ollt the island just
after midnight on the morning of September 18. It originated at about
5-km depth on the southeast flank of Kilauea and was followed by about
50 smaller qua,kes, 2 of wb.ich were felt locally, d"uring the next 24 ho·urs.

Seismic profiles . ..-.. c;oDuri:ng August, Observatory personnel participated
wi th the Bra.nch of Crl:lstal Studies in recording seismic=refraction
profiles along the northeast, southeast; and west coasts of the
triangu.lar-shaped island of Hawaii.~ Shots were fired at lO--""km intervals
from the U~S~ Coast Guard Cutter Cape Smal~, Lt .. Lloyd cOmt'Ilanding.,
and were recorded along each coast by five refraction units spaced
a.pproximately at 25-km intervals s

Interpretation of the seismcgrams by Do P. Hill indicates that
the crust is about 16 km thick under the went flanks of ~Buna Loa and
Hualalai} and 11 km thick under the northeast and southeast flanks of
Kilau~ea. The crust has an intermediate thickness along the northeast
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flanks of Mauna Kea and the Kohala Mountains. The velocity of P waves
in the upper crust increases with depth from 2.0 to as much as 6.0 km
per sec.; velocities in the upper crust are generally lower on the
flanks of Kilauea than on the flanks of the other volcanoes. Clearly
recorded arrivals indicate that a layer with velocities of from 6.9
to 7.3 km per sec. forms the lowermost 4-8 km of the crust under each
of the coasts. The velocity of Pn under each of the coasts is about 8.2 km
per sec. Anomalously high crustal velocities are associated with the
major rift zones extending from the five volcanoes that form the island.

Crustal Studies participants in the Hawaii refraction program
were Wayne Jackson, David Stuart, Benton Tibbetts, and Jack Clark.

Puna leveling.--A 50-mile-long network of bench marks established
in 1958 across part of the active east rift zone of Kilauea volcano in the
Puna area was releveled during the second half of 19640 The level
lines, which follow the road network, form one large triangle which
encompasses a smaller triangle, thus affording three loop closures.
These were at 0.075, 0.060, and 0.015 foot, and the survey was well
within 3d-order allowable error. The rift zone is crossed in three
places and paralleled roughly for several miles by the level lines.
Spur lines were run to the Kupapau tide gage and to the Kokoolau
triangulation station along the Honolulu Landing roado

Uplift of 0.3 foot has taken place across the rift zone along the
Pahoa-Kaimu line. The zone of uplift is 7 miles wide, its apex
asymmetric to the north. A small graben half a mile wide and 0.3 foot
deep indents the apex. The swelling is probably related to the east
rift eruption of September 1961, during which much more magma moved
from beneath the summit region into the rift zone than was erupted
along the rift.

The Pahoa-Pohoiki crossing of the rift shows a broad region of
subsidence having a maximum depression of 0.2 footo The line
paralleling the rift zone near Kapoho shows a collapse of 0.2-0.4 foot,
and the road along the shore between Kapoho and Pohoiki appears to
have subsided about 0.1 foot. This general area of collapse along
the rift zone east of Pahoa probably was formed during the 1960
Kapoho eruption.

Three stations north of the Kapoho graben along the Honolulu
Landing road show a sharp uplift of 0.5 foot, which decreases
rapidly to less than 0.1 foot within a distance of l~ miles. This
uplift suggests that some vertical movement took place on the north
side of the Koae fault immediately preceding and during the Kapoho
eruption in 1960. The disturbed zone in'the Honolulu Landing-Pohoiki
region of the rift zone is about 6 miles wide.

New bench marks set in areas covered by the 1960 flows can be
compared roughly with nearby but buried 1958 bench marks. This
comparison provides a thickness profile for the 1960 flows which
fill the Kapoho graben beneath the present Pohoiki-Honolulu Landing
road. The maximum thickness exceeds 70 feet 0.7 mile north of the Kapoho
road intersection without allowing for subsidence of the graben during
the eruption.

2



EXPLANATION

wai~

Honokaa
'000 a ~

Paauilo. a

• Seismograph Station

o Town or locality

it R 8 L-J.o 15 20 Ip .......
Contour interval 1,000 'ee'

Datum ia m.an leo ....1

Topooraphy by US, GeoIoticei Sw",

Laupahoe oe 20·

Figure l.--Map of the island of Hawaii showing localities mentioned in
the text and seismograph stations operated by the DoS. Geological
Survey. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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Organization of the leveling fieldwork and analysis of the results
were done by R. W. Decker, who was on sabbatical leave from Dartmouth
College.

Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base water
tube tiltmeter in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale by means of a network of field tilt-bases
and a portable water-tube tiltmeter. The attitude of the ground surface
at each tilt-base is reported in terms of north-south and east-west
tilt coordinates. Both coordinates at each station were arbitrarily
set equal to 500 when measurements were begun. Increasing tilt
coordinates correspond to northward and eastward tilting of the
earth's surfacej that is, to a relative s~bsidence toward the north
and east. A one-unit change in coordinate corresponds to a tilting of
1 microradian (1 mm per km) in the direction indicated.

Table l.--Tilt coordinates at Uwekahuna Vault, July, August, and September,

Date N-S E-W Date N-S E-W

July 5 468 504 Sept. 6 477 488

12 469 504 13 478 486

19 470 502 20 480 482

26 472 502 27 480 479

Aug. 2 471 501

9 471 499

16 473 495

23 474 495

30 476 490

4



VI

Table 2~ -=Tilt coordina.tes and changes at bases around Kilauea caldera, (See fig" 2)

r Rate (10=6 rad/rno Y Date of

Tilt Base Date Ti1t~coordinates
and direction of last

(1964) N=S E=W tilting since reading
last reading (1964)

Uwekahuna Aug. 27 469.6 477.2 507 N~ 40.7° w. Apr. 29

Tree Molds 28 441.0 508cl 2c1 No 19.7° w. May 1

Sand Spit Sept" 1 872,"6 742.9 8e5 N~ 46.7° w~ 1

Kalihipaa Aug" 27 330c6 383.9 109 Se 00~8° E. Apr .. 27

Kearnoku 28 505~6 577e3 4~3 N~ 5652° We 28

Ahua Kamokukolau 26 584.3 528£ 5 9·5 s. 6.0° w. May 1

Kipuka Nene Sept .. 1 482€6 508s3 0~8 S~ 32r 3° W. Apr" 27

Hilina Pali Not occupied this epoch

Kapapala Ranch
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~ I---t
TILTING RATE 5.0 X 106 RADIANS / MONTH

APR 27, 1964 - SEPT I, 1964

5 KM

Figure 2.--Tilting of the ground around Kilauea caldera, April 27 to
September 1, 1964. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Seismic s~mmary.~~Events recorded by the uwS~ Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originati11g in the region of the Hawaiian Islands (usually
wi thin 100 km of at least onle seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii~ As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and
minutes of tremor recorded by seismographs in Hawaii are listed in
table 3.. The earthquakes are separated into groups on the basis of
region of origin as determined by analysis of records obtained daily
at t'he Observatory (U, M, A., D, N, wp., MP) .. Earthquakes of magnitude
200 or greater are generally sufficiently well recorded to be located
with greater precision; they are listed individually in table 4n Data
on identifiable phases from distant earthquakes are listed in table 5~

Locations of the seismograph stations are shown on figure 1, and
essential data pertaining to the stations were given in Summaries
25, 29, and 33"
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D,

N, WP, and MP around Kilauea caldera

Tremor is sep~rated into three categories: deep, intermediate, and shallow~ on the basis of relative
amplitudes recorded by seismographs in the summit regione Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central 'complex of Kilauea.

Earthquake categories are: Halemaumau rock slides, which are detected by the characteristic record
they produce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki
fault system; earthquakes along the eastern half of Kilauea's east rift zone (from 'the Pahoa
seismograph); earthquakes from a source about 30 km beneath the Kilauea summit region;
earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank, and earthquakes from other regions: Kona, Mauna Kea, etc.

on

on

on

Date. Trernor
(1964) l (in minutes) Earthquakes

I Inter- Hale~ SW. rift Eastern Kilauea Upper
Deep mediate Shallow maumau Kilauea and east summit east Others

t

I slides caldera Kaoiki rift 30 km rift
i
i'.
K

July 1
1"

10 30 10 2 21·"'c=7-=-"~c::I ~0I£t ... -=-~~

_c.c ___ ~~ ----- -=-- _ ~ ~ c.=- ,_________ ~ ~

2 __ ca:acac:::lc:a
1IE __ ~~aa

K='~IC:Z~c=:tE::l CIa~-=c:2~c.: 33 6 ~-~_ ... 3 2 C:3 ___ ~ __ C:Z:; __ C=:_~-=-=-__

3 ~~ ... ..:=~ 2 e::-c.a_-=ClClI:IID 1 49 10 _~_e=lIIIID 4 __ c=lI-=:
e:;:,_o.~~______ ~ ___ -=-

4 -.:a~-. __
dr.:DII"GQ~_ CZ'_e-~c::=~ GiClc=;:)aa_C:=tKlO 32 7 _c:2c:s_~ 1 2 1 Mauna Kea regi

5 ~~ ... ---~ C.:I_.,c;;;:a .... ~ CEl-....,.::s~c:;:~ 1 38 13 2 1 ? c=t_~ ___ c::8C_c;;o,;a_~~_GIC"_r:-

6 ...,~_tlKt...,. -='-_.-~

fa"1:WI:l~ ___
~~ __ CD'- 62+ 12 _ ... ~-=-- 4 3+ 1 Offshore Maui

1 Mauna Kea regi

7 34 C'%I.:::aIlali&:)b~ ~~~--=C3If~ ~~e;,:;:,IJiD-..aa. 48 12 .-:. __ .ac.- 3 .,:;;z}~ca~..,;m

c:.2 _____ ~ _______ ro.;;::lC:')

8 ~ ... .,aDtElR 8 c.Io.uQC~~~ ~B;3&;')IIZlCIIDc:&I 56 13 -=:; -=----- 4 4+ 1 Kona-----..:----

9 f---~~ ~~c..:I~e::ta::_ c::;:'lr"aCoiJ-::&.a:&::I _~c=lc:D-..ce:::t 33 18 .- _53 - .. lIiiIf_aY~cs:t-= 4? ~--~ .... -~ ... _--------
10 1----- ~----- -----~

CIiIl'-'QIE)~~=- 43 12 ~-- .. - 5 6 ---_._-_\.:--~-----=~

11 ~ .... a&"\.8&Z
_Cllf __ C:&as

~~~_a.'"
-~---- 38 22 1 10 6 1 Mauna Kea regi

J
6 66 15 2 4+12 ~= __ m::_ _____ c.::l ..:.mc-. ___ -=- - .._.... ~ -~~~~~~~~~~~~~~~~

t



Table 3c-=Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D,
N, WP, and MP around Kilauea caldera-~Continued

n

n

n

n

n

n

Date Tremor
(1964) (in minutes) Earthquakes ,

Inter- Hale=> SW~ rift Eastern Kilauea Upper -
Deep mediate Shallow maumau Kilauea and east summit east Others

slides caldera Kaoiki rift 30 km rift

July 13 ~~c.=~c: 5 c:;:lc::D~~e=CZl =~t:a'e;:,cs..c=:; 3-8 13 ~_c:=c::::~a= 11 5 c=:t-='~CIC'~c:=t~-=- __ ~..c.-z:Jc:=tC=:

14 1I:D.c;",:)~~c:J 3 1::Ic::::3"-~ca..:. -== ..... r-::~=c= 42 6 ~a::::::c::::Ic;:lGli:JC;:: 5 3 ~~-~~----~---_t:::Ic=-

15 32 c::Ie:::te-:i..:~ c=.c=:J c.r::.: ~c= c:="tr=-=...,=z~ 47 34 CID~"c:;.:IJc=-c=cm 2 3? ~ =- =-:' .-: _ ~ =--= _ ~ t:=. c=. ~. ~ I7Z ~

16 ~c;g=c:=C:::) Ct'C::c:::=c-.~ l;:;:II~t=-~l:IIII&I,=, .=:J,..._~~c::::a 49 43 GaCZlt~c:=~c::= ~~_c;:.lCK 2 u:z::t~e::::-:> .. _e:-r_~__ e-ClllllC~"-IlIlK)_

17 4 aE"'QIIIii:I~C;::1:=::I

~~.-= __ .-::J
C=_~_~C4I 43 11 ~CIIII:Il=-:-=~cm 2 1 1 Hualalai region

18 ~_"'I.::It=J ~c::::Ic;;;;;:IC=:c::3I c:a1l:z:Jea"c;;:;;:~c::> CIiiit":;.c~c;:'CilCc::I 50 14 ~=:It~4:::::IiCCllc.,::, 4 6 1 Mauna Kea regio
1 Kaha.la regian

19 caoc:::Jt='Ic:sc::s c:..~W:=;'l:II':l.:s c;:.:::Ii:"c.:J=Giiii:Jc.. wc.c;.:"c:::Rc:::':'==-~ 53+ 7 c:a~c=&~~-= 1 7 1 Mauna Kea regia
20 _~...ml;.::lc.=t :"2I~c;:)c::::3~ ~t:;:)c.:ac:=ac.:)c::. C=C=c::::3~~C::» 47 6 .c.=l_CZC __ :: 9 3 I:::t~~ __ ~_~ __ ~c.:l=-~_.-:a

21 == c::= c=a -= '-=' _c=3C=~(;:I ~~c:::::~~c== c=o~c:.:aC:=~~ 45 10 c:.-CS=r;:Da;:)~~ 6 2 ~1IC::-_~~~_~==~=c=e=_.:1

22 a::s-=':C:::t'lmc=J e::;:t::::ll~&:iale::::t '::SQ&c.:::3=-QiQC= ~C::;Sc=!C::;:)CSc=:::3 43 24 C=C:Z::'" ~ c.KCZ'\ c=.c:::a~~== 2 "'C:=aIIIC'_.-:) __ ~ ___ ~_~C='c-.

23 ,:;mc::)CII::)~~ 3 .=a~ ... ,=--.c:~ 2 100 21 c=:;).:ti;3~CZlc::::::::I 1 C:~~=
\:=:J~c.-~_~ __ ~_mr_CZlc::.:~c:a~

24 ~~~IIIICc:::3 4 c:;:)c:lS=-:=t:-=C::= ~~_~c=c='t 95+ 28 C::=J:::'I~~c::::o:e::- 3 4+ ~-=Z:O""' ___ ~_C:::::CIlIIC:~~__ GZ5

25 .,..=tCZ)c:::)c:=-= .. c;;;;z~~c= ~~_c.;.ma't~ C=~L::iic:::lc=..~ 70 13 -=:»ua.c=lc=J_=::I 3 ? c:IC~~_ ... ~~ _____ ;c:c.C::=c:.Ic:=t_

26 == C:ic::'l c.=-c=3 G;;;;;,3G:Zl=:::JC::»~ 4:=tccr::s~<=J~ C:::::C:=ClIi:\C:::-~c:=" 60 34 G=:»c;lc::a'=~t:a 14 2+ 1 Mauna Loa regia
27 5 a::Dc::::.:.c=lClllm~ ~~=-r=:Jll::'c=:I ~~lCIIKC:=-_I:I 37 10 c:1~c=_~c-._ 6 ~e::::::::tc::=l£:) 2 Hualalai region
28 c=JC="C=:C:=.:::2 ~CDlc:=.~tW: e::;,~c:m_~c::» ~c=~c::= c:::.c::::::E' 25+ 20 c::»t='t=:'~I!IE~ 4 t=-~CE)~ 1 Kana
29 c=...= C) c:::::J co= 5 C:=»~CIE'~OlCIO:) !;:) ~ CS) c= c='It-=:I 25 12 c.;,:)c::3~lZ:)~c=:I 9 a;QO.::z.t=) 1 Mauna Kea regio
30 c.:~~C::J~ <::,~ ...... C::::=l::::1 s=ac::::ac::;)e:::::;:,:~==- ..:=)c:::::= ::2c:;::)C=c::. 36 17 ~c:::::c=:.e:::::-c::»~ 1 2 1 Hualalai region
31 ~-'::'ColIiIc;;::)r==t 5 c:;)CII:,_-=,~o..:::. .= QlDIWIe ~c=-~ 40 12 9 4 1 ~e-cc=ac:::=~~~~_.-rail:'=--e=lI:::t,,="c:=s

Aug .. 1 -." ·8 ca.~c::=CS)c=.s e::tc::J,~c:lI::'~ c=-(:tc:.= t= c..,:) r::& 33 16 C1t.::::lt::'="~~ 3 4 1 Kana
1 Hualalai region

2 13 c=at.::=)~~c:::I ~1:.-c:::-.uC=t=:)~ c:=r.o;cc=Jc:::Jc:".=. 32 9 ~tO:O:l~~c:;.'lIC.1 2 2 ~e:,:,~~_c::z=I=-l:3I&""'c.ea.:~c::DC::;CC:::»'-='

3 c:= c=;) c= c;;:'I co:::= c::r=;t..:;:)CKj<::::e:'c::,o ..::::o;:,~&:::::Jt.=~ c=Jc::::;:It=.c::J~c..: 20 5 :::et=::Jt:::2c;:1c::=Je::'\ 3 1 1 Maun9. Loa regia
4 a:<~~c:::IiK:l a=:a~~~a.=,:, ~"'&a:Jc;Dc::::.»~ Qo%.,c::~C=I:'~ 57 5? "-'":IUo::).:.:"ce~c.;.J 1 ? 1 Kana

5 .:c=..-:c:=~ ~~c:mc=.w::J ~'C=c:::J~-"='=' ggc=:llC:l-=~a::; 53 4 c:;=t:::'~c...;.,:.~.-: 1 :-= CD=- ~ 1 Mauna Loa regio
6 tKj~Cl:DC:;)C:;;::) c=tc=t~liIO:1~ ~c::.=CD~c=JC:: ~~e:a:t~~c:. 55 12 =- Cil:DC=C::::>~"-=J 3 2 ~~~~~-~~~~~~~~~~~-



Aug. 7 39 100 5 ------ 5 1 Kona
1 Offshore Maui

8 85 10 ------ 1 ----- ______ -a ___

9 100 3 .- ------ ------ 3 ---------------
10 4 65 3 ------ 1 1 ---------------
11 85 7 ------ 4 4

--------------~
12 5 116 16 ------ 3 3 ---------------
13 III 6 ------ 1 6 ---------------
14 1 90 6 ------ --_ ... _- 5 ---------------
15 9 104 8 ------ 3 3 ---------------
16 13 1 80 8 ------ ------ 4 ---------------
17 60 4 ------ ------ 4 ---------------
18 ------- 50 5 ------ 2 ---------------
19 28 6 ------ 2 12 1 Kawaihae
20 2 30 9 ------ 1 5 ---------------
21 29 6 ------ 4 6 ---------------
22 30 6 ------ 1 3 -~-------------

23 48 37 6 1 2 2 ---------------
24 45 10 ------ 1 ---------------
25 12 47 6 ------ 3 1 Mauna Kea region

~ 26 58 2 ------ 3 7 1 Maui0
1 Kohala region
1 Mauna Kea region

27 80 4 2 ____ e:--. 2 1 Mauna Kea region
28 9 61 11 4 2 2 1 Mauna Loa region
29 83 13 26 1 3 1 Kona
30 65 7 63 2 5

E:I ____________ ~ __

31 60 17 23 _a- __ ~c_. 5 1 Mauna Kea region
Sept. 1 80+ 8 23 4 ...a ___ e- ____ ~_~_~_c:.

2 65 9 16 ""e-!"'~~_ 3. 1Ii&D ___ -= ___ am~ ... w.~_=:Ic::;)_

3 5 60 12 10 2 ~:t 1 Kona...)ii

1 Mauna Loa
4 7 39 19 15 1 13 ~---=:-------.._-~---
5 56 19 11 10 10 a3II _____________ COD_..,

6 66 16 24 4 13
.. ~ _________ .... ___ _=-=a

7 11 30 24 34 4 2+ 1 Ma..lIDa Loa
2 Kona

8 16 74 17 9 8 5 ---------~-~---=--~

9 11 ? 22 11 6 ?
&C' ____ -= _____ ~.._c_-=_~

10 4 51 -6 11 2 3 __ _ r. ". -= ____ - - - - - - -



Table 3.==Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D,
N, WP, and MP around Kilauea caldera-=Continued

on

on
on

Date Tremor
(1964) (in minutes) Earthquakes

Interc::o Hale QU SW. rift Eastern Kilauea Upper
Deep mediate Shallow mauma·u Kilauea and east summit east Others

slides caldera Kaoiki rift 30 km rift

Septe 11 ~IC:)~~ ~~~c=ar:::::a c=~-=..~c::) ~~~=--~~ 45 7 18 4 a::ac;;::)G:'C:Z

~-----~----~----

12 ~c:a&.-:C::I = C=C=C=... :;le;:,:;;;;;;a~c= .,~e"c:aIii::)C;::::;;:::: 47 21 92 2 12 c:::::3-=-C=- _ ~:.- _~ _ QIS _ -=-= _-_ ... .-:

13 a-')~C:::CE: :zI1tZ:'Aiiiiii1c:Jc.. c::=a'&::'cm~c:::::l c=:::J'C;::)~=c:::)C= 65+ 9 43 2 2 c::s~-~~ __ ";'c.- __ e-:z_c.DIiiill:a-==

14 c::= t:') c= l'=:J
-~=--~-

~~IIIIIICCZJa:;: j~~~a:=t_c=J 50 25 37 2 5 1 Kona
15 c:-. ca c::= I::U 4 c=lc::::I~~~ c::I:)c:::Jt:=e::::-CCCiil 62 9 25 5 2 1 Kana
16 c:.::zIe;;:::,c;;;;J ~;::c;:a-=-a::. c.c:::::=~;g~ ~c;:;:)aQ:~c::::ac::D 54 10 27 3 3 r:=J_a::J ____ ~r-.-=c=r"CII:)c::II:I~~~

17 cac=c;::)~ _.,ca~c::::I ~CSI~c:::::::lI~ CiMc:::::3~c;:)c::::·c; 45+ 10 34 4 85+ EO:_~ __ eK_c::r~-'~-===-c::::ICSI... e-

18 c=-_r=c::=t c=c::aC;;;:~c:::II 2 :::=: __ =c:::)~:a:~ 62 15 7 3 12+ 1 Offshore Puna
19 ':::Ic::zIC::Je:::t e:::::;:,~l:'I=s~ c:=) .. c,ac::::::lC=S ~c:=c::.o::KJ\3;I::::» 62 11 8 3 10 1 Mauna Kea regi
20 r::Dt=SCl::lCZI ~-=e;:::::,c=CII::I &:IIc::::::lCD~~ (:;:Je::t~c::::::l=C::= 68 6 8 2 4 1- Mauna Kea regi
21 63 6 2 3 ' -

.. ~~c:::::a =c:=e::::::t_c::::I s:lc::::Ic,a=::J~ .:;=~ca~CZ' ~tI='.-..:Ic:::I"'c:-. c:::a~_~-=-~~~c=~a:.-=_c:a4-'~

22 =-C=e.:J~ C=.::::J; c;::)e:tae ClQC= ... ~t=" C=::=Je::::t ... c::::~ 54 12 4 2 3 1-Mauna'Kea regi
23 ~C::::.~c:;:J c:lca c:::::l c:::e:::t c:::::a~e:;te::::ta:::;) '=-r:=:J~c::J~C3 48 8 c= :::3 =-s c=" &::::) 1 1 ~~~---~-~-~-=-----

24 C=c:3~c:::;:) aa::z:a.-CQIc;11O ~c=c::::::a(-=:t:=;; ~c:::::ar=c=c:::::3as 58 9 5 3 12 :=t_--=_:lC:_8IIt~~__ CiiCl~CIS~C1:5

25 2 c.-=-CII:)~C= e:-&:a~cr=:J=:JI ..,e=e:::;,CiDc;:::I~ 88 4+ 4 16 -2 c:::c::r __ ~ __ ~~_eE:'l_e:-~a:::-_

26 &SI::»~'" c.I&=:IC=Sta.-c::= ~_c:.~-.;I ~e::::tC::::GrCZ',c::;::i 98 14 e:Jt::l-=-c..~ 9 6 IICLE:I _____ ~~ __ ~~-.: ___

27 ZlKtCStc:;:ltz::) c::::='~miiIC=-= ~a.~::=3C:= c:::::Ic:::3rQ1c:1;J:);ZI 90 6 -= ~~C2a.:1
.::8I __ QIIIQ:QC,3 2 ,..,=-c.a ___ ~c:=t~ ____ ~_tIIE''''

28 c::. a:I ro;:;J c= ..-e::::tIl::;;:Oo&::lc;:::a c:::::Je;::,c::J~c::a ~~I::'l&"~'-' 49 4 ..,~te:;l:;:Dc. 2 4 ;;:)_~ __ c=te=":- _____ cz:o..-. ..

29 ~C3C1:1~ ;o:;:ss;;::c::.;a:ztc.- ~c.;:..~ ...~ c:::ae:::t~C;;;:-c:J'" 63 4 e-c=)~~c::I 'GIIDr.-caJliiiZJ~3111 2 GII::S~ ___ ~~ ___ "" _____ CS'

30 ~=:;;;:tC=S~ ::::t==e;;:;;:,..::a~ 'l::::I u:...-s CI:;.;:J :::::>c:;:)L:.~c:::;)~ 48 4 :a;ac-.Sii:De"'a'-== ., 8D c:::Ir:z gIIE c:::;:a 6 .-aae:-c;o;:.,c;;;;:)~:;.;;::::::e::::t:lC3ca3cac::Jc=rI-=t::lc::.~



Table 4.--Local earth uakes recorded by seismo raphs of the U.S. Geolo ical Survey,
July, August, and September, 19

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes~of magnitude 2.5 and larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are included in the list.

In the '-'following list, some origin time s are followed only by "KM 30" and a statement of rnagnitude.
These! are all members of a continuing family of quakes noted also in other Summaries. The best
mean focus for this group is beneath Halemaumau at a depth of 30 km (19°24.1' N., 155°17.1' W.).

In the following list a number of quakes are described as "Upper east rift" (see Summary 28). Further
statistical study of this group which occurred in the swarm periods during July 1 to 6 and August
3 to 4 gives a mean epicenter 19°21.5' N., 155°14' W. about 2 km south of Aloi Crater at near-surface
depth.

In Summary 24, "Kaoiki" was introduced a·s a symbol for listing any of a family of quakes with mean
focus 19°24' N., 155°24' W., h=3 to 8 km. This symbol is used in the following list.

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat. N., Long~ w. Description- - -

July 1 10 43 0905 4.5 5 19°18.8' 155°06.9' 10 km SE .. of Makaopuhi Felt in Hila,
seismometer. Kilauea summit,

and Puna regions
1 10 46 4900 208 5 19°1808' 155°Q6.9' 10 km SEe of Makaopuhi ~~~~~~~~~~~~~~-~~~

seismometer"
1 13 44 55·2 2.3 30 19°23 .. 7' 155°1888' 4 km SW. of Uwekahuna ~~-~~-~--~--~-~~~-

seismometer ..
2 04 19 31~0 2.. 4 30 19°23.8' 155°17.7' 4 km Be of Uwekahuna ~~-~~~--~~--~-~~-~

seismometer.
3 15 03 13.0 2.2 5 19°18.2' 155°05.5' 13 km SE~ of Makaopuhi ~-~~~~~~---~---~-~

seismometer.
4 06 39 19.5 2.3 8 19°57.2' 155°21.9' 15 km WSw~ of Laupahoehoe ~~~~--~-~-~-------

5 05 25 10.4 2.7 30 19°22.3' 155°19.2' 6 km W. of Ahua -~~-~---~~~~-~--~-

seismometer.
7 05 40 18.0 2.3 13 20°01 .. 5' 155°19.2' 8 km ESE(' of Paauilo -----~---~~-~--~-~



Table 4.. <==>Local earth tlakes recorded by seismo ra hs of the UrS,.. Geolo ical Surve j

July ~ AUgllSt, and September, 19 4~c=Continued

Date Time Magni= Depth Epicenterl Felt
(1964) tUde (km)

--.# Report
h In s Lat~. N ~ Long~ W9 Description
~

~ .-

Jul~yr 8 08 56 48~o 2~3 8 19°36~Oi 1550 451,8 t 20 km NE" of Kealakekua c=Jc=:I~t=!~~~C!D_~~_c::coc::::r.

11 11 45 53.6 2<03 8 19°58c9 i 155°10~lf 8 km ESE" of Laupahoehoe et::c=Jc=.~~~oe~~c:zRc:.t.-~1:'

12 13 26 23,,7 2c3 5 190 18,,8' 155°07~8' 9 km SE~, of Makaopuhi C:::-c:=::Jc:::I:.:Je.;)a.c'~CZ:O_~..c~c:=DC;:

seismometer.
15 18 48 03~0 3e2 10 19° 19., OW 155°07t'2' 9 km SE~ of Makaopuhi Felt at Kilauea

seismometer" summit"
17 13 10 56~4 405 13 19°53~5Y 1550 59(; 2 y 43 km NNW~ of Kealakekua Felt islandwide
18 14 31 10$1 209 13 19°50c8 i 155°34,,2 v 24 km SSEt; of Kamuela c=> = c-, Felt in Waikii
18 18 51 22.·3 2~7 13 20° l)+e 6 t 155°38~8i 25 km Nc of Kamlle la - <= c= c= = £lCl;)c:=)~ c:=:: aIIK~ QIIC -t::=:)~.~c= t=;c=llllCC=:S

19 04 36 31€0 2~4 13 19°5303 i 155°33c2 i 21 km SE .. of Kamue1a-=>=-~= c::::I-=-c:::::lIc:=:::)~~~-=c;z:cace.c;QII:I~l!B"lc=;l

19 09 26 11@4 2~9 45 19°12~2Y 155°12~7i 20 km. SSE~, of Ahua 1:Cl~c=:J=:"}~C:=CE:lC==~C=:~t::='C=e;;;::,c=:::t

seismometer~

19 23 55 45~5 2~0 ==c::::> .:=e::::t~o=:t::J=..l':]c:;:) ~C=c::::::~cz=r::.;:.;CII:J~c.: Kaoiki-==~=~==~~~=~===-= ~-'::CaI:~'l:S:J=-r=c:=::.c:::"'~~~c.=c;::;;lJ~

25 01 2,8 3801 2,,4 8 19° 17~, 2 y 155°07~9l 12 km SSEe of Ma.kaopuhi C=c='1'=::J=t::Z:'c:='=-==C:=:::::C:~C:=c::.:3c=;t;:::)

seismometer.
26 16 56 52~1 2e5 3 19°14~7i 155°37.9' 20 km NNWc of Naalehu :::E:lc=lt:=:)c::=r-=~~r-=~~c=sc=:lc:::D~c=:::.l

27 07 04 22,0 2~7 3 19°40,,2 F 155"4lc8' 31 km NEe; of Kealakekua =c:=.-:r:==~aE:~::-CII::"C=C=~C:=:~c="I

27 19 41 08~ 5 203 8 19°57,.3 f 155°49,,1' 7 km SW~, of Kamuela 1lC:~~c=::::s::t:::z:~e=I:.::C=-::::-==-c=~c:::.=

27 23 47 5geO 2(,,3 === c.=l~~~;:a:~~c= c:::::Ic=)CC1CE~e-::c=_c=I Kaoiki====~======-~-=~= c=.oe~I:S::-c.c~~~~c::I:'~C:::=C=c=I

28 04 39 52~4 2~9 8 19°22" ow 155°59~O' 18 krn SSW~ of Kealakekua C::::c;!C.~c::::::'~c::::E'=c:z::l~c:::a:J~~.c:='l!IIIIIC~

28 18 05 50.2 3~5 25 19° 25,· 5 ~ 155°15~6t 3 km E" of Uwekahuna Felt Kilauea
i seismometer., summit ..

28 18 06 50(:5 2~6 25 19° 23,~ 8 i 155°17,,5~ r'\ km S.: of lTwekahuna t::'=o::IIIt"c=J~~c.=cz,_CC~~c=tt=)ClICc:.

seismometero
29 07 49 03Ll 2.7 8 19°51r)8~ 155°36e8' 20 km SSE" of Kamu.ela c:::;::)=c::::.t=CIK:~c=''-'a--t:'''~c::::o==c;;;:;~

29 14 33 4003 2~1 c;:I~,-= ~'--=~~r=c::.:C=~ c:::::lC:::-CZJ~=====-C:=C::= YJ4 30=~=~========~=~=== ~C:=_C;;:-CSC=C:::=~c=tC==C=-C=I::'c:=::t

"30 07 ~~ 03~4 2e5 ==..'--: ':":Jcs..'~c:;"c:-='ClEiC:::=co=:" :=~g::lC:::ClL:JCK'c;:):;OZ~ KM 30==-=---======~~=== ~e;:,.-:::a~cz)C:=3e~=:JC:-==c=::1C:=c:2'

,/,1

30 17 31 11,,0 2~6 8 19° 57.) 3 r 1550 51.1) 6 i 20 km SW", of Kamuela«=== ~ c= c::= c:=" =- ~ em ~'c= c= ==::::=t ~ c:: c==-

31 11 33 45cO 204 3 19°27w3 R 154" 55,,5 i 6 km SSEq of Pahoa=====- c:::Jc="~=~t::=)C:=C:-::~c:::=l,=,c:=::~(:::3c::a;;;:

Aug<, ,
o~ 46 27,,8 2 ..,8 8 19°41~7j 155° 52._- 8' 21 km NNEe of Kealakekl18, c::::2_c='tw:, r:;:::I CIEl c:s;::fc==lol:)~ ~Il:::::' c:=:' ClII=t:::::'~..I- ...J

1 11 07 32~6 3.·.,0 ·:,~~~8 19°18c9~ 155°'5Jl€ 9! 23 km g, ,of Kcalal{,c'kua= = c::;:)t:::::It:=lc::::J=~tK'acCElC=l:W::~.-:tIZ:l:~

1 15 35 lO~O 2\~ 5 ~~<:.::J ~Q)CCI r.'Z' ~ ~ ,~e;.::, .....:t~a:B~~c.;::lI.;:.:,~t;ZI Kaoiki=~==~====-~==~~=== e::::t~C!IC.~CI:""'==c:o~t:=:)~~c=:Jt='c=:~

1 15 36 15cO 2$0 c::::)c::::::,t::', C:C:-j~c..-c.mr;.,~Cl co=~~e=e-'~'c:::K)cz:.c::::&:) Kaoiki~-=~====-=~~-~~~~= ,;;.) ~ l::) C!":"': _.: C%" c=:t c=2' ~ ~ t.::=" =- t=:=J ~ c=

3 10 36 o8c7 3,~ 5 8 19°11;9~ 155°3305 Y 15 km Nl\TEr. of Naalehu=== Felt in Pahala,
N,q:a.lehu, and
Kea1akekuaC'



Aug. 3 15 39 28.4 2.4 ------- _e- ____.__ KM 30------------------- Felt at Kilauea
summit.

4 01 38 50.0 2.5 3 19°31.7' 155°48.8' 12 km mE ~ of Kealakekua --------~--------

4 20 14 2904 2.1 -------- ~-------- KM 30------------------~ --------------~--

5 03 12 19.5 2.4 8 19°11.4' 155°35.5' 14 km N. of Naalehu----...-- ------------~~----

6 16 51 43e5 2.1 -------- --------- Kaoiki------------------ --------~~-------

7 04 56 15.0 2.7 < 3 19°26.8' 155°46.2' 18 km ESE. of Kealakekua --------------~--

7 10 56 24trO 2.5 -------- --------- Kaoiki------------------ Felt in-P-ahala
7 20 45 09.0 2·9 13 21°01' 155°15' 105 km ENE. of Haleakala -----------------

Maui.
9 10 17 15.5 2.2 3 19°13.8' 155°13.2' 5 km ssw. of Apua Point ~--------~------~-

9 10 20 06.1 2.2 13 19°16.2 1 155°11.7' 11 km SSW. of Makaopuhi -----------------
seismometer-. ----- -_.-

11 15 09 20.5 2.2 -------- -------- KM 30------------------ Felt in Pahala
11 15 14 05.9- 2.5 30 19°21.4 1 155°18.7' 6 kIn wsw. of Ahua Felt in Pahala

seismometer.
13 06 27 38.9 4.5 30 19°30.0 1 155°16.2' 8 km NNE. of Uwekahuna Felt· is1andwide

seismometer.
14 10 51 08.5 2.8 8 19°23.2 1 155°29.1' 12 km WNW. of Desert Felt in Pahala

seismometer.
15 18 15 55.5 204 8 19°20.0 1 154~ 48. 0 1 25 km SEe of Pahoa --------------~--

I-J 16 14 09 05.0 2.1 5 19°20.5' 155°04.2 1 13 km ESE. of Makaopuhi ----~--~---~-----
+:- seismometer.

16 15 58 3401 2e9 5 19°22.8' 155°30.7' 14 km WNW .. of Desert Felt at Kilauea
seismometer. summit.

19 04 50 1505 3~3 12 20°03.8 1 155°55.2 1 10 km WNW. of Kawaihae ~~~-~~~-~-~~-----

20 23 09 45. 4 2.4
~ ____ ~ __ C8:

c=~~--~... _- KM 30---------~-=--~-~- -~~~~~~~-~~~~~~=-

23 09 24 53~0 2~7 3 19°15~2' 155°14e8 t 14 km S. of Ahua ---~-~~~~~~~~-,~~~~

seismometer.
24 17 30 33~O 2.0 ~CW" __ ~riZlc::=:J_

c:..-=c=a_~~_C:-==::I Kaoiki--~-----~=~--~-=~ ~~-~~~~~~~~~~~~~~

25 03 02 09,0 205 3 19°5505' 155"34.5' 18 km SEe of Kamuela --~~~~~~~~~~~~~~-

25 2,1 31 0100 2v7 43 19°13.3' 155°18.8' 15 km SSEo of Desert ~-~-~~~~~--~~~~~~

seismometer ..
26 08 30 45~5 4c4 12 20° 14' 156°09' 33 km WSW~ of Up01ll Felt in Hila,

Point. Kamuela, Kealakekua
Honokaa, and
Kohala.

26 19 35 29·7 207 8 20°00.,0' 1550 26 .. 5' 10 km SSE. of IIonokaa -~~~~~~~=~~~~-~~~

~7 14 22 10.8 2.8 5 19°26.5' 154°52.8' 9 km SEe of Pahoa Felt in Kapoho

27 17 ~-2 56~5 2~6 8 19°59.5 1 155°49.8' 16 km wsw. of Kamuela -~-~~~~~-~~~~~~~~

27 21 26 07~9 2.4 8 19°15.3' 155°08.8 t 13 km SSE .. of Makaopuhi -~~-~~~~-~~-=~~~~



Table 4 .. ==Local ea:rtll uakes recorded b raphe of t11e Ue S;:. Geolo ical S1.lrve ,
July, August, and September, 19 4~~Continued

Date Time Magni~ Depth Epicenter Felt
(1964) tude (km) Report

I-:r.r..

b_ ID S Lclt,~ N~ Long.~ We Description
~ ~ -

ug~ 28 21 10 16',) 5 2c2 8 19°14~2i 155°29~2~ -4 km NNW., of Pahala Felt in Pahala
29 11 07 55~7 2.4 13 19°38 j 156°15' 38 km WNW~ of Kealakekua ~~~~~~~~~~~~~~~-~

30 12 20 05.~ 1 2,,8 8 19°25~8i 154°59~Oi 8 km SSW" of Pahoa=~=~'=l&O Felt in Pahoa
30 12 22 55~2 2.1 8 19° 25,,8 f 154°59~OY 8 km SSW" of Pahoa c= - <= = ='.- Felt in Pahoa
31 07 57 47 .. 0 3,,2 5 19°27 .. 1~ 154°56~li 5 km SSE~ of Pahoa~~.... --c= Felt in Pahoa,

Kapoho 0

31 13 25 27~5 3~3 c=JC'=2~ (=::t-=s'~r:-~.--_-=- ~~tE:'lC:::=~~cz::.~_ Kaoiki~~~=--=~-=---~==== Felt in Pahala
31 21 57 3480 2v6 8 20001~6' 155°32~1~ J_8 km E" of Kamuela~CE===> Felt in Kamuela

'ept~ 1 06 39 13~5 3c7 5 19°27~lf 154°56~1' 5 km SSE" of Pahoa===cs>=~ Felt in Pahoa,
Kilauea summit,

- Kapohoc
1 21 57 29~O 21'0 5 19c27~lf 154°56rl' 5 km SSE~ of Pahoa=-=<E:== ~~~~~~~~~~~~~~~~~

2 02 11 . 49~0 2&0 5 ~L9°27» 1" 1540 56c.1 ~ 5 km SSE~ of Pahoa=====c= Felt in Pahoall::=~-

2 02 58 03~0 2~4 3 19°26 .. 9 t 154 .. 56~of 7 km SSE .. of Pahoa=>===== ~~~~~~~~~~~~~~~~~

2 04 03 20~O 2~6 .~ 19':>26,8 t 154,;. 56~ 0" 7 km SSEo af Pahoaoe=~=GC=> ~~~~~~=~~~~~~=~~~

2 06 14 55,,0 2c~ 2 8 19° 14. 8'~ 155°30,,0~ 17 km SW~ 'of Desert ~~~~~~~~=~~~~~~~~

seismometer'.
3 00 57 59~8 2,5 3 19°32.3~ 155c 4093' 12 km VJ.NW ~ of North Bay ~~~~~~~=~~~~~~~~~

seismometer ...
3 01 43 3205 2.,5 8 19°2805' 155°52~Of 7 km SE~ of' Kealakekua =~--~~~~~~~~~=-~~

3 05 46 19~5 2,,) 7 5 19°28,"2 i 154°54.8' 5 km SE~ of Pahoa===.-=c-:, Felt in Kapoho,
.:eahoa~

3 18 36 22~9 2~O 8 19°18~9t 155°07~3~ 9 km SE" of l~kaopuhi ~~=~~~~~~~~~~=~~~

seismometer~

3 19 50 58eO 2,,0 === .-;;;;:)::IC == c=: 0& ~C:::.-=J c:l'e;:,~~C:lK:'t:Z:~C!tl Kaoiki===~==~=~===~== ~~=~~~~~~~~~~~~~~

5 01 26 OO~. 0 2 .. 6 10 19°19"Ov 155°10~6t 5 km S(\ of Y.aakaopuhi ==~~~~~~=~~~~~~~~

seismometerf'
6 03 09 48~5 2.5 5 19°27tt2~ l5)+o 54~, 7· 5 km SE" of Pahoa=c:.=c:o=<z> =~=~-~~~~~~~~~~~~

6 07 39 46~6 2~O 8 19°20~Of 155°03c4~ 14 km ESE~ of :Makaopuhi =~~~~~~=~~~~~~~~~

seism0meter"
6 08 33 17c7 2~4 3 19°27eO~ 154°52~9' 9 km SE,. of Paho9. '---C=-'~.I:.I''':) Felt in Pahoa

7 03 35 2407 2 ~~ 7 8 19°26,,2 v 155°36.2 t 7 kmS.SW~ of l'Jorth Bay ~ =-=~ ~ ~ ~= t".. t=C":Ct~ ~c=:.c:=>~~

seismometer<o
7 06 10 39~9 2~8 3 19°26c7 t 154°53~8~ 8 km SE~ of Pahoa<-",c::o...,=>~r= Felt in Pahoa

7 06 13 Ol~7 3(.)0 3 19a26(~ 7 i 154°53eS- 8 krn SE~ of Pahaa~~=~'~c= Felt in Pahoa

A

s



Table UeS. Geolo ical Survey,
--Continued

----"--------~---....,.;;..--~-~-

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat. N. Long. w. Description
-- - - -

Sept. 7 14 19 26.1 2.5 8 19°30.0' 155°48.6' 12 km ESE. of Kealakekua ----------------~

7 17 17 34.3 2.3 -3 19° 30.0-'- 155°43.0' 22 km Ee of Kealakekua ---------------~-

7 19 42 27.6 2.7 --- --------- -------- Kaoiki------------------ Felt at Kilauea
-- -- summit ..

8 08 26 40.4 2.5 --- -------- --------- Kaoiki------------------ Felt in Pahala
8 14 19 16.0 2.2 --- -------- ---------- Kaoiki------------------ Felt in Pahala
9 17 42 49.5 2.8 30 19°22.5' 155°20.0' 8 km NE. of Desert- - ------------~----

seismometer.
9 22 17 31.8 2.4 --- -------- --------- Kaoiki----~----~-----~-- Felt in Pahala

10 11 09 24.4 2.4 5 19°27.7' 154°55.5' 5 km SSE. of Pahoa-----E>I Felt in Pahoa
12 21 27 34.0 2.7 < 3 19°27.7' 154°55.7' 5 km SSE. of Pahoa--........ -~-ICO. Felt in Kapoho
13 03 39 24eO 2.7 < 3 19°26.8' 154°55.9' 7 km SSE. of Pahoa---=--E>I -~~~~~-~~~~-~--~~

14 06 02 12.0 3.8 3 19°26.5' 154°56e2' 7 km SSEc of Pahoa-- K3 O=-- Felt at Kilauea
summit, Hilo,
.r-ahoa.

14 19 21 4205 2.5 3 19°27.5' 154°54.8' 6 km SEo of Pahoa"",K::OO=K::O--== -~~~~~~~~~~~~~~~~

15 04 18 3400 o ., .... _- ..~~~~~-- _e=_-=-e--=~ .. Kaoiki-----~==~~=~=-~-~= ~~~~~~~~~~~~~~~~~c: • .L

16 06 04 41.8 3.3 8 19°20.1 i 155c o4.8 Y 13 km ESEl> of Makaopuhi Felt in Hilo,
seismometero Pahoa, Kala.pana

16 18 34 03.3 2.4 3 19°25.9' 154°5508' 8 km SSE. of Pahoa.",==E:>-= --~~~~~~~~~~~~~~-

18 00 25 29.l 4~9 5 19°18.9 i 1550 06.9' 9 km SEe of Ma.kaoptilii Felt islandwide
seismometer.

18 02 07 56.8 3.6 5 19°17.9' l55°07.3' 10 km SE~ of l\-1akaOplJhi Felt in Hila,
seismometer c Kilauea: 8ummitc:

18 02 2l 40co 205 3 19°19.1' 155°0608' 10 km SEc of Makaopllhi c=; .. -==t _ c:;;;::o a:; ~ ~ c::::J ~ ~--.;. -=., _ c:= c:=:: __

seismometer~

18 08 01 27.2 3~2 3 19°18.2 i 155°07.5' 3 km SEe of Makaoplilli Felt in Pahala/.
seismometer. Kilauea summit,

Pahoac:



Table 4~~~Local earthquakes reco~ded by seismJ of the U.So Geolo ical Surve ,
July; AU~u8t2 and September, 19 4~~Continued

De"te Time Magni;- Deptl1. Epicenter li'e1t
(1964) tade (i~) Report

11 In S Lat. 1'J c· Long" w. Description
c=-

8ept& 18 06 56 50~3 2,3 -8 19° 08c: at 154Q56~5i 30 km SEe of Apua Point c=c=:c=:s~e:::t'='c::C2CZ=~-==c:=:tc:::mc:::::e-=C8i

""iO 09 c)" 12~4 2~3 C=~C:::::;c:::I =='c:=:lIt::Z-.~~~~

:
c:::!'1lCIiC=1E:~~c:::le,:,~ Yj\,1 30~=~~=~~=~=~==~~=~=..L../ -+ c:aC:=c:::::;:)l::)caa-e~c.a=J-="es:c::»~c=J~_

19 12 06 4b.2 2~1 r:: l9°2102v 154°56~2' ~ km SSEI' of Pahoa"",c=o::o-=- -=:)m::::~u:=t-=:lc=t~~a::::iii:II~ C"::IE:lt:=:-=e::::::t-~..I ./

19 23 07 50~3 202 13 19c 54p5' 155°22tl Y 17 krn SW~ of Laupahoehoe CCJC::::=~cr:'l~c:::=Jc=c:::aal::)C::=C=~C:=;;a::::Dc:::::lt

20 02 17 36~o 2e3 -13 19° 5~2. 5 t 155n22~7~ 18 km SWo of La-u.pahoehoe -==c::=-=~~c::::ac:::=c::..-::a.~c.=;JC=-"'C::-'::

-1-1

21 15 34 00 .. 1 2.,0 tE'c:lt='~ c::::JCC'=c:=.c:::::.~C":'c=:l z:DK:.l-=zo.cc::JEr.t=:c:Jc..t.= Kaoiki-=-==--===~~====-- C=::::3Cc::r:_c::I_-=~~t:=!~~~c::===c=-

21 15 58 34~o 21)0 ~:z'~C=Z ::,;:)::JC::::mK:c:::=lr==~~ :::te::::::t~t:=0IDt%'c:::34- Kaoiki-~=-~~=-=~~=~~=~=~ c::::.e:::::tC::::::c:::::::::I-=-=-=:lC::::~_~~l:::)c::I~c::)

22 06 34 28e5 2n7 13 19°55.9 i 155°34~5Y 15 km SE. of !{amuela =- =0 _-=0 Felt in Kamuela
22 11 50 43~6 2.3 8 19°17.8' 155°o6~9' 12 km SEe of MEJkaopuhi C:=~=.:l~=~r=-C::::=Q:C)-=e::c::cm-== ..

seismometer.,
24 16 47 42eO 2~6 3 19°211l2 i 155°02.0 t 17 km E~ of M'akaopuhi c=t~QUlC=IICj,~t=::::)c=~c::=~c=:lc.-=c;;:=_

selsm.ometr:;r.
26 00 36 27c5 31)4 25 19°22.1 i 155c

19.0 i 9 YJrl NE. of Desert Felt at Kilauea
seismome=ter" summit,

Pahala, Hilo"
26 17 15 08.3 2~2 5 .19c

, 2211 2 ' 155°25cO' 5 km NW~ of Desert t::::)e:.:t~C::::::=.=-c~~ce:ae=CSlc===a=-==l:=Jc=I~

seismometer.



Table 5.--Distant earthquakes

Times are reported in Greenwich Civil Time which is 10 hours faster
than Hawaiian Standard Time. A "e" following the time of P indicates
compressional first motionj a "d" indicates dilatational first motion.
Station -symbols, locations, and instrumentation are presented in
Summary 33. Magnitudes calculated from the Hawaii seismograms are
followed by (HVO). Location of epicenter, origin times, and focal
depths, and magnitudes reported by other institutions are taken from
"Preliminary Determination of Epicenters" published by the UoS. Coast
and Geodetic Survey.

July 1, 1964

M Z eP 13:45:05.9 c
A Z eP 05.8 c
N Z eP 06.4 c
MP Z eP 07.4 c

July 4~ ..Continued

I-li Z eP 2404 c
Ke Z iP 18.6 c
Ha Z eP 16.8 d
NB Z iF 2102 c

C&GS card 54-64:
06 :35 :18
53.4° N., 167.8° W.
Fox Islands, Aleutian
h about 45 km
Magnitude 4.75-5 (Pal)

4.8 (cGS).

C&GS card 56-64:
13:33:10
1.8° N., 127.1° E.
Molucca Passage
h about 33 km
Magnitude 4.5 (CGS).

July 2

M
A
D
N
MP
U
Hi
NB
Ha

Z
Z
Z
Z
Z
Z
Z
Z
Z

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

07:19:09
23
23
21
14
08

07:18:50
07:19:12
07:17:10

Islands

C&GS card 53-64~

10:49~2808

11.7° No, 14405° Eo
Mariana Islands
h abo·ut 33 km
Magnitude 600 (CGS)o

July 5

U PEZ eP 19~15~47 c
Na Z iF 50uO c
NB Z eP 4909 c
U PEZ is 19:22:03
U PEE eG 19:25 :27
U FEZ eR 19:26~59

C&GS card 53-64~

19:07:5708
26.2° No, 110.2° We
Gulf of California
h about 29 km
Magnitude 5.75-6 (Brk),

6..6025 (Pal),
6.4 (HVO)o

July 5

July 4

M Z iP 10:59:22.2 c
D Z iP 22.4 c
WP Z iP 23.0 c
MP Z eP 23.5 c
U Z iP 23·1 c
Pa Z eP 24.4 c

M Z eP 23:45:07.1 d
NB Z eP 06.1 d
U FEE is 23:52:31
U PEN eG 23:57:23
U PEZ eR 23:59:39

C&GS card 53-64:
23=36:01.5
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Table 5.--Distant earthquakes-~Continued

July 5, 1964~=Continued

C&GS card 53~64:=~Continued

44.8° Nft, 14986° Eo
Kurile Islands
h about 54 km
l~gnitude 6025 (Pas), 6-6.25 (Pal),

5~5 (CGS), 605 (HVO).

July 6-~Continued

C&G·S card-c»Continued
Magnitude~-Continued

6e75-7 (Brk), 7025~7.5 (Pal),
6. 3 (CGS), 70 2 (HVO) c

July 6

July 6 u PEZ eR 20:13:55

U PEZ eP 02:22:23 c
Hi Z eP 21e5 c
N°B Z eP 24.3 c
U PEZ is 02:28:47
U PEN eG 02:32:05
U PEZ iR 02~33~15

C&GS card 57~64:

19:50:42el
21e2° B., 173.8° Eo
New Hebrides Islands region
h about 22 km
Magnitude 408 (CGS)o

July 7

M Z Tmax 14:26:40
A Z Tmax 19
U Z Tmax 35
Pa Z Tmax 11
Hi Z Tmax 04
Ha Z Tmax 14~25~59

C&G·S card 53=·64 ~

13~44~40

4304° N~, 127~2° Wa
Off coast of Oregon
h abo'ut 7 km
Magnitude 5e7 (CGS)~

07:47:10.6 d
1000 d
0904 d

iF
iP
eP

Z
Z
Z

C&G·S card 54c;o64:
07~39:o4~2

23060 B., 179c9° W9
Fiji Islands region
h abou.t 462 km
Magnitude 5e5 (CCB)o

July 7

M
A
D

C&GS card 55..,,64:
02:14:36~0

26~2° N~, 110a4° W~

Gulf of California
h about 33 knl
Magnitude 6=6Q25 (Brk),

6-6~25 (Pal), 504 (CGS),
and 6 c 8 (HVO) ~

C&GS card 53<=64:
07~22::1c7

18.3° N., 100.4° Wo
Guerrero j Mex.,
More than. 30 killed, many
injured and consider~ble

property damage in GuerreroQ
h abcu.t 100 km
Magnitude 6~. 75~7 (Pas),

M Z eP 07~31:11,,8 d
A Z eP 10 .. 8 d
D Z eP llc7 d
MP Z eP 10~ 5 d
Pa Z iP 0708 d
Na Z iP 13,,4 d
Hi Z iP 0904 d
Ke Z eP 1406 d
Ha Z iP 16.7 c
NB Z iP 13~5 d
u PEZ is 07:38:36
U PEN "rt 07 :44 :·11lu
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Table 5.--Distant earthquakes~~Continued



Table 5. --Distant. earthquakescc>"",Continued

July ll-~Continued July 12--Continued

C&GS card 56-64:
09:44~1807

59.7° Ne, 14601° W.
Alaska aftershock
h about 33 km
Magnitude 5 (Pal), 503 (CGS)~

Ju.ly 11

C&GS card-~Continued

01:45:2506
3806° N., 139~2c Ee
Near west coast of Honshu, Japan
h about 13 km .
Magnitude 5.25-5~5 (Pal), 6.0

(CGS) .

July 13

July 20

C&GS card 61S364:
12:45:47.7
0020 No, 123&5° E~

Northern Celebes
h about 97 km
Magnit'ude 508 (CGS) c

M Z iP 12 :' 57 : 58. 7 c
A Z iP 5807 c
D Z eP 58.2 c
U Z eP 58.8 c
Na Z eP 57.;5 c
Hi Z eP 12:58:0005 c
Ke Z eP 57.: 55/t 8 c
l'JB Z eP 57:5800 c

Tmax 07:28:36
Tmax 07:28:45

z
Z

PEZ eR

C&GS card 59~64:

18:49:4305
19.8° N., 109.0° WQ
Revilla Gigedo Islands region
h abcu.t 33 km
Magnitude 4&5 ...4075 (Brk),. 5 (Pal),

501 (CC-S) 0

C&GS card 56eu>64:
06:47:54
44~7° N., 129.9° WQ
orf coast of Oregon
.h about 33 km
Magnitude 505 (cas) v

July 18.

u

Pa
NB

M Z iP 20:33:19~3 d
D Z iP 20p5 d
u Z eP 19.5 d
Ke Z iP 19.3 d
u PEZ eS 20:39:39
U PEZ eR 20:44:07
M Z Tmax 21:17:00
D Z Tmax 21:17:07
MP Z Tmax 21:16:57
U Z Tmax 21:16:52
Fa Z Tmax 21:16:35
Hi Z Tmax 21:16:39
Ka Z Tmax 21:16:09
Ha Z Tmax 21:15:13
NB Z Tmax 21:17:QP

C&C-S card 56-64 ~

20:25 :40" 3
5907° I~~, 146.2~ W~
Alaska aftershock
h about 40 km
Magn.itude 5-5025 (Brk) , 5c5c>o5075

(Pal), 5~ 6 (CGS),
5d 7 (RVa)o

July 12

~I Z eP 01: 55 :28(,8 c
D Z eP 2903 c
Pa Z eP 30e6 c
Na z· iP 29.2 c
Hi Z eP 2807 c
Ke Z iP 2502 c
Ha Z iP 18 .. 9 c
NB Z eP 28.2 c
U PEE eS 02:03=47
U PEE eL 02:10:19
U PEZ eR 02:12:09

C&GS card 55c:064:
21



July 21, 1964

Table 5.--Distant earthquakes--Continued

July 24--Continued

C&GS card 59-64:
01:09:25.8
19.8° N., 108.8° w.
Off coast of Jalisco, Mex.
h about 31 km
Magnitude 4.75-5 (Brk), 4.9 (eGs).

u PEZ eR 01:28:45 C&GS card--Continued
Kurile Islands
h about 33 km
Magnitude 6 (Pas), 6 (Brk),

5. 9 (CGS), 6. 3 (HVO).

July 24

July 21

M Z iP 03:57:34.3 c
MP Z eP 33.7 c
Hi Z eP 36.5 c
Ke Z eP 32.0 c
U PEE is 04:04:34

C&GS card 59-64:
03:48:59.1
26~00 S., 178.0° w.
Fiji Islands region
h about 222 km
Magnitude 6.5 (Pas), 5.25-5.5

(Brk), 5.8 (cGS).

July 21

M Z iP 08:21:3003
A Z eP 31.4
D Z eP 30.6
U PEZ iPP 08:23:23
U PEE is 08:28:39
U PEZ iSS 08:32:17
u· PEN iG 08:33:08
U PEZ iR 08:34:48

C&GS card 59-64:
08:12:40.0
47.2° N., 153.8° E.
Kurile Islands
h about 33 km
Magnitude 6.5 (Pas), 5.9 (CGS),

6.9 (HVO).

July 24

C&GS card 59-64:
13:13:00.2
11.5° N., 121.9° E.
Panay, Philippine Islands
h about 34 km

July 24

C&GS card 59-64:
10:54:52.5
13.1° N., 145.0~ E.
Mariana Islands
Felt: Guam
h about 43 km
Magnitude 5.6 (CGS).

July 24

A
D
MP

z
z
Z

iP
eP
eP

13:25:08.2 c
07.7 c
08.6 c

M Z eP 11:04:41.5 d

C&GS card 60-64:
06:50:52.8
46.9° N., 153.9° E.

C&GS card 59-64:
13 :25: 18.3
4'7.0° N., 153.7° E.
Kurile Islands

M
A
U
U
U
U

Z iP
Z eP
PEZ iPP
PEE is
PEN eG
PEZ iR

06:59:42.0 d
43.4 d

07:01:41
07:06:53
07:11:13
07:13:13

2

M
A
U
U
U

Z eP
Z iP
PEE eS
PEE eL
PEN eR

13:34:26.5 d
27.4 d

13:41:21
13:45:41
13:4'7:52



Table ~5.--Distant earthquakes--Continued
. .,

July 24--Continued

C&GS card~-Continued

h about 33 km
'Magnitude 5.75-6 (Brk),

5.7 (CGS), 5.7 (HVO).

July 24

July 25-~Continued '

C&GS card--Continued
27.9° S., 70.9° W;
Northern Chile
Felt: Copiapo and Vallenar
h about 26 km
Magnitude 6.5 (Pas), ~ (Brk),

,6.1 (CGS).

C&GS card 59-64:
21:29:33.2
2.9° N., 128G2° E.
North of Halmahera
h about 22 km
Magnitude 5.1 (CGS).

July 28

July 25

U PEZ

M Z iP 13:57:19.9 d
A Z eP 19.6 d'
D Z eP 18.8 d
U Z eP 1987 d
Na Z iP 16.8 d
u PEZ eR 14:11:23

C&GS card 59-64:
13:47:48.6
6.6° S., 154.8° E.
Solomon Islands
h about 62 km
Magnitude 5.6 (eGs).

July 24

M
U

Z
Z

iF
eP

eR

21:41:23.2 d
24.0 d

19:21:40
M Z iP 17:11:49.4 c
U PEE is 17:18:53
U PEE eSS 17:22~19

U PEN iG 17:23:17
U PEZ iR 17~25:21

C&GS card 59-64:
17:02:49.2
47.1° Ne, 153.6° E.
Kuri1e Islands
h about 33 km .
Magnitude 6.5 (Pas), ,6 (Brk),

5 & 8 (CGS ), 6. 4 (HVO).

July 25

Hi Z eP
U PEZ eS
U PEZ eSS
U PEZ eR
M Z Tmax
A Z Tmax
D Z Tmax
Pa Z Tmax
Na Z Tmax

C&GS card 59-64:
19:31:07.0

19~44:29.l d
19:54:51
20:01:59
20:14:15
21:29:05
21:28:55
21:29:04
21:28:38
'21:29:03

23

C&GS card 59~64~

18:40:04c3
51.2° S., 13900° E.
About 1000 km. SW. of

of Tasmaniao
h about 33·km
Magnitude 5.3 (cas) It

July 30

A Z eP 05 :'26: 54. 5 d
D Z eP 55.1 d
MP Z iP 5309 d
u Z iP 54CJ6 d
u PEZ eS 05:35=51
U PEZ eR 05:46:59

C&GS card 59...64:
05:16:03 .. 3
1101° Nn, 86.2° W'o'
N~ar west coast of Costa Rica
Felt: Balboa Heights C. Z.
h about 42 km
Magnitude 5.75-6 (Pal), 5.7

(CGS ), 5. 7 (HVO).



Table 5.--Distant earthquakes--Continued

July 31, 1964

U PEZ iP 06:02:22 c
Hi Z eP 25.2 c
U PEE eB 06:10:28
U PEN iG 06:17:12
U PEZ eR 06:19:40

C&GS card 61-64:
05:52:18.8
6.1° B., 149.4° E.
New Britain
h about 63 km
Magnitude 5.9 (CGS),

6.9 (HVO).

August 2

August 4

M Z eP 17:33:23.7 c
A Z eP 24.9 c
D Z eP 24.4 c
Pa Z iP 25.6 c
Ke Z eP 20.4 c
NB Z eP 23.0 c
U PEZ eR 17:47:20

C&GS card 60-64:
17:24:29.2
46.5° N., 151.1° E.
Kurile Islands
h about 101 km
Magnitude 5.5-5.75 (Brk),

5.9 (CGS), 5.7 (HVO).

C&GB card 61-64:
03:04:16.9
56.1° N., 156.1° W.
Alaska aftershock
h about 33 km
Magnitude 5.6 (CGS).

M Z Tmax 03:49:44
A Z Tmax 47
D Z Tmax 48
MP Z Tmax 43
U Z Tmax 40
Pa Z Tmax 43
Hi Z Tmax 22

August 2

M Z
Ke Z
U PEE

eP
eP
iG

08:43:24.9 c
24.9 c

08:51:34

August 5

M Z iP 11:15:21.8 c
A Z iP 21.1 c
D Z iP 21.1 c
MP Z iP 21.2 c
U Z eP 21.4 c
Pa Z eP 21.3 c
Hi Z iP 24.9 c
NB Z eP 21.8 c

C&GS card 63-64:
11:06:02.6
32.1° B., 179.8° E.
S. of Kermadec Islands
h about 235 km
Magnitude 6.75 (Pas), 5.5

(Brk), 5.8 (cas).

August 5

C&GS c.ard 62-64 :
22:23:13.0
41.1° S., 74.9° W.
Off coast of southern Chile
h about 33 km
Magnitude 6.75 (Pas), 6.5 (Brk),

6.1 (cas).

C&GS card 60-64:
08:36:16.9
56.2° N., 149.9° W.
Alaska aftershock
h about 31 km
Magnitude 6 (Pas), 4.75-5 (Brk),

5.25 (Pal), 5.4 (cas).

24

u
u
U
U

PEZ eS
PEZ ePS
PEZ iSS
PEZ iR

22:47:30
22:49:14
22:54:28
23:07:17



Table 5.--Distant earthquakes--Continued

C&GS card 60-64:
18:24:50c5
56.9° N., 152.1° W.
Alaska aftershock
h about 39 km
Magnitude 5~6 (CGS)~

August 6

M
A
D
M
A
'D

"~:MP

U
Hi
Ha
NB

z
z
z

eP
eP
iP
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

18:31:58.0 d
5805 d
59~0 d

19:11:15
11
22
19
20

19:10:48
19:09:43
19:11:19

August 7

M Z Tmax 09:22:56
A Z Tmax 54
D Z Tmax 52
:MP Z Tmax 48
U Z Tmax 46
Pa Z Tmax 16
Ke Z Tmax 4,6
NB Z Tmax 38

No C&GS preliminary listing

August 8

~1 Z eP 15:09:29.1 c
A Z eP 30~5 c
D Z eP 29.3 c
U Z eP 30.0 c
Hi Z iP 3008 c
NB Z eP 28113 c

August 7

C&GS card 63-64:
07:08:07
54.4° N., 164.4° w.
Unimak Island region
h about 33 km
Magnitude 4.6 (CGS).

C&GS card 60-64:
05:37:25.1,
5608° N., 152.3° Wa
Alaska aftershock
h about 33 km
Magnitude 5Q2 (CGS).

M Z Tmax 06:23 :47
A Z Tmax 51
MP Z Tmax 42
U Z Tmax 48
Fa Z Tmax 50
Hi Z Tmax 22
Ka Z Tmax 01
Ha Z Tmax 06:22:24
NB Z Tmax 06:24:02

August 7

Ha Z Tmax 07: 50: 38

25

C&GS card 60K>l64~

14:59:41.2
31.7° No, 140e2° E.
South of Honshu, Japan
h abou.t 110 km
Magnit'ude 5~ 7 (eGs) It

August 8

M Z eP 15~55:47.0 c
A Z iP 46.3 c
D Z eP 47.0 c
U Z eP 4695 c
Hi Z eP 4501 c

C&GS card 61-64:
15:45:10.9
1205° No, 87.8° W.
Ofr west coast of Nicaragua
Felt: San Salvador

<lh about 63 km
Magni tude 5. 8 (CGS).



Table 5.--Distant earthquakes--Continued

August 12 August 24

COOS card 63-64:
06:51:49.9
48.9° N., 153.7° E.
Kurile Islands
h about 127 km
Magnitude 5.6 (CGS). August 24

, C&GS card 66-64:
17:26:15.1
0.2° N., 123.8° E.
Northern Celebes
h about 127 km
Magnitude 5.4 (CGS).

M Z
D Z
MP Z
Hi Z
Ke Z
NB Z

eP
eP
iP
eP
eP
eP

07:00:33.0 c
34.6 c
35.2 c
33.7 c
30.3 c
33.0 c

M
A
MP
U

Z
Z
Z
Z

iP
iP
iP
iP

17:38:23.1 d
'23.2 d
23.9 d
23.2 d

August 18

U PEZ eP 04:58:09 c
U PEE eS 05:09:25
U PEZ ePS 05:10:27
U PEZ eSS 05:15:33
U PEZ eR 05:27:17

C&GS card 65-64:
00:31:14.1
5.4° S., 154.3° E.
Solomon Islands
h about 383 km
Magnitude 6.0 (cas).

C&GS card 64-64:
04:44:58.0
26.4° S., 71.5° W.
Off coast of northern Chile
h about 8 km
Magnitude 6 (Brk), 6.4 (cas),

6.4 (HVO).

13:58:21.0 d
21.6 d
21.6 d
21.1 d
21.1 d
23.1 d
19.8 d
17.9 d
19.8 d
12.6 c
22.0 d

14:07:33
14:15:11
14:18:41

iP
eP
eP
eP
eP
eP
eP
eP
iP
iP
eP
is
iG
eR

August 25

M Z
A Z
D Z
U Z
Pa Z
Na Z
Hi Z
Ka Z
Ke Z
Ha Z
NB Z
U PEN
U PEE
U PEZ

M Z eP 22:04:21.6 c
A Z eP 22.1 c
D Z eP 23.1 c
MP Z eP 22.1 c
NB Z eP 21.,3 c
U PEZ eR 22:14:41

C&GS card 67-64:
21:56:54.2
58.4° N., 150.3° w.
Gulf of Alaska
h about 22 km
Magnitude 5.8 (CGS), 5.4 (HVO).

26

00:40:13.7 d
12.7 d
13.3 d
13.8 d
09.3 d
09.8 d
12.9 d

00:41:31
00:47:24
00:49:32

eP
eP
eP
eP
eP
eP
iP
iPcP
eS
esS

Z
Z
Z
Z
Z
Z
Z
PEZ
PEE
PEZ

August 13

M
D
MP
U
Na
Ke
NB
U
U
U



Table 5.--Distant earthquakes--Continued

C&GS card 73·-64:
18:41~Ol~8

lOcgO° ~"" 140.2° .E.
West Caroline Islands
h abou.t 33 km
Magnitude 5.1 (CGS), 5.7 (K10)n

C&GS card 69-64:
02 : 53.: 50. 6
5.80 S., 154 .. 0° Eo,
Solomon Islands
h about 69' km
Maghitude 6.4 (eG·s), 6.3 (Rva) I~

September 5 - ..Con~inued

U PEZ eS 03:11:14
U FEZ iSS 03:15~17

U PEN eGo 03:16:53
U PEZ iR 03~19:01

Ke Z Tmax 04:02:26
Ha Z Tmax 26
NB Z Tmax 58

September 6

18:51:29
19:o6~41

19:09:41

Z eP
PEN eG
FEZ eR

11
U
U

M Z eP 10:45:58.4 d
A Z eP 58.4 d
D Z eP 57.9 d
Ke Z eP 56.2 d
U PEZ eS 10:55~41

U PEZ eR 11:08~29

C&GS card 66-64:
13~4':20.6
78.2° N~, 126.6° E.
East of Severnaya Zemlya
h about 50 km
Magnitude 6.25-6.5 (Pas),

6.5 (Brk), 6.1 (eGs),
6.8 (HVO).

August 25~-Continued

C&GS card 70-64~

lO~34:l3el

400° s., 131~4° E.
West New Guinea region.
h about 33 km
Magnitude 5.5~5.75 (Brk),

5~9 (eGs), 6.1 (HVO).

September 4

September 5

NI Z iP 02:26:2002 c
A Z iP 19.5 c
u Z iP 19.8 c
'Ke Z iP 18.6 c
NB Z iP 19.3 c

C&GS card 70-64~

02:17:14.4
3202° Se, 179~5° E$
South of Kermadec Islands
h about 397 km
Magn.i tude 4. 6 (CGS) 0

C&G·S card 72-64:
12:43:19.0
4.40 S., 144.0° E.
Near north coast of New Guinea

September 5

M Z
A Z
D Z
U Z
l~a Z
Hi Z

eP
eP
eP
eP
iP
eP

03:03:25.6d
24.8 d
23.9 d
25.4d
22.2 d
28.1 'd

September '12

11 Z eP
A Z eP
D Z eP
Pa Z iP
Na Z iP
Hi Z iP
Ka Z iP
Ke ' Z . iP
Ha Z iP
NB Z eP
U PEE eS
U PEN eG
U PEZ eR

12:53:43.4 c
43e9 c
42.9 c
45,,6 c
41.0 c
454;" C

42.5 c
40.2 c
40.9 c
42,,3 c

13:02:21
13:09:41
13:l2~23

27



Table 5.--Distant earthquakes--Continued

September 12--Continued

C&GS card--Continued
h about 120 km
Magnitude 6.5 (Pas), 6.25-6.5

(Brk), 6.3 (CGS)f
6.1 (HVO).

September 12

September 14

A Z iP 10:24:54.2 c
!vIP Z iP 54.2 c
Hi Z iP 51.1 c
Ka Z eP .48.3 c
Ke Z eP 52.8 c
NB Z iP 53.6 c

M Z eP 15:26:42.4 d
A Z iP 42.2 d
Na Z iP 39.1 d
Hi Z iP 44.6 d
Ka Z eP 45.1 d
Ke Z eP 40.2 d
Ha Z eP 46.8 d
NB Z iP 41.9 d

COOS card 72-64:
10:17:46.6
56.7° N., 157.4° W.
Alaska Peninsula
h about 61 km
Magnitude 5~7 (CGS).

September 14

C&GS card 71-64:
15:19:22.3
17.4° S., 179.9° W.
Fiji Islands region
h about 561 km
Magnitude 4.25-4.5 (Brk),

5.8 (cas).
September 12

C&GS card 72-64:
22:07:03.2
49.1° S., 164.2° E.
Auckland Islands region
h about 33 km
Magnitude 7.5 (Pas),

7. 5 (Brk), 6. 9 (CGS),
6.7 (HVO). 28

September 15

U PEZ iPP 15:48:11 d
U PEZ ePS 15:57:24
U PEE eSS 16:03:50
U PEN iG 16:14:05

C&GS card 72-64:
05:37:45.4
0.1° S., 124.6° E.
Mo1ucca Sea
h about 33 km
Magnitude 5.3 (cas).

05:49:58.7 d
58.7 d
58.9 d

13:43:31.6 c
29.1 c
30.7 c
30.1 c

iP
eP
iP

eP
eP
eP
eP

Z
Z
Z

z
z
z
z

C&GS card 72-E?4:
13:33:33.7
15.0° N., 93.2° W.
Near coast of Chiapas, Mex.
Felt: Western E1 Salvador
h about 64 km
Magnitude 4.9 (CGS).

M
A
U

September 15

M
A
D
U

22:18:56.4 c
55. 4 c.
55.0 c
55.6 c
56.8 c
53.7 c

22:18:50.0 c
22:22:05
22:28:55
22:29:59
22:33:54
22:37:19
22:39:21
22:42:36

eP
iP
iP
iP
eP
eP
eP
ePP
is
iPF8
iSS
eSS
iG
iR

Z
Z
Z
Z
Z
Z
Z
PEZ
PEE
PEN
PEZ
PEZ
PEN
PEZ

M
A
D
U
Hi
Ke
NB
U
U
U
U
U
U
U



Table 5o--Distant earthguakes--Continued

September 15, 1964--Continued September 21-~Contintied

T] PEZ eR 16:19:06

h abo:ut 609 km
Magnitude 50 4 (CC-B.).

September 23

C&GS card 73-64:
15:29:32.2
8.90 N., 93010 E.
Nicobar Islands region
h about 37 km
Magnitude 5.5 (Pal),

6.2 (eGs) Q

September 16

M
A
D
U

z
z
z
z

eP
eP
eP
eP

05~o6~36.5 c
37.3 c
37.6 c
37. a c

September 24

C&GS card 76-64:
13:59:36.8
4305 0 NG' 12705° We
orr coast of Oregon
h about 1·4 kmll

M Z Tmax 14:41:29
A Z !rmax 17
MP Z Tmax 16
U Z Tmax 17
Pa Z Tmax 01
Ha Z Tmax 14:40~47

C&GS card 76 E3 64:
04:59:47.4
53~6° N., 163~9° W.
Unimak Island regi all .

h about 29 km
Magnitude 5<=5. 5 (Brk).,

5.5 (CGS).

,15:58~0907

16~07:53
16~37~41

31
30
31
22

16:36:50
16:35:56
16~37:31

eP
eR.
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
'Imax

Z
PEZ
Z
Z
Z
Z
Z
Z
Z
Z

September 27

U
1:1
1\1
A
IY1P
U
Pa
Ka
Ha
NB

29

C&G·S card 74-64:
04:23=19.7
21.8° S., 179.6° We
Fiji Islands region

Ni Z eP 04:31:0109 d
A Z eP Ole.l d
U Z iP 01c5 d
Iii Z iF 04~9 d
Ke Z iP 00'l3 d
Ha Z iP 0702 d
NB Z iP 01.,6 d

M Z iP 01~58:17Q4 d
A Z eP 18.1 d
D Z iP 1804 d
Ha Z eP 1005 d
u PEZ eS 02:04:21
U PEZ eR 02:09:13
!~ Z Tmax 02:41~36

A Z Tmax 35
D Z Tmax ~37
U Z Tmax 33
Pa Z Tmax 34
Ha Z Tmax 02:40:l.1
NB Z Tmax 02:41:39

C&GS ca.rd 74~64:

Ol:50:33~9

60.0° N~, 147.10 We
Q,.:tlf ·of Alaska
h about 29 km
~1agni tude 5~ 75 (Pas),

5075-6 (Pal),
5u 5 (CGS),
5G8 (HVO).

September 21



Table 5.-~Distant earthquakes~-Continued

September 27,. 1964--Continued

C&GS card 76-64:
15:50:54.7 0

56.60 N., 152.0 ~.
Kodiak Island region
h about 27 km
Magnitude 5.25 (Brk),

5.4 (COO),
5.5 (HVO).

September 28

M Z Tmax 16 :25: 00
A Z Tmax 16:24:51
ME' Z Tmax 53
U Z Tmax 53
Pa Z Tmax 39
Hi Z Tmax 23
Ha Z Tmax 20
NB Z Tmax 16:25:12

C&GS card 76-64:
15:43:13.6
43.50 N., 127.10 W.
Off coast of Oregon
h about 33 km
Magnitude 4.8 (CGS).

30



During the quarter "felt'. reports.", were either phoned or mailed
in by the following persons and agencies, to whom we wish to express our
gratitude for these and other instances -of cooperation:.

Kilauea summit area

Mrs. V" Hansen
Mrs. M. Gorder
Mr. Bo Loucks
Mr. and Mrs. C. Wentworth
Mr. and Mrs. We Mist
Mr. R. Koyanagi
Miss M~ English
Mr9 and Mrse G. Yong
Mr. and Mrs" Ao Yamamoto

North Hawaii

Mrs . E. Lindsey
Mrs. P. Richards
Mrs~ R. Eklund
Mrs" A. Paiva
Dr. F. Tabrah
Geotech seismic station
Mr. Yuen
Mrso Eo Christianson
Mrs. Eo Fergustrom
Mrs. Vredenburg,
Mrs" A'/J Walker

Hila region

Mrs" T. Crabb
Mrs" Ho Lewis
Mr. and Mrsr. Ro Baldwin
Mr. C~ Shoemaker
~1iss E.. Patten.
Mr. Co Okamura
Mrse T. Ingledue
Mrs. Me Shaeffer
Mrs" M" Veriato
Mr. Be B. Blackwood
Mr(O E. Endo
Mr .. So Ho
Civil Defense Office
Mr. H. Pierce
Mr. Jo Bryan
Miss M. Tulley
Mrs. A~ Elliot
Mr" A" Green
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Mr~ He Warner
Mrs. C. Guerino
Mrs v Ruthve'n
Miss Y ~ Kimura;
Mro G. ,Hay
Mrs. H.. Hoopai
Mr. Edwards
Mrse Kongo Kimura
Mrsc Kimiko Kimura
Mro and Mrso Takahashi.
Mr~ Ro Williamson

Kau

Mrs 0 Ao Paiva
Revo D4 Thompson
Mrs~ Billings
Mr" Hunter
Mrs 0 Ashton
Mrs. Carvalho

Kona region

Miss AQ;Greenwell
Mr .. M. ,Sutherland
Mr" Ra Apple
Miss No Wallace
Mr~ Ett Glass
Mr~ Johnston

Central Hawaii

Pohakuloa Military Camp
Mauna Loa Observatory
Kulani Honor Camp
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Chronological summary

Relative quiet reigned throughout the fourth quarter of 1964. Modest
net inflation was registered for the period.

A few felt quakes were scattered through October, including one of
magnitude 5.5 located offshore 83 km southwest of Milolii in Sduth Kana.
A spurt of inflationary tilt between October 17 and November 6 was
indicated on the short-base tiltmeter. Total seismicity was very low.

. October 20 marked the beginning of a month of increase in tremor;
several minutes of short bursts and a few spasms of half-hour duration
were recorded almost daily. A swarm of deep Kilauea quakes occurred on
October 28-29; about 60 shocks were record~d, the largest of magnitude
3.5. Tilt drifted erratically during this time and until December 27.
During November 11 through 14 a flurry of small shallow earthquakes
took place along the lower east rift of Kilauea. More than 50 shocks
were recorded at Pahoa, 3 of which were mildly felt near Kapoho.

An earthquake of magnitude near 5 occurred on December 2 at 22:29.
It was reported felt on Oahu and Maui, as well as throughout Hawaii. It
originated from a seismically active zone 30 km beneath Kilauea summit.
An aftershock from the same source with magnitude 4 was felt on Hawaii on
December 3 at 07:56 and a swarm of more than 300 smaller shocks from the
same source, ranging in magnitude from 0.5 to 2.5, continued durtng the
week following. Eight other felt quakes from various source areas were
scattered through December. Scattered bursts of tremor continued and
totaled nearly 700 minutes during December.

The lava lake in Alae Crater solidified completely by early October,
as indicated by temperature gradient and releveling. All level stations
on the lake showed subsidence after the end of September for the first
time; stations above the liquid rose during each relevel period so long
as any liquid remained. Twelve core holes were completed, and the
drilling equipment was removed from the crater on December 16.

A level line and a loop of closure were established on the upper
5 miles of slope to the north edge of Mokuaweoweo caldera on Mauna Loa.
Releveling of this line and loop will yield a measure .'of summit inflation
and deflation. It is logistically impossible to operate the water-level
tiltmeter surveys around the remote summit of the big volcano.

R. W. Decker returned to Dartmouth College in December after
completing 6 months of special studies of a program for monitoring
structural events at Kilauea.

Mr. Rodrigo Saenz R., a scientist from the government of Costa Rica,
has joined the staff at the Hawaiian Volcano Observatory to learn methods
of study that have proved useful here. Mr. Saenz will conduct monitoring
studies of Cost Rican volcanoes when he returns to Costa Rica.



EXPLANATION

• seilmo9raph Station

o Town or locaNty
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To'..' • ...-, ., US Geototicel Sw",
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~~gure 1. --Map" of' the is,iand of Hawaii showing seismograph stations
opera~ed by the Geological Survey and loca~ities mentioned in the
text.' Epicenters 'of local earthquakes are given' in terms' of
geographic coordinates, which are indicated at the edges of the
map- 2



Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base water-tube
tiltmeter in Uwekahuna Vault, and at irregular intervals it is measured on
a regional scale by means of a network of field tilt bases and a portable
water-tube tiltmeter. The attitude of the ground surface at each tilt
base is reported in terms of north-south and east-west tilt coordinates.
Both coordinates at each station were set equal to 500 when measurements at
that station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to a
re16tive subsidence toward the north and east. A one-unit change in
coordinate corresponds to a 'tilting of 1 microradian (1 mm per km)" in the
direction indicated.

Table l.--Tilt coordinates at Uwekahuna Vault, October, November, and December,

'-

Date N-S E-W Date N-S E-W

, ,

Oct. 4 482 476 Dec. 6 482 470

11 482 478 13 483 467

18 482 4,76 20 - 483 465

25 484 472 27 483 465

Nov. 1 486 .. 472

8 487 465

15 483 46.7

22 481 467

29 482 470

3



Table 2. --Tilt coordinates and changes at bases around Kilauea caldera (fig. 2).

Rate (10-6 rad/mo)
Date of

Tilt Base Date Tilt coordinates and direction of la"st
~1964J ~ ' .. -tilting since

reading'
N-S E-W last reading (1964)

Uwekah1.ma Dec. 10 488.5 455.5 8.2 N. 49.0° w. Aug. 27

Tree Molds Dec. 7 451.6 512.7 3.4 N. 23.5° w. Aug. 28

Sand Spit Dec. 11 893.2 717.4 9.6 N. 51.1° w. Sept. 1

Kalihipaa Dec. 8 320.4 381.3 3.1 S. 19.3° E. Aug. 27

.i<eamC'Ktl Dec. 11 506.1 563.5 3·9 N. 87.8° w. Aug. 26

Ahua Kamokukolau Dec. 10 540.7 523.0 12.5 s. 7.2° w. Aug. 26

Kipuka Nene Dec. 14 480.4 506.8 0.7 S. 34.3° w. Sept. 1

Hilina Pali Dec. 7 498.0 494.4 0.5 s. 88.5° w. Apr. 30
. . .. -'

Ka.papala Ranc:h Dec. 9 493.6 505·9 0.6 S. 81.5° E. Aug. 24

Mehana Dec. 10 547.4 552.8 2.2 N. 28.9° E. Sept. 2



o
Kap

•
.KN

• HP

2000

~ .........
TILTING RATE 5.0 X 106 RADIANS / MONTH

SEPT 1J 1964 - DEC 14, 1964

5 KM

Figure 2.--Tilting of the ground around Kilauea caldera, Sept. 1
Dec. 14, 1964. The vector depicting tilting at a given
tilt base points in the direction of maximum relative subsidence
and has a length proportional to the rate of tilting during
the measurement interval. Closed circles represent field
tilt bases; open circles, short-base water-tube tiltmeters.
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Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor- originating in the region of the Hawaiian Islands (usually
within 100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(U, M, A, D, N, WP, MP). Earthquakes of magnitude 2.0 or greater are
generally sufficiently well recorded to be located with greater
precision; they are listed individually in table 4. Data on identifiable
phases from distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1, and
essential data pertaining to the stations are listed in table Q, Summary 33.

6



Table 3. --Numbers of earthquakes and minut,es of tremor recorded on seismographs U, M, AJ Dz

N, WP, and MP around Kilauea caldera

Tremor is separated into three categories,: deep, intermediate, and shallow, on the basis of relative
amplitudes recorded by seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: HalemaumBu rock slides, wpich are detected by the characteristic record
they p~oduce on the North Pit seismograph; shallow earthquakes in the Kilauea caldera region;
shallow earthquake's a:long the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki
fault system; earthquakes along the eastern half of Kilauea's east rift zon'e (from the Pahoa
seismograph); earthquakes from a source about 30 km beneath the Kilauea summit region;
earthquakes from the ;upper' east rift zone and the adjacent 'fault s'ystems o:f Kilauea's south'
flank, 'a~d earthquake,s from other regions: Kona, Mauna Kea, etc.

Date Tremor
'-J

(1964) (in minutes) E'arthquakes

Inte~r- Hale- SW. rift Eastern Kilauea Upper
'p,eep mediate Shallow maumau Kilauea and east summit east Others

slides caldera Kaoi'ki rift 30 km rift
Oct. 1 33 ------ -----~- ------ 52 10 ------ ;6' 3 1 Mauria Loa

south ··flank.
1 Mauna Kea

2 53 7 4 1 1 South
"

shore of------ ----.--- ------
Hawail.

3 ------ - - - -~--- - - - --- 50 6 1 2 ----------------
4 ------ ------- -- ----.- 53 .8 ,2 ,·3 6

--------------~~

5 ---- ---~--
____7___ ------ 55 5 1 8

-------------~--

6 ------ ------- ------ 33 3 ------ 9 1 Mauna Kea region
7 ------ - --~---- ------ 45, 6 ------ 'I 4

-----------------~

8 ------ ----i---- ------ 31 5 ----~- 3 --~---------------

9 ------ -- --.--- ------ 30 6 1 4 1 Mauna Kea
10 ---_._- - -- -_._- -.-.---- . 26 9- -.--.-.- - 1 ------~-._---------

11 3
: 42' , 8 3 1 off S.w. shore-~---- ------- ~ .._-~-- -------

of Hawaii.



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D,

N, WP, and MParound Kilauea caldera--Continued

Others

- -- - ~ --..- - -,- - - - - - - - --

~~-~~----~-~--~----

1 Kona
1 Mauna Loa

1 Mauna Loa S. flank
2 Mauna Ke'a

1 off south shore
Hawai'i.

1 Kona------------
1 Kona-------------

1 off south shore
of Hawaii.

1 Kona~------------

1 Kona--~----------

3
6+
8
4

6
3
5+
6+

3

6
3

10'

3
3
3'

3
4

4
6
6'

14
II

Upper
east
,rift

8+
7
6(
3
2
4

,3
2
2+

3 ..
5
8
6

5
4
8

32
27

4
2

4
2

I,

1

.. 1
1
1.

---- 2
1 2
1 4
1

Earthquakes
Eastern Kilauea
east summit
rift . 30 km

1.0
5+
4+., .

14
11

6
10
12

7

16
20
4
5
5

15

10
',7
'6
5

22
16
10
10
10
10
11
12

SW. rift
and

Kao.iki

95
70
40
54
43
45

65
38+
35

62
60
54
65
68
73
76
8:7
65

110
70
75

,43
65
75
95
60
68

Kilauea
caldera

1

1

1

Ha1e
mau;mau
slides

7

8

-9- .,

24

15

21

15+
27
21

--4--- -----

8

9

31 -----
".''! :14 2

16 7
8+

Tremor
(in 'minutes

Inter
Deep mediate Shallow

5
6

.7

23

-24·
25
26
27; 6
~8 25
29 ±25

Date
(1964) r-~--r -+- -+- -....- -f--__---+-"';""";;;~~~-----t'"-----t'---------

30 35
31

Nov. 1 55
2 25
,,3. 25
4 11

Oct. 12
13
14
15
16
17

,- '18
19
20
21



Nov. 8 7 ---- ------ 38 8 3 3 I---------------------~--9 6 40 6
J------ 9 5 1 off south shore

10 17 3 --~--- 58 8 15 2
---------~--------------11 42 15 ------ 40 13 17 10
~-----------------------12 ------ 50 15 34 5 5 1 Kona---------------- __

13 ------ 35 13 16 3 ------------------------14 -~-- ---- ... ------ ------ 30 22+ 8 1+ 1 ------------------------
15 18. ---- 10 1 43 11 10 2 6 ------------------------16 6 ------ 56 18 3 3 2 ------------------------
17 2 ------ 43 11 4 8 3 1 East flank Mauna Kea.
18 ------ 66 25 2 1 5 ------------------------
19 ------ 80 13 1 3 - - - - - - - - - - - - ~ !- -.- - - - - - - - -

20 3 ---- ... - 58 15 3 '2 1 offshore Kana'
21 ------ 70 10 7 4 ------------------------
22 9 ------ 45 9 8 3 ------------------------
23 65 2 130+ 11 7 4 ------------------------
24 ------ 70 13 13 6 1 Kana
25 ------ 60 7 4 5 1 Mauna. Kea
26 ------ 72 12 3 4 3 1 Mauna Loa
27 ------ 65 c 5 3 1 Kona./

28 12 ------ 65 10 4 4 ---~------,--------------
29 30 ---- ------ 63 1; 5 2 1 Mauna Loa\0
30 124 54+ 8 1 3------

--------~---------------Dec. 1 61 ------ 25 10 3 4 ------------------------
2 5 ------ 48+ 20 210+ 4 .- - -- -- - - - -- - - - - - - - - -- - - --
3 ---- ----~- 33 10 46 4 1 Kana
4 115+ 1 90+- 16 8 31 38 2 Mauna Loa

1 Kana.
5 46±' ------ 70 13 1 22 4 -------------------------
6 85+ 1 80+ 19 12 16

-----------------------~

7 47 ------ 45 9 1 7 5 1 :Mauna Loa
1 Kana

8 ------ 48 8 3 3 4
-------------------~----

9 ------ 85 15 2 21 31 ------------------------
-10 ---- 2 ----- ------ 58 6 . - 3 3 ~~~----------------~-----

11 ------ 63 11 7 6 17 1 Mauna Kea
1 Kohala

38' - -
4 7 Mauna12 9 3 ------ 17 3 Loa

13 ------ 30 10 3 -'. 8 20 #1 Kana
1 'Mauna Kea
1 Mauna Loa
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D,

N,', WP, and MP around Kilauea caldera--Continued

Date Tremor ;

(1964) (i~ minutes) Earthquakes
'. -Inter- Hale- SW. rift Eastern Kilauea Upper

Deep ~. mediate Shallow maumau Kilauea and east summit east Others
slides caldera Kaoiki rfft 30 km rift

Dec. 14 --.--- - --.-.~- 3 ------- 30 10 2 4 7 1 Hila
1 Kana

1-5 ---- -_-._- 10 4 65± 14 .-,--- 2 3 --------------------
16 ---- ----- ------ 2 68 11 1 2 7 1 Kana
17 ---- .... - ... _- 7 ------ 61 6 ---- 2 9 1 Mal.llla Kea
1.~ ----- 33 8 ------ 25 11 ---- 1 .i 7 1 Kohala
19 ----- ----- 3 ------ 25 (? ) 2 2(? ) 1 --------------------
2·0 9 'II ------ ------ 45+ 1+ ---- 2+ 2+ --------------------
~·~l _~""GIlI \ ----- 3 1 40 6 ---- 1 ---- --------------------
22 ----.- 12 ------ ------ 50 3 4 2 3 ~-------------------

2:3 ---- ----- -------- ------- 75 6 1 14 12 --------------------
'2~4 ---- ----- : 15± ------ 94 13 ---- 4 5 --------------------
2;'5 _-. -- . 4 .-.~---_. ------ 115+ 8 3 5 2 1 Mauna Loa
q6 3 ----- ------ ------ 98 8(? ) ---.-- 5 ---- --~-----------------

27 --_.-. 7+ ------ ------ 114+ 14 3 2 4 1 Kana
28 2 ----- ------ 1 91 9 2 3 4 --------------------
29 3(? ) 122 11 4 5

-.----- ------ ------ ---- -----------------~--

30 ---- 4+ ------ ------ 125+ 4 1 4 13 --------------------
31 30 ----- ------ ------ 148 6(? ) 2 1 4 --------------------

.,



Table 4.--Local earth uakes recorded by seismo raphs of the U.S.
October November, and December 1

Surve

Entries for a given quake are: date, origin t..ime (Hawaiian Standard Time), magni tude, depth, epicenter,
and felt report. All earth'quakes of magnitude 2.5 and ,larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are included in the list.

In the following list, some origin ~imes are followed only by, "KM 30" and a statement of magnitude.
The'se are all 'members of a continuing family of quakes·noted also in other Summaries~ The best
mean focus for this group :Ls beneath Halemalfmau at a depth of 30 km ,(19°24.1' N.,' 155°17.1' W.).

The mean focus of the magnitude 6.1'Kaoiki fault system earthquake of June 27, 1962, and its aftershocks
is:19°24,' Nc, .155°25' W., at a depth of 3-8 km. This focus has been,abbreviate~ "Kaoiki."

Date Time
( 1964)~ .----,~~Magn~-

h' m 'S tude

.,

Depth Epicenter
(km) ~L-a~t-.~N~."'~L~o-n-g-.~W~".....-----II!!!D~,e-s-c-r~~-plli!lllt~i-on----.1

Felt
Report

Pahala and Naalehu----

Hawai~'~ Maui, Oahu
Volcano--------------'"

Pahala, Puna, Volcano;
and Hilo ..

18 km-SE. of Kealakekua
14 km E~ of MakaopQhi

seismome,ter t>

3

8
3

8

8 19°23.2 i ~l 5°4~c2'
3 19°21c3 1 'j 5~G3.0j

19°12.0' 1550 35.0' 15 km N. of' Naalehu
19°59.4' l55°1707' 7 km W. of'Laupahoehoe
19°11.8' 155°27.9" 2 km ESE. of Pahala
"19° 18.9' 155° 12.8" 8 km SW. of Makaopuhi

seismometer.
B" 19°'16.8'.155°'13.7 1 11 km SW. of Makaopuhi

seismometer .
19°23.5' 155°05.2 1 12 km ENE. of Makaopuhi

.seismometer.
19° 57e 3' 155°'48.5'" 16 km SW. of Kamuela
19°'24.3' 155° 04.1' 13 km ENEe .of Makaopuhi

seismometer.
--- -------- --------- KM 30----·~--------..,----

19° 17 c '4' 155° 10. 3,t 5 km NEt of ,Apua Point
19° 51'.1 t' 155°33. '8,:t 24 km SSE. of K'amuela
18°47' 156°37' " .83kmSW~ ofI·iilolii-------- --------~ IKM 30--.;.------.;.~-----
19° 36~ 2 f 1550

~-9. 8:' I 14 km, NE.. of Kea19ikekua.
--- ----- --- -- -- -:..·-r Y1yj 30----·--- -.:.- -- -----

3
8

13

2.2
2.0
2.0
5·5
3.0
2.0
3.4

2.4
2.0

2.Q

2.0

3.3
2.4
2.~

2.~

'2. a
2.1

19 13.5
0'7 53. a

09 32.2
18 06.,0
59 33.2
39 '37.4

35 34.4

2'6 39· 5

48 42~0
36 10.0

56 29·0
41 58.5
31 14.0
06 42.8
48 11.7
15 46.0
43 55.0

6 14

.6 1.8

14 22
16 01

,6 o~

7 09

8 06
'9 05
9 23

11 00
12 01·
12 22
14 08

Oct.:l 15
·1 17
·2 ~ oB
-6,)6



Table 4e--Local earth uakes recorded by seismo raphs of the DeS. Geol0 ica1 Survey,
October, November, and December, 1 --Continued

hu

Date Time Magni- Dept!: . Epicenter Felt
(1964) tude (km) Report

h m s Lat. N. Long. w. Description
- - -

Oct. 17 16 20 17.2 3.7 5 19°19.8' 155°05.7' 11 km ESE. of Makaopuhi Volcano, Paauilo
seismometer. Hilo.

20 11 38 22.3 3.3 --- -------- ---------- KM 30---------------~-- Volcano, Pahala
22 11 45 37.4 2.8 45 19°13.8' 155°18.8' 15 km SE.of Desert ----------------

seismometer.
23 06 58 49.3 2.6 8 19°19·9' 154°59.5' 3 km SW. of Kalapa.na ---------_ ... -----

23 19 13 26.6 3.6 30 19°01.1' 155°24.8' 20 km ESE. of Naalehu Pahala and Naale

25 23 53 35e4 2.4 35 19°11.4' 155° 08.5' 20 km SSE. of Makaopuhi ----------------
seismometer.

26 23: 27 05·0 2.3 3 19°22.0' 155°53.8' -2km SSE. of Hookena ----------------
27 09 55 59.0 3.7 --- -------- --------- KM 30----------------- Volcano

27 20 15 38.0. 2.3 --- -------- ---------- KM 30----------------- ----------------
27 20 58 59·0 3.2 8 19°23.2' 155°49.4' 9 km E. of Hookena ----------------
28 14 50 58.7 "2.0 --- -------- --------- KM 30----------------- --------------~-

29 0(\ 55 59.6 2.2 --- -------- ---------- KM 30----------------- ----------------
29 03 00 00.3 2.4 --- -------- --------- KM 30------------~---- ----------------
29 06 06 14.3 2.0 --- -------- -.- - - - - --- KM 30----------------- ----------------
29 10 19 46.9 2.4 30 19°01.1' 155°29.8' 11 km ESE. of Naalehu ----------------
29 16 10 58.7 2·9 --- -------- --------- KM 30- -"-- -- - - - -'-- - - --- ----------------
29 16 47 50.1 2.0 --- -------- --------- KM 30--~-----~-------- ----------------
30 18 26 14.2 2.2 10 19°17.8' 155°09.6' 9 km SSE. of Makaopuhi ----------------

seismometer.
30 19 18 02.9 2.0 8 19°23.6' 154°59.0' 12 km SW. of Pahoa -----------------
31 05 35 48.5 2e9 8 19°11.0' 155°39.0' 14 km NNW. of Naalehu ----------------
31 11 23 27.7 2~5 10 19° 18.3 t " 155°10.2' 7 km S. of Makaopuhi -----------------

seismometer.
Nov. 1 00 41 50.1 2·5 3 19°55·0' 155°40.0' 16 km SSE. of Kamuela ____ ~ __ -r:-.- __ ----

1 17 54 32.8 2.5 3 19° 53·0 ' 155°36.2' 20 km SEe of Kamuela ----------------
4 11 47 46e7 2.1 15 19°21e7' 155°28.0' 9 km WNW. of Desert _______ --_:::a------

seismometer.
4 13 45 28.3 2.7 5 19°30.0' 155°42.8' 22' km E. of Kealakekua -=- - -.: - - - _.- - - - - - -.~-

4 21 18 53.1 3.2 --- -------- -~---------
Kaoiki-------------~~- Paha1a----------

.f. 'l

5" 04 44 48.9 2.1 --.., ~----~-~
_ca~~_c._"'- Kaoiki-~------~----=~-

_c:::.:.- ____ c=-c:=-_- ___ ~~

5 ,06 16 47e5 2.6" 5 19°25rl' 155°01.1' 11 km SWo of Pahoa- ...... ~ Pahoa~=--~-~----



Nov. 6 05 27 37.9 2.5 -------- --------- . KM 30--------------- :Paho~-----------___
7 22 46 20.3 2.0 -------- --------- KM 30--------------- -------------~----

9 13 47 17.4 2.3 5 19°17.0' 155°01.1' 9 km SW. of Kalapana ------------------
10 06 26 25·5 2.0 3 19°25.0' 155°04.0' 14 km ENE. of Makaopuhi ------------------

seismometer.
10 23 25 28.7 3.4 ---------- --~ .. _--- Kaoiki--------------- Pahala and Volcano
11 22 46 25.6 2'.2 -------- --------- Kaoiki--------------- ------------------
12 01 24 26.1 2.8 8 .19°38.7' 155°59.2' 1 km E. of Kai1ua---- ---------~--------

12 03 00 32.7 3.1 8 19°23.5' 154°56.4' 12 km S. of' Pahoa---- Felt
12 22 08 10.7 2.5 3 19°26.0' 154°54.6' 8 km SSE. of Pahoa--- Kapoho------------
14 15 53 18,.5 3.3 -------- --------- Kaoiki--------------- Felt--------------
15 09 56 25. 4 2~4 35 19°26.5' 155°14.6' 5 km ENE. of Uwekahuna -------------~----

seismometer.
17 17 04 16.0 2.5 3 20°04.9' 155°27.8 t', 1 km SEe of Honokaa

-----------------~

18 03 15 29.0 3.0 10 ' 19°18.1' 155°10.0' 7 km SSE. of Makaopuhi ------------------
seismometer.

20 16 17 24.0 3.2 13 19°10' 156°20' 59 km SW. of Kealakekua ------------------
21 14 55 09·0 2.3 -------- --------- KM 30----------------- ------------------
24 01: 54 12.3 2.7 -------- --------- KM 30----------------- Pahala-------------
24 03 41 15:.3 2~1 ',10 19°18.1' 155°10.9' 6 km S. of Makaopuhi -------------------

~
seismometer.

L-U 24 06, 50 41'.0 3:2 8 '19°27.6' '155°56.7' 9 km SEe of Kealakekua Kea1akekua-~--~----

24 16 12 41.1 2.4 10 19° 18. 6' 155° 00.6" 6'krn SW. of Ka1apana -------------------
25 22 10 32.4 2.1 10 19°17.5' 155°09.8' 8 km SSE, of Makaopuhi -------------------

seismometer.
25 23 41 25.8 2.2 8 '19°49.1' 155°15.9" 23 km WNW. of Hil0 -~-----~---~~---~--

26 18 00 21,·5 2.7 Shalla -19°25.6' 155°41.5' 1'5 km SW. of North Bay ---~---------------

depth seismOmeter ..
27 13 46 14.0 2~5 3 19°22' 156°17' 43 km wsw. of Kealakekua -----------~---~-~~

29 '07 11 51.0 2.3 3 19°11.8' 155°40.4' 18 km NW. of Naalehu -------------------
29 16 42 39.3 2.0 3 19°17.9' 155° 28 ..2' # 10, km WSW. of Desert Pahala, pahoa

seismomet'er.
Dec. 2 04 12 32.0 2~6, 10 '190 15.6' .. 155°'06~ 5' 1.4 km SE~ 'of 'Makaopuhi ---------------~---

i< se~smometer.

2 22~ 28 '40.0 4i"7 -------- --~------ KM 30~---------------- Hawaii, Maui, Oahu
2, 22; 3~1-- 4'3.'3" 3'.5

,\

KM 30---~------------- Volcano, Pahala--~- -- -~....- - -- ~ _______ C'W

2 22: 34 45~ 8 2.4 ~~_iCI -- ---- --- ---------- KM 30----------------- --------------~--~~

2 22- 3~, 46.2 2.3 _~c:::a_ --------
~lC.::II ________

KM 30-=--~-----------~ -~---~----------~--~

2 22 44 03.4 2.0 -=-_c;IIlI __ .-u_~

~ __ ~ ____ c::s

KM 30~----~----------= -~-----------~----~

2 22 48 2~.9 2.3 -------- ---------=- KM 30----------------- -----------~------~



Table 4.--Local earth uakes recorded b seismo raphs of the U.S. Geolo ical Survey
October, November, and December, 19 4--Continued

Date Time Magni- Depth Epicenter Felt

(1964) tude (km) Report

h m s Lat. N. Long. w. Description
- - -

Dec. 2 23 05 11.8 2'.1 ---- ~~ ..----- ---_..~- KM 30----------------- -~-~-~-~------------

2 23 11 11.3 2,.7 --.- ... -------- ------~ 101 30----------------- --------------------
2 23 13 16.3 2.0 --_.-. -------- -------- KM 30----------------- -_._-----~-----------

2 23 13 37.7 2.2 ---- - .. _----- -------- KM 30----------------- -------~------------

2 23 20 32.5 2.0 ----- -------- ------- KM 30----------------- -------~------------

3 00 15 35·9 2.8 ---- ---------- -------- KM 30----------------- Paha1a--------------

3 01 19 09.3 2.0 ---- ~----~ ------- KM 30--------------~-- ----------------~---

.3 01 22 42.5 2.1 ---- ------- ------- KM 30-~--------------- ---~-~----------~---

3 01 24 48.3 2.0 30 19°16.3' 155°18.2' 12 km SE.of Desert --------------------
seismometer.

3 01 35 47~8 2.1 -- ... - -------- ------~ KM 30----------------- --------------------
:3 05 54 40.8 2.7 ---- .... _------ ------~ KM 30----------------- ----------------~---

3 07 56 00·5 4.0 ---- --------- ------- KM 30----------------- Volcano, Naalehu,
Hila.

,3 12 17 04.0 2.0 3 19°32.1' 155°57.1' 5 km WNW. of Kealakekua --------------------
" 3 12 19 25~'0 2".0 8 19°17.9' 155°10.5' 8 km s. of Makaopuhi -------------------~

seismometer.
'3 15 40 16~2 2,.3 ---- --------- --------- KM 30------------------ --------------------

.3 18 ~1 24.0 2.·5 ---- -------- ---------- KM·30-------~------------------------------
4 02 01 45:9 2.0 -_._- -------- -------~- KM 30----------~------- --------------------

:'4 03 16 35.8 2.1 ---- -----_ .... - ---------- KM 30--~--------------- --------------------
4 04 24 19·0 2~. 2 5 19°30.5' 155°48.1' 13 krri E~ of Kealakekua --------------------
4 12 17 42.7 2·5 10 19°11.4' 155°37.9' 15 km NNW. of Naalehu ~-------------------

4 12 ~5 36;1 2,.6 8 19°11.8' 155°37.)..' 15 km NNW. of Naalehu-- ~-------------------

~6 i6 52 04.8 2.3 40 19°27.6' 155°05.9' 110 'km SSW. of Mt. View .- - - - - - - - - - - - - - - - ----
6- 20 06, 57 .. 4 2.2 5 19°20.5 1 155°03.5' 14 km ESE. of Makaopuhi, -------------~------

seismometer.
,7 03 24 12 .. 6 2.8 :8 19°29.1' 155°50.9'· 9 km ESE. of Kealakekua -----~----~--------~

7 06 13 38.0 2'~ 0 13 19°26.6' 155°36.2' 6 km ssw. of North Bay -----~------------~-

., seismometer .
8 23 37 09.9 2... 0 ~O '19°19·3 i 155°16.~' 7 km ssw. of Ahua ~--------------~---

sei smometer. '

9 00 00 30.1 2.0 __ eK_ .... ___ ~c._-=-_ ~---;..:,-~-.;.,- Kaoiki---------~~---~- ~~-~~---~-~-~-~-~~-

10 01 53 45·0 5·0 10 19°18~5' 1550 12. 2' 7 km SWe of Mak,aopuhi T~aalehu} Volcano,
seisrnometer" Puna, Hila, Kana,

~nr1 T,~lln~hnphnp-



Dec. 10 02 03 03.2 2.3 5 19°16.7' 155°12.1' 10 km SW. of Makaopuhi
--------~------------

seismometer.
10 04 12 04.2 2.4 10 19°18.1' 155°11.6' 7 km ssw. of Makaopuhi ---------------------

seismometer.
10 05 52 04.6 3.2 -------- --------- KM 30----------------- Hil0, Volcano, Pahala,

and Naalehu.
11 03 51 43.6 2.7 10 19°52.1' 155°22.8' 7 km SW. of Keana.ko1u ---------------------
11 20 07 18.0 3.4 10 20°06.0' 155°53.1' 9 km NW. of Ka:t:'-aihae Kamuela--------------
12 17 20 56.4 2.1 3 19°28.5' 155°36.0' Mokuaweoweo Caldera

---------~----~----~-

12 20 33 09.2 2.1 13 19°41.0' 155°38.1' 15 km SW. of Pohaku1oa
------~--------------

12 23 21 14.7 2.4 8 19°27.2' 155°26.4' 7 km SW. of Mauna Loa ---------------------
seismometer.

13 02 14 00.5 2.1 3 19°59.1' 155°34.1' 14 km ESE. of Kamuela
-------~-------------

13 16 26 56.3 2.3 10 19°12.0' 155°36.1' 15 km N. of Naalehu ---------------------
13 19 30 19.7 3.8 3 19°23.3' 155°49.7' 8 km E. of Hookena Volcano and Kealakekua
14 04 37 27.9 3.4 10 19°39.3' 155°12.2' 15 km wsw. of Hi10 Hil0, Volcano, Pahala
14 07 03 14.8 2.3 10 19°22.8' 155°12.7' 6 km E. of Ahua

------~--------------

seismometer.
14 10 19 03.4 2.1 -------- --------- KM 30----------------- -----------~---------
14 13 21 32.8 2.3 5 19°47.5' 155°57.7' 4 km WNW. Puuwaawaa ---------------------
15 07 30 38.2 2.5 10 19°21.1' 155°12.8' 4 km wsw. of Makaopuhi ---------------------

seismometer.
~ 16 09 16 18.0 2.5 Shallow 19°31.1' 155°50.8' 8 km E. of KealakekuaV1 ---------------------

depth
17 oB· 11 46.0 2.4 13 .19°55.9' 155°33.9' 17 km SEe of Kamuela ---------------------
17 11 47 46.9 3.2 -------- --------- Kaoiki--------------- Pahala and Volcano
18 20 14 34.7 2.0 8 19°11.2' 155°26.9' 4 km ESE. of Pahala ---------------------
18 21 46 51.5 2.8 30 20°09.1' 155°49.0' 17 km NW. of Kamuela

----------~----------

24 03 18 27.1 2.2 -------- --------- KM· 30---------------- ---------------------
24 06 4'3 31~1 2.4 -------- --------- KM 30----~----------- ---------~--~--------
24 14 39 59.6 3.2 -----_.. - --------- Kaoiki-----~~----~--- Felt - ~"-- -'- -_ .... -- -'- .... ---
24 17 39 25.9 2.1 5 19°21.8' 155°12.5' 5 km W. of Makaopuhi ------_._-~---_._------

se:L.~_momE?ter.
25 13 23 49.5 2.4 10 ~19° 25· 3' 155°34.7' 8 km S. of North Bay ---------------------

se:Ls~oqlet~.r.
~5 13 54 28. 0 .~ 2.5 -------- ---------- Kaoiki-------------- ---------.~-----------

25 14 23 07.5 2.6 .' -------- --------- Kao{ki-------------- ----~-----~----------

26 13 38 02.3 2.1 -------- --------- KM.30-----------~--- ----~----------------



I-'
0\

Table 4.--Local earth uakes recorded b
October, November,

Date Time Magni- Depth Epicenter Felt
(1964) tude (km) Report

h m s Lat. N. Long. w. Description- - -

Dec. 27 10 11 01.2 2.8 8 19°52.0' 156°07.8' 16 km NW. of Keahole Point - - ~.- -- -- - - - ---

27 20 16 37.7 2·5 --- -------- --------- Kaoiki --- -'- -- - -- - - - -- --- -- -- - - - -- -- - ... - - - -
30 04 3°' 31.0 2.3 8 19°18.7' 155°13.6' 8 km SW. of Makaopuhi --------------

seismometer.
31 01 31· 51.7 2·5 10 19°18.8' 155°08.~' 8 km SEe of Makaopuhi --------------

seismometer.



Table 5.--Distant earthquakes

Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motionj a "d" indicates dilatational first motion.
Station symbols, locations, and instrumentation are presented in· table 6.
Magnitudes calculated from the Haw~ii seismograms are followed by (HVO)Q
Location of epicenter, origin time, focal depth, and magnitudes repo~ted

by other institutions are taken frbm-'''Preliminary Determination of
Epicenters" published by the U.S. Coast and Geodetic Survey.

October 1, 1964

C&GS card 76-64:
11:00:48.3
43.5° N., 126.9° W.
Off coast of Oregon
h about 33 km.

Pa z Tmax 11:41:25

October 2

A Z Tmax 23:14:48
D Z Tm.ax 23:15:06
WP Z Tmax 23:14:46
MP Z Tmax 23:14:46
U Z Tmax 23:14:53
Pa Z Tmax 23:14:34
NB Z Tmax 23:15:03
Ha Z Tmax 23: 13:'30

October 2

C&GS card 79-64:
18:30:01.9
49.3° N., 128.8° W.
Vancouver I.sland region
h about 9 km
Magnitude 4.5-4.75 (Brk)

5.3 (eGS').

A Z iP 13:09:37.2 c
D Z iP 36.2 c
WP Z iP' 37.2 c
MP Z eP 37.7 c
U Z eP \ 37.~ c
Pa Z eP 38.9 c
Na Z eP 33.9 c
Hi Z iF 39.8 c
NB Z iP 36.0 c
Ha Z iP 13:09:36.0 c
U PEZ eS 13:16;54
U PEZ eR 13:24:30

October 1

07:53:22PEZ eR

U PEZ ePP 14: 51:4.2
U PEZ ePPS 15:02:50
U PEN eBB 15:08:26
U PEE eL 15: 19: 4?

October 6

C&GS card 78-64:
07:17:57.1
36.2° S., 100.9° W.
Southern Pacific Ocean
h about 33 km
Magnitude 5.5 (CGS)e

u

October 6

C&GS card 78-64:
22:23:32.4
59.7° N., 144.5° W.
Gulf of Alaska
h about 22 km
Magnitude 5.2 (CGS.).

19:15:06TmaxzPa

e&Gs card 77-64:
13:00:39·7
10.5° s., 162.4° E.
Solomon Is.lands
h about 68 km
Magnitude 6.0 (eGs)

6.0 (HVO). 17



Table 5.--Distant earthqUakes--Continued

October 6, 1964-'-Continued

C&GS card 79-64:
19:38:47.7
60.4° N., 14601° W.
Southern Alaska
h about 44 km
Magnitude 4.5-4.75 (Brk),

5.3 (eGs).

C&GS card 81-64:
14:31:19.2
40.3° N., 28.2° E.
Turkey
19 killed, several injured;
extensive property damage in
western Turkey.
Felt widely throughout Black Sea

region.
h about 10 km
Magnitude 6.75-7 (Pas), 6.75-7

(Brk), 6.25 (Pal),
6.0 (eGs), and 7.2 (HVO

C&GS card 78-64:
20: 06: 39.8
60.5° N.. , 145.4° W·.
Southern Alaska
h about 31 km
Magnitude 5.4 (CGS).

October 12

October 12

M Z eP' 15:54:49.9 d
A Z eP 50.1 d
NB Z eP 49.1 d
U PEZ eS 16:04:41
U PEZ eR 16:19:01

C&GS card 81-64:'
09:14:52~2

55.9° S., 144.1° W.
South Pacific Cordillera
h about 33 km
Magnitude 5.3 (eGs).

M Z Tmax 10:49:41
A Z Tmax 48
D Z Tmax 51
WP Z Tmax 47
MP Z Tmax 42
U Z Tmax 43
Pa Z Tmax 36

C&GS card 81-64:
21:15:03.9
0.6° S., 121.7° E.
Northern Celebes
h about 33 km
Magnitude 6.25-6.5 (Pal), 6.3

(eGs), 6.3 (livo).

October 11, 1964

M z iP
, .

~1:27:32.9 c
D Z eP 32.4 c
MP Z eP 33.6 c
U Z eP 33.0 c
Na Z eP 3'1.2 c
Hi Z eP 34.2 c
Ke Z eP 29·2 c
U PEN' eS 21:38:01
U PEN iG 21:49:17
U PEZ eR 21:53:41

19:46:31.8 c
32.3 c
32.8 c

,20:14:24.1 c
24.6 c
25.1 c
24.4 c

eP
eP
eP

iP
iP
iP
iP

z
z
z
z

z
z
z

October 10

October 10

M
A
D

M
A
D
Ke

C&GS card 81-64:
15:42:54.7
3.0° N., 126~7° E.,
Talaud Islands
h about 59 km



Table 5.--Distant earthquakes--Continued

October 15

'20:35:56.8 c
58.3 c

20:43:39
,20:48:11
20:50:35

October 12, 1964--Continued

C&GS card--Continued
Magnitude 5.75-6 (Pal), 5.9 (CGS),

and 5. 9 ~HVO).

October 12

M Z eP 22:06:20.1 c
A Z eP 18.9 c
D Z eP 19.4 c
MP Z eP 18.7 c
U PEN eS 22:15:11
U PEE eL 22:22:41
U PEZ eR 22:25:41

C&GS card 79-64:
21:55:33.2
31.3° B., 110.8° w.
Easter Island region
h about 25 km
Magnitude 6.25 (Pas)

6.25 (Brk)
5.75 (Pal)
6.0 (CGS), 5.9 (HVO).

October 13

U PEZ eR 11:05:36

C&GS card 80-64:
10:38:59~3
3.3° s., 149.9° E.
Bismarck Sea
h about 59 km
Magnitude 5.1 (eGs).

October 14

M Z eP
MP Z eP
U PEE eS
U PEE eG
U PEZ eR

C&GS'card 80-64:
20:26:53.5
44.7° N., 149.8° E.
Kurile Islands
h about 49 km
Magnitude 5.2 (CGp), 6.'7 '(HVO).

October 15

M Z Tmax 23:46:09
A Z Tmax 16
NP Z Tmax ' ,,'" 06
WP Z Tmax 03
MP Z Tmax 05
U Z Tmax 09'
Pa Z Tmax 05'
Hi Z Tmax ,23:45:38
NB Z Tmax ,23:46:24
Ha Z Tmax "23: 44: 39

COOS card 80-64:
22:59:43.6
56.8° N., 151.9° w.
Kodiak Island ~egion

h about 33 km
Magnitude 5. 2 (CGS).

October 16

C&GS card 79-64:
03:04:59.6
33.4° N., 141.8° E.
orr east coast of Honshu, Japan
h about 33 km
Magnitude 5.6 (eGs).

07:08:46.3 c
47.1 c
47.5 c

07:16:11.
07:20:59
07:23:21

U PEZ eR 03:31:17

19

M Z eP
D Z eP
MP Z ePt
U PEE is
U PEE iG
U PEZ eR

C&GS card 81-64:
06:59:38.6
44.3° N., 149.5° E.
Kurile Island
h about 33 km
Magnitude 5.5 (eGs), 6.5 (HVO) v



Table. 5.--Distant earthquakes--Continued

October 16 October l8--Coptinued

M Z eP 08:27:35.5 c C8cGS card 83-64':
D' Z eP 36.0 c 12:32~24.1

·MP Z eP 36.8 c 7.0° S., 124. '0° E.
Pa. Z eP 37.2 c Banda Sea
NB Z eP 34.8 c h about 574 km
U FEE is 08: 34: 59' Magnitude 5.8 (CGS).
U PEE eG 08:39:41
U FEZ eR 08:42:21 October 23

October 24

C&GS card 85-64:
21:06:24.2
44.0° N., 147.5° E.
Kuri1e Island's
h about 45 km
Magnitude 5.9 (CGS).

C&GS card 85-64:
01:56:03.2
19.8° N., 56.0° Wo
North Atlantic Ocean
h about 31km
Magnitude,6.75 (Pas)

6. '5 (Brk)
6.4 (CGS).

02:34:01
02:38:12

i·

PEN 'iG
PEZ eR

PEZ eR

October 23

u
u

u

October 16

C&GS card 83-64:
08 :18 :28. 3 '
44.6° N., 149.4° E.
Kurile Islands
h about 33 km
Magnitude 6-6.25 (Pal),

5.2, (eGs), 6.5 (RVO).

M Z eP 09:27:28.3 d
D Z eP 28.9 d
MP Z eP 29.8 d
U PEE :LS 09:34:59
U PEN eG 09:39:41
U PEZ eR 09:41:57

C&GS card 81-64:
09: 18 :16. 6 .
44.5° N., 149.1° E.
Kurile Islands. ,
h about '33 km
Magnitude 5.4 (CGS).' 6.5 (RVO).

October 18

M Z iP 12:43:57.1 c
A Z iP 57.6 c
D Z iP 57.0 c
NP Z iP 57.6 c
WP Z iF 57.7' ':
MP Z iP 57.8 c
u Z iP 57.8 c
Na Z iP 55.9 c
Hi Z iP 59.~ c
Ke Z iP 55.0 c
NB Z iP 57.0 c

M Z Tmax 07:25:33
A Z Tmax 36
NP Z Tmax 33
WP Z Tmax 3l
U Z Tmax 3~
Pa Z Tmax 19

C&GS card 87-64:
06:44:38
44 ) ° 0• 4 N., 130.0 W~

orr coast of Oregon
h about 33 km
Magnitude 4.7 (eGs).

20



Table 5.--Distant earthquakes~-Continued

October 25 November 1

- I ,

12:55:09.9 c
',10.2 c
.10.4 c
,08.7 c

12:37:51.9 c
..52.0 c
.52.4.c

• ' .• I.

'52.7 c
' .. 52.1 c

. '. ',".' ~8. 9 c

'51.2 c

05:,42: 31
30
49
32

,. ·.33
36
43

, ',58
05:,41~ 56

M Z eP
A Z eP
MP Z eP
NB Z eP:

C&GS card 88-64:
12:43:04.7
0.1° N., 123.7° E.
Northern Celebes
h about 149' km .
Magnitude 5.4 (eGs}.

November 3

M - Z iF
D Z iP
NP Z eP . '
MP Z eP
U Z eP
Ke Z " eP ~

NB Z eP
, .

C&GS card 88~64: ,
12: 26: 06.2 '
3. 1° I~. " 128. 1° E.
North of Halma:hera
h about 65 km
Ma.gnitude 5. 75-6.(Pal), 6.3 (CGS).

M Z Tmax
A Z Tmax
D Z Tmax

'NP Z Tmax
U Z Tmax
Pa Z Trnax
Hi Z Tmax
NB Z Tmax
Ha Z Tmax

C&GS' card 85-:-64:
04:55:47~4

51~ 8° N., 130. ~o W." .
Queen Charlot,te Is1ands.'--region
h about 33 ){m

I 'Magnitude 4.9 (eGs).

,November 1

21.:

12:16:33.1 c
32.2 c
32.7 c
32.8 c
32.8 c
32.8 c
34.2 c
29.4 c
35.7 c
31.1 c
32.5' c
38 .. 0 c

M Z iP 14:34:55.4 d
A Z iP 55.5 d ,
WP Z iP 55.6 d

C&GS card 86-64:
14:22:57.8
2.2°' N., 126.8° ·E.
Mo1ucca Passage
h about 48 km
Magnitude 6.0 (C~S).

Octobe~,26
M Z Tmax 15:19:15
Ha Z Tmax 15:17;47
C&GS card 84-64:

14:32:49.3
56.8° N., 152.. '3° 'w.
Kodiak Isla nds re.gion
h about 33 kill
Magnitude 5.0 (CGS )~

October 27
U . PEZ' eR 22:'19: 19
C&GS card 84-64:

21:24:31 .. 2
45.6° S., 96.1° E.
Southeast Indian Rise
h about 33 km

M Z iP
D Z eP
NP Z iP
WP Z iF
MP Z iP
U Z eP
Pa Z eP
Na Z iP
Hi Z iP.
Ke Z iP
NB Z eP
Ha Z iP

C&GS card 85-64:
12: 08: 46.9 '
21.7° B., lY9.2° W.
Fiji Is1apdsregion
h about 534.km
Magnitude 5. ~ (C~S).

October 26



Table 5.--Distant earthquake--Continued

November 6, 1964 November 16--Continued

COOS card 93-64:
09:53:22.4
44.4° N., 149.0° E.
Kurile Islands
h 'about 60 km
Magnitude 5.5-5.75 (Pal),

5.7 (eGs).

November 8, 1964

November 17, 1964

C&GS card 96-64:
02:46:43
36.9° N., 121.8° W.
Central California
Minor damage at Corralitos,

Morgan Hill, San Jose and Santa
Cruz.

h about 33 km
Magnitude 5.25 (Pas)

5 (Brk)
5.2 (eGs).

26
03

Z Tmax
Z I Tmax

NB
Ha

10:17:10

02:55:50.9
03:06:53
03:10:45
03:19:29

eR

eP
ePPS
eSS
eR

PEZ

Z
PEN
PEN
PEZ

u

MP
U
U
U

COOS card 93-64:
02:43:57
49.0° S., 163.7° E.
Auckland Islands region
h about 33 km
Magnitude 6.5 (Pas),

6.25-6.5 (Pal),
6.3 (HVO).

C&GS card 103-64:
05:33:29
18.2° S., 176.4° w.
Fiji Islands region
h about 107 km
Magnitude 5.2 (eGs).

November 12

November 16

M Z iP 08:25:34.9 ·c.
A Z iP 34.9 c .
D Z iP 34.1 c
WP Z iP 35.0 c'
u Z iP 35.1 c
Na Z iP 32.1 c
Hi Z eP 37.2 c
Ke Z eP 31.9 'c
NB Z iP 33.8 ;c
Ha Z iP 34.2 d
U PEZ iPP 08:27:38
U PEE is 08:33:42
U PEZ eSS 08:37:25
U PEN iG 08:39:43
U PEZ iR 08:42:19

e&GS card 92-64:
08: 15: 39.3
5.70 S., 150.7° E.
New Britain region
h about 45 km
Magnitude 7.25 (Pas), 7-7.25 (Brk),

6.7 (eGs), 7.25 (HVO).

05:51:50

03:29:10
15
26
24
23
03
10

03:29:00
09

eG

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

PEN

z
z
z
z
z
z
z
z
z

u

M
A
D
NP
WP
MP
U
Pa
Ka
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Table 5.-~Distant earthquakes--Continued

November 17, 1964

M z iP
A Z iP
D Z iP
WP Z eP
MP Z iP
U Z iP
Pa Z iP?
Hi Z eP?
NB Z eP
Ke Z iP

November 19

11:11:04.0 d M Z iP 23:45:09.0 c
03.7 d A Z eP 09.3 c
03.1 d D Z eP 08.1 c
03.4 d MP Z eP 09.5 c
03.7 d Hi Z eP 11.1 c
03.5 d Ke Z iP 05.8 c
05.1 d U PEN is 23:53:16
06.2 c U PEN .. iG 23:59:24
03.9 d U PEZ iR 00:02:16
01.9 c

C&GS card 96-64:
11:03:06.8
23.4° S., 179.9° w.
South of Fiji Islands
h about 549 km
Magnitude 5.5 (eGs).

November 17, 1964

C&GS card 95-64:
23:35:06.0
6.0° S., 150.80 E.
New Britain region
Slight damage at Walindi
h about 3 km
Magnitude 6.75 (Pas)

6.75 (Brk)
6.0 ~CGS), 6.7 (RVO).

e&Gs card 92-64:
14:34:54.5
6.00 S., 148.2° E.
New Britain region
h about 49 km
Magnitude 6.1 (CGS)

6.25 (HVO).

eMS card 92-64:
17:40:57.4
0.10 S., 122.9° E.
Northern Celebes
h about 160 km
Magnitude 5.4 (eGs).

November 18

3

02:28:35.4 d
36.0 d

23: 42.: 13.9
15.4

23:54:52
00:00:24

eP
eP

z
z

Z eP
Z eP
PEN eG
PEZ eR

November 21

A
MP

C&GS card 93-64:
23:33:08.9
44.6° N., 149.7° E.

. Kurile Islands
h about 33 km
Magnitude 5.6 (CGS), 6.2 (RVO).

M
MP
U
U

C&GS card 95-64:
02:16:44.5
1.00 N., 124.00 E.
Northern Celebes
h about 248 km
Ma.gnitude 5.8 (CGS).

November 20

14:45:05.4 c
04.6 c
06.3 c
04.4 c
01.3 c
03.5 c

15:00:13
15:03:05

17:53:04.3 d
03.7 d
04.4 d

iP
iP
eP
eP
eP
eP
eG
iR

iP
eP
iP

z
z
z
z
z
z
pm
PEZ

z
z
z

M
A
WP

M
D
Hi
Ka
Ke
Ha
U
U



"Tc~:q1e 5..--Distant earthquakes.--Continued

• -·... 1 •• ~ '. _ • - ••

November 22" 1964
...

M Z iP 02:45:45.0 d
A Z iP 44.6 d
MP Z iP 45.0 d
Pa Z eP 46.7 c
Na Z iP 41.2 c
Hi Z iP 02:45:47.4 c
Ke Z iP 42.7 c
NE Z . iP 44.5 d .
Ha Z iP 49.7 c

November 24

C&GS card 92 ..,,64:
22:15:47.0
0.10 B., 124.5° E.
Molucca Sea
h abollt 66 km
Magnitude 5.7 (eG's).

C&GB card 94-64:.
02:38:29.0
17.9° B., 178.5° w.
Fiji Islands region
h about 563km '
Magnitude 5.0 (eGs).

, I

13~11:44
13:16:44

13:57:41.2 d
47.5 d
48.5 d

eP
eP
iP

z
z
z

PEN eG
FEZ eR

C&GS card 93-64:
'13:47:42.7
37.9° N., 138.3° E.
Near west coast of Honshu, Japan
h about 36 km
Magni tude 5. 5 (eGS ). .. \

November 27,

u
u

C&GS card 95-64:
.12:27:38.6
6.80 N., 94.80 E.
Nicobar Islands region
h about 33 km
Magnitude 6.5-6.75 (Pal}, 5.7

(CGS) .

November 30

November 25, 1964

M z ,iP 09:35:42.9 d
A Z iP 42.8 d
D Z eP 42.1' d
MP Z iP 43.·3 d
u Z eP 43~·1 d
NE Z eP 41~6 d

C&GS card 94-64:
09:24:08.9
4.30 S., 122.2° E.
Celebes
h about 610 km
Magnitude 6.2 {CGS).

M
D
Na

22:27:58.4 d

12:52:48.3 c
48.3 c
48.9 c
48.7 c.
51.9 c
48,0 c

13:02:34
13=°7:21
13:15:41

ePzM

November 23

M Z iP
D Z iP
MP Z. iP
U Z eP
Pa Z eP
NB Z eP
U PEE eS
U PEZ eSS
U PEZ i.R

C&GS card 93.,.64:
12:40:51.4
13.1° N~J 124.70 Eo
Luzon" Philippirle IsJ..and.s
h about 5 kIn
IvIagnitude 6. 1 (eGS )

6.9 (IfVO).
24



Table ·5.•. --Distant earthquakes--Continued

November 30 December 5-6

November 30

C&GS card 98-64:
18:53:11.4
24.0° S.} 179.9° E.
South of Fiji Islands
h about 550 km
Magnitude 5.5 (CGS).

04:38:08.0

00:18:42

ePz

·PEZ· eR

C&GS card 98-64:
04:27:16
2.3° B.) 138.3° E'~"

West New Guinea
h about 33 km
Magnitude 5.0 (CGs).

M

C&GS card 94-64:
·23: 55: 59.2
54.0° N.) 161.5° E.
Near east coast of Kamchatka
h about 39 km
Magnitude 5.0 ~CGS).

December 6

·u19:01:11.7 d
11.6 d
11..3 d
14.5 d

22:47:37.2 d .
38.2 d .
38.2 d
3·7.7 d .
37.9 d .
38.2 d
37.6 d
35.1 d

eP
eP
eP
eP

z
z
z
z

M
WP
MP
Hi

M Z iP
A Z iF
D Z iP
NP Z iP
WP Z iP
MP Z iP
U Z iP
Hi Z eP

C&GS card 94-64:
22:40:46.0
53.7° N., 167.7° W.
Fox Islands, Aleutian Islands
h about 69 km
Magnitude 5.0 (eGs).

December 2

13:26:34.5 c
36.3 c
36.8 c :
37.0 c .
35.9 c

M Z eP
A Z eP
D Z eP
MP Z eP
U Z eP

C&GS card 93-64:
13:18:29.0
53.8° N., 165.4° w.
Fox Islands, Aleutian Islands
h about 35 km
Magnitude 5.0 (eGs).
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Table 5. --Distant earthquakes'-~~_Continued

December 7, 1964

M z· iP 09:08:32.9 c
A Z eP 33.0 c
D Z eP 32.1 c
WP Z eP 33.1 c .
U Z eP 32.9 c .
Pa- z· eP 35.1 c
Na Z iP 30~4 c
Hi Z iP 35.4 c
Ka Z eP 32.1 c
Ke Z iP .29.5 c
NB Z eP 31~8 c

COOS card 98-64:
08:58:43.8
5.4° S~, 151.3° E.
New Britain region
h about 54 km .
Magnitude 5.5-5.75 tBrk)

6 (Pal)
5.8 (eGs).

December 8

December 10 .:. '.

M Z iP 15:21:06.5.d
A Z eP 07.2: d
D Z iP 06.8 d
WP Z eP °7 .. 2·:·d
MP Z eP 07.9 d
U Z eP ." 07 ~:l" d
Pa Z eP 09.0 c
Na Z iP 07.3 d
Hi Z eP. 07~·· 4 d
Ke Z iP -' 04.0 d
NB Z eP .06~ 2 d
Ha Z iF 15:20:58.0 c

C&GS card 103-64:
15:11:05.5
40.4° N., 138.9° E.
Eastern Sea of Japan
h about 33 km:
Magnitude 6.75-7 (Brk), 6 (Pal))
. 6~ 0 (eGs).

Pa z Tmax 16:52:09

C&GS card 100-64:
16:11:25
45.0° N., 130.1° W.
Off coast of Oregon
h about 28 km
Magnitude 4,3 (eGs).
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Table 5. --Distant e'arthquakes--Continued

December 11, 1964

M Z eP
A Z eP
D Z eP
Pa Z eP
Na Z iP
Hi Z iP
Ha Z eP

16:14:53.2 c
53.9' c
53.4 c
55.1 c
54.0 c

16:14:53.7 c
44.8 'c

December 15--Continued

C&GS card 99-64:
05:06:22.8
2.3 0 N., 126.6° E.
Molucca Passage
h about 45 km.

December 15

C&GS card 99-64:
21:17:21.0
40.3° N., 125.10 w.
Ofr coast of northern California
h about 33 km
Magnitude 3.5 {Brk).

C&GS card 101-64:
16:04:58.2
38.9° N., 130.0° E.
Sea of Japan
h about 550 km
Magnitude 5.6 (CGS)

December 12

04:07:07.8 c
07.9 c
07.9 c
07.8 c

'08.4 c
,07.9 c

12:23:25.8 d
26.8 d
25.5 d,
24.3 d

iP
iP
iP
iP
iP
eP

eP
eP
eP
eP'

z
z
z
z

C&GS card 101-64:
12:13:25.8
14.7° N., 91.7° w.
Guatemala
h about 118 km
Magnitude 5.4 (eGs).

A
D
MP
Hi

December 16

M
A
NP

'WP
MP
U

21:58:24
21:59:05
21:58:15

Tmax
Tmax
Tmax

z
z
z

Pa
NB
Ha

C&GS card 102-64:
00:33:24.7
64.9° N., 165.7° w.
Alaska
Felt: Nome
h about 15 km
Magnitude 6 (Pal)

5.4 (eGs).

December 13

December 15

05:27:57.4 d
57.6 d
59.1 d

iP
iP
eP

z
z
z

D
WP
P~

December 17

C&GS card 101-64:
03:57:17.2
21.6° S., 169.6° E.
Loyalty'Islands region.
h about 44 km
Magnitude 4.3 (eGs).

'C&GS card 101-64:
05:18:34.8
.45~4° N., 150.1° E.
~Kurile Islands
h about 17 km
MagnitUd.~ 5. 3 (COO).

'05:18:19.9 d
20.2 d
19.2 d
20.2 d
20.2 d
.18.7 d
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eP
eP
'eP
eP
eP

z
z
z
z
z
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z

M
A
D
MP
U
NB
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Table 5.--Distant earthquakes--Continued

C&GS card 102-64:
08:01:12.6
18.4° N., 68.8° w.
Mona Passage
Felt widely on Puerto Rico
h about 115 km
Magnitude 6 (Pas)

5.6 (eGs).

16:i3:55~6 c
55.5 c
55.1 c
55. 7 0.

55.7 c
56~o c
55.9 c
52.5 c
57.2 c
56.8 c
52~8 c
55.4 c
54 .. 3 c

16:25:41
16:26:55
16:30:11
16:32:53
16:33:29
16~.36: 41

Z iF
Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iP
Z iF
Z eP
Z iP
PEZ epP
PEZ esP
PEE eS
PEE eScS
PEE isS
PEE iG

C&GS card 104-64:
16:16:11.0
22.1° S. J 179.6.0 W,"
S011th of Fiji Islands
h about 611 km
Magnitude 6.25-6.5 (Pas)

6. 2 (eGs).",

D~cember 30

Pa Z Tmax 10:33:04

C&GS card 105-64:
09:26: ~·o

9.6° S., 109.1° w.
Northern Easter Island Cordillera
h a.b01.1t 33 km
Magnitude 4.5 (eGs) ..

December 39
Pa Z Tmax 11:04:16
C&GS card. 105-64:

09:58:01
8.70 S., 109.3° w.
Northern Easter Island Cordillera.
h about 33 km
Magnitude 4.6 (CGS).

M
A
D
NP
WP
MP
U
Na
Hi
Ka
Ke
NB
Ha
U
U
U
U
U
U

December 26--Continued

C&G-S card--Continued, " ..
Kamchatka
h about 136 'km· ..
Magnitude 5. 7 (CGS)~

December 28

8

08:13:17.4 d
16.7 d
17.3 d
16.8 d

.14. 9 c
15.5 d
18.5 d
18.7 d

18:55:17.9 c
17.8 c

14:39:05.5 c
06.7 c
05.8 c
07.1 c
06.1 c
07.2 c
07.7 c
05.4 c
00.5?c
02.4 c

14:38:54.3 c

eP
iP

iP
iP
iP
iP
iP
iP
eP
iP

December 17-18 J 1964
U PEZ eR 00:01:11
C&GS card 102~64:

23:44:46.2
51.4° N., 177.9° w.
Andreanof Islands, Aleutian Is1anqs
h about 57 km.
Magnitude 5..5 (CGS).

December 22
M Z
A Z
D Z
WP Z'
Pa Z
Hi Z
Ka Z
NB Z

December 24
M Z
D Z

C&GS card 105-64:
18:45:45.5
4.4° S., 153.10 E.
New Ireland region
Felt: Rabaul and Londolouit
h about 93km
Magnitude 6.1 (eGs).

December 26
M Z " iF
D Z iP
NP Z iP
~ Z j.P
U Z iP
Pa Z iP
Na Z iP
Hi Z iP
Ka Z eP
Ke Z iP
Ha Z iP
C&GS card 104-64:

14:30:29.1
51.8° N*, 156.8° E.



\

Table 5.--Distant earthquakes--Continued

December 30, 1964

M z iP 15:37:06.9 d
D Z iP 07.1 d
NP Z iP 07.5 d
WP Z iP 07.5 d
MP Z iP 08.2 d
U Z iP 07.1 d
Pa Z iP 09.5 d
Na Z iP 06.6 c
Hi Z iP 07.5 c
Ka Z eP 02.5 d
Ke Z iP 03.4 d
NB Z iP 06.0 d

C&GS card 104-64:
15:27:25.8
31.30 N., 138.80 E.
South of Honshu, Japan
h about 261 km
Magnitude 5.4 (eGs).

December 30

M Z iP 21:38:56.0 d
D Z eP 54.8 d
WP Z iP 55.4 d
NP Z iP 55.3 d
MP Z iP 55.2 d
Pa Z iP 56.9 c
Ka Z iP 58.3?c
NB Z iP 54.9 d

C&GS card 105-64:
21:30:58.8
23.30 S. J 179.90 w.
South of Fiji Islands
h about 547 km
Magnitude 5.2 (eGs).
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The following persons or agencies reported. ttfelt" earthquakes
during the ~'4th' qltfi·rter-,· '1964:: 'Their' assi'stance is gratefully acknowledged.

Mauna Loa summit ..area-

Mr. W. Francis
Mr. R. Decker
Mr. A. Yamamoto

Kilauea summit area

Mrs. C. Wentworth
Mr. A. Yamamoto
Mr. R. Decker
Mr. D. Peck
Mrs. B. Sunmer
Mr. and Mrs_ G. Yang
Mr. and Mrs. J. Hanson
Miss M. English
Mrs. M. Gorder
Mr. H. Mist

North Hawaii

Mr. R. Eklund
Mrs. P. Richards
Mr. A. Walker
Mr. ·Y. Kojima

Kana

Miss A~ Greenwell
Mr. R. Apple
Mr. M. SutherluIl.d
Miss N. Wallace
Mrs. CQo Higaslrlhara

Kau

Mrs .. Hunter
I'.1rs. A.. Paiva
Mrs, P. Billings
Rev. D .. Thon1pson
Mrs. Carvalho
Mr. Wo Iviei.necke
Mr. E. Ross
Mrs. C. Ashton

. Hilo region

lv'rLss E. Patton
Mr. J. Bryan

'. Mrs. B. Shaf:fer
Hila Police Station
Civil DefenSe Offi~e

Mr. Ho Pierce
.Mr. J. Chang
Mr. Walker
Mr., H. Lewis
Mr. E. Crumb
Mr. S .. Ho
Mr. R. Baldwin

Puna

Mr. R. Edwards
Mr. H~ Warner
Mr. K. Kimura
Mr. C. Guerino.
Mr. E. Ross
Mr. R. Williamson
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Publications of special interest and
RVO numbered contributions, 1964

Decker, R. W., 1963, Magnetic studies on Kilauea Iki lava lake, Hawaii:
Bull. Volcanol., Tome XXVI, p. 23-35. (HVO Contr. 187.)

Koyanagi, R. Y., 1964, Hawaiian seismic events during 1962, in Short
papers in geology and hydrology: U.S. Geol. Survey Pro~ Paper
475-D, p. Dl12-Dl17. (RVO Contr. 183.)

1964, Seismicity of the lower east rift zone of Kilauea Volcano,
------H-a-w-a-ii, January 1962-March 1963, in Geological Survey Research

1964: U.S. Geol. Survey Prof. Paper 501-C, p. CI03-CI05.
(HVO Contr. 188.)

Krivoy, H. L., and Eppley, R. A., 1964, T-phase of May 11, 1962,
recorded in Hawaii, in Geological Survey Research 1964: U.S. Geol.
Survey Prof. Paper 501-B, p. BI05-BI07. (HVO Contr. 185.)

Macdonald, G. A., and Eaton, J. P., 1964, Hawaiian ~.;·olcanoes during 1955,
u.S. Geol. Survey Bull. 1171, p. 1-170.

Moore, J. G., 1964, Giant submarine landslides on the Hawaiian ridge, in
Geological Survey Research 1964: u.s. Geol. Survey Prof. Paper
50l-D, p. D95-D98. (HVO Contr. 189.)

Moore, J. G., and Krivoy, H. L., 1964, The 1962 flank eruption of
Kilauea Volcano and structure of the east rift zone: Jour.
Geophys. Research, v. 69, no. 10, p. 2033-2045. (HVO Contr. 184.)

Peck, D. L., Moore, J. G., and Kojima, George, 1964, Temperatures in
the crust and melt of Alae lava lake, Hawaii, after the August
1963 eruption of Kilauea Volcano--A preliminary report, in
Geological Survey Research 1964: u.s. Geol. Survey Prof--.Paper
501-D, p. DI-DT.

Richter, D. H., Ault, W. U., Eaton, J. P., and Moore, J. G., 1964, The
1961 eruption of Kilauea Volcano, Hawaii: U.S. Geol. Survey Prof.
Paper 474-D, p. DI-D34. (HVO Contr. 186.)
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Summary of activities

The big event of the quar~er was the 10-day flank eruption, starting
March 5, in the upper east rift zone of Kilauea. It was not unexpected)
because tilt and leveling data showed a high degree of inflation of the
Kilauea summit. However, no preceding events were recognized as indicating
the place or time of outbreak until tremor started 1 1/2 hours before the
appearance of lava 0 The extent of lava from this eruption is shown in
Fi.gure A.

The following events took place prior to eruption: In late December)
a swarm of short bursts of long-period tremor and an episode of strong tilt
in an almost due-north direction at Uwekahuna began, and continued through
the first 10 days of January. Analysis of samples of the tremor recorded
on the l2-channel seismic array indicates a source from 3 to 7 km beneath
Halemaumauo Mid-January readings of the long-base!tiltmeter net suggest that
the center for the surge of rapid inflation was under the caldera rim, south
of Halemaumauo

Slow inflation resumed about January 20, apparently over a center more
to the north and east, and continued until the eruption started.

Several hundred short bursts of long-period tremor were recorded
between January 24 and January 26, and flurries of several tens of events
per day occurred sporadically six times during February. About 25
shallow-focus (less than 3 km) earthquakes were recorded on February 7
whose sources were a few km southeast of Makaopuhi Crater. Other than these
seismic events, the number of daily quakes (less than 60) was low, and
only eight quakes were large enough to be felt during January and Febtuaryo

The eruption was preceded on March 5 by the onset of tremor at about
OSh02m, recorded first on the Makaopuhi seismograph. Then it was picked up
at all other stations of the Kilauea summit net with rapidly increasing
intensityo This tremor was recorded on the l2-sensor array as well as the
summit net. By 09hOOm, constant ground trembling and continuous rockfalls
were observed at Makaopuhi.

Outbreak of lava was first seen about 09
h

50m in Makaopuhi. Visibility
was poor along the upper east rift because of rain and ground-level cloudSe
It is surmised that the first outbreaks produced an almost continuous li.ne
of fountains that cut across the north wall of Makaopuhi and the floor of Napau,
nearly coincident with the two small fissure vents of 1922 and extending about
4 miles eastward from Makaopuhi Cratero

The first "curtain of fire" stage of activity erupted at least 30,0100,000
eu yds during its 10-hour duration. About 2,200,000 cu.yds of this lava.had
formed a lake 165 feet deep in the west pit of Makaopuhl when the fountalns
there ceased at 18h20mo Napau was filled to a depth of about 40 feet, and
overflowed through a graben intersecting the southeast wallj when fountaining
ceased, the lake level subsided about 20 feet, which is equivalent to about
6,000,000 cu yds of flow back down the vent.

1
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Pumice samples were collected from Makaopuhi and five other locations
down the initial ttcurtain of fire,tt I, 1.7, 1.9, and 3.4 miles east of
Makaopuhi. Optical pyrometer measurements of Makaopuhi fountains gave
1,035°-1,070°C, but all readings were screened by fume or falling pumice
and thus are undoubtedly too low.

The short-base tiltmeter monitored a summit collapse of about 70
microradians on a bearing about S. 60° E. during 10 hours, from 08h30m

to 18h30m, and further collapse of about 25 microradians on a bearing
of about S. 35° E. during the next 38 hours, until o9hoom on March 7.
No further tilting was indicated. This structural deformation is further
described by a shortening of the distance across Kilauea caldera (from
Uwekahuna to Keanakakoi) by 25-30 cm and a measured loss of altitude of
nearly a foot (relative to a benchmark on the nearest slope of Mauna Loa)
at the center of collapse, which was defined by the azimuth intercepts of
the long-base tilt net to be near the caldera wall south of Halemaumau0

A second phase of activity can be characterized by erratic waxing
and waning at three localities scattered along nearly 8 miles of rift
zone. This phase may be considered as having started before the tt curtain
of fire" phase died out. About 15h25m op March 5, new fountains broke
out 6 1/2 miles east of Makaopuhi (2 1/2 miles beyond the eastern limit
of the curtain of fire), and continued through the night as the only
acttve fountains. Two more fountain groups started in the early morning,
the easternmost nearly 8 miles from Makaopuhi and nearly due north of
Kalalua Crater. By 09h30m they had coalesced into one group, and
fountaining resumed in Makaopuhi 1 1/2 hours later. Activity alternated
somewhat between the two rift areas outside Makaopuhi until about lQh40m

March 7, when all activity ceased except in Makaopuhi, where sluggish
eruption continued. A new vent that opened about 3 miles east of
Makaopuhi during mid-morning of March 9 poured out a small flow, built
a spatter rampart, and ceased activity completely about 07h30m March 10.
This may be considered as the end of the second phase.

About 2,000,000 cu yds was erupted during these 4 1/2 days of erratic
fountaining, half in Makaopuhi and half in flows to the east. Five samples
of the eastern flows, representing this second phase, were collected
after the eruption was over from sites 2.4 miles east of Makaopuhi and
from 7.3 to 7.6 miles east of Makaopuhi. Four second-phase samples were
dipped from Pahoehoe toes reaching the Makaopuhi lake margin. Temperatures
in these lake-margin flows were found to be l,090°C by both thermocouple
and optical pyrometer measurement.

The third phase, consisting of activity in Makaopuhi, was characterized
by an accelerated output and'increased lava temperature. This phase
actually started in Makaopuhi during the early hours of March 10, before
the cessation of the last fountains farther down the rift. Features most
noticeable included a distinctive sheen on the crust of the new more
l"apidly spreading flows and widespread advance of the "shore line" of the
lava lake. Accelerated output continued until the sudden end of the
eruption at 22h 5lm on March 15. During the last 6 hours the enormous
extrusion rate averaged over 160,000 cu yds per hour. The lake reached
a maximum depth of 330 feet and had a 'volume of 9,00Q,OOO cu yds.
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· On March 12, good measurements of a temperature of 1,160°c by
optical pyrometer were made at the lake's edge. The fluidity and color
of the lava indicated characteristic high temperatures J. though good
pyrometer readings from the crater rim were not possible. Several
samples of pumice, collected on canvas at intervals of as much as 24 hours
beginning the morning of March 12, plus three samples dipped from the
lake margin on the 12th and 14th, represent the lava of the third
phase.

The fourth and last phase of activity comprised drain-back and
episodic overturn of crust at Makaopuhi lava lake. These phenomena
continued for 3 3/4 days after the fountaining and eruption had stopped.
The altitude of the lake surface was lowered 60 feet below the high-lava
shoreline during the drain-back. During this lowering, crust foundered
and new crust formed over the entire lake surface 18 times.

Two days after the last overturn of the crust, surveying was started
to establish benchmarks at laO-foot intervals along the two principal
diameters of the lake. Two days of heavy rains, and immediate formation
of thick clouds of steam rising from the thin still-hot crust,
interrupted the work. But on March 19 the survey was completed, leveled,
and tied to a large talus block near the level of the new lava shoreline.
(Releveling 15 days later revealed an average crustal subsidence of
3.4 feet.') Measurements of gravity, magnetic field, temperatures on
surface and in cracks, and 'detailed mapping of cracks, local relief,
lines and spots of sublimate deposits, and other features of the lake
crust were intitiated immediately and tied to the benchmarks. Plans
were initiated to pursue a program of core drilling in the crust to
help document the cooling history of the lake.

Alae Crater studies. --Work was continued on the study of the small
lava lake in Alae Crater,. which became solidified in September 1964. On
January 21, temperatures were measured in 6 drill holes in the crust, and
the elevations of 29 stations on the lake surface were determined by
precise leveling. Temperatures of the lake showed a drastic decrease
from those of December 8, 1964, probably influenced by the excessive
rainfall during the periodj the maximum temperature measured was 865°C,
at a depth of 32 feet in drill hole No.9, where the lake is 48 feet
thick. The leveling showed an average subsidence of .017 foot since
November 3.

Two groups of astronauts visited the observatory on consecutive weeks,
each in Januar~ for 5,days of field study. A great array of textural,
structural, and mineralogical features were noted, but concentration was
on a few important features that are most conspicuous and can be most
readily studied in Hawaii. These include: the differences between the
surface formed on a deep body of relatively stagnant lava (a confined
lava lake, or a thick flood on a level plain) and the surface formed on
thin gushes of rather mobile lava (layered overflows from Halemaumau on
the floor of Kilauea caldera)j features that characterize rift eruption.
and differences between lapilli and lapilli cones formed from fluid '
basalt versus those formed from rather viscous feldspar-rich andesite.
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Japan-United States cooperative study of Kilauea.-~ProfessorT.
Minakami, Doctor D. Shimozuru, J. P .. Eaton, and J. G. Moore returned
to H.V.O. to join with Arnold Okamura, Robert Koyanagi, W. T. Kinoshita,
and Dallas Peck in conferences on progress made in analysing the results
of the Japan-United States cooperative study of Kilauea, July-December
1963. Progress and promise of results were very gratifying and
encouraged Professor Minakami to set the date and itinerary for a third
general conference, to be held in Japan in October-November 1965.

Xenolith Studies.--E. p. Jackson started mapping and meticulous field
study of the 1801 lava flow of Hualalai, the host to large quantities of
xenoliths of coarse-grained rocks showing a great range of mineral
composition. Several thousand zenoliths were described in the field study,
and several hundred were collected for detailed laboratory study.

5
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Tilting of the ground around Kilauea, calderao--Tilting of the ground
around the summit of Kilauea is monitored' daily by a short-base
water-tube tiltmeter in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale 1y means of a network of field tilt bases and
a portable water-tube tiltmeterc The attitude of the ground surface at
each tilt base is reported in terms of north-south and east~west t~lt

coordinates 0 Both coordinates at each station were arbitrarily set equal
to 500 when measurements at that station were begun 0 Increasing tilt
coordinates correspond to northward and eastward tilting of ,the earth's
surfacej that is, to a relative subsidence toward the north 'and east.,
A one-unit change in coordinate corresponds 'to a tilting of 1 microradian
(1 mm per km) in the direction indicatedo

Location of and essential data on each tiltmeter station are listed
in table 7, which is published only in the first-quarter issue each year.

Table 1. --Tilt coordinates at Uwekahuna Vault, January,
February, and March, 1965 r

Date Date
(1965) N-S E-W (1965) N-S ,E-W

Jan., 3 494 466 Feb. 21 513 454
10 503 463 28 ' 514 452
17' 506 463 Maro 7 478 499
24 509 461 14 460 518
31 511 458 21 458 519

Febo I 513 455 28 459 514
14 513 454'

7



ls.t Quarter, 1965

Table 2a.--Tilt coordinates and changes at bases around Kilauea caldera
(See tilt diagrams, figs. 2a, b.)

Tilt Base Date Tilt coordinates
Rate {10-6 rad/mo)

(1965) N-S E-W
and direction of Date of
tilting since last readin
last reading (1964)

Uwekahuna Jan .. 17 507.6 453.3 15.2 N. 6. $0 W. Dec. 10
Tree Molds 17 459.1 512.8 5.7 N. 0.9° E. 7
Sand Spit 19 922.0 752.6 34.9 N. 50.7° E~ 11

Kalihipaa 21 318.2 385.3 3.1 S. 61.6° E. 8
Keamoku 18 527.0 539.1 32.1 N•. 49.5° W. 11
Ahua Kamokukolau 18 509.3 554.4 44.8 S. 45.4° E. 10
Kipuka Nene 21 479.2 506,,2 1.0 s. 27.3° W. 14
Hilina Fali _..... _-- ----- ----- not occupied this time------
Kapapala Ranch 19 493.-6 506.4 0.41 s. 85.6° E.\ 9
Mehana 17 549.7 554.3 2.2 N. 32.4° E. 10,

g

Table 2b.--Tilt coordinates and changes at bases around Kilauea caldera
(See tilt diagrams, figs. 2a, b,)

ing
Date Tilt coordinates Rate (10-6 rad/mo) Date of

Tilt Base
(1965) N-S E-W and direction of last read

tilting since ~{1965)
last reading

Uwekahuna Mar. 6 441.0 504.0 52.3 S. 37.3° E. Jan. 17
Tree Molds 7 424.8 525.9 36.7- s. 20.9° E. 17
Sand Spit 8 882.3 735.4, 43.3 s. 23.4° E. 19
Kalihipaa 7 333.6 385.3, 16.9 N. 00.1° W. 21
Keamoku 7 585.1 510.1 40.6 s. 63.5° E. 18
Ahua Kamokukolau 6 609.9 542.9 101.2 N. 6.5° w. 18
Kipuka Nene 9 484.0 506.2 2.9 N. 00.4° W. 21
Hilina Pali ------ ----- ----- not 0lcuPied this time ----- ... -
Kapapala Ranch 8 493.7 506.8 .6 N. 21.8° E. I 19
Mehana 9 540.7 545.2 7.5 S. 45.3° W. 17
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Seismic summary. --Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes

land tremor originating i.n the region of the Hawaiian Islands (usually
within 100 km of at least one seismograp~), and distant earthquakes

'originating,more than 3,000 km from Haw~iio As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated into groups on the basis of region of
origin as determined by analysis of records obtained daily at the
Observatory (U, M, A.J. D, N, WP, MP). Earthquakes of magnitude 2.0 or
greater are generally sufficiently well recorded to be located with
greater precision; they are listed ipdividually in table 4. Data on
identifiable phases of distant earthquakes are listed in table 5.

Location of and essential data on. ~ach. seismograph station are
listed in table 6, which is published,only in the first-quarter
issue each year.

. i"
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D, N,
W?, and MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is pr~sumed to
be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the
Kilauea summit region, and shallow earthquakes in the Kilauea caldera region; shallow.earthquakes
along the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes
along the eastern half of Kilauea's east rift zone--detected largely on the Papoa seismograph;
earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank; and earthquakes from other regions: Kana, Mauna Kea, etc.

Tremor Earthquakes

Date (in minutes) KiJ-auea Summit SW. rift Eastern Upper

(1965) and east east Other s
Deep Inter- Shallow 30 KM Shallow Kaoiki I'ift rift

mediate

Jan. 1 ---- ------- ----- ---- 134 6 ~--- 8 2 Mauna Kea
2 ---- ------ ----- 1 99 12 ----- 6 ---------------------
3 ---- ------ 15 2+ 110 4+ ---- 13 1 Kona
4 ---- ------ 27+ 2 135+ 9 ---- 10 ---------------------
5 ---- ------ ----- .---- 61 5 1 3 1 Mauna Kea
6 ---- ------ ----- 3 63 6 1 5 ---------------------
7 _... -- ------ ~---- 1 58 7 1 3 -----------~---------

8 ---- 12+ ----- 3 65+ 10 ---- 3 1 Kona
9 7 ----_.- ----- 3 89 9 ---- 3 1 off NE~shore of Maui

10 26 ------ ----- ---- 135 4 ---- 3 1 Mauna Kea
11 44 ------ 8 4 110 7 ---- 4

-~-----------,--------

12 4 ------ ----- 4 115+ 7 ---- II 1 Kona
13 ---- ------ ----- 4 40 3 ---- 7 1 Kohala
14 30 ------ ----- 6 60 4 ---- 12 ---------------------
15 30 ------ - ... --- 1 45 7 ---- 6 ----------------------
16 ---- '19 ----- 4 25 3 ---- 7 1 Mauna Loa
17 -~-- 20± -~--- 4 55 4 ---- 6 ---------------------



18 30± 3 81 6 1 6
----------~----------

19 20± 2 60 2 1 i8 ---------------------
20 15± 1 69 7 6 ---------------------
21 6 80 1 13 ----~----------------

22 2 65 5 12 --------------------~

23 57 5 4 ---------------------
24 3 40 5 1 1 Mauna Kea

25 5 20 3 -------------~-------

26 ------ 4 150+ 4 ---~---------~-------

27 13 68 3 4 ?
--------------------~

28 95 4 1 10 2 Kana

29 3 20 4 4 ---------------------
30 1 47 6 1 ---------------------
31 18+ 2 35 3 2 4 1 Kana

Feb. 1 ------ 3 30 6 1 5 ---------------------
2 1 54 2 1 4 ---------------------
3 2 50 3 3 1 Mauna Loa

I-J 4 39 60 2 ? ---------------------w
5 1 45+ 9 4

------~---~----------

6 38 3 7 ----------------~----

7 2 75 2 2 -~-------------------

8 150 2 1 1 Mauna. Kea

9 3 88 3 2 4 1 Kana

10 42 1 3 8
--------~------------

11 2 41 2 10 ---------------------
12 3 3 47 2 5 1 Kana

13 2 54 4 1 32 1 off south shore
of Hawaii

1 Kana

14 1 59 3 1 25 ---------------------
15 36 4 15 ---------------------
16 - -;·,2 35 4 13 1 Mauna. Loa

17 28 3 2 ----------------------
18 2 4 45+ 7 11 1 Mauna Kea.

19 2 35 4 4 ----~------------~--~

20 3 i 51 5 2 ---------~-----------

21 33 1 4 3 -------------------~-

22 30 1 47 5 1 5 --------------------~



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D, N,
WP, and MP around Kilauea caldera--Continued

Tremor Earthquakes
(in minutes) Xilauea Summit SW. rift Eastern Upper

Date Deep Inter- Shallow 30 KM Shallow and east east Others
(1965) mediate Kaoiki rift rift

Feb. 23 ------ ------- 2 45 5 1 3 ----------~~--~~-----~-

24 -------- ------- 2 40 3 4 ----------~-~--~-------

25 ------ ------- 33 5 1 3 -------------~---------

26 35 ------- ------- 2 45 5 3 -~--~----~-------------

27 ------ ------- 1 94 5 3 ---~-----~-----~-------

28 ------ -----._- 2 68 6 1 2 Kohala
Mar. 1 ------ -------., 5 43 4 2 3 --~--------------------

2 7 -----~- 1 30 4 1 3 --------~-----------~--

3 28 ------- 5 3 51 7 2 2 -----------------------
4 ------ ------- 1 76+ 4 2 19 ----------------------~

~
5 ------ Harmonic ----~~---------~-------

-I="" Tremor.
6 ------ ---do-- 25+ 4 ---~-------------------

7 ------ ---do-- 1 57 7 -----------------------
8 ------ ---do-- 3 66 9 2 off south shore of

Hawaii.
9 __ c.. ___

---do--- 31 20 61 4 1 off south shore of
Hawaii.

10 ------ ---do-- 2 28+ 2+ --~--------------------

11 2 ~-=----- ---do-- 3 22 6 10 ~--~~----~--~~~-------~

12 3 -=------ ---do-- 2 22+ 5 2 ---~~---------~---~----

13 ------- ---do-- 17 3 -----------------------
14 _m::.~ __ .. ---do-- 37 7 5 2 Kona
15 ------ --'----- 15 4 ~--~~----------~---~---

16 6 ------- 1 24 8 10 ~~~~-------~-----------

17 ------ caa... _____ 1 20+ 10 4 --~---~~-~--~----------

18 .... ---- -~--~-- 1 30 7 5 1 Mauna Kea
19 "'_&.m __ ~ ------- 1 15 6 6 1 Kona
20 ------- -------- 3 25 18 l~- ---~--~-~~--~-~--~~---~



are 21 ---- ---- ---~ I 3 45 21 ----- 15 1 Mauna Kea
22 _1IEa-.:2_ ----- ---- I 120 9 ----- ? 1 off south shore 0

Hawaii.
23 ___ e:-_ ---- ---- 4 20 13 -.. -~- 5 ~---------~-~----~-

24 ---- - .. -- __ -=-_ 6 17 5 - -- - .... - 5 1 Mauna Kea
25 14 ----- ---- I 23 3 ----- 5 -----------~---~~-~

26 20 ---- ----- 13 65 9 ------- 5 1 Kana
27 ---- ---- - ----- 2 75 11 --=------ 11 1 Kana
28 c=- ___

--~-

caIt __ ~ 2 60 9 ----- 5 1 Mauna Loa
29 _C=--=:::l~

_ C2E2~"

tIC2_~ __ 5 35 5 ___ ,,_Ra- 3 ~~~~--------~---~--

30 -='---- ----=- __ c::=-_ ? 25 ? ---=::.----= ?
----------~-~-----~

31 ---- __ IIa!_
_c::»e.~ ? 20 ? _~ __ c. ?

-----------_._--~---

M



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
January, February, and March, 1965

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth,
epicenter, and felt report. All earthquakes of magnitude 2.5 and larger (as well as many
fayorably loca.ted smaller ones) are inc1udecl in the list.

Date Time Magni- Depth
Epicenter Felt

(1965) ..ll_ m . ~ tude (km) Lat. N. Long. w• Description Report

Jan. 1 04 57 45.4 3.9 13 19°48.5' 155°25.4' 14 km NE. of Pohaku1oa Island-wide
1 13 05 00.5 3.4 10 19°47.1' 155°23.1' 15 km ENE. of Pohakuloa ----~-----------

3 16 05 47.0 2.7 3 19°40.0' 155° 52. 9' 17 km NNE. of Kealakekua --------------~-

3 23 41 31.9 2.5 10 19°18.8' 155°13.7' 8 km SSE. of Ahua -----------------
seismometer.

5 16 45 11.6 2.6 5 19°53.0' 155°48.0' 20 km SW. of Kamuela ----------------
6 07 18 58.7 2.1 8 19°16.2' 155°10.7' 10 km S. of Makaopuhi -----------------

seismometer.
8 14 51 07.9 3.1 27.5 19°23.5' 155°15.0' Beneath Kilauea summit Kilauea summit

- region.
8 17 51 44.2 2·9 5 ~024.8' 155°25.9 1 Kaoiki fault system ----------------
8 20 33 19.4 2.9 8 19°24.2' 155°52.8' 4 km NE. of Hookena ----------------
9 05 58 46.6 3.1 13 20°50' 155° 25' 83 km ENE. of Hakeakala ----------------

seismometer.
9 22 29 12.8 2.0 10 19°18.2' 155°13.7' 9 km SSE. of Ahua ------_ .... --------

seismometer.
10 01 25 19.0 202 8 19°46.6 1 155°18.8' 25 km WNW. of Hilo -------------~... -
10 07 15 03.4 2.4 10 19°18.6' 155°07.4' 9 km SEe of Makaopuhi -----------------

seismometer.
12 15 23 24.7 3.0 5 "9° 37. 7' 155°49.4' 16 km NE. of Kealakekua ----------------
12 18 37 19·7 2.1 30 19°23.1' 155°17.5' Beneath Kilauea summit

_________ ~ ... ____ .a_

12 23 08 15.4 2.1 30 19°22.8' 155°19.8' --~~do~----------------
.. ____: _ ~ __ e- _ - _ - - _

13 15 44 47.1 2.0 27.5 19°24.4' 155°16c2' ~-~~do-----------------
__ cm _____ c-. ___ ~~--_

13 20 25 20.2 3.6 20 20°05.7' 155°50.5' 16 km NW. of Kamuela ,Kamuela and
Kohala.

14 03 49 35.1 2.7 45 19°34.4 1 155°04.5' 5 km ENE. of Mt. View _... -------==-_ ... _.:..-~
15 00 15 31.0 204 22.5 19°22.9" 155°l8oo' Beneath Kilauea surnmit _____ .-_Cllill-.- ______ --

16 01 56 1401 2Q8 8 19i

) 11.8' 155° 41c 5' 19 km NW. of Naalehu _____ ... __ c.-_....,e:-~_c..:IlaD

18 00 25 52.0 202 10 19°20.9 1 155°06.3' 9 km ESE. of Maka,opuhi ... _______ c-..'::- ______ CIC

seismometer"



Jan. 18 13 44 29.3 2.2 5 19°23.5' 155°24.6' Kao.iki fault system
------------~--

21 17 29 25.8 3.1 30 19°22.5' 155°18.2' Beneath Kilauea summit Ki1.auea summit
region, Pahala.

22 17 38 34.6 2.4 25 19°24.5' 155°16.0 1 Beneath Kilauea summit --------------._--
24 10 . 42 37.8 2.3 30 19°23.0' 155°17.4' Beneath Kilauea summit

--~-------... ------ ...

24 22 08 13.2 3.9 13 19°45.9' 155°34.2' 5 km NW. of Pohaku1oa Kamuela} Pahala.,
Kilauea summit
region.

27 02 ~ 23 10.6 2.6 8 19°19.6' 155° 13. ~' 7 km SW. of Makaopuhi --..-:_------------
seismometer.

27 06 14 35.1 200 25 19°20.. 8' 155° 18. 5' Beneath Kilauea summit
--------~ .. _-----

27 12 58 17.4 2.2 22.5 19°21.9' 155°l8.3' ---do----------------- . ----------------
28 09 42 05.8 3.0 10 19°30_8' 155°04.7' 12 kIn W~ of Kealakekua -----------------
28 20 57 19.8 2.3 13 19°41ot5' 156°08 .. 2' 10 km SW. of Keahole ----------------

Point.
29 13 38 32.5 2.1 10 19° 16.9' 155°07.8 1 10 km SEe pf Maka.opuhi

----~-----------

seismometer.
29 18 30 35.6 ·2·9 8 ~9°27.0r 155°27.0' Kaoiki fault system

----------~-----

3~ 04 19 34.2' 2.9 3 19°30.. 7' J-55° 55.8' 2 km.WSW. of Kealakekua ----------------
\--'

Feb. 3 16 37 28.6 ,2.4 13 9° 24. l' 155°35.3' 10 km SSW. of N.orth Bay ------.-----------
-.1 seismometer.

5 05 36 50.7 2.0 <3 19°24.5' 155°10.1' 6 km NNE. of Makaopuhi .
--~---------------

seismometer.
6 06 ' 10 ~1.9 2.'4 8 19°17.. 4 ' '155° 12. 3 1 10 km SSWetof'Makaopuhi ----------------
7 11 45 25.5 2 .. 2 3 19°21.0 ' 155°02.2' selsmome ere

7 km W. of Kalapana
-------.-._---~-_...

7 ),,7 22 28.7 2.1 3 19°23.0' 155°08.3' 5 km ENE. of Makaopuhi ' -----------------
seismometer ..

7 21 28 i9.8 2.6 3 19~23.0' 155°08e0 1 5 km ENE. of Makaopuhi ------ .... ----------
seismometer.

7 22 51 56.7 2.5 5 19°20.2 1 155°07.1 ' 7 km ESE .. of Makaopuhi. ----------------
seismometer.

8 09 40 31.0 3.7 13 19-° 53. 0' 155°35.4' 8 km ENE. of Waikii Kamuela., Pahala
'8 15 48 10.2 2.7 <3 19°16.8' 155°08.8' 10 km SSE. of Makaopuhi ----------------

seismometer.
8 15 52 57.1 2.4 <3 19°19.7' 155°06.7 1 8 km ESE. of Makaopuhi'

-----~----------

seismometer.
S 17 55 25·5 2.1 <3 19°19.5 ' 155°05.2' 11 km ESE .. of Makaopuhi ----------------

seismometer.
9 03 43 00.2 3.0 5 19°21.3' 154°59.0' 1 km NW. of Kalapana

-------~-----... _--
9 10 53 21.1 3.3 8 19°29.5' 155°51.1' 8 km ESE .. of Kealakekua Kona.

10 20 05 11.3 2.3 20 19°38.4' 154° 59 .. 6 t 14 km SEe of Hil0 -----------------
10 21 22 05.2 2.4 8 19°17.1' 155°13.4' 10 km SW. of Makaopuhi ----------------

seismometer.



Table 4.--Local earthql~kes recorded by seismographs of the U5S0 Geological Survey,
January,February, and March, 1965--Continued

ide
summit

Date Time Magni- Depth Epicenter Felt
(1965) h m s tude {km) Lat. N. Long. w. Description Report- - -
-

Feb. 11 17 36 12.4 2.1 10 19°20.7' 155°05.3' 11 kmESE~ of Makaopuhi Keaau
seismometer.

11 18 11 03.3 3.0 3 19°21.8' 155°08.5' 5 km E. of Makaopuhi --------
seismometer.

12 22 01 19.2 2.8 13 180 58 ' 156°15' 45 km SW. of Milo1ii --------
13 01 19 03.7 2.2 8 19°40.8' 155°50.2' 20 km NNE. of --------

Kealakekua.
13 13 06 29.0 4.5 13 18° 45' 155°16' 48 km SEe of Naalehu Island-w
14 01 28 21.0 3.0 8 19°14.8' 155°14.0' 5 kIn wsw. of Apua Kilauea

Point. region
14 19 58 1852 2.2 8 19°26.2' 155°24.8' Kaoiki fault system ... _-._----
14 22 14 03.0 2.3 3 19°20.8' 155°05.8' 10 km ESE. of Makaopuhi --------

seismometer.
14 23 50 42.7_ 3.3 5 19°20.3' 155°05.4' 11 km ESE. of Makaopuhi --------

~7.51
seismometer.

16 02 31 04.6 3.2 20 154°44.0' 33 km SEe of Pahoa ------_.-
16 05 49 59.2 2.4 <3 19°24.4' 155°10.5' 5 km N. of Makaopuhi --------

seismometer.
16 17 48 23.8 2.4 10 19°18.1' 155°07.7' 10 km SEe of Makaopuhi --------

seismometer.
16 22 28 42.4 2.7 8 19°08.8' 155°34.0' 9 km NNE. of Naalehu --------
18 06 36 45.0 2.8 8 19°50.8' 155°24.9' 17 km NEo of Pohakuloa --------
18 09 18 28.8 3.5 5 19°21.0' 155°05.5' 10 km ESE. of Makaopuhi --------

seismometer.
18 20 39 08.1 2.6 8 19°16.1' 155°12.5' 2 km WNW. of Apua Point ---------
19 07 00 42.6 2.9 8 19°16.0' 155°07.1' 13 km SEe of Makaopuhi --------

seismometer.
22 07 43 02.7 2.2 10 19° 15.6' 155°13.4' 4 km W. of Apua Point --------
23 04 28 12.4 2.0 10 19°36.0' 155°06.4' 13 km SSW. of Hila --------
23 11 24 40.5 2.2 6 19°24.2' 155°24.2' Kaoiki fault system ---------
25 18 18 41.4 2.4 10 19°18.7' 155°08.7' 7 km SEe of Makaapuhi --------

seismometer.
26 22 06 50·9 2.5 10 19°17.7' 155°06.2' 11 km SEe of Makaopuhi ---------

seismometer.
28 03 27 52.4 2.8 8 ~9°26.o' 155°26.0' 8 km SW. of Mauna Loa --------

seismometer.



Kilauea summit
Yegion.

Kilauea summit
region.

Maka.opuhi crater
7 km SEA of Makaopuhi

seismometer.
10 km SE~ of Makaopuhi

seismometer.
4 km E. of Ahua

. seismometer.
2 km S. of Uwekahuna

seismometer.
1 km S. of Uwekahuna

seismometer.
13 km SEA of Makaopuhi

seismometer.
2 km S. of Uwekahuna

seismometer.
---do----------------
14 km SEA of Makaopuhi

seismometer.
12 km SEA of Makaopuhi

seismometer.
14 km SEA of Makaop~hi

seismometer.
5 km E. of Uwekahuna

seismometer.
11 km ESE. of Makaopuh·

seismometer.
8 km SEA of Makaopuhi

seismometer.
4 km S. of Ahua

seismometer.
1 km B.. of Ahua

seismometer.
7 km BE. of Ahua

seismometer.

155°15.8'

155°15.8'

155°14.0'

155°05~7'

155°17.7'

155°17.6!
155°05 .. 4'

155°05·2!

155°04.1'

155°14.6'

155° 05·0'

15'5° 10~ 6'
155°07.6'

155°06.6 t

155c13_6~

155°17~6'

19°20.3 1

19°24.2'
19°15.9'

19°18 .. 3 t

19°17.5'

19°25.4 1

19°19.8'

19°18.5'

19°21.8'
19°20.4'

3

3

3

8

6

5

5

5

6

3
3

11

10

5

5
10

10

13

8
13
10

10.3 2.3

11.5 2'.7

08.2 2.6

28.6

23 .. 2 2.7

12.3

17.7 2.4

05.7 2.7
47.8 3.1

02,.7

16.7 2.7
12.8 2.9

46.0 2.6
37.6 2.7
24.7 2.5

56

55

39

11

39

37

14

12

55

55

55

55
28

27

15

21

55
03
50

00

22

21

17

17

15

16

16

11

13
15

11

11

10

09

09

03
13
18

19°59.1' 1155049.81 15 km wsw. of Kamuela
20°05.4' 155°50.5' 17 km WNW. of Kamuela
19°18.7' 155°14.6! 8 km SSE. of Ahua

seismometer.
Shallow harmonic tremor and earthquakes start at 08-01. Although many ear hquakes

were recorded during the eruption, only those.with greater than 2.0 magnitudes are
listed.

08 42
09 16

5

5
5

5

5

5

5

5

5

5
5

5

5

5

5

5

5

5

6

Feb. 28
28

Mar. 4
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Table 4. --Local eartliquakes recorded by seismographs of the U. S. Geological Survey,
Januar:y, February, and March, 1965--Continued

t

Date rrime Magni- DeptrL EpicentE:r Felt
-(19~5) h- m s tude (km) Lat. .1\1 • Long. w. Description Report-- - -

Mar~. 6 01 12 12.0 4.0 5 19°15.0' 155°13.3' 3 km wsw. of Apua Point Pahala
6 02 02 05.7 2 .. 7 10 19°17.1' 155° 03.0' 16 km SEe of Makaopuhi ------------

seismometer.
6 09 ~50 15.9 2.8 3 19°12.4' 155°10.4' 7 kIn SSE. of Apua Point ------------
6 10 47 52.1 2.7 10 19°15.0' 155°09.1' 4 km ESE. of Apua Point ------------
6 13 06 06.4 2.3 10 19°18.3' 155°11.0' T km ssw. of Makaopuhi ------------

seismometer.
6 15 44 07.6 2.0 3 19°19.7' 155°16.1' 5 km S. of Ahua ------------

seismometer.
6 17 02 47.0 2eO <3 19°22 .. 0' 155°11.0' 1 km NW. of Makaopuhi ------------

seismometer.
6 18 11 20.1 2.1 5 19°20.1' 155°16.6' 5 km ssw. of Ahua ------------

seismometer.
6 20 56 11.1 2.3 10 19°16.4' 155°10.5' 10 km S. of Makaopuhi ------------

seismometer.
6 01 37 37.1 2.7 3 19°19.7' 155°16.6 i 6 km ssw. of Ahua ------------

seismometer.
7 03 31 59.5 3.3 8 19°17.7' 155°13.6' 10 km SW. of Makaopuhi ------------

seismometer.
7 06 19 47.1 2.2 5 19°10.3' 155° 08.3 1 11 km SEe of Apua Point ------------
7 06 22 26.1 2.5 5 19°09.1' 155°03.4' 18 km SEe of Apua Point ------------
7 06 43 36.2 2.3 8 19°16.4' 155°14.4' 5 km WNW. of Apua Point ------------
7 07 43 15.3 2.4 9 19°15.9' 155° 14. 0'- 4 km WNW. 6f----Apua Point ------------
7 08 45 16.0 2.4 8 19°11.5' 155°08e8' 9 km SEe of Apua Point ------------
7 09 53 12.8 2.6 3 19°23.2' 155°04.7' 11 km ENE. of Makaopuhi ------------

seismometer.
7 13 59 28.7 2.1 10 19°16.8' 155°09.0' 10 km SSE. of Makaopuhi ------------

seismometer.
7 16 07 28.5 2.0 8 19°19.0' 155° 10.5' 5 km S. of Makaopuhi ------------

seismometer.
8 00 06 36.7 2.3 8 19°18.5' 155°14.2' 8 km SSE. of Ahua .-.- .... ------- ... -

seismometer"
8 01 22 45.5 2.5 13 19°12.9' 155°07.6' 9 km ESE. of Apua Point ------._------

i,,",,
~ ,



Mar. 8 01 31 10.3 2.0 10 19°19.8' 155°15.1' 5 km SSE. of Ahua -----------
seismometer.

8 04 11 22.4 2.3 5 19°09.8' 155°09.6' 11 km SSE. of Apua ------------
Point.

8 13 31 49.0 ·2.6 8 19° 13. 0' 155°26.5' 4 km NE. of Pahala -----------
8 13 59 14.2 2.5 30 18°49.3' 155°26.2' 31 km SSE. of Naalehu -----.-------
8 14 17 33.6 2.0 8 18°52.0' 155°22" 5' 32 km SEe of Naalehu -----------
8 14 44 18.5 2.0 10 19°11.9' 155°05.7' 12 km SEe of Apua -----------

Point.
8 19 03 56.0 2.8 <3 19°19.5' 155°06.2' 10 km ESE. of Makaopuhi ------------

seismometer.
9 10 30 01.7 2.3 25 19°01.5' 155°32.4' 7 km SEe of Naalehu -----_-.:1_---
9 14 41 23.3 2.1 5 19°07e6' 155° 11. 5' 15 km S. of Apua Point ..,- ... ~-------
9 22 14 47.4 2.3 22.5 19°21.2' 155°18.0' Beneath Kilauea summit ------------

10 01 53 52.3 2.5 45 19°46.1 i 155°09.4' 9 km NW. of Hila
---~--=-----

10 10 41 23.3 2.0 8 19°37.3' 155°07.8' 8 km NNW. of Mt. View _-:1 _________

12 19 35 06.8 2.2 8 19°11.7' 155°30.3' 4 km W. of Pahala -----------
I\) 14 00 06 25.2 2QO 8 19°15.3' 1550 51. 3' 10 kIn NNE. of Milo1ii

-~-------~-
~ 14 03 58 53.6 2.0 <3 19°21.1' 155°45.4' 16 km ESE. of Hookena -----------

14 08 24 27.0 2.1 3 \119°29.9' 155°49.1' 11 km ESE. of Kealakekua
------~----

14 13 58 15.0 2.2 8 19°12.0' 155°01.0' 17 km ssw. of K<iiapaha _ e- ... __ -=a ... _~ _ ... _

15 05 37 44.0 2.8 8 19°10.0 t 155°28.6' 4 km S. of Pahala Pahala
16 17 15 03.4 2.6 8 19°18.1' 155° 03. 3' 16 km ESE. of Makaopulli -------~---

seismometer.
17 22 39 52.6 3.1 13 19°02.2' 155°08.5' 25 km SSE. of Apua

-----~-----

Point.
18 20 40 55.6 2.1 8 19°56.7' 155°15.3' 7 km ssw. of Laupahoehoe -------'----

19 07 14 47.7 2.9 5 19°17.1' 155°09.5' 10 km SSElI of Makaopuhi -----------
seismometer.

19 12 22 16.4 3.0 <3 19°18.0' 155°58.0' 12 km SW. of. Hookena ................ - .... -.- _.... -
20 19 37 15.2 3.7 8 19°21.9' 155°24.7' Kaoiki Fault system Pahala
21 0.5 06 56.5 2.5 5 19°56.0' 155°13.6' 8 km SSE. of Laupahoehoe -----------
21 06 05 20.2 2.0 8 19°25.6' 155°19.2' 3 km W.o of Uwekahuna ------------

seismomet-er.
21 19 52 14.7 2.5 13 19°10.0' 155°30.7' 5 km SW. of Pahala

--~-------~

21 23 27 52.0 2.0 8 19°23 .. 5' 155°24.2' Kaoiki Fault system
--~--------

22 09 33 12.8 4.6 30 19°13.3' 155° 32. 3 t 7 km WNW. of Pahala I-sland-wid€
22 11 06 30.2 2.4 30 19°1192' 155°30.2' 4 km WNW. of Pahala -----------
22 14 03 11.8 2~6 8 19°03.2' 155°18.5' 30 km E. of Naalehu -----------
22 14 22 16.8 2.2 5 19°16.1' 154°59.7' 10 km SSW. of Ka1apaha -----------
24 06 19 25.5 3.4 8 19°48.6' 155°33.3' 7 km NW. of Pohakuloa ------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
January, February, and March, 1965--Continued

Date Time Magni- Depth Epicenter Felt
(1965) h m s tude : (krn) Lat. N. Long. W. Description Report- - -

Mar. 24 20 16 38.1 2.0 27.5 19°17.9' 155°22.1' Beneath Kilauea summit _--._-----
25 01 32 17.4 2.4 <3 19°12.4' 155°33.3' 8 km W. of Pahala ---------
25 09 25 39.5 2.1 3 19°03.9' 155°12.0' 22 km S. of Apua Point --------
26 08 08 51.5 2.4 3 ~031.8' 155°46.1' 16 km ENE. of ---------

Kealakekua.
27 06 25 43.7 2.3 40 19°24' 154°36' 38 km ESE. of Pahoa --------
27 13 16 39.4 2.2 8 19°24.9' 155°24.5 1 Kaoiki Fault system --------
27 13 41 00.5 3.2 5 ~020.9' 155°47.6' 13 krn ESE. of Hookena --------
28 01 50 08.6 2.2 3 19°15.2' 155°14.8' 15 km SSE. of Ahua --------

seismometer.
28 13 34 20.9 2.0 35 19°07.5' 155°29.8' 12 km NE. of Naalehu --------
30 10 01 22.9 3.1 5 19°08.0' 155°05.7' 17 km SEe of Apua --------

Point.



Table 5.--Distant earthquakes

Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A He" following the time of P indicates
compressiona+ first motion·; a "d" indi·cates dilatational first motion.
Station symbbls, locations, and instrumentation are presented in
table 6. Magnitudes calculated from the Hawaii seismograms are followed
by (HVO'. Location of Jpicenter, origin times, focal depths, and
magnttude reported by other institutions are taken from "Preliminary
Determination of Epicenters" published by the U.SQ Coast and Geodetic
Survey.

C&GS card 5-65:
13:32:46.4
11.9° N., 126.2° E.
Philippine Islands region
h about 5 km
Magnitude 6.1 (eGs).

C&GS ··card 7-65:
21:08:06.0
13.2° S., 112.0° W.
Northern Easter ~sland Cordi~lera

h about 33 km
Magnitude 5.25-5.5 (Pas), 5 (Brk),

4. 9 (eGs).

Jan. 9

Jan. 8

13:44:34.5 c
34.8 c
34.1 c
35.5 c
34.6 c
36.2 c
35.6 c
33.3 c

14:07:21

22:15:00
22:15:45

Tmax
Tmax

Z
Z

Z iP
Z iP
Z iP
Z i~

Z iP
Z eP
Z eP
Z iP
PEZ eR

M
A
D
:MP
U
Pa
Hi
NB
U

Pa
NB.

J,anlJ 7

C8eGS card 3-65:
15:56:32.5
16.2° N., 97.2° w.
Oaxaca, Mex.,
Felt: Mexico City
h about 43 km
Magnitude 5.5 (eGs).

C&J3.S card 3-65:
18:05:58.6
20.3° S., 174.1° w.
Tonga Islands
h about 33 km
Magnitude 6.75 (Pas), 6.25

. (Brk), 6.0 lCGs).

M Z iP 16:06:03.0 d
A Z eP 02.2 d
D Z iP 03.1 d
:MP Z eP 01.6 d
U Z eP 02.2 d

Jan. 5, 1965

M Z eP 18:14:06.2 c
A Z eP 05.8 c
U PEE eS 18:20:33
U PEE iL 18:24:06
U PEZ eR 18:26.:08

23



Table 5. --Distant earthquakes--Continued

C&GS card 10-65:
17:42:12.3
13.0° B., 169.4° E.
Santa Cruz Islands region
h about 647 km
Magnitude 5.2 (eGs).

COOS card 8-65:
05:27:04.5
18.6° B., 178.1° w.
Fiji Islands region
h about 472 km
Magnitude 5.6 (CGS).

February 1, 1965

Jan. 21, 1965

M Z eP 06:19:50.9 d
A Z eP 50.1 d
IvTI? Z eP 50.3 d
U Z eP 50.5 d

C&GS card 15 -65:
06:09:58
34.2° S., 179.8° E.
South of Kermadec Islands
h about 33 km
Magnitude 5.75-6 (Brk), 5.9 .(cGS).

Jan. 24

M Z iP 00:23:27.4 c
A Z iP 27.4 c
D Z eP 26.9 c
IvTI? Z iF 27.5 c
u Z iP 27.5 c
Hi Z iF 29.2 c
NB Z iP 26.4 c
Na Z iP 25.7 c
Ke Z iP 24.7 c
u PEE is 00:34:01
U PEE eG 00:45:21
U PEZ eR 00:48:09

C&GS card 6-65:
00:11:12.1
2.4° B., 126.0° E.
Ceram Bea
Felt: Davao, Philippine

Islands; Halmahera~

h about 6 km
Magnitude 6.6 (CGS), 7.5 (HVO).

Jan 25

Jan. 30

M
A
D
IvTI?
WP
Pa
Na

M
A
D
IvTI?
U
Pa
Hi
NB
Ha
Na
Ka

Feb. 2

z
z
z
z
z
z
z

z
z
z
z
z
z
z
z
z
z
z

eP
iP
eP
iP
iP
iP
iP

eP
eP
eP
eP
eP
eP
iP
iP
iP
iP
iP

17:49:50.5 c
50.6 c
50.3 c
51.1 c
50.7 c
52.5 c
47.7 d

05:34:29.7 d
29.5 d
28.7 d
29.7 d
29.5 d
31.2 d
32.5 d
29.5 d
34.7 d
25.1 d
32.3 d

C&GS card 7-65:
16:44:18.7
l3.7° N., 144.3° E.
Mariana Islands
h about 139 km
Magnitude 5.4 (CGS).

C&GS card 8-65:
04:30:33.1
17.2° N., 94.5° w.
Chiapas, Mex.
h about 140 km
Magnitude 4.75 (Brk), 5.3 (CGS).

M
NP

z
z

iP
iP

16:53:58.3 c
58.7 c

24

A
D
IvTI?
U

z
z
z
z

iP
iP
iP
iP

04:40:08.7 c
09.6 c
08.3 c
09.0 c



Table 5.--Distant earthquakes--Continued

January 10, 1-96-5 Jan. 15

Jan. 11

Jan. 15

23:34:01
23:40:25

C&GS card 5-65:
10:43:17.5
24.5° S., 178.4° E.
South of Fiji Islands
h about 568 km
Magnitude 5.5 (eGs).

Jane 16

M Z iP 12:59:48.2 d
A Z iP 47.6 d
D Z eP 4606 d
:MP Z iP 47.7 d
u Z eP 47.6 d
Hi Z eP 50.4 d
Ka Z eP 50.1 d

C&GS card 5-65:
12:51:29
25.6° S., 180.0° w.
South of Fiji Islands
h about 445 km
Magnitude 4.9 (eGs).

Jan.' 17

M Z iP 10:51:2606 c
A Z iP 26.1 c
D Z iP 25.5 c
:MP Z iP 26.4 c
u Z iP 26.1 c
Hi Z iP 28.9 c
NB Z eP 25.3 c
Na Z iP 23.0 c
Ka Z eP 28.6 c

U PEZ eS
U PEZ eR

C&GS card 6-65:
23:17:36.0
13.3° S., 166.3° E.
New Hebrides Islands
h about 8 km
Magnitude 5.5 (C~S).

20:24:16.0 c
16.2 c
16.5 c
14.2 c

20:20:39.6 c
39.0 c
39.3 c
42.2 c

13:45:23.5 d
23.4 d
23.0 d
23.4 d
21.9 d
25.1 c
18.7 d

13:52:30
13:57:10
13:59:04
14:38:32

31
22
32
46
53
11
18
33

Z iP
Z iP
Z eP
Z eP
Z iP
Z eP
Z eP
PEN is
PEE iG
PEZ iR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

C&GS card 3-65A:
13:36:30.7
13.5° B., 166.6° E.
New Hebrides Islands
h about 32 km
Magnitude 6.75 (Pas), 6.5 (CGS),

7 (HVO).

M Z iP
A Z eP
WP Z iP
Hi Z iP

C&GS card 8-65:
20:13:27.8
18.6° S., 178.7° w.
Fiji Islands region
h about 685 km
Magnitude 5.3 (CGG).

M Z _iP
D Z eP
U Z eP
NB Z iP

C&GS card 2-65:
20:14:33.5
43.0° N., 139.2° E.
Eastern Sea of Japan
h about 189 km
Magnitude 5.3 (CGS).

M
A
D
U
NB
Ha
Ke
U
U
U
M
A
D
U
NB
Ha
Na
Ke
Ka

25



February 4, 1965

Table 5. --Distant earthquakes--Continued

February 4--Continued

Feb. 4

COOS card 11-65:
04=33:09.5
3.9° N., 128.7° E.
North of Halmahera
h about 41 km.

C&GS card 9-65:
06:37:05.4
52.6° N., 172.0° w.
Rat Islands, Aleutian Islands

aftershock.
h about 35 km
Magnitude 5.7 (CGS).

MP z eP 04:44:55.7 c Hi
NB

z
z

eP
iP

51.4 c
51.1 c

COOS card 9-65:
07:23:12.3
51.9° N., 173.2° E.
Rat Islands, Aleutian Islands

aftershock.
h about 25 km
Magnitude 5.5 (CGS).

M Z eP 05:08:37.5 c
A r7 eP 38.4 cLJ

D Z eP 38.5 c
u Z eP 38.2 c
Pa Z eP 38.5 c
Hi Z eP 37.0 c
Ha Z eP 26.9 c
Ke Z eP 34.5 c

(All other phases lost }-

C&GS card 9-65:
05:01:21.8
51.3° N., 178.6° E.
Rat Islands, Aleutian Islands
Seismic sea wave generated
h about 40 km
Magnitude 7.75 (Pas), 7.75 (Brk~.,

7 0 5 (CGS -ML) .

Feb. 4

NB

Feb. 4

M
Hi
NB
Na

z

z
z
z
z

eP

iP
eP
iP
eP

07:30:54.1 d

07:51:27.4 d
26.8 d
27.1 d
30.2 d

C&GS card 14-65:
06:04:58
51.7° N., 174.9° E.
Rat Islands, Aleutian Islands

aftershock.
h about 35 km
Magnitude 6.1 (CGS).

Feb. 4

M
Hi

z
z

eP
eP

06:12:29.7 d
29.5 d

C&GS card 9-65:
07:43:43.2
52.7° N., 172.9° E.
Rat Islands, Aleutian Islands

aftershock.
h about 33 km
Magnitude 5.5 (CGS).

Feb. 4

M Z eP 06:44:51.2 c
A Z eP 52.2 c
D Z eP 52.2 c
MP Z eP 52.5 c

26



Table 5. --Distant earthquakes--Continued

February 4, 1965 Feb. 4

M Z iP 08:14:02.2 d M Z Tmax 10:22=50
A Z eP 03.4 d Ha Z Tmax 20
D Z eP 02.8 d
MP Z eP 03.7 d C&GS card 9-65:
NB Z iP 01.8 d 09: 35:20.3

51.8° N., 176~3° E.
C&GS card 9-65: Rat Islands, Aleu:tian Islands

08:06:16.6 aftershock.
51.9° N., 174.3° E. h about 30 km
Rat Islands, Aleutian Islands Magnitude 5.2 (eGs).

aftershock.
h about 40 km Feb. 4
Magnitude 5.6 (eGs).

M Z Tmax 10:24:53
Feb. 4 Ha Z Tmax 30

M Z eP 08:47:53.4 c C&GS card 14-65:
A Z eP 54.5 c 09:37:28.4
D Z eP 54.4 c 51.8° N., 176.3° E.
MP Z eP 54'''7 c Rat Islands, Aleutian Islands
U Z eP 54 .. 2 c aftershock.
Pa Z eP 54.7 c h about 25 km
Hi Z iP 52.7 c Magnitude 5.3 (CGS).
NB Z eP 53.2 c
Ha Z iP 43.0 c Feb. 4
Na Z eP 08:47:54.6 c

.....-

Ke Z eP 51.0 c M Z eP 12:13:54.6 d
M Z Tmax 09:27:55 A Z eP 55.7 d
A Z Tmax 53 D Z eP 55.4 d
D Z Tmax 09:27:52 MP Z eP 56.1 d
MP Z Tmax 59 Hi Z eP 53.9 d
U Z Tfl?ax 56 NB Z eP 53.9 d
Pa Z Tmax 48 Ha Z iP 43.9 c
Hi Z Tmax 54 Na Z eP 57.6 d
NB Z Tmax 56 Ke Z iP 52.8 d
Ha Z Tmax 09:25:44 U PEZ eS 12:20:12
Na Z Tmax 09:28:01 U PEZ eR 12:25:00

27

C&GS card 9-65:
08:40:40.9
51.3° N., 179.5° E.
Rat Islands, Aleutian Islands

aftershock.
h about 40 km
Magnitude 6.75-7 (Pas), 6.4 (eGs).

C&GS card 9-65:
12:06:04.3
52.6° N., 172.1° E.
Rat Islands, Aleutian Islands

;a.,ftershpck~

h about ~) krn
Magnitude 6.5 (Pas), 5.8 (CGS),

6.5 (HVO).



Table 5. --Distant earthquakes--Continued

COOS card 9-65:
20:47:13.3
51.9° N., 174.6° E.
Rat Islands, Aleutian Islands

aftershock.
h about 35 km
Magnitude 5.7 (cas).

C&GS card 9-65:
09:32:09.3
52.3° N., 174.3° E.
Rat Islands, Aleutian Islands

aftershock.
h about 41 km
Magnitude 5.5 (Brk), 6.5 (Pas),

5. 9 (CGS ), 6. 3 (HVO).

Feb. 5

M Z eP 09: 39·: 45.3 d
A Z eP 46.4 d
D Z eP 46.5 d
U Z eP 46.0 d
Pa Z eP 47.7 d
Hi Z iP 45.2 d
NB Z iP 44.9 d
Ha Z iP 33.7 c
Na Z eP 47.5 d
Ke Z eP 43.7 d
U PEZ eS 09:45:56
U PEE eG 09:49:06
U PEZ eR 09:50:38
Ha Z Tmax 10:19:59

C&GS card 14-65:
22:15:59.5
51.5° N., 176.7° E.
Rat Islands, Aleutian

aftershock.
h about 25 km
Magnitude 5.6 (CGS).

February 4, 1965

M z iP 14:26:23.9 d
A Z eP 25.0 d
D Z eP 24.9 d
VlP Z eP 25.2 d
U Z eP 24.5 d
Ha Z iP 12.9 d
u· PEE is 14:32:46
U PEE iG 14:36:00
U PEZ iR 14:37:52
Ha Z Tmax 15:09:51

C&G·S card 9-65:
l4: 1.8: 27. 9
53.0° N., 171.0° E.
Rat Islands, Aleutian Islands

8,ftershock.
h about 30 km
Magnitude 6.25 (Pas), 5.7 (cGS).,

6.5 {HVO).

Feb. 4

M Z iP 15:59:19.3 d
A Z eP 20.3 d
D Z eP 20.1 d
MP Z eP 20.7 d
U Z eP 20.1 d
Pa Z eP 20.8 d
Hi Z iP 18.6 d
NB Z iP 18.8 d
Ha Z iP 07.5 c
Na Z iP 21.6 d
u PEE eG 16:09:00
U PEZ eR 16:10:52
Ha Z Tmax 16:42:33

C&GS card 9-65:
15=51:25.5
53.1° N., 170.8° E.
Rat Islands, Aleutian Islands

aftershock.
h about 40 km
Magnitude 6~25 (Pas), 5.7 (CGS),

6.5 'HVO) ..

28

Feb-. 5

u

Feb. 5

A

PEZ

z

iR

eP

21:05:42

22:23:46.7 c

Islands



February 6, 1965

Table 5. --Distant earthquakes--Continued

Feb. 6

C&GS card 11-65:
01:40:33.2
53.2° N., 161.9° w.
South of Alaska
h about 33 km
Magnitude 6.. 4 (eGs), 6. 5 (HVO).

C&GS card 13-65:
16:50:29
53.3° N., 161.8° w.
South of A:t-as~a

h about 33 km
Magnitude 6.5 (Pas), 6025-6.5 (Brk),

6-6.25 (Pal), 6.1 (CGS),
6.5 (HVO).

M
A
D
l\1P
U
Pa
Hi
NB
Ha
Na
Ke
U
U
U
M
A
MP
U
Pa
NB
Ha

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEE
PEZ
Z
Z
Z
Z
Z
Z
Z

iP
eP
iP
iP
iP
eP
iP
iP
iP
iP
iP
is
iL
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

01:47:16.2 d
17.4 d
17.5 d
17.5 d
16.9 d
17.1 d
14.4 d
16.3 d
04.6 d
20.6 d
15.6 d

01:52:43
01:54:31
01:55:53
02:25:12

23
02:25:26

36
06
52

02:23:38

M
A
D
MP
U
Hi
NB
Ha
Na
Ke
U
U
U
M
A
l\1P
U
NB
Ha

Z
Z
Z
Z
Z
z·
Z
Z
Z
Z
PEZ
PEE
PEZ
Z
Z
Z
Z
Z
Z

iP
eP
iP
eP
eP
eP
iP
eP
eP
iP
is
iL
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

16:57:12.0 d
13.1 d
13.0 d
13.3 d
12.7 d
10.5 d
11.8 d
01.8 d
1601 d
11.5 d

17:02:43
17:04:27
17:05:51
17:35:41

42
34
40
31

17:34:07

Feb. 6 Feb. 7

C&GS card 14-65:
04:02:53
52.1° N., 175.7° E.
Rat Islands, Aleutian Islands

aftershock.
h about 35 km
Magnitude 6 (Pal), 5.9 (CGS).

C&GS card 9-65:
02:17:09.2
51.4° N., 173.4° E.
Rat Islands, Aleutian Islands aftershock
h about 40 km
Magnitude 6.0 (cas).

M
A
D
MP
Hi
NB
U
U
U
Ha

z
z
Z
Z
Z
Z
PEZ
PEN
PEZ
Z

eP
eP
eP
eP
iP
iP
eS
eG
iR
Tmax

04:10:23.5 c
24.5 c
24.5 c
24.9 c
23.2 c
23.6 c

04:16:23
04:19:03
04:20:46
04:50:18

9

A
D
:MP
U
Hi
NB
Na
U

Z
Z
Z
Z
Z
Z
Z
PEZ

iF
eP
eP
iP
eP
eP
eP
eR

02:24:44.8 c
45.0 c
45.3 c
44.3 c
43.9 c
44.1 c
45.8 c

02:34:51



Table 5. --Distant earthquakes --Continued

February 7, 1965

M z iP 04:18:52.2 c
A Z eP 53.2 c
D Z eP 53.2 c
MP Z eP 54.3 c
U Z eP 52.0 c
HJ Z iP 51.6 c
NB Z eP 52.2 c
U PEZ eR 04:29:31

C&GS card 9-65:
04:11:19.3
51.9° N., 175.3° E.
Rat Islands, Aleutian Islands

aftershock.
h about ~\5 km
Magnitude 5.5 (CGS), 5.4 (RVO).

Feb. 9

M Z iP 05:50:51.1 c
A Z eP 50·9 c
D Z eP 50.3 c
U Z eP 51.1 c
Pa Z iP 53.0 c
Hi Z eP 53.5 c
Na Z iP 47.7 c

C&GS card 18-65:
05:42:06.8
18.8° S., 169.2° E.
New Hebrides Islands
h about 223 km
Magnitude 5.5 (CGS).

Feb. 12

C&GS card 10-65:
15:46:49.9
55.1° N., 165.7° E.
Komandorsky Islands region.
h about 40 km
Magnitude 5.6 (CGS).

C&GS card 9-65:
09 :25: 51.1
51.4° N., 179.1° E.
Rat Islands, Aleutian Islands

aftershock.
h about 30 km
Magnitude 5.3 (CGS), 5.5 (RVO).

Feb~ 8

Feb. 7

Feb. 12

eP 00:50:49.3 c
Tmax 01: 30: 52

z
z

C&GS card 12 -65 :
00:43:17.1
51.5° N., 175.8° E.
Rat Islands, Aleutian Islands

aftershock.
h about 33 km
Magnitude 5.75 (Pas), 5.4 (CGS).

A
Ra

C&GS card 14-65:
00:55:06.2
52.2° N., 172.8° E.'
Rat Islands, Aleutian Islands

aftershock.
h about 25 km
Magnitude 6.. 0 (Pas)~ 5-5-5.75 (Pal),

5.5 (CGS), 5.8 (RVO}.

M Z eP 01:02:49u3 c
A Z eP 50·3 c
D Z eP 50.0 c
MP Z eP 50.5 c
NB Z eP 48.5 c
U PEN eS 01:09:10
U PEE eG 01:12:06
U PEZ eR 01:14:06
Ha Z Tmax 01:44:36

30

09:33:05.6 c
09:38:47
09:43:07

15=55:14.2 c
14.5 c
13.6 c

16:05:55

eP
eP
eP
eG

eP
is
iR

Z
PEZ
PEZ

Z
Z
Z
PEN

u
U
IT

U
Pa
Hi
U



Table 5.--Distant earthquakes--Continued

February 12, 1965

Pa Z Tmax 11:32:18
NB Z Tmax 50
Ha Z Tmax 10

C&GS c~rd 13-65:
10:50:19.7
40.3° N., 124.9° w.
Near coast of northern Calif.
h about 33 km
Magnitude 5.3 (CGS).

Feb. 12

Feb. 15--Continued

Ke Z iP 17.6

C&GS card 023-65:
10:43:19.8
3.0° N., 125.9° E.
Ta1aud Islands
h about 33 km
Magnitude 6.0 (eGs).

Feb. 17

Ha z Tmax 21: 31: 56

M Z
A Z
NB Z

iP
eP
eP

10:26:14.8 d
15.6 d
14.7 d

COOS card 13-65:
20:50:46
40.3° N., 124.7° w.
Near coast of northern Calif.
h about 33 km
Magnitude 4.9 (CGG).

Feb. 15

U PEZ eR 01:42:20

C&GS card 12-65:
01:25:08.8
51.4° N., 179.4° E.
Rat Islands, Aleutian Islands

aftershock.
h about 42 km
Magnitude 5.8 (CGS).

Feb. 15

Ha Z Tmax 07:27:14

C&GS card 21-65:
06:42:11.2
51.4° N., 179.5° E.
Rat Islands, Aleutian Islands

aftershock.
h about 28 km
Magnitude 4.9 (CGS).

Feb. 15

M Z iP 10:55:20.9 c
A Z iP 21.0 c
D Z iP 20.4 c
MP Z iP 21.. 2 c
U Z iP 20.9 c
Hi Z iP 22.2 c
NB Z iP 19.9 c
Ha Z iP 18.5 c
Na Z eP 18.9 c

31

C&GS card 12-65:
10:18:51.3
51.8° N., 176.6° E.
Rat Islands, Aleutian Islands

aftershock.
h about 44 km
Magnitude 5~5.25 (Brk), 5.6 (CGS).

Feb. 18

M Z iP 23:20:51.2 c
A Z iP 52.4 c
D'- Z eP 52.3 c
MP Z iP 52.8 c
u Z iP 52.2 c
Pa Z iP 52.3 c
Hi Z iP 50.5 c
Ha Z iP 38.6 c
u PEZ iR 23:30:54

C&GS card 14-65:
23:13:36.3
51.4° N., 179.1° E.
Rat Islands, Aleutian Islands

aftershock.
h about 28 km
Magnitude 6 (Pas), 5 (Brk),

5.5-5.75 (Pal), 5.4 (CGS).



Table 5.--Distant earthquakes--Continued

Feb .. 25
M z eP 05:29:54.8 c
A Z eP 5507 c
D Z eP 55.6 c
1vlP Z eP 56.1 c

32

22:25:02.6 d
01.7 d
01.9 d
01.2 d
04.4 d

22:35:36
22:37:24
22:42:44
22:50:20
22:54:22
00:09:21

09
10
12
05
09
06
19

00:10:54

Mar. 1

M Z eP 07:30:42.7 d
D Z eP 41.6 d
Na Z eP 38.6 d
NB Z eP 4103 d

Feb. 26
M Z iF 23:48:10.5 d
A Z iP 09.6 d
MP Z iP 09.5 d
U Z iP 09.7 d
NB Z eP 11.4 d
Ke Z eP 12.7 d

5504 c
57.4 c

Islands

Feb. 25--Continued
U Z eP
Na Z eP

C&GS card 21-65:
05:22:14.5
52.1° N., 173.2° E.
Rat Islands, Aleutian

aftershock.
h ab.out 35 km
Magnitude 5.6 (CGS).

C&GS card 024-65:
07:20:55.3
5.5° S., 152.1° E.
New Britain region
Felt at Rabaul, Doi1ene, and Karlai
h about 35 km
Magnitude 5.75-6 (Pal), 5.7 (eGs),

5.25-5. 5 (Brk).

C&GS card 16-65=
'23:36:12.2
6.9° N., 13.0° W.
Northern Colombia
Felt at Bogota, Bucaramanga,

and Calcutta.
h about 146 km
Magnitude 5.75-6 (Brk), 5.7 (eGs).

Feb. 27

U PEZ eR 08:04:29

C&,GS card 20-65:
07:46:29.1
28.5° N., 112.1° W.
Gulf of Calif.
h about 33 km
Magnitude 503 (CGS).

Febo 25
M Z eP 05:01:14.9 d
D Z iP 13.9 d
MP Z eP 13.7 d
Na Z eP 12.3 d
U PEN eS 05:09:09
U PEN iG 05:15:25
U PEZ eR 05:17:49

C&GS card 024-65:
04:51:27.8
5.50 So, 15200° Ee
New Britain region
h about 35 km
Magnitude 605 (Pas), 6.25-6.5

(Brk), 5.9 (CGS),
605 (RVO).

Feb. 23
M Z eP
A Z iP
D Z iP
MP Z iP
Ke Z eP
U PEE iSKS
U PEZ iPS
U FEZ iSS
U PEN' eG
U PEZ iR
M Z Tmax
A Z Tmax
D Z. Tmax
MP Z Tmax
U Z Tmax
Pa Z Tmax
Hi Z Tmax
NB Z Tmax
Ha Z Tmax

C&GS card 20-65:
22:11:5002
25.7° S., 70.5° w.
Near coast of northern Chile.
1 killed, 5 injured and heavy

damage 0
h about 80 km
Magnitude 7025 (Pas)~ 6.75 (Brk),

6.75-7 (Pal), 6.2 (CGS),
7025 (RVO).



Table 5. --Distant earthquakes--Continued

March 1, 1965

M Z eP 13:32:49.9 d
D Z iP 49.9 d

C&GS card 023-65:
13:20:56.7
21. 2° N., 121. 2° E.
Taiwan region
h about 42 km
Magnitude 5.5 (CGS).

Mar. 1

M Z eP 19:29:40.3 c
D Z eP 41.1 c
MP Z eP 41.8 c
U Z eP 41.0 c
Hi Z eP 40.0 c
NB Z eP 39.6 c
Ha Z eP 27.8 c
Ke Z eP 38.0 c

C&GS card 17-65:
19:22:01.6
52.2° N., 173.9° w.
Rat Is1ands~ Aleutian Islands

aftershock.
h about 30 km
Magnitude 5.5 (CGS).

Mar. 1

M Z eP 21:42:07.9 d
A Z eP' 07.1 d
D Z eP 07.7 d
U Z eP 07.2 d
Pa Z eP 04.7 d
Hi Z iP 05.4 d
NB Z eP 09.2 d
Ha Z eP 12.2 d
Ke Z eP 10.5 d
M Z ipF 31.7 c
A Z epP 30.7 c
D Z ipP 31.4 c
u Z epP 31.0 c
U PEN eS 21:50:19
U PEN eG 21:56:41

33

Mar. 1, 1965--Continued

C&GS card 023-65:
21:32:11.8
15.4° N., 92.5° w.
Mexico-Guatemala Border region
Felt at San Salvador
h about 93 km
Magnitude 6 (Pas), 5.5 (Brk),

5.75-6 (Pal),
5.9 (CGS), 6 (HVO).

Mar. 1

~1 Z eP 22:00:06.9 c
Pa Z iP 07.8 c
NB Z eP 05.9 c
Ha Z eP 11.2 c
Ke Z iP 04.7 c

C&GS card 024-65:
21:52:04.4
23.5° S., 179.0° E.
South of Fiji Islands
h about 541 km
Magnitude 5.2 (CGS).

Mar. 3

M Z eP 15:24:01.5 d
U Z eP 01.0 d
Pa Z eP 04.2 d
NB Z eP 15:23:59.7 d
U PEE is 15:31:56
U PEE eG 15:37:54
U PEZ iR 15:40:34

C&GS card 026-65:
15:14:09.7
5.50 S., 151.9° E.
New Britain region
h about 44 km
Magnitude 6.75-7 (Pas), 6.5-6.75

(Brk)~ 7.25-7.5 (Pal),
6.0 (CGS), 6.5 (HVO).



Table 5.--Distant earthqu~kes--Continued.

C&GS card 17-65:
16:47:25.7
53.1° N., 171.2° E.
Rat Islands J Aleutian Islands

aftershocK.
h about 23 km
Magnitude 5.6 ~CGS).

Mar. 4

March 3, 1965

MP
NB

z
z

eP
eP

16:55:21.4 c
19.7 c

Mar. 8

Pa Z iP 19:31:50.7 c
Hi Z iP 50.9 c
NB Z iP 48.5 c
Ha Z eP 52.6 c

C&GS card 025-65:
19:22:45.6
22.3° S., 171.4° E.
Loyalty Islands region
h about 125 km
Magnitude 5.75-6 (Brk),

5.4 (CGS).

C&GS card 025-65:
15:04:16.2
17.7° S., 178.9° w.
Fiji Islands region
h about 589 km
Magnitude 4.5-4.75 {Brk),

5.0 (COO).

C&GS card 024-65:
01:48:54.1
5.40 s., 1~7.0° E.
East New Guinea region
Felt at Lae and Aiome
h about 191 km
Magnitude 6.4 (CGS).

M Z iP 01:58:56.9 d
A Z eP 56.5 d
D Z iP 55.8 d
MP z eP 56.8 d
U Z iP 56.5 d
Hi Z iP 58.5 d
NB Z eP 55.2 d
Ha Z iP 54.6 d
Ke Z iP 52.7 d

Mar. 8

01:44:04.0 c
02.4 c

iF
eP

z
z

Mar. 9

Mar. 10

C&GS card 023-65:
01:36:45.4
17.0° S., 177.4° w.
Fiji Islands region
h about 386 km
Magnitude 5. 75 -6 '(Bks),

5.5 (CGS).

Hi
Ke

C&GS card 023-65:
15:53:37.8
21.9° B., 179.6° E.
South of Fiji Islands
h about 547 km
Magnitude 5.7 (CGS).

M Z iP 16:01:28.2 d
D Z eP 27.0 d
U Z eP 27.7 d
Hi Z iP 30.6 d
NB Z iP 27.8 d
Ha Z iP 33.0 d
Na Z iP 24.2 d

Mar. 10
M Z Tmax 22:38:24
A Z Tmax 32
D Z Tmax 20
U Z Tmax 33
Ha Z Tmax 22:36:42

34

15:11:31.4 c
33.7 c
29.4 c
28.0 c

iP
iP
eP
iP

z
z
z
z

Pa
Hi
NB
Ke



Table 5. --Distant earthquakes--Continued

Mar. 1,0, 1965--Continued

C&GS card 026-65=
21:52:57.6
56.3° N., 155.6° w.
Alaska Peninsula
h about 33 km
Magnitude 5.0 (CGSj.

Mar. 14

U PEZ iP 16:07:14 c
Hi Z ipl 16:11:15.8 c
NB Z ip1 16:11:16.3 c
U PEN iSKS 16:17:34
U PEN" eS 16:19:06
U PEN iPS 16:21:20
U PEN esSS 16:28:18
U PEN eG 16:39:02

C&GS card 026-65:
15:53:06.6
36.3° N., 70.7° E.
Hindu Kush region
Light damage in Afghanistan

and West Pakistan.
Felt in India
h about 219 km
Magnitude 7.75 (Brk), 7.5-7.75

(Pas), 6.6 (eGs),
7.5 (HVO).

March 16

NB Z eP 16:.55: 52.9 c
Na Z iP 56.5 c
u PEN is 17:03:45
U PEN eG 17:09:25
U PEZ eR 17:11:45

C&GS card 025-65:
16:46:15.5 .
40.8° N., l42!9° E.
Near east coast of Honshu, Japan
Felt at Morioka and Aomori
h about 34 km
Magnitude 6.5 (Pas), 6.5-6.75 (Pal),

5.6 (eGs), 6.1 (HVO).

35

Mar. 17

M Z iF 12:53:04.3 c
A Z eP 04.7 c
WP Z iP 04.6 c
MP Z iP 05.2 c

C&GS card 029-65:
12:41:08.8

'1.2° N., 126.8° E.
Molucca Passage
h about 68 km
Magnitude 5.1 (CGS).

Mar. 17

M Z iP 14:35:02.7 d
A Z iP 03.7 d
D Z iP 03.3 d
MP Z eP 04.4 d
U Z iP 03.2 d
Hi Z eP 02.6 d
NB Z iP 02.3 d
Na Z iF 05.1 d

C&GS card 025-65:
14:27:12.4
52.8° N., 171.9° E.
Near Islands, Aleutian Islands
Felt on Shemya
h about 23 km
Magnitude 6.0 (CGS).

Mar. 18

M Z iP 06:29:58.5 d
A Z iP 58.0 d
D Z eP 57.4 d
MP Z iP 58.2 d
WP Z iP 58.0 d
Pa Z eP 59.7 d
Hi Z iP 06:30:01.0 d
NB Z iP 06:29:57.5 d
Na Z eP 54.5 d
U PEE eS 06:36:10
U PEE isS 06:37:28
U PEE iSS 06:40:44



Table 5. --Distant earthquakes --Continued

Mar. 19--Continued

C&GS card 028-65:
22:58:34.9
0.0° N., 123.4° E.
Northern Celebes
h about 173 km
Magnitude 5.6 (CGS).

March 18, 1965--Continued

C&GS card 026-65:
06:22:02.9
19.9° B., 176.1° w.
Fiji Islands region
h about 151 km
Magnitude 5.5 (eGs).

Mar. 18

NB
Na

z
Z

iP
eP

C&GS card 026-65:
16:15: 56.1
17.7° B., 178.9° w.
Fiji Islands region
h about 507 km
Magnitude 5.1 (CGS).

M Z iP 16:23:16.8 c
A Z iP 16.4 c
M Z iP 16.5 c
u Z iP 16.5 c
Pa Z eP 18.1 c
Hi Z iP 19.4 c
NB Z eP 15.8 c
Na Z iF 12.7 c
Ka Z e·P 19.7 c

Mar. 19

M
A
Hi
NB

z
z
z
z

iP
eP'
eP
eP

16:33:30.9 c
31.1 c
32.6 c
29.7 c

Mar. 21

M Z iP 11:20:21.7 c
A Z eP 21.9 c
D Z eP 21.3 c
:MP Z eP 22.5 c
Pa Z eP 24.7 c
Hi Z eP 23.8 c
NB Z eP 20.5
Ke Z eP 18.4 c
U PEE iPPB 11:31:16
U PEZ iG 11:44:11

C&GS card 030-65:
11:08:16.2
1.5° B., 126.5° E.
Molucca Bea
h about 33 km
Magnitude 6.75 (Pas), 6.75 (Brk),

6. 25 -6. 5 (Pal),
6.2 (eGB).

Mar. 22
C&GB card 029-65:

16:20:51.4 M Z eP 02:52:10.4 c
2.0° B., 119.8° E. A Z eP 09.8 c
Celebes D Z eP 09.2 c
h about 46 km MP Z eP 10.2 c
Magnitude 5.0 (CGS ). U Z eP 10.2 c

Pa Z eP 12. n
'-

Mar. 19 Hi Z eP 13.3 c
M Z iP 23:10:38.5 c Na Z iP 07.0 c
A Z iP 38.7 c Ke Z eP 07.9 c
D Z iP 37.7 c u PEN eS 02:58:18
MP Z eP 39.2 c U PEE eG 03:00:46
U Z iP 38.7 c u PEZ iR 03:02:34
Pa Z eP 39.9 c
Hi Z iP 40.0 c
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Table 5. --Distant earthquakes--Continued

C&GS card 033-65:
22:42:09.6
8.40 N., 126.6° E.
Mindanao, P 11 I.
h about 51 km
Magnitude 5.8 (CGS).

C&GS card 030-65:
13:22:57.6
55.1° N., 162.1° E.
Near east coast of Kamchatka
h about 33 km
Magnitude 5.9 (CGS).

March 22, 1965--Continued
C&GS card 035-65:

02:44:47.5
15.3° S. J 173.4° w.
Tonga Islands
Felt at Apia
h about 51 km
Magnitude 6.5 (Pas), 6~6.25 (Brk~

6. 5-6.75 (Pal),
5.9 (CGS), 6.2 (HVO).

Mar. 23-24

M Z eP 00:01:27.4 c
A Z eP 26.,9 c
D Z iP 26.2 c
U Z eP 27.2 c
Hi Z eP 30.1 c
Na Z iP 24.1 c
U PEZ eS 00:07:12
U FEZ eR 00:11:16

C&GS card 036-65:
23:54:14.7
15.2° S., 173.5° W.
Tonga Is1and~ felt at Apia
h about 130 km
Magnitude 6.5 (Pas), 5.9 (Brk),

6.25-6. 5 (Pal),
5.7 (CGS), 6.1'(HVO).

Mar. 24

M Z Tmax 08:54:29
A Z Tmax 46
D Z Tmax 23
U Z Tmax 33
Pa Z Tmax 36

C&GS card 031-65:
08:08:05.2
56.6° N., 152.4° W.
Kodiak Island region
h about 30 km
Magnitude 5 (Brk), 6 (Pal))

5.2 (CGS).

Mar. 24

WP

Mar. 28

IY1P
Pa
Hi

Mar. 28

M
A
MP
U
Pa
Hi
NB
Na
Ke
U
U
U
M
A
D
MP
U
Pa
Hi

, NB

Na
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z
z
Z

Z
Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEE
PEZ
Z
Z
Z
Z
Z
Z
Z
Z
Z

eP

eP
iP
eP

eP
iP
iP
eP
iP
iP
iP
iP
eP
iPP
is
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

22:53:58.5 c

13:31:37.9 c
39.. 1 c
36.8 c

16:46:35.9 d
34.5 d
34.2 d
34.9 d
3300 d
34.8 d
37.1 d
34.9 d
38.5 d

16:50:40 c
16:58:07
17:16:59
18:32:33

27
25
23
27
12
24
52
24



Table 5. --Distant earthquakes--Continued

March 28, 1965--Continued

C&GS card 028-65:
16:33:14.6
32.4° S., 71.2° w.
Near coast of central Chile
About 400 dead or missing,

many injured, and extensive
property damage in central
Chile.

h about 61 km
Magnitude 7-7.25 (Pas), 6.4 (CGS),

7.5 (HVO).

Mar. 29

M Z eP 10:57:17.3 c
D Z eP 17.9 c
MP Z eP 18.5 c
U Z eP 18.0 c
Hi Z eP 17.9 c
NB Z eP - 16.6 c
Na Z eP 17.9 c
U PEE is 11:05:14
U FEZ iR 11:13:20

March 30, 1965--Continued

Hi Z eP 16.5 d
NB Z eP 17.3 d
Ha Z iP 05.7 d
Ke Z iP 16.5 d
u PEE is 02:40:12
U PEN iG 02:42:44
A Z Tmax 03:14:50
D Z Tmax 47
MP Z Tmax 44
U Z Tmax 49
Ha Z Tmax 03:13:04

C&GS card 030-65:
02:27:07.2
50.6° N., 177.9° E.
Rat Islands, Aleutian Islands
Felt at Amchitka
Magnitude 7-7.25 (Pas),

6.75-7 (Brk), 7.75 (Pal),
7.1 (HVO).

Mar. 31.

C&GS card 036-65:
23:57:33.5
28.7° B., 178.4° w.
Kermadec Islands
h about 228 km
Magnitude 4.4 (Brk), 5.2 (CGS).

C&GS card 031-65:
10:47:37.6
40.8° N., 142.8° E.
Near east coast of Honshu,

Japan.
h about 33 km
Magnitude 6.1 (eGs), 6. 3 (HVO).

Mar. 29-30

M z iF 00:06:26.8 c

U PEZ iPP 10:08:06 d
U FEZ ePS 10': 18: 04
U PEE iSS 10:24:48
U PEZ e8BS 10:29:44
U PEE eG 10:38:44
U PEZ e 10:45:44

C&GS card 034-65:
09:47:30.7
38.6° N., 22.4° E.
Greece
3 killed, 16 injured, major

property damage at Patras
and Agrinion.

Felt in southern Italy
h about 78 km
Magnitude 6.75 (Pas), 6.75-7 (Brk))

6.5-6.75 (Pal), 6.3 (CGS).

Mar. 30

M
A
D
U

Z
Z
Z
Z

iF'
eP
eP
eP

02:34:17.6 d
18.9 d
18.6 d
18.4 d
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Table 6.--u.s. Geological Survey seismograph stations in Hawaii

ECluipment
(Z, vertical; N, north-south; E;

east-west)

Altitude
em)

above sea
level

Location
Lat. N. Long. W.

Symbol
t------..~------I

Station

M 19°2908' 155°23.3' 2,010
A 19°22.4 f 155°15.9' 1,070
D 19°20.2' 15·5° 23. 3' 815
N 19°24.9' 155°17.0' 1,115
WP 19°24.7' 155°17.5' 1,115
MP 19°21.8' 155°10.7' 885

Uwekahill1a
-(Hawaiian
Volcano
Observatory)

Maill1a Loa
Ahua
Desert

~ North Pit
West Pit
Makaopuhi

u 1,240 Long-period Press-Ewing: N, E, z.
{Seismometer and galvanometer periods are
15 and 90 seconds, respectively.)

Short-period Sprengnether: E, Z. HVO-l: Z!I.
Short-base liqUid-level ti~~meter.

Remote recording HVO-2: z-·
Do.
Doo
Do.
Do.

100 sec. Benioff with transistorized pre
amplifier: Z. Wired into HVO-2 recording
system.

l/HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and
galvanometer periods of 0.5 second. Overdamping of both seismometer and galvanometer is
used to control the strong galvanometer reaction. This seismograph has a peak magnification
of about 20,000 at a period of 0.25 second. Recording is optical, on photographic paper.

2/HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of
0.8 second. Its signal is transmitted over telephone wires to-~he Hawaiian Volcano
Observatory, where it is recorded on smoked paper. The response of this seismograph is
similar to that of HVO-l. Records from these eeismographs at M, A, and D, and N, WP, and
MP "(Benioff) are recorded on two 3-component drums to permi t more accurate comparison of
arrival times at these stations.



Table 6.--u.s. Geological Survey seismograph stations in Hawaii--Continued

Station Symbol Location
Lat. N. ~ Long. W.

Altitude
(m)

above sea
level

Equipment
(Z, vertical; N, north-south; E, east-west

+:
o

Hilo

Kipapa Oahu

Naalehu

Pahoa

Kamuela

Haleakala

North Bay
Installed
3/12/64

Kealakekua
Installed
1/28/64

Hi

Kip

Na

Pa

Ka

Ha

NB

Ke

20°01.9' 155°42.0'

20° 6.0' 156°15.0'

20

205

·205

740

2,090

4,005

505

HVO-l: Z.
Wood-Anderson: N, E. Operated by Sister

Thecla at St. Joseph's School.
HVO-l: Z. Operated by U.S. Coast and

Geodetic Survey.
1.0 sec. EV~17 seismometer, 0.5 sec.

galvanometer: Z. Operated by Rev. D~_

Thompson at Naalehu School.
HVO-l: Z. Operated by Mr. K. Kimura at

Pahoa school.
HVO-l: Operated by Mr. Ed. Van Gorder,

Preparatory Academy, Kamuela.
HVO-l: Z. Wood-Anderson: N, E. Operated

by the staff of Haleakala National Park,
Maui.

0.8 sec. EV-17: Z. with helicorder.
Operated by U.S. Weather Bureau.

1.0 sec. EV-17, 0.2 sec. galvanometer:
Z. Wood-Anderson: N, E. Operated by
H. Nelson at Kona County Hospital.



Table 7.--U.S. Geological Survey tiltmeter stations in Hawaii

Station Symbol Location Fi'requency Base
Lat. N. Long. W., of 'Length Description

Reading M

Tree Molds TM 19°26.3' 155°17.3' Quarterly 50.79 NS. and EW.

Sand Spit SS 19°24.1' 155°16.8' --do----- 25.40- Equilateral

Triangle.

Kalihipaa Kal 19°21.4' 155°15.3' --do----- 50.79 NS. and EW.

Keamoku l<ea 19°25.1' 155°19.0' --do----- 47.55 Equilateral

Triangle.

Ahua Kamokukolau Kam 19°22.7' 155° 16 ..-6' --do----- '50.79 Do.

Kipuka Nene KN 19°19.4' 155°16.7' --do----- 50.79 Do.

Hilina Pa1i HP 19°18.2' 155° 18.6' --do----- 47.73 Do.

Kapapa1a Ranch Kap 19°20.5' 155°23.8' --do----- 50079 ,'Do.

Mehana M 19°26.2' 155°14.3' --do----- 25.00 ., ..Do.

Uwekahuna U 19°25.5' 155°17.4' --do----- 50.79 Do.

Uwekahuna Vault 19°25.4' 155°17.6' Daily 3.48 NS. and EW.
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The following persons or agencies reported "felt" earthCluakes
during the 1st quarter, 1965. Their assistance is gratefully acknowledged.

Kilauea summit area

Mr. and Mrs. G. Yong
Mr. and Mrs. H. W. Mist
Mrs. V. Hansen
Mr. A. Yamamoto
Mrs. C. K. Wentworth

North Hawaii

Mrs. E. Van Gorder
Mr. Y. Kojima
Mrs. E. Christensen
Mrs. A. Wal~er

Mrs. R. Eklund
Mrs. E. Lindsey

Kona

Mr. Jolmston
Mr. M. Sutherland
Mr. E. Glass
Miss A. Greenwell
Mrs. Isbell
Miss N. Wallace
Mrs. Schattauer

Kau

Mr. W. Meinecke
Mrs. A. Paiva
Mrs. aliviera
Naalehu Police Station
Lt. Araujo
Mrs. C. Ashton
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Hilo region

Mr. R. Baldwin
Mrs. H. Lewis
Mrs. H. Baldwin
Mrs. T. Crabb
Mr. J. Bryan
Mrs. B. Shaffer
Miss E. Patten
Mr. H. Pierce

Puna

Mr. R. Williamson
Mrs. Torigoe
Mr. R. Edwards
Mrs. Guerino
Mr. and Mrs. Ruthvens
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Summary of activities

Extreme quiet prevailed at Hawaii's volcanoes during the 3 months
following the MarCh '1965 eruption along the' upper ':east rift 'of Kilauea.
At no time did the total count of earthquakes reach 100 a day, and the
count of local'shal,low Kilauea quakes did not exceed 55 on any day.

Moderate reinflation of the summit is recorded by the mid-June
readings of the long-base tiltmeters. Monitoring daily from the short
base tiltmeter in Uwekahuna vault shows 3 mic'roradians of rise to the
west (with no northe'rly component) between 'April 1 and the end of
May; during June there was a rise to the northwest of about 4 microradianso
Long-period small quakes made up about half of the:count of local Kilauea
caldera quakes during June.

Field studies on Alae lava lake now include releveling once a year
(done on May 11, 1965), and temperatuJ;e measurements at shorter intervals.
About the first of July the highest lava temperature was 725°C at 36 feet
below surface, where the lake is 50 feet deep.

At Makaopuhi lava lake a net of level stations was laid out 5 days
after the crust stabilized. Twenty days after st~bilization the average
subsidence was 3.4 feet; in the next half-month (to April 22) further
subsidence averaged 0.275 feet; in the next month, 0.18 feet, and in the
following month, 0.11 feet (on June 23, 1965). ;In the quarter April
June, crustal thickening and cooling was monitored by drilling through
the crust in 14 core holes; the first hole was'drilled on April 19
through 6 1/2 feet of crust. Sampling of gas f,rom drill holes was
started June 17-18 b,y a te~m" ,from the University of Hawaii, led by
Professor Naughton. '
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,,' EXPLANATION

.wai~ ..

Honokaa
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o
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o' Town or locality

5EHL:EH3::EH3:°=:=:::::E====:iIO::':=:::::J'r Miles .
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BAH &==3 '

Contour int.rval 1,000 fMt
, Datum is mean sea Ie".'

. TopoQrophy by US GMIo9iCOI Sw"e,

Laupoho. oe 20·

Figure l.--Map of the island of Hawaii showing localities mentioned in
the text and seismograph stations operated by the U.S. Geological
Survey. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.

2



Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of KiJauea 1S monitored daily by a ;short~base water-tube
tiltmeter in Uwekahuna Vault, and at irregular'intervals it is measured on
a regional scale by means of a network of field tilt··bases and a portable
water-tube tiltmeter. The attitude of the ground surface at each tilt- base
is reported in terms of north-south and east-west tilt coordinates~ Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface; that
is, to a relative subsidence toward the north and east. A one-unit change
in coordinate corresponds to a tilting of 1 microradian ('1 mm per km) in
the direction indicated.

Location of and essential data on each tiltmeter station are listed
in table-7, which is published only in the first-quarter issue each year.

Table·l. --Tilt coordinates at Uwekahuna Vault, April, May, and June, 1965

Date N~ E-W Date N~ E~

(1965) (1965)

April 4 459 511 June 5 461 509
11 458 510 12 463 510
18 460 511 19 464 508
25 460 512 26 464 504

~y 1 460 510
8 460 509

15 461 511
22 461 509
29 461 508

3



2nd Quarter, 1965
.. , . . .

Table 2. --Tilt coordinates and 'Change's a.t,'bfis'ef=f ~r6und 'Ki~auea caldera.
. ., (See tilt; diagram,. figure 2,.)

, "

: "

(lO':~
i

Tilt Date Tilt coordinates ~te rad/mo) Date. of
base (1~65) N-S E-W , .and direc~ion of: last l

, .. .-
·tilting :since re·ading
last reading (1965)

"

J

Uwekahuna June 15 466.4 494.8 8.0 -N.- 1.909° w. March 6

Tree Molds . . 9' 433.0 519.9 3.2 N. 36.1° w. 7

Sand Spit 16 874.7 734.1 2.3 s. 10.0° w. 8

Kalihipaa 8 334.9 380~4 1.6 No 75.2° w. 7
. ,

Keamoku 7 586.8 ,503.3 2.3 N. 75.9° w. 7

Ahua ~~mokukolau. .~ - .. 15 621.7 532.7 4.6 -N. 40.9° w. 6
!

Kipuka Nene ,8 484.0 505·3 .01 B.. 88.2° w. 9
~

Hilina Pali 9 502.0 493.2 . 7 N. 17.1° w. Dec. 7
(1964 )

Kapapa1a Ranch 7 493'.0 506.:2 · 32 IS. 61.1° Eo March 9

Mehana 16 539·0 '547.5 .8 s. 54.4° E. March 9

- . ' . : . . .
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Kea
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Kap
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-;:7;/' MAR 9. 196& - JUN II. 1965
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Figure 2. --Tilting of the ground around Kilauea caldera, March 9-June 11,
1965. The vector depicting tilting at a given tilt base points in
the direction of maximum relative subsidence and has a length pro
portional to the rate of tilting during the measurement interval.
Closed circles represent field tilt bases; open circles, short-base
water-tube tiltmeters~
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Seismic summary. --Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local earthquakes
and tremor originating in the region of the Hawaiian Islands (usually
within 100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin as
determined by analysis of records obtained daily at the Observatory
(U, M, A, D, N, WP, MP). Earthquakes of magnitude 2.0 or greater are
generally sufficiently well recorded to be located with greater precision;
they are listed individually in table 4. Data on identifiable phases from
distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 1; essential
data pertaining to the stations are listed in table 6, which is published
only in the first-quarter issue each year.
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Table 3~ --Number of earthquakes and minutes of tremor recorded on seismographs U, ~1, A, D, N,

WP, and MP around Kilauea caldera

Tremor is separated into three categories: deep} intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region" Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: earthquakes from a source about 30 km beneath the Kilauea summit region;
shallow earthquakes in the Kilauea caldera region; shallow earthquakes along the SW rift zone of
Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthqu~kes from the upper
east rift zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other
regions: Kana, Mauna Kea, etc~

Tremor Kilauea Kilauea Earthquakes
(in minutes) Summit caldera SWc rift Eastern Upper

Date Inter- and east east

(l965) Deep mediate Shallow 30 KM Shallow Kaoiki rift rift Others

April 1 4 20 9 4' 1 Kona----------------~

2 3 25 8 2 ~~--~--~----~----~---~-

3 3 35 8 5 1 Mauna Kea--------~---=

4 4 40 2 4 ~--~~~~--~~--------~--~

5 2 23 4 4 1 Mauna Loa------------
6 1 15 5 3 ~----~-~-~~--~~-~-~~~-~

7 2 15 5 5 --------~-~~~---~~~~~-~

8 2 35 7 1 ~-----~~-~-~---~~-~---~

9 6 23 7 1 1 Mauna Loa-~------~---

10 3 2 31 12 3 --~-~---~-~--~~---~--~-

11 17 2 40 4 2 ~-~-------~-----~~~~~~~

12 2 40 6 4 ~----------------~~~~-~

13 4 49 6 4 -----~----~---~--~-~~-~

14 3 50 4 -~-~--------~----~-~~~-

15 1 48 3 5 1 off SEo shore of
Hawaii.

16 6 20 9 1 .1 1 Hualalai - - - c_ - - -"..,~ """ - - ooc



April 17 40 20 6 1 2 1 Mauna Kea

18 30 7 4 -------------------------

19 7 2 32 5 2 -----------------------~-

20 20 5 2 -------------------------

21 9 28 7 -----------------------~-

22 3 35 16 2 ---------------~---------

23 4 1 45 9 1 -------------------------
24 1 53 6 4 1 Mauna Loa--------------

25 3 55 4 8 -------------------------

26 3 35 10 4 -------------------------

27 3 45 5 5 1 Mauna Loa

28 6 30 7 4 -------------------------
29 15 25 6 5 2 off S. Shore of Lanai

1 Kona-------------------

30 32 25 4 10 -------------------------
May 1 36 33 6 3 1 off SEe shore of Hawaii

2 1 30 9 -------------------------

3 5 2 45 3 4 -------------------------

4 5 2 45 5 13 1 off SW. shore of Hawaii

5 10 1 33 4 6 -------------------------

6 5 22 12 1 -------------------~-----

7 37 1 30 6 5 -------------------------
8 1 14 1 1 Mauna Kea--------------

9 3 35 2 1 Kona-------------------

10 5 20 4 -------------------------

11 5 35 11 4 1 Mauna Kea--------------

12 46 3 26 6 11 1 Mauna Kea--------------

13 1 22 6 7 -------------------------

14 2 2 10 10 4 -----------------~-----~-

15 4 2 30 10 6 -------------------------

16 25 3 3 1 Kana

17 3 20 8 4 -------------------------

18 1 15 8 4 1 Mauna Loa--------------

19 2 20 4 1 -----------------------~-

20 4 2 23 3 5 1 Mauna Loa--------------

21 5 3 28 5 10 1 off E. shore of Maui

22 15 7 7 1 Kona-------------------

23 6 30 II 8 -------------------------



Table 3. --~Tumber of earthquakes and miJlutes of ·I~remor recorded on seismographs U j M, A, D, N"

WI', and ~ 8Jround K:Llauea calclera--CoYltinued

Tremor· Kilauea .Kilauea Ear·th(lUake,s

'(in minut(~s) Summit ~:caldera
,SW~ rift Eastern Upper

and
.. '

Date east east

(1965) i Deep' In~er- Shallow 30 KM Shal19w, Kaoiki rift rift :Othersme 1:ate

May 24 5 I" 25 9 6 1 Mauna Loa--------------
r;' 1 Mauna' Kea----~--~~--~--

25. 3 23 8 11
-------------------~----~

26 .~ 2 36 7 8~ ---- ---------~---------------

27 -~- .. 2 21 5 14 1 Mauna Kea ~ - - - - - - -'- - - - --:
28 4 23 5 6 ~--------------------~~-~

29 ;. ---- 6 27 5 10 1 Koria- - - - - - - - - - "';"- - - - - - --
30 .1

1 22 8 8
-------------------------~

31 3 20 4 6 1 Mauna Loa-- - - - ":"":' - -- '::'- - --'-
1 off NE~' shore' of Hawaii

June 1 5 25 3 1 5 2 Kana ~ -- - ... - - - ~ - - -'- -'.~-"~ -'=";'-

2 I. ---- 15 4 16 5 10 ~---~-~---------~----~---

f-J 3 4 18 3 10 ----------~---~--~--~~~--0
4 32 3 10 l'Kona-~-~---~----~--~~~~-

1 Hualalai'

5 2 39 3 10 '.
-------~--~--------~~---~

6 3 23 3 1 13 . -
-------~----------~--~~~-

7 7 18 8 4 ~-----------~~~-~-~~----~

8' 50 2 20 8 10 ~ - - - - - .:. - - - - - ':-.'- - - ..;.; - - - - - -- - -
9 4· 18 2 10

--------------~---------~

10 5' 25 2 10 1 Mauna Kea--------------
11 4 18 -4 10 I Kona---~----~----~-----

12 8 ~ 18 6 3 -----------------------~-

13 3 18 5' 14 ,",

--------~-------------~~~

14 2 26 6 13 .'-.
-----~---------~~.~---~~~-

15 1 45 5 6 1 Mauna 'Kea~ - - - - - - - - - -".:_-
16 32 1 35 2 5 1 off SE~ "shore of 'Hawa~'ii'

17 9 1 4i 3 3 ~-----~--------~-~---~~~~

18 2 70 2 3 1 Mauna Kea----~----~~--~

19 " 2 31 2 4 1 Kona-~-~-------~-:~-~--
~:

20 23 5 5 ~ - -~- - - - - - - - - - - - - ~ ~ - - - - - ~ ~

21 2 38 3 6 ----------~----~---~-~~~~

22 46 5 7 ~~--------~~-~--~---~--~~

23 47 4 33 13 6 ~------------------~---~-



Jillle 24 8 2 38 3 4 1 off SEe shore of Hawaii
25 42 5 3 ---------------------~---

26 20 3 35 6 6
-------~-----------------

27 8 2 35 3 1 4 1 off w. shore of Hawaii
28 9 3 36 2 4 -------------------------
29 2 35 2 3 -------------------------
30 30 5 8 --~----------------------



Table 4.--Local earthquakes recorded by seismographs of the DeS. Geological Survey,

April, Ma~r, and June 1965

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes of magnitude 2.5 and larger (as well as many favorably located
smaller ones) are included in the list.

Date
Time Epicenter

Felt
(1965) h m s

}..K'--gni _ Depth
Report- - ~ tude (km) Lat. 1\1 • Longo w. Description

April 1 14 01 27~3 3·5 5 19°16 i 156°07 i 28 km SW. of Hookena ~~-----~---~---~--~~

n 02 43 19·,2 2~4. 6~5 19°25~91 15)+° 51. 2 i 12 km SE. of Pahoa'c::..
-------------~-~----

3 03 07 32~5 2,,2 8 19°17f3 T 155°09~7i 9 km SSE~ of Makaopuhi ------~-~----~-~-~~~

seismometer~

3 o~ 23 26,,0 2~4 13 19°58~2' 155°33~2i 16 knl ESElJ of Kamuela ~-------~----~--~~~~./

16 44e3 8 19°o8c2 T 1550
32~ .5'

~

10 km I'JE ~ Naaleh'u5 21 2~5 of ---------~~------~~~

6 01 21 47e8 2f4 9 19°17( 5' 155°08~O! 10 km SE~ of Makaopuhi ~---------------~~~~

seismometer ')
9 10 19 1803 2~4 8 19°1707 Y 155°41.8 Y 10 km NNE~ of PUll 0 ---~-~--~~-----~~~~~

Keokeo"
10 02 57 29~6 ~-~,.·4 30 19°2801' 1550 15£. 7' Beneath. Ki.la,uea surnmit ~~-------~~~~-~--~~~

10 05 48 35~3 ~~: 3 35 19°22~O! 155°18~o' -~-do--~--~--------=~- Felt: Kilauea surJ1IDit
areao

10 05 50 20.4 2l"2 27c' 5 19°22~6i 155°18~2t ---do---------------~- -----------------~~~

10 06 09 18,,1 >:3.0 25 19°2105' 155°1ge3' ~--do-~-------------~= Felt: Kilauea summit
area ..

10 15 34 38£0 -:~2-. 2 9 19°22~6' 155°24.6~ Kaoiki fault system -------~~---~----~~~

11 20 38 26e4 :··:2~ 6 50 19°15' 154°43' 36 km SE~ of Pahoa -_._---------------~~

12 . 19 27 31e2 -:-~2'& 6 6~5 19°~2~.-3 ' 155°30r2' Kaoiki fault system -~~--------------~~~

13 05 22 1380 2,~:4 9 19° 16c.9! 155°15c3' 10 km c of ,·Ahua ---------------~~-~~LJ e ;

seismometer ..
15' 16' 29' 21,,1 ~·~.2 30 . 19° 010"'0 t 155°16p.0' 33 km ESE" of Naalehu -~-----~~------~-----

16 00 54 40.2 -'~O 40 19° 52~,2 i 155° 5105'- 10 km NNWe of Puu~ Waawaa -------~-~-------~--

16 10' 30 52~O i: 5 8, 19°25~6' 155°28Q5! Kaoiki fal11t system ~---~---~----------~.

16 16 17 27e9 ~ "'3"~'~'7 30 - 19°2106 i 155°i6~7i Beneath Kilauea summit Felt ~ Kilauea sumrnit
areac



April 17 01 32 52c7 2.0 30 19°22(,8' 155°18.9' Beneath Kilauea summit ~~~--~~---~~~~~--~-~

17 17 45 57cO 200 45 19°12e2' 155°08.8' 8 km SEa of Apua Point -~------------~----~~

17 18 39 24&6 2.4 8 19°5009' 155°31.5' 11 km Ne of Pahakuloa --~-----~-----------~

18 07 24 57~4 200 8 19°26.7' 155°25~9' Kaoiki fault system -----~-------~--~----

18 19 55 20.6 209 8 19°2402' 155°24~4' ---do----------------- Felt: Kilauea summit
area"

18 20 47 52~0 200 6.5 19°24.0' 155°25.;4.' ---do----------------- -------~--~--~-------

20 04 18 0800 2.3 40 19°15113' 155°13.7' 4 km WSWo of Apua Point
------~----------~--~

20 16 54 03.3 202 605 19°1702' 155°1403' 11 km SWE' of Makaopuhi -----~-------------~-

seismometer"
20 16 55, 57.7 2.2 605 -19° 17. 2' 155°14.3' 11 km SWc of Makaopuhi ~-~~--~~-------------

seismometer"
21 15 35 32.1 2.4 8 19°3000' 155°01.0' 8 km Wo of Pahoa ---------------------
23 02 02 52pO ~.5 8 19° 17e. 0' 155°10.5' 9 km So of Makaopuhi ------~------------~-

seismometero
2J. Oy. 10 39·7 2eO 30 . 19°1503' 155°2202' 10 km SSE" of Desert --------------------~

seismometer"
23 05 '01 21 .. 3 203 9 19°16e3' 155°0807' 11 km SSE. of Makaopuhi ~--~~---~~--------~~-

(-I
seismometer ..

LA.> 24 10 17 28.7 2.6 5 19°11.2' 155°40.7' 17 km NWc of Naalehu ------~~-~~~--------~

25 10 28 23~1 205 3 19° 32~ 0' 154°45,,0' 7 km ENEo of Cape --~------------~---~~

Kumukahic
26 18 54', 21,,8 201 9 19°22.8' 155°2309' Kaoiki fault system ----~-------------~~-

2-7- 23 18 1400 3el 10 19°31G5' 155°36,,5' 5 km NWc of North Bay -~------------------~

seismometero
29 04 ,19_ 2502 203 25 19°22e9' 155°14~8' Beneath Kilauea summit ~---~--~-~-------~-~~

29 10 08 3001 400 13 20° 35' 157°14' 44 km So of Lanai City, - .
-----~--------~---~~~

Lanai 0

29 17 22 2902 4$0 13 20° 35' 157°14 i 44 km So of Lanai City~ -~-------~-~-~=~~-~~~

Lanai 0

29 10 38 5709 3QO 4205 19°51,,7' 155°5901~ 8 km We of Kiholo Bay ~-~---~-----~-----~~~

May 1 07 14 57~2 205 40 18°5505' 155°1205' 43 km ESE" of Naalehu ~~-~---------~----~~~

3 15 26 o6 Q 6 f) ~ 35 19°2304' 155°1706' Beneath Kilauea summit ~-------~--~------~~~c-e"l

4 05 26 12~3 202 2'785 19° 1305 1 155°25~OY 13 km SSWo of Desert ~~-----------~----~~~

seismometero
4 09 41 32 Q 6 2-e 8 13 19°16' 156° 29~ 68 km SW~ of Kealakekua .,.. .. _ .,.. flaa ~ _ ~~ ______ .~ __ - - t3~ <~

6 19 01 59~4 202 35 19°22.0' 155°14w3' Beneath Kilauea summit c=.- IlIC ~ ~ -=' ____ e:- _ - ___ c::!l ~ - c:... c;..~! ,".,;:;



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,

April, May, and June 1965--Continued

Felt
Report

Epicl nter

Long. W. Descriptionm s

Time Magni - Depth
.a--.---01--~----t

tude (km) Lat. N.
Date

(1965) h

19°19.8' 155°44.7'
19°22.5' 155°25.0'
19°52.1' 155°36.0'
19° 24. 3 1 ,155° 30. 7 f

May 7 00 19 44.2 2.3
7 00 47 34.7 2.0
8 14 51 48.7 2.8
9 21 42 12.5 2.4

10 21 02 32.5 2.6
11 02 52 16.0 2.5
11 13 17 32.2 2.3
12 02 58 13.4, 2.1

12 03 ·55 13.9[ 2.7
12 05 24 49.1 2e2
12 ·16 10 31.0 2.2
13 07 34 1380 2.2
13 10 46 22.7 2.3

16 04 27 30.7: 3.5
16 09 09 4204 3.5

16 17 21 39.7 2.0
18 07 22 '30.0 3.2

19 22 02 59.7 - 2.2
20 07 37 00.8 2.5
20 13 40 59.3 2.7
21 09 18 27.1 3.0

22 17 13 37.5 2.7
24 01 28 08.0 3.3
24 08 06 44.4 205
24 09 06,11.0 2.3

8
30
13

3
30
13
30
8

13
30
30
10
30

8
8

30
4

30
8

40
13

<3
8

<3
5

19°25.8'
19°11.6'
20°04.4'
19°35.2'
19°23.3'
19°56.7'
19°20.1'
19° 18.,8'

20°02.3'
19°21.8'
19°22.9'
19°15.1'
19°16.6'

19°43.2'
19°20.2'

19°20.1'
19°33.0'

19°22.9'
19°09.7'
19°13~7'

20°40'

155°28.8'
155°26.1'
155°20.5'
155°56.9'
155°18.9'
155°15.3'
155°17.7'
155°01.7 '

155°19·5'
155°19$2'
155°18.3'
155°11.9'
155°2301'

156°02.3'
155°,26.7'

155°17.7'
155°37.0'

155°17.3'
155°34.5'
155°09.4'
155°38'

Kaoiki fault system
5 km ESE. of Pahala
5 km NE. of Paauilo
9 km NNW. of Kealakekua
Beneath Kilauea summit
6 km ssw. of Laupahoehoe
Beneath Kilauea summit
18 km ESE. of Makaopuhi

seismometer.
6 km E. of Paauilo
Beneath Kilauea summit
---do-----------~-------

1 km SW. of Apua Point
7 km S. of Desert

seismomete'r.
10 km NWo of Kailua
Kaoiki fault system

Beneath Kilauea summit
8 km NW. of North Bay

seismometer.
Beneath Kilauea summit
11 km NNE. of Naalehu
5 km SE~ of Apua Point
64 km ESE, of Haleakala

seismometer.
18 km ESEE of Hookena
Kaoiki fault system
6 km E. of Waikii
17 km SW. of Mauna. Loa

seismometer"

Felt
Felt: Hila, Pahala,

Kilauea summit
area.

Felt



--+

May 24 20 17 26.4 3.6 10 19°23.5' -155°24_.6' Kaoiki fault system Felt: Pahala,
Hila, Kilauea
summit area.

27 03 53 47.0 2.3 10 19° 53.-5' 155°28.7' 16 km wsw. of Keanako1u --------------------
27 21 20 19.6 2.2 6.5 19°18.1' 155°10.2' 7 km SSE. of Makaopuhi -----~--------------

seismometer.

29 09 46 42.9 2.2 13 19°23.2' 155°46.3' 14 km E. of Hookena --------------------
30 03 00 27.1 3.~ 25 19°22.8' 155° 18. 2' Beneath Kilauea summit Felt: Kilauea

summit area.

30 04 .. 29 12.6 2.5 27.5 19°22.9-' 155°16.9' ---do------------------ ~--~-------------~--

30 04 35 07;5 -2~1 27.5 19°23.9' 155°16.0' ---do------------------ -~------------------

31 00 27 03.2 2.0 8 19°51.8' 154°54.9' 25 km NE. of Hila -~----------------~-

31 11 36- 11.2 3.4 3 19°13.2' 155°39·7' 19 km NW. of Naalehu --------------------
June 1 18 10 10.5 2.3 <3 19°25.8' 155° 46. 5' 18 km SED of Kealakekua --------------~-----

1 21 48 54.0 2.4 3 19°19.0' 155°45.9' 17 kIn SED of Hookena --------------------
2 04 47 18.2 2.0 30 19°21.5' 155°16~3' Beneath Kilauea summit -----~--------------

4- 02 34 06.8 2.3 30 19°22.8' 155°18.6' Beneath Kilauea summit --------------------
4 02 39 48.4 3.1 40 19°23.4' 155°16.6' ---do------------------ Felt: Kilauea

t-J summit
\Jl

area.

4 04 25 38.9 2.6 5 19°30.1' 155°48.8' 11 km ESE. of Kealakekua -------------------
4 17 48 55.4 2.5 <3 19°52.4' 155°49.7' 11 km NNEt of Puu Waawaa -------------------
5 18 13 2~9. 7 2.2 30 19°22.8' 155°18.6' Beneath Kilauea summit -------------------
7 04 39 59·0 2.4 35 19°22.8' _155° 18. 6' ---do------------------- -~-----------------

7 15 40 43.-8 3.5 25 19°22.6' 155°19.4' Beneath Kilauea summit Felt: Kilauea
summit area., Mauna
Loa summit area.,.
Pahala.

9 19 -: 18 55·0 2.7 6.5 19°22.7' 155°25.7' Kaoiki fault system -------------------
10 03 36 34.5 2.3 30.· 19°23.5' 155°18.7' Beneath Kilauea summit -------------------

-3:0 11 22 42.1 2.3 8 19°47.1' 155°34.8' 7 km WNW. of Pohaku1oa -------------------
11 00 54 . 13.9 2.1 -10 19°16.1' 155°14.1' 12 km SSE .. of Ahua -------------------

seismometer.

11 11 - 29 O~.O 2.6 1.5 19°28.2' 155°45.2' 18 km ESE~ of Kealakekua -------------------
11 '17 38 14.9 2.9 10 19°19.0' 155°13.4' 7 km SW. of Makaopuhi ----------------~--

seismometer.

14 03 46 40.4 2.3 10 19°20.3' 155°04.0' 12 km ESE. of Makaopuhi -------------------
seismometer.

15 10 28 59·0 2.8 3 19°52.8' 155°41e6' 5 km NW. of Waikii -------------------
15 23 08 04.7 2.3 8 19°12.1' 155°30 .. 7' 4 km W. of Pahala --------------------
16 00 28 30·5 -2.4 8 19°11.0' 155°30c7' 4 km SW. of Pahala -------------------



irable 4,. ~ -Local e8"rthqllakes recorded by seismograp11s of the lJ. S ~ Ci-eological Survey,

April) Yay J and Jlme 1965--Conti.nu.ed

t

Time
Epicenter ,.

Date Magni- Depth .
1"

Felt
(1965) 11 m· s tude (km) Lat~ 1\J • Lang., w. DeBcription Repay- - - ,"

J

June 16 03 57 14p6 2·3 42.5 19°26~ 7", 1550
02~ 9' 17 'krn ENE~, of Makaopuhi -----------

seismometer ..
16 13 10 24.9 2.0 10 18°54a5 ' 155:26.5:1~3 km SE. of N~a:ehu ; ------------
16 13 37· 39.1 2~O <3 i9°13.5 ' I.1.55 28.5. r.;... km N. of Pahctld

I
._----------

18 19 16 34.1 2~7 10 19° 1+8. 6 f ' 1550 43.3.' 10 km SW. of Waikii ~ ..---------~

19 02 43 08.7 2~5 3 19°39.7 ' 155° 56. o.t 7 km E.NE. of Kailua -----------
19 13 29 21~1 2., 8 19° 17 ~ 8 t . 1550 14.6.' 9 km SSE. of Abua !,

-~---------

seismometer,.
23 13 21 44.9 2~4 6.5' 19°24.4 t 155°26.5.,' Kaoiki fa,·u.lt syst~m

;
-----------j

23 .15- 48 32.8 2.8 8 19°23.1.' 155°26.4' ---do------------------ ] ---------- ...
24 15 32 27.7 2.3 40 19°11.7 ' 155°06.6;t 11 km SEe of Apua IJoint -----------
24 21' 18 -- 05.6 2.3 8 18°55.7', 1550 13. 4~1 41 km ESE. of Naaleh\l I -.- - - - - - - - - -
25 17 01 38.3 2«2 10 19° 1.6" 8 t _ 15,5°05.9' 13 km SEa of Makaopuhi : -----------

seismometer. ~

I

27 23 43 09~5 3.3 13 19.~ 31' 156°31~ 63 km W~ of Kea,lakekua : ---------.--,
30 23 18 ,30.5' 2.1 9 19°19.7' 155°05~8' 10 _:km ESE. of Makaopuhi -----------

seismometer.
'1 ' .

'-.--~ -:..~ -



Table 5.--Distant e~rthquakes

Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian Standard Time. A "c" following the time of P indicates
compressional first motion; a "d" indicates dilatational" first motion.
Station symbols, locations, and instrumentation are presented in
table 6, Summary 370 Magnitudes calculated from the Hawaii
seismograms are followed by (HVO). Location of epicenter, origin
times, and focal depths, and magnitudes reported by other institutions
are taken from "Preliminary Determination of Epicenters" published by
the U. S. Coas t and Geodet"ic Surv'~y.

April 4, 1965 April 5

C&GS card 037-65:
20:09:41.1
8.8° S., 74.5° w.
Peru-Brazil border region
h about 143 km
Magnitude 5.3 (CGS).

C&GS card 037-65:
13:30:37.8
51.9° N., 175.2° E.
Rat Islands, Aleutian Islands
h about 40 km
Magnitude 6 (Pas)

5.4 ,(Brk)
6~6. 25 (Pal)
5.7 (eGs)
5.5 (RYO).

April 4
April 8

er 06:48:43
Tmax 07: 35: 44

PEZ
Z

Pa Z iP 12:58:43.8 d

Na Z iP 39.3 d
Hi Z iP 45.6 d
NB Z iP 42.4 d
Ke Z iP 40.9 d

C&GS card 038-65:
12:51:27.8
17.6° B., 178.7° w.
Fiji Islands region

C&GS card 038-65:
13:52:13.4
44.6° N., 151.1° E.
Kurile Islands region
h about 81 km
Magnitude 5 ABrk), 5· 5-5.75 (Pal),

5. (7 (CGB), 5. 5 (HVO).

April 5

M Z eP 14:01:07.7 c
MP Z eP 09.6 c
Hi Z iP 08.5 c
NB Z eP 07.1 c
U PEE eG 14:13:15
U PEZ eR 14:15:03

C&GS card 040-65:
06:21:34.2
3.2° B., 148.4° E.
Bismarck Sea
h about 10 km
Magnitude 5.0 (CGS).

U
Ke

1.7

20:21:58.3 c
59.5 c

20:22:03.0 c

13:38:08.5 d
09.5 d
09.6 d
09.1 d
10.5 d
07.5 d
07.8 d
05.9 d

13:48:31
14:20:46

43
31
28
00

eP
iP
eP

iP
iP
iP
iP
iP
eP
eP
eP
eR
Tmax
Tmax
Tmax
Tmax
Tmax

z
z
z

z
z
z
z
z
z
z
Z
PEZ
Z
Z
Z
Z
Z

Pa
Hi
Ke

M
A
D
U
Pa
Hi
NB
Ke
U
M
A
U
Pa
Hi



Tab1~ ,5" ---Distant earthquake~--Continued

April 10-~CohtinuedApril 8, 1965--Conti~ued

C&GS card' 038-65--'continued
h about 575 km :,
Magnitude 5025-,5Q5 (Br~),

5.2 (CGS}o

April 8

, Hi

NB
Ke
Ha
U
U

Z iP
Z tP
Z iP
Z eP
PEN' eS
PEZ eBS

0(08 d
0402 d
0109 d

, 0901 d
'22':46 ~ 02
22:49:42

C&GS card 043-65:
10:45:2904
3206° S~, 178.3° We
South of'Kermadec Islands
h about 52 km
Magnitude 501 (CGB)o

C&GS card 039-65:
13:43:5208
5202° N., l73v5° E~

Near Islands, Aleutian Islands
Felt on Shemya
Magnitude 5075 (Pas), 6 (Pal),

5. 4 (CGS) " 5u 6' (.~o) u

April 9

April 9

M Z iP 23 :00 :420 2 d·
A Z eP 4207 d
MP Z eP 4303 d
U Z --eP 4206 d
Pa Z eP 4405 d
Na Z iP 3909 d
NB Z iP 4102 d
Ha Z eP 4409 d

C&GS card 040-65:
22:32:4606
1708° So, 1(8~8° Wo
Fiji Islands region
h about 543 km
l\1agnitude 6 ,(Pas), 505~5o75 (Brk)~

50 9 (CGS)'o

April 10

C&GS card 040-65:
22:53:0408
1304° So, .17003° ED
New Hebrides Is1a~ds region
h about 644 km
Magnitude 6.2 (eGs).

13:51:4381 d
13:57:54
14:02:22

11:03:04
"11:11:30

Z iP
PEN eS
PEZ iR

,PEN eS
,PEZ eR

NB
U
U

u
u

u PEZ eR, 23:26:20 April 11

C&GS card 042-65:
22:52:2403
4e2° S., 13401° Eo
West New Guinea region
h about 33 km
Magnitude 506 (CGS).

M Z iP 00:22:1108 c
MP Z eP 1103 c
U Z iP 1103'c
Hi Z eP 1303 c
NB Z eP 11.1 c
Ke Z iP 1002 c

April 10

~,1 Z iP 22:40:05.1 d
A Z eP 04.8 d
u Z eP 04:.9 d,
Pa Z eP 060( d
Na Z eP Ol.O'd

is

C&GS card 039-65:
00:11:0808
4207° So, 173.9° E~

South Island, New Zeaiand
h about ( km
Magnitude 60~ {CGS,) 0

I



Table 5.--Distant earth~uakes--Continued

April 11, 1965 April 12--Continued

M
A
D
:MP
Pa
Na
Hi
Ke
Ha

z
z
z
z
z
z
z
z
z

iP
eP
eP
eP
iP
eP
eP
iP
eP

18:59:55.0 c
54.5 c
53.9 c
54.'7 c
56.6 c
51.7 c
58.0 c
53.0 c

19:00:00.4 c

C&GS card 039-65
20:41:16.3
30.2° N., 138.5° E.
South of Honshu, Japan
h about 421 km
Magnitude 5.75~6 (Brk)

5.8 (CGS).

April 16

C&GS card 040-65:
18:51:38.1
26.2° S., 1'78.5° E.
South of Fiji Islands
h about 581 km
Magnitude 5.6 (CGS).

·C&GS card 040-65:
03~59:40.2
56.6° N., 152.7° w.
Kodiak Island region
h about 33 km
Magnitude 5.3 {CGS).

April 12

April 12."
06:47:59
07:14:31

33
43
37
36
18
02
49
12

23:30:39.0 c
39.7 c
40.0 c
39.7 c
39.7 c
38.2 c
42.7 c
36.8 c
38.7 c
29.4 c

23:37:36
23:40:52

PEZ eR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

Z eP
Z eP
Z eP
Z eP
Z eP
Z eP
Z iP
Z eP
Z iP
Z eP
PEE eS
PEE eG

April 18

U
M
A
D
MP
U
Pa
Hi
NB
Ha

C&GS card 040-65:
23:22:18.6
64.7° N., 160.1° W.
Central Alas-ka
Felt at Norton Sound vicinity
h about 5 km
Magnitude 5.75-6 (Pas), 5.75-6

l (Brk), 5.81 {CGs),
6.0 (HVO).

M
A
D
:MP
U
Pa
Na
Hi
Ke
Ha
U
U

20:50:44.5 c
45.5 c
44.9 c
45.9 c
45.2 c
44.4 c
45.6 c
43.7 c
36.2 c

iP
eP
iP
eP
eP
i.P
iP
iP
iP

Tmax 04:46:02
Tmax 04:46:06
Tmax 04 :45 : 56
Tmax 04:46:07
Tmax 04:46:07
Tmax 64:46:07
Tmax 04:45:42
Tmax 04:45:38
Tmax 04:44:31

z
z
z
z
z
z
z
z
z

z
z
z
z
z
z
z
z
z

M
A
D
:MP
U
Na
Hi
NB
Ha

M
A
D
:MP
U
Pa
Hi
NB
Ha

19



Table 5" --Distant eartb.quakes--Continued

April 18, 1965--Continued April 20

C&GS card 042-65=
o6~50~1706

5406° No ~ 16104° Eo
Near east coast of Kamchatka
11 about 33 km
Magnitude 503 (CGS)o

C&GS card 045-65~

06:33=5808
4105° No~ 12701° WQ
Off coast of northern Ca1ifo
h about 20 km
Magnitude 6 (Brk), 5.75-6 (~al)j

·50 6 {~CG$) 0

WP Z iP

April 18
April 22

M
U

Z iF'
PEZ eR

09:58~20e9 c
10:37:19 u PEZ eR

C&GS card 04o-65~

09:39:18.7
5908° SQ' 26.8° Wo
South Sandwich Islands region
h about 29 km
~~gnitude 505 (Brk), 509 (CGS)~

April 18

C&GS card 042-65:
18~36:0102

5108° No, 17601° Eo
Rat Islands, Aleutian Islands
h about 37 km
Magnitude 405 (Brk)~ 501 (CGS)o

April 24

u PEZ eR 13:40:39 M
U

Z eP
PEZ eR.

22:05:4607 d
22~23:38

C&GS card 044-65:
12:41:54c9
59~7° So, 2604° Wo
South Sandwich Islands region
:Q. about 25 km'
Magnitude 6 (Pal), 5~ 8 (CGS) 0

April 19.'

M Z iP 23:52:1304 c
D Z eP 1309 c
MP Z iP 15.3 c
Na Z eP 14.0 c
Hi Z iP 1500 c
NB Z eP 1108 c
Ke Z iP 1004 c
Ha Z eP 04.7 c
U PEZ eR 00:09:20

C&GS card 039-65:
23:41:5808
34,,9° No, 13800° Eo
Near south coast of Honshu, Japan
h about 36 km
Magnitude 506 (CGs), 5.9 (HVO).

20

C&GS card 042-65=
21: 55·:2605
1104° No, 14001° Eo
West Caroline Islands
h about 59 km
Magnitude 50 7 (CG·S·)"

April 25

M Z iP 01:10:00,,2 c
D Z iP 0002 c
NB Z eP 01:09:58,,2 c
U PEZ eR 01:27:1709 .

C&GS card 041-65~

01: 00 ~,llo 6
2405° No, 142~7° Eo
Volcano Islands region
h about 15 km
Magnitude 5075-6 (Pas)~ 5,,6 .(-CG-·S)0



Table 6. --Dis.tant earthquakes --Continued

C&GS card 041-65:
01:57:14.4
58.9° N., 142 ..7° W.
Gulf of Alaska
h about 33 km
Magnitude 5.3 (CGS).

April 26, 1965

M z iP 02:04:52.1 c
A Z eP 52.5 c
D Z iP 53.1 c
Ke Z eP 52.5 c
M Z ePP 02:06:35.6 d
NB Z ePP 36.3 d

C&GS card 044-65:
09:47:25.1
1.7° S., 126.6° E.
Molucca Sea
h about 15 km
Magnitude 5.75-6 -(Pal),

5. 7 (CGS), 5. 8 .{HVO).

April 26
11:06:24.2 d

24.2 d

22:27:39.9 c
39.9 c
38.2 c

22:38:07
22:51:13

eP
eP

Z
Z

Z iP
Z iP
Z eP
PEE eS
PEZ eR

April 29

C&GS card 043-65:
10:54:28.0
7.0° S., 129.5° E.
Banda Sea
h about 67 km
Magnitude 5.9 (CGS).

April 27

M
A

C&GS card 042-65:
22:15:42.5
21.1° N., 120.7° E.
Taiwan region
h about 33 km
Magnitude 5.9 (CGS), 6.0 (HVO).

April 26

M
D
NB
U
U

09:59:34
10:23:59

Z eP
PEZ eR

M
U

C&GS card 049-65:
11:28:19.1
32.5° S., 179.1° W.
South of Kermadec Islands
h about 64 km
Magnitude 5.0 (CGS).

C&GS card 043-65:
11:19:25.6
15.3° N., 145.6° E.
Mariana Islands
h about 134 km
Magnitude 5. 2 /( CGS).

April 29

April 26

M Z iP 20:36:09.4 c
U PEZ is 20:41:37
U PEZ iR 20:45:01
M Z Tmax 21:13:21
A Z Tmax 35
D Z Tmax 35
MP Z Tmax 28
U Z Tmax 38
Pa Z Tmax 19
Hi Z Tmax 21:12: 52
NB Z Tmax 21:13:42
Ha Z Tmax 21:11:34

C&GS card 041-65:
20:29:07.4
54.5° N., 162.6° W.
Alaska Peninsula
h about 53 km
Magnitude 5.9 (eGs).

M
A
D

M
A

z
z
z

z
z

iF
eP
eP

eP
eP

11:28:54.5 d
55.2 d
54.2 d

11:37:56.2 d
55.3 d
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Taole 5& --Distant' earthquakes--Continued

May 1

M Z iP 21~35:39c9 c
A Z iP 4003 c
D Z iP 40,,9 c
Ke Z eP 39.8 c

C&GS card 042-65:
21:27:54.4
60~4° N., 14600° Wo
Southern Alaska
h about 33 km
Magnitude 5.3 (CGS)o

C&GS card 044-65:
10:01:3502
13.5° N., 8903° WG
El Salvador
125 killed; 400 injured;
4,000 homes wrecked in San Salvador
Cisneros district, San Marcos and
Santo Tomas.
h about 23 km
Magnitude 6.25 (Pas), 6-6.25 (Pal),

5.1 (CGS).

May 3

10:30:37PEZ eRu

C&GS card 044-65::
15~28~43.3

47e4° N., 122.4° W~

Washington, two killed~ some
injured, moderate property
damage in Seattle area, felt in
Oregon, Idaho, Montana,
British Columbia, and on
Vancouvero
h about 57 km
Magnitude 6&6 (Pas), 6.75-7 (Brk),

7&25 (Pal), ,6.5 (CGS),
6.6 (RVO).

April 29, 1965

M Z eP 15:36:03e2 d
A Z eP 03.7d
MP 'Z eP 03~4 c
U Z eP 03.2 d
Pa Z eP 01&6 d
Na Z iP 07.3 d
Hi Z iP 00.2 d
NB Z iP 04.'9 d
Ke Z iP 06.0 d
Ha Z iP 15:35:59.7 d
U PEZ ePP 15:37:41
U PEZ is 15:41:57
U PEZ iR 15:46:05
M Z Tmax 16:15:38
A Z Tmax 26
U Z'",' Tmax 34
NB Z Tmax 40
Ha Z Tmax 03

May 1

M
D

Z
Z

iP ;
eP

13:12:46.9 c
46.8 c

C&GS card 042-65:
,13~02:4405

1203° N., 143.7° E.
South of Mariana Islands
h about 5 km
Magnitude 501 (eGs.).
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May 11, 1965

Table 5.--Distant earthquakes--Continued

May 13

C&GS card 044-65:
17:37:38.3
61.4° N~, 149.6° W.
Southern Alaska
Felt widely in the Anchorage area.
h about 58 km
Magnitude 5. 5 (CGS).

C&GS card 046-65:
19:23:16.6
33.2° N., 138.0° E.
Near south coast of Honshu, Japan.
h about 324 km
Magnitude 4.8 (CGS).

M
A
D
NB
Ke

z
z
z
z
z

iP
iP
iP
eP
iP

17:45:25.9 c
26.6 c
26.7 c
26.1 c
26. +c

M Z
A Z
Ke Z

iP
iP
iP

19:32:53.5 c
53.6 c
50.4 c

May 12

M Z iP 10:45:27.7 d
A Z iP 27.7 d
D Z iP 26.9 d
u Z iP 27.7 d
Na Z iP 25.4 d
Hi Z iP 29.5 d
Ka Z eP 26.0 d
Ke Z iP 24.6 d
Ha Z iP 24.6 d

C&GS card 046-65:
10:33:43.5
6.2°. S., 130.3° E.
Banda Sea
Felt at Darwin
h about 125 km
Magnitude 5.25-5.5 (Pal), 5.7 (CGS).
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Table 5~--Distant earthquakes--Continued

May 16, 1965

M Z iP 11:47:4506 c
A Z iP 4508 c
:MP Z iP 4603 c
u Z iP 4507 c
Pa Z eP 4701 c
Hi Z iP 47'e 1 c
NB Z eP 4404 c

C&GS card 047-65:'
11:35;46.0
5s3° N~, 125.7° Eo
Mindanao, Pn~lippine Islands
h about 36
Magnitude 602 (CGS).

May 17

May 19

A Z eP 03~10~1406 d
D Z iP 13G7 d
MP Z eP 1409 d
U Z iP 1405 d
Pa Z eP 1505 d
Na' Z iP 1102 d
Hi Z iP 1606 d
NB Z iP 1300 d

C&GS card 049-65:
03:00:5900
902° Se, 15geO° Eo
Sol:omon Islands
Felt at Honiara
h about 50 km
Magnitude 506 (CGS)o

C&GS card 047-65
22~46:31.7

4307° No, 146s5° E.
Kurile Islands
h about 45 km
Magnitude 504 (eGG)o

~

M Z iP 17~31:1909 d
D Z iP 1907 d
u Z iP 2085 d
Na Z eP 1903 d
Hi Z iP 20e8 d
NB Z iP 19.0 d
u PEN is 17:41:07
U PEZ eSS 17:46:15
U PEN eG 17:51:03
U PEZ iR 17=55:07

C&GS card 047-65:
17:19~25·9

2205° No, 121.3° Eo
Taiwan region
Felt at Hong Kong
h about 21 km
Magnitude 605 (Pas), 5075-6 (Brk),

602 (CGS), 605 (HVO)o

May 18

C&GS card 049-65:
00:40:10.9
1407° So, 16704° Eo
New Hebrides Islands
Felt
h about 16 km
Magnitude 6075-7 (Pas)~

7 (Brk), 506 (eGs),
782 (HVO) 0 J

May 20

M Z iP 00, ~ 49 :090 8 c
A Z iP 09,,4 c
D Z iP 08.5 c
MP Z iP 0909 c
u Z iP 0906 c
Pa Z iP 1101 c
Na Z iP 06'03 c
ni Z iP 1205 c
NB Z iP 0806 c
Ke Z iP 0608 c
u PEZ is OO~56:21

U PEZ iSS OO~59~57

U PEN iG 01~00~55

U FEZ iR 01:03:03
M Z Tma~ 01:42:32
A Z Tmax 28
Na Z Tmax 05
NB Z Tmax 37
Ke Z Tmax 16
Ha Z Tmax 38

22:55:5301 d
53~6 d

eP
eP

Z
Z

M
D
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Table 5. --Distant earthquakes'--Continued

03:17:47.3 c
47.3 c
46.1 c

May 25

U PEZ iR 18:55:20

C&GS card 051-65:
18:34:28.4
17.0° S., 175~9° E.
Fiji Islands region
h about 16 km
Magnitude 5.2 (CGS).

May 26

M ZiP' 20:03:02.7 c
NB Z iP , 02. 2 c

C&GS card 053-65:
19:44:10.9·
56.1° S., 27.6° W.
South Sandwich Islands region
h about 120 km
Magnitude 6.7 (CGS).

May 29

U PEZ eR 16:11:04

C&GS card 051-~5:
15:36:31.9'

~ 57.8° s., 147.3° W.
South Pacific Cordillera
h about 33 km
Magnitude 5.5 (CGS).

C&GS card 048-65:--Continued

23:21:10.6
13.0° N., 124.5° E.
Sama~ Philippine Islands
h about 33 km .
Magnitude 5.75-6 (Pal), 6.0 (HVO),

5.9 (CGS).
May 25

U PEN eS 13:2l:02
U PEZ iR ~3:25:00

C&GS card 048-65:
13:07:49.7
51.3° N., 178.79 E.
Rat Islands, Aleutian Islands
h about 40 km
Magnitude 5 (Brk), 5.75-6 (Pal),

5.5 (CGS), 5.5 (HVO).

May 24

A z iP 23:33:10.3 c
D Z eP 10.2 c
1v1P Z iP 11.1 c
U Z eP 10.5 c
Pa Z eP 12.3 c
Hi Z iP 12.5 c
NB Z eP 08.2 c
Ke Z iP? 07.6 c
Ha Z eP 05.7 c
U PEE eS 23:43:16
U PEZ eR 23:56:08

25

May 22, 19 5

M Z iP
A Z eP
NB Z iP

C&GS card 049-65:
03:05:43.6
1.3° N., 126.3° E.
Mo1ucca Passage
h about 25 km
Magnitude 5.5 (CGS).

May 22

M Z iP 10:39:15.9 d
Ke Z iP 13.9 d
U PEZ eS 10:45:23

C&GS card 049-65:
10:31:39.5
21.1° S., 178.7° W.
Fiji Islands region
h about 578 km
Magnitude 6.75-7 (Brk), 5.8 (CGS).

May 23

M Z iP 23:53:49.5 c
D Z eP 50.1 c
U Z eP 50.0 c
Pa Z eP 50.5 c
Hi Z eP 48.8 c
NB Z iP 48.6 c
U PEZ eS 23:59:56
U PEE eG 00:02:35
U PEZ iR 00:04:35
Ha Z Tmax 00:33:58

C&GS card 047-65:
23:46:12.0
52.2° N., 175.0° E.
Near Islands, Aleutian Islands
h about 22 km
Magnitude 6 (Pas), 6.1 (eGs),

5.8 (HVO).



Table 58 --Distant eartnquakes~-Continued
. ~ .. : 0-.. f. i.

June 2

05:48:55
53
53
40
27
57
33

03:42:5602 c
5700 c
5409 c

03~50~21

03:55=27
03: 57,: 37

'15:35:5705c
5700 c
57ul c
5806 c
5907 c
5508 c

iP 15~28~4305 d
eP 4308 d

iP· 15:05~4809 d
eP 48u5 d
iP 4805 d
iP 4904 d
iP 5100 d
iP 4701 d
iP 4604 d

Z
Z

Z
Z
Z
Z
Z
Z
Z

June 10

M
A

M Z eP
D Z eP
NB Z eP
U PEE.. is
U PEN iG
U PEZ i,R

C&GS card 052-65:
03 :33 :440' 9
4407° No, 14807° Eo
Kurile Islands
h about 47 km
Magni,tude 60 75 (~as), 605 (Brk) ~

600 (eGG), 6 .. 5 (H\TO) 0

~1

A
U
Pa
Hi
NB
Ke

C&GS card 050-65:
14:58:31c9
1800° So, 17904° Wo
Fiji Islands region
h about 621 'km
Magnitude 40 5 -(Brk) ~ '5 ~ 1 (CGB) 0

June 4

C&GS card 054-65:
15:16~5005
1.9° No, 12606° Eo
Molucca Passage
h about 106 km "
Magnitude 50 0 (CGG) 0

June 11

M Z iP
A Z iP
MP Z iP
Pa Z eP
.Hi Z eP
Ke Z iP

C&GS card 052-65~

15:26;5407
29u9° S .. , 17808° Wo
Kermadec Islands region
h about 225 km
Magnitude 503 (CGS)o

26

14:53:10.7 d
1302 d
080'4 d
1408 d
1004 d,
10 .. 1 d

May 31, 1965··

M Z Tmax
A Z Tmax
U Z Tmax
Pa Z Tmax
Hi Z Tmax
NB Z Tmax
Ha Z Tmax

C&GS card 052-65~

05~07:4304
4401° No, 128.8° Wo
Off coast of Oregon'
h about 33 km
Magnitude 5.. 5 (CGS) .. :

May 31

WP Z eP ~11:50:3605 d
U PEZ eR 12:14:37

C&GS card 050-65:
11~38:28oo

705° S .. ~ 128.7° Eo
Banda Sea
h about 37 km
Magnitude 6 .. 0 (CGS).

June 2

M Z iP 05:20:5805 d
A Z eP 58.2 d
MP Z iP 58.3 d
U Z iP 5802 d
Ke ,z iP 5602 d
NB Z iP 57~5 ~

Hi Z iP 05:21:00.2 d

C&GS card 050-65:
05:12:5901
2305° So, 18000° Eo
South of Fiji 'Islands
h about 539 km '
Magnitude 505 (Brk), 5G6 {cas).

~ Z eP
Pa Z eP
Na Z iP
Hi Z eP
NB Z iP
Ke Z iP

C&GS card 050-65:
14:45:55 .. 8
l7u9° So, 179 .. 5° w.
Fiji Islands region
h about 637 km
Magnitude 501 (CGS) ..



June 13, 1965

Table 5. --Distant earthquakes--Continued

June 15

C&GS card 053-65:
07:06:13.6
41.9° N., 143.4° E.
Hokaaido, Japan region
h about 32 km
Magnitude 6-6.25 (Brk),

6 {Pal), 5.7 (CGS),
6. i (HVO). .

C&GS card 054-65:
09:20:29.8
37.9° S., 177.5° E.
Off east coast of North
Island, New Zealand.
Felt from Bay of Flenty to
Wellington.
h about 58 km
Magnitude 5.25 (Pal), 6.2 (eGs).

u
u

PEZ eS
PEZ eR

07:24:05
07:31:37

A Z eP 09:30:46.6 c

June 14 June 15

C&GS card 054-65:
09:40:09.5
44.6° N., 129.5° w.
Off coast of Oregon
h about 33 km
Magnitude 5.5-5.75 (Pal),

5.2 (CGS).

June 14

C&GS card 056-65:
23:10:25.2
20.9° S., 173.7° E.
New Hebrides Islands region
h about 22 km
Magnitude 6, (Brk), ,6.25 {Pas),

6.5 {Pal), 5.7 (eGs),
6.0 (HVO).

Pa
NB
Ha

Z
Z
Z

Tmax
Tmax
Tmax

10:20:48
51
28

u
u
u
u

PEZ
PEN"
PEZ
PEZ

eP
is
eBB
iR

23:19:35
23:26:37
23:30:07
23:33:47

C&GS card 054-65:
13:05:54.0
44.5° N., 129.4° w.
Off coast of Oregon
h about 33 km
Magnitude 5.0 (CGS).

June 14

Tmax ..13 :46 :49
Tmax 13:47:05
Tmax 13:46:06

Pa
NB
Ha

Pa
NB
Ha

z
Z
Z

Z
Z
Z

Tmax
Tmax
Tmax

15:16:33
51
06

June 17

M Z eP 11:01:25.8 d
A Z eP 25.1 d
MP Z eP 25.3 d
U Z eP 25.2 d
Ke Z iP 24.3 d

C&GS card 063-65:
10:51:37
33.9° s., 179.5° w.

. South of Kermadec Islands
h about 33·km
Magnitude 5. 3 ~coo ).

June 20

C&GS card 055-65:
18:04:35.7
4?8° N., 126.5° w.

No C&GS listing.
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Table 5o--Distant earthquakes--Continued

C&GS card,058~65:

13:13:23~1

20090 So, 173.2° E.
New Hebrides Islands region
h about 80 km
Magnitude 4.7 (CGS).

June 20--Continued

C&GS' card 055-65--Continued:
Off coast of Oregon
h about 33 km
Magnitude 5 (Brk), 5025-505

(Pal), 5.6 (cas).

June 22

13~09~57

51
55
44
44
49
21
48

13:08:12

TmaxZ

C&GS card 054-65~

11:09:15.3
5606° No, 15209° Wo
Kodiak Island region
h about 36 km '
Magnitude 6025-6o5'(Pas)~ 5~75

(Brk), 507 (CGS)~
6~.1 (HVO) v

June 23

M Z Tmax
A Z Tmax
D Z Tmax
MP Z Tmax
U Z Tmax
Pa Z Tmax.
Hi Z Tmax
NB Z Tmax
Ha Z Tmax

Ha

June 23--Continued

13: 36': 35

00:00:23.2 c
00:24:37

Z eP
PEZ eR

PEZ eRIT

J1ll1e 22-23

u
u

C&GS card 055~65:

23:48:07.1
7.10 N., 123~5° E.
Mindanao, Philippine Islands
h about 60 km
Magnitu~e 5.6 (CGS).

C&GS card 054-65: '
12:23:22.2
56.6° No, 152.8° Wo
Kodiak Island region
h about 25 km
Magnitude 600 (CGS).

June 23 June 24

C&GS card 0$6-65:
14:08:31,,2
2306° s., 176.7° w.
South of Fiji Islands
h about 91 km
Magnitude 505 (CGS)o

C&GS card 055-65:
07:45:13.6
7.00 No, 126.2° Eo
Mindanao, Philippine Islands
h about 50 km
Magnitude 6.0 (CGs).

June 24

eP 14:17:2201 dz

zM ,

M

28

11:16:24.,8 d
25.7 d
2602 d
31.0 d
24.8 d

11:22:15
11:24:37
11:26:25
11:55~47

43
54
38

·36
40
11
33, ... ,'

iP
eP
eP
eP
eP
is
iG
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

Z
Z
Z
Z
Z
PEZ
PEE
PEZ
Z
Z
Z
Z
Z
Z
Z
Z

M
A
D
Na
NB
U
U
U
M
A
D
MP
U
Pa
Hi
NB



Table 5.--Distant earthquakes--Continued

June 27, 1965

M Z Tmax 12:01:19
U Z Tmax 16
Pa Z Tmax 08
Hi Z Tmax 12:00:48
Ha Z Tmax 11:59:58

C&GS card 055-65:
11:08:55.9
60.3° N., 141.2° w.
Southeastern Alaska
h about 12 km
Magnitude 5 6Brk), 5.3 (CGS).

June 28

Na Z iP 03:43:12.1 c
Hi Z eP 17.1 c
NB Z eP 12.8 c
Ke Z iP 10.4 c
u PEZ eS 03: 51:29
U PEZ eSS 03:55:29
U PEZ eR 03:59:37
M Z Tmax 04:43:55
A Z Tmax 59
D Z Tmax 56
U Z Tmax 48
Ke Z Tmax 36
NB Z Tmax 04:44:05

C&GS card 057-65:
03:33:36.5
5.1° B., 153.0° E.
New Ireland region
h about 50 km
Magnitude 5.25-5.5 (Brk), 6.25-6.5 (Pal),

6.1 {CGS), 5.7 (HVO).
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The following persons, or, agencies reported. "felt" earthquakes
during the 2nd quarter, 1965~ Their' as'sis'tance is gratefully acknowledged 0

Mauna Loa summit area

Mauna Loa Observatory

Kilauea summit area

Mr. Bo Loucks
Mro and Mrso Ho Wo Mist
Mrs 0 Mo Gorder
~1ro Go Yang
Mrs 0 Vo Hansen
Miss Mo English
Mrs 0 Ko Yamamoto
Mro C.. Wentworth
Mr. Jll Forbes

Kana

Mrso Johnston

Kau

Mrs 0 A.. Paiva

Hilo region

Mr" So Ho
Mrs. To Crabb
Mrs 0 H. Lewis
Mrs 0 Bo Shaffer
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Summary of activities

The summer quarter of 1965 had very little seismic activity and
there was moderate swelling of the Kila~~a yolcaniq ediftc~. The
daily number of upper east rift quakes averaged about nine for the
three months; against this background the swarm of more than 500 quakes
that occurred. August 24-26 was conspicuous. Only once', S'eptember 4 and
5, were more than 100 shallow Kilauea quake'~"'recorded in a 24-hour period.
Each of these two small seismic events coinci'ded in time wi th an
inconspicuous change from slight swelling"·to slight dec~ine in the pattern
of tilting that is read daily from the shoit';L.base t'ilt instrument in
Uwekahuna Vault.

Three rather consplcuoUS episodes of moderate swelling were recorded
by this same instrument, from July 1 tq August 3, from August 13 to the
18th, and from September 12 to the 30th, separated by slight relaxation or
ai.mless wanderingo 11he total swelling "amounts to about 25 microradians
(25 mm tilt in 1 km of di.stance·.) and the direction of the center of swelling
passes eastward through about the center of Kilauea. The pattern of swelling
given by the plotting of movement at .the long-base tiltmeter stations
suggests that this center of inflation ·is under the upper east rift rather
than under Kilauea caldera center (fig. 2).

In July, about 9 months after the liquid completely solidified in
Alae lake, the hottest temperature is 725°C measured at a depth of
36 feet in the drill hole where the l~ke was 48 feet thict.

Several new procedures were :used inL: .the stlidy of the perched liquid
lava in Makaopuhi Cra,ter erupted in 'early March 1965. Motoaki Sato
developed a device, in the Survey laboratories in Washington, to measure
the partial pressure of oxygen from a crystallizing silicate melt. Using
the device in Makaopuhi., profil'es plotting fugacity of 'oxygen through a
range of temperatures frqm 1,OOO°C to 555°C have been measured successfully,
and repeated several times, in a number of holes drilled in the crust of
the lava lakee

Samples of molten magma were collected through drill holes from as
deep as 8 feet below the l,070°C isothe*m marking the base of resistant
crust. By rapid handling, the liquid sample was water quenched to
clear glass tn which no crystalli~ation of "the opaque o~ides had started.

A direct measurement of the viscosity 'of the liquid basalt at
l,l20°C was made by R.eginald Okamura in d:r;.,i~l hole No. 20 through the
crust of ~£kaopuhi lake. The measurement was made using an instrument
developed by Herbert Ro Shaw and built by Burton Loucks in .the HVO shop.
The instrument consists of a foot-long, 4-bladed, stainless steel rotor,
securely coupled with a long steel shaft that is rotated by a system of
pulleys and weights which had been calibrated in hot tar of known viscosity.

1



EXPLANATION

25 Kilometers
I

Datum is mean sea lellel

Contour interval 1,000 feet

• Seismograph Station

o Town or locality

5 0 5 10 15 20
A A A &=3 &='""'3
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TopoQroph, by US GeoloQical Surlley
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Figure l.--Map of the island of Hawaii showing localities mentioned
in the text and seismograph stations operated by the U.S.
Geological Survey. Epicenters of local earthquakes are given
in terms of geographic coordinates, which are indicated at the
edges of the map.
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Tilting of the ground around Kilauea ca1derao--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale by means of a network of field tilt bases
and a portable water-tube -tiltmeter" The att·itude of the grolilld surface
at each tilt base is reported 'in terms of north-south and east-west
tilt coordinates. Both coordinates at each station were arbitrarily set
equal to 500 when measurements at that station were begun" Increasj,ng
tilt coordinates correspond to northward and eastward tilti.ng of the
earth's surface; that is',' to a relative subsidence toward the north and
east. A one-unit change in coordinate corresponds to a tilting of
1 microradian (1 mm per km) in the direc~ion indicatedo

Location of and essential data on each tiltmeter station are
listed in table 7, which is published only in the first-quarter issue
each year~

Table lq --Tilt coordinates at Uwekahuna Vault, July, August,
and September, 1965

Date Date
(1965) N-8 E-W (1965) N -8 E-W

July 3 464 506 Aug. 21 470 491
10 465 509 28 470 493
17 466 504 Sept. 4 410 492
24 468 491 11 472 488
31 468 497 18 471 483

Aug. 7 468 497 25 473 480
14 469 494

3



3rd Quarter, 1965

Table 2o--Tilt coordinates and cnange.s at bases around Kilauea caldera 0

··.(See tilt diagram.9 figQ' 2., ) .

7
16'"

Not read this time
~epto 1 49205 50701 076 So 2903° Eo
Septa 9 536a 3~ 5'5005 056 So 4703°" E'o

Tilt base Date Tilt coordinates
Rate (10...0 raa/me)

(location) (1965) N-S E-W
and' direct:i."on' (jf Date of
tilting .since., las;t ~ea;ding

lastreading, .. (1965)
, .~ , ,

Uwekahuna Septo 9 47904 48207 2~48 No 4300° Wu June 15
Tree Molds 'Sept'o 2 43609 ' 51701 ~68 ' No 3506° W'o 9
Sand Spit .Sept" 7 87104 . 72309 1056 'So 7206° .Wo 16,.,
Kalihipaa Aug 0 31 32808 37209 088 So 13.,5° Wo 8
Keamoku Aug 0 30 58905 49109 1068 No 7608° Wu 7
Ahua, Kamokukolau A~go 30 6~06o (5 52607 206 ; SO 24G7° WU 15
Kipuka Nene ~UgD 31 483Q5 "1,5050 ..3 ".08 So '12° Wo 8

. ,

Hil1na Pall
Kapapa..la Ra~ch

Mehana

4



cr
o

N

t

/ Kol

...--..
TILTING RATE 2.5 )( Ie!' RADIANS I MONTH

JUN II, 1965 - SEPT 4, 1965

o
Kop

\

2000

5 K M

Figure 2. --Tilting of the ground around Kilauea caldera, June 11
September 4, 1965. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt basesj
open circles, short-base water-tube tiltmeters.
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Seismic summarYo--E~ents recorded by the U.S~' Geological Survey
seismograph network in Hawaii. fall into two categories: Local earthquakes
and tremor originating in the region of the Hawaiian Islands (usually
within 100 km of at least one sei.smograph), and distant earthquakes
originating more than 3,000 km from Hawaiio As an index of seismic
activity at Hawaiian volcanoes~ daily counts of earthquakes and m~nutes

of tremor recorded by seism.ographs in Hawaii are listed in table 3.
The earthquakes are separated into groups on the basis of region of
origin as determined by analysis of records obtained daily at the
Observatory (U~ M, A~ D, N, WP, MP)u Earthquakes of magnitude 200 or
greater are generally sufficiently well recorded to be located with
greater precision; they are listed individually in table 4. Data on
identifiable phases from distant earthquakes are listed in table 5a

Location of and essential data on each seismograph station are
listed in table 6~ which is published only ,in the first-quarter issue
each yearo

.. ~,. :'
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D, N,
WP, and MP around Kilauea caldera.

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative amplitudes
on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: earthquakes from a source about 30 km beneath the Kilauea summit region; shallow
earthquakes in the Kilauea caldera region; shallow earthquakes along the SW. rift zone of Kilauea and the
adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift
zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift zone and the adjacent
fault systems of Kilauea's south flank; and earthquakes from other regions: Kona, Mauna Kea, etc.

aii

Tremor
EarthquakesDate (in minutes)

(1965) I i

Upper1Kilauea Summit SW. rift

I
Eastern

I

Inter- r and east east. Others
Deep mediate Shallow 30 KM Shallow i Kaoiki rift rift i

j i

8 IJuly 1 ---- ----- ----- 2 29 I 5 I 1 Hualalai-----
2 ---- ----- ----- 1 30 ! 3 ----- i 4 j

I
---------------------

3 ---- ----- ----- 1 30 4 ----- I 5 1 Mauna Loa
4 ---- ----- ----- 5 25 9 1 5 ---------------------i
5 ---- ----- ----- ----- 23 ! 5 ----- I 6 ---------------------
6 ---- ----- ----- 3 37 5 ----- I 7 ---------------------
7 ---- ----- ----- 1 35 2 ---- - i 3 1 Haleakala
8 2 50 7 1 f

7---- ----- ----- ---------------------
9 ---- ----- ----- 2 74 4 ----- 10 ---------------------

10 ---- ----- ----- 3 40 9 ----- 10 ---------------------
11 4 ----- ----- 6 45 i 10 ----- 4 1 Kona
12 14 4 60 I

7 6----- ----- ~ ----- ---------------------
13 ---- 18 ----- 2 30 ! 8 ----- 5 ---------------------
14 ---- 4 ----- 1 34 I 5 ----- 10 1 Mauna Loa
15 ---- 6 ----- 3 30 3 1 4 1 of'f' w. shore of Haw
16 29 ----- -- --- ----- 35 6 ----- 8

I
1 Mauna Loa

17 ---- ----~ ----- ----- 32 6 ----- 2 ---------------------
18 ---- ----- ----- ----- 35 2 3 6 ---------------------
19 ---- ----- ----- ----- 47 2 - ---- 5 ---------------------
20 ---- I ----- 3 1 35 4 I ----- 9 -------------------~-I



Table 3. --Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D, N,
WP, and MP around Kilauea caldera--Continued

i

537

Date
Tremor Earthquakes

(1965) (in minutes)
Kilauea Summit SW. rift Eastern Upper

Inter- ! and east east Others
Deep mediate Shallow 30 KM Shallow Kaoiki rift rift

uly 21 ---- ----- ----- ----- 24 3 1 3 -----------------~-----

22 ---- 5 ----- 1 50 12 ------ 12 1 off w. shore of Hawai
23 ---- ----- --- -- 3 32 4 ------ 6 -----------------------
24 ---- ----- 5 3 48 5 ------ 5 -----------------------
25 ---- ----- ----- 2 41 7 ------ 8 ----'-------------------
26 ---- 9 ----- 4 38 1 ------ 12 1 Mauna Loa
27 ---- ----- ----- 4 46 10 ------ 9 -----------------------
28 ---- ----- ----- 1 43 8 ------ 4 -----------------------
29 ---- 4 ----- 4 47. 7 ------ 4 ----------------------
30 ---- I ----- ----- 2 39 8 1 5 1 Mauna Loa
31 ---- ----- ----- ----- 38 8 ------ 4 12 Mauna Loa

ug. 1 ---- ----- 4 3 61 5 ------ 9 14 Mauna Loa
2 ---- ----- ----- 2 35 7 ------ 4 9 Mauna Loa
3 ---- ----- ----- 1 25 12 ------ 5 15 Mauna Loa
4 ---- ----- ----- ----- 35 7 ------ 6 14 Mauna Loa

I
5 ---- ----- 7 3 45 5 I ------ 4 10 Mauna Loa
6 ---- ! 14 ----- 4 55 5

I
------ 5 1 Kona

7 ---- ----- ----- 1 45 1 7 ------ 3 1 Mauna Loa
8 : ---- ----- ----- 8 41 3 ------- 12 2 Mauna Loa
9 I ---- ----- ----- ----- 38 4 ------ 9 ----------------------

10 ---- ----- ----- ----- 37 5 ------ 16 1 Maillla Loa
11 32 ----- ----- 2 36 6 ------ 12 ----------------------
12 ---- ----- ----- ----- 38 5 ------ 10 ----------------------
13

I
---- 14 ---- - ---- - 27 3 ------ 3 --------~-------------!

14 15 ----- ----- 2 45 7 - -- --- 5 ----------------------
15 ---- ----- ---- - ----- 40 10 - - - --- 5 1 Mauna Kea

3 Mauna Loa
16 ---- 24 ---- - ----- 57 8 1 ------ 4 Mauna Loa
1 i 2 8 i 10 1 Mauna Loa---- ----- -- .. -- ------

J

A

co



Aug. 18 '"'0 9 3 48 6 13 ------------------~-----...,I

19 32 4 55 6 ------ ------------------------
20 31 4 4 53 9 12 1 off w. shore of Hawaii

21 10 43 8 15 1 Mauna Loa

22 20 3 55 12 10 ------------------------

23 8 2 45 9 24 ------------------------
24 6 3 35 5 303 1 Mauna Loa

25 3 17 6 285± --------~---------------

26 2 35 6 66 ------------------------
27 5 22 3 30 1 Kana

28 1 25 4 20 ------------------------
29 3 23 3 10 1 Kohala

30 11 1 40 9 10 1 Mauna Loa
1 off w. shore of Hawaii
1 offshore Maui.

31 4 27 29 5 5 ------------------------

Sept. 1 40 3 25 ------------------------

2 51 11 10 1 Kana
1 off SEe shore of Hawaii

3 9 4 48 5 lO -------------------------
\0 4 1 90 5 10 -------------------------

5 5 1 115 7 5 -------------------------

6 2 50 6 ------ -------------------------

7 4 2 80 7 10 -------------------------

8 48 3 5 1 Mauna Kea

9 3 1 55 3 13 2 Mauna Loa

10 1 49 12 3 -------------------------

11 12 50 8 10 1 Maillla Loa

12 ~ -- -- 16 40 10 1 6 -------------------------

13 34 8 30 8 1 10 -------------------------

14 3 10 45 12 8 1 Kana

15 8 3 42 6 10 2 off S. shore of Hawaii

16 20 30 6 5 ------------------------

17 10 53 12 15 ------------------------

18 5 48 6 7 1 off SE.- shore of Hawaii
1 Mauna Loa

19 2 40 6 10 -------------------------

20 6 3 65 7 21 1 Mauna Loa

21 2 76 7 16 1 Mauna Loa

22 7 1 84 10 5 -------------------------





Table 3. --Numbers of earthquakes and minutes of tremor recorded on seismographs U, M, A, D, N,
WP, and MP around Kilauea caldera--Continued

Date Tremor Earthquakes

(1965 ) (in minutes) Kilauea Summit SW. rift Eastern Upper
Inter- and east east Others

Deep mediate Shallow 30 KM Shallow Kaoiki rift rift

Sept. 23 ---- ----- - ---- 3 75 7 ---- - 5 1 off w. shore of Hawaii
24 ---- ----- --- -- 2 44 7 ----- 5 1----------______________
25 ---- -- --- ----- 3 50 5 -- --- 25 ------------------------
26 ---- ----- ----- 3 62 12 ----- 5 1 off s. shore of Hawai
27 ---- ----- ----- ----- 47 7 ----- 8 ------------------------
28 ---- ----- ----- ---- - 56 10 ---- - 7 ------------------------
29 ---- ----- ----- ----- 45 7 ----- 5 ------------------------
30 ---- --- -- ----- 2 73 3 -- --- 10 1 north of Molokai

i



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey
July, August, September, 1965

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter,
and felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located
smaller ones, occurring on or near the island of Hawaii are included in the list.

la
k.

Date Time Magni- Depth Epicenter Felt
(1965) h m s tude (km) Lat. N. Long. w. Description Report- - -

July 1 21 40 11.0 2.5 3 19°42.8' 155°47.9' 27 km NE. of Kealakekua --------------
3 11 57 40.6 3.0 8 19°11.9' 155°36.6' 15 km NNW. of Naalehu --------------
5 21 33 05.1 2.5 27 19°15.8' 155°28.2' 7 km NNE. of Pahala --------------
6 21 18 14.8 2.0 8 19° 18.3' 155°08.0' 9 km SEe of Makaopuhi --------------

seismometer.
7 00 31 36.8 3.6 13 20°43' 156°30' 11 km WSW. of Ha1eaka1a Felt: Ha1eaka

National Par
8 23 26 07.0 2.0 5 19°21.5' 155°08.3' 5 km E. of Makaopuhi --------------

seismometer.
11 14 37 13.4 2.5 8 19°24.0' 155°47.9' 18 km SEe of Kealakekua --------------
14 02 43 46.0 2.0 25 19°20.1' 155°20.8' 4 km E. of Desert --------------

seismometer.
15 13 32 04.1 3.8 30 19°22.8' 155°14.3' 3 km E. of Ahua Kilauea Summit

seismometer. area, Hi10,
Pahala, Puna
Mauna Loa

- Observatory.
16 04 26 33.0 2.0 5 19°25.0' 155°23.3' 8 km S. of !'v1auna Loa --------------

seismometer.
16 16 54 02.6 2.5 8 19°12.4' 155°35.4' 16 km N. of Naalehu --------------
17 01 58 53.7 2.7 8 19°24.5' 155°29.2' 14 km N~ of Desert --------------

seismometer.
18 04 56 15.6 2.3 3 19°23.1' 155°30.7' 14 km WNW. of Desert Hila

seismometer.
18 12 15 37.5 2.0 3 19°22.4' 155°12.6' 4 km WNW. of lvrakaopuhi ----~---------

I seismometer.



July 19 17 05 09.8 2·5 8 19°22.6' 155°24.2' 5 km NNW. of Desert Kapapala, Puna
seismometer.

22 07 15 44.0 3·0 5 19°16.8' '155°13.3' 11 km SSW. of rv1akaopuhi Kilauea summit
seismometer. area, Hila.

22 12 27 04.2 4.3 3 19°20.1' 155°30.6' 14 km W. of Desert Islandwide
seismometer.

22 18 37 07.5 3·0 8 18°59' 156°47' 48 km SW. of Kealakekua --------------

22 19 58 45.0 2.1 5 19°19.5' 155°10.5' 6 km S. of Makaopuhi --------------
seismometer.

26 04 07 35·5 2.5 8 19°24.1' 155°40.3' 15 km SW. of North Bay --------- ..... _---
seismometer.

26 06 58 45.3 2.7 5 19°21.2' 155°05.3' 11 km E. of Makaopuhi --------------
seismometer.

27 01 51 01.4 2.0 28 19°23.1' 155°16.1' 2 km NW. of Ahua
------------~-

28 10 40 23.7 3.1 5 19°24.1' 155°29.9' 14 km NW. of Desert Pahala, Hila
seismometer.

29 14 31 28.3 2.4 5 19°23.1' 155°29.8' 13 km NW. of Desert --------------
seismometer.

29 17 54 12.0 2.0 8 19°26.8' 155°28.7' 11 km SW. of Mauna Loa --------------
j--J seismometer.

lAJ 29 20 16 29.8 2.2 30 19°20.1' 155°15.2' 5 km S. of Ahua --------------
seismometer.

29 21 '19 47.6 2.9 3 19°21.5' 155°05.5' 10 km E. of lvlakaopuhi Hila
seismometer.

30 22 09 13.0 2.4 lu 19°23.8 ' 155°34.9' 11 km S. of North Bay ---------------
31 11 24 17.3 2.1 13 19°23.3' 155°37.7' 13 km SW. of North Bay ---------------

seismometer.
31 16 54 56.7 2.3 45 19°27.3' 155°35.7' 4 km SW. of North Bay ---------------

seismometer.
August 1 03 17 22.0 2·5 40 19°29.1' 155°35.6' 3 km SW. of North Bay ---------------

1 15 28 32.1 2.1 3 19°24.1' 155°27.1 ' 10 kmNW. of Desert --------------
seismometer.

2 03 44 48.9 2.3 50 19°29.0' 155°32.9' 5 km ESE. of North Bay --------------
seismometer.

3 11 46 55·7 2.0 27 19°23.8' 155°17.8 ' 3 km S. of Uwekahill1a --------------
4 15 47 35·1 2.3 5 19°20.1' 155°17.9' 7 km SW. of Ahua --------------

seismometer.
4 21 44 18.1 2.6 35 19°17.1' 155°00.5' 8 km ssw. of Ka1apana --------------
6 00 58 10.2 2.2 5 19°29.0' 155°46.0' 17 km ESE. of Kealakekua --------------
7 07 01 08.5 2.0 3 19°24.9' 155°26.1' 10 km NW. of Desert --------------

I seismometer.

7 10! 07 39·2 2.1 40 19°07.6' 155°25.2' 19 km ESE. of Naalehu --------------



Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey
July, August, September, 1965--Continued
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Date Time Magni- Depth Epicenter Felt
(1965) h m s tude (km) Report;

Lat. N. Long. W. Description- - -

August 8 19 32 I 31. 5 2.0 8 19°17.8' 155°12.8' 9 km ssw. of Makaopuhi ------------
I seismometer.

9 10 06 1 38.2 2.4 3 19°20.9' 155°07.3' 7 km ESE. of Makaopuhi ------------

22 j 42.5
seismometer.

10 05 2.4 5 19°40.9' 155°35.1' 21 km N. of North Bay -------------
seismometer.

11 12 18 i 16.5 3.7 3 19°05.7' 155°06.4 ' 20 km SSE. of Apua Point Mauna Loa

I Observator
i Pahala,
1 Ha1eaka1aI
! National PI :

15 09 57! 58.6 2.0 8 19° 52.5" 155°26.8' 17 km NE. of Pohaku10a -----------
16 15 16 I 31. 6 2.4 5 19°22.6' 155°27.1' 9 km NW. of Desert -----------

seismometer. i

i Kilauea Sumr17 12 28 117.4 3.3 30 19°21.2' 155°18.0' 4 km SW. of Ahua area.
17 17 21114.5 2.7 <3 19°15.7' 155°35.3' 22 km N. of Naalehu ! -----------

!

19 16 41 33.0 2.0 25 19°17.8' 155°14.9' 9 km SSE. of Ahua -----------
! I seismometer.
i I20 09 45 147.0 3.1 13 19°39 ' 156°24' 56 km WNW. of -----------

I I Kealakekua.
20 23 52 ; 31.0 2.3 3 19°16.2' 155°13.5' I 5 km WNW. of Apua Point -----------

;

21 13 16 I 46.0 2.2 8 19°21.5' 155°12.2' I 3 km wsw. of Makaopuhi -----------
seismometer.

21 20 33 52.5 2.1 10 19°31.5' 155°31.6' 7 km ENE. of North Bay -----------
seismometer. I

22 14 09 25.0 2.1 8 19°22.1' 155°26.5' 7 km WNW. of Desert ! ----------
seismometer.

22 14 13 05.5 2.1 30 19°23.9' 155°17.5' 2 km S. of Uwekahuna ---------- -

23 00 26 21.4 2.0 8 19°19.8' 155°04.1' 13 km ESE. of Makaopuhi : ----------
seismometer.

23 11 25 . 07.0 3.6 8 19°16.8' 155°11.9' 2 km N. of Apua Point Kilauea Su

) Hi10
Mt. View.

11 . 43 19.6 3.4 19°15·9' 155°11.2'
J

of Apua Point View, Hi23 3 1 2 km NE. I Mt.,
! i I



August 23 14 11 44.8 2.0 8 19°21.4' 1~5°0'2.7' 15 km E. of Makaopuhi -------------
se i ~.~ :nometer.

24 10 05 28.0 2·9 8 19°19.5' 155°26.2' 6 km TdS-"'. of Desert -------------
3eismometer.

24 11 38 06.2 2·9 5 19°18.7' 155°12.5' 8 km SW. of t-.1akaopuhi -------------
seisrnometer.

24 14 06 08.8 2.3 5 19°16.8' 155°13.0' 11 km SSW. of ~kaopuhi -------------
seismometer.

24 22 35 20.2 3.0 5 19°20.5' 155° 08.5 I 5 km SEe of Makaopuhi Kilauea Summit
seismometer. area .. Pahala.

25 00 14 44.6 2.2 5 19°19.8' 155v 05.7' 11 km ESE. of Ivlakaopuhi --------------
seismometer.

25 00 31 15·9 2.0 8 19°19.5' 155°10.5' 5 km S. of Makaopuhi --------------
seismometer.

25 00 38 19·5 2.1 5 19°20.5' 155°11.7' 3 km Svl. of ~.1akaopuhi Kilauea Summit
area~

25 00 43 59·0 2.3 5 19°20.2' 155°11.7' 3 km SW. of Makaopuhi --------------
seismometer.

25 00 46 32.8 2.0 8 19°19.0' 155°09.4' 7 km SSE. of Makaopuhi --------------
seismometer.

25 00 52 49.2 2.9 3 19°21.0' 155°10.0' 3 km SEe of Makaopuhi --------------
j---J seismometer.VI

25 01 03 11.3 2.4 3 19°21.2' 155°07.8' I l~m ESE. of Makaopuhi --------------
s~lsmorneter.

25 01 12 13.2 2.2 5 19°21.0' 155°08.9' 5 ~'~Ln SEe :Jf lv1akaopuhi --------------
seismometer.

25 01 14 28.0 2.0 5 19°20.7' 155°08.2' r
j~: ESE. of 1Y1akaopuhi0 --------------
seismometer.

25 01 23 01.3 2.3 10 19°20.9' 155° 14. ()' 6 k~.1 SE. of Ahua --------------
25 01 34 17.0 3.6 8 19°19.2' 155°09.8' ~ rm SSE. of Makaopuhi Kilauea Summit

seismometer. area~ Pahala~..
Hila.

25 01 48 44.8 2.2 5 19°20.0' 155°11.2' 5 km ssw. of Desert --------------
3eismometer.

25 01 53 06.0 2.1 5 19°20.1' l55°12.2' 5 km SW. of Makaopuhi --------------
seismometer.

25 01 58 48.0 2.1 5 19°21.2' 155°11.1' 3 km SW. of Makaopuhi --------------
seismometer.

25 02 07 12.0 2.7 5 19°20.0' 155°10.1' 5 km SSE. of Makaopuhi Kilauea Summi t
area, Pahala.



Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey
July, August, September, 1965

ea.
---~-

lauea
rea,

mrnit
ala.

mmit

Hi10.
. 7 km SW. of Uwekahuna

8 km SW. of Uwekahuna
155°19.5'
155°20.8'

19°22.8'
19°23.0'

32
31

I,
18

1

05
23 i 49

I

31
31

Date Time ~gni- IDepth Epicenter Felt
(1965) h m. s

f tude (km) Lat. rq _ Long. w. Description Report
- - -

34.0
. i

2.8 19°19.5' 155°10.8' Kilaue'august 25 02 15 i 5 5 km S. of Makaopuhi
j seismometer. Surilrnit ar

25 02 37 !24.5 2.3 I 5 19°19.5' 155°12.5' 7 km SW. of Makaopuhi -----------j

f seismometer.
25 02 59 '35.5 :3.5 5 19°19.0' 155°09.1' 7 km SEe of Makaopuhi Kilauea Su

! 1
seismometer. area.

25 03 53 l02.1 2.1 5 19°20.1' 155° 09.5' 5 km SEe of Makaopuhi ---------.---
I : seismometer.,

25 05 09 ;47.7 2.8 5 19°20.0' 155°09.7' 5 km SEe of Makaopllhi ------------
" seismometer.

25 06 30 11.2 2.3 5 19°19.1' 155°12.0' 7 km ssw. of Makaopuhi -----------
seismometer.

25 09 06 29·1 3.0 5 19°19.9' 155°09.9' 5 km SSE. of-Makaopuhi Kilauea Su
seismometer. area, Pah

25 12 33 :L6.5 2.7 3 19°19.9' 155°09.4' 6 km SEe of Makaopuhi -----------
27 18 37 51.6 : 2. '7 5 19°31.9' 155°45.1' 18 km E. of Kealakekua -----------
28 16 26 31.8 2.8 27 19°22.9' 155:)16.8' 2 km NW. of Ahua ------"-----

seismometer.
29 09 31 14.5 3.1 8 20°13.2' 155°36.0' 23 km NNE. of Kaml.le1a : -----------
29 09 39 58.3 3.0 3 19°23.9' 155°27.2' 10 km NW. of Desert -----------

seismometer.
30 14 05 50.3 3.1 8 19°35' 156°26' 50 km WNW. of Kealakekua ; -----------
30 16 43 15·0 3.2 8 20°29' 156°10' 35 km SSE. of Haleaka1a -----------

seismograph.
30 22 18 13.7 2.0 5 19°20.9' 155° 08.3' 5 km ESE. of Ma~aopuhi ----------~

I seismometer.
31 16 05 02.2 3.0 5 i 19°25.2' 155°25.1' 10 km NNW. of Desert : -----------

i
I seismometer.!

31
I

18 00 57.0 '3.8 32 19°21.8' 155°20.0' 7 km NE. of Desert ; Naalehu, Ki
I seismometer. ; Summit a

A



September 1 09 34 :28.7 2.7 5 19°25.0' 155°26.0 1 11 km NW. of Desert Kilauea summit
seismometer. area.

2 01 42 ~48.0 3.7 3 19°14.1 1 155°03.8' 15 km ESE. of Apua Point Hila, Kilauea
Summit area.

2 09 18 49.6 2.7 5 19°18.7' 155°12.2 1 9 km SW. of Makaopuhi -------------
seismometer.

3 21 117 i53.2 2.6 8 19°24.4 1 155°24.0 1 8 km N. of Desert -------------

05/55
seismometer.

5 1 14.2 2.0 3 19°07.2 1 155° 15.2 1 16 km SW. of Apua Point -------------

5 07136 '07.8 2.0 5 19°23.9 1 155°26.3 1 9 km NW. of Desert -------------
I seismometer.

6 02 102 i 56.7; 2.1 30 19°18.0' 155°18.8' 10 km ESE. of Desert -------------
seismometer.

6 02 33 '39·5 2.0 5 19°19.7 1 155°08.7' 7 km SEe of Makaopuhi -------------
seismometer.

7 05 1 04 37.2 2.3 27 19°23.5 1 155°19.2' 5 km SW. of Uwekahuna -------------
8 15 1 54 59·2 ! 2.7 35 19°15.8 1 154°55.5 1 11 km SSE. of Ka1apana -------------
9 10 ~ 58 44.31 3.2 8 19°14.3 1 155°35.7' 19 km N. of Naalehu -------------
9 11 : 04 22.2 ; 2.5 8 19°13.2 1 155°35.2' 17 km N. of Naalehu Pahala

9 14 ! 47 41.5 2.5 30 19°20.9' 155°18.5' 6 km SW. of Ahua -------------

t-' seismometer.
-:J

9 16 i 12 33.0 i 2.5 3 19°20.5 1 155°10.0' 4 km SSE. of Makaopuhi -------------
seismometer.

12 16 1 12 00.0 2.5 30 19°21.8' 155°18.7' 5 km wsw. of Ahua -------------
seismometer.

13 04 i 4g ; 44.2 2.7 25 19°24.5' 155°19.0' 4 km SW. of Uwekahill1a -------------
14 21 : 32 . 09·0 2.3 <3 19°26.9' 155°47.4' 16 km ESE. of Kealakekua -------------
15 1'5 : 27 19· 5 : 2.2 5 19°25.2' 155°26.3' 11 km NW. of Desert -------------

1 seismometer.
181 06

i

15 54.0: 2.1 27 19°24.0' 155°17.9' 4 km ssw. of Uwekahuna -------------
. I

16 10 130 53.3 1 2.5 25 19°23.2 1 155°19.7' 6 km SW. of Uwekahuna -------------
16 10 147 ·51.0 ; 2.3 30 19°21.9 1 155° 18.1' 5 km wsw. of Ahua -------------

seismometer.
16 14

1
21 : 40.7 i 3.0 30 19°22.8' : 155°17.2' 3 km WNW. of Ahua Pahala

seismometer.

17 06 ! 53 48.9 ! 2.4 30 19°22.3' 155°18.8' 6 km W. of Ahua -------------
seismometer.

17 18 17 56.8 ; 2·9 30 19°22.4 1 155°19.2 1 7 km W. of Ahua -------------
seismometer.

18 05
1

08 44.0 3·2 8 19°11.5' 155°36.1' 14 km N. of Naalehu -------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey
July, August, September, 1965--Continued

Date
(1965)

Time Magni - Depth
h m stude (km) Lat. N.

Epicenter
Long. w. Description

Felt
Report

1 _

, Hila J Kilauea
I Summit area.

42 km SSE. of Apua Point
15 km NNE. of.Naalehu
5 km E. of Makaopuhi

seismometer.
11 km E. of Makaopuhi

seismometer.
8km ESE. of Makaopuhi

seismometer.
10 km NNW. of Naalehu
51 km wsw. of Kealakekua
10 km E. of Makaopuhi

seismometer.
7 km SEe of Makaopuhi

seismometer ..
10 km ENE. of Makaopuhi
7 km SW. of Uwekahuna
29 km ESE. of Naalehu
11 km ENE. of·Makaopuhi

seismometer.
8 km SEe of Makaopuhi

seismorneter.
133 km NW.· of Ha1eakala

seismograph.

155°06.8'
155° 33.8 '
155 0 08.3'

155°04.8'

155°06.8'

155°36.5'
156°23'
155°05.5'

155°07.7'

155°05.7'
155°20.8'
155°19.7'
i55°04.8'

155° 08.6'

19°20.5'

19°09.1'
19° 28'
19°21.5'

19°22.0'
19°23.8'
18°59.8'
19°22.7'

18°53.2'
19°12.1'
19°21.6'

·8
3
3

3

5

8
8
5

5

5
26
8
3

5

8

3.3

2.0
2.3
2.5
2.5

3.0
3.1
2.1

2.2

2.3

4.0

53.5

08.0

25

17 18

23 14 39.0
00 30 24.5

i 10 46 56.9

21 '08 54 42.0

21 I 09 53 27.5

l21 21 53 01.4
4 i

2 I' 00 57 15.5
25 11 21 25.1

25 I 15 25 32.5
j
I25 ! 17 35 14.3

26 : 02 21 59.3
26 ! 11 20 14.2
28 I 00 43 50.0

28 I 03

30 I

September 18
20
20



Table 50 --Distant earthquakes

Times are reported in Greenwich Civil Time which is 10 hours faster than
Hawaiian 'Standard Time" ·A.tT C n. 'following the time of P indicates
compressional first motton; a lTd" indicates dilatational first .motiono
Station symbols, locations, and instrumentation are presented in
table 6,. Summary ,370 Magnitudes calculated from the Hawaii seismograms
are followed by (HVO-) v Location of epicenter, origin times, focal depths,
and magnitudes reported by other institutions are taken from "Preliminary
Determination or Epicenters" published by the UoS. Coast and Geodetic
Survey.

July 1, 1965

U PEZ eR 23:49:36

C&GS card 058-65:
23:12:45.4
60.3° So, 163.7° w.
South Pacific Cordillera
h about 33 km
Magnitude 6.75 (Brk),

5.5 (eGs).

July 2

July 2--Continued

C&GS card 057-65
20:58:40.0
5301~ No, 167.7° W.
Fox Islands, Aleutian Islands
Slight damage on Umnak Island
h about 59 km
Magnitude 6.75-7 (Pas), 6.75-7 (Brk),

6.75 (Pal), '705 (HVO).'

July 6

M Z eP 18:45:26.9 c
A Z eP 26.9 c
lv1P Z eP 27.1 c
Na Z iP 24.2 c
Hi Z eP 28.8 c
U PEZ eS 18: 52: 35

C&GS card 058-65:
18:36:4703

4.5° So, 155.1° Eo
. Solomon relan'de

h about 510 km
Magnitude 6-6025 (Pas),

6025 (Brk),
605 (eGs) 0

C&GS card 059-65:
03:04:19.8
22.6° S., 172.9° E.
Loyalty Islands region
h about 41 km
Magnitude 6 (Brk), 5.9 (eGs).

July 6

M
A
D
lv1P
U
Pa
Na
Hi
Ka
Ke
Ha
U
U
U
U
M
A
D
lv1P
U
Pa
Hi
NB
Ke
Ka
Ha

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
PEZ
PEN
PEN '
PEZ
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

eP 21:05~2707 d
eP 2807 d
eP 2807 d
eP 28.7 d
iP 2803 d
iP 2902 d

, iP -30.8 d
iP 26~4 d

. eP 22.3 d
iP 25.7 d
iP 1506 d
iPP 21:06:46
is 21':10:53
iG 21 :12·: 53
iR 21:14:16
Tmax 21.:43':06
Tmax 21:43: i8
Tmax ·2'1 :42 : 58
Tmax 21:43:07
Tmax 21:43:09
Tmax 21:43:15
Tmax 21:42:44
Tmalc' 2l: 42 ~'44

Tmax· .' 2·1·: 42:' 33
Trnax 21:41:'54
Tmax 21:41:46

M
Hi.
D

z
Z
PEZ

iP
iP
eR

03:13:28.0 d
30.8 d

03:27:35



," . .

'Table 5~ -~Distant- earthquakes --Continued

July .7'j 1965

M Z iP 21: 48 : 36'0 0 'd
D Z .·iP , 36~'2 d
Hi Z iP 37~1 d
NB Z iP '3409 'd

C&GS card 06~-65:

22~33:16
1108° So, 166~lo Eo
Santa Cruz Islands
h about 30 km
Magnitude 406 (CGS)o

C&GS card 057,-,65: .
21~38:50c5

32.7° No, 138.7° EQ
South of Honshu, Japan
h about 218 km
Magnitude 5~6 (CGS)o

July 16

C&G$ card 661-65: ~

12:47:49.4
7.2° _S Q ,_ 153.~ 6~, Eo
New Britain region
h about 28 km
Magnitude 507 (CGS)o

13:08:15.8 c
" '~14. 9 c

12:57:3107 c
.. 12 :'57:'3405 c

eP
eP

e~\ ,

"eP
Z,'
Z

Z
Z

C&GS card 061-65:
12:59:10.7
27.2° S., 177.60 Wo
Kermadec Islands
h about 27 km
Magnitude 504 (CGS)o

July 17

July17 ~

Ke
Hi

MP
Ke

22:56:17eRPEZu

C&GS card 060-6,5:
07:20:3005 ,
907° So, 15908° E.
Solomon Islands
Felt at Honiara
h about 23 km :
Magnitude 505 (Br,k),''604 (CQ-S),

5.6 (HVO) a

July 17

C&GS card 063-65:
13: 18 :27.4 ,
7.50 N., 124~3° E.
Mindanao, Philippine Islands
Felt at Cotabato, Malayba1ay, "

and General Santos .
h about 45 km
Magnitude 508 (CGS).

July 21

U PEZ eP',,-
U PEE eS
U, ,PEN "~p.

U . PEZ eR

13':30:3007 c

02:59:51
03: 06 :25··
03:09:48:
03,: 11: 51.,~·

ePz

eluly 20

M

• ',' ,'I

C&GS.. card o6,t~'65:
.02:51;39.Q" .
20,.8° S.,., ..17~?8° w.
T,~ng~ 'Is1a.nd,~

h about 57 km
Magnitude 5.7 (CGS).

07:29:49~7 c
'49.0 c
5000 c
49.6' c
51'Q'6 c
46uo c

07:37:25
07:42:05
07:43;50
08:25:12
08:24:52

iP
iP
eP
eP,
eP
iP
eS
eG
eR
Tmax
Tmax

Z
Z
Z
Z
Z
Z
PEZ
PEN
PEZ
Z
Z

M
D
:ME'
U
Hi
NB
U
U
U
NB
Ke

,.; 20



Table 5o--Distantearthquakes--Continued
1

August l--Continued

August 1

C&GS card--Continued
4609° Nu, 14308° Eo
Sakhalin Island.
h about 400 km
Magnitude 507 (CGS)o

C&GS card 063-65:
16:41:13~7

5207° No, 15304° Eo
Northwest of Kurile Islands
h about· 462 km
Magnitude 501 (CC-S) 0

16:49:3604 c
36~9 c
38.3 c
3608 c
36.4 c
3507 c

iP
iP
iP
eP
iP
eP

z
Z
Z
Z
Z
Z

August 1

M
D
:MJ?
U
Hi
NB

C&GS card 063-65:
08:29:22.1
51.2° N., 17103° w.
Fox Islands, Aleutian IslandsD
h about 23 km
Magnitude 6.5-6.75 (Pas),

6.25-605 (Brk),
6.75-7 (Pal),

: 604 (CGS),
606 (RVO)o

July ,29, 1965

M Z eP 08:36:0508 c
A Z eP 06.6 c
D Z eP 060·4 c
MP Z eP 0607 c
U Z eP 06vo c
Hi Z eP 0406 c
NB Z iP 0406 c
Ke Z eP 0305 c
Ha Z eP 08~35~57D9 d
U PEN iPP 08:37:17
U PEZ is 08~41:39

U PEE iL 08 :43 :1'7
U PEZ iR 08:44:59

July 30

M Z iP 07:32:0608 c
D Z iP 06.6 c
IYIP Z iP 050,5 c
u Z iP 06.1 c
Hi Z eP .0501 c
NB Z iP 07.9 'c

C&GS card 063-65:
07:20:1003
6.7° N., 73000 Wo
Northern Colombia
Felt at Bogota .
h about 174 km
Magnitude 503 (CGS).

M Z iP 23:54:0702 c
A Z iP 0604 c
MP Z iP 0608 c
Ke Z eP 04.3 c
Ha Z eP 1207 c
U PEZ eR 00~10:09

C&GS card 064-65:
23:44:2803
3205° So, 17809° Wo
South of Kermadec Islands
h about 44 km
Magnitude 508 ACGS), 507 (HVO)o

August 1

M
NB

Z
Z

i.P
iP

l5~11:5803.d
57v2 d

C&GS card 066-65:
15~02:5601 21



TabIe 5 ~ - -Distant ' e'arthquakes - -Continued

00:17:39.5 c
41.5 c
41.6 c
38.6 c
3501 c

00:25: 36
00:31:54
00:34:14

August 8

M Z iP 09:58:14.7 c

C&GS card 65-65:
09:46:2906
'4.1° No, 128.6° E.
North of Ha1mahera
h about 51 km
Magnitude 5.5 (CGS).

A Z eP
Pa Z eP
Hi Z eP
NB Z eP
Ke Z iP
U PEE is
U PEN eG
U PEZ iR

C&GS card 65-65:
00:07:50.5
503° So, 15107° E.
New Britain region
Felt on eastern New Britain
h about 47km
Magnitu~e 6.5 (Pas), 5~75-6 (Brk),

6.5-6075 (Pal),
6.3 (CGS), 608 (HVO).

August 4--Continued

C&GS- card--Continued

Oaxaca, Mexico
h about 117 km
Magnitude 5.2 (CGS).

August 5

August 8

M Z iP 12: 56 :.19. 9 c
Ha Z Tmax 13:32:34

C&GS card 65~65:

12:49:23.1
51.9° N., 17503° w.
Andreanof Islands, Aleutian Islands
Felt on Adak Island.
h about 53 km
Magnitude 4.5 (Brk), 5.1' (CGS).

22

02~13:4800 c
'4702 c
47.8 c

. 46.6 c
4703 c
46.9 c
50.7 c
5400 c

13,: 32 :310 7 c
31~3 c
30.6 c

,31,,0 c
'3104 c
32.3 c

13.:35:53
13:43:07
13:43:37
13:44:05
13:48:45
13:54:39
13: 55 :29
13:58:41

01:15:3208 c
32.0 c
32.8 c
3104 c

iP
iP
eP
i.P
iP
eP
iP
eP

C&GS card 063-65:
02:01~52u2

7 0 7° S o,~ 810'30 w.
Off coast of riorthern Peru
h about 49 km
Magnitude 5025-505 (Brk), '

5 (Pal)~ 508 (CGS).

August 3

M Z
A Z
D Z
MP Z
U Z
Hi Z
Ke Z
Ha Z

August 2, 1965

M Z eP
A Z eP
D Z eP
MP Z eP
U Z eP
Pa Z eP
U PEZ iFP
U PEZ is
U PEZ iScS
U PEN iPS
U PEE iSS
U PEE ~L

U PEN iG
U PEZ iR

C&GS card 064-65~

13:19:5407
56u2° So, 15802° Eo
Macquarie Island region
h about 33 km ,
Magnitude 7-7025 (Pas),

, 7~75 (Brk), '
7 (Pal), 607 (CGS),
700 (HVO)o '

August 4
M Z iP
A Z iP
D Z iP
MP Z eP

C&GS card 68-65:
01:05~5300

1608° No, 9405° w.



Table 5o--Distant earthquakes--Continued

August 11, 1965 August ll--Continued

August 11

C&GS card 65-65:
19:52:2908
1507° So, 16701° Eo
New Hebrides Islands
h about 33 km
Magnitude 6.5 (Pas), 5.6 (CGS)~

6.8 (HVO) 0

M
A
D
1v1P
Na
Ke
Hi
U
U
U
U
M
A
D
U
Na
NB
Ke
Ha

z
Z
Z
Z
Z
Z
Z
PEE
PEZ
PEN
PEZ
Z
Z
Z
Z
Z
Z
Z
Z

iP
eP
eP
eP
eP
eP
iP
is
iSS
i,G
iR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

03:49:'5906 c
5905 c
5806 c
5906 c

'5409 c
5605 c

03:50:0102 c
03:57:19
04:00:59
04~02:1l

04:04~15

04:44:14
06
09

. 05
04:43:44
04:44:18
04:43:58
04:44:33

U
NB
Ha
U
U
U
U
U
Ke

Z eP
Z eP
Z eP
PEE ePP
PEZ is
PEZ iSS
PEE i,G
PEZ iR
Z Tma.x

3007 c
2904 c
3303 c

20:03:43
20~08~49

20:12~35

20~13:39

20:15:55
20:55:39

C&GS card 65-65 ~

18:29:4001
59~6° No, 14508° Wo
G'u1f of Alaska
h about 25 km
Magnitude 505 (CGS)o

C&G·S card 66-65:
03 :40: 56" 2
15.4° So, 16609° Eo
New Hebrides Islands
h about 26 km
Magnitude 7 (Pas), 603 (CGS),

70 1 (HV~O) 0

August 11

August 11

22:40:4907 c
4907 c
4807 c
49.7 c
4503 c
5102 c
49wO c
4700 c
5200 c

22:43:10
22:48:15
22:51:55
22:52:55
22~55:03

23:35:31
18
11
01
00
26
12
51

Z eP
Z eP
Z eP
Z eP
Z iP
Z eP
Z eP
Z iP
Z eP
FEZ ePP
PEZ is
PEN eSS
PEE iG
FEZ iR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

C&GS card 66-65:
22:31:48~9

1508° So, 16702° Eo
New Hebrides Islands
Damage on Espiritu Santo
h about 33 km
Magnitude 7025-(~5 (Pas), 6.4 (eGs),

(~8 (HVD) 0

M
A
D
:MP
Na
Hi
NB
Ke
Ha
U
U
U
U
U
M
A
D
U
Na
NB
Ke
Ha

23
20:01:3007 c

3007 c

19~20:19

33
21
10
23
01
28

19:19:50

eP
eP

Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

z
z

Z
Z
Z
Z
Z

Z
Z
Z

M
MP

M
A
D
:MP
U
Hi
NB
Ha



Table 5.. -.-Distant earthquakes - -Continued

C&GS card 68-65:
04:40:55113
15 .. 9° S., 107.5° Eo
New Hebrides Islands
h about 34 km
Magnitude 507 (CGS).

C&GS card 68-65:
18:04:5601
16.0° S., 167.4° E.
New Hebrides Islands
Felt-at Port Vila
h about 45 km
Magnitude 503 (CGS) ..

C&GS card 68-65:
11:24:5108
16.0° S., 167.0° E.
New Hebrides Islands
h about 33 km
Magnitude 5.5 (eGs),

5.8 (HVO) ..

August 12}-Continued

11:33:5305 d
52Q7 d
54.0 d
5200 d

11:41:17
11:45:43
11:47:59

04:49:55.9 c
57 .. 2 c

iP
eP

z
z

August 13

August 13

A Z eP
D Z eP
~ Z eP
NB Z eP
U PEZ eS
U PEE eG
U PEZ eR

M
Ha

M Z eP 13 :06 :5,5. 3 d
Na Z eP 52.,3 d
U PEE eS 13~14:55
U PEN eG 13:21:11
U PEZ iR 13:23:31

C&GS card 67-65:
12:57:0907
503° So, 15202° Eo
New Britain region
Felt widely
h about 41 km
Magnitude 6.5-6.75 (Pas),

7025 (Pal),
509 (CGS),
6~6 (HV9)o.

August 12, 1965

M Z eP 08 :10 :43:. 7 d
A Z eP 43~7 d
D Z eP 42.7 d
MP Z eP 43,,7 d
u· Z eP 43 .. 8 d
Na Z eP 3909 d
NB Z eP 42:~ 8 d
Ke Z eP 42·.2 d
Ha Z el? 45'0'7 d
U PEZ ePP 08 ~12: 51
U PEE eS 08:18:01
U PEZ iSS 08:21:45
U PEE eGo 08:22:55
U PEZ iR 0~:25:15

August 12

C&GS card 68-65:
08:01:43~3

1509° S~, 167.5° E~
New Hebrides Islands
Felt at Port Vila
h about 25 km
Magnitude 6075 (Pas),

605 (Pal),
603 (CGS )"
6.5 (HVO)o

August 12

NB
Ha

z
Z

eP
eP

18:13:5206 c
56 .. 7 c

24



Table 5. --Distant earthquakes--Continued

August 13

M Z eP 13:22:33,2 d
A Z eP 33.0 d
D Z eP 32.1 Q.

MP Z eP 33.~ d
NB Z eP 32.6 d
Ha Z eP 36.6 d

C&GS card 68-65:
17 : 56 :.27 . 6
16.6° S., 167. 6° E:'~-

New Hebrides Islands
h about 39 km
Magnitude 5~4 (cas),

August 13

C&GS card 66.:.65:
21:57:38 .. 7·
6.4? S., 148.5Q ·E.
New Britain.region
h about '51 -km ;
Magnitude 5.5 (Brk), 5,·2·-(CGS).

!\ugust 14

U . PEZ iR .11 : 31 :11

C&GS card 70':'65:
11:07:47.1
15.8° S., 166.8° E.

14:12:15.2 c
14.3 c
15.1 c
13.2 c

,13:26: 50. 7 d
51.0 d
49.6 d
50.9 d
49.1 d

13:38:11
13~4o:15

14:18:26

August 17

U PEZ eR 16:40:43

C&C'S card 70-65:
16:17:41.5
15.2° s., 166.6° E.
New Hebrides Islands
h about 19 km
Magnitude 5.8 (CGS).

M Z eP
A Z eP
D Z eP
U Z eP
NB Z eP
U PEN eG
U PEZ iR
Ke Z Tmax

C&GS card 66-65:
13:18:06.0
1105° s., 166.3° E.
Santa Cruz Islands
h about 49 km
Magnitude 5.6 (CGS)c

August 14--Continued

C&GS card 70-65~-Coptinued

New Britain Islands
h about 33 km
Magnitude 6 (Pal)J 5.5 (CGS).

August 14

August 17

U PEZ eR 11:23:56

C&GS card 66-65:
10:35:04.1
5.. 3° N., 96.2° E.
Northern Sumatra
h about 33 km
Magnitude 5.3 (eGs).

'August 17

M Z eP
A Z iP
D Z eP
:MP Z eP

C&GS card 66-65:
14:02:19
15.2° N., 92.1° W,
Mexico-Guatemala border region.
h about 121 km
Magnitude 4.9 (CGS).

25

18 :: 05 : 30. 8 c

12 :49 : 34. 8 d"
34.8 d
33,7 d
34,9 d
31~0 d

12: 56: 57
13~00:39

13:01:35
13:03:39
13: 43':43

ZHi

No C&GS listing.

August 13

Hi Z eP

August 13, 1965

M Z eP
A Z eP
D Z eP
!vIP Z eP
Na Z. eP
U PEZ is
U PEZ iSS
U PEN iG
U PEZ iR
Ke Z Tmax

C&GS card 68-65:
12:40~08.3

15.9° S., 166.8° .E,
New Hebrides Islands
h about 33 km
Magnitude 7 (Pas), 7-1.25 (Brk),

5.6 (eG·s)., 7.7 (RVO).



Table 5. --Distant earthquakes--Continued

August 18, 1965

M Z eP 15:00:3103 d
U PEZ is 15:07:5l.

'U PEZ eSS 15:11:31
U PEN eG 15:12:39
U PEZ e'R 15:14:43

C&GS card 71-65:
14:.51:29.3
16.0° S., 167.0° E.
New Hebrides Islands
Felt at, Port Vila
h about 5 km
Magnitude 5.75-6 (Pas),

6 (Brk),
5.7 (CGS),
6.2 (HVO).

August 20

M Z iP 06:06:·20.4 d
A Z eP 20.8 d
D Z eP 20.1 d
MP Z iP 21.0 d
U Z iP 20.5 d
Pa Z eP 22.0 d
Na Z iP 18.6 d
Hi Z iP 22.3 d
NB Z iP 1'9.5 d
Ha Z iP 17.5 d
u PEZ isP 06: 08 :07'
U PEE is 06:15:53
U PEN iG 06:27:31
U PEZ i 06: 31: 39

COOS card 69-65:
05:54:5000
5.7° S., 128.6° E.
Banda Sea
h about 326 km
Magnitude 6.75 (Pas),

6.2 (CGS).

26

August 20

U Z iP 21:30:14.0 c
Pa .Z eP 15.2 c
Na Z iP 10.9 c
Hi Z iP 17,,0 c
NB Z iP 14 .. 0 c
Ha Z iP 20.4 c
u PEE eS 21:37:01
U PEE iG 21:40:49
U PEZ eR 21:43:04

C&GS card 69-65:
21:21:50.9
2209° S., 176.3° w.
South of Fiji Islands
h about 77 km
Magnitude 5.75 (Brk),

6-6.25 (Pal),
6.2 (CGS).

August 23

M Z iP 19=55:47.3 c
D Z iP 4701 c
MP Z eP 45.8 c
Na Z eP 47.6 c
NB Z eP 47.8 c
Ke Z eP 51·5 c
Ha Z eP 55.6 c
U PEN is 20:03:37
U PEZ iSS 20:07:31
U PEN eG 20:09:47
U PEZ eR 20:11:39

C&GS card 69-65:
19:46:02.9
lq.3° N., 95.8° w.
Oaxaca, Mexico
Five killed in Mexico City,

one killed in Oaxaca.
Slight damage in Mexico
City and Oaxaca.

Felt throughout southern
Mexico.

h about 28 km
Magnitude 7.25 (Pas), 7.5-7.75

(Brk), 7.25 (Pal),
6. 7 (CGS), 7. 3 (HVO).



Tiab le- .5 ~- ~D i stant eart.hquake s - -Continued

September l·~

C&GS card 77-65:
12:46:3001
15a7° S", 16706° Eo
New Hebrides Islands
Felt at Norsup
h about 10 km
Magnitude 600 (CGS)o

·C&GS card 70-65--Continued

1401° No, 90.5° We
Guatemala
h about 107 km
Magnitude 405 (Brk)j 500(CGS)"

August 29

12:55:35
13:07~11

Z eP
PEN eG-

M
U

C&G·S card 7'0.:65,,:
07 ~ 06: 500 0 ,
2l~9° So, '17703° W~,

Fiji Islands r~gion

h about. 290 km
Magnitude 4075 (Brk),

507 (CGS) ~

August 24, 1965

M: 'Z iP 07~14~4806 c
A' Z eP' 4802 c
D Z eP 4706 c
MP ,'- Z iP 4801 c
U Z iP 48.~ 3 c
Pa . . Z iP " 5000 c
Na Z iP 4400 c
Hi Z iP 5100 c
NB Z eP 4708 c
Ke Z iP 4605 c
Ha Z eP 5307 c

August 24

M Z Tmax 14:02:56
A Z Tmax 51
D Z Tmax 14:03:03
MP ,Z Tmax 14~02~54

U Z T,max. 58
Pa Z Tmax 52
Hi Z Tmax 36
NB Z Tmax 14~03~18

Ha 'z, Tmax 14:01:36

M Z iP 04:'57~2306 d
A Z iF 22.9 d
D Z eP 2107 d
MP Z eP 2301 d
U Z iP 2300 d
Na Z eP 19~7 d
Hi Z eP 24u8 d
NB Z iP 2206 d
Ke Z iP 2107 d
u PEN eS 05:05~26
U PEZ e 05~14:13

C&GS card 69-65:
13~12:19c4

59~4° No, 145:o'~O We
Gulf of Alaska
h about 19 km .
Magnit'ude 5~25 ,(Brk).9

,504 .{!CGS)~
I

C&GS card 70.;.65:
04~47:3409

3406°, So, 17906° Ee
South of Kermadec Islands
h about 107 km
Magnitude 6025 (Brk),

602 (eGs) 0

August 29 September 2

M Z iP , 01:56~2507 c
A Z iP 25~ 0 c
MP Z iP 2403 c
u Z iP 25,,0 c

M Z eP o4~34:09c2 d
Pa Z eP 10~0 d
NB Z iP o8~8 d
u PEZ eR 04:44:38

C&GS card 70-65~

ol~45~57~3
27



Table 50 --Distant earthquakes~-Continued

September 2 2 1965--Continued September 8.1

COOS card 71-65:
ll~19,: 6404
5507° NQ' 155.4° w.
South of Alaska
h about 33 km
Magnitude 5.4 (CGS),

5.3 (HVO).

C&GS card 72-65:
5705° No, 15201° WIG
Kodiak Island region
h about 25 km
Magnitude 5025-505 (Pal),

506 (CGS) ~
5Q2 (HVO)Q

M Z iP 03:33:38.3 c
A Z eP 3900 c
D Z iP 3902 c
:MP Z eP 39Q6 c
U Z eP 3807 c
U PEZ eS 03:39:33
M Z Tmax 04:13:35
U Z Tmax 38
Ha Z Tmax 04:11:58

September 8

11:23:3702 c
3800 c
37.6 c

11:29:27
11:33:03
12:02:14

17
08
07
03

12:02:00
12:01:58

49
24
38

iP
iP
eP
eS
eR
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Trnax

Z
Z
Z
PEZ
PEZ
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

M
A
U
U
U
M
A
D
MP
U
Pa
Hi
NB
Ka
Ha

C&GS card 70-65~

04~26~37D3
51u9° NO J 17505° Eo
Rat Islands j Aleutian

Islands v

h about 39 km
Magnitude 405-5 (Brk)J

506' (CGS)o

September 4

C&GS card 71,-65:
14:32~4709

5802° NVJ 15206° Wo
Kodiak Island region
Felt aboard USC&GSS Surveyor
~ocated at 58°57' NO j 1510 23' We,
E;pd in a wide area of south •.

central Alaskao
h abol1t 19 km
Magnitude 6075-7 (Pas),

7 (Brk),
6075,-7 (Pal),
601 (CGS),
7.. 0 {liVO)o

M Z eP 14~4o~1300 d
A Z eP 1307 d
U Z eP 1302 d
Pa Z eP 1206 d
Na Z eP 16,) 5 d
Hi Z iP 1002 d
NB Z iP 1304 d
Ke Z eP 1300 d
U PEZ is 14~46~12

U PEN eG 14:48:50
U PEZ iR 14: 50:26
M Z Tmax 15~20:13

A Z Tmax 20
U Z Tmax 15~19:58
Pa Z Tmax 15:20:03
Hi Z 'IJmax 07
NB Z Tmax 45
Ita Z Tmax 15~18:40
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Table 50 --Distant earthquakes--Continued

September 9, 1965

A Z eP lO~13~3709 d
D Z eP 3804 d
u PEZ eS lO~23~02

U PEN eBS 10:27~26

U PEN eL 10:31~10

U PEZ i.R lO~34~40
I

M Z Tmai 11:29~30

A Z Tmax 24
U Z Tmax 25
Hi Z Tmax 06
Na Z Tmax 36
Pa z· Tmax 11~28~4l

C&GS card 71-65:
10:02:25v4
6G5° Nu J 84~4° Wo
orr coast of Central

America"
h about 27 km
Magnitude 6075 (Pas),

6,.75 .(Brk) J

505 (CGS)-,
6031(HVO)o

September 11

A Z eP 07~02:3901 c
D Z eP 3801. c
U Z eP 39v2 c
Na Z iP 3601 c
U PEN is 07~10~27

U PEN iG 07:16:31
U PEZ eR. 07:19~07

1\1 Z Tmax 08~O3~26

A Z Tmax 26
D Z Tmax 26
U Z Tmax 22
I~B Z Tmax 25
Ke Z Tmax 09

C&GS card 71-65~

o6~53:0105

5030 So, 153000 Eo
New Britain region

, Felt. at R.abaul
"h abou.t 67 km
~1agnit11de 60 3 (CGS) c'

29

September 1.2

M Z iP o8~50~0504 c
D Z eP 0406 c
Na Z iP 0204 c
Hi Z eP 07~1 c
NB Z eP 04,,1 c
U PEE is 08 ~ 58: 07
U PEE eG 09:04:31
U PEZ eR 09:06:47

C&GS card 71-65 ~
08:40~1208

603 0 s" , 151," 6° Eo
New Britain region
Felt at Rabaul
h about 48 km
Magnitude 6-6025 (Brk),

602 (CGS) -'
507 (HVO)o

September 13

M Z iP 13:16:1400 c
A Z eP 1501 c
D Z iP 1409 c
u Z eP 14G8 c
Pa Z iP 14~9 c
NB Z eP 1302 c
Ke Z eP 1104 c
U PEN eS 13~23:11

U PEE eG 13:26:59
U PEZ eR 13:29;03

C&GS card 71-65:
13:07:4803
5505° No, 16507° Eo
Komandorsky Islands region
h about 23 km
Magnitude 5.4 (CGS)~

5~6 (HVO) 0



Table 50 --.Distant earthquakes --Continued

September 16

September 13) 1965

C&GrS card 74-65 ~

16~15~4405

36a5° So~ 9705° Wu
Southeast central Pacific Ocean
h about 33 km
Magnitude 5075-6 (Pal),

50 4 (CG·S) (J

C&GS card 73-65:
11:13:5604
104° So, 77~6° w.
Ecuador.
Felt at Guayaquil and Quito
h about 190 km
Magnitude 605 (Pas),

505-6 (Brk),
600 (eGs).

September 17

M Z iP 11:25:4106 d
A Z iP 4007 d
D Z iP 41.4 d
MP Z l.P 4003 d
u Z eP 4008 d
Pa Z eP 3808 d
Na Z eP 4200 d
Hi Z iP 4000 d
NB Z iP 42.6 d
Ke Z iP 11:25:44.1 d
Ha Z eP 4606 d
U PEN eS 11:35:29

Tmax 04 :50 ~ 54
Tmax 44

Z
Z

PEZ eR

C&GS card 73-65~
04:10:2206
4004° N v, 12507°
orr coast of northerrl California
h abou.t 33 km
Magni.tude 5 (Brk), 4075-5 (Pal),

506 (eGs) 0

Pa
Ha

u

September 17

M Z eP 16:31:0508 c
Na Z eP 0507 c
U PEE is 16:39:07
U PEN eG 16:44:47
U PEZ iR 16:47:31

C&GS card 72-65:
15:18:38.4
3603° No, 141.2° Eo
Near east coast of Honshu, Japan
h about 66 km
Magnitude 5.2 (CGS) .

September 17

15:28:34.3 cePZM

C&GS card. 73-65~

13~50~1108

7010 No, 126u5° Eo
Mindanao, Philippine Islands
h about 179 km
Magnitude 600 (CGS)o

?eptember 16

M Z iP 14~01~4508 c
D Z eP 4503 c
MP Z iP 4604 c
u Z iP 45n9 c
Pa Z iP 4707 c
Na Z eP 4400 c
Hi Z iP 4709 c
NB Z iP .4407 c
Ha Z iP 41.94 c

30

C&GS card 72-65:
16:21:21.9
36.3° N., 14101° Eo
Near East coast of Honshu,

Japan.
h about 72 km
Magrlitude 5.8 (CGS), 6.7 (HVO).



September ,18" 196,5 .

C&GS card 74-65~

22:03~18~8

802 0 N , 12608° E~

Mindanao, Phili.ppine Islands
h about 85 km
Magnitude 506 (eGs)"

C&G·S card 75-6'5:
2o~46:39D2 ..
5905° No~ 14501° Wo
Q·ulf of Alaska I

h about 22 km
Magnitude 6 (Pal), 503 (eGs).

U PE.Z: :"eR, .21~ 05: 32
M Z '~rnax c .'2'1':"37 ~ 46
A Z ~max, ' . 47
D Z Tmq.x, 2:1·:38 :02
MP Z .~max 21:37~46

U Z ~m~x. ~ 46
Pa Z 1rmax 47
NB Z Tmax 38
H~ Z ~max '21': 36 :22

605 (CGS),

20:11:38.5 d
3500 d
39.8 d

20:28:32 .

M Z iP
Na Z eP
Hi Z iP
U FEZ eR

C&GS card 74-65:
20:01:49~3

5.40 S., 151.50 E.
New Britain region
Felt at Rabau1
h about 57 km
Magnitude 5-5.5 (Brk),

600 (HVO).

~Septerq.per 2l--Continued

C&GS card--Continued

Magnitude 6075 (Pas), 6025 (Brk),
6.0 (CGS), 604 (HVO).

Septemberr 22

M Z iP 09:46:53.4 c

e&Gs card 74-65:
09:35:25.3
1.3° S., 134.0° E.
West New Guinea region
h about 14 km
Magnitude 508 (eGs).

September 22

22:14:5808 c
5905 c,

eP
eP

z
z

M
MP

September 18

September 19

U PEZ eR 14:30:12

C&GS card 75-65~

13:55~39a9

5404° So, 135.7° Wo
South Pacific Cordillera
h about 33 km
Magnitude 4~8 (CGS)o

Sep"tember 22

22:17:4801 c
49.4 c

22:25:46
22:31:32
22:34:06

eP
eP
eS
eL
iR

M Z
NIP Z
U PEE
U FEN
U PEZ

C&G~ card 74-65:
22:08:01.1
36040 ·N., 14103° Eo
Near east coast of Honshu, Japan
Felt at Tokyo
h about 44 km
Magnitude 6075 (Pas), 6,,25 (Brk),

5ft6 (CGG), 602 (HVO).

31

01~49~20~3 d
1909 d
21,,2 d
1703 d

01:58:12
02:02~28

·..02 ~ ..0-5"7: 51·

September 21

WP Z iF
Na Z iP
Hi Z iP
Ke Z eP
U PEZ is
U PEN eBS
U PEN~~. . .. j.G..

C&(}S card 73-65:
01~38~30.2

29" 1° No, 1280 2~ Eo
East China Sea
h about 197 km



Table 5.,-.~p=!-;3tant ·~arthquakes--Continued

September 26, 1965 September 30--Continued

C&GS card 76-65:
00~36:24

18~4° No, 10102°. Wo
Guerrero, Mexico
h about 93 km
Magnitude 4.8 (CGS)&

September 28

D z iP 00:45:30.2 c C&GS card 79-65:
23:47:40.7
59.70 N., 143.4° w.
Gulf of Alaska
h about 19 km
Magnitude 5.25-5.5 (Brk),

6.25-6.5 (Pal),
4.8 (CGS),
6.1 (HVO).

M
"MP
U
U
U
U
U

Z iP
Z eP
PEN is
PEN eSB
PEE eL
PEN eG
PEZ iR

05:15~5001 c
, 48.7 c

05~23:12

05:26:46
05:27:48
05:28:04
05:30:24

C&GS card 77-65:
05~06:36.8

28~00 S., 17801° w.
Kermadec Islands
h about 33 km
Magnitude 605-6o75'(Pas),

6.25-6.5 (Brk),
6.5-6.75 (Pal),
502 (eGs),
6.4 (HVO).

September 30

M
U
U
U
M
A
D
MP
·u
Pa
Hi
Ha

Z eP
PEZ eS
PEE eG
PEZ iR
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z rrmax
Z Tmax

23:55=3401 c
OO~01:58

00:04:32
00:06:38
00:39:00

05
07
07
04
01

00:38:57
OO:37~42

32



The following persons or agencies reported "felt" earthquakes
during the 3d quarter, 19650 Their assistance is gratefully acknowledged ..

Mauna Loa summi,t area

Mauna Loa Observatory

Kilauea summit area

Mr .. and MrS3 HQ W.. Mist
Mrs u Vv Hansen
Mrs .. Mo Gorder
Mro J~ Loucks
Mro & ~~Sv Co Ko Wentworth
Mro K" Yamamoto
Mro Jo Forbes'
Mr~ Ao Y'amamoto
Mr" B" Decker
Mrs.. N. Yamamoto
Mi s s Mo Engli sh
Mrs .. L" Forbes
Mr. R o Koyanagi

North Hawai.i

Mrs 0 Eo Christensen
Mrs.. R" Eklund

Kona

Miss Ao Greenwell
Mrv E~ Glass
Mro Mo Sutherland
Radio station KEKO

Kau

~o Wo Meinecke
Mro Do Irhompson
Mrs" A. Paiva
Naalehu Police Station
Pahala Hospital

33

Hila region

Mr. and Mrs. R. Baldwin
Mrs. H~ Lewis
Mrs .. To Crabb
Mr" B~ Allen
Miss E.. Patten
Mrs. Brown
'Mrs" Veriato
Civil Defense Office
Mrs" McPearson
Mr. H. Pierce
Mrs" Uyetake
Mrs. J. Bryan
Mrs 0 Ro Kaneshiro
Radio station KIPA
Mro and Mrs 0 R. Okamura

Puna

Mrs. Wilson
Miss H. Hoopai
Miss RD Chiquita
Mrs" Carmichael

Haleakala, Maui
<

Mr. J" Larson
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Summary of Activities

Kilauea volcano continued its gradual inflation throughout much of
the fall quarter of 1965. As monitored by daily readings of the short
base water-tube tiltmeters at Uwekahuna, the center of inflation lay to
the southeast, just east of West, Pit which is in the southwestern part
of Kilauea caldera. Seismic activity remained at a normal level,
punctuated by two small swarms of long-period quakes from beneath
Kilauea summit an'd one swarm of 50 quakes from the 'east rift zone in
mid -November.

These fairly normal conditions were abruptly interrupted by a
6-hour eruption on December 24 and 25. About 1.1 million ,cubic yards
of lava were erupted from 2 reaches of en echelon fissures on the east
rift zone of Kilauea extending from Aloi Crater, (which is midway
between Ahua and Makaopuhi seismograph stations (fig. 1)), to Kane Nui
a Ramo, a small lava and cinder cone about 4 km farther east. There was
little prior warning of this activity-'-harmonic tremor and a swarm of
quakes began at about 19:30 on December 24 and by 21:30 on the same
evening the lava reached the surface.

The lava erupted from vents crossing the floor of Aloi.Crater and
formed a 47-foot-deep lava lake, but late-stage drainback withdrew all
but 5 or 6 feet of this new lava.

The eruption ended as the tempo of earthquakes and ground cracking
reached the maximum. The ,seismic crisis produced hundreds of felt
quakes and thousands were detected instrumentally.' This swarm
continued with gradually decreasing intensity into mid-January 1966.
The epicenters of most of the quakes as well as the location of most of
the new ground cracks lay along the upper east rift zone and westward
along the Koae fault system, a system that lies roughly between Makaopuhi
and Desert seismograph stations (fig. 1), for a distance of about 15 km.

Studies in Makaopuhi lava lake, near·Makaopuhi seismograph station,
continued throughout this quarter. A number of samples of molten basalt
were obtained from beneath the crust of t.he lake at temperatures ranging
from 1,100° to 1,120°C. Modal studies of these melt samples as well as
of samples from other levels in the crust of the lake indicate the
following paragenesis of the main crystalline phases: olivine
clinopyroxene-plagioclase-opaque minerals.

Investigations of the partial pressure of oxygen are continuing in
the Makaopuhi lava lake drill holes. Five drill holes now show zones of
anomalously high P0

2
(up to 10-5 atm) within the temperature range

r(50° -450°C. The maxima of these anomalies moved deeper in the holes as
the isotherms moved to greater depth. The explanation of these anomalies
is still being explored.
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EXPLANATION

• Seismograph Station

o Town or locality

Figure l.--Map of the Island of Hawaii showing seismograph stations operated
by the U.S. Geological Survey, principal settlements, qnd selected
geologic features. Epicenters of local earthquakes are given in
table 4 in terms of geographic coordinates, which are indicated
at the edges of the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter at Uwekahuna (table 1), and at irregular intervals
it is measur.ed on a regional,. scale by means of a network of field tilt
bases and a portable water~tube tiltmeter (table 2). The attitude of
the ground surface at.eachtilt base is reported in terms of north-south
and east-west tilt coor~in~tes. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that station were
begun. Increasing tilt coordinates correspond to northward and
eastward tilting of'the earth's ,surface; that is, to a relative
subsidence toward the north and east .. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in the direction
indicated.

Location of and essential data on each tiltmeter station are
listed in table 7 of summary 37, which covers the first quarter of 1965.

Table l.--Tilt coordinates at Uwekahuna z October,

November, and December, 1965

Date N-S E-W Date N-S ' E-W

(1965 ) (1965)

October 2 473' 479 Novemb~r 20 471 473
9 474 478 27 471 471

16 474 478 December ,4 470 468
23 474 476 11 471 467
30 474 474 18 471 467

November 6 475 474 25 467 498
13 474 475,

3



4th Quarter, 1965

Table 2.--Tilt coordinates and changes at bases around Kilauea caldera.

(See tilt diagram, fig. 2.)

.6 4

Rate (10- rad/mo) Date of
and direction of last

Tilt Date Tilt coordinates tilting since reading
base (1965) N-S E-W last reading (1965)

Uwekahuna (U) Dec. 27 454.6 502.1 1.6 S. 38.0° E. Sept. 9

Tree Molds (TM) 29 427.7 52·3.9 2.3 s. 36.4° E. 2

Sand Spit (SS) 30 858.8 738.2 1.46 S. 48.6° E. 7

Kalihipaa (Kal) This station ruined during the eruption and earthquake

swarm of Dec. 24-3'1, 1965.

Keamoku (Kea) Dec. 28 592.7 494.5 .2 N. 38.9° E. Aug. 30

Ahua Kamokukolau 28 662.3 532.5 11.2 N. 6.0° E. 30

(Kam).

Kipuka Nene (KN) Jan. 13 293.5 500.9 8.4 S. 1.3° w~ 31
(1966)

Hilina Pa1i (HP) 10 463.4 507.7 1.2 s. 20.6° E. June 9
(1966) .

Kapapala Ranch Dec. 27 492.7 508.4 .54 N. 7.2° E. Sept. 1
(Kap ).

Mehana (M) 29 541.3 547.8 · 3 N. 28.1° E. 9

4
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TILTIH,G RATE 5.0)( 106
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2000

Figure 2.-~Tilting of the ground around Kilauea caldera, September 4, 1965
January 5, 1966. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt basesj open circles,
short-base water-tube tiltmeters. See table 2 for explanation of
abbreviations.
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Seismic ,summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: local
earthquakes and tremor originating in the, region of the Hawaiian
Islands (usuallY'within 100 km~ of at lea~t one seismograph), and
distant earthquakes originating more than 3,000 km from Hawaii. As
an index of seismic activity at Hawaiian volcanoes"daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii

, are listed in table 3. The earthquakes are separated into groups on
the basis of region of origin as determ~ned by analysis of records
obtained d~ily at the Observatory (stations U, M, A, D, N, WP, MP).*
Earthquakes of magnitude 2.0 or greater are ge~erally sufficiently
well recorded to be located with greater precision; they are listed
individually in table 4. Data op'identifiable phases from distant
earthquakes are listed in table 5.

Acknowledgments.--Several people or agencies reported "felt"
earthquakes during the fourth quarter, 1965. Their assistance is
gratefully acknowledged.

*Location of and es.sential data on each seismograph: station are
listed in table ,'6 of summary 3'7~ 'which covers .. the first quarter of 1965.
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Table 3. --Numbers of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and:MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitudes on seismographs in the summit region. Unless otherwise s~ate~, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the
Kilauea- summit region, and shallow earthquakes in the Kilauea caldera region; shallow earthqua~es along
the SW. rift zone of Ki·lauea· and the adjacent portion of the Kaoiki fault system; earthquakes_ aJ;ong the
eastern half of Kilauea's east riftzone-~detected largely on the Pahoa- seismograph; earthquakes from
the upper east rift zone and the adjacent fault systems of Kilauea's so~th_flank; and earthquakes from
other regions: Kana, Mauna Kea, etc.

----------~-----------~---------~
---~----------------------------l

-- -- - - - - -- - .. - - - -- - - - - - - - - - - - - - - - -~
i

Others

---------------------------------~

- ---- - - -- - - - --- - -- - - - - -- - - - - -- - - -i
1 off south shore of Hawaii
1 off NW. shore of Hawaii

1
--------------------------- 1- - t

1 Mauna Kea

j--------------------------------1
1 off SW. shore of Hawaii ~

1 Kohala ;
1 off SEe shore of Maui
1 Kana, 1 Mauna Kea
1 off south shore of Hawaii
31 Mauna Loa

5
14

7
11
6

10
10
4

10
11

3
14
19
14
10

7

Earthquakes
Eastern Upper

east east
rift rift

4
7
8
2
3
5

-5
8
9
6
1
8
4
2
7
5

70
59
80

120
47
33
20
32
30
39

5
32
32
27
55
65

4
4
2

2
1

2

2
1
2

4
2

16

5

6
6
3
7

22

9

7

30

Deep

Tremor
t--__(.;...i_n_ffi_l_"n_u_t_'e-:-s--:-) -+K_i_l_a_u_e-:a_s_umm__i_t---tSW• rift

Inter- and30 km Shallowmediate Shallow Kaoiki

Oct. 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Date
(1965)



ex>

o

N

Table 3. --Numbers of earthquakes and minutes of ~~emor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Tremor Earthcuakes

Date in minutes.} Kilauea summit SW. rift Eastern Upper
Inter- and east east Others

(1965) Deep mediate Shallow 30 km Shallow Kaoiki rift rift

ct. 17 ---- 2 ------ ----- 52 7 ----- 7 21 Mauna Loa
18 ---- 5 ------ 1 7 6 ----- 8 30 Mauna Loa
19 ---- ------ ------ 2 40 1 1 2 10 Mauna Loa, 1 Hualalai
20 ---- 7 ------ 10 55 8 ----- 3 ---------------------------------
21 ---- 4 8 5 58 6 ----- 12 1 Mauna Loa
22 36 ------ ------ 2 40 6 ----- 11 ---------------------------------
23 ---- ------ ------ 2 48 9 ----- 11 1 Kona
24 ---- ------ 3 3 52 8 ----- 8 3 Mauna Loa
25 ---- 210 ------ ----- 90 12 ----- 18 ---------------------------------
26 ---- 18 ------ 1 65 8 1 7 ---------------------------------
27 ---- 5 ------ 4 74 2 2 8 ---------------------------------
28 34 ------ ------ 5 98 9 ----- 9 1 Kana
29 ---- 8 ------ 1 67 7 1 5 ---------------------------------
30 ---- 8 ------ 2 80 10 ----- 12 ---------------------------------
31 17 ------ 7 3 65 6 ----- 17 1 Mauna Loa

ov. 1 ---- 21 ------ 3 53 3 ----- 5 ---------------------------------
2 ---- 12 ------ 1 64 6 ----- 3 ---------------------------------
3 ---- 18 ------ 1 69 7 1 l2 ---------------------------------
4 ---- ------ ------ 2 67 5 1 10 ---------------------------------
5 ---- 10 ------ 3 72 5 ----- 7 1 off SEe shore of Hawaii
6 ---- 9 ------ 3 74 5 ----- 6 2 Mauna Kea
7 ---- ------ ------ 1 70 4 ----- 7 -------------------~-------------

8 ---- 6 ------ 4 80 2 ----- 6 ---------------------------------
9 ---- 20 Severe electrica,1 storm--instrumenJs turned off

10 ---- 46 ------ ----- 110 6 5 10 ---------------------------------
11 ---- 20 ------ 4 96 6 4 13 ---------------------------------
12 ---- 50 ------ ----- 54 3 1 26 1 Kana
13 ---- ------ ------ 3 79 3 1 70 ---------------------------------
14 ---- .... ----- ----*-- 1 106 10 5 9 1 Mauna Loa



Nov. 15 9 ------ 1 68 6 6 9 1 Mauna Loa
16 ------ ------ 3 36 5 4 5 - - - - - -- - - - - - - - _.- - - - - - - - - - - - - - - - - -

17 5 ------ 4 56 11 9 9 1 off SEe shore of Oahu
18 ------ ------ 4 46 6 7 6 1 off SEe shore of Oahu
19 9 ------ 3 45 3 6 11 ---------------------------------
20 ------ ------ 2 53 5 6 ---------------------------------
21 ------ ------ 3 31 6 5 ---------------------------------
22 ------ ------ 7 60 6 9 ---------------------------------
23 7 5 24 101 5 5 1 Mauna Kea, 2 Kana
24 ------ ------ 6 150 2 7 ------------------------~--------

25 ------ ------ 5 142 3 4 -----------------------~---------

26 -- - - -- ------ 4 135 2 6 ---------------------------------
27 3 ------ 1 115 9 7 1 off SW. shore of Hawaii
28 15 ------ ------ 6 112 9 2 10 ---------------------------------
29. 6 ------ ------ 2 i45 5 5 ---------------------------------
30 ------ ------ 6 200 6 -1 13 1 'Mauna Kea

Dec. 1 ------ ------ 6 159.- 2 1 20 ---------------------------------
\D "2 ---- ------ ------ 2 55 3 20 1 off east shore of Hawaii

3 32 ------ ------ 3 56 ·4 1 31 ---------------------------------
-4 ------ ------ 2 58 9 2"6 ---------------------------------

5 21 -.. 3 50 3 22 1 Mauna Loa------
6 ------ ------ 3 44 5 ---------------------------------
"7 ------ ------ 1 55 3 1 19 1 Mauna Loa, 1 Kana
8- 8 ------ ------ 3 70 3 1 10 ---------------------------------
9 15 ------ ------ 3 95 8 3 ---------------------------------

10 -------- ------ 2 60 "9 2 12 ---------------------------------
11 ------ - -"---- 4 72 13 4 4 ---------------------------------
12 ------ ------ 2 63 6 1 7 1 Mauna Loa
13 ------ ------ 6 60 6 1 4 1 Mauna Kea
14 38 ------ ------ 2 36 3 1 7 ---------------------------------
15 ------ ------ 2 36 3 6 ---------------------------------
16 ------ ------ 42 6 10 1 off west shore of Hawaii

17 ------ ---_ ... - 2 30 2 1 13 1 off NW. shore of Hawaii
18 ------ ------ 2 36 5 10 ---------------------------------
19 ------- ------ 3 43 5 5 ---------------------------------

20 ------ ------ 14 80 10 1 off west shore of Hawaii,
1 Mauna Loa.



Table 3. --Numbers of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera--Continued .

Tremor
(in minutes)
Inter-

Deep mediate Shallow

Kilauea summit

30 km Shallow

sw. rift
and

Kaoiki

Earthquakes
Eastern Upper

east east
rift rift

Others

6
3
8

308
232
210

15
6

14

lO
19
12

lOt
17+
14+

8.0
100

93

3
3
2

10
9
43

19

21 ---
22 ---
23 ----
24125
26 ~ Eruption at Alai Crater. Harmonic tremor and seVE ral thousands of earthquakes occurred beneath
27 the southeast and south flanks of Kilauea, along the upper east rift and Koae fault system.
28...
29 ---
30 ----
31

Dec.

t-'o



Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November,and December, 1965

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the ·list.

Date Time Magni- [)epth Epicenter Felt
(1965) h m s tude (krn) Lat. N. Long. w. Description Report- - -
Oct. 1 02 13 27.4 2.2 9 19° 18.5' 155°10.7' 6 km south of Makaopuhi seismometer --------------

3 09 10 33.6 2.7 8 18° 30. '0' 155°28.5' 63 km SSE. of Naalehu --------------
4 22 25 33.1 3.2 13 20° 09' . 156°22'. 48 km wsw. of Mahukona --------------
8 04 50 34.5 2.2 8 19°'17.5' J 155° 10.1' 8 km SSE. of Makaopuhi seismometer --------_.-_---
8 14 38 29.6 2.5 5 19°24.8' 155°26.8' Kaoiki fault system --------------
9 22 07 47.1 2.0 5 19°25.6' 155°25.7' ---do----------------------------- --------------
9 06 20 18.9 2.2 <3 19°53.9' 155°38.7' 16 km SSE. of Kamuela --------------

12 12 57 01.8 2.7 8 19°15.0' 156°01.3' 20 km SW. of Hookena --------------
13 06 46 59.2 2.2 8 19°17.2' 155°08..7' 10 km SSE. of '~kaopuhi seismometer --------------
13 09 38 48.5 2.4 40 19° 09.. 8' 155°24.3' 19 km ssw. of Desert seismometer --------------
13 14 34 24.9 2.7 8- 20°10.0' 155°36.4' 17 km NE. of Kamuela --------------
14 01 57 36.5 2.3 8 19°18.0' 155° 12.5' 8 km SW. of Makaopuhi seismometer --------------
14 05 49 16.2 2.1 8 19°16.0' 155°08.6' 12 kmSSE. of Makaopuhi seismometer --------------
14 16 27 37.1 3.1 13 . 20°19' 156°12' 50 km SSE. of Haleakala seismometer --------------
15 11 36 51.1 2.8 50 19°10.5' 155°28.9 1 2 km SSW. of Pahala --------------
15 11 40 00.9 3.0 50 19°08.7' 155°26.0' 8 km SE.of Pahala --------------
15 21 04 01.9 2.3 3 19°28.0' 155°47.1' 15 km ESE. of Kealakekua --------------
15 21 52 26.4 2.5 8 19°56.4' 155°27.5' 13 km ENE. of Keanakolu --------------
16 06 06 59·5 3.7 8 18°38.2' 155°31.7' 48 km SSE. of Naalehu --._-----------
17 20 59 28.5 2.3 8 19°26.1' 155°36.6' 8 km SW. of North Bay seismometer --------------
17 21 23 49.7 2.4 9 19°26.1' 155°35.4' 6 km ssw. of North Bay seismometer --------------
17 22 40 09.6 2.4 6 19°27.8' 155°38.5' 7 km wsw. of North Bay seismometer --------------
18 20 51 29. 6 2.0 9 19°28.1' 155°30.6' 8 km ESE. of North Bay seismometer --------------
19 06 15 44.5 2.2 8 19°26.0' 154°56.1' 7 km SSE. of Pahoa --------------
20 05 50 52.0 3.2 30 19°22.4' 155°18.7' Beneath Kilauea summit Pahala.,

Kilauea summ
- --_ ....... _ .....- -- .....',,"- .....- - - ~-.-- _.. • .. r ....- ~.., _ • . . -... " -. ~.. -.. --.- . - --- - ... - - . reglon.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, an1 December, 1965--Continued

Date Time Magni- Depth Epicenter Felt
(1965) tUde (km) Lat. w. Description

.-
Reporth m s N. Long.

- - -

Oct. 20 18 32 15.8 2.4 30 19°21.7' 155°19.5' Beneath Kilauea summit ------------
21 06 46 48.6 2.3 5 19°13.5' 155°36.3' 17 km NNW. of Naalehu ------------
21 08 56 33.2 2.4 50 19°47.3' 155°46.0' 8 km ENE. of Puu Waawaa ------------

21 11 49 58.4 2.4 9 19°18.2' 155° 08.5' 9 km SEe of Makaopuhi seismometer ------------
21 15 28 57.8 2.0 30 19°11.1' 155°20.0' 17 km SSE. of Desert seismometer ------------
21 16 14 42.6 2.2 8 19°17.6' 155°09.0' 8 km SSE. of Makaopuhi seismometer ------------
21 16 15 01.9 2.4 9 19°17.6' 155°08.6' 9 km SSE. of Makaopuhi seismometer ------------
22 03 11 17.3 2.2 8 19°21.1' 155°01.1' 5 km west of Kalapana ------------
22 23 07 32.5 2.6 8 19°17.0' 155°07.3' 11 km SEe of Makaopuhi seismometer ------------
23 05 58 05.2 2.3 8 19°17.,0' 155°07.5' 11 km SEe of Makaopuhi seismometer ------------
23 08 48 06.9 2.5 8 19°18.9' 155°47.9' 14 km SEe of Hookena ------------
23 20 45 50.5 2.0 8 19°22.3' 155°02.3' 7 km WNW. of Ka1apana ------------
24 12 58 59·7 2.5 8 19°11.7' 155°35.3' 14 km north of Naalehu ------------
24 14 53 47.6 2.3 3 19°10.2' 155°34.5' 12 km north of Naalehu ------------
24 21 50 08.6 2.6 <3 19°26.2' 155°36.5' 7 km ssw. of North Bay seismometer ------------
25 00 20 03.2 2.4 8 19°21.8' 155° 02.9' 15 km east of Makaopuhi seismometer ------------
28 04 55 01.6 2.0 8 19°22.1' 155°29.9' 13 km WNW. of Desert seismometer ------------
28 09 48 24.8 3.3 3 19°29.9' 155°48.0' 13 km ESE. of Kealakekua Kana
28 10 19 40.2 2.2 30 19°22.8' 155°18.4' Beneath Kilauea summit ------------
28 17 47 02.9 2.7 30 19°22.2' 155°19.4' ---do------------------------------ ------------
28 17 58 30.9 2.0 30 19°22.2' 155°19.4' ---do------------------------------ ------------
28 23 46 34.6 2.4 5 19°24.8' 155°27.3' Kaoiki fault system ------------
30 22 25 05.9 3.3 10 19°16.4' 155°07.1' 12 km SEe of Makaopuhi seismometer Hil0
30 22 31 35.6 2.3 10 19°17.0' 155°06.8' 11 km SEe of Makaopuhi seismometer ------------
31 01 04 43.3 2.3 10 19°17.6' 155°08.5' 8 km SEe of Makaopuhi seismometer ------------
31 12 20 04.5 2.2 8 19°21.0' 155°03.1' 14 km ESE. of Makaopuhi seismometer ------------
31 19 22 45.5 2.7 10 19°24.6'. 155°29.6' Kaoiki fault system ------------
31 21 10 04.7 2.4 13 19°25.5' 155°35.6' 8 km ssw. of North Bay seismometer ------------

Nov. 3 20 17 25.5 2.4 5 19°25.0 ' 155°26.4' Kaoiki fault system ------------
4 00 44 47.0 2.2 10 19°19.2' 155°07.9' 7 km SEe of Makaopuhi seismometer ------------



Nov. 5 02 24 13.0 2.4 10 19°19.2' 155°07.2' 7 km SEe of Makaopuhi seismometer ----------------
5 19 31 58.3 2.7 40 18° 58.1' 154°57.9' 42 km south of Kalapana ----------------
6 00 07 44.6 2.7 30 20°06.5' 155°47.5' 8 km WNW. of Honokaa ----------------
6 07 34 30.8 2.8 13 20°00.9' 155°22.2' 14 km WNW. of Laupahoehoe -----------------
7 06 54 33.3 2.5· 40 19°14.8' 155°25.2' 1·1 km SSW. of Desert seismometer ----------------
7 12 34 02.4 2.5 8 19°16.8' 155°12.2' 10 km SSW. of Makaopuhi seismometer -----------------
8 °00 48 35.0 3.4 37 19°24.5' 154°50.0' 16 km SE.of Pahoa ----------------
8 17 57 41.2 2.2 30 19°22.2' 155°18.1' Beneath Kilauea summit ----------------
8 21 48 05.1 2.0 8 19°19.4' 155°04.4' 13 km ESE. of Makaopuhi seismometer ----------------

10 13 45 53.5 2.3 10 19.°23.9' 154°53.9' 11 km SSE. of Pahoa ----------------
11 16 19 15.6 2.4 3 19°25.8' 154°56.3' 7 km south of Pahoa ----------------
12 17 35 49.3 3.4 6 19° 12. 9' 155°12.4' 5km ssw. of Apua Point -----------------
12 17 39 10.3 2.5 5 19°14.7' 155°11.9 1 14 km ssw. of Makaopuhi seismometer - - - - ~ -- -- - - - -" - ~ -
12 18 10 43.4 2.1 3 19°15.0' 155°13.4' 14 km SW. of Makaopuhi seismometer ----------------
12 18 20 40.4 2.4 8 19°15.8' 155°13.3' 12 km SW. of Maka~puhi seismometer ----------------
12 21 51 55.7 2.7 8 19°32.7' 155° 52. 4' 6 km ENE. of Kealakekua ------------~---

13 06 29 30.5 2.5 8 19°12.7' 155°27.3' 3 km NE. of Pahala ----------------
13 07 28 45.3 2.5 8 19°16.3' 155°10.4 1 10 km south of Makaopuhi seismometer M8:ooa-10a-------

.13 07 29 01.8 3.2 3 19°13.9' 155°09.8' 15 km SSE. of Makaopuhi seismometer servatory.
13 07· 50 59·3 3.2 6 19°14.3' 155°11.8 1 15 km ssw. of Makaopuhi seismometer Hila

~ 13 12 02 22.2 2.5 8 19°15.2 1 155°12.3' 13 km SSW. of Makaopuhi seismometer ----------------w
14 17 29 19.9 2.1 8 19°24.0' 155°25.1' Kaoiki fault system ----------------
16 12 44 51.1 2.0 20 19°23.3' 155°18.2 1 Beneath Kilaueaosummit ----------------
17 04 14 42.0 3·0 10. 19°22°.8' 155°27.8' Kaoiki fault system Pahala
17 06 16 59.9 3.7 13 20° 55' 157°50' 40 km south of Diamond Head, Oahu Oahu
18 20 28 59.2 3.3 13 20°54' 1-57°50' 41 km south of Diamond Head, Oahu -----------------
19 11 28 28.5 3.1 3· 19°25.7' 154°52.9' 10 km SEe of Pahoa Pahoa
2i 20 36 30.4 2.5 8 19°19.1' 155°08.1' 7 km SEe of Makaopuhi seismometer ----------------
22 18 42 56.2 2.0 25 19°23.8' 155°18.6' Beneath Kilauea summit ----------------
23 09 09 59.3 3.9 30 19°22.8' 155°19.7' Beneath Kilauea summit East 1/2 of

Island.
23 11 08 38.8 2.7 30 19°22.2 1 155°18.2' Beneath Kilauea summit ---------------~

23 13 04 10.2 2.6 5 19°18.7' 155°30.0' 12 km WSW. of Desert seismometer ----------------
23 14 16 19.9 2.0 30 19°22.2' 155°18.2' Beneath Kilauea summit ---------- .... -----
23 18 30 19.3 2.6 8 19°48.8' 155°31.6' 7 km north of Pohakuloa ----------------
23 20 30 22.4 2.7 3 19°18.4' 155°48.7' 13 km SEe of Hookena -----------------
25 03 37 16.3 2.2 25 19°23.9' 155°18.3' Beneath Kilauea summit -----------------
26 00 09 13.6 2.5 8 19°25.6' 155°28.8' Kaoiki fault system ------- ... _-------
27 09 51 21.8 2.9 13 19°05.5' 156°19.5' 45 km WSW. of Milo1ii ----------------
29 07 49 26.1 2.3 32 19°22.2' 1155°15.7' Beneath Kilauea Summit ~---------------



Table 4. --Local earthquakes recorded by seismographs of the U.S. Geological Survey
October, November, and December, 1965--Continued

nd

Date Time Magni- Depth Epicenter Felt
(1965) h m s tude (km) Lat. N. Long. w. Description Report

- - -

Nov. 29 15 44 45.0 2.1 30 19°23.5' 155°18.7' Beneath Kilauea summit ---~------------

30 19 09 53.0 2.0 30 19°21.6' 155°19.6' ---do------------------------------- ----------------
30 19 38 13.8 3.3 13 19°58.1' 155°39.5' 8 km SSE. of Kamuela tKona

Dec. 1 21 02 47.7 2.1 8 19°20.7' 155°09.4' 3 km ESE. of Makaopuhi seismometer ----------------
2 02 37 17.7 3.8 45 19°46.7' 154°56.4' 17 km ENE. of' Hila Hil0, Pahala
3 04 13 19.0 3.3 10 19°22.2' 155°27.1' Kaoiki fault system Pahala
4· 07 49 06.3 2.2 25 19°25.,1' 155°16.3' Beneath Kilauea summit ----------------
4 16 18 27.8 2.3 5 19°22.0' . 155°30.0' Kaoiki fault system ------ ... _---------
5· 19 05 08.5 3.8 30 19°35.2' 154°57.8' 10 km NNW. of Pahoa East 1/2 of Isla
5 21 08 39.6 3.5 8 19°11.6' 155°38.6' 16 km NNW. of Naalehu --- _.- -- - -- - -----
6 08 22 08.3 3.0 25 19°22.8' 155°17.5' Beneath Kilauea summit ----------------
7 00 00 08.8 2.6 9 19°20.8' 155°06.0' 9 km ESE. of Makaopuhi seismometer ----------------
7 02 29 02.4 2.5 5 19°13.1' 155°42.6' 21 km NW. of Naalehu ----------------
7 22 48 31.8 2.5 5 19°43.1' 156°08.0' 7 km wsw. of Keahole Point ----------------
8 21 41 00.8 2.2 8 19°21.1' 155°05.6' 9 km ESE. of Makaopuhi seismometer ----------------

12 09 18 47.1 2.6 8 19°24.9' 155°25.3' Kaoiki fault system Mauna Loa
Observatory.

12 14 12 31.3 2.8 8 19°22.1' 155°27.9' ---do----------~----~--------------

12 15 35 50.8 3.0 13. 19°24~7t 155°37.0' 10 km SSW. of North Bay seismometer ----------------
13 10 01 36.6 2.6 3 19°55.7' 155°50.0' 18 km SW. of Kamuela --------------~-

15 10 43 13.8 2.3 8 19°26.2' 155°25.2' Kaoiki fault system ----------------
16 22 18 55.4 , 2.0 8 19°23.1' 155°24.9' --~do------------------------------ ----------------
16 01 18 36.7 2.5 13 190 27.9' 156°04.9' 18 km WSW. of Kealakekua ----------------
17 17 42 53.0 3·0 13 20°06' 156°26' 77 km wsw. of Mahukona ----------------
19 17 31 05.2 2.1 25 '19°23.0' 155°15.8' Beneath Kilauea summit ----------------
20 10 20 56.0 '2.7 8 19°52.0' 156°04.0' 15km north of Keahole Point ----------------
20 12 16 37.7 2.3 8 19°22.1' 155°25.8' Kaoiki fault system Pahala
20 21 34 05.0 2.3 5 19°25.8' 155°31.7' 9 km SSE. of North Bay seismometer --------------~-

21 15 49 19.6 3.2 31 lQ021. 5' 155°17.5' Beneath Kilauea summit South 1/2 of
Island.

21 16 01 16.9 2·5 30 19°22.0' 155°18.7' ---do------------------------------ ----------------



Kilauea summit
area.

3 km SW. of Ahua seismometer
10 km south of Desert seismometer
5 km wsw. of Ahua seismometer
5 km SW. of Ahua.seismometer
11 km SW. of Ahua seismometer
8 km SSE. of Desert seismometer
8 km SW. of Ahua seismometer
7 km ssw. of Ahua seismometer
8 km east of Desert seismometer
3 km west of Makaopuhi seismometer
5 km SW. of Ahua seismometer
6 km SW. of Ahua seismometer
8 km ssw. of Desert seismometer
4 km SW. of Ahua seismometer
3 km _SW. of Ahua seismorne-ter
13 km ESE. of Makaopuhiseismom.eter
4 km SW. of Ahua seismometer
17 km SE. of Desert seismometer
5 km SW. of Ahua seismometer
8 km SW. of Ahua seismometer
5 km SW. of Ahua seismometer
6 km SW. of Ahua seismometer
8 km south of Ahua seismometer
4 km SW. of Ahua seismometer
Near Makaopuhi seismometer
15 km SW. of Apua Point
4 kmSW. of Ahua seismometer

155°16.9'
155°23.7'
155°17.9'
155°18.4'
155°19.0'
155°21.. 8'
155°17.9'
155°16.4'
155°18.8'
155° 12.1'
155°18.1'
155°19.0'
155° 16'.9'
155°16.4'
155°17.2'
155°03.8'
155°18.0'
155°17.9'
155°17.1'
155°19.0'
155°18.1'
155°18.6'
155°16.0'
155°16.8'
155°10.2'
155°16.9'
155°16.9'

19°21.2'
19°14.5'
19°20.9'
19°20.7'
19°17.3'
19°16.1'
19°18.0'
19°18.8'
19°20.2'
19°22.1'
19°20. 9'
19°20.8'
19°18:2'
~9°20.6'
19°2.1.7'
19°21.4"
19°21.0'
19°12.3'
19°20.8'
19.°19.9'
19°20.7'
19°20.8'
19°18.5'
19°20.8'
19°21.8'
19°08.9'
19°20.1'

1.5
5
5
5
3
5
5
5
3
5
3
3
5
5
3
5
5
5
3
5-
3
4
3
3
5
3
5

3.. 0
2.3
2.9
2.0
2.2
2.8
2.2
2.0
2.3
2.4
2.2
1·9
1.7
2.5
2.-'1
2.0
1.9
2.6
2.0
2.6
2.2
2.5
2.8
2.0
2.3
2.3
3.6

I I 1·1 I I I
The Aloi 'eruption of 1965.--During the very intense period of seismic activity from late December 24

to early December 28, several thousands of earthquakes occurred south of Kilauea caldera along the east
west-trending Koae fault system, and along adjacent structures. About 300 of these earthquakes ranged in
magnitude from 2 to 4.5. The many earthquakes which occurred during this time are not listed separately
in the usual manner.
Dec. 28 11 18 01.5

28 11 27 54.5
28 11 34 58.2
28 12 30 10.8
28 12 41 58.5
28 16 _18 15.4
28 17 45 44.5
28 18 43 15.2
28 20 51 27.3
28 22 22 07.8
28 22 24 44.2
28 22 3927.8
29 0'1 09 13.1
29-03 43 43.9
29- 0'4 30 19. 7
29 06 06 08.7
29 07- 12 12.0
29 07 48 00. 0 .
29 07 52 28.4
29 08 58 06.9
29 12 46 10.0
29 13 04 38.9
29 15 17 47.9'
29 21 14 59.8
29 21 24 46.9
29 22 13 19.0
30 00 10 55.3

30 00 47 46.0
30 00 53 42.7
30 02 14 23.8
30 03 03 29.5

2.2
2.1
2.4
3.1

3
o
1
8

19°21.1'
19°21.4 1

19°21.5'
19°18.9'

155°17.2'
155°17.7'
155°15.5'
155°11.3'

4 km SW. of Ahua seismometer
4 km SW. of Ahua seismometer
2 km SE. of Ahua seismometer
6 km south of· Makaopuhi seismometer



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1965--Continued

Date Time Magni- Depth Epicenter Felt
(1965) h m s tude (km) Lat. N. Long. w. Description Report- - -

Dec. 30 10 45 39.5 2.2 0 19°21.9 ' 155°11.1 ' Near Makaopuhi seismometer ---------------
30 12 21 27.4 2.8 3 19°20.6 ' 155° 16-.2 ' 4 ,km ssw. of Ahua seismometer ---------------
30 19 30 57.3 1·9 6 19°25.9 ' 155°25.2 ' 9 km SW. of Mauna Loa seismometer ---------------
30 22 18 30.6 2.3 8 19~10.2' 1550 17.. 9' 15,km sw. of Apua Point ---------------
3-1 10 35 46.3 2.2 3 19°14.3' 155~23.2' ~1 km south of Desert seismometer ---------------
31 10 56 20.1 2.0 8 19°15.0 ' 1550 22.7' 10 km SSE. of Desert seismometer ---------------
31 20 02 04.1 2.7 5 19°07.8' 155°13.5' 15 km ssw. of Apua Point ---------------
31 20 24 04.8 2.7 8 19°07.0' 155°14.6' 16 km ssw. of Apua Point ---------------
31 20 28 02.0 2.0 5 19°20. 9' 155°18.1' 5 km SW. of Ahua seismometer ---------------



Table 5". --Distant earthquakes

Times are reported in Greenwich "Civil "Time which is 10 hours faster than
Hawaiian Standard, Time. A "c" following the time of P indicates
compressional first'motionj a "d" indicates dilatational first motion.
Station symbols, locations, and 'instrumentation are presented in
table 6, Summary 37. Magnitudes calculated from the Hawaii seismograms
are fol1o~ed by (HVO). Location of epicente,r, origin times, and focal
depths, and magnitudes, reported by other institutions are taken from
"Preliminary Determination of Epicenters" published by the U.S. Coast
and Geodetic Survey.

C&GS card 77-65:
08:52:05.8 '
50.loN., 178.3°E.
Rat Islands, Aleutian Islands
Felt on Adak
h about 32 km
Magnitude 6.5 (Pas), 6.25-6.5

(Brk), 6.5-6.75 (Pal), 6.3
(eGS ), 6. 1 (lIvo).

October 1,' 1965

Oct. 1

C&GS card 77 -65:
10:46:16.7
52.6°N., 170.6°w.
Fox Islands, Aleutian Islands
h ab,out 22 km
Magnitude 5.3 (cGS).

14:54:09.0 c
10.4 c
11.4 c
10.5 c
11.4 c

15:01:13
15:05:09
15:07:25
15: 45: 14

iP
iP
iP
ep
eP
is
eG
iR
Tmax

"iP 10:53:09.0 c
Tmax 11:28:20

Oct. 3

M Z
D Z
MP Z
U Z
Pa Z
U PEE
U P~

U PEZ
Ha Z

Oct." 3

M Z
'Ra Z

08:59:15.5 d
16.7 d
16.5 d
16.8 d
12.8 d
14.6 d
14.8 d

09:05:08
09:07:14
09:09:12

~p" '
eP
eP
eP
eP
eP
eP
is
eG
e'R

z
z
z
Z
z
Z

,"Z
, PEE
PEN

. PEZ

M
A
D
MP
Ke
Hi
NB
U
U
U

M Z'
D Z
MP Z
U "Z
Pa Z
Na Z
Hi Z
Ke Z
Ha Z

-e'P
eP
eP
eP
eP'

,iP
eP
eP ,
iP

13:30:27.1 c
26.1 c
27.3 c
26.8 c
28.6 c
23.5 c
29.6 c
24.4 c
31.1 c

C&GS card 76-65:
14:45:26.8
49.5°N., 156.5°E.
Kurile Islands
h about 33 km
Magnitude 6 (Pas), 5.5-5.75

(Brk), .5.9 (eGs).

C&GS card 79-65:
13:22:28.5
20.00 S.", 174.4°E.
New Hebrides Islands region
h about 553 km
Magn"itude 5.9 (Brk), 6.2 (eGs).
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Table 5.--Distant earthquakes--Continued

M Z Tmax 04:54:11
A Z Tmax 11
WP Z Tmax 04:53:58
Pa Z Tmax 52
Ha Z Tmax 42

C&GS card 78-65:
03:35:59.6
12.6°N.) 114.5°E.
South China Sea
h about 17km
Magnitude 5.9 (cas).

C&GS card 80-65:
19:51:57
51.7°N.) 176. lOW.
Andreanof Islands, Aleutian

Islands.
h about 63 km
Magnitude 4.7 (CGS).

C&GS card 'T7-65:
04:12:49.1
44.0o N., 128.3°W.
Off coast of Oregon
h about 33 km
Magnitude 5.1 (CGS).

Oct. 7

5.3 (eGs).

07:12:24
28
28
03

07:10:15

13:48':14.1 c
13:54:01
13:56:17
13:58:03
14:27:03
14:26:56
14:27:01
14:26:36
14~25:26

Oct. 12
WP Z Trnax
U Z Tmax
Pa Z Tmax
Hi Z Tmax
Ha Z Tmax

C&GS card 79-65:
06:27:16.7
52.2°N., 174.8°w.
Andreanof Islands, Aleutian

Islands.
Felt on Adak
h about 17 km
Magnitude 5.1 (cas).

Oct. 12

Pa Z Tmax 15:44:12
Ha Z Tmay 15:42:34

C&GS card 81-65:
14:58:13.6
56.3° N., 154.00 w.
Kodiak Island region
h about 24 km
Magnitude 4.2 (CGS).

WP Z eP
U PEl\I eS
U PEE eL
U PEZ eR
WP Z Tmax
U Z Tmax
Pa Z Tmax
Hi Z Tmax
Ha Z Tmax

C&GS card 78-65:
13: 40: 55.9 .
56.3°N., 153·7°W.
Kodiak Island region
h about 11 km
Magnitude 5.25 (Brk),

Oct. ·12

20:35:14

03:48:44.7 d
45.0 d
45.~ d

eP
eP
eP

Tmax

Z
Z
Z

z
Oct. 7
Ha

M
A
MP

October 3, 1965
U PEZ iR 16:59:13
C&GS card 76-65:

16:14:54.9
42. 90 S., 75.4°w.
Ofr coast of southern Chile
h about 28 km '
Magnitude 6-6.5 (Brk), 6.0 (cas).

Oct. 4

18
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Table 5.--Distant earthquakes--Continued

22 : 02-: 08. 7 c
08.2 c
08.5 c

22:11:55
22:12:53
22:17:05
22:22:01
22:22:28
22:25: 43

23:00:27.6 c
26.7 c
27.4 c
25.9 c
26.8 c

M· Z iP
A', Z eP
U Z eP
U PEE eS
U PEE iPPS
U PEZ eSS
U ~EE eL
U PEN, iG
U PEZ ' iR

C&GS ca'r'd 80-65:
21:50:04.5
1. lOS. , 127.9°E.
Halmahera

. h abo"U.t 33 km
Magn'itude 6.75 (Pas), 6.5-6.75

(Pal), 5.9 (CGS), 6.6 (HVO).
Oct. 18;

Oct. 18

M Z iP
A Z iP
D Z iP
MP Z iP
U Z eP

C&GS card 81-65:
22:50:41.9
15.7°N., 95.4°.w.
Near coast of Oaxaca, Mexico
h,a"bout 36 km
Magnitude 5.3 (CGS).

Oct. 19

M Z eP 20:56:25.0 d
'U i PEZ eS 21:02:38
U FEZ iR 21:07:15
Ha Z Tmax 21:38:01

C&GS card 80-65:
'20:48:47.4
52.3°N., 174.3°E.
Near Islands, Aleutian Islands
h about 48 km
Magnitude 5-5.25 (Brk), 5.75-6

(Pal), 5.6 (CGS), 6.0 (HVO).

02:03:07.3 c
07.4 c
05.'7 c
02.0 G

02: 18:23 .

08:34:23.6 c
23.8 c
22.7 c
~4.3 c
23" 5 c
22~4 c

October 15, 1965

U PEZ iR 00:57:38.

C&GS card 80-65:
00:34:09.3
8.5°N.,103.00 W.
Off coast of Mexico
h about 33'km
Magnitude 4.75-5 (Brk) ,

5.25-~.5 (P~'l), 5,2 (CGS).

Oct. 16

M z· iP
A Z iP
D Z eP
MP Z iP
U Z iP
NB Z eP

C&GS card 80-65:
08:22:56.1
3.1°N., 128.5°E.
North of Halmahera
h ,about 213 km
Magnitude 5.7 '(COO).

Oct. 17

M Z eP
A ,Z eP
D Z eP
Na Z" eP,
U PEZ eR

C&GS card 80-65:
01:53:42.7 .
8. OoS., 155.9°E.
Solomon Islands
h about 93 km
Magnitude 5.5 (CGS).
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Table 5.--Distant earthqu~kes--Continued

October 20-21, 1965 Oct. 24

C&GS card 80-65:
06:00:48.5
53.8°N., 165.5°W.
Fox Islands, Aleutian Islands
h about 16 km
Magnitude 5.5 (CGS).

Oct. 24

18:23:49.9 c
50.6 c
50.9 c

18: 55: 01.5 c
01.9 c

21:17:02.8 c
01.7 c
02.5 c
02.5 c
03.7 c
04.8 c
01.7 c

21:16:59.9 c

M Z eP
D Z eP

C&GS card 81-65:
18:45:38.3
45.00 N., 149.3°E.
Kurile Islands
h about 48 km
Magnitude 5.0 (cas).

Oct. 24

M Z iP
D Z eP
MJ? Z eP

C&GS card 80-65:
18:15:04.9
49. 7°N., 156.1°E.
Kurile Islands
h about 30 km
Magnitude 5.7 (eGs).

Oct. 24

M Z eP
D Z eP
MJ? Z iP
U Z iP
Pa Z iP
Hi Z eP
NB Z eP
Ke Z eP

C&GS card 82-65:
21:.09: 44.3
17.7°S., l r8.5°W.
Fiji Islands region
h about 515 km
Magnitude 4.7 (eGs).

14:43:57.3 c
57.7 c
57.2.c
58.2 c
57.5 c
54.9 c

00:05:08.6 c
07.6 c

00:24:54

06:07:43.0 c
44.0 c
44.1 c

06:45:29
33
26
26
13
04

06:43:17

iP
iP
eP
eP
eP
eP

Z iP
Z iP
Z iP
Z. Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax
Z Tmax

M Z eP
A Z iP
U PEZ eR

C&GS card 80-65:
23:54:29.9
12. 5°N., 87.4°w.
Near coast of Nicaragua
Felt at San Salvador
h about 70 km
Magnitude 5-5.5 (Brk), 5.75

(Pal), 5.4 (CGS).

Oct. 23

M
A
D
M
A
D
U
Pa
Hi
Ha

M' Z
A Z
D Z
MP ·.Z
U Z
Ke Z

C&GS card 85-65:
14:32:13.7
4. I O N., 125. 9° E.
Talaud Islands
h about 175 km
Magnitude 5.8 (CGS).
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Table 5. --Distant earthquakes--Continued

October 25, 1965.

Pa Z Tmax 22:00:06

C&GS card 82-65:
21:19:50
44.5°N., 130. lOW.
Off coast of Oregon
h about 33 km
Magnitude 4.4 (CGS).

Oct. 29

00:57:14.3 d
13.5 d
12.6 d
13.8 d
13.6 d
15.4 d
16.1 d
12.9 d

.18: 11: 15. 9 c
15.8 c
19.3 c
16.0 c

U Z eP 01:50:50.7 c
Pa Z eP 49.0 c
Na Z iP 51.2 c
Hi ·z eP 49.7 c
NB Z iP 51.8 c
Ke Z iP 53.1 c
Ha Z iP 56.8 c
U PEZ ipP 01:52:58
U PEZ iPP 01:54:36
U PEE i8KS 02:00:18

M Z iP
A Z iP
D Z eP
MP Z iP
U Z eP
Fa Z eP
Hi Z iP
NB Z iP

C&GS card 83-65:
00:49:13.4
23.'7°8.,' 179.8°w.
South of Fiji Islands
h about 522 km
Magnitude 5.4 (cas).

Nov. 3

NP Z iP
MP Z iP
Hi Z iP
NB Z ,eP

~C&GS card 83-65:
18:03:09.6
24.1°S., 178.9°E.
South of Fiji Islands
h about 546 km
Magnitude 5.6 (CGS).

Nov. 2

21:07:17.4 c
18.3 c
18.3 c
18.9 c
18.1 c
19.2 c
19.9 c
16.8 c
17.0 c
12.7 c
14.8 c
05.1 c

21:47:17
40

21:44:53

'22:43.:38.5 d
39.6. d
39.1 d
39.7 d
39.1 d
40.4' d
39.5 d
38.8 d
28.5 d

22:45:38
22:51:02
22:56:55

iF
eP
eP
eP
eP
eP
iP
eP
iP
eP
eP
iP
Tmax
Tmax
Tmax

M Z
A Z
D ·.Z
MP Z
U Z
Pa Z
Na Z
Hi Z
NB Z
Ka Z
Ke Z
Ha Z
M Z
A Z
Ha Z

M ZiP ..
A Z eP
D Z iP
MP Z iP
U Z iP
Pa Z eP
Na Z eP
Hi Z eP
Ha Z eP
U PEZ iPP
U PEE is
U PEE iG·

C&GS card 83-65:
22: 34:24.3-
44.2°N., 145.3°E.
Hokkaido, Japan region
Felt in eastern and ~quthern

Hokkaido.
h about 180 km'
Magnitude 6.5 (Pas), 6-6.5 (Brk),

7-7.25 (Pal),. 6.2 (cas),
6.2 (HVO) •.

Oct. 28
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Table 5. --Distant earthquakes--Continued

02:06:56
02:10:09
02:13:40

16:52:33.4 d
33.4 d

Nov. 3

Nov. 3

09:31:40.5 c
39.3 c

Nov. '5

U PEZ eR 19:30:20

C&GS card 83-65:
19:01:04.3
3.1°8., 143.8°E.
Near north coast of New Guinea
h about 31 km
Magnitude 5.7 (cas).

N'ov. 6

M ' Z iF . 06: 46: 27. 0 c
D Z iF 28.0 c

C&GS card 86 -65:
06:38:41.5
60.6°N., 147.3°W.
Southern. Alaska
Felt at Anchorage
h about 37 km
Magnitude 5.2 (CGS).

Nov. 6

U . FEZ eR 09:24:30

C&GS card 87-65:
08:57:12.3
34.o0 N., 138.9°E.
Near south coa$t of Honshu, Japan
h about 15 km
Magnitude 5,0 (cas).

Nov. 6
M Z iP
D Z iP

C&GS card 85-65:
09:21:48.6
22.1°8.,113;8°w.
Easter Island region
h about 33 km
Magnitude 6 (Pas), .6 (Brk) ,

5.5-5.75 (Pal), 6.2 (eGs).

18:31:00.9
18:30:59.4

59.6
57.6

18:39:06
18:47:50

M Z iP
A Z iP

C&GS card 86-65:
16: 41: 06. 1 '
4.7°8., 126.6°E.
Banda Sea
h about 450 km
Magnitude 5.7 (cas).

or
isSP

U PEZ iSS
U PEZ isGS
U PEN i

C&GS card 83-65:
01:39:02.5
9.1°8., 71.4°w.
Peru-Brazil border region
h about 583 km
Magnitude 6.75 (Pas),

6.75-7.25 (Brk), 6.25-6.5
(Pal), 6.2 (CGS)', 6.6 (HVO).

November .3, 1965- ..Continued··

U PEN is '02:00:43
U PEE iSP 02:01:47
U PEE isPS 02:05:30

M Z eP
A Z eP
D Z iP
MP Z eP
U PE is
U PE iR

C&GS. card 83-65:
18:21:05.0
22.3°8., 114. lOW.
Easter Island region
h about 12 km
Magnitude 6.25 (Pas),

5.9 (Brk), 6 (Pal),
5.8 (CGS), 6.2 (RVO).
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Table 5.--Distant earthquakes--Continued

02:41:08

03:28:16
03:32:08

November 11

01:42:00.5- c
01:41:59.6 c:

04:47:11.4 c
11.9 c

18:02:22.9 c
23.0 c
24.6 c
23.2 c
25.3 c
23.0 c
19.1 c
14.6 c

18:03:02
18:10:44
18:14:46
18:18:46
19:05:22

Nov.ember 12--Continued

C&GS card 90-65--Continued
Magnitude 5.25-5.5 (Brk) ,

5.2 (eGs).

'Nov. 12

M Z iP
'D Z i.P
:ME' Z iF
U Z eP
Pa Z eP
Na Z eP
Ke' Z eP
Ra Z iF
U FEZ iPcP
U PEE is
U PEZ eSS
U PEZ iR
Ke Z Tmax

C&G8 card 84-65:
17:52:24.1
30.5°N.,140.2°E.
South of Honshu, Japan
h about 40 km
Magnitude 6.75 (Pas), 6.5 (Brk),

6-6.25 (Pal), 6.6 (cas),
6.8 (HVO).

Nov. 13

M Z iP
A Z iP

C&GS .card 84-65:
04:33:53.0
.43.8°N.. , 87.8°E.
Northern Sinkiang Province, China
h about 59 km
Magnitude 6.75 (Pas), 7 (Brk),

6.75-7 (Pal), 6.3 (CGS).

22 :08 : 57'. 1 c
. 56.1 c'

U PEE iG
U PEZ eR

C&GS card 92-65: '
02: 51:25
60.7°~., 154.oo E.
West of Macquarie Island
h about 33 km
Magnitude 5'. 1 (CGS).

Nov. 12

U PEZ eR

C&GS card 85-65: .
02:04:19.5
56.0°8 •. , 121.5°W.
Easter Island' Cordillera
h about 33 km
Magnitude 4.9 (cas).

M Z eP
:ME' Z eP

C&GS card 88-65:
01:32:59.3
22.8°8., 172.6°E.
Loyalty Islands region
h about 62 km
Magnitude 5.4 (CGS).

November 9, ~965

M Z iP
D Z eP'

C&GS card 86-65:
21:59:04.3
22.3°8., 113.7°W.
Easter Island region
h about 33 km
Magnitude 5.2 (CGS).

Nov. 11

November 12

17:24:14.1 c
17:40:58

M Z eP
U PEZ . eR

C&GS card 90-65:,
17:14:27.6
30.4°N., 139.8°E.
,South ~f Honshu, Japan
h about 150 km
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Tab'l~ 5. -!""Distant earthquakes --Continued

"07: 30: 06
07: 30: 57"

November 15,1965

Pa Z Tmax
Ha Z Tmax

C&GS card 88-65:
06:49:59
40.4°N., 125.8°w.
Off coast of northern California
h about 33 km
Magnitude 4.25 (Brk), 4.8 (cas).

Nov. 18

M Z iP 17:29:06.7 d

C&GS card 87-65:
17:17:23.1
7.1°S., 129.5°E.
Banda Sea
h about 208 km
Magnitude 5.4 (CGS).

Nov. 18

11:58:55
12: 14: 56
12:19:29

22:06:53.4 c
54.3 c
54.0 c
54.7 c
52.6 c

22:20:13

20:07:49.7 d
49.1 d
48.3 d
49.3 d
45.2 d
52.1 d
48.7 d
47.0 d
54.4 d

M Z iP
A Z iP
D Z iP
U Z iP
Na Z ~P

Hi Z iP
NB Z iP
Ke Z iP
Ha Z eP

C&GS card 87-65:
20:00:19.0
18.8°s., 177.9QW.
Fiji I$1ands region
h about 421 km
Magnitude 5.6 (CGS).

Nov. 18

M Z iP
A Z eP
D Z iP
MP Z iP
NB Z iP
U . PEZ iR

C&GS card 87-65:
21:58:12.4
53.9°N., 160.7°E.
Near east coast.qf Kamchatka
h about 12 km
Magnitude 5.5 (Pal), 6.0 (eGs).

Nov. 19

Nov. 15

U PEE iSS
U PEN eG
U PEZ eR

C&GS card 85-65:
11:18:49.9
0.3°8., 18. ,ow.
Central mid-Atlantic Ridge
h about 24 km
Magnitude 6.5 (Pas), 6.25 (Pal),

5.6 (CGS).

Nov. 16

U PEZ eR 16:09:51

C&GS card 85-65:
15:24:42.9
31. OON., 41. 5°W.
North Atlantic Ridge
h about 17 km
Magnitude 6.5 (Pas),

6.4 (Brk), 6 (Pal),
6.0 (CGS).

Nov. 16

MP Z iP 17:l7:o4.1 c

C&GS .card 86-65:
17:05:37.9
25.4°N .. ,125.2°E.
Southwestern Ryukyu Islands

U PEZ eR 07:33:10

C&GS card 91-65:
07:08:10.8
29.6°8., 178.6°w.

I
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Table'5. --Distant earthquakes--Continued

15:~17:31.4 d

10:43:39.0 c
39.0 c
42.4 c
37.6 c
35.5 c

10:54:02
11:06:50

C&GS card 90-65:
01:17:31.2
3. OON., 124.8°E.
Celebes Sea
h about 45 km
Magnitude 5.6 (eGs).

Nov. 25

Nov. 27

U PEZ eR 03:30:59

C&GS card 91-65:
03:04:20.6
30.6°N., l40.2°E.
South of Honshu, Japan
h about 60 km
Magnitl1de 5'. 2 (CGS).

(Brk) ,

01:29:39.3 c

22:44:50.7 c
44.7 c

12:11:05.8 d
05.8 d
04.8 d
06.3 d
07.8 d
08.2 d
04.4 d

12: 18: 51
12:25:51

eP'Z

Nov. 23

NP

Hi ~ Z iP
Ke Z eP

C&GS, card 88-65:
22:35:37.2
3. 90 S., 150.3°E.
New Ireland region
h about 457 km
Magnitude 5.5 (CGS).

Nov. 27

M Z iP
A Z eP
D Z iP
MP' 'z iP
Pa Z eP
Hi Z iP
NB Z iP
U PEZ eS
U PEZ eR

C&GS card 89-65:
12:01:51.9
9. 70 S., 159.7°E.
Solomon Islands
Felt at Honiara
h about 51 km
Magnitu~e 6.75 (Pas), 5.75

6.75 (Pal), 6.3 (CGS),
5.4 (HVO) .

M Z' e:P

C&GS card 87 -65:
15:05:39.0
7. 3°S., 129.2°E.
Banda Sea
h about 132 km
Magnitude 6.1 (cas).,

Nov. 21

M Z iP
A Z iP
Hi Z iP
NB 'Z iP
Ke Z iP
U PEZ eS
U PEZ eR

C&GS card 88-65:
10:31:49.7
6.1°S., 130.4°.E.
Banda Sea
h about 93 km
Magnitude 6, (Pas), 6-6.25 .(Pal),

6.3 (eGs), 6.4 (HVO).

November 19, 1965--Continued.
C&GS card 91-65--Con~inued

Kermadec Islands region
h about 33 km
Magnitude 6-6.25 (Pal), 5.0 (cas).

Nov. 20

Nov. 22

Ha Z Tmax' 14: 43: 47

C&GS card 87 -65:'
14:00:27.0
52.00 N., l'76.1Q W. ,
Andreanof Islands, Aleutian Islands
Felt on Adak
h about 49 km
Magnitude 5.5 (cas).

Nov. 22

Ha Z Tmax 21:09:53

C&GS card 88-65:
20:25: 30. 4
5l.3°N., 179.8°w.
Andreanof Islands, Aleutian Islands

. h about 40 km
Magnitude 5.9 (CGS).
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Table 5.--Distant earthquakes--Continued

C&GS card 90-65:
22:19:14.8
6.4°8., 146.3°E.
East New Guinea region
Felt widely
h about 109 km
Magnitude 6.4 (CGS).

Dec. 9

C&G8 card 90-65:
11:34:53.7
18.9°N., 107. lOW.
Off coast of Jalisco, Mexico
h about 37 km
Magnitude 6'.75 (Pas), 7-7.5 (Brk),

6.5-6.75 (Pal), 5.9 (CGS),
7.0 (RVO).'

Dec. 7

December 6, 1965
M z iP . 11:43:14.6 d
A Z eP 13 0 6 d
D Z eP 14.6 d
U PEN is 11:49:58
U PEN eG 11:53:14
M Z Tmax 12: 31: 16
A Z Tmax 11
D Z Tmax 30
MP Z Tmax 19
Pa Z Tmax 12:30:54
Na Z Tmax 12:31:01
Hi Z Tmax 12:30:56
NB Z Tmax 12:31:39
Ha Z Tmax 12:32:16

Z iP
PEN eS
PEZ eR

(CGS) ,

13: 45: 54
53
53

13:46:02
13:46:06'

15:07:47
15:10:09

11:01:13.5 c
13.9 c
14.6 c
13.7 c
13.3 c

11:08:39
11:13:38
11:16:08

Dec. 13
M Z eP
D Z eP
MP Z eP
U Z eP
Hi Z eP
U PEZ eS
U PEN eG
U PEZ eR

COOS card 92-65:
10: 52: 08.5 .
44.7°N., 150.1°E.
Kurile ~slands region
h about 35 km
Ma~itude 6 (Pal), 5.7

6.1 (avo).

Dec. 13
U . PEN eG
U PEZ eR

C&GS card 93-65:
14:46: 10.2
44.7°N., 150.2°E.
Kuri1e Islands' region
h about 33 km
Magnitude 5.4 (eGs).

Dec. 15

A Z Tmax
D Z Tmax
U Z Tmax
MP Z Tmax
Fa', Z ' Tmax

C&GS card 94-65~
12:09:36.4
57.00 S., 141:5°W.
South Pacific Cordillera
h about 33 km

06:16:56.8 d
06:24:20
06:30:54

22:29:34,:L c
28.9 c

iP
eP

z
z

Hi
Ke

D
U
U

C&GS card 92-65:
06:07:48.6
17.3°N., 100.00 W.
Guerrero, Mexico
Felt in southern Mexico
h about 57 km
Magnitude 6.25 (Pas), 6 (Brk),

6.25-6.5 (Pal), 6.0 (CGS),
5.8 (HVO).
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Table 5.~-Dist~t earthquakes--Continued

December 15,1965 Dec. 22--Continued

57
48
29
18

12:22:25.7 c
26.2 c
25.6 c

20:55:31.4 c
21:07:32

M Z iP
MP .' z· iP
U Z eP

C&GS card 98-65:
12:10:31.4
3.2°N., '127.00 E.
Talaud Islands
h about 53 km
Magnitude 5.3 (CGS).

MP Z Tmax
U Z Tmax
Pa Z Tmax
Hi Z Tmax

C&GS card 94-65:
19:41:23.0
58.4°N., 153.00 W.
~odiak Island region
Minor damage at Kodiak and

felt widely..
h about 50 km

.Magnitude 6.75-7 (Pas),
6.75-7 (Brk), 6.5 (CGS),
6.8 (RVO).

Dec. 23

Ke Z eP
U PEZ eR

C&GS card 94-65:
20:47:37.5
60.5°N., 141.00 W.
Southeastern Alaska
h abou,t 33 km
Magnitude 5.4 (CG8).

Dec~ 28

19:48:45.4 d
46.2 d
46.1 d
45.6 d
44.9 d
49.0 d
42.9 d
45.6 d
45.2 d

19:50:11
19:55:07
19:57:41
19:59:27
20:28:38

58
51

23:13:58.7 c
58.2 c
58.0 c

23:14:00.9 c
02.3 c

'23:16:46.8 d
47. 3 d .
46.3 d

23:26:37
23:35:23
23:38:35

M Z iP
U Z eP
NB Z iP
Hi Z eP
Ha Z eP

C&G8 card 95-65,:
'23: 06: 42.4
17.5°8., 179. lOW.
Fiji Islands region
h about 573 km
Magnitude 5.5 (CGS).

A Z eP
D Z eP
MP Z eP
U PEN e8
U PEN eG
U PEZ iR

C&GS card 93-65:
23: 05:20.7
7. 5°N., 82. 2°W.
South of Panama
h about 15 km
Magnitude· 6. 75 (Pas),

6.25-6.5 (Pal), 6.0 (CGS),
6.4 (RVO).

Dec. 16

Dec., 22

M Z iP
D Z iP
MP Z iP
U Z iP
Pa Z iP
Na Z iP
Hi ' .Z iP
NB Z iP
Ke Z iP
U PEZ ePP
U PEE eS
U PEE eL
U PEZ eR
M Z Tmax
A Z Tmax
D Z Tmax

_ ... _._-_ ......_._ .._- ...~--
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Table 5.--Distant earth@uakes-~Continued

20:58:59

02:13:26.1 C
27.2 c
27.2 c
28.2 G,

26.3 c
02:50:26

44
24
45
26
38
15
22

iP
eP
iP
eP
eP
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax
Tmax

December 28, 1965

U PEZ eR

C&GS card 96-65:
20:32:24.7
27.8°N., 141.8°E.
Bonin Islands region
h about 36 km '
Magnitude 6 (Pas), 5.9 (cas).

Dec. 30

M Z
A Z
D Z
ME' Z
U Z
M Z
A Z
D Z
MP Z
U Z
Pa Z
Hi Z
NB Z

C&GS card 96-65:
02:06:31.1
54. ION. , l64.3°W.
Unimak Island region
h about 28 km
Magnitude 5.75 (Brk),

5.75 (Pal), 5.6 (cas).
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Publications of special interest and HVO contributions, 1965

Kinoshita, W. T., 1965,. A gravity survey of the i.sland of Hawaii:

Pacific 'Sci~j v~ 19j no .. 3, p. 339-340.

Kinoshita, W. T. ,and Okamura, R~ T., .1965, A gravity s11rvey of the

isle,nd of,.~ui, Hawai.i: ~ac.ifi.c Sci., v., 19, no. 3, p. 341-342.

Koyanagi, ,R.Y.,.and.Endo, E. T., 1965,. Hawaii~n,seismic events

during 1963, in Geological Survey Re~earch 1965: u.S. Geol.

Survey Prof. P~per 525-~, p. B13-B~6.

Krivoy, H. L., 1965, A gravity survey of. the island of Niihau,

Hawaii:' .Pacific Sci., v .. 19",no.3, p .. 359-3?0.

Krivoy, H.' L., Baker, Melville, Jr., and Moe, E. E., 1965, A

reconnaissanGe gravity survey of. the;. island of Kauai, Hawaii:

Pacific Sci." v. 19, ~o. 3, .p •. 35,4-358 .

Krivoy, H. L., and Lane, M.,. P., 1965 ~ A preliminary gravity survey

of the island of Lanai, Hawaii: Pacific Sci., v. 19, no. 3,

p. 346-348.

Moore, J. G., 1965, 'Petroi;gy of deep-sea basalt near Hawaii: Am.

Jour. Sci.', v. 263, p .. 40-52 ...

Moore, J~ G., and Ault, W•. U. " 1965, Historic littoral cones in

Hawaii: Pacific Sci., v. 19, no. 1, 'p. 3-11'-

Moore, J. G., and Krivoy, H. L. z' 1965,,':A reconnaissance gravity

survey of the island of Molokai, Hawaii: Pacific Sci., v. 19,

no. 3, p,' 343-345.

A. Papers presented at meeting in Hakone, Japan, 1965, on "Investigations of

Hawaiian volcanoes, 1963," a part of the Japan-U.S. Cooperative Science

Program

(Abstracts published in 'printed program'for the meeting; copies of

individual abstract available on request from. Hawaiian Volcano Observatory.)

Aramaki, S.• , and Moore, J. G., Chrono1ogic~1 cnange in chemistry of Hawaiian

tholeiitic lava.

Eaton, J. P., and Krivoy, H. L., Detailed observations of ground deformation,

lava extrusion, and harmonic tremor during the 1959-60 eruption of

Kilauea.

Eaton, J. P., and Okamura, ·A. T., A family of earthquakes from a source

30 km beneath the summit of Kilauea Volcano.
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Kinoshita, w. T., Magnetic studies of Alae lava lake, Hawaii.

Kinoshita, w. T. , May 1963'seismic episode an the Kaoe fault' .zone, Hawaii.

Koyanagi, R. Y., The Kaoiki eart:p.quakes of June 27, 1962, and general

descriptions of recent Hawaiian seismic activity.

Minakami, T. Earthquakes originating from the 1959 Kilauea Iki lava lake

and extremely shallow earthquakes inside Kilauea caldera.

Minakami, T., Hiraga, B., and Fujii, K., Hypocentral distribution of

earthquakes near Kilauea caldera during July-December 1963.
Moore, J. G., Evidence of gravity slide origin of east rift zone of

Kilauea. Volcano, Hawaii.

Moore, J. G., Immediate seismic prelude to recent eruptions of Kilauea

Volcano.

Peck, D. L., Solidification of Alae ~ava lake, Hawaii.

Shimozuru, D., Kamo, K., and Kinoshita, W. T., Study of volcanic micro

tremor at Kilauea Volcano, Hawaii, during the period July-December

1963.

B. Abstracts of paper$: Internatiopal Symposium on Volcanology,

November 22-December 3, ~965, New Zealand.

Decker, R. W., Hill, D. P., .and Wright, T. L., Horizontal deformation

of Kilauea caldera, Hawaii.

Furumoto, A. S., Structure of Hawaiian volcanoes from seismic refraction

data.

Malahoff, A., and Woollard, G. P., Magnetic surveys over the Hawaiian

Ridge and their volcanological implications.

Peck~ D. L., Wright, T. L., and Moore, J. G., Crystallization of

tholeiitic basalt in Alae 'lava lake, Hawaii.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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1

Summary of Activities

The swarm of earthquakes that accompanied and followed the eruption of
December 1965 continued into the first 10 days of Janua~y 1966." As this
swarm was dwindling, various followup studies of this activity got under
way.

A level line was carried from the junction of the slopes of
Kilauea against the flank of Mauna Loa, to Halemaumau, in the southwestern
part of Kilauea caldera, around the Desert and Caldera loops, and then to
and beyond Makaopuhi seismograph along the Chain of Craters road. A line
was reoccupied south for 5 km from the Chain of Craters to near Kipuka
Nene tilt station (fig. 2). Because the summit area had not been leveled
since June 1965, the leveling of January 1966 did not reveal l~rge amounts
of colla~se following the eruption of December 1965. Signif~cantly, the
largest area of C'ollapse that did snow up lay abou~ 3 k.m southeast of
Halemaumau rather than over the geometrical center of the caldera.

Leveling along. the Hilina Pali road revealed very large changes of
altitude of the area along the southern margin of the Koae fault system,
a system that lies roughly between the Desert and Makaopuhi seismographs
(fig. 1). A graben area near the south edge of the system was
downdropped locally as much as 6 feet and the area just south was
uplifted more than 2 feet.

Ground tilt read daily from the short-base water-tube tiltmeters
at Uwekahuna showed a continuous inflation of the summit area. The
inflation recorded by the east-west component was considerably in
excess of that .recorded by ·the north-south component, indicating a
center of inflation lying somewhere east-southeast of Uwekahuna.

The number of da~ly Kilauea summit shallow quakes, which had
dwindled to less than 25 during the Koae swarm, 'gradually increased
to a level of more than 100 during all of March. In the last week of
~rch, the number of long-period caldera quakes rose from an average
of less than 10 a day to more than 100 daily and this swarm continued
into the next quarter.

In March, a 26-foot hole was drilled into tbe floor ~f Alai Crater,
which is about 3 km southeast of Kilauea in the Chain of Craters shown
on figure 1, and the thickness of the lava in December 19b5 was found to
be.5 or 6 feet. The base of the December 1962 lava was penetr~ted at
11 feet, and the hole was bottomed in a rubbly zone presumably near the
base of the flow that floored Alai Crate·r prior to December 1962. The
temperature in this hole was ambient when the' measurements were made
in mid-March.

In early. February, a new drilling tech~ique was used to emplace a
closed-bottom stainless steel casing through the 25-foot cru~t of
Makaopuhi lava lake and 15 feet down into the melt. Problems with the
cromel/alumel and .the platinum/platinum-rhodium thermocouples were still
not fully solved, but the temperature at the base of the crust was
confirmed to be about l075°C and that at the bottom of the hole was found
to be 1,1.50°C. This casing was still open when the first. quarter ended,
and many temperature profiles have been taken as the crust of the lake
continued to grow.



EXPLANATION
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in terms of geographic coordinates, which are indicated
at the edges of the map.
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Tilting ,of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short-base
water-tube tiltmeter in Uwekahuna (table 1), and at irregular intervals
it is measured on a regional scale by means of a network of- field
tilt-bases and a portable water-tube tiltmeter (table 2)~ The attitude
of the g~ound surface at each tilt-base is reported in terms of north
south and east-west tilt coordinates. Both coordinates at each station
were arbitrarily set equal to 500 when measurements at that station
were begun. Increasing tilt coordinates correspond to northward and
eastward tilting of the earth's surface; that is, to a relative
subsidence toward the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in the direction
indicated.

Location of and essential data on each tiltmeter station are listed
in table 6 of this report. Table 6 is published in the first-quarter
issue each year.

Table l.--Tilt coordinates at Uwekahuna, January,

Februar~, and Mar~h, 1966

Date Date
(1966) N-S E-W (1966) N-S E-W

Jan. 2 468 507 Feb. 20 474 487
9 470 503 27 477 485

16 472 499 Mar. 7 477 486
23 474 494 13 478 486
30 475 493 20 479 486

Feb. 6 476 490 27 480 482
13 475 488

3



,1st Quarter, 1966

Table 2.--Tilt coordinates and changes at bases "around Kilauea caldera.

(See tilt diagram, fig. 2.)

Rate (10-6 rad/mo) Date of
and direction of last

Tilt Date Tilt coordinates tilting since reading
base (1966) N-S E-W last reading (1965)

Uwekahuna (U) March 14 484.7 476.0 14.8 N. 43.0° w. Dec. 27
(on fig. 2 ).

Tree, Molds (TM) 16 421.0 515.4 4.2 N. 52.0° w. 29
Sand Spit (SS) 17 834.8 734.3 9.5 s. 9.2° W. 30

14 297.2 501.3 3.7 N. 5. 7° E. Jan• .. 1
JNot done this ,epoch.

(1966

15 491.6 50,9.5 .6 N. 45.4° E. Dec. 27

17 541.5 551~5 1.3 N. 85.7° E. 29

Ka1ihipaa (Ka1)

Keamoku (Kea)

Ahua Kamokukolau

(Kam).

- Kipuka Nene '(KN)

Hi'lina Pali (HP)

Kapapa1a, Ranch

(Kap ).

Mehana (M)

This station ruined during the eruption and earthquake

swarm of Dec. 24-31, 1965'.
.. _.... . _..- .

March 15 585.7 475.9 7.8 N. 69.4° W.

16 634.1 630.0 1.5 S. 42.0° W.

4

28

28



o

Kea

cr
o

2000

~ ....-...
TILTING RATE 5.0 X 106

RADIANS I MONTH

JAN 5, 1966 - MAR 16, 1966
I

5 K M

Figure 2.--Tilting of the ground around Kilauea caldera, January 5, 1966
March 16, 1966. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open circles,
short-base water-tube tiltmeters. See table 2 for explanation
of abbreviations.
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Seismjc sllmmary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: Local earthquakes
and tremor originating in the region of the Hawaiian Islands (usually
within 100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index'of seismic
activity a~ Hawaiian volcanoes, daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin as
determined by analysis of records obtained daily at the Observatory
(stations U, M, A, D, N, WP, MP).* Earthquakes of magnitude 2.0 or
greater are generally sufficiently well recorded to be located with
greater precision; they are listed indiv~dually in table 4.

,Beginn,ing wi'th this summary,data for the distant earthquaker will
no longer be included in the s'ummari~s. Data for' the distant eartl1quakes
can be obtained directly from the Hawaiian Volcano Observatory.

Acknowledgments.--Several people or agencies reported "felt"
earthquakes during the first quarter, 1966. Their assistance is
gratefully acknowledged.

*Location of and essential data on each seismograph station are
listed in table 5 of this report. Table 5 published only in the
first-quarter issue each year.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, MJ AJ D, N, WP, and ~ around Kilauea caldera

Tremor is separated into three categories: deep, intermediate J and shallow, on the basis of relative amplitudes
on seismographs in the summit region. Unless otherwise sta~edJ tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 kmJ earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period, earthquakes characterized by low-frequency waves that originate about 5 km
beneath Kilauea .summit; and shallow earthquakes in the Kllauea caldera region; shallow earthquakes along the
SW. rift zone of Kilauea and the adjacent portion of the Kaoiki :fault system; earthquakes along tne eastern
half of Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the upper east
rift zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other regions:
Kana, Mauna Kea, etc.

Date Tremor Earthquakes

(1966) (minutes) Kiluea summit sw. rift Eastern Upper
Inter- Long- and east east Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Jan. 1 ---- --_.----- ------ 4 ----- 13 10 ----- 95 ----------------~-----------
2 ---- ------- ------ 2 ----- 15 10 ------ 80

---------------------------~

3 38 ------- ------ 5 ----- -------- 7 ----- 57 ----------------------------
4 ---- ------_. ------ 3 ------ 14 7 -~--- 57 ----------------------------
5 29 ------- ------ 6 -..,--- 17 8 ----- 53 1 Kana
6 17 ------- ----- .. 4 ----- 15 9 ----- 60 1 Mauna Kea, 1 off west

shore of Hawaii.
7 ---- 2 ------ 5 ----- 15 13 ----- 55 ----------------------------
8 ---- -------- ------ 3 ---~- 10 13 ----- 45 1 Maill1a Kea
9 ---- ------- ------ 6 ----- 10 20 ----- 38 1 off' east shore of Hawaii

10 ---- ------- ------ 3 ----- l5 10 1 37 1 Mauna Loa
11 ---- ------- ------ 6 ----- 10 7 ----- 37 ----------------------------
12 3 ------- ------ 12 ----- 14 12 ----- 26 ----------------------------
13 ----- ------- ------ 3 ----- 15 6 ----- 35 ----------------------------
14 ---- ------- ------ 8 ----- 25 7 ----- 37 1 Mauna Kea, 1 Kana



Table 3. --Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

Date
Tremor Earthquakes

(1966) (minutes) Kilauea summit
.SW. rift Eastern Upper

Inter- Long- and east east Others
Deep mediate Shallow' 30 km period Shallow Kaoiki rift rift

Jan. 15 3 8 ------ 13 13 28 --------------------------
16 ------- 3 ------ 30 15 19 --------------------------
17 4 ------- 4 ------ 15 13 25 --------------------------
18 ------- 3 ------ 15 14 1 12 --------------------------
19 15 ------- 7 ------ 35 14 14 2 Mauna Loa
20 5 ------- Electrical storm------ -------- 5
21 ------- 3 ------ 18 10 27 1 :Mauna Kea, 1 Kona
22 ------- 1 ------ 38 10 4 --------------------------
23 ------- ------ 30 18 3 --------------------------
24 ------- 3 ------ 40 ·9 3 --------------------------
25 ------- 3 ------ 30 8 7 --------------------------
26 6 3 15 45 17 9 ~-------------------------

27 4 14 2 25 10 ----- 5 1 Mauna Kea
28 ------- 3 3 ------ 33 9 13 1 Kahala
29 ------- 3 ------ 45 6 2 --------------------------
30 ------- 3 ------ 40 7 34 --------------------------
31 ------- 4 ------ 45 II 26 --------------------------

Feb. 1 2 1 3 40 14 5 --------------------------
2 ------- 6 ------ 35 7 23 1 Hualalai
3 ------- 3 ------- 35 19 5 --------------------------
4 ------- 6 ------ 48 13 18 1 Kana
5 ------- 2 ------ 50 20 95 1 Mauna Loa
6 ------- ------ 35 16 23 --------------------------
7 ------- 4 ------ ? 5 14 --------------------------
8 3 -~---- 25 4 10 --------------------------
9 ------- 8 ------ ? 6 20 1 HualalaiI

10 19 ------- 4 ------ 50 15 8 -------~~--~~~------------



Feb. 11 14 ------- 3 ------- 56 9 16 -------------------------_.
12 15 20 ------ 105 9 18 --------------------------
13 ------- 6 ------ 70 16 11 1 Mauna Loa, 1 Kana
14 -------- 4 4 70 6 29 --------------------------
15 ------- ------ 3 80 4 27 --------------------------
16 11 ------- ------ ------ 60 11 20 1 Mauna Loa
17 ------- 4 4 60 15 15 --------------------------
18 ------- 10 ------ 80 24 18 ------------------~----~-~

19 ------- 12 ------ .120 18 24 --------------------------
20 ------- 1 4 83 26 15 1 Mauna Loa
21 ------- 1 ------ 70 26 107 1 Mauna Kea
22 16 7 ------ 77 26 17 --------------------------
2'3 5 5 ------ 71 12 12 1 Kana, 1 Mauna Loa,

1 off west shore of Hawaii
24 23 ------- 11 ------ 67 14 4 1 Mauna Kea
25 ------- 1 2 72 8 8 1 off NW. shore of Hawaii
26 5 ------- 6 ------ 72 16 8 --------------------------
27 5 6 ------ 74 8 10 -------------------------~

\0 28 ------- 2 ------ 80 24 12 1 off west shore of Hawaii
Mar. 1 36 ------- 1 ------ 70 5 20 --------------------------

2 Several ----- 8 ------ 60 4 14 ------~-------------------

3 Several 1 ------ 120 12 20 1 Kana
4 ------- 3 2 105 12 12 --------------------------
5 ------- 2 r------ 110 16 32 1 off NW. shore of Hawaii

1 Mauna Kea
6 ------- 8 4 15 110 5 13 --------------------------
7 ------- ------ ------ 110 8 1 12 ----------~---------------

8 ------- ------ 5 99 9 25 --------------------------
9 ------- 6 11 ------ 96 12 50 --------------------------

10 3 2 ------ 110 6 1 20 1 Hualalai, 2 off west
shore of Hawaii.

11 4 ------- 6 ------ 130 16 20 --------------------------
12 ------- 1 ~----- 75 11 19 ------------~-------------

13 8 ------- 3 ------- 95 11 15 ------------~-------------

14 ------- 3 ------ 105 33 16
------------~-------------

15 ------- 10 ------ 97 6 25 1 Mauna Kea



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A,' D, N, WP, and MP around Kilauea caldera--Continued

1

Date Tremor Earthquakes

(1966)
(minutes) Kilauea summit SW. rift Eastern Upper
Inter- Long- and east east Others

Deep mediate Shallow 30 km period Shallow Kaoiki rift rift

Feb. 16 ---- ------- ----- 22 ------ 107 8 ------ 33 1 Hualalai
17 44 ------- ----- 8 8 .130 8 ------ 30 1 Kana
18 ---- ------- ----- ----- 5 105 10 1 15 1 Kana
19 ---- ------- ----- 4 ------ 85 12 ~_ .... _-- 18 --------------------------
20 ---- ------- ----- 4 2 "83 14 ------ 12 --------------------------
21 ---- ------- ._--- 4 5 70 8 ------ 20 1 Mauna Kea
22 ---- ------- ----- 2 28 70 14 ------ 13 --------------------------
23 ---- ------- ----- 4 35 50 7 ------ 8 --------------------------
24 ---- ------- ----- 1 11 57 6 ------ 14 1 Kana
25 17 ------- 4 3 5 67 15 ------ 15 --------------------------
26 ---- 22 ----- 7 ------ 79 7 ------ 10 --------------------------
27 ---- ------- 6 1 14 69 16 ------ 18 --------------------------
28 ---- ------- 12 ----- 19 83 6 ------ 16 1 Kana
29 -_ .... - --- ... _-- ----- 5 130 80 7 ------ 12 1 off south shore of Hawai"

~ 30 ---- ------- 3 3 48 69 21 ------ 11 1 Mauna Loa
31 ---- ------- ----- 6 70 90 8 ------ 6 --------------------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
January, February, and March, 1966

Entries for a given quake are: date, origin time (Hawaiian'Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the list.

u,

a

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. w. Description Report- - -

Jan. 1 1,0 37 55.0 2.3 5 19°20.0' 155°12.8' 6 km SW. of Makaopuhi seismometer --------------
2 04 51 10.8 3.3 8 19°07.5' 155°13.3' 15 km ssw. of Apua Point Kilauea summit

area.
4 18 51 29.0 2.2 8 19°17.9' 155°10.2' 8 km south of Makaopuhi seismometer - - -- - -, - - - - - - - -
5 00 32 56.5 2.2 0 19°32.3' 155°41.0' 25 km east of Kealakekua ---------------
5 08 52 45.0 2.6 8 19° 12.1' 155°07.2' 20 km SSE. of Makaopuhi seismometer --------------
6 01 38 15.0 2.2 8 19°46.8' 155°31.0' 3 km NE. of Pohakuloa --------------
6 03 51 00.2 1.7 8 19°15.9' 155°25.1' 9 km ssw. of Desert seismometer Pahala
6 03 53 25.2 1.7 8 19°18.8' 155°26.5-' 6 km wsw. of Desert seismometer Do.
6 11 01 20.0 2.7 3 19°26.2' 155°47.1' 17 km SEe of Kealakekua --------------
7 21 21 06.0 3.2 0 19°18.8' 155°16.6' 7 km ssw. of Ahua seismometer -----~--------

8 06 24 44.8 3.0 8 19°42.8' 155°37.6' 16 km SSE. of Waikii --------------
8 13 43 57.3 3.5 8 19°26.3' 155°28.7' 11 km SW. of Mauna Loa seismometer Hil0, Pahala
8 19 30 15.6 2.1 8 19°23.5' 155°18.2' 5 km NW. of Ahua seismometer --------------
9 20 46 23.9 2.2 8 19°12.3' 154°43.3' 40 km SEa of Pahoa --------------

10 12 01 03.2 1.8 5 19°21.4' 155°13.1' 5 km wsw. of Makaopuhi seismometer --------------
10 18 53 08.5 2.4 3 19°11.4' 155°39.7' 16 km NW. of Naalehu -----~--------

11 06 25 03.1 2.7 3 19°20.5' 155°07.2' 7 km SEe of Makaopuhi seismometer --------------
12 11 26 23.5 1.8 8 19°23.8' 155°29.1' 12 km NW. of Desert seismometer --------------
12 19 49 01.3 1.8 25 19°23.5' 155°18.3' 5 km NW. of Ahua seismometer ---------------
14 06 58 42.7 2.6 8 20°01.3' 155°21.6' 13 km WNW. of Laupahoehoe Kamuela
14 22 30 19.0 3.0 3 19°21.8' 155°51.2' 5 km ESE. of Hookena Kealakekua
17 16 13 45.0 3.2 8 18°45.1' 155°17.7' 69 km south of Ahua seismometer --------------
18 04 11 42.5 2.2 30 19°14.7' 155°28.7' 14 km SW. of Desert seismometer --------------
19 02 44 12.2 4.0 13 19°24.3' 155°32.8' 10 km SSE. of North Bay seismometer Pahala, Kilaue

I summit area
Hil0, Naalefl
Kealakekua.



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
January, February, Mctrch, 1§66--Continued

a

Date Time Ma.gni - Depth Epicenter Felt
(1966) n m s tude (kIn) Lat. N. Long. W. Description Report

- -

Jan. 19 14 01 37.4 4.1 13 19°23.8' 155° 33.• 5' 11 km SSE. of North Bay .seismometer Islandwide
21 07 53 49.1 3.1 13 19°49.5' 155°35.6' 25 kIn SSE. of Kamuela Kamuela
21 21 02 26.9 3.8 8 19°27.9' 155° 52. 7' 7 km SEe of Kealakekua Kealakekua
26 06 14 22.7 3.0 8 19°10.6' 155°25.7' 6 km SEe of Pahala Pahala
26 16 04 20.6 2.0 8 19°10.8' 155°26.1' 5 km SEe ar Pahala . Do.

27 14 23 58.3 2.4 8 20°01.4' 155°19.9' 10 km WNW. of Laupahoehoe ----------_ .. --
27 21 21 15.3 2.2 33 19°21.2' 155°19.0' 6 km SW. of Ahua seismometer --------------
28 11 09 18.3 2.2 26 19°22.2' 155°19.0' 5 km west of Ahua seismometer --------------
30 23 18 27.8 2.4 8 20°11.0' 155°46.9' 19 kID NNW. of Kamuela --------------
31 03 05 47.2 3.3 27 19°26.1' 155°13.1' 8 kIn ENE. of Uwekahuna Kilauea summit

area, Pahala
Hila.

Feb. 2 10 38 04.6 2.4 8 19°22.8' 155°29.9' 12 kIn WNW. of Desert seismometer Pahala
2 15 18 56.1 2.5 8 19°43.2' 155°44.1' 30 kID NE. of Kealakekua --------------
4 19 30 53~3 2~3 0 19°21.9' 155°46.9' 24 km SEe of Kealakekua --------------
5 06. 42 16.8 2.0 3 19°37.5' 155°38.4' 16 km NW. of North Bay seismometer --------------
9 09 2~ 43.5 2.8 0 19°40.3' 155°52.9' 17 km NNE. of Kealakekua ---------------
9 22 14 03.9 2.9 22 19°24.8' 155°19.0' 3 kIn wsw. of Uwekahuna seismometer Pahala, Ki1aue

summit area.
10 06 14 55.7 2.0 5 19°22.8' 155°13.6' 5 km ENE. of Ahua seismometer --------------
10 21 54 42.3 2.2 8 19°25.9' 155°29.2' 14 km SW. of Mauna Loa seismometer --- - - - - --_.- - --
11 04 32 37·9 2.4 40 19°12.1' 155°10.8' 19 km south of Ma.kaopuhi seismometer --------------
12 19 56 16.3 3.7 30 19°22.3' 155°18.6' 5 km west of Ahua seismometer Hila, Kilauea

summit area,
Pahala.

13 05 27 10.5 2.7 30 19°23.5' 155°17.7' 4 kIn south of Uwekahuna Kilauea summit
area.

13 06 07 57.1 2.7 8 19°25. 0' 155°24.5' '9 km NNW. of Desert seismometer Kilauea summit
area.



Feb. 13 18 55 10.1 2.0 8 ~9°1i.91 155°31.91 16 km NNE. of Naalehu -------------~~---

13 23 06 50.0 2.9 5 19°31.71 155°49.0' 11 km ENE. of Kealakekua Kealakekua
14 05 34 30.8 2.2 8 19°17.21 155°08.8 t 9 km SEe of Makaopuhi seismometer ---------------~--

16 01 41 21.5 2.4 8. 19°28.11 155°29.2' 11 km WSW. of Mauna Loa seismometer ---------~--------

16 14 41 03.1 1.8 20 19°20.7' 155°25.7' 4 km WNW. of Desert seismometer Pahala

16 15 35 09.5 2.2 8 19°11.0' 155°31.5' 16 km NE. of Naalehu ------------------
19 03 29 48.1 2.0 8 19°22.3' 155°24.7' 5 km NW. of Desert seismometer ------------------
19 18 23 37.7 3.3 8 19°20.7' 155°28.5' 9 km west of Desert seismometer ------------------
20 07 51 36.5 2.8 5 19°12.0' 155°38.1' 16 km NNW. of Naalehu ------------------
21 15 59 33.3 3.7 3 19°50.7' 155°40.2' 21 km SSE. of Kamuela Kamuela

22 11 05 19.5 2.2 8 19°20.8' 155°13.2' 5 km SW. of Makaopuhi seismometer ------------------
22 17 06 44.6 2.2 5 19°22.9' 155° 12.5' 4 kmNW. of Makaopuhi seismometer ------------------
23 02 45 04.5 3.2 3 19°19.8' 1550 49.5' 10 krn SEe of Hookena ------------------
23 09 29 11.1 2.0 5 19° 14.0' 155°37.0' 19 krn NNW. of Naalehu ------------------
23 15 18 19.1 2.1 30 19°22.7' 155°18.2' 4 km west of Ahua seismometer ------------------
23 18 52 35.7 2.5 8 19°25' 156°30' 62 km wsw. of Kealakekua ------------------
24 10 13 51.9 2.0 8 19°50.9' 155°41.9' 20 km south of Kamuela ------------------
25 03 10 51.6 3.3 30 19°22.8' 155° 17.5' 3 km WNW. of Ahua seismometer Kilauea summit

area.

I---J 25 06 37 49.8 3.1 8 19°56.6' 156°05.9' 42 km wsw. of Kamuela ------------------
LA> 27 06 59 42.9 2.5 8 19°22.71 155°24.9' 5 km NW. of Desert seismometer ------------------

28 03 56 32.8 3.1 8 19°41' 156°28' 60 km WNW. of Kealakekua ------------------
28 06 30 38.5 2.4 8 19°19.81 155°00.8' 5 km SW. of Kalapana ------------------
28 20 00 11.0 4.0 10 19°24.7' 155°27.2' 10 km NW. of Desert seismometer Kilauea summit

area, Pahala, ..

Hila, Kealakekua.

Mar. 2 02 50 05.7 2.7 8 19°15.5' 155°03.11 18 km SEe of Makaopuhi seismometer -----------------~

3 14 39 23.8 2.8 0 19°38.1' 156°00.1' 1 km SW. of Kailua Kealakekua

4 23 13 10.3 1·9 10 19°20.21 155°14.0' 6 km SEe of Ahua seismometer ------------------

5 13 53 48.0 2.3 8 20°03.2' 155°55.5' 10 km WNW. of Kawaihae ------------------

5 16 53 15.0 2.1 45 19°52.2' 155°13.31 22 km NW. of Hil0 ------------------
10 08 00 23.3 3.7 8 19°47.01 155°46.01 8 km east of Puu WaaWaa Islandwide

10 11 47 08.6 3.3 8 19°58' 157°32 1 177 km WNW. of Kealakekua ------------------



Table 4.--Loca1 earthquakes· recorded by seismographs of' the U.S. Geological Survey,
January, February, and March, 1966--Continued

a.

Date Time Magni- Depth Epicenter Felt
(1966 ) h m s tude (krri) Lat. N. Long. w. Description Report- - -

Mar. 10 19 59. 43.0 3.3 8 20°00' 157°41' 190 km WNW. of Kealakekua --------------
11 17 e7 35.3 2.3 30 19°23.8' 155°16.9' 4 km SEe of Uwekahuna --------------
12 18 ~O 02.0 3.1 50 19°17.0' 155°05.7' 12 km SEe of Makaopuhi seismometer Pahala
14 14 04 53.6 4.1 8 19°19.1' 155°26'.5' 6 km wsw. of Desert seismometer Kilauea summit'

area, Pahala,
Hila, Kea1akeku

15 04 ~3 55.1 2.2 5 19°26.2' 155°29.1' 15 km NW. of Desert seismometer
--------~--------

15 10 ~6 47.9 3.0 13 19°58.8' 155° 33. 5' 15 km ESE. of Kamuela -----------------
15 14 ~3 02.7 3.5 32 19°22.6' 155°18.0' 4 km west of Ahua seismometer Pahala
16 19 e8 02.8 2.3 8 19°51.0' 156°02.7' 13 km NNE. of Keahole Point -----------------
17 09 51 50.5 3.2 8 19°20.8' 155°47.2' 23 km SEe of Kealakekua -----------------
18 04 45 59·5 2.4 0 19°26.4' 155°47.0' 16 km SE.· of Kealakekua -----------------
20 23 07 35·9 2.2 8 19°21.1' 155°25.8' 5 km WNW. of Desert seismometer -----------------
21 17 56 21.6 3.2 8 20°00.3' 155°50.9' 16 km wsw. of Kamuela Kamuela
24 18 45 33.6 2.3 0 19°33.8' 155°46.5' 16 km ENE. of Kealakekua -----------------
28 13 46 46.5 2.3 0 19°28.9' 155°48.9' 12 km ESE. of Kealakekua -----------------
29 05 51 55.1 2.5 35 19°01.2' 155°29.5' 11 km SEe of Naalehu -----------------
30 12 22 06.0 2.6 8 19°22.5' 155°25.1' 5 km NNW. of Desert seismometer Pahala
30 21 32 12.3 2.6 8 19°11.9' 155°37.2' 15 km NNW. of Naalehu -----------------



Table 5.--U.S. Geological Survey seismograph stations in Hawaii

[On island of Hawaii unless otherwise stated]

Station Symbol Location
Lat. N. Long. W.

Altitude
(m)

above sea
level

Equipment
(Z, vertical; N, north-south; E, east-west)

Long-period Press-Ewing: N, E, Z.
(Seismometer and galvanometer periods are
15 and 90 seconds, respectively.)

Shor~-period Sprengnether: E, Z. HVO-l:
ZY.

Short-base liquid-level ti~vmeter.

Remote recording HVO-2: Z~.
,.: Do.

Do.
Remote recording 1.0 sec. EV-17 Z

Do.
Do.

HVO-l: Z
Wood-Anderson: N, E. Operated by
Sister Thecla at St. Joseph's School.

HVO-l: Z. Operated by U.S. Coast and
Geodetic Survey.

1.0 sec. EV-17 seismometer, 0.5 sec.
galvanometer: Z. Operated by Rev. D.
Thompson at Naalehu School.

HVO-l: Z. Operated by Mr. K. Kimura at
Pahoa School.

1.0 sec. EV-17, 0.286 sec. galvanometer.
Operated by Mrs. Ed. Van Gorder,
Preparatory Academy-, Kamuela. .

205

205

740

1,240

2,010
1,070

815
1,115
1,115

885
20

155°23.3'
155°15.9'
155°23.3'
155°17.0'
155°17.5'
155°10.7'
155°05.3'

19°29.8 '
19°22.4'
19°20.2'
19°24.9'
19°24.7'
19°21.8'
19°43.2'

20°01.9'

U

Kip

Na

M
A
D
N
WP
MP
Hi

Ka

Pa

/

Uwekahuna
(Hawaiian
Volcano
Observatory)

Kipapa, Island
of Oahu.

Naalehu

Kamuela

Mauna Loa
Ahua
Desert
North Pit
West Pit
Makaopuhi
Hilo

Pahoa



Table 5.--U.S. Geological SurveY,seismograph stations in Hawaii--Continued

Location
Altitude

Station Symbol (m) EquipmentLat. N. Long. W. above sea (Z, verticalj N, north-southj E, east-west)
level

Haleakala, Island
of Maui. Ha 20°46.0' 156°15.0' 2,090 HVO-l: z. Wood-Anderson: N, E. Operated

by the staff of Haleakala National Park,
Maui.

North Bay NB 19°29.7' 155°34.8' 4,005 o. 8 sec. ,EV-17: Z. with helicorder.
Operated by U.S. Weather Bureau.

Kealakekua Ke 19°31.2' 155° 55. 3' 505 1.0·sec~ EV-17, 0.286 sec. galvanometer:
Z, EW, and NS. Operated by Mr. H. Nelson
at Kona County Hospital.

l! HVO.-l is a moving-coil, hinged, vertical-component seismograph with seismometer and galvanometer
periods of 0.5 second. Overdamping of both seismometer and galvanometer is used to control the strong
galvanometer reaction. This seismograph has a peak 'magnification of about 20,000 at a period of 0.25 second.
Recording is optical, on photographic paper.

gj HVO-2 is a moving-coi~, vertical-component seismograph with a seismometer period of 0.8 second. Its
signal is transmitted over telephone wires to the Hawaiian Volcano Observatory, where it is recorded on
smoked paper. The response of this seismograph is similar to that of HVO-l. Records from these seismographs
at M, A, and D, and at N, WP, and MP (Benioff) are recorded on two 3-component drums to permit more accurate
comparison of arrival times at these stations.



Table 6 . --u. S. Geological Survey ti1tmeter stations in Hawaii

Frequency Base Description
Station Symbol Location of length

Lat. N. Long. w. reading M

Tree Molds TM 19°26.3' 155°17.3' Quarterly 50.79 NS. and EW.

Sand Spit SS 19°24.1' 155°16.8' ---do---- 25.40 Equilat.eral

triangle.

Keamoku Kea 19°25.1' 155°19.0' ---do---- 47.55 Do.

Ahua Kamokuko1au Kam 19°22.7' 155°16.6' ---do---- 50.79 Do.

Kipuka Nene KN 19°19.4' 155°16.7' ---do---- 50.79 Do.

Hi1ina Pa1i HP 19°18.2' 155°18.6' ---do---- 47.73 Do.

Kapapala Ranch Kap 19°20.5' 155°23.8' ---do---- 50.79 Do.

Mehana M 19°26'.2' 155°14.3' ---do---- 25·00 Do.

Uwekahuna U 19°25.5' 155° 17.4 ' ---do---- 5°·79 Do.

Uwekahuna Vault 19°25.4' 155°17.6' Daily 3.48 NS. and EW.
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Summary of activities

Swelling of Kilauea continued at a moderate rate during April,
May, and June. Both tilt and level measurements indicated that the
center of swelling was about 1 km east of Halemaumau. The greatest
rise was 0.17 ft and the gradient of the swelling about this center
is compatible with the computations for a model at 4 km depth to the
center of expansion. Outlet tilt station (read daily), a short-base
tilt station located midway between North Pit and Ahua seismograph
stations (fig. 1), is much closer to the center of rise than is
Uwekahuna station; therefore, the accumulation of outward tilt
(southwest) at Outlet was four times as great as at Uwekahuna.
During the only notable spurt, between June 6 and June 19, Outlet
tilted at a rate of nearly 40 microradians a month.

The daily count of earthquakes local to Kilauea caldera was
greater than average during most 'of the quarterG The daily total
ranged from 125 to 300 quakes on all but about 15 days; it was less
than 100 from April 22 through May 1. A swarm of deep caldera
quakes occurred at the beginning of the quarter, on April 1 and 2;
deep quakes continued at an average rate of 2 or 3 per day for the
rest of the period. During the second week in May there was a
peak in the rate of energy release, with 9 quakes having magnitudes
that averaged about 3.

There appeared to be no demonstrable correlation between the
flurries of higher seismicity and the details of the pattern of
swelling.

During early April, a network of lines whose length can be
measured very accurately with electronic measuring instruments
(we are using a geodimeter) was laid out across Kilauea summit and
Kilauea's two upper rift zones. Remeasurement of these surface
distances indicates the location and amount of surface stretching
and shrinking associated with the swelling and contraction of the
volcanic structure.

Temperature measurements with thermocouples in stainless steel
tubes thrust several feet into melt beneath the "base of crust"
had been constantly suspect because of contamination of the wires
of the thermocouple. In June 1966 , two different techniques were
used to correct the problem. Silver, gold, and germanium oxide
were used to calibrate the thermocouple profiles with known
melting point temperatures; heavy-gage CrAl wire was selected after
the discovery that it did not contaminate rapidly.

The surface of the lava lakes in Kilauea Iki, Alae, a pit
crater about 2 km west of Makaopuhi' seismograph, and Makaopuhi,
near Makaopuhi seismograph (fig. 1), were releveled, and temperature
measurements were made in two holes still open in Alae. The
highest temperature measured in Alae was 475°C at a depth of 39 feet
below the surface in hole 12 where the body of new lava is 49 feet
thick.

1
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Figure l.--Map of the Island of Hawaii showing seismograph stations operated
by the U.S. Geological Survey, principal settlements, and selected
geologic features. Epicenters of local earthquakes are given in
table 4 in terms of geographic coordinates, which are indicated at
the edges of the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the
ground around the summit of Kilauea is monitored daily by a short
base water-tube tiltmeter in Uwekahuna (table 1), and at irregular
intervals it is measured on a regional scale by means of a network
of field tilt bases and a portable water-tube tiltmeter (table 2).
The ,attitude of the ground surface at each tilt base is reported
in terms of north-south and east-west tilt coordinates. Both
coordinates at each station were arbitrarily set equal to 500
when measurements at that station were begun .. Increasing tilt
coordinates correspond to northward and eastward tilting of the
earth's surfacej that is, to a relative subsidence toward the
north and east. A one-unit change in coordinate corresponds to
a tilting of 1 microradian (1 mm per km) in the direction
indicated.

Location of and essential data on each tiltmeter station
are listed in table 6, which is published only in the first
quarter issue each year.

Seismic summarye-- Events recorded by the U.S. Geological
Survey seismo'graph network in Hawaii fall into two categories:
Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one seismograph),
and distant earthquakes originating more than 3,000 km from Hawaii.
As an index of seismic activity at Hawaiian volcanoes, daily counts
of earthquakes and minutes of tremor recorded by seismographs in
Ra~aii are listed in table 3. The earthquakes are separated into
groups on the basis of region of origin as determined by analysis
of ,records obtained daily at the Observatory (stations U, M, A,
D, N, WP, MP). Earthquakes of magnitude 2.0 or greater are
generally sufficiently well recorded to be located with greater
precisionj they are listed individually in table 4.

Location of and essential data on each seismograph station
are listed in table 5 of 'the first-quarter issue each year.

Acknowledgments.--Several people or agencies reported "felt"
earthquakes during the second quarter, 1966. Their assistance
is gratefully acknowledged.
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Table l.--Tilt coordinates at Uwekahuna, April,.

May, and June, 1966

Date
N-S E-W Date

N-S E-W(1966) (1966)

April 3 481 479 May 22 482 475
10 481 479 29 483 474
17 481 478 J1ll1e 5 484 471
24 482 475 12 486 472

May 1 480 478 19 486 472
8 481 474 26 488 474

15 482 474

4



2d Quarter, 1966
Table 2.--Tilt coordinates and changes at bases around Kilauea calderaj

(See tilt diagram, fig. ~)

Rate (10-6 rad/mo) Date of
Tilt base Date Tilt coordinates and direction of last

(1966) N-S E-W tilting since reatiing
last reading (1966)

Uwekahillla (U on June 7 500.3 461.8 7.4 N. 42.4° w. Mar. 14
fig. 2)

Tree Molds (TM) 8 430.2 513.3 3.3 N. 12.9° w. 16

Sand Spit (SS) 8 829.7 721.3 5.1 s. 68.7° w. 17

Ka1ihipaa This station ruined during the eruption and

earthquake swarm of Dec. 24-31, 1965.

Keamoku (Kea) 6 489.9 464.8 4.3 N. 69.4° w. 15

Ahua Kamokukolau

(Kam). 8 612.0 620.4 8.6 s. 23.6° w. 16
Kipuka Nene (KN) 9 299.0 501.0 .6 N. 10.8° w. 14

Hilina Pali .(HP) 9 463.4 506.0 · 3 s. 89.1° w. Jan. 10

Kapapala Ranch (Kap) 6 492.3 508.5 . 1 s . 20.7° E. Mar. 15

Mehana (M) 16 543.9 555.6 1.6 N. 60..5° E. 17

5



cr
o

~wekah~na

Kea

Q
Kap
•

• HP

~ ......-.
~g TILTING RATE 2.5 X 106

RADIANS / MONTH» MAR 16, 1966 - JUN 9. 1966
o I I
~ 5KM

2000

Figure 2.--Tilting of the ground around Kilauea caldera, March 16,1966
June 9, 1966. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open circles,
short-base water-tube tiltmeters. See table 2 for explanation of
abbreviations.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and M:P around Kilauea caldera

Tremor is separated into three categories: deep) intermediate, and shallow, on the basis of relative amplitudes
on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period, .earthquakes characterized by low-frequency waves that originate about 5 km
beneath Kilauea summit; and shallow earthquakes in the Kilauea caldera region; shallow earthquakes along
the SW rift zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the
eastern half of Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the
upper east rift zone and the adjacent fault systems of Kilauea 1 s south flank; and earthquakes from other
regions: west Hawaii, Ma~aKea, etc.

i
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I-----t-
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mediate Shallow

Kilauea summit
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4
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6
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9
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8
5
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2
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4
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5
6

10+
12
30
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7
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7
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6
6
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17
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1 Mauna Kea
Do.

I
,---------------------------

1 Mauna Kea
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Table 3.--Number of ~arthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera--Continueo.

Date Tremor I Earthquakes

(1966) (minutes) Kilauea summit SW. rift IEastern Upper
Inter- Long- and east east Others

Deep mediate Shallow 30 km period Shallow Kaoiki rift rift

April 17 ---- ------- ----- 3 150 110 15 ----- 16
~-------------~------~--~-

18 ---- ------- ~---- 11 30 112 7 ----- 27 --------------------------
19 ---- ------- ----- 9 70 85 7 ----- 20

------~-------~-----------

20 ---- ------- ----- 3 70 90 8 ----- 42
-----~----~----~----------

-21 ---- ------- 4 ----- 122 64 21 ----- 39 --------------------------
22 1---- ------- ----- 5 20 65 7 ----- 15 ---~~~~-~---------------~-

23 i---- ------- ----- 4 9 54 8 -_.-_- 10 1 off SEe shore of Hawaii
24 1---- ------- ----- 8 17 88 14 ----- 14

---------~---------------~

25 1---- ------- ------ 3 5 150 1 12 ----- 8 2 Ma.una Loa, 1 Hualalai
26 I 4 ------- ----- 4 ------ 120 ~ 8 ----- 5 -----------~--------------

27 ---- ------- ----- 4 5 78 [ 3 ----- 10
--~-----------------------,

28 ---- ------- ----- 2 2 82+: 14 ----- 29 --------------------------
29 ---- ------- ----- 2 ------ 90 9 ----- 25 ----------------------~---

30 ---- ------- ----- 2 8 '120 7 ----- 35 --------------------------
May 1 ---- ------- ----- ----- 2 80 8 ------ 10 --------------------------

2 ---- ------- ----- ----- 15 70 13 ----- 11 1 Mauna Kea
3 ---- ------- ----- 5 3 128 7 ----- 15 1 west Hawaii
41---- ------- --~-- 7 10 158 4 ----- 20 1 off SEe shore of Hawaii
-5 5 ------- ----- 5 4 145 12 ----- 12 1 west Hawaii
6 -'--- ------- ----- 2 22 166 13 ----- 14

--~--------------~--~----

7 ---- ------- ----- 2 38 166+, 15 ----- 4 -------------------------
8 ------- ----- ----- 46 i 210 19 ----- ! 14 ----------------------------- t
9 ---- ------- ----- 2

I
49 189 8 ----- I 28 ----------------_.~-------

10 11 ------- ----- 3 108 166 24 -----

I
27 -------------------------

11 ---- ------- ----- 1 61 151 10 ----- 16 -------------------------
12 1---- 10 ----- I 3 21+ 139+ 12 ----- i 31 2 w. Hawaii, 1 Mauna Loa,

i i 1 Mauna K~a, 1 off east
shore of Hawaii.



\0

M9.y 13 !---
14 ~----

15 5
16
17 30
18
19
20
21 16
22
23
24
25
26
27 ---
28 1----

I

29 :----
30 ---
31

June 1 36
2 13
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23 13

4

11
33

! ------.-

-------
i

10

10

l7+

5

8

3
4
4

8
4

3
3
1
3
4

1
6
4
3

10
16
10
11

6
3
3
1
4
5
3
2

10
11

7
2
4
3
2
8
6
1
5
3

1
4
1

1

25
79
6

50?
10
18
39
80
91
39
16
13
6
7

20
28
29
21
33
32

6
11

2
3
3

18
2
6

24
14

134
71
33
52
24
26
47
49
24
32
23
37

130
130
126

?
-124
175
191
110
145
120
108

95
72

132
186
170
152
117
132
187
210
148
102
109

93
117

72
57

128
129
161
148
116
102
130

99
98

113
112
77
96
83

9
16
11
15
4

12
8

14
9

13
21
19
18
17
12
18
11 I

12 1

11 I

11
4 1

22 1

20 I
14
17
10
16
12

1
25
15 I
12
17
17
14
14

7
4
6
6
9

12
14

1
1

34 1 off west shore of Hawaii
26 ---- ---- ---

1I I==========================
~~ I ~-~;;-~~~~-~~~~~-~;-~~~~~~
39 1 Mauna Loa

20 -------------------------
16 -------------------------
11 I --------------------------
25 --------------------------
26 i 1 west Hawaii
10-1-; - - - - - - - - - - - - - - - - - - - - - - -.- - 
14 i --------------------------8 I _

30 2 west Hawaii
22 -------------------------
20 -------------------------
45 -------------------------
34 -------------------------
35 : --------------------------
17 --------------------------
7~ -------------------------
7 i --------------------------

19 ; --------------------------
26 -------------------------
20 --------------------------
6 -------------------------

23 --------------------------
22 1 Mauna Kea, 1 west Hawaii
29 -------------------------
16 --------------------------
6 -------------------------
9 -------------------------

16 I -- ------- ---- -- -- - -- ---- --
7 1 west Hawaii
9 1 west Hawaii

~~ I ~=~~~=~==~~~~~=~~=~~~~~~=
I

~~ I ~~~~~~~~~~~~~~~:~:~~~~:~~~
I

I
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A; D, NJ WP, and MP around Kilauea caldera--Continued

Date
Tremor I Earthquakes

(1966)
(minutes) Kilauea summit ~W. rift IEastern Upper
Inter- Long- I and I east east Others

Deep mediate Shallow 30 km period Shallow i"Kao·iki rift rift
t

I
\

June 24 ---- ------ ------ 1 25 51 ! 6 ----- 12 --------------------------
25 ---- ------ 3 11 54 711 10 I 1 24

-----------~--------------

26 ---- ------ ------ ----- 21 61 1 10 1 76 --------------------------
27 ---- ------ 6 4 7 71 1 5 ----- 15 1 west Hawaii
28 ---- ------ ------ 1 16 86 5 ----- 21 1 Hualalai
29 ---- ------ 12+ 1 51 69 14 ----- 22

---------~----------------

30 ---- ------ 16+ 2 63 105 14 ----- 34 --------------------------
f

i I



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
April, May, and June, 1966

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the list.

t

t

t

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. w. Description Report

- - -

April 2 08 15 41.7 2.3 30 19°13.7' 155°30.5' 5 km NW. of Pahala -------------
2 09 07 02.9 3.4 30 19°22.8' 155°17.5' 1 km NW. of Ahua seismometer Kilauea summi

area, Mauna
Loa.

4 16 33 50.5 2.7 5 19°23.4' 155°27.2' 9 km NW. of Desert seismometer Kilauea surnmi
area.

4 23 14 16.6 2.5 30 19°21.5' 155° 15.9' 2 km south of Ahua seismometer Kilauea summi
area.

5 04 53 23.5 2.4 5 19°24.0' 155° 32. l' 11 km SSE. of North Bay seismometer -------------
5 05 28 33.5 3.3 8 19°20.5' 155°25.7' 5 km WNW. of Desert seismometer Pahala
5 07 14 47.0 2.1 8 19°26.4' 155°38.6' 9 km SW. of North Bay seismometer -------------
6 00 36 05.6 2.4 8 19°17.9' 155°10.4' 7 km south of Makaopuhi seismometer -------------
9 12 44 50.5 2~4 5 19°14.0' 155°12.8' 3 km SW. of Apua Point ----_ .. _------

10 02 23 16.5 2.0 8 19°23.1' 1556 25.3' 7 km NW. of Desert seismometer -------------
10 14 00 50.7 3.5 30 19°21.. 0' 155°19.5' 7 km wsw. of Ahua seismometer -------------
10 18 49 20.2 2.2 27 19°18.5' 155°19.7' 7 km SEe of Desert seismometer -------------
11 14 18 41.1 2.1 8 19°48.7' 155°19.0' 26 km WNW. of Hila -------------
12 06 00 27.7 2.2 8 20°00.6' 155° 32. l' 17 km ESE. of Kamuela ---------------
12 06 16 55.3 2.0 8 19°19.0' 155°25.7' 5 km wsw. of Desert seismometer -------------
12 18 03 50.3 2.0 20 19°26.6'- 155°18.2' 2 km NNW. of Uwekahuna seismometer --------------
12 10 57 35.4 2.0 8 19°19.7' 155°10.8' 4 km south of Makaopuhi seismometer -------------
15 06 16 29.5 2.4 8 19°58.6' 155°30.8' 20 km ESE. of Kamuela -------------
18 00 18 30.3 2.1 40 19°15.1' 155°09.1' 12 km SSE. of Ahua seismometer -------------
18 20 40 30.9 2.1 27 19°21.9' 155°17.7' 4 km wsw. of Ahua seismometer - .... _----------
19 00 16 11.7 2.1 25 19°22.7' 155°18.0' 4 km WNW. of Ahua seismometer --------------
21 00 11 14.8 3.2 8 19°21.1' 155°04.1' 12 km ESE. of Makaopuhi seismometer Hil0
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Table 4.--Local earthquakes °recorded by seismographs of the U.S. Geological Survey,
April, May, and June, 1§66--Continued

Date Time M3,gni - Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. w. Description Report- - -

ril 21 06 35 26.4 1.5 10 19°19.1' 155°13.6' 7 km SEe of Ahua seismometer -------._--------
23 15 15 43.4 2.4 4 19°24.5' 155°27.5' 10 km NW. of Desert seismometer ---------------
23 15 16 21.5 2.7 5. 19°24.1' 155°27.3' 10 km NW. of Desert seiosmometer ----------------
23 18 27 36.6 2.8 40 18°59.7' 155°17.9' 31 km ESE. of Naalehu ------------..-_---
25 05 14 48.1 2.2 13 19°08.0' 155°38.3' 9 kIn NW. of Naalehu ---------------
25 06 35 38.3 2.7 8 19°35.4' 155°43.1' 22 km ENE. of Kealakekua ----------------
25 10 44 41.2 2.4 8 19° 42.10' 155°48.9' 9 km SSE. ofPuu Waa Waa ----------------
26 03 39 15.7 2.0 25 19°23.0' 155°18.6 1 5 km ssw. of Uwekahuna -----------------
26 06 21 33.2 2.5 5 19°27. 0' 155°29.5 1 12 km SW. of Ma,ill1a Loa seismometer ----------------
29 04 23 58.7 2.3- 8 19°20.1 1 155°13.1' 6 km SW. of ~kaopuhi seismometer ----------------

y 2 15 38 32.4 2.2 8 19°57.4 1 155°30.8' 22 km SEe of Kamuela
-~-------------

2 22 14 23.8 2.6 8 19°19.7' 155°30.1' 12 km west of Desert seismometer -------_._------
3 08 36 22.8 2.4 0 19°30.8' 155°48.2' 12 km east of Kealakekua ----------------
4 04 21 28.4 2.1 8 18°46.0' 155° 08.1' 55 km SSE. of Apua Point ----------------
5 04 45 18.0 2.2 30 19°21.0' 0 155°17.9' 5 km SW. of Ahua s'eismometer ----------------
5 18 08 14.4 2.7 0 19°28.5' 155°47.0' 16 km SEe of Kealakekua - - -- -- -- - - - ~----

5 18 12 34.5 2.0 3 19°25.5' 155°25.4' 10 km NNW. of Desert seismometer ---------------
6 20 47 58.8 2.7 5 19° 16.9'0 155°04.4' 14 km SEe of Makaopuhi seismometer Hila
7 03 01 48.9 2.7 43 19°18.9' 155° 06.0' 10 km SEe of Makaopuhi seismometer - - - -- - - -_.... - ----- -

11 06 54 41.1 2.5 5 19°13.0' 155°27.0' 4 km NE. of Pahala -- -- --- - - -_.- ~ - --
11 07 06 39.4 3.2 27 19°23.0' 155°18.0' 04 km WNW. of Ahua seismometer

--------------~

12 00 01 49.7 2.7 0 19°29.8' 155°47.7' 14 km ESE. of Kealakekua
-----~---------

12 05 55 04.7 2.8 30\ 19°21.8' 155°35.1' 15 km south of North Bay seismometer
~--------------

12 07 39 04.2 2.0 5 19°26.0' 155°27.0' 10 km SW. of Mauna Loa seismometer ---------------
12 15 45 06.6 2.4 0 19°36.1' 155°47.3' 17 km NE. of Kealakekua ---------------
12 18 02 26.5 3.8 13 18°52' 153°19' 175 km ESE.

o
of Cape Kumukahi -----.----------

12 19 41 23.2 3.0 8 19°48.0' 155°33.8' 6 km NW. of Pohakuloa ---------------
13 02 45 11.9 3.0 8 19° 35' 156°24' 52 km WNW. of Kealakekua ---------------
18 12 52 43.6 3.1 13 19°30' 156°27' 56 km west of Kealakekua ------------- ... -
19 04 54 45.3 2.5 3 19°22.1' 155°05.9' 9 km east of Makaopuhi seismometer ---------------



May 19 06 22 17.0 2.9 8 19°14.1' 155°37.3' 20 km NNW~ of Naalehu Kealakekua
20 16 00 56.6 2.3 5 19°25.8' 155°28.9' 15 kIn NW. of Desert seismometer -----------------
21 00 44 16.7 2.8 27 19°22.0' 155° 19. '3' 6 km west of Ahua seismometer -----------------
21 00 46 30.2 2.8 27 19°22.0 155°19.3' ---do-------------------------- ---~-~-----------

21 04 40 39.5 3.0 32 19°22.8 ' 155°19.6' 6 km SW. of UWekahuna seismometer -----~-------~---

24 09 37 38.5 2.3 0 19°21.2' 155°46.0' 15 kIn ESE. of Hookena -----~-----------

25 02 50 01.0 2.4 8 19°20.3' 155°11.7' 4 kIn SW. of Ma.kaopuhi seismometer
--------~--------

25 06 17 49."2 2.2 20 19°24.0 155°17.0' 3 km SEe of Uwekahuna -----~--------~--

27 01 05 46.0 3.7 . 40
c 19°13.1' 155°03.6' 20 km SEe of Makaopuhi seismometer Kilauea summit

area, Pahala.
28 15 14 10.4 2.7 13 19°46' 156°07' 7 kIn NW. of Keahole Point -----------------
28 15 32 51~4 2.0 0 19°26.8' 155°48.1' 15 krn SEe of Kealakekua -----------------
29 10 50 11.1 2.3 8 19°22.0' 155°08.9' 4 km east of Makaopuhi seismometer -----------------

June 2 19 22 08.2 2.5 9 19°27.0' 155°15.9' 4 km NE. of Uwekahuna Kilauea summit
area.

3 13 14 30.1 2.0 5 19°26.0' 155°28.2' 12 km SW. of Mauna Loa seismometer ---------------~-

~ 5 01 13 30.5 2.1 8 19°23.0' 155°03.8' 12 km ENE. of Makaopuhi seismometer -----------------w
36 48.2 19°22.0' 155°25.5'5 ·11 2.1 5 5 km NNW. of Desert seismometer -----------------

5 22 25 08.0 2.7 30 19°39.1' 155°17.3' 20 km NE. of Mauna Loa seismometer ------~----------

6 06 13 27.5 2.4 30 19°23.9' 155°17.1' 4 km SSE. of Uwekahuna --~------------~-

6 15 53 28.7 2.6 8 19°21.9' 155°07.0' 7 km east of Makaopuhi seismometer -----------------
11 02 41 38.5 2.5- 0 .19°36.0' 155° 52. 5' 10 km NE. of Kealakekua ----------~-------

11 12 03 09.1 2.7 8 19° 54. 8.' 155°45.5' 15 km SW. of Kamuela -----------------
12 12 27 57.2 2.6 3 19°19.4' 155°05.6' 10 km SEe of Makaopuhi seismometer -----------------
16 02 27 29.2 2.4 8 19°26.8' 155°28.7' 11 km SW. of Mauna Loa seismometer -----------------
17 04 34 46.8 2.8 27 19°20.2' 155°19.2' 7 km east of Desert seismometer ---------------~-

17 15 06 22.5 2.4 0 19°25.2' 155°42.8' 24 km SEe of Kealakekua -----------------
17 19 54 49.4 2.0 5 19°22. 51 155°27.4' 9 km NW. of Desert seismometer -----------------
18 21 21 26.9 3.5 0 19°21.1' 155°45.1' 16 km :ESE. of Hookena Kealakekua
19 12 50 15.1 2.9 13 20° 02. 91 155° 52. 9' 5 km west of Kawaihae ----~------------

19 15 17 10.0 2.5 13 20°02.2' 155°58.1' 15 km west· of Kawaihae -----------------
20 00 26 47.8 2.2 3 19°13.9' 155°25.9' 12 km SSW. of Desert seismometer -----------------
21 03 55 07.6 3.3 3 19°21.8' 155°30.8' 13 km WNW. of Desert seismometer Pahala, Kilauea

summit area.



Table 4.--Local earth uakes recorded by seismographs of the U.S. Geological Surve ,
·Apri1, May, and June, 19 --Continued

Date Time Magni- Depth Epicenter Felt
(kIn) Description Report

(1966) h m s tude Lat. N. Long. w.

une 24 21 01 36.8 2.4 8- 19°19.0' 155~10.0' 6 km SSE. of Makaopuhi seismometer ----------------
26 16 34 39·5 2.3 8 19°19.8 ' 155°10.2' 5 km SSE. of Ma,kaopuhi seismometer ----------------
26 18 01 29~0 2.0 3 19°22.6 1 155°02.8' . 8 km WNW. of Ka1apana ----------------
27 00 12 07.0 2.3 5 19°23.2' 155°26.6' 8 km NW. of Desert seismometer -----------------
27 05 18 33.3 2.2 0 19°31.4' 155°41.4' 24 km east of Kealakekua ----------------
27 16 01 49.1 2.4 25 19°21.9' 155°17.5' 3 km "WSW. of Ahua seismometer ----------_-._---
28 04 24 57.9 2.6 13 19°50.7' 156°oo~3' 14 km NE. of Keaho1e Point ----------------
28 20 35 33.8 2.2 3 19°21.2' 155°07.5' 6 km east of ~kaopuhi seismometer ----------------
29 16 58 32.3 2.8 8 19°19.2' 155°13.7' 8 km SW. of Ma.kaopuhi seismometer _.---.---.-----------
30 12 36 56.3 2.3 3 19°22.8' 155° 06. 0' 8 km ENE. of Makaopuhi seismometer -----------------

J
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Summary of activ:Lties

Swelling of Kilauea continued through July, August, and September
of 1966 , and the apparent center of rise moved north of Halemaumau, then
to the east of Halemaumau with an elongation southward. The rate of
rise increased so that the net relative rise of the caldera floor was
1/3 foot in 3 months. The swelling was accomplished in 3 surges,
indicated by the pattern of the daily tiltmeter readings, the rises
taking place in the last 2 weeks of July, the last half of August, and
from September 12 through October 2.

There were very few caldera quakes (both short-period and long
period types) from July 1 through August 18. However, during this
period of low seismicity at the caldera, there were two seismic events
of note. Between June 29 and July 13 there were nearly 200 earthquakes
that originated under the east end of the East rift zone. Eight of
them were felt in the vicinity of Pahoa and the l'argest was of
magnitude 3.0. The swarm showed 3 peaks of intensitY--3j quakes
recorded on July 3, 23 on July 9, and 40 on July 13. The second event
began less than an hour before midnight of July 5, when a swarm of
quakes originated from shallow depth near Alai crater, midway between
Ahua and Makaopuhi seismographs, in the region of the junction of the
Koae fault zone with the upper East rift. More than 500 quakes were
recorded in about 2 hours; the maximum frequency of 7 per minute was
reached at the end of the first half hour. All the quakes were small;
the largest had a magnitude of 2.8 and was felt locally at 01:11
July 6. Coincident with the onset of earthquakes, collapse tilting
(toward the caldera) at the rate of 2 microradians per hour began to
record at Uwekahuna. The rate of tilting remained high for half an
hour up to the peak in earthquake frequency, then it slackened somewhat
until the time of the strongest earthquake, when the collapse tilting
stopped entirely.

On August 18 and, 19 there was a swarm of deep Kilauea caldera
quakes, five of them strong enough to be felt; the strongest was
recorded at magnitude 3.9. During the same interval, the number of
long-period caldera quakes increased to between 200 and 500 a day and
remained that large until· September 2.

A swarm of more than 90 quakes took place on September 5 and 6
along t~e northeast portion of the Honuapu-Kaoiki Fault System. One
was larger than magnitude 4 and four others were of magnitude 2.5.

More satisfactory temperature data in the lava-lake studies
were obtained during September. Hole 24 in Makaopuhi was cased with
40.5 feet of stainless steel, 29 feet in crust and 11.5 in .melt below
the crust. The measured profile was checked by repeated measurements
and against the melting of germanium oxide, gold, and silver and
gave 1,137°C at 40.5 (11.5 feet in melt), 1,075°C at 29 feet (base
of rigid crust), and 500°C at 10 feet below the surface of crust.

1
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base water-tube
tiltmeter at Uwekahuna (table 1), and at irregular intervals it is measured
on a regional scale by means of a network of field tilt bases and a
portable water-tube tiltmeter (table 2). The attitude of the ground surface
at each tilt base is reported in terms of north-south and east-west tilt
coordinates. Both coordinates at each station were arbitrarily set equal
to 500 when measurements at that station were begun. Increasing tilt
coordinates correspond to northward and eastward tilting of the earth's
surface; that is, to a relative subsidence toward the north and east.
A one-unit change in coordinate corresponds to a tilting of 1 microradian
(1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are listed
in table 6 which is published only in t~e first-quarter issue each year.

Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: Local earthquakes
and tremor originating in the region of the Hawaiian Islands (usually
within 100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km°from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated into groups on the basis of region of
origin as determined by analysis of records obtained daily at the
Observatory (stations U, M, A, D, N, WP, MP). Earthquakes of magnitude
2.0 or greater are generally sufficiently well recorded to be located
with greater precision; they are listed individually in table 4.

Location of and essential data on each seismograph station are
listed in table 5 in the first-quarter issue each year.

Acknowledgments.--Several people or agencies reported "felt"
earthquakes during the third quarter, 1966. Their assistance is
gratefully acknowledged.
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Table 1.--Ti1t coordinates at Uwekahuna, July,

August, and September, 1966

Date N-S E-W Date N-S E-W(1966 ) (1966)

July 3 489 466 Aug. 21 492 455
10 490 467 28 492 453

17 489 463 Sept. 4 493 450

24 491 461 11 492 451

31 491 458 18 492 448

Aug. 7 491 459 25 492 445
14 491 461

4



3d Quarter, 1966

Table 2. --Tilt coordinates and chan es at bases around Kilauea caldera.
See tilt diagram, fig. 2.

Rate (10-6 rad/mo) Date of
Tilt Date Tilt coordinates and direction of last
base (1966) N-S E-W tilting since reading

last reading (1966 )

Uwekahuna (U on fig. Sept .. 13 513.3 446.7 6.1 N. 49.2° w. June 7
2) •

Tree Molds (TM) 12 4·37.1 508.7 2.6 N. 33.5° w. 8

Sand Bpit (SS) 12 824.8 703.1 5.9 S. 74.9° w. 8

Keamoku (Kea) 6 492.0 452.7 4.0 N. 80.2° w. 6

Ahua Kamokukolau

(Kam) . 8 586.3 615.5 8.5 B. 10.8° w. 8

Kipuka Nene (KN) 7 300.0 500.9 · 3 N. 4.5° w. 9

Hi1ina Pali (HP) Not done this epoch.

Kapapala Ranch 6 491.4 508.8 • 1 S• 73.4° E. 6

(Kap) .

Mehana (M) 12 548.5 559.5 2.0 N. 40.4° E. 16

5
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Figure 2.--Tilting of the ground around Kilauea caldera, June 9,1966
September 8, 1966. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles_ represent field tilt basesj
open circles, short-base water-tube tiltmeters. See table 2 for
explanation of abbreviations.
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Table 3.--Number or earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis. of relative
amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma with the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period, earthquakes characterized by low frequency waves that originate about 5 km
beneath Kilauea summit, and shallow earthquakes in the Kilauea caldera region; shallow earthquakes along
the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the
eastern half of·Kilauea 1 s east rift zone--detected largely on the Pahoa seismograph; earthquakes from the
upper east rift zone and the adjacent fault systems of Kilauea 1 s south flank; and earthquakes from other
regions; west Hawaii, Ma~~a Kea, etc.

Tremor I Earthquakes
Date (minutes) Kilauea. summit ~W. rift I

I
Upper(1966 ) 1Eastern I

I
Inter- ! Long I and I east east I Other

Deep mep.iate Shallow 30 km period Shallow i Kaoiki I rift rift! i

!

65
i

14 jJuly 1 ---- 10 ------ 2 70 3 29 I --------------------------
2 86 53 I 14 17 i 34 I 1 west. HawEt.ii---- ------- ------ -----
3 ---- ------- ------ 3 51 78 I 15 33 I 8 --------------------------
4 ---- 17 ------ 2

j
49 73 13 17 24 I 1 west. Hawaii

5 ---- ------- ------ 4 21+ 45+~ 7 21 500+ i ----------~---------------

6 5 3 I ------ 1 I 38 41 8 8 i 28+ I --------------------------I

! !
7

; 42 48 2 3 27---- ------- I ------ ----- i i --------------------------
8 4 1 I 31 65 6 3

: 20 !---- ------ i -------------------~------! •
:

9 ---- ------- i ------ 4 i 16 I 55 11 23 i 10 I --------------------------
10 3 1 18 61 10 11 17 I 1 west. Hawaii---- ------- ------
11

.
t 3 16 56 10 4 6 I 2 Mauna Kea---- ------- ------

12 12 1 27 63 23 ! 5 7 1 Mauna Loa---- ------
13 11 ------- ------ 6 I 48 45 8 40 I 15 1 off SW. shore of Hawaii

I

14 ---- ------- ------ 3 : 27 59 5 2 13 -------------------------
:

I : J !



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, W, WP, and MP around Kilauea caldera--Continued

I Tremor I Earthquakes
Date I Kilauea summit I sw. rift IEastern Upper

(1966 ) (minutes)
1

and east Others

Deep!
Inter- I I Long- j

: east

'Shallow I ; Kaoiki rift rift
i mediate 30 km period Shallow
!

1 60

1-==========================

July 15 ---- ------- ----- 2 43 i 10 1 2
16 ---- ------- ----- 1 59 I 35 11 2 5
17 ---- ------- ! 3 24 ! 48 11 7 4----- --------------------------
18 45 i ------- ----- ----- I 37 j 56 10 4 17 1 off SEe shore of Hawaii

36
i : 56 i 8 819 ------- -~--_. 2 11 I 5 1 Mallila Loa

20 3 46 40
f

13 4 11---- I
------- ----- -------------------------

21 13
i 28 28 I1 35 3 13 I -------------------------

22 15 i 2 9 55 2 4 5 -------------------------f i

23 ------- I 13 62 8 4 5 i
-------------------~-----t

24 2 2 6 1 18 I 1 west Hawaii------ i
;

2) ------- 1 10 99 4 7 22 --------------~----------I

26 26 6 39 104 i 6 6 28 I 1 KanaI

27
I

5 2 22 94. 10 2 23 1 Mauna Loa, 1 Koha1a----
I

28 ---- 7 ; 4 14 74 10 13 13 -----------------------~-

29 ------- : 11 60 : 11 24 12 -------------------------
30 ---- ------- 14 61 14 18 16 -------------------------
31 I ---- ------- (? ) 18 66 (? ) 12 7 -------------------------

Aug. 1 ------- 2 14 64 12 34 17 -------------------------
2 ------- I 3 33 74 3 4 19, --------------------------I
3 ------- ! 1 26 67 9 4 7 i 1 Mauna Loa
4 ------- 7 4 58 5 - -- - -- 51 1 off NE. shore of Hawaii
5 3 3 24 64 8 2 9, ------------------------~

6 ------- 22 55 11 22 4'
------------------------~

7 5 2 23 59 7 ------ 5 -------------------------
8 ------- 3 12 38 7 ------ 10: -------------------------
9 ------- 9 1 7 40 10 ------ 5i -------------------------

10 ------- 3 4 54 8 ------ 91 -------------------------
11 7 2 2 58 12 ------ 11: -------------------------
12 -.,,------ 6 63 5 ------ 5: -------------------------
13 -,----- 6 63 3 ------ It) -------------------------



Aug. 14 I ------- 1 3 75 2 ------ 10 ------------------------
15

I

10 ------ 2 68 " (~) ------ 11 ------------------------
16 ------- ------ 2 34 2 1 (? ) 1 M9.una Kea
17 ------- 3 20 56 3 ------ 12

----~-------------------

18
I

------- 12 15 48 2 ------ 3 ------------------------
19 ------- 7" 11 101 9 ------ 2 ------------------------
20 ------- 15 51 131 9 ------ 15 ------------------------
21 ! ------- 11 375± 50 ------ 1 1 2 Mauna Loa
22 I ---- ------- 15 600± 60 6 ------ 8

-----------------~------

23 i ---- ------- 4 450 79 11 1 14 ------------------------
24 ---- ------- 6 225 92 5 ------ 31 2 Mauna Loa, 1 off NE.

shore of Hawaii.
25

I
---- ------- 4 240 82 6 1 10 ------------------------

26 ---- ------- 2 300± 81 10 ------ 14 ------------------------
27 : ---- 3 ! ----- 4 300± 61 15 4 18 ------------------------:

28 : ---- ------- 5 340 55 20 ------ 21 ------------------------
29 ------- 2 385 51 11 ------ 15 -----------------------~

30 ---- ------- 3 405 70 5 1 25 ------------------------
31 ---- ------- 12 2 375 70 8 ------ 18 1 off NE. shore of Hawaii

\0 Sept. 1 I ------ 275± 100 8 ------ 12---- ------- ! -------------------------
2 ---- ------- 3 2 90 142 11 5 22 1 Kohala, 1 west Hawaii

i

79 106 11 25 1 Mauna Kea3 ------- ------ ------
4 1 ------- ------ 8 44 24 ------ 7 -------------------------
5 34 ------- 5 5 75 66 ------ - -------------------------
6 ------- 2 2 83 12 ------ 11 -------------------------
7 3 3 13 50± ------ ------ 10

------------------~------

8 ------- 1 16 88 13 ------ 12 -------------------------
9 5 3 16 99 6 ------ 12 -------------------------

10 ------- i ------ 21 63 2 7 5 ---------------~---------I
13 78 6 1611 ------- I------ 12

---------------------~---

12 ------- ------ 45 107 5 ------ 18 1 Mauna Loa
13 -------

I
2 4 93 6 4 19 -------------------------

14 ------- 3 ------ 7 93 5 5 9 -------------------------
15 46 ------- ------ 7 90 6 1 14

~-------------~----------

16 ------- 2 16 66 3 2 4 -------------------------
17 ----~-- ------ 12 92 5 11 2

-------------~-----------
18 6 ------ 6 loB 7 ------ 11

~-~----------------------
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A, D, N, WP, and MP around Kilauea caldera--Continued

I Tremor
Earthquakes

Date (minutes) Kilauea summit SW. rift Eastern Upper
(1966) r--' and east east Others

I Inter- Long- Kaoiki rift rift
!Deep mediate Shallow 30 km period Shallow

Sept. 18 ! 6 6 108 7 11I ---- ----- ----- ------
--------~-----------------I

19 I ---- ------- ----- 2 22 103 8 1 17 --------~---~-------------

20 I ---- ------- -.---- 51+ 79 130 6 ------- 11 --------------------------
21 I ----- ------- ----- 4 24 148 8 ------ 18 ------------------~-------

22 i ---- -------- ----- 3 21 96 ------- ------ 7 --------------------------
I

23 I ---- 9 ----- 7 26 90 5 1 13 ---------------~-~--------I
24 I 39 --.----- - .. _-- 3 3 90 8 2 13 --~--------~-----~--------

25 I -- .. - 7 ----- 1 47 75 8 1 17 --------------~-----------

26 ---- ------- ----- 1 7 70 3 ------ 10 --------------------------
27 ---- ---~--- 6 ----- 20 53 5 ... _---- 15 --~-----------------------

28 ----- -------- ----- 1 38 78 7 ------ 9 --------------------------
29 38 ------- ----- 3 12 76 10 ------ 26 --------------------------
30 18 -------

I
----- 3 12

I
79 7 ------ 13 1 !v1a1Ula Loa

! ,
jI
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Table 4.--Local earthquakes recorded by seismographs of the u.s. Geological Survey,
July, August, September, 1966

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii 'are included in the list.

Date Time Magni- Depth Epicenter Felt"
(1966 ) h m s tude (kIn) Lat. N. Long. w. Description Report- - -

July 1 05 04 28.5 3.7 10 19°19.5' 155°27.3' 7 km wsw. of Desert seismometer Pahala, \T.o1can
Hila.

2 16 13 39.9 2.5 5 19°20.3' 155°10.2' 4 km SSE. of Makaopuhi seismometer -- - - - - - - - - - -.'- -
2 19 15 42.2 2.6 0 19°24.0' 155°02.5' 15 km ENE.. of Makaopuhi seismometer - -- - - - - - - _.- - - -
2 19 54 35.1 2.0 3 19°27.6' 155°48.8' 14 km SEe of Kealakekua --------------
4 00 20 54.5 2.3 8 19°24.4' 155°24.1' 8 km NNW. of Desert seismometer --------------
4 03 43 36.8 2.5 '3 19°29.8' 155°47.8' 13 km ESE. of Kealakekua ---------------
5 04 45 27.4 2.5 5 19°25.8' 155°27.1' 12 km NW. of Desert seismometer --------------
5 22 23 41.5 2.1 5 19°22.9' 155°25.2' 6 km NW. of Desert seismometer ---------------
5 23 10 58.0 2.7 0 19°26.1' 154°57.1' 8 km south of Pahoa ~ahoa

5 23 51 40.2 1.3 5 19°20.4' 155°13.0' 4 km SW. of Makaopuhi seismometer --------------
5 23 52 59.4 1.5 5 19°19.4' 155°11.6' 5 kIn ssw. of Makaopuhi seismometer --------------
5 23 55 51.1 1.9 5 19°19.7' 155°12.2' 5 kIn SW. of Makaopuhi seismometer --------------
5 23 58 05.6 1.5 5 19°20.9' 155°11.9' 3 km SW. of Makaopuhi seismometer Kilauea summit

area.
5 23 59 18.4 2.0 5 19°19.8' 155°12.9' 5 km SW. of Makaopuhi seismometer --------------
6 00 02 57.7 1'.5 3 19°21.7' 155°13.3' 5 km wsw. of Makaopuhi seismometer Kilauea summit

area.
6 00 05 52.7 1.4 5 19°20.6' 155°13.3' 5 km wsw. of Makaopuhi seismometer --------------
6 00 22 11.3 1.8 3 19°20.4' 155°13.0' 5 km SW. of Makaopuhi seismom~ter --------------
6 00 31 20.0 1.5 5 19°19.8' 155°12.3' 5 km SW. of Makaopuhi seismometer --------------
6 00 35 45.6 2.4 5 19°20.4' 155°12.2' 4 km SW. of Makaopuhi seismometer ---._----------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, September, 1966--Continued

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. w. Description Report

- - -

July 6 00 37 58.2 2.3 3 19°19.2' 155°12.6' 5 km SW. of Makaopuhi seismometer ---------------
6 01 11 52.7 2.8 5 19°20.5~ 155°13.8' 6 km SW. of Makaopuhi seismometer Kilauea summit

area.
6 01 33 40.2 1.8 5 19°18.5' 155°17.0' 7 km ssw. of Makaopuhi seismometer -_ .. _----~------
8 06 35 51.2 2.3 0 19°26.8' 154°55.3' 6 km SSE. of Pahoa ----------------

10 20 08 40.0 2.5 3 19°31.8' 155°46.8' 15 km east of Kealakekua ----------------
11 03 53 36 .. 7 2.4 8 19°55.2' +'55°23.5' 17 km SW. of Laupahoehoe ---------------
11 04 55 40.1 2.4 8 19°55.2' 155°23.5' 17 km SW. of Laupahoehoe ---------------
11 06 04 52.B 2.5 30 19°28.2' 155°10.5' 15 km ENE. of Uwekahuna ---------------
12 03 26 21·9 2.7 ·3 19°21.3' 155°45.2' 26 km SE_ of Kealakekua ------_..-_------
12 09 56 46.5 2.2 5 19°20.8' 155°28.8' 10 km west of Desert seismometer ----------------
12 23 09 56.1 2.0 25 19°27.6' 155°13.4' 8 km NE. of Uwekahuna - ... -------------
13 02 03 44.8 3.0 3 19°25.5' 154°53.5' 12 km SEe of Pahoa seismometer Kapoho
13 08 30 59·0 2.7 3 19°19.3' 156°04.8' 27 km SW. of Kealakekua ---------------
13 13 08 41.2 2.1 33 19°22.8' 155°17.7' 3 km west of Ahua setsmometer ----------------
16 20 48 54.8 2.1 5 19°22.7' 155°05.2' 10 km ENE. of Makaopuhi seismometer ---------------
17 15 47 46.4 2.3 8 19°25.2' 155°28.2' 13 km NW. of Desert seismometer -~--------------

17 16 39 33.5 2.0 5 19°18.1' 155°1502' 8 km SSE. of Ahua seismometer --------------_ ...

17 22 16 10.6 2.4 5 19°28.4' 154°52.2' 9 km ESE. of Pahoa Pahoa
18 00 14 28.0 2~6 8 19°15.2' 155°29.0' 13 km SW. of Desert seismometer ----- .. ---------
18 11 29 23.1 2.2 5 19°21.7' 155°11.8' 3 km SW. of Makaopuhi seismometer -------- ... --------
18 13 48 13.2 2.7 35 19°01.9' 155°29.0' 12 km ESE. of Naalehu --------- .... -- .. --
19 01 09 11.3 2.7 5 19°20.5' 155°26.2' 5 km west of Desert seismometer ---------_ .. _---
19 17 00 08.0 2.0 3 19°14.5' 155°34.0' 20 km NNE. of Naalehu ----------------
23 21 19 19.2 2., 25 19°04.1' 155°30.9' 9 km east of Naalehu ------------_ ... -
24 15 22 03·3 3.0 0 19°27.2' 155°45.5' 18 km ESE. of Kealakekua west Hawaii
25 17 29 42.0 2.0 8 19°18.1' 155°33.5' 19 km wsw. of Desert seismometer ------------'---
25 23 02 28.5 1·9 27 19°23.5' 155°17.9' 3 km NW. of Ahua seismometer ---------------
26 14 13 12.6 2.5 3 19°23.3' 155°56.2' 4 km west of Hookena ---------------
26 14 32 36.8 2.6 10 19°26.1' 155° 16.9' 2 km NE. of Uwekahuna ---------------



July 27 14 04 31.5 3.2 31 19°23. 1' 155° 16.9 1 2 km NW. of Ahua seismometer Pahala

27 19 03 48.3 2.6 8 19°38.0' 155°41.0' 19 km NW. of North Bay seismometer ---------------~-

27 23 13 44.0 2.7 8 20°03.0' 155°51.0' 2 km NW. of Kawaihae ---~-------------

29 05 28 21.0 2.2 3 19°26.2' 154°55.5' 8 km SSE. of Pahoa -------------~---

30 16 58 22.3 4.3 8 19°25.0' 155°28.2' 13 km NW. of Desert Islandwide

31 20 01 39·0 2.3 0 19°28.5' 154°54.3' 5 km SEe of Pahoa apoho

Aug. 1 02 25 07.1 2·5 0 19°27.0' 154°55.2' 7 km SEe of Pahoa Pah~a, Kapoho

1 19 02 20.2 2.7 0 19°27.1' 154°55.1' ---do----------------------------- Do.

3 18 48 33.6 2.4 8 19°11.9' 155°37.4' 15 km NNW. of Naalehu ----------------
4 05 17 05.3 3.0 13 20° 54' 154°55' 127 km NE. of Kamuela ----------------
6 20 57 37.1 3.7 3 19°28.8' 154°54.2' 5 km ESE. of Pahoa Pahoa, Hila,

Kilauea .summl.t
area.

8 09 34 41.7 2.9 0 19° 17.5' 154°57.1' 5 km south of Pahoa ----------------

9 05 12 51.0 2.0 8 19°21.2' 155°25.5' 5 km WNW. of Desert seismometer ----------------
11 05 01 01.0 2.0 8 19°19.7' 155° 11.. 1' 5 km south of l'JIakaopuhi seismometer ----------------
11 18 30 32.8 2.3 3 19°25.9' 154°54.7' 8 km SEe of Pahoa Kapoho

12 08 13 45.5 1.8 5 19°17.0' 155° 15. l' 10 km south of Ahua seismometer ----------------
15 00 15 41.2 3.5 3 19°27.2' 154°55.1' 6 km SEe of Pahoa Hila, Mt. View,

f-J
Pahoa.

LA) 16 01 25 40.3 2.7 8 19°50.7' 155°46.5' 23 km SW. of Kamuela ----------------
17 09 58 49.8 3.0 5 19°24.6' 155°26.9' 10 km NW. of Desert seismometer Pahala

18 08 30 04.0 2.8 5 19°14.1' 155°25.3' 12 km SSW. of Desert seismometer Do.

18 12 22 39·3 2.0 5 19°21.5' 155°11.8' 3 km SW. of Makaopuhi seismometer ----------------
19 05 21 49.2 3.9 30 19°23.0' 155°18.5' 5 km WNW. of Ahua seismometer Pahala, Pahoa,

Hil0, Kilauea
summit area,
Paauilo.

19 05 24 54.1 2.8 27 19°21.6' 155°19.0' 6 km wsw. of Ahua seismometer Pahala, Kilauea
Sllmmit area,
west Hawaii,

00.4 155°19.4'
Hil0, Naalehu.

19 05 33 2.7 27 19°20.9' 7 km ENE. of Desert seismometer Kilauea summit
area.

19 06 26 20.2 3.1 30 19°20.9' 155°19.4' 7 km ENE. of Desert seismometer Pahala

21 10 31 00.5 3.0 27 19°22.8' 155°19.3' 6 km west of Ahua ----------------
22 00 04 53.7 2.3 5 19°24.5' 155°27.0' 11 km NW. of Desert seismometer ----------------
22 01 36 29.6 2.4 13 19°09.0' 155° 12. 9' 24 km south of Makaopuhi seismometer ----------~------

22 15 04 19·0 2., 5 19°19.3' 155° 11.4 t. 5 km ssw. of Makaopuhi seismometer ----------------



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
July, August, September, 1966--Continued

Date Time Magni- Depth Epicenter Felt
(1966) n m s tude (km) Lat. N. Long. w. Description Report..... - -

Aug. 22 a..6 04 55.3 2.1 10 19°25.4' 155°27.4 1 12 krri NW. of Desert seismometer -----------~-

23 15 02 58.0 2.1 30 19°21.2' 155°17.5' 3 km SW. of Ahua seismometer -------------
24 02 ~4 10.2 2.4 3 19°30.6' 155°45.7' 16 km east of Kealakekua --_ ... _--------
24 07 ~4 55.1" 2.5 0 19°27.3' 155° 32. 5' 5 km SE. of North Bay seismometer --------------
24 10 39 55.1 2.5 ~ 19°23.7' 155°22,,9' 7 km north of Desert seismometer _-.--------------'

24 21 e5 35.2 2.6 45 19° 52.0' 155°00.0' 20 km NE .. of Hi10 ---------~---

25· 04 B9 33.5 1.9 25 19°22.2' 155°19.1' 5 km west of Ahua seismometer -------------
26 15 00 43.9 3.1 8 19°24.7' 155°23.9' 8 km NNW. of Desert seismometer --------------
28 14 03 10.5 2.4 3 19°21.6' 155°27.5' 8 km WNW. of Desert seismometer Pahala
31 04 19 05.6 2.3 40 19°55.9' 1550 05. 5' 24 km north of Hila --- .... _----------

Sept. 1 18 05 17.0 2.2 . 8 19°24.5' 155°24.7' 8 km NNW. of Desert seismometer -------------
1 ~3 53 22.2 2.3 8 19°25 .. 2' 155°29.9' 15 km NW. of Desert seismometer ....... -----------
2 00 50 22.0 2.3 0 19°26.3' 155°47.3' 16 km SE. of Kealakekua -------------
2 06 36 10.4 2.2 8 19°25.7' 155°29.2' 15 kln NW. of Desert seismometer -----------~-

2 08 40 49.9 2.6 40 19°19.7' 154°51.7' 21 km SEe of Pahoa -----.- .... - ... _-_ ..

2 13 56 58.5 3.4 13 20°02.2' 155° 53. l' 5 km west of Kawaihae Waimea
2 19 37 23.4 2.5 5 19°25.2' 155°28.8' 13 km NW. of Desert seismometer --------------
3 10 46 00.7 2.5 5 19°22.5' 155°13.3' 5 km east of Ahua seismometer -------------
3 11 37 16.0 2.8 8 19°51.0' 155°44.8' 21 km SSW. of Kamuela --------------
3 13 21 20.2 2.0 V· 3 19°23.7' 155°05.9' 9 km Er\IE. of Makaopuhi seismometer ---------------
4 10 28 16.1 2.4 vi 5 19°26.4' 155°24.5' 12 km NNW. of Desert seismometer --------- ... -~-

5 06 33 21·9 4.5 8 19°21.2' 155°26.2' 6 km WNW. of Desert seismometer Islandwide
5 10 08 09·0 2.8 5 19°25.0' 155°26.0' 10 km NNW. of Desert seismometer -------------
5 10 17 21.5 2.3 8 19°25.5' 155°25.3' 10 km NW. of Desert seismometer ---- ..... -------

5 12 55 16.2 2.2 25 19°22.2 ' 155°18.8' 5 km west of Ahua seismometer -------------
5 22 45 20.0 3.0 5 19°21.2' 155°28.8' 10 km WNW. of Desert seismometer Pahala
5 06 45 34.5 2.3 5 19°23.8' 155°27.1' 9 km NW. of Desert seismometer ---------_ .. --
6 03 36 06.7 2.4 8 19°26.8' 155°28.8' 17 km NW. of Desert se-ismometer -------_ ... _---
I 02 46 44.2 2.0 8 19°19.2' 155°10.3' 5 km south of Makaopuhi seismometer -------------
8 15 03 52.6 2.1 5 19°22.3' 155°28.2' 10 km WNW. of Desert seismometer Pahala

9 13 16 11.3 2.0 5 19°21.0' 155°11.2' 3 km SW. of Makaopuhi seismometer -------------
12 03 13 06.2 2.3 3 19°13.2' 155° 31. 5' 19 km NE. of Naalehu -------------



sept. 12 16 47 13.0 2.9 5 19°20.8' 155°11.3' 3 km SW. of Makaopuhi seismometer Hila
14 00 03 37.2 2.4 5 19°25.8' 155°25.8' 9 km NW. of Desert seismometer ------------~----

15 22 16 52.7 2.1 8 19°02.8' 155°10.0' 36 km south of Makaopuhi seismometer ------~~---------

16 12 41 54.5 2.1 5 19°21.9' 155°26.5' 7 km WNW. of Desert seismometer Pahala
16 16 58 53.6 2.0 3 19°19.8' 155°11.3' 4 km SSW. of Ma.kaopuhi seismometer -~---------------

20 01 31 57.0 2.3 3 19°21.7' 155° 12.9' 4 km west of Makaopuhi seismometer -----------------
20 09 55 56.0 3.7 27 19°24.1' 155°20.0' 5 km SW. of Uwekahuna ------------~----

20 14 26 52.8 2.4 30 19°21.8' 155° 18.5' 5 km WSW. of Ahua seismometer -----------~----~

21 01 45 48.5 3.·4 27 19°23.9' 155°17.9' 3 km south of Uwekahuna Naalehu, Pahala
21 02 10 42.1 2.1 25 19°23.9' 155°19.7' 5 km SW. of Uwekahuna -----------------
21 04 22 53·5 2.3 26 19°23.0' 155°18.7' 5 km west of Ahua seismometer -----------------
22 18 31 30.5 2.5 5 19°19.2' 155°11.5' 5 km SSW. of Makaopuhi seismometer ------------~----

23 01 44 22.5 2.2 10 19°21.8' 155°03.8' 13 km east of Makaopuhi seismometer -----------------
23 10 33 47.0 2.8 3 19°27.9' 154° 56.5' 4 km south of Pahoa Pahoa
27 21 24 51.2 2.1 10 19°28.5' 155°23.3' 3 km south of Mauna Loa seismometer -----------------
28 12 03 21.4 3.5 5 19°26.0' 155°25.1' 8 km SW. of Mauna Loa seismometer Hi10, Mt. View,

Mauna Loa
Summit.

28 23 36 44.4 2.3 8 19°17.9' 154°59.9' 21 km SEe of Makaopuhi seismometer ----------------
29 15 55 59.·2 2.1 3 19°20.1' 155°09.1' 5 kmSE. of. Makaopuhi seismometer --------- .... -- .. ---
30 00 56 59·5 3.0 0 19°21·7' 155°48.2' 21 km SE. of Kealake.kua ----------------
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Summary of activities

The rate of swelling of Kilauea decreased during October, November,
and early December, and the area of rising broadened as determined from
the pattern of changes on the long-base tiltmeter net and the summit net
of geodimeter lines; inclement weather prevented releveling the caldera
level lines. Then in mid-month, the two tiltmeters that are read daily
began to show that the rate of swelling increased and the center of
inflation shifted southward during the last half of December. This
shifting was confirmed by surveying done early in January 1967.

Earthquake actiVity was spotty during the quarter. Throughout
the period, seismicity on the East rift of Kilauea was double that of
the previous quarter, and a swarm in mid-November included several local
quakes felt only in the vicinity of Pahoa-Kapoho. However, the daily
number of caldera quakes was considerably below 100 except during
6 days in mid-October, 3 days in November, and 6 days scattered in
December. There were two swarms of 30-km Kilauea summit quakes: 62 on
November 26-29, and 67 on December 31.

Preparations were completed to commence drilling in January in the
crust of Kilauea Iki lava lake (2 km east of North Pit), with a new
Longyear "24" core drill capable of taking ~-inch core.

Seismic activity beneath the summit of Mauna Loa remained at a
low level. During the entire year of 1966 there was no evidence of
any revival in Mauna Loa.

1
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements)
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in ter~s of geographic coordinates, which
are indicated at the edges of the map.
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Tilting of the ground around Kilauea caldera.--Tilting of the ground
around the summit of Kilauea is monitored daily by a short-base water-tube
tiltmeter at Uwekahuna (table 1), and at irregular intervals it is measured
on a regional scale by means of a network of field tilt bases and a
portable water-tube tiltmeter (table 2). The attitude of the ground
surface at each tilt base is reported in terms of north-south and east
west tilt coordinates. Both coordinates at each station were arbitrarily
set equal to 500 when measurements at that station were begun. Increasing
tilt coordinates correspond to northward and eastward tilting of the
earth's surface; that is, to a relative subsidence toward the north and
east. A one-unit change in coordinate corresponds to a tilting of
1 microradian (1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are listed
in table 6, which is published only in the first-quarter issue each year.

Table l.--Tilt coordinates at Uwekahuna, October,

November, and December, 1966

Date
N~ E~

Date
N-S E~(1966) (1966)

Oct. 2 492 443 Nov. 20 486 440

9 487 447 27 486 438
16 487 446 Dec. 4 486 439
23 486 446 11 485 439
30 487 446 18 488 437

Nov. 6 488 440 25 487 434
13 486 439

3



4th Quarter, 1966

Table 2. --Tilt coordinates and changes at bases around Kilauea caldera.

(See tilt diagram, fig. ~)

Rate (10-
6

rad/mo) Da.te of
Tilt Date Tilt coordinates and direction of last
base (1966) N-S E-W tilting since reading

last reading (1966)

Uwekahuna (U on Dec. 8 521.1 434.4 5.1 N. 57.7° w. Sept. 13
fig. 2)

Tree Molds (TM) 8 446.1 504.1 2.9 N. 27.0° w. 12

Sand Spit (SS) 5 820.7 700.1 1.8 S. 36.1° w. 12

Keamoku (Kea) 6 483.8 448.7 3.0 S. 25.8° w. 6

Ahua Kamokukolau 5 573.5 601.2 6.5 S. 41.9° w. 8

(Kam).

Kipuka Nene (KN) 7 301·9 500.3 .6 N. 17.9° w. 7

Hi1ina Pa1i (HP) 7 463.8 505.6 .1 N. 47.6° w. June 9

Kapapa1a Ranch 6 491.7 509.8 1.1 N. 72.4° E. Sept. 6

(Kap) .

Mehana (M) 9 552.7 562.8 1.8 N. 37.7° E. 12

4



Seismic summary.--Events recorded by the U.S. Geological Survey
seismograph network in Hawaii fall into two categories: Local earthquakes
and tremor originating in the region of the Hawaiian Islands (usually
within 100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated into groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(stations U, M, A, D, N, WP, MP, MX, Kx). Earthquakes of magnitude 2.0
or greater are generally sUfficiently well recorded to be located with
greater precision; they are listed individually in table 4.

Location of and essential data on each seismograph station are
listed in table 5 in the first-quarter issue each year.

Acknowledgments.--Several people or agencies reported "felt"
earthquakes during the fourth quarter, 1966. Their assistance is
gratefully acknowledged.
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Figure 2.--Tilting of the ground around Kilauea caldera, September 8,1966
December 7, 1966. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence and has a
length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open circles,
short-base water-tube tiltmeters. See table 2 for explanation of
abbreviations.
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Table 3.--Nurnber of earthquakes and minutes of tremor r=corded on seismographs
!Ll M, A., D, N, WP, MP, Mx, and Kx around Kilauea caldera' *

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative amplitude
on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period, earthquakes characterized by low-frequency waves that originate about 5 km
beneath Kilauea summit; and shallow earthquakes in the Kilauea caldera region; shallow earthquakes along
the SW. rift zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the
eastern half of Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the
upper east rift zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other
regions: west Hawaii, Mauna Kea, etc.

Date
(1966)

I Tremor i
(minutes) ! Kilauea summit SW. rift-------+Inter- Long- I and!Deep mediate Shallow i 30 km period Shallow I Kaoiki

Eastern
east
rift

Earthquakes
Upper
east Others
rift

T

Oct. 1 ---- ------- I ----- 1 10 I 64 ! 14
2 1---- .------- I ----- 6 23 95 7
3 1---- I------- ----- 5, 26 I 72 5

~ 1==== ·======= ===== ----~ i~ , ~6 ~
6 1---- ------- -----; 3 9 I 68 3
7 !---- 4 ----- ----- 30 55 5

~==== ======= ~;;=~lectric~l stor~O -----~~ 1-----==
10 ~---- ------- off..:electrical storm =-_=-__-== 1=======11 I ------- off-electrical storm
12 ,---- ------- -----, 5 44 70 I 8
13---- --'----- 2 i 1 34 95 I 8
14 j---- ------- ----- 1 34 107 I 6
15 j 13 ------- ----- 2 31+ 71+1 8
16 i---- ------- ----- ----- 33 119 11

* See note on page' 10.

5
3
2
5
3
8
5
3
2
2
8
4
2
2
3

28
31
25
15
16
17
8

20

48
55
27
26
31

1 west Hawaii

I

---------------------------
1 Mauna Loa



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A,D,' N, WP, MP, Mx, and KX around Kilauea caldera--Continued

Date
.(l966)

Tremor
(minutes)
Inter

Deep mediate

r

Kilauea summit
fLong-

Shallow 30 km Iperiod Shallow

Eastern
east
rift

Earthquakes
Upper
east
rift

Others

92 6
91 3
35 2
90 3

108 6
164 3
144 12
120 12

90 8
54 5
49 4
38 i 4
33 : 7
60 ~ 11 I
52 : 10
46' 12
31! 5

-----~= L-~:~--

1

2
8
1
3

----- I

1 Mauna Loa

1 west Hawaii

1 west Hawaii
1 Mallila Loa

1 west Hawaii

31 ,
38+
53
20
11+
17
36
36
15
25
50
25+
27
42
39

5 I 44
5 33
3 27
2 I -----

10 I 17
17; 36

2 I 40
6 I 22

5 I 55
7 I 21
5· 27

19 I 28
26 35

I

----= I
!

7
4

§ i
~ I

2 f

3 I
5 I

47 f

54 :
71 ~

76
58
57
60
71
66

I
----- 1 22
----- ----- 15
----- 2 36
----- 5 18
----- 2 12
----- 4 9
----- 3 15
----- 3 18
----- 2 16
----- 1 9
----- ----- 13
----- ----- 15
----- 1 19
----- 5 5
429

----- 3 1
----- 2 4
----- (?) 3
off-electrical storm

----- I 1 3 I
----- 2 4 .

3 2;

----- I 3 2
-----: 2 2
----- ----- 7

1 9
----- -----, 9
----- J 2 i 6

I

Oct. 17 ---- -------
18 ---- -------
19 ---- -------
20 1---- -------
21 ---- -------
22 ---- -------
23 ---- I 31
24 ---- -------
25 ---- ------
26 ---- -------
27 1---- ------
28 ---- 1-------
29 ---- -------

i
30 ---- I -------

31 ----I; -------
Nov. 1 ---- -------

2 ---- I ------

3 ----, -------
4 ' i, ---- ; -------
5 I 25 -------
6 ---- ------
7 ---- ------
8 ,---- -------
9 : ---- -------

10 ---- -~----
11 ---- -------
12 ---- 2
13 ---- -------



Nov. 14 I---- 5 1 .(? ) (? ) 2 18 26 ---------------------------
15 5 2 7 91 8 7 32 1. west I!awaii
16 ------- 2 11 195 5 15 96 ---------------------------
17 20 2 25 130 4 10 54 ------------~--------~-----

18 65 ' ------- 1 48 75 4 10 28 2 Mauna Loa, 1 Kohala
19 4 15 91 5 19 14 ---------------------------
20 ------- 1 10 57 7 5 19 ---------------------------
21 16 ------- 4 66 3 2 30 ---------------------------
22 ------- 3 78 3 4 25 -_._------------------------
23 ------- 3 11 72 11 2 32 1 west Hawaii
24 8 4 i

7 27 8 35 -----------------------~---

2.5 ------- 1. 4 50 6 4 20 ---------------------------
26 4 30 6 64 9 3 14 I ---------------------------
27 ------- 18 1----- 76 11 3 46 11 Mauna Loa
28 ------- 3 73 11 25 ---------------------------
29 ------- 11 7 81 16 1 35 1---------------------------
30 I ------- 4 5 III 13 2 52 I---------------------------

Dec. 1
1----

7 5 5 104 18 64 11 west Hawaii
2 ------- 5 88 15 2 40 ---------------------------,
3 I ------- 12 10 85 14 1 331---- -~-------------------------

\0 4 ---- ------- 4 10 85 8 1 36 1 off N. shore of Hawaii
5 ------- 2 10 83 16 42 -----------~----~--~------~

6 4 ------- 10 6 95 7 40 ,---------------------------
7 7 8 9 140 9 37 i1 off BE. shore of Hawaii
8 61 ------- 4 13 73 7 22 f---------------------------
9 I 40 l _______ 2 t _____ 68 15 3 22 11 Maill1a Loa,

10 ;---- i -------. 3 17 loB 12 3 11 11 off w. shore of Hawaii
11 ! 7 7 85 24 I---- : ------- 2 15 i1 west Hawaii
12 4 64 7 1 11 I

. ------- l-------------------------~-
13 ------- 1 9 80 2 5 ~1 off SW. shore of Hawaii
14 2 6 69 7 8 .

------- ; 1---------------------------
15 ------- 7 62 7 ~ 9 ----------~--------------~~

16 : ------- 2 5 51 12 15 !--------------------------_.
17 24 ~ ------- 3 4 91 12 8 1---------------------------
18 ------- 7 4 88 8 14 ~------~--------------------I

19 ------- 4 ; ----- 77 8 2 10 1---------------------------
20 ------- 5 3 65 10 1 9 ~-------~-------------------

r



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs
U, M, A, ,:0, N, WP, .!v!P, Mx, and K.x around Kilauea caidera--Conti'nued-

Tremor ~
~arthquakes

Date
;

(1966 )
(minutes) Kilauea summit Sw. rift Eastern Upper
Inter- Long- and east east Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Dec. 21 ---- ------- ----- 2 ----- 72 6 ! ----- (? ) -..-- -- -- -- -- - -- - -- - -- - - ----
22 ---- ------- ----- I 3 10 85 9 1 ·10 --------------------------
23 13 ------- ----- i 6 ----- 119 11 6 35 --------------------------
24

!

16---- ------- ----- ! 5 ----- 115 1 29 -------~--------~---------

25 ---- 4 ----- j 10 6 138 8 2 38 --------------------------!
26 ---- ------- 3 l+ i 2: 40 ~ 2+ 2 8+ --------------------------
27 electrical storm! ------- ------ I 2---- ------- ----- I ----- -----------~---~----------

28 29 -------
1

instrument off 2+ I 30+, inst. off 5 inst. off --------------------------
29 18 2 I 2 I 85

I 8 ] 6 14---- -------
i

i ,
--~----~------------------

t 12 82 I 15 ! 5 1030 ---- ------- ! ----- -----
i

~ --------------------------: 67 I 631 ---- - .. ----- I ----- ----- • 77 32 • 1 ~-----------------------~~i
f Ii ~,

j

t
!
I

l--Jo
Note: During the quarter two additional seismographs were installed.

Location Altitude above
Station Symbol Lat. N. Long. W. sea level

Type
instrument

Mauna Loa (2)

Kealakomo

Mx

Kx

19°27.6'

19°18.5'

155°20.7'

155°09.6'

1475 m

201 m

EV-17 vertical

EV-17 vertical



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, and December, 1966

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the list.

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. w. Description Report

- - -

Oct. 1 01 12 24.7 2.8 8 19°24.7' 155°59.8' 14 km SW. of Kealakekua --------------
1 14 50 40.8 2.6 8 19°25.0' 155°25.4' 10 km NW. of Desert seismometer --------------

3 03 49 17.2 3.5 25 19°22.5' 155° 17. 5' 3 km west of Ahua seismometer Kilauea summit
area, Pahala

4 01 10 47.5 2.2 25 19°23.8' 155°17.0' 4 km SSE. of Uwekahuna ---------------
4 22 41 24.1 2.4 3 19°22.1' 155°05.8' 10 km east of Makaopuhi seismometer --------------

7 02 26 39.5 2.3 5 19°23.1' 155°27.9' 10 km NW. of Desert seismometer Pahala

9 06 27 40.1 2.5 5 19°21.8' 155°27.0' 8 km WNW. of Desert seismometer --------------
10 21 17 31.6 2.5 8 19°25.3' 155°33.5' 8 km SEe of North Bay seismometer --------------
12 01 21 01.2 2.0 13 19°23.7' 155°19.0' 5 km SW. of Uwekahuna --------------
12 11 21 58.0 2·5 0 19°15.3' 155°02.0' 12 km east of Apua Point --------------
12 13 34 22.4 2.3 3 19°23.4' 155° 05. 5' 10 km ENE. of Makaopuhi seismometer --------------
13 13 59 14.5 3.0 10 19°21.3' 155°07.9' 5 km ESE. of Makaopuhi SeiS1TIOmeter Hila

13 22 00 52.8 2.7 0 19°19.9' 155°13.2' 7 km SEe of Ahua seismometer --------------

14 23 55 09.4 2.4 10 19°22.6' 155°09.0' 3 km NE. of Makaopuhi seismometer --------------

15 07 06 06~0 2.3 25 19°24.0' 155°19.3' 5 km SW. of Uwekahuna --------------
16 01 49 33.6 1·9 8 19°25.2' 155°25.7' 10 km NNW. of Desert seismometer Pahala
16 02 15 21.3 2.4 3 19°16.1' 155°23.4' 8 km south of Desert seismometer Do.
16 02 15 57.8 2.3 ~ 19°16.1' 155°23.4' 8 km south of Desert seismometer Do.

..J

16 07 46 12.5 2.6 0 19°21.1' 155°09.3' 3 km SEe of Makaopuhi seismometer Do.

17 05 05 38.3 2.8 10 19°14.3' 155°26.7' 13 km SW. of Desert seismometer Do.

19 12 49 46.8 3.0 5 19°20.9' 155°07.2' 6 km ESE. of Makaopuhi seismometer Hila, Kilauea
summit area.

19 20 08 09.0 3.1 8 19°12.2' 155° 39.0' 16 km NW of Naalehu --------------

22 14 07 41.1 2·3 5 19°23.7' 155°26.0' 8 km NW. of Desert seismometer --------------

23 02 25 59.4 3.0 8 19°33.2' 155°09.8' 5 km west of Mt. View Hila



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, December, 1§66--Continued

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (km) Lat. N. Long. W. Description Report

- - -

Oct. 27 20 08 57.8 2.4 5 19°21.7 1 155°11.7 1 2 km west of Ma.kaopuhi seismometer Kilauea summit
area.

28 19 18 24.4 2.8 3 19°24.1 1 155° 02.1 1 15 km ENE. of Makaopuhi seismometer Pahala
29 12 04 47.1 2.7 8 19°26.7 1 155°49.0 1 15 km SEe of Kealakekua ~---------------

30 18 49 25.5 4.0 8 19°19.2 1 155°28.0' 8 km wsw. of Desert seismometer Islandwide
30 21 18 13.5 2.2 8 19°20.8 1 1550 12.6 1 5 km SW. of Makaopuhi seismometer ~---------------

30 21 21 13.0 2.1 3 19°26.5 1 155°00.2 1 10 km SW. of Pahoa ----------------
31 02 08 14.1 2.7 8 19°21.1' 155°07.0' 7 km ESE. of Makaopuhi seismometer ---------------~

31 18 10 03.6 2.5 8 19°19.3 1 155°14.0 1 6 km SEe of Ahua seismometer ... ---------------
Nov. 1 18 50 37.7 1.8 5 19°19.0 1 155°11.9' 6 km SW. of Makaopuhi seismometer -~--------------

2 09 51 11.3 3.3 10 19°21.3 1 155°06.8' 7 kIn ESE. of Ma.kaopuhi seismometer Hilo
4 11 29 48.6 3.0 13 19°19.3 1 155°13.6 1 7 km SEe of Ahua seismometer ----------------
5 09 42 30.0 3.8 3 19°30.0' 155°54.2' 3 kIn SEe of Kealakekua Kealakekua
6 06 37 55.3 2.7 0 19°27.2' 154°55.2' 7 km SEe of Pahoa Kapoho
6 10 00 06.9 2.6 5 19°25.1 1 155°30.7 1 11 km SEe of North Bay seismometer ----------------
6 11 26 02.5 2.6 8 19° 16.5' 155°13.5' 3 km WNW. of Apua Point _-._-.-------------
7 23 51 44.5 2.4 0 19°26.3' 155°00.8 1 10 km SW. of Paho~ _.._-_ .... _---------
8 01 22 56.0 2.2 3 19°23.7' 155°17.8' 4 km south of Uwekahuna ---------------~

8 11 15 03.5 2.4 8 19°42.91 156°01.4' 5 km SEe of Keahole Point ----------- ...._-~
9 16 41 29.7 2.6 3 19°20.3' 155°09.8 1 4 km SEe of Makaopuhi seismometer ----------------
9 16 43 15.5 2.3 3 19°20.1' 155° 08.5' 5 km SEe of Makaopuhi seismometer ------------_ ......-

12 03 21 47.3 2.5 3 19°22.0' 155° 06.0' 9 kIn east of Makaopuhi seismometer -------~--_....--~-
13 01 32 10.4 2.5 3 19°26.2' 154°53.4' 9 km SEe of Pahoa Kapoho
13 13 08 08.5 2.8 31 19°21.0' 155°17.8' 4 km SW. of Ahua seismometer -- - - -- - - -- -- - ---'
14 02 58 41. 3 2.6 0 19°29.0' 154°54.1' 5 km ESE. of Pahoa Kapoho
15 05 48 8.5 2.3 8 19°26.1' 1550 24.2' 8 km SW. of Mauna Loa seismometer ---------------
15 13 18 1~.9 2.6 0 19°13.6' 155°49.2' 35 km SSE. of Kealakekua Kealakekua
16 19 19 27.1 3.0 0 19°25.9' 154°54.6' 8 km SEe of Pahoa Kapoho
17 05 17 09.1 3.5 0 19°26.5 1 154°56.0' 7 km SSE. of Pahoa Do.

17 19 41 01.8 2.0 3 19°22.1' 155°06.0' 10 km east of Makaopuhi seismometer ----------------
17 22 17 58.5 2.4 0 19°20.2' 155°32.8' 16 km west of Desert seismometer ----------------
18 13 00 20.8 2.9 20 19°30.1 1 155°31.6' 6 km ENE. of North Bay seismometer Mauna Loa

I I

Observatory,
Kilauea summit
area.



Nov. 18 00 39 57.4 2.7 8 20°12.1' 155°43.8' I 18 km N1~W. of Kamuela ------------~----

18 14 17 ~·3. 5 2.7 8 19°18.7' 155°44.0' 31 km NW. of Naalehu ------------~----

18 23 29 20.0 2.3 0 19°2CJ.6' 154°59.3' 2 "tm SW. of Kalapana -----------------

20 '07 37 21.3 2~8 l~ 19°19.9' 155°20.9' 4 km east of Desert seismometer ------------~----J

23 06 33 2).0 2.2 5 19°20.3' 155°09.8' L~ km SEa of Makaopuhi seismometer -----------------

23 18 47 42.4 2.4 r.) 19°27.5' 155°48.7' 13 km ESE. of Kealakekua Kealakekua..J

23 20 59 08.5 3. l~ 10 19°20.1' 155° ll~. 0' 6 km SEa of Ahl.la seismometer Kilauea su_mmi t
area, Mt. View:
Hila, ...~ealakekl

24 14 52 46.0 1·9 8 19°20.9' 1556 06.8-' 7 km SEe of lVlakaopuhi seismometer -----------------
27 13 19 34.0 3.5 0 19°19.2 1 155° 1+1+.2' 32 km NW. of Naalehu -----------------
27 18 28 25.6 2.3 3 19°24.1' 155°2').9' 9 km NW. of Desert seismometer -----------------
27 11 54 51.3 3.6 10 19° 18. l' 155°13.8' 9 km SEa of Ahl,~a seismometer Mt. Vie,,] , Kilallec

summit area,
Hilo,- Pahala.

27 11 57 52.3 2.5 8 19°19.2' 155°13.2' 9 km SEa of Ahua seismometer Paha-ta
28 08 52 10.4 2.9 8 19°23.4' 155°24.1' 6 km :NNW. of Desert seismorneter Do.
30 05 47 32.5 2.4 26 19°21.8 1 1550 18.5' 5 km wsw. of Ahua seismorneter ---------------_.

r
Dec. 1 20 31.9 2.6 40 19°08.2' 155°20.8' 22 km SSE. of DesertLA.> 00 seismometer -----------------

1 16 03 14.5 2.8 8 19°31.6' 155°44.9' 17 km east of Kealakekua Kealakekua
1 19 57 16.8 2.7 8 19°24.3' 155°23.2 1 8 km north of Desert seismometer Pahala
2 14 37 24.3 2.6 40 19°13.8' 155 0 Or-(. 2! 8 km SEe of Apua Point ---------------_.

3 03 26 39.0 2.8 8 19°23.3' 155°26.5' 8 k'rn mI. of Desert seismometer ---------------_.

4 12 57 42.6 3.3 8 20°23.8' 155°46.7' 17 km NNE. of Upolu Point ----------------

5 22 21 26.4 2.8 10 19°18.5' 155°12.9' 9 km SEa of Ahua seismometer ----------------~

r 19 23 04.2 2.0 8 19°19.3' 155°13.6' 1 km SEe of Ahua seismometer0 ---------------_.

6 19 34 41.8 2.0 8 19°15.9' 155°14.7' 13 km south of Ahua seismometer _... ---------------

7 03 39 53.5 2.2 40 19°03.7' 155°23.2' 22 km east of Naalehu -----------------

9 03 48 50.8 2.3 31 19°21.8' 155 0 18. 5' 5 km wsw. of Ahua seismometer -----------------

9 10 2'( 38.0 2.4 8 19°27.9' 15So '~8. l' '7 km SW. of 1\J orth Bay seismometer ---------------_.

10 00 34 24.9 3·1 8 19°33.6' 156°04.5 1 17 km vlNW. of Kealakekua ---------------_.

10 03 01 28.0 2.0 8 19°19.2' 155° 12.9' 7 km SW. of iVIakaopuhi seismometer ---------------_.

11 17 53 42.3 3·0 3 19°23.0' 155°00.0' 13 km fn.v. of Pahoa ---------------_.

11 19 44 01.0 3.7 8 19°28.5' 155°52.4' 7 km SEe of Kealakekua Kealakekua

13 05 l~l .15.0 3.9 8 19°16' 156°17' 47 km SW. of Kealakekua ---------------_.

13 19 57 02.7 2.0 8 19°22.2' 155° 08. l' 5 krn ENE. of Makaopuhi seismometer ---------------_.

15 04 00 23.3 2.5 0 19°24.7' 155°16.8' 3 km SEe of Uwekab.una Kilauea stunmit
area.

16 02 33 13.5 2.6 8 19°26.0' 155°28.0' 11 km SW. of Mauna Loa seismometer Kilauea summit.
area.



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
October, November, December, 1§66--Continued

Date Time Magni- Depth Epicenter Felt
(1966) h m s tude (kIn) Lat. N. Long. w. Description Report- - -

Dec. 18 00 18 10.0 2.2 8 19°13.5' 155°29.8' 17 km SW. of Desert seismometer ---------------
23 19 46 25.1 2.1 5 19°22.6' 155°07.3' 6 kIn ENE. of Makaopuhi seismometer ---------------
25 09 59 28.2 2.2 26 19°23.7' 155°19.0' 5 km SW. of Uwekahuna ---------------
26 03 51. 32.0 3.5 8 19°20.3' 155°07.0' 8 km ESE. of Makaopuhi seismometer Hila
30 18 00 31.9 2.4 30 19°23.0' 155:°18.7' 5 km SW. of Uwekahuna seismometer ---------------
31 17 21 38.1 2.7 27 19°23.0' 155°18.7' 5 km SW. of Uwekahuna ---------------
31 17 04· 51.5 3.9 22 19°23.5' 155°18.5' 4 km SW. of Uwekahillla Islandwide
31 19 12 19.6 3.5 2'7 19°23.5' 155°20.0' 7 km SW. of Uwekahuna Kilauea summit

area, Puu
Kulani.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search


,

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

HAWAIIAN VOLCANO OBSERVATORY

SUMMARY 45

January, February, and March, 1967

By Arnold T. Okamura, Robert Y. Koyanagi,

and Willie T. Kinoshita

Issued May 1969

OBSERVATORY STAFF

Geology

R. S. Fiske
H. A. Powers (Scientist in Charge)

Geophysics

w. T. Kinoshita
George Kojima

.R. Y. Koyanagi
A. T. Okamura

Geochemistry

R. T. Okamura
T. L. Wright

Support

J. C. Forbes
W. H. Francis
B. J. Loucks
M. S. Umezu
Akira Yamamoto
K". M. Yarnashita



CONTENTS
Page

Summary of activities -------------------------------------------- 1

Tilting of the ground around Kilauea Caldera --------------------- 1

Seismic summary -------------------------------------------------- 6

Acknowledgments -------------------------------------------------- 6

Illustrations

Figure 1. Map of the island of Hawaii showing seismograph
stations and localities mentioned in the text 2

2. Tilting of the ground around Kilauea Caldera
between December 7, 1966·, and February 12, 1967 ----- 5

Tables

Table 1. Tilt coordinates at Uwekahuna 3

2. Tilt coordinates and changes at bases around .
Kilauea Caldera -------------------------------------- 4

3. Numbers of earthquakes and minutes of tremor recorded
on seismographs around Kilauea Caldera --------------- 7

4. Local earthquakes recorded by seismographs of the
U.S. Geological Survey ------------------------------- 11

5. u.s. Geological Survey seismograph stations in Hawaii -- 16

6. u.S. Geological Survey tiltmeter stations in Hawaii ---- 18

i



Summary of activities

In this quarterly report, the map showi~ the tilting on Kilauea
Volcano 'will include a contour map showing the total amount of altitude
change at the summit. This map is based on measurements at a system
of bench marks beginning near Bird Park and continues from there along
the Crater Rim road to the Crater Rim - Chain of Craters road junction
and'then to BM 35YY at Makaopuhi Crater. Also included in this system
of bench marks are spur loops, one into the center of the caldera east
of Halemaumau and one southward almost to Ahua Kamokukolau tilt station.
All of the,changes are pased on an assumed 0.0 change at HVO 23, a
bench mark that is about 2-1/2 miles northwest of Halemaumau.

The summit uplifted a total of 0.5 foot during the first quarter of
1967. Uplift apparently took place in surges, with shiftings of the
center of maximum inflation around various parts of the Kilauea Caldera.
Precise leveling at the summit along with the tilt data showed that:
(1) Between mid-October 1966 and January 12, 1967, the area of maximum
uplift was 0.38 foot and located about 2 km south-southeast of Halemaumau.
(2) Between January 12 and February 10 the summit uplifted an 'additional
0.2 foot and the "maximum" area shifted to about 2 kIn due south of
Halemaumau. (3) Between February 10 and February 27 the uplift amounted
to, only 0.15 foot, but the striking feature of this level run was that
it showed a change from roughly circular patterns of the past to an
elongate pattern seemingly oriented along the southwest edge of the
Caldera. (4),Between February 27 and March 30 the summit uplifted another
0.17 foot, with the maximum about 2 kIn due south of Halemaurnau. Level
data showed that the pattern had again returned to a circular pattern.

All of the structural deformation at the summit took place
apparently with no seismic activity, as the shallow Caldera earthquake
count stayed at low levels through most of the period. Tw'o flurries of
quakes from other sources did occur during this quarter. The first on
December 31, 1966, and again January 6, 7, 1967, emanated from about
30 km beneath Kilauea. The second occurred late in February and
consisted of several dozen small shallow quakes on the lower east rift
near Kapoho.

Tilting of the ground around Kilauea Caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter at Uwekahuna (table 1), and
at irregular intervals it is measured on a regional scale by means of a
network of field tilt-bases and a portable water-tube tiltmeter (table ~).

The attitude of the ground surface at each tilt-base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at each
station were arbitrarily set equal to 500 when,measurements at that
station were begun. Increasing tilt coordinates correspond to northward
~nd eastward tilting of the earth's surface; that is, to a relative
subsidence toward the north and east. A one-unit change in coordinate
correponds to a tilting of 1 microradian (1 rom per km) in the direction
indicated.

1
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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Location of and essential data on each tiltmeter station are
listed in table 6, whi,ch is published only iI?- the first-quarter issue
each year.

Table l.--Tilt coordinates at Uwekahuna,'January,

Februar~ and March, 1967

Date Date
(1967) N-S E-W (196,) N-S E-W

Jan. 1 490 431 Feb. 19 507 434
8 .489 43~ 26 507 438

15 490 430 Mar. 5 507 437
22 491 433 12 509 438
29 492 433 19 512 435

Feb. 5 495 432 26 515 434
12 504 431

3



1st Quarter, 1967

Table 2.--Tilt coordinates and changes at bases around ~ilauea Caldera

(See fig. 2 and table 6)

Rate (10-6 rad/mo) Date of
Tilt base Date Tilt coordinates and direction of last

(location) (1967) tilting since reading
N-S E-W last reading (1966)

Uwekahuna Feb. 8 536.3 426.0 8·9 N. 29·1o W. Dec. 8
(U on fig. 2)

Tree Molds (TM) 13 451.0 504.1 2.4 N. 0.2°E. 8

Sand Spit (SS) 12 865.6 692.2 19·9 N•. 9.9°E. 5

Keamoku (Kea) 13 498.2 429·7 10·3 N. 52.9°W. 6

Ahua Kamokukolau 12 516.5 517·9 25.8 s. 16 .4°E. 5
(Kam)

Kipuka Nene (KN) 15 300.1 501.0 0.8 s. 21. 2°E. 7

Hilina Pali (HP) No data this epoch

Kapapa1a Ranch 15 491.8 509·7 0.1 N. 48·9°W. 6
(Kap)

Mehana (M) 14 558·5 564.6 2·7 N. 17·7°E. 9

4
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Figure 2.--Tilting of the ground around Kilauea Caldera between
December 7, 1966, and February 12, 1967. The vector depicting
tilting at a given tilt base points in the direction of maximum
relative subsidence and has a length proportional to the rate
of tilting during the measurement interval. Closed circles
represent field tilt bases; open circles, short-base water-tube
tiltmeters. See table 2 for explanation. of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: Local earthquakes and tremor
originating in the region of the Hawaiian Islands (usually within 100 km
of at least one seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic activity at Hawaiian
volcanoes, daily counts of earthquakes and minutes of tremor recorded
by seismographs in Hawaii are listed in table 3. The earthquakes are
separated into groups on the basis of region of origin as determined by
analysis of records obtained daily at the Observatory (stations U, M,
M( 2), A, D, N, WP, MP, K, 0). Earthquakes of magnitude 2. a or greater
are generally sufficiently well recorded to be located with greater
precision; they are listed individually in table 4.

Location of and essential data of each seismograph station are
listed in table 5 in the first-quarter issue each year.

Acknowledgments

Several people or agencies reported ttfelt l1 earthquakes during
the first quarter, 1967. Their'assistance is gratefully acknowledged.

6



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative amplitudes
on seismographs-in the summit region. Unless otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea sumrnit, 30 krn earthquakes from a source about 30- kIn beneath the Kilauea
surmnit region; long-period, earthquakes characterized by low-frequency waves that originate about 5 kIn beneath
Kilauea summit; and shallow earthq~akes in the Kilauea Caldera region; shallow earthquak~s along the SW. rift
zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift
zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other regions: west Hawaii,
Mauna Kea, etc.

off

Tremor Earthquakes
Date (minutes) Kilauea summit sw. rift(1967) Eastern Upper

Inter- Long and east east Others
Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Jan. 1 ---- ------- -------- 8 ------- 60 10 1 17 ----------------------------
2 ---- ------- -------- 5 1 65 10 1 28 1 Kona
3 ----- ------- -------- 11 ------- 85 9 1 6 ----------------------------
4 ---- ------- -------- 8 ------- 100 14 -------- 9 ----------------------------
5 ---- ------- -------- 4 ------- 80 8 -------- 14 ----------------------------
6 "---- ------- -------- 43 ------- 103 10 -------- 18 1 Mauna Kea
7 31 ------- -------- 50 4 94 13 -------- 26 1 Kohala
8 ---- ------- -------- 4 5 116 14 1 8+ 1 offshore Keahole Pt.

- 1 Mauna Kea
9 ---- ------- -------- 4 2 57+ 6 -------- 9 ---------------------------~

10 ---- ------- -------- 3 7 75+ 5 1 14 ----------------------------
11 ---- -----~- -------- 3+ ------- elec- 7+ -------- 7+ 1 Mauna Loa

trical
storm-



OJ

Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera--Continued

Tremor Earthquakes
Date (minutes) Kilauea summit

(1967) sw. rift Eastern Upper
Inter- Long and east east Others

Deep mediate Shallow 30 kIn period Shallow 'Kaoiki rift rift

Jan. 12 22 --------- -------- 2 ------- 36+· 5 -------- 14+ ------------------------~---

13 ---- 9 --------- 6 ------- 72 20 1 ·21 1 Kona; 1& flank of Mauna Kea
14 ---- -------- -------- ? ------- 70i ? 3 ? ?/instrurnent turned off;
15 ? ? ? ? ? ? ? ? ? electrical storm
16 ----- -------- -------- 7 ------- 135 7 2 3+ ----------------------------
17 20 -------- -------- 14 ------- 93 9 1 22 ----------------------------
:L8 ---- 8 -------- 4 12 61 13 2 20 ----------------------------
19 11 -------- --------- 4 ------- 75 8 6 19 ---------------------------~

20 ---- -------- -------- -_._-- 5 68 22 12 19 ----------------------------
21 ---- 2 -------- 1 16 100 20 29 10 ----------------------------
22 ---- -------- -------- 3 ------- 124 12 43 21 ----------------------------
23 ---- -------- -------- 4 ------- 149 59 36 28 ---------------------------_.
24 ----- -------- -------- 5 ------- 108 28 41 30 ----------------------------
25 ---- -------- -------- 4 ------- 104 9 19 35 ----------------------------
26 ---- -------- -------- 3 ------- 152 20 3 20 -------------------~--------

27 ---- 36 -------- 13 10 118 17 12 20 1 Mauna Kea
1 E. flank Mauna Loa

28 ---- -------- -------- 9 6 138 23 -------- 20 ----------------------------
29 ---- -------- -------- 10 5 119 18 1 25 ----------------------------
30 ---- 3 -------- 4 3 102 15 -------- 47 1 Koha1a
31 ---- -------- -._------ 1 10 151 15 4 30 ----------------------------

Feb. 1 ---- -------- -------- 2 ------- 150+ 7 3 65 ----------------------------
2 ---- -------- -------- 4 4 142- 13 5 51 3 Mauna Loa
3 ---- -------- -------- 4 2 136 34 4 45 1 offshore N. of Maui
4 ---- -------- -------- 2 4 137 10+ 6 14+ ----------------------------
5 ---- 3+ -------- 8 ------- 105 5 -------- 28 1 s. flank. of Mauna Loa
6 ---- 2 -------- 4 2 131 19 3 29 ----------------------------



Feb. 7 16 ---- --- -_. -------- 2 4 173 16 3 20 ----_._------~---------------

8 -_._------. -_._----- 2 2 159 17 3 12+ 2 Kona
9 --------- ---_._._--- 2 1 141 7 ------- 19 1 Kona

10 ---_._--- -- --------- 1+ ---_._- 45+ 7+ ------- 4+ 1 s. flank of Mauna Loa
11 2 -~------- -------- 1 101 17 ------- 21 ----------------------------12 ---_._---- -------- 3 ---_._- 72 16 -- ---_.- 20 1 E·. flank of Mauna Kea

1 offshore s. of Maui
13 --------- _._------ 3 ------ 50 18 ------- ~5 ----------------~-----------14 26 ---------- ------_.- ------ 65 7 2 11 ------~---------------------

15 ---------- -----~-- ------ 69 16 3 18 1 Kop.a
16 --------- --------- ------ 50 11 1 30 _._--------------------------
17 33 --------- "---_._--- 1 98 15 10 27 1 Mauna Loa
18 _-._------ ---._---- 1 113 21 4 14

---------------------~------

19 --------- -------- ------ 87 35 1 12 1 offshore, 1 s. flank
Mz;:tuna Loa

\0 20 --------- ----_._-- 1 ------ 56 28 1 8+ --------------------------~-
21 ----- -- _.- --~-----.- 1 78 38 1 12 1 NW. flank Mauna Loa
22 --------~

-- - --_._.-- 5 ------ 53 27 2 4 1 flank Mauna Loa
23 --------- -------- 3 ------ 45 26 1 10 1 offshore
24 --------- -------- 3 2 41 29 1 ~19 ----------------------------
25 --------- ---~---- 3 1 47 68 1 13. 1 Mauna Loa·
26 --------- -------- 3 ------ 35 71 ------- 24 --------~-------------------
27 4 -------- 8 ------ 41 39 ------- 15 _...... - ... _.................. _............... -.- ... - ............... ~
28 -'-_ ... -- _... - -------- 2 2 29 29 ------- 15 ----------------------------

~r; 1 --------- ~-._----- 1 ------ 40 16 3 5 1 offshore
2 ---------, -------- ------ 40 19 ------- 10 ----------------------------
3 --------- -------- ------ 44 18 1 32 1 s. of Maui
4 --------- -------- ... -- ......... 50 23 -------. 18 1 Kohala
5 --------- -------- 5 48 22 ------- 64 ----------------------------
6 ---.------ -------- 1 2 56 14 ------- 27 ------~---------------------

7 --------- -------- ------ 60 15 1 15 -----------------------------
8 --------- -------- 3 ------ 80 4 ------- 15 ----------------------------
9 --------- -------- 3 ------ 88 13 ------- 34 1 offshore

10 --------- -------- 1 128 15 ------- 26 1 Kona



Table 3.--Numbers of earth~uakes and minutes of tremor recorded on seismographs around Kilauea Caldera--Continued

Tremor Earthquakes
Date (minutes) Kilauea smnmit

(1967) sw. rift Eastern Upper
Int.er- Long and east e'ast Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Mar. II --_.-.- ---- -,------ 1 ------ 118 19 ------- 16 2 flank Mauna Kea
1 offshore

12 5 -------- ------- 3 3 163 18 -----_-. 18+ - - -- - - - - - - -- - - - - - - - -.- - - - - ---
13 -------- ------- 1 3 103 7 ------- 21 1 flank Mauna Kea
14 -_._----- -------- 2 ------ 102 9 ------- 41 1 flank Mauna Loa

1 Kona
l5 5 -------- _._--- --- ------ 130 13 ------- -28+ ---------------------------~

16 -------- -------- 4 1 98 14 ------- 10+ 1 s. flank Mauna Loa
~ l7 30 -------- ------- ? ------ 36 2 ------- 5+ ----------------------------0

18 -------- ------- 2 1 72 8 ------- 20 1 Mauna Loa
19 -------- -------- 2 95 12 ------- ~6 ----------------------------
20 -------- ------- 1 110 7 ------- 7 ----------------------------
21 -------- ------- 3 133 3 ------- 4 ----------------------------
22 -------- 7 1 43 1 ------- ------ 1 s. flank Mauna Loa
23 -------- ------- 3 ------ 68 7 ------- 2 ---------------------------~

, 24 -------- ------- 1 ------ 88 -------- ------- 13 ----------------------------
25 -------- ------- 2 ------ 103 14 ------- 13 ----------------------------
26 -------- ------- 1 2 98 5 ------- 4 ---------------------------~

27 -------- ------- 1 ------ 87 11 ------- 7 ----------------------------
28 -------- ------- 3 4 77 20 1 19 ----------------------------
29 -------- 60 3 ------ 57 29 ------- 19 1 offshore
30 -------- ------- 5 41 -------- '------- 5 ----------------------------
31 -------- ------- ------ ? ? ---_ .. _- 15 ? /instrument turned off;

electrical storm



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March, 1967

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the list.

area,
la

Date Time Magni- Depth Epicenter Felt
(1967)

h
tude (kIn) Lat. N. Long. w. Description Report

m s- --
an. 1 00 12 31·5 1·9 8 19°23·1' 155°27·7' 9kmNW. of Desert seismometer ~--------------

1 01 13 00·3 2·3 27 19°23.2' 155°18.5' 5 km WNW. of Ahua seismometer ---------------
2 13 14 30.1 2·3 6 19°21.9 1 155°31.1' 14 kIll WNW. of Desert seismometer ---------------
2 14· 33 '39·0 2.6 3 19°15.7' 155°47.3' 15 k.m NE. of Mi101ii ---------------
2 18 17 22.0 2.6 <5 19°19·9' 1))°11·9' 4krnSW. of Vl8kaopuhi seismometer ---------------
3 18 47 36.6- 2.4 8 19°23.7' 155°26.8' 9 klTI NW. of Desert seismometer ---------------
5 16 51 53·7 2.4 0 19°35.1' 155°46.4' 17kmNE. of Kealakekua --------------~

6 ·01 56 32.0 2.7 33 19°48.3' 155°24.3' 14 km NE. of Pohaku1oa -------------.;.--
6 19 00 28.4 2.1 10 19°19·7' 155°08·5' 6 km BE. of iv1akaopuhi seismometer ------------ ._--..

6 20 36 20·9 . 3.·9 35 19°c.2.7' 155°18.0' 4 km W. of i~hua seismometer Kealakekua> Hilo
Kilauea summit
Naalehu, Kamue

7 13 42 13.8 - 2.8 35 19°23.3' 155°18.7' 5kmWNW. of Ahua seismometer -------------- ...

7 23 31 34.0 2.6 8 20°03·3' 155°36.8' 9 km ENE. of Kamlle1a ---------------
8 00 24 16·9 2.0 5 19~24.c" 155°27.4' 10 km NW. of Desert seisrnometer ---------------
8 01 12 03·9 3·) 8 19°44' 156°09 1 9 kin W. of Keaho1e Pt. -------_.-_-----
8· 05 16 36.3 2.2 8 19°54.1' 155°32.9' 12 km ENE. of Waikii ---------------
9 20 54 34.2 2.7 5 19~21.2' 155°06.3~ 8 km ESE. of Makaopuhi seismOlneter ----_ .... _--.--- _ ... -
9 20 55 15.8 3·0 3 19°21.5' 155°05.5' 9 km ESE. of Makaopuhi seismometer ---------------
9 21 48 33.8 2.0 3 19°21.8' 155°07.8' 5 km E. of Makaopuhi seismometer --------------~

10 07 52 30.8 3·3 3 19°23.9' 155°05.2 1 10 km ENE. of Makaopuhi seismometer Hila
10 23 21 01.7 3.8 5 19°20.2' 155°04.5' 11 km SEe of Makaopuhi seismometer Hilo, Pahoa
11 09 16 07·7' 2·7 28 19°23.3' 155°17.. 2' 3 kIn .NW. of Ahua seismometer ---_._-------- .... -- ... -
11 17 52 10.1 2.6 10 19°28.9' 155°36.1 1 3k.mSW. of North Bay sei smorae te r - - - - -- ..~ - - - ..-- - . -- -

J



. View

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March, 1967--Continued

Dat,e Time Magni- Depth Epicenter Felt
(1967) tude

Lat. N. Long. W. Description
Report

h m s-
Jan. 13 03 16 42.8 2·5 8 19°25.8' 155°26.2' 11 kIn NW. of Desert seismometer

_______4 _______ •__

13 10 35 07·2 2.0 0 19°37·8' 155°42.0' 26 k.m NE. of Kealakekua ---------------
13 12 ~1 19·2 2.0 8 19°49·0' ,155° 35·0' 8kmSE. of Waikii ---------------
15 02 37 06.6 2.·7 0 19°25.0' 155°05.1 1 11 kIn NE. of Makaopuhi seismol1}.eter ---------------
15 13 31 29·9 2·5 28 19°20.0' 155°26.0' ·5 kIn WSW, of Desert seismometer - - - - - -'- - - - - - - - -
17 06 59 58.0 2.2 28 19°24.0' 155°18.2' 3 km SW. of Uwekahuna seismometer ---------------
19 10 18 30.0 3·0 5 19°22.9' 155°27.0' 9km NW. of Desert seismometer ------------~--

22 01 24 20.2 2·9 8 19°18.0 1 155°09.1 1 8 km SEe of Makaopuhi seismometer ---------------
22 11 31 .42.8 3·7 8 19°23.7 1 155°27.3 1 9k.mNW. of Desert seismometer Hila

23 16 59 14·9 4.6 8 19°26.8 1 155°26.0 1 8 kIn SW. of Mauna Loa seismometer Hilo, .:Kilauea
summit area,

. Pahala, Pah,oa,
f. Kealakek~a, Mt

23 18 53 50·3 2.2 5 19°26.0 1 155°26.5 1 9kmSW. of Mauna Loa seismometer ---------------
23 21 50 07·4· 2.0 5 19°26.0' 155°26·5' 10 k.m SW. ,of Mauna Loa seismometer -----------~---

24 10 49 53·1 2.1 5 19°24.0' 155°02.8' 14 kIn ENE. of Makaopuhi seismometer ---------------
24 12 23 36.8 1.8 5 19°25.7' 154°56.0 1 . 7 kIn SSE. of Pahoa Kapoho

25 03 24 56.8 2-·3 5 19°26.7' 154.°54.4 1 7 km SE. of Pahoa ---------------
25 04 10 55·3 2.4 5 19°26.5 1 155°.25.5' 8kmsw. of Mauna Loa seismometer - - --- -- - - - - - - - - -
26 04 30 54.8 2~7 0 19°27.8 1 154°53.8' 6 kIn SEe of Pahoa Kapoho
26 04 32 03.8 3·4 5 19~26·9' 154°54.2 1 7 kIn SEe of Pahoa Kapoho

27 14 19 45.5 2·3 10 19°24.7' 155°36.8' 10 kIn SSW. of North Bay seismometer ---------------
27 16 02 31.2 2·5 8 19~57.1' 155°17.. 8' 7k.mSW. of Laupahoehoe ---------------
28 06 15 51·9 2·5 28 19°17.0' 155°20.81 7 kIn SE. of Desert seismometer ------------_-.-
28 12 42 59·1 2~4 1 19° 24. 2' 154°56.1' 10 km S. of Pahoa ----------------

.28 12 43 33·2 3·0 8 19°28.9 1 154°54.1 1 5 km ESE. of Pahoa ---------------
28 21 -43 48.7 2·3 3 19° 26 .0 ' 154°55.0' 8 kID SEe af Pahoa Kapoho
30 03 54 07.6 2.2 5 19°19.8 1 155°12.0' 5kmSW. of. Makaopuhi seismometer ---------------



Jan. 30 23 42 01.1 . 2.2 13 20°11.5' 155°42.6' Polo1u Valley ---------------
31 03 06 43·9 2.1 7 19°21.0' 155°07.8' )5 kIn SEe of Makaopubi seismometer ---------------

Feb. 1 23 30 41.5 4.5 5 19()21.7' 155°05.5' 9 kIn E. of Makaopuhi seismometer Hilo, Kealakekua,
Pahala, Ki~a,uea

surmnit area,
Honokaa, Waimea,
Mt. View, Naalehu

1 23 36 36.1 2·7 5 19°21.6' 155°03.7' 12 k.m E. of Makaopuhi seismometer ---------------
2 15 32 06.1 2·7 5 19°21.1' 155°06.7' 7 kIn ESE. of Makaopuhi seismometer ---------------
2 22 50 39·9 2~7 10 19°23.8' 155°39·2' 13 k.m SW. of North ,Bay seismom~ter ---------------
3 02 08 ,42.7 2·3 0 19°26.3' 155°35.9' 6kmsw. of North Bay seismometer - - - --_... -- - - - - -- - .

3 02 58 45.5 2.4 8 19°29.2' 155°32.3' 4 kIn ESE. of North Bay seismom~ter -- -- -- -"- - - ---'- ~

3 05 26 20·5 2·3 10 19°27.6' 155°36.0' 4kmsw. of North Bay seismometer ---------------
3 17 25 02.2 2.1 8 i9°25.3' 155°31.0' 17kmNW. of Desert seismometer ---------------
3 18 49 33·0 3.1 5 19°22.4' 155°04.7' 10 krn E. of Makaopuhi seismometer -- -_.--- - - - - -- - -
3 22 07 ·54.1 3·2 8 20°53' 155°59' 15 kIn N. of Hana, Maui ---------------
4 21 51 59·5 2.0 5 19°25.4 1 155°26.9~ 11 kIn SW" of Mauna Loa seismometer ---------------

j-J 5 17 20 52.1 2.4 3 19°21.8' 155°01.7' 16 kIn E. of Makaopuhi seismometer ---------------
\.N

5 18 48 42.2 2.0 8 19°10.4' 155°39·7' 14 km ·NW·. ·of Naalehu ---------------
.<i: .• •.• !. r 1--\i 6 00 05 ,4.3·7 2·7 8 '19° 26.0' 155°29·0' 12 km SW. of rv1auna boa seismolneter ---------------
Dil ~i '/~}7' 04 30 42.9' 3·5 28 19°18.9' 155°18.0' 8kInsw. of Ahua seismometer .Pahala , Hilo,

Kilauea summit
area

7 11 16 45.1 2.1 5 19°24.2' 155°29.4' 13 km NW. of Desert seismometer ---------------
7 13 49 47·8 2.4 5 19°20.3' 155°04.2' 12 km SEe of Makaopuhi seismometer -------,--------
8 07 45 26.4 2·9 0 19°34.2' 155°49·1' 12 km NE of Kealakekua Kealakekua

10 17 51 42.5 2.2 8 19°09.8' 155°40.8' 15 kIn +'JW. of Naalehu ---------------
11 00 35 19·3 2·3 5 19°20.6' 155°04.7' 11 kIn ESE. of Makaopuhi seismometer ---------------
11 00 58 12.8 2.0 5 19° 23· 7 '. 155° 25.4 ,. 7kInNW. of Desert seismometer ---------------
11 ·07 15 14.2 2.1 5 19°23.1' 155°24.4' 6kmNW. of Desert seismometer ---------------
12 11 45 04.8 3·7 8 19°56.5' 155°26.8' 13 kID SW. of Paauilo Kamuela, Honokaa,

Hilo, Laupahoehoe

12 14 26 21.0 ~·9 8 19°22.5' 155~25 .2' 5kinNW. of Desert seismometer ---------------
12 16 01 14.8 3·4 13 20°02' 1560:531. 115 km WNW. of Keahole Point ---------------
12 18 35 21.8 1:.8 10 19°24.8' 155°24.8' 9 kIn NNW. of Desert seismometer ---------------



Table 4.--Local earthquakes-recorded by seismographs of the U.S. Geological Survey,

January, February, and March, 1967--Continued

19 19·0 155 13.1 7 km SW. of Makaopuhl selsmometer58 05 09 02.5 2·3

Date Time Magni- Depth Epicenter Felt
(1967) tude Report

h m s Lat. N. Long. W.- Description- -
eb. 13 01 46 42._1 2.2 10 19°22.0' 155°07·8' 5 kIn E. of Makaopuhi seismometer ---------------

13 19 48 03·5 2.1 5 19°21.2' 155°04.0 1 11 km ESE. of MakaopuJ:1i seismometer ---------------
14 14 . 29 35·2 2.1 5 19°20.5' 155°07·2' 6 kIn SE. of Makaopuhi seismometer ---------------
15 03 51 43.4 2.0 6 19°28.3' 155°47·0' 15 km ESE. qf Kealakekua ---------------
16 21 49 12.0 3·3 0 19°26.8' 154°59·2' 7k.mSW. of Pahoa Kapoho
16 21 52 37·0 1.8 5 19°25.8' 154°55.8' 7 km SSE. of Pahoa Kapoho
17 18 08 00·3 3·3 :-5 19°32.2 1 155°41.8' 13 km N'W. of North Bay seismometer ~--------------

17 23 2a 54·9 1·5 8 19° 24.0' 155°28·3' 11 km NW. of Desert seismometer ---------------
18 23 59 26.2 l·5 2 19°20.6' 1"55° 30.3 1 12 kIn WNW. of Desert seismometer ----~----------

19 05 42 39·5 2.0 3 18°53.9' 155°13·1' 43 km ESE. of Naalehu ---------------
19 20 44 27·3 2.0 8 19°08.7' 155°41.2' 14 kIn NW. of Naalehu ---------------
2l 05 33 22.4 2.4 0 19°36.4' 155°40.-9 ' 16 kIn NW. of North Bay seismometer ------------~--

21 08 23 43.7 2.0 5 19°19·9' 155°19.7' 7 krn ESE. of Desert seismometer -~----------.. --
22 02 10 1$·9 1·9 5 19°19·0' 155°08.9' 6 km SE." of Makaopuhi seismometer ---------------
22 21 08 57·7 . 2·5 0 19°30.5' 155°41.8' , 12 km WNW.I of North Bay seismometer - - - - -- - - - - ---"--
23 05 32 15·5 3·0 5 19°06.4' 155°32.5' 7kmNE. of Naalehu ---------------
23 17 33 44.1 2.6 5 19°16.7' 155°26.0' 9kmSW. of Desert seismometer ----------------
24 02 04 26.0 2.2 5 19°21.4' 155°19.8' 7 km ENE4 of Desert seismometer ----------~----

25 10 29 16.5 2·7 3 19°31.8' 155°36.4' 5kmNW. of North Bay seismometer ----------------
27 05 42 24.0 2~1 5 19°25.4' 155°27.0' .12 kIn NW. of Desert seismometer ----------------

r. 1 10 24 30.1 '2·7 35 18°56.2' 155°30.0' 17 kIn SEe of Naalehu ---------------
1- 18 16 48.4 2.0 5 19°23·0' 155°23.0' -5 kIn- NNE. of Desert seismometer - - - - - - - --- - - -- - -
3 11 40 04.8 2.5 13 20°20' 156°17' 47 kIn S. of Haleakala seismograph -----------_._--
3· 13 38 25·1 . 2.1 .5 19°20.2' 155°05.4 i 11 kIn ESE. of Makaopuhi seismometer - --- - - - - - - -- _._-
4 09 26 56.2 2·7 5 19°25·9' 155°29·8' 13 km SW. of Mauna Loa seismometer ---------------
5 14 17 36-.0 2.0 8 19°20.3' 155°11.8' 3 kIn SW. o:f Makaopuhi seismometer ---------------
7- 07 02 42.2 2.1 8 19°21.2 155°01·9' 15 kIn E. of Makaopuhi seismometer - .. - - - - - - - - - _.- --
7 11 28 02.5 ~·7 ,25 19°21.1' 155~19.8' -7kInSW. of Ahua seismometer Pahala,

° , 0 ,

Ma

F



Mar. 9 22 39 45.1 2.2 3 19°16.3' 155°28.8' 12 kIn SW. of Desert seismometer Pahala
10 05 07 28.6 2.0 0 19°35·7' ·155°50.1' , 12 kIn NE. of Kealakekua' ---------------
10 06 13 04.9 2.0 0 20.°00.8' 155°32.8' 16 kIn ESE. of Kamuela ---------------
11 03 15 01.2 2.6 8 19°45' 156°16' 20 kIn-W. of Keahole Point ---------------
13 16 52 .38.1 2.1 8 19°20.8' 155°09.5' 3 kIn SE. of Makaopuhi seismometer ---------------
14 18 42 28.3 3.8 8 19°16.7' 155°13.3' 4kmNW. of Apua Point Hila, Kilauea

surmnit area
14 18 44 50.1 2.0 8 19°15.7' 155°14.3' 5 km w. of Apua Point Kilauea summit

area
14 21 11 58.3 1·7 25 19°23.3' 155°15.7' 2kmNNE. of·Ahua seismometer ----_-._--------
14 21 19 41.4 1.8 8- 19°27.0' 155°40.0' 10 km SW. of North' Bay seismometer ~--------------

15 12 21 09·2 2.2 0 19°24.1' 155°02.0' 16 kIn ENE. of Makaopuhi seismometer ---------------
16 11 49 35.6 2·3 10 19°11.7' 155°30".6' 3 kIn wsw. of Pahala. ------_ .... _----_ ...

16 17 28 . 04.5 2·3 3 19°25.1' 155°23.2' 9 kIn N. of Desert seismometer ---------------
17 15 28 26.4 2.0 29 19°25.3' 155°16.0' Kilauea Caldera --- - - .- - -- - - - - - -

. 17 18 15- 21.1 1.8 25 19°21.7' 155°17·7' 3kInSW. of Ahua seismometer ---------------
~ 18 02 34 10.1 2·7 0 19°22.4' 155°32.8' 17kmWNW. of Desert seismometer ---------------
\J1 18 08 51 00.1 . 2.4 5 19°25.8' 155 0 34.0', 8 kIn SSE. of North Bay seismometer ---------------

19 04 12 23.4 2·3 5 19°24.1' 155°26·9' 9kmNW. of De~ert seismometer -_ ... _----~------

22 13 '15 34.6 2.0 10 190 23.2 1 15·5° 24.2' 6kmNW. of Desert seismometer Pahala
22 17 05 47·9 2.5 3 19°21.8' 155°26.8' 7kmNW. of Desert seismometer ---------------
22 18 12 14.9 2.0 8 19°10.7' 155°28.8' 3 kIn S. of Pahala ---------------
23 14 24 43·7 2·7 30 19°22.9' 155°18.7' 5kmWNW. of Ahua seismometer Pahala
24 14 58 36.5 4·3 8 19°46.5' 155°41.0' 10 kIn SSW. of Waikii I s1andwide

, 26 13 36 25·0 2.2 30 19°21.0' 155°20.1' 8kmsw. of Ahua seismometer ---------------
27 12 56 15.4 2.·7 3 . 19°19 ·3·' 155°20.7' 5 kIn SE. of Desert seismometer Pahala
27 .13 06 37·0 2·7 0 19°22.5' 155°23.6' 4 kIn N. of Desert seismometer Pahala
27 13 10 54.4 2.0 8 19°15.0' 155°32.7' 19 kIn SW. of 'Desert seismometer ---------------
27 1.8 25 46.8 3·0 6 19°08.1' 155°23.9~ 6 kIn SE. of Palima Point ---------------
28 05 08 22·7 2·5 10 196 21.3' 155°06.0' 8 kIn ESE. of Makaopuhi seismometer ---------------
29 04 07 21.3 2.2 9 19°20.3' .155°11·3' 3 kIn SW. of ~4akaopuhi seismometer ---------------
29 15 38 04.0 2.8 8 20°06' 156°10' 35 kIn WNW. o·f Kawaihae ----------------



Table 5.--U.S. Geol~gical Survey seismograph stations in Hawaii

L9n island of Hawaii unless otherwise state~

LocationStation

Uwekahuna
(Hawaiian
Volcano
Observatory)

Mauna Loa
Ahua
Desert
Mauna Loa (2)
North Pit
West Pit
Makaopuhi
Kealakomo
Outlet
Hila

Kipapa, Oahu

Pahoa

Haleakala, Maui

Naalehu

Symbol

u

M
A
D
M(2)
N
WP
MP
K
o
Hi

Kip

Pa

Ha

Na

Lat N.

19°29.8 1

19°22.4 1

19°20.2 1

19°27.6 1

19°24.9'
19°24.7'
19°21.8 1

19°18.5'
19°23.4'
19°43.2 1

Long W.

155°23.3'
155°15.9 1

155°23.3'
155°20.7'
155°17.0'
155°17.5'
155°10·7'
155°09·6'
155°16.8'
155°05.3'

Altitude
(m)

above sea
level

1,240

2,010
1,070

815
1,475
1,115
1,115

885
201

1,084
20

76

205

2,090

205

Equipment '.
(Z, vertical; N, north-south; E, east-west)

Long-period Pre.ss-Ewing: N, E, z.
(Seismometer and galvanometer periods are
15·and.90 seconds, respectively)

Short-period Sprengnether: E, Z. HVO-l:
z1/. .

Short-base liquid-level ti~~eter.

Remote recording HVO-2: ~
Do.
Do.

Remote recording 1.0 sec. EV-17 z.
Do •
Do.
Do.
Do. (installed Sept. 28, 1966)
Do.

HVO-l: Z
Wood-Anderson: N, E. Operated by
Joseph De Mello at St. Joseph's School.

HVO-l: Z. Operated by U.S. Coast and
Geodetic Survey.

HVO-l: Z. Operated by Kongo Kimura at
Pahoa School

HVO-l: Z.
Wood-Anderson: N, E. Operated by the
staff of Haleakala National Park, Maui.

1.0 sec. EV-17 seismometer, 0.5 sec.
galvanometer: Z. Operated by Virginia
Ah Yee at Naalehu School.



Kamuela Ka 20°01.9' 155°42.0' ,740 1.0 sec. EV-17,0.286 sec. galvanometer.
Operated by Michael Foster· at R.P.A.,
Kamuela.

North Bay NB 19°29.7' 155°34.8' 4,005 1.0 sec. EV-17: z. with helicorder.
Operated by U.8. We.ather Bureau.·

Kealakekua Ke 19°31.2' 155°55.3' 505 1.0 sec. EV-17, 0.286 sec. galvanometer: Z,
EW, and NS. ~)perated by Henry Nelson at
Kana County Hospital.

!/HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and galvanometer
periods of 0.5 second. Overdamping of both seismometer and galvanometer is used to control the strong
galvanometer reaction. This seismograph has a peak magnification of about 20,000 at a period of 0.25
second..Recording is optical, on photographic paper. .

g!HVO-2 is a mOVing-coil, vertical-component seismograph with a seismometer period of 0.8 second.
Its signal is transmitted over telephone wires to the Hawaifan Volcano Observatory, where it is recorded
on smoked paper.



Table 6.--u.s. Geological Survey tiltmeter stations in Hawaii

Station Symbol Location Frequency' Base
of length Description

Lat N. Long W.
reading M

Tree_Molds TM 19,° 26.3' 155°17.3' Quarterly 50·79 NS. and EW.

Sand Spit SS 19°24.1' 15'5°16.8 ' --do----- 25.40 Equilateral
triangle

Keamoku Kea 19°25.1' 155°19·0' --do----- 47 ·55 Do.

Ahua Kamokukolau Kam 19°22.7' 155°16.6' --do----- 50·79 Do.

Kipuka Nene KN 19°19·4' 155°16.7' --do----- 50·79 Do~

Hi1ina Pali HI? 19°18.2' 155°18.6' . --do----- 47·73 Do.

Kapapala Ranch Kap 19°20.5' 155°23.8' --do----- 50·79 Do.

Mehana M 19°26.2' 155°14.3' --do----- 25·00 Do.

Uwekahuna U 19°25.5' 155°17.4' --do----- 50·79 Do.
I

Uwekahuna Vault 19°25.4' 155°17.6' Daily 3·48 NS. and EW.

GPO·W17-385
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Tilting of the ground around Kilauea Caldera

Tilting of the ground around the swmnit of K,ilauea is monitored
daily by a short-base water-tube tiltmeter at Uwekahuna (table 1), and
at irregular intervals it is measured on a regional scale by means of a
network of field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at that
station were begun. Increasing tilt coordinates correspond to northward
and eastward tilting of the earth's surf~cej that is, to a relative
subsidence toward ,the north and east. A one-unit change' in coordinate
corresponds to a tilting of 1 microradian (1 rom perkm) in the direction
indicated.

Location of and essential data on each tiltmeter station are listed
in table 6, which is published only in the first quarter issue each year.

Table 1. --T·ilt coordinates at Uwekahuna

April, May, and June, 1967

Date Date
(1967) N-S E-W (1967.) N-S E-W

AI?ril 2 517 436 May 21 535 435
9· 522 430 28 537 431

16 523 429 June 4 539 430
23 525 432 11 539 430
30 527 434 18 539 431

May 7 529 433 25 540 430
14 531 433
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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2d Quarter, 1967

Table 2.--Tilt coordinates and' changes at bases around Kilauea Caldera

(See fig. 2)

66

Rate (10-6 rad/mo) Date of
Tilt base Date Tilt coordinates and direction. of last

(location) (1967) tilting since reading
N-S E-W last reading (1967)

Uwekahuna June 5 566·9 4'21.3 8.4 N. 8.7° w. Feb. 14
(U. on fig. 2)

Tree Molds (TM) 7 463·7 504.1 3·9 N. 0.2° w. 13

Sand Spit (88) 7 913·2 . 700·9 12·5 N. 10.4° E . 12

Keamoku (Kea) 6 536.1 399·7 12.8 N. 38.4° w. 13

Ahua Karriokukolau 5 457·3 553·5 18.4 S. 31.0° E. 12
(Kan)

Kipuka Nene (KN) 8 303·9 508.1 2.1 8. 61.9° E. 15

Hilina Pa1i (lIP)· 28 456.0 503.6 1·5 s. 14.4° w. Dec. 7, 19

Kafapa1a Ranch 6 494.8 507·0 0·7 N. 82.8° w. Feb. 15
Kap)

Mehena(M) 7 560.2 568.7 1.2 N. 67.8° E. 14

3



Kap..

2000

t---I
Tilting rate 5.0 x 10-6radians/month

FEB. 13, 1967 ... JUNE 6, 1967

5 K M

Figure 2.--Tilting of the ground around Kilauea Calder~ between
February 13 and June 6, 1967. The vector depicting tilting at a
given tilt base points in the direction of maximum relative
subsidence and has a length·proportional to th~ rate of tilting
during the measurement interval. Closed circles represent field
tilt bases; open circles, short-base water-tube tiltmeters. See
table 2 for explanation of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological S~rvey seismograph
network In Hawaii fall into two categories: Local earthquakes and
tremor originating in the region of the Hawaiian Islands (usually
within 100: km'of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and minutes
of tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated in groups on the basis of region of origin
as determined by analysis of records obtained daily at ,the Observatory
(U, M, M(2), A, D, N, WP, MP, 'K, 0). Earthquakes of magnitude 2.0 or
greater are generally sufficiently well recorded to be located with
greater precision; they are listed individually in table 4.

Location of and essential data on each seismograph station are
liste~ in table 5, which is published only in the first quarter issue
each year.
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Table 3. ~-Number 0 f earthquakes and minutes of tremor recorded on seismographs around K~lauea Caldera

Tremor is separated into .three categories: deep, intermediate, and shallow, on the basis ·of relative ~plitudes

on seismographs in the summit region. Unless otherwise ~t~ted, tremor is presumed to be associated with
movement· of magma within the central complex of Kilauea.

Earthquake categories are: ·Kilauea summit, 30 km earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period,' earthquakes characterized by low-freq~encywaves that originate about 5 km beneath
Kilauea summit; and shallow earthquakes in the Kilauea Caldera region;· shallow earthquakes along. the SW. rift
zone of Kilauea and the adjacent port.ion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea's east rift zone--detected largely on th~ _Pahoa seismograph; earthquakes from the upper east rift
zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other regions: west Haw~ii,

Mauna Kea, etc'.

Tremor Earthquakes
Date (minutes) Kilauea summit sw. rift Eastern Upper(1967)

Inter- Long and east east Others
Deep mediate Shallow 30 kIn period Shal.low Kaoiki rift rift

pre 1 ---- ---_ ... _- ------- 1 2 69 10 "------- ---- ----------------------------
2 ---- ------- ------- 1 2 65 8 ------- 9 ---------------------------~

3 ---- ------- ------- 4 9 100 13 ------- 8 --------~----------~---~----
4 ... --- 1 ------- ----- 18 200 25 ----~-- 9 ------------------~-~-------

5 ---- -~----- ------- ----- 7 149 11 ------- 18 ----------------------------
6 ---- ------- ------- 27 6 148 23 ------- 18 1 east flank Mauna Kea
7 ---- 107 ------- 3 77 70 43 ------- 10 ~---------------------------

8 ---- 14 -----~- 1 165 43 26 ------- 10 1 south flank Mauna Loa
1 off south shore of Hawaii

9 1 ------- ------- 4 11 106 23 ------- 13 ---~------------------------

10 ---- ------- ------- 4 12 104 10 ------- 7 ----------------------------
11 ---- ------- ------- 2 1 32 5 ------- 13 1 west Hawaii
12 ---- ------- 1 1 1 129 15 ------- 10

------------~---------------

A



Apr. °13 - - -- - - - _.- ------ 1 4 125 25 -------- 23 1 Mauna Loa
14 --------- ------ 1 ------ . 94 16 -------- 12 ---------------------------
15 --------- ------ ------ 93 24 -------- 9 ---------------------------
16 --------- ------ 15 128 3+ --------- 8 ---------------------------
17 --------- ------ ------ 104 13 1 7 ---------------------------
18 --------- ------ 2 119 18 18 --------- 10 2 Mauna -Loa

19 1 --------- 1 1 28 139 16 -------~
6 ---------------------------

20 1 1 ------ 90+ 177 18 ~------- 15+ 1 Kohala

21 --------- ------ 1 43 7 -------- 2 ---------------------------
22 --------- ------ 1 6 43 37 ----~--- 5 ---------------------------
23 --------- ------ 3 12 46 23 -------- 11 ---------------------------
24 --------- ------ 1 13 58 18 -------- 11 1 Mauna Loa

25 30 ---------- ------ 3 13 37 14 -------- 10 1 south flank Mauna Loa

26 ---------- ------ 1 23- 45 16 --- .. ----- 6 ---------------------------
27 ---------- ------ 3 22 41 27 -------- 6 ---------------------------
28 2 ------ 3 45 15 -------- 12 ---------------------------
29 --------- -----~ ------ 53 19 -------- 7 ---------------------------

-J 30 4 --------- ------ 3 ------ 36 14 -------- 6 ---------------------------
May 1 --------- ------ 1 33 12 -------- 3 2 west Hawaii

1 south flank Mauna Loa

2 --------- ------ 2 72 18 -------- 15+ ------~~-~-----------------

3 1 --------- ------ 14 54 63 -------- 7 ---------------------------
4 --------- ------- 5 52 44 -------- 9 ---------------------------
5 --------- ------ 1 4 47 32 -------- 5 1 west Hawaii

6 ---~----- ------ 1 6 40 16 -------- 6 1 Mauna Kea

7 1 --------- ------ 2 7 59 15 -------- 9 ------------------------~--

8 --------- ------ 1 13 73 14 -------- 12 ---------------------------
9 ----------- ------ 4 14 62 25 -------- 4 ---------------------------

10 --------- ------ 30 61 26 -------- 7 ---------------------------
11 --------- ------ 18 64 33 -------- 7 1 west Hawaii

12 3 ------ 19 23 18 -------- 10 ---------------------------
13 --------- ------ 8 81 22 -------- 10 ---------------------------
14 --------- ------ 2- 7 58 20 -------- 7 ------------------------~--

15 --------- ------ 2 ---~-- 77 16 -------- 3 ---------------------------
16 1 ------ 1 101 11 -------- 8 1 Koha1a

17 --------- ------ 3 81 20 -------- 6 1 west Hawaii



·Table 3. --Number - 0 f earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera--Continued

Tremor Earthquakes
Date (minutes) Kilauea summit

(1967) SW • rift Eastern Upper
Inter- Long and -east east Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

May 18 ---- ------- ------- 2 3 61 36 ------ 6+ - -- - -- -- - - - - - - - - - - - - -.- - ----
19 ---- ------- ------- ----- 2 39 31 ------ 8 1 off 'north shore of Hawaii
20 ---- ------- ------- 4 4 51 49 ------ 15 1 off SEe shore of Hawaii
21 ---- ------- ------- ----- 2 60 12 ------ 7 1 off east shore of Hawaii
22 ---- ------- ------- 2 3 167 16 ------ 3 ---------------------------
23 ---- ------- -------- ----- 4 121 6 ------ 4 1 west Hawaii
24 --~- ------- ------- ----- 4 ·94 13 ------ 3 1 west Hawaii; 4 Mauna Kea
25 ---- ------- ------- ----- ----- 67 21 ------ 8 3 Mauna Kea
26 ---- ------- ------- ----- ----- 57 7 ------ 13 2 Mauna Kea
27 ---- -----~- ------- 3 15 33 7 ------ 9 ---------------------------
28 ---- ------- ------- ----- 2 45 9 ------ 14 1 Mauna loa; 1 Mauna Kea
29 ---- ------- ------- ----- ----- 47 9 ------ 5 1 Mauna Kea

2 off SEe shore of Hawaii
30 ---- ------- ------- ----- 1 61 11 ------ 20 ---------------------------
31 ---- 2 1 ----- 1 56 19 ------ 7 ---------------------------

une- l ---- ------- ------- 1 ----- 46 10 ------ 8 1 off mi. shore of- Haw~ii'
2 ---- ------- ------- ----- ----- 50 3 ------ 1 ---------------------------
3 ---- ------- ------- 2 ----- 38 19 ------ 18 ---------------------------
4 ---- ------- ------- 1 1 82 16 ------ 3 1 Mauna Kea
5 ---- ------- 1 ----- 2 98 12 ------ 15 ---------------------------
6 ---- ------- -----..-- ----- 7 102 12 ------ 7 -------------~-------------

7 ---- I ------- 1 12 205 15 ------ 3 1 Mauna Kea
8 ---- 2 ------- ----- 115 ? 25 ------ 6 --~----------------------~-
9 ---- ------- ------- ----- ----- 112 32 ------ 9 4 Mauna Kea

10 ---- ------- ------- ----- 1 88 12 ------ 8
---------------~-~---------

11 ---- ------- ------- 2 ----- 88 10 ------ 7 -----------~-----~---------
12 ---- ------- ------- 3 5 119 11 ------ 5 ---------------------------

J



June 13 -------- ------- ------ 102 14 ------- 3 1 Mauna Kea
14 -------- ------- ------ 82 16 ------- 6 1 off SEe shore of Hawaii
'15 -------- 2 3 89 4 ------- 4' 1 Mauna Kea
16 -------- ._------ 1 ------ 80 5 ------- 5 1 off SEe shore'of Hawaii
17 -------- ------- 2 5 65 18 ------- 11 ---------------------------
18 -------- ------- 20 123 5 ------- 3 ------------------------~--

19 -------- ------- 1 8 102 9 ------- 9 --~------------------------
20 -------- 60 3 11 III 8 -------- 3 ---------------------------
21 -------- ------- 5 3 84 5 ------- 3 --------------------~~-----

22 -------- 1 ------ 107 6 ------- 6 1 Mauna Loa; 1 west Hawaii
23 ----_._-- ? 2 ------ 117 7 ------- 11 ---------------------------
24 -------- ------- 1 445 11 ------- 15 1 Mauna Kea
25 -------- ------- ------ 623 8 ---.---- 13 1 off NW. shore of Hawaii.
~6 -------- 1 1 1 463 4 ------- 6 1 west Hawaii
27 ---- -------- I? 2 5 271 6 ------- 6 ---------------------------
28 -------- 2 4 353 6 ------- 5 ---------~---------~-------

\0 29 -------- 1 3 30 205 5 ------- 8 ------------~--------------

30 -------- ------- 7 1 70 9 ------- 14. ---------------------------



Table 4.--Local earthquakes re~orded by seis~ographs of the U.S. Geological Survey,

April, 'May, and June 1967

;Entries for a given qUak~ are: date, origin time (Hawaiian Standard Time) , magnitude, depth, epicenter, and
felt ·report. All earthquakes of magnitude 2.5·and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in'the list.

rea

Date Time Magni- Depth Epicenter Felt
(1967) tude· (kIn) Report

h m s Lat N. Long W. .Description- -

Apr. 2 13 07 44·5 1.4 1 19°19·2' 155°12.5' 6 kIn SW. of Makaopuhi ----------------
5 22 48 05·3 2.0 10 19°23.0' 155°29·0' 11 kIn NW. of Desert seismometer ----------------
6 15 57 10.8 3·2 45 19°47.7' . 155°03.0' 9 km NE. of Hila ----------------
6 22 57 08.4 4.0 25 19°23.8' 155°16.4' 3kmNW. of Ahua seismometer Island-wide
7 02 17 47·3 3·1 30 19°24·7' 155°17·7' 2 kIn SSW. of Uwekahuna Kilauea summit a
8 01 12 45·8 3·4 0 19°13.7' 155°33·5' 19 kIn NNE. of Naal.ehu ----------------
8 03 52 58.5 3·0 45 18°57·0' 155°32·7' 13 kIn SSE. of Naa'lehu ----------------

10 09 24 18.2 2.4 35 19°28.5' 155°26.8' 7kmSW. of Mauna Loa seismometer ----------------
11 04 56 29·0 2.0 10 19°21.2' 155°09·4' 2 krn SE. of Makaopuhi seismometer ----------------
11 11 34 23·8 2.0 0 19°27.7' 155°47.7' 15 km SE. of Kealakekua ----------------
13 18 06 10.0 3·5 3 19°28.0' 155°37·3' 5krnSW. of North Bay seismometer ----------------
14 04 18 30·3 2.2 13 19°22.7' 155°25.8' 6 km NW. 'of Desert seismometer ----------------
14 '·20 28 28.6 2·3 33· 19°22.2' 155,°18.4' 5 kIn wsw. of Ahua seismometer ----------------
15 23 58 46.0 2·7 10 19°20.3 1 155°30.7' 3 kIn west of Desert seismometer ----------------
16 21 15 47·6 2.2 10 19°21.0 1 155°07·1' 6 kIn ESE. of Makaopuhi seismometer ----------------

118 00 57 22·9 2.6 5 19°26.3' 155°32.0' 8 kIn SE. of North Bay seismometer ----------------
18 23 00 12.0 2.3 8 19°12.5' 155°46.9' 25 k.m NW. of Naalehu ----------------
19 00 56 46.1 2.7 10 19°22.2' 155°23.6' 4kmNNW. of Desert seismometer ----------------
19 03 23 21.6 2.0 10 19°19·8' 155°11.7' 4kmsw. of Makaopuhi seismometer ------- .. - - -------
20 16 00 14.0 3.6 8 20°04.8 1 155°51.7 1 5kInNW. of Kawaihae Kamuela
22 17 40 05.8 ·1.7 3 19°21.3' 155°20.0' 6kmNE. of D~sert seismometer -----------------
~23 07 06 43.0 2·9 40 19°16.8' 155°10.0' 4k.mNE. of Apua Point -----------------
24 00 16 28.5 3·2 6 19°31.3' 155°38.6' 7kmNW. of North Bay s~ismometer ----------------
25 09 37 52·3 3·3 8 19°10.2' 155°38.8' 14 kIn NW. of Naalehu ------- ... _-------



Apr,. 27 23 05 23.6 2.2 8 19°18.9 1 155°22.0' 4 km'SE. of Desert seismometer ----------------
28 07 .43' 17·2 2.1 8 19° 24.2" 155°28.9' 12 kIn NW. of Desert seismometer ----------------
28 07 50 01.6 2.4 10 19°24.2' 155'° 24.4' 8kInNW. of Desert seismometer ----------------
29 18 43 ·30·5 2·7 5 19°24.3' 155°23.4' 8 kIn north of Desert seismometer ----------------

, 29 18 45 31.2 2'.8 6 19°24.8' 155°22.7' 13 kIn NNE. of Desert seismometer ----------------
May 1 00 ' 34 18.1 '2.4 3 19°13.9 1 155°34.4' 19 km west of Naalehu ----------------

1 04 56 11·7 2.4, 28 19°21.9' 155°16.8' ' '2krnSW. of Ahua seismometer ----------------
1 08 13 12.8 2·3 29 19°21.3' 155°18.1' 5kmSW. of Ahua seismometer ----------------
1 14 08 10.2 2.6 0 19°22.8' 155°51.2' 5 kIn east of Hookena ----------------
1 19 40 53·3 2·7 0 19°21.3' 155°47.0' 13 kIn ESE. of Hookena ----------------
2 23 37 38.2 2.0 9 19°21.0' 155°04.9' 10 kIn ESE. of Makaopuhi se~smometer ----------------
3 19 00 33·3 4~5 8 19°22.5' 155°27.2' 8 kIn NW. of Desert seismometer Hi10, Kealakehua,

Naalehu, Kamuela,
Honokaa, Kilauea
summit area

·3 19 46 22.6 2·7 10 19°23.5' 155°27·0' 9 kIn NW. of Desert seismometer Naalehu
4 01 17 30·7 2·7 6 19°22.7' 155°27.2' 8kmNW. of Desert seismometer ----------------
4 22 22 26.6 2.2 7 ,19°22.8' 155°28.9' 11 k.m NW. of Desert seismometer -----------------

J-I 5 19 42 53·2 2·9 3 19°31.8' 155°48.5 1 12 kIn ENE. of Kealakekua ----------------.......
6 17 08 45.0 2.0 3 19°54.0' 155°21.0' 2k.mSW. of Keanakolu ----------------

11 20 37 46.1 2·5 0 19°24.3' 155°55.1' 13 km south of Kealakekua ---------------,..
13 16 05 08.2 3·3 13 19°24.2' 155°27.2' 10 km NW. of Desert seismometer Naalehu, Kilauea'

summit area
15 01 27 49·7 2.4 8 19°24.7' 155°25.0' 9 kIn NNW.' of Desert seismometer Naa1epu
16 ,,08 05 15.4 2·7 3 20°16.0' 155~53·6' Near Up01u Point ----------------
16 10 59 49.3 2.6 1 19°23.4' 155°03·9' 12 kIn ENE. of Makaopuhi seismometer ----------_ ... _---
17 02 07 50 ..1 2.0 5 19°26.8' 155°24.0' 5 kIn south of Mauna Loa seismometer --------------~-

17 08 06 30·7 2.0 0 19°31.8' 155°47.8' 13 kIn ENE. of Kealakekua ----------------
18 03 04 19·3 2.2 8 19°03·5' 155°23·7' 20 km east of Naalehu ----------------
19 01 07 36.8 3·2 13 20°40' 155°47' 45 kIn north of Upo1u Point ----------------
19 03 52 48.1 2.5 8 19°23.0' 155° 24.2' 5kmNW. of Desert seismometer Naalehu
20 07 21 13·2 2.4 8 19°05.7' 155°26.2' 6 k.m SSE. of Palima Point ----------------
20 18 27 47·2 ,3·1 10 19°21.6' 155°08·3' 4 kIn east of Makaopuhi seismometer ----------------
21 16 55 ,38.0 3·4 45 19°23.0' 154°49·3' 15 km south of Cape Kumukahi Kilauea summit

area, Hila
22 03 46 08.5 2.2 8 19°17.9' 155°15.4' 8 km south of Ahua seismometer ----------------



Table 4.--Local earthquakes recorded by seismograEhs of the U.S. Geological Survey~

April, May, and June 1967~-Continued

aa

reo.

Date Tim~ Magnf~l Depth Epicenter Felt
(1967) tude> (kIn) Report'

h m s Lat N. Long W. Description--

May, 22 20
~~

38.2 2.4 8 190 25.2' t~~:~i:~:
10 kIn NNW. of Desert seismometer" ----------------23 21 56.7 2·5 5 19°21.3' -bkIn~SW-~'-of'Hooke-na"

. ----------------
24 07 42 53·9 2·5 5 19°29·5' 155°57.0" 5kmSW. of Kealakekua ----------------
24 12 '28 26.8 2.6, 0 19°52.4 1 155°23·5' 10 km NE. of Mauna Kea summit Paauilo
24 12 49 4-3.5 3·2 0 19°55·3' 155°20.1' 1 km north 'of Keanako1u ----------------
24 13 09 25·9 3·0 0 19°52.8' 155°22.0~ 5kmSW. of Keanakolu Laupahoehoe,

Paauilo, Hanak
24 13 34 32.0 3··2 10 20°04.5' .155° 23.2' 5kmNW. of Paauilo ----------------
25 01 29' ,38.0 3·0 . 13 20°10.0· 1'55c:'23.0' 14.;.1/2 kIn NNW. of Paauilo Paauhau

,25 01 33 17·5 2·7 13 20°02.1' 155°23.5' 2 km west of Paauilo Laupahoehoe
25 06 15 40.7 2.6 5 19°18·5' 155°24.0' 3kmSW. of Desert seismometer ----------------
25 00 50 29·1 2.2 0' 19°50.0' 155°14.4' 14 kIn'SW. of Hakalau ----------------
26 05 .47 28.4 3.4 7 19°59·8' 155°24.6' 6-1/2 km SW. of Paauilo Koha1a
26 10 32 07·0 2.1 0 19°53.8' 155°23.0' 5-1/2 kIn SW •. of Keanakolu ----------------
27 20 09 17.4 2.0 28 19°22.4~ 155°17.8' 4 kIn west of Ahua seismometer ----------------
28 06 53 31.2 1·9 5 19°27.7' 155°25.5' 5 km SW. of Mauna Loa ----------------
28 15 36 47·4 2.0 5 19°26.1' 155°38.8' 10,km SW. of North Bay seismometer ----------------
28 23 41 42.9 2·7 10 19°49.0' 155°30·7' 4 k.m wsw.· of Mauna Kea summit ----------------
29 02 05 '16.2 2.2 6 19°19.6' 155°13.8' 6 kIn SE. of Ahua seismometer ----------------
31 03 15 23·2 2.8 40 19°17.8' 154°43.0' 27 km SSE. of Cape Kumukahi

------------~---

31 1.7 44 14.0 2.6 0 19°52.9' 155° 2Q. 91. 4kmsw. of Keanakolu ----------------
31 20 07 37·9 2.6 40 19°05·9' 155°22·9' 9 kIn SEe of Palima Point -----------------

June 1 11 36 57·5 2.8 8 19°21' 156°17' 44 kIn WNW. of Upolu Point ----------------
4 05 38 14.9 2~5 8 19°57·6' 155°19.2' 5 kIn NE. of Keanakolu ----------------
7 09 02 42.0 2.1 4 ' 19°~3.5' 155°24.0' 6 kIn north of Desert seismometer ----------------
7 09 34 15.5 2.2 6 19°22.0' 154°52.9' 10 km ENE. of Kalapana ----------------
7 17 42 00·3 2.2 0 19°.52.3' 155°23·3' 7kmSW. of Keanakolu ----------------
8 13 27 57·5 2·5 29 19°20.9' 155°19.0' 6kmsw. of Ahua seismometer Kilauea summit a



June 9 00· 34 24.6 2·9 10 19°58.1' 155°23.1' 8kmNW. of Keanakolu ----------------
9 03 10 05.7 3·4 7 19°57.2' 155°23·8' 8kmNW. of Keanakolu Hila, Honokaa
9 04 15 54.4 2.4 0 19°53.3' 155°22.8' 5krnSW. of Keanakolu ----------------
9 10 22 18.4 ,.1 7 20°01.8' 155°22·3' 1krnSW. of Paauilo Paauilo, Honokaa

12 11 09 42·5 . 2.0 9 19°19.3' l.55°16·7' 6kmsw. of Ahua seismometer ----------------
12 17 03 05·9 2.0 5 19°23.7' 155°24.5' . 7kmNW. of Desert seismometer --------~-------

13 14 50 53·7· 3·6 5 19°55.8' 155°23.5' 6kmWNW. of Keanakolu Kamuela, Honokaa,
Laupahoehoe, Hila

14 02 .31 56.9 2·9. 50 19°07·8' 155°14.0' 15 kIn SSW. of'Apua Point ----------------
14 17 24 25.8 2.4 40 19°06.3' 155°23·3' 8 km SE. of· Pa1ima Point ----------------
15 01 38 36.0 2.. 1 29 19°21.6' 155°18.7' 5 k.m SW. of Ahua seismometer -.--------------
15 16 05 16.6 2·9 0 19.°54.8' 155°22.9' 5 km west of Keanakolu ----------------
16 13 40 30·3 3·? 8 18°58.3' 154-°59.5' 38 km SEe of Apua Point -----------------
17 23 10· 52.8 2.0 6 19°23.5 '. 155°25'-5' 7 kIn NW. of Desert seismometer ----------------
.20 14 08 57·9 2.4 29 19°21.9' 155°18.2' 4 krn wsw. of Ahua seismometer ----------------
2l 17 02 57·0 3.4 45 19°25.3' 155°00.0' 10 km SW. of Pahoa ----------------
22 00 50 36.7 2.4 o. 19°28.8' 155°46.8' 16 kIn SEe of Kea1~ekua ----------------

t-:-' 22 01 58 24.6 2·9 10 19°10.5' 155°43.1' 18 kIn NW. of Naalehua -._------------~

\.>J 23 23 01 18.0 2·7 29 19°22.8' 155°15·7' lkmNE. of Ahua seismometer -----~------~---

24 07 42 05·5 3·2 8 19°52.0' 155°34.8' 8 krn ENE. of 'Waikii Hila
25 08 35 21·5 2·7 8 20°05' 156°14' 40 km west of Kawaihae Kilauea summit area
26 22 20 13·2 2.6 3 19°18.8' 155°59·4' 13 kIn SW. of Hookena ----------------
27 12 zr 44.0 2.0 8 19°19·0' 155°00.2' 5krnSW. of Kalapana -------~--------

28 20 18 35.4 2·5 10 19°07.8' 155°28.6' 14 kIn NE. of Naalehu ----------------
30 06 23 46.0 2.4 5 19°12.3' 155°00.3 1 17 kIn SSW. of Ka1apana -----------~----

30 ~2 51 54 .. 1 3·1 .25 190 22.7' 155°17.8' . 3 kIn west of Ahua seismometer Pahala, Kilauea
summit area
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Tilting of the ground around Kilauea Caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a' short-base water-tube tiltmeter at Uwekahuna (table 1), and
at irregular intervals it is measured on a regional scale by means of a
network of field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north-south and east~west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at that
station were begun. Increasing tilt coordinates correspond to northward

,and eastward tilting of the earth's surface; that is, to a relative
subsidence toward the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per kIn) in the direction
indicated.

Location of and essential data on each tiltmeter station are listed
in table 6, which is published only in the first quarter issue each year.

Table l.--Tilt coordinates at Uwekahuna

July, August, and September 1967

Date Date
(1967) N-S E-W (1967) N-S E-W

July 2 545 427 Aug. 20 545 426
9 548 428 27 549 426

16 548 426 Sept. j 3 549 423
23 548 426 10 553 420
30 548 427 17 558 413

Aug. 6 549 422 24 559 413
13' 547 419

1



EXPLANATION

~ECEH3:::EH:t0====:::E====:iIO====:::Jlr Miles

• Seismograph Station

c Town or locality

25 Kilometers
I

Contour interval 1,000 feet
Datum is mean sea level

Topography by US Geolagicol Survey
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C'0OO c ~
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D

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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3d Quarter, 1967

Table 2.--Tilt coordinates and changes at bases around Kilauea Caldera

(See fig. 2)

IRate (10-6 rad/mo) Date of
. Tilt base Date Tilt coordinates and direction of last
(location) (1967) tilting since reading

N-S E-W lFtst reading (1967)

Uwekahuna Sept. 5 583.4 414.3 5·76 N. 23.0° w. June 5
(U. on fig. 2)

Tree Molds (TM) 7 471.7 502.8 2.6 N. 9.0° w. 7

Sand Spit (SS) 6 898.5 713·4 6.4 S. 40.5° E. 7

Keamoku (Kea) 5 551·5 383.9 7·29 N. 45.7° w. 6

Ahua Kamokukolau 6 420.1 565.4 12.6 s. 17.8° E .. 5
(Kam)

Kip:uka Nene (KN) 7 302.2 309.8 0.8 S. 44.5° E. 8

Hilina Pa1i (HP) Not read this epoch

Kapapa1a Ranch 5 496.5 508.5 0.8 N. 40·9° E. 6
(Kap)

Mehena (M) 6 563.0 573·2 1·75 N. 58.7° E. 7

3
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Figure 2.--Tilting of the ground around Kilauea Caldera between
June 6 and September 6, 1967. The vector depicting tilting at a
given tilt base points in the direction of maximum relative
subsidence and has a length proportional to the rate of tilting
during the measurement interval. Closed circles represent field
tilt basesj open circles·,. short-base water-tube tiltmeters. See
table 2 for explanation of abbreviations.
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Seismic summary

Ev~nts recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: Local earthquakes and tremor
originating in the region of the Hawaiian Islands (usually within
100 km of at least one seismograph), and distant earthquakes originating
more than ,,000 km from Hawaii .. As an index of seismic activity at
Hawaiian volcanoes, daily counts of earthquakes and minutes of tremor
recorded by seismographs in Hawaii are listed in table 3. The
earthquakes are separated in groups on the basis of region of origin
as determined by analysis of records obtained daily at the Observatory
(U, M, M(2), A, D, N, WP, MP, K, 0). Earthquakes of magnitude 2.0
or greater are generally sufficiently well recorded to be located
with greater precision; they are listed individually in table 4.

Location of and essential data on each seismograph station are
listed in table 5, which is published only in the first quarter
issue each year.
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Table 3. --Nwnber 0 f earthquakes and minutes of tremor recorded on seismographs around Kilauea Calder~.

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative amplitudcf:
on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km earthquakes from a source about 30 km beneath the Kilauea
summit region; long-period, earthquakes characterized by low-frequency waves that originate about 5 kIn beneath
Kilauea summit; and shallow earthquakes in the Kilauea Caldera region; shallow earthquakes along the SW. rift
zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift
zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from 'other regions: west Hawaii,
Mauna Kea, etc. .

aii

Tremor Earthquakes
Date (minutes) Kilauea summit sw. rift Eastern Upper(1967)

Inter- Long and east east Koae Others
Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

July 1 ---- ------- ------- 11 ------ 167 40 ------- 6 3 1 Mauna Kea
2 ---- ------- 1 1 ------ 163 34 ------- 5 6' 2 off SEe shore of Haw

3 ---- ------- ------- 8 5 84 48 ------- 6 2 -~-~------------------

4 ---- ------- ------- 1 2 118 56 ------- 4+ 4 ----------------------
5 ---- ------- ------- 2 2 107 46 ------- 8 8 ----------------------
6 ---- ------- ------- 2 9 92 26 ------- 8 6 1 Koha1a

7 ---- ------- ------- ----- 11 53 27 ------- 2 3 ----------------------
8 2 ------- ------- ---- 2 83 35 ------- 10 6 1 Kohala

9 ---- ------- ------- ---- ------ 80 73 ------- 4 4 -----~----------------

10 2 ------- 1 1 6 73 32 1 8+ 5 ----------------------
11 ---- ------- ------- ---- 5 57 17 ------- 10 8 1 Mauna Loa
12 ---- ------- ------- 1 4 30 23 ------- 11 8 1 'west Hawaii

13 ---- ------- ------- 1 4 75 28 ------- 10 4 -----------~----------

14 ---- ------- 4 1 ------ 35 16 ------- 10 5 ----------------------



July 15 29 '. 3 1 43 20 14 4· 1 off west shore of Hawaii------- ------- -------
16 ------- ------- 1 ------ 50 16 ------- 12 ------------------~--~

17 ------- ------- 1 4 47 14 ------- 11 2 ----------------------
18 ------- ------- 1 ------ 40 ? ------- 8 3 ----------------------
19 ------- ------- 1 ------- 67 7 ------- 10 4 ----------------------
20 1 ------- ------ 67 ? ------- 2 off west shore of Hawaii
21 60 ------- 1 38 3+ ------- 2 ----------------------
22 60 ------- 4 43 8+ ------- 1 ----------------------
23 ------- ------- 4 65 30 ------- 10 8 1 'Mauna Kea
24 ------- 2 1 17 65 17 ------- 16 4 ----------------------
25 ------- ------- 6 42 37 ------- 7 6 1 west Hawaii
26 ------- 10 3 17 45 14 ------- 11 1 ----------------------
27 ------- ------- 4 52 13 ------- 5 11 ----------------------
28 2 ------- ------ 51 6 '1 10 2 ----------------------
'29 9 ------- 2 94 16 ------- 8 8 1 Mauna Loa
30 -------- ------- 4 24 95 7 2 6 5 1 Mauna Loa; 1 off west

shore of Hawaii; 1
-J west Hawaii

31 --------- ------- 12 ------ 104 7 ------- 6 9 1 Mauna Loa
Aug. 1 ------- ------- 4 10 102 11 ------- 12 3 ----------------------

2 ------- ------- 2+ ------ 60+ 5+ ------- 3+ ? ----------------------
3 ------- elect ica1 torm 1 ----------------------
4 15 ------- 10 2 94 16 1 6 1 ---~------------------

5 ------- ------- ------ 83 6 ------- 4 11 ----------------------
6 14 ------- 2 ------ 58 7 ------- 5 ----------------------
7 ------- ------- 2+ 9+ 70+ 7+ ------- 7+ ----------------------
8 ------- ------- 5+ 63+ 3 ------- 6 ----------------------
9 ------- ------- 1 ------ 150 3 1 11 3 ~---------------------

10 ------- ------- 2 148 2 ------- 16 2 ------------------~---

11 52 ------- ------ 96 9 ------- 14 3 1 west Hawaii
12 ------- ------- ------ 141 12 ------- 17 2 ----------------------
13 9 ------- 3 1 148 6 ------- 9 5 1 west Hawaii
14 ------- ------- 4 ------ 92 7 ------- 12 6 4 Mauna Kea

1 west Hawaii



Table 3.--Number 0 f earthquakes and minutes of tremor recorded on seismographs around- Kilauea Caldera--Continued

Tremor Earthquakes
Date (minutes) Kilauea summit-

(1967) sw. rift Eastern Upper
Inter- Long and -east east Koae Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Aug. 15_ ---- -------- ------- ----- ------ 113 4 ------- 14 ---- 2 Mauna Kea
1 west Hawaii

16 ---- -------- ------- ----- ------ 91 6 ------- 6 2 2 Mauna Loa
1 Mauna Kea

17 ---- -------- ------- ----- 1 65 3 ------- 7 1 5 Mauna Kea
1 west Hawaii

18 --~- -------- ------- 4 ------ 65 8 ------~ 13 4 5 Mauna Kea
19 ---- 3 ------- 3 ------ 63 3 ------- 16 2 3 Mauna Kea; 1 west

Hawaii; 1 off west
shore of Hawaii

20 34 9 ------- ----- ------ 67 4 ------- 6 1 1 Mauna Kea
21 ---- -------- ------- 1 3 46 10 ------- 8 ---- ----------------------
22 ---- -------- ------- ----- ------ 39 5 ------- 9 ---- I Mauna Kea

1 Mauna Loa
23 ---- -------- ------- 2 ------ 5-5 5 ------- 17 ---- ----------------------
24 ---- -------- ------- 2 ------ 39 17 ------- 14 1 ----------------------
25 ---- -------- ------- ----- ------ 31 4 ------- 12 4 ----------------------
26 ---- -------- ------- 1 ------ 31 6 ------- 11 ---- 1 Mauna Kea
27 ---- -------- ------- 1 ------ 39 5 ------- 23 5 ----------------------
28 ---- 6 ------- ----- 3 79 10 ------- 9 7 ----------------------
29 ---- -------- ------- 2 ------ 58 11 ------- 10 7 ----------------------
30 ---- -------- ------- ----- 1 72 35 ------- 7 6 1 Mauna Loa
31 ---- -------- -------- 2 ------ 66 62 ------- 8 2 1 Koha1a

Sept. 1 ---- -------- ------- 6 ------ 69 36 ------- 20 4 ----------------------
2 ? -------- ------- 3 ------ ~55 51 ------- 7 1 ----------------------
3 ---- -------- ------- 4 ------ III 67 ------- 14 2 1 west Hawaii
4 --~- -------- ------- 3 ------- 120 79 ------- 11 12 ----------------------



Sept. 5 -------- ------- 1 ------ 108 51 ------- 18 5 1 Mauna Kea; 1 off
south shore of Hawaii

6 31 -------- ------- 2 ------ 100 79 ------- 7 7 ----------------------
7 -------- ------- 20 10 57 88 ------- 16 8 1 Mauna Kea
8 26 ------- 3 32 80 63 ------- 12 7 1 west Hawaii
9 9 -------- ------- 3 42 25 92 ------- 9 3 ----------------------

10 -------- ------- 5 119 37+ ------- 22 8 ----------------------
11 -------- ------- 6 ------ 109 140 ------- 6 1 west Hawaii
12 -------- ------- 1 ------ 147 101 ------- 3 5 ----------------------
13 -------- ------- 2 ------ 131 144 ------- 5 3 1 west Hawaii
14 -------- ------- 1 9 177 63 ------- 14 6 1 west Hawaii
15 -------- ------- 22 159 94 ------- 4 3 -----~----------------
16 -------- 9 18 196+ 150+ ------- 11 8 1 west Hawaii

-;1-1 -------- ------- 1 164 56 ------- 11 3 1 west Hawaii
1 Mauna Kea

18 -------- ------- 3 1 97 38 ------- 7 12 ----------------------
19 -------- ------- 1 ------ 128 56 ------- 20 7 ----------------------

\.0 20 -------- ------- 12 4 138 76 ------- 16 2 ----------------------
21 10 -------- ------- 1 11 192 55 ------- 11 5 1 west Hawaii
22 -------- ------- 7 4 204 60 ------- 8 6 1 west Hawaii
23 -------- ------- 5 18 318 97 ------- 16 7 1 Mauna Kea

1 west Hawaii
24 -------- ------- 21+ ------ 529 70+ ------- 31+ ----------------------
25 ~------- ------- 3 4 326 63 1 18 16 1 west Hawaii; 1 off

west shore of Hawaiij
1 Mauna Kea

26 6 ------- 4 ------ 178 50 1 18 13 ----------------------
27 -------- ------- 2 ------ 221 54 ------- 27 3 1 Mauna Loa
28 -------- ------- 3 93+ 190 71 ------- 16 4 2 Mauna Kea
29 -------- ------- 8 17+ 212 41 ------- 12 2 1 Mauna Loa'
30 -------- ------- 16 3 203 49 ------- 12 14 ----------------------



I-Jo

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

July, August, and September 19~7

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, epicenter, and
felt report. All e~rthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or near the island of Hawaii are included in the list.

Date Time Magni- Depth Epicenter Felt
(1967) tude (kIn) Report

n m s Lat N. Long W. Description

July 1 05 03 49·5 4.2 25 19°27.2' 155°12.8' 9 kIn ENE. of Uwekahuna seismometer Island-wide
1 05 34 33·1 2.0 20 19°26.9' 155°14.2' 7 km ENE." of Uwekahuna seismometer -----------------
1 10 22 23·7 2.4 8 19°18.6' 155°16.0' 7 km south of Ahua seismometer -----------------
1 12 33 08·7 2.8 13 19°52.1' 155°28.4' 15 km wsw. of Keanakolu -----------------
1 22 29 13·0 2.0 27 19°24.6' 155°17·5' 2 kIn SE. of Uwekahuna seismometer -----------------
2 09 29 19·1 3·7 25 18°55.9' 155°22.0' 28 kIn SEe of Naalehu -----------------
2 12 11 17·4 2.6 25 18°56.4' 155°21.3' 28 km SEe of Naalehu ----------~------

2 15 14 59·2 3·5 9 19°22.0' 155°23.9' 4 k.m NNW. of Desert seismometer -----------------
2 17 11 46.1 2.8 4 ,19°21.0' 155°30.5' 13 kIn~. of Desert seismometer -----------------
3 16 12 12·3 2·7 27 19°24.3' 155°17.1' 2 kIn SE. of Uwekahuna seismometer --------------~--

5 02 51 10·9 4.1 8 19°23·2' 155°.26.7' 8k.mNW. of Desert seismometer --------------~--

5 18 58 12.0 2.4 6 19°23.0' 155°27.2' 9kmNW. of Desert seismometer -----------------
6 14 59 04.0 3·5 13 20°21.7' 155°50'.0' 14 k.m north of Hawi . -----------------
7 00 37 14.7 2.4 8 19°18.l f 155°12.5' 5 kIn west of Kealakomo seismometer -------~---------

8 18 46 08.6 2·9 45 20°10.6' 155°49·4' 7 km SSE. of Hawi -----------------
9 17 14 17·5 3·0 20 19°33·9' 155°17·9' 12 kIn NE. of ~una Loa seismometer Kilauea summit

area, Mt. View
9 21 18 43·6 2.6 8 19°25.8' 155°26.9' 12 kIn NW. of Desert seismometer Pahala
9 22 46 13.4 1.8 8 19°20·3' 155°22.5' 2 km east of Desert seismometer -----------------

11 16 54 23.8 3·2 2 19°27.5 1 155°37.3 1 6k.msw. of North Bay seismometer Mauna Loa summit
12 18 10 27·7 2·5 8 19°29·6' 155°52.7', 5 krn BE. of Kealakekua -----------------
13 17 27 53.6 2·9 9 19°22.0' 155°26.0' 5k.mNW. of Desert seismometer -----------------
13 21 39 13·4 2.1 26 19°22.8' 155°17·7' 5 kIn south of Uwekahuna seismomete! -----------------



July 14 04 41 57·5 2.0 34 19°22.3 1 155°11.2 1 5 kIn south of Uwekahuna seismometer -----------------
15 22 03 29.4 2.8 20 19°41.1 1 156°09·7' 38 km NW. of Kealakekua ------------------
20 15 09 06.1 2.8 20 19°41.1 1 156°09.7 1 38 km NW. of Kealakekua -----------------
20 23 19 02·3 3·1 8 18°41 1 156°39 1 112 km SW. of·Kea1akekua -----------------
21 21 34 27·0 3·2 8 19°21.7' 155°25.7 1 5kmNW. of Desert seismometer -----------------
22 04 05 02.4 2.0 3 19°25·8' 155°04.2 1 14 kIn ENE. of Makaopuhi -----------------

seismometer
22 04 30 25.5 2·3 9 19°24.9' 155°23.6 1 9 km north of Desert seismometer ---------~-------

23 17 54 50.1 2·1 13 19°59.2 1 155° 35.2 1 13 km SEe of Kamuela -----------------
25 05 39 48.2 2.2 8 19°25.8 1 155°01.0 1 10 km SW. of Pahoa ------~----------

25' 09 23 24.4 2·5 3 19°22.4 1 155°47.2 1 22 km SE. of Kealakekua ---------~~------

25 23 17 05·5 2.0 8 19°18.0 1 155°23.2' 4 km south of Desert seismometer -----------------
26 04 32 00·5 2.2 8 19°18.0 1 155°23.2 1 4 km south of Desert seismometer -----------------
27 01 50 26.9 2.3 28 19°i6.6' 155°30.7' 15 km WSW. of Desert seismometer -----------------
21 11 44 44.8 2.0 6 19°17.3 1 155°14.9 1 10 kIn SSE. of Ahua seismometer -----------------

.28 22 02 18.7 2.2 8 19°21.1 155°13.3' 5 km ESE. of Ahua seismometer -----------------
29 08 43 06.3 2.8 10 19°30.7' 155°42.2' 13 ~ WNW. of North Bay : -----------------

~
seismometer

I-' 30 oc; 20 17·5 2·7 15 19°30.5' 155°35.0' 2 km north of North Bay seismometer -----------------
/

30 16 48 38.2 3·0 13 19°41' 157°18' ll:.8 km west of Keahole Point -----------------
30 17 51 13·3 2.2 8 19°23.0' 155°03.1 1 13 kIn ENE. of Makaopuhi seismometer -----------------
30 18 53 21.1 2·7 3 19°26.2' 155°48.6' 15 kIn SE. of Kealakekua -----------------
31 21 45 06.2- 2.5 10 19°08.0 1 155°40.8 1 13 kIn NW. of Naalehu -----------------

Aug. 1 16 06 02.2 2.6 29 19°22.2' 155°16.6 1 6 kIn SEe of Uwekahuna' seismometer -----------------
1 18 17 33.8 2.2 8 19°17.6 1 155°10.7 1 8kInsw. of Kealakomo seismometer -----------------
1 18 18 02.8 2.0 5 19°22.0' 155°09.5 1 2 kIn east of Makaopuhi seismometer ------~----------

1 18 56 48.2 2.8 25 19°20.4' 155°13.8 1 5 kIn SE. of Ahua seismometer -----------------
1 19 45 53.8 2.2 7 19°25.0 1 155°25.2' 9 kIn NNW. of Desert seismometer -----------------
2 01 21 17·1 2.0 7 19°22.1' 155°27·6' 8kmWNW. of Desert seismometer -----------------
2 05 17 54·7 2.6 5 19°20.0' 155°01..5' 15 kIn ENE. of Kealakomo seismometer -----------------
3 19 29 09·8 3·3 7 19°13.6 1 155°35·7' 18 krn north of Naalehu Naalehu

4 11 33 28.1 2.6 26 19°24·7' 155°19.0 1 3 kIn wsw. of Uwekahuna seismometer ------~----------

4 17 40 26.9 2.4 8 19°22.2 1 155°26·9' 7kmNW. of Desert seismometer -----------------
5 05 51 51.2 3·2 26 19°23·6' 155°16.9' 3 k.m SSE. of Uwekahuna seismometer -----------------

5 21 13 13·0 2·3 8 19°22.0' 155,°26.8 ' 7kmWNW. of Desert seismometer -----------------



Table 4.~-Local earthquakes recorded by seismographs of the u.s. Geological-Survey,

July, August, and September 1967--Continued

Date Time Magni- Depth Epicenter Felt
(1967) tude (kIn) Report·

h m s Lat N. Long W. Descrip.tion-

Aug. 7 01 44 48.5 2.6 29 19°22.9' 155°18.8' 5 kIn SW. of Uwekahuna seismometer -----------------
7 19 46 01.6 2.4 9 19°19.0' 155°12·7' 6kmWNW. of Kealakomo seismometer -------~---------

11 19 43 19·5 2·9 13 19°45.0' 155°55.0' 15 kIn NNW. of Kailua -----------------
12 09 18 -14·7 2·5 40 19°17.3' 154°50.2' 25 kInSE. of Pahoa -----------------
13 06 22 50·3 2.8 8 19°47·9' 156°05.0' 20 km NNW. of Kailua -----------------
14 06 06 24.3 2·9 8 19°59.2' 155°21~8' 13 km west of Laupahoehoe -----------------
14 09 05 06.1 3·0 8 19°49.2' 156°02.0' 20 kIn NNW. of Kailua -----------------
14 18 26 05·9 2.1 shallow 19°17.7' 155°30.3' 13 kIn wsw. of Desert seismometer -----------------
14 18 27 07·7 2.0 35 19°18·9' 155°08·7' 2 kIn ENE. of .Kea'lakomo- seismometer -----------------
14 19 23 32.8 4.0 8 19°58.4' 155°23.5' 16 kIn WSW. of Laupahoehoe Hilo, Paauilo,

Honokaa, Kilauea
summit area

14 19 44 35·8 3·2 8 19°59.4' 155°21.9' 13 kIn west of Laupahoehoe Paauilo
14 22 52 27·2 2·5 5 19°56.5' 155°24.0' 18 kIn WSW. of Laupahoehoe -----------------
15 01 02 05.8 2.0 26 ,19° 33 ·3' 155°08.2' 3kmWNW. of Mt. View -----------------
15 06 05 05.6 2.8 6 19°57.3' 155°23.0' 15 kIn WSW. of Laupahoehoe -----------------
15 08 17 40.5 2.4 8 19°59.8' 155°21.6' 12 kIn west of Laupahoehoe -----------------
15 14 53 43·5 2.2 3 19°27.4' 155°42.3' 24 kIn ESE. of Kealakekua -----------------
16 12 25 45.7 2·5 6 19°11.4' 155°40.4' 17k.mNW. of Naalehu· -----------------
16 21 45 39·9 2·5 13 19°28.7' 155°32.8' 4 kIn SEe of North Bay seismometer -----------------
16 23 05 17·4 2.2 3 19°55.0' 155°24.2' 19 kIn wsw. of Laupahoehoe -----------------
17 01 26 56.7 2.8 8 19°23.7' 155°25.7' 7 kIn NNW. of Desert seismometer Pahala
17 02 22 34.0 2.2 8 19°58.7' 155°23.6' 16 kIn west of Laupahoehoe' -----------------
17 18 08 28.2 2·5 8 19°58.3' 155°23.4' 16 kIn west of Laupahoehoe -----------------
17 18 19 07·9 2.6 8 19°57.4' 155°23.2' 16 kIn WSW. of Laupahoehoe -------------~---

17 19 33 12·3 2·5 3 19°20.4' 155°49.8' 8kmSE. of Hookena -----------~-----

17 20 41 21·7 3·9 9 19°59·1' 155°22.5'" 14 km west of Laupahoehoe Laupahoehoe,
Paauilo, Honokaa,
Pahala, Kilauea
summit area



Aug. 17 20 44 01·5 3·2 9 20°00.3' 155°21.5' 13 km west of Laupahoehoe ------------------
18 06' 54 45.1 2·3 9 19°58.7 1 155°23.6 1 16 km west of Laupahoehoe ------------------
18 11 51 14.5 2.0 6 19°23.1 1 155°24.6 1 6 k.m NNW. of Desert seismometer ------------------
18 15 09 01·5 2·7 9 19°59.0' 155°22.4 1 13 kIn west of Laupahoehoe ------------------
18 15 12 32.4' 3·2 3 19°58.8' 155°21.8' 12 km west of Laupahoehoe ------------------
18 15 45 02.6 '2.4 8 19°58.4' 155°21.5 1 12 kIn west of Laupahoehoe ------------------
18 16 07 39.4 '·3 3 19°55·9' 155°23.4- 1 16 kIn wsw. of Laupahoe,hoe ------------------
18 17 12 37·9 2·3 26 19°22.0 1 155°17·5' 6 kIn south of Uwekahuna seismometer ------------------
19 04 59 26.5 2·3 8 19°58.0' 155°23·0' 15 kIn WSW. of Laupahoehoe ------------------
19 . 05 08 16.9 3·3 13 19°37 1 157°42' 187 km west of Kealakekua ---------_._-------
19 06 14 43·7 2·7 8 19°59.9 1 155°19·3' 8 kIn west of Laupahoehoe ------------------
19 07 23 19·0 2.0 8 19°57·6' 155°23.1' 15 kIn wsw. of ~upahoehoe ------------------
19 10 34 08.4 2.0 25 19°22.0 1 155°17.3 1 6 k.m south of Uwekahuna 'seismometer ------------------
19 16 40 37·3 2·5 3 19°36.4' 155°44.8 1 20 kIn NE.ofl,Kealakekua ------------------
20 01 17 17·5 2.4 8 19°58.8' 155°20.5 1 10 km west of Laupahoehoe ------------------
21 22 02 58.3 3.4 8 19°09.1' 155°31.5' 12 kIn NE. of Naalehu Naalehu
22 01 38 16.8 2.1 3 19°58.3 1 155°21.3 1 12 kIn WSW. of Laupahoehoe ------------------
22 07 02 41.0 2.0 8 19°24.0' 155°03.4' 14 kIn ENE. of Makaopuhi seismometer ------------------

I---J 22 08 31 26.1 2.2 8 19°15.8 1 155°35.0 1 22 kIn north of Naalehu ------------------\.N

23 02 16 34.2 2.4 13 19°59.6 1 155°22.5 1 14 kIn west 'of Laupahoehoe ------------------
23 17 00 37.8 2.6 7 19°07.3 1 155°32.2' 9krnNE. of Naalehu ------------------
24 04 37 53·3 2.0 8 19°26.0' 155°27.5' 13 kIn NW. of Desert seismometer ------------------
25 08 40 08·7 2·7 6 19°09.0 1 155°34.2 1 10 kIn NNE. of Naalehu ------------------
25 09 28 10·9 2.0 6 19°09.0' 155°35'.5 ' 10 krn north of Naalehu --'----------------
26 05 47 25·5 2.8 7 19°08.7' 155°34.4' 9 krn NNE. of Naalehu ------------------
26 09 29 20.4 2·9 8 19°59·8' 155°21.9 1 12 kIn west of Laupahoehoe ------------------
26 23 38 42.7 2.2 3 19°23.3' 155°02.7' 15 kIn SW. of Pahoa ------------------
27 00 13 52.1 2·7 8 19°22.7' 155°06.5' 7 kIn east of Makaopuhi seismometer ------------------
27 07 46 19·2 3·5 8 19°18.8' 155°13.8 1 8 kIn sw. of Makaopuhi seismometer Kilauea summit area
29 18 20 36.6 2.7 8 19°18.8' 155°13·7' 8kmSW. of Makaopuhi seismometer ------------------
30 09 26 02·5 2.8 8 19°10.5' 155°40.9' 16 kIn NW. of Naalehu ------------------
30 18 00 41.2 2.1 8 19°19.5' 155°13.5' 7 kIn SW. of Makaopuhi seismometer ------------------
31 03 32 20.1 2·7 7 19°21.0' 155°23.2' 2 kIn north of Desert seismometer ------------------
31 04 32 46.8 2.2 7 19°08.0' 155°05.2' 20 km SEe of Kea1akomo seismometer ------------------
31 07 56 23·5 3·2 9 19°19.5 ' 155° 25 .0' 3 kIn SW. Desert seismometer Naalehu



Table 4.--~ocal earthqUakes recorded by seismographs of the U.S. Geological Survey,

July, August, and September 1967--Continu~d

a

Date. Time Magni- Depth Epicenter Felt
(1967) ,- tude (kIn) Report

h m s Lat N. Long W. Description- -

Aug. 31 08 41 40.3 2.0 9 19°20.5' 155°24.6' 3 km west of Desert seismometer ------------------
31 13 18 26.7 2·3 9 19°19·0' 155°24.0' 3kmSW. of Desert seismometer ------------------
31 14 04 06.8 2·9 30 19°56.8' 156°02.0' 23 km SW. of Kawaihae ------------------

Sept. 1 13 08 57·5 2.0 5 19°23.2' 155°18.0' 4 kIn SSW. of Uwekahuna seismometer ---------~--------
1 22 52 03·3 2.2 5 19°22.4' 155°28.7' 10 km NW. of Desert seismometer ------------------
2 09 33 52.1 3·3 30 19°21.9 1 155°16 .. 3 ' lkmSW. of Ahua seismometer Kilauea summit :are
3 03 24 22.0 2.2 9 19°19.8 1 155°13.2' 6kmsw. of Makaopuhi seismometer ------------------
3 15 39 08.3 2.8 3 19°20.1' 155°46.2' 14 km SEe of Hookena ------------------
3 21 22 53·5 2.1 9 19°18.3' 155°13.8' 8k.msw. of Makaopuhi seismometer ------------------
4 06 10 47.8 2.2 30 19°22.0' 155°16.6' 2 kIn WSW. of Ahua seismometer ------------------
4 07 51 19·2 2.5 5 19°21.8' 155°04·9' 10 km east of Makaopuhi seismometer ------------------
5 01 22 41.0 2.9 13 18°25' 155°26' 72 km SSE. of Naalehu ------------------
5 03 33 16.6 2.4 8 19°53.6' 155°28.2' 26 km wsw. of Laupahoehoe ------------------
6 17 41 55.0 2.4 5 19°15·9' 155°24.2' 8 kIn ssw. of Desert seismometer ------------------
6 19 11 05·9 3·1 30 ~9°17.9' 155°18.4' 10 km SEe of Desert seismometer Pahala, Kilauea

summit area
7 13 28 44.1 2.4 8 19°18.0' 155°13.8' 9k.mSW. of Makaopuhi seismometer ------------------
7 16 37· 45·5 2.2 9 19°08.3' 155°39.8' 12 k.m NW. of Naalehu ------------------
7 19 49 15.1 2~.·6--. 8 20°00.2' 155°19·9' 9 kIn WNW. of Laupahoehoe -----------~------

8 02 22 32.5 4.0 13 19°25.3' 155°17.9' 1 kIn NE. of Uwekahuna seismometer Island-wide
8 03 57 57.6 3·0 6 19°22·9' 155°46.3' 14 kIn east of Hookena ---------------~--

10 02 33 10.1 2·5 8 19°22.3' 155°26.2 1 6kInNW. of Desert seismometer ------------------
10 01 55 11.0 2.0 8 19°16.1' 155°21.8' 8 k.m SSE. of Desert seismometer ----------~-------

10 16 30 28.5 2.5 5 19°15.3' 155°21.3 1 10 kIn SSE. of Desert seismometer ------------------
10 16 32 50·9 2.2 8 19°19.3' 155°22.1' 3k.mSE. of Desert seismometer ------------------
11 11 13 04.8 2.2 8 19°32.8 1 155°50.6' -9 kIn ENE. of Kealakekua ------------------
12 00 59 50·9 2.2 8 19°18.3' 155°23.9' 4 kIn SSW. of Desert seismometer ------------------



Sept. 12 01 27 32.0 2.6 6 19°22.1' 155°26.2' 6kmNW. of Desert seismometer ------------------
12 01 38 39·7 2·7 9 19°20.8' 155° 24·5' 2 kIn WNW. of Desert seismometer ------------------
13 17 18 50.6 2.2 5 19°24.3' 155°17.6' 2 km south of Uwekahuna seismometer ------------------
13 18 34 17·2 2.3 8 19°24.5' 155°47.3' 12 kIn ENE. of Hookena ------------------
14 16 09 42.6 2·9 40 19°42.5' 156°06.3' 6 k.m WSW. of Keahole Point ------------------
15 07 10 52.8 2.1 7 19°'21.2' 155°23·3' 2 km north of Desert seismometer ------------------
16 10 ,48 02·9 2.6 8 19°30.3' 155°51.7' 7 kIn ESE. of Kealakekua -----~------------

17 12 25 13.4 2.5 3 19°14.2' 155°49.5' 10 km NE. of Milolii ------------------
17 13 04 37·2 2·5 3 19°53.2' 155°41.1' 5kmNW. of Waikii ------------------
18 11 05 28.4 2.4 8 19°08.1' 155°33.7' 9 km NNE. of Naalehu ------------------
19 02 41 43·2 2.2 8 19°24.8' 155°01.2' 17 kIn ENE. of Makaopuhi seismometer ------------------
19 13 44 57.8 2.2 5 19°23.5' 155°17.5' 3 kIn south of Uwekahuna seismometer ------------------
19 20 22 39.8 2·5 8 19°07·8' 155°40.5' 12 kIn NW. of Naalehu ------------------.
19 22 58 20.1 2·5 10 19°10.5' 155°39.8' 15 kIn NW. of Naalehu ------------------

·21 11 24 43.0 3·7 13 19°31.8' 156°04.0' 15 kIn west of Kealakekua ------------------
.22 10 50 52.6 2.6 8 19°25.0' 155°23.4' 9 km north of Desert' seismometer ------------------
22 16 34 23·6 2·5 8 19°28.4' 155°49·9' 10 kIn SEe of Kealakekua ----------------~-

22 19 20 40.9 2.0 8 19°25·0' 155°25.7' 10 kIn NW. of Desert seismometer ------------------
t-J 23 08 37 23·5 3.6 10 19°17.0' 155°22·3' 6 kIn SSE. of Desert seismometer Kilauea summit
\Jl

area, Pahala
23 2l 25 04.6 3·5 10 19°40.2' 155°59·5' 18 km NNW. of Kealakekua ------------------
23 17 05 15.4 2.6 5 20°11.4' 155°23.7' 15 kIn NE. of Honokaa ------------------
24 15 23 32·3 2.1 35 19°23.5' 155°14.2 1 6 kIn SE., of Uwekahuna seismometer -------~----------

24 17 01 25·0 2.2 35 19°25.5' 155°15,.5 1 4 kIn east of Uwekahuna seismometer ------------------
24 17 08, 18.6 2.8 35 19°25.0' 155°15.2' 4 km ESE. of Uwekahuna seismometer Kilauea summit area
24 17' 45 32.2 2.5 35 19°26.0' 155°15.5' 4 kIn ENE. of Uwekahuna' seismometer ------------------
24 19 42 42.8 2·7 35 19°26.0 1 155°15.5' 4 kIn ENE. of Uwekahuna seismometer Kilauea summit area
25 02 27 38.1 2.1 8 19°45.1' 155°31.2' 1 kIn ENE. of Pohakuloa ------------------
25 04 28 35.8 2.6 5 19°19·6' 155°21.3' 4 kIn ESE. of Desert seismometer Pahala
25 08 14 52.1 3·1 13 19°55' 156°50' 82 kIn WNW. of Keaha1e Point ----------~-------

25 14 45 05.6 2·5 40 19°24.8' 155°15.8' 3 kIn ESE. of Uwekahuna seismometer ------------------
25 21. 53 09.1 2.6 -8 19°28.9' 155°52.8' 6 kIn SEe of Kealakekua ------------------
26 02 01 18.0 2·7 8 19°25.6' 155°24.9' 11 kIn NNW. of Desert seismometer ------------------
26 11 44 20.1 2.1 8 19°06.8' 155°22.1' 24 km ENE. of Naalehu ------------------
26 12 59 26.4 3·4 45 19°21.3' 155°10.6 1 kIn south of Makaopuhi seismometer Kilauea summit

area



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Surv~,

July, August, and September 1967--Continued

ea

Date- Time Magni- Depth Epicenter Felt
(1967) tude (kIn)

Descript.ion
Report

h m s Lat N. Long W.-

ep~. Zf' 12 45 23.4 2.2 8 19°25.5 1 155°30.5' 10 kIn SE. of North Bay seismometer ------------------
28 00 05 55·0 3·2 20 19°29.0' 155°13.9' 9kmNE. of Uwekahuna seismometer Hila, Pahoa,

Kilauea summit ar
28' 03 22 44.0 2.6 7 19°24.2 1 154°51.1' 14 kIn SEe of Pahoa ------------------
28 12 77 46·7 2.8 6 19°24.7' 155°28.7' 13 kIn :NW. of Desert seismometer ------------------
28 16 48 08.2 .2·7 8 19°59.2' 155°20.5' 10 kIn west of Laupahoehoe ------------------
28 18 29 37.4 2.6 8 19°59·2' 155°20.5' 10 kIn west of Laupahoehoe --------~---------

29 16 16 54.7 2.0 30 19°23.0 1 155°18.1' 5 kIn SSW. of Uwekahuna seismometer ------------------
29 18 42 51·9 2·7 8 19°25.0' 155°40.5' 13 km SW. of North Bay seismometers ------------------
30 13 33 54.2 2.1 8 19°09.5' 155°05.7' 15 kIn, SE. of Apua Point ------------------
30 15 51 16.8 2.4 40 19°15.0' 155°23.4 1 10 km south of Desert seismometer ------------------

S
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Tilting of the ground around Kilauea Caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter at Uwekahuna (table 1), and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt-bases and a portable water-tube tiltmeter .. The
at~itude of the ground surface at each tilt-base is reported in terms
of north~south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at
that station were begun. Increasing .tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to a
relative subsidence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (1 mm per km) in
the direction indicated.

Location of and essential data on each tiltmeter station are listed
in table 6, whicp is published only in the first quarter issue each year.

Table l.--Tilt coordinates at Uwekahuna

October, November, and December 1967

Date Date
(1967) N-S E-W (1967) N-S E-W

Oct. 1 560 412 Nov. 19 569 401
8 564 409 26 567 398

15 572 407 Dec. 3 563 401
22 574 400 10 560 404
29 575 398 17 559 402

Nov. 5 572 401 24 558 405
12 571 397 31 558 404

1
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map 0
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4th Quarter, 1967

Table 2.--Tilt coordinates and changes at bases around Kilauea Caldera

(See fig. 2)

Rate (10-6 rad/ma) Date of
Tilt base Date Tilt coordinates and direction of "last
(location) (21.967) tilting since reading

N-S E-W last reading (1967)

Uwekahuna Nov. 9 "597.8 404~7 8·9 N. 33.70 w. Sept. 6
(u on fig. 2)

Tree Molds (TM) 7 474.8 505.0 1.6 N. 21.3 0 E. 7

Sand Spit (SS) - 8 894.6 701.2 6.0 N. 72.0 0 w. 6

Keamoku (Kea) 8 559·7 367·0 8.8 N. 63.5 0 w. 5

Ahua Kamokuko1au 8 402.8 557·2 9·1 S. 25.5 0 w. 6
(Kam)

Kipuka Nene (KN) 7 299.6 308.5 1.45 S. 26.5 0 w. 7

Hilina Pali (HP) Not read this epoch

Kapapala Ranch 8 496.9 509·5 0.36 N. 67.00 E. 5
(Kap)

Mehena (M) 8 571.1 578.8 4.77 N. 34.4 0 E. 6

3
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Figure 2.--Tilting of the ground around Kilauea Caldera between September 6
and November 8, 1967. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and has
a length proportional to the rate of tilting during the measurement
interval. Closed circle~ represent field tilt bases; open circle,
short-base water-tube tiltmeter. See table 2 for explanation of
abbreviations~
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Seismic summary

Events recorded by the u.~. Geological Survey s~ismograph network
in Hawaii fall into two categories: Locai earthquakes and tremor
originating in the region of the· Hawaiian Isl~nds (usually within 0

100 km of at least one seismograph), and distant earthquakes originating
more than 3,000 km from Hawaii. ~As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and minutes of
tremor recorded by seismographs in Hawaii are listed in table 3.
The earthquakes are separated in groups on the basis of region of
origin as determined by analysis of records obtained daily at the
Observatory (U, M, M(2), A, D, N, WP, MP, K, 0). Earthquakes of
magnitude 2.0 or greater are generally sufficiently well recorded
to be located with greater precision; they are listed individually in
table 4.

0

Location of and essential data on each seismograph station are
listed in table 5, which is published only in the first quarter issue
each yea~.
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Table .3.--Number 0 f earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on .t~e basis of relative amplitudes
on seismographs in the summit region. Unless otherwise stated, tremor "is presumed to be associated with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km earthquakes from a source ~bout 30 km beneath the Kilauea
summit region; long-period, earthquakes characterized by low-frequency waves that originate about 5 km beneath
Kilauea, summit; and shallow earthquakes in the Kilauea Caldera region; shallow earthquakes along the SW. rift
zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea's east rift zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift
zone and the adjacent fault systems of Kilauea's south flank; and earthquakes from other regions: west Hawaii,
Mauna Kea, etc. .

waii
oa

li
aii
aii

Tremor . Earthquake s
Date (minutes) Kilauea summit sw. rift Eastern Upper(1967)

Inter- Long and east east Koae Others
Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Oct. 1 ---- -------- ------- 5 ------ 208 26 ------- 10 8 ~---------------------

2 ---- -------- ------- 9 3 251 35 ------- 22 6 1 west Hawaii
·3 ---- -------- ------- 5 ------ 152 29 ------- 19 5 ----------------------
4 ---- -------- ------- 3 4 245 27 ------- 12' 5 2 Mauna Loa
5 ---- -------- ------- 3 4 255 35 ------- 16 10 ----------------------
6 10 -------- ------- 6 2 297 37 1 19 15 1 off SEe shore of Hawa·

7· ---- - ____ 0___ ------- 7 ------ 405 32 ------- 15 5 1 off east shore of Haw
1 off SE •. shore of Haw

8 ---- -------- ----'--- 6 ------ 406 37 ------- ·3 6 1 west Hawaii

9 ---- -------- ------- 3 ------ 211 44 ------- 22 4 1 off north shore of ~a

1 SW. flank of Mauna L
1 west Hawaii

10 15 -------- ------- 1 3+ 249 35 ------- 17 3 ----------------------
11 ---- -------- ------- ---- 8 468 32 ------- 32 12 ----------------------



Oct. 12 -------- ------- 15 407 46 -------- 27 18 2 Mauna Loa
1 west Hawaii

13 -------- ------- 4 317 7 -------- 4 8 --------------------~-

14 -------- -------- 1 6 319 2 -------- ·15 8 ----------------------
15 -------- ------- 3 11 197 65 -------- 10 9 ----------------------
16 -------- ----~-- 5 20 153 107 1 17 5 ----------------------
17 37 -------- ------- 9 25 145 44 1 11 2 ----------------------
18 -------- ------- 8 29 258 61 -------- 30 5 2 sw. flank of Mauna Loa
19 -------- ------- 3 15 292 46 -------- 13 9 ----------------------
20 -------- ------- 6 373 21 -------- 22 9 ----------------------
21 -------- ------- 3 13 247 26· -------- 26 3 ----------------------
22 -------- ------- 6 7 235 35 -------- 11 7 1 west Hawaii
23 -------- ------- 42 206 17 -------- 25 4 ----------------------

.24" -------- ------- 3 21 202 24 -------- 17 11 ----------------------
25 -------- ------- 7 8 191 30 -------- 24 14 ----------------------
26 -------- ------- 1+ 3+ 123+ 4+ -------- 4;~ 11 ----------------------
27 -------- ------- 2 ------ 135 5·2 -------- 12 1 1 Mauna Kea

-J 28 -------- ------- 3 2 136 39 1 8 11 ----------------------
29 -------- ------- 5 - -- - -- 152 25 -------- 20 20 1 Mauna Kea
30 -------- 5 ------ 189 22 -------- 9 6 1 sw. flank of Mauna Loa

G--4
1 off NW. shore of :Hawaii·a

31 -------- +> 10 17 141 16 -------- 16 6 ----------------------
Nov. 1 r1 ~ 5 74 20 -------- 10 6 ----------------------M ~

'2 ~
0 ----- 2 113 10 .2 12 3 ----------------------I t.>

3
(/) Q 0 ------ 109 4 -------- 10 1 off NW. shore of Hawaii0 S OJ

4 rd .,-f (/) +> 2 67 12 10 ---------------------~~ +' OM ro ------- --------
5 ro Pot OJ ~ The start of th~ _~ru tion in Ha1emaumau Crater 1 off SEe shore of Hawaii~ (/) ~

6 H
~

H t.> C) 5- 335 4 11 3 1 Mauna Loa
~

OJ OJ t.> .,-f ------ --------
7

o,-f roO ro S 3 ------ 300 8 -------- 3 2 ----------------------OJ H ~ ~ (/)

8 H r8 ~
~ o,-f 2 150 8 4 2 --------------------~-~ rd a a> ------ --------

9 OJ G--4 (/)

70 6 6 1 ----------------------C) u.l
~

~ (/) ------ --------
10 o,-f

~ ~ (/) ~ +> ? ? 1 Mauna Loa~ OJ t.> @ oj Q ------ -------- ------
11 ~

0 r1 u.l C) OJ ? ? ------ -----~----------------,.c:l ctl P ~ a :> ------ --------
12 (/) p:: a bO ~-I a> ? ? ------- 9 ----------------------

~
------

13 ------ ? ? -------- ------ 1 off east shore of Hawaii



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera--Continued

aii

a

aii

aii

Tremor Earthquakes
Date (minutes) Kilauea summit

(1967) sw. rift Eastern Upper
Inter- Long and east east tKoae Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Nov. 14 00 00 ----- ------ ? ---_.-_ ... - ------- -- .... -- ----
-~---------------------

15
~ @ ?u ----- ------- --.-.----- ------- ----- ---- -----------------------

16
0 H

?...e:t bO ----- ------ -------- ------- ----- ---- -----------------------00 a
417 S 1 ------ ? 3 ------- ----

----------------------~M rJ)

18 M eM ----- ------ ? 1 ------- ----- 1 -~--------------~------

19 ~
(J) (/)

2 120 9 1300
~

----- ------- ---- -~---------------------(/l

20 (1) (l) 1 ------ 50 11 ------- 10 ----
-------~---~-----------

21 rg ~ > ? ? ? ? 4 1 Mauna Kea+' (l) ------- ----Cl1
2 83 ·20 622 rd C) ----- ------- ---- -----------------------H (J) aM

1 47 11 1 1023 ~
~ S ------ 1 ------~-----------~----

24
~ ro

? 93 3 ? fl 1 Mauna Kea; 1 west(1) CJ -n ------ ------- c:.H 00 (l)
.p ,.0 (/) Hawaii

25
0

1 26 "10 9CJ ~ ------ ------- ---- ------------------~----eM Q CO26 Q 0 () 5 ------ 37 5 ------- 3 2 1 off east shore of Haw0 -M 0
13 26 727 ~

.p M 1 ------ ------- 1 -----------------------
28 P-I

40 9 10~ ~ G-f ----- ------ ------- ---- -----------------------0
14 429 (J) 1 ------ ------- 15 1 -----------------------

30 ;:j 1;1 1 --"---- 165 8 ------- 11 ---- -----------------------
Dec. 1 ---- ~

g
5 ------ 71 9 ------- 10 1 1 Mauna "Kea

()
2- ---- ~ 3 ------ 90 9 ------- 5 1 2 Mauna Loa

(J)

3 ---- (1) +' 1 - - -- -- ------- 5 ------- 7 ---- -----------------------M co
4 ---- ~

~ ----- ------ 55 7 ------- 9 1 1 off west shore of Haw
~

5 ---- t> 1 ------ 71 7 ------- 9 -----------------------gp C)

6 23 ttl 1 ------ ------- 8 ------- 8 ---- -----------------~-----°11
7 ---- H H 1 ------ 30 7 ------- 21 - ---- 1 sw. flank of Mauna Lo
8 ,g 0

1 45 4 12 1 west Hawaii---- G-i ------ ------- ----

9 ---- ----- ------ 23 30 ------- 33 6 1 Mauna Loa; 2 west Haw



Dec. 10 U) ------ 40 10 -------- ------ 1 1 off west shore of Hawaii
11 S 2 ... -- - -- 5 4 -------- 39 1 ------------------~------co U)

12 ~ +> 4 - - -- -- 244 14 -------- 36 -------------------------QO Q

13 gp ~
(J) ------ 5 10 -------- 33 2 1 off NW. shore of Hawaii:>

14 .r-f U) (J) 2 ------ 170 5 -------- 48 3 1 off south shore of HawaiiH ·ri

15 r8 (J) C) 13 ------ 115 10 -------- 51 2 1 off SEe shore of Hawaiiill .r-f

16 s 2 ------ 2 8 -------- 30 ----------------~--~-----U) (J) U)

17 ~ ,..q .r-f 7 l5 30 14 -------- 18 2 Mauna Loaj 2 SW. flank.C) +> (J)

a U) of Mauna Loa,..q rO
18 ill (J) r-f 12 ------ 90 11 -------- 31 -------------------------~ loU

19 r-f ;:j C) 13 ------ 30 7 -------- 35 1 -------------------------r-f C) 0
20 loU til r-f 6 ------ 97 15 -------- 30 -------------------------S roO
21 U) 0 IH 4 ------ 25 17 37 ------------------~------.0 --------
22 rd Q 21 2 110 13 -------- 29 2 1 west HawaiiQ 0 +J
23 loU -r-I Q 5 ------ 20 13 -------- 17 1 west Hawaii+J ~

24 H PI 0 3 ------ 50 18 -------- 9 1 west Hawai.i0
~

C)

25 s 1 ------ 141 J-3 -------- 9 -------------------------(J) (J) (J)

\.0 26 H +> 5 ------ 69 9 --~----- 15 -------------------------+J ;:j c.U
27 10

~
~ 1 ------ 185 14 -------- 27 -------------------------C) ~

28 .r-f C) 6 ----_.- 220 7 -------- 30 2 1 off NE. shore of MauiQ co C)

29 a S co
------~- 55+ 17 -------- 8 -------------------------

~
(J)

30 r1 H 6 ------ 50+ 11 -------- 14 1 Mauna Kea·loU c.U 0

31 ~ ~ IH ------ 90+ 14 -------- 6 -------------------------



Table 4.--Loca1 earthquakes recorded "by seismographs of the U.So Geo1og~ca1 Survey

October, November," and December 1967

Entries for ~ given quake are: date, or~gin time (Hawaiian Standar~ Time), magnitude, depth,"epicenter, and
felt "report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located smaller ones,
occurring on or ne~r the island of Hawaii are included in the list.

Date Time Magni- Depth Epicenter Felt
(1967}

h
tude (km) Lat N. Long W. Description Report

m s- - -

Oct. 1 00 23 59·0 2.0 10 19°15.7' 155°04.5' 15 k.m SE. of 1VIakaopuhi seismometer ----------------
2 15 21 58.1 2·7 3 19°40.1' 156°00.0' 18 km NNW. of Kealakekua -----------------
2 20 05 25·1 2.0 25 19°25·7' 155°16·5' 2 kIn ENE. of Uwekahuna seismometer _... _---....,.. ... --------
3 00 37 49·0 2·3 8 19°17·5 t 155°27·5' 9k.mSW. of Desert seismometer -------~-------~

3 13 "26 40.7 2.0 13 19°18.6' 155°13.6' 8 k.m SE. of Ahua seismometer ---------_ ... - .... ---
4 00 38 16.0 2.0 8 19°31.8' 155°45.2' 17 "km ENE. of Kealakekua ----------------
4 21 41 39.8 2.6 8 19°30·9' 155°50 ..1' 9 km east of Kealakekua ----------------
5 01 25 21.1 2.0 7 19°19·4' l55°13.6' 7k.mSE. of' Ahua seismometer ----------------
5 15 59 37·4 2.0 30 19°24.4' 155°17·5' 2 kIn south of Uwekahuna seismometer -----------------
6 04 49 16.8 2.0 8 19°26.0' 155°23.8' 11 k.m NNW. of Desert seismometer - - - -. - - - - - - - - - .........

6 06 16 27·5 2·3 .6 19°14.2' 154°55".0' 14 kIn SE. of Kalapana ----------------
6 04 26 37·1 2.0 8 19°09.8' 155°25.5' 7kmSE. of Pahala ... 4IIIt ______________

7 13 19 42.8 2.4 8 19°36·7' 154°47·7' 21 k.m NE. of Pahoa -----------------
7 20 32 59·6 2~3 8 19°10.1' 154°58.7' 21 km south of Ka1apana ----------------
8 22 39 56.0 2.0 6 19°27.0' 155°52.5' 9 krn SE. of Kealakekua ----------------
9 08 25 06.2 2.4 8 20°05·9' 155°55.5' 13 km NW. of Kawaihae ----------------
9 12 00 22.8 2.4 8 19°25.6' 155°55.1' 10 km south of Kealakekua ----------------
9 13 04 10·9 2·3 5 19°23.5' 155°17.1' 4 kIn SSE. of Uwekahuna seismometer ----------------
9 20 01 09.6 2·7 8 19°10·.5' 155°36.5' 13 kIn NNW. of Naalehua ----------------
9 23 43 38.0 3·2 10 19°23.1' 155°29·0' 11 km WNW. of Desert seismometer Pahala

10 00 09 01.2 2.0 10 19°22.3' 155°28.0' 9kmWNW. of Desert seismometer ----------------
10 08 58 04.5 2.2 20 19°26.1' 155°26.8' 13 km NW. of Desert seismometer ----------------
11 08 16 51·9 2·5 45 19°17.1' 155°09.2 ' 2 k.m SSE. of Kealakomo seismometer ----------------



Oct. 12 04 41 33·7 2·7 13 19°28.8' 155°46.7' 16 kIn ESE. of Kealakekua ----------------
12 06 25 23·7 2·1 13 19°28.3' 155°46.7' ,16 kIn ESE. of Kealakekua ----------------
12 20 . 49 11.2 2·9 7 19°34.0' 155°52.2' 7kmNE. of Kealakekua Kealakekua
14 16 27 09·7 2·5 30 19°20.8' 155°17·9' 5kmSW. of Ahua seismometer ----------------
15 05 57 58·7 3·7 5 19°25.2' 155°28.7' 13 km NW.' of Desert seismometer Hil0, Pahala, Kilauea

summit area
15 11 01 54.0 2.2 6 19°19.6' 155°25.0' 3 kIn WSW. of Desert seismometer ----------------
15 12 44 21.1 2.5 8 19°20.1' 155°24.8' 3 km west of Desert seismometer ----------------
16 04 10 03.7 2·5 8 19°21.9' 155°13.0' 5 knr ESE. of Ahua seismometer ----------------
16 11 45 04.8 2.0 10 19°14.3' 155°32.6' 8 kIn NW. of Pahala ----------------
17 04 . 37 54·9 2.1 5 19°22.0' 155°23.6' 3kmNNW. of Desert seismometer ----------------
17 08 48 06.4 2.0 5 19°22.0' 155°23.5' 3kmNNW. of Desert seismometer ----------------
17 11 45 27·1 2·5 10 19°21.0' 155°24.1' 2 km NW. of Desert seismometer ----------------
17 12 20 12·3 2.8 8 19°20.5' 155°26.3' 5kmWNW. of Desert seismometer Pahala
18 00 07 40.0 2·3 30 19°28.0' 155°15.5' 6kmNE. of Uwekahuna seismometer ----------------
18 06 57 20.1 2.1 8 19°09.5' 155°40.3' 14 km NW. of Naalehu ----------------
18 23 04 50.2 2.4 8 19°09.2' 155°40.5' 14 Ian NW. of Naalehu ----------------

I-' 19 11 16 31.0 3·3 40 19°23.0' 154°56.6' 5krnNE. of Kalapana ----------------
I-'

19 14 16 07.,8 2.0 30 19°23.3' 155°17.'0' 4 km SSE. of Uwekahuna seismometer ----------------
20 19 52 00.8 2.1 ·7 19°23.6' '155°02.7' 13 kIn ENE. of MakaopUhi seismometer ----------------
21 07 44 54.6 2.4 8 ~9°11.9' 155°32.3' 7 km west of Pahala ----------------
21 09 57 25.6 2·3 30 19°37.7' 155°10.0' 11 krn NW. of Mt. View -----------------
21 19 35 17·) 2·3 10 19°24.5' 155°03.9' 12 km ENE. of Makrop.ilii seismometer ----------------
21 23 11 25.) 2.0 30 19°22.4' . 155°18.4' 6 km ssw. of Uwekahuna seismometer ----------------
22 03 15 34.7 2.0 8 19°20.3' 155°09.5' 3 km SSE. of Makaopuhi ,seismometer ----------------
22 13 35 32.1 2,.1 8 19°34.5' 155°48.8' 13 kIn ENE. of Kealakekua ----------------
22 18 08 34.0 2.1 8 19°22.7' 155°24.3 t 5kmNNW. of Desert seismometer ----------------
23 11 20 22.2 2.4 7 19°23·0' 155°24·9' 6kmNW. of Desert seismometer ---~------------

26 02 18 02.5 2.0 9 19°23.0' 155°06.3' 7 k.m E~. of Makaopuhi seismometer ----------------
27 00 01 34.6 2.2 8 19°53.0' 155°28·7' 15 k.m WNW. of Keanako1u ----------------
27 06 53 32.8 2.0 10 19°22.8' 155°04.7' 9 k.m ENE. of Makaopuhi seismometer ----------------
27 12 42 32.0 3·0 32 19°20.0' 155°15.5' 4 kIn SSE. of Ahua seismometer Kilauea summit 'area

28 07 16 38.4 2·5 10 19°23.1' 155°27.8' 9kmNW. of Desert seismometer - - - - - --- - -- - -- - -'

29 03 34 37·2 3.8 10 19°59.5' 155°33.9' 15 kIn ESE. of Kamuela Kamuela, Koha1a,
Pahala



Table 4.--Local earthquakes reco~ded by seismographs of the u.s. Geological Survey,

October, November, and December 1967--Continued

rea

Date Time Magni- Depth Epicenter Felt
(1967) tude (km) Report

h m s Lat N. Long W. Description-

Oct. 30 12 47 17·1 2.2 8 19°23.0' 155°27.8' 9 km NW •. of Desert seismometer Pahala
30 13 00 42.4 3·0 3 19°08.8' 155°37.9' 10 kIn NW. of Naalehu --------------- ...

30 16 10 53.8 3·2 3 19°51.6' 156°12.2 1 20kmNW. of Keahole Point ----------------
30 21 28 00.4 3·0 60 19°23.0 1 155°01.2' 5 km NW. of Kalapana ----------~------

31 15 50 28.7 2.2 9 19°20.2' 155°24.0' 2 kIn west of Desert seismometer -----_.----------
31 18 16 56·3 3·1 25 19°21.2' 155°17.2' 3kmSW. of Ahua seismometer Pahala, Kilauea .

summit area
Nov. -I 04 19 11·3 3·2 25 19°22.2' 155°18.5 1 6 km SSW. of Uwekahuna seismometer _... ~-.------------

1 08 40 55·3 2·5 30 19°21.6' 155°17.8' 7 km south of Uwekahun~ seismometer -- - - - '- - - - ----- -- --
2 10 22 07.6 2·7 8 19°25.2' 155°03·0' 10·km NW. of Kalapana -----------------
2 14 46 51.0 3·0 9 19°28.6' 154°53.4' 6 kIn SE. of Pahoa ----------------
3 00 52 43 ..0 4.l 13 19°49' 156°50 t 80 km WNW. of Keahole Point -----------------

4 13 34 41.0 2·7 9 19°20.2' 155°12.1' 5kInSW. of rv1akaopuhi seismometer -----------------
4 20 14 07·3 3·0 9 19°10.6 1 155°26.5' 5 kIn SE. of Pahala ----------------
5 02 04 29·5 2.8 5 i9°24.0' 155°17.8' 3 km SSW. of Uwekahuna seismometer ------------------
5 02 20 1608 3.4 "5 19°24.0' 155°17.6' 3 km south of Uwekahuna seismometer Kilauea summit a
5 02 57 26.5 2.8 ,5 19°23·7' 155°17.6 3 km south of Uwekah~na seismometer ----------_ ... _---
5 16 05 00.8 3·1 3 19°02.6' 155°29·0' 11 km ESE. of Naalehu ----------------
6 12 01 25.8 2·5 10 19°20.8' 155°08·5' 3 km SEe of rv1akaopuhi seismometer ----------------
8 13 31 59·8 2.2 7 19° 24.6' 155°24.8' 8kmNNW. of Desert seismometer -----------------

10 00 13 29·3 2.4 5 19°2608' 155°40.5' 11 k.m SW. of North Bay seismometer - - - - - - --- - - - - - .. ~ -
II 17 14 36.2 2·5 30 19°19·2' 155°17.5' 6 km SSW. of Ahua seismometer ----------------
12 03 40 42.0 2·7 6' 19°18.2' 155°12·3' 8 krn SW. of rv1akaopuh~ seismometer -..,-------------~

13 07 45 56.4 3·0 40 19°41.9' 154°49.1' 28 k.m ESE. of Hila ----------------
13 17 04 44.3 2.0 5 19°15.3' 155°28.0' 12 km SW. of Desert seismometer --------------.,.-
15 05 33 17eO 2.4 5 19°22.8' 155°27.5' 9 kIn NW. of Desert seismometer --------------..;.-



Nov. 17 17 04 43·8 2.4 8 19°26.3' 155°24.1' 7 kIn ssw. of Mauna Loa seismometer -----------------
19 22 58 14.6 3·2 10 19°21.1' 155°25.0' .3kmNW. of Desert seismometer Pahala
20 10 27 20.5 2.0 40 19°08.3' 155°24.8' 9 k.m SE. of Pahala ----------------
20 10 37 37.8 2.0 25 19°21.5' 155°30.9 1 13 kIn WNW. of Desert seismometer ----------------
21 06 23 47.1 2.8 8 19°53.5' 155°38.8' 4 km north of Waikii ----------------
23 19 59 04.7' 3·0 3 19°15.2' 155°34.6' 12 kIn WNW. of Pahala ----------------
24 16 53 38.8 2.4 8 19°26·9' 155°48.8' 14 kIn SEe of Kealakekua ----------------
24 17 33 16.5 2.0 8 19°21.1' 155°24.2' 2kmNW. of Desert seismometer ----------------
24 18 58 52.2 2·9 8 19°59.0' 155°22.8' 5 km SSW. of Paauilo ----------------
'26 00 38 21·5 2·7 13 19°24.7' 154°46.0' 21 kIn SEe of Pahoa ----------------
26 06· 25 48.5 3·3 9 19°20.8' 155°17.2' 4k.msw. of Ahua seismometer Hila, Mt. View,

Kilauea summit area
28 08 40 26.2 2·9 7 19°19·8' 155°12.4' 6kmsw. of Makaopuhi seismometer ----------------
30 22 08 00·5 2·5 8 19°26.8' 155°24.9' 6kmsw. of Mauna Loa seismometer ----------------

Dec. 1 05 37 35·0 2·3 5 19°54·9' 155°18.2' 3 km east of Keanako1u ----------------
1 13 04 09·9 2.1 7 19°19·5' 155°15·0' 6 kIn SSE. of Ahua seismometer ----------------

t-' 1 21 59 01.5 2·3 30 19°21·7' 155°18.8' 7 kIn ssw. of Uwekahuna seismometer·· ----------------\>J

2 06 47 35·3 2.4 8 19°25·1' 155°24.9' 10· km NNW. of Desert seismometer ----------------
2 11 56 37.1 2.4 8 19°25.0 1 155°35'-3' 8 kIn SSW. of North Bay seismometer ----------------
2 21 26 39·2 2·5 8 19°27.3' '155°40.8 ' 11 kIn WSW. of North Bay seismometer ----------------
4 18 12 52·7 2.8 8 19°31' 156°31' 63 km west' of Kealakekua ----------------
7 09 54 56.4 2·3 10 i9°09·5' 155°37.6' 12 kIn NW. of Naalehu - -- - - - -- - - - - -~- - --
7 16 14 12.8 3·1 10 19° 20 .3' 155°12.8 1 5kmSW. of Makaopuhi seismometer Hila, Pahala,

Kilauea summit area
8 10 46 58.4 3·3 27 . 19°45·2' 156°04.0' 3 km north of Keahole' Point ----------------
8 13 07 02.2 3··1 8 19°25.8' 155°25.9' 11 km NW. of Desert seismometer Pahala
9 02 06 03.8 3·8 25 19°47.3 1 156°03·2' 6 kIn NNE. of Keahole Point ----------------
9 19 10 53·5 2.8 27 19°50.3' 156°04.8' 10 kIn NNW. of Keahole Point ----------------

·9 20 36 34.4 2.6 8 19°33.3 1 155°41.7 1 14 kIn WNW. of North Bay seismometer ----------------
10 00 29 23·0 2·7 8 19°25.3' 156°02.7' 17kmSW. of Kealakekua ----------------
11 10 48 32.8 2·5 20 19°21.9' 155°19·8' 7 kIn wsw. of Ahua seismometer - ---------------
12 19 24 ":42(.8 2.2 30 19°22.2' 155°18.2' (;) km ssw. of Uwekahuna seismometer ----------------
12 23 58 17·1 2.4 8 19°19.3 1 155°13·1' 7 km SW. of Makaopuhi seismometer ----------------
13 01 52 29.6 3·0 13 19°56 1 156°11' 26 kIn NW. of Keaho1e Point ----------------
14 09 39 50.0 2·9 13 18°42 1 156°27' 84 kIn WSW. of Kalae ----------------
15 03 43 42.0 2.0 13 19°02.1 1 155°11.2 1 25 kIn south of Apua Point ----------------



Table 4.~-Loca1_earthquakesrecor~ed by seismographs of the U·.S. Geological Survey,

October, November, and December 1967--Continu~d

Date Time Magni- Depth Epicenter Felt
(1967). tude (kIn) Reporth !!! ~ Lat N. Long W. Description

Dec. 15 17 29 43·1 2.0 25 19°22.6' 155°21.0' 6k.mNE.- of Desert seismometer --------_-.._----~

15 17 31 12.4 2·3 27 19°22.8' 155°19.1' 5 km SW. of Uwekahuna seismometer ----------------
16 06 33 34.8 2·3 30 19°22.2' 155°19·4' 7k.mSW. of Uwekahuna seismometer -------------~--

17 00' 06 19·5 2.6 8 19°23.1' 155°36.0' 13 kIn SSW. of North Bay seismometer -----------~----

17 19 19 14.4 2·3 0 19°13.4' 155°41.2' 21 km NW. of Naalehu ----------------
17 21 11 37.8 2.1 8 19°30.8' 155°49·5' 10 kIn east of Kealakekua --_._------------
17 23 06 33·7 2·7 8 19°09.9' 155°35.0' 10 kIn north of Naalehu ----------------
18 20 02 51·5 2.8 10 19°19.2' 155°04.0' 12 km SE. of Makaopuhi seismometer -----------------
19 20 41 31.1 3·3 8 19°24.0 ' 155°25.5' 8k.mNW. of Desert seismometer ---- - - .. - - - - - -'- --
22 17 44 43.7 2.1 8 19°25.7' 155°47.8' 16 -kIn SE. of Kealakekua ----------------
23 05 14 55·9 2.4 27 19°22.3' 155°18.9' 6 krn SSW. of Uwekahuna seismometer -----------------
23 10 09 50.1 2.4 8 19°26.8' 155°49:2' 13 kIn SE. of Kealakekua --- - -- - - -- - - - - .. - -
23 13 50 03·9 2·3 3 19°23.3' -155°28.5' 11 kIn WNW. of Desert seismometer ----------------
24 01 43 34.4 2·7 25 +9°22.2' 155°18.5' 6k.msw. of Uwekahuna seismometer ----------------
24 17 28 15., 2·5 3 19°28.1' 155°51.0' 9 kIn SE. of Kealakekua ----------------
25 16 26 39·8 2.2 8 19°21.0' 155°07.1' 5 kIn SEe of Makao]?uhi seismometer, ----------------
25 16 47 11.0 2.0 -9 19°18·5' 155°1).1' 8kInsw. of Makaopuhi_ seismometer ----------------
25 ,23 38 36.1 2.0 8' 19°20.0' 155°08.8' 4 km SEe of Makaopuhi seismometer ----------------
26 15 28 30.0 2··5 35 19°23.8' 155°17·0' 3 k.m SSE. of Uwekahuna seismometer ----------------
27 10 08 29·9 2.0 10 19°21·7' 155°07·5' 5 kIn east of Makaopuhi seismometer ----------------
28 03 26 56.2 2·3 7 19°19.2' 155°12.0' 6 km SW. of Makaopuhi seismometer ............... _... -' ...... - _...... _...

28 11 20 29·5 3·2 13 20°49' 155°58' 10 km NE. of Hana, Maui ----------------
29 03 59 30.2 3·3 8 19°19.1 1 155°04.2' 11 kIn BE. of Makaopuhi seismometer ----------------
29 04 22 49·2 2.2 30 19°21.0' 155°20·9' 5 km NE. of Desert se'ismometer ----------------
30 03' 39 37·8 2·3 5 19°54.2' 155°32.5' 22 kIn SE. of Kamuela ----------------
30 22 08 40.1 2.2 31 19°23.5' 155°14.8' 6 km NE. of Ahua seismometer ----------------
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Tilting of the ground around Kilauea Caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter at Uwekahun.a (table 1), and
at irregular intervals it is measured on a regional scale by means of a
network of' field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north~south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at that
station were begun. ,Increasing tilt coordinates correspond to northward
and eastward tilting of the earth's surfacej that is, to a relative .
subsidence toward the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in the direction
indicated.

Location of and essential data on each tiltmeter station are listed
in table 6, which is published only in the first qua~ter issue each year.

Table 1.--Tilt coordinates at Uwekahuna

January, February, and March 1968

Date Date
(1968) N-S E-W (1968) N-S E-W

Jan. 7 557 404 Feb. 18 554 402
14 557 403 25 556 404
21 556 403 Mar. 3 555 404
28 . 556 402 10 556 404

Feb. 4 556 401 17 556 402
11 555 ·402 24 556 ·400

31 556 400

1



EXPLANATION

WOj~

Honokaa
'000 0 ~

Paauilo

.• Seismograph Station

Town or locality

5 a 5 10 15 20 25 Kilometer,
AHA....--. •
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Datu", is ",eon seo ,.".,

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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1st Quarter) 1968

Table 2.--Tilt coordinates and changes at bases around Kilauea Caldera

(see fig. 2 and table 6)

( -6Rate 10 rad/mo) Date of
Tilt base Date Tilt coordinates and direction of last
(locatio~) (1968) tilting since reading

N-S E-W last reading (1968)

Uwekahuna Feb. 13 598.1 395·7 2.8 N. 88.0° w. Nov. 9
(u on fig. 2)

Tree Molds (TM) ,21 481.1 500.2 2.1 N. 31.5° w. 8

Sand Spit (SS) 14 894.3 682.0 6.0 S. 89·2° w. 8

Keamoku (Kea) 14 546.4' 372.0 4.3 S. 20.6° E. 8

Ahua Karnokuko1au 14 400.1 550.8 2.1 S. 67.4 0 w. 8
(Kam)

Kipuka Nene (KN) 14 299·7 308·5 . 0.02 N. 31.3° E. 7

Hilina Pali (HP) 14 455·1 502.6 0.17 S. 48.3 0 w. June 28

Kapapala Ranch 13 497·6 510.6 . 0·31 N. 56.5 0 E. Nov. 8
(Kap)

Mehena (M) 21 574.8 578.8 1.1 N. 0.6 0 E. 8

3
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Tilting rate 2.5 x 10-6 radians/month
NOV. 8, 1967 - FEB. 14, 1968

5KM

Figure 2.--Tilting of the ground around Kilauea Caldera between
November 8, 1967, and February 14, 1968. The vector depicting tilting
at a given tilt base points in the direction of maximum relative
subsidence and has a length proportional to the rate of tilting during
the measurement interval. Closed circles represent field tilt bases;
open circle, short-base water-tube tiltmeter. See ~able 2 for
explanation of .abbreviations.
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Seismic summary

Events recorded by the U.S. Geo'logtcal Survey seismograph network
in Hawaii fall into two categories: Local earthquakes and tremor
originating in the region of the Hawaiian Isla~ds (usually within 100 km
of at least one seismograph), and distant earthquakes originating more·
than 3,000 km from Hawaii. As in index of seismic activity at Hawaiian
volcanoes, daily counts of earthquakes and minutes of tremor recorded·
by seismographs in Hawaii are listed in table 3. The earthquakes are
separated in groups on the basis of region of origin as determined by.
analysis of records obtained daily at the Observatory (U, M, M(2), A,
D, N, WP, :ME', K, 0). Earthquakes of magnitude 2.0 or greater are
generally sufficiently well recorded to be located with greater precision;
they are listed individually' in table 4.

Location of and essential data on each seismograph station are
listed in table 5, which is published only in the first quarter issue
each year.
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Table 3. - -Number 0 f earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative· amplitudes
on seismographs in the summit region. Unless ·otherwise stated, tremor is presumed to be associated.with
movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km earthquakes from a source about 30 kID beneath the Kilauea
sUmmit ·region; long-period, earthquakes characterized.by low-frequency waves that originate about 5 km beneath
Kilauea summit; and shallow earthquakes in the Kilauea Caldera region;· shallow earthquakes along the SW. rift
zone of Kilauea and the adjacent portion of the Kaoiki fault system; earthquakes along the eastern half of
Kilauea'·s east rift zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift
zone and the adjacent fault systems of Kilauea's south flank.; and earthquakes from other reg'ions: west Hawaii,
Mauna. Kea, etc.

Tremor Earthquakes
Date (minutes) Kilauea summit sw. rift(l9~) Eastern Upper

Inter- Long and east east Koae Others
Deep mediate Shallow 30 km period Shallow Kaoiki rift rift

Jan. 1 ---- ------- ------- 4 ------ 115 14 ------ 15 ---- 1 west Hawaii
2 18m ------- ------- 13 ------ 150 8 1 10 1 1 Kawaihae

3 14m ------- ------- 1 ------ 210 9 ------ 12 ---- ----------------------
4 30m -_._---- ------- ----- ------ 105 16 ~ 76 ---- ----------------------
5 15m ------- ------- ----- ------ 45 14 ------ 38 ---- ---------------------~-
6 10m ------- '5h ----- ------ 75 21 1 48 ---- ----------------------
7 ---- ------- 12h 1 ------ ------- 13 1 315 16 ---------------------~

8 ---- ------- ------- ----- ------ 180 15 ------ 142 3 1 southwest Hawaii

9 ---- ------- 6h 2 ------ 60 44 ------ 173 13 ------------------~---
'_.

10 ---- ------- ------- 2 ------ 140 31 ------ 27 ---- l·Waikii
11 ---- ------- 6h ----- ------ 135 29 ------ 26 l3 1 Kawaihae
12 ---- ------- 16h 3 ------ 30 21 ------ 11 4 ----------------------
13 ---- ------- 24h 4 -- .. ---- ------ 23 ------ 10 2 1 Waipio Valley; 1 wes

Hawaii
t



Jan. 14 ---- -------~ 24h ------ ------- 17 ------- 17 4
----------------------~

15 -------- 24h 2 ------ ------- 11 ------- 16 -----------------------
16 -------- 24h 1 ------ ------- 18 ------- 16 -----------------------
17 -------- 24h ------ ------- 11 ------- 7 --_ ... -----------------------
18 -------- ------- ------ 195 10 ------- 14 3 -----------------------
19 -------- 24h 1 ------ 20 20 ------- 29 1 offshore 'west Hawaii
20 -------- 24h -----_. ------- 26 ------- 22 6 -----------------------
21 -------- 24h 1 ------ ------- 13 ------- -----------------------
22. -------- 24h '1 ------ ------- 8 ------- 33 -----------------------
23 -------- 24h ------ ------- 12 ------- 21 1 Kawaihae
24 -------- 24h 1 ------ ------- 8 --_._--- 38- ~----------------------

25 -------- 20h 2 ------ ------- 12 ~. 29 -----------------------
26 -------- 24h 4 -~---- 2 7 ------- 13 1 -----------------------
27 -------- 24h 5 ? ? 5 2 5 ? -----------------------
28 -------- 18h 5 ------ 30 8 1 24 2 west Hawaii
29 -------- 22h 4 ------ ------- 8 ------- 10 1 -----------------------
30 -------- 24h ------ ------- 6 ------- 28 2 1 Naalehu

-J 31 -------- 24h 2 ------ 75 13 ------- 34 5 ------------"-----------
Feb. 1 -------- 24h 2 ------ 30 16 ------- 38 1 Keanakolu; 1 -Waikii

2 -------- 24h 2 ------ 90 6 ------- 16 ---------~---------~---

3 -------- 24h ·2 ------ ------ 10 ------- 23 ----------------~------

4 -------- 24h 2 ------ 28 13 ------- 27 5 -----------------------
5 ---- -------- 24h 5 ------ 75- 11 ------- 14 3 -----------------------
6 -------- 24h 1 ------ ------ 14 ------- 17 1 Keanako1u
7 7m 24h 5 ------ 30 18 ------- 16 2 1 Waikii; 2 west Hawaii;

1 Naalehu'
8 -------- 21th 3 ------ 29 9 ------- 39 1 west Hawaii; 2 Keanakolu
9 -------- 24h 1 ------ 41 9 ------- 15 1 Puu WaaWaa

10 -------- 24h 2 ------ 41 14 ------- 21 -----------------------
11 34m -------- 24h 4 ------ 45 11 ------- 29 -----------------------
12 -------- 24h 2 ------ 31 9 ------- 25 -----------------------
13 -------- 24h 5 ------ 30 10 . ------- 25 5 -----------------------
14 --- .. _--- 24h 12 ------ 30 23 ------- 62 -----------------------
15 -------- 24h 1 ------ 57 14 ------- 48 1 west Hawaii



Table 3. - -Number a f earthquakes and minutes of tremor recorded on seismographs around Kilauea Caldera--Continued

1

-Tremor Earthquakes
Date (minutes) Kilauea sunmiit

(196i) sw. rift Eastern Upper
Inter- Long and east east Koae Others

Deep mediate Shallow 30 kIn period Shallow Kaoiki rift rift

Feb. 16 ---- -------- 24h 5 ------ 45 16 ------- 30 1 1 west Hawaii
17 ---- -------- 24h 3 - - - --- 45 12 ------- 5 ---- -----------------------
18 ---- -------- 24h 3 ------ 45 18 1 19 ---- -----------------------
19 ---- -------- 24h 8 ------ 30 6 ------- 16 - 3 -----------------------
20 ---- -------- 24h 2 ------ 45 12 i 26 2 1 west Hawaii
21 ---- -------- 24h 1 ------ 31 12 ------- 31_ ---- -----------------------
22 ---- -------- 24h 2 ------ 45 11 ------- 20 3 1 offshore Mi101ii
23 26rr -------- 24h 5 ------ 45 41- l 48 7 -----------------------
24 ---- -------- 24h 5. ------ 55 57 ------- 21 ---- l'offshore Milo1ii
25 16rr -------- 24h 2 ------ 60 117 ------- 27 6 1 Mahukona; 1 offshore

Maui
26 ---- --------- 24h 12 -----.- 37 31 1 36 2 -----------------------.-
27 IOn: -------- 10h 4 ------ 93 14 ------- 37 2 -----------------------
28 -------- 24h 4 ------ 22 10 1 15 1 1 Mokuaweoweo Caldera
29 ---- -------- 24h 3 ------ 43 10 ------- 20 2 1 Mokuaweoweo Caldera

Mar. 1 ---- 6m 24h 3 ------ 36 7 ------- 28 5 1 Mokuaweoweo Caldera
2 4n: -------- 24h 1 ------ 19 15 1 25 4 1 Mokuaweowe0 Caldera;

west Hawaii
3 ---- -------- 24h 2 ------ 44 13 ------- ? 5 -----------------------
4 ---- -------- 24h 1 ------ 51 16 1 11 6 1 west Hawaii
5 ---- -------- 24h 1 ------ 180 16 1 15 ---- ------------------~----
6 30m -------- 24h 2 ------ 12 5 -r----- 15 1---- -----------------------
7 ---- -------- 24h 2 ------ 73 7 -~----- 24 3 -----------------------
8 ---- -------- 24h 2 --.;.--- 25 14 ------- 26 ---- 1 Hilo
9 30m -------- 24h 5 ------ 28 14 ------- 20 ---- I Mokuaweoweo Caldera

10 ---- -------- 24h 7 ------ 49 15 ------- 19 ---- I Naalehu
11 ---- -------- 24h ----- ------ 47 11 ------- 9 1---- 1 west Hawaii



Mar. 12 32m -------- 24h 1 ------- 32 22 ._------- 24 3 -----------------------
13 -------- 24h 4 ------- 51 15 1 18 3 1 west Hawaii
14 '24h 3 21 4 12 3 - -- -- ---------- ------- -------- -----------------------
15 ---- -------- 24h 2 ------- 28 12 -------- 14 8 -----------------------
16 -------- 24h ------- 44 6 -------- 14 12 -----------------------
17 -------- 24h 3 ------- 42 5 -------- 15 9 1 Hiloj 2 K'eanakolu
18 -------- 24h 7 4 84 9 -------- 10 8 -----------------------
19 --------- 24h 1 ------- 26 9 -------- 7 5 -----------------------
20 -------- ------ '3 ------.- 12 11 -------- 6 2 1 Keanakolu
21 14m -------- 24h ------ ------- 50 8 -------- 4 1 -----------------------
22 -------- 24h 4 ------- 33 6 -------- 16· 3 -----------------------
23 -------- 24h ------ ------- 120 5 --------- 43 2 2 Mokuaweowe0 Caldera
24 -------- 24h 4 ------- 24 12 -------- 33 6 ---.-------------------
25 ---- -------- 24h ------ ------- 48 13 1 27 2 1 Mokuaweoweo Calderaj 1

Keanakolu
'26 -------- 24h ------ ------- 94 7 -------- 1.8 1 Naalehu
27 -------- 24h 2 ------- 45 4 -------- 18 -----------------------

\.0 28 -------- 24h 2 ------- 90 13 -------- 35 5 -----------------------
29 5m -------- 24h 3 ------- 100 9 -------- 12 5 ------~----------------

30 -------- 24h 2 ------- 105 9 -------- 15 1 ---------~---------~---
31 -------- 24h ·3 ------- 38 10 -------- 15 4 1 offshore



t-Jo

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survel,

January, February, and March 1968

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth, edpicenter, and
felt report. All earthquakes of magnitude 2.5 and larger, as well as many favorably located sma~ler ones, oc-
~urring on or near the island of Hawaii are included in the list. '

Date Time Magni- Dept,h Epicenter Felt
(1968) tude (kIn) Report

h m s Lat N. Long W. Description- - -

Jan. 1 01 02 28.1 2·5 6 19°23.8' 154°55.8' 7kmNE. of Kalapana ---------------
1 05 05 46.1 2.0 3 19°32.5' 156°00.2' 9 km NW •.of Kealakekua ---------------
1 09 50 53·0 2·3 8 19°20.'5' 155°03.2' , 12 kIn ESE. of Makaopuhi seismometer ---------------
1 22 28 19·8 2.4 30 19°21.8 ' 155°16.3' 21anSW. of Ahua seismometer ---------------
2 04 43 37·0 2·5 8 20°05.1 ' 155°48.8 ' 5 ,k.m\ NNE. of Kawaihae ---------------
2 16 32 29·0 2.2 6 19°25.4', 155°25.3' 10 kIn NNW. of Desert seismometer ---------------
2 21 13 23·0 2.0 8' 19°20.0' 155°08.8' 4 kIn SEe of Makaopuhi seismometer' ---------------
5 02 58 10·3 2·3 10 19°16.2' 155°07.2' 8 kIn ENE. qf Apua Point ---------------
5 10 47 32·7 2.2 8 19°20.,2' 155°10.1' 3 km south of Makaopuhi seismometer ---------------
6 06 28 41.8 2·7 10 19°15.8' 155'°07.8 ' 7 km. east of Apua Point ---------------
6 12 17 17·5 2.0 10 19°13.7 ' 155°04.1' 14 kIn SE. of Apua Point ---------------
6 18 25 15·0 2.6 40 19°14.0' 155°23.9' 12 km south of Desert seismometer ---------------
6 23 10 22.8 3·0 6 19°U.2' 155°00.0' 22 kIn SEe of Apua Point ---------------
7 04 21 49.4 3·1 26 19°21.1' 155°21.7' 3kInNE. of Desert seismometer ---------------
7 14 24 33·0 2.4 27 19°24.2' 155°16.6' South rim 'of Kilauea Caldera ---------------
7 17 01 36.5 2.1 10 19°18.3' 155°15.1 ' 9kmNW. of Apua Point ----------------
7 18 59 11.0 2·3 10 19°19·1' 155°03.3' 16 kIn NE. of Apua Point ---------------
7 19 14 41.5 2.0 10 19°18.7 ' 155°08.0' 9k.mNE. of Apua Point ---------------
7 19 19 02·5 2.2 10 19°18.4' 155°13·1' 6kmNW. of Apua Point ---------------
1 19 46 36.5 2.8 9 19°17.4 ' 155°13.0' 4kmNW. of Apua Point ---------------
7 19 57 19·0 2·3 9 19°16.3' 155°13.7' 4 km NW. of Apua Point ---------------
7 22 07 24.3 2.0 3 19°10.2' 154°50~O' 25 kIn BE. of Kalapana ---------------
8 00 93 59·0 2.0 8 19°20.1' 155°49.1 1 10 kIn SEe of Hookena ---------------



Jan. 8 06 59 31.2 2.6 9 19°17.5' 155°13.1' 5kmNW. of Apua Point ---------------
8 11 39 56.8 2.0 10 19°18.1' 155°15.8' 9kmNW. of Apua Point ---------------
8 11 43 47·5 2.4 10 19°13.8' 155°08.8' 6 krn SE. of Apua Point ---------------
8 13 36 44.0 2.0 8 19°19.5' 155°10.2' 5 km south of Makaopuhi seismometer ---------------
8 21 33 46.2 2.0 9 19°17.8' 155°14.6' 7k.m NW. of Apua Point ---------------
9 02 39 54.2 2.0 9 19°17.7' 155°15.1' 7kmNW. of,Apua Point ---------------
9 08 30 48.3 2.0 5 19°14.8' 155°21.5' 10 k.m SSE. of Desert seismometer ---------------
9 17 55 59·0 2.2 5 19°12.7' 155°21.6' 14 km SSE. of Desert seismometer ---------------
9 18 16 15·9 3·0 7 19°11.8' 155°20.8' 16 k.m SSE. of Desert seismometer Pahala
9 20 24 18.1 3·1 5 19°10.'3' 155°20.8' 11 kIn ENE. of Pa1ima Point Pahala

10 05 33 23·1 2.0 5 19°15.2' 155°22·5' 10 k.m south of Desert seismometer ---------------
10 10 29 36.1 3.6 8 19°11.3' 155°13.6' 8kmsw. of Apua Point ---------------
10 17' 40 06.6 2·3 8 19°07·7' 155°09.8' 15 km south of Apua Point ---------------
10 17 40 57·6 2·3 8 19°09.2' 155°10.'3' 12 km south of Apua Point ---------------
10 18 24 38.5 3·3 8 19°27.5' 155°23.7' 4 km ssw. of Mauna Loa seismometer ---------------
11 04 08 27.6 2.4 6 19°14.5' 155°21.2' 11 k.m SEe of Desert 'seismometer ---------------
11 23 51 11.1 2.0 8 20°06.8' 155°55.4' 13 krn NW. of Kawaihae ---------------

f--J 13 07 43 38.1 2.0 8 19°09·9' 154°54.4' 22 km SSE. of Kalapana ---------------f--J
13 10 37 38.8 2.5 8 19°22.7' 155°28.8' 11 k.m NW. of Desert seismometer Pahala
13 13 50 21.6 3.2 40 19°37' 156°07' 24 kIn WNW. of Kealakekua ---------------
15 07 10 47·7 3·0 10 19°21.3' 155°08.2' 4 kIn SEe of Makaopuhi seismometer Hila
15 22 45 21.1 2.6 '5 19°14.7' 155°20.2' 12 k~ SEe of Desert seismometer ---------------
16 02 35 06.7 2.0 6 19°20.0' 155°25.6' 4 km west of Desert seismometer ---------------
16 19 03 10.0 3·5 40 19°16.3' 155°22.2' 7 kIn SSE. of Desert seismometer Pahala
19 17 34 51·5 3·2 13 19°26' 156°21' 45 kIn WSW. of Kealakekua ---------------
19 18 43 30·7 2.2 35 19°23.2' 155°18.0' 3 kIn SW. of Uwekahuna seismometer ----------------
20 01 48 54.2 2.0 5 19°24.8 1 155°26.8 1 11 km SW. of Mauna Loa seismorreter ----------------
20 13 14 25·3 2.0 13 19°19·7' 155°15.6' 5 km south of Ahua seismometer ---------------
20 16 26 33·2 2·5 10 19°21.2 1 155°05.7' 8 kIn ESE. of Makaopuhi seismometer ----------------
21 12 33 11·9 2.2 8 19°13.8 1 155°22.2' 12 km ENE. of Pahala ---------------
22 10 55 46·7 2.4 lQ 19°19.9' 155°09.4' 9k.mNE. of Apua Point ---------------
22 23 55 57·7 2.0 5 19°24.0 1 155°27.4' 10 km NW. of Desert seismometer ---------------
23 09 32 47·8 2.4 13 20°06.4 1 155°54.3' 10 kIn NW. of Kawaihae ---------------
23 19 07 .21.1 2·5 9 19°20.7' 155°10 ..0' 2 km south of Makaopuhi seismometer ---------------
23 23 31 22.6 2.1 9 19°21.8 1 155°04.7 1 10 km east of Makaopuhi seismometer ---------------



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March 1967--Continued

hoa,

Date Time ~gni- Depth Epicenter Felt
(1968)

h
tude

Lat N. Description
Report

m s Long w.- - -

Jan. 24 08 57 57·5 2.4 9 19°17.9' 155°16.1' 9kmNW. of Apua Point" ---------------
24 14 48 44.3 3·7 8 19°21.2' 155°01.8' 5 km west of Ka1apana Kilauea summit

area, Hil0, Pa
Pahala

24 14 53 31.2 2.2 9 19°21.6' 155°02.3' 6 km west ·'of Kalapana ---------------
24 14 53 56.4 2·3 10 19°21.3 1 155°01.0 1 4 km west of Kalapana ---------------
24 "14 57 15·9 2.5 9 19°19·8' 155°12.3' 5 kIn SW. of Makaopuhi seismometer· --~------------

24 16 59 36.1 2.4 5 19°26.2' 155°28.2' 11 km SW.· of Mauna Loa seismometer ---------------
25 06 34 05·9 2.1 9 19°20.2' 155°12.0' ,5kmSW. of Makaopuhi s'eismometer ----- - -- - - - - - _.-
25 19 14 09·1 2.2 10 19°22.7' 155°03.3' 9kmNW. of Ka1apana' ---------------
27 18 58 52.6 2.2 10 19°19.6' 155°11.9' 8 kID north of Apua Point ---------------
28 17 40 41·7 2.6 5 19°23.8 1 155°25.0 1 7kmNW. of Desert seismometer ---------------
28 18 19 07·5 3·3 30 20°05.1' 155°31.2' 5 km west of Honokaa ---------------
29 08 47 51.2 2.4 28 19°23.2' 155°18.0' 4 kIn south of Uwekahuna seismometer ---------------
30 21 11 00.0 2.0 9 19°20.4' 155°09.1' 3 km SEe of MakaopUhi seismometer ---------------
31 05 28 25.4 2.0 '9 19°20.2' 155°12.3 1 5 kIn,SW. of Makaopuhi seismometer ---------------
31 17 06 56.2 2.0 9 19°20.8' 155°09·7' 2 kIn south of Makaopuhi seismometer ---------------

Feb. 1 09 03 05·5 2.0 5 19°24.1' 155°26.1' 9kmNW. of Desert seismometer ---------------
1. 17 32 36.6 3·5 9 19°20·5' 155°07.5' 5 kIn SEe of Makaopuhi seismometer Pahala
2 02 00 20.4 2.6 3 19°15·9 155°33.1' 11 kIn NW. of Pahala ---------------
2 06 28 36.4 2.6 9 19°20.0' 155°08.6' 5 k.m BE. of Makaopuhi seismometer ---------------
2 07 52 53·6 3·2 9 19°20.2' 155°09.3' 3 kIn SEe of Makaopuhi seismometer Hila
4 17 47 34.5 2.1 10 19°21.8 1 155°05.2' 9 km east of Makaopuhi seismometer ---------------
5 03 23 23·9 2.0 10 19°23.7 1 155°24.8 1 7kmNW. of Desert seismometer ---------------
6 04 45 43.4 2.0 10 19°19.9' 155°15.4' 5 kIn south of Ahua seismometer -----,.----------
6 04 52 41.3 2·7 8 19°25.0' 155°24.8' 9kmNW. of Desert seismometer ----_ ... ---------
6 06 30 35·1 2.2 10 19°21.8' 155°05.2' 9 kIn ESE. of Makaopuhi seismometer ----------------
6 11 09 23·5 2.0 10 19°25.7' 155° 22 .'9' 8 kIn south of Mauna Loa seismometer ---------------



Feb. 6 16. 22 32·7 2.0 13 19°23.5' 155°27.5' 10 k.m NW. of Desert seismometer ---------------
7 04 41 20·3 3·3 8 19°46.7' 155°40.7' 10 kIn SW. of Waikii ---------------
7 15 40 35·9 2.1 13 19°20' 156°17' 43 krn SW. 'of Kealakekua ---------------
7 21 .24 14.7 2.4 9 19°19.4 ' 155°12.0' 7 km north of Apua Point ---------------
8 13 23 31.6 2.8 0 19°19.3. ' 155°4658' 14 kIn SEe of Hookena ---------------
8 19 20 11·3 2.2 8 19°59.8 ' 155°18.8' 7 km west of Laupahoehoe ---------------
9 07 29 38.0 2·5 0 19°46.$' 155°50.9' Puu WaaWaa ---------------
9 14 34 22.0 2.1 8 19° 2"3.6 1 155°27.4' 10 kIn NW. of Desert seismometer ------------~--
9 19 06 57·1 2.6 30 19°09.3' 155°25.7 1 7 kIn SE. of Pahala ---------------

10 18 21 06.8 2·3 29 19°20.7' 155°14.6' 4 krn SE ~ of Ahua seismometer ---------------
11 06 17 51·9 2·3 10 19°24.7' 155° 25.2' 9kmNW. o'f Desert ~eismomet~r ---------------
11 14 29 35·1 2.8 40 19°19·1' 154°59.3' 6kmsw. of Ka1apana ---------------
11 14 43 45·7 2·9 8 19°24.9' 155°27.6 1 12 km SW. of Mauna Loa seismometer ---------------
13 21 15 15·7 2·3 9 19°19.7' 155°12.1 1 8 kIn north of Apua Point ---------------
14 00 03 58.1 2.4 10 19°17·9' 155°13.2' ·5krnNW. of Apua Poip.t ---------------
14 15 16 10.4 2.8 9 19°23.2' 155°24.0' 6 k.m NNW. of Desert seismometer Pahala
14 22 37 07·9 2.1 6 19°25.7' 155°26.0' 9krnSW. of Mauna Loa seismometer ---------------

I-' 15 05 07 47.8 3·1 34 19°21.1' 155°18.9' 8 k.m SW. of Uwekahuna seismometer Pahala\>J
15 12 04 01.4 2·3 10 19°17.7' 155°16.7' 10 kIn WNW. of Apua Point ---------------
15 17 26 33·2 2·7 0 19°34.8' 155°50.9' 10 kIn NE. of Kealakekua ---------------
16 01 58 56.1 2.0 0 19°26' . 156~06' 2OkmSW. of Kealakekua ---------------
16 19 59 30.4 2.1 10 19°19·2' 155°16.1 1 6 k.m, south of Ahua seismometer ---------------

17 15 54 39.8 2·3 13 19°21.3' 155°07.4' 5 km SEe of Makaopuhi seismometer ---------------
18 21 09 18.8 2.4 9 19°23.2' 155°03.2 1 9k.mNW. of Ka1apana ---------------
19 08 11 47·7 2.8 28 19°23.2' 155°19.2' 5 km SW. of Uwekahuna seismometer ---------------
19 08 52 29·4 3·0 9 19°23.7' 155°26.8' 9k.mNW. of Desert seismometer "'---------------

19 20 53 44.7 2.2 29 19°22.0 1 155°18.0' 4 kIn SW. of Ahua seismometer ---------------
20 02 52 50.8 3·3 40 19°08.8' 154°58.8' 5 kID south of Kalapana ---------------
20 10 47 00·3 2.0 3 19°25.2' 155°16.5' Kilauea Caldera Kilauea summit area
20 15 06 33·1 2.2 8 19°22.9' 155°00.0' 4kmNW. of Kalapana ---------------
20 20 31 38.9 2.2 3 19°24.2 1 155°47.1 ' 19 kIn SEe of Kealakekua ---------------
21 19 14 54.1 2.0 10 19°20.2' 155°07.4' 5 km BE. of Makaopuhi seismometer ---------------
21 19 17 27·7 2.2 9 19°18.4' 155°13·'4' 6kInNW. of Apua Point ---------------
21 23 ~1 39·9 2·3 9 19°19.5' 155°15·7' 10 kIn NW. of Apua Point ---------------



Table 4.--Local earthquakes recorded by seismographs 'of the U.S. Geological Survey,

January, February, and March J.969--Continued

Date Time Magni- Depth Epicenter Felt
(1968) h m s tude (kIn) Lat N. Long W. Description Report

Feb. 22 08 13 46.9 2.2 9 19°20.0' 155°08.5' 10 kIn NE. of Apua Point ---------------
22 09 20 40.0 '4.5 8 19°1'5 1 156°19' 43 kIn ENE. of Milo1ii ---------------
22 12 06 4501 2.4 32· 19°18·9' 155°16.0' 7 kIn south of Ahua seismometer ---------------
23 04 32 ,46.9 2.4 13 19°19.9' 155°11.2 1 8 kID north of Apua Point ---------------
23 09 24 36.3 3·2 9 19°20.3' 155°08.2' 4 kIn SEe of 1v1akaopuhi seismometer ---------------
23 10 36 37·1 3·0 10 19°18.2 1 155°13·9' 7kmNW. of Desert seismometer ---------------
23 20 24 04.3 2·5 10 19° 2,1.0 1 155°03 ..6' 9 kIn west. of Kalapana ---------------
23 23 54 48.4 2.0 10 19°19.0' 155°14.3' 8kmNE. of Apua Point ---------------
24 04 44 23·1 2·3 8 19°24.b' 155°25.3' '9krnNW. of Desert seismometer ---------------
24 05 19 28·9 2.0 8 19°25.1 1 155°26.9' 11 kIn NW. of Desert seismometer ---------------
24 05 31 44.1 2.0 5 19°25.0' 155°26.3' 10 km NW. of Desert seismometer ---------------
24 05 45 58.8 3·2 7 19°24.7' 155°26·7' 10 krn NW. of Desert seismometer ---------------
24 06 41 26.1 2.6 8 19°24.9' 155°25.8' 10 kIn NW. of Desert seismometer -----_ .. _-------
24 11 31 37.6 3·0 7 19°24.7' 155°26.2' 10 km NW. of Desert seismometer ---------------
25 03 10 22·9 2.8 8 19°24·9' 155?24.9' 9kmNW. of Desert seismometer ---------------
25 08 56 07.6 2.0 7 19°15.7' 155°21·9' 9 km'SE. of Desert seismometer ---------------
25 09 11 30·9 3·3 13 20°13' 156°4.7 1 85 kIn SW. of Ha1eaka1a, Maui ---------------
25 10 58 38·9 2.8 3 19°24.8' 155°24.8' 9kmNNW. of Desert seismometer ---------------
25 12 52 54.8 2.2 5 19°14.8 1 155°23.3' 10 km south of Desert seismometer ---------------
25 15 09 35·9 3·1 3 20°13.0' 155°55.8' 4kmNW. of Mahukona ---------------
26 18 00 18.6 2·9 9 19°19.7 1 155°09·2' 9 km NE. of Apua Point ----------------
26 19 10 56.5 2.0 9 19°20.1' 155°15.8' 4 km south of Ahua seismometer ---------------
26 23 24 25.1 2.0 6 19°22.6 1 155°26.8 1 8kmNW. of Desert seismoreter ------_ ... _------
27 06 01 00·9 2.2 6 19°22.3' 155°26.8' 7kmNW. of Desert seismometer ---------------
28 16 53 12·9 2·7 5 19°13.7 1 155°32.7' 8 kIn NW. of Pahala ---------------
28 17 04 40.6 2.4 3 19°14.3' 155°33.8 1 10 km NW. of Pahala ---------------
28 19 56 41.9 2.4 3 19°14.1' 155°36.8' 7kmSW. of Mokuaweoweo Caldera ---------------
29 01 16 59·7 2.4 3 19°23.0 1 155°35.9 1 10 kIn SSW. of Mokuaweoweo Caldera ----------------



Feb. 29 03 08 16.7 2.0 8 19°22.8' 155°03.8' 9kmNW. of Kalapana ---------------
29 03 29 00.2 2.0 8 19°25.9 ' 155°26~0' 9kInSW. o.f Mauna Loa seismometer ---------------
29 12 37 07·3 2.1 8 19°20.0' 155°10.7 1 4 km south of Makaopuhi seismomete ---------------

Mar. 1 00 -51 02.4 2.4 2 19°23·3' 155°36.0' 8km south of Mbkuaweoweo Caldera ---------------
2 04 02 59.6 2.4 . 3 19°27 .5. 1 155°46.2' 17 k.m ESE. of Kealakekua ---------------
2 05 00 28.4 2.2 9 19°20.7' 155°03.7 1 9 km west of Kalapana - - - - -- - -- -.- - - - -
2 07 55 24.9 2.8 10 19° 2.4.4 1 155°35.2 1 7 kIn south of Mokuaweoweo Caldera ---------------
2 15 00 14.4 2.0 9 19°18.4' 155°16.3' 7 kIn south of Ahua seismometer ---------------
4· 02 32 -36.9 2.2 O· 19°20.0 1 155°50.7 1 8k.mSE. of Hookena ---------------
4 05 14 55.6 2.0 8 19°25.1' 155°26.2 1 10 kIn SW. of Mauna Loa seismometer - --- ------ _0- ___
5 04 14 20.2 2.4 8 19°25.0' 155°26.5' 10 kIn SW. of Mauna Loa -seismometer ---------------
5 .17 30 54.1 2.2 9 19°20.7' 155°07.2 1 6 km SEe of Makaopuhi seismometer ---------------
6 04 40 28.9 2.2 8 19°25.7 1 155°25.2' 8 kIn ssw. of Mauna Loa seismometer' ---------------
6 05 04 23·2 2.2 9 19°19.4' 155°11.3 1 5 km SW. of Makaopuhi seismometer ---------------
6 12 29 07·8 2.0 10 19°21.7' 155°06.1' 7 kIn ESE. of Makaopuhi seismometer ---------------
9 01 42 12.8 2.0 0 19°29.0 1 155°36.3' Mokuaweoweo Caldera ---------------
9 13 52 12.4 2·3 31 19°22.0 1 155°14.7 1 3kmSE. of Ahua seismometer ---------------

I-J 9 16 58 09·0 2.1 9 19°19.8 1 155°08.7 1 5 km SEe of Makaopuhi seismometer ------- ... -------
\Jl 10 08 00 32.6 2.2 8 19°12.4 1 155°31.0 1 15 km NE. of Naalehu ---------------

10 ' 12 01 48.5 2.0 10 19°17.7 ' 155°05.3 1 12 kIn NE. of' Apua Point ..--------_ .. _---
12 16 18 32.4 2.0 8 19°16.9 1 155 P 23.1 1 6 kIn south of Desert seismometer ---------------
17 05 17 01.4 2·7 8 19°56.3 1 ,155°28.2 ' 14 kril WNW. of Keanakolu ---------------
17 09 28 58.9 2.2 40 19°39.8' 155°13.7' 16'; km SW. of Hil0 ---------------
17 13 49 29.6 2.8 8 19°56.4 1 155°27.4' 13 kIn WNW. of Keanako1u -.- - - - - - - - - - - - - -

17 17 00 03·9 2.0 9 19°22.0' 155°02.8 1 7kmWNW. of Kalapana ---------------
18 01 42 17.2 2.2 29 19°21.7' 155°19.0 ' 6kmsw. of Kilauea Caldera ---------------
19 20 12 15·5 2.0 8 19°16.8' 155°28.2 1 11 kIn SW. of Desert seismometer . --_ ... _----------
23 05 29 18.0 2.4 5 19°23.2 1 155°25.7 1 7kmNW. of Desert seisInOreter -~-------------

23 05 32 03·5 2.0 27 19°23.7' 155°17.6' 2kmSE. of Kilauea Caldera ---------------
23 06 47 11.1 2.5 3 19°30.7 ' 155°42.1 ' 12 kIn WNW. of Mokuaweoweo Caldera ---------------
23 13 57 13·2 2.5 3 19°33.2' 155°42.2 ' 15 kIn WNW. of Mokuaweoweo Caldera ---------------
24 02 45 02.6 2·7 9 19°19.9 1 155°12.7 ' 8kmNNW. of Apua Point ---------------
25 14 50 53·3 2·5 40 19°46.0' 155°19 ..3 ' 25 kIn WNW. of Hilo ---------------
25 16 57 36.7 2·3 3 19°23.8' 155°37.4 1 9kmSW. of Mokuaweoweo Caldera ---------------
26 03 27 54.8 2.4 9 19°20.0' 155°10.8' 4 km SW. of Makaopuhi seismometer ---------------



T~ble 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January, February, and March 1968--Continued

Date Time Magrii Depth Epicenter Felt
(1968)

11
tude (kIn) Lat N. Long W. Description Report

In §.

Mar. 26 09 41 27.6 2., 3 19°13.2' 155°36.3' 17k.mNNW. of Naalehu ---------------
28 00 30 01.6 2.6 10 19°22.7' 155°23.7 ' 5 km north of Desert seismometer ---------------
29 03 51 19·8 2.2 6 19°26.2 1 155°27.1' 9k.mSW. of Mauna Loa seismometer ---------------
29 12 11 40.8 2.0 10 19°21.8' 155°i6.1' 1 km south. of Ahua seismometer ---------------
30 03 37 14.3 2.1 8 19°24.0' 155°26.0' 8k.mNW. of Desert seismo:rreter ---------------
30 ·23 21 18.1 2.0 9 19°20.2' 155°08.0 ' 5 krn SE. of Makaopuhi seismometer ---------------
31 00 56 15·0 4.2 13 21°45' 156°56' 60 km nor~h of Molokai ---------------
31 01 22 07.8 3·0 13 21°50' . 156°51' 137 kIn NW. of Ha1eakala, Maui ---------------
31 15 00 37·7 2.2 13 19°34.1 1 155°20.0' 10 kIn NE. of Mauna Loa seismometer ---------------
31 20 58 56.1 2.0 13 19°33.2 1 155°21.3' 7 kIn NE. of Mauna Loa seismometer ---------------



Table 5.--U.S. Geological Survey.seismograph stations in Hawaii

LOn island of Hawaii unless otherwise state~l

LocationStation

Uwekahuna
(~waiian
Volcano

Observatory)

Mauna Loa
Ahua
Mauna Loa (2)
Desert
North Pit
West Pit
Makaopuhi
Kealakomo
Outlet
Kipuka Nene
Cone Peak.
Hi10

Kipapa, Oahu

Pahoa

Symbol

U

M
A
M(2)
D
N
WP
MP
K

°KN
CP
Hi

Kip

Pa

Lat N.

19°29.8'
19°22.4'
~9°27.6'
19°20.2 1

19°24.9'
19°24.7'
19°21.8 1

19°18.5'
19°23.4 1

19°20.1'
19°23.7 1

19°43.2 1

Long W.

155°23.3'
155°15.9 1

155°20.7'
155°23.3 1

155°17.0'.
155°17.5'
155°10.7'
155°09.6 1

155°16.8'
155°17.4 1

155°19.7 1

155°05·3'

158°00.9 1

154°56.8'

Altitude
(m)

above sea
level

1,240

2,010
1,070
1,475

815
1,115
1,115

885
201

1,084
924

1,038
20

205

Equipment
(Z, vertical; N, north-south; E, east-west)

Long-period ~res.s-Ewing: N, E, Z.
(Seismometer and galvanometer periods are
l? an~ 90 seconds, ·resp~ctivel~)

Short-.peri9d, .Sprengnether: E, Z ..
liVO-I: zY

Short-base liquid-level ti~~eter

Remote recording liVO-2: ~
Do.

Remote recording 1.0 sec. EV-17 z.
Do.
Do.
Do.
Do.
Do. (installed Sept. 28, 1966)
Do.
Do. (installed Sept. 21, 1967)
Do. (installed Nov. 8, 1967)

liVO-l: Z
Wood-Anderson: N, E. Operated by
Joseph De Mello at St. Joseph's School.

HVO-1: Z. Operated by U.S. Coast and
Geodetic Survey.

HVO-l: Z. Operated by KODgo Kimura at
Pahoa School.



Table 5.--U.S. Geological Survey seismograph stations in Hawaii--Continued

LocationStation Symbol

Lat N. Long W.

Altitude
(m)

above sea
level

Equipment

(Z, vertical; N, north~south; E, east-west)

Haleakala, Maui Ha

Naalehu Na

Kamuela Ka

&;
North Bay NB

Kealakekua Ke

2,090

205

740.

4,005

505

HVO-l: Z.
Wood-Anderson: . N, E., Operated by the staff
of Haleakala National Park, Maui.

1.0 seG. EV-17 seismome~er, 0.5 sec.
galvanometer: Z. Operated by
Mrs. E. Elarionoff at Naalehu School.

1.0.sec. EV-17, 0.286 sec. galvanometer.
Operated by Michael Foster at H.P.A., Kamuela

1.0 sec. EV-17: Z. with helicorder.
Operated by U.S. Weather Bureau.

1.0 sec. EV-17, 0.286 sec. galvanometer:
Z, EW, and NS. Operated by Henry Nelson at
Kana County Hospital.

~/HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and galvanometer periods of
0.5 second. Overdamping of both seismometer and galvanometer is used to control the strong galvanometer
reaction. This seismograph has a peak magnification of about 20,000 at a period of 0.25 se~ond. Recording is
optical, on photographic paper.

~HVO-2 is a moving-coil, vertical-component seismograph with a seismometer period of 0.8 second. Its
signal is transmitted over telephone wires to the Hawaiian Volcano Observatory, where it is recorded on
smoked-paper recorders.



Table 6.--u.s. Geological Survey'tiltmeter stations in Hawaii

Frequency Base
Station Symbol 'Location of length Description

Lat N. wng W. rea9ing M

Tree Molds TM ' 19°26.3' 155°11.3' Quart~rly 50·79 NS. and EW.

Sand Spit SS 19°24.1' 155°16.8' ---do---- 25.40. Equilateral
',.

triangle

Keamoku Kea . 19° 25.1', 155°19.0' ---do---- 41.55 Do'.

Ahua Kamokukolau Karn 19°22.7' 155°16.6' ---do---- 50·19 Do.

Kipuka ,Nene KN 19°19·4' 155°16.1' ---do---- 50·19 Do.

Hi1ina Pa1i HP 19°18.2' 155°18.6' ---do---- 41.13 Do.

Kapapala Ranch Kap 19°20.5' ' 155°23.8' ---do---- 50·19 Do.

Mehana M 19°26.2' 155°14.3' ---do---- 25·00 Do.

Uwekahuna U 19°25.5' 155°17·4' --,-do---- 50·79 Do.

Uwekahuna Vault 19°25.4' 155°17.6 ' Daily 3.48 NS. and EW.

19



UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

HAWAIIAN VOLCANO OBSERVATORY

SUMMARY 50

April, May, and June 1968

By Robert Y. Koyanagi, Arnold .T. Okamura

and Willie T. Kinoshita~/

Issued September 1970

OBSERVATORY STAFF

Geology

H. A. Powers (Scienti~t-in-Charge)

D. A. Swanson

Geophysics

D. B. Jackson
W. T. Kinoshita
George Kojima
R. Y. Koyanagi
A. T. Okamura

Geochemistry

R. T. Okamura
T. L. Wright

Support

J. C .. Forbes
w. H. Francis
B. J. Loucks
S. A. Takeguchi.
M. S. Umezu
Akira Yamamoto

~/National Center of Earthquake Research, Menlo Park,
California.



CONTENTS

Page

Summary of activities ------------------------------ 1

Tilting of the ground around Kilauea caldera ------- 3

Seismic summary ------------------------------------ 6

Illustrations

Figure 1. Map of the island of Hawaii showing seis
mograph stations and localities men-
tioned in the text -------------------- 2

2. Tilting of the gr.ound around Kilauea cal
dera between February 14, 1968 and June

10, 1968 ------------------------------ 5

Tables

Table 1. Tilt coordinates at Uwekahuna Vault ---~-- 3

2. Tilt coordinates and changes at bases
around Kilauea caldera ----------------- 4

'3. Number of earthquakes and minutes of tremor
recorded on seism~graph.s around Kilauea
caldera -----------------------------~-- 7

4. Local earth~uakes recorded by seismographs
of the U.S .. Geological Survey ---------- 11



Summary of activities

Th'e eruption on the summit crater ,continued through
out this quarter except for a 2-hour period on May 5th when
fountaining and tremor ceased. Thi~ short period of in
a~tivity separated the 29th and 30th phases. By the' end
of June the depth of new lava to the 1961 floor in
Halemaumau was 360 feet. Levees around the central, active
portion of the lake are 405 to 420 feet above the pre
eruption floor.

Levels were run on the benchmarks in'the summit area
and the upper east rift in early April and early June.
The leveling generally shows small inflation during the
quarter. In early April the summit benchmarks were still
ab,out,a.l foot below their pre-eruption levels. By June
the summit was at about the pre-eruption level. Inflation
along the upper east rift came into prominence during this,
period as uplift in the Alae,-Makaopuhi crater area nearly
~atched uplift in the summit area in April. In June the
upper east rift area showed slight deflation, but it
still remained at a fairly high level.,

There were slight extensions along all of the geodi
meter lines in the summit area when their lengths as measur
ed in May were compared with their October 1968 (pre
eruption) lengths.

In addition to several bursts of shallow caldera quakes
several tens ,of earthquakes were recorded daily from sources
beneath Kilauea's southwest and southeast flanks. The
largest quake from the shallow caldera source region regis
tered magnitude 4 on May 29. A swarm of several hundred
"30-kmdeep" Kilauea summit quakes occurred in l~te April.
The largest. event, a 4-1/2 magnitude shock at 04 Q'9 m,
Aprii 28,' appeared to have initiated, this deep episode.

1



EXPLANATION

6 Seismooraph Station

o Town or locality

bB::::EH~.-2i::::==::::i====31O===::JlrMile.
5 0 5 10 ~ 20 25 Kilometer.
HAR e--3 I

Contour interval 1,000 'eet
Datum is mean sea level

TopoQraphr by US GeoIoQical Sune,

laupohoe 01 - 20·

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the'U.S. Geological Survey,principal settlements,
and selected geologic features. Epi'centers of local earthquakes
are given in table 4 in terms of geographic coordinates, 'which
a~e indicated at the edges of the map.
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Tilting of the ground around Kilauea Caldera

Tilting of the ground around the summit of Kilaeua
is monitored daily by a short-base water-tube tiltmeter
in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale by means of a network of
field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is
reported in terms-of north-south and east-west tilt
coordinates. Both coordinates at each station were arbi
trarily set equal to 500 when measurements at that station
were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and
east. A one-unit change in coordinate corresponds to a
tilting of 1 microradian (1 mm per km) in the direction
indicated.

Location of and essential data on each tiltmeter
station are listed in table 6, which is published only in
the first quarter issue each year.

Table l.--Tilt coordinates at Uwekahuna vault

April, May, and June 1968

Date
N-S E-W

Date N-S E-W(1968) (1968)

April 7 556 402 May 19 555 399

14 556 399 26 555 402

21 556 399 June 2 555 402

28 556 398 9 555 402

May 5 555 400 16 556 395

12 556 399 23 55·5 394

30 556 397

3



Table 2.-~Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 2)



Q

o

"

9KN

cr
o

2000

~

2.; x 10-6 radians/month
1968 - JUN~ 10, 1968

N

t
5KM

Figure 2.--Tilting of the ground around Kilauea caldera.
The vecto~ depicting tilting at a given tilt base
points in the direction of maximum relative subsidence
and has a length proportional to the rate of tilting
during the measurement interval. Closed ·circles re
present field tilt bases; open circles, short-base
water-tube tiltmeters. See table 2 for explanation
of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological Survey seismo
graph network in Hawaii fall into two categories: Local
earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic acti
vity at Hawaiian volcanoes, daily counts of earthquakes
and minutes of tremor recorded by seismographs in Hawaii
are listed in table 3. The earthquakes are separated in
groups on the basis of region of origin as determined by
analysis of records obtained daily at the observatory
(U, M, Mx, A, D, N, WP, MP, Kx, 0,). Earthquakes of
magn·itude 2.0 or greater are generally sUfficiently well
recorded to be located with greater precision; they are
listed individually in table 4.

Location of and essential data on each seismograph
station are listed in table 5 in the first-quarter issue
each year.

Acknowledgments

Several people or agencies reported "felt" earthquakes
during the 2nd quarter, 1968. Their assistance ~s grate
fully acknowledged.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three catego~ies: deep, intermediate, and shall~w, on the basis of
relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor
is presumed to be associated 'with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originat"e about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea Caldera
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of
the Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift zone--de
tected largely on the Pahoa seismograph; earthquakes from the upper east rift zone and the
adjacent fault systems of Kilauea's south flank; and earthquakes from other regions: west
Hawaii, Mauna Kea, etc ..

Tremor Earthquakes
(m = minutes Kilauea Summith = hours)

Date SW rift Eastern Upper Koae Other
(1968) Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

April 1 24h 4 40 8 10 3
2 . 24h 3 80 14 24 3
3 24h 2 325 7 17 8
4 .. 24h 1 60 11 13 3 3
5 24h 2 105 3 15 3 1
6 24h instI uments off ---------------- --------- ------ -- I

7 24h 8 120 4 13 2
8 24h 45 8 14 3
9 6m 24h 6 60 7 16 6 2

10 24h 120 instrl ments off ----- --
II 24h 3 60 4 14 5
12 24h 5 120 9 4 2

I



~ab1e ~.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Ca1dera--Continued

Tremor Earthquakes
(m = minutes
h = hours)

Kilauea Summit

Date SW rift Eastern Upper Koae Other
(1968) Inter- Long and east . east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

April 13 · · 24h . · 60 9 · 22 5 2

14 · 24h 2 150 10 17 6 1

15 · 24h . 45 22 19 5
16 · 24h 2 · 105 9 · 21 10

17 · · 24h 1 45 '7 21 10 1
18 14m 2 30 5 · 14 8

19 24h 2 45 12 17 4

20 · 24h 120 5 18 1
21 · · 24h · 75 · 27 5
22 · 2·4h 2 · 135 8 · 27 7
23 24h · III 4 · 23 2

24 · 24h 4 · 75 13 28 5
25 24h 2 45 11 · 2'2 2

26 24h 45 11 1 22 5
27 24h 106 120 6 24
28 24h 62 · 45 34 15 3 1

29 24h 25 45 8 · 6 3
30 24h 15 9 11 26 4 2

May 1 · 24h 14 15 10 · 10 5
2 24h 5 1 11 · 5 1

3 24h 3 . 15 1 3
4 . 24h 4 4 7 10 1

5 · 22h 3 5 · 10 2

6 24h 7 7 34 1 17 5 1

7 '24h 5 · 19 22 6



May 8 4 43 9 16

9 24h 9 5 '12 34 6

10 24h 4 9 24 4

11 24h .2 7 7 1

12 24h 4 7 1 13 8 1

13 24h 5 21 12 9 4

14 24h 3 3 16 1 16 7

15 24h 4 5 14 9 5

16 24h 5 24 13 17 17

17 24h 3 5 18 15 6

18 24h 3 22 18 12 4

19 15 122 16 15 4 2

20 13 6 10 15 6

21 24h 7 4 14 13 2

22 24h 2 23 9 14 7

23 4 15 8 1 15 4

24 53m 9 160 6 16 3

\0 25 65m 24h 5 69 9 63 5

26 20m 24h 6 10 2 14 6

27 24h 2 48 4 16 2

28 19m 24h 7 34 8 27 5

29 24h 1 190 4 1 18 6

30 24h 1 14 6 12 5

31 24h 6 4 9 29 8 2

June 1 24h 4 28 4 33 10

2 24h 2 16 7 1 26 2

3 24h 5 25 9 1 19 7 1

'4 24h 43 11 15 14

5 24h 1 36 3 18 28

6 24h 3 21 7 14 13

7 24h 2 58 8 1 20 5 1

8 24h 1 65 9 9 1

9 24h 2 13 17 11

10 10m 24h 7 38 20 16 3

11 24h 2 46 16 22

12 24h 6 21 30 24

13 24h 2 18 15 1

14 24h 3 48 8 15 17



~
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.Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Ca1dera--Continued

Tremor Earthquakes
(m = minutes
h = hours) Kilauea Summit

Date
(1968)

SW rift Eastern Upper Koae - Other
Inter- Long and east east

Deep medi ate Shallow 30KM Period Shallow Kaoiki rift- rift

June 15 24h 1 15 9 -- 28 19
16 42m 3 69' 6 1 20 19
17 24h 10 19 31 36 13 1
18 24h 12 66 27 30 26
19 . . 24h 2 27 5 1 67 5
20 24h 10 43 45 206 1 1
21 24h 6 25 15 52 4 1
22 24h 4 · 150 26 38 13 1
23 24h 3 · 70 43 63 20
24 24h 3 · 44 28 58 9
25 24h 7 57 20 72 26
26 24h 9 72 23 45 43
27 24h 7 · 35 21 18 14
28 30m 11 24 26 50 44
29 22m 24h 7 51 50 39 1
30 18m 24h 8 29 23 14 3 1



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

April, May, June 1968

Entries for a given quake are: date, origin time (Hawaiian Standard Time), magnitude, depth,
epicenter, and felt report. All earthquakes of magnitude 2.5 and larger, as well as many
~avorably located smaller ones, occurring on or near the island of Hawaii are included in
the list.

Date Time Magni- Depth Epicenter
tude (km) Felt

h m s Lat. N. Long. w. Description
Report

- -

April 1 14-34-22·.7 2.0 9 19°27.2' 155°27.4·' 9 km SW of Mauna Loa
, seismometer

3 15-06-11.1 3.7 8 19°23.1' 155°27.1' 8 km NW of Desert seismo- Pahala, Hila,
meter Kilauea Summi

Area

4 16-56-16.4 2.5 3 19°33.2' 155°50.8' 9 km NE of Kealakekua

4 18-20-57.7 2.4 28 19°03.8' 155°23.8' 20 km E of Naalehu

4 23-16-53.2 2.0 3 19°23.0' 155°36.1' 10 km S of Mokuaweoweo
Caldera

5 04- 5'8 - 3 3 . 1 2.4 8 19°57.3' 155°29.8' 17 km WNW of Keanakolu

5 07-11-40.6 2.0 8 19°25.6' 155°24.3' 8 km SSW of Mauna Loa
seismometer

6 00-30-15.7 2.5 35 19°19.5' 154°59.5' 3 km SW of Ka1apana

6 09-36-22.7 2.7 3 19°13.7' 155°31.0' 5 km NW of Pahala

I

t



Table 4.--Loca1 earthquakes !ecorded by seismographs of. the u.s. Geological Survey

April, May, June 1968

.......
I\)

Date Time Magni- Depth Epicenter Felt
tude (km) Report

.h m ~ L·at. N. Long. w. Description- -

April 7 20-25-15.7 2.0 27 19°22.3' 155°16.8' 2 km W of Ahua s e i smomet er

9 00-38-37.0 2.0 3 19°11.2' 155°39.6' 16 km NW of Naalehu

9 01-14-56.7 2'.6 13 20°00' 156°25' 90 km S of Ha1eaka1a, Maui.

10 01-00-24 '.8 3.7 27 19°23.9' 155°16.9' South rim of Kilauea Kilauea Summit
Caldera Area, Pahala

10 04-59-48.6 2.0 2 19°25.5' 155°16.9' Kilauea Caldera

10 09-18-17.2 2.1 5 19°25.1' 155°26.0' 10 km SW of Mauna Loa
seismometer

11 14-45-20.9 2.2 9 19°19.5' 155°13.4' 7 km NW of Apua Point

12 20-24-01.8 2.4 45 19°15.6' 155°12.9' 2 km W of Apua Point

13 05-06-05.5 2.1 15 19°27.7' 155°38.8' 5 km SW of Mokuaweoweo
Caldera

13 11-13-00.6 2.4 3 19°43.2' 155°43.8' 30 km NE of Kealakekua

14 08-25-25.1 2.2 9 19°19.0' 155°11.8' 6 km N of Apua, Point

14 10-45-57.3 2.5 0 20°02.1' 155°59.7' 17 km W Kawaihae



Table 4.--Local earthquakes recorded by seismographs of. the u.s. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

April 15 10-30-25.5 3.0 10 19°15.0' 155°25.2' 8 km NE of Pahala Pahala

15 10-53-10.5 2.2 5 19°14.5' 155°27.7' 13 km BW of Desert seismo Pahala
meter

16 20-16-17.0 2.2 35 19°20.1' 155°09.6' 3 km BE of Makaopuhi
seismometer

17 00-39-37.8 2.1 8 19°15.0' 155°26.7' 11 km SW of Desert seis- Pahala
mometer

17 04-58-06.3 2.4 8 19°48.3' 155°37.4' 6 km SE of Waikii

17 12-38-56.5 2.0 8 19°25.3' 155°25.5' 9 km SW of Mauna Loa
seismometer

18 20-09-42.8 3.2 29 19°22.0' 155°16.8' 2 km SW of Ahua seismo- Kilauea Summit
meter Area, Pahala,

Hi10

21 08-27-46.4 2.1 9 19°19.8' 155°11.7' 4 km SW of Makaopuhi
seismometer

21 20-27-52.1 2.3 8 19°19.4' 155°10.2' 5 km S of Makaopuhi
seismometer

28 04-08-59.0 4.5 30 19°22.5' 155°17.9' 4 km W of Ahua. seismo- Island-wide,
meter possibly Oahu

too



Table 4.--Loca1 earthquakes recorded by seismographs of. the U.S. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

-h m ~ Lat. N. Long. w. Description- -

April 28 04-16-24.8 2.1 30 19°22.8' 155°17.4' 3 km WNW of Ahua seismo- Kilauea Summit
meter Area

28 04-52-13.3 3.2 30 19°21.8' 155°18.4' 5 km SW of Ahua seismo- Kilauea Summit
meter Area

28 05-19-12.8 3.6 30 19°22.5' 155°16.9' 2 km W of Ahua seismometer Kilauea Summit
Area

28 05-59-13.0 2.2 30 19°22.9' 155°16.2' 1 km NW of Ahua seismo-
meter

28 06-44-47.3 2.0 29 19°21.8' 155°17.8' 3 km SW of Ahua seismo-
meter

28 o8 - 3 5- 2'5 . 0 3.4 8 Q-9°24.9' 155°26.8' 11 km SW of Mauna Loa Pahala
seismometer

28 08-39-47.9 2.4 30 19°22.0' 155°17.3' 3 km SW of Ahua seismo-
meter

28 08-55-36.8 2.3 31 19°23.2' 155°17.0' 2 km S of Kilauea Caldera

28 11-28-25.3 2.5 30 19°22.2' 155°17.2' 3 km W of Ahua seismometer

28 19-45-05.1 2.1 30 19°22.0' 155°17.7' 3 km W of Ahua seismometel



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

April, May, June 1968

.......
Vl

Date Time Magni- Depth Epicenter Felt
tude "( km) Report

h m .§.. Lat. N. Long. W. Description
- -

April 28 21-23-40.4 2.1 8 19°21.8' 155°24.3' 3 km NW of Desert seis- Pahala
mometer

29 02-22-50.0 2.1 30 19°22.8' 155°16.7' 1 km NW of Ahua seismo-
meter

29 05-02-26;9 2.2 8 19°23.1' 155°27.1' 9 km NW of Desert seis- Pahala
mometer

29 08-07-05.9 2.3 31 19°22.5' 155°16.3' 1 km W of Ahua seismometer

29 15-58-52.8 2.8 31 19°23.3' 155°17.0' 3 km NW of Ahua seismo-
meter

29 20-35-29.1 2.6 30 19°23.3' 155°16.2' 2 km NW of Ahua seismo-
meter

29 23-17-21.7 2.3 10 19°11.9' 155°27.7' 2 km E of Pahala

30 01-30-51.6 2.2 3 19°26.9' 155°46.7' 17 km SE of Kealakekua

30 03-21-12.1 2.0 30 19°22.8' 155°17.7' 3 km W of Ahua seismometer

30 08-27-36.7 1.9 30 19°23.3' 155°16.9' 3 km NW of Ahua seismo-
meter

30 12-12-43.5 2.5 8 19°5l.4' 155°33.6' 10 km E of Waikii



Table 4.--Local earthquakes recorded by seismographs of, the U.S. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

April 30 19-13-00.0 2.6 30 19°22.3' 155°17.2' 2 km W of Ahua s e i smometer Pahala

30 23-27-19.4 2.4 30 19°23.0' 155°16.8' 2 km NW of Ahua seismo- Pahala
meter

May 1 03-33-07.7 2.4 30 19°22.2' 155°17.3' 2 km W of Ahua seismometer

1 11-09-04.3 2.1 8 19°25.7' 155°24.2' '8 km SSW of Mauna Loa
seismometer

3 19-10-14.1 2.6 8 19°25.3' 155°24.8' 9 km SW of Mauna Loa
seismometer

3 19-39-12.0 3.2 30 19°21.7' 155° 1·5 .8' 2 km S of Ahua s e i smometer

6 02-42-49.5 2.5 8 19°54.8' 155°38.8' 6 km N of Waikii

7 12-51-19.6 2.1 31 19°22.9' 155°17.7' 3 km NW of Ahua seismo-
meter

8 o7 - 18 -'0 2 . 5 2.6 32 19°22.8' 155°16.0' 1 km NW of Ahua seismo- Pahala
meter

8 10-01-13.3 2.7 9 19°20.3' 155°06.8' 7 km SE of Makaopuhi
seismometer

10 17-23-39.6 2.0 9 19°19.2' 155°16.2' 6.km S of Ahua s e is mometer-



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

April? May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. ~ L,at. N. Long. w. Description
-

May 11 06-23-53.2 2.1 9 19°18.4' 155°16.3' 8 km S of Ahua seismometer

12 04-54-05.1 2.0 8 19°23.0' 155°24.0' 5 km NNW of Desert seis-
mometer

12 10-06-52.9 3.6 0 19°20.2' 155°44.8' 17 km SE of Hookena Kawaihae,
Kealakekua

13 14-24-11.2 2.1 9 19°20.5' 155°06.9' 6 km SE of Makaopuhi
seismometer

14 13-21-06.8 2.4 8 19°24.7' 155°26.2' 11 km SW of Mauna Loa
seismometer

14 17-57-39.6 2.0 8 19°25.8' 155°25.5' 8 km SW of Mauna Loa
seismometer

16 09-38-00.9 2.0 9 19°20.3' 155°06.8' 6 km SE of Makaopuhi
seismometer

17 21-43-11.0 2.2 7 19°23.8' 155°14.9' 3 km NE of Ahua seismo-
meter

18 19-17-28.4 2.0 9 19°19.0' 155°12,.7' 7 km NW of Apua Point

18 16-18-43.2 2.8 5 19°23.8' 155°23.7' 7 km N of Desert seismo-
meter



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ L·at. N. Long. w. Description-

May 19 06-29-42.6 2.7 5 19°24.5' 155°35.5' 6 km S of Mokuaweoweo
Caldera

19 09-02-13.5 3.0 5 19°23.8' 155°36.5' 6 km SSW of Mokuaweoweo
Caldera

20 01-30-07.' 5 2.0 10 19°21.8' 155°05.9' 8 km E of Makaopuhi
seismometer

21 03-07-29.5 2.7 35 19°21.8' 155°01.9' 6 km WNW of Kalapana

22 17-51-49.4 2.0 10 19°21.2' 155°03.9' 9 km W of Kalapana

23 01-58-02.3 2.1 9 19°20.6' 155°06.7' 6 km SE of Makaopuhi
seismometer

23 10-23-43.3 2.4 40 19°15.3' 155°06.4' 9 km E of Apua Point

23 19-56-'39.6 2.2 9 19°21.2' 155°00.8' 4 km W of Kalapana

23 21-11-52.3 2.3 7 19°23.2' 155°23.8' 6 km N of Desert seismo-
meter

26 04-26-02.3 2.3 30 19°23.0' 155°17.3' 2 km SSW of Kilauea
Caldera

28 04-43-1.3.0 2.0 9 19°19.8' 155°08.5' 5km SE of Makaopuhi
seismometer

.......
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Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s L·at. N. Long. w. Description- - -

May 28 10-23-52.7 2.1 30 19°23.8' 155°14.5' 2 km SE of Kilauea -Caldera

28 16-54-40.1 2.3 10 19°15.6' 155°27.0' 11 km SW of Desert seis- Pahala
mometer

29 11-42-34.3 3.7 3 19°25.2' 155°16.3' Kilauea Caldera Kilauea Summi
Area

29 21-54-40.1 2.5 9 19°19.7' 155°08.7' 5 km BE of Makaopuhi
seismometer

31 03-08-16.0 2.2 9 19°20.7' 155°08.7' 4 km SE of Makaopuhi
seismometer

31 08-53-18.1 2.5 5 19°29.9' 155°48.8' 12 km ESE of Kealakekua

31 20-28-14.2 2.7 8 19°24.0' 155°46.8' 20 km SE of Kealakekua

June 1 03-04-55.7 2.1 9 19°20.6' 155°07.1' 6 km SE of Makaopuhi
seismometer

2 21-17-25.4 3.1 9 19°20.8' 155°07.2' 6 km SE of Makaopuhi Kilauea Summi
seismometer Area, Hil0,

Pahala

2 21-19-43.5 2.3 10 19°20.4' 155°05. 4 ' 8 km SE of Makaopuhi
seismometer

t
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

April, May, June 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ L.at. N. Long. w. Description- -

June 3 06-29-58.8 2.0 30 19°22.2' 155°17.4' 3 km W of Ahua s e i smometer

3 12-04-02.1 2.0 13 18°44' 155°28' 30 km SE of Kalae Point

3 13-06-39.9 2.4 8 19°21.8' 155°29.0' 10 km WNW of Desert seis-
mometer

6 16-08-57.6 2.4 30 19°23.1' 155°17.2' 2 km S of' Kilauea Caldera

7 04-22-36.3 2.0 5 19°11.8' 155°40.2' 17 km NW of Naalehu

8 04-25-25.6 2.1 8 20°00.0' 155°18.7' 8 km W of Laupahoehoe

8 05-27-58.9 3.0 30 19°22.1' 155°17.8' 4 km SW of Kilauea Caldera Kilauea Summi
Area, Pahala

8 19-08-53.4 2.8 4 19°24.8' 155°16.7' Kilauea Caldera Kilauea Summi
Area

9 10-22-58.4 2.1 10 19°18.9' 155°13.3' 7 km NW of Apua Point

10 13-54-53.2 2.3 8 19°25.8' 155°27.2' 10 km SW of Mauna Loa
seismometer

11 11-25-28.5 2.1 5 19°25.3' 155°26.3' 10 km SW of Mauna Loa
seismometer

t

t



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

April, May, June 1968

t

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

une 16 17-08-26.5 2.4 10 19°21.7' 155°14.7' 3 km SE of Ahua seismomete:

16 22-10-36.6 2.3 10 19°20.5' 155°07.8' 5 km SE of Makaopuhi
seismometer

17 22-33-12.0 2.6 8 19°33.3' 155°48.5' 12 km ENE of Kealakekua

18 14-47-14.6 2.0 10 19°20.8' 155°08.1' 4 km SE of Makaopuhi
seismometer

19 04-36-18.9 3.0 5 19°24.0' 155°17.3' . SW rim of Kilauea Caldera Kilauea Summi
Area

19 22-44-57.9 2.0 10 19°19.2' 155°13.3' 8 km NW of Apua Point

20 04-20-09.8 3.0 13 20°44' 157°05' 105 km W of Haleakala,
Maui

20 23-07-57.7 3.1 30 19°22.0' 155°17.0' 2 km SW of Ahua seismomete'r

21 05-03-29.9 2.0 3 19°22.7' . 155°46.1' 14 km E of Hookena

'21 16-11-02.4 2.3 30 19°22.9' 155°16.7' 2 km NW of Ahua seismo-
meter

21 17-58-44.7 2.6 30 19°22.9' 155°17.0' 2 km S of Kilauea Caldera Pahala

J



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

April! May! June 1968

I\)
I\)

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

June 22 16-08-36.1 2.4 8 19°12.0' 155°33.8' 9 km W of Pahala

23 09-08-51.0 2.5 5 19°21.0' 155°12.3' 4 km SW of Makaopuhi
seismometer

23 10-44-00.9 2.0 8 19°22.2' 155°24.8' 4 km NW of Desert seis-
mometer

24 18-10-19.0 2.7 8 19°25.2' 155°28.1' 11 km SW of Mauna Loa
seismometer

24 20-22-16.4 2.0 10 19°23.0' 155°26.9' 8 km NW of Desert
seismometer

25 02-40-12.0 2.7 5 19°23.2' 155°29.4' 12 km NW of Desert
seismometer

25 15-41-27.1 2.6 9 19°20.7' 155°11.6' 4 km SW of Makaopuhi
seismometer

27 03-28-19.4 2.1 8 19°22.2'. 155°30.4' 13 km NW of Desert
seismometer

28 08-01-18.7 2.1 9 19°19.7' 155°12.7' 8 km NW of Apua Point

29 08-49-41.9 2.4 8 19°12.0' 155°28.7' Pahala



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

April, May, June 1968

I\)

w

~

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. W. Description
-

June 29 14-13-46.6 2.2 8 19°53.8' 155°44.0' 10 km NW of Waiki i .

29 18-50-54.5 2.5 9 19°19.7' 155°11.2' 8 km NNE of Apua Point

30 09-05-50.6 2.. 5 8 19°15' 156°23' 54 km WNW of Hookena
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Summary of activities

The eruption of Halemaumau that began on November 5,
1967, ended on the 13th of July. About 109 x 10 6 cubic
yards of new lava was erupted into the pit during the 31
phases of this eruption. The final depths of filling,
measured from the 1961 floor are: . high lava marks 363-375
feet; inner levee, 420 ~ 10 feet; highest cone, 470 feet.
Follaving the end of the eruption, lava drained out of the
inner lake, leaving about a 50 foot depression in the
center.

The volcano, however, did not remain quiet very long
as it began erupting again at 0248 HST on August 22 along
the Upper East Rift. It began erupting at Hiiaka crater,
about 2 miles east of Ahua seismometer, and eventually
extended to fissures up to 10 miles to the east. This
eruption continued until early morning of August 26. An
estimated 130,000 cubic yards of lava was erupted of which
only about 17,500 cubic yards remain on the surface.

The lava erupted from the main fissures in Hiiaka con
tains only olivine and spinel phenocrysts and so must have
been hot, an interpretation supported by several optical
pyrometer measurements of l145°C. Large olivine phenocrysts
are abundant (8-14 per cent) and commonly occur i~ clots.
Many of the larger olivine crystals are strained. The lava
from the Escape Road is similar to that in Hiiaka lake.

The lava that erupted from the small fissure on the
southwest wall of Hiiaka is much more crystalline, with
numerous aligned plagioclase and clinopyroxene microlites
as well as 10 or so per cent olivine phenocrysts. This
lava flowed slowly and quickly turned into aa, suggesting,
together with its crystallinity, that the lava either was
simply cooler lava of Hiiaka lake-type or that it is a more
viscous, and also cooler., differentiate.

Several new cracks were formed before and during the
erupti~ns along the Hilina Pali, Chain of Craters and Escape
roads where they cross the Koae fault system. Some of these
cracks reached widths of 2 to 3 inches. A few of the cracks
showed right-lateral displacement, but the dominant horizontal
displacement was tensional.

A comparison of the level and tilt data taken at the
end of the Halemaumau eruption and after this eruption shows
summit deflation of a little less than 0.8 foot and inflation

1



EXPLANATION

• Seismograph Station

o Town or locality

5 0 5 10 15 20 25 Kilometers
A A R e---3 &+3 i

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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near Hiiaka crater of about 0.9 foot. Horizontal distance
changes over roughly the same span of time showed general
contrarition lines in the summit area up to 66 parts per
million and general extension along lines in the Upper East
Rift area up to 130 parts per million.

The count for shallow caldera quakes was low through
out most of the Halemaumau eruption. This was partly due
to the lower gains the seismometers were operated at in the
summit area, necessitated by the continuous harmonic tremor
associated with the fountaining. The count of East Rift
quakes picked up slightly after the end of the Halemaumau
eruption. The August eruption was preceded by a swarm of
several hundred small quakes at or near the site of
eruption.

3



Tilting of the ground around Kilauea caldera

Ti'lting of the ground around the summit of Kilauea is
monitored daily by a short-base water-tube tiltmeter in
Uwekahuna Vault, and at irregular intervals it is meas'ured
on a regional scale by means of a network of field tilt
bases and a portable water-tube tiltmeter. The attitude of
the ground surface at each tilt-base is reported in terms of
north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing t~lt

coordinates correspond to northward and eastward tilting of
the earth's surface; that is, to a relative subsidence toward
the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in
the direction indicated.

Location of and essential data on each tiltmeter station
are listed in table 6, which is published only in the first
quarter issue each year.

Table 1.--Tilt coordinates at Uwekahuna vault,

July, August, and September, 1968.

Date N-S E-W
Date N-S E-W(1968) (1968)

July 7 557 395 Aug. 18 559 401

14 558 399 25 542 440

21 558 402 Sept. 1 539 435

28 559 402 8 542 423

Aug. 4 558 401 15 544 417

11 558 402 22 545 414

29 545 408

4



Table 2.--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 2 )

Rate (10- 6 rad/mo)
and direction of Date of last

Tilt base Date Tilt Coordinates tilting since reading
(1968) N-S E-W last reading (1968)

Uwekahuna (U on 28 Aug 572.2 400.6 21.2 S41.5°E Jun 11
fig. 2)

Tree Molds (TM) 10 Oct 444.2 511.4 11.5 s14.4°E Jun 10

Sand Spit (SS) 9 Sept 893.8 688.6 11.2 S73.00E Jun 13

Keamoku (Ke a ) . 2 Sept 544.6 391.2 12.9 s68. 8° E- Jun 19
\.n

Ahua Kamokuko1au 6 Sept 449.7 541.7 20.6 N3.1°E Jun 13
(Kam) .

Kipuka Nene (KN) 2 Sept 302.8 308.0 1.2 N8.00w Jun 10

Hi1ina Pali (HP) 16 Oct 456.1 499.1 0.45 N74.7°W Feb 14

Ka.papala Ranch 28 Aug 492.5 509.8 0.01 S31.7°W Jun 11
(Kap) .

Mehena (M) 2 Sept 572.5 579.4 2.7 S41.4°w Jun 12



cr
o

,I'M

Q

-~ 2000

------.. . 1----1

Tilting rate 5.0 x 10-6 radians/month
JUN. 10, 1968 - SFP. 9, 1968

N

t
5 t< M

Figure 2.--Tilting of the ground around Kilauea caldera.
The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence
and has a length proportional to the rate of tilting
during the measurement interval. Closed circles repre
sent field tilt bases; open circles, short-base water
tube tiltmeters. See table 2 for explanation of
abbreviations.
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Seismic summary

.Events recorded by the U.S. Geological Survey seismo
graph network in Hawaii fall into two categories: Local
earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and
minutes of tremor recorded by seismographs in Hawaii are
listed in table 3. The earthquakes are separated in groups
on the basis of region of origin as determined by analysis
of records obtained daily at the observatory (U, M, Mx, A,
D, N, WP, MP, Kx, 0,). Earthquakes of magnitude 2.0 or
greater are generally sufficiently well recorded to be
located with greater precision; they are listed individually
in table 4.

Location of and essential data on each seismograph
station are listed in table 5 in the first-quarter issue
each year.

Acknowledgments

Several people or agencies reported "felt" earthquakes
during the 3rd quarter, 1968. Their assistance is grate
fully acknowledged.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and shallow earthquakes in th~ Kilauea Caldera,
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the
Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift zone--detected
largely on the Pahoa seismograph; earthquakes from the upper east rift zone and the adjacent
fault systems of Kilauea'·s south flank; and earthquakes from other .regions: west Hawaii,
Mauna Kea, etc.

Tremor Earthquakes
(m = minutes
h hours) Kilauea Summit

=
Date SW rift Eastern Upper Koae Other

(1968) Inter- Long and east east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

July 1 24m 24h 10 9 37 20 4
2 24h 4 5 21 1 16 6 2
3 24h 2 18 12 39
4 24h 2 2 15 . 31 9
5 24h 1 5 10 37 2
6 3m 3 1 7 1 33 4
7 22m 24h 2 5 42 1 13 3
8 2m 2 1 45 2 59 2 1

9 10 2 36 2 21 1
10 5 41 2 25 1
11 2 1 25 1 47 1
12 3 29 2 46 2
13 9 3 48 4 48
14 3 2 41 2 4



JUly 15 5 4 22 62 1
16 6m 4 1 5 67
17 1 23 17 71
18 2 24 11 75
19 1 16 4 23 47 1
20 3 38 14 22 36 2
21 8m 3 35 16 21 29 1
22 1 23 15 2 64
23 2m 3 39 19 6 47
24 2 51 8 1 41
25 . 6 48 18 1 66
26 38m 4 28 12 5 68
27 17m 35 15 4 49
28 3 32 12 6 56 3
29 41 10 5 86
30 4m 53 16 4 45 2 4
31 3 39 9 3 81

\0

August 1 30m 2 43 18 7 42 2
2 6m 1 56 7 1 36 3 1

3 5 79 18 34
4 2 47 13 2 50
5 5m 3 43 18 7 44 1
6 3 94 16 2 53 1
7 2 57 12 3 60 4·
8 7m 1 74 21 3 51
9 1 39 19 1 38 1

10 38 7 6 42
11 1 50 26 7 58
12 53 12 3 28 1
13 88 12 4 59
14 1 73 9 2 46 1
15 19m 2 83 4 2 60 2
16 30m 8 50 10 7 52 4 3
17 4 60 16 4 28 2
18 1 102 14 14 56
19 2 68 12 3 60
20 3m 5 53 25 3 124
21 2



Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Tremor Earthquakes
(m = minutes
h hours) Kilauea Summit=

Date SW rift Eastern Upper Ko.ae Other
(1968) Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

August 22
23 24h · 7 8
24 24h 4 25 1 1
25 24h 4 6 14 20 1
26 11m 24h 2 6 14 24
27 33m 24h 4 · 22 17 15 17
28 24h 40 28 20
29 5m 1 59 7 36 5
30 . 2 · 27 8 31 5
31 . 4 21 12 36 6

Aug. 2e-26, a small ~~ruption occurred at Hiiaka Crater or the east ri ~t
zone along th ~ Chain cf Cra ers roac. The Ma kaopuhi SE i smograpl line to the
obse rvatory w as tempor arily cut by fire from the erupt on.

September 1 2 23 6 27 3 1
2 . 2 100 32 57 9
3 2 104 17 32 8
4 . 102 20 20 1
5 1 57 8 13 1 3
6 . 1 58 13 24 1
7 4 55 25 -- 22 1 1
8 4 80 15 -- 38 7
9 1m 101 16 -- 37 4

10 1 123 9 -- 23 3 2
11 4m 5 122 28 -- 30 2

I



September 12 1 67 16 50 17
13 1 49 14 26 5
14 35m 3 75 2 28 4
15 3m 2 31 8 22 7
16 26m 3 91 27 35 6
17 2 66 8 28 3
18 5m 1 50 2 48 2
19 4 67 8 24 4
20 1 104 28 22 8
21 2 166 29 27 3- 2
22 7 127 11 27 6
23 2 102 22 37 8 2
24 7m 2 67 15 23 9 2
25 2 101 11 40 11 1
26 4 76 10 19 3
27 124 21 20 10 1
28 15m 2 105 18 1 42 3 1

~ 29 7 94 5 1 39 3
~

30 4m 3 196 27 47 4 1



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

la

la

Entries for a given quake are: Date, origin tim (Hawaiian Standard Time), magnitude, depth,
epicenter, and felt report. All earthquakes of magnitude 2.5 and larger, as well as many
favorably located smaller ones, occurring on or near the island of Hawaii are included in
the list.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w. Description- -

July 1 02-03-23.4 2.0 30 19°22.7' 155°14.9' 2 km NE of Ahua s e i smomet er

1 16-24-13.7 2.1 30 19°22.0' 155°16.8' 2 km SW of Ahua seismometer

1 20-49-55.5 2.0 8 19°23.1' 155°29.2' 12 km NW of Desert
seismometer

2 04-23-09.4 2.0 8 19°26.2' 155° 25 .2-' 7 km SW of Mauna Loa
seismometer

2 10-55-06.3 3.4 8 20°00.2' 155°49.3' 4 km SSE of Kawaihae Honokaa, Kamue

2 12-11-10.6 3.5 8 20°03.8' 155°50.2' 3 km NW of Kawaihae Honokaa, Kamue

2 12-31-59.0 2.0 20 19°24.8' 155°17.0' Kilauea Caldera

2 12-58-03.7 2.0 10 19°21.8' 155°05.3' 8 km E of Makaopuhi
seismometer

3 00-56-21.5 2.1 10 19°23.1' 155°03.8' 11 km E of Makaopuhi
seismometer



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

selsmometer

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description
- -

July 3 02-38-23.1 2.0 33 19°25.2' 155°16.1' Kilauea Caldera

3 20-07-54.2 2.1 10 19°19.9' 155°09.9' 4 km S of Makaopuhi
seismometer

4 05-54-41.1 2.0 5 19°20.3' 155°07.8' 5 km SE of Makaopuhi
seismometer

4 07-34-18.3 2.1 10 19°19.8' 155°12.1' 18 km NNW of Apua Point

5 02-17-21.5 2.7 32 19°23.2' 155°17.1' 2 km S of Kilauea Caldera

5 02-21-59.0 2.2 30 19°22.2' 155°17.1' 2 km W of Ahua seismometer

6 18-25-32.0 2.6 8 19°25.3' 155°23.1' 8 km S of Mauna Loa Pahala
seismometer

7 18-51-47.4 2.2 8 19°23.2' 155°29.3' 12 km NW of Desert
seismometer

8 04-13-08.8 2.9 13 20°04' 156°16' 45 km W of Kawaihae

8 04-35-40.2 2.3 10 19°23.4' 154°58.7' 4 km N of Ka1apana

8 18-55-40.6 2.1 3 19°24.0' 155°25.2' 7 km NW of Desert
seismometer

8 20-08-50.5 2.1 8 19°23.2' 155°25.0' 6 km NW of Desert



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. W. Description- -

July 8 20-23-32.0 2.0 5 19°23.4' 155°25.7' 7 km NW of Desert
seismometer

8 20-59-23.5 2.1 7 19°23.7' 155°25.5' 7 km NW of Desert
seismomete"r

8 23-44-54~2 2.1 10 19°19.8' 155°13.3' 9 km NW of Apua Point

9 00-40-11.4 2.0 10 19°20.9' 155°07.1' 5 km SE of Makaopuhi
seismometer

9 03-50-51.1 2.5 8 19°55.9' 155°44.0' 11 km SSW of Kamuela

9 19-24-57.3 2.5 30 19°22.3' 155°16.8' 2 km W of Ahua seismometer

9 21-32-15.2 3.5 13 19°19.2' 155°13.7' 8 km NW of Apua Point Hil0, Kilauea
Summit Area,
Pahala

10 11-14-27.3 2.0 10 19°21.2' 155°06.2' 8 km SE of Makaopuhi
seismometer

10 11-54-51.5 2.0 10 19°21.8' 155°02.8' 7 km NW of Kalapana

10 18-45-23.4 3.3 40 18°51.7' 155°08.5' 45 km SSE of Apua Point

10 21-41-23.7 2.0 9 19°22.4' 155°26.9' 8 km NW of Desert
seismometer



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ L.at. N. Long. w. Description
- -

July 10 22-49-53.2 2.0 8 19°26.2' 155°28.5' 11 km SW of Mauna Loa
seismometer

11 12-57-08.0 2.2 8 19°20.4' 155°09.0' 3 km SE of Makaopuhi
seismometer

12 05-53-55.4 2.0 5 19°24.9' 154°59.0' 10 km SW of Pahoa

12 09-47-07.1 2.7 8 20°10.0' 155°36.2' 5 km NW of Waipio Valley

12 11-00-58.9 2.5 8 20°07.5' 155°34.0' Waipio Valley

12 13-17-56.1 2.0 9 19°20.9' 155°04.9' 9 km SE of Makaopuhi
seismometer

12 20-20-31.2 2.0 10 19°20.0' 155°15.5' 5 km S of Ahua seismometer

13 01-32-57.0 2.4 9 19°22.0' 155°06.4' 6 km ESE of Makaopuhi
seismometer

13 15-42-39.5 2.4 20 19°25.1' 155°17.1' Kilauea Caldera

15 13-00-54.2 2.4 8 19°24.7' 155°25.8' 10 km SW of Mauna Loa
seismometer

15 21-58-54.1 2.1 10 19°21.3' 155°06.8' 6 km BE of Makaopuhi
seismometer



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 19·68

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. ~ Lat. N. Long. W. Description-

July 15 21-59-22.1 2.3 10 19°20.7' 155°07.2' 6 km SE of Makaopuhi Pahoa
seismometer

16 04-19-14.4 2~1 9 19°18.1' 155°14.2' 7 km NW of Apua Point

16 04-20-02.4 2.0 9 19°18.3' 155°14.7' 7 km NW of Apua Point

17 05-44-49.0 2.1 8 19°26.9' 155°25.8' 7 km SW of Mauna Loa
seismometer

17 12-34-04.0 2.4 40 19°15.5' 155°06.7' 9 km E of Apua Point

17 16-51-36.2 2.-2 9 19°21.8' 155°05.7' 8 km ESE of Makaopuhi
seismometer

18 07-45-03.4 2.0 15 19°24.5' 155°17.0' Kilauea Caldera

18 16-59-16.6 2.0 10 19°21.4' 155°05.2' 8 km E of Makaopuhi
seismometer

18 23-20-27.2 2.5 9 19°21.2' 155°06.5' 7 km SE of Makaopuhi
seismometer

19 17-38-05.5 2.0 8 19°25.3' 155°24.8' 8 km SW of Mauna Loa
seismometer

20 15-52-42.4 2.1 6 19°28.0' 154°55.2' 4 ·km SE of Pahoa Pahoa



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m .§.. Lat. N. Long. W. Description
- -

July 21 08-29-27.9 2.5 7 19°10.2' 155°37.1' 12 km NW of Naalehu Pahoa

21 13-25-27.5 2.2 10 19°24.7' 155°03.3' 13 km NE of Makaopuhi
seismometer

21 16-46-38.4 2.3 6 19°26.8' 154°53.8' 7 km SE of Pahoa

21 21-15-24.0 3.3 10 19°22.8' 155°03.2' 8 km NW of Ka1apana Kilauea Summit
Area, Mt. Vie
Hila

22 19-59-14.6 2.0 10 19°19.4' 155°10.9' 8 km NE of Apua Point

23 04-49-31.7 2.0 30 19°23.7' 155°15.8.' 1 km S of Kilauea Caldera

23 08-15-02.7 2.5 5 19°27.0' 154°55.7' 5 km SSE of Pahoa

24 15-56-30.5 2.1 10 19°21.3' 155°11.3' 3 km SW of Makaopuhi
seismometer

26 01-53-23.4 2.3 10 19°20.9' 155°08.3' 3 km SE of Makaopuhi
seismometer

26 18-42-45.6 2.1 10 19°25.6' 155°00.0' 8 km NNW of Kalapana Hila

27 06-58-58.5 2.3 30 19°22.8' 155°17.2' 2 km S of Kilauea Caldera

w,



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. ~ Lat. N. Long. w. Description-

July 28 05-45-51.4 2.5 9 19°19.3' 155°13.3' 7 km NW of Apua Point

29 06-21-11.9 3.3 9 19°23.2' 155°05.6' 8 km ENE of Makaopuhi Hi10, Keaau,
seismometer Kilauea Summi

Area

29 06-45-16.0 2.0 9 19°21.1' 155°06.7' 6 km SE of Makaopuhi
seism~meter

29 09-37-47.9 2.0 9 19°20.8' 155°11.7' 4 km SW of Makaopuhi
seismometer

29 19-35-44.7 3.7 10 19°21.0' 155°06.7' 7 km SE of Makaopuhi Hi1o~ Mt. View
seismometer Pahala,

Kilauea Summi
Area

29 19-41-24.9 2.1 10 19°21.0' 155°06.8' 6 km SE of Makaopuhi
seismometer

30 01-06-47.7 2.1 8 19 ° 15 · 9' . 155°29.1' 7 km N of Pahala

30 04-39-35.8 2.0 31 19°24.1' 155°46.0' 14 km ENE of Hookena

30 05-34-33.9 2.4 0 19°25.1' 155°53.6' 4 km NNE of Hookena

30 15-40-55.6 2.0 7 19°28.2' 154°54.2' 4 .km BE of Pahoa

t

t



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

t-J
\0

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. w. Description-

July 30 22-34-02.9 3.3 30 19°27.1' 155°31.7' 7 km SE of Mokuaweoweo
Caldera

30 23-57-41.4 2.2 5 19°26.6' 154°53.8' 8 km SE of Pahoa

31 00-39-25.2 2.7 8 20°03.0' 155°45.9' 7 km NW of Kamuela Kealakekua

31 04-22-50.8 2.3 5 19°27.4' 154°55.8' 5 km SE of Pahoa

31 09-34-58.0 2.0 8 19°22.8' 155°03.0' 8 km NW of Kalapana

31 10-42-59.5 2.3 10 19°20.0' 155°08.7' 3 km SE of Makaopuhi
seismometer

31 14-41-56.0 2.5 5 19°26.9' 154°54.5' 7 km SE of Pahoa

August 1 00-03-57.6 2.0 10 19°24.2' 155°02.7' 9 km NW of Kalapana

1 00-34-37.8 4.0 10 19°20.0' 155°06.8' 7 km SE of Makaopuhi Island-wide
seismometer

1 00-47-41.5 2.0 10 19°21.0' 155°06.7' 6 km SE of Makaopuhi
seismometer

1 01-15-29.9 2.3 10 19°20.8' 155°06.9' 6 km SE of Makaopuhi
seismometer

1 01-48-22.4 2.3 8 19°55.7' 155°42.8' 10 km NW of Waikii



Tabl'e 4. --Local earthquakes recorded by seismographs of the U. S. Geological Survey

July, August, September 1968
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Date Time Magni- Depth Epicenter Felt
tude (km) Report

h E! ~ Lat. N. Long. w. Description-

August 1 07-21-22.9 2.2 9 19°28.1' 154°55.2' 4 km SE of Pahoa

1 22-50-14.3 2.0 10 19°19.7' 155°11.7' 5 km sw of Makaopuhi
seismometer

2 12-19-34.6 2.6 20 19°26.0' 154°57.2' 7 km S of Pahoa Pahoa

2 12-59-17.2 2.7 8 19°23.9' 155°28.8' 12 km NW of Desert
seismometer

2 18-36-55.4 3.8 40 19°51.9' 155°55.1' Kihol0 Bay Kealakekua,
Paauilo

2 18-41-18.8 2.0 10 19°20.3' 155°08.9' 4 km BE of Makaopuhi
seismometer

3 06-32-22.4 2.3 8 19°22.8' 155°23.8' 5 km N of· Desert Pahala
seismometer

3 17-03.-41.1 2.0 9 19°25.1' 155°26.9' 11 km NW of Desert
seismometer

4 05-18-44.1 2.2 9 19°20.0' 155°08.·5' 5 km BE of Makaopuhi
seismometer

5 08-38-09.6 2.6 5 19°26.4-" 154°54.1' 8 km SE of Pahoa



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. W. Description-

August 5 10-30-38.3 2.0 8 19°25.9' 155°23.1' 7 km S of Mauna Loa
seismometer

5 10-37-18.0 3.1 5 19°54.1' 155°53.1' 7 km NE of Kihol0 Bay Kealakekua

5 17-24-34.6 2.2 9 19°23.2' 155°02.2' 7 km NW of Ka1apana

6 10-39-07.2 2.2 8 19°12.5' 155°33.9' 9 km W of Pahala

6 16-34-42.8 2.0 13 20°09.5' 155°53.5' 3 km SE of Mahukona

6 23-14-51.3 3.0 10 .19°19.8' 155°13.1' 9 km NW of Apua Point

7 01-44-08.1 2.3 8 20°02.0' 155°51.0' 2 km SW of Kawaihae

7 09-12-43.6 2.5 5 19°23.0' 155°29.0' 11 km NW of Desert
seismometer

7 10-58-25.0 4.4 3 19°19.1' 155°48.2' 12 km SE of Kookena Hakalau, Pahal
Kilauea Summi
Area, Naalehu

7 12-05-01.0 3.7 3 19°23.0' 155°45.2' 15 km E of Hookena

7 23-25-19.4 2.6 8 19°52.1' 155°33.2' 10 km E of Waikii

a,
t



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 19-68

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ Lat. N. Long. W. Description-

ugust 9 00-06-20.1 2.3 8 20°02.0' 155°51.9' 4 km SW of Kawaihae- Kilauea Summit
Area, Pahala,
Hakalau, Hil0
Pahoa, Mt.
View

9 01-04-53.4 3.7 30 0.9°23.4' 155°17.0' 1 km S of Kilauea Caldera Island-wide

10 11-09-21.2 2.5 10 0-9°20.4' 155°12.1' 9 km N of Apua Point

10 15-59-43.8 2.6 9 0..9°22.4' 155°03.7' 12 km E of Makaopuhi
seismometer

12 04-07-12.7 3.5 13 119°00' 156°21' 53 km SW of Milolii

12 06-32-23.5 2.0 9 119°20.1' 155°12.8' 6 km SW of Makaopuhi
seismometer

12 06-37-04.9 2.7 5 19°27.4' 154°55.4' 5 km SE of Pahoa

13 17-05-03.7 2.2 5 19°25.2' 155°01.7' 9 km NW of Kalapana

14 04-57-08.9 2.4 10 11.9°26.0' 155°03.5' 12 km NW of Kalapana

14 10-39-23.8 2.4 3 19°27-.-2' 155°48.6' 14 km SE of Kealakekua

15 16-27-34.4 2.3 8 18°59' 156°17' 45 - km SE of Mil_olii

A



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968
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Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

August 15 19-21-21.3 2.2 8 19°25.8' 155°56.0' 10 km S of Kea1akek-ua

16 01-52-49.3 2.2 5 19°23.4' 154°59.5' 4 km N of Ka1apana Pahala, Mt.
View

16 02-05-41.6 2.6 5 19°26.3' 155°00.2' 8 km SW of Pahoa

16 12-30-13.9 '2.8 13 20°08.4' 155°53.5' 5 km S of Mahukona

16 13-14-00.4 3.2 15 19°24.1' 155°17.0' S rim of Kilauea Caldera Pahala, Ki1aue
Summit Area,
Mt. View

16 16-23-37.6 4.1 8 19°53.2' 155°22.9' 5 km SW of Keanako1u Island-wide

16 16-47-19.9 2.4 8 19°52.4' 155°25.2' 10 km SW of Keanako1u

17 13-15-25.1 2.3 10 19°21.7' 155°05.1' 9 km ESE of Makaopuhi
seismometer

17 22-38-49.6 2.3 10 19°24.2' 155°03.2' 10 km NW of Ka1apana

20 16-29-40.9 3.3 8 19°23.2' 155°25.1' 7 km NW of Desert Pahala, Mt.
seismometer View, Kilauea

Summit Area

21 11-28-56.2 3.0 8 19°11.2' 155°36.7' 14. km NNW of Naalehu Pahala

a



Table 4.--Local earthquakes recorded by seismographs of the u.s. Geological Survey

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

August 21 22-21-57.0 2.7 8 20°01.5' 155°59.6' 17 km W of Kawaihae

22 03-21-59.0 2.5 5 19°22.8' 155°15.3' 1 km NE of Ahua seismo-
meter

22 03-31-02.0 2.6 5 19°22.7' 155°14.2' 3 km E of Ahua s e i smomet eI

22 03-57-39.9 2.0 4 19°22.5' 155°14.0' 3 km E of Ahua s e i smomet er

22 04-09-56.0 3.0 4 19°22.4' 155°14.1' 3 km E of Ahua s e i smomet er Kilauea Summi
Area

22 04-22-29.3 2.0 3 19°22.7' 155°14.6' 3 km E of Ahua s e i smomet er Kilauea Summi
Area

22 04-46-21.3 3.0 3 19°21.2' 15S013.0' 5 km BE of Ahua
seismometer

2'2 05-06-54.2 3.1 2 19°22.8' 155°14.4' 3 km ENE of Ahua
seismometer

22 05-25-4S.S 2.7 2 19°22.4' 15S014.5' 3 km E of Ahua seismometer Kilauea Bummi
Area

22 05-45-02.0 2.8 2 19°21.7' 15S01S.0' 2 km BE of Ahua
seismometer

t

t

t



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ Lat. N. Long. w. Description
-

August 22 05-53-26.4 2.8 4 19°22.3' 155°15.1' 2 km E of Ahua seismometer

22 06-01-07.5 2.7 9 19°20.9' 155°09.4' 2 km SE of Makaopuhi Kilauea Summit
seismometer Area

22 06-05-35.1 2.1 3 19°22.8' 155°14.7' 3 km NE of Ahua
seismometer

22 06-29-16.6 2.2 3 19°22.7' 155°14.3' 3 km E of Ahua seismometer

22 10-07-44.7 2.0 10 19°21.2' 155°07.1' 5 km ESE of Makaopuhi
seismometer

22 16-36-47.0 2.3 30 19°23.2' 155°15.2' 2 km NE of Ahua
seismometer

23 06-37-35.0 2.9 8 19°25.1' 155°25.8' 10 km SW of Mauna Loa
seismometer

23 15-00-27.6 2.6 9 19°21.4' 155°08.8' 2 km SE of Makaopuhi
seismometer

24 14-13-59-5 2.8 8 19°54.8' 155°29.9' 17 km W of Keanakolu

24 19-31-42.4 2.3 10 19°18.2' 155°07.7' 9 km NE of Apua Point

25 10-15-35.2 2.0 10 19°19.8' 155°13.4' 7 .km SW of Makaopuhi
seismometer



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date .Time Magni- Depth Epicenter Felt
tude' (km) Report

h' m ~ Lat. N. Long. w. Description- -

ugust 25 20-12-15.7 2.6 34 19°24.8' 155°10.2' 5 km N of Makaopuhi
seismometer

26 05-32-11.2 2.4 8 19°23.1' 155°26.9' 8 km NW of Desert
seismomete'r

26 13-43-28.3 2.2 10 19°20.0' 155°08.7' 4 km SE of Makaopuhi
seismometer

29 22-36-21.6 2.3 9 19°20.1' 155°07.8' 5 km SE of Makaopuhi
seismometer

30 19-09-38.7 2 ..5 8 19°20.8' 155°26.3' 5 km NW of Desert
seismometer

31 08-59-00.5 2.2 10 19°20.6' 155°07.1' 5 km SE of Makaopuhi
seismometer

September 2 04-44-46.9 2.4 10 19°22.3' 155°02.0' 6 km NW of Ka1apana

2 14-5'8- 3.4 3.1 8 19°21.3' 155°27.1' 7 km NW of Desert Kilauea Summit
seismometer Area, Pahala,

Hil0,
Kealakekua

3 10-45-11.5 2.0 8 19°20.7' 155°26.8' 6 km W of Desert
s.e i smomet er

A



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 19.68

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. ~ Lat. N. Long. w. Description
-

..

September 3 11-29-39.6 2.6 8 19°24.5' 155°28.5' 12 km NW of Desert
seismometer

4 22-58-08.9 2.1 13 20°01.5' 155°17.0' 7 km NW of Laup ahoeh oe

4 23-04-00.5 2.3 8 19°24.0' 155°23.8' 12 km N of Desert
seismometer

5 03-58-06.2 2.2 8 19°59.0' 155°25.0' 12 km NW of Keanako1u

5 03-59-40.2 2.8 8 19°58.1' 155°23.9' 9 km NW of Keanakolu

5 06-12-43.7 3.2 8 19°57.8' 155°23.8' 8 km NW of Keanako1u Hi10

6 10-31-52.6 2.0 8 19°58.6' 155°50.2' 7 km S of Kawaihae

7 05-52-45.1 2.1 8 19°22.6' 155°25.0' 5 km NW of Desert
seismometer

7 14-41-20.1 2.1 3 19°18.7' 155°39.7' 20 km SW of Mokuaweoweo
Caldera

7 17-08-44.3 3.7 20 19°26.0' 155°16.7' Kilauea Caldera Kilauea Summit
Area, Hilo,
Kealakekua,
Keaau

7 17-17-25.9 2.6 20 19°25.3' 155°16.5' Kilauea Caldera



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 19,68

t

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h E! ~ • Lat. N. Long. w. Description-

September 8 07-59-47.3 2.3 25 19°24.9' 155°15.8' Kilauea Caldera

10 15-22-42.3 2.3 10 20°02.7' 155°34.2' 13 km ENE of Kamuela

10 19-53-28.3 2'00 0 19°28.1' 155°47.9' 14 km SE of' Kealakekua

10 22- 32-0 0'.7 2.5 8 19°25.9' 155°24.1' 7 km S of Mauna Loa Kilauea Summit
seismometer Area

12 09-12-48.8 2.0 8 19°21.3' 155°24.5' 3 km NW of Desert Pahala
seismometer

21 02-13-34.1 3.0 8 19°13.0' 155°38.1' 17 km NW of Naale.hu

21 20-37-50.5 2.2 8 19°21.1' 155°26.7' 6 km NW of Desert
seismometer

21 23-44-01.9 2.4 50 19°47.8' 156°01.9' 8 km NE of Keahole Point

22 14-42-36.8 2.0 3 19°23.2' 155°11.4' 3 km NW of Makaopuhi
seismometer

23 18-11-53.3 4.1 8 20°10.3' 155°48.5' 20 km NW of Kamuela Waipio Valley,
Kawaihae,
Waimea, Hil0,
Kamuela,
Kilauea Summi
Area

I\)

co



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. W. Description-

September 23 18-18-12.2 3.2 30 20°09.2' 155°48.0' 10 km SE of Hawi

23 19-44-29.2 2.5 8 19°25.0' 155°25.5' 9 km NW of Desert
seismometer

24 15-08-48.8 2.3 50 19°53.5' 155°58.0' 5 km NW of Kihol0 Bay

24 "'" 15~- )-5- 52 . 3' ~ 2".2 ~ 0 19 0 -39 .0' 155°53.9' 10 km E of Kailua

25 05-00-01.8 2.5 8 20°20.9' 155°47.2' 10 km NE of Upolu Point

25 08-01-49.2 2.0 8 19°26.8' 155°26.1' 7 km SW of Mauna Loa
seismometer

25 16-04-54.7 2.0 20 19°25.2' 155°15.9' Kilauea Caldera

25 20-49-50.6 2.0 9 19°20.8' 155°07.8' 5 km BE of Makaopuhi
seismometer

26 13-0.1-15 . 2 2.0 9 19°20.2' 155°08.5' 4 km BE of Makaopuhi
seismometer

27 17-40-09.2 2.8 7 19°28.5' 155°46.2' 17 km SE of Kealakekua

28 06-28-53.8 2.9 10 19°18.7' 155°14.4' 8 km NW of Apua Point

28 11-50-08.6 2.3 9 19°17.9' 155°13.1' 5 km NW of Apu~ Point



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

July, August, September 1968
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Date Time Magni- Depth Epicenter Felt
tude' (km) Report

h ~ ~ Lat. N. Long. w. Description-

September 28 19-12-09.8 2.7 20 19°28.6' 155°15.8' 5 km NE of Kilauea-Caldera

29 14-59-43.5 2.1 8 19°54.2' 155°29.0' 9 km N of Mauna Kea
Summit

29 15-31-22.9 2.2 9 19°21.0' 155°08.0' 4 km SE of Makaopuhi
seismometer

30 04-01-12.3 2.3 8 19°22.3' 155°25.8' 6 km NW of Desert Pahala
seismometer

30 12-15-35.4 2.0 30 19°23.2' 155°15.9' 2 km B of Kilauea Caldera

30 13-34-51.2 2.3 45 18°51.9'· 155°17.0' 39 km BE of Naalehu
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Summary of activities

After a sharp reinflation at Kilauea summit following
the August eruption a new eruption broke out on the Upper
East Rift at Kilauea. Strong harmonic tremors that began
at 1037 October 7 at the Makaopuhi seismograph was followed
by the sighting of fume clouds at 1435. Although fountain
ing was not sighted at this time, we believe that this was
the beginning of the eruption. The eruption began at Kane
Hui 0 Hamo, a low cone about 1 mile north of Makaopuhi
seismometer, and eventually erupted from vents up to 3 miles
further to the east. Fountaining continued intermittently
until October 16. On October 22 activity renewed for a
short time but the eruptive activity from this date until
November 19 consisted mostly of low level harmonic tremor,
fuming and occasional bursts of spatter. A downrift migra
tion of vents that occurred during the August eruption,
did not characterize this eruption; eruptive centers shift~d

at random between Napau Crater and 2 miles downrift. About
7 million cubic meters of new lava finally remained on the
surface near and within Napau Crater as a result of the
October eruption.

The volume of lava above ground may be higher than the
guess given here, for we suspect the average thickness of
new lava outside of Napau has been underestimated,. The
amount of lava that was erupted to the surface but drained
back may be as much as 50% of the amount remaining on the
surface.

Levels were run in the summit and Upper East Rift
area on October 9-10 and again on November 25-26. A com
parison with the August 25-26 (Post August eruption) level
data shows that the summit area subsided about 0.4 feet
and the Upper East Rift area near Makaopuhi seismometer
showed an uplift of about 0.6 feet. Most of this deformation
probably took place in the earliest stages of the eruption,
judging from the behavior of'the tiltmeter in Uwekahuna vault;
it showed sharp deflation tilt beginning at about 1130 October
7 and leveling out about 1300 October 9.

Although intermittent eruptive activity continued until
October 22 and harmonic tremor and dense fumes continued
until November 19, the tilt evidence shows that reinflation
began a few days after the start of the eruption. By
November 25-26 the summit had uplifted about 0.2 foot above
its October 9-10 level. The Upper East Rift area uplifted
an additional 0.13 foot above its October 9-10 level.

1



EXPLANATION

• Seismograph Station

a Town or locality

5EHCEH3::EH3:0====:::i:====31O===:jlr Mil..

5 0 5 10 15 20 25 Kilometers
ASH e-==3 I

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, 'which
are indicated at the edges of the map.
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Tilt was measured at the summit stations 6 times
between the August and October eruptions. The total tilt
for the period covered by the leveling verified the level
data except at outlet vault a tilt direction almost 180 0

opposite from the direction that was inferred from the
leveling. The reason for this is unknown.

The short bas,e water tube tiltmeter in Uwekahuna
vault showed rapic inflation beginning on August 25. It
showed an inflation direction and it averaged about 1.13
x 10- 6 radians/day until October 2nd, when inflation
ceased abruptly. Between October 2nd and the beginning
of the eruption there was little or not tilt change.

Distance measurements between stations in the summit
and Upper East Rift areas showed contraction strains at
the summit and slight extension along the Upper East Rift.
The maximum linear strain occurred along east-west lines
just south of Ha1emaumau; they were as high as 7.4 x 10- 5

in the August-October (after eruption) period.

Seismic activity associated with the October Upper
East Rift eruption started at 1037, October 7. Harmonic
tremor and large numbers of south flank and summit earth
quakes characterized the early period followed by weak
harmonic tremor and moderate numbers of quakes for the
remainder of the month. During October 7-10, more than
3,000 quakes were recorded; 300 of these events between
0.5 to 3.0 magnitude were read and located.

3



Tilting.of the Ground Around Kilauea Caldera

Tilting of the ground around the summit of Kilauea is
monitored daily by a short-base water-tube tiltmeter in
Uwekahuna Vault, and at irregular intervals it is measured
on a regional scale by means of a network of field tilt
bases and a portable water-tube ti1tmeter. The attitude
of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both
coordinates at each station were arbitrarily set equal to
500 when measurements at that station were begun. Increas-.
ing tilt coordinates correspond to northward and eastward
tilting -of the earth's surface; that is, to a relative
subsidence toward the north and east. A one-unit change
in coordinate corresponds to a tilting of 1 microradian
(.1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter
station are listed in table 6, which is published only
in the first quarter issue each year.

Table 1.--Ti1t coordinates at Uwekahuna vault,

October, November, and December, 1968

Date
N-S E-W

Date
N-S E-W(1968) (1968)

Oct. 6 539 421 Nov. 17 523 427

13 517 454 24 524 423

20 516 452 Dec. 1 524 421

27 516 440 8 520 423

Nov. 3 519 436 15 520 420

10 520 432 22 521 418

29 524 417

4



Table 2.~-Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 2)

Rate (10- 6 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(1968) N-S E-W tilting since reading
last reading (1968)

Uwekahuna (U on 3 Dec. 558.2 399.5 4.3 s4.6°w Aug. 28
fig. 2)

Tree Molds (TM) 3 Dec. 460.6 503.7 10.1 N25.2°W Oct. 10

Sand Spit (SS) 27 Nov. 866.8 701.2 11.5 S25.0oE Sept. 9

Vl Keamoku (Kea) . 2 Dec. 521.5 412.5 '10.4 S42.7°E Sept. 2

Ahua Kamokukolau 27 Nov. 493.1 531.9 16.3 N12.7°W Sept. 6
(Kam) .

Kipuka Nene (KN) 5 Dec. 305.0 308.5 0.7 NIl.BoE Sept. 2

Hilina Pa1i (HP) N/D

Kapapala Ranch N/D
(Kap) .

Mehena (M) 2 Dec. 569.6 576.8 1.3 S42.0oW Sept. 2
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Figure 2.--Tilting of the ground around Kilauea Caldera
between September 6, 1968, and December 2, 1968. The
vector depicting tilting at a given tilt base points
in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting
during the measurement interval. Closed circles
represent field tilt bases; open circle, short-base
water-tube tiltmeters. See table 2 for explanation
of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological Survey seismo
graph. network in Hawaii fall into two categories: Local
earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic activity
at Hawaiian volcanoes, daily counts of earthquakes and
minutes of tremor recorded by seismographs in Hawaii are
listed in table 3. The earthquakes are separated in groups
on the basis of region of origin as determined by analysis
of records obtained daily at the observatory (U, M, Mx, A, D,
N, WP, MP, Kx, 0,). Earthquakes of magnitude 2.0 or greater
are generally sufficiently well recorded to be located with
g r e at .e r pre cis ion; the y are lis ted i n d i vi du allyin tab 1 e 4.

Location of and essential data on each seismograph
station are listed in table 5 in the first-quarter issue
each year.

Acknowledgments

Several people or agencies reported "felt" earthquakes
during the 4th quarter, 1968. Their assistance is grate
fully acknowledged.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km ben~ath

the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and shallow earthquakes in the. Kilauea Caldera
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of
the Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift zone--de
tected largely on·the Pahoa seismograph; earthquakes from the upper east rift zone and the
adjacent fault systems of' Kilauea's south flank; and earthquakes from other regions: west
Hawaii, Mauna Kea, etc.

Tremor Earthquakes
(m = minutes

h hours) Kilauea Summit
=

Date SW rift Eastern Upper Koae Other
(1968) Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

Oct ober 1 4m 4 107 9 1 31 10
2 3 175 27 40 7 2
3 7m 1 98 7 36 7
4 5m 1 84 12 43 3
5 34m .. 2 77 17 57
6 2m 2 87 14 63 3
7 . --
8 24h --
9 24h 19 11 -- 224 1 2

10 24h 2 10 2 --
II 24h --
12 .24h --
13 24h 19 33 3

I



October 14 24h 22 7 4
15 3 24h 27 66 8 1

16 24h 13 22 3

17 12m 24h 20 1 34 4 1

18 24h 1 15 29 1

19 24h 30 23 3

20 24h 15 14 2

21 24h 24 16 1

22 25m 10 6 1

23 24h 30 22 2

24 24h 4 64 5 17 7

25 20m 24h 53 16 19 4 1

26 24h 1 35 25 20 3 1

27 6m 24h 4 45 23 1

28 13m 24h 2 29 12 32 2 1

29 3m 24h 3 26 5 11 5

30 6m 24h 2 35 34 16 9

\0 31 24h 15 lO 22 13 2

Oct. -21, volc nic ac ivity etween K e Nui 0 ama and apau Cr ter.

Wea harmoni tremor c ntinue to re ard for several we s after the end af

sur ace acti ity.

November 1 24h 4 19 42 20 4

2 24h 5 22 12 18 2 ·1

3 2m 24h 4 16 10 19 3

4 24h 2 11 9 16 3

5 24h 2 4 32 6 19 2 1

6 24h 1 14 13 18 15 1

7 24h 8 75 21 22 24 7
8 24h 3 31 143 14 47

9 24h 25 172 20 10 2

10 24h 1 26 165 23 17

11 33m 24h 4 139 12 1 16 8 2

12 14m 24h 3 90 10 13 4

13 13m 24h 6 189 16 58 1

14 26m 9 265 2 38 5

15 17m 182 9 13 3

16 15m 205 10 9 4 1



Table 3.--Number of earthquakes and minutes·of tremor recorded on seismographs around

Kilauea Caldera--Continued

Tremor Earthquakes
(m = minutes Kilauea Summit

h = hours)
Date SW rift Eastern Upper Koae -Other

(1968) Inter- Long and east east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

November 17 10m 3 195 14 15 11
18 34m 1 132 18 1 13 6 2
19 31m 14 148 27 1 10 5 1
20 37m 2 113 34 12 5 2
21 13m 8 120 16 7 3
22 65m 3 94 33 15 1
23 18m 1 108 29 11 4
24 2m 6 169 22 14 5
25 12m 2 74 18 24 3 2
26 40m 1 75 41 31 3 1
27 24m 5 90 51 25 6
28 18m 65 18 27 2 1
29 26m 2 5 81 18 20 1 1
30 2 3 81 13 16 6 1

December 1 3m . 5 4 95 14 18 5
2 14 85 13 2 14 2 1
3 6 10 14 1
4 2 102 12 14 6
5 2 154 18 11 7
6 6 124 24 28 2 1
7 68 6 17 2
8 4 3 64 12 1 22 2
9 3 105 36 24 1

10 5 149 25 1 22 5 2

11 21m 5 149 28 22 4



December 12 3 III 13 7 4
13 3 127 . 27 24 3
14 1 106 36 18 4 1
15 59 13 12 3
16 99 7 117 1
17 60m 87 8 31 6
18 1 91 7 15 4
19 3 82 9 1 42 3 1
20 79 13 25
21 87 43 16 1
22 1 129 39 28 2 1

23 1 70 36 33 1 1
24 3m 8 96 54 23 5 1

25 6 123 33 19 3
26 1 81 40 23 3
27 6m 121 17 17 3 3
28 6m 5 2 104 18 10 5

f-J 29 2 13 117 33 1 43 3 2
f-J 30 2m 13m 2 2 145 31 32 2

31 8m 1 123 30 29 2 1



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

......
I\)

Entries for a given quake are: Date, origin time (Hawaiian Standard Time), magnitude, de~th,

epi'center, and felt report. All earthquakes of magnitude 2.5 and larger, as well as many
f~vorab1y located smaller ones, occurring on or near the island of Hawaii are included in
the list.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

October 1 13-56-24.5 2.4 8 19°21.2' 155°01.7' 5 km W W of Ka1apana

1 19-11-10.7 2.1 30 19°22.7' 155°18.4' 4 km W of Ahua seismometer

1 19-46-17.0 2.0 8 19°17.4' 155°11.1' 4 km NE of Apua Point

2 02-10-04.8 3.3 '8 19°18' 156°46' 93 km WSW of Kealakekua

2 12-59-38.5 2.0 5 19°25.0' 155°25.8' 10 km NW of Desert
seismometer

2 21-54-30.4 2.0 0 19°21.1' 155°44.7' 17 km ESE of Hookena

3 18-26-54.4 2.5 8 19°25.5' 155°25.2' 10 km NW of Desert
seismometer

4 20-40-28.5 2.5 9 19°20.8' 155°06.3' 7 km BE of Makaopuhi
seismometer

4 22-32-56.6 2.5 15 19°24.8' 155°17.7' Kilauea Caldera

6 08-29-01.8 2.4 30 19°22.2' 155°17.1' 2 km W of Ahua seismometEr



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

October 6 11-59-51.8 2.0 10 19°21.2' 155°08.8' 3 km SE of Makaopuhi
seismometer

7 11-00-59.7 2.2 3 19°22.5' 155°11.3' 3 km NW of Makaopuhi
seismometer

7 11-04-59.3 2.2 4 19°22.5' 155°11.0' 2 km NW of Makaopuhi
seismometer

7 11-36-21.2 2.3 5 19°21.9' 155°12.3' 4 km W of Makaopuhi
seismometer

7 11-57-14.8 2.1 5 19°22.1' 155°12.6' 5 km W of Makaopuhi
seismometer

7 13-52-26.7 2.1 5 19°22.7' 155°08.3' 4 km NE of Makaopuhi
seismometer

7 14-24-43.2 2.2 4 19°22.7' 155°09.0' 2 km NE of Makaopuhi
seismometer

7 14-36-31.3 2.7 6 19°21.4' 155°10.9' 2 km SW of Makaopuhi
seismometer

7 16-27-54.0 2.7 7 19°22.7' 155°10.4' 2 km NW of Makaopuhi
seismometer

7 18-25-09.0 2.2 2 19°23.3' 155°08.1' 4 km NE of Makaopuhi
selsmometer



Table 4.--Local earthquakes recorded by seismographs of .the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
"tude (km) Report

h !!!. ~ Lat. N. Long. w. Description-

October 7 18-40-26.6 2.0 2 19°23.8' 155°08.3' 5 km NE of Makaopuhi
seismometer

7 19-00-29.2 2.5 2 19°23.7' 155°07.3' 6 km NE of Makaopuhi
seismometer

7 19-04-06.1 2.5 1 19°24.7' 155°08.8' 6 km NE of Makaopuhi
'seismometer

7 19-12-41.4 2.7 5 19°23.3' 155°08.5' 4 km NE of Makaopuhi
seismometer

7 19-21-29.7 2.4 0 19°21.2' 155°09.0' 2 km BE of Makaopuhi
seismometer

7 19-54-26.0 2.1 3 19°23.7' 155°07.8' 5 km NE of Makaopuhi
seismometer

7 20-00-55.6 2.2 4 19°23.1' 155°08.0' 5 km NE of Makaopuhi
seismometer

7 20-29-12.1 2.0 3 19°23.2' 155°07.7' 5 km NE of Makaopuhi
seismometer

7 20-46-19.0 2.1 5 19°22.8' 155°09.0' 3 km NE of Makaopuhi
seismometer

7 22-18-22.0 2.2 4 19°24.8' 155°16.9' Kilauea Caldera



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

October 8 00-10-10.8 2.0 4 19°22.8' 155°07.3' 5 km NE of Makaopuhi
seismometer

8 00-28-25.5 2.1 3 19°24.8' 155°17.4' Kilauea Caldera

8 01-14-22.5 2.4 4 19°23.4' 155°07.3' 5 km NE of Makaopuhi
seismometer

8 01-36-51.1 2.7 5 19°23.2' 155°08.6' 3 km NE of Makaopuhi
seismometer

8 01-39-55.2 2.7 4 19°23.0' 155°07.9' 4 km NE of Makaopuhi
seismometer

8 01-46-42.7 2.1 5 19°22.8' 155°08.8' 3 km NE of Makaopuhi
seismometer

8 03-20-25.9 2.1 6 19°23.3' 155°08.7' 3 km NE of Makaopuhi
seismometer

8 03-41-38.4 2.0 5 19°23.2' 155°08.3' 4 km NE of Makaopuhi
seismometer

8 04-10-41.8 2.2 5 19°22.8' 155°08.2' 3 km NE of Makaopuhi
seismometer

8 04-10-43.0 2.0 3 19°23.0' 155°08.3' 3 .km NE of Makaopuhi
seismometer
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Table 4.--Local earthquakes recorded by seismographs of, the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ Lat. N. Long. w. Description-

October 8 04-18-43.0 2.0 3 19°23.0' 155°08.3' 3 km NE of Makaopuhi
seismometer

8 04-57-49.1 2.5 5 19°22.9' 155°07.5' 5 km NE of Makaopuhi
seismometer

8 05-19-55.'5 2.2 2 19°23.3' 155°06.9' 6 km NE of Makaopuhi
seismometer

8 05-39-05.6 2.1 5 19°22.3' 155°08.0' 4 km NE of Makaopuhi
seismometer

8 06-14-38.0 2.4 3 19°23.1' 155°06.9' 6 km NE of Makaopuhi
seismometer

8 07-06-25.6 2.6 9 19°18.8' 155°07.8' 9 km NE of Apua Point

8 07-20-31.5 2.1 2 19°23.1' 155°07.8' 5 km NE of Makaopuhi
seismometer

8 07-40-24.8 2.1 2 19°23.2' 155°06.2' 7 km NE of Makaopuhi
seismometer

8 07-46-35.1 2.4 4 19°22.8' 155°07.7' 5 km NE of Makaopuhi
seismometer

8 08-23-03.5 2.5 6 19°22.9' 155°07'.5' 5 ,km NE of Makaopuhi
seismometer



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude' (km) Report

h m ~ Lat. N. Long. w. Description- -

October 8 08-49-22.7 2.1 5 19°23.1' 155°08.3' 4 km NE of Makaopuhi
seismometer

8 08-54-44.4 2.1 5 19°23.0' 155°07.8' 5 km NE of Makaopuhi
seismometer

8 09-24-23~3 2.1 5 19°22.8' 155°08.8' 3 km NE of Makaopuhi
seismometer

8 11-02-39.3 2.1 4 19°23.0' 155°07.7' 5 km NE of Makaopuhi
seismometer

8 11-31-39.2 2.0 4 19°22.9' 155°08"0' 4 km NE of Makaopuhi
seismometer

8 12-31-52.5 2.4 3 19°23.2' 155°07.2' 5 km NE of Makaopuhi
seismometer

8 12-39-05.8 2.5 6 19°22.7' 155°08.4' 3 km NE of Makaopuhi
seismometer

8 12-45-57.3 2.0 3 19°22.9' 155°08.6' 3 km NE of Makaopuhi
seismometer

8 17-24-09.6 2.1 4 19°22.9' 155°08.0' 4 km NE of Makaopuhi
seismometer

8 17-40-55.4 2.0 3 19°23.1' 155°07.8' 5 km NE of Makaopuhi
seismometer



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 19·68

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. w. Description-

October 8 22-07-17.1 2.1 4 19°23.2' 155°07.8' 5 km NE of Makaopuhi
seismometer

9 06-31-50.4 2.0 2 19°22.7' 155°08.0' 4 km NE of Makaopuhi
seismometer

9 13-39-57 .'5 2.4 30 19°23.3' 155°16.2' 2 km S of Kilauea Caldera

9 22-32-40.2 2.7 10 19°13.0' 155°06.9' 10 km SE of Apua Point

9 23-27-55.8 2.2 3 19°20.4' 155°17.8' 5 km SW of Ahua
seismometer

9 23-30-58.8 2.0 3 19°20.8' 155°17.8' 5 km SW of Ahua
seismometer

10 17-34-17.1 3.3 9 19°13.9' 155°05.9' 10 km SE of Apua Point

14 06-09-54.0 2.0 8 19°24.0' 155°24.3' 7 km NW of Desert Pahala
seismometer

15 12-05-03.7 2.5 0 19°30.3' 155°48.0' 13 km ESE of Kealakekua

17 11-41-52.3 2.5 10 19°22.1' 155°01.0' 5 km NW of Kalapana

17 20-06-39.6 2.5 10 19°21.2' 155°06.6' 6 km E of Makaopuhi
s'eismometer



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N. Long. W. Description-

October 17 22-51-20.1 2.7 3 19°45.1' 155°44.2' 10 km ESE of Puu Waawaa

18 17-23-38.8 2.4 30 19°23.0' 155°16.9' 2 km S of Kilauea Caldera

21 09-53-42.7 2.3 9 19°19.8' 155°08.3' 5 km SE of Makaopuhi
seismometer

~
22 11-58-27.1 2.0 5 19°09.4' 155°03.3' 18 km SE of Apua Point

\0

25 14-47-09.9 3.7 8 19°19.9' 155°30.6' 5 km SW of Pahala Mi101ii,
Pahala, South
Point, Hil0

25 21-13-38.6 2.4 10 19°16.3' 155°10.8' 2 km NE of Apua Point

26 15-20-36.7 2.4 7 19°23.9' 155°26.1 8 km NW of Desert
seismometer

26 16-22-03.2 2.5 9 19°20.0' 155°08.4' 5 km SE of Makaopuhi
seismometer

26 16-31-57.0 2.0 3 19°36.4' 156°06.0' 21 km NW of Kealakekua

27 13-50-27.3 2.3 3 19°22.3' 155°00.4' 4 km NW o:f Kalapana

27 22-00-07.6 2.3 10 19°49.2' 155°26.9' Near Mauna Kea Summit

28 14-58-53.0 2.0 0 19°27.2' 155°47.9' 15 km SE of Kealakekua



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h E! ~ L.at. N. Long. W. Description-

October 28 21-39-08.7 2.1 10 tl9°19.0' 155°13.0' 7 km NW of Apua Point

29 05-10-01.2 2.5 6 19°24.4' 155°27.0' 10 km NW of Desert
seismometer

November 2 07-31-24.4 2.0 8 19°22.9' 155°27.8' 9 km NW of Desert
seismometer

2 09-03-20.6 2.0 9 19°19.0' 155°13.7' 8 km NW of Apua Point

2 15-39-54.8 2.6 13 19°55' 156°20' 35 km NW of Keahole Po·int

3 06-53-27.2 2.0 8 19°26.3' 155°24.7' 6 km SW of Mauna Loa
seismometer

3 10-02-42.3 2.3 9 19°19.8' 155°09.0' 4 km SE of Makaopuhi
seismometer

3 20-29-28.8 2.1 30 tL9°23.0' 155°16.7' 2 km S of Kilauea Caldera

5 09-41-19.5 2.6 0 tL9°28.2' 155°50.5' 10 km SE of Kealakekua

10 10-28-45.4 3.3 7 0.9°24.5' 155°29.4' 13 km NW of Desert Pahala
seismometer

10 20-53-42.1 2.0 20 ~9°25.7' 155°17.0' Kilauea Caldera



Table 4.--Loca1 earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ Lat. N. Long. W. Description-

November 11 05-33-54.9 2.2 8 19°12.3' 155°27.8' 2 km NE of P ahala

11 10-39-23.2 2.5 8 19°11.9' 155°27.1' 3 km E of Pahala

11 11-11-22.8 2.2 9 19°22.4' 155°06.1' 7 km E of Makaopuhi
seismometer

11 14-34-20.9 2.9 10 19°20.5' 155°02.5' 7 km SW of Kalapana

12 14-45-23.5 2.7 8 19°25.8' 155°24.0' 7 km S of Mauna Loa
seismometer

14 00-27-44.1 2.0 9 19°21.8' 155°04.1' 9 km WNW of Kalapana

15 00-41-14.7 2.6 10 19°11.2' 155°26.8' 4 km SE of Pahala

15 14-16-44.5 2.5 8 19°23.2' 155°25.7' 7 km NW of Desert Pahala
seismometer

16 04-05--40.1 2.6 0 19°30.3' 155°46.9' 13 km E of Kealakekua

18 02-03-37.8 2.9 0 19°13.3' 155°36.6' 14 km NW of Pahala

18 19-34-21.8 2.4 9 19°22.7' 155°03.7' 9 km NW of Kalapana

18 21-06-41.2 2.0 8 20°48' 155°09' 85 km NE of Honokaa

18 23-52-59.0 4.3 7 19°13.3' 154°58.0' 15 km S of Kalapana Hilo



Table 4.--Loca1 earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 19~8

Date Time Magni- Depth Epicenter Felt
tude (km) Rep9 rt

h m ~ Lat. N. Long. w. Description- -

November 18 23-56-52.3 2.3 7 ,19°12.7' 154°58.1' 16 km S of Kalapana

19 20-43-21.1 3.7 30 19°22.8' 155°18.0' 3 km SW of Kilauea Caldera Island-wide

19 21-17-21.1 2.4 0 19°22.1' 155°47.6' 12 km ESE of Hookena Naalehu

19 21-21-31.'7 2.5 30 19°22.8' 155°17.8' 3 km BE of Kilauea Caldera

19 22-21-32.6 2.8 9 19°12.0' 154°58.9' 17 km S of Ka1apana

20 09-08-36.9 2.8 35 19°04.7' 155°28.8' 12 km E of Naalehu

20 11-04-03.2 2.5 3 19°33.6' 155°44.8' 19 km ENE of Kealakekua

21 01-36-19.4 2.2 8 19°13.9' 155°00.3' 14 km SW of Ka1apana

22 07-03-12.1 .. 2.4 9 19°19.1' 155°02.3' 9 km SW of Ka1apana

22 13-46-26.6 2.5 8 19°26.4' 155°25.5' 7 km SW of Mauna Loa
seismometer

25 05-20-41.8 2.8 8 19°55.0' 155°37.0' 8 km NE of Waikii

25 16-46-00.4 2.9 8 19°12.0' 154°58.0' 18 km S of Kalapana

26 02-41-15.5 2.3 8 19°13.1' 155°33.9' 10 km NW of Pahala



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

November 26 19-40-59.3 2.7 5 19°22.7' 155°26.7' 7 km NW of Desert
seismometer

27 02-29-06.1 2.5 10 19°20.0' 155°08.7' 4 km SE of Makaopuhi
seismometer

28 01-36-16"0 2.'5 7 19°14.5' 155°34.4' 11 km NW of Pahala

28 02-37-34.2 2.3 9 19°21.7' 155°04.3' 10 km E of Makaopuhi
seismometer

28 06-42-03.3 2.3 8 19°22.0' 155°24.5' 4 km NW of Desert
seismometer

28 15-40-18.8 2.0 8 19°25.6' 155°24.7' 8 km SW of Mauna Loa
seismometer

28 21-25-41.3 2.1 9 19°19.4' 155°11.7' 7 km N of Apua Point

29 03-11-33.9 2.2 8 19°24.5' 155°26.0' 9 km NW of Desert
seismometer

29 10-11-40.5 2.3 8 19°36.7' 156°05.0' 10 km SW of Kailua

29 13-30-06.6 2.4 30 19°21.8' 155°16.9' 2 km SW of Ahua
seismometer

29 20-11-46.6 2.1 7 19°23.3' 155°22.8' 6 km NE of Desert

seismometer



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!! ~ Lat. N. Long. w. Description-

November 30 08-44-37.8 2.0 10 19°19.2' 155°13.0' 7 km NW of Apua Point

30 18-19-42.4 2.4 30 19°24.1' 155°14.9' SE rim of Kilauea Caldera

30 19-16-31.4 2.2 0 19°26.6' 155°47.2' 16 km SE of Kealakekua

December 2 10-31-01~8 2.3 3 19°31.8' 155°05.3' 4 km SE of Mountain View

2 10-38-33.5 2~9 30 19°23.2' 155°16.8' 2 km S of Kilauea Caldera

2 10-41-47.8 2.1 30 19°23.2' 155°16.8' 2 km S of Kilauea Caldera Pahala

2 21-47-38.6 2.-6 30 19°22.7' 155°17.8' 3 km SW- of Kilauea Caldera

3 06-01-49.9 2.0 8 19°20.8' 155°11.2' 3 km SW of Makaopuhi
seismometer

3 13-10-31.7 2.4 3 19°11.8' 155°35.1' 11 km W of Pahala

4 11-17-30.7 2.4 8 19°26.1' 155°28.0' 11 km SW of Mauna Loa
seismometer

6 19-38-24.5 2.9 8 19°55.3' 155°28.8' 19 km SW of Paauilo

7 04-09-37.9 2.2 10 19°19.3' 155°13.0' 8 km NW of Apua Point

7 10-11-29.1 2.0 10 19°19.9' 155°11.8' 8 ·km N of Apua. Point



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

October, November, December 1968

TimeDate Magni- Depth
t-----------+ t u d e ( km )

h m Lat. N.

Epicenter

Long. W. Description

Felt
Report

f\)

\Jl

December 8

8

10

10

10

10

11

12

13

13

13

14

05-09-40.2

06-51-00.8

01-55-18.9

13-07-02.9

19-40-53.4

20-11-01.2

14-08-13.5

05-30-02.6

06-38-54.5

15-25-29.6

19-30-48.8

03-00-18.3

2.8

2.3

2.0

2.0

2.7

2.2

2.0

2.0

3.3

2.0

2.1

10 19°21.6' 155°04.8' 9 km E of Makaopuhi
seismometer

10 19°21.7' 155°04.6' 10 km E of Makaopuhi
seismometer

13 19°47' 156°09' 10 km NW of Keahole Point

40 19°30.5' 155°16.4' 9 km N of Kilauea Caldera

9 19°21.1' 155°05.7' 8 km BE of Makaopuhi
seismometer

45 19°10.1' 155°23.2' 7 km NE of Pa1ima Point

8 19°25.5' 155°30.8' 15 km SW of Mauna Loa
seismometer

9 19°18.9' 155°14.8' 8 km NW of Apua Point

8 20°47' 156°57' 55 km W of Ha1eakala, Maui

o 19°21.3' 155°48.5' 10 km BE of Hookena

13 19°38' 156°29' 60 km WNW of Kealakekua



T~b1e 4.--Local earthquakes recorded by seismographs of. the u.s. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

December 15 00-07-12.1 2.7 9 19°14.6' 155°11.8' 2 km S of Apua Point

16 16-33-03.5 4.7 10 19°19.9' 155°12.3' 5 km SW of Makaopuhi Island-wide
seismometer

19 00-41-13.6 2.7 8 19°26.1' 155°24.6' 8 km SSW of Mauna Loa
seismometer

19 22-16-11.1 3.5 9 19°20.2' 155°06.8' 7 km SE of Makaopuhi Hil0, Kilauea
seismometer Summit Area,

Pahala

20 01-42-02.6 2.3 9 19°19.8' 155°11.9' 5 km SW of Makaopuhi
seismometer

20 15-26-59.2 2.6 8 19°22.8' 155°26.7' 8 km NW of Desert
seismometer

22 00-39-54.7 2.3 0 19°48.0' 156°06.0' 8 km NW of Keahole Point

22 23-28-29.2 2.1 7 19°25.2' 155°25.9' 11 km NW of Desert
seismometer

23 01-09-16.6 2.3 8 19°26.2' 155°24.4' 7 km SSW of Mauna Loa
seismometer

23 03-37-45.8 2.4 9 19°20.0' 155°07.7' 5 km SE of Makaopuhi
seismometer



Table 4.--Loca1 earthquakes recorded by seismographs of.the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!'! ~ Lat. N. Long. w. Description-

December 23 12-09-58.2 2.4 0 19°40.0' 156°01.8' 5 km NW of Kailua

23 16-03-01.1 2.1 35 19°24.3' 155°07.6' 6 km NE of Makaopuhi
seismometer

23 16-49-24.1 2.0 8 19°23.9' 155°28.1' 11 km NW of Desert
seismometer

24 17-44-35.2 2.2 8 19°24.3' 155°25.2' 8 km NW of Desert
seismometer

24 20-32-12.0 2.3 0 19°26.8' 155°48.0' 15 km SE of Kealakekua

25 04-28-04.7 2.0 8 19°26.0' 155°24.7' 7 km SW of Mauna Loa
seismometer

27 13-08~09.0 2.3 8 20°04.5' 155°44.0' 6 km NW of Kamuela

27 17-12-32.2 3.1 3 19°53.0' 155°38.9' 3 km N of Waikii

27 23-13-45.5 2.3 3 19°47.9' 155°42.0' 8 km SW of Waikii

29 07-50-55.5 2.7 8 19°49.2' 155°43.9' 10 km SW of Waikii

29 17-58-11.7 2.0 8 19°50' 156°10' 15 km NW of Keahole Point

30 10-17-11.2 2.6 9 19°21.4' 155°05.7' 8 .km E of Makaqpuhi
seismometer



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

October, November, December 1968

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description- -

December 31 09-35-38.0 3.2 13 20°17'.5" 156°-00. )t 15 km WNW of" Upo1u.Point
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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Summary of activities

Kilauea erupted from about 3 miles of fissure in the
upper east rift starting a little before 10 a.m. on February
22, 1969. A swarm of short tremor bursts and small earth~

quake~ ~farted at 06:27. By nine 6'clock the tremor was
constant, though earthquakes had diminished, and lava appeared
about 09: 50. The 'first crack extended from the northeast rim
of Alae nearly to the base of Kane Nui a Hamo and produced
two flows that rapidly moved south across the Chain of Craters
road. Within the next two hours, the erupting fissure extended
eastward across the north flank of Kane Nui 0 Hamo, and west
ward across the western mezzanine of Alae, across the Chain
of Craters road and to a point south of the west edge of Alae.
Fountain from Alae mezzanine are forming a new lava lake in
Alae that has filled the eastern pit by late afternoon of
February 23rd. A sluggish aa flow from the eastern fissure
is moving down the new highway, and rached more than a mile
and a half by Sunday afternoon. The eruption continued until
17:15, February 24, and subsequently, the last fountain
activity in Alae Crater subsided. In the afternoon of February
25, the fissure between Alae and Kane Nui 0 Hamo reopened, and
started a second phase of eruption. Fountains nearly 200 feet
high fed a flow, which once again, cascaded lava into Alae
Crater. Activity finally ended on the morning of February 28.

The summit tilt network was run periodically this quarter
to keep track of the inflation in the summit area. Two areas
at the summit continue to inflate following the October 1968
eruption; one, area northeast -,of Halemaumau that began inflating
as the October eruption ended and a new area just west of
Outlet' vault that begun inflating near the first part of this
quarter.

Leveling completed on February 4, 1969, shows t~at the
summit uplifted about 0.2 foot since November. The area near
Makaopuhi seismometer also uplifted ab'out 0.2 in the same time
interval. Near the earliest August 1968 eruption vents, how
ever, a subsidence of about 0~12 foot occurred during the
same time interval.

It appears that, in the summit area, the inflation has not
yet recovered its level of July 1968 before the 2 Upper East
Rift 'eruptions." The line lengths as measured by the Geodimeter
are still shorter than their July 1968 lengths and benchmark
altitudes are still apparently about 0.1 foot lower than their
July levels.
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EXPLANATION
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements)
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordi~ates, which
are. indicated at the edges of the map.
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A third hole was drilled in Makaopuhi lava lake to the
'island' of crust to which our tramway cable is attached.
Core was obtained from a section of the island root and the
melt below. The crust-melt interface was displaced down
wards to about 58 feet beneath the island. Most of the core
is dense, very fine grained basalt, presumably the normal
melt of the lake intruded into and· quenched by the cooler
island root. More vesicular core represents recrystallized
and partially melted crust from the root. The sequence is
similar to that reported last year from Kilauea Iki lava
lake. Drilling extended 8 feet into the melt (66 feet) and
ended when the molten lava moved into the core barrel before
the drilling string could be completely lowered in order to
attempt to drill deeper. We recovered the five-foot sample
of glassy core, which proved to have lost most of its crys
tals during flow, a phenomenon also observed to have occurred
in earlier samples collected by 'flow-in'.

The drilling rig was successfully removed from the crater
by helicopter on February 11, 1969. We plan tentatively to
re-drill Makaopuhi no later than the summer of 1971 and per
haps earlier as the volcano permits.

3



Tilting of the Ground Around Kilauea Caldera

Tilting of the ground around the summit of Kilauea
is monitored daily by a short-base water-tube tiltmeter
in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale by means of a network of
field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is
reported in terms of north-south and east-west tilt coor
dinates. Both coordinates at each station were arbitrarily
set equal to 500 when measurements at that station were
begun. Increasing tilt,coordinates correspond to northward
and eastward tilting of the earth's surface; that is, to a
relative subsidence toward the north and east. A one-unit
change in coordinate correspo~ds to a tilting of 1 micro
r~dian (1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter
station are listed in table 6" which is published only in
the first quarter issue each year.

4
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Table 2.--Tilt coordinates and changes at basis around Kilauea calders. (See fig. 2)

Rate (10- 6 rad/mo)
Tilt base Date Tilt Coordi nat e s and direction of Date of last

(1969) N-S E-W tilting since reading
last reading (1968)

Uwekahuna "( U on 6 Feb 580.9 381.6 13.3 N38.2°W 3 Dec
fig. 2)

Tree Molds (TM) 6 Feb 472.1 504.6 5.2 N4.5°W 3 Dec

Sand Spit (88) 4 Feb 875.0 698.4 4.0 Nl8.oow 27 Nov

Keamoku (Kea). .6 Feb 531.9 431.1 9.6 N60.8°w 2 Dec

Ahua Kamokukolau 7 Feb 466.3 542.1 11.9 s20.8°E 27 Nov
(Kam) .

Kipuka Nene (KN)

Hilina Pali (HP)

Kapapala Ranch
( Kap ) .

Mehena (M) 5 Feb 575.3 577.9 2.7 Nll.loE 2 Dec



Kop
•

,
,
~2000
I

r

....-......
RATE 5 X10- 6 ' RADIANS/MONTH

2, l'968 - FEB 5,1969

5 KM

Figure 2.--Tilting of the ground around Kilauea Caldera
between December 2, 1968, and February 5, 1969. The
vector depicting tilting at a given tilt base points
in the direction of maximum relative subsi~ence and
has a length proportional to the rate of tilting
during the measurement interval. Closed circles rep
resent field tilt bases; open circles, short-base
water-tube tiltmeters. See table 2 for explanation
of abbreviations.
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Seismic summary

Events recorded by the U.S. Geological Survey seismo
graph network in Hawaii fall into two categories: Local
earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 kn of at least one
seismograph), and distant earthquakes originating more
than 3,000 km from Hawaii. As an index of seismic activity
activity at Hawaiian volcanoes, daily counts of earthquakes
and minutes of tremor recorded by seismographs in Hawaii
are listed in table 3. The earthquakes are separated in
groups on the basis of region of origin as determined by
analysis of records obtained daily at the observatory
(U, M, Mx, A, D, N, WP, MP, Kx, 0). Earthquakes of
magnitude 2.0 or greater are generally sufficiently well
r~corded to be located with greater precision; they are
listed individually in table 4.

Location of and essential data on each seismograph
station are listed in table 5 in the first-quarter issue
each year.

Acknowledgments

Several people or agencies reported "felt" earth
quakes during the first quarter, 1969. Their assistance
is gratefully acknowledged.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea' Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitudes on seismographs in the summit region. Unless otherwise stated, tremor
is presumed to be associated with movement of magma within the central complex of Kilauea.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves
that originate about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea
Caldera region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent por
tion of the Kaoiki fault system; earthquakes along the eastern half of Kilauea's east rift
zone--detected largely on the Pahoa seismograph; earthquakes from the upper east rift zone
and the adjacent fault sy~tems of Kilauea's south flank; and earthquakes from other regions:
west Hawaii, Mauna Kea, etc.

Tremor Earthquakes
(m = minutes Kilauea Summith = hours)

Date
I

SW rift Eastern Upper Koae Other
(1969) Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

January 1 3 104 43 2 27 3 1
2 1 97 9 18 1
3 92 8 28 4
4 63 5 29 4
5 120 29 4
6 5m 1 290 6 22 2
7 139 16 1 43
8 1 89 9 23 3
9 122 6 26 8

10 3 87 11 31 3
11 2 44 122 16 37 .
12 2 36 73 5 30 5 2
13 3 5 89 18 25 2 1
14 6m 2 76 9 26 1 1

I



Janua,ry 15 2 7 70 14 III 3
16 4 14 III 7 55 2
17 13m 1 7 78 10 50 6
18 6m 2 93 14 145 1
19 13 1 77 13 47 3
20 2 7 87 14 19 2

21 31m 106 13 42 2
22 3 353 7 28 1

23 6m 28 130 18 30 1
24 1 8 143 11 1 24 2 1

25 1 18 116 9 24 1
26 2 58 6 30 1

27 54 14 26
28 9 72 13 41 2 2

29 2 52 16 35 3 1

30 3m 1 4 47 15 1 33 2
31 89 14 27 1 1

\()

February 1 1 3 140 12 19 2

2 2 90 6 22 4

3 51 4 19 2
4 57 9 18 3 1

5 62 5 3 20 5
6 64 8 16 4

7 2 6 61 9 1 22 2
8 6 73 11 48 4

9 3m 5 72 4 158 2
10 2 2 83 4 70 4 1

11 2 3 155 8 25 3
12 2 3 81 10 70 4 1

13 ,I 136 17 36 2
14 1 3 176 10 3 16 4 2

15 1 150 13 1 25 2
16 2 60 300 5 1 31

17 7 200 109 3 3 21 5
18 2 380 5 1 26 10

19 3 180 5 25 13

20 4 180 7
21 138 7 3
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Tremor Earthquakes
(m = minutes Kilauea Summit
h = hours)

Date SW rift Eastern Upper Koae Other
(1969) Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift

February 22 -- -- 2 -- I

23 24h 9 29 9 -- 3
24 60m 24h 5 19 5 -- 5 1
25 24h 7 15 31 10 -- 3
26 6h 24h 3 28 8 1 -- 3
27 2h 24h 6 30 5 1 --
28 2 495 38 12 3 -- I

On Fe~. 22, lav a eruI ted for a few days between Alae Crai er and Kane
Nui 0 Hamo on the east rift zone. Th e Makaopulhi seismo~ raph linE was curt by
the lava flow (-- = sta tion cut of or (Ier) .

March 1 1 1 . 42 I 13 2 -- 2 °1
2 17 5 10 33 11 40
3 7 1 49 6 24 1
4 6 7 50 6 2 17 4 1
5 3 11 71 10 -- 2
6 3 4 57 11 1 60 1 1
7 4 2 73 11 1 60
8 2 88 10 2 30 1
9 3 2 72 8 45 2 1

10 26 4 2 73 14 60
11 1 4 83 11 1 35 1 1
12 5 2 86 12 30
13 3 92 10 1 26 3 1
14 2 III 9 40 2
15 3 6 2 110 12 1 78 6 1

I





Table 4.--Local earthquakes reCorded by seismographs of the U.S. Geological Survey

January, February, March

Entries for a given quake are: Date, origin time (Hawaiian Standard Time), magnitude, depth,
epicenter, and felt report. All earthquakes of magnitude 2.5 and larger, as well as many
favorably located smaller ones, occurring on or near the' island of Hawaii are included in the
list.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w. Description- -

January 1 02-47-27.8 4.2 13 20°06' 157°52' 150 km SE of Kipapa, Oahu

3 01-53-57.9 2.4 9 19°24.1' 155°28.3' 13 km NW of Desert
seismometer

5 17-25-00.2 3.6 10 19°19.8' 155°13.2' 7 km SW of Makaopuhi Kilauea Summi
seismometer Area

5 18-31-26.7 3.0 10 19°18.8' 155°13.3' 8 km SW of Makaopuhi Kilauea Summi
seismometer Area

7 07-59-05.4 2.0 10 19°19.8' 155°13.0' 7 km SW of Makaopuhi
seismometer

8 14-00-41.0 2.8 8 19°24.2' 155°26.3' 9 km NW of Desert seis-
mometer

9 17-25-12.3 2.5 25 19°24.0' 155°18.8' 2 km SW of Kilauea Caldera

10 22-38-52.2 2.0 9 19°22.0' 155°02.5' 7 km NW of Kalapana

12 07-22-17.5 2.3 13 19°39.5' 155°26.4' 14, kin SE of Pohakuloa

.-

h

t

t
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Table 4.--Loca1 earthquakes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m .§.. Lat. N. Long. W. Description
- -

anuary 12 11-06-47.2 2.3 0 19°27.2' 155°48.2' 14 km SE of Kealakekua

13 18-30-08.9 2.0 3 19°19.8' 155°47.8' 12 km BE of Hookena

14 17-21-24.5 2.3 8 19°26.0' 155°28.1' 11 km BW of Mauna Loa
seismometer

14 17-35-22.3 2.1 8 19°51.9' 155°31.9' 8 km NW of Mauna Kea
summit

14 21-37-06.0 3.8 8 19°47.7' 155°30.9' 6 km BW of Mauna Kea Kamuela,
summit Pepeekeo,

Kealakekua,
Hil0

16 00-02-07.5 2.3 9 19°21.3' 155°03.8' 9 km NW of Kalapana

16 07-48-41.6 2.0 9 19°24.0' 155°25.3' 8 km NW of Desert
seismometer

16 10-50-15.5 2.5 40 19°13.2' 155°21.0' 14 km NE of Pahala

17 12-41-59.6 2.3 9 19°20.2' 155°11.9' 5 km SW of Makaopuhi
seismometer

20 05-55-26.0 3.2 8 19°22.3' 155°29.9' 12 km NW of Desert Pahala
seismometer

J



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January! February, March 1969

t

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. .§.. Lat. N. Long . w. Description-

anuary 21 23-22-41.6 2.5 10 19°19.7' 155°12.7' 6 km SW of Makaopuhi
seismometer

21 23-29-51.8 2.1 10 19°18.0' 155°12.8' 5 km NW of Apua Point

22 05-15-32.7 2.6 0 19°32.7' 155°48.2' 13 km NE of Kealakekua

23 05-30-14.1 "2.2 9 19°20.8' 155°08.1' 4 km SE of Makaopuhi
seismometer

23 18-20-48.6 2.7 8 19°24.8' 155°26.0' 10 km NW of Desert Pahala
seismometer

23 21-04-39.0 2.7 55 19°26.5' 154°59.2' 7 km SW of Pahoa

24 01-48-36.7 2.4 8 19°26.1' 154°53.2' 5 km SW of Pohoiki

24 14-06-20.5 2.6 3 19°22.3' 155°47.0' 13 km ESE of Hookena

24 16-58-27.0 2.9 30 19°23.3' 155°18.6' 3 km SW of Kilauea Caldera Kilauea Summi
Area, Pahala

25 09-07-36.2 2.0 9 19°19.5' 155°08.6' 5 km SE of Makaopuhi
seismometer

25 19-18-02.9 2.0 9 19°20.8' 155°08.0' 5 km SE of Makaopuhi
seismometer

J



Table 4.--Local earthq~akes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

......
VI

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. W. Description- -

January 25 23-16-53.9 2.0 9 19°19.9' 155°11.3' 4 km SW of Makaopuhi
seismometer

26 08-41-20.9 2.2 9 19°19.3' 155°13.2' 7 km SW of Makaopuhi
seismometer

26 12-58-32.0 2.6 29 19°22.1' 155°17.3' 3 km SW of Ahua seismo-
meter

27 06-03-30.5 2.8 8 19°52.1' 155°34.2' 9 km NE of Waikii

28 07-34-37.1 3.2 8 19°24.0' 155°24.9' 8 km NW of Desert Pahala, Hi10
seismometer

28 10-44-19.1 2.0 13 20°52' 155°05' 95 km NE of Honokaa

28 11-22-26.4 2.5 9 19°21.0' 155°07.7' 5 km SE of Makaopuhi
seismometer

29 05-34-36.3 2.5 8 19°24.5' 155°53.2' 3 km NE of Hookena

30 02-26-43.6 2.0 11 19°20.4' 155°08.7' 4 km SE of Makaopuhi
seismometer

30 06-07-01.7 2.2 10 19°22.2' 155°04.0' 11 km E of Makaopuhi
seismometer

31 02-05-48.3 2.4 30 19°45.8' 154°59.0' 12 km NE of Hilo



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h !!!. ~ Lat. N. Long. W. Description-

February 2 15-05-58.4 2.0 10 19°17.2' 155°12.7' 4 km NW of Apua Point

3 01-15-47.3 2.9 13 19°37' 156°28' 60 km W of Kealakekua

3 14-42-10.2 2·.0 0 19°28.3' 155°49.0' "12 km BE of Kealakekua
\

4 07-51-51.3 2.4 8 0..9°24.2' 155°26.0' 8 km NW of Desert Pahala
seismometer

4 21-15-23.1 2.5 13 0-8°35' 156°01' 50 km SW of Kalae Point

5 14-14-46.4 2.1 9 0-9°20.3' 155°08.3' 4 km SE of Makaopuhi
seismometer

5 20-01-50.6 2.4 9 0-9°20.6' 155°14.7' 4 km SE of Ahua s e i smomete

6 21-58-52.8 2.0 9 19°20.6' 155°11.5' 4 km SW of Makaopuhi
seismometer

6 23-33~51.1 3.5 45 19°12.3' 155°21.2' 13 km E of Pahala Pahala,
Kealakekua

7 05-59-36.6 3.5 30 19°21.3' 155°23.1' 2 km NE of Desert \......'
, ..1 Pahala, Mt.

seismometer View,
Kealakekua,
Kilauea
Summit Area

'. til



Table 4.--Loca1 earthquakes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h E! ~ Lat. N. Long. w. Description-

February 8 04-12-20.7 2.0 25 tl9°24.0' 155°15.2' 2 km SE of Kilauea -Caldera

8 06-28-45.5 2.0 10 19°20.7' 155°06.3' 7 km SE of Makaopuhi
seismometer

8 22-56-43.8 3.3 10 19°20.3' 155°09.0' 3 km SE of Makaopuhi Hil0
seismometer

9 16-24-42.2 4.1 10 19°20.2' 155°08.1' 5 km SE of Makaopuhi Hi10, Mt.
seismometer View,

Kilauea Summ
Area,
Kea1akikua,
Honokaa~

Pohaku1oa,
Kamuela

10 10-55-08.0 2.5 31 ~0010' 156°22' 55 km WSW of Upo1u Point

10 21-29-59.3 2.1 10 0-9°20.0' 155°09.2' 3 km SE of Makaopuhi
seismometer

11 04-49-34.4 3.2 8 0-9°25.5' 156°02.5' 17 km SW of Kealakekua

11 13-09-12.8 2.0 0 tL9°51.9' 155°26.9' 5 km NE of MaunaKea
Summit

it



Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. W. Description- -

February 11 13-42-02.6 2.0 0 19°52.3' 155°25.5' 7 km NE of Mauna Kea
Summit

12 01-34-18.5 2.1 3 19°53.3' 155°24.1' 11 km NE of Mauna Kea
Summit

I

13 03-05-01.9 2.1 20 19°26.2' 155°15.4' 1 km NE of Kilauea Calder~

f-J
14 07-22-44.0 19°19.8' 155°12.0' SW of Makaopuhico 2.3 10 5 km

seismometer

14 16-03-52.4 2.0 8 19°49' 156°09' 13 km NW of Keahole Point

14 18-26-39.8 2.2 3 19°34.0' 155°56.9' 6 km NW of Kealakekua

14 20-48-31.7 2.4 10 19°20.3' 155°07.7' 5 km SE of Makaopuhi Hil0
seismometer

17 00-42-00.6 3.3 10 19°18.7' 155°13.1' 7 km NW of Apua Point Kilauea Summi
Area, Hila,
Pohaku1oa,
Pahala

17 00-59-19.2 2.2 10 19°18.5' 155°13.5' 7 km NW of Apua Point

20 02-16-07.4 2.4 10 19°19.2' 155°13.2' 7 km SW of Makaopuhi
seismometer

..

t



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March 1969

I--'
'\0

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h ~ ~ Lat. N • Long. w. Description-

February 22 12-24-23.5 3. 5 13 19°30' 156°20' 44 km W of Kealakekua

22 14-37-12.3 2.0 5 19°22.1' 155°12.3' 4 km W of Makaopuhi
seismometer

22 14-54-10.7 2.0 7 0..9°21 .. 9' 155°13.0' 5 km E of Ahua seismometer

22 16-27-19.0 2.4 30 tL9°27.2' 155°12.3' TO km NE of Uwekahuna
seismometer

23 14-55-05.0 3.2 8 19°31.5' 155°37.4' 6 km NW of Mokuaweoweo
Caldera

23 14-56-26.3 2.5 8 0-9°32.2' 155°36-.8' 7 km NW of Mokuaweoweo
Caldera

23 15-48-23.4 2.4 7 19°31.2' 155°36.6' 4 km NW of Mokuaweoweo
Caldera

24 18-35-11.7 2.5 8 19°10.3' 155°38.5' 14 km NW of Naalehu

26 00-28-08.0 2.0 10 19°19.7' 155°02.0' 7 km SW of Kalapana

26 12-12-49.7 2.6 25 19°22.1' 155°18.7' 4 km SW of Kilauea Caldera Pahala

26 12-52-23.0 2.0 8 tL9°15.2' 155°25.8' 8 km NE of Pahala
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Table 4.--Local earth~uakes recorded by seismographs of. the u.s. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
t;ude (km) Report

.}1 m ~ Lat. N. Long. W·. Description- -

February 28 07-33-35.0 3.7 32 19°18.8' 155°24.7' 4 km SW of Desert Pahala, Mt.
seismometer View, Hilo,

Kealakekua

28 17-40-41.9 3'.7 8 19°25.5' 155°26.2' '10 km SW of Mauna Loa Pahala
seismometer

28 19-03-07.0 .2.0 0 19°31.2'. 155°43.0' 2-1 km E of Kealakekua

March 1 07-09-18.5 2.5 8 20°00' 155°21' 5 km SE of Paauilo

1 08-45-36.4 2.2 8 19°23.7'. 155°25.9' 7 km NW of Desert
seismometer

2 12-56-55.9 3.0 8 19°24.2' 155°25.8' 9 km NW of Desert

- seismometer

4 10-27-19.9 2.1 8 19°22.8' 155°25.0' 5 km NW of Desert
seismometer

4 18-16-10.3 3.6 35 18°59.5' 155°29.3' 13 km SE of Naalehu Pahala

4 18-30-14.3 2.3 30 19°20.2' 155°19.4' 7 km E of Desert Pahala
seismometer

6 01-50-42.7 2.2 30 19°21.9' 155°20.3' 8 km SW of Uwekahuna
s·eismometer

I{



Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey

January, February, March 1969

it

Date Time Magni- Depth Epicenter Felt
tude· (km) Report

h m ~ Lat. N. Long. w. Description- -

March 6 04-54-26.4 2.4 13 80°44' 155°06' 14 km ESE of Haleakala,
Maui

8 05-25-51.2 2.5 9 tL9°19.8' 155°07.2' 6 km SE of Makaopuhi
seismometer

9 03-08-06.1 2.4 9 0-9°18.9' 155°06.8' 8 km SE of Makaopuhi
seismometer

9 16-08-38.0 2.2 8 0..9°32.7' 155°39.3' 10 km NW of Mokuaweoweo
Caldera

10 20-15-05.2 2.2 30 0..9°22.9' 155°16.8' 2 km S of Kilauea Caldera

11 00-36-55.4 2.1 9 0.9°17.0' 155°11.6' 3 km N of Apua Point

11 03-35-07.6 3.5 27 119°23.5' 155°16.9' 1 km S of Kilauea Caldera Pahala,
Kilauea Summi
Area, Naalehu
Pohakuloa

11 04-48-47.5 2.2 9 0-9°18.2' 155°12.0' 5 km N of Apua Point

11 10-10-13.2 3.7 8 19°13.2' 155°27.9' 3 km NE of Pahala Kealakekua,
Pahala,
Kilauea Summ
Area

t
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Table 4. --Lo cal earthquake s rec orded by se i smograph s of. the u. S. Geologi cal Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. W. Description- -

March 11 17-54-51.1 2.1 35 19°26.0' 155°31.2' 8 km SE of Mokuaweoweo
Caldera

13 00-21-32.7 2.8 13 19°19' 156°22' 50 km W of Hookena

13 07-47-40.4 2.0 13 19°25.5' 155°17.8' Near Uwekahuna

15 02-49-35.9 2.3 0 19°52.7' 155°42.8' 7 km NW of Waikii

16 07-33-27.1 2.5 10 19°41' 156°10' 13 km SW of Keahole Point

16 13-23-18.9 2.2 13 19°26.2' 155°35.5' 2 km S of Mokuaweoweo
Caldera

17 03-51-00.3 2.7 8 19°45.6' 155°26. ' 8 km SE of Mauna Kea
Summit

18 06-40-04.7 2.3 8 19°11.9' 155°36.7' 15 km NW of N°aalehu

19 04-40-38.0 2.8 8 19°24.2' 155°25.8' 8 km NW of Desert Kilauea Summi
seismometer Area, Pahala

20 15-41-35.6 2.0 15 19°29.8' 155°16.2' 9 km NE of Uwekahuna
seismometer

22 16-51-24.3 2.0 10 19°17.7' 155°04.4' 13 km SE of Makaopuhi
seismometer

t
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Table 4.--Local earthquakes recorded by seismographs of. the U.S. Geological Survey

January, February, March 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m ~ Lat. N. Long. w. Description
- -

March 23 07-03-11.3 2.4 10 19°19.3' 155°06.8' 8 km SE of Makaopuhi
seismometer

23 19-25-36.6 2.7 35 19°18.7' 154°48.9' 18 km SE of Ka1apana

24 08-45-29.2 2.4 0 n.9°29.0' 155°48.0' 13 km SE of Kealakekua

24 20-51-14.0 2.8 3 119°39' 156°22' 33 km SW of Keahole Point

25 18-36-07.8 2.4 13 G.9°24.8' 155°17.5' West Kilauea Caldera

27 23-53-56.6 2.6 28 19°19.0' 155°21.2' 4 km SE of Desert
seismometer

28 07-03-12.0 2.8 13 19°54.6' 155°20.5' 1 km SW of Keanako1u

29 06-14-18.5 2.2 10 19°20.2' 155°01.7' 5 km SW of Ka1apana

29 09-54-53.0 2.6 13 20°01.4' 155°21.9' 2 km S of Paauilo

29 21-24-21.9 2.3 10 19°19.2' 155°12.0' 7 km SW of Makaopuhi
seismometer

30 03-46-20.5 3.0 3 20°04.1' 155°22.2' 4 km N of Paauilo



Table 5.--U.S. Geological Survey seismograph stations in Hawaii

[On island of Hawaii unless otherwise stated]

LocationStation Symbol

Lat N. Long W.

Altitude
( ni )

above sea
level

Equipment
(Z, vertical; N, north-south; E, east-west)

Uwekahuna
(Hawaiian
Volcano
Observatory)

U Long-range Press-Ewing: N~ E, z.
(Seismometer and galvanometer periods are
15 -and 90 seconds, respectively.)

Short-period Sprengnether: E, z.
HVO-l: Z!-I

Mauna Loa M 19°29.8' 155°23.3' 2,010
Ahua A '19°22.4' 155°15.9' 1,070
Mauna Loa ( 2 ) M(2) 19°27.6' 155°20.7' 1,475
Desert D 19°20.2' 155°23.3' 815

f\) North Pit N 19°24.9' 155°17.0' 1,115
.,J::-

West Pit WP 19°24.7' 155°17.5' 1,115
Makaopuhi MP 19°21.8' 155° 10 ..7 ' 885
Kealakomo K 19°18.5·' 155°09.6' 201
Outlet 0 19°23.4' 155°16.8' 1,084
Kipuka Nene KN 19°20.1' 155°17.4' 924
Cone Peak CP 19°23.7' 155°19.7' 1,038
Hil0 Hi 19°43.2' 155°05.3' 20

Kipapa, Oahu Kip 21°25.4' 158°00.9' 76

Pahoa Pa 19°29.7' 154°56.8' 205

Short-base liquid-level tiltmeter
Remote recording HVO-2: Z~I

Do.
Remote recording 1.0 sec. EV-17 Z.

Do.
Do.
Do.
Do.
Do. (installed Sept. 28, 1966)
Do.
Do. (installed Sept. 21, 1967)
Do. (installed Nov. 8, 1967)

HVO-l: Z
Wood-Anderson: N, E. Operated by Joseph
De Mello at St~ Joseph's School.

HVO-l: Z. Operated by U.S. Coast and
Geodetic Survey.

HVO-l: Z. Operated by Kongo Kimura at
Pahoa School.



at '. l
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Haleakala, Maui

Naalehu

Kamuela

North Bay

Kealakekua

HA

Na

Ka

NB

Ke

2,090

205

740

4,005

505

HVO-I: Z.
Wood-Anderson: N, E. Operated by the staff
of Haleakala National Park, Maui.

1.0 sec. EV-17 seismometer, 0.5 sec.
galvanometer: Z. Operated by Mrs. E.
Elarionoff at Naalehu School.

1.0 sec. EV-17, 0.286 sec. galvanometer.
Operated by Mrs. P. Hall at R.P.A., Kamuela.

1.0 sec. EV-17: Z. with helicorder.
Operated by u.S. Weather Bureau.

1.0 sec. EV-17, 0.286 seQ. galvanometer:
Z, EW, and NS. Operated by Henry Helson at
Kona County Hospital.

f\)

V1

~/HVO-l is a moving-coil, hinged, vertical-component seismograph with seismometer and
galvanometer periods ·of 0.5 second. Overdamping of both seismometer and galvanometer is
used to control the strong galvanometer reaction. This sei·smograph has a peak magnification
of about 20,000 at a period of 0.25 second. Recording is optical, on photographic paper.

2/RVO-2 is a moving-coil, vertical-component seismograph with a seismometer .period of
0.8 second. Its signal is transmitted over telephone wires to the Hawaiian Volcano Obser
vatory, where it is recorded on smoked-paper recorders.



Table 6.--U.8. Geological Survey tiltmeter

stations in Hawaii·

Location Frequency Base
Station Symbol . of length Description

Lat. N. Long. W. reading M

Tree" Molds TM 19°26.3' 155°17.3' Quarterly 50.79 NS. and EW.

Sand Spit SS 19°24.1' 155°16.8' ---do--- 25.40 Equilateral
triangle.

Keamoku Kea 19°25.1' 155°19.0' ---do--- 47.55 Do.

Ahua
Kamokuko1au Kam 19°22.7' 155°16.6' ---do--- 50.79 Do.

Kipuka Nene KN 19°19.4' 155°16.7' ---do--- 50.79 Do.

Hi1ina Pali HP 19°18.2' 155°18.6' ---do--- 47.73 Do.

Kapapa1a
Ranch Kap 19°20.5' 155°23.8' ---do--- 50.79 Do.

Mehana M 19°26.2' 155°14.3' ---do--- 25.00 Do.

Uwekahuna U 19°25.5' 155°17.4' ---do--- 50.79 Do.

Uwekahuna
Vault 19°25.4' 155°17.6' Daily 3.48 NS. and EW.

26
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Summary of activities~/

May-June Kilauea east rift eruptions

After approximately 3 months of quiescence the east
rift of Kilauea begin erupting at about 04:45 on May 24.
Initial fountaining apparently began from a fissure that
crossed the northern part of Aloi Crater and extended as
far east as due north of the west edge of Alae. The
fissure quickly spread westward, crossing the Chain of
Craters road at the north edge of the Alai steam flat.
Several earthquakes were felt by local residents at
about this time. The fissure continued to spread west
ward--much as the February 22 fissure did--and crossed
the Ainahou Ranch road about 450 meters south of the
Chain of Craters road. Fountains from this fissure were
plainly visible from the Observatory. The fissure fi
nally reached as far west as about 150 meters west of the
Ainahou road--the farthest an eruptive fissure has pene
trated into the Koae fault zone during historic time.
The western part of the fissure follow faithfully the
pre-existing Koae fault trend, curving in just the right
places. In fact, the fissure seems to follow precisely
an older Koae crack--the largest crack north of the
Kalanaokuaiki Pali. Vertical 9 x 9 inch color aerial
photographs show that fountaining was concentrat~d in
two areas--one from west of the Ainahou road to the Chain
of Craters road, the other about halfway between Alai and
Alae Craters. (This last area has been the site of all
subsequent activity.) The photos show that Alai Crater
had been filled by 25 meters of lava, nearly all of which
had already drained back down the eruptive fissure that
cut the floor. The photos further show that the floor
of Alae Crater was already covered with new lava and that
more was cascading in. The line of February spatter cones
just west of Alae that had been such a tourist attraction
was in the process of being buried by a flow moving down
slope from the fissure, and by the next day only the tips
of the higher cones remained. Even these were covered
3 days later, and now all that remains of them is an
abrupt change in slope in the new lava that covers them.

Lava from the .western fissure line flowed southward
before being dammed by the Kalanaokuaiki Pali, thereby
saving the Ainahou Ranch from inundation. Nearly all of

~/Taken from Hawaiian Volcano Observatory, USGS monthly
reports.
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EXPLANATION

.. Seismograph Station

o Town or locality

5E;HCEH3::l:H3:0====::::i:====3IO===:::J1? Mil..

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at the edges of the map.
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the area bounded by the Ainahou road, the Pali, a line
south of Aloi, and the fissure was covered by new lava.

Most activity stopped by 22:00, May 24, but an
observation flight at 10:30, May 25, showed weak foun
taining from the major vent area between Alai and Alae.
This activity ended sometime later in the day. An esti
mated 4.5 x 10 6 cubic meters of lava was erupted.

Tremor continued to be recorded by the portable
seismometer on May 26 and May 27, and we were quite sure
that the eruption had not ended. Sure enough, at 19:00,
May 27, phase 2 fountaining resumed at the vent area
between Aloi and Alae. Summit tilt delayed change until
22:45, when slow deflation began. Flows spread eastward
into Alae and southward across the lava flows of phase I
and February 22. By 17:00, May 28, the flow moving south
ward was about 1.5 km south of Alae, and summit tilt was
still recording deflation. Tremor and tilt drop stopped
within the space of 3 minutes at 09:20, May 29, and phase
2 had ended. About 3.5 x 10 6 cubic meters of lava erupted
in phase 2. Strain and tilt changes for both phases 1
and 2 were small.

During phase 2, two vent areas were established in
the main fountaining area between Aloi and Alae. These
are hereafter called the eastern and western vent areas.
A high spatter rampart separated the two, and spatter
ramparts encircled the entire area. Both vent areas would
fountain during each phase, but fountains from the eastern,
and deeper, vent area were consistently higher. During
interphase periods, sloshing and bubbling sounds could be
heard from the eastern vent area, and we correlated these
sounds with the continuous tremor that was being recorded
by temporary seismometers placed at Aloi and near the
Hilina Pali-Chain of Craters road junction. Never was
lava visible in the fissure, however, and we were continu
ally guessing as to what the sounds and tremor meant--de
gassing of stagnant lava, or evidence of active magma
waiting to erupt. Needless to say, each phase gave us
confidence in the latter lnterpretation, and it is now
clear that the eruption should actually' be considered as
being continuous since May 24.

Phase 3 began at 13:30 on June 12 with no premonitory
tremor or earthquakes. Our survey party happened on the
scene minutes after the eruption had begun. Fountaining
then was only 3-4 meters high but grew into 100-meter
high showers within 2 hours. The crew watched lava

3



advance down the May 27 channel leading southward from the
fount~ins, and soon the vigorous flow filled and overflowed
the channel. This flow eventually cascaded brilliantly
over the Poliokeawe fault scarp, on down over the even
steeper Holei fault scarp, and spread slowly seaward as an
aa flow toward Apua Point. It stopped before noon on June
13, leaving its distal marg~n about a kilometer from the
beach at Apua. A small amount of lava again poured into
Alae Crater. The volume of_ erupted lava for this phase
was about 4.0 x 10 6 cubic meters.

Phase 4, which began from the same vent area at 21:4~,
June 25, finally did it. Lava fed by the 220 meter high
fountains poured across the June 12-13 lava, cascaded over
Poliokeawe and Holei Palis, and reached the sea about a
kilometer east of Apua Point at 08:35, June 26, an hour
and a half after fount~ining had ceased in the vent area.
The aa "flow" that reached the ocean is more aptly des
cribed as a "trickle. n. Muc·h pumice was produced by these
fountains, and the parking lot and roadway at Alai were
buried beneath 50 cm of the stuff. More lava poured into
Alae, raising the floor to about 30-35 meters of the rim.
About 4.5 cubic meters of lava was erupted during the
fourth phase.

The days preceding the outbreak of the erup~ion on
May 24 showed high counts of earthquakes from the upper
east rift and shallow caldera area. Bursts of 20 to 40
quakes per 2-hour periods were commonly recorded on'
Makaopuhi and North Pit seismographs. Caldera quakes

'. dropped off early on May 23, but ri ft quakes continued
high and reached a peak of nearly 200 at the time of the
onset of tremor, about 04:45, May 24. strong tremor and
.large numbers of rift quakes coincided with the fountain
irig of phases 1 and 2. Since early June, except for a few
moderate-sized swarms of earthquakes, the eruption assumed
a monotonous seismic pattern of high harmonic tremor
during phases and relative quiescence during inter-phases.
Stations at moderate distances from the eruption site showed
no tremor a few hours aft~r a phase, but intermittent re
cordings taken on a portable seismomete~ near Aloi indica
ted that local tremor fluctuates continually between
phases.

The tie-in of the summit magma chamber(s) to the
active rift zone was again noted. The eruption area was
the main source of tremor, but immediately after major
fountain activity, a secondary tremor source near the
summit became quite obvious on the West Pit seismograms.
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Tremor readings taken with the portable seismograph
immediately after a phase also suggested relatively high
tremor amplitudes at the summit and a possible link south
east to the site of eruption. A large number of tremor
like bursts beneath the caldera (referred to long-period
caldera quakes), usually recorded just after an eruptive
phase seem to indicate further activity of magma. These
post-phase seism~c activities generally fit times of
rapid summit re-inflation, as recorded by the ideal
Aerosmith E-W tiltmeter at Uwekahuna.

The May 24 eruption did not come unexpected. Strain
and tilt data indicated that another eruptive event was
in the final stage of gestation. Cumulative caldera
strains were higher than before the February eruption, and
the E-W Uwekahuna tilt had recovered about 90 percent
of the 40 microradians lost in February.

On May 23 the flank eruption was preceded by a 5 mi
croradian collapse in the Uwekahuna recording tiltmeter.
During the early hours of the 24th accompanying the develop
ment of tremor amplitude was a sharp ,drop in the Uwekahuna
tilt. The Uwekahuna tilt dropped nearly 15 microradians
in less than 24 hours after beginning of the eruption.
After a small recovery the tilt dropped till the 29th of
May for a total collapse of 25 x 10- 6 radians in. less than
7 days. The Uwekahuna tilt recovered 14 microradians be
fore the June 12 eruption. This recovery was quickly lost
with the onset of the outbreak in the Aloi-Alae area. Like
on previous 'events of the year, the tilt began a rapid re
covery with the termination of surface activity.

Releveling during mid-April and on 27-28 May revealed
interesting altitude changes not only at the summit and
eruption area, but also on the south-east flank of Kilauea.

Data from the mid~April run showed a maximum summit up
lift of +11 cm and a maximum uplift of +30 cm near Kane
Nui a Hamo. Unlike the summit and east rift, the south
east flank showed negative changes of -4 cm on the Hilina
Pali and Chain of Craters road and about -3 cm on the
Ainahou road.

The May 24 eruption did not change the sense of defor
mation significantly. The May 27-28 run showed a net up
lift of 8 cm in the summit area with a shift in the center
of inflation to the vicinity of Outlet vault. (1 1/2 - 2
km south of previous center.) Like in the February 22
eruption, the eruption area had been uplifted. A maximum
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of +42 cm was recorded less than a 1/4 kilometer south of
Aloi crater. A new center of uplift, a kilometer south of
Makaopuhi crater showed a change of +14 cm since the April
run.

:In deformation studies, coinciding with the leveling
efforts are measurements of a horizontal strain. More
recently, of these labors, the geodimeter/geodolite opera
tion is the most 'impressive. Between 24-27 February and
21-23 April the summit lines extended by centimeters.
Peripheral lines contracted by 25% to 50% less than the
maximum summit extensions. Asymmetry of summit strains
continued to be evident.

Notes of other events

In the latter part of March, as .part of the continu
ing studies of the lower east rift, Willie Kinoshita,
Robert Decker, and several members of the Kilauea Job
Corps reran the Pahoa-Kalapana-Kupaupau tide gage level
line and the Pahoa-Pohoiki level line in the Puna area.
'The lower east rift has continued to ihflate during the
interval 1965-1969 and the maximum u~lift since 1958 has
been about 0.6 to 0.7 feet at the south end of the new
section of straight road constructed over the 1955 flows.

During mid-April a drilling program was initiated
on the Alae lava lake formed during the February eruption.
On April 14 we bottomed the first hole at 9.7 feet; 'with
re.latively p·oor core recovery. The crust melt interface
was at a depth of about 7.5 feet. Alae lava lake drill
ing ceased with ·the loss of the drill and related equip
ment by an inundation of Alae with lava from the May 24
vents.

Several additional seismic ob~ervations were note
worthy during this quarter. At 04 36m , 7,May, a moderate
sized 4.7 magnitude quake located 65 km east-northeast of
Hana, Maui was felt by residenfis gf Hana, Kohala, and
Kamuela. A larger event at 15 33 , 9 May, located 10 km
beneath the east rift of Kilauea registered 5.0 in magni
tude. The latter event was felt island-wide (with one
report of minor damage in Hilo). At least one'of the 50
or so aftershocks was felt at the Volcano.

The number of shallow caldera quakes during the quar-
'ter ranged from about 50 to 500 per day. During this same
period were several small summit deflations, superposed
on the general long term trend of inflation that corres
ponded to highs and lows of seismic activity.,
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The pattern appears to be an increase in shallow quake
count .with continued build-up of tilt followed by a de
crease in quake count coinciding with the small tilt
collapse.
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Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea
is monitored daily by a short-base water-tube tiltmeter
in Uwekahuna Vault, and at irregular intervals it is
measured on a regional scale by ~eans of a network of
field tilt-bases and a portable water-tube tiltmeter.
The attitude of ~he ground surface at each tilt-base is
r~ported in terms of north-south and east-west tilt
coordinates. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that
station were begun. Increasing tilt coordinates corres
pond to northward and eastward tilting of the earth's
surface; that is, to a relative subsidence toward the
north and east. A one-unit change in coordinate corres
ponds to a tilting of 1 microradian (1 mm per km) in the
direction indicated.

Location of and essential data on each tiltmeter
station are listed in table 6, which is published only
in the first quarter issue each year.

Table 1.--Ti1t coordinates at Uwekahuna

April, May, and June 1969

Date
N-S E-W

Date
N-S E-W

(1969) (1969)

April 6 535 415 May 18 548 407

13 536 416 25 545 420

20 539 412 June 1 541 427

27 542 410 8 545 419

May 4 546 406 15 543 424

11 546 407 22 546 419

29 543 427

8



Seismic summary

Events recorded by the U.S. Geological Survey seis
mograph network in Hawaii fall into two categories:
Local earthquakes and tremor originating in the region of
the Hawaiian Islands (usually within 100 km of at least
one seismograph-), and distant earthquakes originating
more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earth
quakes and minutes of tremor recorded by seismographs in
Hawaii are listed in Table 3. The earthquakes are separa~

ted in groups on the basis of region of origin as deter
mined by analysis of records obtained daily at the obser
vatory (see Table 5 for list of stations). Earthquakes of
magnitude 2.0 or greater are generally sufficiently well
recorded to be located with greater precision; they are
listed individually in Table 4.

Location of and essent-ial data on each seismograph
station are listed in Table 5 in the first-quarter issue
each year.
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated wi~h movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes charact~rized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea caldera
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portion of the
Kaoiki fault system; earthquakes from the upper east rift zone and the adjacent fault systems
of Kilauea's south flank; shallow earthquakes along the northeast-trending Koae fault system
south of Kilauea caldera;.and earthquakes from other regions: west Hawaii, Mauna Kea, etc.

Tremor- Earthquakes
(m = minutes Kilauea
h hours) Summit

=
Date SW rift Upper Ko~e Others Remarks

(1969) Inter- Long and east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift

April 1 1 185 17 65? 2
2 3 165 10 70? 3
3 3 III 7 45? 2 1
4 2 56 9 38? 3
5 1 56 6 43? 4 1
6 122 12 68?
7 2 101 20 66? .
8 3 2 6 79 11 45? 2
9 . 2 1 74 22 27? 2

10 . 8 75 7 75? 3 1
11 1 102 16 17? 2 1
12 2 144 13 12 4
13 149 11 30 2
14 190 8 22 3 1
15 3 70 10 21 5
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Tremor Earthquakes
(m = minutes

h hours)' Kilauea Summit
=

Date SW rift Upper Koae Others Remarks

(1969) Inter- Long and east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift

Ap~il 16 7 65 7 19 5 1

17 2 155 12 21 2
18 1 273 23 8

19 2 336 23 12 6
20 2 255 15 18 1
21 3 205 4 7 2
22 5 3 217 12 11 4
23 330 4 14 3
24 27 87 17 53 5·
25 . 5 2 54 10 23

I
2 2

26 . 2 96 19 20 2 1

27 3 -129 10 22 5
28 2 232 9 15 23 1

29 2 370 14 12 21 1

30 20 2 . 375 5 27 15 1

May 1 11 1 290 10 23 21
2 189 13 23 26
3 6 310 13 13 25
4 2 2 230 7 19 8

5 1 470 11 20 19 1

6 3 191 12 10 25

7 1 7 131 11 21 10 2

8 23 3 9 66 7, 31 3 1

9 30 2 . 85 7 53 6

10 1 173 30 34 3

11 5 230 18 25 1
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Table 3.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea C'aldera--Continued

Tremor Earthquakes
(m = minutes Kilauea
h hours)

Summit
=

Date SW rift Upper Koae Others Remarks

(1969) Inter- Long and east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift

June 18 · 1 7 14 9 90? 2

19 1 2 121 7 49
20 · 1 186 8 28 1 3

21 3 226 5 24, 1
~

. ~o

22 1 190 10 8 2 1 I.J"\O

304 15 19
~ t-

23 . . MO

24 282 3 10 C\J. . '--'0

25 · 1 12? 160 14 68? 1 +>
~ ......-...

26 · 37 7 7 1 LA \..0.

27 1 53 11 11 (l) C\I C\I

· . . Ul

28 · 2 95 18 27 .' a1 (l) (l)

29 1 10 94 7 45? 3 1
,.q s:: .s::
P-t :=$ ;::j

30 2 1 48 3 15? 3 2 t-J~



Table

Entries for a given quake are: Date, origin time (Hawaiian
Standard Time), magnitude, dep~h., epicenter, and felt re
port. All earthquakes of magnitude 2.5 and larger, as well
as many favorably located smaller ones, occurring on or
near the island· of Hawaii are included in the list.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s
Lat. N. Long. w.- --

April 3 13-44-04.5 3.0 5 19°30.2' 155°47.8'

April 5 07-47-50.7 2.2 8 19°25.8' 155°27.4'

April 5 17-29-15.5 2.5 0 19°28.3' 155°48.0'

April 5 18-32-26.1 2.0 8 i9°23.0' 155°27.1'

April 5 19-45-07.4 2.3 5 19°22.8' 155°14.8'

April 6 03-45-07.8 2.0 10 19°21.3' 155°05.5'

April 6 13-54-20.1 2.0 10 19°20.3' 155°07.7'

April 6 19-30-28.3 2.8 8 19°14.9' 155°27.2' Pahala

April 7 13-05-12.2 2.6 10 19°20.8' 155°04.2'

April 9 07-30-56.1 4.2 13 20°59' 155°43' Hana
(Maui).

April 9 09-12-13.1 2.5 6 19°25.2' 155°25.2'

April 9 17-42-08.8 2.2 30 19°04.7' 155°21.3'

April 9 20-20-04.4 2.3 30 19°22.7' 155°17.8'

April 10 18-52-10.1 2.8 30 19°22.2' 15'5°16.9' Pahala

April 10 23-11-29.0 2.1 10 19°46.2' 155°25.3'

April 11 03-06-19.7 2.4 0 19°28.1' 155°48.1'

April 11 05-30-03.3 2.2 10 19°20.2' 155°08.7'
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Table 4.-~Local earthquakes recorded by seismographs of the

u.s. Geological Survey, April, May, June, 1969.

il
mit

Date Time ,Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

April 11 21-30-02.5 2.5 10 19°20.3' 155°08.9'

April 13 14-49-38.3 2.8 10 19°19.8' 155°04.8' Hila

April 14 03-57-05.0 2.1 35 19°46.7' 156°03.0'

April 16 18-17-27.1 2.9 30 19°22.8' 155°17.8' Pahala

April 16 19-26-01.4 2.1 8 19°09.7' 155°36.4'

April 17 17-41-25.1 3.0 8 19°27.'2' l55°27.0'

April 18 00-56-46.9 2.4 8 19°12.8' 155°07.2'

April 18 02-00-39.4 2.2 10 19°21.5' 155°01.0'

April 18 21-25-57.0 3.4 8 19°26.0' 155°26.7' Pahala, K
auea Sum
Area

April 19 01-24-12.1 2.5 5 19°20.2' 155°22.5' Pahala

April 19 14-04-18.8 2.4 9 19°13.5' 155°27.4'

April 20 07-31-29.6 2.0 0 19°2~.7' 155°47.3'

April 20 20-57-54.7 2.0 10 19°20.3' 155°12.4'

April 23 14-44-24.8 2.7 35 19°01.0' 155°14.3'

April 25 02-48-34.1 2.4 35 18°56.1' '155° 14 .3 '

April 25 21-18-34.6 2.0 5 19°29.0' 155°26.2'

April 26 10-13-19.1 2.0 15 19°24.1' 155°18.0'

April 26 22-56-43.0 2.6 0 19°23.7' 155°46.8'
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Table 4.--Local earthquakes recorded by seismographs of the

u.s. Geological Survey, April, May, June. 1969.

i ) ,
Kam
irp.ea

rea,
ua,
Poh-

de

ummit

de

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

pril 28 04-48-25.1 3.2 9 19°24.8' 155°27.4' Kilaeua
Summit A
Kealakek
Pahala,
akuloa

pril 28 10-05-38.2 2.8 30 19°13.7' 155°31.3'

pril 29 15-12-56.0 2.0 8 19°25.7' 155°25.0'

pril 29 Q.9-15-28.3 2.5 6 19°41.3' 155°36.2'

pri1 30 02-02-41.6 2.3 5 19°48.7' 155°36.2'

ay 3 08-46-53.6 2.4 30 19°22.7' 155°17.3'

ay 4 09 -' 56-1 5 . 6 2.0 10 19°20.7' 155°05.1'

ay 4 113-53-24.6 2.4 10 19°18.7' 155°11.0'

ay '5 01-05-03.8 3.7 8 19°29.3' 155°37.9' Island-wi

ay 7 K)4-35-59.0 4.5 13 20°50' 155°21' Hena (Mau
Koha1a,
uela, Wa

ay 7 04-48-33.5 2.2' 13 20°50' 155°21'

ay 8 01-48-24.3 2.9 20 19°25.8' 155°16.7' Kilauea S
Area

ay 8 ~3-45-30.5 2.0 8 19°54.8' 155°43.9'

ay 8 23-48-20.3 2.2 10 19°22.6' 155°03.1'

ay 9 07-40-52.6 2.2 10 19°20.5' 155°07.3'

ay 9 0..5-33-27.6 5.0 11 19°22.1' 155°04.9' Island-wi

A

A

A

A

A

M

M

M

M

M

M

M

M

M

M

M
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Table 4.--Local earthquakes recorded by seismographs of the

. U.S. Geological Survey, April, May, June, 1969.

rea

rea

Date Time Magni- Depth Epicenter Felt
tUde (k'm) Report

h m s Lat. N. Long. w.- --

ay 9 16-03-28.4 2.8 20 19°27.0' 155°16.8' Kilauea
Summit A

ay 9 18-14-41.4 2.6 10 19°20.4' 155°03.7'

'ay 9 20-14-50.5 2.2 10 19°21.0' 155°02.8'

ay 9 20-38-08.7 2.1 10 19°20.7' 155°03.8'

ay 10 00-52-46.6 2.0 10 19°19.8' 155°07.1'

ay 10 04-50-40.9 3.1 10 19°18.3' 155°01.4' Kalapana

ay 10 16-54-16.2 2.0 10 19°20.3' 155°02.3'

ay 10 22-34-36.2 2.0 20 19°25.2' 155°16.2' Kilauea
Summit A

ay 10 23-00-,26.3 2.2 10 19°18.6' 155°12.7'

ay 11 02-15-14.6 2.3 8 19°23.7' 155°25.2'

ay 11 10-24-32.7 2.5 40 19°01.7' 155°06.0'

ay 11 10-47-49.1 2.0 26 19°27.1' 155°14.5'

ay 12 tl6-17-12.7 2.3 '0 19°28.7' 155°46.3'

ay 14 02-17-10.7 2.4 10 19°20.3' 155°03.3'

ay 14 0-5-26-26.0 2.3 32 19°13.6', 155°24.2'

ay 14 05-42-47.3 2.1 10 19°17.5' 155°04.1'

ay 15 0-2-39-18.5 2.2 5 19°23.1' 155°15.2'

ay 16 09-54-58.2 2.1 37 19°13.3' 155°24.7'

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M
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Table 4.--Local earthquakes recorded by seismosraEhs of the

U.S. Geological Survey, April, May, June, 1969.

a

rea

a

rea

rea

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ay 16 22-38-46.0 3.0 47 19°56.8' 155°05.7' Kilauea
Summit .A

ay 17 12-52-58.4 3.6 34 19°14.7' 155°25.4' Kea1akeku

ay 17 13-52-23.5 2.5 32 19°12.4' 155°22.7'

ay 17 0.9-52-52.8 2.0 ·11 19°17.5' 155°04.3'

ay 17 20-56-22.2 2.5 32 19°13.0' 155°22.9' Kea1akeku

ay 18 03-42-41.8 2.7 0 19°48.8' 155°48.2'

ay 19 02-30-03.0 2.9 10 20°43.1' 155°33.1'

ay 21 06-03-32.3 2.6 6 19°23.1' 155°14.9' Kilauea
Summit A

ay 22 05-25-08.5 2.6 59 20°23.7' 156°17.3'

ay 22 17-07-28.8 3.8 12 19°02.4' 155°02.3' Kilauea
Summit A

ay 22 17-10-27.5 2.9 10 19°16.5' 155°05.4'

ay 22 18-44-51.8 2.6· 6 19°09.2' 154°57.4'

ay 24 04-10-54.4 2.3 6 19°21.8' 155°12.4'

ay 24 05-04-15.9 2.4 9 19°21.5' 155°17.9'

ay 24 05-34-51.0 2.7 10 19°21.4' 155°11.7'

ay 24 05-49-33.9 3.0 10 19°19.0' 156°34.7'

ay 24 06-42-41.9 2.3 8 19°23.7' 155°06.5'

ay 24 06-49-24.8 2.3 2 19°20.1' 155°05.9'

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M
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Table 4.--Local earthquakes recorded by- seismographs of the

u.s. Geological Survey, April, May, June? 1969.

rea

a,

rea

rea,
Kea1-

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ay 24 07-29-34.7 2.7 9 19°21.6' 155°15.9'

ay 24 09-05-38.7 2.8 9 19°23.5' 155°07.0'

ay 24 09-50-36.5 2.3 2 19°21.0' 155°05.8'

ay 24 0.0-43-56.2 2.3 12 19°19.0' 155°08.7'

ay 24 11-29-57.4 2.2 9 19°23.3' 155°06.7'

ay 24 tL3-19-37.1 2.1 10 19°21.3' 155°08.9'

ay 24 0..4-00-23.9 2.3 10 19°23.1' 155°06.0'

ay 24 0.4-26-22.9 2.1 3 19°21.2' 155°14.9'

ay 24 0-5-48-07.2 2.6 7 19°21.5' 155°14.0'

ay 24 tL7-59~59.8 3.8 5 19°19.5' 155°07.7' Kea1akeku
Kilauea
Summit A

ay 24 ~1-29-02.7 2.1 10 19°11.9' 155°08.6'

ay 25 D3-43-15.1 3.7 8 19°~3·.8' 155°32.1' Kilauea
Summit A
Waimea,
akekua

ay 25 b6-55-54.4 2.0 13 19°19.9' 155°12.8'

ay 25 )7-55-40.9 2.0 6 19°17.4' 155°00.9'

ay 25 tL8-01-49.7 3.3 4 19°20.3' 155°07.6' Kilauea
Summit A

ay 25 ~2-54-39.1 2.2 10 19°19.7' 155°05.7'

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M
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Table 4.--Local earthquakes recorded by seismographs of the

u.s. Geological Survey, April, May, June, 1969.

a

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ay 26 0.9-58-47.4 2.5 30 19°23.3' 155°15.9'

ay 26 ~2-22-12.2 2.5 11 19°23.0' 155°29.0' Pahala,
Pohaku10

ay 27 D9-19-20.0 3.3 19 19°25.5' 155°17.3' Pahala

ay 27 10-04-59.2 2.4 19 19°24.7' 155°16.5'

ay 27 11-40-04.6 2.4 10 19°12.9' 155°00.2'

ay 27 tl4-35-25.8 2.4 31 19°28.4' 155°17.0'

ay 28 ~q-20-12.9 2.9 10 20°06.3' 156°49.9'

ay 29 0-2-00-25.8 2.5 8 19°47.9' 155°36.'1'

ay 30 b2-15-43.5 2.1 10 19°18.4' 155°13.7'

ay 30 03-43-27.6 2.4 7 19°14.1' 155°00.7'

ay 31 D2-55-08.9 2.2 39 19°27.7' 155°32.7'

ay 31 12-07-02.5 2.5 6 19°17.0' 155°06.5'

ay 31 tJ..9-22-48.4 2.7, 10 19°22.6' 155°29.4'

ay 31 21-12-19.7 2.2 56 19°04.4' 154°41.1'

une 1 J6-54-04.5 2.3 2 19°20.1' 155°05.1'

une 1 17-35-06.9 2.4 36 19°12.3' 155°28.7'

une 2 ~7-33-51.6 3.3 11 19°20.1' 155°07.9' Hi10

u'ne 2 ~8-16-46.0 2.0 8 19°16.1' 155°08.2'

une 2 ~1-36-41.0 2.3 8 19°22.8' 155°21.9'

M

J

J

M

M

M

M

J

M

J

M

J

M

M

M

M

M

M

M
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Table 4.--Local earthquakes recorded by seismographs of the

u.s. Geological Survey, April, May, June? 1969.

ala,

rea

rea,
ua

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

une 3 17-49-13.1 2.2 10 19°19.0' 155°14.2'

une 4 03-32-56.3 3.7 10 19°18.5' 155°12.7' Hil0,
Pahala

line 4 04-11-14.2 2.3 10 19°19.8' 155°14.3'

une 4 05-22-07.E 2.6 1 19°15.1' 155°06.1'

une 4 09-34-31.1 2.8 11 19°26.0' 155°25.7' Pahala

une 4 11-29-43.~ 2.1 36 19°17'.4' 155°01.1'

une 4 21-09-33.~ 2.0 10 19°19.3' 155°13.3'

une 5 03-16-50.0 2.2 2 19°52.0' 155°37.9'

une 5 10-43-26.6 2.0 10 19°20.1' 155°14.9'

une 5, 13-06-08.7 2.1 10 19°23.9' 155°23.1' Pahala

une 5 14-12-30.9 2.3 11 19°21.6' 155°11.6' Hil0

une 5 14-.41-26. ~ 2.2 11 19°18.7' 155°13.2'

une 5 14-43-41.: 3.7, 9 19°19.4' 155°13.7' Hil0, Pah
Kilauea
Summit A
Kea1akek

une 5 14-54-46.3 3.0 9 19°19.9', 155°14.6' Kilauea
Summit A

une 5 15-36-48.7 2.0 9 19°20.0' 155°14.2'

u'ne 5 17-31-33.2 2.1 9 19°20.0' 155°14.2

une 5 22-06-56.0 2.1 10 19°17.3' 155°13.1'

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J
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Table.4.--Local earthquakes recorded by seismographs of the

u. S. Geological Survey, Apri1-, May, June! 1969.

de

rea,

ua

rea,
ua

10,

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s , Lat. N. Long. w.- --

une 6 01-37-37.6 2.6 10 19°10.7' 155°07.8'

une 6 02-37-42.9 2.5 10 19°17.2' 155°08.1'

une 6 09-41-46.9 4.4 11 19°25.5' 155°27.0' Mauna Loa
Pahala,
Kilau~a

Summit A
Hi10,
Kamuela,
Paauilo

une 6 11-55-32.6 4.2 35 19°21.3' 155°16.9' Island-wi

une 6 21-50-56.9 2.0 35 19°12.5' 155°28 .. 8'

une 7 00-28-11.7 2.4 34 19°20.4' 155°16.5'

une 7 01-41-26.2 4.0 10 19°16.2' 155°11.2' Pahala, Hi
Kilauea
Summit A
Kealakek

une 7 01-50-31.8 3.1 10 19°15.8' 155°11.1' Hil0,
Kealakek

une 7 05-14-49.0 2.4 ·10 19°17.1' 155°13.1'

une 7 09-33-31.9 2.1 8 19°20.6' 155°13.8'

une 8 01-05-28.9 2.2 10 19°17.6·' 155°13.2'

une 8 07-20-54.3 2.4 13 19°20.2' 155°04.8'

une 8 11-50-48.2 2.1 10 19°20.0' 155°15.1'

une 10 00-53-16.7 2.2 14 19°24.3' 155°18.1'

J

J

J

J

J

J

J

J

J

J

J

J

J

J
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Table 4.--Local earthquakes recorded by seismographs of the

u.s. Geological Survey, April, May, June, 1969.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

une 10 K)6-39-59.1 2.2 11 19°10.4' 155°38.4'

une 10 ~3-20-58.3 3.1 67 18°49.8' 155°41.6'

une 11 06-06-28.5 2.1 10 19°19.9' 155°23.7'

une 13 P6-17-25.4 2.4 9 19°25.8' 155°27.5'

une 14 0-3-37-23.1 2.5 51 19°09.9' 154°45.9'

une 16 tl.9-04-53.1 3.4 61 19°56.. 9' 155°06.9' Hila

une 17 tll-27-57.6 2.5 9 19°21.6' 155°24.8'

une 18 bO-00-49.4 3.3 7 19°21.4' 155°03.0' Pahala

une 19 b3-26-54.6 2.1 6 19°24.8' 155°23.2'

une 19 0-8-42-34.6 2.0 12 19°18.5' 155°10.1'

une 20 [1.0-15-30.3 2.3 10 19°49.2' 155°36.0'

une 20 U-8-12-41.4 2.1 10 19°27.2' 155°43.6'

une 20 0-8-16-03.9 2.6 6 19°28.0' 155°41.8'

une 21 b3-48-24.0 3.3 8 20°26' 156°50'

une 22 b3-28-19.6 2.0 10 19°23.7' 155°45.7'

une 22 P7-54-30.9 2.2 32 19°21.7' 155°17.0'

une 22 0-0-23-01.5 2.4 9 19°25.9' 155°24.2'

une 25 ~7-47-57.6 2.1 7 19°17.3' 155°03.3'

une 26 l5-24-58.4 3.1 10 20°29.9' 155° 27 . 1.'

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J
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Table 4.--Local earthquakes recorded by seismographs of the

U.S. Geological Survey, April, May, June! 1969.

J

J

J

J

J

J

J

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

une 28 21-11-48.8 2.3 5 19°16.0' 155°02.8'

une 29 02-01-17.9 2.3 35 19°22.3' 155°16.0'

une 29 22-52-59.5 2.7 10 19°09.3' 155°41.1'

une 30 08-51.1 3.2 8 20°36' 154°54'

une 30 0-5-21-00.4 2.4 35 19°17.2' 155°13.8'

une 30 22-41-20.8 2.1 8 19°20.9' 155°01.2'

une 30 23-17-59.2 2.0 10 19°36.3' 155°42.5'
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Summary of activities

Eruptive activity that began in the second quarter of 1969 on
May 24 continued through the third quarter. The vent area resumed
its May 24 vigor on July 15. Fountain activity which'persisted for
8 hours fed a flow with a course similar as the June 26 flow. The
new flow terminated near the base of Rolei Pali.

Except for nearly continuous tremor local to the vent, there
was no preliminary seismic activity. Prior to the fountaining on
July 11, lava was observed rising slowly deep in the throat of the
western vent. Samples were collected when the lava rose to favorable
heights. Visible fountaining began shortly before 0430. By 0430
fountain heights rose over 350 meters. Surface activity and tremor
ceased abruptly at 1222, and summit inflation resumed immediately.
Approximately 2 hours later,' tremor resumed in the vent area.
Fuming continued, and during degassing mobile lava was occasionally
visible in the western vent. Most of the new lava had gone under
the crust of the Alae lava lake and had lifted the crust en masse
to within 50 feet of the Alae crater rim.

On July 20 the lava column beneath the vent was observed rising
and falling in 50-meter intervals. The level of the new lava
approached within 3-6 meters of the vent level and would fall to a
lower level in crudely determined cycles. The lava usually took
about an hour to rise to its highest level and less time to fall to
its lowest level. This type of activity continued on to July 31,
occasionally interrupting the change in lava level with violent
spattering and a more rapid change in the height of the lava column
within the vent.

At 1715, August 3, violent fountaining up to 150 meters high
marked another period of high level activity. Fountaining ended
at 0000, August 4. A lava flow filled Alae Crater to within 10
meters of the rim. As on July 15 the old crust had been lifted
en masse by the new lava that invaded Alae Crater. Between 0400 and
0430, August 4, seismometers recorded a vigorous episode of harmonic
tremor and earthquakes. This episode accompanied tremendous ground
cracking and graben formation between Alae Crater and Kane Nui 0 Hamo.
The cracks intersected the floor of Alae Crater, and probably in the
span of a half hour Alae drained to a level below the mezzanine that
was buried during February. Over 10 million cubic meters of lava had
been drained out. The graben surface, where observed just east of
Alae Crater, was about 10 meters wide and 60-70 meters deep (limit of
visibility). A Geodimeter line across the graben showed considerable
extension.

1
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I
Mahukona

Kalae (South) Point

EXPLANATION

• Seismograph Station

o Town or locality

5 0 10 I~ Mile'
R:Ff"":FC ,
~ 0 ~ 10 I~ 20 2~ Kilomet....
B:HH:_~ F=3 I

Contour interval 1,000 feet
Dalum is mean sea level

Apua Point

I

I,.--------------r

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic ·features. Epicenters of local earthquakes
are given in table 3 in terms of geographic coordinates, v::hich
are ,indicated at the edges of the map.
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At 1400, August 4, characteristic eruption-type fume clouds
were observed to be coming from a zone along the East Rift, east of
Napau Crater. Only lava oozing out from fissures could be seen from
the air. There was little or no fountaining. A narrow tongue of
lava flowed east for 1.2-1.3 km from a point less than' 1. k.m northwest
of Puu Kamoamoa. Samples collected from the flow were richer in
olivine than any lava that drained from Alae Crater .

. At 2100, August 5, fountaining several tens of meters high was
occasionally observed in the vent area. An aa lava flow continued
into Alae Crater. Large remnants of overfill that had clung to the
sides of the crater were rafted across the crater. The crater floor
had taken on an unusual character consisting of aa, rafted blocks,
and talus.

At 1130, August 21, spattering up to 15 meters high started to
build up a cone.

At 0015, August 22_ the highest fountains, more than 400 meters
high, were in the western vent area. Activity was spread along a
fissure both east and west of the main vent complex. A flow developed
southward for 1 km. Nearly all erupted material flowed into Alae
Crater (2. 7 x 106 cubic meters)', rai.sing the level of the floor to
34 meters below the rim. Activity has better defined a cone of
spatter and pumice to the south side of the main vent.

At 1930, September 6, there was strong activity at the vent
preceding actual lava fountaining. Nearly degassed lava rose and
fell with rapidity in the vent area. V9lumetric changes were
estimated to be 20,000-30,000 m3 • In almost continuous sequences the
lava 'column in the vent rose 40 meters in 40 minutes and drained back
within 5 minutes or less. The column commonly rose within 10 meters
of the vent level. As with the drop in fuming, tremor was low or
absent during periods of rising lava columns. Fuming and tremor
(local to the vent area) picked up suddenly and remained at high
levels during drainback. At 1930 Kilauea summit seismometers began
recording higher level tremor and fountaining was first observed at
about this time. Fountaining was confined to the western vent. By
0415, September 7, a lava flow had completely filled Alae Crater.
Smaller flows developed at two points on the southwest rim. At 2100 a
westward flow began cascading into Alai Crater. Eventually it covered
the floor with 10 meters of aa. Two other flows extended from the
south edge of the new cone. One flow reached Poliokeawe Pali, where
it split into two tongues, one of which stopped at the bottom of the
cliff. The other tongue continued over Poll0keawe Pali and flowed a
short distance from the base of the Pali. The largest newly developed
cone is now 30 meters high and is visible from the Observatory. All
of the current lava and spatter is moderately to highly olivine rich,
whereas the early material contains only sparse olivine. Fountains
at 2200 reached 540 meters "in height but by 2300 were down to 400-420
meters, where they stayed until about 0130, when the heights abruptly
decrease4 to about 300 meters. At 0425 in the span of 5 minutes, high
level surface activity ceased.
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Changes in the seismic net

FM radios for continuous seismic telemetry were installed at the
following locations:

a) Puu Huluhu1u - PHH

b) Makaopuhi - MPR

c) Kahuku - KHU

d) Hale Pohaku - HPU

Lat Long
Elevation

(m)

1021

881

1939

3231

Date
began (1969)

July 28

July 31

August 8

August 19

With the exception of MPR, all stations transmitted directly to
Uwekahuna. Like veo signals that are telemetered via rented telephone
lines, FM radio signals are discriminated and recorded on a
develocorder unit.

During this quarter, the University of Hawaii, under contract from
ESSA, installed a transmitter at HVO to telemeter Honuapo tide gauge
data and seismic data from HVO's Pahoa and Waiohino stations. Their
receiver is located at the Mauna Kea Observatory.

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna vault, and
at irregular intervals it is measured on a regional scale by means' of
a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when measurements
at that station were begun. Increasing tilt coordinates correspond
to northward and eastward tilting of the earth's surface; that is,
to a relative subsidence toward the north and east. A one-unit
change in coordinate corresponds to a tilting of 1 microradian (~ rom
per km) in the direction indicated.

Location of tiltmeter stations and essential data on each station
are listed in table 6, which is published only in the first-quarter
issue each year.
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Table l.--Tilt coordinates at Uwekahuna vault,

July, August, and September 1969

Date (1969) N-S E-W Date (1969) N-S E-W

July 6 544 418 Aug. 31 546 408

13 545 416 Sept. 7 543 415

20 544 418· 14 541 418

27 546 410 21 543 412

Aug. 3 547 418 28 543 409

10 544 418

17 546 410

24 545 410
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Seismic summary

Events recorded by the U.S~ Geological Survey seismograph network
in Hawaii fall into two categories: Local earthquakes and tremor
originating in the region of the Hawaiian Islands (usually within
100 km of at least one seismograph), and distant earthquakes
originating more than 3,000 km from Hawaii. As an index of seismic
activity at Hawaiian volcanoes, daily counts of earthquakes and
minutes of tremor recorded by seismographs in Hawaii are lis~ed in
table 3. The earthquakes are separated in groups on the basis of
region of origin as determined by analysis of records obtained daily
at the observatory. Earthquakes of magnitude 2.0 or greater are
generally sufficiently well recorded to be located with greater
prec~sion; they are listed individually in table 4.

Location of seismograph stations and essential data on each
station are listed in table 5 in the first-quarter issue each year.
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Table 2.--Number of Earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, intermediate, and shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea caldera region;
shallow earthquakes along the S.W. rift zone of Kilauea and the adjacent portion of the Kaoiki
fault system; earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's
south flank; shallow earthquakes along the northeast-trending Koae fault system south of Kilauea
caldera; and earthquakes from other regions: west Hawaii, Mauna Kea, etc.

Tremor
Earthquakes

Date
CD (1969) (in minutes)

Kilauea Summit
SW rift Upper

Inter- Long and east
Deep m~rf;~r~ Shallow 30 KM Period Shallow Kaoiki rift Koae Others Remarks

July 1 15 1 45 80 5 45 0
2 ""d 1 0 109+ 7 269+ 1
3 s:: 7 0 105 ? 804+ ? 1m
4 s:: co 2 45+ 127 11 60 5
5 o s:: 2 20 128 12 58 15.r-! .r-!

6 +..J H 3 6 50 10 28 1
~:::3

7 :::3""d 0 4 136 2 29 9
H

.. 8 (1) C/) 1 0 220 13 145(?~ 1
M

9 6 ~ (1) 1 0 189 5 72(?~ 0' 1o ~

10 (1) 0 0 31 3 20(?) 0C/)M

11 5 (1) 0 ? 30 7 60(?~ 0 1
C/) :3

12 · m 0 3 ? 17 6 37(?~ 0 1
;:::::M

13 ~ 0 00° 6 14 67(?) 0 1
+..J

14 · com 3 ~ ]0 14 16 42(?) 0 1s::
15 · .r-! co C/) 0 ~ ~6+ 3 14 40(?~ 2 1 (Phase 5 0345 July 15

H s:: (1)

16 :::3 .r-! 00 1 > s:: 14 2 15(?~ 1 to 1222 July 15)
""d +J m (1) :::3

17 m;::::: 0 00;::::: 15 5 12(?~ 0 1
OO:::3~

18 s:: +J H 0 10 18 3 17 0· o CJ (1)

19 H :::3 +..J 0 79+ 16 21 22 0+J M c:
U) ~ .r-!



':"

July 20 1 16+ 22 9 51 1 1
21 12 0 69+ 33 16 43(? 0 1
22 120 1 12+ 33 6 31 1
23 1 72+ 35 20 24

I
1

24 20 0 ? 36 7 14 I 0
25 0 0 70 4 15 I a
26 0 a 54 6 16 ~ a 2
27 0 a 44 6 13(? 1
28 32 0 2 64 6 21 f 4
29 15 0 0 103 3 17 1
30 1 1 76 3 29 2
31 21 0 ? 60 12 13 2



Table 2.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea -- Continued

Date
Tremor Earthquakes

(1969)
(in minutes)

Kilau~a ~llmm; r
SW rift :-,~per

Inter- Long and east
Deep mediate ~hal1ow 30 KM Period Shallow Kaoiki rift Koae Others Remarks

c:
August 1

0,-4 2 0 56 8 52 1 1
.&.J

2 m 0 0 44 4 83 4
='

3
.u 2 5 10 11 183+ 0u (Phase 6,-17:15 Aug. 3

4 =' ? 10 8 ? 50(?D ? 1
,......j to 00:08 Aug. 4)

5 ~ 2 ? 8 11 32(?D ?

6 ~ .0 325+ 16 11 117+ 0 1 (Ph~se 7, 2100 Aug. 5c:
7

(1j 0 (/) 14 23 17 0 3 to 0545 Aug. 6)
"0

I--' 8 c: C/) 0 .... c: 6 4 5 3
0 Q) (1j 'co .

0 9
0,-4 C/) 0 ~ (/) 5 7 7 (? ~ 0.&.J (1j Q) ='

10 o.....c: 1 ~] 0 18 11 50(?~ 0 1
:::3 0..

11 ~ ~ 0 (/) .&.J 2 14 6 60(?~ 0 1Q) Q)

12
.u 1 3 12 6 75 24-l c:

13
o 01""4 1 5 26 14 75 0

14
(/) bO 0 0 18 10 ? 0 2Q) c:

15
(/) 0r-4 1 9 10 20 17 0 1co ~

16 30 ...c: =' 0 10 8 9 27 00.."'0

17 40 7 eo(/) 0 6 14 4 13 0

18
C:--4 0 9 8 5 17(?~ 00r-4 Q)

19
~ :> 0 0 '7 5 14 0 1=' Q)

20 29 "0 ...... 1 0 47 9 15 0 3
21 bO~ 2 8 22 2 4 0c: 0 .
22 31 Or-! 0 18+ 11 2 4+ ? 1 (Phase 8, 00:15 Aug. 22

~

23
.u .&.J 0 ? 4 4 2 0 to 04:40 Aug. 22)
CJ'} co .



August 24 2 16+ 7 11 32 ? 125 0 1 9 7 11 1 126 1 10 16 16 6 0 127 0 4 10 5 5 1f-J 28 0 5 21 8 6(?) 2
i-'

29 2 2 56 5 10 2 230 5 6 30 14 10 2 1. 31 3 2 31 5 9 6



Table 2.--Nurnber of earthquakes and minutes of tremor recorded on seismographs around
Kilauea -- Continued

Date Tremor
Earthquakes

(1969) (in minutes) Kilauea Summit
SW rift Upper

Inter- Long and east
Deep mediate Shallow 30 KM Period Shallow Kaoiki rift Koae Others Remarks

--

September 1 en 2 2 54 6 17 2 3

2 29 (1) 1 0 23 5 4 (? ) 0 1
U)

3 ro 0 1 19 8 5 (? ) 0
,.C

4 30 ~ 0 3 101 4 4 2·
lo-I

5 (1) 0 3 72 8 1 1 1
"'O.w

6 s:: s:: 0 ? C/.) 59 8+ 4+ ? (Phase 9 - 19:30
ro .r-4 .~

7 20 20 0 ,....-l c= 3(?) 7 5+ ? Sept. 6 to 04:30
s:: bO ro ro

8 o s:: 0 lo-I en 3 4 2+ 0 Sept. 7)
.r-4.r-4 Q) :3

9 .w lo-I 0 > 0 22 8 7 0 3
~::3 (1) ...c:

10 ::3'"0 0 en .w 11 5 13 0
lo-I

11 (1) (J) 0 17+ 15 6 8 1 1
,....-l

12 ~ (1) 0 0 15 7 9 0
o >

13
(1) 0 5 6 4 6 0

l--J
en,....-l

f\.1 14 (1) ? 37 8 ? 15 ? 1
en ~

15 ro 0 3 30+ 8 15 11+ 0
,.C,....-l

16 0.. 2 13 12 7 26 0
.w

17 ()()ro 0 16 21 14 17 0 2
s::

18 .r-4 ()() 5 13 23 16 20 1 2
$-f s::

19 :3 .r-4 0 3 26 4 4 0 4
"'O.w

20 ro 0 0 28 10 3 0
CD::3

21 s:: .w 0 7 18 6 5+ 0o c.J

22 lo-I :3 0 3 23 6 11 0 2
.w,....-l

23 U) ~ 5 6 16 5 6 0





Table 3.--Loca1 earthquakes recorded by seismographs of the U.S. Geological
Survey, July, August, September, 1969.

Entries for a given quake are: Date, origin time (Hawaiian Standard Time),
magnitude, depth, epicenter, and felt report. All earthquakes of
magnitude 2.5 and larger, as well as many favorably located smaller
ones, occuring on or near the island of Hawaii are included in the
list.

mmit Are

nunit Are
a1akekua

ummit ArE

155 09.319 19.7102.300 25 03.326

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

July 2 09-50-36.2 2.4 7 19°22.1' 155°11.4'

3 06-57-36.6 3.0 5 19°21.9 1 155°12.0' Kilauea S

3 07-04-08.5 2.1 ·10 19°21.4' 155°12.7'

3 07-07-24.1 2.1 8 19°23.1' 155°14.5'

3 07-22-16.9 2.4 7 19°22.6' 155°15.2' Kilauea Su

3 09-47-47.2 2.2 10 19°20.0' 155°11.9'

3 18-08-21.2 2.0 10 19°39.8' 156°02.7'

6 11-37-24.2 3.5 32 19°20.8' 155°21.6' Kealakekua

7 04-59-16.3 2.2 32 19°21.8' 155°18.1'

7 18-58-20.0 2.0 10 19°15.6' 155°04.8'

9 04-30-05.1 2.8 4 19°17.9' 155°06.9'

9 01-17-27.4 2.4 3 19°19.0' 155°06.9'

9 21-34-23.5 2.4 20 19°18.8' 155°50.8'

10 08-32-06.1 2.9 9 19°20.9' 155°29.2' Pahala

11 23-32-46.7 2.4 28 19°10.0' 155°32.4'

12 11-14-20.8 3.1 0 19°13.3' . 155°37.6'

13 01-22-08.0 4.2 8 19°12.2' 155°34.8' (Kilauea Su
Pahala, Ke

13 09-38.07.5 2.0 9 19°48.6' 155°35.6'

15 17-54-14.5 3.3 13 18°28' 156°48'

17 20-06-49.6 2.1 8 19°21.4' 155°14.1'

17 23-14-58.9 2.2 10 19°22.8' 155°29.0'

20 04-47-13.1 3.6 10 19°23.7' 155°54.8' Kealakekua

21 16-13-26.3 3.0 16 19°55.7' 155°32.0'

22 13-41-35.0 2.7 9 19°23.1' 155°25.5'

26 00-11-02.5 2.2 6 19°32.0' 155°41.8.'

- - °
,

°
,
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Table 3.--Local earthquakes recorded by seismographs of the

u.s. Geological Survey, T1]]y, Augus.t..~tember, 1969.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

1y 26 23-00-48.4 2.3 10 19°26.6' 155°45.3'
29 02-19-26.0 2.1 9 19°21.7' 155°13.5'

30 02-29-51.7 2.5 2 19°19.2' 155°05.3'

gust 1 10-14-11.7 ~.3 11 19°17.4' 155°07.5'
1 19-17-31.3 3.0 2 19°52.3' 155°35.7'

2 07-47-13.0 2.0 32 19°21.6' 155°16.8'
3 10-50-12.0 2.4 10 19°25.4' 155°28.2'
3 16-40-24.9 2.6 1 19°19.0' 155°05.7'
4 02-54-29.6 2.0 7 19°21.6' 155°13.3'
4 16-50-13.6 2.7 0 19°28.6' 155°40.4'
6 18-42-17.2 3.5 4 19°41.9' 156°02.7' Koha1a
7 02-58-20.5 2.0 7 19°24.2' 155°23.4'
7 14-53-07.7 2.3 25 19°13.3' 155°30.0'
7 18-08-08.8 2.2 6 19°13.1' 155°27.5'
7 18-13-21.7 2.8 10 19°03.0' 155°02.5'

7 23-19-05.7 3.0 10 20°15.9' 155°32.5'
9 01-12-27.1 2.2 6 19°21.7' 155°13.6'

9 16-08-59.3 2.3 8 19°24.8' 155°23.1'
10 09-37-27.8 2.5 62 19°29.1' 155°37.5' Hi10
10 17-30-14.0 2.3 36 19°24.4' 155°22.2'
11 02-10-22.2 2.4 8 19°18.6' 155°16.3'
11 22-59-07.0 2.8 10 19°56.6' 155°31.0' Pohaku1oa
14 12-27-20.0 2.5 10 19°05.0' 156°43.4'

14 14-30-44.3 3.0 13 19°42.3' 155°36.0'
15 09-57-02.9 2.6 48 19°21.6' 155°35.1'
15 19-14-04.3 2.2 . 37 19°19.1' 155°30.7'

Au

Ju
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Table 3·--Local earthquakes recorded by seismographs of the

·U.S. Geological Survey, July, Augus~, September, 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

gust 19 05-50-53.8 2.3 48 19°24.5' 155 0·33.8'

19 06-58-56.7 2.0 26 19°19 .• 5' 155°17.8'

19 15-57-13.8 2.0 24 19°21.4' 155°29.8'

20 01-18-31.2 2.1 13 19°23.5' 155°17.3'

20 17-46-42.7 2.0 42 19°25.5' 155°37.7'

20 21-54-08.1 2.7 5 19°27.5' 155°32.3'

20 23-39-20. 7· 2.2 4 19°10.5' 155°31.3'

22 17-59-28.6 2.5 46 19°54.3' 155°29.4'

22 20-49-45.0 2.3 30 19°20.9' 155°16.8'

24 06-38-55.7 2.4 10 19°25.9' 155°54.0'

24 21-47-55.3 2.1 14 19°27.3' 155°24.1'

25 14-26-14.4 2.2 12 19°24.3' 155°25.6'

25 21-49-01.5 2.7 4 19°13.4' 155°34.1'

26 14-32-53.2 2.4 10 19°18.0' 155°51.0'

27 01-11-55.6 2.2 0 19°12.6' 155°19.5'

28 23-21-05.3 2.2 6 19°17.6' 155°01.4'

29 02-53-35.8 2.5 8 19°10.9' 155°33.5'

29 04-11-33.2 2.3 32 19°30.8' 156°03.8'

30 14-27-11.3 2.9 10 19°38.3' 156°28.3'

mber 1 02-22-14.2 2.3 10 19°18.6' 155°44.8'

1 04-42-14.4 2.6 10 19°57.7' 155°44.6'

1 07-16-54.2 2.6 10 19°19.2' 155°14.4'

1 12-17-51.2 2.2 17 19°23.8' 155°16.4'

1 16-54-55.5 2.6 15 20°01.3' 155°46.8'

2 05-06-22.0 3.3 10 19°34.9' 156°23.3'

2 23-23-50.8 2.4 20 19°56.0' 155°38.6'

Au

Septe
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Table 3.--Local earthsuakes recorded by seismographs of the

. u. S. Geologic al Survey! ~uly, Augus~, September, 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --
tember 3 09-40-09.4 4.3 31 19°20.0' 15~025.0' Islands of

and Oahu
5 20-05-12.9 2.1 8 19°27.1' 155°35.5'

8 01-40-27.6 2.2 9 19°20.8' 155°13.8'

8 16-35-42.6 2.3 10 19°34.5' 155°18.8'

8 17-35-23.7 2.2 9 19°23.9' 155°25.9'

9 00-09-23.0 2.8 10 19°53.9' 155°47.7'

9 .).0-49-47'.1 2.1 71 ? 19°26.2' 155°58.1'

9 18-27-37.5 2.2 10 19°41.2' 155°41.5'

11 08-00-52.0 2.5 0 19°53.3' 155°41.4'

11 20-24-13.3 2.1. 8 19°20.6' 155°07.9'

13 13-06-41.6 2.3 7 19°18.5' 155°15.4'

14 10-08-55.7 2.9 12 19°44.0' 155°47.0'

15 11-44-01.2 2.5 7 19°20.5' 155°12.7'

15 14-04-01.2 2.4 27 19°23.0' 155°30.0'

16 11-31-56.7 2.3 7 19°20.1' 155°11.2'

17 04-39-03.3 2.6 47 19°26.5' 155°57.9'

17 12-06-54.0 2.1 34 19°23.0' 155°20.6'

17 13-10-38.5 2.3 5 19°17.1' 155°15.8'

17 12-50-30.9 2.4 5 19°10.2' 155°34.2'
..

17 23-43-45.7 2.6 7 19°24.8' 155°25.6'

18 01-31-22.1 2.6 6 19°25.5' 155°45.4'

18 12-39-26.9 2.3 26 19°21.8' 155°30.9'

18 14-38-15.9 2.6 13 19°16.5' 155°45.1'

18 22-03-35.4 2.9 7 19°22.9' 155°24.3' Pahala

19 05-15-28.7 3.1 43 19°56.5' 155°17.9'

19 08-24-34.6 3 .. 0 83? 19°42.0' 156,°11.3'

Sep H~waii
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Table 3.--Local earthquakes recorded br seismographs of the

·u.s. Geological Survey. July, Augu,st, September, 1969.

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ember 19 11-25-09.4 2.4 26 19°41.0' 156°04.0'

19 13-28-19.6 2.0 1 19°56.5' 155°30.2'

19 15-45-51.8 2.8 3 19°11.8' 155°31.6'

19 17-23-50.2 2.3 7 19°24.1' 155°25.2'

19 19-14-13.5 2.0 6 19°26.9' 155°27.4'

20 18-29-40.2 2.0 5 19°22.9' 155°27.9'

21 00-16-03.9 2.1 6 19°22.0' 155°25.1'

22 04-28-41.7 2.4 40 19°37.0' 156°03.9'

22 05-52-15.5 2.2 1,3 19°23.1' 155°25.8'

22 18-28-59.8 2.2 3 19°29.4' 155°40.1'

23 15-54-25.5 2.3 6 19°13.7' 155°28.7'

23 16-31-44.8 2.0 15 19°24.7' 155°16.4'

27 13-23-15.4 2.2 0 19°19.6' 155°05.2'

28 09-51-49.5 2.0 8 19°35.3' 155°51.7'

28 10-00-36.6 2.2 0 19°32.6' 155°41.4'

28 14-23-14.8 2.3 6 19°20.5' 155°12.7'

28 22-00-45.1 2.4 0 19°30.8' 155°46.9'

28 22'-11-13.3 2.8 8 19°24.2' 155°28.0'

29 04-27-48.4 2.7 3 19°14.4' 155°21.6' Pahala

30 11-43-33.0 2.7 6 19°13.7' 155°08.3'

30 21-27-47.6 2.1 5 19°10.2' 155°06.8'

30 22-48-21.9 2.1 0 19°13.4' 155°21.5'

Sept

GPO !I80·67:~
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Summary of activities

At 0900, on October 10 fountaining was observed in the main vent

area. Significant tremor was first recorded shortly. after the initial

observation by Park personnel. A slow decline in summit tilt probably

recorded the true beginning of the obvious surface activity. This

activity lasted for more than 3 days (ending at about 1100 on October

13, with sporadic periods of spattering spread over the following 36

hours), yet it produced only about 2 x 106 m3 of lava (excluding Alae

drainout), which was supplied by fountains 15-25 m high. New lava

covered the Sept. 6 lava (plus some forest along the southeast base of

Puu Huluhulu), refilled Alae Crater (whose floor had lowered 5 meters

as a result of degassing and probable draining out its graben outlet

since Sept. 6), and spread southward from the southeast lip of Alae

for about a kilometer. The flow which entered Alae Crater spread

slowly across the floor from the feeder lava cascade near the vent area.

The floor was not completely covered until 1230 (3.5 hours after the

start of the phase). Shortly thereafter, lava started spilling into

the outlet graben, which quickly became choked with lava so it could no

longer accept the runoff from Alae, and the Alae floor began to rise

again. At about 1400, the lowest lip of Alae was overwhelmed, and from

then on lava spilled out of the crater along an arc several hundred

meters long.

During much of October 11 and 12, most of the lava that was

entering Alae must have been draining out somewhere at depth. There

was little or no evidence of either uplift of the Alae floor or continued

outflow south of the crater. Late in the day of October 12, however,

marked outflow resumed, as shown by fires at the front of advancing

flows. It is hard to estimate the volume that apparently drained from

Alae, but it could have been as much as 2 x 106 m3 , if eruption rates of

the first day can be extrapolated across the next 2 days. East rift

surveying showed no large changes between Alae and Kane Nui 0 Harno, so

1



Milohi

EXPLANATION

• SeIsmograph Station

o Town ·or lo.cality

Cape
Kumukahi

Pohoikl

, f)

Kolapano

Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of loc~l earthquakes
are given in table 4 in terms of geographic coordinates, which
are indicated at t11e edges of the map.
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if the lava exited via the graben it probably moved farther downrift

than Kane Nui 0 Hamo.

At 0100, on October 20 strong surface activity resumed at the

main vent. Lava quickly filled the depression in the vent area and

spilled outward into Alae and Alai Craters. By 0230, violent

fountains were playing 300 meters above the fissure. A high-level

obstruction in the vent directed the fountaining towards the PUll

Hu1uhu1u observation point for a short length of time. Spatter fell

as far as 10-20 meters over the south edge of the old Puu Huluhulu

vent. Fountains reached a maximum height of about 300 meters by

0230 and persisted until about 0615, then began to diminish in

height and volume. By 0640, the fountains had dropped to 150 meters,

a height they maintained with a few pulsations until the end of the

phase, which came. quickly at 0820 (within 2-3 minutes the phase was

over). As the fountains waned, lava filling the surface depression

in the vent area began pouring back down the fissure, carrying

solidified crust with it. Jetted gas from the fissure propelled

fragments of this dark crust back out of the fissure and high into

the air, resulting in an ominous black, billowing cloud that

continued to rush forth for several minutes before it died as the

gas·escaped.

Spattering took place from two vents along the eastward projection

of the eruptive fissure. One vent was in the area of minor vents

during phase 8, the other in a new area almost due north of the

northern rim of Alae. These vents were active for only an hour or two

in the early morning.

Sometime between 0415 and 0615, these large cracks opened across

the road constructed over the May 24 flow just west of Aloi. These

cracks have an aggregate tensional displacement of 30-50 em and lie

about 50-75 m south of the May 24 fissure.

3



6 3Except for the latest flows, most of the 10.5 x 10 m of lava

from this eruption is poor in olivine. Most of the lava went into

two flows (one fed directly from the vent area, the other flowing

out of the full Alae Crater) which cascaded over Poliokeawe and Ho1ei

Palis before coming to rest near the base of the scarps. The flow

from ,Alae endangered the Chain of Craters road at the crest of the

scarps but failed to cross it; the other flow followed the channels

of preceding flows over the palis. Another flow moved eastward

north of Alae, covering the Christmas Eve tilt station. A relatively

small volume of lava entered Alai Crater, but considerable spatter

was added to the cone. This cone is now 60 meters above its

pre-eruption base, and both of its two summits are plainly visible

from the Observatory.

On October 24, lava was reported to be oozing down the Kalapana

Trail, about 2.5 km southeast of Alae Crater. The gas-poor pahoehoe

was traced upslope to an opening of a lava tube approximately 1 km

southeast of Alae Crater. Apparently, lava was moving out of Alae,

over its drowned southeastern rim, as the crust of the cooling lake

settled. This lava was flowing through tubes in the most recent

flow and emerging about a kilometer away. Over the course of 4 days

since the end of the most recent fountaining, the oozing lava had

created its own pahoehoe flow, and the active lava that was crossing

the Kalapana Trail was flowing through tubes in it. The oozing

ended by October 29. Two sections of the trail were covered, and

the oozing came close to, but did not reach, the highway at the

trail crossing. The oozing probably stopped when the crust of Alae

lake solidified down to the top of the drowned rim, because the lake

clearly did not drain down to that level, since the buried rim has

no surface expression.

For most of the quarter, active lava was visible in the vent.

On several occasions the lava column reached the surface and stayed

4



there for periods of from several hours to 2 or 3 days. During

three of these times (November 12-13, 15, and 19), lava filled the

vent depression and flowed into Alae and over its drowned rim for

short distances. These active periods were characterized by

dome-shaped upwellings of lava, as if the lava column were simply

projecting 5-10 meters above the ground surface, without any

spattering, and taking on the general appearance of an artesian well.

At times there was also spattering, but some (though not all) of

this seems to have been associated primarily with times of drainback

(every 10-15 minutes in the normal rise-and-fall cycle) and may have

resulted from liberation of' entrapped air carried down during drain

back. This spatter built three small cones, and it provides good

material for sampling, as it is commonly quite dense. This

nonviolent action allowed closeup use of the optical pyrometer,

which in fume-free close-in conditions normally gave temperatures of

1165°-1175° c.

From November 19 to 30, all activity was confined within the

fissure; only Pele's hair escaped to the surface. The top of the

lava column was visible at times and out of sight at other times.

Periodic rise and fall of the column throughout an amplitude of

several meters could be observed or inferred from audible sounds at

the vent, and marked fluctuations in the amount of fume were also

keyed to the rise-fall pattern (much fume accompanied spatter released

during falls).

At 0830, November 30, lava was nearly at the surface and was

flowing from the west end of the fissure into the east end (an

estimated distance of 75 meters), where it plunged 15-20 meters into

a seething pool. Suddenly, at about 1100, the pool in the east end

rapidly filled and blossomed into a dome fountain several meters high.

This started a 2.5 day-long episode of surface activity. Between

periods of drainback, the vent depression would fill and then spill

5



out in broad lava rivers, many of which reached the remaining rim of

Alae and either cascaded into the crater or flowed around it and

extended southward across the slightly older flows of October and

November. This activity resulted in the addition of 1.1 x 10
6

m
3

of lava to the surface.

'All was quiet at the main vent area from the night of December

2-3 until December 13, but three new segments of the eruptive

fissure opened sometime between December 3 and 8, most 'like1y on

December 5, between 800 and 1500 meters downrift. Several small

spatter ramparts were built, and pahoehoe flows that erupted from

these three segments (offset in a right an echelon sense from the

main fissure and from each other) spread out across most of the

February 1969 lava between Alae Crater and February 22 lava west of

Makaopuhi. This outbreak was not accompanied by harmonic tremor

detectable by any of the Observatory seismographs, but summit tilt

showed a small deflation that may have been associated with the

activity. The new pahoehoe has a volume of about .5 x 106
m3,

Surface activity resumed at the main vent early in the morning

of December 13, and by 0830 one flow had already reached Alai Crater.

Throug?out the next 5 days (but especially on December 13 and 14),

low broken dome fountains and simple upwellings of the entire lava

column fed small flows that left the vent depression and spread

toward Alai and Alae; a few flows eventually reached both craters.

About 0.8 x 106 m3 of lava was added to the surface.

On December 14, lava was observed flowing eastward in the fissure

during rises and standstills of the lava column. By 1300, December 15,

the current had reversed to a westward direction, which it maintained

until some time between 1700 and 2000, December 18, when it resumed

flowing eastward. During this time, summit tilt recorded at Uwekahuna

was nearly flat, but during the night of December 18-19 the summit

6



began to rise gradually. By 0930, December 9, all flow of lava had

stopped within the fissure, and the top of the lava column was at

a depth of about 15 meters and was periodically rising and falling

throughout an amplitude of only 2.3 meters. On December 23, the

level of lava dropped out of sight, although a faint glow reflected

by glassy spatter clinging to the wall of the fissure provided

evidence of a turbulent lava column at depth. Computations show

that between 500 and 100 m3/minute was being cycled through the

fissure on December 14, and the flow velocity increased subsequently,

so that volume rates for December 15-18 were probably closer to
3631000-1500 m /minute. A total of about 58 x 10 m of lava was

erupted from the day the eruption began, on May 24, to the end of

this quarter.

7



Seismic Notes

Seismic activity was concentrated in several zones: Southeast

flank of Kilauea, south flank of Kilauea, northeast flank of Mauna

Kea, and the southeast flank of Mauna Loa. Quakes on the southwest

flank increased from less than 10 per day to more than 20 per day

start'ing September 28. The activity increased further to a moderate

swarm and reached a peak on October 7-9, when nearly 400 quakes were

recorded on the Desert seismograph. These earthquakes appeared to

have been centered between the central southwest rift and west end

of Hi1ina Pali. The larger shocks of this group, nearly 3 in magnitude,

were reported to have been felt at Kapapala Ranch.

At about the time the southwest flank seismic activity peaked,

upper east rift and Poliokeawe fault quakes increased in number. The

pick-up of larger Poliokeawe quakes was very obvious. The largest

shock from the area at 1256, October 14, registered about 3-1/2

magnitude and was strongly felt by residents of Hi10.

Kilauea upper east rift quakes increased to over 200 on November

3, when, during a short-lived but impressive flurry between 1100 to

1200, quakes began to occur at 3 to 4 per minute. Several shocks

measur~ng nearly 3 in magnitude were felt by Volcano residents.

During the early morning hours of November 5, Hamakua coast

residents were disturbed by a half dozen shocks. These were the

largest (magnitude 3 to 3-1/2) of 35 northeast Mauna Kea quakes

recorded on the Mauna Loa seismograph. The source area appears to

have been near Keanakolu on Mauna Kea's northeast flank.

The largest earthquake during November occurred beneath the

Honuapo-Kaoiki fault system near the town of Pahala. It registered

a magnitude of 4 to 4-1/2 and was felt over nearly half the island

(strongest in Kau). Considerable numbers of aftershocks were

recorded. During the first 5 hours, 130 shocks were recorded by

8



a recently installed radio-telemeter station from the upper Kahuku

Ranch area.

Many small Kilauea caldera quakes were recorded during the quarter,

and seismographs continued to respond to the different levels of

volcanic activity. The count of shallow Kilauea Caldera quakes showed

changes in the generally expected way: During periods of continuous

inflation on the Uwekahuna E-W tiltmeter, quake counts increased to

high levels with frequent hour to several-hour long flurries, whereas

periods of minor deflation were characterized by low quake activity.

9



Tilting of the Ground Around Kilauea Caldera

Tilt.ing of the ground around the summit of Kilauea is monitored

daily by a short-base water-tube tiltmeter in Uwekahuna.vault, and at

irregular intervals it is measured on a regional scale by means of a

network of field tilt-bases and a portable water-tube tiltmeter. The

attitude of the ground surface at each tilt-base is reported in terms

of north-south and east-west tilt coordinates. Both coordinates at

each station were arbitrarily set equal to 500 when measurements at

that station were begun. Increasing tilt coordinates correspond to

northward and eastward tilting of the earth's surface; that is, to

a relative subsidence toward the north and east. A one-unit change in

coordinate corresponds to a tilting of 1 microradian (1 mm per km)

in the direction indicated.

Location of tiltmeter stations and essential data on each station

are listed in table 6, which is published only in the first quarter

issue each year.

Table l.--Tilt coordinates at Uwekahuna vault,

October, November, and December 1969
\

Date
(1969)

N-S E-W Date
(1969)

N-S E-W

Oct. 5 544 404 Nov. 23 543 398

12 543 407 30 544 397

19 539 416 Dec. 7 545 398

26 541 413 14 546 393

Nov. 2 543 406 21 547 391

9 542 404 28 548 386

16 543 402

10



Table 2.--Ti1t coordinates and changes at bases around Kilauea cladera. (Figure 2, tilting around Kilauea,

will not be included in this summary).

-6Rate (10 rad/mo)
Tilt base Date Tilt Coordinates and direction of

(1969) N-S E-W tilting since Date of last
last reading reading

Dwekahuna (D) Dec. 3 591.2 373.0 1.33 N40.0oW Feb. 6, 1961

Tree Molds (TM) Oct. 30 473.6 500.6 0.48 N69.0oW Feb. 6, 1969

Sand Spit (55) 31 940.8 673.9 2.34 N13.7°W Feb. 12, 1967*
t-£
0 Keamoku (Kea) 27 527.7 388.5 0.48 N53.4°W Jun. 6, 1967*DJ

Ahua Kamokukolau (Kam) 31 449.1 540.0 0.54 S58.8°W Jun. 5, 1967*

Kipuka Nene (KN) 28 298.7 308.5 0.58 S 0.2°E Dec. 5, 1968

Hilina Pa1i (HP) 29 452.3 494.9 0.45 S47.4°W Oct. 16, 1968

Kapapa1a (Kap) 27 490.4 513.8 0.32 S62.6°E Aug. 28, 1968

Mehana (M) 30 573.5 581.2 0.42 S60.6°E Feb. 5, 1969

*For purposes of continuity of the tilt coordinates, we are disregarding all 3-pot readings and reverting to

the last set of 2-pot readings used in the summary. All readings hereafter will be of the 2-pot system.



Seismic summary

Events recorded by the U.S. Geological Survey seismograph network

in Hawaii fall into two categories: local earthquakes and tremor

originating in the region of the Hawaiian Islands (usually within

100 km of at least one seismograph), and distant earthquakes

originating more than 3,000 km from Hawaii. As an index of seismic

activity at Hawaiian volcanoes, daily counts of earthquakes and minutes

of tremor recorded by seismographs in Hawaii are listed in table 3.

The earthquakes are separated in groups on the basis of region of

origin as determined by analysis of records obtained daily at the

observatory. Earthquakes of Inagni tude 2.0 or greater are generally

sufficiently well recorded to be located with greater precision; they

are listed individually in table 4.

Location of seismograph stations and essential data on each

station are listed in table 5 'in the first-quarter issue each year.

Acknowledgments
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Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera

Tremor is separated into three categories: Deep, intermediate, and shallow, on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath the
Kilauea summit region; long-period earthquakes characterized by low-frequency waves that originate
about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea caldera region; shallow
earthquakes along the S.W. rift zone of Kilauea and the adjacent portion of the Kaoiki fault system;
earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south flank;
shallow earthquakes along the northeast-trending Koae fault system south of Kilauea caldera; and
earthquakes from other regions: west Hawaii, Mauna Kea, etc

Tremor
Earthquak.es

Date (in minutes) Kilauea Summit

(1969 ) SW rift Upper Koae Others Remarks
Inter- Long and east

Deep mediate Shallow 30 KM 'Period Shallow Kaoiki rift

October 1 · · · . 44 22 3 1 .
2 · · · 21? 27 66 19 6 .
3 · · 1 l7? 13 45 14 2 2

4 · · · 3 9 35 10 3 4

5 · · 9 14 26 17 4 2

6 · · 1 8 21 22 27 1 2

7 · · · 6 71 159 64 61 2

8 · · 5 3 85 151 40 10 3

9 · · 4 4 44 11 34 12 3 -



October 10 3 IS? 6 45 9 3 (0900 Oct. 10,

11 2 I? 7 21 13 4 2
1100 Oct. 13
eruption phase 10)

12 ~
? 10 33 13 4 1

0

13
r-i 1 14? 13 12 31 5 1
~

14
ctS 2 21? 12 37 31 9 2
bO

15
~ 1 17 7 24 10 2

.r-t
~

16
ctS 8 18 13 2
::1
~

17
cJ 2 75 15 7 17 7 1
::3

t-i

18
l.H 1 10 23 19 17 4
'"0

19
I=: 1 45 27 32 12 4
ctS

20
~ 1 4s? 5? 6 24? 3 1 (0100 Oct. 20,
0

.r-t 0820 Oct. 20
21

~ 2? IS? 17 7
~ eruption phase 11
::3

22
~ ? ? ? ? ? ?
(1) en

~

Q)

w 23
l.H en 4 1 12 11 8 6
0 ct3

..c:
24

en P- I? 7 5 2 2
(1) ~

en Q)

25
co ~ 2 6 17 4 3..c ~
p.. .r-t

26 bO boO 4 10? 7 12 11 5
~ t::

27 12
.r-t .r-t 2 3 28 6 10 3 1
~ ~

::3 ::3

28
'"0 '"C 3 30 44 7 8 3 1
bO en

29
0 r-i 2 330 7 30? 3 hallow summit and
0 (1)
~ :> upper east rift

30 33
~ (l)

4 2 316 15 43 5
CI) r-i quake count increase

31 6 346 9 21 3 1 due to instrument
adjustment



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Earthquakes
Tremor

Date (in minutes) Kilauea Summit

(1969) SW rift Upper Koae Others Remarks
Inter- Long and east

Deep mediate Shallow 30 KM Period Shallow Kaoiki rift

November 1 · 1 508 15 8 5

2 42 5 2 360 12 19 2

3 · · 4 2 92 11 225? 3 .
4 · · · . 78 13 27 2 1

5 · · · 1 65 15 18 1 24 Mauna Ken

6 3 114 8 4 5 5
earthquake

· . flurry
7 · · · 1 52 3 2 2 3

8 · · 8 129 5 6 1

9 1 2 100? 35 5 1 1

10 · · · 1 220 10 3 8

11 · · 15? 164? 16? 22? 3? 6

12 36 · 9? 158 17 25 7 1

13 · · 1 5 174 10 22 3

14 · · · 3 235? 7 13 3 3

15 3 · · 2 268 5 12 1 1

16 · · 2 . 421 5 23 2 1

17 · · · 12? 224 11 46 49 4



November 18 9 2 3 436 9 27 1 2

19 ? 186 13 185? 1

20 2? 598 10 9

21 4 2 1000 2 13 1

22 1 430 6 14 1 1

23 4 974 13 205? 1 1

24 1 647 19 138? 4

25 1 407 12 95? 3 1

26 308 11 lID? 1

27 1 1200 6 . 36 1 1

~ 28 3 325 9 24
\Jl

29 178 11 23 1

30 1 5 95 17 15 3



Table 3.--Numbers of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera--Continued

Earthquakes
Tremor

Date (in minutes) Kilauea Summit

(1969)
SW rift Upper Koae Others Remarks
and east·

Inter- Long Kaoiki rift
Deep mediate Shallow 30 KM Period Shallow

ecember 1 25 · 1 ? 251 14 28 1 3

2 · · 1 2 220 11 22 ·
3 · 2 7 242 9 38 4 1

4 · · 1 3 203 . 5 27 1 2

5 · · · 1 199 6 7 · ·
6 · · 287 15 15 1 1

7 · · 4 353 11 91 2 1

8 · · 390 17 164? 1 1

9 · 1 1 240 5 85 2 1

10 · · · 1 213 8 10 · ·
11 · · · 3 517 6 5 1 1

12 · · 1 294 2 164? 1 ·
13 · 2? 77? 4 60? 1 ·
14 · 4 . 57 11 8? 5 1

15 · · · 1 190 8 11 1 1

16 75 · 1 228 24 29 2 1

17 · · 2 236 6 25 2 2

D



December 18 3 3 1 281 15 12

19 2 486 13 78

20 1248 12 150 2 1

21 2 5 1290 13 18 5

22 1 1020 19 60? 13

23 2 5? 615 7 10? 5?

24 2 ? 8 227? 1

25 ? 6 13 4

26 1 286 6 13 1

. 27 287 5 159 ? 1

28 ? 178? ? 84 10 1

29 4 47 4 44 7

~
30 2? 176? 218? 15? 54? 6? (0500 Dec. 30,

" 1830 Dec. 30
31 ? 39? 28 17? 1 eruption phase 12)



Table 4.--Local earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969.

Entries for a given quake are: Date, origin time (Hawaiian Standard Time),
magnitude, depth, epicenter, and felt report. All earthquakes of magnitude
2.5 and" larger, as well as many favorably located smaller ones, occurring on
or near the island of Hawaii are included in the list.

10,

a

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. W.- --

ober 1 12-31-22.2 2.1 5 19°14.3' 155°21.0'

2 23-10-35.4 2.0 7 19°10.8' 155°20.6'

3 01-14-45.0 2.4 9 19°20.3' 155°46.9'

3 19-24-48.3 2.0 2 19°12.7' 155°20.0'

3 19-25-56.2 2.8 22 18°49.0' 155°23.1'

3 23-16-55.1 2.0 2 19°17.4' 155°12.3'

4 05-47-52.7 2.2 6 19°26.7' 155°42.3'

4 11-08-45.5 2.4 10 19°09.6' 155°14.0'

4 17-22-24.4 2.0 5 19°11.6' 155°20.5'

4 18-13-12.8 2.9 7 19°12.7' 155°20.2'

4 18-37-08.2 2.0 2 19°11.2' 155°20.0'

4 21-06-10.2 2.1 3 19°32.9' 155°38.0'

"4 23-43.59.7 2.1 7 19°31.3' 155°37.9'

5 12-55-51.0 2.1 14 19°10.2' 155°21.1'

5 13-41-11.0 2.5 8 19°10.1' 155°36.8'

5 18-56-34-9 2.7 6 19°18.0' 155°06.6'

6 00-42-39.2 2.0 0 19°17.7' 155°00.4'

6 04-13-22.0 2.3 6 19°14.8' 155°20.9' near Pahal

6 08-34-41.4 2.6 8 19°10.3' 155°12.9'

6 22-54-32.8 2.9 23 20°08.5' 155°49.4' near Paaui

7 10-41-25.7 2.5 6 19°11.7' 155°21.0' Kohala

7 10-43-02.7 2.1 7 19°15.0' 155°20.7'

7 12-36-04.9 2.7 16 20°07.3' 155°48.3'

7 14-29-53.7 2.1 6 19°14.4' 155°20.2'

7 14-49-37.4 2.6 7 19°14.5' 155°20.1'

Oct

18



Table 4.--Loca1 earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

a

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

tober 7 15-26-46.3 2.6 4 19°11.6' 155°21.3'
7 15-30-05.6 2.6 5 19°11.3' 155°20.9'
7 17-35-13.2 2.1 11 19°13.8' 155°20.9'
7 21-45-44.4 2.6 10 19°01.8' 155°06.2'
7 23-27-13.3 2.5 6 19°14.6' 155°20.4'
8 00-12-34.6 2.7 8 19°13.4' 155°20.2'
8 03-57-55.5 2.0 4 19°21.2' 155°01.1'
8 04-51-06.3 2.2 7 19°13.0' 155°21.1'
8 08-37-58.4 2.0 5 19°14.1' 155°21.0'
8 08-44-34.4 2.0 4 19°15.5' 155°20.8'
8 09-43-01.6 2.7 10 19°01.8' 155°10.5'
8 11-13-31.1 2.4 8 19°25.3' 155°49.7'
8 12-58-34.1 2.0 11 19°23.4' 155°24.2'
8 14-17-20.1 2.9 5 19°13.3' 155°20.8' near Pabal
9 01-18-38.7 2.1 5 19°14.2' 155°20.1'
9 02-39-02.7 2.3 31 119°25.5' 155°34.8'
9 08-05-20.1 2.0 4 119°13.9' 155°20.4'
9 12-31-08.8 2.0 35 119°21.8' 155°11.6'
9 15-41-11.8 2.4 5 119°23.0' 155°03.4'
9 17-59-22.0 2.2 18 tl9°02.7' 155°13.4'
9 21-50-34.5 2.0 5 tl9°13.7' 155°19.8'

10 01-58-06.6 2.8 9 tl.9°20.4' 155°48.2'

10 04-02-35.6 2.1 7 ].9°21.9' 1155°07.7'
10 06-12-10.6 2.1 7 19°14.6' tl55°19.8'
10 18-17-06.8 2.1 6 19°32.8' tl55°39.5'

10 20-25-55. 9 2.8 4 19°11.6' l55°20.2'

Oc
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Table 4.--Loca1 earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

a, Hila,

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

tober 10 21-55-31.5 2.9 15 19°10.8' 155°35.8'

11 10-34-08.7 2.0 1 19°10.5' 155°17.3'

11 12-00-07.2 3.0 5 20°20.0' 155°03.3' Hi10

11 14-17-43.2 2.0 5 19°40.0' 155°04.7'

11 24-41-00.3 2.4 2 19°13.6' 155°20.6'

12 15-28-11.0 2.4 10 20°49.3' 156°04.6'

13 05-30-15.8 2.5 10 19°24.1' 155°24.7'

13 06-45-05.0 2.2 7 19°19.3' 155°01.7'

13 14-13-11.0 2.1 16 19°04.1' 155°14.1'

14 12-55-31.9 4.0 8 19°22.9' 155°04.2'

14 13-15-08.0 2.2 4 19°15.1' 154°59.9'

14 16-29-15.3 2.5 5 19°16.2' 155°06.7'

14 . 16-52-53.9 2.0 5 19°18.4' 154°59.7'

14 16-57-36.5 2.4 8 19°23.1' 155°02.4'

14 17-26-41.7 2.6 5 19°13.6' 155°20.0'

16 13-12-36.1 2.3 3 19°12.0' 155°21.4'

17 05-13-02.9 2.9 27 19°22.8' 155°20.2'

17 17-00-01.7 2.6 9 19°11.1' 155°36.1'

18 21-16-31.1 3.2 7 19°21.5' 155°03.7'

19 15-38-11.1 2.3 4 19°13.5' 155°21.4'

19 15-49-53.4 2.2 9 19°19.5' 155°13.7'

20 16-35-49.4 2.5 9 19°53.3' 155°29.8'

21 13-01-56.6 2.0 12 19°21.9' 155°26.0'

22 01-28-37.8 2.0 16 19°25.2' 155°16.9'

22 03-26-30.0 3.3 11 19°22.7' 155°23.5' near Paha1

22 17-18-50.3 2.0 10 19°24.2' 155°24.5' Mt. View

Dc
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Table 4.--Loca1 earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

a

10

10,
nokaa

10, Hilo,
Honokaa

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

tober 23 05-21-56.9 3.0 4 19°16.6' 155°05.0'
23 07-09-12.4 2.0 4 19°23.6' 155°01.8'
27 13-39-09.3 2.2 19 19°45.6' 155°23.9'

28 14-47-03.2 2.5 31 19°22.0' 155°15.9'

28 18-13-21.4 , 2.3 9 19°30.4' 155°45.8'

29 10-48-57.9 2.0 7 19°11.4' 155°12.1'

30 08-59-24.6 2.4 36 19°13.0' 155°23.6'

30 10-19-29.9 2.4 . 11 19°16.9' 155°04.4'

31 07-17-33.4 2.9 11 19°24.0' 155°24.1' near Pahal

31 17-00-52.4 2.9 128? 20°14.9' 156°06.8'

ember 2 08-09-31.5 2.7 9 19°19.5' 155°07.3'

3 02-21-38.2 2.4 33 19°21.4' 155°17.1'

4 06-26-36.9 2.2 32 19°48.2' 155°11.0'

5 05-15-48.0 2.5 4 19°58.8' 155°18.5'

5 05-21-24.6 3.6 9 19°58.5' 155°21.4' near Paaui
Hi10, Ho

5 05-23-03.5 2.7 8 19°54.6' 155°20.0' Honokaa

5 05-32-13.9 2.2 10 19°46.6' 155°23.0'

5 05-33-48.3 2.4 6 19°56.8' 155°18.9'

5 05-39-02.3 2.9 9 19°54.0' 155°19.6' near Paaui

5 05-43-03.0 2.0 6 19°47.8' 155°18.9'

5 05-44-06.1 3.7 10 19°59.6' 155°21.5' near Paaui
Kilauea,

5 05-46-46.7 2.1 10 19°50.5' 155°20.7'

5 06-35-51.9 2.1 10 19°45.1' 155°21.4'

5 06-45-29.8 2.4 10 19°54.3' 155°20.1' Honokaa

Dc

Nov
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Table 4.--Loca1 earthqua~es recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

10, Hila

ear
Kilauea

110

10,

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ember 5 06-57-11.0 3.5 9 19°55.4' 155°20.0' Honokaa, n
Paauilo,

5 07-00-07.3 3.4 9 19°59.1' 155°21.5' near Paaui
Honokaa

5 07-02-32.7 2.5 10 20°00.5' 155°20.8' Honokaa

5 07-10-09.2 2.3 10 19°52.7' 155°20.8' Honokaa

5 07-23-05.3 2.7 10 20°14.0' 155°23.7' Honokaa

5 07-38-11.2 2.8 10 20°05.6' 155°21.9' Honokaa, H"

5 07-46-43.3 2.5 8 19°54.4' 155°19.1' Honokaa

5 07-49-33.0 2.3 10 19°53.2' 155°20.7'

5 07-51-47.3 2.4 17 19°54.4' 155°20.0'

5 08-54-48.4 2.6 10 19°52.4' 155°20.7' Honokaa

5 09-01-04.9 2.4 10 19°46.2' 155°41.3'

5 09-26-38.9 3.7 10 20°00.7' 155°19.7' near Paaui

5 16-32-35.3 2.7 6 20°00.1' 155°19.5'

5 16-51-07.0 2.8 34 19°32.9' 156°18.8'

6 03-41-11.5 2.5 10 19°24.8' 155°24.0'

6 05-30-51.8 2.9 8 19°59.4' 155°21.6'

6 05-32-12.7 2.1 10 19°50.7' 155°20.1'

6 23-26-41.9 2.8 7 19°56.1' 155°18.4'

7 00-46-49.1 2.8 9 19°57.7' 155°21.3'

7 00-52-17.9 2.5 4 20°01.1' 155°17.6'

7 11-01-00.5 3.3 6 20°00.9' 155°48.5'

8 03-16-18.2 2.3 1 19°13.9' 155°05.2'

9 01-29-34.3 2.6 15 19°51.2' 155°21.0'

9 01-56-57.2 2.1 8 19°21.6' 155°09.9'

Nov

22



Table 4.--Local earthquakes recorded by seismographs of the u.s.

Geological Survey, October, November, December, 1969

10

10

10

10

10

10

10,
Naalehu,

ua

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ember 9 10-40-04.5 2.1 11 19°25.3' 155°25.3'

9 19-12-12.2 4.5 8 19°10.6' 155°30.7' Pahala, Hi
Kilauea,
Kealakek

9 19-42-21.2 2.3 6 19°11.3' 155°30.5'

9 20-23-21.4 2.2 8 19°10.8' 155°31.2'

9 23-00-17.1 2.0 5 19°10.6' 155°30.1'

10 02-05-02.3 2.1 40 19°22.9' 155°14.8'

10 13-34-37.4 2.5 8 19°10.0' 155°30.6'

10 21-16-56.7 2.7 10 19°57.6' 155°21.5' near Paaui

10 21-20-25.7 3.1 10 19°57.9' 155°21.3' near Paaui

10 21-26-33.5 2.3 9 19°56.9' 155°20.6'

10 21-35-51.7 2.3 7 19°59.6' 155°20.2'

10 21-36-43.4 2.9 11 19°57.8' 155°21.4' near Paaui

10 21-42-54.0 2.4 9 19°50.6' 155°19.2' near Paaui

10 21-44-12.1 2.1 8 19°51.1' 155°19.0'

11 03-26-29.6 2.6 7 20°00.2' 155°20.4' near Paaui

11 03-32-36.4 2.6 9 19°58.4' 155°21.1'

11 03-41-19.5 2.4 9 19°58.2' 155°20.9' near Paaui

11 05-27-18.4 2.3 10 19°20.8' 155°46.4'

11 09-24-42.0 2.6 8 19°58.8' 155°20.5'

11 14-19-32.2 3.2 10 19°11.1' 154°50.8'

12 02-24-22.1 2.6 9 19°52.9' 155°19.5'

12 11-10-34.7 2.9 10 19°54.8' 155°19.7'

13 02-02-21.6 2.6 10 18°51.1' 155°09.6'

13 07-06-47.0 2.9 27 19°22.4' 155°16.5'

Nov

23



Table 4.--Local earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

Kilauea,
uilo,

ear

Date Time Magni- Depth Epicenter Felt
tude (km) - Report

h m s Lat. N. Long. w.- --

ember 13 11-52-43.3 2.5 24 19°29.1' 155°09.5'

13 14-44-59.3 2.5 4 19°17.1' 155°07.2'

14 02-33-07.3 3.6 9 19°32.1' 155°36.2'

14 02-41-31.4 2.3 7 19°32.7' 155°39.0'

14 03-01-42.9 2.1 6 19°32.1' 155°37.4'

14 14-11-29.3 2.3 7 19°17.3' 155°16.9'

14 17-48-54.1 2.1 11 19°23.0' 155°24.4'

15 02-22-11.3 2.6 9 19°51.1' 155°19.4'

16 07-06-37.2 2.2 10 20°17.0' 156°14.8'

16 12-20-16.7 2.9 9 19°53.5' 155°19.5'

17 05-35-47.4 2.1 7 19°09.8' 155°30.0'

17 10-29-05.8 2.6 10 19°51.3' 155°21.2'

17 11-37-39.9 3.2 10 19°54.4' 155°54.0'

17 16-49-51.8 2.3 5 19°24.5' 155°37.2'

17 23-05-17.0 2.9 10 19°36.8' 156°31.6'

17 23-56-34.7 2.6 4 19°33.0' 155°39.9'

18 01-05-28.5 2.5 1 19°11.2' 155°17.6'

18 03-00-52.8 2.6 9 19°59.2' 155°21.6' Paauilo

18 16-56-28.2 3.0 9 19°56.7' 155°20.2'

19 11-10-10.3 2.5 9 19°53.2' 155°19.7'

19 22-18-54.7 2.6 9 19°18.6' 155°13.8'

21 02-21-14.3 2.1 9 19 °56.8 t 155°20.8'

22 14-05-44.0 3.6 17 19°33.5' 155°05.2' Mt. View,
Hilo, Paa
Pahala

23 13-34-16.0 3.2 32 19°53.1' 155°31.0' Paauilo, n

Nov

Pahala

24



Table 4.--Loca1 earthquakes recorded by seismographs of the u.s.

Geological Survey, October, November, December, 1969

a1f of

,
Date Time Magni- Depth Epicenter Felt

tude (km) Report
h m s Lat. N. Long. w.- --

ember 23 18-57-51.8 2.3 7 19°17.8' 155°28.1'
24 05-15-52.2 2.6 10 19°09.6' 155°35.5'
24 09-12-22.9 4.5 35 19°41.8' 156°03.5' northern h

island
24 09-44-09.1 2.7 45 19°43.4' 156°10.9'
24 12-51-28.0 2.5 3 19°19.7' 155°52.8'
25 10-42-57.4 2.6 6 19°11.6' 155(\31.3'

26 22-09-17.9 2.7 35 19°42.4' 156°05.1'

27 23-56-09.7 2.8 15 19°20.2' 155°56.5'
30 04-58-47.5 2.3 10 20°03.6' 155°47.4'

30 21-11-14.0 3.9 10 20 3/4° 162°

30 23-56-23.3 3.5 9 19°57.9' 155°20.3' Paauilo
ember 1 01-43-52.4 2.4 10 19°55.2' 155°20.4'

1 04-48-22.3 2.7 9 19°53.1' 155°19.6' Paauilo

1 07-56-15.3 2.8 9 19°54.0' 155°19.5' Paauilo

1 22-02-00.1 2.6 7 19°25.6' 155°16.3' Kilauea

3 15-02-24.7 2.5 10 19°47.4' 155°48.9'

4 10-12-28.6 2.5 13 20°01.6' 155°21.6' Paauilo

4 11.36-28.2 2.7 9 19°53.2' 155°19.9'

5 01-30-57.6 2.0 6 19°18.5' 155°08.0'
6 18-45-29.3 2.5 6 19°18.3' 155°00.9'

6 20-22-18.9 2.7 31 19°02.4' 155°21.4'

6 22-34-29.9 3.1 10 19°20.2' 155°06.3' Mt. View

7 09-36-03.2 2.3 0 19°02.2' 155°05.5'

8 11-13-53.8 2.8 10 19°54.9' 155°20.0' Paauilo

9 00-24-20.5 2.0 6 19°15.1' 155°25.9'

Nov

Dec

25



Table 4.--Local earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- - -

mber 9 17-09-43.0 2.6 10 19°01.3' 154°43.3'

9 22-56-11.2 2.6 10 19°21.7' 155°15.8'

9 23-01-45.1 2.5 9 19°20.5' 155°12.4'

10 04-13-58.6 2.4 9 19°20.0' 155°13.2'

10 18-17-14.9 2.0 9 19°20.1' 155°12.4'

11 00-01-04.7 2.1 23 19 °20.7' 155°15.8'

11 02-19-53.6 3.5 10 19°10.4' 155°37.2'

11 04-57-17.8 2.7 2 19°14.9' 155°05.7'

12 14-58-34.1 2.3 8 19°20.6' 155°02.1' Hilo

12 18-27-04.6 3.2 10 19°18.6' 155°14.4'

12 18-29-03.9 3.1 9 19°18.3' 155°14.1'

13 00-43-38.0 2.1 9 19°18.8' 155°14.3'

13 08-59-10.9 2.7 9 19°21.6' 155°09.8'

14 00-59-58.5 2.4 75? 19°30.8' 155°22.0'

14 11-00-07.5 2.4 7 19°21.8' 155°02.4'

15 07-57-57.2 2.1 29 19°19.9' 155°17.8'

15 18-39-31.9 2.6 10 19°22.1' 155°10.4'

15 22-03-46.1 2.4 29 20°00.3' 155°37.8'

16 04-02-42.0 2.0 8 19°30.4' 155°46.2'

16 23-37-58.0 2.3 8 19°20.0' 155°13.3'

17 08-43-10.8 2.5 9 19°18.0' 155°14.8'

17 19-42-25.3 3.1 13 19°03' 156°48'

17 21-59-31.8 2.0 8 19°26.9' 155°50.6'

20 03-40-33.5 2.0 7 19°11.3' 155°48.7'

21 04-48-01.4 2.6 9 19°19.4' 155°13.7'

22 16-14-14.1 3.4 10 19°19.7' 155°27."8'

Dece
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Table 4.--Local earthquakes recorded by seismographs of the U.S.

Geological Survey, October, November, December, 1969

a

uea

akekua

i10

ear

Date Time Magni- Depth Epicenter Felt
tude (km) Report

h m s Lat. N. Long. w.- --

ember 22 16-16-18.3 2.1 9 19°20.0' 155'°28.2'

23 08-03-37.7 2.0 8 19°22.8' 155°27.4'

23 22-53-33.9 2.3 28 19°17.5' 155°18.6'

24 13-35-10.9 2.2 8 19°20.4' 155°09.4'

24 19-34-12.0 2.9. 13 20°45' 154°54'

24 19-39-34.1 3.2 25 19°30.0' 155°08.9' Kilauea, H

25 00-43-10.6 2.0 5 19°15.4' 155°06.7'

25 03-28-26.7 3.3 32 19°21.4' 155°17.2' Kilauea, n
Pahala

25 07-42-30.9 2.1 25 19°21.9' 155°16.2'

26 02-13-32.3 2.1 1 19°11.4' 155°17.7'

26 12-05-00.3 2.0 7 19°23.2' 155°16.9'

27 16-59-44.0 4.1 9 19°19.1' 155°14.6' Hila, Ki1a

27 17-36-31.4 3.2 10 19°07.4' 155°09.7'

27 19-37-20.8 3.7 10 19°19.0' 155°13.3' Hila, Kea1
Paauilo

28 11-01-24.0 2.5 19 19°56.5' 155°36.8'

28 13-52-03.8 2.6 8 19°16.5' 155°13.0'

28 22-44-29.4 2.0 6 19°23.6' 155°16.8'

29 06-00-52.7 3.6 10 19°20.1' 155°28.7' near Paba1

30 10-58-14.6 2.1 29 19°21.3' 155°19.8'

30 19-43-42.0 2.2 9 19°21.2' 155°12.4'

Dec
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

During the last few years the Hawaiian Volcano Observatory's
seismic network has undergone important changes. Thetelemetered
network around the summit of Kilauea has been reinforced and extended,
and mo~e stations (mostly telemetered by radio) have been added to the
broader Island of Hawaii network (fig. 1). All the telemetered stations
are recorded side. by side, along with the Uwekahuna chronometer and the
WWHV radio trace, on a single 16 rom film strip on a Deve10corder at the
observatory. Outstation timing has also been improved substantially by
the use of crystal chronometers instead of the old mechanical ones. As
a result of these improvements, the volume of usable recorded seismic
data has increased tremendously, both in the number of stations available
for each earthquake and in the number of earthquakes that are sufficiently
well recorded to be located. Methods of analysis previously used with the
HVO network are too slow and too subjective to enable using the improved
network data to fullest advantage.

Detailed studies of microearthquakes in California and Nevada by
the Geological Survey's National Center for Earthquake Research (NCER)
have generated similar voluminous sets of seismic data. Efficient
computer-oriented procedures for data reduction and computer programs
for data analY'sis have been developed and used extensively at NCER.
The HVO seismic data are now being analy'zed by a joint HVO-NCER team;
and the methods and computer programs used are virtually identical with
those employed with other networks at NCER.

Seismogram readings are punched on computer cards to provide an
input deck for use"in the location program HYPOLAYR (Eaton, 1969), which
generates an output deck summarizing the solution of each event. The
output deck is a convenient source of material for further analyses of
the earthquakes, and the input deck is saved for possible reanalysis
when better velocity-depth models of the crust are worked out. The
velocity-depth model currently used in the determination of hypocenters
(as tabulated below) is bas.ed on very limited data and represents a
broad average of crustal structure along the Hawaiian Ridge. It is
anticipated that further refinements in the model will not lead to large
changes in hypocenters calculated for events within the network, but
hypocenter solutions for some "poorly controlled" events outside the
network may be changed substantially.

Velocity model used for locating earthquakes in Hawaii (Eaton, 1962)

Depth to layer
(km)

0.00
3.10

11.20
14.80

1

Layer velocity
(km/sec)

3.90
5.00
6.80
8.25
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Figure 'l'·.·--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 2 in terms of geographic coordinates, which
are indicated at .the edges of the map.
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To permit more adequate reporting of results on individual earth
quakes and to bring the HVO earthquake reports into conformity with
those produced at NCER, some revisions in the format of the HVO summary
are required. Beginning with the 1st quarter 1970 the f~llowing changes
are introduced:

~) The list of local earthquakes "includes all events for which
satisfactory hypocenters can be determined. This list includes
statistics on the hypocenter determination as well as a summary
hypocenter quality rating.

b) A map of epicenters on and near Kilauea volcano during the
quarter is included.

c) The station list is augmented to describe the timing system,
the type of preamplifier (for telemetered stations), and the
mode of recording.

d) The velocity-depth model of the crust used in the hypocenter
determinations is described.

3



CHRONOLOGICAL SUMMARY

Mauna Ulu eruption

Eruptive activity continued between Aloi and Alae craters on the
east·rift. Shallow tremor and degassing were continuous, and on
January 25 and 30, February 15, and March 1, weak fountaining and over
flow were observed at the vent. Flows reached Aloi and also spread
north and eastward. The broad lava shield built by these and earlier
overflows is nearly 60 meters high and has overrun a considerable part
of the complex pumice and spatter cone built during earlier phases of
major fountaining. On April 1, 1970, the volume of lava erupted since
the last major fountaining on December 30, 1969 is in the neighborhood
of 2 x 106 m3.

Deformation studies

New tilt and Geodimeter stations were established on the rift zone
between Alae and Kane Nui 0 Hamo to replace those flooded on
December 30.

Horizontal strain increased to high levels during the first 3
months of 1970. The distances exhibiting greatest extensions were
those that cross the southern part of the caldera. These extensions
are consistent with the summit tilt changes as recorded at Uwekahuna
and Outlet vaults, although the extensions seem to be larger than
would be predicted on the basis of the tilt alone.

Attention is being focused on the Koae fault system. Detailed
mapping at a scale of about 1:5,000 was initiated. One continuously
recording INVAR-wire creepmeter is being tested on the Kalanaokuaiki
Pali about 1 km east of the Ainahou road crossing. Level lines across
the Koae system were rerun, and five new tilt triangles between Ahua
seismometer and the top of Kalanaokuaiki Pali were located and
measured. In addition, a detailed horizontal strain network, consist
ing of 99 Geodimeter lines averaging I km long, was established across
the southern part of Kilauea caldera and adjacent part of the Koae fault
zone.

Lower east rift earthquakes

About the middle of February, the Pahoa seismograph started to
record an increasing number of local earthquakes. Many of these events
were recorded in earlier years, but recent instrumental improvements
and the change of seismometer location from Pahoa School to Kaniahiku
Village (PAX, a site closer to the seismic area) greatly increased
recording capabilities. Consequently, larger numbers of earthquakes
are being recorded, although there may actually be no more events than
in earlier swarms.
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To get a better idea of the source of the recent activity, a
temporary station was installed at Puu Honuaula (PHO), about 5 km
east of the new Pahoa station (PAX). In addition, a portable
seismograph was operated at key sites. From the recordings obtained,
the center of activity appeared to be near the vents of the 1955 rift
eruption, and a few earthquakes scattered as far as 5 km from this
center.

The magnitudes of these shocks were relatively small. Of approxi
mately 6,600 recorded quakes, 16 were between magnitudes 2 and 3, and
2 were between magnitudes 3 and 4. Local residents reported feeling
the two larger events.

A segment of the level line from Pahoa to Pohoiki was re1eveled
to see if the current earthquake swarm caused any surface deformation.
The new altitudes show no significant change from those in March 1969,
relative to a bench mark at Pah.oa High School. Likewise, the Geodi
meter lines along the lower east rift south. of Pahoa show no evidence
for local swelling but do sh.ow changes consistent with long-term trends.

5
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SEISMIC SUMMARY

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 kIn of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in table 1. The earthquakes are separated in groups on the
basis of region of ,origin as determined by the analysis of records
obtained daily at the observatory (UWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, KMO, OTL).

•
Computer locations of well-recorded events are listed in table 2.

The location of each seismograph station is listed in table 4, along
with a description of the equipment at each station.

Acknowledgments.--Several people or agencies "felt" earthquakes during
the first quarter, 1970. Their assistance is gratefully acknowledged.
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor is
presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit, 30 km, earthquakes from a source about 30 km beneath
the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and sh~llow earthquakes in the Kilauea Caldera
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portions of the
Kaoiki fault system; earthquakes from the upper east rift zone and the adjacent fault systems
of Kilauea's south flank; shallow ear~hquakes along the northeast-trending Koae fault system
south of Kilauea caldera; and earthquakes from other regions: west Hawaii, Mauna Kea, etc.

Tremor Earthquakes
(m = minutes

Date h = hours) 'Kilauea Summi t
(1970)

SW rift Upper Lower
Inter- Long and east east

Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift Others Remarks

Jan 1 ? 47 42 8
2 ? 58 21 22
3 ? 53 3 23
4 ? 45 ? 3
5 35? 48 6 11
6 63? 159 11 54
7 98 239 12 21
8 42? 229 17 40
9 23? 267 9 27

10 9? 38 9 24



11 1 317 69 9 20
12 8 61 12 36
13 2 32 69 14
14 15 2 42 17 20
15 1 28 8 23 5
16 60 59 7 14
17 2 57 15 11
18 1 4' 389 10 37
19 6 5 445 9 32 1
20 2 4 331 6 ' 43
21 2 1290 9 60
22 1 10? 611 6 72
23 161 456 7 60
24 8? 187 4 35
25 1 6? 115 8 26
26 4? 144 6 42
27 27 2? 133 10 80
28 30 1 27 165 5 15
29 2 10? '266 11 21
30 45 1 15? 123 5 6
31 ? 171 4 6

Feb 1 10 570? 303 ? 7
2 36 4 9? 502 9 13
3 2 920 8 28 1
4 12 465 15 38
5 1 372 9 56
6 361 3 20
7 260 4 18
8 6 312 7 177 1
9 2 424 7 180 2

10 1 1 190 7 75
11 22? 222 15 29 2
12 18? 39 12 26



Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Ca1dera--Continued

Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Sununit
(1970) SW rift Upper Lower

Inter- Long and east east
Deep mediate Shallow 30KM Period Shallow Kaoiki rift rift Others Remarks

Feb 13 17? 27 16 190
14 2 35 28 42
15 3 70 19 15
16 2 62 8 13 1
17 8 117 6 6 2 Lower East Rift
18 10 163 10 28 242 swarm - counts

19 20 20 2? 160 5 16 449 taken from new

20 ? 110 6 7 792 Pahoa station

21 ? 125 8 8 978 PAX located at

22 4 ? 101 10 8 538 Kaniahiku

23 4 58 6 15 468 Village

24 4 1 2 126 5 8 139
25 7 190 11 8 ?

26 2 2 188 10 10 81
27 580 7 12 26
28 (1) 413 5 7 ?

Mar 1 4 3 79 7 7 152
2 3 120 9 7 486
3 4 159 5 44 430
4 4 164 10 16 311
5 4 2 160 3 9 239



Mar 6 1 162 9 5 397
7 66 9 5 113
8 1 187 12 17 212 West Pit
9 1 207 15 21 118 seismometer

10 20 4 151 13 14 2'07 changed -
11 9 99 12 17 36 1.0 sec Benioff
12 4 6? 171 10 15 226 replaced with
13 5? 79 14 9 27 0.5 sec. HS-IO
14 1 71? 378 5 10 39
15 2 61? 1467 18 29 19
16 34? 251. 9 . 23 ?
17 2 236 10 40 3
18 2 375 8 32 3
19 248 12 18 13
20 5? 534 6 34 6
21 2? 282 3 32 4
22 3 315 15 51
23 2 677 10 49

~ 24 2 218 62 36
0 25 6? 134 24 35

26 5? 99 17 20
27 4? 57 11 14
28 81 7 13
29 2 1 138 14 37
30 1 169 15 31
31 2 1 351 8 85 1



·Computer analysis of the HVO network data permits the systematic
treatment of far more earthquakes than was possible prev~ously. This
extended coverage should permit a more detailed examination of the
relationship between earthquakes and volcanism in Hawaii.

"Table 2 is a chronological listing of successfully located earth
quakes. For ea~h event the following data are presented:

Origin time in Greenwich Civil Time: date, hour (RR) , minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth depth of focus in kIn. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT - s·tandard error of the origin time in seconds.

ERR

ERZ

MD

- standard error of the epicenter in km.

- standard error of the depth in km.

- mean deviation of the time residuals. [= ~ Ri INOJ where

R. is the observed seislnic wave arrival time less the com
l.

d · h .th t t·pute tl.me at tel. salon.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

Q Epicenter Focal Depth

A excellent good
B good fair
C fair poor
D poor poor

11



Q is based both on the nature of the station distribution with
respect to the earthquake and the statistical measures of the
solution. These two factors are each rated independently
according to the following scheme:

.Station Distribution

A

B

c

D

NO GAP DMIN

> 8 < 120 0
< DEPTH or 5 kIn

> 6 < 150 0
< 2 x DEPTH or 10 km

> 6 < 225 0
< 50 km

> 4 < 180 0

-

Others

Statistical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec) *
A < 1.0 < 2.0 < 0.10 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50-
C < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes,
that is, an A and a C yield a B, and two B's yield a B. When
the two ratings are only one level apart the lower one is used,
that is, an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by th.e Office of
Earthquake Research and Crustal Studies, U.S. Geological Survey.

*RMAX is the maximum residual

12



TABLE 2

SLJMMARY OF SfISMIC EVENTS

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP t1MI N ERT ERH ERl MD Q

JAN 1 3 29 17.4 19-19.1 155-13.8 9.9 1.9 12 19q 6.5 0.17 1.3 0.6 0.11 C

1 4 44 53.8 lC,J-22.6 155-23.7 11.1 1.9 14 113 4.6 0.06 0.6 O. '3 0.11 B

1 5 22 45.8 19-10.9 155-29.8 36.1 2.7 14 161 14.8 0.29 1.2 2.9 O.OC) C

1 9 11 42.6 19-16.9 155-21.4 7.2 1.8 12 171 6.9 0.11 0.8 0.6 0.12 C
1 to 11 58.4 19-18.4 155-14.1 8.4 1.6 12 212 6.5 0.25 1.6 . 0.8 0.21 C

1 23 28 0.3 19-15.2 155- 7.0 4.3 1.8 10 251 13.3 0.53 2.5 2.0 0.16 C
2 5 SO 7.7 19-24.4 155-11.1 13.9 1.4 12 72 0.9 0.12 1.0 1.0 0.11 B

2 I) 50 5'7.8 19-24.0 1'55-17.0 16.8 1.5 11 74 1~2 0.08 0.5 0.8 0.05 A

2 12 20 32.6 19-23.0 15,5-36.57 10.6 3.3 18 168 15.0 0.14 0.9 1.3 0.14 C
2 71 21 2.,.1 19-21.6 1,55-23.9 9.6 2.1 9 194 2.9 0.14 0.9 0.7 0.08 B

2 22 8 53.8 19-22.9 155-23.6 11.1 1.9 18 114 5.0 0.08 0.1 0.4 0.14 B

2 27 18 '38.0 lq-22.3 155-10.1 6.3 2.8 q 164 1.0 0.23 1.3 1.1 0.12 C

3 1 11 41.3 19-17.4 155-28.1 8.8 2.5 15 135 9.9 0.09 0.8 0.6 0.16 B

I-l
3 1 58 56.7 19-25.1 155-23.2 11.1 1.5 11 16q 6.4 0.10 0.9 0.4 0.11 C

w "3 3 47 9.9 19-17.q 15S- q.O? 10.8 12 231 7.3 0.25 1.7 1.2 0.10 C

1 3 47 32.q 19-19.9 15'5-10.4 10.0 1.4 7 259 3.5 1.44 4.6 6.0 O. 14 0

3 4 28 1.8 lCJ-25.4 155-38.3 4.0 1. 9 5 212 19.5 0.15 0

3 5 '54 43.4 19-23.6 155-16.5 14.3 1.7 17 68 0.6 0.01 0.8 0.6 O. 14 B
3 13 24 57.1 lQ-23.0 155-17.8 18.0 2.0 10 89 1.9 0.12 0.9 1.4 0.09 B
3 15 6 27.8 19-16.2 155- 5.1 3.9 2.9 14 234 17.1 0.46 2.2 1.9 0.20 C

~~ 15 2q 5Q.O lq-18.1 155- 5.7 6.7 2.5 16 223 10.1 0.34 1.7 0.9 O.2~ C

3 22 57 15.0 19-15.2 155- 4.3 4.8 2.0 15 2.55 15.8 0.69 3.2 2.0 0.25 0
it 0 30 17.6 lQ-54.S 15'5-29.4 34.6 2.5 13 299 15.0 0.27 1.9 3.0 0.13 C
4 6 59 2.0 lQ-?l.O 155- 1.7 4.4 2.2 15 225 14.6 0.35 1.9 1.3 0 •. 21 C
4 11 40 2 ~i. 6 19-19.0 155- 8.5 9.6 2.5 11 283 5.8 0.59 3.1 0.8 0.17 0

5 17 54 45.8 19-11.2 155-52.8 6.3 1.0 6 184 4.3 0.48 10.3 7.6 0.03 0

6 4 14 5<.). 1 19-26.7 15'5-26.5 14.9 7 249 7.9 0.91 4.4 7.6 0.07 0

6 6 16 25.3 19-19.8 155-25.1 11.1 11 160 ~.7 0.08 0.8 1.3 O.Oq B
6 19 48 ~8. 4 1'1-22.1 155-12.6 5.6 2. 1 15 141 0.5 0.20 1.3 1.0 0.26 C
6 21 50 57.6 19-47.6 1&)5-58.9? 16.5* 2.1 18 240 .30.9 0.46 3.1 0.30 0



SUMMARY OF SEISMIC FVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO l;AP DMIN ERT ERH ERZ Mo Q

JAN 7 &) 18 46.6 19-20.6 155-13.3 9.1 3.0 16 186 2.1 0.12 0.9 0.5 0.15 C
1 "1 33 41.0 19-19.8 151)- 5.9 5.6 2.1 15 215 8.1 0.33 1.9 1.3 0.22 C
7 1 58 28.9 lq-24.6 155-49.3 7.3 1.6 12 189 16.1 0.35 4.8 1.8 0.10 C
7 18 26 60.0 19-31.0 155-41.3 5.4 1.5 13 183 24.5 0.14 1.0 0.8 0.14 C
1 22 25 17.7 19-20.3 155-13.8 9.4 14 165 3.7 0.11 0.9 0.1 0.15 C

7 2.3 72 54.8 19-19.5 155-14.5 9.1 1.9 15 112 4.5 0.11 0.9 0.5 0.15 C
7 73 32 57.6 19-20.0 155-11.3 8.3 10 223 4.0 0.22 1.7 1.2 0.15 C
8 0 It 1 19.8 19-21.0 155-13.0 9.0 2.4 16 151 1~8 0.09 0.8 0.4 0.14 C
8 2 5 45.2 19-23.2 155-27.07 11.7 2.3 14 15 8.6 0.12 O~q 0.7 0.14 B
8 4 40 4.0 lq-22.5 155-26.0 12.2 8 146 6.4 0.12 1.0 2.2 0.08 B

8 7 17 36.6 19-19.q 155-13.7 10.1 14 195 4.3 0.06 0.6 0.3 0.08 B
8 7 25 33.5 19-12.8 155-22.9 2.2 14 221 13.6 0.74 1.4 3.4 0.16 C
8 q 35 53.9 Lq-21.9 155- 7.4 1.0 1.8 14 199 4.5 0.18 1.4 1.0 0.18 C

~
8 12 20 42.'1 19-10.8 155-21.3 10.9 13 246 7.2 0.15 1.0 0.4 0.08 C

~ 8 16 .33 27.2 19-23.6 155-23.5 8.2 13 150 6.2 0.12 0.9 0.1 0.15 B

8 17 38 40.4 19-19.0 155-14.1 10.6 12 224 6.0 0.18 1.1 0.4 0.11 C
8 18 13 31.3 19-18.7 1'55-13.97 10.2 9 229 6.4 0.28 1.6 0.8 0.12 C
8 18 53 56.5 19-20.4 155-13.9 10.9 10 196 l.6 0.11 0.9 0.4 0.10 B
-8 1.9 0 46.1 19-19.6 155-14.0 10.0 14 112 4.9 0.10 0.8 0.5 0.13 C
8 20 51 21.3 19-17.7 155-13.q 10.0 9 229 1.6 0.19 1.3 0.8 0.10 C

8 71 to 21.6 lQ-50.4 155-35.51 60.5* 2.6 17 782 4.3.5 3.SQ 32.6 1.77 0
8 21 4 ~3 39.6 19-'>3.9 155-29.0 5.6 1.8 21 208- 27.0 0.32 2.2 2.8 0.23 C
fl 22 48 41.7 19-20.1 1&55-15.9 9.3 14 L57 2.5 0.06 0.1 0.4 0.10 B
8 ;J? 55 6.0 19-20.0 155-15.8 9.3 15 158 2.8 0.06 0.6 0.4 0.10 B
') 3 2.0 1.5 19-21.7 155-24.3 11.7 14 125 3.2 0.09 0.7 1.4 0.11 B

9 3 54 13.3 19-20.8 155-28.7 9.5 2.2 17 106 q.6 0.09 0.9 0.6 0.17 B
9 4 49 47.9 19-24.9 155-25.8 10.2 14 233 9.8 0.19 1.0 0.4 0.11 C
q 7 46 56.1 19-/t8.5 155-48.7 7.2* 13 320 1:)6.2 3.11 18.9 0.11 0
9 13 11 31.8 19-19.9 155-11.4 13.5 1.8 12 2 ~~8 4.3 0.26 1.3 1.5 0.08 C
q 14 23 27.5 19-18.9 155-13.7 12.9 1.7 12 228 5.9 0.10 0.5 0.7 0.04 C



SlJMMAR Y OF SEISMIC EVENTS (CONTINUED)

1Q70 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MO Q

JAN 9 14 56 56.3 19-19.5 155-28.4 1.3.2 1.6 7 161 9.0 0.13 1.3 2.3 0.06 C
9 11 43 5.6 19-19.0 155-14.5 12.5 1.5 8 293 5.3 0.14 1.0 ,0.7 0.04 C
9 20 44 11.8 19-7.5.9 155-22.5 10.8 1.6 16 137 4.4 0.08 0.8 0.4 0.15 B
9 23 1 18.4 19-17.6 155-16.2 10.1 2.5 18 175 5.1 0.10 0.8 0.4 0.11 C
q 23 1'3 40.Q lq-17.6 155-16.1 14.5 0.9 q 237 5.2 0.14 0.6 1.1 0.03 C

9 23 22 46.1 1<)-17.8 155-16.1 ·10. 1 15 202 4.8 0.10 e.7 0.3 0.10 B
10 5 4fl 37.4 19-20.1 155-11.8 11.0 1.4 15 211 3.9 0.10 0'.8 0.3 0.11 C
10 12 33 32. 1 19-25.6 15')-24.6 13 •. 1 1 • 5 8 209 7.8 0.27 1.0 2.3 0.05 C
10 18 56 33.7 19-10.4 155- 5.2 0.5 2.0 14 274 22.6 1.59 3.2 5.4 0.18 0
10 1q C) 20.8 19-16.1 1'55- 5.q 9.1 1.9 12 247 12.7 0.61 3.3 1.2 0.14 0

10 19 41 42.8 19-19.1 155-14.6 9.2 1.5 15 217 5.1 0.20 1.4 0.8 0.17 C
LO 73 48 3.2 lC)-20.1 155-28.6 12.1 1.6 9 168 9.3 0.11 1.2 2.4 0.08 C
11 2 15 39.4 19-21.2 155-17.9 29.5 2.0 18 73 2.2 0.13 0.9 1.3 0.10 A

~
11 9 30 1.9 lQ-20.2 155-12.4 11.4 1.4 14 208 3.4 0.09 0.9 0.'3 0.11 C

Ln 11 15 29 52.4 19-18.4 155-15.7 8.q 1.8 15 224 4.3 0.21 1.3 0.1 0.15 C

11 15 S5 57.0 19-18.0 155-17.2 8.2 1.7 11 230 3.9 0.26 1.8 0.9 0.20 0
12 0 5q 16.5 19-19.4 155-11.4 11.2 1.7 10 211 5.1 0.18 1.3 0.6 0.10 C
12 2 23 41.8 19-24.7 155-15.'7 9.5 9 178 2.3 0.62 1.8 3.8 0.17 C
12 4 34 12.1 19-11.4 155-24.5 17.2 1.5 1 302 5.6 1.50 8.0 8.4 O.Oq 0

12 8 3 30.6 1.9-18.3 155-14.4 14.5 1.3 q 234 6.3 0.14 0.6 1. 1 0.0"3 C

12 8 51 11.3 19-22.4 155-23.3 9.9 1. q 9 181 4.0 0.67 1.4 4.0 0.11 C
12 14 8 59.5 19-25.4 155-23.5 11.5 1.8 12 185· 6.4 0.16 0.7 1.3·0.06 B

12 17 10 42.1 19-19.4 1'>5-11.9 13.8 1.6 5 238 5.5 0.04 D
12 11 16 8.9 19-19.4 155-11.9 8.8 1.3 10 236 5.0 0.30 1.8 0.9 0.16 C
12 11 26 59.4 19-11.2 155-10.1 12.9 1.7 q 282 8.5 0.33 2.3 1. 1 0.08 C

12 17 39 .35.0 19-19.8 155-10.3 13.2 1.2 q 265 3.1 0.21 1.0 1.3 0.04 C

12 17 41 2.6 19-20.6 155-12.6 9.0 1.5 8 201 2.7 0.52 2.5 2.9 0.21 C
12 1'1 't3 46.6 19-17.5 155-l0.21 13.7 1.4 8 219 7.9 0.38 1.6 1.8 0.08 C
17 18 J I 45.2 19-16.9 155- 4.4 7.5 2.2 13 246 13.3 0.59 3.1 1.6 0.22 0
12 20 50 26.6 19-19.1 15~-13.9 10.9 1.7 11 223 5.5 0.15 1.0 0.4 0.11 C



SUMMARY OF SEISMIC EVENTS (CONTIj\jUEO)

1970 HR MN SEC lAT N LONG W DEP.TH MAG NO GAP DMIN ERT ERH ERZ MO Q

JAN 12 20 52 18.8 19-19.4 155-15.9 9.0 2.1 15 211 3.0 0.15 l.O 0.6 0.14 C
12 23 15 9.3 19-24.3 155-18.2 18.5 1.9 12 94 1.5 0.20 1.1 .2.1 0.10 B
12 73 54 55.0 19-20.1 155-14.5 11.0 1.1 10 232 3.5 0.12 0.9 0.3 0.08 C
13 6 20 6.5 19-25.0 155- 9.11 53.0* 2.5 16 123 6.0 0.55 6.8 0.44 C
13 6 23 31.5 19-20.0 155-12.1 8.3 1.2 10 223 3.8 0.30 1.5 1.7 0.16 C

13 6 29 30.9 19-19.8 155-12.0 . 9. 1 1.4 12 229 4.3 0.21 1.2 0.7 0.14 C
13 6 32 32.6 1<)-20.5 155-12.3 9.2 11 205 2.8 0.26 1'.2 1.5 0.11 C
13 6 41 49.6 19-20.7 155-13.4 10.0 9 190 2.7 0.44 1.1 7.3 0.09 C
13 10 .30 44.6 19-20.5 155-12.6 15.3 1.5 8 272 2.8 0.18 1. 1 1.2 0.03 C
13 20 27 22.9 1q-12.8 155-27.9 8.9 2.3 13 168 15.8 0.10 1.0 0.1 0.14 C

13 23 29 28.6 19-.22.8 155-21.6 5.8 1.0 6 158 3.7 0.30 0.8 2.5 0.05 C
14 0 38 59.2 19-20.4 155-26.9 14.8 1.9 6 2A8 6.4 1.45 6.2 8.2 0.08 0
14 7 29 38.3 19-23.4 155-31.5 22.2 2.1 11 298 15.5 0.30 2.2 3.6 0.11 C
L4 11 17 40.4 19-18.6 155-16.2 9.6 9 239 3.4 0.15 1.0 0.6 0.09 C

t-& 14 12 14 5-'.8 19-19.7 155-11.6 11.4 10 238 4.8 0.28 1.5 1.7 0.10 C0\

1'+ 12 IE) 53.6 19-19.6 155-11.1 8.1 1.6 8 235 4.1 0.42 2.7 1.3 0.11 0
14 16 '+4 56.7 19-19.4 155-10.5 11.2 1.4 11 21q 4.5 0.10 0.9 0.2 0.06 B
14 11 18 25.4 18-53.0 155-25.5 8.0* 5 :J37 50.3 6.35 37.4 0.04 0
1'4 21 12 4"7. b 19-25.1 155-22.2 10.3 2.4 15 136 5.1 0.09 0.8 0.4 0.14 B
14 22 12 10.0 19-18.7 155-15.5 14.2 7 244 4.2 0.36 1.4 2.4 0.04 C

14 22 15 12.5 19-18.0 155-27.3 8.3 1.7 13 133 8.1 0.10 1.1 0.9 0.17 B
14 72 17 54.1 lq-18.7 155-25.71 11.5 8 156 5.0 0.16 1.7 2.2 0.13 C
14 23 2 34.2 IQ-16.3 155-26.6 3.2 1.8 14 146 9.2 0.15 1.4 1.8 0.25 C
15 2 14 4.9 lQ-19.0 155-12.7 10.B 1.1 14 219 5.5 0.14 1.0 0.3 0.12 C
15 2 28 7.6 19-16.1 155-20.9 q.9 11 168 8.5 0.09 0.8 0.5 a.OA B

15 2 33 ~q.4 lq-16.5 155-21.0 9.8 11 166 7.9 0.09 0.8 0.5 0.09 B
15 3 11 49.3 1Q-lY.6 15.5-11.5 11.0 q 21.6 4.9 0.22 1.9 0.6 0.15 C
15 5 32 10.1 19-19.4 155-16.2 11.2 10 225 2.4 0.34 1.0 1.1 0.08 C
15 11 51 37.9 19-16.7 155- 8.9 7.8 10 239 9.5 0.50 2.7 1.6 0.16 0
is 12 13 6.2 19-49.4 155- 2.8? 37.1 1.4 22 297 39.4 0.28 2.1 2.4 0.22 0



SUMMARY OF SEISMIC EVENTS (CONT I !~UEO)

1970 HI{ MN SEC LAT N LONG W DEP.TH MAG NO GAP rJMIN ERT ERH ERI MO Q

JAN 15 13 34 23.6 19-11.4 155-31.7 7.6 2.1 12 148 11.4 0.11 1.1 0.8 0.11 8

15 70 7 24.5 19-10.1 155-31.2 8.2 10 158 13.6 0.11 1.1 .0.9 0.14 C
15 23 57 55.0 19- 3.9 155- 7.91 7.2 17 244 33.1 0.31 3.6 8.1 0.23 0

15 23 58 18.·0 19- 9.4 1'55-30.47 7.8 9 112 15.2 0.19 2.0 1.1 0.23 C
16 0 50 46.2 19-24.0 155-27.6 8.4 1.1 17 116 13.1 0.13 1.0 0.8 0.20 B

16 7 1 17.4 lQ-21.0 155-18.5 ·28.0 1. 1 17 96 2.5 0.15 0.9 1.5 0.12 B
16 q 21 59.3 19-19.4 155-13.6 10.6 8 221 5.0 0.10 0.9 0.4 0.05 B

16 15 to 40.0 19-21.2 155-17.9 23.0 2.2 16 92 2.2 0.16 1.2 1.5 0.11 B
16 16 44 24.7 19-57.6 155-26.41 13.2 1.6 11 302 20.4 0.49 4.1 2.2 0.21 0
17 9 50 4.3 19-18.4 155-20.2 27.5 14 195 5.9 0.45 3.8 3.1 0.24 C

17 12 8 .36.6 19-10.2 155-.34.4 5.2 13 1~5 9.9 0.08 0.8 0.6 0.12 B

17 16 5 19.3 19-11.4 155-29.9 8.2 12 162 14.1 0.11 1.0 0.7 0.14 C

17 16 35 12.2 19-16.3 155-25.5? 11.5 9 199 8.2 0.26 1.4 3.0 0.10 C

~ 11 18 52 44.3 19-21.5 155-29.1 1.9 8 135 10.4 0.16 1.6 1.5 0.16 8
'J 17 22 23 37.1 lq-14.4 155-48.0 8.3 2.4 15 282 19.1 0.31 2.0 1.1 0.16 C

18 0 56 24.4 lq-15.1 1155- 5.6 5.6 1 ,3 254 L4.7 0.61 2.9 1.1 0.21 0

18 1 44 43.3 19-14.2 155- 4.5 3.7 1.6 14 260 20.5 0.17 3.4 2.2 0.22 0

19 1 40 50.1 19-22.8 155-26.41 7.1 0.8 15 126 1.3 0.11 0.9 0.8 0.18 B

1"9 6 51 32.4 19-22.5 155-16.3 27.4 16 18 0.8 0.21 1.3 2.0 O. 1 ~i B

19 7 3 5.9 19-22.0 155-73.5? 7.6 12 III 3.4 0.11 1.1 1.1 0.18 B

lq 8 8 24.8 19-21.3 155-13.9 8.5 2.5 19 149 2.4 0.09 0.8 0.4 0.11 B
19 8 52 23.9 19-2.3.5 155-17.2 17.5 16 61 0.7 0.05 0.5 0.6· 0.08 A

19 9 1 34.0 lQ-lO.5 155-35.1 8.7 8 145 8.8 0.07 0.8 0.5 0.08 B
it") ~l 15 9.2 19-10.4 155-25.1 22.7 10 196 1.8.5 0.2'1 2.3 4.4 0.09 C
1q 72 10 55.2 19-78.0 155-52.8 10.4 1.6 17 115 7.3 0.12 2.7 2.4 0.11 C

20 1 lq 34.9 19-23.6 155-35.8 9.4 2.0 19 104 l6.2 0.15 0.9 1.0 0.16 B
20 2 1 22.8 19-16.8 155-19.8 31.2 l1 169 7.4 0.18 0.9 1.7 0.08 R

20 2 56 19.6 1'1-17.3 155- 7.4 5.3 16 238 9.5 0.40 1.9 1 • 1 0.22 0

70 4 L1 11.0 19-19.3 155-16.9 30.8 17 209 1.7 0.19 1.9 1.4 0.12 C

20 1 54 40.1 19-23.5 155- 4.2 6.6 2.2 15 lqa 10.5 0.25 2.0 1.2 0.22 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JAN 2'0 10 35 54.0 19-21.4 155'-10.4 9.6 1.4 15 208 1.0 0.16 1.2 0.6 0.14 C
20 18 20 54.2 1q-21.4 15.5-11.2 6.2 12 185 2.2 0.23 1.6 0.9 O.lQ C
20 20 50 36.4 1q-23.3 155-16.7 14.6 0.7 18 59 0.2 0.06 0.8 0.5 0.14 B
21 1 5 ,"i6.0 19-18.5 155-18.8 36.1 11 221 3.8 0.35 1.6 2.6 0.05 C
21 1 55 56.6 19-19.6 155-10.9 1.q 9 237 4.4 0.40 2.9 1.2 0.17 0

21 15 31 26.8 19-18.5 155-16.1 8.0 13 1qq 3.7 0.15 1.0 0.7 0.15 C
21 18 2 36.9 19-16.6 155- 9.6 8.2 1.2 13 240 9.7 0.79 4.1 2.3 0.29 0
21 2() 16 5.1 19-22.4 155-25.9 9~1 1.9 16 11 6 .• 1 0.09 0.9 0.8 0.19 B
22 0 29 24.9 19-24.0 155-16.5? 3.0 0.5 8 111 1.3 0.08 0.6 0.4 0.08 B
22 0 31 27.8 19-23.9 151)-16.3 4.0 0.8 11 85 1.3 0.10 0.5 0.9 0.11 B

27 0 33 28.9 lq-24.3 155-16.4 3.5 7 III 1.5 0.08 0.4 0.7 0.05 B
22 0 l1 49.2 19-23.q 1'55-16.1 3.1 6 142 1.5 0.12 0.9 0.6 0.08 B
22 0 36 56.2 19-24.1 155-16.0 2.6 6 99 2.2 0.11 0.7 0.1 0.08 B

~ 22 0 37 39.1 19-24.3 155-16.4 2.7 5 114 1.6 0.03 0
ex> 22 0 38 23.4 19-23.1 155-11.0 11.3 6 81 4.9 1.15 2.3 8.0 0.18 C

22 0 43 36.0 19-24.3 155-15.4 1.1 10 110 2.9 0.05 0.3 0.6 0.01 A
22 0 49 10.8 19-24.1 155-17.0 2.9 7 95 1.4 0.13 0.8 1.4 O.Oq B
22 0 50 46.4 19-22.1 155-16.1 9.CJ 6 122 4.3 2.11 5.0 14.0 0.29 C
22 0 55 .3.8 19-24.4 155-16.7 6.5 1.7 12 58 1.1 0.10 0.9 0.9 0.20 B
22 0 58 52.0 19-24.5 155-16.2 1.6 7 112 1.6 0.08 0.5 0.6 0.08' B

22 0 59 24.4 lq-23.q 155-17.01 3.4 q 54 1.7 0.13 0.1 1.4 0.19 B
22 1 0 40.7 19-23.6 155-16.8 3.9 8 93· 2.7 0.18 1.0 3.1. 0.18 B
22 1 1 11. 1 1<l-24. 1 155-16.6 2.8 11 79 1.3 0.06 0.5 0.3 0.11 B
22 1 3 20.2 19-24.2 155-16.0 1. q 1 101 3. ,3 0.10 0.8 1.3 0.11 B
22 1 3 44.6 19-24.2 155-16.41 2.2 8 104 1.6 0.06 0.5 0.5 0.01 B

22 1 4 53.1 19-24.3 11)5-16.0 2.8 1 124 2.1 0.09 0.7 1.0 0.08 B
22 1 5 57.2 19-24.6 155-16.7 2.4 7 106 0.8 0.08 0.6 0.6 0.06 B
22 1 fJ 24.1. lq-24.8 155-16.9 1.6 -0.1 '1 204 1.0 0.04 0.3 0.2 0.03 B
22 1 10 10.9 19-23.9 155-16.5 2.9 13 76 1.0 0.06 0.5 0.3 0.15 B
22 1 11 17.9 19-21.9 155-25.6 8.4 1.7 14 119 5.1 0.14 1.2 o.q 0.26 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 Hi< MN SEC l.~T N LONG W OEP.TH MAG NO GAP DMIN ERT ERH ERI MO Q

JAN 22 1 12 28.8 19-24.1 155-16.6 2.8 9 108 1.4 0.05 0.4 0.3 0.05 A

22 1 13 12.1 1q-24.2 155-16.1 3.1 6 2.32 1.9 0.12 0.6 0.5 0.03 C

22 1 14 48.1 1q-24.1 155-15.8 0.1 q 110 2.2 0.12 0.4 10.6 0.08 B

22 1 15 9.8 19-24.1 155-16 • .3 2.3 11 92 1.6 0.08 0.6 0.7 O.ll B

22 1 18 17. 1 19-?4.5 155-16.4 0.5 7 118 1.3 0.11 0.4 1.4 0.05 B

22 1 19 16.5 19-23.8 155-16.0 3.9 12 90 1.6 0.07 0.4 0.8 0.10 A

22 1 20 18.6 19-23.q 155-16.47 3.1 11 78 1.1 0.07 0.6 0.4 0.14 B

22 1 21 53.0 19-21.9 155-27.41 11.0 2.4 1 '3 118 8.0 0.12 1.0 0.6 0.1'7 B

22 1 27 52.6 19-26.3 155-14.7 7.9 0.6 7 304 4.7 1.51 8.7 6.9 0.26 0

22 1 24 44.7 19-24.4 155-15.8 2.0 9 118 2.4 0.07 0.5 0.8 0.08 A

22 1 26 5.8 19-21.5 155-13.1 8.0* 5 32q 8.4 0.58 2.6 0.07 0

22 1 26 54.8 19-24.3 155-16.6 2.7 8 100 1.4 0.04 0.3 0.3 0.03 A
22 1 29 17.2 19-24.3 155-16.2 3.1 6 223 1.8 0.63 2.6 2.9 0.09 C

t-& 27 1 29 42.4 19-24.4 155-16.5 2.5 6 110 1.3 0.03 0.3 0.3 0.02 B
\0

22 1 30 9.9 19-24.2 155-16.1 3.7 8 105 1.4 0.13 0.7 1.0 0.08 A

27 1 32 12.8 19-32.2 155-11.11 8.0* 5 J17 1q.1 3.56 13.9 0.01 0

22 1 '32 38.4 19-24.2 155-15.9 3.1 ') 238 2.1 0.01 0

22 1 33 58.6 19-24.3 155-16.4 3.4 6 227 1.8 0.07 0.3 0.3 0.01 C
2'2 1 36 4.2 19-24.8 155-16.0 0.5 8 141 2.6 0.09 0.5 0.9 0.08 B
22 1 31 23.4 lq-28.5 155-15.61 3.1* 0.2 7 '324 6.6 1. 15 5.5 0.31 0

22 1 38 42.0 lq-24.3 155-16.7 2.9 6 115 1.6 0.03 0.2 0.1 0.02 B

22 1 ltO 43.3 19-24.4 155-16.5 2.7 7 103 1.3 0.03 0.2 0.2· 0.02 B
22 1 45 37.7 19-24.7 155-16.2 .3.4 7 242 1.4 0.25 1.0 1.1 0.05 C

22 1 46 4.1 lQ-?5.0 155-16.7 0.0*-0.5 10 112 0.5 0.04 0.2 0.06 B

22 1 it 8 q.8 19-24.3 155-16.6 2.7 7 101 1.4 0.07 0.4 0.4 0.05 B

22 1 50 20.4 19-?4.8 155-15.2 4.1 6 274 3.8 0.51 1.9 1.7 0.04 C

22 1 54 10.2 19-75.0 155-16.67 0.0* 7 164 0.8 0.14 0.7 0.14 C

22 1 55 .~ 1. 8 lq-24.2 L55-16.7 3.4 9 97 1.4 0.07 0.4 0.6 0.07 A

22 1 57 14.8 19-30.2 155-15.01 8.0* 0.5 8 328 10.0 1.00 6.1 0.31 0

27 2 2 58.3 19-20.8 155-23.9 8.3 9 220 1.5 0.18 1.1 0.8 0.10 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR HN SEC lAT N LONG W OEP.TH MAG NO GAP OMIN ERr ERH ERI MD Q

JAN 22 2 5 43.5 19-24.2 155-16.5 2.9 9 102 1.5 0.05 0.4 0.3 0.05 A
22 2 1 41.9 19-24.6 155-16.4 3.1 1 217 1.2 0.13 0.6 0.6 0.03 B
22 2 11 58.1 19-30.8 155-14.81 8.0* 1.4 8 330 11.0 0.81 7.3 0.31 0
22 2 19 23.4 19-23.9 155-16.6 3.1 0.3 12 98 1.1 0.07 0.5 0.1 0.10 B
22 2 20 10.'3 19-27.1 155-13.9 8.0* 5 318 8.4 2.06 9.1 0.08 0

22 2 22 5.8 19-24.8 155-16.4 2.3 0.6 8 119 2.0 0.01 0.5 0.1 0.07 A
22 2 23 10.1 19-24.1 155-16.41 2.1 0.9 10 90 1.5 0.07 0'.4 0.7 0.07 8
22 2 31 24.6 19-28.1 155-11.8 8 •. 0* 7 328 10.8 1.46 6.0 0.01 0
22 2 33 19.5 19-24.1 155-16.3 3.3 6 236 1.3 0.17 1.1 0.4 0.05 C
22 2 39 51.2 19-26.9 155-13.3 8.0* 5 326 1.4 1.38 6.5 0.01 0

22 2 41 1.5 19-24.4 155-16.61 3.0 6 195 1.1 0.10 0.5 0.5 0.02 C
22 2 41 24.9 19-28.7 155-13.1 8.0* 7 326 9.8 1.40 5.1 0.06 0
22 3 13 27.1 19-24.1 155-16.2 2.8 8 108 1.7 0.02 0.2 0.1 0.03 A

N 22 3 25 21.2 19-25.1 155-11.0 8.0. 5 289 0.4 0.24 4.3 0.06 0
0

22 3 28 11.0 19-30.4 155-12.4 8.0* 7 331 13.0 2.63 10.3 0.07 0

22 3 36 2.8 19-24.0 155-16.61 4.0 0.9 9 174 1.2 0.16 0.8 1.1 0.14 C
22 3 41 41.3 19-31.9 155-14.91 8.0* 1.3 1 333 12.9 1.19 10.4 0.46 0
22 3 48 55.1 19-19.9 155-28.5 10.0 9 11t9 9.1 0.11 1.2 0.8 0.11 8
2'2 5 1 10.6 19-24.0 155-21.4 11.0 10 226 10.1 0.16 1.0 0.4 0.08 C
23 4 51 46.4 19-22.8 155- 3.1 4.2 2.2 16 188 11.2 0.19 1.2 1.1 0.18 C

23 5 0 32.9 19-21.0 155-12.9 9.8 1.2 16 181 1.8 0.09 0.8 0.4 0.13 C
23 11 8 40.1 19-20.5 155- 6.3 5.8 1.8 13 210 6.9 0.29 2.0 1. 1 0.20 C
23 13 15 21.2 19-26.3 155-14.2 29.7 14 112 5.5 0.18 1.1 1.8 0.13 8
23 14 54 3.3 19-54.6 155-53.1? 41.7 3.4 12 256110.6 2.19 9.3 19.4 9·12 0
23 17 39 38.1 19-22.1 155-10.0 6.5 1.0 11 112 0.5 0.15 0.8 0.1 0.08 C

23 19 6 50.5 19-17.5 155- 1.1 5.0 15 237 13.0 0.31 1.9 1.6 0.18 C
23 19 16 11.8 19-24.1 155-16.4 3.2 0.9 11 91 1.6 0.04 0.4 0.3 0.09 A
23 21 59 21.8 19-23.5 155-16.9 14.0 1.7 11 55 0.2 0.04 0.5 0.4 0.09 8
23 22 9 38.4 19-20.6 155-11.5 10.7 15 191 3.4 0.11 0.9 0.4 0.13 C
23 22 26 38.1 19-23.1 155-16.5 14.2 1.3 14 66 0.8 0.08 0.9 0.6 0.14 8



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

JAN 24 1 52 50.4 19-19.7 155-18.5 7.4 1.8 11 151 2.1 0.10 0.8 0.1 0.13 C
24 7 38 48.1 19- 4.4 155-21.3 14.0* 2.0 17 223 26.8 0.22 1.1 0.14 C
24 10 18 11. 1 19-25.9 155-23.1 11.0 1.1 11 115 6.2 0.06 0.5 0.2 0.07 8
24 14 18 36.1 19-28.8 155-53.1 11.8 2.0 11 188 5.9 0.26 4.3 5.4 0.12 C
24 19 44 38.1 19-20.3 155- 1.5 7.3 2.0 13 229 15.1 0.34 2.0 1.1 0.18 C

25 '7 20 41.8 19-19.2 155-11.8 21.8 1.3 13 179 5.7 0.21 2.2 3.3 0.11 C
25 12 24 5.9 19-30.6 155-19.4 15.4 1.4 12 16 5.9 0.06 0.6 1.1 0.07 A
25 13 58 55.3 19-19.7 155- 8.9 8.2 2.0 16 207 4,.4 0.20 1.3 0.1 0.16 C
25 15 11 8.6 19-23.2 155-15.1 3.3 9 166 2.0 0.10 0.8 1.4 0.10 C
25 15 24 51.9 19-20.2 155-13.1 9.9 15 192 3.8 0.10 0.8 0.4 0.12 C

25 16 42 34.3 19-20.1 155-12.4 9.5 1.9 11 169 2.5 0.11 0.9 0.5 0.16 C
25 19 18 34.4 19-24.6 155-30.0 10.4 2.2 15 152 14.3 0.13 0.8 0.5 0.13 C
26 0 49 41.1 19-25.1 155-30.4 22.6 2.4 15 151 14.5 0'.26 1.3 3.1 0.13 C

N 26 4 52 29.0 19-31.4 155-16.1 19.0 2.4 12 253 11.4 0.44 3.6 4.2 0.15 0
~ 26 6 0 36.4 19-10.0 155-34.3 3.3 2.8 11 136 10.3 0.12 0.8 0.8 0.15 B

26 7 2 48.5 19-21.5 155-26.1 9.5 2.8 19 93 5.4 0.09 0.8 0.6 0.19 B
26 16 2 4.5 19-18.4 155-10.8 6.3 12 249 6.5 0.40 2.2 1.3 0.20 C
26 18 58 13.6 19-16.8 155-23.6 6.4 12 154 6.4 0.12 0.9 1.2 0.15 C
21 3 30 28.3 19-24.2 155-24.1 8.3 1.6 18 141 1.8 0.10 0.8 0.1 0.16 B
21 3 ,34 16.1 19-10.9 155-31.1 8.6 13 155 12.9 0.11 1.2 1.0 0.16 C

21 8 51 28.1 19-11.4 155- 6.2 5.4 3.3 18 204103.2 0.33 1.1 1.3 0.23 C
21 9 2 38.1 19-19.6 155-10.5 7.1 9 260, 4.2 0.49 2.8 1.3 0.18 0
27 9 8 44.2 19-21.2 155- 9.9 8.0 1.8 16 250 1.2 0.18 1.1 0.6 0.14 C
21 9 9 9.1 19-16.9 155- 5.9 4.2 3.8 18 207104.3 0.30 1.4 1.2 0.20 C
27 9 23 55.3 19-19.6 155-10.7 1.4 11 256 4.2 0.39 2.2 1.0 0.18 C

21 12 17 46.6 19-19.0 155-14.2 8.3 1.9 16 204 5.6 0.17 1.1 0.1 0.11 C
21 13 29 0.3 19-19.9 155-15.1 1.9 13 201 3.1 0.14 0.8 0.6 0.12 C
21 15 41 36.0 19-18.6 155-16.0 8.2 15 199 3.1 0.15 1.0 0.1 0.15 C
27 1'7 15 49.0 19- 8.4 155-26.0 43.6 2.7 11 253 22.2 1.76 5.4 15.1 0.14 0
21 18 42 0.9 19-19.5 15~-12.1 1.9 1.9 15 211 4.6 0.18 1.1 0.1 0.18 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SE'C LAY N LONG W DEPTH MAG NO GAP DMIN ERr ERH ERZ MO Q

JAN 21 19 41 15.7 20- 2.1 155-21.5 6.7 2.8 19 232 30.3 0.52 2.0 1.9 0.16 C
27 21 21 3.9 19-19.4 155-12.6 10.6 2.0 15 216 4.9 0.11 0.9 0.3 0.10 B
27 21 31 54.3 19-23.6 155-11.6 15.0 11 60 1.4 0.08 0.1 0.9 0.01 A
28 2 41 31.2 19-19.3 155-10.1? 10.5 10 211 4.1 0.44 2.6 2.1 0.13 0
28 7 49 58."1 19-16.3 155-23.9 4.7 2.1 13 1'64 7.2 0.10 0.9 1.2 0.13 C

28 16 ,.7 25.6 19-20.4 155-25.4 ,10.4 1.8 14 148 3.6 0.08 0.7 0.5 0.11 8
29 0 11 38.4 19-20.4 155-12.1 9.9 15 195 2.9 0.10 0.8 . 0.4 0,.14 C
29 9 3 14.9 19-21.6 155-28.9 8.1t 2.4 13 135 10.1 0.12 1.1 0.8 0.17 8
29 11 51 8.1 19-24.1 155-25.1 10.1 1.9 16 124 7.8 0.08 0 .• 1 0.4 0.13 B
29 18 lit 43.0 19-19.0 155-11.1 30.1 2.9 17 160 2.2 0.15 1.0 1.4 0.11 C

29 19 43 20.9 19-20.8 155-12.3 9.1 1.9 15 190 2.3 0.13 0.9 0.5 0.14 C
29 20 44 1.4 19-18.0 155-14.5 8.5 2.1 17 214 6.4 0.20 1.1 0.7 0.18 C
29 20 55 11.9 19-18.5 155-13.3 10.6 10 222 6.4 0.19 1.5 0.9 0.11 C

N 29 22 50 19.2 19-19.6 155-16.1 9.6 16 187 2.4 0.06 0.1t 0.3 0.08 BN
30 1 28 50.8 19-19.2 155-14.1 9.5 1.9 16 199 5.2 0.08 0.6 0.3 0.10 8

30 3 6 20.2 19-43.8 155-54.0 8.7 11 293105.4 0.19 3.6 '3.6 0.10 0
30 6 2 49.7 19-21.6 155-24.1 10.2 14 111 2.9 0.10 0.9 0.5 0.16 B
30 6 25 16.5 19-29.5 155-41.8 5.1 9 236 28.2 0.21 0.9 0.7 0.06 C
30 19 3 1.5 19-22.9 155-26.11 13.8 2.0 15 124 6.9 0.11 1.1 2.2 0.13, B
30 19 51 41.5 19-11.9 155- 7.5 6.4 2.4 15 219 8.5 0.35 1.9 1.5 0.22 C

31 14 44 53.7 .19-22.0 155-26.9 9.8 2.6 11 116 7.1 0.10 0.9 0.1 0.18 8
31 18 1 36.9 19-25.8 155-32.9 31.0 2.3 1'3 114 18.4 0.35 1.1 4.2 0.18 C
31 20 10 19.8 19-37.1 155-11.0 22.6 1.6 12 158 17.4 0.28 1.4 5.0 O.llt C
31 20 44- 16.4 19-26.0 155-26.3 10.1 2.4 19 58 8.1 0.10 0.8 0.5 0.16 8

FEB 1 1 55 0.4 19-20.9 155-26.3 11.1 9 255 5.4 0.32 2.3 0.8 0.13 C

1 3 6 16.8 19-20.0 155- 0.6 9.4 1.9 15 243 16.8 0.32 1.8 0.1 0.13 C
1 18 26 6.1 19-26.9 155-24.4 9.7 1.9 13 115 5.6 0.05 0.5 0.4 0.09 A
1 21 12 10.2 19-45.7 155-21.41 13.0 2.5 12 228 10.4 0.52 5.3 4.3 0.10 0
2 6 28 49.2 19-16.7 155-24.1 6.3 16 157 6.6 0.12 0.9 1.0 0.20 C
2 10 14 44.4 19-23.8 155-17.6 1.5 1 145 1.6 0.28 1.0 1.8 0.04 8



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

FEB 2 16 42 42.1 19-22.4 155- 6.1 5.2 14 201 6.9 0.21 1.7 1.1 0.21 C

2 16 51 46.3 19-19.3 155-15.7 9.8 1.9 15 193 3.4 0.01 0.6 0.3 0.09 B
3 3 13 20.2 19-21.0 155-12.4 9.5 11 185 2.0 0.11 0.8 0.4 0.16 C
3 6 7 11.4 19-23.5 155-17.1 3.1 1.0 q 109 0.5 0.03 0.2 0.2 0.04 A
3 6 37 29.5 19-28.2 155-50.8 7.1 3.5 20 154 9.6 0.14 1.2 1.0 0.17 C

#3 1 7 10.0 19-20.1 155-28.3 10.0 3.4 20 115 . 8.8 0.08 0.7 0.5 0.16 B

3 7 59 14.9 19-23.8 155-30.41 8.6 2.2 q 110 13.3 0.09 0.8 0.1 0.13 B
3 15 3 36.1 19-23.6 155-11.2 1.7 1.1 13 98 0 .• 1 0.14 0.9 0.9 0.17 B

3 18 11 23.1 lq-23.5 155-16.9 2.3 1.0 10 86 0.2 0.06 0.3 0.4 0.01 A

3 19 41 16.6 19-16.3 155- 8.1 3.9 2.4 16 225 13.4 0.42 1.9 1.6 0.24 C

3 22 50 3.4 19-24.1 155-11.2 0.0 1.0 12 91 0.4 0.13 0.6 13.8 0.11 B

3 23 10 35.1 19-24.1 155-16.91 0.1 0.6 10 95 0.3 0.09 0.5 2.4 0.13 B
3 23 28 39.0 19-24.4 155-11.4 0.1 0.7 10 106 0.6 0.13 0.6 3.4 0.13 B

N 3 23 40 34.0 19-28.5 155-13.61 8.0* 2.0 q 216 8.q 1.07 7.3 0.71 0w
3 23 59 37.1 19-29.5 155-15.1? 8.0* 2.1 8 324 8.7 0.76 6.1 0.34 0

4 0 2<) 44.6 19-23.6 155-11.1 5.6 2.5 14 99 0.1 0.09 0.6 0.1 0.15 B

4 1 5 24.6 19-23.6 155-17.2 6.1 2.1 20 53 0.9 0.06 0.6 0.5 0.17 B
it 1 15 24.4 19-23.4 155-11.1 1.8 6 143 0.6 0.06 0.2 0.4 0.02 B

4 1 20 6.4 19-23.4 155-11.2 1.9 6 148 0.8 0.21 0.5 1.3 0.04 B
4" 5 11 32.6 19-23.1 155-11.2 2.0 0.9 9 101 0.9 0.06 0.2 0.4 0.03 A

4 6 8 25.2 1q-22.4 155-18.2 27.8 3.1 22 60 3.0 0.16 1.0 1.6 O~14 B

4 7 47 3. 1 19-23.8 155-16.9 2.7 8 121 0.1 0.14 0.4 0.8 0.05 B

4 9 20 51.1 19-20.2 155-16.9 28.2 2.3 11 152 0.9 0.13 0.9 1.2 0.11 C
4 15 4 48.5 19-19.6 155-13.0 8.5 17 198 4.4 0.18 1.3 0.7 0.20 C

4 16 59 29.4 19-24.3 155-15.6 2.8 8 198 2.6 0.12 0.1 0.4 0.01 B

4 19 51 16.2 19-23.2 155-11.1 2.8 9 152 0.7 0.06 0.3 0.3 0.05 B

4 20 42 56.9 19-24.6 15'5-1'1.4 0.3 0.9 11 15 0.3 0.11 0.5 1 •.5 0.16 B

4 70 43 48.0 19- 1.6 155-21.81 32.1 11 249 26.3 0.25 1.9 3.4 0.13 C

4 20 56 59.6 20- 1.5 155-33.01 8.0* 15 233 15.6 0.24 4.2 0.31 0

4 ?2 29 59.1 19-24.5 155-11.2 0.1 0.8 11 90 0.6 0.11 0.5 4.5 0.15 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ ~D Q

FEB 4 22 ·38 10.1 19-25.1 155-11.87 11.1* 1.6 1 158 0.7 1.60 11.8 0.4.5 0
&) 0 20 53.3 19-20.4 155-28.4 8.2 3.5 20 112171.6 0.01 0.6 0.5 0.16 B
C; 1 40 43.4 19-22.9 155-11.5? 0.5 9 110 1.4 0.18 0.8 1.0 0.13 C
5 2 9 12.5 lq-l7.3 155- 6.1 3.1 16 224 10.1 0.38 1.8 1.8 0.21 C
5 2 18 42.3 19-17.8 155- 7.6 5.8 1.3 18 219 8.5 0.33 1.7 1.2 0.23 C

5 5 32 58.4 19-20.2 155-14.4 8.4 2.4 18 163 3.3 0.11 0.9 0.5 0.16 C
5 6 59 59 •.3 19-23.3 155-16.1 2.5 -0.0 q 111 0.3 0.21 0.6 1.4 0.11 B
5 1 26 31.5 19-24.'1 155-51.3 8.0* 6 295 39.• 9 1.23 7.8 0.10 0
5 7 41 37.8 20- 6.8 155-38.21 13.3* 15 346 41.9 0.24 4.0 0.15 0
5 12 7 0.7 lq-~4.1 155-20.37 10.0 2.0 18 85 9.4 0.13 1.1 2.1 0.21 B

5 12 10 27.8 19-23.3 155-17.3 6.2 2.3 18 54 1.0 0.07 0.1 0.5 0.18 B
5 15 58 3q.3 19-21.9 155- 7.9 1.2 2.3 16 178 3.1 0.15 1.1 0.1 0.19 C
5 16 35 43.1 19-23.7 1~5-11.3 2.3 0.8 10 115 l.e 0.03 0.2 0.2 0.C3 A
5 18 49 10.6 19-23.7 155-11.3 1.5 1 106 1.1 0.09 0.2 0.1 0.03 8

N
5 21 23 57.9 19-23.1 155-11.3 2.3 0.7 13 56 1.0 0.09 0.6 0.6 0.14+:-- B

5 22 lq 24.1 lq-23.4 155-17.6 3.0 1.4 15 63 1.4 0.05 0.4 0.3 0.11 B
6 0 26 58.3 lq-23.9 155-16.11 3.0 0.1 8 109 1.5 0.04 0.3 0.5 0.04 B
6 0 32 14.5 19-23.2 155-16.9 5.3 1.7 14 92 0.5 0.11 0.1 0.1 0.15 B
6 L 59 ·7. 1 19-23.9 155-11.4 1.0 0.2 8 109 1.3 0.06 0.2 0.6 o.o~ A
6 2 22 30.9 1<:1-23.6 155-22.4 9.2 1.1 14 158 4.1 0.14 0.8 0.1 0.13 C

6 3 2 46.0 19-23.8 155-11.1 2.0 1.2 12 99 0.9 0.07 0.5 0.5 0.12 B
b 4 39 59.9 19-23.6 155-15.3 3.3 0.7 11 95 2.5 0.14 0.7 1.6 0.16 B
6 5 45 13.1 19-21.5 155-10.6 1.7 1.0 11 lq6 1.3 0.18 1.3 0.1 0.10 C
6 6 37 45.9 19-23.2 155-17.1 5.8 2.1 16 58 0.1 0.07 0.6 0.5 0.16 B
6 8 10 21.3 19-23.6 155-17.0 5.2 2.5 16 75 0.6 0.06 0.5 0.4 0.14 8

b 10 14 12.2 lq-23.6 155-11.3 2.1 7 105 0.9 0.03 0.1 0.2 0.01 B
6 12 37 9.3 19-23.4 155-17.2 2.2 6 144 0.1 0.10 0.2 0.6 0.02 8
6 14 12 21.6 19-23.4 155-17.4 2.1 9 73 1. 1 0.12 0.6 1.2 0.07 A
6 20 3 29.3 19-23.6 155-14.7 3.3 8 190 3.0 0.07 0.3 0.1 0.03 B
1 1 38 16.8 19-23.3 155-17.5 2.9 1.6 13 62 1.2 0.05 0.3 0.1 0.08 A



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

FEB 1 It 5 30.3 19-23.3 155-15.1 3.0 0.4 10 90 2.3 0.05 0.3 0.4 0.08 A

1 6 22 9.3 19-23.6 155-15.2 4.1 1. 1 12 94 2.6 0.06 0.5 1.4 0.10 B

7 8 0 56.4 19-22.1 155- 7.17 5.7 2.0 18 201 5.1 0.42 2.7 1.7 0.42 0

1 11 48 43.4 lQ-24.0 155-15.6 3.8 1.5 10 224 2.3 0.11 0.6 0.6 0.05 B
7 18 18 18.1 19-20.5 155-17.3 30.0 1.8 17 109 0.8 0.12 0.9 1.1 0.10 A

7 20 25 21.1 19-24.0 155-15.8 2.9 0.5 9 120 2.1 0.01 0.5 0.5 0.08 A

7 21 21 56.4 19-20.4 155-10.9 1.3 12 234 3.0 0.31 l.1 1.0 0.18 C
7 22 43 51.1 19-23.6 155-17.3 5.0 2.1 14 58 0 .• 9 0.05 0.4 0.4 0.11 B

1 22 49 52.4 19-23.8 155-16.9 2.1 1.3 10 81 0.8 0.04 0.2 0.3 0.06 A

7 22 51 50.8 19-23.1 155-11.0 2.6 0.5 9 112 0.1 0.16 0.4 1.0 0.08 A

7 22 58 46.6 19-23.2 155-11.4 1.5 0.4 9 102 1.1 0.05 0.2 0.5 O.O~ A

8 5 31 43.7 19-21.9 155-12.4 3.8 8 159 0.1 0.11 0.1 1.1 0.08 B
8 6 53 39.0 lq-23.3 155-11.1 2.6 0.9 12 94 0.5 0.03 0.2 0.2 0.05 A

tv 8 7 33 4q.9 19-10.5 155-21.6 9.5 15 173 18.5 0.11 1.0 0.9 0.12 C
U1 8 1 '35 58.8 19-23.3 155-15.1 2.1 9 89 2.2 0.05 0.4 0.3 0.08 A

8 8 19 10.3 lq-22.9 155-15.3 6.5 2.2 16 68 1.4 0.01 0.6 0.5 0.13 B
8 9 33 0.9 19-20.6 155-11.5 30.1 2.4 21 93 0.9 0.15 0.9 1.4 0.13 B
8 9 36 19.1 lq-23.1 155-17.3 2.9 1.4 12 61 1.0 0.03 0.3 0.2 0.08 A

8 10 1 26.0 19-11.4 155-13.5 9.0 2.0 19 183 8.4 0.11 1.1 0.6 0.11 C
8 10 54 59.4 19-16.6 155-12.9 9.1 12 214 10.0 0.34 2.1 1.2 0.14 C

8 11 32 32.5 19-23.5 155-16.2 5.1 1.8 15 73 1.0 0.08 0.5 0.6 0.13 B
8 11 58 41.8 lq-18.8 155-15.9 8.6 2.5 18 111 3.6 0.11 0.8 0.5 0.15 C

8 13 47 1.9 19-10.9 155-34.81 8.3 9 131 8.5 0.31 1.1 5.7 0.28 C
8 14 57 44.1 19-23.5 155-17.1 2.9 9 100 0.5 0.04 0.2 0.2 0.04 A
8 16 2 20.1 lq-22.8 155-14.4 3.0 q 103 2.3 0.06 0.5 0.3 O.Oq A

8 16 15 45.6 19-18.9 155-10.3 8.0 1.8 15 208 5.5 0.28 1.8 1.0 0.21 C

8 11 2 1. 3 19-22.8 155-15.3 6.0 2.2 14 11 1.4 0.08 0.6 0.6 0.12 B

8 19 42 23.3 lq-23.3 155-14.9 2.1 1.2 11 91 2.4 0.06 0.4 0.6 0.08 A

8 19 47 14.2 19-23.2 155-15.0 2.9 1.3 11 89 2.2 0.01 0.4 1.0 0.10 A

8 20 16 46.2 19-23.1 15~-15.1 3.0 1.3 10 85 1. q 0.01 0.4 0.8 0.01 A



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

FEB 8 20 11 32.9 19-24.5 155-14.1 13.2 2.5 21 53 4.1 0.06 0.7 0.6 0.14 B
8 21 23 1.8 19-23.1 155-15.0 3.1 11 86 2.0 0.06 0.5 0.4 0.12 B
9 0 11 58.3 19-22.8 155-14.9 4.5 1. 1 12 86 1.8 0.10 0.5 0.9 0.10 A
q 0 39 16.1 19-23.4 155-15.3 2.1 10 90 2.2 0.06 0.3 0.5 0.06 A
9 1 26 3.8 19-23.2 155-17.3 2.8 1.1 12 61 1.0 0.05 0.3 0.7 0.07 A

C} 2 36 3.9 19-23.1 155-17.1 3.0 1.4 14 58 0.1 0.03 0.2 0.2 0.08 A
9 2 58 3(~. 9 19-21.1 155-25.7 6.9 16 114 11.6 0.09 0.1 0.8 0.16 B
9 3 4 10.1 19-22.9 155-15.3 5.9 2.2 16 78 1.• 3 0.06 0.4 0.4 0.09 B
9 3 35 2.9 19-23.4 155-17.61 1.9 0.9 9 81 1.4 0.34 1.1 2.1 0.13 B
9 4 22 54.8 19-19.3 155-14.7 8.6 3.0 19 172 4.8 0.12 0.9 0.5 0.11 C

q 4 24 20.6 19-19.6 155-14.6 8.4 2.3 19 169 4.2 0.10 0.7 0.4 0.14 C
9 4 26 54.5 19-18.7 155-14.0 10.3- 15 221 6.2 0.13 0.9 0.3 0.11 C

N
9 5 33 24.1 19-23.5 155-11.2 1.8 7 142 0.8 0.04 0.1 0.3 0.01 B

(J'\ 9 9 10 10.Q 19-23.8 155-16.2 4.0 1.0 13 84 1.3 0.08 0.4 0.8 0.11 B
9 9 12 34.1 19-27.5 155-11.41 8.0* 8 329 10.9 0.91 1.5 0.48 0

9 9 28 1.2 19-24.6 155- 8.9 8.0* 7 329 12.3 1.71 6.8 0.01 0
9 9 44 1. 3 lq-23.1 155- 8.7 8.1 10 287 3.4 1.38 4.3 5.1 0.11 0
9 q 50 33.6 19-23.1 155-15.5 4.0 1. 3 11 143 1.5 0.12 0.6 1.1 0.11 B
9 10 5 16.8 19- 9.5 155-34.9 1.9 14 144 10.7 0.11 1.2 0.8 0.14 B
9 11 19 42.6 19-23.4 155-11.2 2.3 7 92 0.1 0.01 0.2 0.4 0.02 B

9 13 26 36.4 19-23.2 155-17.0 1.9 0.3 9 94 0.5 0.18 0.6 1.4 0.11 a
9 14 29 7.6 19-18.4 155-15.1 9.6 1.9 13 206 5.1 0.16 1.2 0.1 0.15 C
9 14 43 39.5 19-26.4 155-26.81 10.8 2.4 16 74 8.8 0.10 0.9 0.5 0.16 B
9 14 Cjq 58.5 19-23.5 155-17.-1 2.6 6 140 0.6 0.05 0.1 0.3 0.01 B
9 15 15 34.5 1'1-24.1 155-11.21 0.2 0.9 9 1.32 1.2 0.41 1.2 7.1 0.20 C

q 15 22 51.0 lq-23.8 155-16.0 5.2 1.3 13 150 1.6 0.13 0.6 1.0 0.12 B
9 15 25 51.8 19-20.6 155-13.3 8.4 13 188 2.8 0.13 1.0 0.6 O.llt C
9 16 13 49.9 19-24.1 155-14.5 2.9 1 214 4.0 0.10 0.5 0.3 0.04 B
q 11 21 33.6 lq-23.3 155-17.0 5.6 2.4 14 60 0.3 0.08 0.5 0.6 0.12 B
9 18 26 37.4 lQ-32.0 155-14.3 2.2* 1.6 7 333 13.5 0.94 5.7 0.26 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DHIN ERT ERH ERl MO Q

FEB 9 19 23 16.9 19-22.1 155-23.9 11.0 1.3 15 11 4.1 0.08 0.5 1.2 0.10 A

9 20 48 13.5 19-23.6 155-16.8 2.3 0.6 10 120 0.3 0.12 0.4 1.0 0.09 B
9 21 1 53.3 19-24.2 155-17.61 0.0. 0.8 8 125 0.9 0.08 0.5 0.12 C
9 21 8 48.7 19-22.5 155-14.8 6.5 1.5 15 109 1.5 0.08 0.5 0.5 0.10 B
9 21 10 11.9 19-23.3 155-15.0 2.7 9 98 2.2 0.05 0.4 0.4 0.08 A

9 21 14 35.1 19-23.5 155-11.3 2.9 0.9 13 59 0.9 0.03 0.3 0.2 0.07 A

9 21 26 24.0 19-23.9 155-11.4 1.6 6 128 1.3 0.05 0.1 0.4 0.01 B

9 22 31 49.3 19-23.4 155-11.1 2.1 0.8 11 91 0,.6 0.03 0.2 0.2 0.05 A

9 23 19 13.0 19-23.5 155-14.8 2.2 10 96 2.8 0.04 0.4 0.5 0.01 A

9 23 31 8.5 19-16.2 155- 6.9 1.2 1.4 14 245 11.6 0.52 2.6 1.5 0.23 0

9 23 1t2 50.5 19-55.8 155-36.6 1.8 9 315 23.5 0.33 3.8 2.0 0.11 0

10 0 0 29.7 19-23.0 155-15.1 4.2 1. 1 12 83 1. 1 0.09 0.5 0.9 0.11 B

10 0 11 39.3 19-19.3 155-12.3 11.1 10 234 5.1 0.24 1.5 1.4 0.09 C
I\.) 10 0 31 5.1 lq-ll.6 155-13.2 11.8 9 249 8.2 0.34 2.0 1.9 0.09 C
""-J

10 0 36 20.3 19-20.2 155-16.8 32.1 11 188 1.0 0.11 1.1 1.6 0.01 C

10 0 46 56.6 19-23.0 155-15.2 4.9 1.4 12 82 1.6 0.13 0.5 '1.1 0.11 B

10 2 36 23.1 19-23.4 155-11.1 5.1 2.3 18 52 0.6 0.06 0.6 0.4 0.16 B

10 2 39 11.5 19-23.4 155-14.8 2.2 1.2 12 92 2.1 0.01 0.5 0.6 0.12 B

10 5 55 30.7 19-19.8 155-12.7 10.8 14 212 4.0 0.09 0.8 0.3 0.10 B

10 6 46 6.5 '19-23.3 155-17.0 2.6 0.9 11 91 0.3 0.05 0.3 0.3 0.01 A

10 8 35 0.3 19-23.6 155-14.4 3. 1 7 198 3.4 0.05 0.3 0.9 0.02 B

10 9 52 18.4 19-24.1 155-15.8 6.1 2.6 16 85 2.2 0.01 0.6 0.4 0.13 B

10 10 56 51.9 lCJ-23.5 155-11.1 3 .• 0 0.1 8 106 0.5 0.03 0.2 0.2 0.03 A

10 14 1 51.0 19-24.3 155-16.5 3.2 1.2 9 150 1.4 0.09 0.5 0.1 0.06 B

10 14 26 6.8 19-21.1 155-12.5 8.2 1 185 1.8 0.06 0.6 0.2 0.02 B

10 14 39 1.5 19-24.1 155-16.0 5.5 8 209 1.9 0.53 1.6 2.9 0.13 C

10 18 42 56.0 19-23.2 155-17.2 2.1 1 152 0.1 0.13 0.4 0.8 0.05 B

10 19 44 42.9 19-23.1 155-14.5 0.2* 0.7 10 89 2.8 0.04 0.3 0.08 B

10 20 22 21.9 19-23.3 155-11.41 2.1 0.3 10 15 1.1 0.16 0.1 1.3 0.10 B

10 21 13 21.0 19-23.1 155-15.1 2.8 0.6 11 85 1.9 0.08 0.6 0.5 0.15 8



SUMMARY OF SEISMIC EVENTS CCONT I NlJED )

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP O~IN ERr ERH ERl MD Q

FE8 10 21 49 27.9 19-23.6 155-11.0 2.4 1 133 0.6 0.03 0.2 0.2 0.02 B
10 22 51 48.1 19-24.5 155-16.5 0.0* 0.5 10 104 1.1 0.04 0.2 0.01 8
10 23 28 36.0 19-23.4 155-15.1 2.1 q 91 2.3 0.09 0.5 1.2 0.10 A
11 a 30 36.1 19-23.8 155-16.9 2.2 0.0 9 91 0.1 0.10 0.5 0.1 0.10 B
11 0 46 45.3 19-23.2 l5S-11.2 3.0 1.3 13 60 0.8 0.04 0.3 0.2 0.09 A

11 1 6 39.1 19-23.5 155-15.4 3.0 8 131 2.2 0.06 0.3 0.1 0.05 B
11 1 53 54.1 lq-23.1 155-15.1 4.3 0.9 14 84 1.9 0.08 0.4 0.8 0.10 B
11 1 55 43.2 19-23.5 155-16.6 2.6 1.4 14 62 0,.3 0.06 0.4 0.4 0.14 8
11 2 11 31.3 19-20.3 155-13.7 8.0 0.9 13 201 3.6 0.16 1.0 0.6 0.15 C
11 4 14 45.4 19-20.0 155-12.5 10.8 11 211 3.7 0.12 1.0 0.4 0.11 C

11 4 15 1.5 19-23.5 155-15.1 2.9 9 95 2.5 0.05 0.3 0.3 0.01 A
11 4 19 9.6 19-19.1 155- 8.2 9.3 9 224 5.9 0.26 1.9 1.0 0.12 C
11 4 59 11.7 lQ-24.0 155-14.7 4.4 8 206 3.1 0.20 0.6 1.3 0.06 B

N 11 5 14 54.2 19-24.1 155-14.7 3.0 8 207 3.7 0.08 0.4 0.2 0.04 B
00

11 21 45 36.9 20-16.9 156- 0.7 18.1* 2.3 20 328143.6 0.26 2.6 0.11 0

11 21 Sq 19.1 19-24.7 155-23.3 9.5 2.1 16 139 6.6 0.09 0.7 ·0.5 0.12 B
11 23 2 11.6 19-2'3.6 155-23.2 10.3 2.2 18 102 6.1 0.08 0.8 0.5 0.16 B
12 2 51 49.0 19-15.4 1.54-60.0 4.1 1.8 14 266 21.1 0.11 3.5 1.9 0.18 0
12 3 35 44.9 19-22.1 155-15.21 0.0* 7 141 1.4 0.11 0.6 0.11 C
12 4 58 3.5 20- 0.1 156-36.2 3.8 2.6 24 249184.6 0.34 3.9 4.0 0.24 0

12 6 17 31.3 19-26.6 156-26.61 3.0 3.3 15 325124.1 1.27 23.2 16.6 0.39 0
12 6 41 24.8 19-20.2 155-12.9 8.5 13 196. 3.3 0.13 1.1 0.5 0.15 C
12 11 24 3.6 19-23.8 155-23.2 10.3 2.1 16 86 6.2 0.08 0.8 0.6 0.16 B
12 18 10 56.3 19-19.3 155-14.0 10.1 3.2 18 114 5.2 0.11 0.9 0.5 0.15 C
12 22 46 29.4 lq-26.5 155-25.9 10.3 2.2 19 16 7.7 0.07 0.7 0.5 0.16 B

12 23 8 34.8 19-18.9 155-13.9 9.1 1.9 11 201 5.8 0.12 0.9 0.4 0.14 C
12 23 55 33.4 19-19.6 155-14.1 9.9 16 191 4.5 0.10 0.1 0.4 0.13 C
13 3 55 25.2 19-51.1 155-26.5 9.4 2.2 B 206 19.4 0.11 4.1 2.1 0.16 C
13 5 6 11.8 19-18.3 155-14.6 8.2 2.5 17 184 5.9 0.14 1.0 0.6 0.11 C
13 1 31 32.1 19-56.6 155-25.5 7.9 5 336 18.1 0.23 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MD Q

FEb 13 1 55 2.1 19-1q.5 155-13.9 8.5 15 199 4.8 0.15 1.1 0.6 0.15 C
13 8 50 10.9 19-15.5 155-22.91 12.1 9 300 8.1 1.30 4.0 6.0 0.11 0
13 11 22 1"3.2 19-22.8 155-15.0 19.2 11 231 1.1 0.30 1.6 2.2 0.06 C
13 11 29 27.4 19-20.9 155-14.0 11.1 1.8 12 178 2.9 0.07 0.8 0.3 0.11 C
13 13 31 40.1 19-19.2 155-13.8 9.9 12 205 5.5 0.11 0.9 0.4 0.11 C

13 19 21 49.3 19-25.4 155-29.4 6.2 1.8 12 102 12.3 0.09 0.7 0.8 0.13 B
13 20 2 49.4 19-24.3 155-24.8 10.8 2.0 15 144 9.1 0.08 0.1 0.3 0.11 B
14 2- 40 35.2 19-21.1 155-11.5 9.6 1.0 13 192 2.8 0.15 1.3 0.6 0.18 C
14 3 6 10.1 19-24.3 155-24.4 11.6 1.0 11 204 1~7 0.20 0.9 1.8 0.01 B
14 3 28 22.4 19-22.5 155-25.9 13.1 2.0 15 121 11.0 0.11 1.2 1.4 0.11 B

14 4 54 0.2 19-18.6 155- 2.71 0.1 2.1 13 232 22.8 1.04 2.0 4.4 0.16 C
14 5 31 14.3 19-19.2 155-11.3 11.0 8 223 5.3 0.20 1.6 1.0 0.10 C

14 5 52 29.4 19-18.9 155-10.9 9.8 9 206 5.5 O.2Q 2.1 1.2 0.12 C
14 9 13 3.1 19-24.3 155-25.2 13.6 9 222 8.2 0.43 1.5 3.3 0.07 C
14 9 41 19.2 19-24.5 155- 8.2 5.8 3.0 15 143 6.0 0.11 0.9 1.0 0.16 B

N
\.0

14 15 35 26.4 19-20.1 155-28.1 1.5 10 143 15.6 0.11 1.0 1.3 0.13 B
14 11 13 3.3 lQ-24.0 155-24.8 11.4 1.2 13 195 1.6 0.08 0.6 0.7 0.01 B
14 19 0 32.8 19-24.3 155-14.1 29.6 1.6 15 133 4.8 0.20 1.3 1.8 0.11 B

14 23 54 46.8 19-17.9 15'5- 8.5 11.2 1.3 13 232 1.6 0.38 2.4 0.8 0.13 D
15 0 .36 39.1 19-16.9 155- 1.6 12.0 9 292 9.9 0.56 3.5 1.6 0.09 0

15 1 5 16.7 19-53.8 155-11.51 85.2* 12 294 45.4 4.91 50.4 3.06 0
15 2 57 39.4 19-24.5 155-24.0 10.9 2.2 17 81 7.1 0.09 0.8 0.5 0.15 B

15 5 6 5.4 19-20.4 155- 1.9 1.9 1.2 11 235 14.4 0.34 2. 1 0.9 0.16 C
15 19 53 2L.9 19-21.8 155-26.1 9.7 1.9 12 124 6.6 0.09 0.1 0.1 0.13 B

16 0 56 51.6 19-10.4 155-33.21 7.9 1.9 16 146 10.1 0.11 2.3 1.9 ·0.17 B

16 5 48 30.2 19-20.5 155-19.7 4.8 8 165 4.1 0.16 0.5 1.1 0.05 B
16 6 2 5.4 19-24.0 155-25.9 8.1 10 151 8.3 0.13 0.9 1.0 0.14 C
16 20 51 51.4 19-23.5 1')')-24.3 q.9 1.9 16 118 6.3 0.09 0.7 0.5 0.14 B

11 2 56 58.4 19-51.3 155-41.11 8.8 1.9 19 184 19.5 0.38 5.1 13.9 0.25 0

17 4 58 19.C 19-20.Q 155-13.9 9.9 16 119 2.9 0.01 0.6 0.4 0.11 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W OEP.TH MAG NO GAP O~IN ERT ERH ERZ MD Q

FEB 17 14 .31 52.0 19-24.8 155-23.8 11.1 2.2 16 63 7.4 0.05 0.5 0.3 0.11 B
17 1q 24 41.8 19-24.7 155-25.1 6.5 1.9 14 126 8.9 0.11 1.4 1.5 0.23 C
11 20 42 35.2 19-22.3 155-16.2 21.3 3.4 19 88 0.6 0.19 1.2 1.6 0.13 B
18 10 51 31.0 19-21.8 155-11.5 22.5 16 86 3.0 0.16 0.9 1.5 0.10 A
18 12 13 54.6 19-22.0 155-16.8 23.6 2.5 15 101 1.1 0.11 1.0 1.5 0.09 A

18 19 20 12.3 19-26.1 155-49.8 1.6 2.1 18 181 13.5 0.10 0.9 0.5 0.11 C
18 20 15 10.3 19-50.3 154-58.71 8.0* 6 310 39.5 1.54 65.6 2.03 0
18 22 58 22.8 19-21.0 155- 5.1 5.8 2.4 14 209 12~5 0.29 2.0 1.0 0.20 C
18 23 12 32.4 19-55.4 156- 2.3 8.0* 6 315 63.2 4.58 21.8 0.18 0
19 2 5 37.0 1Q-20.5 155-11.0 1.7 14 222 2.9 0.16 1.1 0.5 0.15 C

19 4 43 14.0 19-21.4 155-16.4 30.b 2.1 17 130 2.2 0.24 1.4 2.0 0.14 B
19 1 37 14.5 19-20.6 155-15.3 23.2 14 118 3.5 0.20 1.4 1.8 0.14 C
19 10 41 32.3 19- 1.8 155-21.3 35.3 9 270 21.6 1.61 6.0 12.7 0.08 0

w 19 10 41 34.8 19-11.9 155-28.91 24.3 2.2 11 110 10.8 0.72 3.1 8.6 0.37 0
0

19 10 43 4.2 19- 9.6 155-26.8 29.4 10 256 20.4 1.04 4.0 8.1 0.08 0

19 12 57 59.8 19-22.4 155-16.0 28.8 17 93 0.2 0.20 1.2 1.8 0.12 B
19 13 45 2.0 19-21.7 155-11.4 22.3 2.1 16 91 2.8 0.15 0.9 1.4 0.08 A
19 14 53 50.4 19-14.3 155-47.51 13.5* 14 305 18.3 0.51 3.4 0.16 0
19 15 8 19.3 lQ-40.4 156-14.21 8.0* 2.3 16 289108.6 2.96 20.1 O.6A 0
19 18 46 6.6 19-30.7 154-59.5 8.5 7 214 7.1 0.52 10.6 1.7 0.21 D

19 23 .30 15.1 19-18.9 155-14.3 9.1 1.7 11 206 5.6 0.12 0.8 0.4 0.13 C
20 16 22 55.5 19-20.9 155-10.2 7.8 14 248 1.1 0.14 1.0 0.4 0.11 C
20 17 40 21.2 19-22.1 155-26.4 12.1 1.8 12 146 6.5 0.11 0.8 1.9 0.10 B
20 20 28 10.4 19-20.1 155-11.2 7.6 0.8 10 225 0.4 0.15 0.8 0.6 0.01 B
20 20 59 25.3 19-48.5 155-30.2 8.0* 8 302 35.6 1.21 1.5 0.11 D

20 21 13 23.4 19-44.6 155-21.1 1.8 11 150 3.6 0.14 1.1 0.9 0.12 B
20 21 50 41.C1 19-21.8 155-16.2 25.8 2.1 16 124 1.3 0.11 1. 1 1.6 0.12 B
20 22 25 17. 1 lQ-45.0 155-29.8 7.6 10 224 5.3 0.11 1.4 0.6 0.09 C
20 22 34 52.9 19-29.4 15"5- 0.41 8.0* 12 181 8.0 4.51 28.3 2.10 0
21 0 42 24.6 19-22.9 155- 2.21 0.5 2.3 13 212 16.0 0.79 1.1 3.5 0.18 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAY N LONG W DEPTH MAG NO GAP DMIN ERr ERH ERI MD Q

FEB 21 8 21 58.1 19- 1.1 155-35.1 6.1 10 292 14.9 0.82 3.8 1.9 0.09 0
21 11 55 28.1 19-24.9 155-21.9 10.3 1.2 10 190 12.1 0.10 0.9 0.5 0.09 B
21 12 27 48.0 19-21.4 155-13.3 12.9 1 169 1.4 0.25 1.1 1.9 0.04 C
21 13 4 53.7 19-18.2 155- 6.1 11.2 11 235 9.6 0.43 2.9 0.9 0.11 0
21 14 3 51.2 19-21.1 155-14.3 8.5 1.1 14 169 2.1 0.13 1.0 0.5 0.17 C

21 14 21 39.4 19-19.1 155-26.8 8.9 8 163 6.4 0.18 1.9 1.6 0.15 C
21 16 35 20.9 20- 4.7 155-19.9 3.1 2.6 19 245 35.8 0.39 1.8 1.6 0.13 C
21 16 48 17.9 19-15. 9 155-21.0 6.7 13 214 8 .• 9 0.18 1.0 0.8 0.13 C
21 23 24 46.8 19-23.8 155-23.1 6.2 1.0 10 114 5.9 0.17 0.6 2.1 0.10 B
22 1 48 18.8 19-29.4 154-53.7 6.8 2.7 10 281 3.8 0.40 2.3 0.1 0.13 C

22 3 9 50.3 19-24.2 154-45.91 0.1 2.1 14 303 42.9 6~Ol 21.7 52.1 0.49' 0
22 q 37 31.8 19-22.8 155-29.5 14.3 9 198 11.9 0.14 1.3 0.9 0.06 C
22 9 '38 1.6 19- 5.5 155-15.9 19.1* 10 315 21.0 1.85 11.4 0.12 D

w 22 9 41 24.9 19-19.7 155- 4.8 10.4 1.2 11 213 9.9 0.16 4.1 1.2 0.16 0
~ 22 11 9 23.8 19-20.3 155-25.3 12.0 9 151 3.4 0.18 1.6 2.8 0.13 C

22 11 53 8.4 19-21.6 155-11.4 8.3 1.2 12 174 2.5 0.11 1.1 0.1 0.17 C
22 12 1 44.9 19-24.2 155-28.4 6.4 1.8 12 110 13.6 0.08 0.6 1.0 0.11 B
22 12 25 40.4 18-58.2 155- 4.9 8.0* 2.3 16 283 44.5 0.66 4.1 0.15 0
22 14 50 21.8 19-20.6 155-19.9 3.2 7 163 4.5 0.17 0.1 10.5 0.01 C
22 16 0 26.1 19-23.2 155-29.1 9.2 8 111 15.1 0.10 0.8 1.1 0.11 B

22 11 31 13.6 19-28.1 155-23.5 11.8 1.3 12 102 2.1 0.05 0.6 0.6 0.08 A
23 1 33 44.9 19-20.1 155-25.1 8.6 9 201. 3.3 0.25 1.4 1.3 0.11 C
23 3 2 18. 3 19-49.6 155-48.9 7.9 3.0 18 190100.2 0.20 1.8 2.6 O.Oq C
23 3 21 43.2 19-22.0 155-25.5 11.1 9 138 5.1 0.11 0.9 1.9 0.10 B
23 4 51 34.6 19-21.3 154-50.5 5.0 2.3 12 295 9.9 1.29 6.2 2.6 0.27 0

23 5 33 11.4 19-20.4 155- 8.5 8.5 15 205 3.7 0.31 2.1 1.0 0.27 C
23 14 33 50.5 19-23.5 155-16.9 15.1 2.3 17 56 0.2 0.08 0.8 1.0 0.13 B
23 16 8 38.1 19-22.1 154-43.57 0.2 3.5 15 311 25.1 8.44 15.6 26.4 0.25 0
23 22 23 20.6 19-54.1 155-41.01 8.0* 2.9 18 178 13.4 0.60 6.1 0.58 0
24 4 4 57.2 19-22.2 155-22.6 9.6 2.1 16 108 4.0 0.08 0.1 0.5 0.14 B



SUMMARY OF SE I SM Ie EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERr ERH ERZ ~D Q

FEB 24 11 33 14.6 19-22.3 155- 4.5 3.6 2.0 15 206 14.6 0.19 1.2 0.9 0.14 C
25 16 28 21.1 19-1q.4 155-15.6 10.3 1.9 14 193 3.5 0.06 0.6 0.3 0.01 B
26 0 23 20.1 lQ-20.4 155-16.0 33.1 3.0 19 111 2.5 0.22 1.'2 1.9 0.17 C
26 3 33 54.5 19-25.0 155-14.6 31.2 2.4 18 17 4.2 0.15 0.8 1.4 O.Og A
26 1 41 33.9 19-12.5 155- 5.8 1.7 12 265 18.7 1.65 3.5 6.2 O.lq ()

26 8 41 21.4 19-21.6 155-14.3 9.2 2.9 20 142 1.8 0.08 0.1 0.4 0.16 8
26 9 33 8.0 19-21.0 155-14.1 7.8 14 176 2.5 0.14 1.0 0.6 0.15 C
27 1 1 53.9 19-21.7 155-51.2 6.2 " 1.6 16 178 9.7 0.12 1.2 0.7 0.13 C
21 2 27 36.5 19-25.4 155-14.6 29.8 17 81 5.3 0.14 0.8 1.4 0.09 H
21 3 42 59.0 19-20.3 155-25.5 11.5 1.7 19 118 3.9 0.07 0.1 1 • 1 0.15 8

27 '7 45 35.4 lq-49.5 155-28.4 q.9 12 323 5.6 0.67 4.8 1.3 0.20 ()

77 8 21 28.2 19-25.4 155-14.6 29.5 1. 1 17 107 4.3 0.14 0.8 1.3 0.08 f\
27 11 6 36.1 19-22.5 155-13.2 29.3 2.1 21 86 1.2 0.17 1.1 1.5 0.13 B

w 27 12 6 26.6 19-23.1 155-22.57 11.0 1.9 16 66 4.9 0.01 0.6 1.1 0.14 B
N

27 12 14 8.4 19-24.0 155-23.0 10.5 1.4 9 166 5.9 0.10 0.8 0.6 0.07 [3

27 17 ·33 23.4 19-20.6 155-15.9 12.1 1.0 11 184 2.4 0.11 0.<) 0.8 O.OlJ B
21 21 14 46.8 19-21.6 155-10.2 1.5 10 220 0.5 0.23 l.l 0.9 0.17 C
27 21 17 34.1 19-19.2 155-13.1 9.2 1.0 15 199 5.4 0.12 0.9 0.5 0.13 C
21 23 58 9.3 19-25.8 155-14.5 29.2 1.6 16 84 5.4 0.16 o.q 1.6 O.Og A
28 1 26 33.0 19-22.2 155-16.2 25.0 1.5 13 94 0.7 0.24 1 .2 2.1 0.08 B

28 2 40 21.3 19-17.9 155-14.1 7.1 II 240 1.5 0.29 1.5 0.9 0.14 C
28 3 48 2q.3 lq-18.7 155-13.7 10.4 1.8 l5 201 6.3 0.10 0.7 0.3 0.11 C
28 4 38 1.4 19-19.6 155-11.4 11.1 11 216 4.7 0.13 1 • 1 0.3 0.10 C
28 5 6 54.3 19-14.1 155-22.1 8.4 13 193 13.8 0.15 1. 1 0.6 0.13 C
28 6 15 14.1 lq-19.2 155-13.0 14.8 9 228 5.1 0.06 0.6 0.4 0.03 C

28 6 21 1.3 19-21.4 155-12.6 8.1 13 174 1.2 0.16 0.9 0.7 0.14 C
28 14 41 45.3 19-20.9" 155-13.2 7.5 10 186 2.2 0.15 1 • 1 0.7 0.11 C
28 11 33 36.2 19-18.4 155-16.8 9.q 1.8 15 198 3.4 0.16 1.3 0.7 0.16 C
28 21 33 53.0 19-19.1 155- 1.1 7.2 1.2 10 22q 7.1 0.33 2.0 1.3 0.15 C

MAR 1 3 9 59.1 19-16.q 155- 3.8 8.2 11 248 14. 1 0.41 2.3 1.0 0.15 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERY ERH ERl MO Q

MAR 1 4 39 38.8 1q-19.4 155-16.1 9.4 0.9 14 194 2.6 0.10 0.8 0.4 0.11 C

1 11 54 11.2 19-18.1 155-14.1 26.9 15 174 5.4 0.20 1.5 1.9 0.16 C

1 19 53 16.9 19-25.5 154-48.1 1.0* 2.0 9 303 14.0 0.28 1.8 0.12 0

2 1 4 10.5 19-19.1 155-15.4 7.9 1.5 18 163 3.5 0.08 0.6 0.4 0.13 C

2 4 53 55.3 19-19.6 155-19.9 29.1 14 146 4.4 0.12 0.1 1.2 0.08 B

2 6 0 41.5 19-23.1 155-24.8 1.2 1.8 9 121 6.q 0.15 1.5 1.5 0.21 C

2 1 40 15.2 19-24.1 154-57.47 8.0* 9 309 23.7 7.09 42.5 0.21 0

2 13 43 14.8 19-24.8 155-25.1 11.3 11 141 9~4 0.01 0.7 0.3 0.09 B

2 14 30 2.9 20- 4.q 155-39.61 8.0* 4."0 26 163113.2 9.49 66.0 5.05 0

2 15 13 22.0 lq-18.1 155-13.8 8.4 1.9 19 205 1.4 0.21 1.3 0.7 0.20 C

2 19 6 45.6 19-17.4 155-14.2 10.0 10 232 7.5 0.26 1.7 0.1 0.12 C

2 19 30 11.4 19-21.0 155-16.2 30.4 3.3 20 145 2.1 0.11 1.0 1.6 0.13 B

3 2 22 42.3 19-21.1 155-16.2 28.0 11 145 2.0 0.11 1.1 1.8 0.11 B
w 3 8 20 1.8 19-22.8 155-23.0 9.0 2.5 16 10 4.7 0.01 0.6 0.5 0.12 Bw

"3 8 42 40.0 19-19.6 155-13.8 10.0 2.4 16 191 4.8 0.13 1.0 0.5 0.14 C

3 12 50 20.6 19-21.2 155-12.2 8.3 2.6 11 158 1.8 0.12 0.9 0.5 0.16 C

3 13 41 12.8 19-24.9 154-'50.9 1.3 11 301 11.6 1.12 6.4 1.6 O.Oq 0

3 16 12 25.3 19-1q.7 155-10.9 1.8 1.9 15 237 4.2 0.20 1.3 0.6 0.16 C

3 16 30 4.6 19-54.3 155-22.2 38.1 2.9 19 203 16.7 0.30 1.5 3.3 0.11 C

3 16 45 14.4 19-55.0 155-22.3 38.9 2.8 11 206 17.7 0.35 1.7 3.6 0.13 C

3 16 51 28.0 19-10.7 155-32.8 8.6 2.5 11 144 10.8 0.09 0.8 0.6 0.13 B

3 18 38 10.9 19-21.2 154-52.2 5.0 2.0 6 295 3.7 0.69 3.9 1.9 0.10 0

3 19 30 53.1 19-25.1 154-51.11 2.4 2.1 8 281 1.6 0.80 3.4 2.5 0.10 ()

3 20 0 40.3 19-21.8 154-52.6 4.8 2.8 19 283 2.4 0.39 2.2 0.9 0.21 0

3 20 50 12.3 19-18.3 155-16.4 7.9 2.0 18 113 3.1 0.12 0.8 0.5 0.15 C

4 1 25 1.1 19-21.0 154-52.51 8.0* 9 214 14.7 0.68 9.3 0.86 0

4 5 lq 41.9 19-21.1 155- 3.2 1.2 .2.5 21 191101.3 0.24 1.7 0.9 0.26 C

4 10 21 20.9 19-26.5 154-52.4 5.5 2.0 9 216 4.1 0.59 3.8 1.1 O.lQ 0

4 13 23 53.1 19-19.q 155- 1.6 4.8 2.2 16 221 15.2 0.35 2.1 1.4 0.20 C

4 16 27 33.4 19-22. 3 155-24.0 10.8 1.9 16 76 4.1 0.01 0.7 0.4 0.13 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAR It 16 51 36.2 1<J-22.6 155-25.3 11.9 16 93 5.1 0.09 0.8 1.6 0.14 B
4 19 36 34.9 19-20.7 155- 1.1 6.1 2.1 18 201 5.6 0.22 1.4 0.8 0.21 C
4 21 0 34.1 19-27.4 154-53.5 4.5 2.3 14 249 2.8 0.31 2.3 1.2 0.19 0
5 3 1 0.2 19-21.2 155- 1.4 2.0 13 214 15.2 0.59 1.4 2.9 0.14 C
5 3 32 29.4 19-24.0 154-58.51 0.3 1 224 10.5 0.31 2.0 2.2 0.12 C

5 ,. 11 6.5 19-30.1 154-52.11 8.0* 1 319 3.2 0.42 4.3 0.25 0
5 12 57 32.8 19-20.5 155- 9.6 1.4 10 260 2.5 0.29 l.8 1.0 0.14 C
5 13 42 58.6 19-13.0 155-23.6 29.8 12 191 13.4 0.42 1.4 4.6 0.09 C
5 15 9 38.4 19-.38.2 155-11.3 35.4 2.0 18 109 13.9 0.23 0.8 2.4 0.08 B
5 15 53 18.4 19-31.8 155- 2.71 10.5* 12 319 13.6 1.21 6.5 0.16 0

5 18 22 16.0 19-20.3 154-51.0 1.7 10 247 16.4 0.94 2.6 3.4 0.14 0
5 19 9 3.5 19-12.0 155-2q.3 31.5 1.9 16 166 14.1 0.30 1.2 3.2 0.10 C
6 2 3 28.3 19-18.8 155-10.9 7.1 13 261 5.8 0.35 1.9 0.8 0.18 C

w 6 2 24 59.0 19-19.9 155- 9.4 7.6 16 200 3.8 0.18 1.2 0.1 0.11 C~

6 3 47 0.9 19-19.4 155-11.5 34.9 13 184 1.3 0.14 0.1 1.3 0.06 B

6 6 43 46.4 19-21.3 154-51.8 4.8 2.6 19 280 4.0 0.12 3.6 1.6 0.26 0
6 9 42 23.1 19-20.4 155-16.3 8.6 9 220 2.0 0.07 0.4 0.2 0.04 B
6 15 44 54.0 lq-22.7 155-23.9 121.0 13 11 4.7 0.01 0.7 1.0 0.10 B
6 19 11 18.1 19- 4.0 155- 0.81 8.0* 17 212 36.6 0.60 4.0 0.25 0
6 22 12 28.8 19-25.9 155-31.1 33.2 12 117 8.9 0.93 2.8 9.5 0.22 B

1 3 7 1.2 19-25.4 154-53.91 0.9 3. 1 20 235101.7 1.09 4.1 3.4 0.39 0
1 3 48 44.1 20-30.0 155-24.11 8.0* 2.7 18 309129.7 5.93 6.62 0
1 4 26 30.9 19-20.9 155-13.5 8.2 15 183 2.4 0.16 0.9 0.1 0.15 C
7 8 28 58.3 19-26.5 154-52.81 8.0* 2.0 11 268 4.6 1.41 9.1 O.1t4 0
1 10 19 51.6 19-25.5 155-24.3 13.0 8 123 1.4 0.10 0.6 1.3 '0.05 B

.,
12 1 20.8 19-27.5 154-52.2 6.0 2.3 8 291 3.3 0.35 2.3 0.6 0.10 C

1 12 48 24.4 19-21.1 155-28.1 13.9 2.2 10 223 8.6 0.28 1.4 3.1 0.09 C
8 3 4q 7.1 19-22.3 155-29.01 10.3 2.1 13 115 10.8 0.08 0.9 2.2 0.13 B
8 7 36 24.9 19-23.6 155-13.9 29.1 11 101 3.5 0.23 1.4 2.2 0.11 B
8 8 8 42.1 19-23.3 154-58.6 6.3 6 222 11.9 0.59 3.3 2.1 0.01 C



SUMMARV OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W OEP.TH MAG NO GAP DMIN ERr ERH ERZ MD Q

MAR 8 8 38 16.4 19-19.3 155- 7.5 10.9 14 219 6.3 0.22 1.1 0.5 0.13 C
8 13 0 26.9 1q-23.6 155-24.1 8.2 2.2 21 52 6.5 0.10 0.9 0.8 0.25 B

8 15 5 31.0 19-11.1 155-36.9 10.1 2.1 8 141 6.9 0.11 1.9' 1.2 0.16 B

8 11 5 7.2 19-23.7 155-25.2 ll.5 16 19 1.2 0.05 0.5 1.1 0.11 B

8 17 15 48.1 19-20.6 155-12.8 8.1 2.4 21 166 2.5 0.14 1.0 0.6 0.21 C

9 0 59 45.6 19-22.5 155- 2.81 10.4 2.0 9 215 12.1 0.22 1.7 0.8 0.14 C

9 16 12 36.3 19-26.4 155-22.0 9.7 2.2 14 109 3.2 0.01 0.8 0.6 0.12 B

9 20 50 12.7 19-20.5 155- 1.7 7.8 2.2 19 201 4.6 0.21 1.5 0.1 0.23 C
9 22 49 30.3 19-26.2 155-21.3 11.5 2.4 11 16 9~1 0.04 0.5 0.1 0.08 A

10 0 45 59.1 19-25.3 155-16.1 2.9 1.2 12 114 0.9 0.06 0.5 0.3 0.10 B

10 4 51 8.1 19-21.3 155-12.0 8.9 1.1 19 151 1.9 0.10 0.9 0.5 0.18 C
10 18 9 32.3 19-27.1 154-58.11 8.0* 11 181 5.5 2.0Q 12.9 0.10 0

11 12 9 48.6 19-19.1 155-12.0 1.1 9 246 6.1 0.49 1.8 3.2 0.18 C
w 11 12 41 34.8 19-19.8 155-23.7 31.6 12 162 1.0 0.95 2.2 8.9 0.11 C
lJ1

11 12 51 51.1 19-20.1 155-25.81 9.5 10 154 4.5 0.26 2.3 1.4 0.26 0

11 14 41 38.2 19-48.2 155-22.91 23.5 2.0 16 218 8.2 0.35 1.9 4.0 0.10 C

11 11 22 50.6 19-24.2 155-25.6 12.5 1 230 8.4 0.39 1.7 3.1 0.06 C

11 18 2q 36.1 19-23.2 155-41.6 7.9 12 241 23.9 0.36 1.1 0.8 0.10 C

11 19 6 46.4 19-18.5 155-17.0 30.7 12 167 7.4 0.22 1.5 2.5 0.12 C

11 21 42 57.4 19-12.8 155-26.11 8.0* .5 251 15.0 1.01 5.5 0.13 0

11 21 49 21.5 19-18.2 155-15.9 9.6 1.5 17 204 4.4 0.12 0.8 0.4 0.13 C

12 0 34 12.9 19-20.5 155-26.5 1.0 13 115 5.7 0.10 0.8 1.1 0.18 B

12 1 38 12.5 19-59.3 155-34.8 10.8 2.5 17 189102.8 0.14 2.5 2.1 0.13 C

12 3 11 59.3 19-21.8 155-10.5 6.4 12 111 0.9 0.18 1.0 0.7 0.11 C

12 5 9 8.6 19-20.2 155-26.0 1.8 9 228 4.8 0.32 1.1 1.3 0.16 C

12 5 16 16.2 19-20.1 155-26.1 1.6 11 153 5.0 0.16 1.1 1.5 0.19 C

12 1 24 22.9 19-20.3 155-12.8 8.5 1.1 18 206 3.1 0.16 1.1 0.6 0.19 C

12 8 33 36.5 19-23.6 155-14.9 5.9 10 168 2.8 0.11 0.6 1.1 0.01 B

12 8 36 28.0 19-27.4 154-49.21 8.0* 1.1 8 299 1.9 1.08 8.1 0.36 0

12 8 31 19.7 19-14.3 154-49.41 8.0* 1.7 8 299 11.0 0.60 5.0 0.46 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEP.TH MAG NO GAP DMIN ERT ERH ERZ MD Q

MAR l2 10 34 15.1 19-21.9 155-14.6 21.3 2.1 19 131 1.2 0.11 0.8 1.1 0.10 B
12 16 44 55.1 19-26.9 154-49.61 8.0* 2.6 16 2q1 1.6 0.31 2.8 0.28 0
12 20 1 29.8 19-23.3 155-24.9 6.8 1.9 18 10 6.4 0.10 0.8 0.9 0.22 B
12 21 25 12.8 19-20.7 155-10.0 8.3 2.5 20 173 2.0 0.19 1.4 0.8 0.21 C
13 5 49 9.1 19-23.4 155-24.6 8.4 1. 7 11 76 6.3 0.11 0.9 1.0 0.21 B

13 11 53 42.5 19-16.8 155- 4.1 4.8 2.1 16 241 13.9 0.41 2.1 1.2 0.20 C
13 19 11 18. 1 19-26.6 155-25.1 6.1 1.8 13 124 6.1 0.30 1.2 3.9 0.19 C
13 13 43 41.2 19-24.4 155-16.6 11.4 11 89 1.2 0.12 0.9 1.2 0.12 B
13 23 44 12.7 19-17.9 155-22.1 18.4 2.5 8 299 14.5 1.86 11.1 1.2 0.13 0
14 8 51 23.9 19-23.3 155-37.2 11.8 2.1 15 116 12.5 0.07 0.5 0.8 0.08 A

14 11 15 9.0 19-25.8 156- 3.3 1.3 2.3 11 301 11.1 2.15 10.2 3.4 0.13 0
14 18 38 25.6 19-14.1 155-28.11 8.0* 9 302 14.1 1.94 12.5 1.20 D
15 1 17 25.6 19-20.3 155- 8.7 8.3 1.5 16 261 3.6 0.38 2.2 0.8 0.20 C

w 15 1 20 31.8 19-19.1 155- 8.9 9.8 1.3 14 264 4.3 0.34 2.0 0.6 0.18 C0"\

15 1 51 14.9 19-13.5 155-23.4 28.5 14 189 12.4 0.21 1.0 2.2 0.08 C

15 3 14 31.6 19-15. 3 155-24.1 25.5 5 213 9.4 0.03 0
15 3 56 39.8 19- 0.5 155-18.2? 8.0* 9 289 36.2 1.35 8.8 0.30 0
15 5 33 54.2 19-18.5 155- 1.6 9.4 2.1 19 238 16.0 0.62 3.7 1.4 0.28 0
15 12 22 23.1 19-29.5 155-13.61 8.0* 6 342 10.4 1.33 9.6 0.32 0
15 13 21 8.2 19-30.7 155-16.61 8.0* 2.0 8 329 10.0 1.24 8.1 0.41 0

15 15 50 6.6 19-32.1 155-18.8? 8.0* 2.4 8 325 12.5 1.88 11.1 0.5'9 0
15 16 40 47.6 19-29.3 155- 7.11 8.0* 2.1 5 349 19.2 6.13 61.1 0.17 0
15 19 16 34.9 19-22.6 155-45.3 8.8 10 261 20.2 0.49 2.4 0.9 0.07 C
16 3 6 51.6 lq-21.1 155-42.1 9.3 2.4 18 118 13.4 0.13 1. 1 0.9 0.19 B
16 4 18 45.3 19-24.1 155-25.5 1.6 1.9 19 12 8.1 0.11 0.9 1.0 0.25 B

16 9 25 45.6 18-48.6 155-34.91 8.0* 3.1 16 ZQ3101.4 2.40 15.1 0.30 0
16 19 59 34.2 20-28.4 156- 2.21 9.4 2.6 26 164159.3 0.10 6.5 22.1 0.15 0
16 22 49 28.1 19-20.1 155-10.5 8.2 2.0 18 243 3.2 0.22 1.3 0.6 0.20 0
11 6 59 53.3 19-23.6 155-17.61 3.2 2.0 15 61 1.5 0.06 0.4 0.4 0.13 B
11 7 21 51.2 19-23.5 155-11.2 1.9 6 140 0.1 0.04 0.1 0.2 0.01 B



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1910 HR MN SEC LAT N LONG W DEP.TH MAG NO GAP OMIN ERT ERH ERZ MD Q

MAR 11 10 31 5. 1 19-24.3 155-21.2 11.8 1.9 17 82 10.2 0.05 0.5 0.9 0.11 B

11 11 23 35.9 }q-25.4 155-15.0 11.4 8 255 3.1 1.65 3.2 8.0 0.09 0

17 12 15 53.6 19-20.8 155-15.8 12.0 1.1 8 169 2.1 0.34 1.6 2.4 0.09 C
11 15 45 45.2 19-23.1 155-11.2 1.9 0.9 7 121 1.0 0.06 0.1 0.4 0.02 B

11 19 21 11.0 19-22.5 155-24.2 10.4 14 12q 4.5 0.10 0.9 0.6 0.15 B

17 19 50 44.0 19-21.5 155- 7.9 7.0 2.4 20 195 3.8 0.19 1.4 0.8 0.26 C
17 19 59 33.3 19-24.1 155-25. 1 10.9 15 14 1.8 0.06 0.6 0.4 0.12 B

17 21 4 2.8 19-23.2 155-17.1 3.0 0.6 13 59 0.1 0.04 0.3 0.3 0.09 A

17 21 1 32.5 19-23.0 155-11.6 3.0 1.5 15 66 1.5 0.05 0.4 0.3 0.12 B

11 21 23 42.4 lq-23.2 155-11.2 3.0 13 59 0.1 0.03 0.2 0.2 0.08 A

11 21 49 19.6 19-20.9 155-12.6 1.8 11 190 2.1 0.15 0.9 0.6 0.11 C
17 22 51 14.2 19-23.4 155-11.2 2.1 1 145 0.7 0.14 0.4 0.9 0.04 B

11 23 13 38. 7 19-23.4 155-17.5 2.9 1.0 12 61 1.2 0.04 0.3 0.3 0.08 A

w 18 0 11 55.1 19-23.4 155-11.1 3.0 0.8 8 144 0.5 0.05 0.3 0.3 0.04 B

"" 18 2 36 48.4 19-23.3 155-11.4 2.5 1.1 14 61 1.1 0.05 0.3 0.3 0.10 B

18 3 29 48.8 19-23.8 155-11.3 1.1 0.8 1 132 1.1 0.09 0.3 0.1 0.04 B

18 6 21 6.5 19-18.3 155-11.6 5.9 1.6 12 251 1.0 0.29 1.5 0.9 0.16 C

18 6 23 30.7 19-22.7 155- 3.4 1.2 4.1 18 182 11.1 0.15 1.3 0.6 0.18 C

18 6 31 26.6 19-20.6 1~5- 1.9 5.0 2.5 18 216 14.4 0.30 1.8 1.0 0.23 C
18 6 41 33.2 19-15.8 154-55.91 0.1* 2.3 7 325 21.1 0.29 2.0 0.10 0

18 6 53 0.4 19-23.6 155-11.3 2.4 0.9 6 141 0.9 0.31 0.1 1.9 0.05 B
18 6 55 35.0 19-21.9 155- 4.4 9.2 13 293 9.7 0.61 3.0 0.9 0.15 0

18 6 51 1t9.5 19-23.3 155-17.0 2.q 1.4 11 91 0.4 0.04 0.3 0.2 0.06 A

18 7 48 55.7 19-17.3 155-16.4 8.1 14 210 5.5 0.25 1.6 1.0 0.20 C

18 9 3 50.3 19-23.3 155-17.2 1.8 0.5 5 153 0.8 0.02 0

18 11 5 35.5 19-23.6 155-17.1 7.4 2.3 13 102 0.6 0.13 0.9 0.9 0.16 B
18 12 34 27.8 19-23.7 155-17.4 1.4 0.8 8 102 1.1 0.17 0.5 1.4 0.08 A

18 12 53 4.6 19-23.5 155-11.0 1.8 1 131 0.4 0.11 0.3 0.1 0.03 B

18 13 47 23.4 19-23.4 155-11.4 2.8 1.3 11 18 1.0 0.04 0.4 0.3 0.07 A

18 15 12 22.9 19-23.4 155-17.3 2.8 1.0 10 14 0.9 0.08 0.5 1.0 0.08 A



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W OEP·TH MAG NO GAP DMIN ERT ERH ERZ ~D Q

MAR 18 16 43 2.8 19-22.6 155-17.9 4.0 1.3 10 131 2.4 0.16 0.1 1.8 0.14 B
18 18 38 59.5 19-41.5 155-51.31 1.0 2. 1 17 225 19.4 0.16 6.3 .5.0 0.47 0
18 19 21 51.5 1q-23.6 155-16.9 3.3 5 147 0.4 0.01 0
18 19 21 31.9 19-24.4 155-24.0 12.0- 1.9 12 128 1.7 0.08 0.6 1.2 0.09 B
18 19 43 59.4 lq-23.4 155-17.5 3.9 1.9 11 62 1.3 0.06 0.5 0.6 0.15 B

18 19 52 3.6 19-23.3 155-11.2 2.1 1 96 0.8 0.01 0.2 0.5 0.02 B
18 21 37 59.3 19-23.0 155-38.91 10.5 1.9 12 130 14.2 0.22 1.1 2.4 0.27 C
19 0 31 46.9 19-23.5 155-17.1 2.5 l.~ 11 106 0.6 0.03 0.2 0.2 0.05 A
19 1 11 59.6 19-56.8 155-34.11 13.6 2.5 19 173 16.7 0.12 1.1 1.0 0.13 C
19 1 51 7. 3 19-21.1 155-15.4 4.5 1.3 8 314 5.8 1.02 5.4 1.1 0.22 ()

19 3 8 45.9 19-23.4 155-11.2 2.8 8 141 0.6 0.11 0.3 0.1 0.04 B
19 3 34 19.1 19-23.1 155-11.0 2.0 0.9 6 140 0.1 0.23 0.5 1.3 0.04 B
19 4 53 53.2 19-28.0 155-14.9 3.2* 1.4 6 317 6.8 9.85 35.5 0.11 0
19 5 8 48.2 19-23.4 155-17.51 2.1 8 83 1.2 0.46 1.5 3.1 0.11 B

w 19 5 21 31.8 19-21.8 155- 3.0 7.1 2.0 12 221 12.3 0.26 1.7 0.8 0.13 C00

19 6 11 30.1 19-23.5 155-11.1 2.2 0.1 1 141 0.6 0.06 0.2 0.4 0.02 B
19 8 46 20.0 19-20.5 155-16.8 30.4 3.0 20 149 1.3 0.14 1.0 1.4 0.13 B
19 10 8 51.4 19-15.4 155- 6.1 4.1 3.0 18 221 13.6 0.31 1.7 1.4 0.20 C
lq 11 8 35.0 19-23.6 155-17.81 3.1 1.5 11 12 1.8 0.07 0.5 0.6 0.11 B
19 18 31 51.2 19-23.4 155-11.1 2.4 1.0 12 91 0.5 0.04 0.3 0.3 0.08 A

20 0 10 51.3 lq-21.4 155- 8.9 8.4 1.7 15 252 2.0 0.21 1.3 0.6 0.15 C
20 4 46 52.5 19-20.2 155-25.6 7.4 1.6 12 154· 4.1 0.12 0.9 1.0 0.18 C
20 5 4q 39.6 19-23.6 155-11.3 2.9 1.3 12 100 0.9 0.03 0.3 0.2 0.01 A
20 6 19 49.4 19-23.5 155-17.1 2.9 1.0 9 142 0.6 0.02 0.2 0.1 0.03 B
20 1 41 58.3 19-23.8 155-11.2 2.1 0.9 8 122 1.0 0.10 0.2 0.6 O.O~ B

20 8 31 ZQ.4 19-23.7 155-14.6 2.8 7 195 3.2 0.12 0.5 0.4 0.05 B
20 10 5 43.1 19-23.5 155-11.1 7.6 2.3 12 99 0.5 0.21 1.1 1.3 0.23 B
20 12 42 19.1 19-23.3 155-17.3 1.2 0.7 6 156 0.9 0.12 0.4 1.2 0.03 B
20 13 54 20.2 19-21.8 155-26.1 8.8 2.2 13 119 6.1 0.10 0.9 1.0 0.18 B
20 13 5'5 1.5 1Q-20.4 155-26.2 9.1 2.0 8 141 5.2 0.15 1.8 1.7 0.15 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC lAT N LONG W OEPTH MAG NO GAP CHIN ERT ERH ERZ MO Q

MAR 20 16 3 28.9 19-23.1 155-16.8 3.1 0.8 6 149 0.6 0.04 0.4 0.3 0.03 B
20 16 55 8.4 1Q-1O.l 155-39.4 7.6 1 221 9.8 0.35 2.9 1.2 0.12 C

20 11 54 41.4 19-23.1 155-17.2 2.9 1.3 13 59 0.9 0.05 0.3 0.1 0.08 A

20 18 13 3q.2 19-23.4 155-17.1 2.7 0.3 9 93 0.5 0.08 0.2 0.5 0.04 A

20 22 52 36.2 19-16.1 155-52.97 1.3* 2.4 15 261 27.1 0.62 3.1 0.53 0

20 23 11 51.8 19-24.0 155-23.6 1.8 2.0 14 109 6.9 0.10 0.8 0.8 0.17 B

20 2.3 19 27.3 19-19.0 155-12.7 7.6 11 234 5.5 0.31 1.9 0.8 0.11 C

20 23 21 21.4 19-23.6 155-11.4 0.9 -0.3 1 141 1. 1 0.11 0.3 1.1 0.04 B

21 0 11 5l.5 19-23.4 155-11.1 2.6 6 142 0.5 0.27 0.6 1.5 0.05 B

21 1 4 26.8 19-19.3 155-10.7 8.1 9 260 4.7 0.43 1.1 2.8 0.16 C

21 1 11 10.1 1q-23.8 155-14.8 4.2 6 254 3.2 0.12 0.4 0.5 0.01 C

21 1 33 53.5 19-23.0 155-14.7 3.0 1.3 10 102 2.3 0.13 1.0 0.7 0.19 B

21 1 4C1 4.0 19-17.5 155-16.0 8.5 1.6 11 228 5.3 0.21 1.2 0.6 0.16 C

21 1 51 1.9 19-23.3 155-11.3 1.7 0.1 1 152 0.9 0.10 0.3 0.'8 0.03 B
w 21 2 21 54.8 19-23.8 155-11.3 2.1 1.3 10 81 1.2 0.05 0.3 0.3 0.08 A
\0

21 2 22 36.0 19-23.7 155-17.4 2.1 0.8 9 100 1.3 0.11 0.6 0.8 0.10 B

21 3 5·7 24.6 19-23.1 155-11.1 2.0 0.1 9 107 0.8 0.09 0.2 0.6 0.05 A

21 4 45 10.3 19-23.2 155-17.47 2.8 1.2 12 61 1. 1 0.06 0.4 0.8 0.08 B

21 5 42 41.8 19-19.9 155-24.5 10.6 1.4 9 221 2.2 0.11 1.2 1.1 0.10 C

21 5 43 40.1 19-19.0 155-24.8 11.2 8 287 3.5 0.32 2.1 0.6 0.10 C

21 1 2 26.3 20-14.8 154-59.21 4.6* 6 355101.1 6.10 22.3 0.16 0

21 1 55 40.3 19-20.6 155-10.4 14.4 9 248 2.4 0.23 1.6 1.5 0.05 C

21 9 5 11.2 19-18.1 155-23.41 8.0* 6 336 15.2 2.08 54.5 0.54 0

21 10 14 29.4 19-18.0 155- 6.6 6.4 2.1 14 215 9.2 0.25 1.5 0.9 0.16 C

21 12 36 3.9 19-23.0 155-11.61 3.2 1. 3 12 67 1.6 0.01 0.5 0.5 0.12 B

21 14 2 29.1 19-23.1 155-16.1 4.4 1.9 10 124 1.4 0.11 0.5 0.8 0.10 B

21 15 51 54.5 19-23.8 155-16.0 4.5 1.8 11 89 1.6 0.11 0.5 0.9 0.11 B

21 16 8 29.5 19-23.4 155-17.3 2.2 1.3 10 97 1.0 0.03 0.2 0.2 0.03 A

21 17 32 34.5 1q-24.1 155-16.2 4.7 9 199 1.6 0.50 1.6 2.6 0.10 C

21 18 58 38.9 19-23.3 155-17.1 3.0 1. 1 12 95 0.5 0.04 0.3 0.2 0.01 A



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1910 HR MN SEC LAT N LONG W DEP.TH MAG NO GAP DMIN ER"r ERH ERl MD Q

MAR 21 21 13 58.6 19-23.6 155-11.1 2.8 1.4 12 81 0.6 0.03 0.2 0.2 0.05 A
21 21 21 19.3 19-23.5 155-11.7 2.6 1.4 11 63 1.6 0.06 0.4 0.4 0.10 A
21 21 55 24.0 19- 2.9 155-1q.7 44.2* 2.8 21 262 32.0 0.24 1.9 0.26 0
21 23 41 46.0 19-23.6 155-11.2 2. 1 6 136 0.9 0.12 0.3 0.7 0.02 B
22 0 8 35.3 19-23.4 155-17.3 2.6 10 96 0.8 0.03 0.2 0.2 0.05 A

22 0 31 20.0 19-23.8 155-14.8 2.9 8 193 3.1 0.04 0.2 0.1 0.03 B
22 0 38 25.0 19-19.5 155-11.2 10.3 7 239 1.2 0.65 1,.2 3.3 0.04 C
22 1 5 42.1 1<)-23.8 155-11.7 1.7 7 141 1.7 0.03 0.2 0.3 0.01 B
22 1 5 44.7 19-51.6 155-44.41 6.7 2.1 13 165 19.5 0.99 5.3 28.1 0.46 0
22 1 11 25.9 19-23.5 155-17.2 2.6 6 140 0.1 0.21 0.4 1.2 0.04 B

22 1 15 56.0 19-23.4 155-15.2 3.1 10 91 2.3 0.01 0.5 0.4 0.12 B
22 1 19 9.1 19-23.1 155-15.3 6.5 1.7 16 66 1.6 0.06 0.5 0.4 0.10 B
22 1 33 32.8 19-23.8 155-11.4 2.8 11 102 1.4 0.06 0.4 0.4 0.10 A
22 2 2 o. 3 19-23.3 155-11.2 3.6 8 113 0.7 0.11 0.1 0.9 0.09 A

-I::'
22 2 5 49.4 "19-23.8 155-11.5 5.8 2.4 16 59 1.5 0.08 0.6 0.6 0.15 B0

22 3 34 25.5 19-21.6 155-13.5 11.8 9 293 3.1 1.62 7.9 6.8 0.11 0
22 4 2 21.5 19-23.1 155-14.3 5.4 6 213 2.9 0.23 0.1 1.0 0.02 C
22 4 48 4.1 19-21.9 155-20.5 29.4 2.6 21 117 3.7 0.19 1.1 1.8 0.13 B
22 4 S3 1.9 19-2"3.9 155-14.8 2.9 8 200 3.4 0.07 0.4 0.2 0.04 B
22 5 3 31.8 19- 6.7 155-29.4 8.9 9 335 27.1 0.66 7.1 6.6 0.30 D

22 5 11 21.6 19-23.2 155-11.3 3.2 12 61 0.9 0.05 0.3 0.3 0.10 B
22 5 53 5.2 19-23.1 155-11.4 4.1 2.2 13 106 1.2 0.14 0.1 1.3 0.16 B
22 5 54 6.9 lq-23.3 155-17.0 0.6 8 93 0.5 0.21 1. 1 3.0 0.20 B
22 7 45 28.0 19-20.0 155-12.6 9.0 2.4 15 194 3.8 0.14 1.2 0.5 0.11 C
22 8 17 13.5 19-22.4 155-11.5 0.1 6 126 2.3 0.32 0.5 5.6 0.06 C

22 14 15 15.0 19-16.6 155-26.2 6.7 2.5 14 194 8.4 0.16 1. 1 0.9 0.18 C
22 15 58 50.1 18-43.0 155-15.0 17.9* 3.0 16 320119.3 0.47 3.8 0.20 0
22 17 19 18.8 19-22.8 155-15.4 6.0 2.1 14 11 1.2 0.08 0.6 0.6 0.12 B
22 17 33 44.2 19-23.9 155-16.4 0.0 11 17 1.1 0.08 0.4 1.6 0.13 B
22 18 3 43.3 lq-24.5 155-17.1 0.1 1.0 12 115 0.7 0.11 0.5 4.4 0.12 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ~RH ERZ MO Q

MAR 22 19 14 20.2 19-23.2 155-17.4 3.9 2.1 15 62 1 • 1 0.08 0.4 0.8 0.12 B
22 20 3 59.0 19-23.3 155-14.9 3.7 1.3 9 117 2.4 0.16 0.6 1.4 O.OC) B

22 20 24 55.5 19-23.6 155-14.6 2.8 1.3 9 191 3.2 0.08 0.'4 1.1 0.06 B

22 21 26 10.5 19-23.3 155-11.6 4.8 2.4 16 64 1.4 0.07 0.4 0.6 0.14 B

22 23 40 20.7 19-23.7 155-11.4 0.4 0.8 7 136 1.1 0.09 0.3 2.2 0.04 R

23 1 38 44.9 19-23.8 155-17.5 0.7 0.1 9 90 1.4 0.08 0.2 1.2 0.05 A

23 5 20 36.3 19-23.9 155-17.0 2.1 1.2 9 115 0.9 0.10 0.3 0.6 0.05 A

23 6 19 54.2 19-23.5 155-15.1 3.2 ' 1.6 q 115 2.4 0.10 0.6 1.2 0.08 B

23 7 21 25.3 19-14.4 155-32.01 6.5* 5 225 9.0 1.43 11.6 0.25 0

23 15 45 22.1 19-24.0 155-17.3 1.6 1.0 8 125 1.4 0.09 0.7 0.7 0.03 B

23 22 0 41.3 19-21.1 155-25.3 10.7 2.3 16 111 4.5 0.08 0.6 0.4 0.12 B

23 22 6 37.1 19-21.4 15'5-50.5 6.7 2.3 16 176 10.9 0.11 1. 1 0.6 0.12 C

23 22 54 4.2 19-21.1 155-25.9 9.1 2.9 18 115 5.3 0.09 0.7 0.5 0.14 e
24 1 46 18.2 19-19.9 155-15.9 31.6 18 185 2.6 0.23 1.3 1.9 0.12 C

+:--- 24 8 4 51.1 19-20.4 155- 9.1 8.7 2.0 16 198 3.0 0.11 1.2 0.6 0.16 C
~

24 15 16 44.9 19-23.4 155-11.4 4.7 2.3 16 61 1.0 0.11 0.6, 1.0 0.16 B

24 15 17 45.3 lq-23.6 155-17.5 5.8 2.7 16 51 1.3 0.09 0.7 0.7 0.22 H

24 20 6 54.9 19-22.1 155-24.3 5.5 2.2 15 85 4.0 0.08 0.7 0.9 0.16 8

24 20 11 54.2 19-23.0 15,}-15.4 6.1 2.4 16 66 1.3 0.01 0.5 0.5 0.11 B
24 22 19 8.9 19-23.4 155-17.2 2.3 1.5 13 q3 0.7 0.04 0.3 0.3 0.08 A

25 2 38 29.5 19-23.4 155-16.9 b.O 2.5 17 75 O.l 0.08 0.7 0.5 0.16 B

25 10 37 56.1 19-10.8 1'55-35.0 10.7 2.4 15 252 8.1i 0.38 2.7 D.C) 0.14 0

25 15 33 46.8 19-23.8 155-11.4 2.1 1~6 13 85 1.4 0.0:3 0.2 0.2 0.06 A

25 15 '34 11.5 19-23.7 155-11.4 2.5 1.6 13 85 1.3 a.03 0.2 0.2 0.07 ~

'26 3 41 34.9 19-46.0 155-23.71 22.6 14 271 6.3 0.43 J.1 4.1 0.08 C

26 3 48 21.1 l<}-25.<J 155-34.4 2.7* 7 145 20.7 0.13 1.0 0.15 C

26 9 54 39.9 19-17.7 155-13.6 10.2 2.6 19 20~ g. 1 0.17 1 • I ~.5 0.16 C

26 11 10 5.7 19-23.3 155-24.8 l.J.l 13 78 6.3 0.05 0.5 1. l 0.08 A

26 11 27 41.8 19-15.8 1'55-13.3 8.2 10 241 10.8 0.40 2.2 1.2 0.15 C

26 11 31 51.7 19-18.4 155-13.6 11.4 2.7 14 200 6.8 O.ll o.g 0.8 0.10 C



SUMMARY OF SEISMIC EVE~~TS (CONTINUEO)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERr ERH ERZ MO Q

MAR 26 13 40 22.3 19-20.3 154-58.61 q.7 9 252 16.q 0.43 4.6 3.3 0.13 0
26 18 28 6.6 19-22.2 155-24.91 11.7 13 167 4.7 0.14 1.2 0.6 0.15 C
26 20 11 9.2 19-23.1) 155-17.1 2.7 1 138 0.5 0.07 0.'2 0.4 0.02 R
26 20 18 10.7 19-22.q 155-22.8 0.0 10 112 4.q 0.22 1.0 3.4 0.23 B,
26 21 17 46.0 19-22.5 155-19.8 0.2". 10 99 2.2 0.10 0.') 0.13 B

27 1 34 44.6 19-24.6 155-28.37 11.0 2.1 11 89 11.9 0.13 0.1 0.8 0.13 R
21 3 12 23.8 19-17.5 155-13.9 1.9 13 246 7.8 0.32 1.6 0.9 0.14 C
27 6 6 51.0 19-22.0 155-24.0 9.3 ' 1.9 11 lq3 3.4 0.17 1. 1 0.9 0.13 C
21 6 56 44.5 19-20.7 155-12.1 1.6 16 201 2.7 0.20 1.2 ().1 0.19 C
27 q 57 6.7 19-21.8 155-28.1 11.5 1.4 11 134 9.9 O.Oq 1.4 3.0 0.11 B

21 13 27 16.2 20-15.3 155-31.6 8.0* 3.1 19 1q5132.5 0.28 2.9 0.26 0
27 18 22 16.4 19-21.q 155-24.3 8.3 8 214 3.6 0.78 1.9 4.1 0.11 C
27 20 38 40.5 19-18.3 155-13.1 9.5 2.2 18 225 7.1 0.23 1.4 0.6 0.18 C
27 21 14 3q.4 19-21.1 155-25.0 10.9 2.0 16 125 3.4 0.11 1.0 1.8 0.18 H

~ 21 23 15 28.3 19-20.3 155-L9.1 5.7 1.5 12 113 4.1 0.26 0.7 2.0 0.11 C
N

28 1 56 31.8 19-23.0 155-28.1 9.9 2.3 20 81 q.9 0.01 0.6 0.5 0.11 B
28 6 52 26.4 19-19.6 155-19.1 9.2 1.6 14 202 4.1 0.09 0.5 0.5 0.08 B
28 13 2 16.1 19-19.2 155-15.8 8.0 1.7 1'7 212 3.2 0.14 0.9 0.4 0.15 C
28 15 22 38.8 19-24.1 155-24.3 11.0 13 121 8.2 0.06 0.5 0.4 0.08 B
28 21 22 51.9 19- 8.1 155-32.1 6.6 9 169 12."3 0.11 1.1 u.9 0.10 C

28 21 23 59.2 19-22.1 155- 7.3 9.4 1 • 5 19 283 4.8 0.33 1.9 0.8 O.2g (J

29 9 46 27.6 19-20.0 155- 9.2 8.9 2.0 19 200 3.6 0.18 1.3 0.1 0.21 C
29 15 4 5.6 19-24.3 155-11.4 13.5 17 54 o. '7 0.05 0.6 0.5 0.10 A
29 16 4 49.1 19-20.1 155-17.8 1.8 1.7 11 165 0.7 0.08 0.6 0.5 0.12 C
29 11 18 15.4 lq-18.5 155-15.9 8.3 l.q 17 200 3.9 0.14 0.9 0.6 0.15 C

29 22 2 51.9 19-20.2 155-13.4 8.3 1.5 18 193 3.5 O.ll o.q 0.5 0.16 C
29 22 59 14.1 18-58.2 155-30.3? 1. 1 6 314 33.1 3.96 ?R.5 42.0 0.14 0
30 2 35 26.1 19-31.7 155-15.4 21.8 4.3 23 17 10.9 0.12 0.7 1.b O. 12 B
30 3 12 12.2 19-19.5 155-25.8 6.9 2.0 12 174 4.6 0.16 1 • 1 1.3 O.lR C
31 10 11 52.6 19-23.1 155-15.3 3.3 1.8 10 163 7.6 0.06 0.4 1.0 0.01 B



SUMMARY UF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAR 31 21 0 11.3 19-18.2 155- 8.3 7.3 2.4 18 216 7.4 0.30 1.1 0.9 0.22 C
31 22 30 2.3 lQ-19.0 1'55- 3.2 6.8 3.8 17 220 13.0 0.33 2.0 1 • 1 0.77 C
31 22 35 58.9 lq-22.3 155- 7.1 6.7 2.0 16 250 5.1 0.36 2.'1 1.2 0.21 0
31 23 0 15.8 19-21.8 155- 8.8 8.0 1.6 14 264 2.0 0.20 1.2 0.5 0.12 C
31 23 19 34.5 19-15.8 155- 2.3 3.6 2.2 17 261 1'7.5 0.71 3.4 1.8 0.22 0

31 23 53 13.5 19-20.3 155-13.1 9.2 2.3 18 lq4 3.3 0.13 1.0 0.5 0.1<) C



Table 3.--Felt earthquakes

Date Time Magnitude Felt report
H M S

Jan 2 12 20 32.6 3.3 Kealakekua

3 15 06 27.8 2.9 Hi10

27 09 09 09.1 3.8 Hi10, ~1t. View

Feb 4 06 08 25.2 3.1 Kapapala Ranch

5 00 20 53.3 3.5 Kapapala Ranch

17 20 42 35.2 3.4 Kapapala Ranch

Mar 2 14 30 02.9 4.0 Pahoa, Hila,
Laupahoehoe,
Kapapa1a Ranch

18 06 23 30.7 4.1 Paauilo, Hila

19 08 46 20.0 3.0 Paauilo

30 02 35 26.7 4.3 Hilo, Paauilo
Kapapala Ranch,
Kamuela, Mt. View,
Volcano

31 22 30 02.3 3.8 Kapapala Ranch
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Figure 2.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Figure 3.--Response curve for System II, EV~l7, Teledyne
seismic preamplifier.
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Table 4.--U.S. Geological Survey seismograph stations in Hawaii
[on island of Hawaii unless otherwise stated]

Station

U~ekahuna

Mauna Loa

Mauna Loa X

Ahua

Desert

North Pit

West Pit·!.!

Kipuka Nene

Outlet

Cone Peak

Makaopuhi

East Koae

Aloil /

Glenwood1/
Puu Hu1uhu1u

Kahuku

Hale Pohaku

Pohoai/

Puu Honuau1a

I::' Waiohinu

Hi10

Kamuela

Kealakekua

~~orth Bay

Maui (Hakeakala)

Oahu (EWA Beach)

Symbol

UWE

MLO

i1LX

AHU

DES

NPT

WPT

KPN

OTL

CPK

MPR

EKO

ALO

GLN

PHH

KHU

HPU

PAX

PHO

WAO

HIL

KAM

KLK

NBY

HAL

KIP

Location

19° 25.4'N, 155 0 17.6'W

19 0 29.8'N, 155 0 23.3'W

19° 27.6'N, 155 0 20.7'W

19 0 22.4'N, 155° 15.9'W

19° 20.2'N, 155 0 23.3'W

19 0 24.9'N 155° 17.0'W

19 0 24.7'N, 155 0 17.5'W

19 0
20.1'~, 155 0 17.4'W

19 0 23.4'N, 155 0 16.8'W

19 0 23.7'N, 155 0 19.7'W

19 0 22.1'N, 155 0 9.8'W

19 0 21.8'N, 155 0 15.3'W

19 0 22.0'N, 155 0 12.8'W

19 0 29.0'N, 155 0 9.9'W

19 0 22.5'N, 155 0 12.5'W

19 0 14.9'N, 155 0 37.1'W

19 0 46.6'N, 155 0 27.3'W

19 0 29.1'N, 154 0 55.8'W

19 0 28.9'N, 154 0 53.4"W

19° 3.6'N, 155 0 36.6'W

19 0 43.2'N, 155 0 5.3'W

20 0 2.1'N, 155 0 42.2'W

19 0 31.2'N 155 0 55.3'W

19° 29.7'N, 155 0 34.8'W

20 0 46.0'N, 156 0 15.0'W

21° 19.0'N, 158 0 1.0'W

Instrumentation

a) 15-90 Press E~ing system
b) HVO-l vertical system
c) Sprengnether short period

vertical and horizontal (E-W)

EV-17/system

EV-17/system I

HVO-2/system I

EV-17/system

EV-17/system

HS-10/system

EV-17 system

EV-17/system

EV-17/system I

EV-17 system II

EV-17/system

EV-17/system

EV-17/system II

EV-17/system II

EV-17/system II

EV-17/system II

EV-17/system II

EV-17/system II

EV-17/system II

a) HVO-1 vertical system
b) Wood-Anderson NS and EW

EV-17/2.0 cps ga1v

EV-17/3.5 cps galv (vertical)
EV-17H/3.5 cps galv (NS and EW)

HS-IO/Geotech PTA

HVO-l vertical system
Wood-Anderson NS and EW

HVO-l vertical system

Recording

Local drum recorded

HVO Develocorder

Local drum recorder

Timing

HVO master chron.
(RM-USGS)

RM-USGS

TS-100

RM-USGS

RM-USGS

TS-IOO

Local chronometer

1/- HS-IO replaced by Benioff 4681A (vertical, 1.0 second period).

l/Aloi discontinued on April 15, 1970.

1/G1enwood temporarily discontinued April 30, 1970.

~/pahoa discontinued April 15, 1970. Replaced by Puu Honuala (PHO).



Table 5. --Seismi.c instrumentati.on

1. Seismometers

EV-l7

EV-17 H

HS-IO

HVQ-2

Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer

Same as above, but horizontal component

Hall-Sears 0.5 sec. period moving coil seismometer

0.8 sec. period moving coil seismometer

2. Seismographs

HVQ-l Vertical-component electromagnetic seismograph with
a peak magnification of about 20,000 at 0.25 sec.
period.

15-90 Press-Ewing System: 3-component long period Press
Ewing seismograph system with pendulum and
galvanometer periods of 15 and 90 seconds,
respectively.

EV-17/3.5 cps galv, EV-17 H/3.5 cps galv, etc.: Short period
electromagnetic seismographs composed of the
seismometers and galvanometers indicated. Response
similar to HVO-l. Poorly calibrated.

3. Amplifier and signal transmission systems

System I: HVO-built solid state seismic preamplifier
(voltage gain, 200x) , direct signal transmission over
"hard" wire to HVO, HVO-built solid state amplifier
and galvanometer driver.

SY'stem II: Develco or Teledyne seismic preamplifier-
voltage controlled oscillator, signal transmission on
audio FM carrier over "hard" wire or FM radio link to
HVO, discriminator.

Geotech PTA: Short period Geotech photo-tube amplifier.

4. Timing systems

IDi-USGS: Crystal-controlled chronometer employing
solid-state binary dividers to produce minute and
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hour marks. Typical drift rates are a few milliseconds
per day.

TS-lOO: Sprengnether crystal controlled chronometer.
Output and performance characteristics are similar to
those of RM-USGS.

5. Telemetered system response

The peak magnification of the standard telemetered systems
(System II, with the film strip magnified 20 times for
viewing) is about 2 x 105 at a period of 0.1 second. For
periods between 0.1 and about 1.0 second, the response falls
off 6 db/octave. (f~g. 3)
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordi
nates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tIlt coordinates
correspond to northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and east. A one
unit change in coordinate corresponds to a tilting of 1 microradian
(1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are
listed in table 8, which is published only in the first quarter issue
each year.

Table 6.--Ti1t Coordinates at Uwekahuna, January,

February, and March, 1970

II
Date N-S E-W 1\ Date N-S E-W

(1970) (1970)

Jan. 4 544 402 Mar. 1 552 384
11 546 395 8 552 385
18 548 392 15 553 386
25 547 391 22 557 381

Feb. 1 548 391 29 559 379
8 550 383

15 551 386
22 551 386

50



Table 7.--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 4)

-6Rate (10 rad/mo)
Tilt base Date Ii.1t Coordinates and direction of Date of last

(1970) N-5 E-W tilting since readin.g
last reading (1969)

Uwekahuna (U on fig. 4) 27 Feb 606.0 357.2 7.55 N46.7°W 3 Dec

Tree Molds (TM) 9 Feb 485.6 495.8 3.79 N21.6°W 30 Oct

Sand 5pit (55) Not read this epoch

Keamoku (Kea). 11 Feb 530.1 375.1 3.81 N79.7°W 27 Oct

U1 Ahua Kamokukolau (Kam). Not read this epoch
\-l 1/507 . 5Kipuka Nene (KN) 13 Feb 295.5 0.95 S17.6°W 28 Oct

Hilina Pali (HP) Not read this epoch

Kapapa1a Ranch (Kap) . 11 Feb 487.7 519.3 1.72 S63.8°E 27 Oct

Mehana (M) 9 Feb 579.2 587.0 2.36 N45.4°E 30 Oct

11 The hundreds digit of the E-W tilt coordinate of Kipuka Nene is 5 instead of 3 as reported in the
last 10 summaries.
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TILTING RATE 2.5 X 10-6 RADIANS/MONTH
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Figure 4.--Tilting of the ground around Kilauea Caldera between Oct. 27, 1969,
and Feb. 9, 1970. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence, and its length is
proportional to the rate of tilting during the measurement interval.
Closed circles represent field tilt bases; open circles, short-base water
tube tiltmeters. See table 7 for explanation of abbreviations.
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Table 8.--U.S. Geological Survey water-tube ti1tmeter

stations in Hawaii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. w. reading M

Tree Molds TM 19° 26.3' 155° 17.3' Quarterly 50.79 NS. and EW.

Sand Spit 55 19° 24.1' 155° 16.8' ---do--- 25.40 Equilateral
triangle.

Keamoku Kea 19° 25.1' 155° 19.0' ---do--- 47.55 Do.

Ahua
Kamokukolau Kam 19° 22.7' 155° 16.6' ---do--- 50.79 Do.

Kipuka Nene KN 19° 19.4' 155° 16.7' ---do--- 50.79 Do.

Hi1ina Pa1i HP 19° 18.2' 155° 18.6' ---do--- 47.73 Do.

Kapapa1a
Ranch Kap 19° 20.5' 155° 23.8' ---do--- 50.79 Do.

Mehana M 19° 26.2' 155° 14.3' ---do--- 25.00 Do.

Uwekahuna U 19° 25.5' 155 0 17.4' ---do--- 50.79 Do.

Uwekahuna
Vault 19° 25.4' 155 0 17.6' Daily 3.48 NS. and EW.
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INTRODUCTION

During the last few years the Hawaiian Volcano Observatory's
seismic network has undergone important changes. The telemetered
network around the summit of Kilauea has been reinforced and extended,
and more stations (mostly telemetered by radio) have been added to the
broader Island of Hawaii network (fig. 1). All the telemetered stations
are recorded side by side, along with the Uwekahuna chronometer and the
WWVH radio trace, on a single 16 rom film strip on a Develocorder at the
Observatory. Outstation timing has also been improved substantially by
the use of crystal chronometers instead of the old mechanical ones. As
a result of these improvements, the volume of usable recorded seismic data
has increased tremendously, both in the number of stations available for
each earthquake and in the number of earthquakes that are sufficiently
well recorded to be located.

Detailed studies of microearthquakes in California and Nevada by
the Geological Survey's National Center for Earthquake Research (NCER)
have generated similar voluminous sets of seismic data. Efficient
computer-oriented procedures for data reduction and computer programs
for data analysis have been developed and used extensively at NCER.
The HVO seismic data are now being analyzed by a joint HVO-NCER team t

and the methods and computer programs used are virtually identical with
those employed with other networks at NCER.

Seismogram readings are punched on computer cards to provide an
input deck for use in the location program HYPOLAYR (Eaton. 1969), which
generates an output deck summarizing the solution of each event. The
output deck is a convenient source of material for further analyses of
the earthquakes, and the input deck is saved for possible reanalysis
when better velocity-depth models of the crust are worked out. The
velocity-depth model currently used in the determination of hypocenters
(as tabulated below) is based on very limited data and represents a
broad average of crustal structure along the Hawaiian Ridge. It is
anticipated that further refinements in the model will not lead to large
changes in hypocenters calculated for events within the network, but
hypocenter solutions for some "poorly controlled" events outside the
network may be changed substantially.

Velocity model used for locating earthquakes in Hawaii
(Eaton, 1962)

Depth to top of layer
(km)

0.00
3.10

11.20
14.80

Layer velocity
(km/sec)

3.90
5.00
6.80
8.25
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Figure l.--Map of the Island of Hawaii showing seismograph stations
operated by the U. S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in table 2 in terms of geographic coordinates, which
are indicated at the edges of the map.
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To permit more adequate reporting of results on individual earth
quakes and to bring the HVO earthquake reports into conformity with
those produced at NCER t some revisions in the format of the HVO summary
are required. Beginning with the first quarter 1970 the following
changes were introduced:

a) The list of local earthquakes includes all events for which
satisfactory hypocenters can be determined. This list
includes statistics on the hypocenter determination as well
as a summary hypocenter quality rating.

b) A map of epicenters on and near Kilauea Volcano during the
quarter is included.

c) The station list is augmented to describe the timing system,
the type of preampli.fier (for telemetered stations), and the
mode of recording.

d) The velocity-depth model of the crust used in the hypocenter
determinations is described.

3



SUMMARY OF PRINCIPAL EVENTS

Eruptive and intrusive activity

The long-lived upper east rift eruption that began in May of 1969
continued through this period. The shield that grew around the central
vent of this eruption was informally named Mauna Ulu ("Growing Mountain"
in Hawaiian) early in 1970; this name was soon adopted formally.

The first two years of the Mauna Ulu eruption were described by
Swanson and others (1971). The period covered by the present summary
was principally a time of rapid growth of the Mauna Ulu shield. Growth
was sustained by repeated bri.ef periods of overflow with or without ac
companying fountains up to 20 or 30 ro, adding scores of thin layers of
pahoehoe around the central vent. Ground deformation over the summit
reservoir was virtually negligible during this type of activity, sugges
ting a state of dynamic equilibrium. Two distinct events, however,
punctuated this perio'd of remarkable shield building; one began in early
April and the other in mid-May.

At 0830 April 9 a new radial fissure was discovered on the southwest
flank of Mauna Ulu. In a period of several hours, the fissure grew about
1.5 km to the southwest, crossing the floor of Alai Crater en route. When
the fissure was discovered t lava was gushing from where it cut the floor
and east wall of Aloi, and small flows that had quietly oozed from the
fissure immediately southwest of the crater had already puddled and were
cooling. By 1000 the crater was filled and overflowing to the south.

Although no one saw the onset of activity, examination of seismic and
tilt records suggests initial fissure formation at about 2200 April 8, fol
lowed by the outbreak of lava at about 0600 April 9. The rate of summit
deflation and the frequency of earthquake activity near Aloi increased
slightly between 2100 and 2200, April 8. The frequency of local Aloi
quakes increased to l60/hr between 0400 and 0500, April 9, and there was
some local tremor. The rate of summit deflation and the amplitude of
tremor both increased sharply at about 0600.

The new fissure erupted sporadically until about April 21, feeding
new flows that extended as much as 5.5 km to the south, and creating a
levee-contained lava lake in Alai. This lake was perched above the pre
April level of the crater rim at the height of activitYt but subsided just
below the rim when activity ceased. The central Mauna Ulu vent appeared
to behave independently. Summit overflows added to the height of the shield
several times immediately preceding and during the Alai filling.

On May 15 and 16 seismicity increased greatly from the area of Devil's
Throat on the upper east rift to the summit caldera (see following section)
and two episodes of minor summit collapse took place. Collapse amounted to
4 and 7 microradians, respectively, at Uwekahuna and was recovered entirely
by May 27. Small open cracks formed across the Chain of Craters Road near
Lua Manu. Analysis of subsequent tilt, level, and geodirneter surveys sug
gested that these events resulted from the shallow intrusion of magma into
the southeast caldera-upper east rift area.

4
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In general, behavior of the active lava in the central vent at Mauna
Ulu appeared to be unaffected by the May 15-16 events. May 21 marked the
beginning of a new series of overflows there that lasted until late June.
By the end of June all vestiges of Aloi Crater were buried and the top of
the Mauna Ulu shield stood about 100 m above surrounding terrain.

Seismic activity around the summit of Kilauea

The swarm of shallow earthquakes that began on the morning of May 15
was centered in the Kokoolau Crater-Devil's Throat area of the upper east
rift. The activity started about 0435, at the rate of 1 to 3 quakes per
minute. The frequency rapidly increased, and for several hours during the
peak of activity the records were so obscured that earthquake arrival times
were impossible to read. Several of the quakes were felt locally.

By May 16, the initial seismicity near Kokoolau and Devil's Throat
had diminished, but high activity spread northwest toward the southeastern
rim of Kilauea Caldera. At about 0100, May 16, many quakes were centered
near the southern part of the caldera, and at 0200-0400 seismicity was
climaxed by a flurry of small quakes near Halemaumau. Shallow tremor
accompanied the May 15-16 events and together with minor summit deflation
suggest movement of magma. This earthquake swarm was studied in Borne
detail by Endo (1971).

Lower east rift earthquakes

Following a month of quiescence, lower east rift quakes picked up in
mid-April. Activity peaked on April 26, when nearly a thousand small shocks
recorded on the local Puna station (PHO). Activity leveled after a few days,
and shocks continued to occur in moderate numbers. The continued activity
prompted the installation of two temporary stations near the permanent
station, Puu Honuaula, making a small tripartite array with stations located
about 1 to 1-1/2 km apart. Signals were wired from the seismometer sites
to the base of Puu Honuaula, and transmitted over FM radio to the Observatory.
Recording was made on Develocorder 16 rom film. The data showed that activity
was centered near the 1955 vents (see HVO Summary 57).
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SEISMIC SlJMMARY

Events recorded by the H. S. Geological Survey seismograph network in
Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian IRlands (usually withi.n IOn km of at least one seis
mograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at ~lawai.ian volcanoes, daily counts of earth
quakes and minutes of tremor recorded by seismographs in Hawaii are listed
in table 1. The earthquakes are separated in groups on the basis of region
of ori~in as determined by the analysis of records obtained daily at the
observatory (tJl~t MLO, MLX, ARII, DES, NPT, WPT, MPR, OTL).

Computer locations of well-recorded events are listed in table 2.
The location of each seismograph station is listed 1.n table 4, along with
a description of the equipment at each station.
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories: deep. intermediate, and shallow on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit: 30 km. earthquakes from a source about 30 km beneath the
Kilauea summit region; long period. earthquakes characterized by low-frequency waves that originate
about 5 km or deeper beneath Kilauea summit; and shallow earthquakes in the Kilauea Caldera region.
Shallow earthquakes along the SW rift zone of Kilauea and the adjacent portions of the Kaoiki fault
system. Earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank. Shallow earthquakes along the northeast-trending Koae fault system south of Kilauea Caldera.
Earthquakes from other regions: west Hawaii, Mauna Kea, etc.

ra
00

Tremor Number of Earthquakes

Date (m - minutes)

(1970) Kilauea Summit SW Rift upperY Lowe..;!:-'
Inter- Long and East East

Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

April 1 QJ 1 597+ 14 64 1o ,&oJ

2 ...,"1""4 1 .620+ 18 16 ?CI}

3 cv 408+ 8 40 ?.u cu
4 tU > 4 282 6 33 ?.... ~ ..,
5 Q).u~ 1 228 24 41 ?"0 Q. ~

6 o :1 ~ 1355 11 83 ? Shallow Caldes ....
QJ .u swarm 0925-12e en

7 0 ~ cc 502 13 109 2J.f ~ QJ

8 ~ QJ 1 196 13 75 2t: ~

9 t)() (1) 66 11 26
~ co c..

10 .,..~ g. 2 48 6 11.u OJ
11 t'd > 5 103 15 17=' OJ QJ
12 .ur-f,.c 102 36 16+ 1(J .u
13 ::s ) 2 117 33 12+r-f 0 c::
14 ~~O 4 129 28 10



Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around

Kilauea Caldera (cont'd)

Tremor Number of Earthquakes

Date (m = minutes)
Kilauea Summit Upper!.! 2/

(1970) SW Rift Lower-

Inter- Long and East East

Deep mediate Shal1or.v 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

April 15 Q) 2 115 28 9 1

16 > 126 15 . 12
~

17 .u 120 7 7c.
18 =' 116 15 8,..
19 Q) 5 7 103 17 8 36

20 .... 81 9 7 4
~

21 ~ 2 3 121 8 18 9
£:

22 (I) 4 177 17 19 8

23 .-f 3 216 14 14 80
Q)

24 33m > 119 10 9 158
Q)

25 t"""'f 2 75 14 57 409

26 ~ 1 1 75 11 6 956
0

27 ..... 3 3+ 114 13 17 754

28 0 1 102 17 13 800
~+J

29 ...... 2 126 13 10 297
Q)~

30
.u ,.. 129 23 6 386as
... .&oJ
Q) fI)

May 1 "'0 as 93 8 5 303o Q)

2 e 38 78 13 5 625,..
3

fa Q) 3 254 17 13 446o Q.

4
,.. c. 222 15 6 186
~ ='

5 COG) 2 215 11 18 185

6
c:..c: 370 19 27 252

-,..t ...

7
.&oJ 277 12 45 140as c:

8 =' 0 2 179 12 33 75.u
9

cJ Q) 1 78 16 27 63=' .&oJ

10
~~ 2 72 18 38 30
~ f/)

•

'.



11 55 9 19 42
12

,...
1 66 10 9 29OJ

13 ~ 5 57 12 30 73g.

14 ::s 2 65 8 220+ 1
15 QJ 21 698? 81 815+ ?..c:
16 .&oJ 2 221 14 210+ ?
17 c: 1 241 8 125 ?0

18 QJ 2 175 9 70 ?
19 .&oJ 51 87 11 73 ?~

20 U) 4? 104 5 68 ?
21 OJ 51 143 13 33 ?>
22

.... 31 3 87 11 37 ?4J

23
g.

101 37 73 16 81 ?::s
24

,..
2 125 78 8 65 ?OJ

25 ,... 1 193 88 12 37 ?
26 tU 2 233 70 16 32 ?Q)

27 35m d 360 47 5 31 ?
28

(I) 309 63 7 28 ?~

29 OJ 185 49 8 26 ?>
30 25m

QJ
2 110 43 8 15 ?M

31 :t 3 130 95 2 48 ?
0

.-4

June 1 0 2 2 70 8 7 ?
2

.&oJ
1 57 8 14 1

3
QI

3 2 112 5 11 ?~

4
QS

3 675 22 56 ?,..
5

QI
3 323 11 40 ?~

6 i 7 12 117 25 7 ?
7 s 23 113 22 20 20
8 SSm 0 4 33 120 5 14 ?~

9 103m ~ 1 45+ 68 9 24 20
10 bO 4 220+ 52 8 34 ?c:
11 -r-44J 5 16 106 18 20 ?~ ....

12
co....c 4 97 16 16 ?=' ,..

13 40J 2 2 92 17 13 ?u u

14 49m ::s co 1 1 240 12 52 ?M co
15 ~. G) 1 175 14 38 ?
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Table 1.- -Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera (Cont'd)

Tremor Number of Earthquakes
(m = minutes)

Date Kilauea SU11IIlit ·SW Rift 1/ 2/
(1970) Upper- Lower-

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

June 16 1 143 14 24 ?
17 39m

(U

11 132 15 11 ?o 4J

18
4,J.,...

12 92 22 15 ?UJ

19 eu
71 123 11 23 ?4,J eu

20 tU >
18 80 14 11 ?....... .u

21 eu.&.J~

5 42 11 12 ?pO g.-f'"4

22 o =' ... 10 151 22 19 ?e ...
23

eu.u
5 456 18 37 ?a en

24 o ... tU
2 11 140 16 18 ?J.I QS QJ

25
'4-4 QJ

1 88 8 ?r: ... 7
26 9m

co OJ
1 51 12 12 ?C en g.

27 .... w-f ~ 2 4 75 13 11 ?
""' OJ :s

28 tU > 3 82 11 12 ?:s eu ~

29 """ .... .c 5 57 12 12 ?CJ .&oJ

30 ~~= 1 319 16 15 34
J'&4w-fO

1/ Upper East Rift count poor due to continuous tremor and traffic.

1/ Count taken from station Puu Honuaula (PHO).
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Computer analysis of the Hva network data perm:its the systematic treat
ment of far more earthquakes than was possible previously. This extended
coverage should permit a more detailed examination of the relationship between
earthquakes and volcanism in Hawaii.

Table 2 is a chronological listing of successfully located earthquakes.
For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR), minute (MN) ,
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and West
longitude (LONG W). Poor convergen~e of the epicenter solution is indicated
by"?".

Depth - depth of focus in km. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes ..

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT - standard error of the origin time in seconds.

ERH - standard error of the eptcent(~r in krn.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [= ~ Ri INO] where

R is the observed seismic wave arrIval tim'e less the caro-
l

h th ·puted time at t e i statton.

Q - solution quality of the hypocenter. This mea~ure is intended

to ind:icate the general rcli.ability of each solution:

g Epic.~nter Focal Depth-

A excellent good

B good fair
C fair poor
D poor poor

11



Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:

Station Distribution

NO GAP DMIN

A > 8 < 1200 < DEPTH or 5 km

B > 6 < 1500 < 2 x DEPTH or 10 km

C > 6 < 225 0 < 50 km

> 4 < 180 0

D Others

Statistical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec) *

A < 1.0 < 2.0 < 0.1.0 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

c < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that
is, an A and a C yield a B, and two n's yield a B. When the two
ratings are only one level apart the lower one is used, that is, an
A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, u.s. Geological Survey.

*RMAX is the maximum residual

12



SUMM~HY OF SfIS~IC EVENTS

1970 HR MN SEC LAT N LONG '- DEPTH MAG NO GAP Of-'1IN ERT EHH ERZ MO Q

APR 1 2 19 35.4 19--23.9 15~-16.q 7.1 1.7 11 93 1.0 0.13 0.4 0.8 0.06 A
1 M 10 4Q.4 19-25.~ 155-11.3 25.4 2.3 Itt 8b 6.ts O.l~ 1.1 1.9 0.14 ~

1 15 33 3t,.5 l<J-IA.tI 155-15.5 9.2 ?4 18 198 _.0 0.12 0.'1 0.5 0.14 (

t!. 3 3 9.4 1'J-23.8 155-17.2 3.0 l.A 13 86 1.0 0.03 0.3 0.2 0.07 A
2 4 58 12.2 19-24 •• 155-25.61 11.1 2.0 16 17 8.7 O.Ob 0.6 0.3 0.12 8

~ 5 57 ~.9 19-1~.7 155-14.1 9.3 ?2 18 ~O1 6.0 0.1 ~ 1.0 0.5 0.16 C
2 7 50 1.7 19-23.1 155-17.3 3.5 1.4 9 119 l.t) O.Ob 0.5 0.9 0.09 A

2 8 J2 6.7 1~-13.3 155-23.6 32.6 12 220 12.t:s 0.70 ~.5 6.5 0.13 r
2 12 13 21.7 1~-22.0 15~-20.1? 9.7 ~.2 11 115 3.1 l.l~ 2.7 6.9 0.36 C
2 12 18 47.5 19-23.1 155-17.&1 3.3 t!.O 13 6~ 1.a., O.OC) 0 •• 0.4 0.12 R

2 14 21 SQ.2 19-20.0 155-39.1 7.0 2.~ 11 223 10.0 0.25 1.6 0.7 0.12 C
t. 15 41 31.4 1~-23.6 155-17.1 2.9 1.7 10 III 0.7 O.Oj U.2 0.2 0.0"" A
2 II 30 46.7 19-20.1 155-~4.2? 3.2* 5 212 10.9 2.1d 16.b 0.72 ()

~

2 22 45 :lR.5 1~-23.3 155- 4 .... 4. 1 2.0 1& lQ9 10.1 0.22 1.4 l.l 0.20 Cw
j 1 3S 3~.q 19-73.- 155-17.6 2.4 1.8 12 69 1.3 0.11 0.1 1.- 0.14 ~

j 5 16 }9.2 19-ZS.6 1~5~24.1 10.5 2.2 15 63 1.u O.O~ 0.5 0.4 0.09 8
j l~ 20 24.~ !~-2j.4 15~-14.1? 3.8 a 172 3.7 O. 11 0.4 2.0 0.06 C
j 13 30 29.4 19-26.2 155-24.2 ~.1 7 18u 6.7 0.00 0.6 0.4 0.04 B
3 13 38 21.7 19-23.2 155-17.4 3.0 l.b 11 6l 1. 1 O.OJ 0.3 0.2 0.06 A

3 15 17 4q.4 19-23.3 155-11.2 3.0 1. 1 11 91 o.a o.o.J O.l 0.2 0.05 A

3 15 22 Sf.\.9 1\l-23.8 155-17.2 2.2 1.0 9 122 1.0 0.07 o.? 0.5 0.04 ~

3 l~ 0 ~.8 19-20.8 155-18.li 5.4 2.0 12. 141 2.4- O.1't 0.1f. 1.1 0.07 b
J 16 42 5.7 1~-23.1 155-17.41 2.b 1.0 9 71 1.1 0.27 1 .1 3.0 o.lb P
J 1 7 33 13.6 19-23.8 155-17.3 2.2 0.9 9 112 1.2 O.Od 0.4 0.5 0.07 A
3 18 41 21.8 19-22.3 155-17.1? q.2 1.6 14 82 2.1 0.24 1.6 1.5 0.33 C

3 22 24 9.2 19-23.0 155-15.2 3.6 1.3 11 83 1.7 0.08 0.5 1.0 0.11 B
4 0 25 46.2 19-23.5 155-11.1 2.1 7 141 0.6 0.04 0.1 0.2 0.01 ~

4 0 38 12.3 19-22.0 155-19.4 1.2 8 161 3.2 0.10 o.s 0.8 o.o~ R.. 0 58 10.5 19-23.8 15~-17.9? 0.1· 0.1 8 137 1.8 0.24 i.2 0.35 c
4 1 45 44.9 19-24.2 155-17.3 1.9 2.0 14- 62 1.0 0.08 0.5 0.5 0.19 ~



SUMMAkY Of SEISMIC EVENTS (CONTINUEO)

1910 HA MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q
APR 4- 1 52 40.7 19-24.2 155-17.3? 3.6 1.0 8 121 1.0 0.10 0.6 0.8 0.10 ~

4 2 il 12.2 19-21.J 155-14.4 30.0 1.8 18 147 1.8 0.16 1.0 1.5 0.12 ~

4 2 53 21.7 19-20.4 155-10.4 1._ 15 2')2 2.1 0.25 1.4 0.7 0.17 C
4 5 11 24.0 19-22.8 1~S-23.5 11.8 10 123 4.7 O.li O.A 1.7 0.10 R
4 Cj 33 31.5 19-23.5 15S-17.0 2.3 1.0 10 139 0." O.O~ 0.3 0.2 0.05 H

4 7 2 3Q.O 19-23.6 155-17.0 2.3 7 136 0.5 0.10 0.3 0.6 0.04 H
4 10 37 27.5 19-24.1 155-14.7 3.1 8 20Q 3.d 0.01 0.3 0.2 0.04 ~-. lb J~ 4?9 l(j-lQ.,+ 155-10.5 7.0 11 24fi 4.~ 0.42 2.4 1. 1 0.24 0
4t 16 1+1 43.l 19-13.9 155- 0.21 7.5 2.7 18 211 22.~ u.8d q..2 1.A 0.36 1)

- 16 43 37.9 1'1-21.4 155- 9.0 7.3 11 262 1.9 O.2f- 1.5 0.8 0.14 C

4 11 2~ 57.2 1~-21.1 155-12.6 q.2 14 181 1.7 0.16 1.0 0.8 0.15 C

- 1M J5 2Q.4 lCJ-lA.O lSS-lCfo.2 ~.l 11 237 b.t; 0.31 1.8 0.8 0.17 C
4 18 44 l~.l 19-41.0 156- 0.3 fl.O· 5 328 63.0 1.53 4~.2 0.10 U

~

~ It ~o 13 3q.8 19-21.7 155-44.6 "i. I) 12 237 l8.1! O.3d ~ .1 0.8 0.16 C
It- 20 36 IH.6 19-23.3 1~S-15.J 1t.4 1.3 12 81 2.0 0.11 0.5 1.0 0.11 H

14- to 4.8 11.~ 1'1-20.2 155-16.2 ~.5 13 203 2.0 0.11 0.7 0.5 0.09 H
4 21 2q 2.1 1~-23.8 155-11.9 3.S 2.3 13 71 l.~ O.IU 0.6 1.2 0.15 fl
4 22 24 33.1 1\J-2"~O 155-17.3 2.3 0.7 11 R4- 1.3 0.02 0.2 0.1 0.u4 A
4 22 it3 16.9 lCJ-lQ.3 155- 0.6 11.1· 11 342 17.1 1.55 9.5 O.O~ 0
If. 23 514 q.9 19-22.0 155-17.1 4.1 1 • 1 13 81 3.0 0.12 O.S 1.3 0.13 8

5 '; 2~ 23.0 19- 9.2 156- 3.11 20.6- 6 373 46. ·1 A.4n b1.A 0.75 f'
5 :; 48 51.2 19-13.5 155-17.1 ~.3 1.0 11 q1 O.h 0.02 0.1 0.1 0.03 A

5 3 54 c.;Q.9 lct-Zl.l 15~-14.2 1.~ 1& 112 2.3 o• 1it 0.9 0.6 O.lf' C
5 5 13 12.5 19-23.4 155-15.0 1.9 1.0 12 93 2.=i 0.05 0.4 0.6 0.10 A
5 6 38 55.9 19-28.5 155-53.01 5.6 1. 173 b." 0.19 !.~ 1.3 0.23 C

5 7 0 43.9 19-23.2 155-17.9 ,+.5 1.2 12 119 l.O 0.17 0.8 1.5 0.16 a
5 1 16 37.7 19-23.4 155-15.1 2.'.; 0.5 10 Ql t!.4+ O.Od U.5 O.A 0.10 '3
5 7 59 q.7 19-23.2 155-17.31 3.1 1.6 13 60 O.~ 0.04 0.3 0.2 0.01 R
5 Ij 30 49.3 19-23.0 155-17.3 3.0 1.1 13 h2 1.2 0.04 u.3 0.3 0.10 A
5 <J 25 31.0 19-26.8 155-22.7 11 • 1 2.4 16 tJq 3.8 0.01 0.8 0.4- 0.13 8









SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q
A~R 7 b 23 1~.O 19-23.8 155-17.4 2.5 0.6 8 131 1.2 O.2Q 0.7 1.6 0.07 ...

T 6 26 34.4 19-23.8 155-14.7 4.2 1.0 6 260 3.3 0.16 0.5 0.7 0.01 C
7 7 25 13.1 19-23.'J )~S-17.1 2.1 0.3 6 133 1. 1 0.01 0.2 0.4 0.01 ~

7 8 2 23.1 19-19.0 155-15.8 12.1 1.5 9 217 3.4 O.l~ 0.1 1.0 0.04 ~

7 ~ 23 30.9 1~-27.0 1~5-25.b? 10.U 12 124 6.~ O.lJ 1.0 2.1 0.10 A

7 9 2 4.2 19-23.9 155-14.7 3.4 1.1 8 201 3.4 O.O~ 0.3 0.1 0.03 ~

7 10 Q 2~.6 1~-22.4 lS~-15.4 5.3 0.9 1 140 O.1j O.lA 0.6 1.2 0.0'5 ~

1 10 13 37.1 1~-20.6 155-18.7 2.Q 0.7 1 lSI 2.5 0.03 0.2 0.2 0.02 F.'
1 10 11 30.h 19-24.5 155-11.61 8.0· 1.4 7 317 8.3 0.341- 5.9 0.30 U
1 10 i.1 1.1 19-23.9 155-17.2 2.2 0.7 6 131 1. 1 0.10 0.2 O.b 0.02 ~

7 13 33 17.3 lfi-23.b 155-11.1 2.0 0.8 7 13£ O. -, 0.22 o.~ 1.2 0.05 t'

7 13 44 l.~ 18-~e.3 155-23•• 12."1 2.7 lb 250 25.~ 0.33 ~.2 5.8 0.13 1
7 14 0 32.5 19-32.2 155-57.21 0.2 2.3 15 271 •.,.5 0.64 H.4 6.0 0.30 n

..... 1 1... 17 10.2 1~-23.8 1~5-23.7 11 • 1 1.5 10 189 6.~ O.4b 0.8 2.8 0.08 CQ:)

1 14 24 27.3 19-21.1 1~5-12.b q.'~ 2.6 17 157 1.6 0.01 0.1 0.4 0.13 C

1 14 2q 57.a 19-23.7 155-17.1 2.7 0.5 6 132 O.A 0.13 u.3 0.7 0.02 ..;

7 IS 3d 1~.1 19-~3.5 155-14.B 3.1 O.A 8 Id4 2.fj 0.06 0 • .3 0.2 0.04 ~

7 1~ 4+0 3.8 19-23.9 1!;S-lb.9 2.7 0.7 b 147 0.9 O.l~ lI.3 0.8 0.02 ~.,
l~ "2 4q.3 lQ-20.4 15~-lQ.4 3.7 0.6 b If\9 3.b 0.1'+ 0.6 2.3 0.03 C

1 l~ SO 3.5 19-23.1 155-11.61 A.O- l.l 8 316 6.9 0.38 4.7 0.43 u

7 15 5P Sq.O 19-23.1 155-11.31 8.0* 1.3 7 317 7.3 O.4~ 5.3 0.38 r)

1 Ib ::.t4- 4H.2 1~-23.1 155-11.0 3.6 0."1 1 140 O.b O.O~ U.~ O.~ 0.05 ~

1 17 41 43.1 19-23.6 155-17.0 2.7 1.3 11 110 O.~ 0.03 0.3 0.2 0.06 A

7 18 17 q.it 19-24.2 15S-1S.Q 3.7 0.5 6 224 2.~ 0.12 0.5 0.6 0.02 f:;

7 18 26 0.9 19-24.1 155-16.5 2.0 0.7 7 179 1.3 O.2S 0.1 1.4 0.0f; B

1 18 27 42.3 19-23.3 155-15.3 4.1 2.0 12 88 2.0 0.10 0.5 1.1 0.11 ~

7 18 30 13.4 19-23.9 155- 9.6 b.8 1.1 8 285 1t.0 0.44- 5.4 5.1 0.13 D
7 Id 35 17.1 19-23.1 155-15.5 4.4 0.6 6 209 1.1t- a.IS 0.5 0.8 0.02 8
7 18 41 45.4 19-23.8 155-14.6 3.0 1.3 8 201 3.4 0.06 0.3 0.2 0.03 8
7 18 51 59.3 19-23.6 15S-17.0 2.8 0.6 10 112 0.4 O.Oc 0.2 0.1 0.03 A



SvMMAHY OF SEISMIC EV~NTS (CONTINUED)

1970 HH f'4N SEC LAT N LONG w DEPTH MAG NO G"P OMIN ERT ERH ERZ Mo Q
APR 7 18 59 4q.7 19-23.9 155-17.2 2.5 0.4 7 12b 1.2 o.o~ 0.1 0.3 0.01 ~

7 19 4 5q.8 19-23.2 155-17.0 2.9 1.3 12 6~ 0.5 O.Ob U.S 0.3 0.10 fo)

1 19 15 26.3 19-23.1 155-14.M 3.5 0.1 7 171 2.4- 0.11 0.8 1.5 0.05 b
7 19 43 26.6 19-19.9 155-17.0 9.1 1.0 11 210 0.1 0.1. 0.7 0.6 0.07 8
7 19 43 51.9 19-25.4 155-16.41 3.4 0.·7 'J 255 1.4 0.56 1.5 2.2 0.14 C

1 1~ S2 5.1 19-23.9 155-14.9 ::J.9 1.5 8 191 3.3 0.16 0.6 1 •.3 0.05 ~

7 to 11 32.7 19-23.4 155-17.41 2.8 2.1 15 cl 1. 1 O.Ott 0.15 1 • 1 0.16 ~

7 20 l~ 11.8 19-23.1+- 155-17.1 2.& 0.1 Ii 143 O.~ 0.07 u.2 0._ 0.03 ~, t!O 1+2 13.1 19-21.4 155-16.8 1 1 • 1 0.7 8 130 ~.5 0.06 u.S 0.3 0.04 ""7 21 0 11 .9 1~-23.7 155-11.3 1.9 0.3 6 133 1.0 0.04 0.1 0.3 0.01 ...

7 21 34 34.0 19-20.4 155-15.8 ll.q 1.5 10 181 2.6 0.17 1.0 1.3 0.10 r
7 22 27 1 1 • d 1~-23.4 155-17.1 2.~ 1.0 12 92 O.b 0.0] 0.2 0.2 0.06 t.
7 22 37 r.;.4 1~-S4.1 155-32.9 "1.7 2.3 13 164 17.~ 0.1'+ 1.5 O.Q 0.15 C

~ 7 22 ~~ 57.6 19-1B.9 1~5-11.0 15.3 l.b 8 263 S.b O.3l 1. ~ 2.0 0.04 C'-C

1 23 3 41.3 1~-20.3 155-15.67 8.0· 1 • 1 ·7 317 7.4- O.Q5 'i.7 O.~O D

7 ~3 Q 3H.Y 19-23.6. 155-24.1 11.3 1.6 8 213 6.4 0.21 ,1 .0 1.9 0.05 ~

7 23 2Q 3.0 19-23.7 lS5-}4-.Q O.t!* 1.0 12 l~A 3.l. O.O~ 0.4 0.12 C,.1

7 ~3 3~ ".9 19-~4.3 1~5-15.6 -..2 0.5 6 240 2.1 0.1S 0.6 0.7 0.02 C
7 23 Itb 48.4 1~-~3.9 155-11.3 1.0 0.6 7 127 1.3 O.O~ u.2 O.R 0.03 tl
7 23 54 37.2 1~-22.7 155-14.8 5.9 0.7 b 165 2.0 0.09 0.3 0.6 0.01 ~

8 0 l~ 2q.8 ·1~-2J.4 155-17. 0 1.9 n.B 11 ql 0.4 O.Ob 0.4 0.4- O.OA 6
b 0 lH 7.1 19-23.1 155~15.1 ,3.1 '0.6 -J. 0 d~ 1. ~ o.Uo 0.4 0.4 O.Oq A
H 0 II lo.q '1 'l-23. 1 155-17.31 3.1 ·O.A lit- 61 1.0 o.o~ 0.3 0.3 0.11 R
t; 0 42 12.3 19-23.7 1~5-17.,+ 0.7 O.l 7 13b 1. 1 0.16 0.6 2.4 0.07 ~

d u ~5 1?8 19-23.9 '155-17.5 1.8 ·'0.5 7 128 1.4 O.1~ 0.3 O.ti 0.04 H

8 1 J 2.3.6 19-23.3 155-14.6 4.4 a.R 7 lAtt 1..9 0.10 0.4 0.8 0.03 B
8 1 q 6.2 19-23.5 155-!4.Q 1.8 0.9 12 94 2.7 0.06 0.4 0.5 0.10 B
H 1 '+0 4t-t.7 18-56.9 154-Sf4.8? 8.0· 2.2 7 356 54.3 7.71 0.0 1.79 D
8 1 55 26.4 1~-21.1 1~5-16.q? 8.0* 1.0 6 213 2.Q 0.41 3.2 0.17 0
d 1 56 51.0 l'i-lS.l 155-18.3 16.1* 1.4 5 328 13.5 0.42 i!.9 0.01 D



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1970 ...R Mt~ SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

APR 8 3 13 40.5 19-23.2 155-17.4 2.8 0.4 9 115 1.1 0.01 0.6 0.5 0.10 A
6 J 14 50.2 19-23.7 155-14.9 1.& 1.0 12 t.jl 3.0 O.(j8 (1.4 O.t.' 0.10 t:s
8 3 21 59.4 19-23.1 155-17.4 3.2 0.9 10 lid 1.1 O.Of;) 0.3 0.1 0.06 A

8 3 24 5~.6 19-23.9 155-13.5 5.5 0.7 7 2Q"' .... 9 O.l~ 1.2 1.5 0.0_ C
8 It ~5 4.2 19-.24.3 155-11.71 0.1 0.5 10 93 0.7 0.1-- 0.6 4.3 O.IS H

& 5 21 0.6 19-'22.4 155-16.6 4.4 0.7 7 2'23 l.i 0.16 1.5 1.1 0.06 C
H 6 18 15.6 19-23.5 155-17.6 ~.5 0.9 12 111 1 .... O.Ob 0.5 0.1t 0.11 fi

t4 6 30 2Q.4 1~"'23.3 IS5-11.0 3.1 7 147 O.it O.O~ u.4 O.S 0.0'" t,

8 6 31 3J.l 19-23.4 155-17.3 i!.5 0.6 6 148 O.b 0.06 0.1 0.4 0.01 ~

8 6 38 34.5 1'1-23.6 155-14.7 3.'j l.n 7 200 3.1 O.OJ 0.2 O.j 0.01 ~

8 1 17 33.8 19-23.8 155-17.5 4.0 0.8 10 10- 1.4- 0.24 1.1 2.1 0.18 ~

tI 1 33 _5.4 19-23.7 155-17.0 2.4 0.4 7 IMl 0.1 0.20 1. 1 0.9 0.05 C
ti 8 JO 34.2 19-24.0 155-11.2 3.0 fJ 101 1.3 0.03 0.2 0.1 0.03 A

N
it 'I 2.3 31.9 19"'23.4 1~5-17.1 7 Q.' 0.11 0.4 1.0 0.04 h0 1.9 0.1 . .) O.b
8 10 1 17.0 19-23.5 15S-17.1 2.2 O.Q 6 141 O.b o.o~ u.1 0.3 0.01 ~

8 10 14 27.1 19-23.2 155-17.2 3.~ 8 q8 o.~ O.OJ 0.2 0.2 0.03 A

8 11 0 4q.8 lQ-lO.8 1~S-13.2 ~.3 1.9 18 lA2 2.3 0.10 O.R 0.4- 0.15 C
8 11 17 16.7 1~-23.9 15~-14.2 3.~ 0.7 1 27~ ".0 O.q.l 1.5 1.5 0.04 C
8 12 7 30.6 19-23.6 lSS-11.5 4.1 2.1 14f. 5~ 1.::1 0.10 0.5 1.0 0.15 t1

8 12 11 43.2 .19-21.2 155-17.01 A.O· 1.0 7 133 2.1 1.63 ti.S 0.46 C

~ 12 19 0.1 19-19.Cl 155-16.4 12.0 1 • 1 7 2"" 1.7 0.21 O.R 1.4 0.02 C
8 12 30 47." 1~-23.4 155-17.3 Z.1t 7 q7 0.9 O.lJ \).3 0.8 0.04 H

8 12 31 24.2 1~-23.3 155-17.1 3.1 0.7 f\ 149 0.6 0.20 0.4 1.0 0.04 H

8 13 18 q.5 19-23.4 1~5-14.5 3.4 1.0 8 189 3.1 O.Ob 0.3 0.7 0.03 ~

8 13 lt9 18.3 19-23.5 155-17.3 2.0 0.5 6 144 0.8 0.07 0.2 0.5 0.02 p

8 13 52 45.8 19-13.5 155-17.1 2.8 0.5 7 141 0.0 0.10 0.5 0.4- 0.04 e
8 14 7 54.6 19-23.5 155-17.3 3.0 0.9 7 141 0.8 '0.13 0.5 0.5 0.05 B
8 14 ~ 23.8 19-29.5 155-50.8 Ij.~ 2.3 15 154 8.~ 0.06 0.7 0.5 0.11 C
~ 14 59 53.2 19-23.0 155-17.2 2.3 0.9 9 109 0." 0.03 0.2 0.2 0.03 A

8 l~ 3~ 4.2 19-21.q 155-10.1 5.1 1.2 7 208 0.2 0.76 5.2 3.1 0.22 l)



SU~MA~Y OF SEISMIC EVENTS C(':ONTINUEO)

1970 t1~ r1N SEC LAT N LONG W DEPTH MAG NO ~AP DMJN ERT ERH ERZ MD Q

APR M 10 4 3.8 19-18.3 155-12.Q 11.2 11 24~ 6.7 0.21 1.1t- 0.4 0.10 C
H 16 21 32.1 19-20.2 15S-15.H 9.8 1.0 8 208 2.8 O.2~ 0.7 1.6 0.05 R
tj 16 38 31.1 19-23.1 155-14.6 ... 1 1 • 1 8 195 3.3 0.10 0.3 0.7 0.03 R
t; 16 59 22.7 19-23.5 155-1 ~1.1 2.2 0.1 8 109 O.b 0.06 0.2 0.4 0.03 A
8 17 21 34.S 19-23.1 155- 1.6 7.8 1.9 15 20~ 15.0 O.2b 2.0 0.9 0.21 C

~ 18 28 17.2 19-20.9 155- 0.9 n.1 1.8 18 227 1b.1 0.21 J..7 0.7 0.21 [)

b Itj '+? 54.4 19-23.4 155-15.4- 4.3 1.0 7 231 2.0 O.lO 0.9 0.8 0.05 C
d 18 '+S 2Q.O 19-23.6 155-14.5 l..9 O.Q h 200 J.'+ 0.12 0.6 0.4 0.04 ~

8 llj '-'8 2Q.4 1~-23.6 155-17.0 2.~ 0.1 8 16'+ 0.6 O. 1~ U.4 0.5 0.06 ~

~ 18 50 25.4 19-~3.4 1~5-17.1 2.2 0.7 b 143 O.t O.Ot; u.2 0.5 0.01 ~

A 19 0 3,.2 19-24.4 155-16.7 4.4 1.0 7 226 l.~ O.2t) u.~ 1.5 0.06 C
t:i 20 1 34.5 19-24.6 155-10.01 H.O" 1.5 H 216 ~.~ 0.27 b.8 0.21 IJ

H 20 4 38.1 1~-22.1 155-10.61 6.3 1 • 1 b 193 1 • 1 1 • 1 U b.f. 5.4 0.13 f)
N

8 20 1 1 3'3.A 19-17.'+ ISS- l.i.l 7.ti 1.8 12 243 16.3 O.4~ 2.7 1.2 0.18 f}~

8 21 3Q 13.9 19-20.4 155-17.97 ~.1 1.0 7 206 1 • 1 O•.3-1 2.0 1. 'J 0.07 C

8 21 ~l ]9.6 1~-29.9 155-52.1 f.l 15 143 f1.1 o• 11 1.4 0.9 0.20 ~

8 21 =>6 ~t\.3 19-2?6 155-14.8 5.1 1 • 1 5 161 l.d 0.0 0.01 n
ti ?2 ~6 15.7 19-22.3 155-?2.9 -r.t. 1 • 1 8 167 3.8 0.48 1 • 1 3.2 0.09 C
'J 0 47 58.1 19-22.6 1~5-21.5 3.9 1 • 1 .11 ~3 3.~ 0.20 0.9 3.3 0.19 H
9 1 0 11.5 lq-17.9 155- S.A? lO.~ 1.3 9 304 7.5 0.b8 4.0 0.6 0.16 D

9 1 59 10.6 19-14.1 155-13.51 A.O" 1 • 1 6 319 13.S 2.56 t!1.8 0.89 0
9 2 1 36.7 19-21.6 lS~-13.6 2.6 0.3 6 187 1 • ~ O.l~ 2.4 1.5 0.01 r
9 2 ~Q 51.0 1~-20.6 1~5-12.8 14.4- 1 .4 9 19'1 2.6 0.20 0.9 1.5 0.04 R

9 3 28 lA.O 19-21.6 155-12.41 6.1* 1.0 6 189 1.0 1.1· b. 1 0.28 D
') 3 32 47.q 19-19.9 155-11.8 14.~ 1.5 9 231 it.'+- 0.07 O. ·7 O.S O.Olt C

9 6 30 44.3 19-21.6 155-12.51 0.2 0.5 6 181 O.t' 0.26 ~.O 10.6 0.12 f)

9 7 24 16.4 19-20.0 155- 7.11 15.5· 1.8 10 32M 6.1 0.97 7.4 0.27 0
9 8 19 21.8 19-21.9 155-12.5 2.1 8 154- 0.5 0.12 0.9 0.7 O. 11 C
9 8 35 20.0 19-23.4 155-15.q 3.4 1.3 10 140 1.5 0.12 0.6 ·1 • 1 0.12 H
9 16 46 lq.O 19-28.~ 155-52.1? 7.0 2.q l~ 157 7.0 0.10 1.4 1.2 0.15 0



SU"'MAHY OF SEISMIC EVE~TS (CONTINUED)

1910 riH MN SEC LAT N LONG w DEPTH MAG NO GAP OMIN E~T E~H ERZ MO Q

APR '1 1M 24 2.7 19-27.4 155-22.3 7.3 2.0 15 III 2.9 o.2i 1.7 1.4 0.29 C
9 19 57 25.5 19-22.6 1~5-24.1 1.7 1.7 13 67 Ito. 7 0.09 0.8 0.9 0.11 ~

10 2 59 41.2 19-22.1 155-}8.2 28.5 7 141 4.0 0.-.9 2.5 4.4 0.06 ~

10 4 42 SC;.8 19-10.9 155-25.6 34.2 2.6 20 lQ3 17.7 0.31 2.0 2.6 0.26 C
10 7 S4 13.7 19-21.- 155-11.7 9.5 1.9 1b 178 2.3 O.l~ 1.0 0.5 0.11 C

10 8 34 15.1 19-16.4 155-12.~ 17.3 6 285 10.9 O.5~ 3.0 3.5 0.02 0
10 10 ~6 35.1 19-1~.1 1~5-14.2 11.3 5 2~H b.l u.o 0.02 0

10 10 48 2,.4 19-1Q.7 1~S-16.Fj 9.0 0.3 8 240 1. ~ O.~l 0.'; 1 • 1 0.02 C
10 13 l~ 53.3 19-21.0 1~5-11.4 ~.8 7 19b 3.0 0.2'; 2.«.1 1.3 0.14 e
10 13 54 51.a ItS-5h.8 155-2-..1 8.S 10 2A5 25.3 O.6~ 6.6 4." 0.26 U

1u 15 37 17.8 19-20.3 155-12.01 Il.O It! 201+ 3." 0.11 0.9 0.5 0.11 C
10 l~ 46 3~.7 19-36.~ 1~~-14.8 15.0· 1.6 13 233 19.:'" O.l~ 1.0 0.10 D

N 10 16 27 3~.~ 19-20.Q 155-1A.5 20.0 11 1?5 2.5 0.20 1.1 2.3 0.11 H
N lCJ 1 7 5S 36.9 19-21.9 155-21.8 3.3 7 152 4.1 o.q.~ 1.5 4.7 0.10 c

Iv 18 14 3~.2 19-20.1 1~S-12.7 14.0 0.7 10 196 2.4- O.2u 0.9 1.5 0.05 R

1 0 23 13 31.4 19-22.9 155-24.4 ~.l 8 lQ4 5.4 0.15 1.0 0.9 0.08 C
11 u ~5 54.2 1'J-l~.2 155-13.l IS.1 R 22b 6.0 0.14 o.q 1.3 0.04 C

11 1 32 34.9 19-22.3 155-19.7 25.5 1.9 Itt B7 2.1 0.16 o.q 1.6 0.09 A

11 1 3~ 47.1 19-22.1+ 1~5-21.1? 50.1° 5 .2i!O 1.7 1.M~ (0.0 0.65. LJ

11 3 30 5l.7 19-22.9 155-23.6 12.1 b 188 4.9 O.2t.1 1.0 2.6 0.04 C

11 3 SO 37.9 19-29.~ 155-47.1 ii.O 1.9 12 i28 14.b 0.09 U.8 0.1 0.11 H

11 6 44 5~.6 19-22.3 1~5-10.2 9.0 ~ 2Jl 1.0 0.27 t!.2 1.7 O.OH C

11 ~ 7 31.8 19-20.4 lS5-15.t!. 13.2 0.6 9 lR~ 2.7 0.23 1.0 1.9 0.07 C

11 8 10 J9./t 19~20.6 .155-11.3 15.2° 0.8 b 320 7.3 0.24 l.O 0.04 D
11 8 J5 24.8 19-18.4- lS5-13.M 8.1 7 234t 7 .1 0.73 3.2 4.'5 0.17 l)

11 12 0 11.2 19-19.6 15S-16.6 10.9 1 245 1.6 0.48 1.0 2.4 0.02 C

11 12 15 21.3 19-19.8 155-16.6 11.3 7 241 1. ~ 0.14 0.7 1.0 0.02 C
11 15 57 43.9 19-26.6 155- 9.81 1'5.5 0.7 1 267 B.8 1.19 2.~ 7.2 0.11 0
11 11 11 27.3 19-20.5 155-12.4 15.8 0.6 9 203 2.8 0.19 1.2 1.0 0.05 C
11 18 46 14.3 19-23.0 1~5-12.3 f..it- 10 150 1t.6 0.15 1.2 1.2 0.16 B



SUMMARY OF SflSMIC EVENTS (CONTINUED)

1970 rtR ~1\4 SEC LAT N LONG W DEPTH ,..4G NO GAP DMIN ERT ERH ERZ MP Q

APR 1 1 19 0 16.5 19-1~.1 155-12.0 e.o o o.~ 5 292 7.6 2.~3 1~.8 0.16 0
11 1'1 29 21.3 19-20.9 155-23.4 Y.l 8 180 l.i. 0.11 1 • 1 o.a O.OA c
11 II ~o 5~.5 19-1B.5 1~5-13.2 12.3 13 231 b.~ 0.10 0.9 1.0 0.07 C
11 22 41 23.4 19-15.1 155- 7.8 1.4- 10 306 12.9 o. 7~ 3.7 1.3 0.23 f.'
11 23 17 4.6 19-10.6 15S-18.Q? 32.2 2.7 If) 231 1 7.6 0.Z4 1.6 1.8 0.11 C

12 1 2h 50.0 19-17.4- 155-24.6 Q.2 1.5 7 215 5.0 0.31 0.8 2.4 o.o~ C
12 2 4 52.6 19-23.1 155-25.7 lO.~ 1.3 12 123 h.8 O.cJd O.A 0.8 0.12 ~

12 2 1 1 15.2 19-19.9 155-14.~ 7.H 1 • 1 14- 20b 3.7 O.l~ 1 • 1 O.A 0.16 C
l~ 4 ~t.I 15.0 1~-lc.5 155-22.b Q.2 11 154- 4.5 0.11 0.7 0.1 0.09 C
l~ 9 13 43.1 19-22.9 1~5-25.3 10.5 4.3 ~1 6~ b.u 0.u1 u.6 0.4- 0.15 t'

12 9 17 40.0 111-23.4 155-25.9 ~.2 2.2 17 !f)7 7.'j 0.10 U.Q 0.7 0.19 ~

12 9 20 lq.3 19-23.0 155-?".~ q.D 1. A 10 121 7.1 O.lU ().~ 1 • 1 0.13 M

12 11 lQ 48.4 19-23.q lS5-~6.1 7.(:, 2.5 18 72 8.5 O.OH 0.1 O.b 0.1') ~

N 12 19 43 21.3 lY-22.7 155-29.~ 9."l 2.3 11 116 11.4 O.(j~ 0.1 O.f5 0.16 Hw
12 20 ~ ~.4 19-21.5 155-12.5 ~.2 2.3 17 14~ 1. 1 o.o~ 0.9 0.5 0.16 t

13 0 14 41.2 19-23.6 155-25.9 12.6 1.9 11 151 7.7 o.o~ 0.7 1.6 O.Oq ~

13 1 ~ 4A.2 1~-23.7 155-24.8 ~.2 3.2 19 7t:. ".~ 0.0-1 V.R o.~ 0.14 B
13 1 14 26.3 19-2~.O 155-23.8 ~.7 1.8 11 III 3.~ o.o~ 0.8 0.1 0.12 H

13 2 ~q 59.C) 19-23.- 155-?5.3 10.8 1.9 11 122 6.9 0.01 0.6 0.5 0.10 F4
13 4 ~3 20.7 19-23.9 155-26.6 11. 1 2.0 15 145 9.0 0.0'7 0.6 0.3 0.08 H

13 5 28 3.9 19-12.6 155-?2.4 2Q.6 2.0 9 204- 14.1 O.3~ 1.7 3.0 0.07 C
13 7 4- 25.5 19-13.8 155-23.A 3';.3 2.'" ~o 168 ll.~ 0.16 O.Q 1. ~ 0.10 C
13 9 3q 47.0 19-22.6 155-25.9 1.0 2.7 11 101 11.u 0.09 0.8 0.7 0.16 ~

13 9 51 2).5 19-20.2 155-15.0 9.9 1.8 14 185 3.1 0.07 0.6 0.3 0.10 R
13 12 ~5 1 .1 19-19.5 155-13.6 8.5 2.4 It> 198 4.7 0.14 1.0 0.5 0.17 C

13 21 36 24.7 19-13.3 155- 8.0 7.8 1.9 8 253 16.1 ,0. 71 3.5 2.2 0.13 D
13 21 41 10.4 19-21.4 155-23.4 10.2 7 188 l.2 O.7i 1.5 4.0 0.07 C
13 22 26 14.2 19-21.5 155-tl4.9 ~.7 2.2 12 ll~ 3.7 0.13 o.q 1 • 1 0.16 ~

13 22 41 A.I 19-23.0 155-25.7 10.7 I.e 12 123 6.7 0.09 1.0 0.9 0.14 B
13 23 13 11.2 19-24.2 15S- 2.5 ~.6 2.1 13 190 13.8 0.14- 1.2 1 • 1 0.19 C



SlJMMAHY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ "'0 Q

APR 13 23 24 26.9 19-22.1 15~-13.1? 3.3 1.3 6 181 0.5 0.71 l.5 3.8 0.08 r
13 2J "'1 54.6 1~-le.3 155-16.7 9.8 2.2 18 161 3.4 0.08 0.6 0.3 0.12 C

14 2 1'3 1.8 19-19.6 155-16.3 10.1 1.6 13 203 2.1 0.09 0.6 0.5 0.01 ~

14 7 31 24.4 19-19.0 155-15.8 9.9 12 217 3.~ 0.16 0.9 0.6 0.10 8

14 11 7 57.4 1~-27.4 155-14.4- 24.3 3.b 24 62 6.b 0.14 1.0 1.6 0.18 B

14 12 58 25.9 19- 7.4 156- 4.1 8.0· 3.2 17 281 46 •. 5 0.60 3.9 0.14 0
114- lit 13 6.0 19-12.3 155-21.A 29.7 2.• 5 11 251 14.q O.9Q 4.2 8.3 0.12 0
14 15 b2 '5.7 19-39.- 155-59.0 45.1 2.7 7 23~ 16.5 1.21, 5.5 11.2 0.16 p

1'+ 11 10 19.7 19-11+.3 155-30.9 8.3 2.3 13 141 11.0 0.08 0.8 0.6 0.14 ~

1~ 0 -f 12.3 1~-21.4 155-1&.1 2k.8 18 121 2.2 O.l~ 1.0 1.5 0.14 A

15 1 27 12.7 19-21.8 1~5-13.2 9.9 2.1 16 141 0.8 O.U~ 0.8 0.4 0.13 ~

l~ ~ 42 19.6 1~-20.6 155-24.5 10.7 2.3 14 109 2.2 0.08 0.8 O.b 0.14 ~

15 l~ 3q 1~.8 19-19.6 155-16.0 ~.9 2.4 16 162 2.~ O.O~ 0.7 0.5 0.1. C
N 15 ~2 J9 45.5 19-15.7 155-21.5 O.O~ U.1 0.8 0.13 C
~ ~ .1 2.3 17 166 ~.~

1:; t!2 41 31.2 19-16.7 155-22.2 8.3 2.0 16 160 6.8 0.10 t).9 0.8 0.17 C

10 2 t!5 3~.S lC1-1B.8 155-15.0 28.4 3.2 21 170 4.q 0.15 1.0 1.3 O.lJ C

Ib 23 7 3Q.~ 19-23.0 155-25.0 lO.~ 1.9 lit 20~ 6.0 0.14 0.9 0.4 0.11 C

1-' 12 9 24.9 19-21.1 155-13.9 ~.5 1.5 14 113 2.R 0.14 0.9 0.7 0.15 r
17 12 12 13.6 19-31.b 155-55.5 10.4 4.1 21 227 0.7 0.23 2.~ 1.4 0.22 0

17 16 ~8 12.1 19-20.6 155-11.5 1.5 2.0 13 20& 3.3 O.lli 1 • 1 0.7 0.17 C

17 11 46 ?9 19-30.1 1~5-45.0 2.0 2.8 14 130 18.l 0.44 1.0 2.2 0.16 ~

17 18 54 2".5 1~-25.0 155-26.6 10.4 2.0 12 l~H lO.b 0.10 u.A O.~ 0.11 r
1 7 22 34 l7.8 19-25.2 lS5-50.2 7.9 1.Q 12 270 29.Y 1.33 ll.d 2.1 0.13 [)

18 1 41 41.4 19-18.3 155-11.b 11.3 1.3 11 222 7.1 0.27 1.9 O.fl 0.14 (

18 6 38 lQ.7 19-13.Q 155-23.9 21.1 1.9 16 171 11.7 0.20 1.0 2.3 0.10 C

18 b 45 6.8 19-19.1 155-16.3 10.1 8 261 2.7 1.03 l.4 4.8 0.05 C

l~ 1 31 47.5 19-19.6 155-10.5 7.1+ 10 24'7 ".1 0.20 1.7 o.a 0.15 C

18 11 '+0 30.9 19-46.0 15S- 2.31 4.2 2.0 9 283 1.3 O.2d 1.4 0.5 0.06 C
18 12 54 37.9 19-19.6 155-16.1 1.9 12 206 2.4 O.l~ 1. 1 0.8 0.15 C
18 14 53 3~.S 19-10.3 155-38.9 10.3 3.0 12 161 9.1 u.ll 1 • 1 0.6 0.11 C



SU~~AQ't !')F SE Y5" I C EVEr~TS (CCNTt~UEO)

1910 t-R ~),N SEC LAT , LONG W DEPTH ~AG NO GAP O""! ~, Ef.' T EF H ERl ,.,0 Q
APr 18 l~ 24 3 8. c: 19-20. 7 155-21.6 9.q 10 14C 7.6 o. 13 1 • 1 1.3 0.16 B

13 If 3 56.3 10- ~ o. C 155-11. 0 fJ.2 1 1 196 3.7 O. 14 1 • 1 0.6 0.12 C
18 17 14 34.7 1q- 26. 1 155-1C.<i? <;.8 1. 5 q 250 8.1 o. e1 3.q 8.1 O. 11 0
19 3 12 30.7 19-20.2 15 5-1 ~. q 7.8 14 lq2 2.7 0.16 C.9 0.7 0.15 C
lq '] 18 8. 3 19- 2 8. <; 155-46.5 6.6 2.1 14 12~ 16.0 0.16 1.4 1.6 0.15 8-

19 c 30 38.p 19- 15 • 7 155-46.5 26. 1 3.2 23 153 9.2 C.16 1 • 1 2.4 O.IQ C.,

19 t 7 1. 4 19-13.4 1~·5-2).4 32.9 2.3 11 171 12.5 O. 28 1.5 2.8 0.15 C
1'; E 48 45. q 19-22.9 155-25.3? 10.7 9 204J 6.1 0.2l 1. I) 0.8 0.11 C
19 E 53 19. 2 19-16.8 155-21.6 23.4 10 30n 9.5 1.05 S.q 5.5 0.12 0
lq <; 29 48. 1 19-24.9 155-26. ? 9.5 14 1 31 I c. a o. 11 0.9 0.1 0.14 B

19 1 t 1 16. 4 19- 1g. C 154-56.<1? 0.0 2.2 8 254 19.3 1. C7 2.5 3.9 o. II C
19 1<; 45 1 '). 1 lq-ll.3 155-3C.7 5.8 1 164 13.0 0.12 1 .1 1 .1 0.10 C
20 1 3 5'" r; 19-24.1 155- 2. 7 0.3 1.9 14 171 1 8.6 0.46 c.q 2.3 0.12 CN -. -'

V'1 20 1 52 21. 7 19-20.0 155- 2. 1 5.2 1. q q 231 21.5 0.55 1.2 1 .6 0.22 0
20 E l~ 44.1 19-23.9 155- 7.5 6.7 9 2"" 5.0 0.32 1.8 1.0 0.11 Cje..

2J 1 7 41 10 .2 19-21.3 1 55- 25. 3 8.5 2. 1 16 12 C 4.(1 O.Cq e.8 C.6 0.18 e
2 1 14 53 44.7 19-~2.0 155-11.2 29.4 2.5 19 90 2.5 0.19 1 • 1 1.7 0.11 B
21 2 1 4 1.7 19-10.3 155- 38. 1 7.6 2. 6 13 204 8.7 C. 14 1 .5 0.1 0.C8 C
22 C 26 40.1 19-21.7 155- 2. a 6.8 2. 3 13 218 14.1 O. 35 2.5 1.4 0.25 C
22 3 8 l~. 1 19-24.5 155- 4. 1 3.2 2.5 13 16<j 20.3 0.14 O.q 1.0 0.15 C

22 Ie 0 6.<1 19-18.9 155-17.3 26.2 2. 3 13 218 2.3 O.2C1 1.6 7.5 0.10 C
22 1 7 5 9.7 19- 1 7. c; 155-16.4 9.3 2.2 14 204 4.5 O. 10 0.7 0.6 0.10 B
22 1<; 15 54.4 19- 23. 1 155- 2 4. 7 lC.4 2.4 15 20C 5.8 0.16 1 • 0 0.5 0.13 C
22 2C 56 11. 3 19-23.4 1 S 5-24. 7 9.5 2.0 15 75 6.4 0.01 C.7 0.5 0.12 B
23 «; 16 1. 4 20- 2.3 155-47.61 14.0* 3.3 20 262 9.7 O. 72 4.q 0.31 0

24 it 36 5. 4 19-22.8 155-25.q 10.1 3.0 18 1tJ 6.5 O.C9 0.7 0.4 0.15 B
24 1 ~ 56 4<1.4 19-56.4 155- 31. 5 10.0 2.3 7 21C'J lq.5 0.25 2.0 0.8 0.08 C
24 1<; 51 21.7 19-17. ':5 155-2 8. 0 5.4 10 136 <1.6 O.C<; O.q 1.4 0.15 8
24 2C 38 14. 5 20- 9. 7 156- 18. 6 2.1 3.3 23 31) 5.4 0.34 11.3 11.0 0.18 0
24 2~ SO 34.4 19- 2 a • 7 155-13. 2 9.8 1.8 14 186 4.2 0.13 0.8 0.5 0.14 C



SUMMARY UF SEISMIC EVENTS (CONTINUED)

1970 r1R MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT E.RH ERZ MD n
APR 25 0 46 Sq.3 19-22.9 155-29.0 9.3 2.1 15 97 16.2 a.Od 0.7 0.1 0.14 H

25 1 2" 47.8 19- 9 •• 155-27.11 40.1 13 178 1~.8 O.3~ 1.8 3.8 0.12 C
25 2 ~q 2.3 19-16.1 155-?7.3 1.0 8 202 10.3 0.25 ~.2 1.2 O.OA (

25 3 '+1 53.5 19-21.3 IS5-12.0 Q.9 13 181 -3.6 0.17 1.2 0.6 0.16 C

25 6 48 32.5 1~-17.5 1~5-25.3 5.8 8 196 15.1 0.20 1.5 1.6 0.14 C

2~ 12 6 3l.6 19-24.0 155-24.1 8.1 2.4 13 8J 7.1 0.06 0.6 0.6 0.08 A

25 14 32 52.1 19-~.3.b 155-24.6 11.4 9 137 6.7 0.07 0.6 1.2 O.O~ 8

25 20 10 lli.t4 1~-21.2 155-24.8 9.5 10 230 3.£ O.l'i 1.2 0.9 0.11 C

25 20 ';'4 ~.8 1~-11.4 155-2fi.O? A.~ 2.7 Ib 1&3 l~.b 0.10 v.A 0.6 0.13 L

2~ ~l 2 52.7 }'1-20.5 155-1~.9 ~.O Q 164 4.4 0.17 0.5 2.0 0.06 ~

2~ 21 55 1n.1 1~-1~.5 155-39.3 9.1 b t!43 27.d 0.92 5.0 3.0 0.09 n
2b 2 10 ~7.1 19-10.6 155-2~.A 7.~ 9 181 16.6 0.14 1.2 0.8 0.12 C

2b 2 26 6.~ 1~-t?3.A 155-24.8 ~.4 3.2 18 7:' 7. 1 0.07 0.6 0.4 0.12 8
N
0\ 26 3 lA ~.a 1~-12.2 155-47.q 12.1 9 338 l~.~ 0.54 ~.8 3.1 0.12 l)

26 4 4~ 18.6 1~-20.2 lSS-3R •• ? 13.4- 7 292 ~6.'+ 0.33 2.1 0.16 0

2h S 4Q 2~.8 19-17.2 155-41.9 6.- 5 25~ 2b.d 0.0 u.o~ U

2b l~ '+8 4C;.9 19-21.5 15S-13.b 8.4 2.6 l~ 163 2.6 0.11 1 • 1 0.5 O. 18 C
lo 16 ~f) 48.6 19-11.6 1~4-S7.Q? 0.3* 9 270 2d.~ o.~u 2.8 0.23 0

26 19 "'1 59.6 19-23.3 155- 2.6 7.8 9 19~ 13.2 0.24 3.0 1. 1 O.lS C
27 16 0 lA.3 19-12.0 1~5-28.7 A.3 2.1 18 161 15.7 0.09 0.8 0.5 0.14 C

27 19 IS 11.6 lQ-20.'+ 155- 8.b ~.3 2.0 14- 17~ 3.1 0.1 q 1.2 1.0 O.lQ (

28 3 14 2Q.7 19-25.2 154-51.A 3.5 2.5 1 2a3 1.4 1.01 4.6 3.4 0.13 i)

28 6 Q 20.8 !"l-26.3 155-14.1 31.3 2.1 17 ti7 5.7 0.19 1.2 1. ~ 0.15 ~

28 6 4+7 5.2 19-23.2 155- 3.6 14.3 8 197 ll.~ 0.06 0.7 0.4 0.03 ~

28 7 57 10.1 19- 4.2 156-21.91 A.O· 9 335 81.1 4.3U 26.5 0.13 0

28 8 6 17.7 19-20.6 155-11.1 lO.b 2.3 15 204 3.6 0.16 1.1 0.5 0.16 C
2~ 9 1 2.5 19-48.8 155-4".1? 3.6 2.9 22 171 25.2 1.54 17.9 11.3 0.57 0
2ti 13 36 35.5 19-20.6 155-29.2 €l.6 2.2 15 108 10.4 0.09 0.9 0.1 0.14 8
28 15 23 5.3 i9-2~.7 154-5~.9 1.5 3.5 17 208 4.9 0.31 1.1 1.4 0.21 C

28 16 J9 38.9 19-45.9 156- 6.91 0.2 ?~ 9 270 33.~ 1.98 4.8 6.5 0.15 IJ



SlJP-1MA~Y UF SEISMIC EVENTS (CONTINUED)

19-,0 HH MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT E~H ERZ MD Q
AfJR 28 16 55 56.4 19-15.7 154-42." 28.7 2.1 19 2Q5 30.'1 0.61 J.S 4.0 0.10 L.)

2b l.2 22 25.9 19-19.4- 155-13.8 ~.8 1.8 16 lq- 5.1 O.O~ U.1 0.4 0.12 C
29 {) 11 17.2 19-19.9 155-28.'1 8.4 I.A 13 117 9.0 0.10 1• 1 0.9 0.17 H
29 2CJ SA 51.1 19-21.6 155-16.7 27.1 2.7 19 117 2.1 0.12 0.8 1.2 0.11 p

29 21 45 4~.3 19-19.6 155-14.1 10.2 1.6 16 193 1+.6 0.07 0.6 0.3 0.10 B

30 2 18 ~.8 19-13.2 155-27.4 28.0 2.4 i6 158 15.2 0.25 1.2 2.q 0.11 C
30 5 32 13.5 19"19.5 l~S- 5.b 6.6 1.2 18 lql t'4.~ 0.20 1.5 1.0 0.23 C
3u 6 7 1.6 19-22.3 155- 7.H 10.7 3.9 21 ?3U 4.0 0.11 1 • 1 0._ O.l~ C
·~O 0 1+0 14.7 19-21.9 lS~-lO.5 6.f4 10 163 O.~ 0.2:) 1.4 1.0 0.14 C
30 8 ~b 30.5 19-25.2-154-55.51 2.4 0 2.1 1 28b 31.,+ 0.34 1.7 0.13 0

30 1't ~~ 44.6 19-24.2 155-24.q 10.~ 1 • "I 14- 123 7.8 0.0-'; U.4- O.J 0.09 ~

30 1b ~S 25.8 1'1-23.'+ 155-13.41 13.7 0 1.7 5 30b ,.., O.31-i o.q 0.25 0
3(; 18 56 30.7 lq-12.3 155-22.3 2Y~5 12 206 14.7 O.3U 1.6 3.0 O.OR C

N 30 ~l J2 3Q.l lCi-14.4 1~S-?4.8 32.4 3.Q 23 161 11 • 0 0.29 1.6 2.~ 0.22 C'-oJ

3u 21 5~ 17.8 19-12.2 1~5-22.9 30.9 12 204 14.d 0.31 1.7 2.9 O.OQ C

30 ~3 3i! 32.5 19-12.3 1~5-?2.tj 31.8 2.3 10 20Cf. 14.7 0.43 ~.2 4.0 O.OQ C
1 5 10 1 1 • 1 lQ-20.2 15~-27.h 11 .4- 1.9 9 149 '1. Q O.l~ 1 • 1 0.7 0.09 R
1 6 31 11.5 19-30.8 155-35.21 15.1 2.1 fj lq~ 20.'1 0.13 0.9 1 • 1 0.07 C
1 8 53 25.0 19-22.3 1~5-25.1 10.3 1.6 13 118 4.~ 0.07 u.7 0.7 0.11 t:.1

1 9 0 59.2 20- 3.8 15~-53.1? 3.6 3.7 20 276 19.b 3.~~ 20.1 7.3 0.34 D

1 ~o lQ 1.6 19-14.0 155-17.6 42.9 1.9 14 219 1 1 • .~ 0.31 1.5 2.4 0.09 C
1 ~o 4+b 4.3 19-19.q l~S- 1.S 4.9 t' 241 1Q.1 0.44 ~.5 1.3 0.15 n
2 '+ 12 44.1 19-19.6 1~5-10.0? 11.4 1.6 13 214 4.1 0.13 1.3 0.3 O. 11 C
2 II- 13 ltJ.6 20- 4.1 1:'~-57.~? R.O'" 2.0 18 319 27.h 4.10 ~.-,. q 4.2b f)

2 8 '+7 3,.9 19-2q.5 15~-17.4 If,.8° 3.0 5 233 33.0 0.33 2.8 O.O~ 0

2 11 22 7.2 19-20.6 155-13.4 9.1 1.4 14- 187 2.A 0.14 1.0 0.6 0.14 C
~ 13 17 15.5 19-1A.9 155-42.5 12.1 8 259 12.1 0.5:; 3.4 l.q 0.07 D
2 15 13 31.8 19-21.5 155-1H.2 30.1 2.6 19 73 3.0 0.14 1.0 1. ,. 0.13 H
2 I!:» 26 40.3 lQ-SO.3 155-36.6 14.~* 2.3 10 137 17.7 0.08 0.9 0.10 C
3 1 56 57.2 lq-44.6 155-43.3 37.3 2.7 18 144 31.~ O.4A 1.5 6.3 0.14 C



SUM~AHY OF SEIS~lC EVENTS (CO,..,T I ~~UED)

1970 HH MN SEC LAT N LONl-t ~ DEPTH MAG ~O GAP OMIN ERT EHH ERZ Mf) U

MAY 3 3 36 15.2 19-1?O 155-34.5 8.2 6 141 7.1 0.13 1.4 1 • 1 0.08 k

3 3 50 4Q.8 19-12.3 155-13.0 B." 7 147 8.h O.l~ 1.3 1.0 0.13 d

3 ~ ~b 16.9 1~-22.4 1~5-23.1 9.1 0.9 12 131 4-.0 0.07 u.7 0.6 0.10 H

3 6 47 32.3 19-21.9 15~-16.1 32.0 2.4 2u 11 '/ 1.0 0.14 U.9 1.3 0.12 H

3 7 30 35.3 19-2b.2 154-51.7 A.O· 2.5 11 292 39.3 2.3~ 15.4 O.2Q f'

3 9 2~ 2.3 20- 3.1 155-31.6 50.1 3.2 18 ?2~ lA.3 0.49 ~.1 4.l O.oq ('

.3 itO 1+3 3b.O l~- 2.5 1~"'-?4.U 21.2· 2.b i 1 25" 22.~ U.22 1.G 0.09 C

4 12 31 00.0 19-24.5 155-25.1 8.6 2.2 14 125 ~.~ 0.10 O.H O.~ 0.17 R

4 14 S 0.8 19-21.4 1~~-1C;.~ 7.7 1.2 1 14b 1.0 O.~4 0.7 1.S O.O~ ~

4 14 34 51.6 19-1Q.6 15~-t?8.0 1.i. 2.6 13 120 le.~ 0.11 1.0 1 • 1 0.19 R

4 16 23 4R.9 19-21.5 155- 9.9 14.1 1.3 b 194- 0.6 O.Oc 1.3 0.7 0.03 C
If. 16 57 25.1+ 19-19.2 155-16.2 12.~ 1.5 l-3 21~ 2.6 O.Ob 0.4 0.7 0.02 B

4 17 j2 2q.3 19-25.4 155-11.2 ~.8 1.2 10 232 6.q 0.15 1.0 O. , 0.01 C
N 4 18 6 17.9 19-13.8 155--31.1 12 143 10.h o. o.~ 0.7 O.A 0.11 8
(X) 7.1 1.8

4 18 3b lQ.4 19-19.b 155--15.9 9.7 1 .0 14 189 2.t:i 0.0' 0.6 0.4 0.09 H

4 23 2 3.1 19-27.6 lS5-!'t.2? ~.Oo l.p 10 26b 7.u 0.'72 ~.o 0.51 C.

5 0 52 15.8 19-20.5 155-13.3 ~.O 2.1 17 166 4.0 0.13 1.0 0.5 O.l'J C

5 5 26 5.2 19-21.4 155-11.4 1.5 1.5 14 159 2.~ 0.11 1.3 0.7 O.1Q C

5 ., 14 2.2 19-19.1 155- 6.9 22.4· 1.9 b 33b 7.1+ 0.04 0.8 0.01 0

5 11 3y 5?O 20- 0.7 155"32.~ 8.4 2.8 15 213 16.1 0.15 1 • 1 0.6 0.07 C

5 14- 411 41.6 19-2b.6 154-52.11 8.0" ?2 7 28~ 3.f.» 0.21 ~.3 0.21 ! )

5 15 11 21.4 19-1Q.4 155-13.8 A.6 1.4 15 211 ~.2 O.le 1 .3 0.1 0.1 ~ c
5 11 50 53.7 1~-20.1 155-11.h 12.4 1.S 7 229 4.~ 0.'31 1.3 2.1 0.04 C

5 19 jq IB.b 1'1-21.2 155-11.8 14.4 1.5 8 l8b ~.b 0.40 1.4 2.~ 0.u5 C

5 23 13 57.3 19-12.8 155-?2.q 29.3 2.0 11 181 13.7 O.2~ 1.3 2.d O.OR r

6 0 39 53.1 19-11.9 155-22.1 26.2 2.0 7 ?20 15.4 0.52 2.9 6.2 O.oq C

6 2 41 39.1 19-15.5 155- 8.1 24.4 1.8 8 242 11.1 0.23 l.O 2.8 0.01t- e
6 4 4 26.8 1~-19.~ 155-14.0 9.0 1.2 16 168 4.1 0.08 0.8 0.5 0.13 C

b 5 20 39.4 19-27.7 155-13.31 8.0 0 1.6 11 276 8.- O.2fJ ~.1 0.43 n

b 5 22 1~.7 19-20.6 155-16.4 22.8 1.6 10 115 3.0 0.18 1.0 1.7 O.O~ H



SUMMAHY UF SEISMIC EVENTS (CONTINUED)

1970 H~ t.4N SEC LAT N LONG w DEPTH MAG NO GAP OM!N ERT ERH ERZ ~O Q

MAY 6 b 21 38.7 19-18.0 155--15.3 7.8 3.2 17 182 1.0 O.l4t 1.0 0.6 0.17 C
b 6 ~3 36.7 19-18.~ 155-13.7 15.6 1.6 ~ 227 6.0 0.04 o•.3 0.4 0.02 C
6 b 24 12.4- 1~-19.2 155-14.~ ~ .1 1.5 9 198 4.t:i 0.20 1.8 1.3 O.le C.
b 6 2A 60.0 19-18.8 15~-14.1 1~ •• 1.7 6 227 5."'J 0.18 1.6 1. f) 0.03 C
6 9 4b 11.4 19-24.0 155-16.7 'l.o 0.8 8 164 1 • 1 0.20 o.s 1.1 0.05 A

6 12 32 2.0 19-23.6 155-17.1 1.9 0.1 7 135 0.6 u.Ol 0.1 0.2 0.01 8
b 18 10 12.5 1~-20.3 155-10.0 q.O 2.5 19 175 2.1 O.l~ 1.0 0.5 0.17 C
b ~2 27 4C5.7 1\1-24.1 1~5-l5.7 b.O 1.2 8 224 2.3 0.7·' ~.l 3.b O.O~ C
b 22 ~31 3.3 1~-34.0 155-.1.1 17.4 0 2.1 12 23-' 33.5 O.2~ 1.5 a.lb 0
1 2 ~A 21.7 19-23.5 155-16.6 15.7 1.8 16 92 0.4 0.07 0.7 O.A 0.11 8

1 4- 1" 10.8 19-20.5 155-14.3 8.2 1.6 14 lAl Z.~ 0.12 U.9 0.6 0.15 C
7 5 2 3.3 19-23.7 155-17.2 1 ... 0.7 7 133 1.0 0.1.3 <1.4 1 • 1 0.05 ~

7 7 41 7.8 19-13.6 155-17.0 2.2 O.~ 7 136 0.4 O.2~ 0.7 1.7 0.08 t-e
N 7 7 4+1 44.0 19-22.? 155- 9.8 7.1 I.A 14 243 0.9 0.17 1 • 1 O.fl 0.13 C\0

7 10 30 40.ti 19-12.1 155-31.3 "'.1 10 1~2 11.4 O.IV u.q 1 • 1 0.11 C

1 17 22 ~7.4 19-19.- 155-13.6 9.Q 1.8 16 194 5.'t- O.Oti 0.7 0.4+ 0.10 C
1 2J ~5 lR.O 19-33.2 155-56.9 30.7 ?A 12 27b 4.1 0.59 t..~ 4.7 0.07 0
7 23 58 4~.6 1~-18.b 1~5- 5.~? 15.2· 1.3 ~ ?26 9.~ O.lQ 4.2 0.21 n
b 1 Ib 5" .1 19-19.4 155-15.5 9.A 1.~ 15 191 3.5 O.OR 0." 0.3 0.10 B
ti 2 16 37.8 19-19.4 1SS-1l.A 10.8 1.8 10 265 5.,+ O.3~ J .1 1.2 0.19 II

~ 2 25 58.9 19-12.8 155- 1.9 4.2 l.q 12 257 11.0 O.6j c.9 1.8 O.lQ D
8 J 15 5C;.4 19-22.1 155-?2.3 q.3 1.3 11 14~ 4.~ O.Oq 0.6 O.s 0.08 ~

8 9 0 19.8 20- 1.6 155-50.5 5.5 3.0 18 145 14.~ 0.26 1.2 1.~ 0.13 H

8 20 c.7 S.8 19-20.9 155-25.~? 5.5 2.2 16 11~ 11.0 0.11 O.'J O.ti 0.19 t;

'1 9 to 50.1 19-22.9 155-11.1 ~ .1 2.1 16 12\/ ~.6 0.01+ u.S 0.3 0.09 ~

9 18 4 1+1.7 19-}4.1 155-24.47 42.6 2.7 18 164 11.it- 0.2::» 1.3 2.3 0.10 C
9 18 21 2".9 1~-30.4 155-42.8 ~.9 2.4 16 128 21.9 0.10 0.1 0.8 0.14 8
C-J 21 9 1.6 19-2S.~ 155-27.6 13.4 1.8 10 216 10.3 O.~5 2.2 2.2 0.16 C

1U 3 1 21.1 19-13.2 155-l3.tJ 30.7 2.1 10 191 13.0 O.3d !. q 3.7 0.09 C
10 3 58 34.0 19-11.b 15S"?2.0 31 .8 ?3 13 lA3 16.1 o.1M 1.2 2.7 0.08 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W OfPTH '4AG NO GAP OM!N ERr Et-tH ERZ MD (.J

MAY 10 5 30 53.2 19-1?8 155- 3.81 q.l 4.1 23 177 1 1 • 1 O.2v 1.9 0.9 0.30 C
10 b 33 44.4 19-14.4 155- 7.~ 2.2 2.1 11+ ?28 14.1 1.O~ 1.7 4.4 0.18 C
10 9 55 l~.~ 19-19.5 155- 7.6 9.1 1.7 12 317 b.v O.6ti j.6 1.0 O.l6 0
10 11 17 37.8 l<i-21.0 155-25.5 11 • 1 1.7 13 129 4.~ 0.08 0.8 1.3 0.12 ~

10 11 31 Sq.o 19-20.9 155-11.6 b.9 1.4 Q 200 3.3 o.c'J 2.0 1. 1 0.16 C

10 11 33 34.4 19-14.0 155-24.1 17.3 1.5 14 182 11.~ O.l~ 1.3 3.4- 0.13 C
10 11 36 30.6 1~-1?8 155-?2.Q 33.1 2.2 16 lHl 13.1 O.3~ 1.7 -3. 7 0.13 C

1u 13 10 s.Q 1~-22.2 155-26.3 7.7 1.q 14 83 0.5 O.lu O.Q 0.'1 0.21 f-

lO 16 22 53.0 19-20.6 155-13.q 15.4 1.2 7 18B 3.3 0.18 O.Q 1.7 0.03 ~

10 11 11 40.3 1\j-21.9 155-23.0 6. 1 1.2 9 169 3.2 O.4~ 1.2 3.1 O. 11 C

10 20 5 41.7 19-1A.7 155-1b.7 Q.7 1.4 lb 16f, 2.9 O.Oh 0.5 0.4- 0.09 H

lu ~o 47 5';.6 1~-20.4 155-)H.B 8.l 1 • 1 11 151 ~.~ 0.10 0.7 0.6 0.11 C
lu 20 50 )(.,.9 19-20.5 155-17.5 10.0 1 • 1 13 90 0.11 0.09 0.7 O.h 0.11 B

w
10 lO 51 4~.2 19-20.1 155-}7.9 14 159 0.9 0.09 0.7 0.5 0.12 C0 8.7 1.2
10 20 5S 4.5 19-20.6 155-18.8 ij.l 1.3 10 140 2.6 0.11 1.0 0.1 0.12 f1

11 1 15 13.2 lY-l~.7 l~S-lb.~ ll.~ l 241 1.H 0.24 o.~ 1.0 0.02 C

1 1 2 lH t;7.1 19- 7.9 1~~-35.1 Y.t) 2.2 l~ 13b 8.4 o.o"J 1.0 0.1 0.11 ~

11 b 16 14.6 l~-t,.,.~ 155-21.01 13.8 1.3 7 258 8.4 0.52 t!.~ 4.2 0.04 D
11 7 40 ~1.4 19-43.1 156- 1.2 32.2 2." 13 302 31.0 I.Ob ~.~ 5.7 0.08 n
11 21 12 3~.3 1~-22.0 155- 1.3 7.4 2.1 i. 191 4.8 O.l~ 1.3 0.7 O.l~ c

12 b 4q 7.7 19-10.6 155- 4.4 3.4 2.h II 268 22.9 O.HU ";.4. 2.0 O. 1S [)

12 9 c.4 25.9 19-21.4 155-18.5 2b.~ Ij 101 3.1 o.~--, 1.2 l. 1 O.OQ k

Ie l~ 4H 41.9 lY-~O.8 155- 1.3 ~.? 2.0 1b 198 14.2 0.13 1.0 0.7 0.15 C
13 11 59 10.0 19-24.5 154-46.31 8.0· 2.7 17 319 14.0 l.sq 12.7 0.12 Q

13 14t 2 25.8 19"19.9 155-18.5 26.2 1.7 10 14-4 1.Y o• 1t; o.~ 1.(4 0.06 A

13 14 28 5('.1 19-28.5 155"13.91 R.Oo 1.2 8 322 8.6 O.7~ 7.0 0.45 ()

13 14 29 26.4 19-26.1 155-14.71 l.ij 1.0 10 292 4.b l.l~ 4.'" 14.7 0.37 D
13 15 II 'i7.1 19-23.5 155-25.3 t.i.4 3.2 17 82 1.0 0.09 o.~ 0.7 0.18 ~

13 l~ 21 ]q.4 19-23.~ 155-25.4 7.4 2.7 18 59 7.1 0.09 0.8 0.7 0.16 r4
13 Ib 32 3f,.1 19-18.1 155-11.2 21.6 1.3 11 193 6.b 0.16 1.3 1.1 0.07 C



SUM"'ARY uF SEIS~IC EVEN·TS (CONTINUED)

19~·O Hk IlI4N S.EC L~AT N LON'G w DrEPTH M.AG NO GAP DMI~ f'R T 'ERH E'RZ M·D \J

MAY 13 16 42 7.2 l~·-·20 .• 9 15'5- 3.5 4.0 ?,.l 10 263 2'0. 7 1 .• 3b ~·.4 5·. \) 0.12 L
13 19 3f' 37.0 1·9.- A.• 4 1~5~5-.2·A,. 71 17,. 2 1 .• Q 12 19~~ l·b,.4 (J .• ~ i 1. ~ 5·. 1 0.14 C
13 20 4 2SJ.4 14·-25,.5 1'55-22.'1 10.5 1~. 3 «1 171 5.'.:\ O.2tJ 0.5 1.d 0.04 ~

13 21 3A lQ.O 19-15.8 1~5- 9.1 2.8 1.7 8 21~ 1.... 7 1.02 1.9 4.4 0.12 (

13 2.2 9 17.1 1Q"11 .• 1 1-5-5·-35·.0 A .• 6 I.e b 139 7.0 0.18 1.9 1.4 0,.11 B

13 22 .3,; 7.:4 19-21.3 1·5:5 .. 15.• 2 11.2 1. 1 7 lSb o.~ 0 .• 07 0·.7 0 ..• 4 0.04 M

13 23 45 44.7 19·-:~4.• 8 l.riS--~ 3 .• 3 Q.r; 2.• 3 12 1~4 18.• '+ 0.1'+ l.q 0-. q 0.14 C
1'+ 0 32 1.2 19-2'4.8 155-.l4. q ~.b 2.] If) 74 8 .. 9 0.01 o.~ 0.5 0 .• 11 ~

14 5 1 1 37.7 1~"'20.2 155- ~.s 4.3 2.2 14 18~ 11.4 O.l'..J 1.2 1.0 O.l~ (

I_ t> ~q 21.0 1~·,"24. q 1:~·5-24. 0 1Q.• b 1.7 12 1~8 0 1.6 0.06 u.s 0.4- a.Of> ~

1- 7 35 31.7 19-24.3 1;5'·5-11.4 ~.,.. 1 • 1 "i ll~ O.t't o.u~ 0.3 0.5 0 .• 0.2 t.

1.4 11 l~ 21 .4 l·\j -1 7 .6 15~-·47.b 1\J.~ :~. 3 14 189 19.2 O.2~ ·1-.3 1 .• 0 0.13 l

11+ 11 14 ~.o 1'1-2".7 1"5'S-} o. q 10-.2 1.6 In 238 7 .... 0.38 1 • 1 2.1 o.o~ C
w lit- 20 10 45.2 19-19.4 155-16.2 Y.~ 1.7 lit- 189 2.- 0.00 0.'; 0.3 0.08 A
~

15 2 13 14.0 19-28.0 Ib5"~4.2? 1'1.2* 3.~ 14 213 6.~ O.1~ b.5 O.5~ C

1:, 2 40 2~.O 19-20.9 lS5~lo.4 2~.1 1.8 11 171 ,2.0 0.30 1.5 J.2 0.08 C

l~ 2 ~3 7.~ 1'1-21.5 1~5- 2.0 0.1 2.1 13 ~ll 2u • .J 0.5u 1 • 1 2.4- O.lc C

l~ 3 38 23.0 19-19.6 155-15.'l 9.7 1.7 12 l~~ 2.8 o. O,~ 0.8 o.s o. 11 C

lb It 34 47.9 19-23.6 155-14.~? 1.5 0.5 6 i67 2.8 0.1" 0.9 2.1 0.06 C
15 4 40 ll.b 19-23.1 155-13.3 b.~ l.~ f.) 299 4.3 O.4~ 1.2 1.1 0.01 C

IS 4 40 SI;.9 19·21.7 l55-1~.1 3.~ 1 • 1 6 ??O 1.4 1 • 1. 1 4.5 b.5 0.1i.» C

15 4 41 17.1 19-2:i.l 1~5-15.2 0.3 1.'5 11 146 1. , 0.11 0.8 0.7 0.12 ~

l~ ~ 41 4h.5 1~-23.2 1~~-14.9 6.t'. l.~ 103 156 2.3 o.u ti o.~ 0.5 U.Oq C

15 4t ... ~ 26.5 1'J-23.4 lS5-15.1 2.3 1.b 11 16U 2..4 o.o~ o.~ 0.14- 0.10 k

15 4 43 1.3.6 1~-2l.1 155-14.8 6.6 2.1 q 114 Z.4 0.07 0.1 0.5 0.11 ~

15 4 44 42.8 19-22.4- 155-14.4 6.~ 2.2 6 133 2.b 0.30 2.1 1. q 0.20 (

l~ 4 45 22.9 19-~2.6 155-14.6 6.ti ?2 6 139 2.1t- 0.32 2.4 1.1 0.15 ....

15 4 48 2A.A 19"23.5 155-14.q 3.0 1.3 b Ifl6 2.f. 0.06 0.6- 0.3 0.03 ~

15 it 48 5~.4 19-24.5 1~5- 5.f4 2.4 2.1 ~ 333 IM.I 0.38 1.9 1.8 O.OB C

15 ,. '+9 3,;.3 19-23.1 155 .. 13.8 1.2 1.9 5 174 2.~ 0.0 0.11 f'



SUMMA~Y OF SEISMIC l:VENTS (CONTINUED)

1970 HH MN SEC LAT N LONG W DEPTH MAG ~O GAP DMIN ERT ERH ERZ MO Q

MAY l~ 4 51 43.1 19-23.1 lSS-14.Q b.4- 1.1 12 153 2.2 O.O~ 0.6 0.6 0.10 C
15 4 52 11.8 19-23.5 155-}4.4 6.9 2.0 5 11~ 3.3 0.0 0.10 0
15 4 52 28.2 19-23.8 155-14.3 6.H 1.A 7 190 3.b 0.12 0.8 0.5 0.05 R
I!; 4 53 12.3 1~-23.3 155-1~.O b.7 2.2 15 lO~ 2.3 0.0'5 0.5 0.4 0.10 A
15 4 54 43.6 1~-27.9 1~5-15.2 1.9 4 277 10.3 0.0 0.0 ()

15 4- 55 20.3 19-23.1 155-14.6 6.7 1.4 8 ?72 2.6 0.42 2.4 1.0 0.15 C
l~ 4 55 46.1 19-23.~ 155-14.8 h.4- 2.2 8 100 2.~ 0.07 0.8 0.6 0.10 A

IS 4 56 2~.9 1':i-23.4 1~5-15.0 6.5 2.7 11 103 ~.~ 0.01 0.8 0.'; 0.13 f-4

15 5 0 23.9 1'1"22.1 155-13.9 6.9 2.0 5 }07 2.5 0.0 0.14 l>
15 ~ 0 3b.1 1~-22.9 155-14.1 7.u 2.5 b 121 2.'-J 0.10 1 • 1 O.~ 0.06 h

15 ~ 1 12.6 19-24.4 155-14.1 6.3 2.2 5 ?O3 4.i. 0.0 0.03 11

l~ 5 2 24.2 19-23.3 155-14.2 b.d 2.2 6 108 3 • .3 0.11 l.l 0.7 0.07 ,i

l~ 5 4 46.5 19-23.0 155-14.9 6.8 2.6 8 lib 2.1 0.12 1. 1 0.7 0.13 M
w
N 15 5 8 34.0 lC1-23.1 155-15.0 6.1 2.5 9 114 1.9 0.10 1.0 0.6 0.15 H

l~ 5 12 9.1 19-23.6 15~-14.7 3.1 1 179 j.O 0.03 0.2 0.1 0.02 P

l~ 5 12 ~O.4 19-23.2 155-14.1j ~.3 2.7 16 112 ~.'+ O.O~ O.s 0.3 0.12 H

l~ 5 14 5.8 19-23.3 155-15.0 6.1 2.5 1- Hit- 2.3 0.01 u.~ 0.3 0.10 ~

l~ 5 17 1.8 19-23.6 15~-14.4 6.2 7 184 3.~ O.l~ 1.3 O.B 0.09 C
15 5 11 -1.3 19-23.3 155-14.9 5.7 2.1 15 108 2.4 0.06 O.s 0.4 0.13 f-'

15 5 19 30.6 19-23.5 155-14.~ ~.3 2.2 9 103 3.0 0.07 0.8 0._ 0.10 A

15 5 20 ?q.o 19-23.3 15S--14.9 6.3 2.1 9 At> 2.5 O.Oq 0.8 0.5 0.11 H

15 ~ 22 20.0 19-23.1 155-14.1 n.] 2.5 l~ q5 2.~ O.O~ 0.6 0.4 0.13 ~

15 5 23 35.4 19-23.1 155-14.1 2.~ 1.9 7 1St> 2.~ 0.2:) u.S l.A 0.01 H

15 5 l4 23.3 19-23.2 155-14.4 6.7 2.4 9 163 2.'J 0.14- 0.9 0.6 0.10 H

15 5 25 26.9 1~--23.2 155-14.8 6.3 2.2 11 160 2.5 0.13 0.8 0.6 0.12 C

15 5 27 35.2 19-23.2 155-15.0 6.6 2.2 14 8S 2.1 O.Ob 0.5 0.4 0.10 H
l~ 5 28 SC;.4 1~-23.j 155-14.6 2.5 1.3 9 167 2.9 0.07 0.4 0.3 0.06 R
15 5 29 13.4 19-23.8 155-14.2 6.5 1.8 11 lAl J.ti 0.09 0.6 0.5 0.08 A
15 5 29 515.3 19-23.4 155-14.4 6.5 1.8 10 112 3.1 \).11t 0.9 0.6 0.10 A
15 5 33 48.4 19-23.1 155-14.4 4.2 ~ IbA 2.H 0.0 0.0" ()



SUMMAkY OF SEISMIC EVENTS (CONTINUED)

1910 HR M~J SEC LAT N LONG w DEPTH MAG ,~O GAP OMI t~ ERT ERH ERZ MO Q

MAY l~ ~ 34 9.7 19-23.2 155-13.1 5.2 1.4 Q 171 2.~ O.2b O.~ 2.1 0.11 C

15 ~ 34 2~.6 1~-l3.5 15S-14.Q 2.9 1.6 9 169 2.7 0.07 0.4 0.3 0.06 ~

l~ ~ 35 33.9 19-2"3.2 155-14.9 ~.3 2.1 10 90 2.3 0.07 0.1 0.5 0.11 t-a

l~ 5 38 2?8 19-23.1 1~5-14.4? 2.0 1.2 9 161 2.9 0.15 0.9 1.7 0.09 C
15 5 38 47.5 19-22.7 155-14.2 6.2 1.5 11 141 2.5 0.13 0.9 0.9 0.1- A

IS 5 '+0 40.6 19-22.4 155-14.8 ".0 l.b 10 125 1 • .3 0.04 0.4 0.3 0.04 p

15 ~ 41 11.6 1'1-23.4 155-14.4 b.4 1.8 10 168 J.2 0.11 0.11 0.1 0.11 C

l~ 5 q.2 3~.3 1~-~3.1 15~-14.rl 6.4- 2.1 l~ ~2 2.3 O.O~ 0.5 0.3 O.Oq A

l~ 5 43 33.9 1~-23.5 15S-14.t 2.1 b 170 3.1 O.2i! 0.4 1.8 0.0tt. b

15 ~ 43 51.0 1~-23.3 155-14.6 6.5 2.2 14 q2 l.~ O.O~ 0.6 0.4 0.12 ~

15 5 44 2R.7 19-13.5 155-17.4 3.2* 2.0 9 319 15.7 O.bO ~.6 O.lA (l

15 5 ~4 46.7 1':1-23.4 155-14.8 3.3 1.6 'l Ib~ t!.7 0.11 0.6 1.5 O.OH H

l~ :; q.Ci 51.4 1~-~3.4 155-14.5 3.1 1.4 10 If\7 3.1 o.Of, n.s 1.6 0.08 R
w

l~ 5 0.1 19-22.8 15~-14.6 6.1 2.1 12 113 2.l O.O~ u.7 O.S 0.12 Hw 'f.6
l~ 5 '+6 43.9 19-23.4 155-14.7 2.8 1.3 8 167 ~.~ 0.32 0.6 2.3 0.08 C

15 5 47 31.8 19-23.2 155-15.5 2.1 1.4- 8 144 1.7 O.l~ o.s 1.3 0.09 r3

l~ 5 411 21.3 19-23.~ 1~5-14.7 1.0 1.9 9 161 l.o O.O~ 0.4 0.6 0.06 H
1:' 5 4q lA.l 19-23.1 155-14.91 10.0 1.5 9 155 2.3 0.51 2.5 4.9 0.21 C

l~ ~ 50 2.'1 19-~2.6 155-14.f:' 6.2 1.7 10 138 1 • '1 0.16 1.2 1.0 0.17 ~

15 5 51 18.4 1~-23.2 155-14..5 6.6 1.7 10 163 l.9 0.10 1.0 0.1 0.13 C

)5 5 51 57.9 1~-22.1 155-14.71 7.2 1.5 12 13q i • 1 0.40 1.8 2.1 0.26 C
15 S ~2 20.3 1~-23.5 155-14.8 3.0 7 171 2.8 0.07 0.4 0.3 0.04 P

l~ 5 S2 41.5 19-22.8 155-14.~ b.O l.q 11 14~ 2.l. 0.14 1.0 0.9 O.l~ ~

15 5 53 27.5 1<.)-21.0 155-15.7 2.b 1.9 9 IP9 1.5 0.14 0.8 0.6 0.10 H

15 ~ 54 30.3 19-23.2 155-14.8 b.1 1.7 11 151 2.~ O.IU 0.7 O.b 0.11 C

15 5 S5 11 .1 19-21.8 155-14.5 4.2 2.1 12 159 1.4- 0.06 0.5 0.4 O.OA R

l~ 5 S~ 57.q 19-22.6 155-14." 4.4 3.l l~ 128 2.1 O.Oti 0.7 0.6 0.18 H

l~ 5 58 1.5 19-22.8 155-14.8 2.4 l.b 9 143 2.0 0.17 0.5 1.4- 0.10 B
l!) b 0 42.3 19-22.5 155-14.0 ~.M 1.6 11 141+- 2.5 0.2b 1.7 1.2 0.21 C
15 b 2 16.4 19-23.4 155-14.4 6.5 1.5 10 171 3.1 0.14 0.9 O.~ 0.10 B



SUMMA~Y OF SFISMIC EVENTS (CONTINUED)

1970 HR ~f\l SEC LAT N LONG W DEPTH vAG NO GAP DMII'f ERT EHH ERZ MO "MAY 15 6 2 23.1 19-22.8 155-14.8 7.1 2.2 12 lOy 2.0 0.10 O.A 0.5 0.13 8

15 6 3 4.0 19-22.2 155-14.8 S.q 1.6 9 149 1 • 1 O.u~ a.R 0.5 0.08 ~

15 6 3 35.2 19-22.6 155-15.2 ..... 7 1.9 9 130 1.3 0.10 u.8 0.6 0.09 ~

15 b b· ~.7 !Ci-23.0 155-15.4 3.3 1.2 8 215 1.4 0.2" 1.2 1.4 0.09 C

15 6 7 9.7 19-22.9 155-14.8 !'.2 2.3 8 148 2.2 0.21 1 • 1 2.1 0.10 ~

15 6 C) 13.0 19-23.2 155-14.6 3.4 1.5 10 160 2.1 0.07 0.4 1.0 0.06 8
15 b 4 57.0 1~-23.b 155-14.~ ~.2 1.7 10 Ib8 2.9 O.O~ 0.1 0.5 0.10 H

l~ 6 12 5?6 19-23.1 1~5-14.5 l.5 1.7 8 160 2.8 0.11 o.~ O.~ 0.07 ..,
l~ 6 IS 14.1 19-16.~ 155-19.1 lO.S 2.14- 8 323 11.8 0.1+6 .J.2 6.2 O.Of' f!

15 6 15 2i?7 19-26.4 155- 5 .1 8.0 0 7 174 19.1 0.05 1.3 0.05 r

15 6 16 2c;.1 1';-23.0 155-14.7 b.4 2.2 15 101 2.3 O.uo U.~ 0.4 0.08 ~

l~ 6 19 .l5.~ 19-23.5 1~:>-14.8 1,.6 1.5 11 164 2.8 O.U'i 0.6 0.5 u.08 ~

1:, 6 20 11.7 19-22.9 155-14.8 4.2 1 • 1 8 14b 2.1 O.2b 0.'1 2.1 0.01 R
w

l~ 6 20 41.0 19-23.0 155-14.A b.2 ?4 16 q~ l.2 0.00 0.5 0 •• 0.11 t4+:--

15 6 l2 21;.0 19-23.1+ 155-15.3 2.1 7 1~4 Z.o 0.0:) 0.1 0.4 0.01 ~

15 6 25 14.0 19-22.5 155- 8.,,? l~.l l.~ 8 335 11.9 0.41 5.u 4.0 0.08 lJ

l~ 6 32 R.S 19-22.5 lS~-13.9 f). 1 1.8 10 143 2.4 O.ld 1 • 1 O.t\ 0.13 A

15 6 34 14.0 19-23.2 155-14.5 3.7 1.2 7 261 2.~ O.4~ 1.5 2.1 0.05 C
15 6 36 44.9 19-23.9 155-13.8 6.3 1.4 9 282 4.~ 0.47 l.5 0.1 0.10 ('

15 6 37 24.2 19-23.4 155-14.9 6.4 1.'3 11 161 2.5 0.12 o.q 0.1 0.13 C

15 6 37 44.0 19-23.2 155-14.1 ~.4 1.5 11 158 2.~ 0.10 0.7 0.6 0.11 r
15 h 3~ 2A.9 19-23.5 155-15.6 6.0 1.2 10 150 ~.O 0.01 0.5 0.4- 0.08 ~

15 6 40 3q.7 19-23.1 155-14.b 4.7 1.8 12 154 2.3 0.07 U.S 0.5 0.07 C
15 b 41 n.9 19-22.9 155-14.9 f,.1f. 2.1 13 14~ 2.0 0.09 0.6 0.6 0.11 b
15 6 "2 20.1 19-23.4 155-14.1 3.0 1.1 8 16b 2.8 0.05 0.4 0.3 0.04 R

l~ b 42 49.4 19-23.1 155-14.6 3.4 1.5 10 159 2.6 O.O~ 0.3 0.7 0.05 ts
IS b 43 31.2 19-23.1 155-15.3 4.2 1.2 7 226 1.7 0.41 1.5 2.1 0.09 C
l~ 6 ·4~ 43.6 19-~3.3 155-14.8 3.8 1.3 9 162 2.6 0.12 0.5 1.1 0.07 e
15 6 46 59.2 19-23.5 155-14.8 0.0· 1.0 9 169 2.8 0.09 0.4 0.10 C
15 6 48 23.5 19-22.2 155-14.5 4.4 5 162 1.6 0.0 0.02 0

t'



SuMfitAwY uf SEISMIC EVENTS (CONTINUEU)

1970 HH MN SEC LAT ~ LONG w LJEPTH MAG NO G.AP O~IN ERr ERH ERZ MO e"
~AY 15 6 4q 3?6 19-23.3 155-15.3 3.0 1.1 9 154 2.1 0.04 0.3 0.2 0.05 B

15 b 51 3A.4 19-23.2 155-14.41 4.4 0.7 7 l~b 3.u 0.4d 0.9 8.5 0.09 C
1~ 6 52 15.4 19-23.1 155-)4.2 2.8 3.0 13 109 3.1 0.07 0.5 0.5 0.14 pj

Ib b =;5 29.3 19-24.3 15S- 7.9 23.1 2.1 10 328 8.6 0.80 1.8 7.5 0.24 0
15 6 56 20.4 19-22.1 155-14.5 1 • 1 1.2 fl 145 2.3 0.12 0.4 1. ~ 0.07 B

15 6 59 15.1 1~-22.1 155-14.0 0.2- ] .5 8 143 2.3 0.10 0.6 0.14 C
l~ 7 0 21.9 19-23.2 155-15.21 4.3 1.3 7 151 1.9 O,.~3 1.2 3.9 0.14 e
15 7 5 12.2 19-23.] 155-14.3 3.8 9 16~ 3.~ 0.17 0.4 2.1 0.08 C
15 7 7 21,.1 1~-23.1 155-14.4 0.1- 1.0 10 Ibl 2.9 0.01 0.4 0.11 C
15 7 1 44.0 19-2~.8 155-10.~ A.O· 7 323 10.1 1.14 4.A 0.08 f)

15 1 ~ 15.5 19-23.7 155-11.5 8.0- 1.5 b 319 1.~ O.4i 2.0 0.04 0
l~ 7 21 Q.2 19-23.0 155-14.7 b.1t- 2.2 13 99 ~.4 0.0t> 0.6 0.4 0.11 H

l~ 7 '+3 31.4 19-23.2 15~-15.4 3.3 1.i4- 9 14b 1.7 o.u~ U.5 0.9 0.09 H
w 15 1 43 59.5 1~-23.4 155-1 .... n 3.6 1.2 8 255 2 • ;'1 0.33 1.3 1.4 0.07 CV1

l~ 7 45 a.;.2 19-23.5 155-14.b 0.2· 1.3 10 16& 3.0 O.U(o) 0.4 O.OA C

l~ 7 41 17.4 1~-1t,.5 155-13.5 (l.6 ?o 8 31~ 10.3 0.50 l.O 1.0 0.12 C
l~ 7 Sf, 1.9 19-22.5 155-12.2 11.3 1.8 8 311 5.7 0.39 t..7 2.3 0.09 u
l~ 7 56 2~.b 1~-23.3 15~-15.4 1. as 1.3 9 lSI 1.9 O. l)Q 0.3 1.0 0.06 ~

15 1 57 2~.1 19-23.1 155-14.81 1.H 1.7 11 155 2.3 O.l~ 1.3 1.0 0.21 C
15 8 8 5A.2 19-22.9 155-14.4 (J.l· I • 1 9 15- 2.6 0.08 0.4 O.I? C

l~ d 10 34.4 19-23.b 155-14.5 3.2 1.2 E' 261 3.2 0.3. 1.5 0.4 0.01 (.

15 8 12 24.6 19-22.0 l55-15.1 2.~ 1.6 10 126 0.4 0.00 0.5 0.4 O.Oq H

15 8 26 50.2 19-22.9 155-14.4 4.5 1.3 11 153 2.5 O. l·~ (".9 0.9 0.16 C
l~ ~ 28 51 .9 19-23.7 155-14.3 4.1 0.7 7 212 3.7 O.lZ 0.4 0.4 0.01 C
is 8 31 33.1 1~-22.7 155-14.6 0.2* 8 149 2.1 O.Of 0.4 0.09 C

15 8 38 35.7 19-22.9 155-14.6 2.7 0.9 8 159 2.4 0.06 0.4 0.4- 0.06 A
15 6 41 38.3 19-22.6 155-14.2 2.3 1.4 11 142 2.4 O.O~ 0.4 0.6 0.11 8
l~ q 3 24.0 19-23.5 155-14.3 J.8 1 210 3.4 0.50 1.9 1.7 0.05 C
15 9 35 "'3.5 19-22.1 155-15.0 7.4 1.6 9 157 1.7 0.16 2.1 1.1+ 0.15 C
15 9 42 A.6 19-25.2 155- 8.7 8.0· 1.8 b 332 13.2 2.~b 11.8 0.09 u



SUMMAHY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

MAY 15 9 43 3q.9 1~-25.0 155-10.0 ~.oo 7 326 11.0 1.80 1.4 0.09 n

l~ ~ 4~ 30.7 19-24.8 155- 9.5 t(.O* 1.7 7 321 ll.~ 1.37 ~.5 0.07 0

l~ 9 '+7 27.0 1'J-23.9 1~5"14.1 3.0 0.6 8 213 4.2 0.27 1 • 1 0.2 0.04 C

l~ 10 4 21.8 19-23.3 15~-15.3 4.1 1.0 11 150 ! .9 0.13 0.6 1.2 0.12 8
15 10 20 57.6 19-21.8 155-15.3 3.0 1 .1 11 162 0.1 0.07 0.5 0.3 0.11 C

15 10 33 9.9 19-24.9 155- Q.8 B.O· 1.6 7 326 11.2 1.44 ~.8 0.01 0
15 10 45 1.3 19-22.4 155-11+.2 2.7 12 13~ 2.3 0.07 0.5 0.4 0.10 R

l~ 11 0 42.~ 19-2?7 155-14.5 6.5 1 • 0 13 144 2.2 0.09 0.6 0.0 0.10 H
15 11 If. 26.5 19-19.2 155-13.6 10.1 3.8 19 170 5.7 0.11 U.9 0.4 O.l~ C
l~ 11 8 3.1 19-1q.4 155-13.2 13.8 1.5 8 223 5.~ 0.31 1.3 2._ 0.06 (,

15 11 9 21.2 1~-1~.4 155-13.b q.2 ~.6 15 115 6.9 0.12 0.9 O.b 0.12 C
l~ 11 12 57.6 19-18.5 155-12.1 15.1 1.3 7 242 7.6 0.14 1.4 0.5 0.04 C

1~ 11 13 4'i.4 1~-19.7 155-13.8 10.0 l.l 17 16A 4-.7 O.Ob 0.6 0.3 0.10 C
w

l~ 11 15 42.2 19-1Q.b 155-1.03.9 11.1 13 209 4-.7 0.08 0.7 0.3 O.O~ B(j\ 1 • 1
15 11 16 4.5 1~"2,...9 155-10.5 A.Oo 1.5 1 324 1U.2 0.96 0..0 0.06 0

15 1 1 16 3~.3 1~-23.6 155-14.7 3.~ 1.0 ~ 17~ 3.u O.O~ u.~ 0.5 O.O~ H

IS 11 11 }Q.4 19-17.7 155-12.6 14.5 1.7 9 25~ d.B 0.12 1.2 0.7. 0.05 C

15 11 19 3.4 19-18.1 155-12.9 14.6 1.5 9 245 8.0 0.2'; 1.3 ·'2.1 0.06 C

15 11 ~2 q.l 1~-17.4 lSS-12.1 13.8 1.5 10 25~ 9.2 0.22 1 .1 1.1t 0.04 C

15 11 22 58.6 19-19.4- 155-13.9 9.7 1.2 13 203 5.1 0.13 0.9 0.5 0.13 C

15 1 1 23 44.3 19-19.5 15S-13.Q lu.l 1.5 12 200 '" Q O.l~ 0.9 0.7 0.11 C.'

15 1 1 26 41.5 lQ-17.1 155-12.2 16.3 1.U b ?56 d.4 0.35 2.6 2.9 0.05 u
15 11 21 31.8 19-1A.5 155-12.6 15.1 1.5 b 244 7.6 0.14- 1.2 1. 1 0.02 C
l~ 11 30 18.1 19-1A.2 155-13.1 1.J.5 1.5 10 243 7 .7 0.20 0.9 1.3 0.04 C
l:i 11 J7 56.6 1'l-18.5 155-13.1 13.1 1.3 10 239 7.3 0.21&. 1.2 1.6 0.01 C

15 11 38 54.1 19-17.5 15~-12.e 13.8 1.4 8 2'53 9.2 0.tt4 1.9 3.3 0.06 C
l~ 11 40 2?9 19-23.4 155-14.1 O.M 0.7 6 17~ 3.b 0.08 0.3 2.1 0.02 C
15 12 3 42.6 1'l-24.7 155-23.7 12.5 1.1 13 133 7.3 0.06 0.6 0.8 0.07 R
15 12 6 34.5 19-1~.6 155-12.8 15.5 1.6 9 23d 1.2 0.08 U.S 0.7' 0.02 C
l~ 12 11 4".8 lq-l~.O 155-13.3 14.1 1.3 6 228 6.2 0.0" 0.6 0.2 0.01 C

'. t



SUMMARY OF SEISMIC EVENTS (CONTINUED>

1970 tiR MN SEC LAT N LONG WI DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 15 12 12 34.7 19-25.3 155- Q·.3 A.O* 1.5 7 329 12.3 2.00 7.q 0.07 D
15 12 17 13.7 19-18.~ 155-13.1 15.2 1.3 7 233 0."7 0.06 0.5 0.5 0.02 r
15 l~ 2q 1·7.9 19-23.4 1~5-15.u 2.5 0.1 10 158 2.4- 0.04 0.2 0.3 0.04 8

Ib 12 46 33.6 19-26.3 1~5- 4.81 d.O· 1.5 7 339 20.2 3.98 14.8 0.05 0

15 13 7 19.6 19-18.7 155-13.2 14.6 1.3 7 234 6.8 0.13 0.6 1.0 0.02 C

15 13 23 16.6 19-23.2 1~5-1'5.2 6.3 1.3 12 150 1. Q O.O~ O.fJ 0.6 0.11 &

15 13 32 51.9 l'i-11.9 155-13.0 13.8 1.2 9 247 8.t! 0.30 1._ 2.2 0.06 C

15 13 33 lq.7 19-25.0 15~- 9.1 8.0· 1.5 7 327 Il.S 1.I+J 5.A 0.07 n
15 13 4A 56.8 19-24.3 155-10.91 ~.(). 1.3 d 320 9.0 0.31 4.3 0.29 [)

15 14 0 Sl\.O 19-23.1 lS5-14.2 3.1 1.0 10 162 3.\) 0.04 0.3 0.2 0.06 B

15 14 A 3.6 19-23.1 155-14.9 ,>.l- 1.6 14 151 i.I 0.07 0.5 0.5 0.09 C

15 14 8 57.~ 19-23.7 155-14.5 2."J 8 IS5 3.4+ 0.00 0.3 0.2 0.01+ 8

1~ 14 11 1~.4 19-27.6 155- 1 • 1 A.Oo 1.7 7 344 21.1 0.79 3.8 0.09 ()

w
l~ 1~ 13 3q.l 19-23.1 155-14.9 6.1 1.9 1-- 91 2.1 0.05 0.5 0.4 0.08 A.........

15 14 lA 47.3 19-27.0 15:>-13.21 8.0· 1.4 6 31~ d.1 3.8~ J4.3 O.6A I)

15 14 22 4~.9 19-24.5 155-15.4 4.1 O.H 6 25~ 2.t.i 0.12 u.s 0.5 0.01 C

15 14 2~ 47.2 1~-22.5 155-14.5 5.7 1.3 12 13b l.~ O.ld 0.7 1.3 0.12 ~

15 14 45 43.0 19-17.4 155-12.5 14.1 l.d 8 2Sb 9.2 0.17 !.4 0.5 0.04 C

l~ 15 8 44.9 19-25.0 155- 9.1 8.0· 1.3 6 329 11.5 1.14 It.b 0.04- 0

l~ 15 .34 44.9 19-24.2 155-15.1 2.6 0.7 9 171 2.4 0.07 0.5 0.4 0.07 H

15 15 j7 13.7 19-16.1 1SS-12.H 1~.4 1." 7 287 10.~ 0.8j 1+.7 4.9 0.07 0

15 15 39 54.8 19-24.0 1~5-13.q 3.1" 0.8 8 20lf. 4.:; 0.06 0.3 0.02 n
l~ l~ 43 24.4 19-23.3 155-14.81 2.2 0.7 10 161 2.0 0.06 0.,+ 0.9 0.06 r

15 15 43 53.9 1~-24.0 155-12.31 a.o" 1.3 10 310 6.7 O.2J 3.6 0.42 [\

15 15 48 32.R 19-23.1 155-14.3 3.0 0.9 6 172 3.0 o.o~ 0.4 0.2 0.03 B

15 15 48 49.8 19-24.8 155-11.2? 8.0· 1.4 5 322 9.U 9.&1 Jb.6 0.08 U

15 16 5 40.4 l'i-22.7 155-14.9 b.2 2.0 16 98 1.t3 0.06 0.5 0.4 0.12 B

15 16 28 59.7 19-14.4 155-33.1 7.9 2.4 10 124- 6.0 O.Ori 0.9 0.7 0.11 A
15 Ib 50 13.6 1~-23.6 155-14.5 3.9 0.8 8 181 3.3 0.05 0.3 1.3 0.03 B

15 16 7 34.8 19-23.9 155-10.7 13.0" 1.3 6 325 9.0 O.4r4 2.1 0.03 0



SUMMAHY OF SEI5MIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG ~ OE:.PTH MAG NO GAP UMIN ERT E::~H ERZ MO (j

MAY 1~ 18 15 ~.I) 19-19.9 155-14.1 10.6 1.2 14 192 4.1 a.Qd 0.7 0.3 0.10 C
is ld 1+0 2.1 19-21.6 155- 3.2 0.6 2.4 15 188 Ib.4 O.bl 1.2 2.9 a.lb C
15 18 .. 1 47.1 19-30.2 155- 9.q 8.0· 7 336 15.8 3.6~ 1,j.9 0.06 D
15 18 -8 53.6 19-23.1 155-14.2 2.8 0.9 7 171 3.1 a.or; 0.4 0.2 0.04 H
15 J9 3 '5.6 19-24.1 155-15.3 4.8 0.9 I) 243 2.9 0.23 0.7 1.1 0.02 C

15 19 31 28.5 1(j-23.9 155-16.2 4.2 1.1+ 11 150 1.5 0.13 o.~ 1.0 0.11 .~

15 20 () 13.3 19-23.4 lSS-lS.O? 0.3- 0.7 11 1"0 2.4 0.u7 0.4- 0.10 C
15 ~o 1 7.3 19-2?9 15'5-14.6 r.b ().~ 7 159 2.tt- O.vl 0.4 0.3 0.05 A
15 20 13 2.7 1~-18.8 155-13.1 14.9 1.4 9 ~3~ 6.ti 0.1.,3 0.9 1.0 0.04 C
15 20 Jl 28.1 19-24.7 155-15.0 4.1 0.8 7 2Ib 3.5 0.08 0.3 0.7 0.02 ~

15 21 9 20.3 19-27.2 155-26.4 1.Q 2.2 15 76 7.3 0.08 0.7 O.~ 0.12 b
15 21 lH 19.& 19-23.4 155-14.6 3.2 0.7 9 165 2..9 0.06 U.4 1.0 0.06 H
l~ 21 3'; 12.8 19-23.5 155-1'5.0 3.3 0.9 9 167 2.6 0.06 0.4- O.q O.O~ R

w
15 II 3H 44.6 1~-24.1 155-15.9 3.1 0.7 8 215 l.~ O.l~ 1 • 1 0.5 0.07 C00

l~ 22 iii 41:).9 19-23.2 155-15.3 3.3 0.8 7 141 1.~ 0.06 0.7 1.2 0.05 ~

15 ~3 29 10.1 19-23.9 155-15.5 4.5 0.8 b 230 2.'+ u.OQ \).3 0.1+ 0.01 L
IS 23 34 5A.6 19-24.7 155-16.0 5.3 q lq~ 1 • I 0.26 1 • 1 1.5 o. 11 C
15 23 39 21.2 19-24.1 155-16.2 0.1 0.9 ~ 153 1.6 0.19 O.b 9.1 0.13 C
15 23 40 15.8 19-23.8 155-15.0 0.5 7 179 3.0 0.13 O.lt 2.~ 0.05 C
15 t!3 41 1.5 19-25.3 155-1~.1 4.3 2.0 7 l~O 0.9 0.2Q 1.4 2.2 0.10 c

15 ~3 ~O 2~.4 19-23.q 155-15.3 o.~· 1.0 H 161 3.0 0.10 0.6 0.13 C
l~ 23 53 46.5 19-23.3 155-15.0 n .1 1.9 9 A4- 2.3 O.OQ O.S 0.9 0.10 H

15 23 ';)7 13.8 19-24.3 155-16.0 2.4 0.3 8 172 2.0 0.13 O.A 0.9 0.10 C
15 23 59 4Q.3 19-23.6 155-14.3 4.6 3.6 15 98 3.5 O.Ott 0.6 O.S 0.14 8
16 0 3 3Q.3 19-23.ti 155-14.3 0.1· 1.5 7 189 3.7 0.08 <1.4 0.07 C

16 0 4 IS.R 19-23.8 155-15.5 2.1 0.4 9 164 2.4- O.l~ 0.5 1.9 0.10 S
Ib 0 9 1.3 19-23.3 15S-15.Q 4.4 1.4 11 131 1.6 0.09 0.7 0.7 0.13 El
lb 0 13 4t'J.9 19-24.1 155-16.8 2.3 0.3 7 122 1.3 0.14 0.4 0.8 0.0_ B
10 0 14 34.4 19-24.0 155"15.5 2.5 0.5 9 170 2.5 0.03 0.2 0.2 0.03 8
16 0 14 59.1 19-23.7 155-15.1 5.0 2.2 12 82 2.0 0.01 0.6 0.5 0.13 R



SUMMAkY OF SEISMIC EVENTS (CONTI~UED)

1970 HR MN SEC LAT ~~ LON·G- W DEPTH MAG NO GAP DMIN ER·T ER."" ER'Z MO Q

MAY 16 0 16 51.4 19-22.3 155-15.6 5.5 10 113 0.6 0.01 0.6 0.5 0.08 •
16 0 20 44.3 19-24.5 155-16.0 1.2 1.2 9 170 1.9 0.06 0.2 0.6 0.04 R

16 0 21 17.3 19"23.9 155-}6.2 0.1 0 1.2 8 145 1.3 0.06 0.4 0.;08 C
lb 0 Z2 32.5 19-23.3 155-14.3 1.9 8 Ib8 3.2 0.10 0.6 0.7 0.09 "16 0 23 18.4 19--·24.8 155.-15.1 4.9 2 •• 12 Il!) 2.3 0.09 0.7 0.7 0.14 8

16 0 26 41.1 19-24.5 155--14.5 3.6 0.9 10 204 4 •• 0.16 1.0 1.1 0.12 C
16 0 27 lc;.7 19-24.3 155... 15.6 4.2 1 • 1 6 240 2.7 O.l~ O.b 0.7 0.02 C
16 0 28 f\.2 19-2_.4 1~5-1b.1 2.2 1. 1 9 147 1. 1 O.u\.J 0.5 0.5 0 •. 10 ~

16 0 30 31.5 19-23.4 15S-16.3? 4.~ 1.8 11 82 l.u O.1j 0.7 1.2 0.11 H

16 0 32· 8.9 19-23.9 155-15.6 3.1 2.0 11 165 2.3 0.10 0.7 0.4 0.13 C

16 0 32 56.5 19-23.9 15.5-15.Q 2.2 8 158 1.7 0.26 0.7 1.8 0.12 C

1b 0 33 37.9 19-23.4 1~5-1S.2 3.1 6 156 2.8 0.22 1.5 5.0 0.14 C
16 0 34 18.2 19-24.3 155-15·.5 0.3* 1 • 1 8 192 2.M O.Of\ 0.3 0 •. 06 C

v.> 16 0 36 1.2 19-20.9 155- 8.31 8.0'" 2.9 13· 25·1 3.4 1.05 ~.7 1.92 D
\0

16 0 38 ~.9 1"l·-23. 0 155-14.1 0 •. 2 0 -0.3 7 169 3.0 O.Ob 0.4 0.07 C

16 0 3Q SC;.3 19-22.4 155-16.11 3 •. 0 0.9 8 124 0.4- O.IJ 0.8 1.2 0.11 R

16 0 41 37." 19-23.5 155-15.7 4.5 2.0 12 14.7 1.9 0 •. 11 0.8 0.8 0.16 H

16 0 45 13.2 19-23.9 155-15.51 0.9 1.6 11 165 ~.4 O.lt. 0.8 1.8 0.14 C

16 0 48 44.7 19-24.3 155-15.4 2.3 0.8 7 194 3.0 0.06 0.5 0.6 0.04 b

16 0 SO 31.1 19-25.0 155-15.7 0 •. 2· 1.0 8 1~1 2.2 O.ltt 0.8 4.9 0.l2 C

10 0 5? 2?8 19-28.8 155-13.4? A.O· 1.5 6 3·25 9.b 1.30 li.4 0.58 D
16 0 S4 7.9 19·-24. 7 15·5-15.6 .. • '7 2.2 11 202 2.6 0.16 1.0 0.8 0.14 C

16 0 57 lO.q 19-23 •. 9 155-16.4 .... 1 0.9 9 182 1. 1 O.2h 1.0 1.6 0.11 C

16 1 6 3'5.3 19-15.0 155-15.41 R.O· 1.5 6 298 12.6 1.28 17.4 0.57 D
16 1 8 21.2 19-23.8 155-15.1 3.4 6 247 3.0 0.23 1.0 1.3 0.03 C

16 1 9 25.7 19-23.2 155-14.6 2 •. 7 1. 1 7 170 .2.7 0.08 0.6 0.4 0·.08 R

1(:) 1 22 29.1 19-21.9 155-16.9 5.~ 6 256 2.0 0.29 3.8 2.2 0.05 0

16 1 22 49.tS 19-23.3 155-15.2 2.1 9 154 2.1 0.19 0.5 1.7 0-.10 B
16 1 25 51.5 19-23.5 155-14.9 2.2 8 165 2.7 0.09 0.6 1.3 0.08 R
16 1 2b 9.1 19-23.5 155-14.7 2.9 8 16~ 2.9 0.04 0.3 0.2 0.05 8



SUMMARY uF SEISMIC EVENTS (CONTINUEO)

1970 rtR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q
MAY 16 1 29 26.0 19-23.9 155-15.9 6.4 1.3 7 209 1.8 1.49 4.0 7.2 .0.14 C

16 1 31 17.8 19-20.1 155-15.3 8.9 2.1 16 160 J.l 0.11 1.0 0.5 . 0.17 C
lb 1 36 45.2 19-24.3 ISS~ 7.5 a.o· 1.8 5 337 14.5 3.20 Sll.7 0.17 0
16 1 46 20.6 19-22.8 155-14.61 3.4 1.4 8 147 2.3 0.21 0.6 2.9 0.09 B
16 1 Sa 3.1 19"23.4 155-15.3 3.9 0.8 9 153 2.6 0.08 0.4 0.9 0.06 8

16 2 1 33.8 19-24.2 155-16.7 0.1· 1.6 11 130 1.4 0.02 0.1 0.03 C
16 2 7 39.J 19-23.- 155-14.9 3.2 0.8 9 163 2.6 0.07 0.5 1.2 0.08 R
ib 2 9 37.6 19-23.3 155-16.0 8.0· 1.2 5 1~5 1.4 0.06 2.3 0.03 0
16 2 22 20.3 19-21.4- 155-13.61 8.0· 1.9 8 314 7.6 0.40 ~.6 0.40 0
ib 2 25 47.5 19-26.1 155-13.4 8.0· 1.2 5 322 b.8 0.8" 4.2 0.05 0

16 2 26 3A.6 19-26.2 155-16.1 5.8 2.4 15 103 2.8 0.0·7 0.6 0.6 0.14 B
16 2 29 0.3 19-23.9 155-16.1 3.4 0.5 7 200 1.5 0.21 1.0 1.4 0.07 B
16 2 31 23.1 19-22.7 155-14.1 2.3 9 150 2.~ O.OJ 0.3 0.2 0.05 B

~

0 It» 2 40 54.1 19-21.7 155-14.7 5.1 1.2 7 172 1. 1 0.12 0.6 o.q 0.04 Eo<

Ie, 3 9 10.1 19-23.4 155-14.8 2.2 0.5 10 163 2.1 0.07 0.4 0.6 0.09 B

16 3 12 -0.1 19-23.6 155-14.0 3.1 0.9 7 201 3.3 0.01 0.4 1.0 0.02 ~

16 3 15 36.3 19~22.4 155-15.2 b.l 1.4 11 122 1. 1 0.06 0.5 0.5 0.07 8
Ib 3 18 48.1 19-24.3 155-15.8 4.2 1.1 6 228 2.3 0.03 0.1 0.1 0.0 C
16 3 19 19.9 19-23.3 155-14.9 6.8 2.1 15 8b 2.4 0.07 0.6 0.5 0.13 B
16 3 40 30.9 19-24.4- 155-15.9 3.5 6 232 2.1 0.10 0.4 o.s 0.02 C

16 3 41 21.1 19-24.5 155-15.2 3.5 6 258 ~.3 0.41 1.6 1.9 0.05 C
lb 3 46 1.0 19-24.2 155-15.4 &.0 0 S 242 2.9 0.33 4.2 0.06 0
16 4 4 49.8 19-27.1 155-13.5 8.0· 6 318 7.4 1.14 5.3 0.08 0
16 4 14 43.2 19-24.5 155-15.5 8.0* S 251 2.8 0.24 2.6 0.03 0
16 4 16 36.6 19-26.7 155-11.7 8.0· 6 324- 9.8 1.75 1.5 0.08 0

16 4 22 32.4 19-24.1 155-15.6 2.8 0.3 7 226 2.4 0.17 0.9 1.2 0.06 C
16 4 24 24.4 19-23.5 155-16.4 4.5 0.5 8 174- 0.8 0.43 1.3 2.6 0.10 C
16 '" 34 22.4 19-23.6 155-15.6 4.1 0.7 5 230 2.2 0.0 0.0 f)

16 5 6 6.9 19-26.1 155-23.6 8.4 1.9 14 156 5.8 0.1! 0.8 0.5 0.11 C
16 5 29 53.1 19-24.0 155-15.5 3.3 0." 7 22& 2.5 0.28 1.5 0.8 0.07 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR ~N SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERI MD Q
MAY 16 5 "'2 1~.5 19-2J.q 155-16.3 3.1 0.5 7 190 1 • 3 O.l~ O.A O.Q 0.06 8

It, 5 59 12.1 19-2,..1 155-16.7 2.7 0.5 7 167 1.2 0.3- 0.8 1.7 0.07 R
16 & 3q 46.4 19-25.A 155-16.1 4.6 1.0 9 201 2.2 O.O~ 0.5 0.6 0.04 8
16 6 58 17.1 19-23.8 155-16.1 3.3 0.8 11 123 0.-' a.OM 0.4 0.8 0.09 ~

16 7 0 51.0 19-19.9 155- 8.2 12.0 1.9 14- 213 4.6 0.14 1.2 1. 1 0.10 C

16 1 11 21.2 19-23.8 155~16.l+ 1.4 8 136 1.0 0.11 0.7 0.8 0.10 B

16 7 22 56.0 19-24.3 155-15.7 3.8 1.2 6 234 2.5 0.02 0.1 0.1 0.0 C
10 7 35 33.6 19-24.9 I5S-IS.3 4.6 1.0 6 212 3.0 0.42 1.4 1.6 0.02 C
16 7 5~ 12.5 19-24.4 155-1".1 6.2 1.0 11 176 1.9 0.11 0.7 0.5 0.09 B

16 8 6 50.1 19-23.9 155-15.5 3.1 1.0 9 169 2.5 0.07 0.4 0.3 0.06 8

Ie 8 B Q.6 19-23.1 155-13.9 1.6 8 167 2.7 O.l~ 0.3 1.4 0.05 B
lb d 30 20.3 19-22.9 155-14.4 2.2 0.1 7 161 2.5 0.16 0.4 2.0 0.07 R
10 8 37 25.1 19-23.6 155-14.6 3.0 0.8 8 180 3.2 0.06 0.3 0.2 0.04 B

J:'
16 a 42 19-23.1 155-14.9 6.0 13 153 2.2 0.07 0.5 0.4 0.08 B~ 46.9 1.3
lb ~ 53 20.8 19-24.4 155-1b.3 3.2 0.9 1 215 1.5 0.05 0.2 0.3 0.01 B

16 Iv 8 19.8 19-19.3 155- 7.9 9.t? 1.8 8 220 6.0 O.Of 0.6 0.2 0.02 ~

16 10 14 33.0 19-15.5 1~5-26.7 6.8 2.3 13 199 10.5 O.lb 1.2 0.9 0.17 C
16 11 25 l~.b 19-23.0 155-15.0 5.1 1 • 1 11 145 1.8 O.l~ 0.7 1.4 0.12 8

16 11 40 2?9 19-17.8 155-13.0 14.9 1.4 8 248 8.3 O.2b 1.3 2.0 0.05 C
16 11 4Q 40·.9 19-24.1 155-15.9 6.1 0.9 10 169 2.1 0.32 0.9 1.8 0.10 ~

16 12 29 0.3 19"22.'+ lS5~13.3 8.5 1.2 8 294- 3.1 1.20 3.3 4.6 0.06 lJ

16 12 30 5~~. 4 19-23.0 155-14.7 2.3 0.6 8 162 2.4 0.14 0.5 1.6 0.08 8
10 12 36 30.8 19-27.2 155-11.7 8.0 0 7 327 lO.~ 1.10 4.6 0.05 0
J.O 13 0 21.7 19-19.6 155-27.4 8.8 2.0 13 156 1.2 0.1't- 1.2 1. 1 0.21 C
16 13 7 4.4 19-19.8 155-16.9 9.1 1.2 8 235 1.0 0.80 1.6 4.1 0.06 C

16 13 11 47.9 19-19.5 155-27.6 6.5 1.8 9 156 15.8 0.12 1.4 1.6 0.12 C
16 13 59 32.6 19-24.2 155-15.7 3.3 0.5 7 244 2.5 0.25 1.4 0.5 0.06 C
16 14 5 57.0 19-24.3 155-15.1 3.3 0.8 7 179 2.5 0.22 1.4- 2.7 0.10 C
16 14 19 15.4 19-23.3 155-14.2 0.3· 8 169 3.3 0.04 0.3 0.04 C
Ib 14 26 31.3 19-23.4 155-17.3 1.9 0.6 7 96 0.8 O.l~ 0.4 1.1 0.04 B



SUMMARY Of SEIS~IC EVENTS (CONTINUEO)

1970 HR t-1N SEC LAT N LONG W DEPTH MAC; NO GAP DMIN ERr ERH ERZ MD Q
MAY 16 14 50 9.8 19- q.5 155-23.7 1.0 1.0 10 231 19.8 O.5~ 3.0 1.7 0.21 D

1& 15 11 215.9 19-24.1 155-15.9 2.5 0.3 7 233 l.i O.lb 1.2 1.2 0.05 C
16 15 25 58.1 19-23.5 155-14.7 3.0 1.3 8 174 3.0 0.07 0.4 0.3 0.05 B
16 15 31 51.8 19-23.6 155-14.3 11.9 1.1 9 177 3.6 0.23 1.2 1.1 0.08 C
16 15 53 23.9 19-24.0 155-16.2 3.3 0.1 8 202 1.6 0.12 0.8 0.4 0.05 B

"16 17 IS 26.1 19-25.7 155-10.0 8.0· 1.6 7 329 11.8 1.3" 5.3 0.05 n
Ib 18 3 42.1 19-19.2 155-15.0 8.3 1.9 IS 197 4.5 0.16 1.0 0.6 0.17 C
16 18 45 51.7 19-25.7 155-16.1 0.1 0.4 7 28.9 2.1 0.13 2.1 13.7 0.13 £.'
16 19 2 55.9 l'i-24.2 1~5-16.S 3.1 0.6 8 l~O l.b o.o~ o.s 0.3 0.04 '"'!
16 19 11 38.2 19-27.0 155-14.5 3.9 1.3 8 307 5.8 0.16 3.7 8.~ 0.17 C

16 19 39 14.3 19-22.8 155-14.6 6.9 2.6 15 110 2.2 0.05 0.5 0.3 0.10 A
16 20 12 50.3 19-13.5 155-23.3 27.5 2.1 1~ 175 12.4 0.31 1.5 4.6 0.12 C
16 21 ~ 16.2 19-24.6 155-15.0 5.5 1.1 6 266 3.6 0.43 1.3 1.8 0.02 C

~

16 21 10 32.7 19-23.5 155-15.8 2.9 0.7 7 201 1.1 0.26 1.3 1.8 0.10 CN

16 22 25 42.7 19-23.7 155-16.7 3.4 0.2 10 119 0.5 0.11 0.6 1.0 0.12 B

16 23 23 27.1 1'J-24.2 155-15.~ 3.0 0.5 8 226 2.- 0.21 1.0 1.2 0.07 C
16 23 24 12·.1 19-24.1 155-11.5 8.0· 1.4 b 31~ 7.9 0.46 2.2 0.04 D
16 23 26 10.5 19-24.5 155-15.6 3.8 1.0 6 240 ~.6 0.09 U.4 0.4 0.01 C
16 23 'to 4. 7 19-24.1f. 155-15.6 3.9 a.A 6 241 2.6 O.l~ 0.7 0.9 0.02 C
17 0 9 25.4 19-19.9 155-15.2 14.1 1.2 8 203 3.t> 0.07 0.3 0.5 0.02 B

17 0 its 0.0 19-24.3 155-15.6 3.5 8 188 2.7 0.05 0.3 0.6 0.04 B
11 1 19 S8.R 19-cS.l 155-12.71 B.O'" 1.2 8 302 7.- 0.30 5.1 0.29 0
17 1 43 44.5 19-22.1 155-17.5 22.7 1.5 15 79 2.7 0.12 0.7 1. 1 0.07 A
17 2 7 1.0 19-23.6 155-14.7 2.3 8 171 3.0 0.06 0.4 0.5 0.06 8
17 2 19 24.5 19-23.3 155-14.7 3.9 0.6 10 160 2.f) 0.05 0.3 0.7 0.06 P

11 2 59 59.1 19-23.6 155-13.8 5.0 1.0 6 287 4.3 0.29 1.0 1.2 0.02 C
17 J 46 39.9 19-22.6 155-14.1 3.3 0.6 6 152 2.6 0.07 0.7 0.5 0.04 8
11 4 13 16.1 19-24.4 155-16.4 3.5 0.9 6 204 1.4- 0.06 0.3 0.3 0.01 B
17

'"
5~ 17.6 19-24.4 155"15.4 4.2 0.8 6 24& 2.9 O.ltl 1.4 1.9 0.04 C

11 '+ 54 49.0 19-24.4- 155-15.9 3.4 0.9 6 230 2.1 0.08 0.3 0.4 0.01 C



SU"'MAkY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q
MAY 11 5 18 33.9 19-22.4 155-15.0 ~.l 1.4 12 125 1.2 0.07 0.5 0.5 0.08 B

17 5 50 57.8 1~-17.7 155-15.9 8.2 1.2 10 208 5.2 O.2~ 1.1 1.0 0.17 C
17 6 4 0.1f. 1'J-18.Q 155"12.9 14.7 1.6 8 235 6.8 0.15 2.4- 1.5 0.05 C
11 6 15 49.6 19-23.1 155-13.5 5.9 1.3 6 293 4.8 O.5~ 1.6 2.1 0.02 C
17 6 27 1.1 19-19.5 155-13.6 10.1 0.9 15 194 5.2 0.09 0.7 0._ 0.11 C

11 b 32 32.3 19-19.6 155-14.0 10.7 12 210 4.7 0.13 1.0 0.5 0.11 C
17 7 38 sc;.l 19-24..1 155-16.6 3.2 0.5 6 117 1.3 0.11t O.M 0.9 0.0l+ Ei
17 8 3 5~.1 19-24.3 155-15.6 3.3 0.8 f) 24-1 2.1 0.24- 1.0 1.2 0.03 C
17 d 4~ 52.7 19-25.4 1~5-14.0 6.5 6 299 5.4 1.62 ~.O 5.5 0.04 0
11 q 32 52.6 19-23.4 155-15.2 3.8 5 26~ 2.3 0.0 0.01 fl

17 9 57 57.1 19-27.4 155-12.5 8.0· 1.6 6 324 9.1 1.00 4.3 0.07 0
17 9 59 54.4 19-21.5 155- 8.0 26.4 0 8 331 03.5 0.22 4- .1 0.11 ()

~
17 10 4 11.6 19-21.5 155-25.1 ~.O 11 13~ 10.2 0.11 O.R 1• 1 0.12 B

w 17 10 18 9.6 19-27.3 155-14.0 8.0- 1.2 6 3Ib b.9 1.04 ~.9 0.07 l)

11 11 21 4.5 19-24.4 155-10.21 8.0· 1.5 6 323 10.1 0.43 l.7 0.08 0

17 11 27 24.7 1~-1q.3 155-13.2 16.1 1.7 1 22:' 5.'1 O.3() 2.6 3.3 0.08 C

17 12 13 18.1 19-24.4 155-15.5 3.4 6 247 2.8 0.14- 0.6 0.1 0.02 C
17 12 Jq 26.5 19-24.4 155-16.4 3.3 0.9 9 202 1.4 O.O~ U.2 0.3 0.02 H
17 12 44 47.9 19- 4.1 155-52.1 21.1 2.8 10 259 21.2 O.7~ 4.4 10.0 0.12 [)

17 13 10 2.4 19-23.2 155-31.0 4.0 4 15- 14.6 0.0 0.0 0

17 13 12 3.4 19-27.3 155-11.6 11.4 8 327 10.4- 0.48 2.6 0.7 0.07 0
11 14 t.9 51.0 19-23.~· 155-16.1 6.0 1.6 14 14M l.~ 0.09 0.6 0.6 0.14- 8
17 15 16 40.5 19-24.3 155-15.9 4.0 7 227 2.3 0.25 0.9 1.2 0.04- C
11 16 21 7.3 19--19.1t 155-11.2 14.1 1.6 8 24& 4.9 0.14 1.6 0.8 0.05 C
17 10 32 11 • 0 19-23.1 155-14.7 3.1 8 15A 2.5 0.07 0.6 0.4 0.09 B

17 16 35 57.1 19-24.8 155-15.2 4.3 7 268 3.1 0.28 1.0 1.1 0.03 C
17 17 50 25.3 19-24.0 155-16.8 2.5 1.2 9 161 1.0 0.08 0.4- 0.4 0.06 B
17 i8 4 38.7 19-19.9 155-16.7 8.8 1.2 11 236 1.3 0.3- 0.9 1.6 0.04 C
17 18 16 0.1 19-16.2 155- 6.4 7.3 8 246 12.1 0.71 4.0 1.4 0.14 0
17 19 49 0.4 19-27.1 1S5-11.7 8.0· 1.4 6 328 10.6 1.37 5.6 0.05 0



SUMMAwY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP OM 1.'4 ERl ERti ERZ MO Q

MAY 17 19 58 22.9 19-24.0 155-13.7 6.3 1.3 6 289 4.8 0.47 1.4 1.8 0.02 C
17 20 1 26.,+ 19-23.1 155-13.1t 8.0· 1.2 5 291 4.1 0.61 4.6 0.05 D
17 20 5R 25.7 19-14.2 155-15.9 3.3 0.8 6 222 2.2 0.16 0.7 0.8 0.03 8
17 22 46 33.6 19'-23.8 155-16.5 3.1 0.9 11 173 0.9 0.11 0.7 0.9 0.09 C
11 22 53 19.3 19-19.4 1S5-14.1 9.3 2.3 16 170 4.9 0.12 1.0 0.6 0.11 C

Ib 0 0 51.0 19-25.1 155-17." 1.6 0.5 6 161 O.A 0.13 0.5 0.8 0.04 B
18 0 15 49.3 19-24.2 .155-15.8 5.7 1.0 9 224 2.3 0.14- ~.l 3.5 0.10 C
lts 0 31 12.7 19-24.2 155-14.9 3.4 0.9 6 260 3.6 0.11 0.7 0.9 0.02 C
18 0 52 4.2 19'-25.9 155-26.4 9.b 8 244 9.0 0.3) 1.3 1.8 0.12 C
18 1 30 3~.9 19-23.0 155-14.9 4.4 0.5 7 245 l.1 O.4b 1.4 2.2 0.05 C

l~ 1 45 37.4 19-25.7 155-14.1 d.O* 1.2 5 303 5.3 0.5-' J.2 0.03 D
Iii 2 15 41.6 19"24.1 155-16.3 0.1 0 7 152 l.b O.O~ u.l 0.02 C
l~ 2 21 21.6 19-17.3 155-13.2 11.0 1.7 8 253 9.0 O.IS u.q 1.3 0.02 C

~ 18 2- 23 51.~ 19-23.1 155-14.5 2.1 0.5 9 159 2.8 0.08 0.5 0.7 0.10 B~

lb 2 Jl 57.9 1~"24.6 155-15.4 4.2 1.3 6 257 2.9 O.lJ U.S 0.6 0.01 C

18 2 33 6.~ 19-22.9 15S-15.1 "'.6 2.6 17 81 1.7 0.u3 \;.4 0.2 0.08 A

18 2 48 42.2 19-23.1 155-14.4 0.1 0 0.9 7 170 3.0 0.06 0.4 0.08 C
18 3 28 7.3 19-24.5 155-15.3 3.6 0.8 6 25b 3.1 0.06 0.3 0.3 0.01 C
18 3 S2 l3.0 19-23.8 155-15.1 2.l 0.6 10 161 2.9 O.Od 0.5 1. 1 0.08 B
IH It 39 4A.3 19-23.5 155-14.7 2.8 1.0 10 175 3.0 a.Od 0.4 0.8 0.06 B

18 '5 20 4Q.4 19-23.6 155-14.9 5.2 0.8 7 173 2.8 0.19 0.5 1.3 0.04 R

18 5 37 31.6 1~-25.4 155-12.7 A.3 1.4 7 312 1.0 2.17 6.5 6.q 0.05 0
lti 8 45 4.0 19-19.6 155- 2.5 8.0 2.3 13 2~9 13.7 0.34 2.2 0.9 0.21 0
18 8 53 28.1 19-18.5 155-15.4 7.9 1.5 10 226 ~.5 0.28 1.6 0.9 0.16 C
18 10 '+0 56.7 19-25.2 155-15.1 8.0· 3 294 3.4 0.0 0.0 0

18 10 40 5A.O 19-23.7 155-16.3 1.5 0.4 5 188 2.8 0.0 0.02 0
18 11 55 17.8 19-25.9 155-25.3? 12.6 1.9 13 160 8.0 0.05 0.5 0.5 0.06 C
18 12 16 34.3 19-23.9 155-14.3 3.4 0.6 8 210 4.0 0.21 1. 1 1.2 0.04 C
18 12 30 48.2 19-24.2 155-11.5 3.6 1.2 10 61 1.0 0.14 1.1 1.1 0.19 A
18 13 19 11.6 19-20.3 155-12.2 9.2 2.7 16 168 4.0 0.11 1.0 0.5 0.16 C

II



SUMMAHY OF SEISMIC EVENTS (CONTINUED)

1910 HH MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT ERH ERZ MD lJ

MAY 18 13 25 3.7 19-23.2 155-14.2 0.4 9 166 3.1 0.12 0.3 3.1 0.07 C
1~ 13 31 3.7 19-1d.9 155-12.8 13.~ 1.5 12 235 b.b 0.11 \J.7 1 • 1 0.05 C

18 11+ J5 53.0 19-12.6 156-24.1 8.0" 7 317 82.4 2.47 1"'.9 0.11 0

Id 14 56 55.6 19-22.1 155-23.8 9.8 8 112 3.6 0.10 1.0 0.9 0.12 8

18 16 26 59.2 19-21.1 155-16.2 7.4 10 174 2.0 O.lJ 0.8 0.5 0.09 a

18 20 7 4.3 19-23.4 155-14.~ 3.0 8 172 2.9 0.06 0.3 0.2 0.04 ~

18 20 l~ 59.8 19-57.4 155-40.0 13 •• • 5 332 58.1 3.14 78.4 0.08 0

Ib 20 3~ 51.8 19-23.8 155-13.2 ~.8 6 2q9 :.>.2 O.d~ 2.5 3.3 0.02 0

18 23 9 37.3 19-5S.5 155-17.4 17.3 2.1 8 212 23.7 0.13 1.0 6.5 0.06 c
l~ 1 49 54.6 19- 1.5 155-29.6 4.3 5 309 28.u 0.0 0.02 n

19 3 23 9.2 19-27.9 155-34.6 16.1· 10 158 20.0 0.10 i.O 0.12 C
19 4 5 7.1 19-13.1 155-22.6 30.9 1.8 12 195 13.1 0.33 1.6 3.2 0.08 C

lY 4 35 32.1 19-22.7 lS5-26.~ 11.6 6 152 7.3 0.16 1.5 3.8 O.OR C
.p...

19 5 5 33.7 19-22.3 155-26.7 8.7 3.1 18 alto -'.1 0.07 0.7 0.5 0.15 8U1

19 5 9 33.5 1~-22.9 155-26.6 11.3 8 154 1.7 O.Oy 0.8 0.5 0.07 H

19 5 24 21.2 19-23.4 155-28.0 4.8 b 137 1U.2 O.l~ 1.2 1.q 0.08 H

l~ 6 e 23.6 19-18.lf. 1~5- 8.3? 11.2 ? .1 14- 221t 1.0 O.2d !.9 0.5 0.12 C
19 7 14 0.7 19-24.? 155-15.8 3.8 0.9 6 227 2.3 0.22 0.8 1• 1 0.02 C
19 10 30 11.6 19-24.2 155-16.3 - 4.0 1.6 12 152 1.6 O.O~ 0.5 0.8 0.11 C
19 10 36 25.8 19-22.~ 155- 4.5 2.2 2.0 lit 191 14.0 0.6'+ 1.6 3.3 O.l~ r

lq 10 43 16.7 19-24.0 155-11.3 2.3 0.9 10 121 1.3 0.03 0.2 0.2 0.04 H

19 l(} 50 15.9 19-17.6 155-15.1 6.8 1.3 Itt. 210 7.M O.1~ 1. 1 0.9 0.1. t
19 10 50 4A.2 19-19.4 155- 3.3 2.2 !l 217 17.1 1.03 2.6 4.4 0.18 C
19 11 35 4.3 19-23.6 155-21.21 6.~ 2.6 15 157 2.7 0.29 2.4 1.8 0.41 D

19 12 28 40.6 19-16.3 155-23.4 3.5 11 169 12.~ O.Of:j 0.7 1.1 0.10 ~

19 12 33 25.1 19-19.3 155- 8.9 16.8 7 299 5.0 0.78 4.1 5.2 0.05 D

19 12 40 19.4 19-27.5 155-13.1 8.0* 6 321 8.4 1.63 1.4 0.10 D
19 12 51 24.1 19-17.1 155-12.6 14.5 1.6 9 253 8.8 0.29 1.4 1.8 0.06 C
19 13 6 15.4 19-18.6 155-12.Q 17.3 1.3 8 238 1.2 0.28 1.5 2.4 0.05 C
19 11 14 3q.9 19-11.4 155"13.9 7.7 10 223 7.9 0.27 1.7 1.0 0.15 r



SUMMA~Y OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERr ERH ERZ MD Q
MAY 19 17 25 5.3 19-19.6 155-11.0 IS.1 8 250 4.4 O.jC) 1.8 2.1 0.07 ('"

19 11 25 30.9 19-24.1 155-11.1 8.0· 1.4 6 322 8.4 0.36 l.ft 0.02 D
19 17 41 40.7 19-18.2 155-12.8 14.5 1.5 6 314 1.9 0.67 3.9 2.8 0.02 o·
19 17 41 51.2 19-19.8 155"15.8 10.7 1.2 5 261 2.9 0.0 0.0 0
19 17 52 45.6 19-20.9 155- 4.2 12.9 1.1 11 214 10.3 0.09 1.1 0.5 0.05 C

19 18 30 45.9 19-1A.7 155-15.6 7.5 1.6 8 223 4.1 O.~1 1. " 0.9 0.14 C
19 18 33 3.6 19-19.2 155-15.5 10.1 11 191t- 3.6 0.10 0.9 0.7 0.10 k
19 18 49 40.1 19-24.9 155-27.41 11.2. 1.5 13 138 11.3 0.08 0.6 0.4 0.10 H
19 19 6 7.1 19-55.0 155-32.1 10.4 2.3 11 204 17.1 0.18 1.6 0.8 0.11 C
19 20 16 20.9 19-20~5 155-25.3 1.1 5 257 3.5 0.0 0.09 0

19 21 30 54.9 19-19.7 155-13.3 8.0 1.6 12 202 5.2 0.21 J..5 0.9 0.22 r.
19 21 56 9.6 19.-a24.5 155-28.6 11.0 1.5 7 232 12.2 0.23 1.4 0.6 0.08 C

+:'
19 23 36 2q.8 19-31.8 155-46.2 8.5 6 189 15.9 0.30 2.7 4.3 0.05 C

'" l~ 23 ~7 45.7 19-24.0 155-16.3 3.1 0.6 6 191 1.4 0.32 1.2 1.8 0.05 C
20 0 29 8.6 19-18.4 155-24.0 10.8 6 191 3.4 0.27 3.4 1.6 0.14 e

20 0 SO 54.4 19-16.2 155-13.0 7.8 11 21~ 11. 1 0.39 i!.2 1.'5 0.19 C
20 1 ~2 53.6 19-37.8 155-17.9 38.4 2.3 14 201 17.b O.ld 1 .1 1. 7 0.06 C
20 2 16 17.R 19-30.1 155-40.0 7.0 2.2 10 122 26.8 0.09 0.7 0.1 0.09 g
20 2 l.4 10.7 19-29.8 155-38.9 .... 1.1 9 118 27.7 0.14 0.9 1.4 0.15 b
20 2 37 42.1 19"'23.8 155-16.2 3.4 0.4 6 190 1.2 0.07 0.3 0.4 0.02 H

20 '+ 1 49.1 19-21.8 155-13.0 •• 0 1.0 6 178 1.5 0.19 1.8 1.7 0.06 C
20 5 25 34.0 19-23.2 155-14.9 5.9 1 .1 11 156 2.3 0.17 0.6 1.2 0.09 H

20 5 33 5q.2 19-24.3 155-15.~ 3.B 0.8 6 245 2.~ 0.09 o.~ 0.4 0.01 C
20 ~ 44 29.0 19-20.3 155- 8.4 8.1f. 9 200 4.0 0.24 l.O 0.8 0.14 C
20 6 15 39.9 19"'23.4 155-26.9 7.8 2.1 13 130 8 •., 0.11 0.9 1.0 0.17 fj

20 ,., 24 14.8 19-24.9 155-15.5 4.2 6 265 2.6 0.52 1.9 2.1 0.04 C
20 1 30 3.0 1~-27.5 155-30.0 6.6 9 160 12.5 0.25 1.6 2.2 0.20 C
20 7 51 40.5 19-.1Q.2 155- 7.5 32.9 11 29~ 6.5 0.32 1.6 2.0 0.05 C
20 10 19 26.9 19-23.1 155-26.9 '7.3 2.7 16 1it 8.2 0.11 1.0 1.0 0.20 B
20 12 1 ~4.3 19-17.q 155-13.1 10.5 9 220 7.6 0.21 1.9 1.2 0.13 C

c.



SUMMAt1Y OF SEISMIC EvENTS (CONTINUED)

1970 HH MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

MAY 20 13 2q 41.8 19-20.6 155-12.9 8.5 10 189 3.5 0.12 1.0 0.5 0.11 C

20 14- 8 0.2 19-1-'.8 155- 3.1 38.2 2.4 16 ??5 14.~ 0.26 1.4 2.1 0.08 C
£0 J.4 31 6.1 19-16.1 155-13.8 "'.5 1.3 8 261 10.8 0.52 2.5 1.3 0.10 C
20 14 51 23.9 19-18.3 155-12.9 14.6 1.7 8 242 7.6 0.11 1.8 1.0 0.06 C
20 15 56 35.6 19-13.3 15S- 6.6 3.7 7 315 16.9 1.J7 5.2 3.3 0.06 0

20 17 43 5.3 19"25.0 155-23.3 11.0 2.2 14 lla 6.6 O.O~ 0.5 0.8 0.10 A
20 Id 7 10.8 1'J-l'r.9 155- 2.~ 3~.u 2.4 16 226 18.M O.2~ 1.4 2.2 0.08 C
2u l~ 24 39.8 19-28.5 155-13.5 ~.O* 6 324 9.1 1.77 7.9 0.09 I)

20 18 57 53.3 19-1Q.O 15~-lS.~ 33.1 7 194 ~.3 0.19 1.0 1.9 0.05 C
20 21 39 0.4 l'i-2&.~ 155-12.7 B.O· 1.3 6 321 8.3 0.80 3.1 0.05 0

20 22 1~ 26.3 19-18.2 155- 3.3 31.7 2.3 17 223 13.5 0.27 1.3 2.1 0.08 C

21 () 41 58.4 19-24.q 155-29.5 12.q. 8 150 13.9 O.OR 0.8 1. 1 0.07 B
21 u 57 1~.7 1~-21.6 1~5-13.2 2.0 b 16~ ~.l 0.07 0.2 0.1 0.02 B

.p-
........ cl ~ ~~ 40.0 19-24.9 155.-16.1 0.0 1.1 10 173 0.5 0.04 0.2 3.8 0.04 C

~l ~ 51 17.7 19-24.4 155,,15.7 4.2 6 242 2.5 O.lZ 0.4 0.6 0.01 C

21 3 3u 23.2 19-24.1 155-15.8 4.1 0.8 b 222 2.1 0.24 u.q 1.3 0.03 ~

21 4- ~8 30.6 19-1q.9 155-15.2 13.6 1.3 9 203 3.6 0.06 0.3 0.5 0.02 ~

21 ~ 35 17.6 19-24.3 155-lb.4 3.1 6 200 1.4 0.07 0.3 0.4 0.01 8

21 b 5 42.0 19-17.7 155- 3.~ 37.3 2.4- 16 225 13.9 O.2~ 1.3 2.0 0.08 C
21 6 20 57.1 19-19.2 155-15.0 13.0 6 216 4.6 0.08 0.5 0.1 0.02 8

21 1 40 2A.4 19-24.1 155-16.3 4.3 1.2 9 152 1.6 0.10 0.7 1.0 0.08 B
21 9 44 3~.5 19-16.6 15~-13.6 ~.2 11 233 q.3 0.31+ 1.'J 1.2 0.17 C

21 9 '+7 23.8 19-10.2 155-34.4 8.3 13 135 9.M 0.08 0.8 0.5 0.11 B
21 10 10 12.8 19-18.1 155-14.1 8.1 10 236 6.8 0.33 1.8 0.9 0.16 C
21 10 19 24.4 19-12.8 155-2-'.6 8.6 12 170 15.6 0.10 1.0 0.7 0.12 C

21 10 S6 16.0 19-19.8 155-16.6 11.3 8 243 1.6 0.11 0.6 0.7 0.02 C
21 12 1 14.9 19-23.1 155"27.8 14.3 7 268 9.4 0.45 2.8 1.4 0.08 0
~l 12 24 26.2 19-23.7 15S-17.S? 3.2 0.8 11 95 1.3 O.Ob 0.4 0.5 0.09 R
21 13 1 16.6 19-29.0 155-26.0 10.3 1.3 6 192 4.9 0.18 1.6 1.4 0.07 C
21 13 27 19.8 19-24.1 155-15.9 3.4 1.2 10 163 2.0 0.05 0.3 0.6 0.06 B



SU"''''ARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR M~ SEC LAT N LONG W DEPTH MAG NO GAJ.> DMIN E~T ERH ERZ MO Q

MAY 21 15 52 30.0 19-23.3 155-17.2 1.8 0.3 1 153 0.8 0.04 0.1 0.3 0.01 ~

21 16 22 33.0· 19-19.6 155-27.8 b.6 6 15q 1.9 0.18 2.0 1.9 0.10 C
·21 17 cO 2.9.7 19-25.7 155-24.3 11.5 7 lA2 7.e. 0.11 1.0 1. 1 0.07 A
21 16 6 24.6 19~21.5 155~14.4 17.1 1.1 12' 157 1.6 0.32 2.2 2.8 0.17 C
21 18 6 47.2 19~23.2 155-14.4 8.0· S 265 2.'i 0.24 2.4 0.03 0

21 18 57 5&).7 19-18.1 155-12.7 14.6 9 238 7.0 0.21 1.0 1.3 0.04 C
21 19 4 18.3 19-24.3 155-17.1 2.9 0.6 8 134 1.0 O.Oj 0.2 0.2 0.03 H

21 20 11 42.4 19-18.4 155- 3.41 34.9 2.2 19 203 21.6 0.16 1.0 l.b 0.11 C
21 21 52 12.A 19-23.8 155-25.4 11.1 8 20~ 7.5 0.11 1.2 0.5 0.11 C
21 21 51 12.8 19-11.1 155- 3.0 3~.O 1.6 13 ~26 1•• '+ O.3~ 1.7 2.6 O.OQ C

21 22 49 lS.9 19-23.0 15~-14.3 4.2 8 1.6U 2.8 0.15 u.s 1.1 0.06 8
21 23 .32 40.4 19-22.3 155-11.3 29.3 2.5 17 77 ~.2 0.13 0.9 1.3 0.12 Ei
21 23 40 40.9 19-23.3 155-15.3 3.3 0.7 9 153 2.0 O.OA 0.5 O.~ 0.08 Vi

~.

22 2 14 13.1 19-10.1 IS5-30.l1 1.3- S 17b 15.2 0.08 0.6 0.05 C(X)

22 3 37 44.4 19-23.6 155-11.6 3.2 1.S 12 lOA 1.5 O.O~ 0.5 1.0 0.12 ~

22 4 ~7 1'5.1 19-16.7 155-1~.9 7.1 1.3 9 217 9.4- 0.27 1.6 1 • 1 0.14 C
22 4 54 23.6 19-24.0 155-11.2 2.1 0.3 5 133 1.2 0.0 0.03 0
22 5 30 15.0 19-18.8 155-15.7 9.2 1.9 17 169 3.~ 0.10 a.8 0.5 0.15 C
22 6 1 i!.2 20- 2.4 155-27.1 8.0 2.3 14 224 24.9 0.24 1.4 1.0 0.10 t.
22 6 25 12.6 19-19.1 155- 3.9 37.1 2.2 18 197 11.1 0.22 1.2 1.8 0.11 C

2l 11 5A 40.1 19-23.8 15~-16.3 4.8 1.2 11 181 1.2 O.2c 0.9 1.3 0.09 B
22 13 . 8 2Q.4 19-23.9 155-17.3 1.2 7 126 1.3 0.05 0.1 0.4 0.02 8
22 13 SR SQ.4 19-25.2 155-14.9 4.9 1.2 9 212 3.6 O.2~ 0.6 1.8 0.06 A
22 18 11 8.0 19-12.9 155-22.9 29.7 13 195 13.4 0.36 2.0 3.7 0.09 C
22 20 5 12.8 19-20.3 155-14 •• 8.1 1.6 12 196 3.2 0.21 1.3 0.9 0.19 C

22 20 28 53.4- 19-16.2 155- 3.0 38.6 12 246 16.0 0.53 2.6 4.0 0.07 0
22 21 56 32.8 20-21.5 156- 6.6 A.O· 3.2 11 336 94.1 5.46 J2.2 0.09 0
22 23 8 26.3 19-23.8 155-17.0 1.6 7 139 0.9 0.03 0.1 0.2 0.01 8
Z2 23 11 51.8 19-21.4 155-25.2 8.2 1.7 11 1.0 10.5 0.09 0.7 0.9 0.11 a
23 1 58 1.9 19-25.6 155-22.0 8.1 1.5 12 151 4.4 o.OtS 0.6 0.5 0.08 B

't



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 t1R MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

MAY ~3 3 5 42.5 19-23.7 155-17.1 ~.8 0.1 8 131 0.9 0.05 0.3 0.3 0.04 A
23 3 39 31.3 19-1q.5 155- 3.7 3"'. b 2.14- 16 191 16.4- 0.11 1.0 1.7 0.08 C
2:i j 49 25.3 1<1-19.6 155-15.7 10.2 1.7 13 189 3.1 0.0'1 0.6 0.5 0.08 8
23 4 9 25.6 19-24.2 1~5-25.7 1.1 2.1 13 lS~ 8.6 0.10 0.8 0.8 O.I~ C
23 It- 13 43.4 19-17.5 155-33.~ 1.4* 2.1 7 298 18.6 O.~5 3.1 0.06 l'

23 'to IF, 2.3 19-2';.1 155-24.7 11.3 1.8 11 18& 9.0 0.07 O.~ 0.9 0.07 8
23 4 51 40.9 19-23.2 155-25.1 lO.A I.R 12 l?l 6.4 0.06 0.6 0.4 0.10 R
23 7 ~7 24.6 1~-11.6 15~- 3.3 3~.1" 15 22~ 14.1 O.lv 1 .3 O.OQ C
23 ~ l+? 37.1 19-19.3 155-16.0 13.1 1.5 8 ?lO l.8 0.11 0.5 0.9 0.03 8
23 10 1 2q.3 19-24.9 1~5-11.3 8.1 1.3 8 109 0.5 0.11 0.3 0.6 0.01 A

23 10 56 29.7 19-19.0 155- 4.01 33.6 2.2 18 198 11.1 0.30 1.5 2.4 0.11 C
~3 12 46 5.q 20- 7.~ 154-54.3 8.0" 5 303 69.4- 1.63 1u.3 0.08 0
23 13 38 51 .6 19-12.2 154-58.51 0.4- '6 273 26.d 3.59 1.5 12.0 0.10 f)

~

\0 23 14 14 3';.A 19-21.0 155- :l.A 7.9 2.2 15 208 l~.~ 0.16 t!..7 1 • 1 0.21 C
23 J.~ 1 1 26.q 19-14.3 155-26.3 ~.8 11 211 12.1 0.2.:1 1.4 1.3 0.14 C

23 16 15 3ti.7 )9-17.9 155- 3.~ 37.~ 2.b J.~ 222 13.H O.2.J 1.2 2.0 0.09 C
~J 1 7 5H 33.3 19-2~.3 155-1S.b 3.6 0.3 b 239 2.b 0.13 0.5 0.6 0.02 C

23 l~ 26 5i?5 1~-22.3 15~-27.2 4.5 5 15'+ 7.8 0.0 0.14 0
23 19 13 20.6 lC1-24.2 155-16.4 ].0 1 • 1 b 201 1. 7 0.21 0.5 0.9 0.03 8
23 l~ 33 1~.7 19-1R.4 155-17.1 2~.A 13 lq1 3.2 0.25 1.3 2.1 0.07 c

23 23 j~ 5,",.0 19-19.0 155-13.4 14.9 fj 2~(j b.l O.O~ 0.4 0.4 0.01 C

23 23 5~ 2Q.~ 19-24.R 155-15.3 4.6 0.2 6 268 3.0 0.1- 0.5 0.5 0.01 C
24 0 18 23.5 19-19.8 155- 3.81 41.2 2.3 18 196 11.'S O.l~ O.q l.t> 0.09 r:
24 4 5 51.5 19-20.0 15S-18.fJ 27.2 12 167 6.~ 0.23 1.3 2.0 0.01 C
24 4 '+8 1.6 19-1R.8 155-1b.l 10.1 1.5 14- 194 3.3 0.08 0.6 0.3 0.09 B

24 5 23 57.9 19- 8.9 155- 5.51 8.0 0 2.4 14 250 30.~ ~.O8 13.3 1.18 0
24 5 31 57.0 19-1A.4 155-13.5 10.4 2.1 IS 198 6.~ 0.11 0.9 0.4 0.11 C
2'+ 1 4 4.3 19-19.9 155- 8.2 31.5 9 294 4.ti 0.37 2.0 2.4 0.07 C
24 1 20 52.8 19-1q.9 155-13.5 7.4 1.4 9 212 6.3 0.27 1.7 1 • 1 0.18 C
24- 12 38 37.2 1~-27.4 155-37.81 7.2 9 263 23.0 0.63 2.9 1.3 0.15 0



SU""MAWY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG wi DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

MAY 24 12 tj7 24.2 19-1A.4 155- 3.1 35." 2.4 18 201 13.~ 0.17 0.9 1.6 0.09 ~

24 16 31 12.2 lCJ-21.9 155-11.0 9.B 6 176 1.7 1.03 2.9 5.3 0.05 C
24 17 55 20.8 19-26.2 155-29.~ 10.8 9 154 12.~ O.O~ 0.4 0.2 0.05 8
2~ 19 18 35.0 19-24.1 155-25.2 11.4 1.6 12 124 7.~ O.Ob 0.6 1.2 0.10 B
24 19 54 6.1 19-20.1 155- 4.0 40.4 2.5 18 190 10.1 0.20 1.1 1.6 0.08 C

24 20 4 11.3 19-24.1 155.. 11.6 9.0 1.2 7 113 O.l 0.28 0.7 1.5 0.04 ~

24 20 16 18.6 19-22.6 lSS-11t.4 6.5 1.9 15 126 2.1 0.05 0.5 0.3 0.09 tj

24 ~O lq ~.l 19-23.0 155-18.1 5.~ 5 151 2.2 0.0 0.07 P
24 21 41 SA.3 19-15.1 155-23.9 3.5 10 170 13.~ 0.08 0.8 1. 1 0.09 8
24- 22 3d 45.8 19-23.8 155-20.Q 11.9* b 32::J ~.(J 0.17 3.2 0.05 D

24 22 '+7 2S.9 19-24.7 155-11.6 7.5 6 11'+ 0.1 0.31 0.8 1.8 0.03 H
24 22 1+9 ?2 19-24.5 155-17.6 1i.1 1.2 ~ 103 0.5 O.l~ 0.6 0.9 0.04 It

24 23 21 ZQ.1 19-24.1 155-18.4 7.6 1 • 1 7 126 1. q O.l~ 0.5 1.1 0.03 R
V1

~~ 23.7 1~-23.7 155-18.2 6.1 7 144- l.1 0.28 0.9 1.7 0.01 ~0 u 3
25 0 13 1~.8 19-11.3 155- 3.1 3f,.8 1.7 15 228 14.7 0.20 1.2 1.8 0.07 C

2~ 0 "6 42.5 19-23.q 155-1d.3 6.8 6 1~1 2.1 0.39 1.0 2.3 0.04 tj

25 1 1 0.2 19-24.B 15S-17.'l 7.4 1.3 7 125 O.~ O.l~ 0.6 1.1 0.03 H
2~ 1 ~ ~.e 19-23.5 155-19.1 6.q 1.0 5 175 1.2 0.0 0.02 ()

25 . 1 l~ 11 • 7 19-24.0 155-1A •• 7.6 5 133 2.0 0.0 0.03 ()

25 1 15 4~.9 19-23.1 155-17.9 6.3 1.0 6 141 1.9 0.07 0.3 0.4 0.01 B

25 1 26 41.3 19-24.5 155-1A.2 5.5 1.0 8 101 1.4 0.18 0.6 1.3 O.Ob A

25 1 27 q.4 1'1-24.3 155-18.4 ~.9 0.9 6 lib 1.8 0.20 0.9 l.b 0.0 ... ~

25 2 3 21.9 19-23.2 155-19.1 ~.M O.R 8 191 1.4 O.2~ 0.9 1.7 0.08 8
25 2 44 0.2 19-24.9 155-17.5 6.9 0.9 7 134 0.3 0.08 0.3 O.S 0.01 ~

25 2 57 4.1 19-14.2 154-53.61 4.4 2.0 10 280 ~6.2 1.33 5.5 4.0 0.40 ()

25 3 45 14.0 19-15.4 155- 2.1 41.3 12 251 17.3 0.73 3.5 5.3 0.08 0
2~ 3 ~2 55.6 19-24.0 155-18.3 8.1 0.9 8 129 1.9 0.21 U.S 1.2 0.03 ~

25 3 53 39.0 19-26.7 155-36.5 7.6 1.4 11 253 21.<i 0.3'+ 1.7 0.9 0.13 C
25 3 56 10.9 19-23.8 155-18.1 9.1 1.0 6 142 1.9 0.12 0.2 0.6 0.01 H
25 4 2 47.5 19-~3.8 155--17.9 9.6 0.8 7 138 1.8 0.08 0.2 0.4 0.01 r,



SUfl4MAHY OF SEISMIC EVENTS (CONTINUEO)

1970 H~ MN SEC LAT N LONG ~ DEPTH MAG NO GAP D~lN ERT ERH ERZ MO Q

'-'AY 25 q. 25 33.1 19-24.4 155-18.0 8.4 0.8 8 113 1 • 1 0.1u 0.3 0.6 0.02 A

2~ '+ 't-3 A.3 lH-S5.5 155- 5.0 ~.O* 2.7 13 281t- 51.6 1.O~ &.9 O.lq 0

~S 5 '+5 q.l 19-17.5 155- 3.1 37.7 1"- 226 14.4 0.23 1.3 2.0 0.08 C
25 5 51 18.1 l'i-~4.5 155-17.1 8.2 O.~ 6 105 0.5 0.35 0.8 2.0 0.03 B
2S 5 52 40.4 19-21.3 155-16.2 25.7 1.8 16 139 2.2 O.ll 0.9 1.2 0.11 t3

25 6 8 32.3 19-24.4 1~5-17.4 9.6 1.0 7 107 0.6 O.~l 0.6 1.2 0.02 8
25 6 3R 8.4 1~-24.6 155-17.0 Q.2 1.4 7 148 0.6 O.2~ 0.1 1.4 0.03 f.f

25 7 6 28.5 19-24.9 1~5-18.5 15.4 1.3 6 128 1.~ 1.01+ 5.0 9.5 0.09 C
25 1 "8 34.5 19-20.6 155- 1.3? 8.0· b 224 ~O.3 8.89 0.0 0.81 0
2~ 8 44 11 .0 19-27.0 155-37.0 7.7 1.4 10 258 22.3 0.42 2.1 1 • 1 0.14 r

25 M '+5 1,.4 19-1~.3 1SS- 2.6 40.6 14 247 16.6 O.~O 2._ 4.0 0.08 C
25 11 3 3~.3 19-27.~ 155-37.4 6.0 1.1 10 261 23.3 0.19 0.9 0.6 0.09 C
~~ 11 23 3A.9 1<;-21.3 155-26.1 7.1 10 138 5.3 0.12 1 • 1 1.4 0.18 r;

U'1 25 11 31 19-36.7 154-51.6 8.0* 5 259 16.1 0.71 :>.5 0.02 0...., 1.6
25 11 5,+ 52.3 19-45.4 155-21.4 31.3 2.7 20 176 10.5 0.15 0.7 1.7 0.08 B

25 12 44 15.5 19-21.3 154-56.41 H.4* 6 24~ 14-.4 O.'+u ~.O 0.23 f'1

~s 13 49 24~1 19-18.3 155- 3.2 J6.3 2.2 17 221 13.6 0.25 J..4 2.1 0.09 C
2~ 1'+ 2 53.1 19-1~.4 1~5-10.7 6.5 8 2~1 10.0 O.B~ :i.e 1.7 0.13 0
25 1'+ 21 36.7 19-48.3 156- 0.8 4.0 2.7 14 2QO 32.q o.~o 5.5 5.4 0.29 I)

~5 16 l.7 J3.0 19-2f.,.1 154-57.11 A.2 5 19b 1.6 0.0 0.11 0

25 lH ~Q 13.3 19-15.1 155-46.0 ll.b 3.0 15 247 15.~ 0.27 1.5 1.2 O.OA C
25 t!l 7 54.6 19-19.0 155-14.2 7.6 11 ~23 ~.5 O.2b 1.4 o.q 0.16 C
25 21 2} Q.3 19-24 •. 4 155-23.8 3.4 0 0.6 10 178 7.3 0.10 0.6 0.10 C
25 21 ='5 c9.6 19-17.b 155- :-4.0 38.6 1.9 16 ?26 14.~ 0.33 1.7 2.5 O.OQ C
25 2c 13 59.4 19-23.2 155-17.9 2.3 0.5 6 166 2.0 0.49 O.A 3.4- 0.07 C

25 22 40 4A.9 19-23.8 155-18.3 11 • 1 1.2 8 141 2.1 0.3" 0.1 1.8 0.03 A
25 22- 46 4q.4 19-12.3 155-26.61 10.0 2.0 1 178 15.1 0.15 1.4 1.0 ·0.11 C
26 0 24 7.6 19-24.1 155-17.9 7.6 0.5 8 123 1.3 0.14- 0.4 0.8 0.03 f1
2b 0 jQ 0.2 19-23.4 155-18.U 6.- 0.6 7 165 2.1 0.88 2.2 5.1 0.11 C
~6 1 l.9 30.9 19-23.5 155-19.8 3.7 0.5 7 242 0.5 0.30 1.3 1.7 0.07 C



SUMMA~Y Of SEIS~IC EVENTS (CONTINUED)

1970 tiR r4N SEC LAT N LONG W Ol:::PTH MAG NO l,AP DMIN ERT ERH ERZ MO Q

MAY lb ~ ~7 0.2 1~"23.9 155-17.9 11.3 1.1 8 131 1.5 0.22 1. 1 1.7 0.05 R
2t:J 3 38 5A.O 19-23.9 155-17.9 lO.~ 0.9 1 106 2.2 0.34 0.6 1.9 0.03 8
26 3 39 50.6 19-24.5 155-11.9 6.2 A 107 0.8 O.lb 0.8 1. 1 0.05 A
?b .J 43 4~.8 19-24.4 155-17.9 7.9 0.5 7 128 0.9 1.0~ 1.5 5.7 0.05 C
2b It 7 16.5 19-23.9 155-17.9 5.4 0.1 7 137 1.7 0.46 1.3 2.8 0.09 ~

26 4 11 6.1 19-24.6 155-11.4 d.8 0.6 7 96 0.3 0.46 1.0 2.5 0.05 H
20 4 '+9 1.4 19"l9.1 155-17.8 1~.4* 1.3 7 312 6.8 0.1. 1.3 0.03 0
2b 5 21 35.0 19-2h.5 lS5-2b.6 16.4 7 250 8.4- 0.38 1.7 3.2 0.03 C
~b 6 15 37.4 19-1A.1 155- 3.01 40.8 2.3 18 203 13.5 U.2it 1.3 1.9 0.09 C
26 8 2 22.5 19-25.5 155-19.8 17.6· 6 2A5 3.4 O.Ob 1.3 0.03 U

20 8 10 13.5 19-17.1 155-13.3 .lll- • 1 7 248 8.3 0.23 1.2 1.8 0.04 C
20 8 t:J1 23.5 19-~8.8 155-13.21 81.7 0 3.2 11 30~ 56.4 4.66 0.0 5.27 Lt
26 9 l~ 35.2 19-24.8 15·5-1 7.8 10.4° 0.8 4- 221 0.5 0.0 0.0 !~

V'1
20 ~ 33 A.O 19-23.7 155-18.0 5.2 0.1 5 142 2.0 0.0 0.01 0N

2" 10 0 27.9 19-12.5 155- 9.91 A.O· 1.6 19 231 17.1 3.,..0 21.6 1.77 0

26 11 49 21.1 1~-18.0 155-21.61 11.4- 1.5 11 19b 5.0 0.13 1 .1 0.7 0'.10 c
~o J.2 8 46.3 19-28.9 155-39.4 8.3 1.8 d 216 26.2 0.41+ ~.4 1.0 0.12 r
20 l~ 2S 9.0 19-18.6 15~-21.2 6.2 1.3 8 242 4.ti 0.9j 2.4 4.6 0.01 C
~6 12 51 29.1 19-25.8 155-18.1 14.4* 6 274 2.9 0.03 0.6 0.01 0
26 13 8 26.8 19-23.4 1~5-17.6 0.1* 0.1 6 151 1.3 0.08 0.5 0.09 C

2b 13 lit- 49.A 19-?3.A 155-20.4 15.0'" 1.5 5 319 1.2 O.O~ 0.8 0.01 0
26 1J ~3 3P.O 19-20.0 155- A.1i 12.0 1.6 10 304 3.~ 0.20 1.5 1.5 O~O8 C
26 13 41 37.~ 19-17.'+ 1~5-20.6 20.3° 1.1 5 319 11.8 O.1~ 7.0 0.04 0
26 l~ 44- 40.2 19"20.0 155-18.4 2~.2 1.7 11 168 1.7 0.45 l.e 4.0 0.08 C
26 14 !:)3 56.8 19-23.8 155-18.3 11.5 1.2 7 109 2.3 0.18 0.8 1.6 0.05 8

26 17 46 38.0 19-22.1 155- 8.51 b.2 3.3 20 170 2.1 0.33 2.4 1.5 0.46 D
26 18 12 21.1 19-24.6 155-17.5 7.6 7 94 0.1 0.11 0.3 0.6 0.02 ~

26 18 19 2.8 19-19.9 155-16.7 11.2 1.5 8 238 1.3 0.08 0.6 0.4 0.03 C
26 18 20 11.6 19-19.9 1~~-16.8 9.9 1.2 1 234 1.1 O.l~ 0.4 1.0 0.01 C
26 20 3 31.6 19-19.6 155- 2.1 11.0 2.1 12 230 14.1t- 0.34 2.5 0.8 0.09 0

It



SUMMA~Y OF SEISMIC EVEN1S (CONTINUED)

1970 tfk ~,.: SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 26 20 45 2.3 19-24.9 155-17.5 7.0 0.9 7 99 0.'+ 0.18 0.5 1.0 0.02 B
26 20 :;1 23.~ 19-24.0 1S5-18.3 7.7 1.0 8 128 1.t..J 0.30 a.R 1.7 O.Of, H

20 ~l j~ 30.5 19-1&.7 155-11.3 6.5 1 274 9.7 0.14 3.5 1.7 0.11 0
2b 22 3 21.6 19-Z4.Y 155-11.6 h.9 6 132 0.3 O.O~ 0.2 0.4 0.01 B
26 22 19 36.8 19-24.1 155-18.0 7.6 0.9 7 12b 1.4 0.34 0.8 1.9 0.04 A

26 22 30 20.9 19-24.8 155-11.5 Q.5 6 120 0.1 2.12 4.4- 11.5 0.13 C
2b 22 33 5Q.7 1~-19.6 155-25.6 7.4 8 1&1 4.2 o.l.~ 1 • 1 1 • 1 0.13 C
26 22 3'1 46.9 1'1-22.8 1~5- 8.7 8.0-0 6 33ft b.1 0.57 3.2 0.07 [)

20 22 ~b 30.1 19-24.5 155-18.3 4.1 6 109 1.4 0.16 0.1 1.3 0.05 H
2b 23 ~l 13.5 1~-24.0 155-18.1 10.8 0.7 7 194 l.~ O.Oq 2.4 0.5 0.05 C.

27 0 4- 2q.2 19-1~.9 155- 3.1 33.3 16 219 ll.3 0.23 1. 1 2.0 0.13 C
27 0 14 13.7 19-22.1 1!)5-13.5 7.1 1.3 12 145 l.~ 0.1 ~ 1.0 O.H 0.15 H
27 . 0 2S 7.5 1~-~1.0 155- 3.91 3~.2 2.8 30 219 1.5 0.34 2.1 3.2 0.30 C

\J1 2., 0 40 5~.O 1.,-21.9 155-13.5 7.6 0.8 11 153 3.l 0.15 1 • 1 O.d 0.13 Cw
21 0 50 12.q 19-21.1 155-13.q 7.8 13 1 73 l.ti 0.17 1 • 1 0.8 0.16 C

27 0 ~3 54.3 19-21.5 155-16.0 7.1 10 l~O 1.4 0.08 u.~ 0.'+ 0.07 P

27 1 22 25.q 19-24.8 155,,17.5 6.3 0.5 7 153 0.1 0.14 0.4 O.M 0.02 H
~7 2 36 4~.1 19-24.5 155-1a.7 4.0 0.6 7 109 2.1 O• .3l 1. 1 2.4 0.09 ~

27 3 21 2~.9 19-21.2 155-25.1 8.3 9 143 10.6 0.12 0.9 1.2 0.12 h

27 3 36 8." 19-26.0 155-34.8 ~.5 2.0 10 240 ?O.8 O.?~ 1.1 0.7 0.11 r

27 4 '+A SA.2 1~-23.9 155-1e.S 6.5 6 142 2e1 0.57 1.5 3.4 0.06 h
27 5 4 7.1 19-25.1 155-15.1 12.~ I •• lit lCl7 3.3 0.06 O.M 0.6 0.12 ~

2-' 6 39 2.4- 19-21.9 155-24.7 10.2 10 115 3.9 0.09 0.9 O.~ 0.12 f"
27 7 3~ 41.1 lA-Sf,.3 155-21.0 20.0 lit 274 30.b O.~l 4.~ 14.6 0.10 l)

27 9 35 25.4- 1':1-21.8 155-?5.3 11 • 1 11 134 4.5 0.0'1 0.8 1.5 0.10 b

27 10 19 36.2 19-24.0 155-17.6 8.2 1.0 8 101 1.3 0.16 0.4 0.9 0.02 A
27 10 26 42.3 19-19.8 155- 0.6 20.0* a 344 16.8 O.4~ 3.'5 0.04 0
27 12 47 0.1 1'J-23.9 155-14.3 4.3 7 274 4.0 0.54 1. q 1.9 0.05 C
27 18 15 39.1 19-21.3 155-11.8 6.4 8 183 3.2 0.2. l.@ 1.2 0.14 C
27 18 29 43.4 19-25.6 155"24.5 8.9 1. 1 11 207 1.0 0.37 0.9 2.1

0.111



SUMMAHY OF SEISMIC EVENTS (CONTINUED)

1970 HH MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

~AV 27 ~O 15 50.5 19-1Q.4 155-16.1 9.9 1.5 16 164 2.6 0.07 O.~ 0.3 0.12 C
27 23 27 57.1 19-24.1 155-18.1 8.'+ 0.9 7 126 l.~ 0.30 0.6 1.1 0.03 8
2~ 0 10 34.5 19-17.3 155- 3.2 31.4- 1.9 16 227 14.6 0.11 1.3 0.10 0
28 1 7 50.3 19-23.b 155-19.1 4.7 0.6 6 116 1.0 0.25 0.9 1.5 0.05 8
28 2 24 Q.8 19-27.4 155-25.7 13.1 1.9 11 194 6.2 0.09 0.8 0.8 0.01 B

28 2 25 2n.2 19-24.9 155-11.6 10.2 0.9 6 118 0.4 0.83 U.9 4.2 0.01 B
28 5 4- 56.1 19-24.0 155-17.3 9.5 1.1 6 193 O.~ 0.3J \J.9 1.9 0.03 e
28 5 IH 9.1 19--22.2 155-19.1 11.0 6 262 2.7 1.01 2.2 4.8 0.04 C
2~ b 0 16.0 19-24.'7 155-17.9 5.5 0.9 6 115 O.b 0.51 1.6 3.2 0.08 B
28 6 33 1.8 19-23.5 155-18.0 0.3* 0.4 6 151 2.2 0.13 0.7 0.13 C

28 7 12 35.6 19-25.2 15S-16.Q 8.5 8 180 O.b 0.36 1.2 2.2 a.OM C
2~ 7 33 4q.6 19-24.6 155-17.5 7.5 0.8 6 95 0.1 0.16 0.4 O.q 0.01 H

28 12 ~4 25.8 19-17.9 155- 5.3 26.6 0 10 327 10.9 0.45 1+.7 0.13 0
V1 28 18 22 13.5 19-25.5 155-16.0 3.0 2.5 14 93 2.1 0.01 0.4 0.3 0.11 B+='

2b 22 31 3~.8 1~-23.7 155-25.2 10.2 3.5 17. 129 7.3 0.10 o.a 0.5 0.14 H

2'1 0 0 14.3 1~-24.2 155-1t4.1 1 • 1 1.0 7 121 1.4 0.'54 1.3 3.1 0.01 b
2~ 4 2 34.8 19-14.6 155-18.0 5.1 0.9 7 105 0.9 O.2'i 0.9 1.8 0.06 ~

29 4 ~ 2q.8 ItJ-23.8 155-19.3 f).1f. 1. 1 6 149 o. -, 0.41 1.1 2.3 0.05 A
29 ~ 42 R.S 19-15.5 155-13.5 1.0 8 269 lO.t3 0.8S ".1 1.9 0.15 0
29 fJ 26 itA.4 19-19.5 155-14.1 1.7 0.9 13 216 4.8 0.23 1.3 0.9 0.18 C

29 8 19 30.8 19-22.0 155-24.3 Q.5 9 202 3.9 0.18 1.2 1.0 0.12 C
29 ~ 20 A.9 19- '9.0 155-45.9 8.0 0 3 ?90 ItJ.8 0.0 0.0 0
29 9 ~7 33.1 19-24.6 155-1~.2 6.0 1.0 1 114 1.2 0.27 o.q 1.7 0.06 B
2~ 9 ~4 57.1 19-24.9 155-11.'i 12.5 1.5 5 lSb 0.8 0.0 0.01 0
29 10 1S 18.4 19-27.6 155-24.9 19.3· 5 342 11.5 0.28 2.1 0.02 D

29 11 18 ~.s 19-23.9 155-19.3 2.9 4 239 3.4 0.0 0.0 0
29 1 1 18 28.2 19-25.6 155-24.3 8.2 10 203 7.3 0.18 0.6 1. 1 0.08 B
29 11 ::is 56.2 19-24.4 155-18.4 4.9 0.4 6 119 1. 1 O.3~ 0.9 2.4 0.04 8
29 12 3 38.5 19-2r;.o 155-17.4 3.1 0.5 5 203 0.7 0.0 0.01 0
29 12 14 13.1 19-19.9 155-14.2 7.8 12 208 4.U 0.22 1.3 0.9 0.18 C



SUMMAkY OF SEISMIC t:VENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT ERH ERZ MO (~

~AY 29 12 51 26.6 19-23.7 155-1~.A b.O 0.8 8 154 1.5 0.23 0.7 1.5 0.06 ~

29 14 36 52.1 19-24.6 1~5-17.5 8.A 0.9 7 9- 0.1 0.40 0.9 2.1 0.04 ~

29 -15 7 27.3 19-23.8 155-18.0 7.9 6 96 1.9 0.53 1.3 3.1 0.06 R
29 l~ 35 52.~ 19-24.1 155-18.0 A.2 0.9 7 83 2.2 0.34 0.8 2.0 0.04 8
29 15 36 54.9 19-24.2 155-18.4 6.4 0.6 8 120 1.9 0.19 0.6 1.2 0.05 A

29 15 43 30.4 19-24.3 155-18.0 3.4 0.2 '" 109 2.0 0.0 0.03 0
2q 16 3 Q.O 19-25.4 155-1~.O 9.2 1.3 6 171 2.0 0.56 1.3 3.3 0.05 C

29 16 2~ 5.3 19-24.1+ 15~-11.0 1... 0 1. ~ 6 168 1.0 0.39 1.3 2.7 0.02 C

29 10 30 4~.7 19-24.2 155-18.8 5.0 1 .1 6 170 2.4- 0.31 1." 3.1 0.05 C
241 16 ~? 35.3 1~-24.9 155-16.4 12.7 1.0 6 181 2.0 0.56 J.8 4.9 0.07 C

t!.~ 17 31 25.1 1~-23.7 155-11.8 10.2 0.7 7 l1u 1.8 0.41 0.8 2.2 0.05 A

29 1t; 33 0.2 1~-24.5 155-11.2 6. 1 0.8 6 1~~ O.b 0.33 0.5 1.A 0.01 8
29 18 3d 6.5 19-24.6 155-17.1 9.5 5 140 0.6 0.0 0.04 0

U1 ~9 19 17 51.0 19-22.8 155-20.0 5.3 1 • 1 6 256 5.b 0.22 1.3 3.4 0.02 C
U1

29 21 14 1~.9 19-23.2 155-18.5 5.9 1.0 8 181 2.3 0.15 0.5 1.0 0.04 8

29 21 2~ 54.0 19-23.6 155-19.2 4.1 " 172 O.~ 0.14 0.6 0.9 0.03 H

~9 22 ~A 3.l.8 19-24.2 155-17.8 10.1 1.5 8 118 1.0 0.1u 0.4 0.6 0.02 A

~'1 -2i!. 39 36.2 19-14-.5 155-17.7 8.6 1 • 1 8 lOj 0.'+ 0.12 0.3 0.1 0.02 A

29 ~3 b 52.3 19-24.0 155-17.9 7.2 1 • 1 7 129 1.5 0.11 0.5 1.0 0.03 8

29 23 59 lA~2 19-24.3 155-17.9 8.3 0.9 8 116 1.0 O.2Q 0.8 1.7 0.05 A

30 U ]5 50.5 19-14.9 155-12.7 7.4 1.~ 12 217 12 •., 0.25 1 • .3 0.8 0.11 C

30 0 '+5 14.7 19-11.5 155-12.9 14.7 1.7 A 253 9.0 0.35 1.6 2.5 0.05 C

30 1 Q 2~.3 19-26.2 155-10.7 15.7- 1.4 b 294 2.1 a.os 0.8 0.02 0

30 1 33 IS.0 19-23.2 155-18.4 4.3 1 .1 6 183 2.4 0.35 1 • 1 2.3 0.06 C
30 2 18 30.7 19-23.8 155-18.2 4.8 0.7 7 143 2.1 0.23 0.9 1.6 0.07 ~

30 2 ~O 19.5 19-24.4 155-18.3 S.O 0.9 7 112 1.6 0.23 0.7 1.6 0.06 8
30 2 22 1~.6 19-23.7 155-11.8 7.8 1.0 8 143 1.8 0.21 0.6 1.2 0.03 8

30 3 31 14.8 19-24.0 155-18.1 10.2 1.0 8 131 1.7 0.59 1.3 3.3 0.06 B
30 3 43 42.8 19-24.5 155-18.1 8.9 1.2 6 107 1.1 0.71 1.5 3.9 0.06 B
30 It- ~l 44.5 19-24.6 155-17.9 9.8 1 • 1 8 90 0.8 0.34 0.7 1.9 0.03 A



SUMf\1ARY OF SfIS~lC EVENTS (CONTINlJEO)

1910 HF< M~ SEC LAT N LONG W ()fPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 30 4 24 43.3 19-22.5 155-17.A 8.1 0.8' 7 198 2.5 0.85 2.3 4.7 0.09 -I
3U ~ 13 44.1 19-23.9 155-}8.4 1.6 1.0 8 106 2.i! 0.28 0.6 1.1 0.06 A

30 5 48 lA.'5 19-23.M 155-17.7 3.4 0.9 8 137 1.7 0.16 0.7 1.3 0.10 8
30 b !6 43.5 1~-24.1 155-17.9 10.1 1.1 6 122 1.2 0.20 0.5 1.1 0.01 B
30 7 15 1.6 19-23.8 155-18.0 10.7 1.4 10 108 1.9 0.35 0.9 2.0 0.10 A

30 7 10 7.6 19-23.3 155-18.0 b.2 1 • 1 7 162 2.1 0.21 0.7 1.3 0.0'4 B
30 q 56 30.5 19-12.8 155-32.5 8.1 10 136 9.0 0.08 0.9 0.7 0.11 ~

30 11 44 47.8 19-23.8 155-18.4- 10.1 1.4 8 100 2.2 O.4~ 0.9 2.8 0.06 H
30 11 47 11.0 19-24.3 1~5-17.9 6.3 0.1 7 86 1.1 0.23 0.7 1.4 0.05 H

30 11 51 31.5 19-23.8 155-18.1 9.7 1.0 7 142 2.0 0.33 1.0 1.8 0.04 ~

30 11 54 2A.O 19-24.1 155-18.0 11.0 1.3 8 R2 1.3 0.62 1.2 3.4 0.05 ~

30 12 11 10.9 19-24.4 155-17.3 11.4- 1.5 9 87 0.7 0.12 0.1 1.0 0.06 A
30 12 28 4Q.5 19-24.1 155-18.0 H.S 0.9 7 128 1.15 0.36 0.8 2.0 0.04 B

V1
3U 12 35 19-24.~ 1~5-17.~ 81 2.! 0 • .30 H.7 1.80\ J3.b te.) o.q d O.O~ 1J

30 12 53 -;8.6 19-24.3 155"17.7 Q.2 O.A 8 90 0.7 0.37 o.q 2.0 0.05 A

30 13 1 22.2 19-24.5 155-17.7 9.3 1.2 9 83 0.6 0.22 0.5 1.2 0.03 A

30 13 2 SQ.3 19-24.2 15S-17.Q 8.9 1.2 9 98 1. 1 0.24 0.6 1.4 0.05 A
30 13 11 24.1 19-25.1 155-11.1 1"3.2 1.7 8 91 0.5 0.35 1.3 2.6 0.05 R
30 13 17 5'5.9 19-3b.8 155-14.31 22.5- 2.1 9 23~ 20.- 0.40 15.3 0.32 0
30 13 26 43.0 19-23.5 155"18.3 12.3 1.5 1 120 2.4- 0.32 1.0 2.6 0.04 8

30 14- 55 3q.7 19-55.2 155-56.8 5.4 9 247 28.b 0.49 5.5 3.5 0.10 0
30 18 11 0.2 1~-23.e 15S"?7.B? 11.2 2.0 13 13b 10.3 O.O~ 0.7 0.4 0.11 ~

30 18 54 35.6 19-21.4 155-13.3 13.9 1.4 7 167 3.5 0.21 0.7 l.~ 0.03 Ei
30 21 36 31.0 19-19.0 155-13.8 b.1 1.2 13 206 5.7 0.17 1. 1 0.8 0.14 C
30 ~3 2S 37.5 19"28.6 155-39.0 "".s 9 165 25.4 0.01 0.6 0.6 0.07 8

30 23 32 27.1 19-18.9 155-13.0 6.8 8 216 7.6 0.26 1.7 1.1 0.14- C
30 23 33 6.1 19-22.3 155-12.2 9.8 1.4 13 145 3.9 0.07 0.7 0.4 0,. 11 B
31 2- q 29.7 19-20." 155-16.4 32.6 13 152 3.1 0.13 0.9 1.3 O.Oq ~

J1 4 20 2.9 19-21.3 155- 5.4 •• 6 2.6 18 lAO 17.3 0.14 1.1 0.8 0.17 C
31 11 42 1.1 19-19.0 155- 9.7 30.2 1.9 13 270 11.0 0.40 2.5 2.1 0.07 C

il



SUMMARY uFo SEISMIC E\iENTS (CONTINUEO)

1970 HR MN SEC LAT N LOr.4G W DEPTH MAG NO GAP DMIN ERl ERt-4 ERZ MD Q

MAY 3l 13 47 53.3 19-24.5 155-17.9 10.2 1.2 7 106 o.~ 0.07 0.2 0.4 0.01 ~

31 l~ 4 54.9 19-13.2 155-26.11 9.2 2.1 11 165 13.~ O.l~ l.i. 0.7 0.14- (

31 15 35 1 • q 19-i?3.7 155-17.H 5.7 1.0 8 141 l.ti 0.11 0.4- 0.7 0.03 B
31 15 44 32.9 19-24.3 155-17.7 9.2 I.? 9 91 0.9 0.21 0.5 1.2 0.04 A

31 16 23 55.2 19-24.2 155-17.8 8.1 1.1 9 84 1 • 1 0.25 0.6 1.4 0.04 A

31 18 '+7 53.4 19-25.4 155-17.1 10.9 0.9 7 218 o.~ 0.53 1. 1 2.7 0.04 C
31 19 16 4.6 19-2_.1 155-1~.7 4.7 O.~ 7 121' 1.4 0.21 0.1 1.4 O.O~ 8
31 19 41 4(,.1 19-23.2 155-14.4 3.2 8 166 3.0 O.l~ 0.6 1.5 0.07 A
.jl 19 ~2 44.1 19-23.4 155-18.9 5.~ 1.0 7 178 1. S O./t>J 1. 1 2.5 O.O~ C
31 20 37 48.2 19-23.6 155-16.01 3.3 0.2 7 197 1.5 0.64 1.5 3.2 0.11 C

31 20 57 ~.8 19-23.1 155-18.4- 7.7 1.0 8 154 2.3 0.24 0.8 1.4 0.05 R

31 21 13 IS.1 19-24.4 155-17.6 q.a 0.9 8 105 0.5 0.26 0.7 1.4 0.03 A
31 21 18 43.1 19-24.3 155-17.9 9.8 1 .1 7 117 1.0 0.21 0.6 1.2 0.03 9

\J1
'-J 31 21 ~3 4q.8 19-20.8 155-1ti.l 25.H 2.0 ~ 117 1.M O.SA 2.3 4.9 0.08 H

31 21 43 SQ.4 19-21.1 155-16.4 29.2 1.8 11 137 2.3 0.11 0.9 1.2 0.11 B

31 22 21 12.3 1~-24.1 155-18.1 0.1 0 0.4 7 10'" 2.2 0.11 o.~ 0.13 C
31 22 25 36.7 19-24.7 155-18.3 1.1 0.9 6 9t:i 1.4 O.l~ 0.4 0.9 0.02 to<

31 23 lA 35.9 19-18.1 155-16.9 30.2 13 171 3.1 0.3'+ 1.5 3.2 0.09 C

31 23 41 25.9 19-17.4- 155-12.0 H.4 '1 262 8.8 v.3d 1 • "'i O.~ O.lu r
.,.

1 0 48 52.4 19-19.3 155-16.2 11.4- 1.0 7 25~ 2.0 O.lb (I.b 1.0 o.o~ c

1 0 56 3.9 19-24.1 155-11.1 3.4 1.3 7 124 l.~ 0.33 0.1 1.8 0.04 R

1 1 48 3.4 19-24.3 155-18.0 4.0 0.8 6 111 1.2 0.17 o. '7 1.3 O.Of, ~

1 1 ~6 3'1.4 19-25.7 155-11.01 28.2 12 150 10.4 0.14 1.2 1.6 0.08 A
1 2 19 4~.8 19-25.1 155-17.3 7.5 1 • 1 9 174 0.6 0.10 0.5 0.6 0.03 8
1 3 6 55.0 19-24.3 155-17.9 8.0 0.9 7 lib 1.0 0.72 1.6 4.0 0.09 A

1 3 32 29.1 19"24.2 155-18.3 7.9 1.3 8 102 1.6 0.22 0.5 1.3 0.05 A

1 3 44 10.8 19-24.6 155-17.8 9.3 1.4 9 90 0.6 0.09 0.3 0.5 0.02 A
! 3 49 10.2 19-24.1 155-17.1 9.2 1.2 7 121 1. 1 0.42 0.9 2.3 0.04 8
1 4 46 56.8 19-18.3 155- 1.8 5.7 2.0 12 236 23.7 0.44 2.9 1.0 0.15 0
1 4 56 15.5 19-24.1 155-18.3 5.5 0.8 7 126 I.A 0.41 1.2 2.6 0.09 ~



SUMMAHY OF SEISMIC EVENTS (CONTINUEO)

1910 HR MN SEC LAT N LONG W DEPTH ~AG NO GAP OM If~ ERT EHH ERZ MO Q
JUN 1 5 3 14.3 19-24.2 155-18.2 6.1 0.8 7 120 1.5 a.lt> 0.4 1.0 0.03 R

1 5 22 4A.9 1~-24.0 15S-16.M 11.8 1.3 7 161 1.2- \).2~ 1 • 1 2.u 0.03 r:
1 b 3~ 15.0 1'J-~3.5 15~-11.~ 8.5 1.2 1 15~ l.~ O.1J 2.2 4.0 0.10 C
1 7 18 20.8 19-24.8 155-16.0 ll.~ 1.1 7 231 l.d 0.30 1.6 2.3 0.04 C
1 7 23 36.8 19- 6.6 155-34.8 8.7 12 153 6.4 0.08 1.8 1.4 0.09 C

1 7 53 38.5 19-28.0 155-24.1 12.6 1.2 7 226 -.1 0.41 l.~ 3.2 0.03 C
1 9 41 44.3 19-20.8 155-13.0 9.3 1.3 14 184 3.2 0.1:» 1.0 0.8 0.14 C
1 10 51 lR.l 19-21+ 0.1 155-10.51 3.2 1.4 9 13'.1 1.3 O.vb 0.4 O. :~ O.O~ R
1 19 jO 5.1 19-1R.2 155-17.1 ~~.~ 1 • '7 10 1 1 U 3.6 0.21 1.3 t..l 0.0"7 ("

1 21 c9 10.5 19-27.6 155-}4.31 8.0· 1.3 9 279 1.u 0.61 4.9 0.46 0

2 1 17 44.3 19-20.3 155-2~.9 7.8 1.3 8 166 12.6 0.13 1.1 1.2 0.11 C
2 8 56 4B.3 19-24.2 155-24.1 12.2 1.5 9 212 1.1 0.28 1.3 2.4 0.09 C

LT1
2 lb 33 56.4 19-21.5 155-12.q 9.0 13 168 1.9 0.17 1.20 0.9 0.16 C

co 3 1 A 19.3 19-20.9 155- 7.0 5.8 1.8 If> 180 10.1 0.20 1.3 1.0 0.19 C
3 2 13 1';.7 19-22.3 155-40.2 10.9 1.8 11 132 14.1 0.06 0.4 0.5 0.05 8

:i b 14 13.3 If1-37.9 156- 5.7 5.3 l.O 10 262 22.1 0.97 4.3 2.6 0.17 0
3 ~ 53 44.9 19-2~.3 155-11.3 9.b 1.7 11 169 2.1 O.l~ 1.0 0.4 0.10 C
4 1 52 49.0 19-21.0 155-12.3 10.1 1.3 15 184 2.1 0.10 0.9 0.4 0.12 C
4 12 5 21.9 19-20.3 155-16.1 34.6 2.5 11 15J 1.2 0.10 1.0 1.5 0.09 C
4 12 12 3~.2 19-24.2 1')S..?5.b 13.7 1.5 8 231 8.5 0.46 1.7 3.6 0.07 C

~ 15 55 10.1 1'1-4Q.3 155-25.91 35.·9 1.9 14 157 5.6 O.3ti 2.5 3.15 0.26 C
4 It> 13 24.0 19-31.9 155-29.61 15.4 0 10 160 11.1 0.38 :J.6 0.41 0
4 19 1 4A.2 19-1Q.O 155-16.1 1.9 2.8 18 16b 3.0 0.12 0.9 0.5 0.11 C
4 19 21 32.1 1\j-24.4 155-23.5 9.6 1.6 14 140 6.9 0.07 0.6 0.6 0.09 8
4 23 53 2.1 19-22.2 155-28.8 8.1 1.8 14 101 16.2 0.09 0.9 0.8 0.17 ~

5 1 43 5.0 19-19.5 155-16.1 q.9 1.0 11 188 2.5 0.10 0.8 0.4 0.10 B
5 3 34 23.7 19-24.5 155-23.9 9.4 2.3 15 73 7.5 0.10 0.9 0.6 0.14 R
5 8 9 50.6 20- 1.8 155-46.5 18.0 2.6 19 253 1.q 0.48 2.9 4.3 0.10 0
5 13 7 f,.1 1~-19.9 155- 1.3 6.3 1.9 9 231 21.S 0.20 1.3 0.5 0.06 C
~ 17 3f, 1.2 19-24.8 154-53.9 13.6° 2.1 10 289 28.7 1.0tt 6.8 0.13 0



,

SuMMAHY uF SEISMIC EVENTS (COf-.JTINUEO)

1970 HR "'i'I SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

JUN 5 19 25 16.5 19-21.3 155-18.4 30.6 2.9 20 83 2.~ 0.12 O.A 1.2 0.11 B
~ 20 3 49.3 19-17.b 155-13.71 11.3 1 • 1 9 223 1.9 O.2b ~.o 2.1 0.14 C
5 20 38 57.6 19-29.3 155-42.61 1.2 1. Q 14 170 22.4 0.22 1.5 1.8 0.21 C
5 22 1 0.0 19-21.5 155- 8.6 9.0 1.7 13 193 2.5 0.15 1.1t 0.7 0.14- C
6 2 54 42.7 19-20.5 155-13.2 8.9 11 189 3.9 0.11 1.4 1.0 0.15 C

b 5 30 47.0 19-24.6 155-23.41 11.2 3.4 18 11 6.7 O.Ob 0.6 0.3 0.13 R

b 7 41 1.6 19-33.q 155-33.9 1.0 2.3 15 83 20.0 O.5d 0.9 3.0 0.22 b

6 8 12 52.7 19-21.6 155-10.1 7.~ 1.3 10 244 0.4 O.lQ 1.4 0.7 0.10 C
6 9 9 57.1 19-22.2 155-22.8 10.1 1.4 10 11-- 3.t; 0.09 U.8 0.9 0.10 A
6 9 12 12.5 19-22.5 155-21.9 a.a 1.0 11 13tJ 4.5 0.12 0.8 0.8 0.12 Ii

6 9 41 39.4 19-22.7 15S-10.8? 3.1 1.2 10 20b 2.1 0.31 1.4 1.2 0.16 C
b 11 43 3n.4 19-19.3 15S-13.Q 9.9 1.5 IS 195 5.2 o.o~ 0.1 O.It 0.10 B
b 12 14 57.9 19-22.5 lS~-23.7 7.4- 1.3 11 113 4.j 0.11 0.8 1 • 1 0.16 H

VI 6 17 47 s.a 19-~7.1 155-22.71 1u.1 1.6 10 165 3.7 0.34 1.0 2.J 0.12 C
\0

7 5 59 41.1 1~-11.2 155-20.4 28.0 1.7 7 231 17.3 0.41 3.2 5.0 0.05 0

7 9 49 11.6 19-23.2 155-18.3 21.1 1.8 10 73 2.h 0.45 !.3 4.l 0.0" H

7 If) lA 17.5 19-27.0 155- 6.6 24.2- 1 311 12.2 0.20 2.0 0.0.3 n
7 11 30 58.6 18-56.7 155- 9.0 8.0· 2.5 19 260 45.0 0.25 1.6 0.11 0
1 16 29 16.1 19-25.5 155- 1.7 0.0 2.3 16 166 15.0 0.1- 1.0 1.2 0.17 C
1 18 43 30.2 19-24.2 155- 3.61 0.1 2.3 16 110 19.1 0.42 0.9 2.3 0.13 C

7 22 47 2q.5 ]9-22.3 155-23.f; 9.1 1 .6 15 7'+ 3.q 0.06 o.s 0.4 0.11 B

~ 0 1 2A.8 19-22.3 155-18.4 25.7 2.0 9 146 3.4 O.6Q 1.5 5.9 0.05 C

8 1 0 17.1 19-20.8 1~S-25.5 6.7 1.1 11 141 11.5 0.10 0.8 1.2 0.13 H

d 1 -:i4 27.":1 19-23.9 155-1".0 5.t3 1.4 1 13~ 1.8 0.39 0.6 2.3 0.04 ~

8 1 36 22.<.J 1~-22.5 155-18.4 3.2 1.3 6 213 3.1 o.q~ 2.9 8.1 0.14 C

8 2 49 3.6 19-21.3 155-24.6 9.7 1.6 8 216 5.2 0.41 1.2 3.2 0.12 C
8 4 22 34.2 19-23.4- 155-18.6 6.9 1.2 6 167 2.0 0.65 0.9 3.1 0.03 C
8 4 33 57.1 19-22.9 155- 9.2 8.6 1.7 12 14S 2.6 o.Oti 1.2 0.6 0.13 B
8 5 16 56.9 19-20.7 155-1"'.1 8.0 0.6 15 181 3.0 0.12 0.8 0.5 0.15 C
8 5 ~4 44.3 19-23.1 155-17.9 5.4- 1 • 1 6 173 2.1 0.60 1 .1 3.8 0.06 C



SUMMARY OF SElS~IC EVENTS (CONTINUED)

lQ70 HR ""~J SEC LAT N LONG w DtPTH MAG NO GAP DMIN ERT ERH ERZ MO 0
~UN 8 13 1 2~.6 1~-23.9 155-18.2 10.7 1.£0, 9 13ti 2.0 0.48 1.6 2.1 0.07 B

~ 13 31 2ti.8 19- 6.7 155-27.4 3.3. 1 8 275 22.7 1.27 4.9 10.0 0.07 u
8 15 39 55.1 19-26.7 155-10.~ 13.5 2.0 8 301 12.3 1.57 10.1 6.6 0.10 0
8 21 51 27.7 19-28.1 155-18.1 24.4 2.1 12 154 4.6 0.11 1.0 1.7 0.08 C
~ 0 lA 1.1 19-17.4 155-13.R 10.5 10 248 8.0 0.32 1.8 0.6 0.11 C

9 1 23 11 .0 19-25.b 155-14.5 10.3 1.7 B 254- 5.4 0.88 3.5 4.4 0.10 0
9 1 35 lQ.l 1'1-19.8 155-16.6 7.5 1.0 ti 259 1.5 0.13 0.8 0.4 0.04 C
~ 1 37 30.7 1'l-19.4 155-16.5 1.7 0.7 8 251 2.0 0.29 1.7 0.9 0.11 C
'oJ 2 46 51.4 1'1-23.2 154-56.3 7.5 2.1 1 233 11.0 0.48 5.0 2.1 0.07 0
9 b 37 9.4 19-20.3 155-17.1 14.4 2.2 8 27b 4.3 0.19 2.0 0.8 0.05 C

9 ~ 56 4.2 19-32.5 156-16.4 29.6~ 3.0 11 318 37.1 1.85 11.~ 0.16 0
9 10 21 29.3 19-21.6 1.55"12.2 S.9 9 168 3.8 O.l~ 1.4 1.1 0.13 C
9 11 47 14.9 1'l-25.3 155,,17.8 4.3 1 .1 8 11q 0.4 0.40 1.8 2.5 0.15 ~

0\
13 26 1~-21.5 1~S-15.9 235 1.2 1.3b 10.7 00 "l 40.4 19.1 2 .1 8 4.9 0.08

9 14 ';}7 30.4 1~-19.'+ lS5"1~.7 9.4- 1.6 12 I#.)5 3.2 O.Oij 0.8 0.6 0.11 C

9 15 33 47.3 19-24.6 155-17.1 8.9 1.3 10 119 0.5 0.14 0.5 0.8 0.04 A
9 17 10 6.5 19-43.3 155-25.9 21.3 2.3 15 171 6.6 0.21 1.7 2.4 0.13 C
9 1M 32 47.A 19-22.2 1~5- 0.4 3.8 2.3 14 210 16.1 0.15 1.1 1.0 0.11 C
9 19 59 23.6 19-49.1 155-40.3 8.0· 2.6 8 177 23.2 0.01 0.7 0.08 C
9 21 IB 5'5.3 19-24 ..., 155-17.7 6.'+ 1.3 7 96 0.4 0.11 0.4 0.7 0.03 ~

9 ~3 (1 3Q .1 IY-20.2 155"12.9 9.6 2.5 20 168 4.3 0.09 0.8 0.4 0.15 C
9 23 9 50.4 1~-12•• 155-34-.7 8.9 3.0 18 124 b.2 O.O~ O.Q 0.6 0.14 ~

10 0 2 34.1 19-18.9 155-!4.b 7.8 0.8 12 222 5.4 0.28 1.5 1.0 0.20 C
10 0 q 19.3 19-21.4 155-24.9 1.2 1.8 11 114- 3.5 0.11 0.9 1.1 0.15 8
10 1 34 44.6 1~-24.3 155"18.2 6.9 1.2 10 98 1.4 0.2:' 0.8 1.6 0.11 8

10 3 11 38.9 19-24.5 155-11.4 A.3 1.3 9 101 0.4 0.14- 0.6 0.8 0.04 A
10 4 14 2.8 19-24 •.6 155-13.3 19.3 2.2 10 193 6.1 0.64 3.3 5.6 0.17 C
l\l 5 7 24.4 lQ-24.6 155-16.A 10.7 1.6 9 lQ2 o• '7 0.13 0.5 0.7 0.02 R
10 b 24 9.0 19-24.4 155-11.6 b.7 1.5 7 128 0.6 a.ot> 0.2 0.4 0.01 8
10 7 14- 51.6 19-24.7 155-17.1 12.1 1.6 7 91 0.4 0.35 2.2 2.7 0.07 8



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 kR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ· MO Q

JU~ 10 1 26 35.0 19-18.1 155- 6.51 4.1 11 ·215 IJ.? 0.79 2.4 2.7 0.22 C

10 10 '+2 12.9 19- ?tl 1S5-11.0 Ib.9* 2.3 14 253 31.~ 0.31 2.3 0.16 0

10 18 t.i 13.3 19-24.1 155-17.9 10.2 1.5 1 1 15 1.3 0.20 0.5 1.2 0.05 A

10 22 5S 18.1 19-40.2 15f)" 5.3 1.2 2.9 14 262 24.2 0.62 3.1 1.5 0.14 0

10 23 14 49.6 19-24.1 155-11.9 11.9 1.9 10 99 l.l 0.13 0.7 1.1 0.06 A

10 23 18 25.1 . 19-24.6 1~5-17.6 A.4 1.& 8 98 0.3 0.06 0.2 0.3 0.01 A

10 23 55 13.9 19-16.0 154-41.b 1.20 2.6 9 316 31.5 0.82 5.2 O.lS 0

11 0 1 10.l 19-21.6 155-16.1 27.5 2.0 15 13~ 1. ~ 0.13 1 • 1 1.4 0.11 H

11 1 8 1~.7 1~-21.1 155-1-7.4 22.6 12 142 3.b 0.16 0.9 1.7 0.07 ~

11 2 25 49.4 19-18.3 1~5-24.4 1.1 1.8 11 ISO 4.0 0.16 1.3 1.3 0.18 R

11 3 1 14.5 19-17.8 155-16.2 1.0 10 207 7.f, O~17 1.0 0.8 0.11 C

11 J 6 30.6 19-23.9 1~5-18.2 'i.6 1.3 10 104 l.M 0.13 0.3 0.8 0.03 A

11 3 ~2 2f,.6 19-21+.1 155-18.6 ~.~ 1.6 lu 102 2.1 O.2~ 0.7 1.8 0.10 A

0\ 11 4- 30 24.6 19-24.4 155-17.7 9.2 1.4 6 108 0.6 0.23 0.5 1.2 0.01 ~
~

11 4- 37 32.6 19-24.3 155-16.6 1?2 11 145 1.3 0.14 0.9 1 • 1 0.10 81.9

11 5 2 53.7 19-18.9 1:;5-11.5 1u.2 2.2 15 211 5.~ 0.19 1.5 0.5 0.16 C

11 5 46 58.9 19-25.0 155-11.8 h.4 1.1 7 104 O.H O.3l 1 • 1 1.9 O.O~ 5.1

11 5 1t8 47.4 lQ-25.S 155-18.2 11.5 1.8 1 244 1 • 1 1.05 3.1 6.6 0.05 ')

11 6 33 33.6 19-24.b 155-17.1t- 9.~ 1.8 9 95 0.3 0.08 0.3 0.5 0.02 A

11 7 5 12.4 19-21.5 155-1~.1 2B •• 2.1 13 165 1.5 0.18 1.6 1.R 0.11 C

11 7 13 46.1 19-23.4 155-11.h 5.0 1 • 1 7 IS3 1.4 0.13 0.3 0.9 0.02 H

11 8 45 3,.5 19-22.0 155-15.3 30.2 ?2 18 102 0.4 0.14 0.9 1.3 0.13 R

1 1 tj 50 3~.6 19-20.4 155-27.h 5.7 1.9 12 145 15.2 0.10 0.9 1.3 0.15 ~

11 10 0 36.7 19-24.2 155-11.9 9.b ?o 11 71+ l.t! 0.23 O.s 1.3 0.06 It

11 10 45 34.6 1~-24.3 155-17.5 10.4 1.7 10 101 0.7 O.l~ 0.5 0.8 0.03 A

11 11 22 22.4 19-22.1 155-16.9 31.1 3.6 21 92 1.9 O.l~ 1.1 1.5 0.16 8

11 15 44 19.1 19-17.6 154-59.A 1.3 2.1 7 24~ 19.5 0.16 1.0 0.4 0.02 C

11 19 56 52.9 19-25.2 155- 1.2 5.5 2.3 15 181 14.5 0.11 1.1 1.0 0.16 C
11 22 0 1.1 19-14.3 155-11.31 29.8* 2.3 8 231 10.8 0.52 9.9 0.29 0
11 23 20 51.1 19-22.5 155-23.4 8.6 2.1 lit 119 10.5 0.10 0.9 0.7 0.17 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JUN 11 23 35 18.4 19-22.5 155-26.4 8.7 1.7 14 125 6.8 0.10 0.8 0.7 0.16 B
12 0 50 10.1 19-20.°. 155-44.3? 11.1 2.4 12 160 16.2 0.10 1.1 0.9 0.11 C
12 7 18 49.5 19-24.7 155~24.4 10.9 2.1 13 122 8.4 0.06 0.5 0.3 0.10 B
12 10 52 5.9 19-24.4 155-28.3 8.2 2.6 16 69 11.7 0.11 0.9 1.1 0.20 B
12 11 55 52.6 19-20.8 155-52.5? 1.3- 2.8 15 207 19.9 0.21 1.5 0.14 C

12 12 44 47.3 19-11.7 155-44.1 12.6 2.5 11 265 13.3 O.4t! 2.5 1.3 0.06 0
12 13 28 15.5 19-19.4- 155-14.2 10.3 1.6 14- 212 4.9 0.09 0.7 0.4 0.10 A
12 13 53 31.3 19-19.4 155-14.2 10.2 1.6 15 209 4.9 0.08 0.1 0.3 0.09 8
12 1. 18 10.3 19-10.3 155-19.8 44.1 2.6 8 269 18.5 1.80 7.5 13.0 0.08 D
12 15 18 55.8 19-20.8 155-11.4 8.8 1.8 15 191 3.1 0.10 O.Q 0.6 0.14 e

12 21 51 25.6 19-22.0 155-27.0 6.8 2.7 18 9S 7.3 O.Oq 0.7 0.6 0.17 8
13 0 32 11.8 19-19.3 155-15.8 9.1 2.0 1 7 166 3.2 0.09 O.A 0.5 0.15 C
13 5 8 4.1 19-21.6 155-15.4 ZQ.2 2.2 1,. 140 1.1 0.16 1.1 1.6 0.11 ~

0\
~ 13 7 47 lq.3 19-23.6 155-23.0 9.q 2.5 19 71 5.8 O.Ob 0.6 0.3 0.12 B

13 7 tt9 31.6 19-20.8 155-17.9 28.8 2.1 10 169 4.6 O.2't 1.2 2.1 0.07 C

13 7 53 27.5 19-23.3 155-23.6 11 • 1 1.9 14 114 5.7 0.00 O.f. 0.3 0.11 A
13 & 33 28.8 19-12.8 155-29.3 5.9 2.2 11 230 1.... 3 0.32 1.9 1.3 0.14 C
13 8 36 45.1 19-11.1 155-34.81 8.6 2.1 7 139 8.0 0.14 2.8 1.9 0.12 C
13 10 40 24.1 19-20.1 155-12.1 9.1 2.7 18 170 4.5 0.12 1.0 0.5 0.18 C
13 18 14 14.4 18-51.1 155-14.4 8.0· 2.8 19 273 45.3 0.34 2.2 0.12 0

13 19 35 38.5 19-29.5 155-43.61 1.0 2.2 7 176 20.7 1.69 3.5 8.a 0.48 0
13 20 42 12.1 19-24.8 155-22.5 9.3 2.0 15 136 5.3 0.09 0.8 0.5 0.13 ~

13 23 2 q.2 19-19.1 155- 6.9 5.8 2.2 16 188 11.6 0.18 1.1 o.~ 0.16 C
14 6 27 42.9 19-30.8 155- 6.6 8.0· 2.2 9 193 21.3 0.32 2.7 0.21 0
14- 9 14 14.8 19-11.8 155-32.8 7.4 1.9 14 143 9 •• 0.08 0.9 0.7 0.11 8

14 15 47 50.2 19-14.3 155- 1.1 4.9 1.1 14 250 14.7 0.53 2.5 1.6 0.19 0
14 23 3 8.4 19-10.5 155-34.9 8.3 7 142 9.0 0.18 ~.o 1.4 0.18 B
1,+ 23 34 55.9 19-10.7 lSS-30.9 5.3 9 165 13.5 0.13 1.0 1.5 0.12 C
15 3 53 36.6 19-11.4 155-30.9 5.4 2.5 17 lSI 12.6 0.11 0.8 0.7 0.18 C
15 4 9 37.3 19-10.5 155-30.5 4.1 10 160 14.1 °0.12 1.0 1.1 0.13 C

~. ' 'f.



SUM"AAY OF SEISMIC EVENTS (CONTINUED)

1970 HR 'MN SEC LAT N LONGW DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q
JUN 15 4 37 35.6 19-10.9 1'55-30.9 3.9· 2.2 6 164 13.2 0.15 1.2 0.12 C

15 5 3 59.6 19-10.3 155-30.2 5.4 2.3 12 163 14.7 0.10 0.9 0.9 0.13 C
15 0 Jl 49.1 19-18.1 155- 6.4 4.2 3.2 18 190 8.6 0.19 1.2 O.q 0.18 C
15 11 38 36.3 19-20.6 155- 5.6 4.5 2.4 16 183 17.2 0.16 1.2 0.9 0.17 C
15 18 40 8.1 19-23.7 155-17.1 2.6 0.8 9 132 0.8 0.04- O~3 0.2 0.05 B

15 18 44 35.0 19-18.7 155-13.5 10.5 1.8 15 198 6.5 0.11 0.8 0.4 0.11 C
15 19 34- 27.5 19-20.8 155-13.9 8.2 1.5 15 180 3.0 0.12 0.9 0.6 0.15 C
l~ 21 51 22.5 19-23.4 155-25.2 10.9 12 76 6.a 0.06 0.6 0.4 0.09 A

15 22 21 53.2 19-23.1 155-26.8 8.5 2.5 17 75 8.1 O.O~ 0.7 0.6 0.16 8
15 23 34 15.2 19-23.9 155-35.7 9.2 2.3 10 191 16.7 O.ll 0.8 0.5 0.08 ~

15 23 39 58.2 19-23.1 155-25.4 9.9 2.4 17 78 6.6 0.09 O.A 0.5 0.16 8
16 0 44 0.0 19-23.9 155-17.3 1.9 0.7 6 127 1.3 0.06 0.2 0.4 0.01 b

lb 7 1- 0.1 19-23.5 155-17.1 2.4 1 140 0.5 O.O~ 0.2 0.1 0.02 8
0\
w Ib 7 18 7.1 19"23.4 155-17.2 2.3 0.9 8 144 0.1 0.02 0.1 0.1 0.02 ~

16 10 35 7.3 19-23.8 155-17.3 2.3 1. 1 10 112 1.2 0.04 0.2 0.2 0.04 t.

16 18 13 9.6 19-29.3 155-45.8 6.4 2.9 16 205 30.1 0.21 1.5 1.6 0.13 C
lb 23 '+1 2.6 19-18.8 155- 8.41 10.6 1.9 13 ?21 6.1 0.29 2.0 0.8 0.12 C
11 0 S8 23.6 19-15.8 155-13.5 8.7 2.4 16 186 11.6 0.20 1 .1 0.8 0.15 C
17 0 59 24.1 19-19.5 155-13.9 11 .1 1.7 13 110 5.0 0.10 1.0 0.9 0.13 C
11 21 7 33.1 19-18.5 155-13.8 11.6 1.7 17 173 6.6 0.07 0.7 0.7 0.10 8

11 2 18 49.1 1~-22.3 155-25.0 8.8 1.7 10 162 4.9 0.10 O.A 0.9 0.10 R
11 2 40 27.3 19-22.8 155"16.2 34.0· 2.3 10 lZ6 0.9 0.04 l.a 0.07 c
17 5 5~ 44.5 19-23.6 155-17.1 25.7 2.1 8 108 1.6 1.24 2.7 10.7 0.07 8
11 6 10 42.4 19-19.6 155-25.4 S.8 2.3 14 128 12.~ 0.07 0.6 0.6 0.13 8
17 6 23 2.3 19-19.4 155-25.3 6.5 2.5 17 129 12.b 0.07 0.6 0.5 0.12 R

17 9 26 7.9 19-19.5 155-16.3 69.5* 11 188 2.2 0.01 3.0 0.08 C
17 10 55 12.3 19-11.2 155-28.8 9.6 9 173 16.1 0.09 0.9 0.6 0.09 8
17 12 23 46.9 19-22.6 155-16.4 33.7· 2.3 10 119 1.6 0.05 1.9 0.09 ~

17 14 57 31.8 19-19.0 155-24.5 8.6 3.4 22 136 3.0 0.08 0.7 0.4 0.17 B
11 16 29 54.9 19-24.3 155-35.1 8.7 2.8 12 134 17.1 0.13 0.9 0.7 0.11 B



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ M.D Q
JUN 17 17 26 44.9 19-22.2 155-11.6 9.7 1.6 15 127 1.7 0.09 0.9 0.4 0.13 B

17 17 S3 21.2 1~-20.1 155"10.6 9.7 2.2 11 194 3.3 0.13 1.2 0.6 O.i7 C
17 20 45 7.7 19-24.6 155-21.7 16.6 2.0 5 140 3.8 0.0 0.11 0
17 lU 58 17.8 19-17.1 156-27.7 8.0· 2.2 8 298 52.4 1.90 11.8 0.19 0
17 21 34 40.5 19-29.5 155-45.9 6.5 3.2 17 120 16.8 0.10 0.9 1.1 0.10 B

18 2 30 18.0 19-22.5 155-10.7 9.7 2.4 11 128 1.8 O.O'+- 0.5 0.3 0.09 B
18 12 22 39.1 19-21.5 155-26.8 3.5· 1.8 11 146 13.1 0.15 1.1 0.15 C
18 13 43 12.0 19-20.4 155-29.8 9.0 2.5 9 115 lb.3 0.07 0.7 0.6 0.10 A

18 lit 39 39.8 19-26.4 155-34.4 14.50 2.1 10 181 20.4 0.10 0.9 0.09 C
19 1 35 56.1 19-18.8 155-16.4 7.3 1.9 16 168 5.9 0.12 0.9 0.7 0.17 C

19 3 33 23.0 19-11.3 155-34.5 8.3 7 145 8.1 0.17 1.9 1.4 0.17 B
19 12 44 29.5 19-50.3 1!>4-S9.3 8.0· 2.6 12 297 40.9 0.78 5.0 0.08 0
19 13 42 2q.3 19-22.& 155-23.5 10.1 10 113 4.4> 0.12 1.3 1.1 0.16 8

0\
~ 19 17 21 7.4 19-20.4 155-13.6 10.2 2.0 lb 164 3.9 0.07 0.1 0 •• 0.11 C

19 19 14 51.5 19-47.1 155-33.41 2... 9- 10 268 10.8 0.19 1.5 0.07 0

19 20 44 33.9 19-21.2 155--25.2 6.9 2.2 16 114 10.7 0.01 O.~ 0.6 0.14 ti
20 It 0 21.9 19-22.4 155-2.5.7 6.0 1.9 14 102 10.7 0.10 0.9 0.9 0.18 ~

iO 6 4 1.0 19-20.6 1S5- 4.5 4.3 3.0 18 181 9.9 0.18 1.3 0.9 0.20 C
20 16 59 11-5.1 19-25.0 155-28.1 6.3 2.3 11 183 12.2 0.15 0.9 0.9 0.20 C
20 22 33 31.1 19-21.7 155- 8.4 5.3 2.2 16 173 7.3 0.15 1.1 1.0 0.19 C

21 7 3 53.4 19-17.1 154-53.1 7.7 2.4 11 280 20.8 0.73 4.0 1.3 0.09 0
21 19 21 51.4 19-22.9 155- 1.7 1.2 2.1 11 201 11.5 0.63 1.0 3.4 0.11 C
21 23 3(- 44.7 le,J-12.6 155-20.1 34.1 1.9 11 194 15.1 0.31 1.4 .2.<J 0.08 C
21 23 49 50.7 19-22.9 155-22.9 <J.4 2.0 14 111 5.1 0.01 0.7 O.b 0.12 B
22 2 14 30.5 19-23.5 155- 2.~? 0.0 2.1 14 178 17.8 0.39 0.8 2.0 0.11 C

22 4 S3 44.8 19-18.5 ISS- 0.6 1.5 8 242 22.4 1.29 4.8 5.0 0.13 0
22 12 38 42.1 19-22.5 155-25.7 10.3 4.2 17 130 6.0 0.12 0.9 0.5 0.16 B
22 13 32 39.4 19-22.0 155-24.8 11.0 2.3 15 115 4.1 0.09 0.8 0.4 0.14 R
22 13 34 12.5 19-21.9 155-25.2 10.2 2.0 12 118 4.7 0.07 0.1 0.7 0.10 A
22 15 45 58.1 19-21.0 155-16.8 26.8 2.0 8 110 7.0 0.19 1.0 1.7 0.05 C

Ie t.



SUMMARY Of SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

jUN 22 11 35 30.3 19-19.5 155-24.9 45.1 2.4 16 130 3.1 0.28 1.2 2.7 0.11 8

22 18 49 49.7 19-37.2 156-11.6 8.0· 2.4 14 302 73.1 1.08 6.6 0.11 0
22 19 46 43.1 19-22.2 155-25.4 6.3 2.5 22 75 5.2 0.10 0.8 0.7 0.21 8
22 21 40 42.4 19-25.1 155- 1.5 1.1 2.2 14 181 15.0 0.54 1.0 3.1 0.18 C
22 23 32 4.7 19-17.9 155-25.4 6.6 1.9 10 148 14.6 0.11 1.1 1.5 0.16 B

23 0 43 2.A 19-19.9 155-16.0 9.6 1.7 14- 158 2.4 0.07 0.7 0.6 0.12 C
23 1 0 58.3 19-23.8 155- 6.2 2.4 2.5 16 167 11.2 O.4b 1.1 2.6 0.11 C
23 1 56 12.2 19-20.5 155-15.5 28.1 2.3 20 154 2.5 0.10 0.7 1.0 0.10 C
23 2 16 51.1 19-20.1 155-15.8 28.0 2.3 17 150 2.2 0.11 0.9 1.1 0.09 B
23 4 5 57.4 19-18.3 155- 7.0 3.5 2.1 1_ 212 12.4 0.31 1.8 1.6 0.18 C

2~ 5 1 14.1 19-21.3 155-13.7 9.9 1.7 17 150 2.9 0.08 0.8 0.4 0.15 ~

23 6 53 6.3 19-25.6 155-14.8 26.0 1.2 11 14~ 4.9 O.I~ 1.0 1.3 0.07 B
23 9 54 56.7 19-18.6 155-14.6 8.5 2.1 16 180 5.6 0.14 1.0 0.1 0.17 C

0\ 23 16 54 57.6 19--23.4 154-59.21 8.0· 2.0 11 213 13.b 1.72 11.5 0.40 0
U1

23 17 26 35.6 19-22.0 155-12.6 10.2 1.6 13 152 0.9 0.05 0.6 0.3 0.07 8

24 3 34 3R.8 19-20.9 155-16.5 31.1 1.5 11 146 2.7 0.14 0.9 1.4 0.12 H

24 4 10 21.3 19-20.5 155-28.4 9.5 2.2 14 112 9.0 O.Ott o.e 0.6 0.1. 8
24 6 54 40.4 19-21.4 155- 6.2 3.'+ 1.8 13 200 15.9 0.18 1.4 1.1 ,0.13 C
24 12 28 48.7 19-20.6 155-11.8 10.5 2.0 12 202 3.8 O.l~ 1.5 0.5 0.14 C
24 22 40 9.7 20- 2.8 155"22.4 8.0· 2.5 15 30. 31.0 0.85 5.3 0.11 0

25 2 31 29.1 19-10.8 155-33.7 8.5 9 137 9.7 O.lJ 1.5 1.1 0.17 B
25 5 28 24.1 19-26.4 155-22.2 9.1 2.2 18 68 3.5 0.05 0.5 0.3 0.11 R
25 5 50 52.1 19-24.4 155-25.4 8.5 1.9 13 127 8.1 0.08 0.7 0.6 0.14 e
2S 14- 2Q 13.4 19-22.9 155-24.4 10.0 1.3 13 118 5.4 0.06 0.6 0.6 0.11 B
25 15 43 51.9 19-22.4 155-23.2 8.3 1.5 7 177 4.0 0.66 1.5 4.3 0.11 C

25 21 8 38.8 19-21.7 155-12.1 9.1 2.2 15 146 3.6 0.08 0.1 0.4 0.13 B
26 4 24 45.0 19-15.6 155-13.7 6.4 1.7 6 267 11.8 0.89 . 4.2 2.1 0.10 0
26 1 12 42.1 19-22.6 155-.10.9 9.5 1.5 8 140 2.1 O.Oq 1.3 0.5 0.06 B
26 8 20 38.6 19-23.6 155-20.1 13.9 2.0 7 113 5.0 0.17 0.4 1.5 0.02 B
26 16 23 57.4 19-27.0 154-53.9 7.9 2.0 9 226 2.9 0.33 4.0 1.6 0.11 0



SUMMA~Y OF SEISMIC E\I E~J TS (CONTINUED)

19-( 0 HR tvtN SEC LAT N LONG,W Dt:.PTH MAG NO GAP DMI~ ERT ERH ERZ Mn Q
JlJN 26 17 [12 40.5 1~-lq.4 155- 6.4 4.7 2.5 18 187 12.1 0.24 1.7 1.3 0.27

26 22 511 2?2 20-41.1 155-30.~ 8.00- 3.1 19 330 75.1 2.06 12.2 0.08 0
21 14 52 12.4 19"20.8 155-?~.6 8.4 2.1 lit- 136 4.• 1 O•.l~ 1.1 1.3 0.20 8

/27 17 17 6.2 19-14.6 155-25.2 37.6 2.6' 20 158 10.8 0.19 1.1 1.9 0.12 C
21 19 41 20.2 lCJ-25.2 155-16.R 5.6 2.0 10 210 1.4 0·.25 1.3 1.2 0.1. C

~8 0 2n 4h.l 19-?2.3 155-11.] 10.2 1.9 17 126 2.1 0.08 0.9 0.4 0.14 C
211 1 :i ti 43.4 19-15.5 1~5-24.1 41.1 2.3 11 160 8.8 0.40 1.9 3.8 0.13 C
29 J Ib 51.8 19-2~.7 'lSS- 1.8'? 0.0 2.1 14 188 15.0 O.l~ 1.1 1.8 0.16 C
2~ 12 21 11.7 19"21.1 1=>5-17.8 21.4 2.1 1.. 13 2.1 0.13 0.7 1.2 0.06 •29 22 40 5S.0 19-21.6 155-25.0 7.5 1.8 13 138 10.1 0.08 0.6 0.6 0.12 B

l.9 22 4lf. 28.6 19-19.3 155-23.4 5.0 1.5 8 179 1.6 0.19 1.5 1.9 0.13 C
30 C 17 40.0 19-20.9 155-11.7 7.9 1.7 11 173 3.2 0.18 1.4 1.0 0.14 C
30 1£+ 12 21.3 19-11.~ 155-l4.8 7.1 1.5 11 1.37 9.6 0.11 O.A 1.2 0.14 8

0' 30 1- 53 30.1 1,9-23. ~ 155-28.3 q.5 1.6 12 138 15.1 O.O<J 0.8 0.8 0.11 B0'\

30 15 4 2A.3 19-15.0 155-20.2 24.3 2.1 15 179 10.6 0.17 1.0 1.9 0.09 R

30 18 ~ 52.2 19-24.4 155-11-.61 0.1 0.6 9 95 0.7 0.14 0.6 4.5 0.14 B
30 18 23 30.Q 19-22.2 155-12.7 b.9 1.6 14 14ft. 0.6 0.08 0.7 0.6 0.12 B
30 c2 ly .30.9 19-24.4 155-15.6 3.4 0.6 7 235 Z.5 O.O~ 0.4 0.5 0.02 C



Table 3.--Felt Earthquakes*

Time
Date H M S Magnitude Felt Report

Apr.9 16 46 19.0 2.9 Kealakekua

12 09 13 43.7 4.3 Hilo, Pohakuloa, Kapapala
Ranch

14 11 07 57.4 3.6 Volcano

16 02 25 33.5 3.2 Kapapala Ranch

17 12 12 13.6 4.2 Holualoa, Kealakekua

19 05 30 38.8 3.2 Kapapala Ranch

28 15 23 05.3 3.5 Pahoa

30 06 07 01.6 3.9 Hila, Volcano, Mt. View
Kapapa1a Ranch, Ka1apana,
Paauilo

May 1 06 31 17.5 2.1 Naalehu

1 09 00 59.2!-1 . 3. 7 Kamuela

2 08 47 33.9 3.0 Rile

6 06 21 38'~7 3.2 Hi10

8 20 27 05.8 2.3 Kapapala Ranch

10 05 30 '53.2 4.1 Hilo, Volcano, Mt. View,
Kalapana, Paauilo

13 15 12 57.1 3.2 Kapapa1a Ranch

15 04 56 28.9 2.7 Volcano

15 05 12 20.4 2.7 Volcano

15 05 55 57.9 3.2 Volcano

15 06 52 15.4 3.0 Volcano

15 11 04 26.5 3.8 Hi10

15 11 09 21~2 2.6 Volcano

15 23 59 49.3 3.6 Volcano

Jun 10 22 55 18.7 2.9 Kealakekua

11 11 22 22.4 3.6 Kapapa1a Ranch

15 22 27 53.2 2.5 Kapapala Ranch

17 14 57 31.8 3.4 Kapapala'!Ranch

22 12 38 42,.1 4.3 Hilo, Kapapa1a Ranch
Mt. View, Kealakekua

'Ie Acknowledgements: Several people felt 'earthquakes during the second
quarter of 1970 and reporte,d their observations, to HVO; that information
is gratefully acknowledged.

11 Kawaihae Harbor blast.
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Figure 3.--Response curve for System II, EV-17 , Teledyne seismic
preamplifier.
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Table 5.--Seismic Instrumentation

1. Seismometers

EV-17 :

EV-17H:

HS-lO:

HVQ-2:

2. Seismographs

HVO-l:

15-90:

Electrotech EV-17 1.0 sec. period moving magnet vertical
component seismometer.

Same as above, but horizontal component.

Hall-Sears 0.5 sec. period moving coil seismometer.

0.8 sec. period moving coil seismometer.

Vertical-component electromagnetic seismograph with a
peak magnification of about 20,000 at 0.25 sec. period.

Press-Ewing System: 3-component long-period Press-Ewing
seismograph system with pendulum and galvanometer periods
of 15 and 90 seconds, respectively.

EV-17/3.5 cps galv, EV-17H/3.5 cps galv, etc.: Short-period electro
magnetic seismographs composed of the seismometers and
galvanometers indicated. Response similar to HVO-l.
Poorly calibrated.

3. Amplifier and Signal Transmission Systems

System I:

System II:

HVO-built solid state seismic preamplifier (voltage gain,
200X) , direct signal transmission over "hard" wire to
HVO-built solid state amplifier and galvanometer driver.

Develco or Teledyne seismic preamplifier--voltage controlled
oscillator, signal transmission on audio FM carrier over
"hard" wire or FM radio link to HVO discriminator.

,.

Geotech PTA: Short-period Geotech photo-tube amplifier.

4. Timing Systems

i

RM-USGS:

TS-lOO:

Crystal-controlled chronometer employing solid-state
binary dividers to produce minute and hour marks;
typical drift rates are a few milliseconds per day.

Sprengnether crystal-controlled chronometer; output and
performance characteristics are similar to those of
RM-USGS.
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5. Telemetered System Res~~~~

The peak magnification of the standard telemetered
systems (System II, with the film strip magnified
20 times for viewing) is about 2 x 105 at a period of
0.1 second. For periods between 0.1 and about 1.0
second, the response falls off 6 db/octave. (fig. 3)
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored daily
by a short-base water-tube tiltmeter in the Uwekahuna Vault; weekly results
are summarized in table 6. At irregular intervals, tilt is measured on a
regional scale by means of a network of field tilt-bases and a portable
water-tube tiltmeter. These results are sumrnarizpd in table 7. The attitude
of the ground surface at each tilt-base is reported in terms of north-south
and east-west tilt coordinates. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that station were begun.
Increasing tilt coordinates co~respond to northward and eastward tilting
of the earth's surface; that is, to a relative subsidence toward the north
and east. A one-unit change in coordinate corresponds to a tilting of
1 microradian (1 mrn per km) in the direction indicated.

Location of tiltmeter stations and essential data on each station
are listed in table 8.

Table 6.--Ti1t Coordinates at Uwekahuna Vault
April, May, and June 1970

Date N-S E-W Date N-S E-W

Apr 5 561 376 Jun 7 557 382
12 561 381 14 557 383
19 561 379 21 557 383
26 562 375 28 558 381

May 3 561 375
10 560 380
17 556 385
24 557 382
31 557 382
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Table 7.--Tilt coordinates and rate of changes at bases around Kilauea Caldera (See fig. 4)

-6
Tilt Coordinates Rate (10 rad/mo) and

Date Direction of Tilting Date of Last
Tilt Base (1970) N-S E-W Since Last Reading Reading (1970)

Uwekahuna (U on fig. 4) 22 May 619.6 344.4 6.67 N43'.3°W 27 Feb

Tree Molds (TM) 18 May 490.8 495.6 1.58 N 2.7°W 9 Feb

Sand Spit (SS) 20 May 1039.9 602.1 18.27 N35.9°W 31 Oct 1969

Keamoku (Kea) 20 May 541.6 367.7 4.20 N32.9°W 11 Feb

Ahua Kamokuko1au (Kam) 21 May 330.0 509.8 18.07 SI4.2°W 31 Oct 1969

Kipuka Nene (KN) 21 May 291.6 505.6 1.36 S26.1oW 13 Feb

Hi1ina Pa1i (HP) 25 May 452.0 492.0 0.39 S84.5°W 29 Oct 1969

Kapapala Ranch (Kap) 20 May 486.3 518.8 0.47 SI9.2°W 11 Feb

Mehana (M) 18 May 588.7 594.0 3.61 N36.2°E 9 Feb
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Figure 4.--Tilting of the ground around Kilauea Caldera. Time interval
between measurements is given_ in table 7. Vector depicting tilting
at a given tilt base points in the direction of maximum relative
subsidence and has a length proportional to the rate of tilting
during the measurement interval. Closed circles represent field
tilt bases; open circles, short-base water-tube tiltmeters. See
table 8 for explanation of abbreviations.
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Table 8.--U.S. Geological Survey water-tube ti1tmeter stations in Hawaii

Location Frequency Base
of Length

Station Symbol Lat N Long W Reading M Description

Tree Molds TM 19°26.3' 155"17.3' Approx. 50.79 NS and EW
Quarterly

Sand Spit 55 19°24.1' 155°16.8' " 25.40 Equilateral
Triangle

Keamoku Kea 19°25.1' 155°19.0' " 47.55 "

Ahua Kamokuko1au Kam 19°22.7' 155°16.6' " 50.79 "

Kipuka Nene KN 19°19.4' 155°16.7' " 50.79 "

Hilina Pa1i HP 19°18.2' 155°18.6' " 47.73 "

Kapapala Ranch Kap 19°20.5' 155°23.8' " 50.79 "

Mehana M 19°26.2' 155°14.3' " 25.00 "

Uwekahuna U 19°25.5' 155°17.4' " 50.79 "

Uwekahuna Vault 19°25.4' 155°17.6' Daily 3.48 NS and EW
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SUMMARY OF PRINCIPAL EVENTS

The Mauna Ulu eruption (Swanson and others, 1971), which began on May
24, 1969, on the upper east rift, continued throughout the summary period.
However, the focus of activity shifted from the summit of Mauna Ulu, where
it had been during most 'of the eruption, to a set of new vents east of
the sununit.

On July 6, a swarm of small earthquakes preceded the opening of a
new fissure about 150 m northwest of Alae Crater. Lava fountained from
a "curtain of fire" about 200 m long, and flows advanced southward into
Alae and eastward for about 3 km. Eruption at a reduced rate continued
from three vents along the new fissure until July 9, and similar episodes
of fountaining from the same vents took place on July 13 - 15, 16 - 17, and
20 - 21, and at several times during early August.

During this activity, the walls of the summit fissure of Mauna Ula
sporadically caved in, eventually yielding a large pit with overhanging
walls. A pool of lava occupied the pit. The level of this pool fluctuated
between 25 and 35 m below the rim throughout the summary period, with no
overflows taking place. Lava in the pool was in constant circulation
generally but not always moving eastward along the 120 m length of the
fissure.

A small vent opened on August 3 about 150 m east-northeast of the
summit pit. Most activity was confined within the new fissure itself, but
periodically lava spilled out onto the ground surface, forming small flows,
the largest of which extended about I km from the vent.

Another new vent about 650 m east-northeast of the summit of Mauna Ulu
opened sometime between August 4 and 7, probably on August 6. The new
activity was not accompanied by any detectable change of seismicity or
summit tilt. Lava welled quietly from the vent, flowed in a surface river
for 50 to 100 m, and then disappeared into a tube (formed by crusting over
of the river) which carried the lava for several tens of meters before
feeding it beneath the crust of the lava lake in Alae Crater. Increased
fluid pressure within the lake eventually broke a barrier that sealed an
older tube leading out of the south rim of the filled crater, and lava
poured from the lake through this outlet, finally emerging as a surface
flow about 2.5 km southeast of the crater. This draining removed support
for the lake crust, which subsided a maximum of 13 m between August 8
and 11. Details of this subsidence episode are given by Swanson and
Peterson (1972) and Swanson and others (1972).

Lava continued to erupt from the August 6 vent and other nearby areas
for the remainder of the summary period. Most of this lava flowed into
and out of Alae through the tubes, feeding a flow south of Alae that slowly
moved seaward as it developed and lengthened its complex tube system. The
development of this tube system is described by Swanson (1973) and Peterson
and Swanson (1973). The lava remained in tubes along the upper part of its
course, but a complex braided pattern of tubes and surface flow units



marked the descent over Poliokeawe, Holei, and Kealakomo Palis. Lava
flowing in tubes hidden from view was detected by electromagnetic surveys
(Anderson and others, 1971). The tube-fed flow eventually reached the
coastline on September 21, but the volume of lava was so small that
only small toes entered the water. This flow stopped moving on September
26, apparently because of obstructions that developed in the tubes just
south of Alae. These obstructions were only temporary, however; and on
October 1, surface flows again began issuing from tubes about 2 km south
of Makaopuhi Crater.

This three-month period ushered in a new phase of activity for the
Mauna Ulu eruption. From this time until the end of the eruption in the
fall of 1971, surface activity was concentrated east of Mauna DIu's summit
crater, which last filled to overflowing in June 1970. The tube system
through Alae that developed in August 1970 was maintained, with some
periods of inactivity, until late spring of 1971. It is interesting that
despite this marked change in eruptive behavior the seismic and tilt
behavior remained essentially unchanged.
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SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 10 krn of at least one seismometer),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
the number of earthquakes and minutes of tremor recorded by seismographs
in Hawaii are listed in Tab.le I.' The earthquakes are separated into
groups on the basis of region of origin as determined by the analysis
of records obtained daily at the Observatory (UWE, MLO, MLX, AHU, DES,
NPT, WPT, MPR, OTL).

Computer locations of well-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station.
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Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow, on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit: 30 km, earthquakes from a source about 30 km beneath the
Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that originate
about 5 km or deeper beneath Kilauea summit; and shallow earthquakes in the Kilauea Caldera region.
Shallow earthquakes along the SW ri.ft zone of Kilauea and the adjacent portions of the Kaoiki fault
system. Ear~hquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank. Shallow earthquakes along the northeast-trending Koae fault system south of Kilauea Caldera.
Earthquakes from other regions, such as, west Hawaii, Mauna Kea, etc.

k
ssurE

rmer

Tremor Number of Earthquakes

Date (m - minutes) Kilauea Sunnnit 1/ . 2/
(1970) SW Rift Upper-' Lower-

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

Jul 1 ~ 2 51 931 16 37 30
2 0 168 11 6 27M

3 0 ~ 2 1 167 12 10 31
4

+oJ 0 2 256 12 14 88
5

Q) Q)
3 940 15 129 31 Lava outbrea+oJ +oJm.,...

along new fiH co
Q)

north of fo"t:J OJ
o > +oJ Alea Craters.,...~

6 31m +oJ"'" 2 53 12 12 21S Po. H

7 o =' 2 34 12 11 12H H +oJ

8 30m
~ Q) en

5 81 14 14 11m
9

bO~Q)

1 109 10 11 12d m
10

·M QJ H
2 101 9 10 10?+oJ ~ Q)

11
m p.

2 60 18 5 9::s CJ) Po.

12 15m
+oJ ...... =' 3 195 19 13 16U QJ

13 =' > OJ 127 19 11 7M OJ..c:
~r-1+J



Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera (cont'd)

Tremor
Number of Earthquakes

Date
(m • minutes) Kilauea Sunmit 1/ 2/

(1970)
SW Rift Upper- Lowe~

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

Ju1 14 40m 3 ? 86 9 10 12
15 4 ? 101 7 14 4
16 1 15? 165 10 7 4
17 3 37 43 6 11 15
18 5 98 35 11 8 9
19 2 42 5 5 4
20 48 11 14 151?
21 4 12 151 10 22 5
22 .a.J 1 14 145 8 12 3

~

23
.,.. 4 5? 86 15 4 5
1-1

24 .a.J 1 7 203 15 7 3

25 1-1 rn 2 9 325 15 9? 2
~ ~

26 QJ <U 4 27 210 11 10 1c::
27 1-1 3 174 11 11 7rn <U
28 r-I~ 1 143 19 17 9

Q) ~

29 > :;j 1 181 18 25 9
Q)

30 r-I Q) 1 193 9 19 2
31 48m ~'5 3 219 8 18 2

0
r-I c::

0

Aug 1 3m .a.J 1 2 2025 15 48 11m <U
2 3m .I-J 3 29 69 21 18 2

bO-r4

3 c:: rn 3 8 37 10 13 5
erot

4 +J Q) 3 2 53 19 14 4m >
5 =' er-f 3 45 16 22 5

+J"-J

6 CJ ~ ? 54 9 22 8
:;j ='

7 rl 1-1 4 110 12 15 1P:.t Q)

8 3 3? 115 9 17 7

9 1 13 148 16 13 5



10 3 85 9 ,10 1
11 2 88 8 15 6
12 2 2 107 7 19 1
13 104 10 23 6
14 41 15 14
15 3 96 17 14 3
16 1 81 23 15 3
17 6 199 18 ·24 1
18 3 71 145 9 4 1 West Pit

Seismometer
Changed

19 4 3 110 5 17 1
20 2 7 92. 13 16 1
21 4 24 107 9 14 3
22 u 2 19 122 15 10 3

I-f co
23 qS as 1 5 212 1.3 10 3

OJ Q)

24 d 311 16 12 3
~

25 m Q) 1 220 3 1 1
MP-.

26 Q) p. 1 ? 1 ? ? 1 Electrical
> ::1
Q) Storm

M Q)

27 )£ 1 10 9 ?

28 0 2 ? 15 27 ?
M ~

29 0 1 148 18 31 1
+J

30 eu Q) 2 135 11 24 ?
+J

31 bO er-t 5 139 3 21 3+
d U)

eM
+J Q)

Sep 1 eu > 134 8 17 2
;j-r-l

2 +J+J 1 133 12 13 3CJ p.
3 ;j ';j 2 264 4 7 4

M ~

4 ~ Q) 1 3 221 7 9 4

5 2 5 55? 15 7 1
6 1 144 12 8 1
7 5 31 295 20 3 4
8 20m 2 284 7 9 2
9 5m 2 245 6 18 4

10 1 1 140 4 12 6

11 1 2 308 25 11 5
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Table 1.--Number of earthquakes and minutes of tremor recorded on seismo$raphs around
'Kilauea'Caldera (cont'd)

Tremor Number of Earthquakes

Date (m = minutes) Kilauea Sununit upper!.! LowerJ:-I
(1970) SW Rift

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Rift Others Remarks

12 12m 4 7 294 34 20 6
13 ,&-J 3 7 341 38 22 2
14

~

3 292 38 34 ?.,... 3
15

,...
2 288 20 29 2

16
,&-J

324 27 12 7,... CI) 1
ctS ctS

17 Q) QJ 286 28 7 1
18 40m

d
4 313 20 9,...

CD Q)

4 23719 r-t Po. 20 17
20

OJ p..
6 266 19 46 7> ::s

21
OJ

6 223 29 34 4r-t QJ

22 )Z 4 2 193 16 26 6
0

23 r-t t:: 3 227 21 25 2
0

24 ,&-J 1 3 176 29 16 2ctS Q)
25 ,&-J 2 5 189 25 31 2

bO..-f
26 8m d CD 5 1 478 39 28 1-rl
27 ,&-J Q) 1 4 1851 46 52 4Cd :>
28 6m :s er-f 9 16 1089 29 62 6

,&-J,&-J

29 (J p.. 2 437 26 32 3:s :s
30 r-I J...4 7 277 25 36 3

~ Q)

!I Upper east rift count 'poor due to continuous tremor and traffic.

~I Count taken from station Puu Honuau1a (PHO).
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Table 2 is a chronological listing of successfully located earthquakes.
For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west
longitude (LONG W). Poor convergence of the epicenter solution is
indicated bY"?".

Depth depth of focus in km. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT standard error of the origin time in seconds.

ERR standard error of the epicenter in km.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [= t Ri/NOJ where

R. is the observed seismic wave arrival time less the computed time at
1

the i th station.

Q - solution quality ,of the hypocenter. This measure is intended
to indicate the general reliability of each solution:

~ Epicenter Focal Depth

A Excellent Good
B Good Fair
C Fair Poor
D Poor Poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:

8



Station Distribution

NO GAP DMIN

A > 8 < 120 0 .2 Depth or 5 km

B > 6 < 150 0
~ 2 x Depth or 10 km

C > 6 < 225 0

< 50 km>4 < 180 0

D Others

Statistical Measures

ERR (km) ERZ (km) MD (sec) RMAX (sec)*

A < 1.0 < 2.0 .< 0.10 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

C < 5.0 < 0.30 < o. 75

D Others

Q is' taken as the average of the ratings from the two schemes; that is,
an A and a C yield a B, and two B's yield a B. When the two ratings are
only one level apart the lower one is used; ~hat is, an A and a B yield
a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U.S. Geological Survey.

* ~X is the maximum residual

9



SUMMARY ()F SEISMIC EVEi'iTS

1970 HR MN SEC LAT ~ LONG W DEPTH Ml\G NO GAP OMIN ERT ERH ERZ MO C

JUL 1 3 11 1·.3 • C) 19-24.2 It)4-58.6 4.7 1.9 11 205 11.8 0.12 0.9 0.7 0.10 C
1 5 23 43.0 19-11.2 155- 6.3 4.8 2.5 17 199103.4 0.30 1.6 1 • 3 0.25 C
1 6 22 46.6 19-24.3 155-15.6 3.8 1.0 6 239 2.6 0.28 1.1 1.4 0.03 C
1 6 24 34.7 19-23.6 155-16.11 3.3 1. 1 9 119 0.4 0.10 0.7 0.6 0.12 B
1 10 5 26.1 lQ-?5.0 155-25.4 10.8 1. 8 13 198 9.6 0.12 0.8 0.4 0.09 C

1 13 8 57.9 19-26.7 155-13.7 26.0 2.3 21 59 6.7 0.10 0.7 1.2 0.13 B
l 18 58 42.9 19-24.6 155-17.41 0.1 0.8 9 88 0.2 0.11 0.8 1.7 0.16 B
1 20 36 30.2 1 tJ-13. 4 155-14.8 4.1* 1.9 7 336 15.6 0.82 5.0 0.72 0
1 20 58 27.4 lq~31.8 155-15.87 8.0* 1.8 8 332 12.2 1.27 9.0 0.40 0
1 22 2 29.9 19-24.2 155-15.6 3.6 1.0 8 227 2.5 0.10 0.5 0.6 0.03 C

1 22 20 10.0 19-48.9 155-42.3 7.7 2.4 13 189 24.0 0.22 1.6 1.5 0.09 C

to-'
1 22" 48 35.2 19-20.7 155-29.2 8.5 2.2 15 107 10.4 0.09 0.9 1.0 0.17 B

0 1 2-~ 48 39.3 19-30.1 155-28.0 5.4 2.1 13 152 B.2 0.1«) 1.0 1.3 0.20 C
2 4 54 47.3 lq-25.1 155-17.1 7.9 1.8 8 198 0.4 0.39 1.3 2.1 0.07 C
? Il 48 39.4 19-?2.1 155- 8.1 8.0 1.7 13 189 3.3 O. 11 1. 1 0.6 0.12 C

3 1 52 25.8 19- 8.0 155-32.9 8.7 2.8 15 lS8100.8 0.12 1.2 1 • 1 0.14 C
3 4 4 30.') 19-24.0 154-58.3 8.5 2.6 14 210 1t.7 0.12 1.6 0.6 0.09 C
3 6 41 6.7 19-19.4 155-15.8 9.8 1.5 12 191 3.1 0.09 0.1 0.4 O.Oq B
3 11 5 Sq.l 1q-~2.7 155-40.0 4.9 2.6 q 230 ZQ.6 0.12 0.6 0.4 0.05 C
3 19 7.7 57.2 19-12.0 155-34.9 8.6 2.6 17 124 6.6 0.09 0.8 0.6 0.13 B

3 21 '17 59.9 19- 8. 1 155-31.4 6.8 2.4 11 182 12. 3 0.12 1.1 0.9 0.10 C
4 3 53 27.5 19- 8.2 155-31.6 6.3 2.4 14 170 12.2 0.14 1.2 0.9 0.17 C
4 4 54 3q.9 19- 8. 1 155-32.1 7.5 2.3 14 166 11.4 0.13 1.3 1.0 0.15 C
4 23 13 6.7 19-26.3 154-52.0 6.2 2.4 8 285 4.4 0.33 2.5 0.9 0.10 C
5 0 20 54.8 18-59.1 155-12.3 21.9* 2.5 17 250 3q.8 0.75 1.8 0.14 0

5 12 21 50.5 19-21.6 155- 6.-3 4.0 2.4 17 176 15.8 0.09 0.7 0.8 0.12 C
5 17 51 8.6 19-2-~.g 1'>5-16.5 2.2 0.7 7 177 1 • 1 0.32 0.8 1.8 0.08 B
5 19 22 35.1 19-15.5 155-22.8 33.5 2. 1 15 126 10.5 0.19 0.9 1.9 0.10 B
6 0 ~6 19.7 1 r~-l q. 2 155-11.5 10.6 1.5 12 224 5.7 0.23 1.4 0.6 0.14 C
6 1 31 57.8 19-19.9 1')5-13.5 9.5 1.7 12 192 4.8 0.1? 1.0 0.5 0.15 C



SUMMARV lJF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JUl 6 2 25 3.2 19-17.4 155- 9.51 2.0 1.6 9 189 14.5 0.30 1.6 1.9 0.17 C
6 2 56 1.2 19-22.6 155-12.4 0.1 0.8 6 175 0.3 0.17 1.5 1.8 0.08 C
6 3 38 46.7 19-20.5 154-55.61 5.1 2.3 9 2';2 15.2 1.84 4.8 5.9 0.10 0
6 5 50 33.1 19-23.8 155-11.1 2.8 0.1 9 132 1.0 0.06 0.5 0.4 0.07 B
6 6 38 28.1 19-29.6 155-28.1 6.4 1.7 11 153 8.4 0.13 0.8 1.3 0.14 C

6 8 23 37.4 19-19.4 155-16.5 8.3 1.6 10 232 2.1 0.22 1.5 0.8 0.16 C
b 10 59 3q.2 19-22.8 155- 3.6 1.4 2.3 14 118 21.1 0.42 0.8 2.2 0.13 C
6 11 6 54.2 19-23.8 155-24.1 10.5 1.7 13 119 6.8 0.01 0.1 0.6 0.11 B
6 It 10 17.1 19-20.3 155-19.5 6.1 1.5 il 128 3.7 0.04 0.3 0.4 0.06 B
1 2 12 35.6 19-22.7 155-25.6 10.4 1.8 13 122 6.1 0.01 0.1 0.1 0.10 B

7 2 54 41.3 19-18.4 155-12.6 6.5 1.5 9 244 7.1 0.51 2.1 1.5 0.20 0
~ 1 11 41 1.4 19-13.3 155-32.3 1.1 2.6 16 135 8.9 0.01 0.6 0.5 0.12 8
~ 1 16 20 31.5 lq-13.9 155-30.3 21.7 2.3 11 142 12.0 0.41 1.1 4.8 O.Oq B

7 23 ·.39 45.2 19-21.8 155-26.8 7.6 2.5 18 91 6.8 0.01 0.6 0.5 0.14 B
8 0 12 12.3 19-19.9 155-15.1 10.0 2.2 16 160 3.0 0.05 0.5 0.3 0.08 R

8 0 25 4.2 19-24.1 155-17.6 14.7 1. 1 9 qa 1.2 0.18 0.7 1.4 0.06 A
8 1 55 16.2 19-17.4 155- 2.0 2q.6 2.4 11 212 25.3 0.12 0.6 1.6 0.04 B
8 6 41 28.2 19-20.4 155- 6.5 5.8 1. 8 13 203 6.1 0.28 2.1 1.4 0.23 C
8 10 59 32.9 19-19.5 155-16.1 9.2 2.4 16 163 2.6 0.08 0.6 0.4 0.13 C
8 16 48 2.3 19-24.8 155-11.9 9.2 1.9 11 77 0.8 0.39 1.0 2.3 0.10 B

8 17 43 43.4 19-18.6 155-12.0 13.3 1.9 10 248 6.9 0.31 1.7 1.9 O.OC1 C
8 17 46 5].6 19-22.9 1.55-11.9 10.0 1. 1 8 132 3.q 0.12 1.7 1.2 0.09 A
8 17 41 14.2 19-22.2 155-11.8 9.2 2.1 18 130 1.3 0.01 0.8 0.5 0.1') C
8 17 54 1.9 19-22.8 155-11.8 9.3 1.6 15 128 3.1 0.04 0.5 0.3 0.09 B
8 18 21 39.8 19-47.0 155-17.77 3.2* 2.4 5 221 16.7 0.50 3.0 0.l9 0

8 18 42 14.3 19-20.8 155-15.5 21.8 2.3 17 150 2.0 0.15 1.1 1.5 0.14 B
q 2 13 52.7 20- 2.6 155-34.5 8.0* 2.9 11 308 63.5 1.87 11.3 0.15 0

10 3 48 40.6 19-26.5 155-24.4 9.0 2.1 14 181 6.4 0.12 0.9 0.5 0.14 C
10 5 43 4.6 19-11.8 155- 4.31 0.1 2.4 1 1 264 21.1 1.62 3.8 5.5 0.19 0
10 14 43 28.6 19-26.7 155-14.5 25.7 2.0 15 104 5.9 0.09 0.7 1.0 0.09 A



SU~1MARV OF SEISMIC EVENTS .( C0 ~ T I :''1 UED)

1970 HR r~1N SEC lAT N l ()f"G W DEPTH MAG ·\40 GAP OMIN FRT EKH EQZ MD Q

JUL 10 16 45 56.1 19-21.9 155-13.1 11.8 1. 3 8 154 1.5 0.11 0.8 1.4 0.04 B
10 18 0 43.1 19-21.8 1«)5-12.2 9.9 1.8 15 161 1.4 0.05 0.6 C.3 0 .• 09 B
10 18 7 13.3 19-23.2 155- 4.1 3.6 2.8 18 175 14.8 0.11 o.q o.q 0.17 C
10 18 10 16.6 lq-22.7 155- 3.81 0.0 2.0 15 177 20.1 0.46 0.9 2.5 0.12 C
10 19 58 27.3 19-19.9 155-16.0 q.8 1.7 15 158 2.5 0.06 0.6 0.4 0.09 B

10 21 40 12.5 19-?2.9 155- 4.0 5.7 3.2 18 176 1 It. 9 O. 10 0.9 0.6 0.13 C
10 21 52 32.4 lq-?5.5 155- 4.5 9.4 3.0 17 159 11.8 0.05 0.8 C.4 0.10 C
10 23 25 46.6 19-43.5 156- 6.7 8.0* 2.1 7 301 69.1 1.20 7.4 0.10 0
11 11 36 28.1 19-25.2 155-23.2 9.9 1.4 12 169 6.2 0.08 0.6 0.5 0.08 B
11 12 38 21.4 19-21.9 155-16.3 31.2 3.0 22 112 1.2 0.11 O.R 1.1 0.13 B

11 18 59 14.q 19-19.3 lS5-15.2 7.9 1. 1 13 214 4.1 0.21 1 • 1 0.8 0.15 C
...... 1 1 71 16 28.6 18-59.6 155-20.9 26.6 2.3 18 242 ~8.5 0.28 1.4 5.1 0.09 0
N 11 21 32 39.5 19-29.3 155-35.5 5.1 1. 7 6 262 21.3 1.01 5.0 3.8 O. 14 0

1 1 22 11 9.5 19-1.6.5 155-19.1 10.3 1.4 13 169 7.3 0.11 0.9 C.6 0.12 C
11 23 30 1.9 19-26.4 155-25.9 8.5 1.5 12 173 7.7 0.09 0.6 0.5 0.09 B

17 1 13 41.7 20-17.0 156- 0.3? 4.6 2.5 23 320146.4 O.lq 1.7 1 • 1 0.14 C
12 5 1 1 37.3 19-28.2 155-52.:-\ g.l 2.7 18 168 7.5 0.14 2.0 1.8 0.17 C
12 5 15 10.7 19-24.4 155-57.1 6.5 2.7 12 231 13.0 0.43 2.9 1.8 0.14 0
12 5 It 1 58.1 19-10.4 155- 3.0 1.8 1.7 8 271 24.3 1.48 3.5 4.6 0.08 0
12 7 32 17.6 19-19.8 155-28.7 8.0 1.8 8 127 17.1 0.10 1.2 1. 1 0.13 B

12 q 40 31.8 19-25.6 155-23.2 13.2 1.7 8 17R 5.7 0.36 1.2 3.2 0.08 C
12 10 14 5.1 1q-19.5 155-11.4 26.9 2.5 11 288 8.1 0.36 2.1 2.0 0.05 C
12 13 39 4'3. 1 t9-11.2 154-59.3 1.6 2.3 12 258 27.1 0.80 3.3 2.2 0.11 0
12 14 51 5'5.8 19-18.8 155-16.5 34.3 2.6 21 166 2.8 0.16 1.0 1.5 0.14 C
12 14 55 36.1 19-29.9 15j-14.4 9.3 1.7 16 129 10.0 0.08 0.6 0.6 0.09 B

12 18 18 31.0 19-17.5 155-13.1 12.5 1. 8 14 204 8.8 0.25 1.7 2.2 0.14 C
12 lR 56 32.5 18-43.6 155-43.3 3.2* 3.0 9 336119.7 0.51 4.9 0.17 0
12 18 58 23.6 19-16.2 155-22.3 5.4 1.7 16 162 7.6 0.10 0.7 0.9 O. 16 C
13 12 48 36.it 19-17.2 155-24.4 4.0 1.7 13 154 5.9 0.10 0.9 1.4 0.17 C
13 16 6 2.9 19-17.9 l55-43.3 11.2 2.7 12 262 12. 1 0.47 3. 1 1.6 O.Oq 0



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

JUL 13 11 q 31.3 19-50.0 155-20.8 25.6 2.5 14 219 12.9 0.15 1.4 1.9 0.07 C
13 18 46 18.3 19-21.9 155- 1.57 0.0 2.7 16 207 18.5 0.34 0.7 1.8 0.08 C
13 21 39 48.2 19-20.1 155-15.9 10.0 1.1 17 157 2.5 0.06 0.5 0.3 0.10 C
14 1 40 38.0 19-24.0 155-16.1 2.8 1.1 8 204 1.6 0.07 0.4 0.3 0.04 B
14 1 59 5.2 19-22.3 155-11.4 7.9 2.0 16 139 1.9 0.12 '1.4 0.9 0.22 C

14 3 29 48.0 19-30.6 155-40.6 24.6 2.3 9 125 25.8 0.55 1.5 10.3 0.15 C
14 5 13 24.3 19-17. 9 155- 5.21 29.6 2.5 13 199 20.5 0.17 1.1 2.0 0.08 C
14 10 58 1.3 19-19.5 155-28.8 9.1 1.7 14 153 9.8 0.11 0.9 0.8 0.15 C
14 13 48 41.9 19-21.4 155-13.6 14.1 1.5 12 166 2.1 0.07 1.1 0.6 0.10 C
14 17 23 51.8 19-21.5 155-26.4 9.0 2.0 15 94 5.9 0.08 0.8 0.8 0.16 B

14 11 34 25.5 19-22.0 155-1,3. B 13.8 1.5 9 149 3.9 0.01 0.9 0.6 0.05 B
~ 14 21 44 36.9 19-21.6 155-13. 1 13.4 1.3 13 159 2.7 0.06 0.9 0.5 0.09 C
w 15 4 13 55.0 19-21.8 155-13.1 13.5 1.7 14 154 2.4 0.05 0.7 0.5 0.08 C

15 6 15 24.8 19-12.4 155-22.01 54.1* 2.1 13 221 14.6 0.42 16.1 0.62 0
15 6 22 5.5 19- 8.6 155-26.11 36.3* 2.0 13 181 20.6 o. 11 1.5 0.10 C

15 6 18 21.5 lq-12.4 155-26.2 5.3 2.2 8 194 15.3 0.11 0.8 0.8 0.01 B
15 10 54 9.6 19-20.2 155-15.8 9.1 2.5 16 156 2.8 0.06 0.5 0.3 0.09 C
15 11 5 2"3.8 19-19.0 155-11.3 6.9 1. 3 12 237 5.6 0.21 1.6 0.9 0.18 C
15 14 52 13.8 19-19.6 155-14.4 1.2 1.4 12 212 4.3 0.24 1.4 1.0 0.19 C
15 16 12 19.6 19-19.2 155- 6.6 6.4 3.4 11 181100.2 0.17 1. 1 0.8 0.18 C

15 16 28 18.4 19-21.2 155- 6.0 6.8 2.1 15 198 7.0 0.19 1.6 0.8 0.17 C
15 18 1 41.3 19-20.5 155-19.4 7.1 1.4 14 123 3.6 0.09 0.8 0.6 0.15 B
15 18 4 37.5 19-22.8 155-50.8 8.0 10 188 17.4 0.12 1.1 0.6 0.07 C
15 18 22 6.8 19-20.2 155- 9.9 9.3 1.4 12 197 3.0 0.17 1.1 0.8 0.13 C
15 21 5 1.7 19-25.0 155-24.6 13.7 1.5 9 208 8.4 0.35 1.0 2.9 0.05 C

15 22 3 21.2 19-21.4 155- 4.0 23.4* 1.7 1 347 10.5 0.32 5.2 0.08 0
15 22 21 23.4 19-18.8 155-12.3 6.7 1.5 9 225 6.8 0.24 1.5 1.0 0.13 C
15 23 41 30.9 19-20. '7 155-13.0 9.3 1.4 13 181 3.4 0.14 1.0 0.1 0.12 C
15 23 54 53.4 19-20.4 155- 7.4 5.6 2.3 11 179 14.0 0.14 1.1 0.8 0.16 C
15 23 55 57.1 19-19.4 154-59.3 7.7 1.7 12 23q 19.3 0.64 4.3 1.2 0.12 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR tiN SEC tAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MO Q

JUL 16 2 2 23.5 19-11.1 155- 3.11 0.0 1. 7 q 268 22.5 1.96 4.5 6.9 0.11 0
16 5 10 39.4 19-21.2 155-15.3 29.8 1.9 16 146 1.2 0.13 0.8 1.2 O.lC B
16 11 2 0.5 19-27.5 155-31.4 9.4 2.1 11 261 23.2 0.44 2.6 O.b 0.08 0
16 19 40 26.1 19-46.2 155-24.1 34.7 2.4 16 146 5.5 0.12 0.6 1.6 0.08 B
16 20 23 13.9 19-46.9 155-24.2 33.1 2.5 11 150 5.4 0.11 0.9 2.2 0.11 B

11 3 19 32.9 19-54.1 155-34.6 14.1* 2.5 13 153 18.8 0.10 1.1 0.14 C
1'7 11 B 31.1 19-19.4 155-22.8 21.2 14 138 1.7 0.19 1.0 2.1 0.08 B
11 16 27 41.2 19-21.9 155- 8.1 6.2 2.4 18 171 12.6 0.10 0.9 0.1 0.11 C
17 22 19 10.0 19-19.3 155-14.0 31.2 2.1 18 169 5.1 0.09 0.1 1.0 0.08 B
18 5 59 31.2 19-37.1 156- 7.7 1.3 2.5 13 265 24.2 0.53 2.4 2.5 0.21 0

18 13 54 38.6 19-12.6 155-31.6 1.0 2.4 14 142 10.6 0.10 0.9 0.1 0.11 B
~ 18 14 45 58.5 19-22.1 155-15.5 31.5 2.3 14 103 0.6 0.14 1.0 1.4 0.10 B
.p-

18 15 20 4.3 19-21.6 155-15.2 29.4 2.1 11 142 0.5 0.11 0.8 1.1 0.11 B
18 15 38 15.9 19-15.8 154-59.9 11.2* 2.3 15 224 26.1 0.20 1.6 0.13 C
19 1 41 15. '7 19-14.9 156-13.5 0.7 2.1 13 299141.9 0.24 2.3 1.1 0.10 C

19 4 49 23.1 19-3'7.9 156-16.41 0.0 2.8 17 282146.0 0.48 2.1 2.5 0.19 C
1q 8 58 59.4 19-24.9 155- 3.0 5.5 1.8 11 178 13.5 0.08 1.1 1.0 0.11 C
19 9 43 2.<) 19-22.0 155-12.0 29.6 1.5 12 180 5.8 0.14 1.1 1.5 0.08 C
19 19 58 45.2 19-25.6 154-52.4 8.5 2.2 15 211 5.3 0.53 3.8 0.9 0.12 0
19 23 1 31.9 19-17.1 155- 3.51 10.0 1.9 11 241 14.4 0.45 4.0 1.1 0.12 0

19 23 16 21.4 19-21.4, 155-25.5 8.9 1.4 12 119 4.5 0.13 1.0 1.2 0.17 B
20 6 0 10.4 19-22.8 155-11.6 2.1 1.4 5 193 1.6 0.09 0
20 12 57 46.2 19-11.6 155-28.1 1.9 2.4 14 163 16.0 0.12 1.1 0.1 0.15 C
20 18 12 58.1 19-22.5 155-11.8 9.5 1.6 14 135 1.2 0.06 0.6 0.4 0.09 B
20 18 44 57.8 19-24.5 155-28.9 7.7 2.4 11 70 12.6 0.09 0.7 0.8 0.16 B

21 2 59 52.1 19-10.1 155-,36.9 7.2 2 .• 3 14 181 8.8 0.12 1.1 0.6 0.14 C
21 5 52 0.1 19-14.9 155- 8.0 0.6 2.0 10 226 13.3 1.39 2.4 6.0 0.21 0
21 10 15 33.4 19-20.7 155-11.4 21.8 13 qS 1.1 0.36 1.7 3.5 0.11 B
21 12 9 14.1 19-19.1 155-10.9 1.2 2.0 13 242 5.3 0.26 1.6 0.9 0.18 C
21 22 46 34.1 19-28.9 155-53.4 8.5 2.8 15 173 5.4 0.11 1.6 1.2 0.12 C

_. ~ _._ '_ .' r
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SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JUL 22 12 47 4.1 19-24.0 155-25.2 11.4 2.3 14 124 1.8 0.08 0.1 1.3 0.13 'B
22 15 54 10.6 19-20.6 155-30.0 11.3 2.5 13 136 11.8 0.01 0.1 1.0 O.Oq B
22 16 15 58.1 1<)-59.3 155-24.1 10.5 3.7 21 266105.0 1.09 1.6 6.2 0.09 0
22 16 38 19.3 19-20.1 155-25.8 8.1 2.0 13 122 4.3 0.09 0.9 0.8 0.16 B

23 2 26 33.9 19-20.0 155-13.2 10.1 1. q 13 192 4.9 0.09 0.9 0.3 0.10 B

23 9 43 46.2 19-22.3 155-23.1 1.8 1.5 11 112 4.0 0.14 1.0 1.3 0.19 B
23 12 56 52.2 19-18.3 155-14.4 8.0 1.5 13 211 6.3 0.20 1.3 0.8 0.18 C
23 14 41 35.5 19-11. B' 155- 6.6 3.5 2.1 14 214 13.5 0.33 1.9 1.1 0.19 C
24 6 54 28.1 19-21.5 155-26.0 8.5 2.3 16 92 5.3 0.08 0.8 0.6 0.16 B

24 7 46 30.9 19-21.q 155-16.8 28.2 1.9 15 107 1.8 0.15 0.9 1.4 0.01 A

24 16 30 52.7 19- 1.6 155-23.61 15.4* 1. 8 10 210 23.2 0.25 2.5 0.17 C
......, 24 19 15 46.6 19- 2.5 155-19.4 12.3 1.8 14 264 30.2 0.48 6.2 13.9 0.20 0
U1

24 19 34 30.2 19-21.4 155-12.6 9.6 1.6 13 113 2.0 0.07 0.1 0.3 0.10 B
24 2L 31 li.7 19-11.5 155-24.6 2.0 1.5 10 150 13.5 0.53 0.8 3.2 0.11 B
24 22 32 48.3 19-15.6 15S- 8.6 3.2 1.8 13 221 11.7 0.32 1.6 1.7 0.18 C

24 22 38 33.0 19-13.9 155- 9.0 6.0 1.7 11 250 14.7 0.52 2.4 1.7 0.14 C
24 ~3 26 15.0 19-19.7 155-12.3 12.2 1.4 11 227 5.3 0.34 1.8 2.1 0.11 C
25 1 48 0.2 19-25.3 155-29.4 6.8 1.8 13 127 13.5 0.14 1.0 1.4 0.18 B
25 2 43 36.0 19-23.9 155-11.6 10.9 1.6 11 93 1.4 0.11 0.4 0.9 0.03 A
25 6 0 45.0 19-42.3 155- 2.61 3.3* 1. q 18 227 29.5 0.26 1.3 0.31 0

25 14 1 6.2 19-19.7 ·155-13.7 7.9 1.0 10 214 4.8 0.30 1.9 1.1 0.19 C
25 20 16 58.8 19-32.3 155-36.41 0.8 2.0 15 124 23.4 0.57 0.8 3.2 0.17 B
25 21 30 34.4 19-13.0 155- 8.0 2.6 1.6 8 255 l6.6 1. 12 2.4 4.5 0.11 C
25 23 16 46.6 19-23.9 155-17.2 ll.q 1.3 9 129 1.2 0.18 0.1 1.4 0.04 B

26 0 55 44.9 19-18.2 155-15.q 10.2 1.4 12 204 4.4 0.12 0.9 0.5 0.10 B

26 5 42 45.9 19-23.9 155-l1.8 9.0 1.3 10 104 1.6 0.24 0.6 1.4 0.01 A
26 13 4 37.3 19-24.1 155-24.6 11.9 1.5 12 122 7.5 0.08 0.7 1.3 0.12 B
26 17 21 36.6 1q- ~30. 3 155-36.6 8.5 2.2 14 179 23.2 0.10 0.6 0.5 O.Oq B
26 17 43 2.7 19-12.1 155-27.51 0.0 1.8 8 116 16.7 0.34 1.3 1. 7 0.14 C
26 18 8 14.6 1Q-21.0 155-24. -3 8.7 1.6 12 115 2.2 0.14 1.1 1.1 0.19 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

191() HR MN SEC LAT N LONG W DEPTH MAG i~O GAP DMIN ERT ERH ·ERZ MD Q

JUl 26 21 10 14.1 19-24.5 155-11.6 9.5 1.1 8 103 0.4 0.33 0.8 1.8 0.05 A
26 21 21 1.6 19-20.9 155-11.7 9.5 1.2 9 200 3.2 0.53 1.9 2.4 0.11 C
26 23 4 39.4 19-30.0 155-51.5 1.6 1.9 12 137 7.0 0.15 2.8 3.3 0.10 C
21 3 21 31.0 19-29.3 155-41.0 6.8 1.9 12 226 27.4 0.21 1.0 0.1 0.09 C
27 3 29 11.0 19-26.2 155-16.6 15.6 2.1 15 109 2.3 0.09 0.9 1.1 0.12 B

27 4 12 3.1 19-21.8 155-29.1 8.2 1.7 11 136 10.7 0.13 1.2 1.2 0.18 B
27 5 40 34.9 19-21.2 155-16.6 26.4 2.2 12 142 2.6 0.15 0.9 1.4 0.01 B
28 3 9 38.0 19-20.8 155-16.1 29.9 15 141 1.8 0.11 0.8 1.2 0.10 B
28 1 51 0.2 19-14.1 155-24.3 32.5 2.5 18 165 11.3 0.15 0.9 1.6 0.09 C
78 8 12 24.1 18-54.6 155-14.5 15.8* 2.8 20 284 42.3 0.23 1.6 0.11 0

28 9 12 30.0 19-50.8 155-21.4 31.8 2.6 12 190 12.7 0.25 1.3 2.8 0.11 C
~ 28 11 11 38.6 19-25.4 155-23.1 11.5 1.9 12 168 5.9 0.01 0.6 0.7 0.08 B
0'\

28 11 58 58.4 19-20.1 155-14.5 8.1 1.1 15 180 2.5 0.12 0.8 0.6 0.15 C
28 23 44 14.6 19-22.2 155-11.4 8.5 1. 8 12 164 2.0 0.15 1.1 0.6 0.13 C
29 8 7 20.1 19-48.3 155-18.91 5.5 2.2 6 281 14.8 0.61 2.6 1.8 0.07 0

29 12 42 40 •.3 19-20.7 155-11.4 1.4 13 207 3.2 0.21 1.5 0.8 0.20 C
29 18 23 21.9 19-23.4 155- 3.3 1.9 2.1 15 192 12.2 0.14 1.7 0.1 0.17 C
30 1 28 36.7 19-45.8 155-23.6 32.1 2.5 11 146 6.6 0.13 0.1 1.1 O.Oq B
30 1 48 18.0 19-21.5 155-11.2 10.6 1.1 13 155 3.9 0.11 1.0 0.9 0.12 C
30 1 51 50.1 19-20.6 155- 4.2 5.0 2.9 11 188100.9 0.16 1.1 0.8 0.16 C

31 0 58 31.0 19-20.5 155-12.0 9.4 2.2 15 169 4.2 0.10 0.9 0.5 0.14 C
31 5 39 34.7 19-19.6 155-13.4 7.3 2.2 15 178 5.3 0.15 1.1 0.1 0.16 C
31 5 52 59.0 19-19.1 155-13.5 6.8 1.8 11 226 5.9 0.35 2.0 1.2 0.20 C
31 11 20 59.4 19- 9.1 155-22.6 39.5 13 194 20.6 0.23 1.2 2.4 0.08 C
31 22 13 29.7 19-22.9 155-12.2 0.1 1.8 9 184 1.0 0.10 0.6 4.4 0.09 C

31 22 51 31.0 lq-51.5 154-54.01 8.0* 3.1 25 262124.2 0.70 4.1 0.72 0
.AUG 1 2 22 29.8 19-1.0.4 155-31.8 10.6 2.5 15 151 8.3 0.08 0.9 0.5 0.10 C

1 2 55 56.8 19-20.1 155-11.0 1.3 12 194 2.6 0.14 1. 1 0.6 0.14 C
1 I) 10 46.5 19-20.6 155-16.1 31.2 2.3 18 151 2.6 0.11 0.8 1.1 0.11 C
1 9 44 28.1 19-20.0 155- 3.0 4.6 2.8 16 195 11.4 O.lQ 1.4 0.9 0.16 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

AUG 1 9 49 42.1 19-21.0 155- 5.q 4.5 2.1 14 183 11.9 0.19 1.2 1.0 0.15 C
2 1 45 40.6 18-58.6 155- 5.9 1.7 2.5 16 259 43.5 0.25 2.3 2.8 0.12 C
2 5 53 49.7 19-23.1 155-28.6 7.5 2.6 16 81 10.8 0.10 0.8 0.8 0.11 B
2 11 45 16.5 19-20.6 155- 6.8 7.1 2.3 16 200 6.1 0.19 1.5 0.8 0.18 C
2 14 12 31.0 19-11.5 155- 4.1 35.4· 2.5 14 236 12.2 0.6·2 2.8 4.9 0.10 0

2 21 15 16.1 19-23. 8 155-23.5 8.0 2.2 15 18 6.6 0.07 0.6 0.4 0.11 B
3 2 8 46.6 19-22.8 155- 8.4 8.9 2.2 18 165 3.3 0.08 0.9 0.5 0.15 C
3 7 50 37.4 19-24.3 155-11.1 8.4 9 132 1.0 0.43 1.0 2.4 0.08 B
3 12 2 54.5 20~ 3.6 156- 1.9 8.0* 3.1 19 115135.4 0.11 1.4 0.15 C
3 22 54 1.9 19-22.4 155- 8.0 6.6 2.0 L6 168 12.8 0.10 1. 1 0.8 0.18 C

4 20 59 4.2 19-23.8 155-18.4 8.6 1.9 11 67 2.3 0.16 0.4 1.0 0.05 A
~ 4 70 59 54.8 19-23.4 155- 4.5 2.2 2.1 1-3 172 19.1 0.44 0.9 2.3 0.14 C
-....J 4 21 45 46.8 19-15.4 155-27.2 6.2 2.1 18 148 11.2 0.08 0.7 0.6 0.16 8

5 2 42 8.2 19-16.3 155- 2.5 35.3 2.5 15 212108.7 0.29 1.6 2.7 0.13 C
5 9 33 7.6 19-21.1 155-10.4 10.3 2.4 16 160 0.8 0.13 1.0 0.4 0.14 C

'3 12 -36 36.8 19-59.1 155-34. 8 8.1 2.8 11 216102.4 0.16 1.6 0.1 0.12 C
5 16 25 58.0 19-19.3 155-14.1 9.9 14 202 5.0 0.11 0.8 0.4 0.11 C
5 22 55 3:~. 8 19-20.0 155-16.1 9.9 16 151 2.4 0.05 0.5 0.3 0.09 C
6 0 33 33.8 19-11.1 155-13.0 40.5 14 206 18.4 0.38 2.1 3.6 0.14 C
6 3 11 34.7 19-10.5 155-36.31 7.0 11 168 8.2 0.41 3.9 1.1 0.21 C

6 4 15 44.0 19-14.2 155-22.2 4.1 1.8 13 170 11.2 0.12 0.9 1.0 0.11 C
6 6 51 0.9 19-21.6 155- 6.8 5.3 2.6 16 176 14.8 0.13 1 • 1 0.8 0.17 C
6 21 51 55.6 19-21.5 155- 1.61 0.0 2.5 13 213 19.1 0.81 1.3 4.2 0.13 C
6 22 46 42.2 19-19.7 155-16.7 11.4 1.3 8 242 1.4 0.18 1.6 3.9 0.06 C
6 23 13 10.6 19-21.3 155-13.5 9.8 1.6 14 171 3.3 0.08 0.8 0.4 0.11 C

1 0 33 28.2 19-16.6 155- 0.3 34.3 2.6 20 219110.9 0.28 1.5 2.6 0.13 C
7 0 ')9 5~3. 5 1q-24.3 155-15.6 3.5 0.8 6 239 2.6 0.03 0.1 0.1 0.00 C
7 2 1 15.8 19-17.6 155-13.2 13.6 1.5 9 249 8.6 0.25 1.2 1.6 0.05 C
7 4 13 51.8 19-20.6 155-13.3 13.3 1.4 9 193 4.1 0.11 0.5 0.8 0.03 B
7 5 11 36.9 19-16.q 155- 0.4 32.3 2.8 21 218110.4 0.19 1.1 1.7 0.09 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MD Q

AUG 7 6 48 32.4 19-11.5 155- 6.1 3.7 1.8 15 217 13.6 0.32 1.9 1.6 0.21 C
7 6 59 46.5 19-20.0 155-17.5 7.1 1.2 10 216 0.2 0.09 0.5 0.4 0.06 R
7 10 22 28.2 19-20.2 155-13.9 8.0 1.5 15 189 3.8 0.15 1.1 0.7 0.17 C
7 10 23 8.0 19-54.0 155-22.81 0.0 3.7 23 190 36.4 1.15 4.0 4.5 0.60 0
1 11 8 2.7 19-19.8 155-13.3 7.7 1.7 13 201 5.2 0.20 1.4 0.8 0.19 C

7 11 46 36.0 20- 3.6 155-20.4 9.4 3.0 22 195123.1 1.15 1.1 6.9 0.14 C
7 18 51 48.3 19-40.9 155-16.2 45.3 2.3 18 140 19.4 0.27 0.8 2.6 0.07 B
8 1 4 25.9 19-11.4 155- 1.1 2.9 1.7 12 217 16.5 0.81 1.1 "3-.8 0.15 C
8 1 5 17.6 19-24.2 155-25.2 13.3 1.3 q 222 8.1 0.45 1.5 3.9 0.07 C
8 8 4 58.9 20- 4.4 155-22.5 8.1 2.5 19 302114.8 0.32 1.9 1.2 0.16 C

8 11 17 42.5 19-20.3 155-13.9 8.1 1.5 14 188 3.1 0.16 1.1 0.7 0.18 C

~
8 11 53 54.0 19-21.3 155-14.4 8.2 1.4 14 164 1.8 0.12 0.9 0.6 0.15 C

ex> 8 12 58 2.7 19-21.9 155-13.6 9.9 1.4 15 152 2.2 0.07 0.7 0.4 0.11 C
8 15 13 31.1 19-17.6 155- 0.1 31.6 2.0 13 217 23.1 0.31 1.6 2.9 0.11 C
8 17 20 21.4 19-22.5 155- 7.0 7.6 2.0 14 lql 5.4 0.14 I.? 0.9 0.17 C

8 23 21 41.1 19-22.5 155-18.1 22.3 1.7 13 79 2.8 0.11 0.7 1. 1 0.01 A
8 23 58 36.6 19-1ge6 155-15.9 9.3 1. 5 13 163 2.9 0.06 0.6 0.4 0.10 B
9 0 B 12.6 19-21.1 1-55-10.5 8.6 1.7 15 192 4.4 0.18 1.4 0.8 0.11 C
q 5 32 2.6 19-25.0 155-23.6 8.9 2.6 17 12 6.q 0.01 0.7 0.5 0.12 B
q 5 47 2.2 20- 9.6 155-34.9 33.7 2.6 16 212121.9 1.2 2.3 0.14 C

q 7 3 21.5 19-19.1 155-25.6 6.7 1.3 11 126 12.7 0.08 0.8 1.0 0.13 B
9 7 46 6.7 19-15.5 155-30.4 8.2 2.1 11 134 11.7 O. 11 1. 1 1.0 0.18 B
9 8 19 51.8 19-11.4 155- 1.3 35.5 2.3 11 217 22.4 0.19 1.2 1.9 0.12 C
9 8 36 34.0 19-12.9 155- 5.2 4.3 2.2 16 257 18.6 0.69 3.2 1.7 0.24 0
9 13 10 10.3 19-54.4 155-18.7 8.3 1.9 14 255 20.1 0.46 2.5 1.2 0.17 0

10 0 29 13.5 19-22.1 155-23.1 8.7 1.3 14 138 1.5 0.07 0.6 ().4 0.10 t3
10 6 22 34.9 19-25.6 15'5-24.1 7.6 2.3 14 162 6.9 0.07 0.5 0.4 0.08 B
10 10 '\3 35.4 19- 9.4 155-31.1 1.0 2.1 6 114 14.4 0.33 '2.9 2.6 0.20 C
11 11 37 18.9 19-1)8.2 156- 6.0 0.4 2.5 1.4 309113.1 0.22 7.9 5.9 0.12 0
11 21 18 44.7 lQ-20.7 155-12.9 9.3 1.1 14 188 3.4 0.16 1.1 0.8 0.16 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W OEPTH MAG NO GAP OMIN ERT ERH ERI MD Q

AUG 11 21 49 51.2 19-21.6 155- 8.2 5.4 1.9 11 171 12.4 0.11 0.9 0.7 0.16 C
12 0 51 46.0 19-13.6 155-24.3 30.9 10 167 12.2 0.29 1. '1 3.6 0.11 C

12 0 58 23.2 19-45.0 155-20.11 8.8 2.5 9 221 12.8 0.11 3.9 2.2 0.11 C
12 3 32 30.1 19-18.8 155-14.4 8.9 2.4 19 169 5.8 0.12 1.0 0.6 0.17 C
12 9 24 11.0 lq-29.3 155-14.21 23.6 15 127 11.8 0.19 1.1 2.1 0.19 B

12 20 56 35.5 19-20.5 155-12.6 9.7 2.1 19 166 3.7 0.08 0.8 0.4 0.15 C
12 21 51 0.9 19-10.4 155-32.9 28.8 2.4 17 142 11.0 0.23 1.2 2.4 0.09 B
13 1 6 31.2 19-20.4 155- 1.1 5.0 2.0 16 180 14.5 0.13 0.9 0.1 0.13 C
13 7 22 0.0 19-18.6 154-59.6 7.9 2.3 12 242 19.2 0.40 2.1 0.7 0.08 0
13 q 25 46.4 19-15.2 155-26.9 7.7 15 151 11.2 0.11 0.9 0.1 0.18 C

13 20 15 3.9 19-20.5 155-11.6 9.1 2.1 15 191 3.7 0.13 1.3 0.5 0.11 C
I-' 13 22 15 55.8 19-20.9 155-12.9 8.9 1.8 15 183 3.0 0.12 0.9 0.5 0.15 C
\0

13 23 46 53.6 19-16.5 155- 5.3 30.4 2.4 18 225 21.6 0.27 1.5 3.0 0.15 C
14 11 42 58.1 19- 4.2 155-20.9 15.6* 13 238 27.6 0.22 1.1 0.16 0
14 21 ,31 43.3 19-11.4 155-30.7 4.2 13 154 13.0 0.12 1.0 1.1 0.18 C

14 23 3 28.3 19-19.9 155-14.3 9.1 1.1 16 192 4.0 0.11 0.8 0.5 0.16 C
16 7 41 53.1 lq-25.5 154-41.1 50.5* 4.4 24 288118.8 0.20 2.2 0.21 0
16 13 0 20.2 19-12.8 155-28.8 30.0 2.1 14 163 15.0 0.18 1.4 1.9 0.12 C
16 14 43 38.5 19-20.0 155-52.0 6.9 2.7 11 263 27.8 0.28 1.8 1.2 0.11 C
16 17 7 36.7 19-22.8 155- 8.5 1.9 2.0 15 166 3.2 0.11 1.1 0.8 0.16 C

16 17 9 51.2 19-22.2 155-50. 1 1.3 2.4 14 181 19.0 0.13 1.2 0.9 0.14 C
16 lq 6 24.9 19-56.0 155-40.31 33.1 2.6 15 311 28.6 0.23 2.1 4.8 0.14 C
16 21 17 46.6 19-20.9 155-12.6 9.8 1.9 14 187 3.0 0.13 1.0 0.5 0.13 C
17 12 38 28.5 19-21.2 155-15.9 15.1 1.8 12 147 1.5 0.12 0.7 1.2 0.07 B
17 13 16 27.8 19-13.1 155-30.5 6.3 2.8 15 146 12.1 0.08 0.7 0.7 0.13 B

11 1'5 '~3 1. 1 19-24.1 155-28.6 7.8 2.5 17 93 11.8 0.09 0.8 0.8 0.11 B

L1 20 25 53.5 19-22.0 155- 8.q 9.2 1.8 13 190 1.9 0.11 1.1 0.5 0.13 C
17 20 33 36.9 19-21.2 155- 9.2 8.6 1.9 15 194 1.9 0.14 1.1 0.6 0.14 C
17 23 28 0.5 19-19.4 155-16.0 31.8 3.4 23 163190.• 0 0.11 0.8 1.0 0.12 C
17 23 34 2.8 19-18.2 155-16.4 28.6 2.1 14 169 7.9 0.12 0.8 1.3 0.09 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

AUG 18 1 50 34.1 19-20.3 155-11.1 31.6 2.4 19 150 4.2 0.10 0.8 1.0 0.10 B
18 4 6 50.9 19-22.4 155-21.3 1.5 1.9 13 129 8.1 0.09 0.7 0.8 0.14 B
18 8 52 42.8 19-11.1 155-22.2 6.8 . 1.8 8 169 6.1 0.10 0.8 1.2 0.07 B
18 9 21 32.3 19-21.7 155-25.1 13.2 1.6 10 138 5.1 0.11 0.8 1.8 0.09 B
18 16 29 23.2 19-12.3 155-23.0 30.8 1.1 9 201 14.5 0.68 2.7 7.2 0.11 C

18 18 6 55.1 19-21.6 155- 3.4 1.9 1.9 13 206 16.0 O.4Q 1.2 2.4 0.11 C
18 20 38 7.8 19-11.6 155-33.5 7.3 2.3 11 139 8.8 0.08 0.8 0.6 0.11 B
18 23 33 6.0 19-24.6 155-30.0 6.7 1.8 12 152 14.3 0.16 1.1 1.3 0.14 C
19 6 53 10.5 19-10.8 155-35.0· 8.2 2.3 6 142 8.4 0.11 1.2 0.9 0.06 t3
lq 13 4 13.3 19-18.3 155-12.8 13.5 9 244 1.1 0.33 1.6 2.1 0.08 C

19 13 5 39.9 19-29.4 155-21.0 10.9 1.5 9 200 6.6 0.11 0.8 0.3 0.05 B
N 19 14 31 8.9 19-13.8 155- 1.8 3.8 1.8 10 251 15.2 0.53 2.5 2.0 0.12 C
0 19 15 12 50.0 19-18.6 155-13.3 14.0 1.2 6 235 6.8 0.22 1.2 l.1 0.03 C

lq 15 13 28.4 19-17.1 155-13.3 10.6 1.6 9 254 9.0 0.36 2.2 0.8 0.12 C
19 16 3 55.1 19-19.6 155- 6.8 5.1 1.9 13 207 11.4 0.24 1.5 1.0 0.16 C

20 2 25 46.9 19-22.8 155-23.8 11.3 1.3 12 126 4.9 0.11 0.7 1.5 0.10 8
20 2 36 2.8 19-22.3 155-10.1 9.6 1.8 15 126 1.5 0.05 0.6 0.3 0.10 B
20 9 44 43.0 19-22.3 155-26.2 7.4 1.1 10 129 11.7 0.08 0.1 0.9 0.11 B
20 10 43 13.1 19-24.8 155-26.3 1.4 1.4 12 132 9.9 0.12 0.9 1.1 0.18 B
20 12 19 41.2 19-24.6 155-23.7 11.6 1.5 6 189 1.1 0.15 0.7 1.5 0.03 B

20 20 39 15.4 19-19.9 155- 1.7 8.1 1.9 1 230 14.9 1.00 7.6 2.0 0.17 0
21 8 16 2.5 19-17.0 155-24.11 9.7 2.0 14 111 6.4 0.23 2.1 1.6 0.39 0
21 9 59 54.8 19-29~4 155-53.51 8.4 2.2 13 184 4.6 0.13 5.3 5.0 0.19 0
21 11 2 28.0 19-15.8 155-22.9 9.3 1.6 13 171 8.2 0.09 0.9 0.8 0.12 C
21 14 1 1.5 19-15.8 155-23.3 9.0 1.0 9 213 8.1 o. 1-8 1.1 0.8 0.09 C

21 15 23 55.4 19-3-8. 1 155- 5.11 12.5 2.4 20 227 28.5 0.69 5.0 4.7 1.02 0
21 18 16 58.1 19-18.6 155-14.5 14.9 1.5 8 255 5.8 0.12 0.8 0.8 0.03 C
21 23 22 36.4 19-18.6 155-16.9 9.5 2.1 11 166 2.9 0.11 0.9 0.5 0.13 C
21 23 31 30.0 19-19.8 155-14.7 10.3 1.3 16 166 3.9 0.06 0.5 0.3 0.09 B
22 1 48 54.9 19-24.1 155-11.6 7.4 1.2 6 112 0.2 0.42 1.1 2.4 0.04 B



SUt.1MARY OF SEISMIC EVENTS (CONTINUED)

1970 HR ~~N SEC LAT N lOt~G W DEPTH MAG NO GAP DMIN ERT ERH ERl MD Q

AUG 22 3 15 11.3 19-23.4 155-46.1 9.2 1.9 6 242 22.2 0.54 2.8 1.7 0.06 0
22 4 52 20.0 19-24.1 155-19.3 1.3 1.4 8 104 1.0 0.38 1.1 2.6 0.13 B
22 6 34 49.3 19-22.4 155-26.1 8.5 1.4 9 122 6.2 0.16 1.3 1.6 0.19 B
22 9 42 56.5 19-15.8 155- 8.5 1.9 2.1 14 199 14.3 0.91 1.5 3.9 0.20 C
22 15 43 0.9 19-18.0 155-16.4 1.8 1.0 10 203 4.3 0.20 1.4 0.8 0.14 C

22 18 3 8.2 19-21.1 155-15.9 8.9 0.9 8 152 1.7 0.20 0.7 1.2 ·0.06 B
22 18 25 42.2 19-19.3 155-16.1 13.0 1.3 8 212 2.8 0.10 0.5 0.8 0.03 B
23 1 33 19.4 19-17.3 155-24.0 6.4 1.1 10 153 14.0 0.11 1.0 0.9 0.14 C
23 6 11 4q.6 19-31.3 155-41.9 6.2 1.9 14 132 23.4 0.06 0.4 0.4 0.06 B
24 4 32 58.6 19-23.9 154-59.3 5.7 2.4 16 203102.4 0.16 1.3 0.8 0.17 C

24 5 21 40.7 19- 8.9 155-31.31 25.7 2.4 15 173 13.6 0.26 2.1 2.7 0.18 C

N
24 11 30 32.2 lq-23.4 155-22.4 10.3 1.5 14 III 4.8 O.Oq 1.0 o.g 0.16 08

J-l 25 2 51 38.8 19- 3.3 155- 2.1 12.5 2.6 11 212 41.2 0.44 5.4 11.5 0.19 D
2S 5 50 36.9 19- 9.9 155-41.2 9.8 2.6 11 183 11.7 0.10 0.8 0.4 0.07 B
28 3 37 9.5 19-47.0 155-45.31 5.6 9 161 28.1 0.22 1.4 1.7 0.21 C

28 5 18 33.1 19-26.5 155-24.3 8.7 9 145 9.5 0.20 1.6 1.1 0.12 B
28 7 40 24.5 19- 8.3 155-38.6 8.6 2.4 4 214 9.4 0.00 0
30 10 't8 6.8 19-15.0 155- 6.11 °37.6 2.4 13 281 20.4 0.29 ?4 2.5 0.11 C
30 16 2 46.2 19-18.0 155- 5.11 29.9 2.3 13 280 19.2 0.22 2.0 2.R 0.12 C
30 17 6 22.3 19-CJ9.1 155-20.8 8.4 3.1 12 219106.1 0.40 1.8 1.5 0.12 C

30 lq 19 37.5 19-21.Y 155-23.2 9.6 L.9 12 93 3.1 0.06 0.7 0.5 0.10 A
°.31 4 54 32.7 19-1q.8 155-14.3 7.9 2.1 11 202 4.2 0.11 1.3 1 • 1 0.14 <.:
31 6 18 12.2 19-21.0 155-17.5 28.8 2.2 12 153 3.8 0.22 1.3 1.9 0.08 C
31 6 55 15.8 19-46.1 155-48.6 5.3 3.3 14 118 29.8 0.11 0.9 0.8 0.11 C
31 11 2 41.7 19-20.4 155- 9.11 10.5 11 266 3.0 0.21 1.6 0.6 0.13 C

SEP 1 0 16 45.1 19-25.7 155-13.7 30.7 2.2 18 63 5.9 0.11 0.7 1.2 0.10 4
1 2 8 10.9 19-18.6 155-14.1 10.4 1.6 14 216 6.3 0.12 0.9 0.3 0.10 f3
1 13 45 23.4 1q-22.8 155-27.3 8.1 2.5 16 81 8.5 0.09 0.8 0.8 0.17 B
1 16 -:\9 11.0 19-20.3 155-13.2 7.1 1.5 13 169 4.2 0.16 1.2 0.8 0.17 C
1 11 33 56.8 lq-25.6 155-13.9 30.7 2.1 12 112 6.5 o. 18 1. 1 1.8 0.11 8



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG I~O GAP OMIN ERT ERH ERZ MD Q

SEP 2 2 26 37.2 lq-l1.1 155- 1.2 4.8 2.3 15 192 12.8 0.'22 1.3 1 • 1 0.19 C
2 5 44 40.4 19-21.2 155- 5.6 1.1 2.0 12 183 11.1 0.50 1.1 2.'5 0.10 C
2 5 56 14.4 19-25.1 155-23.6 8.7 1.6 13 142 6.2 0.09 0.8 0.6 0.1.3 B
2 7 12 29.6 19-15.9 155- 1.1 16.6* 2.0 11 221 26.8 0.20 1.6 0.14 C
2 8 50 27.9 19-22.1 155- 8.1 4.4 12 168 11.6 0.12 1. 1 1.0 0.13 C

2 21 40 48.1 19-22.4 155- 8.8 1.7 2.1 14 169 6.5 0.14 1.3 1.3 0.17 C
3 5 15 54.3 19-12.1 155-25.8 32.4 2.4 13 169 15.5 0.24 1.3 2.6 0.09 C
3 12 0 53.3 19-21.4 155-25.4 7.9 1.9 13 195 5.8 0.12 0.8 0.6 0.10 B
3 14 41 41.4 19-24.3 155-43.3 21.1 2.5 11 231 20.5 0.39 2.1 6.9 0.14 0
4 0 48 14.1 19-18.1 155- 6.4 5.4 2.4 16 191 12.1 0.19 1.2 1.0 0.17 C

4 9 24 38.1 19-22.6 155-22.9 9.3 1.3 11 162 4.5 0.12 0.8 0.1 0.10 C
f'..) 4 14 19 8.0 19-21.6 155-11.5 10.0 1.1 16 151 2.4 0.06 O.b 0.3 0.10 B
N 4 18 22 24.9 19-18.1 155-15.0 11.8 1.5 10 194 5.0 0.10 0.9 0.9 0.08 B

4 19 11 35.8 19-21.5 155-10.41 11.2 1.4 11 181 0.9 0.14 1.6 1.3 0.13 C
4 20 41 16.5 19-23.4 155-29.2 8.4 1.8 16 80 11.8 0.09 0.1 0.9 0.14 B

5 1 40 36.1 19-20.1 155-15.8 29.8 1.5 13 162 2.9 0.20 1.4 2.0 0.11 C
5 8 5 54.6 19-21.1 155-26.5 1.6 1.7 1 242 12.5 0.69 4.1 3.2 0.14 0
5 11 33 3.7 19-21.5 155-11.8 8.8 1.0 13 151 2.1 0.10 0.9 0.6 0.15 C
5 13 12 35.4 19-21.8 155-24.4 8.5 1.3 9 207 3.5 0.16 1.1 0.9 0.11 C
5 15 38 30.2 19-22.4 155- 4.7 13.8 1.9 9 192 9.3 0.15 2.4 0.8 0.08 C

'} 16 25 1.4 19-21.6 155-26.1 1.1 1.3 12 121 5.6 0.09 0.8 0.9 0.15 B
5 20 10 47.3 19-21.1 155-25.8 7.9 2.4 18 99 4.1 0.09 0.8 0.1 0.19 B
5 23 11 45.8 19-25.3 155-27.11 6.2 . 1.3 10 255 10.7 1.50 8.3 12.9 0.14 0
6 2 44 36.0 19-20.4 155- 1.0 7.1 1.6 13 200 10.3 0.19 1.4 0.9 0.12 C
6 7 20 15.5 19-17.3 155-22.1 8.0 1.0 1 260 5.1 1.33 3.3 6.2 0.04 0

6 q 57 49.1 lQ-20.8 155- 4.11 10.6 2.3 11 189 10.4 0.15 1.2 0.5 0.15 C
6 15 54 26.0 19-22.2 155-25.2 8.5 2.1 17 17 5.0 0.10 0.8 0.7 0.16 B
6 22 3 18.4 19-58.8 155-35.0 14.2 2.9 20 184102.0 0.08 1.8 3.0 0.10 C
1 0 37 5.1 19-20.4 155-15.8 10.8 1.4 9 160 2.8 0.04 0.4 0.3 0.04 8
7 6 31 49.6 19-22.3 155-24.1 8.5 1.4 14 141 4.0 0.08 0.6 0.5 0.11 B



SUMMARY Of SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MO Q

SEP 1 8 16 54.0 19-21.3 155-14.6 9.6 1.0 8 145 1.6 0.25 0.5 1.5 G.04 B
7 12 t9 33.5 1')-21.5 155-12.5 11. 5 1.2 9 157 1.9 0.16 0.8 1 .'3 0.06 B
1 13 59 13.1 19-24.5 155-24.3 8.5 1.5 12 185 B.l 0.08 0.6 0.6 O.OC1 B
7 17 24 50.4 19-25.8 155-11.7 19.8 1.8 12 252 6.3 0.38 1.1 2.1 0.05 C
1 11 45 3.1 18-34.8 155-24.4 8.0 2.8 12 322 57.3 2.2 0.14 0

7 18 50 3.0 19-25.6 155-26.1 10.8 1.4 11 188 9.2 0.11 0.8 0.4 0.10 t1
1 18 58 22.3 19-20.6 155-13.8 11.3 1.5 10 168 3.4 0.07 0.7 0.7 0.08 e
7 19 21 29.5 19-26 •.5 155-13.9 30.8 2.3 20 58 6.1 O.ll 0.8 1.4 0.11 B
7 21 20 49.0 19-21.0 155-15.1 11.9 1.1 q 146 1.5 0.08 0.4 0.7 0.04 B
8 0 'i1 51.1 19-21.7 155-16.6 34.8 1.8 10 118 2.3 0.55 2.1 4.8 0.11 B

8 2 13 5.4 19-21.5 155- 4.01 16.4 1.5 9 202 10.6 0.40 3.4 6.4 0.15 C
N A 5 40 33.4 19-20.3 155- 4.0 8.0 2.2 11 193 20.0 0.18 1.7 1.0 0.11 C
w 8 10 41 8.3 19-24.1 155-27.1 11.2 1.6 12 156 q.7 0.09 0.7 0.4 O.Oq B

8 12 q 35.3 lq-13.4 155-20.5 32.1 2.1 17 178 9.1 0.21 1.2 2.1 0.12 C
8 14 4 47.1 19-20.7 155- 8.6 3.8 1.6 12 193 11.8 0.21 1.4 1.8 0.15 C

8 19 14 4.4 19-18.9 155-13.9 12.4 1. 5 8 195 5.9 0.14 1.5 1.2 0.11 C
8 19 55 4.2 19-22.2 155- 4.8 13.2 8 194 9.1 0.08 1.7 0.6 0.05 C
8 22 45 27.6 19-19.6 155- 7.3 6.1 1.5 10 206 6.2 0.33 7.2 1.6 0.20 C
8 23 .31 51.1 19-17.4 155-14.1 15.5 1.5 8 236 7.6 0.29 1.6 2.4 0.07 C
8 23 34 54.0 1<)-20.6 1'55-10.8 10.6 1.4 9 188 2.1 0.09 0.9 0.6 0.06 B

9 a 4 21.8 19-21.6 155-16.2 33.1 2.8 22 125 1.5 0.14 0.9 1.4 0.13 B
9 0 40 23.1 lq- 3.2 15.5-20.41 0.0* 2.3 11 226 21.4 2.66 17.3 0.56 0
9 0 42 16.1 19- 1.6 155-19.5 16.9* 2.1 10 235 30.2 0.34 2.6 0.25 0
9 0 41 4.4 18-58.3 155-14.8 11.1* 2.3 10 285 .36.9 0.65 4.8 0.27 0
9 0 48 19.1 19- 4.2 155-20.41 11.7 2.0 13 253 25.6 0.56 2.7 2.0 0.21 0

9 13 27 4.4 19-19.2 1'>5-15.8 1.6 1.1 11 182 3.3 0.19 1.1 0.9 0.15 C
9 13 36 5.1 19-20.4 155- "7.1 5.7 1.5 15 182 5.8 0.15 1.7 1.0 0.16 C
9 14 46 15.4 19-20.9 155-10.3 6.7 1.4 11 230 1.8 0.26 1.5 1.0 0.13 C
9 18 16 36.4 19- 2.6 i5S-l8.t 3.4 2.2 5 231 32.5 0.03 0
9 21 -JO 30. 1 19-21.4 155-13.8 9.7 1.3 10 149 2.8 0.14 1.0 0.7 0.13 B



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

SEP 9 23 3 44.6 18-59.8 155-26.2 29.4* 2.2 13 244 19.6 0.18 1.6 0.10 0
10 0 23 7.3 19-22.7 155-22.8 9.0 1.3 15 159 4.1 0.12 0.8 0.6 0.14 C
10 3 9 3.1 19-13.4 155- 3.3 4.5 1.9 11 267 19.5 0.79 3.7 1.1 0.13 0
10 3 10 20.3 19-10.4 155- 3.01 0.2 2.2 12 211 24.4 1.83 4.2 5.7 0.18 0
10 5 53 4.6 19-21.3 155- 9.3 9.3 1.2 12 186 1.5 0.12 1.0 0.7 0.11 C

10 6 20 3.1 19-24.0 155-21.1 8.4 1.5 12 131 2.5 0.23 0.6 1.6 0.11 B
10 6 20 45.4 19-24.0 155-21.2 9.5 1.4 13 133 2.7 0.08 0.6 0.5 0.11 B
10 1 32 59. 9 19-21.9 155-10.9 9.8 1.5 16 138 1.6 0.01 0.7 0.4 0.13 B
10 14 44 54.0 19-19.6 155-16.8 11.4 1.2 8 192 1.3 0.11. 0.5 0.8 0.02 B
10 20 6 56.8 lq-21.1 155-48.4 4.8 2.1 8 289 38.3 0.33 8.2 7.6 0.10 0

10 20 32 33.7 19-17.5 155-25.5 1.6 2.0 8 140 6.3 0.21 1.9 2.0 0.11 B

N 10 20 55 41.5 19-24.7 155-17.2 0.0* 0.2 6 96 0.5 0.13 0.1 0.15 C
~ 10 23 55 29.3 19-24.1 155-16.2 0.0* 0.5 5 217 1.1 0.30 1.2 0.10 0

11 4 31 48.9 19-20.5 155-13.9 1.9 1.4 10 169 3.4 0.19 1.2 0.9 0.17 C
11 7 34 16.1 19-21.1 155- 9.8 12.5 1.5 9 263 1.3 0.45 2.2 2.9 0.01 C

11 10 1 57.9 19-21.5 155-25.1 8.2 2.2 16 83 4.0 0.07 0.7 0.8 0.17 B
il 11 18 12.3 19-21.4 155-13.3 7.3 1.8 14 153 2.4 0.16 0.9 0.9 0.11 C
11 20 11 9.6 19-24.• 4 155-24.1 8.8 2.3 14 157 1.7 0.06 0.5 0.4 0.08 B
12 0 42 0.9 19-22.9.. 155- 7.21 1.8 1.9 14 119 5.3 0.15 1.4 1.0 0.15 C
12 5 53 48.1 19-20.9 155-14.3 30.6 2.1 15 153 2.4 0.15 1. 1 1.4 0.09 C

13 1 52 30.3 19-36.3 156-22.5 8.0* 3.3 21 239156.4 0.26 2.0 0.12 0
13 1 59 1.5 19-21.4 155-23·.6 8.2 1.6 13 137- 2.4 0.09 0.8 0.7 0.12 B
13 10 52 22.2 19-24.3 155-22.5 10.5 14 136 5.0 0.06 0.6 0.4 0.10 B
13 12 19 11.5 19-23.4 155-25.0 11.1 1.5 11 221 6.6 0.18 1.1 0.5 0.11 C
13 18 16 25.2 19-23.1 155-44.6 15.• 1* 2.6 19 149 20.1 0.11 1.0 0.15 C

13 19 38 56.1 19-22.2 155-23.8 9.1 2.2 17 74 3.7 0.06 0.6 0.4 0.12 B
13 20 18 12.3 19-22.6 155-24.1 9.8 1.0 12 191 4.1 0.11 0.7 0.7 0.09 C
13 23 16 2.9 19-21.2 155- 1.3 4.3 1.7 14 118 15.2 O.ll 0.7 0.7 o. 11 C
13 23 33 53.4 19-21.8 155-25.2 8.2 1.3 15 116 4.4 0.09 0.8 0.7 0.19 B
14 2 23 26.0 19-24.9 155-23.5 9.2 1.6 14 173 6.9 0.08 0.6 0.4 0.09 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR r·~N SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MD Q

SEP 14 4 52 9.4 19-20.1 155-11.0 10.9 1.5 10 191 3.5 0.12 1.6 1.1 0.11 C
14 5 39 13.4 19-28.6 155-51.1 8.0 2.3 11 158 7.g 0.11 3.2 3.7 0.10 C

14 6 6 58.3 19-22.5 155- 5.8 14.2 1.4 8 335 1.4 0.19 1.5 0.4 0.04 C
14 11 48 55.0 19-35.1 156-31.0 8.0* 3.1 12 318144.0 2.28 13.1 0.12 0

14 23 48 51.1 1<)-21.5 155-25.3 8.5 1.5 14 116 4.2 O.Oq 0.8 -0.8 0.17 B

15 8 12 16.0 19-28.1 155-28.9 6.9 2.4 13 154 10.2 0.19 1.2 1.7 0.21 C
15 18 28 54.6 lq-25.6 155-21.8 9.2 1.8 16 143 11. 1 0.11 0.8 1.0 O.1A B
15 19 6 9.2 19-22.6 155-23.6 9.1 1.9 16 13 4.4 0.05 0.5 0.4 0.10 B
15 22 52 42.3 19-19.6 155-13.6 10.2 1.9 18 170 5.0 0.08 0.8 0.4 0.13 C
15 23 6 11.1 19-22.2 155-24.7 8.2 1.6 15 116 4.5 0.09 0.8 0.8 0.18 B

16 3 21 56.3 19- 8.2 155-15.0 59.8 2.1 17 212 19.0 0.47 1.9 4.0 0.11 C

tv
16 3 43 1.3 19-21.5 155-13.9 10.5 2.0 17 144 2.4 0.07 0.6 0.3 0.10 B

L11 16 5 8 6.6 19-21.1 155-14.1 10.4 1.8 16 141 2.1 0.06 0.6 0.3 0.10 B

16 18 17 55.6 lq-25.2 155-28.8 5.0 1.8 14 192 12.8 0.18 1. 1 1.8 0.16 C
16 23 3q 13.6 lq-23.6 155-25.3 10.5 1.8 1.3 204 7.1 o. 10 0.6 0.4 0.08 P.

17 4 25 24.5 19-21.0 155-12.4 8.2 1.9 11 164 2.9 0.12 0.9 0.5 0.16 C
17 8 20 18.5 19-22.8 155-23.8 9:3 1.6 14 140 4.8 0.08 0.7 0.1 O. 11 8

17 20 2 7.1 19-23.4 155-26.5 11.3 2.6 19 80 8.2 0.06 0.5 0.3 O.Oq R-

18 3 25 12.6 19-18.3 155-25.6 6.2 1.8 15 122 5.4 0.10 0.8 1.3 0.18 R

18 12 LO 31.3 19-21.2 155-13.1 13.3 1.2 LO 156 3.1 0.13 0.6 l.l 0.05 8

18 15 40 8.4 19-24.4 155-15.51 1. '3 0.6 q 240 2.9 0.46 2.1 2.q 0.10 C
18 1'1 42 26.6 19-40.4 155-54.51 to.1 2.3 9 281 49.0 1.24 9.8 7.3 0.51 0
18 19 15 41.4 19-21.6 155-25.11 10.6 1.2 14 115 4.0 0.11 1.0 1.7 0.18 R

18 19 ~i3 2.3.6 19-21.0 155-20.0 1.3 0.9 10 98 4.8 0.10 0.5 1.2 0.12 e-
18 19 46 10.9 19-11.1 155-38.2 7.0 2.0 9 237 14.0 0.16 1.0 0.5 0.0<1 C

19 0 28 3j.9 19-21.3 155-15.3 11.1 0.8 9 140 1.0 0.19 0.5 1. 1 0.05 e
19 0 59 28.4 lq-24.2 155-25.9 8.1 1.7 15 128 8.7 0.09 0.7 0.9 0.15 B
1q 7 8 17.3 19-18.2 155- 6.5 9.1 1.8 11 220 q.l 0.28 2.0 0.1 O.l~ C
19 7 18 59.1 19- 1.0 155-23.6 8.3 2.3 15 211 34.8 3.5 3.6 0.18 0
19 7 21 53.6 19- 8.6 155-27.1 31.9 1.8 8 262 21.0 3.34 1;?5 26.6 0.17 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG r~o GAP OMIN ERT ERH ERZ ~D Q

SEP 19 1 23 34.1 19- 1.5 155-26.21 36.7 2.1 12 214 19.5 0.20 1.7 2.2 0.11 C
19 1 21 16.9 19- 9.6 155-28.91 38 •. 3 1.7 8 180 17.3 0.34 1.8 1.2 0.10 C
19 1 38 49.9 19- 5.4 155-19.91 16.8* 1.8 1 262 21.9 0.12 4.9 0.24 0
19 1 40 28.6 19-19.5 155-33.5 0.5 2.0 1 182 26.2 1.89 2.3 9.6 0.11 C
19 9 52 43.6 19-18.0 155- 9.2 7.2 1.6 9 216 1.2 0.31 2.0 1.3 0.15 C

19 11 13 28.8 19-23.9 155- 1.11 0.1 1.9 13 194 15.6 0.62 1.2 3.5 0.20 C
19 12 10 22.6 19-25.3 155-24.4 10.8 1.8 17 124 1.1 0.05 0.4 0.3 0.08 B
19 17 13 28.8 19-22.3 155- 9.4 9.0 1.1 12 166 1.4 0.12 1.4 0.1 0.15 C
19 11 45 40.8 19-21.3 155-12.3 9.1 2.2 18 156 2.3 0.06 0.6 0.4 0.13 C
19 11 48 41.2 19-20.1 155-11.1 14.9 1.5 8 237 3.6 0.10 0.6 0.1 0.02 C

19 23 3 45.1 19-20.2 155-16.1 31.8 2.8 22 151 2.2 0.11 0.7 1.0 0.11 C
N 19 23 12 18.7 19-19.6 155-14.3 10.2 1.0 16 183 4.4 0.06 0.5 0.3 0.09 8
0\ 19 23 24 6.0 19-18.6 155-13.7 13.2 1.4 9 216 6.6 0.21 1.2 2.1 0.01 C

20 0 19 2.8 19-21.3 155-13.6 13.6 1.2 9 154 3.2 0.18 0.1 1.4 0.05 B
70 3 46 31.1 19-21.2 155-12.5 14.9 1.4 9 165 4.6 0.08 0.7 0.5 0.04 B

20 4 46 56.6 19-21.2 155-25.5 8.9 1.4 12 123 4.3 0.13 1.0 1.2 0.1<1 H
20 7 4 46.6 19~21.7 155-17.3 31.4 2.0 8 208 6.0 0.29 1.1 2.4 0.01 C
20 10 20 11.1 19-58.9 156- 0.3 40.4 3.4 23 112129.3 0.16 1. 1 3.1 0.13 C
20 13 16 10.1 19-22.6 155-31.31 10.1 2.3 15 118 14.3 0.13 0.9 1.4 0.15 B
20 1.4 39 24.1 19-27.5 155-25.5 8.3 1.1 13 238 5.7 0.15 0.8 0.5 0.08 C

20 23 3 53.5 19-18.8 155-14.1 1.8 1.3 10 207 5.9 0.27 1.5 1 • 1 0.19 C
21 0 44 21.0 19-2.0. 1 155-11.6 8.1 1.6 11 195 3.5 0.16 1.2 0.6 0.14 C
21 1 26 36.1 19-2·0.0 155-12.3 10.0 4.4 22 171 4.6 0.11 1.0 0.5 0.21 C
21 1 33 0.6 19-20.5 155-12.9 9.0 2.1 20 161 3.8 0.08 0.1 0.4 0.16 C
21 1 40 31.5 19-21.3 155-12.7 9.6 2.0 17 153 2.2 0.06 0.6 0.3 0.12 C

21 2 11 46.6 19-21.2 155-12.7 9.7 1.6 16 164 2.5 0.08 0.7 0.4 0.12 C
21 2 19 55.1 19-21.4 155-12.6 8.9 1.9 16 151 2.0 0.09 0.7 0.4 0.14 C
21 3 7 46.1 19-21.5 155-13.0 9.5 1.7 16 146 2.0 0.08 0.7 0.4 0.14 B
21 4 9 .31. 1 19-21.4 155-13.5 7.4 1.5 11 151 3.2 0.12 0.8 0.1 0.12 C
21 4 14 52.9 19-21.0 155-13.0 9.7 1.1 16 166 2.9 0.08 0.1 0.4 0.11 C



SUMMARV [JF SEISMIC EVENTS (CONTl~~UED)

1910 HR MN SEC lAT N LONG W DEPTH MAG t~O GAP OMIN ERT ERH ERl MO Q

SEP 21 5 59 0.9 19-22.4 155- 8.9 6.5 2.1 16 168 2. "3 0.13 1.0 0.8 0.20 C
21 8 6 37.4 19-24.9 155-18.1 15.0 2.2 8 88 1.0 0.10 0.8 1.2 0.06 A
21 8 6 40.3 19-27.9 155-14.2 5.6 2.4 6 1·61 1.6 0.13 0.5 2.9 0.03 C
21 11 22 40.3 19-10.8 155-39.1 9.5 15 216 8.3 0.24 2.1 0.8 0.16 C
21 13 45 55.1 19-20.1 155-11.7 14.2 1.8 10 193 3.6 0.21 1.4 1.7 0.07 C

21 14 43 52.3 19-15.9 155-15.1 9.7 1.8 10 225 6.5 0.25 1.5 0.8 0.16 C
21 14 55 24.0 19-16.2 155-15.9 9.5 12 221 5.8 0.21 1.3 0.8 0.16 C
21 15 14 58.3 19-21.9 155-12.4 9.4 1. 7 17 139 1. 1 0.07 0.1 0.4 0.14 B
21 15 21 31.9 19-21.2 1'55-13.2 9.9 1.6 15 158 2.6 0.11 0.8 0.5 0.12 C
21 15 28 52.4 19-19.9 155-11.6 15.3 1.8 9 215 4.5 0.16 1.4 1.5 0.05 C

21 16 28 46.7 19-37.2 155-11.7 13.8* 2.1 8 252 23.7 0.10 0.9 0.03 0

N
71 11 13 15.0 19-12.7 155-32.8 8.1 2.4 9 133 8.5 0.13 1.3 1.1 0.16 B

'-J 21 19 54 49.8 19-21.2 155-12.9 9.4 1.8 15 154 4.4 0.08 0.7 0.5 0.12 C
21 21 7 37.4 19-20.8 155-12.8 9.3 2.1 18 163 3.2 0.07 0.7 0.4 0.12 C
71 22 35 26.3 19-15.8 155-15.11 8.1 3.0 23 182 7.4 0.23 1.3 0.9 0.31 0

22 1 49 13.4 19-52.8 155-14.4 18.0* 18 212 45.2 0.13 1. 1 O. 13 C
22 2 5 31.3 19-20.9 155-13.1 8.9 1.8 18 159 3.2 0.09 0.7 0.5 0.16 C
22 3 12 28.8 19-28.9 155-55.2 9.4 2.2 12 213 4.1 0.25 3.4 2.0 0.11 C
22 4 50 42.3 19-21.2 155-13.3 9.0 1.5 16 153 2.8 0.12 0.9 0.6 0.14 C
22 7 20 38.2 19-32.0 155- 5.9 9.q 2.0 17 159 20.1 0.69 0.1 4.8 0.10 C

22 7 26 22.7 lq-16.4 155-15.9 8.1 1.7 13 220 5.5 0.23 1.4 0.7 0.17 C
22 1 29 24.0 19-19.5 155-15.9 8.3 1. 5 14 171 2.8 0.12 0.9 0.6 0.16 C
22 8 32 5.5 19-22.6 155-17.6 17.8 11 8"1 2.0 0.11 0.8 1.6 O.OR A
22 9 30 13.5 19-20.6 155-12.1 6.7 1.4 9 180 5.0 0.18 1.1 0.9 0.13 C
22 11 15 22.8 20-15.0 155-43.4 8.0* 3.4 20 115132.3 0.08 1.0 0.11 C

22 18 48 51.2 lq-29.3 155-25.9 10.0 1.9 10 191 4.6 O. 10 0.8 0.5 0.07 8
23 0 50 19.8 19-21.1 155-14.6 7.8 1.5 13 149 1.7 0.17 1.1 0.9 0.18 B
23 2 21 35.6 18-55.8 155-24.8 35.2 2.5 12 286 25.2 2.07 8.9 16.4 0.13 0
23 7 50 32.6 19-22.9 155-17.8 35.9 2.0 7 126 2.1 0.15 2.6 1.4 0.04 C
23 11 46 16.4 19-20.4 155- 9.4 8.6 1.5 13 194 2.8 0.12 1.0 0.6 0.13 C



SU,.,MARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT FRH ERl MD Q

SEP 23 12 33 2l.1 lQ-20.8 155-12.2 13.0 1.5 12 167 1.1 .0.09 0.9 0.6 0.09 C
23 11 38 27.8 20-17.0 155-52.4 31.9 2.8 19 163138.2 0.14 1.3 3.4 0.13 C
23 17 39 9.6 20-15.6 155-54.6 35.8 2.8 19 157137.3 0.13 1.1 2.8 0.10 C
23 18 33 5.8 19-24.0 155-11.2 14.1 1.8 16 98 1.3 0.06 0.6 0.5 0.10 A
23 18 .33 54.1 19-24.6 155-16.9 14.7 2.5 16 99 0.6 0.06 0.5 0.6 0.08 A

2.3 21 45 1.1 19-21.1 155-12.9 9.1 1.1 15 155 2.6 0.11 0.8 0.5 0.12 C
24 3 17 46.9 19-23.0 155-15.3 2.9 0.1 8 153 1.5 0.09 0.1 0.4 0.09 B
24 4 23 44.9 19-17.3 155-20.7 9.3 1.7 13 157 3.9 0.08 0.1 0.6 0.12 C·
24 4 50 13.6 19-20.1 155-13.9 9.9 1.3 10 118 3.9 0.13 1.0 0.1 0.11 C
24 6 14 27.1 19-22.0 155-23.1 8.1 1.3 11 III 3.3 0.12 0.9 1.1 0.17 B

24 1 37 37.8 19-19.3 155-14.8 10.0 1.2 11 181 4.7 0.15 1.2 0.8 0.14 C

N 24 13 8 59.1 19-21.3 155-13.0 7.3 1.5 12 159 2.5 0.16 1.0 0.8 0.16 C
ex> 24 16 15 13.6 19-24.4 155-25.41 11.7 12 151 8.6 0.08 0.5 1.2 0.06 C

25 0 59 43.1 19-23.8 155-21.1 11.0 1.8 12 156 9.4 0.12 0.8 1.5 0.07 B
25 1 18 46.6 19-10.7 155-24.8 14.6* 1 199 17.2 0.29 3.2 0.22 C

25 2 19 16.3 19-24.1 155-24.2 10.0 2.3 11 14 7.3 0.04 0.4 0.3 0.08 A
25 3 58 18.5 19-23.5 155-28.2 8.5 1.3 11 137 10.4 0.14 1.1 1.2 0.16 B
25 4 55 58.1 19-21.1 155-29.5 9.1 12 138 11.2 O~12 1.0 0.9 0.11 B
25 6 21 55.0 19-25.3 155-29.3 11.0 1.5 8 150 13.3 0.09 0.6 0.5 0.01 B
25 8 28 13.9 19-24.5 156- 1.0 9.7 2.3 12 286 15.9 1.88 10.7 2.1 0.16 0

25 8 29 43.1 19-21.3 155-12.7 9.7 15 160 2.3 0.06 0.7 0.3 0.11 C
25 13 0 15.0 19-20.2 155-26.0 1.5 1.9 13 114 4.8 0.09 0.8 1.0 0.17 B
25 11 15 1.1 19-20.9 155-16.2 33.1 2.7 18 137 2.6 0.13 0.9 1.3 0.12 B
26 3 15 42.3 19-28.9 155-50.21 1.9 2.4 10 153 10.0 0.29 7.0 10.1 0.10 0
26 6 3 b.2 19-22.8 155-22.6 9.8 2.2 17 10 4.9 0.05 0.5 0.3 0.10 B

26 13 51 55.6 19-24.9 155-25.21 10.9 1.4 14 l26 9.3 0.06 0.6 0.4 0.10 B
26 14 32 29.4 19-18.4 155-12.9 5.8 1.0 14 198 1.5 0.19 1.2 1.0 0.18 C
26 14 37 17.6 19-25.0 155-21.0 10.4 3.4 19 59 10.9 0.09 0.1 0.5 0.11 B
26 15 43 50.7 19-21.2 155-13.3 9.1 1.1 15 151 3.7 0.13 0.9 0.6 0.15 C
26 15 44 14.1 19-28.7 155-28.2 13.2 2.0 11 285 8.9 0.41 2.5 0.6 0.08 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC L.A T N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MD Q

SEP 26 22 0 51.9 19-11.5 155-29.4 35.0 1.9 16 160 14.9 0.37 1.4 3.6 0.10 C
27 2 35 13.6 19-20.9 155-12.3 9.7 2.8 19 165 3.0 0.07 0.7 0.3 0.12 C
21 2 44 32.9 19-20.9 155-11.3 13.9 1.6 9 192 2.9 0.29 1.0 2.0 0.05 C
27 1 27 16.1 19-20.6 155-10.3 15 • .1 2.1 10 237 2.3 0.32 1.3 2.1 0.06 C
21 8 37 23.1 19-20.5 155-13.6 10.1 16 163 3.9 0.07 0.6 0.3 0.10 C

27 9 41 6.1 19-20.6 155-14.9 31.1 2.0 14· 163 2.4 0.11 1.2 1.7 0.10 C
21 19 "39 6.9 lq-21.1 155-25.5 8.1 2.0 16 95 4.2 0.08 0.8 0.9 0.18 8
27 22 0 16.1 19-13.9 155-22.3 3.7 1. 3 12 193 11.8 0.15 1.1 1.5 0.15 C
21 22 1 29.0 19-20.8 155-19.6 2.5 0.9 9 99 4.2 0.08 0.4 0.1 0.09 A
21 22 45 31.3 19-23.8 155-17.11 3.1 0.5 1 134 1.6 0.88 2.5 4.4 O.2Q C

28 1 46 50.-5 19-28.2 155-16.01 3.4 1.2 8 316 5.9 0.70 3.1 3.0 0.20 0

N 28 1 58 23.9 19-27.1 155-14.51 8.0* 0.7 7 309 6.0 0.31 5.8 0.38 0
\0 28 2 76 45.1 19-21.4 155-13.2 14.7 1.2 10 156 2.4 0.10 0.9 0.1 0.06 B

28 2 51 29.9 19-24.6 155-16.9 0.0* 0.5 5 205 0.5 0.13 0.6 0.05 D
28 3 18 9.6 19-24.9 155-14.9 3.3 0.8 7 216 3.7 0.5 1.4 0.06 C

28 4 39 56.4 19-18.8 155- 5.1 4.9 2.4 19 194 9.3 0.21 1.5 1.3 0.23 C
28 6 46 41.1 19-21.2 155- 9.4 8.1 1.8 15 173 1.4 0.13 1 • 1 0.6 0.15 C
28 8 18 44.6 19-24.7 155-16.9 0.0* 0.6 7 163 0.4 0.10 0.5 0.06 C
28 8 27 54.3 19-20.4 155-13.3 9.2 1.1 15 178 4.1 0.13 0.8 0.1 0.13 C
28 8 51 51.3 19-11.2 155-33.2 8.2 2.5 16 139 9.1 0.11 1.1 0.8 0.18 A

28 8 56 28.7 19-21.1 11)5- 9.5 7. i t 13 280 0.9 0.18 1.1 0.6 0.17 C
28 14 14 54.6 19-21.6 155-16.9 21.4 2.0 14 110 2.2 0.33 1.6 3.0 0.11 R
28 14 15 11.8 19-22.5 155-16.1 30.5 2.1 12 111 0.3 0.41 1.7 3.5 0.09 8
28 15 56 15.0 19-19.4 155-24.3 7.8 11 137 2.2 0.12 1. 1 0.9 0.15 B
28 18 29 45.5 19-18.5 155-13.0 1.5 2.3 18 115 7.2 0.20 1.3 o.q 0.27 C

28 18 "3D 44.4 19-18.7 155-13.1 14.6 8 219 6.9 0.09 0.8 0.5 0.04 B
78 18 31 39.7 19-18.6 155-13.1 14.8 1.8 8 220 7.0 0.13 0.9 1. 1 0.04 B

28 19 6 8.0 19-10.0 155-23.0 48.0 2.4 13 244 16.5 0.77 2.9 6.0 0.10 0
28 21 48 37.9 19-20.5 155-19.9 2.1 10 110 4.5 0.05 0.3 0.5 0.07 A
29 2 34 15.6 lq-~2.7 155-15.3 6.1 1.2 12 138 1.2 0.13 0.8 0.8 0.15 B



SUMMARY OF SEISMIC EVENTS (CONTI,\~UED)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

SEP 29 4 1 37.6 19-22.5 155-11.8 30.9 2.6 21 65 2.5 0.14 0.9 1.4 0.15 B
29 6 36 46.6 19-23.0 155-26.6 6.4 2.3 16 98 7.1 0.10 0.8 0.8 0.20 B
29 1 54 22.0 19-26.0 155-14.6 3.1 0.9 5 320 4.1 2.2 0.15 0
29 12 30 49.6 19-25.1 155-27.1 11.2 1.9 14 216 11.0 0.08 0.6 0.6 0.06 B
29 14 44 26.1 19-21.1 155-10.0 1.4 1.7 13 251 1.4 0.16 1.0 0.5 0.12 C

29 15 59 22.1 19- 8.9 155-36.8 6.6 7 179 9.8 0.18 1.1 1.1 O.lC C
29 16 29 4.9 1.9-23.5 155-23.3 12.2 1.2 1 219 6.3 0.34 2.0 3.8 0.09 C
29 16 36 40.1 19-21.4 155-25.3 1.8 1.6 14 118 4.1 0.14 1.0 1.4 0.22 B
29 18 43 49.0 19-29.3 155-16.5 0.4* 1.1 7 322 7.4 0.70 2.8 0.18 0
29 19 55 38.8 19-26.4 155-48.8 1.1 2.2 13 155 14.3 0.63 2.2 4.2 0.09 C

29 22 21 7.3 19-20.1 155-19.5 25.1 1.6 10 95 3.1 0.35 1.4 3.2 0.')6 B
w 30 8 8 21.4 19-23.2 155-24.6 5.2 2.3 8 214 6.0 0.12 0.6 0.7 0.07 13
0 30 10 8 12.9 19-20.3 155-14.2 9.9 17 16'3 3.4 0.07 0.6 0.4 0.12 C

30 14 22 52.4 lq-19.2 155-15.5 11.8 11 183 3.6 0.09 0.5 0.7 0.05 B
30 21 51 18.8 19-45.0 155-17.11 43.3 2.2 9 261 18.1 6.3 0.28 0

30 21 59 52.1 19-20.9 155-12.3 9.8 1.5 12 114 2.9 0.07 0.6 0.3 0.08 B
30 22 6 28.5 19-21.1 155-12.4 0.3 0.1 -1 149 1.4 0.13 0.5 2.8 0.06 R



Table 3.--Felt Earthquakes

Hawaii Standard
Time

Location of
Date H M S Magnitude Felt Report

Jul 10 21 40 12.48 3.2 Ka1apana

10 21 52 32.36 3.1 Kalapana

15 16 12 19.59 3.5 Hilo

21 22 46 34.14 2.9 Kealakekua

22 16 15 58.12 3.8 Paauilo, Papaikou,
Honokaa

Aug 4 21 45 46.84 2.8 Kapapala Ranch

7 10 23 08.00 3.7 Paauilo, Paauhau, Honokaa,
Hilo, Pohakuloa, Waimea

16 07 41 53.13 4.4 Hi10

17 23 28 00.52 3.5 Kapapa1a Ranch

Sep 21 01 26 36.11 4.5 Island-wide

26 14 37 17.65 3.4 I<.apapala Ranch

Acknowledgements: Several people felt earthquakes during the third
quarter of 1970 and reported their observations to HVO; that information
is gratefully acknowledged.
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Figure l.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies
in the lower right portion of the illustration.
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Table 5.--Seismic Instrumentation

1. SEISMOMETERS

EV-17

EV-17H

HS-IO

HVQ-2

2. SEISMOGRAPHS

HVO-I

15-90

Electrotech EV-17 1.0 sec period moving magnet vertical
component seismometer.

Same as above, but horizontal component.

Hall-Sears 0.5 sec period moving coil seismometer.

0.8 sec period moving coil seismometer.

Vertical-component electromagnetic seismograph with a
peak magnif.ication of about 20,000 at 0.25 sec.

Press-Ewing System: 3-component long-period Press-Ewing
seismograph system with pendulum and galvanometer
periods of 15 and 90 seconds, respectively.

EV-17/3.5 cps galv, EV-l7 H/3.5 cps galv, etc. Short-period electro
magnetic seismographs composed of the seismometers and
galvanometers indicated. Response similar to HVO-l.
Poorly calibrated.

3. AMPLIFIER AND SIGNAL TRANSMISSION SYSTEMS

System I HVO-built solid-state seismic preamplifier (voltage
gain, 200x), direct signal transmission over hard wire
to HVO, HVQ-built solid-state amplifier and galvanometer
driver.

System II Develco or Teledyne seismic preamplifier--voltage controlled
oscillator, signal transmission on audio FM carrier
over hard wire or FM radio link to HVO, discriminator

Geotech PTA Short-period Geotech photo-tube amplifier.

4 • TIMING SYSTEMS

RM~USGS

TS-IOO

Crystal-controlled chronometer employing solid-state
binary dividers to produce minute and hour marks. Typical
drift ~ates are a few milliseconds per day.

Sprengnether crystal-controlled chronometer. Output
and performance characteristics are similar to those
of RM-USGS.
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5. TELEMETERED SYSTEM RESPONSE

The peak magnification of the standard telemetered systems
(Systems II, with the film strip magnified 20 times for viewing)

5is about 2 x 10 at a period of 0.1 sec. For periods between 0.1
and about 1.0 sec, the response falls off 6 db/octave (fig. 3).
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-basewat.er-tube tiltmeter in the Uwekahuna Vault;
weekly results are summarized in Table 6. At irregular intervals tilt
is measured on a regional scale by means of a network of field tilt
bases and a portable water-tube tiltmeter, and these results are
summarized in Table 7. The attitude of the ground surface at each
tilt-base is reported in terms of north-south·· and east-west tilt
coordinates. Both coordinates at each station were arbitrarily set
equal to 500 when measurements at that station we~e begun. Increasing
tilt coordinates corr·espond to~ northward and eastward 'tilting of the
earth's surface; that. is, to a relative subsidence toward the north
and east. A one-unit change in coordinate corresponds to a tilting
of 1 microradian (1 rom per km) in· the direction indicated.

Location of tiltmeter stations and essential data on each station
are listed in Table 8, S~ary 57.

Table 6.--Tilt Coordinates at Uwekahuna Vault,

July, August, and September 1970

Date N-S E-W Date N-S E-W

July 5 559 380 Sept. 6 562 366

12 559 380 13 562 366

19 559 380 20 561 367

26 560 382 27 561 366

Aug. 2 560 380

9 560 379

16 561 380

23 562 379

30 562 370
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Table 7.--Tilt coordinates and changes at long-base tilt station around Kilauea Caldera (See fig 4).

-6Rate (10 rad/mo)
and Direction of

Date Tilt Coordinates Tilting Since Date of Last

Tilt Base (1970) N-S E-W Last Reading Reading (1970)

Uwekahuna (U on fig 4) 9 sep 624.4 338.1 2.16 N52.3°W 22 May

Tree Molds (TM) 9 Sep 494.0 492.0 1.27 N47.8°W 18 May

Sand Spit (SS) 10 Sep 1039.0 601.1 0.37 S48.3°W 20 May

Keamoku (Kea) 10 Sep 542.6 362.7 1.35 N78.2°W 20 May

Ahua Kamokuko1au (Kam) 11 Sep 333.2 508.9 8.87 Nl5.3°W 21 May

Kipuka Nene (KN) 11 Sep 293.5 503.9 0.69 N41.9°W 21 May

Hilina Pali (HP) NOT REA D T HIS E poe H

Kapapa1a Ranch (Kap) 10 Sep 486.9 518.1 0.24 N49.1°W 20 May

Mehana (M) 9 Sep 591.8 597.7 1.27 N50.5°E 18 May

I~ '.
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Figure 3.--Tilting of the ground around Kilauea Caldera between May 18, 1970,
and September 9, 1970. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and has
a length proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open circle,
short-base water-tube tiltmeter (See Table 7 for explanation of
abbreviations).
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CHRONOLOGICAL SUMMARY

The Mauna Ulu eruption continued throughout this quarter following
basically the pattern developed in August 1970. A pool of lava, slowly
circulating from west to east, persisted in the summit fissure of Mauna
Ulu but did not overflow. The surface of this pool was generally 15 to
25 m below the rim but occasionally dropped to 30 m arid once, on
December 5, rose to within 6 m of the rim. Weak spattering was nearly
continuous at the east end of the pool, 'and brief episodes of low
fountaining related to transient degassing took place in other parts
of the pool. The fissure walls collapsed markedly, and the fissure
widened by more than 20 m in places as a result of such collapse,
especially in December.

A chain of several vents, some briefly active and others more persistent,
extended down the east flank of Mauna Ulu to a point just north of the
north rim of Alae. These vents, probably large skylights in an under
ground lava stream connected to the summit fissure, overflowed at times
feeding small short-lived flows. Some of these flows entered ·the
subsidence bowl in Alae, piling up and creating a lava fan that partly
filled the bowl (Swanson and Peterson, 1972). More commonly, the vents
did not overflow, but lava or a distinct glow could be seen within
them at depths of several meters. When the lava could be seen clearly,
a distinct eastward current was discernible. Five collapse pits, or
large skylights, formed along the chain of vents on October 26,
November 5 and 13, and December 8 and 20; these pits were as much as
40 m in diameter (Figure 1).

For most of the quarter, lava continued to flow through a tube from
the eastern end of the chain of vents into the Alae holding reservoir.
From Alae, the lava flowed through a tube system as far as the flat
below Holei Pali. This tube system and the relation of the Alae
reservoir to it are described by Swanson (1973) and Swanson and
Peterson (1972). No lava entered the ocean during this period.

A brief but significant change in this overall scheme of activity
took place between October. 26 and November 2. Flow in the tube system
stopped on October 26, and the only visible lava was in the 'collapse
pit that formed on that day and in Mauna Ulu's fissure. This pause
was accompanied by swelling of the Kilauea summit area and a swarm of
shallow caldera earthquakes. Apparently, a blockage had developed
somewhere in the Volcano's plumbing. However, the swelling caused by
this blockage was relieved on October 28 when copious overflows began
from most of the vents on Mauna Ulu's east flan~, summit tilt dropped
slightly, and the caldera quakes stopped. Flows fed by these and
related overflows during the next several days ultimately reached as
far as the area due north of Kane Nui 0 Harno. During this time, lava
in the new collapse pit participated in a cyclic rise-fall (gas-piston)
cycle like that which has characterized the Mauna Ulu summit vent
throughout the eruption. Finally, lava reentered the tube system
connected with Alae on November 2 and the prevailing pattern was
once more reestablished.



For much of November and December, lava in the collapse pits of October
26 and November 13 (only 100 m apart) (Figure 1) took part in a rise-fall
cycle that demonstrated a connection between them. The two pits were on
a nearly synchronous schedule, except that the eastern pit, 10 m lower
in elevation, would begin to overflow sooner than the upper pit.

On November 29, a new collapse area formed near the site of the November 13
pit. By late December it reached 230 m in length, 35 m in width, and more.
than 15 m in depth. Lava in this collapse trench was observed to feed
the inlet tube to Alae. Between December 6 and 8, overflows from the
October 26 pit spilled into the trench nearly filling it with thin flows
that quickly solidified. However, another collapse event on December 8
reestablished the November 13 pit at the west end of the filled trench,
and a pool of molten lava occupied this new pit. On December 13 the
vigorous· subsurface flow of lava between these pits and Alae stopped,
although some flow probably continued into Alae through a deeper tube.
A sulfur-encrusted cone 100 m from the summit fissure collapsed, leaving
a pit 20 by 35 m in diameter. From December 21 to 24, a very active
stream of lava flowed eastward beneath the pits of December 20, October 26,
and December 8 at a depth of 20 to 30 m below the surface. The pi~8

progressively enlarged as their unsupported walls caved into the lava,
especially at their west and east ends. Consequently, the pits became
elongated and began to grow toward each other. On December 31, only
two unstable bridges kept the separate pits from merging into a single
elongate collapse trench (Figure Ib).
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TRlLATERATION NETWORK ON KILAUEA

The trilateration network 1n Kilauea was expanded during the fall of
1970 to cover most of the vo~cano. This network should provide a base
for monitoring future horizontal deformation of Kilauea. The network'
is shown in Figure 2; in addition, there are many' stations in the
summit area of Kilauea as shown in Kinoshita'and others (in press).
The locations of all previously established stat~ons are shown on
Figure 3; most of these stations are in the 1970'network, but others
were included in our survey only in order to enable comparison with
past surveys. The locations of previous stations are obtainable from
the Topographic Division of the U. s. Geo,logical Survey, and those of
the new stations from the Volcano Observatory.

We attempted to make the survey figures as strong as possible geo
metrically but geologic considerations along with unfavorable
topography and dense vegetation resulted in many figures being rather
weak. Nonetheless, only six stations are located by the minimal two
distances and these are not critical to the rest of the network.

Most of the network was measured between late August and mid-September
1970; a few distances, chiefly those necessary to tie in previous
surveys, were measured over the following two months. We could not
recognize any significant deformation of Kilauea during this time, so
the network can probably be considered to have been measured virtually
instantaneously. Helicopter support was necessary for work on the
south flank and southwest rift for transport to Kalalua Cone .

.,,, :~
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Figure 1.--Sketch map showing approximate location of major events in the
Mauna Ulu area during the fourth quarter of 1970. Figure la shows
configuration on November 20, including location of vents and collapse
craters on Mauna Ulu's east flank and the approximate outline of
surface lava flows which 'extended about 2 km farther east than shown
by the map. Figure Ib shows the configuration on December 31 after
additional pits had' developed, and some had merged to form an
elongated tren~h.
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KILAUEA TRILATERATION NETWORK, FALL 1970
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The distances were measured once each (rarely, twice) with a
Model 8 Geodimeter. No difference between the three frequency readings,
D

1
, D

2
, and D

3
, greater than 25 mm was tolerated, and most differences

were 5 to 15 Mm. All measurements were made between 0900 and 1700 (mostly
before 1600) in order to minimize diurnal temperature and pressure changes.
Temperatures at ,both ends of each measured line were obtained from good
quality mercury thermometers shielded from direct sunlight but open to air
circulation. Thetlermometers were suspended about 6 m above ground.
Barometric pressures were determined with high quality Wallace and Tiernan
barometers at each end of the line. Endline temperatures and pressures
were read before and after each shot and were averaged in the final
calculations. A constant humidity correction of 0.5 ppm was applied.
Distances were corrected for beam and earth curvature using the formula,

232
C • (l-K) D /24 R , where D is slope distance in meters, R is earth's radius
in meters, and K is assumed to be 0.20 (Hopcke, 1966; Meade, 1969). Each
distance measured was reduced first to the horizontal at the elevation of
the lower station; the necessary vertical angles were computed from station
elevations known or estimated from 20-!t contour maps. The distances were
then reduced to sea level, following the procedure outlined by Gossett
(1959, pp 234-235)~ Programs were written for a Wang calculator to handle
all the reductions and a summary of the reductions is on file at the Volcano
Observatory. The final reduced distances are given in table 1, which
incluaes all shots in the network as well as those necessary to tie in
previous surveys. No least-squares adjustment of the network internal
consistency was made for we considered it best when comparing triangulation
and trilater~tion data to· use unadjusted measurements.
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Table 1.--Final 1970 geodimeter measurements, in meters, reduced to sea level.

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12 •.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

HV0129-Koae1
•

HV0129-Kamakaia
Kau-Hi1ina
Kau-Kamakaia
Kau-Pepeiau
136-Kamakaia
136-Pepeiau
Kamakaia-Mauka 1250
Kamakaia-Puu Ulau1a
Mauka 1250-Puu Ulau1a
Kau-Puu Ulaula
135-Puu Ulaula
Puu U1aula-Puu Nahaha
Puu Ulaula-Pepeiau
Puu Ulaula-Kapapala
PUll U1au1a-Nali
Nali-Pepeiau
NaIi-Mauka 1250
NaIi-Puu Kapukapu
Na1i-Kau
Nali-Goat
Kaaha-Puu Kapukapu
Kaaha-Hilina
Kaaha-Pep~iau

Pilau 3-Hi1ina
Pilau 3-Goat
Pilau 3-Kaena·Pt.
Makahanti Pali-Puu Kapukapu
Makahanu Pali-Hi1ina
Puu Kapukapu-Pepeiau
Puu Kapukapu-Hi11na
Puu Kapukapu-Goat
Puu Kapukapu-Kau
Puu Kapukapu-HV060
Apua-Goat
Apua-Makahanu Pali
Apua-HV060
Apua-Puu Kapukapu
Kaena Pt.-Goat
Kaena Pt.-HV060
Kaena Pt.-PUll Kapukapu
Panau-Laeapuki
Panau-Kaena Pt.
Panau-KaMoamoa (HV0158)
Panau-Pulama
Panau-Hakuma
Panau-Kupapau
Kamakaia-Koae
Kamakaia-Keakapulu
Kamakaia-HV0160

8

4,372.361
6,305.522
2,020.616
5,192.126
4,073.183
3,792.796
1,832.556
6,960.194

12,441.715
5,731.351

14,423.194
9,278.157
3,293.141

10,353.488
4,146.403
6,830.812
5,977.434
4,485.762

13,304.687
9,416.448

19,347.512
6,797.933·
5,339.504
4,446.224

12,859.372
4,366.121
8,048.895
2,736.931
5,556.769

10,141.569
5,431.211
6,521.382
6,910.325

11,470.174
8,238.758
7,836.096
7,230.411
7,171.000

12,273.493
5,548.909

14,528.096
2,978.626
4,552.013
4,522.543
7,813.588

13,638.022
9,408.834
7,916.170
8,821.719
4,564.017



Table 1.--Fina1 1970 geodimeter measurements, in meters, reduced to sea level
(Cont'd)

51. Kamakaia-Puu Nahaha
52. Kamakaia-Kapapa1a
53. Keakapu1u-Kapapa1a
54. Keakapu1u-Puu Nahaha
55. Keakapulu-HV0160
56. Kapapa1a-Puu Nahaha
57. Koae-Keakapu1u
58. Koae-Strip
59. Koae-Kulani
60. Koae-HV0160
61. Laeapuki-Kaena Pt.
62. Laeapuki-Pu1ama
63. Kamoamoa (HV0158) - Pulama
64. Kamoamoa (HV0158) - Laeapuki
65.. Kupapau-Laeapuki .. "
66 • Kupapau;-Pulama
67. Kupapau-Heilaeiahu1u
68.· Kupapau-H_akum~.

69 • Hakuma-Heiheiahu1u
70. Hakuma-Pulatria
71. Hakuma-Moana Hause
72. Moana Hauae-Pu1ama
73 •. Moans Hauae-Heiheiahu1u
74.' HV0147-Heiheiahu1u
75. HV0147-Moana Hauae
76. ,66YY Reset-Heiheiahu1u
77. 66YY Reset-HV0125
78. 66YY Reset-HV0147
79. KaIiu-Ha1ona
80. Ka1iu-Hakuma
81. Kaliu-Moana Hauae
82. Ka1iu-Keaau
83. KaIiu-Kapoho
84. KaIiu-66YY Reset
85. Kaliu-Honuau1a
86. Kaliu-HV0125
87. Ka1iu-KahUwai
88. Ka1iu-Heiheiahulu
89. Papaya (HV0157) - Kahuwai
90. Papaya (HV0157) - Heiheiahu1u
91. Iilewa-Heiheiahulu
92. Iilewa-66YY Reset
93 •. Ii1ewa-HV0146
94. Ha1ona-Keaau
95. Ha1ona~Kapoho

96. Ha1ona-Heiheiahu1u
. 97. Ha1ona-Honuaula
98. Halona-Waikahekahe
99 • Halona-Tangerine (HV0148)

100. Halona-Kaloli 2

9

9 t 754.445
10,611.925
14 t 380.639
14 t 623.370
.6 t 655.751
1 t 769.620

10,404.766
16,552.115
18,436.152
11,140.506

4,1.77.263
7,639.911
4,512.883
3,232.288
8,029.370
3,587.826

10,913.022
4,394.006
8,741.897
6,461.037
4 t 177.272
9,646.205
7,071.189
7,624.278
4,160.641
4,790.289
1,762.606
3,596.809

11,617.347
13,387.104

9,479.827
22,235.425
9,734.721
4,161.570
4,425.810
3,028.773
2,657.955
8,112.779
3,033.904

10,566.079
3,708.644
1,778.787
6,007.179

12,927.696
12,478.057
15,399.656
9,978.639
3,692.674

10,924.808
7,381.488



Table l.--Final 1970 geodimeter measurements, in meters, reduced to sea level.
(Cont'd)

101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.

Keaau-Ka101i 2
Keaau-Heiheiahulu
Keaau-T~ngerine(HV0148)

Keaau-Waikahekahe
Honuaula-Kahuwai
Honuaula-Heiheiahulu
Honuaula-HV0149
Honuaula-Waikahekahe
Honuaula-HV0152
Honuau1a-Pohoiki
Honuaula-HV0153
Honuaula~Barn(HVOI59)

Halekamahina(HVOI55)- Rock(HV0154)
Ha1ekamahina(HV0155)- Pohoiki
Halekamahina(HV0155)- Kapoho
Halekamahina(HV0155)- Hon~aula

Halekamahina(HV0155)- Barn(HV0159)
Rock (HV0154)-Pohoiki
Rock (HV0154)-Kapoho
Lighthouse 2 (HV01S1) - Beachlots(HV0159)
Lighthouse 2 (HV0151) - Puu Kukae(HV0156)"
Lighthouse 2 (HV01S1) - Pohoiki
Lighthouse 2 (HV0151) - Kapoho
Beach1ots(HVOISO) - Kapoho
Beachlots(HV0150) - PUll Kukae(HV0156)
Beachlots(HV0150) - Pohoiki
PUll Kukae(HVOI56) - HV0153
Puu Kukae(HVOI56) - HV0152
HV0153-HV0152
Kapoho-Pull Kukae(HV0156)
Kapoho-HV0152
Kapoho-Honuau1a
Kapoho-Pohoiki
Kapoho-HV0149
Ka101i 2-Waikahekahe
Kalo1i 2-Kapoho
Kaloli 2-Honuaula
Tangerine (HV0148)-Kapoho
Tangerine (HV0148)-Honuau1a
Tangerine (HV0148)-Pahoa (HV0161)
Pahoa (HV0161)-Honuau1a
HV0146-66YY Reset
HVQ146-Kaliu
Ma1ama Ki-Kaliu
Malama Ki-Honuau1a
Ma1ama Ki-Kahuwai
Malama Ki-Kapoho
Heiheiahu1u-Puu Huluhu1u
Heiheiahulu-Kulani
Kulani-Keaau

10

10,929.932
21,550.349
18,523.877
10,749.154

2,164.178
12,343.353

3,329.064
11,496.620

7,581.277
6,855.529
5,887.652
2,287.226
1,188.731
4,675.552
2,322.956
3,474.681
3,008.427
3,979.273
'2,377.966
2,745.356
2,"396.645
4,816.418
3,726.131
2,296.709
2,450.312
2,071.758
1t.491.519
1,763.890
1,706.587
1,641.377
3,249.134
5,519.644
2,904.057
3,901.878
9,045.629

17,776.150
16,802.303
14,417.664

8,917.633
5,233.361
7,255.425
4,469.637
4,203.344
5,930.867
"5,057.450
4,061.340
6,745.691

23,349.339
34,125.052
27,984.684



Table 1.--Fina1 1970 geodimeter measurements, in meters, reduced to sea level.
(Cont'd)

151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195•.
196.
197.
19B.
199.
200.

Kulani-Puu Hu1uhulu
HV0111-Puu Huluhu1u
HVOl11-Strip
HVOII1-Kulani
HVOIII-Keakapulu
POll Hu1uhulu-Keakapu1u
Puu Huluhulu-Strip
Keaau-Honuaula
Keaau-Kapoho
HV0123-66YY Reset
HV0123-HVOl25
Alii-Ku1ani
Alii-Strip
Alii-Kapoho
Kalalua-Kulani
Kalalua-Heiheiahulu
Kalalua-Puu Huluhulu
01aa-Honuaula
01aa-Heiheiahulu
Olaa-Kapoho
Kalo1i 2-Kaliu
Kalal! 2-0laa
Olaa-Keaau
01aa-Kulani
Kulani-Strip
Olaa-Kaliu
Hole! (HV0162)-Panau
Ho1ei (HV0162)-Apua
Ho1ei (HVOI62)-Laeapuki
Holei (HVOI62)-Kaena Pt •.
Keakapulu-Uwekahuna
Keakapulu-Ohale
Uwekahuna-Sand Hill
Uwekahuna-Keanakakoi
Uwekahuna-Ahua Kamokukolau
Uwekahuna-Cone Peak
Sand Hill-Ahua
Sand Hill-Cone Peak
Sand Hi11-Keanakakoi
Sand Hi11-Koae
Ahua Kamokuko1au-Keanakakoi
Ahua Kamokuko1au-Cone Peak
Ahua Kamokukolau-Koae
Ohale-Cone Peak
Ohale-Ahua Kamokukolau
Ohale-Koae
Oha1e-Uwekahuna
Ohale-HVOl11
Uwekahuna-Koae
Uwekahuna-Volcano House Flag

11

19,193.192
5,627.569

20,885.590
19,386.007
17,586.263
22,647.315
23,148.590
22,229.102
25,398.737
1,344'.179
2,085.413

13,541.769
20,358.845
38,144.855
27,761.023
8,271'.285

15,088.731
21,948.322
20,593.275
25,368.791
18,960.631
11,725.933
1,350.354

27,003.954
9,559.139

21,696.355
3,040.039
8,660.297
5,233.460
3,880.220

15,383.470
15,262.753

3,155.613
3,077.184
5,124.748
3,893.306
3,069.590
1,625.521
2,090.594
5,275.225
2,078.123
4,496.031
6,473.669
5,526.5·45
3,319.567
4,857.979
7,854.841
2,332.273
8,178.144
3,075.886



Table 1.--Final 1970 geodimeter measurements, in meter~, reduced to sea level.
(Cant'd)

201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.

Ohaikea-Volcano House Flag
Ohaikea-Ohale
Ohaikea-Uwekahuna
Ohaikea-Sand Hill
Ohaikea-Keanakakoi
Volcano House F1ag-Keanakakoi
Kahaha 2-Puu U1aula
Kahaha 2-Kamakaia
Kahaha 2-Kapapa1a
Kamakaia-Strip
Kamakaia-Uwekahuna
Kamakaia-Oha1e
Kaiwiki New-Ku1ani
Kaiwiki New-Keaau
Hakuma 1891-Heiheiahu1u
Hakuma 1891-Ka1iu
Hakuma 1891-Moana Hauae
Uwekahuna-Strip
Uwekahuna-Puu Hu1uhu1u
Uwekahuna-Kulani
Oha1e-Strip
Ohale-Puu Hu1uhulu
Ohale-Kulani
Heiheiahulu-Kapoho
West Heiheiahulu-Kulani
West Heiheiahu1u-Olaa
West Heiheiahulu-Ka101i 2
Ohaikea-Koae

12

8,869.570
10,813.479

5,950.180
6,503.523
8,099.865
3,875.229
9,859.145

13,871.647
6,172.983

21,257.909
15,987.265
11,392.540
31.423.553
18,254.385
8,614.906

13,305.151
4,131.061

13,011.875
10,156.450
11,073.963
19,406.832

7,803.000
18,927.582
17,804.534
34,026.251 .
20,510.533
22,319.040
8,020.553



SEISMIC SUMMARY

Events recorded by the u.s. Geological Survey seismograph network
in Hawaii fall into two categories:

1. Local earthquakes and tremor originating in· the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph).

2. Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts· of
earthquakes and minutes of tremor recorded by se~smographs in Hawaii are
listed in table 2. The earthquakes are separated in groups on the basis of
region of origin as determined by the analysis of records obtained daily at
the observatory (WE, MLO, MLX, AHU, DES, NPT, WPT, MPH, KMO, OTL).

Computer locations of well recorded events are listed in table 3. The
location of each seismograph station is listed in table 5, along with a
description of the equipment at each station.
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Table 2.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit: 30 km, earthquakes from a source about 30 km beneath the
summit region; long-period, earthquakes characterized by low-frequency waves that originate about 5
km or deeper beneath Kilauea summit; and shallo~ earthquakes in the Kilauea Caldera region~ a few km
deep. SW Rift and Kaoiki: earthquakes along the southwest rift zone of Kilauea and the adjacent
portions of the Kaoiki fault system. Upper East Rift: earthquakes from the upper east rift zone and
the adjacent fault. systems of Kilauea's south flank. Koae: earthquakes along the northeast-trending
Koae fault system south of the caldera. Lower East Rift: earthquakes from the lower east rift zone
of Kilauea.
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Table 2.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera (cont'd)

Tremor Number of Earthquakes
(m = minutes)
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17 7m 4 219 9 19 1
18 1 347 6 46 3



+J
~ en

19
~ ~
OJ Q) 222 2 14 1d

20 ~ 1 540 3 7 6en cu
21 rip.. 1 520 6 38 2cup..
22 > =' 3 28 2000+ 7 ? 2Q)

23 ~ Q) 1 4 1410 8 28 3..c
24 ~ +J 11 3 480 21 29 90
25 r-t d 1 450 8 32 70
26 +J 3 390 6 33 9~ cu
27 +J 2 4 375 9 601 2
28 ~~ 2 60 1500 10 lOS? 2~

29 +J Q) 2 50 1050 4 30 4C'd >
30 =' -,-4 2 33 455 17 19 4+J+J
31 78m (J ~ +J 1 26 526 16 43 2=':S~

rl~-r-4
~ QJ f..4

1/ Upper east rift count poor due to continuous tremor and traffic.

l/ Count taken from station Puu Honuatila (PHO).



Table 3 is a chronological listing of successfully located earthquakes.
For each event the following data are present.~d:

Origin time in Hawaii Standard Time: date, hour (HR), minute (MN),
and second (SED).

Epicenter in degrees and minutes of north latitude (LAT N) and west
longitude (LONG W). Poor convergence of the epicenter solution is
indicated by"?".

Depth - depth of fucus i·n lan. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of station~ used in locating earthquakes.

GAP - Uttgest.azimuthal separation in degrees between stations.

DMIN - epicentral distance in Ian to the nearest station.

ERT - standard error of the origin time in seconds.

ERR - standard error of the epicenter in lan.

HRZ - standard error of the depth in km •..

MD - mean deviation of ,the time residuals. [ =
Ri is the observed seismic wav~ arrival time less the

. th
computed time at the i station.

L R./NO]
i 1

where

Q - solution quality of the hypocenter. This measure is intended
to indicate the general reliability of each solution:

.Q Epicenter Focal Depth

A Excellent Good
B Good Fair
C Fair Poor
D Poor Poor

Q is based both on the nature of the station distribution with respect to
the earthquake and the statistical measures of the solution. These two
factors are each rated independently according to the following scheme:

18



Station Distribution

NO GAP DMIN

A > 8 < 1200 2 Depth or 5 km

B > 6 < 150 0
~ 2 x depth or 10 k.m

> 6 "< 225 0

< 50 km
C > 4 "< 1800

D Others

Statistical Measures

·ERH (km) ERZ (km) MD (sec) RMAX (sec)*

A < 1.0 < 2.0 < 0.10 ~ 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

C. < 5.0 .~ 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes; that is, an
A and a C yield a B, and two B's yield a B-. When the two ratings are only
one level apart the lower one is used; that is, an A and a B yield a B
(Hamilton and others, 1969).

The criteria for Q are the same-as used by the Office of Earthq~ake

Research and Crustal 'Studies, u.s. Geological Survey.

*RMAX is the maximum residual

19



SU~~ARY OF SEISMIC EVENTS

197C HR MN SfC LAT N LONG W DEPTH MAG NO GAP DMIN ERT EPH ERZ MD Q

OCT 1 0 12 8.5 lq~21.9 155-15.0 28.0 2.2 19 133 0.6 0.12 0.1 1.1 O.Oq B
1 1 40 55.8 19- 29.5 1 55-16.1 24.1 1.8 17 69 8.0 0.11 0.7 1.4 0.10 A

1 2 4q 53.5 lQ-20.7 155-1 1.4 7.1 0.8 10 102 1. 1 0.10 0.3 0.1 0.04 A
1 5 43.22.3 19-24.5 11)5-17.9 0.1· 0.4 9 93 0.9 0.12 0.1 0.25 B
1 5 56 29.1 19-1 q.4 155- 7.1 6.8 1.3 11 209 6.9 0.27 1.8 l.t) (' .17 C

1 8 57 21.3 19- 25.8 155-16.41 0.2* 1 289 2.0 O.~ 0 I.e; O.lQ 0
1 11 4 14.C 19- 20.9 1 55-2 e. 7 q.4 2.1 13 130 q.6 0.12 O.q C.q 0.18 8
1 11 25 55.q 19- 27.2 155-?7.q 11.0 1.3 1l 141 C;. 4 0.06 0.4 C.2 0.06 B
1 11 ·45 16.7 1C1- 21.3 155-2 5. 3 8.3 1.5 12 120 4.0 0.14 1.0 1.3 O.lQ B
1 12 4 51.4 lq-26.6 155-56.1 10.7 2.q 11 254 8.9 0.30 2.9 1.5 0.16 0

1 11 25 58.6 1<;- 20.6 1 55-1 2. 8 1.5 1.5 12 183 3.6 0.1 ~ O.q C.6 r.14 C
1 18 50 36.9 19- 21.0 155-17.4 22.0 2.1 11 112 1.7 0.26 1.4 2.3 0.08 8
1 21 53 9.8 19-19.6 155-11.a 12.2 1.4 11 21q 5.5 0.30 1.6 2.1 0.10 C

N
2 0 28 14.2 19-21.2 155-13.1 7.2 1.1 11 164 2.7 0.1 5 o.q 0.8 0.13 C0

2 1 24 33.1' lQ-21.0 155-13.1 q.1 14 169 2.9 0.1 1 0.8 C.5 0.11 C
.J

2 5 13 11. 5 19-17.9 155-16. 9 25.5 1.9 13 203 3.0 1).3 0 2.1 '3. 1 0.14 C
2 6 44 47.1 lq-ZO.9 155-12.8 q.5 1.4 13 114 2. q 0.09 0.'3 C.4 0.11 C
2 14 4 6.0 1q-21. 6 155-28.91 11.4 14 135 10.2 0.10 0.9 C.5 0.15 B
2 18 1 52.2 19-22.1 155-23.7 11.3 13 124 4.6 0.08 0.1 1.3 0.12 B
2 18 6 43.6 19-22.2 155-23.8 10.2 12 112 3.9 0.09 o.q c.q 0.15 B

2 18 7 16.0 19-22.9 155-2 2. g 9.1 10 1 70 4.9 o. '3 q 0.8 2.6 0.10 C
2 18 51 18.1 19-19.q 155-14.1 10.0 1.7 16 1 76 3.~ 0.07 0.6 C.3 0.11 C
2 19 17 24.2 19- 24.4 155-24.1 11.7 0.7 14 182 7.8 0.10 0.8 1.0 o.1~ C
3 2 27 45.3 1q- 30.8 155-15.<1 3.'2* 2.0 7 330 11. t 0.68 3.6 O.lQ 0
3 6 31 44.0 19-19.6 155-15.4 10.2 1.1 13 111 3.5 0.08 0.6 C.4 0.08 R

3 9 42 31.6 19-22.1 1 55-16. 7 20.8 1.6 12 q6 1. 5 0.1 q 1.0 1.8 0.08 A
3 9 54 52.1 19-20.3 155-27.1 6.7 t.4 11 134 15.4 0.12 1.0 1.5 0.16 B
3 11 1 3.3 19- 4.4 155-22. q? 8.7 2. 2 q 273 29. ? 0.64 3.3 2.0 o.~o 0
3 14 36 49.0 1-9-18.7 155-16.4 Zq.l 2.1 14 1 qO 3. 1 0.34 1.7 2.7 0.11 C
3 14 55 lq.7 19-25.8 155-22. 9 10.1 1.4 11 1 70 5.C O.Oq 0.5 C.4'O.06 B



SUMMARY OF SE 1.SM Ie EVEf\TS ( CO"'J T I NU EO)

191C HR HN SEC LA T N LONG W DEPTH MAG NO GAP OMI N EPT ERH ERl MO Q

OCT 3 15 23 10.3 19- 20.9 155-13.2 1.2 1.1 10 1 71 3.2 O.l~ o.q e.l 0.11 c
3 18 37 33.2 1<1-20.7 155-13-.1 8.~ 1.8 17 116 3.5 0.08 0.1 C.4 0.13 C
:3 21 56 48.0 19-11.0 155-31.11 8.q 11 246 11.8 0.46 3.1 1.2 0.16 0
3 23 41 12.1 19-12.7 1?1)-30.3 6.3 12 22'; 12. ! 0.40 2.6 2.3 O.~2 C
4 0 18 46.0 19-20~9 155-13.3 1.3 1.1 11 110 3.3 0.14 f'.q 0.7 0.12 C

4 1 ~4 22.8 1q~ 11.2 155-27.1 34.6 2.2 8 232 17.8 0.62 3.4 c;.c; 0.11 0
4 3 0 29.9 19-21.5 1 55-1 2.2 '7.0 1.6 13 165 2.0 0.20 1.2 1 .n 0.18 C
4 3 52 1.7 19-20.1 155-11.0 13.2 1.0 10 222 4.2 0.36 1.5 2.5 0.08 C
4 13 2 14.4 19-1Q.O 15.5-14.5 10.3 l.q 1e; 1 ql 5.3 0.09 0.1 0.4 0.11 C
4 13 3 20. 2 19-18.f; 155-13.q 14.8 1. 7 9 214 f.4 0.05 0.4 0.5 0.02 B

4 15 21 7.4 1Q-25.0 155-2 3.6-- 11.2 1.6 13 1 74 7.0 0.07 0.6 e.l 0.08 B
4 19 39 34.q 19-1q.8 1 55-5-0.9- 5.7 2. 3 12 790 25. q 0.56 3.4 1.2 0.20 0

4 20 50 26.0 19-18.5 155-16.3 q.O 1.4 12 1 <:)6 3. ~, O.1~ 1.0 C.6 0.15 C
N 4 21 16 5q.5 19-20.Q 155-2 7. '0' 8.2 1.6 11 143 13.9 0.10 o.q 1.1 ".12 R
H

4 23 24 41.5 19-20.7 155- 9:.'9 1.q 1. 5 11 24q 2.5 0.23 1.3 c.q 0.t2 C

5 0 8 8.9 19-12.7 1"5-22.9 38.2 2.1 19 219 12.3 n.32 1.9 2.~ C'.13 C
5 4 18 58.6 19-19.6 155-1 3. 0 10.8 13 203 5. 5 0.1 4 0.9 0.4 0.11 C
5 12 25 12.2 19-2 4) .6 155-18.0 30.3 1.5 14 65 1.3 0.31 1.4 2.6 0.10 B
5 12 44 2.1. 3 19-21.5 155-11.8 q.6 1.1 11 168 2.2 C'.07 0.6 ('.4 ~.O6 B
5 13 0 22.1 1q- 23. q 155-24.2 0.0* 1.0 A 200 1. 1 0.4 r; 1.1 0.28 0

~ 18 1 42.5 19-1 q. 6 1 55-2 6. «; Q'.8 1.3 9 157 6.5 0.18 1.9 1.7 0.'17 C
5 20 1, la.~ 19-19.9 155-1 1. 2 7~4 1.4 10 112 0.5 0.06 0.3 C.3 0.04 B
5 20 40 20.8 19-19.3 155-13.q 10.0 1.6 13 198 5. 1 0.1 3 o.q c.a; 0.12 C
6 1 28. _21.q 1<1- 0.8 ·1 55- 2 r. 0 12.8 2.4 16 287 36.0 ('.~ 0.14 0
6 3 54 18.4 19-20.0 1~5-14.0 8.5 1.3 13 182 4.0 0.1 8 1.0 C.8 0.11 C

6 5 q Q.3 l'1-26.C 155-29.1 ll.C 1.5 13 1 55 1 3.2 0.07 0.5 o.~ 0.08 8

6 7 34 22.3 19-24.0 15f5-23.4 11 .1 1.3 14 116 6.5 0.05 0.5 C.5 C.10 A
6 13 6 37.4 IG- Q.9 155-2 e. 61 18.6* 11 3·01 29.8 0.34 ?4 0.10 0
6 15 21 25.7 lq-22.1 155-18. q 23.1 14 85 3.2 0.24 1.2 2.2 0.09 B
6 16 27 54.2 19- 21 .9 155-18.'5 24.4 1.9 15 19 3.8 0.21 1.1 2.0 0.11 B



SUMMARY OF SEISMIC EVENTS (CONT INUEO»

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DM.I N ERT ERH f:~.l MD Q

OCT 6 17 58 54.8 19-21.8 155-11. 1 14.2 10 1 75 1.4 0.04 0.5 0.4 0.04 B
6 20 17 58.9 19-21.8 155-11.3 31.6 2.q 22 94 2.1 0.15 1.0 1.4 0.13 B
6 21 35 15.3 19-22.3 155-1 5. 8 40.0 2.0 14 121 ~.3 0.24 1.1 2.0 C.ll B
6 22._ 51 33.9 19-21.9 1·55-18.7 24.6 12 83 3. 7 0.51 1.8 4.5 0.10 8., o 38 44.3 19-21.1 155-19.0 24.6 11 84 3.9 0.47 1.1 4.2 0.09 B

1 ·8 46 6.q 18-51.4 155-12.7 16.1* 15 301 39. £. 0.37 2.8 0.14 0
7 9 29 11.1 19-22.3 155-18.6 24.6 1.9 15 71 3.2 0.22 1.1 2.0 0.11 R
1 10 7 35.0 19-4".7 155-33.8 8.1 2. 5 12 316 12.8 0.62 8.2 ~.4 0.20 0
7 18 43 36.6 19-21.7 1~5-2 9.1 9.1 2.3 16 118 10.5 0.09 0.8 C.8 0.18 B
1 20 9 56.5 lq-23.6 155-18.2 19.0 1.5 10 68 2.5 0.45 1.3 4.1 <,.07 B

1 20 17 46.4 19-29.S 155-50.9 14.9 2.4 12 1 1)4 8. 3 0.41 3.0 1 0.3 O.OQ C
1 21 28 12.2 19-22.1 155-25.61 11.4 1.7 15 1 22 6.1 0.01 ~.6 0.3 0.10 B

N
8 6 13 4.5 1<)- 21.3 155- 1.2 3.5 1.2 16 191 9.5 0.11 0.8 1.0 0.11 C

N 8 10 48 32.1 19-21.9 155-1 8. 2 26.0 14 12 3.5 0.20 1.0 1.8 0.10 B
8 13 58 9.q 19-21.1 1S~-lq.4 21.3 13 87 3.8 0.26 1.4 2.15 0.11 B

8 21 10 22.6 19-25.3 155-16. 1 0.1* C'.7 1(\ 223 1.7 () .12 0.5 o.nq C
8 23 55 4.1 19-16.1 155- 6.1 1.8 1.1 8 321 11. 8 2.8 1.8 0.21 ,0
9 1 23 43.1 lQ-16.0 155- 9.6 31.6 2.0 l~ 270 11. 3 0.20 1.3 1.5 O.Oq C
9 2 51 59.3 19-26.2 155-15.6 0 .• 0* 0.6 7 289 3.4 O.3Q 1.3 0.06 0
q 5 11 55.0 19-18 .6 155-13.5 7.4 1.5 11 211 6.7 0.30 1.6 1.1 0.20 C

q 11 46 36.4 1 <;- 21. q 1~5-18.1 2~.'5 1. q 13 10 3.6 0.54 2.0 4.7 0.09 f:'
9 21 25 19.9 19-13 ~ 7 15'5-28.1 25.9 1.9 9 213 14.6 o. C; 2 2.3 4.q 0.07 C
q 21 33 49.4 1<;-21.0 1 55-1 2. 6 <1.7 1 .1 15 115 2.8 0.12 O.R r.5 0.12 c
9 21 43 3.4 19-19.1 155-25.5 6.8 1. B 15 141 3.9 0.11 1.0 C.9 0.18 R
q 22 12 55.1 19-21. ~ 155-28.8 11.5 1.5 12 133 10.0 0.1 5 1.0 C.9 0.15 B

9 22 53 13.4 19-21.8 155-26. 3 7.1 1. 3 11 122 5. q 0.12 1.0 1.4 0.17 B
10 ·4 26 14.2 19-13.9 155-28.1 23.4 1.8 1 212 14.4 1.04 4.1 10.7 0.10 C
10 5 13 16.3 1q- 2<1. 3 1 55-54. 5 lC.9 2.1 11 206 3.7 0.36 5.2 ~.1 0.13 0
10 6 41 31.9 19-21.6 155-2q.l 9.0 2.1 16 llq 10.5 O.Oq o.~ (.8 0.16 B
10 1 49 33.0 19-20.1 155- 7.• 1 1.1 l.q 13 203 f.D 0.11 1.2 0.7 0.13 C



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1970 HR MN SEC lAT N LONG W DEPTH ~AG NO GAP OMIN ER T ERH ERl MD Q
OCT 10 11 10, 51.4 19- 20.6 155-15.1 22.q 2.1 12 152 2.4 <'.22 1.1 1.q O.Oq C

10 12 48 58.6 19-11.7 155-22.5 40.0 2. 5 15 225 13.4 0.24 1.6 2.1 0.13 C
10 13 20 10.6 19-2'3.7 155-17.4 13.5 1.8 16 13 1.2 0.05 0.5 0.4 0.09 A
10 18 26 2.2 1~59.2 155-31.51 45.5 2.5 22 198 19.0 0.30 1.5 2.6 0.14 C
10 20 51 34.3 19-12.8 155-26.8 1.5 2.,0 12 222 14~9 0.31 l.q 1.0 0.18 C

In 21 Zq 25.5 19-14.3 155-27.5 5.5 z.n q 215 1 3.1 0.11 0.1 r.7 0.06 B
10 21 45 56.4 19-25.4 155-30.0 10.9 1.9 12 154 14. 3 0.,:)9 0.6 0.4- 0.08 B
10 23 30 51.9 19-22.8 155-26.4 1.4 2.2 19 101 7.3 0.13 1.1 1.0 0.27 B
11 1 152 36.3 19-23.3 155-21. 7 11.2 1. 8 15 1 ~,4 9.6 0.11 0.1 0.1 0.11 R
11 9 0 38.8 19-21.1 155-? 5.4 8.3 12 125 4.0 0.13 1.0 1.3 0.18 B

1'1 12 42 26.0 1<1-18.3 ·_1r;~14.0 15.0 1.6 8 218 6. A 0.09 0.6 0.8 0.03 B
11 16 40 2.0 19- 25.1 15'5-2 q.4 10.Q 2.2 14 IS? 13. 2 0.1 3 0.8 C.6 0.11 C
11 20 5 53.5 19-22. <; 155-24. q 11.0 13 120 5.8 O.C' 7 0.6 C.4 C.ll B

N 11 23 12 lQ.9 1q- 23. 2 155-11.1? 4.7 1. 1 13 96 0.6 0.40 1.6 2.6 0.26 Bw
12 0 53 58.4 19-21.0 155-2 5.2 g.2 1.6 13 176 3. 7 0.11 0.8 0.9 0.14 B

12 1 55 27.8 19-18.3 155-16.4 q.3 1.6 12 196 3.8 0,.01 0.7 C.4 0.08 8
12 4 45 25.,4 1<1-25.4 155-28.2 8.9 2.4 18 81 11.8 0.) 9 0.1 0.6 0.14 B
12 6 44 8.6 19-20.7 155-12.9 6.1 1.4 10 1 78 ,4. ~ 0.11 1. 1 (. q 0.15 C
12 7 18 45.9 19- 21. 6 155- 3.4 2.8 1.9 14 204 20.• 8 0.54, 1,.1 2.1 0.15 C
12 12 28 1.7 19-19.3 155-13.3 10.8 14 207, s.q Q.14 1.0 0.4 0.12 C

12 1,3 8 5q.2 19- 1'.'7 155-27.5 28.• 6 2.5 13 269 21.5 1 .32 C;.7 1 (' .4 0.13 0
12 1'3 42 24. 1 19-21.4 155-11. 6 9.7 1. 8 14 1 15 3.5 0.06 0.6 0.3 O.Oq B
12 17 51 11.0 19-56.5 1&;5-29.3 ~.6 2.6 14 329 18.1 O.4Q 3.8 1.2 0.15 0
1'2 19 -47' 3'6.6 19-16. 7 155-1,C •..«;i? 30.4 2.2 16 2 55 1 0.2 0,.22 1.1 1.• 6 0.09 C
12 23 26 25.8 19- 33.3 155~45.41 0.0 2.6 11 154 11.7 0.61 l.e) 2.8 0.34 0

13 a 20 7.7 19- 21.. 6 155-1~.4 5.2 10 153 2.4 0.28 1.1 2.3 C.17 C
13 ' 2 1 21.4 19-24.3 155-17. 1 7 Q 1.8 17 55 1. 1 0.04 0.4 0.3 o.aq R..
13 2 6 4.8 1q- 24.q 155-17.6 11.5 1.4 10 123 0.4 0.11 0.5 e.7 0.02 R
13 2 9 26.5 19-24.1 155-1 5. 6 lO.A 9 142 2.4 0.11 1.2 c.q 0.10 B
13 2 9 42.2 19-2'3.A 1~5-18.1 6.7 1.2 12 6b 2.0 0.11 0.4 e.8 o.oc; A



SUMMAR.Y OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LA T N LONG W DEPTH MAG NO GAP D"I N ERT ERH FPl MO Q
OCT 13 2 q 43.5 19-23.7 155-18.1 6.1 1.4 11 14 2. 1 0.16 0.'5 1.1 0.09 A

13 2 11 39.8 19-23.3 155-17.8 1.4 1.1 8 94 1. 8 O.4~ 0.1 2.6 0.05 B
13 4 37 19.3 19-11.5 155-19.2 43.1 2.2 14 226 12.0 0.49 2.6 3.8 0.13 0
13 8 40 1.0 19-28.q 155-14.1 26.9 3.2 20 66 8.2 0.11 0.1 1.3 0.11 8
13 10 1 30.6 19-73.6 155-1 8.4 19.7 1.1 11 58 2.2 0.21 0.8 2.5 0.05 8

13 12 30 37.2 19- 9.2 155-3 0.5 28.3 2.t: 6 277 1~.6 O.OS 0.4 0.3 O. Jl C
13 12 52 34.0 19-10.0 155-19.8 31.2 13 24q 14.q 0.32 2.3 2.4 -0.14 C
l~ 12 53 13.9 lq-ll~q 1 55-1 c;. 1 45.0 12 237 11.4 0.78 2.6 6.6 0.09 0
13 12 54 11.8 19- 4.2 155-11.6 49.3 8 277 25.5 1.q1 8.1 12.9 0.11 0
13 15 7 55. 8 lq- 9.4 155-34.0 15.4* 2.6 15 256 27.4 0.28 2.3 0.16 0

13 21 35 55.6 lq-lq.1 1155-15.6 1.7 14 113 3.2 0.15 0.9 C.7 0.14 C
13 22 5 27.6 19-21.0 155-1 3. q 8.4 14 161 2.8 0.14 1.0 0.6 C.17 C
14 1 32 41.~ 1q- 26. q 1 '55-33.5 4·.2 3.5 17 9~ 18.6 0.12 0.8 1.0 0.18 B

N
14 6 28 20.1 19-1R.4 155-15.4 9.q 11 205 4.8 0.1 3 0.9 0.5 0.11 C.&:'

14 11 29 25.5 19-1q.5 155- 4.6 7.4 2. 3 11 215 10.2 0.30 2.0 1.0 0.14 C

14 16 36 20.4 lQ-23.0 155-18.0 22.8 1.8 q 12 2.2 0.73 l.~ 6.4 0.06 B
14 19 6 8.3 19-12. 7 155-31 • g? 9.3 q 221 to.O 0.2 5 ?l C.8 0.12 C
14 lq 18 38.1 1<1- 21. 4 155-1 3. 4 1.3 l~ 157 3.3 0.14 O.q ~.8 0.14 C
14 20 56 14~'9 19-24.1 155-32.7 12.0 11 1 70 18. 5 0.12 o.q 1.'5 0.11 C
14 21 5 47·.2 19-14.1 155-25".9 26.2 11 206 11.0 0.51 2.5 5.3 0.11 C

14 22 11 11.4 19- 21.1 155-11.3 28.2 2.3 17 91 2. 8 0.24 1.~ 2.1 0.11 B
1'5 5 35 4~.O 19-15.0 155-28.5 5.6 11 198 13.3 0.19 1.3 1.5 0.13 C
It; 8 24 11.1 1<;- 14.6 155-33.0 10.3 12 lqq 1. 3 0.31 3.~ 1.5 0.18 C
15 8 32 42.2 1q-1 q. 7 155-25.5 8.1 10 141 4.0 0.1 3 1.0 1.2 0.16 B
15 10 56 48.3 19- 23. 9 155-25.51 10.4 l.q 15 125 1.8 O.OR 0.7 1.4 C.12 B

15 11 1. 1 ';.<1 lQ-20.1 155-1 ~. '3 13.6 1.4 8 23q 3. 2 0.38 1.3 2.4 o. ')3 C
15 11 23 15.4 1·Q-19.6 155- 1.2 5.1 2.0 11 206 10.7 0.19 1 • 3 1.0 O.le C
15 11 27 21.1 19- 2t.O 155-24. q 12.2 1. 1 10 189 1.6 O.Oq 0.8 0.9 0.07 8
16 0 39 39.5 18-58.3 155-33.0 0.0* 2.5 14 276 43. CJ 0.37 2.7 O.lQ 0
16 1 23 1. 1 lq- 1.2 1 55-2 5. 1 32.2 14 260 22.<"1 0.94 4.4 6.9 0.15 0



SUtAMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH EPl ~D Q
OCT 16 1 25 4.q 19- 29.8 1 &;5-32. 21 0.0 9 213 2 o. ~ 2.13 CS.4 11.0 0.'12 D

16- 1 25 17.7 1<;- &.1 155-25.2 29.0 9 255 22.6 1.04 5.0 11.0 r.13 0
16 1 26 37.4 If;- 8.3 155-25.6 31.q 2.2 q 2~5 21.6 l.q e 7.q 1 c;. q 0.16 0
16 1 27 14.0 18- 52. 7 155-26.31 1.3* 2'.2 13 307 45.2 2. '32 10.1 1.11 0
16 1 28 51.1 19-14. 2 155-28.6 '34.5 9 ? 14 1.4.4 O.~4 3.1 4.5 0.20 C

16 1 31 9. 8 19-14.3 15~-3C. 5 42.0 10 20~ 1 1.6 0.66 4.1 5.4 0.25 C
16 1 43 11.9 lq-2G.7 155- 32.61 0.0 1. R 1 273 21.2 '3.07 4.8 1 '5.9 0.54 D.
16 2 lq 25.1 19- 25.4 155-22.8 g.6 i.4 12 117 5.~ 0.04 0.4 C.4 0.07 A
16 2 24 5.4 lq-23.1 155-24.9 10.6 1.2 14 120 6.0 0.01 0.1 0.7 0.12 8
16 4 0 2_0.9 19-21.9 1 55-2'5.-0 8.6 2. 7 18 106 4.2 0.08 0.8 0.6 0.11 B

16 5 2A 33.6 lC;- 9.4 155-26.1 24.5 q ? 59 20.6 0.3Q 2.0 3.q f).08 C
16 5 32 54. Q 19-13.7 155-29.q 3'3.4 15 2 l:? 12. 8 0.4 q 3.2 4.1 0.20 C·

N
16 5 44 6.5 19-15.4 lSc;-2Q.6? 37.7 10 1qO 1 3. 2 0.80 5.8 ~.q 0.33 0

VI 16 5 51 25.3 19- 2 ~ 1 55-2 6. 1 58.6 1.6 13 267 29.9 1.i)C 5.1 6.~ 0.17 0.'16 1 16 30.0 19-20.3 155-19.l: 7.~ l' c=: 10 1 11 ~. q O.Oq O.~ C.c; 0.09 A...'

16 1 30 46.9 19- 45.6 156- 2.<; 6.3 ?5 18 2 58 2 <1. 8 0.20 1.6 1".8 ~.C'A C
16 11 54 1<1.9 1q-14. 3 155-30.6? 43.q 2.2 16 ? 04 1 1. '5 0.37 2.5 3.~ 0.20 C
16 12 2 22.3 1Q-10.2 155-29.1 41.q 2.5 14 245 16.4 0.35 2.1 2.5 0.16 C
16 14 21 43.4 lC1-21.4 155-14. 8 10.1 1. 'l 8 145 1. 2 0.1 8 0.4 1.1 0.04 B
16 16 36 32.4 19- 20.5 1'55-14.2 8.6 1.4 16 168 3.0 0.13 0.9 C.6 0.11 C

16 19 21 12.1 lQ-20.4 155-14. 3 8.4 1. o. 17 1 71 3. 1 0.11 ()~9 C.5 ().16 C
1 6 23 1 1 3<).L.. 19- 21. 3 155-12.q 14.7 1.1 q 163 4.~ o.() 7 0.4 0.7 O.O? 8

11 2 46 51.7 19- 20.6 155- e.7 ~.7 1.2 12 195 3.5 0.2 ? 1.6 1.2 e.17 c
17 4 1 12.3 19- 25.0 155-21.1 10.6 1.3 13 140 11. 8 0.11 0.8 0.5 0.14 B
11 5 42 29.7 19- 7.6 155-25.2 ~8.0 1.9 8 272 22.4 0.31 '3.0 3.0 O.Oq 0

17 5 49 ().4 19-17. 2 1'55-28.7? 34.q .2.4 10 16.9 10.9 o. ?4 1.4 1.9 0.09 C
17 5 55 9.2 19- 0.6 1 55-2 3. 3 13.6 ? •. 4 . 9 272 35.8 0.41 l ... 4 1 1.0 0.12 0
17 5 55 46.3 19- 2.4 155-27.51 6.2 1. 6 9 280 37.9 0.56 3.0 5.0 0.16 0
17 6 1 27.7 lq- 4.3 15'5-24.3 1'1.1* 2.1 ~ 213 Zq. ~ 0.52 '3.7 0.08 f)

17 6 4 14.4 19- 0.3 1 55-7 2 • 3 16.2~ 2.1 10 2<19 36.8 0.47 3.4 0.20 0



SU~rvARV OF SFISMIC EVEt\J1S rCO",llINUEO)

191C HR MN SE:C LAT N LONG W DEPTH MAG NO GAP D~I N ER. T J:RH EP 1 Mf) Q
OCT 11 6 13 25.7 1q- 20.4 155-12.0 11.1 1.6 1 262 4.0 0.21 0. 0 1.2 o.o~ C

17 6 30 19.6 19-10.1 155-26.0 30.1 1.1 13 239 18. 1 0.14 3.0 6.1 0.12 D
17 8 36 24.7 1<1- <1.6 155-~5.4 15.2* 1.9 10 246 19.9 0.35 2.7 0.13 0
11 8 48 43.3 1 Q-1O.1 15'5-24.6 34.5 2.2 11 250 16.9 0.38 3.0 ~.~ 0.17 0
17 q 37 42.5 19-1 q. 5 155-11.6 11.6 1.5 10 224 ~. 7 0.36 1. q 2.7 0.10 C

11 15 25 46.7 lq-21.6 1 55-1 '5. 4 <;.6 3.1 20 1 35 0.4 0.05 C.5 r.3 C-.ll B
17 2"2 6 14.4 1q-19.6 1 1:)5-1 5. 7 1.9 o.q 12 114 3. 1 0.21 1.2 1.0 O.lA C
l~ 1 34 33.0 19-23.5 155-16.5 2.5 0.4 7 166 0.6 0.62 1.6 ~.4 0.16 C
18 3 46 15.7 1~- 42.('- 155-1 1.6 33.3 7. 5 20 133 18. q 0.1 5 0.6 2.0 0.10 B
18 4 5 43.7 19-16.7 156-19. f= 9.5 2.1 11 305 c; O. 2 o.~ 8 s.q ~.4 0.14 0

18 4 23 3C.c; _1<;- 21. C 1 55-1 1. 6 G.4 2. 2 IB 1 q 1 3.2 0.1 0 ~.Q 0.5 0.11 C
18 4 32 31.4 19- 22.1 155-12~2 1.1 1.6 13 145 0.9 0.12 D.9 C.7 O.lS ~

N
18 6 3 54.9 19- 25.6 155-28.2 10.9 1.5 11 223 11.6 (1.18 1.1 ':'.5 o.r~ C

0\ 18 7 21 33.1 lq-24.8 155-23.1 12.1 1. 2 10 188 1.3 0.10 1.2 2.5 0.09 C
18 8 3 15.4 1 q-18. ~ 155- 4.6 3.8 2.0 12 218 11.4 0.30 1.7 1.5 0.15 C

18 le 53 45.0 19-21.0 15 r;-l 4. 5 A.4 15 156 2. 1 0.1 3 o.q C.b 0.16 C
18 12 18 '59.3 19- 23.6 155-72.6 IJ.6 14 1 '59 5.2 O.Oq 0.6 C.4 0.11 C
Ie 12 24 42.1 1Q- 2 ~. 2 1 55-1 6. 1 ? 8.1 -2.2 1 R 56 ('.5 C.2 (' 1.3 1.° 0.15 R
18 14 1 20.7 19-1 g. 3 155-13. 7 10.1 2.8 20 1 qo 5. ~ 0.07 0.6 C.3 0.12 C
18 15 26 18.9 19-17.0 155-14.2 6.9 14 224 1.9 0.22 1.2 C.9 0.16 C

18 15 44 11.4 1q- 18.9 1 55-1 3. 7 <;.8 7.4 21 1 q4 6.0 0.10 o.~ C.4 0.16 C
IP 16 0 2A.8 19- 1 c;. ~ 155-13.1 10.6 1.A 15 197 4.1 o .n o -:'1.6 r.?- C.,:,q c
le 17 25 38.3 19-19.8 155-1 3. g 10.2 13 1 ~2 4.4 0.01 0.6 c.~ a.OR c
18 1 1 57 2'1.<) 1q- 24.3 155-17.1 18.6 1.8 12 128 1.0 0.18 0.8 1.1 O.OR B
18 20 I? 32.4 19-41.2 156- 3.8 ~.O* 2.4 10 305 64.6 1.23 7.5 ('.11 0

18 21 .:) 16.7 19-17.6 1 ~c:;_ 6.2 ~ 7.3 12 225 10.5 0.44 2.6 1.4 0.24 C
18 '12 13 17 • .3 1<;-20.2 1 55-16. g ~2.7 2.3 16 143 C.q ~. -3 c; 1.8 2.8 0.12 P.
l~ 0 38 4. It- 19- S.8 1 55-4 3. 3 8.0* 11 338 1/.,.3 ().10 C:;.A 0.1'5 D
1'1 1.6 44 2.ti 19-18. ~ 155-15.6 34.1 2.6 14 195 4.0 o. ~3 1 .5 ?7 0.09 C
1q 20 1 5 10.9 19- 18. 1 155-1'5.6 32.1 2.0 15 198 4.q t).? 4 1.4 2.0 0.11 C



SU~MARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LA T N LONG W OEPTH MAG NO GAP D~I N ERT ERH ER.l MD Q
eCT 19 21 56 4~.2 19-19.6 155-13.8 10.:2 1.4 1f. 18l' 4.~ 0.08 0.6 C.4 0.11 C

19 23 3q 4.0 1<1- 22.2 155-2 5.0 1.6 2 •.1 16 91 4.7 O.OQ 0.8 c.q 0.1 q B
20 0 42 7.6 19-22.2 155-23.3 10.0 2.0 11 110 3.6 0.1 0 1.0 o.q 0.15 8
20 1 36 29.4 19- 20.9 155- q.4 8.6 2.1 14 241 1. <1 0.1'7 1.2 C.5 0.13 C
20 4 4-1 2q.4 19-26.0 155- 2 5. c; 13.0 2. 1 14 199 8.4 o.nq 0.1 0.6 0.01 B

20 4 '5g 51.0 1q- 22.1 1'55-16.1 26.2 1.5 14 q9 0.7 o.~o 1.4 2.'i 0.10 B
2(' 9 21 4.0 18-51.2 155-16.81 5.2 2. t: 16 2 qa 42.3 0.23 1.5 c.q 0.13 C
20 10 '; 28.9 19- 21.0 15'5-13.1 q.q 1.9 15 16q 3.0 0.12 0.8 C.5 0.12 C
20 10 52 30.8 19-23.4 155-24. A 11.2 2. n 15 120 6.5 o.n1 n.6 C.4 0.11 B
20 11 48 57.3 19-24.5 155-2.3.81 10.8 2.0 14 119 1.4 0.06 D.C; C.q 0.11 B

20 14 41 45.7 lq-18.9 1 55-1 3. 6 q.q 10 211 6.1 0.26 1.4 c.q 0.14 C
20 23 39 33.0 19-24.6 155-16.9 8.6 1.2 12 167 o.c: 0.21 O.R o.q 0.01 B
20 23 41 29.1 19-26.0 15'5-11.0 12.5 1.5 7 291 1.5 0.6<1 2.2 4.1 o.o~ C

N 21 14 8 2(;.8 19- 1<1.6 1 '55-1 3.4 11.2 2. 1 13 19q I). 3 0.16 1 .1 0.6 0.14 C........

21 15 9 56.6 19-19.5 1 ~5-1 3. t- 11.0 2.5 17 1 es 5.2 0.06 0.6 C.2 0.09 C

21 17 32 45.c; 1<1-20.8 155-12. <11 11.7 12 177 4. 7 0.24 1 .2 1.A 0.11 C
21 18 32 49.8 19-18.9 155-13.8 10.5 2.2 16 195 6.0 0.10 0.8 C.4 0.13 C
21 21 3 19. 8 19-1<7.7 155-15.1 1.9 2.3 15 110 3.0 0.14 o.q 0.6 n.16 C
21 21 1 50.5 19-53.7 1 '55-4 B. 1 4.2 ? 5 20 2 30 18.5 0.24 2.2 2.7 0.11 C
21 22 36 IS·it 1q-18.6 155-14.q 14.9 11 2 or; 5. 2 0.06 0.4 C.5 0.02 .8

21 23 5 1.4 lQ-1O.9 155-~8.8 9.1 2.7 15 2 51! 8.0 0.44 2.7 o.q 0.12 D
21 23 22 52.0 19- 9.1 1')'5-37.47 6.5 13 2qa 9.7 0.42 2.1 1.0 0.21 0
22 1 22 14.8 1q-11.~ 154-59.3 32.5 11 240 20.4 (\.30 1.6 2.6 C.08 C
22 3 44 31.1 18-56.4 155-26.31 5.6 15 310 3 <;. 0 0.32 1.2 1.~ 0.17 C
22 1 42 33~8 lQ-20.2 155-1 0.4 11.8 11 237 3.7 0.32 1.6 2.0 0.10 C

22 9 30 20.7. 1 c;- 20. ~ 1 C35-2 6 •.4 43.8 2.5 If 12r 5.6 0.33 1.7 3.1 0.15 B
22 17 46 13. 2 1q- 33. 2 155-4 o. q 4.8 2.1 15 96 25. 5 0.07 O.r:.> C.5 0.10 A
22 18 22 36.8 1<;-20.3 1 55-1 2. 5 9.3 1. P 11 1 93 4.1 0.20 1 .1 c.q 0.13 C
23 0 6 48. ,~ 19- 21.0 1155-12.6 q.o 1.7 1'5 114 2.7 0.10 0.1 C.5 0.12 C
23 a 28 12.5 19- 21.0 155-12. q q.Q 1.7 15 1 71 2.9 0.12 o.p C.5 0.12 C



SU~MAPY OF,SEISMIC EVENTS (CONTINUEDJ

1910 HR MN SEC LAT N LONG W OEPTH MAG NO GAP DMIN ERT E-RH ERl MO Q
OCT 23 16 33 15.8 lq-19.2 155-24. q 8.1 2.q IS 161 3. 3 0.11 0.9 0.1 0.1 ,~ C

23 21 51 ·3. 1 19-23.6 155-23.• 5 10.3 1.6 14 1 74 6.4 0.11 0.1 0.5 O.l~ C
23 23 15 2.~ 19-27.0 155-14. 11 3.2* 2 r • 8 276 6.3 0.90 3.1 0.38 0.\.,

23 23 40 24.1 19-25.~ 155-16.21 4.9 1.9 8 232 2.5 0.18 4.3 3.3 0.31 0
23 23 5"3 12.1 19-19.1 155-13.6 10.2 12 193 5.8 0.12 ~.q r.5 c~ .12 C

24 0 49 24.2, 19-23.1 15'5-15.1 31.6 2.3 13 181 1. 3 0.58 2.t; 4.6 C.ll C
24 8 36 8.5 19- 23.1 155-16.4 3.3 1.1 10 115 0.9 0.26 O.Q 1.5 0.08 8
24 11 45 '30.9 19-23.5 155-25.1 l~. 3 12 142 6.8 0.07 0.7 0.1 0.0'3 B
24 12 17 43.4 If1-21.2 155-12.5 1.q 1.6 15 111 2.5 0.13 0.9 e.6 0.16 c
24 16 27 o.q lC)-20.9 155-29.2 10.1 2.0 11 133 10.5 0.12 1.2 0.7 0.15 B

24 19 33 11.2 '19-18.6 155-27.1 6.9 2.2 .16 155 14.9 0.11 o.q C.9 0.18 C
25 0 56 0.5 19-25.1 155-26.1 1.R 2. 3 18 113 9.0 O.Oq 0.1 0.1 0.16 B
25 6 42 4~.6 19-30.5 1 C;C:·-l '5.8 3.4* 1.9 1 32q 10.0 ').5 q 3.0 0.17 0

N
25 8 32 52.8 19-18.1 155-14.5 35.5 4.1 23 1981q3.4 0.11 1.1 1.4 ('.12 Cex>

25 9 12 13.3 19--1<1.0 155-14.4 34.5 16 191 5.4 0.11 1.0 1.5 o.o~ C

,25 9 31 t;1.8 lq-3f.l 1 55-14.4 ll.q 1.7 16 100 1 c;. 2 0.')1) f).4 r.~ 0.01 A
25 9 55 28.0 21- 0.6 156-4q.l 7.5 4. 8 1 184 64.Q 0.88 4.7 5.3 0.27 C
25 10 16 31.5 1q- 20. 7 155- 7.6 ,>.q 1.2 16 194 13.6 0.09 0.1 C.6 0.11 C
25 10 53 26.1 1q- 2<1. 3 1~5-1C.3 8.0* 1.0 9 331 14.3 2.A 2 11.4 0.15 0
?5 13 21 53.5 19- 21. 2 .155-46.0 11.3 2.3 10 267 1 q. 5 0.29 s.q A.6 0.16 0

25 13 41 8.1 19-20.5 1 55-12. 9 28.~ ,2.3 lq 1 78 3.7 C.13 0.9 1.2 <".09 B
25 14 22 0.1 1q-21.6 155-13.0 2q.8 l.~ 15 156 4. 1 0.1 ~. 1.3 1.1 0.10 C
25 15 42 9.1 19-1A.5 1';5-14.1 33.2 2.4 lq lq7 5.6 0.19 1 • 1 1.4 0.10 C
2S 16 24 18.8 1q- 25.0 1 55-1 6.5 e.q 1.0 9 167 o. q 0.04 0.3 0.3 0.04 B
25 17 11 47.9 19-21.8 155-12.21 3.2* 1.6 7 298 1 o. c; 0.95 3.q 0.32 0

25 11 43 2.5 lq-24.~ 155-15.4 4.2 J.3 7 246 ?~ 0.1 3 o.r; C.6 0.02 C
25 18 4 '35.2 19- 22.9 155-14.5 '5.8 0.8 13 1 4<1 2.4 0.14 0.5 1.1 o.nq B
25 18 35 38.4 19-11.'1 1 55- 16. 3 33.3 1.6 15 19B 4. 1 0.20 1.3 l.q 0.10 C
25 19 14 5~. 4 19- 27.1- 155-13.41 8.0* 2.1 11 2 7~ 7.4 0.54 3.9 0.54 0
25 lq lq 42.9 19-24.6 1 55-1 7.4 C.O 0.7 10 94 0.3 0.08 0.4 3.q 0.11 B



SU~MARY OF SEISMIC EVENTS CCONT I N1JED t

197C HR MN SEC LAY N LONG W DEPTH MAG NO GAP OMI N ERT ERH FRZ MD Q
OCT 25 19 34 31.A 1q-24.4 lC;5-17.~ 0.0 0.4 8 Q~ 0.5 0.14 0.6 1 C.2 0.13 B

26 0 39 51.6 o 19-2q.4 155-15. 3 0.3* 1.9 8 324 8.4 0.43 1.6 0.12 0
26 1 '5 52.1 19-25.0 155-17.4 2.3 O. 8 8 129 0.6 0.03 0.2 0.2 0.02 B
26 3 2 18.2 19-47.0 155-1~.6 4.3 1.6 18 110 19.4 0.16 O.q C.8 0.18 C
26 7 6 5.2 19-20.5 154-45.7 40.0* 1.7 18 304 19.5 O.lq 1.q 0.09 D

26 1 26 47.4 19- 24.5 1'55-17.0 1 ~ 1 O.~ 10 101 0.7 0.08 0.6 C.5 0.12 B
26 7 37 4.6 1'1-21.1 1 55-14. 1 A.O* 6 315 6.b 1.04 5.1 0.01 0
26 11 29 56.9 19- 31.5 155-14. 5 2.6* 1.3 7 332 12. 5 0.51 3.1 0.15 0
26 14 1q 54.8 19- 31. 3 155-14.21 8.0* 1.2 6 34~ 12. 3 1.93 13.1 0.41 0
26 15 38 21.6 19-27.1 155-16. 3 3.q ·0. 5 6 312 3.9 2.5 4.4 0.19 0

26 18 42 12.1 19- 22.0 155-13.1 2.8 0.6 6 151 1.4 0.03 0.4 C.3 C.01 B
26 20 44 43.3 19- 25.r 155-16. 31 1.5 0.4 10 218 1. 3 0.2 5 1.1 1.2 0.18 C
2~ 21 24 54.8 19-24.4 1'5S-17.A 0.5 1 • 2 10 110 0.6 0.19 0.1 1.~ 0.14 8

N 26 21 27 8.1 19- 26.1 1 55-1 6. 8 4 .• (1 1.2 q 293 7.0 0.71 ~.n 1.4 0.15 0\0

26 21 21 34.2 19-31.2 1 55-1 3.6 3.2* 1. 1 6 332 13. 1 0.68 .3.8 0.14 0

26 21 ~2 8.8 19- 2 f;. 5 1 55-1 4. 5 2.5 0.9 1 325 5.2 0.40 1.6 1.1 0.11 C
26 21 36 26.1 19- 26.2 155-14.11 0.4* 0.5 8 305 4.6 0.35 1.1 O.l~ D
2~ 21 40 .14.3 19-25.7 155-13.71 A.O$ 1. 1 1 321 6.0 0.47 5.q 0.36 D
26 21 41 47.9 lq-24.3 1 55-1 5. b 1.0 1 0.3 6 ~36 2.6 0.20 C.8 1.0 0.03 C
26 23 36 28.3 19- 27.8 155-14.01 0.2 0.6 8 317 7.5 0.81 4.0 ~ c. 7 0.11 0

27 n 8 2q.6 19- 24.9 1 55-1 6. 1 1.9 ~.2 7 256 1.6 0.26 1 .1 1.3 C.~6 C
77 1 29 40.4 19- 24.2 155-17. 2 2.7 1.6 13 C12 1. 1 0.08 0.5 C.R 0.10 B
27 2 55 45.9 19- 21. 5 155-14.51 1 .6 0.8 8 313 6.5 O.5Q 2.3 1.7 0.1 0 C
27 3 21 14.1 1q- 19. 1 155-1 1. 1 32.3 1. 5 14 168 7.0 0.21 1.3 2.0 0.10 C
27 5 3 23t

• A lq-17.1 155-17.3 ~2.6 1.1 13 200 2.7 0.24 1.4 2.1 0.11 C

27 5 54 45.8 1c;- 1q. 1 155-1 3. R 12.9 1. 1 10 204 5.6 0.1 ~ 1.5 l.~ 0.13 C
27 6 26 58.0 19- 2 3.2 155-23.8 IJ.2 2.t 15 67 5.6 0.06 0.1 C.7 O.ll B
27 6 29 35.6 19- 23.3 155-24.1 lO.B 1. 4 l2 1 31 6.0 C .07 ".6 1.2 ('.09 B
27 6 30 20.1 19- 24.6 1 55-1 7. 2 0.0 0.4 q 123 O. f. 0.1 0 O.~ /:;.2 0.10 C
27 6 32 42.8 19- 23.0 155-24.9 7.q 7.4 17 84 5.9 0.08 0.8 0.7 0.18 B



SUM~ARY OF SEISMIC EVENTS (CON T INUEO»

1910 HR MN SEC LAT N LONG W f1EPTH ~AG NO GAP OMtN ERT ERH ERZ MO Q
OCT 21 6 36 42.3 19-23.2 155-23.1 10.1 2. 2 15 66 5.6 0.01 (l.8 C.B 0.13 B

27 1 29 54.6 19- 23.1 155-24.1 10.9 2.0 15 1 15 5.4 0.06 O.~ 0.4 0.10 A
21 1 34 10.3 19-23.1 155-24.2 lC.8 1.3 14 1 31 5.6 0.0'1 1').6 1.3 0.10 B
21 8 21 31. 1 lq-25.9 1,}5-24.6 -10.6 12 211 1. ~ 0.08 0.4 0.3 0.05 8
27 9 21 25. q 19-23.9 155-16.0 2.4 0.6 R 205 1.b 0.28 0.7 1.3 0.07 8

27 10 11 44.2 1q- 29.4 155-14.6 0.5* 1.9 7 330 8.9 O.5Q 2.4 0.15 0
27 10 12 3'3.5 19-25.3 155-21.9 10.0 1.5 11 150 4.1 0.32 0.6 2.1 0.08 B
27 10 16 8.2 19-22.7 1 55- 2 5.1 R.~ 1.. 8 15 1 ~B 5.6 0.13 O.q 1.2 0.19 B
27 12 31 49.2 19-ZQ.a 1 ~5-14. b? 8.0* 2.2' 7 331 9.7 O.3f 1.0 0.42 0
21 13 23 31. 6 19-23.4 155-·17.4 1.1 0.8 11 73 1.0 0.11 0.5 1.2 0.16 8

27 13 41 53.2 19-25.8 15'5-24.' 10.4 1.8 13 1 83 7. 3 0.06 0.4 C.3 0.06 B
27 14 57 43.3 19-26.A 155-13.1 1.0* 1.9 6 334 7.6 0.72 4.0 0.15 0

w 21 17 l~ 58.8 1q-17. 0 155- 5 C. 4 7.1 2. B 15 296 23.6 0.40 2.9 1.3 0.13 0
0 27 18 8 9.4 19- 1.1 155-14.3 8.0* 12 2ql 35.5 0.83 5.2 0.11 0

28 6 43 58.2 19-32.1 155-45.71 2.2 2., 15 lQ2 16. 8 0.21 1.0 1.1 0.12 C

ze 7 19 50.3 1q- 2 1 • '5 155-11.6 q.R 12 1 72 2. 5 0.08 O.~ C.4 0.10 B
28 19 48 20.6 19- 21.0 155- 6.51 4.2 2.1 16 198 15. 5 0.12 O.A C.q 0.15 C
2q 0 1 11.5 ·19-16.5 155-15 1 • 7 8.2 2.1 11 J 27 25. 7 0.40 4.7 1.8 0.12 0
29 2 56 19.1 19-18.9 155-16.0 9.0 1.6 15 185 3.3 ~.l 0 0.8 C.5 0.14 C
?c; 7 12 4!'.5 19- 21.2 155-1 3. q s].5 1. 5 16 1 56 2.1 0.11 . 0.8 0.6 0.15 C

29 1 47 30.6 19- 31 .1 156-26.2 10.1 3.q 24 259 54. 1 r..27 3.3 ~.6 0.14 n
2C1 12 24 31.8 19- 22.4 155- 2 4. 8 11.4 2. 1 14 1 11 4.9 0.08 0.7 1.3 0.13 B
29 20 14 54.4 lq-lq.5 1'5';-15.4 q.4 1 t) 180 3.7 0.1 1 0.8 C.6 0.09 R
2«; 23 '53 34. (' 19-21.1 1 55-1 3. 5 9.4 2.0 18 163 3. 1 0.08 0.1 0.4 0.14 C
30 0 4 23.5 19-19.2 155-15. e 9.4 1.6 1.6 1 78 3. 2 0.09 0.1 C.c; 0.13 C

30 1 44 5.0 19- 3.2 155-19. 4 35.2 2.7 21 260 31.4 0.36 2. 1 4.5 0.24 n
30 2 4 50.2 1'J- 26.9 1 54-56. 21 5~.3 10 184 5. 3 0.80 2.4 7.0 0.04 C
30 12 41 51.4 19- 23.3 1 55- ~ 5 .6 10.7 1.4 11 211 6.q 0.09 0.6 C.4 0.07 R

-30 14 25 24.2 1g- 24, 5 155- 4.31 7.6 1. 8 9 114 10.5 ('.20 2.q 1.1 0.11 C
30 18 50 57.4 19-1 e. 7 155- ~.O 0.0* 3.2 l.A 225 1 7.0 0.30 1.8 O.2Q C



SUMMARY OF SEISMIC EVENTS {CONTINUED)

1Q10 HR MN SEC LAT N LONG W OEPTH MAG NO GAP OMI N ERT ERH ERZ MD Q
nCT 30 19 53 49.8 1q-18. 3 155-14. 3 31.5 1.6 15 1 qq 6.3 (\.2 2 1.3 1.8 0.11 C

31 1 0 15.6 1q-21. 3 1~5-10.7 10.5 1.4 10 181 2. 1 O.Oq 0.9 0.6 O.Og B
31 3 4 21.2 19-19.8 155-14.2 9.9 2.2 16 185 4.1 0.10 O.A C.4 0.13 C
31 4 20 38.0 19-19.5 155-13 • ., 10.0 1.6 15 1 q1 5.1 0.1. 0 . 0.1 0.4 0.10 C
31 6 21 2.3 19-19.4 155-15.7 13.2 1.4 q 11q 3.2 0.05 0.2 0.4 0.02 B

31 22 lA b.2 19-22.6 155-76. 1 8.8 2.2 16 123 6.6 0.10 0.8 0.1 0.11 R
NOV 1 0 5q 33.3 1q- 2 2 • c; lc;5-23.Q 8.9 2.1 15 123 4.4 0.04 0.'3 e.2 0.06 A

1 3 15 39.9 19- 22. 1 155-28.3 q.4 1.5 11 135 9.q 0.1.3 1.3 1.6 t:.17 B
1 5 26 32.3 - lq- 24.1 155-25.21 11.0 1. 5 15 124 A.O 0.07 o.~ C.3 0.11 8
1 10 16 52.6 19-20.6 155-l0.8? 11.1 1.3 11 217 3. 3 0.16 1.1 C.'5 0.11 C

1 11 16 28.3 lq-22.6 155-13.1 6.1 0.8 9 1 71 1. 1 0.16 1.5 0.9 0.13 C
1 11 41 7.5 19-27.1 155-26.1 13.4 1.1 12 262 7.0 0.13 1.3 0.5 0.07 C
1 18 11 53.8 lC1-21.3 155-1f.O 8.q 0.Q 10 135 1.6 n.26 0.1 1.6 O.Oq B

w
2 3 55 41.4 lq-45.~ 155~3 ~-. 01 27.9 2.7 1'5 110 15.0 0."32 1 .5 ~.o 0.22 B.....
2 6 1A 40.8 19-18.3 155-14.11 11.0 1.4 9 210 6.5 0.2 5 2.2 2.3 0.19 C

2 7 40 26.1 19-25.4 155-25.2 10.3 1.5 11 127 e. 8 o.o~ o.~ C.6 0.-)9 A
2 12 44 23.3 19- 20. 8 155~24.8 7.3 11 127 2.8 0.12 O.Q 1.1 n.17 B
2 14 2 24.6 19-25.5 155- 25.4 10.0 2.0 12 128 8.8 0.06 0.5 0.5 0.07 B
2 16 26 58.3 lQ-20.Q 15~-27.0 9.4 11 128 6.1 0.12 o.q 1.1 0.15 A
3 0 51 10.6 lQ-12.9 155--26.6 1.2 1.q 13 221 14.7 0.24 1.5 1.0 e.lS c

3 2 51 0.8 1q- 21 .3 1~5-48.6 1.5 2.6 16 207 21. 1 0.47 4.2 1.5 0.19 C
3 4 50 4.8 19-23.6 1 55-16. 2 37.0 1.7 13 12q 1.2 0.31 1.5 3.1 O.Oq 8
3 7 51 45.1 19- 23.9 155-26.6 6.1 2.8 15 100 12. 1 0.01 o.~ C.6 O.ll R
~ 10 6 '54.8 19- 31. 1 1 56-1 O. 7 8.0* 2.2 12 284 26.q 0.82 5.3 0.14 0~

3 12 10 3.4 1<;-21.9 155-24.9 8.8 1.7 15 102 4.2 0.09 0.8 0.1 0.1"8 B

3 20 50 59.2 19- 20.8 155-14.1 32.7 2.3 15 159 2.1 0.20 1 .? 1• 8 0.11 C
:3 21 53 44.l 19- 20.9 1 55-1 3. R 8.2 f).9 13· 164 3. 1 0.13 o.q ('.6 0.16 C
4 1 58 52.0 19-20.Q 15~-12.8 7.0 1.3 11 1 74 2.9 0.16 1.0 c. 8 O.le: C
4 12 19 5.0 19- 23.6 155-17.1 14.9 2.1 16 11 0.1 o.os 0.5 ~.6 O.Cq A
4 15 22 45.1 19-20.6 155-21.7 '1.2 11 1 '31 7.1 0.1 5 I.e; 1.7 0.20 B



SUMMARY· Of SEISMIC EvENTS (CONTINUEot

1970 HR MN SEC l~T N LONG W DEPTH MAG NO GAP OMI N f·RT ERH ERZ MO Q
NOV r: 2 40 9.0 1q-12.8 155-16.4 44.2 2.4 12 24'2 10. 3 0.37 3.1 2.4 0.16 D

5 2 43 31.4 19- 0.1 155-14.21 8.0* 2.4 12 2q3 33.9 1.10 8.1 0.'55 0
5 2 44 17.9 19-12.1 155-16.5 39.4 2." 13 245 11. 1) 0.41 3.7 '3.~ 0.23 0
5 6 36 46.4 19-32.5 1 55-59.6 9.4 2.9 8 296 1.9 1.25 1.1 1.0 0.11 D
5 23 55 11.9 lC;-Z2.6 155-25.4 8.9 2. 3 15 95 5.q 0.07 0.7 0.6 0.14 B

6 1 49 32.6 20- 2 3.1 1 55-4 7. 8 8.0 * 2.8 16 183 40.4 0.13 2.1 0.15 C
6 1 5q 18.1 1<r-24.8 155-32.0 10.0 2. 1 12 165 11.4 0.16 1 .1 0.7 0.17 C
6 8 4 32.5 19-21.15 155-17.2 22.7 2.2 14 102 2.1 0.1 q 1.0 . 1.8 0.10 A
1 21 30 36.5 19- 20.1 155-i9.6 30.2 2.2 12 98 3.Q 0.19 1.2 1.1 O-.Oq B
1 22 11 51.5 19- 26.1 155-26.81 1.9 2. 3 13 131 12. ~ O.Oq 0.6 1.3 0.12 8

7 22 41 0.9 1<;- 0.1 156-14.4 18.A* 3.0 18 315 66.5 0.31 2.2 0.15 0
3 5 3 15.8 lq-ll.6 155-22.2 6.5 1. 7 12 116 5·.3 0.16-1.1 1.1 0.11 C
A 8 52 58.1 19-22.5 155-11.8 24.6 l~ ;;64 2.5 0.1 ~ O.q 1.4 0'.06 Aw 8 10 51 28.5 19-1q.7 1 55-16.'" 28.4 10 158 1.5 0.31 1.1 2.6 0.09 CN

8 12 6 30.8 19-19.3 1 55-1 B. 5 1.8 11 132 2.4 0.10 0.8 C.~ 0.10 R

q 3 32 5('t.2 1G-l q. 1 1 55-1 2. 1 R.5 1.6 14 1 gO 5.2 0 .• 16 l.~ 0.1 fl.IA C
9 10 52 49.2 1q- 2 ~.1 155-23.6 10.5 1.4 11 116- s. t- 0.11 o.q C.~ 0.11 C
q 20 11 20.1 19-18.6 155-2 1. 3 6.4 1 • 1 10 ;?O4 4.6 0.10 0.6 0.5 0.07 B
q 23 53 18.5 lq-21.8 155-26. q? 11.6 1. 1 13 124 6.q 0.17 1.1 1.0 0.17 8

10 0 31 46.3 19-43.4 1~C;-41.q 15.4* 2.4 14 167 25.9 0.06 0.5 0.06 C

10 0 46 47.0 19-12. 5 155-2 0.91 31.3 1. 8 14 221 14. 8 0.18 1.2 1.1 O.Og C
10 2 53 14.0 19~19.4 1'55-15.3 8.1 1.4 10 184 4.0 0.22 1.3 1.0 0.18 C
10 1 24 C.B lCJ-lG.1 155-21.2 30.7 2.5 16 126 3. 8 O.?~ 1..2 1.8 C.ll B
10 12 14 1.q 19-18.9 155~15.1 8.2 1.2 10 191 4.6 0.24 1.4 1.0 Q.lq C
10 12 54 43.6 1q~ 24.8 155-21.8 1.0.4 1.1 14 139 11.6 0.1 1 0.8 C.S 0.14 B

10 14 10 21.1 19-18.0 1 55-16. 1.? 11.3 1.4 10 213 4.4 0.33 1.8 2.2 0.12 C
10 15 28 2.0 1q- 22.1 155- 7.6 13.7 1.9 10 286 3.8 0.24 1.8 0.6 0.08 C
lC 16 0 1.6 1 q- 20.5 155-1 r. g 10.3 1. 5 10 21~ 3.4 0.11 0.7 O.~ 0.06 B
10 17 16 12.0 lq-18.4 lS5-14.r; 10.1 l.~ 1S 1 qq 6. 0 0.09 0.7 C.4 0.10 R
10 17 19 52.0 1q-18. 4 1 '55-14.3 14.q 1.3 6 21'5 6.'3 ~.10 0.7 .~.q 0.02 B



SUMMARY OF SEIS~IC EVENTS (C~)NT I NUEO)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMI N ERT ERH ERZ MD Q

NOV 10 21 37 17.6 lq-18.4 155-14.6 10.1 1.2 11 210 5. 8 O.l~ 1.0 0.15 0.13 C
10 22 3 24.4 19-18.1 155-14.1 10.2 2.1 15 222 5.9 0.12 0.9 C.4 0.11 C
10 22 38 15.1 19-53.2 155-21.2 6.6 2.1 15 lqO 16. 1 0.26 1.4 1.1 0.18 C
10 23 33 54.8 19-1q.5 1~5- 1.S 10.3 1.6 13 201 6.3 0.25 l.q 0.1 0.18 C
11 1 40 0.1 19-18.6 155-1-5. 5 10.0 1. 7 13 193 4.2 0.09 0.8 0.4 0.11 C

11 9 37 4.7 19-20.8 1~~-12.9 8.0 14 1 75 3.2 0.16 1.1 0.7 0.18 C
11 12 53 57.0 19-19.0 1 55-1 5.4 <1.8 11 191 4.0 0.10 0.7 0.4 0.09 B
11 15 53 45.4 1'1-11 .4 155-19.q 45.2 15 240 12. 2 0.30 2.6 2.1 0.11 0
11 11 12 41.4 19-12.2 155-20.5 37.3 3.7 18 223197.5 0.21 1.3 1.5 O.Oq C
11 18 15 12.1 1 C1- 35.8 155-16. 71 11.q 2.4 16 q9 16.0 0.1 4 0.9 O.~ 0.12 B

11 19 18 54.3 19-13. 5 155-23.1 27.8 2.2 15 ?34 12. 3 0.1. 4 0.9 1.2 O.Oq C
11 22 4 51.4 It;-20.7 155-1 c. q 7.0 10 214 3.2 0.24 1.5 O.q 0.14 C
11 23 21 20.3 19-24.4 155-16.3 8.7 1.2 q 162 1. 5 0.14 O.c; C.q o.or; Bw
11 23 21 34.5 1g- 24.4 155-16.8 9.3 2.0 11 50 1.1 O.C3 0.3 o.? 0.('7 Aw

12 0 56 51.3 19-14.1 155-2 r;. 3 26.q 2. 2 17 208 10.7 0.3 ~ l.<;l 3.4 0.21 C

12 8 lq 32.3 19-1l:.8 155-19. 8 23.6 2.2 6 275 8.7 0.31 2.6 3.fl 0.06 0
12 19 46 13.8 2{,,- 5.4 155-5 O. 4 20.3 4. 3 23 144 16.0 0.08 1.0 3.2 0.1.6 B
12 19 57 lq.l 20- 6.5 155-51.4 20.1 3. 1 24 146 18.4 0.10 1.0 4.2 0.18 B
12 20 17 6.8 20- 4.7 155-51.4 11.5 ?5 t5 303 17.2 0.23 1.6 4.9 e.13 c
12 21 36 0.3 20- 6.8 155-5 O. 1 15.2* 3.7 20 1 50 16.1 0.08 1.0 0.13 C

12 21 46 19.5 19- 22.8 155-22.0 10.6 1.6 l~ 107 4.4 0.06 0.6 C.4·O.13 9
13 1 4 11. c; 1 <1-18.4 155-14.31 11.7 1.3 10 213 6.2 0.31 1.6 2.2 '0.11 C
13 1 35 31.9 19-18.1 155-12.9 15.q 1.4 8 ?31 8. (l 0.20 1.2 1.8 0.05 C
13 2 34 42.0 19-19.4 155-15.7 8.1 1.2 12 179 3. 3 0.17 1.0 0.8 0.15 C
13 3 45 50.3 19- 21. 4 155-1 c. a 7.1 1.5 A 243 1.5 0.2 8 1.9 C.9 0.10 C

13 4 57 56.9 19- 20.6 155-· 8.9 13.q 1.4 8 2 A2 3.2 0.7 5 2.1 1.1 0.07 C
13 7 44 q.q 19- 1q. 1 155-14. 5 13.8 1.4 7 1 q8 5.1 0.14 0.7 1.1 0.03 B
13 18 18 14.3 19- 23. 1 155-?q.9 1.2 2.5 17 104 12. 8 0.11 o.q c.q 0.17 B
14 0 34 9.0 19- 22.2 1 55-12 • 1 26.5 2.1 19 140 0.6 0.1 4 0.9 1.3 0.10 B
14 1 5 19.C 1<;- 3.3 155-2 4. 7 14.5* 1.1 q 289 30.5 O.A 5 4.4 0.08 D



SU~~ARV OF SEISMIC EVENTS (CONTINUED)

191C HR MN SEC lAT N LONG W DEPT'H MAG NO GAP OMI N ERT ERH ERI MD Q
NOV 14 11 8 22.4 19-24.1 155-2~.O 12.6 1.6 14 14~ 7.7 0.10 0.6 1.4 0.1)8 8

14 11 37 33.6 19-21.5 1 55-1 5.6 8.4 1.0 R 135 0.7 ('.1 5 0.4 1.0 O.!'4 B
14 13 16 8.7 19-20.0 155-12. 1 lO.q 1.5 9 206 5'.6 0.2 '3 1.6 0.1 0.13 C
14 15 36 10.2 19-23.5 1 55-2 3. <; 9.2 9 182 6.1 0.11 0.8 0.1 0.08 8
14 19 48 33.9 19-1~.4 155-14.3 7.4 1.3 16 212 6.6 0.11 1.0 0.7 0.16 C

14 20 32 8.6 19-21.8 155-12.8 14.3 1.3 q 1 51 4.4 0.17 0.7 1..3 0.04 8
14 20 45 48.4 19-21.1 155-36.91 9.6 1.4 7 204 23. f: 0.17 1.0' 0.8 0.06 C
14 21 21 43.7 lc;-22.1 155- 4.5 26.2* 1.8 9 331 <1.3 0.34 "3.8 0.11 0
15 5 43 13. 8 19-21.2 155- 4.8 16.8* 1.1 8 335 8.9 0.31 2.4 0'.05 0
15 1 q 3.8 19-20.Q 155-1 3. 7 13.3 1.2 9 1~6 3.2 0.22 0.7 1.7 0.06 B

15 9 52 lC.8 1c;- 1q. 6 1 55-15. 7 32.4 2.0 15 111 4.1 0.24 1 .5 2.2 0.13 C
15 10 38 11.1 19-21.2 1 t;5-14. 2 8.5 1.5 15 156 2.2 0.12 0.8 C.6 0.16 C

w 15 10 54 35.0 19- 31. 5 155-25.01 29.6 2.1 9 1 77 7.5 0.25 2.4 2.7 0.11 C
~ 15 10 56 41.2 19-23.1 155- 22.0 '>.7 11 145 4.2 0.1 7 0.5 '1.7 0.09 B

It? 12 59 22.'3 19-20.8 155-14.2 A.l Ie; 163 2.6 0.1 5 0.8 C.A 0.15 C

15 14 21 '5C.4 lq.-33.6 156-1 6. 1 2.9 3.0 14 303 36.1 0.23 1.5 C.q 0.10 C
15 22 22 39.5 19- 20.3 155-16.~ 29.5 2.0 21 147 1.7 0.18 1.2 1.5 0.17 B
16 0 33 43.2 18- 4 <;.2 155-23.2 26.9* 2.8 17 303 53.7 0.55 3.5 0.16 0
16 4 2 51.6 19-20.1 155- 6.4 5.1 3.3 17 202 1.0 0.17 1.2 C.8 0.16 C
16 4 23 48.7 1q-46.8 1 56-31.5 8.0* 3.3 14 315 79.2 2.53 15.3 0.14 0

16 4 43 21.6 19-21.0 155- 7.8 8.2 1.2 13 192 4. 1 O.l~ 1.3 C.8 0.12 C
IE- 9 17 26.6 19-20.2 155-11.9 il.A 1.5 10 206 5.1 0.26 1.4 2.0 0.10 C
16 12 11 3".... 5 19- 20.6 155-12. 4 8.0 1.7 11 119 3. ~ 0.1 2 1.0 (.6 O.lB C
16 16 4 10.4 1q-1 0.9 155-16.2 10.3 2.3 13 251 1.4 O. ~'3 2.3 0.1 0.10 C
16 20 2 46.5 19-19.q 155-25.4 6.6 2. 1 16 139 3.7 0.10 o.q c.q 0.1 S3 B

16 20 24 6.0 19-19.9 155- 6.2 5.3 2.5 16 207 12.1 0.21 1.4 1.0 0.1 q C
16 20 51 55.9 19-1q.q 155- 1.6 6.6 1. 5 1.1 204 5.6 0.21 1.4 O.q 0.1 q C
16 21 q 3.3 19-10.1 155-34.J? 8.5 1. q q 266 10.4 1.42 9.q 4.1 O.lQ 0
17 9 51 7.1 19- 24. ~ 155-2 3. 8 10.6 1.4 13 171 7.5 ('.09 0.1 0.4 0.10 B
17 12 21 25.1 19- 25.7 155- 26. 1.? 18.1 1. 8 12 168 9. 0 0.38 1.2 4.7 0.21 C



StJMMARY OF SE I SM Ie EVENTS (CONTINUED)

1970 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ER T ERH ERI MD Q
NOV 17 14 2 30.1 1q-12 .1 155-26.2 23.3 1.1 10 234 15.7 0.63 3.0 6.2 0.11 0

17 14 4 8.5 19- 6.1 155-26.8 ~o.o 2. 1 8 219 24.2 2.07 8.8 15.5 O.Oq 0
17 14 (, Sq.o 19-11.4 155-22.67 3.4 l.S 11 235 16.4 3.2·4 0.0 43.2 0.84 0
17 14 q 30.3 19- 7.3 155-28.01 45.9 2.3 10 262 21.2 1.63 ';.5 1 ~.4 0.13 0
17 14 11 1.6 19- 3.5 155-25.1 50'.4 2.4 13 211 29.0 0.38 3.8 4.1 0.13 0

17 14 11 36.4 1<1- 1.8 155-23.3 15.8* 2.4 10 283 33.9 0.48 3.~ 0.20 0
17 16 11 25.1 19-21.4 155- g.5 11.1 1.3 1 269 1. 3 0.38 1.9 2.2 o.oc; C
11 11 12 44.1 19-20.2 155-11. 8 10.9 1.1 11 206 4.4 0.1Q 1..3 0.6 0.12 C
17 lq 58 42.1 19-16.8 155-28.5 6.1 1.9 9 184 11.0 0.18 1.5 1.5 O.l~ C
11 21 55 18.6 19- 21:.0 155- 5.11 28.5* 1.q 11 176 10.2 0.55 ';.9 0.26 0

18 0 43 58.8 1q- 21.8 155-11.f 6.6 1.5 .10 1 74 2.0 0.18 1.3 C.8 0.11 C
18 b 1 57.8 19- 52. 3 1 55-46.81 0.0 3.3 11 133 19.6 0.43 0.8 2.0 0.13 B
18 15 28 32.2 19-2~.7 155-1 1.2 3.1 2. 1 13 q6 0.9 0.06 0.4 0.6 0.08 A

w
18 16 31 6.6 19-24.1 155-23.4 11.0 1.1 13 111 6.7 o.ot. 0.6 C.4 0.11 Rl.n

18 11 22 41.2 1 c;- 25.6 155-24.0 7.3 1.5 12 196 6.8 0.11 ".6 0.6 0.08 C

18 21 40 44.5 19-19.4 155-15.9 8.1 1.8 I? 115 2. q 0.1 r; o.q C.7 0.14 C
18 22 25 33.3 1q- 23.1 155-25.0 10.1 1.2 11 203 6.2 0.16 1.1 c.q 0.12 C
19 0 48 13.0 19-16.4 155- 0.61 30.3 1• .'3 q 244 25.1 0.49 3.q 6.1 0.12 0
19 1 29 26.4 19-21.1 155-13.4 9.2 2.1 1~ 165 ~. 0 0.14 1.0 C.6 0.17 C
lC1 2 48 21.2 1c;- 34. 8 155-19.4 21.9 1.6 12 284 11.5 0.35 1.9 2.1 0.06 C

19 14 27 26.2 19- 23.4 155- 3.41 0.9 2.3 Ie 190 16.0 0.56 1 • 1 3.0 0.16 C
21 15 20 31.9 19-18.1 1 55-1 2. 6 11.8 13 228 8.3 0.18 1.2 1.2 0.11 C
22 1 54 51.5 19- 21.4 155-42.1 6.1 2.5 12 281 14. q 0.84 3.Q 2.2 0.10 0
22 2 36 21.8 19- 23. 1 1 55-1 7.0 I8.!? 1.1 12 13 0.7 0.07 0.5 0.7 0.05 A
22 3 21 34.5 19-21.5 155-17. 1 Zq.q 2. 2 14 106 2.6 0.44 1.7 3.q 0.10 B

22 7 30 52.3 19- 24.6 155-29.5 12.2 1.0 13 1 93 13.6 O.OG 0.1 1.1 0.07 B
22 8 9 28. 1 19-18.6 155-1 3. 7 10.1 1. ~ 12 213 6. 5 0.16 1 • (l 0.6 0.14 C
22 8 48 14.e 1q- 23.3 155-23.4 12.C; q 124 5.8 0.09 0.9 1.3 O.Oq B
22 12 27 38.0 1q- 38. 0 155-41. C? 0.3 1.9 8 232 28. C 1.24 32.4 36.5 0.21 0
22 13 46 51.4 lq-53.1 1 56-16.?? 84.6* 2.8 7 '300 61.6 7.84 A8.q 2.07 D



SUMMARY OF SE I SM Ie EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP D~t N ER T ERH ERZ M[) Q
NOV 22 20 1 47.7 19- 22.4 155-14.4 6.6 1.4 11 1 3q 1.9 0.10 0.7 0.6 0.09 B

·22- 22 15 48.4 19-22.1 155-25. 5 12.4 10 1 38 5.2 0.1 3 o.q 2.1 0.10 B
23 3 31 44.6 19-1q. 3 155-15.9 S.A 1.2 14 1 78 3.0 0.1 1 (l.8 C.5 D.ll C
23 7 28 28.3 lq- 23. I) 155-21.31 11.2 2.3 15 96 9.4 0.07 0.7 1.2 0.12 8
23 12 2 37.1 19-1q.8 155-13.8 q.q 1.4 12 189 4.5 0.12 o.q c.r; 0.12: C

23 15 32 15.8 1q-1 q. 2 155-13.6 10.1 1.3 11 203 5.5 0.14 1.(' 0.5 0.12 C
23 16 20 56.1 19-22.2 155- 9.2 8.1 1.8 8 305 1. 1 1.2 5 3.9 5.4 0.1'3 0
23 16 5~ 19.7 1q- 21. 5 15~-12.5 8.5 1.3 7 162 4.8 1.0 c.s 0.12 C
23 19 23 54.4 19-27.5 155-21.1 11.3 1.4 B 265 8.0 0.11 0.1 0.'3 0.03 C
24 1 34 32.1 19-19.4 155-11.61 3.0 1.4 6 2 2'5 s.q 0.14 0.1 0.5 0.04 C

24 14 5 43.1 19-12.2 155-34.41 4.3* 2. 2 q 247 6.9 0.61 2.6 O.2~ 0
24· 16 26 55.4 19-18.6 155-26.1 11.1 2.1 13 1 ';6 5.1 0.12 1.0 0.1 0.12 C
24 19 51 36.1 19- 21. A 155- 6.2 G.2 1.4 10 316 6.3 0.57 2.8 C.Q 0.11 0w
24 21 3 40.7 19-18.4 155-13. 8 16.1 1.0 8 ZlQ 6.8 0.14 0.9 l.~ 0.04 80\ '

24 21 19 19.6 19-18.4 155-28.41 q.'3 1.6 7 155 q.6 0.28 3.2 1.1 O.lq C

25 2 25 52.9 19-22.6 155-25.8 10.9 1.3 11 24~ 6.2 ('.21 1.5 2.1 0.08 C
25 3 42 . f.6 19-26.1 155-29.6 11.8 2.1 12 212 1.2.5 0.16 1.2 1.1 O.Oq C
2~ 1 26 26.8 1 c;- 20.3 155-13.2 8.(\ 1 • 1 13 184 4.~ 0.16 1 .1 0.7 C' .18 C
25 1 43 14.8 19-19.4 1~5-.l2.1 26.8 1.9 10 Zqq 6.4 0.78 3.8 '5·.2 0.01 0
25 11 22 52.0 19-22.4 155":24.0 9.5 1.8 9 202 4.• 2 0.54 1.2 3.4 0.11 C

25 17 4 13.q 1q-l g. 8 155-13.4 11.8 1.2 13 191&. 5.0 0.22 1.2 l.~ 0.11 C
2S 19 37 3.4 19- 23.6 1'55-23.1 11.5 1.6 q 1 77 6.0 0.18 1.0 1.q 0.11 C
2~ 20 41 47.7 1 c;- 21.6 155-:'.4. 1. 1 1. 3 1.. 9 12 138· 2.9 0.09 0.8 0.4 0.12 B
25 21 16 51.2 19- 2 3. S 155-17.3 11.7 1.8 10 139 1.0 0.13 ].8 1.4 0.08 B
26 0 30 51.5 19- 21. 0 155-10.1 lC.8 0.8 q 185 2.1 0.10 1.2 0.4 (\.09 C

26 7 11 5f.7 19-25.0 lSC5-11.4 17.2 1.4 9 233 0.6 0.12 0.6 C.9 0.03 C
26 15 2 29.4 1 <;- 22. 5 155-2 3.2 q.q 1.5 13 110 4.2 0.08 0.8 C.7 0.14 B
26 19 2 51.1 19- 43. 7 155-45.4 l~). 1 2. 8 10 153 28. 8 O.d 1 0.9 ~.g 0.10 C
26- 20 53 20.3 19-20.9 155-1.3.1 q.2 1.J 11 166 3. 2 0.18 1.2 C.Q 0.11 C
26 21 21 21.8 19- t:.2 155-76.2 ? 16.3* 2.? 14 266 24.9 (\.41 3 .el 0.22 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMI N ER.T ERH ERl MO Q
NOV 27 6 4 11.0 19- 20.8 155-1 3.8 7.8 1.2 12 167 3. 2 0.17 1.0 C.q 0.11 C

27· 5 2 32.5 19-21.2 155-11.2 8.3 1.6 14 180 3.0 0.13 1.1 C.6 0.15 C
21 5 30 56.2 1<;-20.9 155- 8.0 7.1 1. 5 15 194 3. q 0.16 1.1 0.1 0.15 C
27 6 4 11.0 19-20.8 155-13.8 1.8 1.2 12 167 3.2 0.11 1.0 C.q 0.11 C
21 7 37 20.1 19- 20. 8 ,155-13.2 9.0 2.4 16 1 73 3.4 (' .11 o .~ 0.5 0.'15 C

27 15 34 49.5 19-15.4 lsr;-26.5 q.l 2.0 12 200 10.5 0.18 1.4 C.q 0.16 C
21 17 31 r;.2 19- 31. 4 155-24.7 13.8 1.7 13 1 35 3.8 0.11 1.1 0.8 0.14 B
27 19 46 22.7 19-18.7 155-12.6 14.8 1.6 1 226 7.5 0.12 1.0 C.4 0.04 C
21 20 2? 10.2 19-20.Q 155-11. ~ q.9 1.S 1 182 3.8 0.15 1.7 1.1 0.10 C
27 20 22 31.1 19-19. ') 155-1 O. 5 R.S 1.3 q 198 4.q 0.10 0.9 0.4 0.':)8 B

27 21 '57 32.4 1q- 20.5 155-11.0 q.4 l.~ 12 188 3.6 0.1 3 1.1 C.6 0.1' C
28 1 4 1.2 19-21.7 155-21.6 10.7 2.3 15 144.\ 5.0 0.01 0.1 0.4 0.10 R
28 1 43 C;~.O 20- 0.7 155-29.5 14.9* 14 211 " 1. C1 0.11 1 .1 0.07 C

w
28 2 3 17.. 1 19- 22. 6 155-22.6; 9.5 1.A 15 94 4.6 0.01 ".1 f).6 0.13 B........

28 5 13 42.0 19-20.8 155-11. ~ 15.2 o.q 10 195 3.6 0.10 0.7 0.8 0.04 B

29 16 2 1~.8 19- 24.1 155-2 5~'B? 10.4 1.8 12 127 8.4 0.01 <".7 1.1, 0.11 f:\
28 16 18 21.3 19-1q.9 155-1 3. 1 14.5 1. 2 9 193 5. 1 0.1 5 0.6 1.2 0.03 R
28 20 52 9.3 18-Sc;.3 ~ 55-1 1.0 8.0* 2.1 it- 281 45.7 0.54 3.5 0.13 O'
2<; 2 1 4.8 1<1-25.2 155-17. 2 3.0 0.6 7 198 0.7 0.16 0.6 ·r.7 O.C6 B
Zq 5 13 55.<1 1q- 24.1 155-12. 3 8.8 1.5 11 25(\ 3.0 0.19 1.0 C.6 0.10 C

29 14 27 13.4 1~-20.8 1 55-1 1. 5 14.0 1.2 B 196 3.A <'.29 1.0 2.2 0.05 C
29 16 21 13.6 lq-21.1 155-13.6 7.8 1.0 10 163 3. 2 0.12 0.8 C.6 0.11 C
29 16 23 26.5 19- 2 3. 0 155-23.q 12.4 1.1 12 156 5.3 0.1 3 0.9 1.6 0.11 C
29 11 47 3.6 1<;-21.4 155-1 8. 3 28.0 1.7 13 13 2.8 0.32 1.r; .2.1 0.08 B
2q 21 .3 lO.q lq- 23.1 155-25.9 8.1 1.6 12 216 6.9 0.16 1.0 1.0 0.11 C

29 72 4 2R.7 1<;- 19.8 1 55- 36. 71 65.4* 1. q 8 194 9.1 0.22 1.q ('.15 C
29 22 22 25.1 19- 21 .0 -I 55-1 2 • 6 9.1 1.0 q 1 74 2. 8 0.14 1.2 0.8 0.11 C
29 22 25 27.9 19- 21.1 155-12.9 q.7 1.3 11 168 2.1 0.11 1 .3 0.6 0.14 C
29 23 3A 53.2 19- 20. 7 1'55-11.0 l~.l 1.2 1 210 3.3 0.23 0.9 1.7 0.03 B
30 2 45 54.2 1<;- 22. q 155-22.1 1'1.8 ~.q 12 108 I). 5· o.n 7 0.6 r.4 0.13 R



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR Mr~ SEC lAT N LONG W DEPTH MAG NO GAP OPAl N ERT ER.H ERI MO Q

NOV 30 3 .30 21.3 19-20.2 1 S~-l 3.0 8.7 2.-2 19 1 82 4. t . 0.12 1.0 C.'3 0.20 C
30 5 11 26.6 19-19.8 155- 9.9 1.3 1.2 10 254 4.2 0.26 1.6 0.8 0.13 C
30 5 41 19.3 lq-19.5 155-1 1. 3 8.8 1.2 6 229 5.5 0.44 0.9 2.9 0.03 C
30 8 4'5 5.2 19-19.7 155- 5.5 15.6* 1.5 8 322 8.7 0.38 2.8 0.06 0
lO 9' 16 7.3 19--22.0 155-1 8. q 12.4 0.9 9 89 3.5 0.04 0.3 0.4 0.03 A

30 14 27 27.0 19-21.1 15~-lO.6? 1'5.0 1.2 10 208 2. :3 ·0. '33 1.3 2.2 0.07 C
30 16 42 2.9 lq-21.3 155-14. 3 22.9 1.5 A 152 2.0 0.4-6 2.3 4.0 0.08 C
"30 19 34 10.6 19- 31.4 155-4 C. 2 5.0 2.6 . 15 187 26.4 0.11 o.q C.~ 0.12 C
30 20 6 38.6 lq-22.A 155-29.3 13.1 1 141 11.6 0.1 0 1.5 3.2 0.07 B
30 21 11 19.2 19-21.3 155-1 C. 7 14.6 1.4 10 199 2.3 0.1 5 1 .2 0.8 0.07 C

1 a 42 11. 1 1q- 20. 7 155- 9.7 11.0 1.1 6 254 2.5 0.14 1.2 C.4 0.03 C
1 1 36 53.0 19-21.0 155-1 3. 8 8.3 1.0 13 163 3.0 0.16 1.0 0.9 0.16 C

w 1 1 55 8.2 18-~8.q 1 '55-24.6 8.0* 1.8 16 292 3f.7 0.21 1.3 0.10 0
00 1 4 38 lQ.O 19- 20. q 155- 1.1 26.4* 1.5 7 3 20 5.? 0.21 3.3 O.Oq 0

1 6 29 21.1 19- 21.8 155-18. 3 26.7 1.2 11 12 3.4 0.28 1.3 2.6 0.07 R

1 7 5A 1.4 1s- 24.4 155-23.4 11.3 1.4 It; 116 6.6 <'.('5 () .4 ('.1 0.08 A
1 7 58 55.6 19- 20. 5 1 55-1 1. 3 0.1* 6 224 4.0 0.66 3.1 0.23 C
1 9 56 21.6 19-18.3 155-11.2 14.1 1.2 7 248 1.4 0.29 2.3 1.2 0.08 C
1 12 10 44.0 19-24.9 155-24. 3 q.1 1.4 13 121 7.9 0.04 0.4 C.4 0.06 B
1 13 12 18.1 19-25.2 155-23.3 11.4 2~O 15 111 6.3 0.0'5 0.5 C.8 0.10 A

1 13 13 7.0 19-1q.3 1 C; 5-1 2 • 4 12.r 1. 3 10 217 6. r'l 0.32 1.1 2.3 0.11 C
1 14 1 56.0 19-13.6 155-2q.4 8.0* 1.6 4 217 12. 8 0.0 Q.lq 0
1 14 2 53.1 19- 58.7 155-59.51 8.0 5 333 59.6 0.0 0.73 0
1 16 27 22.2 1<1-1<1.1 155-12. 7 15.9 1. 2 9 211 6.4 0.2 5 1.5 2.3 0.07 C
1 18 17 29.1 19- 4.1 156-11.5 16.9* 2.3 14 317 ~1.': o. ~O 2.0 0.16 0

1 18 20 2.<1 1<;-23.3 1 55- 24. 3 11.1 2.0 12 83 5.9 0.10 1.0 0.6 0.16 B
1 19 14 43.1 19- 20.9 15~-lO.1 14.5 1. 3 10 215 2.8 O.OC\ 0.1 O.~ 0.04 B
1 21 16 59.6 19- 20. 1 155-14.2 9.0 ? l' lq 166 2.8 ~.GQ ~.7 ".4 0.16 C
1 23 21 46.3 19- 17. 7 155-15.4 10.4 1• ., 12 211 5.5 0.15 1.0 0.6 0.13 C
2 0 0 3~.7 1q~ 21.7 1 '5~-1 ~ .4 9.3 1.3 14 133 0.3 0.10 0.7 C.6 0.11 B



SU~MARY Of SEISMIC E.VENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ER, T ERH EPl MO Q

DEC 2 1 9 57.5 19-18.6 155-1 1.6 q.6 0.9 11 1 qe 2.1 0.01 0.5 0.4 0.05 B
? 2 28 26.7 19- 23.4 155-1 6.5 2.~ 1 0.0 7 165 0.6 0.48 1.4 2.8 0.13 C
2 5 21 28.1 19-19.8 155- 8.21 12.5 1.4 1t 293 5.2 0.32 2.2 C.8 0.10 C
2 5 42 31.0 19-21.8 155-11. 1 27.4 1.7 13 102 2.3 0.41 1.5 ~.6 0.10 B
2 1 38 32.6 19-20.8 155-12.1 0.2* 0.6 6 20,2 3.2 0.0<) 0.5 0.05 C

2 8 4q 43.8 19- 5.0 155-31.5 7.4 14 270 18. 2 1.09 4.1 2.9 0.16 0
2 10 21 20.8 19-21.4 155-11. q 0.2* 0.6 7 1 73 2.4 0.11 0.9 0.16 C
2 10 47 21.4 19- 23.1 155-12.q 3.0 0.8 6 212 2.3 0.15 0.8 C.4 0.04 B
2 13 26 9.6 19-20.6 1 55-1 3.1 g.l 1. 2 11 180 3. 7 0.16 1.2 C.q 0.14 C
2 15 57 1.6 lq-32.4 155-41.0 1).9 2.0 10 Zql 31.3 2.35 10.5 4.1 0.11 0

2 16 10 0.3 19-22.4 155-16.1 21.0 2.1 15 <?5 ('.3 0.36 1.'5 3.1 0.11 B
2 18 39 59.0 19-20.5 1 55-12. ~ 1.2 1.3 10 187 3.7 0.16 1.0 C.1 0.11 C

loU 2 19 0 '31. 0 19- 41."3 15'5-46.1 8.0* 1.6 8 316 46.0 0.14 1.t) ('.04 0
\0 2 19 3 0.4 19-16.6 1 55- 2 8.0 33.9 1. 1 12 111 10.6 0.22 1.6 1.8 0.09 C

2 19 36 0.3 1q- 22.1 lS5-26.1 9.2 1. q 15 114 6.q 0.07 0.7 C.6 0.14 0

2 lq 38 55.3 19-13.1 155-50.8 8.1 3.0 15 265 24.3 0.15 4.0 1.4 0.12 0
2 19 46 41.4 1 c;- 20.4 155-13. 2 8.5 0.9 16 1 78 4.0 0.11 0.<;) C.Ii 0.11 C
2 19 54 42.3 19-22.1 155-1 3. 1 4.0 0.1 9 143 1.4 0.2 '3 1.3 2.1 0.13 B
2 20 0 53.5 19-20.6 155-1 2.6 0.2* 0.8 9 185 3.5 0.11 0.8 0.15 C
2 20 3 58.5 19- 21. 6 1 55-1 2. 1 3.8 C'. 6' 6 158 1.7 0.08 0.5 ",.q 0.03 B

2 23 49 58.5 19- 21. 2 155-11.8 '5.6 0.9 11 180 2.7 0.41 1.4 2.8 0.16 C
3 5 58 39.7 19-22.1 155-12.q 3.1 1.0 8 143 1. 1 0.1 3 0.9 1.'5 0.1" B
3 12 51 34.1 19-19.0 155-1 5'.·1 13.8 1.0 10 188 3.t 0.19 0 •. 7 1.4 0.05 B
3 11 23 36.3 19- 23.3 155~22.1 8.5 1.0 12 149 4.2 0.35 0.8 ~.4 0.14 B
~ 21 ·25 15.5 1q- 13.6 155-2 C. 0 2q.5 1. 1 14' 226 8.4 0.22 1.5 1.1 0.10 C~

3 21 55 7.4 1<1-13.8 155-29.5 39.9 1.'5 13 211 1 3. 5 0.34 2.4 2.3 0.11 C
~ 21 55 48.q 18- 28.2 1 '5 5-} q. 8? 11 2. 2* 10 319 91.4 7.52 QO.8 1.99 0~

3 22 9 31.9 19- 21.0 1 55-1 2 • ~ 14.8 1.4 9 1 7/... ~.9 0.07 0.6 C.4 0.04 A
4 5 51 8.3 19- 22.5 155-74.5 8.9 0.9 12 1 15 4.7 C .111 0.8 1.0 0.16 B
4 6 35 23.9 19- 19.9 1 55-1 2. 8 5.1 O. 6 7 199 5. 1 0.35 1.2 4.5 O.Oq C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1Q10 HR MN SEC lAT N LONG W DEPTH MAG NO GAP O~I N EPT ERH ERZ MD 0
OfC 4 9 34 54.7 19-21.6 155-1 3. 1 2.6 0.5 6 154 4.0 0.06 0.5 C.4 0.04 B

4 13 q 4.2 19-20.4 155-25.3 8.0 1. 1 9 133 3.5 0.12 1.0 1.1 0.13 B
4 16 31 10.8 19-16.0 155-22.6 4.9 1.2 11 204 1.8 0.25 1.5 1.7 0.20 C
4 16 35 58.8 19-13.3 155-21.8 3.1 2.0, 12- 224 13.1 0.82 1.6 3.8 0.18 C
4 16 45 31.1 19-12.9 155-2 1. 8 2.4 3.2 11 227 10.8 0.68 1.4 2.9 0.20 0

4 16 50 43.9 19-12.5 155-21.1 4.2 2.S 15 221 14.8 0.32 1.6 1.4 0.20 C
4 11 26 43.3 19-16.1 155-22.2 11.3 1. 1 7 203 1.0 0.11 1.1 0.4 O.O~ C
4 11 43 ~5.3 19-18.~ 155-1 3. 1 15.2 1.3 .., 20Q 6.() 0.18 1.7 1.7 _0.05 C
4 20 30 14.1 lq-l~.3 155-14.0 15.7 1.3 8 700 5.2 0.11 1.(' 1.6 0.')5 B
4 20 30 44.4 19-19.9 155-14. ~ 9.9 1.3 13 118 3.8 0.09 O.A C.4 0.11 C

4 21 50 4C.l 19-12.8 155-21.4 '>.4 3.2 19 219 1(l. 7 f).30 1.5 1.? 0.76 C
'5 1 32 26.1 19-12.9 155-21.6 3.5 2.8 11 21<1 l~. 7 -0.25 1.2 1.0 0.11 C

5 1 35 37.5 19-21.3 155- 9.6 9.5 1.6 12 185 1.6 O.Oq O.q C.4 O.Oq C
~

5 1 46 32.5 19-14.6 155-21.6 11.1 1. 5 13 232 B. 1 0.2 3 1.6 1.1 0.12 C0

5 1 '53 13.1 lq-13.3 155-21.9 5.3 1.9 14 216 12.9 0.24 1.3 1.2 0.16 C

5 3 51 52.7 1 f;- 27. 5 1 55-14. 2 28.6 2. '2 17 65 6.8 0.1'5 0.9 1.6 0.11 B
~ 4 23 26.6 19-15.3 155-22.3 1.1 1.7 14 208 8. 0 0.20 1 .1 1 • 1 0.11 C
5 4 21 0.9 1~-12. 4 155-21.2 2.5 2.4 17 ? 21 14.9 O.Q5 1 .7 ~.q (\.~3 C
5 6 2 33.2 lq-24.0 155-29. 1 12.4 1. 5 15 144 12. 3 0.22 1.1 3.4 0.22 C
5 6 49 18.2 19-1Ci.5 155-16. 1 11.1 0.1 8 216 1.7 0.58 1.2 2.9 0.03 C

5 7 1 7 25.2 1q- 20.1 155-10.1 14.q 1.4 10 219 3. 1 O.Oq 0.8 C.4 0.05 R
5 7 56 9.2 1g- 26. a 155-12. 1 24.1 2.3 16 64 6.5 0.11 ('t • 1 1.3 (\.Oq A
5 9 36 56."0 19- 15.4 155-22. 0 10.8 1. 4 10 217 7.5 0.16 1.2 C.4 0.09 C.
5 11 32 56.0 19-24.3 1~5-29.1 8.1 1.9 11 148 13.5 0.23 2.1 2.9 0.22 C
5 12 2 42.<1 19-13. 7 155- 22. 1 31.2 11 214 9.9 0.36 2.0 ~.O O.l~ C

«; 12 51 2'5.0 1<1-15.9 1';5-27.3 11.? 1.4 6 201 1.4 0.06 0.5 C.7 0.02 B
5 12 53 11.4 19-26.1 155-25.0 11.1 1.1 9 220 7.5 0.10 0.7 ('.3 0.05 B
5 14 31 50.7 19-15.3 155-22.8 ~.4 1.3 12 211 8. 8 0.24 1.5 l.e::; 0.18 C
5 15 55 6.3 19- 1.1 155-3q.7 8.8 2.3 1 324 15. 2 0.87 17.0 5.8 0.19 0
5 16 lA 23.1 1 (j- 1 c;. 8 1 '55--1 7. t) 10.1 1. 1 R 1 79 0.8 0.1 3 0.3 0.7 0.01 B



SUMMARY OF SEIS~IC EVENTS CCONTINtJEO)

1910 HR MN SEC lAT N LONG W OEPTH MAG NO GAP OMI N ERT ERH ERI MO Q

DEC 5 16 34 30.3 1q- 5.1 155-42.3 6.0 3.1 15 272 1 q. 3 0.99 ,4.0 2.8 0.11 0
5 11 59 45.1 lq- 2 3. Z 155-31. 1 11.7 3.q 18 115166.5 ('.Oq (~ .6 1.1 0.12 B
5 18 6 35.9 19-18.1 155-3q.61 35.1* 2.1 1 279 7 •. 3 1.06 9.q 0.39 0
5 lq 5 37.1 19-19.5 155-13.1 10.2 1.1 14 190 5.6 0.09 0.8 C.5 0.10 C
5 20 3 57.0 19-23.9 155-31.01 9.1 2. 3 13 1 33 16.6 0.11 0.8 0.7 0.12 B

6 4 ~3 58. C; 1~- 25.1 155-23.4 14.1 1.2 12 130 6.7 0.13 1 .2 1.7 0.11 B
b 6 4 21.6 19-1)5.6 155-35.8 26.9 2. 5 18 181 15. <1 0.1 8 1.1 2.7 0.08 C
6 8 11 20.9 19-23.7 155-17.11 10.0 1.1 12 83 1.6 0.24 1.1 1.6 0.12 B
6 9 1 41.1 19-23.q 155-25. 81 11.4 . 11 126 8.1 0.08 "'.6 0.4 0.11 B
6 9 41 30.7 19- 24.2 155-3 o. q 0.9* 1 161 15. 1 O.Oq 0.7 0.08 C

l: 9 48 8.7 19-23.4 155-1 1. 3 14.3 1.4 13 82 ('.8 ('.1 3 1.0 1.0 ('.12 ~

6 13 26 46.1 19-17.8 155-14.5 1 '3 .1 1.0 7 226 6.f: 0.1 ~ O.B 1.4 0.03 C
6 14 5 19.8 19-21.3 1 55-1 4. q 11.4 0.9 9 146 1. 2 0.07 0.6 0.4 0.05 B

~

6 17 21 36.9 19-23.1 1 55-15. <; 9.1 1.1 9 19(' 15. 3 0.1 2 O.q C.q 0.(.16 8~

6 23 3 ·58.0 19-30.9 155-14. e? 8.0* l.~ 6 341 11. 2 1.6 B il.A 0.36 0

1 2 q 51.9 '1'1- ~.6 1 55-33.01 8.0* 1. A 13 290 25.~ ".73 4.9 0.32 0
7 3 10 43.6 19-20.9 15':-12.9 14.1 1.0 10 1 74 4. f. 0.22 0.9 1.7 o.oe B
7 13 43 55.8 19-13.1 155-21.5 40.0 2.0 10 248 10.2 0.24 1.1 1 .6 0.09 C
7 15 11 44.0 19-20.1 155-12.3 1.6 1. 3 12 199 4.4 0.18 1.3 0.1 O.l~ C
1 16 13 55.2 19-19.5 15'5-15.7 10.1 1.2 10 1 71 3.2 0.09 0.7 e.1) 0.09 B

7 18 19 35.5 19- 20.8 155-25.0 8.8 1..1 14 128 3. 1 O.Oq O.A 0.7 0.17 B
7 19 32 52.6 19-'30.4 155-10.0? 8.0* 1.3 5 34A 1 5. q 0.1 A 40.4 0.18 0
7 20 35 31.1 19-20.6 155-11.3 9.1 1. 0 9 208 3.9 0.09 0.7 0.4 0.05 B
1 22 40 1.1 1q- 23.8 1 54-5 q. 1 10.0 1.8 12 203 14.4 0.27 .3.0 1.1 0.20 C
8 0 20 8.3 19- 20.1 155-1 5.6 q.1 1. '1 12 163 3.1 O.~6 0.6 C.4 0.09 B

8 1 24 53.4- .lq-13.~ 1 '55- 2.1 4.8 1.6 10 262 21. 5 0.64 3.0 1.8 0.12 0
B 4 9 ~.6 19-23.3 1 55-1 1. '2 14.7 1.4 12 110 2.7 0.13 1.0 1.1 0.13 8
8 6 32 22.8 19- 20.6 155- 8.6? 11.3 0.<; q 194 3. 5 0.1 7 l.f.. e.B 0.12 c
8 7 18 14.6 1Q-20.7 155- 4.4 4.6 2.5 16 206 9.7 0.23 1 .5 C.9 0.19 C
8 1 48 SG.6 1q- 2~.1 1 55- 24.1 10.9 1. 3 10 129 5.4 0.<' 7 0.1 0.3 0.08 R



SUMMA~Y OF SEISMIC EVENTS (CO~TINUEot

197C HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMI N ER T ERH ERZ MO 0
DEC 8 10 59 14.7 20- 0.6 155-51.8 0.3 2.7 18 148 4q.5 1.16 1.3 5.1 0.12 C

8 13 44 59.5 19-19.4 155-16.1 8.8 1.6 14 114 2.1 O.lC 0.8 0.5 0.14 C
8 16 22 23.5 19-21.7 1 55-38. 7 11.4 2.5 14 134 12~ A 0.21 2.2 B.8 0.11 C
8 20 43 43.6 19-19. ') 155- 2.0 1.0 2.2 13 224 14.5 0.45 2.9 1.0 0.20 C
8 20 53 18.2 19- 2f.l 1 55--29. 3 11.0 2. 3 16 83 12.5 0.07 0.5 0.3 0.10 A

9 5 0 41.3 lq-23.7 155-3 C. '3 8.4 2.4 18 98 13. q 0.15 1.2 1. 2 0.22 B
q 5 2 52.2 19-41.5 155-15.3 39.5 2. 5 15 186 23.4 0.31 1.1 3.2 0.08 C
q 6 3~ 51.8 19-11.1 155-24. 1 6.9 10 11CJ 5.8 0.12 0.<1 C.Q 0.12 C
q 6 39 40.c; 19-38.3 155-56.4 4.2* 1.7 q 323 54.8 1.45 8.7 O.-J6 D
q 1 53 56~1 lq-21.1 155- 9.1 1.4 11 254 1. 8 0.19 1.3 C.6 0.13 C

<; 9 6 16.2 19- 20. 2 155-16.4 30.3 1.9 q 182 1.1 C.21 1 .1 1.8 0.05 C
q 11 36 55.4 19-22.9 155-34.1 1.8 1.8 8 235 15. 4 0.82 4.5 S.q 0.22 0

~
CJ 18 29 29.5 19- 24. '5 155-23.51 10.1 0.9 10 12q 6.8 0.06 0.6 C.4 0.08 B

N '1 18 42 0.7 lQ-lO.3 155-31.4 7.7 1.9 1 2 q7 8.6 1.41 8.A 2.7 0.15 0
9 21 32 40.4 19- 21.0 155-11.~ 1.'.· 1.3 11 1 qO 3.2 0.18 1.1 C.8 0.11 C

q 22 33 q.l 1q- 23.2 155-23. 3 9.4 1.4 15 113 5.6 0.10 ".Q 0.1 0.17 B
9 22 33 50.8 19-23.2 155-23.4 9.C; 2.0 14 ll£. 5. f 0.01 0.6 C.5 0.13 B

10 2 0 17.A 19- 21. 3 155-1 1 • 5 14.7 1. 1 10 1 80 2. 8 0.08 0.7 C.5 0.05 B
10 4 32 28.3 lq- 23.0 155-22.3 9.3 1. 1 11 149 4.8 0.10 0.7 0.7 0.12 B
10 5 53 31.7 19- 5.5 155-24.2 25.6. 1.7 16 269 25.0 O. '31 2.1 0.21 0

10 10 q 4('.0 1c;- 24. 1 155-2Q.O 11.1 2. 4 14 c)4 12.3 0.06 0.5 0.3 O.Oq 4

10 17 q 34.2 1 <1- 20.1 lc;l:)-ZQ.3 9.5 1.5 7 133 10.5 0.20 2.3 2.4 0.16 B
10 18 43 34.2 19- 24.6 155-17.3 9.0 1.0 12 1 0'5 0.4 0.06 0.4 C.3 0.05 A
10 lA 44 11.5 19-24.1 155-11.7 q.1 1.3 11 72 1. 2 O.Oq 0.6 C.s 0.07 A
10 20 26 35.8 19-20.9 155-19.8 2.6 0.3 q qq 4.5 0.01 0.3 0.6 0.':'1 A

10 20 28 5.9 19-23.4 155-22.1 9.1 3.6 l~ 85 f,.3 0.0 0 0.7 <:.6 0.14 B
10 20 33 34.1 1<1- 23.6 155-72.6 1.2 0.7 q 162 5.0 0.20 0.5 1.6 0.06 B
Ie 23 20 14.4 1c;- 21.0 1 55-1 1. 6 q.8 1. 3 14 181 3. ? 0.13 1 .2 C.6 0.11) C
11 1 15 24.0 19-14.4 155-38.0 11.3 2.1 7 798 1.9 0.05 0.6 e.l o.o? c
11 1 30 51.1 19- 23.6 155-16.3 1.1 0.4 7 1 31 1.0 n .~4 0.4 0.2 ('.05 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

lQ1C HR MN SEC LA T N LONG W DEPTH MAG NO GAP 0'" N ERr ERH ERl MO Q
nEe 11 8 30 24.1 19-19.1 155-15.5 9.1 1.3 q 188 3. 8 0.14 1.0 C.6 0.11 C

11 14 5 26.1 19-16.9 155-1 1.5 17.3 1.8 8 261 10.0 0.38 1.9 3.0 0.05 C
11 19 15 50.2 19-2c.e 155-25.0 8.6 1. 1 10 128 3.2 0.13 1.0 1.2 0.16 B
12 0 50 50.2 19-16.3 1 '55-24.1? '36.0 2.0 15 192 7.4 0.76 4.5 6.1 0.34 0
12 0 51 2.2 19- 26.9 155-15.'3 2.1 o.q B 305 4.8 0.88 3.6 1.3 C.27 0

12 1 38 35.4 1q- 3C; .3 1';6- 7.31 8.0· 2.8 13 217 22. "3 1.24 8.4 0.40 0
12 5 25 51.3 19- 23.2 155-28.9 11.2* 1.0 11 1 76 11. 3 0.12 1.0 0.13 C
12 10 8 16.4 lQ-,22.0 155-14.2 24.6 1. 7 14 137 1. c;J 0.28 1.3 2.3 0.09 B
12 10 55 6.6 19-24.~ 1~S-11.r; 0.1 0.1 q 94 0.4 0.14 0.6 1 8.0 0.15 8
12 12 40 q.3 19- 24. 4 1 55-1 7.41 c. () 0.1 8 107 0.6 r.l1 r'\.5 <;.0 0.10 B

12 1S; 11 55.4 1q- 21 • 2 15f)-2 8.61 10.4 1.6 10 1 77 q.4 0.17 1.8 2.5 0.11 C
12 16 28 41.0 19- 21.1 155-19.51 8.0* 1.2 7 348 4.6 1.1 5 6.9 0.35 D

~
12 18 56 40.6 19-2G.1 155-15.41 B.O* 1.4 8 325 8. 8 0. ~ 2 7.0 0.52,0

w 12 19 40 2.4 1<;-21.3 155-15.'61 1Q.9 1.4 1 310 5.0 2.00 10.1 45.5 0.38 0
12 19 40 50.4 1~- 21.1 155-1 C. 8 6.7 1. 1 9 204 2.6 0.3 q 1.7 2.4 0.13 C

12 20 14 37.6 19- '3 f: • 1 155-21. l' 24.2 2.5 17 205 20.4 0.1 6 0.9 2.4 0.11 C
12 20 59 25.0 1'1- 23.5 155-22.31 8.0* 0.9 7 321 ~. 7 1.45 41.3 O.4Q 0
12 21 6 31.1 19- 27. c; 155-21.67 3.5 o.q 6 ~45 8.0 1.13 11.0 4.5 0.25 0
12 21 1 1 48.4 19-76.9 155-15.0 5.2 0.9 " 327 5.1 1.42 8.5 7.g 0.18 0
12 21 19 20.2 19-23.6 1 55-16. 3 2.9 0.2 7 1 76 0.9 0.41 1.0 2.2 0.08 C

12 21 30 11. 2 1 <;- 21 • 7 155-14.e? 8.0* 1.3 6 335 6.4 ::).49 6.0 O.2R 0
12 21 40 58.? 19-28.1 1 55-14. <;1 8.0* 1. 1 6 335 6.8 0.56 f).1 0.26 0
12 23 3 27.9 1q-,18. 4 155-13.1 16.8 1.2 9 21Q 6.8 0.18 o.q 1.6 0.04 B
12 23 1 58.0 1<1- 24. 3 15,5-1 1. '1 0.1* 0.5 11 q3 C.8 0.08 0.5 r,.18 B
12 23 51 36.5 1q- 2~. q 155-16.8 1.9 -0.1 7 156 0.1 0.22 0.6 1.3 0.06 8

13 0 51 52.1 1<;-24.0 155-1 q. 4 7.9 0.8 1 291 3.5 l.C 3 13.2 1 1.1 O.le} 0
13 2 20 6.1 19-18.7 15~- 8.8 21.3 2.0 1'5 2 '54 6. 5 0.47 3.4 4.1 0.25 0
13 4 28 51.0 1 '1- 22. 1 155-25.01 11.0 1.1 12 134 4.6 0.09 1).8 1.6 0.11 R
13 4 54 21.3 19-19.9 155-1 3. 5 15.1 1. 3 8 190 4. 7 0.05 0.4 0.5 0.02 B
13 6 5 28.7 19-28.5 155-16.41 8.0* 1.2 1 318 6.1 0.46 6.0 0.40 0



SUM~ARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC, LAT N lONG W DEPTH MAG NO GAP O~IN ER. T fRH FPl MO Q
OEe 13 6 12 13.C lq-26.2 155-12.91 9.1 1. 5 6 333 7.5 2.42 20.0 16.5 0.33 0

13 6 1'6 40.1 19-28.8 155-1£:'.11 3.2* o.~ 8 321 6.5 1.16 C;.4 O.3~ 0
13 6 41 53. 8 19- 23. b 155-16.3 1.9 0.5 8 181 1.0 0.40 1.2 2.5 0.11 C
1.3 7 3 26.0 19-113.• 1 155-12.5 15.3 1. 5 q 236 8.4 0.09 0.6 0.8 0.02 C
13 7 23 q.2 19-28.2 155-14.51. 8.0* 1.3 8 319 1.4 O.~2 5.2 0.33 0

13 7 44 27.6 19-24.9 155-16. 11 3. 2 1. 3 10 184 1.6 0.1 f, 0.8 1.0 0.16 C
13 6 2 ~.• 4 19-41.4 1 '56- 5.11 16.5* 3.6 21 269 25.5 0.49 3.3 0.38 0
13 8 32 11.8 19-24.1 155-1 6. 5 ?6 (') .1 1 185 1.4 0.71 -'1.5 1.1 0.05 B
13 8 55 19 •. 6 19-20.6 155- <1.1 20.7 1.4 9 755 2.8 1.4 q 6.1 1 1.5 0.12 0
13 9 1 12.8 19-25.7 155-15.2 3.2 0.5 6 311 3.4 1.01 4.2 1.'5 0.14 0

13 10 26 47.9 19- 24.3 155-1 1. 1 0.1* 0.0 6 116 o. A 0.13 O.A 0.115 C
13 10 41 43.9 19-26.8 155-16.0 4.1 o.q 8 304 3.8 0.61 3.6 4.6 0.23 0
13 11 26 35.4 19-21.6 155-1 3.0 14.5 1. 3 10 154 1. q 0.20 o.~ 1.5 0.05 8

~

13 11 56 27.7 19-2~ .1 155-15.2 5.6 1.0 1 305 3.2 0.58 3.2 2.q 0.13 0~

13 12 44 24.5 19- 2~. 1 1'55-14.21 0.4 1.6 1 326 9.9 1.0Q 4.7 2.8 0.21 0

13 12 4q 18.1 19-24.4 lC;S-1e;.9 3.0 0.3 q 231 2.2 0.41 1.6 C.9 O.lq C
13 12 50 50.1 1 q- 29.9 1 55-14. 11 ~.O* 1.5 7 3 '31 9.1 1.1 3 7.7 0.33 0
1'3 14 40 13.6 19- 2 3. 9 1 55~ 15. q 2.4 0.4 8 208 1. 1 0.32 0.'3 1.f:. o.oa B
13 14 43 36.4 19-21.6 155-16 • .1 5.6 1.0 8 311 4.8 1.10 5.9 4.9 0.24 0
13 16 59 48.1 19-24.1 155-16. 81 2.5 0.6 8 704 0.6 0.76 2.6 ~.l 0.28 C

13 19 20 24.2 1'1-17.8 155-27.4 1.5 1 • 3 q 117 8.5 0.25 7.6 2. 1 0.21 C
13 20 (l 21.4 lq-22.q 155-23.6? 11.4 1.4 14 1 13 4. q 0.') 1 0.6 0.4 0.11 B
13 20 2 8.2 19-25,.6 15';- 2 b. 8 9.1 l.q 15 189 <;. A 0.22 1.6 1.0 0.1<) C
13 20 3 24.0 19- 23.9 1 55-16. 7 2.8 0.2 1 162 0.9 0.28 0.7 1.5 ('.06 B
13 22 3 4<1.5 19- 2 ~. g 155-16.2 2.2 0.3 8 193 1. 3 0.30 0.8 1.5 0.08 R

13 23 22 22.4 1~- 2 3.0 155-23.6 12.4 1.0 8 124 5.3 0.08 0.<) I.? n.o~ B
13 23 51 49.2 19- 27.0 1 55-14. <71 8.0* 1. '2 q 306 r;. '3 0.25 3.5 0.28 0
14 2 3 3.4 19- 2 ~. 7 155-16.3 2.6 o. 1 7 1 79 o. q 0.3 3 0.8 1.7 o.o~ B
14 3 6 23.8 19-20.0 155-13.2 13.2 1.2 10 192 5.0 0.27 1 .1 2.1 o.o~ C
14 3 17 1.6 1q- 24.0 155-16.1 1.6 ().1 R 16A 1.1 0.20 f).6 1.3 O.')q B



SUMMARY nF SEISMIC EVENTS (CONTINUED)

1~7C HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP OMI N ERT ERH EtlZ MO Q

DEC 14 3 48 39.2 lq-19.1 155-24.C; 8.0 1.4 13 149 3.5 0.14- 1.0 1.2 0.19 B
14 3 4q 10.8 1q- 25.5 155-14. 2 0.3* 0.6 6 321 5.1 1 .~ 3 3.1 0.21 0
14 3 57 34.0 19-23.1 155-16. 1 2.0 O. 1 7 145 0.5 0.65 2.0 4.2 0.21 C
14 4 14 50.9 19-19.1 155-25.2 1.3 1.2 11 150 4.0 0.16 1.3 1.4 0.20 B
14 It 46 24.1 19-23. 8 155-16. 7 3.0 0.0 1 151 0.7 0.26 1).6 1.3 0.06 B

14 5 21 16.2 19- 23.9 155-16.6 1.9 -0.0 7 111 1.0 0.1 q 0.5 1.1 0.05 B
14 . 5 26 46.4 19-23.8 155-16. 1 i.6 -0.1 1 160 O.A t).28 r.B 1.1 0.09 B
14 5 56 44.6 19-23.0 155-21.1 11.6 1.2 9 1 A7 9. 2 0.12 1.1 3.0 O.~8 C
14 6 4 35.0 19- 20. 7 1 55-1 2 • 8 8.4 1.6 16 119 3.3 0.13 0.9 C.5 0.16 C
14 6 Zq 10.1 19-23.3 155-16.6 2.4 0.4 1 155 0.4 0.52 1.4 3.0 0.13 C

14 8 0 26.0 19-1~.4 155-13.9 13.1 1.3 10 197 5. 1 0.t8 1 • 3 C.9 o.o~ C
14 10 37 55. 9 19-23.5 155-1 6. q 11.q 0.1 13 108 0.3 0.07 0.5 0.6 0.07 A

14 11 36 35.1 19-2~.8 155-16.5 3.4· 2.0 13 12q o.q 0.10 O.~ 1.0 0.14 R
~ 14 13 19 50.6 lQ-'30.2 1 '55-1 3. <11 8.0* 1.1 10 282 11. 0 1. -~ 1 8.1 0.1'3 0\J1

14 17 12 5.8 1<1-13. ~ 155-28.1 1.4 1.7 12 212 14.5 0.29 1.9 1.4 0.21 C

14 18 28 57.6 lq- 9.5 1'55-25.41 0.8 1.5 11 246 1 9. 5 1.14 8.0 1 8.0 0.51 0
15 0 0 52.2 19-20.6 155-10.6 14.8 1.4 q ? 22 3.1 0.20 1 • 1 1.6 0.05 C

15 1 26 10.2 19- 21. 1 155-12.6 14.0 1.4 9 113 4.C1 0.18 0.7 1.4 0.05 B
IS' 2 13 22.1 19-22.5 155- 1.1? 11.2 1.1 q 324 4.1 Q.G 0 3.3 C.B 0.14 0
15 3 13 q.4 19- 14. 7 155-15.41 18.4 1.8 12 270 8.3 0.82 4.8 1.6 0.33 D

15 4 44 38. 1 19-18.9 155-1 5. S 14.5 1.3 9 192 3.9 0.11 0.4 C.9 0.02 R
15 15 19 38.4 19-1<';.8 155-13.2 7.7 1.4 12 195 5. 1 0.1 5 1.1 C.b 0.16 C
15 15 52 33.3 19-20.8 155-13. q 8.5 1. '3 13 166 3. 1 0.14 1.0 C.6 0.17 C
15 16 40 13.3 19-16._4 155- 1.1 33.2 1.8 15 244 1 7. 7 0.28 2.0 2.3 0.10 .C

15 lq 56 2.3 19-23.2 155-25.11 11.4 1.8 15 121 6.4 0.06 0.6 C.4 0.10 f3

15 20 13 f:.2 19-19.2 1 e.; 5-1 1 .4 15.3 1.C; q 2 33 6.0 0.22 1.2 1.8 0.05 C
15 20 18 14.3 19- 23.3 155-26.0 1.7 2.2 17 ql 7.4 0.10 0.9 c.~ 0.2C· B
15 21 39 11. 1 1q- 21. ~ 1 55-1 3. 7 9.5 1. 3 11 158 3.0 0.14 1 .0 0.7 0.12 C
15 22 3 33.2 19-20.8 155-12.8 (j.1 1.2 10 118 4.8 0.2 1 1.6 1• 1 0.17 C
16 2 30 32., 19- 3C. 6 1 55-5 C. 8 24.7 3.1 18 1 "36 8.0 0.54 2.e ~.~ r.14 c



SUfvlMARY O'F SfISMIC EVFNTS (CONTINUED)

1910 HR MN SFC lAT N LONG W DEPTH MAG NO GAP 0"-1 N ERT ERH ERl ~D Q
DEC 1~ 3 31 43.9 19- 21 .3 1~~-16.3 30.6 1.8 13 1 31 1. C; 0.55 2.1 4.8 O.l~ 6

16 6 16 55.5 1q- 20. 5 155-17. '5 24.7 2.3 15 86 r.8 0.35 2.6 3.2 0.21 C
16 6 38 30.1 19-21.9 155-18.2 24.9 2.0 13 12 3. 7 0.21 1.1 2.5 0.10 R
16 8 49 39.1 19- 22.3 155-23.4 9.5 1.2 12 114 3.9 0.09 0.6 0.6 0.08 a
16 10 46 38.4 lCi-22.3 155-18.3 24.5 2. 1 15 68 3. 3 0.16 1.0 1.5 0.10 A

16 13 48 51.4 1 g- 21. 3 155-19.6 20.2 1.4 10 164 4. 4 0.11 0.6 1.2 0.05 B
16 14 53 3C.3 1<1- 20. 1 155-12.2 8.6 1. 3 q 200 5.6 0.11 1.2 c.q 0.12 C
It: 15 24 0.3 19-20.4 155- 7.4 25.4* 1.1 8 310 5. 3 0.18 2.5 0.07 0
16 16 3 19.0 19- 21. 7 155-7 3.81 10.9 1.6 12 1 21 3.-0 o.oe '::'.1 r.5 ('.11 3
16 lq 15 18.2 19-19.4 155-16.6 10.6 ' O. 7 8 206 1.9 0.23 0.5 1.2 0.02 B

16 19 4~ 22.1 19-1C;.6 155-17.1 10.3 0.7 8 I R6 1.1 (1.41 n.B 2.? C .1~4 C
16 20' 2 31. 5 19- 24.4 1 55-1 7. 6? 0.0 O. 7 10 gO 0.6 0.1 3 0.6 12.q 0.15 ~

16 23 13 1.6 1Q-20.1 155-12.6 11.0 1 • 1 12 1 81 3.3 0.14 1.0 C.5 0.11 C
+:0- 11 2 27 8.0 19- 22. 5 155-1 1. 5 11.6 1. () 13 70 2.1 0.12 1.1 1.1 C.17 B0'

17 4 28 42.9 19-21.3 155-10.2 8.7 1.3 11 224 1. 1 0.2 5 1.4 C.q O.l~ C

,.'
17 5 3q 26.2 19-2C.l 155-1 1.9 10.9 1. 1 12 ? 05 4.5 0.1 6 1 • 1 0.5 C).li C

.' 11 ~ 31 41.8 19-1q.6 155-1 3.4 11.7 1.3 12 198 5. 3 0.24 1.3 1.8 O. 1-:) C
.. 17 11 22 42.5 19-51.6 155-28.6 2f).q 3.4 11 162 8.9 ~.0~ r.8 1.6 O.rJQ B

17 14 41 32.4 1q- 1g. 9 155-1 C. 01 15.0 1. 2 7 252 4.2 0.36 1.5 2.5 0.06 C
, . 11 15 12 0.5 19-1C).5 155-10. 7 8.3 1.9 12 241 5. 1 0.33 1.7 1.4 0.21 f)

18 6 3 32.0 1q- 23. 2 155- 3 7.6 11.4 2. 7 13 118 15.4 0.16 1 .1 1.3 0.12 8
18 1 3~· 58.q 19-18.9 lsc;-23.1 7.4 1.2 10 249 2.4 0.14 2.3 ~.6 0.14 C
18 8 42 32. 1 1q- '30. 4 1~5-16.q? 8.0* l.c 7 329 C1.4 r.82 7.6 ('.45 0
18 16 58 31.3 19-19.4 155-15.q R.7 1.7 14 1 75 2.9 '0.1 ? 0.8 c.~ 0.14 C
1<1 14 14 59.4 19- 20. 5 1 55-12 .8 7.4 1.6 12 1 86 3.A 0.19 1 .1 c.q 0.17 C

20 11 0 8.9 19- 22. <1 15 '5- 2 2. 1 10.6 1.5 10 101 8. q 0.08 0.9 c.q 0.12 ~

20 11 1 56.1 19- 23.9 155-17.1 1.9 1.0 8 124 1•.2 0.1 0 0.8 0.7 0.1? 8
2C 15 52 55.2 1 <'1- 2 <;. 4 1 55-1 5.41 8.0* I. 6 6 337 A. 3 0.94 q.o (\. 35 0
20 16 25 35.5 19- 20.6 15~-13.1 1 '3.• 4 l.? Ei 1 18 £..4 0.1 1 Q.7 1. a 0.')3 B
20 11 58 27.0 19-13.4 155-3 1 • 1 33.9 3.2 18 216 1 0.9 0.1 8 1.0 l.8 0.11 C



SU~MAPY OF SEISMIC EVENTS (CONTINUED)

1910 .HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMI N ERT FRH FRl MO Q

DEC 20 20 44 16.q 20-12.1 155-14.6 10.8 2 '0 18 261 51.4 0.98 7.~ 6.9 0.24 f).,

21 2 13 32.2 19- 32. 2 155-37.8 8.2 3.1 18 89 25.8 0.26 1 .1 1.5 C' .17 C
21 2 33 21.1 19- 31.8 155-31.1 1.9 2.5 16 123 24.3 0.16 Q.8 C.8 0.14 B
21 2 3~ 24.4 1q- 32.3 155-38.R 7.5 2.2 12 221 27.5 0.31 1 .3 1.1 0.10 C
21 2 ~6 12.4 19-32.1 155-36.6 <;.0 2. 3 13 123 23.6 0.19 O.Q 1.1 0.14 B

21 10 33 51 .2' 19- 19 • 9 . 1 5 '5 -1 3 • q 8.7 1.7 14 185 4.2 0.1 4 0.9 C.b 0.15 C
21 11 1 1 56.2 19-23.7 155-19.2 ? 0.6 1. 0 6 284 3.4 0.26 1.6 3.1 0.04 C
21 .12 45 45.9 19- 21.2 155- 9.1 1.6 1.7 12 284 2. 1 0.22 1.2 C.B O.oq C
21 13 1 55.3 19-26.4 155-2 1.81 8.8 2.4 14 106 3. C~ 0.15 1.4 1.2 ".24 B
21 13 51 15.7 19-18.8 155-15.4 12.9 10 191 4.2 0.11 0.5 0.8 0.04 B

21 18 27 36.4 19~ 27.6 155-12.61 0.0 1.9 11 282 9.7 0.72 ~.4 4.8 (,.~5 0
21 lq 15 30.7 19-18.8 155- 9.5 28.7 2. 0 10 26q b. 1 0.50 ?6 ~.c; 0.0 0 D
21- lq 20 25.4 lq~21.4 15')-49.9 4.5 3. () 18 214 2 0.5 0.28 2.9 1.4 0.·14 C

~ 21 20 20 39.6 19-24.2 1 55-16. 9 13.2 1.6 15 1 11 1.2 0.06 0.6 0.5 o.n~ A-...... .

21 22 52 7.1 19-19.1 15 5~ 1 3. 8 1.9 11 204 5.7 0.'23. 1.3 C.Q 0.16 C

21' 0 2'3 38.1 19.- 18. 8 154-5 e. q 30.2 2.0 A 241 20.0 C .44 ?2 3.6 C'.(ic.; C
22 0 24 1.4 19-4q.8 155-58.8 6.5 2.9 18 241 34. q 0.35 2.6 3.3 0.16 0
22 0 52 20.7 1<;-18.R 155-1 2.6 15.2 8 2?4 7.3_ 0.1 (! 0.6 ~.8 ('.1)3 B
22 2 42 18.0 19-,24. 5 155- 3.4 2.9 7. 1 11 181 12. 1 O. ') '3 1 .2 2.g 0.14 C
22 5 27 20.3 lq-lR.3 155-13.2 ' 9. C; 2.1 16 201 7.5 0.18 1.2 0.6 0.18 C

22 5 2q 4.1 19- 1 R. 0 1 C; 5-1 2. 9 8.9 '11 211 8.2 0.27 1.8 1.1 0.21 C
22 5 48 42.3 19-18.6 155-13.4 <1.6 2.4 17 200 6.8 0.15 1 .1 0.'5 0.18.C
22 5 53 56.4 1 <;~ 11 • 8' 1 55-+ 1 2 • l' . 8.5 . 12 ? 12 8.6 C'.26 1.7 C.q C.21 C
22 6 2- 11.5 19-18.1 155-13. 1 q.O ~.l 12 208 7. 8 0.19 1.3 C.8 0.16 C
22 6 19 51.3 19-17. 7 l55~13.0 8.4 10 214 8. 5 0.28 1.9 1 • I O.lQ C

22 6 59 54.4 lCj-20.9 ' 155-1 9. q 1.9 1.3 11 qq 4.1 a.as 0.3 C.'5 0.17 A

22 A. 21 50.5 1q- 25.9 155~17.3 11 .1 0.8 8 289 1.0 0.48 2.0 2.6 0.05 C
22 q 16 41.2 19-17.q 1 5~-1 2. 5 14.8 1.4 10 240 8.8 0.! 8 1.3 o.C) o.o~ C
22 16 6 2.9 19-22.1 1 55-1 8". 8 3.4 0.2 10 8f-. 3. L;. 0.01 0.3 l.t.. o•.J7 A

22 16 1 r; 56.4 19- 24. a 155-16.7 2.4 0.0 7 166 1.2 0.76
,.., .7 1.4 c.es a



SUMM.ARY OF SEIS~IC EVE"'TS (CONTINUED)

1910 HR MN SEC, l4T N LONG W DEPTH MAG NO GAP OMIN ERT E~H ERI MO Q
DEC 22 18 42 45.4 19- 25.3 155-17.0 8.0 1.1 8 168 0.7 0.11 0.8 0.8 0.04 B

22 20 29 22.4 19- 30.9 155- 7.11 8.0* 2.3. 8 323 19. 7 1.11 20.6 0.13 D
22 21 0 31.3 1q-13.6 155-23.2 34.C 2.8 14 220 11.4 0.57 2.2 4.3 0.11 C
22 21 13 51.4 lQ-14.0 155-23.4 32.5 1.6 14 216 11. 1 0.42 1.8 3.6 0.10 C
22 21 42 22.4 19-24.1 155-16.1 0.1* 1.2 8 111 1.7 0.08 0.5 0.09 C

22 23 1 23.8 19- 21.1 155-12.0 6.9 1.8 10 160 4.0 0.05 0.5 C.4 0.06 B
22 23 9 46.1 19-24.4 155-16.0 0.3*-0.0 6 221 2.0 0.13 0.6 0.05 C
22 23 23 13.2 19-25.4 155-22.31 0.9* 1. 3 6 332 8.3 1.09 4.4 0.22 0
22 23 29 12.5 19-18.1 155-1'3.1 8.1 2.1 15 201 6.8 0.20 1.4 0.8 0.21 C
22 23 31 51.0 19-17.7 155-12.2 13.8 1.2 1 244 9.1 0.21 1.0 1.1 0.03 C

23 0 3 21.6 19- 24.6 1~5-16.2 2.1 1.2 q 167 1.5 0.10 0.1 C.6 0.11 C
23' 0 4 21.6 19-24.5 155-16.01 1.2 1.6 10 165 1.9 0.1 3 0.6 4.6 0.14 C
23 0 37 15.2 19-23.1 1 55-1 8. 71 8.0* 1.8 7 211 3.3 1.83 21.6 0.31 0

~ 23 2 2 37.9 19-31.9 1 55- 8.1? 8.0* 2.4- 9 312 20.2 1.1 2 18.4 O.~8 000

23 2 10 51.9 1q- 28. 6 155-14. C;1 8.0* 1. 8 8 320 1.4 0.54 5.2 0.34 0

23 2 11 39.3 lq-18.~ 155-19.21 1.2 1.6 7 303 8.8 4.00 0.0 55.2 O.qS 0
23 2 13 30.4 19-21.9 155-1 6.41 1.9* 1.4 6 '321 5. 1 l.SR 25.1 O.l4 0
23 3 8 33.2 lq-28.5 155-2 0.31 8.6. 1.e; 6 3 r;2 7.4 1.31 1.A 0.28 '0
23 3 25 39.4 19-24.9 155-17.6 1.3 1.1 11 86 0.3 0.10 0.6 0.7 0.15 B
23 3 43 31.9 19-' 27.6 155-18.21 6.5 1. 5 6 347 4.1 1.54 21.5 1.1 0.22 D

-23 3 46 10.4 19-27.6 155-!S.6? 8.0* 1. 8 6 350 4.3 1."30 7.'3 0.28 f)

23 4 0 26.3 19-25.8 155-19.6 6.2 1.2 7 321 3.5 0.80 12.q G.3 0.22 0
23 4 9 0.2 19- 24.5 155-1 7.3 0.4 1.5 12 14 0.5 0.10 0.5 1.6 0.14 B
23 4 25 39.1 19-28.0 155-13.31 8.0* 1.9 10 216 8.1 0.81 5.1 0.54 0
23 4 21 5.4 19- 32.1 1 55-15.41 8.0* 2.0 1 333 12.9 1.59 12.2 0.54 0

,~ 4 32 0.2 19- 27.4 155-16.3 4.8 1. 1 7 309 4.3 1.29 6.1 5.6 0.25 0- ~

23 4 53 17.3 19- 21.1 155- 6.5 5.4 2.3 14 197 15.5 0.0 8 0.6 0.4 0.08 B
23 4 59 13.5 19-19.9 155- 6.1 5.7 2.3 13 201 7.6 0.23 1.5 1.0 0.14 C
23 5 4 11.2 19-26.1 155-21.41 5.3 1.1 6 340 1.0 1.88 30.5 1 8.6 0.21 0
23 ·5 14 30.2 19-2t.5 155-16.4 3.6 0.8 6 301 2.q 0.14 0.<) 1. 1 0.02 C



SUMMAR.Y OF SEISMIC EVENTS (CONTINUED)

1910 HR. Mf~ Se:C l~T ~ LONG W OEPTH MAG Nl) GAP D~IN ERT ERH ERZ MD Q
DEC ~3 5 22 0.8 lq-24.2 155-15.4 0.5 O.q 6 237 2.8 0.31 1.5 10.1 0.05 0

23 ~ 34 28.2 1q- 21.9 1 ~C;-l 7. 3 '5.1 1.1 1 336 4.6 0.18 14.4 «;.'5 0.20 0
23 6 8 54.8 19- 21.2 1 55-18. 31 8.0* 1.3 6 349 3.5 1 .3 r; lq.4 0.30 0
23 6 36 14.2 19-2f.5 155-19.q 5.9 1.2 6 339 4.6 1.63 21.6 '14.1 0.23 0
23 1 5 40.5 1q- 20.6 155-10.3 ,1.7 1.q 11 235 3.0 0.17 1.0 0.6 0.12 C

23 7 14 18.0 1~-23.0 155-1q.2 8.0 1. 2 7 285 4.3 0.80 10.3 (i. 7 0.14 0
23 8 0 34.3 19-24.6 155-15.81 l.q -0.2 6 244 7. 1 0.42 2.7 ~.q ·0.06 0
23 8 14 32.9 1C1- 47. 1 155-14.6 7.5 1. 5 13 2 11 18. 3 0.82 7.7 3.1 0.18 0
2'3 8 23 38.9 19-25.5 155-16.• 9 '8.0· 0.2 5 303 1.2 0.26 3.8 O.O~ 0
2'3 10 14 14.5 19-16. 7 155-26.9 1.A 1.q 12 119 q.l 0.13 1.0 r.B 0.16 C

23 20 22 21.0 19-19.5 155-15.3 1.5 0.9 12 180 3.8 0.11 1.0 C.8 0.15 C
23 20 40 49.5 19-27.0 155-24.1 8.5 1.4 13 115 4.2 0.12 o.q 1.2 C •. l g 6
23 22 44 18.9 19-21.q 155-1 3. 1 . 2.5 1.0 1 146 3.8 0.10 0.7 2.5 0.07 B

~ 24 1 3 36.3 19-23.3 155-27.0 12.2 1.2 ] 0- 227 8.7 0.12 1.0 1.3 0.07 C\0

24 3 ·54 ZC}.2 1q-17. 4 155-12. 7 <1.2 1.7 11 217 q.3 0.27 1 .8 n.B 0 • .11. C

24 l .. 32 3q.7 19- 21.2 155-28.3 9.8 l.q 13 124 8.9 0.09 1.0 c.q 0.16 B'
24 6 16 47.7 19-24.4 155-22.1 9.1 1.2 12 152 6.3 G.11 1).8 o.~ 0.12 C
24 8 lq 3.3 19-24.4 155-1 b. 8 2.3 0.9 9' 148 1.4 0.08 1.0 e.5 0.10 B
24 9 24 5.2 19-21.5 1 55-1 1 • 7 9.1 2.4 15 110 3.5 0.11 1.0 0.6 O!t16 C
24 11 19 35.8 1<1-2f.l 1 55-1 5. 7 5.4 (".8 1 285 3.1 1.01 9.5 9.Q 0.18 0

24 12 41 47. 1 19- 25.4 155-15.91 0.1* 1.3 q 177 2. 1 0.12 0.6 0.13 C
24 23 17 19.6 lq-lq.q 155- 1.4 5.6 2. f; 13 204 5.9 e.25 1.7 1.4 0.18 C
25 0 35 36.1 lq-7~.2 155-34.17 8.0* 2.1. 7 348 28. 8 c;. 1 5 92.1 1.03 0
25 1 0 18.4 1q- 26. 1 155-23. 7 10.8 2.5 15 7(' 5.q o.c·.g o.q ('.6 0.13 B
25 2 59 33.7 19- 2 3. 5 155- 2.8? 2.4 1.8 10 191 12.6 0.19 1.7 1. q 0.16 C

25 4 54 0.8 1 q- 2:3.0 1 55-1 8. q? 8.0* 0.7 ~ 27~ 3.8 1.23 6.5 r.42 0
2~ 5 41 25.q 19- 22. a 155-) q. 81 0.2 * 0.7 1 295 5. 3 (l.~l 1.9 0.14 0
25 6 8 5.4 19-31.0 1 55- 8.11 ~.o * 1.8 6 339 19.3 4.10 96.2 0.81 0
25 6 2q 48.4 1 c;- 11. 8 155-39.1 1~.5 2.5 12 250 6.7 0.28 2.1 0.'5 0.01 C
25 1 2 15.8 19-16.7 155-22.31 .q.o* 1.2 1 335 l~. 3 3.56 82.4 0.12 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

197C HR MN SEC lATN LONG W DEPTH MAG NO GAP DMtN EP, T EP.H ERZ ~D Q
DEC 2'; 9 46 14.6 19-23.7 155-17.4 2.4 0.'5 1 1 74 1.2 0.1 5 0.4 O.q 0.n4 B

25 10 35 30.4 19-22.4 155-20.11 2.1 o. q 1 301 6. 1 0.42 2.0 1.2 0.07 C
25 10 59 23.0 19-1q.l 1~5-1'3.8 12.2 1.1 10 205 5.1 0.15 0.8 1.1 0.06 B
25 14 16 35.4 19-20.8 155-13.2 11.8 1.0 5 tQZ 4.C' 0.0 O.Cl 0
25 14 55 19.6 lq-22.9 155-20.41 0.2* O.R 7 305 6.1 0.48 1.5 0.10 0

25 15 1 44.5 lQ-30.1 15'5-15.1 3.2* ('.8 1 335 q.1 0.33 1.8 0.06 0
25 15 43 11.1 19-:- 26.1 151)-15.1 5.3 3.0 15 145 3. 2 0.11 0.9 C.1 0.17 ~

25 16 48 20.0 19-18.4 1 55-25.81 8.0* 1.3 7 337 18. 2 2.34 53.6 0.65 0
25 16 54 11.3 19- 22.9 155-1 1. 51 9.0* o. e 8 180 1.6 1.13 5.8 0.29 0
25 18 3 57.4 19-23.9 155-17.5 3.5 0.5 1 221 1.5 0.1 3 0.9 C.1 C.03 8

25 18 4') 52.8 19-23.4 155-20.51 0.5* 0.9 1 305 5.1 0.13 2.3 0.16 0
25 19 I 49.3 19-24.3 15C;-1~.7 1.3 0.8 9 qA 2.3 0.31 1.0 ~.5 0.18 B
25 19 1 46.2 19- 25.9 155-15.q 5.6 2. 7 14 143 2. 7 0.10 0.8 C.6 0.14 BV1 25 19 12 3.6 19-25.1 155-15.9 3. 1 2.4 12 182 2.5 0.13 0.6 C.4 0.11 C0

25 19 28 45.5 19-23.4 155-1 7.61 0.1* 0.4 7 735 1.4 0.1 A 0.7 O.C5 0

25 20 46 16.0 1Q-22.0 15!'-20.1 3.2* 0.6 7 309 1.3 0.62 2.5 0.14 0
25 23 22 1Q.'4 IG-22.8 155-20.6 3.4* ').9 7 306 6.4 C .2q 1.1 o.r7 0
26 1 31 51.G 19-23.6 155-11. 3 1.8 0.6 7 166 o.q 0.18 o.~ 1.3 O.O~ 8
26 1 3q 12. 1 19-26.2 155-11 • 3? A.0* 1.5 7 326 11. 7 2.32 20.4 0.53 0
26 2 21 49.1 1q-18. 6 155-18.5 <1.4 1. (; 10 152 1. 1 0.1 3 0.9 0.7 0.07 C

26 3 1 41.5 19-23.3 lSt;-l 8. 2· 0.3* 0.6 7 258 2.5 0.29 1.0 C.O~ 0
26 4 21 lC.7 19- 23. 7 155-17. 3 ~.O 0.4 7 216 1.0 f).52 7.8 2.~ 0.09 C
26 5 42 47.0 19-23.8 155-11.41 ~.4 0.3 7 215 1. 2 0.12 0.6 c.e; 0.02 C
26 6 43 32.9 19-? 3.5 155-20.2 3.2* O.A 8 302 5.3 0.83 3.1 0.24 0
26 7 19 55.9 1<;-22.q 155-2 0.01 4.2 0.6 1 Zqq 5.6 0.49 4.8 28.5 0.10 0

26 7 5q 55.0 1q- 21 .0 155-53.81 3.5 2.C) 13 241 1 q. 0 0.65 9.~ 6.7 C.30 0
26 8 '3 2q.1 1q- 2"3.1 155-}q.l 3.4 O.~ S3 281 4.0 0.28 1.7 4 •.J O.OA C
26 11 19 10.3 19-19.2 155- 7.0 q.8 1. • 1 9 ? 21 7.2 0.40 3.1 1.1 0.15 C
26 11 29 lq.C; 19- 24.C 155-1 1. 31 4.4 '0. 1 8 123 1. 3 0.13 1.3 2.0 0.14 8
26 12 20 10.1 19- 22.5 15·1:;-1 q.11 0.4 * O.q 7 29~ 5.4 0.48 1 .5 0.11 F)



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT ~ LONG W DEPTH MAG Nt) GAP DMIN E~ T ERH ERl 'MO Q

DEC 26 12 43 34.5 1q- 20.1 155-12. 5 11.8 1.1 10 198 5.8 0.29 1.5 2.2 0.11 C
26 13 12 12.6 19- 22.5 15')- 2 3. 1 11.1 2.4 14 12 4.3 0.09 1.0 a.a 0.18 B
2~ 13 15 57.3 1q- 21. q 155-14.81 8.0* 1.5 9 289 0.8 1.81 8.4 0.61 0
26 13 18 30.8 19- 23. 2 ' 1 55-1 9 • 0 3.0 0.8 7 219 3.8 0.16 0.1 0.2 0.03 C
26 14 20 16.~ 1q-23.1 1~5-18.q1 0.2* 0.4 1 278 3.A 0.31+ 1.1 0.01 0

26 16 12 - 54.,0 1Q-24.0 155-16.q 2.8 0.4 1 151 1. 1 0.10 0.6 0.4 0.01 B
26 17 23 6.6 19- 22.8 1';5-19.81 fJ.2 0.8 1 296 15. 3 0.11 5.2 65.~ 0.14 0
26 18 is J4.6 1q- 23.3 155-1~.8? 6.7 1.0 7 213 3.4 0.72 5.1 23.4 (\.13 D
26 21 33 21.8 lq- 23.3 155-11.51 2.8* o. 3 1 231 1.2 0.46 l.q 0.09 0
2"1 "3 6 25."1 19-18.1 155- 6.51 8.0· 7.0 15 215 9.4 0.11 6.3 1.05 0

27 3 24 48.7 1<;-23.2 155-1q.7 2.8 0.6 7 295 4.8 0.12 0.4 e.2 0.02 c
21 4 11 1.5 19-21.3 1'55- 2.4 18.1* l.~ 1 342 13. 1 0.36 2.q 0.04 0

V1 21 5 39 45.~ 1<;- 21. 5 155-12.61 4.0 1.0 8 1 76 4.8 0.60 2.2 2.q 0.16 C
t-' 21 5 50 56.8 19-16.8 155-1 o. q 1.9 0.9 8 267 10.0 0.6.7 2.6 4.9 0.12 0

21 1 43 34.5 19-23.8 155-11.2 ~.o 2.0 12 q2 1.0 0.07 0.5 0·.1 '0-.09 A

27 12 1 2'7'.8 "19- 23.2 155-19.01 0.8 0.6 7 280 3.8 1.24 7.9 6.1 0.20 0
21 12 156 54.8 19-20.0 1'55-22.51 8.0* 0.8 7 326 1,1.8 1.60 14.8 0.51 0
27 13 1 30'.'4 2c\- 0.1 155-24.0 11.7 3. 3 16 218 25.2 0.12 1.5 2.5 C.lI C
27 1,3 42 56.0 11- 21". 8 1 r; '5-11. 4 73.q 1.2 12 ' 90 2.9 0.34 1.2 3.0 0.08 R
27 _15 48 42.7 1<1-18.6 155-15.2 14.9 0.9 7 203 4.8 0.11 0.9 1.0 0.04 B

27 16 0 49.2 19-22.0 155-24.77 8.0* 1.6 !, '332 13.6 3.21 31.6 O.~6 0
21 11 15 43.6 19- 22.3 155-23.87 "3.0 1.3 7 329 11.9 2.63 39.0 1 "3.1 0.'33 0
27 19 24 48.'2 19- 24.6 155-16.31 ~.3* 1.0 7 21A 1.3 1.01 5.1 0.'22 0
27 22 lq 31.3 19-37.6 1. ~5-3 7.4 A.O· 2.3 11 301 28.6 0.85 5.5 O.Oq ()

28 3 11 28.5 19-1 q. 8 155-17.e 8.1 1.1 12 131 0.9 0.10 0.7 r.6 0.12 8

28 8 18 55.7 1q- 23.3 155-19.01 4.1 1. 1 7 219 3.7 0.61 4.4 3.4- 0.13 0
28 10 12 36.2 1q- 26. 5 155-17.41 8.0* 1.2 7 "3 2B 2.1 0.65 10.1 (,.1~ D
28 12 0 59.6 19- 36.6 155- 4.31 8.6 ~. 5 A 335 31.0 5.07 0.0 ~ 4.2 O.R9 D
28 14 13 32. 1 1q-l A. q 155-12.6 11 .7 1.8 11 222 7.2 0.28 1.4 l.q 0.08 C
28 14 5~ 15.2 19- 25.4 155-23.1 l~.n I. Q 11 125 5. 8 0.08 0.7 1.0 o.o~ B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1910 HR MN SEC LAT N LONG W DEPTH ~AG NO GAP DMI N ERT ERH ERI MO Q

DEC 28 15 11 2.2 lq-21.6 155-'11.9 10.8 2.2 14 166 3.9 0.09 O.q 0.4 0.11 C
28 15 12 26.1 19-21.4 155-14.4 3.2* 1.6 8 311 6.4 O.B 2 3.3 0.18 0
28 15 33 14.2 19- 20.5 155-11.2 12.2 1.1 10 210 3.8 0.26 1.2 1.8 0.08 C
28 15 58 15.6 19-23.9 155-11.1 1 .6 0.4 7 154 1.1 0.09 0.3 C.l 0.03 B
28 16 32 57.6 1q- 30.6 155-10.37 8.0* 1. 8 q 302 15.8 0.96 14.7 0.11 0

28 17 44 53.«"1 19-23.1 155-1 1.6 3.4 0.6 1 121 1.4 0.11 0.5 1.1 0.05 8
28 18 11 25.9 1q- "30 __ 4 155-10.51 8.0* 2.4. 9 3~1 1 5.2 0.98 14.0 0.16 0
28 18 29 39.2 19-23.8 155-11.11 2.7 0.4 1 233 1. 7 0.14 0.7 C.6 0.03 C
28 18 59 31. 5 19-23.3 155-19.11 1.6 0.7 1 294 4.7 0.38 2.8 11.5 0.01 0
28 19 31 35.9 19-23.3 155-1 9. 2 3.4 0.6 1 283 3.8 0.50 2.0 1.0 O.Oq C

28 19 41 21.9 1q-Z2.3 155-22.31 4.4 1.4 1 321 9.5 1.06 18.4 11.9 0.18 0
78 lq 48 3q.2 19-23.1 155-20.41 1.5 1.0 1 305 5.9 0.56 4.5 1 ~.o O.OQ 0
28 19 ~5 14.2 19-23.5 155-18.6 3.0 1.0 1 268 2.9 0.18 o.e 0.3 0.03 C

VI 28 20 21 51.5 19-·21.9 155-21. 7 0.3* 1. 1 7 311 9.0 0.48 1.6 0.10 0N

28 21 30 150.q lq-23.4 1~5-18.21 0.3* 1.1 1 2 5~ 2.1:: 0.18 0.7 O.~4 0

28 21 59 18.6 1<;-23.4 155-18.2 1.5 0. 7 8 86 2.4 0.01 0.4 (l.8 0.08 A
2~ 22 20 41.2 19-23.8 155-17.1 2.R 1.4 1 121 1. 1 0.11 1.2 1.3 0.05 9
28 23 1 13.1 1q- 23.6 155-1 8.4 0".2 1.3 7 149 2.5 0.21 0.5 6.4 0.05 C
28 23 31 4q.4 lq..25.1 155-1 1. 5 2.0 2.5 13 127 0.6 0.10 0.7 0.5 O.lA B
2q 0 1 13.8 19-24.0 1';5-17.11 3.3 1.2 1 110 1.2 0.43 1.8 5.0 0.13 C

2c; 2 B 12.7 lq-24.6 155-19.41 0.5 1. 1 9 105 3.4 1.26 4.5 23.1 0.72 C
29 4 58 32.9 19-26.8 1~C)-14.8? 1.3 1.2 7 ~O4 5.2 1.06 6.0 71.4 0.19 0
ZG. 5 21 28.5 1q- 26. 9 155-15.61 5.4 1.6 1 306 4.4 0.64 8.4 C;.l C;.ll {)

Zq 5 ·59 31.5 19- 20·.3 155-27. 5 8.0· 2.1 1 3'3Q 19.3 O.6Q 4.1 0.11 0
2q 6 45 '34.0 19-29.5 155-11.91 8.0* 2.0 8 306 12.3 1.47 23.3 O.Sq 0

29 6 57 49.0 19- 30.9 155- E.6? 8.0· ?5 7 '321 18.4 0.69 23.1 0.10 0
29 1 1 59 29.4 19-26.9 15~-16.0 5.4 1.2 1 255 4.0 0.16 1 .1 e.1 0.02 c
29 15 20 3.A 1 C:;.- 23. r; 155-1 9. I? 2.7 0.6 7 2 A2 ~.6 0.44 3.1 1 ~.o 0.07 0
29 18 1 25.q 1q-l q. 5 15')- q.l 8.9 1.3 9 202 4.8 o. ~2 3.0 1.6 0.16 C
29 19 8 52.2 19- 2 3.4 155-1Q.O ~.9 0.7 1 279 3.5 0.3"3 1.3 3.l <:'.06 C



SUMMARY OF SEISMIC EVENTS (CONTINUEDI

1 Q10 HR 'MN SEC
DEC 29 20 51 54.6

2q 20 Sq 31.9
30 0 21 31.q
30 2 7 37.8
30 2 8 14.8

LA T N LONG W
19-28.0 155-15.31
19- 2 4 • 8 1 55-1 1 • 1
19-2~.2 155-1«;.51
19- 2 1 • 3 1 55-2 3 • 6
19- 25 • 2 155-2 3 • 6

DEPTH MAG
7.1 1.3
2.6 0.8
0.4* O. 8

11.1 1.4
3.2* 1.4

NO G.~P D~IN

10 215 6. 3
8 85 o. 3
7 290 4. 5

12 118 2.0
7 3 35 10.5

ERT
2.66
0.12
0.55
0.08
1.01

ERH
9.3
0.8
1.1
0.6
5.3

ERZ MO Q
~.q 0.40 0
.1.0 0.10 A

0.11 D
1.3 O.lJ A

0.26 0

19-23.9 155-24.6 10.9 1.5
-19-,24,.0 155~17._91 3.6 1.0
:~"9- 2"7,. 0 t 55- 1 2. 81 1 O. 1 * 1. ,8
19--21.2 15~5~~~.2 1-2.9 1.4
19- 24,.,0 J 5~-1 7.,11 0.5 0".1

8.0* 1.6
0.-1 * o. ~
0.4 0.5

12.6 O. 8
g.7 2.0

1.2 0.09 0.6
~l. 5 C • 4 2 2 .4
8'.,3 -2'.'28 15.'4
4. 5 0 • 4 6 '1 .4
l.~ ·0".2·3 0'.8

7141 1.3
8 1 3sl 1-. 3

l'O~ 2,2 1. 7
10 203 12.3
10 '2'17 13.9

C.7 0.04 B
2.4 O~ll B
C.6 C.'t4 C
1.6 0.18 C
1.3 O~lQ C

0.18 0
0.10 C

1.3 0.06 8
1.3 0.01 8
C.9 0.19 B

C.3 0.01 B
2.9 G.oe c

0.43,0
3~6 'O~'04 C
~.5 ·C.12 8

3.1
0.4
0.5
0.8
1.0

0.3
0.7
1.'3
1~6

2~1

0.10
0.27
0.20
0.2 5
0.30

o.? 5
'O~u1

0.1 5
0.11
0.13

5.9
1. ~
1. 1
'4.4
5.1

12 192
., 241
1 .3·14
6 190
8 140

8 318
8 121
8 129

11 181
14 1·21

o.~

0.5
1. 1
1.4
1. 8

1.4
0.9

10,.0
6 •.4
9.0

19-24.1 155-17.0
lQ-24.0 155~17.2?

•~. • f

19--18.0 J55-,13.4
lC?-14 •.7155-21.3
~~~13.~ 1~5-26.8?

1~-28.~ i~5-i6.61
19-2,3·.,9 155-17.3
l'9-~23. q 15'5-1'7.2
1Q-2'O ~ 4 1 5',?~ 1 3. 3
19-21,.5 15~-25.~

30 3 7 3'1.4
30 4 2 2~t>,. q
~O 6 20 16.8
,'3"0 " 8 ·3 3~,.,. 6
'30 8 '40 ~22. 7

30 9 18 23.1
30 13 22 52,.3
30 13 4. 3 ~~. 6
~'9 13 52 4~. 3
30 14 16 .~6.,5

~O i4 49 2'8~ 3
39 l~ ,26 43 •.9
'3017 51 ~6.2
30 19 2"S 39~ 6
30 19 3'5 $4,.1

'. ~

3C 19 3 q 26 • '3 19- ?1 • 4 1 5'5- 1 5. 4?
30 20 16 l~.Q lq-2~.4 ~55715.q

30 21 i~ 44.C i~-2~.~ 1~5-1~.q
302138' 1'5.3 ·19-2~.~ 1~5-28."~?
30 22 10 46.5 l~-~~.~ 1~5-1~.q

~.O* 1.5
4_1 1.J
1.3 P.~

9.q i.6
8 .9 1. 5

8 311 -;.3
8 ?,62 2.2
8 1 56 1. ~

15 ~41 11.8
8 31q 7.1

0.19 3.4
O.eso 2~1

0.31 ".9
0.12 0.9
0.81 5.4

<.'.25 0
1~9 O~la C
2.1 C~ll C
1~4 0.15 B
4.1 O~17 0

30 ~2 31 45~8

30 22 35 34.8
30 22 46 21.2
31 0 42 34.9
31 1 59 15.2

c ,"

l'q~ 23.4 i ,5_5~.i 6_ 4
19-23.8 155-17.4
1<;-21.2 15·5-29.1-.
19- 21 • 2 1 55-1 5• 1
19-30.1 155-14.01

;~2.1 0.0
1.7 0.1
9.~ 1.7
'i.g O.Q
8.0* 1.9

7 1 68 0.1
7 1 34 1. 3

1013310.3
A 309 4. 8
9 2RO 10.1

0.43
0.08
('.15
O.Q7
1.28

1.3
0.2
1.6
5.1
8.2

?6 0.12 C
0.6 0.03 B
1.9 0.17 B
1..3 O.lQ D

0.68 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1-9'1-0 HR MN. SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH EPl MO Q

DEC 31 2 5 1.8 19-24.1 155-1 1.4 l.q 0.7 7 121 1. 2 0.20 0.5 1.3 0.05 B
31 2 6 48.7 19-19.6 155-11.8 11.8 0.8 11 219 5.9 0.33 1.7 2.4 0.10 C
31 2 8 52.3 19- 20. 3 155-13.4 8.4 2.··2 16 181 4.2 0.15 1.1 0.6 0.19 C
31 3 30 34.2 19-24.1 155-11.0 J.3 0.2 8 148 1.3 0.19 0.6 2.2 0.09 8
31 3 35 14.3 19-23.8 155-16.1 It.q 1.0 9 1 q7 1..4 0.56 1.1 3.0 0.11 C

31 5 13 2q.6 19-26.6 155-16.l 6.8 1.1 8 300 3.4 O.~q '3.5 2.4 0.15 0
31 6 22 33.4 1 c;- 23.9 155-16. 81 0.0 0.4 8 160 1.r 0.18 0.1 11.2 0.11 C
31 6 36 33.4 19-20.1 155-13.1 8.8 1.4 16 117 4.4 0.1 ? 1.0 C.6 0.18 C
31 1 35 30.4 19-24.4 155-17.0 2.2 0.5 8 145 1.0 0.33 0.8 -1.9 0.10 8
31 q 21 29.0 lq~ 20.2 15~-11·.O 7.0 11 ..2 22 It.r 0.31 1.1 1.2 0.19 C

31 10 11 56.8 19-20.4 155-10.9 7.2 10 220 3.7 0.13 l.q 1.3 0.19 C
31 12 8 58.2 19-1~.1 155-22. 8 33.7 14 224 It.6 0.57 2.1 5.1 0.11 C

U1 31 12 33 15.1 19-20.6 155-1 ~·.l 8.q 11 1 79 3.1 0.23· 1.7 1.3 0.20 C
~ 31 13 25 35.'5 19-25.1 155-17. 3 1.6 6 176 0.1 1.54 2.4 1.1 o.o~ C

31 13 26 3.5 19-28.5 155-11.61 8.0* 6 320 5.7 0.45 44.6 0.52 0

31 18 ';0 24.q 19- 2 3.q 155-17.11 3.2 1.7 12 101 1.0 0.05 0.4 C.3 0.11 8
31 19 8 38.1 19-23.6 155-1 7.41 3.6 0.9 9 q7 1. 1 0.10 0.5 0.8 0.11 R
31 19 50 13.'5 1q-25.2 155-15.8 4.4 1.0 9 201 2.1 0.21 0.8 1.4 0.09 8
31 22 0 25.2 lCf-18.7 155-15.9 9.0 2.1 17 190 4.~ 0.12 o.q C.5 0.16 C
31 22 51 0.7 19-21.0 155-24.5 8.6 1.8 15 111 2.5 0.13 1.0 c.q 0.20 8

31 23 53 IC.5 19-24.4 155-17. ~ ?2 1.2 9 1 01 1.0 o.C'6 {'\.3 C.3 0.06 A



Table 4.--Fe1t Earthquakes

Greenwich Civil
Time

Date H M S Magnitude Location 'of Felt Report

Oct 6 20 17 58.89 2.98 Kapapa1a Ranch

8 06 13 04.52 3.28 Hi10

13 08 40 01.00 3.25 Kapapala Ranch

25 08 32 52.84 4.17 Hilo t Kealakekua

25 09 55 27.98 4.85 Islands of Maui, Molokai,
Hawaii

29 07 47 30.56 3.96 Kamuela, Kula (Island of
Maui)

30 18 50 57.44 3.21 Hilo
,.

Nov 3 07 57 45.13 2.84 Kapapala Ranch

11 17 12 41.4~ 3.70 Kapapa1a Ranch

12 19 46 13.77 4.34 Northern half of Island

12 19 57 19.13 3.18 Kamuela

12 21 36 00.27 3.23 Kamuela

16 04 02 '51,.58 3.34 Ke~au, Hi10

18 06 07 57.79 3.37 Kamuela

Dec 4 16 35 58.82 2.08 Kapapala Ranch

4 16 45 31.09 3.26 Kapapala Ranch

4 16 50 43.87 2.50 Kapapala Ranch

4 21 50 40.13 3.25 Kapapala Ranch

5 01 32 26.05 2.81 Kapapala Ranch

5 17 59 45.12 3.96 Hilo, Volcano, Kealakekua

10 20 ,·28 05.91 3.63 Hi10, Kapapala Ranch
'4.

13 08 02 06.36 3.61 Kealakekua! Kailua

20 20 44 16.83 2.97 Paauilo '.

25 15 43 11.10 3 .. 03 Hawaii National Park

25 19 07 46.20 2.71 Hawaii National Park '.

25 19 12 . 03.64 2.48 Hawaii' National Park

26 13 12 12.57 2.43 Hawaii National Park

28 23 31 49.43 2.53 Hawaii National Park

"
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1. SEISMOMETERS

EV-17

EV-17H

HS-IO

HVo-2

2. SEISMOGRAPHS

HVO-l

Table 6.--Seismic instrumentation

Electrotech EV-17 1.0 sec period moving magnet vertical
component seismometer.

Same as above, but horizontal component •.

Hall-Sears 0.5 sec period moving coil seismometer.

0.8 sec period moving coil seismometer.

Vertical-component electromagnetic seismograph with a
peak magnification of about 20,000 at 0.25 sec period.

15-90 Press Ewing System: 3-component long-period seismograph system
with peneulum and galvanometer periods of 15 and 90 sec,
respec t iv"ely •

EV-17/3.5 cps galv, EV-l7H/3.5 cps galv, etc: Short-period electro
magnetic seismographs composed of the seismometers and
galvanometers indicated. Response similar to HVO-l.
Pooriy calibrated.

3. AMPLIFIER AND SIGNAL TRANSMISSION SYSTEMS

System I HVQ-built solid-state seismic preamplifier (voltage gain,
"200x), direct-signal trallsmission over "hard" wire to HVO,
HVO-built solid-state amplifier and galvanometer driver.

System II Develco or Teledyne seismic preamplifier--voltage-con
trolled oscillator, signal transmission on audio FM
carrier o'ver "hard" wire or fm radio link to HVO,
discriminator.

Geotech PTA Short-period Geotech photo-tube amplifier.

4. TIMING SYSTEMS

~USGS Crystal-controlled chronometer employing solid-state
binary dividers to produce minute and hour marks. Typical
drift rates are'~ few milliseconds per day.

TS-IOO Sprengnether crystal-controlled chronometer. Output and
performance characteristics similar to RM-USGS.

5.' TELEMETERED SYSTEM RESPONSE

The peak magnification of the standard telemetered systems (System II,
with the film strip magnified 20 times for viewing) is about 2 x 105
at a period of 0.1 sec. For periods between 0.1 and about 1.0 sec,
the response falls off 6 db/octave (Fig. 5).
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in the Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt bases an~ a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt base is reported in terms of
north-south and east-west tilt coordinates. Both coordinates at each
station were arbitrarily set equal to 500 when measurements at that
station were begun. Increasing tilt coordinates correspond to northward
and eastward tilting of the earth's surface; that is, to a relative
subsidence toward the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 mm per km) in the direction
indicated.

Due to errors in our earlier summaries, a complete and corrected
list of tilt coordinates for all tilt stations is listed in Table 9.
This list excludes the three pot readings which were taken at Ahua
Kamokuko1au, Tree Molds, Sandspit, and Keamoku, but it includes the
two pot readings which were not previously published for all stations.

Essential data on each tiltmeter station are listed in the first
quarter issue of each year.

Table 7.--Tilt Coordinates at Uwekahuna Vault,

October, November, and December 1970

Date N-S E-W Date N-S E-W

Oct. 4 560 366 Dec. 6 554 365

11 560 366 13 552 365

18 560 368 20 551 362

25 560 3~3 27 549 356

Nov. 1 561 361

8 559 363

15 560 363

22 560 361

29 558 363
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Table 8.--Ti1t coordinates' and changes at bases around Kilauea Caldera (See fig. 7).

-6
. 11 Rate (10 rad/mo)

"
Tilt Coordinates - and Direction of

Date Tilting Since Date of Last
Tilt Base (1971) N-S E-W Last Reading Reading (1970)

Uwekahuna (U. on fig.' 7) 25 Jan 616.5 393.5 3.88 N67.6°W 9 Sep

Tree Molds (TM) 25 Jan 535.5 478.6 1.99 N19.8°W 9 Sep
,"

...

Sand Spit (SS) 26 Jan 1031.6 606.8 3.99 S16.SoW 10 Sep

Mehana (M) 25 Jan 594.8 591.4 1.25 N27.9°E 9 Sep

Keamoku .(Kea) ,. 2 Feb 568.8 441.7 3.60 S 2.6°W 10 Sep

Ahua Kamokukolau .(Kam) 26 Jan 494.5 502.5 1.79 SS9.0oW 11 Sep

Kipuka Nene (KN) 3 Feb 288.6 502.1 0.53 . N20. 6°E 11 Sep

Hilina Pali (HP) 3 Feb 456.8 497.1 0.43 ' N 9.SoW 25 May

Kapapala Ranch (Kap) 2 Feb 486.3 521.8 0.67 .. N72.loE 10 Sep

~I Due to several errors in the tilt coordinates columns in the earlier summaries, a complete and
corrected list, of tilt coordinates for all tilt bases is provided in table 9.
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TILTING RATE 1.0 X 10-6 RADIANS/MONTH
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Figure 6.-~Tilting of the ground around Kilauea Caldera. The vector
depicting tilting at a given tilt base points in the direction of
maximum relative subsidence, and its length is proportional to the
rate of tilting during the measurement interval. Closed circles
represent field tilt bases; open circles, short-base watertube
tiltmeters. See Table 8 for explanation of abbreviations.

62



Table 9.--Comp1ete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera

Tilt Base and Tilt Tilt Base and Tilt
Coordinates CoordinatesLocation Date N-S

;

E-W Location Date N-S E-W

Uwekahuna 22 Nov 57 500.0 500.0 Uwekahuna 13 Sep 66 499.2 520.4
19°25.5'N 6 Feb 58 508.3 492.8 (cont'd) 8 Dec 66 506.5 507.8
155°~7.4'W 22 M.ay 58 518.1 487.6 17 Jan 67 512.5 499.1

4 Aug 58 526.8 483.4 14 Feb 67 521.7 499.4
2 Oct 58 533.6 479.9 2 Mar 67 521.5 502.6
2 Feb 59 543.9 467.8 8 May 67 544.6 497.3

27 Apr 59 544.2 469.1 5 Jun 67 552.2 494.8
13 Aug 59 543.3 472.4 6 Sep 67 568.6 487.7
12 Oct 59 546.8 468.8 8 Nov 67 583.0 478.0
10 Nov 59 552.8 461.2 13 Feb 68 583.3 469.1

1 Dec 59 535.6 464.2 11 Jun 68 598.7 437.5
28 Dec 59 570.5 443.8 28 Aug 68 557.5 474.1
20 Jan 60 557.8 458.4 3 Dec 68 543.4 472.9
28 Mar 60 272.0 716.2 6 Feb 69 566.1 455.1
5 Jul 60 218.9 759.8 19 Aug 69 572.8 452.5

16 Sep 60 216.2 758.8 29 Sep 69 572.1 451.6
29 Nov 60 283.6 690.0 3 Dec 69 576.4 444.9
23 Feb 61 374.6 628.2 27 Feb 70 591.3 429.1
8 May 61 444.1 594.6 22 May 70 604.9 416.3

26 Jun 61 468.0 583.4 9 Sep 70 609.7 410.0
22 Jul 61 476.8 572.4 25 Jan 71 616.5 393.5
22 Sep. 61 404.4 626.8

6 Oct 61 358.9 645.6
2 Jan 62 394.1 611.5 Ka1ihipaa 26 May 58 500.0 500.0

27 Mar 62 409.2 601.7 19°21.4'N 6 Oct 58 498.9 500.7
29 Jun 62 422.2 590.5 155°15.3'W 9 Feb 59 496.0 503.3
30 Oct 62 446.9 576.8 28 Apr 59 487.3 502.4
10 Dec 62 437.3 580.1 14 Aug 59 488.6 501.0
20 Mar 63 471.2 561.7 13 Oct 59 488.6 500.7
10 May 63 471.6 575.1 29 Oct 59 489.3 500.8

6 Jul 63 478.6 568.7 12 Nov 59 487.1 501.7
6 Aug 63 486.8 561.0 2 Dec '59 486.8 501.8

10 Oct 63 420.8 608.0 29 Dec 59 471.4 509.0
22 Jan 64 440.6 583.6 19 Jan 60 4·17.2 511.0
29 Apr 64 452.5 572.4 4 Feb 60 508.2 504.3
27 Aug 64 469.6 557.7 29 Mar 60 563.4 447.7
10 Dec 64 488.4 455.6 7 Ju1 60 599.2 416.5

4 Jan 65 500.3 534.8 26 Sep 60 611.8 408.7
17 Jan 65 507.6 533.8 3 Nov 60 605.2 407.2

6 Mar 65 441.0 584.5 24 Feb 61 579.9 414.2
15 Jun 65 454.4 568.5 11 May 61 549.1 427.5

7 Sep 65 467.3 556.4 2.6 Jun 61 541.5 433.9
27 Dec 65 442.5 575.8 22 Ju1 61 540.5 435.9
10 Feb 66 463.9 555.2 22 Sep '61 562.5 431.4
14 Mar 66 470.6 549.7 . 8 Oct 61 580.5 421.3

7 Jun 66 486.2 535.5 5 Jan 62 577.5 422.3
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Table 9.--Complete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera (cont'd)

Tilt Tilt

Tilt Base and Coordinates Tilt Base and Coordinates

Location Date N-S E-W Location Date N-S E-W

Kal1hipaa ~8 Mar 62 577.3 422.0 Tree Molds 20 Jan 60 506.2 493.0
(cont'd) 5 Jul 62 577.3 422.2 (cont'd) 5 Feb 60 408.8 528.9

26 Oct 62 568.6 427.0 29 Mar 60 334.0 550.2
II Dec 62 569.6 423.7 7 Jul 60 305.8 555.9
18 Mar 63 562.7 428.2 23 Sep 60 308.0 552.8
tll May 63 553.7 451.0 31 Oct 60 342.5 538.4

3 Ju1 63 343.4 387.5 26 Feb 61 408.5 517.4
5 Aug 63 330.4 377.7 9 May 61 438.3 512.1

22 Aug 63 338.8 377.1 27 Jun 61 450.2 510.6
7 Oct 63 358.1 375.1 25 Ju1 61 455.3 509.1

~O Jan 64 362.8 373.6 7 Oct 61 389.5 528.5
6 Feb 64 361.9 373.2 4 Jan 62 412.9 519.3

27 Apr 64 360.6 371.4 27 Mar 62 420.5 517.4
27 Aug 64 352.6 372.6 29 Jun 62 427.1 514.6
8 Dec 64 342.4 376.1 31 Oct 62 438.5 512.7

21 Jan 65 340.2 380.2 12 Dec 62 435.8 512.4
6 Mar 65 365.6 380.1 19 Mar 63 448.7 510.9
8 Jun 65 366.9 375.3 14 May 63 453.5 512.2

31 Aug 65 360.9 373.8 7 Jul 63 452.5 512.7
~his station was lost 6 Aug 63 457.0 50'9.8
during the eruption and 23 Aug 63 457.9 509.8
earthquake of Dec 24-31 9 Oct 63 422.6 521.3
1965 21 Jan 64 436.2 514.0

1 May 64 443.1 511.6
28 Aug 64 450.9 508.8

Summer Camp 9 'Jun 58 500.0 500.0 7 Dec 64 461.6 504.1
19°24.6'N 7 Oct 58 505.6 515.0 17 Jan 65 469.3 504.3
155°15.6'W 8 Feb 59 508.4 527.1 6 Mar 65 435.1 517.3

4 May 59 517.6 527.9 9 Jun 65 443.2 511.4
15 Aug 59 517.6 525.1 2 Sep 65 447.1 508.6
16 Oct 59 519.7 529.5 29 Dec 65 437.9 515.4
13 Nov 59 530.9 538.6 16 Mar 66 453.8 506.9
This station was lost 8 Jun 66 462.9 504.8
during the eruption of 12 Sep 66 469.8 500.2
Kilauea Iki Nov 14,1959 8 Dec 66 477.9 495.6

18 Jan 67 480.8 495.2
13 Feb 67 483.7 495.8

Tree Molds 9 Oct 58 500.0 500.0 1 May 67 491.9 495.4
19°26.3'N 5 Feb 59 508.6 498.9 7 Jun 67 496.4 495.7
155°17 .3 '.W 28 Apr 59 502.1 498.7 19 Ju1 67 501.0 494.1

14 Aug 59 499.7 498.5 7 Sep 67 504.4 494.5
13 Oct 59 501.5 498.1 30 Oct 67 513.6 492.4
12 Nov 59 509.5 496.4 7 Nov 67 507.5 495.7

2 Dec 59 504.6 490.0 5 Dec 67 510.0 493.2
28 Dec 59 516.1 488.1 21 Feb 68 513.8 491.8

I I I
I
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Table 9.--Comp1ete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera (cont'd)

Tilt Tilt
Tilt Base and Coordinates Tilt Base and Coordinates
Location Date N-S E-W Location Date N-S E-W

Tree Molds 10 Jun 68 522.0 491.3 Sand Spit 11 Dec 64 905.9 697.5
(cont'd) 10· Oct 68 477.0 502.9 (cant'd) 19 Jan 65 934.7 732.7

3 Dec 68 493.4 495.1 8 Mar 65 893.9 749.9
6 Feb 69 504.9 494.2 16 Jun 65 884.9 747.7

24 Feb 69 484.3 499.9 7 Sep 65 881.6 737.5
1 May 69 508.3 491.5 30 Dec 65 869.0 751.8

27 May 69 501.3 493.3 17 Mar 66 845.0 747.9
30 Oct 69 506.4 490.3 8 Jun ·66 839.9 734.9

9 Feb 70 518.4 485.5 12 Sep 66 835.1 716.8
18. May 70 523.6 485.3 5 Dec 66 831.0 710.6

9 Sep 70 526.9 481.7 17 Jan 67 848.8 687.3
25 Jan 71 535.5 478.6 7 Feb 67 863.2 684.3

12 Feb 68 875.8 703.1
Sand Spit 31 Oct 58 500.0 500.0 1 Mar 67 877.6 709.5
19°24.l'N 8 Feb 59 505.1 493.7 20 Mar 67 881.2 712.7
l55°16.8'W 4 May 59 531.2 482.8 12 Apr 67 892.0 717.2

15 Aug 59 527.4 485.8 8 May 67 907.0 718.7
16 Oct 59 525.3 483.6 13 Sep 67 942.4 706.6
13 Nov 59 527.5 472.9 12 Jun 68 955.1 650.7

4 Dec 59 545.0 468.9 31 Oct 69 951.0 684.8
31 Dec 59 605.9 466.7 2-0 May 70 1050.1 613.0
22 Jan 60 605.0 481.1 10 Sep 70 1049.2 612.0

5 Feb 60 599.2 580.1 26 Jan 71 1031.6 606.8
4 Apr 60 757.8 703.9

14 Jul 60 794.0 735.6 Keamoku 2 Mar 59 500.0 500.0
23 Sep 60 786.3 743.1 19°25.1'N 12 May 69 512.8 498.6
31 Oct 60 774.8 724.3 155°19.0'W 16 Aug 59 516.1 497.6
26 Feb 61 854.5 700.9 20 Oct 59 515.5 493.4
10 May 61 962.0 687.0 4 Dec 59 504.9 496.7
28 Jun 61 993.1 672.7 31 Dec 59 534.8 469.8
25 Jul 61 974.8 658.8 21 Jan 60 530.6 484.2
11 Oct 61 839.2 695.2 4 Feb 60 483.3 608.1

9 ·Jan 62 844.6 692.5 30 Mar 60 425.0 739.1
29 Mar 62 849.4 700.9 12 Ju1 60 396.1 792.1
29 Jun 62 852.5 705.9 22 Sep 60 385.1 799.3

1 Nov 62 895.4 706.7 1 Nov 60 384.1 768.7
12 Dec 62 891.7 701.5 24 Feb 61 429.1 664.5
21 Mar 63 938.8 706.4 9 May 61 492.4 597.0
14 May 63 930.2 708.8 24 Jun 61 511.3 572.1

6 Ju1 63 924.6 724.4 21 Jul 61 513.3 567.5
12 Aug 63 921.7 726.2 8 Oct 61 443.3 677.9
11 Oc.t 63 882.8 748.1 5 Jan 62 447.1 651.1
24 Jan 64 863.1: 751.8 29 Mar 62 453.9 637.7
1 May 64 861.2 748.6 30 Jun 62 466.2 623.4
1 Sep 64 885.3 723.0 31 Oct 62 481.4 598.5
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Table 9.--Complete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera (cont'd)

8

o
5
o

6
o
4
4

4

8
5
1
1
1
6
6

Tilt Tilt
Tilt Base and Coordinates Tilt Base and Coordinates
Location Date N-S E-W Location Date N-S E-W

Keamoku 11 Dec 62 474.5 605.6 Ahua 3 Dec 59 479.1 500.7
(cont'd) 18 Mar 63 494.7 577.8 Kamokuko1au 30 Dec 59 413.9 535.4

10 Mar 63 519.2 564.3 (cont'd) 22 Jan 60 444.7 543.5
4 Ju1 63 531.4 552.6 5 Feb 60 634.0 494.3

12 Aug 63 537.0 544.9 5 Apr 60 817.2 456.7
7 Oct 63 501.7 598.4 29 Apr 60 839.5 452.1

24 Jan 64 492.4 591.9 8 Ju1 60 899.5 441.4
28 Apr 64 495.9 584.4 24 Sep 60 927.8 433.7
26 Aug 64 505.7 569.8 28 Nov 60 883.2 441.2
11 Dec 64 506.2 556.1 25 Feb 61 722.6 478.7
18 Jan 65 527.1 531.7 10 May 61 588.7 530.2

7 Mar 65 498.1 589.8 24 Jun 61 546.4 543.5
7 Jun 65 499.8 583.0 21 Ju1 61 547.4 542.8

30 Aug 65 502.5 571.6 7 Oct 61 769.6 469.2
28 Dec 65 505.7 574.2 3 Jan 62 733.9 488.8
15 Mar 66 512.7 555.6 28 Mar 62 717.8 499.4

6 Jun 66 516.8 544.5 1 Jul 62 704.9 509.2
6 Sep 66 518.9 532.4 26 Oct 62 652.9 521.
6 Dec 66 510.8 528.5 10 Dec 62 658.3 521.

13 Feb 67 525.1 509.5 19 Mar 63 599.6 539.
2 Mar 67 531.4 509.2 10 May 63 608.1 583.

21 Mar 67 535.5 503.6 3 Jul 63 694.9 548.
2 May 67 555.0 488.7 5 Aug 63 701.9 555.
6 Jun 67 562.9 479.5 10 Oct 63 802.0 52-9.

19 Ju1 67 572.3 469.2 22 Jan 64 798.9 536.4
5 Sep 67 578.3 463.7 1 May 64 788.1 532.2

30 Oct 67 590.1 440.6 26 Aug 64 752.1 528.4
8 Nov 67 586.6 446.8 10 Dec 64 708.4 522.7

21 Nov 67 585.1 448.4 18 Jan 65 677.0 554.4
30 Nov 67 574.3 452.6 6 Mar 65 777.6 542.9
13 Jun 68 582.1 442.4 15 Jun 65 789.4 532.7
19 Jun 68 583.1 441.1 30 Aug 65 774.3 525.7

2 Sep 68. 571.5 471.0 28 Dec 65 830.0 531~

10 Oct 68 551.4 503.2 16 Mar 66 800.8 529.
2 Dec 68 548.4 492.2 8 Jun 66 778.8 519.
6 Feb 69 558.8 473.6 8 Sep 66 753.1 514.

25 Feb 69 546.9 498.5 5 Dec 66 738.8 501.7
27 Oct 69 571.3 468.3 18 Jan 67 706.6 497.
11 Feb 70 573.7 454.9 7 Feb 67 688.6 501.3
20 May 70 585.2 447.4 12 Feb 67 681.9 518.
10 Sep 70 586.3 442.5 1 Mar 67 684.0 526.5

2 Feb 71 568.8 441.7 20 Mar 67 675.5 533.6
1 May 67 646.2 550.2

Ahua 4 Mar 59 500.0 500.0 5 Jun 67 622.7 554.
Kamoku.kolau 5 May 59 489.1 506.3 18 Jul 67 603.0 557.

19°ww.1'N 16 Aug 59 493.9 506.0 13 Sep 67 587.7 558.
155°16.6'W 19 Oct 59 488.6 505.7 7 Feb 69 630.6 539.7
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Table 9.--Complete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera (cont'd)

Tilt Tilt
Tilt Base and Coordinates Tilt Base and Coordinates
Location Date N-S E-W Location Date N-S E-W

Ahua 18 Feb 69 625.8 542.5 Kip.uka Nene 22 Nov 60 526.9 485.4
Kamokukolau 22 Feb 69 643.3 542.2 (cont'd) 27 Feb 61 521.3 488.0

(cent'd) 23 Feb 69 656.1 536.5 11 May 61 513.6 493.2
27 Feb 69 665.3 535.6 27 Jun 61 510.6 498.3
31 Oct 69 614.6 540.5 24 Jul 61 509.6 499.1
21 May 70 495.5 510.3 9 Oct 61 516.7 494.4
11 Sep 70 498.7 509.5 4 Jan 62 517.1 493.4
26 Jan 71 494.5 502.5 5' Apr 62 516.8 493.5

2 Oct 62 515.1 494.1
Hilina Pali 19 Jan 60 500.0 500.0 13 Dec 62 511.8 495.2

19°18.2'N 6 Feb 60 504.6 497.1 15 Mar 63 509.5 495.5
155°18.6'W 4 Apr 60 516.0 490.5 13 May 63 500.4 502.5

11 Ju1 60 522.7 484.9 5 Jul 63 489.3 505.7
20 Sep 60 525.7 483.3 9 Aug 63 487.3 505.9
21 Nov 60 522.9 486.3 14 ,Oct 63 488.7 506.5
27 Feb 61 518.1 491.4 20 Jan 64 488.3 505.3
12 May 61 511.4 496.1 27 Apr 64 488.2 505.4
28 Jun 61 505.3 499.6 1 Sep 64 485.5 505.5
23 Ju1 61 504.8 499.9 14 Dec 64 483.3 504.0

9 Oct 61 511.1 494.9 20 Jan 65 482.1 503.5
8 Jan 62 512.9 496.3 . 9 Mar 65 486.9 503.4
4 Apr 62 514.4 495.3 8 Jun 65 486.8 502.6

24 Oct 62 512.2 494.2
.'

31 Aug 65 486.4 502.6
13 Mar 63 509.7 495.5 11 Jan 66 296.5 498.1
13 May 63 500.9 500.0 14 Mar 66 300.2 498.5

6 Aug 63 497.9 498.8 9 Jun 66 302.0 498.2
14 Oct 63 497.7 499.6 11 Jul 66 302.6 498.9
30· Apr 64 498.7 498.4 8 Sep 66 303.0 498.1

7 Dec 64 498.6 495.0 ' 7 ,Dec 66 304.9 497.5
9 Jun 65 502.7 493.8 15 Feb 67 303.0 498.2

10 Jan 66 464.1 508.3 17 Mar 67 303.0 501.7
9 Jun 66 464.7 506.3 8 Jun 67 299.2 505.2
7 Dec 66 465.3 505.7 7 Sep 67 297.5 507.0

28 Jun 67 457.3 509.3 7 Nov 67 294.9 505.6
14 Feb 68 456.4 508.1 14 Feb 68 294.9 506.1
16 Oct 68 457.3 504.6 10 Jun 68 292.1 506.0
29 Oct 69 453.5 500.5 2 Sep 68 295.6 505.4
25 May 70 453.2 497.7 11 Oct 68 298.5 505.9

3 Feb 71 456.8 497.1 5 Dec 68 297.8 505.9
12 Feb 69 295.4 506.1
22 May 69 293.7 505.5

Kipuka Nene 26 Jan 60 500.0 500.0 3 Jun 69 293.9 505.3
19°19.4'N 6 Feb 60 504.8 497.2 28 Oct 69 291.5 505.9
155°16.7'W 31 Mar 60 517.7 491.8 13 Feb 70 288.2 504.9

13 Jul 60 526.9 487.2 21 May 70 284.3 502.9
26 Sep 60 529.1 485.5 . 11 Sep 70 286.2 501.2

3 Feb 71 288.6 502.1
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Tilt Tilt
Tilt Base and Coordinates Tilt Base and Coordinates
Location Date N-S E-W Location Date N-S E-W

Mehana 19 Sep 60 500.0 500.0 Kapapala 19 Dec 62 497.8 505.0
19°26.2'N 2 Nov 60 508.0 514.6 Ranch 14 Mar 63 497.6 505.0
155°14.3'W 2 Mar 61 530.0 533.7 (cont'd) 11 May 63 498.0 503.1

12 May 61 540.1 541.9 8 Aug 63 497.0 503.5
26 Jun 61 541.8 546.6 11 Oct 63 496.0 505.6
25 Jul 61 543.5 547.8 21 Jan 64 496.2 507.5
10 Oct 61 526.8 527.6 28 Apr 64 496.4 508.5

2 Jan 62 532.2 536.6 24 Aug 64 494.5 508.2
26 Mar 62 533.8 535.9 9 Dec 64 494.7 510.1

2 Sep 64 541.4 545.0 19 Jan 65 494.7 510.6
30 Sep 64 543.9 546.5 8 Mar 65 494.8 512.0
1Q Dec 64 547.7 548.3 7 Jun 65 494.2 511.4
16 Jan 65 550.0 549.8 1 Sep.65 493.6 512.3

9 Mar 65 541.3 540.7 27 Dec 65 493.8 513.7
16 Jun 65 539.6 543.0 15 Mar 66 492.5 514.8

9 Sep 65 536.9 546.0 6 Jun 66 492.1 514.8
29 Dec 65 541.9 543.3 6 Sep 66 491.3 516.1
17 Mar 66 .542.1 546.8 6 Dec 66 491.6 517.2
16 Jun 66 544.6 551.1 15 Feb 67 491.6 518.2
12 Sep 66 549.1 555.0 22 Mar 67 493.4 515.9

9 Dec 66 553.4 558.3 6 Jun" 67 493.0 513.7
14 Feb 67 559.2 560.1 5 Sep 67 491.2 512.2

7 Jun 67 560.8 564.2 8 Nov 67 491.7 513.1
6 Sep 67 563.6 568.7 13 Feb 68 492.4 515.0
8 Nov 67 569.0 569.8 11 Jun 68 489.1 514.3

21 Feb 68 572.7 569.8 28 Aug 68 488.9 514.4
12 Jun 68 577.8 577.0 14 Oct 68 490.1 515.6
17 Ju~ 68 579.4 776.9 11 Feb 69 490.1 516.9

2 Sep 68 570.4 570.4 27 Oct 69 486.8 518.4
11 Oct 68 563.3 564.2 11 Feb 70 586.2 519 .. 9·

2 Dec 68 567.5 567.8 20 May 70 484.7 519.4
5 Feb 69 573.2 568.7 10 Sep 70 485.3 518.7

24 Feb 69 569.2 564.0 2 Feb 71 486.3 521.8
21 Apr 69 571.3 566.8
27 May 69 570.0 567.4
30 Oct 69 571.4 572.2

9 Feb 70 577.1 578.0
18 May 70 586.6 584.9

9 Sep 70 589.7 588.7
25 Jan 71 594.8 591.4

Kapapa1a 10 Oct 61 500.0 500.0
Ranch 9 Jan 62 501.0 501.4
19°20.5'N 30 Mar 62 500.3 501.4
155°23.8'W 30 Jun 62 497.0 503.6'

23 Oct 62 497.8 504.5

Table 9. Complete and corrected tilt coordinates at all tilt bases around
Kilauea Caldera (cont'd)
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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•

INTRODUCTION

1971 marks the second year of a cooperative effort by the U. s.
Geological Survey's National Center for Earthquake Research (NCER) and
the Hawaiian Volcano Observatory to publish quarterly summaries on a
regular basis. The usefulness of the summary has often been questioned.
It is hoped that constant improvements and the timely publication of
summaries will obviate this question. With the continued expansion of
the Observatory's seismic net it is obviously important to maintain a
readily available reference to serve as a guide for detailed analysis
of the large volume of data being collected. As such a reference an
attempt is made to document as accurately as possible seismometer
station lists, instrumentation, parameters used for preliminary data
analysis, changes in tilt, and the chronology of events for the quarter.
In addition when the opportunity is presented, detailed descriptions
of other Observatory projects will be published.

The Observatory seismic net has been undergoing a significant
expansion in size and a marked improvement in the quality of instrumen
tation. More stations have been added to the net or updated using
preamp/voltage controlled oscillators for seismic telemetry (cable or
FM radio). All the telemetered stations are recorded side by side
along with the Uwekahuna chronometer and the WWVH radio trace, on a
single 16 rom film strip on a Develocorder located at the Observatory.
The stability in timing at the few outstations in the net have also
been improved substantially by the replacement of old pendulum clocks
with more stable crystal controlled chronometers. As a result of the
continued improvements the volume and quality of usable recorded
seismic data has increased both in the number of stations available
for each earthquake and in the total number of earthquakes that are
sufficiently well recorded to be located.

Seismogram readings are punched on computer cards to provide an
input deck for use in a slightly modified version of the location pro
gram HYPOLAYR (Eaton, 1969), which generates an output deck summarizing
the solution of each event. The output deck is a convenient source of
material for further analyses of the earthquakes, and the input deck
is saved for pos'sible reanalysis. Starting in the first quarter of
1971, a velocity-depth model based on refraction studies by Hill (1969)
is used in the determination of hypocenters (as tabulated below) .

Velocity model used for locating earthquakes in Hawaii

Velocity Depth Thickness
Layer km/sec. km km

1 1.8 a 0.8
2 3.1 0.8 1.4
3 5.2 2.2 5.8
4 6.8 8.0 5.5
5 8.25 13.5



For future summaries, as has been done in this quarter, an attempt
will be made to limit changes in the methods of analysis or computer
program parameters to the first quarter and appropriately described in
the first summary of the year. On the other hand, an effort will be
made to continually improve the format and also to simplify the process
of preparing the summaries so that the summaries are rapidly available
as a reference.
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Figure 1.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,
and selected geologic features. Epicenters of local earthquakes
are given in Table 10 in terms of geographic coordinates, which
are indicated at the edges of the map.
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CHRONOLOGICAL SUMMARY

JANUARY-MARCH 1971 (1st quarter of 1971)

The Mauna Ulu eruption continued throughou.t· this 'quarter in much
the same manner as during the preceding 6 months. A brief outbreak in
late January and. e~rly February from a new vent west of Mauna Ulu was
the only major departure from the general pattern of activity on Mauna
Ulu's east flank.

The quarter began with a comparative lull in activity. The lava
lake in the summit crater (by now sufficiently widened by rock falls to
make obsolete the term, fissure) of Mauna Ulu remained 25-35 m below the
rim, and'no lava was visible along the chain of vents to the east. The
last remaining bridge along this chain collapsed on January 2, leaving
a talus-mantled collapse trench more than 300 m long and 15-25 m deep
(Figure 2).

The lull ended on January 14, when the trench became filled with a
stream of lava flowing eastward and spilling over its banks. Some of
these overflows reached the floor of the subs1idence bowl in Alae Crater.
At times. the' lava took part in the fami1ia.r rise~fa11 cycle, centered
at the site of the engulfed December 20 collapse pit (see last summary).
During this interval of trench activity, the lake in the summit crater
rose to within 12-15 m of the rim. By January 21, lava had drained from
the trench except for a small pool of bubbling lava at the site of the
December 20 pit. Lava was, however, moving in conduits below the floor
of the trench, for lava cQntinued to pour through the old tube system
into the Alae holding reservoir. Small flows fed by outlet tubes from
Alae spilled into Makaopuhi Crater on January 23 and over Poliokeawe and
Holei Palis on" January 24.

These flows continued until January 28, when a new vent opened on
Mauna DIu's lower west flank, causing an abrupt change in pattern. Low
fountains issued from a 650 m-1ong fissure that crossed the buried Chain
of Craters road 50 m east of the west edge of the 1969-70 lava field
(Figure 2). This outbreak continued until February 10 and fed flows that
eventually built a low satellitic shield over the site of most persistent
activity at the east end ·of the fissure. New flows covered s·everal
square kilometers south of the fissure, in places ponding against the
scarp along Kalanaokuaiki Pali.

Activity on the east flank of Mauna Ulu resumed immediately after
the new outbreak had ended. On February 11, a vigorous flow was pouring
into the Alae subsidence bowl, which had already filled with new lava.
Over the next several days a wide area was covered by lava that spilled
from Alae (Figure 2). This surface flow stopped between February 18 and
20, although lava continued to pour out of Alae through the tube system.
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A new subsidence bowl resulted from this continued withdrawal and is
described by Swanson and Peterson (1972).

During most of the January 28 - February 10 outbreaks, the lava lake
in Mauna Ulu's summdt crater continued its slow circulation and cyclic
rise-fall action apparently unrelated to the activity on the west flank.
On February 7-9, the lake rose to within 3 m of the crater rim, but by
February 11, when the east-flank activity had resumed, it had dropped to
its usual depth of 15-20 m below the rim. Lake level continued to drop
slowly throughout March and, by the end of the quarter, fluctuated between
depths of 40 and 55 m.

On February 22, a new lava stream, fed by the outlet tube from Alae,
plunged over Poliokeawe and Holei Palis. It then pooled at the base of
the palis, crossed the Chain of Craters road, and continued slowly
toward the sea, finally reaching it near the Hawaiian village site of
Kealakomo on March 8. Lava continued to enter the sea for the rest of
the month, slowly building a lava delta outward away from the old shore
line. This delta and its formation are described by Moore and others
(1973).

Throughout March, no lava could be seen in the trench on Mauna DIu's
east flank, but it could be heard flowing and bubbling beneath the
rubbly trench floor. By the end of March, the trench was about 350 m
long and varied from 15 to 50 m in depth. The trench was growing westward,
and the summdt crater eastward, because of rockfalls; on March 23 the
bridge separating them was 50 m wide but by March 28 had narrowed to only
12 m wide.
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January-March 1971 leveling at Kilauea
and tabulated'. comparisons with previous data

by

R. T. Okamura and D. A. Swanson

An extensive leveling survey was conducted at Kilauea in January»
February, and early March 1971. A line was run from the Hila tide gage
to Kilauea summit along Highway 11, and from the summit ·to Kupapau tide
gage and BM 10 at Kalapana Protestant Church via two routes, the Chain
of Cr~ters. road and the Kalapana trail. In addition, numerous bench
marks' in the summdt area were occupied. Figure 3 shows the location of
all benchmarks used. Precise locations for benchmarks established in
1958 or earlier are given in a report by Yamamoto (1957-1958), which can
be obtained from either the Topographic Division of the U.S.G.S. or from
the Volcano Observatory. Locations of benchmarks installed since 1958,
including reset older benchmarks, are on file at the Volcano Observatory.

Two crews working simultaneously .were used for the Hila-Kilauea
summit run and in the summit area; one crew did the rest. Each crew used
a Zeiss Ni2 pendulum level and yard rods with invar strips. In general,
procedures as outlined by Karren (1959) and the U. S. Geological Survey
(1966) were followed in the field. For most of the leveling, the same
rod was sighted first from each setup (that is, foresights were made
before backsights about half the time) in order to minimize small system
atic errors, a procedure suggested by J. P. Church. Both levels were peg
tested at least once a day to a tolerance of 0.003 ft, and both seemed
to be quite stable. Foresights and backsights were generally balanced.
The pendulum housing was tapped before each reading, quite vigorously
·during rainy or misty periods when the pendulum has a greater chance
of sticking. The three-wire method of observation was used exclusively.
In almost every case, the same rod was used for a foresight and the accom
panying backsight, thereby cancelling any rod index errors; when different
rods were used t a rod-index correction was made if significant.

Field books are on file at the Volcano Observatory. The notes were
completely checked and recomputed in the office as the leveling progressed
and at a subsequent time. Major discrepancies in elevation differences
when compared with previous leveling were immediately checked, and in
only one case was an error in the 1971 leveling detected; thus the large
elevation differences indicate either errors in the previous leveling or
more generally, real vertical displacement. Orthometric corrections were
applied, using the technique given by the U. S. Geological Survey (1966),
based on the Hi10 datum. These corrections were small, reaching a maximum
of 0.045 ft at Hilina triangulation station.

Rod pairs T232964-T232965 and T232966-T23.2967 were used; these· rods
were loaned by the Topographic Division of the U.S.G.S., courtesy of
J. P. Church. Six months after the field work, the rods were checked for
length by the Topographic Divis~on in Washington, D. C. using a calibrated
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invar tape known to be accurate throughout within 1 part in 30,000. The
invar in the tape is the same as that of the rods,'so temperature cor
rections were unnecessary. That part of each rod between the 0.2 and 3.9
yard graduations was checked; the error between the surface of the foot
plate and the 0.2 graduation, the rod index error, was also measured.
The length of the calibration tape was corrected for the 4 pounds of
tension applied to it during measurement of the rod. Two measurements of
each rod interval were made, each by a different individual, and the
results were averaged.

The results of these tests are shown in Table 1 and Figure 4. 'All four
rods are too long, so that the true height above the ground is more than
the rod reading and a positive correction must be added to the reading.
The errpr is not proportional to the length of the rods; if it were, a
rod correction could be computed by multiplying the difference of eleva
tion between two benchmarks by a constant based on the mean excess length.
Because the error is not proportional, each rod reading should be corrected
individually. This was done for several typical benchmark intervals, but
was too time-consuming to be done for all the data.

The method of Karren (1959) was used for making the rod corrections.
The average backsight and foresight per interval were computed in yards
by dividing the sum of the thread readings by the product of the number
of set~ps times 3 (to convert from feet to yards). The mean rod correction
for the average backsight was obtained from the appropriate graph (Figure
4, A or B), as was the mean correction for the average foresight. The
difference between the mean corrections was then computed, with due
regard to the signs. Since the rods are all long, the sign of the correction
for an uphill interval is positive if the backsight correction is more than
the foresight correction and negative if less; for downhill intervals,
the sign of the correction is positive if. the foresight correction is more
than the backsight correction and negative if less. If the'signs are
positive, then the' difference in elevation between the backsight and
foresight benchmarks is increased; if the signs are negative, the differ
ence in elevation is decreased. Usually the signs are positive, because
the upper part of the rods generally is in error by more than the lower
part". Once the difference in backsight and foresight corrections had been
obtained, this difference was multiplied by the number of instrument
setups to give the total corr~ction to be applied to' the elevation of the
foresight benchmark. The results using this method checked closely
with those 'from the intervals for which each rod reading was corrected
individually.

As an example of ~his method, assume that the raw difference~ in ele
vation going from BM 1 to BM 2 is -169.058 ft, BM 1 being higher than
BM 2. There were 26 setups between the benchmarks, and the sum of the
backsight and foresight thread readings is 63.309 ft and 232.367 ft,
respectively. Thus, the average backsight and foresight readings, in
yards, are .812 and 2.979, 'respectively. Rod pair T232966-T232967 was
used, and Figure 4B shows ~hat the mean correction to the average back
sight is .00070 ft, an·~ to the average foresight is .00115 ft. The
difference between these corrections is .00045 ft, and the sign is

8



positive since the foresight correction is greater than the backsight
correction and the route is downhill. The number of setups (26) times
the difference in corrections (+.00045) is .012, and this added to the
difference in elevation of 169.058 gives a final difference of 169.070,
which means that BM 2 is 169.070 ft below BM 1.

No average backsight or foresight during the leveling was signifi
cantly less than 0.2 yd, the datum for the rod calibration; the average
shots slightly less than 0.2 yd were considered to have no error. No
average sight was more than 3.9 yds.

Rod corrections significantly reduced the closure error in the sev
eral circuits in the network. For example, the long, 28.36 mi loop
defined by the Kalapana trail and the Chain of Craters road closed
-0.215 ft before rod corrections and -0.150 ft after corrections.

The rod corrections are based on the assumption that the rods did
not change length during the leveling. There is no way to check this,
but consideration of the type of rod makes this assumption seem reason
able. No corrections for length changes because of varying temperature
were applied during the leveling, but these corrections would be minor
because of the very small coefficient of expansion of the invar.

Closure adjustments were made after correcting for rod error by
applying a correction proportional to the distance from the start of
the circuit. Elevations on spur lines are based on the adjusted eleva
tion at the tie point.

All loops closed to within second order tolerance (0.035 ft times
the Vl~ngth of section in miles). Many short, unclosed spur lines were
run, and the long line from Hilo to the summit was also not closed;
these lines are technically of third-order accuracy. However, many selected
portions of the Hilo-summit run were releveled, both in flat and steep
terrain, and comparison of the results suggests that this leveling is of
second-order quality, despite the lack of a closed loop.

Table 2 lists the elevations of all benchmarks in the 1971 leveling
network before and after rod corrections. The datum is USC&GS tidal
benchmark E 2 in Hilo, which was assumed to have an elevation of 7.936
ft, in order to facilitate comparison with earlier work (Rapp1eye, 1929;
Karren, 1959). Recent measurements between BM 4, the USC&GS primary tidal
benchmark a short distance from E 2, suggest that the elevation of E 2
should be lowered by 0.016 ft to an elevation of 7.920 ft. Since E2 is
located on busy Pier 1, which is subject to considerable heavy truck
traffic, it is not surprising tha~ it should subside; moreover, bench
mark F 2, located farther out on the pier, is known to be ~ubsiding

(Karren, 1959; table 3 of this paper). However, BM 4 is located in the
concrete footpad for a large water tower, and it seems likely that it may
change elevation slightly ~s a result of the water load in the tower,
although level lines run periodically by the USC&GS to a nearby tide gage
suggest that' such movement is small. Probably this spurious change would
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be in the sense of lowering its elevation and all elevations based on it,
although the water level in the tank may fluctuate and cause the eleva
tion to do likewise. In short, the datum E 2 is probably slowly sub
siding but this cannot be proved and in any event would not seriously
affect any comparison of the 1971 survey to previous surveys.

Table 3 shows a comparison in meters of first-order leveling in 1926,
second- and third-order leveling in 1957-58, and the present leveling.
The data from the previous surveys are taken from Rappleye (1929), Karren
(1959), and Yamamoto (1957-58). Several benchmarks were reset after
1958; data for transferring the reset elevation to the original elevation
are listed in Table 8.

In 1965, R. W. Decker supervised a leveling crew that installed and
occupied many benchmarks along the Chain of Craters road from near
Kilauea summit to BM 10, at the Kalapana Protestant Church. The note
books are filed at the Volcano Observatory. The equipment was similar
to that used in 1971. The invar rods (numbers 299 and 315) were not
checked for length errors. These same rods have been used by the Volcano
Observatory since then and in April 1971 were calibrated by the Topo
graphic Division in the same manner as described earlier. Table 4 and
Figure 5 give the results for the pair 299-315, as well as the pair
260838-260839, a frequently used pair of rods at the Volcano Observatory
but not used in any leveling quoted in this report. It is not known how
much, if any, rods 299 and 315 were in error in 1965. On the assumption
that the corrections in 1971 were applicable in 1965, Decker's leveling
has been examined and rod corrections applied, using the method described
earlier. Table 5 shows a comparison of the final 1971 and 1958 eleva
tions with the 1965 elevations before and after rod corrections, using
the 1958 U.S.G.S. elevation of 10.812 ft at BM 10 as the datum.

In February 1921, R. M. Wilson leveled from Keaau (BM 359.3) to
Volcano House Flag via Ka1apana. Over the course of the next year he
leveled in the vicinity of the summit of Kilauea, and in January-February
1922 he ran a line from Keaau to Crater Hotel (since destroyed), which
allowed closure of the circuit containing the February 1921 line. This
leveling is discussed by Wilson (1935) and Karren (1959); the notebooks
and related memoranda are on file at the Topographic Division of the
U.S.G.S. in Menlo Park, California. The leveling is probably of poor
quality for the reasons given by Karren (1959). In particular, the prob
lem of incorrect rod length is of utmost importance. The wooden rods
used in 1921-22 were long and changed length repeatedly (Wilson, 1935).
Wilson applied a proportional correction based on the most recently
measured length of the rods for a particular period of leveling. This
method is valid only if the error of a rod is proportional to its length,
a dubious assumption and one that would give somewhat erroneous results
if applied to the 1958 and 1971 leveling. However, this type of correction
for Wilson's rods is probably better than no correctioq at all.

We have recomputed the 1921 leveling between BM 10 (Kalapana Pro
testant Church) and BM 2738, south of Makaopuhi Crater. This leveling
was done between February 4 and 9, 1921. The rod lengths were measured
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on February 8, apparently under field conditions of humidity and tempera
ture. The tape Wilson used for the measurement of the rods was later
found to be long by .0008 ft in 9 ft; that is, at 9 ft the tape read
only 8.9992 ft. Wilson realized this but did not take it into account
when making his rod corrections. We have recomputed the rod corrections
based on the corrected tape. Thus, as measured on February 8, 1921,
rod A 9 was long by 0.0076 ft in 9 ft and rod 42 was long by 0 •.0051 in
9 ft. The mean of these errors is +0.00635 ft/9 ft, which is the rod
correction to be applied proportionally to the 1921 raw data between
BM's 10 and 2728. In addition, we recomputed Wilson's collimation
corrections more precisely than he had done, taking into account curvature
and refraction.

Table 6 shows the 1921 raw data and our corrections. Table 7 com
pares the 1921, 1958, and 1971 elevations holding BM 10 at the 1958
elevation of 10:812 ft.

The 1921-22 line from Keaau via Kalapana closed 0.488 ft low at
Crater Hotel relative to the direct Keaau-Crater Hotel line. After
Wilson's rod and collimation corrections, the closure was 1.940 ft low.
Karren (1959) used this to cast doubt on the reliability of Wilson's
method of correction, which should have reduced the closure error.
However, it is important to take into account the timing of the surveys.
The line via Kalapana was run in February 1921 during continuous eruption
in Halemaumau; this is typically a time of summit stability, a conclusion
based on knowledge acquired over the last 20 years. Beginning in March
1921, the magma column withdrew in Halemaumau, and throughout the next
year it fluctuated greatly in height. This time, clearly one of instabil
ity in the magma column, could well have been accompanied by substantial
ground deformation. The direct run from Keaau to Crater Hotel was not
made until January-February 1922, almost a full year after the 1921
leveling, and it is quite possible that the summit area was considerably
higher than in early 1921. In this regard, it is notable that a flank
eruption occurred in Makaopuhi Crater in May 1922, shortly after the
1922 survey; usually such flank eruptions are preceded by long periods
of summdt uplift. Thus, the closure error in Wilson's circuit may not
be as bad as it seems, although it still should be emphasized that the
1921-22 leveling was of poor quality and should be used with caution.
We feel that the differences between the 1921, 1958, and 1971 surveys
along the short Kalapana trail are large enough to indicate important
vertical displacements. These displacements will be interpreted by
Swanson and colleagues in future publications.

We ~hank Jack P. Church of the Topographic Division of the U.S.G.S.
for his interest, advice and patience in dealing with all our questions
and requests. Virtually all members of the Volcano Observatory took
part on survey crews, and the Kilauea Job Corps contributed rodmen at
times. CDR Moran, Ensign Lilley and Mr. Stanley Shibuya of the Coast and
Geodetic Survey (then ESSA) showed us the Hila tide gage and nearby bench
marks.
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Figure 3.--Location of all benchmarks and leveling routes used in the
January-March 1971 .. 1eveling on Kilauea.

12



T232965
I

~------~ • .- _ ~,"--"~"i:i:'::===::::::=;;.:==

T232964
I

:l

0' ",r;' , , , , , , ,

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

gar~!i

.0010

.0020

lI-t
~ 0

0.5 1.0 1.5 2.0 2.5 3.06t 3.5 4.0
\t=t A garbs

q.

$.t
t-A Q
w $.t .0020

*-t
I T232967~

{
----~~.0010~ 2----~ ................-:......"",..----

Figure 4.--Graphs used in determining rod corrections for rod pairs T232964-T232965 and
T232966-T232967. These rods were used in the 1971 leveling. See text and Table 1.



4.0

4.0

3.5

3.5

--- -------299---- .".."""" ......

3.0

3.0

2.5

2.5

2.0

garbs
1.51.00.5

260839 ", ".,. "
I ---- --/ "~ ~..J,...~~------_----:----- ........

~-----~- ----~ ......~..,.~- _........~ ...,. ~ :::::::;;:."~ 260888 MEAN ~

I II II I
---t:: I 5 2 00'" I 0 I. .

E) 0.5 · gar~s

.002

.001

'i=t
~

~ °A~

$=at
e 002~

~.~

$=t
~

.001

Figure 5.--Graphs used in determining rod corrections for rod pairs 260838-260839 and
299-315. These rods are currently used at the Volcano Observatory, and 299-315
were the rods used during the 1965 leveling by R. W. Decker. See text and Table 4.



Table 1.--Data for correcting rods used in 1971 leveling.

C~ibrated at 73°F on August 5, 1971.

Correction in feet.

Rod reading,
in yards T232964 T232965 T232966 T232967

0.2 0 0 0 0

0.5 +.00064 +.00032 +.00060 +.00027

1.0 +.00141 +.00113 +.00108 +.00071

1.5 +.00153 +.00130 +.00090 +.00113

2.0 +.00114 +.00158 +.00086 +.00122

2.5 +.00150 +.00150 +.00118 +.00120

3.0 +.00140 +.00158 +.00132 +.00107

3.5 +.00130 +.00142 +.00105 +.00085

3.9 +.00178 +.00165 +.00160 +.00112

Rod index error +.00150 +.00125 +.00125 +.00100
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Table 2 .--1971 elevations, before and after rod corrections,

based on 1958 .e1evat~on for E 2 of 7.936 ft.

Elevation
'before rod
correct Ion

Final elevation after
rod correct ion

B.M. ft ft m

U.S.E. Pier 7.518 7.518 2.291

F 2 7.656 7.656 2.334

E 2 7.936 7.936 2.419

o 2 8.444 8.444 2.574

A-lOO'1967 11.683 11.683 3.561

5.83 5.959 5.959 1.816

5.79 5.922 5.922 1.805

TBM Ai rport 31 . 194 31 . 196 9.509

3YV 195'7 42.631 42.632 12.994

4vy 1957 110.415 110.423 33.657

5VY 1957 147.788 147.799 45.04.9

B 2 (1926) 198.095 198.111 60.384

6vv 1957 reset 244.683 244.701 74.585

A 2 (1926) 277.894 277.913 84.708

7YV 1957 reset 1971 278.391 278.410 84.860

Z 1 (1926) reset 1963 327.776 327.798 99.913

359.3 359.373 359.398 109.545

Bvy 1957 561 . 091 561 . 135 171.034

Keaau Trig. 604.630 604.676 184.306

1 vv 1958 650.995 651.046 198.439

Y 1 (J 926) 690.352 690.406 210.436

2 vv 881.717 881.793 268.771
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m
3 YY 1043.480 1043.575 318.082

1266 1266.366 1266.486 386.026

4YY 1397.859 1398.002 426.112

WI reset 1948 1530.474 1530.637 466.539

5YY 1723.855 1724.044 525.490

2002 2002.347 2002.586 610.389

VI (1926) reset 1967 2119.361 2119.618 646.061

6YY 1958 reset 1967 2155.467 2155.725 657.066

7YY 1958 reset 1967 2224.713 2224.979 678.175

U 1 (1926) reset 1967 2358.677 2358.962 719.013

8YY 2474.910 2475.210 754.445

9YY 2486.815 2487.115 758.074

10YY 2681.077 2681.410 817.295

IIYY 2751.352 2751.697 838.719

12YY 2892.887 2893.255 881.866

13YY 3157.061 3157.471 962.399

14YY 3417.383 3417.828 1041.756

15YY 3413.454 3413.899 1040.558

S 1 (1926) 3521.804 3522.262 1073.588

3565 3565.646 3566.105 1086.951

16YY 1958 reset 1968 3722.791 3723.271 1134.855

17YY 1958 reset 1962 3826.939 3827.433 1166.604

90YY 1958 reset 1962 3874.696 3875.194 1181.161
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Table 2.--1971 elevations, before and after rod' corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).,

Elevation
before rod Final elevation after
correction rod correction

B.M. ft ft m

94YY 1968 reset 1962 4022.820 4023.328 1226.313

95YY 4000.798 4001.305 1219.600

NPS 3999.67 3999.936 4000.443 1219.337

120YY 3931.079 3931.580 1198.348

121YY 3807.601 3808.088 1160.708

122YY 3696.974 3697.450 1126.985

123YY 3641.223 3641.694 . 1109.991

96YY 3992.377 3992.884 1217.033

HVO 25 3965.225 3965.729 1208.757

HVO 24 3967.226 3967.730 1209.366

P 1 (1926) 3950.444 3950.947 1204.251

HVO 23 3907.481 3907.980 1191.155

HVO 26 4026.'672 4027.182 1227.487

HVO 27 4079.219 4079.735 1243.506

4076 4076.717 4077.232 1242.743

Uwekahuna Trig. 4087.947 4088.463 1246.166

HVO 28 4007.244 4007.750 1221.565

203YY 3943.546 3944.047 1202.148 .

HVO 29 3880.106 3880.600 1182.809

204YY 3779.009 3779.489 1151.991

117YY 3743.231 3743.705 1141.084

118YY 3737.945' 3738.419 . 1139.472
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

Cracks Trig. 3724.737 3725.209 1135.446

Pali Trig. 3147.965 3748.439 1142.526

Cone Peak Trig. 3653.344 3653.811 1113.684

127YY 3363.073 3363.518 1025.202

Aa Trig. 3348.858 3349.302 1020.869

Sand Hill Trig. 3701.048 3701.519 1128.225

HVO 119 3701.349 3701.820 1128.317

129YY 3605.813 3606.279 1099.196

Nose Trig. 3551.511 3551.973 1082.644

HVO 30 3726.012 3726,.485 1135.835

HVO 31 3654.057 3654.521 1113.900

HVO 32 3645.417 3645.881 1111.267

HVO 33 3671.096 3671.564 1119.095

205YY 3639.191 3639.657 1109.370

Sand Spit Trig. 3647.991 3648.457 1112.052

HVO 36 3625.505 3625.970 1105.198

l11YY 3620.212 3620.677 1103.585

HVO 37 3602.469 3602.933 1098.176

112YY 3563.990 3564.449 1086.446

HVO 38 3484.704 3485.157 1062.278

113YY 3495.116 3495.570 1065.452

Ahua Kam. Trig. 3557.093 3557.554 1084.345
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Table 2.--1971 elevations, ·before and after rod corrections,

based on 1958 elevation E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

114YY 3547.446 3547.906 1081.404

HVO 39 3600.229 3600.693 1097.493

115 YY 3647.003 3647.470 1111.751

HVO 40 3687.742 3688.213 1124.170

Keanakakoi Trig. 3690.675 3691.146 1125.064

HVO 41 3621.144 3621.609 1103.869

HVO 42 36l7.573 3618.038 1102.780

HVO 43 3695.532 3695.995 1126.541

HVO 44 3550.431 3550.890 1082.313

110YY 3551.064 3551.523 1082.506

HVO 45 3538.785 3539.243 1078.763

109YY 3525.477 3525.934 1074.707

108YY 3501.321 3501.777 1067.344

HVO 46 3531.093 3531.550 1076.419

HVO 47 3545.097 3545.555 1080.687

HVO 48 3567.491 3567.951 1087.514

HVO 49 3592.660 3593.121 1095.185
~

HVO 34 3632.759 3633.225 1107.409

HVO 35 3636.795 3637.261 1108.639

TBM (nail) 3661.893 3662.362 1116.290

RVO 10 3674.048 3674.517 1119.995

22YY 3721.623 3722.096 1134.497
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Table 2.--1971 elevations. before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

23YY 3641.624 3642.089 1110.111

24YY 3623.314 3623.779 1104.530

2SYY 3522.036 3522.490 1073.657

26YY 3431.371 3431.818 1046.020

3390 3384.639 3385.080 1031.774

27YY 3283.439 3283.866 1000.924

28YY 3270.688 3271.115 997.038

29YY 3231 •.605 3232.030 985.125

131YY 3303.091 3303.527 1006.917

132YY 3272.655 3273.090 997.640

133YY 3218.705 3219.137 981.195

Oha1e (3314) 3312.014 3.312.451 1009.637

134YY 3153.364 3153.793 96'1.278

135YY 2927.731 2928.128 892.495

136YY 2829.199 2829.591 862.461

137YY 2627.677 2628.040 801.028

138YY 2465.853 2466.202 751.700

l39YY 2282.624 2282.950 695.845

Hilina Trig. 2249.428 2249.752 685.726

HVO 98 3244.:530 3244.9.55 989.064

HVO 97 . 3249.183 3249.608 990.482

3269 3267.797 3268.224 996.157
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Table 2.--1971 e1eva~i~ns, before a~d after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

HVO 96 3330.516 3330.949 1015.275

HVO 95 3393.067 3393.506 1034.343

HVO 99 3211.252 3211.675 978.920

HVO 101 3189.968 3190.390 972.433

HVO 103 3200.689 3201.113 975.701

HVO 104 3152.139 .3152.559 960.902

HVO 105 3076.556 3076.968 937.862

2746 2749.355 2749.746 838.124

Q 1 (1926) 4015.413 4015.920 1224.055

93YY 3999.886 4000.391 1219.322

HVO 143 3984.558 3985.062 1214.649

92YY 3943.562 3944.059 1202.152

3973 3972.645 3973.143 1211.016

Vol. H. Flag (Spike) 3970.208 3970.705 1210.273

Observatory Trig. 3979.664 3980.162 1213.156

HVO 87 3953.306 3953.801 1205.121

18YY 3874.308 3874.799 1181.041

19YY 3917.767 3918~259 1194.288

20YY 3834.953 3835.434 1169.043

21YY 3763.791 3764.267 1147.351

3440 3443.585 3444.031 1049.743

Puu Hu1uhu1u Trig. R.M.! 3441.803 3442.'249 1049.200
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.963 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

P.R. Trig., top of pipe 3445.440 3445.887 1050.308

T-129A 3089.507 3089.911 941.807

T-12 3040.183 3040.579 926.770

120 3011.776 3012.169 918.111

34YY 2999.746 3000.139 914.444

Makaopuhi Wall 2922.912 2923.297 891.023

2728 2736.818 2737.193 834.298

HVO 53 2558.602 2558.963 779.973

2503 2505.862 2506.216 763.896

36YY 2504.982 2505.336 763.628

2302 2305.397 2305.738 702.790

37YY 2299.777 2300.118 701.077

38YY 2305.060 2305.401 702.688

39YY 2136.936 2137.262 651.439

40YY 1919.966 1920.278 585.302

1638 1641.108 1641.399 500.299

41YY 1441.268 1441.549 439.385

42YY 1252.100 1252.371 381.723

1082 1083.045 1083.303 330.191

43YY 927.983 928.231 282.925

44YY 559.861 560.084 170.. 714

557 558.375 558.598 170.261
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Table 2.--1971 elevations, before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

352 352.045 352.258 107.368

4SYY 168.186 168.389 51.325

167 167.620 167.823 51.153

46YY 76.326 76.523 23.324

64 64.278 64.474 19.652

48YY 19.745 19.935 6.076

34 34.884 35.074 10.691

49YY 41.580 41.770 12.732

50YY 42.990 43.180 13.161

51YY 32.312 32.502 9.907

10 10.930 11.120 3.389

Hakurna Trig. 61.815 62.008 18.900

avo 86 15.120 15.309 4.666

HVO 13 10.266 10.455 3.187

Kupapau Trig. 24.298 24.487 7.464

HVO 85 37.046 37.234 11.349

HVO 84 34.573 34.758 10.594
~

HVO 83 42.630 42.813 13.049

HVO 82 73.003 73.184 22.307

HVO 81 62.057 62.236 18.970

HVO 80 65.178 65.354 19.920

HVO 79 46.219 46.392 14.140
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Table 2.--1971 e1evations t before and after rod corrections,

based on 1958 elevation for E 2 of 7.936 ft (cont'd).

Elevation
before rod Final elevation after
correction rod correction

B. M. ft ft m

HVO 78 83.057 83.230 25.369

HVO 77 113.787 113.962 34.736

HVO 76 148.346 148.523 45.270

HVO 75 160.542 160.718 48.987

HVO 74 264.774 264.962 80.761

HVO 73 374.518 374.716 114.214

HVO 72 465.154 465.358 141.841

HVO 71 566.265 566.478 172.663

HVO 70 660.760 660.982 201.468

HVO 69 787.779 788.012 240.187

HVO 68 913.911 914.158 278.636

HVO 67 1031.888 1032.145 314.598

HVO 66 1146.323 1146.591 349.482

HVO 65 1300.593 1300.875 396.507

HVO 64 1429.747 1430.043 435.878

HVO 162 1383.985 1384.291 421.933

HVO 63 1530.564 1530.873 466.611

HVO 62 1655.097 1655.414 504.571

HVO 61 1781.349 1781.678 543.057

HVO 54 2489.681 2490.037 758.965
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Table 3. Comparison of elevations, in meters, for leveling surveys of 1926, 1958, and 1971. Datum

is benchmark E 2, near the Hi10 tide gage.

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

U.S.E. Pier 1 2.306 2.291 -.015

F 2 2.432 2.350 2.334 -.082 -.016 -.098

E 2 2.419 2.419 2.419 0 0 0

D 2 2.566 2.573 2.574 +.007 +.001 +.008

5.83 1.804 1.808 1.816 +.004 +.008 +.012

5.79 1.792 1.798 1.805 +.006 +.007 +.013
N
0\

3YY 1957 12.975 12.994 +.019

4YY 1957 33.635 33.657 +.022

5YY 1957 45.022 45.049 +.027

B 2 (1926) 60.390 60.358 60.384 -.032 +.026 -.006

6YY 1957 74.473 74.483 +.010

A 2 (1926) 84.682 84.673 84.708 -.009 +.035 +.026

Z 1 (1926) 100.011 99.995 100.018 -.016 +.023 +.007

359.3 109.522 109.521 109.545 -.001 +.024 +.023

8YY 1957 171.013 171.034 +.021

Keaau. Trig. 184.383 184.306 -.077



Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

1YY 1958 198.418 198.439 +.021

Y 1 (1926) 210.424 210.410 210.436 -.014 +.026 +.012

2YY 1958 268.748 268.771 +.023

3YY 318.059 318.082 +.023

1266 386.014 386.009 386.02'6 -.005 +.017 +.012

4YY 426.094 426.112 +.018

W1 reset 1948 466 •.539 466.520 466.539 -.019 +.019 0

5YY 525.483 525.490 +.007

2002 610.400 610.385 610.389 -.015 +.004 -.011
N---..

V 1 (1926) 646.199 646.042 646.034 -.157 -.008 -.165

6YY 658.092 658.080 -.012

7YY 685.043 685.023 -.020

U 1 (1926) 715.571 715.558 715.557 -.013 -.001 -.014

BYY 754.450 754.445 -.005

9YY 758.079 758.074 -.005

10YY 817.280 817.295 +.015

l1YY 838.694 838.719 +.025

12YY 881.839 881.866 +.027

13YY 962.364 962.399 +.035



Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

14YY 1041.734 1041.756 +.022

15YY 1040.537 1040.558 +.021

S 1 (1926) 1073.548 1073.554 1073.588 +.006 +.034' +.040

3565 1086.917 1086.951 +.034

16TI 1134.856 1134.897 +.041

17YY 1165.843 1165.797 -.046

90YY 1182.063 1182.119 +.056

94YY 1226.322 1226.449 +.127

N 9SYY 1219.455 1219.600 +.145
co

120YY 1198.202 1198.348 +.146

121YY 1160.573 1160.708 +.135

122YY 1126.863 1126.985 +.122

123YY 1109.887 1109.991 +.104

96YY 1216.909 1217.033 +.124

P 1 (1926) 1204.155 1204.202 1204.251 +.047 +.049 +.096

4076 1242.540 1242.743 +.203

Uwekahuna Trig. 1245.979 1246.166 +.187

203YY 1201.925 1202.148 +.223

204YY 1151.671 1151.991 +.320
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Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

117YY 1140.696 1141.084 +.388

118YY 1139.072 1139.472 +.400

Cracks Trig. 1135.033 1135.446 +.413

Pa,1i Trig. 1142.200 1142.526 +.326

Cone Peak Trig. 1113.327 1113.684 +.357

127YY 1025.004 1025.202 +.198

Aa Trig. 1020.729 1020.869 +.140

Sand Hill Trig. 1127'. 754 1128.225 +.471

N 129YY 1098.765 1099.196 +.431
\D

Nose Trig. 1082.249 1082.644 +.395

20SYY 1109.450 1109.370 -.080

Spit Trig. 1111.734 1112.052 +.318

111YY 1103.146 1103.585 +.439

112YY 1085.972 1086.446 +.474

113YY 1064.902 1065.452 +.550

Ahua Kam. Trig. 1084.107 1084.345 +.238

114YY 1080.835 1081.404 +.569

115YY 1111.274 1111.751 +.477

Keanakakoi Trig. 1125.034 1125.064 +.030



Table 3. continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

110YY 1082.738 1082.506 -.232

109YY 1074.900 1074.707 -.193

108YY 1067.186 1067.344 +".158

22YY 1134.256 1134.497 +.241

23YY 1109.902 1110.111 +.209

24YY 1104.259 1104.530 +.271

2SYY 1073.385 1073.657 +.272

26YY 1045.782 1046.020 +.238

w 3390 1032.333 1031.774 -.559
0

27YY 1002.136 1000.924 -1.212

28YY 997.354 997.038 -.316

29YY .985.125 985.125 0

131YY 1009.048 1006.917 -2.131

132YY 998.426 997.640 -.786

133YY 983.087 981.195 -1.892

134YY 960.337 961.278 +.941

135YY 892.034 892.495 +.461

136YY 862.168 862.461 +.293

131YY 800.900 801.028 +.128



Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

138YY 751.642 751.700 +.058

139YY 695.827 695.845 +.018

·3269 995.889 996.157 +.268

Q 1 (1926) 1223.962 1223.995 1224.055 +.033 +.060 +.093

93YY 1219.200 1219.322 .+.122

92YY 1202.017 1202.152 +.135

3973 1210.833 1210.861 1211.016 +.028 +.155 +.183

Observatory Trig. 1212.978 1213.156 +.178

·w 18YY 1180.943 1181.041 +.098....
19YY 1194.188 1194.288 +.100

20YY 1168.934 1169.043 +.109

2IYY 1147.242 1147.351 +.109

3440 1048.827 1049.743 +.916

34YY 911.711 914.444 +2.733

2728 832.547 834.298 +1.751

2503 762.650 763.896 +1.246

36YY 762.380 763.628 +1.248

2302 701.964 702.790 +.826

37YY 700.254 701.077 +.823



Table 3, continued

B.M. 1926 1958 1971 1926-1958 1958-1971 1926-1971

38YY 701.778 702.688 +.910

39YY 650.722 651.439 +.717

40YY 584.772 585.302 +.530

1638 499.828 500.299 +.471

41YY 438.967 439.385 +.418

42YY 381.379 381.723 +.344

1082 329.887 330.191 +.304

43YY 282.640 282.925 +.285

w 44YY 170.465 170.714 +.249
N

557 170.014 170.261 +.241

352 107.188 107.368 +.180

45YY 51.195 51.325 +.130

167 51.023 51.153 +.130

46YY 23.232 23.324 +.092

64 19.559 19.652 +.093

48YY 5.964 6.076 +.112

34 10.584 10.691 +.107

49YY 12.625 12.732 +.107

50YY 13.061 13.161 +.100



w
w

Table 3, continued

B.M. 1926 1958 1971 1926-1958 . 1958-1971 1926-1971

51YY 9.814 9.907- +.093

10 3.296 3.389 +.093

Hakuma Trig. 18.807 18.900 +.093

Kupapau Trig. 7.390 7.464 +.074



Table 4.--Data for correcting rods used for most leveling at Kilauea since 1965.

Rods 299 and 315 were used during the 1965 leveling.

Calibrated at 74°F on April 15, 1971

Correction in feet

Rod reading,
in yards 299 315 260838 260839

0.2 0 0 0 0

0.5 +.0001 +.0002 +.0003 +.0005

1.0 +.0006 +.0011 +.0007 +.0009

1.5 +.0011 +.0011 +.0010 +.0012

2.0 +.0004 +.0011 +.0010 +.0015

2.5 +.0010 +.0016 +.0011 +.0020

3.0 +.0008 +.0011 +.0012 +.0013

3.5 +.0006 +.0012 +.0010 +.0010

3.9 +.0009 +.0013 +.0008 +.0014

Rod index error +.0019 +.0009 +.0013 +.0013
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Table 5.-~Observed and corrected July 1965 elevations between BM 10 and 35 YY, and comparison to 1958 and 1971 elevationsl

The 1958 elevation of EM 10 was used as datum.

Feb. 1971- 1965-
July 1965 elevations 1971 1965 1958 1958

Elevation Elevation
Corrected Adjusted Difference Adjusted Differencebefore rod after rod Corrected,/ elevation, elevation, in elevation, inBM correction correction e:e~,,-ation':::"

meters meters elevation met~rs elevation

10 1-0.812 ft 10.812 ft - 3~296 3!296 0 3.296 0

SlYY 32~185 32 ~ 182 ~ 9.809 9.813 +_004 9.814 -.005

50YY 42.836 42-.832 - 13.. 055 13.068 +.013 13.061 -.006

49YY 41.406 41.402 - 12.b19 12.638 +.Ol9 12.625 -.006

48yy 19.558 19.551 - 5.961 5.983 +.012 5.964 -.003

HVo86 14.940 14.939 - 4.553 4.513 +.020

HV013 10,083 10,079 - 3.072 3.093 +.02.1

T.G.1 2.999 2.995 - 0.913 0.933 +.020

Kupapau
Trig. 24.165 24 .. 163 - 7.365 7.370 +.005 7.390 -.025

HVo85 ~6.877 36.872 - ~ 11-.239 11.255 +.016

HVo84 34.366 34.361 - 10.473 10.501 +.028

83 42.358 42.351 - 12.909 12.956 +.047

82 72.776 72.765 - 22.179 22.213 +.034

81 61__ 845 61.83{) - 18.848 18.876 +.028

80 64.956 64.946 ~ 19.196 19.8-26 +.030



Table 5.--0bserved and corrected July 1965 elevations between BM 10 and 35 YI, and comparison to 1958 and 1971 elevationl

The 1958 elevation 9f BM 10 was use~ as datum. ~

(cQnt'd)
1965Feb. 1971-

July 1965 elevations 1911 1965 1958 1958
Elevation Elevat'ion Corrected Adjusted Difference Adjusted Differencebefore rod a.fter rod Correctedll el~v~tion, e~~vation, in elevation, inBM correction correction elevation-- meters meters :elevation meters elevation

HV079 46,026 46,019 .. 14,027 14,047 +.020

78 82,907 82,896 , .. 25,267 25,275 +.008

77 113,627 113~617 34.631 34.642 +.011

- 76 147.'264 147~258 148.178 45,165 45~176 +.011

75 159.46.3 159.455 160.375 48.882 48.893 +.011

74 263.'713 263.719 264.639 80.662 80.667 +.005

"';~ 73 373.464 373.484 -374.404 114.119 114.120 +.001

72 464.120 464.148 4-65.068 141.753 141.748 -.005

71 565.154 565.189 566.109 ..172.550 112.569 +.019

-70 659. 57.3 659.614 660.534 201.331 201.374 +.043

69 786~-S41 786.594 781.514 240.035 240.093 +.058

68 912.666 912.729 913.649 -27a.4Bl· 278.542, ' +.061

67 1030.615 1030.685 1031.605 314.434 314~,505 .+.071

66 1145.024 1145.105 1146... 025 349.309 349.388. +.079

65 1299.246 1299.'343 1300.263 396.-321 396.4i4 +.093

r,





Table 5.--0bserved and corrected July 1965 elevations between BM 10 and 35 YY, and comparison to 1958 and 1971 elevatior

1958

Adjusted
elevation,

meters

.887.523

1965
1958

DifferencE
in

elevation

+.'482

w
en

1/ The rod-corrected difference in elevation between IIVO 17 and liVO 76 "ras 34.561 ft in 1911; the 1965 data

indicate a difference of 33.641. The benchmarks are only O~4 miles apar~, and no evidence of ~round cracking could

be foun~ between them. ~e benchmarks had not been installed when the 1965 leveling. was initiall;' don~; elevations

were assigned to near~r nails/and when the benchmarks were installe~ a few daJrs later, their elevations were de

~rmined by leveling to the nail., There are several nails near fIVO 76; the elevation difference between two of them

is nearly the same as the difference betvleen the 1&65 and 1971 readings. ~nus all elevations from HVO 76 to 35YY

have been raised by 0.920 ~~ the difference between the 1965 and 1911 readings.

~I Elevations in Darentheses we~e obtained in October 1970, during leveling betweenlrvO 53 and Kupapau

triangulation station. This leveling '\faS not done as careru11~r as that in February- 1971, but comparison of the

results indicates very close agreement.



Table 6.--1921 raw data, collimation and rod corrections, and resulting elevation differences.

All data in feet

Raw Collimation Backsight- Final
Benchmark elevation' error per foresight Collimation Rod elevation

Date interval difference 100 ft imbalance correction correction difference

Feb. 4 10-43 3.2.557 -.0111 -296 +.033 +.023 32.613

do 43-rock -3.465 do -17 +.002 -.002 -3.465

Feb. 5 rock-34 -5.281 -.0089 -12 +.001 -.004 -5.284

do 34-27 -7.432 do +185 -.016 -.005 -7.453

do 27-64 ~6.870 do +315 -.028 +.026 36.868

w
do 64-167 103.110 do +240 -.021 +.073 103.162\0

do 167-352 184.112 do +385 -.034 +.131 184.209

do 352-rock 202.199 do -223 +.020 +.144 202.363

Feb. 8 rock-557 3.591 -.0206 -34 +.007 +.003 3.601

do 557-1082 524.140 do +364 +.075 +.373 524.438

do 1082-1638 557.. 129 do +892 -.184 +.396 557.341

do 1638-2093 455.684 do -236 +.049 +.324 456.057

Feb. 9 2093-2302 206.631 -.01?3 +157 -.019 +.147 206.759

do 2302-2503 201.006 do -224 +.028 +.143 201.177

do 2503-2728 226.876 do -408 +.050 +.161 227.087



Table 7.--Comparison of 1921, 1958, and 1971 corrected elevations between Kalapana and BM 2728.

Datum is BM 10, located at Kalapana Protestant Church, with 1958 elevation of 10.812 :rt .•

1958- 1971- 1971-
1958 1971 1921 1921 1958 1921

BM ft m ft m ft m m m m
-- -- -

10 10.812 3.296 10.812 3.296 10.812 3.296 0 0 0

51YY 32.197 9.814 32.194 9.813 0

50YY 42.850 13.061 42.872 13.067 +.006

49YY 41.420 12.625 41.462 12.638 +.013

34 34.723 10.584 34.766 10.597 34.676 10.569 +.015 +.013 +.028

Kupapau 24.246 7.390 2.4.l79 7. 3·70 -.020
~
0

48yy 19.567 5.964 19.627 5.982 +.018

64 64.171 19· 559 64.166 19.558 64.091 19.535 +.024 -.001 +.023

46YY 76.21-9 23.232 76.215 23.230 -.002

167 167.399 51.023 167.515 51.059 167.253 50.979 +.044 +.036 +.080

45YY 167.962 51.195 168.081 51.231 +.036

352 351.666 107.188 351.950 107.275 351.462 107.126 +.062 +.087 +.149

557 557.787 170.014 558.290 170.167 557.426 169.904 +.110 +.153 +.263

44YY 559.268 170.465 559.776 170.620 +.155

43YY 927.294 282.640 927.923 282.831 +.191

1082 1082.304 329.887 1082.995 330.098 1081.864 329.753 +.134 +.211 +.345



Table 7.--Comparison of 1921, 1958, and 1971 corrected elevations between Kalapana and BM 2728.

Datum is BM 10, located at Kalapana Protestant Church, with 1958 elevation of 10,812 ft (cont'd).

1958- 1971- 1971-
1958 1971 1921 1921· 1958 1921

BM ft m ft m ft m m m m
-

42YY 1251.240 381.379 1252.063 381.630 +.251

41YY 1440.176 438.967 1441.241 439.291 +.324

1638 1639.853 499.828 1641.091 500.206 1639.205 499.631 +.197 +.378 +.575

40YY 1918.541 584.772 1919.969 585.208 +.436

39YY 2134.909 650.722 2136.955 651.345 +.623

38YY 2302.418 701.778 2305.094 102.594 +.816
~.....

31YY 2297.418 700.254 2299.811 700.984 +.730

2302 2303.026 701.964 2305.431 102.697 2302.021 701.657 +.307 +.733 +1.040

36yy 2501.242 762.380 2505.030 763.535 +1.155

2503 2502.126 762.650 2505.910 763.803 2503.198 762.976 -.326 +1.153 +.827

2728 2731.448 832.547 2736.888 834.205 2730.285 832.193 +.354 +1.658 +2.012

Figures in column 9 may differ by 0.001 m from those listed in Table 3 because of rounding off during

conversion of elevations from feet to meters.



Table 8.--Differences in elevation between original and reset
benchmarks, 1958-1971.

New Benchmark

6YY 1957 reset 1962

Z 1 (1926) reset 1963

V 1 (1926) reset 1967

6YY 1958 reset 1967

7YY 1958 reset 1967

U 1 (1926) reset 1967

16YY 1958 reset 1968

17YY 1958 reset 1962

90YY 1958 reset 1962

94YY 1958 reset 1962

205YY 1958 reset 1973*

7YY 1957 reset 1970

3565 (1912) reset 1972

Amount by which reset benchmark is
higher (+) or lower (-) than
original benchmark, in feet

+ .335

.346

+ .089

- 3.327

-22.468

+11.339

.136

+ 2.648

- 3.142

.447

.411

(BM destroyed before reset data could be obtained)

Reset data unavailable

*Reset after surveys described in this report.
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SEISMIC SUMMARY

Events recorded by the u.S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph), and

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 9. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the observatory (UWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, KMO, OTL).

Computer locations of well-recorded events are listed in Table 10.
The location of each seismograph station is listed in Table 12, along
with a description of the equipment at each station.
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Table 9.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis of

relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor is

presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km beneath the

summit region; Kilauea Summit long-period, earthquakes characterized by low-frequency waves

that originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes

a few km deep in the caldera region; SW Rift and Kaoiki, earthquakes along the southwest rift

zone of Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift,

earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south

flank; Koae, earthquakes along the northeast-trending Koae fault system south of the caldera;

Lower East Rift, earthquakes from the lower east rift zone of Kilauea.
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Tremor
(m = minutes Earthquakes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

January 1 1 19 483 20 117 22 1
2 5m 3 13 773 14 i49 25 4
3 2m 4 5 579 30 551 58 1
4 21m 2m 3 10 560 12 20 48 4
5 21 (1) 3991 '61 141 51 (?) Jan. 5-22

Q) frequent
~

6 eM 1 3941 2 691 (1) electrical
en

7 30m <U 2 529 9 138 611 5 storms t heavy
8 :> 3 (1) 4731 3 143 ,311 31 rain and wind

~

9 3m .a.J 311 4 100 23 5
~

10 =' 2? 1291 3? 631 '191 2?
J.t

11 30m QJ ~ 2 1301 8 691 28 (1)
4-1

·12 J-4eM 2 lSI? 10 55 29 (?)
(\1 J.t

13 Q) 2 4 106 14 48 24 21c:: .a.J
14 en 9? 2 85? 171 8? 6? 11

en tU
15 r-f <U 3? (?) 3? 4? 31 1?

Q)

16 :> J.t 65 13 88 9 I? Jan. 16-24
<U OJ many "L-Pr-f~

Po.
17 26m :J =' 58? 51 2251 21 quakes" near

0
18 .-t OJ 1011 31 4001 31 .6? Makaopuhi

..c:
19 .a.J~ 1 411 6 518 71 4co
20 5m d 2? 641 9? 3761 6? 8?

000
21 c:: 2 112? 5? 258 25 10

-M
22 .a.J 2 194 17 212 16 1co
23 =' 3 74 12 300 13 4

.a.J
24 CJ 1 126 8 286? 7 6

='25 r-f 2 6 368 15 58 20 4
~

26 4 18 582 6 44 17 1
27 76? 2? 431 2? I?
28 (?) 41 1881 51 .(?)
29 5? 104? 6 181 6
30 2 1 227 14 23? 20 9?
31 2 134 12 40 12 14

Earthquake count taken primarily from Develocorder l6-mm
film records, and secondarily from smoke records
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 IQI Period Shallow Kaoiki Rift Koae Rift Remarks

February 1 3 50 4 46 7 4
2 8m 4 1 370 9 24 11 9
3 Q) 3 206 19 92 4 9+oJ
4 .r-4 4 4 181 17 45 6 3til
5

Q)
4 185 10 26 4 3

6 > 3 237 8 40 8 5.....
7 .., 1 286 9 25 3 3

~

8 6m ~ 1 423 9 24? 1 3
~

9 Q) ~ 1 316 8 141 10 3
~

10 ~~ 1 178 12 73 2 4eu ~

11 Q) 5 172 11 45 9 10c:: +oJ
12 CIl 154 17 43 17 6til C'3
13 M Q) 3 3 143 28 83 8 9Q)

14 Sm > J..4 1 4 130 6 45 ·8 13Q) Q)
15 M~ 2 3 62 6 57 10 2p..
16 ) =' 2 108 17 80 15 50
17 M Q) 1 163 12 94 13 1..c:
18 +oJ+J 164 11 130 14 5eu
19 13m c: 2 111 11 88 21 5bJJO
20 c:: 3 94 5? 69 9....
21 +J 2 121 9? 93 8 1
-22 ~ I? 128? 4? 2021 2?+oJ
23 30m CJ 2 98 10 164 12? 1:s
24 M 1 2 190 6 152 6 1

~

25 1 1 193 6 165 (7)
26 1 4 167 9 145 14 2
27 2 189 15 129 14 6
28 2 1 151 14 88 20 4
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) . SW Rift Upper LCMer

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

March 1 1 5 176 10 130 15 3
2 3 153 7 103 6 5
3 1 165 5 105 9
4 eu 2 226 18 115 4 9
5 ... 2 172 7 72 33 2

-r-4
6 (I) 2 170 15 80 19 1
7 Q) 4 158 5? 48 9 1:>8 -,.. 3 215 12? 67 20...
9 ~ 198 9 48 3 6

='10 J.f 1 283 10· 56 3 8
Q) .u

11 ~ 1 208 14 61 17 3
1-4-r-4

12 t'd 1-4 3 173 9 54 16 7
Q)

13 d .u 1 26 265 8 68 8 11
14 40m

(I)

4 64 6(I) t'd 4 220 23 11..... eu
15 eu 134? 15? 36? 4? 2?> ~16 40m eu eu 2 2 118 17 54 I? 6

..... Q.,
17 . 4m ~. 1 1 159 4? 67 14 4

~ ='18 0 2 125 7? 76 18 4..... eu
19 8m .J: 2 6 209 16 33 9 5.u .u .
20 t'd 183 17 50 14 6c::
21 30m 000 3 176 12 47" 9? . 5

c=
22 14m -,.. 244? 15 32 3 5

,&oJ

23 t'd 336 18 75 7 4
='24 .u 292 21 37 14 8u

25 60m 7m =' (?) 256 (?) 34 5 1.....
26 4m 3m IZ-c 3 2 270 7? 31 8 2
27 16m 2 3? 230 12 31 14 6
28 2 252 6 51 8 7
29 2m 2 7 233 7 84 4 (?)
30 16m 1 3 267 17 67 12 (?)
31 27 226 19 61 23 (?)



Table 10 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (RR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus in km. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT - standard error of the origin time in seconds.

ERR - standard error of the epicenter in km.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [ = ~ Ri/NO] where

Ri is the observed seismic wave arrival time less the

computed time at the i th station.

Q solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

Q EPICENTER FOCAL DEPTH

A excellent good
B good fair
C fair poor
D poor poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:
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A

B

c

D

Station Distribution

NO GAP ~

~8 ~ 1200
~ DEPTH or 5 km

~6 ~ 1500
~ 2 x DEPTH or 10 km

~6 ~ 225 0
~ 50 km

~4 ~ 180 0

Others

Statistical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec) *

A ~ 1.0 ~ 2.0 ~ 0.10 ~ 0.25

B ~ 2.5 ~ 5.0 ~ 0.20 ~ 0.50

C ~ 5.0 ~ 0.30 ~ 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that
is, an A a~da' C yield a B. and two B's yield a B. When the two
ratings are only one level apart the lower one is used, that is,
an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

*RMAX is the maximum residual
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SUMMARY OF SEISMIC EVENTS

1971 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OM'IN ERr ERH ERl ~o 0
JAN 1 1 55 11. 7 19-25.4 155-16.3 1.7 1. 3 12 175 1.6 0.08 0.3 0.2 0.06 B

1 2 16 16.3 19-12.5 155-24.0 29.8* 11 310 13.1 0.33 3.4 0.11 0
1 2 23 36.2 19- 9.6155-25.0 8.0* 10 258 19.1 0.49 3.2 0.13 0
1 2 29 3.9 18-57.3 155-19.8 8.0* 12 278 42.6 1.00 6.4 0.21 0
1 2 29 22. 1 19-12.1 155-25.8 8.0· 8 236 15.6 0.76 5.9 0.29 0

1 3 20 11.0 19- q.8 155-29.51 40.8 2.5 16 244 16.2 0.33 2.1 2.9 0.15 C
1 3 20 53. 1 19- 8 • 3 15 5- 3 1. 0 38.8 1'3 259 16.1 1.04 4.9 8.5 0.14 0
1 3 23 43.5 19- 6.1 155-2-3.3 8.0* 11 265 26.0 0.54 3.2 0.13 D
1 5 43 21.2 19- 8.5 155-24.2 8.0* q 252 21.6 0.58 3.6 0.16 0
1 5 44 16.1 19- 5.4 155-23.5 15.0* 12 255 21.3 0.50 3.5 0.18 0

1; 5 45 45.0 19-18.7 155-30.8 8.0* 5 156 13.1 0.11 1.3 0.07 C
1 1 20 54. 9 19-15.6 155-33.9 3.2 8 115 5.7 0.18 2. 2 1.7 0.15 C

U1 1 10 26 43.9 19-19.3 155-15.9 5.5 10 178 4.7 0.25 1.5 1.5 0.23 C0
1 18 6 12. 7 19-21.0 155-24.41 8.6 2.2 16 117 2.4 0.11 0.9 0.6 0.18 B
1 20 31 5.2 19-26.4 155-16.9 3.1 1 297 2.1 0.41 1. 7 1.8 0.07 C

1 21 55 25.4 19- 2.0 155-20.11 11.3* 13 283 29.7 1.04 6.6 0.12 0
1 23 3 38. 7 19-11.1 155-38.51 10.4* 8 306 7.4 0.51 4.3 0.24 0
2 o It1 Zq.3 19-24.0 155-16.0 2.9 0.9 7 211 1.8 0.11 0.8 2.4 0.05 °C
2 1 4 32.3 19-18.5 155-16.6 6.5 11 190 3.8 0.20 1. ~ 1.0 o. 19 C
2 1 25 3.8 19-18.3 155-16.2 6.2 2.1 1 7 196 4.3 0.15 1.0 0.1 0.20 C

2 1 52 17.0 19-24.2 155-23.7 7.4 1.6 15 111 7.1 0.09 0.7 0.6 0.15 B
2 3 23 7. 1 19-19.0 155-16.6 1.1 10 115 4.0 0.13 0.9 o.q 0.12 C
2 4 11 17.6 19-46.6 156- 1.41 3.9 3.0 14 280 35.5 0.52 4.1 3.8 0.12 0
2 4 48 44.5 19-26.0 155-24.4 8.0* 2.0 14 182 7.1 0.05 0.4 0.01 C
2 6 9 12.4 19-13.3155-34.7 5.3 1 233 5.1 0.64 6.3 4.0 0.12 0

2 1 5 49.4 19-28.3 155-14.61 8.0* 2.1 10 265 1.5 0.52 4.7 0.49 0
2 7 12 25.5 19-24.2 155-23.9 9.1 11 1 79 1.4 0.12 1.0 1.4 0.11 C
2 7 24 55.3 19-22.4 155-18.2 1.1 6 128 3.1 0.08 0.4 0.3 0.03 B
2 12 46 52.1 19-23.8 155-11.3 2.0 2.3 15 90 1.1 0.04 0.2 0.2 0.07 A
2 13 25 27.9 19- 2 3 • q 15 5- 1 5 • 9 1.9 0.4 7 210 1.8 0.18 1.0 0.4 0.09 B
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SUMMARY OF SEISMIC EVENTS (CCNTINUEOI

1971 HF. ~N SEC LAT t~ LONG W DlPTH MAG NC GAP DMIN E~T ERH ERI MO Q
JA~ 2 18 47 22.2 19- 29 • 0 155- 16. 01 8.0* 1.1 8 321 7.3 0.33 4.1 0.39 0

2 22 7 26.8 19-25.1 155-26.6 8.0* 0.8 14 211 10.4 0.35 2.1 0.29 0
3 o 56 49.9 19-19.8 155-25.31 8.5 12 141 3.6 0.12 1. 1 0.7 0.16 B
3 1 33 39.3 19- 9. 3 15 5- 26. 1 8.0* 1.2 q 248 20.7 0 •. 51 3.4 0.15 0
3 3 33 57.9 19-24.4 155-11.31· 1.1 o.'5 q 118 0.1 0.04 0.4 0.2 0.07 e

3 3 51 8.4 1 9- 2 3 .6 15 5-11. 6 1.8 1.2 10 86 1.4 0.06 0.4 0.3 0.08 A
3 3 52 15.0 19-23.6 155-11.51 1.8 0.0 7 141 1.2 0.03 0.2 0.2-0.03 B
3 4 22 0.5 19-58.1 155-50.11 8.0* 2.1 lC 260 15.8 1 •.67 9.1 0.73 0
3 4 26 59.9 19- 17 • q 15 5- 13. 6 5.3 1.8 16 202 1.9 0.25 1.4 1.10.23 C
3 4 40 52.9 19-18.7 155-13.9 4.6 0.9 9 212 6.2 0.33 1.8 1.9 0.22 C

3 5 8 11.1 19-18.4 155-13.3 8.0* 0.7 «; 223 7.2 0.26 1.6 0.16 C
3 5 12 26.8 19- 2 3. 3 15 5-1 7. 4 2.3 1.2 10 80 1.1 0.07 0.5 2.1 0.11 B

V1 3 5 22 3.1 19-23.5 155-17.4 1.1 0.0 1 144 1.0 0.04 0.4 0.2 0.03 B
~ 3 5 41 16.1 19-2B.9 155-14.51 8.0* 1.5 1 323 8.4 1.67 11.7 0.52 0

3 5 43 21.6 19-10.8 155- 7. 11 0.0 1.2 q 265 21.1 0.44 8.6 55.1 0.38 0

3 5 46 2.6 19-19.1 155-16.4 5.3 0.8 13 115 4.5 0.14 1.0 0.9 0.18 C
3 6 0 1.2 19-16. 1 155-13. 7 8.0* 1.1 9 251 9.0 0.21 1.6 0.11 0
3 6·1424.5 19~24.9 155-17.2 1.3 0.5 7 147 0.3 0.65 1.3 3.4 0.04 B
3 6 14 38.9 19-24.6 155-17.2 7.5 0.5 6 111 1.7 0.21 0.8 1.0 0.02 B
3 6 15 13.2 19- 24 • 5 15 5~ 1 7. 3 7.6 1.1 1 160 0.4 0.21 0.6 1.5 0.02 B

3 6 15 35.8 19-25.2 155-11.1 8.3 0.8 6 220 1.0 0.50 2.3 3.0 0.05 C
3 6 16 28.8 19-25.0 155-11.1 8.5 1.0 6 205 1.2 0.15 0.6 1.1 0.01 B
3 8 8 18.9 19-18.7 155-13.8 4.5 0.9 9 212 6.3 0.36 2.0 2.0 0.23 C
3 8 27 9.1 19-18.4 155-13.6 8.0* 0.7 8 221 1.0 0.23 1.5 0.14 C
3 8 33 35.4 19-18.4 155-13.3 5.5 1.0 11 204 1.2 0.27 1.6 1.5 0.22 C

3 8 34 5.3 1q- 18. 2 15 5- 13. 6 6.3 1.4 16 201 1.3 0.20 1. 2 0.8 0.21 C
3 9 31 52.2 19-23.1 155-16.9 10.5 1.3 7 164 0.5 0.31 2.0 2.4 0.06 C
3 14 8 3.1 19-24.8 155-18.1 20. q* 1.6 8 166 1.1 0.16 5.3 0.20 0
3 15 3 35.6 lq-23.q 155-16.31 1.8 0.2 7 194 1.4 0.11 1. 1 0.5 0.11 C
3 16 17 12.0 19-21.7 155-16.8 28.1 1.2 12 118 2.0 0.20 1.3 1.9 0.10 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

lq11 HR MN SEC tAT N LO~~G W DEPTH MAG NC GAP DMIN ERT ERH ER l MD Q
JAN 3 18 12 18.1 19 - 22 • 7 1 5 5- 2 6. 6 7.<) 1.5 12 126 7.4 0.09 0.6 0.5 0.09 B

3 21 6 29.4 19-27.3 155-18.7 24.2* 1.9 8 295 4.0 0.38 1.1 0.20 0
3 22 1 56.0 19- 15. 1 155- 22. 7 30.9 1.3 10 209 8.8 0.46 2.1 4.0 0.10 C
3 22 35 30.5 19-21.6 155-12.2 2.1 0.5 1 162 1.8 0.14 0.1 0.5 0.05 B
4 2 6 44.q 19-30.4 155-14.91 8.0* 1.1 q 300 10.4 1.70 9.6 0.59 0

4 2 7 3.1.1 19-23.8 155-17.21 1.1 0.2 7 128 1.1 0.11 o. 7 1.6 0.08 8
4 2 56 28.5 19-23.3 155-26.2 0.2* 1.0 13 126 1.6 0.17 1.1 0.25 C
4 3 43 10.4 19-25.2 155-11.11 8.0* 2.2 11 ZQ3 9.6 0.90 5.5 0.62 0
4 3 58 48.5 19-15.5 155-22.01 2.0* 1.0 1 330 15.7 2.21 46.8 0.51 0
4 5 17 34.4 lQ-20.4 155-14.1 6.4 0.9 14 174 3.4 0.13 1.0 0.1 O.lQ' C

4 5 29 4'7. 8 19-29.4 155-54.3 9.8* 1.8 8 283 40.2 0.84 5. It 0.11 0
4 6 27 28.3 19 - 20. 5 1 5 5- 14. 2 6.1 0.8 16 169 3.0 0.12 O.q 0.7 0.18 C

V1 4 7 5 10.8 19-21.5 155-13.1 11.5 1.0 1 157 3.9 0.15 0.6 1.3 0.03 B
N 4 7 19 47.9 19-1q.4 155-27.61 8.1 1.2 11 144 1.6 0.12 1.0 0.9 0.17 B

4 8 32 4.8 19-25.3 155-17.2 2.3 8 207 0.7 0.08 0.5 0.6 0.06 B

4 13 55 28.8 19-24.8155-15.5 1.4 0.2 q 191 2.6 0.04 0.1 0.1 0.02 R
4 17 13 32.6 19-24.4 155-16.5 0.5 0.8 11 151 1.3 0.23 0.6 0.4 0.16 C
4 17 26 24.3 19- 21.0 155- 5.2 4.3 1.3 12 202 8.3 0.26 2.2 1.3 0.22 C
4 11 51 28.4 19- 24. 3 15 5- 25. 8 8.0* 1.4 11 155 8.7 0.04 0.1t 0.06 C
4 18 13 53.8 19-58.1 155-18.97 0.1* 2.1 q 257 25.6 0.34 2.1 -0.20 0

4 19 1 23.8 19- 28. 2 155-1 8. 4? 0.2* 0.9 8 320 5.3 0.82 3.6 0.25 0
4 19 10 .35.8 19-14.7 155-32.57 3.3 2.0 11 191 8.1 0.31 2.9 1.8 0.18 C
4 19 26 45.6 19- 6.1 155-24.81 27.8 1.9 12 265 24.4 0.51 3.4 5.0 0.13 0
4 20 3 15.8 19-23.8 155-16.0 3.3 0.2 7 203 1.6 0.16 o. 7 1.3 0.05 B
4 21 16 39. 7 19-24.1 155-16.8 2.2 1.1 12 118 1.3 0.05 0.4 0.2 0.10 B

4 21 26 32.0 19-24.0 155-16.5 2.8 -0.1 8 118 1.2 0.01 0.4 0.8 0.05 B
4 21 49 20.8 19-23.8 155-16.9 2.3 2.3 16 74 0.1 0.04 0.3 0.5 0.10 B
4 23 12 2.8 19-19.3 155-13.3 9.2 1.4 10 207 5.9 0.12 1.1 1.2 0.08 C
4 23 53 30.0 19-21.8 155-18.1 24.2 1.7 13 96 3.7 0.30 1.3 2.8 0.09 8
5 0 4 5.6 19 - 2 3. 5 15 5- 11. 6 1.1 1.4 <; 86 1.5 0.22 0.6 1.5 0.05 A





SUMMARV OF SEISMIC EVENTS (CONTINUED)

1971 HP. MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q
JAN 8 4 5 50.1 19-14.5 155- 5.41 36.4* 2.1 16 233 16.0 0.15 1.3 0.11 0

8 8 30 57.8 19-21. 6 155-14. 0 11. 7 1.0 11 147 2.3 0.08 1. 1 0.7 0.10 B
8 11 21 49.5 19- 18 • 9 15 5- 11 • 4 10.3 1.4 10 251 6.5 0.41 2.3 3.2 0.10 C
8 11 48 51.6 19-21.3 155-15.3 30.4 1.9 15 103 5.4 0.19 1.0 1.9 0.11 B
814 1858.1 19-24.1 155-11.1 2.2 0.5 6 137 1.3 0.04 0.3 0.2 0.03 8

8 14 28 0.9 19-10.9 155-36.8 6.6 2.1 11 288 1.5 0.38 3.9 2.6 0.11 0
8 18 55 2.1 19-20.2155-12.6 8.0 1.1 14 185 4.3 0.10 0.9 0.4 0.13 C
8 19 55 35.6 19-25.7 155-17.61 2.5* 0.2 6 219 0.6 1.07 5.1 0.33 0
8 20 29 15.9 19-20.2 155- 9.2 7.7 1.8 15 196 3.7 0.12 0.9 0.4 0.10 C
8 20 31 51.9 19-34.9 155-39.1 8.3 2.3 1 306 30.1 1.55 1.9 3.8 0.04 0

8 22 13 24.4 19-23.6155-17.2 2.2 0.0 6 138 0.7 0.05 0.4 0.2 0.03 B
8 22 32 31.2 19-22.0 155-26.2 1.6 1.5 11 144 6.1 2.19 1.0 8.3 0.18 C

U1 9 o 56 35.9 19-29.5 155-14. 81 8.0* 1.2 9 212 9.1 1.36 9.6 0.70 D
~ 9 11 14 45.4 1q-23.3 155-17.8 1.3 1.1 13 58 1.7 0.09 0.4 0.5 0.14 B

9 13 41 34.5 19-22.0 155-12.8 3.4 1.2 8 144 1.0 0.17 1.0 2.0 0.11 8

9 17 8 8.6 19-28.1 155-15.51 11.5 1.8 1 320 7.1 1.66 14.3 11.0 0.32 0
9 18 o 27.9 19-26.4 155-16.21 3.4* 0.1 6 298 3.0 0.66 3.2 O.lq 0
9 19 11 36.6 19- 2 3 .6 15 5- 1 1. 6 1.1 O.q 11 81 1.4 0.07 0.4 0.4 0.11 B
9 22 7 1.1 19-29.5 155-16.81 8.0* 1.4 7 324 1.1 0.65 6.5 0.1t1 0
9 22 29 27.5 19- 21. 1 155-1 3. 0 1.3 1.2 15 168 2.8 0.10 0.9 0.5 0.16 C

9 22 44 35.8 19-21.1 155-10.5 2.2* 1.4 11 212 2.2 0.44 2.3 0.21 0
10 12 43 35.6 20-15.1 155-14.51 63.2* 2.9 18 282 53.8 1.94 20.1 2.07 0
10 15 26 13.3 19-23.6 155-1 7.2 2.4 0.8 6 138 0.8 0.02 0.1 0.2 0.01 B
10 155136.8 19-19.5 155-16.1 33.6 2.5 16 110 2.5 0.24 1.4 2.2 0.11 C
10 21 58 42.8 19-28.1 154-56.6 2.9 2.1 11 168 5.1 0.15 1.6 1.5 0.14 C

11 2 56 3.4 19-23.8 155-23.6 9.8 2.0 8 161 6.9 0.11 1. 1 1.5 0.11 C
11 8 55 10.9 19-18.5 155-12.8 8.0* 8 227 1.6 0.22 I.It 0.12 0
11 11 24 18.5 lq-21.5 155- 3.8 1.5 2.4 13 260 10.6 0.39 2.0 0.9 0.12 C
11 11 28 35.1 19-21. 0 155- 3. 7 . 1.1 2.3 14 262 10.8 0.41 2.1 1.0 0.13 C
11 13 2 35.4 19-33.1 155-38.01 0.6* 2.2 9 286 26.4 1.36 6.8 0.15 0





SUMMARY OF SEISMIC EVENTS (CONTINUEDI

1911 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OM IN ERT ERH ERl MO Q

JAN 13 21 50 8.1 19-20.1 155-10.9 8.4 1.4 12 227 4.3 0.28 1.5 2.4 0.09 C
14 2 42 3.5 19-20.8 155- 3.1 0.3* 2.0 15 210 12.0 0.26 1.1 0.15 C
14 4 55 26.6 19-11.2 155-15.4 10.7 2'.1 15 203 5.8 0.11 1.4 1.3 0.16 C
14 1 26 56.8 19-27.6 155-42.4 9.6* 2.6 10 285 25.1 0.41 2.9 0.01 0
14 9 19 19.9 1q-32.1 155-11.4 11.2 2.2 15 143 16.4 0.09 0.8 1.4 0.10 B

14 10 13 14.5 19- 22 • 6 15 5- 2 5. 6 8.0* 1.8 11 142 6.0 0.07 0.6 0.09 C
14 11 30 21.4 19-23.4 155-25.5 8.0* 1.8 14 146 1.1 0.07 0.5 0.09 C
14111310.5 19- 31.2 155- 21. 1 19.5 8 212 4.7 0.17 3.0 5.1 0.04 0
14 18 38 4.9 19-32.1 155-11.9 9.1 2.1 18 14 15.9 0.06 0.6 1.4 0.11 B
14 18 45 43.1 19-30.1 155-12.5 7.9 1.0 11 296 13.3 0.59 3.2 1.5 0.01 0

14 20 54 11.0 19-20.9 155-16.1 7.7 0.8 10 214 2.7 0.1.3 0.«1 0.4 0.06 8
14 21 1 18. It 19-34.8 156-15.1 8.0* 2.3 9 350 92.1 0.86 18.5 0.29 0

U1 14 21 53 57.0 19- 3 1 • 9 15 5- 10 • 8 1. 1 1.1 13 182 11.0 0.10 0.8 0.5 0.07 8
(j\ 15 2 9 5.4 19-23.5 155-42.01 6.1* 2.4 9 219 18.1 0.50 2.9 0.13 D

15 9 33 54.1 19-45.5 155-21.9 13.4* 2.6 12 206 2.6 0.13 2.6 0.08 C

15 9 38 7.8 19-32.1 155-11.2 8.0* 1.8 13 118 16.6 0.01 O.q 0.09 C
15 10 21 13.9 19-31.9155-10.6 8.0* 1.8 14 184 17.0 0.05 O. 1 0.08 C
15 18 38 18.9 19-24.9 155-23.4 8.0* q 182 6.8 0.09 0.7 0.09 C
15 18 47 16.1 19-2 5. It- 1 55-2 8. 9 8.0* 5 276 12.8 0.85 4.9 0.09 0
16 12 58 28.5 19-23.1 155-25.4 8.0* 1.8 10 143 6.5 0.09 0.1 0.11 C

16 13 55 8.6 19-17.4 155-35.1 8.0* 2.3 12 196 5.3 0.15 1.6 0.12 C
16 11 54 18.4 19- 2 5 • 0 1 5 5- 2q. 8 9.0 2.2 13 198 14.5 0.20 1.6 3.3 0.15 C
16 18 10 20.2 20- 6.1 155-24.4 11.1* 3.2 1 7 246 31.6 0.55 4.1 0.11 0
11 23 51 30. 2 19-25.1 155-28.0 8.0* 1.6 10 141 11.9 0.01 0.6 0.10 C
18 6 30 40.4 19- 8.1 155-25.1 8.0* 1.1 q 252 21.6 0.19 4.9 0.21 0

18 lq 1 21. 3 19-16.4 155- 6.81 0.0 2.9 14 221 11.7 9.62 2.6 17.7 0.26 C
18 19 1 28.4 19-15.9 155-10.21 0.0 1.8 12- 217 11.4 9.19 4.1 35.0 0.21 0
18 19 10 8.6 1q- 20. 0 15 5- 11. 1 5.6 2.5 14 221 4.5 0.23 1.4 0.1 0.15 C
19 o 40 45.9 20- 2.4 155-24.9 8.8 3.6 12 230 29.0 0.35 2.3 2.9 0.12 C
19 8 9 25.8 19-27.8 155-10.5 29.3 6 283 13.2 1.20 1.5 6.5 0.08 0



SUMMARY Of SEISMIC EVENTS (CONTINUED)

1971 HR 'HN SEC LAT N LONG W OEPTH MAG NO GAP OMIN ERT ERH EP.l MD Q
JAN 19 10 8 44.4 20-38.3 156- 8.1 8.0. 3.5 14 333 81.1 4.31 25. 3 0.10 0

19 18 .1 45.• 1 19-23.5 155-24.21 9.4 1.5 9 117 6.3 0.-14 1.0 1.2 0.14 B
19 18 43 29.9 19-50.3 155-11.9 11.4 1.9 10 232 17.9 0.23 2.1 1.5 0.06 C
19 18 56 12.1 19-30.2 155-15.1 25.0 1.6 13 129 9.9 '0.16 0.9 1.9 O.Oq 8
19 19 57 53.1 19·-23.8 155-26.1 8.5 1.7. 11 127 8.2 0.08 0.8 2.2 0.10 8

20 a 41 27.0 19~18.6 155- 9.91 8.·0* 1.2 11 260 6.5 0.33 3.1 0.36 0
20 5 5 56.8 19-19.3 155-11. 0 8.0* 1.3 e 215 5.6 0.25 1.8 0.13 C
20 7 8 23.8 19-19.5 155-15.5 9.6 1.4 11 191 3.4 0.22 2.0 1.9 0.24 C
20 14 1 16.8 19-21.5 155-24.9 11.2 1.9 5 164 9.9 0.0 0.02 0
20 19 51 19.2 19-14.3 155-21.2 2. 3 10 218 12.9 0.22 1.5 1.4 0.11 C

20 20 26 9.8 19-23. 5 155-1 1. 3 17.8 9 109 0.9 0.19 0.9 1.8 0.06 A
20 20 21 52.5 19-23.4 155-11.3 18.1 8 112 0.9 0.37 1.4 3.5 0.01 B

U1 21 3 12 21.3 19-22.1 155-19.9 17.7 1.3 6 243 2.9 0.86 5.0 1.0 0.06 0
'-J 21 3 -51 26.9 19- 2 1. 8 15 5- 2 2. 2 8.0 6 142 3.5 0.25 1.2 2.5 0.05 8

21 1 26 23.4 19-25.8 155-53.8 18.5* 3.1 10 285 35.5 0.58 3.1 0.10 0

21 1"0 27 6.4 19-18. 7 15 5- 1 Z. 1 9.2 1.1 8 245 1.0 0.22 1.3 2.1 0.06 C
21 14 22 35.6 19-22.6 155-27.8 8.0* 1.8 11 162 9.0 0.16 1.4 0.18 C
21 20 1 20.9 19-22.3 155-13.2 2.6 0.5 8 141 1.3 0.11 0.1 1.4 0.07 B
21 20 13 1.'6 19-21.4 155-15.6 8.2 0.7 8 138 1.0 0.06 0.5 O. 7 0.05 8
22 o 10 50.8 19-22.4 155-29.8 0.5* 1.1 12 142 12.1 0.13 0.9 0.17 C

22 o 44 54.6 19-20.8 155-29.6 6.1 1.5 9 134 11.1 0.17 " 1.5 1.3 0.16 B
22 1 20 0.4 19-20.3 155-12.8 6.0 1.1 15 182 4.1 0.16 1. 1 0.8 0.21 C
22 1 20 18.1 19-18.8 155-14.5 6.0 0.9 13 206 5.6 0.23 1.3 0.9 0.18 C
22 5 59 50.0 19-22 • 0 15 5- 9 • 0 8.1 1.1 12 181 1.4 0.04 0.5 0.5 0.03 8
22 6 30 50.2 19- 0.7 155- 0.51 34.1. 2.3 14 314 42.8 2.14 14.7 0.23 0

22 9 14 40.4 19-23.3 155-35.2 4.6 2.7 16 185 15.9 0.28 1.6 1.6 0.11 0
22 15 6 1.9 19-19. 8 155-11. 4 11.0 1.1 12 293 5.3 0.63 2.8 2.7 0.08 0
22 17 14 5.3 19- 20 • 6 15 5- 12. 8 5.1 0.9 14 183 3.6 0.18 1. 2 1.0 0.20 C
23 ,3 41 55.3 19- 5.8155-43.4 1.0 3.0 11 298 20.0 0.34 1.8 1.2 0.10 C
23 5 35 59.5 19-19.8 155-25.1 4.4 2.3 it 141 4.2 0.13 1.0 1.0 0.19 C



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1971 HI<. MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERr ERH ERl MD Q
JAN 23 11 53 11.4 19- 2 2. 5 15 5- Z3. 8 6.7 2.0 15 125 4.3 0.13 1.0 0.8 0.21 C

23 15 41 4.6 19-19.1 155-12.9 10.2 0.8 11 213 6.4 0.32 1. 5 2.5 0.11 C
23 11 9 15.1 19-20.0 155-25.21 8.6 1.8 15 138 3.3 0.12 0.9 0.8 0.16 8
23 17 36 35.3 19-19.5155-14.1 6.7 1. 1 11 181 4.8 0.13 o.q 0.6 0.11 C
23 18 14 23.8 19-24.9 155-17.9 3.0 0.9 13 79 0.9 0.04 0.3 0.8 0.08 A

23 18 31 5.6 19- 18. 5 1 5 5- 7• 6? 0.0 1.5 16 211 1.1 6.52 1.6 12.2 0.24 C
23 18 40 9.3 19 - 20. 1 15 5- 15 • 5 31.2 1.7 15 166 3.2 0.18 1.0 1.5 0.08 C
23 18 45 32.6 19- 2 1. 9 155- 15. 6 28.9 2.0 13 113 0.5 0.23 1.1 2.1 0.08 B
23 23 8 9.1 19-20.8 155- 2.41 0.0 2.1 16 212 13.1 5.13 l.q 9.6 0.20 C
24 2 12 -31.5 '19-11.1 155-50.4 8.6 3.5 16 261 23.8 0.62 4.6 2.5 0.11 0

24 4 13 59.4 1 9- 19. 0 15 5-13. 7 6.0 2.4 1 ~ 194 5.9 0.17 1. 1 0.1 0.22 C
24 6 54 14.2 19-19.7 155-12.3 5.7 1.3 15 191 5.2 0.17 1.2 0.8 0.19 C

U1 24 12 1 4.5 19-18.8 155-25.2 1.1 1.9 12 154 4.3 0.10 0.1 0.6 0.10 8
00 24 23 55 57.3 19-21.1 155-24.5 10.1 1.7 12 116 2.6 0.13 1.3 1.9 0.19 B

25 o 34 15.9 19-19.4 155-13.0 4.0 1.5 11 206 5.9 0.28 1.6 1.8 0.22 C

25 o 55 19.2 19-26.3 155-45.0 0.9 2.5 13 253 25.2 2.91 3.0 9.7 0.16 0
25 6 9 3.4 19- 11. 2 155- 3. 6 0.3* 2.2 11 233 14.1 0.59 3.4 0.25 0
25 1 31 57.4 19-25.1 155-24.1 8.0* 0.6 8 198 1.5 0.11 0.8 0.09 C
25 lit 45 21.2 19-18 • 1 155-ZO. 4 5.1 1.0 10 164 3.1 0.14 1.0 1.0 0.15 C
25 15 24 49.1 19-10.1 155-39.1 5.8 1.1 r; 307 8.5 0.40 2.4 1.3 0.12 C

26 1 1 40.8 1q-24.4 155-16.3 13.7 2.1 11 54 1.6 0.05 0.5 0.7 0.08 8
26 3 4 36.9 19-30.6 155-11.6 8.0 1.8 16 112 i4.2 0.05 0.5 1.1 0.09 B
26 6 2 31.4 19-20.4 155-12.6 1.8 2.1 1 7 182 4.0 0.10 0.1 0.4 0.13 C
26 6 7 46.2 19-18.9 155-26.3 4.6 1.3 10 152 5.8 0.16 1.3 2.0 0.20 C
26 7 35 9.8 19-'11.1 155-3 5. 7 5.1 1.8 13 213 7.5 0.29 2.0 1.5 0.12 C

26 10 25 22.8 19-21.6 155-24.3 6.2 12 112 3.0 0.12 1. 1 1.3 0.18 B
26 13 54 43.1 19-33.0 155-10.8 8.0* 8 280 20.0 0.67 3.6 0.09 0
26 14 5 8.5 19-20.6 155-17.9 28.1 14 66 1.3 0.40 1.5 3.6 0.11 8
26 15 44 33. 1 19- 39. 9 15 5- 3. 9 7.9 2.0 18 211 21.4 0.87 1.4 5.7 0.16 C
26 15 50 31.1 19-40.1 155- 3.5 8.0* 3.1 15 212 21.2 0.10 0.1 0.08 C



SUMMARY Of SEISMl·C EVENTS (CONTINUED'

1911 HR MN SEC LAT t'J LONG W DEPTH MAG NO GAP OMIN ERT ERH ERI MD Q
JAN 26 18 18 24.1 19- 8. 9 155- 31. 3 1.3 8 299 11.0 1.03 5.5 2.4 0.10 0

26 20 9 53.1 20- 5.4 155-31.21 46.0* 2.2 18 310 34.9 0.82 1.6 0.25 0
21 0 0 7.4 19-20.1 155-18.3 27.3 1.4 13 68 1.9 0.61 2.3 5.8 0.11 B
21 1 4 59.7 19-22.6 '155-17.1 13.2 0.6 10 65 2.2 0.26 0.8 2.0 0 •. 05 A
·21 1 25 48.1 19-20.2 155- 1.11 0.0 2.1 1121914.7 3~30 1. 2 6.2 0.12 C

21 1 34 58. 7 19-2 0 • 2 15 5-11 • 7 7.7 0.7 11 208 4.5 0.25 1.4 2.4 0.09 C
27 1 38 53.5 19-20.6 155- 9.61 1.3 0.8 12 258 2.1 0.26 1.5 0.1 0.14 C
21 10 50 14.1 19-21.0 155-23.4 6.0 Ci 183 1.4 0.14 O.q 0.9 0.09 B
27 22 39 58.9 19-.9.1 155-33.3 1.8* 2.3 6 214 12.6 1.22 1.1 0.15 0
27 23 19 .33.5 19-18. 4 155- 16. 8 8.1 1.0 11 190 3.3 0.14 1. 1 1.1 0.10 C

28 3 50 58 •. 1 19-21.1 155-12.1 8.2 1.7 11 180 2.8 0.11 0.9 0.4 0.11 C
28 22 5 1.8 19-19.9 155-12.27 1.9 1.0 q 259 4.9 0.67 3.4 4.1 0.12 0

U1 29 2 36 41.1 19-21.2 155-13.7 ·6.1 2.8 15 159 3.0 0.13 1.0 0.8 0.18 C
\0 29 6 4 57.7 19-20.0 15,5-13.8 11.0 1.2 9 185 4.3 0.17 0.1 1,.5 0.06 B

29 6 20 31.9 19-23.3 155-29.61 6.1 2.2 16 123 12.5 0.11 0.8 0.8 0.15 B

2"9 9 42 5.3 19-24. 0 155- 26.0 8.0* 1.0 13 155 8.5 0.08 0.6 0.'10 C
29 13 34 41.8 19-1 8 • 5 1 5 5- 15 • 0 9.9 1.0 11 207 5.2 0.28 1.4 2.2 0.11 C
29 23 1 34.3 19-22.1 155-24.0 7.3 0.9 13 112 3.8 0.12 1.1 1.3 0.20 8
29 23 49 20.3 19- 25 • 7 155- 2 2. 1 8.0* 0.5 7 166 4.9 0.01 0.6 0.06 C
30 0 5 11.8 19-20.2 '155-13.0 4.7 0.9 12 189 5.0 0.20 1.1 1.3 0.18 C

30 o 10 17.5 19-2,0.1155-16.Q 7.1 0.8 11 148 0.9 0.01 0.6 0.4 0.'08 B
,30 o 24 52.8 19-22.7 155-1"1.5 11.4 1.6 1 331 1.7 1.08 9.6 10.5 0.20 0
30 6 22 21.6 19-19.0 155-46.5 6.1 1.1 Ie 310 18.1 0.15 4.0 1.5 0.06 0
30 10 21 26.8 19-21.0 155-29.4 3.6 2.4 .15 134 10.8 0.19 1.4 2.0 0.21 C
30 1'1 25 36.• 3 19-20.1 155-19.1 2.4* 1.3 9 102 4.1 0.04 0.3 0.01 B

30 23 55 3 0.3 19-24.4 155- 16.0 13.3 1.8 16 104 2.0 0.06 0.7 0.5 0.10 B
31 o 51 12.8 19-19.0 155-13.0 9.2 1.8 15 214 6.5 0.13 0.9 1.2 O.Oq C
31 It 47 53.6 19- 20. 1 155- 11. 8 8.2 10 20b 4.5 0.26 1.6 2.8 0.10 C
31 13 2"7 59.9 19-26.5 155-46.5 3.8 2.4 11 260 27.0 0.15 4.9 3.1 0.11 0
31 16 5 58.0 19-19.9 155-11.01 5.3 1.3 10 244 4.7 0.63 3.2 1.9 0.23 0



SUMMARY OF SEISMIC EVENTS CCON~INUED)

1971 HR MN SEC lAT N LONG W DEPTH MAG NC GAP DMIN ERT ERH ERI MO Q
JAN 31 21 8 24.5 19-18.3 155-10.2 4.4 1.9 16 206 7.1 0.26 1.3 1.1 0.11 C
FEB 1 2 o 31.9 19-20.6 155-14.4 6.2 1.5 11 166 2.8 0.12 0.8 0.6 0.18 C

1 2 11 9.9 19-24.9 155-25.6 8.0* 1.6 14 121 9.5 0.05 0.4 0.09 C
1 5 56 3.5 19-20.8 155-25.11 8.5 1.3 13 128 3.3 0.12 0.9 0.7 0.16 B
1 13 46 41.4 19-40.6 156-15.3 11. 1 3.0 16 291 70.1 0.52 9.0 16.2 0.25 0

1 15 15 34.7 19-20.3 155-12.6 10.4 0.8 7 192 5.4 0.13 0.5 1.2 0.02 8
1 15 46 58.3 19-21.7 155- 3.41 2.9 1.9 13 260 11.3 0.15 2.1 2.2 0.19 C
1 16 31 4.4 19-2 1 • 9 155- 1 7. 9 26.8 2.7 18 12 3.4 0.16 1.0 1.5 0.10 A
1 22 56 38.4 20-13.1 155-59. 5 3.2* 2.8 14 324 36.9 0.31 2.4 0.12 0
1 23 54 39.9 19-28.1 155-15.9 26.8 l.1 11 170 6.7 O. 18 1.2 1.8 0.08 C

2 2 0 4.4 19-1 8. 1 15 5- 9. 9 4.6 1.1 9 208 6.3 0.34 2.1 1.8 0.16 C
2 3 21 28.3 19-24.6 155-30.8 8.0* 1.5 11 156 16.3 0.12 0.9 0.14 C

0'\ 2 4 9 46.9 19-17.8 155-16.9 31.8 2.2 l~ 197 3.0 0.19 1.1 1.5 0.11 C
0 2 4 58 4.1 19-13.9 155-31.0 3.9 1.5 10 209 10.9 0.26 2.3 1.2 0.11 C

2 8 3 36.8 19-13.1 155-28.11 3.7 2.2 13 213 14.6 0.38 2.8 1.1 0.19 C

2 8 46 38.8 19-23.8 155-11.4 18.2 1.0 q 113 1.3 0.19 o.q 1.9 0.07 A
2 8 48 10.6 19-28.9 155-11.3 28.7. 1.5 6 316 1.8 0.09 1.4 0.02 0
2 8 48 40.2 19-23.9 155-11.3 11.7 8 116 1.3 0.19 0.9 1.9 0.06 A
2 8 49 41.1 19-25. 5 155- 11. 8 22.1 8 285 1.6 0.28 2.9 2.0 0.08 0
2 9 27 30.1 19-19.1 155-13.71 5.5 1.6 15 193 4.8 0.31 1.9 1.5 0.32 0

2 9 32 42.2 19~21.0 155-29.21 7.2 1.9 13 133 10.5 0.09 0.8 0.6 0.11 B
2 10 59 48.1 19-20.2 155-12.4 13.5 8 198 5.8 0.09 0.6 0.9 0.03 B
2 11 31 16.8 19-1 3 • 2 155- 2 2. 1 29.0 11 314 13.1 1.41 6.8 8.4 0.11 0
2 12 40 3.2 19-15.3 155-34.9 8.0* 2.2 q 184 3.9 0.13 2.5 0.12 C
2 13 9 21.6 19- 28. 1 1 5 5- 13. 1 18.6 1 282 9.1 0.16 4.8 4.6 0.07 0

2 14 19 39.9 19 - 2 o. 1 155- 1 7. It 6.0 0.8 11 160 0.0 0.08 0.5 0.5 0.01 8
2 17 6 53.3 19-18.2 155-14. 0 14.6 10 221 6.9 0.09 0.5 0.8 0.03 B
2 11 10 35.3 19-19.4 155-10.6 2.3* 10 244 5.2 0.54 2.5 0.22 0
2 20 8 28.7 19-31.1 155- 6.0 8.0* 2.2 6 353 29.7 0.71 17.6 0.11 0
2 21 46 39.0 19- 1 7 • 0 1 5 5- o. 7 29.0 17 237 18.5 0.26 1.2 2.5 0.11 C





SUMMARY OF SEISMIC EVENTS (CONTINUED)

1911 HR MN SEC LAY N LONG W DEPTH MAG NC GAP OMIN ERT ERH ERI MO Q
FEB 6 1 20 32.6 19-23.5 155- 2.8 2.1 1.8 14 251 12.5 0.80 3.4 2.6 0.25 0

6 7 55 24.1 19-32.b 155- 9.6 21.2 3.5 1<; 82 19.2 0.23 1.1 3.0 0.13 B
6 14 Q·24.0 19- 23.9 155-24.4 8.0* 1.0 10 206 7.2 0.11 1.1 0.12 C
6 14 29 55.1 19-18.5 155-15.1 13.3 0.8 7 201 5.0 0.31 1.3 2.~ 0.05 C
6 16 9 29.4 19- 0.3 155-24. 1 5.0* 1. 7 12 299 34.0 0.42 2.3 0.18 0

6 16 12 45.4 19-21.8 155-10.61 12.0 1.4 8 176 1.5 0.35 2.2 2.6 0.07 C
6 l~ 41 31.1 19- 23. 1 15 5- 7. 71 1.3 1.4 12 176 4.2 0.24 2.0 2.3 0.26 C
7 1 56 34.5 19-22.3 155-27.41 6.2 1.1 13 129 8.2 1. 35 1. 3 4.1 0.23 C
1 5 8 10.0 19-22.4 155-29.11 3.3 1.1 13 142 12.0 0.11 1.6 5.0 0.18 8
7 1 38 2.4 19-4Q.O 155-22.4 21.2 1.7 9 281 q.1 0.46 3.1 3.3 O.Oq 0

7 8 52 11.1 19- 41. 8 1 55-2 3. 81 25. 0 1.9 17 210 6.6 0.33 2.0 6.4 0.11 C
1 8 57 53.6 19-21.2 155- 1.11 0.0 1.5 14 213 14.3 5.95 2.2 11.4 0.21 C

'" 1 12 41 6.5 19-11.5 155-24.51 8.0* 12 233 15.8 0.81 5.6 0.60 0
N

1 16 44 4.8 19-53.7 155-20.4 28.5 1.5 14 291 11.1 0.13 3.1 4.6 0.05 0
1 11 5 26.5 19-23.2 155-31. 1 8.0* 2.2 8 243 15.3 0.24 1.6 0.08 0

..

7 20 o 42.3 19-24.0 155-24.5 6.1 2.2 14 138 8.3 0.13 0.9 0.8 0.14 B
7 22 32 2.1 19-19.4 155- 0.81 39.9 10 229 16.6 0.45 2. 5 4.2 0.06 C
7 22 37 59.~ 19-47.8 155-22.8 20.b 1.4 14 208 8.3 0.43 2.2 1t.4 0.10 C
8 o 49 28.0 19-21.2 155-11.4 3.5 0.9 10 187 3.2 0.24 1.5 1.1 0.17 C
8 o 58 6.1 19-24.1 155-24.4 2.9 1.5 11 206 7.5 0.15 0.8 1.3 0.11 C

8 3 q 24.9 19-50.1155-23.4 26.0 1.5 1 1 168 9.4 0.12 0.7 1.10.08B
8 4 13 36.9 19-55.3 155-20.6 5.2 12 244 19.1 0.54 2.3 2.1 0.06 C
8 8 35 44.4 19- 2 1. 5 155- 11. 7 6.8 2.3 16 171 2~3 0.09 0.8 0.5 0.15 C
8 9 29 52.4 19-23.1 155-12.21 0.1 1.5 10 145 4.6 2.78 1.3 10.4 0.22 C
8 22 4 38.5 19-2 O. 4 155- 7. 7 1.5 3.3 11 199 4.9 0.25 1.7 0.8 0.21 C

9 o 58 30.6 19-15.8 155- 4.11 0.0 2.0 12 241 15.4 2.08 4.2 22.2 0.28 0
9 5 36 36.3 19-19.9 155-15.6 6.2 0.8 13 168 3.3 0.16 1.0 0.8 0.16 C
9 7 41 10.6 19-22.9 155-17.21 3.0 1.0 a 11 1.1 0.42 2.1 4.4 0.23 B
q 11 3 40.1 19-41.5 155-22.3 13.8 2.2 14 262 30.1 0.19 1.1 1.9 0.05 C
9 19 54 11.8 1q- 2 6 • 2 1 5 5- 2 9. 0 8.0* 2.0 It 150 12.1 0.06 0.5 0.09 C





SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC lAT N LONG \tJ DEPTH MAG NO GAP DM(~ ERT ERH ERl MO Q

FE B 13 (; 59 48.9 19-11.9 155-31.7 3.3 1.7 11 241 10.9 0.46 2.7 1.2 0.13 0
13 9 8 44.2 19-20.6 155-12.67 6.7 2.1 15 179 3.5 0.12 1.0 0.6 0.15 C
13 9 40 34.3 19-23.9 155-24.1 8.2 3.6 1 fi 1 02 6.9 O.Ob 0.6 1.1 0.14 B
13 10 18 41.2 19- 19 • 3 15 5-1 2. 9 1.3 1.1 ~ 210 6.3 0.19 1.3 0.8 0.12 C
13 11 4 3.1 19-17.5 155-25.1 9.4 1.9 10 170 6.5 0.21 1.8 3.0 0.21 C

13 11 37 19.1 19-28.1 155-11.11 5.9 1.6 B 316 5.2 1.61 10.1 8.6 0.36 0
13132345.1 19-19.0 155-25.21 6.8 1.9 11 151 4.0 0.18 1.6 2.5 0.22 C
13 15 59 24.8 19- 25. 1 155-15.1 20.3 2.5 16 86 3.3 0.11 0.8 1.2 0.11 B
13 16 o 19.8 19-54.• 1 155-21.9 8.0* 2.0 14 286 36.0 0.71 4.3 0.08 0
13 17 49 1. 3 19- 2 o. 9 15 5- 1 2 • 4 7.5 2.0 15 111 2.9 0.01 0.6 0.3 0.10 C

13 18 33 33~O 19-19.81'55-18.4 21.7 12 114 1.8 0.50 1.7 4.3 O.lu B
14 1 49 11.9 19-20.6 155-11.7 7.1 1.3 q 184 3.8 0.09 0.<1 1.2 0.01 e

0'\
14 2 2 5.0 1 9- 1 9. 8 15 5- 11. 7 6.7 1.6 14 192 5.2 0.14 1.0 0.6 0.15 C

~ . 14 2 26 19.6 19-23. 9 155- 17. 3 19.2 12 11b 1.3 0.15 0.8 1.4 0.01 A
14 2 28 45.6 19- 2 4. 1 155-1 1. 2 19.6 1.8 14 90 1.1 0.18 0.9 1.1 0.09 A

14 11 25 2.2 19-23.~ 155-16.8 7.5 1.3 8 160 0.7 0.06 0.5 0.3 0.03 B
14 11 27 2.5 lq-24.9 155-16.5 9.9 1.6 10 178 0.9 0.14 0.6 1.0 0.u5 B
14 12 ) 36.0 19-23.8 155-23.5 5.4 1.6 14 127 6.1 0.09 0.6 0.8 0.13 B
14 12 7 31.7 19-21.9 155-21.81 0.0 q 131 4.2 2.26 1.0 4.5 0.22 C
14 15 31 50.8 19-20.1 155- 5.2 1.5 2.4 16 208 8.9 0.54 1.5 2.0 0.19 C

14 16 35 32.2 19-19.4 155-16.0 6.8 2.0 1 7 1 74 2.8 0.10 0.7 0.5 0.15 C
14 22 14 56.3 19-19.1 155-15.0 7.1 1.9 1 7 188 4.6 0.13 o.q 0.6 0.11 C
15 2 13 11.2 19-19.0 155-12.9 8.0* 0.7 11 197 6.6 0.14 1.0 0.12 C
15 4 2 51.4 1 9-1 7. 4 15 5- 21. 2 36.7 1.9 16 247 4.6 0.21 1.5 1.5 0.11 C
15 4 32 54.4 19-11.0 155-31.91 3.1 2.4 15 246 11.6 0.52 2.9 1.6 0.16 0

15 t; 13 0.·0 19-19.4155-14.8 5.6 1.6 17 214 4.5 0.15 1.0 0.7 0.20 C
15 7 13 34.5 1 9 -1 9 • 6 15 5- 11. 6 2.0* 2.0 t 241 5.6 0.31 1.6 0.09 0
15 7 26 33.6 19-20.4 155-12.2 5.6 1 •.5 12 194 3.8 0.19 1.3 0.8 0.18 C
15 12 59 51.5 19-19. 2 15 5- 12. 5 5.4 1.8 11 219 6.9 0.27 1.6 1.3 0.19 C
15 17 10 9.4 lC1-18.4 155-21.4 5.5 1.9 15 156 7.9 0.14 1. 2 1.2 0.23 C



SUMMARY OF SEISMIC EVE~TS (CONTINUEDJ

1911 HP. MN SEC LAT f\ LO~G W DEPTH MAG NO GAP DMIN ERT ERH ERl MD Q
FEB 15 18 27 26.1 19-23.8 155-24.9 8.0* 1.0 q 217 1.3 0.11 o. 7 0.07 C

15 1 B 43 41. 4 1q- 20.1 155-11. 1 9.1 1.2 B 210 4.6 0.11 0.5 1.0 0.03 B
16 3 20 54.1 19-21.5155-13.6 1.0 l.O 15 152 2.1 0.06 0.5 0.3 0.10 B
16 5 ,. 43.9 19-2 4 • 2 15 5- 1 7 • 6 8.0 1.2 9 106 0.9 0.06 0.4 0.3 0.04 A
16 5 5 41.3 19-23.1 155-16. 8 8.2 1.3 10 155 0.6 0.06 0.4 0.4 0.03 A

16 15 22 2.8 19-19.7 155- 4.61 1.3 2.5 15 212 14.8 3.20 Z.G 11.4 0.20 0
16 16 8 59.7 19-21.2 155-25.01 6.8 3.1 18 120 3.6 0.12 1.2 1.9 0.23 B
16 16 44 22.4 19-3 1 • 4 15 5- 8. 0 5.8 2.0 17 91 11.8 0.18 1. 1 2.4 0.14 B
16 11 51 57.5 18-59.2 155-12.8 31.9 2.2 15 297 3b.1 0.32 2.9 3.5 0.12 0
16 20 50 28.9 19- 7. 1 155- 38. 2 5.1 2.4 14 265 14.5 0.81 3.6 2.7 0.14 0

16 21 3 5.8 19- 5.3 155-39.~1 5.3 3.4 22 269 18.4 0.79 4.2 2.9 0.36 0
16 21 36 58.3 19-23.4 155-26.4 5.8 1.9 14 127 8.1 0.12 0.8 1.1 0.15 8

0\ 16 22 41 34.9 19-49.1 155-51.21 13.6* 2.2 8 291 41.6 0 •.63 3.8 0.21 0
U1 16 23 8 13.2 19-22.1 155-25.31 3.8 1.2 12 118 4.9 0.15 1.4 2.1 0.19 B

11 0 2 11.4 19-22.1 155-27.4 1.5 1.0 13 128 8.0 0.54 O.~ 2.0 0.17 8

17 0 3 35.7 19- 22 • 2 15 5- 27. 4 1.2 1.1 lit 128 8.0 0.56 0.9 2.1 0.18 8
11 2 13 29.2 19-21.1 155-11.8 1.1 1.4 15 178 2.8 0.07 0.6 0.3 0.10 8
17 " 17 36.0 19-24.8 154-48.01 41.5* 2.0 11 308 12.1 0 •.15 1.5 0.08 0
11 10 20 54.9 19-22.4 155-28. 2 8.0. 1.8 14 163 9.4 0.13 1.2 0.17 C
17 11 58 56.1 19-19.2 155-15.0 6.6 1.1 15 192 4.5 0.16 1.0 0.7 0.18 C

11 11 59 57.9 19-20.9 155-14.1 5·.q 1.9 18 161 2.6 0.14 1.0 0.8 0.23 C
11 12 39 18.1 19-22.7 155-22.5 8.0 1.4 14 153 4.1 0.07 0.6 0.1t 0.10 8
17 17 12 51.4 19-15.9 155-13.5 8.0* 1.5 11 263 9.7 0.41 2.3 0.14 0
17 19 25 9.9 19-.24.6 155-25.0 6.3 2.0 18 124 8.7 0.14 0.9 0.9 0.22 C
11 19 33 23.7 1q- o. 3 1 5 5- 18. 0 34.1 2.6 12 289 24.3 1.,.4 7.3 8.3 0.11 0

17 19 33 27.4 18-50.3 155-15.51 8.0* 2.1 16 288106.4 0.77 4.9 0.26 0
17 19 31 20.3 19- 19. 8 155- 15 • 6 8.5 1.5 15 162 3.3 0.13 0.9 1.3 0.14 C
L8 o 54 42.5 19- 2 O. 4 15 5- 12. 8 5.1 1.8 1 e 168 3.9 0.15 1. 1 0.8 0.21 0
18 4 34 20.7 19- 8.9 155-34.1 1.0 3.0 18 234 11.0 0.35 2.2 1.0 0.16 C
18 1 8 59.1 19-25.3 155-22.1 8.0* O. 8 11 167 5.5 0.08 0.6 0.10 C



SUMMARY OF SEISMIC EVENTS (CONT~NUEDJ

1911 HR MN SEC lAT N LONG W DEPTH MAG NC GAP-OMIN ERr ERH ERZ MD Q

FEB 18 13 57 30.4 19-21.0155-11.2 10.2 8 195 3.1 0.19 0.11 1.6 0.04 8
18 17 44 2.4 19-14.6 155-1.7. 8 8.1 1.2 10 29q 6.4 1.20 6.2 3.4 0.10 0
18 17 44 34.8 19-18.8 155-16.4 6.9 1.1 14 183 2.9 -0.11 0.8 O~6 0.14 C
18 18 27 33.0 19-17.6 156- 9.~ 53.b* 2.3 15 309 35.0 0.31 3.0 0.11 0
18 18 30 37.9 19-22.6 155-22.5 6.4 1.5 12 156 4.6 0.17 0.5 1.8 0.10 B

18 21 -53 15. 1 19-25.6 lSS-:-24.4 8.0* 1.6 13 1-83 1.4 0.06 0.5 0.07 C
19 1 51 20.5 19-21.4 155-49.31 6.7 2.8 11 211 20.9 0.91 5.3 16.3 0.17- 0
19 11 11 4-8.9 19":1~. 7 155-l5.2 34.0 2.2 13 177 3.9 1.44 5.1 12.1 0.22 0
19 18 37 19.7 19-19.8 155-24.6 8.1 2.0 16 101 2.3 O~O8 0.8 1.3 0.16 B
19 18 56 43.9 19-21.5 155-46.7 11.3 3.3 16 150 16.5 0.11 l.9 3.1 0.14 B

19 20 39 26.0 19-19.1- 155-24.4 9.2 i. 5 13 141 2.2 0.11 1.0 1.5 0.15 B
19 20 48 44.6 19-20.3 155-10.51 8.6 0.9 9 234 3.6 0.2·6 l;6 1. 2' O~ 12 C

0'\ 19 21 44 53.1 lq-41.i iS5-46.31 0.0 3.5 22 243 32.7 0.40 3.-6 . O~9 0.19 0
0'\ 20 6 11 18.3 19-25.,8_ 155-29.0 8.0. 1.4 10 198 12 •• 0.08 0.6 6.06 C

21 18 56 53.7 19-31.3 155-43.3_ 9.1 2.2 12 184 21..0 0.20 2.4 '2.9 0.15 C

22 1 1 37.3 19-26.2 155-22.11 0.0 1.4 12 119 b.2 2.38 3.1 4.2 0.56 C
22 1 2 50.1 19-25.2 155-21.0 2.8 2.5 1<1 -76 10.6 0.19 1.1 1.7 0.26 B
22 11 23 9.6 19-22.1 15~30.1 8.0* 2.0 11 177 12.5 0.12 1.1 0.12 C
22 19 51 55.7 19-22.0 155~14.9 20.0 1.8 13 133 0.7 0.-28 1. 1 2.5 0.08 B
22- 20 41 22.0 19-23.0 155-51.11 2.2* 2.7 13 21_3 16.8 0.14 1.3 0.13 C

22 23 41 40.4 19-17.6 155-10.41 8.0* 9 265 8.3 0.48 4.0 0.34 0
23 1 43 23.8 19- 9.3 155-34.8 9.1 2.4 17 2"30 11.1 0.25 1.8 1.10.16 C
23 16 48 54.7 19-19. 7 1.55-16_. 7 9.3 1.2 9 1-95 1 .-5 0.20 0.<; 1.5- 0.-04 B
23 23 20 5.8 19-43•.3 155-4-4.31 2.2 2.3 q 211_ 30.1 0.44 10.7 10.3 0.13 0
23 23 44 6.8 1.9- 2 1 • 2- 15 5- Z4 •.41 8.1 1.2 15 111 2 .-1 0.1'0 0.8 0.6 0.16 B

24 1 2 42.3 19-- 8.2 155~24.1t 30.5 2.3 18 236 6.5 0.51 3.0 3.9 0.20 0
24 3 19 27.0 19-21.3 155-20.1? 8.0* 1.1 13 96 5.0 0.23 2.3 0.49 C
24 4 44 40.6 19-24.6 155-26.2 8.0* 1.4 14 130 9.5 0.06 0.5 O.Oq C
24 7 48 46.8 19-19.3 155- 9.3 8.0* 1.6 9 212 5.3 0.72 4.0 0.14 U
24 11 4 8.4 19-20.9 155-43.4 5.2 10 290 15.6 0.45 2.2 1.1 0.06 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC lAT N LONG W DEPTH MAG NC GAP OMIN ERT ERH ERl MO Q
FEB 24 18 25 14.2 19- 18. 9 15 5- 1 5 • 0 9.7 13 197 4.7 0.16 1.1 1.6 0.13 C

24 20 20 48.9 19-24.5 155-17.2 8.9 1.4 q 120 0.6 0.12 0.5 0.9 0.03 A
24 21 41 22.4 19-18.8 155-12.1 10.8 10 222 1.2 0.29 1.2 2.4 0.07 C
25 2 It 56.4 19- 20. 1 155- 11 • 4 4.0 8 203 3.9 0.22 1. " 1.3 0.09 C
25 4 43 2.6 19-20.2 155-19.41 6.4 2.1 15 70 3.5 0.05 0.5 0.5 0.10 B

25 7 42 52. 1 19-12.3 155-28.11 8.0* 11 117 5.2 0.23 2.2 0.33 C
25 10 1,4 2.5 19-18 • 6 15 5- 13. 2 8.0* 9 221 7.0 0.19 1.3 0.12 C
25 12 ·26 3.7 1q-46.4 155-30.71 17.9* 1~8 C; 250 5.6 1.42 0.0 0.29 0
25 11 13 23.2 19-20.9 155-11'.9 25.2 1.3 13 18 1.8 0.39 1.It 3.4 0.08 B
25 18 53 58.1 19-18.5 155-13. 1 8.2 1.3 C; 220 8.0 0.22 1.6 2.6 0.12 C

25 20 o 22.9 19-22.7 155-23.1 6.8 1.1 13 166 4.6 0.10 0.1 0.8 0.11 C
26 1 51 40.3 19-22.6 155-23.2 3.6 1.2 12 110 4.4 0.11 o.co; 1.5 0.11 B

0'\ 26 2 53 25.6 19-20 • 8 15 5- 11. 1 7.4 1.6 12 204 3.3 0.15 1. 1 0.5 0.12 C
......... 26 2 55 28.9 19- 21 • Q 15 5-11. 0 7.'i 1.8 13 202 2.9 0.15 1.2 0.5 0.11 C

26 6 27 31.8 19-21.3 155-10.5 10.q 1.2 8 209 1.9 0.30 1.3 2.2 0.05 C

26 6 53 15.0 20- 3.6 156-15.31 0.1 3.5 22 303 58.1 0.29 7.9 2.3 0.11 0
26 9 12 57.8 19-20.8 155-29.41 8.1 0.7 fi 133 10.8 0.15 1.0 1.0 0.10 8
26 10 16 21.3 19- 1 3. 8 15 5~21 • 4 8.0* 1.5 10 122 8.0 0.17 1. 7 0.24 C
26 11 8 48.0 19- 24. 2 15 5-29. 0 8.0* 1.2 16 144 12.4 0.07 0.6 0.11 C
26 19 50 47.1 19-18.2 155-13.5 5.5 1.5 10 225 1.4- 0.36 1.9 1.2 0.19 C

26 22 16 45.2 19- 2 1 • 9 15 5- 4. 2 17.6* 1.6 10 332 9.8 0.32 2.6 0.07 0
21 11 20 5.3 19-21.5 155-19.1 1.8* 1.2 9 82 3.9 0.04 0.3 0.07 B
27 12 58 6.7 19- 2 5. 1 155-1 1. 6 12.5 1.7 13 114 0.5 0.12 0.5 0.9 0.06 A
27 22 48 5.9 19-28.1 155-27.8 8.0* 1.8 14 141 8.5 0.06 0.4 0.07 C
28 ·9 3 21.5 19-21.1 155-24.11 7.4 1.6 12 110 2.1 0.14- 1.1 1.1 0.19 8

28 14 8 10.0 1 9 - 2 O. 2 15 5- 13 • 4 5.6 1.8 18 171 4.4 0.17 1.1 0.9 0.24 0
28 19 36 38.2 19- 2 0 • 2 15 5- 12 • 8 6.2 1.1 19 168 4.3 0.12 0.9 0.6 0.19 C
28 19 38 53.7 19- 20. 4 15 5- 13. 2 6.2 1.8 18 166 4.0 0.13 1.0 0.8 0.20 C
28 19 51 36.5 19-23.4 155- 1.01 0.0 2.0 13 199 15.5 6.17 2.2 12.9 0.24 C
28 20 23 2.0 19-55.4 155-45.0 12. 7* 2. 3 17 215 34.4 0.47 3.0 0.11 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC lAT N LONG W DEPTH MAG NC GAP DMIN ERT ERH ERZ MO Q

fEB 28 22 53 13.8 19-25.5 155-24.1 6.9 1.7 13 179 8.1 0.15 1.1 0.9 0.15 C
1 o 59 5.1 19-19.9 155-13.2 9.1 1.1 10 193 5.0 0.25 1.3 2.2 0.11 C
1 5 19 4.5 19-25.4 154-58.01 0.1 1.6 11 198 10.4 4.98 1.4 9.4 0.14 C
1 7 53 9.9 19-17.8 155-15.0 6.2 1.6 14 181 5.9 0.19 1.2 0.9 0.19 C
1 16 1"1 23.5 19-25.9155-25.5 8.0* 1.0 11 195 8.1 0.11 0.1 0.09 C

1 21 ~ 25.5 19- 25. 9 15 5-2 7 • 2 8.0* 1.1 11 212 9.9 0.10 0.7 0.01 C
1 21 49 42.1 19- 9.0 155-31.0 8.9 2.3 11 235 10.9 0.28 1.9 1.1 0.14 C
1 21 56 55.4 20-10.6 155-35.6 8.0* 2.4 11 289 19.5 1.04 6.6 0.15 D
2 1 11 14.6 19-52.0 155-29.1 8.0* 1.8 10 208 29.0 0 •.22 3. 1 0.09 C
2 2 25 42.9 19-22.0 155-23.81 6.8 1.1 14 111 3.4 0.07 0.1 1.3 0.12 B

2 5 3 29.4 19-24.4 155-23.5 8.0* 1.6 15 185 6.8 0.09 0.6 0.10 C
2 12 51 60.0 19- 19 • 5 15 5- 1 1 • 5 8.0* 1.1 10 225 5.1 0.32 2.1 0.11 C
2 15 51 20.9 19-20.8 155-23.7 5.9 1.3 6 216 1.3 0.52 1.8 3.3 0.09 C

0"\
ex> 2 19 1 21.2 19-11.7155- 8.51 8.0* 2.0 ~ 286 8.4 3.17 16.9 0.34 0

2 21 35 40.8 19-23.2 155-28.11 5.4 2.0 16 103 10.0 0.11 1. 1 3.0 0.17 B

3 4 5 51.3 19-20.6 155-13.2 8.1 1.2 10 178 4.2 0.17 1.0 1.8 0.09 C
3 11 2 12.8 19-20.4 155-12.7 4.7 12 189 3.C1 0.25 1.4 1.5 0.24 C
3 14 59 4 C. 7 19-29.9 155-50.31 0.0 2.6 14 145 9.1 5.46 2.0 29.0 0.11 C
3 15 32 31.9 19- 1.2 155-18.0 26.8 2.4 14 256 17.1 0.65 3.3 5.0 0.10 0
4 o 53 1. 1 19-17.0 155-29.51 8.0* 11 169 13.9 0.31 3.5 0.33 0

4 3 41 56.3 19-16.4 155-19.2 14.4 2.0 13 280 3.0 0.65 3.8 5.0 0.24 0
4 6 38 21.2 19-20.0 155-10.8 8.2 9 232 4.2 0.36 1.1 2.6 0.01 C
4 12 39 51.2 19-25.2155-25.6 8.0* e 228 9.3 0.20 1.3 O.Oq 0
4 16 34 5.9 19-23.8 155- 1.61 0.0 2.4 19 183 14.1 6.98 2.3 13.1 0.34 0
4 16 49 34.1 19-20.5 155-24.6 6.1 12 109 2.3 0.13 1. 1 1.1 0.19 B

4 18 36 3.3. 1 lC1-20.5 155- 6.4 1.8 2.4 18 186 b.7 1.31 1. 1 4.6 0.16 C
4 20 48 54.3 19-23. 5 155-22. 1 8.7 1.6 16 ill 5.3 0.09 0.8 1.7 0.13 B
4 23 22 33.2 19-11.9 155-51.91 44.5* 2.7 13 254 36. 1 1.14 24.1 1.71 0
5 2 54 52.1 19-22.3 155-24.0 6.4 1.8 14 113 4.0 0.09 0.9 1.1 0.17 B
5 5 52 6.1 19- 2 3. 7 15 5- 2 5. 5 8.0* 11 229 7.5 0.18 1.1 0.11 0



SUMMARY OF SEISMIC EVENTS (CONTINUED»

1911 HP, MN SEC lAT ~ LONG W DEPTH MAG NO GAP DMIN ER'T ERH ERl MD Q

MAR 5 20 28 1.6 19-18.0 155-13.6 6.3 2.8 -20 118 1.6 0.21 1.6 1.10.29 C
5 20 33 15.1 19- 1 8 • 2 15 5-14. 8 9.8 1.3 Ii 215 5.1 0.32 1.b 2.6 0.11 C
6 3 2 25.3 19-25.1 155-52.6 10.3 2.6 11 212 12.1 0.18 1.9 1.4 0.13 C.
6 3 28 9.9 19-20.3 155-26.6 3.4 1.5 12 135 5.9 0.14 1. 1 2.1 0.19 8
6 11 8 21.8 19-38.8 155-36.4 8.7 2.0 8 159 21.6 0.09 1.0 1.8 0.07 C

6 11 27 33.9 19-24.0 155-25.0 8.0* 1.1 10 219 7.1 0.14 0.9 0.08 C
6 12 50 32.0 19-53.6 155-21.21 14.2* 2.2 8 328 12.4 O.b3 5.4 0.18 0
6 13 36 2.2 19-19.6 155- 8.9 7.3 2.2 15 202 5.0 0.21 1.4 0.6 0.15 C
6 14 1 5.7 19-21. 3 155-19.~ 21.1 2.0 13 82 4.0 0.20 1.2 1.1 0.11 8
6 11 55 0.3 19-23.4 155-25.6 8.3 1.5 12 210 1.3 0.12 0.8 0.4 0.09 8

6 21 38 -58.3 19-17.5 155-15.01 8.4 1.1 12 216 6.5 0.22 1.6 1.6 0.16 C
6 21 49 1.3 19 - 2 3. 6 15 5- 2 3 • 8 8.0* 1.1 11 193 6.4 0.20 1.3 0.19 C
7 9 53 51.0 19-17. 1 155-18.8 31.0 3.3 2 C 161 0.6 0.15 0.9 1.3 0.10 8

(J'\ 7 19 55 50. 8 19-17.3 155-16.2 31.1 1.8 17 113 4.5 0.15 O. 8 1.4 0.09 B
\0

7 22 .7 37.5 19-19.9 155- 9.1 5.5 1.6 11 197 4.1 0.24 1.6 1.OO.11C

8 12 44 28.6 19- 21. 3 15 5- 13 • 9 6.6 2.0 11 149 2.6 0.10 O.S 0.6 0.16 B
8 14 23 27.1 18-49. 1 155-14.4 8.0* 2.8 13 293 53.8 1.26 7.8 0.18 0
8 14 23 31.4 19- 1.7 155-20.3? 41.4 3.8 20 267 19.6 0.31 1. 8 3.3 0.17 C
8 17 2 14.2 19-23.3 155-25.6 2.3 2.1 16 10 7.0 0.12 0.8 1.1, 0.18 8
8 21 21 50.1 19-26.6 155-22.6 10.5 1.7 12 163 3.8 0.11 0.7 1.7 0.01 B

8 21 24 20.4 19- 13. 6 1 5 5-2 6. 1 8.0* 10 143 8.3 0.11 1.8 0.23 C
8 23 9 27.0 19-20.1155-10.9 1.9 12 192 4.2 0.10 0.8 0.4 0.10 B
8 23 11 1.1 19-16.5 155-14.2 11.4 1.2 10 253 8.1 0.33 2.6 1.10.130
9 2 4 1.6 19-23.4 155-25.0 6.5 1.1 11 201 6.6 0.21 1.1 2.0 0.23 C
9 4 22 58.2 19-20.5155-12.8 6.2 1.8 1 C; 168 3.7 0.11 0.9 0.6 0.19 C

q 16 20 23.9 19-21.3 155-36.2 8.0. 2.6 c; 254 22.9 0.24 1.5 0.08 0
9 21 52 24.9 19- 24 • 4 15 5- 2 9 • 0 8.0* 11236 12.6 0.20 1.2 0.09 0
9 21 5.3 50.2 1 9 - 15 • 1 155- 26. 2 2.4 10 139 10.1 0.01 0.6 1.2 0.09 B
9 23 51 8.0 lq-21.9 155-31.0 8.0* 2.6 11 260 23.9 0.22 1.4 0.09 0

10 5 39 5.2 19-20.1 155- 2.8? 0.0 1.4 14 217 12.1 6.85 2.4 13.1 0.20 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1 f171 HR MN SEC lAT N lO~G W OEPTH MAG NO GAP DMIN ERT ERH ERl MD Q

MAR 10 8 18 34.9 19- 1 3. 0 15 5- 32. 0 4.4 2.3 16 161 9.6 0.11 0.9 0.9 0.12 C
10 8 19 32.4 .19-12.8 155-32.1 4.0 12 165 9.5 0.12 1.0 0.9 0.10 C
10 12 13 37.5 19-26.7 155-51.71 8.0* 10 266 9.3 0.47 6.6 0.59 0
10 13 40 b.2 19-19.1 155-13.8 5.2 o.q 13 204 5.6 0.24 1.3 1.1 0.20 C
10 14 55 3.4 19-26.9 155-24.9 8.0* 1.1 12 186 6.1 0.01 0.5 0.08 C

10 15 14 42.1 19-19.2 155-13.9 5.5 13 202 5.4 0.23 1.3 1.0 0.19 C
10 15 35 5.4 19-10.4 155-32.2 6.2 2.4 16 212 1.8 0.21 2.2 1.4 0.18 C
10 16 26 50.0 19-20.9 155-16.0 1.2 11 182 2.0 0.15 1.0 0.6 0.09 C
10 20 18 43.2 19-20.1 155-10.9 4.9 1.0 14 212 3.3 0.24 1.4 1.0 0.18 C
10 20 30 5.6 19-24.1 155-16.41 2.0 1 193 1.5 0.12 0.8 0.3 0.09 C

11 5 15 9.5 19-22.4 155-18.6 15.9 10 76 3.1 0.24 0.9 2.4 0.06 B
11 11 39 46.0 19- 20. 1 155- 12. 5 10.5 1.6 q lqa 5.8 0.25 1.2 2.0 0.08 C

~
11 17 7 49.1 19-22.9 155-22.0 5.4 1.1 10 145 4.2 0.16 0.5 1.8 0.09 B
11 18 41 35.9 19-24. 1 155-26.1 8.0* 1.5 12 129 9.6 0.06 0.5 0.10 C
11 19 31 39.7. 19-21.5 155-11.3 6.2 1.1 15 117 2.8 0.07 0.6 0.4 0.11 C

12 5 14 51.ij 19-16.6 155-23.2 8.0* 1.5 13 139 6.6 0.08 0.8 0.13 C
12 8 29 1.6 1 9- 2 3 • 6 1 5 5-3 5. 8 8.0* 2.1 12 234 16.2 0.33 2.2 0.16 0
12 10 13 50.9 19 - 22. 1 155-2 5. 0 6.8 1.1 15 117 4.1 0.13 1.1 1.5 0.21 B
12 10 43 13.5 19-18.1 155-16.6 6.8 2.5 1 a 167 3.5 0.13 1.0 0.6 0.21 C
12 11 51 40.5 19-25.1 155-23.5 8.0* 1.6 14 131 6.7 0.06 0.4 0.08 C

13 4 2 56.4 19-18.1 155- 8.4 3.0 2.0 11 210 7.8 0.42 2.0 2.2 0.19 C
13 14 41 6.0 20- 6.5 155-37. 1 21.1 1.9 14 267 12.0 o. 35 2.3 2.1 0.09 C
13 16 30 51.2 19-13.9 155-29.1 21.6 1.6 12 121 8.7 0.23 1.0 2.6 0.09 B
13 19 36 19.2 19-23.1 155- 3.9 8.0* 1.3 11 190 10.6 0.10 1.5 0.10 C
13 22 49 36. 3 19-1Q.O 155-12.0 4.9 1.6 15 117 6.8 0.20 1. 2 1.1 0.21 C

13 23 28 9.7 19- 19. 2 155- 1 5. 1 5.1 0.9 12 190 4.3 0.23 1.3 1.3 0.21 C
13 23 40 31.9 19-29.6 155-16.81 8.0* 1.1 <1 325 1.9 0.41 4.1 0.38 0
14 o 48 43.2 19-20.8 155-13.«1 30.2 1.1 15 158 3.1 0.19 1. 1 1.1 0.12 C
14 9 47 38.4 19-20.0 155-12.4 5.2 1.7 12 201 4.5 0.20 1.2 0.9 0.11 C
14 10 13 38.5 1q - 11 • 4 15 5- 1 5. 3 6.1 1.1 18 188 5.9 0.19 1.2 0.9 0.23 C







SUMMARY OF SEISMIC EVENTS (CONTINUEDI

1911 HR MN SEC lAT N LONG W DEPTH MAG NC GAP DMIN ERr ERt-t ERZ MO 0
MAR 20 15 35 4.5 19-20.6 155-12.3 10.1 15 151 3.5 0.08 0.5 0.9 0.08 B

20 15 45 25.6 19-14.4 155-10.4 38.9 14 213 15.9 0.20 2.2 1.6 0.10 C
20 18 20 50.5 19-23.3 155-24.4 8.0* 1.7 16 208 6.0 0.19 1.1 0.16 C
20 19 1 59.8 19- 1 9. 9 15 5- 9. 2 7.6 14 168 4.2 0.12 1.1 0.6 0.16 C
20 23 17 41.7 19-21.0 155-12.9 8.3 1.7 17 134 2.9 0.01 0.1 1.2 0.12 B

21 1 3 58.9 19-24.3 155-1·1.01 0.8 0.1 9 146 1.1 0.29 1.0 0.9 0.24 ·C
21 1 26 52.6 19-21.6 155-28.3 5.3 2.2 18 113 9.1 0.12 0.8 0.9 0.15 B
21 10 9 55.1 19 - 3 1• 3 1 5 5- 8. 1 8.0* 13 264 15.6 0.23 1.3 0.12 0
21 14 15 4.5 19-21.1 155- 4.91 7.9 2.1 10 127 4.9 0.14 1.0 2.2 0.14 C
21 22 1 16.4 19-21.1 155-20.1 25.3 1.6 14 96 4.8 0.24 1.6 1.8 0.13 8

21 22 31 58.9 19- 24. 1 155-1 5. 8 2.2. 0.9 8 222 2.2 0.20 1.2 0.12 C
22 a 28 9.9 19-55.5 155-36.01 12.8* 2.1 17172 15.8 0.01 1. 5 0.11 C
22 1 28 15.1 19-51.1 155-27.0 6.8 2.3 16 166 32.2 0.32 1.4 2.5 0.17 C.......

w 22 4 21 58.6 19-22. 4 155- 23. 6 5.1 13 190 4.1 0.10 0.6 0.5 0.08 B
22 5 53 32.0 19-23.9 155-17.1 16.6 2.6 20 34 1.1 0.01 0.6 0.9 0.11 B

.
22 6 36 31.2 19- 1 0 • 2 15 5- 26. 1 29.1 1.9 10 199 3.4 0.48 2.1 4.0 0.06 C
22 6 38 11.0 19-10.0 155-26.4 31.3 13 191 2.7 0.46 2.1 3.1 0.08 C
22 6 41 59.9 19-10.6 155-24.8 28.5 10 205 5.8 0.44 2.0 3.8 0.01 C
22 16 32 26.6 19-20.1 155-25.61 6.6 1.8 10 181 4.0 0.15 1.2 1.6 0.15 C
22 18 54 56.5 19-22.8 155-23.9 8.0* 2.2 13 169 5.0 0.08 0.6 0.10 C

22 1q It3 51.6 19-12.1 155-34.5 3.7 2.3 12 278 12.6 0.42 2.2 1.4 0.15 C
23 o 58 40.4 19- 2 o. b 1 5 5- 13. a 7.3 1.5 16 168 3.6 0.11 0.9 0.6 0.15 C
23 4 39 49.8 19-19.9 155-13.3 8.0* 1.1 15 143 5.0 0.07 0.6 0.12 C
23 q 14 19.5 19-20.8 155-19.6 1.8* 10 99 4.0 0.07 0.4 0.10 8
23 22 10 55.0 19- 2 2 • 0 15 5-2 3 • 6 6.7 2.3 le; 89 3.3 0.01 0.5 0.4 0.13 B

24 1 32 25.0 19-24.3 155-36.4 9.1 2.3 14 201 24.1 0.25 1.1 3.0 0.12 C
24 3 32 12.6 19- 3. 1 15 5- 8. 4 12.5 1 1 260 32. 5 0.63 3.4 1.1 0.17 0
24 16 20 32. 1 19-20.5 155- 7.71 8.3 15 158 't.8 0.13 1.0 2.1 0.13 C
24 18 30 l1.It 19-22.4 155-22.9 1.4 1.6 17 86 4.1 0.07 0.5 0.4 0.12 8
24 18 48 53.6 19-23.9 155-25. 7 8.0* 1.B 16 233 8.0 0.21 1.6 0.14 0



SUMMARY OF SEISMIC EVENTS (CONTINUEDJ

1971 HP, MN SEC LAY ~ LONG W DEPTH MAG NO GAP OM IN ERT ERH ERI MO Q
MAR 24 19 46 19.0 19-15~3 155-21.0 8.0* 15 154 6.4 0.16 1.3 0.20 C

24 21 43 52.5 19-11.3 155-24.1 4.0 1.7 13 158 5.6 0.1t» 1.2 1.6 0.20 C
24 23 51 21.1 19-19.1155- 6.8 1.9 2.2 11 18b 6.9 0.16 1.4 0.9 0.18 C
25 12 57 14.1 19-19.4 155- 7.8 8.0* 2.2 12 118 6.1 0.12 1.2 0.12 C
25 13 50 30.0 19-15.6 155-23.1 8.0* 2.0 11 154 13.0 0.15 1.1 0.18"C

25 18 46 25.8 19-2 4 • 2 1 5 5- 1 5 • 9 1.7 0.9 10 113 2 • .1 0.12 0.5 0.4 0.09 B
25 20 40 4.4 19-12.9 155- 22. 4 8.0* 2.0 10 185 11.4 0.24 2.3 0.22 C
26 o 1t1 40.8 19-24.8 155-17.3 7.7 1.2 e 96 0.5 0.03 0.3 0.2 0.02 A
26 o 48 32.6 19-24.2 155-17.3 5.8 1.1 8 122 1.1t 0.08 0.4 0.5 0.03 B
26 5 37 0.4 19-22.2 154-SQ.l 8.3 2.2 13 191 7.1 0.29 2.5 3.2 0.21 C

26 1 32 10.9 19-19.8 155-13.1 8.0* 1.6 12 162 5.2 O~O9 0.8 0.13 C
26 11 18 30.9 19-52.1 155-39.8 13.6* 2.1 20 135 18.5 0.06 0.1 0.12 C

........ 26 19 31 35.6 19- 9.9 155-17.0? 13.9* 1.8 10 215 19.0 0.21 2.1 0.22 C
~ 26 19 58 34.9 19-11.1 155-20.8 41.2 2.5 13 193 12.7 0.73 2.6 6.2 0.12 C

26 20 7 24.8 19- 19. 6 15 5- 15. 8 27.9 2.1 13 150 3.0 0.32 1.3 2.8 0.09 B

26 20 8 12.9 19-11.6 155-21.01 61.9 14 188 12.4 1.76 5.2 14.5 0.19 0
26 21 o 55.3 19-19.9 155-10.6 7.9" 1.9 14 165 4.3 0.10 0.9 0.4 0.11 C
26 21 28 26.2 19- 20 • 8 155- 8. 3 8.6 2.0 13 154 3.5 0.10 1.0 1.9 0.13 C
26 22 39 12.8 19-26.6 155-11.5? 8.0* 1.3 15 138 8.8 0.11 1.6 0.36 C
27 o 12 26.3 19-21.b 155-29.9 4.4 2.0 13 121 11.9 0.18 1. 1 1.6 0.15 B

27 2 16 49.4 19-20.9 155-10.9 1.6 1.9 12 185 3.0 0.09 0.9 1.0 0.09 B
27 3 58 20.7 lq- 9.1 155-38.3 5.1 1.2 11 314 18.4 0.48 4.4 3.3 0.16 0
27 6 33 34.9 19-20.5 155-12.9 8.3 1.8 15 151 3.7 0.07 0.6 1.0 0.10 B
27 10 36 51.4 19-19.2 155-10.8 8.0* 1.9 12 116 5.6 0.13 1. 1 0.15 C
21 14 50 53.9 18-51.7 155- b.O 8.0* 2.5 15 293 50.6 1.03 6.4 0.14 D

27 17 19 17.3 19-13.0 155-18.6 38.1 2.4 15 183 9.2 0.19 1.4 l.70.10C
21 18 44 58.9 19-19. 0 155-38. 1 2.9 2.1 11 278 25.0 1.61 1.0 4.5 0.30 0
27 22 30 34.2 1q- 41. 8 155- 18. 1 36.7 2.2 15 288 23.9 0.23 1.5 2.20.09 C
27 23 4 51.4 19-45.9 156-15.7 15.9* 2.8 15 294 44.8 0.40 2.f1 0.11 0
28 1 51 27.0 19-25.1155-23.5 8.0* 1.1 12 168 7.2 0.14 1.0 0.16 C





Table ll.--Fe1t Earthquakes

Date Time Magnitude Felt Report
H M S

Jan. 19 00 40 45.9 3.6 Honokaa, Kamuela, Kainaliu

Feb. 3 01 56 04.9 3.7 Keaau, Mt. View, Hilo,
Kalapana

8 22 04 38.5 3.3 Volcano

11 12 28 51.7 3.5 Kealakekua

13 09 40 34.3 3.6 Volcano

16 16 08 59.7 3.1 Kapapala

19 18 56 43.9 3.3 Kamuela, Kapapala

19 21 44 53.7 3.5 Kapapa1a, Honokaa,
Kealakekua

Mar. 16 20 53 33.0 3.4 Paauilo, Honokaa,
Kukuihaele

28 17 02 57.4 3.0 Hilo

30 04 37 34.6 3.8 Kohala, Kamuela

31 01 08 56.6 3.7 Kamuela

76



+
......
(J"1

(J1

w
C)

o

19 34 .0

+ +.

+

19 34 .0

x
......
U'1
U'1

0">

a

.
+ •

+
+ +

+

+

.....
01
(J"l

0">

+

o

.
+. .

.
10 •a

+....

19

+

+

+

A. .

Magnitude

IntervG I

4.0 < M ~ 5.0
3.0 .< M ~ 4.0

2.0 < M. $ 3.0
M ~ 2.0

..
.-

•• • + •
'to .. e ••• .:.. •. .... ..

e. a. •••.«:" .- .. .~. ..
• • • .:... ;1: ••+

.~... t -. _..- ...
~ -..- .... . +.: .... ....

.:. !. ....f.... ... ... .· .f •.. ·•• +
+

+

Symbol

*X
+

.+

..~) .
."..< ..
I~••••••. ....

.Pi:

+

+
...

+ 5 Km•_-=::J_~=::I_"o

..

+ ....
•• ••

. ..

. :~.. ...
x ~.... .

.
+.. ..

+ ••..
• . •.• +

•• •• •• -+:x _. ~ ... ..-. ..

+ .

+
+.

+

li

..
..

~ +
U1
U1

W
0

0

19 10 .0

+

Figure 6.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline.. The Pacific Ocean lies in
the lower right portion of the illustration.
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Figure 7.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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Table 12. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

.......
\0

STATION NAME
AHUA
CONE PEAK
DESERT
EAST KOAE
HALE POHAKU
HILINA PALl
KAHUKU
KEANAKOLU
KIPUKA NENE
MAUNA LOA
MAUNA LOA X
MAKAOPUHI
MOUNTAIN VIEW
NORTH PIT
OUTLET
PUU HULUHULU
PUU HONUAULA
PUU PILI
SOUTH POINT
WAHAULA
WEST PIT

CODE LAT-N LONG-W ELEV TYPE
AHU 19 22.40 155 15.90 1070 3
CPK 19 23.70 155 19.70 1038 3
DES 19 20.20 155 23.30 815 3
EKO 19 22.17 155 14.99 1009 3
HPU 19 46.85 155 27.50 3396 1
HLP 19 17.96 155 18.63 707 3
KHU 19 14.90 155 37.10 1939 1
KKU 19 53.39 155 20.58 1863 1
KPN 19 20.10 155 17.40 924 3
MLO 19 29.80 155 23.30 2010 3
MLX 19 27.60 155 20.70 1475 3
MPR 19 22.07 155 9.85 881 1
MTV 19 30.25 155 3.75 409 1
NPT 19 24.90 155 17.00 1115 3
OTL 19 23.38 155 16.94 1038 3
PHH 19 22.45 155 12.66 988 3
PHO 19 28.90 154 53.40 215 1
PPL 19 9.50 155 27.87 35 1
SPT 18 58.91 155 39.92 244 1
WHA 19 19.90 155 2.92 29 1
WPT 19 24.70 155 17.50 1115 3

CAL VCO RADIO
6.0 2380
1.34
1.34

5.6 1360 RF6
6.0 2040
5.7 1700 RF3
4.8 2380 RF7
1.34
6.5 1360
1.34
5.7 2720 RF5
6.2 680 RF8
1.34
5.0

6.5 2720 RFI
4.4 1360 RFll
7.8 2040 RF7
6.0 680 RF9
1.34

REMARKS

Installed 3/23/71

Installed 3/4/71

Installed 2/17/71
Installed 3/10/71
Installed 3/2/71

OPTICAL SEISMOGRAPHS
HALEAKALA Z HAL 20 46.00 156 15.00 2090 3
HALEAKALA EW RAE 20 46.00 156 15.00 2090 0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0
HILO Z HIL 19 43.20 155 5.30 20 3
HILO EW HIE 19 43.20 155 5.30 20 0
HILO NS HIN 19 43.20 155 5.30 20 0
KAMUELA KAM 20 1.90 155 42.00 740 2
KEALAKEKUA Z KLK 19 31.20 155 55.30 505 2
KEALAKEKUA EW KLE 19 31.20 155 55.30 505 2
KEALAKEKUA NS KLN 19 31.20 155 55.30 505 2
KIPAPA KIP 21 25.40 158 .90 76 3
UWEKAHUNA Z UWE 19 25.40 155 17.60 1240 3
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4
UWEKAHUNA PEZ 19 25.40 155 17.60 1240
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240

0.71
1.0
1.0
1.0
1.0
1.0
0.7
1.0
0.34
0.34
0.56
0.7
1.0
1.0

Wood-Anderson
Wood-Anderson

Wood-Anderson
Wood-Anderson

15-90 Press Ewing



Seismic System Response

Magnitudes calculated by a modified version of "HYPOLAYR" are
based on record amplitudes reduced to the equivalent amplitude that
would have been read on the seismogram from a Wood-Anderson seismo
graph if located at the site of the more sensitive seismometer or
seismograph (Eaton and others, 1970). Table 14 lists the four
different instrument responses that are used for the HVO seismometer
network. The values given are the log (base 10) values for the
ratios of unit re.sponses for types 1, 2, 3 J and 4 to the response of
the Wood-Anderson seismometer. Figure 7 is a graphic comparison of
the four different responses to the response of the Wood-Anderson
seismograph. The telemetered systems (Type 1 & 3) unit response
curves are determined from the calculated output of a standard 1 sec.
period geophone whose output has been set, using a resistor network
for 0.5 volts/em/sec. (0.8 critical damping) and the measured elec
tronics response of the system. The peak response for the electronics
is very close to 5 Hz, hence to determine the total electronic
gain of a specific station and ultimately the system magnification a
5 Hz sine wave calibration signal is periodically applied at the seis
mometer input of the preamp/VCO to verify the sensitivity of the elec
tronics at individual stations during routine maintenance.

The 5 Hz calibration signal put in at 10, 100, and 1000 microvolts
rms levels is reduced to a 10 microvolt equivalent for use as the
calibration factor or CAL. The CAL factor represents the peak to peak
value of the sine wave record (read on a film reader with 20X magnifi
cation) produced by the 5 Hz signals (in millimeters). Each system
response in Table 14 and Figure 7 assumes a station calibration factor
of 1.0 (normal CAL for a gain of 1000X). To obtain the approximate
magnifications for each station at frequencies above 3 Hz the log (base
10) value of CAL and the log (base 10) of 2800 are added to the unit log
response values from Table 14. For example, at 10 Hz MLO has an approxi
mate magnification of 1,230,000 [log (base 10) 2800 + log (base 10) 67.61
+ log (base 10) 6.5 = 1,230,470X].

Response curves and magnifications for systems 2 and 4 are determined
from similar calculated or experimental values. Where the responses of
amplifiers are poorly known the instrument types are not listed. Zeros
correspond to Wood-Anderson torsion seismographs.
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Table 13.--Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Prea~p/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-17 Electrotech EV-17 (as described above), Hall-Sears HS-lO
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVQ-built solid state seismic preamplifier (voltage
gain, 200X) , direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, coupling factor =
0.25, 2X critically damped. Peak magnification
app~oximately 1500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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Table 14.--System Response Arrays - Log Magnification.

FREQ. PERIOD TYPE 1 TYPE 2 TYPE 3 TYPE 4

0.01.3 19.432 0.0 0.0 0.0 0.0
0.016 63.095 0.0 0.0 0.0 0.0
0.020 50.118 0.0 0.0 0.0 0.0
0.025 39.810 -1.300 -0.690 -0.450 -0.290
0.032 31.623 -1.060 -0.580 -0.350 -0.200
0.040 25.119 -0.810 -0.480 -0.250 -0.110
0.050 19.952 -0.620 -0.380 -0.150 -0.030
0.063 15.849 -0.390 -0.290 -0.050 0.050
0.079 12.589 -0.140 -0.180 0.040 0.120
0.100 10.000 0.250 -0.080 0.140 0.180
0.126 7.943 0.300 0.020 0.240 0.230
0.158 6.310 0.390 0.120 0.330 0.260
0.200 5.012 0.500 0.210 0.430 0.210·
0.251 3.981 0.600 0.300 0.510 0.280
0.316 3.162 0.100 0.390 0.600 0.260
0.398 2.512 0.190 0.410 0.610 0.230
0.501 1.995 0.880 0.540 0.740 0.190
0.631 1.585 0.960 0.620 0.190 0.120
0.194 1.259 1.040 0.680 0.840 0.050
1.000 1.000 1.100 0.140 0.890 -0.030
1.259 0.794 1.150 0.180 0.940 -0.100
1.585 0.631 1.210 0.840 1.000 -0.160
1.QQS 0.501 1.280 0.900 1.060 -0.200
2 •.512 0.398 1.360 0.950 1.110 -0.240
·3.162 0.316 1.450 0.980 1.140 -0.280
3.981 0.251 1.540 0.990 1.150 -0.330
5.012 0.200 1.630 0.970 1.140 -0.390
6.310 0.158 1.710 0.930 1.110 -0.460
1.94.3 0.126 1.180 0.810 1.060 -0.530

10.000 0.100 1.830 0.780 1.000 -0.620
12.589 0.019 1.800 0.100 0.920 -0.110
15.849 0.063 1.780 0.620 0.840 -0.800
19.952 0.050 1.680 0.540 0.750 -0.890
25.1'lQ 0.040 1.510 0.460 0.660 -0.990
31.623 0.032 1.340 0.310 0.570 -1.090
·39.810 0.025 0.0 0.290 0.4·70 -1.190
50.118 0.020 0.0 0.210 0.310 -1.290
63.095 0.016 0.0 0.130 0.0 0.0
19.432 0.013 0.0 0.0 0.0 0.0
qq.999 0.010 0.0 0.0 0.0 0.0
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tl1tmeter 1n th{~ Uwekahuna Vault, and
at irregular intervals it is measured on a reKional Reale by means of a
network of field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at
that station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to a
relative subsidence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (1 rom per km) in
the direction indicated.

Location of and essential data on each tiltmeter station are
listed in Table 17.

Table 15.--Tilt Coordinates at Uwekahuna,

January, February, and March 1971

Date N-S E-W Date N-S E-W

Jan. 3 546 354 Feb. 21 544 366

10 545 353 28 544 367

17 545 360 Mar. 7 545 366

24 544 359 14 545 369

31 544 359 21 545 370

Feb. 7 544 361 28 546 371

14 543 365

83



Table 16.--Tilt coordinates and changes at bases around Kilauea caldera. (See Fig. 4)

Rate (lO-e rad/mo)
and direction of

Tilt Base Date *Tilt Coordinates tilting since Date of last
(1970) N-S E-W last reading reading

(1970)

Uwekahuna (U on Fig. 8) 27 Apr. 614.8 397.5 1.42 S67.0Deg.E 25 Jan.

Tree Molds (TM) 26 Apr. 533.9 478.3 0.54 SlO.6Deg.W 25 Jan.

Sand Spit (S8) 27 Apr. 1026.2 610.7 2.20 S35.8Deg.E 26 Jan.

00 Mehana (M) 26 Apr. 597.6 590.1 1.02 N24.9Deg.W 25 Jan.
~

Keamoku (Kea) 26 Apr. 570.8 442.8 0.82 N28.8Deg.E 2 Feb.

Ahua Kamokuko1au (Kam) 27 Apr. 505.6 501.9 3.67 N 3.1Deg.W 26 Jan.

Kipuka Nene (KN) 28 Apr. 289.1 502.0 0.18 Nll.3Deg.N 3 Feb.

Hilina Pali (HP) Not occupied this epoch

Kapapala Ranch (Kap) Not occupied this epoch

* See Table 8, HVO Summary 60.
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Figure 8.--Tilting of the ground around Kilauea Caldera. The vector depicting
tilting at a given tilt base points in the direction of maximum relative
subsidence, and its length is proportional to the rate of tilting during
the measurement interval. Closed circles represent field tilt bases;
open circles, short-base watertube tiltmeters. See Table 16 for explana
tion of abbreviations.
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Table 17.--U.S. Geological Survey water-tube tiltmeter
stations in Hawaii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. W. reading M
Deg. Min. Deg. Min.

Tree Molds TM 19 - 26.3 155 - 17.3 Quarterly 50.79 NS. and EW.

Sand Spit S5 19 - 24.1 155 - 16.8 ---do--- 25.40 Equilateral
triangle.

Keamoku Kea 19 - 25.1 155 - 19.0 ---do--- 47.55 do

Ahua
Kamokukolau Kam 19 - 22.7 155 - 16.6 ---do--- 50.79 do

Kipuka Nene KN 19 - 19.4 155 - 16.7 ---do--- 47.73 do

Hilina Pali HP 19 - 18.2 155 - 18.6 ---do--- 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 ---do--- 50.79 do

Mehana M 19 - 26.2 155 - 14.3 ---do--- 25.00 do
'"

Uwekahuna U 19 - 25.5 155 - 17.4 _O__do___ 50.79 do

Uwekahuna
Vault 19 - 25.4 155 - 17.6 Daily 3.48 . NS. and EW .
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INTRODUCTION

Summary No. 62 is the sixth in a series of summaries produced
through the cooperative efforts of the Hawaiian Volcano Observatory
and the U. S. Geological Survey's National Center for Earthquake
Research (NCER). Seismic data collected by Observatory personnel
are processed in Menlo Park by the use of a number of different but
readily available computer facilities. Earthquake data are received
by NCER in the form of computer coded data sheets that include most
of the pertinent seismogram readings for each event. For prelimi
nary processing the data are punched on computer cards. Cards are
listed and checked, and detected errors are corrected prior to ~ctua1

processing for hypocenter locations using a modified version of the
location program HYPOLAYR (Eaton, 1969). The first computer outputs
are sent back to the Observatory for the verification of input earth
quake data. Errors in the original input are corrected and the data
reprocessed with the location program.

During what may be a final run for earthquake locations, appro
priate output cards from the location program are obtained for further
data processing with other computer programs; e.g., epicenter
hypocenter computer plots and first motion plots. The input deck
and output cards are stored for further analysis. In addition, for
earthquakes since 1969, hypocenter cards for each located earthquake
are kept on file. During a year an attempt is made to locate 3000-
6000 earthquakes. Up to 100,000 computer cards are manipulated several
times before satisfactory preliminary hypocenter solutions are obtained.
It is estimated that there is less than a one per cent error in data
cards in the manipulation of this large amount of earthquake data.
Figure 1 illustrates in flow chart form the most important steps in
the Hawaiian earthquake data processing.
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CHRONOLOGICAL SUMMARY

April-June 1971 (2nd quarter of 1971)

The Mauna Ulu eruption continued throughout this quarter, entering
its third year of continuous activity on May 24. The main features of
the first two years of eruption were described by Swanson and others
(1971). In May the eruption appeared as vigorous as it had during the
preceding several months, but June marked the onset of decreased inten-
sity of eruption that continued about 4 months to the eventual cessation
of eruption at Mauna Ulu late in 1971.

The ever-narrowing bridge between the summit crater and the trench
on the east flank finally collapsed by April 13. The trench part of
the resulting composite collapse feature was about 430 m long and 40 to
60 m wide at the time the bridge collapsed, and the rubble-strewn floor
of the trench was 15 to 50 m below the rim. The part occupied by the
summit crater was somewhat shorter and wider than the trench, resulting
in a crudely keyhole-shape in plan view for the overall collapse structure.
Throughout this quarter the width of the collapsed area grew,by repeated
rock falls from the steep, unstable walls, and a nearly rectangular
depression, about 100 m by 600 m, eventually formed.

During most of the quarter, lava continued to flow from the continu
ously circulating lake in the summit crater beneath the rubble-strewn
floor of the trench and then through the tube leading into Alae. Simi
larly, lava was simultaneously fed from Alae into the tube system leading
to the seacoast of Kealakamo. However, during the latter part of the
quarter, this entire system began to dry up. Lava ceased flowing into
the sea at Kealakomo on May 14. The tube system south of Alae remained
active into early June, but thereafter no flowing lava could be seen
through skylights in the tubes, suggesting cessation of activity there,
too. Meanwhile, the surface of the lake in the crater at Mauna Ulu
dropped from about 60 to 75 meters below the crater rim, and by the end
of the quarter, this lake, the only remaining visible molten lava, showed
signs of stagnation.

Between Ma2ch and May tube-fed lava flows reaching the sea added
about 470,000 m of new land to the island. On April 19 a team of divers
examined the underwater part of the lava delta while the lava was actively
flowing; detailed observations are reported by Moore and others (1973).

Summit ground deformation during this quarter was slight. During
the first month, tilt measured at Uwekahuna decreased a few microradians,
then levelled off during May, and began a slow but persistent increase in
about mid-June.
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SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region, of
the Hawaiian Islands (usually within 100 km of at l·east
dne seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the Observatory (UWE, MLO, MLX, AHU, DES·, NPT, WPT,
MPH, KMO, OTL).

Computer locations of well-recorded events are listed in Table 2 •
. The location of each 'seismograph station is listed in Table 4, along
with a description of the equipment at each station.

4
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Table l.--Number of earthquakes and minutes of tremor

recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis

of relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor

is presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes ~rom a source about 30 km

beneath the summit region; Kilauea Summit long-period, earthquakes characterized by low-frequency

waves that originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes
un

a few km deep in the caldera region; SW Rift and Kaoiki, earthquakes along the southwest rift zone

of Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from

the upper east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, earthquakes

along the northeast-trending Kbae fault system south of the caldera; Lower East Rift, earthquakes

from the lower east rift zone of Kilauea.
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea S~mmit

(1971) SW Rift Upper Lower
Inter- Long and East East

Deep mediate Shallow JO fu'1 Period Shallow Kaoiki Rift Koae Rift Remarks
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Tremor' l tt' •Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

April 25 (7) 107 230 6 31 17 2
(Cont.) 26 (7) 18 312 (?) 33 16 5 Second develo-

corder instal1el
27 18? (7) 250 5 37 2 2
28 30m 7 17 335 15 36 .. 10 2
29

Q)

12 487 825 29 31 14 3~

30 10m
-rot

5 99 1000 7 11 21 2CI)

Q)

:>
-rot

May 1 20m
~

3 645 1128 67 23 22 10..

2 11m ::3 I? 77 1520 107 38 18 Very small LP~ --
Q)~

~ caldera quakes.
~ -rot

3 14m Ctj ~ 17 3? 172? 31 37 8 1
4 4

Q)

47 2? 159 19 267 5S::~ 7
5

to
5? 3? 195 21 30 6 7en Cd

6
ri Q)

3? 22? 184 24 44 6 8Q)

7
:> ~ 2 2 149 19 46 17 5Q) Q)

8 25m
rio..

51 17 190 14 40 8 80..

9 7m
~ ::3

4 27 221 14 48 11 10
rl Q)

10 102m .c 3? 257 18 60 6 7
+-J+-J

11 120m Ctj 1 10 260? 13 65 15 9s::
12 20m b()O 3 307 384 19 31 12 11s::
13 15m -r-f 17 28? 332? 30 64 18 1

+-J
14 10 Ctj 2 25? 362 13 23 28 1::s
15 5 +-J 3 II? 414 18 IS? 21 1

()

16 ::s 5? 715 21 51 12 4
rl

17 ~ 2 6? 906 16 27 20 Strong rocks1ide
at Mauna DIu.

18 2 6 1474 9 21 12 3
19 2 16 1158 14 38 8 2
20 2 21 917 21 40 23 8
21 3 IS? 1039 13 51 22 5
22 2 192 587 21 90 13 5
23 3 51 573 20 25 28 1
24 (?)- 528 17 33 10 11
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Tremor Earthquakes
(m = minutes

Date ,h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

May 25 9m 2 35 537 14 50 8 8
(Cant.) 26 5 (?) 686 10 55 7 8

27 1 I? 1392 19 97 15 9
28 3 4 931 16 37 21 3
29 70m 3m 7 2 633 9 32 40 2
30 3 2 764 18 IS? 31 4
31 10 -- 1403? 17 69 11 14

June 1 3 1576 IS? 31 33 7
2 50m ' 1 2 1813 12 105 20 12
3 3 4 2865 14 76 29 6
4 12 840? 8 47 34 12 Strong wind for

~

several days.
5 3 4371 12 35 57' 8
6 3 5 547? 5? 42 18
7 6m 6 1651 19 81? 21 8
8 15m 2 2 2212 14 43 45 4
9 +oJ 1 3 1021 9 37 36 2'+-4

10 ~ .r-i 2 5 1512 14 57 20 11o ~

11 a 2? 4233? 10 74 17 14 Strong flurryOJ +oJ
~ '00 near OTL+oJ co

Q) 00-03 hours.r-t
12 OJ ~ 2 1240' 17 78 25 10> Q)
13 Q) p.. 671 8 58 53 11r-t Pot
14 ) ::s 6 21 514 92 79 35 3
15 15m? o OJ I, 207 65 93 61 13.....:!..c: I16 +oJ 2? 67? 31? 54? 46? 10? Film record

s:: lost .7 hours.0
17 2 3 85? 48? 34? 44 3 Strong winds

continue.
18 3 110? 8 57 31 2'
19 2 50 146? 13 33 22 2
20 7 9 137? 22 41 13 3
21 11 126? 38 71 18 6
22 16 154? 26 68 20 6
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t .. " "Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

June 23 ~
32 l57? 7 84 25 5

(Cant.) 24 0 +oJ 2 32 208? 17 66 18 17s lH

25 QJ .r-t 2 43 260? 19 75 33 4
~ ~

26 +oJ 2 30 161? 27 81 30 4QJ +oJ

27 M..cOO 2 25 204? 20 87 16 6QJ +oJ ct1

28 35m 11m ~ ~
QJ 3 18 365 22 101 16 5

29 M 0 ~ 17 300 42 86 30 4QJ

30 ~
~ I? 10? 265? 14? 104? 25? 8? Film record
~

H :3 lost 5 hours.



.......

Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by "7".

Depth - depth of focus in kIn. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT standard error of the origin time in seconds.

ERH - standard error of the epicenter in km.

ERZ - standard error of the depth in kIn.

MD - mean deviation of the time residuals. [ = i R/NO] where

R. is the observed seismic wave arrival time less the
1

computed time at the i th station.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

g Epicenter Focal Depth j
~

A Excellent Good
B .Good Fair
C ',.,,;Fair Poor
D Poor Poor

10



Q is based both on the nature of the station distribution with
respect to the earthquake and the statistical measures of the
solution. These two factors are each rated independently
according to the following scheme:

Station Distribution

NO GAP DMIN

A >8 <1200 <DEPTH or 5 km

B >6 <150° <2 X DEPTH or 10 krn

•
C >6 <225° <50 k.m

.. >4 <1800

D Others

Statis tical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec)*

A <1.0 <2.0 <0.10 <0.25

B <2.5 <5.0 <0.20 <0.50

C <5.0 <0.30 <0.75

D Others

Q is taken as the average of the ratings from the two schemes,
that is, an A and a C yield a B, and two ~'s yield a B. When
the two ratings are only one level apart the lower one is used,
that is, an A and a B yield a B (Hamilton and others, 1969) .

•

..
The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey .

*RMAX is the maximum residual

11



SU~MARY OF SEISMIC EVENTS
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1
1
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0.1.7 C
0.1 0.10 C
0.7 0.12 C



r .. .. '"

SUMMARV OF SEISMIC EVENTS (CONTINUED)

1911 HR MN SEC LA T N LONG W OEPT~ MAG NO GAP n~IN ERT ERH ER.Z MO Q
APR 2 1 7 41 17.7 19- 20 • 5 1 55-13. 7 8.9 1.8 13 138 3.7 0.10 0.8 1.4 0.14 B

3 q 3 32. n 1 9- 2 1 • 6 1 55 -1 2 • 4 8. £::, 1.6 11 131 1.8 O.Oq 0.8 1.3 0.11 B
3 12 48 37.9 19-20.3 155-13.C 7.4 1.8 10 177 4.? o. 18 1 • 7 0.7 0.17 C
3 21 45 3.2 19- 16. q 155- 5.4 8.0t. 2.0 13 243 7. C 0.51 3.3 0.29 0
3 23 27 36. g 19- 2 7 • q 1 55- 14 1 • :3? e.o 2.1 12 160 25.3 9.17 2.4 18.4 0.25 C

4 o 34 15. 3 19-21.6 155-22.9? 3.9 1.5 6 162 2.1 0.06 0.4 o .,5 0.02 C
4 1 34 33. 6 19- 14. 2 1 55- 1.4 • " 8.0* 2.1 q 274 14.2 0.64 3.6 0.26 0

'.. 2 34 s. 5 19- 42. 1 1 55- 35. 5 11.6$ 2.4 10 ~~5 11.2 0.34 3.a 0.1.7 0
4 20 49 41.5 19- 11 • c; 1 5 ~ - 3 2 • C 1.6 2.2 14 19C 8. 5 0.25 2.5 2.5 0.19 C
4 22 57 44.7 19- 2 1 • 3 1 55 -1 3 • 3 7• .3 2.9 16 1 ~ 2 2. 7 ,).0~ c.s ().t; 0.16 (

5 5 52 S.B 19-22.5 155-1C.C· 31.0 ~.l 18 f2 c. 8 o. 14 0.8 1.2 0.07 A
5 6 IJ 58.B 1 ~- ? 3 • C 1 5~· - 2 1 • '57 8.C* 1.1".. 9 135 f:.C C. 1 9 1. 5 0.22 C
5 7 34 22.6 lQ-23.C 155-72.11 .~. S 1 •.~ 9 14q t:; c:; !~. 6t ~.p 2.~ C.11 B.' •.>

~ I: 8 35 21.8 1:)- 2 3. 7 1 55- 1 7. 1 14.9 1.0 12 77 0. 0 C.01 0.6 0.8 O.C7 Aw J

~ 19 45 24.2 19-2:1.4 155-12.C 5.0 11 1 (1 ~ 1.3 D.24 1.3 3. 1 ~ •. 21 H

6 2 46 52.~ 19-20.-5154-59.11 8. 5 9 228 6.8 o. 31 3.5 2.3 0.21 0
6 5 10 28.6 19-22.2 155-23.3 4.2 1.5 11 1 R1 3.7 0.16 a.R l.~ 0.12 C
6 8 1 12. 1 19- 19 • q 1 55-12. 1 e.c· 11 2? 7 ~.~ 0.21 1.4 0.09 0
6 8 ~ 45.3 lq-24.4 155-25.C 8. (, * 8 218 ~.3 0.12 \1.8 0.06 C
6 9 1'1 8.6 19- 15 • 6 1 ~ 5- 2 1 • t A.O· 12 14 ~ q.o 0.12 , .0 O. 15 C

6 23 51 '). 2 19-19.<; 155-11.6 9.0 1.7 14 164 5. 1 0.0'1 0.7 1.3 0.09 C
1 1 1-327.5 1q- 2'~. i 1 '; ~·-1 7 • ~ 1. 3 1. C) 10 11 q 1. 1 o.oc; 0.5 0.'5 o.!~ B
7 3 42 27.6 19- 2 3 • 3 1 55- 2 1 • 6 4.4 2.G 1 {; 1 3 8 ~. 3 r~. 1 1 ').1 0.8 0.16 C
7 4 37 55. 8 1q- 19. '; 1 ~ 5- 1 " • ~? A.4 10 1 71 3. 3 0.23 1.5 2.2 0.17 C
7 7 48 26.4 1q-23.5 155-25.1 8.0* 2.3 17 1 84 6.q n. 1 4 c.e; t~. 1 ~ C

7 7 54 38. 7 19- 1q • 8 1 ~5-12 • f 8 .• 0* 1.7 11 204 5. 1 0.20 1.4 0.18 C
7 11 35 2. <1 1q- 24.,0 155- 2 5. g 4.4 1.8 11 236 8.4 0.18 0.'1 0.1 0.08 C
1 16 37 1.6 19- 2 3.:3 1 5 5- 2 5 • 2 H.O* 1.6 11 225 6.6 0.21 1.6 0.14 C
1 23 40 44.8 lq-18.q 155-16.1 R.5 1.5 11 184 2.~ ').25 1.5 2.1 0.17 C
8 o 33 21.1 19- 24.1 155-27. e 1.4 1. 7 11 22C 11.4 0.2 C 1.2 0.1 0.10 ("



SUMMARY OF SEISMIC EVENTS (CC~JTINUFD)

1971 HR MN SEC LA T N LONG W DEPTH MA(; NO GAP CMIN EP,T E RH ERl MD Q
APR 8 18 45 33.6 19- 5.2155-2'1.7 29.0 14 316 7.CJ 1 • 1 '5 5.4 7.5 0.11 0

8 2 3 21 12. 4 lq-23.g 155-24.1 8.0* 1.5 15 199 6.9 0.16 l~O 0.1'3 C
q 2 3 38.9 19- 2 2 • 1 1 5 5 - i 7 • 1 26. S 2.0 16 89 2. 1 0.21 c.q 2.0 0.10 A
9 2 24 2.4 19-21.0 155--14.7 l3.6 1.0 15 150 1. 7 0.15 0.8 1.4 O.OA B
q 6 11 ~8.3 1q- 1 4 • q 1 55- 2 q • 4 2.4 2. 3 14 216 10.3 8.26 1 • 5 1.2 0.16 C

911 24 41~S 1 ~- 2 '3. 1 1 55 - 2 1 • 3 ~.O* 1.6 12 18 7 6.g 0.08 0.6 0.01 C
10 2 3 11. 6 19- 20. 4 1 ') 5- 1. 3 5.4 2. 1 14 161 5. 4 O. 16 1 • 1 1.2 0.16 C
10 1 22 47.6 19- 18. 8 1 55·- 8. 5 A.O* 10 1A6 6.5 0.11 1.0 0.11 (
10 9 24 3. 3 1q- 22 • 4 1 5 ~ -"2 3. q 1.2 1.7 l6 16 g 4.2 0.10 0.7 0.5 0.13 C
10 9 37 22.0 19-12.g 155-19.q 43.3 2.4 11 2?O 9.7 1.71 4.7 14.1 (l.11 C

10 9 31 32. 9 19-19.3155-11.e 31.4 2.3 17 12 5 1.7 0.22 1. 2 I.Q ~.ll R

10 12 ~9 1. 9 19- 1. 6. g 1 54 - ~j 6 • 6'? 2 1 • 2 * 10 3 04 12.", =;.03 0.0 0. 36 D

~
10 1 5 52 -~ 7 • 2 19-23.8 155-2~.4 1. ~ 2.0 17 101 8.5 0.07 0.5 0.9 O.OQ A

~ 10 155712.1 19-19.e 155- 4.61 1.9 7.3 13 1 76 2.q 0.15 1 • ') 1.1 0.17 .C
10 IP 54 32.q 1q- 1q .6 1 5~-l 5 • 1 2G.4 2. 2 16 140 3. 1 ').23 1 • 1 ~.7 0.11 8

10 23 29 51.4 19- 2o. 1 1 55 -1 C• <; 8.4 11 163 4.2 Q.GR 0.8 1 .3 o. Cf C
10 23 59 48.3 19-26.0 154-56.1 4.7 10 1 A6 1. 2 0.13 1 • 1 l.n 0.11 (

11 o 3~ 33. 1 lQ-36.3 155- 4.1 40.0 2.7 17 185 11..2 0.31 1.6 2.9 O.Oq C
11 1 14 49.2 1q- 29 • ~ 1 55- 3 5 • 1 5.2 13 281 20.6 0.60 2.5 1..3 D.OR C
11 1 15 23. 1 19- 31. 6 1:5- 31. 3 8.C* 12 300 24.8 0.51 3.0 0.09 0

11 4 27 25.5 19-25.1155-25.P 8.G+ 2.4 16 2*)0 q.R 0.11 1 • 1 O.l~ C
11 7 5 c. g 19- 1 9 • 6 1 5 5-1 5. q 6.<; 14 161 2.8 G.Cq G.7 0.6 O.l~ C
11 1 0 39 19.4 19-16.5155-27.5 6. 1 2.0 10 lq4 lC.O 0.23 1.7 1 • 1 n.l~ C
11 11 2 ~34. 1 19- 1q. c 1 ~ 5- 1 3. 3 8. C* 1.4 12 164 '5.~ 0.11 0.<; O. if C
11 12 36 57.6 1q- 2 2 • 1 1 55 - 2 3 • 4 A. 5 1.5 10 162 3.5 O.Ie 0.8 J.7 0.13 C

1113 ·'5 11.4 lq-.. 20. 7 1 '515-16- f? 25.5 l.~ 1 1 1 1q 1.4 0.20 J.q 1.90.11 ~

II 15 25 41.1 19-20.2 155-l1.:~ 8.0 1.1 A 15 1 0.2 0.03 0.3 0.2 o.r~ B
11 17 ",1 44.8 1 ~~ .. 3 6 • 6 1 ~ ~ - 1 6. C B.O* I.A 12 2')~ l7.q 0.'5'5 3.2 o. ?O ('

11 18 48 37.2 19-. 2 4 .3 15 5 - 2 4 .2? 0.9 2.& 18 90 1.7 0.32 2.5 4.2 0.41 C
11 2:3 46 1 '1. 6 lq-16.3155-13.1 8.C* 1.9 12 17? q. ) O.lA 1 .1 O.lA (

.'- • .. ~



, • .'

StJMMARY OF SEISMIC E.VE.N·:TS ·CCO,NTI~UEO)

1971 HR MN SEC LAT N ·LONG W DEP.TH MAG NO GAP DMIN ERT ERH E'Rl MD Q

APR 12 2 42 43. 8 19~26. 5 155-23.0 8.0* 2.2 14 172 6.0 0.10 0.8 0.12 C
12 3 14 39.q 19-20. 5 155- 8.4 5.8 3.,2 2·0 '142 3.9 0.15 1.2 0.9 0.22 C
12 3 56 26.5 19- .18. 1 .1 55- 14 • It ,9.1 1. 5 11 196 6.5 0.15 1.1 1.8 0.09 C
12 8 25 55.4 19-20.5 155-11.C; 9,.5 1.8 11 140 ~.8 0.08 0.6 1.0 0.09 B
12 q 13 lA.9 lq- 6 .• C 155-2·1.A 24.6 2.0 12 266 12.5 0.41 2.2 4.~ 0.15 C

12 10 '33 5. 1 lq-19.8155-12.4 6.3 2.3 18 146 5.0 0.13 1.0 0.9 0.23 C
12 11 43 26.• 1 19- 20.3 155-.12.41 7.6 2.1 19 142 4.1 .0.09 0.8 1 .:3 :0. 11 B
1'2 18 24 50. 6 19-20.1155-26,.61 0·.0 2.1 14 192 13.8 1.4'1 1.4 14. 0 .0-•.75 C
,1~2 20 55 15.4 19- 1 8 • C 1 55- 6 •. 3. 8.0* 1-.• 9 12 210 6·.9 0.32 2.4 0.29 C
12 22 25 1.• 1 19-20. q 155- 6.6 7·.8 2.0 18 116 5.Q 1.11 1'. C 0.7 0.16 C

13 10 24 20.5 1q- 19 • 1 1 55 - 8. C; 8.0* q 181 5. e 0.13 1.2 0.12 C
13 10 29 15.3 1q- 19,. 5 1 ~ 5-1 1 • C 8.0.* 11 171 5.2 (l.10 0 •. 9 0'.12 C
13 10 57 22.7 19- 1 9 .• 1 1 5:'5~ 11 • 1 5.1 1.9 12 148 4.9 0.~1 :,)'·.9 0.8 0.15 8

~

13 1'7 47 28.1 19- 18. 5 1 55-1 5. 1? 1.1 1.7 16 l1q 5. (l 0.18 1. 1 2.0 O.lA CU1

14 C 34 2C.~ 19-24.3155-2t:.<; 5.<; 2.1 16 20 q 9.8 0.26 1·.4 1 .1 0.21 C

14 1 .~ 53. 3 1q- 3 5. 4 1 55- 1 'e • s 34.5 9 253 12.R 0.60 2.<; 4.3 0.07 0
14 1 4·9 8.4 19- 24. q 1 55- 16. ~ 14.2 1. 7 15 12 C 1.2 ·0.06 -0.5 O. 7 o. OR A
14 3 42 53.5 19-21.1155-24.8 6.4 1.8 13 1 75 3.1 0.13 0.8 0.8 0.14 C
14 10 2 31,.9 19-11.q 155--36.2 4. 1 3.1 1 7 210 15'•.2 0.34 2.1 2.5 0.15 C
14 12 0 1 7.4 19- 1 6.:3 '1 5 ~ - 23 • S 3. 0 1.7 10 1. ~ 9 7.2 0.15 1.3 2.~ 0.16 C

14 12 56 6.4 1 9- 19. 4 1 55-1 3. 5 28.6 2.3 12 182 5.'5 0.25 1.2 2.3 0.08 C
14 18 44 1. 2 19-21.0 155-13.6 8.6 1.1 14 16') 3.3 0.12 0.8 1.2 0.13 C
15 6 2 51.4 19- 1 7. 1 1 55- 7. g? 8.0* 1.7 12 254 8.1 1.50 11.8 1.42 0
15 11 '56 21.4 19-24.3 155-29~C 7:~~ 5 2.3 16 11812.5 0.15 0.1 0.9 0.10 B
15 12 5 13. 3 19-24.3 155-28.q1 t. 5 2~5 18 109 12.4 ().Og, 0.6 0.5 0.11 B

15 13 3~ 8. 5 19~23.q 155-29 .• 4 1.5 2.4 17 231 12.7 0.37 1.7 1.3 0.16 C
15 19 18 6s 6 19-20.7155-11.8 q.3 2.0 14 139 3.6 0.08 0.6 1.1 0.09 B
16 16 14 46.1 19-23.6 155-11.3 12.7 2.1 11 65 O.q 0.06 0.8 0.5 0.10 A
16 17 43 44.8 19- 2 4. 7 1 55-16 ~ 4 13. 3 2.0 q 120 2.5 0.01 0.8 0.8 0.09 A
16 18 o 59.8 19- 4.3 155-3A.S? 5.4 2.1 11 33~ 21.4 2.24 11.1 10.3 0.82 0



SUMMARY Of SEISMIC EVENTS (C(J"JTI~~t;EO)

2.3 0.22 0
0.6 =;_'j~ l3

1171 HR MN SEC
APR 16 19 46 q.2

17 1 B C.~

17 9 50 ~lc~

1 7 1 Li 3 <1 C. 6
1. ::; c: 4 2 C. ~

LA T·f\ LONG W
1g- 58 .. ~ 1 ~ :5.- 3 5 • '2?
18- 53. 6 1 ~ 5 -- !•• t
1'1- 2 1 • L; 1 5 ~: - l 8. r
19- 2 4 • 6 1 55- j~~. 1
1 ;- :> a• 7 1 rs 5 ...,. 1 3 • C

CEPTH ~AG

15.8 2.6
43.e ??
3C.'-! 2.1
1.': 2.6
q. 8 1• 5

NO G!\P C~I~<

13 lti2 13.,
1 7 ? 8 q C;~:. 3
14 6~; 2.7
13 318 47.7
14 148 3.~

ERr
0.68
0.46
0.2f
0.53
C.06

E RH
5.0
~.f:,

i • 1
4.~

o.~

ERI.
7.1
R. f,
.0) "-
t_ • :+

~D Q
n. 4.~ n
('.\- ?t... f)

~j. OR ~

1n. 4 ~1\

1M 7?1
18 12 ~; ~

lq '? 27
;. q ~ 3~

5 t. (3

4"1. f·
~. t

5 t..~. c

4.6

1 .:':)- 6. ~

1 -~:- 0 $ ~

.'- :.j e ?

~. -?L. C
!. 9- ,:: {':i • q

155-37 .. ??
15~-12.t

1 i)'~ - 1 o. '1
155- 6.~?

155-1f.l

1 !~ • (1 ~

• ~ J...

.: ... 5
,-'. ~:

.~ '. . ....
-J":' • .5

7.4
1 ~_. .

~.~: .),

'!. 5
2'07

lC 326 17.~

.. 2152 -'.1
-7 lesO 13.6
8116 7.0

11 7'3 2.0

O.Ql
0.01
() ""•• t.. .~

.o.Q5
o•. l.?

/-. "~
'•• .•1

1"\ ;;
J •.

l.~

2.0
{l.1

';, ~ • f_l
.....~
1 • ?
1.2

,"r ~ .~ ~~

.• Oh ~.

>.16 .~

1.~? r
C~. (' "J A

C\

1(; 1 b 4 1 1~ , 7
1;-' 2 0 1 ~ 1 3G .,
? Cl 3 7-) ~.~. 1
2 (; b 52 46. S
2 C 1 ~~ 6 '~. C. 7

i ,~- ? ~ • S 1 5 5 - 2 1 • -:
1 '-1- :' ,~. a 1 5 ~ - 2 2 • C
19-1~.) 15~- 6.C?
lQ-2l.P 155-15.0
10- ? 3 • 2 1 r: 5-1 2 • ~

7.1 2.?
6.4 2.5
0.0 2.j
~.O* l.d
8.C* 1.6

12 177:
11 1 7 7

7 1 QB
6. 126
8 175

~ ~.- ..
4.('

9.6
7.0
~. 1

r;. 1~
0.16
1.)0

'(). 2 4

o.c,;

1 • 2
1. • 1
? ~. .

2.1
0.5

".6 C.16 C
(1.'7 J. 1 4 i

1 • 8 :). 25 C
(\ e 21 C
0.05

21
21
21
21
21

o 622.8
o 14 25.1
o 24 11. 4
C 35 0.9
2 40 32.0

1~- 1 2 • e 1 55- 2 6. 1
1(1- ·~.6 155-2'5.4
1~- lit. -: 1 55 - 2 q • 51
19- 10 • 2 1 55- 26. 1
19-20.5 1~5-11.A

2 •.6 3. 5
a.c. 2.1
0.0 2.';
8.0* 2.0
Q.l l.q

14 136 6.A
1 232 4. '3

10 lA? 10.0
1 205 3.4

11 14u 3.q

0.11
0.41
0.04
O.2C
0.11

\).9 0.9 0.15 b
4.2 0.14 0
2.2 18.8 0.22 C
3.0 0.12 C
1.0 l.~ (l.12 B

21 "3 40 26. P
21 6 29 12.4
21 10 41 O. 1
21114343.8
21 13 a 5.8

19-1('. 5 155-26.3
: 9- q • 7 1 5 5- ;-: 6. 1
19-20.2 155- 'J.c
lQ-lq.8 155- 1.t:
19-26.9 155-12.31

~.2 2.')
q.1 2.2
8. 7 1.9
d.C'. 2.0
8.C* 1.1

lJ lQ~

11 224
12 1 46
11 IB3
12 141

~. 2
3.0
~.A

a.1
q. c

0.55
0.39
o. 11
0.07
o. 19

4.~

2.q
1.2
0.1
1.7

5.P O.l~ C
£...6 0.17 r
2.2 ry.13 B

0.07 C
0.10 C

21 2~ 35 2.1
21 l~ 35 6.3
221541 10.1
23 2 8 48.2
23 2 39 16.0

,

19- 20. 1 1 55- e. ~

19-21.3 155- 8.C;
lq-22.7 15'5-26.~

19-24.0 155-17.2
1q- 1 4. 6 1 5 5 -11 • 3

B. G
A.C. 2.e.
6.0 2.0

13.3 1.5
34. ';

8118 4.4
11 133 6.6
15 lq1 12.0
12 11 1.3
13 227 14.3

F:

0.01
0.09
Q.lq
0.04
0.26

•

C.6
1.0
1.0
0.3
2.4

1.1 O. 04 B
0.15 C

o.q 0.15 C
O. 3 o. 0"3 A
2.~ 0.12 C



.. ,. ,

SUMMARY OF SEISMIC EVENTS (CONTI~UED)

1911 HR MN SEC LA T ~ LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MO Q
APR 23 3 9 56. 5 19-19.8 155-15.0 9.2 1.6 11 111 3.7 0.17 1.0 1.6 0.10 C

23 6 16 33.6 19- 19 • tj 1 55- 11 • 2 8.0. 10 221 4.9 0.17 1.2 0.09 C
2, 16 23 14. 1 lq-22.9 155-26.51 0.0 1. q 11 25~ 11.9 O.4R 2.0 1.40.13 C
2~ 172524.4 19- 24. 1 1 C; 5 - 2 3 • 2 8. 8 2.0 14 215 6.2 0.14 O.A 1.6 0.08 B
24 5 13 18. 8 lQ-20.0 155- 8.8 9.1 l.g 8 161 4. 3 0.11 O.q 1.7 D.OR R

24 13 5 28.5 19-29.6 155-16.~ 8.C. 1.q e 324 E.O 0.82 5.4 n.23 {")
24 14 33 ~4.8 19-?O.<; 155-13.2 6.7 1 C 1 7 C 4.C 0.10 0.9 0.8 0.11 C
24 20 9 14. 1 19-22.3155-15.1 28.~ 2.5 15 104 0.9 O. 11 1.0 1.6 0.06 A
24 21 15 7. b 19- 20. 1 1 55- 1. ~ 9.6 11 162 5.0 0.12 0.<3 1.6 0.0Q B
24 21 25 2'5.0 19-56.6 155-33.2 8.0· g 33~ 6~.7 3.16 ?2.3 0.07 0

24 21 42 8.6 19- 19 • q 1 5 5 - 7. S 5.4 2.7 1 7 1 51 5.2 C.14 1.0 1.0 0.21 C
24Z2 2 8.5 19- 2 1 • 4 1 55 - 2 4. 5 8.CI * 1.6 1 J 2 C; 1 q.4 ~. R 5 4.4 n.08 0
24 23 '·9 12.9 19- 22 • 8 1 55- 2 2 • f?? ,.. 'l 1. /+ g 288 ~.7 0.51 2.7 o.q 1).10 Qj. ~

~ 25 o 29 58.0 19- 2 "3 • 1 1 'i5 -16 • C 11.0 1.6 11 81 1.4 O.IL :; • 5 C.9 C~.!i5 A-......J

25 4 l'J 13.4 1 g- 2 O. g 1 55-12 • 4 12. 7 1.7 q 119 5.1 0.14 0.4 1.1 ('. 0 ~ P.

25 1 21 ~·6. S 19- 19 • g 1 55 -1 2 • q 8.0* 1 C 1 Q7 5. 5 0.14 1 • ~ 0.13 C
25 7 50 15. ~ 1(}- 2 1 • 2 1 ~ '5 - 1 2 • f; 11. 1 R 168 4.9 0.21 C.B 1.Q o.o~ R
25 e , 1. 7 19- 22. ~ 155 -1 5 • .? 9.9 4.0 20 ~7 1.3 ('.06 C.6 ".6 0.14 R
25 8 9 o. 2 19-23.6155-16.1 13. 1 7 16 q 1.3 0.17 1 • q 1. .1 O• .Jq C
25 81449.6 19-22.8 155-16.C 1 1 • 7 10 94 0.7 O. 1 5 0.7 1.3 L:.f)7 A

25 C} 41 20.0 19- 1 9 • 2 1 55- 1 c:; • E 8. 5 1.0 9 1 82 1. 3 c. 24 1.6 2.0 O.ll.. C
25162731.1 19-13.4 15"-23.7 6.8 2.0 1 1 154 If.~ ';") • :' 7 l.~ C. 7 ;J. OF p

25 lY 59 12.6 19- 2 t • f:, 15 ~~- 21 • ~ 7. 6 l.~ 11 2 34 2.3 0.13 c.~ 0.4 C.08 C
25 20 10 33.7 19- 2 ~ • 1 1 55 -1 6 • 1 33.q 2.2 16 q1 0.6 C'.26 1.2 2.'3 o.nq 8
25205013.3 19- 2 4 • 6 1 5 5 - 1 7. e 1. 8 O.R 8 102 o.~ 0.05 o./~ D.? 0.06 A

25 22 4 o. 7 19-19.6155-13.4 8.0* 1.6 10 191 5.? 0.14 1.0 0. 12 C
25 23 37 9.9 19-21.4 155-21.4 7. q 1. 5 11 26<1 1. ~ o. 2 c; 1.8 1.1 0.10 C
25 23 39 1.9 1<1-26.6155-21.7 1.6 l.~ 11 241 2. 5 0.18 1.2 0.4 o.()q C
25 23 56 13. 1 1 '.J- 23. 3 1 C5 5- 16 • 3 24. 2 4.'5 2C 60 o. 8 '). 1 q 1.3 2.0 0.15 C
26 (; 23 1.9. j 19- 2 3 • 2 1 55 -15 • 8 23.9 2.8 1q 60 1. 5 ~.Oc C.7 1.0 ('.le A



S~MMARY OF SEISMIC EVENTS CCCNTI~UEDt

1971 HR MN SEC LAT N LONG W OEPT~ MAG NO GAP DMIN ERT ERH ERZ MO Q

APR 26 o 35 11.6 19-25.q 155-14.1 8.0. 1.1 11 141 6.4 .0.21 1.8 0.30 C
26 o 40 42.4 19-22.C; 155-11.1 18.4 1.7 11 92 1.1 0.20 o.q 1.9 0.06 A
26 o 42 32. 8 19- 23 • 3 155 -1 ~ • 8 26.1 2.0 11 106 1.6 O.le; 1.3 1.9 0.08 B
26 o 47 39. 5 19- 23. 4 1 55-16. 1 18.2 1.5 11 96 1.2 0.15 0.7 1 .5 0.05 A
?-6 o 50 33.3 1q- 23 • it 1 55-16. 2 18.8 1. 3 11 93 1.C 0.2 C O.q 2.0 0.06 A

26 a 53 10.4 19- 22 • 2 1 55-1 6 • 8 11. 5 1.5 12 96 1.6 0.16 0.1 1.5 O. 06 A
26 1 5 59.1 19-24.1 155-16.8 13.1 1.6 10 93 1.3 0.04 0.4 0.4 0.03 A
26 1 8 8. c; 19- 23. 3 155-16. 4 25.2 2.1 16 6\) 0.7 0.13 0.8 1.2 0.10 A
26 2 1 42.3 19-23.7 155-15.4 17.6 1.5 11 laC; 2.5 0.14 0.1 1.4 0.05 A
26 2 40 2A.4 19-22.g 155-16.7 17.8 1.8 13 85 0.9 0.12 0.6 1.1 C.05 A

26 3 5 1 7.6 19-23.2 155-16.c; 21.2 1.5 12 82 0.3 0.21 o.q 1.9 0.06 A
26 4 1 54. t· 18-55.2 155-39.~? 47.4* 2.8 10 3 14 33. 3 1.1314.2 0.10 0
26 4 40 53.3 1 9- 22 • 6 1 55 -16 • 0 26.8 2.7 18 66 f'.5 0.13 0.8 1.2 r.l0 B

~ 26 10 42 28.7 19-22.7 1~1)-15.~ 10.9 1.6 16 B9 o.q 0.06 0.5 0.6 C. 0'1 Bex>

26 12 21 47.1 19-23.0 155-15.1 11.2 t.5 12 q4 1. 1 0.05 0.5 0.5 o. {)6 A

26 13 40 26.0 lq-23.4 155-16.7 1 q. 9 1. b 8 103 o. 1 0.24 1.1 2.3 0.05 B
26 13 58 15.9 19-24.4 155-15.4 3.3 o.g 6 248 3.0 0.07 0.3 0.6 0.01 C
26 14 38 54.4 19- 2 3. 7 1 55- 1 6 • 8 20.'1 1.4 12 8b 2.2 0.31 1.8 2.8 0.13 B
26 16 34 38.1 19- 22 • 6 1 55 -1 5 • 3 10.0 1.5 13 91 1.2 0.0«; 0.6 0.9 O.OA A
26 11 6 0.2 1q- 2 3. 3 1 55-1 5. 2 8.5 11 1 04 2.0 0.10 0.8 1.2 0.11 B

26112042.6 19-24.3 155-17.21 0.7 0.4 9 128 0.9 0.16 0.6 0.50.16 B
26 11 46 13.7 1q- 2 1 • 1 1 55-1 1 • 7 27.2 16 83 3. 1 0.12 0.8 1.2 o. ~09 A
27 1 40 5. 8 19-11.1 155-22.4 4.5 1.1 11 206 10.1 O.It; 1.5 0.9 0.13 C
21 2 16 32.6 19-12.1155-31.4 3.2 2.6 It; 212 17.~ 0.36 2.1 2.1 0.18 C
27 2 32 53.2 19-22.1 155-15.0 19.q I.A 12 1 C3 1.7 0.18 o.q 1.8 0.06 A

27 2 35 49.2 19- 2 2 • 4 1 55 - 15. 0 21.0 1.8 12 11 C 1. 2 0.23 o.c; 2.1 0.07 B
27 2 Sq 25.5 19- 20 • 4 1 55- 1 2 • 2 q.9 1. 3 10 195 3.9 0.08 0.5 0.1 0.05 B
27 41352.9 19- 24. 4 1 55-1 8. 2 6.5 1.1 8 111 1.4 O.lA 0.6 1 .2 O. 05 A
27 4 52 41.3 19-24.2 155-16.2 1t.4 o.q S 201 1. 8 0.14 0.1 0.9 0.05 B
21 4 52 58.0 19-20.5 155-14.2 8.1 1.3 12 110 3.1 0.14 o.t; 1.4 C.12 C

-------~

" 14 .., .a



SUMMARY OF SEISMIC EVENTS CCCNTIf\UEDt

1971 HR MN SEC LA T ~ LONG W OEPTH MAG NO GAP DMIN EP.T E~H ERZ Me Q

APR 27 4 59 48.6 1q- 22 .4 1 55-1 7 • 6 8.2 1.2 6 lq6 2.2 0.20 1.3 1.5 C.04 C
21 5 lO 16.C 19- 24. 4 1 ';5-1 1. ~ q.6 1.4 8 lOq 0.6 0.18 c.q 1.4 0.04 A
21 5 32 30.4 19-24.4 155-11.6 8.2 1.2 9 101 0.6 ". () 5 r.4 0.4 0.03 A
27 5 42 7. 1 19- 23. 7 1 '55-1 7. 5 7.1 1.0 1 136 1.4 0.35 0.6 2.1 0.03 8
27 5 49 1 5. 2 2J- 7.3 155-56.41 13.6* 2.7 10 311 27.1 1.25 10.e; 0.32 D

27 7 A 45.8 1q- 1 2 • '1 1 55 - 2 4. 1 6.8 1.5 6 1 83 8.4 o. 13 3.0 1.1 0.06 C
21 7 22 54.9 19-19.5155-15.6 6.q 1.6 14 164 3.4 O.lC n.8 0.5 0.14 C
21 9 9 40.2 19-20.1 1 ~5- s.t. q. C 7 166 4.4 0.0£ 0.3 0.6 0.02 8
27 11 54 21. 7 lQ-20.0 155-16.3 24.1 1 7 135 2.0 0.14 l.n 1.15 0.13 B
27 1 5 56 1 7. (1 1q- ? 2. ~ 1 55- 4. 1? 0.5 14 ill 5.0 2.03 1.0 7.1 0.23 B

27 If 37 25.3 lQ-19.3155-48.0 5. 8 2.5 13 278 20.1 1.12 5.8 2.3 0.18 0
21 16 54 27. 2 lq-l~.4 155-1~.~ 73.1 2.1 18 202 6.7 0.23 1 • ~ 1.9 0.12 C
27 1 7 11 45. 6 19- 20.:; 1 r; 5-1 5 • C 25.4 1. 5 14 1 ~ 5 2.1 0.19 1 .1 1.6 G.Qq C

..-l

27 18 6 16.5 19- 4 J • 2 1 56 - 1 1 • c1 5. 6 3.4 24 218 42.4 J.42 3.G 3.0 (1.17 n0

27 18 36 It.5 IH-57.3 155-31.0? 2Q.3 2.2 13 304 16.0 0.30 2.3 2.1 0.12 C

21 20 51 15.<1 lQ-25.~ 155-29.3 s.c; 15 151 12.1 :l. 1 q I.e 1.0 r.lA C
27 20 5·"1 18. ~ 1q-25.1 lC:~-16.3 21. 8 1. 2 13 75 7.3 0.16 1.0 l.q 0.12 B
27 22 55 38.9 1y- 2 '3 .:j 1 55 -1 6 • '; 13.3 1.5 19 69 O.C1 (). a5 C.6 ().4 o. 12 B
27 23 55 ~2.2 19- 45. 1 1 55 - 2 1 • l:? 31.1 2.2 20 q·l 10. 9 0.24 1 .0 2.5 C.CA B
28 o ..g 15. 2 19- 1a•a 1 5 r; - 2 1 • 81 0.0 2. 1 17 1 Q1 lC.8 O.3C; 1.6 0.8 0.22 C

2H J sq 33.8 19- 2 2 .? 1 55-} f, • 3 16.~ 1. q IS gO c. 8 c. 18 1.2 1.1 0.12 8
28 1 18 SO.4 lA-S4.1 l'5~-31.q 3~.1 2.3 lA 2b4 16.4 O.P3 4.2 5.8 C~.15 n
2P 1 "to 6.7 1q- 2 ') • 5 1 55 - 1 c;. c; 21.1 l.~ q 1·21 2.q o.~o 1.3 3.2 0.10 B
28 2 55 22.0 l'~- 1q • a 1 55 -1 5 • 6 22.4 1.4 17 226 4.q 0.38 1.8 3.C O.0Q C
2b "3 o 1 7. 1 lq-10.6155-22.8 0.7 2.5 19 201 9.1 O.4R 1.3 1.0 o. 20 C

28 3 3J:, 47.4 19- 7. f:; 1 55 - 2 0 • :3? c.o ~. 1 17 210 1~.7 6. 71 2.0 17.3 (\.21 Ce-.., ..

2P 8 q r; 3. 3 19- 7.7155-1Q.P? c.c 2.~ 21 lq2 14.'5 5.1~ 1.3 9.5 0.21 C
28 8 17 28.1 19- 8.4 155-20.5 3.2 2.0 1720613.r 0.23 1.2 1.0 0.18 C

.l'·

28 10 ~d 23.7 1 ~- 10.:3 1 5 5-2 1 •.3 7.0 2.4 19 116 11.6 0.35 2.2 1 • 7 o. 27 0
2 8 11 41) 8. 2 19- 8.7 1:>5-20.11 o.e 2.3 21 188 13.8 O.4C 1.1 0.8 0.22 C



SUMMARY Of SEISMIC EVE~TS (CCNTI~UrO'

1911 HR MN SEC LAT N LONG ~ DEPTH ~AG NO GAP DMIN ERT ERH ERI MD Q
APR 28 13 1 22.0 1 q- 2 1 • 1 1 55 - 1. 6 • 3 24.5 1.4 12 112 1 . ~ ().14 0.8 1.4 0.07 A.-'

28 16 18 2. 1 1q- 17. 1 l 55-1 3. 5 2.e 1.,6 11 22 g 8.3 0.35 1.1 1.3 O. 29 0
28111520.2 19-14.q 155-15.A 24.5 2.1 19 191 1.5 0.20 1.4 1.8 0.13 C
28 19 28 38. 1 19- 2 3. 1 1 55-16 • 7 12.6 1.8 19 67 o.s 0.05 0.7 0.4 0.13 R
29 1 54 34.6 19-20.0 155-16.C1 8. 1 12 11 e 2.5 o. 13 1.3 1.1 C~15 C

29 2 3q 28.6 19- 1 8. 5 1 55 - 1 2 • 7? G.e 1. 1 1 7 202 7.6 6.52 1 • 5 12.2 o. 26 C
29 3 15 45.2 19- 1 4. 5 1 55 -1 9 • 2 36.<1 13 1~9 6.4 0.2'5 1.5 2.2 0.11 C
29 4 10 -; 3. 8 19-26.'c; 151::-12. F? e.C·1.4 10 235 8.3 2.31 15.3 0.96 0
29 53119.1 lq- 8.8 155-39.3 4.4 2.4 1.8 182 11.5 O.lg 1.4 1.2 0.2\ C
29 6 2.2 5q.5 lA-57.6 155-3C.S 30.8 2.6 20 239 16.0 o. 2 ~ 1.ft 2." O:l? C

29 173548.9 lq- 1.C 155-21.11 24.3 2.4 17 234 lc}.1 O.3P 2.~ 4.0 0.14 0
2<1 21 37 47.8 1q- 2G• 6 1 5~ - 24. ? 6.7 2.1 20 80 1 • q 0.09 0.8 0.10.19 8
29 21 44 43.4 19- 2 1 • 5 155 - 2 3 • 1 5.2 1.5 12 165 2.4 0.12 (\. <1.. ..1.80.13 C

..,)

29 22 59 16.1 19- 2 2 • 8 1 55- 1 A. 3 24.3 15 75 1.0 0.17 1.0 1.6 0.11 B::>

2q 233516.3 19- 21 • 4 155 -16 • 3 23.4 1.Q 18 11 7 1.8 0.14 1.0 1.4 0.13 B

30 1 29 '39.5 19-19.J 155- 7.61 .~ .0 2.0 19 100 lC'~7 4.51 1 • 1 ~.5 0.20 C
30 4 44 22.l 19- 4.6155-17.0 19.~ 18 22c; 21.0 0.40 2.4 6.3 0.23 0
30 5 10 33.3 19-24.1155-11.7 q.~ 1.6 11 1C 1. 1 0.09 0.5- 'J.8 0.05 A
30 5 16 31. 1 1 9- 2 9. c; 1 55 -4 q • 6 6,.4 2.6 14 269 35.3 0.41 6.3 8.1 0.13 0
30 6 25 24.2 19- 22 _ 3 1 55- 2 4 • 4 5.1 1.6 16 11 ~ 4.3 0.11 o.~ 0·.90.198

.
30 1 50 45.2 19- 2 3 • 2 1 55- 2 5. 1 6.4 1.7 11 12 C 6.3 0.11 0.8 0.80.17 B
30 d 3A 24.q 19- 8.2 1 55 -1 q • 9 5.0 2.4 16 226 14.1 0.26 1.4 1.0 0.15 C
30 10 55 44.5 19- 2 3. 2 155-16. 5 12.0 I.e; 16 61 0.6 t).C7 0.8 ').1 Q,.14 B
30 11 24 38.1 19-22.2 15~-16.4 24.4 1. q 15 93 1. C 0.11 0.7 1.1 O.Cq A
30 12 36 13. 6 19-20.0 155-1e.'3 21.2 1-.1 10 106 1.6 0.04 0.4 0.4 0.01 A

. '30 12 38 26.8 1~-54.6 155-30.3 16.5. 14 301 27.Q 0.53 3.8 C.19 0
30 18 24 2. q. 19-:1 q. It 1 r: 5- ~ 5. e 6,- 2 14 183 3.2 0.14 1.0 0.8 0.17 C
30 20 23 0.8 18-60.0 155-30.7 ZQ.3 15 298 18.3 0.30 2.0 3.0 0.15 C

MAY 1 1 15 15.~ 19- 22. 5 155-17. E: 7.1 2.5 q 192 2.1 O.lq 1.3 0.8 0.10 C
1 144 40.0 1g- 18 • &) 1 55- 2 5 • a 4.4 12 158 4.4 0.18 1.4 1.4 0.24 C



SUMMARY OF SEISMIC EVENTS (CONt I NU EDt

1911 HR MN SEC LA T N LONG W DEPTH MAG NO GAP O,..IN ERT ERH ERZ MD Q

MAY 1 4 41 30.0 19-24.3 155-11.t- 1.0 9 91 0.7 o.oe 0.3 0.4 0.09 A
1 5 '5 2 q. 8 19- 8~4 155-20.1? 0.0 2.1 11 188 13.7 5.q4 1.4 11.0 0.20 C
1 1 27 59.7 19-19.3 155-12.61 0.1 1.4 14 1<19 5~~ 4.0<; 1.8 1.1 0.29 0
1 9 58 1.6 19- 20 • 9 1 55-1 3. 1 12.4 1.3 9 112 4~3 0.20 0.8 1.6 0.05 B
1 lC 53 16.8 19-18.8 155-16.; 10.2 1.2 A 1 qq 2~ 8 0.06 0.,3 0.4 0.02 B

1 II g 14. 1 19-19.9 155- 8.8 8.7 1.4 10 168 /",.4 C.08 0.8 1.4 o.OS 8
1 13 3 "29. 3 19-27.9 155-16~4? A.O. 1.3 10 310 5. C 0.17 2.3 0.36 0
1 16 50 56. 0 18- 57. 8 1 55,- 3 0.' 3 28.7 2.4 14 3Cll 17.0 0.59 3.1 ~.9 0.15 0
1 18 39 '53. 1 19-25.6 155-51.8? 4.6* 2.2 11 202 12.1 0.17 2.0 0.22 C

30.'1
.,'; .:

1 72 2 2~. 7 18-56.5 1'55-31.5 2.4 17 249 15.5 0.30 2.0 3.0 0. ~:4 c

1 23 55 54.1 19-20.9 155-14.4 <;. 1 1.2 12 160 2.3 ~.12 t.A 1.2 (:,.10 C
2 -0 25 23.5 19- 2. 4. 5 1 ~ 5-1 5 • f '3.' 5 0.6 6 247 2.1 o.oe. 0.2 0.3 C.Ol C
? 1 33 26.4 20- 4.' '5 1 55 - 54. 0 26.7* 2.7 12 316 21.4 0.48 1.3 o. 08 0

N 2 3 ~4 56.(; 18- 5 9. C 1 ~ 5...3 C• 4 28.9 2. 3 16 299 19.8 u.47 2 .. 6 4.0 0.15 0~

2 6 42 33. q 19- 19 • 9 1 ~ 5- ,,9. 1 q.o 1. 6 11 168 4. 3 0.11 1 .0 1.9 0.,11' C

2 8 22 22. l) 19- 20 • 0 1 5 ~ - 1 " • C;? 2.4 1. ~ 22 1 £2 4.6 0.45 o .,9 1 • 7 0.; 30 ~

2 8 33 3 8. 5 lq-19.1 1-55-14.0 10:'.' 2 1.6 q 20 ~ !:? 5,. 0,.2 e 1.G 2 • 6 r',~~ 14 c
2 11 39 2.4 lq- 3. 1. 155-3C.3 25. 8 13 288 12.6 1 .27, "'.C; '"'.'1 0.14 r
2 14 36 26. 1, 18-55.6 155-32.2 30.1 13 ~08 14. 8, 2.C 3 ll.,(~ 8.1' O.'t4 0
2 14 39 15. 7 19- 2 1 • q 1 55 -11 • 1 6.2 2.0 20 128 1.8 0.-09 0.9 0.7 0'•. 2,3 C

2 18 32 57.8 lO-2~.5 155-49.2 IG.3 2.8 15 155 11.8 0.13 2.'4 3.'10.15 C
21'9 :1910.2 19- 30. g lS5~L~2.'~ ,9. L.:: 2.'3 1,5 1 3 J, 22 •.4 O.',Oq 0.9- 1 .4 0.11, A
2 22 30 5.7 19- 2 3 • 9 155 -15.' 3 34.'1 11 Ai 2.8 0.17 0.8 1 • 6- (1. r. 8 A
3 o 25 27.'6 18- 5 '3. 8 1 5~,-33. 4 31.6 20 22'1 11.5 O.4~ 2.2 3.Q o. 16' C'
3 o 39 29.1 19-29.6156-6.9148.'0- 2.q 11 2B2 2'0.5 1'.22 8;. c; . lJ. '2'1 0

3 o 41:4<;.e 19- 20 • 8 1 ~ 5-14 • E 8.4 13' 137 2.0 0.01 0.6 0.9 O.Oq B
3 1 1 35.3 19- 2.3 1'55-29.9 25.7 16 290 13.8 1.19 6.5 6.3 0.14 0
3 4 15 10.5 19- 49. C 1 55 - 21 .<;: 24'.8 2.4 11 128 8.4 0.40 2.0 5.0 O.oq B
3 8 2 28.3 1q-11.4 155-1q.q 38.6 2.5 17 194 12.2 0.55 2.5 4.4 O.lQ C
3 12 13 59.6 19- 0.1 155-29.6 27.8 11 282 17.6 0.85 4.1 4.7 0.14 0



SUMMARY OF 5~IS~TC EV[~~S lCGNTINUFO)

1971 HR, MN SEC
MAY 3 13 5 37.0

3 1 4 ~i q. 1
3 l? 36 34.9
3 1 7 4 3 '5. 6
3 20 27 49.4

LAT \ LONG W
1q- 1g. 1 1 5 '5 - 1 5. P
1q- I::: .J 4 1 5 ~ - 2 C• ~
19-2?~ 155-12.5
19- 1 () • 1 1 5 5 - :3 6. 1
18-~5.0 155-32.2

CEP TH telA (~

6. 1
3~.e 2.')

3.<;
5.2 2.~

35.6 2.~

NO GAP DMIN ERr
13 186 3.~ C.l~

16 177 12.3 ~.52

S 131 0.8 ~~.":i4

l~ 121 9.0 0.12
21 250 15.4 0.52

EqH ERZ'~D Q
1 .2 -) .8 O. 20 C
2.3 5.3 0.24 C
0.3 0.6 0.C5 B
0.9 1.0 0.11 B
2.7 3.A ::J.13 [)

3 21 2R l.e
:3 21 ~~.i 13. 3
3 21 30 4q.~

4 0 22 4e.4-
4 7 16 R. 5

lq-2J.1 1~~-2~.47 3.8 1.8
lq-21.? 1~5-?6.01 0.6 1.8
lq-21.~ 155-23.C ~.2 1.~

lS-51.0 155-31.21 23.7*
19-2?2 155-16.8 1q.1

11.179 3.9
9 130 ~.l

~ 175 2.q
12 2R4 1~.6

Ie 3q l.e;

O.6~ 1.5 2.' o.?~ C
3.64 1.7 13.6 0.24 C
).Oq 0.6 O.q O.OR 8
3.74 23.~ 0.14 D
0.14 1.0 1.4 0.14 A

N
N

4 lC ?3 2":.L
4 ll~'b ~ 1. 7
4 l~ :'). 34.3
4 21 C;7 51.0
4 23 ~l 23.~

lL~-2h. q 155'-15. '3
1':';- 1 • 3 ~ 5 e: - 14. C

1. ~- : ".,. • 4 ::> 5 - 1 0 • 7
1 ~- 2 2. 2 1 '5 ~ - 1 7. 1
1.'")- 27.1 155-3C.31

25.3
:3..~. 1
25.9
20.1

4. 1

2.3

2.1

2·: 52 4. ~

14 17c; ~.c;

1'3 l.':lC ~.P;

14 ~s 2.1
19 If-O 13.1

0.13
C.IQ
':. 1 7
G.12
2.38

0.8
1.2
1.2
G.7
1.5

1.5 0.11 8
1.9 c.oo C
!.• 7 C'. 11 C
1.1 C.08 A
8.~ G.27 f'

t";

~

-'

5
5
~
~,

C 38 45.8
2 ..6 28.h
~ 59 11.4
7 34 2.4
q a 31.)

19- 2 4 • ~ 1 C; 5 - 1 1 • C
J 9- 21 •.~ 1 55 - 2 7 • f
2. c- 4. 1 1 55 - 1. 8. E
1 '1- 10 • 1 1 55 -2 4 • 3
lq-23.q 155-16.1

8.9 1. 5
3.0 2.[:
7.8 7.8
0.2. 1.8
1.9 1.0

12 91 1.0
lq 128 F.l
21 25·3 19.9
16 128 7.A
11 150 1.6

0.04
0.13
0.19
O.()7

0.08

0.2
O.El
2.e:
0.6
0.4

0.3 o. 03 A
1.20.21 C
2.C:: C.2l f)

0.13 (
o.? 0.00 B

5 11 1 33.f
5 11 ';)7 ~~.1

5 13 10 2 b. 4
5 15 24 10.1
~; 1 ~ 26 3. 2.

:> 16 7 34.1
5 16 4q 14.9
5 18 50 38.G
5185331.6
5 22 18 3. 1

19- 2a• I') 1 ~ 5- 1 2. 3
IS-'2l.2 15S"-"IH.3
19- 49. 4 1 5 ~- 54 • C
1q- 2 1 • 6 1 55 - 1 4. 1
19-15.1155-22.11

1q - 1 ~ • 4 ~,'5 5 - 2 5 • 6
19- 1q. ~ 1 C; c;-ll .·1
lq-23.4155-16.1
1q- ? !.J.. C 1 5~ - 1~. g
20- 4.2155-30.1

7.5
7.9

27.6
32.7

8. 1

3.3
4. C;

13.1
12.1
38.8

2.A

2.5
l.q

1.7

12 1~3 5.2
23 11 q.O
lq -272 3~.~

24 12 a 2. 1
11.1 150 ~.o

11 lO~ 4.4
13171 5.3
14 R'S o.?
11 77 1.1
11 312 ?5.9

0.11
-0.16
0.24
O.lf
0.36

0.11
0.20
0.C5
0.')5
1.05

I.G
O.A
l.~

I.e
2.5

().8

1.5
0.6
0.6
5.5

J.6 O.l~ C
1.1 :;'.17 R
l.~ 0.08 C
1.') r.14 B
2.() O.4~ C

1.2 ~.21 B
1.3 0.2'; C
n. 5 ,. t,Q A

o.c: O.le A
5 • 7 o. 08 0



SUMMARY OF SflSMIC EVENTS (CON T I NU ED)

1971 HR MN SEC lAT N LONG W DEPTA MAG NO GAP OtJ.IN ERT ERH ERZ MO Q
MAY 6 3 24 2.3 19- 18 .3 155-11 • 3 32.5 13 236 1.5 0.36 1.6 2.8 O. 07 C

6 5 40 l q. 1 19-26.1155-28.11 2.5 12 237 10.2 0.54 3.4 1.1 0.33 0
6 q b 11.6 19- 27. 4 1 55-1 '5. C 36.0 11 122 c:;. q 0.22 1 .1 2.2 0.10 8
6 q 50 5 C. 2 19-17.0 155-20.1 47.2 11 145 3. 1 0.6Q 1.6 6.0 0.12 C
6 10 7 42. A 18-56.~ 155-32.3 3'5. 1 18 2 3q 1-4. 2 0.54 2.5 4.3 0.11 C

6 14 23 42.q 19-12.5 155-23.~ 26.7 13 181 q. C 0.21 1.5 2.0 0.15 C
t. 1 7 42 25. 0 19- q.3 155-38.4 6. C 2. 7 20 136 lO.C) 0.16 1.2 1.0 0.21 C
6 18 3253.3 19-27.0 155-25.5 q.O* 1.6 10 1q 1 6.4 0.21 2.C 0.19 0
t 21 1 52. 7 19-16.6 155- 0.3 34.4 17 227 7.7 0.39 1.8 3.1 C.lI C
6 21 5 5. 1 19-58.4 155-21.C; 11.4 3.3 2t. 21>5 q.~ 0.11 1.2 0.7 0.10 C

~, 22 56 1.4 1q- 1 O. c; 1 c; '5 - 3 C. ~ 43.1 11 15<; 13.7 0.48 1.9 4.7 0.09 C
6 23 4 23. b 19- 2 1 • Q 1 55-2 5 • <;1 2.2 13 126 4.P ·0.1<; 1.4 2.2 0.77 C
7 o 154 12.4 19- 26 • 6 1: 5- 26 • 4 8.C* 1.7 1 3 211 8.0 O.l~ 0.° 0.10 C

N
7 2 14 38.1 19-17.1 155- 4.1 37.5 15 220 5.6 0.22 1.2 1.7 O.C7 Cw
7 3 34 1 3. 4 19- 18. 8 155-15. C 5. P 2.6 23 148 4.8 C.12 J.9 0.1 o. 23 C

7 ~ 42 53.6 19-20.6 155-24.4 6.4 1.8 1q 109 2.1 0.13 1.0 o.q O.2~ B
1 9 18 38.5 lq-17.1 155- 3.1 30. 7 11 241 4.0 0.24 1.2 1 .8 o. 06 C
7 10 21 26.U 19-20.2 155-15.7 6.q 1.4 15 140 2.9 0.09 0.7 0.6 0.16 A
7 13 1 27.6 19- 2 1 • C 1 5~-l 2 • 3 5. 1 15 146 2.7 0.1 f· 1.3 1.1 0.25 C
7 1° 53 45.0 19- 16 ."3 1 55 - 2 0 .4 24.1 15 216 4.2 0.20 1.4 1.5 0.13 C

8 510 Sq.l 19- 21 • 3 1 r: 5 -1 4 • e 28.1 3. 1 23 141 1.4 0.12 0.8 1.1 0.13 B
8 7 8 23.6 19-19.4155-15.5 6.5 16 181 ~.5 0.15 1.0 0.1 0.20 C
8 7 ~8 31. q 19- 2 7 • 1 1 55-. 2 5 • C 8. c* 11 168 t .• 5 0.09 0.1 0.09 C
~ 10 53 38.2 19- 1.1155-29.<; 25. c; 13 292 14.q 1.41 8.0 1.50.16 0
6 15 11 29.9 1q- 2 3. 1 1 5 5- 2 5. 8 3.5 l.t' 17 125 1.8 0.18 1.2 1.80.28 C

8 16 18 4 O. 9 19- 20. 8 1 55- 6. 81 0.9 2.4 24 13A 5.8 0.66 1 .6 1.2 0.31 C
8 16 49 33.1 19- 18 • 5 1 55-11. 9 ~.O. 1.7 14 184 7.5 0.09 0.1 o. 11 C
8 22 16 ~1.8 1q- 5 3 • -a 1 5 5 ·-1 6 • 4 43.4 2.7 25 222 7.4 0.19 1.0 1.8 0.10 C
8 22 41 38,8 1q- 15 • It 1 55~ 8. c; 34.8 11 201 12. 5 0.11 1.0 1.4 0.01 B
CJ 2 43 9.5 19-1q.6 155-16.0 &;.9 1.7 16 161 2.5 0.11 0.8 0.6 0.16 C



SUMMARY QF SEISMIC EVE~TS CCONTIf\UEO)

1971 Hf' MN SEC tAT N LONG W DEPTH MAG NO GAP O~IN ERT fR~ ERZ MO C
MAY <1 2 59 4.0 lQ-25.0 155-2S.A 5.6 1.7 11 1 6 C; 9.9 0.18 1.1 1.30.22 C

9 6 57 2.4· 1:?- 2 fi • 4 1 5 ~ - 24. ~ 8. 0* 1. 1 11 182 ~.5 0.0<1 e.7 O.Oq c
9 7 28 ~3.1 19-24.!~ 155-17.<; 9.3 1.4 11 76 1.4 ·J.l1 0.5 1. () C. Cf) A
9 13 54 3"1. 1 19-4·~.E 155-53.31 3C.3 14 292 45.3 0.44 2.1 1.9 O.Oq 0
9 17 1 26.9 1~-27.6 15S-17.1 2 e. 5 2.3 20 105 4. 1 0.13 O.~ 1.3 0.10 B

9 2C 12 }(.,..5 lq- 2 cJ.6 lc;~-12. 21 7.3 1. q lA l~l 3.5 0.1 C 1.0 1.50.1R C
S 21 2- c. ~ 5. <; 1 :~- 53.6 1 55-30.~'J 25.C 2.7 22 179 13.2 ~.13 0.8 1.8 O.O~ R

1L ..... ~~ i 1. (, 1 =1- 2 2 ." 1 5:: - 2 5. e f:. 1 1 c:; 121 t.l o. 14 I.e 1.2 u.lq B
~ .. 35) 45.3 lQ-21.115S-25.G? 0.1 1.7 13 117 4.8 3.61 o. <; 1 3 • 7 o.! 9 R.i"-'

Ie 7 :3. 4. i.~, 3. 8 19- 1. S • 5 155- 7. ?? 23.C 15 2?4 13.C 2.47 9.9 19.6 ~).24 C

.;' " ~ '" 1 '~ 19-11.8155-3C.<; 44.9 15 R5 6.A 0.57 2 .l. c;.3 0.12 8l ... ! L. :>- ... (.

1G 14 23 1 to) •.~; l~-?O.R 155- 7 • I? 'J.1 1.8 1 7 153 5.3 2.11 1.4 1.9 0.27 n
1 \.~.; 14 ?}(': =; 4. ~ 1 ?- 2 ). 5 1 5 5 .- 7.? "'/ (1. 4 17 1 ~ ~ 5.5 ?l~ 1.5 g .1 o. 30 C

N 1a 1 8 ? "'10 ~: l • 2 19- It .. 1 1 56 - 1 '-1 • '. ? 5.<; 18 3?8 Sf-.1 O.3R 17.110.1 0.18 0+:--

1 Co' 1 S .' -;. -,
19-1~.1 15~-46.7 f:.C' 2.6 19 .230 17.q 0.62 2.7 2.3 0.16 n':~;, c.;-t. I

10 lq 46 21.2 1 9 - 32 • 4 1 54 - ~ 3 • 3 ? B.C· l~ 216 t:.4 \J • 44 4.4 c. ~6 0
1(.; 2(; 2 .:.'? l. ll~- ? 4. ~ 1 55 - 2 2 • e? ~.l 1. 7 20 115 ~.~ 0.0·8 0.1 0.6 0.1f- B
10 20 15 3'1.9 lq-l-~.~ 155-23.4 28.~ 11 114 11.2 0.15 1 • 1 1.3 O.C8 r
10 22 lq 5. 0 1·-}- 5.3 15~j-22.6 37.3 20 255 12. 1 0.35 2.4 2.6 0.20 f)

IG 23 11 28.9 19- 21. 3 1 55- 4. 3 18. 0 10 2'53 9. 8 0.45 3.0 3.2 o. 09 0

11 O?847.j 19- 1 1 • <) 1 '3 5- 1 6 • C 34.~ 15 23l 13.1 0.28 2.C 2.3 o. 15 (

1 ] 0 '"' '"' 13.8 lQ-14.0 15~-11.3? ~6.5 11 2')5 7.1-, J. ? 2 2.0 ?l 0.12 C... : ~

11 (I 36 22.5 1~-1?7 1')~-22.t: 27.0 12 192 11 • 1 0.25 1.7 2.1 C.12 C
11 1 17 R.2 19-26.3 1:>5-3Q.C ? 8 12 266 21.3 ').37 1.8 o.q 0.09 C
11 4 2.0 1. 5 19-17.6155-1C.4? o.() 2. 3 20 1 72 8.3 7.56 1.4 14.2 0.32 0

11 b 2 12.1 19-25.8 155-22.5 1.0 1.6 1 q 1 it q 4.6 D.le 0.8 0.6 0.18 C
11 f: 31 E. 5 lY-17.1 155-11.31 0.0 16 236 q.~ 2.61 2 • 5 2 J • 7 o. '36 0
11 9 14 4 O. :3 IM-51.l 155-3G.6 2q.q 18 303 23.4 U.44 2.6 4.6 ~.18 0
11 14 27 5t .. 3 1 :,~'I... 1 1 e 5 1 55 - 2 2. 5 27.8 1 7 203 IC.l 0.22 1.4 2 .1 C.11 C
11 14 46 58.3 1 '-1- 2 0 • 7 1 55 - 1 3 • 4 4.9 1.9 1 46 3.7 0.14 1.0 1 • 1 C'.~8 C





S\JMMARY OF SEISMIC EVENTS (CONTINUED'

1971 HR MN SEC LAT N LONG W DEPTM MAG NO GAP D~IN ERT ERH ERZ MD Q

MAY 14 1 52 14.0 19- 18 • 2 155 - 2 3. <; 21.9 16 112 3.9 0.14 O.q 1.6 0.11 B
14 5 13 43. 1 19-19.4 155-12.61 2.2 1.7 20 149 5.7 0.59 1.1 2.0 0.33 C
14 e 28 0.4 19-15.2 155-26.11 0.0 2.0 14 121 10.4 1.4 14.8 0.27 C
14 7 0 1.2 19-21.2 155-25.6 21.2 14 192 6.3 0.25 1.7 2.5 0.12 C
It: 7 10 51.3 19-28.4 155-SQ.l? 8.0* 2.8 11 2<14 9.4 0.43 3.6 0.30 0

14 7 13 2t.9 19-19.9 155-13.61 4.4 1.6 11 173 4.6 0.23 1.5 1.1 0.33 0
14 1 14 59.0 19- 49 • 9 1 55-16. 1 2.6 15 200 10.] 0.30 1.6 2.6 0.14 C
14 e 51 C.6 19-24.4 155-17.0 q.3 1 149 O.q 0.01 0.3 0.5 0.01 B
14 1(, 31 22.8 lq-19.4155-15.3 1. 3 1. 5 14 161 3.q 0.12 O.q 0.6 0.18 C
14 10 56 13.7 1q- 2 3 • 8 1 5 5-1 7 • 6 q.l 1.3 9 137 1. 5 O.lC 0.·7 0.8 0.04 B

14 11 27 5. a 19-24.2155-17.7 7. 1 1.1 9 11 E 1.0 0.22 1.0 1.4 0.07 A
14 11 46 45. 4 19-19.8155-11.<; 7.2 1.6 14 213 5.2 O.2 A 1.8 0.9 0.20 0
14 11 47 20.3 19-19.1155-11.2? 7. 1 1.7 18 1 76 £1.0 3. qq 1.4 7.5 0.25 n

N 14 11 50 41.3 19-24.5155·-11.1 7.9 8 108 0.5 0.1.0 1.0 o.q 0.05 A0\

14 12 45 38. 1 19- 24. 5 1 ~ 5- 1 1 • 3 8.6 1.2 8 16C 0.5 0.05 0.4 0.4 O.O? B

14 13 24 56.3 19-24.2 155-17.1 8.e 1.2 9 114 1.2 0.07 0.6 0.6 O.C4 B
14 15 1 45. q 19- 20. 2 1 55-12. 2 q.o 1.6 13 200 i.... ~ 0.14 o.q 1.3 O.OA C
14 15 lq 6.6 19- 1 '5 • 6 1 55- 1 8 • c; 22.4 2.0 11 214 4.4 0.65 3.2 4.2 0.11 0
14 1<1 24 44.5 19-20.8 155-23.1 6.7 1.6 11 107 1.2 0.14 1.0 0.8 0.22 B
14 lq 51 58.0 19- 1 7 • <; 1 5 5- 14. 1 8.0* 1.4 11 221 7. 1 0.22 1.4 0.16 0

14 22 18 3 3. g 19-24. 5 1~5-11.C 8.5 1.~ 13 83 0.8 o.o~ G.5 0.6 o.o~ A
14 23 7 1 '5. 6 19-31.7 155-50.4 13.2 2.6 11 14<1 R.6 0.J8 1.1 ?6 o.~q P
15 3 10 35. 7 1q- 20. 1 1 5'5-1 3. 3 q. 3 1.0 9 188 4.7 0.21 l.~ 2.0 0.0<1 C
15 4 16 12.4 19- 20 • 1 1 55 - 18. 1 2q.2 2.1 15 102 1.2 O.l~ 0.9 1.5 0.09 A
15 5 15 58.4 19- 9.3 155-34.5 1.6 2.0 11 146 11.3 3.31 2.312.10.29 C

15 6 38 12.0 19-18.q 155-16.11 8.3 1.2 12 1 e7 3.2 0.26 1.. 5 2.2 0.17 C
15 8 54 43. 1 1q- 29 • 6 1 55-4 3 • 6 0.5. 2.4- 11 333 35.5 0.18 4.4 0.22 0
15 14 43 28.8 19-24.6 155-17.6 9.6 8 «18 0.3 0.08 0.6 0.7 0.03 A
15 19 46 50. 0 19-38.2155-53.4 22.-9 18 22q 13.4 0.53 2.1 6.3 0.09 0
1 ~ 21 27 5 0.2 18-58.8 1'55-33.6 33.0 2.6 21 72<; 11.1 0.35 1.8 3.3 0.19 0

, • •



• •

SUMMARY OF SEISMIC EVENTS (CCNTINUEO)

1971 HR MN SEC LAT N LONG \W DEPTH MAG NO GAP O,..IN ERT ERti EPZ MD Q

MAY 15 22 1 47. 1 19-47.8 155- 7.«1 41.7 2.5 22 209 9.6 O.3A 1.4 3.3 0.10 C
1 5 2" 3 40 3 S. q 19- 24. 1 155-17. G? 0.0 -0.0 6 126 1.4 0.43 0.8 1.0 O.l~ B
16 o 54 46. 3 19-26.1 155-31.31 0.0 14 165 15.2 1.04 1.1 20.7 0.25 0
16 2 50 19.0 19-18.1155-13.6 10.0 1.5 10 214 6.4 0.19 1.1 1.7 0.10 C
If 5 40 4C.9 19- 2 -). 1 155-16. q 5. 3 13 165 O. 8 O. 18 1.4 1.1 0.20 0

16 6 4 54.0 lQ-19.1 155-13.~? 8.1 l.£. 12 2 oe 6.0 0.18 1.1 l.q 0.12 C
1e lb 17 -"4.9 IB-56.j 155-28.1 14.1* 16 30 1 21. 2 ('.37 2.5 0.25 0
16192956.8 lq-19. C 1 :5-2'5.5 4.3 2.9 22 88 4.1 0.11 0.<:; 0.9 0.23 B
l~" 2241 21.3 19-18.9 155-13.?? 4.5 1.7 19 153 6.6 0.22 1.4 1.4 O.3a 0
16 :: 2 45 50. (' 19- 1 1 • 0 1 '5 5 - 3 2 • C s.t, 1.4 102 7.8 0.18 1.3 1.4 0.24 B.
17 2 30 4?~ 18-53.4 155-33.1 39.<:1 2.8 21 284 31.2 0.16 4.~ 3.<1 f.l·!t 0
17 3 57 "31.5 1q- 21~\ • 6 155-1 2 • ~ 5.b 14 180 3.L O.l~ ! .0 0.7 0.17 C
i 7 11 57 54.5 lQ-13.115':·-21.1 8.0* 2.0 7 256 5.5 C·.6C 3.S 0.20 0

N 1 ? 1b 'iq 36. 4 20- 4. 5 155-1 6 • q 8. t 2. 3 16 256 21.5 1.01 5.1 ~.q 0.23 0-...J

17 It; "3823.3 19-22.6 155-28.3 4.6 2. 1 lq 73 c;. 8 0.11 0.7 0.9 0.11 B

17 19 59 l,4.6 19- 2 4. e 1 5~ - 2 7 • C? 8.0 2.q 22 16 le.s D.oe; o.~ J.6 C.l'3 B
1 7 21 53 56. 3 19-20.1 155- 7.~ 2.8 2.U 17 165 5.4 ().17 1 • 1 1 • 3 (). 22 C
17 22 3 31.8 19-24.2 155-17." 5.5 o.q 6 146 1. C o.c:;o 1.3 :\.3 O. 06 8
17 22 4 11. 8 19-23.5155-17.6 7.1 1.2 7 147 1.2 ').35 0.5 2.1 0.02 B
18 6 25 25.5 19- 18. 3 1 5 5-1 3 • f lC.7 1.5 q 22 '3 1.1 O.3Q l.q 3.0 0.11 C

18 "7 11 26. 7 19-1:',).8 15~-~7.0 A.O 2.3 14 121 7.6 0.11 1 • 1 1.1 ().14 B
18 10 13 i:)L.3 18-56.8 1~~-12.1? 3S.3* 11 305 3f.2 0.66 5 • ,~ 0.11 0
18 11 55 23. 9 lq-3g.q 1~5- 9.1? 8.0* 1.9 10 323 2q. 1 4.2C 27.3 1. 02 0
18 12 54 Ib.3 l:j- 20. 3 1 ~ 5- 1. 1 8.C* l.A R 1f, 3 ~.q o. 11 1.1 0.11 C
18152934.2 19- 2 5. 3 1 c:: 5 - 24 • 6 8.0* 1.9 14 186 8.6 0.11 o.e o.'! 0 r

18 Ib 25 57.1 19-26.'1 155-49.7 7.6 2. 5 15174 12.6 0.76 3.6 5.3 0.14 C
IS 19 19 5.4 1~-24.' 155-11.3 o.q 0.7 q 116 o. 8 0.07 0.4 0.5 0.11 B
18 l() 3g 4.8 19-27.1 1~5-14.E? A.C* 1.2 <; 261 6.5 0.65 5.8 0.52 0
lA 21 2<} 'i ~ 1'1-20.1155-12.5 8.'1 1.6 14 19q 4.4 0.13 o.e 1.2 0.09 C.• u
If! 22 6 3b.Q 19-24.C 155-16.e 2. 1 0.1 10 1 ~ 3 1. ? 0.08 C.6 0.3 C.II C



SU~MARY OF SEISMIC EVENTS (CONTI~UEO)

1911 HR MN SEC LA T " LONG W DEPTH ~AG N·D GAP D~I N ER T ERH ERl MO Q
MAY 18 22 16 32.9 19- 1q • 1 1 ~ 5 -11 • 3 8.0* 1.8 11 228 1.2 0.19 1.3 O.Oq 0

1 B 23 o 26.5 19-21.2 155-17.5 27.8 2.0 11 19 2. 1 0.13 l.e 1.3 0.11 B
19 2 6 44.2 1q- 24. e 1 55 - 2 8 • ~ 2.5 14 lAo 12.6 0.23 1.1 1.9 0.17 C
19 o 21 44.3 19- !t.q 155-29.5 22.<1 2.2 1 5 1 <; 5 ~.() 0.27 1.8 3.1 C.13 C
19 8 55 11.4 lq- 3. 5 1 55-2Q. f; 24.5 2.4 15 285 11.5 1.07 '5.8 '5.q 0.13 0

19 14 15 32. 8 19-19.4155- 8.4 8.0* 1.5 9 176 5.5 0.16 1.4 o. 1~ C
lq leo 47 33.5 19- 2 6 • 4 1 55- 2 5 • 6 8.0* 1.6 10 1q4 7.4 0.C8 0.6 0.01 C
19 1 7 o 1 7.4 lq-22.q 155-23.21 8.0* 1.5 q 261 6.3 2.49 13.8 o.qO 0
19 17 44 53.4 19-2~.1 15~-23.g 5·. 6 1.8 14 192 5.8 0.13 0.8 0.8 0.13 C
19 18 2 28. 1 19- 5 ~~ • ~ 1 55 - 2 7 • q 46.9. 6 310 16.2 0.05 0.1 C.O? 0

19 18 44 '53.7 19- 2 1 • 0 1 ~ 5 - 1 2 • 6 1.2 7 191 2.7 0.28 0.17 0.8 o. 08 B
1q 1 ~ 4 5 1 8. t~ 19-10.7 15~t-24.1? 0.0 1.~ 14 130 f..7 4.80 0.7 q.2 0.15 C
19 14 31 4'1. 8 19- 1 9. E 1 55 - 26 • 1 t.4 1. 8 12 14 C 5.0 0.14 1.1 0.<1 0.15 B

N 1 q 1 q 5~' 48. 0 lq-24.3 15~-17.~? o.~ 0.6 8 144 1. 1 o.cp ('.3 0.2 0.10 800
lq 21 ') 22.5 19-26. 2 1'5~-16.1? 3.2* 0.7 9 233 2.q 0.43 2.4 C.38 D

1922391q.7 19- 2 3. ~ 1 55- 1 8 • C q.7 1.6 8 137 I.A 0.23 1.5 1.9 0.01 B
20 3 55 ~q.c 1~-27.8 1'55-16.1? 8.0* 1.1 7 318 r;. 1 0.28 4.3 0.27 0
2C 4 3 3 q. 3 19- l+.G 155-2q.6 25.0 2.3 16 284 10.5 0.91 5.2 5.6 0.12 0
20 4 37 49.1 lq-49.6 155-29.S 15. '1 2.1 13 2 Sq 6.6 0.35 2.5 2.1 0.01 C
20 5 53 52.6 1~-23.q 155-21.4 1.4 1.3 14 131 3.(' 0.05 0.4 0.3 O.Oq B

20 5 56 21.5 19-23.5155-21.6 6.6 10 140 3.4 .0. 31 c.e 2.8 0.13 B
20 6 14 12.6 19-23.8 155-16.8 10.2 1.7 11 113 O.A O.Cf- o.~ 0.5 0.03 A
20 9 4d 20.6 19-24.4 155-25.3 2.3 9 223 8.5 0.18 0.9 1.4 O.Oq 8
20 11 55 55. 2 lq-21.4 155-25.7 5.6 11 136 4.7 0.14 1.0 1.20.16 B
2G 13 e 36.1 19-26.1 155-25.0 1. 1 1.6 15 164 1.4 0.13 0.9 0.6 0.14 C

20 13 30 2q.~ 19-23.9 1~5-3q.C1 1.8 2.2 12 203 28.4 1.90 2.2 13.3 0.18 C
20 13 33 19.6 19-24.3155-17.6 0.7 0.5 9 qq 0.8 0.15 0.4 ~).3 0.11 8
20 13 38 51. 1 19- 19. 9 1 55-11. e B.O. 1.9 12 1 f3 5.0 o.oq 0.8 0.10 C
20 13 51 55.1 19-23.1 155-17.8 4.0 0.8 9 96 1.6 0.11 0.5 1 .0 0.4'6 A
20 lA 12 33.8 19..15.1155-12.3 8.0. 1.6 1 26«; 11.8 0.42 2.4 0.09 0

\~ .. -.



-----f • •

SUMMARY OF SEISMIC EVENTS (CONTI~UEO)

19.71 HR MN SEC lAT N LONG W DEPTR MAG NO GAP D~IN ERT ERH ERl MD Q
MAY 20 18 56 37.5 19-29.2 155-16.11 8.0* 1.4 9 322 7.5 0.43 4.7 0.36 0

20 22 15 6.9 19- 19 • 0 155-15. It 5. :3 1.3 11 1 <Jl 4.1 0.24 1.5 1.3 0.23 C
20 22 42 13.1 1q- 20. 6 1 55-1 3 • 9 6.8 1.1 9 172 3.4 0.14 1.1 0.8 0.12 C
20 22 56 51.9 19-24.0 15~-lt.~? 1. 8 8 188 1. 5 0.15 0.8 0.4 0.11 C
2023'1641.8 lq-23.4155-17.1 5.4 8 106 0.3 1.06 2.3 1.1 0.20 B

20 23 31 31.6 19- 20 • 6 155-13. ~ q.2 1.5 13 176 3.5 0.13 0.8 1.2 O.lf) C
21 o 13 31.4 19-21.0 155-12.8 8.5 15 144 2.7 0.08 0.8 1.0 0.11 B
21 o 41 57.1 1q-25.8 155-21.<; 6.9 1.6 16 lOq 4.0 0.01 0.6 0.5 C.12 B
21 1 2 36. 7 19-20.6155- 8.1? 7.1 1.8 12 232 4.1 0.35 2 .1 1.1 0.11 C
21 3 46 13.9 18-5q.7 155-10.t. 15. 2* 16 256 35.b 0.42 2.9 0.15 0

21 4 3 56.1 19-22.~ 1~5- 6.e 8.0* 2.0 10 185 5.~ 0.22 2.~ 0.20 C
21 5 50 51.6 19-22.A 155-18.4 IJ.2 1.4 9 196 2.7 {l.21 1.2 1.6 0.06 C
21 6 18 3. 0 19-20.7155- 9.6? 7.8 16 1'54 2.6 0.11 1.2 0.6 0.11 C

N 21 6 25 3G.'; 19-32.4 155-13.4 1.8* 1.6 8 336 15.0 0.14 4.4 0.27 0\.0

21 6 56 6. 8 19-29.2 155-12.31 8.0* 1.3 6 344 11.5 1.12 10.5 0.24 0

21 7 20 43.2 19- 20 • 9 1 55 -1 3 • 5 11.0 () .q 8 16 C; 3.3 J.14 0.·1 1.2 0.04 A
21 8 8 28.3 19-19.6 1~5-11.3 8. C* 1 r; 1 1 C 5.3 0.08 0.1 0.11 C
21 16 31 27.q 19-24.4 155-28.S 4.2 1.9 19 143 12.4 0.12 0.7 0.8 0.16 B
21 11 16 20. 6 19- 0.1155-30.1 27.3 15 295 16.7 1.33 1.2 6.1 0.13 D
21 19 2 37.4 19- 44 • 1 1 55 - 3 3. 3 32.4 2.6 27 91 1 C. A 0.2 C O.G 2.70.13 B

22 4 15 2. 5 19-2J.<; 15~-11.e? 8.0 14 IRq 3.3 O. 11 0.9 ~.4 C.ll C
22 7 '5 9.9 19-19.7 155- 3.8? 0.0 2.1 14 19q 11.5 7.2'5 1.6 13.6 0.18 C
22 1 18 8.4 1 9- 24. 5 1 C; 5-26. 1 4.0 2.2 16 13J 9.4 0.12 0.8 1.1 0.18 B
22 10 2 26.9 19- 2.q 155-24.2 41.5 15 220 13.8 O.6C 2.q 5.7 0.15 C
22 11 3'3 9. 2 1q- 2 4. 1 1 55-1 6. <; 1.2 1.5 13 q2 C.4 0.07 0.4 0.3 0.13 B

22 11 41 34. 3 19-21.2 155- 1.t. 4.4 2.1 19 132 4.5 0.10 0.1 0.8 0.15 C
22 14 7 55.6 19- 2 2 • '1 1 55- 2 2 • 4 5. 7 1.4 12 152 4.q 0.12 0.8 0.8 0.16 C
22 if 25 55.0 1q- 2 1 • 0 1 5 5- 1. 2 2.1 2.1 17 149 4.9 0.11 0.9 1.2 0.16 C
22 23 8 17. 5 19-24.2 155-11.11 1. 1 1.1 12 131 1.1 0.15 0.8 0.8 0.22 C
23 V 22 54.3 19-24.0 155-2b.7 2.3 2.f, 14 86 12.4 0.16 0.<; 1.4 0.20 B



SUMMARY OF SEISMIC ~VENTS CCCNTI~UEDt

1911 HR MN SEC LA T N LONG W DEPT.. ~J\G NO GAP OMIN ERT ERH EPZ Me Q
MAY 23 1 38 15.6 19-31.6 155-41.81 12.6* 16 281 ~1.8 0.91 5.9 0.18 0

23 5 59 6.9 19- 2 3 • q 1 55- O. 7 6.4 14 1154 B.=' 0.18 1 .6 1.3 0.21.. C
23 1 30 6.3 19- 2.4 155-30.~ 26.5 12 Zq 1 13. 8 1.14 6.(' 6.'5 0.11 0
23 1 46 15.6 19- 19. 6 155- q. 4 1.5 11 171 4.6 0.14 1.3 0.1 0.15 C
23 1 41 36.0 19-20.4 155- q.1 4.6 1. 8 11 143 ·3. 3 o. 13 1.0 1.0 0.20 C

23 7 59 6.5 19- 2 6. C 1 55- 1 7. 3 11.0 1. 5 .., 291 1. 2 C.le 2.4 4.6 0.03 C
23 8 ? 41. 2 19- 0.8 155-30.4 27.q 15 295 16. 7 1.22 6.6 1).2 0.12 0
23 1155 33.E 1 q- 2 1 • C 1 55 - 1 3. it 7.6 1.5 14 l~· 3 3.0 0.10 1.0 0.6 0.18 B
23 12 o 28.2 19-24.6 155-18.1 10.5 1.4 6 202 2.? O.lq ~.G 1 • 3 C·. 02 B
23 12 3 50.3 19- 25. it 1 55-1 1. 2 7.6 1.1 8 122 1.0 0.03 0.6 J.4 0.04 B

£: 3 12 17 14. 1 lQ-23.11c;S-16.1 e.7 1.3 10 R3 0.7 O.Oq 0.6 0.8 0.06 A
i3 12 31 2C.7 19- 24. 2 1 5') -1 8 • 2 4.6 1.1 q 6q 2.4 0.2 C 0.8 1.1 0.11 B
23 12 51 24.5 19-24.3155-17.8 10.2 1.3 7 11 <; r. 9 ~::. 4 ~ 1.0 3 • 3 o. 03 R

w 23 13 '+8 6.7 19- 2 I) • II 1 '5 ~ - 1 7 • 2 7. 7 1.1 11 122 0.1 0.08 e.1 0.10.10 B0

23 13 56 25.6 1q-23.1 155-18.1 4.7 1.3 7 124 ?o (').l~ r:. '5 1.1 0.05 B

23 14 5 2. 7 19-23.q 155-17.4 8.5 6 181 1.4 0.13 1 .1 1.3 0.04 C
2~ 15 1 5.3 19-24 • .) 155--17.6 q.1 a 120 1.4 0.03 0.2 0.3 0.01 A
2"3 1'5 31 13.6 19- 2 4 • 4 1 55- 16 • 1 7.1 1. 1 10 92 1. 1 o. 1 C 1.0 0.9 0.10 B
23 1 5 44 51. 1 1q- 24. 1 1 55 -1 7 • 6 q.4 1.6 8 121 1. 2 r.ce C.6 f).1 0.03 B
23 18 54 5 8. g 19- 24. 3 1 55- t 7. ~ <1.4 1.3 10 qq 0.7 O.C8 C.5 0.1 C.04 A

23 2(: 31 51.0 19- 24. G 1 55-1 1 • 2 q.3 1.3 9 188 0.7 O.lQ 1.3 1.5 o.oq C
23 20 40 3ci.4 19- J. ~ 1 55-2 q •.~ 21.1 2.3 14 294 16.H 1.25 6.P 6.3 0.13 0
23 21 25 J2.<; 19-21.1155-25.4 4.0 2.1 16 144 11.0 0.16 1.1 1.20.21 C
23 21 39 13.1 19- 24. 8 1 '5~-21. E 5.1 1. 7 12 224 11. 5 0.30 1.6 1.2 0.16 C
23 22 18 21.1 19-25.1155-2A.5 4.5 1.3 11 221 12.5 0.38 1.<; 2.4 0.13 C

23 22 26 35.4 19- 2 4. 2 1 55 - 17 • 4 7.5 1.1 8 11 C 1 • 0 0.05 0.6 0.3 O. 04 A
24 o 12 7. 1 19-20.5155-16.51 6.4 1.0 1 203 1.8 0.30 1.6 0.9 0.08 C
24 5 58 1C1. 3 lQ-49.0 155-20.2 12.0 2.0 15 1 32 8.2 0.08 1.8 2.5 0.07 B
24 6 27 50. 5 19- 30. 3 155-1 1. 81 7.1 1.4 17 91 7.1 o.oq 0.8 1.7 0.11 B
24 7 22 22.4 lq- 24. C 155-16.4 8.7 8 188 1. 5 0.14 1.0 1 .1 0.04 C

.. ., •



-. •

SU~MARY OF SEISMIC EVENTS (CONTI~UED)

1 q71 Hi<. MN SEC LA T " lOt\G W DEPTH MAG NO GAP D~IN ERT ERH ERI MD Q

~AY 24 16 20 51.~ lQ-13.0 155-3~.E? 8. 2 2.4 15 124 3. 5 0.13 0.9 O.q 0.16 B
24 16 20 51.5 19-13.0 155-~6.81 8.2 2.4 15 124 3.C::; 0.13 O.q 0.9 0.16 B
24 17 14 51.9 1q- 2 5 • 1 1 55- 2 8. C 8.C· 7 2"5 12.0 G.3~ 1.'1 C.01 0
25 2 25 39.9 19-25.2 155-15.5? 0.1 0.7 9 235 2.8 0.73 1.4 O.'l C.25 0
25 12 15 47.0 19-21.9 155-22.t:. ~.3 1.6 18 1 O~ 3. ,~ 0.13 0.9 0.8 C.2~ C

2~ 2( 17 15.q 19- 2 " • .; 1 5 5-1 7 • 3 27.6 14 133 9.0 0.1: 0.'1 1.8 0.12 B
"f., 1 24 59.1 19- :3 8. 7 1 S6 - 1. C; 41.0 112612f.l 0.54 2.7 4.2 0.11 0l..

2~ 2 28 46.2 19-15.5 155-10.L? 2.4 12 26R 13.6 2.04 4.4 21.7 0.21 0
L~ 3 33 1. 7 19- l·j • a 1 ~ 5- 1 • ~ 8.C* 12 2~2 8. 7 0.39 2.2 C.oq 0
~6 c.; ::' 59.2 19- 1.2 155-29.5 25.8* 13 2gZ. 15.') l\. 42 3.~ ('.13 0

26 12 5f 9.7 1q- 1.5 155-15.t 45.<7 3.8 24 226 2~,.1 0.41 2.1 1.2 (:.1f. C
?6 1 5 3'1 i_~. "I lq-2D.g 155-13.6 37.8 12 159 3.4 (1.44 I.e 3.90.10 C
26 22 ~7 2./.... 19- 2 c:; • 2 1 55- 2 3 • t ·9.C* 1.6 16 156 6. 8 I).C8 0.6 () ~ 11 C

w 26 23 27 2 c. ( 19-21.5155-1<1.5 4.7 ~ 1 r:: 5 4.0 0.13 0.2 1 .6 O. 04 A
~

27 2 7 43.6 19-20.<; 15'5- 7.2 B.C* 11 1(:8 c: .... C.Oq 1.2 I) • 11 (_'. v

27 326 51.8 19-21.5 155-14.C 6.2 1.5 1 7 147 7.3 0.11 0.8 0.6 O.Ir B
27 7 1:' 8~ 1 1'1- 1 7 • 1 1 55- 17. :3 28. 3 11 152 2. Q 0.17 1 .0 1.70.10 C
27 7 1..) 1 G. q 19-1g.q 155-45.11 q.9t 2.5 13 219 lc.7 1.21. 7.4 0.14 0
27 Ie 19 36.5 19- 5 <). 1 1 5~ - 3 9 • C 37.8* Ie 320 30.2 0.54 3.9 0.10 ()
27 1 8 26 49. 6 1q- 16. 1 155 - 2 3 • ~ 4.0 14 141 6.6 J.lC 0.8 ~.4 0.16 B

? 7 18 40 8.2 19-16.3155-21.1 2.'1 1 q 1 3 C 7.2 0.11 0.9 1.2 ~.71 (

27 20 40 ?6.6 19-16.8 155-14.0 8.0* 1.5 8 21.1 8.4 0.73 4.4 O. 74 0
28 1 21 1G. " 11-29.9 155-51.4 6.t) 2.9 19 12 q 7 •.~ 0.19 2.2 3.1 0.18 C
28 1 46 3. g 19- '24. 5 1 5 r; -1 7. 1 1.0 10 1 36 O.A 0.07 0.4 C'.4 0.11 B
28 4335C.8 19-21.g 155-2~.f: ~.6 16 72 3. 1 0.07 C.6 0.60.14 B

28 7 "3 52. 0 19- 22 • g 1 55- q. C? 8. 3 q 204 2.1 0.18 2.A 1.1 0.14 C
28 9 11 5.1 19-27.9 155-18.21 7.C; 1.2 7 j 16 4.6 1.16 6.~ 3.8 (i.22 0
28 13 55 55.4 lq..43.4 155- 1.1? 8.0* 1.9 11 215 7.3 0.41 3.1 0.56 0
28 15 2C 32.3 19-20.2 155-12.4 6. 3 1. 8 10 196 4.2 0.12 0.8 0.5 O.Og C
28 15 25 21.5 19-22.1155-16.1 2.0 0.1 1 128 0.6 0.10 o.a 0.4 0.12 B



SUMMARY OF SEISMIC EVENTS CCONTINUEO)

1971 HR MN SEC LAT N LONG 'W DEPTH MAG NO GAP DP-1IN ERT ERH ERZ MO Q

MAY 28 20 25 0.6 19- 19. 0 1 ~5- 2 O. 11 8.0· 6 324 10.4 1.94 13.1 0.50 0
28 23 11 28.6 lq-19. q 155- 1. ~ J3.0* 1.6 11 181 6.C 0.12 1.1 C.12 C
29 o 2q 7. 8 19-22.5155- 3.1 8.0* 13 121 4.8 0.15· 1.3 o. 2~ C
29 1 9 30.8 19- 2l. 0 155-14 • 0 6.4 1.6 15 1 79 2.7 0.14 1.1 0.1 0.18 C
29 1 51 2 C. 3 19-28.6 155-14.21 8.0* 1.4 q 322 8.3 O.Q7 6.3 0.52 0

29 2 lJ 27.6 1<1-20.7155- 8.1 8.1 1.6 12 1 <;6 4.n 0.21 2.0 2.7 0.16 C
29 2 3b 25.4 19-'30.0155-28.5 3. 7 1.8 17 ga q.t 0.15 1 .0 1 • C) o. 24 B
29 2 42 8.3 19-30.0 155-21.G? 8.0·. 1.5 c; 239 2.5 3.98 26.3 O.9A 0
29 2 41 15. 3 19-25.2 155-24.3 8. O. 8 201 7.6 0.11 0.7 0.01 C
29 2 54 52. 3 19- 21 • a 1 55-] 3. 8 2Q.·4 2. '3 22 154 3. 1 0.11 0.1 1.0 O.le A

29 6 52 38.8 1q- 2 4 • 7 1 5 ~ - 2 3 • c; 8.C* 1.4 15 fO 7.f: 0.03 0.3 0.01 B
29 8 4 14.2 lq-19.5155-16.1 6.1 1.5 12 1 70 2.5 0.13 1.r O. 7 O. 1'6 C
29 8 5 54. 5 10-13.2 155-29.17 0.0 10 99 7.1 Q.7C 1 • 2 20. '5 o. 24 B

w
29 ') 17 .3C}.O 1<1-19.8 155-11.7 5.6 2.2 22 147 5.2 0.12 C.9 a.1 0.23 CN

29 10 38 1. 8 19-19.5 155-17. ~ P.O. 1.6 12 1 f 7 5.5 0.08 0.7 0.11 C

2<? 12 50 7. 1 19-10.8 155-30.C 48.5 2.8 18 94 4.4 0.65 2.~ 5.q ('.23 e.
2<1 13 2 45.2 1')- ~.l 15~-2e.C 46.2 2.8 2-J 184 7. 1 0.37 1.7 3.3 0.14 C
29 13 '; 2C.C 19- 8.6 155-27.6 41.0 12 247 1.8 ft.32 2.1 2.1 a.lO C
29 13 8 "'-1.9 lq- 1 • 7 1 5,5- 2 8. ~ 3~}. 8 10 180 3.5 C.1C 2.7 1.0 0.18 C
29 13 23 50.2 18-55.7 155-11.01 8.0* 7 266 ~q.l '2.17 14.1 O. 31 0

2Cj 13 33 55.6 1q- 8. 1 1 5 5- 2 8 • f; 37.7 17 1 f: 4 2.6 0.32 1.6 3.3 0.12 C
29 13 35 2 8. 1 1q- 11 • '3 1 55 - 2 5 • G 2A.5 12 159 4.7 0.41. 1.6 "3.4 O. 06 (
29 13 35 44. 3 19- 1 1 • 6 1 55-2 5 • C; 26.9 9 1 e7 ~.l O.4Q 2.2 4.2 0.08 C
Zq 13 56 2~·.7 1q- 24 • 2 1 55 -1 1 • 3 e.9 1.0 10 116 1.0 O.CJc; '0.5 0.7 'J.14 A
2914 47 19.R 1q- 2 1. 5 1 55- "3. 3 7.3 1C 116 3.1 0.18 2.0 1.4 0.20 B

29 16 39 3. 6 19- 20. 1 1 ~5-44. t:, 6.4 10 216 16.4 0.82 4.~ 1.4 0.11 0
29 17 21 13. 9 1<1- 2 1 • 4 1 55- 5. C; 8.0t 1.8 9 136 5.q 0.16 1.1 0.28 C
29 20 12 13.6 19-22.7155-1.4.3 4.9 1. 3 12 145 2.4 0.14 0.6 1.2 (l.10 B
29 22 1 11. 1 19- 2 3. a 1 55-1 6 • <; 13.<; 2.2 24 61 0.8 a.OEo 0.6 0.8 0.12 B
2q 23 J 1 7.5 lq-27.6 155-44.4 5.5 2.6 20 118 15.2 0.13 O.q 1.2 0.20 B

~, • ..



, • •

SUM~ARY OF SEISMIC EVENTS (CONTlf\UEO)

1971 HK MN SEC LA T f\ LQ t\G W oEP Th MA G NC G~o D~I~ ERT Eqt- ERZ MD Q
MA Y 30 2 13 57.q lq-~5.6 155-15.(? 0.0 0.6 9 24S 3.,7 0.,67 l.~ 1.4 0.17 C

3(' 3 31 37. 5 19-24.3 15~-17.3 C. l: 0.2 9 11 't 0.8 0.0-' 0.3 ~.2 0.10 A

30 3 34 26.6 1 9- 1 9. 1 1 55 - q. 2 R. I~ 1.5 1 C 233 ~.7 0.37 2.~ 3.~ e.13 C
30 /.~ 2357.3 19-18.8 155-12.<; 10.6 1.4 11 ?lg 6.8 O.3~ 1.7 2.9 C~.12 C
3C 4271'1.0 19-20.0 155-10.7 7.8 1.7 11 232 4.2 0.3-4 2.1 1 • 1 0.18 D

:J.' 6 18 1. :: lS-28.C 155-14.S? 8,G* 1.3 9 317 t.7 0 0 33 3.~ t:. 39 0.-'\.

?C 6 29 52.7 19- 2 1 e 8 1 ~ 5- 1 L.. 0 1 2CJ.5 It: 1.27 2.0 0.21 I.e l.g e.oc: B
.., r . (; 3Lt 23. B 19-24.5155-2 l ... S 8;fC,~:~ 1.2 14 1 S4 B0 'i' ·1. (? t) • !: 0.C7 C..J\...'

3C 7 27 ~:j.7 1 :i- 2 '5 ~ 7 1 55- 1 5. -~ 22. 2 2.1 2(" 77 ).(. O.le 0.7 1 • 1 0.13 R
3C 10 a 39.~ 1'~- 1~ .. 7 155- 7.q 4 "1 2 • .J 1 -, 172 5. 5 o~ 1 7 1.2 1 II ~ rl

• 24 c.--

:;·C lC 3c ~7.C 19- 25. S l~:-J.f.C? 3.2~~ 0.7 10 229 2.2 C.36 2.0 0" 3'.. G

:3 C 1 't 25 3 5. 1 10-21. .. 1 1:'5-1304 S ? 1.6 1 D 1. 6/+ -- /. 0027 1 .. 5 2 0 5 Co 14 C.~ .,j 0 \.)

30 15 27 2. 8 19-21.'; 1 ~~-5(.~1:_: 8. C~~ 2. 6 1 1 311 ~3')3 0.25 1 e ~':- O. Jg C
LV

3C~ 2126 32.C 19- 2.4 15~j-2C.5 2Ao~ 2.4 21 2 1 j 18. ~ 0.27 1 .. '3 3.0 O.lf.,. CW
-, r- 2' 1 4~. 4 1 s- 2. 1 • 1 1 5~· - ? q ~ 2 3 e 1 l .. B 15 8/~ 8.7 0.1(; C.7 1 • 3 o. 1 ~~. ~~-?v .L

~ r- 2 3 1 9 2 ;'~. 7 1 (; - 1 7 ~ it 1:> :: - 2 7 ~ 3 5.0 1 q 16 93 8 It f' 0.07 0.6 0.70.15 R5 .

3C 23 31. i.~7.f 19- 2·:; fI 6 lSC:-ll.7 7. C 1 0 f~ 18 1:;4 3.9 G. 11 1 • C' :J.6 O~20 C
3~ C 22 3b.6 1q - 2 1 • 3 1 5:; -- 2 5 ~ (J? 6.7 1.7 1 S 74 t) ,.. (i e 't 4 l.~ 1.3 C.?7 (.' • • J

?l o 57 5C.5 1 CJ- 2 1 ~ C 1 ~ 5- 1 2 4t f: 13.C 1. • I.... l'J 1 7.'.., I.. • 9 O.lG C.7 1.5 O.S~· P
~l 1 7 42.2 19-21.9 IS5-25el 7.6 13 68 4.4 O.le O.E 0.6 0.15 B

31 2 37 t.L- 19 - 2 A • g 1 ~:. - 1 (~. 3? 8. Ct: O. c 9 262 f.e O.Sl 4 ~ o. lA·3 n.. L:

-- , 2 ~~,;~ 12.4 19-2goC 155-17.4? 8.C)~ 1.3 8 l22 6.7 c). 5 ~ 5.1 O.4? 0;) &.

31 4 53 II.!: 19-27.3 1~5-1'7.7? B.O* 1.(1 1 C ~ 5q t.o O.~4 !~ • 4 0. 1,.1 0
31 S 36 21.1 lC;-23.3 155-16.~ 1~.5 1.6 1 5 '=7 0.6 O.Og 0 • .3 1 • 1 0.14 B
-. ~ 6 35 14. 0 19- 24. 1 155-16.8 709 1.2 8 181 1 • t... 0.05 ().5 0.3 0.03 e.~ 1.

31 (:; 55 Sq.l 19-22.2 155-25.S? 7.4 1 RIO 7 5. 8 O.le; 1.4 1 • 2 (i. 3') C

31 1 3 34 5 8. 9 19-13.S 155-28.~? 8.4 2. 3 21 qt, 8.2 0.12 0.7 1 • 1 0.1' H

31 13 58 31.E 19-14.0 155-?8.3? 8.2 2.8 23 C1S 8.3 0.14 0.8 1.3 0.18 B
31 17 4 1 e. 7 lq- 24. 2 15,-24.4 3.4 1.5 1 ~ 1 3 b 7.6 0.15 1.0 2.0 0.23 C
31 lJ 30 3. 1 19-24.2155-24.9 1. 7 10 208 7.9 .2.? 2 1.2 8.0 0.13 C



SUMMARY OF SEISMIC EVENTS (CCNTINUEDJ

1911 HR MN SEC LA T N LO t\G w DEPTH MAG NO GAP Ot-1IN ERT ER~ ERI MD Q

~AY 31 20 20 43.8 1q- 24. 1 1 55 ~ 17. 2 11.1 13 qZ 1. ! 0.11 0.8 1.6 0.08 A
31213111.8 19- 2 4. 3 1 55- 1 1 • 3 1.0 0.7 10 118 0.9 0.06 0.4 0.4 0.09 A

1 G 23 54.2 19-13.0 155-27.31 o. C 2.2 23 116 f. 5 4.45 O.q 8.4 0.24 £3
1 C 48 41.5 19-13.1155-21.81 0.0 1.7 120 6.7 5.69 0.<; 10.8 0.23 8
1 1 '58 3. ~ 1q- 2 0 • C 1 55- 1 2 • ~ 5.8 11 201 4.6 0.25 l.!-- 1.0 0.19 C

1 3 19 1;J.J.~ 1q- 9.1155-29.3 2~.8 14 1 76 17.4 G.~4 1.6 3. 1 -0. 14 C
1 <1 19 l~.b 19-~4.2 155-17.3 0.5 0 • .3 q 122 r.9 f) •.J A o ~ q.2 0.10 B. .

1 11 4 2. 7 1'1- 24. ~ 15';-16. C? o. 5 0.'5 8 162 0.8 0.13 o.c; Q.3 0.12 C
1 14 1 ')9.2 1q-1B.a 155-1~.7? e.5 11 tq3 3.~ :). 24 1.5 2.1 0.16 C
1 1 ~ 50 8. 6 1 9- 4. ~ 1 54 - 5 o. 9? 8.0* 17 29~ 34.'1 2.46 15.2 O.3A D

1 16 56 I.CJ 10-27.4 155-16.51 8.0. 1.2 1 32 C 4.1 1.h5 10.4 0.39 0
1 17 13 26.q 19- 24. 3 1 55-1 5 • 1 1. 8 O.R ~ 251 3. L. 0.20 J.6 0.4 O.C2 C
1 Ie ~ 0.6 19- 2 CJ • J 1 55 - q. 4 a.4 1 ~ d 16-0 4.0 0.17 C. 7 1.3 O.0f, Rw ....

~ 1 18 59 38. 3 19-25.1155-17.3 2.2 e.7 ~ 1 76 o.~ G.O~ 0." 0.2 0.06 8
1 19 1 44.1 19-23.8 155-16.e 12.1 15 88 o.~ li. (: 5 D."" 1.5 0.09 B

1 19 38 60.0 1Q- 2 '" • 3 1 5 ~ - 1 7 • 2 O.f 1.0 q 1 Zq o.c ~). 07 0.3 ).2 0.09 B
1 21 14 40.0 lq- 24.1 155-22. 8? 8.4 l.~ 1 7 11 3 5.5 'j. 'J 8 e.8 1.80.14 B
1 21 53 34.5 10- ~ 3. q 1 ~ ~-1 7. l? 17.q* 7 31 8 4~. A 1.27 Q.7 0.33 0
1 23 6 40.0 19-23.7 155-1C.71 1.4 1. 1 11 1()8 3.3 I). ~ 1 1 • 1 1.2 O.lP B
1 23 55 47.3 19- 24. 2 1 55 -1 5 • 8 3.0 8 222 2.7 O.l~ 0.7 1 .4 C. 06 B

2 1 16 38.3 19- 2 1 • ., 1 5 5 - 1 C. 8 36.4 12 1 Q 4 9.2 0.2'5 I.A 2eI 0.14 'C
2 1 30 4q.G 19- 1 ~ • b 155 -1 3. 2 4.C:: 18 18H r:::; c C.23 1.4 1.4 0.28 C.. ,.

2 3 8 55.4 1 q- 12 • 6 1 55 - 3 3 • 6 4.b 1 7 101 7. 5 '1.14 1.0 1 • (' ~. 2!' R
2 ~ 3 26.3 19- 2 1 • If 15 ~ - 1 3 • e 6.8 2.2 21 14B 2.6 O.C6 0.5 0.3 0.14 B
? 4 14 lq.A lq-21.2 155- 6.2 l.q 2.r l~ lq7 11.6 ').43 1 • 1 1.6 0.1 7 C

2 4 35 28. 1 19- 2 q • ~ 1 55- 1 6. 1? 8.0* 1.3 8 323 ~.c o. 4 ~ 4.1 o. 3~ 0
2 b 3 2C.l 11-24.C 155-17.2 2.1 0.6 ~ 130 1. 2 0.('; 0.3 0.1 O. 0, B
2 7 7 42.1 1q- 24. ~ 1 55 - 17 • ~ 1.0 0.6 <1 1 21 (l. 9 0.01 0.4 0.4 o.to B
2 9 }.) 31.2 19- 19. 6 15~-16. 1 6. 1 1.9 20 13q 7.5 O.Oq 0.1 0.6 0.19 B
2 q 44 10. 8 1q- 2 5 • 3 1 c; 5- 1 7. 2 2. 1 e.7 q 205 C.7 .J. C~ c.'l fJ.5 0.06 B

t' .. '0 ..



• • • •

SU~MARY OF SEISMIC EVENTS (CO~TI~UEO)

1971 HR ~N SEC LAT N LONG W DEPTH MAG NO GAP CMIN ERT ER~ EQZ ~D Q

JUN 2 11 20 8.S 19-27.6 155~14.2? A.O* 1.5 8 314 7.C 0.29 3.3 Oe25 0
2 11 4,.0 5 1. 6 1q- 24. 3 1 55 -1 7 • C G• 5 () • 6 q 1 5 2 1 .0 () • 1 C C.4 002 G. 1a A
21210 e.l 19-.20.8 155-.13.~ 6.3 11172 3.'1 0.• 23 1.'5 1.20.21 C
214 36 9.9 lCJ-22.4155-22.5 4.C :1114':1 4.2 0.12 0 .• <1 1.20.1') B
217 2d 36.4 19-18.8 155-11.~ 4.2 .2.0 18156 o:.t. 0.13 0,.8 0.90a<,O.,C

220 3143.2 lQ-Z9.1 155-14.<;7 O.~~1.t 1.6 8317 c.e 0.32 2.( O.lq 0
2 2 1 5 ~ Jr "3. f. 19- 2 L. G 1 ~ C:' - 7. it? 7. 1 2 • C 1 ~ 1 6: 9 1.:.• 7 0,. lIt. 1 1 0 5 o. l'~ R
2 2 1 57 1.0. 6 19- 8. 6 '1 5 5 - 2 7 • 2 3 6 • 0 2 • 4 1'4 1 PJ L. (; (). 3 6 1 • q 3 • 4 l). 13 C
221581C.6 1':)- 5_-3 155-2t:.8 37.'2 ~GI.. l~ 184 3.0 0.'+3 2.2 ll-•• Q G.-l'4 C
22319 3f:.l 19-1~.8 155- 9.6? 0.0 1.7 14 184 6.(' 1 0 62 loP, 2201 Qe2{~ C

2 23 43 42.2 1~-19.C 155-12oS 14.8 9 215 ~.4 0.16 O.g 1.4 ~.C4 8
3 £ g 21c3 19-28.6 155-16.5 4.1 1.2 8 313 6.2 0.36 l.2 4.5 0.07 (
3 2 45 2.0 '14-3907 155-39.~ 13.7* 15 243 2~.8 0.21 l.~ O.l~ 0

~ 3 4 42 41 a 4 19-21.9 155-11 0 1 8e4 13 181 3.4 0.07 006 0.9 0003 9
3 5 2 7 1 g. D 1q - 2 1. 1 1 ~ 5 - 1 ~ • ~ 2 7 • 4 20 1:3 -J 1.. 3 O~. 1 e 1 0 2 1, • 7 O. 1 C) P

3 ~ 41 5e2 19-28.C 155-15.~ 8.0* 1.4 8 315 5.f 0.79 4.5 0.24 0
3 5 58 37.1 19-25.1 155-2?P 7.6 2.2 16 159 6.0 O.Oq 0.1 0.4 C.ll C
3 6 45 37. 8 19- 16 •. 2 1 55 - 26 II 7 e. ()* ' 10 140 12. 6 0 • 07 1 ..~) 0 • 10 C

-3 t. ~6 lC.9 19-1~.2 155-26~E 8.0* c; 140 12.5 G.oe; 1.2 0.12 C
3 719 1.6 lQ-!9.6155-15.7 5.9 151'63 3.2 0.1'3 I.e 0.90.1.Q'C

3 8 "3 8.2 19-13.<1 1'55-28.4 5.4 14 106 8.2 D.Oq 0.~ Je8 r~.15 p.
'31025 003 19-24.7155-23.4 8.0* i3 223 f..J~ O.;l~ C.• q 0.07 C
310 5a 35.9 19-18.8155- 8.3? 0.0 1.9 171'8-5 e.7 5.3S 1.210.,2 Q.21 C
3 1 3 39 17. (; 19- 27. 7 1 55-1 5 • 81 o. 5 1. 9 9 3 1 3 5. 3 0 • 91 2. 5 2 • 0 0.•.21 0
3 13 50 27.7 19-28.8 155-16.21 8.0~ 1.9 8 32C 6.7 0.33 3.8 0.34 D

3 13 51 5(.8 19-24.3 15~-17~~ C.S 0.8 8 108 0.8 O.lC 0.5 0.7 0.13 B
3 1 3 55 5 R. 2 1q - 2 8 • 6 1 55°_ ! 6 • c; 8 .'0 j; 1. 7 1 3 l' g 6. 9 O. 8 7 5 • 4 O. 26 0
3 14 23 9.7 19-14.9 155-22.1 1.2 2.1 14 167 10.0 0.49 1.1 1.9 O.lR C
315 14 16.8 19-10.8155-26.7 7.7 2.2 13 175 3.2 0.19 2.r 2.20.16 C
3 1 5 't 1 1 8. (j 19- 2 4. 4 1 5 5- 1 6 • ~? 1 • 4 o. 7 8 2 1 2 1. 6 o. 1 1 0 • 5 0 • 3 o. a5 C



SUMMARY or SE[S~IC EVENTS (CO~TI~UEO)

1 ~71 HK ~~J SEC
.JUN 3 15 ~·7 21.5

j 17 q ~l.f.

:3 17 37 !7.7
3 1S Id 5.4
3 2? 1., 1 1. 4

LAT ~ LONG,.
1Q- 2 7 • 3 1 5 ~ - 2 7 • ~

19-1~.~ 155-15.4
1~- 2 ';. 2 1 ': ~- 4. I?
19-13.2155-27.Fl
1 ~- 29 • 4 1·55-1 '.). e?

DEPTH ~1AG

2.3 1. 7
5.6 1.5
c.e
3.4 ~t.2

8.0. 2.?

NO GAP CMIN
16 se C.L.
13 lQ6 4.3
11 1 U1 1:'.~.

15118 6.CJ
8 ~:3 F.C

Er;~ r
0.08
C' 8 ?:~

, • 31
J. 11
C. 4,'

ER~ ERI ~D Q

0.5 O.R 0.12 B
1.3 ~.~ 0.73 C
I.e 12.C 0.22 B
D.q 1.0 0.17 B
5.3 O.,B 0

_ c:..:. L;' 3 1. c.
L. C:3:;"~ ~,. 7
4 4 11 ~,o.7

4 8 Cl 26.6
4 8 3 ~) 1c. r~,

1q- ~ '),. ,) 1 55-35. 7
l:j- 22.·~ l~' ~ -1 c • 1
19-27.0 155-1~,.01

19-27.2 1~~-14.4

1 :~1- ~ :J • 4 1, ~ - 7. 2

31.~ 2.(
t. 2. 1
8.t~ l.~

~.c~ 1.\.J,
Q.C~ 1.8

25 271 1~.2

11 141 C.~;

lJ 261 5.2
R ~oq fo.?

13 J5<;, 5.c..

(). 1 .")
..J. ') 9

~'. 2 '3
0.72
~'. C,7

1.0
1.5
?3
4.0
""".1

1.9 0.12 (
2.5 O.lJ R

r.42 0
iJ • 20 0
v.10 C

w

""

4 F~.~·: j..• 2
4 II? ~ :.:~:. c:",

~ 1 '1 ~ ~ l t. • (..
'- 1 t~; 4 _, :: 9. ~

I.:. 21 3'~ Z4.i.·,

! ~- ::.:,~ .? 1 ~ 5- 1 ~ • l ..:.

l 4- 1 Y .""' 1 5 5·-1 ~.• S
1':-,')- 2 :.:. ~ 154 -~ b. 4
i 9- 1 q CI i~ 1 5~ -1 (1. 0
lq-2~.3 lc.:~-22.~?

.., ~

;.. '~

7.r
eo:. 2
8.2 2.0
f.C* 1.4

7 1 .~~ ~

14 1~'1

~ 1·~"3

10 16 1
~ 22':

1• I.

?6
7 i-I.
l... • ".:

~. 4

O.J'3 0.3
,,~. r ~ (). 7
~J.12 l.e
,J. (19 0 • R
., • ·,4 20. 5

n.5 0.;)2' ?
C'. '5 o. 1 ~ r
·~.9 o.cs ~

1 • ~ (). 08 f'
o. ql f)

L 22 22 0.2
4 ? "3 52 ~-+ 1.2
4 ~~ 55 41.2
~ C 5'3 ll.~

') 1 37 11. 3

1<;- 25. 2. 1 5~-l 7. 1
lq-23.9 1 s~-15.f
1. ~- 1 ':l. 5 1 55 - i :.~. 1
1~-20.8 155-14.4
19-23.5 15~-11.~?

2.2 v.?
1.7
7.5 I.?
6. 8 O. 7
B.'... * 1.7

3 2 ,) c;

1 21 ~

lq 1::l1
Cj 1 ~ 2
1 1~6

c.~

? 3
4.5
7.'5
1..0

~.01

·J.20
a.o.:;
o.cs
1.0 q

o.~

c.e;
0.7
o.~

q.7

1 .5 c. O~ B
(. • 5 (.]Q 8
-).6 0.16 B
·J.5 o. 07 A

0.':)0 C

5
';

5
~,

c

1 '52 7.r~

2 :' 1 .~. 5
'3 25 24.6
4 2U ? b

i. 34 2. :-

lq-2J.~· 1~5- ~.??

1 q - ? 6. 1 1 '5 5 - 1 I~ • 5
19- 2 5 • 1 1" 5 - 1 7 • C)

1q - 1 8.? 1 5 ,:. - 1 .3. ~

19-21.? 155-17.41

p.l l.A
6.2 1.0
4.? ? 0
BfI~)* 1.1
2.1 0.6

6 160
q ? 87

14 82
q 225
p 1 ~·4

4.~

3.~

C.7
7.~

1. 1

" "\-'.. :

'J • ~~ I-

0.C~

0.73
0.10

4.G
3.3
0.5
1 • 5
-).5

2.7 ~.10 C
?7 0.14 0
:).6 0.13 R

G.l~ C
1 .4 o. OR R

5 t: 15 55.0
5 9 3 45.2
~ q 32 56. 1
5 11 30 15.4
5 11 44. 2g. 5

fl

19- 18 • 6 1 ~ 5- 1 ~ • l

19-17.4 15~- i.f
19- 1 q. 6 1 5 5 -1 3 • t
19-1Yca6 155-l5.c;?
1 .~- 2. "2 • 6 1 c:~ ~1 - '3. ~

..

le.e 1.7
/<;.8

G.P
6. <;
R.C* 2.2

11 201
8 251

10 196
12173
14 111

4 .l~

23.7
5.1
2.A
5.0

..

0.2 t

0.55
O.2C;
0.17
0.14

...

1 .2
2.q
1 .3
1 • 1
1.C'

l.q G.l,) C
4.2 fl. C':' 8
2.1. C.ll) (.
0.8 0.17 (

0.17 C



• ,. • •

SUMMARY OF SEIS~IC EVENTS (CCNTI~UEO)

1971 HR MN St:C LA T f\ LONG W DEPTh MAG NO G~P O~IN ERT EPH E~Z ~D Q

JUN 5 14 55 6.3 19-49.7156-3 l ,.• <; 8.0* 8 32C1 77.2 3.82 22.9 o• 08 ['
5 15 16 19.1 19-24.5 155-24.5? 7.g 1.6 11 83 8.2 0.06 C.5 0.6 0.11 8

515292<;.5 19-20.4155-1C.l 7. 1 1.7 1 ~ 159 3.1 0.13 1.2 0.8 0.1Q C
5 16 48 25.6 19-23.6 155-17.C 3. 9 2. 7 20 50 C.3 0.07 o.e 0.70.19 B
5 1 7 26 6. 7 19- 23. 7 1 55-1 5. 71 8.(i* 1.6 8 319 6.'1 0.32 4.3 0.38 0

5 2~ 10 56.6 19-23.2 155-17.C 2 ,-. 0.9 In llC c.q '" n~ 0.2 J.1 0.C4 A..'- 'v •.. -'

6 1 11 ~ 2 19- 1 4. 2 1 5 5- 2 B • G? 7c5 2.6 20 Q1- 8.9 a.oc 0-6 l.it C.13 R-'. ~

6 3 6 54.3 19-21.i.; 155-13.7 6.3 1 c 4 1'3 15~ 2.6 0.1? C () 0.7 C.IP C. "

6 ~. o 51. 5 19-23.1155-24.4 7.3 1~6 10 &::Q 5.7 o.op 0.6 0.6 0.16 B
-'

.-/ /

6 e l3 38.8 19-24.4 155-17.f 7" 8 1. 2 11 73 G.6 0.02 0.3 J.2 o. 04 A

6 11 32 18.-7 19- 19 • =} 1 5:; _. 9. C '1.2 8 16:3 i f .3 o .·C 7 O.t 1.2 o.c~ B
6 12 51 45.6 19-42.6155-46.3 1'5.8* q 20<; 26.3 n.22 1 • e 0.16 C
6 13 5131.7 19- 44. 1 1 55 - 4 '3 • 2 10.2 2.6 19 153 2q.6 O. 11 1 .1 1.6' O.l=i C

w 6 14 19 5.5 19-25.~ 155-14.7 30.3 2.9 24 i.O 4.4 0.13 0.8 1.4 O.ll.. R
~

6 19 4 42.0 19- 24. 2 1 5 5 - 1 6 • 3 1. 8 7 1 <)8 1.8 0.06 0.3 Ct.? 0.04 B

6 20 32 56.1 19-58.7 155-32.2 14.S* 2.5 24 2P<i 18.2 0.26 1.7 0.14 0
6 2(' 38 23.8 1<)- 2 3. 1 1 55 - 2 2. 7 8.0* 9 165 ~ .li- O.C9 C. 7' o. G9 C
6 22 17 42.5 19-28.5 155-16.E? 8.0~( 1.6 8 31A 5.8 (). 3 C 4.3 o. 35 0
6 23 10 22.q 19- 2 3 e 4 1 5 5 - 1 e. C;? 8.0* 1.2 8 1 S 1 1.5 1.89 11.7 0.56 0
6 23 se 34.7 19-56.9 155-34.3 9.7 2.4 15.189 16.2 0.12 1.8 1.60.10 C

7 C 16 1.4 19- 2 4. 1 1 ~5 - 1 b • t· 2. 1 8 190 I.A 0.03 0.2 0.1 0.02 8
7 6 52 2. 3 19-19.6 155- 8.7? 4.4 13 174 5. 1 4.53 1.6 8.4 0.27 C
7 ~ 52 21.7 19- 20. e 1 55- 9. C 4.9 1.1 18 139 2.8 G.l1 0.9 0.8 0.17 C
7 6 53 33.4 19-20.0 155- 9.1? 8. 1 1 ~ 16 f 4.0 0.17 1.4 t).8 0.14 C
7 7 59 58e 0 19-24.1 155-16.6 2.3 0.4 6 178 1.4 0.08 0.5 1.3 0.04 B

7 19 54 32. 1 19-25.2 155-16.S? 1.1 O.A 10 178 0.6 O.lG r.7 1.2 0.11 C
7 20 26 55.2 1q- 25. 3 1 ~ 5- 2 r;. It 8.C* 1.8 15 6q 9.2 0.07 0.7 0.12 B
7 21 10 24.1 19-29.8 155-14.2 8.0* 1.6 8 327 10.1 0.82 5.3 0.25 0
7 21 27 42. c; 19- 26. C 155-16.?'? 3.2* 1.1 8 2 2 8 2.4 0.33 2.1 0.28 0
7 22 27 7.6 19-23.9 155-17.1 1. 7 0.8 9 13 <; 1.0 0.05 0.4 0.3 0.07 B



SU~MARY OF SEISMIC EVENTS I.CONT I "UED t

lq11 HR MN SEC lAT N LONG .. DEPTH MAG NO GAP OMIN ERT ERtJ ERZ MD Q

JUN 8 0 2 10.8 19- 29 • a 1 55- 1 5 • 2 8.0* 1.5 8 322 1. 8 O.7C; 4.8 0.24 0
8" e 48 46.q 19- 11. ~ 1 55- 3 2 • 3 6.5 2.2 q 9R 8.5 0.08 0.1 0.7 O.Oq A
8 1 6 11. 8 19- 12 • 8 1 55- 7. 5 40.3 17 234 17.5 0.16 1. 1 1.1 0.08 C
8 1 ~1 11. 7 19-24.4 155-17.2 0.7 0.5 q 123 0.7 0.08 0.3 0.2 0.07 R
8 2 41 2.6 19- 24. 1 1 55 -1 6 • P 2.8 1.7 13 78 1.3 0.06 0.4 0.8 0.11 B

8 It 25 6. 3 19-1Q.C; 15~-12.3 4.2 l.~ 14 233 {'-.1 0.42 2.2 1.6 0.26 0
8 6 21 2. 2 19- 21 • 0 1 55 -13 • <; 6.1 15 162 2~R '·.12 C.q 0.6 0.17 C
8 1 46 40.2 19-23.8155-11.27 1.1 7 130 C.q 0.40 l.£. 3.2 0.12 B
8 1 54 32. 1 1Q- 19 • 6 1 55-12. 4 14.2 ~ 211 1--.3 (,. 1 r; 0.9 1.4 0.04 8
8 8 1 4.6 19-29.2155-15.71 8.0* 2.0 8 322 7.1 1.34 8.8 Q.4q 0

8 8 47 55.3 19-24.0 155-16.41 2.2* 7 18'1 1.6 ~.O5 0.4 0.04 (
8 q 49 26.4 lq-26.6 155-1~.7? 5.<; 1.2 6 311 ~ • 1 0.99 4.1 3.6 O.OQ 0
8 12 2J 5.3 19-1 '1 • 1 1 55 -1 b • C b.8 I.&) 15 144 3.2 C.11 G.q ('.1 O.lQ ~

w 8123911.2 lq-34.~ 155-17.C? 8.C* 2.0 8 340 l'~.l 2.QO 18.5 0.58 0CX)

8 14 4J 42.9 19-24.1 155-11.~ 1.2 1. 0 10 109 1. 1 0.07 0.4 ).4 C. IC B

8 14 58 1. ~ 19- 2q.(: 1 ~~-14. ~1 B.C. 1.4 8 325 Q.l 0.53 5.8 O. 35 0
8 15 24 2.2 19-29.9 155-16.21 8.0* 1.4 7 3'3 C 8 • ., 0.55 6.(\ O.~1 0
d 15 31 '38. 3 lq-3~.'5 1~5-11.21 8.0. 1.9 6 350 21.8 '+.4?- 4q .L- O.9f· r
8 16 b 58.3 1q- 24. 2 1 55-16 • ~ 2.1 8 202 1. 7 a.oc; 0.5 t1.2 0.n5 R
6 11 3 40.6 19-29.4 155-14.91 8.C. 1.4 5 34C S.A i"..Q475.I- 0.49 0

a 1 7 53 31. l: 19-21.C 155-23.e1 8.1 14 93 1. 1 0.10 0.8 0.6 0.14 B
8 19 44 35.9 19-20.8 155-52.1 b.g 2.b 16 195 q.q e.l7 2.7 3.1 0.15 C
8 20 14 46.7 19- 2 3 • c; 1 55- 1 7. E 1. 3 0.5 8 131 1.5 O.C4 o.~ 0.2 0.05 B
8 21 23 51.5 19-30.3 155-15.t1 8.0* 1.5 7 327 9.~ 1.42 9.? 0.53 0
8 23 10 31. 1 -19-23.<; 155-16.5 3.2 0.8 10 1 7q 1.1 0.13 0.6 1.1 C.08 B

9 1 39 2A.4 19- 24. 2 155 -1 7 • 5? C.5 0.3 9 118 l.r 0.15 C.4 0.3 0.12 B
9 2 24 40.4 19- 24. 4 155-1~. ~ 1. 8 C.8 q 191 1.2 o.o~ G.3 :J.1 o. 05 B
9 2 25 32.8 19-24.2 155-17.01 1.6 0.5 8 104 1.3 0.06 r.5 0.3 0.1(\ B
q 4 39 3.6 19-18.1 155-13.3 8.0* 12 21 e 6.7 0.17 1.1 O. 13 C
q 4 52 53.3 19- 2 1 • 1 1 55 -15 .It 11.0 11 133 0.2 0.16 e.G 1.5 0.12 B

\a .. I; '.



'. ~
., •

SUr-~i'~AKY CF SEISMIC EVENTS (CONTIt\UEot

1971 HR MN SEC LA T N LONG h DEPTH MAG 1\ C G t P 0 ~. I N E=RT ERf- ERZ MD Q

JU ~~ 9 5 32 24.4 18-54.3155-10.5 12.3* 3.9 25 254 41.4 0.38 2.5 Q.16 0
') 5 46 13. 5 19-25.5155-19.6? 8.0~ 1.2 8 320 3.5 1.16 6.9 C.37 n
<; 6 47 55.4 1~-24.2 155-16.6 2.2 8 178 1.5 o. at.. 0.3 8.1 0.04 B
g 7 6 36.8 1 9- 2 3. e 1 5 5 - 1 7 • 3 2.0 8 12 9 1.2 0.03 0.3 0.1 0.03 8
g 8 6 3.6 19- 24.'3 1 ~5-1 f;;. E 1. 9 0.8 11 124 1.2 0.07 0.5 0.3 0.09 B

g . 9 37 15.4 l~- .2 5 • E 1 5:- - 1 5 • 7 6. 1 1'.0 8 277 288 O.S6 4.1 3 .l~ O. 18 C
9 12 21 ..... I ,'I 19-2005155-14.7 <;.2 ~ 16:> 2.6 0.15 1 • 1 1.60.11 CJ'-t .. '.,

q 15 37 37.3 19- 1c; • 3 1 ~ ~-1 3 • 7 s. C 11 202 ~. & ~ O. 18 1 e 2 1 • 8 0,.• 12 (

S 15 48 33. 3 19-24 g 1 155-1 7. <; 1.E: 1.3 12 7s 1.3 o. :.~ 3 0.2 -..1.2 0 .. 07 A
'91::' 21 (,~ t::. ~ 11- 1 d .:; 1 55-1 3. 4 8. C :;-: 9 220 7.5 0.27 1.<; c. l~ C

9165947,,) 19- 23. 6 1 S5-16.S? 2 Q 5 Ce 7 7 149 0.4 1.39 6.2 6010.26 C
q 18 0 Lo. ~ f: 19-2~;j3 1:·5-17.l 3. 1 7 l"~? 1.0 0.11 C.b 1.1 0.05 R
9 21 13 3:>el 1t,?_ 240 1 1 55 -1 5 • 3 1.6 0.8 9 23 L+ 3.0 Oo~l 007 0e'+ ().C6 C

L.-'I
1-.; - 2 5 • 4 1 5 5 - 1 t eC t.~. f 0.9 R 2 ~ 8 2.C O~43 1 • q 1 .7 o. C3 C~ c) 21 ~5 1 't ~ 2

a 21 3 1 r- ~- 1 9 - 2,.3 • 6 1 5 5 - 1 3 0 7? f: • C~: 1 8 6 IC} 27,~ 4.4 O.f4 4.5 C.5:? C:1.'-:'1

1 ') 8 1 3Git3 1q- 1g • ,!; 1:~-2[.C 3. 2 1• 8 16 ! 0 7 5. 6 0.10 O.B 1.10.19 e
1·) 3 14 5e.l 1 9- 2 D• 0 1 55 -11 • 2 8.7 o 2 (\ 7 3 0 7 0.28 1 • 5' 2 • 2 0 $ 07 C
l~ 3 23 26.t 19- 23. 3 1 ~ ~-ll: • ~ 1.4 9 1 ~ 2 3.0 G.ll) 0.5 C.4 O.CR B
1) 4 34- 7.2 19-15.0 155-2("'.8 9.7 l.g 1 7 161 6.6 0.0<; C.S l.t) 0.15 C
10 4 49 20.6 1 9- 3 1 • C 155 - 1 '5. "3? 12.<1* 7 331 11.7 1.79 19.7 o 0 ~·9 0

Ie q 17 17.2 1 g- 25 0 C 1 55 -1 6. ~ 0.3 1.5 13 167 1~9 O.3~ 0.6 0.7 0.14 C
lG 14 54 25. H 1CJ- 24 • C 1 5:: - 1 6 • c; 2.1 1.7 13 112 1 ~ 1 0.C6 0.4 1 • 1 0.10 6
lu 15 56 29.4 lC!-22.S 155-24.6 6.4 1.8 15 1 C 8 5. 3 O.1lJ r .·7 0.7 0.16 B
11 1 1J 55.4- 19- 27. 4 1 55- 3 2 • 6; 8.C* 10 13t; 7.2 0 •. 14 1 • 3 0.20 C
11 2 11 19.7 19-24.2 155-16.C 2.C 0.8 9 216 2.0 o. 11 0.5 0.2 0.05 B

11 3 16 56. 3 19-26.6 155- 5.~? 14.2 2.1 13321q.l 1.71 ~2.9 27.9 0.36 0
11 4 21 32. 7 19-1q.2 155-13.~1 6.8 2.3 20 171 5.4 0.10 0.8 1.3 0.17 C
11 5 22 4.1 19-28.3155-51.1 4.7 2.5 15 1 71 9.1 0.10 0.9 0.8 0.10 C
11 5 26 26.1 19-43.5155-14.8 14.0* 8 lq7 20.9 0.19 2.5 o. 13 C
11 -1 1 7. 3 1q- 2 3 • q 1 55- 1 6 • E 2. 1 1. 8 17 7C 1. C o.ca 0.5 0.3 0.14 8



SU~MARY OF SEISMIC EVENTS (CONTIt\UEO)

1911 H~. MN SEC LAT N LONG W CEPTt-4 MAG NO GAP C~IN ERT ERH ERI MD Q
JUN 11 7 1 8.2 1q- 2~ • 4 1 55- 1 6 • 3 2.2* 0.1 8 213 1.6 O. 02 0.1 0.02 C

11 1 24 23. 2 19-29.4 155-1C.€? B.C'. 2.1 10 3~1 13.1 1.04 6.~ 0.25 0
11 d 49 1. 8 1q- 23. q 155-17. 2 2.C 8 13C 1. 2 C.02 0.3 0.1 C.03 8
11 9 39 22.7 lq-2~.1 155-17.31 2.3 0.5 1 124 1 • 1 O.()7 0.5 ·~).4 O.O~ B
11 10 31 7. 1 19-23.915'5-17.11 2. 2 8 134 1. 1 0.07 0.'; 0.2 0.07 B

11 1 J 45 7. 2 19-?3.G 155-17.7 2. 1 0.6 6 132 1.6 0.04 0.3 0.2 0.03 A
11 13 j 4.3. t: 1 9- 2 3 • 9 1 55- 1 1 • C 2. C 0.9 10 141 C.q 0.C6 0.5 0.3 0.09 8
11 13 ~7 11.(/ 19- 24. 7 1 55'-1 5 • 1 4.3 1.1 1 2~ 7 3.4 0.14 fJ .5 ~.6 0.01 C
11 l~' 11 26.~ 19-2S.C 155-15.2'1 8.C* 1.8 ~ 31 1 l;.4 0.22 4.C O. 34 0
11 15 21 4C.4 lq-2B.2 155-15.61 8 • (). 1. 3 A 310 6.3 ·n. 2 q 4.5 0.42 0

11 15 53 9.f 19- ::. 3 • 0 1 5 5 - 2 5 • <; 4.6 1.6 16 71 ~.q O.C<7 c.s l.~ J.?O p

11 16 2 ~ i 9. '; 19-24.3 155-1 ?? 0.5 0.3 9 lZQ ] • 0 0.10 0.4 (1.2 C'. (lq R
11 1 7 12 7.0 19- 2 3 • ~ 1 ~ ~ -1 -'. !: e.8* 0.1 9 1 4? 1 • 4 IJ. :)5 0.2 f).oq C

~

11. 1 1 12 2 3. 4- 19-23.6 155-17.61 1.6 8 14,? 1. 4 -). 1 r; C.6 1.4 (,.09 80

1 1 t 7 12 .18. 9 19-2 3. (; 1 5 ~ 4_ 1 7. t; C.8* 8 145 1.4 c.c~ 0.2 0.06 C

11 1 7 23 3 '~. 5 1 .~ - 2 3. e 1 55- 1 7. 4? 0.7 0.8 q 134 1. ~ 0.48 l.t 4.2 0.17 R
11 11 29 45. 9 1~- 2 :~ • 8 1 55-1 A. C; ~. 2 3.0 25 36 o. 7 0.0') 0.5 J.4 ,:).18 R
11 11 54 26. 4 1~-23.4 155-17.51 1. 1 ~::. '3 7 152 1.3 0.2r 0.5 0.4 O.Oq C
11 11 55 5 s. 7 19-24.C 15~-11.~? 2.4 C.6 8 125 1. 4 C.G'; 0.6 0.5 0.07 e
11 18 C 44.9 1 q- 2 3 • 5 1 55 -1 7 • 3 ~.2 o.q 1 143 c.q 0.·..16 0.4 J.2 o. ('~ R

11
1 "

c; S.4 Ij- 28 • 1 1 55- 1~ • '3? E.C. 2.7 8 31G 6.5 0.34 3.9 o. ~4 0
11 18 2~ 5B.t 1q- 2 4. 1 1 55 - 1 1 • 5? 1. 2 1. 1 12 105 1. 1 0.07 0.6 l).30.12 R
11 18 34 17.0 19-23.5155-17.2 2. 1 0.9 1 140 f"\ ~ 0.06 0.4 0.2 0.06 f3v. I

11 18 43 6.5 lq-23.4155-11.3 ?2 0.7 6 146 0.8 0.06 (l.~ 0.9 o. C'3 B
11 lq 1 41. : 19- 2 3. ~ 1 5 5 - 11. 1 2.3 i.e 7 14C G.6 0.07 0.6 1.0 o.o~ R

11 19 6 41.2 1q- 24 • 6 1 55- 16 • 61 0.8 (\.2 1 212 0.9 O.H6 2.1 0.1 C.20 C
11 19 7 2.2 19-23.3155-17.4 2. 2· 7 153 1 • 1 o. 15 1.0 ?.1 O.l~ C
11 19 11 13. 3 11- 2 3. 7 1 55-1 1. t: O.8~ 8 141 1. 5 0.06 0.3 0.10 C
11191740.5 I-J-23.11';S-25.C? 7. f:: 1. 9 ?C t.e 6.2 O.Ct: 0.6 1.3 0.14 8
11 19 20 d. 8 1q- 2 ~ • 4 1 5 5 -1 7 • 0 3. ~ 1. 7 14 6"! o.~ 0.06 0.3 0.7 (\.08 A

,c -' ~ '.





SUt'MARY OF SEISMIC EVENTS (CONTI~UED)

lq71 HR ~v1N Sf. C Lh T N LONG W OEP TM MAG NO G~P n~IN ERT F R~ ERl Me Q

~jUN 11 22 1 7 ,~. 5 19- 2 :3. 2. 1 55-] 7. ~ 1.7 8 ltO 1.4 0.10 0.~ 0.4 0. 08 B
11 22 26 1c. f) 1 '1- 2 3. 3 1 5 5 -1 7 • 5 1.9 1 151 1. 3 0.13 0.9 0.7 0.09 B
11 22 :~ h 36.3 1 :~ - ? 3 • (1 1 5 '5 - 1 1 • 2 2. 2 7 139 (~. 8 C.C4 r'.3 0.8 (1.04 B
11 22 2b 59.~ 19- 23. 2 lS5-!7.1 2.4 o.~ A 1 f) 5 0.7 O.C7 0.5 1.1 0.06 e
11 2 ", ?,., 2J.O 1 '1- 2 3 • 4 1 55 -1 7 • c; ·J.6 0.6 g A4 2.C f';. 23 0.4 0.4 0.10 At:.. c_b

11 22 2g 47.7 1~-23.~ 15'5-17.2 2.5 8 14 C; c. 7 :).06 0.4 0.9 0.07 R
11 22 31 c c; 1 '-1- ? 3 • 2 1 55 -1 7 • 6 1. 7 0.7 8 163 l.~ 0.14 0.7 0.6 0.1.0 R.'. -'

11 22 31 t··- .: 1g- 23. 3 155-17.: 1.7 ~ 1'54 1. 3 0.13 0.7 t).~ 0.10 B. '-I. 0

11 22 34 Sg.'t 19-23.5155-17.1 l.q 7 141 0.6 0.06 {J.5 :J .2 0. 05 B
11 22 35 13. 8 19- 2 ? 11 ? 1~5-17.6 1. 7 ~ 1 (. G 1.4 0.13 C~7 G.t O. Ie ~

1 1 ,') .,
~..., ~~. l- i q- 2 ~. 5 1 5 ~, - 1 7 • 2? ;.• 5 7 1 ~ 2 0.1 (1.1 7. 0. 0 ?o 0.D8 R:-L

~ 1. 22 41 1 f- lo,J- 1 ') • 7 1 54 -~. <; • ~ : ~. 7 1. B 16 ?'"'j 21.4 !).5P 2.9 4.0 0.11 0... -.
11 ~ 2 't 1 =: (•• t= 1g- '2 ~~ ~ 1 155 -15. f:,'/ 17.5* 7 ?56 ~:.;; 0.18 8.~ 0.?n 0

~ II 22 ~2 7. h 19- 2/.i. II i lC:S-lt-.e 2.C l.t t i, 77 1 .. 3 0.06 0.4 J.? 0.11 ~N

11 22 46 27.f: 19-23.') 155-16.8 1.8 1.3 15 69 0.2 0.0"3 e.2 '.1 "'.()7 A

11 ?2 47 ~ .. 9 19- 23. 3 155-17.4 2.2 -3 1~5 1. 2 o. 0 c; 0.'5 1 • 6 o. OB R
11 22 48 ') 2. U 1 .~- 23. 1 lS5-17.1 '.... ~ 1.1 14 58 G. R 0.04 0.~ ~.• o a.or:) AL.~

11 2~ 58 2 1. 5 1q- I g. (, lS~,- 7.f: 1. C 12 16~ ~. 6 2. 1 f 1 • 2 9.2 O.le c
11 27 59 28. 6 1 (}- 2 j. 2 155-11.47 2.8 9 1 c; q 1.2 O.le C.3 1 .1 O. 11 (

i 1 .23 1 12. 3 l'~- 2 ~ • S 155-17.1 2.3 t 141 0.6 ('.C4 0.3 ~. 1 C'. G? e

11 2.3 1 ~ 7. f., 19- 2 ~~ • 6 1 c; ~ - 1 1. 2 2.? 0.8 7 13a 0.7 0.03 C.2 1.5 o. O~ e
11 ?j "") 1 H. r:~ 11- ? ~ • 4 l:t~' -1 ? • 5 1. 8 7 1- ~ 1.2 "J. 1 2 r.B 0.7 0.08 B.:. ':> ..

l : ~~ ~i 3 ? C. 1 19- "23. 4 15~-17.1 2.3 8 IG.? C.6 0.06 o.~ G.2 o. C5 B
1 J 23 4 26.8 19- 2 .~ • 5 1 5'5 -1 7 • :' l.~ 8 GS 0.1 0.05 0.4 ~;.? o. r~ A

11 23 3 1q. 5 l'~~ - ? 3 • CIS 5 - 1 7 • 5 I.e 0.1 10 11 C 1.4 ·J.06 0.3 ).6 a.OA A

11 Z3 1;] 1u. 1 1'-1- 23. 7 1 55 -11 • 3? o. :~ 8 135 1.0 0.16 0.8 2.8 0.15 B
11 23 17 ~q.q 1q- 23 • 4 155-11.2 1. B 1.0 11 ~4 O. 7 O.f;6 0.4 0.3 0.07 A
11 23 24 3~.2 19-?3.6 155-11.1 2.2 7 llb r:'.6 ".06 ('.5 1).2 O. 06 A
11 2 3 2::~ 14. 7 .l ')- 23. 4 155-11.C 2. 3 8 C;C; C.4 0.03 C.3 0.5 0.0"" /J
11 2 3 ~~~:; 51.4 l'~- 2 3 • {' 1 55 -1 7 • 5 1.4 (1.7 12 60 1. 2 0.06 0.4 ').4 O.tO fl

~ • ~ ..



'1 ., 'J •

SU~MA~Y CF SEISMIC EVE~TS (CCf\.Tlf\UEO)

1971 HR r·~N SfC LA T N LO NG t.i DEP TH ~1A,G NfJ GAP D~IN EP T ER~ ERl· MD Q

,"~UN 11 23 36 6.0 19-23.4 155-17.3 l.g 8 <:;5 C.q 0.04 0.3 0.2 O. 04 A

11 23 38 17.7 19- 23. 2 1 55 -1 7 • c? 1. 8 8 1 cC 1 • i~ 0.12 0.1 0.50.10 C
11 23 36 5<;.1 19-23.0 155-17~t? 0.6 0.7 SIll 1. 5 0.')7 0.4 ~). 7 O. 09 B

11 23 42 5e 1 1q- 2 3. 1 1 55 - 1 7 0 5 1. 3 0.8 11 57 1.3 0.07 0.4 0.5 0.09 A

11.234235.7 19-23.4155-17.i 2.3 8 92 C.S 0.04 0.4 O. 7 O. 04 t\

1 1 2 3 t.. 2 ~ 3. 9 19- 2 3 e 2 1 C) 5- 1 7 It ~ 1. 2 9 92 1.2 0.06 0.3 a.it 0.07 A

11 23 44 21. 4 19-2304 155-17.3? " 0.7 10 95 0.9 0.08 0.5 0.50.10 B.. eO

1 1 2 3 .:.:. 5 3 '1 e 5 19-23.3 1~5-17.~ 1.S 8 157 1.2 C.lC (j ~ 0.5 O.Og B~ ..~

11 2 3 46 2 S. 0 1 9,- 2 3 ...6 1 55 -1 6 a ~ 2.6 6 1 1.1 ('.5 fi.·D9 0.6 1 • (; o. C3 8

11 23 47 34.0 1g- 23. ti 1 55 -1 7 • 2 2 a t- El l!.r 7 C.7 C.O.!.. 0.3 0.7 GoOt) B

11 23 52 4?5 19-23.6 155-17.( 2 e 1 8 130 C'.5 0.06 (1,,4 0.2 0.06 B
11 23 ~',4 ~l.S 19-24.,G 155-17 e C 3.3 2.2 17 64 1.2 C.05 0.4 0.5 0.11 B
11 23 56 16.5 lS-23.3155-17.8 1.8 7 162 1. 7 0.24 1 • 1 0.9 0.13 C

~ 11 23 57 16.0 19-23.4 155-16~c; 2. 2 O.~ 8 1 ',:3 0.1 0.07 0.7 leO GoOg BW

11 23 58 29.0 19-23.4155-17"C 1.7 1. 1 12 94 ('.4 0.06 De5 0.3 ().11 P,

12 C C 5(-. 8 1g- 23 .. 4 1 55- 1 7 • 3 10': 7 146 Dee 0.07 0.5 0.2 0005 P

12 (I 1 4.4 1 9- 2 3 0 2 1 55 --I 7 .. 2 le9 f).7 12 87 ().B 0.05 0.4 '0.2 0.07 A

12 0 2 18.0 1 9-2 :3 • 6 155 -1 7 e C 2. 3 7 1 3c O.~ O.G5 C.5 0.8 0.0'5 B
, j U 3 17. 7 19- 2 3 • 4 1 5 5 -1 7 • 3 2.2 0.8 . 8 148 C.o 0.07 C.5 1 • 1 0.0'3 P_L

12 0 it 1'::;. 0 1 .:)- 2 3. ~ 1 5 5- 1 7. C 2. 1\ 8 11 (J 0. 4 C.03 0.3 0. 4 0.04 A

17 n 5 25. 2 1g- 2 3 e 0 1 55·-1 7 • t: 1.5 8 170 1. 6 O.C~ 0.4 0 •.4 O. 09 B.J

12 C 5 57. 5 19-23.3155-17.47 2. 3 8 15 3 1. 0 0.12 0.6 0.4 0.0'1 C
12 1'. 6 1 E. M 1 9- 2 3 • 't 1 5 5 - 1 7. 4 103 0.7 10 7/.t 1. 1 0.04 0.3- 0.3 0.06 Av

12 v 7 26. 1 1g- 23. C; 1 ~ 5- 1 7 • 1 ' 2. 1 1. 3 14 96' 0.6 0.03 0.2 0.6 O. 06 A

12 G 8 5C:.3 19- 23. 4 1 55 -16 e 8 2.5 1. 6 16 52 0.1 0.04 0.3 0.6 '0.09 A

12 o 10 2.(; 19- 2 3 • 3 1 55-·1 7 • 3 1.8 8 152 0.9 0.0-' G.6 0.4 O. 08 B

12 01026.4 1 9- 2 3. 3 1 5 5 - 1 7 •. 3 2. 4 O.R 8 151 0.8 0.06 0.5 1 .'2 O. 08 B·

12 o lQ 43.1 19- 2 "3 • 6 1 5 5 - 1 7 • 1 2. 1 7 131 0.6 0.07 0.6 0.2 0.07 B

12 o 11 36. 8 lC)-23.4155-17.2 l.,q 7 144 (l.B O.(lS 0.5 0.3 O. 06 B
12 C 11 5C.4 19- 2 3 • 4 1 5 5 - 1 7 • 2 2.5 0.8 9 84 0.7 0.05 0.4 0.9 0.07 A



S~MMARY OF SEISMIC EVENTS (CONT I NUEO)

1 q11 H~ MN SEC LA T t\ LOf\G W OEPTH MAG NO GAP OMIN ERT ERH E~l MO Q

JUN 12 o 12 56.7 19- 2 3 • 3 1 C; 5- 1 7 • 5 1. ~ 7 1 c; 5 1. 2 O.lQ 1 .1 0.9 0.11 C
12 o 13 31.8 19-23.4 155-17.6 1. 5 0.1 13 61 1. 3 1).06 0.3 0.3 0.11 B
12 o 14 30.2 19-1~.5 1=5-4C.2? 8.0~ 3.2 18 2G7 2<;.7 1.63 51.5 4.~r; 0
12 0,1520.4 1Q- 2 3 • 1 1 55 -1 1 • 6 1.5 8 165 1.6 0.01 0.4 0.4 0.08 B
12 o 15 58.1 19- 2 3. 4 1 55 -1 7 • 1 2.5 O.A 7 94 C.6 O.C'5 0.3 O. 7 0.04 B

12 o 17 C.q 19-23.1155-17.4 1.5 1.1 13 5~ 1. 2 0.04 0.2 0.2 0.01 h
12 o 18 40.7 1')- 2 3. 5 1 55- 1 7 • 1 2. 3 0.1 8 97 C.f: 0.04 0.3 0.6 0.04 A
12 o lq 16.~ 19-23.5155·-11.1 2.3 5 141 0.6 C.O C.02 0
12 o 19 45.4 lq-24.A 155-13.71 8.C. 1.6 12 ~6e 5.8 0.34 3.1 0.65 0
12 o 21 4.3 19-23.2155-11.1; 1. f.- a 161 1.4 C.OA 0.4 ').4 0.10 B

12 C ?1 33.0 1;~- ? '3. 2 1 55 -1 1. 3 1.'.. 1.("\ 11 t.~ ;:. 1. 0 0.0: O.~ 0.3 O.0~ A
12 o 23 17.f. 1 '.~- 2 ~. 3 1 55- 17. 3 1. q 8 15."3 1.0 O.O~ 0.4 a., o. 06 ~

12 C' 24 25. 3 19- 23. 2 1 55 -1 7. t; 1. J3 8 1 A 3 1 •.4 o. 1 1 0.6 0.4 o.(\q B
+' 12 C 24 35.4 1 9- 2 3. 5 1 5 '3 - 1 7. I? 2.2 7 13!~ 0.6 0.08 0.6 o.~ 0.07 R.po..

12 i) 2:; 36. 2 19-23.4 1')5-17.1 1.7 l.e; 16 .£..'" ,1. '5 O. ()4 0.3 'j • 5 lJ. 0<; A'.... .1

12 C 27 5C.o 11-23.5155-17.1 2. 1 7 1 ~ '; O.t. O.Of: 0.'5 0.2 r::. 05 B
12 o 28 30. 3 19- 2 3. 5 1 55 - 1 7. I? 2.0 7 13 9 O.h 0.01 0.6 0.4 0.01 B
1 ~ C 30 Q. "-3 19- 2 3 1t:3 1 ~ ~ - 1 7 • 4 2.2 8 151 1. 1 o. l.~ 0.6 0.4 0.11 C_L

12 C 3~ 32.9 1q-23.3 155-17.4? 2.4 8 153 1. 1 0.0<1 0.5 0.3 0.08 C
12 o 30 36. 5 1q- 24. 2 1 55 -1 6 • ~ 6. 3 q 1 ~l 1.4 0.315 1.4 2.0 O. 12 C

12 o 31 22.1 lq-2~.4 155-17.~1 ~. 2 7 150 0.9 ~. 4q 1.8 A.6 0.10 C
12 o 31 4~.3 lq-23.6 155-16.C; 2. 1 0.7 8 140 0.4 o. C·~ 0.'5 0.2 C.01 8
12 C ?,l 53.8 19- 23. 2 1 55·-16. c; 2.8 1.8 12 65 0.4 o. (1 f..~ 0.4 1.0 0.09 A
12 o 34 3e.o 19-25.~ 1~5-1~.t:? 2.2* 7 281 4. 3 0.64 3.0 0.21 0
12 C 36 5.9 lQ-23.5155-11.0 2.4 1 1 '3 ~ 0.5 O.C~ C.5 0.8 (l.0-; B

12 o 38 19.8 19-23.4 155-17.1 1.9 8 92 0.6 0.0] 0.3 0.2 0.04 A
12 o 39 27.8 19- 2 3. (: 1 55 - 1 ~ • c; 2. 7 2.e 16 66 0.3 0.03 0.2 0.5 O. 07 A
12 o 4() 34. (1 lq-2~.2 155-17.4 1. 1 9 104 1.2 ~). n A ('.5 0.3 0.08 A
12 o 41 2. Q 19- 23. 5 155-1 1. 1 2.5 7 13q O.c; 0.06 0.5 0.8 O. 05 B
12 o 42 13.1 19- 2 3 • 2 1 55-1 1 • 6 1.8 8 161 1 .4 0.13 e.7 O. 5 O. 09 B

• J, •



,r

" ., t ..

SUMMARY OF SEISMIC EVE~TS (CCNTI~UED)

1971 HR. t~~ SEC LA T ~ LONG ~ OE~ TH MAG .~ 0 GAP 0 tJ I ~ EPT ERH EP Z MO Q

JUN 12 o 43 32.8 19-23.4 155-17.11 1.8 7 143 fl.6 0.11 0.7 1 .4 O. 06 8
12 o 44 27.4 1 g- 2 3 • 6 l? 5 - 1 7. 1 2.2 7 138 0.1 O.O~ C.S 0.8 0.C5 R
12 o 44 4 C. 9 19-23.2155-16.1? 2.2 7 1 7q 1. 3 0.24 1. • 5 3 • 9 r .• 13 (

12 o 46 2. 8 19-2302155-17.3? 0.6 1.7 16 ·55 0.9 0.10 0'.4 0.50'.16 B

12 o 45 53".0 19-23.2 155-17.5 2.3 8 159 1.3 O.OS 0.6 1.1 0.10 ~

12 C ~'! 18.0' 19-23.2 lS5-16.S? 1.5 1.9 13 64 3.-1 0.22 0.7 O~8 0'.14 R

12 C 51 35.0 19-21.4 155-17.4 1.8 7 151 I.C C.l1 0.1 006 0.07 R

12 C 52 1C.4 1 <;- 23. C 1 55-1 7 • 3? 2. 2 7 13 e e.g 0.06 '0.4 0.3 0005 8 ..
12 o 52 19.8 19-23.1155-17.f 0.8* 7 t67 1. ·6 c. ·JS 0.4 (). 1f\ C

12 () .54 1 3. 9 1 q- ? 3 • t1 1 55- 1 6 • 9 2. :3 1'.0 8 13'1 O~2 0.07 0.7 1.0 O.O}~ R

12 C 56 44.S 19-23.2 155-17.5? 0.5 C.7 1~ 83 2. 8 0.26 .) .4 0.5 0.12 R
12 o ~6 56. 5 lq-23.1155-17.27 1. 6 1.7 14 ~8 3.4 0.13 r- ~ 0.6 O.l~ Bv.",

12 C 59 21.7 1 g- 2 3 • 5 1 5 5- 1 1. 1 2.1 7 13 q o.~ 0.06 0.5 a .2 '0.05 B
~ 1<,)-23.4155-17.2 1.9 0.7 8 93 0.8 O.C5 0.4 0.'2 O~"4 AV1 12 1 1 49.4

12 1 2 4. 8 lQ-23.215:·-17.3 1.2 1.0 l~ 9 1 2.8 O.0't 0.2 0.2 0.06 A

12 1
~ 5.7 1 9- 2 "3 • 4 1 55 -1 7 • 5 1.6 O~7 11 72 1. 2 0.05 0.3 Co3 0.08 Aj

12 1 3 14. 0 19- 23. Lt 1 55 -1 7. ~ 3.3 l.t; 13 gg 2 .l~ '0.08 o ~. 1.20.15 B....
12 1 5 2.1 19-23.5155-16.S 3.(, 2.0 15 66 2.4 0.05 (~ • 3 n.8,o.cq ~

12 1 7 13.9 lq-23.~ 155-17.( 1. 8 0.7 11 1C2 o.s o.o~ C.4 ).2 0.08 t\

12 1 a 5.9 19-23$1 155-17.1 o.e 1. 0 8 1 DC 3. 1 O~O4 0.2 0.3 0.05 A

12 1 9 45.5 19-Z3.C 155-11.t 1. 1 c. 8 8 1.1.2 1.5 0.06 0.3 0.6 0.07 A

12 1 1: C,.7 19-23.4155-16.9 2.4 2.1 1 6 4 '~ 2.5 0.03 () • '3 0.6 (J.08 f

12 1 12 1 '~. (l 1q- 22. B 1 55 -1 7 ~ ~ 1. 6 2.0 12 82 1..... 2 0.30 C.1 1.2 O~21 A
12 1 14 o. 2 19-23.1155-17.4 1 • :~ 10 8£+ 3. ~l O.Cc· C.2 a. 3 o. 06 A

12 1 14 44. C 1 q- 2 3. 3 1 55-1 7 • 3 3.5 2.3 19 52 2.9 0.07 0.6 0.1 0.21 8

12 1 16 <;.7 19-23.4 155-17.~ 1. 1 0.7 g c;7 C.9 0.04 ().3 O. 3 O. 06 A
12 1 18 34. 9 19- 2 3. 1 1 55- 1 7,. 3 1. 7 2.1 16 58 2.1 0.12 o.~ 0.5 0.13 ~

12 1 21 14.C 19-23.2155-17.5 1.2 1.8 11 1<3 3.2 0.11 0.4 0.5 O.OQ E'

12 1 22 24. e 19-23.6 155-16.(7 7. C 1.8 9 86 2.7 0.16 1 .1 1.4 o. 17 E
12 1 23 7. 3 19-23.5155-11.2 2.2* 1.2 10 81 3.6 O.CA 0.6 0.17 8



SUMMARY OF SEISMIC EVENTS CCCNTI~UEO)

1971 HP MN SEC LA T t~ LONG w DEP Tt-i MAG NO GAP D~If\ ERT ERti E~l MD Q
JU~ 12 1 23 59.3 lq-23.2155-11.4 1.3 1.1 11 B7 2.7 0.04 e.2 0.2 0.06 A

12 1 24 56.8 19-23.1 1~5-1e.~ 3.2 l.q l~ C<l 2.3 0.10 0.1 l.~ 0.18 B
12 1 27 3'1.6 19- 2 .3 • 2 155 -1 7 • 2 5.C 7.1 13 55 3.1 0.06 C.5 C.6 C.ll R
12 1 2'-J q. 5 1q- 2 J. 3 1 5 5 - 1 t: • C; 2.q 2.1 1'5 63 0.3 0.05 C.4 ·').1 O.l~ B
12 1 29 52.2 19-24.1155-17.1., ~. 6 1.1 9 82 1.6 0.28 1.0 2.1 0.14 R

12 1 ~~l 3S.f 1C:l- 2 3 • 3 1 ~ : - 1 t; • <; 1. 5· 10 104 2.7 C. c~- C.4 0.3 0.08 ~

12 1 33 4-. 't lq-21.R 155-16.~ 2.f, 2.4 lq 42 2. 1 r.ot.. 0.4 0.6 D.l! B
12 1 34 5A.O 1c- 23. 1 1 5~,-1 7. 3 1.4 1.4 16 ~8 1.0 O.Oq 0.4 0.4- 0.14 B
12 1 35 44.1 19-23.4 155-16.C; I.IiI 1.5 13 64 2.6 0.05 r.4 G.I? B
12 1 ~1 41.1 19- 2. "3 • ~ 1 5 5 - 1 7 • 1 1 • 1 6 I? 5 2.6 D. Gl., 0.3 0.4 o.o~ P.

~. ? 1 3~ ';1.1 lq-23.2155-17.4 1.. 7 1.2 12 61 1.0 0.05 0.3 0.3 0.C'P A
12 1 40 ~. S 1q - 2' :3 • (; 1 c: ~ - 1 6. e 1. c~ l.~ l~ ~q 2.4 o.cq c.c: 0.4 C.13 R
12 1 42 ':'b.3 1 q- 23. 4 ]:: 5 -1 6 • c; ~ ~ 1 • 5 14 AS ~. c:; ~). c ~ f.4 I.? [:.12 B.' • ...,I ,- .~

~

1 ~ 1 4 ~i 54. 1 1 .-.~- 2- ~1 • e 1 ~ c - 1 7 • .3 7.5 1.2 1 121 1 • 7 1. Ll5 1.8 6.7 C.Il' (0"\

12 1 44 31. 8 19-2~.'~ 1')5-17.4 1.1 0.1 9 R~ 1. r 0.04 C.~ J.':\ 0.07 A

12 1 "'C: 12.' 1<.1- 2 3. 3 1 ~ ~ - 1 7 • -3 1. 1 1.0 7 115 2.5 0.04 0.3 0.2 o. O~ B
12 1 46 27. 7 1 ~- 2 3 • 5 1 55 - 1 7 • C 1.9 8 115 C'. ~. 0.06 0.4 0.3 0.07 A
12 1 4~ c:c.c 19-23.1155-17.::- 0.9 0.7 R lOq 1.,", o.c~ C.4 0.8 o. 08 A
12 1 44 e.1 19-23.3155--17.C 2.3* 0.8 9 13 3 2.6 0.04 0.4 {'.OR (
12 1 50 1. 1 19- 23. 8 1 55-1 ~. p 3.t: 2.2 19 ~6 2. 1 o.oc:: 0.4 0.5 0.16 B

17 1 :0 25. 7 1 q- 2 ~ • 4 1 5 5 - 1 7 • 1 1. 1 9 96 2.6 Ct.C'R o.~ 0.4 C.Ol B
12 1 ~l 21. 6 1-1- 2~ • 1 1'5';-17.4? 1. 7 5 16? ?G 0.0 0.05 ('

12 1 52 1. 5 19-23.4 15~-17.~ l.e 1.2 13 g8 2. 5 0.01 0.3 0.3 O.OA A
12 1 53 C. 8 1 .~- 2 3 • 4 1 5 ~- - 1 1 • 1 1.6 7 130 2.4 O.Oq O.A 0.1 O. 07 R
12 1 55 31).6 1Q- 2 ~ .? 1 5 5 -1 7 • 3 ~. q 7 100 2.8 0.(;3 ~.2 0.2 0.03 A

12 1 56 56. 0 19-2~.2 155-11.~ C.9* f: l~.j 2.8 0.06 J.2 0.06 C
12 1 ')7 16. <; 19-23.4155-16.C;? 1.4 2.2 19 51 2.') 0.01 0.5 1.1 O.lg B
12 1 5R "j2.1 19-23.5 J.5'5-17.C 1. 8 0.7 8 102 2.4 0.03 0.2 0.1 0.03 A

12 1 59 8. 1 1<)-23.4 155-17.3 1. 7 6 146 2.4 0.06 0.5 0.4 0.03 ~

12 2 ""' 3. a 19- 2 3 • 3 1 5 5 - 11 • C 3.2 1. 1 12 ~f) 2.6 0.0c; 0.4 1.5 0.10 Au

I. ..



, ) .,. •

SUMMARY OF SEISMIC EVENTS ( C0 ~~ T I t\ tJ EO)

1971 HR MN SEC LA T f\ LONG W DEPTH MAG NO GAP C~IN ERT ERH ERZ ~1 0 Q

JUN 12 2 1 17.6 19-23.4 155-16.8 1. 8 1.8 17 51 2.4 0.10 0.5 0.4 0.14" B
12 2 2 44.1 19-23.4 155-17.3 1. 7 1.0 12 76 c.a 0.07 0.5 0.4 0.10 A
12 2 5 4.9 19-23.4155-17.1 1. 8 0.7 8 143 2. 5 o ,,,\t:; 0.3 0.2 0.04 Bev,.Ji

12 2 5 37" 9 19-23.6155-17.1 2eO 7 137 0.6 a.Of 0.5 0.2 O. 06 8
12 2 6 6.8 lQ-23.6155-1c.e 1.3 1.2 13 111 2.4 o. 1 C 0.6 0.5 0.16 B

12 2 7 7.3 19-2,.6 155-16.7 3.9 1.9 15 73 2.4 0.05 C.3 0.6 O.OR +3

I 12 2 7 52.S 19-23.1 155-17.4 1.3 0.7 8 104 3.0 0.03 0.2 0 .. 2 o. C3 A

12 2 8 27• .s lq-23.7155-16.7? 1.7 2.8 22 42 2.3 0.13 0.5 0.5 0.16 8
12 2 9 .;? 7 19 - 2 3 • 4 1 5 5"- 11 • 3 1. 1 0.7 8 C?7 2.q 0.11 0.5 0.7 0.10 R
12 2 1:) 51.( 19-23.1155-17.4 10 1 1. 5 11 85 " Q 0.05 0.2 0.3 0.06 A~.. '

12 2 12 6.6 19-24.1 155-16.8 2.C 1 .4 14 74 1.2 O.C6 0.4 0.2 0.11 B

12 2 12 40• .1 19-23.~ 155-17.2 1.8 ~ ll.~ c:;; 2. 4 O.Oit C ""1. 0&2 0.0"3 P..-'

12 214 23.7 1<;-23.2155-17.3 1.0* 6 155 2.7 0.08 0.4 0.07 C
~ 12 2 16 t_ 7 1 q- 2 3 e 3 1 5 5 - 1 7 e 3 1.6 6 154 2.6 0.06 0.4 0.3 0.03 R
'" 12 2 16 1~$9 19- 23 • 7 1 55- 1 6 0 ~ 3.4 2.9 19 51 2. 3 O.Cb 0.5 0.6 0.15 ~

12 2 13 52.1:: 19- 23.!: 1 55-1 7. 1 f" f· 1.1 11 133 2.1 O. 3· C 0.3 0.6 0.08 8V.~

12 2 22 5.~ 1\1 - 2 3 • 5 1 5 5 -: 7 • 3 2.5 1 142 C.R o. ,}6 (' '. 5' ;'). 9 O.:C 5 B

12 2 24 13. t 19- 2 3 t\ 8 1 5 5- 1 6 • 7 109 1.7 16 78 (l.7 O.Ot, c. {\ ').3 0.12 B
1.2 2 2? 41.4 19- 23. 4 1 55- 1 7 • 5 2. 1 0.7 q 7S 1.3 O.C~ 0.4 O. 3 ,0. C,~ A

12 2 25 5 3. 5 19-36.3155- 3.4? 3 • (I tj 7 347 31.7 1.53 10.<; 0.23 0

12 2264'5.7 1 q- 2 3 • 5 1 55 -1 7 • 2 2. 5 6 141 0.7 0.05 D.5 0.<? C.03 B
12 2 '27 2 1. L:- 1q- 2 3. C 1 5 ~ - 1 7.~ 1.4 1. 1 11 ~1 1 • {" O.Or'; 0.3 0.4 C.Oq A
12 2 28 3C.7 1 9- 2 3 • 7 1 5 5 -1 7 • IJ 2.1 7 13'3 0.6 O.C6 ~~ .-6 0.3 O.:J7 8
1 ., 2 28 58.8 19- 2 3 • G 1 '5 5 - 1 7 • : 1. 7 0.8 9 123 1".4 C.08 0.4 o.3 o. cq R
-'-

12 2 34 31.6 19-23.1155-17.6 l.t 8 t65 1.5 O.OA 0.4 t).4 o. ('8 B

12 2 34 53. 5 1Q-23.8155-
r

l1.1. I". 's 1. 3 16 cO 0.8 0.08 0.5 0.3 0.13 B
12 2 36 15.5 19- 2 3 • 8 1 55 -1 7". 4 2". 2 0.6 7 1 {; q 1.2 0.07 ,,0.,5 0.4 0.05 8
12 2 36 55.5 19- 2 3. 3 1 5 5- 1 1. 4 1.'6 0.7 8 1 CO f. 0 0.07 C.4 0.3 0.06 A
12 2 37 44.4 19- 2,3. 5 1 55 -1 7 • ~ 1.9 0.7 8 105 0.7 0.06 0.5 0.4 0.06 A
12 2 40 6.1 19- 2 3 • 2 1 5 5 - 1 7 • 3 3.7 1.8 16 S5 0.9 0.05 0.3 0.6 0.11 B



SUMMARY OF SEISMIC EVENTS (CONTI~UED)

1971
JU~. 12

I.?
12
12
l~

HR t-1N SEC
2 41 33.2
'2 46 2.5
2 48 11. 3
2 59 36.~

3 0 28. 1

LAT f\ lC'NG w
19-23.~ 155-17.27
19-23.3155-11.2
1 9- 2 3 e 4 1 5 5 -1 7 • 5
19- 2 ~~ • 9 1 55-1 7 • C
19-23.g 155-11.11

CEPTt- ~AG

2. C
2.4
1.6 1.('\
3.1 1.2
2.1

NO GAP OMIN
7 138 0.1
7 96 C.7

11 75 1.2
156) I.C

6 136 1.1

ER, T
0.07
~. C~,

a.Of,
0.07
0.04

ERt-t
0.5
I") ~
~.. -'

0.3
0.4
0.4

ERZ Mf) Q
0.3 G.Q7 B
C.6 ".1)3 8
0.4 o. 10 A
0.9 0.11 B
0.2 0.03 R

12
12
12
12
12

3 11. 4 O. 4
3 21 24.4
3 23 2:8.2
1 2'~ 25.2
3 .=3J 58.9

19-23.1155-11.11
19-23.6 155-11.~?

19-23.61'55-17.2
1 ~1- 2 }. 4 1 5 ~ - 1 1. '3
19-23.4155-17.6

1.3
1. <;
? r'
1.8
1.7

8 169
~ 1 ~ 9
7 138
7 146
8 151

1.1
1. 1
l. 8
0.8
1.4

o.~, 5
0.01
0.05
0.07
O.C8

1.C; 3.9 (,.lA C
C• 4 0 • 5 o. 06 B
D • ') I) .? 0. 06 8
o.c:; 0.3 c.~f. B
C• 4 ') • 5 ". (~q ~

.t"
O)

l~

12
12
12
12

3 ?3 :4.0
3- 45 6. "1
3 52 :-:~~.3

4 14=1.q
4 lb 12.0

lq-18.: 1~~-13.4 S.c*
lq-23.1 15~-17.6 1.1
lO-?4.C 15~-11.~? 1.7
19-11.5 15~-1~.G? 20.2*
lS-23.~ 155-11.: l.t G.~

14 ?03
R 1 f.' 6
7 121
R 122

lOP 'J

7. C
1. 6
1. '
F. (~

1. 3

0.14
('.12
0.11
2.(;4
o.e,:;

l.C
0.6
0.7

?r,. ~
0.3

0.13 C
0.5 O.Ok B
1.7 e.c'1 p

r·.56 0
,').4 J.CQ A

4 37 12.1
4 4q C:-,3.t..
4 58 '3.7

12
12
12
12
12

4 ~ ,.~

, ~'
.. -'+

":'~. 7
?C;.'5

19- ? ~. 6 1 55-1 1. 1
1'1-23.7 1~5-11.t;

lQ-2!..n 1'55-23.51
19- 23. E.~ 1 ~5- 1 1•.3
19-23.7 155-11.6

2.1
1.5
1.1*
.., ,
t:..-\",

1.6

7 13-'
g 141
~ 3 2~
8 131
g 1 ~ q

0.7
1. ';
~.4

1.2
I.£)

0.070.f'
C. 0'" C' • 3
1.12 4.q
0.0'5 C.3
0.05 0.3

0).3 0.07 R
0.5 Q.0Q B

C'.3'; n
0.2 o. C6 E
0.4 O.r"7 8

12
12
12
12
12

51q 5.7
') 21 51.6
'5 23 2.9
5 36 ~.6

5 39 36'. 5

1 q- 2 2 • ~ 1 5 5 - 1 4. ~

1q-23.9 155-16.6
1'1- 23. 1 1 '; ~ -1 1. 4
19-2~.1 155-16.8
1q- 7 3 • 4 155 -1 7 • t

~.7 1.6
2.f (:.6
1.8 1.1
2.7 1.5
1. 7

13 121
10 It.Jq
14 5 9
15 70

B 154

2. ~ O. 07
1.0 O.O~

1.2 O.J6
(.6 0.06
1.4 0.09

0.5 0.6 0.10 B
0.6 0.30.10 C
0.3 0.2 u.07 A
~.4 1.0 0.12 P
0.6 0.4 0.09 ~

12
12
12
12
12

5 53 2C.6
5 53 22.3
5 sa -43. 4

6 3 2d.O
t: 14 2 5. 4

19-24.0 lS~-17.1

1J-22.0 155-16.11
19- 19. 1 1 ~ 5- 1 7. <; 1
19-23.6 155-17.-;
19-33.21S5-1i.4

If

2.7
1).9 2.6
9.q*
1 • <;

16.8. 2.2

8 137 1.3
18 108 l.~

8 2q6 6.7
~ 111 C.B
9 2C19 1~.2

0.0L, 0.2
0.44 4.3
1.~1 10.6
0.05 0.4
1.q5 13.6

•

0.4 O.C3 B
'i. 1 c. 7~ C

O.~6 n
0.3 e."5 A

(l.15 0



, , ~

SUMMARY Of SEISMIC EVENTS (CCNTI~UEDt

1971 HR r~N SEC LA T t, LONG W DEPT.., MAG NO GAP D~~I N ERT E RH ERZ MD 0
JUN 12 l; 18 8. 9 19-23.5 155-17.9 1.2 8 151 1.9 0.13 0.6 1.20.15 C

12 6 34 16.9 19-23.0 1'55-11.5 1. 3 0.8 C; 1 09 1.4 0.06 0.3 0.4 0.07 A
12 6 41 26.1 19-23.4 155-17.47 1. 5 7 149 1.0 0.22 0.6 0.50.11 B
12 6 49 25.1 19-23.1155-17.t o. 8 t:~ 8 168 1. f, 0.07 0.3 0.09 C
12 7 1 g.4 19-23.6155-17.1 2 It.. 0.7 S 12 C C.7 n.c~ t;.4 0.2 0.07 A.\".,

12 7 1 3C.5 19-23.7155-17.1 2.0 0.6 8 135 0.7 0.03 0.3 0.2 O. (14 B
12 7 16570 8 1 9- 2 .3. 6 1 55 - 1 7. 4 1. 5 1.1 13 I~ 7 1 • 1 o.ng 0.4 0.4 0.14 B
12 73226.9 19-25.7 155-15.C? 8.0* 9 281 3.7 0.24 2.5 O. 31 0
12 5 17 22.4 19-23. s· 155-26. 3 s.o~ 10 157 8.6 0.11 0.9 0.13 C
12 8 33 47.2 19- 2 2 • ~ 1 5 ~ - 1 3 • 3 2.6 7 161 1. 3 0.10 0.7 1 .4 o. 06 P

12 9325Q.1 19-23.9 155-17.3 2.2 1.4 15 c;.., 1.3 0.a5 c ~ n.9 0.08 B- l.. .--
12 9 55 5 R. 0 19-24.0 155-17.2? 2.1 7 126 1.3 0.05 0.4 0.2 D.OS fl
12 10 9 59.3 19-24.1 155-17" ~ 2.2 8 12 C 1.2 0.05 0.4 O. 3 ,0. 06 A

~ 12 lU 28 1R.1 19-23.5155-17.4 1. 5 0.6 ] (I 87 1.0 0.02 0.1 0.1 0.03 A\.0

12 Ie 52 ::0 .. 2 1<)-19.8155-12.C '3. 1 1.9 20 173 5. 1 o. 1 C 1 .1 :).9 0.2-+ C

12 11 14 220 5 19-23.4155-17.2 2.4 6 145 C.7 0.10 0.7 1.3 0.04 R
12 11 52 5 P. ? 19-20.5155-11.1 8.<; 12 155 3.7 0.08 0.6' 1.0 0.08 B
12 12 2 6. S 1 9- 1 8. 5 1 55- 1 8. 5? 16.0t.: 2.0 8 305 8.3 2.10 20.5 0.49 D
12 13 7 8 Q 19- 2 3 • 6 1 55- 1 7 • 2 2. 1 7 136 o. <; 0.07 0.5 0.2 0.06 8. ,

12 13 13 2<".C 19-23.0 155-17.5 1. 5 0.8 IC 64 1.4 0.06 0.3 0.4 0.09 A

12 13 34 3. 1 19-23.0 155-17.f 1.6 8 173 1.7 o.c~ C.4 0.4 O.()9 B
12 13 42 t. c 1 9- 2 3. 1 1 55- 1 7 • 4 1.0 0.7 8 1 C4 1.2 o.o~ 0.4 0.6 C.01 A
12 14 o 1+ Lt. 0 19-24.0 155-17.4? 2.4 7 124 1. 3 0.13 0.'8 0.4 0.09 B
12 14 16 43. 1 19-24.C 155-17.C 7.6 5 l/"-b 1. 1 0.0 O. 01 0
12 14 40 12. 1 19-23.3155-17.5 1.7 0.7 8 157 1.2 0.06 0.4 0.3 0.05 8

12 14 48 13.4 1 <;- 2 3 • <; 1 5 r; - 1 1. :3 2.1 8 12 l ,: 1.3 0.05 o .l~ 0.3 0.05 e
12 15 27 34.8 19-23.3155-17.1 2.3 0.9 6 149 ('.6 0.04 0.3 0.6 0.02 8
12 15- 41 13. 3 19-23.1155-11.3 2.4 o.q 8 1~9 1.0 0.05 o .tt- 1.0 0.05 B
12 15 55 1 1. 9 19-23.9 155-16.~ 2.1 0.7 7 171 1.0 O.2G G.e; 1 • 7 o. CA 8
12 16 5 13.6 19- 23. 3 1 55-1 7. 1 2.3 6 148 0.6 O. Ql, 0.3 0.6 0.02 B



SU~MARY OF SEISMIC EVENTS (CONTI~UEDJ

1971 HR. MN SEC LAT N LONG W DEPTfi MAG NO GAP OMIN ERT ERH ERl MD Q
JUN 12 16 10 C.9 1-~-23.2 155-17.7 2.q 6 162 1.7 0.11 0.9 3.1 0.01 C

12 16 13 4.6 19-23.0 155-]1.4 1.6 0.8 9 105 1.2 O.{'c; 0.5 0.4 0.01 A
12165339.9 1 9- 2 3. C 1 55- 1 7 • 5 1.3 0.8 13 58 1.4 0.07 0.3 0.4 0.10 B
12 16 55 49.7 19-23.2 155-29.3 4.1 12 105 11.9 0.10 0.1 1.1 0.16 8
12 1 7 32 16. 6 19- 23. 5 1 55--1 1. 3 1.8 1.7 17 52 0.8 0.07 0.4 0.3 0.11 8

1211423<;.4 19- 2 3 • 6 1 55 -1 7 • 1 2.3 1.3 13 q6 0.7 ".rt; 0.4 1 • 1 v. {J9 A
12 18 58 7. 3 19- 2 3. C 1 ~ 5-1 7. ~ 1.3 C.8 12 5q 1.~ o. o~· 0.2 0.3 0.C7 A
1219 1954.1 lq-23.~ i55-I7.?? 2.1 8 128 1. 1 o.r,; ('.4 0.2 C.l"S B
12 19 31 19. 3 19- 23. 7 1 55-11. 5 1. 5 0.6 q q4 l.t.·· o.oc:· 0.3 0.3 o.o~ A
12 20 21 17.6 19- 23. 7 1 55 -1 7 • S 1. 1 8 <13 1.4 0.04 0.2 0.2 0.05 A

12 2C 24 1~.3 19- Z3. 7 1 55- 1 7 • " 1. 5 o. 9 10 qa 1.3 C.C5 0.3 J.3 0.08 A
12 20 37 7.7 lq-23.7155-11.4 1. 9 1.3 7 136 1. 1 0.C4 t). ~ ~.2 O.~4 R
12 21 6 i. q 19- 23. e 1 55-1 ~. 2 2. 5 o.q 1 1 ~q 1.2 C.22 1.2 2.2 O.Oq r

V1
0 12 21 10 43.1 19-23.d 155-11.~ 1.4 1.0 9 133 1. 5 0.06 C.3 0.4 o. (~7 P

12 21 22 7. 8 19-23.9iS5-l7.? 2.C 8 12 a 1.~ 0.03 C.3 C.2 0.C3 A

12 22 1 4. q 19-~3.7 155-17.~ 1.7 0.<) 10 113 1.0 ().O4 0.4 0.3 O.Of. A
12 22 26 14.q 19- 23. 2 1 '55-1 7 • 2 1. 8 0.7 q A7 C.8 o.c~ 0.3 0.2 o. 05 A
12 22 13 6.7 1~-23.~ 155-11.31 8. 1 1.3 8 151 1.0 0.18 0.7 a.o 0.11 C
12 ?2 4q .32.9 19-24.0 155-15.1 c. 9 o. 8 11 1 11 3. 2 O.J6 C.3 0.3 0.07 B
12 22 51 1.8 1~-2.3.4 155-11.1 2.3 6 144 ('. 5 0.05 ().4 0.2 ·O.fJ3 B

12 23 o 19.8 1~-21.1 155-17.G? 0.0 2.0 15 65 l.«:l 0.35 0.6 0.1 0.28 R
12 23 17 51. 1 1 g- 2 3. 1 1 S5 - 1. 7 • 4 1. 7 0.8 13 57 1.2 0.01 0.3 0.3 0.08 A
12 2 3 36 1 c. 6 19-18.3155-14.f 32.2 1.9 1q 169 5. 7 0.18 1 .1 1.70.12 C
12 23 .~8 2.7 lq-24.7 155-1A.6? 0.2 8 214 ri.9 3.00 7 • 5 16.4 C'. ~4 D
13 G 1 ~? 9 19- 2 3. (, 1 ~ '5 -1 7. It 1. 7 1.2 14 A4 1.2 C.06 C.4 0.3 C.ll e

13 o 33 9.6 19-23.6155-11.41 O.R* 1 142 1.1 O.Oq o.~ C.10 C
13 1 14 54.2 lq-23.9 15~-1-7.3 2.0 8 118 1. 2 0.04 0.3 0.2 ().04 A
13 1 15 17.6 lq-23.<1155-11.4 2.1 8 128 1.4 0.05 0.3 o. 3 O. 05 B
13 1 39 ~1.2 1 q.- 2 :3. 1 1 5 5 - 1 7 • 1 2.0 A 125 o. 8 0.04 0.4 0.2 0.06 8
13 1 51 16.2 1q-23.7155-16.q 2.e ().8 1 143 C.6 r.of. 0.5 0.2 0.07 B

• l l •



'J p ~. ..

SlJMj~~\ K Y OF SEISMIC EVEt\TS (CCt\TI~UED)

1 q71 H R t~'1 SEC LA T N LO NG ~~ DEP TH V4'~ NO GAP D~Jlr\ ERT E"RH ERl MD Q

JUN 13
.,

~3 23. 1 19-23.2 lS~-17.2? 2.0 0.8 f; 1 r:: 3 C. 8 0.12 0.8 0.4 O. 07 CJ.

13 2 24 46*2 1s- 23 It i 1 55 -1 7 • 6 1.6 e.5 9 1 f6 105 O.(j6 C.3 ().3 0.07 e
13 2 4~ ::: 70 1 19-23.8 155-17.3? 2.3 o.q q 12 9 1.1 C.07 0.4 0.3 0.08 g

13 3 2 I1t3 1 -:j- 23. 2 1 55 -1 7 • 4 2.• 2 0.8 7 16 C 1 • 1 0.12 C.6 r).4 C'. 07 B
13 3 21 25. 0 19-23.6' 155-17.1 2 .. 0 2.0 17 La,. 9 O.~ 0.07 0.5 -0. 3 0 ~ 13 8

, ~ 32627,,2 19- 23. 9 1- 5 5 -1 7 ~ 2"7
. . ,

Oe6 ~ 131 101 0.16 005 OG40.18 B;. .' 1. ., ..~;,

13 t... ':) 73.1 1~-23.~ 155-17~~ 1 $ 7 lCl0 17 ~C 1.G 0.01 C.4 0.3 C.Il 8'-,

13 1--. ""I j 4 h. 1 19-23.1 15~-17.t:? j • 7 I.e 11 t6 1 ~ 5 Oet17 'j~4 ..).6 Dc!.! B" .:J.i..

13 (: 34 .5 ~rc J 1 9 - ? 3 4 C 1 :)t:; - 1 7. 1"1 1, :, C~F g 1 0 ~~ 1 • 3 t' '. t... o .. ~ 0. 1-+ 0.e8 t.:~ 11) '..J '...

13 6 6...:'j ~ C. 7 lS--23.1 155-17.t 1 ~ t 0.7 8 1~4 1 ~ 5 !) • :J {; L!»3 JQ~ O.C6 R- .' '0 :

1 ~. -, (1 :-~ 3 a C l·q- 23. ~ 155-17.1'? L~~' ) 9 146 0,,6 O. 07' 0.4 Oe? Oe06 r
13 7 4J 3·'.;. , 7 19--23.C 155-17ltS 1 ~ I..! (0 8 1 1 5S 10 5 l~. J"'- (; .'~ 0 g 4 Oe()q .f...

13 8 3 5" ~l 1'9- 2 3 • S 1 5 5 .- 1 7. ?? ?" 1 8 13C 1 • :? 0007 C .e ,~ 0.2 0.C6 B
V1
t---& 13 .< 5 4 ~ :) 1 ~ - ? 3 • 7 1- 5 5 .- 1 7 ~ :Z? ? .-, CC'lS 7 l?l ~."':. G n.Gf: :~ f) t.~ 1 1; 2 n 0& (-6 [i

l~
- .......

13 9 ~3 1 ? ~ ~: 1 9- ? 3 • 4 1 5 5 - 1 7 ~ :.')? I) f) ~ "'~ ~~ J':: 1 1 • !~ O· "') 7 1. Ii S 0.20 Cc.l C. I

1 '3 ~ 34 55,,!t ~0-24cC 15:·-17·~?
? '", 7 126 '1 ~ 0.04 0.1 0.2 Oe(;4 nLC-J t it. ~-'

l'~~, 1 C 22 2 5~ t) 1;:;-23. e 15S-17 1 C 20e 2 .. G 19 47 r' Q ()~G8 O. I. 0.3 0.14 rv$ '-

1:; lC~ 57 30 g 1';- 2 3 Cl 6 1 5: -1 f-:. 81 c: 1 ~ ,~'; 7 1 it 2 0.5 0.11 1 • 1 0.6 0.12 P
1 3 11 3 :? i; ~ .'; 1,9- 24. 2 15~)-1 7 8 2 ? :" -II? 5 1·. 1 0.13 0.6 2 • 3 O. 06' Bl-. ,.'
13 11 ,S 41.:? 1, ':~ - 2 :3 • 3 1 55 - 1 7 0 !.. ZoO (; 0 a 8 l:, 5 10 ""-3 o. ~}A 0.5 O~. "3 Oe 0'6 B

13 11 '=J 1+ 2 " ? 1;-23.1 155-17.2 , R 1. 1 13 57 C.O o ..n6 C• It :).3" 0.C9 t,_. -..;.

1 -,; 1 1 11 5 C: ~ C1 1 }- 2'4. 0 1 55 - 1 (~ • ,:) ? e l' 1 • 5 13 81 1 • 2 O.OS C' .ft O~2 0.08 A
13 11 17 5 1. "3 Ij-23.S 155-17.2 ?. 1 2. 1 18 5'5 1. 1 O.CA 0.5 0.3 0.14 B
13 11 28 7. t: 19-2/-teC 155-]7.2 2.1 7 127 1. 3 ('001 0.1 0.1 0.02 8

13 13
, SC.B 1 '-1- 22. S 1 ~ 5 -1'7 • t- 1. 7 7 1 79 1. 8 O. 1 5 0.0 7 9.5 0.06 B1

13 14 5 5 1. 2 1 -:";- 46. t 1 5'6 -2 • C 3.2* 2.3 12 315 55.~ C.43 3.2 0.21 [)

13 1 c.~ 16 43.8 19- 3 7'. 8 r 5 5 -2 ~ • 4 41.3 2.4 14 238 14. e 0.47 2.n 3.7 0.09 (_J

13 15 5 ~ 1 5. 6 19- 22. g 1 ~ 5-14. 3 2.() 6 163 2.7 0 .. 07 0.4 0.3 O. "03 B
13 It 27 25.9 19-26.4 lS'-12.1? 8.0* 1'.7 1C 2 es 9. 0 1. 2 't 7.2 0.64 0
13 16 4~~ 32.5 1~-24.1 1 55 -1 7. 1 2. 1 9 134 1.3 0.03 0.3 0.2 0.04 8



SUMMARY OF SEISMIC EVENTS ICONTINlJEDJ

1911 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN FRT ERH ER.Z MD Q

JUN 1318 35 23.1 19- 17. 1 1 55 - 21 • q 8.0* 11 143 6.0 0.12 1.1 0.14 C
13 18 36 3t.C 1g- 22. f; 1 c; ~ -1 ~ • 4 2. 4 1.0 8 176 1.6 C. 11 0.7 1.6 0.07 B
13 19 36 26.G 19-23.q 155-1e.71 4.v 7 161 O.q 0.17 1.5 6.3 0.13 C
13 19 51 1.2 19-25.6 155-14.t? 1.4. 7 284 4.4 1.81 44.2 0.24 0
13202029.8 19-23.5155·-11.4 1.4 0.9 q Q7 1.1 0.06 0.3 0.4 0.08 A

13 20 22 <1.6 19-23.8 155-17.(: 2.1 7 138 C.q c. ()'? 0.4 0.1 O. ·'04 P
13 20 42 14. 5 19- 2 2 • 4 1 55 -1 A. 2 1.4 1.2 10 84 3.1 .0.09 0.3 a.4 C.C~ A
13 21 12 3q.3 19-23.~ 155-11.41 1.5 7 128 1. 3 0.23 I.e 4.5 C.l~ B
13213835.R 19-?3.q 155-17.4 2.0 8 130 1.3 t).J4 0.3 J.2 O.C~ B
13 23 23 33.8 19- 24. a 1 55- 1 7 • :3 2.C 9 124 1.4 O.C4 0.3 0.2 0.C5 [\

13 2348 c;l.q 19- 2 3. e 1 55- 1 7. 3 2. C 7 l 31 1.0 c. C~ O.~ 0.2 0.06 8
14 {.; 11 12. 6 19-23.9155-17.2 ? ,.. 1.3 14 Q6 1.2 O.r5 0.4 ).2 C.l(~ 11- .'.'

14 1 32 7.6 19- 23. ~ 1 '5 "-1 7. C 2.f. O. i:- 7 117 O.~ 0.01 O.~ 1.0 O.C7 P.
\J1 14 1 33 6.7 19-23.q 155-11.21 1.7 7 127 1. 1 ~.12 0.7 1.6 O.C8 RN

14 1 50 14. 6 1Q- 2 3. 8 1 55-1 7 • 21 2.1 '1 130 1.(\ 0.2: o.&; 1.7 0.04 B

14 '2 l~ :·0.'1 19-23.8155-17.3? ?(. 7 131 1 • 1 O.f3 f.3 0.1 0.03 R
14 7 29 43.8 lQ-23.S 155-17.1: 1.1-. G.7 8 It:-9 1 • "3 0.07 0.4 ·J.5 O. Oq A
14 6 22 26.3 19-23.R 155-17.2 2.1 A 13C 1 • t-, J. c.:~ ".5 0.2 C.C7 B
14 7 31 37.2 19- 2 3 • 8 1 55 - 1 1 • 1? 0.4 q 1 ~2 1.0 0.A2 1.q 6.0 O. 29 (
14 8 1 Sq.l 19-34.q 15~-10.e? 16.?* 2.0 7 341 21.4 4.53 42.~ {). -'5 n

14 9 44 28.5 11-2'... 1 1~~-2~.E E.C* 1.7 1'3 ~5 8. 4 0.06 0.6 0.10 e
14 15 2(' 42.4 19- 2 3. 1 1 5 5 -1 1. 4 1. 8 1.1 13 '36 1 • 1 a.co 0.4 0.3 0.09 A
14 155928.1 19-?3.~ 15~-2~.O 2.4- 1.5 17 76 1.4 O.lr C.7 1.'5 ('.20 [;
)4 19 12 3c~ 7 1 q- 2 () • 61'S I) - 1 3 • 8 5.2 q 222 3.4· 0.28 1.8 1.20.11(
14 1q ~l 15.1 19-21.5 155-26.3 3.0 1. 7 17 73 5. 8 O. 1 C O.~ 1.5 0.21 0

14 21 34 12.6 1q- 11 • 2 1 5 5 - 2 2 • 4 3. C 2.u 19 135 5. 7 O.OR 0.6 1.0 0.17 B
14 23 32 53.5 19- 2 2 • q 1 '55 - 2 5 • 2 3.7 2.2 20 68 6.1 a.if! C.1 1.0 r.in A
14 23 39 ?5.5 l~- 24. ~ 15~-18.C 12.6 11 84 1.9 O.Oq 0.4 0.8 o.o~ A
15 o 13 36.1 19-19.6 lS5-23.~ 7.C 8 245 1. 1. 0.3'5 2.C 2.3 C.C7 C
15 o 43 22. 9 1q- 23. 3 1 '55-1 7. 4 1.1 8 87 1.0 0.04 0.3 0.2 0.04 A

~ .. A •



• It •

sur"'MA~Y iJF SEISMIC EVENTS (C(~~TIf\.UED)

1971
JUN 15

15
15
15
15

HR MN SE C
131 11.5
1 49 15.0
23922.9
2 44 2 1. 2
3 33 57.5

LAT N' LONG W
19-21.4 155- 6.~?

lq-23.1155-17.5
19-2'-+.0 155-28.7
19- 22 • 7 1 ~ 5 - 2 8 • C;

19-23.4 155-28.4

DEPTH rv;AG
0.0 2.2
1.7
7.1 2.3
Li • 3 1. 9
3.6 1.8

NO GAP Dt~IN

20 182 11.1
8 13g 1.3

21 94 11.8
lq 113 10.9
16 132 1C.8

ERT
3.77
0.05
0.0 0

o. 13
0.12

FRH
l.e
0.3
0.5
0.9
e.8

ERZ "'0 C
7.1 O.l~ C
0.2 0.04 R
0.6 0.12 R
1.0 0.22 P
1.2 O.lQ e

15
15
15
15
15

3 35
4 3
4 3;)

5 13
'5 19

5.4
43. 7
~c: ~
..J _ •• -"

I. 4
~'?l

1'1-23.5 155-2E.t
1g- 2 3 Cl:: 1 55 -1 7 • 2
19-17.6155-15.7
1;~- 1 ~ eel 55- 9. 5
1 .]- 2 2 -. 6 1 55-- 1 R • 2

4. 1
2.1

28.6
7&0
1 .. 8

1.8

2.2

It 132 11..1
7 135 0.8

21 16S '5.1
11 201 4.7

7 1?4 2.q

011 13
O.()t:·
0.14
().28
o.oa

O.G
0.5
c.s
2.0
0.4

1 • 2 C'. 2l C
0.2 0'.05 e
1.3 C.12 C
1.1 O.l~ C
0.4 C.05 R

~ h
• .-1

15
15
15

Ln
W

5 45 13.4
5 sa 52.7
1 30 2EeO
d I t :3 '~6 ~ 0

15 1(\ 32 14 .. 1

1 9- 12 • q 1 5 ~ - 1. ~

19-19.0 155- B.4?
19- 20.• 6 155-20.1
1~-~7Ql 155- '6.C;
1 9- 2 4. C 1 5 5 - 1 5 0 7

1 ~. C~,

3.0
O.B
2 .. 5*
3et.

1.8
1.5

1"3 237
14 2 oq
11 109

5 345
13 161

22.5
6.2
4.P

2S.4
?o2

c • 1..: 1 3 • ~

r.~7 2.C
0.07 0.3
2.37 13.6
C' 0 0 ., C'·~ "3

0.23 0
1.6 0.23 C
o 0 l~ o. CIS t

0.1.7 f)

O. 7 (). C7 i"'

1513 4 20~S

1 ~ 1 4' ~ 3 '(, • 7
1 ~_; 1 I~ 3 () 2 8. '3
1 5 1:) 1() 3 4 ~ Cj

1 ~ 16 29 1 1 • 1

15163-3 f.8
15 16 4/t 43.4
15171225.3
1 5 1 7 40 ~~ 5. 0
1:> 1 8 't 9 2 5Ct 9

15 19 27 l,.. 6.D
15 20 19 9.6
152047 1.5
152055 2.1
15 21 19 42.• 4

19- 2 3 • 1 155 -1 7 • I.

19-110115:-21.5
1.9-10.4155-13.:
1 9- ? 2 • 3 1 '):; -1 S 8 1
19- 1 7 .:3 1 55- 1 ? • S

1g- 2 1 • 1 1:: :~I - 1 9 • 1
19-22.-J 1~5-1&.8

19- 2 '5 • 4 1 55- 2 3. 5
19-25.0 1'55-23.3
19- 22. 5 1 55- 2~ • 3?

19- 19 .'~ 1 ': 5-11 • 2
19-22.0155-13.1
19- 2 1. 1 1 55-1 S. 1
19-22.2 155-18.2
lq-21.2 155-24.~?

l.8
e11 C~:~ C. 9
8eC*
1 .. 6
>3.0~ 1.6

2.1* 1.3
2.3~

B.Ot 1.5
5.6 1.4
5.8 1.5

8.0* 1.2
2.8
2.3* 1.3
0.9
a. 1 1. 7

7 1 (". '3
9 1 31
8 2 ~ 1
7 126

l? 207

8 9?
7 1. 5 5

l? 1 7?.
12 17C
10 120

10 225
6 155

10 85
7 155

14 112

1.2
5.0
7.5
3. 1
';.4

':.'. 5
3.6
f' • 3
6.6
4.3

'4.8
1.4
3.5
3.3
2.8

C.C6
0.15
0.27
0.(14
O.2C

O ~Q
• \",I .;

{').8 /..
0.08
o. 12 ..
0.17

0.19
('. 14
0.C5
0.06
0.11

() • 4

1 • 3., ,...
.:.. - t
0.2
1.4

C.6
(, ~
\.... '

0.7
0.9
1.3

1 .2
1 • 1
o .I.~

0.3
0.9

:). I. O. C6 B
Gel -, C
e.17 C

0.2 [l.C3 f'
O.le (

D.I? 8
(). (4 C
O. 11 C

1.10.15 C
3.1 0.16 R

O.C9 C
1 • 9 C. (;6. C

0.09 B
Q.3 0.05 B
0.7 0.17 H



SUMMARY QF SEISMIC EVENTS (CCNTI~UEO.

19'71 HP MN SFC LAT N LONG W DEPTH MAG NO GAP nt--IN t~T ERH ERl MD Q

JUN 15212-3 11. 5 lq-22.3155-1R.2 1.4 11 68 ~.? 0.06 0.3 0.3 0.07 A
16 0 1 5'5.6 19- 10 • 5 155- 30. 2 38.8 13 163 14.6 0.41 1 • 5 .4.20.11 (

16 2 11 2f:.(' lq- 24.2 155-16.6 lQ.q 12 1(\1 1.4 ().15 0.7 1.6 ().01 A
16 7 7 2.6 19- 22. 5 1 5 5- 1 '5 • <; 27.1 2.3 24 51 e.2 G.13 o.q 1.3 C.14 R
If. p. 11 18.4 19-2,~).~ 155- 7.<; °.6 11 163 4. 7 fi.1D C;.7 1 • 4 ~). 07 A

16 ~ 20 It.6 19- 41 • 3 1 56- ~. C 38.1* 2.q 17 ?gC 2::.2 0.23 1 .6 O.0~ Q
16 113.252.2 lq-Zl.1155-26.3 2.4 1.7 14 74 ~: • 5 t1. 1 1 0.8 1.7 C1.?O B
l~ 11 44 2f.6 19- 21. 1 155-19.4 2.0* 1.1 g 9':; 3. q a.co 0.5 0.10 B
In 12 1 25.1 19- 5. 3 155-26. C 26.8 2.1 12 215 b.4 0.4"1 2.5 4.1 r.IC; C
16 13 58 1. q. 7) lq-23.6 1~~-26.f? o. c· 1.6 13 7 to. f ~ ~.23 (.7 Q.90.11 R. ~

If 15 59 6. 5 1 ,- 21 • 4 1 '; 5- 23. 1 5.6 1 (' 1 ( ! ?3 0.14 1 .1 J.9 C.14 C
1~ 16 J 32.7 19-20.5 155-18.~ 3.2 \.'. q ~ °2 2.R l.i • a c.c~ D
lc.: le 3;i .~). 4 i .--..- ? 1 • 1 15~-lq.~ 1.<;* tj ~8 1.7 C.~4 U • .~ G.C7 H

V1 16 16 4') 24.9 l~-ll.l 155-1q.~ 2.0 J.B A 86 3.6 C.IC? 0.6 J • 8 l).:~ q A~

16 16 50 ~6.2 1 .;- 37. B 1 55 - 5 8. 7 10.7 3.0 11 213 13.6 0.41 2.~ 1.7 0.09 (:

1617 5835.1 19-16.2 154-59.C; 33.C 15 2~ J 8.7 fi. 4 7 ?4 3. A ('.! 4 C
16 20 30 21.3 lq- 20. C; 1 :~-12. t: 7.C' 1.6 12 It.. 7 3.C C.ll 1 .2 ).~ C.11 A
16 20 '11 5.3. 1 19- 9.6 1'5';-35. ~ t.l 2.6 11 1'6 ~ (:. ~ G.l~ d.A :'.$j 0.14 R

16 21 19 5 e. 6 19-22.~ 155-22.6? 1.0 ~ 1 f: 0 4.f: 0.14 1 ,",\ 2.0 O.1~ C.v

10 21 31 29.6 19-25.1 155-29.4 6. 1 1. B 11 l?C 13.7 0.11 0.8 0.1 0.14 R

~ ~ 21 't 2 2 1. f~ 1 -1- 2 5 • E 1 ~ 5- 26 • C ~.C 2. 1 14 10 1• e. '3 C.8~ e. L J.~. 0.10 AJ.. '.

16 21 :i-j 44.0 1.'-;-11.3 155-~2.4 5 • 1 2.2 14 ~q R.7 :' • 1 7 1 .1 1.2 f).:'~ f3
16 '2 2 4 5 (" 6. 0 1 9- 1 9. C 1 55- 1 5. ~ ~. -, 1.': 13 1 q 1 ~.8

,"'l ,,. 1.0 f) • 7 O. 1,(., C\). " '

16 2 3 12 25. 0 19-20.6 155-19.S oJ.4 1.0 8 1 Ca 4.5 1.00 0.4 2.1 o. fi1 8
17 0 B 55. 7 1',)-22.3 155-14.2 22.0 1.5 12 131 ~.(l \1. 18 1.1 1.1 0.1C' B

11 11 34 36.C 19-28.6 155-21.t:- 7.2 2.3 15 R5 7.~ o. ·.~1 ':":.5 0.5 ~.('Q H
11 12 1..1 2G.6 19- 20. ~ 155-19.<; l.~. 1.3 1 110 £·.6 c.c~ C.il 0.01 C
17 It; 43 20.5 19-19 • 2 155 -13 • 1 8.0* 1.6 15 l1C f..1 o.o~ 0.6 C.ll C
17 15 56 12. 9 1')-20.1 1'j~-15.8 7.7 1. ~ lq 136 2.8 O.JC: o. :: 0.3 0.12 8
1716 21 23.~ 1()- 20 • 1 155-1q.7? 2.1~ 1.3 8 116 4.0 a.~~ C.4 o. (·8 B

.. -. .f -



'. ~ l' •

SU~~1A~Y CF SEISr-fIC EVENTS (COt\TI~UE:O)

1971 HR r~N Si:C
JUN 17 1739 33.9

1 7 19 34 44. 4
172241 0.3
17 22 42 14.8
172351 19.1

LA T N LONG V.
19-23.8 155-24.8
1 g- 20. 5 1 55-1 9 • 4
1.:j-13.8 155-26.~

1 9- 2 3. 7 1 5 5 - 1 7. 1
19-12.3155-26.1

DEPTH tJ.AG
~.5

2.1* 1.3
4.7 2.0
2.6 0.5
4.2 2.3

f\O GAP DrJIN
12 105 7.2

9 102 3.7
16 146 13.0

7 133 0.8
16 141 6.C

ERT
0.10
0.04
O.Ie
0.04
0.10

EPt
() • 8
0.3
0.7
0.3
0.8

ER.l MO Q
1.3 0.17 8

O.C7 B
0.6 0.13 B
O. 7 -(l.04 B
0.80.18 R

U1
V1

1;j
is
16
1S
18

13
12
18
12
16

o 58 16.6
1 23 41.C
1 50 51. 2
4 1 0.3
4 8 46.3

4 10 26.7
~ 13 3C.4
4 14 2 e. 7
43233e9
it 45 41.9

19-.~4.1 155·-24.C
19-22.7155-23.1
1 9- 2 J. 6 1 5 5 - 1 g • 8

-19-16.2155-24.C
19-1Q,9 15~-17.4

19- 1 6. 2 1 55 - 2 't •C
1. 9- 1 6 ~ 8 1 55- 2 3 • e
19-16.4 155-23.S
19-17 e 4 155-22.4
19-13.9 1~~·-21.c

4.8 1.5
7. 1
2.0* 1.2

·2.t: 1.8
7.q

2.·~ 1.,8
3.0
2.6
P e C~:

8. -0 *

12 1 q 5
7 175

10 106
18 12C;

R 1 /.8

19 129
9 1 t; C

11 153
10 262

5 ?57

7.3
4.7
4.2
7.4
003

7.4
6.3
1.1
5.4
5.4

0.13
0.2<;
0.05
0.10
0.12

(1. 'J C;

O.l~

O.le
0.47
? ?h
_.'-~

0.8
').7
D.~

0.7
0.3

0.7
1 .3
0.8
2.7

13.6

o.g 0.12 C
2.3 0.87 C

0.07 .0
1.1 0.1'? 8
o. g o. O~ B

1.0 0.17 2
2.2 0.16 C
1.3 0.10 C

().15 f)

C'. 2 [ f~

Ie 534 l"S.3
13 I::, 53 39.g
19 7 621.t:
1214 3C IC.l
Id 175233.1

1q- 20 • 3 1 5 ~ - 1 C; • 1
11-22.4 15')-18.2
19- 51 • 5 1 55- Lt 1 • 4
19-23.1155-16.5
1 ~- 2. 2 -. 3 1 '55- 2 3. 1

1.7
2lt1~

4 ~. :
12.8 1.A

8. C

6 10:) ~.O

8 126 3.':
l~ 271 25.M
1~ 67 C.7
11 116 3.9

0.13
0.05
C.70
0.G5
0.07

o 0 't
o. Lt

3.3
(.7
O. t.

04»5 Oo8~· R
o. 06 C

4~9 0.10 0
t). '5 c.'. 14 B
0.5 0.09 8

19
19
19
IS
19

C 46 15.q
1 3 22.0
4 11 3.4
4 27 44.5
4 45 45.1

lS-l';_~el 155-13.4
1q- 1 7 • 6 1 55 -1 3 • C
1 q- 2 0 • 3 1 55 -1 3 • 2
19- 2.S. L 1:5- 2 3. 1
19-25.'"J 155-22. ~

AoO~ 1.7
8. C7':

8.2 1.6
8.. C,~ 1. 5
B.G~ 1.4

13 18~ 705
9 2 ~ ,) C;'. 0

12 153 4.2
7176 6.1
816d 5.1

0.12
O. 2 t;
o. 1 r
o. 0 l.~

o. 11

(lee;

1 • 8
e.9
0.3
0.9

0.14 (
0.13 0

1070.14 C
0.03 C
o. 1 (l C

19 9 10 40 e 3
19 11 15 54.6
lY 14 16 7.2
19 16 4 ~5.6

19 20 5 57.G

19-19.7 155-18.61
19-18.7155-13.6
19- 23. 1 1 55- 2't • C
19-2-0.6 155- 8.C
19- 19. 4 1 55-1 3 • c;

3. 4
8. 0*
R.C~ 1.6
8.7
8. C~:

7 109
7 214

12 6E
11 1 56
13 146

2.3
7.1
5. 5
't.2
f.2

0.37
0.24
0.08
0.10
O.Oq

l.~

2.0
0.7
1.2
0.8

2.2 0.12 8
o. 16 C
0.12 B

1.~ 0.11 C
0.14 C



SUMMAR~ OF SEISMIC EVENTS ICONTINUEDt

1971 HI< MN SEC lAT ~ LONG \Ii DEPTH MAG NO GAP DMfN ERT ERH ERZ MD Q

JU~ 19 21 57 26.4 19- 16. 5 1 5 5 - 2 1• 4 2.2 10 160 5.5 0.22 1.0 2.4 C.26 C
1 q 22 31 33. 0 1.9- 2 3. t 1 55 - 2 3. 1 3.5 1.4 13 112 6.0 0.09 0.7 1.0 0.13 8
19 22 38 21.8 lq-1B.9 15~- 7.11 0.0 3.4 22 161 7.5 7.6f2 1.6 14.4 0.39 0
19 22 43 42.7 19- 19. 8 1 55 - 1. 1 8.C * 7 172 5.7 0.12 1.2 0.12 (
1'1 22 48 17.7 19-20.3155-12.1 5. C 1.8 21 141 4.1 0.11 0.8 0.1 0.23 C

19 23 30 2. 7 19- 2 3. 0 1 5 5- 1 1 • 4 2. 7 7 1 () 7 1.2 O.O~ 0.3 1.1 0.03 B
19 23 58 21.0 lq-24.6 15~1-24.0 7. 1 2. 1 23 60 1.7 0.09 0.7 1.6 0.18 B
20 ( 4A is.2 1q- 1 9. 5 1 '5 5 - 7. 4 6.4 2.0 11 117 6.3 0.18 1.'5 0.9 0.18 C
2C 1 12 44. 1 19-19.1155- 8.1 4. C 2. 3 21 161 5. q 0.1 5 O.q 1.0 0.?5 C
20 2 12 33.6 19-49.8 155-41.6 3.4 2.5 8 225 25.2 0.1? 0.1 0.5 0.03 B

20 3 13 39.3 1-)-20.4155-12.2 6.1 1.G 19 ~ 1.1 4.C 0.11 e.e; 0.7 0.22 C
20 4 31 2E.9 1 '1- 2 ~'l. E 1 5 5- 1 2 • ~. q.9 10 1 t 0 3.1 0.11 0.7 1.0C'.01A
.~. '" c ~.3 28.2 lQ-20.6 155-1q.e 2.~* 9 101 3.q 0.06 0.4 O.O~ et-v

V1
2~) -; ~8 41.9 1q- 2f). 4 1 55-1 1 • e 10. 7 1 • (l 9 ?O 3 4.1 0.13 1.(\ 1.0 0.07 B0\

20 q c:.-~ 4. I~ 19- 19. E 1 ~ 5 - 1 3 • 3 8.C* 1.2 11 160 5. 2 0.13 1.1 O.lq C

£:'0133612.0 1 9- 2 3. 7 1:: '5 - 16. ~ 14.0 '2.6 23 1::2 C.8 o.o~ C.5 J.t: 0.10 R
20 14 7 44.7 19-19.1 155-16.7 d.7 6 111 1. 4 o. 02 0.2 r1.2 (.01 B
20 14 10 1£.6 19- 23.:3 1 55 -16. E 14. L~ 1.4 11 8e 2.3 C.le o.q 1.3 0.10 A
20 l~ 3£l 7. 6 19- ~ 2 • 6 1 55- 3. c; 3.4 9 161 5.3 '~". ~. 4 I.e 1.3 (".13 c:
20 '.6 46 2.0 19- 1 7 • 3 1 5 5- 2 1 • ~? 1.6 1.Q 14 9'1 8.8 C.10 1.0 2.2 0.20 B

2C 11 24 53. 3 19-18.1155-13.<; ~.O. 1.4 10 20Q 6.0 0.17 1.2 0.15 C
2Old ~ ~ ':- ..]. 7 19- 2 3• f 1 5~ - 17 • C 2.0 8 141 c. 5 0.06 0.5 J.3 o. JR ~

20 18 37 23.5 19-23.5 155-16.~ 11. 8 1.3 18 68 0.1 0.07 0.9 0.6 0.14 t\

20 18 ~·7 11.5 19- 2 3 • 6 1 4j:: - 1 t: • ~ 14. 2 1. c; 11 122 C.6 C.li6 0.6 0.1 0.09 B
? f'; 1 9 1 2 17.2 l<?- 9.4 155-21.e 30.9 14 180 r.2 0.3" 1.6 3.1 0.14 C

20 20 24 11.4 19-23.1 155-16.8 2.c 8 14«1 0.5 0.05 0.4 0.7 0.05 B
2C 223943.7 19-1q.1 1~j~-13.1 6.0 1.8 20 168 4.7 0.16 1.1 a.A 0.24 0
21 25817.4 19- 24. 4 1 55- 14. ; 1. C 0.3 8 262 4.1 0.26 e.l 0.4 0.05 C
21 6 12 25.9 19- 2 3 • 5 1 55-1 6 • 4 1 ~. 2 1. 3 14 RS (~. 7 0.00 0.8 0.6 0.10 B
21 6 35 3 E. 1 1q- 1 ~ • it 1 ~ '5-15. t. 1 q. 8 1. 5 13 233 7.3 0.59 3.3 4.4 0.19 0

• ~ .. "



· ,. .. ..

5U MM1\ ~ Y 0 F SEISM I-C EVE N TS {CONTINUEDl

1911 HR. MN SEC LA T t\ LOt\G W DEPTH MAG NO GAP OMIN ERT ERH ERl MD (J

JUN 21 6 46 11. 1 19- 21. 3 155- 7. /; 2.7 12 1 4 6 8.5 -0. 10 0.8 1.50.12 B
21 9 21 4C.6 19-22.4 155-25.5 5.6 1.9 10 72 5.6 0.09 0.1 0.1 C.l1 B
21104541.1 1q- 2 3 • 4 1 5 5 - 2 4 • 5? 0.6 12 74 6.3 2.20 0.8 8.30.19 B
21 13 l~ 53.8 19-17.9 155-48.0 5.0 2.5 15 247 .1<;.9 0.46 l.g 1.5 0.11 C
21 lE 24 23e)O 19- 20. 1 155-1 q. 4 1.9 11 112 3.5 0.13 0.4 0.5 o. C8 A

21 21 10 37.0 19-19.4 155- 8.6 2.8 12 178 5.5 ).21 1.4 1.4 r.22 C
2.1 21 19 5.5 19- 2 1. 5 1 5:- 2 e. 1 4.5 15 84 8.7 0.08 0.7 0.9 C.IC) B
21 22 39 56.4 19-22.9 155-22.3? 4. 1 1.3 10 164 4.8 1.88 C.9 3.6 f).14 C
21 23 29 25. 9 19-1907155- 7.5 2.2 2.R 19 15 5 5.9 0.15 0.9 1.2 0.21 C
21 23 43 ·6.4 19-19.3 155-12.21 8.0* 11 2 80 5.8 7.19 35.3 0.24 D

22 C 13 56.C 19-20.4 155-1g.3 _CS • 3 l.~ 12 102 3. "t O.G7 0.4 o•6 C. OC) A

22 1 2 10.4 19- 2() • 7 1 55 -1 <i. 4 1.9* 1.3 11 97 3.7 0.04 r.2 n.06 B

22 1 26 24.2 19- 2 3 • 1 1 55 - 2 2 • '5? 2.f- 1.4 12 ! 68 5.C 1.17 G.6 2.2 0.11 C
V1
'-J 22 2 36 57,4 19-22.9155-22.7 S.c* 8 163 5. 1 o.oe 0.7 ~). (9 C

22 35327Q3 1q- 2 3 0 3 1 5 5 - 2 2 • 8 3.3 9 16 9 5.5 0.11 0.8 1.4 0.12 C

22 5 12 5~.l 19-23.1 155-22.4? 2.7 11 168 4.9 1.34 r:.7 2.6 r:'.13 C
22 5 25 t.... e 19-23.1 155-23.71 3. C 2. '3 18 f:5 3.4 C.Q7 C.5 J.8 J.17 B

22 6 21 31.7 19-23.5155-22.2? :). Cl 1 • 2 9 166 6.4 6.37 (.712.1 'J.10 C
22 6 2'+ 1 c. <; 19-23.3 155-21.41 2.8 13 83 3.0 0.39 ].9 1 .l~ C. 21 B
22 7 12 17. 3 1']-23.9 155-23.71 0.0 1.5 13 120 6.8 4. 1 C 0.4 7.8 o.cq e.

22 10 ·9 4,:;.1 19-21.7155- 6.9 3.6 1.9 17 1 2 It 5. 1 0.13 1 & 0 1.00.18 C
22 10 1d d~ 7 ,19-15.9 155-3?C 30 4 2.6 20 1 77 9:12 0.21 1.5 1.30.270
22 14 lL.'f. 2P.l 19- 2 3 • it 1 ': 5- 2 2 • c; ~.c~( 1.6 11 171 5. 7 G.es 0.7 O. 10 C
2. 2 16 22 4.3 19- 23 • 4 1 55 -2 2 • 9 8.0* l.g 12 11 q ~.o G.ce (t.7 0.13 A

22 21 2 l;. 8. 1 11- 24. e 1 5 ~ - 2 4. E 6.4 1. 7 18 102 R.8 0.10 0.7 &) • 7 o. 18 B

~2 21 37 3101 t 9- 23. 3 1 5 ~ - 2 2 • t- 1 0.·8 1.3 12 162 5.1 1.58 0.6 5.9 0.13 C
23 0 5 8.0 19- 24. t 1 ~ ~ - 24. 4 5. <; 2. 1 19 91 F. 4 O.Oq 0.1 0.6 0.14 B
23 C 53 52.9 19 - 2 0,. l) 1 ') ~. - 1q. 7 3 0 5 6 103 4. 1 0.36 0.7 4. 9 O. 04 B
'. "l 1 17 52. 5 1 9- 1 7 • C 1 ~ ~ - t·. 2 44.8 2.6 23 1 q4 7.9 0.19 1.0 1.50.10 Bt..J

2~ 4 ~9 46.9 1Q- 21~ • 4 1 55 -1 9 • 4 1.9 1.3 q 1e 5 ~.6 0.15 0.5 () • 6 ('.~) 8 A



SUM~A~V Clf SEISMIC E\JEt\TS (CC~Tlt\JED)

1971
JUN 2,

23
2,
23
23

HR MN Sf:C
5 16 42.5
5 ?O 4~.O

61116.7
73511.2
<; 6 0.3

LA T N LO f\G W
19-20.4 155-19.1
1~-22.6 lC:~-26.7·?

19- 18. 7 1 55-1 3 • t1

19- 2 :3 •.~ 1 55- 2 8 • C'

1Q- ? 3 • g 1 55 -1 1 • 1'?

DEPTH MAG
1.A.
c.e
t.7
4.1
1.Ci 0.5

~JO GAP CT'-' I ~'J

~ let; 4.~J

15 lOS 7./...
14 152 f::.~
~? , q, ., 1 ~1;.., ,L--'.- ...... _

h 1J3 1.1

ERT
o. {~4

~.38

O.l~

0.1'1
0.30

EQi-;

(;.3
C97
1 • 2
1 • it
1 • 1

ERZ

IJ.3
D.q
1 • 7
-:':0 4

~.; fJ Q

c. ~6 8
O. 1·9 A
D.22 C
C'.18 C
O. 1! 8

2314 19 ~~ ..
L3 14 ~.! 29. t<

2314 :';9 i2.a
21 Ie 46 5.4
231741 11.7

1g- 17.;;' 1 c.: ~ -12 • <;
19- ?:j .::; 1 ~ 5 - 2 C • 4?
19- 2 r; • 4 1 55-1 q • f
19~22.4 155-18.4
19- 1 ;~ • '3 1 c::-. - 1 c. C

8.C*
2.7
5.C l.~

('. sr. q
~~ • C '1;'.

H leI
All ~j

q 107'
1f'132
10 2 ~ ~

8.q
~ ,
".' .....
it • ~.

., ~

-' .-
7.1
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SU~MARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC
JUN 24 22 51 51.4

25 4 31 39.4
25 4 S6 34.6
25 5 14 33.0
25 6 36 17.3

lAT t\ LO~G ~

19- 24. 2 1 55-1 7 • 4
19-22.1 155-18.5
lq-23.3 155-11.11
19- 2 1 • 2 1 55- 24 • q
lq-22.8 15t;-23.2

DEPTH MAG
~.5 l.~

O.f;*· 0.5
2.a 0.8

34.7 1.7
~.3 1.5

NO GAP DfJIN
q lIS l.e
7 153 2.7
8 C)~ C.6

10 247 3.4
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ERT
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25 Ie 4 51.4
25 11 42 49. 1
25 12 1 11.2
251241 1.9
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SUMMARY OF SEIS~IC EVENTS (CONTINUED)

1971 HP MN SEC LAT N LONG W DEPTH MAG NO GAP D~IN ERT ERH ERl MD Q
JUN 26 9 48 1. 5 19- 1O. 8 1 55- 1~. r; 36.6 2.4 20 l~r; 13.~ 0.22 1.2 2.2 0.11 C

26 10 12 41.2 20-13.5 155-34.~ 54.9 3.5 20 281 25.3 0.93 4.4 5.q (l.13 0
26 11 57 54. 9 19- 20. 7 1 55-1 9. 1 5.3 b QZ 3.1 0.10 0.2 O.q 0.01 B
26 13 42 2.3 19-23.1 155-18.1 '1.7 1.3 8 145 2.2 0.12 O.g 1.0 O. 03 B
26 16 49 28.1 19- 1 8 • 3 1 ') 5 - 49. l? 4. 7 3.4 21 17q 22.0 0.16 1.1 1.0 0.15 C

26 19 28 36.2 19-23.8 155-24.2? ~ fj 2.2 15 11 6.q '5.70 0.1 lO.Cl 0.11 B,J • •.

26 20 50 41.5 19-20.5 155-13.8? 15.4 9 210 4.3 0.5<1 2 .2 1 0 .6 O. 24 0
26 21 24 29.2 19-24.0 155- O.c: 4.9 8 14q 8.4 D.le; 1.6 1.8 (.t.21 C
26 21 31 ~4. 2 19-23.7 1'55-24.<; 1.4 1.3 8 211 1.1 2.63 1.5 9.4 0.1'5 C
26 22 42 7.8 1q- Z3. 7 1 55-1 7 • 31 2.0 0.6 7 134 1. 1 0.03 0.7 0.1 0.02 B

26 2~ U 4C;.4 19- 2 3. c; 1 5 5 - 1 7. e 1. 7 0.7 11 73 1 • L,. 0.08 C.5 o.e; 0.13 B
?7 1 27 5 3. c; 1Ci- 22. 0 1 55 -1 A. 2 1. 5 1.0 q 78 3.~ 0.08 0.3 0.4 0.08 A
27 1 42 2 B. 1 1;~- 24. 1 1 '5~-23.~? 0.1 2.0 12 114 6.5 5.26 0.5 10.0 0.10 R

0'\
27 2 11 15.2 19-24.0 155-23.81 C.~ 11 122 1. 1 4.6 4 U.5 8.8 O.l)q C0

27 2 20 30. 4 19- 24. C 155-23. S B.C* 2.6 13 10 1.1 0.07 o.~ 0.12 B

27 2 20 54. 1 1g- 2. 4. 2 1 55 -- 2 4. 3 3.1 3.2 10 14 7.5 0.12 0.9 1 • 7 o. 20 8
27 2 22 43.5 19-23.d 1~5-24.1 6.0* 7 1c <; 6.e 0.06 0.4 0.04 C
27 2. 23 58.0 19-23.q 155·-23.57 o.c 1.5 11 llR 6.7 4.71 0.5 <1.1 0.08 ~

27 2 41 ~9.1 11- 2 3. 4 1 '; 5-21. 1 5.2 1.1 13 96 8.9 0.12 1.0 1.5 0.21 B
21 5 58 36.0 19-.~4.2 155-24.4 8.0· 9 205 7.6 0.13 0.'7 {'.C'9 C

27 8 6 36.7 19- 23. 2 155-11. 5 C.8.0.1 8 103 1. 2 0.01 o.~ 0.09 A
2.7 <1 3 1. 8 lq-24.6 155-25.3 8.0* 1.7 15 72 8.9 0.04 0.3 0.08 R
27 10 lq 2';.4 1q- 24. 1 1 55 - 2 s. e £;. 1 1.9 20 68 8. 3 0.09 0.7 0.7 O.lq e·
~7 11 2 1 g. 6 19-20.1155- 6.4 8.0* 10 166 6.1 o.cc; 1.2 0.11 C
21 11 25 47.1 lq-2 l i.7155-24.t; 6.6 1.9 11 12 q 8.7 0.14 1.0 1.0 C.lq C

27 13 6 40.9 19-20.4 155-19.4 2.1t 10 103 ~.6 o.o~ o.? 0.01 B
21 14 39 43.2 19- 19. 6 1 55-14. 1 8. 1 17 144 4.5 0.09 0.7 1.5 0.14 B
? 1 1 7 34 P. 5 lq-21.5 155- 1.(1 7. 3 2.2 15 1 RS 4.4 0.23 1.7 1.0 0.24 C
27 17 44 13.5 19- 19 • 4 1 5~ - 2 ~ • c. 1. a 1.1 1 28? 3. ~ O.5f 3.5 1.0 0.04 0
21 1 9 o 56.4 10-23.1 155-11.0 2.6 1.4 13 62 0.7 0.01 0.4 1.1 0.11 B

• , ~



•

SUMMAR Y 0 F SEI S~ 't C EVE NTS ( C eN T I ~ tJED)

lQ71 HR MN SEC lAT N LONG W DEPTH MAG NO GAP O~IN ERT ERH ERZ Mn C
JUN 27 22 ~o 33.9 19-20.3 155-13.2 ~.2 1.6 11 154 4.3 O.0A 0.6 1.2 0.12 C

2722 57 2~.6 1~-28.1 1~5-35.6 8.0* 2.3 ~ 318 21.P 1.65 8.2 o.oP 0
2 7 2 j 55 , 1 • (; 1q- 2 3. 2 1 5 5-1 1 • 2 '2 • 4 '7 1 '5 2 0. 8 0 • C' 6 0 • 5 0. 9 o. 05 ~

2A V ~ 57.6 1~-23.4 15~-17.7? O.J l.~ 12 89 l.~ O.3Q 0.7 o.~ 0.32 C
2B C 14 11.1 19-2J.O 155-16.1 10.4 14 130 1.2 O.4~ 2.~ 3.7 0.11 A

28 1 5 39.4 1~-22.9 155- 2.t 6.8 2.1 '151?S 5.5 0.13 1.1 o.a 0.1.8 ~

2A 4 4~ 7.4 lq-13.7 15~-28.2 23.~ 2.3 16 ?0G 7.7 0.50 2.5 4.2 0.15 C
2~ ~ 12 ~7.8 lq-1Y.t l~~- 5.S 6.7 2.G 14 17S 5.~ O.lQ 1.9 s.q 0.70 C
2~ 6 l~ ~6.H 1~-21.9 155- 6.~? 7.~ 14 1!2 ~.3 ~.65 1.9 s.q 0.40 r
2~ q l~· 4"7.tJ 1~-lA.9 l:~-l??? 7 •.~ ?l.:. 21 1~2 ~·.5 ~.lQ C.7 ).40.14 (

2 t 1 l: c!.. ,1 2 (.I. II':=)- 1q. 2. 1. ~~. - 1 '~.. ~: Jot ;: • ? 1 7 1 7? t:.• 7 0 • (' Fi (1 • .., 0 .'~ ('. 11 C
!. ~~ 1 ': 3 7 ~ .::' • 9 1 '-1 - ~ ~ .:; 1 '; ') - 1 7 .. -: 1 • .'., 1 It ·1 1 , eLl • CO. :) ~ C• ~ ') .? r: • n(:. ~

2 R 1 c. ~ ;:' L. Z. 0 j 1 (~- ? ,,_., .? 1 C) ':' - 1q • r~ ,? • (" ~ 1ell"' i.. a ").. :.) • U .~ G • (~ ;) • ();~ F
~ ?~; 1.; '-;. J : 7 • tj 1~- ? 3 • /, 1 ~~ ~ - 1. 7 • ;: 2 ~ ~ ~ 11.'; C,. '+ :;. C5 Ci • l., ') • ~~ (1. ~)4 ~~

2. 2. !.? 1 j .? • .) 1 .~ - 2 3 • 7 1 5 5 - 1 6 • 7 .~ • Z 1 • I:"; 1. 7 7 f· C. 7 .-~ • ;4: r:: '-," • J :' • f, ,-'. 1. f' f.\

~ F 2? 2 '1 C• R 1'~- 2 , • '7 1 55 - 11 • 4 t • ~ {). () P. 1~· 4 1 • (: r· • .h; S .~:.• S· :1 .? r. r~ 7 ~

~ e 2 2 ~ 8 1 1. .~ l oj - l·~. l' 1:> 5 .- 1 -~. t: ~. t -, * 1. 7 l? 1 9 4 ~. • () (~ • 1 ~~ 1. (~ (1 • 1 4, (
"2 9 '2 1 7 :). 3 1 1- 2 3 • "1 1 ~ 5- 1. 1 a C ; • ;" O. 7 '7 l'~ ,,~; c. 9 c. c ~ n • :~ 0 • t) n. 0 3 p

2 g -: .3 1 ~. 4 1q- 2 3. C 1 ') ~ - 1 '1 • ~ 1 • ; (). -; ~ 1 f-: 5 1 • C~ 0. 1 ~ [,) • 7 n•4 () • (\ 0 H

'29 ~ 25 1.. 1 19- 22 • 1 1 '5 ~ -1 1. ~? C• 9 l. c; '.) 1 ()? 1 .. 6 Q. 1 !:- 0 • ~ 0 • ~ G. Of' h

2 q 4 46 ? 1. 1 19- 2 3. <; 1" 5-1 ') • c:: 2 • l' ~ 0.; B 2;~ a ;: • Q G• 1 ~ C • 7 :J • :,f: n
2 (;: (~.:. '-.} 2 j. 6 19 - 2 , • 4 1 '5 5 - 1 7 • 1 1 • SO. p e q 4 C• 3 o. C6 0 • 4 ~ ."l (':.!.; t..~ A

'29 :;, 1 ?1.6 19-23.1 15·5-:-11.~ 1.5 1.0 11 ql ?7 0.(\4 0.2 0,.2 O.O~ A
29 6 7 4 C. 9 1.~- 2 2 • 3 1 55- 18. 1 2. t 6 I? 7 2 • 9 o. C4 0 • 1 0 • 9 O. 01 P
2 q 6 3 S b. ') 19 - 2 3. 6 1 ~ 5 - 1 7. 4 1.. 7 O. 9 1 2 ~ 5 1 • 0 0 • 0 ~ 0 • I. .:). ~ (l. J q A

zq 649 25.2 1'-?-12.~ 1?4-32.3? 2Z.~ A 127 64.(' 5{~.6 43.8 1.?9 L
2. q 8 1 .\ ~. 1 1. '1- 7 e 1 1 5 5 - 3 1 • 6 ~ (l. C 15 1 ~ " 7 • 2 0 •. 3 1 1 • 6 :~ • 2 O. 1c: C
29 14 19 Se.2 19-~3.9 155-23.1 7.5 1.7 15 107 f.O O.O~ 0.4 0.3 D.OP 6

29 14 41 25.0 19-23.q 155-17.2 2.1 0.7 812q 1.0 0.03 0.3 0.2 0.03 ~

2 9 1 4 t..:) " f.:;. 2 1q - 2 ? • 3 1 5 ~ - 12 • C? ~. 1 13 1 ~ 1 1• 3' O. 0 ~ 1 • 2 0 • 6 o. 17 P.



SUMMARY OF SEISMIC EVENTS (CONTINUeO)

1 '171 HR MN SEC lAT N LONG V4 OEPTff MAG NO GAP D~IN ERT ERH ERZ MD Q

JUN 29 15 3 54.9 19-23.6 155-22.5 4.3 1.4 15 161 5.0 0.1"3 0.8 1.1 0.11 C
29 15 17 14.6 19-20.1155- 5.7 3.1 12 152 ~.l 0.12 1.3 1.0 0.15 C
29 16 50 54.4 19- 24. 5 1 55 -16 • 8 9.0 1.4 11 1 75 0.8 0.20 1.3 1.5 O.OQ C
29 1 7 33 1 7. 9 19-23.q 155-17.2 2.2 0.1 8 12q 1. 1 0.04 0.4 0.2 0.05 B
29 18 8 23.0 19- 1 9. 6 1 55-1 2 • g 8.1 1.8 17 165 5.2 0.08 0.1 1.1 0.12 C

29 20 21 53.2 lq- 24. 2 155-25. 81 0.0 12 144 8.6 6.50 o.8 12.4 o. 15 C
30 1 56 1.9 19-20.5 155-13.C 4.6 15183' 3.7 0.18 1.1 1.0 0.21 C
30 5 36 56.4 19- 22 • 6 1 55- 5. 11 0.0 1.8 17 113 7.0 6.17 0.9 11.8 0.22 R
30 10 1 51.<1 19-22.• 8 155-11.~1 2.4 6 110 1.3 O.OQ 0.5 0.3 0,.05 B
30 14 12 46.2 1q-34.2 15'5-43.3 5.2 2.4 8 245 16.7 0.40 1.9 1.2 0.06 C

30 14 40 27. 7 19-23.'6155-28.<; 4.5 1.8 18 83 11.6 9.10 0.7 o.s 0.20 B
30 15 21 1.0 19-20.0 155-12.f 5.~ 1. 5 18 1 '3 4.5 0.13 o.q o.q 0.24 C
30 16 22 12.G 19- 20 • 7 1 55 -1 0 • 8 5.1 8 154 3.2 0.01 0.6 r.'i C'.f7 B

0'\
30 1 b 30 1 '5. 9 19-20.6 155-14.~ 26.0 11 1"5 2.6 0.21 1.0 2.1 0.08 BN

30 1 7 49 44. 5 19- 34.; 1 ~ 5 - 2 a• c; 8.0* B 1 F4 9. 7 0.18 2.3 0.16 C

30 21 25 15.4 19-22.1 155-24.2 1. 1 13 86 3.8 o. 09 0.1 o.~ 0.17 B
30 22 18 47.3 19-20.7155-19.5 1.7 10 99 3.~ 0.12 0.3 0.5 0.06 A
30 22 33 13.1 lC}-23.4 155-25.4 5. 7 l.q 19 63 6.'1 0.08 0.6 0.7 0.17 8

'r •
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Figure 2.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Table 3.--Felt Earthquakes

Date Time Magnitude Felt Report
H M S

Apr. 4 22 57 44.7 2.9 Volcano

21 00 06 22.8 3.5 Kapapala ..
25 08 03 01.7 4.0 Eastern half of the island

25 23 56 13.1 4.5 Island-wide {"

28 08 09 53.3 2.5 Kapapala

May 5 05 59 17.4 2.8 Paauilo

6 21 05 05.1 3.3 Kamuela

8 05 10 59.1 3.1 Volcano

13 20 29 06.1 4.1 Northwestern parts
of the island

16 19 29 56.8 2.9 Kapapala

28 01 27 39.3 2.9 Kealakekua

June 5 16 48 25.6 2.7 Volcano

11 17 29 45.9 3.0 Volcano

12 02 16 15.9 2.9 Volcano

26 10 12 41.2 3.5 Kamuela
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Table 4 .. ~eismometer stations in Hawaii operated by thf U. S~ Geological Survey.

STATION NAME CODE LAT-N LONG-W ELEV TYPE CAL veo RADIO REMARKS
AHUA AHU 19 22.40 155 15.90 1070 3 6.0 2380
CONE PEAK CPK 19 23.70 155 19.70 1038 3 1.34
DESERT DES 19 20.20 155 23.30 815 3 1.34
EAST KOAE EKO 19 22.17 155 14.99 1009 3
HALE POHAKU HPU 19 46.85 155 27.50 3396 1 5.6 1360 RF6
HILINA PALl HLP 19 17.96 155 18.63 707 3 6.0 2040
KAHUKU KHU 19 14.90 155 37.10 1939 1 5.7 1700 RF3
KEANAKOLU KKU 19 53.39 155 20.58 1863 1 4.8 2380 RF7
KIPUKA NENE KPN 19 20.10 155 17.40 924 3 1.34
MAUNA LOA MLO 19 29.80 155 23.30 2010 1 6.5 1360
MAUNA LOA X MLX 19 27.60 155 20.70 1475 3 1.34
MAKAOPUHl MPR 19 22.07 155 9.85 881 1 5.7 2720 RFS
MOKUAWEOWEO MOK 19 29.28 155 35.98 4104 1 6.5 2040 RF3 Installed 5/26/71
MOUNTAIN VIEW MTV 19 30.25 155 3.75 409 1 6.2 680 RF8
NORTH PIT NPT 19 24.90 155 17.00 1115 3 1.34
OUTLET OTL 19 23.38 155 16.94 1038 3 5.0

0'. PUU HONUAULA PHD 19 28.90 154 53.40 215 1 6.5 2720 RFI
l/1 PUU HULUHULU PHH 19 22.45 155 12.66 988 3

PUll PILI PPL 19 9.50 155 27.87 35 1 4.4 1360 RFll
SOUTH POINT SPT 18 58.91 155 39.92 244 1 7.8 2040 RF7
WAHAULA WHA 19 19.90 155 2.92 29 1 6.0 680 RF9
WEST PIT WPT 19 24.70 155 17.50 1115 3 1.34

OPTICAL SEISMOGRAPHS
HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HILa Z HIL 19 43.20 155 5.30 20 3 1.0
HILa EW HIE 19 43.20 155 5.30 20 0 1.0 Wood-Anderson
HILO NS HIN 19 43.20 155 5.30 20 0 1.0 Wood-Anderson
KAMUELA KAM 20 1.90 155 42.00 740 2 0.7
KEALAKEKUA Z KLK 19 31.20 155 55.30 505 2 1.0
KEALAKEKUA EW KLE 19 31.20 155 55.30 505 2 0.34
KEALAKEKUA NS KLN 19 31.20 155 55.30 505 2 0.34
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUI-JA Z UWE 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 15-90 Press Ewing
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240
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Figure 3.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.

66



•

Table 5~~-Description of Seismic Instrumentation 'Types

Type 1. Consists 6f~

a) EV-17 - 'Electrotech EV-17 1.0 SEC. 'period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/em!
sec and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model J£202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 Electrctecb EV-17 1.0 sec. period moving magnet
vertical or horizcntal component seismometer.

.
I;'

I

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical daw.ping. System is poorly calibrated .

Type 3. Consists of:

a) EV-l7 Electrotech FV-I7 (as described above), Hal1-Sear~ HS~lO

0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVO-built solid state seismic preamplifier (voltage
gain, 200X), direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizo~ta: seismometers
(E-W) ~1i tl: 1.5 SEC. g::il\!ancr:;f1 ters, coupling factor
0.25, 2X critically dan~ped. PE~ak nlagnifi.caticn
approxi~at€ly 1500X at 2 Hz.

Experimental type an~pl.ifier s~/ste.n\s ar~:: not g·rVf..~n type numbers.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in the Uwekahuna Vault,
and at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube ti1tmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when measurements at
that station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to a
relative subsidence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (1 mm per km) in
the direction indicated.

Location of and essential data on each tiltmeter station are
listed in Table 17, Summary 61.

Table 6.--Tilt Coordinates at Uwekahuna,

April, ~fay, and June 1971

Date N-S E-W Date N-S E-W

Apr. 4 546 370 May 23 548 369

11 546 371 30 546 367

18 547 372 June 6 549 365

25 547 370 13 550 365

May 2 547 370 20 554 375

9 548 371 27 558 374

16 547 371
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Table 7.--Tilt coordinates and changes at bases around Kilauea caldera. (See Fig. 4)

Rate (10-b rad/mo)
and direction of Date of las't

Tilt Base Date *Tilt Coordinates tilting since reading
(1971) N-S E-W last reading (1971)

Uwekahuna (U on Fig. 4) 15 June 624.8 386.6 9.06 N47.5Deg.W 27 Apr.

Tree Molds (T~l) 16 June 538.9 477.0 3.04 N14.6Deg.W 26 Apr.

Sand Spit (8S) 15 June 1039.8 587.4 16.52 N59.7Deg.W 27 Apr.

Mehana (M) 24 June 595.7 594.4 2.39 S66.7Deg.E 26 /\pr.
Q\

\..0
Keamoku (Kea) 16 June 579.7 433.3 7.66 N46.9Deg.W 26 Apr.

Ahua Karnokukolau (Kam) 15 June 473.1 490.2 21.15 S19.8Deg.W 27 Apr.

Kipuka Nene (KN) 17 June 286.9 496.7 3.44 S67.5Deg.v.! 28 I\pr.

Hilina Pali (HP) 17 June 457.4 493.4- 0.84 N8G •8Deg . \,.J 3 Feb.

Kapapala Ranch (Kap) 24 June 484.0 521.0 0.63 S19.2Deg.W 2 Feb.

---_._-.

* See Table 8, HVO Su'mnlary 61.
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Figure 4.--Ti1ting of the ground around Kilauea Caldera. !he vector depicting
tilting at a given tilt base points in the direction of maximum relative
subsidence, and its length is proportional to the rate of tilting during
the measurement interval. Closed circles represent field tilt bases;
open circles, short-base watertube tiltmeters. See Table 7 for explanation
of abbreviations.
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Summary of eruptive events

Declining activity at Mauna DIu and tumescence centered in the
south part of Kilauea Caldera marked the beginning of this quarter.
Flow within lava tubes to Kilauea's south flank had ceased in May, and
in early June the lava lake in Mauna Ulu's crater had begun to grow
more sluggish and to drop in level. By July 1, the level of the lava
had fallen to a point about 75 m below the crater rim. The level
continued to drop at a remarkably constant rate and by the end of
September stood at about 145 m below the rim. At this level, remaining
lava was confined to two small, sluggish pools separated by a N-S
septum. Discontinuous but persistent collapse of the crater walls
added growing piles of blocky rubble to the crater floor. The lethargic
volcanic behavior and the withdrawal of the lava column suggested that
the eruption at Mauna DIu was dying. As activity at Mauna DIu waned,
the summit area of Kilauea underwent considerable tumescence and
several swarms of small earthquakes occurred, culminating in two brief
eruptions. The first of these was a 10-hour eruption on August 14
both within and along the south rim of the summit caldera. On
September 24, a second eruption broke out on the floor of the summit
caldera, which, during the following 5 days, migrated into the southwest
rift zone--the first activity along this rift since 1920.

The August 14 eruption was immediately preceded by strong harmonic
tremor that began at 07:52. At 08:55 lava fountains burst from new
ENE-trending fissures a few hundred meters SE of Halemaumau on the
caldera floor. Fountaining quickly spread eastward along en echelon
fissures that extended a total of about 1.8 km. The east end of this
line of fissures' lay on the crater rim, resulting in a two-tiered line
of fountains as high as 75 m and casgad~s over the caldera wall. During
the 10-hour eruption, about 9.5 x 10 m of new lava covered an area of
2.1 km2 on the south and east parts of the floor of the caldera. '

After this eruption, Kilauea's summit began to re-inflate. This
inflation continued throughout the following six weeks and was again
accompanied by several seismic swarms. At about 18:50 on September 24,
continuous harmonic tremor began, and at 19:20 fountaining commenced
along fissures on the caldera floor just southwest of Halemaumau and
soon reached 50 m in height. Some lava cascaded over the western wall
of Halemaumau, but most flowed southward across the southwestern caldera
floor. At about 19:50, fissures opened within Halemaumau, and these
fountains reached 30 m in height. Within a few minutes cracks of the
southwest rift zone began to open on the rim of the caldera; fountaining
broke out there at 20:05 and began to move down the rift zone.' When the
line of fountains reached a length of about 150 m, it migrated downrift
about 1 km, issuing thin flows that covered several thousand square
meters. Meanwhile the flow on the caldera floor moved about 3 km to
the south across the caldera rim and down a dry stream bed, flooding
an instrument vault (Outlet Vault) and destroying seismometers, tilt
meters, and some equipment for magnetic studies. Eruptive activity
declined about 23:00 and' nearly ,stopped by midnight, although mild
activity in Halemaumau persisted until the following evening.



During the early morning o'f September 25, the floor of Halemaumau
began to subside, presumably because stored lava was draining into newly
opened underground conduits. At about 09:45, new fissures opened along
the southwest rift about 4 km SW of the caldera rim (It km SW of Cone
Peak). Fountains issued from these fissures for about half an hour and
then ceased when other fissures opened several hundred meters downrift.
Thereafter a line of fountains as much as 1 km long migrated downrift,
but activity gradually declined during the early afternoon after a
nearly continuous line of vents had formed along a fissure about 1.6 km
long. Meanwhile the floor of Halemaumau subsided a total of 45 m,
reaching a depth of 90 to 100 m below the crater rim by late afternoon
wIlen the subsidence essentially ended. Because of declining activity at
both Halemaumau and along the SW rift late on September 25, it seemed
that the erupti'on might be ending.. However, early on September 26, new
fountains broke out'several kilometers farther downrift on the southwest
flank of Mauna Iki. Again the fountains migrated downrift, and by
midday they had advanced about 2 km SW of Mauna Iki, marking the limit
of the southwestward advance. Meanwhile fountains again broke out
approximately 3 km uprift, and sporadic fountains continued for several
days, migrating almost at random up and down the rift zone along an
8-km span. All activity finally geased on September 29. During the
5-day long eruption, about 8 x 10 m3 of the erupted lava remained on
the surface of the ground, and an undetermined but large amount drained
into cracks and lava tubes along the rift zone. About 4.0 km2 of land
was covered by the new flows. As the eruption ended, inflation of
Kilauea's summit region began anew. It is notable that the sluggish
lava pond in Mauna DIu remained apparently unaffected during the August
and September eruptions and simply continued to drop steadily to ever
lower levels.
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SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph
network in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region
of the Hawaiian Islands (usually within 100 km of at
least one seismograph),

2) Distant earthquakes originating more than 3,000 km from
Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts
of earthquakes and minutes of tremor recorded by seismographs in
Hawaii are listed in Table 1. The earthquakes are separated in
groups on the basis of region of origin as determined by the analysis
of records obtained daily at the Observatory (UWE, MLO, MLX, ABU, DES,
NPT, WPT, MPH, KMO, OTL).

Computer locations of well-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station .

3
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Table l.--Number of earthquakes and minutes of tremor

recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis

of relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor is

presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km

beneath the summit region; Kilauea Summit Long-period, earthquakes characterized by low-frequency

waves that originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes a

few km deep in the caldera region; SW Rift and Kaoiki, earthquakes along the southwest rift zone

of Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from

the upp~r east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, earthquakes

along the northeast-trending Koae fault system south of the caldera; Lower East Rift, earthquakes

from the lower east rift zone of Kilauea.

• • Ai
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Sh'a11ow 30 KM Period Shallow Kaoiki Rift Koae Rift . Remarks

July 1 2 10 307 7 83 39 7 WWVH radio change
in format.

2 5 8 484 19 165 41 3

3 2m 4 7 469 53 92 15 22
4 7m 2 4 304 29 174 34 2 Strong wind.
5 11m 6 311 23 130 21 5
6 4 238 11 79 36 3
7 10m . 2 5 302 14 60 23 10 KOH installed.

+J

8 4m ~ 2 5 347 15 52 38 12
-.-4

9 H 2 7 356 2? 82 42 10
10 +J 2 1 367 12 52 44 3

CJ)

11 m 1 3 373 20 56 32 1
Q)

12 H 3 422? 7 33 25 1
13 4m Q) 2 12 1192 17 89 31 2?

p..

14 p.. 3 933 20 200 20 (?) EKO signal switched
=='
Q)

to PHH on smoke
.J:: recorder ..
+J

15 fj 3 647 18 191 25 2?
16 7m 0 3 26 624 31 217 35 (?)
17 ~ 1 62 714 13 178 25 5

0
18 10m? s 2 92 492 12 40 62 4

Q)

19 14m? H 160? 537 28 195 69 I?
~

20 10m? M 1 124 474 38 162 54 (?)
21 30m? Q) 3 51 310 8 53 158 (?)

:>
22 20m Q) 3 7 221 9 108 187 (?)

M

23 20m
~

2 27 242 12 87 243 (?)
24 20m 0 2 (?) 337 13 100 108 (?)

H
25 37 580 19 169 187 (?)
26 10m 1 72 385 10 21? 117 (?)
27 10m 2 123 462 12 67 193 5
28 15m 3 70 739 28 44 137
29 25m 15m? 96 3852 . 11 218? 263 1
30 33 828 35 125 96
31 10m 8 46 491 16 8'8 74 Strong wind.
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Tremor Earthquakes
(m = minutes

Date h = hours) Ki1a\lea Sumrni t
(1971) SW Rift Upper Lower

Inter- Long and East East
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks

August 1
CJ 3 42 (?) 6 3l? 65 NPT - out.

2 ~ 49 394 8 94 57? 1ro
3 co . 19 373 16 37 40 4J.4..c:
4 o ~ 1 115 829 17 202 81 I?

~~

5 20m C/.) 0 7 174 903 32? 225 209e
6 15m 0 181 558 12? 86? 59? 17~ Q)

7 10m ..c: 2 106 807 5 61? 34? 2
~~

8 15m ctS 1 92 2334 8 71 65 10Q)~

9 ) 0 4 70 4937 22 161 96 7
10 15m .~ ~ 2 70 3683 22 67 71 7~ 0'--
II 25m oro 2 96 2222 2 57 123 1.~ ~

12 5m ~-r-t 1 99 2034 6 85 204 12p...m
13 7m 12m =' S 1 87 1583 8 117 199 11

~ 0'
14 Q) ~ 4 197? 230? 4? 47? 37? 5 Summit Eruption.
15 ~~ 20 446 266? 7 91 61 5.~ 4-4
16 ~ .~ 5 202 566 9 91 54 9
17 =' 4 30 449 9 57 64 3C/.) ~

18 en 2 26 423 9 54 64 8Uj ctS
19 ~ Q) -- 50 345 3 54 51 5I
20 ~ J.4 1 45 606 14 94 35 7~ 0'
21 5m p... 3? (?) 321? 18? 130? (?) (?)~ p...
22 5m C/.) =' 3 27 571 12 139 20 11='23 6m 000' 1 47 471 4 120 19 5=,..c:
24 4m 9m <~ 3 79 759 17 153 30 2
25 15m ~ ~ 1 124 541 15 79 48 1o 0
26 12m S 1 54 535 21 81 39 120' ~

27 6m ~ 0 243 732 11 161 29 10+oJ s
28 6Om? Q) 257 454 13 123 66 7()O~

29 8m ~ ~ 1 140 673 9 215 14 40
30 9m .... 2 134 461? 11 62 29 3.&.J

31 10m en 1 54 518 8 121 18 8

-, " '4'
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Tremor Earthquakes

(m = minutes
I Date h = hours) Kilauea Summit
I

(1971) SW Rift Upper Lower
Inter- Long and East East

Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Remarks
-.

September 1 104 742 15 154 29 9
2 3 108 996 20 230 20 2
3 4 54 889 21 154 25 5
4 2 25 800 17 75 22 1
5 11m 2 38 769 20 72 20 6
6 15m ~ C)

1 115 1789 31 126 70 8Oer-f .
7 15m S "'CJ ..c: 4 339 787 24 88 81 5Q) co ~

8 10m ~ f..f ~ 258 656 12 75 143~ a a
9 p.,s

3 92 642 16 88 89 9~ en
10 14m co Q)

172 1300 27 152 62 13Q) .~..c:

11 5m ) ~ ~
207 1134 30 234 69 17a

12 15m? "'CJ-r44-f
3 100 788 14 75 44 3s:: +.J a

13 m p.,
2 53 597 10 120 66 6;::3 ~

14 ,........ ~ Q)
2 34 687 21 182 57 18NQ)"'CJ

15 I ~ 2 44 672 208* 274 48 41 *Offshore (PPL)~ ~.r-t

N4-fm
quakes included.·M S

16 ~ ~ Q)
25 757 11 91 68 2 41-PPL quakes.Q) ~

17 4m ,.cl3
34 1026 10? 226 162 13 79-PPL quakes.S 00 ~

18 10m Q) .......... 4-f
1 35 1031 9 171 147 5 28-PPL quakes.+.J+.Jar-t

19 15m p.,.r-t f..f
109 1279 35* 204 62 11 *Offshore (PPL)~~+.J

;::3 en quakes included.
20 ~ en co 2 150 1507 40* 291 208 6 *Offshore (PPL)a I Q)

S I quakes included.Q) ~ ~

21 ~ Q) Q)
2 38 597 20 108 100 5 5-PPL quakes.~+Jp.,

22 4-f p.,
1 67 1101 18 172 124 8Q) m ='

23 18m +J Q)
61 1396 41 368 244 10m ~ s::

24 ~ Q) a
I? 21? 1560? 804? 83? 28? 13 Summit/SW riftQ)..c:

'\j +.J ~

eruption.a 0

25 49m S en S
7? 1730? 1431? 32? (?) 1~Q)

26 (?) o m ~

(?) 1218? 97? 43? I? 3 Several summit+.JP"(j+.J

00 If) ~ stations out.
27 ~ eu

1132? 1491? 159? 49? 13? 9a +.J Q)

28 ~ ;::3 )
1 265? 1500? 80? 73? 30? 4 Ha1emaumau+J 0

oo,.c
rockslide increase.m

29 45m 1 99? 2419? 122? 133? 40? 3
30 10m 2 93? 2181? 210? 44? 10? 4 WLG-new station

installed.



Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii 'Standard. Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus in km. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT

ERH

ERZ

MD

- standard error of the origin time in seconds.

- standard error of the epicenter in km.

- standard error of the depth in km.

- mean deviation of the time residuals. [ = ~ R/NOJ where

R. is the observed seismic wave arrival time less the
1

computed time at the i th station.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

.Q. EPICENTER FOCAL DEPTH

A excellent good
B good fair
C fair poor
D poor poor

8



Q is based both on the nature of the station distribution with
respect to the earthquake and the statistical measures of the
solution. These two factors are each rated independently
according to the following scheme:

A

B

C

D

Station Distribution

NO GAP DMIN

>8 <120° <DEPTH or 5km

>6 <150° <2 X DEPTH or 10 km

>6 <225° <50 km

>4 <180°

Others

Statistical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec)*

A <1.0 <2.0 <0.10 <0.25

B <2.5 <5.0 <0.20 <0.50

C <5.0 <0.30 <0.75

D Others

Q is taken as the average of the ratings from the two schemes,
that is, an A and a C yield a B, and two B's yield a B. When
the two ratings are only one level apart the lower one is used,
that is, an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

*RMAX is the maximum residual

9



~$D ATA

/:

1«;-22.3 155-2·3.4 5.9 2.2 "21 57 .. "j. 9· ·O~08··· ··O.? ·C~· 7' o. 19' ·8
1 fi- 1 c;. 6 1 55- 8. 1 3.5 2.0 20 156 5.6 0.15 1.0 1.0 0.21 C
19- 2 4 • 0 1 55- 1 6. g 3.9 2. 2 18 68 1. 1 0.04 0.3' C.4 0.10 A
19-10.6 155-37.6 1.6 2.5 14 130 8.0 O.l9· l·~l' :.. '1.1 0.16···B
19- 2 Q. 1 1 55- 1 9. 6 2.~* 1.3 10 115 3.8· 0.06 0.4 0.09 8

.,~

13· 216·· ..· ··6~··2 O~23' '1.·3" .". ·'f~·6·· ···0.2"0' ·'C
17214 1.9 5.72 1.6 lC.l· 0.22 C
14 93 1.3 0.05 0.3 0.2 0.08 A

13 166 3.3 0.18 1.2 1.0 0.19 C
10 1 56 4. 1 0 .09 0 • 1 1 • 3 0 .01 8
112'33 8.1 0.24· 1.4:':'·1.9 O.·lO.·~.~··'C

12 208 6.0 0.21 1.6 1.0 O.ZOC

If' f·lO'··::··:'< I..i<:-· ·(j~f5:··· '0":'::6:"·:··';; '::'i:'~'3'" 0'.16 'A

9 157 4.6 q.16 0.6 ... 0.6 0.11 C
1214811.8 d.ll 1.1·~·.1.0 0.14 B
15 "155 ·3·. 1 ··:·O~12·/·· O~··9·'·'//·:F(:C··.~.Er" 0;.18 "~'C:

19 147 3.0 0.15 1.0' ·'·1.5' 0.12' B

1.2

1.6

1".4

2.9

MAG NO GAp·· .·O'MI~ ·ERT
0,6 8141······1.0··· 0.04 0.4 0.2 O.

7 140 0.8 0.08 0.5 1.0 0.06 B
1.9 15 115 12.8 0.30 0.9 3.0 0.10 B

10' l' 59 ····3·.9:'·· .". 0.0'8·":· ·l~l;·. 7'·" ··::t.·.·1';· 0.00····'·8·
14 83 5.9 0.10 0.8 1.3 0.19 B

1~5· ta 57 '·5.3 0.07 0.6 0.6 0.16 8
1.6 15 69 5.2 0.07 0.6 0.5 0.15 B

8 192 3.5 0.21 1.·6 2.5 0.11 C
'·1 ~5: "16· 60.. ··:·6~··O:::O.:09·: ·:'·.O.·1f(·':·:'··:C'(i.·:tt· O~ 1'7':: ··S: .
1.3 ..:10 186 .3.8 . 0 •.09 . O~9 :"'::'·'1>.1 0'.09'·' B

5·.4
1.1
t.e
5;3

26.6

•

lC;- 18 .'4 1 55-1 4 • 4 6.4
19-18.7155- 7.11 0.0
19-24.0 155-17.2 2.0
19- 24.'9 ·155..:21.·.5...... 6.4
l~~ 41.6 156~::3.e;?... '·. 1.·0

19~1O.1 155-1a.O·
19-22.6 155-22.51
19- 11. 4 1 55- 2 9 ~ 3
19-18.9 155-24.4·
1~18.1 1~S-16.• 9

..

~ , . . " .

3"241;26;1 :,,'19"::24. 1 155':'17. 2 • 2 '. '0. 7'
3 4 2 0 20. 1 19 - 2 0 • 9 1 55- 1 3 • 6 6 • 1
3 6 33 ·10.5 lQ-2C.l 155- 8.0 9.4
3 7 40 55.2 lq- 11 • 9 .1 5 5- 1 3. 3 11. 6
3 7 46 32.7 1~-18.9 155-13.8 5.3

SUM~ARY Of SEISMIC EVENTS

1971; HR MN SEC lAT .~ LOr4G W OEPTH.
JUL 1 16 9 ~~6 1g- 2 3 • 9 1 5 5- 1'1 .·cf 2 ~'l

1 17 31 54.3 lQ-2.3.6155-17.3 2.3
1 18 48 37.3 19- 32.9 1 55-1 6. a 42.2
1 20 36 49.4 1<;-20.4 155-11.0 9.5
1 21 ~ 28.7' 1g - 2 :3 • 0 1 55- 2 4 • 9 "3.6

1 21 5 40.0 19-23.1 1~5-23.5 7.6 .
1 21 7 8G6 19-23.0 155-23.9 1.6
1 21 q 9.( 19- 18. 8 1 55-1 5. <; C;.5
1 21 11 13.1.' 19-23.2 155-24·.5 6 • .1
1 23 11 31.C; 19-20.5 155-11.2 8.0

·2 1 "5 . 15.1
2 2 39 38. Ci
2 Z 53 28.9

t-&
2 10 18 27.30

.2 17 44 23.8

2' 19 ·58 44'.4
2 20 10 27.6
2' 22 49 46.1
2 23 1 16.6
2 23 38 15.3

3 o 3'5 2·S.3
..3 1 26 43.0
3 1 30 12.2
3 ..2 '. 7 .~.l. 3·-
'3 l 3·9. ·:39.2 .



.. '\

SU~~ARY OF SEIS~IC EVENTS CC()NT INUED)

1911 HR MN SEC LAT ~. LONG W DEPTH MAG Nfl G"POMI~ ER T· ERh E~Z MO Q

JUt :3 8 14 41.6 19- 2 1~2 1 55-1 q. 7 16.5 ·12 8 7·· '·4~ S·· ··O~l9 1.1 2.1 0.·12 e
3 9 16 15.5 lq-2~.2 155-24.21 g.l 3.8 25 50' 1.6 0.07 0.6 C.5 0.11 B
3 10 27 O. 1 19- 23. 6 1 55- 1 6. C; 1. q 1.2 13 1 06 0.4 0.05 0.4 C.2 0.09 B
3 11 11 4'.4 1~- 2 3. 2 15 5- 1 7.·4 ? 1.2 1.0 11 .·102 o. 8 0.1 1 ···0.4 0.3 0.13 8
3 12 • 59.6 lq-q.2 .155-21•• 30.6 12 182 19.7 0.33 1.7 3·.6 O.l4t C

3 12 15 47.5 19-40.4 155-59 0 71 ·C o 1 3 0 0 1729147.0 0.62· 7.4 2.5 0.2·6 0
312.36 14.9 1 '1-24.2 1 55-L 3. 1 6.5 1.5 11 166 6.0 0.12 0.8 C.6 0.14 C
"3162427.4 1<;-22.2155-23.<; 5.7 1.7 14 77 3.9 0.09 0.7 1.0 0.11 B
3 17 44 9.3 19-24.0 154- 56.6 40.1 2.6 11 204 10•. 7 0.36 1.1 ·2.8 0.·.10 C
3182825.5 1 <1- 1 a•1 1 5 5-1 3 • 3 30.9 2.3 22 1·49 6.8 0.12 0.7 1.2 0.10 B

3 20 31 Sq.3 1«;-19.1 155-15;a3 6.2 1. g 21 145 4.1 0.10· ·0.8 C~6 0.19 C
3 22 29. 23. 2 1 C; - 2 .3. 9 1 55- 1 7. 1 2.1 0.7 8 134 1.0 0.03 0.3 e.2 0.04 B
.3 22 35 58.3 1<;- 2 1 • 4 1 ~ 5- 2 4. 1 8.0 1. 7 15 <;6 2. 7 0.09 0.7 0.6 0.15 B.....
3 23 37 50.3' l~ - 2 3.9 1 55- 1 7. 2 2.1 0.7 8 132 1..0 0.01 0·.6' .. C.4 0.08 B.....
4 o 49 ·45.0 19-2 3• 9 15 5-1 6 • 8 ,'2.8 2.0 17 13 1.0 Q.04 0.3··.· 0·.6 0.09 B

4 3 54 21.3 19- 23 • 3 1 55- 5. I? 0.0 2.5 21 13·8 ·7.4 3.33 o ~·'7·· ·'6. 3 0.1·5 C
4 4 29 6. c; 1 8- 53. q 1 55- 1 a. 3 17.8* 10 295 25.7 0.85 5.4 0.11 0
4 4 45 9.7 1s- 22 • 9 1 55- 1 8. 4? o. 1 3. 1 2.3 51 2.7 1.28 1.5 2.5 0.44 C
4 4 49 22.6 19- 23 • 8 1 55-1 7. 3 2.0 8 12.3 0.9 0.05 ·0.4 0.2 0.06 B

" 4 56 13.1 lS-18.9155-11.3 2.5 2.0 20 179 6.6 0.20 1.1 1.5 0.27 C

c1 5 42 14.8 lS-24.3 155-24.0 6.8 1.6 17 118 1.6 . 0.08 0.6 C.6 0.14 B
4 6 34 2A.8 1c;- 2 4 • a 1 5 5- 2 3. 4 5.2 12 1 72 6.5 0.13 1.0 1.0 0.16 C
4 6 56 5~6 19- 24. 2 15 5- 2 3. 2 5.6 13 169 6.2 0.13 1.0 .1.2 0.16 C
4 7 59 '35.4 1s- 3C. 9 1 56- 3.5 40.0 3.0 24 ·279 11.9 0.29 2.Q' ,1 .• 8 0 ..·15 C
4 q 41 21.6 1<1- 2 1. 3 1 5·5- 1 6 • E: 27.3 18 114 ·2.5 0.13 0.8 1.2 0.10 A

4 9 4'3 29.·4 1«;-24.0 155-23.6 . 5.4 12 "1 75· 6.9 ··'0 .1 4 . 1 .0·'··':: .1·.0·· o. 11 C
4 19 29 59. 9 19- 2 3 • 0 1 55-2 6 • t; 5.6 1.8 18 72 120 6 0.12 0.8 1.1 0.21 '3
4 22 10 5.6 1q- 2 3 .4 1 55- 1 6 • q 2.3 1.3 12 81 0.0 0.05 0.4 0.8 0.09 A
4 22 13 1.. 9 19-23.0 ·155--11·.4· 1.6 1.2 1"3 58 ··/.<1.0 ·.0 .06 0.3·:·\·:· ·0.3 0.09· A
4 23 21 13.9 1~ - 1 1 • 1 15 5- 1 3 • 0 5.2 2.0 11 181 8.6 0.24 1.3 1.2 0.21 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971
JUL 5

5
5
5
5

HR MN SEC
o 16 44.5
o 23 25.2
o 36 38. 0
1 '5 1.4
132170 7

LAY N LONG W
1q-18. 8 f 5 5-1 3 • 31
19- 19. 3 1 55- 1 3. 1
19-18.4 155-13.6
19- 2 C. 5 1 55- 1 9 .5
1q - 18 ,,3 155- 1 3. 1

OEPTH MAG
7.'1 3.3
8.0* 1.6
5.7
1.c;*·1.4
5.8

NO GAP 'OMIN
22 1'52' 6.6
16 1 71 5. 5
13 116 7.4
12 1 03 . 3.'7
14 176 7.0

ERT
0.09'
0.09
0.19
0.04
0.1 7

ERtof ERZ· MO" Q
0.7 0.4 0.14 C
0.7 0.13 C
1.2 1.0 0.17 C
0.3" 0.01; 8
1.1 e.9 0.16 C

2.'2' 18 1"a1 8~"1' . '. 0.·Z··1 "I'~ j' l' ~o 0'.22 C
1.1 16 171 7.4 0.16 1.1 0.1 0.19 C

1() 2 2 1 6. q., 0'. 1 e 1 .2 0 • 13 C
13 236' '11.0.' .O;'~"6 1·;··1:···· . 1-.'2 . 0.1'4" 'C

1.1 19 145 .5.0" 0.09 0.8 C.5 0.15 C

....
N

5
5
5
5
5

'5
5
I;;

"
5
5

1 41 45.S
2 ') 1102
3 7 30. 5
3 34 52.4
4 21 31.0

)

4 '28 47.8
4 50 11.1
5 45 0.1
fj 50 24.8
9 11 28 •. 5

1<;- 1 C• 9 1 5 5-1 2 • 5
LCi-23.9 155-1 7.3
lCi-lS.4 155-13.4
19- 18. 5 1 5 5- 1 3. 8
19-18.8 155-13.6

19--f7.5 1~5-13.3

1q-18.2 155-13.4
1 9 - 18. 4 1 55- 1 3. 6
19- 1 t • a 1 5 5- 1 2 .'9"
19-19.6 155-13.1

4.5 1.9
1.9 1.5
7.3 1.7
8.0*
6.5

6.1
7.2
8.0*
4.1
7.3

17 Zit 10.3 O~35 1.1
14 qO 1.1 0.04 0.3
17 183 5.6 0.13 1.0
12 114 7•.0' '0.19' "1 .• 5
'18 114 6.3 0.15· 1.0

1.7 0.25 C
C.2 0.07 A
C.6 0.11 C

0.22 C
C'.7 0.18 C

5 9 54 20.0
5 10 53 56.8
5'115839.8
5 12 10 47.6
5 13 31 10. 4

19-23.1 155- 1 1. 3
1<;-1<7.1 155-13.1
18-53.8 1~5- e.g
1<;-1<;.3 155-12.9
1s- 1S. 1 1 55- 1 3 • 5

1.6 1.3
6.3
8.0*
6.4
7.3 2.2

12 87 0.9
11 2 05 5. 7
14 268 44. 1
10 210 5.9
21 149 5.8

0.0'5 0.3
0.25 1.7
0.41 3.1
0.22 1.6
0.10 0.8

C.2 0.09 A
1.0 0.19 C

0.14 0
1.0 0.15 C
0.5 0.16 C

9 219- 6.8 'O~38 2.'1 2.1 o.21·C
16 178 5.1 0.12 1.0 C.5 0.13 C
20 151 6.2 0.13 0.9 e.7 0.2'3 C
12 ···..2.1'·4<;\ ;:6~?·::···:.. Q·.·"·;~::6 ...:. 'l:··•. ~;.;:::t.)/: ..~· ::··:·.···:··::::~:.·O.1·3 ..:'~;," ",'
'1 0 2.34'.. 8.'1;: ':,·0.19'" 1 .• 2>::' :" ..' ':».:0. 11 0"

lOiq4;5';1"(j~1~' 1~'4 '1.60~r:fc
11 331 26.4 4.48 26.9 0.13 0
14 153 6.5 5.66 1.0 lc.e 0.21 C
8 III 2.1 0.77 1.6 5.9 0.17'8

14 203 5.5 0.19 1.1 0.80.11 C

1.6
2. 0

4.9
8.0
5.8
8.0*
8.0*

1 g.- 18 • 5 1 55-13 • 6
19- 1 c;. 7 1 55- 1 3 • 4
1 9- 18. 8 1 55- 1 3 • 6
19~:18.8 155-13'.'3
19-11.1 .. l55- 1 3.·5

5 13 35 6.5
5 l~i 37 41.0
5 13 38 21.1
5 14 22 ·28.·~

14 54 . O:~8

173" 59~~"i~gi~'f,o';155-f~=>~(.i. -(j ~t
5 19 31 49.0 19-35.0 156- 9.q? 11.1*
5 19 57 8.5 19-18.1 155-26.11 c.o
5 19 5 2 42." 3 19- 2Z• 4 1 55- 1 1. 6 . 5.9
5 20 54 35. 7 19- 1q • 2 1 5 5- 1 .3. 7 5 • 9

~ •
,.



SU~~A~Y OF SEISMIC fVENTS (CONTI~UEO)

1971 HR Mf\t SEC It\T N LONG W OE'TH MAG t~O GA' 0,..1 N E~ T E"H E~Z MD Q
Jut '5'22'4728.0 19-2.3.6·155-22~7 7.0 '1.9 20 59 5.3 0.06 0.5 0.5' o. 15 B

5 2.3 45 44.0 19-18. 1 155-13.1? A.i 2.2 20 159 70 8 0.08 0.5 C.3 0.10 C
6 1 5 6. C 19-45.1 155- 3.6 11.3* l7 212 27.4 0.11 1.4 0.14 C
6 1 21 1. 1. 19- 1 <;. 4 1 55- 8. 0 ~. 4.2 11 177 5.8 0.19 '1.3 '·1".4' 0.25 C
6 4 50 45.5 2 C- :3. 5 1 ~ 5- 4 6 • g .' 16.4 17 307 q.O 0.46 3.1 1.• 7. 0.12 0

/:.. 5 47 <;. 5 l~-le.l 155- 6.CJ 7.3 1. '9 12 255 9.0 0.42 1.9 1.3 0.14 C
6 712 57 0 1 1c;- 1~ • 4 1 ~ 5- 808 3.7 1. 8 1 7 1 76 5. 3 0 0 17 1.2 1.2 0.21 C
{; 11 34 35.4 lS-18.6 155-12.3 8.0* 11 229 7.2 0.43 2.9 0.24 0
6 11 38 45.0 19- 24. 6 l'~5- 2 4. a 6.0 12 194· 1.7 0.14 0.9 0.8 0.12 C
6 11 55 40.5 19-23.8 155-13.0 15.6 12 .1 71 2.5 0.21 1.'1 2.3 0.16 C

6 21 53 7.4 1 c;- 1 8 • 6 1 55- 1 3. 3 8.3 1.7 14 154 6.8 0.08 0.8" "1'.1 0.11 C
7 o 15 57.3 19-24.1 155-16.5 3.1 2.3 18 109 1.4 0.05 0.4 0.50.12 B
7 o 53 20.2 lC;-23.a 155-17.2 1.1 0.7 9 124 1.1 0.05 0.5 0.3 0.01 B

~

7 l 16 39.3 19-24.6 15.5-1·6.~? 2.0 7 ·175 0.7 0.66' .. ··.1·•.1. 7.0. O~.11 Cw
7 1 39 5·0.6 19-23. 8 -1 55- 1 7. 4 1.7 1.1 8 .l08 . 1.3. ·Q.04 O.~·.. ·····O·.3 0.06 A

7 4 22 54.3 19-20.7 155-19.4 2.1* 1.3 '10' 97 3.7 0.04 'O~;3 0.07 B
1 1 26 3 0 9 19 - 2 0 • 6 1 55- 1 q • 4 2.0* 10 100 3. 7 0.06 0.4 0.10 B
7 10 3 30.0 1~-23.9 155-1 1.21 2.0 0.6 7 130 1. 1 0.03 0.3 0.2 0.03 B
7 13 18 .32.4 1~-.24.l .155-17.4·1 2.2 0.5 1 114 1. O' O. 06 .. 0.4·' 0.3' 0.04 B
7 20 1648. 5 1 c;-3 7. 6 1 56- 5. 2 38.4 4.1 27 254 21.1 0.23 1.3 2.6 0.14 C

7 20 '34 '49.2 19-23.5 155-1 7.4 1.6 0.6 11 86 1.0 0.05 0.3 0.3 0.08 A.
7 21 33 12. 8 19-11.2 155-25.8 5.2 2.2 24 74 4.7 0.09 0.7 C.1 0.23 B
7 21 53 51 0 1 1<1- 2 C0 3 1 55- 1 3. 7 8.2 16 165 4.0 0.08 0.6 1.1 0.12 C
8 3 14 34.6 19-22.0 155-11.8? 8.2 1.3 11 1.34 1.6' 0.10 1.3 C.60.17.8
8 9 46 19.5 .19.... 22·.0 155-2·5.0 6.1 1.9 20 61 4;5 0.08 0.6 ·0".70.17 B

. .

8 11 '50 13.8 2ll~ 0.4 155-29.1 ·B.O 2.6 15 21'4' 19.7 O'~2"3 '2"~'O'::" "2~6 0.22 "C
8 12 50 33. 1 1<;- 2 3 • 8 1 5 5- 1 7. 21 2.1 7 130 1.0 0.2 5 0.5 1.1 0.04 B
8 16 37 26.9 19-18.1 1~5-19.31 8.0. 1.9 15 1 74 5.0 0.22 1.7 0.31 0
8 17 1 41.3 19-16.5 15'5-12.8 0.7 ·2.5 23 114 10.4""'" 0.40 :·1-:.0 ····'0. 7 0.27 'C
8 18 49 51.7 IS-i7.a 155-13.11 5.9 2.8 21 155 8.6 0.11 0.9. 1.1 0.19 C



SUMMARY OF SEISMIC EVENTS' (CONTI~UED)

. 1911 : HR MN SEC l4T N LONG W OEPTH MAG NO GAP O~lN ER T ERH ERZ MO Q
"J UL 8' 19' 36 '10.6 19-20.6 156~f6.31 17.1* 2.9 13' 318 '41.7 0.52 4.6 0.18 0

'8194235.2 1<;- 18.2 1 ~ 5-1 5. 6 6.5 1.5 11 231 4.8 0.28 1.6 0.9 0.16 C
a 21 4 17.6 19- 1B. 1 155-1 5. 5 6.5 '1. 3 9 233 5. 0 0.30 1.8 1.4 0.14 C
9 o 44 57.3 19- 8.7 155-22.5 30.3 1.9 13 231 9.4 0.44···· 2~4 2.8 0.11 C
CJ 04541.0 19- q.4 155-22.3 27.<; 1.6 15 211 9.8 0.39 l.q 3.0 0.11 C

9 o 46 50.<; lq- 9.2 155-20.5 24.1 1. 6 10 235 13.0 0.44 2.4 3.8 0.09 C
':i 3 55 37 0 0 lf7-2Co9 155- 7.9 5.7 9 163 3.9 0.14 1.2 1.2 0.12 C
q 5 41 43.8 1.<.7-20.0 155-1q.2 5.6 12 132 3.1 0.06 0.5 C.7 0.09 B
q b 25 53.0 1~- 2 it. 0 1 55- 1 1. 1 2.2 8 134 1.3· 0.04 0.)' 0.2 0.04 8'
9 1 34.26.3 19'-23.9 155-11.2 2.0 8 129· 1. 1 0.03 0.3 ·C.1 0.04 B

9 1 43 4. 4 1fi- 21. 1 1 55- 2 5 • 41 B.O 1.7 18 68 4~'6 0.12' 0.'7' . C.8 O~15 '''8
9 9 55 o. 1 19-18.0 155-13.3 8.0* 9 204 8.2 0 .• 10 0.7 0.07.C

t-a
<; 10 15 57.4 1<1- 12. 1 1 55 - 2 5 • 4 19.2 2.1 12 166 6.6 D.34 l.q ·3.1 O. 11 C

~ q 113321'.1 19-20.3 155-19.4 5.0 1.7 12 121 3.4 "O~lO" .0.·4 l~4 ·0.09···· '8
<1 11 39 33.6 lQ-20.0 155- 9.01 8.9 7 17q 4.1 0.-35 3.4 1.8 ,O.l3 C

9 14 13 56 • .9 19- 18. 1 155-13.1 e.o* 2.0 15 160 80 2 O~ 07 0.6 0.11 C
9 14 25 58.1 19-17.1 155-12.6 8.0* 1.1 10 238 9.4 0.33 2.1 0.15 0
9'155321.2 1"-18.8155-13.2 8.0* 1.1 13 152 6.9 0.08 0.7 0.10 C
9 17 35 45.8 19-23.9 155-11.3 1.9 o~ 6 8 128 1. 2 0.08 0.1 0.3 0.08 B
9 17 46 22.1 1<;-27.5 155-15.3 8.0* 1.3 11 269 5.6 0.66 3.8 0.29 0

9 18 36 .. 3.2 1 c;- 2 O. 3 1 55-19.6 l·a e 1. 2 8 110 3.9 0.26 0.7 1.0' 0.1·2 '8
q 19 44 28.6 19- 1 7 • 8 1 55 -1 2. 7 8.0* 1.7 11 195 8.7 0.22 1.6 0.16 C
.q 20 2052. 2 1s- 2 1. 9 1 55-2 ']. 5 7.3 2.1 20 13 3.4 0.09 0.1 0.6 0.19 8
9 22 16 14.3 19-18.8 1 55-1 S·. 6 1,.0 10 "1'34. ·:-·1·~!·5:":.:. ·.::() •.O:8 :'::::':'0"".1:':: :tr:::C::;:.4.:::.~O~·08: 8
., 23' 44 14.2 . 19-- 18. 6 15 5-1 3. 1 . ·1.9 1.'7' if] ,'155' 7·.·:3·:'·.<O:~:1"··2· ....:.:iO'.1· ..:·.·'t·~8 .. · O.Ii·i·e

o,', "0" '6;f6;5;f~"'i'~'. 8' 1 55~ 1q~7
:.,:". .: ' :" . :.~~' :.' . ~ " ,.;..

4.9" 1.4 1'3 1'25 '·3. 8 '.::: O~1'5 "..'. f"~ (j i'~'i" 0'.19 . B
10 1 22 4. 1 1~-21.5 155-59.21 1.5 2.7 11 240 1 9.1 0.50 4.4 2.9 0.30 D
10 1 58 13.8 1<1-22.2155- 6.31 0.4 1. 8 .11 1 30 6. 1 1.84 1.4 6.8 0.31 C
la' 2 48 23.1 If1-20.a 155- 5.<1 8.0* 10 150 5.6 0.16 . 1.6 0.21 C
10 2 52 54.6 1c;- 2 '3. 1 1 5 5- 1 7 • 1 2.1 1 135 0.7 0.05 0.5 0.2 0.06 8

tit • 1



..

SU~~AkY OF SEISM!C EVENTS (CONTINUED)

~

1971 HR tt4l"~ SEC
JUt 10 8 15 35."3

Ie 9 53 4C.l.
10 16 50 40.1
10 18 5 35.9
10 22 14 50. 4

LA T N LONG W
lq-11.1 '155-4~'q

1,,- 2~. 3 155-17. 3
1 8- 49 • 5 1 ~ 5- e. 7
19-24.0 155-16.6
It;-lS.3 1:5- S.O

DEPTH ~.G

3t3.5· 2.4
1.8 0.1

25.6
3.1- 2.2
8.0*

NO GAP O'IN E~T

20 2 12 13. 1'" O. 2 2
8 98 0.8 0.06

1q 2 68 5 O. 0 o. 3 6
16 81 1.2 0.06
11 172 5.3 0.11

E~t1·· ~~z MO' Q"~'~ ~'~"...
1'.2 1~8 0.10 C
0.4 0.3 0.05 A
2.8 8.5 0.11 0
0.4 . 0·.9 0.12 B
1.1 0.14 C

. Ie 23 31 19.7
11 14727.6
11 4 49 41.1
11 4 51 C. 1
11 5 21 16.8

lq-2J. 7 L55~1·:1.1

1~- 1 C. 9 1 55- 2 2 • (;
is-23G8 155-2402
19-23.7 155-11.2
19-18.1 1~5-13.4

2.3
31.5 2.3

5.0 2 0 1
2.1
8.0*

1 137 O~ 8
15177 14.7
19 72 e. 9

1 131 0.9
12 208 10 6

0.05 0.4
0.25 1.6
D.Oq 0.8
0'.04 0.3
0.1.3 0.9

C.2 0.04 B
2.6 0.14 C
C.8 0.21 B
0.1 0.04 B

0.10 C

~

V1

11 5 49 18.0
11 10 29 1.7
11 10 31 25.6
11115547.5
11 12 35 14.6

1<;- 1 <;. 8 l~ 5- 1 2. 1
1g- 23. 6 1 55- 2 4. 6
19-23.9 155-17.21
19- 2 1• ·4 1 55- 2 6 • 0
19-23.8 155-17.2

d.O* 1.2
4.1
1.7 0.5
5.2 2.0
2.2 0.6

10 203
11 193

7 131
18 13

1 131

5.0
6.6
1. 1
5.2
1. 1

0.17 1.3
0.1 8 1.1
0.12 0.1
0.09' . 0.8
0.• 07'· 0.5

0.16 C
1.2 0.17 C
1.5 0.01 B
1.0 0.21 B
l.O 0.05 B

It 1654 2e.1
11 18 45 22. It

11 l'~ 54 4.2
11 23 25 12.5
11 23 28 26.9

1s- 2 ~ • 3 1 55- 2 6 • C
1(j- q. 2 1 55- 4 0 0 6
1c;- 25 • 3 t 55- 5 1. 9
l 9- 1g. 4 1 55- 1 3. 6
1q-23.6 155-2.3.2

3.0 1.6
4.0 2, q
.3.02.1
8.0*
6.2 2.9

15 126 1. 5
11 15112.1
15 206 12. 5
11 110 5.3
24 51 6.1

-'0.14
0.21
0.28
0.07
0.10

O'~'9

1.3
1.1
0.5
0.8

1.6 0.19 B
1.4 0.18 C
1.6 0.14 C

0.11 C
0.7 0.22 B

12
12
12
12
12

2 10 19.3
2 46 15 Q 1
5 4'3 40. ~3

6 38 21.8
7 4 45.5

1s- 2 3 • 9 1 55- 1 1. I?
lY-21.5 155-1'3.1
19-23.4 155-1 7.2
19- 20 • 6 1 55- 1 2. t
1"-23.8 155-11.3

2.0
11.7
2.1
<;.9
1.7

0.6
1.2
0.7
1.5
O.q

7 133
12 156

9 94
9 184
9 90

1.2
2.0
0.7
3.5
1.2

0.04
0.12
0.04
0.17
.0.03

0.4
0.5
0.4
0.1
0.2

0.3 0.05 8
1.0 0.05 B
c.a 0.07 A
1.5 0.05 B
C.2 0.05 A

12 9165'6.2 1<;'-28.8155-15.21
12 13 25 3. 3 1g- 23. 7 155- 17. 3
12 13 25 S.l 19-23.7 155-17.5
12 13 29 4.0 r 1S-1'7.3 155--19.81
12 14 29 16 • 2 19- 24. 1 1 55- 1 3. 2

a.o* 1.3
108 0.6
1.8 0.9
Lt.7 1.5

11.8* 1.5

8 '321
8 135
q 91
7 302
1· 294

7.6
1. 0
1.3
8.2
6.2

0.62 '. '6.3 0.55 0
0.08 0.7 0.3 0.09 B
0.05 0.4 C.3 0.07 A
1.62 36.~ 68.5 0.41'0
0.74 6.4' 0.15 0



SU~MARY OF SEISMIC EVENTS (CONTI~UED)

1971 HR MN SEC
JUt 12 15 14 51.)

12 21 11 54.e
lZ 21 42 44.6
13 I) 31 3'1.1
13 1 8 55.6

LAT N LONG W CEPTH MAG
19-22.9 1~5-24.·4. Q.a·. 1.:6
19-23.9 155-1 7 ~ 1 2.5
19-22.9 155-17.·31 2.8
lC1-·21.1 155~11.O· "f2'~'2 '1.4
1q- 230 4 155- 11 0 1 1. 8 O. d

NO GAP DMIN E~T

8' .211· . . 5.·Z··: G.l.S
7 136 1. 0 O. 06
7 101 1.3 0.05
q' 19Q' 2~8 0.31

10 91 O. 5 O. 06

ERH
1·.0
0.5
0.2
1.1
0.4

ERZ MD Q
'O:~:'J~< 'C

1.1 0.05 B
0.6 0.02 B
2~2'" 0.05 C
0.2 0.08 A

:',.~.

13 .' 1 12 l~. it
13 7 26 51.9
13 .·8 30 50.6
l~ 10 35 55~2

13 10 40 26.0

1c;- 24. 0 1 '5 5- 11. 2
19~ 2 3 • q 155- 1 7 0 3
lC;-18.1 155-10.4
19-23.7 155-1'1.3
1q- 2 3. 7 1 55-1 7.6

2'.2' 0.·..6
2 0 1

32.0
2.2 2.2
1.8 1.1

8 '132:' . 1.2
1 127 1. 2

11 241 7.4
1'8 51' l~ 0
14 78 1.4

0.03 0.3
0.04 0.4
0.50 2.2
0.10 0.5
0.04 0.2

0.2 0.04 B
e.2 0.04 B
4.0 O.Oq C
C.4 0.15 B
e.2 0.06 A

1q-23.3 155--17.3'" "C" 1.8'" '1.0
1~- 2 3. 1 1 55- 1 1. 5 1• 6 1 • 2
19- 1.4 155-55.2 18.2*
lCJ-23.4 155-1'7.4 1.9 '0.7
19-23.7 155-17.1 2.1

9 ..l 00 . O~:9 c.. 0 .. 04 O~'3

11 63 1.3 0.06 0.3
11.31127.2 2•.32 14.8

7 147 1.0 0.05 0.4
7 132 0.8 0.05 0.4

~
0\

13 10 59 12.4
13 11 10. 1 •.3
13 11 30 50.4
13 13 . 3 51".2
13 13 29 36.2

13 13 29 59.4
13 13 31 20.6
13 16 11 43.5
13 22 20 31.1
14 1 25 19.6

1«;-21.1155-11.9
19-22~6 155'-17.1
19-23.6155-16.8
19-22.'9 ·155~r7.2

1<;-23.0 155-11.4

27.8
2.0
3.3
2.8
1.1

2.3
1.6
1.·8

1.2

20 62 .'2~·1·-:· 0.13
14 12 1.5 0.08
15 ,72,.'· O.~·.: .. 0.• 0 1

7 1 0'5 ...:i~ 1-.:' .. o. 02
11 95 1.3 0.07

0.1
0.4
0.4
0'.1
0.4

1.3 0.10. A
C.3 0.1'1 8
0.8 0.10 B
(.3 0.01 B
0.5 0.12 B

C.Z' 0.04' A
0.3 0.01 A

0.15 0
0.2 0.04 'B
C.2 0.05 B

14
14
14
14
14

1 51 41.3
2 9 16.6
2 29 22.5
4 4 12.4
It 36 55.1

19-23.7 155-11.11
19- l :3. 4 1 55- 1 7. 4
19-23.9 155-17.3
1<;-1 <1. 4 155-15. 1
1 g- It9. 1 1 5·5- 11.3?

2.2
1.5
1.9

.. 5.3
1.8*

1.2
1 133 0.7 0.08 0.6

12 70 (.1 0.06 0.4
8 123 1.3 0.03 0.3

14 18S····4··~·3· .. 0.18 1.1
7 351 45.,1 3.36 13.0

0.3 0.05 B
0.4 0.11 B
e.2 0.04 8
C.9 O~20 c

0.21 0

14·5 8 ':.3'4. 1 1c;- 23.2 .155-1'7. l' 1.9' , O·.·8:::i'·;.:·::l·3::.'··~7;;;~:.L.:.O·;7.:c:",< '0.05>: ··O·~;3 '·:'0.2 0.08 A
';14 5 1341.6.19-2~.3 .• 15~ 19 .O?l.8*' ..'... ," ·>62j6·~8·{tii'2.5 0 11.it 0.32 0

14 5 21 12.5 lCi-22.3 155-11.31 2.6* 7 lq5 2.0· 0.48 3.1 0.28 C

.. I-
, 4.



""
..

SU~MARV Of SEISMIC E~ENTS (crJt'4T I NU ED )

1~l71 HQ. MN SEC lAl N LONG W DEPTH f'AAG NO GAP DMIN ERT E,RH ERZ MO Q
·JUl· 14 6 13 '55. 1 1g - 2 3 • '5 155- 1 7 • 0 2.3 "6 134 0.2 0.0'3 'O'~'3 C.l 0.'02 B

14 1 8 22.6 1<;-23.4 155-17.2 ~.4 6 147 0.4 0.03 0.2 0.3 0.02 B
14 8 43 38.2 19- 2 .3 • 6 .1 55- 1 7. a 2.1 2.4 19 64 O. 5 0.06 0.5 C.9 0.15 B
14 9 8 34.1 19-18.0 155-10.31 4.7 14 ·262 7.5 0.64 3.·0":···· 1.2 .0.21'·0
14 9 5821. 1 19-23.9 155-17.2 1.9 0.6 9 129 1.0 0.03 .0.3" 0.2 0.05 8

14 10 54 59. 6 1«;-30.9 155-40.<1 7'.9 2.4 14 .232 q.9 0.26 1'.4 C.8 0.13 C
14 18 17 1. 5 19-24.0 155-17.0 2.1 0.6 8 146 1.1 0.03 0.4 C.2 0.05 B
14 22 4 44.6 lC;-18 0 4155-48.<;1 1. 1 2. 8 21 240 2 1. 7 0.74 1.'1 5.0 0.14 C
14 22 24 22.6 19-20.1 155-19.5 5.6 2.3 21 69 3.6 '0.06 . '0.5 (·.5 0·.14 B
15 2 7 3<;.6 1c;- 20. 7 1 55- 1 q. 7 2.1* 1.3 12 101 4.2 0.04 0.2 0.06 8

15 7 52 16.1 19-23.Q 155-25.0 5.3 2.5 lq 79 11.3 0.08 0.6' C.q 'O~'18 B
IS II 36 O. 4 1~- 2 5 • 2 1 55- 2 3. 0 8.0* 1.6 18 72 5.9 0.01 0.7 0.15 B

..... 15 17 23 51.8 19-24.3 155-1 1. 1 . 1.5 1. 1 10 137 1. 1 0.12 1.0 (.6 0.16 B

'" 15 17 58 37.8 18-56.1' 155-25.2 .35.3 12 '261 .2·5.2········ ~O.82· "·3'.1,"::7."0 ·0.12'· 0
15 19 7 56.6 19~"44. 8' '156- 1 1. C; 45.5 3.0 22 272"38.3 Q.58 2.9.- 4.3 0.10 0,

" ":-.., ..', ......,.

15201)64'5.6 1<;~18.6 155- 8.6 2.9 1.8 18 '1 8S 6.7 ·O~ 19 1:~·:2·· .. · 1~2 O.23C
15 22 1 9 5.1 19-22.3 155- 2 2.9 8.0 1.5 14 109 4. 0 0.08 0.6 C.5 0.12 B
15 22 41 37.5 19-24.3 155-23.8? 8.0 1.6 22 62 7.2 0.07 0.6 0.5 0.17 B
16 1 15 42.9 19-27. it 155-14. 31 8.4 .1. 5 18 87 6.5 0.01 0.5· 0'.4 0.12 8
16 4 3727.6 1q-2 3 • 9 1 ~ 5- 2 5. 4 7.9 2.3 21 61 7.8 0.09 0.6 C.6 0.15 B

16 '82711.2 1c;- 2 4 • 9 1 5 5- 1 6 • 5 1. 1 1.0 9 177 0.9 0.12 0.6' C.4 0.09 B
16 11 B ~35 a g 1q - 2 3 G 4 1 55- 1 7. 2 2.0 8 146 0.4 0.05 0.4 e.2 0.06 B
16153540.1 Itj-22.0 155-13.q 10.2 1.5 10 148 2.5 0.26 1.7 3.0 0.18 B
10 11 38 23.8 19- 2 1• 0 1 55- 7 • c; 1 0.0 2.2 21 136 8.8· 2.87 0.'6 5.4 0.14. C
16 20 44 3q.l 19-13.8 155- 1.4 39.0 17 209 13.1 0.23 .1'.2 1.8 0.09 C

17 3 13 14.1 19- 2 1 • 9 1 ~5~ 2' 5. 0 '4.5 1. <; 19 '69 9.9 '0.0'9 "0.'1" 1;0 0.19"'··B
17 4 5 16.4 1<3 -25 .3 1 55- 1 6. 1 1.7 1.4 13 122 0.8 0.09 0.5 C.3 0.11 B
1., 8 24 26. 1 lC1-23.2155-28.9 8.1 2.6 22 65 11.2 0.14 0.6 1.0 0.13 B
17 10 15 2.5.4 1c;- 2 3. 2 15 5- 1 1. 2 3.9 1.3 14 55 0.6· 0.0'6 ··P.·4 0.1 0.10 A
11 12 .33 32.0 19-21.4 155-24.0 7.9 1.9 21 52 2.5 0.10' '0.'7 0.1 0.18 8



SUfiMARY OF SEISMIC EVENTS fCONTINllEO,....

t~51.4 9' 164 3~ 90.1'51':'5:;'c. 8 0.'16 C ..
1.9 0.5 7 136 1.2 0.07 0.4 1.0 0.05 B
<; • 3 1. 5 13 2 10 5. 0 o. 1 6 0.• 9 '1. 5 o. 09 C
2.2 1.6·:·::· 15' 73·· l~'O :0.0 5 :·O'~4:·· 1.5 0.11' a··
0.0 2.4 13 64' ..1.0 0.59 0.9 1.1- 0.22 B

2.3 b 144· C.2
1.1 1.8 17 145 3.1
2.1 0.7 9 84 0.5
8.9 1.1 12 161 ., '·4.6·'-::<'
1.0 0.:8 12 63 .1.5

tAT N LONG W CEPTH MAG
19- 2 1 • 2 1 ~ 5- 2 5 • '7 5~O 1. 8
19-19.2 155-13.9 8.0* 1.1
l<i-2C.4 155- 9.1 4 .• 6 2.1
19-24 0 2 155-17 0 01 1. q I 1.2
1CJ- 1 E. 7 1 5 5- ~}. 0 3.1 1.9

5. 1 ·4. O··S 19 ~·7 0.40" 0
5.2 0.17 1.0 1.1 O.Oq C
1. 3 0.03 0.3 e.l 0.04 A
1.0 0.03 0.3 0.1 0.03 8
4.6 0.11 0.7 1.1 0.01 B

MO Q
0.18 B
0.12 C
0.17 B
0.21 C
0.20 C

0.03'· B
0.12 R
0.05 A
0.·11 C
0.10 A

o•0 5·· .... o. 5 ·..··0. 1
0.01 0.5 0.4
0.04 0.3 0.2
0.1·1:· :''':.;p •.~.. '/:~·:.}:;:l it 1

,0.0:6 ·,: .... 0.3· .. '0.4

6' 271
14 209

q 107
B 135

10 204

NO GAP OMIN ERT\· f~H' ERZ
22' . 74·····4.7 0.08···· O.6·~· ..···6~1

18 171 5.4 0.08 0.6
2 1 1 44 3.4 0 • .11 0 .8 0.6

8' 154 'l~ 2 ·0 .Z·O .." '1.'6 ·····0.9
18 165 6.5 0.17 1.0 1.1

f.O*
8.9 1.4
2. 1 O. '=
2.0 0.6
c;. 3 102

19~21.n 155-19.11
1~ 19 • 6 1:5- 1 2 • 4
19-24 0 1155-11.0
1g- 23.9 1 55- 1 1. 1
19- 2 O. a 155- 1 2 C) 2

1<)- 2 3 0 4 155- 1 7 e 1
1 '1- 19 • 0 1 55- 1 5. 6
1q- 2 .3. 4 1 55- 1 7. 2
1q - 20 • 0 1 55- 1 2 • 6
1<1-22.8 155-17.5

.19-' 2 O. 1 1 5'5- a·. 9~'
19- 2 4. 0 1 5 5- 1 7. 1
1 g- 1~ • 8 1 5 5- 1 2 • 0
19-23.9 155·-16.8'
19- 2 :3 • 9 1 55- 1 7. a?

'1'911 tip. MN SEC
J tJt l7 '22 36 '·1.0

lA 1 28 10.6
18 4 20 11.4
18 8 1 32. 1
18 8 6 11.0

18 12 11 58. 3
18 17 25 57.0
13 11 38 23.'7
18 18 29 48.·9
18 21 28 .3. 4

18 21· ··3 9 '9'~ 2
18 21 40 32.<;
19 1 16 18.1

~

19 ·t· 30 28.c;0)

19 1 33 6.3

·19 . 138'43.3
lq 1 45 4C.4
IG 2 34 49.4
19 3 4 14. 8
19 3 19 28.1

27 ·17. 5 ··1 C1- 2 3.1 155-1 7.21 1.1' 0.5' ·7 1'28· l.a·· 0.1 it: '····0·.1·· ~. 'f~4 . (J·.l3 8
1432.0 19-19.7 l'~5-14.1 8.0* 1 0 6 15159 5.7 0.10 0.8 0.14 C
49 6.8 19-18.7 155-18.5 24.1 1.8 14 119 1.3 0.36 1.9 2.8 0.11 B
. 8 '12.6 19-2C.9 155-1'1.1 9.2 .bZOO.·.'1.2;;h"O~t2;f;Zl/J+!CF!;F~...ZiO.015'C··'
50.25.8 :19-Z3.9 ..155-16.9 2.0 ,·0.9 13 ito· ·.1.0:·:·::'··:::·O.·07·::·~:::·:::;:·.:C)~~5::·:::;~::~;·:,:-';:··C.3·o.li·:<'B

19 6 1 54.2 19-19.8 155~13.5 8.0* 1.5 15 160 It. 9 0.10 0.1 0.15 C
19 6 26 38.8 .1«7-23.0 155-17.5 2.4_ 0.7 7 169 1.2 0.10 0.6 1.8 0.06 8
19 6 28 19.1 1~~23.4 155-11.0 2.8 9 88 0.2: 0.08 o.s< 1.0· .0.08','·_
19 1 34 509 3 19-20 0 5 155-19.1 4.3 1.3 12 q6 3.0 0.16 0.5 1.3 0.09 A

•



t

~U~~AKY Of SEISMiC EVENTS (CONTINUED)

1~9 71 HR. MN SEC LA r t\ lrJt~G W CfPTH MAG NO GAP OMI N ERT ERH ERZ MD Q
JlJL 19 826 lc;.6 1g- 23. q 155-16.0? 2.1 1.3 12 1 52 2.0 '0.09" 0.4' :""O'~1 0.07" C

19 8 59 8.6 1<;-23.1 155-1]~ 1 3.5 1. 5 15 62 0.6 0.05 0.3 C.6 0.09 A
1<7 12 23 24.5 19-23.7 155-16.4 11.6 1.4 10 176 1. 1 1. 71 5.1 11.9 0.22 0
19 1,2 4t 21.0 .1~- 23. 6 155-1 1. 1 2.2 O. 7, '10 101 0.4 0.03 0.2 O.l:' 0.04 A
19 13 22 28.0 1 9- .19. 5 1 55- 2 5. 9 4.7 14 110 4.7 0.08 0.6 "'C~8 0.14 B

IS 1713 45.<; 19-23.5155-17.1 1n.o q 80 O. 3 0.21 1.5 '2.2 0.14 B
IS lq 26 33.~ 1g- 2 3 .? 1 5 5- 1 7. 3 1.3 O. 9 9 157 0.1 0.09 0.5 0.5 0.11 C
19 lo} 34 17$6 19-22 G l 155-24.3 3 .l.~ 1.5 11 85 4.0 0.08 0.6 C.9 0.16 B
l'i 21 24 35.4 lS-19.8 155- 9.q 4.9 12 168 4.2 0.15 1.1 1.,3 0.14 C
19 22 ita 40.7 1s- 2 4 ~ 6 1 55- 1 7. 1 10.4 11 82 0.1 0.04 0.2 0,.3 0.03 A

19 23 56 34.9 18-5S.2 1 ~5-24. 7 11.6* 19 2 36 26. 7 0.25 1.9 0.13 0
20 o 20, 50.3 19- 2 3 • 3 1 55- 1 4. a 2.7 10 163 2.5 0.07 0.3 1. a 0.06 B
20 1 5~ 38.6 If1-22.9 155-14.7 2 ,.1 9 145 2.2 0.09 0.4 C.3 0.06 B

~

20 2 41 18.4 1<;-23.1 155-15.1 2.8 1.1 11 '1,48 '2. ,0 :',0:.0 1 ,c,O .'5': ::"3.9: 0.10 "S\0

20 4 59 14.6 1eJ-53.1 1 ~5-2 6. 1 1.1 2.5 14 246 ' '3.7 Q.61 4.1 "1.0 O. 19 0

20 q 33 16. 3 1c;- 19. 1 1 ~5-1 5. A 6.1 15 162 3.4"'0.11 O~'8' C.6' 0.17 C
20 11 18 16 0 6 1g- 13 e 7 1.55-22.3 C.5* 12 204 10. 2 0.20 1.1 0.17 C
20 11 21 11. 1 L9-13.q 155-22.3 C.7* 2.6 19 156 9.9 0.10 0.7 0.15 C
20 13 38 5.1 19-21.7 155-2:.61 7.7 11 118 4.9 0.11 0.8 0.7 0.13 R
20153935 0 2 19-13~q 155-22.5 Co 1* 1.9 11 18'7 11. 8 0.11 0.8 0.12 C

20 20 19 23.c; l~- f:..'71:5-27.5 14.0* 2.3 lR 188 22.6 0.15 '1.4 0.11 C
20 20 40 28 0 0 19-20 0 1 155-1901 {;o4 1 0 7 14 104 3.0 0.20 0.6 1.6 0.11 6
20 20 51 52.7 19-19.6 155-11.5 c.c 1. 6 16 168 5.4 0013 1.0 0.8 0.20 c:
20 21 5 33.2 19-15.0 155-22.9 3.3 11 167 ,9.3 0.09 0.8 1.5 0.12 C
20 21 8 9.4 1G- 1 4. 8 1 ~ 5- 2 2. 1 8.0* 9 1 72, "9.3 0.05 0.1 0.05 C

20 22 35 15.0 19-- 18 • 9 1 ~5- 1 5. 8 .. 9.1 12 190 '3~6 0.23 "'1';3 2'.'1 "0.14 C
2C 23 57 48.8 1~- 11. 2 1 55- 3 1. -, 6.4 13 97 1.4 0.11 0.9 C.9 0.1,3 B
21 o 43 19.5 1c;- 2 5 • 3 1 ~ 5- 1 5. 2 26.0 12 93 4.2 0.16 0.9 1.6 0.08 A
21 1 32 32.0 19-20. 7 15'5-13.0 7.8 1.5 11 178 3.3 0.10"0.8 (.4' 0.13 'C
21 4 30 13. 3 2 0- Q,. 4 1 55-25. 5 3.2* 9 325 25.2 0.39 3.0 0.11' 0



SU~1MAPY Of SEIS'J.IC E~ENTS' (C()NTINUEO.)

lG71 HR MN SEC LAT N I.Or·JG W DEPTH MAG ~iO GAP O~I N ER T EP.H ERl MO Q
JUL 21 5 18 25.6 1<; - 2 1 00 1 55- 6. 3 R.O* 8 180 6.2 0.09 1.7 0.08 C

21 5 51 44.7 It;-23.e 155-17.8 1.3 7 103 1.6 0.04 0.2 0.3 0.04 B
21 8 26 4.4 1~-20.6 155-19.2' 2.1* 13 97 30 3 0 0 08 0.5 0.12 B
21 B 2q 42.9 1~-19.2 155-15.91 8.1 10' 180 3.0 0.25 1.5 2.5 0.13 C
21 8 57 52.6 19- 25. 1 155-25.0 6.6 1.9 13 91 9.2 0.06 0.5 0.6 0.10 B

21 it 3t 7. S 19-ZS.7 155-17.71 2.5 1.2 6 327 7.9 1.40 3.8 3.4 0.15 0
21 12 11 22.8 19- 27. 9 1 ~ 5- 16. 01 8.0* 1.6 7 314 5.4 0.28 4.8 0.36 0
21 1L 27 54 0 0 19- .~4Q9 155-16 0 3? 2.8 O. 9 ., 237 1. 2 1.1 1 4.g 4.7 0.21 0
21 14 48 5.5. 6 19-21. 0 155- 1 2 ~ 1 8.0* 1.3 10" 143" 8.5 0.1 :5 1~3 0.18 C
21 19 '21 .36.5 19- 1 5 • 8 1 55- 1 7. t: 5.8 2.0 15 163 4.4 0.09 0.6 0.5 0.10 C

21 19 25 11. 0 19-23.5 155-14.61 C.8 1. q 16 . '96'" .3.0 ·Z.75 o~ 6 l'C• 5' O. 17 B
21 1C) 2 6 44. 1 19- 2 3. 4 1 5 5- 1 4. 8 3.3 1.4 11 109 2.6 0.08 0.4 1.5 0.08 A

~
21 20 19 57 0 9 lq-44.2 155-56.77 C.O 12 271 24. 1 52.6 57.0 0.51 0

0 21 20 31 5.1 1~- 2 1. 1 1 ~5-1 8. q 2.9 1.0 8', 8'S' 3.1 '0.09 O~~ 3'· 2.5 0.05 B
21 20 32 20.0 19- 2 3 0 5 1 55- 1·4 • 4 1.3 0.5 9 164 3.3 0.11 0.5 0.4 0.10 e

21 20 40 10.8 19- 21. 0 1 ~ 5- 6. 1 8.0~ 1.8 15 146 6.3 0.10 1.0 0.12 C
21 21 30 4.1 19- 2 J 0 8 1 ~ 5- 1 4 0 6 1.4 00 .3 B 1 A6 3.4 0.10 0.4 C.4 0.06 B
21'22 48 20.C; 1<;-23.5155-15.1 1.1 0.9 6 1 77 2.5 0.02 0.1 e.l 0.01 B
2122 5728.3 1~- 2 4. 0 1 5 5- 1 4. 4 ? .2* 9 182 3.9 0.01 0.4 0.07 C
21 23 6 10 0 1 19-18.0 155-22.71 12 0 3 6 256 4.3 1.75 10.1 1C.6 0.12 0

21 23 31 11.<; 1<;- 2 ? 1 1 ~ 5-1 5. I 2.5 to 1'45' 1. 8 O~O1 '0.5 2.1 0.09 e
22 a 56 12.1 19- 1q 0 0 1 55- 7 • 9 6.1 106 13 185 6. 7 0.19 1.4 C.8 0.20 C
22 11154.( 19-23.3 155-14.~ 2 • .1* 1.0 9 166 2.6 0.05 0.3 0.06 C
22 2 8 37.0 19-50.3 1~5-51.8? 42.9* 3.6 2'0' ',268102.3 '. 0.26" 2'~ 1............... 0.13 D

2 50 38.7 10 104;'
.' . '. "';'

0.7 0.03 A22 19- 2 4. 1 1'55-17. 6 q.o 0.9 l~ 1 0.08 0.4"

22 4 14 38. 6 lq~20.1 155-14.3 ··A.6' 1.0 '12 ['19 . 3~ 7 0'.'1$'" ;"l~'O . '1~6 0'.14 'C
22 4 45 24.4 1 <; - 2 O. 1 1 55- 1 3. 2 8.7 1.4 16 156 4.4 0.11 0.8 1.4 0.14 C
2~ 5 30 4.6 19-23.2 155-15.0 2.2$ 0.6 10 152 2.2 0.06 0.5 0.09 C
22 5 35 19.0 lC;-23.5 1~5-1it.9 4.0 1.4 10 160 2.7 0.01 0.3 0.8 0.04 B
22 5 53 50 0 7 l<;-19.5155-11.q <;.1 1.2 14 16q 5. 6 0.1 0 0.8 1.4 0.09 C

~- . " "





SUMMARY OF SEISMIC E~E~TS (CONTINUEO)

1911·· HR MN SEC lAT N LONG W CEPTh MAG. NO GAP' OMIN 'e:~: T.. , :,~,~,~ "E,~l. ',' MQ·· .. ::::.Q
J Ul. 2 3 17 4 1 31 ~ '8 19-2,3.6 155-14.8 1.3 . i.3·· to 164" 2~'9 0.07 0.3 0.3 0.08 B

23 18 43 19.2 1c;- 2 lc a 3 1 ~ 5- 2 5. 0 8.0* 1.6 13 132 8. 1 0.10 0.8 0.14 C
23 20 21 3c;.1 19-23.6 1~5-14.6 1.5 0.6 8 183 3.2 0.06 0.3 e.2 0.03 B
23 20 31 51. <; 19-23.6 1·~5-14.e 2. '3'. 1".0"';" 11' 1 ~3' ·l~.. 9":,· .::O~,07: ,:', tr~'5'., .. :.. O.:~l. 'C
23 20 42 55.2 19-23.2 155-14.6 5.3 1.1 16 107' 2.7 O. 08·, 0.4 c.a 0.10 A

23 21 1 54. 1 1Cj- 2 3. 4 1 ~ : - 1 5 • a 1.9 1.0 10 1'56 2.'4 0.1'1 '0'.5' 0.4 0.08 B
23 21 9 44.6 19-23 0 6 15S-14.7 1 0 6 7 182 3. 1 e.l5 0.5 0.5 0.05 B
23 21 37 45.6 1«;-21.5 155-13.0 11.6 0.8 11 1 38 1.9 0.09 0.6 C.9 0.06 B
23 22 41 43. 1 20- 1. 0 1 ~ 5- 4 5. 5 e.4* 2.6 15 31'S '40~8 1,.51. 9 ~·O ." 0.11 0
23 22 46 30.7 19- 2 3.-5 155- 14. 8 2.2* 9 173 2.8 0.,07 0.4' 0.08 C

2J 22 5C 5<;.3 1 q- 20. 2 1 55-1 9. 6 t.4 2.7 16 114 3.9 0.01 c)·.4:"· '. 0.4' 0.09 A
23 23 13. 42. 8 19- 24 • 2 1 55- 1 6 • 2 2.2* 1.0 12 107 1.9 0.03 0.2 0.06 B

N
2:3 23 l~ 3<;.6 lc;-23.c 155-11.0 7.3 6 136 0.4 0.05 0.4 0.2 0.03 B

N 24 0, 9 4Q.O 19- 2 3 • 2 1 ~ 5- 14.'1 ' 2'.:1· 9 '164 2~·6. '0. 01·',-: :<O~.~.'::·.!:,'.· .. ·o.oa"·· C.
24 o 19 3.9 lq-13.6 155-20~6? 8.8 1.9 11 206 8.7 :0,:.2 It 1.'2 ,,' .c.a 0.14 .C

,,-
, ~ "l

f

0.01 '()'~':j24 . 0 40 38.3 19-23.5 155-1'4.6 1.6 1. a 12 1'13 3.'0 0.3 0.01 A
24 a 5£- 49.1 19- 2 1.6 155- 7. 1 11.3 0.8 10 137 4.7 0.12 o.a 1.4 0.06 B
24 1 12 27.6 1c;- 11. 2 155- 4 1. 4 7.3 11 204 10.2 0.21 1.3 C.9 0.11 C
24 1 25 33.5 19-23.5155-15.8 19.5 14 100 2.1 'O'~13 0.6"<:"1.2' 0.05· A
24 1 3 it 18. 1 1c;- 24. 1 155-15.4 1.2 0.8 10 168 3.0 0.15 0.6 C.5 0.11 C

24 1 44 14.6 19-16.7 155-24.3 2.5 1.8 14 185 6.1 0.18 1.0 2.4 0.19 C
2~ 1 58 2. 1 lS-23.3 155-15.01 1.7 1.0 11 153 2.3 0.08 0.5 4.4 0.11 C
24 2 10 10.0 19-23.7 1~~-14.6 2.3* 11 168 30 3 0.05 0.3 0.07 C
24 2 45 55.1 19-19.4 155-13.6 ~.l 1.6 15 199 '5.2 0.13 "0.8. '1~2 0.10· C
24 2.57 39.4 1~-24.1 155-16.4 2.0 0.6 8 189. .1.6., ':·0.·08 ... O.S,. :0.2 0.01 B

24' 3' 2'7 1q. 8 19-22.9 155-14~3 r ~4" 1.1' 1'0 ''153 2 ~'8 "':"0 ~c'(J7 ,..',:.,; 'd~:j";' '0. 3 0 ~ '07 ' 8
24 6 42 18.1 1 t;- 22 • B 1 55-1 4. 1 4.1 1.2 13 115 5.1 0.13 0.6 1.6 0.12 8
24 6 45 3.3 19-23.5155-14.7 2.0- 9 115 2.9 0.06 0.3 0.06 C
24 7 46 ·28.9 19- 23 .4 1 55-1 4 • 5 1.1 0.0 9.'/1'75 "" . .:"3. 0 "0.0'9·' ....; 0.4 ·::::·!:·O.4 0.06 .':8
24 10 23 54.2 19- 2 3 • 9 1 55-1 6. 0 2.2* 0.7 9 '201 1.9 0.14 0':.'8 0.·10 C

.. ~
.,



•

SlJMMAR~ OF SEISMIC E\lEt\TS (CCJf\JTI~UEDt

1971 HR MN SEC l.\T N lO~G W OEPTH M~G NO GAP nMI "4 ER T ERH ERZ ~D Q

JUL 24 10 51 37.7 19-2.3.7 155-14.7 5.1 '7 259 3.2 0.27 0.9 1.3 0.03 C
24 12 33 18.0 19- 4 O. 1 1 55- 3.5 2.8 2.2 H 2 51 18. 2 0039 2.0 1. 7 0.08 C
24 12 42 1.3 1<1-24.1 155-16.3 2.2* 1.0 14 155 I. 7 0.06 0.4 0.14 C
24 1 j 11 50. 5 1<1-2C.9155-12.2 8.6 1 184 3.0 0.03 0.3 0.4 0.01 B
24 13 41 10.e lS-18 0 6 155-15.2 13 0 8 10 5 8 226 40 7 0.11 0.6 0.9 0.02 C

24134551.6 1<j- 2 3. 9 1 ~ 5- 1 4. 8 1.5 0.7 9 185 3.3 0.15 0.5 0.4 0.01 B
2 f t 14 3 7 25. S 1<;-23.1 155-1404 4 0 4 8 1 72 2. 8 00 35 1.2 2.6 0.11 C
24 15 3<j 12.4 lC,-21.9 155-29.1 4.6 1.8 15 100 10. 7 0.08 0.7 (.8 0.15 B
2~ 16 57 47.1 1<3-21.'1 155-2f1.3 5.2 1. 9 16 93 11.0 0.08 0.7 0.1 0.17 B
241715,33.4 20- 302 155-47.9 8 0 0* 2.8 20 284 10. 6 0.53 3.3 0.11 D

24 1<) 5121.1 1~-17.2 155-13.3 8.C* 1.5 10 243 <;.0 0.2"3' 1.5 0.10, 0
24 22 4 5207 19-24.3 155-15.4 1.6 0.6 8 240 3.0 0.30 1.0 C.5 0.07 C
24 23 22 5<;. 8 1<;-23.4 155-17.2 2.2 0.7 8 94 0.4' 0.04 0.4 0.6 0.06 A

N
24 23 26 38.() 1<;- 2 C• 0 1 5 5- 1 1 • <; ';.4 10 208 4. 7 0.11 0.8 1.0 0.06 Bw

25 o 21 6.9 19-20.1 155-19.9 8.5 0.9 10 106 4.5 0.12 0.6 1.3 0.08 A

25'23725.1 2C- c. q 155-25.9? C.5 1.4 113C6'3701 1079 12.0 33.2 0.14'0
25 4 46 42.6 1Cj- 17 .6 1 5 5- 2 7 • 6 4.3 l.q 13 165 c;. 0 0.11 0.8 C.8 0.15 C
2: ' t" 17 47.~) 19-23.5 155-15.0 1.7 9 161 2.7 0.16 0.5 C.5 0.08 B
L5 6 28 47.3 1<,J-2302 155-14.9 4.7 10 1 11 152 2.3 0.18 0.7 1.6 0.11 C
25 7 2 32.6 1<i-20.2 155- 7.7 <1.4 1.J 8 164 s. 1 0.13 0.9 1.8 0.07 8

25102525.8 19-20.0 155-1108 7.0 2. a 18 162 4.8 0.12 0.9 (.6 0.19 C
25 10 36 21.1 19-20.1 155-11.7 5.9 2.0 17 160 4.6 0.14 1.1 0.8 0.22 'C
25 11 29 21.5 I G- 1 ~. 0 1 5 5- 1 7. 2 3.8 1. 7 17 193 4.3 0.21 1.1 1.2 0.18 C
2513 3c 30.1 19-20.6 155-25.5 3.1 2.2 16 .131 11.8 0.09 0.7 1.0 0.15 8
2 5 15 28 18. 1 1fi- 2 3. 4 155-15.0 2.2 1.7 11 79 2.4 0.11 0.4 0.4 0.12 B

25 15 29 3.5 19-23 • '5 1 ~ 5- 1 4. '3 2.2"* 1.0 12 110· 2.6 0.03 0.2 0.06' B
2: 16 38 58. 8 19-73.2 1 ~5-14. 9 4.7 1.4 12 1 06 2.3 0.13 0.6 1.3 0.10 B
25111013.8 1e,- 2,2. 9 1: 5- 1 t. 5 2a3 1.2 10 73 1. 1 0.08 0.5 0.3 0.13 B
2~ 18 25 34.9 19-13.5 155-14.7 1.5 1.0 10 115 2.9 0.06 0.3 e.2 0.06 B
2: 23 28 28.<; 1f;- 22 .3 1 ~ 5- 2 5. 3 4.4 1.6 17 qa 5. '3 0.09 0.7 0.9 0.18 B



,SU~-~~A~-·Y Q f &k·I-SM IrE ¥ fNT S (CCr~T I "UEO •

1971 HR M~,1 SEC LA, T "1 lONG. W DEPTH MAG NO GAP OMIN ERT'· E~H. ·ERZ MD Q
JUI. 25 23 47 .30 0 0 19-20. 7 155-14'.2 4.8 13 1 '17 2.8 0.21 1.2 C.9 0.18 C

26 21311.0 1C)- 1 8. 4 1 ~5- 2 4. f3? 0.2 2.6 1.5 158 4.2 0.08 0.7 G.4 0.11 C
26 2 19 1.2 1 t;- 1~. 9 155- 19. 5 4.0 2. 1 18 '16 3. 7 0.08 0.6 c. 7 0.14 B
26 22057.6 19-18.1 155~·25.6 3.1 2.0 17 118: 14~1" .0 .1 2 O'~8 C.8 0.14 C
26 4 24 45.8 19- 2:3. 1 1 55- 2 5. 6 4.2 14 lS5 6.8 0.11 0.8 1.2 0.15 C

26 5 1 55. 7 1 Cj- 2 t. 0 1 ~5- 2 e. f:. 7.5 12 149 '11. 7 0.06 0.5 C.4 0.08 B
2t 6 38 23~ 5 1 CJ- 2 5 0 7 1 55- 5 6 • 3 -'05 2. 6 16 248 10. 3 0 0 49 4.8 3.2 0.16 0
2t <) 30 57.2 19-23.2 155-16.8 4.5 2.2 15 67 0.5 0.08 0.5 (.7 0.13 8
2t 11 2 21.3 1t;- 2 3. 3 155- 14. 7 2.0 1. 0 10 164 2.6 0.13 0.4 0.4 0.07 B
26 11 4 6.4 19- 22 .8 1 55-14. 6 . 1.4 00 4 8 148 2.2 0.07 0.4 C.3 0.07 B

2t 14 47 28.4 1s- 24. 4 155- 1 7 • 6 2.5 o. 5 9 109 0.6 0.21 0.6 1.2 0.07 A
~'~6 14 52.56.8 19- 2 4. 0 155-16. 5 2.0 7 1 79 1.3 0.13 0.8 C.4 0.09 B

N 2t 15 5 3~. 9 19-18.4 155-13.3 8.0* 10 228 7.2 0.14 0.9 0.08 0
~ 26 15 8 50.5 19-2t.5 155-25.5 E.3 3.1 17 117 '1.1 0.08 0.1 1.3 0.'12 'B

26 18 18 30.1 lQ-Z·4.2 155-16.6 2.1 10 145 1.5 0.• 03 0.2.. C.l 0.04 B

26 18 27 38.5 1~-27.9 1~5-16.C? 8.0* 1.6 8 314 5.5 0.21 .. 3'.':7 0.31 0
26 iB 56 42.4 1~)-23.5 155-17.3 1.1 0.6 10 93 o. 6 0.05 0.3 0.3 0.08 A
27 o 40 18.9 19-28.5 1~5-16.~? R.O. 1.3 8 3 18 6.2 0.29 4.4 0.36 0
27 4 14 35.7 1«;-23.5 1~5-1607 2.6 1. 1 12 80 0.'4 0.05 0.4 0.8 0.08 A
21 45511.0 lG-15.6 iS5-lC.S? 0.0 1.6 16 262 12.9 9.16· 3.2 1l:.4 0.26 0

27 6 31 53.2 1<;-22.6 155-1'•• 3 2.2* 1.2 8 150 2.2 0.05 0.4 0.06 C
27 8 41 13. 1 1<;- 2 ~. 1 1 55- 1 5 • (:, 2.5 6 234 2.8 0.11 0.5 1.8 0.02 C
27 q 16 20.9 19-25.1 155-24. 5 3.8 l~ 5 12 119 8.2 0.09 0.1 1.1 0.15 8
21 11 41 54. S 19-23.7 155-16.9 2.2 1 143 0.5, 0.05 0.5.··· 0.2 0.06 B
21 14 21 20.2 lc;~20.7 155-13. ~ <;.6 1.6 13 199 '3.4 'O.16··:·l,~Q·:· i.3 0.10 C

':2'7 18 '32 '36.7 3~i
..

:"0 .,'g":' "2~ 1 o~ '01 'C·1~-23.2 1~5~14.9 8 '160 2.'3 0'.21
27 18 48 39.0 1s- 1q. q 1 55- 1 ~. 0 1.1 13 182 2.5 0.12 0.8 C.5 0.13 C
27 19 46 49.1 20- 0.2 1~5-44.0 13.0 2.4 14 254 4.7 1.04 9.3 5.9 c.o~ 0
27 20 25 41./t 1fi-19.t 1~5-14.1 .1 2.• 7 ' ·1.6' 10' 2 12 4.2 0.27 """0.9:'.' 1.9 '0.05 B
27 20 28 59.4 lS-2~.3 1~5-15.8 2. 1* 1. 2' 12 115 2.3 0.06' 0.4 0.11 B



",

SU~MARY OF SEISMIC EVE~TS (CON1I~UED)

1971 HR r'1 ~~ SEC l t, T 1\ LC~JG W DEPTH MAG ~JO GAP DMIN ER T ERH ERZ MO Q

J UL 2'7 2 0 54 2 a. a le-57.8 1~5-1n.5? P.o~ 2.2 12 '253 17.4 0.73 5.1 0.18 D
27 21 5.3 24.9 19-.23.2 155-14. 3 c.? 0.5 9 169 3. 1 0.34 0.2 0.7 0.04 B
27 22 21 32 0 1 lS-24.1 155-15.5? 1.8 0.2 R 231 2.8 0.22 0.8 C.4 0.07 C
28 C 26 54. 7 IG-2 3.4 155-15.1 0.8 1.2 11 101 2.3 0.35 0.1 0.1 0.05 A
28 ]1735.7 1<;- 2 ~. 7 155- 1 702 2 0 3 7 130 o. 7 0005 0.4, e.2 0.04 B

28 4 3S 55. B 1<;- 23. 1 1 ~5~14.6 5.3 1.8 15 1 06 2.7 0.01 0.4 C.7 0.08 A
£~ 8 4 43 6 0 6 1s- 2 3 ~ 7 155- l4 0 7 1.3 l.C 10 183 3.3 G.09 0.4 C.3 0.08 B
2E 4 5 A 44. 8 1<;-23.6 1 55-1 7.6 1.8 0.9 13 80 1.2 0.06 0.3 0.3 0.08 A

,28 o 34 50.9 19- 2 3 • 4 1 ~ 5- 14. t 1.8 8 1 70 2.9 0.15 Oa5 0.5 0.06 B
28 6 35 41.2 19-23.8 155-14.6 1.7 8 186 3.4 0.11 0.5 C.4 0.09 B

28 6 5U 55.1 19- 23. 5 1.55- 14. f 3.8 1.6 13 110 3.0 ' 0 .• 0"1 0.'3 . 0.9 0.07 A
28 7 8 25.0 lc;)-23.5 155-14.7 2.1* 1.0 8 117 '3.0 0.04 0.3 0.04 C
78 7 31 5. 8 1<;-23.4 155-14. 8 5.3 1.6 14 109 2.7·· 0'.09 0.4 C.8 0.08 B

N
28 8 2'1 1. 7 1G- 2 3. C 1 55- 14. 4 2.1* 8 184 3.3 0.05 0.3 0.04 CU1

28 8 5<1 25.f1 19-23.0 155-26.3 4.9 2.0 18 73 7.4 0.08 0.7 c.a 0.20 B

28 10 17 290 2 1(j- 2 C;. 7 1 ~ 5- 1 2. F 12.3 1. '7 12 ? 73 11. 6 0.11 4.8 3.2 0.21 0
~8 II 7 15.5 lQ-2C.l 155-15.0 1 (). 7 10 147 3.2 0.06 0.4 C.b 0.04 6
28'12 14 16. t 1~- 1(;. (; 1 55- 5.61 C.6 2. 5 16 118 4.6 1.19 1.0 4.4 0.11 C
2e 1224 18.b 1<;-19 0 7 155-13.2 8.0* 1.6 12 162 5. 1 0.12 1.0 0.17 C
2E 12 25 4.1 1S-22.3 155-1.3.9 4.5 1. 3 10 143 2. 1 0.19 1.0 1.8 0.14 B

28 13 9 ·7.5 19-23.3 155-14.3 2$7 1. 1 9 113 3.2 O.O~ 0.4 '2'.2 0.01 B
28 14 Sq 34.6 19-24.1 1 ~5-2 4.0 8.0* 1.5 11 120 1.3 0.10 0.8 0.13 B
28 15 32 20.6 1s- 2 O. 3 1 ~ 5- 14. 4 25.2 2.3 18 137 3.2 0.14 0.9 1.4 0.10 B
28 t 7 10 54. q 1~- 2 3.2 155-14. 5 1.7 8 169 2.9 0.06 0.3 C.3 O.Q4 B
28 17 20 50.5 19- 2 t. 4 1 55-2 4. 1 2.3 1.4 13 1 06 6.4 0 •. 08 0.6 1.2 0.15 8

28 19 2 8 '20. <; 19-22 .3 155-1'3.2 5.0 1.1 10 157 1.0 '0.14 0.8 1.2- 0.10 C
28 20 1 27. b 19- 20.0 1 55-1 t. 5 t.8 1.3 15 135 1.6 0.08 0.7 0.5 0.13 B
2H 20 15 9.7 1.9-2201. .155- 5e 7 2 0 8 3 0 4 11 121 6.4 0.11 0.8 1.0 0.15 B
28 21 27 21.5 19-2<1.3 155-27.8 0.4* 1.9 10 186 8.0 0.13 1.1 0.13 C
28 21 30 49.8 1C;-22.4 155-2'3.1 5.7 1. B 21 54 4.0 O.Oq 0.8 0.8 0.21 B



SU~MARY OF SEISMIC E~ENTS (CONTI~UED)

1971 . HR Mr. SEC lAT N LONG W DEPTH MAG NO GAP. DMIN 'ERT E~H ... ERZ .' ~o .. Q
JUl 28 22 11 '34.0 19-23.8 155~1·7.5? 1~9 0.6 7 't33 1.2 0.05 O~'3 .C~3" O~05 . B

28 22 53 5'3. 1 19- 2o. 5 1 55- 1 4. 5 f.5 1.3 13 191 2.8 0.14 0.9 1.2 0.11 C
28 23 22 28.7 19- 2 3. 6 1 55- 1 5.4 1.7 8 163 2.4 0.13 0.6 C.5 0.10 B
29 o 1 7 16. 5 lrj-23·.6155-15.0 . 2.9" 1. O' 10 112 2.• 8. :" .0.11 '0 .4. ····l.·S 0 • 0.6 B
2S 1 14 34.9 1q.. 21. 3 1 5 5- ~ 7 • 0 23.0 1.1 11 101 . 2.3 0.14 0.9 1.3 0.11 8

29 1 30 6.'; 19-24.5155-17.4 8.2 1.2 10 '1g 0.4 0.1'0 0.9 ·C.9 0.07 A
2') 1 30 58.4 1<;- 2 3 • 3 1 55- 1 6. 2 8.4 1. 3 13 A5 1.4 0.06 0.4 0.7 0.08 A
29 2 22 24. 5 19-22.3 155-23.3 c.6 1.8 1.3 62 3. 8 0.08 0'.8 C.7 0.15 B
29 2 4C; 44.2 1<1- 2 t,. 3 1 55-1 7 • 3 0.8 0.9 12 92 0.9 0.05 0.3 0'.3 0.09 A
29 3 31 52.1 19-22.1 155-23.6 4.5 1. q 19 13 1.5 0.11 0.8 1.1 0.24 B

2q 4 6 19. 9 1<;- 2 3 • 8 1 5 5- 11 • 1 2.1 0.6 9 136 o. 's 0.03 O~3 0.'1 0.04 B
29 4 46 57.0 19-26.2 1~5-14.6? ~.O* 1.6 12 255 4. 8 0.34 3.0 0.62 0
2<7 5 23 58.9 19-23.1 155-14.4 0.9 1. 1 9 168 2.9 0.04 0.2 0.2 0.04 BN
29 5 42 42.'4 19- 23. 4 1 55-14. 61 0.1 9· 173 ·3.0 1.53· 0·.1 3~2 0.14" C0\

29 5 51 36.9 19-2 4. 1 1 55-1 1. 1 2.1 8 134 'l~ 3 . 0.05 0.5 0.2 0.06 8

2C; 6 a 32.1 1~-23.9 155-17.71 1.6 0.3 8 130 1.5 0.06'· 0.2 O'~4 0.07 B
29 6 3 47 0 6 19-22.9 155-14.3 1.9 1.1 7 156 2.6 0.10 0.4 C.4 0.04 B
29 6 S 28.0 1<;-23.5155-14.8 2.2* 0.8 8 173 2.8 0.04 0.2 0.03 C
29 6 35 1.4 19- 29. 5 1 ~ 5- 16. 8? 8.0* 1.4 8 324 1.1 0.56 5.1 0.49 0
29 7 14 39.4 1«;-22.1 155-14.2 1.6 6 176 2.6 0.15 1.0 C.6 0.07 B

29 7 lR 56.3 1C)- 2 ~ • 4 155- 17. it? 3 .. 2 7 149 0.1 2.49 4.8 13.2·0.14 C
29 j 23 58.4 lCJ-23.9 155-16.2 1.8 8 150 1.6 0.11 0.6 C.4 0.11 B
29 7 46 21. 1 IS-23.3155-17.21 2.4 7 151 o. 5 0.06 0.5 0.8 0.05 C
29 9 6 29.4 1<;-25.9 155- 1. 7 30.3 19 .215 8.7 '.0.'27' .1·.4 ·Z.1·.0.08 C
2~ 9 20 15.0 19- 2 3 • 2 1 5 5-1 7. 3 1.4 '1.0 9 92·. 2.8 ·o.o~·: .O•. l.····~···C·.l .. O.O~.· ~

. .' ':'.. '.",:~. ,", .. " .

."29 . 9 2 2·' 56. 1 1<;'-23.6 155-1 7. 2 1.8 o. q 11 <)6 "0.6 0;"0 5'·' ':O~'''4'':;' .,: ;C';~;2 ··O~O·7· :'A':
29 9 42 18. 7 1s- 2 3. 8 1 55-1 7. 4 1.2 0.5 10 117 1. 1 0.06 0.4 C.4 0.11 B
29 9 59 13.0 19-2.3.6 1~5-14.e 3.7 1. 8 10 114 2.q 0.01 0.3 1.0 0.06 A
29 10 1 25.7 1-;-23.3 155-14. 7 4.1 1.1 10 108. 2.. 7 0'.1·" 0.6 1.4·<:: 0.09:8
29 10 2 38.1 19-23.2 155-14.8 4.3 1.6 12 107 2.5 0.11 0.5 1.3 0.09 8

t





SUMMARY' OF Sfl!MIC E'vE~TS (C(1NTI~UEDJ

1971
JUt 30

30
30
30
30

HR M~J SEC
a 21 51.'5
a 51 42. 4
1 0 10 0 6
1 31 8. 8
1 39 44.1

l/\ T "I LO.NG ~

19-16.1 155-13.6
1c;- 2 :3. 3 1 5 5-1 1. '3
19- 2 4 • 0 1 55- 1 7. 2?
19-24.0 155-11.21
19-23.1 155-11.5

DEPTH tAAG
6.2 1.4
1.9
2.0
2.0
1.7 1.3

NO GAP ·,{l"'lNERT·:ERH.ERZ MO. Q
15 211" "'9.5 O~'35' "1.'9' .... '1.4 0.21" C

q 87 0.7 0.04 0.3 0.2 0.05 A
7 130 1.2 0.02 0.3 e.l 0.03 B
7 "1'29 "·"'1.2" '0.02 ,:' "'O~2'" e.l 0.03 B:

13 85 1.1 a.ns 0.4 0.2 0.08. A

3C
30
30
3C
30

5j 3C.c;
4 3 28.3
4 6 26 0 0
4 14 36.4
4 56 2.1

19-2~.7 155-15.1
1c;- 2 3. 1 1 55- 1 7. 1?
19-11.4 155- 5.'1
1«;-2::!.3.155-17.2
19- 17 • 4 1 55- 1 4. t

3.9
2.3

41.4
1.8
1.1

1.0
1. 1

7 177 2.9
7 1.34 O. 7

13 231 16.4
R "85 0.5

14 224 6.9

0.05
0.05
0.43
0.04
0.32

0.2
0.3
2.1
0.3'
1.9

C.6 0.01 A
0.2 0.03 B
3.4 0.10 C
0.2 0.04 A
C.7. 0.21 C

l".)

00

3C 5 24 24.6
30 5 46. 30.4
30 10 19 18.0
30 11 20 33. 5
30 12 1 13.6

19-24.3 155-11.91
1c;- 2 4 • 6 1 5 5- 1 7. 0
19-23.4 155-1 1.4
19- 17.3 155~2 .3.2'1
18-52.6 1~5-18.6

8.0* 1.8
8.2
1.8 1.3
1.'9 2.3
S.5

11 288 7.4' 0.49 .3.3. '0.39 0
10 84 0.6 0.05 0.4 0.50.04 A
12 83 0.8 0.06 0.4 C.3 0.08 A
15 1'19 . 5•.·4,'.· :··O~·~.4·4. :- O·'·~:9:·· ....'l .•~ . 0 .:16 ~

13 258 39•. 2 9.• 53 5.6·' .1.1 0.12 0

30 17 23 32.0
30 11 30 9.'3
3C 19 9 13.4
3() 21 41 35.<;
30224550.1

19- 2 3 • 9 1 ~ 5- 1 ~ • '8
19- 23.2 155-1 7 • 5
1 t;- 24. 0 1 55-1 7. ?
19- 2 :3. a 1 55-1 1. 1
lq-27.2 155-43.41

3.6
2.3
2.1
2.0
7.3

2. 6 16' 13' 1;"8 'O'~05

0.8 10 118 1.1 0.08
O. 1 7 1 2q 1. 3 0 • 0 3
1. a "10 13'7 0.9 '0.03

11 288 13.1 0.92

'O~4

0.4
0.3
0.3
5.4

0.6 "00 12 B
1.2 0.09 A
0.1 0.04 B
C.l 0.0·5 B
1.4 0.10 0

"8. 0'" '2.'"0 16 200" ':"~i~l::":' tj'~~'r"6 .'.':.' l~:i""" C.·5· '0'.13" C
7.a 1.8 17 120 14.9 0.01 0.5 1.3 0.08 A
~.4 2.0 17 215 13.9 0.17 0.9 0.6 0.11 C
1.9 '.3.6'· -22 1~2·" :6.9··.····0·.08: 1.4.2", 1~8' 0.11'8
8 .0* 2. 1 10 201' 7 •.6 '0.2 2 1 .4· o. 13 C

'11 0 44 33.4
31 5 42 8.0
3 1 7 4<j 13·. 8
31 8 35 40.8
31 11 37 59.~

3117 3' 30 0 8
31173147.<;
31 IH 10 16.8

AUG 1 1 38 23.3
1 1 40 25. 3

1 c;- C• 9 1 5 '.'- 2 Col ?
19-20.3 15~-25.3

1<;- 1 C; • 9 1 55- 1 2 • g
19-18.4 155-13.2
19-21.·4 .155-15.2

. , ..

19-''18;5 l5'5~lj~·'2'"
1q- 31. 7 1 55-12. 1
1<1-1it. '3 155-11. 7
19-29.3' 155-51.9'
1<;-25.3 1 ~5-24.3

CQ 1 2 0 4 15 2 23 3 1. '7 70 8 8
4.0 1.9 19 103 3.5 0.10
6.0 15160 4.7 0.17
8. 0 * 1. 8 1 4 2 04 7~ 2: 0·. 1 ~

'7.1 3.0 23 l'l6 O~·8.· r:.·()·.·O·7

4.4 33.2 0.25 0
0.8 C.9 0.22 B
1.1 1.1 0.23 C
'0.'9 ... :'. 0.12 C
'0.6:"· '0.'3 0.15 C

l l..





SU~MARY OF SEISMIC EVE~TS ( CON T I NU ED) .

1911 h~ MN SEC LA T f\ LONG W OEPTH ~AG N1 GAP O~IN ERT ERI1 ERZ MO Q
:~u G .3 17 22 2.1 .1 g- 2 3. 6 155- 1 7. 4 1. 7 0.6 11 101 1.0 0.05 0.4 C.3 0.08 A

4 1 36 44.7 2C- 7.1 155-51.2 8.0* 4.2 22 145 18. 1 0.01 0.9 0.11 C
4 6 33 2'1. 2 l c;- 2 3. 4 1 55- 1 1. a 2.6 0.8 q 98 0.2 0.01 0.1 0.2 0.02 A

""-
19-19.6 1~5-10.7 8.0* 13 1 71 6.3 0.12 l.~ 0.15 C4 9 16 14.3

4 10 51 30.1 19- 2 C. 2 15 5- 14. "3 5.<7 13 1 '17 3.5 0.25 1.1 1.0 0.21 C

4 12 34 10.4 lS-22.9 155-16.4 3.4 1.0 12 113 1.2 0.10 0.5 1.1 0.10 A
4 19 5£ 45.c; 1'1- 1C• 2 1 55-2 3 • 4 ? C.O 13 166 7.3 1.44 2.0 21.5 0.21 C
4 20 30 19.3 19-1~o6 155- 9.4? 0.0 16 L 73 7.8 6.2 5 1.1 11.9 0.23 C
4 20 53 31.8 1q.- 20. 8 1 55- 6. 3 8.0* 13 152 6.1 0.11 1.1 0.12 C
4 21 36 2.6 19-23.3 155-14.31 C.O 9 174 .3.2 0.58 0.3 1.2 0.06 C

4 21 44 56.S. 1<;-21.4 155-19.3 2.2* 10 96 4~ 2 0.06 . O"~4'"''' 0.10 8
4 23 48 59.0 1<1- 1r;. 0 1 55- 1 .3. 2 8.0* 13 ;! 21 6.4 0.17 1.1 0.11 C
5 2 19 45.2 19-18.2 155-13.3 6.3 11 230 1.4. 0.43 2.4 1.6 0.23 0w

19 231 '11.2 0.37 '1'~'5' 3.3 O~08C0 5 2 21 34. 1 19-48.• 4 155- 1.9 42.6 1.5
5 3 4 34.9 19-25.1 155-11. a 207 0.1 9 1 75 · O. 4 0.05 0.4 0.5 0.05 B

5 3 38 22. 5 lq-18.4 155-15• .3 13.3 10 1 79 4.8 0.07 0 .• 8 C.8 0.06 B
5 5 43 50.6 19- 2 6. 0 1 55- 1 7. G t.e 1. a 8 287 1.2 0.58 2.0 2.9 0.12 C
5- 7 52 54.5 19-21.3 155-26.1 5.7 2.0 18 13 5.3 0.12 0.9 1.1 0.18 B
: 10 9 13.6 1«;- 2 5. 5 1 55- 16 • 2 1.6 o.q 10 189 1.8 0.14 0.6 0.4 0.09 B
5 11 16 11. () 2 0- 4 O. 3 1 56- 5.41 6.7 2. 3 2 1 1 <; 6 1 <;. 8 2.80 11.1 6S.2 0.22 0

5 13 11 14. 5 1g- 2 5 • 3 1 55- 2 3 • t c.3 1. 7 16 132 6.5 0.10 0.7' 0.'1 0.16 e .
5 15 35 20.5 19-29.5 155-50.6 1.3* 2.0 14 310 35.8 0.06 1.0 0.09 0
516 55 29.9 19-25.4 155-21.5 1.4 1.1 16 152 1 0.9 0.12 0.8 0.6 0.14 C
5 16 56 10.6 1~- 2 8.5 1 55- 4 2. «;? 1 3 • 2 • 13 289 27.1 0'.'34 2,.':2. 0.22 0
5 17 46 34.2 19-21.1 155-13.21 8.0* 1.7 9 318 8.5 1~7 7 1·t.1 0.49 0

"5 18 1:t;: "28.6 "i ;->16~i '15:'5~1'''8.'2' . "'30.0 2."8 '22' '1"55 3. 4':':' ::(j~t·5:· '<:'·f·.·:·O l.5 0.14 C
5 18 21 47.C1 1C1-1 5. 9 1 55- 1 8 • 1 ZC1.0 2.4 22 157 4.0 0.15 1.0 1.5 O. 14 C
5 18 46 24.1 1Cj- 22. 7 155- 22. 2 2.6 12 147 4.1 0.06 0.4 0.6 0.08 B
5 18 55 3.5 19-22.5 155-22.5 4.1 1.6 16 148 4.4 0.08 0.7' 0.7 0.16 B
5 1'1 It 35.6 1<7-21e.2155-17 __ 7 1.9 0.4 8 112 1.0 0.04 0.3 0.2 0.05 A

t "





!

SU~~ARY OF SEISMIC EVENTS (CONTINUED)

1"171 hR Mr~ SEC
AUG 6 22 36 11.4

6 23 3 51.3
1 0"30 2<1. 0
7 0 55 29.8
1 1 1 1 ~5. 1

l~ T N LO~~G W
1 <;- 43 • 9 156-'1 C~ 4
19-13.4 155-11.2
19- 2 o. 8 1 ~ 5- 1 1 • 7
19-17 Q 8 155-13.3
1<1-42.8 155-45.1

DEFTh ~AG

43.6* 2.3
A.O. 1.6
8.2 1.1
8.0* 1.4

14.9* 2.3

NO GAP. O~IN
14 '301 35. 3
1.3 206 15. 5
12 151 3.6
11 234 a.2
11 152 27.2

ERr
0.32
0.18
0.05
0.31
0.11

ERH
2.3
1.1
0.5
1.9
1.0

f.RZ MO Q
0.08 0
0.13 C

0.8 0.01 8
0.18 0
0.14 C

7 '3 36 51G8
7 6 13 1.5
7 11 55 37.9
J 13 24 46.4
1 13 25 20.7

1q- 1q 0 0 1 55- 1 5 0 <;
1<1-24.6 J55-16.1
1'1- 2 5. 8 1 ~ 5- 2 2. 7
19-23.2 155-14.2
1<;-27.2155-43.0

q. 3 1. 6
0.9 0.9
8.0* 1.4
3.3
4.8 2.2

13 187 3. 4
14 111 1.7
13 166 4.9
11 112 3. 1
13 153 22.8

0.21 1.1
0.09 0.3
0.09 0.1
0.05 0.3
0.16 1.0

1.9 0.12 .C
C.4 0.10 B

0.10 C
C.8 O.OS·A
2.0 0.07 B

W
N

7 14 37 22.9
1 15 26 38.3
7 15 58 49 0 4
8 0 18 35.3
8 1 . 4 11.5

19-21.3 155- 8.71
19-18.1 155-1q.f
19- 30 0 2 1 55- 1 5. 4
19-28.4 155-11.21
19- 2 .3 • 2 1 5 5- 1 7. 3

4.1 2·.0
4.3 1.1
2.9* 1. 3
5. 2 ~J.8

1.8 1.0

20 141
13 160

8 328
8 '318

10 88

2·.5·· ..·0·.23· 1.8 1.80.35 C
1.7 0.15 1.0 1.0 0.18 C
9.7 O~27 1.4 0.08 D
5.6:··'··:1~..21 1~~3' 7.5' 0.25 0
0.7 0.05 0.3 0.2 0.07 A

a 3 36 21.8
8 4 27 13.6
8' 5 24 33. 3
8 6 44 40.5
8 6 55 21.4

19-24.2 155-11.0
I c;- 2 4 • 2 1 55- 1 6. 7
19-23.4 155-11.1
19- 23. 3 1 55-1 2. t3
1c;- 2 O. 1 1 55- 1 S. 1

2.0 1.0
2.1 -0.0
1.9 0.7
7.3 1.4
6.3 1. 7

8 148
11 125
10 84
11 117
20 160

1. 3
1 0 4
0.3
1. 5
3.1

0.03
0.04
0.04
0 .• 51
0.1 o.

0.3 C.l 0.04 8
0.3 0.2 0.06 B
0.3 C.2 0.01 A
1.4 3.4 0.11 C
0.8 ··C.6 0.20 C

8 '12 '2f;~':14'~<t' If;~18·.9 l'S·5-?2.1?
8 12 32 57.3 19-20.1 155-11.5
8 1J 15 18.4 lS-23.a 155-16.5
8 13' 27 ·~\1.2 1(j-23.B 155-11.1
813 40 51.6 19-24.1 155-17.11

8.0* 1.7 12 169 11.5" 0.21 1'.1 0.22 C
1.9 0.6 <] 182 1.5 0.10 0.1 C.3 0.10 C
2.0* 8 96 2.9 0.03 P.Z 0.04 8
1 • q 9 ·2';1:0': :'2. o;·.:.::·.'o.~:~ ....... O'::~,~': ..':.':' 0'.1" (). 04 ':8
8.0* 1.6::·; 10 264. '·4•. 9.':'/ ·O.~44 3:~':O,/':" 0.·39 0

8 7 . 9 40. 4
8 7 25 2.5
8 7.36 54.7
B 9 11 41.6
8 9 558.2

l'i-28.1 155-11.4
19- 2 4. 1 1 55- 1 t: 4a 6 ?
1<;-20.4 155-19.0
19- 2~. 2 155-16.2
19-26.8 155-15.1~

'8.0." 2.5
9.9 1. 1
2.0 2.3
2.1 O. 6
2.6* 0.1

'122 54' i'~ 3 'i:~8 f1.2
10 1 99 3. 8 O. 1 3 1 • 0
18 83 1.0 0.06 0.3

1 138 0.7 0.03 0.3
b 141 1.3 0.13 0.9

'·l.i.]· 0
1.1 0.08 B
0.3 0.11 B
0.1 0.04 8

0.09 C

" l



ft

SU~MARY OF SEISMIC EVENTS (CONTINUED)

II) 11 HR MN SEC LAT N LOrJG W CEPTH tJt!G NO GAP DMIN ER T ERh ERZ MD Q
~,U(; 8 13 42 20.7 1S-23.8 155-17.21 2.1 7 131' 0.9 0.05 0.4 0.9 O~04 B

8 14 o 50 0 9 19-14.0 155-14.5 1.5 7 266 3. 8 0.25 0.8 C.5 0.04 C
8 16 33 8.4 1 8- :>5. 1 155-16.5 26.0* 2.4 19 2 52 41.6 0.30 2.3 0.18 0
U 17 31 19.6 1'1-23.4 155-17. 0 2.2 0.7 8 110 0.1 0 0 05 0.4 0.2 0.05 A
8 20 5 10.1 11j~22.1 155-17.4 2.4 q 100 1.5 0.04 0.3 C.9 0.04 A

8 20 27 12.7 1<1- 2 4 • 0 1 5 5-1 1. 2 2.1 8 1 32' 1.2 0.02 0.3 e.l 0.04 B
B 20 52 15 0 3 lQ-20.2 155-11.1 15.1* 1.7 7 342 A.O 0.94 8.9 0.14 0
H '-2 31 4".<; lS-22.5 155-17.1 3.3 1. 5 14 81 1. 7 0.06 0.3 0.9 0.08 A
B 23 4 27.2 1 <;- 2 3. 9 1 55- 1 7 ~ 4 2.0 0.6 9 88 1. 2 0.03 0.3 e.l 0.04 A
8231412.3 19-23.9 155-17.1 2.1 0.6 8 131 1. 1 0.03 0.3 C.2 0.03 8

8 23 16 41.3 1c;- 2 it • 3 1 55- 2 4 • C t.5 1. 5 16 181 1.6 O~13 0.9 C.1 0.16 C
8 23 19 11.8 1 9- 2 3.6 1 55-1 7 • 5 2.0 0.8 7 144 1. 1 o• .11 0.6 0.4 0.08 B
9 a 44 13.7 1 G- 22. 9 1 55-1 7. 4 1.9 8 1 71 1.2 0.12 0.5 C.3 0.01 Bw

w <1 0,53 16.3 19- 22. 6 1 55- 1 7. 4 2.8 10 104 1.1 0.04 0.2 0.6 0.03 A
9 1 4 13.3 19-23.9 155-17.31 2.1 1 120 1.,2 0.04 0.4 q.2 0.04 B

':; 1 7 20.7 leJ-24.0 155-16.q 2.0 1.1 14 69 1. 1 0.04 O~'2 C.l 0.07 A
9 1 31 30. 8 19- 2 It. 1 1 55- 1 6. <; 2.7 8 1 14 1.4 G.01 0.4 0.8 0.05 A
9 1 32 4a7 19- 24.1 1 : 5- 16. S 2 Q 1. O. 5 12 110 1.3 0.04 0.3 0.1 0.01 A
9 1 5~ 38. 1

; L~-24.6 155-16.7 3.2 1.5 13 107 0.9 0.06 0.3 0.7 0.08 A
c; 2 14 Ct4. 5 1~- 2 4 • 3 1 55- 17• 5 1.2 O. t3 10 1 O~ 0.8 0.05 0.3 0.'3 0.09 A

q 2 4<1 4q.8 10 -23.1 155-16.6? 2.2 1.9 If) 61 0.7 0.16 0.7 C.6 0.19 C
9 2 55 53.4 1s- 23. 7 1 5 5- 1 t. 5 3.5 2.5 13 82 2 J; 0.06 0.3 0.8 0.09 A.~

q 2 59 15.7 19- l2 <I A 155-1 7. 3 2.2 9 110 1. 2 0.05 0.2 0.2 0.04 A
9 3 1 58.2 19-2 3. ~1 1 55-1 6 • 9 2.0' 2.0 17 70 1.0 0.07 0.4 0.3 0.11 B
<; 3 51 32.5 19--26,.3155-15.6? 8.0* 1.5 8 303 4.3 0.1 7 2.5 0.22 0

C; 4 4 58.1 19-24.3 155-17.C? '0.6 0.3 8 146 1.1 0.10 'O~'4 0.2 O. 10' B
9 4 12 25.4 1<;- 22. 7 1 ~5-1 4. 2 3.7 1.2 13 121 2.6 0.12 0.6 1.6 0.11 B
9 4 20 50.3 1CJ - 2 3 • 5 1 55- 1 6. 1 2.0 0.1 14 74 0.5 0.05 0.3 0.2 0.10 A
9 5 -49 55. 1 lq-22.8 155-.11. 31 3.4 6 110 1.3 0.05 0.3 1.3 0.0-3 B
9 6 20 35.3 19- 28. 1 1 ~ 5- 1 5. 7 '1 8.0~ 1.3 8 316 6.0 0.23 4.2 0.38 0



5UM~A~V OF SEISMIC EVENTS ((or~TtNUED)

1971 HR ~~N SEC l~ T r:J LONG W DEPTH M.4G NQ GAP OMI N ER T E~H ERZ ~D Q
~U(,; 9 6 25 3C1.8 19-26.4 155-22.61 8.0* 2.0 11 '201 4.1 2.97 16.5 1.03 0

9 6 28 15.6 19- 29. 5 1:5- 1 5 $ a? 8.0* O. 5 8 323 8. 1 0.42 5.2 0.37 0
\.) 6 3 () 22. 5 19-23.9 155-17.21 2.1 7 128 1.0 0.03 0.2 e.l 0.02 B
<; 6 32 22.1 19-29.4 155~16.4? 8.0* 1.4 d 324 1.6 0.61 5.1 0.44 0
9 6 34 9 0 3 19-28.1 1~5-16.3? 8.0* l~ 3 8 316 5. 5 0.27 3.5 0.33 0

9 6 16 19.2 1c;- 2 3 • 0 1 55-1 7. 4 1.9 0.8 1 168 1. 1 0.15 0.7 0.5 0.01 B
~ 6 42 3.0 l9-28 0 4 155-15.1? 8.0* loa 8 318 6. 5 0.26 4.3 0.34 0
<; "6 53 49.9 19-28.3 155-15.81 8.0* 1.0 8 317 6.2 0.26 4.3 0.35 0
q 6 54 38.9 1Ci- 2 3 • 9 1 55- 1 6.11 C.8* 1 165 1.0' 0.18 "0.9 0.21 C
q 1 9 48.1 19-22.6 155-17.6 1.1 4 10 107 1.9 0.06 0 •.3 C.4 0.08 A

'I 7 48 8.4 lS-24.1 155-17.4 2.0 0.7 8' 116 1.2 0.03 0.3 0.2' 0.'04 A
9 A 4 15.a4 19-23 0 4 155-17.1 2.6 0.1 6 142 0.2 0.04 0.3 0.5 0.02 B
S 3 5 55.<; 19-23.4155-11.1 2.5 7 q6 0.3 0'.03 0.3 ,0.4 0.03 B

w 9 9 15 51.1 1q- 2 4. l' 1 55- 1 1. I?" 2 • ·1 7 135 1.3' 0.04 O~'~4' 0.2 0.0'4'" '8~

9 9 31 21.0 19-24.0 155-16.61 0.9 0.0 6 178 1.4 1.06 4.6 36.9 0.17 C
•

9 9 44 24. 2 1~- 22. 8 1 55- 1 7. 2 2.8 100 q 95 1.2 0.05 0.4 1.8 0.08 A
<1 9 45 51.2 19-23.q 155-11.4 2.0 0.7 9 89 1.3 0.03 0.3 0.2 0.05 A
q . 10 9 54. ~ 19-23.8 155-1t.6? 0.9 0.0 7 171 1. 1 0.26 1.9 8.9 0.16 C
q 10 32 44~7 1<1-23 ~ 5 155- 1 1. 2 2.3 6 139 o. 5 0.02 0.2 C.3 0.02 q
f7 10 54 o. 6 1<;- 2 C. 8 L'55-2 2 • 4 ? 11.3 0.9 8 166 2.0 2.10 5.1 3C;.O 0.45 0

9 Ii 1 34~3 lq-24.9 155-16.81 2.8* 7 212 0.3 0.82 3~9 0.29 C
9 11 21 27.8 19-23.4 155-11.21 2.0 7 141 0.4 0.08 0.5 0.3 0.06 B
9 11 25 54. C 19- 24. 2 1 ~ 5- 1 6. 1 1.3 1. 1 16 88 1. 4 0.05 0.,3 e.2 0.09 B
9 11 53 ,29.0 19-22.9 15'5-17.4 2.3 0.9 8':- 110 "1.2 ' 0.0'" 'O~':'2'" :'0.1 0.03 A
9121116.·2 1~-22.9 155-11.3 3.1 9 '95 1.1 o.o~ 0.3 l~O 0.04 A

q' 12'20' 5q. 8 [9-23.8 15'5-16'. 8 3.6 2 • 0 . '15' ':'72 0'. cj 0.07·....· 0.3 0.7 O~10 'B
9 12 59 42. 6 19- 24. 2 155-1 7. 3 2.8 1.2 9 91 1. 1 0.12 0.5 1.0 0.07 A
\j 13 6 56. 1 18- 24 0 8 1 ~5- 29. 1 8.0. 3. 0 18 319 65. 8 2.35 14.1 0.14 0
~ 13 24 5<1.5 19-21.8 155-12.2 11.0,:::; 1.0 9 155 1.4 0.13 0.5 1.0 0.04 B
q 1.3 50 26. 1 1 c;- 1 c; • 4 l 55- 1 1. ~ E.O* 14 224 5.9 0.16 1.0 0.11 C

.. , ,



SU~~tRY OF SEIS~IC E~ENTS (CUN TI NU EDt

1971 HR Mi'J SEC L.AT N LO~JG W DEPTH M.~G ~JO G.~P O~I N . ER T E~.H E'RI MO Q
.~UG 9 13 55 36.1 19 - 2 3 .9 1 55-1 6. q 3.2 1.8 15 71 1.0 0.06 0.3 0.7 0.09 A

c; 14 3 8.6 lS-23.2155-17.1 2.3 0.8 8 86 0.4 0.02 0.2 C.4 0.03 A
9 14 5 2505 19- 2 3 • 5 1 55- 1 7 ~ 5 1.5 0.9 11 8'5 1. 0 0.05 0.3 0.2 0.08 A
S 14 1 8 48.3 1<1-2J.q 155-18.1 1.3 1.1 13 59 1.1 0.05 0.2 C.2 0.09 A
9 14 25 39.5 1Cj- 2 2 • q 1 55- 1 1. 3 2.1 0.8 8 lOq 1.2 0.03 0.3 0.7 0.04 A

S 14 25 50. C; 19- 25. a 1 55-1 6. C; 1.4 2.5 18 74 0.3 0.09 0.5 C.3 0.16 ~

q 14 53 45.1 19-.23 11 f3 155-17. 3 2(10 8 124 1. 0 0.02 0.2 e.l 0.03 B
g 15 12 31.4 lS-3L.2 155-12.27 13.9* 1.9 7 336 15.8 3.87 30.5 0.63 0
9 15 1 8 49. 8 19-24.6 155-11.1? 3.3* 7 141 0.6 0.08 0.6 0.08 C
q 15 59 6 0 2 1(j- 2 Q • 2 1 55- .1 8., 1 4.2 10 -; 13 92 2. 3 0.1 5 0.6 1.8 0.11 B

<; 16 4 14. 2 1s- 23. 4 1 55-1 7. 1 2.5 6 142 0.3 0.02 0.2 C.3 0.0·1 B
9 16 15 5009 1 9- 2 5 • b 1 55- 1 6 0 7 2.1 o. 5 1 () 126 1. 5 0.08 0.4 C.2 0.01 B

w <i 174136.7 1 9- 2 3 • 4 1 55-1 1. 2 ~.2 6 146 0.4 0.03 0.2 e.l 0.02 B
\.II 9 18 2 58.1 19- 13. 1 155- 1o. 1 8.2 2.8 19 1qa 16.5 0.2'3 1.3 2.5 0.12 C

918 32 1~1.9 1'9-20 0 4 155- 8.4 9.4 13 161 4.• 0 0.10 0.8 1.4 0.10 C

c; 18 59 40.4 1 <;- 17. 7 1 55- 2 1. E 8.0* 10 247 5.4 '0.24 1.4 0.08 0
<1 19 13 14.1 19-23.q 155-15.8 2.0 1.2 12 157 2.2 0.05 0.2 C.2 0.05 B
S 19 45 4.6 1c;- 2 C. 3 l~5-1e.6? a.ot: 1.9 9 ?71 6.1 0.57 21.4 0.75 0
9 19 45 46.1 19-20.7 1 55-1 '3 0 8 .7.4 15 144 3.3 0.08 0.7 0.50.14 8
9 19 46 45.1 1<;-24.5- 155-16.9 1.1 0.7 10 135 0.8 0.06 0.4 C.3 0.10 B

9 20 45 22.4 IG- 24.3 155-1 7. 2? Co4 O~4 c; 129 0.9 0 0 09 0.4 0.2 0.10 8
g 20 47 2B.3 19-24.2155-17.8 1.7 0.7 q 85 1. 1 0.02 0 .• 1 C.l 0.03 A
9 2;) 5 3 ~ 1. 7 '1 <;- 25. -, 1 55-1 6. 8 2.0 0.8 1~ 127 1.6 0.08 0.4 0.2 0.09 B
9 21 10 39.5 19-1<;.8 155-12.6 8.2 14 163 .4.9 . 0.12 0.9 1.. 9 0.16 .C
9 21 1 1 30. 3 19- 2 3. 3 1 55-1 4. 5 1.5 1.0 11 110 2.9 0.12 0.6 C.6 0.13 B

9 22 12 30.5 19-23.8155-17..2 2.2 0.7 9 128 1.0 0.03 0.2 C.l 0.04 B
9 222224.0 lS-28.9155-15.71 8.0* 1.5 8 321 7. 2 0.30 4.7 0.38 D
9222345.1 1g- 2 3. 7 1 5 5- 1 7. 4 l~ 8 o. 1 8 137 1. 1 0.01 0.5 0.3 0.07 B
<) 23 43 28.4 19- 2 0 • 6 155- 2 5 • 3 8.0 1.8 11 130 3. 5 0.12 0.8 (.6 0.16 B
'1 23 S5 49.7 1g- 2 1. 2 155-1 1. '3 27.8 16 106 3.3 0.16 0.9 1.4 0.10 A



SUMMA~.Y OF, SEIS~1IC EVENTS (CONTINUEC).
1'971 HR MN SEC l4 T N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MO Q

!\UG to 1 3 23.'1 1q - 2.3. 7 155- 1 7 • 4 1.9 0.1 .11 90 1. 0 0.03 0.2 e.l 0.05 A
Ie 1 10 32. 6 1<;- 2 3. 8 1 55-1 7.4 1.7 0.7 9 87 1. 1 0.04 0.3 0.2 0.05 A
10 1 34 44.5 19-1807 155-15~4 «;.4 15 200 4.4 0.19 1. a .1.5 0.12 C
10 1 50 18. 0 19-23.9 155-1'7.1 2.0 '7 132 1.0 '0.05 0.4' 1.0 0.05 B
IJ 15139.0 1 tj- 2'3 • 2 1 55- 1 1 • 3 1.6 1 155 2.8 0.04 ·0.2 0.1 0.02 B

Ie '2 29 14.7 lCj-22.6 155-17.6 1.5 8 123 1. A 0.0'7 0.3 C.4 0.07 B
10 2 32 51.5 19- 2 ~. 7 1 ~ 5- 1 6. S 2.0 0.8 13 12 o. 1 0.05 0.4 0.2 0.10 B
10 3 14 45 11 9 19- 19 0 2 1 55- 1 3. 1 0.3 1.6 14 234 6. 0 0.59 2.1 2.9 0.21 0
10 3 29 20.0 1'1-2.3.1 155-17.2 1.8 1. 1 13 . 53 1.9 0.01· 0.3 0.3 0.08 A
10 3 30 16~3 lq-23.1 155-17.41 ·2,0 0.6 1 137 1.1 0.·04 0.2 0.3 0.05 B

10 3 .13 11. 3 1<;-23.9 155-17.2 .2.0 0.7 8' 125 1. O· 0.02 0".2 ···C·.1·"0.03 8
10 3 46 50.1 1~-23.7 155-26.21 0.0 10 6 14 140 8.2 8.68 0.9 16.5 0.20 C
10 4 2 8.2 19-24.0 155-16.1 2.8 1.8 15 83 1.3·0'.06 0 •.3 .c.a 0.10 Aw
10 4 6 39.3 lcr-23.9 155-16.9 2.1 1. 5 15 66-' 1.0··O.O5~ O'~3 0.2 '0.09 A0\

10 4 11 58.6 19-23.7155-16 0 8 2.7 2.0 15 13 o. 1 0.06 0.4 1.1 0.12 8

10 4 25 25.2 1c;- 24. 1 155-24.6 Cj.1 2.8 21 69 1.6 0.08 0.8 1.1 0.11 8
10 4 3't 9.1 19-23.5 155-1701 2.4 6 142 0.4 0.04 0.3 0.5 0.02 B
Ie- 4 37 51.8 19-24.4155-11.7 1.6 1.4 11 66 1.9 0.11 0.5 C.5 0.12 8
lO 457.33.5 19- 23 • 6 1 5 5- 1 7. C 2.1 7 139 o. 5 0.05 0.4 0.2 0.05 B
10 4 51 46.9 19- 24 • 2 15 5- 2 2 • 8 6.1 1.4 14 168 5.5 0.10 0.6 C.7 0.12 C

10 5 8 45.2 19- 17. 2 1 55- 1 e•0 18.8 14 . 243 1.8 0.48 2~6 ~.~ "'0.16 D
10 5 42 17.4' 19-20.4 155-11.6 Zc;.3 16 87 o. 8 0.19 1.3 1.7 0.12 B
10 6 f.1 58.2 1<;-23.1 1 55-1 5.2 3.2 1.0 7 229 1.8 0.46 1.6 2.9 0".01 C
10 6 19 46.6 19- 2 5.9 155- 16. O? 3.2* 1.2 10 ·231: 2.'5 0.34 ,': ·2·.Q.. -,··::;"·:'~:··· " ..,0.36 0
10 6 37 10.5 19-2.3.6 155-11.0 2.3 7 139 0.4 '0.06 O~6 -:. ·C·.9 0 •. 05 B

1'0 7 11 54'. 0 It}-24.··S· ·15S-Ie.·7 1.2' '0.<; '10172 o. 6 .'J:: ()·~·6a·:·· >6~::4'" c' •• • ..·0;·2 "'0.01 8

10 7 32 36.3 19-22.1 155-23.6 8.0* 11 190 4.1 0.09 0.7 0.09 C
10 1 43 33.1 1~- 2 't • 2 1 55- 1 6 • 0 1.2 1.1 11 169 2.2 0.18 0.1 C.6 0.15 C
10 8 12 26.'3 19- 2 aIt 5 1 55- 1 4. I? 8.0* 3.0 6 302 9.9 2.09 12.1 0.88 0
10 8 15 5<1.6 1q-21.1155-18.8 2.1* 9 165 3.1 0.05 0.3 0.05'C

• " I



SU~MA~Y OF SEIS~IC ~VENTS (crl~~T INUED t

1911 hR Mr-~ SEC L.A T N LlJf'JG W OEPTH MAG NO GAP Of/IN ERT ERH ERl MD Q

.:\U G 10 9 33 4q.7 19-20~O 1~5-14oC; G.2 10 1 11 194 3. 5 0.15 0.9 1.3' O~ 09 C
iO 9 42 53.3 1q-24.3 155-16.6 2.2 1.6 13 91 1.4 0.05 0.3 C.9 0.08 A
10 9 59 31.<1 19- 2 1. 8 1 ~ 5-1 8. 8 2.1* 1.1 12 82 3.<; 0.04 0.3 0.09 B
10 lO 23 39.8 19-24.0 155-11.2 2.1 O. 8 9 96 1.2 0.03 0.3 0.1 0.05 A
1C 10 32 21.<; 1<;- 2 6 • 0 1 55 - 2 4. 3 8.0* 2.0 12 204 1.0 0.17 1.1 0.14 C

10 1 J 45 53 0 3 19- 2 ft 0 0 155-1 7 ~ 2 201 6 12A I. 2 0.02 0.2 C.1 0.01 B
10 1v 50 33.3 19-23.5 155-16.0 2..2 1.6 13 76 0.6 0.06 0.3 0.2 0.08 A
1G 11 o 40.7 1<i- 1 C; • f) 1 55- 1 ~. <; <;.4 1.6 14 167 3.4 0.11 0.1 1.1 0.10 B
10 11 18 45.1 19-22.3 l55-17.5 2.1* 1.0 12 III 2.3 0.06 0.5 0.12 B
Ie 11 23 1. 7 lS-23.5 155-17.1 ?b 1 140 0.4 0.04 0.3 0.4 0.03 B

1011303CoS 19-21<10 155-16.8 2.2 0.8 12 103 0.1 0.08 0.4 C.3 0.09 B
Ie 11 32 56. 5 19- 2 30 8 1 55- 1 7. 2 1 • 8 0.6 10 129 0.8 0.03 0.3 0.2 0.06 9
10 11 ,41 57.9 19-21G8 155-16~3 3,,4 7 128 1. '3 O.Oq 0.4 c.q 0.05 Bw
10 11 54 3.8 19-33.0 155-12.21 14.4* 7 337 11.1 4.15 33,.6 0.67 0.......

10 12 22 32.5 19- 2~. 9 155-16. 8 3.3 2.1 16 12 0.9 0.06 0.4 o.~ 0.11 B
,.

Ie 12 31 11. G 1«;-23.1 155-11.0 2.2 7 138 0.6 0.05 0.5 c.z 0.05 8
10 12 31 11. <1 19- 2:3. 7 l-~5-16.9 ~.2 7 146 0.7 0.05 0.5, 0.2 0.05 8
1;J 12 j 7 53 ~ 1 1 c;- 24. 1 155-17.0 2.1 8 147 1. 3 0.04 0.4 e.2 0.05 B
10 12 3'7 16.<; 19-23.8 155-16.6 1.9 2.5 18 69 1.0 0.09 0.6 C.4 0.18 B
10 12 40 45.9 147- 2 ~ 0 4 1 5 5- 1 1 0 8 1 0 3 o~ 6 7 154 1. 4 0.0'7 0.3 0.5 0.05 B

Ie 12 41 1.2. 8 1«;-23.8155-1'7.3 1 • ~1 1.2 11 96 1.0 0.04 0.3 e.2 0.06 A
1J 12 5') 11.4 1c;- 2 3 Q 6 1 5 5- 1 7 0 3 lo 7 006 8 104 c. 7 0.06 0.4 C.4 0.09 A
10 13 4 57.7 19-23.6 155-14.q ,3.1 7 1 74 2.8 0.10 0.4 1.6 0.03 B
10 13 20 41.8 l 9- 2 '3 • 8 1 5 5- 1 7. 0 2.5 0.7 8 139 0.1 0.03 0.2 0.4 0.02 B
10 13 27 51.3 19-.23 0 0 155-17.0 1.8 1. 0 12 105 0.3 0.06 0.5 C•.3 0.12 9

10 13 40 50.3 1<;- 2 3• 9 1 5 5- 1 1. 2 2.2 0.6 8 131 1.0 0.01 0.1 0.0 0.01 B
10 14 9 9.6 19-27 0 2 155-16.3 5.6 7 307 3. q 2.75 10.0' 7.50.14 0
le 14 10 41.0 19- 2 3. 7 1 55- 1 7 • 2 1.3 0.9 7 128 1.9 0.03 0.2 0.3__ 0.04 B
10 14 24 20.1 19- 2,4. 1 1 55- 1 4 • c; C.8 0.<1 10 192 3.6 0.13 0.5 0.5 0.10 C
10 15 24 33.1 1<;-14.l 155- 6.7 42.8 2.4 22 204 12.6 0.26 1.4 2.1 0.12 C



su~ ~ ,~ RY 0 F 5E I S~' ! C f V E~TS (CO"4 T I NUE n )

1911 hR ~~~! SEC LA T ~ LOtJG ~i CEFTI1 ~AG N{J GAP D~lN ERr ERt1 ERZ MD Q
AUG 10 15 29 32.2 19-24.0 155-16.9 2.1' 1.2 11 1'09 1. 1 O'~'O4 O~4...':0.2' 0.07 . A

10 16 8 22.0 19-24.1 155-17.8- 1.9 0.5 8 126 1.3 0.05 0.3 C.3 0'.05 8
10 16 44 8. q 1~-26.4 155-11.91 2.5· 7 299 2.0 l.?) 5.6 0.'36 0
Iv 16 44 54 0 3 . 1<1-23.9 1~5-1·1.C 2.1 0.6 7 144 0.9 0.04 0.3 e.2" 0.05 B
10 17 28 35.2 lq-23.7 155-17.31 2.1 7 132 0.9 0.06 0.5 e.2 0.05 B

10174159.. 5 1<1-24$1 lS5-14"e 1.6 8 lq3 3. 7 0.06 '. 0.2 C.2 0.02 B
10182854.1 1<;-23.9 155-11.3 2.0 0.6 8 122 1.2 0.02 0.2 e.l 0.03 B
ill 18 36 6.3 lCi-23.4 155-11.1 2.1 o. 7 9 q9 0.3 0.04 0.3 0.2 0.05 A
10 IH 54 0.2 lq-23.8 155-11.91 ~. a 0.6 8 138 1.8 0.64 1.8 5.0 0.14 8
10 19 15 2.1 19- 2 3. 7 1 5 5- 1 7. 7 1.4 0.1 8 1..38 1.4 0.05 0.2 0.4 0.06 B

10 20 3 27.3 19- 2 3 • 8 1 55- 1 1. 2 2.0 1.4 13 95 0.9 0.03': O.l' e.l 0.06 A
10 20 10 9.6 1-;- 2 3 .6 1 5 5-1 7. 4 1.7 0.6 10 86 1.0 0.04 0.2 0.2 0.07 A
10 20 28 23.0 1q- 20 • It 1 55- 1 1. l ~.8 8 214 4.0 O.l~ .. 0.9 . 1.6 0.04 B
10 20 39 56.6 19-24.1 155'-16.4 2.0 0.4 7 192 1.6 o~ () s" .... O'~4 .. 0.2 0.'05 B
1J 20 55 4.3 1~-20.0 155-19.01 6.8 1.5 13 103 2.9 0.21 0.6 1.7 0.11 5

VJ
10 21 20 3.5 19-24.1 155-17.3' 1.9 1.1 10 123 1.3 '0.04 . O~'4 e.2· 0'.06 800

10212041.1 lC1-2.3.1155-16.41 1.8 0.2 8 132 1.0 0.11 0.8 0.5 0.14 B
10 21 28 6.2 19- 19 • 3 1 5 5- 13. 4 14.0 l~ 1 10 205 5.8 0.14 0.9 1.2 0.05 B
10 21 41 60.0 19-23.4 155-17.57 C.6 0.9 10 100 0.9 0.14 0.8 C.9 0.20 B
lO 22 8 1.8 19- 23. q 1 55-16. 1 2.2* 0.5 7 202 1.8 0.10 0.6 0.05 C

Ie 22 8 35.8 19- 2'3. 9 155-17.31 2.0 1 205 1.2 0.01 0.1 0.0 0.01 C
1022 18 10.3 19- 23. 7 1 55- 1 7. 6? . 1.9* 6 139 1.3 0.13 0.6 0.06 C
10 22 31 3.3.1 19-18.8 155-16.7 31.4 1.8 23 143 2.6 0.15 0.9 1.4 0.13 B
Ie 223526.3 1<7- 2 3. 9 1 55- 1 1. 1 2.0 1. 1 10 106 1.0 0.03 0.3 C.1 0.05 ~
1022 40 4.<; 19-18.3155-17.4 210Q 2. a 19 166 2.3 0.19 1.2 1.8 0.12 C

ie 22 44 41. 7 19-23.9'155-16.11 1.9 0.9 ""9 164 1';'0<.'· 0.27 .1';:'3' '····2-.,1 '·:.·0;23 C'.
10 22 56 58.0 19- 2'8 • 6 1 55- 11. 6 25.3 2.0 8 3 27 11. 7 0.91 ·"16.'3 "11.2 0.19 0
10 22 59 .1.5·.6 19-21 •. 0 15·5- 8.6 5.'3 l.~ 11... '1'52 3.0' 0.12.; 0.9'·. (.9··0.19 C
10 23 ';'39' ':14.'6 1q- 2 .3~ '4 .:' 1 5'5~ 17. '6 ·1~4······O.5 8:'15'2' ·f. 2 tf~O"9" 0 .4':':"0 ~6 0.10 'B
10 23 43 9 0 0 19- 2 5 • 4 1 5 5- 1 7. 2 6.4 2.0 14 168 0.1 0.11 0.5 e.7 0.09 B

'~ . a.



..

SUMMARY OF SEISMIC EVENTS (CONTINUED)

1911 HR MtJ SEC L.~ T ~ lONGW CEPTH l"lAG ~~O GAP DMIN ERT ERH ER,Z MD Q
AUG 1023522'8.2 1 c;- 25. 6 155- 1 1. C; 13.4* 1.7 7 312 8.9 1 0 38 10.3···· O~ 1'7 0

11 0 3 54.3 19-2Lt.3· 155-16. 7 1.6 1.1 10 1 71 1.3 0.07 0.5 0.2 0.06 B
11 U 8 57. 1 19- 2 3. 7 1 55- 1 7. 3 1.4 1.2 12 91 0.8 tJ.ll 0.1 C.5 0.18 B
11 o 33 43•.3 lq- 24.0 155-16.6 2.0 1.2 1,3 lZ7 1.2 0.08 0.5 '0.3 0.11 B
11 o 55 17.9 19-24.2 155-17.5 0.7 0.6 8 111 1.0 0.09 0.4 (.<3' 0.10 A

11 o 59 21c6 1<;- 2 ~. 8 1 ~ 5- 11. C 2e 3 7 143 O. 7 01)01 0 0 4 0.8 0.05 9
11 i ' , 6. 8 19-24.1 155-1 7.6 0.4 1.2 13 16 1. 1 0.09 0.2 C.2 0.01 A
1 1 1 28 54.3 I 9- J 4 • 6 1: 5- 1 5 • 5? 0.0 1. 5 12 1 70 2.7 0.33 0.6 C.6 0.13 C
11 1 4'4 59. 8 19-2.5.0 155-17.9 4.2 1. C 10 163 0.9 0.15 0.5 0.8 0.04 9
11 1 54 15. 4 1<;- 24. 1 1 ~,5-1 5. 5 1.4 1.4 9 180 2.9 0.08 0.4 0.3 0.06 B

11 '") 5 31.6 19- 25.6 1 55-1 1. 7 5 0 0 O. 5 1 210 O. 3 . 0.37 1.'Z 1.1 0.03 CL

11 2 13 5~.1 19-23.'9 155-16.0 2.9 1.1 11 151 1.9 0.08 0.4 1.2 0.07 B
1 l 2 25 10.3 1~-28.8 155-14.41 8.0* 1.9 10 270 8.4 0.93 10.6 0.65 0

lot.)
\0 . 11 2 36 34.9 19-23.7 155-17.1 2.3 7 1,36 0.6 :0.05 0'.4 0.2 0.04 '8

11 2 44 26.9 19-24. 1 1 ~5-1 6. 5 1.9 0.9 10 145 1.5 0'.03 0.2 e.l 0.05 B
I'

"'~,'

11 2 4 8 11. 8 19-21.3 155-1<;.4 2.4* 1.2 11 84 4. 1 0.0'5 O~'4 0.09 B
11 l. 50 47.9 19- 3 1. a 1 55- 5 9. 7 6.6 3.0 16 280 7.6 . 0.35 2.0 C.9 0.18 C
11 3 .3 59.<J 19-25.1 155- 11. 8 4.9 1.5 11 78 o. 7 0.10 0.5 0.7 0.06 A
11 3 6 7. 1 19- 21. 1 15,5-18.9 4.1 0.4 8 86 3.2 0.15 0.3 1.9 0.05 A
11 3 12 12.1 1 fi- 2 .3 • 9 1 55- 15. 8 3.0 7 215 2. 2 0.16 0.1 1.7'0.05 a

1 1 3 1 3 8. 6 19- 2 3. 8 1 5 5- 1 7. 4? 2.1 7 I 32 1.2 0.04 0.2 C.3 0.04 3
11 .3 19 52.6 19- 2 3~ 8 155- 1 7. 1 2.4 l~ 7 14 96 o~ 8 . O. 06 0.3 C.B O.Oq A
11 J 41 11. 8 19-24.7155-17.3 2.0 0.6 9 80 0.4 0.15 0.7 1.0 0.07 A
11 3 44 24.4 1<;- 2 3 • 4 1 55- 1 1. 2 1.9 0.1 8 98 0.4 0.0·4 0 .• 3:" 0.2 0.05 A
11 3 48 52. 8 19-24.1155-16.1 1. 7 8 '208 '2.0 9.11 0.5 C.3 0.06 B

11 4 22 14. <1 lq- 2 3. 7 15 5- 1 7. 1 3.6 2.'Q l'S 13 0.6' '0.06 '0.5' C~6 0.11 B
11 4 4346.1 19- 2 3 • 8 1 55- 1 7. 1 2.0 Oa 7 7 137 0.8 0.05 0.4 0.2 0.06 B
11 5 27 19.6 1q- 2 4.0 155-1 7. 8 1.8 0.3 8 129 1. 5 0.01 0.4 0.3 0.06 B
11 5 't8 1.9 1q- 20. 6 1 55- 1 8 • O? 0.3 1.2 9 202 1.5 4.33 0.0 86.2 1.12 0
11 6 44 31.6 1q-19.1 155-10. 3 E.O* 1.0 .10 253 5. 7 0.20 1.1 0.01 0



SUMMARY OF SEISMIC EVENTS (C.ON TI NUEO)

1971 H~ MN SEC lAT ~ LONG W CEPTH MAG NO GAP OMI ~J ERT ER'" ERZ MO Q
AU(; 11 64952.8 1q- 2 4. 2 1 5 5- 1 1. 8 1.8 O. '7' 9 111' 1.0 0.04 0.2 0.2 0.0'5' A

11 6 57 30.9 19-28.5 155-16.77 8.0. 1.2 8 319 6.0 0.31 3.7 0.36 0
11 7 24 48.1 19-78.0 155-15.61 B.O* 1.8 8 315 5.9 0.20 3.q 0.31 0
11 7 21 43.0 1 <;- 2 8. 0 1 55- 1 5. 41 8.0* 2.8 8 315 6.1 0.22 4.1 0.3'7 0
11 7 29 58.0 19-29.6 155-16.31 E.C* 1.7 8 324 8.1 -0.48 4.8 0.31 0

11 7 32 55.1 19- 2 8. 7 1 55- 1 7. 5? e.o* 1.6 q 3 C1 6.0 0.·48 4.6 0.41 0
11 7 42 22.6 19- 24 .0 1 55- 1 5.4 1.2 7 235 3.0 0.20 0.7 C.5 0.07 C
11 14633.8 1~-28.4 155-16.01 8.0* 1.2 8 318 6.2 0.28 3.1 0.35 0
11 1 51 28.9 1<1- 2 It. 2 155- 11 0 6 2.0 8 115 1.0 0.07 0.5 C'.4 0.09 A
11 8 35 47.4 19-24.3 155-11.6 2.6 5 106 O. 7 0.0 0.02 0

11 8 47 44. B 19- 2 4 0 5 1 5 5- 1 6. 1 4.2 8 193 0.9 0.48 1."6 '2.5 0.08 C
11 8 48 22.l lCJ-24.3 155-15.3 2.2$ 6 231 2.5 Q.I0 0.6 0.03 0
11 8 51 58.0 1q- 2 B. 1 1 55- 1 5. 11 8.0* 1.3 1 317' 6.3 0.36 4.2 0.31 0

~

11 9 14 16.3 19- 2 '3. 7 155- 11. 1 2.2 . 7' 132 0.1 0.02 ·0.2 '. C·.. 1 0.02 80

11 9 14 41.0 19-25.4 155-17.0 4.1 7 219 0.9 0.42 1.2 2.1 0.09 C

11 9 28 25.8 19- 2 3 0 5 1 5 5- 15. 1 2.7 O. 1 6 240 2.5 0.08 0.3 1.0 0.01 C
11 9 43 13.'1 19- 21 • 7 1 55- 3 2 • 5 lC.l 2.0 15 120 13.6 0.05 0.5 1.1 0.08 A
11' 9 49 50.4 1<7- 28. 3 155-16. 31 ~ •. 0 1.4 8 311 5.9 1.18 7.4 10.0 0.26 0
11 9 54 54 2 6 1q - 24. 2 1 55- 1 6. 4 3.1 0.7 1 194 1.6 0.06 0.3 C.5 O. 02 8
11 1e o 37.2 19- 37. 8 1 55- 7. '6 3.2* 1.8 6 346 28.8 1.02 8.4 0.13 o~·

11 10 36 9 0 7 19 - 2 3 • 8 1 55- 1 1. 5 1.7 . 8 135 1.2 0.05 0.3 0.3 0.07 '8
11 10 44 2.1 1c;- 21. q 155- 23. t; t.q 1.6 8 201 3.3 0.37' 2.1 3.5 0.13 C
11 i() 48 3201 19- 20. 4 1 55- 1 6. q 8.0 1 165 1. 1 0.13 0.6 1.1 0.03 8
11 10 53 21.2 19-24.1 155~lf.a 1.9 0.7, 8 1'66 ." ':. ~'.l..> 0.0,6. "'0.'.3< ..:':':0;2': 0.05 8
11 11 30' 1.6 19- 24. 2 1 55- 1 7. 2 1.0 '0.4 8 126 1.1 0.08 .-()~4 ; 0.1 0.11, 8

II:' 11 .. 3'6' . 8'~ 7:' 1 t;~ '2'5. 2 1·5·5~·1:1. 6:' '4~6 1.1 8 '1'72'" l~O '.' :"O'~ to" :::'0.'5' .. ·;·· ..·;O~6· 0.04 "8
11 13 56 38.1 19- 1f. 5 1 ~ 5- 7. 1 8.0* 8 241 9.6 0.74 5.1 0.25 0
11 14 1 57.3 lq-23.8 155-15.q1 2.5 J.B 7 208 2.0 0.58 2.8 7.1 0.18 C
11 14 12 42.C1 1<1-31.2 155-14.81 8.5 1.6 1 331 12. 3 0.133 1.3 11.1 0.12 0
11 15 20 29.1 1<;-24.2 155-17·.8 1.8 o. 7 9 86 1.0 0.03 0.2 e.2 0.06 A

I' ,,.. '"



• •

SUM~ AkY C F SEIS~IC EVFNTS (COl'J T I t\UEO )

1971 HR MN SEC L.f.. f r, LOf\G W C~PTH ~~I~.G NCl GAP 0 fA! t'j ER. T ERH ER l MD Q
,'Uf,; 11 15 28 32.4 19- ~2. 1 155-21.8 C;.L 7 134 4.4 u.52 2.3 5.6 e.15 r

1t 15 30 56.4 19- 24. 2 1~5-1C:.4 2.0 0.7 -; 194 1. fJ 0 0 10 0.5 0.3 0.05 ~

11 15 3~ 47.3 19-24.3 155-1 1. 0 1.7 J.~ 7 118 l. 0 ().O7 0.3 C.4 0.06 b
11 IS 3t. 22..5 19- J 5. it 1 55- 1 7. 7 4.5 0.8 1 260 1.4 0.35 1.2 1.4 0.02 C
1 t 16 14 38.4 1c;- 2 c; ~ 5 1 5 5- 1 4 0 (: 140 1 10 7 8 325 90 2 0.81 7.6 6.6 0.17 0

11 16 24 '7. ti- l ')- 2 t. .. 1 1~5-1~,.5 4.1 1. A 11 1 76 2.9 0.18 0.7 l.~ 0.10 B
11 16 21::- 2.2 19- ~ 3 u t 155- 170 0 2.4 6 1 40 0 0 5 0 0 01 0.1 e.l 0.00 ~

11 1b 34 7. 6 1s- Z? 0 7 1 ~ 5- 4.1 3.2 2. 2 16 1 55 5.5 0.17 1.0 1.2 0.22 C
11 17 3d 9.5 19-24.2 155-15.8? 1.3 6 724 2.4 0.24 1~3 5.0 0.09 C
11. 18 ~) 37. q 19 - 25 • 2 1 5 5- 1 1 .:7 4.5 1.2 iO 83 0.5 0.06 0.3 C.4 c. 04 ~

11 18 2?. 53.4 1s- 25. 4 155-17.6 4.t l~O 9 ~5 o. 1 0.04 0.2 C.3 0.02 A
1t lel 2(,45.0 19- L 7 • 2 155- 1 7. R 1.2.6* '3 J27 4.~ C). 3 9 4.1 0.07 0

~
1119 III 54.7 1<;-?8.0 1 ~ 5-1 5. <;? e• 0 ~~ l.-~ 7 3 ~l) 5.6 0.22 3.6 0.29 0

.... 1i L(J ?6 8., 3 1<.j- 240 1 1 ?5-16. a 3.0 o~~ H 108 let 4 0.13 0.6 1.1 0.05 B
L t 2 C j 'i 57. 5 L (J- 2 4. 1 1 ~5-14. ~ 1.3 6 261 3.<1 (J.3 e l.~ c.q 0.,,)4 C

It lO 42 ~) 3,~ CJ 1s- 1 7 > 0 1 5~- 1 6 tl 5 12 0 5 P 284 6. 0 0 0 65 2.9 3.3 0.05 0
1i dl () 47.6 19-1 c; • 7 1 :5- 2 4. 1 8 .0'* if.. it fJ 1 q() 11. 5 0.38 3.8 0.29 C
11 21 2 [.2 I c;- ? C• 4 1 55- 1 1 • 2 2G.3 2. 1 2u 122 0.7 O.lO i) .n 1.0 O.OR R
11 21 4 19,) b 1CJ-22,,7 155-1 OQ 21 R.O* 1, 6 1 320 9. 1 1.4211.0 0.38 0
11 21 16 )C;,C; 1q- 23. 7 1 55- 1 t; • q 2.4 J.7 7 141 0.6 0.\.13 o•'3 C.4 O.J2 "

1 l ~:., 1 ,,: J 4 rj u 7 19- 2, ~ a 155- t 7 0 1 2~1 C.I-:, 7 I. 32 o. 8 0.03 0.3 e.l 0.04 8
! ~ ? L .~ B It .6 1<;- 23.3 155-i7.? .?2 J. ,-) 6 1 51 0.5 0.01 ).5 e.2 0.Q3 R
1 l 21 33- (t4.2 19- 2 3 • 6 1 5 5- i 4. 7 4.2 6 257 3, 1 0 0 3l 1.') 1 0 7 0.03 C
11 21 37 14.4 lCJ-19.6 155-19.1? C;.8* 1.6 6 317 8.4 6.15 31.1 0.07 f)

1 L ? 1 5.i b. 1 19- 2 "3 • e 1 55- 11. 8 7.8 1 • :; 6 1 38 1.6 0.11 o.q 4.1 0.0'3 H

L l 2. 1 5() 1 2 • 4 1 '1- 2 3 • 1 155- 1 7 • 2 14.3 1.7 11 57 o. 8 0.08 0.6 c. a 0.06 ~

11 22 1 .', 10.') L9-25.5 1 '55- 1 7. 5 ':'.9 1 • 1 7 196 0.2 0.1 0 0.4 0.6 0.02 8,."

il 22 24 3 0 2 1<;-2402 155-16 0 0 2~l 7 2 16 2. 2 0.12 0.6 C.3 0.05 R
11 22. 25 13.6 l ~- ~~ 5., 3 155-1S.<) 1. q ~ 2 18 2. 1 0.04 D.2 0.1 0.02 A
1 t 2..2 ~6 l4. 4 1s- 22. 1 155- £-:. f) ~ 'J 2.G 1 7 129 6.8 00.J9 007 C.1 0.13 8J. ~









,., t

~U~"J1ARY r f S F I S ~·1 T( EVl ~' T S ( C(J ~\ ~ TIN lJ EO)

1971 I-F·l f\~ r·~ SEC Lt'r t. L(1~;G W DEPTt-t ~AG (\J(1 GAP l)MI t! ER T ERN ER.l MO Q

tUG 12 16 41 2.5 1c;- 2 C. 8 155-14. J 12.4 1.2 8 184 2.tl 0.13 0.7 1.1 0.03 8
12 16 4~:~ 29" 0 1(j- 25 0 5 15 ~-l 4 t) l.;? 302* 8 284 4.4 0.84 3.8 0.29 0
12 IH 4u 13.1 lS-2401 15?-17.<:j 1.8 0.8 10 81 1.4 0.08 0.5 0.4 0.14 B
12 lH 44 Q06 19-23 0 4 155-14 0 9 4.3 O~ 9 10 166 2. 5 0.25 0.8 2.1 0.12 C
12 18 59 9.8 19-23.7 155-15. 0 5.1 1.6 11 164 2.9 0.15 0.5 1.2 0.07 B

l2 20 ~ ~; 0 L. 1 Cj _? 1)0 I.t 15:i- J 7 0 7 4 0 1 0 0 6 R 14f:.: 00 2 0.07 0.3 C.4 0.0.3 8
l.2 /0 4? 2{.J. S : 9-? O. 4 i 5 :.' -} 2. 1 12.0 1.4 1 {I 2 13 3.8 0.16 0.7 1.2 0.04 R
11 2(1 5 :1 l(;~ .1 1(,1- 1 ~~. 7 1 5='-1 3. 7? 7.4 2.4 18 177 6.4 0.15 1.0 0.6 0 0 17 C
12 2 u 5 (j 2 5 c 9 1<:)- 2 ,~. P 15~'-1 7.4 .3.5 0.6 7 eq O. 3 0.30 1.4 2.1 0.12 ~

1.2 21 1:3 2C. 2 1s- £: 4. 2 1 55-1 7.6 l.8 0.8 10 98 1.0 0.02 0.2 e.l 0.04 A

12 ~ l. 3 J :- i. 0 1 lC)-14 0 9 155- 1 C. 4 l.t: 2.1 16 2 15 1 3. 3 0.16 0.9 C.5 0.10 C
12 2i 34 39.4 1 c;_ 2 3. 7 1:5-1 5. 1 1.3 J.3 8 1 74 2.9 0.10 0.4 0.4 0.06 8

+:-- i 2 ? 1 3 It 5 ~ • 7 19- 24.6 1 ~ 5- 1 Co 4 l~q 0 0 4 9 1 76 1. 2 0.06 0.4 0.2 0.06 B
V1 12 ~l 42 19.0 1<1-25.2 155-17.7 4.8 1.1 9 88 0.4 0.05 0.2 C.3 0.02 .a

12 22 J 35. C 1~- 17. 2 1 5~- 13. 2? 0 .• 0 2.2 18 189 9.0 1.15 1.4 1 3.4 0.25 C

1:2 22 9 2f-.9 19-23.8 155-17.0 1.7 0.7 8 110 0.8 0.10 0.8 C.5 0.14 R
1.2 l? 3? 21 ~ B 1Ci- 25. 0 155- 1 7. l. 3.7 0.2 6 119 0.6 0 • .3 7 1.1 2.2 0.04 B
1~ 'II 34 1 f, w 3 lS-2304 155-1 6 0 1 1 0 5 0 0 3 9 136 1. 5 0.12 0.7 C.5 o. 15 '3
12 '£2 3 t) ~. 1 lQ-24.0 155-15.0? 1 • () 10 1 71 3.3 0.11 0.5 C.4 0.11 C
12 23 10 39.2 1<;- 2 3. 6 1 55-1 5. 5 1. 5 9 158 2.2 0.1 0 0.5 0.4 0.09 ~.........

12 i~] 2C 310 (J t.C,·-2·~.1 155-17.77 2.3 7 1 70 1. 5 1.94 5.3 C;.8 0.21 0
l;~ 2 j ~+ J 3~.4 i c._ 2,-:.,. 3 1 55- 1 7. 3 lo8 O~l 6 125 0.9 0 0 05 0.2 0.4 0.01 ~

12 2J 47 24.2 1{~-? 4 • ., 1 55- 1 tl • 0 2.1 0.7 9 76 0.9 0.04 0.3 0.8 0.04 A
1223 :>5 34.·~ 1c;_ 23. t, 1 55-1 t. 0 2.6 -0.1 7 194 1.6 0.12 0.7 1.5 0.05 8
13 a 1 2u 7 1. c;:- ~ 4 0 1 155-160 5 2 0 0 O. 0 7 185 1. 5 0.06 0.5 6.2 0.06 C

1 ~~ J 1 26. '; 1~-24.3 155-16.2 2.0 0.6 7 210 1.8 0.05 0.3 0.1 0.02 B,J

13 0 12 sa o 3 19- 2 3 ~ 7 155-14 0 7 105 o. 5 9 180 3.2 0 0 10 0.4 0.4 0.01 B
13 a 22 J J • it 1S-23.6 155-14.P 2.2* 8 117 2.9 0.05 0.3 0.05 C
13 J 54 P.4 1s- 23. 5 1 55-1 7. 0 2.3 o. 5 8 137 0.3 0.05 0.4 0.8 0.05 B
13 0544u o 3 19-23.5 155-.1407 10 3 0.8 9 1 75 3.0 0.11 0.5 C.4 0.09 C



SUM~APY GF SfISMIC F~[NTS ( (f)f;~ TrNUc[) )

1971 •• ~.. M~'.,J SEC LA T t\ lor·if: W CFPT~ ~L~G NQ (, 11P 0 ~ I r~ ER T ERH ERI MD Q
,',UC 13 1133H.O L<; - ? .'1. 7 1 5 5- 1 4 • {; 1.8 9 183 3.3 0.2 5 0.1 C.1 0.09 B

13 1 1 5 o~ 7 1.<1-2306 155- 14 .. 7 1 0 6 0 0 6 S 116 3a 0 0.06 0.3 C.3 0.04 B
13 l l~ 42.D 1,)-?3.1 155-14. 7 6.4 2.0 14 150 2.4 0.06 0.4 C.5 c.oa '3
1 .~ l lb 42. 7 1 ')- ;'.J ~. 1 l55-14.5 I.A 7 164 2.1 O.Oq 0.5 0.4 0.05 B
Ij 1 11 6,d 1<)- 2 (~ ., 9 155-14~ 8 4:)5 10 150 2. 2 0.24 0.8 1.9 0.11 B

1 ~ l l ~3 23. 1 1(;- ') 3. 3 1 ~ 5- 14.9 ~.l 1.4 11 1 55 2.4 0.18 0.7 1.6 0.10 C
1~ 1. 2. 0 {}. ~j 1q - l.~ ~.~ • B 1 5 5- 1 4 • 7 1.2 8 187 3. 3 0.06 0.3 (.2 0.05 8
t .~ i 2J 23.1 1'j- ~ 3. 6 1 5 5- 1 4 • B 1.5 o. a A 1 76 2.9 0.08 0.3 0.2 0.03 B-'
1 '1 1 LU 44 a l 19-23 0 4 155-14 0 1 loR Coo 10 158 2. 7 0.10 0.3 C.3 0 (It 06 B·
IJ 12127.1 19- 2 3. 7 1 55- 1 4 • 6 1.3 0.3 8 186 3. 3 0.09 0.4 0.3 0.06 B

13 1 24 31 ta 4 1s- 2 ~~ 0 "3 155-1 5Q 1 4 0 7 1. 2 11 151 2. 2 0.16 0.6 1.4 0.09 C
1.3 1 27 21.3 19- ~: 3. 4 1 55-1 5. 3 3.8 1.2 11 150 2.1 0.12 0.5 1.3 0.10 B
13 1 ~9 36.4 1C1- 2]. 7 1 ~ 5-1 4. e 1.0 1.1 10 165 3.1 0.08 0.3 0.3 0.09 B

~

13 1 ]1 4C.9 19 - ? .3 • 6 1 ~ 5- 1 4 • 8 1.0 8 166 3.0 0.08 O~3 C.4 O. 08. B0'\

l .~ 1 11 5/... 1. I. s- 2 "1. 6 155-14.R e.8 0.7 10 164 3.0 0.09 0.4 0.4 0.09 B

., .. ~

1 37 13 I) J i q - 2 J 0 4 1 5 5- 1 4 • 9 1.6 8 166 2. 5 0.35 1.3 1.3 0.11 Cl..J

l ~ 1 't 1 12. 8 1q- I j. 5 1 55-1 4. q 1.6 0.5 8 246 2.7 0.35 1. 1 0.7 0.07 C
1 ~ 1174 23.1 lc;-I?O.2 155- 1q. 7 2" 4:~ 11 1 75 4:) 0 0 0 09 0.5 0.09 C

~ .~ 1 :)3 2~.'t lG-?3.f) 155-16.07 2.2* 7 203 1. 8 0.09 0.6 0.07 Cl. _.

1 '] 1 5 ~ ~j 9. 4 l C;- I '3. 7 1 55- 1 6. l? 1.2 7 193 1. ~ 0.14 0.8 0.5 0.10 C

13 2- 3 25.4 lS-?3.9 155-16.4 C.8~ 0.3 8 184 1. 3 0.14 0.6 0.15 C
13 2 8 220.3 19-?). "1 1 ~5-L4.9 1.0 Oaq 10 165 3.0 0308 0.3 0.4 0.09 B
13 2 10 l5 e O 19- 2.20 A 155- 22 0 0 4 0 <; 9 144 40 3 0.16 0.5 2.1 0.08 B
13 l. 11 59.5 19-25.2 155-1 7.5 4.2 1.0 9 1 36 0.4 0.08 0.4 0.5 0.04 B
1.3 2 24 25.4 1<;- 2:3. 8 155- 1 te c; 7 0 7 0.7 6 146 O. 7 0.02 0.1 e.2 0.01 8

13 2 4:) 58.6 1<;- 1. G. 1 1~5-11.2 9.9 1.7 13 251 6.0 0.26 1.3 1.7 0.01 C
1] 3 6 22.7 1q- 23 Q 4 1 55- 1 It 0 7 108 O. 3 9 1 70 2. 8 0.19 0.7 0.6 0.09 B
13 3 3S 46.C, 1<"1- 2 3. 5 1 55 -1 It • 7 1.4 0.7 q 1 75 2.9 0.11 0.5 C.4 0.09 C
13 4 6 213.0 1c;- L 4. a 155-1 1. 2? 2.1 8 127 1.2 0.05 0.4 0.2 0.08 B
13 4 24 24 0 3 19- ~~2 0 H 155-:-11 0 5? RoO· 6 J49 3~. 2 1.2 C 0.0 1.39 0

•



'. .t

SU~MA~Y OF SEISMIC EVE~TS (COr-~TT '"UfO»

1971 HR Mt~ SEC LAT ~ LONG l~ CEPTH MAG NO GAP OM! N ER T ERH ERZ MD Q
t U(~ 13 4 37 15. 1 l g- 24. 1 1~5-1c.3 1.7 1. 1 11 146 1.7 0.05 0'.3 C.2 0.07 B

13 4 5q 13.1 Ig- 240 3 155- 14. 2 1. 1 00 8 7 281 4. 6 0.38 1.0 0.6 0.05 C
13 5 31 0.2 1(;-24.1 155,-16.3 l.q 0.7 9 141 1.7 0.05 0.3 e.2 0.06 B
13 6 2 47.0 1cr 2 3. 7 1 55- 1 6 • 9 2.4 0.6 7 143 0.5 0.08 0.6 '1.0 0.05 B
13 6 46 59.4 19-2'3.7 155-16.8 2.2 o. 3 1 149 0.6 0.02 0.2 C.4 0.0.3 B

13 6 53 47.4 1c;- 23. 1 155-14. 7
I

12 152 2.4 0.13 0.6 1.2 0.08 C4.6 1.8
13 6 S5 41~7 19- 23 0 7 155-14.2 2 0 5>:C Ooq 7 215 3 8 8 0.37 1.6 0.05 D
13 () 56 14.7 19-19.2 155-16. I? 5.6 0.9 8 259 2.8 1.44 4.5 7.2 0.23 0
13 1 13 13.8 l S-24. 6 155-20.5? E.O* 7 ,314 5.3 0.11 6.3 0.29 0
13 '7 24 56. 3 19-23.6 155-17.3 1.9 1.4 13 88 0.8 0.07 0.4 C.3 0.10 B

13 8 2 51 0 0 I c;- 2 3 0 3 1 ~ 5- 1 7. r;? C.9 0 0 6 8 165 1. 8 0.27 1.6 21.6 0.24 C
13 812,15.4 1 s- 2 7.3 155-1 7.6 7.6 1.2 9 276 3.5 0.21 1.2 0.4 0.06 C
13 a 20 45.8 1g~ 24. 2 l' 5 5- 1 7. 4 c.o 0.6 11 85 1.0 0.08 0.3 0.2 0.10 8

~ 13 8 47 1. 1 19-23.9 155-170 3 2.1 8 120 1. 1 0.04 0.4 0.3 0.06 A'-J

13 10 0'45.2 19-23.9 155-16.41 2.'2* 1 161 1.3 0.11 0.7 0.07 C

13 10 3~ 2A o 8 19-23.,4155-16.8 5 0 7 7 112 0.2 0.26 C.8 '1.7 0.05 B
13 11 2 1 31.·7 19-24.5 155-11.4 2.3 8 99 0.4 0.08 0.5 1.0 0.06 A
13 11 41 34.9 1s-24. 0 155-17. 4 2.C 7 121 1.3 0.06 0.5 C.3 0.05 B
13 11 46 20.t,; 19-23.6 155-14.6 0.8 8 168 3. 1 0.08 0.3 C.4 0.07 B
13 12 q 26.9 19-23. 8 155-16.7 2.4 1 159 0.9 0.03 0.3 0.4 0.02 B

13 13 25 58$8 1<;-42.6 156- f.5? lE.1~ 2.<1 24 247 28.4 0.44 3.3 0.32 0

• 13 l.i 55 53. f ) 1s- ? 3. 8 1 55- 1 7. 0 2.0 1.a 16 63 0.7 0.08 0.4 0.3 0.12 B
13 l·!t 2B 29.2 19- So 8 155- 4 50 2 4.<; 2.2 122.29 17.0 0 0 53 3.2 1.6 0.18 0
1.3 15 23 56.5 19-20.1 155- 9.2 5.9 1.7 15 165 3.9 0.13 1.1 c.a 0.18 C
13 11 1 31. 7 1q- 2 3. 6 1 5 5- 1 1 • 1 26.3 2.2 20 108 3.5 0.15 1.0 1.5 0.13 B

13 17 12 40.8 IG-24.3 155-15.4 1.8 0.8 8 248 3. 1 0.11 0.4 e.2 0.03 C
13 19 29 43.CJ 1g- ~~ :3. 8 1 55- 1 5 • 3 1. 5 0.2 8 1 72 2.8 0.11 0.4 0.3 0.06 B
13 19 50 51.6 19-1B.2 155-13.9 5.2 1.6 16 187 7. 1 0.17 1.0 C.9 0.17 C
13 20 14 8.·4 1<7-23.2 155-14. 9 2.0 1. 0 11 153 2.4 0.11 0.4 0.4 0.08 B
13 20 47 1102 1 9- 10. 5 155- 19 0 2 31.5 2D 3 1.2 202 13. 8 0.39 2.1 4.2 0.15 C



.,

SU~MARY OF SEISMIC EVE~TS (CONTINUED)

1911 Hk MN SEC lAT ~ LO~G .W DEPTH ~AG NO GAP DMIN ERr ERH ERl MO Q
lUG 13 20 52 46.<1 1CJ-12.4 i55-IS.C1 41.0 2.4 19 '214 10.2 (i~33 1.6 2.5 0.10 C

13 20 53 52.1 19-1105155-19.7155.2 2.1 20 175 12.1 1.03 4.2 8.9 0.32 0
1? 20 54 55.9 19-24.8 155-17.5 4.1 10 86 0.2 0.19 0.8 1.3 0.09 A
1 3 20 5q 55. q 19- 2 3. 1 1 ~5- 1 6 • 6 2 • 5 S' 116 0 ..8' 0 .09' 0 .;e' 1.1 0 ~ lOB
1311 1 49.ti 19-24 0 3155-15.3 Co 9 O.B 11114 3.2 0.20 0.7 C.8 0.13 C

13 21 9 42.6 lS-23.5 1'55-'14.7 1.4 0.0 g 117 3.0 0.09 o.4·~ ·~.4 0.06 B
13211126.1 19-12.0 155-32.B1 4.1 14 141 9.3 0.24 1.6 2.20.17 B
13 21 33 6.8 19-J4.1 155-16.91 /.1 -0.2 10 120 1.2 0.06 0.6 C.3 0.11 B
132154 56.0 19-23.5 1~5-14.8 1.4 0.5' 10' 173 ·:'·2.ti 0.11"':" 0.4 ·:·O.~4 0.09 C
13 22 14 12.2 19-21.8 155-16.1 4.6 8 124 1.1 0.33 '1.1 2.4 0.12 B

13 22 20 1.9 19-23.6 155-14.7 °i.29 1·76 .... 3'~·O··· ·0.1·1".. ·· 0~05" ·'c·.s· 0'.'10 C
13 22 25 28.5 1«')-22.4 iSS-2B.'}? 7.4 2.1 18 89 10.6 0'.12 0.8 C.9 0.20 B
13 22 29 3.5 lq-23.4 155-14.8 2.1* 9 16q ~7. O~05 0.3 0.05 C

~ 13 22 34 48.6 19-23.3 155-15.1 2.3'* 1.0 11 151 2.2'·'·O.·Q6 O~'4' O."IO'C
13 22 36 51.5 lq-24.3 155-17.3 0.8 0.7 :12 84 0.8 0.06 0.3 C.3 0.09 A

13 22 42 6.1 1~-23.5 155-14.7 1.4 q 111' 2.8 ·o.o~ 0'.4' C.4 0.08 B
13224529.2 1<;-24.1155-17.9 1.6 8122 1.2 0.01 0.5 C.4 0.01 B
13'2:\ 2 q.1 1<1-?3.5155-17.1 7.5 0.5 6141 0.4 OG03 0.2 C.4 0.02 B
l323 1 56.7 19-24.1 155-18.0 1.7 8 125 1.4 0.05 0.4 C.3 0.07 8
13 23 22 46.0 lS-le.o 155- 6.7 P.o* 1.7 11 257 9.3 0.56 3.3 0.19 0

13 23 4~ 4~.3 lq-23.9 1~5-15.8 3.4 '1.2 12 157 2.2 O~lO" 0.4 1.0 0.08 B
13235324.3 19-23.4155-14.1 1.5 9173 2.9 0.10 0.5 0.40.08 B
14 0 42 27.1 lq-23~1 155-14.8 C.9 e.9 11 166 3.1 0.08 0.3 0.3 0.10 B
14 1 24 .4.6' 1q- 24. (l 155-14. 1 O. 9 O~'9" '11 1,75 3.6' . "'0.1"3 ·0;.'5' :·':·:>:·::C~.6 . O. 11 C
14 1 24 31.6 19-18.4 155-14. 6 5.9 ,'1.6 ·14' 210' 5.9'.:": 0.2.0 'f'~'2:; ::'::-0.8 0.18 C

lit 1'2 9' ~4 O~'4' l~-l El~ 9 15'5-~f1 ~:7" 6 .2" . ':';13'1'5'1 2";'.'3 :.:';:' ;'(r~'r 8" ·:;··1·;:2······:: ·r~;O··6.2-l· "c
14 132 °29.8 19-23.9155-14.8? c.a 0.9 11112 3.4' 0.15 0.6 0.6 0.14 C'
14 1 52 44.3 1q-23.5 155-15.61 1.4 0.3 9 148 2.2 0.11 0.5 C.5 0.12 R
14 2 1 1.9 l~-2].6 155-11.11 2.3 1 134 0.5 0.06 0.4 0.2 0.05 B
14 247 4.7 1<1-24.1155-15.8 1.7 1.2 15112 2.4 0.14 0.6 C.5 0.11 A

•

• I •



.. • '. ,

SUMMARY OF SEISMIC EVENTS «(,ONTINUEO)

1911 HR Mt~ SEC l~, T N lll"!(; W DEPTH rv1AG NO GAP OMI N ERT ERH EP,Z MO Q
~UG 14 2 58 34.1 1f1- 2 3 • 9 1 ': 5- 1 6. 6 1.9 C.6 11 125 1. 1 0.06 0.4 C.3 '0.10 B

14 3 46 39 0 9 19- 2 it C) 3 1 55- 1 0 0 4 2.0 0.6 10 150 1. 6 0005 0.4 e.2 0.05 B
14 ' 4 3 5C.7 19-23.3 155-17.2 2.3 9 68 0.5 0.06 0.3 C.2 0.06 A
14 4 20 13.3 1s- 24. 3 155-17.7 1.1 1.1 12 92 ' 0.8 0.01 0.4 0.4 0.12 R
14 4 23 55.0 1\"1-23.5 155-14.8 5.1 1.6 15 109 2.8 0.1 a 0.5 1.1' 0.12 B

14 ~ 77 29.5 1,,- 2 ~. 3 1 ~ 5- 1 6 • 2 1.5 0.5 <:) 121 1~4 0.11 '0.8 C.5 0.17 B
14 4 40 33 0 9 19-L.4 0 0 155-170f:: IG7 1.2 13 70 1.3 0.06 0.4 C.3 0.11 B
lit 4 49 2S.5 19- 1. 7. 8 155-13.8 B.O* u.8 A 231 7.6 0.19 1.2 O.Oq 0
14 4 51 15.4 1<;- 2 3 • 9 1 5 5- 1 7. 1 1.9 1.1 13 C;9 0.9 0.04 0.3 0.2 0.01 A
14 5 19 32.9 19-18.8 155-15.4 11.9 q 197 4.2 0.20 0.9 1.6 0.06 B

14 5 23 3.2 1~- 2 '3. it 1 ~ 5- 1 4 • 4 c.~ 1 164 3. 1 0.11 0.4 0.6 0.01 e
14 5 25 52.4 1 S - 2 3 • 4 155- 1 7. 1 2.4 B <12 0.3 0.04 0.3 C.5 0.04 A

..I::-- 14 5 34 55.<; 1~-23.7 1~5-14.8 1.0 11 167 3. 1 0.08 0.3 C.3 0.10 B
\0 14 5 53 41.5 19- 2 40 2 1 55- 1 6. 1 1.8 B 209' 2.0 0.09 0.4 e.2 0.05 B

14 6 36 38.3 19-1q.l 1 ~5-14. 1 8.0* 15 191, 5.4 Q.14 1.0 0.17 C

14 6 44 4.6 1<;- 2lt .. a 1 ~ 5- 14. H 1 e 1 1(J 5 16 70' 3. 5 0.12 0.5 (.5 0.15 B'
14 1 11 25. 1 19- 22.3 155-27. :~? C.o 2. 0 17 1 12 8. 1 5.81 0.8 11.0 0.21 B
l4 7 24 49.2 1 <;- 2 3 • 9 1 5 5- 1 4 0 C; 4.8 10 185 30 2 0.22 0.7 1.4 0.07 B
14 7 29 35.6 1 S- 22. a 155-14.8 3.3 1.1 12 142 2.0 0.09 0.5 1.10.09 B
14 7 44 30.7 1(j- 2 3. 6 1 55- 2 5. 5? 9.3 2.0 17 84 7.3 0.06 0.5 1.8 0.12 B

1 !t 7 50 29.1 19-21.8 1~5-19.6? B.O* 6 305 5.5 1.05 12.4 0.38 0
14 75058.8 19- 1 <; • 0 1 ~ 5- 1 6. e? 8.0* 6 326 5.8 2.76 22.5 0.63 0
14 7 52 2601 lS-23.,8 155- 1 7 0 1 t 06 7 136 2. 1 0.05 0.4 ,C.4 0.,04 e
14 7 57 32.2 1~-24.0 155-16.3 1.5 1.3 13 101 1.1 0.10 0.5 C.4 0.16 B
14 8 1 34.6 lr;-23.7 155-16.7 1. 7 9 116 2.3 0.10 0.4 0.5 0.06 A

14 8 4 32.4 19-2).5 155-11.2? 2.3 13 95 0.4' 0.08 0.5 1.1 0.13 B
14 8 5 58.1 19-24.0 155-16.4 2.1 1. 3 12 1.37 1.4 0.10 . 0.5 C.4 0.11 B
lit 8 7 4103 lQ-23 0 9 155-17. 3 1. 8 10 120 1.2 0.04 0.3 0.2 0.01 A
14 8 9 8. 1 19-24.0 155-11.21 2.1 8 129 1.5 0.10 0.7 0.5 0.10 B
14 8 9 35.0 19- /3. 7 155- 1 6. 8 2.5~ 1 133 3.5 0.11 0.8 0.12 C



SU~MA~Y OF S~ISMIC EVENTS (CONTINUED)

1971 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMI N ERT ERH ERZ MD .Q
f~U G 14 8 2 1 48.1 19-23.5 155-15.21 3.1 13 91'" 2.4 0.17 1.6 2.1 '0.36 C

14 8 25 24.9 1c;- 2 it. 0 1 5 5- 1 1. 8 l:..9 1 187 -1.4 0.29 3.0 1.3 0.13 C
14 82731.1 19-1t.2 1~5-14.C;? 8.0* 13 194 8.4 0.95 1.4 1.28 0
14 8 41 41.3 19-24.3 155-16.6 1.6 9 '98" . 1.4 .0.16.. ·.. o. ct<· C.1 0.20 B
14 e 43 28.9 19-24.4 155-16.3 1 •.3 7 17() 1.5 0.21 1.1 e.7 0.13 C

14 8 46 35 0 0 19- 23,6 1 ~ 5-1 2. 1 ? 8.0* 6 266 7. 0
..

0.95 io.o 0.96 0
14 a 50 24.6 1~-24.5 155-16.1 1.4 9 130 1. 8 0.17 0.8 c.a 0.17 B
14 8 50 56.4 1<;- 2 t. 7 1 55- 1 6 • 4 3.2 6 274 3.5 0.62 2.7 3.6 0.01 0
14 a 51 41.5 19-23.8 155-11.31 0.3 . 8 123 1~8 O~53 .... '();s' 1'.2 O.19C
14 S 52.25.1 1~-24.2 155-15.71 0.0 15 71 2.6 0.6'4. 1.0 "1.2 0.28 C

Itt 853' 37.1 19- 24.6 155-16~91 1.9 a 1'27 O~6" ····d~·o·l '. "O'~':1' C.5 0.08 "8
14 8 55 16.9 19-23.6 155-11.61 0.0 9 104 2.1 0.42 0.6 1.0 0.16 B

U1
14 20 52 1.3 19- 2 3 • 9 1 ~ 5- 1 f; • 5? 1.8 8 1 76 1.2 . 0.13 0.9 0.4 0.11 C

0 15 1 22 40.7 19-14.0 155-22.2?·· 0.0 20 "156> 9~6 ~:':7~6.'·3· '::'::"'1~'::4 "14.4 0.28 0
15 2 30 2. 8 lq-l~.9 155-14.31 10.3 10 179 3.9 0.11 1.5 2.4 0.13 C

15 4 5 '46'.3 19-22 0 6 155-27.7 6.7" 2.3 19 86 8.9' O~13' O"~8 c.q 0.21 B
15 4 46 46. 3 19-24.0 155-17.0? 1.4 8 145 1.2 0.09 0.7 0.5 0.13 B
15 7 52 44.3 19- 1 1 • 8 1 ~ 5- 1 20 q A.O* 9 210 886 0.58 3.2 0 • .13 0
15 10 18 31.0 19-22.0 155-24 .• 51 8.9 1.6 8 219 3.9 0.41 1.4 3.3 0.10 C
15 12 1 20. 8 1<;- 1 G• 4 1 55- 1 5. 8 11.1 1.6 8 1 71 3.1 0.09 0.4 0.8 0.03 B-

15 13 57 2.0 1'9- 21. 4 1 55- 2 <1. 6 4.6 1.9 16 96 11.2 0'.10 0.1 C.8 0.17 B
15 15 36 7.'1 19- 19. 3 1 5 5- 1 5. 2 ? 4 2 • 3 4.q 28 142 4.2 0.20 1.8 1.4 0.28 C
15 15 48 2C.9 1<;- 20 • 0 1 55- 1 6 • 3 30.8 2.6 25 1'36 1.9 0.11 0.7 1.0 0.10 B
15 15 52 34.4 1~-1'i.6 155-17.2 26.4 14:' '149 .... 1. 0 . ·0.27.. 1·~r4··:.··:·"2.·3 0 .12 "B
15 15 57 56.1' 19-21.5 1~5-19.2 e.o* 8 163· .8. 3.. 0.20 .1.6...·.·.·· .0.19 C

'j.: . ".:

15 1'5 ·..58·..·'·· 1B. 2 19- 1q~'9 1'5'5'~ 1 6~ 5 '21.2 11 '1 36' 1.6 O. 2'j' .... ·":·:·f·. ':1:" 2;3 o. to"8
15 16 8 52.8 19-19.2 1~5-16.6 28.9 2. 1 16 150 2. 1 0.26 1.3 2.3 0.1.1 B
15161511.9 1<1-20.1 155-16.5 28.4 18 113 1.5 0.23 1.4 2.3 0.16 C
15 16 16 22.4 1s- 19.1 155-16.6 ZQ.4 11 154 2.4 0.25 1.3 2.2 0.12 C
151711 27.0 19- 25. 3 155-23.9 21.8 1.9 15 11 7. 0 0.10 0.1 1.2 0.10 A

• • ,



"
, t



SUMMARY·O F SE I SM t C -EVENTS (CON'TI ~JUED)-
....

t:· 1911 Hf\ MN SEC l;!\T " LUNG W DEPTH I~AG NO GAP OMIN ER T . ERH ERl HO Q
AUG 17 3 45 4<;.2 1<i- 24. 2 ~ 55- 1 5. C;

...

2.6 0.8" 6 224- 2.4 0.22 0.8 1.4 0.02 B
11 3 48 4a6 1c;- 2 it • 2 1 55- 1 6 • 2 1.9 0.6 8 208 1.9 0.12 0.6 C.3 0.05 B
17 4 47 44.6 19- 6.0 155-20.31 A.O* 1.8 11 299 22.3 2.03 12.0 0.61 0
17 4 55 42.9 1(j- 1 f. 6 1 55-12 • 4? .::y C.2 2.2 17 2']5 .'1- 0.:<:8 1.22>' '2'.8" 20.•5 '0.29 0
17 5 26 57.2 19-19'01 155-21.1 8.0* 1.2 8 231 4. 7 0.08 0.5 0.03 0

17 5 33 15.«; lc;-lS.6 155-'15.1 12.1 12 .2 05 4.9 0.'14 . (j .5' 1.'1 0.05 B
11 5 55 ~7.3 1q- 18. 1 1 55- 1 5 ~ 2 13.1 10 200 4.6 0.11 0.4 C.8 0.02 B
17 6 27 37.4 19-27.5 155-41.47 ~.O 1.9 15 124 1 O. 1 0.56' 0.8 4.2 0.13 8
17 14 47 11.<; 19- 2 3• 8 1 55- 2 5. g?' e.1 2.0 17' 85 8. () o.os··:··· 0.7' j.O·O.14 B
17'1812 50.8 19-1Q.O 155-17.7 3(J.O 2.1 19 134 2.2 0.15 0.9 1.4 0.10 8

17 18 28 11.S 1<;- 17. 1 1 ~ 5'- 2 .~ • 4 .. e. c* 1. 3 11 191 '15~ 1 .... o·~i6· '1.4 O.la c
17 20 8 36.0 1<1-22.0 155- 9.2 11.7 1.4 8 186 1.1 Q.l~ 1.6 1.1 0.07 C

lJ1
17221710.2 1~-2C.O 155-13.51 ,g.5 1.6 lA 156 4.6· . 4.78 1.8 .8.9 0.32 0

N 11 22 18 29.0 19-21.1 155-13.4 13.1 '1.3 9 165 '2. S· 0.12 ·O~··5·c·: "1.0 'O~"03 "8
17 22 44 4.8 19-19.5 1~5- 8.4 8.0* 7 115 5.4 0.08 0.9 0.06 C

17 23 23 210 4 1G- 1q 0 1 1 55- 1 1• 2 8 0 0* 105 13 177' 6."0 a.lO O~8 0.10 C
18 0 2 30.0 19- 2 5. 0 1 55- 1 3 • 6 8.0~ 0.8 7 291 6.0 0.81 4.7 0.09 D
18 " 1 1 36.3 1 (j- 2 t. 5 1 5 5- 1 7. 5 7.1 1.4 7 299 2.0 0.72 2.1 2.9 0.03 C
18 1 30 51.<1 19-20.9 155-12.1 10.3 1.0 11 182 2.9 0.13 0.6 1.0 0.04 B
18 2 40 5C1.6 19- 2 1. 2 1 5 5-1 2 • 8 5.7 1.5 16 168 2.3 0.13 1.0 C.8 0.21 C

16 3 49 1<1.5 1<)-19.4 155-1 1. 4 2<;.7 2.1 11 "150 ~ 1.3'" 0.19 1'.1 1.6 O.·l()· B
lA 4 23 6. 5 19-20.5 155-16.6 27.3 1.8 16 123 1.5 0.21 1.1 2.0 0.12 A
18 4 44 44.4 1c;- 23. 1 1 ~ 5- 1 1. 4 8.0* 1.2 5 209 3.4 0.17 2.5 0.06 0
18 7 13 31.1 lq-22.9 155-24.5 8.0* 1.3 ·10.····214·····5.;4,::·::···· 0·.'13 ':'·0. 9 Y:·:"::;··::::··::O':u· '·"0.09 : C.
18 10 17 4.6 1<;-21.5 155-17.3'· 2,~.1 8 ·104 :2.",6'. O...57:·t~·5 :: 5;3 '0.08 '8

1£1 11 45 54.'5' 1<'1-2C."7 155-11.1 ..··13.7 "7' '305' 4~2 (j~19 ii:%t;,k CT. I. O.02C
18 14 o 24.6 19-19.4 1~5-1~.7 C,.8 7 203 1.8 0.14 0.6 1.0 0.02 B
18 14 4 12.4 19-1~.3 155- t.8? se.l 13 238 12.3 1.18 6.6 13.3 0.20 0
18 17 21 17.5 1q- 2 O. t; 1 ~5- 7. 3 8.0* ' 8· 168 5.2 0.15 1.6 0.15 C
18173852.1 lC)-24.0 155-17.0 17.5 2.4 24 62 1.2 0.18 1.5 2.2 0.22 C

\I
, ,



•

~. Ut' Mft. P Y 0 F SE: ISM ICE" E" TS (CO'~TIt\UEO)

1971 HR MN SEC It.,l ~.! LONG W DEPTH MAG NO GAP OM! N ER T ERH ERZ MO Q
~ U(~ 18 18 21 15.6 1 <1- 24'. 1 155-24.7 <;.6 1.9 17 64 1.6 0.04 0.4 C.9 0.08 A

19 120 58.5 lC;-22.8 155-3C.C1 C.O 1. 9 13 94 12.7 2.18 1.2 23.0 0.23 B
19 1 30 40. 1 1~-42.4 155-15.1? 10.6* 2.1 15 191 22.4 0.51 5.6 0.61 0
19 2 52 29.4 ll~-52.8 1~5-16.1 8.0* 2.4 16 306 46.5 0.82', 5.0, 0.09 0
19 2 58 53.0 18- 4 7 • 3 1 ~ 5- 8. 1 8.0* 2.2 14 '318 59. 5 2.15 12.9 0.11 0

19 20 31 45.0 1.t;-23.7 155-16.2 If.1 1.7 19 A6 1.4 0.06 0.5 C.1 0.09 A
]q 20 50 7.2- 19- ~ 4. 1 1 55- 2 io1. 3 5.4 2. 3 21 84 11.4 0.08 0.6 0.8 0.20 B
~~ G 10 51 4 C. 2 1':-22.6 155-22.8 7.0 12 115 4.5 0.06 0.5 C.7 0.09 A
20 13 32 9.<; 1 C) - 22. 5 1 55- 2 4. 5 c.5 13 131 4.1 0.11 0.9 1.1 0.18 B
20 14 33 26.4 1S-21.3 155-12~5 11.8 11 141 2.1' 0.09 0.6 1.0 0.06 B

20 18 40 41.5 lS-~t.4 156- 3.31 C.'3 1.8 20 254 24.6 0.41 2.0 1'.1 0.13 C
2C 19 31,28 0 3 1':l-14.1 155-"3 5. 8 fJ o 2 14 109 2. 7 0.11 1.4 1.1 0.23 B
2C 21 41 58.5 19- 22 • 8 1 55- 1 t: • 5 13.2 1. 5 22 66 1.3 0.04 0.6 C.4 0.12 B

\J1 20 23 29 43.4 1~- 9. 0 1 55- 2 6. 0 24.9 2.2 19 2i 35 3.4 0.48 2.,4 3.1 0.13 Cw
20-23 55 51.7 19-l. 5. 5 155- 2 7 • 2 3.7 15 117 10.4 0.09 0.6 O'.~ 0.15 8

2C 23 57 26.C1 1 CJ- 18. 9 1 55-1 2. C; ~.• 0* 10 217 6.5 0.17 ' ·1~ 1 ' 0.11 C
Ll 1 42 36.8 19-23.8 155-24.07 5.8 12 153 6. 8 0.10 0.9 1.20.13 C
~ 1 J 3 17. 5 lS-lS.t: 15'5-15.9 ·3 C.l 2.1 23 139 2.9 0.15 0.9 1.4 0.13 B
21 3 24 52.1 19- 22 • 3 1 5 5- 2 3. 5? f.2 1.6 14 .111 3.9 0.08 0.6 C.6 0.13 B
21 3 56 1<J. () 19-19.3 155- 8.0? 4.3 1.8 17 17e 6.1 0.15 1.1 1.1 0.19 C

21 10 0 5. 1 19- 2 2. • 3 1 55- 2 2 " 8 e:;; c:: 10 158 4.0 0.1 '3 1.0 1.1 0.16 C..-'. :J

~.~ 1 10 31 53.0 1 9- 2 1. 7 1 ~ 5- 2 {. • 0 8.0* 5 2 5f 5.5 0.61 3.6 0.20 0
21 12 23 <;;.6 1g- 1 5 • 0 1 ~ 5- 2 2. q P.O~ 1..6 8 237 7. 1 0.15 1.1 0.06 0
21 125151.1 1 q- 2 6 • 4 1 55- 2 7. 1? 0.0 .1. 8 15 70 q. 1 3.04 1 • 2 '2 4 • 8 0 .2B C
21 13 46 22.0 l C}-20.2155-1b.3 tj.5 1 192 1.9 0.11 0.4 o.a 0.01 B

21 13 50 3P.4 19-1q.a 155-14.1 13 0 0 8 2ea ' 3.9 0.2'3 C.8 '1.6 0.0'3 B
.21 14 28 4.8 19-23.7 155-25.0 P.O*2.0 5 220 1.0 0.39 2.1 0.13 0
21 16 14 13.6 19-11.5 1~5-35.8 8.0* 5 143 6.7 0.16 1.6 0.09 C
21 11 53 15.6 19- 2 7 • 1 1 55- 4 8 • 9 11.3 6 218 23.0 0.40 3.1 3.4 0.09 C
II 18 35 27.0 1<;- 1 '1. 3 1 55- 8. 0 P.o* 10 1 79 6.0 0.16 1.5 0.17 C



S~MMARY OF SEISMIC E~ENTS (CONTINUEO)

1(J71 HR M~~ SEC LAT N LONG w DEPTH MAG N'O GAP Dt-'I N EP, T ERH ERZ MO Q
.AlJG 21 19 3 6~1 'lq-10~7 155-32.3 B.O· 10 1'56 '1 t. 4 0'.10 1.0 0.13 C

21 20 4 33. 8 1 <1- 21. 4 1 55-2 3. 8 5.2 1.4 14 99 2. 3 0.13 1 • .1 1.4 0.2l. B
21 20 13 10. B 19-240 2155-26.1 5.9 13 114 9.0 0.11 0.8 1.4 0.20 B
21 20 32 55.5 19-21.615'5-2.3 .• 8 A.3 1.3 7 200' 2~ 8 0.32 1.1 3.0 0.06' C
21 21 6 3~.7 1q- 2 1 • 1 1 55- 1 6. 6 32.0* 1.3 7 122 1.8 0.02 0.9 0.03 C

21 21 42 0.3 1 8- 53. 7 155-14. 1 0.8 2.3 11 312 37. B 0.29 2.4 2.9 0.11 C
22 1 40 52.4 1 «;- .3 3. J 1 55- 5 1 • 4 13.1* 2.5 8 224 15.4 0.30 2.6 0.11 C
i.2 1 49 12.8 1<)- 19 0 5 1 55- 5 5. 3 ? ~l.O» 2.6 10 326 33. 1 1.08 6.4 0.11 0
22 3 11 45.0 19-19. 8 155-15.0 12.3 1.3 8 171 3.7 0.12' 0.6 '. 1.0 0.03 B
22 5 19 4'3.9 19-11.9155-27.67 C.O 2.0 15 172 11.1 4.29 1.1 8.2 0.16 C

22 6' 25 C.8 19- 21. 3 1 ~ 5-14. 4 8.3 1.3 8 150 1.8 a.f3·· .1.0' 1.5 0.08 B
22 9 6 43.5 19-22.3 155-24.51 CJ.6 0.9 7 218 4.4 ~.3 5 1.0 2.6 0.06 C

V1 22 12 29 lQo3 19- 2 3 • 8 1 55- 1 (; • 5 3.0 0.8 7 180 1.1 0.25 1.2 2.1 0.11 C
~ 22' 14 41 17.3 lq-23.8 155-lb.l 2.4 1.2 12 '145 1.1 '0.10 O~6 2.5 0.11 8

22 15 2 50.5 lQ-24 e O 1~5-25. e 8 0 0* 10 234 8.2 0.25 1.5 0.12 0
.

0.16 0~2 16 1<1 17.2 19-13".2155-21.9 21.0* 5317 13.1 1.31 li.3
~2 18 11 2.8 19-22 0 6155-22 a c) 4.'1 1. 9 16 169 4.5 0.11 1.0 1.1 0.11 C
22°1g 46 58.6 lq-14.5 155-26.11 4.8 2.2 1 7 122 3.6 0.11 0.9 0.9 0.20 C
22 20 32 52.4 1 '1- 2 O. 1 1 ~ 5- t:. e 8.0* 1.1 12 166 6.5 0.13 1.3 0.15 C
2..2 20 50 19.3 1q - 12. 1 1 55- 8.7 35.9 2.2 19 211 11.6 0.25 1.4 2.1 0.10 C

22 21 57 19.1 19- 2 1. 1 1 55- 7. l? c.o 2.3 19 147 1.6 5.56 1.2'10'.5 0.23 C
23 0 6 43.0 19- 19 • 8 1 55- 1 5. 5 36.9 1.7 14 150 3.4 0.51 1.6 4.5 0.09 B
23 1 38 23.2 1 c;- 2 4. 1 1 55-1 5. 8 2.0 7 221 2.4 0.13 0.6 C.3 0.05 B
23 3 11 47.7" 19~2lt·.2 155-15.9 '2.0 8 21S' 2•. 3 0.16" 0:'.'6' ·C.3 O~05 8
23 4 7 2C.8 Ilj- 20.3 155- 9.3 9.3 0 •.9 11 162'- 3.5 0.06 0.5 C.9 0.06 B

23 4'22 3 S. 5 i q- 1. c;.':' l55- 9 .3 e. q ...... "'12"::';1'11::'" ~ 5 .O~'O7' . O· ~'6"" 1'.2' 0.01 B
23 4 55 28.6 1<1-25.9 155-12.7 25.2 14 91 6.5 0.12 0.6- 1.3 0.08 A
23 7 15 58.4 1 fi- <; • 4 1 55-2 7 • 8 33.3 2.9 22 1 75 13. 1 0.21 1.3 2.6 0.13 C
23 7 56 42.8 19- 19 0 9 155- 13. 1 10.0 11 195 4.8 0.30 1.5 2.5 0.12 C
23 12 15 8.8 1 t)- 19. 7 1 55- 2 • 5 10.4 2.5 14 220 0.8 0.34 2.6 3.7 0.18 0

• . •



., •

SUMMARY Of SEIS~IC EVENTS (COf\JTINUEO)

1~71 HR M~J SEC l~, T N LONG W DfPTh MAG t~O GAP D~I N ERT fRH ERl ~D Q

~UG 23 14 33 33.0 1fj- 22. 5 1 55- 2 20 t ~.l 8 158 . 4. 5 0 0 28 0.1 2.6 0.10 'C
2.~ 22 21 2e.2 19- 1 -, • q 1 55- 1 2. 9 8.0* 1.1 9 23b . 8.4 0.18 1.1 0.08 D
23 23 '5.3 39.0 19- 23. q 1 5 5- 1 {;. 5 2.• 1 O. 7 9 140 1. 3 O.Og 0.6 C.4 0.11 A
2.4 2 31 49.3 19-22.8 155-22.21 2.0* 8 150 4.7 0.01 0.5 0.09 C
24 3 14 1. 8 lQ-24.0 155-16.41 2.2 0.5 7 189 1.5 0.12 0.9 C.5 0.10 C

24 8 13 36.g IG-14.5 155-32.0? 0.6 13 247 11.7 1.52 1.5 5~2 0.10 0
?4 11 4-; 52. 1 1<;- 1 C;. 6 1 55- 1. 3 8.0* 10 ] 85 6.3 0.08 0.8 0.07 C
~4 19 11 18 0 6 IG-IQ o 4 155-17.1? t.6 10 1 71 1.4 0 0 2 5 1.3 3.0 0.18 0
L4 22 20 15.7 J.(1-22.6155-22.4 1.2 9 155 ·4.7 0.21 0.8 1.4 0.10 B
24 23 57 '32.0 19- 23. 3 155-26. 4 ·4.3 2.4 22 73 7.9 0 .• 09 0.7 0.8 0.21 B

25 o 12 50.8 19-23.9 155-16.0 7.1* 0.7 7 2 C8 2.0 0.15 0.8 0.05 C
25 o 14 46.3 l 9- 18. 8 1 5 5- .1 .3. 1 12.6 1.2 10 217 6.7 0.32 1.3 2.6 0.08 C

VI
25 o 20 2.4 lq-1R.6 155- 6.5? C.O 1.9 ; 17 213 8.6 6.77 1.9 12.6 0.26 C

VI 25 2 17 14. 7 19-20.8 155-10.9 8.4 0.9 9 210 3.0 0.07 0·.5 0.6 0.03 B
25 2 17 50.1 lq-Z5.9 1~5-15.2 24.6 1.2 15 1-9 3.7 0..• 15 0.8 1.8 0.10 A

2~ 2 26 5. 8 IG-24.1 155-16.2 1.9 8 200 1.8 0.12 0.'7 C.3 0.08 B
25 2 45 3A.4 1<;- 22. 2 1 5 5- 2 7 • 3 4.6 ?2 20 115 13. 6 0.10 0.8 0.9 0.20 B
") ,. 3 20 12.1 lQ-18.0 155-14.6? 0.0 16 222 6.3 6.68 1.5 12.6 0.23 (.L-J

25 52612.8 19-24.5 155-17.3 6 •.3 0.9 9 117 0.6 0.15 0.6 C.9 0.05 A
25 6 o 56.9 1q - 17 ~ 7 1 5 5- 1 4 • C; q.b 13 227 6.3 0.28 1.5 2.3 0.14 C

2: 6 5 57.1 L q- 1<; • 4 1 ~ 5- E. 3 A.O* 1.2 11 1 78 5.7 0.21 1.8 0.23 C
25 6 50 5l o b J9-38 0 4 155- B.2 11.6 11 l~l 16. 9 0.09 0.7 C.B 0.07 B
25 7 C 23. j i <;- 2 ~ • 9 1 55- 1 .6. 4 10.9 1.2 7 180 1. 1 0.18 0.8 1.5 0.05 B
25 "/ 6 36.1 .l9- 1 3 • 2 1 55- 1 7. 4 34.4 1.9 12 2.36 12.7 0.41 2.1 3.6 0.08 C
25 7 11 11. 5 19-14.5 155-17.4 33.7 1.6 12 228 6.7 0.66 3.0 5.0 0.11 0

25 7 12 30.6 -1c;- 1 (; • 0 1 ~ 5- 1 8. 4 32.7 1. 7 . 13 1 77 3~ 7 0.28 1.6 2.7 0.13 C'
25 B 0 2.9 19-20.6155- 4.5 5.5 .2.1 12 143 3. 1 0.19 1.6 1.2 0.26 C
25 8 41 54.2 19-23.7 155-16.9 5.8 10 110 0.6 0.18 0.1 1.3 0.09 A
25 9 42 51.1 19-12.7 155-29.41 0.0 2. 2 13 '153 14. 1 6.25 1.2 11.9 0.20 C
25 10 1 ~6.8 lCJ-24.3 155-16.3 3.0 0.7 6 207 1.6 0.10 0.4 0.8 0.02 B



SU~~ARY OF SEISMIC EVENTS (CONTINUEO)

1971 hR Mf\J SEC
AUG 25 10 17 34.5

25 10 35 27.0
2510 5q 26.1
25 13 18 23.3
25 1"3 21 44.2

l.A T ~ lO~;G W
1q- 2 3. 1 1 55- 2 3. C;?
19- 32 • 6 155- 4 1.3
1<;-23. 5 155-1 7.4
19- 4 7 .. 2 1 5~- 1. It

19-24.5 155-16.4

DEPTh MAG
e.o* l.e;
8.2 2.3

12.7* 1.5
4C1.8' 3. 0
13.8 1.5

~o GAP 'OMIN
9 266 7.4

13 148 22.4
6 146 0.8

21 '254 "22.3
14 117 1.2

ER T ERt-i
2.80 15.7
0.07 0.7
0.01 0.3
0.5t" 2.3
0.04 0.4

ERZ MD Q
0.94 0

C.9 0.08 B
0.01 C

4.0 0.11 C
C.5 0.05 A

25 16 54 40. 8
2~ 16 51 13.6
25 17 29 46.4
2511398.8
25 19 30 23.0

1 q - 1 9 • 1 1 55- 1 2 • 0
1<;-25.9 155-29.8
1s- 2 Co 9 1 55- 1 2 0 C;
19-21.7 155-11.1
1~-19.2 155-26.21

le.6
8.0* 1.2
S.l
G.O
1.2

q 2 14 S. 2
8 2 85 13.4
7 1 75 2. 9
7 112 2.4

13 147 5.4

0.21
0.82
0.11
0.'32
0.17

1.9
4.4
0.6
1.8
l.3

1.• 7 0.08 C
0.11 0

1.2 0.03 B
2.1 0.06 C
2.4 0.24 C

V1
0\

25 21 21 14.7
25 22 29 42.7
25 23 52 59.5
26 0 34 41.3
2t 0 50 53.5

19-21.1 155-22~9?

19-23.6 155-27.61
1<)- 2 5. 4 1 55- 2 8 0 5
19- 2 1 • 1 1 55- 3 • 3
19-19.5 1 ~5-11. 7

2.4
0.0 1.1
7.2 1. 8
8.0. 1.5
8.0* 1.0

9 '1 53 1 ~ 8' , o. '1. "5
11 91 9.7 1.81
1 q 80 12. 1 " 0.08
13 208 11.5 0.50

9 223 5.7 0.18

1'.0 J.·.2 O~ll "c
0.8 15.0 0.18 B
0.6 C·.6 0.15 B
2';'4 0.Z4 C
1.2 0.10 C

2t 1 11 17.8
26 1 12 39.4
26' 1 29 44. C
26 2 52 18. C;

26 3 48 14.2

19-20.5 155-15.3
1 <;- 1c;. q 1 55- 1 5. 2
lQ-20.4 155-12.1
19 - 2 4. 1 1 ~ 5- 1 5. Ci
1(j- 2 3. 7 1 5 5- 2 C; • 4 ?

4.4
12.0
4.6
1 .9
3.6

1.4
1.4
1.8

10 8

13 158 2.5'
11112 3.4
17 189 3. 8
7 214 2. 1

13 c;q 12. 5

0.15
0.08
0.20
0.19
2.14

1.0 1.1 0.21 C
0.3 0.7 0.03 8
1.2 c.q 0.25 C
0.9 C.4 0.01 B
1.3 24.1 0.21 B

1~-24.3 1~5-17.q 8.2 0.7
19- 24. 1 1 55- 1 7. 8 7 • 0 1. a
19-24.4 155-17.6 1.1 1.1
19-24. 7 155-1 e•.1 ().1, 1.3
19-24.4 155-19.4· 12.9 1.9

2~ 4 22 34.4
26 4 44 12.5
26 b 4 18.5
2e 6 42 43.5
26 1 6 12.0

2i; 1 49 7.2
26 8 0 57.7
2t; 85021.7
26 9 25 58.6
26 11 34 35.3

•

19- 2 3 ~ 6 155~ 17 • 5
19-24.3 155-18.4
1<;- 2 2 • 1 1 55- 1 8. 9
19- 28 • 1 1 55- 1 t. 5 ?
19-19.A 155-17.1

•

5;"8' . 1.0
5.7 1.0

11.2
f.O* 1.'3
8.6' 1.5

8 120 1.0 0.29 1.0 ~.2 0.05 B
q 89 1.2 0.14 0.5 C.9 0.04 A
9 ql 0.6 0.11 0.4 0.7 0.03 A
6 '220'" '2~l, ' 'l~"~'2,Z"';' 3,.'3:' tl.O 0.04 C
8 215 1.4 1.03', 2.'6',' 7.2 0.08 C

. "., . .:

.. 81391:!1<·o':4{"r.;'j; '2~7 0.11 B
11 14 1.7 0.01 0.3 0.5 0.04 A

6 240 3.2 o.QS 3.8 f.5 0.08 0
8 316 5. '3 0.24 3.6 '0.32 0
7 181 0.9 0.13 0.6 1.0 0.02 B

..



,

SUMMA~Y OF SEISMIC FVENTS (CONTINUED)

1 <111 HR MN SEC LAT N LOt·~G W CEFTh MAG NO GAP OMIN ERT ERI1 ERZ MD Q
AUG 26 12 33 41.5 1C7- 2 ~ • 9 1 ~ 5- 1 f. 2 21.1 2.2 14 137 3.6 0.12·" 0.8 1.3 0.08 B

26 12 38 8.4 lq-~1.5 155-28.51 C.O 1.8 10 131 q.4 q.81 1.2 18.6 0.18 C
26 19 43 0.4 1~-1~.8 155-23.81 6.5 2.6 17 138 1. 1 0.15 1.4 1.9 0.24 C
26 l~ 45 40.0 .l~-20.6 155-2404 3 ca O 11' 238 2.1 0.26 1.4 1.4 0.16 C
2(: lq 51 16.7 19-21.4 155-24.9 2.8 1.5' 15 179 3.5 0.18 1.2 1.1 0.23 C

26 20 24 48.2 Ic;- 2 t. 4 1 5 5- 17 .. 1 1.3 0 4 20 1 6 2 <;8 2.8 0.54 1~7 3~2 0.01 C
26 21 10 56.6 19-20.4 1 ~5-2.3.b 7.9 1.6 11 136 C.6 0.08 0.7 C.5 0.11 B
26 21 33 45. 6 ]9-20.2 155-11.9? 8.0 2.5 19 1 59 4.4 0.08 0.7 0.4 0.13 C
26 2.3 45 34.q 19-73.8 155-16.b? 6.1 7 153 O. 8 0.23 0.8 4.0 C.16C
27 1 32 20. 4 lCi-20.7 155-10.4 G.6 1.7 7 228 2.8 0.23 1.1 2.0 0.0·3 C

27 1 48 29.f1 19-19.3 155-13. 2 E.C~ 1.6 12 205 5.8 0.11 0.8 0.10 C
27 1 56 '3 t. 5 19-24.0 155-23.5 3.4 1. 0 11 1 85 6.1 0.12 0.8 1.4 0.12 C
27 2 13 41.4 19- 2 4. 1 1 5 5- 2 3. 6 4.6 1. 2 11 175 6. 8 0 0 13 0.9 1.2 0.15 C

V1 21 3 3 40.7 19-26.0 15')-23.8 8.0* 1.5 12 1 75 6.2 0.06 0.4 0.07 C
""" 27 3 24 21.8 lC;-2f.8 1~5-16.3 4.0 0.9 8 303 3.4 0..• 10 3.8 4.6 0.210

27 3 51 57.9 19-21.1 155-10.9 8.7 6 202 2.7 ·0.12 O~'8 1.2 0.02 8
27 4 42 38. 8 1<-J- 2. 2. 5 1 55- 1 e. 9 1S.2* 1.7 1 87 2.6 0.02 0.7 0.03 C
27 5 7 1101 19-2503 155-23" 7 e.o* 1.6 10 190 6. 8 0.07 0.5 0.06 C
27 5 1 q 4.7 1_9- 23.• 1 1 55-15. 7 24.0 10 <;6 2.2 0.20 0.9 1.9 0.05 A
27 6 4~ 18.4 1<;-lq.4 155- 8.1 2.8 1.9 13 1 78 5.8 0 •. 19 1.3 2.0 0.20 C

2? 10 19 53.6 1<;-19.4 155-11.7 8.0* 1.8 10 225 5.9 0.19 1.3 0.10 C
27 12 10 ~.5 19- 2 2 • 8 1 5 5- f. 1 12.8 1.<1 10 220 6.6 0.10 1.3 0.4 0.05 C
27 16 2d 48.0 1g - 18 • 2 1 5 5-- 2 3 • 4 8.0~ 1.7 7 169 12.0 0.16 2.0 0.14 C
27 172023.8 It;-20.7 155-19.7 2.4* 1.2 10 102 4.2 0.05; 0.3 . 0.08 B
27 18 o 35.5 19- 2 1 • 4 1 55~ 2 3. 3 f.E: 1.4 9 181 2.2 0.39 1.1 2.8 0.10 C

21 18 8 20.6 1s- ? o. 5 1 5 5- 1 2 • 3 3.2 10 153 3.7 0.25 1.5 a.o '0.20 ·C·
27 18 36 57.5 19-23,8 155-1t.4 1.6 0.8 q 140 1. 3 0.08 0·.5 C.4 0.11 B
27 20 8 30.2 1c;- 24. 5 1 ~ 5-1 7. <) 8.9 1.2 6 131 0.8 0_88 2.4 6.4 0.05 C
27 21 16 4.8 19-24.3 155-25.01 c.o 1. 5 16 .1 05· 8. 1 5.14 ·0.6 .' ~.8 0.13 B
27 21 42 38.2 19-24.5 155-11.3 6.1 1.0 6 164 0.5 1.86 3.8 lC.3 0.11 C



SU~~ARY OF SEIS~IC EVENTS (CONTINUED)

1911 f-iR Mr~ SEC lAl N lO"JG W CEPTH MAG NO GAP OMIN ERT ERJi E.RI. MD.·...Q
AUG ~7 22 42 35.2 19-24.7 155-17.8 ~.o 1~5 6 137 0.5 0.38 1.1 2.1 0.02 B

27 22 59 58.0 19-24.5 155-17.6 10.7 1.5 7 113 0.4 C.31 0.6 2.3 0.02 8
2P 0 48 15.8 19-25.3 155~16.6 13.1 1.5 8 243 1.0 0.56 1.3 3.8 0.03 C
28 0 5140.8 19-24.8 1~5-11.7 . -;.8 1.4 6 128:. 0.4 O.3t· ()~8··· ':'2.2 0.02 8
28 1 21 43.0 19-23.6 155-11.91 5.4 1.9 8 115 1.7 0.99 3.2 8.8 0.46 C

28 1 24 59.2 19-24.5 155-17.5 E.B .1'.2 7 144 0.4 0.06 0.3 "()~5' 0.01 B
28 127 50.4 1~-24.6 155-17.7 8.2 1.3 6 125 0.4 0.34 0.9 2.4 0.02 B
2E 1 38 ~3.6 19-24.5 155-17.4 ~.O 1.3 6 103 0.4 0.42 1.2 3.1 0.02 B
28 21053.3 19-25.'0 155-25.7 e.o* 1.7· 13199 9.7 0.10" 0.:'1";«-:/:/' 0.08 C
28 2 52 31.5 19-24.6 155-17.8 7.7 1.2 9 75 0.6 0.42 1.2 2.6 0.09 8

28 455 29.1 1~-28.8 155-17.4 21 0 4 2.0 8 321 6~3' 1.29 4.1 '';~Z 0.04 0
28 5 a 30.4 lq-23.3 155-17.6 6.2 0.9 8 103 1.1 0.28 0.5 1.9 0.04 A
28 5 0 56.9 19-31.3 155-20.0 23.2* 2.0 6 337 6.9 O~17 8.9 0.12 0

~ 28 5 q 47.0 19-24.8 155-25.1 8.0* 1.6 5 219 9.0 ·,:,'0.24 "·'1;:7 O~08 '0
28 5 18 38.3 19-24.4 155-11.4 8.1 1.3 9 106 0.6 0.08 0.5 0.6 0.02 A

28 5 40 47.2 1~-24.2 155-17.8 t.7 1.2 7 118 1.0 0.54 0.9 3.2 0.05 B
28 5 45 4.6 19-73.1 155-18.3 5.4 1.1 6 182 2.4 0.40 0.7 2.8 0.04 C
28' 7 239.9 19-24.5155-17.3 S.l 1.2 6 113 0.5 0.62 1.8 4.4 0.03 B
28 7 7 15.3 19-23.1 155-17.8 3.4 0.8 6 170 1.5 0.21 1.4 3.0 0.10 C
28 7 16 46.~ 1~-2~.3 155-11.7 6.8 1.0 8 110 0.9 0.22 0.4 1.3 0.02 A

28 7 24 21.1 lS-23.9 155-18.0 5.1 0.'9 10 112' 1.8 O~'35 1.0 2'.3 0.11" B
2 8 1 3 7 46. 1 1c;- 2 4. 3 1 55- 1 5 • 8 2 • 0 O. 7 6 2 31 2. 4 O. 0 4 0 .2 a•1 0 • Ole
28 750 21.8,.19-20 0 7 IS5-2e.l 1.8* 1.3 1.1 108 4.8 0.06 0.4 0.09 8
28 8 15 45.1 1<;-24.1 155-16.0 4.2 0.9 It 168 2.1'0.16'0161.1 0.oa8
28 8 20 0.8 19-24.4 155-24.91, 7.3 2.2 21' 86 8.~:'· O.ll ·:·0.·5·.. ::....::0.8··0•.12 8

2S e '53 56~O 19-23.2 155-11.71 .4.19120 t;C4}\'();'f9i"t,:ii)"3~i().f~'8
2 8 9 2 18 • 1 1~- 2 1. 2 1 55- 2 4. 2 7 • 8 1 • 5 7 2 28 2 • 5 0 .4 7 2 • 9 3. 3 o. 10 0
·28 12 0 58.2 19-1g e 6 155-11.6 ~.O* 1.5 8 223 5.1 0.16 1.1 0.06 C
28 17 53 ll.g 19-17.0 1~5- 8.9 A.O.l.1 8 213 9.6 0.21 1.5 0.12 C
28 l~ 15 31.4 19-18.5 155-13.7 8.0* 0.8 10 217 6.6 0.20· 1.4 0.15 C

4. • .f



t 't

SU~MA~Y OF SEISMIC tVENTS (CONTINUED)

1971 HR MN 'SEC LAT N lOrjG W CEPTH MAG NO GAP O~IN ERT ERti ERZ MD Q
AUG 28 15 ~l 43.6 1<;- 2ft. 3 1 55-16. 7 R.5 1.2 10 134 1.2 0.07 0.5 0.6 0.05 B

£' B 16 3 5 51 0 6 19- 24.0 155-11.4 7.1 1. 1 6 118 1.3 0.64 1.1 3.7 0.03 B
28 16 43 53.3 19-24.6 155-28.1? o.a 2.1 19 131 12.8 4.6q 0.9 8.9 0.20 C
28 19 12 44.4 1<;- 2 1 • 8 1 55-2 e. 1 C.5* 1.6 12 84 8.9 0 0 10 0.1 0.18 B
28 19 23 28.5 19-28.5 155-15.61 e.0* C.• q 8 318 6.7 0.35 3.8 0.30 0

28 19 51 31.3 1<;- 74. a 1 ~ 5-1 7. t: t.O '0.9 11 105 1.3 0.11 0.7 1.2 0.08 A
2B 20 5 2~1 19-2.3. 1 155-17.3 5.3 1.0 8 103 0.9 0.20 0.4 1.4 0.03 A
2 E 21 5 36• .3 1~- 18. 3 1 5 ~- 1 3 • 6 f.O}~ 1.2 10 223 7. 1 0.20 1.4 0.14 C
28 2.1 <1 11.2 19- 24. 0 1 55- 1 7 0 7 1.8 00 6 8 126 1. 3 0.03 0.2 e.2 0.04 8
28211734.6 1.<;-24.4 155-17.1 8.8 1.3 7 1.38 0.9 0.35 0.9 2.6 0.03 B

28 23 31 23. c; 1~-2 3; 0 155-17. t ~.l .1 0 a 6 113 l~ 3 0.90 1.7 6.4 0.10 C
29 0 6 4.6 lq-24.2 155-17.1 q.q 1.3 8 140 1.2 0.28 0.7 2.1 0.02 B
29 o 58 54. 3 1 c;- 25. 6 1 55- 1 3. 01 3.1 1.4 5 303 7.2 0.0 0.05 0

V1
2.9 3 22 44 0 q 1<)-17.9 155-130 0 8.0* 6 234 8.2 0.18 1.1 0.06 0\0

~q 7 24 31.2 1<;-23.7 155-16.5 3.5 0.8 q 171 1.0 0..• 21 0.8 1.7 0.09 B

2<; 8 Ie 43.0 I <; - 1 9. 9 1 ~ 5-.1 1 • 6 8.0'" 7 216 5.1 0.03 0."3 0.02 C
2'i 8 43 34.7 1<;- ? l.t • 2 1 5·5- 1 t. 5 7.8 10 150 1.6 0.11 1.2 C.1 0.10 B
29 9 22 ;28.4 )c;-2.4.3 155-28.1 4.1 13 134 11. 3 0.10 0.8 1.5 0.17 B
2<) 9 3'~~ 57.0 19- ~ 1. C 1 55- 8.3 lC.9 1.3 10 119 2.8 0.19 1.7 2.0 0.08 C
29 11 29 44 0 1 19-?I.t.l 155-17.2 2 0 1 1 128 1.2 0.02 0.2 e.l 0.02 B

·29 14 5] 19. 1 1g-? 4.2 1 55-1 6. 0 ~~. 0 0.8 6 229 2.2 0.14 0.6 1.0 0.02 C
29 Ib 4 24 e 2 1<;- 1 2 \) 4 1 55- 2 8 0 C? Co 8 * 13 119 5.4 00 13 1.1 0.25 B
?<; Ie 15 17.6 1<;-24.1 155-16.1 2.0 0.7 9 166 2.0 0.08 0.5 C.3 0.07 B
29 19 33 37.6 1S- 2 4. 1 1 55- 1 5 • C)? 1.8 0.6 A 217 2.2' 0.29 1.1 0.7 0.13 C
29 19 3 ~ 44.2 19-24.1 155-15.9 1.1 B 215 2.2 0.18 0.8 C.4 0.08 B

29 20 10 24.5 1(j- 2~. 3 155-16.3 2.0 0.6 10' 153 1.'7 0.05 0.4 0.3' '0.06 a
29 21 48 10.3 19-20.3 155- 8. 3 7.5 1.5 13 161 4.2 0.10 1.0 C-.6 0.12 C
2'1 21 51 28. c; 1. 9- 4 t:. 6 1 55-2 e. 8 7.1 1.9 12 2.36 2.4 0.21 2.1 1.1 0.10 C
29 22 22 4.3 19- 18. 1 1 ~ 5-- 1 5. 5 11.9 11 213 4.9 0.2.1 0.8 1. 7 0.01 8
29 22 33 3e.2 19-24.3 155-23.31 8.5 13 148 6.3 0.07 0.6 C.4 0.11 B



SU~MtPY OF SEISMIC fVENTS (CONTI~jUED t

1971 t--iP MN SEC Lt·, T "- lO~JG W CfPT~ ~AG NO GIJP OMI f\.' ERT ERt1 ERl MO Q
(.·.UC 29 ~2 39 e.4 1f1- 2 3 • 9 1 55- 1 5 • 8 ?o 1.3 14 155 '2.2 0.08 0.4 1.2 0.09 C

2S 23 11 21.t) 19-24.2 155-17.9 5.5 1.2 9 119 1.3 0.10 0.3 C.6 0.03 A
29 23 14 0.6 19- 2 3• 6 1 55- I P. 0 1.5 0.6 8 1 01 2.0 0.10 0.5 0.1 0.11 B
2'1 23 16 1806 19- 2 It G 5 1 55-1 7. 8 lC~7 1. 2 8 127 O. 1 0.56 1.3 4.0 0.04 B
2.9 23 48 19.9 19-20.0 1 ~5- 7.6 8.0* 1.0 10 167 5.4 0.08 0.9 0.09 C

2. <: 2 ~, 5 3 52 0 :: 19-21.0 155-1£:.)7 1(06 C~9 10 1 74 2. 8 0.13 0.5 1.1 0.04 B
3G 1 20 54.2 1~·-2C.l 155-12.9 f..2 1. 1 12 193 4.4 0.13 O.q 1.4 0.11 C
30 ;:. 6 30.7 1t;- 2 1. ~ 1~5-24.7 [;.7 1.6 18 65 3.2 0.11 1.0 1.0 0.23 C
30 ~ 22 56. 7 19-19.8 155-12.8 e.G 1.5 11 199 4.9 0.15 1.1 1.8 0.12 C
3C 74747.2 1G- 2 O. 0 1 5 5- 1 6 • C1 29.9 7.1 20 128 0.8 0.12 0.6 1.2 0.08 8

30 9 o 14 0 8 19-20.6 155-13.3 7.5 1.7 17 148 3.6 0.08 0.7 'C.4 0.13 B
3C 9 7 43.9 lS-15.7155-19.2 H.O* 1.3 8 2 13 1 3. 2 0.• 39 2.9 0.25 C
30 9 11 55.tJ 1«1-24.0 155-178~ 7.5 l~ 1 9 113 1.4, 0.14 0.5 C.9 0.05 A0\

0 :,C 9 49 3.9 1~-23.0 155-23.6 7.8 1.9 20 60 5.3 0.08 O~6 (.5 0.15 B
30 11 25 5?1 1~-? 3. 1 1 55-16. S lit .7 1.6 It 63 o. 5 0.13 1.0 1.6 0.11 B

30 12 12 58.6 1~-20.7 155-4,3.4 l-.1 2.3 8 265 15.4 0.60 3.6 1.0 0.06 0
;'0 15 11 23.3 19- 2 3. 5 1 ~ 5- 1 6. 9 1 1 .8 1.5 20 65 0.2 0.05 0.6 0.5 0.12 B
~10· 15 21 11 0 2 1. ~-2 0., 4 155-1:;.4 5 0 <) 10 5 19 150 4. 0 0 0 11 0.8 0.7 0.22 C
:1C 1-' 13 45. 8 JS-23.0 1~5-2e.? P.o* 1.8 9 191 10. 1 0.09 o.q 0.08 C
30 17 1<1 27.5 1S-'2 3 a H 1:5-1 b. 3 4 0 q 7 14~ 2.3 0 0 44 0.9 3.0 0.06 B

?C 2C 58 59.~ ]9-19.3 1 55-} C. 5 8.0* 1.4 11 175 5.3 0.10 0.9 0.10 C
30 /2 48 26.2 1 c;- 2 3 • 8 1 55-1 7. 8 4.8 0.9 7 137 1. 1 0.32 C.8 2.4 0.01 B
30 23 7 58.3 19-24.i 155-18.0 7.7 1.2 9 125 1.4 0.05 0.5 C.3 0.04 B
30 23 34 5.5 19- 2 5. 4 1 5 5- 1 6. 5 15.0* 1.6 1 250 1.2 0.04 . 0.8 0.02 D
30 23 .34 18.1 19- 24.1 155-1 f:. it 2.0 00 q 9 192 1.6 0.06 0.3 0.1 0.04 B

31 o 2G 5'3.6 1r;- ~ ~. 5 1 5 5~ 1 7 • 3 4.6 0.8' '7 145 0.6 0.15 0.4 1.1 0.03 B
31 o 39 9 0 6 19- 2 3. 9 1 55- 1 P. 1 7.5 9 93 1. 8 0.15 0.5 1.0 0.04 A
31 14149.3 IG-24.6 155-17.3 7.4 1. 1 8 108 0.5 0.20 0.7 1.2 0.05 A
31 5 58 9.8 1C?- 2 3. 2 1 ~ 5- 1. 4 8.0* 2.0 8 151 6.6 0.12 1.1 0.15 C
31 "I 24 55.1 19-24.1 155-2£>.11 c.c 9 151 13.4 O.?6 1.2 1~.5 0.11 C

• ~ I'j



SU~~ARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC LAT N LONG W CEPTH ~AG NO GAP DMIN ER T ERH ERZ MD Q
AUG 31 7 43 24.3 1<;- 4 t. 5 1 ~ 5- 2 2 • 5 2S.4 2.5 20 117 8.1 0.21 0.9 2.2 0.08 8

31 10 25 42,.6 19-23c5 155-35.7 4.7 2.4 13 133 l~.O 0.10 0.6 C.7 0.10 B
31 10 2<:1 13.2 1q- 1 9 • 4 1 55-1 4 • 5 8.8 14 163 4.6 0.13 0.9 1.6 0.14 C
31 14 4 17.9 .1 9- 18. 7 1 55- 1 4. 2? r.a 1. 8 16 151 6.2 2 • .11 1.0 7.9 0.25 C
31 14 55 37.0 19-19.6 155~2C.2? 8.9 8 143 4.2 0.29 1.8 1.9 O.to B

31 23 15 8 Q 2 19-24 0 0 155-17.11 0.4 O. 7 8 136 1. 1 0.95 ' 2.2 6'.1 0.28 C
1 1 It 46. 7 i'J-21.5 155-18.5 12.0 1. 1 14 78 3.2 0.06 0.8 C.6 0.11 B
1 1 17 7.3 19-17.2 155-2f.S? C.O 2.0 16 103 8.4 5.32 0.8 le.1 0.19 B
1- 22018.9 19-17.4 1~5-46.7? 8.0 2.1 17 238 11. 5 0.36 2.2 1.5 0.13 0
1 4 7 4,5. 9 19-20.1 155-1c.C 8.3 1.1 14 159 2.4 0.11 0.9 1.2 0.13 C

1 5 37 le.3 19-21.6 155-24.01 lC.3 2.5 27 46 2.9 0.20 2.2 2.8 0.41 C
1 6 7 48. 7 1~- 5. 4 1 54- 5 6.\6 50.9* 2.3 18 293 29.0 0.29 2.7 0.13 0
1 9 32 lO.C; 1<;- 2 C• 4 155- 1 7. 6 5.5 11 88 0.1 0.12 0.7 C.6 0.08 A

0\
f-' 1 9 33 24.5 19-21.6 155-24.9 5.9 1.6 14 103 4.1 '0.11 '0-.8' C.9 ,0.18 8

1 19 5e 3<1.3 1q- 1 2. 7 1 55- 2. 1 37.0 2.1 23 2,22' 1'3.4 0.23 1.2 l.~ 0.11 C

1. 20 33 49.9 19-23.6 155-14.7' 1.2 10 175 3.0 0.08 O"~'-3 C;3 0.C8 B
1 21 29 18.4 1s- 18.3 1 55-1 4. 9 14.2 8 237 5.5 0.34 1.2 2.4 0.05 C
1 21 29 4701 19-21.0 155- 7.01 O~O 20 5 18 149 7. 5 5.32 0.9 1 e.l 0.19 C
1 21 ,3~ 37.1 19-24.2 155-15.4 1.0 0.9 10 ,184 3. 1 0.24 0.8 C.8 0.1'3 C
2 o 42 45.4 1<;- 2 ~. 6 1 55- 1 f,. 4? 2.2* 7 215 1.1 0.23 1.2 0.13 C

2 4 54 24.1 1<;-22.9 155-22.0 2.4 14 146 4.3 0.12 0.7 1.4 0.15 C
2 7 24 42 0 7 1 <; - 2 ~ell 55- 2 5 * 4 3.2 1 0 6 21 68 6. (; 0.09 0.6 1.0 0.21 B
2 8 20 b.a 19~23.2 155-26.0? 0.0 1.6 14 92 1.3 7.15 0.8 1 3.6 0.20 B
2 17 9 24 .. <; t G- 24 • 0 1 5 5- 2 4 • 5 f.O* 1.6 17 75 1.3 0.07 0.6 0.13 B
2 11 15 29~1 19-21.3 155- 6.9? C.O'I.9 22 129' 1.4 3.48 0 .• 8 6.6 0.19 C

2 11 53' 56.4 1 r;- 2 ~ • 6 1 55- 16. 01 3.2* 1.2 10 230 ' 2.3 O~-36- 2 .'0 0.31 0
2 20 54 4.6 19-22.7 155- 0.4 5.5 13 1 73 6. 8 0.20 1.6 1.3 0.24 C
2234512.8 1~-27.2 155-15.61 0.2 0.9 8 309 4.8 0.92 2.4 1.9 0.20 C
3 2 4 56.:3 19-20.5155-11.'fi 9.4 13 1 C16 3.8 0.28 1.3 2.'2 0.11 C
3 3 o 40.6 19-1q. 6 1 55-13. 7 12.9 10 195 5.0 0.16 0.6 1.3 0.05 e



SU,.,tlAPY .OF SEIS~1IC EVf~JTS «(ONlt~.~UEO).

1971 HR MN SEC LAT ~ LONG W CEPT~ ~AG NO GAP OMIN ERT ERH ERZ MD Q
~EP 3 3 44 42.1 1<;-23.6 155-17.5 1.6 0.8 11 '.' '81' 1.1 0.06 0.4 0.4 0.10 B

3 3 52 11.7 19-22.0 155-24.91 C.O 11 13 9.7 4.29 0.6 8.1 0.18 B
3 3 58 2~.1 1~-21.9 155-24.0 7.8 12 160 3.5 0.07 0.5 0.4 0.08 B
310 30 5.7 19-20.<; 1~5-15.6 25.2 14 130 2.9 0.13 ·O.~···· 1.4 o~oe B
3 12 16 20.8 19-25.7 155-21.8 4.3 1.3 14 134 4.0 0.09 O~7 1.1 0.18 8

3 12 20 2.3 19-15.0 155- 5.t 37.3 18 217 10.1 0.29 1.5 2.2 0.09 C
~ 14 40 29.9 19-20.6 155-13.1 31.q 20 137 3.4 0.11 0.9 1.1 0.10 B
3 1 5 1 5 14 • 2 1 C; - 2 G• 0 1 ~ 5- 1 2 .3 G• C 12 1 60 4. 6 O. 1 2 O. 9 1.6 0.1 0 C
318 132.2 19-19.91!:5'-12.0 8.0 10 266 4.9·O.6S ···:3 •.5··..'·<·3·.9 0.1.2'0
3 18 11 53.4 lS-23.9 155-23.1 1.4 1.6 19 116 6.9 0.09 0.7' 0.5 0.16 B

4 0 38 57.3 19-22.4 155-22.8 6.5 11" 109 4.'2" 'O~"01' ··'0.6'·....·····C.7 0·.l2 B
4 4 ·201·0.1 1<1-24.5155-26.6 2.2 13154 9.8 0.09 0.6 1.10.12 C

0\ 4 657 1.1 1<;-20.5155-11.6 12 a 5 10202 4.1.0.2.2 0.9.1.70.05 B
N 4 9 10 53.2 19- 8.4 155-21.9 '35.2 14 203 18.5"·:·'·O~34 ·.·lj·q····3.1 0.13 C

4 11 5<] 40.1 lc;-le.6 155-12.11 0.4 15 179 1.1 2.2~ "1.3. 8.3 0.29 C

41231 6.S 1<;-lA.5 155- <1.11 C.O 1.8 1'4189 6."7 1.02 1'.7'13.30.29'(
4 12 5 5 3 1 • c; 1c;- 1 C; • 7 1 55- 1 1 • q 4 • 1 1. 8 1 8 1 41 5. 2 0 • 1 5 1 • 0 1 .3 O. 2 5 C
4' 15 43 40.7 19-23.6 155-17.2 2.2 7 133 0.6 0.04 0.4 e.l 0.04 B
4 22 21 31.5 19- 0.6 155-26.1 31.4 17 226 16.6 0.58 ·2.8 4.6 0.14 0
4 23 9 6.9 19-33.4 1:5- 4.~ 4C.0 13 150 6.2 0.28 1.0 2.1 0.01 B

5 5 28 11.0 lS-19.5 155-12.1 3.9 1.7 18 148 5.5 0.16 l~O '1.4 0.28 C
5 7 33 43.8 19-18.4 155-1C.6 3.q 13 181 6.9 0.21 1.3 1.6 0.23 C
5 7 35 40.3 19-!q.1 155-13.8 8.0$ q 204 5.6 0.15 1.0 0.12 C
5 11 2 3.7 18-51.7 1~5-12.1 8.0* 1.8· 1.9'268 4c;.'7 ·:··:"·;O~.4_;·····.2··;9'·' ..···:,: .. :'·.0.14·0
5 15 38 39.2 1~-28.4 1~5-4e.l e.o· 1.9 15 152 13•.5 "·O.7.q·: 1.O.. ··:·.·5~8· 0.15 C

5 19 13 36.0 It;- 7.q 1~5-'1~'~"1? 6C.·O* i6··2·29"lS·.1· cl.17 "'2.'6 ...,..:, ..... ···· ....··(f~l·l D
5 19 23 23.7 18-44.~ 155-11.1 8.0* 2.7 8 321 54~3 5.12 30.8 0.18 0
5 19 33 16.4 19-21.0 1 ~5- 6.2 8.0* 1.8 16 141. 6.1 o.oe 0.9 0.12 C
5 22 '+144.3 19-2tt.O 155-26.<) i:.• 6 2.0 11 106 9.5 0.11 0.1 0.6 0.14 B
6 3 24 25.7 19-25.4 155-17.6 4.6 1.0 1 263 0.1 0.24 0.7 1.10.03 C

.. -. • If



, •

SUMMARy'OF SEISMIC EVENTS (CONTINUEO)

1971 HR MN SEC LAT N lONG'W OEPTH MAG NO GAP OMI N ERT ERH ERZ MO Q

SEP 6 <; 34 57.5 19-21.8 155- 7.21 3.2 2.4 11 135 4.6 0.17 1.4 1.9 0.30 C
6 10 1 19.4 1~-24.1 155-16. 3 2.0 0.8 9 1 <;7 1.8 O. C5 0.3 0.1 0.04 B
6 11 25 16.<; 19-24.0 155-17.81 C.2 0.9 12 86 1. 5 0.49 0.9 1.2 0.28 C
6 11 42 52.L 19-23.9 155-16.8 2.3 0.8 10 156 ·1.0 0.09 0.6 1.5 0.10 C
I;; 11 56 58. 1 19-23.9 1~5-1.5.~ 3.4 1.6 15 107 2. 1 O. C1 0.3 C.9 0.09 B

6 13 19 51.6 19-2Lt.2155-17.5 0.7 0.9 11 107 0.9 0.06 0.3 (.5 0.11 B
6 13 52 1.4 1f1- 24. 4 155- 15. 3 2.4* 6 251 3.0 0.10 0.5 0.03 0
6 15 12 14.S lCi-1Ci.5 155-16.8 q.2 8 1 '18 1.6 O. 11 0.5 C.8 0.02 B
6 15 14 23.6 1Ci- 20.1 1~5- t.e; 8.0* 11 166 6.3 00 14 1.3 0.14 C
6 11 41 57.3 1~-23.1 155-17.5 1.9 0.1 9 100 1.2 O. C6 0.4 C.3 0.08 A

6 19 a 5.6 19- 2 3 • 9 1 55- 1 1. 4 1.5 1.1 11 85 1.3 O. C9 0.5 C.4 0.14 B
6 19 16 45.5 19-24.0 155-16.3 2.1 0.7 9 143 1.6 0.C4 0.3 e.2 0.05 B

0' t 20 33 34.4 19-47.0 155- 9.8 13.0* 16 197 22.2 O. 16 1.3 0.13 C
w 6 20 46 25.1 19-2 3. 9 1 55- 1 5. 5 2.0 1.8 20 70 2.6 o. 18 0.5 C.6. 0.16 B

6 23 22 57.2 1~-23.2 155-15.1 2.8 1.1 11 149 2.0 0.07 0.4 1.5 0.08 B

6 23 34 3.3 1c;- 2 it • 0 1 S5- 1 7. 2 2.0 o. 7 1 128 .1. 2 0,0 (3 0.3 e.l 0 0 03 B
6 23 39 40.0 lq-23.6 155-17.3 1.8 1.4 13 91 0.7 0.C3 0.2 e.l 0.06 A
7 a 11 18. 1 1Ci- 2 ~ • 0 1 55- 2 a• «; 3.5 2.0 19 82 12.1 0.C9 0.6 1.0 0.19 8
7 a '2721.3 18-42.4 155- 4.4 8.0* 14 303 64. 7 loeq 11.1 0.18 0
7 o 33 4E.l 18- 5 S. 7 155-12. 8 11.6* 12 278 32.1 o. t4 4.1 0.15 0

7 o 57 7.2 19-35.9 1 ~5-48.4 ~.8 2. 1 13 1 13 1 C. 4 Co 11 1.3 1.7 0.11 C
7 3 41 1<;.9 lC,-22.7 155-22.5 3.7 12 207 5.2 o. 19 1.1 1.1 0',.14 C
7 4 35 17.5 1 '1- 1q • 6 1 ~ 5- 1 c. S 8.0* 11. 2.36 5.0 0.2.3 1.4 0.10 0
7 6 16 50.5 19-2.3.4 155-11.0 1.2 1.4 12 102 o. 1 o. C8 0.5 (.4 0.16 B
7 1 5 ~3.6 1s- 2 ~." 155-1 1. 41 3.4* 7 147 0.8 0.16 1.3 0.11 C

7 . 8 35 13.8 1~ - 2 3 • 9 155-1 7. 1 2.2 0.6 9 138 1.0 O.C2 O~2 C.1 0.04 B
7 8 59 2.0 lQ-40.6 155-56.a? 8.5* 2.0 12 208 17.5 0.51 3 .8 • 0.45 0
7 9 26 2,3.5' 19-18.4 155-15.0 13.9 1.4 <; 208 5.2 0.13 0.8 1.2 0.04 8
1 12 2C 38."1 .1 q-24.2 155-16.1 1.9 0.6 7 212 2.0 0.14 0.6 C.3 0.05 "
7 12 4l; 45.0 1q- 2 it. 1 1 55-1 7. 1 1.5 0.·1 9 92 1.2 o. C4 0.2 e.2 0.06 A



SUMt~ARY OF 'SEISMIC e'JENTS (CONTINUED)

1971 HR M~~ SEC LA'l N LONG W DEPTH MAG NO GAP OMI N E~T ERH ERZ MO Q
SEP 7 12 50 11.2 19-24.0 155-15.7 2.1* 0.7 1 224 2.5 0.14 0.8 0.06 C

7 12 51 24.1 1'j- 2 :3 • 2 1 55- 1 f: • 1 1.5 1.1' 10 94 1.5 o. 11 0.6 C.5 0.18 B
7 14 6 45.4 19-23.5 155-1 7.4 1.7 O. '7 10 86 0.9 O. (5 0.3 0.3 0.08 A
7 14 22 36.4 lS-24.3 155-15.1 5.~ 1.4 14 120 2.5 0.07 0.6 C.6 0.12 B
1 14 54 25.0 1~-42. 3 1 ~4-54. q 8.0* 2.7 7 280 27.0 0.50 3.4 0.07 0

7 15 48 23.3 19-23.6 155-14.6 1.5 7 184 3.2 0.0.7 0.3 0.3 0.03 B
7 17 44 23.0 1t;- 23. 1 155-17• .3 2.5 7 136 0.9 0.09 0.4 1.2 0.06 8
7 18 14 43.4 .1 11- 23. 7 155-17. 1 2.6 1.7 16 60 0.6 O. C6 0.4 1.1 0.10 B
7 18 46 4.4 1<;-23.5 155-16.8 13.2 1.5 18 69 0.4 0.04 0.5 0.3 0.09 A
7 19 51 52.0 lti-18.9 155-14.8 13.8 1.5 9 200 5.0 0.24 0.9 ,1.9 0.06 B

....~.

1 lq 56 7.3 1q- 1a•0 1 ~ 5-1 3. 3 5.2 3.7 29 154 7.9 0.16 0.9 0.8 0.28 C
1 20 6 53.8 19-60.0 155-44.1 0.5 2.5 19 150 14.6 0.23. 0.9 C.4 0.12 B

0\ 7 20 3 C 12. 8 1~-la.6 155-13.8 8.0* 1.4 11 215 6.5 0.'20 1.4 0.17 C
~ 7 20 55 22.1 19-18.4 155-13.4 5.7 1.6 19 156 1.1 O. 12 0.8 0.7 0.19 C

7 20 59 9.6 1q-24.1 155-26.2 3.9 1.6 18 16 8.1 O. C9 0.1 1.1 0.18 B

7 21 19 45.8 1~- 18. 7 1 55- 1 3 • 5 12.q 1. 1 9 248 6.5 0.30 101 2.0 '0.05 C
721.4136.C 19-24.0 155-17.3 2.0 8 125 1.3 O. C3 0.3 e.l 0.04 B
7 22 31 29. 1 lfi-23.6 155-14.1 1.1 9 177 3. 1 0.09 0.4 C.4 0.08 B
8 o 52 23.5 1~-37.0 155- 3.41 2.0* 2.2 1 347 32. 6 20 el 11.1 0.23 0
8 o 56 36.4 1~-23.9 155-17.3 4.5 0.8 7 123 1. 1 0.41 1.1 2.8 0.01 8

8 o 59 18.0 19-24. It 155-1102 3.1 0.6 7 128 0.9 0 0 10 0.4 C.1 0.03 B
8 1 o 28.3 19-23.9 155-17.3 3.6 0.1 7 122 1.2 o. 11 0.5 1.3 0.05 B
8 1 5 41.3 19- 2 3• 6 1 55- 1 6. 3 16.7 2.3 21 69 1.2 0.10 0.9 1.2 0.14 B
8 1 45 46.4 19-24.7 155-24. 1 4.2 1.4 15 182 8.0, ,0. 16 1,. Q ,1.5 0.14 C
8 2 22 33.2 1~-18.3 155-12.7 13.9 1.6 9' 231 7.7 0.,14 1.0 l~ 1 "(l.O'S C

", :-"~:'.;'

8 2 44 50.1 19-23.9 155-17.31 2.0 7 125 1. 1 o. (3 0.3 (.1 0.04 B
8 2 50 54.3 19-24.2 155-17.7 1.9 8 116 1.0 0.03 0.3 0.2 0.05 A
8 3 q 48.q 1<;- 1 6. 6 1 55- 1 q • 0 26.7 1.6 16 194 2.5 0.33 2.4 2.9 0.15 C
8 4 24 .3.7 1~-23.7 155-17.21 3.4 1.0 1 130 0.8 0.13 0.5 1~4 0.11 8
8 43438.r; 19-18.5 155-13.5 a.o* 1.1 13 203 6.8 0.14 1.0 0.13 C

.- • ~ ~



·' •

SU~~ARY OF SEISMIC E~ENTS (CONT I t\UEO)

1971 HR MN S·EC LAT N LONG W DEPTH ~AG NO GAP D~I N ERT ERH ERZ MD Q
SEP 8 4 43 1.5 19-25.0 155-16.01 7.1 1.1 10 190 1.1 0.30 1.1 2.2 0.15 C

8 5 23 25.4 lS-24.0 155-11.0 3.8 8 147 1.2 O. 13 0.5 1.0 0.05 B
8 5 23 47.6 19- 23. 7 155-1 7. 4 3.2 6 136 la 0 0" 18 0.8 1.8 0.06 B
8 5 24 23.5 19-23.9 155-17.6 7.2 7 130 1. 5 0.21 1.3 1.6 0.07 B
8 5 29 14. 1 1<1-23.6 155-11.6 2.0 7 141 1.2 O. 11 0.1 C.4 0.09 B

S 6 18 11.6 1<;-24.0 155-17.7 1.7 1.0 13 66 1.3 0.C6 0.4 (.3 0.11 B
8 6 45 2c;.5 19 - 2 It • 3 1 55- 1 4. 6 8.9 1 264 4.2 2.50 9.8 14.0 0.16 0
d 10 29 47.<; 19-42.3 155- 7.5 26.9 2.4 19 183 23. 1 0 0 23 i.O 3.1 0.10 C
e 12 2 46.4 lC;-26.2155-24.0 6.2 2.0 16 73 6.. 4 0.14 1.2 1.2 0.23 C
8 12 38 5.5 19- 1S • 6 1 ~ 5- 1 1. 1 a.o* 1.5 9 169 5.2 0.07 0.6 0.01 C

8 12 45 26.7 lC;-2C.7 155-11.6 8.6 6 lC18 3. 7 O.lg 2.1 1.8 0.07 C
8145216.1 1<;- 2:3. 9 155-16. 7 2.0 0.6 11 129 1.1 0.06 0.4 0.2 0.09 6

0\ 8 15 16 35.4 1«;-22.9 155-29.0 5.3 2.0 11 65 11. 2 0.C8 0.6 C.1 0.18 B
VI 8 17 42 18.8 1~-44.5 155- 6.21 2.1* 2.3 1 349 40.4 ". 1.41 11.q 0.18 0

a 18 31 12.8 19-24.1 155-17.1 2.5 7 133 1.2 o. c~ .. 0.2 C.5 0.02 B

8 18 33 48.0 19- 2 4. 4 1 55-2.3 • 6 7.1 1.9 21 72 6.9 0.06 0.5 C.5 0.15 B
8 19 37 58.0 19- 2 3. 6 1 ~5- 1 4. 1 1.3 1. 0 9 179 3. 1 Oc> C<1 0.4 (.3 O. 07 B
8 19 52 11.C lC;-23.8 155-14.8 1.2 9 180 3. 1 0.C9 0.4 C.4 0.01 8
8 20 13 le.5 19- 15. 8 1:5-2 O•.5 B.O* 1.8 15 152 5.1 0.21 1.7 0.28 C
8 23 37 1.4 1<;-24.1 155-17.6 1.8 0.4 10 qq 1. 1 0.G3 0.2 C.1 0.05 A

8 23 44 33.6 1<;- 2 3• 2 1: 5- 1 4. S 2.0 1.0 10 153 2.4 o. C8 0.4 0.3 0.06 B
9 a 39 23.7 19-21.3 155-23.6 6.4 1.9 15 109 2. 1 o. 10 0.9 C.8 0.17 B
<; o 52 17.2 1~-18.3 155-13.3 e.o. 9 226 7.5 0.21 1.3 0.10 0
9 1 21 51.3 19- 2 3. 6 1 55- 1 1. 5 2.1 0.5 6 144 1. 0 O. 02 0.1 C·.1 0.01· B
9 1 31 11.S 19-23.2 155-14.q 2.1 1.0 11 152 2.2 0.C5 0.3 3.0 0.07 C

9 1 33 57.2 1~- 2 3 • 3 1 55- 1 4. 6 I.e; 1.0 10 159 2.8 O. 11 0.4 C.4 0.01 B
q 1 46 59.1 19-24.5155- 9.1 5.0 11 155 4.7 O. 13 1.0 1.2 0.12 C
9 2 27 16.6 lS-23.1 155-14.8 2.2 10 157 2.3 0.15 0.5 0.4 0.08 B
9 2 43 18. 8 . lC;-23.5 155-14.1 1.6 '9 175 3. 0 o. 10 0.4 (.4 0.07 B
9 3 1<1 7.1 19-23.3 155-14.6 4.7 1.5 12 110 2.8 0.C8 0.3 (.8 0.06 A

....,



SU~MARY OF SEISMIC EVENTS (CONTINUED t

lC;71 ....R MN . SEC LAY N· LO·NG W OEPTt1 ~AG NO G.P OMI~J ERT ER·t;:· Eft.l MD Q
SEP 9 3 20 26.2 19-23.6 155-14.9 1.2 0.9 11 162 2.8' O.C«1 0.4 C.4 0.11 C

~ 3 24 21.3 19-23.0 155-15.01 2.5 1.4 16 110 1.9 0.17 0.6 C.6 0.15 B
9 3 54 43.4 1 ti- 2 3 • 4 1.5 5- 1 4. 9 1.6 1.0 11 157 2.6 O. 14 0.5 0.5 0.11 C
q 3 55 28.9 19-23.4 155-14.9 3.1 1.0 11 151 2.5 O. C5 0.2 C.9 0.04 8
9 4 30 32.0 1~-2S.9 1~5-17.4? 8.0* 1.3 8 321 6.4 0.lt1 4.0 0.21 0

C; 4 31 25.1 If1-17.a 1~5-13.1 8.0. 1.0 12 231 1.7 0.25 1.5 0.14 0
9 6 13 1. 4 lCj-2:.4 1~5-15.CJ -8.6 1.2 8 260 2.1 0.87 5.0 4.4 0.18 0
9 6 2 1 51. 5 1 c;- 22.9 155-1 5. ~ 3.0 1. 3 12 84 o.q O. 1'3 0.8 1.9 0.16 B
9 7 24 2.6 l~- ~.O 155-39.51 4.5 2.1 8 325 20.4 0.58 5.4 4.6 0.14 0
~ 9 25 8. S 1~- 2 3 • it 1 55- 1 ~. ~ 3.9 2.6 19 12 0.1 0.08 0.7 C.8 0.22 B

9 10 o 33. 8 19-23.6 155-24.61 6.9 1.8 15 78 6.6 O. (8 '0.7 1.2 0.14 8
q 10 6 42.6 19- 2 1. 5 155-12. 8 13.9 9 158 4.4 0.12 0.7 1.1 0.04 B

0\
q 10 45 0.4 19-24.0 155-11.8 1.5 O. 7 9 105 1.4 O. (3 0.2 e.2 0.05 A

0\ c; 11 '30 51.7 19-25.3 155~19.2? 8.9 1.5 10 226 2.8 1.05 3.2 "5.9 0.28 0
c; 11 42 0.2 1c;- 18 • 8 1 55- 14. 1 5.8 1.6 11 202 5.3 0.30 1.7 1.2 0.24 C

c; 12 31 2.3 111-23.6 155-17.2 2.4 1.2 8 133 0.7 0.09 0.7 1.4 0.08 8
S 14 4 56.1 1fi- 2 3 • 8 1 ~5- 1 It. 3 2.3* 7 273 3.8 0.31 1.4 0.05 0
9 17 '4Q lOG4 1«;-23.3 155-14.9 4.4 10 1 tl 2.4 0.23 0.8 1.9 0.10 C
c; 17 57 6. 6 lq-23.5 155- 2.0 8.0* 6 138 6.8 0.22 2.2 0.19 C
9 18 53 26.4 1~- 2 3. 1 1 ~ 5- 14. 1 1.4 0.7 8 185 3.2 o. C6 0.2 e.2 0.04 B

C) 18 55 4. 1 1CJ-20.0 155-12.9 5.7 16 158 4.5 O. 15
9 19 3 28.0 l'i-!c;.8 155-12.9 5.8 1.2 14 163 5.0 0•. 16
c; 19 2.6 52. 6 19-23.7 155-11.5 1.8 1.2 13 83 1. 1 0.C9
9 19 42 40.0 lfi-23.9 155-17.4 1.9 8 122 1.2 0.03
9 20 27 52.5 19-24.2 155-17.7 1.8 0.6 9 119 1.0 o. C'3

-.:"

9 21 10 3.t 1~ 2 .~ • 7 1 ~5- 1 5. 5 1.5 8 225 2.5 0.13 0.5 0,.3 0.06 8
9 21 41 9. a 19- 1 7 • 9 1 55-5 9. 6 8.0* 2.0 16 300 25. 7 1. 19 1.3 0.15 0
q 21 50 E.5 1Q-2C.7 154-51.11 8.0* 1.8 8 348 41.4 2.f3 13.5 0.21 0
c; 22 14 52.3 19-1 fi. 5 155-12•.3 4.3 1.9 21 148 5.4 0.13 0.8 C.9 0.24 C
<; 23 28 55.1 19-24.0 155-17.0 2.0 -8 140 1.2 0.C3 0.3 e.l 0.04 B

.. t
, t_



•

SUM~ARY OF SEISMIC EVENTS (CONTINUED J

1'171 HR M~ SEC lAT ~ LONG W CEPTH MAG NO GAP DMI "J ERT ERh ERZ MO Q

SE PIa 2 5 c. 7 1'1- 19.9 1 55-1 2. 8 4.1 1.8 20 187 4.7 0.19 1 .1 1.1 0.27 C
10 2 7 16.2 19-23.9 155-17.21 1.1 7 l28 1. 1 0 0 11 0.7 1.7 0.08 B
Ie 2 45 46.1 1~-24.5 155-23.1 2.6 1.4 14 1 76 6.2 0.13 0.7 1.6 0.11 C
10 4 28 8.8 19-23.9 155-17.2 2.0 0.8 8 129 1.0 0.04 0.3 0.2 0.06 B
10 4 37 5€.4 lS-21.9 155- 6.51 0.0 1.5 12 131 1.3 7.1e- 0.9 14.1 0.19 C

10 5 18 3<;. 7 le-~4.2 155-11.1 13.5* 1726345.8 c~ 45 3.0 0.15 0
10 t 7 3.6 19-35.1 155- 1.41 8.0-·1.3 12 224 24.4 O.E6 6.4 0.44 0
10 7 15 1.2 1~-2.2.5 155-2~.C e.3 14 113 t.3 o. C8 0.8 2.0 0.11 B
10 9 21 50.6 19-23.6 155-17.4 1.4 1.3 12 81 0.9 0.(8 0.4 C.4 0.13 B
101138 lE.e lc;-24.0 155-17.7 1.3 1.1 10 95 1.3 o. C4 0.2 e.2 0.01 A

Ie 12 q 18.1 lq-31.6 156- 1.71 38.1 2.2 16 2c5 24.6 0.37 2.6 1. 7 0.13. 0
10 12 27 3c.a 1li- 2 3. 7 1 55-1 7. 3 1.8 1•.3 11 91 0.9 o. 04 0.3 e.2 0.06 A

0'\ 10 17 38 21.4 1~-23.6 155-22.1 7.7 2.4 22 58 4.2 o. C5 0.5 C.4 0.16 B
........ 11 o 34 58.0 19-2t.3 155-29.1 6.6 16 III 12.0 o. (6 0.5 (.4 0.10 B

11 5 15 54. 1 I q - 2 3. 1 1 55-2 3. a 7.1 1.6 18 127 5.5 0.OQ'O.6 C.5 0.11 B

11 5 30 13.2 1fi-1C;.7 155-10.5 5.1 2.2 24 150 4.5 0.13 0.8 (.7 0.25 C
11 5 37 3.5 1<;-24.2155-11.9 1.8 0.4 8 118 1. 1 0.02 0.1 C.1 0.03· A
11 10 2 53.2 1~-2~.8 1~5-16.8 l.q 1. 7 14 114 c. 8 o. C1 0 0 5 (.3 0.15 B
1.1 11 33 13.6 1 C;-18. -9 155-15. 5 6.0 13 194 4. 1 o. 17 1.2 C.9 0.21 C
11 It o 34.1 1g- 2 3. 6 155- 16. fi 3.2 3.1 21 48 0.5 o. C6 0.5 0.6 0.18 8

11 19 23 21.7 1~-24.5 155-17.31 2.4* 0.5 7 1 .1-3 0.6 o. 18 1.1 C.11 C
12 1 34 5.1 1c;- 13.2 1 55- 2 7. t; 2~.3 16 122 6. 8 0.54 2.3 4.8 0.12 B
12 4 40 47.0 19-24.3 155-11 0 5 1.3 1.2 12 101 0.8 0.(5 0.3 (.3 0.10 B
12 5 59 1.0 19--21. 5 1 55- 7.4 8.0* 9 178 8.4 0.15 2.2 0.14 C
12 /;) 55 24.7 1q- 2 t • 2 1 55- 1 [,. 3 lC.2 1. 5 8 292 2.7 o. 13 4.6 3.4 0.16 0

12 8 31 2.S It;-24.2 155-17.3 4.6 1 119 0.9 o. C8 0.2 C.5 0.01 B
12 9 o 42.4 1 t;- 2 C. 5 155-1 o. 1 ~.6 8 158 3.0 0.12 1.2 1.8 0.05 C
12 9 6 59.7 1<1-23.6 155-17.2 2.0 9 95 0.6 0.(5 0.3 C.2 0.06 A
12 10 8 ~.6 1-«;- 24.2 155-17.1 3.5 o.q 1 135 1. 1 0.04 0.2 C.'3 0.01 B
12 11 2 35.<; 1<;- 2 3. 8 1 ~ 5- 14. t; 1.5 7 188 3.3 0 0 C2 0.1 (.1 0.01 B



SU~MARY OF SEISMIC EVE~TS (CONTINUED)

1971 HI< MN SEC LAT N LONG W DEPTH MAG NO GAP OMI N f'P T ERH ERZ MD Q'
SEP 12 12 9 56.6 It;-23.9 155-17.5 2.2 0.6 8 104 1.4 0.07 0.5 C•.3 0.08 A

12 12 31 7.6 19- 20. 2 1 5 5- 1 1. a ~.c; 1.6 18 159 4.5 0.11 0.9 0.6 0.21 C
12 13 o 49.8 19-18.8 155-15.2 Ci.9 12 199 4.5 0.16 0.9 1.3 0.10 B
12 14 9 56.3 lti-lc;.O 155-15.2 12.4 10 193 4.4 o. 13 0.5 1.0 0.03 B
12 14 58 30.4 1~-18.1 155-23.81 4.1 2.0 19 112 4.0 .2. 42 ,0.7 4.6 0.20 B

12 15 36 33. 7 lfi-17.9 1~5-25.5 6.8 2.3 20 106 5.1 0.13 1.1 1.6 0.25 B
12 18 14 58.2 19- 18. 9 155- 1 3. 5 a.9 1.6 19 152 6. 3 0.06 0.5 1.2 0.10 C
12 19 18 11.5 1c;- 2 it. 2 1 55- 11. 6 1.9 0.5 8 116 1.0 O.C4 0.3 C.3 0.06 A
12 20 21 55.0 19- 22 • "7 1 5 5- 1 7. 4 2.7 0.9 11 66 1.4 o. C4 0.2 0.7 o. ·04 A
12 21 26 40.4 1~-12.3 155-32.71 6.4 2.2 10 247 <;.9 6.25 4.8 2(.0 0.20 0

12 22 10 25.7 1<3-23.3 155-17.2 2.5 6 151 0.5 D. C5 '004 C.6 0.03 B
12 22 12 8.9 19-26.0 155-19.1 10.5 1.4 11 259 2.8 O.C;1 4.8 5.0 0.26 0

0' 12 23 3 48.0 141- 2~. 8 1 55-1 1.0 2.1 7 139 0.7 0.C4 0.4 c.z· 0.05 B
(X) 13 0 832.5 1q- 24. 7 1 ~ 5-2 2 • 6 4.9 1.3 16 148 5. 5 o. (8 0.6 e.7 0.13 B

.13 o 23 45.2 19-22.5 155-14.2 1.9 1.2 8 150 2.4 0.11 0.8 C.5 0.09 B

13 o 45 58.1 1<;- 2 3. 7 1 ~ 5- 1 5. 1 1.4 9 163 2. 8 0 0 15 0.6 (.6 0.11 C
13 1 .13 27. 7 1«;-20.8 155-11.4 27.0 1.7 21 122 4. 1 o. 1.2 0.7 1.2 0.11 B
13 1 14 57.7 1c;- 2 ~. 7 155-17. 1 2.1 0.4 1 1.36 0.6 o. C6 0.5 0.2 0.07 B
13 3 40 3.3 19-23.6 155-17.2 2.5 0.8 6 138 0.6 o. (5 0.4 C.6 0.03 B
13 4 12 2C.O 19- 23.1 155-17.3 2.3 0.6 1 158 0.7 o. C8 0.5 0.2 0.05 B

13 5 12 50.9 19- 19.4 155-11.1 7.2 6 236 5.4 0.10 C.1 0.02 C
13 6 13 11.3 19-19.6 155-16.8 9.1 1.0 7 192 .1. 3 0.10 0.7 0.01 8
1.3 6 22 36.1 19-14. 6 1 ~5- 8. a 8.0· 8 2<;8 13.9 1. 22 0.12 0
13 6 46 29.1 19-23.7 155-17.1 2.7 1.0 6 136 0.7 0.03 0.01 B
13 8 3t 39.3 1~-23•.9 15.5-11.21 1.3 0.5 1 128 1.'1 0.13 0.12 8

13 8 S1 57.0 19-2C.2 155- 7.6 8.0* 10 164 5.2 O.Cl 0.7 0.09 C
13 10 18 2e • ., 19-23.4 155-11.0 2.4" 6 143 0.2 0.04 0.4 0.5 0.03 B
13 10 33 37.3 19-23.9 155-17.0 2.0 0.6 8 142 1. 0 0.C4 0.4 C.2 0.05 B
13 10 58 33.~ lQ-24.0 155-17.11 2.1 1 132 1. 1 0.03 0.3 0.1 0.04 B
13 12 13 8.5 19- 23. 4 15 5- 1 1. 5 23.9 2.3 26 52 1.1 o. 15 1.0 1.6 0.16 C

"



1
."

SUMMAR~ OF SEISMIC E~ENTS (CONTIt\UEO)

1971 hR MN SEC LAT N LONG W DEPTH MAG NO GAP OMI N EPT ERH ERI "'=0 Q'
SEP J.3 12 3<; 52.7 lS-11.4 155-22.0 5.8 2.2 21 136 5.7 O. C8 0.1 C.1 0.18 C

13 14 3q 12.3 1~- 2 1• 4 1:5- 2 5 • It 4.4 1.9 18 115 4.3 0.09 0.7 0.9 0.20 B
13 16 o 35~8 19-24.6155-28.0 4.3 1. 7 19 80 11. 5 0 0 (8 0.6 C.8 0.16 B
13 16 34 38.0 1 q - 16. 2 1 55- 1 1. 9 2C;.2 2.4 23 155 1.3 0.12 0.7 1.2 0.11 C
13 18 31 27.8 lc;-2~.2 155-11.5 3.6 7 111 1.0 0.15 0.5 1.1 0.04 B

13 20 4J. 27.4 lc;-22.7155-11.3 3.2 7 113 1. 5 0.07 0.3 C.8 0.03 B
14 1 12 58.1 1'i- 2 O. 1 155-1<1.7 2.1* 13 118 4.0 o. C6 0.4 0.09 B
14 .1 37 39.4 1<1- 1q • 2 1 55- 1 4 • 1 9.2 9 193 4.9 0.28 1.9 2.9 0.16 C
14 2 5 18.2 1~-le.5 155-13.~ 8.0* 9 247 6.6 O. fl 3.6 0.22 0
14 2 41 22.8 1<;- 22 .8 1 ~5- 1 7. 1 3.0 q 103 1. 1 00 03 0.3 C.9 0.04 .4

14 31.319.5 19- 12. 2 1 55-2 5. 4 2.8 2. 1 19 151 6. 6 o~ 14 1.0 1.1 0.21 C
14 6 7 12.4 lCi-24.2 155-29.7 5.4 1.8 1q 93 13. 5 0.C8 0.6 (.7 0.18 B

0\ 14 11 30 32.7 1Cj- 2 1. 4 1 55- 1.01 ~.q 12 187 4. 3 O. 39 .3.2 6.6 0.26 C
\0 14113435.e 1~-22.6 155-1 7.0 13.9 1. 7 21 12 1.4 o. CC;' 0.8 1.1 0.11 B

lit 13 48 2<;.8 1~-17.6 155-13.0 0.6* 1.6 12 196 8.6 0 •.25 1.4 0.21 C

14 1'9 49 56.4 lCj-44.3155-51.8 q.o 2.4 22 2 15 14. 2 0 0 21 1 0 8 2.8 0.22 0
14 2:3 3 a 53. 1 19-17.3156-21.9 8.0* 2.4 22 306 62.8 1.f9 10.3 0.16 0
15 a 22 40.C; lc;-lCj.9 1S5-2e.3 1.5 10 136 4.6 O. 15 0.4 0.7 0.06 B
15 a 29 5.3.2 19-19.8 155-12.11 8.6 2. 1 16 163 4.9 0.17 1.4 e.7 .0.17 0
15 o 58 19 •.9 l~- ~.o 155-36.41 8.0* 1031315.1 1.06 6.8 0.15 0

i5 1 2 21.1 1<;-19.1155- 8.5 3.3 2. a 22 1 e4 5.0 O. 1q 1.0 1.0 0.20 C
15 1 2C 4<j.4 lC;-l~.l 155-15.4 5.8 13 190 4.0 O. 19 1.2 c.q 0.20 C
15 2 7 20.8 19- 22. 5 1 55- 14. 3 3.6 1.2 11 141 2.2 OG 14 0.7 1.1 0.10 B
15 2 32 46.0 19-18.1 155-13.91 0.0 1.8 20 176 7. 1 8.e2 1.4 16.2 0.35 0
15 5 34 .35.0 . lc;-1«;.3 15.5- .3.8 21.0 10 210 2.0 0.12 '2.6 ' 5.9 0.08 C

15 5 47 25.C1 19-24.0 155-22.61 c.q 1.4 12 '164 5. 1 1. ~3 0.6 5-. 1 C.12 C
15 8 34 1. 1 1<;-19.5 155-12.3 8.0* 1.7 13 149 5.5 0.07 0.6 0.12 C
15 10 24 23.1 19-22.3 1~5--6.6 4.0 2.2 21 114 5.7 o. 11 0.8 1.1 0.24 B
15 14 8 32.6 1<;-13.9 155-26.0 1.4 2.2 20 127 8.8 0.39 o.q 1.4 0.24 C
15 15 33 13.1 19- 42. 1 1 55- 5 1. C 12.2 2. B 23 114 20.1 o. 13 1.1 1.0 0.13 C



SU~MARY Of SEISMIC E~ENTS «CONTINUED)

1911 HR MN SEC LAT N' LONG W DEPTH MAG NO GAP O~IN ERT·' ERH ERZ MO Q'
SEP 15 16 C 8.1 19-29.5 155-34.91 7.5 2.1 11 1<;3 1.9 0.11 1.2 1.4 0.14 C

15 22 52 q.1 1e- 52. 4 1 55- 1 t. 4 4.9 13 288 37.4 1.81 4.7 '1.8 0.12 0
15 23 8 8.1 18-52.3155-16.9 C.2* 1525637.1 0.32 2.1 0.13 0
15 23 10 51.2 18- 53.3 1 55-1 6 • 3 8.9 2.3 18 253 36.2 0.41 1.9 2.4 0.12 C
15 23 54 5.2 1~-le.7 155-14.81 1.1 15 204 5.2 0.2.3 1.2 1.9 0.26 C

16 C 26 48.8 19 - 2 1. 0 1 55- 9 • 6 1.8 15 187 2.0 0.18 1.5 e.1 0.15 C
16 1 20 21.9 18-56.4 155-17.0 ~.5 18 279 30.9 0.59 3.4 2.5 0.13 0
16 2 2q 39.1 18-55.5 155-15.f7 16.6* 2.4 21 281 33.3 0.33 2.2 0.16 0
It 2 41 45. 1 18-55.9 1~5-16.9 ~.4 16 281 31.1 O.l:7 .3.8 2.6 0.13 0
16 2 58 38.0 1 8- ~ ~ • " 155- 1 7. 0 ~.5 16 282 32.3 0.12 4.1 . 2'.1· 0.14 0

it 3 52 3.6 lS-53.4 155-16.5 ~.4 2.3 19 252 35.7 O.it2 2.1 2.5 0.13 C
16 4 4 55.9 18- 53 • 0 1 55- 1 ~ • 5 4.4 2.9 26 254 36. 4 1. 5~ .3.2 1 C.6 0.20 0

--..J 16 5 2 40.6 IS-55.a .155-26.5 27.7 19 240 24.2 0.44 2.3 4.8 0.14 C
0 16 5 18 2.7 1 e- 50. 0 155-16. 4 2. I'. 2. 6 18 293 41.1 0.-;2 5.6 0.14 0

16 6 13 3.2 18-54.2 155-11.,4 8.8 8 268 33.6 1. 33 6.5 6.0 0.14 0

It f: 22 43.2 1 s- ~ 1.6 155-16. 3 1t.3 14 296 38.1 2.45 6.4 12.0 0.12 0
16 6 52 14.6 18- 53. 1 1 55 -1 6. 0 lC.4* 12 286 35.8 o. 74 4.6 0.14 D
16 1 0 3.5 ie-S2.0 155-1f.c; C.9* 10 263 31.6 0.49 3.1 0.14 0

,16 11 5 57.2 19- 22 • 0 1 55- 1 3. 1 t.l 1.5 11 130 4.9 o. C6 0.6 0.6 0.07 B
16 14 22 25.0 18-53.5 155-16.9 8.4 14 252 35.3 0.50 2.4 3.0 0.12 C

l~ 14 ,38 21.4 18- 52.6 155- 1 5 • It 2.0* 14 255 38. 0 Oe 35 2.3 0.15 0
16 14 43 <1.0 IB-53.8 155-18.0 11.S* 7 255 33.8 0.a5 6.0 0.19 0
16 15 13 31.7 19-18. 6 1 ~ 5-1 it. 5 9.7 1.5 12 209 5.e 0.20 0.9 1.6 0.08 B
16 19 26 36~ 9 19-22.7 155-2t.7 3.6 1.1 18 15 7.6 o. (8 0.6, 1.'2 ,0.18 B
16 22 26 42.5 19-22.5 155-24.0 5.6 1.4 20 113 4.4 ' o. C9 '0.1 ',C, e1..:::;.•.•..~. 18 8

~:".: ~~~~':" .~: :.~.~.:. ":', " :~ ·.:~:~t .>:~'.:::.:'. ·:',,:~r:»;:.· ': .

17 12126.1 1~- 1 e•2 1 55- 1 5. 3 9.1 1. q 12 .181 5. 1 0.14 o.q 1.5 0.11 C
11 1 51 56.8 19-20.4 155-12.8 '9.2 1.1 12 186 3.8 0.15 0.1 1.2 0.07 B
17 3 44 ~8.6 19-23.9 155-11.8 1.1 8 133 1.6 0.C3 0.2 0.2 0.05 B
17 4 41 10.1 19-24.1 155-15.3 1~3 0.8 8 239 3.1 0.18 0.1 (.3 0.06 C
11 5 55 C.9 le- 5f.l 155-18. l? 6.4 2.4 18 242 30.1 0.77 4.9 7.2 0.38 0

,...





SLMMARY OF SEISMIC EVENTS CCONTIf\4UEDJ

1971 I1R Mr~ SEC lAT N LONG W DEPTh MAG NO G~P OflllIN ERT ERf-4 ERZ MD Q
SEP 18 0 7 14.6 19- 2 ~ • 9 1 ~ 5- 1 7. 1 2.0 0.9 8 137 1. 0 o. C4 0.4 e.l 0.05 B

18 o 31 35.6 1<;-23.7 155-16.e 2.0 0.6 7 152 0.1 o. C6 0.5 e.2 0.06 B
18 o 44 55.6 It;-2~.1 1~5-14.9 1.4 9 115 3.0 o. 13 0.5 0.4 0.01 B
18 a 49 22.6 1«;-24.5 155-17.3 3.4 1. :3 13 73 0.5 0.(4 0.2 (.4'0.05 A
18 1 29 2t.3 19-24.5 155-11.6 2.0 0.9 10 91 0.5 0.07 0.1 C.4 0.11 B

18 2 54 55.5 18-57.6 155-16.2 10.5 2.1 19 216 30.1 0.28 1.7 1.5 0.12 C
18 2 5l: 30.C 18-51.5155-15.9110.e 2.4 19 277 30.4 0.35 2.2 1.9 0.16 C
18 3 1 0.1 la-5~.6 155-16.C 1.7 2. 5 16 258 36.0 1. ~3 2.3 <;.0 0.12 0
18 3 3 3e.2 lfi- 2.4 155-19.6 13.8* 2.1 11 265 19. 5 o. S2 5.3 0.·28 0
18 3 4 13~1 1s- 5 2 • 9 1 55-1 6 • 8 6.1 2.0 12 2<13 36.2 2.43 6.3 11.9 0.13 0

18 3 6 18.3 18-53.0 155-16.4 s.c* 2.1 20 254 '36.4 0.36 2.4 0.13 0
18 3 8 4.9 18- 57 • 3 1 5 5- 1 7 • 4 8.9 15 282 29.0 0.68 3.6 2.1 0.12 0

'"
18 3 8 15.8 18-25.1 155-15.8 S.O. 10 339 83.6 6.70 3q.3 0.08 0

~ 18 3 12 41.2 18-51.9 155-16.8 10.1* 15 298 31.8 o. eo 5.0 0.11 0
18 3 18 59.7 1s- 5·4 .9 1 55-1 7. 1 1.4 15 253 33.0 0 0 .89 1.8 5.2 0.11 0

18 3 l~ 53.5 lB-54.4 155-16.4 8.6 2.1 19 249 34.3 0.44 2.1 2.1 0.13 C
18 3 21 5.3 18- 54. 0 155-1 ~. 9 t.7 2.1 18 251 35.5 0.78 1.6 4.7 0.11 C
18 3'22 6.3 18-53.1 155-16.1 t.e 2.2 20 251 35.7 1. 10 1.6 E:..7 0.10 0
18 3 25 3.1 IS-54.! 155-16.4 e.2 2.1 18 250 34. 8 0.32 1.5 2.0 0.10 C
18 3 28 2e.7 18-53.5 155-16.3 5.5 2.2 17 258 35.8 1.C9 2.2 1 •.3 0.10 0

18 .3 35 55.0 1e- 54. 2 155-1 ~. C B.3 2.1 19 250 35. 1 o. 35 1.7 2.2
18 3 37 2.3 lE-54.0 155-16.4 8.6 2.3 19 250 34.9 0.38 1.8 2.3
18 3 40 45.2 1t;- 23 • 9 1 ~5-1 ~. 2 I.e; 7 195 1.6 0.12 0.7 0.3
18 3 43 25.6 19- 1.1 155-13.81 ·.1.8 2.4 26 261 Zq.~ O.E1 5.3 4.9
18 3 44 25.0 l~- 3.6 15~34.9? 61.4* ; 8· 334 '1 6. ~. O.1Q 1.5.6

18 3 47 Sq.9 19- 0.1 155-17.31 13.5* 2.2 24 229 25.5 O.lC 5.0 0.35 0
IS 3 50 41.8 1~-17.6 155-19.31 S.O. 1.4 11 162 1.5 4.73 26.6 1.38 0
18 3 51 8.2 1e- 5 ~ • 4 1 ~ 5- 1 t • 6 e.2 2.7 19 252 .35. 7 0.48 2.2 2.9 O.12C
18 3 52 45.1 18-55.0 155-17.61 e.l 2.1 20 246 32. 3 1.20 6.0 2.5 0.31 0
18 3 54 3G.O 1«;- 2 ~. 3 1 55-1 7. 1 1.9 8 1~1 0.2 o. C5 0.4 e.2 0.05 8

'.



-. " II

SL~MARY OF SEISMIC EVE~TS (:CONT It\UED)

1911 I1R MN SEC lAT N LONG ~ DEPTH MAG NO GAP DflIN ERT ERH ERI MD Q

SEP 18 3 56 2.1 18-58.5 155-11.0 lC.5 2.2 22 235 27.8 0.23 1.4 2.0 0.14 C
18 4 13 41.5 le-5~.4 155-11.81 10.6 1.9 12 ZG2 25.6 0.46 2.6 1.6 0.10 0
Ie 4 16 11.8 1'i-2~.8 155-51.51 5.2 1.7 11 273 27.2 0.41 4.5 4.4 0.25 0
18 4 38 37.2 18- ~ 3. 5 l~ 5-16. 5 e.o* 15 292 35.6 O.3Q 2.4 O.Oq 0
18 4 39 8.3 1 8- 5 5 .4 1 5 5- 1 7. 5 lC.5 2.6 22 245 31.8 0032 1.8 2.5 O~15 0

IE 5 5 ~ 1. a 1E- 56. 2 1 ~ 5- 1 6. 7 ~.3 2.0 16 280 31.4 0.18 1.1 1.0 0.09 C
18 5 10 24.0 18- 5:3 .9 1 ~ 5-1 i. 2 8.C* 2.7 18 250 42.7 00 21 1.5 0.10 0
18 f; 1 12.6 lc;-24.1 155-15.3 1.6 7 239 3.2 0.20 0.7 (.4 0.05 C
1S 6 1121.7 1~-24.0 1~5-15.2 1.1 7 239 3.2 0-. 13 0.4 C.-3 0.04 C
18 6 31 52.5 1'1-23.8 155-16.9 1.8 0.6 11 112 C. 8 O. C7 0.6 (.4 0.13 B

18 C 35 2t.l lC;-2~.9 155-11.1 2.1 0.6 7 135 1.0 0.C2 0.2 e.1 0.03 B
18 7 21 2.<; lE-:C;.l 155-11.1? if.C. 2.8 21 233 35.0 0.48 3.3 0.31 0
18 1 27 2«;.5 lS-59.7155-17.8 ie.o 1.1 10 291 25.3 0.38 2.3 1.8 (}.C8 C

.........
18 7 59 22-.c; 1 '3- 2 3 • 0 1 55- 14 • f 2.0 10 150 2.4 o. C9 -0.4 0.3 0.06 8w
18 10 12 8.9 19-2:3.2 155-14.9 2.0 9 153 2-.3 o. _l~-_ 0.4 C.4 -0.06 B

Ie 12 11 46.4 le-~t.C 1~5-17.S1 11.6 2.5 19 247 30.5 0.41 2.4 3.1 0.16 0
18 12 35 19.8 lq-24.1 155-11.41 2.0 7 113 1. 1 0.C8 0.5 1.8 0.06 B
18 13 43 34.C lS-54.6 155-15.91 11.3 2.5 23 249 34.1 0.44 3.0 e.3 0.20 0
18 13 49 6.2 18-55.8 155-18.21 24.6* 2.1 25 244 -3 O. 5 0.27 1.9 0.17 0
18 13 55 53.5 18-56.0 155-17.5 14.1* 2.1 22 243 30.9 C.14 1.0 0.12 0

18 14 29 3.3 }C;--22.9155-23.3? £03 2. 1 24 53 5. 0 0 0 (8 0 0 6 (.6 0.11 B
18 14 41 lS.8 18-57.1 155-17.0 11.0 2.9 25 278 29.7 0.38 2.7 2.6 e.l8 0
18 It 24 2C.t 1~- 24. 7 1 55- 1 7. 4 2.0 8 83 0.2 O.C4 0.4 0.2 0.06 ~.

18 11 43 39.9 19-23.4 155-15.2 2.-3 9 153 2.2 C.12 0.4 (.4 0.06 B
1S 11 53 31.3 1~-23.5 155-16.81 2.1 1 141 0.4 o. C5 0.-5 e.2 0.06 B

18 18 11 37.4 19- 2 3. 5 1 55- 1 4. 7 1.4 9 173 3.0 o. 10 0.4 C.4 0.01 B
18 18 25 -7._4 19-19.3 155-11.-5 s.o* 13 113 5.9 0.01- 0.5 0.01 C
Ie 18 48 48.4 1s- 2 3• 9 1 55-1 7. 1 2.1 O.t 7 139 1.1 0.03 0.3 0.1 0.04 B
18 18 48 51.2 19-23.9 155-11.1 2.1 1.5 12 100 1.0 o. C3 0.2 (.6 0.05 A
IE 18 59 55.2 1 CJ- 23. 8 1 ~ 5- 1 1. 1 1.0 1.1 8 136 0.8 0.23 0.9 1.4 0.06 8





""

SUMMARY OF SEISMIC EVE~TS (CONTINUEO)

19'71 HR r-1N SEC LAT " LONG W CfFTH MAG NO GAP OMI N ER'T ERH ERZ MO Q
SEP IS 4 18 4.8 lCi-23.1155-11.4 1.1 1 165 1.0 0.14 0.7 C.5 0.08 B

1-9 4 20 42. 1 1~-22.9 155-17.41 1.6 7 171 1.2 0.26 0.8 2.2 0.07 C
lq 4 31 53.2 .18-53.8 155-16.0 5.9 15 304 35.6 3.SS 10.5 11.10.14 0
lq It 32 43.0 1s- 53. 1 1 ~ 5-1 c. 9 1.7 2.5 21 251 34.9 1.18 3.3 12.5 0.17 0
.19 4 51 22.7 19-24 • 2 1 55- 1 7. 5 C.q 0.8 11 102 0.9 0.C4 0.2 (.2 0.06 A

19 5 1 51. 3 1S- 3.8 1~5-14.4 25.1* 10 320 27.1 1.49 10.0 0.12 0
19 5 7 48.5 19- 2.9 155-16.41 14.2* 2.7 29 220 23. b 0 0 l: 8 4.8 0.53 0
is 5 53 28.2 lC;-lS.6 IS5-11.5 2.0* 8 222 5.4 0.29 1.5 0.14 C
le; 5 5CJ 18.0 lC;-23.2 1~5-17. 4 2.3 7 160 0.9 O. C7 0.5 1.1 0.06 B
19 6 3 30.0 19-22.9 155-17.3 2.8 7 1 C7 1. 1 0.(5 0.3 C.7 0.03 B

lq 6 8 37.4 19-23.0 155-16.q? 1.8 6 157 0.7 0.C7 0.7 1.1 0.06 C
19 6 1<; 3<;.8 1~ - 4 8. 5 1 55-1 S. 2 13.5 2.2 20 166 13.1 O. 08 1.1 1.4 O. 11 C

........ 19 6 25 8.7 .19- 2 3. 7 155- 17. 0 2.0 7 140 0.5 O~ 06 0.6 0.3 0.01 B
l./I 1<; 6 32 3.9 19-23.1 155-11.1 2.2 0.41 7 -132 0.7 0.C3 0.2 (.4 0.02 B

1'1 C 44 41.3 1<;-2~.4 155-17.1 1.9 8 .145 0.4 O•.C? 0.4 e.z 0.06 B

19 71737.4 1~-2,3.9 155-11.8 1.8 0.8 11 83 1.7 0.C7 0.4 (.4 0.10 B
19 7 1823.7 1c;- 2 :3. 3 155-1 7. 2 2.6 7 152 0.5 o. C6 0.4 C.7 0.03 B
1'7 7 25 Ce C; 1<;-23.1 155-16.,9 2.5 6 147 0.6 O. (6 C.5 C.7 0.04 8
19 7 30 12.<; It;~23.4 155-11.1 2.4 0.8 8 c;2 0.3 0.C4 0.3 C.5 0.04 A
19 7 32 11.l: IS-2I.S 1~5-13.7? 7.1 7 202 2.6 O. 81 2.9 3.8 0.15 C

ie; 1 53 1.4 1'7-1c;.5 1~5-1C.2 8 .O,~ 1. 7 11 172 4.9 0.(9 0.7 C.10 C
1q 8 1<) 51.7 1<;- 12. 9 1 55- 32. 8 4.1 18 90 8.4 0.14 1.0 1.0 0.23 B
19 10 o 48.3 .1Q-13.4155-33.8 6.6 3. 1 26 q3 6.4 C.15 1.1 1.1 0.27 B
19 11 38 41.6 18-55.7 i55-le.O <;.9 2.6 26 245 32.9 0.56 3.2 ,4.4 0.30 0
19 13 36 46.4 1<;- 2". 2 1 5 5- 1 7. 1 C.4 1.0 10 90 1. 0 o. 11 0.3 0.3 0.08 B

IS 14 c; 56.7 lC;-22.4 155-11.2 2.0 1.6 16 74 1.8 a. 11 0.5 C.4 0.14·B
1<1 15 51 28.8 1~-18.5 155-12.41 c.o 17 119 7.3 Oa 81 1.4 20.5 0.33 0
19 20 13 25.6 19-54.7 155-26.C; 36.q* 2.2 24 224 11.2 O. 11 1.0 0.09 C
19 20 18 16.2 1~- 2 3.0 155-11. 5 l.~ O.B g lC9 1.2 O. C7 0.4 C.3 0.01 A
19 20 58 31.7 19-13.1 155-23.1 36.9 2.0 20 213 8.0 0.35 1.7 2.1 O.13C





• ..

SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC L.AT N lONGW DEPTH MAG NO GAP DMIt'J E~T ERH 'ERI MO Q
SEP 2C 23 16 '1.4 1~-23.1 155-14.9 1.1 0.9 12 161 ,3.0 O.C6 0.3 C.3 0.08 8

20 23 45 44. 1 1c;- 2 3. 1 155- 1 7. 1 2.3 1 136 0.6 O. C5 0.4 C.2 0.04 B
21 a 35 12. 8 1c;- 23. 1 1 ~ 5-1 7. 2 2.2 7 159 0.1 O. (6 0.4 e.2 0.04 B
21 12222.C 1'1-23.0 155-17.3 1.q 10 92 0.9 0.C6 0.4 C.• 2 O~08 A
21 2 10 54 • .1 lC1-23.7155-11.0 2.4 1 139 0.5. 0.06 0.4 0.7 0.04 8

21 2 18 51.C 19-24.4 155-17.5 1.1 1.2 14 64 0.6 0.C4 0.2 e.2 0.09 A
21 2 45 17.0 1 c; - 2 3• 5 1 ~ 5- 1 7. 1 2.0 7 139 0.4 o. (5 0.5 C.2 0.06 B
21 2 56 8 0 4 19- 22 • 8 1 5 5- 1 7 • 2 2.6 c. <; 9 108 1.3 0.C3 0.3 1. 7 0.04 A
21 3 22. 27.C 1~-23.4 155-15.2 2.2 10 153 2.2 o. C8 0.5 5.3 0.09 C
21 4 21 32.~ 1c;- 2 3 • 1 1 55- 1 7. f; 1.7 1.4 14 55 1.3 0 0 07 0.3 C.,3 0.10 B

21 5 3 <; 7.6 1 t;- 23. 5 1 ~5-14. t 1.5 9 1 75 3.0 o. (8 0.4 C.3 0.06 B
21 7 9 55.8 It1-18.9 IS5-IC.S 1·.8 2.0 21 158 6.2 0.64 1.0 2.4 0.27 C

........ 21 7 14 28.1 lc;-lQ.6 155-11.9 ~.4 1.6 12 216 5. 3 0.27 1.7 1.0 0.21 C

........ 21 S 22 54. q 1~-12.~ 154-53.31 1~.4. 2.5 13 .31.2 21.6 2.50 16.6 0.36 0
21 10 1 21.'1 1~- 2 2. 8 1 55- 1 7. 2 3.0 8 107 1.2 Oa C4 0.2 C.5 0.03 A

.. '.

21 12 18 15.S lfi-18.q 1~5- e.4 '1.0 2.3 16 185 6.3 O.lQ 1.5 C.7 0.18 C
21 12 31 33.5 1<; - 2 It • 1 1 55- 1 t • <; 2.1 1. 8 13 115 1. 4 o. (] 0.2 e.l 0.05 A
21 16 51 13.3 1S-23.8 1~5-14.8 1.0 9 183 3.2 o.c~ 0.4 (.4 0.08 B
21 17 5S 15.7 1<;- 2 ~. 5 155- 17. 7 1.3 0.6 7 148 1.4 0.07 0.3 C.5 0.07 B
21 18 4q 22.5 19-23.8 155-17.1 2.0 1 137 0.8 0.(5 0.4 e.2 0.06 B

21 20 52 43.1 1s- 2 4. 4 1 ~ 5-17 • 5 ~.l 0.9 11 S7 0.6 o. C5 0.3 0.4 0.03 A
21 20 53 60.0 19-22.3 155-1 7.8 3.6 1. 0 12 69 2. 5 O. 32 1.1 4.8 0.24 C
21 21 31 2.2 1c; - 1 S• 4 1 55- 1 C. 1 1C.9 1. 7 13 228 5. 3 0.23 1.3 1.7 0.09 C
21 21 56 5.6 l~- 5.9 155-2 ~.4 3t.6 16 200 7.9 0.84 405 1".5 0.26 0
22 0 6 40.5 1<; - 2 3 • 2 15 5- 1 4 • It 1.6 11 158 3.0 0.11 0.5 C.4 0.10 C

22 1 25 12.9 1~-19.3 1~5- 5.81 2.3 1. 7 22 211 8. 7 0.67 1.6 2.3 0.30 0
22 2 40 57.5 19-22.9 155-17.1 2.5 7 165 O~ 9 0.C7 0.5 C.9 0.05 B
22 3 2 34.0 l~-lfi.~ 155- 1.5 1.0 2.3 11 118 6.4 0.15 1.1 (.6 0.11 C
22 3 57 47.6 1~-2~.B 155-17.71 3.1 7 1-39 1. 5 o. 31 1.4 2 •.2 0.29 C
22 4 12 56. 8 lQ-15.0 155-15.4 25.8 2.1 21 202 '7.8 0.21 1.3 1.8 0.14 C



SU~~ARY·OF SEISMIC EVENTS ICONTINUEO)

1971 HR MN SEC lAT N ' LONG W O~PTh MAG ,NO GAP OMIN ERT ERt1 ERl MO Q
SEP 22 4 2~ 55.0 19- 2 It • 0 1 55- 1 7. 8 1.8 0.5 8 126 1.3 O. C3 0.1 0.1 0.03 B

22 5 54 57.1 19- ~.9 155-25. 5 31.9 2.0 2.3 181 6.4 0.32 1.7 3.0 0.11 C
22 5 55 4Q.O 19- t.6 155-25.3 33.1 2.4 13 lqa 7.0 0.41 2.3 3.9 0.15 C
22 5 56 10.1 l~- f.6 155-25.31 34.3 2.4 17 183 6.9 0.26 1.4 2.6 0.12 C
22 5 56 44.5 1~- 1• 1 1 ~ 5- 2 ~ • If 34.1 15 191 6.2 0.38 2.2 3.5 0.15 C

22 5 51 11.7 1<;- t.5 155-24.1 3C.1 2.4 16 200 7.9 0.36 2.2 3.6 0.15 C
22 5 57 56.7 1 t1- 5. 8 1 55- 2 3. ~ 41.2 16 1<15 9.8 0.31 2.3 2.5 0.16 C
22 5 58 5b.9 1~- ~.2 155-26.4 31.8 14 180 2.7 O. its 2.8 ".9 0.22 C
22 5 59 32. 5 19- 6.5 155-25.1 36.0 2.5 16 191 6.7 O.~2 2.0 3.9 0.16 C
22 6 a 44.6 lS- S.O 1~5-2~.C; 3f •.5 2.4 13 1 S9 4.4 0.48 2.5 4.5 0.15 C

-
22 6 1 26.6 19- 7.5 155-25.5 35.1 2.1 19 178 5.5 0.26 1.3 2.8 0.11 C
22 f 3<'; ll.S 19·- 2lt· • 0 1 55- 1 1. 1 2.1 7 135 1.2 0.02. 0.2 e.l 0.03 8

....... 22 7 44 47.5 18-39.3 1~5- 8.e 8.0. 19 3C7 65.1 l.ca 6.6 0.12 0
00 22 8 35 2.3 1«;-25.9 155-25.3 8.0* 2.2 18 159 8.0 0.12 0.9 0.15 C

22 11 46 33.6 l~- e.l 155-11.0? 3.fi* 2.<; 11 295 25. 8 o. 58 3.·0 0.15 0

22 12 t 22. e 1~-21.q 155-18.21 3.3 6 231 3.6 4.42 19.4 23.8 0.30 0
22 17 56 19.8 19-23.6 1~4-5e.7 4.4 9 183 10. 1 o. 14 1.1 1.1 0.10 C
22 20 53 42.1 19-1q.5 155-25.6 5.1 1.9 20 89 4.2 0.(8 0.7 e.1 0.20 B
22 22 1 13. 1 1~- 1.,. 1 1 ~5- 2 6. 3 4.9 15 111 5. 1 0.10 0.9 1.1 0.22 B
22 22 23 51.3 19-21.4 1~5- e.4? c.o 1.6 16 146 7. 7 3. ea 0.8 7.4 0.15 C

23 0 5 42.6 lfi-2/t.O 155-52.1 2.0 2.0 17 2 15 14. 5 0.41 2.3 1.6 0.24 C /
23 C 16 47.0 19- 2 :3. 5 155-18 • 4 22.5 1.3 21 46 2.3 0.(8 0.6 C.9 0.09 A
23 1 18 43.6 1t;- 11. 4 1 55- 9. 31 0.0 1.9 lq 212 8.7 6.14 1.6 11.3 0.23 C
23 1 44 14.2 lS-24.2 1 ~·5-1 f. E 1.9 1.5 11 138 1.4 0.09 1.0 0.5 0.14'8
23 2 48 28.1 19-23.4 155-17.31 2.3 8 150 o. 7· o. C8 o.~ C.3.. 0.07 8

.: i . • "~ ~...,-~' ~..: .

23 3 31 51.2 19- 2 3 • 2 1 =5- 1It • CJ 3.6 1.2 11 158 2.2 o. 17 0.7 1.1 0 •.11 C
23 3 53 22.8 19-12.4 155-11.1 4C;.8 2.5 21 214 16.6 0.28 1.4 2.4 0.14 C
23 4 16 56. C 19-14.5155- 2.4 31.1 2.1 17 240 1 t1. 1 0.20 1.6 1.5 0.10 C
23 4 23 15.7 1c;- 1 e• 9 1 55- 1 4 • 2 C;.9 1.3 13 206 5.8 o. 14 1.'0 1.2 0.11 C
23 8 46 53.1 1~-23.2 155-16.9 13.3 1.1 22 64 0.3 0.C4 0.6 (.4 0.12'8

tf • •



"J illIr

SU~~ARY OF SEISMIC E~ENTS CCONT I NUEO )

1971 .... R MN SEC LAT N LONG W DEPTt-t MAG NO G_P OMIN ERT ERH ERZ MD Q

SEP 23 8 50 17.2 19- 2 1 • 2 1 ~ 5- 1 3 • 5 12.8 10 160 2. 7 0.13 0.5 1.0 0.03 B
23 12 1 10.9 1c;- 2.3 • 2 1 ~ 5- 2 4 • 6 4.6 1.5 17 156 5.9 O.CC1 0.6 (.8 0·.15 C
2~ 12 14 6. 7 18-4~.7 1~5-15.8 8.0. 2.1 11 264 45.7 O.~7 3.1 0.17 0
2.3 13 4 40.6 lS-2f.8 1~5-11.3 e.o* 9 139 8.3 O. 16 1.5 0.20 C
23 13 34 1.3. 5 19-20.3 155-19.4 3.0 2.0 17 aq 3.4 0.(6 0.4 e.l 0 •.10 8

23 15 48 41.8 19-2~.1 155-1 1.1; 1.1 10 78 1. 3 o. (5 0.3 (.3 0.08 A
23 15 58 57. c; 19-24.2 155-11.9 1.8 1.0 11 82 1. 1 a.c] 0.2 (.1 0.06 A
~~ 16 27 13.3 1 fi- 8. 7 1 ~ 5-2 ~ • 8 2~.1 16 165 3.9 0.33 2.1 ~.7 0.19 Ct..J

23 16 35 10.6 19- e. 7 155- 25.1 33.1 2.0 25 173 5. 1 0.24 1.2 2.3 0.14 C
23 18 27 1.4 IS-21.1 1 ~5-21. 7 4.0 2.0 23 58 1.9 0.09 0.1 o.e 0.22 B

23 18 31 22.5 19-24.1 155-17.8 2.0 1.3 13 1;2 1. 1 C.(3 C.2 C.2 0.05 A
23 18 35 24.3 1 fi - 2 ~. 1 1 ~ 5- 1 4. 1 1.5 8 185 3.2 0.07 0.3 C.3 0.04 B

'-J 23 18 43 15.<1 1<1- 2 ~ • 6 1 ~ 5- 1 It. 1 1.7 9 1 76 3 0 0 0.19 0.7 0.6 0.08 B
\0 23 18 47 44.5 19-23.6 155-14.9 2.1* 9 173 2. 8 . o. CC; 0.5 0.09 C

23 21 2 31. 1 19-23.3155-14.5 .3.0 1.2 13 158 3.0 o. C5.. 0.3 C.7 0.01 B·

23 21 11 23.6 1~-25.5 1~5-14.41 8.0. 6 298 4.8 o•.39 2.5 0.09 0
23 21 47 26.5 1q- 2 3. 7 1 55-1 7 •.0 2.4 2.4 21 32 0.5 O.C5 0.4 C.1 0.16 B
23 23 41 5. 7 1 c; - 2 ~. 2 1 55- 1 5 • 3 3.3 1. 3 13 146 1.9 o. (1 0.5 C.8 0.11 B
24 o 37 13.8 lS-25.0 155-23.q 5.4 13 154 1.4 0.10 0.8 1.1 0.15 C
24 1 20 42.3 19- 2 3 • 3 1 5 5- 1 5. 1 4.4 1.2 12 152 2.2 0.14 0.6 1.3 0.10 C

24 1 38 lC.3 lS-23.7 1~5-14.a 1.0 10 166 3. 1 0.C8 0.3 (.3 0.09 a
24 1 43 6.6 1c;- 2 3. 7 1 ~ 5-14.6 1.3 10 181 3.2 o. C8 0.3 C.3 0.07 B
24 1 44 14.3 19- 2 3 • 4 1 55- 1 4. a 3.7 1.4 16 lOB 2.6 0.(5 0.3 (.6 0.08 B
24 2 2 21.5 1<;-23.5 155-14.7 1.7 10. 1 75 3.0 0.11 0.5 C.5 0.07 B
24 2 5 11.• a 19- 2 3• 2 1 ~ 5-1 5. 0 4.0 1. 1 12 149 2.1 o. 10 0.5 1.1 0.09 8

24 6 11 37.5 1~-21.4 155- 6.8 4.2 16 140 5.4 o. 13 1.0 1.1 0.19 B
24 6 45 33.5 lC;-23.4 1~5-14.a 1.4 10 160 2.8 o. 10 0.4 C.4 0.09 B
24 10 3t 48.5 1q - 2 1. 1 1 55 -12 • 2' 12.1 8 261 2.7 0.37 1.3 2.3 0.04 C
24 10 51 17.t1 19-2C.l 1~5-12.1 ~.5 11 196 4.4 0.27 1.4 2 •.3 0.11 C
24 12 3 10.2 19-1 e. 6 155-13. 1 S.O. 6 221 1. 1 o. 20 . 1.4 0.01 C





.. ...

SUMMARY OF SEISMIC E~ENTS CCONTIf\UEO)

1971 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN E~T ERH ERZ MD 'Q
SE p 25 1 46 45.4 lfi-23.6155-17.6 4.8 9 137 2.6 0.(8 0.6 e.7 0.10 B

25 1 48 41.~ 1t;- 2 :3 • 6 15 5- 1 7. 4? 2.4 1.6 10 137 2.5 o. 18 0.5 0.7 0.10 B
25 1 49 35.6 19-23.8 155-17.31 2.8 1. q q 1,35 2.2 o. CC; 0.8 1.6 0.14 B
25 2 2 22.4 lS-23.4 155-11.11 1.6 1.8 8 131 3.0 0.10 0.8 2.2 0.14 B
25 2 7 41.4 1~- 2 3 • 9 1 55- 1 8. 2 4.4 1.7 1 130 2.7 o. C8 0.4 0.8 0.05 B

~c: 2 <; 3.6 14i-21.6 155-13.8 C.2 2.1 10 1 t4 7. 0 0.37 0.8 C.7 0.14 CL.."
""~ 2 30 10.2 l'i-lt.2 1 ~ 5- 17. 1? f.O* 2.3 6 287 14.5 3.C7 18.3 1.01 0'-~

25 2 43 41 0 6 19-23.1 155-11.11 2.8 .1.4 1 145 3.6 G.22 0.4 C.8 0.04 B
25 2 49 16.4 1<;-23.2 1~5-15.81 B.O* 2.0 7 281 3.1 0.29 2.9 0.30 0
25 2 52 11.2 lS-22.0 155-11.01 ~.2 1. C 7 2 ~4 5.4 1$41 4.7 5.8 0.25 0

25 2 57 4C.4 lr;-23.5 155-11.6· 3.B 1.7 7 137 2.7 O.C9 0.5 1.1 0.06 B
25 3 1 38.0 19- 22 • 0 1 55- 1 3.71 C.3 2.8 20 125 6. 8 ' O. 74 1.6 2.6 0.43 C

00 25 3 10 52.1 lq-22.3 155-11.51 e.2 1.2 7 23q 4.6 O.t7 1.9 1.8 0.17 C
~ -~ 31310.G 1<;- 23.6 155-17.1 3.9 1.7 7 137 2.7 o. C8 0.5 1.1 0.05 BL,..."

25 3 15 53. 1 1~-23.6 155-18.0 1.9 1. 1 '7 200 2.9 0.15 1.1 c.a 0.01 C

25 3 23 4.5 19-23.6 155-11.81 2.3 1.1 8 135 2. 7 0 0 11 0.4 'C.4 0.06 B
25 3 26 54. 0 19-23.3 155-18.1 2.3$ 1.0 7 205 2.g 0.13 0.7 0.09 C
~~ 329 34.6 1~-21.9 1~5-16.6? S.O. 1.6 6 2t3 5.5 2.12 15.1 0.29 0('J

25 3 33 a.o 1c;- 2 3. 5 1~5-18. a 1.7 1. 5 8 137 3.0 o. 10 0.4 (.4 0.05 B
25 3 34 3~.c; lq-22.1 155-15.21 0.0 2.3 12 136 5. 1 1.~3 0.7 3.1 0.14 B

.... 1::; 3 43 50.1 1c; - 24 • 4 15 5- 1e. E l.e 2. 7 16 106 1. 0 0 0 20 0.7 C.7 0.20 1:3£..."

2: 3 4 7 5.6 1q- 22.3 155-1 1 .4 1.1 1.6 7 228 4.8 0.27 0.8 C.7 0.06 C
~c: 3 50 55.0 19-2~.3 155-1 7.1 4.8 1.5 R 141 3.2 0.07 0.5 0.6 0.01 B£.,.

25 4 1 9.2 19- 2 3. 1 155- 1 1. 1 4.2 2.0 12 135 3.6 o. C9 0.7 C.8 0.15 B
2~ 4 3 37.3 1~-23.4 155-11.51 1.6 1.5 10 140 2.9 o. 26 0.9 C.9 0.15 8

25 4 6 32.0 19-23.7155-18.1 C.8 1.2 1 134 2.8 2. (8 e.9 4.1 0.14 8
2~ 4 14 <;.0 19-23 .2 155~1 8.0 4.1 1.4 1 141 3.2 0.03 0.2 C.4 0.02 B
25 4 20 10.3 19- 2 3 • 6 1 ,~5- 1 7. e 3.5 1. 5 7 136 2.6 o. C6 0.3 C.9 0.04 B
25 4 24 12.<; 19-22. 1 155-1 5.2 2.1* 5 155 5.0 o. CC; 0.7 0.05 C
25 it 27 46. 8 1~- 2 3.9 155-1 7. 5 2.0 1.4 8 133 2. 1 0.C8 0.4 C.3 0.04 8



SUM,.,ARY OF Sf ISM I C.... EVENTS ICONT.INUEOJ o.

197.1 HR MN SEC LAT N LONG W DEPTH "AG NooGAP O~IN ERT· °e'AM ERl' MO Qr.:-- o.
SEP 25 4 29 14.4 1c;- 2 3. 6 155- 11. 6 3.9 1.6 7 137 2.7 O. (8 0.4 1.0 0.04 B

2~ It 31 48.2 1~-22.9 1~5-11.2 2.0* 1.3 5 240 3.1 0.07 0.4 0.02 0
·25 It 32 41.1 1q- 2~ ." 155- 1 1 • 6 1.2 1.6 9 140 3.0 0.21 0.9 (.9 0.16 B
25 4 37 48.2 19-23.0 155-11.6 1.0 1.0 1 227 3.1 0.46 1.4 1.3 0.16 C
2~ 4 38 3E.2 1fi- 2 5. 8 1 55-2 1 • It 4.1 1.1 6 140 3.6 0.11 0.6 2.3'0.04 B

25 4 40 41.4 lS-23.1 155-18.0 3.1 1.5 1 143 3.1 1.2 0.03 8
2~ 4 44 36.'i 1 c;- 2 ~. 2 1 55- 1 7. 9 3.f1 1.6 1 141 3.2 C.1 0.02 B
25 4 45 55.5 lc;-1~.2 155-19.4 8.0* 2.2 9 176 7.0 0.21 C
25 5 6 23.4 1~-26.4 155-22.1 2.8 1.6 6 166 4.2 0.08 C
2~ • 5 9 Itl.O 1~- 24. 2 155- 17. C 1.3 1. 5 8 129 1.3 0.12 8

"'tc; 5 24 4.3 19-23.3155-18.1 4.2 1.6 6 139 2.8 0.C8 0.4 1.0 C.03 B~.;

2~ 5 25 16.'i 1~-22.1 155-18.4 l.~ 2.1 q 158 5.8 0.34 0.8 1.2 0.10 C
00 25 5 30 19.9 19-21.4 155-18.91 6.3 2.6 6 169 1.2 4.C2 6.8 15.6 0.55 0
N

25 5 4C 3«;.1 19-23.3 155-17.4 2.3 1.5 7 141 3.0 0.24 0.8 ,.' 0.8 0.09 B
25 5 41 12.8 1c;- 19 • 5 1 55- 1 a. 0 3.5 2.0 8 155 8.4 o. 12 0.8 1.2 O.Oq B

25 5 44 45.1 1~-25.5 155-16.2 2.6 1.3 7 132 1.8 0.10 0.8 1.7 0.08 B
25 5 58 14.3 1~- 22. 9 1 ~5-1 5. :3 0.5 1.<1 11 150 6.2 0.60 1.2 1.1 0.20 B
25 5'59 12.1 19-24.2 155-.17.4 4.4 1.5 6 149 1.4 0.15 0.9 1.2 0.05 B
2~ 6 15 4«;.2 1c;- 25. 2 1 ~ 5- 2 3. e1 c.o 1. 8 9 134 7. 7 0.69 1 .1 1.3 0 • .18 8
25 6 22 1.4 19-23.6 155-17.11 C.9 1.6 8 135 2.7 0 .• 22 1.5 3.3 0.21 C

25 6 30 l.3.t 1s- 2 ~. 1 1 5 5- 1 1. 5 1.2 1.5 8 121 1.0 0.12 0.7 C.5 0.14 B
25 6 33 21.2 19-2 o. 8 1 55-1 o. 4 19.0 2.5 12 157 2.5 0.32 2.3 3.8 0.26 C
2~ 6 56 25.2 1~-12.1 155-11.5 36.8 2.4 15 198 18. 7 0.35 1.7 3.5 0.18 C
25 6 .59 25.2 1~le.7 1!5-1S.6? B.C. 5 265 8.7 .. 0.35 4.5 ....:,.. 0.19 0
25 1 5 32.8 19-23.3155-18.2 . 3.5 1.5 6 203 2. 80' 0 0 • C5. 00 • 2 ': . 0::::5' 0 ~ 01 B

'.:..........::....: ..:.:.

25 7 8 24.9 19-22.9 1~5-19.6 2.4 1.1 7 194 1.4 0.10 0.6 1.5 0.05 8
25 7 22 29.5 19-21.5 155-20.21 0.0 2.0 10 144 4.2 2.24 1.1 1t.3 C.22 C
2~ 1 23 53.8 1«;-24.6 155-11.1 3.1 1.6 8 139 0.5 O. 11 0.8 C.9 O.Oq B
2~ 7 35 35.ti lq-2~.5 155-17.51 (.9 1.3 9 138 2. B o. 20 1.3 3.0 0.21 C
25 7 36 0.6 lq-22.9 155-11.41 c.a 1.4 8 147 3.1 2.82 1.4 1(.7 0.21 C

• • • t.



• ~

SU~MARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC lAT ~ LONG W DEPTH'MAG NO GAP DMIN EPT ERH ERZ MO Q

S EP 25 1 40 13.2 1S-22.0 155-19.11 2.4 2.1 7 151 6.6 0.41 2.1 4.8 0.19 C
25 8 3 34.1 19-23.6 155-17.91 2.4 1.1 10 136 2.9 0.26 0.8 (.9 0.15 C
~t:: E 12 c;. 3 1Cj- 25. a 1 55- 2 3. 3 4.2 3.0 6 109 8.8 0.16 1.4 2.2 0.12 B~."

25 9 32 14.5 19-1~.3 155-1~.2? C.O 2.3 15 151 7.4 o. Itq 0.8 C.9 0 • .11 C
2~ 10 16 31.5 19-22.6 155-2 G. 0 5.1 2.2 1 139 6.6 O. (8 0.9 0.6 9.08 8

2~ 11 24 58.~ 19-17.6 155-1<1.4 3.5 1.7 12 lC;5 8• .3 C.le o.e; 1.0 0.15 C
25 12 29 34.0 lS-lS.9 155-19.• 1 4.0 2.1 16 143 1.0 o. C8 0.6 C.6 0.15 B
.2.5;·;,··q 2 53 59.2 1~-18.3 1:5-1~.~? c.o 3. C 20 152 6. 8 00 37 0.8 e.7 0.22 C
25 13 35 8.0 19- 2 f • 2 1 55-2 6 • 2 C.7 2.3 13 115 8.3 0.26 0.4 (.4 0.09 B
25 13 37 35.4 1c;- 2 t. 6 155- 2 1. 3 C.3 2.4 10 142 9.3 0.45 0.9 C.7 0·.16 B

25 13 39 30.5 1<3-24.4 155-24.3 6.9 3.0 14 102 1.9 0.14 1.1 (.9 0.21 B
25 13 56 6. 7 1<1-20.8155-19.8 t.3 1.9 9 154 5.3 o. 08 0.7 c.s 0.09 B

(X) 25 14 47 25.2 1c;- 1 t. 5 155- 1 6 • 5 1• .1 1. 8 8 162 15.6 1. 22 0.7 4.5 0.09 C
w 25 15 42 40.5 19-19.9 155-19.0 3.8 2.3 16 143 7.2 o. C9 0'.6 C-.1 0.15 B

25155029' •.3 1ti- 2 ~ • 1 155-2 5. 51 c·.o 1.1 9 16 9.4 o. ga. 1.3 20.9 0.24 B

2~ 16 25 45.6 1<;- 2 5 • 3 15 5- 2 1 • 2 6.1 2.4 13 122 4.3 o. 11 1.1 ·C.9 0.23 C
25 17 o 34.5 19- 22 • 6 1 55- 2 O. 5 ? c.o 1. <; 1 130 14.1 1 • .10 2.4 1.8 0.30 C
25 11 42 43.8 1<1- 2 5 • 2 1 55-2 3 • (:: 4.7 1.8 7 2 ~l 6.7 O.t3 3.5 2.8 0.20 0
2 ~ 19 7 56.7 19-1~.6 155-19.0 1.5 2.0 16 172 1.6 0.32 0.8 1.1.0.15 C
25 19 25 4~.4 1s- 2 C. 9 1 ~5- 21. 6 5.<; 1.8 7 143 ,. 3.3 00 C6 Oa1 0.5 0.01 B

2.51<1383<;.3 1 c;- 2 C. 6 1 55-2 0 • 8 4.5 1. a 6 214 4.4 O. 13 0.7 1.2 0.02 B
25 20 16 32.6 1<;.- 21. 1 155-19.5 S.O. 1. 7 7 213 4. ~ O~ 34 2.7 0.11 C
25 20 26 26.1 lq-23.6 155-25.2 1.7 2.0 14 69 1.0 0.28 0.6 (.9 0.14 9
25 20 43 45.7 1s- 21. 1 155~ 19. 1 8.0* 1.5 6 239 4.9 0.65 4.3 0.18 0
25 20 46 12.2 19-20.0 155-19.2 e.O$ 5 258 6.9 1.10 6.<; 0 .• 15 0

25 20 Sg 4.8 1<;- 1~ • 7 1 ~ 5- 1 9 • 2 4.0 2.0 16 148 7.2 0.11 0.7 0.8 0.15 B
25 21 3 20.4 1~-20.7 155-21.0 6.9 1. 7 8 1 74 4.1 0.23 1.8 1.2 0.16 C
25 21 36 3.C 1c;- 21. 2 155- 19. 7 2.4 1.5 1 209 4.6 0.47 2.5 1<;.9 0.14 C
25 21 56 20.2 19-14.2 155-11.0? if.O. 2.0 6 318 15.7 1. 10 9.4 0.23 0
25 21 59 23.5 lC;-24.6 1~5-24.0 8.0* 1.7 6 195 1.7 O. 10 0.1 0.01 C



SU~~ARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC LAY ~ LONG W DEFTt1 MAG NO GAP DMIN E~T ERt1 ERZ MO Q
SEP 25 22 6 0.6 19- 2 it • 6 1 55-23. 1 s.a. 1.9 6 175 6.1 0.16 1 .2 0.11 C

2~ 22 19 58.8 19-23.3 155-23.1 8.0* 4 174 5. 7 0.0 0.01 0
2: 22 21 lC.7 lti-23.6 155-27.0 0.6 2.2 10 86 9.0 0.38 0.6 e.7 0.11 8
25 22 30 49.«; 19-23.9 155-21.2 C.5 1.4 10 146 <;.6 0.13 1 •.3 1.3 0.19 C
25 22 31 31.5 19-23.q 155-26.1 2.4 2.4 13- 114 8. 5 0.10 0.6 1.1 0.15 B

25 22 31 46.6 1~-23.6 155-21.1 2.8 1.4 10 144 fi.l 0.23 1.1 2.1 0.25 C
25 22 41 59.4 1q-22.8 155-24.'7 '1.3 3.2 14 99 5.3 O.Cq c.q e.1 0.16 B
25 22 44 <;.5 19-23.5 155-21.21 0.8 1.9 10 144 9. 1 0.44 0.8 C.8 0.13 B
25 22 48 41. a 19-21.6 155-22.4 1.3 1.9 10 126 3.0 0.39 1.4 1.7 0.24 C
25 22 58 IB·.9 1~-21.0 155-21.4 3.2 1.5 1 189 3.6 0.19 1.1 2~9 0.08 C·

,', .. ,

25 22 59 5l1.3 1~-l 7.8 155-19. 1 a.o· 5 240 7. 7 0.43 2.7 0.10 0
2: 23 2 13.3 lfi-22.7 155-23.1 1.5 1.8 12 159 4.7 0.41 1.0 1.3 0.24 C

CX) 25 23 5 2~.a 1s- 2 3. 3 155- 2 6. 1 3.3 1.9 11 126 7.4 0.15 1.2 1.6 0.20 C
+' 25 23 1 45.5 19-19.1 155-16.31 e.o* 1.8 6 281 10.4 0.61 4.2" 0.33 0

25231828•.3 It;-24.2 155-24.«; C.9 2.2 12 72 8.0 O.4Q 1.0 0.8 0.21 B

25 23 26 52.6 19-20.4 155-2 0.2 C.6 1. q 11 134 5.4 1. ~c; 0.6 3.0 0.10 B
25 23 2g 5C;.3 19- 2 a•6 1 55- 2 o. a 6.2 1.9 9 129 4.5 0.C4 0.4 0.4 0.06 B
25 23 36 22.C; .lC;-21.4 1~5-22.5 't.l 6 164 2.6 0:»40 2.4 ~.4 0.14 C
25 23 44 6.5 19- 20 • 4 155-2 C• 5 1.1 1.8 8 155. 4.9 o.~o 1.4 1.9 0.15 C
25 23 46 33.g 1~.- 2 1. 6 1 55-2 2 • 3 3.0 1.9 6 135 3.2 0.24 1.2 1.2 0.12 C

25 23 48 C;.5 19-20.4 155-22.01 c.o 1.9 9 146 7.2 1.32 2.4 2.4 0.-38 C
25 23 51 1 C. 1 lC3-2t.2 155-25.9 1.2 2.4 16 76 8.0 0.30 0.6 1.0 0.16 B
25 2.3 56 4.4 19- 1f1. 1 1 55-1 9. 3 1.1 1.9 11 171 1. 3 o. ~3' 1.4 3.5 0.28 C
25 23 57 29.4 1~·-20.8 155-21.0 4.6 1.9 6 148 4.2 O.C7 0.3 1.0 0.03 8
26 0 8 21.8 19-22.1 155-22.f 3.2 2.0 9 141' 3.8 O.l()- '·1.0 1.4 .0.15 8

. ;", ~::._......

2~ a 21 44.6 lfi-20.6 155-20.6 6.9 1.9 . 9 152 4.7 0.01 0.6 0.5 0.07 8
26 o 2.3 54.7 1q- 2 C• 8 1 55-2 C. 3 2.2 1.1 7 152 5.3 0.04 0 •.3 0.6 0.03 B
26 C 21 30. 1 19-21.9 155-23.31 3.0 1.9 10 117 3.1 0.11 1.6 2.2 0.27 B
2c o 2 q 56.6 19-18.2155-2C_.8 1.2 2.2 10 182 10.9 0.22 1.1 1.3 0.24 C
26 o 52 43.4 1~-2C.4 155-2C.41 C.9 1. Cj 9 155 5.0 3.23 1.6 12.3 0.24 C

• •



'"
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SU~~ARY OF SEISMIC E~ENTS (CONTI~UEDt

1911 HR MN SEC lAT N LONG W DEPTH MAG. NO GAP DMIN ERT ERH ERZ ,MD Q

SEP 2 t 1 a 45.3 19-15.6 155-19.61 0.0 2.0 14 171 10.1 0.23 0.6 (.4 0.12 C
2t 1 l; 33. C; 19- 2 t • 9 1:5-2 6 • 6 C.9 2. 1 14 73 7.9 0.30 0.5 C.6 0.13 B
26 1 21 5.6 19-20.2 155-2C.4 C.2 2.1 11 133 5.1 3.CO 1.1 5.1 C.lq C
2t:. 1 28 36. 1 19-22.6155-14.6 c,.a 2.0 9 153 6.0 0.41 .1.0 1.6 0.13 C
26 2 8 10.0 19- 1.6 155-20.61 45.5 2.6 14 236 13. 2 O. <;2 4.0 fi.4 0.39 0

2~ 2 27 42.2 lE-31.8 155-20.01 8.0* 2.8 5 3 56 '78.4 7.44 0.0 3.00 0
26 2 .3 6 44. <; 19- 23. 7 1 55- 2 5. 1 C.4 1. 7 9 143 7. 2 00 :3 l.e C.9 0.14 8
26 2 3'1 33.2 1~-15.5 155-21.01 c.o 2.0 11 165 c;.6 5.44 0.9 1(.3 0.16 C
2t; 2 55 25.'-; lC;-2~.3 155-25.4 1.8 1.8 10 182 7.4 0.26 0.7 C·.9 0.• 11 C
26 2 56 41.8 19- 2 3 • 2 15 5- 2 4 • 4 2.4 3.4 15 18 5.8 o. 11 0.8 1·.2 O.lQ 8

2t= 2 58 23.7 1~-21.6 1~5-25.11 f.O. 2.c; 4 3 54 1 0.2 0.0 0.07 0
26 ·3 o 12.5 19-21.3 155-22.9 8.8 2.0 11 111 2.1 0.13 1.5 2.4 0.24 B

ex> 2t 3 4 8.3 1q - 2 1. b 1 S5- 1 <1. 4 2.4* 1.3 7 163 4.0 o. C9 0.5 0.08 C
V'I 26 3 4 54.8 lc;-21.3 .IS5-2e·.71 1.1 1. 6 9 143 4. 8 . c. ~3 2.5 3,.2 0.32 C

2t 3 12 3.0 1~-16.2 155-22.5 8.0* 9 165 7.4 0.2,0 1.6 0.23 C

2c 3 25 24.1 1~-23.4 1~5-2~.O? 2.3 2.2 15 67 6.5 o. 18 1.2 1.6 0.30 B
26 3 27 33. 7 lC;-26.3 1 ~5-24.4 8.0* 6 185 6.7 0.25 2.0 0.16 C
2t 3 3t 36.7 1~- 1t:. 3 155- 21 • 81 c.o 10 157 1.6 0.30 1.5 1C;.6 0.26 C
26 3 54 19.2 19- 2 1. 5 1 5 5- 1q • 5 4.5 1. 8 5 164 4. 1 0.0 0.01 0
2t 4 4 24.4 lS-2it.2 155-24.8 4.4 2.0 9 143 1.9 0.21 1.6 2.3 0.20 C

2t 4 11 39 0 6 1~-23.8 155-24.11 C.5 1. 8 11 134 6.9 o. <;0 1.8 1.6 0.31 C
2l; 4 23 517.3 19-23.5 155-22.01 0.0 1.3 7 149 4. 1 0.15 1.4 1.4 0.20 B
2t 4 33 41.9 19-15.3 1~5-1~.81 c.o 2.5 18 159 11. 0 0.28 0.1 C.5 0.17 C
26 4 47 38.3 lq-15.8 155-21.4 8.C· 6 164 8.7 0.20 1.9 0.15 C
2t: 4 55 2,3. 5 1~-lE.8 155-23.01 C'.4* 2.2 10 131 6.2 o. 11 0.9 0.11 C

2t; 5 37 55.1 19-23.8 155-21.0 3.3 1.4 8 163 12.7 C.23 1.9 2.4 0.21 C
2t 5 59 45.0 1<1-23.'9 1 ~5-2 7.2 4.0 2.0 q 166 12.9 0.22 1.1 1.8 0.22 C
26 6 18 2.0 19-11.9 155-21.21 e.O$ 2.5 7 283 21.2 1. SC; 11.0 2.55 0
2t 6 28 3.4 1~-11.1 155-24.9 9.8 2.4 6 14'3 3.4 0.28 3.9 4.7 0.22 C
26 8 15 11.0 1fi·- 1f. 5 1 ~ 5-2 2• q f.e. 6 148 6.9 o. 18 1.9 0.14 C



SUMMARY OF SEISMIC EVENTS (CONTINUEO)
-

1971 HR MN SEC
SEP 26 8 22 57.5

2t; C; 28 14.5
26 .12 41 11.4
2t; 15 16 46.6
26 15 35 18.3

LAT N LONG W
19-11.6 155-23.11
19- 1,4. t 1 55-2 C. 71
1<1- 14. 5 1 55- 2 1. 1
19-22.1 155-22.71
lq-23.9 155-24.51

DEPTH MAG
3.9 1.6
C.O 2.0
C.4 2.3
1.3 2.6
C.O 2.5

NO GAP OMIN
10 154 4.9
14 168 11.0
12 168 10. 4
10 108 3.6
14 1 00 7.1

EPT
0.13
6.20
0.43
0.42
0.60

ERH ERI MO Q
1.2 1.0 0.16 C
1.3 11.5 0.23 C
0.8 C.8 0.15 C
1.5 1.8 0.26 B
0.9 1.1 0.22 B

2t 15 SCi 33.S
26 17 42 52.3
26 17 41 26.6
2t. 2'3 9 56.4
27 1 6 57.2

It;-25.5 155-27.4
lq-23.5 155-23.~1

lq-13.4 155-20.11
1~1~.9 155-19.91
19-1~.4 155-2C.6?

2.0
C.O
C.O
0.0
e.1

2.1

3.0

1. g

11 152 1 0.6
6 195 6.2

18 164 8.8
9 223 7. 7

14 183 5. 8

O.~9

1.12
0.77
9.03
o. tZ

1.2 2.0 0.20 C
3.0 15.4 0.20 C
1.2 1.4 0.26 C
2.111.0 0.22 C
1.5 2.0 O~21 C

co
0\

21 2 42 40.3 19-21.6 1~5-24.0 1.0 1.6
27 2 54 5 8 .3 1«;-2 1. 7 I!5- 2 3. 5? ,1 .4 2. 2
27 4 34 51.6 'l~-2C.2 155-20.1 3.9
27 5 44 50.6 19-14.6 155-20.5 1.8 1.7
21 7 2 8.1 19-15.0 155-20.5 C.3

12 62 2.9
15 49 2. 8
12 14 4.1
14 162 '7.0
12 171 6.4

0.10
o. C9
0.09
0.52
O.~6

0.9 c.a 0.19 8
o.a C.9 0.21 B
0.1 C.9 0.11 8
1.2 "1.9 0.25 C
1.5 1.3 0.25 C

27 7 25 '36.8
21 9 16 51.2
27 q'44 22.3
27 11 40 21.1
27 12 38 3~.3

1 C1- 1 t • e 1 55-2 3 • 4
19-22.5 155-1~.5

lS-15.a 155-22.1
1<;-15.0 155-2C.9
lC;-18.2 155-12.5

C.7* 2.3
1.1 1.3
2.9 2.4
6.1 1. c;
6.8 1.7

e 181 6.3
8 96 2. 3

13 144 7.3
13 154 6. 7
12 159 8.4

0.20 1.3
0.27 1.0
0.14 1.2
0.C80.1
0.12 0.9

0.15 C
1.1 0.18 B
1.7 0.24 C
(.6 0.12 C
C.,1 0.16 C

1.7 1.7
2.2 2.3
0.5* 2.1
6.0 1. 5
1.0 1.6

2.5 3.8 0.14 C
2.0 11.2 0.20 C
1.0 1.7 0.12 B
0.9 1C.2 0'.21 C
0.5 C.1t 0.06 A

0.30
9.(8
o. 11
5.41
0.C6

It. 1 O. 17
7.4 0.19
8.0 0.10
It. 3 O. 13
4.7' 0.,20

7 211 5. 8
9 215 10.4
8 135 6.9

15 146 1.1
8 118 4.0

9 117
12 147
11 1 ~9

9 121,
1 164

1.5
1.11
1.2
1.9

e.3
0.0
3.0
0.7
5.3

lfi-1S.O 155-23.2
lq-15.5 155-22.0
19- 1 ~ • 2 1 55- 2 2. 1
19-22.4 155-24.1
19-22.7 155-22.7

lCj-18.1 1~5-14.9

19-12.3 155-18.41
1 t;-l f. 5 155-22. e
19-15.6 155-21.9
1~-2C.6 155-19.6

21 16 0 58.C;
27 16 16 30.8
27 16 42 O.f
27 16 59 a.v
27 11 3 4C.3

27 14 2 41.2
21 14 11 8.1
21 14 30 4S.t;
21 '15 9 30.6
21 15 53 52. 8

, • • •



~ •



SUMMARY Of SEISMIC E~ENTS (C8NTI~UEO)'

1971 ~R MN SEC LAT ,~ LONG W DEPTH MAG: NO GAp·· DMIN ERT ERH ERZ MO 0
SEP 28 It 4 5.3 19- 20. 8 1 ~ 5-1 e. 1 f.l 1.0 8 15 1.1 0.14 0.5 1.2 0.06 A

28 4 5 15.8 19-15.1 155-21.5? C.O 1.8 14 141 6.5 6.~5 0.8 12.2 0.18 C
28 4 C; 24.7 19-23.1 155-23.51 C.O 2.1 13 156 5.4 1. ~9 0.6 3.0 0.13 C
28 5 lq 47.7 1c;- 1 t; • 6 155- 1 c; • 2 t.2 1.5 8 117 3.3 O. 12 0.1 c.a 0.08 A
28 6 1 17.7 is-12.a 155-21.4 4.5 1.5 11 182 10.7 0.17 1.1 1.1 0.15 C

28 7 21 16.0 1c;- 13.1t 1 ~ 5- 2 1. t? c.e 1. ~ 15 167 q.9 5. 16 o.q 1C.9 0.18 C
28 1 23 17.0 lq-25.8 155-24.11 8.2 2.1 .11 115 6.9 5.18 2.5 18.9 0.41 0
28 q 26 42.6 1t;- 17• 5 1 ~ 5- 1 5 • 1 7.5 1 216 6.3 0.36 2.8 1.1 0.17 C
28 10 9 12.7 19-14.6 155-21.8 e.l 2.6 20 155 8.4 0.38 0.8 e.1 0.20 C
28 12 42 7.7 lc;-20.0 155-1'1.2 7.0 1.8 8 109 3.2 0.13 1.0 C.9 0.14 B

28 13 7 40.4 lc;-20.3 155- 8.2 4.6 2.1 11 163 4.5 C.13 1.1 1.0 0.11 C
28 14 47 lC;.l 19-14.6 155-22.4 3.5 1.8 10 176 8.2 o. ca. 0.7 1.0 0.09 B

(X) 28 17 34 2f:.8 1~-15.0 155-22.C? c.e 2.0 13 150 a.1 6.32 0.9 12.0· 0.20 C
(X) 28 17 53 39.9 lQ·-lS.O 155-21.9 8.0- 11 168 7.9 0.10 0.9 0.13 C

2S 18 7 6.1 1~-l~. 6 155-12.8 7.6 1.3 13 1~7 5.3 0.09 o.q C.6 0.10 8

28 19 17 13.1 19-20.3 155-1'7.1 2E:.5 1.8 11 73 0.6 0.17 1.0 1.1 0.12 B
28 20 33 17.0 1~-2C.6 155-1q.1 1.8. 7 104 4.1 0.06 0.4 0.08 C
28 23 C 0.2 1<;- 14. 7 1 ~ .5- 2 1 • 7 c.a 2. 3 19 166 a.2 o. 44 1.0 c.a 0.22 C
2<; o 58 47.5 19-14.5 155-21.71 c.o 2.0 13 173 e.2 0.59 1.2 1.1 0.20 C
29 1 38 4E.3 lq-14.2 1~5-21.31 c.o 2.5 14 1 72 8.4 5.49 0.8 10.4 0.15 C

2<; 2 o 18.5 19-13.6 155-22.21 0.0 10 179 C;.4 6.15 l.e 12.9 0.14 C
2<; 2 6 3.6 1~- 12 • 8 155- 2 1. 2? 0.0 2.4 14 It;.3 10•.5 5.33 0.9 lC.1 0.16 C
29 2 13 22.2 19-13.2 155-21.41 0.0 2.7 21 180 lC.l 0.31 o.q (.6 0.21 C
29 3 1 6.5 19-14.6 155-21.91 0.0 2.2 18 155· 8.5 0.35 0.6 . 0.6 0.13 .C
29 4 l~ 55.3 19-14.5 155-21.9 S.O. 1.3 8 171 8.5 0.20 1.8 0.19. C

2C; 4 25 22.a 1';-15.<; 155-2C.9 3.1 12 1 "9 5.5 0.13 1.0 1.5 0.18 8
29 4 41 45.4 1S- 13. 8 1 55-2 1. 3 ? 0.0 2.5 21 165 -;.0 0.31 1.0 0.1 0.22 C
29 4 58 2.0 1·Q-15.9 154-56.1 43.7 2.1 21 234 13.1 0.43 2.2 2.9 0.12 C
2~ 6 10 56.8 1c;- 12. it 1 55-1 8. 5 C.2 2.5 21

c
1 74 10.3 0.34 0.8 C.6 0.24 C

29 6 lq 58.4 1~- 1 3. 0 1 55- 2 1. 4 ? 0.0 2. 1 18 162 10. 4 4.29 0.1 e.l 0.15 C

•
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SU~MARY OF SE ISM Ie ;EVE~TS (CONTINUEot

1971 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMt N ERT ERH .. ERI ;MO Q
SEP 29 6 26 32.4 lS-13.4 155-18.6 3.4 13 119 8.3 O.lQ 1.1 . 1.2 0.20 C

2Ci 6 3<1 6.1 1(j-12.5 155-21.51 c.o 2.0 12 1q5 11.2 6.63 1.2 12.6 0.18 C
2Ci 7 C 16.6 1~- 22. 6 1 55-2 4. 2 6.9 2.1 22 66 4.6 0.07 0'.6 C.5 0.19 B
2,9 8 q 30.5 19-22.4 1~5-22.2 5,.5 1.2 8 146 4.5 0.26 1.5 2.2 "0.19 B
2Ci 8 40 18.0 19-19.8 155- 1.9 3.4 1.8 15 111 5.~ 0.1'5 1.1 1.1 "0.21, C

~

29 10 16 21.t 1 s- 15 • 4 1 55-2 2. 1 .3.1 2.3 14 147 7.7 0 0 C7 O,~6 C.8 0.11 e
2g 12' 3 2 0 0 1<;-18.9 155-14.3 3.5 2.4 16 174 5.8 0.17 1.0 1.4 0.24 C
,.,c 16 7 24.2 1~-21.6 1~5-23.3? s.o 1.9 12 111 2.6 o.c~ 0.6 C.5 0.10 B£ ~

29 16 38 38.5 1q- 16. 3 1 ~ 5- 2 C. 8 ~.o 2.2 18 lit'1 ,4.9 o•.09 0.1 (.6 . 0.15 B
2S 18 34 15.~ 19-23.2 155-25.6 6.8 1.• 4 16 123 6.8 0.13 1.0 C.9 0.22 C

29 1'1 43 8.8 1~- 1<i. 2 1 ~ 5-14. e 2B. e 1.4 18 164 4.9 o. 14 0.9 1.3 0.09 B
2<; 19 50 52.3 1 c;- 16.1 155-22.41 0.0 2.0 17 140 7.5 3.15 0.6 7.1 0.13 C

(X) 2'1 19 5~ 4.5 lq-lt.2155-22.8 C.6* 14 131 6.8 0.C8 0.7 0.15 C
\0 2<; 22 13 14.6 19-14.4 155-22.3 C.1* 1.8 12 154 8.6 o. 10 0.8 0.16 C

2<1 22 19 53.6 1~-21.6 155-22.91 7.5 15 1 06, 2.6 o. C8., 0.6 '. e.l O~16 B
" "~:.. ":; .': '.

2C; 22 26 56.1 19-15.4 155-20.3 2.7 3.1 24 153 5.6 C.12 0.1 c.q 0.19 C
29 23 27 1<;.0 1Q-lt.O 155-21.21 3.5 1.7 17 147 5.8 1.48 0.7 5.5 0.11 C
30 11152 •.3 1~- 3 C. 8 1 ~5-4 1. 7 1. 7 2.2 20 107 23.1 1.33 0.8 4.8 0.14 B
30 1 16 25.CJ 19-24.9 155-24.11 5.5 1.8 11 76 8.6 0.15 C.9 2.8 0.22 C
3C 1 22 25.3 1<;-20.6 155-19.~ 3.1 8 100 3.8 0.13 0.3 2.3 0.05 B

3C 1 22 28.6 19-1t.8 155-21.7 e.1 2.3 12 leS 6. q 0.42 0.9 (.8 0.13 C
3C 1 34 55.2 19-1t.9 1:5-2C.81 3.9 11 158 4.3 O. 11 0.8 C.q 0.11 C
30 1 42 5«;.5 1~- 1 t • 4 1 55- 2 C• 0 1.8 1. 7 16 163 3.8 1 0 19 0.1 4.4 0.17 C
30 l' 50 41.4 19-17.0 I5S-2e.5 6.1 1.-5 12 160 3.7 O. C9 0.7 e.7 0.12 C
30 2 21 18.6 lS~lt.1 155-22.5 €.O* 1.5 1 135 6.5 0.21 2.1 0.27 C

3C 2 31 35.4 1<;-11.8 1~5-22.0 8.0. 1.3 9 166 5.0 0.14 1.1 O. 1.3 C
30 2 48 28. 2 1~-14.0 155-21.41 0.0 2.8 23 1 ~8 8.8 3.89 0.8 7.3 0.19 C
.30 3 1 30.5 1~:-22.3 155-25.2 1.7 16 118 5.0 O. E3 0.7 2.3 0.23 8
30 3 40 12.0 19-14.0 155-21.4 0.3 2.4 22 159 8.8 0.44 o.a C.8 0.18 C
~o 3 43 21.6 1~-25.2 IS5-2e.l? 7.1 2.2 23 63 12.0 o. C8 0.6 C.6 0.17 B



SU~MA~V O~~SeISMJ( ~~E~TS (CONTI~UED)

1911 HR MN SEC lAT N ,LONG W DEPTH MAG N'D GAP OMIN ,ERT ERH ·ERZ MO Q
SEP 30 3 47 25.8 19-12.4 1~5-19.1 8.0t 1.8 7 230 10.2 0.23 1.9 0.01 0

30' 4 22 C.2 1<;- 1e. 1 155-1 3. 6 8.0. 1.6 8 214 7.1 0.22 1.6 0.13 C
30 4 46 16.1 1c;- 14. 8 15 5- 2 2. 1 e.o. 1.2 9 leo 8.5 Oca 11 1.0 0.11 C
30 It 51 5(.1 19-20.2 155-1.5 8.0* 2.0 10 164 5.3 0.13 1.3 0.16 C
30 ~ 14 3e.5 19-21.~ 155-22.11 8.3 14 104 1.7 0.10 1.0 0·.8 0.19 B

3C 5 1<1 41.2 lS-lS.5 155-21.11 2.3 2.7 24 151 6.3 O. 11 0.7 C.8 0.20 C
30 5 57 5S.2 1'1-16.4 1.55-21.6 4.9 1.1 17 142 5.9 O. C6 0.6 C.6 0.12 B
30 6 36 26.8 lC;-15.9 155-20.8 8.0. 1.8 11 181· 5.3 0.13 1.2 0.16 C
30 7 12 33.1 1r 1e• 0 1 ~ 5-1 It. 6 S.O. 1.1 15 188 6.3 0.13 0.9 0.13 C
30 8 9 31.6 19-14.1 155-22.11 0.0 '2.4 20 153 ,8. 7' 3.16 0.1 .1.1 0.18 C

. "

3C 8 11 58.9 lfi-21.2 155-11.1 32.2 2.6 24 qq 2.1 0.20 1.2 2.0 0.16 B
30 8 37 14.7 1q- 1It.9 1 55- 2 1. 8 c.a 2.4 24 15.3 9. 1 o. 31 0.6 C.6 0.17 C

'D
3C 9 14 56.3 1<;-14.4· 155-21.51 0.0 2.5 19 156 8.4 4.26 0.1 a.o 0.18 C

0 30 10 54 47.1 19-20.3 155-1c;.9 c.1 1.7 13 86 . 4.5 o. C8 0.6 e.7 0.13 B
30 12 48 ti.8 19-11~5 155-16.6 27.2 11 207 3.1 0.20 ' 1.1 1.6 0.09 C

3C 12 50 56.2 19-19.1 155-1~.1 5.1 2.~ 20 143 4.4 0.12 0.8 C.7 0.22 C
30 16 4 25.9 1q-14.6 155-22.41 0.0 2.2 16 151 e.2 4.25 0.6 e.o 0.12 C
3C 17 32 3S.4 1c;- 18. 6 1 55-1 3. 1 c.o 2.1 18 1 a1 7.2 0.72 1.2 1.2 0.28 C
30 17 44 27.2 19-14.0 155-21.~1 c.o 2.5 22 151 9.3 4. 33 0.1 8.2 0.19 C
30 17 46 29.3 19-14.2 155-21.61 0.0 2.7 23 157 8.8 3.~O 0.6 6.8 0.15 C

30 18 49 .28.c; 1c;- 14 .3 155-21. 3 C.8 2. 5 28 157 e.2 o. 42 0.8 C0 8 0.23 0
30 19 9 2.0 19-17.9 155-12.9 8.0* 10 236 8.5 0.44 2.9 0.27 0
~c IG 11 31.7 :1 9- 14. 6 1 ~5- 2 2. 0 C.2. 1~8 12 180 8.6 0.13 0.9 0.16 C
30 21 2 7 19. 9 19-15.3 155-20.41. c.o 2.4 22 167 10.4 3.C8 0.6 5.8 e.15 C
3C 21 28 24.2 19-15.3 15.5-1 fi~ 81 0.0 3.8 . 11 155 10.9 0.78 z.~ .'1.4 0.35 O·

3C 22 45 31.5 19-16.4 155-2C.6 2.5 2.'0 19 147 4.4 O.CC1 0.6 1.2 0.16 B
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Figure l.--Plot of epicenters in Lue Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Table 3. Felt earthquakes

Date Time
H M S Magnitude Felt report

Jul 2 17 26 04.511 4.5 Hila, Kamuela
3 09 16 15.5 3.8 Hilo, Volcano, Pahala
5 00 16 44.5 3.3 Hilo
7 20 16 48.5 4.1 Island-wide
8 19 36 10.6 2.9 Captain Cook

25 13 36 30.1 2.2 Kapapala
26 15 08 50.5 3.1 Kapapala
28 20 15 09.7 3.4 Hilo, Kurtistown, Kapapala •
30 17 23 32.0 2.6 Hawaiian Volcano

Observatory
Aug 1 01 38 23.3 3.6 Kealakekua ..I

3 14 09 14.9 3.8 Volcano, Hilo
4 01 36 44·7 4.2 Kealakekua, Kamuela,... Kohala, Kapapala
5 18 14 28.6 2.8 Kapapala
9 13 55 36.7 1.8 Hawaiian Volcano

Observatory
9 14 25 50.9 2.5 Hawaiian Volcano

Observatory
10· 08 12 26.3 3.0 Volcano
10 12 39 16.9 2.5 Hawaiian Volcano

Observatory
11 02 50 47.9 3.0 Kealakekua, Honokahau,

Kainaliu
11 04 22 14.9 2.9 Hawaiian Volcano

Observatory
12 04 20 25.8 2.6 Volcano
15 15 36 07.9 4.9 Island-wide
15 22 18 37.4 3.9 Hilo, Volcano, Pahoa,

Kurtistown, Kapapala
18 17 38 52.1 2.4 Volcano

Sep 1 05 37 10.3 2.5 Kapapala
6 20 46 25.1 1.8 Hawaiian Volcano

Observatory .-
7 19 56 07.3 3.7 Hilo, Volcano
9 09 25 08.9 2.6 Hawaii National Park

11 16 00 34.1 3.1 Volcano •
26 02 56 47.8 3.4 Hilo, Kapapala
26 17 47 26.6 3.0 Kapapala
27 20 48 34.6 2.9 Kapapala
28 00 09 24.1 3.0 Kapapala
28 04 00 54.0 3.4 Hilo, Kapapa1a
28 04 09 24.7 2.1 Kapapala
29 04 41 45.4 2.5 Kapapala
29 06 10 56.8 2.5 Kapapala
30 01 22 28.6 2.3 Kapapala
30 17 46 29.3 2'4.7 Kapapa1a
30 2l 28 24.2 3.8 Kapapala, Volcano

1INot listed in Summary of Seismic Events; preliminary location 19°45'N.,
153°50'W., at 13 km depth.
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Table 4. Seismom.eter stations in Hflwaii op~rated by thf.~ tI" S ~ G~ologtcal Survey.

STATION NAME
AHUA
CONE PEAK
DESERT
EAST KOAE
ESCAPE ROAD
HALE POHAKU
HILINA PALl
HUALALAI
KAHUKU
KAPAPAJ~A RANCH
KEANAKOLU.,.
KIPUKA NENE
KOHALA
MAUNA LOA
AAUNA LOA X
MAKAOPUHI
MOKUAWEOWEO
MOUNTAIN VIEW
NORTH PIT
OUTLET
PUU HULUHULU
PUU HONUAUI,A
PUU PILI
SOUTH POINT
WAHAULA
WALDRON LEDGE
WEST PIT

CODE I~AT-t~

ABU 19 22.40
CPK 19 23.70
DES 19 20.20
EKO 19 22.17
ESR 19 24.68
!{PU 19 46. 85
HLP 19 17.96
HUA 19 41.25
KHU 19 14.90
KPR 19 16.40
KKU 19 53.39
KPN 19 20.10
KOH 20 7.69
MLO 19 29.80
MLX 19 27.60
MPR 19 22.07
MOK 19 29.28
MTV 19 30.25
NPT 19 24.90
OTL 19 23.38
PHH 19 Z2.45
PHO 19 28.90
PPL 19 9.50
SFT 18 58.91
WBA 19 19.90
t-lLG 19 2.5. 49
\\TPT 19 24. 70

LONf;-W ELEV TYPE
155 15.90 1070 3
155 19.70 1038 ~

155 23.30 R15 3
155 14.99 1009 3
155 14.33 1177 1
155 27.50 3396 1
155 18.63 707 3
155 50.32 2189 1
155 37.10 1939 1
155 26.70 610 1
155 20.58 1863 1
155 17.40 924 3
155 46.77 1166 1
155 23.30 2010 1
155 20.70 1475 3
155 9.85 881 1
155 35.98 4104 1
155 3.75 409 1
155 17.00 1115 3
155 16.94 1038 3
155 12.66 988 3
154 53.40 215 1
155 27.87 35 1.
155 39.92 244 1
155 2.92 29 1
155 15.69 1067 3
155 17.50 1115 3

CAI~ 'leo RADIO
6.0 2380
1.3"
1.34

5.6 1360 R.F6
6.0 2040
5.2 1700 RF4
5.7 1700 R.F3
6.5 1700 F,Fl
4.8 2380 RF7
1.3/..
1.5 2380 RF2
6.5 1360
, '"
J.. • ..:>4

5. 7 2720 It:F5
6.5 20/~O"3

6.2 6RO RF8
1 .. 3/.
5.0

6.~ 2720 RFI
4. 4 13£0 T.lrll
7 . e 20 ~J. 0 In? 7
6.0 680 RF9

1.34

REMARKS

Discontinued 9/24/71
Installed 9/29/71

Installed 8/18/71

Relocated 9/30/71

In~tal1ed 9/30/71
Destroyed 9/24/71

OPTICA.L SEISl10GRAPHS
HALEAKAI.A Z
HALEAKAI,A EW
HALEAKALA NS
HILO Z
HILO EW
HILO NS
KAMUELA
KEALAKEKUA Z
KEALAKEKUA EW
KEAL".l<EKUA NS
KIPAPA
MKAHUNA Z
UWEKAHUNA Z
UWEKAHUl~A EW
UWEKAHUNA PEZ
UWEKAHUNA PEE
UWEKAHUNA PEN

HAL 20 46.00 156 15.00 2090 3
RAE 20 46.00 156 15.00 2090 0
HAN 20 46.00 156 15.00 2090 0
HIt 19 43.20 155 5.30 20 3
HIE 19 43.20 .155 5.30 20 0
BIN 19 43.20 155 5.30 20 0
KAM 20 1.90 155 42.00 740 2
KLK 19 31.20 155 55.30 505 2
KLE 19 31.20 155 55.30 505 2
KLN 19 31.20 155 55.30. 505 2
KIP 21 25.40 158 .90 76 3
UWE 19 25.40 155 17.60 1240 3
USZ 19 25.40 155 17.60 1240 4
USE 19 25.40 155 17.60 1240 4

19 25.40 155 17.60 1240
19 25.40 155 17.60 1240
19 25.40 155 17.60 1240

q3

0.71
1.0
1.0
1.0
1.0
1.0
0.7
1.0
0.34
0.34
0.56
0.7
1.0
1.0

Wood-Anderson
Wood-Anderson

Wood-Anderson
rHoad-Anderson

15~90 Press Ewing
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Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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Table 5.--Seismic Instrumentation

1. Seismometers

EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer

EV-17H- Same as above, but horizontal component

HS-I0 - Hall-Sears 0.5 sec. period moving coil seismometer

HVO-2 - 0.8 sec. period moving coil seismometer

2. Seismographs

HVO-l - Vertical-component electromagnetic seismograph with
a peak magnification of about 20,000 at 0.25 sec.
period.

15-90 - Press-Ewing System: 3-component long period
Press-Ewing seismograph system with pendulum
and galvanometer periods of 15 and 90 seconds,
respectively.

EV-17/3.5 cps galv., EV-17H/3.5 cps galv., etc.: Short
period electromagnetic seismographs composed of
the seismometers and galvanometers indicated.
Response similar to HVO-1. Poorly calibrated.

3. Amplifier and signal transmission systems

System I: HVO-built solid state seismic preamplifier
(voltage gain, 200X), direct signal transmission
over "hard" wire to HVO, HVO-built solid state
amplifier and galvanometer driver.

•

System II: Develco or Teledyne seismic preamplifier-
voltage controlled oscillator, signal trans
mission on audio FM carrier over "hard" wire
or FM radio link to HVO, discriminator.

Geotech PTA: Short period Geotech photo-tube amplifier.

4. Timing systems

RMS-USGS: Crystal-controlled chronometer employing
solid-state binary dividers to produce
minute and hour marks. Typical drift rates
are a few milliseconds per day.
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TS-IOO: Sprengnether crystal controlled chronometer.
Output and performance characteristics are
similar to those of RM-USGS.

5. Telemetered system response

The peak magnification of the standard telemetered
systems (System II, with the film strip magnified
20 times for viewing) is about 2 x 10 5 at a period
of 0.1 second, the response falls off 6 db/octave.
(Figure .)
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in the Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when measurements
at that station were begun. Increasing tilt coordinates correspond
to northward and eastward tilting of the earth's surface; that is,
to a relative subsidence toward the north and east. A one-unit change
in coordinate corresponds to a tilting of 1 microradian (1 mm per km)
in the direction indicated.

Location of and essential data on each tiltmeter station are
listed in Table 17, Summary 61.

Table 6.--Tilt Coordinates at Uwekahuna

July, August, and September 1971

Date N-S E-W Date N-S E-W

July 4 561 371 Sept. 5 585 358

11 562 369 12 591 357

18 564 364 19 597 350

25 567 363 26 628 348

Aug. 1 570 359

8 573 357

15 580 359

22 581 361

29 583 360
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Table I.~-Ti1t coordinates and changes at bases around Kilauea caldera. (See fig. ~)

Rate {lO-6 rad/mo)

1/Ti1t
and dlrection of

Tilt base Date Coordinates tilting since Date of last
(1971)' N-S E-W last reading reading

(1971)

Uwekahuna CU on fig. !!.) 30 Sep 693.8 375.3 15.66 N 9.3°W 15 Jun

Tree Molds (TM) 30 Sep 554.5 488.3 5.45 N35.9°E 16 Jun

Sand Spit (SS) Unable to be read this epoch

Mehana (M) 1 Oct 599.6 593.4 1.22 N14.4°W 24 Jun

Keamoku (Kea) 29 Sep 764.3 249.5 74.73 N44.9°W 16 Jun

Abua Kamokukolau (Kam) 1 Oct 445.6 528.3 13.05 S54.2°E 15 Jun
\0
00 Kipuka Nene (KN) 5 Oct 282.7 501.3 1.70 S47.6°E 17 Jun

Hi1ina Pa1i (HP) 5 Oct 455.6 493.3 0.49 S 3.2°W 17 Jun

Kapapala Ranch (Kap) 29 Sep 483.6 519.9 0.36 S70.0oW 24Jun

1/ See Table ~, HVO Summary 60
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Figure 3.--Tilting of the ground around Kilauea Caldera. The vector depicting
tilting at a given tilt base points in the direction of maximum relative
subsidence, and its length is proportional to the rate of tilting during
the measurement interval. Closed circles represent field tilt bases;
open circles, short-base watertube tiltmeters. See Table 7 for explana
tion of abbreviations.
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CHRONOLOGICAL SUMMARY

There was no eruptive activity at Kilauea during this quarter,
but a long continuous summ'it inflation followed the September eruption
at the summit and southwest rift zone. Extremely 'numerous shallow
caldera earthquakes continued to accompany this inflation. In
addition, earthquake swarms were frequent in the eastern part of
the Hilina fault system, the lower southwest r-ift zone, and offshore
from the intersection of these zones. A major swarm occurred on
December 23-29 that ca~sed a temporary break in the otherwise
steady inflation.

Mauna DIu had continued to contain a quietly degassing 'lava
pond that dropped to successively lower levels through the eruptions
of August and September elsewhere on Kilauea. A persistent very
heavy fume cloud prevented frequent observations at Mauna Ulu, but
lava was audible and occasionally visible low in its summit crater
through mid-October. After that time, however, the crater was
quiet, and by early November occasional clear views -showed that
the lava had completely drained, leaving the rubbly crater floor
about 180 m deep .



SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the Observatory (UWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, KMO, OTL).

Computer locations of well-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station.

2
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis of relative

amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to

be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km beneath the

summit region; Kilauea Summit Long-Period, earthquakes characterized by low-frequency waves that

originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes a few

km deep in the caldera region; SW Rift and Kaoiki, earthquakes along the southwest rift zone of

Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from

the upper east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, ear~hquakes

along the northeast-trending Koae fault system south of the caldera; Lower East Rift, earthquakes

from the lower east rift zone of Kilauea; Offshore PUll Pili, offshore earthquakes mostly s~utheast

of Puu Pili (PPL) station.
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1971) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pili Remarks

Oct. 1 60m 2 131 30021:.1 46 74 19 3 Shallow summit
d quake count in-eM . elude disturb-"O~

2 10m 2 86 2311 49 53 24 QJ ~ ances from"0 :s
3 4 102 2232 36 73 17 3 :s 0 cooling lava.....-t CJ

4 22m 1 68 1738 ? 58 40 1 CJ flows at OTL,s::.,....
1851 29 80? 17 2 -M ~ WLG stations.5 ..c 2? 75 .,...

~

2 54 1624 48 64 19 1 en 06 ~ s:: Q) (1j
~ 0

3? 69 1344 57 51 12? 2 ~~7 ~ S C1j .............,...
42 2726 189 122? 19 3 :s +oJ8 ~ (1) 0" '+-4 Numerous..c .,....

rockfalls at~ +J

I
aJ~en -
~~9 .(Tj ~ 3 25 3019 154 371 27 10 Ha1emaumau

aJ-r-f
167 443 32 12 0000 during October.10 2 32 3173 ;

".. >..
11 195m aJr-i 69 1432 67 146 24 5 188

~~

4 38 1100 46 197 15 ' 1 6112 o..c1j
=' Q)

2 42 1002 28 217 14 5 1513 Q) en
14 ,.c~ 28 1351 68 266 18 1 1

+J en
15 10m ".. 1 43 1345 43 163 13 8s:: ~

16 0,0 1 46 1609 36 249 13 4
~

17 ~ ~ 30 2824 69 237 36 11
O-r-f

18 mm 1 41 1996 52 620 49 11
19 ".. =' 1 36 1941 37 304 38 6

~ tI)

20 1 40 1597 29 290 50 4 3
~ CJ

2 22 1512 30 256 51 221 aJ er-f
>"'CJ 13 1184 41 212 2222, Q) ctS
~ "..

1 33 1897 97 187 21 123 0
~ p.,

24 o tI) 2 76 1819 71 291 32 12
~

25 6m "'d 1 32 1541 43 421 18 5s::
42 1962 88 871? 46 1426 3m ctS

27 12m 1 32 1437 22 1951 31 11
28 1 72 1693 26 157 15 2
29 1 86 1711 25 119 12 2 3
30 3 32 1597 26 70 21
31 2 37 1326 34 68 11 6

1/ Develocorder count from NPT, OTL, WLG stations.

-.' , .. •
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Sunnnit
(1971) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift PUll Pili Remarks

Nov. 1 1 47 1368 36 126 22 3 77
11

Frequent
rockfalls at
Halemaumau and

2 57m 18 1933 40 410 33 11 256? Mauna U1u
3 1 21 1194 30 103? 15 4 19 throughout
4 ? ? ? 36? 285? ? ? ? the month.
S 2 22 2743 52 336 25 2 10
6 1 24 3579 79 244 14 2 8
7

.
2 8? 1058? 33? 1201 18?$-f,c

8
aJ ~

14 15471 31 91? 14P-td

9
Q.O

3 54 2458 37 24 19 5 21=' s
10 QJ QJ 14? 867? 27? 44? 6
11

.c..c
2 16 1912 26 50 3~+J

12 8m ~ +oJ 1 24 1577 40 52 14 1
13 o =' 2 58 1580 37 78· 22 1

1
0

14
J-I..c

2 19 1626 21 106 18 1o 00

15
e ;:j

9 2056 277 112 37 3QJ 0

16
,... H

74 2342 64 137 35 2.&-J"c
,&-J

23 1857 21 55 2 117 ~

18 42m
tlS +J

32 2620 36 177? 20 1 3581af ~
).,.;

19 40m H 1 29 2469 34 144 11 182?
~

20 7m H ~ 661 2480? 34 99 18 85?
Q) tI)

21: 8m > tU 25 1586 58 35 10 ?
QJ

22 1 17 1096 31 58 18 3?
23 1 27 1303 36 40, 7 I?
24 32 1550 26 64 14- 1 2
25 24 1955 24 112 38 6 1
26 2 23 1219 29 86 10 7
27 3 35 2134 28 239 37 13
28 ? 16 1227 35 100 33 4
29 1 16 2194 35 123 23 2 109
30

:
1 39 2015 25 71 20 1 24

1/ Some offshore PPL quakes included with SW Rift/Kaaiki count.



Tremor Eart·hquakes
(m = minutes

Date h = hours) Kilauea Sunnnit
(1971) SW Rift Upper Lower

Inter- Long and East East Offshore I
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pi1i1 Remarks

Dec. 1 45m 2 54 2123 36 79 15 1 9 Frequent rock
falls at
Mauna Ulu and

2 7 2006 22 110 13 2 14 Ha1emaumau
3 4m 1 24 2853 88 247 45 6 1 during the
4 89m 5m 33 3121 53 287 96 6 month.
5 4 54 2171 19 145? 55 3 2
6 30m (1) 1 39 2151? 33 252 50 10
7 39m 9m

"C.c:
50 1987 32 327 41 15 278?oI-J.&-J

8
s=

34 1475 34 345 43 2 115I: 0

9 50m
o f3

1 3? 1759 12? 120? 34 1 68.?
10

. ~ OJ
2 15 1552 12 81 14 31?o..c:

11
~ .&-J

46 1352 8 54 37 5?OJ

12
~ .u

2 24 1384 15 77 57 6 50.u ='
0

1 26 1424 32 105 52 7 6013 12m 4-l"c

14
o 00

2 41 1905 41 194 78 11 88?='
15

en 0
1 33 1935 65 219 33 2 197?oI-J ~

16 14m 13m
en"C

137 2635 47 328 90 18 100?~ .&-J

=' 2 130 2793 48 480 108 5 47217 ..c+J
4-l

65 2912 38 86 15 58418 ~-M 591
~ ~

19 10m? OJ 1 103 1538 37 175 56 1 231
) oI-J

20 30m 5m CI) 2 61 1829 64 87 40 4 115
tJ ~

21 ? -r-t Q) 2 52 2379 54 374? 62 8 766?
'1:j

80? 1423 98* 342* 208* 166? *Hilina quakes22 45m '" ~
~ Q)
o p... included.p..p...

28 1510 298* 373 199 12 7623 00 ='
24 60m 2 61 1667 217* 227 153 4 85
25 10 1675 504* 308 151 4 100
26 2 37 1311 1084* 168 91 1 73
27 54 1137 1283* 197 74 28
28 1 29 1466 936* 131 118 62
29 2 18 1447 237* 101 159 6 87
30 3 121 2410 253* 452 121 12 181
31 61 2202 82* 455 254 14 221

1/ Some lower SW Rift/west Hilina quakes included with Offshore PPL count ... ~ " •



Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR)', minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth

Mag

depth of focus in km. Assumed depth is indicated by "x".

- magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT standard error of the origin time in seconds.

ERH

ERZ

MD

- standard error of the epicenter in km.

- standard error of the depth in km.

- mean deviation of the time residuals. [= ~ R. INOJ where
1.

..

~ is the obs~rved seismic wave arrival time less the

computed time at the i th station.

Q - solution quality of the hypocenter. This!measure· is

intended to indicate the general reliability of each

solution:

g EPICENTER FOCAL DEPTIl

A excellent good
B good fair
C fair poor
D poor pool;

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:

7



A

B

c

D

NO

> 8

> 6

> 6

> 4

Others

Station Distribution

GAP

Statistical Measures

DMIN

< DEPTH or 5 km

< 2 x DEPTH or 10 km

< 50 km

•

A

B

C

D

ERH(km)

< 1.0

< 2.5

< 5.0

Others

ERZ(km)

< 2.0

< 5.0

MD(sec)

< 0.10

< 0.20

< 0.30

RMAX(sec)*

< 0.25

< 0.50

< 0.75

Q is taken as the average of the ratings from the two schemes, that
is, an A and a C yield a B, and two B's yield a B. When the two
ratings are only one level apart the lower one is used, that is, an
A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

* RMAX is the maximum residual

8
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5UMMAR Y OF SE I S~ teE VE~! TS

1 c)11 HR MN SEC L~T N LONG W DEPTH MA:; NO GAP DMIN FRT E~H ERl MD Q

0CT 1 o 29 7.~ lQ-!C5.4155-22.1 0.4* l.~ 13 1 ~9 7.1 0.12 o.q O.lQ C
1 o 41 5 q. 3 11-15.4155-21.6? 7. 9 2 .1 20 1.67 7.0 :l. 48 0.8 1 • 8 o. 1 q r:
1 1 :>6 L.7 lQ-15. 7 15-;-20.3 8. 0* 1. ~ 11 ! q5 5.2 ').24 2.0 O.2~ (.
1 1 37 21.1 19-14.51';'5-22.21 o.() 1.9 14 17q ~.7 5.77 o. 9 11. 0 O. 11 C
1 2 11 ~q.~ 19- 1 c; • 6 1 '5 S5 - 2 o. 3 o. 7 2.0 20 168 q. 1 0.76 0.6 O.!i 0.14 C

, 2 41 21. 8 lq-15.4 15'5-70.4 o. 2 I.S 22 158 5.7 0.40 0.9 :).7 0.21t C
1 2 ~~ 35.8 1:}-15.3 155-22.11 Of} 0 1.3 18 147 1.9 5. 75 0.9 10.9 0.20 C••• ,J

1 I. "q 5~.3 19-14.0 1~S-21.6? 0.0 2.7 27 157 ~. q O.?9 0.6 :l.5 0.16 C
1 15 1 54.4- lq-14.3 1~5-22.~? ~. 0 2.~ 20 155 8.8 O.9A 2.3 1. ~ 0.40 0
1 16 ~ 31.£, 1~-'53.3 lc;5-11.4 12.7* 2.'- 10 ·26~ £.1.~ O.5Q l~. 0 0.17 0

1 1 6 1 8 5 O. 0 1~-15.5 155-22.1? 0 .. 0 l.S 17 ·146 7.6 0.42 0.1 O.B 0.18 8
1 20 q 3~.4 1 9-·1 ~. 5 1 55 -7 1 • 6? 0.0 2.? 23 160 '? 7 1.46 0.1 0.8 0.17 C

\0 1 23 ?7 3601 lq-?2.1 1')')-24. ~ 1,fJ~ 1., 15 114 3eq 0.1 0 0.8 I). B O. 1Q ~

1 2~ ?q 1 t.... 6 !<:]-20.0 1~~-!4.~ ?q.9 l.~ ~2 1 ~ 8 4.q 0.13 0.8 1.3·0.11- 8
2 " ~., 4Q. ~ lO-?~.! 1~~-11.7 C) t ~ le!.. l~ ! 44 4. -, ~. 09 0.7 O~6 n.16 ~

7 o 55 45.9 lq-21.6155-23.7 6.4 1.5 1 7 11 0 2.1 0.08 0.7 0.1 O.1S 8
2 2 13 36. 9 ·19-24.5 155-22.21 800* 1.2 . 8 238 4.6 1.64 8.7 0.38 D
2 2 23 2.6 lq-19.q 155-1.8.8 2 r;. 4 2.1 15 84 2.5 0.16 a.A 1.1 0.10 A
2 11 3~ 10.1 1 q-15. 1 155 -22. 5? Oft 0 1.7 14 146 1. 7 S.6 2 . 1. 0 12 ft 6 .'O. 21 C
2 19 2~ 5 2. 3 19-14.6 1"5-22.31 D.C 2.3 22 152 8.5 0.50 0.13 O. 9 ·0. 21 r

v

2 19 40 46. 4 lq-14.2 155-22.5? 0.0 1. ~ 16 1 ~t.. A.4 1.~8 1.1 1!t·.4 0.21 C
2 le) .46 31.2 lQ-lQ.5.155 .... 12.0 5. 9 '1. 4 15 149 5.5 0.1'3 1.0 O.q 0.22 C
2 1 q 47 18. 7 19-15.0 155-22.q? o. (' 1.8 17 146 7. 2 6.27 O.q 11.9 0.18 C
2 20 7 33.9 1q-21.q 1-55-24.61 7.4 3.2 22 69· 4.0 0.09 0.1 0.6 0.17 B
? .2 0 1 7 17. '3 lQ-14.6156-12.6 1.8 .2. 3 1430162.1 0.39 6.3 2.9'0.100

? 2~ 21 4·4. 7 lQ-15 .• 3 155-73.0? O.c 2.1 .12 142 6. 8 3.3q 0.5 6.4 0.08 C
2 20 3J 18. 9 19-12.1 1~~-21.2? 3.i.. l.~ 17 176 10.1 0.18 1.'5 3.) '.18 C
2 21 ' 6 ~ 9. 4 '.9-?2.1 155-75.0 6.1 1.• 5 16 116 ·4.c; O.()q 0.8 ·0.8 O. 11 A
2 ~3 6 4 (J. 7 lq-lfl.5 155- 8.4 5.6 1. 3 11 1 92 7.1 0.22 1 .5 1 • 1 O. 20 C
? 23 34 76'.6 lq-15.1 lf5r;-22.51 0.0 1. A 14 147 8.6 5.64 O.q 10.7 0.18 C



SUMMl\RV OF SEIS~IC EVf:NTS (CONTI~JEDl

1 0 71 HR MN SFC
nrr ? 1 5 10.8

3 416 11.R
3 7 20 4. 3
3 7 43 37.4
3 13 14 41.3

l~T N LONG W
1Q- ? O. 3 1 C; 5 - 5. 5
19-22.,3 1~c;-24.1

lO-?~.g 1~~-22.4?

lQ-21.3 155- 7.4
lQ-1Q.6155-12.0

nFPTH MAG
2.0 1.6
6.7 1.7
3. ?
5.4 1.2
3.6 2.3

Nfl GAP OMIN
17 100 ~.3

19 66 4.1
11158 4.7
12 145 4. 5
23 l£.~ ~.3

ERT
0.50
(l010
0.14
O. 11
O.l~

ERH
1 • 1
0.7
O.q
0.9
O.q

ERZ MO Q
1.8 0.20 C
0.7 0.20 8
1.1 0.14 C
O.q 0.17 '3
1 .0 O. 28 C

17 19 1.1
lq 2 ~8.8

1 9 36 Oe 1
3 19 53 !2.3
4 3 31 47.6

}Q-ll e 6 155-20.3?
19-1Q.O 15C;-12.~

'. g - ? "'. 6 1 c; 5 - 1 1. ?
1Q - 2 1 • C5 1 5 C) - 2 O. <;)?
19-38.3 154-57.9

0.0
11. 7
12. 1
5.4

4".3

2.2
1.6
1.2
1. 3
2.4

18 1<)1 12.1
~ 223 6.4
8 154 3.5
7 104 4.6

24 210 15.8

5.13
0.52
o. ~ 1
1.72
0.24

1 .2
2.6
1.9
2.1
1.4

9. ~ o. 20 C
4.0 0.08 C
3.4 0.10 C
S.D 0.24 C
l.R 0.16 C

~
o

4
4
/.J.

4
Go

3 51 38.1
/.,. 10 26" 7
4 4~ 19.q
5 ~ 4 8 0 ~

c; '3Q ?C. l

19-19.7 1'55-10.2
19-2 4 0' 155-73.8?
1q - 1. '5 1 ~6 - C;.~?

lq-?4.? 1&:;')-27.6?
lQ-IA9~ 'C::~-?2.1?

4. 1
6" 0
9. 5
7.~

~~O~

1. 8
2.2
3. S
2.q, ~.....

11 110 4. 5
234Q.7.2
28 29~ 55.2
20 89 10.5

q l~':\ ~.~

0.15
o.o~

O.. 3Q
0.09
0.72

1.0
0.8
7.7
0.9
1 • Q

1.10.21 C
2.0 0.22 R
8.1 0.22 0
1.8 0.11 '3

o. ? ~ r:

4 5 53 1. 3
4 10 25 5.0
4 14 41 7~ 5
4 1£. 41 26.8
4 15 5~ 33.B

4 lR 13 20.1
4 20 5 22. 6
4 20 15 42.7
4 20 45 22.1
r: 0 3 ,_ 3. 2

lO-18.~ 155-13.3
19-19.5 15~-12.2

lq-15.6 155-29.4
1Q- 1 3. 4 1 55- 2 2. 8
lq-?2.7155-17.2

1'=1-18.8 155-16.0
1 Q- 25. 4 155 -14. 6
19-20.~ 1';C;-12.6
19-70.5155- 8.6
19-18.7155-115.0

8.0*
A.O* 1. 4
Be 0*
8.0*

1';.3 1.3

9.1
A.O* l.S
9.3 0.9
5. 8 2. 2
q.1 1.6

10 214 7.5
10 215 5.5

.., 215 11&6
q 176 11.5

18 80 1.3

10 210 3.4
8 127 10.~

11 156 4.0
21 143 3.7
141QO 4.q

0.18
J.14
0.32
0.25
0.05

0.28
O.l~

0.11
0.11
0.12

1 .2
1.0
2.5
2.5
0.5

1.5
1.3
0.8
0.8
0.9

0.10 C
0.10 C
o. 17 C
0.24 C

O. 7 O. 09 B

2.2 0.10 C
O. 20 C

1 .5 O. 09 B
0.7 0.20 B
1.7 0.1.1 C

5
c::....

'5
5
~

o 47 4Q.4
25542.2
, 42 7. 0
3 45 3~. ~

C; 42 2 q .. 7

......

lq-ll.3 1515-20.11
lQ-19.61'55-16.1
1Q - 18 • 6 1 55-.1 6. 1?
19-~1.c; 155-20.6?
1q- 20e c:; 155-13.5

D.C)
6.()
8.0
0.0
6.3

2.2
2.2
1 • ':\
1.1
1.5

20 201 12.6
16 160 2.4
16 1,",7 3.6
10 qq 4.4
18 1'50 3.q

at

0.70 1.~

o.eq I).a
Q.Oq 0.8
'.~4 f'.';
0.11 0.8

"

1.2 0.24 C
0.6 0.15 C
1.2 0.14 C
2.~ 0.13 B
J.1 o. ~o p



It
.,.

5UM~ARY OF SEIS~IC :VENTS (CONTI~Jf:D)

1 q71 HR ~N Sf: C L a T t\i LONG t-4 DEPTH M~; NO GAP OMIN ERT FRH EPI "40 0
nc T 5 1 7 o 46.7 19-15.1 155-?2.~? Of) 0 1. 7 1 7 1 0 C' 7.~ O.4Q 1.0 o.q 0.19 C

r; lR 3q 41.? 10-'0.4 155-11.6 6.6 2. ? 21 141 4.1 o. ~. 0 C.~ O.~ O. 20 C
5 '. () ') 7 1 6. /) 1()-?~o4 155-23. 4 4.0 1.S 12 15 3 4.0 0.12 0.8 1.6 O.lQ C
c: 20 6 ~q.C !Q-20.31'=;5- 7.6 8.0* l.g 12 161 5. 1 O. 12 1.1 .0.13 C
5 20 41 27. , 19-24.1 155-16.0 I.A 0.1 7 105 2.1 0.1.(' 0.5 0.5 0.08 B

6 2 48 q. 6 19-11.6 156-16.91 8.3 2.4 1 7 794 52. 3 1.05 28.2 58.0 O.4~ 0
6 6 13 1 R~ '3 lq-l>i.~ 155-11., 8 .. 0* t2 1~8 7.4 0.11 f".8 0.10 C
f-. f; I .. 'J r::.~ , 19- ! 4. 6 1 ':5 5 -1 7 • 6 3. 9 1 3 1 73 ft.4 O. 14 O.q 1.0 0.14 C•• l-

6 8 2~ 22. r ] 9- 1 ~. '2 1 c; 5 -1 5. ? C?6 11 236 '5. 2 J.47 2. 2 3.0 0.11. C
f-. Q 20 48. 1 lQ-20.'i 1~C;-24.q 1.f 10 12 '5 2. q 0.17 1.5 1.1 :>.t9 B

6 10 14 28.1 lQ-21c3 155-24.5 8.6 10 165 2.q 0.12 0.8 1.8 0.10 C
f 11 q 45.4 lO-?~.1 l~5-18.4 28. 3 2.1 1 6 86 I.A 0.21 1.0 2.0 0.11 A
,., 12 ~~ 1• 8. l:j-lq~ 5 1~~-l5.5 4. 9 2. ~ 21 150 iJ..• £. C'.1~ 1 .0 o.g Q.2Q r

t--A
~?

t--' f:: 14 J 34.9 1°-19.1 l~r;- 8.R 8.0* 1. ~ q 1~2 C::.Q ~.15 1.3 :).14 C
~ 1. FJ 74 n~ 1 , ,~- , () ~ () 1. ~ c; - ~ , • ,,? &iIf~ 1 1 ?l~ 4.0 n,.L.7 2!l6 4.~ C' • I? r

6 1 e 46 ~.6 19-1q.q 155- q.5 8.3 1.9 12 16 7 4.C f".08 ('.8 1.5 0.10 B
f; 1 8 5 '3 '5 O. 8 lq-16.2 15~-21.8 8.0* 1.~, 14 1 c; 1 6.~ 0.08 0.7 0.13 C
6 19 6 38. 8 19-16.1 1';5-21.7 8.0* 1.5 13 16~ 6.4 0.'0 O.q 0.16 C
6 20 9 ~ 8. 5 10 -22 .. 0 155-18.5 25t" 0 2.7 28 ';3 3.8 O.l~ 0.9 1.3 0.17 R
6 20 23 21.4 19-11.6 1';5-21.4 A.O* 2.2 A 225 11.q 0.12 0.8 0.07 C

620 24 ~1.0 19-16.1 '.5;-22.0 8.0* 1.2 11 149 ~.3 0.10 1.0 0.16 C
6 20 2«; 36.0 19-17.C;.15S-2' .6 8.0* 1.1 10 136 5. 2 D.15 1 .2 n.18 C
7 A 1 50.6 lQ-21.0 155- 1.6 11.4 1. 7 q 1~4 4.4 O.lQ 1.4 2.2 0.08 C
7 q '34 4.2 lQ-19.2155-11.8 A.O* 1.3 11 174 6.2 0.10 0.8 f).10 C
1 q 41 ~ 3. R 1q- 1 q. 4 1 '':is - 6. q 8.0* 11 lql 7.0 0.23 2.0 .0.2i c

7 Q 43 11. 6 19~?0.n 1~5- 0.7? q " 2.1 13 275 3.Q 0.24 2.5 1.6.0.21 C....

7 13 10 30.1 10 -21.6 1'5~-20.q 1.q* 1.3 1 lOR 4.4 0.05 0.4 a.OA C
7 1 '3 16 12.? lQ-18.0 155-1'3.3 ~.O* 10 2? '. ~.1 n.~2 2.1 0.18 D
7 16 41 52 .. ~ lQ-'Oe'~ 155-1 4 • 7 6.8 Q 1 f: ~ 4.(' t').lQ 1.2 1.2 0.1" C
1 ~O 16 l 7. 2 1q- ~ ';. ~ 1 5 a; - '52 • 8 '3 l. 9 2. ~ 15 ? oq fl. 1 0.27 1.3 ?.4 o.o~ C



su~~tPY OF SFIS\1JC EVENT~ ( CON T I ~.,u f r) )

1 q11 HP M~ SEC L~T t\j LONG W nEPTH MAG NO GAP O~tN ERT E~H ERl MD Q
0CT 7 21 51 47.4 lQ-17.9 1'55-14.Q 10.4 2. 0 10 272 6.1 0.37 1.7 2.c;l 0.10 C

B 1 14 0. A '. 9- ~ 2 .!, 1 ~ 5 - 23. 1 10 0 1."- q 173 4.5 C'.~1 1 .1 1.~ 0.11 C
8 1 23 4 o. q 19-1q.9 1'5'5- ~.1 3. 2 2. 1 19 1~4 6.3 0.14 D.A 0.9 O. 20 C
q 6 50 4q. B lQ-22 0 7 155-4~.4? R. q 2.1 14 lq7 lA.l 0.28 ].6 2.1 0.16 C
A 13 1 27.7 19- i 4. /;.. 1 5~ -1 8. 1 s.~ 1.3 8 103 2. 1 0.12 0.8 0.8 0.08 A

B lQ:?O 57.5 1~-17.4 155-14.q .1. 4 2.:) 18 l8c) 9.3 1 .23 0.8 ft.4- 0.11 C
R 19 45 '3 ~ s 0 19-19.4 1')5-11.3 q.3 1 0 247 5.5 J.~~ 1 • 9 ~ .l O.CC) C
R 2? ~~ ~ ?e ~ 1 0 -220-1155-22.4 5.6 7 J'S4 ';.0 0.26 0.7 2.6 0.07 C
9 Q q 1.2 19- 9.q 1'1~-33.c 3. 3 2.2 18 12 0 10. r; 0.16 1. 1 1.20.24 8
q f) 17 '36 8 '5 19-14.5 155-17.2 1.2 2.~ 21 116 10.3 J. 3 '3 O.A 1.1 0.23 C

9 o 30 l~. 7 19-16.1 155-18.8 7.6 2.5 13 196 11.0 0.16 0.9 0.9 0."8 C
q 2 ?9 4ql)5 !a-2~ol 155-27.3 4.6 1 • q 18 92 11.2 . O.l2 0.8 1.3 0.23 B
9 "3 32 40.~ lQ-l'3.0 1~5-12.A ~. 0* 12 249 ~.~ 0.24 1.4 0.09 0

1---1
N 0 5 ~~ ~4.":' 19-14 0 ') 1.~~'-1? 3 0 .. 3 2.4- 27 '76 10. t. 0.34 0.8 O. 6 o. 72 C

q 1 , ?i.,'2 lQ-'/.4","l 1 ~C::-1~" C\? ~., ~ '} ~. ?l 1. 7~ 1 o. 7 '.4C\ 0.7 1.7 0.16 C-...
9 7 15 44.9 19-19.4 15"-16.4 6. 0 12 209 2.2 0.22 1.15 0.8 0.16 C
Q 14 22 1 3. 1 lq-24.~ 15'5-1~.O 14.3 2.3 24 61 2.4 n.05 0.5 0.1 0.11 B
9145317.6 lq-lg.6 155-15.71 4. 3 2.2 22 148 7.1 0.10 0.6 0.1 0.20 B
q 15 42 11. 4 19-70.8 155-23.~ 7. 7 2. 3 lq 64 1.2 0.06 0.6 0.4 0.13 8
91748 l7,,2 19-1 q. 0 1 ';5-16. q 8.4 14 172 2. 2 0.13 1.0 l.6 0.16 C

9 23 47 4 O. 4 lq-~5.6 155-24.4 2.4 1.~ 16 ql 7.5 0.11 n.7 1.80.20 B
10 2 2<? 4 o. '3 19- 19. t; 1 ~ c: -14. 2 8.0* 1 S 1 Q3 ~.7 0.13 O.q 0.16 C
10 2 44 24.2 19-25.6 155-26.~ 6.6 1.3 14 106 9.6 n.12 o.q 0.8 0.20 8
10 8 18 37.5 lq- 18.0 1 55-1. r;~ 3 3.4 1.8 19 199 e.2 0.15 0.8 0.8 0.14 C
10 8 31 30. ~ 19-20.? 155- 7.5 8.0* 10 1 76 5.4 0.07 0.7 0.08 C

10 q 31 r::: 8. q "10-25.1 1 c;~-22. 5 8.0* 1.4- 11 ~5 c: ~ :).04 0.4 0.07 B..
10 12 17 31.5 ! 9- 21 • 1 155-20.~? 0.8 1.3 q 12 ~ 4."" 1.39 0.7 2.8 0.14 B
1 0 1 q 41 1 8.4 ~q-?2.3 t55-21.~ 7.0 2.) 22 72 ~.q 0.06 0.6 0.; 0.17 A
~_ 1 2 ~q 4.A 19-11.q 1"5-12.6 2. 9 2.3 20 16"3 8.~ {1.1 3 0.8 0.9 0.21, C
1 , 5 73 44.-' 1 C? - 1 ~ ~ ~ '. I) t) - 1. 1 • ~ 2. 8 l.~ 18 1 7q 6.6 0.19 1.0 l.~ 0.2'5 (- ,

~ of ct.



.. \.I '11

SU~MARV OF SfIS\1IC FVENTS ( CON T I "IJ f: 0 )

1q71 HR MN SF C LA T "I l.JNG W nFPTH M~; NO GAP O~IN ER T ERH ERl MO Q
DC T 11 13 28 4. 4 19-150 4 155-1~.1 8.0* 12 1 t 5 ~.J3 O.l~ 1.2 o. 20 C

1 1 15 13 33.4 19- ~ 2. ~ 1';5-24.8 4.0 15 61 4.-' 0.09 0.8 1.4 0.21 A
11 1~, 3 , 08 '3 lq-~O.4 1t)5-11.11 ~. (\ 11 163 3.7 0.14 1.3 0.7 0.14 r
1119 '56 2. £... 19-39.2 155-12.3 8.0* 1.6 16 80 15.4 0.05 0.5 0.13 A
11 20 41 26.1 18-53.q 155-14.1 13.5* 2.4- 13 25 2 ~6. Q 0.45 3.2 0.23 0

11 21 1 10.0 18-';1.8 155-12.7 8.0* 2.5 16 ZSq 42.2 0.28 1.9 0.10 0
11 2'_ 20 2 7 .7 1~-54.0 155-14.1 14.9* 2.q 21 2';2 37.5 0.19 1.3 o.,? 0
11 2 1 24 ~9.3 18-55.q 1'i5-15.8 14. "3 * ~. 4 Ie; 245 32.Q 0.38 2.6 0.27 0
11 21 56 1 1. 2 18-55. 7 155-14.27 7.8* 2.~ 20 247 35.0 0.16 2.5 0.23 0
11 21 58 31. 1 l~-C;l.l lC:~-12.~ 2. q 2.6 12 261 42.A 1.43 2.3 B.3 0.10 0

11 22 2 31.5 19-50.1 1~~-12.!' 8.0* 2.2 16 264 ~4.8 0.37 2.4 0.11 0
11 ~2 '52 2.6 18-54.5 1&;5-18.'3 12.7*2.5 q 275 32.4 :'\.AO 5.5 ('.17 D
11 2~ () 4 3;, c; 1~-4~ol 1~,~-ln.5 1. 3 2.~ 1~ 2~q 4q.q 0.54 £..6 3.2 0.14 f)r-a

w 1 1 "1 3 3 P. c:: 1~-4q. C; 1 c;r;-12. 1 8. 0* 12 2~6 46.2 0.43 2.q 0.11 (1
, 1 ,,, 4 , t. ~ .., ,q-"4~Q 1~~-1~.3 1 3c 5 ~ 3. 2 ?4 :?L&.O ~5.(, 0.1q 1.. ~ 0.1'5 n

1123-64'1.1 18- 41 • 1 1 '5'5 -1 1 • 4 8.0* 7 311 59.q 3.35 20.6 0.13 0
11 23 7 18.4 19-50.8 155-12.~ 12. 1 2. ~ 12 262 /....£.• 1 0.48 3.~ 9.3 0.15 0
11 23 20 40.0 19-18.5 155-15.3 9.0 10 228 4.A O.2~ 1 .5 2.2 0.10 C
11 ?3 28 5.4 lA-4Qe'3155-12.8 ~oO* 2.6 11 2~5 45.~ c).5~ 3 .6 0.14 0
12 1 38 14. 3 18-56.5 155-13.61 14.5* 2.3 18 21q 34.7 0.43 2.q C' .23 0

1 2 1 38 '3 3. ~ 18-57.5 lC~-14.5 10. 1 3.0 17216~2.2 0.41 3.0 3.4 0.20 0
17 1 45 l q. 5 18-54.5 155-11.6 ~.q 2.5 8 2 e~ ~q. 7 1.q7 5.6 10.3 0.10 0
12 2 lQ 21.8 lq- 1.3 lC;5-1~.1? l.~ 2.~ 22 2~f. 30.1 o. 3 ~ 1.1 0.8 O.lQ C
17 2 28 18.2 lQ-22.31·55-25.0 A.O* 1 230 4.q ':'.21 1.3 O.OR 0
12 2 43 46. 1 19-52.4 15~-13.A? 21.3 2. ~ 21 2'58 40.~ 0. 4 8 ~." 8. '5 O. 20 0

12 '2 49 11. 7 ~8-55.5 155-14.~ q~ 8 2.4 25 241 34.q 0.32 2.0 2. B O. 21 0
12 3 1 3l.t...Q 18-~f:'.4 lC:;~-1'~.4 13.9* 2.C; lA 247 35.~ 0.33 7'.1 O. ?1 0
12 3 2 12.0 lA-51.A 155-13.8 0.9* ?~ 9 ?C:::P 41.(' 0.61 4.1 t'.17 0
12 ~ 12 ~ 4.4 l~- ~1.1 lc:e:-14.Q !O.4* 2.~ 11 2~' ~7.8 Q.5~ 3.8 O. 16 0
12 3 47 ~. 8 lA-i.7.S ~t)~-12.1 1.3 2.1 14 210 4q.l n.sS 4.q 3.0 0.20 n



SUMMARY GF SErS~IC EV~NTS (CONTINUt':O)

1911 J; R M~ SEr L~T ~ LONG W DEPTH M':; NOGAPD~IN ERT EQH ER Z '10 Q
llC T 12 4 27 3 O. 7 18-56.? 155-18.6 11.5* ?5 12 246 ?q.4 ~. 36 2.6 0.13 0

12 4 L9 9. ~ 18-50.0 155-12.3 B. 0* ? 2 14 2f:·£. ~.5.2 O.G.7 3.1 0.16 D
1 2 5 54 5 O. 1 18-53.q 155-13.1 ~. 1 2.5 q 253 38.Q O.Q3 4.6 5.5 f:'.lQ 0
12 6 45 2. 0 19-23.8 1'55-22.8 8.0* 1.5 12 102 5.4 0.05 0.4 O.Oq B
12 7 11 C).9 19-21.3 lS5-20.8 8.0* 1 100 4.8 0.16 1.4 0.20 C

12 7 ' .. 1 2';.G. 1 9- 23. 7 1 55 - 2 2. 8 8.0* 1.2 q 167 '5. 3 0.09 0.7 0.11 C
! 2 7 42 4~.6 ~q-lo. 3 155-14.6 q.7 1.7 q 1q3 5. 2 0. 24 1. 4 2. 6 O.! 2 C
1 2 ~ 33 ~ q. 7 19-1'1.~ 1~~-13.3 ~.O* l.~ 13 2"'r; ~.g 0.13 0.9 O. 11 CL· ~

~ 2 A 49 2q. q 18-'52.6 1 55-1 '3 • 51 21.2 3.5 25 256 40.2 1).33 ~.1 s.a t'.18 0
12 10 l5 q. 7 lq-52.~ lC~-l~.f? 22.7 2. ~ lA 2~6 40.0 0.£.2 2.6 7.3 0.1'3 0

12 in 1'1 n. 8 18-49c3155-12. 7 g.O* 2.6 14 265 45.8 0.50 3.4 0.17 0
12 10 3'5 1 O. 3 1q-?6.~ 1~~-?".7 7.6 1. ~ 16 q3 7.3 O. 08 0.6 ~.5 O.l~ B
, 2 12 16 ~.., c

1~-~5~~ 1~5-14.r? 8. 7 * 2. 6 14 246 ~S. 7 0.36 2.5 O. 21 0- ..
~ ] 2 12 ~2 ~ /....• q 1R- ~ 1.? 1 ~ ~ -1 ,. 7 8. I .. * 2. t, 10 2"7 41. 0 0.79 t: .4 O.IF, 0~

1 ~ ! R ,~ ~. ~ , P-40 .. ,... 1. ')c;-11 .7 Q.O~ 7." 14 ?~5 46.5 "o~6 ~c" O. 16 f)

12 1 A 30 16.0 18-52.3 155-12.1? 9. C; 2. 9 22 258 42.0 0.41 2.6 11.& 0.19 0
12 1 g ~5 55. 5 lQ-?~e8 155- S.q 5~2 2.1 14 1~9 7. 2 0 .. 10 0.8 0.8 0.15 B
12 10 q 17. ~ 1 A- '52. 7 1 C; 5 -12 • C 7. 5 11 257 41.6 1.82. 2.q 10.7 O.l~ 0
12 22 B 27.8 , 8-1)'3.':' 155-12.q 2. (' * 12 264 40. 1 o. ~ 2 3.4 0.18 0
12 23 ~2 5£..4 19-24.2 155- 2.1? C.O 2. ) 18 1. 31 8.1 4.~1 1.0 8.5 O. 22 C

1 3 o 2Q 4 6~ 2 18-59 0 4 155-13.81 7.5 15 242 31.0 1.31 3.1 7.1 0.24 D
13 2 22 22.1 19-19.2155-13.6 1. 0 2.5 20 148 6.2 0.£.5 0.8 1.6 0.22 C
13 l} 18 4.0 19-1q.2 1 C5~-20. 61 8.C* 1.1 10 110 ';.1 0.28 2.3 O. 33 0
13 4 ,~.7 1 c=;. 6 19- 22 • 1 155-22.6 6.0 1.4 11 1 ~5 ~.6 0.l2 0.9 1.1 f.'.19 B
13 ~. 59 £·2. 7 lQ- 24. c: 1 '15-18. 6 11.Q 1.1 11 q6 2.3 0.03 0.4 0.3 O.O~ A

1 ~ 7 44 1 4~ 2 lq-24~ 4 155-16. 9 0" f:. 0.7 A 74 O. 8 J. 12 0.3 J.30.08 A
13 8 ~ /....6.4 19-1Q.O 1-55-13.7 8.0* 1 '3 1 93 6.7 0.14 1.0 0.14 C
1. 3 A 16 '5.0 "18-~2.1 155-12.0 ~.7 14 265 41.6 2.20 3. 7 12. 5 O. 15 0
13 B 1R l .. 2. q 19-?4.1 1 t)~ -1 ~. ] ? 7.0 l.~ 14 ~3 7.0 O.Oq 0.5 0.4 0.l8 8
13 12 2 35. 1 1.°-JB.8 155- q.7 4.~ 1.7 11 1Q 6 6.~ 0.20 l.~ 1.8 O.lr; C

... , t





SUM~ARY OF ~EISMIC EVE~JTS ( CON T I NU EO)

1971 HR Mt\.I SEC l~T N LONG'll OFPTH MAG NO GAP OMIN ~RT ERH ERZ MD Q
reT l~ 14 A 1. 3 19-~O.1 1~~-17.5 7.6 1. 0 ., 136 0.2 o.o~ 0.4 0.3 0.03 8

1614 26 ~·7.8 lQ-21.6 1 C;5-20. ~ 1.3 1.3 g 1(''5 4.2 ~.20 ~.5 O. 7 O. Oq A
1~ l~ 39 ~~.9 1q- 22. ~ 1 c: ~ - 22 • q c;.9 2. 1 21 9£. 3.~ 0.08 0.6 o.~ O. 1<) B
16 18 53 5 O. 3 19-22.6 155-?q.8? 0.0 1.4- 12 q7 12.1 q.3q 1.0 17.9 0.74 B
16 1 q 8 43.6 lQ-20.Q lr;~- 6.1 8.0* 1.~ 9 141 ~.q O.l~ l.i; 0.23 C

16 19 27 11.9 19-1Q.4 155-15.1 8. Q 1.3 13 158 4.2 0.09 0.6 1.2 O. 08 (
1~ 2 2 34 ~ 2. 9 19-16.~ 1~5-:.1.8 8.C* 2.3 1'; 1 7 7 IO.B 0.17 1 • 1 0.18 C
11 2 24 ? c 10 -2'1.'5 l55-13.2 Q.6 1. 2 11 1 7q ? 7 0.22 1.0 2.0 ".o~ (
1 7 5 '51 17. 1 lQ-'53.8 tS::·5-~?7 3~.O 2.1 lq 1~6 lC::.~ O.?Q 2.1 t... 1 O. 20 r:
~7 6 Sq lA.l lC?-'4.0 1'55-25.'2 7.0 1.5 11 66 7.7 ~.C'q 0.7 0.7 0.18 R

17 15 57 2.~ 1 q- 2 3. 5 1 5 5 - 4. 6 3.4 1.8 20 149 7.2 o. 11 0.7 0.1 0.17 B
1 7 19 0 ~s q !~- Jo~ 1~5-12.5 1 3. 0* 18 2~5 31.~ O.r:6 3.6 0.13 0
17 '2 2~ ?1.5 1 0 -21.4 1'55-14.4 21. A 14 145 '1 1 J.16 O.Q l.~ 0.10 B~ - • .L.

Q'\ J R ~ 45 CS~. 0 4 1 Q- 1. ~ e- '1 1" 5 -1 ~ • 1 8eO* 10 ~17 7.P o. 1q 1 .2 o. 11 C
lR / 1/ 1 ~. A , q- ? 1 .. q 1 c; t) -? 4. ?? 1:, .. 1 l2 l4 0 '3 9 /a, "" 1 0 1 • " ?5 0.71 C

J 8 8 18 3 8. 7 19-3~.4 1~~-30.0 28.6 l.~ 18 103 14.4 0.17 0.7 2.2 0.08 B
18 10 21 38.5 19-22.1 155-18.2 32.4 2.3 lq ~q 3. 2 '.lQ 1.0 1.80.1) B
18 16 2 2A. 3 lQ-20.0 155- 9.1 4.8 13 166 4.1 0.15 1.2 1.0 0.17 C
18 16 2 42.6 19-1Q.'5 155- q.2 3. 8 2.0 21 154 4.8 0.14 o.q 1 .0 O. 22 C
IP 16 ~l 4000 lq-1Qoo 1~5-14.1? 2.0 18 192 5. q 0.20 1. 1 1.4 0.24 C

18 16 44 26.4 19-25.7 155-27.7? 1.1 1.q 20 74 10.e t).14 0.7 1 .1 Q.lb B
1 A 11 1 4.4 1Q- 21 • 0 1 '55 -23 • 71 7. 1 14 ~l 1.7 0.08 0.8 1.0 0.18 e
1.8 1 8 56 7.1 lQ-20.4 155- 8.0 5.0 2.6 22 144 4.5 0.1.3 o.q 0.7 ~.~2 C
1A 22 1 1. 5 lq-18.1155-12.4 7. 6 1.7 20 161 q.5 0.16 O.Q 1.5 0.26 C
1 ~ 2'3 48 9. 1 19-4Q.':3 155-38.1 A.6 1. ~ 12 160 20.0 O.3Q 1.8 2.5 0.21 C

lq 1 ~l ?~. i.r.. 1Q- 2 1. g 1 55 - 2 "- • ,:. 7. 2 2.8 21 q" 3.8 0.08 0.1 D.b O.lq B
, q 1 35 4.q lq-?2.R 1';5-26.2 5.3 l.~ 21 72 7.0 O.Oq 0.6 ~.q O.lQ B
~- q 3 11 2 R.. 0 1_q-~O.1 155-41.3 5.6 2.1 1 q 1 ~ '3 1Q. 8 0.11 1 .1 0.8 O.l~ C
19 11 '3 32.3 19-20.R lr;S-16.(" 28.1 2. 1 18 1 '27 2.7 ".11 0.6 1 • 1 0.09 B
lq 11 ~o ?6.7 l<)-13.7 1"~-22.0? 0.0 1.0 1 7 1 ~ q C?~ ~.O2 O.Q 11..~ 0.1F, C

.... ~ a •



I ,..

SU~MARV OF SFISMIC =VENTS ( Cn~J T I NlJ!: 0 )

1971 HP MN SEC LA T f\ tONG W nEPTH MA~ NO GAP OMIN EPT ERH ER 1 ~O Q
OC T 1q 12 o 1 o. 2 19-18.q lCS~-13.~ 8.3 l.~ 1 7 1 76 ~.8 0.08 0.6 1.6.. 0.10 C

19 It' lq SQ.3 lq-lq.4155-13.7 8.0* 1.5 Q lQQ 5. P 0.18 , .4 0.16 C
1q 1 5 2 2 ~ 4 r 2 19- 18" q 1 54 - '5 ? e 0 1 R. f 2.7 25 253 18.5 O.2~ 1.4 1.9 0.11 C
19 1 7 6 55.4 19-23.2155-26.7 8.0* 1.3 11 80 1.6 0.05 0.5 O. Qq R
19 ~1 4 54.1 19-18.1 155-14.4 8.0* 12 222 6.5 O. 1q 1. ~ 0.14 C

19 ~2 42 3A.p 19-19.6 155-1'3.7 8.fJ* 1.1 10 1 q3 5.5 0.14 1.0 0.12 C
1 q ? 3 1 '3 5 6. 2 le-59.4 155-?~.7 34.l~ 2. ::) 28 217 18.6 0.23 1 .3 2.2 O.l~ C
?O 2 40 ~1.2 19-19.6155-15.q 6. 1 1. 4 14 l61 5. 1 n.rs 0.6 n.~ C.12 C
20 2 56 2.4 19- 1q .. 2 1 5~ -1 5. 6 6,. 3 1.3 14 1·93 3.5 0.12 0.8 J.6 0.14 C
20 3 7 26.3 l~-lq.'5 15'3-15.7 6.4 15 164 3.2 D.Of 0.7 0.5 0.12 C

20 3 4.9 1 q. 8 lQ-20.2 15~·-14.6 3.6 1. 7 18 14q 4.7 0.14 0.8 1.4- 0.23 C
70 7 59 36.15 19-1q.2 1"i';- q.? A.C* 2.1 12 17q 5.5 0.12 1 .0 0.15 C
20 17 2~ 34.3 ~. 9 - 1 7. 0 1 5~ - 1 ~ • 4- ~.1 2.1 2 ~ 1. ~ ~ f.O 0.12 0.7 0.8 0.18 C

~

20 1e ?~ "l 1. 1 lq-lq.l 155-15.4 f,.3 1.6 13 1 R9 3.9 0.13 ~.~ n.7 {'.1_4 C'-J

'0 18 c;q ")?~L 1.q- :;~t'"" ,_ '5~-?c;. A ? B. A '.~ ?2 ?'],7 24.':\ n.~1 7.0 ~.~ O.l.~ (

21 r: 16 14. 6 1<1-19.21';5-14.1 8.0* 11 168 6.0 \'. 14 1.1 0.17 C
21 C 26 20.f. lq-l~.3 lC:;~-13.6 8.0* 1.2 10 222 7.4 0.2'3 1.~ 0.14 C
21 o 21 56.1 10- ! 8 • ~ 15'5 -~. 3 • 7 8.('* 1.J q ??2 7.4 11.20 1.4 O.l~ C
21 (' 41 8. 5 19-20.3 1~5- 7.7 8.0* 1.~ 12 1~2 5.0 0.10 1 .0 0.13 C
21 6 27 3~.4 19-21.9 155-26.3 7.2 1. 6 13 144 6.1 r).16 1 .1 O.q 0.15 e-

21 1 11 1 3. 2 19-24.3 lc;~·-1~.3 3. 9 0.8 8 125 1.6 0.21 0.8 1.7 0.09 B
21 8 47 6.7 lc-20 •.~ 155- 7.7 8.0* 2.0 ~ 164 5. 1 C.17 1.6 0.11 C
21 9 38 1 7. 3 19-18.4 1'55-1C).~ 3.1 2.2 1"3 1 77 ~. 4 O. 18 1.1 1.4- 0.22 C
21 10 q 57.8 lQ-15.5155-18.0 7.2 1.~ 12 19 '; 4.6 1') .15 0.9 0.6 0.13 c:
21 10 24 ~7.9 19-?3.2 155-23.7 7.0 1.7 19 114 5.7 0.10 0.8 0.7 0.20 '3

21 11 26 2 O. ~ lq-22~O 155-25.4? 1.4 1.7 13 131 £..g O.lQ 1.1 1.3 0.20 B
2111 k7 40.8 lq-23.4 155-27.~? 7.1 2.J 12 260 q. 1 O. 53 2.4 1.8 0.24 0
21 1~ 5~ 13. 1 lQ-19.7155-11.·.1 R.C· 11 16A 5. C ~.l 0 O.Q 0.11 C
21 17 1q ~. 3. C lq- 22. 0 15~·-' '5., 2!:;.~ 1.1 13 1 1 A 1.1.:- 0.1'; 0.8 1.S 0.07 A
.,1 -''l 4 11.8 lq-lq.q lC;~-13.~ ~.~* l.~ ~. 4 ! 76 6.7 iJ.O Q ".6 O.lt) C'-~ L'-



SlJ~MAR_Y nF SFI SMIC EV~NTS (CONTlNUFOJ

1q 71 HR ~~ SfC l~T N LONG W f)EPTH ~A:; ~r) GAP D~IN ER_T ERH ERZ MO Q
OCT 21 23 3q 25.7 20-21.5155-56.9142.3* 2.'- 15 335 31.0 0.40 4.1 0.22 0

2~ 1 ?2 52.7 lq-lq.7 15~-1~.4? 1. 8 10 1 74 3. 5 O.~R I./) ~.8 O.lC) C
2' '2 " 5 q. L. 19-18e 4 l'5C;-lA.Q 1 Q. 3 1. t.- 11 13 A 0.9 0.45 1.8 '3. 7 O. Oq e
22 5 ~ Cj 3~. 8 19-19.0 155-13.6 8. O. 1. 5 l~ l~O 6.5 0.0<;' 0.8 0.1'5 C
22 6 45 4 q. 2 lQ-l Qe51'55-15.4 5e 9 1.4. 14 166 3.6 0.11 0.8 0.7 O.l~ C

22 7 30 10.'1 lq-?O.~ 155-14.4 7.0 1.3 10 191 4.(' 0.21 1 .1 c.q 0.13 C
?? c 4'3 51.7 lq-~O.O ltiS-13.A 5.8 1.~ 20 1 1::6 £.9 0.11 o.e 0.1 0.21 C
2? 16 ;>~ 52.4 1 9- 20. 7 1 c; '5 -1 q. 1 c;. 2 1.5 q 165 3.2 0.06 0.4 0.4 0.04 A
? 2 1 7 16 1 5. 2 lCJ-2 4 f'4155-2';.4 "3.8 1.S 18 107 886 Oe09 0.6 1.0 O.lQ B
22 1q 38 31. 6 lq-2~.3 15'5-40.3 6. 1 q 242 10. 5 0.44 2.9 1.2 0.09 0

22 20 2q 28.5 19-36.1 1~C\-50.8 37.3* Q 31~ 28. 8 0.36 2.8 0.06 0
?3 12 ?l 4~.f) 1.9-23.4 155-26.1 R.O* 1.7 11 151 1.6 '.01 0.6 ':'.f'~ C
23 1 t 34 1004- 1Q- 1 4 0 1 1 ~ 5 -2 7 • 1 ().4* 1.3 II 1'32 R.f O.ll 0.8 O.l~ C

t--'l
'2 ~ 1. 7 4 J 1. 6. ~ 10- ~f,. 3 1 ')5-4'5. 4 4. 5 1. q 11 29'; 25.5 1.07 4.8 ?7 0.1.0 [)co
2? ?r} ?~ ? .. h ,q-'4~ , 1. Sc::: -, fa-.. , 2~ 0 ('leA

.., qq , • q ().O~ 0.4 J.? o. nc; R

23 21 30 I.R lq-44.9 156-10.3 0.2 2.7 15 270 35.6 0.33 3.6 1.2.0.120
24 1 I? 31.5 19-52.1 155-31.? 21. 2 2. 3 22 20A 12.~ 0.24 1.4 2.1 0.12 C
24 1 3q 7. 9 19-16.6 15~-2~.4 6.1 2.' 18 146 6. 8 n.ll C.q 0.8 0.21 C
24 2 7 6". 1 lQ-17.0 155-72.8 -5.7 2.2 22 132 6.0 -O.Oq 0.8· 0.80.24 C
24 ~ 12 O. 2 19- 1 C; • 1 1 f) C) -7 o. '5 5.6 2. ~ 21 1 55 6.2 0.10 0.7 0.5 0.11 C

24 3 ~4 4. 3 1q- 11 • 'J 1 5~ -1 8. 7 30.4 2.4 16 19q 11.1 O. 21 1.2 2.3 0.10 C
?4 q 5 38.9 19-16.315';- R.6 ~~.5 11 274 l~.q ".'5A 2.2 4..7 0.08 C
24 1 7 18 2.4 19-24.3155-16.4 1.9 O.~ 8 72 ,1. ~ O.l~ 1 .1 O.q 0.20 B
24 18 53 38.6 18- 53. 5 1 55 - 9. 2 8.0* 2.6 21 267 44.1 0.39 2.5 0.12 0
24 19 24 6.4 19-14.6 155-?8.0 5e q 1.9 12 110 4.0 0.10 1.0 0.8 0.16 8

24 21 21 11. 6 1q-?4.3 155-25. 0 8. ()* 14 11<' 8. q ~. 06 r.b o. 12 e
24 22 36 lq.2 lq-t8.A l~c;- Q." 3.2 1 '3 1 84 6. lA o.!q 1.2 1.4 0.21 C
?5 0 1 4~.3 19-14.q 155-20.61 2.3 2.1 22 155 6.6 ~.l-; ~.q 1.4 0.22 C
~5 1 ~. 16. 2 19-1A.q 1'55-1f:,.2 . 31. 8 2.2 21 110 6.7 0.17 1.0 '.~ 0.12 C
25 1 20 48~3 lQ-21.~ 1~5-20.8 B.O* q ~9 4.8 0.11 1 .0 0.11 f\

.. .. • to



• 9

SlJ~Ma RV OF SEt SM [C ~VJ=NTS ( CON T I NJ.J E[) )

lQ71 HR ~N SEC LA T f\J LONG W DEPTH ~AG NO GAP OMIN ERT ERH ERZ MO Q

OC r 25 5 47 24.4 1 9 ..· 1 9. 3 1 '55 -1 1 • 6 5.4- 13 1 73 6.0 0.1 A 1.2 1.2 0.21 C
25 6 ~ 4,,7 lQ-20.1 155- q.A 8.2 2.9 21 147 3.7 0.09 0.6 0.5 0.13 B
2~ 8 ~2 53.0 1<:1- 1 1 • 7 1 ~ 5 - 1 ~. q A.O* 11 232 7.6 0.24 1.6 0.15 0
25 10 28 2 8. 6 19-1Q.C' 155-13.8 7. 3 2.7 21 146 6.6 0.10 0.8 0.6 0.15 C
2 ~ 10 3'.. 1 O. e; 19 - 18 • 1 1 55 -12. A A.O* 1. 6 8 234 8.1 0.30 ).9 0.11 D

2 5 1 (' 34 2 8. ~. lq-19.6 1~~-13.6 8.0* 1.A 11 14~ ~.6 0.06 0.5 0.10 C
2~ 1347 '5A.l 1q-22.4 155-24.4 4.2 ~.') 23 75 4.5 '.O~ n.6 ~.9 0.22 B
2') 14 44 (l. 0 1q- 1 ~. '3 1 55 -1 6. 8 6.6 1.3 10 1 R3 2.7 0.17 1 .1 0.8 0.1'5 C
25154Q ... 27.7 19- 2 1 • 8 1 C; 5 -1 8. 7 4.6 10 P4 ~.q 0.12 0.4 1.30.01 A
25 16 2 16. 9 19-1q~3 155- 8.8 8.0* 1.3 10 178 5.4 0.09 0.7 O.Oq C

25203417.8 !q-24.3 155-24.5 8.0* 1.3 13 208 1.q 0.20 1.3 0.15 C
? 5 21 40 2~. 2 19-'Q.7 l55-13.q A.O* 1.2 12 ',60 !'.~ O.oq 0.7 0.11 C
2'3 2~ 23 4~.~ lq-23.2155-26.2 A.C* 1.4 q 1 IS 2 7.5 O.~q ('.7 O.Cq C

~
\0 2~ 1 51 31. 2 lQ-19.9155-1G..O 8.0* l.~ 17 1 4 2 5.7 0.07 O.~ O.l~ C

'JA ? 1 c:; , 8.4 1 q- 1 A 4t 1 l5~-14.4 R.O* 1.1 ~ 1 Q 6,.4 O.'? 1 .4 0.16 C

2f 2 16 lq.7 1q- 17. 7 1 55-1 3 • 9 8.0* 1.1 q 2~ 2 7.~ 0.28 1.8 0.12 0
26 5 44 46.7 19-1.9.7 155-11.Cl? 7.6 l.~ 11 ? 16 5.2 0.1t? 1.1 0.7 0.11 C
26 " 54 16.~ lq-19.3 155-12.0 8.0* 1.5 10 221 5.9 0.20 1 .3 0.10 C
26 19 28 45.6 lq-16.4 155- 3.8 29.7 13 240 6.6 0.61 2.7 5.0 O.Oq 0
27 o 12 3 O. 6 lQ-22.0 155-23.q 7. 2 2. ? 1'5 96 3.4 0.10 0.9 0.1 0.18 B

27 1 13 22.'1 19-24.7 155-23.0 8.0* , 11 106 6.0 J. 0 6 0.5 0.10 B
21 2 ~l 28.'5 19-24.4 155-11.~ 1.0 0.7 1 18 1. 0 O. 12 0.6 0.8 0.14 B
27 2 51 55.q 19-24.6' 155-17.0 8.4 10 89 0.5 0.06 ('.4 ~.5 n.06 A
27 2 53 2 8. 7 ,19-24.6 155-16.q 8.7 1.4 13 72 O.~ 0.05 0.4 O.Ii 0.06 A
27 4 1 28.1 19-26.91'S4-51.Q 8.5 15 271 4.'; 0.31 2.6 1.1 0.14 0

27 ~ 4q ~.C 19-21.3 1~4-52.2 8. 8 14 26q 3. 6 0.35 2.6 1.l 0.15 0
27 5 21 24. 1 lq-lA.l 155- 1.11 1).0 2.) 14 lq 5 8.2 0.76 2. ~ 1.6 0.31 0
27 ~ 24 23., lq-20.~ l~C::-7.£. 4.0 13 t~3 ~ ~ o. 1. ~ ] .6 1 • 5 O. 20 (-' ..
21 1~' '57 '7.8 lQ-1Q.O 155-13.0 1.1 1.5 ~_6 ~C5 6.4 ('.';4 1.0 2.2 n.2l c
27 15 1 21.3 lq-2~.7 155-24.3? q.4 1.8 21 R~ 1.3 0.01 0.6 O.R 0.12 8



SU~MA~V O~ SEIS~IC :VfNTS (CONTI NUEOl

1971 HR MN ~f: C. L~T ~ LONG W ')EPTH MAG NO GAP OMIN ERT E-RH ERZ '40 Q
OCT 2 1 1 B 19 l~ 1 • 7 lq-19.6 15;-24.5 ".3 l.~ 12 130 3.~ 0.10 1.0 O.q 0.11 B

27 lq 11 38. 0 19-2 4 .4 1'55-16.9 8.5 1.3 14 56 l.~ 0.05 l'.4 n.b 0.07 A
? 7 1 Q 26 4 O. 0 10 -24.6 155-16.6 ~. 8 13 °3 o.q 0.07 0.5 0.1 0.07 A
27 19 29 58.1 19-19.4 155-12.0 8. 0* 1. 7 13 172 ~.8 ·0. 11 0.9 0.14 C
27 lQ 41 37.4 1 q- 20. 1 1 55 -1 3. 7 6.0 1.3 11 171 4.8 0.10 0.8 0.7 0.1'3 C

27 20 35 47.6 lQ-21.4 155-25.7 .~.O* 1.6 15 71 4.8 0.01 (".7 0.15 B
28 ! 56 5 8. 0 1q- 23. (, 1 55 -1 6,. 8 It-.q Ib 71 2.&' f).06 0.£ 0.1 0.07 A
28 R 14 7.C; 19-1R.71C15-16.C 9.2 1.? 11 191 3.4 0.74 1 .6 2.5 0.17 C
?~ 10 q 55. '3 lq-24.5155-16.8 (1.6 o.~ 8 74 0.8 0.11 0.3 0.2 0.08 A
28 10 40 24.0 19-20.6 155- 6.8 8.0* 1.9 12 156 6.0 0.10 ! • 1 0.15 C

28 12 1q 54. 8 lC?-lq.q 155- 8.1 8.7 1.8 14 16 q 5.0 0.13 1.0 2.3 0.10 C
?R 14 2<1 51.6 lq-21.5 155-15.5 ?5.4 1.3 12 121 1.7 0.1 7 0.9 1.8 r,).09 B
28 :?l A t..~. t lq-?2.~ lc;~-24.1? ~.~ 10 20~ 4." 0.37 2.1 3.R 0.13 r

N
1 °-1 8 • 0 1 ') 5 -1 3 • 2 ~.0* 1.5 10 231 r!.2q 0.16 00 2R 22 3~ 45.~ ~. 2 1.9

28 22 3~ 3t' ? lq-1q.t::» 1;;c)-1~.q q. 0* l.' l 1 ? nR f· .1-.. (\.lQ 1. • ~ O.l&: C

Zq 1 33 11. 7 19-~4.5 155-24.4 8.0* 1.3 14 176 8. 2 0.08 0.6 0.10 C
2q 3 t..q '31.3 19-21.115'5- 6.Q 3.9 1. A 16 1 L.,6 r::.4 0.13 1.1 1 .2 O. 20 C
29 7 3'3 40.6 lQ-20.1 155- '7.1 ~.O* 1.1 q 163 5.q 0.11 1.1 0.12 C
20 13 3 1. 1 lQ-19.11')5-11.5 8.0* 1.&' 12 1 75 ~.l 0.10 0.8 0.10 r
2q 14 53 25. 6 lq-16.4 155-4q.7 15. 8 2.4 1 q 207 22. 3 0.37 1.6 l.~ 0.l8 C

29 15 30 f5C.7 19-20.6 155-13.7 8.4 1. 7 11 137 3.9 0.13 1.2 ~.3 0.18 B
2<j 21 37 ~1.9 lA-5q.r; 155-17.4 31.3 2.8 21 230 76. 1 0.35 1.9 3.1 0.16 C
30 6 36 57. 6 1q- 26. a 1 55 - 2 O. 4? 3.0 1.0 14 <]7 3.0 0.23 0.8 O.q 0.23 B
30 6 40 56.2 19-10.5 155-30.11 5.2 l.q 17 124 4.3 f).15 1.1 0.9 0.18 £'
30 1 52 13.1 lq-18.9 1~~-11.~ 1.4 2. 7 22 15~ ~.6 0.40 0.8 1.5 O. 26 (:

30 171223.,5 1°-22.31'55-22.1. 5.4 1.5 12 152 4.1 0.11 1.0 1.1 0.19 C
30 20 31 16.7 19-24 9 2 1~5-16.7 1 3. 3 l.q 18 56 1.4 0.05 0.6 0.5 O.Oq 8
~l 2 14 33.3 19-19.9 l55-1~.~ q.o* 1. 7 13 213 ".6 0.1'3 e'.R 0.10 C
31 c; 10 13.~ 19-1Q. ~ 1~~·-1~.1 c;. 3 1. 6 1 7 141 1.9 0.1.1 0.8 o.~ 0.16 C
~l 7 15 q.2 10 -?4.5155-!7.4? ~ .4. 0.2 8 q8 1.<' o. 04 o. 2 o. 3 O. 05 8

.. '. "



• , • ,..

SUMMARY OF SEISMIC EVENTS (CCNTINUEOl

lQ71 HQ MN SEC LA T ~: LnNG W f)EPTH ~lG NO GAP D~I N ERT ERH E~,Z MD Q
OC T 31 8 1 57. 5 lC)-2'3.J3 15!'-15.51 ! .. 0 0.9 q 17 2.6 O.Oq 0.4 0.6 0.11 f.\

~l A 2~ 1 R. ~ tq-'?£..l 1~~-16.1 l.8 o. ~: 1 1 C£. 2.1 0.06 0.3 ').~ 0.06 B
31 16 20 7~.5 1Q-23.6 1~~-24.~? 7.q 2.4 21 Al f..4 ".07 0.6 ('.5 !.'.1i1 8
31 20 36 35.4 lq-lq.7155-14.1 8.0* 1.6 19 l/".? ~.7 0.07 0.6 0.13 C
31 23 45 8.6 1c; - 2 1 • 1 1 55- S. 31 7.1 10 13R 4.7 0.06 0.5 0.4 0.07 B

NOV 1 5 43 1 9. 1 lO-?0.Q 1~~-18.8 26.5 2.4 2'; 56 2.8 0.14 0.8 1.4 0.14 B
1 6 27 '33.Q lQ-lg.~ 155-12.~ R.r* 1.7 ~ 227 7.4 ').31 2.1 0.14 0
1 P 1~ 1 7. 4 lq-21.2 lC:;~-~~.C c;. 1 1. c:: 14 22~ 21.~ 0.26 1. .3 1.2 0.11 C
1 1 1 58 46.A lQ-'5Q.2 155-44.7 Q.l 2.2 20 176 16.1) f).10 1." 1. • 6 Q. 11 (.

1 16 42 57.2 lQ-?O.4 15~-18.7? 7.1 O.~ 9 89 2.4 0.10 0.8 0.6 0.12 8

1 1 7 35 5. q 1'1-20.2155-1A.Q 23. 3 1.7 15 AO 2.7 0.20 1.2 2.0 0.13 B
~. l~ II 1.4 1~- 2 1 • ~ 1 '55 - 1 '3. r; ?Q.6 2.! 1 ~ 1 3 C; 2.4 0.11 1.0 1.6 0.11 B

N 1 2n ?5 7. 7 1 q- 2 '.• 6 1 '5 C; -1 c;. ~ ? 5. 7 1 .) 12 1 '24 ?o n. ,. ? 1. 0 O.q 0.17 A
~ l ?3 1n lq.~ 1q - 19. 4 1. ~C, -'. C; • c:: 6.~ 1• ~ 1~ , ~C ~. c: 0.17 C.~ ).7 ').17 r

? 1 ' c ~r"'i.! 10--" ., ,~~-.,., A ~ -, l.C5 ' c:: q~ ., Q f\ rt..I.. (' .., " c. ".1C: R_ .. • " •• J '. _•• . .. ~, .. .~ .', ~ , . .'. ~

2 3 26 47.2 20-14.2155- 5.8 20.6* 2.5 19 293 46.2 0.31 2.1 0.14 n
2 4 26 3?q 1 q - C; 8. 4 1 5 S - 2 o. '2 12. A* 2.4 17 235 24.6 0.10 2. 2 0.16 0
2 £. 32 ~2.~ 18-C::3.11 c 5-17.1 8.0* 2.6 11 280 ~5.7 0.22 1.4 0.05 0
2 4 37 1.2 18-53.1 155-17.7 6. ? 2.4 14 251 ~15.1 1.26 2.6 8."3 0.11 0
? 5 26 3 '3. 2 lA- ~6. ~ 1 '55-2 O. 4 10. t:: 2.? 112~721.7 0.24 1.4 l.~ 0.07 C

217 36 17.~ lR-4~.4 155-15.8 ?1* 11 300 42.7 :J.ql S.6 o. 11 0
2 1Q 16 21.7 19-19.7 155-10.71 7.CJ 11 238 4.7 ~.20 1.3 '.5 O.Oq C
2 lq 47 27.7 lq-21. A 1';5-23.1 8.6 14 ~q 2.9 0.05 0.5 1. 1 O. 08 A
2 21 4~ 1 ".3. t,. 18- ~ :3. B 1 55 -1 7 • 3 10.4 10 278 34.4 O.qq 4.A 3.q O.Oq 0
2 21 4'" 1 5. 2 1 Q- 2 4 • 2 1 5 5 - 2 5 • 6 7.3 1.1 21 Sq B. 3 'J. C7 n.t; 0.5 0.16 B

2 21 55 49.~ 18-59.0 155-19.21 7. 4 2.3 1 q 245 74.7 O. 61 '5.0 ~O.8 O.2~ 0
3 5 1 2 ~ 1. C; lQ-lQ.O lC;5-1';.3 '5.9 1. 3 16 1 Q 3 4.~ 0.13 0.9 0.6 O.l~ C
'3 C; 15 1.6 lq-lq.7155-11.4 C;. 2 1. 7 1.9 168 ~.3 0.13 C.q 'l.A 0.21 C
3 ~ 31 1 9. 1 lQ-~0.3 1~5-11.~ 6., '3 1 ~ 183 4.~ 0.19 1 .2 1.0 0.16 C
~ 11 22 55.4 l~-lq.~ 155-10.0 8.0* 1 '3 116 5.~ 0.13 1.0 0.16 C



SUtJ.MAqV 'IF ~EIS~IC :VENTS (CONT INJFO )

1911 ~Q MN SEC L& T N LONG W OEPTH MAG NO GAP OMTN ERT ERH E~Z "0 Q

NOV 3 11 58 10.4 19-20.9 1';5- 6.6 3.9 1. 8 1 8 1"34 6.0 0.11 O.q 1.0 0.21 C
~ 16 17 51.2 lq-24.? 155-16.1 11. 4 1.4 1Ft 88 '2. 1 0.04 0.5 0.4 0.10 A
'3 16 c;3 (£..6 lq-2~.6 1~c;-25.3 8.0* l.~ 12 Q4 5.6 0.08 0.1 0.14 B
3 1 7 1 2.8 18-55.8 155-1q.41 11.4 2.5 10 260 2q.3 ').qc;l '5.1 4. 3 O. 16 0
3 19 38 4£..3 19-1 3. 1 15~-21.1 13.A* l.8 A 1fO 17.4 0.21 3.0 0.26 C

~ 21 17 ~7.R 19-23.0 155-23. 5 7.9 1.3 22 ~3 ~.3 ~.O7 0.6 0.5 0.18 B
t...,. 3 21 °.3 lQ-l'3. '; 1 '55-12.8 ~. 0* 1. 6 8 227 7.4 0.28 1. q 0.13 0
4 4 4~ 2'5.1 19-:'1.1155- 7.? 7. q 2•• 20 133 4.q O. 07 0.6 0.4 0.11 B
4 2~ 53 1 2. 1 1q-? 2. 1 1 ~~ - 23. 6 q.4 O.~ 11 121 3.~ ~.t)q 0.6 1.6 0.10 A
4 22 48 7.0 19-22.6155-22.6 2.1* 1.3 11 114 4.5 o. CP (\.5 O.l~ B

4 22 50 "38.6 1q-22.4155-23.11 9. 2 1. 4 13 118 4.1 0.20 1.5 2.8 0.27 B
':' '3 41 ':lr'.• 3 lq-2?e7155-26.8 0.9 1.5 14 154 1.7 2. r; B 1. 1 q. 1 O. 21 C
~ 7 ~5 22. 1 1Q- 2 3. 1 1 C\r; -11. 4 1 ~. 4 1.6 18 68 1 • 1 0.03 0.4 O.~ 0.09 A

N
N r:; q 3':' 2 7 .8 1q-l 1p 1 1'55-16.~ 41.2 1 • ~ 11 lR7 10.~ 0. 26 1. 1 ? 3 O. 09 r

c 12 11 l-:).R 19- 1. 1 1 ~~ -??~_ 30. ~ ?~ ~n ??f') 14 9 1 .') 9 ~ ~ ~ • A ~.f) 0.14 C

5 12 24 38.4 lQ-20.7 155-1S.Q 31. 2 21 12q 2.8 0.12 0.1 1.2 0.10 B
5 12 25 50.1 1'1-18.4 155-1').5 6. 4 1 7 150 4.6 ').08 ('.6 O. f> O. 12 '8
I) 20 13 31.~ lq-2~.8 155- 3.7 1. 5 1.9 2'3 1 O~ 5.6 0.'31 0.7 1.3 0.20 8
5 22 41 5 ~. r; 18-57.2155-18.4 42. '3 13 2~2 28.1 0.81 '3.~ 1.2 0.15 C
6 1. 17 o. ~ lA-4A.2155-13.1 B. C'* lR 276 47.1 0.'39 3.8 0.14 0

6 1 20 ~8.5 lq-?4.5155-17.2 1.0 0.7 9 64 0.8 0.01 (\.4 0.6 0.12 B
A 2 q 2 S3. 4 lq-22.9 155-26.4 4.5 2.1 21 78 1.6- 0.10 0.8 1.2 0.26 B
6 4 1Q 3".0 19-21.115'5- 1.3 3. 7 13 1 1.8 4.8 0.13 1.0 1.0 n.IR 8
6 1 12 16. 5 lq-22.1 155- ~.7 4. A 2.0 20 134 4. 1 0.15 1.1 0.9 0.24 C
6 q 10 II.£. lq-12.6 15~-27.3 6. q 2. 7 ?4 118 5.7 O.OA 0.7 0.5 0.16 R

~ 10 2F3 2 2. 6 lQ-2q.q 155-lt-l.3? 1.e 2.3 21 145 9.3 0.07 0.6 J.~ 0.11 B
6 14 ~~ 4~.7 lq-17.3 155-22.4 4.7 1 7 132 5.6 0.07 ').6 0.7 0.15 8
6 14 52 21. 5 lQ-lQ.C) lC)5-13.4 7.4 2.q 21 141) '5.6 0.08 0.6 J.5 0.14 C
f 16 22 q.7 lq-16.8 1'55-21.6 '5. 7 7.0 19 1 ~q 7.0 o.o~ 0.8 0.7 O.l~ (
7 4 ~ Ao ~ lq-23.q 155-16.4 l? 3 2.0 2? 51 1.4 o. OS 0.5 0.4 0.11 B

• • .. ,



• , , •

SUMMA~Y OF SEIS~IC EVENTS (C ONT I NUF D)

1 q71 HR MN SFC l4T N LONG W DEPTH MAG NO GAP O~IN ERT fRH ERZ MO Q
NOV 1 4 24 1~·.7 lq-22.q 1'5r::- 1).61 3.4 i. 7 1 7 127 7.2 0.12 O.q O.q O.le; C

'7 4 54 41). 1 lQ-lQ.81S'5-1?1 5.8 14 211 5.1 0.1 q 1 .1 O.A 0.16 r
7 4 55 8. 1 lQ-20.0 1~~- 9.8 8.3 11 161: 3.8 O.l~ 1.3 2.4 0.12 C
1 7 ~7 2 A. 2 lq-25.6 155-28.0 7.3 1. 1 20 III 11. 3 0.11 0.7 0.1 0.15 8
1 q 1 21. 1 19-20.'1 155-18.Q 4.5 9 86 2.9 0.10 0.3 1. ~ 0.01:\- A

7132457.2 1q- 2 () • q 1 55 -2 5 • 3 5.2 O.q 9 130 3. 7 f).15 0.8 2.4 O. 11 B
7 19 ~2 i:·6.2 lq- 24. 9 1 C;S-11. ~ q.1 1.~ 11 1 O~ 0. 4 O.2~ 1.5 2.0 0.18 e
~ 1 42 11.0 19-?1.Q 155-24.3 8.0* 1.& 6 241 A.7 O.~~ 2.' O.t() 0
8 1(\ C; "3 1. 3. 1 lq-26.8 155-2'}.4 7. :3 '1.2 24 fq 12.1 0.12 0.7 1.0 O.lQ B
8 19 23 40.1 J9-18.'3 15~-16.4 ~. 5 2.0 22 146 3.7 0.07 0.6 0.5 0.15 e

8 21 t; 32.1 19-20.3 155-11.6 6.4 1. ~ 13 209 4.5 0.15 1.1 0.6 0.15 C
A 2-2 35 B.4 lq-22.4 154-57.9 24.5 17 ~q? 17.7 O.Sq 4.q 4.<) O.OQ 0

N Q 1 3q 4.C: 19-10.4 1 ~5-30. 3 36.4 14 10~ 4.6 O.2Q 1.3 2.8 0.10 B
w q 2 14 24.<? lO-?l.q 155-25.~ 3.2 1.S 12 121 ~.7 ~.10 C.7 1.4 0.14 '3

q ~ 45 41e 7 JQ-21e 7 1'35-?~.4 ~. 5 ~.7 l~ 74 ~.(' f).OA e.I-- 1.0 C.l~ E

9 5 29 36.4 lq-19.6 155-15.5 5. 8 15 196 3.4 0.15 1.0 o. 5 O. 14 C
q 1 3 1 <;.3 19-22.0 1155-25.7 3. 2 ~. 1 21 70 10. 5 0.10 0.1 0.9 0.21 e
0 7 58 34. 1 10 - 21. 7 1 55 - 2 6 • 9? 0.0 1.8 12 76 6.8 7.61 O. 8 14. 5 0.1.9 B
9 11 28 2. 7 lq-19.1 15~-13.8 8.0* 11 204 6.5 0.17 1.2 0.15 C
q 17 37 1.9 19-19.4 155- q.l 4.2 15 176 S.1 0.20 1.'3 1.5 O. 24 C

9 1 A 30 6.6 19-21.7 155- 1.6 6. 5 2.4 19 168 4.1 0.21 1.5 1.0 0.27 C
q 23 26 1 5. 6 lq- 21. 5 -155-16.6 31. 2 2.2 23 .111 2.1 0.19 1.1 1.8 0.15 B

10 1 20 11.4 1 q- 2 3. 7 1 5 ~ - 2 2. 6 8. 0* 1. 5 17 60 5.1 0.04 0.4 0.11 B
10 2 12 2 o. c; lQ-26.1 155-24.7 5.5 2.' 18 q4 7.2 0.08 0.6 0.1 0.16 8
10 3 12 24. 8 lq- 24. q 155-16. q 1.2 1.1 8 11 5 0.2 0.07 0.4 0.3 0.09 l

10 3 4"3 36.0 19-23.6 155-17.0 12.1 16 ~3 2.4 o.o~ 0." 0.5 o.oq A
10 1 7 47.4 20- 3. 2 155-~8. 61 0.0 2.4 26 180 16.5 0.54 2.0 1.0 0.25 (.
1("\ q 13 44. S 1Q-70.6 155-2').6 4.8 2.; 22 q5 11.1 0.18 1.1 1.3 o. 30 -B
10 1~ 20 21.1 19- 20. 1 155 - 7."3 R.O* 13 166 5.7 0.13 I.? 0.16 C
11 1 53 ~ 8. 7 19-23.1155-24.6 1.2 1.~ 20 8'; 5. A ~. 08 0.6 0.5 0.15 R



SUMMARY OF SEISMIC EVENTS (CONTI NUEDt

1911 HQ ~N SEC l~T N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MO 0
NOV 11 2 51 51.6 lq-23.4 15~-29.91. 4.8 2.J 19 116 13.0 0.17 1.2 3.8 o. 21 e

11 ~ 4R 48. ~ 1q- 48 • 9 1 55 - 2 2. ! 24.3 2.0 18 12<;) 8.8 0.38 1.7 3.9 0.10 B
11 18 2 72.7 19-22. 3 155-24.4 8.5 1.!t 14 84 4. '3 0.07 0.6 1. 1 O. 11 B
11 20 19 10.6 1q- 1 7. q 1 55-13. ·9 8. 0* 1. 3 11 228 7.4 J.22 l.~ 0.11 0
11 21 3 5q.4 lq-22.4 155-23.21 8.1 2.5 24 63 4.1 0.07 0.6 0.5 O. 17 B

12 0 3 26.2 lQ-20.S 155-12.3 8. 9 1.4- 13 153 ~.6 C.IO 0.7 1.4 O.Oq C
12 3 25 38.6 1q - 2 a. 7 1 5 Ii - 28. 21 7.q l.q 14 151 ~. 3 0.12 0.8 0.1 0.1.2 C
12 7 26 52.5 19-22.31'5';-15.9 ~6. 0 1. Q 12 120 0.2 0.34 1.5 3.0 o. Oq e
12 8514<1.3 lq-25.8155-27.1 8.0* 11 109 q.9 0.03 o.~ o. O~ 8
12 10 32 24.4 19- 2 3. c; 1 55 - 2 3. 8 8.0* 1.6 10 128 6.2 O.Oq 0.7 0.12 C

12 15 46 25.6 19-1q.6 155-14.6 8.0* I.S 8 186 ~.o 0.14 1 .0 0.10 C
12 16 52 11.8 19-1q.3 155-13.7 8.0* 1.6 1", 201 6.1 0.12 O.A n.tO C

N
13 o 12 25.7 19-14. 6 155-22. C" 8. q 1.9 16 170 ~.6 0.08 (\.8 1.80.13 C

+:"- 1~ 1 53 44.3 19-20.1 155-12.0 7.0 3.0 20 144 4.6 0.10 0.8 0.6 0.17 C
~3 4 ? ~?e 4 lQ-?~.r; l55-?~.6 q.o* 1. 4 10 1 ~2 7.3 o. , 0 0.8 0.1? C

13 4 49 1 3. 7 1 9- 2 o. 0 1 55 - 1 3. 71 8.0 1.8 18 1 ~5 4.8 0.08 0.6 0.4 0.12 C
13 7 Sq 37. 7 19- 50 • q 1 55 - 32 • 2 2~.6 16 248 11.1 0.33 1 .8 2.8 0.08 C
1317 33 2q.5 20- 1.5 155-18.91 45.6 2. 3 13 117 26.2 0.65 4.7 7.8 0.24 n
13 20 45 26. 2 19- 19. 6 1 55 -1 3. q R.O* 1.5 16 162 5.1 0.08 0.6 0.11 C
13 23 4 12. 7 19-18.6 155-21.q? 6.6 1.7 16 111 3.8 0.07 0.6 0.7 0.13 8

13 23 52 17.5 19-20.6 155-12.4 9.1 1.2 14 153 3.6 ".12 0.8 1.4 0.10 C
14 1 6 19. q lq-19.6 155-11.0 A.O· 14 16q ~.o 0.07 0.6 O.Oq C
14 8 14 4~.5 19-22.5 155- 3.61 8. 0* 2.1 q 167 5.0 0.30 2.2 0.28 C
14 10 o 14. 2 19-23.3 155-25.6 7.9 1.9 19 82 7.1 0.11 0.1 0.7 0.15 8
14 12 2~ 41.5 19-22.5 155- 6.11 3.6 1.8 15 123 6.5 0.12 o.q 0.8 0.16 8

14 12 27 11. '3 19-20.4 1';5- 6.9 7.1 3.5 22 138 5.8 0.08 0.6 o.~ O.l~ A
14 12 39 38.4 19-20.2 155- 6.g 8.0* 6 1~~ 6. 1 0.18 1.8 O.lft C
14 1 3 39 10. 1 lQ-22.0 155-23.4 9.0 1.7 14 64 3.4 0.08 0.6 l.~ 0.11 8
14 14 17 42.q 19-1q.9 155-13.5 27.9 2.2 22 140 5.0 0.17 1.0 1.8 0.14 B
14 16 4 13. 8 lq-~C.4 155- 7.1 8.0* 13 15q 5.7 0.10 0.9 0.13 C

... • • ,



SJ • • •

SUM~ARY OF SEISMIC EVENTS CCONTINUEO'

1971 HR M~ SEC LlT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q
NOV 14 16 19 37.5 19-21.6 155- 0.31 10.1 2.3 13 2'56 5.6 0.64 5.2 2.2 0.2Q 0

14 17 17 16.1 lq-20.~· 155- 7.q q.5 11 162 4.6 0.10 0.7 1.4 0.07 B
14 lq 43 24.'5 19-22.0 155-18.4 1.5 1.1 10 74 3.5 0.07 0.3 O. 3 O.Oq A
14 21 11 q. 1 19-20.2 l1i5- 7.1 8.0* 13 164 ~.8 0.06 0.6 0.08 C
15 129 14.8 19-48.1155-18.0 11.8* 9 337 35.0 0.25 2.5 0.07 0

15 2 24 1.9 19- 2 1• 2 155- 2 3. 31 7. 3 9 181 1.8 0.55 2.8 ~.4 0.13 C
15 2 52 1 O. ~ 1q- 1q. 5 1 15 5 -1 1. 5 8.0 12 225 5.7 0.18 1.2 0.'5 O.Oq C
1~ 2 ~9 39. 3 19-18.9 155- 9.3 3. 5 1. ~ 15 182 6.1 0.17 1.1 1.2 0.19 C
15 4 55 2 R. 1 1~-?1.f) 155- 5.5 3.1 l.g 18 144 5.0 0.14 1.1 1. 1 O. 21 C
15 5 33 32. 1 18- 50.6 15S-26.1 14.4* 18 284 28. 7 0.25 1.8 0.13 0

15 5 36 58.3 lQ-19.0 155-1'3.4 8.0* 10 246 6.5 0.26 1 .6 0.10 0
l~ 6 155 20,7 lq-22.Q 155-23.1 8.0* 13 17~ 1).0 0.14 1.0 0.16 C
15 10 31 31. 2 lq-lq.1155-14.8 10.3 \0 lQ5 4.9 0.24 1.3 2.2 0.11 C

N ! ~ 15 ~O l\.4.7 1 Q- 2 O. 8 15 c; - 1q. '3 7.4* 9 ~5 3.6 0.04 0.3 0.07 BV1

Ie; 1~ 11 11. 7 !9-2?.,n 155-74.2 .,. R 8 21 ~ ~.~ De 1~ 1. 3 o. 7 O.oq C

15 11 58 6.q 19-14.4 154-54.21 2.7* 2.5 11 346 30.8 1.87 13.5 0.41 0
1518 25 3Q.O 19-20.5 155-1q.6 2.1* q 105 3.q 0.04 0.3 O.O~ B
15 19 33 11.1 19-16.2 155-12.31 0.0 2.2 lq 216 11." 0.52 1.2 0.9 0.21 C
15 20 40 31.0 lq-24.1 155-16.0 3. 2 1.1 15 61 2.0 0.05 0.4 0.1 0.10 8
15 22 8 43. q lq- 22. 3 15~-24. 31 6.q 9 212 4.3 0.38 1.9 3.6 0.13 C

15 22 29 13.4 lq-24.3155-23.6 8.0* 12 187 6.q 0.11 0.7 0.10 C
15 22 40 6.2 lq-19.2155-13.1 8.0* 11 208 6.0 0.11 0.7 0.08 C
15 22 52 1 3. 5 19- 22. 5 1 55 -47. 4? 1O. 7 2.ft 23 156 21.2 0.12 1.0 1.7 0.18 C
16 0 7 41.9 19- 16 • 6 1 55 - 21 • 5 8.0* 14 159 5.6 0.12 l.O 0.18 C
16 o 24 20. q 19- 17. 3 155-22. 3 5.'4 17 134 5.6 0.08 0.8 0.9 0.18 B

16 o 21 3:).~ 19-16.5 155-21.6 5.1 2.7 23 141 5.8 0.10 0.8 0.8 0.21 C
16 o "33 4&;.8 lq-16.3 155-22.3 A.O* q 208 7.1 0.14 1.0 O.Oq C
16 o 46 2.0 lq-16.4 155-21.6 8.0* 1.8 11 158 5.9 0.09 0.8 0.16 C
16 o 57 48.0 1q-11.2 155-27.~1 4.1. 15 13!5 5.8 0.11 1.0 1.0 o. 20 B
16 1 48 41.q 19-16.6 155-21.q 4.1 1.9 19 153 6.2 f).11 0.8 1.3 0.20 C



SUMMARY OF SEISMIC EVENTS (CONT I MJEO)

1971 HR MN SEC l~T N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q'
NOV 16 1 53 16.~ 19-16.3 155-21.1 8.0* 13 ?O5 6.2 0.14 1.1 0.14 C

16 2 3 32.7 lQ-!6.8 155-21.9 8.0· 13 148 6.0 0.11 1.0 0.17 C
16 2 7 11.3 19-16.2155-21.4 2.0 1.9 21 161 8.2' 0.30 0.7 1.1 O. 19 C'
16 2 12 5 3. 5 19-15.7 155-21.8 8.0* 12 226 1.0 0.20 1.3 0.13 0
16 2 13 26.7 19-16.9 155-21.11 1.1 13 212 6.7 0.15 0.8 1.9 0.14 C

16 2 16 46. 7 lq-16.4 155-21.31 2. 1 1.9 22 151 1.8 0.10 0.6 0.8 0.17 C
16 2 26 2q.7 19-17.6 155-22.0 8.0* 10 251 5.3 O.~l 2.9 0.16 0
16 2 33 ? 9 lq-16.5155-21.5 A.O* 14 lSQ 5.7 0.12 1.0 0.18 (,
16 2 34 25. 6 19- 1 6. 4 1 '55 - 2 2. :\ 8.0* 10 204 7.0 0.28 2.0 0.18 C
16 2 37 34.1 lq-16.1155-21.7 8.0* 13 208 6.4 0.15 1.1 0.15 C

16 2 31 59.1 19-16.0 155-21.8 8.0* 11 208 6.6 0.18 1.4 0.16 C
16 2 40 7.3 19-1S.g 1515-22.3 8.0* A 288 7.4 1.08 '5.7 0.13 0

N 16 2 41 30.1 19-16.3 155-21.1. ~.O* 1.8 19 161 5.3 0.09 0.7 0.15 C
Q"\ 16 2 44 40. 0 19-16.Q 15'5-22.5 8.0* 1.7 1 lSQ 6.3 0.04 0.4 0.04 C

16 2 46 4~.2 lq-16.9 15'5-21.7 8.0* 14 168 6.8 0.10 1.0 0.14 C

If 2 '54 3 8. 0 lQ-17.21'55-22.7 8.0* q 17q 5.7 0.19 1.4 0.15 C
16 "3 52 43.9 19-1 ~. 0 155 - 21 • C) 8.0* q 286 6.~ 0.96 5.1 (\.14 0
It 4 13 35.2 1'.1-15.4 155-21.3 8.0* 13 236 6.7 0.23 1 .4 0.18 0
16 4 15 1. 3 19-1.8.9 15'5-21.3 3. 7 8 195 4.4 0.10 0.5 0.7 0.06 8
16 4 20 55. 0 19- 11. 1 1 55 -21. I? 1.6 3.0 23 13q 4.6 0.09 0.7 0.6 0.18 B

It> 42234.5 19-16.1155-21.3 1.0 2.0 18 145 8.4 1.69 0.6 6.3 0.15 C
1~ 4 23 ~O.2 1q- 16. 0 1 5 ~ - 22 • 2 8.0* 8 .214 7.2 0.16 1.2 O.Oc» C
16 4 24 2.5 19-17.0 155-22.2 7.8 1.1 1<) 142 6.2 0.10 0.8 1.1 0.20 e
16 4 25 29. 5 19-16.8 155-2~.5 8.0* 8 192 6.4 0.05 0.4 0.04 C
16 4 25 54. 6 1q- 16. 4 1 r; 5 - 2 1 • 4 4. 9 2. 1 22 143 7.8 0.09 0.7 0.7 0.18 C

l~ , 21 1 15. 7 1q- 1 7. 1 1 5 ~ - 2 1 • 9 6.6 14 142 5.9 0.09 0.8 0.6 0.17 B
16 4 27 "3~.5 19-17.8 155-21.6 3.2 5 154 5.3 0.0 0.03 D
l~ 4 29 4.7 1q- 1 7 • 2 1 55 - 22. 7 8.0* q 179 5.6 0.15 1.1 0.13 C
16 4 31 O. 6 19-17., 1 155-22.1 8.0* 19 140 6.1 0.11 0.9 O.lCl C
16 4 32 42.~ lq-17.2 15C;-22.7 8.0* 9 181 5.7 0.13 1.0 0.11 C

.f' • ta ,



, • •

SUMMA~Y OF SEIS~IC EVENTS (CONTINUED)

1 q11 HR MN SEC LiT N LONG W DEPTH ~AG NO GAP DJI1IN ERT ERH ERl ,..0 0
NOV 16 4 34 44.5 19-16.9 15~-22.3 8.0* 8 191 6 .....4 0.07 0.6 0.06 C

16 4 "36 57.4 1 q-16. 6 1 55-22 • 6 8.0* 13 196 6.1 0.21 1.4 0.21 C
16 4 39 :3 3. "3 19-17.4 lr;~-22.6 4.3 8 173 ~.3 0.15 1.0 1.4- 0.11 C
16 4 42 43.6 19-11.4 155-22.4 8.0* 11 175 5.4 0.13 1.0 0.13 C
16 4 44 ~1.7 19-15.4 155-21.8 8.0* 1~ 234 7.4 0.17 1.1 0.13 0

16 4 48 26.0 19-17.0 155-22.3 4.4 16 140 6.1 0.12 1.0 1.10.21 C
l~ 4 49 3~. 3 19-1 6. 7 1 '55 - 2 1. A 8.0* 13 152 6.0 O. 12 1.0 0.20 C
16 4 52 3. 7 1Q- 2 0 • 6 155 - 20 • 8? 1.1 q 120 4.4 t).56 1.5 21.6 0.22 B
16 I:. 1 5 q •.£. 19-16.4 1~5-22.4? 8.0* 18 151 7.1 0.11t 1.2 0.24 C
16 5 4 l.4 19- 16 • 0 1 55 - 21 • q 8.0* 13 208 6.8 0.16 1.2 0.15 C

16 5 4 38.2 19-16.5155-21.8 8.0* 8 214 6. 1 0.88 4.8 0.16 0
16 5 26 56.7 1q-l 1. 7 155 -21. 6 6.9 2.5 20 1 ~ 1 5.2 O.Oq 0.8 O. 6 O. 21 C
16 ~ 29 lit·. 4 1q- 16. 6 1 r.; ~ - 21 • 5 9.0* q 271 ~ •. 7 0.68 3.8 0.15 "N

'-I 16 5 2Q 21.2 19-16 • 3 155 -21 • 5 2.3 2.' 21 142 7.8 0.12 0.8 1.3 ~.22 C
16 5 30 5~.4 lQ-17.3 155-21.4 8.0* 8 2~3 5.0 0.46 2.7 0.12 0

16 5 55 8.6 lQ-1C;.5 155-22.2 8.0* 10 227 7.8 0.24 1.6 0.14 0
16 6 .31 9.9 19-22.4 155-23.11 6.9 12 lOq 4.0 0.12 1.1 2.0 0.19 8
16 6 3'; 20.6 19- 17. 1 1 55 -2 2. 1 8.0* 12 141 6.1 0.07 0.7 0.11 _C
16 6 3q 33.9 19-15.4 155-22.0 8.0* 1~ 230 7.5 0.21 1.4 0.12 0
16 7 26 47. 3 19-11.3 155-22.41 2.7 1.7 17 135 5.6 0.13 1.0 1.4 0.22 C

16 7 31 33.8 19-17.3 155-22.2 8.C* 5 261 5 •. 7 0.21 1.6 0.04 0
16 8 22 4. 1 19-45.0 155-49.41 8.·q* 2.1 12 280 27.2 0.41 2.q 0.11 0
16 8 44 26.3 19-24.2 155-16.11 1.3 1.2 q '102 2.1 0.46 0.6 1.7 0.11 8
16 10 8 57.3 19-20.4 155-13.~ 2.8 2.0 18 181 3.8 0 •. 18 1.0 1.5 0.25 C
16 15 39 6.6 1q- 2 Z• 4 1 55 - 2 3 • 6 7.8 l.q 19 81 4.0 0.12 0.8 D.? O.lQ 8

16 15 4q 59.8 lQ-20.9 155-12.7 9.5 8 1 7t; 2.8 0.15 0.8 1.6 0.05 B
16 1 7 27 12.'6 lq-1 7 .6155-16.41 9.0 1.7 11 276 4.{\ 0.28 1.7 2. 3 O. 14 C
16 11 28 4.3 19-19.c) 155- 8.81 4.5 1.7 15 If-a 4.4 0.13 1.0 o.q 0.18 C
16 18 41 15.4 19- 1 8 • 7 1 55 - q. 8 3.q 14 186 6.3 O.lQ 1 • 1 1.~ 0.21 C
16 22 zq c;. 5 1q-18. 0 1 55- 5. 4 8.0* 12 270 10.e 0.60 3.4 0.10 0



SUMMARY OF SEISMIC EVENTS (CONTINUEDt

lq71 HR MN SEC llT N LONG W OEPTH MAG NO GAP DMIN ERT EItH ERl "0 Q
NOV 16 23 27 33.9 I 9- 2 1. 1 1 55 - 7. 6 2.9 2.1 11 148 8.4 O.Oq 0.6 0.8 0.14 II

17 1 23 12. 6 19-21.8 1~5-18.1? 2.0 1.6 12 161 3.5 0.12 0.9 1.4 0.13 C
11 1 45 6. 3 lq-22.2155-1R.1 1. 7 8 87 3.1 0.07 0.3 0.4- 0.08 A
11 3 26 0.3 18-59.3 155-28.4 25.6 2.6 24 284 1~.9 0.42 2.8 5.0 0.21 0
17 4 10 1 2. 4 . 19- 15. 1 1 54 -5 5. 0 13. 5* 2.5 18 243 25.1 0.41 3.1 0.28 0

17 5 42 1.5 1Q-20.1 155-19.6 3.6 8 101 4.0 0.21 0.6 3.1 0.07 8
17 6 41 21.8 19-22.4 155- 8.2? s.o 2.3 14 217 2.!' 0.16 1.2 0.5 0.12 C
17 75226.3 19-11.3155-15.2 8.0* 13 234 6.2 0.21 1.3 0.12 0
11 8 1 4. 8 19-15.1 155- 8.6 35. 2 12 319 17.q 0.25 2.4 1.3 0.07 C
11 ~ 2 Zq.O 19-1q.6 155- 8.6 5. 1 11 174 5.1 0.15 1.1 1.2 0.15 C

17 9 3 0.9 19-24.9 155-11.0 1.9 8 146 0.1 0.11 0.8 0.4 0.13 B
17 19 35 22.0 19-1B.q 155-10.1 3.6 1.7 14 t8l 5.9 0.17 1 .1 l.ft O.lO C

N 17 20 36 11.3 19-24.q 15~-23.3 8.0* 1.5 13 89 6.7 0.04 0.3 0.07 e
00 Ie 2 25 17.9 19-20.5 155-11.6 9. 2 1. B 13 203 4.1 0.10 0.6 0.9 0.07 8

18 5 46 15. 6 19-25.7 155-16.3 t.6 0.8 8 118 1.2 0.10 0.6 0.5 0.11 8

18 839 50.3 lQ-20.0 155- 8.81 4.6 2.'Z 16 167 4.2 0.13 0.9 0.9 0.15 C
18 10 21 10.4 19- 25. ~ 155-24.6. 8.0* l.q 16 83 7.1 0.06 0.6 0.11 B
18 12 4 5~. 6 19-59.6 155-20.9 11.6 2.7 18 223 11.4 0.26 1.8 1.7 0.17 C
18 15 39 53. 3 19-20.9 155-13.6 8. 1 1.5 17 142 3.2 O.Oq 0.8 0.5 0.15 e
18 16 44 32.4 18-49.0 155-16.1 8.0* 2.6 16 212 43. 1 0.44 2.g 0.12 0

18 17 4 45.~ 18-51.1 155-14.q? 20.3 2. 8 25 260 40.8 0.33 2.6 ~.3 0.16 0
1 B 1 7 30 35. q 18-51.0 155-16.3 5. 3 2.~ 15 265 39.8 1.80 3 • 9 1 1 • 2 O. 15 0
18173153.1 18- c:; 7 • 6 1 '55 -1 8.4 12. l ,.* 2.'5 17 241 ?1.~ 0.30 2.2 0.15 0
1 e 11 5q ~ 1. 1 18-54.4 1';5-11.1 15.4* 2.q 20 254 33. 6 0.25 1.1 0.16 0
18 18 8 r; O. 8 IA-54.l 155-15.8 26.1* 3.1 27 251 35.4 0.27 l.q 0.20 0

18 18 54 39. 2 19-15.q 155-22.1 0.5 2.1 22 142 8.1 0.45 0.7 0.8 0.18 B
18 lq 12 22.4 18-';4.9 1~5-18.3 28. 1. 2.6 17 251 31.9 0.34 2.7 0.22 0
18 20 17 58.2 18-51.q 155-16.2 e.2 2.~ 18 263 38.4- 0.70 3.3 3. 5 0.16 0
lA 21 6 20.6 18-52.7 155-17.7 1.5* 15 ZQ3 3~.7 0.67 4.1 O.Oq 0
19 3 11 55.3 19-21.B 15'5-28.6 5.4 1.8 16 B8 q.8 0.09 0.7 o.q O.lR B

... • • ,



• ..

SUMMA~Y OF SEISMIC EVENTS CCONT I NJEO'

1911 HR MN SEC l~T N LONG W DEPTH MAG NO GAP OMI N ERT ERH ERZ MD Q
NOV 19 6 1 12.0 19- 20 • 0 1 55- 8. 9 6.4 1.9 14 166 4.1 0.14 1.1 0.8 0.17 C

19 1 52 53. 1 19- 20. 2 1-;5-24. 8 6.9 1.7 11 105 2.6 0.10 0.9 0.8 0.14 8
lq 9 7 52.9 18-58.2 155-15.91 1.4 14 242 2q.6 0.64 3.3 4.0 0.22 0
19 10 56 36.5 19- 24. 8 1 55-24. 9 8.0* 1.6 11 101 8.9 0.07 0.6 0.12 8
19 12 44 29. 1 18-51.2 155-16.7 0.6 2.~ 13 272 39.0 0.51 4.6 1.6 0.15 0

19 14 14 18.7 19-21.3155-16.8 28. 3 2.1 20 123 2.4 0.19 1.1 1.7 0.11 8
lq 16 58 12.4 18-52.6 155-11.4 8.0* 2.~ 16 293 36.1 0.37 2.3 0.07 0
19 18 4~ ~. 0 1q- 1 8. 1 1 5~ - 8. 9 3.0 1.8 14 184 6.4 0.20 1.2 1.6 0.22 C
19 22 4 25.6 18-51.1 155-16.0 1.1* 2.5 17 278 3q.8 0.61 3.8 0.13 (l

20 1 6 21.8 18-47.8 lC;~-14.4 8.0* 2.5 11 215 46.5 0.53 ~.4 0.13 0

20 13 8 23.0 19-24. 0 155-15. 7 4.2 1.7 13 69 2.5 0.09 0.4 0.9 0.10 8
20 14 45 1q. 1 19- 25. 1 1 55 - 35. 7 4.4 2.5 13 242 7.8 0.21 1.2 0.1 O.Oq C

tv 20 17 7 2Q.C' 1 q- 1 8. 1 1 55 -1 5 • 0 q.2 1.8 16 210 5.6 o. 12 0.9 1.0 0.11 C
\0 20 1 7 28 ~.1 19-20.3 1';5-28.01 6.4 14 82 7.6 0.11 1.1 2.8 O.lQ B

20 22 53 lq.4 lQ-lq.Q 1C;5-13.0 11l.6 13 21A 4.7 0.13 0.7 1.2 0.07 8

21 0 8 53.1 19-22.9 155- 5.61 3. q 13 127 7.2 0.10 0.8 0.7 O.l~ 8
21 o 23 24. 8 19-26.3 155-2r;.q 8.0* 14 12q 7.9 0. 105 0.5 O.Oq C
21 o -32 22. 7 19-23.0 155- 3.8 2.6 q 163 5.q 0.10 0.6 l.ft. 0.09 8
21 6 30 24.5 1q-l q. 8 155-15.9 5.9 14 186 2.1 0.13 0.8 0.6 0.13 C
21. 8 12 23.9 19-20.5 155- 8.2 q.l 12 171 4.1 0.07 0.6 1.0 0.06 B

21 13 9 53.9 19-24.6 155-16.6 4.5 1.3 11 915 0.9 0.14 0.1 1.2 0.13 8
21 17 23 3.6 19- 11. 0 1 55 - 2 2. 3 8. 0* 1. 5 18 134 6. 1 :>.09 0.8 0.17 C
21 1 7 45 1.5 19-1q.6 155-13.6 6.4 1. ,. 19 144 5.4 0.07 0.5 0.5 O. 14 8
21 11 46 12.3 19-18.6 155-13.8 0.7 2.1 21 153 6.8 0.32 0.8 0.6 0.22 C
21 1 7 56 32.0 lq-17.1 155- 2.8 30.0 1.8 11 254 5.2 0.28 1.7 1.7 0.09 C

21 20 43 41.9 19- 15 • 9 155- 2 2. 1 2. 1 2.4 23 142 8.1 0.26 0.6 0.9 0.17 8
21 21 11 47. 1 lq-16.1 155-22.5 0.6* 1.~ 15 140 7.3 0.09 0.7 0.17 C
21 21 30 50.2 lq-lh.8 155-23.5 3.1 1.8 16 134 5.7 0.09 0.8 2.0 0.19 B
21 22 17 49. 5 1q-16. 7 155-23. 4 3.5 1.7 11 129 5.1 O. 10 0.9 1.6 0.22 C
21 23 19 38.8 19-20.6 1'55- 7.3 4.3 1.7 18 140 ~. 1 0.12 o.q 1.0 0.17 a



SUM~ARY OF SEISMIC EVENTS (CONT I NJE 0 J

1 q71 HR MN SEC lAT N LONG W OEPTH MAG NO GAP O~IN ERT ERH ERl MD Q
NOV 22 o 44 1.1 19-21.0 1';5-13.7 8.6 12 203 3.~ 0.30 1.5 2.2 0.10 C

22 4 47 42. 1 lq-24.3 155-17.2 1.8 0.3 8 91 1.1 0.04 0.3 O. 2 D. O~ A
22 12 34 28.0 lq-21.1 155-54.61 1.1 1.6 13 20Q 18.8 0.51 4.5 ·~.4 O. 30 C
27 14 27 36.9 19-14.6155-28.5 6.6 2.2 12 106 4.6 0.08 0.8 0.6 0.14 8
22 19 37 18. 3 19-20.1 15S-13.~ 7.6 1.5 11 148 3.5 0.08 0.1 0." 0.14 e
22 23 8 0.3 19-23 .. 2 155-14.9 4.4 11 105 2.3 0.19 0.6 1.6 0.09 8
23 3 6 13.8 19-20.5 155-12.9 9. 1 1.4 13 182 3.5 0.21 1.0 1.9 0.09 C
23 4 44 31.6 19-24.0 155-15.6 4.3 9 128 2.6 0.34 1.0 2.6 0.12 B
23 q 16 15.4 19-19.5 15~-16.~ 8.8 1.2 6 184 2.1 0.21 1.3 2.3 0.05 C
23 q 43 1 7. 0 1~- 1 3. 8 1. 55 - 6. 8 38.2 2.7 26 205 13.1 0.17 1.0 1.4 0.10 8

23 17 15 30.4 19-24.2155-16.1 .2. 2* 8 qq 2.0 0.03 0.3 0.05 e
2319 51 17.q 19-25.0 155-28.4 7.6 1.8 20 185 12.5 0.12 0.8 0.6 O.l~ C

w 23 20 1~ q.6 19- 2 O. 0 1 55 - 2 5. 1 10. 8 1. FJ 12 124 3.2 0.10 0.1 1.4 0.10 B
0 24 4 48 52.9 19-24.1155-16.0 1.8 0.7 8 104 2.2 0.10 0.6 0.4 0.10 A

24 8 38 0.8 19- 23. 2 1155-24.1 8.0* 1.8 17 136 f..l 0.08 0.6 0.12 C

24 11 47 30. 9 19-19.6 155-14.4 8.0* 1.~ 16 15B 5.3 0.01 0.6 0.12 C
74 16 52 57.0 }q-?O.O 155- 1.9 8. 7 16 168 ';.2 0.08 0.7 1 .5 O. 08 C
(4 16 53 41.0 19-19.9 155- 8.3 7 e 7 15 169 4.q 0.11 1.0 0.6 0.14 C
24 22 9 23.6 lq-22.8 1'55- 1.0 R.O* 1.9 14 162 6.4 O.lQ 1.5 0.22 C
24 23 1 1.8 19-24.3 155-16.1 1.9 0.9 9 98 1.9 0.06 0.4 0.4 0.08 A

25 1. 7 1 7.4 19-20.3 155-12.9 9.4 1.0 11 lSQ 4.0 0.24 1.2 2.2 0.10 C
25 5 17 4~.8 19- 24. Q 155-23. 5 8.0. 1.5 13 162 7.0 0.08 0.6 0.09 C
25 6 8 30.9 19-24.2155-16.1 2.0 8 100 2.0 0.05 0.3 0.2 0.05 A
25 1 48 41.6 19-24.2155-15.9 3.0 0.7 6 110 2.4 0.10 0.3 1.2 0.02 e
25 9 24 51.6 lq-23.4 155-30.2 6. 7 1.9 15 188 13.5 0.19 1.1 0.9 0.11 C

25 10 51 21.3 19-20.6 15~-19.E- 3.1 1.4 10 105 4.0 0.15 0.5 '-.ft. 0.01 8
25 11 9 28.8 19-24.7 155-16.6 1..1 0.5 9 100 0.1 0.06 0.3 0.3 0.10 A
25 14 30 S. 5 1q- 21. 0 1 55- 8. 3 7.5 2.1 20 135 3.3 0.08 0.1 O.~ 0.14 B
25171610.9 lq-23.3 155-14.& 2. 1* 7 104 2.5 0.03 0.2 0.04 C
25 18 8 1. 8 20- l.g 155-22.0 10.. 0 2.9 11 227 15.9 0.26 1.7 1.3 0.12 (

.. • ... f



·, • "

SUMMA~Y nF SEISMIC EVENTS (CONTIN-JED)

1 q11 HR MN SEC lAT N LONG W OEPTH MAG ~n GA P OMI N ERT ERH ERZ MD 0
NOV 25 20 46 15.0 19- 9.3155-20.9 27.6 2.~ 22 182 12.3 0.16 1 .1 2.2 0.12 C

25 20 '53 45.8 lq-24.2 155-16.01 2. e 0.7 6 163 7..2 0.14 0.6 1.1 O.Oq·C
25 22 6 ~ 3. p. 19-21.8155- 8.9 7. q 2.J 17 172 1.6 0.10 o.q 0.5 0.12 C
2f 0 7 2~.9 19-21.7 155-18.1 11.5 0.8 8 84 3.7 O.lQ 1.7 1.6 O.l~ B
26 o 22 37.1 lq-23.2 155-24.5 8.0* 1.2 14 173 6. (' O.Oq 0.6 0.10 C

26 o 28 56.6 19 - 19 • 0 1 5"5 - 15 • 0 5.0 1. 3 12 1 qS 4.1 O.lQ 1.2 1.1 0.18 C
26 1 34 46 0 1 19-20.3 155-12.q 9. 5 1. 5 13 1';5 4.0 0.12 0.8 1.5 ·O.oq C
?~ 11 ~1 £.~. 0 lQ-37.3155-50.6 14. 7 2. 1 21 148 7.4 0.16 1 .1 2.9 0.16 B
26 125833.1 lQ-20.7155-13.1 8. 1 2.4- 19 147 3.3 0.06 0.5 0.3 0.11 B
26 14 12 56.<) 1Q-20.3 15t;-11.B 6. 7 3.0 1q 142 4.3 0.08 0.7 0.5 0.15 B

26 14 37 2 8. 2 19-19.3 155-15.2 6.1 l.~ 12 186 4.2 0.15 0.9 0.8 0.15 C
?6 11 1 7 1 8. ~ l.q-2~.4 15C;-16.3 15.0 ~.2 24 54 1. ! '.06 0.5 0.1 ('.11 B
? 6 1. q 1 1 0. C) lq-23 e q l'55-16.~ 18.2 1 • 3 16 51 2.0 0.11 o.q 1.2 0.11 Bw

t-I t 6 1q 3 ~ 7.9 19-48.~ 1'55-22.'5 ~7. 7 2.0 18 l~ ~ g.l 0.2:' 1.0 2.1 O.Oq 8
?6 lO 41 '''~Q 1 Q- , 1 p. ~ 1 c; ~ -, 6 • ? 1 f,e 7 1 • R 14 q4 ? c:; (\.07 0.5 (\.7 (l.O~ A

26 21 32 41.5 1q-24.3 1~5-14.81 8.2 O.Q 12 85 1.0 0.10 0.8 0.6 0.13 B
26 21 38 13.5 lq- 24.1 1 ~~-16.1 2.0 8 101 2.0 0.08 C.5 0.3 0.01 A
26 23 ~ 1.5 19-24.0 155-15.6 3. 2 1.6 13 70 2.6 O.Oq 0.4 1.2 0.10 f3
27 o 12 36. 5 19-20~2 155-4Q.O? 2.6 2.2 12 270 23.0 1.67 ~.1 ~.4 0.10 0
27 o 27 17.q lQ-20.31155-11.7 9.0 1. 3 9 204 4.2 0.18 O.q 1.B 0.06 B

27 12 12 5.2 19- 25. 4 155-24.6 8.0* 1.8 13 83 8.£. 0.05 0.'5 C.ll B
27 14 52 15.q 19-23.3 155-16.1 16.6 2.1 21 67 1.5 0.01 0.6 0.9 0.12 8
27 21 21 27. 3 lq-17.q 155-12.7 3.7 2.2 lq 1 q3 8.4 0.20 1 .1 1.1 0.23 C
28 0 4 24.3 1q-16.6 155-12.0 8.0* 10 261 1'0.8 0.45 2.5 0.15 0
28 3 11 5 B. 0 19-30.3 1'55-17.~ 24.4 12 23~ 7.5 0.25 1.~ 1.9 O. 06 C

2P 3 28 54.6 19-'6.6 155-19.4 1. q 1.8 lq 166 q.6 0.36 0.6 !.~ 0.11 C
2A 6 11 ~6.2 lQ-14.A. 1~,~-16.S 13. 4 * q ~31 l~.O 0.20 1.~ O.Oq 0
18 6 1·9 1.e 1.9-19.0 155-15.'5 11.8 8 19l 3.q 0.11 0.7 1.4 0.05 B
28 6 2'2 l~. 0 lq-21.3 155-25.2 4.1 2. 1 20 74 9.3 0.10 0.9 1 .3 o. 78 B
28 6 49 3q.7 1Q-20.8 155-24.71 A. 8 1. 8 18 87 2.1 0.06 0.6 0.50.15 B



SUMMARY OF SFISMIC EVENTS (CONTINUED)

lq11 HR. MN ~EC LA T N LONG W DEPTH ~AG NO GAP OMIN ERT EPM EP.l MO Q
NOV 28 8 3q 40. 1 lq-22.9 155-27.3 8. 0* 1. 9 12 160 8.6 0.11 0.8 0.12 C

2P 94248 e 7 1q- 1q c 4 1 C; 5-11 • 8 8.0* 1.9 q 222 5.8 0.15 1.0 0.06 C
28 l~· 44 32. 8 1q- ~4. 3 1 '55- 16. 2 1. q o.q 11 -'2 1. e 0.06 0.3 0.3 0.09 A
28 16 13 6. 4 1 q- 1 9. 6 1 5 5 -1 4. 1 8.0* l.~ 13 1 q 1 5.8 o. 13 O.q 0.13 C
28 19 25 27. ~ 19-23.2 1~~-14.q 4.4 1. 1 13 104 2. 3 O. 0<;) 0.4 0.9 0.08 A

28 20 10 54. 0 19-23.4 155-29.8 7.8 1.7 15 185 16.4 0.14 1.2 1.0 rl.14 C
;?8 20 57 '27.3 1q- 23. 2 1 t; 5 -14. 7 3. 6 0.8 8 108 2.6 0.07 0.2 0.7 0.01 A
?P ?Z 41 1. q. '3 19-21.C 155- 5.B 5. 5 3.1 19 13 (' 5.4 0.10 0.7 0.6 0.15 8
2q 1 35 2 8. q 19- 2 • ~ 1 55- ~. 2 23. 3 1. 9 20 235 33.'2 0.31 2.4 8.0 0.15 0
~q 6 53 3<1.4 19-20.9 155-1~.q? 7.4 1.6 15 1. 51 2.q 0.0<1 o.e 0.6 0.14 C

29 7 21 4A.8 lQ-20.3155-13.0 6.8 1.1 10 155 4.0 0.12 1.0 0.8 0.15 C
29 1 56 5~. 9 1 <)- 1 8. 6 1 55 -1 2 • q ~.o l.~ 18 1~ 5 1.1 0.15 0.8 1.4 0.21 C
?O 7 58 21.6 lQ-~9.4 15~-12.q 6. ~ 2.3 20 14~ 5.6 0.10 0.8 o.~ 0.18 CLV

N 2q 8 ~6 ?5 lQ-'.A o 6 ~_~5-13o~ A.0* 1.6 13 15"3 6. q 0.10 o .8 0.14 C
?q Q 14 ~7.1 19-?~.l 1 '5c)-~7.4 7 .. 4. l. t; 1710711.3 n.no O.n Q4r; 0.1? R

2q 10 56 55.8 18-52.~ lc)5-17.8 3.£. 2. 3 15 2~O 36.1 1.2q 2.7 8.4 0.11 0
2 Q 11 6 ~l.A 18-r;2.~ 1.'55-17.6 8.0* 2.4- 10 260 36.1 0.40 2.6 0.10 0
2Q 11 28 38.5 lq-18.4 155-13.4? q.4 1..9 18 156 7.6 0.07 0.6 1.6 0.11 C
?9 12 22 31.4 18-4q.q 155-15.4 1. 7* 2. 5 14 26q 42.2 0.7S 4.7 0.19 0
29 14 57 1 q. 't 19-43c 3 156- 3.71 0.2 2.3 14 255 2;.6 0.43 2.7 1.0 0.19 0

29 15 18 o " 19-21.!1 1')5-16.0 31.1 2.2 17 125 2.6 0.14 0.1 1.2 0.01 8•• ..-t

29 15 43 SQ.4 19-22.3 I5CS- 4.3 r;. 1 2.2 lQ 147 5.0 0.t4 o.q a.·A O.l'l 8
?q 16 1 42.8 18-'51.1 155-16.5 1.3* 2.4 13 265 39.3 O.~8 2.4 0.11 0
29 16 46 42. 0 18- 5q. (, 155-1 q.1 13.1* l.q 12 245 23.2 0.35 2.6 0.1.,2 0
ZCJ 19 3 21.0 19-1Q.5155-10.8 A.O* 2.0 15 112 5. 1 0.10 0.8 0.12 C

29 22 8 26.f: 19-18.~ lC::5-1~.1 12. 1 1. 3 12 211 ,\.2 0.14 0.5 1.10.04 B
Zq 22 33 ~_ 5. 4 lC?- 3.q 155-21.~ 1 r;. 8 ?l 12 259 14. q O.1Q 5.1 12.1 ,0. 75 0
29 27 1'5 50. 1 18-50. 7 155-16.1 0.8* 2.2 12 Zq.,. 40.l.L 1.09 6.7 o. 18 D
20 23 21 1. 1 1~-56.7 lC35-1C).1 11.1* 2.3 13 242 28.2 O.~3 2.4 0.1'5 0
30 4 3 3 8. 9 19- 1 Q.~. ! c:~ -16. C f-. ~: :3 1.9 1q 162 2.7 o.oq 0.7 0.6 0.15 C

- .. « •



• .. •

SUMMARV OF SEISMIC EVENTS (CONT I NUFD)

1971 HR MN SEC LA T N tONG W nEPTH MAG NO GAP D~IN ERT ERH ERZ MO Q
f'JOV 30 4 4 11. 1 19- 1 q. 5 1 55 -1 &). 8 6.4 1. 5 16 1 6£. 3.0 0.08 1).6 O.~ 0.12 C

30 7 31 S-R.5 19- 24. 5 155-24. 8 8.0* 1.r.. 12 214 A.~ n.12 r.7 o.o~ c
~o 9 32 c; Oe 7 lA-50.6 155-15.01 0.0 2.4 20 2~1 41.5 (l.~2 2.4 O.q 0.13 C
30 q 40 28. 1 18-50.7155-115.0 0.5 2. 7 22.26141.3 0.40 2.9 1.2 0.16 0
3t' 10 9 48. ~ lQ-1Q.41';5-13.4 8. 0* 1. 3 14 167 5.8 0.10 0.1 0.14 C

30131220.7 18-~1.1 1'55-16.1 8.1 2.6 16 25'1 ~g. 8 0.62 3.0 3.4 0.16 0
30 14 53 1 2 • t- lQ-?4.0 155-16.3 2.f; 1.2 12 C;7 l.f O.Oq 0.4 1 .1 0.10 B
~O 15 45 17. ~ lQ-29.3 15~-5'3.g 7.q 2.4 24 160 4.2 0.11 1.4 t .2 o. 14 C
30 20 11 47e 6 19- 1.4155-}7.0 12.1* 7.1 12 227 24.2 0.41 3.1 0.23 0
30 22 26 48.1 lq-lq.5 155-12.6 R.O* 1.4 q 210 5.4 0.15 1.1 0.11 C

30 22 30 8.7 19-25.1155-16.1 2.9 0.9 12 122 0.7 0.08 0.4 0.8 O. 09 B
1 4 72 44.5 19-1~.6 ! 55-14.1 8.0* 1.4- ! 6 183 15.7 L\.11 c).8 O. 14 (.
1 q o '5.Q lq-l~.O 1155-13.0 8. 1 2. 1 14 183 8.~ 0.10 0.7 l.q 0.08 Cw
1 12 2 2.1 18-52.71'55-14.1 O.q* 2.6 lq 256 3~.4 0.41 7.7 0.15 0w

1 1 2 4 31.0 , 9- 22 • 0 1 '55- 4. f. 3.7 1. 7 1n 109 6.2 ~.lO ~.8 1.2 0.15 B

1 12 c; 2~. 2 19-24.2 155-16.1 1. 3 0.9 9 101 2. 1 0.11 0.6 0.7 0.13 B
1 12 20 43. 5 '19-24.1155-16.1. 1.2 o.s 10 64 2.0 o. 11 0.6 '.7 0.16 B
1 13 52 14. 6 19-18.1 1~·5-14."3 8.0* l.~ 11 221 6.6 0.22 1.5 0.16 C
1. 16 12 24.q lq-26.2155-43.4 7.0 2.0 17 142 13.6 0.18 o.q 1.0 0.17 B
1 16 41 18.9 18- 52. 1 1 '55 -16. C 7.6 2.5 iii 263 38.2 0.48 2.3 2.5 0.10 C

1 22 26 11 e 0 19-23.7 155-16.7? 1.4 0.5 7 106 1.4 1. 27 3. 1 9.7 0.16 C
2 0 o 36.4 lq-25.1 lr;~-24.3? 0.0 1. 8 8 197 7.1 8.13 1.3 16.5 0.15 C
2 5 q 21.0 1.9-20.4 155-l'3.0 q.2 1.2 11 186 3.8 ').23 1.1 2.2 0.10 C
2 5 40 8.1 19- 1 q. 4 1 ~5 -1 3 • 4 q.5 3.6 22 144 '5.7 0.04 0.4 0.5 0.09 B
2 5 51 41.8 lq-lR.l 155-12.8 8.0* 1.6 9 233 7.q 0.24 1.5 0.10 0

2 S 152 14.4 1<?-17.115S-11.Q 8. 0* 1.-; 12 206 10.0 0.19 1.4 0.17 C
? c; 53 4 R. (' 1~-20.n 155-14.'5 8.0* 1.7 16 185 '5.0 O.Oq 0.7 0.11 C
2 6 5 3. 8 lQ-20.1 1~C;-1'3.4 7.3 2.3 1 q 141 4.6 0.08 0.7 0.5 0.14 R
2 6 1A 2 Q. 3 19-75.7 15~-26.1 7.7 1..7 16 132 8. Q ~.11 ('.1 t).7 0.14 B
2 15 4 4.f-., 19-1q.2 lC:~-15.g ~.8 1.9 1 ~ 181 3.2 0.11 0.8 O.~ O.le; (:



SUMM~RY OF SttS~IC EVENTS (C ONT I NUE D)

1 911 HP MN SEC LAT N LONG W OfPTH MAG NO GAP OMIN ERT E~H ERZ MO 0
DEC 2 15 4 51.2 lq-22.6 155-24.4 8.0* 1.8 17 131 4.8 0.01 0.6 0.12 C

2 22 1 °.7 19- 2 1. 1 l C\r; - 7. q 8.e 1.A 16 191 3.8 0.16 1.2 o.~ o. 14 t
~ o 12 "3. 6 1<;)- 8.'" 1';5-38.8 5.1 2.1 16 lSQ 11.8 0.16 1.3 o.q 0.1' C
3 3 1q '33. 1 19-24.3155-16.3 3.1 0.1 9 90 1.7 0.19 0.6 1.7 0.09 A
3 1 ~6 1 P. 7 19-1 q. 1 1 55 - 8. 9 8.0* 1.8 13 181 5.7 0.10 0.8 0.12 C

3 12 24 39.~ lq- 24. 3 1 55-1~. 3 . 2.0 1.0 9 74 1.6 0.0'5 0.3 0.2 0.06 A
3 13 '; 5].7 19-24.2 1~5-16.2 12.3 1.6 18 62 1.q ('.('4 n.5 0.4 C'.Oq A
3 lA 2 1. 4. () lq-17.9 1~5-14.4? 0.0 2. 3 21 182 8.7 0.28 O.~ 0.5 0.14 C
3 1 B 5 17.3 19-2~.4 155-14.q 3. 2 1..2 11 qq 2.5 0.06 0.3 1.0 0.05 A
~ 22 4 5 '5 0 7 lq-21.8 15'5- A.4? A. 1 2.6 18 1 ~8 2.5 0.06 0.5 0.3 O.Oq B

3 23 37 56.2 lq-?O.l 155- 8.2? 5. c:~ 1.7 18 166 4.7 0.12 O.q 0.9 O. 15 C
3 23 53 51.!; 1q- 2 4. 2 1 55-1 6. 2 1. 9 0.9 13 ~8 l.q 0.10 0.5 0.4 0.16 8
4 4 7 34.7 lq-lo.O 155-12.7 A.n* 13 ?17 6.3 n.I'; 0.9 o.o~ CL.V

+=-- 4 4 25 5. 9 2('- 0.6 1'35-20.5 (\.8 2.5 10 2qi.. 2A.l 0.25 2.1 o.~ O.l£. C
4- 4 ')6 40.~. lo-'Q.R 1~t;~1?"1· ". 4 1 7 1 C I) 4.0 0.1'5 1 .0 0.7 O.l~ (

I,;. 5 46 2 4. ~ 1q- 16. 2 1 '55 - 2 :3. 6 o. 1 1.9 1q 143 5.5 0.49 0.8 1.0 0.20 C
4 7 26 15. 1 19-1°.0 155-21.21 0.7 1.4 14 lqO 4.2 1.46 <'.6 5.6 O.l~ C
~ 7 48 1 7. 3 lq-16.~ 1~'5-22.1? g.o* q 276 6.6 1.00 5.3 O.l~ 0
4 7 49 31.3 lq-16.6 1~5-22.0? D.C 2.0 1q 183 7.0 0.53 o.q 1.1 0.19 C
4 8 ':3 4q.3 1q - 1 5 • 8 1 55 - 2 2. 01 8.0* 10 289 7.2 1.95 10.0 0.16 0

4 10 6 22.2 19- 24. 2 1 £)5-16.1 3. 1 0.8 6 qq 2.0 0.04 0.1 o. 4 O. 01 B
4 10 '51 5 R. ~ 19-?3.41C)5-1L...Q 3.8 7 103 2.~ O.Oq 0.2 0.9 0.03 8
4 11 23 32.6 1. Q- 2 c. 4 1 ~5 -1 q. n 6.8 1.·it 14 71 2.q n.13 0.4 J. .2 0.10 A
4 14 16 14. 1 lq- 6 • (1 1 f)1) -1 5. '5 1 .,. 8 * 2. 5 19 282 ~8.5 0.29 2.0 0.15 0
4 17 o 38.3 19-?3.~ 155-15.1 4.0 1.1 11 105 2.2 O.l~ 0.5 1.4 0.10 A

~. 23 1 o. 7 lq- 24. 1 1 ~5-1 o. L,. 1 6. 1 1. 8 8 326 7.0 0.47 4.2 !t.7 0.11 0
5 r 26 ~ n. 2 1Q-19.7 155-15.2 5.9 1 ~ 164 3.<;') '}.~q 0.7 0.6 0.16 C
~ o 33 54. r: 1.<)-20.1 1~&;-1~.1 5.4 17 157 L.3 0.12 o.g 0.8 0.21 C
5 '5 ?7 ~1.7 19-24.0 155-23.4 9.5 1.5 16 115 6.4 f).05 ~.4 1.1 O.Oq A
5 5 31 1. 3 lq-2?~ 1~5-14.6? ?2* 1.1 13 116 2.4 0.17 1 .1 O.2Q B

• •• , •



• • "

SUM~AQY OF S~ISMtC EVENTS ( CON TI NUf 0 )

1911 HR ~N ~~C LAT N LONG W OEPTH MA~ NO GAP [lMIN ER.T ERH ERZ MO Q

DEC 5 5 55 17.Q 19-23.4155-14.q 1. 4 1.0 10 101 2.'5 O.Oq 0.4 O.c; 0.13 R
C; 7 44 3q.4 19- 1 8 ."7 1 '55 -11 • 4 3.3 2.3 tq 202 6.q n.~4 1 .3 1.10.21 C·
r; q 2~ 51.6 lQ-21.'21t;5-24.A ~.O* 8 21 q 5.4 0.13 0.8 O.OA C
5 q 31 11.4 lq-23.~ 1~S-14.6 3.5 1.2 q 1 09 2.6.0.20 0.6 2.2 0.09 8
5 9 S6 20. 1 lq-23.1 155-14.6 2.1 * 10 107 2.5 0.05 0.3 0.01 8

5 1 C 0 1.0 19- 2 A • 4 1 55 -1 8. 1? 8.0* 2.3 8 2Q8 5.6 0.24 3.3 0.32 0
5 14 ~3 51.4 1~- 22 • 3 1 5 ~ - 3. 8 3. 1 ?7 18 1 ~ 1 £..6 0.12 0.7 0.8 0.1t.. C
5 14 47 11. '5 lQ-20.6 155-14.4 24.'; 3.~ 28 134 4.5 ). 12 0.8 1 .2 0.15 B
5 1 7 27 33. ? 19-22,,4 155-'-7.5 12.1 11 88 2.1 0.13 1.0 1.1 0.14 B
6 0 2 2.3 19-24.q 1-;r;-17.2 1.0 1. 8 12 107 0.3 0.05 0.3 0.3 0.11 8

6 0 2 54. 3 19- 2 7. 7 1 '55-18. 01 8.0* 1.1 7 289 4.7 0.63 4.8 0.39 0
6 0 4 4.4 lq-24.R 155-17.1 1.5 2.~ 21 36 0.2 n.nq 0.5 0.4 f'.lQ 8
~ 2 ~q 30.7 19- 1 q. 9 1 r; c: -1 2 • 2 A. 3 1. 6 12 20Q c.e O.2~ ! • '3 2.1 0.10 Cw _0

U1 6 "3 '5 44.1 1. q- 2 '3 • 7 1 55 - 1 ~ • ? 1. 5 o. 2 ~ 91 2.4 ~.oc; 0.2 ).3 ~.O" A
~ ~ ?" 1.C;,2 1_ Q- ? ~ ~? 1 ~ 5 - o. (' 7 ~ (' 2.? 22 146 3.7 0.10 0.8 ~.5 0.19 B

6 4 35 54.5 19-23.2155-14.5 2. 6 q 110 2.8 0.04 0.2 1.4 0.03 A
6 7 31 26. q 19- 2 1. 0 1 55- 8. 1? 0.0 1.9 1 7 151 8.5 4.27 0.9 8.1. 0.18 C
6 1 35 7.5 19-23.41'5'5-15.2 3.8 l.~ 11 100 2.2 0.t5 0.6 1.70.l1 B
6 7 53 41. 0 19-1Q.O 155- 9.0 3.4 1.8 16 17q 5.8 0.16 1.0 1 .1 0 .. 20 (,
6 11 23 0.2 19- C;.7 1~5-22.7 39.6 17 1~5 11.5 0.28 J.3 2.q 0.11 C

6 15 c;l.. 5o. 2 lq-26.8 154·-~3.9 14.1* 2.3 14 220 4.0 0.14 1.2 0.09 C
6 16 34 43.q 1<;l-21.n 155-12.6 1 3.0 11 175 2.7 0.22 0.7 1.7 0.05 8
6 1 q 22 L.g lq-18.9 1~5-1~.1 q.2 1.1 11 144 3.2 0.06 o.~ 0.8 O.Oq A
6 20 20 2. 6 lQ-17.0 155-15.1 12.7 11 242 6.5 0.22 t).q 1.6 0.05 C
6 ?1 1 46. 3 lQ-21.0 155-10.7 8. 1 1.8 13 171 2.5 0.09 0.8 0.4 0.10 C

6 22 35 24. 5 19-11.3 155-15.1 12. 1 11 236 6.4 ,. 18 0.7 1.4 O. 05 C
7 1 A 59. 2 19-24.7155-17.2? 2.0 0.9 q 84 o.r: o. 09 0.7 J.40.13 B
7 7 56 1<;1.:, 19-~?3 lc)~-4r~.6 2.8 3.' lR 1 ~5 23.~ 0.1.0 0.6 1 .1 C'.10 8
7 8 26 20.Q 1q- 1 Q. ~ 1 f5~ -1'-. 1 8.0* 14 If-Q ~.a o.o~ 0.4 0.0 7 C
1 1. 0 8 25.3 19 - 2 2 • 7 1 54 - c; 6 • 6 5.5 2.=1 2? 21Q 12.2 n. 20 1 .6 1.3 (l.l~ C



SUMM6Q.Y OF SF I SM TeE V ~N TS ( C ON T I NtJ ~ 0 )

1971 HR ~N 5~C LA T ~ LONG W DEPTH MAG NO GAP DMIN ERT ERH EPZ MD Q
DEC 7 16 46 ~.2 lCj-24.9 It;';-16.Q 8.9 1.2 14 114 ('.1 O.~7 ('.5 tl.1 0.08 A

7 18 26 26e~ lq-17.~ 1~~-14.6 9.4 13 23!) 7.0 0.29 1 .4 2.3 O.Oq C
7 18 3B 34.4 lQ-23.0 154-53.5 6.0 16 250 10.Q 0.32 2.2 1 .1 0.17 C
7 19 42 4 e 7 lq-2!.7155-18.7 2. 3* 10 81 3.7 o. O~ 0.4 0.10 B
8 1 59 34. 5 19-24.A 155-24.4 7. 7 1. 4 1 ~ 205 8.3 0.24 1.2 1.6 0.17 C

9 2 37 18.9 19-43.4 1~5-13.1 8.0* 2.9 11 326 54.6 O.la.9 3.8 0.17 0
B 2 ~p '1,0.5 18-'51.CJ 1'5'5-1.5.1? 0.1 2.7 lq 28q 3<;).~ 0.42 3.A 1.4 0.18 f:\
B 4 11 39. 3 18-51.~ 1~5-15.·~? 0.0 2.'5 22 25 8 ~q.4 0.43 3.7 1.30.180
8 4 12 ??4 18-52.~ 1~5-15.4? 0.1 2.8 17 288 ~e.6 0.47 5.4 l.g O.lQ n
8 6 A ~5. 4 18-'5101 15~-15.6? 0.0 2.7 20 260 40.1 0.35 2.~ 1.0 0.15 0

A 6 ~~ 37. 7 18-5g.2 155-20.7 13.3* 1228822.8 o. qZ 5.q 0.14 0
f:\ g 41 38.9 18-5R.2 1~C::-?2.1? q.A 2.~ 7 2~3 73.2 O.q~ ".7 3.8 0.12 D

w 8 10 14 '5~.6 19-20.~ 1~5-16.7 5.A 1.4 14 '.26 1.3 0.10 0.7 ('.8 0.15 B
0'\ ~ ,_ (' 3 6 ~ g. k: 18- ~(). 0 155-1~. 6? 5ec ?q 17 262 41.1 f).~7 3.2 3.6 0.16 0

~ 1? 17 "A,R 1.Q-?1..,'1 lr.;~- 6 .. A 1. P. ~.L.. ?O 1 ~ ~ ~.7 ().a~ 0.6 0.4 0.11 8

R 1 3 7 14. 8 1q- 25. 0 1 '5~ -1 6 • A 1. 8 0.7 8 118 e.J.. O.Oq 0.6 0.4 0.12 B
q I 3 55 3.q lQ-1Q.51t:;5-14.P 8.C* 1.6 14 15 Q 4.8 0.12 f). g ('.17 C
~ 1'- 58 49.9 18 - C:;(l. 2 1 ';~, -1 6. "3 1..3* q 280 40.9 ').52 3.3 0.13 0
815592A.5 19-27.1 155-23.8 7. 5 1. 1 lq 123 3.6 o. 08 0.7 0.5 0.1& C
8 18 12 46. 0 19-234'3155-14.8 ?1 O.C) 9 105 7.6 0.06 0.3 0.2 0.06 A

8 1 8 2q 29. 2 18-4Q.2 155-17.1 0.3* 2.1 20 264 42.0 0.43 2.7 0.14 0
~ tq '5] 47. C 19- 20. 7 155-13.4 7.~ 1.8 19 146 3.5 0.08 o.e 0.5 0.16 B
8 22 35 55.1 1q-17.2155-14.8 13 .. 1 11 237 6.8 1).24 O.q 1.8 0.06 C
9 ? 3 1. q 19-2~.1 155-24.0 -1'. It. 3.; 20 11:;4 5.6 0.11 0.8 O.~ 0.11 CL

Q 2 15 57.1 19-19.6 155- 7.~ 5.4 4.3 21 156 5.8 0.15 0.9 0.8 O.2r; C

q 2 24 t·. 1. 3 19- 1 9 ~ 3 1 55- 7. 6 50 q 1.5 21 160 6.4 0.14 0.9 0.7 0.22 C
q 2294R.1 lQ-?'.4 155- 6.-' Pert.! 2.1 13 161 6. 2 0.06 0.6 O.Oq C
Q 24341.1 lq-lq.~ l~~- 7.L. A.O* 1.7 14 1 72 6.0 O.Oq 0.8 0.10 C
q 3 lq 38.7 1~-lq.5 155- 5.7 0.2 2.7 18 194 13.3 0.42 1.2 1:'.7 0.72 C
q ~ 48 51.C: 19-20.3 155- 7.4 ey.5 2.3 1<) 1~·3 ~.3 0.13 1.0 O.q 0.22 C

• • ... •



• • •

SUMMARY OF SEISMIC EV~NTS (CONTINUEO»

1 q11 HR MN SEC L~ T N LnNG W OEPTH MA:; NO GAP DMtN ERT ERH ERl MO Q
['f:C 9 4 8 39.-; lq-?3.q lC;5-23.8 8.0* 1.5 1 0 16~ 6.7 O.l~ l.~ 0.17 C

9 1 27 26.7 19-21.115';-24.Q 9.<1 11 1 70 3.3 0.26 1.3 3.D 0.16 C
9 9 24 42. 3 19-24~1 155-25.4 3.3 2.3 20 AS 8.1 0.08 0.5 0.8 0.16 ~

9 9 43 27.8 19-20.4 155- 7.5 4. 3 1.8 1 7 160 5.0 0.11 0.9 0.7 0.17 C
9 12 13 56. 8 1q- 3 C;. 3 1 56 -1 6. 4 13.9* 2.8 19 282 31.7 0.24 1.8 0.14 0

q 14 33 26.t? 19-20.0 155-14.6 8.0* 10 1'51 5.C 0.11 ,!.q 0.16 C
o 71 9 2. 1 lq- t"7."3 1 '5';- 7.4? 0.0 11 259 q.8 q.B9 3.219.20.23 n

10 1 5 56.1 19-~~.C; 1&:;5-15.0 1. C; 6 1 R6 2.5 0.06 0.5 ~.2 0.02 t:\
10 3 49 12.~ 19- 21 • Q 1 '15-1 8. 4 0.4 1.1 11 76 3.8 0.52 0.7 2.0 0.15 A
10 :3 5q 15.6 18-53.1155-11.1 8.7· 12 300 35.7 1.2q 6.7 3.5 0.11 0

10 7 47 1.. C 19-11. 5 155-21.3 33. 2 14 131 3. q 0.47 1.9 !t.0 0.10 B
10 7 47 41.9 19- 9.6 155-26.8 38.3 13 207 1.q O.~4 1.7 2.q O.Oq C

w 10 7 51 23. L 1q- 9 • 6 1 c ~ - 2 4. 2 32.C 12 221 ~.4 O.~6 2.~ &..~ 0.08 r
'-J 10 9 52 41. 2 19-20.~ 1~5- 7.4 7.5 1.8 14 153 4.q ~.1~ 1.2 0.8 O.l~ C

1 (' 12 24 9. 9 lq-22.2 155-23.8 10.2 ~ 1q 6 ~.7 C'. 4 ~ l.A t...O O.oq C

If' 16 11 3. (\ 19-21.2155-73.1 7.6 2.3 22 61 1. q O. C8 0.8 0.6 0.23 B
1 a 1 7 ~5 l~.q 1Q-24.115'5-15.7 4.6 1.0 10 6.8 2. ~ 0.20 O.f; 1 • ~ O. 08 A
10 18 35 46.4 1.9- 20. 0 1 55 - 6. q R.O* l.q 12 180 7.0 t:'.~6 n.s 0.06 C
10 23 3q 49.8 lq-24.1 155-15.8 1.7 0.7 8 117 2.4 0.08 0.4 0.5 0.10 A
11 o 30 57.0 lq-18.A 1'5'5-12.0 2. 1 2.3 20 178 ~.• 8 0.17 1.0 1.1 0.2'5 C

11 1 6 3 7. ~ 1Q-19.1155-20.4 4.2 1. 5 8 168 3.6 0.10 0.6 0.8 0.01 B
11 1 3~ 39.6 19- 7"3. 3 15'5 -14. 8 5.0 1.& 14 100 2.6 0.09 0.4 11.9 0 •.1)9 B
11 2 1 1.7. 5 lq-lq.l 151)- 8.q 4.4 1.6 14 179 5.8 0.10 0.7 ').1 0.1"3 C
11 4 58 15.6 19-22.1 155-23.3 6.7 8 leo ~.4 0.40 1 .1 3.1 0.10 C
11 13 11 ~7.8 1<)-21.7 155-24.1 6.q 1.7 1'3 63 3.1 0.06 o.'5 0.6 0.11 B

1116 38 14.C' lq-19.7 155-14.6 1 e 5 11 184 4.9 o. 16 1.1 O. 8 O. 17 C
11 1 7 39 5.9 1q- 20. 4 1 '55- 7.-' 7.6 l.e; llJo 161 4.8 0.10 1.0 ).6 0.14 C
11 21 11 29.8 1q --2 3.1 1 5'S -1 5 • 3 1.0 1.5 12 109 1.7 c.n7 0.3 0.4 0.12 B
11 21 57 1. 5 19·-24.4 1"~-22.~ 3.0 1.3 12 164 5.3 0.17 1.0 2.1 0.18 C
1 2 7 4 ?4.8 19-1 q • '5 1 C) 5 - 8. 9 ~.5 1.7 1 q ~. 74 5.0 0.15 O.q 1.0 O.lQ C



SUMMA~V OF SFIS~IC EVENTS (CONTINUED)

1 q11 HR MN SF:C laT N LONG W DFPTH MAC; NO GAP DMIN FR.T FR.H ERZ MO Q
DEC 12 8 30 45.5 lq-24.7155-24.3 ~. 0* 1. ~ 10 201 8.2 0.1 ~ 1 .1 0.14 C

1 ~ A 4q 5A.7 lq-22.3 1~5-22.6? 5.2 10 15 ~ 4.(\ 0.23 1.4 2.6 0.13 C
12 9 51 lq.4 19- 24. 1 1 c;r; -1 5. 8 1. '7 8 11 7 7.4 O.OA 0.4 0.5 0.10 A
12 13 24 45. 3 19-22.6 155-24.7 4.1 q 21q 5.1 0.25 1.4 1.1 0.14 C
12 14 3D 3.0 1<1- 22. '3 1 '; 5 - 24. ~ 6.6 1.8 1 r; 128 4.2 O. 11 0.8 0.9 0.19 8

12 20 4q 21.3 19-23.2 1~~-1~.2 4.0 1.1 12 104 2.0 0.12 0.5 1.4. 0.10 A
12 20 4q 4~.P lq-?3.6 1~~-1C;.1 3.0 ,~. 0 12 q4 2.4 ~.22 0.8 3.0 O.l~ B
17 ?O '5~ 7. q 1 9- q. ~ 1. 5 t. -5 7 • A? 1 5 • 6 * 2.:l 115 2~3 32.2 0.44 3.1 0.22 0
12 20 57 43.2 19-2":\.4 155-14.7 4't 1 2.1 15 98 2.4 0.08 0.4 0.8 O. 08 B
12 21 2r 5. 8 19-23.4 155-14.8 2. 1 1.0 q 103 2.6 0.07 0.4 o. 3 o. 08 A

12 23 18 34.7 19-20.3 1'55-13.2 6.9 1.~ 13 152 4.0 0.11 o.q 0.1 0.15 C
J? 23 41 1 7. , lq-?1.1 155-14.7 2.1 0.3 R 12q 2.~ 0.11 e.1) o.~ 0.0'5 B

w 1 3 2 23 77.0 19-23.~ le;'5-14.~ 1.6 O.A q 10'3 2.5 1).07 0.3 n.~ Q.l~ A
0:> 1 ? 3 21 '5 6 0 ~ 18-53. ~ 1. -=;"-17.6 8.3 2.2 11 2~2 3~.1 0.38 2.6 '3.2 0.13 0

, '1 4 16 29.0 19-?3~O 1~5-14.4 1. 7 0.7 q 115 2.8 0.0<1 0.'; 0.4 0.11 Bi .'

13 f: 2f. 3A.1 1q- 23. 3 1 C5 ~ -1 5 • 1 4. 2 1.3 13 102 2. 2 o. 13 o.~ 1.4 0.13 B
13 6 46 27.? lq-23.3 1;r;-14.7 2.5 1.' q 106 2.6 0.10 ('.4 5.2 0.07 B
13 7 54 2.4- 1~-t;7.3 1~S-21.2 12.t-* 2.4 1~ 248 2S.3 O.3r.; 2.5 0.12 0
1 3 8 40 13. 3 19-.2'3.5 155-14.q 1.2 11 97 2.4 0.10.C.5 0.5 0.15 8
13 10 53 51.,.9 18-53 e 61'55-15.7 1.6 2.5 17 Zql 36.3 0.34 3.6 4.3 0.14 n

l~ 1147 36.B lQ-19.2 1«;5-15.4 ~o 1 2.4 l~ 162 3.q n.06 0.5 0.3 0.11 C
13 11 55 ').9 lQ-lf:.61'5'5-23.2 2.7 1.5 12 140 i:.2 0.09 0.8 1 • A O. 14 B
13 1 3 49 27. 4 19- 2 1 • 2 155 -1 q. 1 2.4* 1.5 9 84 3.6 0.03 0.3 o. Of, B
1 3 17 S2 54. 4 19- 23. 4 1 ~5 - 23. <) '"t.O·1.5 16 129 6.1 0.07 0.6 0.13 C
13 18 18 45.7 19-19.9155-ZQ.f: 7. 8 2.? 18 1~6 8.3 0.1 7 1 .1 0.9 0.17 C

13 lq ~c; ~6.q lQ-22.0 15:-18.5 1• e; 0.5 9 77 ~.7 0.06 0.3 0.3 0.07 A
13 20 4q 13.q lq-?'J.l tc;5-l~.7 ~.(;* 1.5 le; 155 4.8 '.09 0.7 0.14 C
13 21 2 7. 7 1q- ? 4. 2 1 ~,~ - '; q. ~ 7. 1 2.~ 12 16~ 10.0 0.14 1.3 1.1 0.14 C
13 21 6 41.1 1g- ? 1 •.g 1 5r; -1 ~ • 1 4 , 1.4- l~ 7(' ~.4 0.10 O.~ 1.2 0.10 A.-
13 22 40 28.q lq-lQ.~ 155-11.8 ~')0* " 21 8 ".4 O.l~ 1 .1 0.07 C

tI .. , •



.. ..

SU~~ARY OF SfIS~IC EVENTS ( CON T I NUE 0 )

1971 HR MN SFC L 4 T N LDNG W nEPTH M4:; NO GAP OMIN FRT ERH ERl MD Q

DEC 14 0 4 44.1 1 9- 2 4 • '3 1 5 '5 -1 6 • 4 1.. ~ O.c; 7 87 1.15 0.04 0.2 0.2 0.04 B
'.4 1 8 3A.4 18-4q.A 1.55-16.0 2. 2* 2. 6 <? 270 42. 1 '.'."'4 4.7 0.16 0
14 1 31 13o~ lc}-lQ.5155-12.6 R.O* 1.5 11 227 7.2 0.20 1.2 0.10 0
14 2 20 21.2 19- 0.1155-18.5 10. 3 10 246 23.q 0.52 3.0 2.3 0.12 0
14 3 46 41.2 19- 7. 7 155-26.8 35.2 1.9 9 200 3.8 0.50 3.6 4.A 0.11 C

14 3 51 26.7 19-11.3155-25.4 ~6.2 2.0 11 17A 5.4 ".55 2.4 4..9 0.09 C
14 3 57 ~ 9. 2 lQ-16.71C;5-30.6 B.C'* 2.0 10 159 6.8 0.15 1.4 0.20 C
14 3 56 1. 7. 2 lq- 7.~ 1~~-26.1? 38.8 1.8 16 177 5.0 1).38 1.6 3.1 0.15 C
14 4 5 28.6 19-12.6 155-37.21 7.4 2.0 15 127 4.3 0.15 1.3 1.7 0.21 C
14 4 24 48.5 1q - 24. 1 1 55 -1 r;. 7 1. 8 1.0 q 67 2.5 0.03 0.1 0.1 0.04 A

14 5 10 57. 3 19-20.8 15~- 1.0 8.0* 1.3 10 1 ~3 ~.~ 0.07 0.7 0.09 C
14 5 24 43.1 1~-54.1 155-18.6 6.8 2.b 13 266 ~2.7 1.84 ~.811.30.140

14 6 C) 1. (' ~.A-3~.1 155- q.4 ~.O* 2.2 10 300 te.? 7.00 12.3 o. 22 0w
10- ? 1 • C; 1 r; 5 - 4. 2 C;. 3 1. 5 11 139 3.7 0.21 1.7 1.3 0.2' C\.0 14 7 32 7.7

14 R 5 "3?~R IQ-.?loQ 1~~-2~.3? R. 1. ~.~ ~ 0 1 1 R ~.o n.C'~ O.c:s 0.4 0.14 A

14 10 21 38.3 18-49.6 155-24.5 1 0.3 2.8 22 266 32.(' 0.22 1.6 1.7 0.12 C
1t. 10 2110.2 1 9- 2 3. 2 113 r; -1 4. ~ t... 1 1.4- 11 lor; 2. 4 0.21 0.1 1.8 O.oq B
14 10 31 22.4 19-19.6 155- A.q? 3.q l.~ 14 113 4.q 0.18 1.5 1.1 0.22 C
14 14 49 2. 5 lq-lq.A 155-13.8 7.2 1.'5 18 1'58 ~.~ 0.10 0.8 0.5 0.115 C
14 19 27 1. 3 19- 21 • 4 1 55 -1 5. 6 26.1 2.~ 25 123 1.8 0.12 0.8 l.~ n.14 B

llc.. 20 25 21.:3 19- 21. 7 1 e:5-2~. 0 3.5 1.6 16 lOq 4. 1 0.09 0.6 1.2 0.16 B
14 20 50 4~.1 1 q- 25. 3 1 ~4 -4 5 • 1 5.8 15 322 15.q 1.25 5.8 2.5 0.12 0
15 o 32 4q.Q 19-1q.3 155-1S.S 5.6 17 1 R3 :'-:.7 0.14 O.q 0.7 0.17 C
15 3 5 3q.8 1q- 19. B 1 55 -1 A• 4 32.1 3.2 20 113 t.q 0.16 O.q 1.4 0.10 A
15 5 26 44. C; 18-51.2 155-16.41 9.6 2.7 11 26!5 39.3 0.57 3 • 1 1 3 • 1 O. 2'5 D

~ 5 7 44 51.0 lq-lA.5 155- q.O 3.8 1.9 2 (' 1 86 6.8 O~ 18 1. 1 1.1 0.23 C
15 R 42 3~.8 1q - 2 4. ~ 1 5 t; - 2 1 • 91 7.q 3.2 215 All O. 8 0.09 0.5 ).6 0.11 B
15 A SA 20.2 lc)-?2.0 lr;5-2~.q n.p. 14 111 3.4 n.lO 0.8 f).q t).zn B
15 1 7 20 ..,. 8 19-19.7 lr;~-3A.?? 0.0 2.2 70 164 9.1. ~.60 0.8 ~.8 0.18 C
Ie; ?3 40 18.2 19-24.A 155-17.1 o.q 0.5 ~ 75 c.~ 0.12 0.6 l'. 8 o. 20 8



SUt-1MARY OF SF I 5"1 TeE V E~ TS (CONTINtJEOl

1911 HR MN SFC LAT N LONG W OEPTH MAG NO GAP OMt N ERT ERH ~PZ MD Q
DEC 16 £:: C;4 0.1 19-20.6 155- 8.3 3.9 1.9 17 158 ~.~ 0.14 1.0 0.9 0.20 C

16 q 26 ~l.O lq-22.2 l~;- 6.1 4. 1 11 123 ~.t; 0.10 0.1 Q.7 0.14 8
16 11 "34 54.6 19-20.3 155-1q.~ 5.4 2.!t 20 6q 3.3 0.05 0.4 0.4 0.12 ~

16 12 17 5.3 19-22" 2 lC;~-23.1 6.2 13 112 3.7 0.09 0.8 o.q 0.11 R
16 16 52 16. 5 18-56.4 155-16.8 8.4 1') 299 30. q 3.42 8.7 lr..o 0.18 0

1617 27 i\I...,..~ lq-24.1155-15.8 1. B 0.7 7 116 2.3 0.03 0.2 0.2 0.03 B
1.6 lq lR 2 ~. 1 20- 3.615'5-?5.Q 49.3 2.9 2? 193 20.4 0.47 2.0 4.3 0.11 C
1.6 20.t6 52.5 '. q - 1 '3. 1 1 5 5 - 1 o. ?? 3~.() 10 254 16.5 0.21 1 .6 2.0 0.04 (,
16 ? 1 49 51. 7 1'3-51584 155-15.7 ~. 1 2.6 20 2A2 33.1 0.28 2.0 2.3 0.13 C
16 22 1 48. 7 1 9 - 2 2. 8 1 5'5 - J o. 91 8.0* 11 125 10.6 0.25 2.3 0.33 C

17 1 18 22.f lQ-20.4 155-1q.4 4.3 1.3 14 117 ,?·.6 0.11 '.'.8 1. 1 O. 18 B
1 "'7 1. ~2 ~9.1 lQ-1Q.O 1'S~-12.4 3.2 1.9 21 1 ~ 3 6.4 0.13 0.8 1. • 1 O. 22 C... I

17 2 ~ 18.7 19-20.4 1"5-~2.q l5.9 1. p 16 , P 4 3.0 D.1.1 1.0 r:l.8 ~.le c+:'
0 11 ? ~ 1 4?~ 3 lQ-22.1.155-17.7 1. ~. 1.2 13 R3 2.1 0.01 o.~ 1.0 a.OR A...,

~ 16 1 ~ 19~ 24 • .:y 1 T)S-l·::·. ":' r'\ -p , l, IZ 59 1.0 f) "'7 '" " 0.7 0.06 AL I !. ~ -- ; 1.e u ...... ~. "" ..,

1 7 8 51 1. 6 18-4q.3 lr::~-15.c; 1. 8* 20 271 l··2.8 0.40 2.5 0.12 0
1 7 8 r;q 1..7.5 19-23.8 }c)5-24.Q 8.? 2.3 23 121 7.2 ".11 0.7 0.7 0.18 C
1710 19 26.7 lQ-20.'3 1155-1Q.2 6.4 1. 5 11 102 ~.l O.Oq 0.'5 0.6 0.08 A
11 11 Q 22.2 lQ-23.41'55-14.7 2.1* l.~ 8 105 2. 5 O. 03 0.2 0.05 B
17 11 34 ? 3. A 1Q- 1q.:3 1 ~ ~ -1 c; • I:- 6.0 11 1.82 ~.~ 0.115 O.q 0.7 0.13 C

17 14 22 3~. 2 lq-18e~ 155-13.2 A.O* 10 735 7.0 0.26 1.7 0.12 0
17 lq t;3 5.0 18-49.9 1~5-16.? 1.4* 2.6 18 281 41.6 0.11 4.4 0.15 0
17 20 q 1.7. q lS-53 tt 1 lS5-17.Q 15.1* 2.1 22 251 34.0 o. Zq 2. 1 0.18 0
17 20 10 43 .. 6 18-51.31c;5-18.6 .~. 0 15 2~4 37.3 1.88 4.4 10.4 0.13 0
J,7 2f) 12 21.7 1P- 5 1. 2 1 55-1 7 • 1 1.7* 2.6 16 264 3~.7 O~ 51 ~.2 O. 15 0

17 21 8 21.3 18-49.7 155-18.3 1.9* 2.6 16 275 40.1 0.44 2.7 0.10 0
17 21 11 ?q.4 lR-5:? 2 lC:;5-17.1 l~.t* 2.7 22 255 ~7.0 0.'32 2. 2 0.20 0
17 21 32 1... 1-... II, 1~-5~.g l'SC:-IA.C 18.0* 2.~ 21 250 33.8 0.31 2.2 0.18 0
17 ;'?3 22 ~4.4 1. q- 2 3 • 2 1 5'5 -14. A 1. q 1.3 17 108 2. 3 0.13 0.5 0.5 0.19 B
11 23 21 8. 2 lQ-20.f5 155-20.0 1. 2 1. ~. 18 77 4.6 0.05 C.4 0.8 0.13 B

• • • •



.. • •

SUMMA~Y OF SEISMIC EVENTS (COt'~TINUEO )

1911 HR MN SEC l~ T N LONG W OEPTH MAG NO G.P DMIN ERT ERH ERZ MO Q

DEC 17 23 40 If.~ 19-23.3 1':~-14.'; 3.~ 2.2 lq 102 2.~ O.O~ 0.4 O.~ 0.12 B
lA 1 54 59.6 1~-20.B 155-1g.2 3.4 10 91 3.4 0.06 0.2 1.1 0.03 A
18 2 10 43.6 1q- 20. 2 1 ~ ~ -1 9. 1 5.0 1.5 14 8~ 3.0 0.08 0.6 0.1 0.11 B
18 2 53 39.6 18-51.q 155-17.1 10. 6 2.1 22 216 28.5 0.28 1.7 1.4 0.14 C
18 2 51 29.9 18-52.0 155-16.0 q.5. 3. 2 20 2B9 3S.4 0.71 4.4 0.14 0

18 2594q.8 19- 4.1155-19.q? 4.6 2.3 18 25q 11.1 0.60 3.2 3.5 0.34 0
lP , 1 35.g 1~-5A.B 1~5-20.Q q.4 2.4 172e923.2 0.41 2.5 2.1 0.17 C
18 6 25 5C5.f' 19-2~.2 155-19.91 5. 3 1.4 10 118 4.3 0.21 !.O 2.1 0.09 A
18 7 18 1.0 18-~4.1 155-20.Q 10.6 11 275 31.0 0.52 3.0 2.3 0.09 0
18 8 14 33.5 1 q-l1 • q 155 -1 5 • 2 9.0 11 219 5.5 ".18 0.9 1.6 0.07 8

18 10 45 59.4 19-21.9 155- 3.3 2.9 2. 1 18 174 3.8 0.23 1.3 1.4 0.25 C
18 13 o 21.1 18-50.5 l~r;-lq.l 1. 5* 16 278 38.£. 0.76 4.7 O.lq 0
1B 13 2g t). 7 18-51.7 155-18.~ ~. 0* q 315 33.1 0.16 4.6 O. 0'3 D

+:'
lA 14 5553.3 1~-46~? lS5-!'3.6 lB.~* 2.R 16 789 47.0 0.32 2.2 0.12 0~

lA 1 7 17 1 ~. ~ lq-~O.1 lc;C::-l 1 .7 6.£. lC; It~ ~.Q 0.09 0.7 0.5 O.l~ C

18182545.q lQ-20e8 15'5-19.0 5. 1 1.3 11 89 3.1 0.13 0.3 1.1 0.05 A
18 1CJ 8 43.3 19-18.8 155- 7.1 1. 1 l.q 19.210 7.7 1.42 1.1 5.D 0.18 C
18 20 1354.3 19-32.1 155- ~.4 15.1 2.2 It) 165 5.3 0.06 0.5 1.1 0.07 B
18 20 16 24. q 1~- 1.9. 8 1 c; 5 - 15. 6 5. ~ 1.4 12 191 3. 1 o. 18 1.0 0.9 0.14 C
18202317.4 19-1q.l 155- 1.9 2.3 16 1~4 6.5 O. 21 1. 3 1.8 0.22 C

18 23 46 g.8 . 18-51.3 155-18.6 15.2* 3.0 2225837.2 0.23 1.~ 0.14 0
19 o 41 31.4 lQ-lq.4 1'5~-11.4 5.2 15 197 ~.1 0.18 1.1 O.q 0.11 C
lq 2 24 45.7 18-49.4 155-17.R? 14.8 2.8 18 2q4 41.2 0.52 3.7 5.3 0.20 0
19 3 9 43.1 18-43.2 155-18.1 8.0* 2.9 19 280 51.5 0.12 4.~ 0.17 0
lq 3 25 49.9 19- 25. 2' 1 55 - 2 8. 3 2.6 1. q 20 89 12.2 0.17 0.9 1 • 7 0.23 8

lq 3 29 34.7 18-~C;.A 1~5-22.2? 2.5 17 2.44 21. 2 1.38 2.8 8.1 0.21 0
19 3 ~q 34. 2 18-5('.7 155-11.9 0.1* 9 277 3R.q 0.62 ~.8 0.12 0
lq 5 34 5.4 lq- 24. 5 1 ~5-24.1:-? o. C 1.4 1 ~ 159 B. 2 7.23 0.8 13.7 O.lt:; C
19 5 46 4.3 1Q- 7. 2 155- 7. 5 42.3 2.5 24 2Z~ 27.A 0.23 1.3 1. 7 ". Oq C
1~ I::> 35 ~ 8. S; lQ-19.1 155-15.5 8.8 9 238 3.q 0.21 1 .2 l.~ 0.05 (



SU~MA~Y O~ SEISMIC :VENTS (CONTI NUEO)

1971 HR MN SEC tAT N ln~G W OEPTH MAG NO GAP DMIN ERT ERH ERI MO 0
DEC 1q 7 20 25. 9 1q-18.9 155-12.2 ~. 1 12 242 6.7 0.36 I.e 1.9 O.lQ C

19 8 32 51. 1 19-20.4 155-19.0 6.4 12 q5 2.8 0.06 0.3 0.4 0.06 A
1<1 8 35 CS 8. '3 t9-20.9155-1Q.2 4.0 1.8 10 106 5.3 0.12 0.3 1. 7 O. 06 A
19 g 9 '58.8 18-1..5.11S5-17.1 11.0 2.7 13 291 41.5 0.49 8.0 16.0 0.13 0
lq Q 11 34. A 18-50.6 155-18.5 3. 8 2.S 17 265 38. 5 1.6'3 3.6 10.3 0.11 0

19 o 15 36.'5 18-49.8 1~5-17.q 2.5 2.q 1726340.5 0.34 2.6 3.50.12 D
1'1 9 19 37. Q 18-4R.l 155-18.3 8.0* 3.1 16 268 42. 9 0.37 2.4 0.12 D
lq o 26 1 4-. 5 18-52.1 155-2~.2 8.5 2.6 13 259 34.9 0.54 3.2 3.0 0.14 0
19 10 1.3 35.1 !8-49.7 1'55-17.4 0.9* 3.9 24 263 40.Q O.3Q 2.5 0.14 0
19 11 1 3~.q 18-4q.~ 155-17.8 2.9 3.2 21 264 40.Q O. "30 2.3 3.2 0.12 C

1q 11 7 Zq.q 18-~2.~ 155-20.2 9.4 Z.f a 283 33.9 0.63 3.5 2.2 0.07 0
19 13 46 5A.6 1. p- 4 1 • ~ 1 55 -1 7 • n A.r* 2.7 1"3 27 £:, 4c;.:3 0., 6~ 4. 3 0.15 0

~
,_., 1 ~ ~ ? I .• 3 18 - ~o. ~ 1 ~ 5-1 q. f 7.2 ~ 2PB 38. C 1.~8 3.9 8.5 o.o~ 0

N 19 191521.9 1.~-2D.~ 1~5-13.4 7.3 1. 1 11 202 4.4 0.!1 0.8 D.ft O.Oq f\
19 20 14 10. 8 19-?3.6 155-1~.6 5.7 1.4 14 96 2.1 0.07 0." 0.6 0.11 B

20 C 6 '5~. () 19-10. 8 155-20.17 36.6 2.4 15 171 15.3 0.11 1.4 1.7 0.12 C
20 o 10 7.?p 19-1 7. 1 1~~-?O.1 31.6 2.2 8 232 3.6 1.06 4.1 9.3 0.09 0
20 1 18 22.5 lA-4!.f) 1~5-1f,.q A.O* 3.1. 17 284 55.9 0.53 3.4 0.11 0
20 1 1q ~ 2. 7 18- 52. 6 1 C;~-22. 4 8.9 2.q 16 257 32.7 0.31 1.9 2.0 0.10 C
20 1 27 2q.4 lA-53.0 155-22.9 q.2 2.~ 14 25'; 31.6 0.46 2.8 2.6 0.13 {)

20 1 41 10. 1 18- "2·. e 1 c:: ~ - 2 2. "3 10. 8 * 2. 6 11279 32.7 0.71 4.8 0.13 0
2(' 1 43 14.0 lA-44.t) 1';5-18.6 ~eO* 3.0 17 278 46.4 0.70 4.5 0.18 0
20 1 4~ 1 Q. b 18- IS 3."3 1 c; ~ - 23 • 5 ~.q 2.6 15 2154 30.7 0.45 2.8 2.4 0.11 0
?O 1 49 ~_7. 5 18-48.g 155-11.13 0.2 3.~ 2~ 265 41.q 0.37 2.8 ! • 1 O. 14 0'
20 1 53 54. 0 18-'50.8 1~~-lq.4 2.1* 2.~ 11 287 37.6 O.Q4 5.8 0.1A 0

2(' 1 54 3 3. 6 18-55.4 155-23.7 8.6 3.5 14 242 27.1 0.34 2.0 2.00.13C
20 2 1 5 ~. ] 18-Cll.4 1~~-21.8 ~.6 2.6 14 304 35.1 1.19 6.0 ~.l O.Oq 0
2D ? 1 54. 2 lA-4q.7155-22.1 ~~n* 2.S 14 28835.6 0. 46 2.q 0.09 [)
20 2 11 3Q. 3 lq- 1.9 15~-24.5 qf55 l.~ 11 2~5 6. 6 0.60 4.1 2.9 0.26 0
20 2 lA 45.1 18-44.4 1~~-16.5 \,).0* 2.7 152774q.l 0.48 ~.1 0.11 0

, ." • •



, • • •

SUMMARY OF SFISMIC EVENTS CCONTIMJEOJ

1 q71 HR MN SEC LaT N tONG W DEPTH MAG NO GAP O~I N E~T E~H ERZ MD Q

DEC 20 4 12 53.0 ·18-45.2 155-17.3 8.0* 3.) 18 274 47.0 O.5Q 3.A 0.16 0
20 4 21 32. 0 18- 5 '3. 0 1 '3 ~ - 2 2 • 8 14.1* 2.5 17 2~5 31.1 0.33 2.2 0.13 0
20 4 26 9.6 18-55.9 155-25.2 11.1 2.5 13 241 25.5 0.56 3.8 3.4 0.23 0
20 5 37 O. 5 18-52.1155-21.2 1.5* 11 281 34.1 0.48 3.0 0.12 0
20 5 39 5&'.4 18-53.8 155-22.q 6.6 2.4 14 252 30.2 1.23 2.3 1.5 0.13 0

20 5 42 4. 3 IB-53.q 1-;5-22.1 3.6 2.5 q 2~2 30.~ 1. 06 2.3 S.l 0.10 0
20 5 43 A. r; 18-4A.5 155-17.3? 22.4* 1.2 20 267 42.q 0.38 2.6 O.2t' 0
20 5 46 6. 8 ~8-58.7 1~5-?8.1? 1". 3 2. ~ l~ 223 20.0 0.S8 4.0 5.6 0.31 0
20 C; 48 17. 7 18-49.2 15S-1Q.5 2. 0* 2.2 6 293 40.1 1.16 7.r 0.13 ()
20 7 36 6. -; 18- 54. 2 1 ';5-24. 1 Q.q 2.5 14 250 2<?1 0.41 3.(' 2.8 0.16 0

20 7 42 2. 7 19-20.2 155-11.31 1.5 1.7 20 144 4.3 0.07 0.6 0.4 0.14 B
20 8 30 2 L. 3 1q- 2 1. 1 1 c; C; - 19 • 0 4.0 1.6 13 84 3.4 0.06 0.2 0.80.04 A

~
2~ 8 4A 1 7 8 ,.. lQ-lf,eQ lC;~-21.7 A.t:'* 1.' 16 137 5.1 O. 08 O.A 0.17 C

w 2C q ~'"3 lA. a lR-t..l.~ 1~C3-1".1? o. c; * 3. 9 21 2~2 '54.1 o. 33 2.2 n.tR 0
in In 1Q '''.~ lQ-2n.~ 155-1l.Q A.5 ?? 1 Q 1 ~6 3.6 n.t) 6 0.6 O.q t:'.12 ~

20 12 32 4.3 19-14.7 155-17.~ 16. 3 2.3 11 303 6.2 0.72 4.7 '5.5 0.22 0
?O 12 39 41.3 19-22.9 15~-22.8 6. 7 1.4 17 ql 5.6 O. 11 0.13 0.1 0.18 B
20 1'5 44 28.4 19-20.0 1'.'~-13.6 A.O* 13 157 4.8 O.Oq 0.7 0.14 C
20 22 2 39.5 19-18.9 155-13.3 8.~ 2.0 20 152 6.6 0.04 0.4 0.8 0.08 B
20 22 10 48.q 18-50.71CS&;-lq.6 8.0* 3.6 q 264 37.6 0.33 2.2 0.09 0

20225014.1 19-17.3 155-22. 81 1.2 1.7 15 130 5.5 0.10 0.8 1.1 0.11 B
20 23 39 6.2 19-22.1 155-23.9 7. 2 1.6 16 124 3.1 0.09 0.7 0.6 0.18 B
21 2 15 17. n 18-57.8 155-?3.6 9.6 2.5 13 ZQ3 22.8 1.75 R. q 4. 8 O. 18 0
21 2 20 22.7 1 9- 1 q. 4 1 515 -1 3. 8 8.0* 1.6 14 189 6.0 0.17 1.2 0.18 C
21 2 5C' 54. 4 1 Q- 21 • 5 1 'i5 - 7. q 8.1 1.8 13 189 3.6 O.Oq 0.8 1.2 0.08 B

21 3 50 1 O. 3 19-70.Q 155-11.8 8.1 1.6 11 148 3.1 :l.08 0.8 1.30.13 e
21 4 39 2. 1 18-45 e 5155-]7.q 8.0* 2.7 14 2AO 45.8 0.70 4.5 0.15 D
21 5 14 16.0 19-19.8 155-11.a 6. 7 1.6 18 147 5.2 O.Oq 0.1 0.6 0.16 B
21 C; 2C) 27.0 lq-lq.1155-16.2 '5.q 1.5 18 138 ?2 0.08 0.7 0.6 0.15 B
21 Q 27 48."3 18-48.1 15~-18. 8 1 8. 5* 3. 3 21 266 41.5 0.21 1.9 0.14 0



SUMMARY OF SEIS"1rC ~VtNTS (CONT TNt'EO J
-

1911 J-fR M~ SEC L~T N LONG W OEPTH MAG NO GAP DMIN ERT E1:tH ERl MO Q
DEC 21 <; 34 0.0 t"9-52.7 155-1 7 .2 5. 2 3. 5 23 288 36.2 0.32 2.q 3.7 0.14 0

21 q 51 1. 9 1 8- 5 ? q 1~ 5 - 20. R? 32.5* ~.l 22 253 33.~ O. 31 2. !i 0.18 0
21 10 3A ~O.t· 18 - '~8. 6- 1 ~ J:: -1 9. 1 3. 7 2. '3 q 2q3 42.5 2.65 6.3 13.20.10 0
21 10 43 50.8 18-52.7 155-16.6 6.3 3.2 23 288 36.8 0.31 3.4 4. 3 O. 16 0
211151 8. () 1q- 1 A. ~ 1 5r; -1 2 • 0 ~. q 1. B 1 ~ 180 1.3 0.18 1.0 1.4 0.24 C

21 12 7 17. q 18-45.4 155-18.4 8.0* 2.8 17 274 45.2 0.63 4.0 O.lQ 0
21 12 l~.~ 1 3. 4 18-54.0 155-23.2 1. 1 2. 7 13 260 29.A 3.13 3.2 9.!> O.lQ 0
21 14 17 2~.1 !8-4:S.S 155-1~.1 8.0* 3.1 14 27q 45.3 0.62 4.0 0.14 0
21 if 29 16.f: 19- 19. q 1 S5 -16. 6 2~~. 7 2.1 20 135 1. 5 O. 11 0.7 1.1 0.10 B
?l 21 7 '57.0 19- 2 5 • q 1 55 -25 • q 5.3 1.7 17 164 8.4 O. 08 0.5 0.5 0.10 B

21 22 55 16.6 18-48.51'55- 8.7? O. 8 15 2q7 51.3 1.11 10.Q 3.2 O.lQ 0
22 1 ?? ql)4 1q- 8.7 155-39.2 3.2 2.5 l8 158 12 .. 1 0.14 O.q 0.8 0.15 C

+-'
?? 1 35 R.6 19-21~1 1!)5-'?9 5. 2 1. 5 15 143 5.7 0.10 O.A 1.2 O.lC1 B

+-' ?? ,
4~

Q .., t ~ - 't C' 1'):'. 1 ~ 5 - 1 2 • 0 8 0 0* 2.9 15 30<] to. 1 2 .. 08 12.8 O.!q 0-- ..")

22 7 23 3. l·~ 18-S7 1l Q 155-27.1 12.5* lA 2B5 3~.9 0.65 4.2 0.14 0

22 8 37 '30.7 19-22.4 15~-18.q 8. 1 8 ~q 2.1 0.21 1.0 2.4 0.10 B
22 9 '5 7.3 lq-16.9155-13.2 8. 0* 1. 1 11 20Q 9.5 0.15 1.0 0.11 C
2 2 1 3 24 55. 4 1q- 1 7 r- 3 1 55 -1 2 e q 8.0* 1.7 15 166 9.5 0.09 0.1 0.13 C
22 14 30 2~.9 18-48.1 155-18.0 3. 7 2.6 17 266 42.,1 0.37 2.9 3.9 0.14 0
? 2 14 4'.' 55. 8 18- 4 .., 0 5 1 55 -1 7. 57 0.0 1.0 Ie) 769 44.5 0.31 2.6 1.0 0.13 0

22 14 49 18. 1 18-53.6 155-26.8 8.l) * 12 262 25.0 0.65 4.7 0.22 0
22 16 10 4?1 18-51.4 155-1q.4 7.1 2.b 13 2~2 36.6 0.27 1.7 1.6 0.08 C
22 16 41 34.5 19-15. 3 1 t; C; -1 ~. 8 ~.O* 1.8 1 7 1 72 c;. 0 0.09 0.6 0.11 C
22 16 56 10. 8 18-52el 155-1~.q 7 8 6 2.6 13 260 34.q 1.52 ~.l q.7 0.14 0
22 16 57 38.2 18-'54.4 155-23.0, 12. s* 2.5 11249 29.1 0.39 2.9 0.15 0

22 17 1 13. q lq-19.1 1'35-14·.0 8.0* 11 1~9 6.2 0.10 0.8 0.12 C
22 1 7 12 43. 7 1. 8 - 5 1 • 0 1 &) 5- 21. • 3 6.q 2.g 11 263 35.8 1.40 3.0 8.8 0.11 0
221743 I? 4 1 9- 1 ~ • 1 1 '5 5 -1 3 • ~ R.O* 1.7 15 18 q 8.1 0.11 O.A 0.10 C
2 2 1 E' 32 43. 6 lq-19.4155-15.l 1,~ 6 14 160 4.2 O.Oq 0.7 0.5 0.11 C
27 18 ~6 14.7 1 q - 18. 4 1 -;,,- 8. 2 9.0* 1.9 14 1~5 7.4 0.08 0.6- 0.08 C

t .' t ..



• •
I.,.

• --

SU~MARY OF SEISMIC EVENTS ( CON T I NU E0 1

1971 HP MN SEC l4 T N LONG W DEPTH MAG NO GAP OMI N ERT ERH ERZ MO Q
DEC 2218 59 2~.1 lq-l 7.2 1 '56-20.1 16.4* 2.4 1 1 2 7 f, 7S. CS 0.20 1 .5 0.13 0

?? 19 o 5 O. 7 lQ-11.515C;-13.6 ~. 0* 1. 7 lq 162 8. 2 0.08 0.6 0.13 C
22 1 q 2 21.~ lq-17.A 155-13.5 A.O* 1.7 18 161 8.0 0.06 0.5 O.Oq C
22 19 18 ~B.5 1~-20.5 155-19.4 2. 1 1. 1 7 102 3.6 o. 2 ~ 0.7 1.0 0.09 8
22 19 18 57.6 19-17 e B 155-13.5 8.0* Z.O Ie;» 161 8.1 0.05 0.4 0.09 C

22 19 38 49.2 19-17.9 155-13.q 8.0* 13 15 q 7.3 0.07 0.6 0.1t' C
27 1q 44 14.6 ~_ q-l 9 • 6 1 c; ~ -1 O. 0 7.6 1.2 10 229 £..~ 0.15 O.q 0.4 0.07 r.
22 19 50 25.4 19-17.6 1';15-13.4 8.0* 1.6 10 236 8.3 0.19 1.2 o.oe 0
22 19 55 ~3.'3 19-11 8 8 155-14.3- ~.O* 1.4 10 227 6.9 0.22 1.5 0.13 0
22 20 8 23.3 19-17.9 155-14.7 8.0* 1.6 10 222 6.2 0.28 1.8 0.15 C

22 20 13 6.1.6 19-18.4 1 -;5- 8.2 8.0* 1.9 15 194 7.4 0.09 0.1 0.10 C
22 20 23 ] 3. 5 lQ-20.8 155-18.8 4.4 17 84 2.8 0.14 0.4 1.8 o.oe A

~ 22 20 24 n.Q 1Q -18.3 ~_155- ?l 8. 0* 1. ~ 11 200 8.0 0.15 1 .2 0.12 C
V1 22 20 ~5 25.4 19- 1 q • 1 1'55-14.2 8.0* 1.1 13 223 6.8 0.20 1.3 0.14 C

~2 ~n ~n ?4 e 2 ! 0- 1 9 e 7 1 C; ~ -1 3. 7 g~O* l.~ 17 144 !3.4 0.10 0.8 O.lq C

22 20 41 2~. 3 19-18.5155-14.5 8.0* l.~ 14 211 5.9 0.16 1.0 0.13 C
22 20 46 '3Q.l 1q- 1 8. 3 1 '3 ~ -14. 4 R.O* 1.4 13 218 6.3 0.18 1.1 0.14 C
22 20 56 45.0 lQ-20.1 155- 9.5 q.2 1.1 13 164 3.6 0.08 0.6 1.2 0.08 8
22 20 ~7 ~q.q lq-16.2 1~~-12.0 8.0* 0.9 11 219 11.6 0.28 l.q O.lCJ C
22 20 58 29.2 lQ-27.0 155-27.1 1.4 2.2 22 11 7 8.5 0.10 0.6 0.5 0.14 A

22 21 2 35.6 1q- 18 • ..., 1 C; 5 - 13. 7 8.0* 1.6 13 214 7.0 0.18 1.1 0.14 C
22 21 15 51.9 19-18.6 1';5- 8.6 7.6 1.8 20 167 6.8 0.07 0.5 0.4 0.10 C
22 21 24 23.0 lq- 11. t; 1 ~S-l"3. 7 8. 0* 1. 6 10 237 8. 1 0.27 1.6 O. 11 0
22 21 37 8.q 19-17.8 155-13.q B.O* 1.7 17 15~ 7.4 0.08 0.6 0.12 C
22 21 50 6.6 lq-16.9 15~-12.5 8. 0* 1.4 10 248 10.2 0.32 l.q O.l~ 0

22 22 2q 3 q.O 19 - 1 7 • 6 155 -1 4. 8 8.0* 12 22 e 6 .• 5 0.13 0.9 o. 08 0
22 22 31 14.9 19-18.3155-14.7 10. 2 1. 4 11 ?1 3 5.7 '.14 0.7 1.3 0·.07 R
22 :?2 3q 22.5 lq-11.4155-13.1 8.0* 1.5 12 242 8.g 0.24 1.3· o. 11 0
22 22 49 13. ~ 19-14.6 1 ~~-16.. 0 8.0* q 274 10.2 0.76 4.2 0.16 0
22 22 53 1 3. 5 lq-17.q 155-13.4 8.0* 1. ~ 11 191 -8. 1 o. 15 1. 1 0.14 C



SUMM~QY OF SEISMIC EV~NTS fCONTINlJFO)

~. 911 HR M\I SEC l \ T N lO~G W OEPTH MlG ~O GAP O~IN E~T ERH ERZ MD Q
DEC 22 22 56 2.4 lq-lq.l 155-15.6 7.Q 1.6 18 144 3.6 0.07 0.6 '-'.4 0.13 B

?2 22 ;7 11. 6 lQ-12.3155-12.!' 8. C* 1. 3 q 244 l~.O 0.46 2.8 0.18 0
22 23 1 40.0 1Q- ! 8 • 4 1 55 -1 S .0 5.5 13 1~1 5.2 n.14 1.0 O.q 0.16 C
22 23 10 4.7 19- 1q. 1 1 c;~ -1 3. 8 R.O* 1.2 13 148 f.4 0.10 0.8 0.14 C
72 2"3 2" 45.1 lq-18.2 155- 8.2 10.0 2.6 20 174 7.7 0.06 0.5 0.8 0.01 8

22 23 26 25.0 19- 1 8. Q 1 55 -1 "3. 8 8.0* 12 194 7.4 O. 10 0.1 0.09 C
22 ~3 43 ~ Q. '7 lq-16.7155-14.7 8. C~ * 1. 7 17 167 8.1 ('.10 (\.7 0.13 C
23 o 16 ~1.6 lq-16.q 1~'5-12.R 8.0* 0.8 q 20~ 10.0 Oe.08 0.'5 o. O~ C
23 o 36 ?Q.~ 19-16. 0 lc;S-14.Q q.6 1.5 10 744 6.q 0.33 1.8 2.7 0.13 C
23 o 39 7.q 19- 1 q • 1 155-14. Q ~.O. 1.6 13 185 5.8 0.13 O.q 0.13 C

23 0 57 28. (' 19-1q.3155-23.6 3.7 1.5 13 115 3.6 0.09 1.0 1.5 O.lQ B
?3 1 12 1. 0 lQ-16.C5 1~~-14.~ 8.0* 10 251 7.7 n.30 1.7 O. 11 0
23 1 4) 15.9 ~9-11.1 155-13.6 ?f'~ 1.7 10 2~f> 8.1 '.37 2.3 O.lQ 0, ~

23 1 57 0.19 1.0 1.7 O.Oq C0" 10.4 1q- 1 7. 6 1 C3 ~ -14. Q q. 8 1. 1 14 229 6.£.
23 2 4 6.8 lq-16.9 1~·5-14.6 1~.5 Q 245 7.~ 0.11 n.8 ~.3 0.04 C

73 2 10 ~~.3 19- ' ..J. ~ , 'SC::-l q. 5 c; .. Q 1. 4 1 2 10 q 3.7 0.18 0.5 1.4 0.08 A
23 2 lq 53.1 1°-1Q.4 155-10.1 8.C* 1.7 13 2('1 '5.~ 0.10 0.7 0.08 C
23 3 34- 2"T.iJ. lQ-16.C) 15~- 7.1 8.0* l.~ It. 22 q <;l.6 0.24 1.7 0.18 0
23 '3 37 ~7.B lq-23.4 155~26.q? 7.3 1.~ 15 15q 8.7 0.15 0.8 o.q Q.l~ C
23 4 2 11. Q 18-')4.4 1~~-13.1 1 2.4 2.1 17?QS38.C C.3Q 7.6 1'5.6 0.18 0

23 4 A ~ 4. 1 1. 8 - 4 7 • 4 1 55- 1 ~ • ~? 0.0 3.1 25 270 45.2 0.35 3.0 1.1 0.14 0
""'-" fA 12 1 ~'. ::: 1 8- 5 ". 4 1 ~ ') - 1R• q 10. 1 2.4 20 280 29.0 0.84 4.7 3.0 0.18 f:'£.,

23 4 47 '3 1 • 9 1 9- 1 1. E) 1 '3 '3 - ~ ,. 4 8.C* 2.2 ~ l 164 ~. c; :l.OS 0.4 o. OR C
23 4 f:5G. c 1. l; 19- 1 7. b 1 c -: -1 '3 • LA R.O* 1.7 20 1~"3 8.4- o. or; 0.4 0.09 C
2~ 5 47 ?1.C; 19-24.7 1~~-16.8? , • 7 ~.4 A 97 0.5 ;).OQ ('.6 0.4 0.12 B

?3 ~ 59 2·g.9 18-52.7 155-21.2 9.5 2.6 16 256 33.2 0.54 3.4 3.1 0.19 0J

(~ A 4'5 lR.es lq-lge~ 155-13.~ A. 8 2.('l 20 150 ~. 2 0.05 0.4 1. 2 O. 09 8
21 l-- 52 38. 9 19- 1 ~ • Ole '3 - 2 1 • (,. g.O* 1.8 1.9 14t t-.l 0.10 O.q 0.18 C
2"3 6 '5Q 1 O. 1 19-20.3 1~r;-lQ.7 2.0 1.5 10 !13 4.0 0.15 0.4 3.0 0.0-' R
2'3 7 55 12. 8 19- 1. q • 4 1. c:: r:: -1 1 • 7 R. 0 t-- 13 1 70 ~. 8 (). O~ 0.6 O.Oq C

t •
•

• "





SUMMAR.Y OF SEISMIC EVENTS ( CONT I NJ E0 J

1q71 HR ~N SEC LA T N LONG W OEP TH MAG NO GAP D~IN ERT ERH ERl MO 0
Df:C 23 19 21 45.4 l~- 0.1 15';-18.3 31.5 15 242 32.q 0.43 2.4 4.5 0.12 C

23 20 12 3'5.9 lQ-lCS.q 1'55-21.C 8.0* 1.7 18 166 ';.1 0.10 O.q O~lc; C
23 20 14 52.5 19- 8.5 155-18.3 A.C'* 11 283 11.4 0.73 3.8 0.12 0
23 20 19 24. 2 1C)- 1 5 • 4 1 55- 2 O. 8 0.7 16 172 ~.1 0.41 1.0 0.9 0.18 C
21 20 21 46.8 lQ-ll.O 155-18.0 2.1 2.4 21 182 12.q 0.13 0.7 0.8 0.14 C

/ 23 ?O 29 l 7. t 19-13.q 1~~-20.1 1. 6 3. 1 20 224 8.0 0.42 1.4 1.1 O. 21 C
23 ?O ~O 53.4 19- 1 4 • 3 1 55 - 20 • 4 '_.4 2.q 17 220 7.5 0.48 1.4 1.5 0.1'" C
23 20 43 l.-'5.Q 1q- 2 3. 2 1 ~ ~ -14 • I ... (~. ~ 1. 2 12 102 2.1 0.16 0.6 l.e; 0.10 ~

23 21 18 22.5 lq-1A.:3 155-14. (j 5. <1 16 214 7. q 0.17 1.0 0.7 0.15 C
23 ?l 27 ~1.f. lq-18.5 1~~-14.3 8.0* 14 18~ ~.2 O.Oq 0.6 0.10 C

?3 21 41 ~. 9 l~-la~ A 155-17.q le3 2.1 23 '183 13.2 1.13 O.q 3.9 O.lQ C
23 21 51 4.4 1 C)- 1 Q • 5 1 '; 5 - 1 '3. 5 7. 9 18 1 70 5.7 0.08 0.6 0.4 0.10 C

~
73 ?! ';4 ?2.1 lq-~-3.2 lC5'S-13.4 ~. Q* 10 777 7.9 0.23 1.4 0.12 0

ex> 23 ~l 157 L.l.~ lq-17.3 1~~-L4.7? ~.O* 2.~ 15 2~8 34.q 5.58 0.0 7.67 0
?3 21 5q 46.4 lq-l~.9 155-?~.l? 0.0 lA lQ7 13.~ 0.50. 1.1 O.q 0.20 C

?3 ?2 2 18. 8 18-51 .. 3 lC\5-19.6 1 t). 2* 4. 0 27 258 ?:6.6 0.24 1 .6 O. 16 0
23 2'2 52 ~. 2 lq-lq.9 1 ~5-15.4 q. ? 10 '227 3.6 0.16 0.8 1.1 0.04 C
2322 r;C5 '-1.7 lq-lg.~ 1~5-14.1 Q. 2 12 252 6.q 0.48 2.2 3.0 0.10 C
23 23 ~? 72.7 lQ-15.'i 1~5-1~.7 9.0* 14 204 4.q 0.11 1.0 0.11 C
23 23 54 8. A 1. q- 1 5 • A 1 ~; - 22 • , 4.2 1.8 16 14"- 7. ~ O.oq 0.8 1.2 0.17 B

24 o 20 11.0 lC?-14 0 5155-19.1 5.2 2.0 23 161 f.r; 0.12 0.8 o.e O.lA C
24 o 24 4q.2 lq-16~5 155-21.5 o. 7 l/, lSq 5.6 0.48 0.8 o.q O.lR C
'(4 (' 3~ 1. 8 lQ-20el It)5-1q.6 4. 1 11 114 3.q O~18 O.t; 2 e 4 O. 07 B
24 o ~? ~·3.c; 19-14.5 155-1~.9 4. 8 11 198 6.4 O.lQ 1.1 O.q 0.17 C
24 1 26 46.3 lQ-15.0 155-1q.2? 0.0 2.S 2(' 230 5.6 O.Q3 3.6 l.g 0.42 0

24 1 31 20.5 19-10.5 155-19.8? 0.0 2.1 15 247 14.0 6.55 2.1 l~.O 0.17 0
2 /;~ 1 34 8.1 19- 1 f, ~ 1 155-21.3 R.O* 1.8 14 212 5. 8 0.18 1.4 0.15 C
24 1 ~9 :3 ,0. 4 lR-4~o1 lC=;CS-17.2 8.0* 2.3 13 ?7q 44.4 0.73 4. 8 0.14 0
7~,· 2 C) ~ 1. 1 lq-lO.9 lC;~-20.? 0.4 2.') 25 176 13.3 0.32 0.7 0.6 0.18 C
24 ? R 56.2 1~-15.6 t 55-".4 A.r~ l.~ 14 71 9 6.5 ~. 1. 8 1.4 O. 13 C

t .. t •



• "
.. •

SUMMARY OF SEISMIC EVENTS (e ONT I ~ED)

lq11 HR MN s~c L~ T N LONG W DEPTH MAG NO GAP OMI N ERT ERH EPl MO Q

DEC 24 2142q.6 lQ-l8.9155-10.0 4.0 1.9 17 17 g '3. ~ 0.17 1.0 1.0 0.21 C
24 2 4~ 1 9. 8 lQ-21.615S-23.Q 6.7 12 110 2.8 0.10 1.0 1.2 0.18 8
24 2 ';7 2 A. "3 19-1 g. 4 155 -1 3 .4 6.2 1.1 21 180 7.6 0.11 0.7 0.6 0.16 C
24 314 25.1 18-53'-.5 155-12.4 6.2 2.4 tq 263 40.2 1.84 3.0 10.6 0.14 0
24 4 3 5.6 19-19.'; 155-1"3.3 8.0* 10 201 7.0 0.11 0.8 O.Oq C

24 4 19 2.6 19-11.4ISIS-20.C r;. 3 13 lq6 2.6 0.21 1.2 1.2 0.17 C
24 4 30 &;0.0 lq-14.6 155-11.0 8.0* 12 lq6 14.7 0.14 0.9 ('.12 C
24 4 ~4 22.8 lq-17.9 lC;~-21.3 8.0* 7 234 4.7 0.08 o.c; 0.03 0
24 6 1 34.3 19-25.8155-16.2 2.0 1.1 10 136 1.1 0.05 0.3 0.2 0.06 e
24 6 19 24. 8 18-46e 1 155-16.8 8.0* 2.3 11 273 46.9 0.57 3.1 0.16 0

24 6 36 1.2 1Q-10.4 155-17.9 1.2 1.9 17 201 14.0 1.60 1.3 5.5 0.19 C
24 6 56 21.3 1 A- 4 q. 5 1 ~ C; -1 7. -; 2. 3 18 270 41.2 1.28 3.0 8.0 O.l~ 0

.+:'
24 7 " lO.q lQ-ll.41';5-20.5 2.7 1.2 21 5 13.4 f).18 1.0 1.0 0.11 r

\0 24 1 8 19.0 lq-?3.1 1~~-14.3 1.6 1.3 ' 10 112 2.q 0.07 0.3 0.9 0.05 A
24 7 20 38.2 19-10.4 lc;5-16.C; A.O* l~ 236 14.4 Q.~3 7.11 0.' 6 n

24 7 35 20.6 18-44.5155-17.1 8.0* 930248.1 1. 51 9.9 0.15 0
24 7 42 36.9 lq-22.3 155-~3.7? 7.4 1.5 1q 112 3.q 0.08 0.6 0.6 0.17 B
2t.. 7 45 o. 1 1q- 23. '3 1 5 ~ -14 • 5 2.0* 9 101 2.~ 0.06 0.4 0.08 B
24 8 o 56.8 18-46.6 155-11.1 18.0* 3.9 24 271 45.3 0.26 1.7 0.16 0
24 8 7 46.2 19-23.3 155-14.8 15. 0 l.~ 14 103 2.6 0.11 0.5 1.1 0.11 8

24 A 8 31. 7 19-23.2 1';5-14. 8 3.2 2.4- 17 104 2.5 0.05 0.4 0.1 0.12 B
24 8 9 38.2 18-51.q 11.S5-1~.4 13. 7* ~. 0 23 256 36.5 0.35 2.4 0.19 0
24 A 17 17.0 19-10.5 155-18.51 n.o 11 182'13.A 4.80 0.9 9.0 0.17 C
24 B 22 1. 1 1q- 21. 7 1 55 -1 8. 9 2.0* 1.1 8 110 3.q 0.05 0.4 o.o~ B
24 8 31 30.4 lq-14.6 15~- 1.1 20.2* 7 321 20. 6 1.15 R.3 0.10 0

24 8 39 46. ~ 19- 9.R 155-20.1 8.0* 12 24€ 13.7 0.45 2.9 0.19 0
24 8 48 l~. 5 lq-26.1155-1A.9 1.8* 8 15? 4.0 0.22 1.5 0.25 C
2'4 11 21 42.3 lq-24.6 1!'5-16.9? 1. 8 0.4 8 71 o. 7 0.10 0.7 0.5 0.14 B
24 11 43 40.0 lQ-1Q.115'5-13.37 8. 2 1.S lq 145 s. 1 0.06 0.5 0.:3 0.11 B
? t. 12 7 27. 7 19-1?4 1~~-21.3? o. C l.S 1517811.3 6.~q 1.1 12.0 0.2t C



SU~MA~Y OF SFIS~IC EVENTS ( CON TI N'JE 0 t

1 971 HQ. MN SFC LAT N LONG W OEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q
DEC 24 12 q 17. 1 19- 24. 1 155-16.1 2. 9 0.5 6 106 2.0 0.04 0.1 0.6 0.01 B

24 12 ~D 12. q lq-15.4155-22.3 3. 7 1 3 16q e. 0 O. 11 0.9 1.5 0.17 C
74 12 54 41.8 lq-14.6155-21-5 1. ~ 1. A 20 15~ 8.0 1.31 0.8 5.00.17 C
?4 12 55 20.3 lq-14.6 1~5-21.8? 0.(' 1.6 15 154 8.3 6.25 1.0 11.8 0.21 C
24 12 59 4~.1 lq-14.4 1~~-1~.2? 0.0 1. '3 14 236 11.1 8.49 2.2 15.5 0.21 0

24 1 3 30 4 e f: 19-24.1 155-15.9 'e 4 6 113 2.2 0.07 0.2 1.9 0.02 B
?4 14 29 3q.9 19- 2 /,.. t 1 CS5-1_ '3. A 7. 0 0.6 (, 11 7 2.5 O. 01 0.1 0.1 0.01 B
? 4 14 112 ~ I). 7 19-14 0 7 1~5-21.3? CoO 1. 7 15 157 7.7 6.44 o. q 12. ~ O. 20 C
2-4 1 ~ Q 58. 2 1C)- 20 • 4 1 '5 '5 -1 q. 2 4.3 l.q 21 6q 3. 1 0.04 0.3. 0.4 0.11 8
24 15 20 3 q. 3 1q-21.7155-25.4 4.5 1.6 14 116 4.6 0.12 0.9 1.' 0.20 B

24 15 47 20.9 19-20.315'5-1Q.5 5.4 o. 7 12 lOC1 ~.7 0.09 0.5 0.6 0.09 A
24 ,. ~ 2 :1 3e 6 19- 24f) 1. 155-16. 0 loP 0.7 7 107 2. '2 0.10 0.5 0.4 O. 07 B
? !.. 1 r: 3 34.~ lq-24.2 l5-'5-1~.1? ? 3 0.7 7 oq 2. 0 0.06 0.3 0.4 0.06 B

U1
0 24 ~A ! l 11.,. 7 lC-10.'5 1~~-20.'_? "~r '1 0 ." 1 78 13. ~ 4. 3~ 1.1. '3. 1 o. 21 C-' .. .- ...

2£; 16 J. ~ 47. 9 19-12.q It)~-22.1 8. 1 2.~ l~ 162 10.4 0.10 0.7 0.5 0.10 B

24 1 6 15 1 3. 8 19-11.815t;-21.1 4.6 2.2 21 16q 12.2 0.14 0.8 0.8 0.18 C
24 16 27 A. 8 19-10.9 155-20.31 0.0 2.0 20 l? 6 13. 3 4.76 0.9 8.9 0.16 C
24 1~ 35 35.~ 19-11.~ 155-20.1? c. () 2.') 15 175 12.6 5.25 1.0 q.9 0.18 C
24 if. (~6 35.0 19-23.~ 1~C:;-17.0 16. 1 1.1 18 61 C.2 0.05 0.5 0.6 0.07 A
24 16 52 49.5 19-11.7 155-22.~ 7.7 n.7 13 180 10.1 0.16 1.2 1.t) 0.17 C

24 16 55 35.3 19-23.1 155-14.5 2. 0 q 111 2.8 0.08 0.3 0.3 0.08 A
24 11 11 50. ~ lQ-l1e 7 155-20.5 8.0* 1", 211 11.9 0.21 1.7 0.19 C
2l\. 17354::1.2 lq-~_l. 1 lC=;5-2C.~? n.o 2.2 19 175 13.6 4.48 0.9 8.4 0.16 C
24 1 7 ~8 10. 9 lq-l~.q 155-20.41 n.o 4.1 231"'513.4 4.56 1.0 8.5 0.21 C
2't 1 7 43 6. 8 lq-13.3 1515-20.7 A.C* 1.3 ~ 214 q.3 0.20 1.6 O. 13 C

2'- 17 56 lq.4 19-11.1 115'j-19.Q 202 ?q 22 116 12.8 0.11 0.9 1.0 O.lQ C
24 18 16 ~4.2 lq-lq.9 155- Q.l 7. 7 2.1 1 A 168 4.2 0.09 0.7 0.5 0.13 C
24 1 8 25 '57. 9 1q- 11 • c; 1 55 -2 o. q? n.o ?() 14 lSQ 1?6 6.41 1 • ~ 12. 1 o. 21 C
24 183541.8 19-12."3 15~-21. 77 7 (; 0.6 11 1<;l6 11.6 0.24 l.~ 2.0 0.18 C't..

24 19 q 1. A. 0 lq-14.q 1~5-?1.A? ~, /) l.q 1 q 153 q.o 3.AQ 0.7 7.'30.1'5 C

• ~

, •



• • ,~ •

SUM~AR Y OF SF ISM ICE VEN TS ( CONT I f\.:tj EO)

1971 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD 0
DEC 24 19 46 50.2 19-11.6 155-22.0 6. 7 2.2 18 175 11.0 0.15 1.1 0.8 0.18 C

24 19 51 40.rs 1q - 1 3. 4 1 C; ~ - 2 2. e? 0.0 l.q 13 176 8.8 6.66 1.1 1~.1 0.20 C
*24 19 54 42.8 lQ-1O.7155-20.41 0.0 3.3- 23 171 13.2 4.67 1.0 8.1 0.21 C
24 20 5 4. 2 19- 1 0 • 4 1 55 - 2 O. 5 2.8 13 197 13.0 0.19 1.1 1.3 0.14 C
24 20 21 58.4 19-15.2 155-21.5 0.7* 1. B 16 152 9.4 0.08 0.7 0.14 C

24 20 31 3f5.1 19-11.1 155-20.7 4.4 1.9 18 174 12.9 0.15 0.9 0.8 O. 16 C
74 20 47 3C.~ 19- 1 ~. 7 1 c; C; -1 7 • '7 2.4 3.3 2~ IP4 13.5 0.15 0.8 0.8 0.17 C
24 20 51 1c;. 1 19- 1q. 3 1 ~ ~ -12 • 8 7. 2 1.6 20 1 r:;o ~. 8 0.11 C.8 0.6 e.1S C
24 20 53 37.6 19-16.3 155-22.6 0.3* 1.7 16 137 1.2 0.08 0.7 0.17 C
24 21 o 12. 0 lQ-12.5 1~~-21.1? 0.0 1.8 21 16/, 10.9 5.63 0.9 10.6 0.20 C

24 21 35 34 e l lQ-24.0 155-15.8 1.6 1 120 2.3 0.09 0.5 0.5 0.08 B
2l.o. 21 36 ? ~ 1q- 12 • 4 1 5'5 - 21. 3 0.7* 2.2 20 166 ll.~ 0.10 0.7 0.15 C

V1 24 21 3A 22.7 lQ-12.6155-21.1 o. 4* 1.9 18 1~6 lr~. 8 ".10 0.7 O.l~ C
~ 2iA 22 29 c:q.~ 19-2~,.3 15C:;-16.Q 2.7 0.5 1. 163 O.B O.l~ C.6 1 .1 0.06 A

?L 2? 39 "7 * f !Q-!n.9155-1 7 • 7 ? ?1 , ~ 13 2{,5 ~.~.! ('.18 ':'.9 1.0 O.l~ C'- .
24 22 40 7.2 lQ-10.4 155-21.6 1. 6 1. q 17 175 11.2 1. 57 1.1 5.5 0.22 C
24 23 4 3 C'. 9 19-24.0 155-15.7 1. 7 0.8 q 6q 2.5 0.04 0.2 0.2 0.06 A
24 2~ 20 55.1 19-16.8 155-22.q 3.8 1. 7 15 132 6.4 0.10 0.9 1.5 0.19 B
25 C 10 36. q 19-10.0 155-15.8 13.q* 2.1 18 217 15.6 0.26 l.q O.lq C
2'; a 11 14.5 lq-ll.l 155-20.~·? 0.0 2.3 2217513.0 4.49 O.q 8.4 0.17 C

25 o 5q 42.8 19-11.4 155-21.4 4.9 16 193 11.9 0.14 0.9 0.6 0.12 C
25 1 7 45.0 19-12$2 15'3-21.2 5.0 2.0 17 181 11.6 0.22 1.3 1.1 0.23 C
25 1 11 38.6 19-15.2155-21.8 0.1* 1. 7 16 150 7.5 0.11 o.e 0.16 C
2'5 1 12 60.0 19-15.3 155-22.0 3.7 1.7 lq 148 7.8 0.09 0.8 1.1 0.15 A
25 1 1"3 39. 5 19-12.5155-21.3 6.2 2.3 21 165 11.1 0.14 o.q 0.8 O.lQ C

2S 1 20 5. 9 lq-22.3 155-18.0 2.3* 0.4 10 7q 2.8 0.04 0.3 0.06 B
2S 1 23 12. 7 19-20.5 155-1q.~ 5. 1 o.q 12 74 3.3 0.13 0.4 1.'5 O. 08 A
25 1 24 10.1 lq-11.1 155-20. 3 0.3* 0.7 13 216 13.0 0.16 o.q 0.11 C
25 12641.9 1q- 20. 1 1. 55 - q. q 8. A 1. 5 12 165 3.7 0.08 0.6 1.2 0.08 B
2~ 1 (~O :3:3. 3 19-11.11'55-20.71 0.0 2.7 2211412.9 4.17 0.8 7.8 0.16 C



SUMMARY OF SEIS~IC fVENTS (CO"'T I NUED )

1Q71 HP MN SEC L~T N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q
DEC 2~ 3 4 3~.C lQ-lO.8 155-20.81 0.0 2.4 2417'512.7 3.54 0.8 6.6 0.11 C,,, 3 15 4.4 1 Q-l"e 6 155-21.01 ·'.0 2.~ 2117512.2 6.14 1.0 11.5 O.lQ C4_ .,..I

2~ 3 22 49. <1 lq-14.6 155-21.6 0.5* 0.5 8 1 73 A.O 0.14 1.1 0.15 C
25 4 46 16. 3 lA-53. A 155-1q.4 11.5* 2.5 15 254 32.6 0.35 2.5 0.14 0
25 4 49 1 7. 2 19-21.q 1~~-18.3 ito. 7 1.5 14 73 3.6 0.09 0.3 1.1 0.1.0 A

,~ 5 (l 39. 9 lq-13.1155-21.6 2. 1 2.8 22 162 13.5 0.15 1.0 1.3 0.21 C- ./

25 5 16 1. 7 19-13. 7 155-22.7 A. 0* O. 6 12 1 77 9.3 0.15 1.3 0.18 C
?5 5 39 3('). 1 lq- g.4 1~c;-15.1 q.6 l.g 20 198 16~8 0.11 0.7 1.1 o. 08 C
2~ 6 .11 46. 3 19-1C:.1 155-22. 1 ~. 5 1. A 16 144 7.4 0.08 0.7 0.1 0.16 B
25 6 54 14.4 lQ-20.4 15~·-19.5 4. 8 1.4 11 It)6 3.7 0.14 0.4 1.5 0.06 A

2'5 8 4 4!'.6 18-53.8 155-19.3 10.3 2.t; 15 267 32.8 0.6Q 3.5 3.0 0.13 0
25 84322.0 lq-2j~4 155-14.0 "~8 q 102 2.5 0.12 0.4 2.2 0.07 B

V1 2~ .~ 46 1 1 • 4 1 Q -16. 7 1~5-22.? ~.• 4 1.7 19 137 6.7 0.10 o.q 0.8 0.21 C
N ..,c

~ 51 2~. I::. 1?-24 o i. 1~5-15.q , • 9 0.7 7 113 2.3 0.03 0.2 0.2 0.04 Bl~ •

2~, 10 9 2.6 lQ-12.41S5-20.P O. 5* 14 200 11.0 o. Zq 1.7 O. 28 0

25 10 11 57. 1 lq-14.~ 155-20.4? 12.6* 9 303 6.6 1.17 7.1 0.16 0
2'5 10 24 38.8 lq-ll.6 1~5-20.~? 0.0 2.8 1919812.1 4.60 1 .0 8.6 0.16 C
2510 34 11 .. 8 lq- 7 • 7 1 C; 5 -1 3. 01 o. 1 3.0 18 236 21.4 ~.97 2.4 Ib.3 0.22 0
2~ 10 36 20.5 19- 9.8 155-21.4 8. 0* 10 243 11.3 0.29 l.q 0.12 0
25 10 37 24 0 6 19- 9.0 1515-1.5.5 8. Q 12 225 17.5 0.18 1 .1 2.1 0.08 C

25103913.1 19- 8 • A 1 55 -1 5 .0 8.0 2. 7 18 227 18.1 0.12 0.8 0.9 0.08 C
2~ 11 1 12. C lq-10.~ 1~'5-1q.9 r.3* 12 2215 14.0 0.24 1.3 0.16 C
25 11 1 54.2 lQ-14.61';5-22.1 4.3 1 ~ l1Q 8.7 0.11 0.8 1.0 0.15 C
25 11 3 C; 3. 2 19-10.2155-20.Q ~.• 9 2. 3 16 204 12.3 0.21 1.1 1.0 0.17 C
7'3 11 11 17.6 lQ-15.0 155-21.7 4.0 1.9 15 169 7.1 0.12 1.0 1.2 n.lq c

2'5111'1 1 8. 9 ~. 9 - 14 it I:: 1 '5 ~ - 2 1• 3 2. 8 2.8 17 156 10.0 0.13 0.9 1.3.0.17C
25 11 1Q 24. 5 19-1 r; • 1. 1 55 -1 q • 8 9.2 1.8 18 157 5.6 1).08 0.7 1.7 0.14 C
?CS 1 2 8 4A.7 1~-~2.4 1'5~-22.~ 1 O~t 1 11 2ao 32.4 0.56 3.1 2.2 o.o~ 0
25 12 15 1~.3 19-13.8 155-21.21 n~o 2.9 21 15Q q.o 4.47 0.7 R.4 0.16 C
2 5 1 2 2'j , f). 1 lq-14.~ 155-21.~ ('.4* 1.~ 11 1 ~:3 8.0 0.13 1.0 O.lQ C

t • • ..,





SUMMARY OF SEISMIC EVENTS (CONTINUED)

1971 HR MN SEC l~T N lrNG W DEPTH MAG NO GAP OMIN ERT ERH ERl MO Q
DEC 25 18 ')6 q.l 19-15.6 lS5-21.8 C;. 2 15 163 1.0 0.10 0.9 1.00.17(,

25 lq 11 51. q lQ-20 0 4155-1c).4 '5.3 2.1 l~ 76 3.5 0.14 0.4 1.5 O. 08 A
25 19 40 40. 3 19- 1 '5 • f-.. 155- 2 2. 1 5.6 1.8 17 168 7.5 0.09 0.8 0.1 0.16 (
25 20 7 34.2 lg-13 0 4 155-21.5 1.3 1.<) lq 160 9.9 1.QZ O.q 7.0 0.16 C
75 20 2'5 12.4 19-25.9 1"~-24.q 8.0* 1.6 13 163 7.1 0.01 0.5 0.10 C

25 20 35 200 4 19- 25. 4. 155-24. 1 8. 0* 1. 7 13 1 q1 7.1 0.1') 1.0 0.12 C
25 20 42 '17.0 lq-18.6 15~-16.6 10.6 7 243 3.2 0.04 0.2 0.3 0.01 (
? '5 ? ~~ 46 7. C 1 q- 11. 4 1 55 -2 O. 8 '3.0* 1. 7 14 210 12.7 0.15 1.1 0.12 C
25 20 S4 41.P 19-14.9155-22.4 8.0* 7 115 8. 0 0.06 0.7 0.01 C
25 21 o 3q.2 lq-13.7155-21.81 0.0 1.7 17 158 9.1 5.61 1.0 10.6 0.21 C

25 21 7 4~.2 19-14.3 155-22.0 3.1 ~ 183 <1.C 0.15 1.5 2.1 0.1"3 C
?:3 21 ~ ~ 7. 7 IG-ll~.·~ 1~5-21.8 O.~* 1.1 18 156 8.6 0.10 0.7 0.11:; C

V1 25 21 -~~ 24. 1 1q - ~" 7 • 4 1 ~ 5 - 2 ? • L.. 4.6 11 17~ 5.4 ().14 O.q 1.3 0.14 C
~

2 ~ 2 1 36 8~ 8 1~-22~6 155-i7.4 13 .. 4 12 A3 1.6 0.06 0.7 O.~ 0.09 B
25 22 33 12.5 lq-l~.3 1~5-21.9? O. 1* 16 175 7.7 0.12 0.8 0.17 C

25 22 39 25.4 1q- 1 ';. 3 1 55 - 2 2 • 1 0.1* 13 172 7.9 0.12 0.8 0.11 C
25 22 55 30.9 19-19.8 155-11.9 7.8 12 213 5.1 0.27 1.5 3.0 0.10 C
25 23 11 53.3 19-10.6 155-21.2 6.4 13 293 14.3 0.79 3.6 1.0 0.12 0
25 23 23 37.8 lc)-12.715'5-20.1 4.6 13 206 10.1 0.21 1.3 1.1 0.15 C
'26 o 12 53. 6 1<;1-21.3155-18.9 4 e 0 12 80 3.4 0.12 0.4 2.2 0.09 B

26 1 14 0.8 19-13.9 155-20.9 1.1 4.1 24 15q 8.5 1.03 0.8 3.7 0.20 C
26 1 19 46.7 19- 1 '"'5 .. 0 1 55- 2 2 • 4 2. 9 1.8 19 148 7.9 0.11 O.R 1.5 0.t8 8
~6 1 21 2 8. 6 1q-14.9 155-22.6 J.7* 13 218 7.6 0.23 1.3 0.20 C
26 1 22 3 9. 8 19-13e6 155-21.91 0.0 2.0 19 183 C).8 -~.30 1.2 11.8 0.22 C
26 1 26 37. 9 19-13.2 155-21.11 0(90 2. 3 1q 162 q.e 7.18 1.1 13.6 0.24 C

26 1 29 26. 1 1q- 13., 1 S5 - 2 1 • 1 0.9 ) ~ 20 1 71 9.4 1.42 O.q 5.1 0.19 (._. -"

;?6 1. 10 4. 9 lQ-17 0 6155-23.<:; 4& A 2.3 9 11~ 12.4 0.14 1.7 1.30.12 C
2f 1 3~ 50.1 lq-l t,-. ~ 155-21.7? o. C 2. 3 15 1 ~ 7 A.4 6.92 1.0 13.10.\7 C
26 1 43 ~C'.6 lq-14.n 15~-22.1? r~ ,. 0 2.0 16 156 q.l ~.18 0.9 q.S I).lq C
21, 1 £;.7 31. C) 19-14.0 1~5-22.2? e.o 1.1 20 156 9.0 4.'52 0.7 R.~ O.l~ C

• ~ • •



'.
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1 q71 HR MN SFC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERl MO Q
DEC 26 1 48 27.q lQ-l.4.1 1 ')'5-21.21 0.0 1.1 15 lR 8 B.r; 5.73 1.0 10.9 0.16 C

26 1 4Q 46.5 19-13.q 155-22.0 8.0* 1.7 13 160 q.5 n.13 1.n 0.17 c
26 1 49 54.~ lQ-14.0 155-21- 8 8.0* 11 lq7 11.1 0.11 1.1 0.10 C
26 1 53 36. 1 19-11.7 155-34.3 4.4 1.5 12 210 7.8 0.21 1.5 1.0 0.16 C
26 1 56 9.7 19-14.B 155-22.1 7.4 2.5 18 163 8.4 0.07 0.7 0.4 0.13 C

26 2 3 4.9 lq-12.5 155-21.0 8.C* 11 21q 10.9 0.19 1.7 0.12 C
26 2 10 lQ.8 19-25.1 lC;~-23.A 8.0* 8 191 7.1 0.16 1 .1 0.11 C
26 2 10 55.1 ~Q-l~.3 155-22.71 0.0 16 164 A.7 '5.58 0.9 10.b O.IB C
26 2 11 4 Q. 6 19-15.6 155-21.4 A.O· 13 177 6.5 0.10 1.0 0·.13 C
26 2 12 40.2 19-15.2155-22.61 0.0 14 167 7.4 5.79 0.9 11.0 o. 18 C

26 2 22 31.9 19-14.8 155-21.81 0.0 1. q 18 1 70 8. 1 5.q2 o.q 11.3 O.lQ C
26 2 31 ZQ.3 lQ-14.0 155-21.41 0.0 3.4 22 113 8.7 ~.O9 0.7 5.8 0.15 C

\Jl
26 2 £.1 ?~.q lq-l~.O lr)~-21.~ 0.5* 13 180 7.~ 0.14 c.q 0.17 C

U1 26 '2 46 22.8 lQ-lq.O 155-1~.6 8.0* 14 21 7 6.f, 0.12 0.7 ('.O~ C
2~ ? 47 !~.A lQ-14.? 155-21.~? 0.0 ? 1 16 1 77 ~.7 c;.13 Q.A C).A O.l~ C

26 2 54 38. 2 19-13.9155-21.61 0.0 3.0 20 113 9.2 3.86 0.8 7.3 0.18 C
26 2 fj8 2q.l lq-15.2 1~5-22.51 0.0 14 16q 7.6 5.29 0.8 10.1 0.16 C
26 2 5q lq.8 19-13.9 155-21.91 0.0 2.4 19 168 q.3 4.1q O.q 7.9 0.16 C
26 3 4 4q.6 19- 1 5 • 0 1 55 - 2 2 • 4 4.3 2.3 19 160 8.0 0.12 0.9 1.1 o. 20 C
26 3 6 48.6 19-15.3 155-21.81 0.0 1.1 '-7 176 7.3 ~.O7 O.q 11.6 O.lQ C

26 3 31 37.9 19-14.9 155-21.51 0.0 17 180 7.5 6.18 1.0 11.8 0.19 C
26 3 51 33.0 lq-15.3 155-22.8 4.6 1.1 16 144 7. 2 0.09 0.8 0.9 0.17 B
26 3 5') 6.6 19- 19. 7 1 55 -14. a 8.0* 12 205 s. f- 0.11 0.7 0.09 C
26 3 56 11.9 19-15.1 155-22.2 3.9 16 174 8.2 0.12 1.0 1.6 O. 20 C
26 4 12 36. 2 lq-14.5 1 '55-22. 51 0.0 1.7 14 178 8.2 6.51 1.1 12.5 0.23 C

26 42252.8 lq-14.8155-22.11 0.0 1.7 18 1 78 8. 5 5. 11 0.9 10.8 0.20 C
26 4 24 42.0 lQ-14.115!'-22.4? 0.0 1.7 1 q 156 8. 7 4.Ql o.q 9.3 0.20 C
76 4 76 3~.q 1Q- 14. 6 1 55 -2 2 .4 8.0* 14 17A A.2 ".10 O.q 0.12 C
26 4 28 40. 4 1q-13.6 1"~-21.q? 0.0 18 1 A3 9.q 1.61 1 • 2 14. 4 O. ~5 C
26 4 35 56.3 lQ-13.5 1~5-22.1 R.O. 2.~ 1.1 1 °7 9.6 n.13 1.1 n.1' C



SU~~AQ'y OF SF I S~ TeE V ~ "1 TS ( ( 0 ~~ T I ~J ~ 0 J

lq71 HR M~'J s':( ld T N l.ONG W OFPTH ,.,AG Nn GA P O~T N ERT ~~H ERI MO Q
DFC ?f: 4 41 ~.8. lC-~.4.1 1~5-21.1? ~.~ l.~ 1 7 202 Q '2 6.42 1.2 12.2 O.lQ C". _:

?A 4 56 "34.0 ,q-l~.~ lC;C::-21.B c:;.o 10 ? 10 f..4 0.21 1..3 1 .1 Q.1C:; C
?6 c; 13 5P.'3 1q- 1 c:; • ? 1~'5-?1.7? 0.0 18 1 75 7.2 6.01 O.q 11.6 ().1..~ C
26 5 15 2. :. lQ-15 o 4 1'55-22.L.. 1.2 2.~ 1q 146 1.8 1.01 0.7 3.7 0.16 B
26 5 11 5l.4 19- 1 '5 • B l c; ~ - 2 2. ~ 4. ? 12 162 7.7 0.13 1 • 1 l.q O.lQ C

2t· r;: ?1 ~·Q.7 1.9-1'5. ~ lC:;C:-?2.7 o.~* 1 r; 1 6- 3 7.3 0.11 0.8 0.17 C
21; 5 ~o 2').Q 1q - 1. 4. 7 ~. '5 5 - 2 1 .6 ~. (1 * 1 '5 'R 9 7.9 n.l1 0.9 0.13 C
?6 ~ 37 ! • '2 lQ-l~.6 lS5-?O.Q? o. 0 2.2 22 1 ~ 1 S.q 4.30 0.8 8.1 O. 20 C
26 5 38 2q.6 19-13.3 1~5-21.3? f).D 2.3 18 207 9.7 6.37 1.3 11.7 0.20 C
2f ~ 47 24.2 19-2?6155-?1.(? O.A 13 l4? 4.4 2.1A o.q 8.1 0.20 C

26 5 48 21.? lq-l1. 7 1~5-?1.G? o.n 13 1 87 <1.7 7.44 1.6 14.1 0.22 C
2 ~.' 5 '51 2 8. 3 lO-l~.q 1~C)-21.f 4.A l4 724 f..r.. 0.21 1.2 1.0 0.16 C

v: 26 5 ~3 4?5 1q - t g • 5 1 5'5 -? f') • '3" '?7~ 1~ 1 Q8 3.q n.!7 ~.~ n.l~ c
0'\ 26 5 5R 55.7 18-46. 7 1 55-16. 8 8.0* 12 283 46.4 0.68 4.4 0.12 0

76 5 =;9 18.f:l 1q- 14 • 6 1 c; ~ - 21 • '; f-,.q 14 1 A~ 8.1 0.15 1 .3 0.8 0.20 C

?t 6 q 43.2 19 ..·16.1 155-21.S 0.5* I? 21 5 6.7 0.20 1.2 0.16 C
26 6 1 ~ 1 3e ? lQ-16.0155-:??O ()~4* q ?11 ~.Q o. 23 1.4 0.15 C
2A t 3"3 ." f\ lQ-le:.'5155-22.A? 0.0 1 3 20Q 7.1 e..55 1.5 1~.3 O.2~ C-" ...... .~'

26 6 52 58. 8 19-15.q 155-21.5 1. 7 1.7 16 162 8. c; 2.05 0.8 1.7 0.15 C
2"', 1 lq "37. a lq-13.~ 1~~-21.8? 0.0 16 l~O 10.3 1.0Q 1 • 2 1 3 • 3 o. 21 C

?6 7 4q '3 p. ] 19-1q~6 lS5-14.Q q.3 12 206 f5.2 0.21 1.0 1.80.08 C
?6 1 ~O -~ Q 19-14.0 155-21.1? O. 0 2. 5 22 1 5Q ~.6 4.83 0.8 q.l 0.19 Ctl .

2'" .., 55 25 0 7 lq-lq~? 155-1~.1 q.(\* 1 2 2' 1 f-. 1 0.12 0.8 0.09 C
2f..: 7 56 1. 2. f !q-14.9 1':'~-21.8? O.f' 1.7 1 Q 1 7 A 7.q ';.65 O.q 10.7 0.20 C
26 7 57 3C:;.2 1q- 1 4."3 1 f) 5 -.' 1 • 7? t'). ,''', 2.7 ~2 155 B.f 4.1'5 0.8 1.8 O. 22 C

26 P 5 43.5 19-15.1 155-21.4 3.0* 1.7 15 211 7.1 0.18 1.3 0.16 C
16 8 1 q l. 4t) ~. 19-17.q 11.)';-]'3.3 5. 2 2.:> 20 155 5.5 0.14 O.q 0.8 O. 21 (.
26 8 2~ 29.3 19- 20. '5 1 '35 -1 P • A 4.6 1• 5 17 90 2.6 0.16 0.15 2.0 0.09 A
?6 P '17 ~4o 7 lQ-12,,3 155-21.0? Oe () l ~ 8 18 186 ll.? ~e30 O.q 10.0 0.17 C
2f, P 3q C:2. 1 lq-ll!-,.H 1~~-21.t.? 0.0 1. P 1 7 1 82 7.1 6.49 1. • 1 1 2 .4 O. 20 C

• ,. tr



• , « •

SUMMARY nF ~ErSMIC EVENTS (CONTINUED)

1911 HR MN SFC lAT N LONG W OEPTH ~AG NO GAP DMIN ERT ERH ERZ ~D Q

DEC 26 8 41 30.8 1q- 1 ~ • 4 1 5 S; - 21 • 7 8.0· 12 209 7.2 0.11 1.3 0.14 C
26 8 42 2 O. 5 19-14.8 155-21.2 8.0* 11 232 7.4 0.23 1.7 0.14 0
26 ~ ~l ~. 2 lq-13.4 155-22.01 0.0 l.q 19 160 9.9 5.33 0.8 10.10.17 C
26 B 55 13. 0 1q- 1 3. 7 1 55 - 2 1 • q Z.6 2.7 20 162 9.7 0.12 0.8 0.9 0.17 C
26 9 36 44.0 19- 1 O. 8 1 55 - 21 • 5 8.0* 10 211 11.4 0.13 1.1 0.11 C

26 10 8 5~. 7 1<;)-15.4 155-22.6 5.3 2.0 16 144 7.3 0.10 0.9 0.8 0.20 B
7~ 10 q 2q.8 Iq-15.5 1~5-22.A 5.1 2. 3 lq 142 7.1 0.09 0.8 0.6 0.19 C
26 10 2(\ 5C).9 lQ-1500 1~5-22.5? 0.0 1.8 1 A 148 7.A 5.12 0.8 10.8 O.lQ C
2f. 10 4C::; 10.~ 1q- 20. 3 1 '5 ~ -12 • q q.6 1.6 10 189 4. 1 0.28 1.'3 2.5 0.11 C
26 10 58 18.q lq-l1.7 155-2<.'. 8 0.5* 16 111 12.2 0.10 0.7 O. 16 (.

26 11 2 42. 3 19-14.R 155-21.9 5.2 14 16q 8.2 0.09 0.8 0.1 0.15 C
26 11 q 35. 1 lq-11.7155-11.17 0.0 2.3 20 16q 8.4 6.00 0.9 11.4- 0.24 C

V1
26 11 16 33.9 lq-l"3.5 lC;~-20.q 2. 5 2.8 2~ 161 9.2 O. 15 0.9 1.0 0.20 C

-....J 26 l! 24 6fJ~ lO-l!J.g 155-70. t? O~ 0 4.5 2~17613.A 3.Aq O.q 7.20.21 C
?f 11 ?q , l • 7 lQ-13. A l~r:=-?l.C O. 2 2. 1 1~ 1 ~ e <;'2.5 4.49 0.6 8.5 O.l~ C

26 11 33 50.2 19-10.3 155-20.61 0.0 2.6 23 178 12.8 4.25 1.0 7.9 0.20 C
26 11 34 50.1 19-14.0 155-19.0 2.9 2.5 19 164 7.4 0.25 1.5 2.3 O.2tl 0
26 11 40 16.6 1 q-15. 4 1 55 -22. 6 2. q 16 144 7.4 0.10 O.B 1.3 0.16 8
26 11 45 1 7. 8 19- 1 2 • 1 1 ~ S- 21 • 3 0.5* 2.0 15 167 11.9 0.09 0.7 0.14 C
26 11 41 41.4 lq-ll.2155-21.1 4.8 1.1 15 113 12.2 0.12 0.8 0.1 0.12 C

26 11 4A q.9 lQ-11.21!=·S-21.1 4.6 2. 1 16 173 12.3 0.16 0.9 0.9 0.15 C
26 12 1 6.8 lq-14.9 155-22.3 4.0 17 14q 8. 1 0.09 0.7 0.9 0.17 B
26 12 14 4.7 19- 15. 5 1 C; -; - 2 2 • 1 5. 1 1.1 14 16.6 7.6 O. 11 O.q 0.8 0.19 8
26 12 22 6.4 lq-15.6 155-22.4 5.5 1.8 16 144 7.7 0.10 O.q (l.8 0.19 8
26 12 25 1.2 1q-l O. 8 1 ~~-2 o. 4 3.5 3.ft, 22 116 13.4 0.18 1.0 1.0 0.20 C

2~ 122745.8 19-11.3 15~-21.8 6.6 2.E> 11 1~9 11.2 0.12 O.q 0.1 0.12 C
2f 12 38 l-. 6. ~ 19-13.8 1~5-21.~ 0.8 19 158 9.2 1.26 0.1 4.6 0.11 C
26 13 18 37.5 lQ-15.7155-21.8 5.3 l.g 17 146 7.0 0.1. t 1.0 0.9 0.22 C
26 13 19 30.9 19-1C;.3 lr;~-21.6 6.9 l.g 1'5 l~O 1.2 0.11 O.q 0.7 O.IQ B
261120 38.8 lq-15.~ 1~5-21.g 5.3 l.q 1n 147 7.4 ~.14 1.5 1.4 0.18 B



SlJ~Mft.RY !)F SFIS~TC ~VFNTS (CONT I NUFO)

1 q71 HR MN SFC LaT N tn"'G W D~P TH ~AG N0 GAP D~TN ERT EQH ER I ~O 0
DtC 2f 13 24 44. 0 10-14.0 15~-20.1? ~.O ?~ 2 3 16 1 12. 2 4.20 O.q 7.9 0.22 C

76 1"3 44 2 6. 1 lq-1~. ~ 155-;:2. ~ c;.7 1.'3 12 147 8.1 0.10 0.8 0.8 e.l'5 B
26 1. 3 52 12.0 lq-14.A 155-?1.7 1. 1 2.5 21 1';3 1. 0 0.11 0.8 1.3 0.18 C
26 13 54 "3 o. '5 lq-15.6155-21.6 4 8 5 19 148 6.8 0.12 n.g 1.0 0.21 C
2~ 14 1 12.3 19-12.4 155-71.3 o. '5* l.g 19 166 11.2 0.11 0.8 0.18 C

?6 It.- t. 1 q. l.-- lq-!r;.6 15'3-21.~? 8. 1 2."- 21 14A 6.7 0.12 o.q 0.1 C.lq C
2A 14 c; 21.7 1(1-1'5.8 1 ~5-??O R.C 2.~ 17 145 1.0 n.ll O.g 0.1 0.16 R
?F-- 14 30 4(). ') lQ-15.3 155-?1.~ ~. 7 2.1 20 1 L·.Q 7.4 0.11 0.9 1 .1 o. ~o C
26 14 31 21. 0 19-16.q 155-?~.2 5. 3 1 • 8 18 1 ~O 6. 1 O.Oq O.R 0.1 0.19 B
26 14 48 8. 6 lq- 9.6 155-13.5 q" 3 282 16 202 17.q O.lQ 1.2 1.6 fl.13 C

26 l~ 16 lq.2 1Q-10.7 155-2n.t? ".0 2.1 21 177 13.6 4.96 1.0 q.2 0.19 C
2A 15 1~ 1?8 lQ-lfS.O 1~e::-72.0 c:. 1 2. J 14 1 ~ 0 A.O 0.12 1.0 o.q O.lQ B
26 15 ~2 31.5 19-14.R 155-22.?? 0.0 ?o 17 11,2 8.4 4.55 £'.8 q.6 0.18 C

V'1
?6 16 1 4 Q. 1 lq-l~~l 155-21.4? 1.~ 3.e; 1q 194 7.2 0.21 1.4 0.9 0.22 (ex>

2f 16 14 '5'5.9 lq-15.9 155-22.0 3.6 1. 9 13 144 7.0 0.11 1.0 1.2 0.16 B

26 16 1" 1..,. !-. lQ-!..4.215S-20. C ? o. C 2.e 22 1 ~ B ~. 0 4.«;2 0.1 8.6 0.18 C
2~) 16 24 4 4. 1 1. 0 or- 1 2 • 7 1 ~ 5 - 2 0 • 7? ".0 ?2 24 166 lC.3 3.91 0.8 1.3 0.20 r:
26 16 30 ?f:.? 19-14."?-· 1~5-21.A? C\.C 2.1 1 q 1 ~ 6 8. p I-.,.Oq C.q 11.50.11 C
26 16 16 ~ 3. 7 20- 5 .;>. 1 56 -1 O. 6? 8.0* 2.8 20 320 56.6 2.42 ('.0 5.1~ 0
26 16 31 3 5. A lq-lq.4 1~5-1.~.q 7.1 3.4 16 187 O.q 0.1t; 0.q 0.5 0.12 C

26 16 39 55.4 1Q- 14. ~~ 1 ~ 5 -2 n• R 1.2 '3.3 24 159 P. 3 o. 15 0.9 1.10.22 C
26 16 "'-A i.J..f.3 19 - 1 (1t>..2 1 ~ ') - 2 1 • '5 ? t· 2.3 20 1 c; 7 8.~ O.ltS 0.9 1.4 O. 21 C
? 6 16 ~8 ') ~. 2 1°-15.1 155-22.61 "'.5 2.(' 1 A 14~ 7.4 ~.lC 0.8 1.1 0.17 8
26 17 1. 2 3. ~ JQ-l'3.0 !55-?1.~ 4.7 l.Q 1~2 7.A 0.12 o.q 1.0 0.21 (
261711 "9.3 lq-l ".7 1 ~~-?? ~ 0.4* l.q IS 143 7. 8 0.07 C.6 n.15 C

2f 1 7 14 2 A. c; 1q- 14. ~ 1 'S ~ - 21 • 1 Q. 8 ') c: 20 1~6 10.4 ~.66 0.6 S.9 0.13 C-...
? f· l 7 1 5 5 q. J lq-14.? 155-?C.Q "l ~ 2.~ 20 158 11.R (\.12 o.q 11.9 0.16 C.'. -'

?6 1126 3A.7 1q - 1 t~. 7 1 c: t - 2 1 • 9? e.e ?2 18 1 ~3 8.3 '5.62 0.8 lO.~ 0.17 C
26 1 7 12 35. 1 1. 9 - '. ; • 5 1 ~ r; - 2 ~ • 1. ~."' 1 • 3 12 145 7. 6 n.12 1.0 0.9 0.19 8
26 1 7 44 21 ~ '; lq-14.~ 1~5-22.1? 0.0 2.~ , q 1 ~ 3 A.7 6.• qq " O.A Q.4 0.16 r:

.. , c ,.



• .. •

SUMMA~Y OF ~EtSMIC EVFNTS ( CON T TNU EO'

1971 HR MN SEC lAT N LONG W OEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q
DEC 26 17 57 41.6 lQ-20.0 155-11.6 8.7 15 145 4.8 0.09 0.1 2.0 0.12 e

26 18 1 4«?3 lQ-14 .. 2 1C;r;-21.3 4.5 2.0 15 161 8.3 0.16 1.3 1.2 O.lQ C
26 18 '3 4 c;. 6 1q- 14. 8 155 ~21. q 1. 1 1.9 1.7 153 A.2 1.63 0.8 5.q 0.16 C
26 18 9 4q.6 19-14.6 155-20.8? O. 1 1.6 15 156 7.3 7.83 1.1 14-.8 0.19 C
26 18 16 30. 0 19-14. 8 155-22.31 0.0 1.1 lq 151 8.3 5.14 0.7 9.7 0.15 C

26182332.1 lq-22.1 15';-14.4 25.4 2.2 18 123 2.6 0.21 1.1 1 • q o. 12 B
26 18 ~5 !i?6 1Q- 16 ."3 1 55 - 2 2 • ~ 7.~ 2.2 13 144 7.3 0.07 0.8 0.4 0.10 B
26 18 41 1 3. 4 lq-14.q 155-21.51 0.0 2.3 22 154 ~.'5 1.42 0.6 0.8 0.17 C
26 18 44 47. 6 19-12.11t;5-20.Q? 0.0 2.7 23 168 11.4 0.62 1.0 1.1 0.22 C
26 19 33 50.3 19-13.5 155-22.01 0.0 21 163 10. 1 1.97 1. 8 14. q O. 35 0

26193512.C: 19-16.2 1~5-21.Q? 2.0 0.1 18 142 7.8 0.10 0.8 1.0 0.18 B
26193729.7 19-14.0 155-21.5 2.0 2.2 2115810.1 ~.34 0.7 1.2 0.17 C

U'1
26 ~o 12 78.6 1q- 1 ~ • ~ 1 5 5 - 2 2 • 2 0.5* 1. 4 18 144 7./A O.Oq 0.7 0.18 C

\0 2f, 20 31 '2. 7.6 19-14.2 155-77.6? 0.0 1.5 15 1 ~4 8. 3 6.03 O.q 11.4 0.20 C
26 ~O 48 ?p.? 10- 1 '5 ~ 5 1" ~ -? 1. 7? Of' q 281 20 150 7 e (\ 0.';2 ~ .1 1.0 0.26 C

2620 57 2~.5 lq-16.1 155-21.91 0.0 1.9 1 q 156 8.0 4.06 0.7 7.7 0.17 C
26 21 11 45. 3 19-13.0 155-20.61 0.0 2.9 22 15q 8.5 4.85 1.0 q.1 o. 20 C
26 21 28 40.1 19-13.7 155-20.01 0.0 2.6 20 182 12.7 4.71 1 .1 8.8 0.21 C
26 21 31 28. 0 19- 14. 7 1 55 - 2 O. 5 ~.7· 3.8 20 116 7.1 0.12 0.8 0.7 0.14 C
26 21 34 24.8 lq-14.4 1~~-21.2? 0.0 2.4 18 171 7.9 5.36 1.1 10.1 0.23 C

26213823.8 1Q-14.c; 15~-20.q? 0.0 2.2 lq172 10.7 0.31 0.6 0.6 0.10 C
26 ~l 41 59.2 19-14.8 155-21.31 0.0 l.~ 18 168 7.5 4.72 0.9 8.9 0.18 C
26 21 46 45.8 19-14.2 155-20.4 3. 1 3.1 21 1 77 7.7 0.14 0.9 0.9 0.18 C
26 21 51 30.2 lq-13.9 155-21.27 0.0 2.3 20 175 10.7 0.40 0.7 0.7 0.14 C
26 21 53 O. 8 lQ-14.2 155-20.2 3. '3 2.8 18 177 12.0 0.14 0.8 1.0 0.13 C

26 22 5 6. 8 19-17.2155-22.3 8.0* 1.6 14 136 ~.8 0.08 0.8 0.12 C
26 22 11 q.9 19-16.1 155-22.q ~. B l.q 14 151 6.7 0.09 0.8 0.1 0.16 C
26 22 23 23. 6 1Q- 1 3. 9 1 55 - 2 O. q 0.9 2.2 22 170 8.4 O~40 0.8 1.4 o. 20 C
2~ 222643.0 1Q-15.5155-23.1? 0.0 1. q 14 157 6.4 3.11 1.1 5.0 0.21 C
26 22 31 43.7 ! C)-I ~. ~ 1 c; 5 - 21 • 2 0.3 3.~ 24 160 9. 2 0.44 O.q 0.8 O. 24 C



S lJ ~1~'A Q Y IF SEISMIC FVEf\ITS (CONTr~1J~n)

191! HR V"J SFC LAT ~l l.n~jG W OEP TH M~G NO GAP DMIN ERT E=RH ERZ MD Q
f'EC 26 2? 34 ? 6. Q 1Q -14.6155-22.3? O.D 2.:' 1 R 1 7 g 8.4 6.b~ 1.0 12.6 0.24 C

2f- 22 ~2 20.8 19-1t..S 1~~-22.1? o. C 1.9 1 ~ 163 8.~ 4.68 0.7 9.q 0.10 r
26 22 47 '52.3 1q- ? 2 • '5 1 5 5 -1 4 • 0 12.7 11 133 2., n.qa 2.q 6.q 0.18 r:
26 22 55 3A.2 1q- 1 3. 7 1 ~ 5 - 2 1 • ~? 0.0 2. 1 22 lSq q.4 0.47 0.8 o. q O. 20 C
2h 2: 56 ~~.2 19-14.4 lC;~-21.7? o.r 1.6 1Q 143 ~. 1 C).08 O.A Q.6 f).tR C

'262317 t:..o.t l Q -13.2 1. ~5-2C. 7 O. 3 3.~ 26 164 C? '; 0 .• 30 0.7 0.6 O. 20 C
2f- ~~ ?~ 1 7. 4 ~ 9- 1 "3 tt 0 ~_ 5'S - 2 1 • 3? ".0 2.1 1'" 15 q ~.q 6.22 1.0 11.1 0.21 C
?6 23 "32 ':002 19- 14# 1 1'5~,-21.6 't.O 2.2 17 157 q.q 0.13 0.9 1.1 o. 20 C
?f-. 23 3l~ ~ 6. 7 19- 1 3. 3 155-~1.2 3. 2 '2. 1 22 162 q. 7 0.14 O.q 1.1 O. 21 C
'26 ?3 31, 6.3 lQ-1.5 o A lC5:-20.7 4 e 1 2.5 2" 152 q.7 O.Oq ().7 0.8 0.13 C

26 23 36 4°.6 19-13.6 1~5-20.3? 8. 5 1.5 18 163 13.0 0.11 ('.9 l.q 0.15 C
262'3 3° 3~~4 1~- 14 0 1 155-?O.5 3.'5 2.0 20 160 7.9 0.14 O.q 1.0 0.21 £:
,':?6 ~3 40 .,~ ~ 19-15.A 155-?1.6? 0.0 1. 9 20 146 8.6 3.q7 0.6 7.5 0.1'5 CQ'\

..,. ,.

0 26 23 46 2~ 1 19-16.~ 155-22.4 7 8 C· l.q lq 140 7.5 0.12 1.0 0.7 0.20 B
2~ 23 1406 r: 1 • q 1q- 14. '3 1 r::. ~ -? 1. 2 '. 6 l.~ ~O 154 10.6 0.11 0.7 1.0 0.16 C

26 ? 3 50 11. 3 1°-16.3 155--21.7 '3.()* l.q 1 3 1 L2 6.2 C.1D 1.0 0.17 C
2A ?3 5') ?7.~ 19- 1 ~ ~ 9 1 55 - 2 1 • 5 O.g 18 146 8.5 J.Ql 0.6 3.3 0.1? B
27 0 1 4 f)e R 19-15r- 4 15f5-21.? "?e2 1.1 2' 150 q.i4 ('.10 0.7 1.0 0.17 B
27 C ~ 4~.1 lq-l~.O 1~~-21.4? 0.0 1. g 20 145 8.4 4.0g 0.6 7.8 0.16 C
71 (' R 43. b lq-!5.8155-21.67 O. 0 1.. ~ 21 14f: 8.6 ". 6 Q 0.6 7.0 0.15 C

27 0 17 46.7 1q- 14. 2 1 ') 5 - 21 • 3 5.2 2.1 If 157 !O.~ rj.12 O.q ~.8 0.16 C
27 o ?1 41.7 19- 14. f-- 1':'5-??O ?3 2.0 1 R 1. ~ 3 R.f, c).1'5 1 .1 1 .5 O. 26 C
27 o 39 40.8 1.9-14.9 1'5c;-21.5 8.0* 1'5 213 '7.6 0.18 l.3 0.1.4 C
27 o 41 36. 7 19- 1 4~ 1 155-21.5? o. 0 2.1... ? 2 151 1 Oe 1 4.25 0.8 q .0 C'. 21 C
27 o 45 4. ~ 19-14.51'55-20.7 l~ • a 2.0 22 151 7.3 0.13 O.q 0.9 0.2" C

77 a I .. 7 7.0 lq-14.2 1~5-21.7 ~. 1 2tJO 16 157 9.6 0.12 0.9 0.8 0.17 C
/7 r '.. Q 1 1. r· lQ-'4.Q 1'3C:;-?1.2? t'. C 1.q ?O 154 7.1 5. 80 0.8 11.0 0.19 r
27 o ~ 1 1?3 lq-llA..~ lC::~-22.~ 4.6 °j.O 1 2 1" 1 7.q 0.11 O.Q 0.9 0.16 C
27 o "3 J 4. 6 19-'~7.0 15~-?1.4 4.5 1. B 20 lq6 6.8 ~.lO O.Q O.q 0.22 C
?7 J 5 12.1. 19-14.0 1'5~-21.q? ().r 21 157 9.3 5.3q O.q 10.2 0.2? C

,& .. 'f ..



.. » I •

SUMMARY OF SEISMIC EVENTS (CONTINUED)

1q71 HR MN SEC LAT N LONG W OEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q
DEC 27 1 9 40.3 19- 16 • 6 1 55 - 2 2 • 4 2.4 18 136 6.8 0.10 0.8 1.2 0.18 8

27 1 10 '37. 3 !q~16.4 155-22.6' 2.7 1 q 14~ 1.1 0.1t:' 0.8 1.3 0.20 B
27 1 32 46. ~ lq-l~.~ 155-21.q 0.0 21 145 B.S 3.77 0.6 1.1 0.115 C
21 "1 34 54.9 lq-14.1 155-20.9 2.9 1.9 22 156 7.3 0.1'3 O.q 1.2 0.20 C
?7 2 13 11. q lq-14.5 155-21.6 4.5 1. q 16 155 q.5 0.12 0.9 0.9-0.17 C

21 -2 26 30.Q 19-13.2 155-21.31 0.0 2.D IB 162 11.2 5.88 1.0 11.0 0.15 C
27 2 27 1 5. 7 19- q. <' 155-16. 5 3.3 2.4 20 22!:' 17.0 0.24 1.2 0.8 0.15 C
27 .2 41 14.6 19-15.q 155-22.2 2.6 2.2 21 14? 7.4 0.11 0.8 1.2 0.22 C
27 2 54 51. 9 lQ-16.6155-21.0? 0.0 1.8 lR 144 7.8 4.46 0.7 8.5 0.16 C
27 3 2 50. ~ 19-16. 8 155-20. 5 4.6 2. 5 20 145 8.1 .0.08 0.6 0.7 0.13 C

27 3 1 19.2 19-16.4 1·55-20.4 4. 2 2.7 23 148 4.2 0.11 0.8 0.9 0.19 C
27 3 45 1 q. 1 lq-lq.A ,1"5-14.4 8.C* 11 202 5.~ 0.16 1.1 0.14 C

0\
27 :3 ';2 35.~ lq-l 5. a 1 C5-~ o. q? O.C 2.1 21 16f. 6.7 ').43 0.7 0.8 0.17 C

~ 27 "3 56 48.6 ! q-l c; • q 155 - 22 • ~ ?R 1.8 18 l53 7.3 O.Oq ".7 1.0 0.16 C
21 4 2 , '5. ? lq-l '.b lC:-~.~21.?? 0.0 2. O· 17 18 ~ :Q.? ~.r;4 1.0 lO.Ci o.,~ C

21 4 27 29.0 19-15. 7 155 -20. 4 1.0 2.2 18 166 9.6 1.21 O.q 4.4 0.16 C
27 4 31 40.~ 19 _. 1C; • 0 1 5 ~ - 2 1 • q? 0.0 1.9 18 163 7. 8 4.66 0.8 8.8 0.16 C
27 4 34 24.0 19-13.4 155-21.q? 0.0 2.0 19 1 70 1(\. 1 5.64 1.0 10.6 0.21 C
21 4 36 32. 8 1q- 16. ~ 1 '; 5 - 21 • 7 8.0* 12 156 6.0 0.11 1.0 0.16 C
27 4 37 5 o. 1 lq-37.1 155-'32.31 16.0* 11 110 20. 8 0.34 3.'6 O.4Q C

27 4 40 45.4 19- 11 • 3 1 55-21. 1? 0.0 2.6 24 172 12.3 0.47 0.9 0.9 0.19 C
27 4 46 21. 6 1q- 1 6. 8 1 55- 2 2 • 0 6.2 2.2 21 1.37 6.2 0.09 0.8 0.7 0.20 B
27 4 50 20.3 19- 1 -; • 4 1 55 - 2 O. 7 3.0 2.6 23 15~ 5.9 0.11 0.7 0.9 0.17 C
21 4 Sq 44.1 19-14.5155-22.0 6.3 2.2 17 155 8.6 0.12 1.0 t). 7 O. 21 C
27 '5 2 58.4 19-15. 1 155-22. 01 O.O.l.q 20 150 7.9 4.24 0.1 8.0 0.18 C

27 5 11 22. 7 1<)-15. 2 155-20.9 4.7 2.1 22 154 6.5 0.10 0.1 0.7 0.16 C
27 S 16 1 £.. f-, 1q- 1 q. 2 1 55 -1 5. 5 6.6 15 185 3.7 0.11 0.1 0.6 0.13 C
21 c; 44 14. 2 19-13.q lS5-21.6? 0.0 2.:3 21 158 9. 1 4. 83 0.8 9.1 O.2J C
27 5 44 ~8.5 lQ-l0.6 1,5-20.0? 0.0 ~.6 20 178 1~.8 '5.43 1.1 10.1 0.19 C
27 549,Q.3 19-13.q 15~-2?8? 0.0 2.0 18 1 ~4 8.2 5.q4 0.9 11.2 0.22 C





• 'II •

SUMMARY OF SEISMIC EVENTS (CONTI NlJFO)

1971 HP MN SEC L4T N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO 0
DEC 27 13 14 54.5 19-15.8 155-22.31 O. 0 2.5 21 143 7.5 4.37 0.6 8 .• 3 0.15 C

27 14 6 10.6 19-15.5 l5~-22.2 5. 1 2.6 21 i 46 7.8 0.09 0.7 0.7 0.16 B
27 14 9 1. Q 19-19.0 155-13.5 ~. 5 1.5 14 173 ~.'5 0.08 0.'7 l.·~ O. 10 C
27 1 C; 5.-41. 3 19-15.5 155-22.11 2. q 3.1 21 146 1.7 0.37 0.• 1 1.3 0.18 8
21 15 q 14.4 lq-15.3 155-22.01 0.0 2.'" 21 148 7.6 ~. 01 0.7 9.5 0.17 C

27 15 11 51.0 lq-14.8 155-21. 11 0.0 4.6 22 153 7.q '0.41 0.• 8 0.9 0.18 C
27 t -; 20 7~. 2 lq-15~4 155-21.q 5.6 2.1 18 148 7.4 0.12 1.0 o.q 0.21 C
21 l~ 21 40.7 lq-15.4 1';5-21.7 6. 3 ?l 17 149 8. q 0.10 0.8 0.7 0.17 B
27 15 37 5'3.4 19-15.2155-23.1 6. 2 2.3 19 143 6.1 0.09 0.8 0.6 O.lQ B
27 1'5 42 2".6 1q- 1 '5. 3 1 S; 5 - 22 • 15 O. 7* 2. 3 12 169 7.7 0.10 0.7 0.15 C

21 15 43 1 7. 7 1'9-15.1155-21.7 1.7 2.1 18 151 7.5 1.33 0.7 ft..8 0.15 C
27 15 57 42. 1 lq-lft.O 15'3-22.3 1. 3 2.5 20 141 7.3 1.34 0.7 4.9 0.17 8

0'\
27 15 59 ~1.~ lq-15.6 1155-22.~ 4. 2 l~ 144 7.7 O.Oq 0.8 I.? 0.17 '3

w 71 115 5q ~l.O lQ-lc.3 1~~-22.6? 0.0 14 145 7. " 1.85 1 • 1 1 4-·.• 9 O. 20' C
27 16 "3 ~ne 7 lQ--15 o ~ 155-21. 0 ~.q 2.7 21 l£.l 7.'3 O.OR n.7 Q.7 Q.l~, B

27 16 q 2 8. (l 19-15.9 155-22.2 1.4 2.3 lq 142 7.3 1.31 0.7 "'.8 0.17 8
27 16 11 4q. B 19-11.1 It;S-22.6 C;.4 14 133 ~.9 0.07 0.7 0.6 0.14 8
27 16 13 q.5 1Q-15.0 155-22.91 0.0 3.4 23 145 7.1 O.4? 0.7 0.8 O.l«;J B
27 16 11 49.5 19-14.5155-22.6 0.9 1.9 14 151 7.9 2.07 0.9 1.6 0.19 C
27 16 26 45.0 lq-16.9 155-22.4 5.3 2.0 19 134 6.3 0.08 0.1 0.8 0.18 B

27 16 41 49.4 19- 25. 4 15~-14. 81 8.0* 7 126 9.1 2.72 12.1 1.58 C
27 16 5147.7 19- 16 • 4 1 55 - 21 .1 3.1 2.3 18 145 5.2 0.08 0.6 0.9 0.13 8
27 16 156 37.0 lq-17.Q 11;5-22.6 7.2 1.7 16 133 6.0 0.10 1.0 0.6 0.18 B
27 17 o 44.4 19-15.1 155~22.q 1.5 2.6 18 156 7.0 0.37 0.6 1.4 0.14 C
21 11 4 31.0 19- 6.8 155-31.11 8.0* 2.5 15 2,,4 17.7 0.44 5.• 3 0·. t;6 .0

21 17 6 34.4 lq-15.2 155-22.-7 3.2 10 145 8.7 0.21 1.8 2-.8 O. 17 C
27 17 9 154.2 lQ-ll5.c; 155-21.7 3. q 4.0 21 148 7. 1 0.09 0.7 0.7 0.16 8
27 11 21 23.0 19-14.8 155-21.9 '8.0* 1.8 12 18 ~ R.2 0.'10 O.q 0.10 C
21172348.2 1q - 1 6. 7 1 r; c:. - 2 2 • I:. O.e:;. '1.8 17 136 6.1 0.08 0.8 0.18 C
2111 2636.0 19-17. 1 155-23.4 4.q l.b 16 127 5.6 0.07 0.7 O.q 0.17 B



SlJMMA RY ()f S~ I SM I C ~ Vf~ TS (CONT t NJFf) )

1971 He ~N SEC LaT N LONG W O~PTH ~A~ NO GAP D,..t~' FRT ERH ERl MD Q
DEC 21 17 ?q 12.1 19-17.2 ]5~-?2.8 5.7 ?? 16 13(' 5. 7 ".('6 ~.7 t).6 0.15 ~

21172952.2 19- ! 7 • ~ 1 55 - 2 1 • q ~.' 2.1. 20 134 5.q 0.08 O.A o.~ 0.20 8
27 17 42 ,6.Q lC?-16.7 1~5-21.Q 5.'5 2.0 1 A 1 ~ 8 6.q 0.11 t.O 1.0 0.22 C
27 1 7 4r; 1 8. 7 19-17.~ lC;~-23.1 4.6 15 128 5.5 0.08 0.8 1.1 0.17 R
27 1 1 4'3 25. 9 lQ-l'5.7 155-21.'; 2. 5 15 141 6. r; O.oq 0.7 1 .1 0.12 8

2117522t.O lq-16.2 1~~-22.2 4.2 1.8 14 140 7.1 0.01 0.1 1.0 0.14 B
27 17 53 41.q 1.9-14.3 15~-2?C ?3 2.~ 1 A 155 q.l 0.12 0.8 1.5 0.14 C
27 1 A t ~2. 0 19- 1 c; • q 1 C; 5 - 2 2. ~ o. S * 1.'" 12 161 7.~ 0.13 1.0 0.21 C
27 18 4 1 0.8 lq-14.q lr;S-20.~ '3. 7 2.f, lq 156 10.6 0.10 0.8 1 .1 0.12 r:
27 18 9 1 7.6 lQ-17.11';5-22.5 5. q 1.7 18 133 5.8 0.08 0.8 0.7 0.18 B

21 18 18 13.2 19-16.q 155-22.0 7.6 2.5 1q 1 36 6.2 0.08 0.7 0.5 0.15 B
27 18 ?l 1.6 lq-l~.7 lC:C::-21.4? o. a 2. 3 22 148 8.9 3.52 0.6 ~.1 0.11 C
21 1 fl 2c) 45. ~ lQ-15.S 155-20.81 0.0 2.3 21 153 ~.e ~.r;3 (\.6 ~.7 O.l~ C0\
27 18 ?9 2. L.. lq-14.6 1C;-;-21.41 o.q ~.1 21 155 q.e 0.44 0.1 0.8 0.18 C~

?7 18 30 7. '; lq-16.q 15';-22.2 4.4 1.8 lq 1"35 6.4 0.07 0.7 0.9 0.1 7 8

27 lA ~3 37.2 lQ-lC;.1 1';5-21. c:: 8.0* 14 115 e.'; 0.13 1.3 0.16 C
27 18 31 4.~ lQ-15.81';'5-22.n 0.6* 1.8 18 145 8.3 0.09 0.7 O.!A C
27 18 40 43.q 19- 1 6. 8 1 5 ~ - 22 • 4 ~.~ 1.7 20 134 6.5 0.09 o.q 0.7 0.23 C
27 lA 45 43.~ lQ-15.0 1'5~-21.7 0.1 2.3 20 152 q.2 0.42 0.1 0.8 0.17 C
27 18 55 27.4 lq-15.6 155-20.41 0.0 2.0 17 15~ 9.8 c;.zq 0.7 10.0 0.1t; c
21 18 57 51.1 1A-40 .Q 155-1q.l 6.5 3.3 23 263 40.2 1.03 2.3 ~.6 0.13 0
27 1 q '3 ~c.t tq-16.1 1~~-21.4 ~.2 3.c; 20 1415 8.'3 0.01 0.6 0.C5 0.1' R
2 7 t 9 9 10.0 lQ-'6.Q 1~~-22.0 5.q 2.2 lq 1.~~ 6.2 O.Oq o.q 0.7 O.lg C
27 1 q q 56.3 '9-1~.2 155-21.11 8. 1 3.1 12 1~3 10.0 0.31 l.~ 2.0 O. 27 C
27 lq 12 4~.4 lq-17.3 155-22.81 5.6 16 130 5.3 0.08 0.8 0.8 O.l~ B

27 lq 17 '·l.~ lq-16.7 1~~-22.£. 1. 1 ? 1 18 136 6.6 1.21 0.6 4-.5 0.15 8
?7 lq lq 30.5 1q-l 5 • 4 1 55 -2 2 • 2 7~5 20 147 7.9 '.11 t:'.8 0.6 O.1A B
21 1<;l Zq 8. ~ 1q- 1 6. 2 1 5S- 2 1 • 3 1.1 2.0 18 1 q4 R.I 0.&'0 0.8 1.2 0.14 C
'27 19 ~3 53.1 19-1.6.1 l!;5-l'2.l 1.4 tq 1.4~ A.O 1 .41 0.7 r;.2 0.1.6 r:
27 lq '4 12.8 1q- 1 j. 6 1 ~ ~ -? 2. 2 2.9 12 l5A 12.3 O.l~ 1.3 2.0 O.lQ C

, , ..



· ,

SUMMARY OF SEIS~IC EVENTS (CONT I NUED)

1 q11 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q
DEC 27 19 36 4.0 1q - 1 5 • 2 1 '5 S- '2 1 .' q 2. 8 2.0 19 1150 7.7 0.12 0.9 1.4- 0.19 C

27 lq 45 q.5 lQ-1S.3 15~-23.7 4. 7 14 110 3.5 0.11 1 .1 1.4 0.21 B
27 1q 54 A. q lq-17.2 !5~-22.~ 5.3 1.7 1 q 131 5.~ 0.08 0.8 0.7 O.lQ R
27 1q 58 8.1 19-17.1155-22.7 5. 3 1.8 18 131 5.8 0.08 0.8 0.7 0.18 B
21 20 24 45. 1 19-14.9 155-23.4 0.8* 15 143 6.5 0.08 0.7 0.17 C

2120 Zq 11.6 lq-16.1155-22.1 5.8 2.1 20 142 7.0 0.09 0.8 0.7 0.16 C
27 20 31 40.6 lq-14.A 1~C:;-21.4 8.0* 1.7 12 112 7.6 0.08 0.7 O.Oq C
21 20 32 34.5 19-15.S 155-'1.9 2.9 2.2 20 \47 1:1.6 0.11 0.8 1.4 O.lQ B
27 20 33 30. 2 ]Q-16.4155-22.1 4.2 1..1 19 13'5 7.0 0.10 o.q l.ft 0.23 C
27 20 3518.0 19-15.2 155-21.81 2.6 1. 8 1 q 150 7.5 0.47 0.7 1.8 0.1B 8

21 20 44 40.6 19-12.q 15'5-21.2 5.5 2.0 11 174 10.4 0.14 0.9 0.7 0.17 C
21 20 45 ';0.3 18-53.1 155-15.81 5.R 2.0 16 253 37.0 1.53 2.2 q.2 0.13 0

0\
21 20 47 18.1 lQ-11.0 15~-23.~1 2. 7 12 127 ~.8 0.10 o.q 1.2 O.lA B

V1 ?7 21 ? 15.R lQ-15.0 ·1~5-21.q? 0.0 1.8 1 B 151 ~.O 5.15 0.8 9.7 0.16 C
77 21 9 '. ~ lq-l~~A 1~~-71e~? l~ ~ 7.0 70 14R fl.R 0.11 I) .A l.~ 0.18 R

27 21 Zq 50.3 1q-l 7 • 1 1 55 -22. 7 6.5 11 125 4.7 0.04 0.4 0.5 0.06 8
27 21 40 ~ 8. B 1q- 1 Ii. 6 1 c; '5 - 21 • ~ 2.0 2.2 21 148 9.0 0.'38 0.1 1.3 0.19 8
27 21 42 38.4 19-17.0 1-;5-22.6 5.3 17 133 6.1 0.08 0.8 0.7 0.19 B
27 22 3 52.7 19- 1 6.'" 1 r; 5- 2 2 • 6 3.8 19 131; 6.5 0.10 0.9 1.4 0.23 C
27 22 13 10. 3 19-15.1 155-21.q 0.3 1.9 21 146 B." 0.46 0.1 0.8 0.18 C

27 22 26 36.6 lq-13.4 155-21.91 0.0 2.1 20 160 10. 1 5.89 0.9 11.1 0.17 C
7-7 22 30 55.5 19-t6.5 lsc;-21.3 6.2 2.7 20 143 7.7 0.07 0.6 O.c; 0.14 B
27 22 36 46.8 19-16.3 1~5-21.9 8.0* 2.1 18 157 6.5 0.07 0.6 0.13 C
27 22 39 34.1 1<1-15.1 155-22.4 3.2 1.7 18 143 7.6 O.OQ 0.7 1.2 0.16 R
27 22 41 54.1 19-15.8 155-22.~ 3.'0 1.9 18 143 7.6 0.10 0.8 l.t,. O.lR e

27 22 44 16.2 lQ-16.0 155-21.8? 0.0 1. 7 19 144 8.2 5.42 0.1 10.3 0.16 C
27 22 4'; 37.1 19-14.1 15~-22.6? 0.0 2.2 21 1 1:4 8.3 ~.87 1.0 13.0 0.23 C
27 22 48 8.2 1<1-16.8 155-23'.2 '5.4 1 q 131 6.2 f).08 0.9 0.8 0.20 B
27 22 50 2q.8 19-15.4 1~S-21.9 2. C ? 2 23 148 1.~ 0.'31 0.7 1.10.19 C
27 22 58 4.0 19-13.6 155-21.1 ~.O 1.A 16 160 9.1 0.15 1.0 1.6 0.17 C



SU~MAPY OF SFIS~IC EV~NTS ( CnNT I Nt, JF 1) 1

lq11 HQ M"J SEC l~ T ~j tf'~JG W O~p TH "'AG NO G~P DMIN ERT EQH ERZ MD Q
DEC 27 22 ~9 lI.f. 19-14.2 lS5-22.-' C;.6 12 15 '3 ~.O 'J.l1 1.0 t).q 0.16 C

21 2:3 1 1 /.a.. 4 lQ-15.51CS5-22.1 ·8. 0* 11 l~ q 1.1 0.10 1.0 0.11 C
27 23 7 41.7 ! 0- 1 ~. 3 1 r; 5 - 2 2. 1 3. 3 2. 5 20 160 o.~ a.l! 0.7 1.0 0.16 C
27 232' 4:?2 19-16.~ 155-23.2 4. 7 1.7 1 Q 1 ~o 6.1 O.OR 0.8 1.D 0.20 A
27 23 31 5 P. 2 19-15.4 155-22.1 o. 0 2.0 l~ 147 7.7 0.44 0.7 ().8 0.16 B

27 23 33 34. ~ lQ-16.0 1~5-22.~ ~.• 7 15 1'5~ 7. I- 0.10 o.q o.q O.lS C
27 23 35 ~,.o ~Q-14.1 lC;c;-21.4 0.3* 14 1 R7 8. 6 ".13 c.e 0.14 c
78 (' 4 0.4 19-1~.R lS5-21.S? O.R 1.9 1 7 147 8.7 1.10 O.A r,.3 0.16 C
28 () 9 19.7 lq-15.6 155-22.21 0.0 1 q 145 8.1 5.53 0.8 It).5 0.17 C
28 o 20 2 3. ? lq-l~.Q 1"5-72.7 ~., 1q 14n f.3 0.09 1 .0 0.1 0.21 C

28 (} 34 4. 1 19-16.6 155-22.1 f).8* 14 201 6.6 0.21 1. 1 0.18 C
28 o 3q 1. 8 19-11.0 1~C3-72.~ 6.1 17 13q ~.l 0.10 o.q 0.8 0.20 C

0\ ?8 o 56 11.6 19-13. 1 155-",-1.~? 0.1) 2.7 22 161 10.4 ~.44 0.7 0.8 O.l~ C
0" 28 1 ~4 5. q lQ-16.0 15~-21.8 q.o* 1. 7 17 15q 6.1 0.09 0.8 0.15 C

7A 1 28 ~q.l 19-1S.~ 15'5-20.7 q.o* 15 210 5.7 0.13 o.q 0.11 C

2B 1 4. 3 t. CS • f.. 19-16.0 lC5-21.Q g.c* 1.8 14 ZQ4 6.8 0.13 1.0 o. 1~ C
28 ! 54 j 7. ~ !q-15.7 155-21.7? ?4 2.1 19 lSQ 8. 8 0.34 0.7 1.2 ~.lr; C
28 1 "A LI.7 1q- 14. 2 1 ~ c; - 2 '? • c; o. 2 2. ~ lq 1f·C; 8.4 0.41 0.1 0.7 0.15 C
28 2 7 31.5 lQ-16.0 155-22.1 8.0* 12 2C 7 7.C 0.18 1.5 O.lA C
28 2 7 47.. 7 ~q-16.4 lC;5-2~.1 s.o 1.7 1 7 1 ~2 6.4 0.12 0.9 0.9 O.lQ C

28 2 1:1 II.? lQ-18 0 4 155-24.0? 2.6 11 137 3.5 ().32 !.o 1. 1 O. 16 B
28 2 38 39. q 1q- 2 '3. 7 1 c; ~ -1 c:;. 2 1. 7 q ~R 2.4 0.07 0.3 0.3 O.Oq A
28 2 ~7 3~.~ lQ-1CS. 8 1~~-21.1 g.e* 14 162 6.7 ~.lO 1.0 0.14 C
1~ 3 5 ,0.6 1Q- 1 4. 1 1 5 r; - 2 2 • 7? t'.Q 2.2 21 154 8.3 f'l.43 0.7 0.8 0.18 C
78 3 16 3 R. 4 1Q- 1 '5. 1 1 c; ~ - 2 1 • ~? 0.0 0.7 11 160 8.8 1::.31 0.7 10.1 0.14 C

28 318 I1.r 10 -15.6 155-20.Q 4.3 2.8 lq 203 6.0 0.17 0.9 o.q 0.15 C
28 3 4q 3e.6 lq-14.1 15~-23.3? 3.0 2.1 19 145 6. 8 o. 10 0.9 1.2 0.18 B
28 4 5 42. 5 1<;)-1t;.'3 155-21.3 e·.o* o.~ 1 ~ ',83 6. A o. 11 1.0 0.12 C
?8 4 1t) 2Q.8 lQ-tC:.Q 1~~·-71.7 F,.'5 2.R 18 lSQ ~.f. 0.13 o.q 0.6 0.16 C
28 4 16 7.q lq-'2.~ l~C:;-?l.l ~.5 n.F\ 17 183 10.5 n.1.~ ~.e 1.1 O.lc; C

" • ...



e- ,

SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1971 HR MN SEC LA T N LONG W f)EPTH M~~ NO GAP OMt N ERT E-RH ER_Z MO Q

DEC 28 4 26 '36.Q lq-15.2155-21.5? 0.0 l.A 17 152 7.1 5.73 0.1 lO.q 0.16 C
2A 4 33 54. 1 1q- 1 C; • 3 1 C; 5 - 2 2 • 2 4.0 2.3 19 146 1.9 0.12 o.q 1.'5 0.22 C
28 4 35 38. 5 lCJ-15.3 1~5-21.2 ~.O* O.~ 15 170 6.6 0.11 1.0 Q.13 C
28 4 38 30. 9 19-15.4 155- 2.3 9.5 1.5 15 248 8.5 0.31 2.0 1.5 0.12 C
28 5 q 59.1 lq-15.4 1C;r;-22.2 6.8 1.8 19 141 7.8 0.08 0.8 0.5 0.17 B

28 5 19 30.Q 19-19.8 155-11.7 9.6 14 183 5.2 0.07 0.5 0.8 O. 06 B
2P 5 23 51.4 19-14.1 155-22.6 4.5 2.5 20 154 8.3 O.Oq 0.8 0.8 0.16 C
28 5 26 1 ~a 6 1q- 1~. 2 1 55 -15. 3 6.0 0.2 11 188 4.1 0.17 1.0 0.9 0.15 C
28 Ii 3q 56.6 lQ-23.31';5-15.0 2.0 11 102 2.3 0.05 0.2 0.2 0.07 A
28 61057.8 19-16.5 155-22.6 0.8 1.4 16 1 ~5 ~;.9 0.41 0.6 0.8 0.15 8

28 6 15 4~.6 lq-26.3 155-15.1 29.9 t.1 18 136 1.8 0.13 0.9 1.2 O. 08 8
28 6 21 18. 1 1q- 1 3 • 4 1 5 ~ - 2 2. 1 3.5 2.S 18 1 ~ 8 9.7 e.18 1.1 1.~ 0.17 (

0'\ 2A 6 ?? ~ c;. 2 lq-16.~ 155-23.-; 6.1 1.3 16 129 5.7 ry.1 n 1.0 n.e 0.21 C
'-J 2A 6 '35 i.? lq-lq.q lc;C:;-lf:..Q 6.4 0.7 12 1 ~4 2.~ 0.12 0.8 0.7 0.13 C.

'78 6 44 30.~ lq-r4.~ 1~~-2'.'? 0.0 ;>..0 20 14~ 7.1 ';.67 n.8 !'l.7 O.1Q C

28 6 54 8.0 18-';0.4155-1Q.2 8. 3 17 265 :3 8. 5 0.54 3.3 2.9 0.16 0
28 7 15 22. 1 1q-l 6 • 3 1 55 -22 • ~ 3.1 18 1 36 6. B 0.10 0.8 1.3 0.19 8
28 q ~O 53.2 lq-l '3. 1 155-2 O. q? 2.9 2.1 23 164 9.9 0.55 0.9 2.0 0.23 C
28 10 q 13.~ lQ-25.'5 155-16.1 1. q 1.5 11 126 0.7 0.06 0.4 0.2 O.Oq B
28105832.6 19- 1 5 • 1 1 55 - 2 3 • 3 4.0 2.2 11 1.41 6.4 O.Oq 0.8 1.0 0.16 8

28 12 3 1 q. Q 19-20.7 155-19.3 3.4 1.4 10 q5 3.6 0.11 0.3 3.6 0.06 B
28 13 18 o. ~ lQ-l';.4155-21.<;1 0.0 2. 1 19 148 8.5 4.11 0.7 7.9 0.17 C
281355111.8 19-16.5 155-23.6 5. 1 1..9 13 130 5.5 O.Ot} O.q 0.9 0.19 8
2~ 14 37 30.7 1q- 1 7. 3 1 5-; -1 4. q FJ.O* 1.7 13 218 6.6 0.1'5 1.0 0.12 C
28 16 20 6.0 lQ-14.2155-21.0 2.5 3.7 ~1 158 8.1 0.12 0.7 1.0 0.16 C

28 16 25 20.6 19-1~.1 1~,5-21.~? O. 0 2.4 20 152 7.2 0.49 0.8 0.9 0.19 C
Zg 16 26 32.4 'Q-14.1 t55-21.21 o.~ 7.6 20 157 If'.3 0.37 0.6 0.1 0.15 C
28163344.1 lq-l~.l 1~~-21.4? 0.0 1 7 1 CS 2 9.6 i... 29 0.7 B.l 0.1.7 C
28 16 49 54.2 lq-14.9155-21.4? o.e I.B 20 154 q.1 3.53 0.6 ~.7 0.13 C
28 16 50 55.9 lq-15.5 155-21.~? 0.0 l.~ 17 148 1.1 5.70 0.8 10.8 0.20 C



SU~~~QV OF ~~ISMIC EveNTS (erN T I NtJ ~ 0 )

1911 HR MN ~FC lar N LfJ NG W f)EPTf-4 MAG NO GAP f)MIN ~RT fRH ERl MO ()
9fC 2~ 16 ~~ 11.1 lQ-14.C' 155-21.51 2. £. 4.S 23 1 c 8 S.q O.~R 0.6 1.IA 0.15 C

? e, 11 9 2C).4 19- ~. 4. 4 I 5 ~ -? O. Q ? 1 3.3 25 157 7.7 0.23 0.6 (l.8 O.lb (
2P 1 7 12 54. 6 lQ-14.1155-20.7 1. 8 2.~ 24 lr;q 8.0 O.~2 0.7 1.2 ('.18 C
2~ 17 1~ '3 B. ~ lQ-14.8155-21.3 4.6 2. 8 20 1~4 9.q 0.11 0.8 O.g 0.16 C
2~ 1 7 19 t:.. 7 lC?-14.~ 155-20.~ 2.6 ~.O 23 161 7.8 0.15 0.9 1 • 1. O. 21 C

28 1.7 21 27.7 19-15.51c;S-21.7 6.q 2.7 20 148 6.9 0.08 0.7 0.5 0.17 B
2~ 1 7 73 54. P lq-!4.4 1~5-?2.3? 0.0 -2.3 16 1~'5 8.~ ~.18 O.q 10.9 0.17 C
28 1 7 76 6.0 lQ-14.0 1~5-22.~? O. 0 2.e; 20 154 8.2 S.q; 0.<; 11.2 O.lQ C
2A 172823.0 19-14.0 155-21.41 0.0 7.1 20 158 10.4 4.52 0.8 ~.5 0.18 C
2~ 17 3 3 '5 l.~. q 1~-14.A 155-22.81 O. 0 2.0 16 147 7.4 5. 07 0.7 9.6 0.16 C

2~ 113647.7 lQ-lC;.6 lC:~-22.3 ~.3 18 14ll. 7.8 0.10 O.q O.q 0.22 C
2e 1 7 42 14. 0 lQ-14.0 155-22.q? t:'. C' 1.9 18 153 e.o -;.~6 1.0 10.1 0.22 C

0\ 28 t 7 4" q. 6 lQ-14.1 1~5-21.~? 0.0 I.A 171';7 10.2 4.91 0.8 q.3 O. 20 Cco 78174127.0 1q-14.6 1'35-21.7 2. 6 2.C; 20 1 '56 1 O. 3 0.11 0.7 1.0 0.17 C
2~ 1 7 52 29. 2 19-13.1 1~5-71.3 o. 2 2.A 26 162 10.1 0.21 0.7 0.5 0.18 C

2817561R.6 19-11.~ 155-22.41 :).f 2.2 1 q 156 q.t 5. 28 c. q 11.0 O. 22 C
28 1 7 5 ~ &'6. () lq-13.9 1~~-22.7? 0.0 2.3 20 lCS'5 B.3 ~.48 1 • 0 1 0 • 3 o. 24 C
28 1 P o &;5.7 lQ-l'5.Q 155-21.1 4.El 15 145 t-:. 6 ".09 0.1 0.1 0.15 B
28 18 2 12.5 19-15.q 15'5-27.9 7.6 l.q 18 139 6.8 0.13 0.9 1 .3 0.24 C
2~ 1 ~ 6 43.4 lQ-14.1155-21.31 0.0 2. Q 20 157 10.4 3.qq 0.6 7.5 0.16 C

28 18 ~ 4.6 lq-14.~ 1~'5-22.8? 0.0 2.'5 23 150 7. 7 0.45 0.7 O.A 0.19 A
28 18 20 5~. 4 lq-l~.q l'~-22.q? 1).0 2.' 16 1St; 8.1 5.15 1.0 10.~ ~.22 C
28 1 g 21 35.4 19- 1 3.? 1 c; 5 - 2 2 • C1 0.0 2.8 22 l~O 10.1 4.06 0.8 7.6 O.l~ C
2 A 18 25 ~O.5 19-14.8155-2?4? 0.0 ?o 14 144 6.5 4.81 0.7 g.2 0.1C; C
28 18 2q 58. q lQ-lt;.1155-23.0 2.6 2.0 18 144 q.2 0.10 0.8 1.2 O.l~ A

28 18 35 31. 4 19-15.q 155-21.5 7.9 2.3 21 147 6.3 0.08 ().6 0.4 0.14 B
28 20 16 ~.8 19-115.0 !~~-2?3 2.7 1. q 12 149 A. 1 0.13 0.9 1 • 3 0.• 18 f3
2820 26 10.~ 19-14.q 155-22.1 4.2 2. J 14 1~2 8.4 0.14- 1 .1 1.2 0.22 C
2A 2C 371 7 .1 lQ-l=i.51S5-21.CS? 0.0 1.9 18 149 6.8 4. 81 0.8 q.1 O.lQ C
28 20 54 42. 1 19-16.7 1~c;-?O.1 2. 7 1. A 17 14 c; 4.2 0.08 0.6 0.7 0.12 B

" • ,



• I

SU~MAPY OF SEISMIC EVENTS (CONTINUED)

lQ71 HH t-IN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

DEC 28 21 15 7.7 19-13.8 155-22.7 2.9 ~.5 21 156 8.5 0.11 0.7 1.0 0.17 C
28 21 21 lc;.O 19-16.2 155-23.6 4.0 1.8 14 132 5.4 0.09 0.8 1.3 0.16 B
28 21 39 2?8 19-16.6 155-23.3 3.6 0.7 11 140 6.0 0.12 1.0 2.1 0.19 B
28 21 49 13.3 19-16.2 155-23.8 4.8 1.8 15 131 5.1 0.08 0.8 0.9 0.17 B
28 21 56 14.2 19-14.1 155-22.61 0.0 2.7 27 154 8.3 0.31 0.9 0.1 0.23 C

28 22 5 17.5 19-15.9 155-22.A 3.4 1.8 15 139 7.0 0.10 O.A 1.1 0.19 B
28 2~ 14 5.4 19-14.5 1~5-22.9? 0.0 2.0 16 150 7.t:- 4.7l 0.8 8.9 O.lA C
28 22 26 lA.4 19-16.6 155-23.21 2.6 14 140 b.1 3.01 1.0 5.A 0.22 C
28 22 58 1.3 19-1~.4 155-20.3 1.1 1.8 19 149 4.1 0.93 0.6 3.5 0.14 B
28 23 19 4.1 19-13.? 155-22.51 0.0 2.3 17 159 9.4 4.81 0.9 9.2 0.20 C

28 23 23 25.0 19-15.9 155-23.2 3.3 1.8 15 137 6.2 0.11 0.9 1.3 0.22 C
28 23 23 5.:;.·7 19-1~.9 155-?3.6 5.7 1.9 12 133 5.6 0.08 0.9 0.8 0.1" ~

0\ 28 23 46 25.9 19-15.6 155-?2.9 4.4 13 157 6.7 0.12 0.9 1.8 0.19 C\0

28 23 4A 21.1 19-15.l 155-22.0? 0.0 1.9 16 162 8.6 4.69 0.8 8.9 0.17 C
29 U 26 21.8 19-15.2 155-21.3 2. "1 2.1 21 lK;2 9.8 0.10 0.7 1.0 0.16 C

29 o 30 18.1 19-13.4 155-22.6 5.3 2.1 17 115 9.1 0.13 1.0 0.8 0.19 C
29 o 42 1.9 19-14.0 155~2l.1? 0.8 4.0 26 159 8.4 0.44 0.8 1.5 0.22 C
29 o 49 33.1 19-14.0 155-22.7 0.6* 1.9 17 170 8.2 0.10 0.8 0.17 C
29 1 1 B.8 19-14.3 155-20.6 3.1 2.9 23 159 7.7 0.15 0.9 1.1 0.22 C
29 1 8 5A.4 19-14.6 155-21.91 0.0 2.2 22 155 8.6 0.47 0.7 0.9 0.20 C

29 1 19 14.4 19-14.8 155-21.0 2.8 2.2 21 156 10.4 0.10 0.1 0.9 0.15 C
29 1 20 20.7 19-14.4 155-21.31 0.0 2.0 19 151 8.0 5.28 0.9 10.0 0.23 C
29 1 22 20.5 19-14.1 155-21.01 0.0 1.8 18 167 10.5 4.37 0.8 8.3 0.16 C
29 1 30 19.6 19-14.9 155-21.11 0.2 1.9 21 154 10.1 1.13 0.7 4.1 0.16 C
29 1 33 3Q.4 19-15.1 155-22.2 0.8* 1.9 12 174 8.2 0.11 0.1 0.14 C

29 1 34 If,.q 1~"15.4 155-22.4 0.6* 0.8 14 161 7.8 0.10 0.7 0.14 C
29 1 3~ 41.1 19-13.8 155-20.5 0.7 4.6 24 161 11.8 0.43 0.7 0.8 0.17 C
29 1 46 24.4 19-13.4 155-20.8 1.0 2.q 24 162 11.7 0.31 0.7 1.1 0.19 C
29 1 48 56.2 19-15.4 155-21.0 5.1 1.9 21 152 6.2 0.10 0.1 0.8 0.17 C
1'9 1 4+Y SQ.3 19-14.9 155-21.57 0.0 1.9 22 154 7.6 ·5.01 0.8 9.6 0.23 C



SUMMAkY OF SEISMIC EVENTS (rONT I NltED)

1971 Hi'< MN SEC LA T "1 LONG W [JEPTH MAG NO GAP OM!N ERT ERH ERZ Mo Q

DEC 29 1 ~o 46.9 lY-l~.() 155-?2.t, 0.3* 1.9 12 110 7.f:. 0.13 0.9 0.19 C
29 1 51 51.9 19-1c.;.3 155-?2.4 6.7 ?o lb 146 1.1 0.10 0.9 0.7 0.20 A
29 1 53 17.5 19-14.5 1~5-20.3 3.4 2.A 19 158 11.5 0.16 1.0 1.1 0.19 C
29 1 54 JO.O 19-14.0 155-21.5 3.3 2.7 21 lc;a 10.2 0.11 0.7 1.0 0.16 r
2~ 1 57 24.0 19-14.5 155-20.21 0.7 ~.5 21t 158 6.9 0.41 0.1 1.5 0.19 C

~9 2 o lO.R 19-14.~ 1~5-21.~? 0.0 2.0 22 lS~ 8.5 3.88 0.6 7.3 0.16 C
29 2 9 25.1 19-14.8 15S-20.Q 4.0 1.9 18 156 7.0 0.12 0.9 0.9 0.20 C
29 2 10 31.0 19-15.5 155-21.8? 0.0 1.9 21 14d 8.7 4.47 0.7 8.5 0.18 C
29 ~ 20 20.8 19-14.6 1~5-22.S? 0.0 1.1 15 167 8.1 6.91 1.1 13.3 0.22 C
29 2 30 11.1 19-14.9 ISS-?2.2 0.3 0 1.9 16 167 8.4 0.13 1.0 0.20 C

29 23558.3· 19-14.6 155-21.1 1.3 1.8 12 lA6 10.4 2.70 1.1 10.1 0.15 C
29 2 4313.0 19-12.8 1~S-21.1? 0.0 2.0 19 183 lO.J 5.27 0.9 10.0 0.18 C""'-J 29 2 51 15.0 19-14.9 155--21.4 0.9 2.4 211- 15" 7.4 0.36 0.8 1.3 0.22 C0

29 2 ')3 12.3 19-13.9 155-21.4 2.6 2.4 20 158 10.3 0.13 0.8 1.1 0.16 C
29 2 56 0.6 19-13.~ 15S-20.ti 1.5 2.1 22 159 8.4 1.56 1.0 5.6 0.21 C

29 3 1 34.4 19-11.0 155-20.A? 0.0 18 174 12.7 5.33 1.0 10.0 0.19 C
2'"J 3 3 41.5 19-13.5 155-21.71 0.0 2.2 l~ 160 9.n 4.67 0.7 B.A 0.17 C
29 3 10 37.1 19-13.8 1~~-21.9 0.5 0 2.0 19 158 9.5 0.07 0.6 0.13 C
2Y 3 30 20.4 19-14.0 155-21.q? 0.0 2.0 14 182 9.3 8.30 1.4 15.6 0.24 C
29 3 ]6 31.3 19-16.0 1~~-20.1 8.0* 1.9 16 1~7 5.2 0.09 0.8 0.12 C

29 3 4Q ~.2 19-13.4 15~-22.3 2.q 2.0 14 lA3 9.5 0.14 1.0 1.2 0.17 C
2Cf 3 52 ]q.5 19-13.0 1~5-?2.2? 0.0 2.0 14 191 10.1 5.50 1.2 10.4 0.19 C
29 3 '57 4Q.3 lQ-20.0 155-13.,+ 1.9 14 190 4.7 0.07 0.5 0.3 0.08 8
29 4 1 1.6 19-13.3 155-21.2 0.6 3.4 22 16c 11.2 0.31 0.7 0.6 0.16 C
29 4 12 25.0 19-14.A 15S-?2.1 ".3 1.9 20 168 8.3 0.10 0.9 0.6 0.18 C

29 4 13 34.6 19-13.8 155-21.31 0.0 2.1 19 159 8.9 5.00 O.A 9.4 0.16 C
29 4 15 lQ.O 19-11.4 155-21.91 0.0 2.2 20 1"0 10.1 5.40 0.9 10.2 0.20 C
29 4 21 21.0 19-)4.6 155-20.51 0.0 1.9 16 217 6.9 7.38 1.5 13.9 0.21 C
29 4 35 4.6 19-14.1 1~5-20.9 0.1 2.9 23 175 8.2 0.37 0.9 0.7 0.18 C
29 4 !:>2 5q.9 lQ-1S.5 155-21.0 0.3 2.4 23 151 9.~ 0.46 0.1 0.9 0.15 C

I
" • II



•

SUMr~AHY (IF SE I SM I C F VENT S (CONTTNUEU)

lq71 HR t~N SEC LAT ~ LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

DEC ?9 4 C;4 41.5 19-13.6 155-21.41 0.0 2.0 20 160 9.3 5.36 0.8 10.1 O.?O C
?CJ ~ 4 ?~.6 1~-13.5 155-21.11 0.0 2.0 19 161 9.S 5.51 0.9 10.4 0.19 C
~9 5 11 7.0 19-14.9 155-22.1 6.1 2.0 16 150, 8.2 0.09 0.8 0.6 0.17 f4
29 5 11 28.1 19~14.4 155-21.31 1.1 2.6 22 157 8.1 4.26 0.7 8.1 0.16 C
29 5 12 r;r;.l 19-14.6 155-21.31 0.0 ?4 23 155 7.9 0.40 0.6 0.7 0.16 C

29 5 ?q 1.4 19-13.5 155-21.71 0.0 ?o 16 205 9.9 6 •.2- 1.2 11.7 0.20 C
2q S 51 3Q.~ 19-15.1 155-22.07 0.0 1.9 ~o Ih2 7.t.i 4.95 0.8 9.4 0.20 C
29 5 56 3~.4 1~-14.9 155-20.'" 2.2 1.q 20 1~1 10.7 0.11 0.7 1.1 0.115 C
29 6 2 ~1.6 19-1~.7 155-21.21 0.0 1.9 19 1~3 9.1 3.5~ 0.6 6.7 0.13 C
29 6 8 4H.b 1~-14.3 1~5-21.2 0.0 2.3 22 168 8.2 0.50 0.8 0.9 0.19 C

29 b 17 7.5 19-13.3 1~5-20.7 1.2 3.3 20 173 12.0 1.01 0.7 3.6 0.15 C
29 to> lQ 4~.9 1~-14.4 155-?1.5? 0.0 ?7 23 Inn 8.3 0.44 1.0 O.A 0.26. C

'-J
79 b ?~ 42.9 18-50.5 155-/1.2 q.2 11 ?72 36.3 0.81 4.q 3.7 0.1'; 0~

29 b 50 9.? 1~-14.2 155-~O.6? O.l) 2.0 20 15~ 11.4 4.30 O.~ 8.1 O.t!O C
29 1 1 4A.A 19-13.~ 155-2~.2 2.5 2.3 ~n 15H f,J.5 0.13 O.R 1.2 0.19 C

29 7 57 3';.6 19-15.5 155-20.8 3.5 1.9 17 152 5.9 0.13 1.0 1.6 O.lQ C
29 8 2 27.4 19-15.4 155-21.31 0.0 1.5 20 151 6.6 4.56 0.7 8.6 0.18 C
29 8 5 35.1 19-13.2 1~5-22.7 4.0 2.2 20 159 9.2 0.10 0.7 0.8 0.17 C
2~ 8 Eo' 40.2 19-15.3 1~5-21.6 6.1 1.5 17 151 7.1 0.11 0.9 0.8 0.20 C
29 8 5~ ?2 19-1~.4 155-?~.q 0.8'" 8 160 8.8 0.12 1.2 0.16 C

29 9 43 2~.9 19-15.0 155-22.4 0.241- 15 148 7.9 0.12 0.9 0.20 C
29 9 S9 56.2 19-?3.4 1S5-14.A ~.1* 0.8 8 101 2.5 0.04 0.3 0.05 H
29 10 23 Q.2 18-49.2 155-1q.l 2.1* 3.0 20 t!64 40.5 0.54 3.4 0.17 0
29 10 42 7.9 19-14.4 155-23.3 5.5 11 171 7.1 0.11 1.0 0.9 0.14 C
29 11 44 3?5 19-13.1 15S-?2.8? 0.0 2.2 17 115 9.2 7.10 1 .2 14.6 0.25 c __

29 11 49 28.2 19-1q.5 155- 9.4 8.0'" 1.8 8 269 4.9 0.14 4.1 0.15 0

29 12 20 43.0 19-13.& lS5-15.2 1.1 t).Q 8 100 2.5 0.02 0.1 0.1 0.03 A
?9 It! 41 4Q.S 19-14.6 155-23.5 3.5 2.0 14 144- 6.5 0.10 0.8 1.3 0.16 B
29 12 'i5 47.3 )9-13.1 1!)S-2?5? 0.0 2.0 15 159 9.b 7.51 1.2 14.~ O.2~ r.
29 12 5Q .lQ.l 19-13.R 155-~3.? 6.6 12 178 7.~ 0.1e; 1.3 0.9 0.20 C



SUMMARy OF SEISMIC EVENTS (CONTINUED)

1971 HR ~~N SEC LAT N LONG ~ DE.PTH MAG NO GAP r)M IN ERT ERH ERZ MD Q

DEC 29 13 o 2q.Q 19-13.9 155-23.3 ~.2 1.9 12 16t4 7.b 0.11 0.9 O.A 0.15 C
29 13 o 42.1 19-13.1+ 155-?2.3 2.6 2.8 19 15~ 9.5 0.13 0.9 1.1 0.19 C
29 13 12 43.3 19-13.9 155-23.1 2.8 2.0 16 154 7.9 0.1'5 1.1 1.3 0.22 C
29 13 22 36.7 19-14.1 155-23.31 0.0 2.0 18 150 7.3 4.93 0.7 9.3 0.18 C
29 14 27 37.5 19-20.6 155-18.8 ~6.a 21 66 2.7 0.12 0.8 1.3 0.11 ~

29 15 "31 2').0 1~"23.3 1:;5-14.6 2.~ 1 • 1 7 106 2.b 0.18 0.5 1.'1 0.05 B
29 15 54 3q.7 19-23.3 155-14.~ 3.b 1.2 9 110 2.5 0.11 0.4 1.2 0.05 A
29 16 2 2q.l 19"23.2 155-14.8 ~.2* 1.2 11 105 2.4 O.O~ 0.4 0.11 B
29 11 1'+ 2S.1 19-14.2 155-23.7 0.0 ?2 15 146 6.6 8.06 1 .1 15.3 0.23 C
29 17 20 4A.4 19-15.9 155-22.1 1.0 1.9 18 142 1.3 1.25 0.8 4.6 0.17 C

29 17 ?4 5Q.l 19-14.5 1~~-?2.3 3.6 1.9 14 152 8.4 O.l~ 1. 1 1.4 0.24 C
?y 1731 ?1.9 19 - 13 • 6 155 - 2 2 • 4· ? 0.0 2.0 21 156 9.2 4.68 O.R 8.8 O.lA C

~ ?Q }7 ~~ lQ-13.H 15~-?1.J? 0.0 ~.R ~3 l~Q 9.0 4.6tj O.~ 8.a 0.19 CN ~.~

29 18 3 3?9 19-13.6 155-20.11 o.u 18 163 8.5 5.91 1.1 11.2 0.23 C
29 18 8 5(~. 1 19-15.2 155-22.0 3.6 15 149 1.ij 0.13 1.0 1.3 0.21 C

2~ 18 37 24.4 19-21.9 1~5-18.4 2.0 0 1.2 10 75 3.6 0.04 0.3 0.07 R
29 18 54 2(.,.9 19-13.3 155-22.4 0.8* 11 188 9.4 0.21 1.4 0.24 C
29 20 10 2.6 19-13.9 155-21.4? 0.0 2.0 18 158 8.9 9.25 1.4 11.4 0.22 C
29 20 14 2?7 19-14.0 155-1?3.2 b.9 15 152 1.6 O.OQ 0.9 0.6 0.17 C
29 20 57 4q.l lQ-21.0 155- 6.5 8.0" 2.4 17 146 6.2 0.09 0.9 0.13 C

29 23 4R 2.2 19-14.9 155-21.61 0.0 1.8 18 1S3 7.7 4.39 0.7 8.3 0.18 C
30 o 37 15.7 19-22.1 15S-18.3 1.0 -0.4 9 137 3.4 0.12 0.5 0.5 0.11 B
30 2 4q 39.5 18-51.3 155-20.0 11.0* ?7 19 258 36.3 0.36 2.- 0.16 0
30 2 54 15.2 19"17.0 155-20.A 2.9 1.3 17 142 7.'+ 0.12 0.9 1.1 0.19 k
30 3 7 4·~.3 19-10.7 155-21.11 0.0 2.1 18 175 12.1 5.79 1.1 10.9 0.21 C

30 4 17 4q.5 19-1A.4 155-}4.3 8.0'" 1.0 11 215 6.2 0.17 1. 1 0.11 C
10 e 13 ]~.s 1~-21.2 155-14.4 2. f) 0.5 11 103 2.d 0.05 0.3 0.3 0.09 A
30 9 41 S2.Q 18-54.0 155-17.6 5.7 2.4 20 252 32.~ 1.26 2.8 7.3 0.20 0
30 10 ]4 SA.? 19-1t;.1 15lj-??7 0.3 0 ;>.0 13 16~ 7.1+ 0.12 0.9 O.lA C
~o 11 41 4,.4 19-1~.5 155-23.Q? 3.6 1.7 13 134 3.~ 0.41 O.A 1.4 0.17 B

.. ., • •



• , •

r-

SU~MARY OF SEISMIC FVENTS (CONTINUED)

1971 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ "10 Q

DEC 30 12 31 3~.S 19-15.8 1~5-21.8? 0.5 2.4 20 146 8.~ 0.95 0.6 3.5 0.15 8
30 13 7 3A.2 19-22.4 155-18.0 1.1+ 1.2 12 76 2.6 0.11 0.5 0.5 0.11 R
30 15 S3 2.6 19~22.8 155- 3.31 4.5 2.0 11 111 5.3 0.19 1.S 1.2 0.30 C
30 20 40 4A.l 19-23.9 155-15.3 3.8 1.9 17 82 2.2 0.07 0.5 0.8 0.14 B
30 22 32 20.6 18-48.5 155-19.0 2.2* 3.6 26 267 41.5 0.43 2.7 0.14 0

30 23 q 0.8 18-48.ft 155-19.0 1.3* '2.7 24 2~6 41.3 0.4·' 3.0 0.15 0
30 23 2q 17.6 18-44.1 155-1~.~ ~.O41- 2.R 15 ZA9 46.1 0.84 5.4 0.15 0
30 23 52 56.5 19-1-;.6 155-12.4 3.6 15 216 5.2 0.24 1.2 1.2 0.18 C
31 o 12 5.3 19-1q.6 155- 9.0 3.8 17 112 4.8 0.16 1.1 1.0 0.21 C
31 o 22 30.9 19-13.9 155-22.6 O~2* 2.2 13 157 11.7 0.10 0.8 0.13 C

31 1 12 53.1 19-20.1 155-12.2 6.1 1.6 20 158 4.3 0.10 0.7 0.6 0.19 C
31 5 18 34.5 19-25.5 155-15.,+ 2A.2 2.0 22 95 0.5 0.13 o.a 1.3 0.13 8

""""-J
31 b 57 3'•• R 19-24.J 155-11.- 0.9 0.6 7 97 1.2 0.01 0.4 0.7 0.07 Aw

31 8 23 5.6 19-23.7 1!::»5-14.Q ~ • ..3 1.0 12 94 2.1 0.12 0.4 0.5 0.10 R
31 8 34 2.6 19-17.~1 155-16.3 21.9 2.1 18 198 4.1 0.30 1.7 2.2 0.13 C

31 ~ 11 43.7 19-19.7 155- 7.01 o. " 2.9 24 156 6.6 5.62 1.3 10.6 0.34 0
31 12 21 12.3 19-1Q.l 155-15.9 5.1 1.8 21 165 3.3 0.11 0.8 0.7 0.18 C
31 14 1 32.7 19-13.8 155-22.21 0.0 2.1 22 156 9.9 5.81 1.2 10.9 0.28 0
31 14 36 25.0 19-14.4 155-22.81 0.0 2.1 22 151 7.8 4.68 0.8 8.8 0.22 C
31 IS 33 48.6 19-22.9 155-14.1 3.0 2.6 23 112 2.3 0.06 0.5 0.7 0.17 B

31 15 3Q 1 ~~ • 0 19-23.2 155-14.6 4.2 1.4 .13 104- 2.7 0.11 0.4 1.2 0.09 A

31 17 13 2:?8 19-16.9 155-23.5 4.6 1.7 13 128 6.2 0.10 0.9 1.0 0.15 8
31183041.5 19-24.9 155-16.4 1.8 1.7 11 103 1.0 0.07 0.4 0.3 0.13 B
31 18 51 31.7 19-24.7 155-16.4 1.3 0.4 10 92 1.1 0.04 0.2 0.2 0.06 A
31 19 52 22.6 19-1«1.5 155- 8.5 3.5 2.1 20 175 5.3 0.11 1.1 1.1 0.26 C

.31 20 8 52.3 18-45.9 155-1A.8 8.0* 2.9 18 274 44.2 0.53 3.4 0.15 0
31 20 3q 24.1 19-1q.9 155-13.2 5.8 1.7 18 159 4.A 0.11 0.8 O.~ 0.17 C
31 21 1 43.2 19-19.3 155- 9.1 3.3 1.8 20 176 5.l 0.18 1.1 1.1 0.24 C
31 22 4) Sc;.l 19-11.6 15'5-30.7 5.3 2.0 19 81 6.3 0.1'" 1.0 1.0 0.22 C
31 23 ~ IP.5 )9-23.4 ISS-I4.A 3.2 1.0 12 100 2.5 0.07 0.3 1.1 0.07 A



Table 3. Fe_~t earthquakes

Date Time Magnitude Felt report
H M S

Oct 11 23 04 14.7 3.2 Kapapa1a
12 08 49 29.9 3.5 Kapapala
29 14 53 25.6 2.4 Captain Cook

Nov 14 12 Z7 11.3 3.5 Hilo, Volcano
Dec 2 05 40 08.7 3.6 Hila, Volcano, Glenwood,

Pahoa
5 14 47 11 .. 5 3.6 Volcano
6 00 02 02.3 1.8 Hawaii National Park ~

9 02 15 57.1 4.3 Hilo, Volcano, Mt. View,
Kulani Camp

14 08 05 32.8 3.3 Kapapala ..
20 01 49 12.5 3.6 Kapapala
20 04 12 53.0 3.0 Kapapala
20 05 43 08.5 3.. 2 Kapapala
23 20 29 17.6 3.1 Kapapala
23 20 30 53.4 2.9 Kapapala
23 22 02 18.8 4.0 Kapapala, Hila, South Kona
24 08 00 56.8 3.9 Kapapala
24 16 11 11.7 3.9 Kapapala
24 16 13 47.9 2.8 Kapapa1a
24 17 38 10.9 4.1 Kapapala, Hilo, South Kana
24 17 56 19.4 2.9 Kapapala
24 19 54 42.. 8 3.3 Kapapala
24 20 47 30.3 3.3 Kapapala
25 05 00 39.9 2.8 Kapapala
26 01 14 00.8 4.1 Hilo, Kapapala, South Kona
26 01 22 38.8 2.0 Kapapala
26 01 26 37.9 2.3 Kapapala
26 01 29 26.1 2.5 Kapapala
26 01 30 04.9 2.3 Kapapala
26 01 35 50.1 2.3 . Kapapala
26 01 4.3 30.6 2.0 Kapapala
26 01 56 09.7 2.5 Kapapala •
26 02 22 37.9 1.9 Kapapa1a
26 02 37 29.3 3.4 Kapapala
26 02 54 38.2 3.0 Kapapala .,
26 02 59 19.8 2.4 Kapapala
26 03 04 49.6 2.3 Kapapala
26 04 22 52.8 1.7 Kapapala
26 04 24 42.0 1;.7 Kapapala
26 04 35 56.3 2.0 Kapapala
26 11 16 33.9 2.8 Kapapala
26 11 24 06.2 4.5 Hilo, Kealakekua, Kapapala,

South Kana, Naalehu
26 16 07 49.1 3.5 Kapapala, South Kana
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Table 3. Felt earthquakes--Continued

Date Tirne Magrlitude Felt re"port
1-1 M l'

U

Dec 26 16 24 44.1 3.2 South Kona
26 16 37 35.8 3.4 South Kona
26 16 39 5~) .4 3.3 South Kona
26 18 44 47.6 2.7 Kapapa1a
.26 21 31 28.0 3.8 Kapapa1a, Hilo
26 21 46 45.8 3.7 Kapapa1a, Hilo, South Kana
26 22 31 43.7 3.0 Kapapala

• 27 02 27 15.7 2.4 Kapapala
27 07 22 37.8 3.5 Kapapala
27 15 11 51.0 4.6 Pahala, Volcano, Kapapala,

Mt. View, Hila, South
Kana

27 16 13 09.5 3.4 Glenwood
27 17 09 54.2 4.0 Kapapala, Hila, South K~na,

Volcano, Mt. View
28 16 20 06.0 3.'7 Glenwood
28 16 59 11..1 4.6 Island-wide
29 00 42 01.9 4.0 Kapapa1a , Hila, Paauilo
29 01 38 41.7 4.6 Hilo, Paauilo, Volcano,

Kapapala
29 04 01 07.6 3.4 Kapapala
29 06 17 07.5 3.3 Kalapana
29 10 23 09.2 3.1 Volcano, Kapapala, Kealakekua

Many felt earthquakes last week of Docember--Hilina/SWRift swarm.
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Figure 1.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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Table 4. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

STATION NAME CODE LAT-N LONG-W ELEV TYPE CAL VCO RADIO REMARKS
AHUA AHU 19 22.40 155 15.90 1070 3 6.0 2380
CONE PEAK CPK 19 23.70 155 19.70 1038 3 1.34
DESERT DES 19 20.20 155 23.30 815 3 1.34
ESCAPE ROAD ESR 19 24.68 155 14833 1177 3
HALE POHAKU HPU 19 46.85 155 27.50 3396 1 5.6 1360 RF6
HILINA PALl HLP 19 17.96 155 18.63 707 3 6.0 2040

~

HUALALAI HUA 19 41.25 155 50.32 2189 1 5.2 1700 RF4
KAHUKU KHU 19 14.90 155 37.10 1939 1 5.7 1700 RF3
KAPAPALA RANCH KPR 19 16.40 155 26.70 610 1 6e5 1700 RFI

155 20.58 1863 1 4.8 2380 RF7
~.

KEANAKOLU KKU 19 53.39
KIPUKA NENE KPN 19 20.10 155 17.40 924 3 1.34
KOHALA KOH 20 7.69 155 46.77 1166 1 1.5 2380 RF2
MAUNA LOA MLO 19 29.80 155 23.30 2010 1 6.5 1360
MAUNA LOA X MLX 19 27.60 155 20.70 1475 3 1.34
MAKAOPUHI MPR 19 22.07 155 9.85 881 1 5.7 2720 RF5
MOKUAWEOWEO MOK 19 29.28 155 35.98 4104 1 6.5 2040 RF3
MOUNTAIN VIEW MTV 19 30.25 155 3.75 409 1 6.2 680 RF8
NORTH PIT NPT 19 24.90 155 17.00 1115 3 1.34
OUTLET OTt 19 23.38 155 16.94 1038 3 5.0
PUU HULUHULU PHH 19 22.45 155 12.66 988 3
PUD HONUAULA PRO 19 28.90 154 53.40 215 1 6.5 2720 RFI
PUD PILI PPL 19 9.50 155 27.87 35 1 4.4 1360 RFll
SOUTH POINT SPT 18 58.91 155 39.92 244 1 7.8 2040 RF7
WAHAULA WHA 19 19.90 155 2.92 29 1 6.0 680 RF9
WALDRON LEDGE WLG 19 25.49 155 15.69 1067 3

OPTICAL SEISMOGRAPHS
HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HILa z HIL 19 43.20 155 5.30 20 3 1.0·
HILa EW HIE 19 43.20 155 5.30 20 0 1.0 Wood-Anderson ...
HILa NS HIN 19 43.20 155 5.30 20 0 1.0 Wood-Anderson
KAMUELA KAM 20 1.90 155 42.00 740 2 0.7 Discontinued 10/31/71
KEALAKEKUA Z . KLK 19 31.20 155 55.30 505 2 1.0 9

KEALAKEKUA EW KLE 19 31.20 155 55. 30· 505 2 0.34
KEALAKEKUA NS KLN 19 31.20 155 55.30 505 2 0.34
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z UWE 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 15-90 Press Ewing
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240
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Table 5.--Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-17 Electrotech EV-17 (as described above), Hall-Sears HS-10
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVO-built solid state seismic preamplifier (voltage
gain, 200X) , direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec~ galvanometers, coupling factor =
0.25, 2X critically damped. Peak magnification
approximately 1500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.

79



TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube ti1tmeter in the Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt-bases and a portable water-tube ti1tmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 .when measurements at
that station were begun. Increasing tilt coordinates correspond to
·relative subsidence toward the north and east. A one-unit change in
coordinate co·rresponds to a tilting of 1 microradian (1 mm per Ian) in
the direction indicated.

Location of and essential data on each ti1tmeter station are
listed in Table 17, Summary 61.

Table 6.--Tilt Coordinates at Uwekahuna,

October, November, and December 1971

Date N-S E-W Date N-S E-W

Oct. 3 690 353 Dec. 5 712 330

10 692 350 12 716 329

17 693 345 19 718 327

24 696 343 26 718 327

31 700 339

Nov. 7 700 339
•

14 705 335

21 709 331

28 711 329
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Table ].--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. ~)

YTi1t
Rate (10-6 rad/mo)

Tilt base Date Coordinates and direction of Date of last
(1972) N-S E-W tilting since reading

last reading (1971)

Uwekahuna (U on fig. ~) 19 Jan 751.9 346.3 17.55 N26.5°W 30 Sep

Tree Molds (TM) 19 Jan 584.6 482.4 8.29 NI1.lOW 30 Sep

Sand Spit (88) 20 Jan 1047.7 725.8 18.99 N86.7°E 15 Jun

Mehana (M) 19 Jan 609.0 599.9 3.12 N34.7°E 1 Oct

(X) Keamoku (Kea) 20 Jan 791.9 210.5 12.68 N54.7°W 29 Sepf-I

.Ahua Kamokukolau (Kam) 20 Jan 339.0 540.2 28.99 S 6.4°E 1 Oct

Kipuka Nene (KN) 27 Jan 277.3 501.1 1.42 S'2.1°W 5 Oct

Hilina Pa1i (HP) 27 Jan 454.7 493.1 ,0.32 S 9. 5°W 5 Oct

Kapapala Ranch (Kap) 26 Jan 481.3 521.3 0.68 S31.3°E 29 Sep

11 See Table ~ HVO Summary 60



2000~ TILTING RATE 2.5 x 10-6 RADIANS/MONTH

5 K M

•

Figure 3.--Tilting of the ground around Kilauea Caldera. The vector
depicting tilting at a given tilt base points in the direction
of maximum relative subsidence, and its length is proportional
to the' rate of tilting during the measurement interval. Closed
circles represent field tilt bases; open circles, short-base
watertube tiltmeters. See Table 7 for explanation of abbreviations.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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CHRONOLOGICAL SUMMARY

The long inflation that followed a summit and southwest-rift
eruption in late September 1971 continued through January 1972.
High levels of shallow caldera seismic activity accompanied the
inflation, and on January 21 a brief but intense earthquake swarm
occurred near the intersection of the east rift zone with the
caldera rim, near Keanakakoi. Harmonic tremor and a brief defla
tion with this swarm suggest that it marked the reopening of the
east rift zone, which had been inactive since mid-October and
which probably had not been connected to the summit magma reservoir
system since June 1971.

Eruptive activity resumed on the east rift zone on February 4
or 5 with the quiet reentry of lava into the summit- crater of Mauna
U1u. From this slow beginning, the new Mauna Ulu eruption increased
in vigor for several days, filling the summit crater to the level
of the sill between it and the eastern trench by the morning of
February 7. Low fountaining became apparent at a vent within the
eastern part of the suuanit crater, and it became progressively
higher as the eruption continued. The lava that cascaded into the
eastern trench rose to a sufficient height to force open the old
lava tube between the trench and Alae Crater, then flowed through
the tube to partly fill the shallow subsidence bowl that earlier
had formed in the lava fill above the buried crater.

A talus dam partly blocked flowage through the eastern trench
of Mauna Ulu, causing the lava to cascade over the obstruction and
then build a rampart across it by spattering and episodic overflow.
This dam continued to build higher, ultimately exceeding the eleva
tion of the sill between the trench and the summit crater. The
entire fissure trough of Mauna Ulu thus became a single lava lake
as eruption continued and the eastern levees grew higher. Circula
tion and cycles of rising and falling lava-lake. levels took on
patterns much like those of the active lava-lake periods of the
1969-1971 Mauna Ulu eruption•

A second vent opened within the area of the former trench on
February 8 and slowly became the principal source of lava; at the
first vent fountaining eventually became inconspicuous as it became
higher and more voluminous at the second. The lava level in the
main summit crater began to drop, and by February 17 the flow
pattern had reversed, lava cascading westward from the trench
across the sill into the summit crater. A day later harmonic
tremor declined, the summit pool crusted over, and the lava fountain
in the trench became progressively lower through February 21, when
all surface activity ceased.



Activity resumed on February 24 with a second phase of moderate
fountaining from the first-active vent in Mauna Ulu's summit crater
(vent A), followed shortly by simultaneous fountaining at the vent
in the trench (vent B). Within a day the lava lake filled the entire
Mauna Ulu fissure trough and overflowed at several points. A major
flow developed that extended around the north side of Kane Nui 0 Ramo
and into Napau Crater before it stopped. Once again,· vent B gradually
became dominant over vent A, fountaining reaching 60 m or more, and
a spatter cone bui~t around vent B to a height of 25 m. Once again,
as in the first phase, vent A ceased to erupt actively, and by March 5
the lava level in the former summit crater had dropped more than 30 m
so that lava again cascaded westward across the sill between the trench
and the crater. Vent B declined shortly later, and by March 9 the lava
level in the trench too was below the sill level. By March 10 vent B
was only weakly active. A resurgence of activity occurred at both
vents in mid-March and began a series of alternating major overflows
and drainbacks of the lava lake. New flows covered all of the Mauna
Ulu shield except at its westernmost end.

On March 18 a series of shallow local earthquakes occurred, a
substantial deflation ensued at the Kilauea summit, and the lava lake
drained abruptly by several tens of meters. A new fissure formed on
the west flank of the shield and erupted briefly; two new vents broke
out in the area of Alae. One vent (vent C) was within the remnant
Alae subsidence bowl and rapidly filied it. Overflow and marginal
spatter bagan to build levees around the margins of this pond, which
soon became an actively circulating lava lake. The vent outside the
new Alae lava lake (vent D) fed a flow that cascaded into Makaopuhi
Crater. The new vents peaked on about March 20 and died on March 23
or 24. Activity continued in Mauna Ulu, but the lava lake did not
rise substantially, as lava apparently continued to drain underground
both to Alae and to the we~t. At times lava could be seen through a
hole on the west side of Mauna Ulu to be flowing westward toward the
fissure that had erupted briefly on March 18.

When the activity at Alae declined and ceased, the continuing
moderate deflation at Kilauea's summit reversed; a'slight inflation
began even though moderate fountaining and lava-lake activity
continued at Mauna Ulu.
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SEIS~{IC SUMMARY

Events recorded by the U. S. Geological Survey seismograph
network in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of
the Hawaiian Islands (usually within 100 km of at least
one seismograph),

2) Distant earthquakes originating more than 3 t OOO k.m from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin 8S d·etermined by the analysis of records
obtained daily at the Observatory (OWE, MLO, MLX, ABU, DES, NPT, WPT,
MPH, ICMO, OTL).

Computer locations of well·-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station•
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis of

relative amplitude on seismographs in the summit region. Unless otherwise stated, tremor

is presumed to be associated with movement of magma within the central complex of Kilauea

Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km beneath

the summit region; Kilauea Summit Long-Period, earthquakes characterized by low-frequency

waves that originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earth

quakes a few km deep in the caldera region; SW Rift and'Kaoiki, earthquakes along the

southwest rift zone of Kilauea and the adjacent portions of the Kaoiki fault system;

Upper East Rift, earthquakes from the upper east rift zone and the adjacent fault systems

of Kilauea's south flank; Koae, earthquakes along the northeast-trending Koae fault system

south of the caldera; Lower East Rift, earthquakes from the lower east rift zone of Kilauea;

Offshore Puu Pili, offshore earthquakes mostly southeast of Puu Pili (PPL) station.

• • • I.
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Tremor Earthquakes
Date (m = minutes

(1972) h = hours) Kilauea Sutmnit
SW Rift Upper Lower

Inter- Long and East East Offshore
Deep rmediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pili Remarks

Jan. 1 45m ? ? ? ? ? ? ? Some Hilina
quakes included

2 1 77 1618 -38 198 133 6 29 in Offshore PPL
3 2 67 1495 68 267 97 6 62 count.
4 367 1354 44 324 85 6 53
5 8m 1 76 1408 31 180 40 9 29
6 .I-J ? 1249 ? ? ? ? 1
7 ~

56 1728 23 103 42 7 150-r-I •

8
,...d

2 124 2094 . 26 178 53 4 41.I-J

9 .I-J = 69 2735 25 161 82 4 19CD 0

10 t'CS S 2 51, 223! ' 10 165 214 311 Increase ofQ)
eu earthquakes$-I ..c:'

11 5m
Q).I-J

482 2967., ' 24 330 286 . 12 72 near Kokoo1au~

12
~.u

171 3814 38 3,85 365 11 165 crater.=' ::s
13 4lm 0

1 79 3'069 41 441 267 22 137eu.d
14 10m

.coc 69 2569 53 575 188 12 115.I-J :s
15

0
76 2112 44 493 138 15 159=...

16
o.t::

1 60 2139 45 437 128 12 85.u

17 "'" 54 2296 64 398 157 31 112o =
18

s 0 5 32 2330, 34 200 244 6 148QJer-f

19 17m 8m
,.. be

36 2215 24 367 194 31 25.... Q)

20
~

1 64 3490 24 626 74 5 93~

21
t'CS .u

4 69 2428 25 205 209 5 110Q)er-f

22 ) ~ 2 29 2798 41 191 155 8 101
23 ? (J =' 42 93 2426 72 299 212 7 172er-f rJ)

24 ?
~ 5? 69? 699? 35? 1421 173? 2? 45t'CS~

25 100m 13m
,.. r=:

4 51 1610 36 192 188 4 67o Cd

26 5m
c:l.

11 26 2295 61 170 329 2 69tJ)

27 39m 8 106 2329 16 1190? 15 10 24 Several rock-
falls at Mauna

28 1 64 3044 21 395 497 22 120 Ulu.
29 5 78 2677 36 421 217 17 131
30 3 34 2235 42 214 142 4 59
31 u .~ 4 37 1369 34 213 12 3 71
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1972) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift PUll Pili Remarks

Feb. 1 ? 4 65 1630 37 157 59 6 41
2 44m 43? 1820? 31? 233? 157? 8 79?
3 18 118 1876 26 610? 164 10 76
4 4? 16? 926? 19? ? 49? ? ? Upper East

. Rift quakes
5 .t:: 3 14 1391 20 123 50 3 31 masked byQ.J ~
6 25m .c: r:: 3? 699? 20? 36 19? 98? tremor ..u 0
7 =s 1 2? 1695? 13? 56? 43? 39
8 o Q.J 3 5 1096 28 19 57 15 208.s::
9 ... .u 9 820 24 28 16 135

10
0

3 2 977 7 18 35 7 89e..-
11

Q.J :s
11 881? 8? 6 24 28 38?... 0

12
.u.t::

2 2 669? 15 9 24 5 56be

13 24m P""I =' 3 741? 12 3 11 4 56?Q.J 0

14 > J-4
2 508 15 25 12 40cv.t::

.-4..-
15 :t ..- 1 6 819 28 22 3 97
16 O~ 7 740 17 22 4 125r-fer-4
17 ... 14 1085 106 46 9 2 79
18

~

19 850 16 49 23 1 760"-
(I)

19 ..... t'CS 9 973 8 66 39 71
20 ~ Q) 1 27 941 15 77 42 1 146Q) ...
21 =Q) ? 12? 261? 5? 22? 121 31 22?
22 ~g: 5? 61 473? 9? 25? II? 21 44?
23

::s
17 1315 8 44 32 97

24 8m ? 688 9 20 45 4 55
25 1 483 10 4 20 75
26 2 8 451 10 2 23 6 52
27 2 262? 15? 5 25 15 37
28 1 1 369 8 6 15 4 63
29 2 15 444? 8? 19 11? 13 25
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1972) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pili Remarks

Mar. 1 1 60 471 14 14? 5 2 22
2 64 502 16 13?' 14 97
3 157 483 17 291 11 71 21
4 401 234? 51 51 14? 1 27
5 4m 1 88 395 19 10? 22 1 33 .
6 ? 27 536 13 53 13 70 PHR adjusted •.
7 .c 62 610 32- 39 7 2 97
8

.,
35 607 19 25 19 4 96c::

9
QJ 0

1 35 732 8 27 11 4 89.c S
10 34m "" 4 15 707 28 29 33 4 56QI

11
c::.c

3 8 634 25 10 19 71o .,
12' .... ., 3 3 672 32 14 19 3 66
13 . §] 19 140 10 27 11 1 41
14 .... co 2 10 644 25 28 14 1 101
15

.u :s
13 698 27 29 25 1 640

QJ ...
16 .,.c 4 38 682 18 25 12 72
17 4001

Cd4.J
44 812 7 ' 51 16 4 19...

Q) 4.J
18 'O~ 1 3 6611 9 697? 23 13
19 0"" 1 3601 8 27 2? 38S ...
20 o ., 15001 2011 29 33 11 38 Very small LP

~ co
tU quakes.:t Q)

21 0 20001 3941 34 30? 6? 36
~ ...

22 cu 1441 2921 23 128 8? 5 21
~

23 c.. 1051 419 13 27 10 1 28:s
24 33m 146 657 "52 36 27 2 52?
25 38 754 15 70 26 2 86
26 10 12 329 21 45 6 1 46
27 114? 6301 47 74 21 4 241
28 1 172 533 38 26 21 4 21
29 1 119 537 37 29 18 5 1481
30 128 553 37 30 17 17 31?
31 2 114 586 33 81 13 11 911



Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR) t minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus in km. Assumed depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT - standard error of the origin time in seconds.

ERR - standard error of the epicenter in km.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [ = ~ R/NO ] where

Et is the observed seismic wave arrival time less the

computed time at the i th station.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

~ EPICENTER FOCAL DEPTH

A excellent good
B good fair
C fair poor
D poor poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:

8
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A

B

c

D

Station Distribution

NO GAP DMIN

> 8 < 120· < DEPTH or 5 1cm

> 6 < lSO· < 2 x DEPTH or 10 km

> 6 < 225· < SO Ian

> 4 < 180·

Others

Q is taken as the average of the ratings from ~he two schemes, that is,
an A and a C yield -a B, and two B's yield a B. When the two ratings
are only one level apart the lower one is used, that is, an A and a B
yield a B (Hamilton and others. 1969).

The criteria for Q are the saae as used by the Office of Earthquake
Research and Crustal Studies, u. S. Geological Survey.

*RHAX is the max~ residual

9



SUMMARY OF SEISMIC EVENTS

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

JAN 1 o 48 0.6 lQ-19.0 155-13.61_ 0.0 1.'6 '18 1 qS 6.6 1.76 1 • 3 14'.6 O. 27 C
1 o 54 41.4 19-19.5155-15,.3, 6.5 2.0 21 163 3.8 0.10 0.8 0.6 0.11 0
1 1 32 55.0 18-49.2 155-19.3 1.7* 2.0 20 264 40.4 0.48 3.0 0.11 0
1 5 11 56.2 19-18.6 155-15.0· b.3 1.5 18 204 5.0 0.14 0.9 0.6 0.17 C
1 6 1 21.8 19-18. 5 " 1 «; 5-15 ~ 3 9.0 1.2 15 205 4.8 0.11 0.8 1,.4 0.10 C

-

1 8 18 29.6 19-23.3.155-14.1 2.2* 1.2 9 l06 2.6 0.04 0.3 0'.05, 8
1 8 19 6.3 19-23.8 ,,155-15.91 3.6 1.2 7 119 2.0 0.28 1.5' 9~4 O.l'S" C
1 13 16 3.4 lQ-11.Q" 1.55-22~.9 3.2 2.2 10 164- 4.4 0.24 1.8 2.2 0.21 C
1 15 55 46.6 19-17.1"155- 6t.91 0.0 2.5' 10 288 18.5 0.63 3.2 1.0 0.22 O;~

1 18 46 8.6 19-21.5 155-28.2' .. 2.1 2.8 13 60 8~8 0.14 1.0 1.5 0.24 C :

2 1 59 7.3 19-13.2 155-33~3 - 5.6 2.9 21 91 1.'-3 0.14 1.0 1.00.24 C'
t-& 2 10 13 8.4 19-23.2 155-14.6 3.0 0.8 10 104 2,.1 0.06 0.2 1.1 0.04 A
0 2 10 18 49.3 19-1 9 • 8. 155-15. 6 7.1 1.6 17 1.40 3.3 0.05 . ·0.5 0·.30.10 B'

...,.1

2 11 8 56.7 19-19.8 155-',c. 7.5 8.0* 1.5 13171." 5.9 0.12 1.1· 0.12 C
2 11 55 27.9 19-24.1 155-16.4 3.3 0.6 11 64 " 1.'1 0.08 0.,3 0.9 0.0-1 A .

2 12 31 40.3 . 19-20.1' 1'55-' 8.9 " 8.8 1.5 15 165 4~·.O 0.08 0.7 1.4 0.09 B
2 13 4 24.1 1 9 - 24. 1 ." 1 5 5-.16'. 0 1 • 8 O. 7 7 101 2.0 0.06 0.4 0.3 0.01 B
2 14 20 3.8. 18-52.9.1~5-1~~8? 14.8* 1.9 13 259 36.2 0.3'5 2.4 0.18 0
2 15 46 33.6 19-23. 8 i55-'15.,! 4 : 3.2 0.9 12 19 2.5 0.13 0.6 1.9 0.13 B
2 16 12 39.6' 19-14.3 155-22"~1' . 1.7 1.1 13 112. 9.0 2.,.31 1.0 8.5 0.19 C

2 17 25 22.5 19-16.8 1,55-21.8 3.8' 1.8 '18 1 38, ,'" 6. 0 0.11 . O.q" 1"'. 3 O. 19 C
2 18 1 23.2 19-18.8' 155-' 8,;.. 5 8.0* 0.'6 11 l87 6.5 O.lQ; 1.5 0.18 C
2 18 34 30.6 19-23. 8 1~'155-25. 6 8.0* 1.0 19 149 1.1 0.11 0.8 0.16 C
2 19 55 11.3 19-19.9·155-16.i 6.3 0.8 17 131 2.4 0.07 0.6 0.5 0.13 B
2 20 1 39.7 19-19.8 l55-l0.1 9.0 0.6 13 166 4.3 0.01 0.6 1.1 0.07 B

2 2130 24.3 19-18.3 1'55-14.3 8.0* 2.2 20 153 6.3 0.01 0.6 '().14 C
2 21 33 42.8 19-18.7 155-14.5 8.0* 1.0 15 181 5.7 0.10 0.7 0.12 C
2 21 35 36.3 19-24.3 155-25.9 8.0* 1.0 15 155 8.8 0.06 0.5 0.08 C
2 22 26 36.1 lq-24.6 155-16.3 0.2 0.1 7 91 1.3 0.07 0.2 0.2 0.06 B
2 23 11 56.q 19-23.7 155-14.8 3.8 0.8 13 90 1.9 0.'07 0.3 0.9 0.09 A

ft • ~ •
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W OEPTH MAG NO GAP OHIN ERT ERH ERl MO Q

JAN 3 2 38 27.9 19-23.2 155-14.1 2.1* 0.4 9 109 2.6 0.04 0.3 0.06 8
3 2 50 42.q 20- 2.5 155-38.91 33.0* 1.6 14 211 36.1 0.21 1.9 0.09 0
3 2 55 41.5 19-18.2 155-23.4 1.2 1.1 16 113 3.7 0.06 0.7 0.4 0.11 B
3 3 35 26.9 19-48.8 155-39.8 14.8* 1.6 12 108 21.7 0.18 1.9 0.27 C
3 3 59 18.8 19-18. 7 15·5-11. 5 29.8 1.8 22 142 2.5 0.12 0.1 1'.2 0.11 8

3 ,. 51 52.8 19-24.0 155-15.1 1.9 0.6 8- 125 2.5 0.04 0.·2 0.2 0.05 B
3 5 -1 3.4 19-20.3 1'55- 6.9 8.0* 1.1 15 162' 6.1 0.12 1.0 0.14 C
3 5 27 5.6 19-19.4 155-15.4 6.3 0.8 14 181 3.7 0.,12 0.8 0.7 0.12 C
3 1 14 19.1 19-20.9 155-19.2 4.0 0.1 10 90 3.5 0.09 0.3 1.4 0.04 A
3 7 16 40.2 19-21.9 155-18.1 5.1 0.8 13 71 3.5 0.01 0.4 0.6 0.10 A

,3 1 51 32.8 18-55.6 155-24.6 10.5 1.9 12 243 26.3 0.40 2.1 2.5 0.16 0

~
3 9 43 3.1 19- 9.2 155-15.6 9.3 1. ,. 18 224 17.1 0.14 0.9 1.8 0.08 C

~ 3 10 50 2.6 19-20.3 155-19.0 6.2 1.1 16 73 2.8 0.04 0.3 0.4 0.09 A
3 12 lq 19.1 18-43.3 155-16.2 8.0* 2.5 20 280 50.1 0.64 4.0 0.16 0
3 12 46 14.8 18-41.4 155-11.3 8.0* 2.3 20 269 44.9 0.61 3.9 0.21 0

3 14 31 20.7 19-11.2 155- 4.6 36.7 1.9 15 239 16.3 0.,1'5 0.9 1.2 0.05 C
3 11 51 55.5 19-15.9 155-21.4 4.1 2.8 23 141 8.6 0.12 0.8 0.9 0.22 C
3 19 40 45.6 19-23.5 155- 3.0 0.1 1.9 13 120 6.6 6.02 1.0 11.5 0.21 C
3 21 ,. 27.8 19-11.1 155-14.1 6.0 2.4 16 205 8.0 0.24 1.3 1.0 0.16 C
3 21 35 3~.5 19-11.q 155-14.3 5.8 1.6 16 216 6.1 0.18 1.1 0.1 0.16 C

3 21 36 16.0 19-18.8 155-14.6 4.6 1.2 15 204 5.5 0.11 1.0 1.0 0.17 C
3 21 45 59.4 19-18.4 155-14.3 6.3 1.0 18 211 6.2 0.15 1.0 0.6 0.15 C
3 21 47 30.3 19-23.2 155-25.9 1.9 1.6 18 11 1.2 0.10 0.6 0.8 0.12 B
3 21 49 2.0 19-11.9 155-14.1 b.2 1.6 18 218 1.0 0'.19 1.1 0.1 0.16 C
3 21 59 11.6 19-26.6 155-13.5 32.2 1.9 13 235 3.9 0.41 2.2 2.9 0.11 C

3 22 22 36.9 18-48.3 155-20.5 2.1* 2.6 24 268 39.3 0.52 3.3 0.11 0
3 '22 39 33.7 19-16.4 155-22.7 0.4 1.7 18 135 1.0 5.32 0.8 10.1 0.19 C
3 22 40 35.6 19-15.9 l55-22.C? 0.0 1.8 18 159 8.2 5.34 0.7 10.2 0.17 C
3 23 12 28.0 19-16.0 155-22.0 2.3 1.1 18 159 8.1 0.11 0.8 1.2 0.19 C
3 23 40 18.2 19-17.0 155-22.9 5.8 1.8 15 146 6.0 0.11 1.0 0.9 0.18 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG w OEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

JAN ,3 23 56 34.0 19-23.2 155-14.3 3.9 0.9 13 102 2.1 0.03 0.2 0.4 0.06 A
4 1 50 29.3 19-23.5 155-25.4 2.1 1.6 17 68 1.2 0.11 0.8 1.1 0.21t C
4 1 59 51.1 19-15.5 155-14.3 0.6*' 1.2 10 265 13.1 0.86 3.6 0.24 0
4 2 18 47.7 1 9 -1 9 .- 4 155- i 1 •"7 4.8 1.6 19 112 5.9 0.13 0.8 0.8 0.19 C
4 5 37 26.3 19-19.2 '155-46.7 6.2 1.9 15 243 18.5 0.59 2.6 2.0 0.15 0

4 5 43 34.,0 18-46.0 155-13.3 8 .. 0* 2.8 14 273 50.4 0.15 4.8 0.11 0
4 7 o 33. 7 lQ-20.5 155-11.0 8.3 2.7 18 156 3.5 0.07 0.6 0.4 0.09 C
4 1 8 35.6 19-23.5 155-14.6 2.3* 0.1 9 101 2.3 0.08 0.6' 0.11 B
4 11 36 35.1 19-10.9 155-21'.1 35.5 2.7 22 146 2.9 0.23 1.1 2.2 0.13 B
4 12 8 55.4 19-23.0 155-14.7 3.0 1.4 15 112 2.4 0.06 0.4 0.8'0.12'8

4 17 50 57.6 19-23.8 155-25.01 0.0 1.3 15 106 1.2 9.15 0.9 18.6 0.20 C
r-a 4 20 40 0.9 18-50.9 155-20.3 8.8 2.6 20 263 36.9 0.57 3.4 2.9 0 •.19 0
N 4 21 51 8.6 19-20.4 155-12.1 4.3 0.1 13 195 3.8 0.21 1.2 1 •. 1 0.20 C

5 o 31 9.5 18-52.3 155- 8.9 18.6* 2.2 15 312 50.4 0.41 3.0 0.12 0
5 1 13 6.0 18-54.8 155-18.6 11.4* 2.2 20 '250 31.6 0.36 2.4 0.11 0

5 1 36 11.8 19-17.6 155- 0.1 8.0* 1.9 12 242 6.'5 0.30 2.l ',0.12 0
5 2 .6 '°31.,7 . 19- 9,.2 '155-15.1 2.1 2.0 20 225 17~3 0.29 1."3 1.1 ,0 •.11 . C
5 3 1 2.9 19-15.8 154-59.,1 5.4 1.8 13 '253 9.5 0.79 3.7 2.1 O.l~,O

5 3 8 8.·0 19-25.8 155~27~3? 7.5 1.3' 11 11 10.2 0.'08 0._7 0.6 0.15 C
5 5 35 3.8 19-16.4 155-22.7 3.8 1.7 15 185 1.'0 0.16 1.1 1.2 0.'20 C

5 9 . 2' 24.,2 19-,19.4 155-13.5 5.5 1. 1 11 161 5.'9 0.14 0.9 0.9 0.:21 C
5 10 33 38.1 1 q-10.,,'1 155-20.5 43.4 - 1.5 15 208 12.9 O.~.O 2.1 4.9 0.'14' C
5 11 25 27.6 18-46.3 155-15.7 8.0* 2.6 12 290 '41.9 0.52 3.4 0.09 0
5 22 55 23.8 1q-22.6 15~)--23.8 2.4 1.4 14 148- 4.6 0.13 0.8 1.1 0.11.8
5 '22 57 51. 8 19-22.7 155-24.3 5.9 1.8 21 52 5.0 0.07 0.1 0.8 0.19 B

'6 0 q 44.8 19-18.5 155-13.6 6.4 1.6 19' 198 1.3 0.16 1.0 0.1 0.18 C
6 o 12 43.4 19-18.9 155-13.9 6.2 1.2 15 208 6.6 0.18 1.1 0.1 0.17 C
6 2 41 25.0 18-52.8 155- 9.9 7.8 1.8 23 259 44.1 0.40 2.6 3.5 0.15 0
6 6 38 '>2.1 19-18.5 155-13.61 6.1 17 199 7.3 0.11 1.0 0.1 0.18 C
611 '3225.0 19-19.6 155-15.2 6.0 0.7 14 119 4.0 0.10 0.6 0.6 0.10 B

• • .. •
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

lq12 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl MO Q

JAN 6 L6 44 15.3 lQ-16.0 155-22.2 0.6* 1.1 16 141 7.3 0.12 1.0 0.25 C
6 23 9 3.6 18-49.8 155-11.q 1.2* 3.0 21 263 40.4 0.43 2.8 0.18 0
7 1 49 18.3 19-24.2 155-25.4 4.0 1.9 21 12 8.3 0.10 0.8 1.1 0.25 C
7 2 16 22.4 18-46.5 155-11.4 8.0* 2.3 19 272 45.1 0.56 3.6 0.17 0
8 2 20 30.9 19-23.1 155-24.1 8.0* 1.2 11 199 6.6 0.11 0.7 0.09 C

8 8 10 46.3 1'9-19.7 155-15.6 6.4 0.7 14 114 3.3 0.11 O~7 0.6 0.12 C
8 8 30 24.1 19- 9.9 155-36.1 3.2 1.6 14 105 9.4 0.13 1.0 1.2 0.21 C
8 9 52 8.3 19-20.1 155- q.2 8.4 2.1 11 140 2.8 0.07 0.7 1.4 0.11 8
8 13 49 26.9 18-44.8 155-11.9 8.0* 2.6 16 276 46.1 0.53 3.4 0.12 0
8 14 l3 26.2 ·19-23.1 155-26.0 7.8 1.2 19 130 8.1 0.09 0.7 0.5'0.15 8

8 15 21 16.2 19-25.1 155-14.1 30.8 2.8 28 58 0.8 0.11 0.6 1.1 0.11 8

I-'
8 16 32 3.4 18-49.5 155-16.3 1.9* 2.1 14 264 42.1 0.42 2.8 0.14 0

w 8 16 .34 39.0 lq-25.2 155-13.1 29.4 1.5 25 83 1.4 0.11 0.7 1.1 O.l1 8
8 20 15 4.2 19-22.2 155-23.0 5.1 1.0 14 143 3.7 0.12 0.9 1.0 0.19 C
8 23 32 31.5 lq-19.4 155-13.9 8.0* 1.0 11 196 6.0 0.10 0.8 0.10 C

9 1 17 45.3 19-19.6 155- 9.8 8.1 0.9 14 172 4.6 0.08 0.7 1.5 0.08 B
9 3 23 1.1 19-21.3 155- 1.91 11.2 1.6 13 161 3.1 0.14 1.1 1.4 0.12 C
9 4 10 44.8 19-19.q 155- 9.1 1.7 0.7 12 168 4.2 0.11 1.0 0.6 0.13 C
9 1 39 28.2 19-19.6 155-10.5 8.8 1.0 13 110 4.7 0.08 0.6 1.3 0.08 8
9 8 o 24.9 18-1)3.8 155-10.6 12.3* 3.4 28 255 41.9 0.34 2.2 0.15 0

9 8 5 23.'~ 18-53.5 155- 9.8 8.0* 2.1 22 251 43.4 0.32 2.1 0.13 0
9 15 32 3.9 19-25.1 155-16.4 2.0 0.6 9 114 1.1 0.05 0.4 0.2 ,0.07 A
9 15 38 22.2 19-24.7 155-16.·J 1.6 0.8 8 99 1.2 0.04 0.3 0.2 0.05 A
9 16 19 59.3 19-19.9 155- 7.4 8.0* 1.4 12 110 5.9 0.14 1.4 0.19 C
9 16 23 0.9 19-24.3 155-17.3 1.2 0.3 1 91 1.3 0.06 0.3 0.3 0.07 8

J

9 17 30 6.0 19-24.1 155-15.9 1.8 0.5 8 63 2.3 0.05 0.3 0.3 0.08 A
9 19 o 43.1 19-25.1 155-16.9 1.3 2.6 19 120 0.4 0.07 0.4 0.3 0.13 B
9 20 11 15.1 18-56.0 155-21.0 8.1 2.2 12 295 27.6 1.28 6.5 3.7 0.15 0
q 23 18 40.5 19-25.0 155-16.4 1.1 0.4 9 110 1.0 0.06 0.3 0.3 0.09 A

10 0 2 46.2 19-26.2 155-15.61 0.3 0.8 9 205 1.3 0.63 0.8 1.3 0.15 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERI MO Q

JAN 10 2 11 3.1 19-24.5 155-16.3 0.8 0.5 12 84 1.4 0.05 0.2 0.3 0.09 A
10 2 22 24.4 19-24.2 155-15.9 1.6 0.7 10 71 2.4 0.01 0.4 0.4 0.09 8
10 3 9 11.0 19-24.0 155-15.6 4.0 2.0 13 81 2.6 0.08 0.4 0.9 0.08 8
10 3 28 27.4 19-25.6 155-16.6 2.1 0.4 10 126 1.5 0.06 0.4 0.2 0.08 B
10 5 38 14.1 19-18.6 155-16.11 8.4 0.9 10 195 3.5 0.20 1.6 0.8 0.18 C

10 6 21 49.2 lq-18.8 155-1q.l 29.1 1.3 20 71 1.1 0.14 0.9 1.5 0.10 A
10 6 32 48.7 19-24.6 155-15.51 2.1 0.3 11 14 1.6 0.15 0.8 1.9 0.17 B
10 7 36 16.1 19-13.0 155- 2.51 38.6 1.6 18 244 12.8 0.29 1.1 2.2 0.10 C
10 8 50 20.4 lq-24.5 155-16.9 0.6 0.2 8 73 0.8 0.10 0.2 0.2 0.01 A
10 9 56 1.7 19-25.2 155-11.0 1.9 0.6 10 121 0.6 0.08 0.5 0.3 0.13 B

10 10 13 5.0 19-25.6 155-14.4 31.1 1.3 21 95 1.8 0.10 0.6 1.0 0.08 A
~

10 14 47 38.7 18-44.9 155-16.9 8.0* 3.8 26 276 41.9 0.55 3.5 0.16 0
~ 10 14 50 15.8 19-19.4 155- 8.1 8.0* 1.8 15 116 5.4 0.10 0.7 0.11 C

10 15 41 4g.9 19-15.6 1'55-11.4 53.6 2.5 23 159 4.9 0.45 1.8 3.9 0.15 C
10 19 53 14.'-} 19-20.1 155- 8.9 1.6 16 165 4.0 0.10 0.9 0.5 0.14 C

10 21 5 58.8 19-25.7 155-16.6 2.1 0.8 7 206 1.6 0.22 0.9 1.5 0.01 B
10 21 27 37.3 lq-23.4 155-14.6 3.4 0.8 9 108 2.4 0.21 0.6 2.4 0.10 B
10 21 44 32.3 lq-23.3 155-14.5 2.9 0.9 9 109 2.6 0.17 0.6 3.5 0.10 B
11 0 '1 42.q 19-23.3 155-14.8 1.6 1.1 10 104 2.6 0.09 0.5 0.4 0.13 "8
11 '34826.7 18-51.1 155~19.5 10.8* 1.,8' 15 '263 37.0 0.44 2.9 0.15 0

11 4 34 45.1 19-23.8 155-15.4 1.7 0.8 9 148 2.5 0.07 0.4 0.3 0.08 B
11 4 36 25.8 18-48.9 155-17.4 8.0* 2.9 19 211 42.2 0.41 3.1 0.15 0
11 6 9 15.4 19-23.6 155-14.6 3.8 '0.3 13 92 2.0 0.06 0.3 0.8 0.01 A
11 8 7 39.2 19-23.0 155~14.'8 2.5 0.6 10 11'1' 2.3 ' 0.08 0.3 1.4 0.07 'A
11 8 29 43.0 18-51.4 155-16.'41 3.6 2.6 19 299 39.0 1.86 10.9' 9.3 0.14 0

11 10 28 ~9. 4 19-25.6 155-16.6 2.1 0.6 11 151 1.'4 ' 0.05 0.4 0.2 0.08 B
11 10 31 29.7 19-22.0 155-18.4 2.0* 1.0 12 16 3.7 0.04 0.3 0.08 B
11 12 43 6.0 lq-25.6 155-16.5 2.4 0.9 12 126 1.5 0.04 0.3 0.8 0.06 B
11 13 41 44.9 lq-25.6 155-16.5 2.1 0.9 10 126 1.5 0.05 0.3 1.2 0.06 B
11 14 53 28.8 '19-22.6 155- 3.51 0.0 1.4 20 111 5.0 5.21 1.1 10.1 0.34 C

,. ¥ ..
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERI "0 Q

JAN 11 16 53 4.5 19-23.8 155-14.8 3.9 1.2 13 88 1.8 0.06 0.3 0.7 0.08 A
11 17 58 24.2 19-23.6 155-14.6 3.6 0.6 13 91 2.0 0.09 0.4 1.1 0.10 A
11 18 1 39.6 19-23.0 1·55-14.2 4.2 1.1 15 109 2.9 0.09 0.6 0.9 0.12 B
11 19 12 44.6 19-11.9 155-16.41 9.2 1.3 11 211 3.9 0.21 1.6 2.3 0.14 C
11 23 21 45.1 19-22.0 155-17.9 4.3 1. 1 11 15 3.1 0.12 0.5 1.5 0.11 8

12 o 10 29.0 19-23.6 155-15.1 2.1 1.0 10 94 2.3 0.09 0.4 0.4 0.01 A
12 o 11 25.1 19-23.5 155-26.2 5.5 1.0 16 104 1.9 0.14 1.1 1.5 0.22 C
12 3 29 14.5 19-19.2 155-13.8 8.0 2.2 23 145 6.3 0.08 0.6 0.4 0.14 C
12 3 55 33.0 19-?3.6 155-15.2 4.0 1.2 14 91 2.5 0.09 0.4 1.1 0.10 8
12 4 59 54.4 19-22.9 155-22.6 8.0* 1.6 11 143 5.2 0.12 1.0 0.16 C

12 6 3 50.8 19-13.6 155-21.31 0.0 1.8 20 160 9.4 5.88 1.2 11.1 0.28 0
12 6 25 55.1 19-22.5 15S-i4.9 6.9 1.0 11 123 1 •. 1 0.53 1.2 4.0 0.20 C

~ 12 6 41 51.2 19-20.1 155- 7.31 0.8 1.1 19 203 5.7 1.40 1.1t 4.9 0.21 CV1
12 1 22 56.1 lq-23.3 155-14.6 3.5 1.0 11 101 2.6 0.08 0.4 1.1 0.01 A
12 8 1 4.0 19-24.0 155-15 .. 6 3.0 0.9 l3 10 2.5 0.09 0.4 1.6 0.10 B

12 13 35 0.1 19-19.4 155-13.1 6.1 1.6 21 168 5.8 0.11 0.7 0.6 0.18 C
12 11 32 8.6 19-14.4 155-21.91 0.0 1.6 21 155 8.1 5.60 1.1 10.6 0.28 C
12 18 59 42.5 19-23.6 155-14.1 3.3 10 97 2.2 0.13 0.5 1.1 0.09 A
12 20 34 16.9 18-48.1 155-11.9 8.0* 2.6 23 267 43.2 0.37 2.4 0.13 0
12 21 25 13.6 19-18.0 155-13.8 2.6 2.4 25 154 1.5 0.13 0.7 0.9 0.20 C

12 21 ]1 15.0 19-19.2 155-12.4 3.2 1.9 24 150 6.0 0.14 0.9 1.1 0.25 C
12 22 9 1.3 ·19-19.9 155-11.3 4.9 1.5 22 164 4.7 0.13 0.9 0.8 0.23 C
12 23 54 24.2 lq-22.9 155-14.4 4.3 0.8 15 116 2.8 0.06 0.4 0.6 0.08 8
13 1 22 10.3 19-23.2 155-14.9 3.5 0.0 11 104 2.3 0.06 0.2 0.8 0.05 A
13 1 25 26.1 19-23.1 155-15.1 2.6 2.0 24 108 1.8 0.01 0.5 0.8 0.20 B

13 2 1 57.4 19-22.3 155-17.9 3.3 1.3 16 75 2.6 0.03 0.3 0.5 0.08 A
13 4 4 16. 1 19-21.8 155-24.9 8~. 3 1.3 19 61 4.0 0.07 0.6 0.5 0.15 B
13 5 8 56.8 19-25.4 155-16.7 3.0 1.0 14 123 1.1 0.06 0.4 0.6 0.09 B
13 6 44 5.4 18-48.4 155-11.4 8.0* 3.1 25 267 43.0 0.45 3.0 0.11 0
13 6 41 18.2 18-52.0 155-19.5 8.0* 2.0 20 260 35.4 0.25 1.6 0.10 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR HN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JAN 13 8 3 58.4 19-23.4 155-1?O? 0.4 0.8 10 99 2.4 0.21 0.5 0.5 0.17 B
13 8 6 26.9 19-19.1 155-13.3 5.3 1.6 21 150 6.3 0.11 0.8 0.1 0.18 C
13 8 25 19.2 19-20.4 155-12.2 8.3 2.1 18 141 3.9 0.07 0.6 1.3 0.11 B
13 13 22 37.4 19-22.8 155-22.8 8.0* 1.5 17 116 4.9 0.10 0.8 0.18 B
13 13 51 42.9 19-18.8 155-13.11 0.6 0.7 16 194 6.8 3.51 1.4 6.6 0.29 C

13 13 59 32.2 18-47.8 155-17.4 8.0* 4.3 27,268 44.0 0.34 2.2 0.13 0
13 16 23 2.3 19-25.3 155-24.9 8.0* 1.2 16 64 8.4 0.04 0.3 0.08 C
13 18 16 9.0 19-19.7 155-10.9 4.9 1.4 17 169 4.8 0.1.6 1.1 1.0 0.24 C
13 18 44 19.3 19-21.9 155- 7.01 0.1 1.5 19 132 5.1 0.13 1.3 2.0 0.22 C
13 20 1 51.3 18-46.8 155-17.3 8~O* 3.0 26 211 45.6 0.44 2.9 0.15 0

14 o 29 l6.2 18-41.9 155-20.6 1.3* 2.7 26 269 39.6 0.45 2.9 0.11 0
r-a 14 o 40 6.0 19-53.3 155-31.7 30.7 2.1 16 134 13.9 0.11 1.0 2.2 0.10 B
0'\ 14 3 24 24.q 19-31.0 155-54.4 9.5 2.6 23 110 1.6 0.12 1.2 1.2 0.11 B

14 3 31 42.4 19-19.5 155-12.2 2.6 1.2 21 169 5.6 0.14 0.8 1.10,.23 C
14 4 41 44.6 18-51.6 155-19.6 8.6 2.6 23 257 36.1 0.43 2.6 2.5 0.18 0

14 1 3 9.0 18-52.9 155-11.0 8.2 2.4 13 281 36.1 0.79 4.4 2.8 0.12 0
14 11 55 33.6 19-20.2 155- 1.21 2.2 2.1 19 163 5.8 0.26 0.8 0.8 0.19 C
14 12 16 29.7 19-23.8 155-14.8 3.2 1.1 12 89 1.9 0.01 0.4 1.6 0.09 A
14 12 23 39.2 18-46.9 155-16.8 8.0* 3.0 16 271' 46.1 0.56 3~6, 0;. 14 0
14 14 35 40.7· 19-:22.4 155--:23.1 8.0 2.1 20 93 4.0 0.06 0.6 1.2 0.15 B

14 14 48 26.1 19-11.1 155-22.8 3.6 16 131 5.9 0.08 0.8 1.0 0.18 B
14 16 26 49.9 1q-22.1 155-23.4 1.7 1.8 15 153 3.6 0.09 0.7. 0.4 0.12 C
14 16 33 10.0 19-23.3 1155-14.7 4.8 1. 1 13 102 2.7 0.10 0.4 1.0 O.09,A
14 22 28 3.1 19-24.'9 155~23.41 8.2 1~4 21 60 6.8 0.07 0.6 0.5 0.15 8
14 22 29 7.4 19- 9.8 155-41.3 3.2 2.7 21 128 11.9 0.12 0.8 0.8 0.16 C

15 3 45 12.6 19-18.8 155-15.5 6.0 1.5 22 168 4.1 0.11 0.8 0.6 0.18 C
15 4 30 24.q lq-23.4 155- 3.0 2.1 2.2 25 120 6.4 0.48 0.8 1.1 0.21 C
15 4 56 35.7 19-23.3 155-15.2 0.6, 0.1 13 103 2.0 0.81 0.3 1.7 0.12 B
15 5 35 1.5 18-52.6 155-16.61 0.0 2.4 23 255 36.9 0.41 2.2 1.0 0.18 C
15 1 31 1.4 19-22.6 155-24.4 8.1 1.3 21 52 4.7 0.01 0.6 0.5 0.14 B

• " • •
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JAN 15 12 2 12.3 19-21.0 155- 6.3 8.0· 1.7 14 147 6.2 0.11 1.1 0.14 C
15 13 52 59.2 19-23.6 155-14.9 2.5 0.1 12 95 2.2 0.09 0.5 2.2 0.11 B
15 13 56 51.9 19-13.2 155-32.9 31.1 22 77 8.1 0.22 1.1 2.5 0.14 B
15 14 13 55.1 19-13.5 155-33.1 30.7 2.3 27 75 7.4 0.20 1.0 2.3 0.17 B
15 ·14 57 28.4 19~13.8 155-33.8 34.1 1.5 14 103 6.2 0.22 1.0 2.4 0.08 B

15 16 52 6.3 19-15.2 155- 0.4 34.2 1.1 24 221 9.8 0.24 1.4 1.9 0.12 C
16 Z 55 ·59.8 19-15.4 155-22.91 0.0 1.3 18 141 8.8 4.43 0.8 8.4 0.19 C
16 3 4S 56.0 19-18.1 155-21.31 1.9 1.2 15 108 4.5 0.07 0.4 0.8 0.11 8
16 4 1 18.9 19-18.9 155- 8.4 2.9 2.0 23 163 6.3 0.16 0.9 1.0 0.23 C
16 4 11 29.6 18-48.3 155-15.51 0.2 2.7 22 268 44.7 0.36 2.8 1.1 0.15 0

16 It 22 30.9 20- 1.0 155-18.2 8.6 1.9 19 232 14.6 0.49 2.7 2.8 0.16 0
t-& 16 15 1 59.4 19-19.6 155-11.9 5.5 2.0 22 148 5.4 0.11 0.8 0.7 0.21 C
........ 16 18 25 59.4 19-16.1 155-22.8 3.1 1.9 23 137 6.9 -0.09 0.7 0.8 0.20 8

16 18 54 51.4 19·15.2 155-23.7? 0.0 1.0 14 207 9.2 -7.22 1.6 13.6 0.25 C
16 21 10 53.5 19-19.7 155-15.2 5.7 1.7 22 140 4.0 0.07 0.5 0.5 0.15 B

16 21 17 14.0 19-19.4 155-15.1 6.8 1.6 22 143 4.1 0.01 0.5 0.4 0.13 B
16 23 20 27.1 18-52.0 155-16.5 3.9 2.4 21 256 38.0 0.30 1.1 2.5 0.13 C
17 1 38 51.2 18-47.8 155-17.5 1.0 2.5 24 268 43.9 0.32 2.7 1.8 0.14 D
17 2 53 6.8 19·15.6 155-22.11 0.0 2.1 22 155 7.2 3.91 0.1 7.4 0.19 C
17 2 55 23.1 19-15.8 155-23.21 2.8 1.5 17 160 6.3 2.34 0.9 4.4 0.19 C

17 3 o 37.9 19-20.5 155-13.8 5.6 1.4 16 174 4.2 0.11 0.8 -0.6 0.15 C
17 4 13 33.3 19-24.1 155-14.61 2.0 1.0 14 73 0.4 0.18 0.5 0.4 0.15 B
17 8 4 13.1 19-18.2 155-23.6 2.8 2.9 22 112 3.7 0.08 0.6 0.8 0.19 B
17 11 23 19.3 18-.48.1 155-18.0 8. O. -2.·6 23 -267 43.1 0.36 2.4 0.12 0
17 11 5S 26.8 19-18.3 155-24.1 2.5 1.2 14 108 3.8 0.06 0.6 1.1 0.14 8

17 17 6 11.0 19-20.5 155-13.7 5.7 0.1 21 149 4.1 0.09 0.7 0,6 0.19 B
17 19 23 4.6 19-19.7 lS5-~6.2? 4.2 2.6 20 113 12.6 0.19 1.1 2.1 0.12 C
17 19 56 35.9 18-47.4 155-17.4 8.0* 2.4 23 269 44.1 0.49 3.2 0.11 0
18 o 24 52.0 19-21.5 155-14.9 6.6 0.8 22 127 2.4 0.08 0.1 0.5 0.20 C
18 3 7 15.5 19-22.9 155-14.3 1.2 0.7 14 112 2.9 0.07 0.3 0.3 0.11 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

~AN 18 12 8 0.3 19-19.1 155-15.4 6 •• 0.1 15 205 3.9 0.21 1.3 0.7 0.18 C
18 12 32 25.1 19-18.4 155-12.31 0.0 0.9 18 180 7.5 5.48 1.0 10.3 0.23 C
18 14 49 50.0 . 19-18.6 155-11.2 2.3 0.8 11 180 6.7 0.20 1.1 1.4 0.23 C
18 16 37 41.0 19-26.4 155"29.0 4.1 1.8 14 83 11.7 0.10 0.1 1.4 0.19 C
18 16 38 43.5 19-26.6 155-28.6 7.0 3.1 24 46 11.0 0.01 0.5 0.5 0.14 8

18 11 22 23.9 19-23.0 155-14.4 1.9 1.7 19 109 2·.8 0.12 0.5 0.4 0.17 B
18 18 52 51.4 19-23.2 155-14.81 2.2 1.1 18 105 2.4 0.11 0.4 0.5 0.15 8
18 19 1 1.5 19-23.5 155-17.61 13.5 1.9 23 53 1.2 0.05 0.1 0.4 0.14 8
18 19 3 2.1 19-23.3 155-14.6 4.0 1.0 11 102 2.5 0.13 0.5 1.2 0.06 A
18 20 43 36.9 19-21.1 155-15.1 7.8 2.9 25 131 2.8 0.06 0.6 0.3 0.14 C

18 21 51 5.0 19"23.4 155-14.7 2.5 1.1 11 100 2.5 0.10 0.4 4.0 0.08 B
t-' 18 21 52 5.0 i9-23.3 155-14.4 4.5 0.5 11 106 2.6 0.08 0.4 0.8 0.06 A
00 19 3 18 48.9 19-18.1 155-12.9 6.0 1.0 13 232 8.0 0.30 1.7 0.9 0.19 C

19 6 37 42.4 19-33.5 155- 6.6 40.6 1.8 21 144 7.8 0.19 0.8 1.8 0.09 B
19 7 48 41.4 19-19.3 155-12.1 8.0* 1.4 15 172 6.0 0.08 0.6 0.08 C

19 8 37 11.1 19"19.3 155-14.7 8.0* 1.0 14 191 5.0 0.01 0.4 0.06 C
19 12 22 10.4 19-23.5 155-14.9 5.4 1.9 16 97 2.4 0.07 0.4 0.1 0.08 B
19 13 9 23.5 19-19.8 155-14.2 8.0* 1.4 11 158 5.6 0.07 0.6 0.09 C
19 13 11 16.2 19-19.6 155-13.9 8.0* 1.0 15 160 5.7 0.08 0.6 0.11 C
19 13 12 43.9 19-19.6 155-14.4 8.0* 1.1 13 160 5.4 0.09 0.7 0.13 C

19 13 18 35.2 19-24.6 155-16.0 1.3 1.0 15 69 1.7 0.06 0.3 0.3 0.11 B
19 15 35 4.2 19-10.4 155-34.1 40.2 2.0 19 106 9.7 0.21 0.8 2.1 0.10 8
19 17 52 13.4 18-58.9 155-26.4 36.9 -0.2 24 223 23.8 0.38 1.9 3.3 0.·15 C
19 18 11 4.7 18-52.9 155.. 7.1 8.0··0.5 24 261 47.6 0.50 3.2 0.17 0
19 19 4 14.8 19-24.6 155-16.77 1.8 ·0.6 8 91 0.7 0.08 0.5 0.4 0.11 B

19 19 6 11.7 19-23.4 155-14.7 2.1*-0.2 9 103 2.5 0.05 0.3 0.07 B
19 19 29 36.6 19-23.3 155-14.1 5.2 "1.4 15 102 2.6 0.08 0.4 0.8 0.07 A
19 19 34 29.2 19-23.3 155-14.9 2.1· 10 104 2.5 0.04 0.3 0.08 B
19 19 36 42.2 19-23.3 155-14.6 5.0 13 100 2.5 0.05 0.2 0.5 0.05 A
19 19 38 49.1 19"23.3 155-14.1 4.9 15 100 2.6 0.07 0.3 0.7 0.08 A

.. f It ..



'.
, • ,

SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1912 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OHIN ERT ERH ERl MD Q

JAN 19 19 40 9.4 19-23.4 15')-14.9 2.1 -1.7 10 103 2.5 0.06 0.3 0.3 0.08 A
19 19 42 38.1 19-23.2 155-15.1 2.6 -0.8 11 104 2.1 0.07 0.3 4.3 0.09 8
19 19 45 6.8 1q-23.6 155-15.1 3.9 -7.7 13 96 2.5 0.01 0.3 0.8 0.08 A
19 19 49 . 2.9 19-23.4 155-14.8 4.4 -7.8 11 100 2.5 0.09 0.3 0.9 0.06 A
19 19 58 23.2 19-23.3 155-14.8 2.0 -0.2 10 104 2.5 0.06 0.3 0.2 0.07 A

19 20 18 4.1 19-11;'0 155-31.1 46.4 1.6 2i 100 6.4 0.35 1.5 3.3 0.14 B
19 20 22 7.4 19-11.8 155-29.6 43.3 21 78 5.2 0.36 1.6 3.3 0.14 8
19 20 37 22.9 18-46.1 155-16.1 8.0.-0.4 21 271 41.0 0.42 2.7 0.13 0
19 21 36 47.6 19-23.4 155-14.6 4.3 0.3 13 99 2.5 0.06 0.3 0.1 0.07 A
19 21 55 11.2 19-24.0 155-15.1 1.8 -1.2 8 125 2.5 0.06 0.3 0.4 0.07 8

19 2i 51 32.4 19-24.0 155-15.6 1.8 -1.0 10 _ 11 2.6 0.03 0.2 0.1 0.06 A
~

19 22 19 19.1 19-23.7 155-14.8 4.8 -0.1 10 91 2.0 0.13 0.4 1.1 0.07 A
\0 19 22 34 26.4 19-24.2 155-16.2 1.7 -0.3 12 66 1.9 0.05' 0.3 0.3 0.09 B

19 22 50 16.0 19-20.0 155-11.3 8.4 1.2 13 145 4.6 0.09 0.8 1.1 0.11 8
19 23 45 32.0 19-18.5 155-15.8 8.~ 1.5 18 114 4.0 0.09 0.1 1.2 0.13 C

20 o 54 1.8 19-23.3 155-14.9 2.4 0.5 9 194 2.5 0.13 0.5 2.5 0.06 C
20 5 42 59.1 18-52.5 155-16.1 6.2 1.1 20 255 31.0 1.23 2.4 8.0 0.15 0
20 6 59 8.1 19-50.6 155-18.81 5.9 1.9 11 176 6.0 0.19 1.4 2.3 0.09 C
20 10 42 55.6 19-23.1 155-14.1 2.1 10 101 2.5 0.08 0.3 0.3 0.06 A
20 10 47 0.8 19-23.1 155-14.4 4.3 10 106 2.9 0.05 0.2 0.5 0.·03 A

20 10 51 43.1 19-23.8 155-14.9 3.1 -0.2 8 90 1.9 0.10 0.3 O.q 0.04 A
20 11 42 39.6 18-31.3 155-14.6 8.0*-4.2. 15 291 59.8 1.12 1.0 0.19 0
20 12 4 50.1 18-43.6 155-16.3 8.0*-4.6 16 285 50.3 0.67 4.3 0.14 0
20 12 14 59.0 18-44.9 155-15.1 8.0*-4.4 14 282 49.8 0.60 3.9 0.14 0
20 12 36 56.9 18-44.4 155-15.8 8.0* 1.8 16 283 50.1 0.61 3.9 0.14 0

20 13 35 32.4 18-50.3 155-18.2 21.8*-4.4 15 267 39.3 0.43 3.2 0.22 0
20 13 44 28.6 19-19.4 155-13.1 8.0* 1.9 13 166 5.9 0.07 0.5 0.09 C
20 14 27 8.4 19-23.7 155-15.1 1.1 1.9 11 91 2.2. 0.06 0.2 0.4 0.08 A
20 15 25 25.8 18-51.7 155-16.8 6.5 -0.5 12 263 38.2 1.37 2.9 8.8 0.11 0
20 16 4 6.q 19- 8.1 155-41.51 2.9 0.1 11 131 14.1 0.21 1.4 1.5 0.30 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DHIN ERT ERH ERZ MO Q

JAN 20 16 43 49.8 19"24.0 155-15.8 1.5 0.7 9 64 2.3 0.07 0.3 0.4 0.10 8
20 16 58 19.0 19-24.8 155~16.71 1.8. 0.3 7 105 0.5 0.04 0.2 0.2 0.04 B
20 17 15 2~.8 19-24.1' 155-16.0 3.2 0.9 7 107 2.2 0.06 0.1 0.6 0.02 8
20 17 16 56.2 19-23.6 155-15.1 2.8 0.8 10 96 2.4 0.09 0.4 1.6 0.08 A
20 18 8 44.6 19"23.6 155-15.3 2.1- 0.4 11 88 2.5 0.04- 0.3 0.08 B

20 18 23 19.7 19-23.8 155-15.3 1.7 0.1 9 84 2.3 0.07 0.3 0.3 0.09 A
20 18 57 49.2 19-23.7 155-15.1 2.0 0.8 10 89 2.3 0.15 0.6 0.6 0.11 B
20 21 33 41.7 19-25.3 155-16.2 1.8 -0.1 9 124 0.9 0.06 .0.4 0.3 0.09 B
20 22 4 42.2 19-19,8 155-12.9 8.2 1.6 19 145 5.0 0.07 0.5 0.3 0.11-8
20 23 18 3.8 19-23.9, 155"15 ••1 6.1 1.0 8 145 2.4 2.19 0.8 4.5 0.18 B

20 23 27 13.9 19-24.0 155-15.6 1.7 0.6 7 131 2.5 0.06 0.3 0.3 0.06 B
N 20 23 28 26.1 19"23.4 155-14.9 1.3 0.7 9 100 2.5 0.07 0.3 0.4 0.10 8
0 20 23 44 13.8 19-23.3 155-14.8 2.1* 0,9 9 104 2.6 0.04 0.3 0.06 B

21 o 37 14.3 19-25.9 155-16.1 7.3 l.~ 7 235 1.0 2.98 6.5 lS.3 0.20 0
21 o 37 40.4 19-23.0 155-14.2 3.4 0.5 7 255 .3.1 1.07 3.2 5.6 0.06 0

21 o 46 12.7 19-23.9 155-14.9 4.1 1.2 13 87 1.8 0.05 0.2 0.6 0.06 A
21 o 41 41.4 19"24.0 155-15.4 4.9 2.1 15 85 2.2 0.09 0.4 0.9 0.12 B
21 1 8 12.2 19-24.3 155-15.8 2.2* 0.6 10 77 2.l 0.03 0.2 0.06 8
21 1 8 59.6 19-24.2 155-16.0 1.6 0.4 11 62 2.2 0.04 ·0.2 0.2 0.06 A
21 1 9 37.7 19-23.3 155-14.5 1.9 1.0 11 100 2.6 0.07 0.3 0.3 0.08 A

.~

21 1 12 7.9 19-24.1 155-15.8 2.2* 0.7 11 65 2.4 0.03 0.2 0.06 8
21 1 15 33.3 19"24.2 155-16.11 2.4 0.5 7 99 2.0 0.0:3 0.2,,0.3 0.04 8
21 1 17 58.7 19-24.0 155-15.5 2.2* 0.7 7 135 2.4 0.07 0.5 0.08 C
21 1 18 46.3 19-24.1 155-15.8 2.2 0.8 7 114 2.4 0.04 0.2 0.2 0 .• 02 B
21 l 21 5.0 .19-24.0 155-15.9 1.7 0.7 9 66 2.6 0.03 0.2 0.2 O.O~ A

'. ',1

21 1 21 59.0 19-23.9 IS5-15.A' 2.2* 0.9 7 123 2.2 0.08 0.5 U.09 C
21 1 22 1 .1 19-24.1 155-15.6 4.7 2.1 16 71 2 •• 0.08 0.4 0.8 0.11 8
21 1 25 5~.5 19-24.9 155-15'.0 4.2 0.9 8 162 1.2 0.31 0.9 1.8 0.07 8
21 1 26 21.5 19-23.8 155-15.3 1.:6 0.4 8 156 2.5 0.08 0.4 0.3 0.07 8,
21 1 26 39.1 19-24.0 155-14.9 4.9 0.8 is 83 1.6 0.11 0.5 1.1 0.13 B

,t f- t., -



• • ,

_ SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAY N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ NO 0

JAN 21 1 31 33.8 19-24.1 155-15.9 2.1 0.9 12 63 2.3 0.06 0.2 0.2 0.• 06 A
21 1 34 4.3 19-24.1 155-15,9 2.2* 0.1 7 113 2.3 0.04 0.2 0.04 C
21 1 34 37.0 19-24.1 155-15.8 2,·0 0.2 1 118 2.4 0.05 0.3 0.2 0.04 8
21 1 35 55.7 19-24.1 155-15.9 2.1 1.0 8 61 2.2 0,04 0',2 0.2 0.05 ,
21 1 31 31.9 19·24.1 155-15.7 3.6 0.6 12 76 2.5 ,0.05 0.2 0.5 0.05 A

21 1 38 26.1 19-24.1 155-15.9 1.1 0.1 8 III 2.3 0.06 0.4 0.3 0.08 A
21 1 39 24.6 19-24.1 155-15.8 2.3* 0.4 7 114 ,2.3 0.03 0,2 0.04 C
21 1 40 19.6 19-23.9 155-15.7 2.3* O.T 7 128 2.4 0.08 O.S 0.08 C
21 1 40 24.3 19-24.1 155-15.0 5.0 0.8 12 80 1.5 0.18 0,7 1.5 0.13 B
21 1 40 '44.8 19-24',3 155-15.9 2.2* 0.5 8 104 2.2 0.06 0.5 0.09 B

21 1 41 2.1 19-24.1 155-15.9 1.7 0.8 8 110 2.3 0.06 0.4 0.3 0.08 A
N 21 1 41 14.1 19-24.2 155-15.8 3.5 1.1 11 80 2.3 0.07 0.3 0.9 0.08 A
~ 21 1 42 28.4 19-24.0 155-15.9 2.20 0.6 11 62 2.1 0.03 0.2 0.06 R

21 1 43 14.9 19-24.1 155-15.8 2.2* 0.6 8 112 2.~ 0.04 0.3 0.05 8
21 1 ,.9 35.7 19-24.0 155-15.5 2.1* 0.6 8 135 2.5 0.06 0,4 0.06 C

21' 2 5 18.7 19-24.2 155-16.11 1.6 -0.0 7 100 2.0 0.21 0.6 3.1 0.08 B
21 2 13 46.4 19-24.2 155-16.2 2.2* 0.2 1 95 1.9 0.03 0.2 0.03 C
21 2 23 7.8 19-23.8 155-15.3 3.3 1.1 8 84 2.4 0.13 0.4 1.5 0.05 A
21 4 34 30.8 19-24.0 155-15.6 1.8 0.9 9 69 2.6 0.05 0.3 0.2 0.07 A
21 5 25 12.8 19-23.6 155-15.0 2.7 1.0 9 94 2.3 0.10 0.3 2.1 0.06 8

21 6 22 7.0 19-24.5 155"23.5 8.0* 0.6 13 185 6.8 0.09 0.6 0.09 C
21 6 22 56.6 19-24.0 155-15.7 1.7 0.9 8 69 2.4 0.05 0.3 0.3 0.07 A
21 1 9 21.9 19-25.9 155-16.0 3.4 0.5 10 177 0.9 0.10 0.5 0.9 0 •.08 8
21 8 58, 20.4 19-2'3.6 155-15.2 2.1* 0.7 9 95 2.5 0.04 0.3 0.06 B
21 9 21 49.5 18·53.4 155-20.9 11.0* 1.8 16 254 32.2 0.35 2.4 0.13 D

21 9 28 20.6 18-46.3 155-16.3 8.0* 4.0 28 272 47.4 0.54 3.5 0.16 0
21 10 19 39.5 19-23.9 155-1'4.9 4.6 0.7 12 87 1.8 0.04 0.2 0.4 0.03 A
21 12 24 40.0 19-23.3 155-14.1 2.1* 1.1 9 106 2.7 O.~5 0.3 0.07 B
21 12 37 14.5 19·23.3 155-14.6 2.1· 1.1 9 107 2.7 0.04 0.3 0.06 8
21 13 26 46.3 19-24.0 155-15.4 4.1 0.6 15 7S 2.3 0,12 0.5 1.2 0.13 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG W DEPTH MAG '40 GAP OMIN ERT ERH ERZ "'0 Q

JAN 21 13 31 50.2 19-23.3 155-14.8 2.2* 0.9 9 105 2.5 0.06 0.4 0.08 B
21 17 5 6.6 19-23.2 155-14.5 5.5 2.5 16 103 2.7 0.06 0.4 0.6 0.10 B
21 17 20 18.0 19-20.4 155-11.8 1.7 0.9 13 156 4.1 0.09 0.8 O.S 0.12 C
21 17 52 28.9 19..19.0 155-15.2 6.1 1.3 21 146 4.3 0.08 0.6 0.5 0.14 B
21 18 31 32.9 19-23.4 155-14.6 4.4 0.4 14 97 2.4 0.07 0.3 0.8 0.08 A

21 18 36 11.6 19-23.3 155-14.7 2.0 0.7 9 104 2.6 0.06 0.3 0.2 0.07 ,.
21 18 36 37.2 19·12.8 15S- 4.2 46.2 2.3 ZS 216 13.3 0.29 i.s 2.1 0.12 C
21 19 27 36.7 19-23.2 155-14.3 5.S 1.0 16 104 2.8 0.06 0.4 0.6 0.10 8
21 19 47 50.8 19-23.9 155-15.5 1.1 0.3 10 76 2.4 0.04 0.2 0.2 0.06 A
21 21 24 53.6 19-23.2 155-15.1 0.9 0.2 12 104 2.1 0.05 0.2 0.3 0.08 A

21 21 38 27.2 19-23.6 155-14.9 2.8 0.6 12 95 2.2 0.10 0.5 2.4 0.13 B
N 21 21 43 6.8 19-23.3 155-14.6 5.4 1.0 16 102 2.6 0.08 0.4 0.8 0.09 A
N 21 23 25 21.1 19-23.3 155-15.1 1.5 0.5 12 103 2.1 0.07 0.3 0.3 0.10 B

21 23 28 51.3 19-23.2 155-15.1 1.5 0.7 13 104 2.1 0.06 0.3 0.3 0.10 8
21 23 32 9.4 19-23.1 155-15.1 1.2 1.1 9 109 2.0 0.06 0.3 0.4 0.09 A

22 0 8 19.7 19-20.8 155-11.6 25.3 1.6 25 10 1.3 0.12 o.e 1.2 0.14 8
22 o 17 50.6 19-21.0 155-11.6 24.9 1.5 22 73 1.8 0.11 0.7 1.2 0.11 R
22 2 26 15.2 19-23.1 155-14.3 3.6 0.8 11 106 2.9 0.01 0.3 1.0 0".06 A
22 2 38 46.1 19-21.0 155-12.2 8.1 1.3 20 135 2.8 0.08 0.7 0.4 0.15 B
22 2 56 52.9 19-20.1 155-11.6 8.1 0.7 12 161 4.8 0.07 0.6 1.1 0.06 C

22 4 4 53.6 19-23.7 155-15.2 1.9 0.8 9 88 2.3, 0.06 0.3 .0.2 0.08 A
22 7 7 6.8 19-23.3 155-14.7 2.0 1.0 9 104 2.6 0.13 o.s 0.5 0 •.01 A
22 7 57 9.5 19-13.7 155-22.7 2.5 2.8 2S 156 8.5 0.13 0.8 0.9 0.21 C
22 10 5 19.1 18-49.1 155-11.9 1.1~ 2.3 16 270 41.5 0.58 3.7 0.16 0
22 11 25 41.9 19~24.3 155-17.3 1.5 0.3 9 97 1.2 0.05 0.3 0.3 0.08 A

22 12 40 18.8 19-13.9 155-22.6 3.0 3.2 25 156 8.6 0.12 0.7 0.8 0.19 C
22 12 59 30.4 19- 9.9 1~S-37.3? 0.0 1 0 6 14 120 20.9 4.13 2.6 27.8 0.44 0
22 13 12 5.9 19-24.4 155-27.7 7.1 1.4 17 58 10.9 0.01 0.5 0.5 0.11 B
22 13 35 41.2 19-13.3 155-22.81 0.0 1.8 20 157 8.9 6.29 1.1 11.9 0.28 C
22 14 37 32.2 19-19.4 ISS- 8.9 8.0* 1.5 14 176 5.2 0.10 0.7 0.11 C

• " • "
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT EHH ERZ MO Q

JAN 22 15 22 23.4 18-49.6 155-11.37 29.4* 2.6 22 202 4.1 0.32 .2.3 0.19 C
22 15 46 19.0 18-38.7 1S5-15.1 8.0. 2.3 14 288 51.4 1.18 1 •• 0.19 0
22 16·20 48.9 19-34.8 155- 8.1 10.1* 1.6 9 334 21.6 5.99 ,Z9.S 0 •. 13 0
22 17 51 52.1 19-23.6 155-14.8 5.0 1.6 15 94 2.2 0.08 0.4 0.8 0.08 B
22 19 2S 0.1 19-23.5 155-15.0 1.4 0.7 10 99 2.5 0.06 0.3 0.3 0.10 f'

22 20 2 33.2 19-22.9 155-14.4 2.7 .1.0 11 112 2.9 0.08 0.3 2.1 0.07 B
22 20 5 19.4 18-50.6 155-16.1 1.7* 2.8 24 217 40.6 0.61 3.8 0.17 0
22 20 45 16.2 19-16.2 155-22.1 3.1 1.3 24 140 6.9 0.13 1.0 1.1 0.23 C
22 20 52 1.6 19-16.9 155-22.7 3.4 1.5 22 132 6.2 0.10 0.1 0.9 0.20 C
22 22 10 28.7 19-22.9 155-14.4 5.1 0.5 14 114 2.8 0.07 0.5 0.6 0.09 B

23 1 59 58.9 19-23.8 155-15.8 1.1 O.T 9 - 71 2.1 0.04 0.2 0.3 0.05 A
N 23 2 26 45.1 19-25.5 155-16.1 1.5 0.4 7 1S4 0.7 0.08 0.5 0.3 0.07 B
w 23 5 6 33.4 19-20.6 155-11.7? 8.2 1.1 17 154 3.9 0.09 0.1 0.5 0.12 C

23 7 5 48.9 20- 8.3 155-51.2 28.2 2.3 27 278 7.8 0.25 1.5 2.3 0.12 C
23 8 13 34.7 19--19.5 155-15.5 7.3 2.0 21 142 3,5 0.06 0.5 0.4 0.12 B

23 11 46 25.8 19-25.6 155-16.5 2.6 0.5 10 126 1.4 0.05 0.4 0.9 0.07 B
23 13 31 19.1 19-21.1 155--11.8 25.7 2.3 27 62 2.0 0.10" 0.7 1.1 0.13 8
23 13 53 27.4 19-16.5 155-22.3 2.9 1.2 11 137 6.9 0.11 0.8 1.2 0.20 C
23 14 25 5.3 19-25.6 155-16.8 3.7 0.9 12 130 1.3 0.09 0".5 0.8 0.10 B
23 16 15 54.8 19-25.6 155-16.5 2.5 0.6 12 152 1.4 0.04 0.3 0.7 0.07 B

23 18 28 49.9 19-18.9 155-20.4 6.5 1.2 16 144 3.6 0.13 1.0 0.7 0.18 C
23 18 46 55.9 18-51.1 155-17.31 10.8 2.5 21 259 38.6 0.42 2.4 3.2 0.18 0
23 18 56 36.3 19-13.1 155-22.11 0.0 1.6 22 158 9.4 4.75 1.0 8.9 0.24 C
23 19 23 16.7 18-47.6 155-15.5 8.0· 3.4 26 269 45.9 0.48 3.1 0.11 0
23 19 29 20.2 19-18.0 155-11.01 7.9 1.4 11 187 7.8 0.58 3.5 4.1 0.41 0

23 19 34 14.6 18-48.7 155'-16.6 8.0* 2.4 22 263 43.3 0.52 3.4 0.18 0
23 19 52 36.2 19-25.7 155-16.5? 1.9 0.5 10 126 1.6 0.09 0.4 0.3 0.01 B
23 20 2 9.1 18-46.9 155·-15.2 8.0* 2.4 20 271 47.2 0.60 3.9 0.17 0
23 20 3 59.8 18"42.6 155- 9.3 8.0· 2.0 15 293 59.4 1.31 8.2 0.19 0
23 20 5 48.4 18-50.8 155"19.5 7.2 2.6 13 277 37.5 2.01 4.7 11.4 0.14 0



SUMMARy OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JAN 23 20 18 24.4 18-51.6 155-18.4 6.8 2.6 14 262 36.9 1.29 2.8 8.1 0.12 0
23 20 47 19.7 19-18,6 155-14.4 7.9 1.8 19 152 5.9 0,07 0.5 0.4 0.12 C
23 20 49 13.0 19-25.6 155-16.9 2.0 0.6 14 124 1.2 0.08 0.5 0.3 0.13 B
23 20 S6 53,6 19-25.4 155-16,6 3.1 0.9 15 123 1.1 0.07 0.4 0.7 0.10 f'
23 21 39 28.4 19-21.9 155-25.4 6.8 1.3 17 117 4.8 0.10 0.8 0.1 0.19 B

23 21 50 41.7 19-21.6 155-25.81 0.1 1.1 23 68 5.1 1.51 0.8 5.6 0.26 C
23 22 30 32.4 19-21.2 155-17.6 21.0 1.0 12 103 3.7 0.16 1.0 1.7 0.12 8
23 22 32 30.2 19-21.1 155-11.8 21.0 1.3 15 74 1.9 0.14 1.0 1.5 0.13 B
23 22 58 13.0 19-21.3 155-17.1 21.1 1.4 15 70 2.3 0.14 0.9 1.5 0.11 B
23 23 8 12.4 19-21.1 155-18.2 24.4 1.3 21 46 2.3 0.11 0.7 1.2 0.12 B

24 0 7 42.2 19-21.1 155"18.1 23.3 1.1 15 69 2.2 O.lS 1.0 1.6 0.13 R
N 24 1 It 53.5 19-21.5 155-17.9 25.7 2.1 2S 66 2.7 0.10 0.7 1.0 0.12 B
~ 24 1 7 44.3 19-23.4 155-15.21 1.9 1.6 lO 98 2.3 0.06 0.5 0.9 0.16 B

24 2 2 28.0 19-20.5 155-14.1 3.4 0.9 14 195 4.4 0.23 1.3 1.5 0.24 C
24 2 4 12.8 19-25.6 155-16.5 2.8 1.3 11 125 1.5 0.06 0.4 0.9 0.09 B

24 2 13 36.3 19-25.3 155-16.1 2.0 0.6 10 124 1.7 0.09 0.5 0.3 0.08 B
24 2 17 52.4 19-17.5 155·12.77 0.0 1.7 20 183 9.2 7.86 1.4 14.8 0.29 C
24 2 28 35.6 19-18.7 155-15.6 5.8 1.8 20 168 4.1 0.10 O.T 0.6 0.16 C
24 3 5 50.5 19-21.9 155-25.1 6.8 1.6 17 115 4.5 0.08 0.8 0.1 0.16 B
24 4 6 9.2 19-28.3 15S-53.3 6.9 1.7 13 236 22.7 1.44 2.2 10.2 0.11 0

24 4 46 41.0 19-21.3 155-18.2 24.0 2.1 21 68 2.5 0.11 0.8 1.1 0.11 B
24 4 59 14.7 19-20.6 155-19.2 4.3 0.7 14 73 3.3 0.04 0.4 0.4 0.08 A
24 4 59 59.1 19-18.1 155-15.3 5.5 1.0 19 148 4.4 0.12 0.8 0.8 0.21 C
24 7 12 56.2 19-29.2 155-39.8 3.0 1.6 17 98 26.9 0.14 0.8 1.2 0.15 C
24 9 22 35.1 19-21.2 155-18.2 23.3 2.0 19 S2 2.5 0.11 0.1 1.2 0.10 B

24 18 37 44.0 19-16.0 155-22.6 1.0 1.8 20 140 7.3 1,44 0.9 5.3 0.22 C
24 19 48 55.6 19-21.5 155-18.1 22.7 2.0 21 58 2.9 0.08 0.6 0.8 0.09 8
25 5 21 22.1 19-20.6 155-13.1 6 •• 1.7 17 149 3.5 0.11 0.9 0.8 0.20 B
25 5 49 49.7 18-50.6 155-16.7 6.2 2.0 18 261 40.0 1.66 3.6 10.5 0.16 0
25 7 S9 31.2 19-23.2 155-14.8 2.1 0.9 8 101 2,5 0.12 0.5 0.4 0.01 A

• • " ..
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SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JAN 25 8 43 29.~ 19-24.7 155-16.61 0.9 0.3 8 141 0.8 0.14 0.4 0.3 0.11 8
25 9 18 34.0 19-24.1 155-15.8 1.9 0.8 1 118 2 •• 0.09 0.5 0.5 0.09 8
25 10 30 19.6 18-50.0 155-15.8 1.5· 2.2 18 269 41.8 0.68 4,3 0.19 0
25 10 32 3.3 19-22.1 15S-16.9 19.5 1.5 14 93 1.9 0.16 0.9 1.5 0.09 A
25 13 9 32.3 19-19.9 155-14.3 8.0· 1•.0 12 182 5.5 0.12 0.9 0.14 C

25 13 48 39.5 19-23.5 155-29.01 7.5 2.7 26 41 11.1 0.12 0.6 0.8 0.20 C
25 14 SI 50.8 19-24.9 155-11.0 1.7 0.5 9 144 0.0 0.06 0.4 0.2 0.08 B
25 15 48 57.6 19- 8.• 4 lS5~30.3 45.0 1.·8 19 158 4.8 0.43 1.8 4.1 0.11 C
25 19 24 57.9 19-23.5 155-14.4 5.0 0.7 11 103 2.2 0.10 0.4 0.9.0.07 A
25 20 1 14.2 19-25.4 155-16.2 2.0 0.4 9 125 1.7 0.10 0•• 0.3 0.07 8

2S 20 21 49.8 19-23.4 155-14.9 3._ 0.4 1·0 99 2.5 0.08 0.4 1.1 0.06 A
N 25 20 40 35.2 19-24.6 155-16.5 1.3 0.4 10 139 1.0 0.04 0.3 0.2 0.07 B
V1 25 21 22 8.3 19-19.6 155-11.4 8.6 1.1 13 169 5.3 0.09 0.7 1.5 0.08 C

25 22 3 12.1 19-24.8 155-16.4 1.4 0.6 8 ISS 1.1 0.02 0.1 0.1 0.03 B
25 23 41 13.9 19-21.0 155-17.1 25.8 1.4 16 118 1.1 0.32 2.2 3.0 0.20 C

26 1 1 12.5 19-23.9 155-15.1 2.8 1.1 8 102 1.9 0.16 O.S 1.6 0.07 A
26 5 52 .13.2 18"45.9 155-14.6 8.0· 2.7 23 273 49.4 0.69 4.4 0.22 0
26 7 15 6.7 19-23.4 155-14.9 1.4 0.6 9 101 2.5 0.07 0.4 0.4 0.11 B
26 '7 28 48.8 19-21.7 155-17.8 25.7 2.3 23 79 3.1 O.le 1.1 1.5 0.14 8
26 9 8 5.9 19-23.4 155-15.1 2.2* 0.9 10 100 2.3 0.06 0.5 0.11 B

26 9 26 36.5 19-23.6 155-.14.9 2.9 0.9 7 9S l.i 0.18 0.6 1.8 0.07 B
2·6 9 38 15.3 19-24.5 155-16.4 1.1 0.4 10 136 1.3 0.06 0.3 0.3 0.09 8
26 9 39 15.2 19-24,6 155"16.2 1.4 0.6 13 11& 1.5 0.08 0.4 0.4 0.13 8
26 11 42 22.0 19-22.7 155-26.2 6.6 1.0 21 52 6.9 0.10 0.8 0.8 0.21 C
26 15 52 39.6 19-23.7 155-14.7 5.4 1.0 16 90 1.9 0.08 0.4 0.8 0.10 8

26 18 o 22.1 19-23.2 155-14.5 3.1 0.8 11 104 2.8 0.08 0.3 1.0 0.06 -
26 20 18 51.0 19-19.6 155- 9.1 8.7 1.3 14 173 4.8 0.09 0.7 1.5 0.09 B
26 20 19 29.5 19-23.4 155--14.9 2.7 0.5 11 98 2.5 0.08 0.4 2.0 0.08 A
26 23 7 39.0 19-21.1 155-13.5 8.7 1.9 17 140 2.9 0.05 0.4 0.6 0.09 8
21 o 27 6.3 19-21.9 155-24.31 1.2 0.9 14 126 3.6 O.IA 1.1 2.2 0.27 C



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1912 HR HN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JAN 21 o 29 44.1 19-25.6 155-16.5 2.1 0.1 11 125 1.4 0.05 0.3 0.2 0.07 B
21 2 36 26.2 19-23.3 155-14.4 1.8 1.1 11 104 2.6 0.09 0.5 0.4 0.13 8
21 2 40'1':: 8 19-23~4' 1'55-'14.4 1':4 0.6 11 102 2.5 0.11' 0.5 0.5 0.16 8
21 2 41 5.9 19-23.2 155-14.3 1.9 1. 1 11 108 2.8 0.08 0.4 0.4 0.12 B
21 2 43 33.0 19-15.2 155-21.4 2.8 2.7 25 152 9.6 0.11 0.1 0.8 0.18 C

27 2 58 60.0 19-15.5 155-22.3 2.0 1.5' 20 144 1.9 1.19 0.1 4.3 0.19 B
21 3 13 16.0 19-15.9 155-22.8 2.6 1.6 21 139 6.9 0.11 0.8 1.1 0.21 C·
27 3 54 50.2 19-15.1 155-22'.6 0.5 1.8 22 142 7.4 5.60 1.0 10.6 0.25 C
21 4 1 56.1 19-16.5 155-23.4 3.3 1.2 21 131 5.7 0.10 0.8 1.1 0.22 C
21 5 21 40.4 18-51.9 155-15.8? 0.4 3.0 27 257 38.8 0.35 2.3 1.0 0.14 C

27 5 52 41.1 19-23.3 155-14.6 3.7 1.3 10 105 2.6 0.08 0.3 1.0 0.05 A
N 21 6 41 54.8 19-17.0 155-23.3 3.8 1.1 17 129 6.0 0.10 0.9 1.6 0.22 C
0\ 21 6 43 2'3.8 19-15.7 155-22.0 3.2 1.1 18 108 2.4 0.16 0.9 0.9 0.13 B

27 1 50 21.4 19-22.9 155-14.3 3.0 0.8 10 113 2.9 0.04 0.2 0.9 0.03 A
21 8 26 59.9 19-23.6 155-14.8 4.1 0.9 12 92 2.1 0.11 0.5 1.2 0.10 A

21 11 48 49.9 19-24.2 155-17.6 2.0 0.5 1 113 1.7 0.05 0.3 0.2 0.04 B
27 12 40 45.0 19-23.2 155-14.8 2.2* 1.1 9 110 2.4 0.04 0.3 0.06 B
27 13 53 1.3 19-23.8 155-15.5 3.0 1.3 15 81 2.6 0.09 0.5 1.8 0.11 8
21 15 34 1.2 19-22.5 155-22.4 6.8 1.0 16 151 4.6 0.11 0.8 0.7 0.16 C
27 15 45 13.6 19-23.3 155-14.7 4.1 1.6 11 105 2.6 0.01 0.3 0.1 0.05 A

27 15 46 52.3 19-23.4 155-14.9 2.1* 0.9 8 101 2.5 0.04 0.2 0.05 B
27 15 47 35.5 19-23.4 155-14.8 2.1 0.9 8 100 2.4 0.09 0.3 1.8 0.05 A
21 16 9 25.0 19-22.8 155-14.1 4.5 1.5 11 111 2.7 0.23 0.8 2.3 0.11 B
21 16 10 19.6 19-23.4 155-14.1 3.9 1.0 12 100 2.5 0.06 0.3 0.8 0.06 A
21 16 11 15.9 19-23.3 155-14.8 1.9 1.3 11 102 2.5 0.08 O~4 0.3 0.10 A

21 16 18 2.3 19-23.4 155-15.0 2.5 0.8 9 102 ,2.4 0.05 0.2 2.4 0.04 B
27 16 24 8.7 19-23.2 155-14.9 2.7 1.2 11 106 2.2 0.06 0.3 1.5 0.07 A
21 16 34 4.1 19-23'.3 155-14.6 4.0 0.6 11 100 2.5 0.10 0.4 1.0 0.01 A
21 16 53 40.6 19-23.3 155-14.8 3.1 1.3 11 101 2.5 0.09 0.3 1.1 0.01 A
27 16 53 40.8 19-23.3 155-14.8 2.0 0.6 8 104 2.6 0.05 0.3 0.2 0.05 A

• • • t;



• .. I.

SUMMARY Of SEISMIC EVENTS CCONTINUED)

1912 HR MN SEC lAT N lONGW DEPTH MAG NO GAP OMIN ERT ERH 'ERZ .MD Q

JAN 21 16 59 17.2 19-23.1 155-14.1 2.6 1.1 11 108 2.4 0.01 0.3' 1.9 0.01 A
21 11 11 58.2 19-23.8 1-55-14.4 3.,8 0.5 13 85 1.6 0.14 0.6 1.1 0.15 B
21 17 41 55.2 19-22.9 1~5-14.6? 5.8 1.0 16 113 2.5 0.09 0.4 0.9 0.11 8
27 18 18 59.4 19~23.2 155~14.9 2.1 0.1 9 114 2.,4 0.09 0.4 0.4 '0.05 A
21 1'8 41 15.2 19-23 .. 3 155-14.1 2.1* 0.8 9 104 2.6 0.05 0.3 0.08 8

21 18 57 10.3 19-23.3 155-14.8 1.4 0.8 11 102 2.5 0'.08 0.4 0.4 0.14 B
21 20 50 22~2 19-23.6 155-15.0 2.1 0.9 9 95 2.3 0.11 0.4 2.2 0.01 ,6
27 21 32 4.0 19-26.0 155-16.1 3.1 0.8 7 247 1.9 0.35 1.3' 1.1 0.01 C
28 o 58 26.1 19-23.4 155-14.9 3.0 0.7 9 102 2.5 0.14 0.5 2.2 0.08 B
28 1 6 29.2 19-23.1 155-14.6 2.8 0.9 '9 113 2.7 O~lO 0.3 2.0 0.06 A

28 1 58 13.2 19-23.3 155-14.1 2.1* 0.9 9 106 2.6 0.05 0.3 0.01 6
N 28 2 57 31.9 19-19.8 155-11.9 9.3 1.1 15 165 5.1 0.01 0.5 1.0 0.08 8
....... 28 3 8 4.7 19c-23.4 155-15.8 3.6 1.1 1-5 11 1.9 0.15 0.1 1.9 0.19 B

28 3 15 12.7 19-23.3 155-14.1 2.4 0.6 10 104 2.6 0.06 0.3 4.0 0.06 B
28 4 29 57.5 19- 2 1 • 8 15'5-1 7 • 1 23.6 1.2 15 96 3.1 0.14 0.8 1.4 O.Oq A

28 5 13 18.2 19-23.0 155-14.5 3.2. 1.2 9 116 2.6 0.10 0.3 1.3' 0.05 A
28 5 16 49.1 19-23.2 155-14.6 2.1* 0.1 10 109 2.7 0.04 0.3 0.07 B
28 5 19 58.3 19-23'.3 155-15.0 2.5 0.1 9 III 2.3' 0.06 0.3 1.4 0.04 A
28 5 40 14.1 19-23.2 155-14.7 2.7 0.8 10 109 2.5 0.06 0.3 2.4 0.06 B
28 5 54 37.9 19-23.3 155-14.1 2.1* 0.3 9 106 2.6 0.05 0.3 0.07 B

28 5 51 55.4 19-23.2 155-14.5 2,.1*,0.6 1 101 2.7 0.05 0.4 o. 0 1~ C
28 6 13 46.4 19-23.0 155-14.4 3.1 0.6 10 109 2.8 0.09 0.4 1.6 0.01 A
28 6 17 34.9 19-23.4 155-14.8 2.5 0.8 9 103 2.6 0.08 0.3 1.8 0.06 A
28 6 19 54.7 19-23.0 155-14.5' 3.0 1.0 8 114 2.8 0.10 0.3 1.3 0.04 A
28 6 20 33.4 19-22.9 155-14.1 2.0 0.8 10 112 2.4 0.08 0.3 0.3 0.01 A

28 6 21 38.9 19-23.3 155-14.8 2.0 0.9 6 111 2.5 0.03 0.1 0.1 0.01 B
28 6 27 15.3 19-23.3 155-14.3 2.1* 0.8 11 101 2.5 0.08 0.6 0.13 B
28 6 28 3.9 19-23.4 155-15.1 1.2 1.0 8 181 2.3 0.07 0.4 0.3 0.06 B
28 6 36 2.3 19-23.3 155-14.5 5.2 0.5 12 101 2.6 0.09 0.3 0.1 0.06 A
28 6 37 57.8 19-23.2 155-14.5 2.1* 1.0 9 109 2.8 0.04 0.3 0.06 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JAN 28 6 40 0.9 19-23.2 155-14.8 2.1* 1.0 10 101 2.5 0.04 0.3 0.08 B
28 6 41 11.5 19-23.1 155-14.7 5.2 1.2 14 108 2.4 0.06 0.4 0.5 0.08 8
28 6 42 4.9 19-23.1 155-14.1 2.1* 1.0 9 112 2.5 0.04 0.3 0.06 8
28 6 43 37.2 19-23.4 155-14.7 2.0 1.1 13 99 2.5 0.01 0.3 0.3 0.09 B
28 6 45 32.8 19-23.3 155-15.1 2.4 1.2 11 102 2.2 0.08 0.3 1.3 0.09 A

28 6 46 31.3 19-23.2 155-14.1 3.4 0.8 14 101 2.7 0.06 0.3 1.1 0.09 A
28 6 48 32.0 19-23.3 155-14.7 3.3 1.1 8 105 2.6 0.13 0.4 1.7 0.06 A
28 6 48 59.0 19-2 3. 3 155- 14 •. 5 4.8 0.6 13 100 2.5 0.08 0.3 0.8 0.08 A
28 6 49 54.1 19-22.9 155-14.6 1.5 0.5 12 112 2.4 0.·06 0.3 0.3 0.10 A
28 1 13 40.1 19-23.1 155-14.1 2.1* 0.9 9 110 2.5 0.04 0.3 0.06 B

28 1 14 32.6 lq-23.2 155-14.6 2.6 0.8 9 108 2.1 0.17 0.6 2.9 0.09 B
N 28 7 15 59.9 19-23.4 155-14.9 2.0 1.2 11 100 2.4 0.10 0.3 0." 0.01 A
OJ 28 1 19 9.6 19-23.0 155-14.3 4.6 1.9 13· 110 3.0 0.20 0.8 2.2 0.21 B

28 7 21 26.0 19-23.1 155-14.6 2.3* 0.8 10 110 2.1 0.03 0.2 0.05 B
28 7 21 56.9 19-23.3 155-14.5 5.6 1.4 16 100 2.5 0.06 0.4 0.5 0.09 B

28 7 24 25.5 19-23.2 155-14.7 2.9 0.9 10 108 2.6 0.06 0.3 1.3 0.05 A
28 7 24 53.0 19-23.3 155-14.2 1.8 1.1 10 114 2.5 0.10 0.6 0.5 0.15 B
28 7 26 12.4 19-23.3 155-14.8 3.1 1.2 10 102· 2.5 0.13 0.5 1.8 0.01 A
28 1 21 34.0 19-23.0 155-14.8 1.8 0.9 9 115 2.2 0.06 0.3 0.3 0.09 A
28 1 28 ·3.8 19-23.2 155-15.1 2.8 1.0 11 104 2.0 0.08 0.3 1.2 0.08 A

28 1 29 21.1 19-23.1 155-14.1 3.1 1.1 10 108 2.5 0.09 0.3 1.3 0.06 A
28 7 30 32.2 19-23.2 155-15.0- 2.3* 0.8 11 106 2.2 0.03 0.2 0.01 B
28 7 .31 13.0 19-23.1 155-14.8 1.6' 0.5 10 113 2.3 0.08 0.4 0.3 0.11 B
28 1 32 1.7 19-23.1 155-14.8 2.0 0.8 10 108 2.2 0.09 0.3 0.3 0.01 A
28 7 33 18.9 19-2,3.4 155-14.6 1.2 0.1 11 99 2.5 0.12 0.5 0.6 0.11 B

28 1 34 15.1 19-23.1 155-14.1 2.1* 1.4 8 111 2.5 0.05 0.3 0.06 B
28 1 34 42.8 19-23.0 155-14.5 2.0 1.2 10 109 2.7 0.06 0.3 0.3 0.01 A
28 1 36 13.1 19-23.1 155-15.0 2.1 1.0 11 101 2.1 0.07 0.3 1.5 0.08 A
28 7 37 2.1 19-22.9 155-14.9 1.0 0.9 11 113 2.0 0.05 0.2 0.3 0.08 A
28 7 38 41.5 19-23.4 155-15.0 1.3 0.6 9 106 2.5 0.01 0.4 0.4 0.11 B

• 4& • 1\
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG W OEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JAN 28 7 40 12.8 19-23.1 155-14.7 2.8 1.1 10 101 2.5 0.07 0.3 1.4 0.05 A
28 1 41 10.0 19-23.1 155-14.9 2.1* 1.2 9 93 2.1 0.05 0.3 0.01 B
28 7 44 36.7 19-23.2 155-14.8 2.1* 0.8 9 106 2.5 0.05 .0.3 0.01 8
28 1 49 21.8 19-23.1 155-15.0 4.2 : 1.'3 12 109 2.0 0.10 0.4 1.1 0 •. 08 A
28 7 '50 27.4 19-23.2 155-14.8 2.3* 0.1 8 122 2.5 0.07 0.5 0.01 C

28 7 50 38.7 19-23.4 155-15.0 2.1 0.8 9 103 2.4 0.12 0.5 0.5 0.08 A
·28 7 50 54.4 .19-21.2 155-10.0 12.2* 1.1 1 332 10.0 1..'01 6.6 ; 0.12 0
28 7 56 15.6 19~23.5 155-15.0 3.0 1.1 9 91 2.4 0.10 0.3 1.6 0.06 A
28 8 19 0.1 19-23.4 155-14.8 2.8 11 99 2.5 0.06 0.5 1.2 ,0.14 B
28, 9 51 18.1 19-25.0 155-11.1 2.6 1.3 12 111 0.2 . 0'.07 0.5 0.9 0.11 B

28 9 58 53.1 19-21.1 155-13.9 6.3 1.0 16 159 3.3 0.13 0.8 0.1 0.15 C
N 28 10 14 16.1 19-23.1 155-14.4 3.8 1.8 18 106 2.9 0.06 0.5 0.1 0.13 8
\0

28 10 31 12.6, 19-23.3 155-15.1 2.5 1.1 11 101 2.2 0.08 0.3 1.4 0.08 A
28 11 1 12.3 19-23.9 155-15.2 2.1 1.0 9 84 2.2 0.06 0.2 .0.3 0.04 A
28 16 34 7.9 19-22.4 155-15.7 28.6 24 111 0.4 0.12 0.8 1.3 0.11 B

28 21 7 15.1 19-18.3 155-16.0 3.5 1.1 21 146 4.6 0.14 0.9 1.1 0.22 C
29 2 14 49.5 18-45.8 155-16.6 12.8 4.1 30 214 41.1 0.30 3.4 7.2 0.16 0
29 3 11 48.6 19-19.8 155-12.61 3.6 1.6 24 146 4.9 0.15 1.0 1.3 0.31 C
29 3 57 16.1 19-20.4 155- 8.8 4.3 1.5 20 160 3.5 0.13 0.9 0.9 0.19 C
29 4 24 34.4 19-44.3 156- 9.0 47.1 3.1 27 251 33.2 0.38 1.8 2.9 0.10 C

29 5 30 12.8 19-19.9 155- 1.0? 0.1 2.5 28 147· 6.4 4.81 1.2 9.1 0.29 C
29 9 10 28.4 18-48.4 155'-21.0 0.4* 2.8 18 211 38.5 0.69 4.4 0.20 0
29 10 11 36.5 19-20.6 155-19.6 3.4 1.3 12 104 4.0 0.14 0.5 4.3 0.08 B
29 10 22 50.7 18-49.2 155-20.5 0.6* 2.8 13 281 38.5 0.77 4.8 0.16 0
29 16 o 52.6 18-52.1 155-19.0 6.7 2.7 17 260 35.7 1.22 2.6 1.6 0.13 0

29 16 24 .53.4 19-19.0 155-13.41 8.0 2.0 20 150 6.6 0.01 0.5 0.3 0.11 B
29 17 8 25.0 19-15.9 155-21.8 6.9 1.6 19 144 6.1 0.08 0.7 0.5 0.16 B
29 20 44 52.9 19-19.3 155- 8.3 1.0 2eO 23 159 5.8 1.25 0.9 4.5 0.24 C
Zq 22 49 16.6 19-20.5 155- 1.9 4.2 1.4 17 158 4.4 0.13 0.9 1.0 0.11 C
29 22 56 33.9 18-46.0 155-16.2 8.0* 2.8 25 273 48.0 0.49 3.2 0.15 0



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

JAN 30 2 15 29.2 19-15.6 155- 8.5 35.3 1.1 13 235 12.2 0.37 1.8 2.1 0.08 C
30 3 2 34.4 18-53.5 155-16.11 11.1 2.8 22 252 36.0 0.30 1.1 2.3 0.13 C
30 5 51 44.4 19-46.6 156- 4.8 31.8 2.2 21 240 27.2 0.32 1.1 2.9 0.10 C
30 6 51 56.8 19-23.8 155-14.8 5.0 1.9 16 87 1.8 0.07 0.4 0.7 0.09 A
30 14 19 50.2 19-22.1 155-25.4 8.0* 1.5 11 69 5.2 0.10 0.9 0.19 8

30 14 25 16.0 19-23.2 155-24.5 2.7 1.6 18 68 5.8 0.11 0.8 1.6 0.24 C
30 15 19 25.4 19-23.4 155-24.1 8.0* 1.5 19 10 6.1 0.09 0.8 0.16 C
30 16 31 44.3 19-20.0 155-15.2 6.6 0.1 15 139 3.9 0.09 0.8 0.1 0.16 8
30 17 38 52.9 19-18.5 155-14.8 6.1 1.1 18 151 5.5 0.10 0.7 0.6 0.16 C
30 21 18 52.0 19-20.4 155-18.9 6.5 0.7 12 71 2.7 0.14 0.5 1.4 0.10 A

30 22 28 30.6 19-10.5 155-22.4 43.1 1.6 20 179 9.1 0.21 1.2 2.6 0.11 C
UJ 31 o 35 23.q 19-23.2 155-24.0 9.3 1.3 19 68 5.6 0.04 0.4 1.0 0.09 B
0 31 1 49 5.1 19-10.4 155-36.4 8.5 1.5 11 99 8.3 0.09 0.9 1.2 0.16 B

31 2 22 40.0 19-19.6 155-14.3 8.0* 1.2 16 161 5.6 0.08 0.7 0.13 C
31 13 24 46.1 19-16.6 155-23.3 4.0 1.8 14 131 6.6 0.08 o.e 1.0 0.17 B

31 15 53 49.9 19-20.0 155-24.9 5.8 1.9 19 86 11.3 0.08 0.7 0.1 0.11 8
31 21 15 41.8 19-19.8 155- 8.4 8.0* 1.2 15 110 4.9 0.13 1.1 0.16 C
31 22 18 53.6 19-20.4 155-11.91 1.5 1.3 18 141 4.1 0.08 0.1 1.4 0.14 B

FEB 1 3 5 57.1 19-20.9 155-16.2 34.8 1.5 19 123 2.6 0.12 0.8 1.2 0.08 B
1 10 32 54.9 19-14.4 155-20.91 0.0 2.2 22 15"1 1.6 4.01 0.1 7.1 0.18 C

1 12 16 54.3 19-22.3 155-23.8 8.1 1.4 19 112 4.0 0.08 0.6 0.5 0.14 B
1 12 20 31.3 19-20.9 155- 8.3 6.4 1.5 18 131 3.4 0.10 0.8 0.1 0.19 B
1 13 52 37.1 18-49.1 155-18.3 0.1* 2.9 24 264 41.2 0.39 2.5 0.15 0
1 18 11 55.7 19-19.8 155- 8.4 8.0* 1.3 13 110 4.9 0.12 1.1 0.15 C
1 23 52 41.3 19-19.1 155-15.4 6.1 1.0 14 110 3.8 0.10 0.8 0.6 0.15 C

2 o 13 1.9 19-23.4 155-17.1 12.1 2.1 22 55 0.2 0.06 0.7 0.6 0.13 8
2 o 24 7.8 lq-22.4 155-14.2 3.3 0.9 11 128 2.7 0.09 0.4 1.4 0.06 B
2 o 30 49.7 20-32.4 156-30.6 95.4* 2.5 11 326 88.9 0.95 6.9 0.15 0
2 1 50 56.8 19-21.9 155-18.0 4.6 1.2 15 74 3.4 0.04 0.3 0.4 0.09 A
2 2 1 53.4 19-21.1 155-20.1 31.q 1.1 23 57 4.8 0.14 0.9 1.5 0.12 B

• • • ,
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC lAT N LONG W OEPTH HAG NO GAP DHIN ERT ERH ERZ MO Q

FEB 2 5 53 31.0 19-12.3 155~36.5? 10.1 3.3 19 227 5.0 0.15 1.2 0.1 0.10 C
2 5 51 12.5 19-22.3 155-18.0 1.6 0.5 9 124 2.8 0.06 0.3 0.2 0.06 8
2 1 51 43.1 19-22.0 155-10.6 5.2 1.3 13 159 1.4 0.19 1.1 0.8 0.16 C
2 12 14 36.1 19-14.1 155- 8.0 31.0 18 204 14.0 0.28 1.5 2.2 0.11 C
2 18 4 55.5 19-21.9 155-18.0?' 1.1 1.0 20 75 3.2 0.16 0.4 0.6 0.12 8

2 18 9 44.4 '19-19.6 155- 7.6 1.1 2.0 20 114 6.1 1.08 1.0 3.9 0.20 C
2 20 18 41.3' 19-21.3 155-25.11 1.9 1.5 21 74 4.1 0.09 0.6 0.6 0.16 B
2 20 20 40.1 19-19.1 155-11.9 6.9 1.3 11 161 5.3 0.13 0.9 0.7 0.19 C
2' 20 29 48.4 19-22.3 155-23.9 8.0 2.2 21 51 4.0 0.08 0.6 0.6 0.15 B
3 o 21 2.3 19-20.1 155-25.6 4.1 0.1 18 81 4.1 0.09 0.8 0.9 0.22 B

3 1 2 11.3 19-25".9 155-41.4 5.4 1.9 21 '145 20.3 0.11 1.1 1.2 0.19 C
w 3 1 Zq 40.4 19-14. 1 1 55- 8. 3 36.8 1.5 14 202 14.2 0.11 0.9 1.4 0.07 B
..... 3' 2 3 48.9 lQ-33.0 155- 1.4 8.0* 1.1 12 257 8.1 0.55 3.8 0."19 0

3 5 11 19.1 19-13.9 155- 1.2 39.7 2.1 22 203 13.4 0.21 .1. 1 1..1 0.10 C
3 6 43 12.9 19-18.8 155-13.0 5.9 1.1 21 154 6.8 0.12 0.8 0.1 0.18 C

3 6 57 59.1 1 9 - 2 3'. 5 1 5 5- 1 5. 1 2.3* 0.1 10 99 2.4 0.04 0.3 0.01 B
3 7' 4 51.1 19-20.2 155-12.2 5.6 2.6 25 139 4.2 0.10 0.7 0.6 0.21 C
3 8 45 16.5 '18-42.9 155-19.5 8.0* 2.1 11 281 46.4 0.52 3,.4 0.13 0
3 9 51 48.5 19-19.0 155-12.1 8.0* 1.5 13 177 6.5 0.13 1.0 0.14 C
3 12 10 12.5 19-22.4 155-13.3 6.0 0.9 13 123 1.1 0.08 0.5 0.1 0.11 B

3 14 31 39.4 19-21.8 155-13.0 5.8 1.2 13 133 1.3 0.09 0.1 0.7 0.13 B
3 16 26 34.8 lq-23.5 155-24.4 7.1 1.9 24 55 6.4 0.08 0.1 0.6 0.20 B
3 11 2 21.1 19-19.8 1'55-14.0 8.0* 1.1 18 142 5.4 0.01 0.5 0'.12 C
3 17 25 21.5 19- 8.8 155-21.8 36.4 1.6 14 111 1.3 0.32 1.6 3.3 0.11 C
3 20 50 1.4 19-20.3 155-19.1 5.3 1.2 14 100 3.0 0.08 0.4 0.6 0.09 A

4 o 23 21.0 19-22.0 155-18.4 1.5 0.8 10 75 3.6 0.12 0.3 0.4 0.07 A
4 1 45 46.9 19-21.6 155-24.01 8.2 2.1 20 60 2.9 0.07 0.6 0.5 0.16 B
4 1 54 53.4 19-19.8 155-15.9 6.1 1.0 11 139 2.1 0.07 0.6 0.5 0.12 8
4 1 57 14.4 18-56.6 155-26.8 33.6 3.0 24 236 23.4 0.33 1.8 2.8 0.14 C
4 3 11 8.8 19-18.3 155-15.41 8.1 1.5 18 179 4.8 0.09 0.7 0.4 0.11 C



SUMMARY Of SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W OEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

FEB 4 3 25 6.1 19-19.6 155- 8.1 3.6 2.3 20 156 5.5 0.15 0.9 1.0 0.23 C
4 3 48 2.1 19-21.1 155-11.5 28.5 1.2 14 82 1.9 0.19 1.2 1.9 0.12 B
4 4 6 3.2 19-21.5 155-11.9 29.5 3.2 26 64 2.1 0.13 0.8 1.3 0.14 B
4 4 31 8.0 18-56.5 155-21.21 42.0* 1.8 21 241 26.7 0.17 1.5 0.12 0
4 4 31 57.1 19-21.8 155-17.1 28.0 1.3 12 73 3.1 0.30 1.5 2.8 0.11 B

4 5 3 23.6 19-22.3 155-20.81 8.0* 0.8 10 115 5.8 0.21 1.8 0.21 B
4 5 3 46.3 19-21.9 155-11.9 24.4 1.2 12 68 3.2 0.35 1.9 3.4 0.14 B
4 5 5 54.0 19-21.5 155-18.3 24.6 1.6 14 14 3.0 0.19 1.1 1.9 0.12 B
4 5 36 23.2 19-22.1 155-12.1 4.4 1.1 13 131 0.1 0.07 0.4 0.9 0.08 B
4 6 43 16.2 19-22.0 155-18.2 1.5 0.6 9 78 3.4 0.05 0.3 0.3 0.05 A

4 6 52 53.5 19-20.1 155- 1.4 3.7 2.2 18 139 5.1 0.12 0.9 0.9 0.16 C
w 4 1 5 27.1 20- 5.4 156-12.1 8.0* 1.6 13 319 97.9 2.30 13.8 0.11 0
N 4 7 50 29.6 19-21.5 155-18.2 25.1 1.1 14 12 2.9 0.19 1.0 1.8 0.11 B

4 13 10 42.1 19-17.0 1')5-13.5 29.4 2.6 22 160 8.9 0.15 0.9 1.5 0.13 C
4 15 36 27.7 19-21.8 155-11.6 6.2 0.8 14 11 3.0 0.09 0.6 0.1 0.15 B

4 16 14 26.9 19-28.8 155-11.6 8.0* 1.5 11 222 9.4 0.36 2.3 . 0.23 C
4 21 1 30.4 lq-19.5 155-11.4 30.3 2.4 18 129 1.1 0.21 1.2 2.1 0.14 B
5 8 o 39.3 19-19.3 155-15.5 6.5 0.1 13 182 3.6 0.14 0.9 0.80.14-C
5 13 36 42.7 19-24.2 155-15.0 11.8 1.0 17 82 1.4 0.06 0.4 0.6 0.06 A
5 14 11 23.6 19-22.8 155- 2.7 8.0* 1.6 8 129 5.4 0.18 1.6 0.21 C

5 18 8 51.0 19-22.1 155-12.6 4.5 0.1 11 130 0.6 0.09- 0.5 1.1 0.10 B
5 18 50 23.5 19-21.9 155-13.3 2.1 0.8 9 144 1.4 0.05 0.3 0.2 0.04 B
5 18 59 29.0 19-21.2 155-11.5 8.6 1.2 16 134 3._0 0.01 0.6 1.1 0.11 B
5 19 6 23.4 19-20.5 155-11.0 9.1 0.9 _ 12 151 3.5 0.08 0.6 1.1 0.01 B
6 o 11 5-S. 1 19-19.9 155-:13.1 7.8 1.0 19 143 4.1 0.01 0.6 0.4 0.12 B

6 1 22 43.1 19-20.6 155-13.4 8.0* 13 148 5.5 0.08 0.7 0.11 C
6 8 26 46.4 19-24.2 155-16.11 2.2 0.-9 7 99 2.0 0.09 0.4 0.5 0.09 B
6 9 41 14.1 19-22.6 155-24.61 8.2 2.3 22 68 4.9 0.08 0.5 0.5 0.13 B
6 11 41 55.6 19-22.3 155-12.9 5.7 0.6 11 139 0.5 0.05 0.4 0.4 0.06 B
6 13 50 15.6 18-50.1 155-16.8 5.2 2.2 12 262 40.8 1.30 2.9 8.1 0.13 0

• « " •
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SUMMARY Of SEISMIC EVENTS (CONTINUED)

'1912 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERr ERH ERZ MO Q

FEB 6 23 21 19.8 19-19.9 155-13.2 7.6 1.3 15 159 4.8 0.·10 0.8 0.6 0.15 C
6 23 26 10.3 18-46.8 155-17.8 8~O* 2.5 16 277 44.9 0.45 3.0 0.11 0
7 o 15 39.9 18-49.5 155-17.8? 0.3 2.6 21 264 41.0 0.68 4.6 20.2 0.21 0
1 o 57 21.2 18~44.5 155... 15.8 4.9 2.3 16 302 49.9 0.42 7.4 7.8 O.llt 0
7 16 24 32.7 19-25.9 155-27.5 7.5 1.5 20 113 10.3· 0.10 0.6 0.6 0.14 B

7 17 :3 30.1 19-20.5 155-12.6 7.5 2.1 20 140 3.7 0.09 0.8 0.5 0.16 C
7 11 35 41.1 19-21.8 155-12.4 5.4 0.6 12 135 1.2 0.08 0.5 0.7 0.11 B
1 18 1 36.1 19-22.1 155-13.0 6.0 0.9 14 129 0.9 0.06 0.5 0.5 0.09 8
7 18 16 0.6 19-18.3 155-14.5 8.0* 0.9. 14 153 6.0 0.07 0.6 0.10 C
7 22 28 58.0 19-22.4 155-24.0 6.1 1.3 16 126 4.1 0 •. 07 0.6 0.6 0.13 B

7 23 58 18.9 19-17.5 155-14.1 6.8 2.1 22 156 1.5 0.14 0.9 0.8 0.19 C
w 8 1 8 48.8 18--49.9 155-19.1 3.3 1.9 18 262 38.9 1.52 3.3 9.4 0.18 0
w

8 1 16 8.0 18-48.4 155-17.6 8.0* 2.8. 19 266 4~.8 0.45 3.0 0.14 0
8 1 42 39.7 19-19.8 155-12.0 4.1 2.4 20 147 5.1 0.15 1.0 1.3 0.28 C
8 1 45 9.1 19-21.2 155-13.1 1.6 1.2 14 156 2.4 0.09 0.9 0.6 0.13 C

8 1 58 23.9 19-19.6 155-15.4 8.0 2.6 20 139. 3.5 0.06 0.5 0.4 0 .. 13 B
8 5 56 55.1 19--18.6 155-14.6 8.0* 1.1 13 178 5.1 0.11 0.8 0.13 C
8 7 19 27.7 19-21.5 155-12.6 1.2 0.6 14 138 1.1 ·0.01 0.1 0.5 0.12 B
8 7 33 8.4 19-20.2 155-16.8 6.5 0.8' 12 166 1.0 0.07 0.5 0.4 0.09 B
8 10 13 1.1 18-46.1 155-18.4 8.0* 2.7 16 2'13 44. 7 0.52 3.4 O.llt 0

8 14 22 35.0 19-22.4 155-25.5 8.0* 1.1 13 185 10.4 0.15 1.1 0.18 C
8 14 56 44.9 19-22.9 155-23.4 5.1 1.3 12 184 4.9 0.16 0.8 1.1 0.10 C
8 18 10 11.0 19-2'0.5 155-12.1 1.3 1.8 18 140 3.1 0.09 0.8 0.6 0.11 B
8 19 3 47.4 19-15.9 155-18.9 29.1 1.8 22 155 3.8 0.13 0.7 1.3 0.11 C
8 20 45 14.8 19-23.4 155-24.9 1.4 1.0 17 120 6.5 0.10 0.1 0.5 0.11 B

8 23 10 34.2 18-'t9.3 155-18.3 8.0* 2.6 14 264 41.0 0.31 2.0 0.10 D
8 23 18 19.1 19-21.8 155-24.8 4.1 2.4 23 66 4.0 0.09 0.8 0.9 0.26 B
8 23 20 9.2 19-21.7 155-24.9 4.5 1.9 21 61 4.0 0.08 0.1 0.9 0.21 B
8 23 21 49.8 18-43.5 155-11.4 8.0* 2.3 12 290 48.7 0.98 6.2 0.14 0
8 23 29 1.6 18-47.1 155-17.8 8.0* 2.5 13 270 44.4 0.61 4.0 0.16 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO G.~P DMIN ERT ERH ERZ MO Q

FEB 8 23 30 29.7 18-49.1 155-18.4 8.0* 2.6 13 265 41.2 0.28 1.8 0.09 0
8 23 35 8.9 18-48.4 155-17.9 8.0* 2.6 15 261 42.8 0.34 2.2 0.11 0
9 o 28 57.1 18-48.7 155-17.2 8.0* 2.4 18 266 42.1 0.53 3.5 0.16 0
9 2 54 11.5 1q-22.5 155-28.1 4.2 1.8 17 133 9.4 0.11 0.1 1.2 0.17 B
9 3 6 20.9 19-13.8 155-21.5 8.6 1.5 21 110 5.0 0.06 0.8 1.0 0.16 8

9 4 51 54.9 19-13.3 155- 6.8 38.0 1.1 15 206 11.0 0.25 1.4 2.2 0.11 C
9 b 3 6.1 18-48.3 155-17.8 8.0* 2.6 14 261 42s9 0.38 2.5 0.12 0
9 7 3 44.6 18-52.6 155-20.9 5.1 2.5 17 257 33.5 1.33 2.8 8.7 0.14 0
9 18 54 16.9 18-51.2 155-18.6 11.0* 2.9 16 259 37.4 0.31 2.5 0.21 0

10 3 13 6.9 18-46.2 155-17.5 8.0* 2.1 14 213 45.9 0.41 2.1 0.11 0

10 9 22 55.4 1Q-20.0 155-14.1 8.0* 0.1 13 150 4.8 0.11 0.8 0.16 C
w 10 13 o 10.4 19-14.9 155- 4.6 42.9 2.5 20 226 9.6 0.23 1.2 1.7 0.08 C
~ 10 15 12 33.9 19- 6.0 155-14.2 6.0 12 247 23.4 1.96 3.6 11.3 0.22 0

10 15 54 2'7.8 19-24.1 155-24.4 4.3 1.2 15 130 1.4 0.14 0.9 1.3 0.22 C
10 11 1 22.4 18-41.3 155-17.5 8.0* 2.7 17 270 4408 0.48 3.2 0.15 0

10 23 17 22.3 19-14.2 155- 7.2 40.5 2.• 8 21 202 12.9 0.27 1.5 2.3 0.14 C
1 1 4 53 8.7 18-50.9 155-16.1 1.8* 2.6 14 260 39.6 0.41 3.1 0.16 0
11 7 51 40 •.5 19-16.5 155-18.1 26.3 2.1 16 188 2.8 0.20 1.4 1.9 0.13 C
11 11 31 3.6 19-18.8 155-12.1 2.6 1.7 21 111 6.8 0.18 l~O 1.3 0.26 C
12 9 38 29.3 19-21.3 155-23.8 6.1 2.0 18 55 2.3 0.09 0.9 0.9 0.21 C

12 18 18 48.q 19-20.5 155-17.2 32.1 2.5 22 115' 0.7 0.15 0.9 1.5 0.13 B
12 19 52 51.1 lq-21.7 155-15.1 23.8 1.1 16 123 1.9 0.13 0.9 1.3 0.10 B
12 22 4054.6 19-23.2 155-28.1 4.5 1.8 21 57 10.1 0.09 0.1 1.0 0.21 C
12 23 28 27.5 18-59.8 155-14.1 30.2 2.6 21 240 34.5 0.31 2.1 3.7 0.13 C
13 .5 23 37.5 19-19.1 155-11.0 7.1 0.6 11 111 1.0 0.09 0.7 0.4 0.09 C

13 12 26 2.9 19-25.5 155-29.2 6.7 2.3 18 68 13.0 0.09 0.7 0.1 0.11 B
13175541.9 lQ-20.3 155- 8.9 .3. 'i 2.1 23 1.45 10.5 0.12 0.8 0.8 0.21 C
14 4 10 3.7 19-25.6 155-50.6 5.0 2.4 13 112 18.0 0.22 1.8 3.0 0.11 C
14 11 12 54.9 19-19.4 155-14.1 4.6 1.0 17 168 4.9 0.12 0.8 0.9 0.18 C
15 3 7 16.8 18-44.0 155-17.2 8.0* 2.5 16 278 48.5 0.78 5.0 0.19 0

.. .. '. ~
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SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1912 HR MN SEC lAT N LONG ~ DEPTH MAG NO GAP DMIN ERr ERH ERI MD Q

FEB 15 3 18 4.5 18-41.1 155-17.6 8.0* 2.2 15 ·284 51.1 0.98 6.2 0.19 0
15 16 o 25.4 19-18.8 155-15.5 9.3 2.1 15 148 4.2 0.01 0.5 1.1 0.09 B
15 16 '36 35.8 18-52.0 155-16.9 2.8 2.1 12 262 31.6 1.21 2.8 1.5 0.11 0
15 22 11 4.5 19-24.4 155-25.7 5.5 1.5 13 169 8.8 0.12 0.7 1.1 0.13 C
15 23 2 0.9 19-20.1 155- 1.1 8.0* 1.5 13 161 6.1 0.11 1.0 0.12 C

16 2 51 59.4 19-18.9 155-13.9 8.0* 1.2 14 201 6.4 0.14 0.9 0.12 C
16 3 52 31.6 19-20.0 1155-13.7 8.0* 1.0 12 156 5.9 0.08 0.6 0.10 C
16 6 5 33.4 19-22.3 155-28.91 8.6 3.1 25 59 10.6 0.13 0.6 1.0 0.11 C
16 11 14 42.9 18-49.1 155-19.21 28.4* 3.4 24 268 39.5 0.43 2.9 0.20 0
11 12 41 26.2 18-46.5 155-17.2 8.0* 2.8 11 278 46.0 0.66 4.2 0.17 0

11 13 11 56.6 19-22.1 155-24.1 1.8 4.0 24 54 4.3 0.09 0.6 0.1 0.16 B
11 1& 42 23.5 19-23.0 155-23.81 1.9 2.5 22 97 5.2 0.07 0.5 0.5 0.14 B

w 17 18 35 0.1 19-22.6 155-25.8 4.8 1.3 11 53 6.3 0.01 0.6 0.8 0.11 B
U1 11 20 29 50.9 19-23.0 155-24.1 6.2 2.3 18 99 5.7 0.08 0.6 0.1 0.14 8

18 2 15 49.2 19-20.1 155-12.1 1.9 1.2 13 160 4.5 0.09 0.1 0.4 0.10 C

18 4 28 47.2 18-48.6 155-19.61 30.1* 3.3 24 266 40.4 0.43 2.9 0.22 0
18 4 34 18.6 18-45.8 155-19.0 34.2* 2.1 22 215 44.0 0.64 4.6 0.26 0
18 9 52 21.4 20- 2.4 155-46.31 11.0 3.1 26 166 9.8 0.21 1.8 3.6 0.14 C
19 7 23 51.2 19-20.0 155-16.2 7.0 1.3 19 137 2.2 0.08 0.1 0.6 0.15 B
19 15 48 58.4 19-20.7 155..;10.3 8.6 1.5 13 155 2.1 0.10 0.8 1.4 0.09 C

19 20 29 25.2 18-51.5 155-17.1 4.9 2.9 21 258 38.2 1.40 3.0 8.9 0.17 0
20 o 43 43.8 19-22.2 155-25.1 7.6 .3.0 25 53 4.8 0.10 0.7 0.7 0.20 B
20 3 6 41.6 19-21.8 155- 8.51 7.0 2.0 17 172 2.4 0.12 1.1 1.5 0.14 C
20 8 36 11.8 19-19.1 155-13.4 8.2 1.5 19 150 6.4 0.05 0.4 0.2 0.08 B
20 9 16 13.9 19-25.8 155-46.1 2.2* 2.6 17 301 40.5 0.51 3.4 0.11 0

20 10 18 51.5 19-18.7 155-13.2 6.9 1.3 17 154 1.0 0.13 0.9 0.7 0.16 C
20 10 40 0.9 19-17.1 155-49.8 8.3 2.6 25 126 5.3 0.11 1.1 1.5 0.18 B
20 12 6 35.6 19-20.9 155-14.'0 27.1 1.6 21 133 3.7 0.12 0.8 1.3 0.11 B
21 1 3 51.8 18-47.8 155-11.3 15.3* 3.9 21 268 44.1 0.30 2.0 0.17 0
21 8 13 27.3 18-50.6 155-18.3 5.3 2.5 16 298 38.8 0.49 4.2 5.0 0.17 0



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

FEB 21 8 38 2.2 18-44.8 155-17.9 8.0* 2.7 21 282 46.7 0.65 4.l 0.16 0
21 11 40 16.8 19-18.4 155-15.1 8.8 0.5 14 180 5.1 0.13 0.9 1.8 0.12 C
21 13 26 1.1 18-58.8 155-17.9 12.6* 1.4 14 277 26.4 0.51 3.5 0.19 0
21 14 34 26.8 19-19.4 155-13.5 8.0* 1.1 17 110 5.1 0.08 0.6 0.11 C
21 11 33 33.6 19-19.2 155-11.8 8.0* 1.7 11 114 6.2 0.01 0.6 0.09 C

22 17 38 54.4 19-20.2 155-13.9 26.4 2.2 20 137 5.3 0.12 0.8 1.3 0.11 B
23 4 24 40.4 19-19.9 155-16.5 28.q 1.9 18 131 1.6 0.13 0.9 1.4 0.12 B
23 5 8 9.9 19-20.0 155-10.8 5.1 2.1 16 142 4.2 0.12 0.9 0.7 0.20 C
23 5 36 34.8 19-19.9 155-16.9 21.6 1.5 14 132 4.7 0.22 1.2 2.2 0.13 B
23 17 6 11.2 19-19.4 155-15.1 1.3 1.1 18 143 4.3 0.06 0.6 0.4 0.10 B

2'3 20 28 53.6 19-24.4 155-24.5 6.7 1.5 14 120 8.4 0.07 0.5, 0.6 0.08 B
24 5 43 53.9 20- 0.5 155-51.61 43.0 2.3 13 211 15.1 0.41 1.9 4.1 0.09 C

w 24 7 33 48.1 19-21.9 155- 6.4 8.0* 1.7 10 130 6.0 0.13 1.4 0.19 C
0\ 24 12 45 36.4 19-20.5 155-13.1 5.8 1.1 13 181 6.0 0.14 1.0 0.8 0.14 C

24 13 36 16.2 19-22.2 155- 5.61 0.0 2.0 15 120 6.3 8.07 l.5 15.3 0.28 C

24 17 22 51.8 19-21.q 155- 6.41 6.9 1.8 15 130 6.0 0.15 1.4 1.1 0.24 C
24 11 43 21.3 19-22.1 155-12.4 4.8 1.6 14 131 4.4 0.08 0.6 1.1 0.13 B
24 22 49 36.9 19- 1.7 155-41.9 34.3 3.9 25 179 6.3 0.26 1.4 2.3 0.13 C
25 9 2 19.0 18-50.9 155-17.1 1.6 2.8 13 259 39.1 0.29 2.0 1.4 0.10 C
25 16 58 41.0 19-20.0 155-15.4 27.8 2.3 20 138 3.5 0.15 1.1, 1.6 0.13 B

25 22 7 52.8 18-48.4 155-18.5 0.9* 2.4 1'1 266 42.3 0.58 3.8 O.l~ 0
26 2 o 55.2 19-10.4 155-35.5 5.1 2.2 14 103' 8.7 0.15 1.2 1.3 0.23 C
27 1 2 20.4 19-20.7 155-13.9 21.1 2.2 '18 135 4.7 0.11 0.8 1.2 0.10 B
21 17 54 5.2 19-22.7 155-23.4 5.9 1.4 14 64 4.6 0.08 0.7 0.7 0.16 B
27 19 7 48.5 19-37.1 155-13.8 8.0* 2.0 15 135 21.4 0.06 0.6 0.13 C

27 21 45 50.1 19-58.6 155- 9.4 58.5 12 229 38.3 0.66 2.8 6.2 0.11 0
27 21 '>3 16.0 19-20.3 155-19.6 5.9 1.0 11 94 3.9 0.07 0.6 0.6 0.09 A
28 10 16 8.8 18-44.2 155-18.6 20.7* 3.0 11 283 46.3 0.40 2.1 0.17 0
28 11 33 -j.6 19-18.2 155-17.3 6.3 1.9 19 146 2.3 0.12 0.9 0.7 0.22 C
28 13 11 31.0 19-24.3 155-26.01 8.0* 1.8 14 70 9.0 0.24 2.0 0.39 C

... " •..
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR HN SEC LAT N LONG W DEPTH MAG NO G~P OMIN ERT ERH ERZ MD Q

FEB 28 16 4 22.2 18-42.2 155-18.7 8.0* 2.8 14 290 52.9 1.23 7.1 0.21 0
28 lq 2 27.5 19-26.6 154-54.1 4.1 2.0 13 215 4.4 0.17 1.3 0.1 O~11 C
28 22 47 7.4 19-14.7 155-31.1 1.q 2.9 21 70 8.3 0.08 0.1 0.7 0.16 B
29 4 21 28.6 19-21.4 155-15.8 25.1 2. 1 11 121 1.8 0.12 0.8 1.2 0.10 B
29 12 8 24.5 19-21.7 156-20.4 19.1* 5.0 25 242 50.3 0.32 2.3 0.20 0

2q 12 50 52.6 19-20.6 156-22.8 10.3 3.3 24 218 54.1 0.51 3.3 9.1 0.11 0
29 18 13 58.1 19-24.9 155-26.1 4.4 1.6 23 61 10.9 0.10 0.1 0.9 0.22 C
29 21 14 49.8 19-20.9 155-13.9 27.0 1.4 16 133 4.5 0.12 0.8 1.3 0.09 B
29 21 40 50.3 19-23.0 155- 5.5 3.0 2.4 19 128 1.'3 0.12 0.8 1.0 0.18 C
29 22 16 41.7 19-22.5 155- 9.2 5.4 1.0 '10 123 1.3 0.10 0.7 1.0 0.11 B

MAR 1 3 30 18.7 19-21.1 156-26.3 8.0* 3.6 13 282 6,0.3 0.68 4.4 0.11 0
1 4 15 11.0 19-19.2 155-15.1 6.8 1.1 11 190 4.3 0.10 0.1 0.5 0.10 B

VJ 1 15 20 34.0 19-21.4 155--13.0 0.2 2.4 22 130 5.4 0.08 0.7 0.5 0.19 B
"" 2 6 29 .35.8 18-52.2 155-11.0 3.6 2.5 20 256 37.1 1.28 2.1 8.2 0.16 0

2 11 1 7.q 19-19.5 155-15.4 8.1 0.7 12 119 3.6 0.19 1.2 2.2 0.14 C

2 19 57 46.0 18-42.5 155-21.1 8.0* 2.7 11 282 44.8 0.61 3.9 0.15 0
3 2 32 56.4 19-1q.6 156- 3.9 25.5 3.6 13 271 21.4 0.21 1.4 1.3 0.06 C
3 8 4 21.3 18-48.9 15'5-20.7 2.1* 2.6 16 278 38.5 0.51 3.2 0.15 0
3 8 9 2.8 18-48.2 155-22.2 22.5* 3.9 16 286 36.9 0.62 4.2 0.24 0
3 10 1 2.6 19-19.5 155- 8.9 7.0 1.1 12 114 5.1 0.15 1.3 0.8 0.11 C

3 11 31 54.0 18-48.6 155-20.4 1.6 2.6 21 271 39.3 0.49 3.4 2.4 0.17 0
3 Ii 49 21.1 lq-28.6 155-52.3 6.1 2.5 23 18·8 23.3 0.14 1.1 -5.4 0.16 C
4 16 78 34.4 19-19.4 155-15.4 7.2 1.1 16 180 3.7 0.10 0.7 0.5 0.12 C
4 16 49 -40.6 19-25.9 155-25.3 8.0* 1.6 11 96 8.0 0.08 0'.1 0.13 C
5 13 45 30.8 19-31.7 155-15.2 8.0* 1.2 10 202 12.2 0.32 2.2 0.24 C

5 16 5 44.8 19-15.5 155-21.31 5.5 1.8 14 106 2.0 0.15 1.5 1.2 0.31 C
5 17 14 54.9 19-54.5 155-21.8 34.9 2.8 24 153 12.7 0.25 1.2 2.1 0.14 C
5 18 25 18.6 19-20.8 155- 6.4 8.0* 1.9 16 151 6.3 0.11 1.1 0.15 C
5 22 8 59.6 19-24.6 155-27.3 7.1 2.1 20 113 10.7 0.10 0.6 0.6 0.15 B
6 1 34 1.4 19-46.8 155-47.0 11.9 2.1 15 152 11.8 0.15 1.4 1.9 0.14 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERI MO Q

MAR 6 1 36 13.6 18-45.7 155-19.5 8.0* 2.6 20 274 43.4 0.62 4.0 0.14 0
6 7 21 56.6 19-23.2 155- 3.01 8.2 1.2 14 120 6.1 0.18 1.5 1.4 0.26 B
6 10 34 15.4 19-17.9 155-23.6 1.5 1.5 14 117 4.3 1.32 0.8 4.8 0.17 B
6 16 Sq 54.7 19-20.4 155- 8.4 7.8 1.6 15 143 3.9 0.10 . 0.9 0.6 0.14 B
6 11 54 17.0 19-20.7 155-11.5 9.3 1.1 11 199 3.8 0.14 0.9 1.2 0.08 B

6 18 49 52.3 19-21.2 155-11.6 7.0 1.9 19 134 3.0 0.08 0.8 0.6 0.18 B
6 21 14 4.5 19-23.8 155-16.5 32.2' 1.3 11 95 1.1 0.29 1.3 2.6 0.08 B
1 7 8 50.2 19-21.7 155-24.7 7.7 2.3 13 169 3.7 0.15 1.3 0.8 0.13 C
1 1 ItO 3.8 19-19.q 155-12.1 9.2 12 209 4.9 0.14 0.9 1.3 0.09 B
1 16 48 43.4 19-19.0 155-13.2 8.0* 1.1 12 212 7.6 0.15 1.0 0.10 C

7 18 7 6.0 18-45.5 155-20.4 8.0* 2.7 14 275 42.3 0.43 2.8 0.09 0
8 0 1 7.8 18-45.4 155-19.9 8.0* 3.1 21 215 43.1 0.57 3.6 0.16 0

w 8 1 53 1'>.0 19-19.2 155-15.4 1.4 1.8 19 166 3.9 0.09 0.7 0.5 0.14 C
00 8 1 54 45.1 19-19.3 155-15.6 8.8 1.6 13 118 3.4 0.15 1.1 1.6 0.14 C

8 b 25 6.1 18-56.1 155-17.0 9.7 1.6 12 248 31.2 0.64 3.3 3.5 0.14 0

8 1 11 26.7 18-43.3 155-19.1 6.7 3.2 20 280 46.6 0.42 4.5 5.8 0.15 0
8 7 45 8.9 18-48.8 1~5-22.1· 1.9* 2.3 17 261 36.5 0.56 3.6 0.18 0
8 <) 8 25.8 19-20.0 155-10.6 6.7 1.7 19 146 3.9 0.11 0.9 0.7 0.18 B
8 16 50 11.6 13-43.4 155-20.4 11 .6 2.a 16 281 44.8 0.31 2.8 6.9 0.10 0
8 19 3 1.6 lQ-Sl.5 155-36.4 23.0 2.6 25 114 21.9 0.19 1.1 3.7 0.14 B

8 21 6 27.6 19-25.1 155-22.1 7.0 1.6 17 140 4.9 0.10 0.8 0.7 0.16 C
8 21 27 50.0 19-2.3.0 155-26.9 3.6 1. 3 14 141 8.2 0.15 1.0 1.7 0.23 C.
8 23 52 12.8 19-17.8 155-22.2 6.1 1. 1 . 17 134 4.8 0.11 1.0 0.8 0.22 C
q 3 11 51.6 18-48.1 155-20.4 29.4* 3.5 24 268 39.1 0.47 3.3 0.25 0
9 3 38 50.3 18-47.9 155-19.9 1..3* 2.9 19 268 40.1 0.51 3.6 0.18 0

q G 13 45.1 18-44.6 155-18.7 8.0* 2.4 18 282 45.7 0.87 5.5 0.19 0
9 '9 9 58.4 1q- 8.1 11)5-14.4 36.5 1.4 17 206 lq.5 0.33 2.3 3.7 0.17 C
q 15 53 20.9 18-50.4 155-19.5 8.5 2.0 14 261 38.1 0.41 2.6 2.5 0.12 0
9 2l 53 lei.l 19-17-4 155-13.7 5.8 2.2 19 174 9.6 0.17 1.0 1.0 0.16 C

10 3 13 2.2 19-16.9 155-50.9 10.5 3.9 22 110 3.0 0.11 1.2 1.2 0.15 B

.. , fI . ,
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SU~MARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT f\j LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl HD Q

MAR 10 4 11 56.0 18-41.6 155-19.3 8.0* 2.6 14 283 48.3 0.11 4.9 0.16 0
10 6 11 17.2 19-22.1 155- 8.5 5.0 1.5 16 133 2.3 0.11 1.0 O.q 0.19 C
10 8 8 52.4 19-20.4 154-57.6 29.1 2.0 10 294 21.1 1.02 5.3 5.9 0.08 0
10 14 26 35.1 19-19.8 155-17.2 6.0 0.7 13 165 0.6 0.10 0.8 0.5 0.12 C
10 16 5 33.7 18-52.1 155-18.6 8.2 2.7 17 261 36.1 0.41 2.5 2.2 0.11 C

10 10 13 16.3 19-22.6 155-22.8 6.0 1.3 12 158 4.5 0.12 0.8 0.7 0.13 C
10 18 16 10.2 19-56.1 155-27.1 28.8 2.0 16 169 13.3 0.19 1.4 2.3 0.11 C
11 2 48 41.8 19-46.7 155-48.1 13.6* 2.2 13 248 35.9 0.36 2.5 0.14 0
11 8 2 31.3 19-19.8 155-45.51 6.4 2.6 12 184 13.1 0.31 2.9 2.8 0.19 C
11 8 25 42.6 19-19.2 155-15.6 8.0 1.3 17 185 3.6 0.11 0.8 1.2 0.12 C

11 8 47 31.5 19-24.5 155-23.4 3.2 1.2 13 165 6.7 0.16 1.0 2.4 0.21 C
11 10 0 1.7 20- 7.1 155-52.5 30.3 2.5 11 263 10.0 0.92 4.1 7.1 0.12 0

w 11 21 24 18.5 19-24.8 155-23.4 1.8 1.6 18 98 6.7 0.09 0.1 0.6 0.17 B
\0 12 5 51 19.9 19- 9.0 155-39.4 4.1 2.3 19 159 11.6 0.16 1.2 1.0 0.16 C

12 8 40 38.5 lq-19.4 155-16.1 7.3 1.4 19 142 2.7 0.10 0.8 0.5 0.16 C

12 9 32 55.3 19-20.7 155-13.8 6.1 1.1 13 111 4.9 0.15 1.0 0.8 0.17 C
12 10 &>5 55.5 19-26.6 155-24.6 2.7 1. 1 10 199 6.2 0.14 0.8 1.7 0.10 B
12 12 l6 28.6 19-20.9 155-11.1 7.4 1.4 15 136 3.8 0.10 1.0 0.6 0.18 B
12 11 4 39.8 19-20.8 155-14.1 6'.4 1. 8 18 151 4.4 0.10 0.8 0.6 0.16 C
12 18 19 25.1 19-1q.5 155- 8.6 3.4 1.1 11 174 5.3 0.17 1.1 1.2 0.22 C

12 19 58 48.2 18-41.3 155-20.0 8.0* 3.1 24 285 41.7 0.57 3.6 0.13 0
12 7030 '3.4 18-12.7 155-20.1 8.0* 2.0 14 334105.6 9.85 58.0 0.18 0
12 20 51 16.5 19-54.q 155-33.3 32.6* 2.0 12 272 18.0 0.18 1.6 0.01 0
12 2l 14 8.3 lq-18.9 155-25.2 5.6 1.3 10 141 4.2 0.14 1.4 1.2 0.21 C
12 23 29 59.4 lq-18.5 155-15.9 6.1 1.3 14 200 4.9 0.15 0.9 0.8 0.14 C

12 2.3 37 56.3 19-20.7 155-13.9 6.0 0.8 10 169 4-.7 0.22 1.5 1.2 0.21 C
13 2 16 14., 19-20.8 155-12.3 5.9 2.2 23 164 3.1 0.14 1.0 0.7 0.24 C
13 2 34 45.8 19-18.9 155- 8.l? 0.0 2.2 21 208 6.6 5.18 1.3 9.1 0.24 C
13 4 47 10.6 lq- q.2 155-30.0 26.4 1.8 14 111 16.2 0.27 1.6 3.4 0.13 C
13 9 48 36.5 19-26.4 155-26.6 7.2 1.0 19 110 8.5 0.12 0.8 0.7 0.18 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG W OEPTH MAG NO GAP OHIN ERT ERH ERl MO Q

MAR 13 20 16 58.8 19-19.3 155- 8.6 8.0* 1.9 16 178 5.5 0.11 0.9 0.14 C
13 21 48 1.2 19-19.8 155-14.0 6.5 1.1 19 167 5.9 0.12 0.8 0.7 0.18 C
13 22 22 1.0 19-18.8 155-13.6 8.0. 1.0 10 213 7.1 0.17 1.2 0.13 C
13 23 24 52.4 19-19.5 155-14.0 8.0* 0.8 14 181 6.0 0.11 0.9 0.14 C
14 o 42 34.4 19-12.4 155-21.5 6.2 2.2 20 126 5.4 0.11 1.0 0.8 0.22 C

14 2 10 55.1 18-49.7 155-18.1 1.6* 2.5 16 271 39.9 0.77 4.8 0.19 0
14 8 54 29.9 19-19.9 155-17.7 28.7 2.2 11 116 0.6 0.20 1.0 1.1 0.11 B
14 11 8 58.9 1q-41.4 155-40.9 13.6* 2.8 24 110 20.0 0.08 0.8 0.15 C
14 11 45 25.1 19-18.8 155-13.61 8.0* 1.3 10 213 1.0 0.21 1.9 0.16 C
14 16 43 32.8 19- 5.0 155-22.0 26.9 2.0 22 199 13.3 0.25 1.5 2.6 0.15 C

14 17 13 0.8 1q-18.1 155-15.6 5.9 2.1 19 111 4.9 0.15 1.0 0.8 0.11 C
~ 14 19 12 15.8 19-20.8 155- 1.2 3.9 1.6 15 153 5.2 0.16 1.3 1.4 0.21 C
0 14 22 13 6.4 19-19.1 155- 8.6 1.4 2.0 21 119 5.8 1.34 1.0 4.9 0.24 C

14 23 18 44. 2 ' 19-19.4 155- 8.7 6.1 2.3 22 115 5.3 0.16 1.1 0.1 0.22 C
15 9 48 43.3 19-20.0 155-12.9 5.1 1.1 18 142 6.5 0.10 0.8 0.8 0.19 B

15 11 30 57.1 19-21.1 155-24.31 1.3 1.2 14 112 3.3 0.12 0.9 0.9 0.19 B
15 11 48 10.2 19-18.7 155-15.0? 9.1 1.0 14 201 4.9 0.14 0.9 1.1 0.11 C
15 12 22 23.9 19-22.3 155-26.11 0.0 1.8 11 116 7.1 0.57 1.1 20.1 0.19 C
15 18 53 41.2 19-51.9 155-33.3 30.1 2.1 16 158 31.3 0.22 1.2 3.6 0.08 C
15 19 11 37.8 18-50.5 155-19.4 7.6 2.4 11 216 38.1 2.13 5.6 14.5 0.19 0

16 1 31 21.4 18-53.1 155-11.1 9.0 2.8 24 252 35.1 0.32 1.1 2.3 0.15 C
16 3 1 27.5 19-19.8 155-15.1? 2.0 1.1 15 111 4.1 0.25 1.4 1.9 0.22 C
16 5 1 14.9 19-23.6 155-23 •.11 1.1 1.4 1& 95 5.9 0.06 0.6 1.3 0.13 B
16 5 22 43.3 19-23.3 155-23.6 5.1 16 114 5.1 0.01 0.6 0.1 0.16.8
16 5 48 30.9 19-19.3 155-15.6 9.2 2.0 15 183 3.5 0.10 0.7 1.1 0.09 B

16 q 2 11.1 18-54.3 155-13.1 8~. 2 2.1 14 259 38.1 0.10 3.4 3.6 0.16 0
16 13 12 1.8 19-11.5 155-32.41 3.2 2.1 15 98 8.8 0.20 1.4 1.1 0.31 C
16 17 30 45.1 19-21.0 155-24.3 5.5 1.2 14 141 2.3 0.09 0.1 0.8 0.16 B
16 23 24 38.7 19-11.0 155-18.0 30.7 1.4 14 183 5.8 0.32 2.1 3.3 0.13 C
17 3 46 16.3 19-22.3 155-23.1 6.1 1.2 18 109 3.9 0.08 0.6 0.6 0.16 B

II •.. ,
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SUMMARY OF SEISMIC EVENTS (CONTINUEDI

1972 HR HN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

MAR 11 4 37 55.9 18-48.8 155-18.0 5.8 2.3 16 266 41.9 1.50 3.3 9.4 0.14 0
11 5 48 19.0 19-19.9 155-11.9 28.0 2.4 27 110 0.9 0.12 0.8 1.3 0.14 B
11 21 19 2.1 19-18.8 155-15.31 9.3 0.7 14 199 4.5 0.20 1.2 2.1 0.12 C
18 8 8 51.3 19-1 5. 1 155-3 3,. 7 1.3 2.5 21 72 12.3 0.71 1.0 2.8' 0.26 C
18 q 45 40.1 19-20.4 155-25.6 7.9 2.3 23 81 4.1 0.07 0.8 1.3 0.18 8

18 11 Its 27.2 19-25.1 155-23.9 3.1 0.6 16 135 7.2 0.14 0.9 1.3 0.19 8
18 15 6 57.9 19-19.8 155-15.5 7.4 2.0 19 162 3.4 0.10 0.8 0.6 0.15 C
18 16 9 21.9 19-20.3 155-11.3 9.0 0.6 12 212 4.2 0.13 0.8 1.5 0.08 8
18 18 o 33.2 19-20.2 155-12.4 8.0. 1.1 13 191 5.6 0.08 0.6 0.09 C
18 18 44 36.1 19-22.2 155-12.2 0.9 7 141 0.9 0.10 0.6 0.5 0.06 8

18 19 11 36.1 19--21.2 155-12.1 0.0 1.5 11 114 2.5 0.85 1.2 1.4 0.20 C
~

18 19 28 1.0 19-21.9 155-12.0 1.8 1.2 12 153 1.5 0.17 0.1 0.5 0.11 C
..... 18 19 32 24.6 19-22.6 155-12.2 1.3 7' 146 0.8 0.01 0.5 0.3 0.06 8

18 19, 34 5.0 19-21.9 155-11.9 1.1 0.3 8 152 1.1 0.14 0.7 0.5 0.12 C
18 19 36 54.0 19-22.2 155-12.5 1.5 6 153 0.5 0.11 0.1 0.3 0.04 B

18 19 39 11.5 19-22.1 155-12.1 1.4 7 146 1.2 0.06 0.4 ·0.3 0.01t B
18 19 41 4.3 19-22.2 155-12.3 1.2 -0.0 8 142 0.8 0.10 0.6 0.4 0.09 B
18 19 49 53.4 19-21.9 155-12.2 1.1 1.6 11 154 4.1 0.20 0.8 0.8 0.13 C
18 19 52 13.0 lq-21.7 155-12.81 0.3 0.6 10 154 1.4 2.84 1.0 5.6 0.19 C
18 20 7 47.1 19-21.6 155-12.a 0.5 1.1 9 151 1.6 0.41 0.9 0.8 0.14 C

19 7 3 52.2 19-10.0 155-14.6 40.2 1.1 21 198 16.3 0.28 1.6 2.5 0.14 C
19 8 15 24.1 19-20.1 155-15.91 8.8 1.1 11 146 2.9 0.14 1.1 0.9 0.16 B
19 13 6 45.8 19-19.1 155-11.6 10.4 1.2 13 168 5.4 0.11 0.1 1.2 0.09 B
19 13 51 3.2 19-18.8 155-10.3 8.0* 1.6 13 196 6.1 0.10 0.8 0.10 C
19 14 39 7.1 19-23.1 155-23.9 7.3 2.2 18 115 5.5 ·0.10 0.8 0.1 0.19 B

20 2 o 26.9 19-18.6 155- 6.6 0.0 2.5 11 196 8.6 0.58 1.0 1.2 0.19 C
20 q 32 20.6 19-22.9 155-24.3 5.9 1.9 19 98 5.2 0.08 0.7 0.1 0.16 B
20 9 56 21.4 19-13.9 155-23.5 6.2 2.2 11 151 7.3 0.11 1.0 0.7 0.18 (,
20 12 22 9.4 19-19.1 154-56.1 35.5 2.1 14 283 10.8 0.24 1.6 1.1 0.06 C
20 14 32 26.1 19-20.3 155-12.0 1.0 3.0 21 141 5.0 0.09 0.8 0.5 0.19 B



SUMMARY OF SEISMIC EVENTS (CONTINUEDJ

1912 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERr ERH ERZ MO Q

MAR 20 14 49 45.1 19-19.8 155-11.8 8.0* 0.1 11 164 8.6 0.10 0.8 0.10 C
20 15 18 48.6 19-24.2 15'5-24.4 4.1 1.,3 13 181 7.1 0.14 0.9 1.4 0.14 C
20 18 14 51.9 19-22.0 155-22.9' 6.2 1.1 13 149 3.4 0.12 1.0 0.9 0.18 8
20 18 56 3.0 19-20.6 155-13.11 8.1 1.3 16 149 5.9 0.08 0.7 0.5 0.12 8
21 9 31 14.1 19-30.9 155-42.31 2.9 2.0 14 111 23.8 0.30 1.3 3.1 0.14 C

21 16 27 51.4 19- 8.5 156- 8.1 10.6 2.0 12 313 52.5 0.36 4.1 6.8 0.15 0
21 21 32 50.6 19-22.6 155-23.1 1.5 1.8 19 93 4.4 0.06 0.6 0.5 0.16 B
21 23 7 29.1 19-19.1 .155-10.9 8.0. 0.6 14 171 5.7 0.12 1.0 0.14 C
22 5 32 6.3 1<)-20.4 155-13.8 9.3 1.3 13 165 5.2 0.08 0.7 1.1 0.08 B
22 1 33 11.3 18-47.2 155-16.7 8.0* 2.0 18 216 45.5 0.85 5.4 0.21 0

22 q 10 24.0 18-~O.8 155-21.1' 9.0 1.2 12 271 36.3 0.69 3.8 3.4 0.09 0
~ 22 16 12 36.9 19-19.3 155-16.4 1.9 1.4 13 190 2.4 0.12 1.0 0.4 0.11 C
~ 22 11 2 19.9 19-17.3 155-13.91 7.0 1.2 10 227 8.1 0.66 3.3 2.3 0.21 0

22 19 29 21.0 lq-19.7 155-15.9 1.2 1.1 16 141 2.8 0.14 1.0 0.6 0.14 B
23 2 18 59.9 19-19.1 155-' 7.71 1.8 2.0 23 189 6.1 0.22 1.1 1.1 0.22 C

23 3 31 28.9 19-20.6 155-12.5 3.8 1.2 14 184 5.4 0.22 1.4 1.4 0.26 C
23 5 29 20.1 19-18.1 155-21.4 5.1 1.2 11 129 5.0 0.13 1.0 0.9 0.15 B
23 10 51 11.5 19-19.1 155-12.5 8.0* 1.4 10 206 7.8 0.22 1.4 0.12 C
23 15 13 11.2 19-19.8 155-15.1 9.2 2.3 11 195 4.1 0.12 0.1 1.0 0.06 8
24 o· 35 54.2 19·-19.0 155-15.1 8.2 1.0 13 189 3.6 0.11 1.4 Oal 0.17 C

24 6 40 20.8 19-21.9 155-44.6 1.6 1.3 16, 126 25.8 0.11 0.9 1.6 0.14 C
24 8 13 59.1 19--21.8 155-22.9 5 •.0 1.3 8 166 3'.0 0.'16 0.8 1.3 0.09 B
24 12 23 45.8 '19-19.1 155-13.4 8.0* 1.1 6 208 7.2 0.22 1.9 0.12 C
24 13 4 28.4 19-21.1 155-26.9 4.2 1.3 10 233 8.1. 0.18 0.9 0.8 0.08 C
24 13 20 57.4 19-19.8 155-13.1 1.1 2.3 16 181 6.9 ·0.09 0.6 1.5 0.10 C

24 15 44 14.4 19-19.5 155-15.4 8.5 1.1 12 180 3.7 0.18 1.2 2.0 0.14 C
24 15 41 6.2 19-24.9 155-23.6 4.8 0.9 10 188 1.2 0.15 1.0 1.0 0.16 C
24 19 20 37.9 19-18.2 155-15.2 6.9 2.4 22 152 5.2 0.12 0.9 0.6 0.18 C
24 19 21 1.4 19-23.1 155- 2.71 2.1 1.5 17 127 5.9 0.15 1.0 l.4 0.24 C
24 20 17 31.8 19-22.6 155-23.2 5.3 1.1 10 1'68 4.5 0.16 1.1 1.4 0.16 C

• • t# •
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC lAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

MAR 24 20 38 13.9 19-25.615-5-26.9 1.6 1.6 22 110 9.9 0.11 0.7 0.7 0.11 B
24 21 40 38.8 19-20.5 155-11.21 4.6 1.0 13 187 3.7 0.26 1.1 1.3 0.23 C
25 o 59 51.1 18-52.9 155-18.7 8.2 2.3 14 265 34.6 0.71 4.1 3.2 0.13 0
25 3 35 6.9 19-16.6 155-22.3 8.0* 1.1 'II 200 6.9 0.24 1.8 0.19 C
25 3 56 54.0 19-17.4 155-21.a 2.9 1.0 15 136 5.6 0.10 0.1 i.l 0.16 B

25 6 45 34.4 19-20.1 155-12.8 7.2 '. 1.2 16 l80 5.7 O~ll 0.8 0.5 ,0.14 C
25 1 25 24.3 19-19.i 155-17.0 29.4 1.0 18 160 1.9 0.24 1.5 2.2 0.15 C
25 10 37 18.4 20- 0.8 155-32.1 41.0 2.1 .26 187 24.3 0.30 1.3 2.8 0.10 C
25 11 40 59.9 19-16.3 155-23.3 2.2 0.9 11 134 6.0 0.09 0.1 1.0 0.11 B
25 22 9 0.5 18-51.8 155-17.1 4.1 3.5 24 251 31.1 1.23 2.5 8.0 0.16 0

25 23 51 20.1 19~30.2 155-11".4 8.0* 0.8 15 182 11..5 0.12 1.0 0.14 C

~
26 o ,31 41.5 18-59.2 155-11.51 8.2 1.5 15 259 26.3 0.11 4.3 3.8 0.23 0

w 26 2 11 54.0 19-20.3 155- 8.1 8.0 0.3 10 235 4.6 0.36 2.5 2.9 0.13 C
26 3 10 47.8 lq-19.4 155-15.9 6.4 .' 0.1 11 116 2.9 0.15 1.0 0.8 0.14 C
26 6 28 18.8 19-22.4 155-22.8 5.4 0.6 8 163 4.2 0.27 0.8 2.1 0.10 C

26 6 54 31.4 19-15.2 155-28.0 8.8 1.4 16 142 3.2 0.08 1.0 1.2 0.18 B
26 10 58 49.4 19-22.6 155-27.3 8.0* 9 158 8.4 0.23 1.9 0.29 C
26 11 23 25.9 18-50.8 155-19.6 8.1 2.5 14 264 31.5 0.49 2.9 2.6 0.12 0
26 13 34 22.2 18-48.1 155-17.5 8.0* 2.4 15 280 44.2 0.65 4.2 0.14 0
26 14 54 41.5 18-52.9 155-18.3 8.5 2.1 12 253 39.5 0.43 4.8 6.5 0.11 0

26 ,214315.8 19-21.5 155-11.0 21.0 10 148 2.5 0.42 2.1 3.3 0.09 B
26 22 12 6.0 19-20.6 155-15.1 31.4 12 150 3.1 0.31 1.8 3~O 0.10 B
27 o .59 6.9 19-20.6 155-10.8 5.2 2.2 13 220 3'.2 0.23 1.4 1.0 0.18 C
21 2 22 25.7 19-19.4 155-11.6 28.6 2.3 13 145 1:4 0.21 1.3 2.6 0.10 B
27 '" 11 4.1 19-21.8 155-27.9 0.1* 11 129 8.5 0.15 1.0 0.23 C

21 5 50 3.1 19-26.6 155-24.3 2.5 10 195 6.2 0.20 1.0 2.0 0.13 C
21 6 1 1.4 21- 1.7 156-15.3 38.1* 4.1 13 321 29.0 0.49 3.9 0.21 0
21 q 56 35.8 19-19.4 155-12.5 2.1 2.1 21 149 5.6 0.15 0.9 1.2 0.24 C
21 11 18 13.7 19-19.1 155- 8.0? 4.6 1.3 15 181 6.4 3.81 1.5 1.1 0.25 C
27 12 SO 25.5 19-18.9 155- 1.6 8.0* 1.2 10 188 1.1 0.21 2.5 0.24 C



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

MAR 27 14 31 23.5 19-18.1 155-12.5 1~8 2.3 23 150 6.9 0.34 0.8 1.1 0.23 C
27 15 6 14.0 19-20.5 155- 6.8 8.0* 1.5 1 159 6.1 0.08 1.1 0.01 C
27 16 24 11.8 19-10.8 155-21.0 32.0 1.9 13 238 18.5 0.60 2.8 4.7 0.11 0
21 17 . 0 8.2 19-19.6 155-11.5 5.4 1.0 14 168 5.4 0.16 1.1 1.0 0.22 C
27 22 47 51.9 lq- 4.1 155- 8.11 15.3* 1.9 20 241 29.4 0.37 2.8 0.31 0

28 0 6 53.4 19-18.5 155-13.4 8.0* 1.2 9 220 1.6 0.15 1.0 0.08 C
28 4 23 15.2 19-20.5 155-13.61 2.2 1.0 11 176 5.3 0.60 1.3 1.8 0.22 C
28 6 4 6.2 19-11.5 155-21.9 8.0* 1.3 8 168 18.0 0.20 3.1 0.21 C
28 6 29 14.1 19-22.9 155-24.4 8.0* 0.9 8 208 5.4 0.15 1.0 0.10 C
28 7 10 15.2 19-20.5 155-13.0 8.0* 0.1 12 183 6.2 0.11 0.8 0.11 C

28 7 15 58.6 19-20.5 155-12.0 8.0* 1.2 8 196 4.1 0.12 1.0 0.08 C
~

28 1 28 32.6 19-24.9 155-16.5 13.3 1.1 14 103 0.8 0.05 0.5 0.5 0.05 A
~ 28 12 27 51.7 19-19.9 155-11.6 8.0* 1.1 12 164 5.0 0.09 0.8 0.12 C

28 23 18 35.9 19-19.7 155-13.8 3.1 1.4 19 165 6.1 0.19 1.1 1.3 0.25 C
28 23 18 46.9 18-53.7 156-36.8 3.0 3.2 20 325100.2 0.25 10.5 11.4 0.12 0

29 0 2 14.9 lq-22.1 155-10.2 5.4 1.2 13 144 0.6 0.15 1.1 1.3 0.11 C
29 1 20 27.1 18-52.2 155-10.91 5.4* 1.9 11 269 49.5 0.30 2.1 0.18 0
29 3 18 44.6 19-23.5 155-15.3 1.6 1.0 8 170 2.4 0.08 0.4 0.3 0.07 8
29 .3 44 26.3 19-18.8 155-12.7 8.0* 1.2 13 178 1.8 0.10 0.7 0.12 C
29 4 o 51.3 19-11.6 155-13.9 8.0* 1.2 12 233 1.6 0.23 1.3 0.11 0

29 4 47 44.9 19-19.0 155- 8.5 8.0* 1.4 12 286 6.2 0.95 4.9 0.18 0
29 6 21 25.1 19-22.9 155-14.5 0.0 0.8 11 119 2.6 0.28 0.4 0.5 0.11 B
29 8 21 56.8 19-21.6 155-24.8 7.8 1.6 18 96 3.6 0.13 0.9 0.8 0.20 8
29 9 14 48.1 lq-26.6 155-21.3 4.8 2.0 10 231 9.2 0.33 1.1 1.3 0.11 C
29 9 16 2.1 19-28.8 155-29.1 8.0* 2.0 7 304 11.4 0.61 3.2 0.04 0

29 9 16 13.4 19-21.1 155-26.3 7.4 2.2 20 10 1.3 0.10 0.1 0.6 0.15 B
29 9 46 38.0 19-19.q 155-15.1 7.3 1.5 16 150 4.1 0.10 0.8 0.6 0.17 B
29 10 12 19.1 19-27.9 155-26.9 7.6 1.1 14 110 7.2 0.13 0.9 0.6 0.10 C
29 10 20 29.1 19-26.7 155-30.0 8.0* 1.8 7 295 13.1 0.89 4.6 0.09 0
29 13 43 23.1 19- 4.8 155-22.2 12.6* 1.6 16 201 25.1 0.18 1.1 0.14 C

• ~
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SUMMARY OF SEISMIC EVENTS CCONTINUED)

1972 HR MN SEC LAT N LONG '" DEPTH MAG NO GAP OMIN ERr ERH ERZ MO Q

MAR 29 14 35 57.6 19-19.4 155-15.6 6.3 1.0 12 119 3.4 0.14 0.9 0.8 0.15 C
29 15 58 9.8 19-45.9 155-29.31 7.0 2.0 20 215 20.6 0.33 3.2 4.4 0.21 0
29 16 41 4.1 19-19.9 155-15.6 8.6 1.4 12 168 3.2 0.16 1.0 1.8 0.11 C
29 19 23 4.1 19-26.5 155-25.7 5.5 16 235 1.1t 0.29 1.4 0.8 0.17 C
29 19 55 59.0 19- 0.9 155-14.3 47.0 2.1 23 230 32.4 0.37 1.9 2.9 0.14 C

29 20 5 38.8 19-11.8 155-14.4 44.5 1.9 16 189 13.7 0.42 2.0 4.5 0.14 C
29 20 59 18.7 18-59.4 155-13.8 14.1* 17 236 38.7 0.35 2.5 0.20 0
30 0 6 40.4 19-20.8 155- 7.8 7.4 1.1t 16 152 4.3 0.13 1.3 0.8 0.20 C
30 1 L5 5.7 18-46.9 155-14.2 8.0* 2.4 17 283 50.2 1.03 6.7 0.21 0
30 1 29 58.0 18-54.1 155-19.9 8.8 3.0 14 248 36.2 0.21 2.6 3.9 0.13 0

30 1 32 46.6 18-46.6 155-15.6 8.'0* 2.6 16 272 48.5 0.76 5.0 0.21 0
30 1 48 18.3 18-43.6 155-11.3 8.0* 2.7 14 290 48.1 0.93 6.0 0.14 0

~

30 1 49 51.4 19-23.3 155-23.1 7.9 2.4 19 54 5.1 0.05 0.5 0.3 0.12 B.- U1

30 1 58 40.2 18-48.3 155-18.0 8.0* 3.1 19 321 54.1 0.36 2.4 0.10 0
30 2 1 9.5 18-51.3 155-20.4 18.2* 2.1 9 214 36.9 0.60 4.2 0.11 0

30" 2 .8 10.4 18-48.9.155-.20.4 12.9*. : 13' 2813'8.9' 0:.86 5.1 '0.14 0
-30 2 13 18~8 " 18-50.9 1~5~21.6? 1'7.3.·,2:.5 13: 212 35.5 0-.35 2.3 O~13 0

: 30 2' 11 21.3 i8-48~7. 155-16,.9 ,,8.0*.2.3 . 15 218 ·44.1 0.65 4.4 0.14 0
'30 2 40 56~9 18-48.7 155-16.7 8.0* 2.8 19 266 44.9 0.46 3.0 0.14 0
30 3 1 40.2 18-41.4 155-16.• 8 8.0* 2.1t 18 281 45~8 0.67 4'~4 O~14 0

30 3 52 45.4 18-48.9 155-11.9 8.0* 2.7 19 266 42.8 0.,.9 . 3.2 0.17 0
30 4 37 21.2 19-17.8 155-27.5 6.4 1.6 13 112 2.8 0.10 1.1 0.8 0.20 B
30 4 51 9.1 19-12.0 155-27~2 8.0* 1.5 13 228 8.2 0.26 1.8 0.,16 0
30 5 43 34.0 19-20.3 155-13.2 8.0* 0.9 11 152 6.0 0.07 0.7 0.11 C
30 1 12 18.9 19-20.6 155-11.2 9.0 1.1 8 207 3.6 0.11 0.8 1.2 0.05 B

30 7 31 35.6 18-51.2 155-11.31 2.1* 2.6 15 264 42.2 0.44 2.9 0.15 0
30 8 53 48.3 18-48.1 155-11.9 8.0* 2.6 11 273 43.5 0.61 4.0 0.16 0
30 9 30 44.4 18-49.3 155-18.1 8.0* 2.4 15 210 42.2 0.67 4.5 0.19 0
30 14 1 15.3 19-17.7 155-23.81 0.8 1.3 14 132 4.7 1.68 0.7 6.3 0.16 C
30 14 2 49.9 18-55.1 155-30.5 20.9 3.9 23 246 11.9 0.41 2.4 4.6 0.13 C
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SUM"ARY OF SEISMIC EVENTS (CO~TI~UEOI

1972 HR .... SEC LAY M LONG W DEPTH MAG NO GAP DMl~ ERr ERH ERZ MD Q

MAR 10 19 lit 1.3 19-19.S 155-10•. 2 9.3 1.• 1 12 172 4.7 0.08 0.6 i.1t u.t7 8
30 21 40 11.1 19-20.9 155-12.91 7.9 2.0 18 146 2.9 0.06 Q.6 0.9 0.1\ q
31 2 S5 59.9 19-18. 7 1 t55-·1). J 8.0. 1.0 10 215 7.0 0.21 l.~ 0.11 C
11 5 lS 41.4 19-19.3 155-16.4 6.2 1.4· 17 150 2.2 0.11 0.9 0.7 0.20 B
31 16 l~ )4.9 19-20.8 155- 5.6 6·.1 4.1 20 141 5.0 0.10 0.8 0.6 0.15 B

31. 18 19 2.;.3 19-20.0 155- 5.1 ).1 1.1 is 2fJ9 9.2 0.29 1.8 1.7 0.22 C
Ii 18 ~~ 59.9 19-22.) 155-ZS.1 1.0. 1.1 11 116 s.o 0.07 0.6 0.09 C
)1 Ie 'i158.8 19-22.9 1~5~ 6.1 4.t J.l 18 114 6.5 0.11 1.1 1.' O.l6 C
31 '1 10 Z2.Z 19-41.4 l~S-))." 27.6. l.O 11 140 11.0 0.98 6.6 0.10 C

• t(
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Table 3. Felt earthquakes

Date Titne MU/.rTli tude ~'olt report
II M ('

H

Jan 9 19 00 43.1 2.6 Hawaii National Park
13 13 59 32.2 4.3 Kapapa1a
16 18 25 59.4 1.9 Kapapala
17 08 04 13.1 2.9 Kapapala
21 01 34 04.3 1.7 Hawaii National Park
23 19 23 16.7 2.1 Kapapala, South Kona

Feb 2 05 53 31.0 3.3 Kapapala, Hawaii National
Park, Kealakekua

10 03 13 06.9 2.7 Kainaliu
16 06 05 33.4 3.1 Kapapala

• 16 11 14 42.9 3.4 }{apapala
17 13 17 56.6 4.0 Kapapala, Hilo, Volcano,

Honokaa
18 09 52 27.4 3.1 Kamuela
21 01 03 51.8 3.9 Kapapala
24- 22 49 36.9 3.9 Kainaliu, Captain Cook,

Kealakekua
28 22 47 07.4 2.9 Kapapala
29 12 08 24.5 5.0 Kainaliu, Captain Cook,

Kapapala, Island of Oahu
Mar 3 08 09 02.8 3.9 Captain Cook, Kapapala

9 03 11 51.6 3.5 Kapapala
10 03 13 02.2 3.9 Milolii, Captain Cook,

Kainaliu, South Kona
Zl 06 01 01.4 4.1 Island of Maui
30 14 02· .49.9 3.9 Kainaliu, Naalehu, Volcano,

Captain Cook
31 16 20 34.9 4.1 Volcano, Glenwood, Hila,

Papaikou, Kalapana

•
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Figure 1.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right -portion of the illustration.
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Table 4. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

STATION NAME
AHUA
CONE PEAK
DESERT
ESCAPE ROAD
HALE POHAKU
HILINA PALl
HUALALAI

.. KAAPUNA
KAHUKU
KAPAPALA RANCH

• KEANAKOLU ..
KIPUKA NENE
KOHALA
MAUNA LOA
MAUNA LOA X
MAKAOPUHI
MOKUAWEOWEO
MOUNTAIN VIEW
NORTH PIT
OUTLET
PUU HULUHULU
PUU HONUAULA
PUU PILI
SOUTH POINT
WAHAULA
WALDRON LEDGE

CODE LAT-N LONG-W ELEV TYPE CAL VCO RADIO REMARKS
kHU 19 22.40 155 15.90 1070 3 6.0 2380
CPK 19 23.70 155 19.70 1038 3 1.34
DES 19 20.20 155 23.30 815 3 1.34
ESR 19 24.68 155 14.33 1177 3 ~

HPU 19 46.85 155 27.50 3396 1 5.6 1360 RF6
HL~ <~,:917. 96- 155 18.63 707' 3 6.0 2'040

"HUA 19"41.25 155 50.32 2189 'I 5.2 '1700 RF4
KAA 19 15.98 155 52.28 524 1 5.5 1020 RF12 Installed 1/4/72
KHU 19 14.90 155 37.10 1939 1 5.7 1700 RF3

. KP:R 19. 16.40~~-l55 26.70 610 1 - 6.5 1700 RFI
KKU 19 53.39 155 20.58 1863 1 4.8 2380 RF7
KPN 19 20.10 155 17.40 924 3 1.34
KOH 20 7.69 155 46 •.77 1166 1 1.5 2380 RF2
MLO 19'29.80155 23.30 2010 1 6.5 1360
MLX 19 27.60 155 20.70 1475 3 1.34
MFR 19 22.07 155 9.85' 881 1 5.7 2720 RF5
MOK 19 ,29,.28,.15.5::'.3-5.98 4104-, 1 6.5 2040 RF3
MTV t9:~~~10.25·~~155 ~'3~~~75 '409::' 1 6.2 680 RF8
NPT 19 24.~O 1·55. 17.od~·JI15 -~ 1.34
OTL 19 23~j8 155 16.·94:··~·1~038 :3'·;·- 5.0 System 1 3/7-29/72
PHH 19 ;22 •.'45'15.5 .:f1. 66 '·"r9'8~8\. 3.
PHO -1·9 28"90 15,r 53.40 21'·5:~.~ ,I '; 6.5 2720 RF1
-PPL-19' 9,~~50;155 27.87 35 "'l...l ~: .4.4 1360 RFll
SPT~'~;18 5.8'.9.1 ,155, 3;9•.9224..4 '\.'.~..: -7:.8 2040 RF7

;,r WHA .19.-. 19~.90·-155 2.92' 29 ·1'(· ·:!:6~~.0 680 RF9
'~'. WLG 19 '25.49 155 15.69 1067 '.,' 3'.' "

OPTICAL SEISMOGRAPHS .':' . {.'~~".' ;.
HALEAKALA Z HAL 2'0 46~'o6 156 ..15. OO~~'2090
HALEAKALA EW RAE 20 46.00~.156· 15.00,,12090
HALEAKALA NS HAN 20 46.'00 156 15! 00 2090
HILO Z HIt 19 43.20 155 5.30 20
HILO EW HIE 19 43.20 155 5.30 20

• HILO NS BIN 19 43.20 155 5.30 20
KEALAKEKUA Z KLK 19 31~20 155 55.30 505
KEALAKEKUA EW KLE 19 31. 20 - 155 55. 30 .. 505

~ KEALAKEKUANS KLN '19 31. 20 155 55. 30 505
KIPAPA KIP 21 25.40 158 ''''90' 76'
UWEKAHUNA Z OWE 19 25.40.155 17.60 1240
UWEKAHUNA z· ... "" -~ ".. USZ .-.19··~ 25'. '40 155 i 1 ~ 60 1240
UWEKAHUNA EW USE 19 25.40 155 17.60 1240
UWEKAHUNA PEZ 19 25.40 155 17.60 1240
UWEKAHUNA PEE ,. '. ·19 25.40, 155 17.60'1240
UWEKAHUNA PEN ~'.; l 1,9 '25 .40 155' 17. 60 1240

.... ~. .
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Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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Table 5.--Seismic Instrumentation Types

Type 1. ;Consists of:

a) EV-17 - Electrotech EV-17 1.,0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-I7 Electrotech EV-17 (as described above), Hall-Sears HS-IO
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVO-built solid state seismic preamplifier (voltage
gain, 200X) , direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz •

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, coupling factor
0.25, 2X critically damped. Peak magnification
approximately 1500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in the Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when measurements at
that· station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to
a relative subsidence toward the north and east. A one-unit change
in coordinate corresponds to a tilting of 1 microradian (1 mm per km)
in the direction indicated.

Location of and essential data on each tiltmeter station are listed
in Table 7. The field tilt bases were not measured during this quarter.

Table 6.--Tilt Coordinates at Uwekahuna,

January, February, and March 1972

Date N-S E-W Date N-S E-W

Jan. 2 719 326 Mar. S 728 326

9 721 326 12 728 325

16 723 324 19 728 328

23 724 320 26 726 332

30 727 316

Feb. 6 730 316

13 729 319

20 729 318

27 729 319
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Table 8. --u.s. Geological Survey water-tube tiltmeter
stations in Hawaii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. w. reading M
Deg. Min. Deg. Min.

Tree Molds TM 19 - 26.3 155 - 17.3 Quarterly 50.79 NS. and EW.

Sand Spit 55 19 - 24.1 155 - 16.8 ---do--- 25.40 Equilateral
triangle.

Keamoku Kea 19 - 25.1 155 - 19.0 ---do--- 47.55 do

Ahua
Kamokukolau Kam 19 - 22.7 155 - 16.6 ---do--- 50.79 do

Kipuka Nene KN 19 - 19.4 155 - 16.7 ---do--- 47.73 do

Hilina Pali HP 19 - 18.2 155 - 18.6 ---do--- 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 ---do--- 50.79 do

Mehana M 19 - 26.2 155 - 14.3 ---do--- 25.00 do

Uwekahuna U 19 - 25.5 155 - 17.4 ---do--- 50.79 do

Uwekahuna
Vault 19 - 25.4 155 - 17.6 Daily 3.48 NS. and EW.
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CHRONOLOGICAL SUMMARY'

The Mauna Ulu eruption that began in February continued through
the quarter. The level of activity at Mauna Ulu increased in early
April, and vents C and D at Alae, which had become dormant in late
March, resumed their activity on April 3. The lava lake at Alae
again became active, and a small shield built over vent D before it
declined and extinguished later in the month. The principal active
vents at the beginning of this renewed activity were A in the main
Mauna Ulu crater and C at Alae. Each fed an actively circulating
lava lake that showed short-period rise-and-fall cycles of the
"gas-piston" type that were described in the 1969-1971 Mauna Ulu
eruption. Vent A gradually disappeared as a source of fountaining.
New vents became active in the trench near the former vent B from
time to time and flooded the trench with flowing lava that cascaded
from the trench into the crater. Each of these vents seemed to be
a temporary manifestation of a continuing feeder in the vicinity
of vent B. Most of the flowage westward from the trench into the
crater was in a lava tube beneath a crusted surface in the trench
and through the septum between it and the main crater.

This pattern progressed to a stable configuration with the
level about the same in the trench and the crater, but with lava
visible in the trench only when holes collapsed in its generally
crusted roof. The lava lake in the crater remained at a more-or
less constant level about 20-30 rn below the rim. No overflows
occurred from Mauna Ulu during the remainder of the life of this
stable eruptive pattern, but Alae overflowed almost constantly to
produce a growing shield with an active lava lake at its crest,
directly over the old crater.

The stability of this eruptive pattern was remarkable. The
volume of lava flowing westward from the trench to the crater of
Mauna Ulu varied slightly, as did the level of the lava lake in
the main crater. The rate of flow of vent C at Alae also varied
within rather small limits. Minor inflations and deflations caused
tilt changes of a few microradians at the summit of Kilauea. The
entire eruptive system seemed to be in a steady-state condition in
which inflow determined the output of a master feeder in the vicinity
of vent B in the Mauna lilu trench, the lava lake in the main crater
acted as a local reservoir, and overflow from Alae balanced total
inflow to the system.

During May some islands appeared in the Alae lava lake, similar
to "epimagma" islands described by Jaggar in Halemaurnau early in the
century. These islands grew and coalesced over a period of about a
month, separating the Alae lava lake into two main compartments. One
of these, fed directly by the vent, continued to build its levees and



to overplace its growing shield at a greater rate than the other,
which was fed by overflow from the first. Thus, the two segments
of the lava lake developed distinctly different levels. By the
end of the quarter, the Alae shield was more than 30 rn high above
the early 1972 surface, and its summit was more than 100 m above
the pre-l969 rim of Alae Crater. In late June overflows from Alae
once again, as in March of this year, cascaded into Makaopuhi Crater.
The deep western pit of Makaopuhi began to fill as this flow
continued into the next quarter.
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SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the Observatory (OWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, KMO, OTL).

Computer locations of well-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station.

3



~

Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis of relative

amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to

be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 KM, earthquakes from a source about 30 km beneath the

summit region; Kilauea Summit Long-Period, earthquakes characterized by low-frequency waves that

originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes a few km

deep in the caldera region; SW Rift and Kaoiki, earthquakes along the southwest rift zone of

Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from

the upper east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, earth

quakes along the northeast-trending Koae fault system south of the caldera; Lower East Rift,

earthquakes from the lower east rift zone of Kilauea; Offshore Puu Pili, offshore earthquakes

mostly southeast of Puu Pili (PPL) station.



V'1

Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit
(1972) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pili Remarks

April 1 50 796 13 57 14 101
,2 20 199? 13 22 4 4 4?
3 89 188? 6 37 5 3 61
4 122 152? 10 20 9 22
5 1 69 467 46 44 20 4 12
6 . 26 251? 12 74 6 5

.c
7 .u 15 45 343 27 56 15 2 195?

s=
8 9m Q) 0 13 45 394 20 67 13 4 37.c e
9 +J 4 4 282? 16 21 3 2 12

Q)

10 s=.c 10 12 221? 33 23 2 69
o .J

11 ,... .u 4 ? 301? 27 49 3 1 157
12 o ~ 1 28 614 11 30 6 52s 0
13 Q)..!:: 4 329? 17 54 4 11

~ bD
14 .u ~ 32 614 11 64 15 20

0
15 Q) ,... 31 400? 15 47 5 10

+oJ..!::
16 t\S .u 1 1 ? 1 ? ?,...
17 Q) .u 1 11 1311 14 31 11 23

"'O~

18 O~ 17 334 18 79 28 3 54s ,...
19 o +oJ

110 446 72 11 6 91
20 +oJ CJ) 19 429 71 42 12 10

C1j

21 ) OJ 1 38 352 42 30 7 1 25
0

22 ~ ~ 2 54 348 30 13 11 1 16
OJ

23 ~ 72 353 48 76 16 3
~

24 ~ 1 2041 346 8? 53 5 1
25 7 56 327? 22 24 10 3151
26 1 141 303 29 37 4 1 421
27 211 308 14 44 3 1
28 159m 134 457 11 23 8 1 38
29 60m 188 339 21 37 5 1 24
30 298 330 36 56 9 4 81



0'\

Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Sunnnit
(1972) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift PUll Pili Remarks

May I 3 261 465 31 32 47 5 1
2 1 163 421 25 29 5 6 10
3 337 370 35 31 9 2 1
4 527 343 34 30 7 1
5 493? 363 27 17 6 1 6
6 3 230 316 29 21 3 3 158?
7 169 294 17 33 2 I?
8 163 239 16 24 5 5
9

.
118 298 35 23 9 4,.....c::

10 Q) .u 84 229 16 ? ? 6Pt=
11 ? PtO 50? 152? 35 37 3 ?=' f3
12 5m 20m Q) Q) 49 495 9 26 10 4
13 30m ..c..c:: 1 ' 66 466 19 17 8 3 3.&-J .&-J

14 = .&-J 1 239? 362 24 41 12
15 o =' 1 413 354 40 14 I 4 30

I16 ,.....s:: 2 293 365 58 17 16 1o be

17 S ;j 91 392 48 15 24Q) 0 I18
,... ,...

2 232 403 35 27 7 1 1.&-J..c:

19 .&-J 3 54 507 29 27 13 3~

20 36m Q) .u 1 85 453 32 23 19 1 8>l+-f
21 104m Q)-M 135 413 33 15 5~ ....
22 ) .u 115 408 41 11 3 2 1
23 o en 1 60 306 46 23 15 1~ C\1

24
Q)

162 273 19 17 10 2 325
25 45m ? 271 453 32 114 16 5 71?
26 14m 4 110 375 10 52 12 1 38
27 30m 115 384 15 24 3 28
28 231 394 31 26 12 ?
29 136 415 51? 24 17 6 13
30 7m 70 683 20 39 12 1 9
31 23m 210 599 34 46 16 1 9
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Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Sunnnit
(1972) SW Rift Upper Lower

Inter- Long and East East Offshore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Puu Pili Remarks

June 1 111 512 22 53 7 2 7
2 14m 2 134 662 42 80 15 3 8
3 1 97 577 62 65 9 11 10
4 26? 374? 6? 10? 14? 6?
5 19 413 16 19 8 8
6 2m 11 453 26 23 12 1 17
7 . 1 22 491 12 28 7 ?
8

,...,.c
2 29 441 16 23 5 1 16OJ ....

9
~~ 28 442 22 24 13 2 20~o

10 =' a 1 33 520 21 29 18 3 3
11 60m

QJ QJ
2 112 484 14 42 12 1 10..c::,.c

12 40m 30m
.....J

2 61 578 22 28 14 3 18?
13 30m 5m

~ ....
4 52 467 19 40 8 1 8o ='

14 80m
0 61 513 24 45 16 7 8~,.C

15 25m
o ()()

42 433 21 58 13 2 5?e= ='
16 7m

QJ 0
80 356 43 64 8 4 10J.f ,..

17 4m
.rJ"c

1 175 407 52 147 13 6 1.rJ

18
1"'"1

2 49 462 26 96 12 7 13?QJ ....

19 >~ 2 34 482 24 107 17 12? 2Q)-r1

20
r-1 ,..

39 604 12 123 14 3 2
21

) ....
2 66 738 21 170 20 6?o tI)

22
~ ~

2 53 358 38 162 15 4OJ

23 89 805 13 199 37 9?
24 80m 1 72 663 37 239 23 3
25 52 767 30 252 23
26 26 641 19 253 ?

27 83m 9m 83 266? 39 137 3 1 14?
28 2 74 238 24 130 8 4
29 1 57 473 21 225 4 3 3
30 1 104 289 22 159 6 4 2



Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR) , minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus in km. Assumed" depth is indicated by "x".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT - standard error of the origin time in seconds.

ERH - standard error of the epicenter in km.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [= ; Ri/NOJ where

Ri is the observed seismic wave arrival time less the

computed time at the i th station.

Q solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

Q EPICENTER FOCAL DEPTH

A excellent good
B good fair
C fair poor
D poor poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the. solution. These
two factors are each rated independently according to the following
scheme:

8



A

B

c

D

Station Distribution

NO GAP DMIN

> 8 < 1200 < DEPTH or 5 km

> 6 < 150 0 < 2 x DEPTH or 10 km

> 6 < 225 0 < 50 km

> 4 < 180 0

Others

Statistical ~feasures

ElLlf(km) ERZ(km) MD(sec) RMAX(sec) *

A < 1.0 < 2.0 < 0.10 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

C < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that is,
an A and a C yield a B, and two B's yield 3 B. ~Vhen the two ratings
are only one level apart the lower one is used, that is, an A and a B
yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

*~~ is the maximum residual

9



SUMMARY OF SEISMIC EVENTS

1912 HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP OMIN ERT ERH ERl MD Q

APR l 2 11 32.5 19-22.6 155-18.6 15.6 1.2 9 73 2.8 0.17 0.1 1.8 0.05 A
, 1 2 39 1 • 1 19-23.1 155-16.3 20.5 1.4 12 70 1.4 0.20 0.8 2.0 0.08 A

1 3 45 57.7 19-23.2 155-25.8 2.9 1.3 13 193 1.1 0.18 0.9 1.5 0.15 C
1 4 38 20.6 18-50.3 155-20.8 10.8* 15 265 37.0 0.41 2.8 0.12 0
1 5 1 41.8 19-21.1 155-24.4 8.7 2.2 19 108 2.5 0.05 0.1 1.1 0.13 B

1 B 16 30.3 18-54.6 155-20.4 14.1* 2.4 14 250 35.1 0.42 3.1 0.11 0
1 8 25 51.4 18-44.9 155-15.4 8.0* 2.7 12 301 50.3 1.24 1.9 0.12 D
1 8 29 45.0 18-50.5 155-18.2 1.6* 3.0 21 260 41.1 0.48 3.2 0.16 0
1 8 34 45.D 18-54.1 155-22.3 9.3 2.3 11 250 32.2 0.30 3.6 4.1 0.10 0
1 8 58 48.4 18-49.2 155-18.0 8.0* 2.6 19 264 42.4 0.47 3.1 0.15 0

1 9 30 9.5 lq-19.1 155-11.6 8.0* 0.3 12 166 5.3 0.10 0.8 0.11 C
~

1 9 52 13.3 18-49.9 155-18.1 1.3* 2.5 16 262 40.9 0.39 2.6 0.11 0
0 1 10 58 14.4 19-18.6 155-13.4 8.3 1.6 16 119 7.5 0.11 0.8 2.0 0.13 C

1 13 40 42.5 19-19.9 It55- 1.4 8.e 1.3 14 110 5.9 0.16 1.6 1.0 0.18 C
1 14 25 15.q 19-21.3 155- 7.81 2.4 1.8 16 145 8.9 0.33 0.6 1.2 0.12 B

1 14 58· 12.1 19-19.5 155- 7.0 1.8 1.9 16 178 6.9 0.11 1.6 0.9 0.21 C
1 16 36 38.8 19-20.9 155-11.21 1.1 2.0 11 150 3.2 0.31 3.4 5.3 0.62 C
1 16 39 43.2 19-22.'3 155-23.6 8.0* 0.8 10 230 7.3 0.31 2.3 0.18 0
1 19 19 23.9 19-18.7 155-16.0 8.5 1.2 16 170 3.6 0.12 0.9 1.3 0.12 C
1 22 31 36.0 19-22.1 155-22.9 3.5 0.8 12 169 4.6 0.11 1.1 1.4 0.17 C

2 1 27 33.6 19-25.1 155-50.8 6.0 1.9 14 136 17.1 0.22 3.1 3.9 0.18 C
2 7 53 50.6 19-21.8 155- 2.6 7.7 0.4 12 137 3.6 0.19 2.1 1.5 0.22 C
2 8 40 l~.6 19-18.2 155-16.7 9.0 0.8 15 201 3.4 0.19 1.3 1.7 0.14 C
2 14 39 45.5 19-22.5 155-24.6 8.0* 7 218 4·9 0.20 1.4 0.11 C
2 21 22 13.3 19-19.8 155-12.6 3.6' 10 203 6.4 0.29' 1.6 2.0 0.20 C

3 6 20 56.7 19-19.6 155- 1.4 8.0* 11 186 1.8 0.20 1.8 0.21 C
3 10 28 1.6 18-48.4 155-19.6 10.1* 12 271 40.6 0.60 4.1 0.13 0
3 11 20 31.1 18-47.0 155-11.4 8.0* 2.5 9 282 45.3 0.51 3.1 0.08 0
3 11 51 32.7 19-25.5 155-28.7 7.3 2.2 11 91 12.3 0.13 0.7 0.8 0.14 B
3 12 5 49.q 18-45.8 155-16.0 8.0* 2.2 9 300 48.4 1.53 9.8 0.12 0





SUMMARY {)F SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC lAT N LONG W DEPTH HAG NO GAP OMIN ERT ERH ERZ MO Q

APR 8 5 5 1.8 18-52.2 155-18.8 16.5* 2.1 19 255 35.6 0.29 1.9 0.19 0
8 7 46 6.2 19-22.3 155- 5.51 0.0 16 123 b.4 3.59 1.1 7.1 0.19 C
8 8 3 16.5 19-11.3 155-17.b 30.(, 3. 1 27 149 2.2 0.13 0.8 1.2 0.13 B
8 q 47 6.q 19-11.6 155-18.1 28.8 2.2 23 147 1.2 0.18 1.1 1.7 0.14 B
8 19 40 57.7 19-22.3 155- 6.3 7.5 2.5 20 III 6.3 0.10 0.9 0.1 0.16 B

8 19 55 12.2 19-19.1 156-23.1 8.5 2.9 22 279 53.6 0.42 4.5 10.3 0.16 0
8 20 8 32.0 19-19.3 155-13.4 8.0* 1.5 14 205 7.2 0.12 0.8 0.11 C
8 23 48 45.9 19-18.3 155-17.3 2q.3 17 166 2.4 0.17 1.0 1.1 0.09 B
9 o 45 45.9 19-11.9 155-11.4 29.2 16 168 2.1 0.18 1.1 1.1 0.10 C
9 3 32 39.4 19-19.0 155-11.2 25.4 1.9 15 141 2.1 0.22 0.9 1.9 0.08 B

9 4 42 20.2 1q-18.8 155-11.3 26.1 1.1 15 152 2.4 0.24 1.0 2.1 0.09 C
~ 9 6 31 11.q 1q-19.6 155- 8.1 8.5 1.9 14 113 4.9 0.11 0.9 2.1 0.11 C
~ 9 8 3 25.3 19-20.1 155-13.41 0.7 1.4 11 155 6.0 2.03 1.0 1.7 0.26 C

9 q 42 9.7 19-24.6 155-24.5 8.0* 0.2 10 208 8.3 0.12 0.8 0.08 C
9 9 52 23.5 lq-19.8 155-17.2 6.1 0.9 10 166 0.7 0.12 0.8 0.6 0.10 B

9 11 29 11.8 19-11.4 155-16.9 32.2 3.2 23 151 3.1 0.15 1.0 1.5 0.14 C
9 14 12 13.0 19-20.1 155-11.0 23.0 12 142 0.7 0.27 1.1 2.3 0.08 B
9 15 33 6 •.-\ 19-20.6 155-12.31 1.4 2.8 11 151 3.4 0.09 0.8 1.4 0.16 C
9 16 41 40.4 19-20.8 155- 7.4 4.8 2.3 14 153 4.8 0.19 1.4 1.4 0.26 C
9 13 1 45.0 19-18.6 155-15.4 9.7 1. 7 14 188 4.4 0.09 0.1 0.7 0.08 B

9 23 13 21.6 18-45.6 155-20.01 5.1* 2.8 11 299 42.8 0.51 3.6 0.27 0
.10 5 19 53.0 18-48.8 155-18.9 2.5 3.1 14 211 41.2 1.22 2.9 1.0 0.11 0
10 21 59 11.0 19-20.8 155-24.1 7.6 2.0 10 124 2.6 0.06 0.6 0.5 0.09 B
10 23 20 50.4 19-21.1 155-24.2 5.1 1.6 10 158 2.2 0.12 0.7 1.2 0.12 C
10 23 32 16.2 19-19.4 155-11.8 2.7 2.8 24 110 5.8 0.11 1.0 1.0 0.29 C

10 23 35 24.6 19-20.2 155-12.0 8.5 12 204 4.3 0.11 0.1 1.2 0.08 B
11 11 24 51.4 19-22.9 155-28.3 4.9 2.8 19 51 10.0 0.12 0.9 1.3 0.24 C
11 12 40 16.4 19-24.0 155- 2.3 1.2 2.3 17 128 1.7 0.64 1.1 2.3 0.21 C
11 13 32 49.9 18-50.4 155-11.5 1.8* 3.0 20 261 39.6 0.48 3.0 0.16 0
11 21 34 59.5 19-20.5 155-15.9 8.1 1. 1 12 132 2.1 0.01 0.6 0.4 0.09 B







SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC LAT (.~ LONG w DEPTH MAG ~~O GAP OMIN ERr ERH ERl MO Q.

hyq 18 ?3 58 38.6 19-23.1 155-26.0 8.0* 0.6 13 195 7.2 0.15 1.0 0.13 C
19 o i8 7.8 19-22.5 155- 8.8? 7.9 1.4 19 118 2.0 0.14 1.3 0.7 0.17 C
19 1 79 20.1 18-49.0 155-16.0 2.0. 2.6 14 265 43.1 0.52 3.3 0.15 0
19 8 41 55.7 19-23.4 155-25.0 8.1 1.4 11 121 6.1 0.07 0.5 0.4 0.01 B
19 9 58 59.1 18-53.3 155-19.9 10.1 1.6 11 219 33-0 1.09 5.5 4.1 0.10 0

19 10 5 2.1 18-48.3 155-17.1 8.0* 3.1 16 273 43.4 0.51 3.3 0.14 0
14 10 16 3Y.7 18-51.7 155-38.8 43.6 3.9 26 263 3.0 0.52 2.5 3.1 0.13 0
19 10 35 21.8 19-20.3 155- 8.2 4.3 13 163 4.4 0.18 1.3 1.4 0.19 C
19 12 1 20.Q 18-45.0 155-14.1 8.0* 2.1 14 288 51.2 1.50 9.3 0.20 0
20 o 20 5.3 19-19.4 155-24.5 5.9 1.2 11 112 2.6 0.10 0.8 0.9 0.15 B

20 7 55 11.7 19-24.4 155-24.5 8.0* 9 207 8.0 0.15 1.0 0.10 C
t--& 70 15 141.7 19-11.5 155-21.2 5.3 2.1 17 171 12.3 0.15 1.C 0.8 0.17 C
lJ1 20 16 55 15.1 20- 0.8 155-33.6 42.0 14 198 26.3 0.83 3.8 8.6 0.20 C

20 11 42 26.2 19-23.4 155-26.2 8.0* 1.0 9 199 1.8 0.10 0.7 0.07 C
20 22 o 46.q 19-19.0 155-15.3 10.7 1.5 10 lq3 4.2 0.15 0.7 1.'3 0.06 B

20 22 2 32.q lq-32.9 156-16.1 4.6 2.4 11 298 52.1 0.58 10.6 13.2 0.16 0
21 1 2 11.5 19-16.9 155-22.8 4.1 1.1 11 188 6.2 0.14 1.0 1.2 0.20 C
21 1 3 6.2 lq-16.q 155-22.7 4.5 2.4 15 181 6.2 0.15 1.0 1.2 0.20 C
21 1 6 5.0 19-17.3 155-22.1 4.5 1.2 10 117 5.4 0.16 0.9 1.1 0.14 C
21 1 37 51.5 19-16.9 155-22.5 5.1 2.4 17 188 6.2 0.12 0.9 0.8 0.17 C

21 4 49 56.6 18-49.6 154-41.1 8.0* 2.6 8 333 71.9 2.09 71.5 0.20 0
21 10 5 32.4 19-19.6 155- 9.3 3.8 2.5 21 113 4.1 0.16 1.0 1.1 0.23 C
2111205b.5 18-50.2 155-18.1 5.2 3.2 23 262 39.6 1.18 2.6 7.4 0.15 0
21 13 41 17.7 19-24.3 155-23.4 8.6 11 171 6.6 0.08 0.7 1.3 0.10 B
21 19 15 11.6 19-19.9 155-12.0 5.1 2.2 19 163 5.5 0.14 1.0 0.9 0.22 C

21 23 41 25.6 20- 5.3 155-31.8 53.4* 2.3 11 311 34.8 0.42 3.5 0.09 0
22 1 41 11.4 19-22.8 155-24.61 8.1 2.0 18 99 5.4 0.08 0.5 0.5 0.11 B
22 1 52 22.5 19-23.1 155-24.0 6.2 1.6 11 185 5.4 0.12 0.8 1.0 0.11 C
22 2 28 2.9 19-21.1 155-14.0 6.3 1.4 14 159 4.1 0.19 1.1 1.1 0.20 C
22 4 48 23.1 1Q-10.2 155-36.5 6.3 2.3 11 101 8.1 0.18 1.0 1.1 0.23 C





SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

APt< 26 4 13 43.4 lQ-lO.7 155-22.1 24.0 1.7 14 207 13.3 0.25 2.1 2.8 0.18 C
26 4 48 23.4 18-52.4 155-16.0 5.2 2.1 13 256 37.8 1.58 3.4 10.1 0.15 D
26 5 46 19.8 18-51.5 155-17.8 8.0* 2.1 10 270 31.1 0.31 2.0 0.08 0
26 5 49 29.4 18-51.8 155-17.3 8.0* 2.1 11 288 48.4 0.82 5.3 0.10 0
26 6 25 3

0
6.8 18-54.6 155-20.0 9.8 2.5 10 215 30.8 0.33 1.9 1.2 0.04 C

26 6 29 41.5 18-51.2 155-16.8 3.4 3.0 16 258 38.9 1.54 3.6 g.2 0.13 0
26 6 35 53.0 18-52.0 155-11.1 4.5 3.0 15 275 31.5 2.10 4.1 11.3 0.14 0
26 6 45 24.9 18-56.4 155-21.5 8.A 2.8 10 266 32.6 0.81 5.3 3.0 0.13 0
26 6 48 o. f} 18-53.4 155-18.7 8.1 2.1 11 280 33.8 0.81 4.9 3.1 0.12 0
26 7 3 23.9 18-52.6 155-17.7 8.3 2.5 13 268 36.0 0.53 3.0 2.2 0.09 0

26 7 10 l~.e 18-51.0 155-16.4 4.1 3.0 18 265 30.5 0.49 2.4 3.2 0.21 0

~ 26 8 ~3 53.9 lQ-21.4 155-16.1 24.4 17 110 2.4 0.12 0.8 1.2 0.10 B
'-J 26 \.} 34 11.2 19-24.4 155-24.8 8.0* 1.1 8 213 8.1 0.08 0.5 0.05 C

26 q 42 2 • '+ lq-22.4 155-24.31 6.0 1.0 8 210 4.4 0.35 2.0 3.5 0.10 C

26 10 4 1L..'j 19-20.0 155-11.5 8.0* 9 162 4.8 0.05 0.4 0.05 C

2.6 12 12 31.4 19-32.4 155- 6.5 8.0* 2.2 9 228 6.2 O. 12 0.9 0.06 0
26 18 43 15.9 19- 22. 1 155-23.51 8.0 1.8 q 121 3.6 0.10 0.1 1.1 0.10 B

26 20 46 58.9 19-19.q 155- 6.8 lO.l 1.5 9 255 6.1 0.24 1.6 1.4 0.06 C
26 2, 9 27.3 19-18.7 155-13.5 8.0* 1.6 8 216 1.3 0.15 1.1 0.10 C

27 o oJ 3 37. C 18-53.3 155-17.4 8.2 12 282 35.1 0.69 3.8 2.50.10 [)

27 5533 0::1.6 19-22.4 155-22.8 7.2 1.4 7 164 4.1 0.42 1.0 3.2 0.07 C

21 7 L8 35.1 19-21.5 155-15.2 28.1 12 138 2.0 0.19 1.0 1.1 0.06 B

21 7 38 57.2 19-19.4 155-15.1 6.4 1.9 15 119 3.2 e.15 1.0 0.1 0.17 C

27 8 4 38.1 lq-18.6 155-11.1 11.8 2.2 10 228 7.3 0.21 2.3 2.0 0.18 C

27 11 3 23.8 19-19.5 155-13.9 6.4 1.8 16 163 6.3 0.13 0.9 0.8 0.18 C

21 12 41 2.9 19-20.4 155-11.4 8.1 2.1 7 209 4.2 0.09 0.6 1.2 0.04 B

21 18 59 40.2 19-21.q 155-24.2 1.1 2.2 18 126 3.6 0.09 0.8 0.6 0.11 B

21 22 53 51.6 19-26.8 155-24.5 8.0* 1.5 12 161 5.9 0.04 0.3 0.05 C

28 6 18 48.3 19-23.1 155-25.11 o. () 1.6 12 116 1.1 8.87 0.8 16.9 0.14 C

28 9 2 36.1 19-20.4 155-12.5 8.0* 1.1 11 155 5.5 0.10 0.8 0.12 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MD Q

APR 28 14 10 45.4 19-19.2 155-13.6 5.8 1.6 21 148 6.8 0.12 0.9 0.7 0.22 C
18 19 15 22.3 19- 6.1 155-26.0 31.0 2.0 17 197 7.0 0.25 1.3 2.4 0.10 C
28 20 21 54.9 19-18.1 155-21.6 5.6 1.5 14 158 4.9 0.10 0.7 0.7 0.14 C
2A 20 32 24.1 19-19.0 155-16.0 1.8 1.4 12 185 3.2 0.18 1.4 0.7 0.11 C
28 22 14 55.8 19-22.3 155-14.8 28.9 1.8 11 121 2.0 0.11 0.9 1.5 0.08 B

28 22 35 1.q 19-18.8 155-15.6 9.6 1.2 10 194 3.9 0.28 1.5 2.6 0.11 C
29 0 4 11.3 19- 8.6 155-33.5 45.1 1.9 15 132 10.0 0.71 2.9 6.4 0.18 C
29 1 58 5.1 19-20.0 155- 1.41 C.O 2.2 11 229 15.2 4.41 1.6 8.2 0.13 0
29 6 23 30.0 20- 3.9 155-32.8 51.8 2.5 25 202 25.3 0.39 1.6 3.4 0.10 C
29 7 8 24.0 19-16.6 155-34.01 8.0* 1.5 10 177 19.9 0.42 4.9 0.38 0

29 8 7.7 53.7 19-23.3 155- 4.G U.4 2.5 23 161 6.6 0.51 0.9 0.9 0.23 C
J-& 29 16 29 48.7 19-24.4 155-24.9 8.0* 1.5 16 162 8.2 0.09 0.6 0.10 C
00 29 lq 9 2.4 19- 5.7 155-28.3 31.5 2.3 21 180 7.1 0.26 1.3 2.4 0.12 C

29 19 39 53.4 18-54.1 155-18.8 23.3 3.1 21 241 31.8 0.34 1.8 8.7 0.17 0
29 21 50 12.1 19-11.2 155-31.41 41.6 1.8 17 "96 1.0 0.34 3.3 2.8 0.14 B

3/"' 1 46 19.9 19-28.1 155-28.6? 0.0 1.5 20 121 9.8 6.48. 1.0 12.1 0.20 C'..J

-30 3 22 15.5 19-19.3 155-14.1 8.0* 0.9 13 191 6.0 0.15 1.0 0.14 C
30 3 SG 1].7 19-16.5 155- 0.9 34.9 2.0 16 225 7.3 0.47 2.1 4.1 0.12 C
30 7 29 27.9 19-13.0 155-18.2 25.3 1.7 23 172 9.3 0.15 1.0 1.7 0.13 C
30 10 10 l8.4 19-23.1 155-23.2 8.0* 1.6 1 178 5.3 0.09 0.1 0.08 C

·~O 17 16 8.4 1Q-20.8 155-14.3 6.1 2.2 13 161 4.1 0.22 1.3 1.1 0.20 C
30 1-' 36 12.2 19-25.1 155-13.8 35.0 1.9 1 146 12.6 0.24 1.0 2.3 0.04 B
30 11 51 7.8 19-20.3 155-12.7 8.0* 1.6 8 192 6.0 0.12 0.9 0.09 C
30 22 41 51.6 19-22.0 155-24.7 7.9 1.5 10 131 4.2 0.01 0.7 0.5 0.08 B

MAY 1 2 6 44.8 19-20.2 155-12.0 8.0* 1.8 9 202 5.1 0.13 1.0 0.10 C

1 3 31 53.9 19-19.8 155-14.1 6.4 1.7 15 185 5.1 0.18 1.1 0.9 0.19 C
1 5 9 49.6 19-23.8'155-27.91 1.6 2.0 16 145 10.5 0.09 0.7 3.0 0.11 B
1 9 52 27.2 19-19.3 155-12.7 3.1 2.1 13 213 1.2 0.23 1.3 1.3 0.18 C
1 9 55 34.3 19-18.1 155-13.8 ·13.4 1.6 7 226 7.4 0.20 1.3 1.6 0.05 C
1 14 24 2.q 19-18.6 155- 9.2 1.9 1.9 12 185 6.5 1.95 1.5 1.2 0.23 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

191? HR ~;N SEC LA r ;~ LO("G W DEPTH MAG NO GAP DMIN ERT ERH ERZ ~O Q

MAy 1 15 "~l 38.:3 19-16.5 155-11.7 8.0* 1.4 8 265 10.7 0.56 3.3 0.15 0
1 15 46 IG.8 19-19.0 155-14.1 12.4 10 204 6.1 0.25 1.0 l.q 0.06 B
1 18 6 12.2 19-18.4 155-18.3 9.8 1. 1 8 184 0.9 0.22 0.9 1.5 0.03 B
1 2l 49 28.6 19-18.9 155-14.3 7.0 2.1 19 171 5.9 0.15 1.0 0.1 0.16 C
1 22 17 2Y.4 19-19.5 155-15.0 11.8 1 240 4.4 0.34 1.4 2.2 0.04 C

1 22 }O 15.5 19-18.8 155-14.5 9.7 0.9 10 206 5.6 0.33 1.7 3.3 0.14 C
1 23 le 41.0 19-50.1 156- 7.4 48.8 3.2 18 251 34.0 0.41 1.9 3.2 0.09 C
1 ?3 28 7.4 19-19.5 lSS-14.8 11.3 1 242 4.6 0.35 1.4 2.1 0.04 C
2 U 3 14.2 lq- 6.1 155-30.91 25.1* 1.4 13 182 21.3 0.15 2.9 0.18 C
2 o 48 48.8 19-18.4 155-14.2 12.1 1.9 10 216 6.5 0.22 0.9 1.1 0.06 B

2 C 51 8.2 lq-~O.6 155-24.0 8.3 1.0 9 113 1.4 0.14 1. 1 1.8 0.11 C
~ l 22 6.6 1q-22.4 155-16.7 23.8 1.3 9 101 1.5 0.32 1.4 3.0 0.07 B

~ L

\0 2 2 56 18.3 19-25.0 155-27.0 8.0* 1.1 8 24q 11.1 0.18 1.1 0.05 0
2 5 4 2.5 19-23.6 155-16.5 39.1 2.2 9 IG6 0.9 0.11 1.9 6.10.06 B
-) 5 18 3:5.6 19-22.7 155-25.3 8.0* 0.9 10 167 5.8 0.10 0.9 C.11 C'-

2 5 56 30.6 lq-19.6 155-15.1 11 • 1 1.5 8 235 4.1 0.18 0.1 1.2 0.03 C
2 ., 5e 22.8 19-19.9 155-15.4 10.3 1.8 6 248 3.5 0.33 1.3 2.0 0.02 C
2 6 5 10.6 lQ-19.0 155-13.8 8.0* 0.8 8 208 6.1 0.14 1.0 0.10 C
2 6 25 20.~ 19-1Q.O 155-13.4 8.0* 7 211 7.3 0.15 1.1 0.08 C
2 1 39 54.4 19-25.8 155-1-5.2 29.6 3.0 23 49 1.1 0.15 O.q 1.5 0.13 B

2 7 55 6.4 19-23.7 155-22.9 8.0* 1.4 13 119 5.5 0.05 0.4 0.10 B
2 9 31 50.3 lq-19.8 155-11.7 8.0* 1.6 7 216 5.2 0.17 1.2 0.08 C
2 18 10 29.6 lQ-20.9 155- 8.1 10.S 1.6 9 157 3.7 0.17 1.3 2.1 0.08 C
2 22 39 15. 3" 19-26.0 155-21.0 8.0* 1.0 12 113 11.5 0.04 0.4 0.06 C
2 23 56 10.2 lq-22.4 155-22.7 5.6 1. 1 1 186 4.1 0.12 0.9 0.9 0.08 B

2 23 56 50.4 1q-22.4 155-22.4 1.9* 1.1 6 116 4.3 0.10 0.6 0.01 C
3 2 27 4.8 19-21.8 155-14.7 10.4 7 149 2.4 0.17 0.9 1.5 0.05 8

3 l 43 45.5 19-24.2 155-17.1 13.4 1.4 16 81 1.5 0.06 0.6 0.8 0.10 A
"3 14 34 37. 8 lq-24.8 155-24.0 7.8 3.0 20 63 1.1 0.09 0.7 0.6 0.18 B
~~ 15 -36 29.3 19-19.5 155-16.3 10.2 7 215 2.3 0.16 0.7 1.1 0.02 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR ~N SEC LAT N LONG W DEPTH MAG ;~O GAP OMIN ERT ERH ERl MD Q

MAY 3 11 42 39.6 19-22.5 155-22.5 6.5 0.9 9 156 4.4 0.25 0.6 2.2 0.09 C
3 20 9 56.0 19-22.6 155-29.2 8.0* 1.8 11 157 11.2 0.04 0.4 0.05 C
3 21 41 54.6 19-19.2 155-15.4 6.1 0.9 11 185 3.8 0.26 1.4 1.7 0.18 C
4 l 7 28.0 19-27.7 155-29.5 8.0* 0.6 7 288 11.5 0.32 1.1 0.04 0
4 2 16 33.7 19-19.1 155-17.7 16.2 0.6 9 187 2.0 0.39 1.7 3.4 0.07 C

4 3· 34 29.0 lq-24.2 155-23.3 8.8 1.3 14 110 6.4 0.09 0.8 1.2 0.12 C
4 7 25 42.3 19-29.1 155-20.1 17.2 1.1 8 290 2.9 0.92 3.9 6.6 0.08 0
4 7 51 18.5 19-25.1 155-25.2 8.0* 1.1 11 127 8.3 0.05 0.5 0.08 C
4 11 32 12.0 19-18.6 155- 7.6 8.0* 1.8 7 202 7.5 0.09 0.8. 0.05 C
4 16 21 54.4 19-22.8 155-25.9 8.0* 1.6 11 117 6.6 0.06 ·0.5 0.C8 B

4 20 13 2.5 19-21.0 155-23.8 8.0 0.4 9 212 1.6 0.15 1.2 0.6 0.09 C
N 4 21 10 58. 1 19-19.4 155-11.2 8.C* 1.2 10 204 7.2 0.12 0.8 0.10 C
0

4 21 47 38.5 lQ-23.0 155-25.8 8.0* 0.9 8 239 6.8 0.21 1.3 0.08 0
5 l 35 1~.3 lq-25.7 1'55-22.5 8.0* 0.8 8 162 4.8 0.09 0.8 0.10 C
5 2 o 31.(" 19-23.9 155-17.4 12.5 0.7 10 112 1.2 0.14 0.6 1.2 0.07 A

5 6.3358.1 19-20.8 154-53.9 26.9* 2.3 7 342 28.0 1.38 9.8 0.08 D
5 12 53 20.5 19-59.3 155-48.0 3.2* 2.5 13 201 15.6 0.12 1.2 a.le c
5 21 44 21.9 lQ-23.0 155-22.41 0.1 0.8 11 156 4.9 2.26 0.7 8.6 0.13 C
6 3 7 18.7 lq-lO.2 155-10.3 35.5 2.0 13 263 20.4 0.56 3.1 3.6 0.10 0
6 1 18 8.9 19-19.1 155- 9.1 4.2 1.5 17 171 4.5 0.11 1.2 1.3 0.24 C

6 10 j4 le.o 19-22.3 155-23.01 8.2 10 117 3.9 0.08 0.5 0.9 O.Og B
6 14 27 15.4 lQ-ll.O 155-20.0 40.1 1.2 14 117 13.1 0.20 1.0 l.q 0.08 B
6 16 1 25.3 lq-21.1 15'5-23.4 12.0 1.8 11 137 1.1 0.17 2.0 1.9 0.22 C
6 IIJ 29 0.7 18-49.8 155-15.3 2.1* 2.8 22 263 42.5 0.42 2.7 0.15 0
6 20 o 50.4 18-49.6 155-15.0 8.0* 2.9 16 263 43.1 0.43 2.9 0.14 0

1 3 '.. 8 9.2 19-24.3 155-17.2 13.4 1.3 12 59 1.2 0.16 0.6 1.3 0.06 A
7 16 1 1't. 7 19-18.1 155-11.5 2.6 1.3 9 191 7.8 0.36 2.2 3.8 0.22 C
7 20 12 26.7 19-20.1 155-10.2 9.6 1.2 9 238 2.6 0.21 1.4 1.1 0.08 C
1 20 56 18.4 19-18.5 155- 4.91 0.0 2.9 19 218 10.9 6.04 2.0 11.2 0.27 C
1 22 51 35.5 19-23.4 155-27.1 8.0* 2.0 9 128 8.9 0.04 ·0.4 0.06 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 Ht{ MN SEC LA T r~ LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl ,..0 Q

MAY 8 16 q 7.4 19- 7.g 155-38.3 0.1* q 119 13.2 0.15 1.5 0.13 C
8 22 '>3 59.2 19-,24. 7 1.55-26.0 8.0* 1.6 15 111 9.5 0.05 0.4 0.08 C
8 23 14 45.9 19-22.5 155-24.41 8.6 2.4 19 51 4.6 0.08 0.6 0.5 0.14 B
8 23 20 3.1 1q-19.9 155-12.6 8.0* 1.3 8 199 6.3 0.12 0.9 O.Oq C
8 23 27 19.4 lq-24.7 155-15.6 19.3 1.0 13 91 3.8 0.12 0.7 1.3 O.Og A

'~j C 9 ~.2 lq-19.7 155-16.2 9.9 1.5 6 221 2.3 0.19 0.7 1.3 0.01 C
'-j J 18 34.1 18-51.9 155-17.3 8.0* 2.7 12 269 37.3 0.35 2.3 O.Og 0
9 o 31 35.1 19-21.0 155-13.9 5.0 0.7 15 162 4.4 0.17 1.0 1.1 0.20 C
9 3 43 8.0 19-21.4 155-16.1 26.8 1.0 13 105 4.6 0.20 1.0 2.0 0.11 B
9 22 59 49.9 19-;?O.6 155- 8.2 10.1 0.8 10 168 4.0 0.10 0.9 1.3 0.06 H

9 23 6 22..5 19-21.8 155-25.1 8.9 0.1 8 251 5.1 0.44 2.4 3.3 0.09 C

N g 23 45 46.4 19-1q.6 155- 6.1 8.0* 0.6 9 181 5.1 0.25 2.6 0.23 C
~ 10 o 43 2.7.2 19-22.4 1"5-22.0 2.1* 0.9 9 89 4.1 0.10 0.1 0.16 B

10 -3 3'5 5.4 lQ-17.4 155-21.7 8.0* 1.3 (3 251 5.5 0.43 2.5 0.13 0
1--' 5 18 -j.4 19-23.7 155-26.2? G.e 2.1 15 83 8.2 0.63 0.8 1.2 0.23 C
~

10 7 22 31.8 19-11.4 155-27.0 7.8 2.7 15 148 3.8 O.Oq o.q 0.6 0.14 B
10 9 1 35.7 19-12.6 155-27.1 3.8 0.8 10 137 5.9 0.19 1.6 2.3 0.23 C

10 22 G 33.8 19-52.4 1'55-17.9 q.8 1.9 11 261 36.1 0.64 3.0 2.8 0.08 0
11 o 13 34.2 19-20.0 155-11.0 8.1 0.9 7 226 4.3 0.16 1.2 0.6 0.06 C
11 8 4 13. 3 19-20.6 155- 8.8 9.2 1.3 8 221 3.2 0.23 1.7 1.1 0.09 C

1 1. IE 28 34. l 1- 19-22.1 155-24.1 6.3 0.5 8 195 3.9 0.16 1. 1 1.1 0.11 C
11 18 38 23.4 19-11.1 155-32.4 6.8 3.0 20 100 8.6 0.14 1.0 0.9 0.22 C
11 18 43 4.2 19-14.9 155-24.3 8.0* 0.1 q 172 15.5 0.20 2.1 0.20 C
11 19 36 41.7 19-18.9 155-14.7 11.2 1.6 10 200 5.2 0.19 0.8 1.6 0.01 B

11 19 46 55.2 19-20.1 155-11.9 8.0* 1.5 9 206 5.1 0.13 1.0 0.09 C

11 ~j 33 30.1 19- 9.2 155-36.1 34.2 2.1 15 152 10.1 0.33 1.3 3.3 O.Oq C
L2 14 3 58.q 19-11.4 155-24.41 4.0 1.0 14 118 5.6 0.12 1.0 1.0 0.19 C
12 15 21 22.6 19-29.8 155-46.2 6.3 1.2 13 191 18.0 0.55 1.1 4.1 0.09 C
12 15 44 43.3 19-19.8 155-15.1 6.1 0.1 17 141 4.1 0.09 0.8 0.7 0.16 B

12 16 8 2J.l 19-20.2 155-16.1 9.6 1.4 9 207 2.3 0.17 0.8 1.2 0.05 B



SU~MARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG ~ DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 12 20 16 31.1 19-54.8 155-57.41 11.8* 2.1 12 312 54.3 1.07 6.7 0.14 0
13 20 16 16.6 19-22.3 155-25.5 8.0· 1.4 11 139 5.4 0.06 0.5 0.08 C
13 20 37 9.1 19-22.8 155-24.9 8.0* 0.9 13 137 5.5 0.08 0.7 0.11 C
13 20 47 24.4 19-25.4 155-28.9 7.2 1.1 20 193 12.6 0.19 1.3 0.9 0.18 C
13 21 52 22.9 19-25.6 155-28.8 7.3 0.8 ·11 195 12.3 0.16 1.0 0.7 0.10 C

14 o 26 13.6 19-25.6 155-23.4 8.0· 0.6 16 130 5.9 0.08 9.6 0.14 C
14 1 11 51.3 19-24.9 155-25.8 8.0* 1.3 14 158 9.6 0.07 0.5 0.09 C
1- 9 39 52.S 19-35.3 155- 8.8 8.0· 10 249 12.8 0.20 1.1 0.06 0
14 12 33 46.3 19-25.4 155-15.6 11.6 0.9 10 126 4.4 0.26 1.3 3.2 0.12 B
14 13 15 18.8 19-23.0 15S-iS.6 8.0* 1.5 11 145 6.5 0.07 0.6 0.10 C

14 16 49 10.6 19-19.6 155- 7.1 8.0* 0 •.6 6 187 6.7 0.14 1.4 0.08 C
N

14 18 1 33.1 19-25.4 155~21.2 8.0* 1.0 9 223 10.7 0.15 0.9 0.07 C
N 14 19 22 53.2 19-19.6 155~ 7.6 25.7 0.7 8 253 6.1 0.86 5.1 6.3 0.11 0

14 19 34 48.0 19-21.2 155-!4.4 11.9 1.5 9 152 3 0 4 0.13 0.5 1.0 0.03 8
14 20 3 35.9 19-22.9 155-24.3 8.0· 1.7 13 132 S.4 0.07 0.6 0.12 C

15 2 4 45.7 19-20.8 155- 4.9 0.4 2.1 15 251 8.9 7.20 2.0 13.2 0.13 0
15 2 45 47.1 19~32.7 155- 6.3 8.0* 0.8 8 236 6.3 0.24 1.7 0.09 0
15 4 5 36.0 19-28.7 155-'15.1 25.3 3.3 23 66 5.9 0.15 1.0 1.1 0.14 8
15 5 4 27.8 19-19.6 155-16.0 8.8 2.7 18 161 2.7 0.01 0.6 0.9 0.12 C
15 18 S6 36.3 19-20.0 ISS-11.0 11.2 1.1 13 227 4.4 0.31 1.3 2.2 0.08 C

15 23 26 51.3 19-21.2 155-17.9 2~.6 2.4 20 63 2.2 0.11 0.8 1.3 0.11 8
16 2 17 13.1 19-16.6 155-22.2 6.1 2.8 25 1·37 6.7 0.08 0.7 0.6 0.19 C
16 6 34 20.8 19-23.4 155-27.5 7.8 1.4 9 231 9.5 0.17 1.2 0.1 0.06 C
16 14 17 33.5 19-19.2 155-18.4 6.5 1.8 9 146 2.2 0.17 1.3 1.0 0.13 8
16 18 1 23.5 19-23.6 155-25.11 4.1 2.8 18 76 7.1 0.11 1.0 4.6 0.22 C

11 o 41 17.3 19-19.4 155-16.4 9.4 1.3 7 227 2.2 0.06 0.3 0.4 0.01 C
17 ! 47 20.8 19-21.1 155-28.6 0.6* 0.8 10 124 9.4 0.10 0.8 0.14 C
17 2 49 3.7 19-22.4 155-26.81 0.0 2.0 14 76 7.4 1.76 0.8 22.5 0.20 C
17 2 50 8.0 19-23.6 155-16.3 17.6 1.8 8 106 1.1 0.97 3.7 8.8 0.17 8
11 5 33 2A.9 19-18.1 155-15.2 11.8 0.4 9 200 4.6 0.15 0.6 1.2 0.04 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 17 6 53 5Q.2 19-26.3 155-27.1 8.0· 0.4 10 141 9.3 0.06 0.6 0.01 C
17 12 11 4.5 19-18.0 155-15.8 9.8 0.6 9 268 4.8 0.63 3.4 3.3 0.09 0
17 16 6 54.3 19-22.3 155-23.4 9.5 0.4 9 184 3.9 0.30 1.2 2.8 0.08 C
17 16 9 43.b 19-25.6 155-21.8 A.O· 2.0 16 76 11.1 0.06 0.5 0.11 C
17 16 41 9.7 19-19.2 155-1J.S 13.7 8 204 1.0 0.12 1.0 0.6 0.05 B

17 21 S8 20.1 19-22.1 155-21+.6 8.0* 0.8 9 134 5.2 0.08 0.6 0.08 C
11 23 26 10.9 20- 0.9 155-14.1 58.3 1.6 16 227 17.9 0.71 3.1 5.8 0.13 0
18 2 13 35.6 19-19.9 155-16.6 8.9 7 208 1.- 0.10 0,6 0.8 0.02 B
18 5 23 26.9 19-32.2 155- 9.9 6.5 14 127 11.3 0.11 0.8 0.9 0.14 B
18 6 15 1.4 19-20.0 155-14.8 5.9 2.2 16 164 4.5 0.12 0.9 0.8 0.18 C

18 12 5 21.8 19-17.6 155-10.81 0.0 2.5 16 191 9.5 4.30 1.0 8.1 0.19 C

N 18 12 47 13.9 19-18.3 155-14.8 10.6 9 211t 5.6 0.16 0.7 1.3 0.05 B
w 18 11 1 40.2 19-21.7 155-16.4 25.0 0.8 9 124 1.1 0.37 1.6 3.3 0.09 B

18 11 19 10.1 19-20.3 155-19.2 26.7 16 126 3.1 0.14 0.9 1.4 0.11 B
18 19 o 29.2 19- 9.8 155-37.4 6.8 2.7 16 128 9.4 0.16 1.0 0.8 0.14 B

18 22 27 14.0 19-21.2 155- 4.9 6.2 3.1 21 118 4.3 O.llt 1.1 0.7 0.19 B
18 22 49 22.6 19-23.6 155-23.5 8.0*-0.0 7 184 6.3 0.11 0.8 0.08 C
19 0 2 52.3 19-27.9 155-52.3 7.1 1.7 13 187 8.0 0.13 2.7 2.9 0.10 C
19 o 51 11.6 19-22.1 155-25.01 7.8 1.1 8 233 4.5 0.24 1.2 0.9 0.08 C
19 2 56 55.1 18-44.0 155-29.2 13.8· 17 298 47.1 1.27 7.9 0.15 0

19 5 50 6.1 19-18.8 155- 8.3 8.0· 1.0 9 244 6.1 0.38 2.4 0.15 0
19 6 11 34.5 19-20.1 155-12.21 8.1 1.2 13 203 5.5 0.19 1.4 0.7 0.13 C
19 10 11 55.9 19-20.1 155-13.1 5.6 0.8 14 157 6.5 0.13 0.9 0.9 0.20 C
19 20 31 30.7 19-19.4 155-11.6 5.0 1.1 16 172 5.9 0.23 1.4 1.2 0.21 C
20 8 0 9.4 19-19.5 155-15.8 24.1 2.7 23 140 3.0 0.11 0.7 1.1 0.11 B

20 12 2q 50.8 19-24.4 155-17.1 10.2 1.0 16 58 1.0 0.03 0.3 0.3 0.05 A
20 13 11 7.5 19-23.9 155-17.2 10.2 1.3 11 54 1.1 0.08 0.7 0.1 0.11 B
20 18 46 11.7 19-51.4 155-34.1 26.3 1.6 24 205 14.3 0.25 1.2 2.5 0.10 C
21 S 10 49.6 19-21.9 155-24.01 8.3 1.7 13 62 3.3 0.08 0.7 0.5 0.12 B
21 7 13 32.8 19-20.6 155-24.01 8.4 1.4 15 92 1.3 0.07 0.8 0.6 0.14 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q

MAY 21 10 12 2~.1 19-22.1 155-23.9 8.0 0.2 1 201 3.7 0.41 2.3 4.3 0.09 C
21 18 52 29.2 19-40.8 156-20.5 46.5* 3.3 18 321 47.4 0.42 3.0 0.08 D
21 22 48 18.4 19-22.3 155-25.1 8.0· 0.5 11 136 5.0 0.08 0.6 0.10 C
22 1 56 27.7 19-17.9 155- 4.6 34.6 2.5 12 266 12.0 0.61 2.4 4.6 0.06 C
22 2 12 0.3 19-19.7 155-13.1 8.0* 0.5 8 220 6.9 0.18 1.2 0.09 C

22 5 31 3.9 19- 9.6 155-35.31 5.9 3.1 18 201 10.3 0.25 1.8 1.8 0.20 C
22 1 59 16.b 19-27.9 155-21.2 8.0· 1 768 7.6 0.63 3.5 0.12 0
22 11 48 36.2 19-21.5 155-12.6 A.O· 8 160 6.0 0.01 0.6 0.05 C
22 12 12 24.2 19-22.4 155-23.7 8.6 0.6 9 158 4.0 0.11 0.7 1.8 0.09 B
22 19 30 Q.6 19-23.4 1!:JS-28.4 8.0* 1.4 10 142 10.8 0.07 0.6 0.06 C

22 19 56 21.5 19-24.0 1~5-24.9 A.2 2.3 16 14 7.5 0.06 0.4 0.4 0.08 A
23 11 2 44.2 19-19.6 155-16.2 9.7 1.6 7 229 2.3 0.11 0.6 o.e 0.02 c

N 23 14 50 18.8 19-21.1 1~5-13.9 6.6 2.0 15 159 3.3 0.11 0.1 0.6 0.13 C~

23 16 35 19.0 19-21.3 155-23.9 5.0 0.2 7 212 2.3 0.42 1.5 3.0 0.08 C
23 17 48 45.2 19-17.2 155-18.3 30.1 14 170 1.6 0.23 1.3 2.2 0.10 C

23 18 48 54.0 19-22.2 155- 4.7 6.3 1.3 8 138 5.3 0.17 1.3 1.2 0.17 B
23 20 34 3A.9 19-28.8 156- 1.61 8.0* 2.8 11 310 44.8 3.62 25.8 1.33 0
23 21 15 31.3 19-20.4 155-13.3 4.5 1.3 13 181 5.8 0.19 1.1 1.1 0.18 C
23 22 12 2q.6 19-22.9 155-23.41 7.3 2.0 1. 66 4.9 0.06 0.7 1.4 0.13 B
23 22 36 39.8 19-22.8 155-22.8 8.0 0 0.2 8 166 4.8 0.10 o.e 0.10 C

23 23 23 20.9 19-12.2 155-28.0 8.0* 0.9 9 121 4.9 0.17 1.6 0.23 C
24 o 39 13.3 19-36.8 155-14.4 8.0* 1.4 12 142 20.3 0.10 0.8 0.12 C
24 2 6 42.4 1~-23.7 155-?2.9 8.0* 0.7 8 110 5.6 0.06 0.5 0.06 C
24 5 55 13.2 19-50.2 155-39.6 11.8 11 III 22.1 0.13 1.1 1.4 0.14 B
24 9 23 1~.4 19-20.8 155- 5.5 3.1 . 13 147 4.1 0.11 0.8 0.9 0.14 B

24 15 4S 25.1 18-52.9 155-18.0 4i.8 14 258 35.1 0.61 3.0 3.0 0.13 0
24 16 10 38.1 18-51.8 155-17.4 9.3 14 262 37.4 0.55 2.1 2.6 0.11 0
24 17 41 58.4 18-50.9 155-15.1 0.4* 2.5 17 260 40.5 0.50 3.2 0.13 0
24 18 8 0.9 18-51.4 155-16.8 7.3 12 211 38.6 2.73 5.3 13.9 0.12 0
24 18 37 36.5 18-52.3 155-18.2 9.5 2.9 15 260 35.9 0.66 3.2 3.3 0.14 0





SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERM ERZ MD Q

MAY 26 3 54 58.2 19-24.4 155-17.0 11.8 1.4 9 96 1.9 0.29 1.0 2.4 0.08 B
26 .. 5 23.9 19-18.2 155-46.2 5.6 1.6 9 173 11.5 0.17 2.0 1.7 0.12 C
26 5 2 12.5 19-24.2 155-11.0 9.0 1.0 6 110 1.S 0.22 1.4 2.5 0.07 B
26 5 23 8.3 18-54.5 15S-20.0 8.8 1.S 9 215 30.9 0.72 3.9 3.0 0.08 0
26 5 50 31.1 19"24.5 15S-17.4 10.9 1.1 8 III 2.~ 0.19 0.9 1.8 0.07 A

26 10 1 26.8 19-24.2 155-17.8 9.8 1.3 8 84 1.9 0.12 0.5 1.0 0.03 A
26 11 48 lQ.9 19-24.3 155-11.4 10.9 1.5 6 96 1.8 0.37 1.2 3.1 0.04 B
26 11 52 S.1 19-24.3 1~5-17.3 9.6 1.2 7 100 1.9 0.26 0.9 2.2 0.06 B
26 16 15 15.5 19-20.3 155-13.4 9.3 1.5 11 183 5.9 0.26 1.2 2.5 0.10 C
2b 18 48 49.~ 18-50.1 155-19.0 8.0 0 9 267 39.1 0.22 1.4 0.05 0

26 19 6 55.5 19- Q.9 155-20.2 43.3 2.5 20 lA1 13.5 0.29 1.3 2.7 0.11 C
27 2 o 33.9 19-24.2 155-11.2 10.8 1.1 11 65 1.4 0.18 0.7 1.5 0.06 AN
27 5 2 49.6 19-24.1 155-17.7 9.1 1.3 8 1.9 0.07 0.4 0.6 0.02 A0'\ 94
27 6 32 21.7 19-24.4 155-23.7 8.0· 0.6 12 189 7.1 0.10 0.7 0.10 C
27 7 6 45.1 19-18.1 155--41.11 5.8 1.2 6 182 9.8 0.24 3.1 2.4 0.08 C

27 9 53 29.9 19-1Q.9 155-16.7 9.4 7 206 1.3 0.09 0.5 0.7 0.02 R
27 10 28 12.1 19-19.8 155-16.4 9.'5 7 217 1.8 0.20 0.9 1.4 0.03 B
27 10 33 38.2 19-11.4 155-16.5 42.1 1.4 17 184 12.1 0.27 1.2 2.5 0.09 C
27 10 36 11.0 18-56.5 155-20.9 11.5 3.6 28 239 27.0 0.31 1.6 1.8 0.12 C
27 11 14 53.2 19-22.1 155-23.r; 9.9 1.5 19 60 3.6 0.04 0.4 0.6 0.09 A

27 11 17 12.7 19-22.3 155-23.2 9.3 1.1 11 118 3.9 0.09 0.7 1.2 0.09 A
21 14 6 48.8 19-20.1 1!;5- 7.8 9.4 1.2 10 16b 5.1 0.20 1.5 2.8 0.13 C
21 14 33 2~.2 19-19.9 155- 9.2 8.9 1.4 7 168 4.2 0.14 1.4 2.4 0.09 C
21 18 51 27.6 19-16.1 155-22.71 0.1 1.5 17 192 7.7 9.53 2.2 17.4 0.19 C
27 22 2 14.6 19-20.5 155-11.91 8.4 0.8 12 155 4.7 0.08 0.7 0.5 0.11 C

28 o 33 57.5 19-24.1 lCjS"17.2 9.9 0.4 14 54 1.4 0.04 0.4 0.4 0.06 A
28 8 4 28.4 19-24.7 155-16.8 10.8 1.4 9 101 2.0 0.15 0.5 1.2 0.03 ,.
28 17 13 11.8 19-24.0 155-25.8 8.0* 1.6 10 196 8.2 0.14 0.9 0.09 C
28 20 57 24.2 19-19.9 155-16.6 8.9 0.3 8 210 1.4 0.14 0.7 1.0 0.03 B
28 22 31 2.l 19-22.1 155-25.2 6.2 2.1 19 68 5.8 0.09 0.7 0.8 0.18 B



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

MAY 29 2. 10 27.1 19-14.1 155-20.1 33.6 1.2 10 218 11.1 0.85 3.1 1.2 0.10 C
29 2 59 27.8 19-16.7 155- 6.41 0.0 1.7 9 266 11.6 2.21 3.6 22.4 0.22 0
29 8 30 16.4 19-22.2 155-25.0 8.0* 1.6 9 135 4.8 0.06 0.5 0.09 C
29 15 33 50.8 19-20.8 155-13.2 8.0* 1.5 9 114 5.6 0.11 0.9 0.10 C
29 11 16 2~.6 19-20.1 155- 8.7 8.8 1.2 12 165 4.2 0.15 1.2 2.5 0.12 C

29 11 54 45.4 19-20.2 155-12.4 8.0· 0.4 9 198 5.7 0.12 1.0 0.11 C
29 21 55 0.6 lQ-28.6 155-25.3 7.1 2.0 13 161 4.1 0.10 0.1 0.5 0.11 C
30 1 6 3.8 19-18.5 15S-12.Q 20.1 1.1 8 225 8.4- 1.00 3.7 8.3 0.10 C
30 7 19 2.8 19';'20.3 155-11.3 5.2 1.6 19 159 4.2 0.17 1.1 0.9 0.25 C
30 9 12 55.5 19-23.0 155-29.5 3.0 0.6 16 64 12.0 0.14 0.9 1.6 0.23 C

30 9 46 34.4 19-30.1 15S-57.A1 8.6 2.4 14 257 60.3 0.45 3.8 9.5 0.15 0
N 30 9 56 21.0 19-13.1 155-21.6 25.6° 1.7 6 316 13.3 0.31 3.0 0.05 0
'-J 30 19 10 7.1 19-19.3 155-10.2 8.0· 1.4 13 115 5.1 0.10 0.8 0.12 C

30 19 22 14.8 19-13.1 156-14.6 1.9 2.9 19 299 65.7 0.32 5.2 3.2 0.12 0
30 20 27 31.A lq-24.2 155-11.~ 10.0 1 .3 12 60 1.5 0.09 0.5 o.e 0.05 A

30 2.3 50 30.2 19-12.9 155-22.3 25.0 1.2 14 245 13.5 0.30 1.9 2.1 0.10 C
31 0 4 25.5 19- 9.7 15~-22.0? 31.5 1.3 20 198 14.9 0.19 1.5 1.1 0.14 C
31 1 o 20.6 19-24.5 155-17.0 10.1 1.2 11 66 0.1 0.14 0.1 1.2 0.08 A
31 J 40 26.5 19-19.4 155-15.1 5.5 1.2 17 185 4.2 0.16 1.0 0.7 0.18 C
31 7 o 51.4 19-31.2 156-29.6 3.6 3.1 25 246 60.0 0.42 3.2 4.4 0.19 0

31 7 21 1Q.2 19-29.8 155-50.9 15.3* 2.7 12 226 25.6 0.23 1.7 0.12 0
31 9 55 1.3 19-20.6 155-11.15 4.9 13 131 0.9 0.10 0.8 0.6 0.12 B
31 18 11 24.1 19-19.1 155-15.8 5.6 0.7 15 170 2.9 0.14 0.9 0.1 0.11 C
31 19 28 22.2 19-25.4 155-17.4 10.0 0.9 9 195 0.3 0.15 0.1 1.0 0.03 B
31 19 29 16. 0 19-24.3 155-16.6 8.3 0.8 10 81 2.6 0.06 0.5 0.8 0.06 A

31 19 30 30.5 19-24.5 155-17.0 7.9 0.7 12 15 0.7 0.04 0.5 0.3 0.07 A
31 Zl 55 lQ.3 19-19.6 155-13.3 4.4 1 • 1 12 200 7.0 0.28 1.6 2.1 0.24 C
31 22 9 12.0 19-19.3 155-25.9 5.7 1.2 12 94 4.8 0.14 1.5 1.5 0.24 8
31 22 22 40.3 19-24.3 155-16.9 9.9 1.5 13 74 1.7 0.15 0.9 1.1 0.10 A

JUN 1 2 20 48.6 19-55.8 155-31.6 37.0 2.1 14 232 19.6 0.54 2.4 4.7 0.10 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

JUN 1 4 36 12.0 19-18.1 155-14.5 11.4 1.1 10 219 6.3 0.20 0.8 1.6 0.06 B
1 4 44 32.9 19-24.6 155-16.6 1.0 0.7 10 96 0.8 0.06 0.3 0.3 0.11 B
1 5 23 lq.8 19-24.3 155-17.1 14.6 1.2 10 73 1.6 0.09 0.7 1.0 0.06 A
1 7 50 44.8 19-24.3 155-23.2 4.1 1.0 il 178 6.3 0.18 1.1 1.8 0.17 C
1 9 44 36.4 18"53.5 155-19.6 8.9 2.7 12 255 32.8 0.53 3.3 3.4 0.14 0

1 12 40 51.1 19-19.1 155-11.6 3.3 1.3 13 176 6 •• 0.22 1.4 1.8 0.24 C
1 13 32 55.8 19-19.2 lSS-lO.6 8.0* 1.3 11 230 5.5 0.24 1.S 0.12 0
1 20 57 3.9 19-18.7 155- 9.1 3.7 1.2 13 184 6.4 0.21 1.4 1.9 0.21 C
1 22 0 7.0 19-24.5 155"29.0 7.3 2.0 20 87 12.7 0.08 0.6 0.6 0.14 B
2 o 50 21.1 19-18.2 155-46.2 6.6 2.1 14 152 11.4 0.09 1.1 1.0 0.10 C

2 1 14 7.4 19-17.1 155-23.01 3.4 1.4 18 129 5.7 0.10 0.8 1.10.20"8
2 3 21 31.1 19-24.6 155-16.7 9.7 1.2 12 82 0.8 0.15 0.7 1.2 0.06 A~

2 6 21 51.6 19-20.1 155-12.51 ,. .1 1.1 11 198 6.0 0.24 1.3 1.8 0.20 C00

2 9 3 21.1 19-23.7 155-23.4 1.7 1.2 13 111 6.4 0.12 0.8 0.7 0.13 C
2 9 51 5~.6 19-13.8 155-25.5 3.5 2.1 20 134 5.2 0.12 1.0 1.1 0.23 C

2 10 34 4~.1 19-19.1 155-12.2 5.0 1.3 15 174 6.8 0.18 1.1 1.2 0.22 C
2 10 37 8.5 19-27.8 155-29.0 5.8 1.7 11 219 10.6 0.27 1.4 1.0 0.13 C
2 16 12 34.6 19~25.0 15S-23.A? 6.7 2.2 22 61 1.2 0.09 0.7 0.7 0.21 C
2 17 19 4';.5 19-20.5 155-13.1 8.0· 1.5 11 181 6.0 0.13 1.0 0.12 C
2 19 26 11.4 19-20.0 155-12.61 5.4 1.3 11 290 7.4 0.24 1.4 1.2 0.18 C

2 23 34 28.4 19-12.1 1~5"27.6 5.7 2.5 20 113 4.8 0.10 0.8 0.7 0.17 8
3 3 2S 47.1 20-33.7 155- 3.6 8.0* 2.4 10 326 80.1 3.21 19.1 0.10 0
3 4 3 0.9 19-12.1 155-28.4 11.2 1.6 8 11. 5.9 0.28 2.8 3.2 0.17 B
3 it 3 53.1 19-21.6 155-26.01 2.5 1.2 14 131 5.4 0.16 1.1 1.5 0.24 C
3 5 51 39.7 20-10.4 155- 5.6 42.7* 2.1 8 304 40.8 0.59 4.2 0.08 0

3 1 45 3.7 19-19.9 155-14.4 26.4 1.3 15 155 5.3 0.17 1.0 1.6 0.09 B
3 11 11 q.l 19-24.0 155-24.9 7.0 2.3 21 78 7.6 0.10 0.8 0.8 0.21 C
3 11 29 53.3 19-24.3 155-24.41 0.0 1 .1 12 201 7.1 0.54 1.1 1.2 0.17 C
3 11 32 59.2 19-20.6 155- 8.3 6.0 1.8 18 157 3.8 0.12 1.0 0.8 0.19 C
3 12 20 15.5 19-16.7 155-25.2 4.2 10 121 2.7 0.22 1.7 2.3 0.27 C



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG 'w DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

JUN 3 12 38 47.7 19--,24.4 155-25.3 8.0 0 1.6 13 150 8.6 0.07 0.5 0.07 C
3 12 52 10.8 19-24.3 155-22.7 3.3 1.7 16 62 5.4 0.11 0.8 1.8 0.19 B
3 13 11 52.6 19-24.1 155-26.21 0.0 1.7 10 142 8.8 1.34 1.3 21.5 0.20 C
3 13 40 53.4 19-35.2 155-23.5 8.0· '1.2 11 163 9.9 0.13 2.3 0.22 C
3 16 13 30.2 19-28.1 155-52.9 8.5 2.9 23 161 6.2 0.08 0.9 1.0 0.11 C

3 17 19 11.6 19- 8.6 155-25.8 13.2* 1.9 12 190 21.3 0.16 2.0 0.15 C
3 17 48 8.2 19-23.6 155-26.61 2.5 0.9 18 129 8.6 0.20 1.1 2.1 0.24 C
3 23 20 43.7 19-22.3 155-22.8 1.9 0.9 14 144 4.0 0.17 1.5 1.0 0.22 C
4- o 28 0.9 19-18.2 155-13.2 1.1 2.2 21 182 8.2 0.11 0.7 0.5 0.14 C
4 o 49 48.8 19-18.1 155-13.1 8.0 0 1.4- 16 171 6.2 0.11 0.1 0.11 C

4- 9 5 41.9 19-18.9 155--13.2 8.0* 0.5 9 215 7.6 0.14 1.0 0.09 C
4 9 24 54.5 19-20.3 15S- 7.'9 1.7 1.2 14 162 4.8 0.15 1.4 0.9 0.16 C

N
\D 4 17 43 59.0 19--18.8 155-14.0 8.0* 9 209 6.5 0.17 1.2 0.14 C

4 20 28 46.1 19-24.2 155-16.1 20.0 1.6 20 63 3.3 0.10 0.8 1.3 0.12 8
5 10 44 33.7 19-20.2 155-12.0 5.8 1.3 20 143 4.3 0.11 0.9 0.7 0.19 C

5 16 55 34.8 19-22.4 155--25.2 a.o* 1.7 9 233 5.2 0.20 1.2 0.12 0
5 21 8 42.2 19"21.0 155- 8.1 9.2 1.8 13 150 3.6 0.15 1.1 2.2 0.12 B
5 21 30 35.1 19-13.3 155-12.9 13.0 1.1 8 312 13.3 1.02 4.9 3.3 0.04'0
6 ~ 1 7.5 19-24.7 155-11.2 10.1 1.6 10 66 1.5 0.11 0.5 0.9 0.03 A
6 13 16 1.8 19~16.5 155-33.81 2.6 2.6 21 108 16.6 0.24 1.3 1.5 0.30 C

7 3 35 5S.1 19-24.8 155-17.1 q.o 1.0 13 69 0.3 0.08 0.5 0.8 0.06 A
7 4 If, 59.9 19-24.0 1~5-22.4 9.4 1.0 16 111 4.8 0.05 0.4 0.9 0.09 A
7 1 18 46.7 19-21.6 155-28.41 8._ 2.4 24 51 9.3 0.11 0.6 0.8 0.14 B
7 7 56 43.9 19-23.1 155-26.21 8.0* 0.1 14 200 '8.2 0.36 2.3 0.25 C
1 8 51 23.6 19-26.0 155-22.3 6.9 1.0 18 95 4.0 0.08 0.7 0.6 0.16 B

7 11 2S 9.6 19-19.7 155- 9.2 10.0 1.0 10 111 4.6 0.16 1.2 2.3 0.10 C
7 13 43 3q.2 19-20.6 155-25.7 7.5 2.0 15 79 4.3 0.08 0.7 0.6 0.15 B
7 15 50 ~.4 19-18.1 15S-13.3 5.6 2.4 22 158 8.1 0.15 0.9 0.9 0.23 C
1 17 57 48.5 19-20.1 155- 7.2 8.0· 1.1 10 167 5.9 0.09 0.9 0.10 C
7 17 58 2q.6 19"19.0 155- 9.4 4.8 1.6 13 182 5.8 0.24 1.5 1.8 0.25 C





SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1912 HR MN SEC LAT N LONt; II DEPTH MAG NO GAP OMIN t::RT ERH ERZ Mt) (~

JUN 11 13 38 38.5 19-20.6 155-19.7 2.1 0.0 8 lO~ 4.~ 0.29 0.4 1.1 0.06 A

11 13 57 45.0 19-1Q.3 155-46.Q 6.1 1• 1 13 169 11.2 0.14- 1.3 1.2 0.10 C
11 14 37 15.3 19-12.9 155-22.3 31.6 1 • 1 l~ 226 11.4 O.4~ 2.2 3.A O.l? C
11 17 36 26.6 18-48.9 lS5~13.71 4.9 0 1.6 10 323 1to5.4 0.117 S.2 0.14 0
11 22 52 24.9 19-22.6 155-11.7 12.A 1.7 12 159 3.4 0 •. 11 1 • 1 1.0 0.1.0 C

12 6 19 2.2 19- 9.7 155-31.5 ~.3 1.9 1 'l 124 6.4 0.13 0.9 O.~ 0.11 8
12 13 12 52.9 19-15.4 155-?6.~ b.2 13 113 l.q 0.10 1 • 1 0.11 O.2n H

12 16 6 3R.3 19-12.6 155-33.3 ~.3 2.7 21 9~ 7.8 O.1? 0.9 o• 9 (t. 1'l C

12 16 35 52.6 19- 9.6 155-31.4 6.2 ~.2 20 125 b.l 0.14- 1.0 O.~ 0.21 C
12 11 23 57.9 19-22.9 155-24.] S .1 Ii 23b 5.:3 0.39 1.5 2.A 0.09 C

12 11 29 13.0 lq-2~.l\ lS5-27.Q 7.3 2.1 23 77 11.2 0.12 0.7 O.A O.lH k

w 12 18 2 16.8 19-39.8 155-?2.1 40.8 1 • 1 15 118 15.f) U.42 1.3 4.2 0.10 P
~ 12 20 12 47.1 19- 9.4 155-31.4 6.2 2.3 11 130 6.2 0.11+ O.~ O.H 0.17 C

13 1 44 2.6 19-19.1 155-30.4? 0.0 2.2 21 71 B.~ 5.27 O.A 10.u O.1?4 C
13 6 S9 3".1 19-20.Q 155-19.A 23.8 0.7 17 54 4.4 0.19 1.2 2.0 0.15 t'

13 8 57 15.9 19-21.9 155-15.1 25.1 ~4 121 1.1 0.14 1.0 1.4 U.14 R

13 11 23 44.4 19-19.9 155-17.0 8.4 0.0 9 168 0.8 0.11 O.A 1.0 0.06 H

13 19 40 41.5 19-41.0 156- q.q 5.3 1.2 14 30fl 67.7 0.25 6 •• 7.2 0.11 D
13 20 19 52.1 19-19.3 155- 9.1 8.0'" 13 178 5.4 0.08 U.6 0.08 C

13 22 28 11.9 19-23.6 155-23.4 8.0* 0.2 12 193 6.3 0.09 0." 0.11 C

13 22 41 53.3 19-1q.6 155-12.6 8.0a- 0.5 13 160 6.7 O. 11 O.Q 0.13 C
14 3 3 A.7 19-20.3 155-17.7 5.b 1.0 14 1~ 0.7 O. 11 0.7 O.Q 0.14 R
14 4 23 18.4 lq .. 7.4 155-25.6 37.0 2.4 21 178 ~.6 O.3~ 1.9 3.6 0.15 C
14 '" 41 6.3 19-18.6 155-11.6 8.0* 1.0 9 252 7.0 0.33 l.O o• 11 ()
14 1 54 20.1 19- 6.6 155-26.~ 46.3 2.6 19 180 5.9 0.47 2.0 4.1 0.13 C

14 20 3 31.4 19-23.7 155-26.41 8.1 1.4 19 73 8.4 0.07 0.5 0.5 0.17 R
14 20 6 2~.8 19-22.5 155-26.1 3.b 1 • 1 21 12 6.4 0.10 o. '7 1.2 0.23 C
14 20 14 24.1 19-23.0 155-(»b.5 A.2 O.Q 15 74 7.6 0.14 0.8 1.0 0.15 ~

14 23 33 2.4 19-19.4 155-11.15 8.0" 0.1 IJ t?24 5.1 O.l~ 1.0 O.OQ C

14 23 40 5.1 19-15.8 155-21.6 1.2 1.S 21 11+6 8.7 1 .10 0.1 4.0 0.17 1=1



SUMMARY OF SEISMIC EVEN1S (~ONTINUEO)

1972 HR MN SEC lAT N LONG W DEPTH ~AG NO GAP nMIN ERT ERH ERZ MI) Q

JUN 1~ 1 31 28.7 19-16.9 155-23.~ 3.7 0.7 9 182 5.3 0.14 0.9 1.6 0.11 C
15 4 45 47.9 19-10.9 155-47.41 6.2 2.5 19 '129 12." 0.10 0.7 0.7 0.13 C
15 6 ~ 7.0 19-20.8 155- 6.1 1.6 1.'5 19 201 7.0 1.39 1.2 4.q 0.17 r
IS 9 41 lA.6 19-53.7 155-40.81 9.2 2.3 IS 122 27.8 0.48 5.5 11.5 0.34 D
15 12 40 25.2 19-26.1 155-45.4 13.4 6 1.5 15 198 17.~ 0.12 1.0 o.o~ C

15 13 55 49.0 19-53.2 155-40.1 14.2* 2.5 21 121 25.8 0.10 0.9 0.12 C
15 22 36 30.8 19-19.6 155-11.8 3.4 0.9 19 168 ~.4 O.lA 1 • 1 I." O.2~ C
16 14 40 10.3 19-19.0 155-25.2 6.3 1.9 12 110 4.0 0.10 o.~ 0.7 0.13 ~

16 15 6 21.1 19-18.9 155-21t.9 6.1 2.2 14 115 3.~ 0.10 o.~ 0."" 0.15 '"1

16 18 59 11.0 19-19.7 155-11.4 8.0~ 1.4 13 168 S.l 0.08 0.1 0.12 L

16 20 49 11.6 19-21.1 155-17.41 2.6 1 • 1 11 135 I.R 0.17 1.2 1.6 0.19 H

VJ 17 6 7 5q.2 19-19.4 155-12.6 4.0 1.3 11 212 b.~ O.2h 1.5 1.9 0.20 C
N 17 15 8 7.4 19-22.1 155-25.~ 2.7 2.2 21 11 5.5 0.11 0.8 1.4 O.l6 C

17 16 18 51.1 19-22.7 155-22.11 1.1 lu 110 4.6 0.21 O.R 0.9 0.17 ~

17 19 12 35.9 19-20.8 155-15.8 28.1 1.7 13 130 2.9 0.20 1 • 1 l.b 0.10 H

18 2 20 22.4 19-25.2 155-24.4 8.0" 1.2 1'+ 1~4 7 • i, 0.07 0.5 0.07 r
Ie 4 29 34.7 19-20.8 155-12.1:\ R.l 1.4- 14 203 3.1 0.27 1.8 0.7 0.17 C
18 5 55 22.1 19-23.0 155-24.0 8.0'" 1.6 10 163 5.2 0.09 O.R 0.10 C
18 5 56 0.7 19-20.1 155- 8.A 4.6 1.6 18 165 4.0 0.15 1.0 1 • 1 o. ?? C
18 11 o 22.0 19-23.7 155-18.11 11.9 1.2 20 52 1.7 0.08 0.8 0.9 O.lH ~

18 13 14 12.0 19-23.7 155-17.9 14.3 o.a 11 54 l.~ 0.07 O.f\ 0.8 0.07 It

18 13 58 50.1 19-23.7 155-17.5 12.4 1.8 18 4~ 1 • 1 0.0" 0.8 0.6 0.12 f;
18 16 4 31.8 19-20.3 155- 9.5 lO.b 0.2 8 161 3.3 0.12 0.9 l.~ 0.05 H
18 16 11 15.1 19-23.6 155-17.3 13.3 0.8 14 50 ().8 0.04- o.s 0.4 0.08 A
18 21 8 9.0 19-23.3 155-26.2 0.8* 1.0 1& 72 7.b 0.11 0.1 0.21 C

19 10 40 41.2 19"23.5 155-24.6 8.0* 1.2 17 73 6.5 0.08 0.7 0.1':; H
19 13 23 46.3 19-18.8 155- 9.4 7.0 13 184 6.1 0.21 1.6 1.0 U.19 C
19 13 40 5.9 19-23.8 155-16.4 17.4 0.6 14 89 1.2 0.07 0.5 0.8 0.07 A
19 16 18 57.1 19-19.2 155- 8.6 8.0* 0.3 8 180 5.7 0.08 U.6 0.01 C
19 21 S2 51.5 19-21.3 155-11.5 12.3 1.0 9 144 ~... 3 0.19 1.0 2.u 0.08 R



SUMMARY OF, SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ,ERZ MO (~

JUN 19 22 2 58.4 19-' 1.8 155-23.1 34.9 22 213 16.5 0.36 I.A 3.2 0.14 C
19 22 55 28.1 19-21.3 155-l3 •• 7.4 2.4 26 130 2.5 0.08 0.7 0.5 0.19 C
20 o 17 35.6 19-18.1 155-15.4 ~.O" 0.5 '7 213 5.7 0.18 1.2 0.10 C
20 5 6 13.5 19-21.1 155,,24.5 10.0 10 128 3.5 0.13 ().8 1.Q 0.10 A
20 5 53 25.3 19-19.4 155-11.5 2.9 2.4 24 152 5.1 0.19 1 • 1 1.3 0.27 C

20 5 55 16.5 19-20.8 155-12.0 7.3 0.7 If> lAl Ia..'t 0.13 1.0 0.6 0.15 C
20 6 o 12.5 19-20.5 155-11.3 5.1 1.5 20 155 J.ti 0.11 0.9 U.8 0.23 C

.20 10 S6 7.4 19- 6.7 155-37.2 5.3 1.5 12 125 15.1 0.21 1.1 1.~ o.?S C
20 12 9 38.2 19-18.4 155- 8.4 3.3 0.8 14 190 7.4 0.22 1.5 1.6 O.t3 C
20 16 8 21.5 19-23.4 155-28.1 7.8 0.8 16 83 10.3 0.13 0.6 0.9 0.12 B

20 22 19 31.8 19-20.1 155-12.4 5.1 23 143 1+.3 O.lt! 0.9 0.1 O.~4 C

w 21 1 11 38.8 19-19.9 155- 9.2 7.8 2.6 23 1-4 4.1 0.10 O.~ 0.6 0.16 B
w 21 7 19 26.8 19-19.9 155-10.A 5.3 1 • 1 11 165 ,+.3 0.15 1 • 1 O.~ O.?2 C

21 8 40 4Q.6 19-23.~ 155-17.6 13.5 1.0 19 47 1.4- 0.05 0.5 O.b O.OA A
21 11 38 25.5 lQ-21.b 155- 2.2 7.'+ 3.6 ~4 lSJ 3.4 0.13 1.0 0.'" 0.16 C

21 15 18 56.8 19-28.8 155-15.5 23.q 0.9 16 166 6.2 0.11 O.A 1 • 1 0.07 ....
21 16 31 10.4 19-18.9 155-13.S ~.5 2.3 22 lC\l 6.1 0.14 O.'f 0.7 0.21 C
21 Itf 3 45.2 19-20.1 155-11.1 12.2 1.5 10 221 4.2 0.34 1.3 l.Y O.OB C
21 20 14 8.5 19-26.6 155-~2.~1 A.2 1.5 15 153 9.8 0.15 1.1 2.4 a.I? C
21 21 38 24.5 19-25.3 15~-22.'5 8.0" 12 1"3 5.3 0.0f, U.S 0.07 C

21 23 45 41.8 19-19.6 155-12.6 3.1 1 • 1 lA 160 5.3 0.11 0.9 1.2 O.~l C
22 1 4 51.1 19-17.6 155-13.91 8.0-0 1.7 13 19b 7.7 0.35 2.3 o.32 f)

22 2 49 53.9 19-25.1 155-25.0 ~.Oo 1.0 18 12b 8.9 0.11 a.A 0.14 C
22 7 22 16.8 19-23.1 155-25.5 s.a 1.1 20 53 6.7 0.10 0.6 0.1 0.13 ~

22 18 40 11.8 18-53.4 155-16.3 8.0" 2.2 12 272 45.5 0.16 5.2 O. 14 f)

22 19 7 39.5 19-22.8 155-22.4 B.Oo 1.5 ~ lS~ 4."i 0.09 0.7 0.11 C
22 19 9 SF,.3 19-20.6 155-16.1 33.4 1.7 15 147 2.S 0.20 l.~ l.q 0.10 R
22 21 0 4.5 19-21.5 lS5-?5.4? 0.8 1.3 14 91 4.4 2.18 1.0 ~.l 0.23 8
23 ·0 2 49.2 19-5Q.l 155-37.3 14.2" 2.6 13 15fJ 22.q 0.15 l.q O.lQ C
23 o 25 49.6 19-14.8 155-21.31 0.0 IS 214- 7.4 Q.20 1.6 17.5 0.19 C



SU~MARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OM!N ERT fRH EHl Mf) Q

JUN 23 1 o 3A.2 19-20.6 155-19.6 3.2 0.8 11 7S J.q O.OS 0.4 O.H 0.01 A
23 3 23 10.1 19-20.3 155-12.6 6.3 19 lAl 3.9 0.13 0.9 0.7 0.21 C
23 7 35 25.5 19-20.1 155- 5.2 3.6 1.9 12 208 8.9 0.26 1.8 1.:; 0.20 C
23 13 53 6.7 19-20.1 15S- 5.41 0.0 1.9 17 208 8.6 6.~8 1.7 lZ.~ 0.23 C
23 21 20 36.0 19-19.4 155-14.7 9.3 0.7 8 lA9 4.~ 0.28 1.9 3.1 0.13 C

23 21 46 54.9 19-19.9 155-14.3 8.0* O.q 16 179 5.4 0.12 O.Q 0.15 r
23 22 11 8.4 19-19.3 155-16.1 b.4 0.5 13 117 2.H 0.14 0.8 0.8 0.13 C
23 22 46 39.4 19-24.6 155-15.6 22.8 0.7 18 13 1.7 0.15 1.0 l.b 0.14 H
24 1 22 41.2 19-25.3 155-27.9 1.0 2.1 21 154 11.(, 0.09 0.7 0."7 0.16 H
24 8 3 57.4 19-18.6 155-14.61 8.3 0.3 12 209 S.~ 0.27 1.5 2.1 0.1'5 C

24 9 3 50.1 19-27.1 155-22.31 7.1 2.8 22 84 2.~ O.Ob 0.6 0.5 0.16 ~

w 24 9 38 10.6 19-26.8 155-22.51 7.7 1.4 1b AO 3.4 0.09 0.1 1.1 0.14 R
~ 24 11 28 9.8 19-19.2 155-18.41 1.1 0.9 10 139 l.4 0.15 1.0 0.5 0.07 f1

24 11 36 42.3 19-19.9 155-14.1 7.6 1.2 l~ 181 5.~ 0.11 O.~ o.&; 0.13 C
24 12 10 18.7 19- 2.8 155-21.0 51.4 if) 201 12.4 O.7n 3.4 E-.3 U.tH C

24 20 31 36.8 19-22.6 155-22.4 6.5 1.0 11 15l 4.7 0.11 U.f'; O.H U.Oq ~

25 o 55 23.2 19-20.1 155-16.1 ~.9 O.f4 10 1158 2.4 0.25 l.~ 2.7 0.\2 C
25 1 43 0.5 19-21.1 155-14.0 5.9 0.9 18 157 4-.0 0.12 0.9 0.7 O.?1 C
25 6 19 SQ.9 19-22.2 155-25.61 8.1 3.1 25 58 5.4 0.08 0.7 0.7 O.lQ H
25 12 44 55.8 19-21.0 IS!:t-13.3 A.O" 0.9 12 167 ~.2 0.11 O.q 0.13 C

25 16 30 29.0 19-14.4 155-22.2 7.2 1.0 10 lAO 8.8 0.14 1.1 0.7 0.12 C
25 18 21 50.1 19-18.5 155- 4.9 ij.O* 10 262 lO.~ 0.16 4.5 0.20 r.
25 19 51 31.2 19-16.1 15S-30.4 5.2 0.9 7 145 6.4 0.20 l.q 2.2 0.18 A
25 22 37 7.9 18-56.1 155-14.1 13.0 0 0.9 12 246 34.6 0.86 5.k 0.76 [1

26 1 43 39.5 19-20.4 155-15.6 6.6 0.9 17 154 3.1 0.08 0."1 0.5 0.13 C

26 6 11 5.6 19-22.8 155-25.A? 7.7 2.1 20 52 6.5 0.08 0.6 0.1 0.14 f-4
26 7 40 29.1 19-19.6 1~5-16.3 9.7 1.4- 8 214 2.1 0.14 0.1 1.0 0.03 ~

26 9 41 0.3 19-30.1 155-41.41 1.2 1.3 12 107 13.8 0.13 1. or, 2.6 0.19 H
26 15 56 41.5 19-22.1 155-22.6 l.g 0.2 7 156 3.7 0.09 0."7 0.1 0.05 B
27 12 51 51.9 19-20.4 155-10.~ 8.0 2.3 15 722 3.5 0.11 0.8 O.Q U.I0 t1



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT EHH ERl MO Q

JUN 21 14 7 36.0 19-19.6 155- 8.31 4.6 1.9 14 238 5.3 0.47 2." 1 .4 0.24 rl
21 20 10 13.7 19- 8.9 155-20.6 25.3 1.4 12 222 17.1 0.1 q 1.Y 2.9 o.o~ c..:
27 22 28 26.5 19- 8.4 155-23.A 32.2 2.4 15 194 7.4 0.32 1.6 3.2 0.12 C
28 4 5 11.0 19-21.9 155-23.0 4.9 1.5 12 138 3.1 0.11 0.9 1.0 O.l~ b
28 5 12 20.0 20-12.9 156- 8.8 8.0* 1.7 17 30R f46.7 O.lA 1.4 o• () q l)

28 12 15 10.4 19- 1.6 155-21.7 29.3 3.1 22 217 18.2 O.?3 1.2 2.3 0.11 C

28 14 36 51.9 19-15.6 155-32.0 4.0 2.l. 1& 83 9.U 0.13 1.0 1.2 0.24 C
28 11 7 20.3 19-19.3 155-15.3 6.4 1 • 1 16 1&0 4.0 O.lt! 0.8 0.6 0.15 C
28 22 41 49.9 19-50.8 155-23.0 2b.6 2.6 24 151 h.3 O.2A 1.5 2.~ 0.11 C
29 0 5 6.5 19-20.4 155-13.0 4.7 O.R 16 1S~ 6.~ 0.13 o.Q 1.1 0.21 C

29 4 0 6.9 19-55.2 155-21.7 41.6 2.8 25 228 12.~ 0.1 ~ 0.'1 1.4 0.09 C
w 29 17 58 8.5 19-22.1 155- 3.0 b.9 0.6 .12 1~lf. 4.0 0.1f, 1.4 1.0 0.21 C
V1 29 18 14 21.1 lA-52.0 155-18.1 7.6 1.7 16 255 36.~ 1.08 2.1 7.3 0.10 D

29 20 27 53.8 19-22.9 155- 2.4- 8.0* 0.6 10 134 5.' 0.17 1.5 u.?l f

29 22 57 25.4 19-22.2 155-12.3 2~.b 0.9 14 190 5.~ O.~8 1.7 2.3 0.10 C

30 0 0 7.9 19-19.3 155-13.6 8.0" 0.4 11 2U2 6.q 0.19 1.3 0.17 C
30 7 o 32.4 19-19.5 155-15.8 6.2 1.0 17 164 3.0 0.11 0.1-' o.t-, o.lA C
30 1 33 51.8 19-20.3 155-12.4 A.O* 0.'5 12 194 ~.S 0.17 1.2 O.lr;; C
30 14 33 36.1 19-17.0 155-23.2 ~.9 12 133 5.~ O.Ot) (J.8 0.8 0.14 ~

30 21 8 S.1 19-20.6 155-11.7 5.1 0.4 14 153 4.3 0.11t- 1.0 1.2 0.20 r



Table 3. Fel.t earthquakes

Date T:ime Magnitude Felt report
H M S

Apr 11 2:~ 08 56.3 3.2 Kealakekua
19 10 16 39.7 3.9 Captain Cook, Kapapala,

So·uth Kana
May 2 07 39 5/,..4 3.0 Volcano

3 14 34 37.8 3.0 Kapapala
Jun 21 11 38 25.5 3.6 Hila, Pahoa

24 09 0'; 50.1 2.8 Volcano.J
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Figure l.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Table 4. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

STATION NAME CODE LAT-N LONG-W ELEV TYPE CAL VCO RADIO REMARKS
AHUA AHU 19 22.40 155 15.90 1070 3 6.0 2380
CONE PEAK CPK 19 23.70 155 19.70 1038 3 1.34
DESERT DES 19 20.20 155 23.30 815 3 1.34
ESCAPE ROAD ESR 19 24.68 155 14.33 1177 3
HALE POHAKU HPU 19 46.85 155 27.50 3396 1 5.6 1360 RF6
HILINA PALl HLP 19 17.96 155 18.63 707 3 6.0 2040 System 3 to 1 6/27/72
HUALALAI HUA 19 41.25 155 50.32 2189 1 5.2 1700 RF4
KAAPUNA KAA 19 15.98 155 52.28 524 1 5.5 1020 RF12
KAHUKU KHU 19 14.90 155 37.10 1939 1 5.7 1700 RF3
KAPAPALA RANCH KPR 19 16.40 155 26.70 610 1 6.5 1700 RFI
KEANAKOLU KKU 19 53.39 155 20.58 1863 1 4.8 2380 RF7
KIPUKA NENE KPN 19 20.10 155 17.40 924 3 1.34
KOHALA KOH 20 7.69 155 46.77 1166 1 1.5 2380 RF2
MAUNA LOA MLO 19 29.80 155 23.30 2010 1 6.5 1360
MAUNA LOA X MLX 19 27.60 155 20.70 1475 3 1.34
MAKAOPUHI MPR 19 22.07 155 9.85 881 1 5.7 2720 RF5
MOKUAWEOWEO MOK 19 29.28 155 35.98 4104 1 6.5 2040 RF3
MOUNTAIN VIEW MTV 19 30.25 155 3.75 409 1 6.2 680 RF8
NORTH PIT NPT 19 24.90 155 17.00 1115 3 1.34
OUTLET OTL 19 23.38 155 16.94 1038 3 5.0
PUll HULUHULU PHH 19 22.45 155 12.66 988 3
PUll HONUAULA PHO 19 28.90 154 53.40 215 1 6.5 2720 RFI
PUU PILI PPL 19 9.50 155 27.87 35 1 4.4 1360 RFll
SOUTH POINT SPT 18 58.91 155 39.92 244 1 7.8 2040 RF7
WAHAULA WHA 19 19.90 155 2.92 29 1 6.0 680 RF9
WALDRON LEDGE WLG 19 25.49 155 15.69 1067 3

OPTICAL SEISMOGRAPHS
HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HILO Z HIt 19 43.20 155 5.30 20 3 1.0
HILO EW HIE 19 43.20 155 5.30 20 0 1.0 Wood-Anderson
HILO NS HIN 19 43.20 155 5.30 20 0 1.0 Wood-Anderson
KEALAKEKUA Z KLK 19 31.20 155 55.30 505 2 1.0
KEALAKEKUA EW KLE 19 31.20 155 55.30 505 2 0.34
KEALAKEKUA NS KLN 19 31.20 155 55.30 505 2 0.34
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z UWE 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.4b 155 17.60 1240 15-90 Press Ewing
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240

38



10 5
Period (sec)

Z I 0.5 0.2 0.1 0.05 0.02 0.01

10~

c:
0...
c

10 4u....
c: 3
0-
C 22

10 3

0.01 0.-1 I 10
Frequency (Hz)

100 1000

Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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Table 5.--Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Preamp/VeO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-17 Electrotech EV-17 (as described above), Hall-Sears HS-IO
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
°HVO-built solid state seismic preamplifier (voltage
gain, 200X) , direct signal transmission over cable'to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
4q,OOO at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, co~pling factor =

.0.25, 2X critically damped. Peak magnification
approximately lS00X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in the Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means of
a network of field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at that
station were begun. Increasing tilt coordinates correspond to northward
and eastward tilting of the earth's surface; that is, to a relative sub
sidence toward the north and east. A one-unit change in coordinate
corresponds to a tilting of 1 microradian (1 rom per km) in the direction
indicated.

Location of and essential data on each ti1tmeter station are
listed in Table 7, Summary 65.

Table 6.--Tilt Coordinates at Uwekahuna,

April, May, and June- 1972

Date N-S E-W Date N-S E-W

April 2 728 326 June 4 728 330

9 727 327 11 728 330

16 727 329 18 728 333

23 727 330 25 729 329

~y 7 726 329

14 726 331

21 727 333

28 728 332
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Table 7.--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. i)

-6Rate (10 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(1972)
N-S E-W tilting since reading

last reading (1972)

Uwekahuna (U on fig ~) 5 Jun 750.8 350.7 0.99 S76.0oE 19 Jan

Tree Molds (TM) 5 Jun 583.0 482.8 0.36 S14.0oE 19 Jan

Sand Spit (ss) 6Jun 1040.6 721.9 1.76 S28.8°~ 2G Jan

Mehana (M) 5 Jun 610.2 600.9 0.34 N39.8°E 19 Jan

Keamoku (Kea) 8Jun 793.5 218.7 1.79 rJ79.0oE 20 Jan
+:'

N Ahua Kamokukolau (Kfu11) 6Jun 357.3 542.8 4.02 N 8.1°E 20 Jan

Kipuka Nene (KN) 7Jun 278.3 499.4 0.45 1~59 .3°W 27 Jan

Hilina Pali (HP) 7Jun 456.8 489.0 1.08 N59.7°W 27 Jan

Kapapala Ranch (Kap) 8Jun 479.8 520.1 0.45 S38.7°W 26 Jan
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Figure 3.--Tilting of the ground around Kilauea Caldera. The vector
depicting tilting at a given tilt base points in the direction of

'maximum relative subsidence, and its length is proportional to the
rate of tilting during the measurement interval. Closed circles
represent field tilt bases; open circles, short-base watertube
tiltmeters. See Table 7 for explanation of abbreviations.
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Summary of Eruptive Events

Eruptive activity continued at Mauna Ulu and Alae on Kilauea's
upper east rift zone throughout this quarter. The level of an active
lava lake, approximately 80 by 150 m, in Mauna Ulu's summit crater
fluctuated from 30 to 50 m below the crater rim. Lava normally entered
the lake at its east end, and surface circulation in the lake generally
was from east to west, although sometimes the circulation reversed
and/or varied in complex ways. Low lava fountains (2 to 10 m high)
commonly played on the lake surface, generally along its margins, but
occasionally also in its central portions. The fountains developed
and operated over areas where lava was descending into the depths of
the lake in downward conve~tive circulation. At times, two to four
fountains at fixed locations on various parts of the lake, would operate
steadily for several days with little change; at other times, the
fountains continually shifted in location and number, with as many as
a dozen active simultaneously.

An elongated trench or fissure trough extended ENE from the main
crater. The combined length of the crater and· trench was about 500 m,
and maximum width was about 100 m. A septum about 10 m below the rim
separated the main crater, containing the lava lake, from the trench.
The major vent feeding the entire system was about 170 m east of the
septum on the floor of the trench near its south wall. The crusted
floor of the trench was actually a roof over a large lava-tube system
through which lava flowed from the vent westward to feed the lava lake
and eastward to ultimately emerge at Alae. Most of the time, the
crusted floor of the trench blocked direct viewing of near-vent activity,
but collapse of parts of the floor in September revealed the nature of
the flow pattern.

The vent at Alae persistently fed lava into a multi-compartment
lake at the summit of the lava shield growing over the site of former
Alae Crater. Frequent lava overflows across the levees impounding the
lake added height and breadth to the shield. But the lava lake was
also being drained from below by lava tubes. One tube system fed flows
that had been spilling into Makaopuhi Crater since June 20. These flows
continued to fill Makaopuhi until about mid-August, and by the time they
ended the western floor had been raised to within about 6 m of the
eastern mezzanine. Meanwhile, from August 7 to 10, large and sustained
rockfall flurries from the north and south walls of Makaopuhi's west
pit appreciably modified its walls and floor. On August 9 and 10 lava
was observed to erupt from an ENE-trending fissure on Makaopuhi's east
pit; this brief outbreak may have begun as early as August 7.

As the inflow into Makaopuhi gradually waned and finally stopped,
flows toward the southeast from Alae increased, and a new system of
lava tubes developed. Tube-fed flows advanced southward and eastward
beyond the earlier margins of the lava field, and eruption-caused fires
devastated several thousand acres of forest. Much of Naulu Forest, the
locality of many rare species of trees and shrubs, was overrun by lava.
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On August 14 the front of the new flow descended Po1iokeawe Pali, on
August 15 it reached the base of Holei Pali, and by August 23 lava
had advanced across the coastal flats and spilled into the ocean at
Kaena Point. Lava continued to pour into the sea along a 2 km-wide
front between Kaena Point and Kealakomo for the remainder of the
quarter, and broad stretches of the coastal flat between the pali and
the shore were covered by these tube-fed pahoehoe flows.

SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the Observatory (UWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, Rl10, OTL).

Computer locations of well-recorded events are listed in Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station.
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

Tremor is separated into three categories: Deep, Intermedi~te, and Shallow, on the basis of relative
~~plitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km beneath the
summit region; Kilauea SUmmit long-period, earthquakes characterized by low-frequency waves that
originate roughly 5 Jan beneath the sununit region; Kilauea Sununit Shallow, carthC}unkcs n few km
deep in the caldera region; SW llift and Kaoiki, oarthquakes along the southwest rift zone of
Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from the
upper east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, earthquakes
along the mortheast-trending Koae fault system south of the caldera; Lower East Rift, earthquakes
from the lower east rift zone of Kilauea; Offshore Puu Pili, offshore earthquakes mostly southeast
of Puu Pili (PPL) station.

Tremor Earthquakes
(m • minutes

Date h • hours) Kilauea Summit(1972)
SW rift Upper Lower Offshore

Inter- Long and east east Puu
Deep mediate Shallow 30KM Period Shallow Kaoiki rift Koae rift Pili Remarks

I

Jul 1 ~~ 1 186 326 47 135 7 3+J ~

2 0 3 125 241 20 98 9 6 1
3 arE 129 357 38 101 8 2 3~

4 lam H 2 93 269 21 61 5 2 3o+.>
5 m~..c: 1 150 254 34 58 .7 2 2
6 5m H H +' 1 178 271 16 60 12 161 3+.> s::
7 20m +.> 0 50 604 29 105 11 3 11
8 ~ ~ s 1 34 718 25 73 5 4 4> Q) Q)

9 Q) .Q 22 567 15 70 5 4M H +.>
10 Q) 2 187 269 22 37 13 1 1:J 0.. +.>
11 3 ~6 17 483 10 57 2 2 1
12 3 163 230 36 30 12 6 1
13 11m 1 85 352 10 46 3 2 4
14 2 69 340 20 46 7 1 37
15 1 79 277 29 114 8 7
16 1 24 418 18 72 10
17 1<) 372 16 24 11 2Z7
18 45 372 14 42- 14 81
19 35 331 9 52 17 7 104
20 4 30 317 13 J~ 11 4 ·188
21 40 370 13 37 19 2 20
22 63 401 12 33 15 2 21
23 23 203 22 47 8 17
24 4 147 303 30 39 5 2 ?
25 7m 284 322 12 46 5 1 19
26 5m 1 178 383 22 43 9 3 7
Z7 24 175 13 49 2 4 9
28 7m 64 135 26 68 7 1 4
29 sm 1 31 136 26 21 3 7 3
30 135 183 21 27 6 5 ?
31 31 346 10 134 17 3 2
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Tremor Earthquakes
(m • minutes

Date h • hours)
Kilauea Summit(1972 )

SW rift Upper Lower Offshore
Inter- Long and east east Puu

Deep mediate Shallow .30KM Period Shalloy Kaoiki rift Koae rift Pili Remarks

Aug 1
f-i+> 1 55 324 33 45 5 4 3

2 10ID oe.--. 24 340 2 55 4 2 2s 0'; rs:::
3 (l)f-i+J 2 46 268 31 33 6 .3H 5=:

4 +J+JO 1 27 344 8 72 9 2 2(f) S
5 (l) ttl 1 15 340 7 41- 8 ?+J(])(])
6 ttl ,.r;: 1 48 408 38 70111 4 2HH+J
7 (l) (]) '77 2Cf7 48 178?1-.1 7'"d 0.. +>
8 13m

~ ~ g 1 19 241 6 35L..? 14 1
9 ~ 19 239 15 284? 8o (l) bD

10 +>~:;j 8 251 7 270? 10 1+=> 0

11 (jtl 1~~.8 1 2.3 364 6 156? 7
12 HO+>

7 325 3 651? 3 1i
,

1.3 1 29 333 34 78? 25
14 18 316 31 4D? 14
15 11 258 12 38? 3 5
16 19 224 8 76? 7 5
17 7m 32 245 5 52? 7
28 1 19? .305 12 31? 3?
19 6ID 2 22 298 .36 71? 7
20 1 93 408 64? 75? 6
21 132 298 661 30 7
212 5m 1 12 246 7? 24 8 1
23 5 295 791 39 7
24- 2 15 271 21 30 11 3
25 31 253 39 24 3 2 1
26 7 283 26 Zl 16 5 2
27 ISm 1 48 271 23 23 3 5
28 4ID 6 221 32 Z7 4 2 2
29 .3 10 271 'Zl 31 14 1 .3
30 2 11 273 12 43 10 1
31 1 30 210 49? 20 S 1

!/Heavy rockfall activity at Makaopuhi Crater. Upper East Rift count for Aug 6-20 include
rockfalls.
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I
Tremor

(m - minutes
Earthquakes

Date h • hours) Kilauea SUIlUIO..t(1972)
SW rift Upper Lower Offshore

Inter- Long and east east Puu
Deep mediate Shallow 30KM Period Sl~ow Kaoiki rift Koae rift Pili Remarks

I
26 264Sep 1 ~t1 24 .34 3 1 1

2 lorn ~ ;:j 1 IS 229 8 16 1 4
3 s:: 0 1 9 252 17 21 8orE
4 56M Sm ~ 30 24l 36 78 14 1 ?H
5 ? ~~ 18 270 25 51 10 1 183
6 Q) OM rc: 4 150 30 15 6 1 251HH-t-'
7 35m ~ s:: 33 368 27 34 6 3 Z7~ 0
8 11m a1~EI 41 317 17 23 7 3 12
9 > (1) (1) 2 16 340 17 37 5 1 12(1) ..q

10 riM+' 13 324 27 96 6 4:;I (1)

o B:~
~::So

11 2 17 373 19 49 13 3 5
12 1ill 1 21 308 11 52 14 2
13 oam? Sm 18 298 15 56 10 2 .3
14 15m 7 54 234 20 35 5 4 1
15 1 52 261 24 38 8 5 3
16 lOrn 1 25" 207 18 33 6 8 2
17 gm 40 2~ 12 22 2 3
18 10m 49 305 13 29 12 1 1
19 3m 36 276 26 23 11 3
20 ~zn 3m 47 290 18 25 5 2
21 1 53 252 37 43 10 18
22 ~()1ll 4 26 324 12 36 1 5 4
23 5m 7 369 17 29 5 1 2
24 10m 1 20 253 15 12 8 2
25 51 322 44 24 3 3 2
26 4 23 425 50 27 13 1 3
Z7 10 351 35 22 11 3
28 22 473 39 35 13 2 2
29 5m 2 34 372 26 25 13 1
30 1 15 329 23 26 14 7
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Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus in km. Assumed depth is indicated by "*".

Mag - magnitude, if determined.

NO - number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.

DMIN - epicentral distance in km to the nearest station.

ERT standard error of the origin time in seconds.

ERR - standard error of the epicenter in km.

ERZ - standard error of the depth in km.

MD - mean deviation of the time residuals. [= ~ ~2
INO ] 1/2 where

R
i

is the observed seismic wave arrival time less the com

puted time at the i th station.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

.Q Epicenter Focal Depth

A excellent good
B good fair
C fair poor
D poor poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the st~tistical measures of the solution. These two
factors are each rated independently according to the following scheme:
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Station Distribution

NO GAP DMIN

A > 8 < 120 0 < DEPTH or 5km

B > 6 < 150 0 < 2 x DEPTH or 10 km

C > 6 < 225 0 < 50 km

> 4 < 1800

D Others

Statistical Measures

ERH(km) ERZ(km) MD(sec) RMAX(sec) *
A < 1.0 < 2.0 < 0.10 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

C < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that
is, an A and a C yield a B, and two B's yield a B. When the two
ratings are only one level apart the lower one is used, that is,
an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

*RMAX is the maximum residual
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Table 2. Summary of Seismic Events

1972 Hri MN SEC LAT N LONG W DEPTH t-1AG NO GAP DMIN ERT ERH ERZ Mf) (J

JUL 1 1 49 3A.1 19-20.0 155-13.4 A.O· 1.13 12 1~7 6.3 o.o~ 0.1 f) • 11 C
1 3 16 12.4 19-21.2 155-1~.3 32.7 2.1 11 128 2.4 0.16 0.9 1.5 O.tl9 R
1 3 24 43.9 19-25.4 15~-24.1 A.O* 2.0 lq 94 7.3 0.06 0.5 0.17 'i
1 14 26 18.5 19-15.5 155-?2.3 6.0 13 16H 1.9 O.lfi 1.4- 1.2 0.24 C
1 15 56 32.0 19-19.6 155- 7.7 1.2 16 175 5.9 2.70 1.3 10.3 0.23 C

1 11 50 43.3 19-19.7 155-15.q ';;;.1 15 169 2.8 0.12 O.A 0.6 0.13 C
1 19 4 2A.l 18-53.9 155-11.7 12.9· 17 263 40.4 0.42 2.8 0.14 0
1 23 46 26.0 19-1A.O 15~-23.q 1+.0 1.6 14 12., 4.2 O.O~ 0.6 0.1 0.13 H
2 '7 5 4.1 19-1Q.O 15~- 1.9 3.4 1.9 14 laS 6.7 0.22 1.6 1.6 0.24 C
2 1 46 2A.4 1~-15.3 ISS-???? 0.0 13 112 8.0 9.46 ! .3 18.1 O.~4 C

2 8 35 9.7 19-17.4 155-31.4 8.0· 1.5 10 ?20 22.2 0.45 3.3 u.~1 C
2 9 0 3.6 19-19.4 1~~-lO.7 8.0* .14 113 5.1 0.10 0.9 0.12 C
2 19 53 12.0 19-21.5 15~-1~.A 25.3 2.1 18 80 3.6 0.13 o.e 1.4 O.ll Ei
l 20 0 12.1 lQ-20.6 155-14.4 8.7 1.7 10 2Jh 4.2 0.36 2.0 2.2 0.10 C
3 2 45 7.4- 19-45.0 155- 1.4? 48.9 3.1 14 220 21.6 0.54 i.2 4.5 ,0.10 C

3 3 20 51 .5 19-20.3 155- 6.81 8.0* 2.3 13 161 6.3 0.14 1.4 0.22 C
3 5 42 1.6 19-50.2 155-50.9 0.1 1.3 21 C:!7~ 5J.2 0.63 4.0 1. 1 u.16 ()
3 5 57 17.5 19-1fl.1 1~5-2'J.f; 3.5 2.2 14 117 5.2 0.16 1.2 1.5 0.;>4 C
3 10 15 13.3 19-2t:!.8 1~5-26.2? 0.0 14 138 7.0 9.21 1 • 1 11.~ 0.26 C
3 10 41 41.0 19-19.5 1~5-25.8 5.3 12 126 4.5 0.12 1.0 1.2 0.19 R

3 16 9 39.3 19-19.1 15~-1].7 2.3 2.0 22 114 b.4 u.18 1.0 1.5 O.2h C
3 20 28 7.9 19-19.2 l!)~- 8.8 1.4 1.A II 17~ ~ .., 1.33 1.0 4.9 0.23 C
4 7 20 56.6 19-19.9 155-24.5 7.1 1.8 21 101 ~.l O.o~ O.A 0.6 0.20 R
4 15 19 1.4 19-23.~ 1bS- 1.0? A.()* 11 150 7.9 0.15 1.3 0.17 C
4 Ib 44 1.0 19-20.1 155-13.1 A.O" 2.0 10 191 6.5 0.15 1.1 0.12 C

4 21 46 49.1 19-19.1 155-11.8 3.6 1.8 21 115 6.4- 0.17 1. 1 1.3 0.2'" C
4 22 59 18.2 19-24.3 155-16.0 11.9 12 89 3.4 a.OM 0.1 O.M 0.12 B
5 0 22 53.1 19-13.0 155-13.2 37.0 15 248 13.2 l>.1 ~ 1.6 1.1 0.11 C
5 2 21 36.6 19-12.1 1~5-21.4 40.2 13 1"7 11.K 0.36 1.5 3.1 0.09 C
5 2 35 42.5 19-21.3 '155- 6.4 8.0· 2.4 11 !41 b.t! 0.11 1.2 0.14 C
5 5 10 35.6 19-19.5 15S- A.O 8.0" 13 110 5. "' 0.11 1.0 0.10 C
5 6 6 35." 19-14.4 155-48.l 4.8 2.6 19 13'J 1.1 0.1"7 1.4 1.3 0.21 C
5 7 15 17.6 19-25.8 1~5-..q.~ A.7 15 241 lA.6 O.2H ~.O 1.5 0.13 C
5 10 1 37.4 19-19.4 1~S-14.1 ~.O* 11 165 b.O 0.11 O.A O.lZ C
5 13 51 4.1 19-23.2 155-26. ~'l 1.9 1.8 12 95 8.U O.O~ 0.7 O.b U.12 ~

5 16 24 10.3 19-20.2 155-)2.7 n.2 1.7 21 141 4.2 0.11 0.8 0.7 0.21 C
5 17 51 32.5 19-20.2 155-13.0 5.8 1.7 18 156 4.t! 0.15 1 • 1 o.~ O.?5 C
5 19 15 52.0 19-23.0 155-25.4 A.O· 9 233 6.4 0.19 1.2 0.09 0
5 21 20 3q.3 19-23.2 155-16.9 11.'1 2.2 13 ,,'+ 0.3 0.15 O.A 1.3 0.10 P
5 23 2 37.1 19-18.1 155-~3.7 3.1 2.4 22 114 4.0 0.06 O.s O.b O.lft A

6 0 22 23.1 19-20.3 155-12.h 3.3 14 190 5.& 0.21 1.2 1.4 o.?l C
6 1 21 2A.3 19-20.5 1~5-13.4 4.6 1.9 14 118 5.6 0.19 1 • 1 1.2 o.?O C
6 2 11 44.6 19-15.2 15~- 0.21 41.0 21 233 <;I.d 0.35 l.A 2.1 0.12 C
6 4 31 o.t) 19-15.3 1~5-22.1 3.1- 1.9 lb 114 1.8 0.13 0.9 1.2 0.19 C
6 5 5 24.2 19-21.1 15~- 1.6 1.7 14 148 4.3 0.10 1.1 O.M 0.13 Fi

6 6 18 38.9 19-20.4 155-12.5 6.2 1'7 154 3.1 0.15 1 .1 1.0 0.24 C
6 9 5 lR.S 19-30.3 155-35.31 7.7 2.4 18 143 2.3 0.10 1.0 1.2 0.15 ~
6 9 c8 33.3 19-23.2 15~-26.1 1.8 1.7 16 11 1.4 0.13 0,7 0.9 0.15 H
b 12 26 7.8 1~-19.0 1~S-13.1 6.6 1.6 14 207 6.1 O.l~ 1 • 1 o.~ O.lA C
6 14 45 10.5 19-31.9 155- A .11 0.0 11 212 A .1 6.33 1.1 12.0 O.ll C
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SUMMAHY OF SEISMIC EVENTS (rONTI~UEO)

1972 HR MN SEC LAT N LONG 'II DE.PTH MAG NO GAP DMIN ERT ERH Ef~Z MI) n

JUL 6 18 9 3R.1 19-20.3 155- ~.O ~.5 1.8 21 162 4.5 0.14 1.0 0.8 0.21 C
6 23 51 26.1 19-19.2 l~S- 9.4 3.2 14 179 S.c. 0.20 1.3 1.5 0.23 C
1 0 SO 14.9 19-25.7 155-25.1 1.5 1.9 23 b5 8.2 0.09 0.6 0.6 0.17 C
1 8 40 53.5 19-22.9 155-;5.6 ".0 0 10 264 6.5 0.15 O.R 0.05 0
7 13 46 50.3 19-25.2 155-21.q Ib.3 q 14H 4.7 0.96 J.l 10.0 U.1~ C

7 19 22 18.6 19-23.7 1~~-23.61 7.9 1.4 20 55 6.4 0.06 0.6 0.4 0.14 A
7 22 56 24.6 19-17.9 155-14.6 13.6 0.5 8 ?25 6.4 0.29 1 • 'i 2.2 O.OH C
7 23 25 13.3 19- 4.6 155- 2.~ 15.4· 1.1 17 2~1 34t.A 0.45 3.0 0.24 0
8 4 11 21.8 19-19.3 155-14.5 8.0· 0.9 17 145 5.2 0.07 U.6 0.11 C
8 6 15 41.9 19-18.5 15S-13.1 5.4 1.5 21 lS~ 7.4 0.14 \).9 0.9 0.22 C
8 13 15 4Q.2 19-24.6 15S-l~i.91 ~.4 1.3 22 5'1 7.') 0.07 O.ft O.~ o. 1C; Ra 16 32 33.8 19-20.5 1~~-12.2 A.O" 9 192 5.1 0.25 1.9 0.20 C
8 17 25 27.0 19-20.1 1515-11.6.1 1.3 0.1 13 162 4.5 0.14 1. 1 1.13 0.14 C
A 19 3 51.2 19-20.6 1~~-13.3 6.2 1.8 21 14H j.~ 0.10 O.A 0.7 O.?l C
9 0 2 2(,.6 19-18.6 155-1S.0 11.5 0.3 10 ~O6 b.l 0.18 o•., l.'j 0.06 H

9 2 49 23.0 19-19.7 1~5- 9.0 6.3 0.2 12 111 4.6 0.16 1.2 o.q 0.11 C
9 7 29 36.4 19-18.7 155-13.6 8.0* 0.6 12 l"7H 7.1 0.115 1.1 0.16 C
9 13 19 3"J.l 18-52.2 lS5-1~.4 ~.O* l~ 263 44.8 0.51 .3.5 0.14 0
9 IS 33 0.8 19-20.8 155- 9.A 5.2 0.9 13 153 2.4 0.14 1 • 1 1.0 0.11 C
9 15 51 27.1 19-19.6 155-1J.7 5.~ 0.9 Ib 194 ~.5 0.19 1 • 1 0.9 O.l~ C

9 20 1 46.0 19-17.9 15~-14.2 13.2 0.8 8 226 6.9 O.2H 1.0 2.? 0.05 C
9 20 24 26.5 19-22.3 155-29.4 S.b 0.9 18 90 11.4 o.OY 0.1 0.8 0.1f, C
9 23 S2 42.3 19-23.6 155-25.2 8.0* 0.9 11 224 7.• 2 O.3~ 2.0 0.11 C

10 1 58 1~.6 19-20.4 155-13.0 5.7 0.9 18 lR6 J.A 0.15 1.0 0.1 0.20 C
10 20 17 55.6 19-19.0 1~5-15.3 9.1 2.0 12 243 4.3 0.49 2.4 2.8 0.10 C

11 1 19 115.0 19-19.4 15~-15.5 6.2 1.9 13 lA2 3.ft 0.11 1 • 1 o.~ o.IA C
11 8 1 41.2 19-20.8 1~5-?4.4 7.8 1.Q 18 t\9 2.2 0.08 U.7 O.£, 0.11 ~
11 9 6 3A.5 lq-19.2 lS~-13.1 A.O* 0.8 10 203 6.1 0.14 1.1, 0.12 C
11 12 35 31.3 19-20.0 15~-lO.8 9.6 0.8 14 164 4.1 0.11 o.~ l.r; 0.1u C
11 19 26 5·' .2 19-22.5 155-43.1 6.5 0.7 11 262 17.6 0.59 3.5 0.'1 0.09 0

11 20 25 18.3 19-19.6 155-13.9 8.0· 0.8 14 162 6.2 O.OR 0.6 0.10 C11 22 4 53.9 19-20.3 155-12.3 8.0* 0.0 12 156 1.4 0.13 1.1 O.IA C
12 ,. 8 52.7 19-22.4 15~-?5.2 4.0 1.4 17 q3 5.3 0.14 O.Q 1.2 0.20 ~

12 6 50 1.6 19-23.9 15!)-i?4.3 8.0· 0.8 13 131 7.1 0.06 0.5 O.t)~ C12 20 31 49.0 19-21.9 1~5-?4.51 6.2 3.3 26 50 3.7 0.07 0.8 1.4 o.?? H

12 20 3~ 51.3 19-22.1 155-24.6 8.2 1.6 10 130 4.1 0.07 O.f\ 1.7 O.OQ 14
12 23 3 43.8 19-19.3 155-16.1 30.1 2.7 23 141 2.8 0.18 1 • 1 1.~ 0.14 ~
13 0 42 1.6 19-24.8 I~S-25.5 3.1 2.1 20 75 9.3 0.10 0.7 1.0 O.l~ I~

13 5 54 39.4 19-19.1 155-11t.l 11.1 12 2)5 6.1 0.31 1.6 2.4 0.11 C
13 7 35 24.1 19-19.2 155-14.1 4.0 1.6 15 Ib8 6.1 0.20 1.~ 1.8 0.26 C
13 16 46 10.5 19-22.5 155-23.4 ~.4 11 152 4.2 0.10 0.'; O.A 0.12 C13 1'7 10 3.4 19-19.3 155- H.9? 0.4 I? l"~ 5.3 2.74 I.S 10.4 0.21 C13 18 59 11 .9 19-19.8 1~5-12.J H.O" q 208 6.0 0.11 0.«:1 o.oq C13 20 52 42.0 1~-19.0 155-13.0 d.O* 1.6 11 ?15 1.~ 0.21 1.4 0.11 C13 21 12 4.5 19-19.7 155-1".6 10.0 1. ~ 9 ?05 1.6 0.15 0.7 1 • 1 0.03 fi

13 22 17 1.2 19-19.6 155-16.6 'Q.9 1.5 9 206 1.7 0.12 0.6 0.9 0.03 R14 8 39 11.6 19-19.1 155-13.5 R.O· 13 172 1.2 O.I~ \l.A 0.1i.' C14 9 36 51.5 19- 0.4 15S-19.0 31.5 4.5 26 2t!ti 22.9 0.30 1.1 2.6 0.13 C14 '9 40 16.7 19- 0.4 15~-le.s 29.6 2.9 21 229 l3.6 0.36 1.9 3.1 0.13 C14 11 32 38.8 19-19.9 155-45.7 A.I 2.6 15 22M 17.7 0.26 1.6 1 • '1 U.14 C
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN fHT t:HH fRl Mfl Q

JUL 14 18 50 30.8 18-45.6 154-~2.9 21.9· 3.4 21 ?~A 65.7 0.32 t.!.3 0.17 f'
14 21 23 ..5.4 19-24.3 155-t'4.4 6.3 1 ~~ 172 7.8 0.11 0.7 0.1 0.\3 C
14 22 30 3.1 19-16.8 1~b-24.4 13.8· ~.3 28 300 74.8 0.21 2.0 O.?1 n
14 22 42 27.4 19-22.0 155-113.5 1.4 9 79 3.8 O.O~ 0.4- O.S 0.10 A
14 23 24 SR.3 19-20.3 155-1J.Q 1.5 1.5 20 151 4.& 0.12 0.9 O.f, 0.21 C

15 1 53 5.5 19-32.0 155-42.11 5.3 2.5 14 156 11.9 0.72 1.2 5.4 0.14 C
15 10 15 57.6 19-19.2 15S-10.A 2.1 1.8 21 175 5.6 0.20 1. 1 I.S 0.21 C
15 11 21 35.6 19-24.8 1~~-?5.~ 0.4- 1.7 17 75 9.5 O.~O 0.7 1.0 0.19 t:'
15 14 49 24.6 19-18.3 15~-12.1 2.1 2.9 25 154 7.7 0.18 0.9 1.3 O.2f\ C
15 15 1 49.7 19-19.9 1~5-12.1 6.8 2.7 23 145 1+.8 0.11 0.8 0.6 0.20 C

15 16 58 1.6 19-24.6 15S-1b.4 0.5 1.0 8 A9 1.t! 0.14 0.4 0.4 0.09 A
15 22 17 55.9 19-25.5 15')-20.0 10.9 1.4 18 91 3.4 0.05 O.S o.s O.O~ A
Ib 1 11 6.2 19-19.3 15';-25.4 12.6 2.3 11 165 4.0 0.20 1.5 1.4 0.16 C
16 9 47 49.2 20- 3.4 15~-28.8 25.1 2.3 24 212 23.4 0.30 1.8 3.9 0.14 C
16 10 51 50.0 19-19.6 155-16.6 9.7 9 208 l.A 0.15 0.7 1 • 1 0.04 e

16 11 46 3Q.4 19-18.9 155-15.6 Q.1 1.9 14 1"7 3.9 0.09 lI.f, 1.1 0.07 ~

16 13 33 11.2 19-19.9 1~5-11.4 9.2 1.2 12 182 4.9 O.Oh 0.6 1.3 0.07 R
Ib 14 1 42.1 19- 0.4 155-18.6 12.7· 1.4 15 229 32.4 0.27 2.0 0.12 II
Ib 11 49 4Q.3 19-24.5 155-38.5 40.9* 1.4 7 324 27.7 0.33 3.4 0.06 0
16 20 29 10.6 19-23.8 155-25.6? 1.4 1.4 17 81 7.6 U.10 0.7 0.'3 0.16 ~

16 21 53 50.6 19-19.5 15~~13.H 8.0· 0.4- 11 163 6.4 O.Oq 0.1 u.l1 C
Ib 23 24 46.1 19-24.1 lS5-2~.2 4.6 1.3 20 82 11.2 0.09 O. -, 1.0 0.20 C
17 1 11 5~.4 19-19.3 1~5-14.0 8.0* 9 198 6.2 O.~2 1.6 O.l~ C
17 1 39 23.6 19-19.9 I5S-IS.? 26.3 16 150 3.~ o.lb O.~ 1.S O.O~ 8
17 8 58 54.6 19-22.q 15~-22.0 4.7 1.0 11 146 4.4- 0.14 0.9 1 .1 0.16 A

17 10 40 12.5 19-23.6 15~-2~.2? A.2 2.1 21 67 7.0 0.08 O.n 0.5 0.14 R
17 10 55 5?5 19-1Q.2 155- 8.7 A.O· 0.7 11 1li1 S.A 0.14 1.2 0.13 C
17 11 51 19.0 19- 2.5 155-25.1 32.4 12 220 13.7 0.22 2.2 2.0 0.12 C
17 11 13 47.5 19-21.2 1~5-16.3 b.O 10 132 2.4 0.11 0.(, 0.7 0.11 A
11 20 I-' 23.0 18-54.1 155-16.2 ~.6 3.1 24 250 35.0 0.42 ~.o 2.6 O.l~ C

17 20 31 3f,.6 18-52.6 155-15.6 6.4 2.0 13 2&8 31.9 2.?6 3.9 12.3 0.J4 0
17 20 58 54.6 18-55.9 15b-11.4? 12.3 2.8 15 248 31.1 0.36 2.1 2.H 0.11 C
17 22 11 15.9 18-51.3 155-16.2 1.8 3.3 21 ~~9 39.3 0.46 3.0 2.1 0.17 0
11 2::1 lq 19.9 18-50.8 1~5-17.S 1.4· ?3 12 260 39.0 0.38 2.5 u.14 0
17 23 51 3.0 18-51.1 155-11.8 4.1 2.2 16 25Q 38.3 1.01 2.1 6.4 0.11 0

18 0 3 39.3 18-52.1 155-18.0 Q.2 ?9 16 ?5b 36.4 0.57 2.7 3.1 0.13 D
18 0 17 7.2 18-54.4 155-19.1 8.7 3.1 18 t!4b 31.8 O.2~ 2.0 2.5 O.ln C
18 0 34 16.1 18-53.1 155-18.8 10.1 2.Q 19 252 34.2 0.41 2.0 2.3 0.13 C
18 1 b 3A.6 18-51.0 155-11.9 6.0 ?9 15 259 38.3 l.l~ 2.3 l.ft 0.11 0
18 4 33 50.1 1~-51.3 155-18.1 7.0 ?3 18 ?58 31.7 1.11 2.2 7.5 O. 11 0

18 6 23 38.5 18-50.1 155-17.6 10.8° 2.9 19 260 39.1 0.27 1.8 o. 11 n
18 9 7 3.0 18-53.4 155-19.4 15.5* 3.2 18 ~51 33.2 0.22 1.5 0.14 D
18 9 14 17.2 18-4A.3 155-17.1 A.O· 3.1 19 273 43.4 0.21 1.4 O.in 0
18 19 ~2 41.5 18-51.4 155-18.2 8.0· 9 263 37.5 0.34f. 2.2 0.01 n
18 19 55 5.1 19-18.7 155-13.4 A.O· 0.7 9 218 7.5 0.2·( 1.9 0.1~ C

18 21 29 52.1 19-1Q.6 155-12.0 5.9 2.0 19 16B 5.5 O. l!) 1. 1 1.0 O.~4 C
19 1 57 24.0 19-19.3 155-11.8? 4.a 1.2 19 173 b.2 0.21 1.4 1.4 0.1'1; C
19 6 40 21.9 19-23.6 15!;-23.9 3.6 1.0 15 194 6.4 0.15 O.M 1.2 0.14 C
19 10 40 1.1 19-20.5 155-19.5 4.0 1.1 12 71 3.f\ 0.14 0.4 2.4 O.Oq 8
19 15 19 15.2 19-22.8 155-24.9 8.0· 1.0 11 13b 5.5 0.10 0.9 0.12 C
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SUMMARY OF SEISMIC EVEN1S (CONTINUED)

1972 HH MN SEC LAT N LONG W O~PTH MAG NO GAP OMIN E~T ERH E~l MI) Q

JUL 19 11 22 32.4 19-20.4 155-.1.4 3.8 ?l 19 If\O ~.2 O.l~ 1 • 1 1 • 1 0.20 C
19 18 55 37.8 IB-S2.7 15~-19.~ ~.9 1.5 13 25~ ::14.3 1.60 3.1 9.~ 0.12 D
19 19 9 9.7 18-54.6 lS5-~1.6 9.k 2.5 ~ 262 29.5 0.70 4- .1 3.3 0.10 I)
19 23 22 3].2 19-22.1 155-26.0 7.5 2.8 23 60 5.9 U.l~ 0.8 O.~ 0.20 H2U 1 20 44.6 19-23.2 155-?1.9? 5.2 o.q 12 92 4.0 0.11 u.7 I.A 0.14 H

20 '+ 56 57.8 19-20.4 15S-13.~ 5.9 1.3 22 150 5.3 0.12 0.9 O.H u.~3 C20 6 46 4.9 19-18.4 1~5-15.3 11.9 9 206 4.8 0.23 0.9 1.q O.Oh f.l
20 1 3 37.0 18-49.1 1~5-17.21 1.6· 2.6 12 tJ6'j 42.1 0.66 4.3 O.?o 020 "1 28 13.2 lA-Sl.2 155-18.2 H.] 2.9 20 2~8 31.H 0.34 2.0 l.q O. 11 C20 8 7 42.2 19-20.2 155- 9.3 7.0 1.8 If> 22A 3.5 0.40 2.5 1 • 1 U.23 I)

20 12 11 38.~ 18-51.6 155-18.61 9.3 7.9 13 ~fi2 36.~ 0.79 4.0 3.6 0.13 I)
20 13 17 16.3 18-51.7 155-17.41 1.1· 2.6 13 263 31.7 0.52 3.4 0.18 020 14 40 59.7 18-51.6 15~-11.1 4.4 3.0 22 i?~7 37.5 1.15 2.4- 7.? 0.14- n
20 15 43 48.8 19-21.5 15~-25."1 1.3 1.5 13 71 4.~ 0.14 1.0 2.1 0.25 A20 17 20 44.0 18-51.5 155-1M.2 8.0· 2.6 12 211 31.3 0.40 l..6 0.10 n

20 17 25 23.4 18-50. '1 155-11.f, 8.0· 2.6 14 260 39.0 0.21 1.8 0.('\9 I)
20 17 39 50.5 19-25. -, 155-14.1 30.0 3.2 30 39 1.B 0.12 0.1 1.3 0.13 R20 18 9 31.2 19-1A.4 155-13.6 10.3 1.2 11 221 7.3 0.41 1.9 3.2 0.10 C
20 19 37 52.7 18-51.3 15r;-1~.O 5.0 2.a 16 2~8 37.8 1.40 c.9 9.3 U.13 n20 19 42 15.1 19-19.4 155-}4.7 ll.q 8 189 4.8 0.34 1.2 2.~ 0.07 C

20 21 50 2.1 18-53.2 155-17.4 8.4 2.5 14- 258 35.2 0.71 3.4 3.7 0.14 n20 21 54 28.5 19-19.9 155- Cl.O? 4.5 1. ~ 19 168 4.3 0.18 1.3 l.t! 0.26 C20 23 S9 44.4 18-52.6 155-19.0 8.4- 2.1 15 259 34.9 O.~3 .3.2 3.1 o. 15 ()
21 2 4 q.9 lS-S9.3 15~-19.3 27.1 2.1 22 229 24.1 0.47 2.8 4.7 O.Ie D
21 3 2 55.0 19-20.0 155- ".8 H.O* 1.4 11 16'1 5.1 0.10 0.9 0.1? C

21 4 57 8.1 19-25.3 155-14.4 29.3 ) .2 20 ~8 1.1 0.14 0.9 1.5 0.11 ~
21 7 52 5q.l 19-21.1 155-~4 .1'/ 1.2 2.4- 23 71 2.9 0.07 0.3 1.6 O.?1 H21 21 27 12.4 19-23.1 155-23.61 7.<J 2.3 25 53 5.3 0.09 0.6 0.7 0.17 H
22 0 43 42.2 19-22.7 155-23.3 8.1 2.7 27 42 4.6 0.08 O.b O.f) O.lfl R
22 3 48 16.5 19-19.9 15~·12.3 8.1 1.6 10 205 1+.7 0.27 1.5 3.1 0.10 C
22 6 24 37.4 19-20.1 155-12.1 7.6 3.1 25 140 4.4 0.09 0.7 0.5 0.17 C22 11 41 47.4 19-25.8 155-30.0 1.2 1.4 15 112 12.3 1.35 0.8 5.0 0.17 C22 15 43 3.4 19-22.1 155- 1.5 8.0· 0.5 13 163 4.8 0.24 1.6 0.20 C22 18 9 35.8 19-16.6 155-13.2 B.D· 7 254 9.8 0.45 2.8 0.11 022 19 51 32.2 19-20.8 155-24.1 8.8 1.5 11 155 1.7 0.13 0.8 1.7 0.10 B

23 3 31 30.3 19-24.4 155-17.6 8.4 1.2 12 138 1.9 0.11 0.8 1.2 0.06 B23 3 33 14.9 19-25.2 155·16.9 5.0 1.1 10 153 4.7 0.30 1.0 2.7 0.12 C23 5 20 36.1 19·12.0 155-26.3 5.9 1.5 14 153 5.4 0.09 1.3 0.9 0.11 C23 8 6 21.0 19-17.4 155-12.91 2.1 1.9 14 228 9.3 0.48 2.3 2.1 0.21 023 10 11 15.6 19-47.3 155-35.4 13.6* 2.3 13 150 13.8 0.07 0.7 0.09 C

23 10 21 36.9 19-22.2 155-25.51 0.5 14 69 5.4 2.64 0.9 10.0 0.25 C24 2 12 47.3 19-19.9 155-21.1 0.1 7 lSI 3.9 2.77 1.1 5.8 0.05 CZ4 3 21 24.9 19-12.0 155-26.9 5.0 11 146 4.9 0.20 3.0 1.9 0.23 C24 7 26 3.9 20- 5.4 155-23.8 8.2 2.9 23 ?26 23.0 0.27 1.8 1.9 0.18 C24 13 34 49.3 19-51\.3 155- 1.7 59.4 3.2 20 281 28.6 1.53 6.6 10.3 '0.16 0

24 14 10 54.6 19-24.2 155-23.0 9.4 0.3 11 173 5.9 0.17 0.7 2.0 0.09 ~24 18 45 5.8 19-20.8 155-16.21 2.3* 0.4 10 125 3.0 0.17 1.1 0.25 C2S 2 31 24.4 19-23.3 155-25.4 8.0· 0.3 9 187 6.8 0.11 0.8 0.08 C25 10 21 42.4 19-23.2 155-24.9 1.1 2.0 12 133 6.2 0.63 1.1 2.4 0.21 C25 12 5 6.9 19-19.4 155-13.3 7.0 2.2 17 167 7.2 0.1'7 1.2 0.8 0.22 C
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

LAT N LONG W DEPTH MAG NO GAP DHIN ERT ERH ERZ MO Q
1972 HH MN SEC

JUL 25 18 39 10.0 19-24.5 155-23.7 6.3 1.5 1-1 191 7.1 0.13 0.9 0.8 0.08 B
26 1 2 40.8 19-10.9 155-30.5 44.4 2.6 23 98 5.2 0.32 1.4 3.0 0.12 8
26 3 31 1.7 19-22.9 155-24.1 8.0· 1.7 9 165 5.2 0.11 0.9 0.12 C
26 8 23 4.0 19-1Q.4 155-19.61 6.1 2.5 18 108 3.2 0.15 1.0 1.Z 0.25 B
26 12 48 32.9 19-26.3 155-23.8 3.6 1.5 11 191 6.5 0.12 0.7 1.1 0.10 C

26 16 51 57.6 19-25.6 155-14.5 29.0 17 128 1.7 0.18 1.0 1.7 0.10 B
26 21 3 22.6 19-21.5 155-25.4 3.0 2.4 24 69 4.4 0.09 0.1 0.9 0.23 B
26 21 4 35.5 19-21.6 155-25.4 5.9 1.6 14 134 4.5 0.14 1.0 1.1 0.19 B
26 22 3 41.1 19- 9.1 155-22.6 40.8 17 178 9.3 0.36 1.5 3.6 0.12 C
27 7 4 44.6 19-20.5 155-20.41 2.3 1.3 8 117 5.1 0.18 0.5 2.5 0.01 B
27 7 23 11 .1 19-20.5 155-13.2 4.7 1.5 14 151 6.6 0.14 1.0 1.3 0.23 C
27 9 16 6.5 19-23.7 155- 3.91 3.9 2.1 14 104 7.2 0.14 1.1 1.1 0.25 C
27 15 26 42.3 19-20.2 155- 8.5 5.7 1.9 18 164 4.1 0.14 1.1 0.9 0.20 C
21 22 25 44.1 19-23.6 155-23.4 5.1 17 151 6.2 0.13 o.a 1.2 0.18 C
28 12 14 8.9 19-19.9 155- 8.6 3.6 2.3 18 168 8.6 0.13 0.8 0.8 0.19 C

28 20 4 52.0 19-22.6 155-24.8 6.2 2.3 22 S2 5.2 0.08 0.6 0.7 0.17 B
28 20 43 32.1 19-19.3 155-13.4 1.3 2.5 23 145 6.0 0.11 0.8 0.6 0.18 R
28 21 8 6.1 19-20.6 1SS-11.1 10.3 10 155 3.5 0.12 0.9 1.8 0.08 8
28 21 8 57.8 19-19.3 155-13.61 7.8 2.0 20 161 6.0 0.08 0.6 0.4 0.12 C
28 21 11 1.8 19-1CJ.l 155-13.51 0.0 16 172 7.1 1.55 1.3 22.0 0.26 C

28 21 43 30.8 19-18.3 155-13.6 5.7 1.8 13 180 11.9 0.16 0.9 0.9 0.11 C
28 23 32 36.0 20- 0.5 IS5-44.5 2.1 2.1 22 147 13.9 0.26 0.9 0.9 0.14 C
29 1 23 24.5 19- 8.1 155-23.01 34.5 13 239 19.8 0.60 2.9 5.1 0.12 0
29 7 29 51.5 19-24.9 155-23.9 2.3 1.4 10 193 7.5 0.14 0.8 1.7 0.11 C
29 8 6 0.7 19-11.9 155"16.1 43.7 10 222 15.4 0.54 2.7 5.0 0.09 C

29 8 6 39.2 19-11.0 155-16.4 41.1 10 210 16.9 1.16 5.0 8.2 0.10 0
29 17 25 36.8 20- 4.1 155-49.1 13.0 3.0 23 212 6.9 0.14 1.9 2.3 0.10 C
29 19 23 38.2 19-20.8 155-13.3 6.3 1.6 17 146 5.5 0.11 0.8 0.8 0.20 ~
29 23 30 2~.0 19-19.5 155-16.1 2.2 1.5 19 150 2.6 0.15 0.9 1.2 0.20 C
30 0 23 26.4 19-20.3 155-13.2 5.4 14 153 6.0 0.17 1.2 1.1 0.24 C

30 0 46 60.0 19-19.9 155-41.3 8.6 3.1 23 122 11.2 0.08 0.8 1.2 0.14 B
30 2 50 1.1 19-30.5 155-15.1 8.0· 10 186 10.3 0.26 1.9 0.24 C
30 4 20 40.1 19-23.4 155-24.9 7.7 2.6 24 4S 6.ft 0.01 0.5 0.5 0.15 B
30 6 48 16.4 19-19.7 155-11.2 2.5 1.6 16 167 5.6 0.21 1.3 2.4 0.28 C
30 8 59 4.1 19-19.6 155-11.9 8.0· 0.3 10 167 8.6 0.09 0.8 0.10 C

30 10 1 15.0 19-19.6 155-24.8 1.9 0.8 9 158 2.9 0.10 0.9 0.6 0.10 B
30 16 53 53.1 19-20.8 155-23.9 8.0 0.6 8 153 1.5 0.09 0.8 0.6 0.08 B
30 18 49 57.8 19-19.9 155-16.7 9.0 1.0 7 206 1.3 0.61 3.1 4.4 0.11 C
31 5 8 56.8 19-20.6 155-29.1 8.0· 0.6 10 180 9,4 0.13 1.1 0.12 C
31 8 30 0.6 19-19.6 155-14.9 9.2 9 237 4.4 0.65 3.3 3.8 0.13 0
31 18 29 51.8 19-20.3 155- -9.3 10.6 7 161 3.4 0.23 1.8 3.2 0.07 C

AUG 1 3 38 22.4 19-18.6 155-16.1 9.0 11 239 3.5 0.44 2.4 2.3 0.12 C
1 6 19 17.1 19-11.5 155-36.5 5.8 2.9 ZO 212 6.3 0.30 1.8 1.0 0.16 C
1 8 37 9.0 19-23.1 155-23.4 8.0· 0.6 12 182 5.3 0.08 0.5 0.08 C
1 11 2 5.3 19-21.2 155-16.4 30.2 1.1 11 118 2.4 0.21 1.0 2.0 0.08 8

1 20 58 42.9 19-11.0 155-15.5 44.9 14 190 14.0 0.28 1.3 2.9 0.10 C
1 22 38 32.1 19-21.0 155-12.7 8.0* 1.7 8 174 6.2 0.05 0.3 0.04 C
2 .1 13 54.3 19-19.9 155-24.4 '8.4 0.4 8 154 2.0 0.13 1.0 1.7 0.09 B
2 2 23 17.3 19-25.0 155-29.6 8.0· 0.7 10 105 14.2 0.07 0.6 0.08 C
2 7 43 17.9 19-23.3 155-25.3 8.0· 0.9 11 185 6.1 0.09 0.1 0.08 C
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

AUG 2 11 58 52.6 19-22.6 155-25.2 4.5 1.7 18 S2 5.5 0.09 0.8 1.2 0.22 C
2 18 39 50.3 18-60.0 155-18.5 12.5 2.6 Z4 228 33.6 0.38 1.4 5.2 0.13 0
2 21 0 56.5 19-23.3 155- 4.11 3.2 1.5 14 160 6.5 0.15 0.9 1.4 0.17 C
2 23 37 55.2 19-19.2 155- 9.3 8.0· 0.1 9 119 5.4 0.10 0.9 0.07 C
3 3 28 30.2 19-18.0 1S5-13.1 8.0· 0.6 10 232 8.5 0.33 2.1 0.15 0

3 1 18 2.5 19-19.1 155-12.1? 2.5 1.2 18 175 6.3 0.22 1.2 2.4 0.28 C
3 8 19 52.8 19-26.8 155-25.3 8.0· 9 229 6.5 0.14 0.9 0.01 D
3 13 13 25.9 19-20.6 155-19.2 24.4 9 82 3.3 0.51 2.1 4.1 0.09 B
3 17 10 10.3 19-24.1 155-26.51 8.0 2.2 14 161 9.2 0.12 O.Ci 0.6 0.14 C
3 17 49 16.6 19-10.3 155-26.9 30.6 3.1 23 160 2.2 0.19 1.0 1.9 0.14 C

J 18 57 IS.8 19-24.0 155-24.3 8.0· 13 172 7.3 0.08 0.6 0.09 C
3 19 55 23.0 19-24.4 155-25.6 B.O· 1.5 11 154 8.8 0.15 1.1 0.15 C
4 0 13 29.8 19-21.0 155-13.4 28.2 16 143 5.1 0.18 1.0 1.8 0.10 R
4 0 16 27.5 19-21.3 155-13.2 26.5 18 140 5.2 0.15 0.9 1.5 0.10 B
4 3 51 16.4 19-10.1 155-21.1 30.0 2.0 11 216 19.1 0.34 1.4 3.8 0.07 C

4 6 58 20.6 19-23.3 155-26.1 8.0· 1.4 7 271 7.5 0.26 1.4 0.05 0.. 14 26 50.6 19-24.2 155-26.1 8.0· 2.1 17 69 8.8 0.06 0.5 0.12 C
4 20 44 2.2 19-22.1 155- 4.61 2.1 0.4 e 144 5.9 0.16 1.2 2.1 0.15 B
5 6 41 20.1 19-22.3 155-23.6 5.4 0.7 12 145 3.9 0.13 1.0 1.3 0.19 B
5 8 6 34.1 19-20.6 155-13.2 6.4 1.7 22 149 3.5 0.10 0.8 0.7 0.22 C
5 9 22 22.6 19-19.1 155-13.4 8.0· 0.7 12 173 7.3 0.21 1.6 0.22 C5 14 4 24.0 19-18.2 155-15.4 29.0 1.6 16 148 5.0 0.11 1.1 1.8 0.11 B5 18 32 38.0 19-19.4 155-14.9 7.7 2.1 20 144 4.5 0.09 0.7 0.5 0.12 H5 19 18 4.6 19-50.5 155-23.4 34.8 2.1 18 95 7.3 0.38 2.0 3.8 0.18 B5 22 37 13.5 18-56.6 155- 8.0 15.2· 2.5 19 262 43.1 0.54 3.6 0.19 0

5 23 12 45.5 19-22.7 155- 4.21 8.0· 1.9 11 97 5.6 0.15 1.4 0.21 B6 1 26 18.4 19-23.7 155-25.5 3.6 0.9 19 70 7.6 0.11 0.8 1.4 0.21 C6 1 40 15.2 19 .... 19.4 155"12.3 5.9 1.6 20 170 5.7 0.14 1.0 0.8 0.22 C6 10 33 41.2 19- 6.3 155-20.4 24.6 16 197 21.7 0.36 2.0 5.9 0.20 C6 13 35 27.7 19-11.1 155-11.6 1.1 1.9 10 206 9.7 2.21 1.4 8.1 0.15 C

6 18 9 32.8 19-19.9 155-11.5 8.0 15 164 4.9 0.15 1.2 0.7 0.13 C1 4 22 54.7 19-22.1 155-23.41 8.1 0.6 11 119 3.4 0.09 0.6 1.0 0.10 B7 5 13 15.1 19-23.8 155-17.4 19.6 1.2 11 80 1.2 0.11 3.1 1.1 0,28 87 14 24 lA.9 19-24.6 155-23.8 8.0· 10 193 7.4 0.12 0.8 0.10 C7 21 24 17.9 19-24.5 155-24.7? 0.0 1.5 10 131 8.4 6.09 0.7 11.6 0.12 C

7 22 35 37.5 19-10.1 155-26.9 30.7 2.3 16 183 11.6 0.32 1.7 3.3 0.13 C8 2 30 10.9 19-14.1 155-22.8 8.0· o.e 11 227 8.0 0.25 1.7 0.16 08 7 43 42.3 19-20.5 155-12.6 4.6 0.8 15 152 6.7 0.17 1.1 1.3 0.25 C8 15 42 9.6 19-19.2 155-15.4 8.7 2.1 21 144 3.9 0.08 0.6 1.1 0.12 B8 17 1 11.9 19-24.9 155-24.3 8.0· 1.5 8 202 8.0 0.14 0.9 0.10 C

8 18 16 56.0 19-24.0 155- 3.3 3.3 1.3 13 111 7.7 0.16 1.2 1.8 0.25 C8 18 40 28.3 19-17.8 155-51.3 8.1 2.1 16 205 3.7 0.15 1.6 1.7 0.15 C9 3 18 55.4 19-17.0 155-23.2 4.9 0.9 17 129 5.9 0.09 0.8 1.2 0.17 R9 6 3 1.7 19-19.3 155- 8.7 8.0· 0.3 9 119 5.6 0.18 1.5 0.15 C9 7 32 50.5 19-23.2 155-11.1 13.9 1.9 22 61 0.5 0.07 0.7 1.0 0.10 B

10 4 18 19.1 19-21.7 155-29.11 8.1 1.4 17 63 10.5 0.16 1.0 1.2 0.18 B10 5 36 22.7 19-23.1 155-17.3 14.1 1.2 18 63 0.8 0.09 O.A 1.2 0.12 B10 1 59 33.3 19-19.7 155-15.2 5.9 1.0 16 177 3.9 0.18 1.1 0.9 0.19 C10 9 14 28.7 19-19.5 155-11.2 4.8 1.S 16 171 6.0 0.20 1.3 1.3 0.27 CLO 11 8 22.3 19-25.0 155-25.07 0.0 1.5 14 101 8.9 7.• 98 0.8 15.2 0.17 C
13



SUMMARY OF SEISMIC EV~NTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP CHIN ERT ERH ERZ MO Q

AUG 11 1 37 38.7 19-21.0 155- 8.4 37.5 1.3 21 132 3,2 0.23 1.1 1.9 0.09 B
12 4 28 SA.7 19-22.4 IS5-26.J 5.0 1.3 20 51 6.6 0,08 0.6 0.9 0.18 B
12 7 54 31.6 19-12.4 155-26.6 30.8 1,I 15 168 5.8 0,52 2.1 4.2 0.10 C
12 11 1 0.2 19-20.6 155-14.4 8.8 9 235 4.2 0.52 2.8 2.9 0.12 0
12 16 4 30.9 19-20.8 155-14.1 6.7 10 185 3.7 0.26 1,4 1.2 0.13 C

12 16 35 33.4 19-19.8 155-14.5 9,0 1.2 12 201 5.0 0.20 1.1 1.7 0.09 C
12 16 55 52.1 19-19.8 155-11.6 8.9 0.8 11 164 5.1 0.17 1.2 2.5 0.10 C
12 16 58 5.4 19-18.8 155-16.2 6.8 1.2 11 145 3.2 0.10 0.9 0.7 0.11 B
13 2 35 6.9 19-10.8 155-35.3 4.4 1.5 17 135 8.2 0.15 1.1 1.1 0,21 C
13 3 4 37.0 19-17.0 155-22.3 8.0· S 269 6.2 0,80 4.8 0.22 0

13 13 15 6.6 19-22.2 155-25.6 8.0· 1.8 11 70 5,4 0,06 0.6 0.11 B
13 16 58 3.3 19-20.5 155-23,3 15.1 1.8 10 59 0,6 0,33 2,1 4.7 0.22 B
13 11 51 11.3 19-22.1 15~-25.6 A.O· 12 70 5.3 0.06 0.6 0.11 B
13 18 27 34.6 19-25.3 155-25,5 8.0· 1,8 10 158 9,2 0.06 0.4 0.06 C
13 20 10 37, "7 19-19.0 155-14.8 6.3 1,6 13 197 4.9 0.22 1.4 0,9 0,21 C

13 20 16 13 •• 19-18.9 155-14,3 8.0· 2.0 17 112 5.8 0.06 0,4 0.08 C
13 21 12 28.4 19-19.3 155-13.q 11,7 1.9 10 198 6.3 0.20 0.8 1.7 0.06 B
13 22 20 1~.4 19-20.0 155-12.0 12,3 0.7 11 201 4.6 0.21 1.0 2.0 0.06 C
14 2 5 12.7 19-18.9 155-15,3 10.7 9 196 4.3 O.2~ 1.1 1.9 0.01 C
14 3 45 46.6 19-11.7 15S-14.3 12.4 0.8 8 230 7.1 0.32 1.2 2.5 0.07 C

14 7 1 2R.9 19-30.7 155-13,71 8.0· 1.5 15 132 10.2 0.19 1.5 0.33 C
14 9 45 4.5 19-19.9 155-16,8 5.7 1.2 11 196 1.1 0.21 1.4 0,9 0.16 C
14 17 21 7.8 18-59.2 154-48.2 R.O· Ib 299 46.1 1.35 8.3 0.16 0
15 1 37 11.1 19-11.4 155-14.41 1Q.9 1.7 10 288 14,2 1.06 5.9 5.8 0.12 0
15 12 46 23.2 19-17.2 155-23.31 5.7 1.3 16 127 5.5 0.09 0,8 0,9 0.18 8

15 14 2 2.7 19-22.3 155-27.1 4.6 1.3 16 78 7.7 0.11 0.8 1.3 0.20 B
16 2 5 29.2 19-20.3 155- 9.9 5.2 1.0 12 161 3.3 0,20 1.6 1.6 0.20 C
16 10 18 43.6 19-18.9 IS5-1~.3 9.6 9 196 4.3 0.30 1.5 2.6 0.09 C
16 13 59 52.0 19-24.5 155-24.3 8.0· 1.6 7 202 8.0 0.15 1.0 0.10 C
16 15 50 27.8 19-19.0 155-15.5 10.1 10 191 3.9 0.18 0.8 1.5 0.07 B
16 16 15 32,3 19-19,9 155-11,9 8.0· 0.3 8 212 5,4 0.24 1.8 0.15 C
16 16 41 55.3 19-11.0 155-50.6 7.5 0.3 8 269 9.6 0.62 6.5 5.7 0.18 0
16 17 9 28.4 19-24.4 155- 6.0 8.0· 0.5 7 218 8.0 0.39 3.7 0.17 C
17 15 18 19.5 19-21.3 155-24.2 8.1 1. 1 10 124 2.6 0.08 0.7 1,5 0.10 B
17 15 22 30.1 19-21.8 155-11,3 6.6 0.9 13 137 2.5 0.06 0.6 0.4 0,10 B

17 16 0 50.9 19-20.0 155-12.9 8.0· 0.2 10 158 6.8 0,11 0.9 0,13 C
17 19 32 59.4 19-42.1 155-47.8 18.4 1.0 15 211 4,6 0.24 1.5 1.9 0.09 C18 1 1 9.6 19-32.4 155-34.9 8.0· 9 162 6.0 0,09 0,7 0,10 C
18 2 9 38.4 19-23.3 155-24.6 8.0 1.5 16 65 6.3 0.06 0.6 1.9 0.10 B
18 3 3 2a.9 19-23.9 155-25,3 8,0· 1.6 14 145 1.8 0.13 0.9 0.14 C

18 5 38 23.8 19-24.8 155-16.8 15.2 1.1 15 117 0.5 0.07 0.6 0,8 0.08 A18 8 19 SQ.3 19-21.8 155-16.1 21.6 10 158 1.2 0.26 1.2 2,5 0.09 C
18 8 34 43.0 19-21.2 155-24.1 11,3 2.2 16 65 ·2.4 0.11 1.0 1.4 0.18 B
18 14 55 17.1 19"19.9 155-13.6 6.4 2.0 20 157 4.9 0.11 0.8 0.7 0.21 C18 16 28 A.l 19-30.1 155- 7.4 8.0· 10 179 6.4 0.21 1.9 0.22 C

18 23 14 3.9 19-20.5 155- 7.31 0.8 2,1 21 159 5.3 1.32 1. 1 4.8 0.22 C19 3 5 45.4 19- 5.9 155-22.4 8.0· 11 225 20.9 0.46 3.4 0.28 C
19 3 32 17.7 19-23.9 155-24.5 8.3 2.0 20 63 7,2 0.07 0.5 O.S 0.13 B
19 17 59 34.1 19-21.3 155-26,0 8.0* 10 138 5,1 0.08 0.8 0.11 C
19 19 27 7,1 19-25.9 155·44.17 8.2 13 277 15.5 0.57 3.6 1.9 0.14 0

14



SUMMARY OF SEISMIC EVENTS (CONTINUEO)

1912 HR MN SEC LAT N LONG " DEPTH MAG NO GAP OHIN ERT ERH ERZ MD Q

AUG 19 21 5 55.8 19-19.2 155-15.4 27.0 15 163 3.9 0.16 0.8 1.5 0.08 B
19 21 19 22.7 19-19.0 155-15.3 28.2 15 165 4.2 0.18 0.8 1.7 0.07 B
20 2 57 3A.0 19-10.9 155-46.9 3.6 2.7 12 239 18.1 0.36 1.9 1.1 0.08 C20 3 0 17.6 19-26.3 155-49.1 9.1 2.8 16 179 13.2 0.15 1.8 2.3 0.18 C20 9 26 34.7 19-29.8 155-15.0 22.5 1.9 14 122 8.0 0.09 0.6 1.1 0.06 B

20 12 24 25.0 18-32.4 155-32.3 81.7- 3.4 15 328 50.1 0.73 6.5 0.18 D
20 15 10 38.1 19-20.9 155-13.6 10.4 1.7 10 166 4.9 0.24 1.1 2.0 0.09 CZO 15 48 39.2 19-22,5 155-24,6 8.0 0.3 9 219 4.8 0.16 1.1 0.5 0.10 C
20 21 12 57.4 20- 7.4 155-36.61 2.2· 15 228 17.8 0.21 2.5 0.20 021 o 39 .28,3 19-19.5 155-15.5 6.5 0.8 11 117 3.S 0.25 1.2 1.6 0.17 C
21 1 14 31.7 19-25.5 155-21.1 3.5 1.1 12 116 10.4 0.10 0.7 2.1 0.17 C
21 It 14 21.8 19-24.1 155-24.5 8.0· 1.7 12 99 8.5 0.04 0.4 0.01 C
21 9 42 49.4 19-19.9 155- 8.8 8.9 1.8 10 169 4.5 0.08 0.6 1.4 0.06 B
21 17 18 16.1 19-16.6 1~5-23.1 6.3 1.8 15 142 6.4 0.15 1.3 1.0 0.24 C
22 1 47 47.6 19-20.4 155-19.5 4.9 1.9 15 61 3.7 0.05 0.4 0.5 0.10 B

22 2 19 21.6 19-26.6 155-27.9 8,0· 1.1 9 125 10.0 0.05 0.5 0.06 C
22 9 41 24.3 19-22.8 155- 5.0 3.1 1.5 15 137 6.4 0.13 0.9 1.1 0.11 B
22 1.1 34 29.4 19-20.4 155-14.4 26.7 1.7 18 160 4.6 0.13 0.8 1.2 0.09 B
22 13 28 11.3 19-19.9 1SS ... 7.9 3.1 1.4 18 169 5.2 0.17 1.1 1.6 0.22 C
22 13 53 26.1 19"20.1 155-12.21 7.2 0.6 13 160 4.4 0.21 1,5 1.1 0.22 C

23 1 37 40.8 19-23.5 155.. 3.4 2.8 1.0 15 112 6.6 0.16 1.1 1.5 0.26 C
23 1 52 3~.1 19-58.3 155-31.6 25.5 1.9 24 172 21.2 0.19 1.1 2.1 0.12 C
23 2 34 41.2 19-19.4 155- 9.0 8.0· 0.6 12 116 5.2 0.11 1.S 0.21 C
23 2 56 45.3 19-11.3 155-20.4 24.8 1.3 21 193 12.6 0.17 1.4 1.8 0.14 C
23 7 38 54.1 19-23.0 155-43.4 8.0 0.7 9 LJ64 17.4 0.42 2.6 1.5 0.08 0

23 10 29 30.0 19-22.0 155-28.91 4.0 2.1 15 89 10.4 0.12 0.9 1.8 0.23 C
23 13 3 54.7 19-22.4 155-24.1 8.0· 0.4 9 90 4.7 0.06 0.6 0.09 8
23 13 55 48.0 19-21.0 155-10.3 12.3 1.8 10 ISO 2.1 0.20 1.0 2.0 0.09 B
23 20 26 3.8 19-19.1 155-10.7 8.0· 1.8 9 169 4.7 0.08 0.7 0.09 C
23 21 0 22.2 19-15.1 155-22.5 8.0· 0.5 10 222 7.6 0.22 1.5 0.14 C

24 2 3 17.4 19-26.9 155-10.9 25.5- 1.8 8 277 7.4 0.45 7.7 0.20 0
24 2 59 5.6 19"'20.2 155-16.2 8.9 8 219 2.1 0.14 0.8 1.0 0.03 B
24 4 38 59.4 19-27.6 155-25.9 8.0· 7 245 6.1 0.18 1.1 0.05 0
24 4 39 24.1 19-22.8 155-25.1 8.0· 0.8 11 139 5.7 0.06 0.5 0.08 C
24 9 32 1.6 19-18.4 155-15.3 9.7 0.4 10 265 4.8 0.39 2.0 2.5 0,10 C

24 10 38 1.9 19-23.2 155-17.4 13.3 2.8 24 61 3.0 0.05 0.6 0.5 0.13 B
24 14 42 2.0 19-24.7 155-25.9 8.0· 2.3 21 69 9.5 0.07 0.6 0.12 C
24 21 22 20.9 19"22.3 155"24.6 7.0 0.6 13 67 4.6 0.12 0.9 1.4 0.14 8
24 21 45 31.0 19-24.2 155- 2.91 0.0 1.3 15 119 7.9 6.14 1.1 12.8 0.26 C
24 22 1 10.3 19-20.4 155-11.1 6.7 1.3 19 163 3.7 0.14 1.2 0.7 0.22 C
2S 1 56 51.1 19-23.4 155-24.9 3.0 0.8 12 214 6.6 0.20 1 .1 1.3 0.14 C2S 2 15 26.9 19-56.1 155-23.5 29.0 3.2 29 171 7.1 0.15 1.1 2.2 0.15 C25 5 46 23.9 19-19.8 155-12.5 8.0· 0.3 13 163 6.2 0.09 0.7 0.11 C25 12 51 2.1 19-10.5 155-27.3 29.0 16 163 19.1 0.30 1.5 3.3 0.14 C25 19 7 14.6 19-20.7 155- 1.2 6.3 19 155 5.3 0.13 1.0 0.8 0.21 C

25 23 51 0.8 19-11.9 155-16.4 9.8 10 256 4.0 0.57 2.7 3.2 0.09 026 2 S6 0.8 19-24.9 155-22.8 8.0· 1.6 18 86 5.9 0.06 0.6 0.15 B
26 13 15 35.2 19-22.2 155-29.6 5.1 2.0 15 95 11.6 0.11 0.8 1.1 0.18 C26 15 5 31.8 19-18.2 155- 9.31 0.0 1.9 14 189 7.2 7.66 1.4 14.S 0.23 C26 11 28 43.0 19-19.0 155-13.8 7.8 1.7 14 175 6.6 0.17 1.3 0.1 0.18 C
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DfPTH MAG NO GAP OHIN ERT ERH ERZ MO Q

AUG 26 17 56 56.1 19-17.8 155-49.5 4.8 2.8 15 254 22.4- 0.83 3.3 2.6 0.16 0
26 21 19 44.7 19-20.1 155-25.0 6.3 14 112 3.2 0.13 1.2 1.3 0.22 B
27 3 23 35.6 19-19.1 155-15.5 6.5 1.6 19 162 3.7 0.14 1.0 0.7 0.18 C
21 4 24 12.6 19-18.5 155-48.21 2.5 2.9 16 249 20.6 1.26 3.4 7.2 0.19 0
27 7 22 53.9 19-19.8 155-12.8 8.0· 10 201 6.6 0.15 1.1 0.11 C

27 11 0 2.9 19-17.8 155-15.6 9.3 10 221 5.2 0.36 2.0 2.9 0.14 C
27 11 0 54.5 19-32.1 155-36.8 8.5 3.0 18 120 5.4 0.09 0.8 1.1 0.15 B
27 15 26 26.3 18-57.7 155-30.2 32.5 2.7 22 228 17.2 0.42 2.2 3.4 0.13 C
27 16 24 59.5 19-22.1 155-30.41 0.0 1.9 11 155 12.3 3.51 1.6 25.6 0,25 C
27 11 22 46.8 19-46.4 155-21.1 13.5- 10 177 12.9 0.09 1.2 0.10 C

27 18 4 40.0 19-25.2 155-27.1 4.1 11 119 10.8 0.10 0.7 1.1 0.16 C
27 22 51 17.3 19-18.0 15')-15.1 8.1 1.8 19 181 5.6 0.11 0.8 1.4 0.12 C
28 4 38 49.1 19-29.8 155-27.3 24.5 2.1 15 108 7.1 0.25 1.4 2.6 0.12 B
28 22 44 53.1 19-22.4 155- 4.3 4.7 14 148 5.3 0.17 1.2 1.2 0.20 B
29 1 49 41.9 19-20.6 15S- 9.7 10.0 10 157 2.8 0.11 0.9 1.7 0.07 B

29 1 54 51.6 18-51.1 155-18.91 8.0· 12 263 37.3 1.16 1.6 0.24 0
29 8 44 52.5 19-18.0 155-23.5 3.7 12 151 4.0 0.11 0.9 1.5 0.15 C
29 8 45 16.1 19-17.8 155-23.2 2.4 9 158 4.4 0.08 0.6 1.0 0.08 B
29 9 51 26.3 19-35.1 155- 9.3 8.0· 9 245 13.3 0.22 1.4 0.08 0
29 13 34 34.1 19- 9.7 155-21.0 26.1 15 116 1.6 0.21 1.2 2.3 0.12 C
29 17 10 13.9 19-28.'2 1~5-41.8 7.7 3.0 21 68 10.4 0.10 0.5 0.7 0.10 B
29 18 4 SJ.3 19-19.1 155-17.6 28.4 15 135 0.8 0.14 0.7 1.5 0.07 B
29 22 41 35.4 19-19.2 155-12.2 4.6 16 174 6.8 0,15 1.0 0.9 0.19 C
29 22 43 35.3 19-1R.6 155-15.1 5.6 1.6 17 203 4.8 0.20 1.2 0.9 O.lQ C
30 2 19 10.4 19-18.5 155-10.7 4.4 12 183 6.8 0.21 1.4 1.5 0.19 C

30 3 5 35.5 19-20.4 155-17.2 5.2 12 177 0.6 0.20 1.0 1.4 0.13 C
30 10 7 42.9 19-21.3 155- 7.6 3.3 1.8 17 145 8.6 0.13 1.0 1.1 0.18 B
31 6 27 20.0 19-23.6 15S-25.1? 0.0 1.3 14 100 9.4 0.31 1.0 19.1 0.22 C
31 16 50 27.4 19-23.8 1~5-17.0 14.4 1.9 12 61 0.8 0.07 0.5 0.8 0.06 A
31 18 13 20.7 19-12.1 155-27.9 6.0 2.3 16 149 8.3 0.14 1.0 0.8 0.14 B

31 22 14 49.9 19-22.6 155-16.01 4.1 0.6 7 86 0.4 0.45 2.0 3.8 0.23 C
31 23 13 54.9 19-23.2 155-10.3 42.9 2.5 13 194 2.2 0.34 1.7 2.5 0.01 C

SEP 1 3 22 33.7 19-20.2 155-19.A 2.3- 1.8 8 116 4.2 0.04 0.2 0.05 B
1 18 2 h.8 19-23.0 155-16.4 15.9 1.9 20 57 1.2 0.08 0.7 1.0 0.11 B
1 20 23 11.0 20- 7.2 155-55.7 34.2 2.0 18 271 15.6 0.19 1.2 2.0 0.08 C

2 2 42 3A.2 19-23.6 155-16.4 13.0 1.6 23 53 1.1 0.04 0.5 0.4 0.10 B
2 2 56 48.2 19-23.7 155-16.4 12.7 1.1 17 70 2.4 0.06 0.7 0.6 0.13 B
2 2 59 2Q.3 19-25.2 155-24.31 6.1 1.1 19 62 7.7 0.08 0.8 3.3 0.11 B
2 5 46 Q.3 19-22.2 155-23.1 h.8 1.3 21 62 3.8 0.09 0.8 0.7 0.21 B
2 6 46 53.3 19-10.6 155-32.4 6.0 1.8 14 106 8,3 0.18 1.3 1.2 0.23 C

2 17 54 11.9 19-19.5 155-17.3 30.4 2.~ 25 132 1.1 0.12 0.7 1.2 0.11 B
3 7 58 59.7 19-3R.1 156- 0.6 5.3 2.3 IS 224 15.6 0.49 2.4 1.5 0.21 C
3 10 39 46.9 19-19.4 155-14.1 8.0· 1.2 6 196 6.0 0.28 2.9 0.18 C
3 14 34 ".9 19-24.0 155-23.51 8.1 2.6 23 68 6.7 0.06 0.5 0.5 0.14 B
3 16 50 50.3 19-23.0 155- 3.6 4.9 1.1 8 169 5.8 0.18 1.2 1.5 0.14 C

4 4 33 10.8 19-19.7 155-12.6 8.0· 0.5 9 lOS 6.5 0.14 1.2 0.12 C
4 9 15 lA.S 19-22.5 155-23.31 8.2 0.9 13 111 4.3 0.08 0.1 0.6 0.14 B
4 22 52 7.4 19-20.2 155-11.9 8.0· 8 206 5.0 0.19 1.4 0.12 C
5 0 24 56.9 19-18.8 155-13.6 5.7 1.5 19 176 1.2 0.13 0.9 0.8 0.18 C
5 1 31 33.6 19"20.0 155-12.3 8.1 4.8 24 140 4.6 0.08 0.6 0.4 0.12 B

16



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DHIN ERT ERH ERZ MO Q

SEP 5 1 40 7.9 19-18.1 155-11.9 d.O" 0.5 13 182 1.3 0.15 1.1 0.13 C
5 1 41 Q.1 19-19.8 155-12.3 8.-0* 0.6 9 207 6.1 0.15 1 .1 0.10 C
5 1 41 34.2 19-22.9 155-26.3 2.7 1.4 20 73 7.2 0.12 0.8 1.7 0.24 C5 1 59 50.7 19-19.1 155-12.4 2.5 1.4 21 174 6.2 O.ltt 1.0 1.3 0.24 C
5 2 8 14.9 19-20.6 155-12.3 8.0* 0.6 10 151 5.1 0.04 0.3 0.04 C

5 b 21 52.2 19-18.7 155-12.3 2.5 1.3 23 156 6.9 0.17 0.9 1.3 0.23 C
5 6 53 56.2 19-1~.6 155-12.3 2.3 1.6 22 156 7.1 0.17 1,0 1.6 0.25 C
5 7 10 16.8 19-20.2 155-12.1? 8.0··0.0 10 201 5.3 0.26 2.2 0.24 C
5 9 7 24.1 19-18.9 155-12.5 8.0· 0.2 11 193 6.6 0,11 0,8 0.09 C
5 10 45 15.8 19-18.5 155- 8.5 8.0* 0.5 12 202 7,0 0.18 1,4 0.15 C

5 17 40 45.4 19-25.2 155-21.31 2.6 1.0 11 136 3,9 0.19 0.6 0.7 0.13 B
5 19 21 41.2 18-54.0 155-17.5 9.9 2.1 11 271 33,9 0.62 3.3 2.7 0.12 0
5 20 55 19.3 19-19.8 155-12,4 8.0· 0.8 13 164 6.1 0.09 0.7 0.12 C
5 20 57 56.5 19-14.4 155-17.0 7.8 0.4 14 57 0.9 0.05 0.6 0.4 0.11 B5 21 6 5.5 lR-54.3 155-15.3 2.5 2.8 16 250 35.1 1.35 2.7 8.0 0.17 0

5 22 26 40.2 19-19.6 155- 6.8 8.0· 1.9 14 178 6.8 0.17 1.4 0.18 C
5 22 43 Q.6 19-22.2 155-24.0 5.6 0.8 13 qa 3.8 0.11 1.0 1.3 0.19 8
5 23 0 25.8 18-53.0 155-16.4 8.8 2.2 14 213 36.5 0.61 3.2 2.7 0.12 0
5 23 6 8.8 18-55.1 155-17.0 15.4· 2.8 18 246 32.6 0.22 1.6 0.14- 05 23 30 45.4 19-24.1 1~5-24.71 0.0 0.8 14 174 7.6 6.86 0.8 13.0 0.13 C

5 23 41 6.1 19-20.7 155- 6.9 1.8 3.9 24 133 5.1 0.08 0.1 0.5 0.15 C
5 23 47 37.4 19-20.4 155- 1.6 ·'.8 1.8 11 160 5.0 0.10 1.0 0.6 0.14 C
5 23 49 50.3 19-22.1 155- 6.91 7.6 2.4 20 118 5.2 0.09 0.8 0.6 0.16 B
S 23 56 39.4 19-23.9 155-24.4 4.9 1,2 16 156 1.2 0.10 0.7 0.9 0.15 C
6 0 1 2a.6 18-55.7 155-16.8 16.7· 2.8 23 244 32.0 0.22 1.S 0.15 0

6 0 4 24.4 19-20.2 155- 7.3 8.0· O. Of 12 175 5.7 0.12 1.2 0.13 C
6 0 19 11.4 18-54.7 155-16.6 9.2 2.0 16 248 33.7 0.47 2.3 2.9 0.15 C
6 0 40 51.1 1S-S5.1 155-16.7 9.2 2.5 16 247 33.0 0.42 2.0 2.6 0.13 C
6 1 S2 39.6 1"9-20.7 15S- 6.7 8.0· 13 153 b.l 0.10 1.0 0.12 C
6 2 1 4.7 19-19.8 15S- 7.6 8.0· 0.2 8 171 5.8 0.08 0.9 0.07 C
6 2 15 7.6 18"54.4 155-16.3 9.6 1.0 9 263 34.5 0.90 4.5 4.1 0.11 0
& 2 35 31.7 19-21.6 155- 6.4 8.0· 1lt 131 6.0 0.14 1.5 0.23 C
6 2 38 12.2 19-24.6 155-24.1 8.1 1.4 22 60 8.6 0.07 0.5 0.5 O.lS B
6 2 40 43.8 19-30.4 155-49.0 4.4 0,9 14 265 22.8 0.25 1.2 1.0 0.16 C
6 3 21 3.1 18-50.4 155-20.6 8.5 2.0 13 265 37.3 0.52 3.1 3.2 0.12 0

6 3 52 13.4 18-55.0 155-16.31 12.1 3.1 25 247 33.6 0.40 1.7 2.8 0.15 0
6 3 58 5.7 lA-53.7 155-14.9 1.9* 1.6 13 259 37.0 0.49 3.2 0.19 0
6 4 2 30.9 18-54.2 155-15.71 8.3 3.4 25 250 35.3 0.52 2.1 2.0 0.17 0
6 4 12 40.1 19-19.4 155-14.8 5.8 0.8 19 144 4.7 0,11 0.8 0.7 0.19 B
6 6 1 q.o 19-19.6 155-14.2 8.0 0 0.5 15 159 5.7 0.06 0.5 0.09 C

6 6 24 2Q.O 19-19.1 155-15.71 8.9 0.1 13 185 3.4 0.21 1.3 2.1 0.15 C
6 6 54 41.7 18-56.4 155-11.7 10.3 1.5 15 246 30.1 0,41 2.1 2.3 0.11 C
6 6 58 21.S 18-54.5 155-15.8 8.1 2.1 15 255 34.7 0.61 2.9 3.5 0.15 0
6 9 7 55.9 19-18.9 155-27.41 0.0 1.2 13 100 7.5 1.78 1.5 22.3 0.25 C
6 9 44 2.8 19-19.3 155-12.9 12.5 9 210 7.5 0.39 1.4 3.0 0.08 C

6 12 39 4S.3 19-23.4 155-24.9 8.0· e 218 6.5 0.15 1.0 0.08 C6 15 10 6.3 19-10.5 155-30.2 39.0 2.1 19 149 14.5 0-.28 1.2 2.8 0.13 B
6 19 29 56,9 18-55.3 155-16.5 8.8 1.1 13 287 32.9 0.A7 4.8 3.0 0.13 0
7 0 43 15.9 19-18.9 155-15.1 5.9 0.8 13 198 4.6 0.20 1.2 1.0 O.lR C
7 1 33 37.9 18-55.3 155-15.7 8.6 2.1 17 247 33.8 0.53 2,5 3.3 0.16 C

17



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ Mn Q

SEP 7 1 45 5.9 18-55.3 155-15.3 11.1- 3.2 20 21+7 34.2 0.37 2.6 0.19 0
7 1 54 7.0 18-55.9 155-16.2 7.8 2.1 16 250 32.3 1.38 2.8 8.6 0.17 0
1 J 35 4.4 18-54.1 155-15.7 9.6 1.1 14 251 35.6 0.44 2.2 2.6 0.11 C
1 4 31 0.1 18-48.7 155-17.7 8.0· 2.7 17 272 42.3 0.39 2.6 0.11 0
7 5 58 13.1 18-49.1 155-18.3 8.9· 2.S 13 271 41.3 0.47 3.1 0.12 0

7 8 47 46.6 19-20.3 15S- 7.3 8.0· 0.2 10 163 5.6 0.08 0.8 0.10 C
7 8 48 21.2 19-19.4 154-59.81 8.0· 0.2 9 232 18.2 1.29 8.6 0.32 0
7 10 24 43.7 19-20.3 155-12.1 8.4 0.4 12 156 4.1 0.08 0.6 1.2 0.08 8
7 11 21 2.9 19- 1.2· IS~- 7.0 16.5· 2.8 23 241 35.3 0.31 2.1 0.18 0
7 11 28 53.8 18-46.2 155-28.6 39.2* 3.4 24 284 30.8 0.43 3.1 0.11 0., 15 49 48.3 18-54.6 155-1-6.01 7.8 1.1 14 249 34.4 1.06 2.1 6.6 0.12 0
7 15 54 3.9 18-54.5 155-1-'.1 8.9 1.2 12 253 33.5 0.60 2.9 3.2 0.12 0
7 18 46 59.5 18-53.4 155-16.01 9.5 1.4 14 253 36.3 0.88 1.8 5.4 0.11 0
7 18 53 53.9 18-31.9 155-18.8 8.0· 1.5 16 300 62.1 1.16 7.2 0.15 0
7 19 19 lC).8 19-23.7 155-28.7 8.0· 0.6 16 91 11.5 0.14 1.1 0.19 C

7 23 45 42.1 19-26.9 155-27.8 20.6 1.0 16 87 9.4 0.09 0.5 1.1 0.07 A
8 1 10 26.7 19- 7.2 155-25.1 31.8 0.7 14 179 5.8 0.26 1.1 2.6 0.14 C
8 '+ 51 15.3 19-20.5 155-20.01 4.2 0.1 8 113 4.7 0.80 0.9 2.8 0.11 a
8 6 1 37.0 19-20.2 155-11.5 9.~ 0.3 15 159 4.5 0.08 0.6 1.0 0.08 B
8 12 19 38.1 19-19.3 155-14.6 6.0 15 193 5.1 0.15 0.9 0.7 0.14 C

8 15 30 SA.2 19-19.8 155- 7.1 8.0· 14 171 6.4 0.16 1.4 0.20 C
8 17 42 52.9 19-24.8 155-21.8 5.5 1.4 18 143 4.2 0.11 0.8 0.8 0.18 B
8 21 41 44.6 19-1A.8 1S5-12.1 2.9 2.0 25 155 6.7 0.16 0.9 1.2 0.26 C
9 It 42 42.1 19-12.0 155-26.1 6.4 2.2 20 133 5.0 0.10 0.9 O.b 0.16 B
9 4 49 2.8 19-11.9 155-26.4 6.3 2.8 24 141 5.1 0.10 0.8 0.7 0.19 B

9 5 3 48.3 19-12.3 155-27.0 6.6 13 124 5.3 0.10 0.9 0.7 0.12 B
9 5 8 55.8 19-27.2 155-13.8 8.0· 6 146 9.5 0.23 2.2 0.22 C
9 11 39 4q.7 19-19.4 155-13.7 8.0· 11 199 6.6 0.16 1.1 0.12 C
9 15 46 8.8 19-20.1 155- 7.8 3.8 2.8 23 139 4.3 0.14 0.9 0.9 0.21 C
9 16 22 21.4 19-19.0 155-15.4 6.9 1.7 18 171 4.0 0.10 0.8 0.6 0.14 C

9 21 13 9.5 19-10.9 155-33.7 4.8 2.7 24 102 9.5 0.13 0.9 1.0 0.22 C
9 22 59 2.0 18-52.5 155-15.8 5.6 3.2 20 256 37.9 1.17 2.5 7.1 0.14 0

10 13 0 32.3 19-23.4 155-24.9 8.1 1.1 20 65 6.6 0.12 0.8 0.8 0.18 B
10 13 1 24.5 19-24.4 155-17.7 8.2 1.3 9 88 1.6 0.07 0.5 0.7 0.04 A
10 13 2 8.8 19-~O.9 155- 8.0? 0.0 2.3 20 153 8.6 4.68 1.0 8.9 0.22 C

10 15 49 59.7 19-23.1 155-22.9 8.1 2.2 19 53 5.4 0.04 O.S 1.0 0.12 B
10 18 20 33.6 19-24.9 15S-17.0 8.1 1.3 9 73 0.1 0.05 0.5 0.3 Q.04 A
10 19 56 19.9 19-24.~ 155-23.4 7.8 1.9 20 91 6.7 0.07 0.5 0.4 0.15 B
10 20 24 55.1 19-21.1 155-24.7 4.5 1.9 20 77 3.0 0.08 0.7 0.9 0.22 B
10 22 42 38.3 19-10.0 155-35.4 7.1 3.3 22 107 9.5 0.16 1.0 1.0 0.19 C
10 23 19 53.2 19-23.3 1::i5-·;>H.?? 0.0 1.9 13 137 10.4 4.61 1.5 21.ri O.?3 C
11 0 21 51.4 I9-11.R 155-?2.3 2h.8 14 2~7 15.e; 0.'i3 3.1 3.1 0.10 D
11 11 40 29.7 1~-19.7 155-1H.2 21.6 2.1 23 lO~ 1.~ 0.12 0.8 1.3 0.12 A
11 11 45 3~.e 19-1q.8 155-13.& 7.-; 1.3 20 144 5.1 0.07 0.5 0.4 0.10 k
11 20 20 2.6 19-19.3 155-15.4 6.6 1.3 19 143 3.9 0.10 O.M 0.1 O.l~ C

18



SUM~ARY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC LAT N LON(; W DEPTH MAG NO GAP DMIN E~l ERH EHl Mn 0

SEP 12 4 34 21.8 19- 9.4 155-:19.1 4.3 0.4 10 195 10.7 0.20 1.5 1.2 0.14 r
12 4 57 50.3 . 19-20.4 1~5- 1.~ 8.0" 0.3 12 160 4.8 0.18 1.6 U.?l r
12 7 55 1.2 19-21.0 1~~-16.9 26.1 0.9 17 109 1.9 0.12 n.7 1.2 O.O~ A
12 13 43 32.1 19-21.1 155- 7.2 3.3 1.4 15 148 5.v 0.14 1 • 1 1.4 0.18 C
13 0 51 55.3 19-23.4 155-15.4 4.1 11 91 2.0 0.13 0.5 1.4 0.11 ~

13 6 5 40.5 19-23.2 15~-2S.1 A.O" 0.4 11 151 6.3 0.10 0.7 0.12 C':
13 1 19 ".2 19-23.7 155-24.8 A.Oo 1.9 17 75 7.0 ().Ol 0.6 0.13 H
13 7 4A 2.2 19-19.3 155- 8.9 3.6 1.6 11 178 5.4- 0.19 1.2 1.3 0.24 C
13 7 49 21.4 19-18.1 155-15.8 6.6 1• 1 17 151 4. -f 0.13 0.9 0.7 o.?O C
13 8 56 44.6 19-18.1 155-15.3 7.0 1. 1 16 182 5.2 0.14 0.9 O.f) '0 .1~ C

13 8 57 3~.2 lq-27.1 15~-21.6 6.8 2.7 23 43 9.1 0.09 0.7 0.7 0.19 C
13 11 44 46.8 19-22.1 155-25.4 8.0 O.A 13 69 5.1 0.12 O.A 0.9 0.15 ~
13 13 ~o 1.3 19-24.0 1~~-i!5.~ 1.9 ?9 24- 45 7.q 0.12 0.5 O.Q 0.15 R
13 15 43 46.5 19-20.0 155-12.4 Q.3 11 160 4.5 0.13 0.9 I.A 0.10 C
13 15 53 q.5 19-11.8 155- 1.9 33.8 1.4 22 ?IS 4.3 0.23 1.3 l.~ o. 11 C

13 22 6 J.6 19-19.7 1~5- e.q &.9 0.5 "9 171 4.1 0.18 1.5 1.0 0.16 C
14 0 36 ~.6 19-21.1 155-21.51 1.3 2.6 24 SA 7.8 0.12 0.8 0.9 0.21 C
14 7 1 31.6 19- 9.1 IS5-34.6 7.4 1.2 11 113 10.5 0.17 1.2 1 • 1 0.19 A
14 10 26 47.0 19-19.5 155- H.q 8.2 1 • 1 14 114 5.0 0.13 1 • 1 2.5 O.ll C
14 12 5 3A.6 19-22.3 155-?5.4 R.O 1.3 22 ~4 5.3 0.11 0.7 0.1 0.11 H

14 12 17 1.0 19-19.6 155-12.8 33.6 0.7 14 143 6.9 0.18 1.0 1.9 0.0'1 R
14 18 20 2Cj.7 19-54.1 1~5-1-'.O 21.9 1.6 23 202 6.4 0.14 1.0 1.1 0.1) C
14 20 10 17.1 19-51.5 155-47.1 12.4- 0.9 7 220 18.8 0.16 2.1 0.07 C
14 21 26 52.3 19-1A.O 155-16.7 6.4 l.3 ~3 149 3.4 0.09 0.7 0.5 0.1 ~ [i
14 21 42 54.8 19-22.9 1~5-15.6 25.2 0.9 18 106 1.0 0.14 0.9 1.4 0.10 tj
14 22 3 23.9 19-23.2 1515-15.5 2~.1i 2.1 25 100 1.6 0.12 0.8 1.3 0.14 H
15 0 11 9.4 19-11.9 1~5-~"3. 1 32.3 1.3 1~ 17~ q.4 O.2b 1.3 2.3 O. 11 C15 9 2 lQ.O 19-23.1 1~5-t?5.f)? 7.9 O.M ~O 69 b.1 0.13 O.R 0.11 O.l~ 815 11 21 51.2 lq-~~.J 155-?5.H c;.l 1.4 22 51 S.q 0.08 0.6 0.8 ().~l C
15 15 10 34.6 19-20.0 155-11.1 9.6 0.1 14 163 4.9 0.09 0.6 1 • 1 0.09 H

15 17 11 51.2 19-21.3 155-13.~ 11.':> 0.5 7 15S 4.2 0.25 0.7 2.4 0.05 C
15 18 53 19.0 19-19.9 1~5-12.f, H.O" 0.2 11 201 6.3 O.lEi 1.4 0.16 C16 0 24 43.2 1~-11.8 155-16.3 40.0 1.6 14 163 15.5 O.~1 1. 1 2.7 0.09 C16 -l 6 60.0 19-22.4 155-?2.4? 1.5 1.3 11 13~ 4.5 0.12 (\.9 2.1 O.t'O CIf> 3 2 44.4 19-23.7 155-i?3.6 8.1 0.8 19 56 6.6 O.OR U.c; O.S O.lc H

1'6 It 6 4~.3 19-24.1 155-25.9 2.2 0.8 17 114 8.~ 0.11 (}.7 1.4 0.1'1 ~l
16 9 56 26.1 19-23.2 155-23.31 1.4 0.9 17 4~ ~.6 O.Hl 0.6 1. ~ 0.21 C16 1"J 58 30.6 19-18.5 155-14.5 26.8 1.1t 20 148 5.9 0.14 u.9 1.4 0.1.3 R16 20 3 14.9 19-40.9 156- 3.2 3.1 1.1 19 233 22.5 0.45 1. ~ 1.5 0.11 C11 11 14 6.2 19-19.1 155-13.5 8.0" 1.2 10 194 7.0 0.11 1.3 0.16 C

17 12 42 50.7 19-20.6 155-12.9 1.4 1.0 18 150 3.5 0.10 O.A . O.S O.1~ h
17 22 57 51.8 19- 4.7 IbS-34.1 38.1 1.9 23 165 14.1 0.30 1.4 2.7 0.13 C1M 18 A 13.4 19-23.0 15~- 7.8 8.0" 0.3 11 120 10.3 0.14 1.5 0.2~ C
18 19 24 23.0 19-2 (j. 9 155- 4.4 21.6- 7 32h 9 • .q 0.31, 3.4 0.08 0
18 20 22 41.1 19-12.3 155-14.9 41.8 1.0 12 llOI 12.2 0.54 2.0 4.9 o. 11 C

19 0 36 40.9 19-19.3 155-15.u 8.4 0.6 13 170 4.4- 0.13 0.9 1.7 0.12 C19 3 6 12.5 19-49.11 155-J3.2 30.7 1.5 ~6 107 11.~ O.l~ 0.7 2.0 0.10 ~
19 6 39 7.2 19"'19.B 1~5- 8.3 H.O· lS 110 4.'1 0.14 1 • 1 O.I~ C
19 7 9 3;».4 19-20.1 156-19.6 1 1 .4- 1.5 2l ?14 i+tJ.4 0.36 it.3 M.- 0.19 ()
19 12 4 46.1 19-20.9 155-1j.~ 11.7 0.4 tt 168 4.9 0.21 0.6 1.4 H.OS H

19



SUMMAHY OF SEISMIC EVENlS (CONTINUED)

1912 ~R MtJ SEC LAl N LONG W DEPTH M#\6 NO GI\P OMIN ERT EHH ERZ Mf~ Q

SEF 19 15 39 1.8 19-19.{i 155-15.3 7.0 1.5 21 13~ 3.6 0.07 0.& 0.4 0.14- ~lq 1S 56 26.2 19-23.7 155-25.6 7.7 3.3 25 56 7.7 0.08 0.5 0.5 0.1 S ti19 ~6 27 13.3 19-23.3 15S-2~.9 8.0* 1.7 11 240 1.3 0.34 2.0 O.l~ n19 .6 51 19.4 1'J-23.4 15~-2h.O 8.0· 9 241 1.5 0.31 1.9 0.13 I)
19 20 14 40.8 19-23.8 155-20.2 A.O· 1.7 8 243 8.3 0.26 1." 0.09 l>
20 0 18 10.3 19-22.6 15S-i4.0? A.2 -0.1 'I 12-' 4.6 0.10 O.A 1.~ 0.10 H
20 3 SA 10.6 19-21.0 l~S- 1.~ Q.2 6 163 4.4 0.11 1 • 1 1.'i 0.03 C
20 4 H 55.1 19-20.0 155- 7.1? d.O· 13 1~7 h.l 0.11 l.t\ O.?h C
20 6 58 10.1 19-20.4 15~-lti.q 2.1* 8 <it! t!.6 0.03 0.2 0.U5 fi
20 1 0 41.2 19-21.5 15':>-25.0 9.4 0.2 10 131 J.9 0.11 O.A 2.0 0.10 11

20 11 45 22.6 19-19.2 1~5-11.9 3.b 1... 19 17~ 6. 1 O.1~ 1.2 1.3 O.?~ C
20 2.3 5 39.9 1Y- A.3 lbS-cS.Q 43.5 1.A 14 1-'9 4.1 0.47 2.3 4.3 O.l~ C
21 0 56 4A.3 19-29.9 1~5-27.0 8.0* 1 .1 8 134 6.5 0.07 O.A O.OQ C
21 1 50 2.0 19-}9.3 155-21.2 5.3 7 117 4.1 O.IM 0.5 1.4 O.OJ H
21 3 5~ 41.~ 19-22.8 1~5- 4.4 3.2 0.5 9 96 &.0 0.13 1.1 z.u O.lft A

21 5 6 li?O 19-20.1 155-10.1 ti.7 0.2 9 1*,3 3.6 0.07 O.b 1. 1 0.06 R
21 11 44 2A.8 19-24.6 15r;-)6.5 12.5 0.4 11 )40 2.3 0.11 0.5 0.9 0.05 H
21 19 1:)4 3?4t 19-21.1 15ti-45.4 4.3 10 132 11.0 0.21 l.~ 1.5 0.17 C
21 20 21 42.6 19-1ft.b 155-)4.9 8.0· 0.8 10 217 1.0 0.11 1. 1 0.10 C
21 21 25 40.5 )9-19.4 155-12.3 5.2 1.9 16 110 5.1 o.l~ 1.2 1• 1 O.~6 C

21 21 4A S9.1 19-1Q.8 155-11.9 4.9 1.4 '15 165 5.1 a.lf. 1.0 1 • 1 0.21 C
22 3 46 26.6 19-19.A 155-11.3 4.9 1.3 10 221 5.0 O.2!"l 1.5 1 • 1 0.15 C
22 5 35 43.4 19-19.1 155-10.4 4.5 1.2 15 168 4.4 0.11t 1.0 1 • (I 0.17 C
22 9 '5~ Q.9 19-19.2 155-13.5 9.3 12 206 7.1 0.13 o.q 1.2 O.Oq t=4
22 13 0 25.2 19-19.1 lS5-1J.3 R.O* 1.8 13 173 7.4 O.O~ 0.6 0.10 C

22 14 lA Q.7 19-22.3 155-1S.4 25.0 ~3 114 0.9 0.25 1.0 2.3 O.l)~ H
22 15 32 46.5 19-20.7 155-16.b 26.7 2.6 24 1~3 1.t\ O.l~ 0.8 1.3 o.l:i B
22 1., 31 49.·9 lC}-11.3 15~-23.A 4.5 1.9 16 13~ 5.4 0.08 O. of O.~ 0.11 H
23 2 37 49.4 19-24.5 155-16.3 12.3 1.6 18 58 1.5 O.O~ 0.5 0.5 O.Oq A
23 7 31 39.6 19-25.6 155-24.4 R.O· 1.7 13 1143 7.5 0.08 O.~ 0.07 C

23 10 18 11.3 19-22.9 155-lJ.A 8.0· 1.1 1~ 65 5.0 0.07 0.6 0.15 H
23 18 SA 52.1 19-22.4 15~- 1.0 6.2 10 168 5.n 0.24 1.7 1.3 0.1 ~ C
23 19 2R 20.8 lq-19.4 1~5-12.7 3.1 1.7 II 148 5.6 0.14 O.tl 1 .1 0.73 C
24 4 1 54.8 19"36.7 15S- 6.4 8.0· 2.1 12 19H 12.9 0.12 U.8 O.Ok C
~4 14 SA 6.6 19-21.4 155-14.5 21.3 2.0 16 129 5.5 0.14 O.Q 1.5 0.13 B
24 l!:» 10 4q.A 19-2".2 15S-l6.0 H.O- 1 • 1 12 131 8.2 0.13 1.0 0.15 (:

24 16 13 13.2 19-20.2 1~~-lA.6 12.1 1 .1 ~ H~ 2.1 0.17 1.7 1.:l 0.1S H
24 17 50 24.4 19-1R.6 155-14.1 9.4 10 2013 5.5 \).?h 1.3 2.4 0.10 C
24 20 13 50.8 19-20.4 15~-1J.:~ 5.8 1 • 1 17 151 3.9 0.15 1.0 0."1 0.22 C
25 0 50 3~.4 19-19.9 lS!>-13.r; 9.R 11 1'J0 6.2 O.lll 1.0 1.~ U.09 C

25 14 Sh 59.1 19-1tJ.B 155-12.1, S.4 1.3 11 164 6.4 0.20 1.2 1.7 O.~O C
25 11 52 59.6 19-24.4- 1~5-23.1 A.O- 1.5 8 17~ 6. 1 0.07 0.6 0.07 C
25 18 0 22.5 19-24.4 15~-23.4 8.0· 1.8 17 h~ 6.6 0.13 1 • 1 n.20 ~

25 18 31 44.9 19-19.8 1~~-1~.1? 5.5 1.6 15 Ift~ 5.0 0.11 1.5 2.5 0.26 C
25 20 23 5S.3 19-34.6 155-14.41 8.0* 10 233 16.9 0.34 ~.O 0.21 ()

25 23 58 3.!) 19-24.'; 155-11.0 7.A 0.6 9 67 0.7 0.05 0.3 0.3 0.03 A
26 1 44 q.O 19-20.0 lS~-12.0 2.8- 1.4 9 207 5.~ 0.26 1.4 0.19 C
26 2 2 40.8 )9-23.& 15S"?5.3 A.O* 1 .1 12 101i 1.• 2 0.0& 0.5 O.OR H
26 13 55 57.6 1~-lA.3 15~-?1.4 ".0* 1.7 10 15~ 4.8 0.12 1.0 0.14 C
2b 16 16 25.5 19-2R.l 1~~-55.3? 0.0 2.9 16 t!13 23.0 O.6b 3.0 1.6 0.2& C

20



SUM,..ARV OF SEIS~IC EVENTS (CONTINUED)

1912 HR MN SEC LAT N LONG W DEPTH Ml\.G NO GAP DMIN ERT EHH ERZ Mt' Q

SEP26 11 31 50.5 18-58.Q 1~5-17.4 33.5 15 ?48 26.8 0.44 l.3 4.~ o• 11 C
26 20 26 44.4 19-19.9 lS5-24.~ 7.9 8 163 2.9 0.10 1.0 0.7 O.Oq C
26 20 45 42.4 1~-13.3 155-33.h? 7.2- 2.5 20 18 6.9 0.12 1.0 0.9 O.?2 ~

26 22 28 56.2 19-11.4 155-10.41 0.0" 1.6 12 203 8.6 0.24 1.3 0.70 C
26 23 4 42.1 19-23.9 15~-29.1? (4.0· I.R 11 240 12.3 0.43 2.5 O.2? r~

26 23 26 10.0 19-24.4 155-16.6 12.8 18 66 2.0 0.04 0.5 0 ... O.OQ A

27 1 S9 7.9 19-24.3 155-25·.21 0.0 '1.3 1b 66 8.3 1.21 0.1 13.1 0.20 C
21 4 38 2q.6 19-1q.2 155-11.6 3.b 1 • 1 15 114- 6.1 0.19 1 • 1 1.5 U.(?4 C
27 8 24 20.9 19-20.5 15~-12.b 15.2 0.9 13 152 6.A 0.26 1.A 3.2 0.13 C
27 9 57 5q.~ 19-20.1 155- 7.1 8.0* 0.9 9 If)~ 6.0 O.OH 0.3 0.07 C

27 ItJ 5 21.3 19-22.9 155-22.3 7.2 0.4 7 152 4.8 0.26 0.6 2.2 0.0" C
27 18 22 2.1 lq-19.8 1!:»S-11.1? B.2 1- 166 5.2 0.14 1 • 1 0.6 0.13 C
28 3 50 14.2 19-24.1 155-?6.4 8.0· 0.1 11 118 9.1 0.06 0.5 0.08 r
28 7 2A 14.6 19-18.3 155-14.1 10.9 0.3 10 216 6.1 0.43 1.8 3.5 0.10 C
28 16 19 22.6 19-18.9 1~5-15.5 9.0 2.2 IJ 194 4.1 0.09 0.7 0.8 G.OR A

29 0 26 37.3 19-19.9 15~-11.7? 6.2 1.9 17 1~4 5.0 0.14 1.2 1.Q O.?2 C
29 5 19 16.5 lQ-20.3 15S- H ••, 6."# 2.3 I" If»2 3.tJ 0.12 1.0 0.6 O.lf'\ C
29 12 47 '26.6 19-20.3 155- H.O 9.1 0.2 10 16~ 4.b 0.11 0.9 1.1 0.08 H
29 19 26 51.4 lq-2?4 155-?3.4 ~.2 1 .1 21 51 4.1 0.07 U.5 0.5 0.14 H
30 0 1 1.2. 1Y-23.1 15~-~3.1 8.0* 0.1 11 114 5.3 ().O9 0.1 0.12 r:

30 S 5 49.5 19-10.9 155-11.61 8.0 0.1 11 149 3.8 0.10 0.9 0.7 0.14 b
30 10 31 i!.2 19-23.1 155- 6.2 0.6 1.7 21 101 &.1 O.~4 0.7 1.0 O.If1 C
30 16 42 34.5 19-19.2 155- 9.2 3.4 1'..2 22 15b 5.4 O.l'l 1. 1 1.2 O.?B ~

30 22 52 15.5 19-19. -, 155-12.1 8.0· 0.6 11 231 5.9 0.11 1.1 0.11 D

Trlb1e 3- Felt earL llguakes

Date Time Magnitude Felt reDort
H ~1 S

Jul 12 20 31 49.0 3t!3 Kapapala
14 09 36 57.5 4.5 Hila, Papaikou, Honokaa,

Pahoa
20 17 20 4!:~.O 2.6 Kapapala
29 17 25 36,.8 3.0 KaIi1uela

Aug 25 0') l:j 26.9 3.2 Paauilo, Hila~~

S8}) 5 01 31 3'3.6 4.8 Kealakekua, Kainaliu,
}J[l.pOOpOO , Kalapana, Hila,
Pepeekeo .' Laupahoelloe,
Wairnea

5 2J 41 06.1 3,,9 Kalapana, Hila" Volcano,
Glenwood, Keaau, Pahoa,
~\JcLirf1ea

7 04 37 00.1 2.7 Kapapa1a
13 13 4D DI.3 2.9 Kapapala
14 00 36 08.6 2.6 Kapapala
19 l/~ 56 26.2 3.3 Kapapa1a.)
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Table 4. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

STATION NAME
AHUA
CONE PEAK
DESERT
ESCAPE ROAD
HALE POHAKU
HILINA PALl
HUALAlAI
KAAPUNA
KAHUKU
KAPAPALA RANCH
KEANAKOLU
KIPUKA NENE
KOHALA
MAUNA LOA
MAUNA LOA X
MAKAOPUHI
MOKUAWEOWEO
MOUNTAIN VIEW
NORTH PIT
OUTLET
PUU HULUHULU
PL1J HONUAULA
PUU PILI
SOUTH POINT
WAHAULA
WALDRON LEDGE

CODE LAT-N LONG-W ELEV TYPE
AHU 19 22.40 155 15.90 1070 3
CPK 19 23.70 155 19.70 1038 3
DES 19 20.20 155 23.30 815 3
ESR 19 24.68 155 14.33 1177 3
HPU 19 46.85 155 27.50 3396 1
HLP 19 17.96 155 18.63 707 1
HUA 19 41.25 155 50.32 2189 1
KAA 19 15.98 155 52.28 524 1
KHU 19 14.90 155 37.10 1939 1
KPR 19 16.40 155 26.70 610 1
KKU 19 53.39 155 20.58 1863 1
KPN 19 20.10 155 17.40 924 3
KOH 20 7.69 155 46.77 1166 1
MLO 19 29.80 155 23.30 2010 1
MLX 19 27.60 155 20.70 1475 3
MPR 19 22.07 155 9.85 881 1
MOK 19 29.28 155 35.98 4104 1
MTV 19 30.25 155 3.75 409 1
NPT 19 24.90 155 17.00 1115 3
OTL 19 23.38 155 16.94 1038 3
PHH 19 22.45 155 12.66 988 3
PHO 19 28.90 154 53.40 215 1
PPL 19 9.50 155 27.87 35 1
SPT 18 58.91 155 39.92 244 1
WHA 19 19.90 155 2.92 29 1
WLG 19 25.49 155 15.69 1067 3

CAL VCO RADIO
6.0 2380
1.34
1.34

5.6 1360 RF6
6.0 2040
5.2 1700 RF4
5.5 1020 RF12
5.7 1700 RF3
6.5 1700 RF1
4.8 2380 RF7
1.34
1.5 2380 RF2
6.5 1360
1.34
5.7 2720 RFS
6.5 2040 RF3
6.2 680 RF8
1.34
5.0

6.5 2720 RFI
4.4 1360 RF11
7.8 2040 RF7
6.0 680 RF9

REMARKS

OPTICAL SEISMOGRAPHS
P~EAKALA Z HAL 20 46.00 156 15.00 2090 3
HALEAKALA EW RAE 20 46.00 156 15.00 2090 0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0
HILO Z HIL 19 43.20 155 5.30 20 3
HILO EW HIE 19 43.20 155 5.30 20 0
HILO NS HIN 19 43.20 155 5.30 20 0
KEALAKEKUA Z KLK 19 31.20 155 55.30 505 2
KEALAKEKUA EW KLE 19 31.20 155 55.30 505 2
KEALAKEKUA NS KLN 19 31.20 155 55.30 505 2
KIPAPA KIP 21 25.40 158 .90 76 3
UWEKAHUNA Z UWE 19 25.40 155 17.60 1240 3
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4
UWEKAHUNA PEZ 19 25.40 155 17.60 1240
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240
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0.71
1.0
1.0
1.0
1.0
1.0
1.0
0.34
0.34
0.56
0.7
1.0
1.0

Wood-Anderson
Wood-Anderson

Wood-Anderson
Wood-Anderson
Discontinued 9/20/72
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Figure l.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Table 5.--Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-17 Electrotech EV-17 (as described above)t Hall-Sears HS-I0
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVO-built solid state seismic preamplifier (voltage
gain t 200X) , direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver t or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, coupling factor =
0.25, 2X critically damped. Peak magnification
approximately 1500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory_
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault, and at
irregular intervals it is measured on a regional scale by means of a network
of field tilt-bases and a portable water-tube ti1tmeter. The attitutde of
the ground surface at each tilt-base is reported in terms of north-south
and east-west tilt coordinates. Both coordinates at each station were
arbitrarily set equal to 500 when measurements at that station were begun.
Increasing tilt coordinates correspond to northward and eastward tilting
of the earth's surface; that is, to a relative subsidence toward the
north and east. A one~unit change in coordinate corresponds to a tilting
of 1 microradian (1 mm per kIn) in the direction indica t:!..~d ~

Essential data on each tiltmeter station are listed in Table 7, Summary
65. The field tilt bases were not measured during this quarter.

Table 6.--Ti1t Coordinates at Uwekahuna,

July, August, and September 1972

Date N-S E-W Date N-S E-W

July 2 728 330 Sept. 3 727 325

9 728 332 10 727 322

16 728 329 17 726 326

23 728 332 24 726 325

30 728 331

Aug. 6 728 329

13 728 334

20 728 330

27 728 327
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SUMMARY OF ERUPTIVE ACTIVITY

Kilauea's eruption on the upper east-rift zone at Mauna Ulu and
Alae continued steadily throughout this quarter. The active lava
lake, approximately 80 by 150 m, in Mauna Ulu's summit crater
continued to behave in essentially the same manner as in previous
months. Its level fluctuated from 28 to 50 m below the crater rim,
but generally remained at 30 to 33 m. Lava normally entered the lake
at the east end and circulated toward the west, although sometimes
the circulation pattern reversed or varied in complex ways. Lava
fountai.ns, 2 to 15 m high, commonly played on the lake surface,
generally along the margins, but sometimes in the central portions.
Two to four fountains at fixed locations on the lake operated nearly
continuously, but at times the fountains shifted in location and number,
with as many as a dozen simultaneously active. At other times the
lake surface became completely stagnant.

The vent on the floor of Mauna Ulu's elongate trench, about 170 m
east of the lava lake, continued to feed lava into large conduits that
supplied both the lava lake in Mauna Ulu and the subsidiary vent at the
northern edge of Alae. The Alae vent in turn fed a complex lava lake
at its summit. From time to time, segments of Mauna Ulu's trench floor
collapsed, and, at other times, new lava welled out to cover parts of
the floor. Several persistent subsidiary vents between the principal
vent and the lava lake were the sources of these int·ermittent flows.
On occasion the flows ended as strong, noisy blasts of gas were emitted
from the vents.

At the beginning of October, the vent and the lava lake at Alae
fed a well integrated lava-tube system that extended all the way to
the ocean, a distance of 13 km. Tube-fed lava entered the sea along
a 2-km front between Kaena Point and Kealakomo. About mid-October a
decline was noted in the eruptive rate of the Alae vent, and the volume
of flow in the lava-tube system correspondingly diminished. The flow
of lava into the ocean completely stopped about October 20, but dwindling
flows continued through the lava tubes until early November when chilled,
viscous lava gradually piled up within the tubes and plugged most
passages. The flow into the ocean from August 23 to October 20 added
about 0.18 km2 of new land to the island.

The decline of vent activity at Alae was temporary, but during
the lull the passage conducting lava from the vent southward into the
lava lake became blocked and the lake crusted over. When more vigorous
visible activity resumed in late October, the Alae vent frequently
emitted strong fountains, including, at times, both dome fountains and
arching fountains. Flows cascaded dowll the slopes of the northern part
of Alae's growing lava shield and across the crusted surface of the
lava lake. Lava from the vent also traveled below the crust of the
lake through passageways to emerge at three different satellitic vents
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along the southwestern to southeastern margin of the lake. Each of
the three produced a satellitic lava shield, which progressively added
bulk and breadth to the main Alae lava shield. Most of the'lava
erupted between late October and Decemb~r contributed directly to the
growth of the lava shield at Alae. In mid-December, however, flows
advanced south~southwestward, and a tube system developed that by the
end of the month reached almost to Poliokeawe Pa1i. Correspondingly
the rate of growth of the Alae lava shield diminished as lava was
conducted to places far from the vent.

SEISMIC SUMMARY

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in Table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the observatory (UWE, MLO, MLX, ABU, DES, NPT, WPT,
MPH, KMO, OTL).

Computer locations of well-recorded events are listed in· Table 2.
The location of each seismograph station is listed in Table 4, along
with a description of the equipment at each station.
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Table l.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea

TremoT is separated into three categories: Deep, Intermediate, and Shallow, on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 km, earthquakes from a source about 30 km beneath the
summit region; Kilauea Summit long-period, earthquakes characterized by low-frequency waves that
originate roughly 5 km beneath the summit region; Kilauea Summit Shallow, earthquakes a few km
deep in the caldera region; sW Rift and Kaoiki, earthquakes along the-southwest rift zone of
Kilauea and the adjacent portions of the Kaoiki fault system; Upper East Rift, earthquakes from the
upper east rift zone and the adjacent fault systems of Kilauea's south flank; Koae, earthquakes
along the northeast-trending Koae fault system south of the caldera; Lower East Rift, earthquakes
from the lower east rift zone of Kilauea; Offshore Puu Pili, offshore earthquakes mostly southeast
of Puu Pili (PPL) station.

rm

Tremor Earthquakes
(m • minutes

Date h - hours) Kilauea Summit
(1972)

SW ri£t Upper Lower Offshore
Inter- Long and east east Puu

Deep mediate Shallow 30KM Period Shallow Kaoiki rift Kose rift Pili Remarks

+'
Oct. 1 ~

t+-t 14 269 21 14 6 1 2H .r-t
2 yn o H 17 245 21 22 3 1s rc:
3 1 Q)+'+' 7 7 ? ? ? ? Electrical stoH (J) s::

4 +' ~ 0 191 119? 2? ? 2? ?
Q) S

5 Q) ? ? ? ? ? 1+' H Q)

6 42!D- ~ ~:S 21 19 218 12? 34 ?
7 Q) Pc 16 170 10? Z7 1 1

ro~+>

8 o ~ 13 2fn 15? 53 1a Q) 0

9 ~~ 48 202? 1 361 ?o ~ tlO

10 ....., ~ 2 13 326 91 52 2a 0
~ o'.aa H

...:Jt'H.....,

11 8 488 14 35 21
12 16 672 22 28 1
13 21m 5ffi 24 2587 12? 40 4 1
14 1 41 l32? 18 22 15 2 1
15 ? 20m? I? 90? 242? 191 12? 5? 2
16 1 49 499 6? 21 9
17 gm 1 56 753 23 25 10 3
18 5ID lam 1 78 795 14 30 6?- 1
19 13m 61 685 17 27 10
20 10m 28 410 16 11 9 1
21 1 19 246 12 32 10 2
22 15m? 1 51 216 18 13 9
23 JIll 17m 1 68 167 18 15 4 1
24 10m? lam? 69 206 17 11 6·
25 62 193 13 13 4 2
26 35m 3m 3 107 265 26 27 7
Z7 109 319 17 62 2 2
28 64 295 26 55 .3 2
29 1 24 229 23 27 8 1 1
30 2 26 228 12 18 9 1
31 1 44- 234 17 16 13
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Tremor Earthquakes
(m - minutes

Date h - hours) Kilauea Summit(1972)
SW rift Upper Lower Offshore

Inter- Long and east east Puu
Deep mediate Shallow 30KM Period Shallow Kaoiki rift Koae rift Pili Remarks

+'
Nov 1 lorn ~ 82 180 13 14 8 3H ·rt

2 ~~~ 6.3 260 11 41 8 2
3 H CIl 5=: 5.3 217 21 35 8 2
4 47mt +> ttl 0 38 246 12 42 3 2Q) a
S Q) 32 198 6 19 8 1+> H Q)

6 roQ)~ 53 264 23 24 2 2H o..+'
7 8m? Q) 0.. 117 208 17 18 13ra ~ +'
8 6JI1 o ;:j 35 237 15 36 11 1s Q) 0
9 4m ..c:..c: 42 248 13 28 6o +> ttO

10 +' ;:j 1 39 349 19 26 11 1
~a~o H
H~+>

11 4m 54 321 6 46 6
12 yn 31 187 5 29 9 1
13 9m 25 200 14 27 4 9
14 1 3 205 37 20 "7 1
15 28 297 11 19 6 2
16 20 244 15 16 3 3
17 3m 12 352 27 49 10 1
18 6ID 19 332 22 39 4 4
19 2 29 297 14 30 11 1
20 1 31 187 10 28 18 1
21 2 25 237 7 15 2 2
22 1 37 167 11 33 5 1
23 7m 30 182 15 28 8 1
24 5m 2 72 191 20 20 11
25 1 106 176 24 29 10
26 8m 117 137 17 11 8
27 ~1l 147 174 12 28 14
28 Sm 166 146 7 18 7 2
29 SID 221 169 6 15 7 2
30 13m 15m 309 193 23 7 8
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Tremor Earthquakes(m • minutes
Date h • hours)

Kilauea Summit(1972)
SW rift Upper Lower OffshoreInter- Long and east east PuuDeep mediate Shallow 30KM Period Shallow Kaoiki rift Koae rift Pili Remarks

Dec 1 c;n ~~ 1 176 212 25 24 22 J.ZJll? 4m ::s
270 235 25 40 2 33 sm ~] 126 206 13 22 8 2

4 8JIl ~~
1 150 124 9 16 2

5 H~

174 225 16 20 2~~rc:6 ID1Jl? 3m
Q)H~ 198 229 17 13 1

7 3m H s::
37 222 25 29 5 2~~o

8 4m Q) ~ S 18 248 25 18 10 1
9

+JQ)(1)
2 17 261 38 22 18 1'" ~10 3m HF-t+'
2 14 350 21 22 9 1Q) Q)

'lj 04+l

~ g. 6
11 3 14 222 30 22 7 212 2m 3 25 174 13 17 413 19 174 23 36 4 1 314 2 11 183 31 18 5 6
15 1 19 176 20 21 2 2
16 am i7 286 24 22 2 1
17 32 360 12 18 418 4QDl 1 53 154 15 19 12
19 f:lD. 55 108 26 15 9
20 1 64 164 23 19 11
-21 54 184 19 19 6
22 4m 3 42 156 31 24 9
23 2JDl 48 133 21 34 2
24 10m 1 97 117 20 23 2 1
25 21m 63 128 16 19 2 1
26 8m 177 98 13 21 2
27 IjD 37 1461 15 2l 2
28 JIll 33 120 22 19 4
29 21 159 11 19 2 2
30 30m gn 14 146 21 23 1 1
31 4m 33 150 25 28 4 2
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Table 2 is a chronological listing of successfully located earth
quakes. For each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution
is indicated by"?".

Depth - depth of focus. in kIn. Assumed depth is indicated by "*"

- standard error of the depth in kIn.

Mag

NO

GAP

DMIN

ERT

ERR

ERZ

MD

- magnitude, if determined.

- number of stations used in locating earthquakes.

- largest azimuthal separation in degrees between stations.

- epicentral distance in km to the nearest station.

standard error of the origin time in seconds.

standard error of the epicenter in kIn.

~

- mean deviation of the time residuals. l= ~ Ri
2

INO ] 2Where

R. is the observed seismic wave arrival time less the coro
1

d · h .th ·pute tlme at tel statlon.

Q - solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:

g Epicenter Focal Depth

A excellent good
B good fair
C fair poor
D poor poor

Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:
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Station Distribution

NO GAP DMIN

A > g < 120 0 < DEPTH or 5 kIn

B > 6 < 1500 < 2 x DEPTH or 10 km

C > 6 < 225 0 < 50 KIn

> 4 < 180 0

D Others

Statistical Measures

ERH(km) ERZ(lan) MD (sec) RMAX(sec)*

A < 1.0 < 2.0 < 0.10 < 0.25

B < 2.5 < 5.0 < 0.20 < 0.50

C < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that
is, an A and a C yield a B, and two B's yield a B. When the two
ratings are only one level apart the lower one is used, that is,
an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U. S. Geological Survey.

*RMAX is the maximum residual
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Table 2. SUMMARY OF SEISMIC EVENTS

1912 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

OCT 1 2 15 36.4 19-19.0 155-14.41 8.1 l.~ 23 145 5.7 0.07 0.5 0.4 0.12 B
1 6 52 33.1 19-17.8 15S-14.3 12.5 1.7 9 229 7.0 0.30 1.1 2.3 0.06 C
1 6 S3 28.4 19-1H.l 15S-1t1.0 2Q.O 0.9 19 145 1 • 1 0.16 0.9 1.6 0.10 B
1 15 4q 27.4 19-19.6 15~-13.8 H.O· 0.5 15 162 6.4· 0.09 0.7 0.11 C
1 17 25 56.~ 19-19.7 155-11.6 9.8 0.6 16 166 5.4 0.08 0.6 1.1 0.09 Ii

1 18 ~,,9 4.6 lq-26.1 1~5-50.7 4.4 0.9 11 249 26.5 0.32 2.0 0.8 0.08 C
1 21 3t, 10.8 18-54.1 155- 8.6 1<;1.3* 0.6 15 272 44.2 0.34 2.4 0.15 0

"2 2 34 52.6 19-20.0 lS5-11.4 7.A 0.4 16 162 4.6 0.12 1.0 0.5 0.14 C
2 6 11 3.4 lQ-25.4 155-31.0 37.5 1.5 13 100 11.3 0.24 0.9 2.7 0.10 B
2 6 16 30.3 19-30.1 155-52.9 26.6 1.5 23 195 20.0 0.23 1.1 2.7 0.10 C

2 10 11 2A.4 19-45.8 155-l5.2 27.8 1.7 15 q4 4.5 0.24 1. 1 2.8 0.13 B
2 11 24 53.0 19-20.4 1~S-12.2 B.O· 0.1 13 155 5.1 0.11 0.9 0.15 C
2 15 4 1~.1 19-45.9 1~5-23.3 26.4 1.0 9 163 14.6 0.19 1.3 2.3 0.08 C
2 20 41 2?J 19-17.9 155-12.81 7.1 2.5 24 162 8.3 0.12 0.7 0.6 0.15 C
2 20 42 35.4 19-18.3 155-12.1 M.O· 0.3 8 232 8.6 0.28 1.8 0.14 0

2 20 43 3f,.6 19-18.8 lSb-12.R 8.0" 0.4 7 222 R.O 0.25 1.9 0.13 C
2 22 22 3q.4 19-18.8 I5S-I2.A Ii.O" 10 220 ti.o 0.25 1.6 0.17 C
3 3 49 30.4 1~-19.0 155-13.1 R.O* 0.4 H 214 7.8 0.11 1.2 0.11 C
3 12 51 1A.7 19-20.4 155-13.5 8.0* 0.0 10 150 6.8 0.10 0.9 0.15 C
3 13 42 17.1 19- q.O 155-38.8 3.3 0.2 7 lA'J 11.3 0.19 1.5 1.6 0.09 C

5 11 57 52.4 19-21.9 155-16.2 4.5 1.0 9 lq4 1 .1 0.20 1.6 1.1 0.16 C
5 15 47 51.9 20-11.9 ISS-51.fl 32.7 2.4 12 312 11.5 1.BO 9.5 11.1 0.13 0
6 1 4 21.2 19-18.2 155-16.1 1.0 1.4 13 267 9.7 0.45 2.1 1.6 0.21 0
6 3 41 38.6 19-10.8 155-15.2 40.0 2.1 15 194 22.7 0.28 1.5 2.7 0.14 C
6 a e 52.4 19-30.8 155-42.1 A.2 7 164 12.1 0.13 1.3 1.9 0.09 C

6 22 53 43.1 19-26.1 155-24.8 8.0* 1.9 8 97 7.4 0.05 0.5 0.07 B
8 5 21 2A.l 20- 2.7 155-?2.9 ,q .8 3.2 18 216 17.6 0.26 1.4 1.8 0.14 C
8 A 55 21.6 20- 2.5 155-23.0 q.4 2.3 13 216 17.4 0.26 1.6 1.6 0.13 C
8 Q 5 A.4 19-11.8 155- 6.61 0.0 1.9 14 216 9.7 1.31 1.9 13.5 0.18 C8 10 2 0.8 19-14.5 IS4-59.01 34.2 12 251 23.5 0.53 2.9 3.6 0.11 0

8 15 57 30.5 lQ-20.1 15~-25.31 1.9 2.1 14 118 1.2 2.11 1.4 1.7 0.31 C
8 21 44 5.1 19-22.7 I55-?S.4? 0.0 2.4 14 118 12.2 5.08 0.8 9.6 0.19 C
8 23 4U q.J 19-16.5 lS5- A.4? 0.0 2.4 12 ?IH 17.'1 9.23 2.6 16.9 O.2A C
9 0 54 54.7 Jc:J-}A.3 15!l-15.0 5.4 1.1 11 709 7 •., 0.34 1.9 1.4 0.17 C
9 1 0 22.8 19-22.5 155-25.3 3.8 1.7 14 102 11.4 0.10 0.9 1.3 0.20 C

q 8 1:4 30.3 19-21.8 155-24.5"/ 0.0 1.5 9 15/t 12.5 7.40 1.0 14.1 0.12 C
9 11 1'6 1 .1 }{J-20.2 155-11.41 9.8- 0.6 6 260 4.4 0.12 1.5 0.11 0
9 18 72 37.4 19-12.5 15b- 0.3 21.2 7 330 15.5 O.Q3 8.4 8.2 0.17 0

10 4 7 55.1 19-21.4 1~5-13.3 8.0* 1.0 9 215 4.9 0.18 1.6 0.10 C
10 7 11 23.7 19-60.0 155-24.7 11.0 2.0 7 216 14.2 0.28 2.6 2.0 0.11 C

10 10 55 5.9 19-21.7 155-14.4 2Q.O 3.0 16 litl 5.4 0.19 1.2 2.0 0.16 8
10 16 32 23.9 19-20.2 1~5-12.6 3.5 1.9 15 167 5.9 0.28 1.7 1.9 0.28 C
10 18 49 2~.1 19-21.5 155-12.8 6.0 1.6 12 175 5.3 0.23 1.9 0.9 0.21 C
10 20 14 5R.R 19-21.4 15~-25.1 3.0 2.1 14 152 14.4 0.10 0.7 1.0 0.15 C
10 20 21 21.H 19-20.5 15~- 8.01 9.2 2.0 9 262 4,4 1.15 1.3 4.3 0.16 0

10 20 32 34.8 19-20.8 155-13.21 A.O" 1.7 9 232 5.6 0.44 3.0 0.12 0
11 4 2S 18.5 19-31.8 155-12.4 H.O· 9 160 23.8 0.06 0.5 0.05 C
11 20 37 59.2 19-25.8 155-27.41 8.2 2.9 17 113 10.3 0.12 0.8 0.8 0.15 C
11 21 32 9.9 19-23.6 15S-26.A? 6.7 2.4 14 132 12.5 0.10 0.8 0.9 0.16 B
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SU~~ARY OF SEISMiC EVENTS (CONTINUED)

1972 ...H MN SE:C LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD Q

OCT 12 1 40 27.8 19-19.3 155-15.5 6.3 2.4 13 212 5.7 0.29 1.7 1.0 0.16 C

12 16 16 16.5 19-19.1 155-25.2 7.1 2.0 12 170 12.B 0.20 1.1 1.2 0.14 C12 20 16 16.5 lq-22.3 15S-?5.9? 6.9 1.~ 15 151 11.2 0.12 1.0 2.6 0.15 C12 21 14 1£,.5 19-18.4 I~S- 6.9? 0.0 2.3 17 ~29 8.6 5.22 1.7 9.6 0.19 013 7 34 47.1 19-19.9 155-13.9 6.5 2.6 17 197 5.~ 0.15 1.0 0.6 0.18 C13 14 27 53.6 20- 0.6 155-24.7 9.2 2.0 8 21d 15.1 0.31 2.4 2.1 0.11 C

13 17 27 52.7 19-17.2 155- 7.0? 0.0 0.9 15 217 10.4 5.86 1.6 10.8 0.21 C13 18 19 46.0 19-27.3 155-24.81 6.9 1.4 15 91 5.4 0.09 0.8 1.9 O.IQ R13 22 44 12.3 19- 8.7 155-29.6 27.0 1.2 17 159 3.4 0.22 1.3 2.4 0.15 C14 8 4 26.1 19- B.2 155-24.1 34.3 7 261 1.1 0.87 3.4 6.9 0.05 014 8 18 2q.1 19-20.0 lSS-14.7 9.8 0.7 16 164 4.7 0.10 1.0 1.0 0.16 C
14 19 57 0.5 19-19.3 lS!J-12.3 8.0* 0.9 9 236 6 •., 0.36 2.3 n.17 014 21 52 13.1 1'l-17.3 155-14.6 11.8 1 .1 9 ?45 1.0 0.30 1.3 2.4 0.0" C14 23 17 1~.8 19-36.3 15~-lQ.2 A.O* o.s 7 261 13.9 0.53 3.0 0.12 015 0 26 28.4 19-20.9 1~5-23.6 7.6 2.3 14 162 1.4 0.13 1.1 0.6 O.l~ C16 J. 14 47.3 19-33.1 15b-13.9 1.9- 1.2 12 266 43.5 0.48 3.2 0.18 0

16 6 &9 IH.B 19-22.8 155-24.81 7.5 O.ft 9 158 5.4 0.13 1.0 0.9 0.14 C16 8 3\7 28.1 19-19.9 15~-14.6 6.5 1.5 20 167 s.o 0.14 1.0 0.7 0.22 C16 10 42 5].8 19-30.A 155-42.3 1.3 1. 1 11 161 11.5 0.19 1.1 1.1 0.14 C16 10 58 20.6 19-25.4 155-28.9 6.8 0.6 11 110 12.8 0.01 0.8 0.9 0.08 8
16 16 4 15.0 19-54.9 155-29.6 39.4 1.5 13 270 15.2 0.78 3.5 5.1 0.09 0

16 17 39 57.2 19-22.0 155- 4.7? 0.0 1.1 15 247 q.l 1.12 3.5 20.2 0.21 0
16 19 34 33.8 19-1A.9 155-15.7 10.9 0.4 10 149 1.5 0.14 0.6 1.2 0.05 B
16 23 43 2q.2 19-22.2 155-13.5 3.1 9.9 8 190 3.6 0.08 0.4 o.q 0.04 R
17 2 2 57.1 19-24.0 155-23.9 0.5 0.2 14 124 7.1 0.66 0.8 1.2 O.IA B
1"1 5 9 17.7 19-17.3 1~5-14.~ 9.f) 0.7 11 236 6.7 0.29 1.6 2.5 0.11 C

17 5 9 37.4 19-11).1 1~5-14.3 8.0* 0.6 10 259 8.4 0.59 3.5 0.24 0
17 10 42 19.8 19-24.3 155-16.81 7.9 7 76 1.1 0.29 0.8 11.9 0.21 C
17 13 5 13.1 19-24.8 155-24.1 8.0· 9 199 8.0 0.08 0.5 0.07 C
11 14 ·50 18.5 19-1Q.A 1~5-16.9 9.5 1.3 7 204 1.1 0.13 0.6 o.~ 0.02 a
17 15 50 9.5 19-23.3 155-28.6 5.4 0.5 14 A1 10.9 0.10 0.8 1.1 0.19 C

18 3 34 57.9 19-20.9 155-11.61 0.6 9 192 3.1'4 0.92 1.4 1.7 0.16 C
18 1 1 16.1 19-20.3 155- 4 .• 61 0.0 1.4 14 209 9.7 5.90 1.6 11.0 0.20 C
18 7 22 3.9 19-20.4 155-12.5 ft.O 1.5 20 182 3.13 0.14 1.0 0.1 0.21 C
18 11 17 58.1 19-24.2 155-23.8 4.0 1.3 12 192 7.2 0.19 1.1 1.9 0.16 C
18 13 52 37.4 19-26.8 155-45.4 6.6 1.8 11 223 17.2 0.15 1.1 0.7 0.07 C

18 14- 15 35.5 19-19.0 155-15.7 111.2 1.7 7 218 3.6 0.12 0.6 1.0 0.03 B
18 14 41 31.0 19-27.8 155-14.4? A.O" 1.4 7 3?3 4.8 0.60 5.5 0.44 0
18 15 1 34.6 19-19.7 1~5-15.7 30.2 2.4 20 161 3.1 0.18 1.1 1.6 0.12 C
18 16 14 8.4 19-25.9 1~5-39.5 8.0" 7 299 d.7 0.92 4.9 0.07 0
18 19 59 56.6 19-15.7 155-35.5 3.6 1.8 13 157 3.2 0.14 1.7 1.3 0.19 C
18 20 28 12.5 19-22.1 155- R.a 31.3 O.A 14 135 10.9 0.30 1.3 2.1 0.10 H
18 22 9 47.,+ 19-1Q.6 155- a.s? 7.3 0.3 14 186 ~.l 0.12 1.0 0.5 u.15 C
18 22 36 8.2 19-24.0 1~5-15.7 1.7 0.8 1 121 2.5 0.08 0.4 0.4 0.09 B
18 22 S6 39.1 19-32.1 155--:;8.61 41.6 1.6 11 292 31.8- 0.16 1.A 1.7 0.07 C
18 23 4 45.1 19-20.1 155- 8.6 8.2 0.1 1 164 4.1 o.o~ O.M 1.5 0.06 8

18 23 \i5 2~.7 19-24.8 155-1b.9 0.6 0.1 8 87 0.2 0.09 0.3 0.2 0.09 A
19 4 i\4 59.9 19-30.1 155-33.01 3.1 1.2 12 313 Ib.9 3.40 7.4 11.3 0.13 0
19 6 20 4Q.9 19-10.5 155-20.4 42.5 1.4 13 178 13.3 0.28 1.2 2.6 0.10 C
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

LONG W DEPTH M~G NO GAP OMIN ERT ERH ERZ MD Q
1912 HR MN SEC LAT N

OCT 19 6 23 44.8 19-11.3 IbS-20.7 45.1 2.A 20 173 12.0 0.20 0.9 2.0 0.08 B
19 7 32 1.4 19-1fl.8 155-14.0 ti.O" 12 209 6.4 0.17 1.2 0.15 C

19 7 40 49.4 19-22.1 155-27.4 ~.O I? 128 8.0 0.17 1.2 3.3 0.22 C
19 10 43 44.2 19-1H.q 15~-1].3 5.5 1.2 11 152 7.5 0.14 1.0 0.9 0.22 C
20 0 42 3.2 ~o- 1.7 155-~2.Q 10.1 2.1 18 213 15.8 0.24 1.4 1.6 0.16 C
20 5 6 57.7 19-31.& 156- 9.6 14.5- 1.3 20 252 31.9 0.26 1.8 0.11 0
20 5 9 19.8 lY-20.1 155- 8.4 8.0 0.1 11 166 4.~ 0.13 1.2 2.4 0.11 C

20 6 54 27.0 19-20.3 ISS-II.A 9.7 0.3 11 157 4.2 0.11 0.9 1.5 0.10 B
20 8 32 41.S 19-22.5 155-75.11 8.2 0.4 16 93 5.4 0.08 0.6 0.5 0.13 B
20 10 0 11.6 19-2?1 155-25.6 6.3 1.0 14 70 5.4- 0.10 0.8 0.8 0.17 B
20 17 37 20.6 19-22.9 155-49.4 R.O 0.6 10 221 13.6 0.17 1.4 1.4 0.07 C
20 18 59 15.1 19-20.0 155- 8.6 5.5 2.5 25 149 4.3 0.15 1.0 0.8 O.2~ C

20 22 15 26.4 19-27.1 155-21.~ 2.6 1. 1 17 71 8.9 0.08 0.5 0.9 0.13 B
21 2 13 25.3 19-21.9 1~5-12.7 4.8 1.0 13 133 1. 1 O.lc 0.6 1.4 0.14 R
21 5 6 45.2 19-1A.h 155-14.9 9.6 0.3 11 20& 5.2 0.28 1.4 2.5 0.11 C
21 ~ 42 9.4 lC)-13.5 15S-3~.3? 9.4 1.2 11 82 4.0 0.1·' 1.2 1.4 0.22 8
21 12 4 0.1 19-24.2 15~-1~.7 2.6 1.3 7 117 2.4 0.16 0.5 3.6 0.07 B

21 18 lQ 3?q 1~-lQ.4 155-10.3 8.0· 0.8 11 174 5.0 0.09 0.1 0.10 C
21 21 21 0.4 lq-~O.1 1!;5-1~.9 A.3 0.9 13 160 2.6 0.14 1.1 1.6 0.14 C
21 21 43 A.8 19-1R.5 155-12.5 8.0· 0.1 6 230 8.0 0.26 1.8 0.08 0
22 3 1 41.1 19-28.5 155-16.31 8.0* 1.3 8 299 5.6 0.40 3.7 0.39 0
22 5 33 49.0 19- 1.8 155-12.0 1.3.7· 1.0 11 284 22.1 0.49 3.3 0.18 0
22 8 10 59.4 19-20.4 1':)5- A.4 4.0 1.3 lq 161 '•• 1 0.15 1.1 1.1 0.22 C
22 19 20 34.& 19-19.3 155-1'1.4 ~.Oo 0.3 12 2?6 S.8 0.16 1. 1 0.08 023 0 24 30.1 19-24.0 155-11.0 1.2 1. 1 12 72 1. 1 0.11 0.6 0.1 0.10 A23 13 28 34.2 19-21.4 155- 6.9 R.O· 0.3 9 152 7.5 0.17 1.7 0.22 C
23 1& 44 33.8 19-22.0 155-25.0 10.8 0.9 11 134 4.5 0.12 0.8 1.9 0.10 R

?3 22 ~'" 3 4Q.3 19-22.0 155-25.~ 5.9 1.7 22 61 5.5 0.09 0.6 0.7 0.18 824 6 ~2 lR.S 19-1A.4 15S-1S.1 11.9 0.3 8 209 5.1 0.18 0.7 1.4 0.04 824 7 23 42.() 19- 9.8 155-23.5 33.1 0.8 1& 202 7.6 0.37 1.6 3.2 0.11 C24 I-I 53 37.0 19-13.2 1:;5-27.5 4.2 0.7 10 124 6.~ 0.10 1.0 1.4 0.16 B24 13 0 37.4 19-22.5 155-24.4 6.9 1.9 22 51 4.6 0.07 0.6 0.6 0.19 B

24 21 52 10.5 19-20.6 1S~- 7.5 A.O* 0.5 12 156 4.9 0.14 1.3 0.19 C25 3 51 54.4 19-19.7 155-12.7 8.0· 0.1 9 204 ft.7 0.31 2.5 0.21 C25 5 33 ?4 19-18.7 155-11.6 3.5 2.1 22 179 (,.9 0.19 1.0 1.2 0.27 C25 7 28 1:?6 19-22.6 155-26.7 2.6 1.7 16 75 7.4 0.11 0.8 1.6 0.22 C
26 2 6 14.5 19-20.!:) 155-12.71 4.3 0.9 14 186 S.d 0.24 1.4 1.5 0.26 C

26 5 0 54.7 19-21.6 151)- 8.9 11.8 0.9 12 149 11.0 0.11 1.0 1.1 0.09 B
26 12 32 47.4 1~-19.A 1~~-13.1 8.0*-0.0 9 160 b.2 0.08 0.8 0.10 C26 17 49 7.0 19- 7.8 155-33.0 5.6 2.3 12 145 9.6 0.13 1.0 1.1 0.14 B
26 20 15 5".9 19-23.9 155-11.4 b.a 1.0 17 46 1.2 0.08 0.7 0.6 0.19 B26 23 8 49.3 19-19.5 155- b.9 B.O· 0.6 14 118 b.9 0.17 1.4 0.18 C

27 3 16 24.4 19-24.0 1~5-28.7 7.0 1 .1 19 57 11.8 0.08 0.6 0.6 0.18 B27 3 18 5A.4 19-20.6 1~5-20.1 1.7· 9 111 4.8 0.06 0.4 0.09 B27 4 31 2.1.9 19-21.6 155- 7.1 1.8 3.0 20 171 S.O 0.14 1.0 0.6 0.15 C28 1 2 24.1 19-21.0 155 -1 1 .5'i· A.O 1.1 11 181 3.3 0.09 0.1 O.~ 0.11 C28 1 35 36.5 19-22.3 155-i!4.3? 1.4- 2.0 20 51 4.3 0.01 0.6 0.1 0.18 B
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SUMMARY OF SEISMIC EVENTS (COI\jT I NUED)

HH SEC LAT N LONG W DEPTH MAG NO GAP OMIN ERT ERH ERZ MO Q1912 MN

OCT 28 2 25 3.0 19-16.5 155- 4.0 3::4.4 16 tJ66 14.5 0.39 2.2 2.4 0.08 C
28 b 5 57.4 19-22.2 15S- ~.l? 7.1 1.8 18 119 1.4 0.12 1.1 1.4 0.15 C
28· 9 27 43.4 19-25.5 IS!)-?S.2? 1.4- 1.7 19 82 ij.6 0.09 0.7 0.7 0.15 B
28 10 2 42.1 19-15.2 155-18.6 8.3 10 250 5.1 0.44 2.6 2.8 0.13 0
28 18 2'J 24.1 19-28.5 155-20.4 8.5 15 97 1.& 0.06 0.7 o.a 0.10 A

29 5 44 1~.7 19-1f».3 15~-49.4 4.3 2.7 17 140 5.0 0.14 1.4 1.3 0.18 B
29 15 35 24.4 19-22.6 155-23.41 7.1 0.8 l~ 122 4.5 0.09 0.7 1.5 0.16 8
29 18 55 56.3 19-20.1 15~-12.4 f,. 1 9 1R4 5.2 0.56 1.4 4.3 0.13 C
29 21 25 5<).8 19-21.1 155- A.l q.2 0.3 8 729 3.6 0.22 1.6 1.6 0.09 C
30 0 46 3) .0 1~-19.q 155-46.5 5.6 0.9 11 172 12.5 0.12 1.0 1.1 0.10 B

30 2 4'6 4A.l 19-25.6 155-.25.3 B.O· 11 1~1 8.6 0.12 0.8 0.10 C
30 3 5'2 0.9 19-24.6 155-14.5 2~.3 1 • 1 15 qO 0.4 0.21 1.1 2.0 0.11 830 15 11 37.1 19-t?2.0 15'i-?5.3 ~.l 1.1 18 68 4.8 0.10 O.B 0.8 O.~2 B
31 1 0 31.9 19-26.1 155-21.31 11. 1 2.8 20 69 9.8 0.11 0.7 0.7 0.17 B
31 1 4ft ?9 19-17.6 155-23.7 A.O*-O.l 11 120 4.8 0.14 1.4 0.26 B

31 2 43 3(,.2 19-19.5 155-11.9 28.4 1.0 13 131 1.4 0.19 1.1 1.8 0.10 B
31 4 35 42.7 19-19.0 155-13.e ~.o· 0.5 10 206 6.6 0.18 1.3 0.14 C31 5 26 59.0 l~-I'Q .4 155-15.9 CJ.9 8 2~5 2.9 0.28 1.4 1.8 0.06 C
31 8 55 S?5 1~~ ~.H 1~S-]~.4 S .1 2.5 17 107 9.6 0.17 1.2 1. 1 0.23 C31 11 43 54.9 1~-22.3 155-22.9 1.4 0.6 8 116 3.8 0.10 0.8 2.3 0.11 R

31 15 52 40.3 19-23.7 155-26.1 8.0· 1.2 11 R8 8.1 0.07 0.6 0.14 C
31 11 33 SA.6 19-4q.2 155-32.1 27.3 1.6 20 133 9.l 0.14 0.9 2.1 0.10 B
31 17 49 4.0 19-14.2 155"21.4 27.6 1. q 19 119 8.4 0.19 0.9 1.8 0.10 8
31 22 2 35.8 19-1~.6 1~'5·13.4 5.9 1.2 18 199 7.2 0.17 1.0 0.8 0.18 C
31 23 24 43.2 19-20.4- 155- ti.7 5.9 1.4 17 195 3.6 0.22 1.5 1.0 0.20 C

NOV 1 4 39 6.7 19-22.1 155-29.51 3".2 1.4 17 66 II.S 1.12 1.0 8.5 O.2? C
1 4 54 2.6 19-24.3 155-17.f, H.3 1.2 8 142 1.6 0.14 0.7 1.3 0.06 B
1 9 21 23.2 19-20.2 155-11.3 9.9 11 215 4.2 0.24 1.2 2.3 0.10 C
1 11 6 30.1 19-24.'2 155-17.3 13.8 1. 1 9 80 2.3 0.06 0.5 0.8 0.05 A
1 12 lA 30.2 19-?O.6 lb5-12.7 6. ) 2.4- 21 173 3.5 0.12 0.9 0.5 0.18 C

1 12 42 ·25.9 19-22.5 155- 4.1 R.O" 7 251 10.2 0.27 1.Q 0.04 0
1 14 10 17.8 19-2?1 15S-13.4 ~.3 6 111 1.5 0.16 0.6 1.8 0.02 R
1 14 25 32.0 19-10.7 155-32.1> 7.0 2.5 19 106 8.6 0.13 1.0 O.M 0.19 C
1 17 0 1~.-f 19-20.2 1!:)5-13.1 7.5 0.4 11 204 4.2 0.15 1.0 0-.6 0.11 C
1 21 4 30.9 18-54.2 155-17.2 q.7 2.8 Zl 262 33.9 0.61 3.3 3.2 0.16 0

2 0 46 44.8 18-54.5 155-}6.6 A.4 1 • 1 12 280 34.0 0.35 2.1 2.2 0.11 C
2 4 4 5.0 19-31.9 1~5-45. 0'1 ~.o 0.9 b 300 34.2 0.30 1.4 2.0 0.05 C2 1 2 34.8 19-20.~ lS5-13.A 1.7 0.3 10 212 4.2 0.20 1.2 0.7 0.11 C2 16 1A 19.3 1~-20.0 1~5- 7.31 0.0 .2.5 20 241 5.~ 1.SS 2.2 13.1 0.23 02 17 25 32.9 19-39.3 1~b-?5.!' R.O· 3.3 20 279 72.3 0.60 3.8 0.15 0

2 20 ~-24 A.l 19-20.9 1~5~ 9.7 7. -, 2.1 17 IHS 2.2 0.08 0.7 0.8 O.Oq C2 21 13 32.5 19-20.~ 155-11.61 5.6 1.7 1~ 194 3.9 0.32 1.9 1.8 0.26 C2 22 30 41~O 19-22.4 155-?3.6? ?.7 1.6 15 111 4 .1 0.12 0.9 2.1 0.23 83 ·b 34 34.9 19-21.0 15~-12.9 6.3 1.9 18 112 2.8 0.15 1.2 0.7 0.24 C3 10 19 37.5 19-19.8 lS5-11.Q 8.0· 11 213 5.5 0.14 1.0 0.10 C

3 13 16 2A.O 19-10.8 155-21.Q 2q.6 15 126 2.5 0.27 1.5 2.8 0.14 A3 17 34 37.8 19-18.0 15~-13.0 R.O* 9 ~33 8.7 0.28 1.9 0.14 03 17 35 51.7 19-23.6 155-26.3 8.1 2.1 17 72 8.2 0.10 0.5 0.7 0.11 R
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SU~M/i.HY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC LAT N LONG W DEPTH MAG NO GAP OMIN EHT ERH ERZ Mn Q

NOV 3 17 47 51.0 19-18.2 1!jS-13.0 fl.O* 1.7 10 230 8.4 0.24 1.6 0.13 0
3 23 47 33.0 19-20.8 155-19.2 3.7 1.6 12 92 3.4 0.04 0.3 0.6 0.06 A

4 3 56 14.9 19-10.5 15~-27.S 31.5 21 139 2.0 0.23 1.3 2.4 0.14 B
'+ 4 24 45.8 1~-23.3 ISS-26.7 A.O* 8 253 8.3 0.31 1.9 0.09 0
4 11 52 1.8 19-41.0 156- 8.1 10.4 3.9 26 206 60.2 0.33 1.6 4.9 0.17 C
4 14 36 lR.S lq-lQ.7 l55-11.q 4.1 1.7 15 216 5.3 0.28 1.5 1.5 0.2S C
4 16 58 11.4 19-19.~ 155-11.9 b.l 1. h 13 220 5.6 0.31 1.9 1.1 0.22 C

4- 20 0 37.3 14-21.1 155- 4.81 0.0 2.0 14 203 9.1 5.96 1.7 11.2 0.19 C
4 22 23 29.1 19-22.0 155-21.3 1.7 1.9 14 79 1.8 0.09 0.1 0.7 0.11 B
5 4 12 3.4 18-53.6 155-26.31 21.<J* 20 2ft2 25.8 0.34 2.6 0.15 0
5 5 45 21.0 19-17.6 1~5- 6.0 30.5* 13 2~6 19.4 0.35 3.0 0.09 0
5 11 15 lQ.A 19-20.5 155-12.3 9.8 0.1 12 191 3.6 0.29 1.3 2.4 0.10 C

6 6 44 22.8 19-20.3 155-12.7 5.9 1.4 21 168 4.0 0.13 1.0 0.1 0.22 C
6 9 56 54.8 19-21.2 155-30.01 7.2 2.0 13 1.58 10.n 0.19 1.6 1.4 0.17 C
6 11 15 2.1 19-24.9 155-28.8 4.9 13 116 13.0 0.11 O.A 1.3 0.14 C
6 14 54 13.1 1~-20.4 155-14.1 6.5 14 172 4.8 0.18 1.1 1.0 0.18 C
b 19 32 3.3 19-20.6 155-12.1 5.(t 1.9 21 166 3.4 0.14 0.9 0.1 0.21 C

6 21 1 47.9 lq-24.5 155-76.71 0.0 1.8 12 211 9.9 5.52 1.2 29.6 0.18 C
7 1 53 34.1 19-17.1 155-13.0 A.O· 10 249 9.6 0.32 1.9 0.11 0
1 7 0 ] .9 1~-20.A 155-12.4 e.o· 8 181 5.1 0.07 0.6 0.05 C
1 9 44 0.2 19-24.1 155-29.1 4.5 1.4- 17 5~ 12.5 0.10 0.8 1 • 1 0.22 C
7 11 35 52.6 lY-2h.4 155-?4.7 6.0 1.6 19 be o.A 0.07 0.6 0.7 0.18 B

7 12 ~,. 9 ?6 19-1q.7 155~11.3 13.1 8 ?40 5.7 O.1~ O.A 1.0 0.0"3 C
7 13 93 5.4 lQ-20.8 155-2H.2 4.0 2.1 18 128 ~.7 0.11 0.8 1.0 0.20 C
7 14 6 0."3 19-20.1 155-11.0 6.7 0.3 7 190 4.1 0.22 1.0 1.2 0.07 C
7 2-0 19 33.6 18-~1.5 155-1n.3 11.7 0.8 12 296 48.9 0.42 1.0 15.3 0.11 0
7 22 3~ 33.8 19-24.1 155-11.7 3.9 6 125 l.~ 0.19 0.1 1.1 0.05 B

8 1 3 2.6 19-24.5 155-29.2 7.0 2.1 22 58 13.0 0.01 0.5 0.5 0.15 ~

8 1 4 10.7 19-24.7 155-29.6 4.2 1.2 15 149 13.9 0.14 0.9 1.2 0.17 C
8 1 24 34.1 19-24.3 155-2~.H 4.1 1.6 10 &1 13.7 0.11 0.8 1.3 0.19 C
8 3 32 37.6 19-23.3 155-25.91 0.1 ) •a 17 124 7.3 8.36 1.0 15.9 0.25 C
8 7 37 51.4 19-24.0 155- 4.01 20.8* 1.6 8 331+ 10.9 1.25 12.1 0.31 0

8 11 4 3~.5 19-22.4 155-23.4 4.6 1.2 9 181 4.0 0.18 1.1 1.1 0.14 C
8 18 41 38.3 19-31.4 155-50.2 5.6 2.3 12 225 25.3 0.87 1.4 6.0 0.12 C
8 20 46 31.5 19-31.6 155"42.7 R.B 1.9 10 241 12.5 0.17 1.0 0.8 0.06 C
8 22 11 11.6 19-53.9 155-18.9 8.0* 2.3 8 324 45.1 1.06 1.8 0.28 0
9 1 30 4Q.• 5 19-59.5 155-38.01 2?3 1.9 11 155 21.5 0.91 3.1 9.2 0.33 0

9 1 41 6.6 19-19.6 155-12.2 8.0* 0.9 11 167 6 .1 0.09 O.l 0.11 C
q 2 7 44.2 19-13.9 155-26.61 0.0 1.4 l~ 133 8.4 5.12 0.9 9.8 0.17 C
9 2 4h 45.6 lq-23.8 155-26.4 S.A 1.4 1& 119 8.5 0.11 0.7 1.2 O.lA B
9 6 44 57.4 19-1H.6 155- H.6 M.O· 1.4 11 189 6.7 0.21 1.8 0.20 C
9 8 51 6.6 19-11.2 155-12.51 1.9 1.6 21 169 9.1 0.13 0.8 0.5 0.15 C

9 14 42 53.7 19-31.2 155-58.3 8.2 2.7 11 263 29.9 0.43 2.7 2.9 0.19 0
9 19 59 32.9 19-20.6 155-13.1 8.0* 8 18U 5.9 0.09 0.7 0.07 C

10 0 15 10.1 19-19.4 155-13.~ 8.0· 1.2 14 199 6.5 0.11 0.8 0.10 C
10 0 31 7.5 19-18.8 155-13.2 8.0* 1.6 9 216 1.1 0.11 1.1 0.10 C
10 0 33 20.1 19-19.4 155-13.6 8.0· 1.4 8 200 6.7 0.13 1.0 0.10 C

12



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SEC lAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERl Mn Q

NOV 10 3 40 23.4 19-1q.6 IS~-14.3 6.2 1.4 19 190 5.6 0.14 0.9 0.6 0.19 C
10 4 9 31. -, 19-20.5 155-13.3 8.0* 9 179 5.A 0.09 0.7 0.09 C10 7 25 22.2 19-21.6 15S-2-'.O? H.l 1.3 17 102 6.~ 0-.12 0.8 0.8 0.16 ~!O 8 22 l6.3 19-24.0 155-16.7 13.1 2.0 16 50 1.2 0.03 0.3 O.~ 0.05 A
10 12 0 52.1 1~-19.2 155- A.~ 4.1 1.A 12 IHl 5.8 0.18 1.3 1.3 0.19 C

10 15 0 5A.7 lQ-24.4 lS~~23.(' 7.8 1.8 19 70 7.0 0.06 0.5 0.4 0.12 B
10 17 "13 46.9 19-21.3 155-24.'i 7.i? ?l 23 60 3.0 0.07 0.6 0.5 0.19 B10 l~ 54 33~3 19-23.2 155-26.61 8.4 1.3 16 73 8.1 0.12 0.7 0.9 0.13 B
11 ·1 32 55.3 19-1H.6 155-13.1 A.O* 1.3 11 221 8.0 0.22 1.4 0.12 C11 6 7 30.8 19-24.1 155-23.1 6.3 0.9 14 167 6.0 0.12 0.8 0.9 0.14 C

11 7 23 9.5 19-19.9 IS5-13.1? A!t 7 1.3 10 239 4.7 0.41 2.1 2.9 0.11 C
11 12 34 ~7.4 19-24.1 15~-15.7? 1.4 1.0 9 123 2.5 0.10 0.6 0.4 0.11 B
11 12 SA 5A.9 19-23.7 155-36.51 A-.5 1.3 13 122 10.3 0.11 0.9 1.1 0.14 B
II 14 3 39.4 19-18.4 155-13.2 H~O* 1.5 11 224 8.0 0.19 1.3 0.12 C11 22 34 4q.4 19-2~.~ 155-24.11 1.5 1.4 14 114 4.9 0.10 1.0 2.1 O.lA B

12 0 23 44.6 19-19.0 155-16.7 6.8 1. 1 13 154 2.4- 0.11 0.8 0.6 0.13 C12 4t 27 5.9 19-30.1 155-27.4 6.4 ?1 20 96 7.3 0.09 0.6 0.6 0.15 C12 6 39 15.9 19-19.2 155-15.6 10.1 1.7 A 234 3.5 0.10 0.5 0.6 0.02 C
12 18 33 3A.0 19-22.7 155-22.8 6.9 1.3 12 159 4.6 0.10 0.7 0.8 0.12 C
12 19 0 20.6 19-21.0 155- 8.5 4.3 1.8 15 150 3.0 0.13 1.0 0.9 0.18 C

13 6 15 2~~ .6 19-21.1 155-25.2 7.6 2.2 19 96 3.8 0.08 0.7 0.6 0.16 R
13 17 8 25.6 19-19.5 15S-?5.9 2.5 2.0 15 110 4.7 0.13 0.9 1.4 0.19 B14 0 S3 57.5 19-21.8 155-23.2 A.l 8 17& 2.9 0.15 1.1 0.8 0.10 C
14 8 51 9.1 19-19.1 155-11.5 3.2 17 115 6.4 O.ll 1.3 1.6 0.29 C
14 11 2 12.9 19-20.3 155- 8.5 4.6 14 162 8.3 0.16 1.2 1.6 0.20 C

14 16 41 16.6 19-19.2 15tS-l~.5 11.0 17 101 2.3 0.07 0.7 0.6 0.13 814 17 18 30.7 19-22.3 155-23.1 R.S 1.8 8 174 3.9 0.23 1.3 2.6 0.10 C14 18 3 13.4 19-19.4 155-16.6 9.9 2.0 7 220 1.9 0.22 1.0 1.5 0.04 R
15 1 48 46.1 lQ-20.3 155-16.2 9.6 1.7 8 ?O2 2.1 0.14 0.7 1.1 0.04 R15 6 59 28.5 19-24.2 155-23.9 H.O· 2.0 10 195 7.5 0.10 0.7 0.08 C

15 15 27 27.2 19-22.1 15S-12.~ 3.1 8 155 0.9 0.13 0.7 1.4 0.07 R
15 15 4A 21.6 19-18.7 1~5-20.0 ~.l 1.3 11 173 2.7 0.10 0.7 0.5 0.09 B
15 11 B q.A 19-19.4 155-10.9 4.7 1.5 17 173 5.3 0.15 1.0 0.9 0.21 C
15 17 23 15.3 19- 9.5 1!j~-3b.4? 0.0 2.8 1& 107 15.1 6.70 1.2 12.6 0.25 C
15 18 42 5A.9 19-20.4t- 155- 7.41 A.O* 1.5 15 161 5.3 0.17 1.7 0.21 C

16 1 ~3 40.7 19-20.3 1~5·11.0 9.6 1.6 10 220 3.8 0.29 1.5 2.7 0.09 C
16 10 29 40.9 19-24.4 155-23.7 8.0· 1.2 12 118 7.8 0.06 0.5 0.08 B
17 5 9 41.·3 19-19.9 I5!)- d.3 4.0 1.A 19 169 4.8 0.17 1.2 1.1 0.25 C
17 -6 25 10.4 IB-52.A 155- 9.0 48.7 2.1 15 298 4~.4 0.26 2.7 2.9 0.10 0
17 9 28 34.0 19-~O.A 155- 7.3 7.1 3.1 21 131 4.9 0.09 0.8 0.6 0.15 B

17 9 29 33.9 19-20.2 155- 7.9 Z.6 3.7 19 142 8.8 0.18 1.1 1.2 0.27 C
17 9 31 40.9 19-20.3 155- 7.6 8.0· 1.8 12 163 5.1 0.10 0.9 0.13 C
17 11 54 1~.O 19-21.1 155"25.4 6.7 1.1 11 125 4.1 0.14 1.2 1.6 0.19 R
11 12 S6 0.6 19-2('.1) 155-?5.1? 6.4 2.4 20 52 5.4 0.09 0.9 1.9 0.20 B
17 14 29 53.5 19-19.9 155-11.8? 6.4 16 163 4-.9 0.14 1.3 2.0 0.20 C

13



SUMMARY OF SEISMIC EVENTS (CONTINUED)

1912 H~ MN SEC LAT N LONG W DEPTH MAG NO GAP· OMIN ERT ERH ERZ MO Q

NOV 17 16 13 49.4 19-24.1 1:;5-17.4 12.8 13 66 1.4 0.05 0.5 0.4 0.07 A
17 18 21 13.5 19-13.9 155-11.3 12.7 1.6 18 4!) ] .2 0.04 0.5 0.4 0.08 A
17 18 S4 2.6 19-17.0 155- 4.0 31.2 15 265 13.8 0.37 1. q 2.9 0.08 C
17 19 51 lQ.9 19-23.9 15~-17.4 12.9 16 45 1.4 0.05 0.6 0.4 0.09 A
17 20 18 50.1 19-23.9 1~5-17.9 13.6 13 108 1.9 0.06 0.6 0.1 0 •. 06 fA

17 20 31 27.9 19-24.7 155-26.6 ·'.6 2.1 17 94 10.1 0,.11 0.8 0.6 0.14 B
11 20 40 9.3 19-24.2 155-}7.6 14.2 12 10'+ 1.7 0.08 0.6 O.A 0.06 A
11 21 8 10.6 19-21.9 15~-17.S 24.4 'J 87 3.0 0.20 0.9 1.9 0.05 A
17 23 16 2fl.2 19-20.0 155-16.2 6.1 12 180 2.1 0.16 i.l 0.1 0.13 C
11 23 29 59.4 19-23.2 155-11.5 12.<J 2.2 22 60 1.0 0.05 0.6 0.4 0.13 B

17 23 34 4A.8 19-23.5 155-17.4 12.5 2.0 19 53 0.8 0.05 0.1 0.5 0.11 B
18 0 23 34.5 lQ-41.5 155-39.1 23.6 2.7 23 104 34.2 O.IA .1.0 3.6 0.12 8
18 0 56 41. '7 1~-20.6 155-19.5 3.2 1.4 11 102 3.8 0.13 0.4 2.8 0.07 B
18 1 25 SA.7 19-23.9 155-17.3 12.9 1.5 16 45 1.2 0.04 O.S 0.4 0.08 A
18 3 24 4.7 19-23.4- 155-11.2 12.6 2.? 21 S5 0.5 0.05 0.6 O.S 0.11 B

18 5 0 2q.5 19-37.0 1'56-10.0 41.9 17 ?f)5 49.7 0.69 3.2 6.2 0.11 0
18 5 S3 ]4.~ 19-11.2 15e:,-36.11 7.8 3.3 24 95 7.1 0.14 0.9 0.9 0'.19 B
18 6 24 5-' .6 19-24.0 155-11.8 13.3 14- 58 1.9 0.05 '0.5 0.6 0.06 A
18 ~ 4 53.3 19-31.2 1~5-'+4. 3 4.'l 10 174 21.4 0.18 1.2 2.4 0.06 C
18 9 21 5.2 19-?4.0 155-11.4 1~.9 13 45 1.4 0.04 0.5 0.4 0.07 A

18 10 ~19 4Q.8 19-22.5 15~-25.1 8.0 1.8 22 52 5.3 0.14 0.7 1.0 0.19 R
18 10 ~8 '-'C;.9 19-2.3.8 lS~-11.~i 12.7 1.$i 17 49 1.0 0.04 0.5 /0.4 O.Oq A
1ft 10 58 41.'4 19-1Q.l ISS-11.R 3.7 2.7 24 153 6.4- O.lb 0.9 1.1 0.21 C
1M 11 8 11..8 19-20.1 155-11.9 7.2 12 206 4.5 0.24 1.1 0.9 0.18 C
18 11 29 40.5 19-2R.l 1S5-51.~? 1.2 2.7 13 227 22.4 1.36 2.4 9.5 0.18 0

18 13 4S 35.6 19- 5.9 154-48.41 24.5* 10 324 36.2 1.94 15.0 0.36 0
18 14 5 2,.1 19-23.1 15~-16.9 13.2 1.5 15 65 0.& 0.04 O.~ 0.4 0.09 B
18 14 15 4~.ti 19-10.6 155"13.7 C;.6 1.5 11 147 S.1 0.12 0.9 0.8 0.22 C
1Cl 1 9 48.7 19-?O.tt 1~S-?4.A? ft.8 ln Q4 2.7 0.09 1.0 1.5 0.19 B
19 2 10 Sl.5 1':i-2Q.7 15b-?1. :i 8.0* 15 281 66.3 0.72 4.1 0.15 0

lQ 2 :.in J4.3 19-15.4 1!;)5-?1.:' 29.1 13 279 b.b 0.55 2.1 4.4 0.11 0
19 3 29 lR.l 19-20.3 15~-12.4 5.1 14 146 12.H 0.24 1.4 1.4 0.24 C
19 6 51 2?9 19-27.1 15~-?9.J 4.1 1.9 1~ 16 11.6 0.12 0.9 1.5 0.21 C
lq 1 47 37.4 19-10.6 15C\-~ I.A 3.1 3.0 23 127 11 • .3. 0.15 1. 1 1. 1 0.22 C
19 11 1 ~4.6 19-21.4 1~S-11.7 2?O 1.5 11 81 2.5 0.21 1.3 2.1 0.12 8

19 11 36 41.5 19-20.9 155-13.5 7.2 1.3 15 168 5.0 0.14 1.0 0.6 0.11 C
19 )2 9 17.1 19-1~.!'; 155-13.0 H.1 1.8 17 117 8.3 0.12 0.8 0.6 0.13 C
19 12 24 57.8 19-1k.l 15~-12.q A.O· 2.0 9 233 A.h 0.30 1.9 0.14 0
1&:1 15 55 30.0 19-19.4 1'i5-13.3 1'4.0* 2.0 1 205 7.2 0.19 1.4 0.12 C
19 16 59 ~7 .4 1\)'-18.5 1~5-13.() R.O" 1.3 10 2~4 8.2 0.32 2.2 0.20 C

19 11 3Q 5'3.~ 19-15.1 155- 2.2 33.1 3.b 23 252 22.8 0.26 1.6 1.7 0.10 C
19 18 5 ~.l 1~-53.1 155-40.41 q.l 3.0 25 140 25.2 0.32 0.9 2.4 0.14 C
1~ 1~ 10 11.6 19-19.3 155-11).1 9.7 1.4 9 224 2.tt 0.22 1.1 1.5 0.05 C
19 19 44 24.8 1·9-22.3 155-13.4 3.6 8 145 1.2 0.10 0.4 1-.0 0.06 B
19 20 2'1 3~.O 19-23.6 155-17.& 16.4 11 62 1.3 0.12 0.8 1.4 0.01 A
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SU~MAH'1 OF SEISMIC EVENTS (CONTINUED)

1972 HH MN SE::C LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MO Q

NOV. 19 23 9 48.3 19-22·.8 155-i?2.1 5.9 7 148 ~.5 0.24 0.6 2.1 0.07 B19 23 53 43.3 19-22.0 155-12.9 3.8 8 159 1.0 0.18 O.A 1.8 0.09 C20 2 4 4q.2 19-19.4 155- A.9 A.O" 1.5 12 171 5.3 0.14 1.1 0.14 C20 3 23 33.6 19-74.4 155-17.4 7.5 9 72 1.2 0.13 0.9 o.a 0.10 A
·~O J 51 0.4 19-20.7 155- 9.7 8.0 0.6 b 155 2.5 0.12 1.3 0.8 0.10 C

20 8 33 24.4 19-15.1 155- 1.7 31.).1 2.5 21 216 9.1 0.27 1.5 2.1 0.11 C
20 9 4 51. y 19-25.7 15S-22·.A 7.(, 3.1 20 6H 5.1 0.07 0.7 0.5 0.16 B2u 16 H 37.R 19-23.1 155-~6.0 1.6 14 138 1.2. 0.59 o.e 2.2 0.21 C
21 11 43 R.3 19-t»4.7 15'S"';24.M 8.0 0 l.ft 9 213 8.7 0.12 o.e 0.01 c21 l~ 1 30.1 19-20.7 155-16.4 1.1.~ 1.6 21 123 2.1 0.14 0.8 1.3 0.10 A

22 6 5? 4Q.l 19-20.1 155-14.1 31.6 1.5 22 138 5.3 0.14 0.9 1.3 0.12 R
22 13 ~ 2e;.6 19-21.6 1~~-25.6 3.9 1.2 17 6~ 4.8 0.10 0.8 1.2 0.23 B22 13 51 44.8 19-1q.9 15~-11.R 7.A 0.8 13 214 ~.o 0.13 0.9 0.4 0.09 C
22 16 43 15.4 19-~O.1 155-13.8 "'.0" 14 170 4.8 0.12 0.9 0.15 C
22 1-1 33 4b.O 19-~O.5 155-13.4 5.9 1.2 19 l~O 3.8 0.11 O.A 0.7 0.21 C

22 21 57 lQ.9 19-21.1 155- 5.11 0.0 2.0 19 1~9 5.9 2.35 0.9 4.6 0.16 C
23 0 16 4?8 19-20.1 155-11.7 ~.A 1.6 22 144 4.6 0.11 ·0.8 0.6 0.21 C
23 4- ft 36.4 19-1Q.3 155-13.2 ri.O o 0.9 13 16A 7.3 0.01 0.6 0.10 C
23 4 M 14.9 l'J-IA.O 155-14.0 ~.O" 0.3 11 2'25 7.1 0.23 1.4 0.13 C
23 b 15 17.7 lQ-cO.7 1~5-11.1 5.5 1.2 21 153 3.1 0.12 1.0 0.8 0.25 C

23 d 27 59.3 19-1'1.2 155- 2.61 9.5 16 l<Jb b.2 0.25 2.0 1.3 0.19 C
23 17 14 21.0 1Y-19.A 155-12.6 3. '7 1.5 20 163 4.9 0.16 1.0 1.2 0.26 C23 18 36 45.2 ·19-19.0 155-20.5 5.4 1.0 11 173 3.8 0.12 O.A 0.6 0.11 C
23 21 44 Q.l 19-1~.5 155-13.fl R.O" 0.5 10 219 7.3 0.23 1.(, 0.16 C
23 23 ]3 14.f.! 19-20.4 1~5-24.2 -8.2 1 • 1 11· Q8 1.7 0.08 o.~ 0.8 0.14 8

24 5 8 2~.2 19-1q.5 lS5-12.Q 8.0* 0.3 13 205 7.2 0.23 1.~ 0.19' C
24 13 11 17.3 lY-lO.l 1~5-10.4 ~.9 11 ?23 3.8 0.13 0.9 1.2 0.01 R
24 14 4A 5S.~ lq-~A.5 1~5-S~.4? A.7 0.9 10 232 23.1 0.26 1,.Q 1.9 0.12 C
24 15 1 54.';i 19-11.8 155-12.7 H.O" 0.3 11 ?3f.i 9.2 0.26 1.6 0.12 0
24 17 2lJ 55.8 lY-14.9 1~5- u.q 35.t' 1.2 19 ~20 ~.8 O.2ft 1.6 2.3 0.11 C

25 0 27 47.7 19-20.3 155-12.7 9.0 0.8 12 191 4.0 0.25 1.2 2.4 0.11 C
2S 0 51 35.3 19-23.3 155-11.3 12.6 1.0 20 S6 0.7' 0,05 0.7 0.'5 0.14 B25 2 9 C;.7 19-23.6 155-16.3 12.~ 1.2 21 55 1 .1 0.05 0.7 0.5 0.13 R
2S 4 lA A.3 19-23.1 155-17.1 15.2 2.1 26 64 0.6 0.07 0.6 0.9 0.13 B
2.!:) 4 32 24.4 1~-2r.9 155-11.0 14.0 O.b 15 71 0.9 0.08 O.B 1.1 0.12 B

25 9 25 12.4 ' 19-19.7 15~-12.8 8.0" 0.4 12 202 5.1 0.14 1.0 0.13 C
25 11 25 14.2 19-22.q 15~-?3.0 7.1 2.2 20 60 4.H 0.07 0.7 0.7 0.18 825 17 0 A.6 19-22.~ 1!)5-2~.4 7.9 1 • 1 16 10d 4.7 u.U5 0.5 1.1 0.09 B
25 17 15 42.2 19-1Q.2 155-15.6 8.7 0.1 14 185 3.b '0.15 ·0.9 1.5 0.10 C
26 1 S~ 5Q.4 19-24.1 155-11.2 13.0 0.6 12 ~7 1.4- 0.05 0.5 0.4 0.05 A

26 ~ 14 4.1 19-1q.8 1515-12.6 4.3 1.5 23 145 4.8 ).12 0.8 1.0 0.25 C
26 7 21 31.1 19-1c).4 155-11.6 B.O* 0.2 13 1'71 5.8 0.08 0.6 0.09 C
26 ., 29 24.4- lQ-19.6 lc;S-11.9 A.O* 0.2 10 218 5.A 0.20 1.3 0.11 C
26 9 24 50.5 19-17.7 155-21.7 8.0" 0.7 7 243 5.4 0.61 3.8 0.18 0
26 13 4 41.4 19-19.2 155-11.7 B.7 0.6 12 241 6.2 0.23 1.4 2.0 0.10 C

15



SU~MA~Y OF SEISMIC EVENTS (CONTyNUED)

1972 ~R MN SEC LAT N LONG W OfPTH t--AG NO GAP OMIN ERT ERH ERl MD Q

NOV 26 17 16 16.7 19-2~.O 155-?2.4 7.1 1.2 18 63 4.2 0.05 0.') 0.3 0.12 8
~6 It) 57 5<).9 19-11.3 155-23.3 3.7 (J.6 10 172 5.3 0.12 .0.8 1.3 0.11 C
t!b 19 32 ~.1 19-59.6 1~5-25.4 11.3 1.1 11 212 14.3 0.16 1.4 1.1 0.11 C
26 22 25 5.5 lq-~3.q 155-17.2 12.5 0.4 15 ~l l.A 0.04 0.5 0'.4 0.08 A
2-' 0 51 7.7 1~-~4.8 155-2';.';? 0.0 1.5 14 139 'J.2 8.11 0.9 15.5 0.19 C

27 1 10 55.8 19-21.7 lS5-2~.Q1 7.5 0.9 1S 15 11.2 0.09 0.7 0.1 0.14 B
21 ~ 19 46.7 19-22.2 155- 3.91 4.4 1.7 16 157 4.5 0.14 0.9 0.8 0.17 C
21 14 35 ~.3 1~-20.2 15S-12.h t\. 1 1.5 18 157 4.2 0.12 O.q 0.7 0.22 C
28 2 5 ::SQ.4 1Y-20.1 1':>5- 8.2 4.8 I.A 19 147 'to.6 0.12 0.9 0.7 0.19 B
211 1 25 3Q.H 19-1Q.3 155- ~.O ~.O* 0.8 5 1'7e ~.4 0.18 1.7 0.10 C

2A ij 2 6.'" 19-19.4 15~-14.0 A.U* 0.6 14 146 5.6 0.17 1.2 0.17 C
28 ~ 52 4°.b 19-19.7 1!:i5-11.9 ~ .1 0.2 15 1bb 5.2 0.07 0.5 1.0 a.OR R
2M 19 47 40.6 1~-lq.9 155-11."1 7.1 0.5 10 212 4.9 0.14 0.9 0.5 0.07 B
2A 21 29 25.2 1~-19.3 155- ~.4 8.0· O.~ 10 l·'~ 5.b 0.11 1.4 0.15 C
29 u 51 40.3 lQ-lR.9 1~5-15.5 9." 0.7 13 191 3.'1 0.13 0.7 1.2 0.08 8

29 1 59 35.0 19-19.8 155-17.0 9.5 0.1 9 193 0.9 0.43 2.1 3.2 0.10 C
29 2 49 42.2 19-21.3 155-25.11 6.7 0.9 12 119 3.6 0.10 1.1 1.8 0.20 B
29 10 21 30.H 1~-23.0 155-?9.2 7.2 2.3 22 62 11.6 0.10 0.5 0.7 0.12 C
29 20 4 16.5 1~-25.5 1~5-S0.1 ~.6 1.5 11 274 25.6 0.26 1.6 1.6 0.12 C
30 14 51 15.8 19-24.3 155-26.0 e.o* 1.0 15 157 8.9 0.17 1.3 0.18 C

30 18 8 2.6 19-24.9 155-?4.8 8.0* 1.0 14 102 8.7 0.08 0.1 0.14 C
OEC 1 3 15 15 •./ 19-31.0 155- 8.1 JO.3" 2.2 9 341 16.0 1.03 13.~ 0.25 0

1 3 10 ~.l 1<J-14.2 155-15.5 6.0 0.8 17 168 3.7 0.12 0.8 0.7 0.17 C
1 5 31 3~.4 lq-24.9 155-27.5 5.2 1.0 17 94 11.4 0.10 0.7 1.0 0.11 C
1 b 53 5.7 19-20.9 15~-13.9 9.0 -0.0 10 1"4 4.5 0.16 0.9 1.8 0.09 B

1 1 41\ 9.4 1~-23.3 155-17.5 12.3 1 .1 19 58 0.9 0.07 0.8 0.6 O.lft B
1 a 25 10.6 lY-23.& 155-~4.41 A.O 2.9 13 20a 14.7 0.23 3.0 2.9 0.15 C
1 8 27 40.1 19-22.4 1~5-59.6 IJ.~o 3.0 11 233 17.5 0.30 2.2 0.14 0
1 12 22 3A.6 lY-21.0 1~S-11.4 5.6 12 201 3.3 0.30 2.3 1.1 0.25 C
1 13 3 24.2 1~-24.3 155-16.6 12.4 1.6 13 73 1.3 0.11 0.5 0.9 0.07 A

1 13 59 lR.2 20- 2.0 15~-35.4 A.1f. 3.1 17 183 22.4 0.20 2.5 3.2 0.20 C
1 14 43 5~.8 19-24.4 155-23.6 5.5 1.6 11 114 6.9 0.16 1.2 1.3 0.19 C
1 19 43 8.1 19-23.6 15S-2J.2 2.6 1.5 18 98 6.1 0.13 0.9 ,J.9 0.23 C
2 1 IH 47.4 1~-2~.5 I~S-24.2 A.O· 12 200 7.9 0.10 0.6 ~\ 0.08 C
2 S I 47.5 1~-24.0 155-16.2 Il.R 2.4 22 56 1.8 0.05 0.6 0.4 0.13 B

2 S 16 32.5 19-23.4 155-?3.4 ~.Oo 9 tA2 6.0 0.07 0.6 0.06 C
2 M 9 20.3 20- 1.2 155-45.41 5.8- 15 156 12.2 0.09 1.0 0.13 C
2 13 19 16.1 19-15.5 15&;-19.2 25.8 2.2 14 160 4.6 0.17 0.9 1.7 0.09 B
2 21 41 10.0 19-24.2 155-~3.A 8.0· 11 192 7.3 0.11 0.7 0.10 C
3 2 53 51.0 19-20.5 1S!i-13.2 ".5 15 150 5.~ 0.1R 1.1 1.3 0.22 C

3 3 30 16.0 19-52.1 155-48." 14.4* 11 178 20.2 0.15 1.5 0.12 C
3 10 59 10.'1 19-1~.4 15~- 9.0 A.O* 0.3 10 176 5.1 0.17 1.4 0.16 C
3 l~ 1f., lO.A 1~-2~.4 155- 0.1 ':J.7 1.5 13 1M3 6.1 O.lA 1.3 1.0 0.18 C
3 12 42 2A.4 19-19.6 1~'5-1~.3 lO.~ 1.9 9 177 3.~ 0.15 0.7 1.4 0.07 B
3 16 1)3 11.6 1'J-2fl.f) 15~-11.8 ft.l 0·.9 18 150 3.4 0.08 0.7 0.4 0.13 R
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SUMMAHY OF SEISMIC EVENTS (CONTINUED)

1972 HR ~N SEC LAT N LONG W DEPTH MAG NO nAP DMIN ERT ERH ERZ ~o Q

OEe 3 18 30 41.4 19-19.3 155- 9.0 A.Oo 1.A 13 178 5.4 0.09 0.8 0.11 C3 1& 57 25.2 lQ-lH.5 155-13.0 8.0* 0.6 Q ?24 8.2 0.20 1.4 0.11 C3 23 2" If,.6 lY-21.0 155-10.5 8.7 1~2 e 214 2.3 0.16 1.2 1.5 0.08 C
4 0 Sb 41.8 lA-53.h 155-2S.h 24.2 1.2 13 303 29.5 1.73 10.2 9.2 0.18 04 2 ~9 12.4 19-19.9 155- 6.Q 8.0" 1.4 12 110 6.6 0.01 0.7 0.08 C

4 4 16 59.8 19-24.4 155-17.1 9.2 1.3 6 10J o.q 0.57 2.0 4.5 0.09 B4 4 18 51.1 19-20.7 lS';-13.4 4.2 0.5 11 172 5.3 0.20 1.0 2.1 0.10 C4 11 20 4(,.0 19-15.6 1~~-?4.B 213.5 n.7 If) 137 A.') 0.30 1.2 2.9 0.11 A
4 14 22 20.9 l'1-~O.l 155- 5.'1 R.O* 0.9 10 165 5.3 0.20 1.9 0.23 C4 14 S5 11.4 19-i!O.1 1~5-16.4 32.3 3.2 24 133 1.7 a.lA 1.0 1.7 0.15 B

4 16 5 48.0 19-20.2 15S-12.1? 1.8 0.2 10 201 4.3 O.IA 1.1 0.6 0.11 C4 17 3B 30.4 1q-19.2 1~5-11.4 5.4- 1.7 12 175 6.4 O.lM 1.4 1.0 0.20 C4 17 42 13.4 19-2n.5 lS~-ll.n t'.o 1.6 18 140 3.9 0.11 0.9 0.7 0.21 C
4 19 7 0.8 19-19.h 1~5-1~.3 10.1 0.9 11 229 5.3 0.39 1.A 2.9 0.10 C
5 J 3~ ::i~.l 19-1Q.6 1~~-11.5 1-'.0* 0.3 11 ??l 5.4 0.13 0.9 0.10 C

5 l~ 16 52.4 19-1~.5 155-)3.4 P.O· 7 2?1 ., .6 0.20 1.5 0.12 C5 21 7 11 .0 19-11.1 155- M.l' t".O· 0.9 11 211 8.2 0.31 2.4 0.25 C
6 H 1 54.5 19-20.A 155-12.4 6.0 1. A 18 1b1 3.1 0.14 1 .1 Q.R 0.?5 C
6 13 4 4R.6 19-24.A 155-23.S 13.0" 1 • 1 12 172 6.9 0.09 0.1 ~:, 0.11 C
b 21 10 41.9 19-10.9 155-32.6 4.3 2.2 13 103 8. -." 0.13 1.0 1.1 0.22 C

6 21 11 50.6 19-17.0 155- 1 • 1 2Q.3 0.9 10 222 24.9 0.49 2.6 4.1 0.11 C7 2 1 ??.7 19-31.8 1~6- 3.q 5~.1 1.7 1 239 35.5 1.78 5.8 17.3 0.05 07 10 2S 2!;.5 19-2f).0 15'5-27.1? R.O 3.0 22 45 Y. "f 0.09 0.5 0.7 0.14 8
1 11 59 4?4 1~-26.3 155-';1.91 5.6 1.5 11 257 19.0 O.3~ 2.S 3.0 0.12 D7 17 12 55.0 19-17.6 15~-lS.4 10.2 0.8 9 226 5.f\ 0.39 2.1 3.2 0.11 ·C

1 lU cs 51.1 19-51.6 15«;-?8.~ R.9 0.7 9 ~70 14.4 2.36 24.2 19.8 0.11 (\
1 ?~~ 1'1 2C;.5 19-1A.~ 15S-12.Q 3.q 1.2 20 11~ 1.2- 0.21 1.2 1.3 0.26 C1 23 41 17.0 19-19.6 155-13.0 H.O'" 0.3 13 184 7.2- 0.18 1.4 0.21 C
8 2 47 7.4 19-20.3 1~5- H.1 4.0 2.4 22 145 4.4 0.16 1 • 1 1.0 0.26 C
b 4 34 53.1 l~~lO.k 155-3~.3 7.4 3.0 21 41 7.1 0.1b 1.0 1.0 O.l2 C

8 5 8 47.0 19-20.9 155-13.6 lq. o. 0.1 8 166 6.8 0.13 1.0 0.13 C8 7 S 28.9 14-20.7 lSS-12.1 6.3 2.5 21 138 3 .... 0.10 0.8 0.6 0.19 8A 7 22 51) .1 19-21.0 155- 4.51 ,.6 1.3 10 130 ..3.4 0.28 2.4 2.0 0.32 C8 "I 2A 31.6 19-24.1 1~5-?4.8 H.O* 0.9 1" 78 7.6 0.11 0.9 0.21 88 11 21 31;.1 19-20.] 155-10.8? ~.2 0.4 10 ?24 j.6 0.62 3.8 2.2 0.18 C

8 11 48 15.3 19-19.3 1~5- 9.e 7.9 10 233 5.1 0.39 2.6 1.4 0.17 08 19 5S 10.5 19-19.7 155-15.3 H.O 14 163 3.8 0.09 0.1 0.4 0.13 C9 6 11 4".5 1~-19.3 15~-14.5 R.O· 0.7 11 lA7 5.3 0.13 0.9 0.13 C9 ~ 30 1~.8 19-13.4 l~~- 0.51 34.1 1.3 .14 249 22.9 0.34 1.8 2.4 0.09 C9 10 7 2.2 19-1A.6 155- t,.2 8.0 0 11 256 9.1 0.59 3.r; 0.21 0

Q 17 38 44.5 19-19.4 1b5-1S.5 6.~ 1.5 19 166 3.5 0.11 O.B 0.(, 0.18 C10 0 44 40.9 19-44.2 1~S-24.C; -28.4 1.3 19 95 7.2 0.16 0.8 1.8 0.09 A10 0 58 6.6 19-10.A 1~5-3".Q f,.O 2.3 13 ~6 7.6 0.19 1.2 1.3 0.23 C10 3 59 45.J 1'1-22.5 155-25.4- 8.0 0 1.2 13 139 '5.6 0.01 o.~ 0.11 C10 10 41:, 5~.1 19-2U.8 1~5-?6.1 6.1 1.0 IS 16 4.9 0.10 0.9 1.0 0.21 R
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SU~MARl' OF SEISMIC EVENTS (CONTINUED)

1912 Hk ~N SEC LAT N LONG W DEPTH ~AG NO GAP DMIN ERT ERH ERZ MO Q

DEC 10 14 S~ 47.3 19-31.0 155-C;J.2 A.O* 0.9 5 344 52.4 0.40 S.O 0.05 0
10 15 48 29.H 19-19.~ 155-11.8 H.l 0.1 8 220 5.6 0.16 1.2 0.6 O.O~ C
10 16 6 19.3 19-1A.4 1!J5-15.2 Q.3 0.3 9 207 4.9 0.27 1.4 ,2.'+ 0.10 C
10 1A 56 26.8 lY-19.9 15~-16.5 A.) 0.4 10 1'78 1.1 0.11 0.8 1.1 0.01 8
10 19 51 1f,. 0 19-19.9 155- 9.1 10.1 0.1 11 1q7 4.0 0.22 2.1, 2.1 0.11 C

10 20 2 7.9 19-20.1 155-14.1 2A.3 0.8 11 1~6 4.A 0.24 1.3 2.1 0.08 C
10 ~l S5 56.\i 19-14.7 1~5-?".'5 J.9 1.5 17 74 10.1 0.10 0.7 1. 1 0.11 C
10 22 53 2".2 1~-19." 155-10.4 A.B 0.9 9 164 2.0 0.20 1.3 2.1 0.10 C
10 23 54 4~.5 19-35.4 155- 9.4 A.Oo 10 241 13.8 O.2~ 1.7 0.11 0
11 2 29 36.6 1~-4().9 154-58.4 49.1 1.9 23 211 21.1 0.36 1.6 3.0 0.12 C

11 :t 3~ 13.0 19-22.A 155-?f!.Q ~.O* 0.2 8 169 4.9 0.08 0.7 0.09 C
11 ~ ]:~ 17.4 1~-24.1 155-?'j.8? O.U 13 14~ ~.4 7.QS 0.9 15.1 0.18 C
11 )j 3~ o.~ 19-11,.3 1~5-?9.0 4.9 9 126 12.3 0.11 1. 1 1.3 0.16 C
11 11 54 4q.6 19-2c.Q 1~5-?ti.e 0.4* 14 127 7.H 0.14 0.9 0.23 C
11 15 ]fo, 1~.9 19-14.1 155- 3.f./ 0.0 11 ?O2 12.2 8.32 1.9 15.4 0.17 C

11 15 43 3Q.~ 19-22.1 155-1°1.1 22.2 12 83 3.2 0.22 1.0 2.1 0.08 B
11 21 51 47.1 19-20.1 is!)- 8.2? 1.8 9 166 4.6 0.15 1.S 1.0 0.11 C
12 6 c; 40.4 19-37.3 155-11.9 14.4* 2.0 23 113 19.2 0.10 O.A 0.14 C
12 13 3H 53.0 1~-2b.4 1~5-23.9 6.Q 1.3 20 66 5.9 0.08 0.1 0.6 0.18 B
13 5 3 49.Y 19-21.3 15~-1f:).4 26.5 1.4 19 142 2.2 0.13 o.e 1.3 0.11 B

13 14 37 A.6 19-1A.5 155-20.8 6.8 1.7 16 113 4.0 0.10 0.9 0.7 0.17 B
13 16 10 5.3 19-1Q.l 15~-13.6 A.O* 9 207 7.0 0.15 1.0 0.11 C
13 16 56 1-;.3 19- 1.2 1~5-20.3 3l.3 14 237 20.2 0.49 2.5 4.2 0.10 C
13 16 51 39.6 19- q.~ 155-?~.7 31.2 12 193 20.2 0.38 2.0 4.3 0.10 C
13 16 59 34.~ 1'l-24.1 1~5-16.3 12.9 1.b 9 144 1.3 0.16 O.b 1.3 0.04 B

13 ~2 7 54.5 1~-14.6 155-28.01 ft.4 12 123 4.0 0.09 1.0 0.8 0.14 R
13 22 18 19.0 19-14.ft 155-30.41 8.9 l.I 14 Ql 1.2 0.10 1.0 0.9 0.19 R
13 i?3 3 21.6 lQ-20.2 155- 8.7 7.7 2.2 ~l 1f,4 4.0 0.12 1.0 0.7 0.17 C
13 23 21 29.6 19-2?6 155-28.1 4.1 1.8 14 58 Y.S 0.16 O.A 1.3 0.21 C
14 1 34 3.4 lQ-lO.1 155-34.01 5.3 2.3 14 104 9.5 0.15 1.2 1.3 0.25 C

14 3 6 51.3 19-20.1 155-]2.4 f) .9 i'.O 22 168 3.3 0.12 0.9 0.5 0.18 C
14 12 )~ 53.0 lQ-1S.3 15S- 'J.~ 31.4 9 ~48 16.0 0.50 2.6 3.9 0.01 0
14 21 48 54.8 19-20.2 155- 7.A A.O 16 20U 4.9 0.25 1.7 1.0 0.16 C
14 23 42 3.5 lQ-~3.3 15';-11.4 4~.4 14 106 3.6 0.40 1.7 ~.6 0.09 R
15 6 17 2Q.~ 19-20.6 1SS-l0.6 27.1i 11 68 4. -, 0.24 1.3 2.5 0.10 B

15 1~ 3 A.4 19-23.0 l55-25.7 7.'" 2.1 20 76 6.7 0.11 0.6 0.7 0.15 A
15 11 2l 12.5 19-20.1 155-1 '~. 7 30.9 1~ 139 5.7 0.37 1.9 3.A 0.1(, C
15 23 3n 5:~.9 19-52.4 155- H.3? 49.7 2.8 23 216 21.5 0.35 1.5 3.2 0.11 C
16 0 5 2.8 19-22.4 155-,3.91 A.S 13 160 4.2 0.18 1.2 2.9 0.14 C
16 4 28 41.0 19-12.1 155- 4.A? 0.0" 11 ?76 20.5 0.78 4.4 0.30 0

16 A 4'; 20.2 19-20.5 lS5-l4.7 ~.2 14 1H3 4.0 0.11 1.0 0.9 0.15 C
16 l~ 14 JA.6 2()- ~l • " 1~6-:~7.5 4.-' ::t.O ~2 ?4B 81.0 0.35 2.~ 3.0 0.17 0
11 2 7 20.d 19-21.1 1~5- ?1? 1.4 13 213 13.7 1.Q7 1.7 6.9 0.16 C
17 7 4A 40.1 19-23.0 155-23.2 A.4 1.A 17 53 5.1 0.05 0.5 1 • 1 0.12 A
17 1 S~ A.3 19- 0.8 155-29.1 14.1 0 15 230 19.2 0.30 2.5 0.20 0

18



SUMMARY OF SEIS~lC EVfN1S (CONTINUED)

1972 H~ MN SEC LAT N LONG W DfPTH MAG NO GAP DMI.N ERT ERH ERZ MO Q

OfC 17 12 SA 8.4 19-20.3 155-11.0? f.4.3 ·1.9 11 217 3.8 0.14 0.9 0.5 0.10 C
11 13 51 lQ.7 1~-19.2 155-47.1 4.7 1.0 10 169 10.9 0.15 1.5 1.5 0.10 C
11 16 ? 30.1 19-11.0 1~5- 7.0? 0.0 1.6 19 219 10.b 5.47 1.6 10.1 0.24 C
17 18 1~ S{).O 19-15.4 1~5-?o.7 7.6 2.8 18 150 I.R 0.15 1 • 1 0.8 0.23 C
17 2J. 0 5~.~ 19-20.3 155-12.1 11.2 1.2 9 217 5.1 0.41 2.2 3.0 0.11 C

18 3 10 59.2 19-20.5 155-17.3 7.0 0.5 11 1?7 0.7 0.21 1.4 1.0 0.18 B
18 3 35 ~.9 19-19.0 155-13.4 7.8 0.5 15 213 6.6 0.14 0.9 0.4 0.11 C
18 5 34 2&;.9 19-25.4 155-24.11 7.3 1.2 18 62 7.2 0.05 0.6 1.8 0.13 B
1M 10 14 30.1 19-20.5 155-13.2 S.1 13 lAO 3.1 0.20 1.2 1. 1 0.19 ClR 10 IS 31.4 19-47.4 155-23.4 27.9 3.0 21 109 12.1 0.24 1.3 3.6 0.16 ij

18 16 46 43.2 lQ-19.b 155-13.3 8.0* 9 199 6.8 0.12 0.9 0.11 C
18 19 43 48.8 1~-20.3 1~5-11.0 ~.3 11 159 3.9 O.OQ 0.7 1.4 0.08 B
18 l3 53 57.4 19- 6.1 155-25.5 40.A 13 201 7.~ 0.46 2.2 4.6 0.12 C
19 3 23 3A.2 19-23.6 155- 3.31 2.A 10 114 6.9 0.20 1.4 2.4 0.26 C
19 J 2A 27.'+ 1~-20.7 15~-12.3 8.0 0 11 lR5 4.Y 0.10 0.7 0.07 C

19 3 29 13.7 19-~O.& 155-41.8'" 3 .1 2.9 17 109 lO.~ 0.12 0.8 1.0 0.11 C
19 3 34 3.3 19-20.6 155-24.61 A .1 13 130 2.3 o. 11 1.1 1.1 0.18 B
19 4 32 q.~ 19-20.5 15~-19.H 1.1 1.3 10 109 4.3 0.11 O.S \0.7 O.OS A
19 15 6 51.9 19-?3.~ 15S-?3.4 f4.0* 10 )'A 1 6.1 0.12 0.9 .\, 0.13 C
19 20 5 43.9 19-21.9 lSS- 6.0 3.1 0.8 9 12" 6.5 0.17 1.4 1.9 0.22 C

19 20 '57 24.9 1(j-33.4 155-'54.9 9.2 1.3 12 251 34.0 0.34 2.5 2.5 0.15 0
lq 22 l~ ~~.7 19-1q.4 15~-12.~ A.UO 1.h 10 20H 7.1 0.19 1.3 0.14 C
20 0 l~ 1.7 19-2 1• • t. !~5-17.Q 'f. H 1.3 1 III 2.0 0.31 0.7 2.2 0.05 R
20 0 23 52.3 19-23.3 15~-1".~ 13.1 1.5 20 51 0.2 0.05 0.7 O.~ 0.12 B
20 0 30 44.7 19-23.4 155-11.0 11.8 0.8 1~ 6M 0.1 0.10 1.0 1.0 0.15 B

20 0 43 24.3 1~-24.t' 15~-11.2 4.3 1.2 5 106 2.3 0.09 0
20 0 ~H 37.3 19-?O.~ 1~5-1~.q O.H 0.1 e lU9 4.4 0.08 0.3 0.4 O.Of. A
?u 8 ? 2.3.0 19-21.1 1!)~-12.~ 4.9 0.1 11 131 o.a 0.10 0.5 1.1 0.10 ~
20 8 3A ~.6 1Y-21.9 1~~-25.6 4.1 0.1'4 14- 70 ').2 0.12 1.0 1.6 0.26 C
20 9 J4 4Q.5 lq-1H.B 155-16.3 ~O.4 2.4 22 143 3.0 0.12 O.A 1.2 0.12 B

20 13 42 5".0 19-20.2 155-12.3 A.1 5 281 7.6 0.03 0
20 17 32 59.2 19- 9.6 155-41.2 1.7 3.2 21 128 12.1 1.32 1.0 4.7 0.23 C
20 21 31 22.2 19-5A.5 155-46.51 0.0 2.1 15 ?O9 17.0 0.49 1.2 O.R 0.12 C
21 0 21 11.8 19-21.9 155-13.1 4.6 ~ 159 1.3 0.22 0.9 2.1 O.I~ C
~1 15 16 3".5 If:l-23.9 155-29.0 6.3 1.4 16 86 12.1 0.06 0.5 0.5 0.12 R

21 16 11 49.3 19-23.7 155-28.9 5.5 I.A 14 88 11 • -, 0.11 0.9 1.2 0.20 C
21 19 29 13.7 19-22.2 15~-13.1 4.6 0.4- 10 150 o.~ 0.11 0.6 1.1 0.09 B
21 21 16 49.b 20- -'.4 l5S-'i2.0 33.8 3.0 28 26-' 9.1 0.37 2.0 3.1 0.14 C
21 22 42 2.4 1<j-2~.4 lSS-r,6.5 1.2 3.1 23 211 24.0 0.38 1.3 1.5 0.15 C
22 11 311 2.8 19-23.9 155-23.4 4.6 1.3 12 171 6.9 0.13 0.9 1.3 0.14 C

22 17 53 4?b 1~-19.2 155-13.5 q.o* 0.9 13 193 7.1 0.12 0.9 0.12 C
22 21 55 1 .8 lq~1~.1 155-12.1 1.A 1.3 19 165 5.2 1.48 1.0 5.4 0.25 C
22 2~ 17 2?1 19-23.5 15S-?2.31 2.5 1.0 12 154 4.5 0.28 0.6 0.9 0.12 C
23 2 9 23.b 1~-19.1 155-13.8 8.0* 0.£1 12 ?04 6.6 0.16 1.1 0.15 C
23 2 45 29.9 19-21.7 15~-15.1 10.6 1. 1 b 206 1.9 0.22 0.9 1.6 0.05 B
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SUM~AHY OF SEISMIC E""ENTS (CONTINUED)

1912 HH ~N C;EC LAT N LON(~ W D£PTH MAG NO GAP OMIN ERT ERH ERZ MO Q

DEC 23 ~ 13 21.2 19-19.2 155-18.2 3J.O 0.7 16 113 2.2 0.21 1.1 1.9 0.11 B
23 C-J 4 51.1 19-34.0 155-59.1 44.9 5.2 27 IRA 20.3 0.19 ,1.0 2.3 0.13 C
23 'l 11 59.8 19-34.2 155-~8.5 51.2 3.1 21 24b 19.4 0.42 1.7 ,3.3 0.08 C
23 16 11 ~.8 1'J-t!1.~ 155-?9.h 4.0 O.q 17 '60 10.1'\ 0.09 0.7 ~.O 0.19 C
23 16 31 2.e 19-19.6 15~-IJ.8 7.5 1.3 ~l 144 5.5 0.08 0.6 0.4 0.13 B

23 16 32 3?7 lY-IA.8 155-13.4 ~.O* 0.8 14 214 6.9 0.15 0.9 0.10 C
23 lH ~4 h.5 1Y-19.1 155-13.5 ~.O* 1.0 11 2"M 6.11- 0.12 o.a 0.10 C
23 20 29 7.b 19-1~.A 155-13.6 A.1 1.3 17 175 6.9 0.11 0.8 0.5 0.11 C
23 20 52 42.1 19-18.6 155-13.4 H.O* 0.1 e 21~ 1.6 0.17 1.2 0.11 C
23 22 10 2Q.t3 19-20.?,l:>S-11.9 11.4 1.4 11 20!) 4.4 0.21 1 .1 2.3 0.08 C

24 0 17 20.4 19-43.1 1~5-46.9 27.4 1.9 9 120 6.8 0.20 1.2 2.5 0.04 B
24 7 15 3q.5 lq-17.7 155-17.q A.O* O.B 13 2:i 7 ~.9 0.?2 1.4 0.11 0
24 8 47 11.4 19-20.6 155-1~.5 3.1 10 101 3.8 0.23 0.6 2.2 0.08 8
24 10 43 .~.l 19-33.4 155-59.~ 47.3 4.8 26 222 21.9 0.30 1.3 2.8 0.11 C
24 22 49 29.3 1~-23.9 lSS-lS.1 4.0 1 • 1 11 131 l.4 0.20 0.7 1.4 0.10 8

2~ 0 40 1.2. '1 19-1 Col. " l~S- 7.9 .1. t! 1.8 21 173 5.5 0.16 1.0 1.0 0.24 C
25 I) 5M 3.5 1~-lq.3 15S-12.Q? 0.0 1.~ 17. lq3 1.4 A.Ol 1.5 15.1 0.29 C
2S 1 30 2j.h 1\j-l to). '7 l'i5-?O.Q 4~.Q 1 .1 9 257 5.1 2.31+- 1.'2 10.2 "0.12 D
cS 2 Sq 19.4 J q-4t~.6 15'5-?2.7 32.U 1.5 21 113 (i.e) 0.18 0.9 2.0 0.10 B
25 &;: 2& 42.9 19-30.2 1~C)-4".5 f\.9 1.a 18 141 18.S 0.72 0.9 5.2 0.15 CJ

1'5 ~ 3F4 4.4 19-1q.~ 155-13.6 b.4 1.~ 16 1147 6.5 0.16 1.1 0.9 0.19 C
215 6 3 23.3 1q-2~.4 155-23.7 t'." 1.0 l~ 95 4.1 0.08 0.7 0.7 0.18 B
2s 7 1 47 •.:~ }~-lA.~ ]55-15.~"i q.o 0.1 12 192 "3.A O.?2 1.4 2.4 0.16 C
25 1 17 31. Of 19-~4.b 1S~-11.·3 ~.2 ).3 ., 90 0.6 0.28 1.0 2.2 0.06 B
2~ II 31- 3~.H 1'1-23.~ lS5-?~.5 10.7 1.3 13 115 s.a 0.09 0.5 1.3 a.OR A

2'; 22 11 11 .1 19-34.1 l~b- 0.1 47.3 3.5 27 22~ 22.4 (J.31 1.6 3.4 0.12 C
26 2 3 lQ • .3 19-1?2 J~5-1 ] .4 A.Oo 0.3 12 214 Ib.S 0.36 2.2 0.25 C
?h t!. f\ 51.A }9-26.2 1~5-2".A 7.q 1 • 1 19 6M 9.1 0.10 O.b 0.7 0.13 B
26 ~ 3~ l?l 14-24.~ 15~-16.:i lQ.h 16 12 2.8 u. l:i 1.0 1.6 0.14 R
26 ltl ~ 43.f~ 1(J-2~. to' 155-2&.6 ~.o 2.5 22 84 6.1 0.10 0.1 0.8 0.20 C

~" 1~ 13 2P.1 19-30.3 155-50.6 H.~ O.A 12 2?"/ 2b.7 0.35 2.3 2.8 0.20 C
i!6 21 1 3t!.4 1<.1-21.0 1~5-1o.3 31.0 1.7 1~ 121 2.6 0.15 0.9 1.5 0.12 B
27 ts 0 11 .:1 lCo1-t!4+.2 15S-1S.E' J .1 1.0 7 11 ? 2.4 0.10 0.3 \1.1 0.04 P
?7 1n 3(J 3~.S lCl-lA.O !S~-14.2 14.~ 8 2?3 6.R 0.19 1.1 1.7 0.05 C
27 20 lk 23.2 lQ-20.S l':;S-lS.l 10 .... 1.q 10 13~ 3. 'f O.2i! 1.9 2.4 O.lA C

21 20 40 l."i 1~-20.f, l~ti- 11.1 7.3 o.~ 9 1~7 4.1 0.13 1.3 0.8 0.15 C
2~ 1 11 1~.~ 1~-2CJ.4 !~'j-13.1 H.O*-O.O 11 10J b .1 0.11 0.8 0.10 C
2q :3 Sl Q.5 19-24.2 1~S-?4.0 7.4 O.B 11 124 1.5 0.07 o.f, 0.6 0.11 R
~~ ~ 43 40.9 i9-I'!H.9 155-3'~.51 32.2* 1.2 (, 174- 2. '1 ~.2j 1.40 0
2~ 4 ~~ 50.1 1~-21.4 155-1J.3 II.S 8 1"8 S.o 0.26 0.7 2.4 0.05 C

29 1 34 30.~ 1'J-2~.7 l~S- 2.21 2.7 1 .0 a 141 ~.3 O.2~ 2.3 2.8 0.29 C
~~ 14 ';4 24.t 1~-24.3 J~~-l-'~."? o.() 1.1 11 163 a.t' 7.99 1.0 15.1 0.14 C
?y ~j 3,' 3&J.t! 1~-,~ 1 .2 l~~- f.O i".J 1.8 14 lab 5.2 0.16 1.3 1.6 U.20 C
30 j 3:-4 ~4.n l"'-lo.~ 155-1.3."1 6.J 1.5 18 160 6.2 0.13 0.9 0.7 o.l~· C
30 11 4'. 41.] l·~-lA.l 1~S-\2.8 H.l 1.7 \4 ??7 ~.o 0.22 1.4 0.6 0.13 C
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SUMMA~Y OF StlS~lC F..VEr·04TS (CONTJNlIE'O)

1972 HK ~'~J ~EC tAT N LONe; W DEPTH MAG NO Bf\P DMIN EPT f:RH ERl MO Q

DEC 30 14- 4~ n.t) lY-lf';.A 151;)-1.3.2 1.9 2.-5 22 1~2 b. -, 0.10 0.7 0.5 0.13 C
30 l~ 3/. 52.4 1<.J-IH.6 155-13.3 'i.f.J 12 l~l 7.A 0.21 1.4 1.1 0.19 C
30 lB 42 S}.4 ItJ- q.6 155-2~.~ 47.3 19 131 1.7 0.38 1.6 3.4.0.14 8
~l (, ~7 36.3 1~-21.9 15S-?S.S 2.9 15 IfJb 6.3 0.17 1.0 2.0 0.19 C
31 l+ () 5::1.4 14-24.'5 15S-2h.7 ~.O* l.~ 12 248 ~.~ 0.21 1.2 0.09 0

31 1~ 3-' 5?f, 19-20.1 155- A.~ 4.2 ?2 20 165 4.1 0.14 1.0 1.0 O.lq C
31 ~l !iH 11 .3 19-2S.6 15~-21.6 1j.5 1.4 13 143 4.0 0.10 0.7 0.8 0.15 A

Table 3. Felt earthquakes

I2.~te Tir18 Magnitude Felt report
ti- M S

l,Tov 17 09 29 3J.9 3.7 Kurtistown, Hila
19 07 L}! 37.4 3(10 ·South Kana
19 17 39 53.8 3.6 Hila
19 18 05 02.1 3.0 Kamuela

Dec 1 13 59 18.2 3.1 Kamuela, Ahualoa
4 14 55 11.4 3 .. 2 Kapapala

17 18 16 50.0 2.8 Kapapala
21 22 42 02.4 3.1. Kailua'-Kona, Kealakekua,

Kainaliu
23 09 04 51.1 5.2 Kana, Kau, Naalehu, Volcano,

Waimea, Puako, and on the
Island of Maui

23 09 11 59.8 3.1 Kealakekua
24 10 4J 05.1 4.8 Kona and on. the Island of

Oa,llu
25 22 08 11.3 3.5 Kana and on the Island. of

Oa11u
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Figure l.--Plot of epicenters 1n the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Table 4. Seismometer stations in Hawaii operated by the U. S. Geological Survey.

STATION NAME CODE LAT-N LONG-W ELEV TYPE CAL veo RADIO REMARKS
AHUA AHU 19 2'2.40 155 15.90 1070 3 6.0 2380
CONE PEAK CPK 19 23.70 155 19.70 1038 3 1.34
DESERT DES 19 20.20 155 23.30 815 3 1.34
ESCAPE ROAD ESR 19 24.68. 155 14.33 1177 3
HALE POHAKU HPU 19 46.85 155 27.50 3396 1 5.6 1360 RF6
HILINA PALl HLP 19 17.96 155 18.63 707 1 6.0 2040
HUALALAI HUA 19 41.25 155 50.32 2189 1 5.2 1700 RF4
KAAPUNA KAA 19 15.98 155 52.28 524 1 5.5 1020 RF12
KAHUKU KHU 19 14.90 155 37.10 1939 1 5.7 1700 RF3
KAPAPALA RANCH KPR 19 16.40 155 26.70 610 1 6.5 1700 RF1
KEANAKOLU KKU 19 53.39 155 20.58 1863 1 4.8 2380 RF7
KIPUKA NENE KPN 19 20.10 155 17.40 924 3 1.34
KOHALA KOH 20 7.69 155 46.77 1166 1 1.5 2380 RF2
MAUNA LOA MLO,19 29.80 155 23.30 2010 1 6.5 1360
MAUNA LOA X MLX 19 27.60 155 20.70 1475 3 1.34
MAKAOPUHI MPR 19 22.07 155 9.85 881 1 5.7 2720 RF5
MOKUAWEOWE0 MOK 19 29.28 155 35.98 4104 1 6.5 2040 RF3
MOUNTAIN VIEW MTV 19 30.25 155 3.75 409 1 6.2 680 RF8
NORTH PIT NPT 19 24.90 155 17.00 1115 3 1.34
OUTLET OTL 19 23.38 155 16.94 1038 3 5.0
PUU HULUHULU PHH 19 22.45 155 12.66 988 3
PUU HONUAULA PHO 19 28.90 154 53.40 215 1 6.5 2720 RFI
PUU PILI PPL 19 9.50 155 27.87 35 1 4.4 1360 RFll
SOUTH POINT SPT 18 58.91 155 39.92 244 1 7.8 2040 RF7
WAHAULA WHA 19 19.90 155 2.92 29 1 6.0 680 RF9
WALDRON LEDGE WLG 19 25.49 155 15.69 1067 3

OPTICAL SEISMOGRAPHS
HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HALEAKALA NS HAN 20 46.00 156 15.00 2090 0 1.0 Wood-Anderson
HILa Z HIL 19 43.20 155 5.30 20 3 1.0
HILa EW HIE 19 43.20 155 5.30 20 a 1.0 Wood-Anderson
HILO NS HIN 19 43.20 155 5.30 20 a 1.0 Wood-Anderson
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z UWE 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 15-90 Press Ewing
UWEKAHUNA PEE 19 25.40 155 17.60 1240
UWEKAHUNA PEN 19 25.40 155 17.60 1240
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Table 5.--Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/
sec and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are trans~itted

on audio FM carrier over cable or FM radio link to HVO.

Type 2. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical or horizontal component seismometer.

b) 3.5 Hz galvanometer with appropriate shunt resistances for
critical damping. System is poorly calibrated.

Type 3. Consists of:

a) EV-17 Electrotech EV-17 (as described above), Hall-Sears HS-IO
0.5 sec. period moving coil seismometer or Observatory
built 0.8 sec. period moving coil seismometer with
HVO-built solid state seismic preamplifier (voltage
gain, 200X) , direct signal transmission over cable to
HVO and HVO-built solid state amplifier and galvanometer
driver, or Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification approximately
40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, coupling factor
0.25, 2X critically damped. Peak magnification
approximately 1500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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Figure 2.--System response curves for the Wood-Anderson torsion
seismograph and for the four different types of seismometer
amplifier (or galvanometer) combinations in use by the
Hawaiian Volcano Observatory.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordi
nates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and east. A one~

unit change in coordinate corresponds to a tilting of 1 microradian
(1 rom per km) in the direction indicated.

Location data on each ti1tmeter station are listed in Table 7,
Sunnnary 65.

Table 6.--Tilt Coordinates at Uwekahuna,

October, November, and December 1972

Date N-S E-W Date N-S E-W

Oct. 1 726 326 Dec. 3 722 318

8 726 323 10 722 317

15 725 323 17 722 318

22 726 323 24 721 317

29 725 321 31 721 319

Nov. 5 724 320

12 724 319

19 723 317

26 723 318
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Table 7.--Tilt coordinates and changes at bases around Kilauea caldera. (See Fig. 3)

Tilt base Date
(1972)

Tilt
N-S

Coordinates
E-W

-6Rate (10 rad/mo)
and direction of
tilting since
last reading

Date of last
reading

(1972)

Uwekahuna (U on fig. 3) 5 Dec 746.3 353.5 0.87 S3l.9°E 5 Jun

N Tree Molds (TM) 5 Dec 580.3 483.2 0.45 S 8.4°E 5 Jun
'-J

Sand Split (SS) 6 Dec 1022.4 726.1 3.06 S13.OoE 6 Jun

Mehana (M) 5 Dec 612.5 601.7 0.40 N19.2°E 5 Jun

Keamoku (Kea) 5 Dec 777.6 228.2 3.09 S30.9°E 8 Jun

Ahua Kamokuk01au (Kam) 6 Dec 376.1 535.6 3.30 N2~.OoW 6 Jun

Kipuka Nene (KN) 7 Dec 279.9 498.5 0.31 N29.4°W 7 Jun

Hilina Pali (HP) 7 Dec 457.6 487.2 0.32 N66.0oW 7 Jun

Kapapa1a Ranch (Kap) 6 Dec 480.2 523.1 0.50 N82.4°E 8 Jun



~

TILTING RATE 1.0 X 10-6 RADIANS/MONTH

5KM

Figure 3.--Tilting of the grourid around Kilauea Caldera. The vector
depicting tilting at a given tilt base points in the direction of
maximum relative subsidence, and its length is proportional to the
rate of tilting during the measurement interval. Closed circles
repl~sent field tilt bases; open circles, short-base watertube
tiltmeters~ See Table 7 for explanation of abbreviations.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

Traditionally the Hawaiian Volcano Observatory (HVO) summaries
have been published on a timely basis as a quarterly report. In recent
years, howQver, the common occurrence of voluminous sets of earthquake
data has resulted in a backlog of the routine processing. As a result,
expediency required the publishing of summaries for 1974 as one volume.
Conveniently this minimized repetitive publishing of certain tables and
illustrations. Convenience and cost advantages led to a decision to
adopt a policy for preparation of future summaries on a yearly basis.
As it seemed appropriate, this first annual edition includes a summari
zation of the parameters used in routine earthquake data processing for
the last five years. It is hoped that the information presented will
help the user of the summary better understand the data set. Published
seismic summaries are intended to be preliminary in nature and are not
to be interpreted as final results. The primary aim of this summary
is to function as a guide or reference for more detailed studies of both
seismic and strain data gathered by the Hawaiian Volcano Observatory.

Publication of this summary represents a group effort by the HVO
staff and members of the National Center for Earthquake Research.
Noting that the summary number nearly corresponds to the year, we
have used summary number 74 for 1974 data. There will be no
summary 73, and future summaries will be numbered serially.
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CHRONOLOGICAL SUMMARY

by

J. P. Lockwood, D. W. Peterson, and R. I. Tilling

During the first quarter eruptive activity was entirely confined
to the Mauna Ulu satellitic lava shield along Kilauea Volcano's upper
east rift zone. The sporadic fountain activity which reappeared in
Mauna Ulu's summit crater last December 13 continued until January 24.
when 60 m-high fountains quickly filled the summit crater and fed
overflows which travelled more than one kilometre to the southwest.
This strong eruptive phase only lasted one and one-half d~s, during
which time Kilauea's summit (as monitored by the east-west component
of the Ideal-Aerosmith tiltmeter) deflated by five microradians.
Immediately after the strong Mauna Ulu eruptive activity of January 24
and 25, Kilauea's summit began a sharp re-inflation. Five days later
(29 January). high fountaining resumed at Mauna Ulu and was accompanied
by deflation of Kilauea's summit. This phase lasted 24 hours, after
which the summit again began a sharp re-inflation. A pattern was thus
established. consisting of Kilauea summit inflation. followed by a
short-duration Mauna Ulu eruptive phase accompanied by sununit deflation.
Additional strong Mauna Ulu eruptive phases began on February 1, 8. and
14 and March 17 and 23. Each deflation of Kilauea's summit, which
generally started about the same time as the onset of eruptive activity
at Mauna Ulu. and each subsequent re-inflation, again substantiated the
well-documented relation between the magma storage chamber beneath
Kilauea's summit and the rift zone eruptive vents. Eruptive activity
along the rift zones relieves the pressure within the magma reservoir.
resulting in summit deflation.

Between major eruptive episodes activity persisted at Mauna Ulu but
at greatly reduced rates. Irregular bursts of spatter and short lava flows
issued sporadically from various vents located along a N65E-oriented zone
across the summit shield. In March a steep-sided symmetrical cone about
20 m high was constructed above the site of the former summit crater by
this localized activity. During episodes of Mauna Ulu overflow, lava
accumulated in the topographic saddle between the Mauna Ulu shield and
Puu Huluhulu to the north and formed a circular perched lava pond bounded
by natural levees. Repeated flows gradually raised the surface of the
pond, and lava lapped progressively higher on Puu Huluhulu's south slope.

Beginning on March 5. lava began to be extruded quietly but steadily
from vents east of the summit cone. This lava constructed a complex lava
tube system on the south flank of Mauna Ulu, which fed flows that travelled
about four kilometres southward. almost to Poliokeawe Pali, by the end of
March.
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Eruptive activity was restricted to the Mauna Ulu satellitic lava
shield on Kilauea Volcano's upper east rift zone during the second quarter.
On 2 April, the tall, symmetrical cone located above the site of Mauna
Dlu's former summit crater collapsed, forming a small pit crater whose
bottom was filled with actively circulating lava. Lava continued to issue
quietly from vents east of this pit crater and constructed a lava tube
system that fed a lava flow which cascaded over Poliokeawe Pali, four
kilometres south of Mauna DIu, on 3 April.

During April and May, Mauna DIu's summit pit crater enlarged by
frequent small rockfalls from the steep and overhanging crater walls, to
an ENE-SSW elongated pit about 60 x 85 m diameter. In April, the summit
lava lake at the summit crater filled to the rim several times and lava
flows poured small distances down all sides of the Mauna DIu shield.
~ese brief overflows did not develop the tube systems required to trans
port lava far from the Mauna DIu vent, with the result that the repeated
flows piled up near the source and the height of the Mauna Ulu shield
increased substantially. During most of May, no overflows occurred from
the crater atop Mauna Ulu, but the lava column was tapped by flank openings
to the east and south. Persistent flows from these openings allowed a
tube system to develop, and lava cascaded over Poliokeawe Pali on 30 April
and reached the top of Holei Pali by 7 May. Thereafter, surface flows
stopped, and the top of the lava column remained well below the crater
rim. On 29 May, however, an abrupt deflation of Kilauea's summit began,
and the Mauna Ulu crater rapidly filled to overflowing. During May 30
June 1 Mauna Ulu erupted copious volumes of lava, and lava fountained
to heights of 20 m height and cascaded down all sides of the shield. By
June I, lava had travelled about 9 km to the south, cascaded over
Poliokeawe and Holei Palis, and had reached within 3 km of the sea.

Early on 2 June the Mauna DIu overflows stopped, and the summit area
of Kilauea began to reinflate. The lava lake in Mauna DIu's summit crater
subsided to about 40 m below the crater rim, and profuse fuming began to
obscure the lake surface much of the time. The crater walls were largely
overhanging, and a series of concentric cracks developed around the crater
as much as 25 m from the rim.

At the end of the second quarter the highest point on Mauna DIu
(south rim) stood 120 m above the pre-1969, pre-eruptive ground level.

Third quarter activity at Mauna DIu lava lake, largely obscured by
fume, progressively declined following the copious overflows of May 29
June 2. Circulation of the lake became increasingly more sluggish, as
the lake surface continued to subside, descending to about 40 m below the
rim by mid-July. During this desultory activity at Mauna DIu, however,
the summit region of Kilauea, remained highly inflated.
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At about 0400 of July 19. the seismic alarm was activated by a
sharp and sustained flurry of earthquakes centered near the southern
part of the caldera and the upper east-rift zone. The onset of the
earthquake swarm coincided with the beginning of a significant deflation
of the summit region; initially the sudden change in the state of the
volcano was not accompanied by harmonic tremor. Strong tremor, however,
began about 1030. when the rate of deflation also markedly increased.
Lava broke out about 1230 from several fissures in and near Keanakakoi
Crater and within the southeastern part of Kilauea caldera (south of
the August 14. 1971. fissures). New lava partly filled Keanakakoi and
Lua Manu Craters and covered much of the August, 1971 lava on the
caldera floor. Keanakakoi had last received lava in 1877, and no lava
had entered Lua Manu in historic times. Activity in and near Keanakakoi
stopped by evening of July 19, but moderate fountaining from the caldera
floor fissures persisted until July 22 when all eruptive activity ended.
The eruption) accompanied by a summit deflation that measured 18
microradians at Uwekahuna, produced approximately 10 x 106 m3 of lava
(Tilling and others, 19(5). During or shortly after this eruption. the
lava at Mauna U1u completely drained, exposing rubble-filled crater floor.
Harmonic tremor in the area also ceased, signaling the end of the virtually
continuous activity that began December 13. 1973.

No Hliveil lava was visible anywhere on Kilauea throughout August and
much of September. Summit reinflation, however, proceeded and tilt data
indicated a gradual southwestward shift of the center of inflation. About
0120 on September 19, with little premonitory seismic activity, lava broke
out in 100 m-high fountains from N 55 E-trending fissures in Halemaumau.
Shortly afterward, the fissures extended southwestward across Halemaumau's
floor and climbed its west wall. As the fissures continued their south
westward advance across the caldera floor, fountains in Halemaumau
diminished noticeably. At the peak of activity. lava from the caldera floor
was cascading into Halemaumau, while more lava was plunging into Halemaumau's
deeper central pit.

All activity ended about 0930. Drainback of lava was accompanied by
reinflation of the sumnit region, which continued until the end of the
quarter. The brief sharp, pre-eruption inflation "spike" was about 18
microradians as measured at Uwekahuna vault; the deflation associated w~th

the eruption was rou~lly comparable in magnitUde. A total of 10.9 x 10
m3 of lava was erypted in less than half a day, mostly within Halemaumau,
of which 4.8 x 106 m3 drained back into the vents. The drainback left
Halemaumau with a prominent lava-subsidence terrace ("bathtub ring") 9 m
above the crust of the lake, the maximum depth of which is about 10 m.
The crust continued irregUlar overturning until the morning of September 22.

Seismicity at Mauna Loa, which increased markedly in April, 1974,
continued at moderately high levels throughout the third quarter. To better
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monitor Mauna Loa, two additional radio-telemetered seismic stations
were installed at its summit, and three lines were added to the summit
geodimeter network.

Volcanic eruptions were lacking at Kilauea during most of the
fourth quarter, although both Halemaumau and Mauna Ulu's summit crater
emitted unusually dense fume clouds. Frequent and sometimes continuous
noises of falling rocks at Mauna Ulu suggested that the crater was
widening and possibly deepening. During early October, Kilauea's summit
inflated rapidly, still rebounding from the deflation that accompanied
the September 19 summit eruption. Later in October, the rate of
inflation moderated, and slow but steady inflation continued throughout
November and almost to the end of December.

On December 7 a dramatic increase in the number of Mauna Loa summit
earthquakes began. The earthquake swarm, 10 days long, peaked on
December 15 w~en nearly 1,500 quakes were recorded; several quakes were
felt throughout the island. Geodimeter and level lines in Mauna Loa's
summit region were remeasured, and results showed that inflation, first
detected several months earlier, was continuing at an increased rate.
By December 17, seismicity returned to a "normal" level, but this episode
added to the possibility that Mauna Loa might be awakening from its
quarter-century-long slumber.

Kilauea again returned to the spotlight as its gradual summit
inflation reached extremely high levels, indicating engorgement of the
shallow magma reservoir. When the frequency of short-period caldera
earthquakes exceeded 1,000 per day in late December, including several
that were felt locally, conditions seemed ripe for eruptive action. At
02:55 on December 31, lava fountained from a new fissure in the Ka'u
Desert about 2 km south of Halemaumau. Additional eruptive fissures
opened toward the northeast and southwest and ultimately spanned a
length of about 4 km. Individual fissure segments varied from a few
tens to 600 m in length; the N. 700 E-trending segments defined a zone
that trended N. 45 0 E. Fountains averaged 30-40 m in height and reached
a maximum height of 100 m. Activity waned beginning about 05:00, first
at the northeastern end of the fissure system and then progressively
decreased toward the southwest; all eruptive activity ceased about 08:50.

The December 31 flows f~oo~ed an area of about 7.5 km2 ; the volume
of new lava is about 15 x 10 m if an average flow thickness of 2 m
is assumed. Some flows advanced as much as 13 km from the vent fissures,
reaching a point 3 km south of the Kamakaia Hills. The eruptive fissures
lie in a wedge-shaped block between the KOBe rault system and the
southwest-rift zone--an area lacking prior historic activity. The
eastern end of the eruptive zone is 2 km south of Halemaumau, and the
western end is about 1 km northeast of Puu Koae.
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The eruption was preceded, accompanied, and followed by considerable
Kilauea summit deflation. During the height of the activity, from 02:00
to 04:00, deflation rates of 11.4 ~ ~adians per hour were recorded at
Uwekahuna. Seismic activity also was intense. Even though visible
eruptive activity had ceased after about 6 hours, sharp deflation and
the earthquake swarm continued into the new year.
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SEISMIC INSTR~mNTATION

The netvork. The Havaiian Volcano Observatory has installed and maintains
an extensive telemetering seismometer netvork on the island of Havaii.
In January 1974 the seismometer network consisted of 33 telemetering
vertical high gain short period (1 sec.) stations spread over an area
with a diameter of 125 kilometres (Fig. 1). The coverage is most complete
on and around the main center of seismic and volcanic activity, Kilauea
Volcano. During August 1974 tvo seismometer stations vere established
qt the 4048 meter level on Mauna Loa to form a three station network with
station MOK. Other stations in the netvork are part of a larger net
located on other volcanoes of the island of Hawaii. With the exception
of HIL, all seismometer signals from the short period netvork are tele
metered to the observatory for recording.

The telemetering is via hardwire for stations nearby, or over VHF
radio vith the use of preamp/voltage controlled oscillators for distant
~r inaccessible stations. As many as B different audio carrier frequen
cies betveen 680 Hz and 3060 Hz, with a constant bandwidth of ~125 Hz,
can be frequency multiplexed via either hardwire or VHF radio. Though
preamp/voltage controlled oscillators used in the network are constructed
0f discrete components or integrated circuits, the response character
istics are identical and conform to the N.C.E.R. definition of a
standard high gain short-period seismometer station (Type I, Table 1,
Table 2). For telemetering ~ore than 15 kilometres or vhere direct
wiring is impractical, FM-VHF radios function as a link between stations
and the observatory. The radios are conunercially obtained handie-talkie
units modified for continuous transmission at 100 milliwatts of rf output.
The operating frequencies of the radio links fall in the range of 163-
173 MHz. Together the preamp/VCO and VHF transmitter consume approxi
mately 800 millivatts of power. Less than 600 millivatts is required for a
station where lov powered integrated circuits are used.

Most stations are housed in a 1.2m long x 0.6m vide x 0.3m high
covered concrete tile boxes for protection from weather and vandalism.
The boxes contain air polarized primary cells, preamp/VCO, and if used,
a VHF transmitter. Seismometers are normally buried 25-35 meters from
the box. For most VHF stations 6 element Yagi antennas are utilized. The
sites are located on the basis of:

(1) geometric relationship to the rest of the net

(2) seismicity

(3) line of site for Fl4 radio telemetry

(4) accessibility

Placement of the stations has the objective of providing Kilauea Volcano,
Mauna Loa, and the entire island vith a uniform coverage of seismometer
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TABLE l·Seismometer Stations in Hawaii operated by the U. S. Geological Survey, 1974.

Old New
Station Name Code LAT-N LON-W Delay ELEV VCO Type/Cal Change TYpe/Cal

AHUA AHU 19 22.40 155 15.90 .06 1070 2380 3 6.0 74/09/23 1 3.8
AINAPO AIN 19 22.50 155 27.62 .33 1524 1020 1 6.0 74/10/30 1 8.5
CAPTAIN COOK CAC 19 29.29 155 55.09 .15 323 1360 1 6.0 74/08/26 1 3.3
CONE PEAK CPK 19 23.70 155 19.70 -.04 1038 1700 3 1.34 74/11/20 1 3.5
DESERT DES 19 20.20 155 23.30 -.10 815 680 3 1. 34
ESCAPE ROAD ESR 19 24.68 155 14.33 .01 1177 1360 1 6.0 74/08/20 1 1.7
HALE POHAKU HPU 19 46.85 155 27.50 .42 3396 2720 1 5.6 74/09/18 1
HILINA PALl HLP 19 17.96 155 18.63 .18 707 2040 1 6.0 74/10/21 1 2.5
HUALALAI HUA 19 41. 25 155 50.32 .58 2189 1700 1 5.2 74/08/13 1 5.3
KAAPUNA I<AA 19 15.98 155 52.28 .00 524 1020 1 5.5 74/10/04 1 6.0
KAENA KAE 19 17.35 155 7.95 .15 37 2380 1 6.0 74/09/03 1 2.2
KAHUKU KHU 19 14.90 155 37.10 .08 1939 1700 1 5.7
KAPAPALA RANCH KPR 19 16.40 155 26.70 .05 610 1700 1 6.5 74/09/17 1 4.33
KEANAKOLU KKU 19 53.39 155 20.58 .86 1863 2380 1 4.8 74/09 1 2.3
KIPUKA NENE KPN 19 20.10 155 17 .40 .07 924 1360 3 1. 34 74/09/04 1 5.0
KOHALA KOH 20 7.69 155 46.77 .21 1166 2380 1 1.5 74/09 1 3.2
M12 MI2 19 23.69 155 18.45 .02 1116 2040 1 6.0 74/02/06 none
MAUNA LOA MLO 19 29.80 155 23.30 .24 2010 1360 1 6.5 74/10/21 1 11.8
~tAUNA LOA X HlX 19 27.60 155 20.70 .27 1475 1360 3 1.34 74/12/18 1
HAKAOPUHI HPR 19 22.07 155 9.85 -.01 881 2720 1 5.7
MOKUAWEOWEO MOK 19 29.28 155 35.98 .28 4104 2040 1 6.5 74/08/28 1 7.5
MOUNTAIN VIEW MTV 19 30.25 155 3.75 .17 409 680 1 6.2
NATIONAL GUARD NAG 19 42.12 155 1.72 .63 18 1360 1 6.0 74/10/03 1 8.5
NORTH PIT NPT 19 24.90 155 17.00 -.06 1115 680 3 1. 34 74/11/21 1 9.0
OUTLET OTL 19 23.38 155 16.94 .02 1038 1360 3 5.0 74/11/11 1 4.15
PAU PAU 19 22.62 155 13.10 -.06 994 2040 1 74/11/13 1 3.8
POLIOKEAWE PALl POL 1917.02 155 13.47 .10 169 2720 1 6.0 74/09 1 3.0
PUU HONUAULA PHO 19 28.90 154 53.40 .03 215 2720 1 6.5 74/10/08 1 4.8
PUU PILI PPL 19 9.50 155 27.87 .24 35 1360 1 4.4 74/09 1 2.2
RIM RIM 19 23.90 155 16.60 .02 1128 1020 1 6.0 74/10/02 1 1.1
SOUTH POINT SPT 18 58.91 155 39.92 -.07 244 2040 1 7.8 74/08/23 1 4.8
SOUTHWEST RIFT SWR 19 27.26 155 36.30 .14 4048 1020 none 74/08/22 1 11.1
SUMMIT CABIN SCA 19 28.20 155 35.08 .30 4048 1700 none 74/08/22 1 11.5
WAHAULA WHA 19 19.90 155 2.92 .06 29 680 1 6.0 74/09/03 1 3.66
WALDRON LEDGE WLG 19 25.49 155 15.69 -.02 1067 2380 3 74/08/26 1 2.2

Optical Seismographs

HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW RAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS llAN 20 46.00 156 15.00 2090 WA 1.0
HILO Z MIL 19 43.20 155 5.30 .64 20 3. 1.0
HILO EW HIE 19 43.20 155 5.30 .64 20 WA 1.0
HILO NS MIN 19 43.20 155 5.30 .64 20 WA 1.0
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWE!<AHUNA Z UWE 19 25.40 155 17.60 .06 1240 3 0.7
I_'\.'EKAHUNA Z USZ 19 25.40 155 17.60 .06 1240 4. 1.0
l:WEKAHUNA EW USE 19 25.40 155 17.60 .06 1240 4. 1.0
L'WEKAHUNA PEZ 19 25.40 155 17.60 1240 PE
~KAHUNA PEE 19 25.40 155 17.60 1240 PE
U1,.,'EKAHUNA PEN 19 25.40 155 17.60 1240 PE
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Table 2.--Seismic Instrumentation Types
(Type 2 instruments have been discontinued.)

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/sec.
and 0.8 critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator
or a USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to
HYO. USGS Model J302 was introduced in 1974.

Type 3. Consists of:

a) EV-17 - Electrotech EV-17 (as described above), Hall-Sears
HS-lO 0.5 sec. period moving coil seismometer or
Observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic
preamplifier (voltage gain, 200X), direct signal
transmission over cable to HVO and HVO-built solid
state amplifier and galvanometer driver, or
Observatory-built electromagnetic seismometer
with 2 Hz galvanometer. Peak magnification
approximately 40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers
(E-W) with 1.5 sec. galvanometers, coupling factor =
0.25. 2X critically damped. Peak magnification
approximately l500X at 2 Hz.

Experimental type amplifier systems are not given type numbers.
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stations. Figure 1 and Table 1 give the station locations and
instruments for 1974.

Recording. FM signals from both hardwire and VHF radio receivers are
tied in to the discriminator rack where the various carrier signals are
demodulated. Analog seismic signals are recorded on one of two develo
corders that are capable of recording up to 18 channels of data on 16mm
film, plus 2 channels for timing. Data for approximately 24 hours are
recorded on 48m of film. The signals are placed on film in the order
that best facilitates the preliminary evaluation of earthquakes from
known seismic sources. Combinations of signals from ideally located
stations are selectively recorded in successive order to monitor the
most important seismic zones of Hawaii. The combination of key signals
are placed on the master recorder designated as the A Develocorder.
The processed film obtained from the A Develocorder is scanned to
select and read well-recorded earthquakes, and to prepare daily counts
of small earthquakes from the various persistent seismic sources to
serve as an index of seismicity. Arrival times of quakes larger than
about magnitude 2 are also read for stations recorded on the B Develo
corder. Six key stations are also recorded on smoke drums (at 6Omm/
minute) for rapid daily assessment of seismicity around Kilauea.

Develocorder records are read on a film viewer with 20x magnifi
cation. Arrivals are read to the nearest 0.05 second. The recorded
arrival times, amplitudes (where readable), and other key data are
routinely sent to N.C.E.R. in Menlo Park for computer processing.

In addition to the standard stations, optical seismographs are
maintained at U\oIekahuna, Hilo, Maui, and on Oahu (Kipapa station operated
by Honolulu Observatory). The less sensitive short period records are
used primarily for S data, and amplitude measurements for magnitude
calculations to supplement readings on the 16mm film strip.

At HVO a master clock is used for timing all seismograph records.
The clock is a crystal controlled chronometer with solid state counters
having outputs for hour, minute, and second marks. The drift rate is a
few milliseconds per day. At least once a day WWVH is recorded on all
timing channels on the develocorders so a time correction can be applied
to all seismic data. A time code generator with Irig-C and Irig-E code
was installed in the later part of 1974 for timing magnetic tape recorders.

Seismo ra h s stem res onse. The standard system response (including
develocorder response and system magnification are shown in Figure 2.
The dashed curve, with its amplitude scale to the right of the figure,
represents the total system response exclusive of the geophone. This
curve is determined by putting a 100 microvolt RMS sine wave signal into
a preamp/VCO at an electronic gain of 4000 at specific frequencies and
subsequently reading the absolute peak to peak amplitudes on a 20x film
reader. System parameters are:

12
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Figure 2. System response curves for a standard Hawaiian Volcano
Observatory seismograph system. Solid curve (scale at left) represents
the total unit magnification for a system. The dashed curve (scale at right)
represents the electronics and recording response (veo to Develocorder
galvanometer). The dotted curve is the response of the purely electronic
portion of the system (veO to discriminator).
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VCO deviation

Discriminator output

~12SHz for ~S volts d.c.

+2.0 vdc for +125 Hz deviation
plus 6db/octave high cut filter
on output

Discriminator-galvo RC coupling -- R = 24,000 ohms 1% tolerance
C = 8 microfarads, S% tolerance

Galvonometer free period .091 sec.

3 db points for the system are approximately 0.6 Hz and IS Hz. Response
characteristics for the electronics of the system are determined by
filtering in the preamp/VeO, filtering of the discriminator output, RC
coupling to the develocorder galvonometer and by the response of the
develocorder galvonometer. Variations in RC components and individual
galvonometer responses contribute to small differences in system response
from trace to trace.

The peak response for the electronics is very close to 5 Hz, hence
to determine the total electronic gain of a specific station, a 5 Hz sine
wave calibration signal is periodically applied at the seismometer input
of the preamp/VCO to determine the sensitivity of the electronics at
individual stations during routine maintenance (damping resistor networks
for the seismometer are bypassed). The system magnification (solid curve,
Fig. 2) is determined from the theoretical output of a standard
seismometer and the electronic response of the system. Average constants
assumed for the theoretical output of the seismometer are:

Free period

Loaded motor constant

~Damping

1 second

0.5 volt/em/second

0.8 critical

Seismograph system calibration. During the summer of 1972, seismometer
parameters were determined for 25 EV-17 seismometers used in the HVO
network. Electronic responses for 15 standard systems (Type 1) were
verified. Input impedances for type 1 electronic units were fixed at
4000 ohms and an appropriate resistor network was installed at each of
these sites to adjust the loaded motor constants of all seismometers to
O.S volt/em/sec. Eleven stations classified as type 3 or experimental
were not calibrated. During 1974 all stations except DES were converted
to the standard system. Low powered CMOS JE302 preamp/VCO units (Van Schaak,
1975) were introduced into the network. The new units were designed to
operate from a small mercury battery power pack. Current re~uirement is
200 microamps at ~5 volts d.c.

14



Magnitudes calculated by the location program HYPOMAG, a modified
version of HYPOLAYR (Eaton, 1969), require knowledge of the sensitivity
of standard stations relative to the Wood-Anderson torsion seismograph.
Amplitude readings from Develocorder records are reduced to the
equivalent amplitudes that would have been read on the seismogram from
a Wood-Anderson seismometer if located at the site of the more sensitive
seismometer (Eaton, et al., 1970). Table 3 lists the four different
instrument response arrays that are used for the seismometer network.
The values given are the log (base 10) values for the ratios of unit
responses for types 1, 2, 3, and 4 to the responses of the Wood-Anderson
seismometer. Figure 3 is a graphic comparison of type I, 3, and 4
responses to the response of the Wood-Anderson seismometer.

The 5 Hz calibration signal put in at 10, 100, and 1000 microvolts
rIDS levels is reduced to a 10 microvolt equivalent for obtaining the
calibration factor (CAL). The CAL factor represents the peak to peak
value of the sine wave record (read in mm on a film viewer with 20x
magnification) produced by the 5 Hz signals. Each system response in
Table 3 and Figure 3 assumes a station calibration factor of 1.0
(normal CAL for an electronic gain of 1000x). To obtain the approximate
magnifications for each station at frequencies above 3 Hz the log (base 10)
value of CAL and the log (base 10) of 2800 are added to the unit log
response values from Table 3. Fo.!: example, at 10 Hz MLO has an approxi
mate magnification of l,230,O~0: 109102800 + 10glO 6.5 + 1.83 = 10910
1,230,000.

Most of the network stations were changed or recalibrated during
1974. Table 1 lists the date of change, and both instrument type and
CAL factor before and after the change. Minor changes in CAL factors
may not be listed if they are less than 20%. Response curve and magnifi
cation for system 4 is similarly determined from calculated and experi
mental values.

15



Period (sec)

10 6 ~ ---,1T-0_5T-_2T--r1-..:01',5,-..:01',2-..:01'.1_0""1'05,,-.:.0',.02::...,001',0_' -,

c
0

0

10'u-c
'"0::;

1O'

.-._._._._.-
,.... Wood - Anderson

.I: .,. ..
,,,' w.

e)" -••
'Ow 'O.
I .

•• Type 4

o,~o;-,-L-L..LLL.J.';!o!;,,_LJ-LLll"T,_LJLLLll~I~O-L-L.LLll.c:I"!;OO;;-L-L.L.LJ.J;'i\:,ooo

Frequency t Hz 1

Fig1lre 3. --System response curves for the Wood-Anderson torsion
eismogranh and for the 3 different types of seismometer
~plifier (or galvanometer) combinations in use by the
Havaiian Volcano Observatory.
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FREQ. PERIOD TYPE 1 TYPE 2 TYPE 3 TYPE I·

0.013 79.432 0.0 0.0 0.0 0.0
0.016 63.095 0.0 0.0 0.0 0.0
0.020 50.118 0.0 0.0 0.0 0.0
0.025 3CJ.810 -1.300 -0.690 -0.~50 -0.290
0.032 31.623 -1.060 -0.580 -0.350 -0.200
O.O~O 25.119 -0.870 -0.480 -0.250 -0.110
0.050 19.952 -0.620 -0.380 -0.150 -0.030
0.063 15.8~9 -0.390 -0.290 -0.050 0.050
0.079 12.589 -0.140 -0.180 O.O~O 0.120
0.100 10.000 0.250 -0.080 0.1~0 0.180
0.126 7.943 0.300 0.020 0.2~0 0.230
0.158 6.310 0.390 0.120 0.330 0.260
0.200 5.012 0.500 0.210 0.~30 0.210
0.251 3.981 0.600 0.300 0.510 0.280
0.316 3.162 0.700 0.390 0.600 0.260
0.398 2.512 0.790 0.~70 0.670 0.230
0.501 1.995 0.880 0.5~0 0.1~0 0.190
0.631 1.585 0.960 0.620 0.190 0.120
0.19~ 1.259 I.O~O 0.680 0.8~0 0.050
1.000 1.000 1.100 0.7~0 0.890 -0.030
1.259 0.794 1.150 0.780 0.940 -0.100
1.585 0.631 1.210 0.840 1.000 -0.160
1.995 0.501 1.280 0.900 1.060 -0.200
2.512 0.398 1.360 0.950 1.110 -0.240
3.162 0.316 1.450 0.980 1.140 -0.280
3.981 0.251 1.540 0.990 1.150 -0.330
5.012 0.200 1.630 0.970 1.140 -0.390
6.ll0 00158 1.710 0.930 1.110 -0.460
1. 9~3 0.126 1.180 0.810 1.060 -0.530

10.000 0.100 1.830 0.780 1.000 -0.620
12.589 0.079 1.800 0.700 0.920 -0.710
15.849 0.063 1.180 0.620 0.840 -0.800
19.952 0.050 1.680 0.540 0.750 -0.890
25.119 O.O~O 1.510 0.~60 0.660 -0.990
31.623 0.032 1.340 0.370 0.510 -1.090
39.810 0.025 0.0 0.290 0.~10 -1.190
50.118 0.020 0.0 0.210 0.310 -1.290
63.095 O.Olb 0.0 0.130 0.0 0.0
79.432 0.013 0.0 0.0 0.0 0.0
99.999 0.010 0.0 0.0 0.0 0.0

Table 3.--System Response Arrays - Log Magnification.
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TILT INSTRUMENTATION

In addition to the seismic network, a network of spirit-level tilt
stations (dry), borehole tiltmeters, and water-tube (wet) tilt stations
is maintained. The network is located primarily on Kilauea Volcano with
ongoing work to establish stations on the summit of Mauna Loa and its
rift zones. In December 1974 the tilt network at Kilauea Volcano
consisted of:

a) 31 dry tilt stations

b) 3 borehole tiltmeters

c) 10 water-tube (wet tilt stations)

d) 1 continuous recording Ideal-Aerosmith

Dry tilt and wet tilt stations are routinely occupied once quarterly,
although dry tilt stations are occasionally occupied more often. Borehole
tiltmeter data are telemetered via audio carrier by VHF radio or cable.
Frequency multiplexed signals are demodulated for analog recording at the
Observatory. An Ideal-Aerosmith mercury-pool capacitor-type tiltmeter
(1m base) is located at the Uwekahuna vault, and the analog signal is
recorded at the Observatory.

18



DATA PROCESSING

Routine processing of Hawaii earthquake data consists of several
steps. These are:

a) Computer coded reading sheets are shipped to the National Center
for Earthquake Research for keypunching.

b) After punching and verification, the data is used in a location
program for what is called a first run.

c) First run computer output is sent back to the Observatory for
retiming of what appear to be poor readings.

d) computer cards for retimed readings are corrected and the
earthquake data are subject to one or two more passes through the
location program.

Summary cards containing earthquake parameters are part of the computer
output on the final run (stored on disk file or magnetic tape). Line
printer plots for first motions are also obtained. Printed outputs
from the final run are sent back to the Hawaiian Volcano Observatory.
When processing for one year is complete phase cards are loaded on to
magnetic tape for final location and subsequent analysis. Copies of
magnetic tapes and original phase cards are stores at N.C.E.R. Computer
output from all final location runs is put on microfiche (48x reduced).
Copies of microfiche for 1974 and subsequent years are available for
inspection at HVO and at NCER in Menlo Park.

During the last 5 years two different location programs have been
used. From January 1970 to December 1973 HYPOMAG was used for the
routine processing. A switch to HYPOELLIPSE (Lahr, in prep.) was made
for data beginning January 1974. In this time period 3 different models
have been used in the location programs. These are:
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From January 1970 to December 1970

Velocity Depth Thickness
La,.yer km/sec km km

1 3.9 0.0 3.1
2 5.0 3.1 8.1
3 6.8 11.2 3.6
4 8.25 14.8

From January 1971 to 1973

Velocity Depth Thickness
Layer km/sec km km

1 1.8 a 0.8
2 3.1 0.8 1.4
3 5.2 2.2 5.8
4 6.8 8.0 5.5
5 8.25 13.5

From January 1974 to present

Velocity Depth Thickness
L~er kID/sec km km

1 2.00 0 .80
2 3.25 .80 1.20
3 6.00 2.00 3.50
4 6.40 5.50 4
5 5.30 9.5 3.5
6 8.30 13.00 1000.00

Station corrections (station delays of Table 1) determined by Klein
(unpublished) were applied to 1974 data.

The Hawaii data set will often include phase cards for unlocatable
distant even~ and for which no solutions are pUblished in the seismic
summary.
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SEISMIC SUMMARY

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall in two categories:

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph) •

2) Distant earthquakes originating more than 3.000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes. daily counts of
earthquakes and minutes of tremor recorded by seismographs in Havaii
are listed in Table 4. The earthquakes are separated in groups on the
basis of region of origin as detennined by the analysis or records
obtained daiJy at the Observatory (OWE. MLO. MLX. AHU. DES. NPl'. WPl'.
MPH. KMO. OTL).

Computer locations of well-recorded events are listed in Table 5.
The location of each seismograph station is listed in Table 1, along
with a description of the equipment at each station.
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Table 4.--Number of earthquakes and minutes of tremor recorded on seismographs around Kilauea.

Tremor is separated into three categories: Deep, Intermediate, and Shallow, on the basis of relative

amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to

be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea Summit 30 kID, earthquakes from about 30 km beneath the suomit

region; Kilauea Summit long-period, earthquakes characterized by low-frequency waves from inter-

mediate depths roughly 5-10 k:m. beneath the stunmit region; Kilauea Sunnnit Shallow, earthquakes

from within a few kID beneath the caldera region; SW Rift and Kaoiki, earthquakes along the

southwest rift zone of Kilauea and the adjacent portions of the Kaoiki fault system; Upper East

Rift, earthquakes from the upper east rift zone of Kilauea; Koae, earthquakes from along the

northeast-trending Koae fault system south of the caldera; Lower East Rift, earthquakes from the

lower east rift zone of Kilauea; South Flank, faults on the south flank of Kilauea; Mauna Loa

L-P, earthquakes characterized by low-frequency waves from Mauna Loa volcano; Mauna Loa S-P

earthquakes from within a few kilometers beneath the summit of Mauna Loa; Offshore PPL,

earthquakes from mostly offshore areas south of Puu Pili station.
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Earthquakes

Tremor
(m = minutes Kilauea Swnmit Kilauea Flank

Date
h = hours)(1974 ) SW Rift Upper Lower Off-
Inter- Long and East East South shore

Deep mediate Shallo'W 30 KM Period Shallow Kaoiki Rift Koae Rift Flank PPL Remarks

January 1 9m 64 259 13 34 5 1 4 5
2 9m

.., >,
25 254 16 66 5 5 8 2." ..,

3 ~" 24 264 8 94 610m 15m
+' .~ 2 5 21 2

4 15m 3m • oo.., 2 2? 266 23 105 7 2 ,
"5 30m 5m • 0 66 147? 9 47 6 2 1o , •

6 0 16 269 7 30 2 5 5H'-<O 1 9
7 3m

o .-< >
49 261 12 20Pi ~ 'rl 19 51 1

8
,,-" ..,

6 84 413 15 49 2 5 3" .", 429 18 40 89 11m? o 0 H 2 113 2 12 5
10 11m

..c·M III
424 8.., 2 90 31 1 7 9o ,

11 • oo.-< 3 149 619 35 52 5 2 39 2
12 11m o • " 187 36 4 37 2'" 0 2 915 20 1.. H •

38 4 413 o 0 1 717 13 13 15 1
14

H 0 ,
2 28 782 14 23 6 2 20 1o '" •, • " 769 8 2, 15 9m 0'" 1 30 7 20 3 20

16 H @.. 28 7 35 2415m .., 0 2 509 3
17 20m? .,0" 37 370 8 43 1 2 25 1
18 30m 9m o '" , 314 39 3 2''M :l ~ 53 5
19 5m "''''0 54 367 4 36 3 2 4 3«l -r-! -.-I

20 17m ' .-< " 120 465 14 41 3 2 2 4.., " 1
o iii -"21 , .., 1 110 691 21 28 6 1 11 3.-< ."

1161 4 6 422 .. H , 1 7031 25 21 50
1066 8 2 223 , ffi 0 2 99 20 19 1

24 o '" 458 4 10 MAU station12m rl l-< ·rl 27 5 1.., 0
186 7 2 6 2 overrun by25 0 0 1 19 5 2

26
+> ..c 'rl

33 228 13 1 12 4' Mauna DIu lava;.,0 1 15
Q) -.-I U

27 3m ..,-" 1 42 347 14 8 2 1 19 replaced by·, .28 23m H , 0 127 579 22 23 11 2 17 1 PAU.
0..,'"

29 3m ", ... 30 532 9 8 4 1 3 2o .rl ;:::l

30 " H 0< 20 124 13 10 5 3 2 1
31 42m? 1 102 254 19 10 4 2 19 1

N
W



Tremor
Earthquakes I

Date
(m = minutes Kilauea Swnmit Kilauea Flank

(1914 )
h = hours) ,

SW Rift Upper Lower Off-

j Inter- I I
Long and East East South shore

Deep Imediate Shallow 30 KM Period Shallo..... Kaoiki Rift Koae Rift Flank PPL Remarks I
, .,

I Increase of !ebruary 1
, '" ., 3? 12 I 345 5 16 5 2 3?
I r"2 5m +-' .~ 1? 25 115 11 16 5 3 2 , 2? Mauna Loa L-P 1

3 I .. ., 21 , 220 10 2 2 , 1 10
,

I quakes during I
4 37m I ~ ~ ~ 69? I 318? 161 I II?

, I5m 0 1 I 117 I 3 15? 1 the month.

5 25m " ,.; 0 4 88 401 12 21 11 6
I 0"; > i I I6 p., ell .,....( 122 534 11 28 I 5 9 5?, "''' .,7 85m' " . '" 62 497 I 22 15 9 I 5 12 , 1? I"8 o c " 3? 59 I 249 13 15 I 1i

2 9 1..c .,....( <ll

9 15m ., 0 " 16
,

209 31 12 2 ' 5 1

I I I

10 .a~ s 11 228 12 19 , 3 3 21 1 !
11 3m h 0 1 16 324 15 21 I 6 6

,
« " •

1
. c " 41

,
65112 7m

h 0 "
1 23 25 2 1 5

13 12m ~:~ 2 811 I 878? 197 26? I 7? 1 9? 1, 14 3m 2? 87 i 356? 6? 2? 3 47, " c « I
17? I

., • 0 246 16
,

15 20m 11 5 1 I

16 7 "'0'" 51 466 I 10 12 1
c '" "17 4am 'rl ::I ~ 1 24 526 I 21 17 1 1 1.,.,c

16 11m oj 'rl 'rl 2 96 916 19 19 2 4 6 2
" rl '" I19 24m ., '" 2 62 1306 11 14 4 2 11 2

20 18m? g a:S 16 1061 11 11 3 3 9 2?,.; '"21 « " ) 13 1160 16 6 1 1 11 10
22 8m 11m ) • 0 30 1391 23 16 4 2 14

00'"
23 44m 4m ,....; M ..... 25 1237 19 15 1 11 2?., "
24 0 c 1 26 1123 26 17 3 2 16 2+-' ..c: -rl

25 43m "'0 67 1064 18 15 5 4 1
l1J'rl ()

26 5m 6m
.,,,

1 49 1013 19 13 2 4 13 1., .
21 3m 3m " , 0 1 25 1354 7 12 3 6 12

~~-a26 30m'? O·,-t ;::l 2 23 1065 10 16 3 2 11 1
>: " 0<

N
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Earthquakes
Tremor

Date (m = minutes Kilauea Sununit Kilauea Flank

(1974 ) h = hours)
SII Rift Upper Lower Off-

Inter- Long and East East South shore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Flank PPL Remarks

iMarch 1 5m
.,

2 1235 20 24 C 2 2 Intermittent..
2 8m ~ 84 1235 11 41 7 4 small flurries

"3 ., 2 21 1623? 15 44 1 3 4 of MaWl& Loa.
4 • 1 24 1694 18 37 7 2 2 L-P quakes•5 • 23 1131 25 27 10 1 4 1 during the
6 " 2 39 537 9 14 3 8 3 month.•
7 " 1 26 490 20 13 3 2 2

"8
,

1 51 671 16 26 8 3 8
9 10m 37m 1! 108 987 16 47 6 6

10
.,

22 858 16 22 5 9 4
11 14m • 26 1055 17 21 3 5 120

12 24m " 1 35 1554 26 17 2 4 7..
13 42m " 1 29 1182 17 17 5 7 15
14 10m 0 1 19 1714 18 41 6 10 12

~ •15 3m • 1 12 1761 20 34 5 1 14 1
"16 11m
.,

33 1408 30 45 5 9 23 1
17 9m ':i 2 16 789 12 25 8 1 13 2
18 • 18 361 20 18 1 14 1>
19 12m? 0 1 61 332 18 41 4 2 8
20 5Om?

.,
2? 34 438 32 43 4 1 6

21 6m • 1 51 633 17 21 5 2 24.,
22 25m 3m • 17 278 19 22 3 3 6

"23 3m • 2 208 7 427 6 3 21'"24 3m g 17 25 233 19 60 2 1 64
25 10m? '" 67 66 409 15 40 15 1 37 3
26 c 27 56 458 32 35 20 2 28 4

"-27 60m 5m .. 1 1901 302 34 68 10 1 28 4?
28 11m 17m

,
2 158 384 15 30 1 5 18.,

29 3m u 35 188 8 27 7 4 2"30 5m? 2m .... 20 239 7 29 12 2 3 2"-
31 4m 9 286 15 27 2 31

N
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I ::::arthquakes
Tremo~'

(m = minutes Kilauea Summit Kilauea Flank Mauna Loa
Date h = hours) , ,

(1974)
Long I SW Rift Upper Lower Off-

Inter- and East East South shore
Deep mediate Shallow 30 KM Period Shalloy Kaoiki Rift Koae Rift Flank L-P s-p PPL Remarks

April 1 31m 24h 1 12 266 11 16 16
2 24h 6 171 8 22 16 1 1
3 24h 1 5 201 15 12 2 2 18
4 3m 24h 1 4 156 14 15 16 1 1
5 24h 1 30 216 30 38 4 5 6 il6 24h 2 13 402 20 45 6 2 2 2
7 24h 18 438 23 41 6 8 3 1 15 KH-ll
8 6m 24h 11 342 13 18 3 2 11 1 15 K11- 2
9 9m 24h 17 434 11 28 1 14 1 1 15 KM- 1

10 24h 3 32 716 18 41 8 4 7 15 2
11 24h 53 789 29 48 9 5 3 7
12 25m 24h 22 444 12 18 7 1 2 1
13 45m 5m 24h 23 218 5 24 5 1 2 3 15 KM- 1

~ 14 7m 24h 19 411 24 62 2 2 3 2
" 15 24h 2 16 501 23 25 8 1 4 1 2

16 24h 4 14 288 11 38 12 2 6 5
17 4m 24h 7 12 360 13 32 2 2 11 3 1
18 24h 6 506 15 44 19 1 2
19 24h 15 388 14 57 5 4 13 6 1 15 KM- 1
20 425 15 Smoked record

count
21 24h
22 52m 24h 1 9 405 15 23 2 17 1 15 KM- 5
23 24h 8 224 6 31 5 2 27 15 KM- 6; Po......er

failure 1221-0042
24 24h 1 19 395 24 45 11 2 11 35 3 15 KM- 3
25 24h 12 286 9 36 2 3 20 4
26 6m 20m 24h 31 328 6 18 1
27 38m 24h 34 217 8 11 1 1 8 15 KM- 4
28 24h 1 10 272 18 22 1 1 7 2 1
29 4 42 377 16 36 15 7 22 12 2
30 2m 24h 1 5 236 16 21 1 2 11 1 41

I - ~ I -
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Earthquakes
Tremor

(m = minutes Kila.uea Summit Kilauea Flank lJIauna Loa
Date h = hours)

(1974) SW Rift Upper Lower Off-
Inter- Long and East East South shore

Deep mediate Shallow 30 K}l Period Shallow Kaoiki Rift Koae Rift Flank. L-P S-P PPL Remarks

"'.ay 1 24h 2 188 11 19 5 2 20 2 23 2
2 24h 1 1 245 9 7 1 2 11 18
3 24h 3 15 331 29 28 3 2 6 38 5 15 KM- 1
4 24h 43 615 31 36 9 1 8 38 4 15 KM- 4
5 24h 1 25 518 19 9 1 10 2 7
6 24h 1 76 591 22 37 7 4 20 16 2
7 24h 39 514 26 18 6 5 5 17 1
8 24h 7 380 19 17 1 10 1 112
9 3m 24h 144 359 14 25 4 12 29 15 KM- 1

10 24h 1 495 279 15 7 2 3
11 12m Ih 24h 311 290 8 12 4 2 4 15 KM- 1
12 4m 23m 24h 189 503 9 54 2 2 12 4 14

~
13 14m 24h 2 43 520 12 64 4 2 8 3 15 KM- 2
14 36m 12m 24h 4 26 626 16 74 2 1 14 2
15 11m 24h 52 775 23 81 10 3 2 10 14 4
16 47m 5m 24h 69 1567 11 80 8 6 18 1 5 15 KM- 5
17 6m 24b 36 879 4 64 7 1 23 6 15 KM- 2
18 28m 24h 237 640 12 67 9 1 18
19 18m 24h 107 1203 14 58 12 2 18 4 15 KM- 2
20 10m 24h 124 622 19 81 8 2 71 15 KM-ll
21 7m 24h 1 75 1135 37 153 13 1 153 1 15 KM- 2
22 9m 24h 31 952 38 123 7 1 79 5 15 KM- 4
23 6m 24h 2 22 592 47 114 5 5 56 4
24 24h 14 1297 42 26 9 9 7
25 24h 16 1348 27 42 11 1 7 2 15 KM- 2
26 6m 24h 8 995 24 39 10 9 5
27 20m 23 1350 12 96 14 1 54 1 1 15 KM- 3
28 19m 24h 26 1179 9 146 9 53 5 15 KM- 3
29 5m 24m 24h 1 73 825 10 185 31 39 2
30 20m 24h 2 36 376 18 80 5 1 25 15 KM- 7
31 24h 135 168 41 16 8 3 8 3 2

N
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Earthquakes

Tremor

Date
(m = minutes Kilauea Swnrnit Kilauea Flank Mauna Loa

(1974) h = hours)
ISW Rift Upper Lower Off-

Inter- Long and East East South I shore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Flank L-P s-p PPL Remarks

June 1 24b 2 194 140 26 16 10 13 1 2 15 KM- 2
2 16m 24h 150 212 8 17 1 1 8 1 15 KM- 1
3 9m 24h 1 39 219 25 10 2 9 1~ I 3 15 KM- 1
4 10m 16m 24h 58 189 25 38 9 1 12 4 15 KM- 2
5 24h 1 62 231 45 38 5 I 5 ;1 2
6 6m 24h 1 69 290 26 33 12 1 14 3
7 220m 24h 50 289 22 5 3 1 3 8
8 5m 24h 40 263 7 3 6 1 3 6
9 25m 24h 19 399 15 12 1 6 4 2 15 KM- 1

10 10m 24h 61 483 15 14 7 15 KM- 1
11 7m 24h 215 723 10 27 2 16 ,
12 17m 24h 1 127 468 15 22 3 6 2 2
13 4m 2 183 267 13 64 4 10 1

0
14 24h 44 308 69 4 8" 21 3 1 1
15 5m 28m 24b 1 122 402 22 87 16 2 1
16 10m 24h 128 957 26 64 13 3 9 53 37 2
17 5m 24h 34 618 10 68 3 20 20 1 15 KM- 1
18 24h 2 14 540 650 67 16 7 1 15 KM- 1
19 6m 2 27 682 2382 71 10 4 8 36 4
20 7m 24h 7 620 353 56 5 23 1
21 2m 24h 41 624 209 24 5 2 8
22 24h 7 1181 203 51 7 16 7
23 24h 1 29 818 144 40 4 1 16 2
24 10m 2 50 1106 282 101 12 6 7 1 15 KM- 1
25 5m 24h 19 519 97 52 5 12 16
26 14m 24h 11 423 67 39 2 1 18 13
27 1 40 712 163 94 12 13 47 112 1
28 11m 50 525 137 113 16 2 11 48 3
29 7m 189 480 84 86 19 1 7 19 92 3 15 KM- 1
30 3m 143 472 70 52 14 15 17



Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa

(1974) h = hours)
SW Rift Upper Lover Off-

Inter- Long and East East South shore
Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Flank L-P s-p PPL Remarks

July 1 1 234 335 102 95 10 13 20 125 1 15 KM- 1
2 5 221 461 92 12 5 5 19 4 15 KM- 1
3 24h 221 151 31 6 1 16 15 KM- 1
4 24h 208 251 24 16 5 1 10 15 KM- 2
5 1m 108 168 30 12 5 1 11
6 92 342 49 11 4 18 3 15 KM- 1
1 15m 24h 53 605 53 65 1 15 20
8 2 85 101 13 65 4 1 6 6 68 2
9 1 29 690 53 33 6 1 8 4 15 KM-1

10 6 43 1411 84 14 13 1 10 4 1
11 3m 15 1304 53 61 4 1 14 1
12 4m 2 15 842 51 99 4 1 19 11

0 13 55m 6 621 46 68 2 14 11
0

14 2 5 641 44 51 3 1 20 10 1
15 1 8 432 42 61 21 1 1
16 3 10 509 41 16 19 1 204 1
11 4 30 440 61 84 16 1 6 5 98
18 5h 23 522 35 1309 11 10 12 15 KM- 1
19 24h 61 353 55 266 19 4 5 3 15 KM- 1
20 1m 24h 2 50 81 64 25 13 2 21 2 Kilauea summit

21 35m 24h 3 many 96 58 51 8 11 2 eruption, 1230
small 1/19

22 20m 24h 455 401 46 39 3 8 4
23 361 346 45 41 18 23 2 1 15 KM-43
24 285 320 59 20 11 18 5 15 KM-18
25 16m 266 642 51 26 22 16 3 15 KM-ll
26 5 324 126 56 68 12 2 28 2 15 KM- 2
21 2 281 891 50 14 10 20
28 5m 1 314 1195 48 81 6 1 9 26 149 2 15 KM- 8

29 14m 2 212 1136 41 68 9 2 3 60 84 1
30 1 284 941 46 12 1 1 5 119 202 3
31 12m 2 159 825 54 41 18 1 54 38 138 2



Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa
(1974) h = hours)

SW Rift Upper Lower Off-
Inter- Long and East East South shore

Deep mediate Shallow 30 KM Period Shallow Kaoiki Rift Koae Rift Flank L-P s-p PPL Remarks

August 1 15m 158 270 47 20 9 1 14 2 77 15 KM- 7
2 1 94 137 23 5 3 1 1 1 1
3 1m 86 181 33 5 5 5 28 11 1
4 35m 1 180 641 47 24 8 12 105
5 9m 120 685 22 20 7 9 6 91 2
6 2m 3m 5 37 801 36 25 12 2 25 4 76
7 24h 16 81 739 14 36 13 4 20 5 154
8 24h 4 73 974 41 61 2 28 15 202 1
9 9m 24h 4 79 886 43 48 10 2 41 6 147

10 7m 24h 1 41 839 26 47 2 21 12 89 1
11 3 144 1222 48 66 3 9 49 281
12 3m 24h 16 779 24 31 1 1 22 2 230

" 13 4 91 1351 33 76 5 1 7 83 445 1,
14 4 101 1497 50 124 12 1 8 83 273 4 15 KM- 1
15 35m 11m 3 60 1586 33 101 8 2 7 131 203 1
16 10m 2 113 1818 36 105 10 9 153 268 5 15 KM- 2
17 48m 75 1999 35 100 10 2 4 120 218 3 15 KM- 1
1 3m 15m 3 95 1973 41 122 18 2 5 148 157 2
19 12m 1 111 1895 28 64 11 1 4 188 128 1
20

6m (MOK)Y
1 123 2050 32 76 8 5 3 222 139

21 4 76 2069 67 124 12 1 2 261 108 1
22 4m 24h 52 1469 32 50 7 2 23 61 44 1
23 24h 1 42 844 27 34 18 2 22 39
24 24h 35 1161 43 25 15 2 4 51 16
25 24h 1 55 1509 47 72 26 1 34 64 48
26 27m 193 1547 64 1052/ 12 2 145 76 4 15 KM- 1
27 14m 3 673 1468 33 19rjg/ 9 3 149 72 5
28 24h 1 269 1170 27 82 7 3 24 79 52
29 24h 2 167 1154 37 89 15 2 42 42 126 1
30 24h 33 769 23 33 7 3 1 28 46
31 2m 24h 1 41 978 25 47 8 1 1 14 44 1 15 KM- 1

w
o

~j(MOK) tremor beneath Mauna Loa Volcano.
- Upper East Rift and South Flank.



Earthquakes

Date
Tremor Kilauea Summit Kilauea Flank f,1auna Loa

(m = minutes(1974)
h = hours) SW Rift Upper Lower Off-

Inter Long- and East East South shore

Deep mediate ~hallow 30 KM Period Shallow Kaoiki Rift Koae Rift Flank L-P S-P PPL Remarks

September 1 2m 24h 223 913 21 65 9 3 2 16 101 15 KM- 1
210m 7m 4 703 1442 22 103 13 1 21 43 88 15 KM- 1

3 7m 1 637 1352 22 134 9 2 12 21 77
4 3 173 1229 37 138 8 2 15 85 71
5 3 68 1134 42 137 10 23 48 133
6 60 1403 41 142 13 1 27 21 286 1

7 3m 51 1429 47 195 8 2 33 25 177
8 3 27 1406 38 121 2 4 12 10 70

9 8m 53 1354 26 131 11 11 13 99 1

10 1 27 616 41 64 21 1 7 10 56 2

11 5 528 24 74 3 2 1 16 66
12 1 12 649 26 122 2 5 2 27 53
13 6 501 13 23 11 11 39 15 KM- 1

: 14 6 552 10 17 10 1 6 46

15 55 1170 39 87Y 7 4 46 77 15 KM- 1

16 1 46 1308 48 94£/ 10 114 63

17 13m 38 1035 21 672/ 6 91 82 Kilauea

18 8h 17 784 21 n1/ 8 36 75 summi t

19 24h 179 1394 22 70£/ 53 94 1 eruption-

20 2m 3 154 1489 34 147£/ 6 3 114 145 2 tion before

21 19m (MOK)l, 126 852 33 99Y 5 2 153 131 3 0126, 7/19

25m 15 KM- 5

22 5m 24h 1 50 832 18 120Y 131 134 1 15 KM- 2

23 24h 4 34 708 31 84£/ 8 99 108

24 24h 1 40 724 13 59Y 2 124 149

25 19m 8m (MOK)l, 24h 4 94 519 33 95£/ 4 121 138 1

26 24h 30 621 11 58£/ 2 98 103

27 24h 1 1 305 10 2~/ 4 2 7 39

28 10m 24h 1 435 17 29Y 9 1 4 35

29 24h 1 36 525 12 69Y 1 3 84 104

30 24h 2 55 688 14 79Y 3 4 41 60

w-

~j(MOK) tremor beneath Mauna Loa Volcano.
- Upper East Rift and South Flank.



!/(MOK) tremor beneath Mauna Loa Volcano.

Earthquakes

Tremor Kilauea Summit Kilauea Flank Mauna Loa

Date
(m = minutes

(1974) h = hours) SW Rift Upper Lower Off-
Inter- and East East shore

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL Remarks

October 1 5m 3m 24h 60 570 12 57 84 8,
2 24h 27 470 12 34 45 112 1
3 24h 57 575 14 44 1 74 100
4 4m 24h 1 40 564 15 60 2 2 46 95
5 7m 24h 2 23 665 8

I
64 1 80 91 15 KM- 1

6 3m 24h 1 36 828 9 94 2 54 54
7 24h 50 840 3 49 28 52
8 5m 24h 222 796 12 68 2 36 47
9 7m 24h 46 660 7 63 72 43

10 3m (MOK)l/ 24h 96 535 39 74 7 63 89 1 15 KJ.!- 2
5m

11 24h 31 461 10 24 12 1 8 80 2
12 24h 33 638 14 24 15 9 96 1

" 13
3m (MOK)ll

24h 37 578 18 21 5 1 15 116 15 KM- 1
" 14 20m 24h 1 1170 891 51 121 10 1 114 114 1

15 7m (MOK)ll 24h 1 151 604 42 81 14 80 188 2
14m

16 4m 24h 1 30 429 12 46 2 51 76
11 3m (MOK)ll 24h 3 80 640 30 95 14 62 119 2
18 24h 2 ! 21 372 34 81 1 7 89 92 4
19 24h 1 123 451 35 104 10 79 93 2
20 8m (MOK)l/ 24h 4 78 324 42 , 50 18 1 168 119

7m
21 24h 1 21 338 9 46 2 46 59
22 47m lIm (MOK).!l 24h 1 50 403 27 39 15 1 32 108 3

6m
23 8m 24h 1 15 514 9 50 8 1 15 34
24 34m 24h ,26 587 14 61 6 28 90
25 24h I 7 470 14 22 5 1 4 91
26 24h I 8 698 10 42 9 8 56
27 24h 2 564 23 25 12 1 9 34
28 25m 4m 24h ; 25 857 21 84 9 22 58I
29 4 [54 934 54 125 35 11 117
30 44m 24h 1 26 490 12 48 15 45 58
31 24h 2 I 25 721 16 72 6 28~_L __ ._

W
N



Earthquakes
Tremor

Date
(m = minutes Kilauea Swnmit Kilauea Flank Mauna Loa

(1974 ) h = hours)
SW Rift Upper Lower Off-

Inter- and East East shore
Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL Remarks

November 1 22m 24h 38 876 16 90 14 34 57
2 3m 24h 1 34 737 19 90 9 1 36 75
3 13m 24h 3 41 758 13 75 4 14 44
4 5m 10m 24h 2 46 733 12 66 9 52
5 27m 24h 2 71 736 6 62 1 10 50
6 6m 24h 1 44 444 5 45 4 2 15 34
7 80m 24h 105 412 17 51 2 4 32 2
8 5m 24h 15 301 5 25 3 2 4 84
9 24h 27 709 26 13 14 7 60

10 24h 32 392 11 64 5 78
11 24h 1 8 166 6 51 4 6 93
12 24h 23 293 11 58 5 1 5 50 1 15 KM- 1
13 13 167 11 67 1 2 6 36

" 14 26 425 29 84 10 5 66
" 563 36 14415 2 55 113 33 29 1

16 15 363 30 93 19 1 7 110 1
17 2 20 500 18 91 3 5 78
18 3m 4m 3 14 801 8 75 1 1 8 60
19 5m 2 13 506 13 74 17 68
20 1 23 594 11 75 1 12 72 1
21 10 23 719 19 99 2 2 11 83
22 3 782 18 16 9 1 6 69 1
23 4 837 24 19 15 7 80 1
24 2 28 806 15 80 3 57
25 2m (MOK).11 1 47 1001 41 140 35 1 9 93 1

6m
26 4 39 608 10 100 5 14 111
27 5m 2 32 600 9 99 2 7 81 2
28 1 10 508 7 88 1 3 42
29 10m 19 786 555 238 14 2 19 204
30 1 68 707 1142 97 9 27 183

w
w

11- (MOK) tremor beneath Mauna Loa Volcano.



Plus Koae (many near Kamakaia Hills and Rilina) .

Earthquakes
Tremor

(m = minutes Kilauea Sununi t Kilauea Flank Mauna Loa
Date h = hours)

(1974) SW Rift Upper Lower Off-
Inter- and East East shore

Deep mediate Shallow 30KM L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL Remarks

December 1 8m 5 238 702 788 115 42 4 175
2 1 197 757 443 115 16 1 111 5
3 162 824 344 89 50 3 56 102 1
4 161 825 186 85 29 14 77
5 39m 9 27 720 285 169 38 2 198
6 1 4 908 316 33 47 28 117
7 35 451 263 133 16 6 269
8- 45 744 142 174 11 655
9 4 49 682 109 183 16 1 1343 2

10 58 643 151 239 7 1236 1
11 21 564 70 264 6 713
12 35m 43 631 24 124 3 14 575
13 3 101 725 113 402 23 1 1103

~ 14 56 523 122 186 34 4 899
~

15 43 652 604 72 20 1491
16 1 25 909 468 43 1 449
17 34 995 247 88 7 1 209
18 10m 1 74 1080 198 105 7 216
19 5m 73 1541 162 183 8 4 2 358
20 9 96 1127 205 236 63 2 182 6
21 67m 1 230 1010 201 189 36 55 4
22 6m 65 612 73 159 4 1 5 140 1
23 7m 3m 49 663 163 87 13 27 138 1
24 23 80 687 98 95 6 9 135 1
25 71 56 619 96 117 7 1 3 130 1
26 7m 25 40 829 93 161 20 7 121
27 3 36 912 63 155 5 3 100
28 2 33 1115 71 144 19 3 89 1
29 3m 52 1228 106 186 45 93
30 3m 1 25 1279 34 87 29 1 192 Count io-
31 24h 134 346 6045" 22 1 13 complete--

Kilauea summit
eruption at
0255, 12/31

.

w..
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Figure 4. Map indicating limits of areas for specific pnemonic codes
used in the remarks colwnn of the earthquake summary. DEP
is a code applied to earthquakes with depths greater than
13 kilometres in the Kilauea region. SPC is used for depths
between 0 and 6 kIn, and LPC is used between 6 and 13 kIn.
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Table 5 is a chronological listing of successfully located earthquakes.
For each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minutc(MN), and
second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and west
longitude (LON W).

DEPTH - depth of focus in km

AMP MAG - amplitude magnitude, if determined.

OUR MAG - duration magnitude, if determined.

NR - number of arrivals (P or S) used for solution.

NS - number of S arrivals used for solution.

GAP DEG - largest azimuthal separation in degrees between stations.

RMS SEC - root mean square error of time residuals in sec.

2 ~
R./NR/ ,

1 -

MIN DIS - epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - remarks, three letter code for geographic location of event.
See Figure 4 for location of pnemonic code.

Duration magnitudes were not determined for events during 1974,
but this magnitude scale will be more complete and accurate at
lower magnitudes as reported for 1975 and later data.

The first part of table 5 lists all events located during 1974.
The second part lists only events of magnitude 3.5 or larger.
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22 2'2 "4.b5 I' 23.74 15> ilh.o.lj 7.22 15 0 ". .0. " • 7 , • 2 IJI<F
22 , • 2<j.7'1

"
lq.7q ,5> 13. ~j lb.';':! 10 0 .7 .11 7 3,. 13.~ Il[P

22 '" 7 • 12
"

<!\ .L1S IS5 25. '0 7. b \ Ih " 7' .Ul'o " .b I .' HE'
?2 3')2 <J.b7 I. 21.j';J '" 24.'1{ b.j<j • " I.' .0. 10 I • , 2.b 5••
22 • I ~.s.25 19 21. H- 15> 2b.~'1 7.8$ • 0 20 • .., " 3.7 ' .. ri"
22 558 ')5.Ab I' 21/.92 I" 24.~U 7.78 " • ., .07 • .> •• 5••
22 729 GO • .53 I. 1 , .87 15> 12.1'\0 8.':IQ Ib 0 111 .0° • •• ... POL
22 11 31 58.0t ,. 2tl.OS 15> q.u1 b.q2 ,.. 15 0 7. • (I tl 0 •• .., lH:R
22 Iil211 ':10.3" 19 211.4'" I" 2':l.1I$ q.l , 2. I " 0 os .0' • •• 1 • , ""22 1821 31l.I.lQ I" <!? tit 15> 210.,>2 b.51 2. 1 11 0 127 • II 1 9 • 7 r?O III< F

22 I B2 U. ft.~ 19 22.27 15> 24. Sd b.':I' 1 •• 11 0 9S .10 • .h I •• UKF
2? lqB 41 • b8 IV n.'52 155 23.47 ':l.':l/J 2.1l 17 0 122 • Il, II ." r>.1 IJIl;F"
2? lQ~'" 32."'1 19 21 • ,Ii 15> 2~.tl~ 8.b1 I •• " 0 73 .n. " .7 I • 7 HE'
22 223 Q ')5.134 '" ;?4.2\ 15' 23.2u 'I.bb " 0 •• ·" • ., .7 U"
22 2345 51. 1~ 19 22."'':1 155 24.110 ~."2 2. I •• u 52 • 11 • •• .' U~F"

2S 037 ')2. ~S ,. Q.21 1>5 13. jij 0.53 2. I 21 0 ".• IS IH 2.' '.7 PPl
2S I" 2 j. 1 :5 •• 11:1.5'1 I" I':J.'J'I 8. 17 I3 0 Ull .Il' , .' .. , t(f)A

2S 151 u.Qq ." 20.3q 1':15 1.3. ~o q. j 1 " 0 lib .11) b ·, •• Uf"
2S • • lb.3b IV 2(1.">0 .5> ?u. $ 1 $.bj 1.' " U 12'3 • ok

, ., 2.7 5\';(

2S 41' b.OS I" 2'J.(1'1 15> 21 .otJ ':1.11 1 • .5 7 0 j39 .n " q~.lJ $ .... ':1 IJI'iF

23 41' 42.31\ ,. 24.';0 1>5 lb. h ." .' 10 " ., .Oh 2 ·, .' SiJC

23 ,,. 45.07 I' 21 • 18 , >5 30.4b b.Q4 2.0 I' 0 IO? .15 " I • II I.. HE'
23 b12 42.15 I' 2?'1 ." <!':I.Otl 7. 10 I • I " 'J " .11 ,. .7 ••• .,~F

70



.'0 E.RTHQU.fol(~ SU'~f·'''~Y LIST ~Ahf,. 3'

OHtGIN TIME Lll " LON • Ot~q,", A~'P OUR G,e R.S 'I E"' FR,
'fOR "ON OA HRMN SEC OEG "IN OEG ," " MAG M'G NR ... UI:.G SEC OIS <- <" WEMK

lq7q JUN 23 b'b 44.btl .. 17. 7 j ,;; lU.c-i b.U1 12 0 ". .07 • .b 1.7 POL
23 bSU 7. &1 I. 23.77 15' 2&. , I Cl.Uq 17 " "b .0· '2 •• , .0 t)K:F
23 ". 4 7 • 2lJ ,. 28.70 155 28.uQ 7.53 I •• '2 0 Ib2 .0' 15 .b ~. 1 UKF
23 • 2 1q. 0 j I" el.Q3 ,;; 21>.42 7.~6 15 0 '. • 11 12 I.' I. • HE'
23 "b Ill,). 1b ,. 21.1.01 15' 15. H 1 • '18 10 ° b' .0' 3 .2 • I SPC

23 \.H? 3b .23 ,. 55.00 15' Lilli 1.13.117 " 0 2b. .15 •• 1 q. 0 2/1.5 lOW
23 1435 35.tlCj I. tc~.17 155 17 • ., 1 .il.5') 2.2 25 0 102 .0. 7 , • I , • 7 OER
2' 17.52 q.~8 ,. 2.1.l.qq '5' 17 .1':5 .77 2. , 'b 0 "' ·,. 2 •• .'1 SPC
23 181.17 53. dll ,. ??.79 ,;; ('u.51l q. 1q 1.7 ,. 0 b• • Ob • .' 1 • U u",
23 165'1 j 1 .21 ,.ttl.en '55 1 1 • Vj 11. &2 " 0 112 .au b ·" .3 POL

23 21) 13 111.1') ,. 2a.btl 155 17.'6 2.2b ,.' 12 0 " ·o. 3 .b ,. b sec
23 21j58 2. 7 .0 J ,. 1q. 13 '55 lu.&2 'Lb8 'b 0 107 ." b .5 ?.£l UEIol
23 21j1l 27. ,c,u ,. 10.&0 '55 7.110 qb.q~ 2b , 2'2 • 12 " 2.b 2.U PUL
2' 21QIi 21. B ,. 25.30 '55 i.i.·;j 9.2t! 2.2 I. 0 ,n .0' • .' 1.2 u",
23 a,52 32.9£1 ,. 20.30 15' 11 • dl.l 'L2b 2.0 2b ° 17 • '2 7 .7 1 ." uER

23 2.525 51.1.12 ,. 2.11.20 ," 17. 2& 1. 00 .7 10 0 •• .12 2 ., •• SPC
25 2359 31.1 b ,. }9.jQ '55 11 .52 q.Oq ,. 0 .' .Db I .b 2.0 U,R
2Q Qt. 5.87 ,. 24.1 Q ,;; I7.2li 15.91 1.7 27 0 "5 .05 2 .' .5 OEP
2Q 22' "l7.qO ,. n.qu '55 2/1.'::111 9.72 2 •• 30 0 53 .11 , .- .3 UKF
2' 323 59. lIZ ,. 19.11 155 15. bU 7.'::IQ 2' 0 ., .U. b ., 1.1 <UK

2' OSO 14. b 3 ,. 21 • CJb '55 l'b.c?U 8.40 2. , 2b 0 .2 • 'b
,. •• ,., HE'

2' .37 ~1.2'9 ,. 22. Q I
1" 27."~ fI.c?1 ,.' 16 ° .0 .11 11 •• lob "<F

2' 1 t 13 57.0c? ,. 2.5.74 155 c?.5.'''' to.~5 2.2 22 0 'b .0. 7 .' ·, UKF
2' 12.5U r! • 1Q ,. 17.98 15' I 3 • <i c! 7 .05 , • 7 17 0 .7 .0. q .b 1.2 PUL
2' 13 .55 31 • '9b .. 21 • 3& '" 13.1b 7 • til 2.5 25 0 55 ." b .7 1.0 "ER

,. 1612 23.2" ,. a.lID ,;; 2b.en b •.57 , • 7 13 U 14' .0. '2 lou 1.3 U<F
2' 1612 I.IQ.77 ,. 22."'U 155 2l1 • .,rt ~.8& ,.. ,. 0 os .10 • ., I.q UOF

"" 1849 1'L 12 ,. lR.1I0 '55 14.~11 u.35 lob .- U 111 ·,. • • b 1.3 eOL
2' ZOIQ b.87 ,. 22.27 ," 24.01.1 b.cn 11 0 12b • 07 • •• 2.2 UOF
2' 2019 110.91 ,. ZO.SI '55 e; • ~ 1 (I.tlO 15 U q. • I 3 7 I." ".'::1 U'R

"" 202d 2b.Q] ,. 18. '58 ,5> 15.3Q b.'itl I •• 22 " 102 .0' • .0 .' <0'
2' 211 ~ 11F>.50 ,. 22.55 '55 2~.UI 7 .1'5 , .7 '2 0 .. .07 10 • I lob IJI<F
2' a b "5.82 ,. 22.29 155 2~.'n 5.&1.1 I.. ,. 0 12 ·u. II .b I., UKF

"" 22111 I, 1 • 14 ,. 23.20 155 C'~.lltl 1.3& 2. , C5 0 ,. .15 • .0 I.' IJI<F
2. UtiS 21 .79 ,. 21 • i!o3 ,;; 2~.tlv 7.21 1 •• 23 u 70 .0- 11 ., 1.2 -E'

25 332 33.67 ,. 24.33 '55 t7.'::It t • 'J 2' , .0 11 0 03 .11 l .0 ·, ~PC

<5 " • 35.01 ,. 21 .97 ,5> 2u.8'J &.57 1.7 17 U •• ••• 10 .b ,., S••
25 537 .5o.en ,. 32.57 155 9 • .59 25.b2 2.3 17 0 '35 .11 17 l. , ,. , H'L
25 ri' 1.14.34 ,. 20.811 155 11 .25 8.03 2.5 2. 0 70 .15 • • I I • , u,"
25 b20 30.0b ,. 25.08 ,5> ~3.61.1 8.23 , • b 'b 0 117 .Ob • ., •• Ul<fo'

25 • • 1 '::I. 4'l .. 23.50
1"

1'::I. 12 2.1I0 • 0 •• .07 , .b .0 ,PC
l5 ••• 35020 ,. 1tl."'7 15' 15.'J.S 7.85 17 0 b. .Ob I ·, ,.' e'L
25 2. • 4".82 ,. n.Ob '55 ?6.011 , .9.5 ,.. 2' u ., .0. Il .0 ,." u.. F
25 2' , 'JO.lb ,. 17.9il '55 l.5.otl 7 • &'J , 3 0 lOb • 0' , •• ,.. ~(Jt

2b 7 • 33.28 ,. lIi.~O '55 l~ • .5U b. 7 'J ,. U 150 .Ie b ·, I., <0'

2b 18/Hi .5. 18 ,. n.35 155 10.~'" '::1.50 , • b 15 U '" .DB ,." •• ut_~

2b c!0 .50 1'::1.30 ,. 19.5<1 1'55 11 • ~8 7 .79 , .7 2' U ., .11 • ·, , • < Ul:."(
2b 2.542 49.85 ,. 17.5Q ," l~.jl./ ll.49 , • 7 21 0 120 .114 b .b , .0 KOb,
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"vo EAHTHDUAIt !:. SUkMAlty LIST PAGE. 3b

Olo/tGIN fl""E LAT " LO~l , !)t.P T H AMe IJlJR G'e I(MS M," Elo/l1 E"Z
YEAH MO'~ OA ..HW~ :SEC OEG M'. OEG MI. .., MAG MAG N" "' O,G SEC 1>15 'M KM HEr~K

I'HI.l JUN <I 433 10.tl~ " 2J.Rll 155 U.Vo b.OO 2.' 2. 0 '2 .1> 1 • .' 2.' UKF

" ." 5.5.01 " 20.00 IS; lu.ob 6.7 'J 1., 22 0 an .Ilq ,
• f

,., UE"
27 II b 3El.3b IV 25.1>1 15'5 Ib.dl.l 1 .82 .S • 0 152 • 1C 2 1 • i! .S SPC
27 l11i "Cl.Ob " 25.37 155 17.14 .b' 1.' ,. 0 '" • , b

, •• ·, sec
27 1425 I.ll.l.d~ ,V 21 • 7~ ISS 2& .. 10 ""u7 1.7 '" 0 b, .llq , 0 .7 I • S HEA

21 15 • 24.44 ,V 21 .. 50 ,>5 21.1.2"J ':I.H1 I.b '2 0 '"0 • (18 V •• ,., S'.
27 1'5'14 1.I.so 38 " 21.l. Q 4 155 Ib .. 'H 2 .. 0 1 3.C' 2' 0 ,. .22 , .' /.l.1l sPC
21 1550 ,lu.Su " 2').29 ,>5 'f-.'1Q .70 I." 2' 0 .. .1> 2 .b • l SPC
27 ' .. t2 37.aQ I' 2u.!?3 'S> 1'5 .. i $ 1 .. 82 .7 • 0 lOb .OS 2 .7 ·, SPC
<I Ib5~ 2.b9 " 22.57 'S> 3.<i~ W.llq 2.7 7 0 3'2 ·., " 'J7.d 1'5. S ME_

2' 18" 1 ,)5.00 " 22.11.1 155 21.1.'1.5 1 .. bS , • 7 11 0 7b • /0 10 • 7 1.7 UKF
27 18 ')2 ~.uO " 1 q .. 1 0 15S ILo\! b.flU 2. I 2. 0 b7 ." , •• 1.' UE.
27 1~ 1 i 54.1.17 ,. lCl.QQ IS' '1.1.14 7. tl6 2.' 2' 0 .,

• , 2 " • f 1." UE_
27 2Ul.lil 32.153 " 14.92 ,,; q .. I tl ':I."th 11 0 ". .1< • .' I." uE~

27 2218 30.05 " 18.tl3 I'; is.Un li.8fl " U 129 .. 03 b ·, •• Kn •

27 U3" 23.41 " 23.18 155 22. n 1. a 7 1.7 20 0 " · o. • • ,j 1.1 UKF
2' , • 37.27 IV a.~o \55 t'.s.H~ 9.04 10 0 V5 .Ob 1 .5 1.3 UKF
2. \2'3 1.18.31 ,. 22.lJ'J 1", ;> II • l:l2 8.18 12 0 13? .07 • •• Z.? UKF
2. 321 u.oa IV 57.fl.7 'S; 3<o1.l:l1 'J.5E! 2.7 10 0 '" • 0- 2 • .> .2 KOH
2. 353 lil.5b .. 2f>.1I~ 155 c:'5. 7 ':> b.t3 '.0 23 0 107 • 1'- • • 1 2.7 IJl( F

2a so. 5'J.l1 IV 111.71 1'55 1':>.3~ 1. jll " 0 •• .Ub b •• I.' KO.
2' .,3 2li.'H " 22.87 155 2.'5" 2.li7 ,. 0 I'- • Ie 10 , .7 2.' ME'
2b 1034 20.dQ IV ~l.I. 10 155 I ';). 7/i 1.bS l,a IV 0 " .OV 3 .' .2 SPC
<P 1.5l.1'3 1e. 1 li I' 22.l'7 155 2'5.';)'1 Ii. jq 12 " 1>2 .07 11 , • b '.' UKF
2d 1> • H .Oll ,. 2Q.07 ,,; n.,n 11 • 'JO 2. , IV 0

'" I
.Il 11 , • 2 .5 tlEQ

2b 1S 1 0 1.48 ,V 21 • ~e '" S.~1i 1.03 Il " 10. • I 1 V I .2 <•• ME<

" 21 , 35.81 " ttl.52 155 IS • .:!" 1 • 1 3 ,. 0 1>4 • I 0 b ·, , .2 KOA
2a 2155 3.3/J " 24.1':> ,S; 16.41 .59 I .0 12 " "' • 1 ~

, .5 • 1 ,PC

" 23 • 14 • .:! 0 IV 12.1.11 I'- 2u.48 110.71.1 2' 0 Ib5 .l'M I' 1.2 ,,0 bLP
26 2341 ~ 1 • ~ I IV 2?30 IS; 2':>.U 8.28 , • 7 23 0 5l ." 10 •• r!. I UKF

zq ,>5 d.~" ,V ?1A.1':> 155 Ib.,3 ... .' 11 • .. • O' 2 • • ., SPC.. ~5j ')7.52 IV 22.f>r. 155 24.7') 0.U4 2.0 ,. • " .11 • .- ,.' UKF
2Q ,,, 2".&0 I' 22.4t. 155 "".4j 12.u8 " " 117 ·., v .7 ." \IKF
2V 1lS0 SIl.S£! .. 20.32 15~ ~.,)1 tI.90 'b • 75 ... • 1 • " I.' 'Jt. ;?

2V 1258 a • 1 '9 ,. c:',LUj 'S; 15.utl Z.OO 1.3 ,. v '0' • I 0
, •• .0 ,PC

2V 1320 zo.atl IV I7. Q8 '5> 1<01.,",1) 7.a,.. , • f ,. 0 ". • I (I 7 • 7 , • 1 "OL
2V 15 I 53. It1 .. 21.80 ,,; 25. j t 8. ';) I 1.7 " 0 '06 ." 10 • 7 1.7 HE'
zq 19j5 '1~.80

"
/.15.5';) 155 tl7.A.? 1'J. 71 >.7 17 • ". .1.7 3' • 7 ,.. KOb

2Q U5i 59.94 .. c:'3.ltl:l 1" ('lI.,n 7.7':> I •• 21 , 57 .07 V ., 1 .2 V'F
3. UiU /Jb.7Q IV t li. 77 1>5 HI • :l '> 11 .8" , • b 15 " VI .0' 1 .> ·, 'IE.W

30 "07 14.22 IV a .I\S '" lb.I4 1.5/.1 ? , 23 " " .1r II .7 1.7 U<F
3(1 5\" lIL':d ,. I /'l. b I I» I's.~.:l 7 • u0 12 • " ••• 7 •• ,.. "OL", 51" 1.'U IV ':JO.05 ''5 ? J .,,04 d.a~ Il 0 ". • I' " 2.2 , • 7 <>U
3. 522 j. 1 I) IV 27.1 (j '» 3'i.,SU .00 '.b IS n 'e? • I" " .' HI. I <0',. • I 1l.2.~1 IV 21 .4'" 155 ('1l."I7 4.<.t'l , .7 ,. n " • fit! ," ., .. , , ", f;'

'0 OZ' lI<l • .23 , , lQ.F13 I" li.:l7 7. /lc , • f " 0 71 .J? , .7 1.2 JJ~ ""
3. lO.U III • bq IV i I. $6 1':l"i "'''.'11 It. ,.. 2. ,

" • I , • • f ·" "Ea
3. " V 2u.Ul IV n.21 1Oj'l 2'j.!J~ ~.I' 1 11 n '" .11 1" •• ·, UKF

7Z



HIIO EllHHQUAKE SU... MlRY 1..15T PAGE 37

ORIGIN TIME LU N LO~ W OEPTH AMP OUR GAP RMS MIN ER" E.Z
YEU MON OA HR~'" SEC OEG MIN OEG MIN K" MAG MAG NR .. OEG SEC DIS KM KM REfltK

l'H4 JUN 30 16'11 21.U 19 20.58 155 1&.20 .., 12 0 50 .13 2 .S •• SPC
30 ICBS 1.26 ,. 1'1.04 155 13.5'1 q.b5 •• 0 • 0 .10 7 •• 3.1 UE'
30 224b 21.:31 " 1'1.58 155 10.a5 q.bb 13 0 10. • 05 7 •• 2.3 oE'
30 2351 35.6.! " 21 .3'1 155 2~.71 q.Q4 2j 0 73 .0' • •• •• WEA

JUL 1 0 • Iq.bq 19 22.£10 155 10.55 5.2/( 20 0 '7 • 11 • .7 •• UE'

1 "' b.l/( 19 2£1./(1I 155 Us .17 I .54 12 0 " .10 3 ., • j SPC
1 352 5.lIj

"
22. Q 2 155 2b .11 1.32 2. 0 " • '5 II •• ? • I UK'

1 1055 Q8.qS ,. II .72 155 32.7b 45.81 20 0 131 .07 23 , • 0 2.' LS\~

1 17 • 41.7b •• 25.68 155 25.Q') 11 .3£1 II 0 "5 .0. 10 I .' 5. , UK'
1 2041 33.35 •• 21 • b2 155 25.39 7. 0 7 1. 0 •• • .5 10 t.0 2 •• WEA

1 2125 58.24 19 lll.5u 155 12.31 &.29 1.7 22 0 b. • I. • •• 1 •• UE'
1 22 • 17 .87 19 23.01 155 25.35 7.50 1.' 2. 0 " .11 10 •• t.7 UK<
1 2335 ]q.82 " 22.82 ISS 2S.3l1 7.77 '.0 23 0 •• .11 10 .1 1 .1 UK'
2 015 13.83 •• 22.88 155 24.7b 11 • q& 10 0 10' .,. • •• 3 •• UK'
2 005 57.82

"
20.qO 155 25. n 9.21 1.' 25 0 77 .10 • .5 .8 WEA

2 1 3 23.37 " 22.53 155 23.&8 &.'10 10 0 •• • 0. I •• 2.5 UK<
2 1 5 lQ.9& " 19.20 155 11.74 r.q I 12 0 100 .05 7 .5 2.2 UE'
2 1 7 58.81 " 18.31 155 13.30 7.19 11 0 •• • 05 • .5 1.5 POL
2 1 • 17.94 " 25.18 ISS 2Q • .!b 7.24 2.0 20 0 101 .1 • • .1 I .' UK<
2 052 13.70 " 21.'19 155 34.78 .01 2.5 15 0 '" .1] 2' t.2 t.. MOK

2 541 27.28
"

18.&5 155 13.39 1.76 1 .7 23 0 7. .11 • .7 1 •• POL
2 551 29.q4

"
24. 14 155 )7.22 17. Db 1.7 20 0 '5 • 12 • •• I •• OEP• 553 S4.2q 19 23.':ill 155 28.54 8.qa 1.' 25 0 5' .13 15 •• 1.5 UK'

2 1536 33.49
"

22.50 155 11l.12 29.01 17 0 5. .Ob • I • I 2.' OEP
2 1555 5.29

" 23.1 1 155 IQ.bO 29.75 17 0 B. .05 3 I .0 t.1 OEP

2 1648 13.00
"

22.08 155 23.58 8.QO 11 0 8. .05 1 .5 1.5 UK'• 172b Q 1 • S3 19 1'1.08 ISS 15.65 5.Q8
"

0 '" • 12 b •• 1.7 KOA
2 1755 39.80

"
22. 18 155 25.21 7 .07 1.7 2' 0 54 .13 .0 .1 1.' UK<

2 1913 22.65 " 2S.';i7 ISS 16.1l1 .5' 1.5
"

0 'b .1' 2 .1 .j spc• 1'126 2Q.qll
"

22.01 155 25.b2 9.98 2.2 2. 0 bO .07 II •• .2 UK<

2 1945 48.82 I. 18.21 155 23.ll3 ll.bb 1 .7 15 0 10' .0' • •• I.S SW'
2 2117 .OB

"
22.21 155 25.5Q 8.20 1 .7 15 0 103 .07 II .1 I ., UK'

3 357 8.32
"

2C.30 155 17.93 1.98 1.0 1Q 0 7b .0. • .5 9Q.O KOA
3 1658 27.35

"
25.5Q 155 1b. 7 b 1.84 .' 11 0 lO' .10 2 .' •• SPC

3 2132 27.9] I' 20.12 155 12. 1Q 7.77 t.1 2. 0 77 .10 • .b t.0 UEO

3 2159 lI5.57 I' 23.75 155 23.98 10.23 I •• l' 0 10 • 0. 1 .3 t. • UK'• 0.' 12.9Q
"

19.&8 155 19.54 4.30 I .' 1 0 125 .07 1 2.\ 7.' Si'l'R• 055 31;.9'1 19 22.5'1 .55 24.80 9.66 1 •• 21 0 •• • 0' • •• •• UK>• 130 13.30 19 1l:J.92 155 b .13 6.7Q 10 0 ..8 .07 • 1 •• 2.b tJER
• 357 21 • Sll 19 18. 17 155 13.09 7. 0 1 11 0 •• .Ob • .1 2.1 POL

• .'2 48.33 19 21 .11 155 29.36 11.00 2.0 lb 0 "0 • 00 II 1 • I .b WE •
• b • 18.45 I' 12.07 155 4.0b 08.89 2.b 24 0 21. • O' " 1,1 3. 1 015• 1913 51 .9S

"
20.3Q 155 11.95 11.79

"
0 110 .0' 1 .' .b UE'• 21 7 27.20

"
22.0Q 155 23.28 8.79 12 0 .3 .05 • ." I •• UK'• 2129 59.81 I' 24.32 155 17.llQ 12.14 II 0 111 .0' • I .2 .5 LPC

5 0.5 41 .4ft
"

1'1. 13 15'5 12.00 9.88 13 0 •• .05 , •• 2.b UER
5 211 15.59

"
Ib.79 155 13.19 7.5& 1b 0 '" .00 10 1,0 I." POL

5 234 20.86 ,. 21 .82 155 25.58 8.71 1. 0 bb ... 1, .b 1 •• WEA
13



MVO EAUPilWAKt:. SIll>a- ,un LI 5T PAGE 3'

OR Iii I1~ TIME LAT " LaI, ,. I)E~',., 'MP DliR ... Rr·IS M II~ '"M E.'
'I'EA~ MO' 0' MRMI~ >EC DEG MHl lIE Ii ,. I d '" "'G H'G '" tiS ll~G SOC OJS '" KM QEMK

t'Hl.l .IUl , ". 3U.53 " 1q. I q 'S> 11.11' ~.O5 " 0 •• ·"' 7 ., 1.5 UE.
5 Sjtl 27 • t 8 19 1"".81 'S> 11.1.11 1 • uO " 0 IIV • 10 I 1.0 2.0 ,!E"
5 11\27 III • 1 1 I. i'O.St- ,>5 13.~l.l 7.70 1 •• 22 • " ·" • 1.0 1.7 UE"
5 2U~ 50 I .8 j 19 22.21 '55 2b.Q(! ~. "II 1 .7 " 0 .3 • '0 Ie •• 1.' UKF, <2 D Sb.8e " 19.0~ 15'5 7.u1 7.02 II D 231 ." II '.5 lU.O UE.

,
22~d 20.09 1. 21 .6'" 155 25.,53 6.46 12 0 112 • 117 II •• 1.' MEA

b 12. 1 • e& ,. 34. tl2 155 5.21 5.5.2 12 D ,.- .13 2' 3., 1'J.& MIL• 127 Ib.Qi:l " 17.72 15> 12. ql) 7.83 10 D '23 .U] • 1.' e.' POL

• 133 u 1 .20 ,. n.'ill '" /,l.10 .'13 ,. 0 '" • 12 " I .0 Q9.0 riEl(

• .37 19.Q2 ,. 21.u~ 15> 3' • 7 ~ 'J.'J2 12 0 2" .10 U ,. , 5.' "OK

• ." 56.011 " 25.bU
1"

37.2'3 1l.5u 2.2 II 0 2<10 .07 2" 1.. ,.' 'OK
• Itl55 'Jtl.d7 " 22.51 '" 21:.02 ':1.'119 1.7 " 0 "' ·" II 1 • 1 2.3 UKF

• 21 I Qd.IIQ 19 22.1'J 1>5 2Q.~1l 1."& .. ° 12. .On , I • 1 2.' UKF

• .. I ~7. 27 " 20.80 155 2'J.':lO 6 • .i!.5 " 0 lib .01 • • I 2.0 ME'

• c!..s2u 3l.'J.5 19 20.Q7 '" Ill. U l.Ed 1.3
"

0 " .On 7 .' "IQ.O S"
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11 ." q 1 • 1 tI ,. 22.1'1 , S> lb.(' 1 .., 11 II "' .05 • .' ., KOA

11 " • jt.l.92 ,. 22.11 '" 1 7 • ')u I • OJ 8 I .0 12 u •• .0 • • .0 .5 1C,1lA

11 PUt 55.utl ,. 2').QQ , SO 29.':>.5 lc!.28 2.u I> V .. .DO 12 l.v ·, IJo<F

11 14'31 i1j.4j ,. 21 .I\<f '55 10.1" ... 1• I " 0 17 • \i 1 • ·, ·, '0'
11 1'55~ '::I':I.7u .. ZO.'lZ IS,:) 3.':>1 7.2& 2.0 13 V ," • III 11 ,. , ,. b ~'F.~

11 1652 j l. 31 " 50.S? 15> I G. 11 ') 1 • ~n ~.~ '" II 213 • II "I " .. , _.0 "h
11 I 7,S0 r!..64 ,. 21.1 ':> '» 4 • .5':> ':>. '2 Ib It .' .11 ," ." ,., ~E l.i
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"VU EARTI1QLJAI\E :;UM~1,A~Y LI s r PAGE 57

O~IGIN TIME LAT " LON • OI:.PTH AMe DU< GA> 10/""$ MIN E~'" C"'YEAR MDN DA ... RMfIJ SEC DEG MH. l)Er. >!N ,e, MAG MAG NR NS "G SC C 1)[ S , ,< 'M ~Ull(

1q 7ij SEe 11 1q '18 H.lD 1. 23.88 ,>5 D.lIS I .8.3 10 U ., .U; 2 .' .2 sec
11 2145 (1.10 19 24.00 ISS 1~.7S 1 .80 , • 1 13 0 .. .00 , .' .2 sec
11 215& 3 ti • 1 7 , 9 24.38 155 5~. 71 1 1 .54 2.' 15 U 109 .13 29 '.< , .9 'ON
18 527 11.1.85 ,. lq.~ll 155 12 ..H 8.10 1.7 18 0 'U .U; 8 • • , .2 UER
'8 I 8 llQ.S2 1. 21 .90 ISS 18.25 1 .9b 1, • 11 0 87 .09 • , " 3/'1.& 'OA

"
01. 5U.llQ 19 19.63 '55 12.09 fl.bo '" 0 .3 .0; • .S 1 ,. Uf;R

18 10'12 21 • tl4 , 9 23. III 1 S5 2L'::l9 10.0b 1.8 1> 0 01 .07 7 .5 •• UKF
1. 101.1) '::Io.Ob 19 25.51 155 28.30 11 .20 1.9 13 0 il2 ,10 l3 1 .2 1 ,0 IJl(f
18 1250 20.b8 ,. 20.ZQ 155 lQ.24 1 • b.3 1.3 '" 0 t03 .04 • , , ,0 SwR

"
13t2 111.21.1 ,. 22.05 155 lb.Uj ij.l4 1.8 '" 0 '" .U4 10 .8 1,9 UKf

I' " 7 1&.70 ,. 22.05 155 24.90 11.2/4 1 •• ,. 0 b. ,0' 10 ,. 2,3 UKf
,B ,. 9 52.12 ,. 20.42 155 1<L 11 2.00 '2 U 97 .04 • " qq.O S••,. 19 , ':13.02 ,. 22.23 \55 17.82 2.00 1 , U , U 0 "9 .0. • • I .0 'OA
IB 23(12 b.2q ,. 21 .5.5 155 18. b I 1 • uti 1 • 1 13 0 " .10 • •• \ ,0 'OA,. 1 ? <lb.5/\ 19 ZU.30 \55 17.'lfl ~.OO 1 .3 ,. 0 82 .12 2 .7 .0 SPC

'9 , • 33. 12 \9 211.47 '55 1.,.27 2.00 , .2 , 0 0 '" .11 3 1 ." .0 SPC
19 b~6 ZO.ql) 19 1q. 81 '5' 11.1 • 'hl 7. bq '" U In • U7 • • I , • 1 UEW
19 15'::11 37. b6 19 tl8. 16 15' 31 • qb 28.5<;1 3,3 37 2 100 ,II 3b , "' 2.8 I( KII
20 123 2<;1.83 19 21 • 3<;1 1>5 6 • .53 !l.~h 1 •• 21 U •• ./Iq • .5 ., Ilf.R
2u 23' 2<j.5q ,9 2'1.53 IS; 110.16 8.29 2.3 12 0 \2. .Ok • 1 • I) 1.7 "0'
2u 728 15.03 ,9 1/l.26 155 13.2~ b • .53 13 0 •• ,", • ., ,., eOL
20 11 q5 50.65 " 27 .13 '5' 37.3'1 1. 70 2.1 9 0 212 .09 , I.' ., 1>101<
20 D59 t!b.9S 19 U.8~ '55 2ti.t:?O 9.l0 , • 7 22 0 h7 .dd , •• 1.2 UKF
20 1. 2 tlq. 19 1. 23.7~ ISS 2tl • h 1 q. U3 2.0 2' 0 75 .11 • •• .' 1I KI-
<0 Zltl/! 11 .20 " 20.'1U '55 t 3. 61.1 7.6b \ .. " 0 b. .13 b •• 1 .2 uF. 'f

20 22 5 1A7. 7 7 \9 20.50 1>5 13.0~ 8.29 17 0 •• ." 8 ., .b U,"
20 2216 15.94 \9 25.24 155 25 • .52 11.ti'5 1 , 7 .. 0 b7 .0. 9 .S ,5 UKF
21 323 45.56 \' 2tl.89 IS; 1b. 7 .s 12.11~ 1 • '5 " 0 83 .08 2 ,7 .< LPC
21 '3R 10.34 \9 21S.80 1>5 25.31:1 7. tll.l 1,7 15 0 R7 .11 I>. .' 2.' llKF
2 , lilt:?O 1.22 1. U9.8S 15~ a7 • ~ I 28.&2 2.7 2. 0 183 .13 35 1 .; 3.9 KON

<1 1 a27 5.53 ,9 22.01 ISS 28.l'>~ <;I.~3 1 ,9 28 0 79 • \ 2 11 ·, ., UKF
21 '5 • d.b7 \9 23.uU 155 1 1 • 1 2 1 I • 7 tl 1 .5 <I 0 ,. • 0 ~

, ·" .? LPC
21 1952 15. 09 \9 1<j.ZS 1~5 13. ~0 8.0 j 1.7 2, 0 •• • \ 0 I .8 1.0 lIE~

22 • 2 35.90 19 23.25 155 1 1 .72 12.03 2. 1 <9 u 32 .07 3 ·" .2 LPC
2< 95. 38. 16 , 9 23.a5 155 l7.b~ 1 1 .72 1.. 21 0 .\ .u. " ., .< L"'C

22 ,. 1 2d.<;Iq \9 23.37 155 17.~& 1 1 .9"1 1., 21 0 5. ,0. 3 .> .2 LPC
22 1&52 'L 1.1 1 ,. 26.06 155 2u.8.5 lU.9B 1 • 7 17 0 71 .07 • ., ., llKF
23 345 16.98 \9 23.23 IS; 17. 05 1 1 .9a 23 0 59 .07 3 .5 ., LPC

" ." 28.30 19 23.51 155 17.69 11 .80 1.5 21 IJ >2 .0. 3 •• .< LPC
23 8 2 5.76 \. 20.05 IS; tl.8-l 7.Utl 1.' 22 IJ " .12 • • • I.' U'"
23 • 3 53. cn 19 19.82 155 8.61./ 9.flU 1, • 15 0 75 .07 • ·, <., UFIoI
23 1248 20.Q2 19 17.52 155 16. 3~ ~h !l1 1 ,7 10 U I.' .10 , 1.2 2 • ,~ 'a.
23 1. 0 Ib.OIi 19 22.6"1 155 2a.<j7 1 0 • 1 U £1.0 20 0 8. ,", • ·, 2. 1 UI<F
2; 17 " 19.25 ,. 20.71./ 15> U.lb 10. I) 2 1b 0 os • (HI h ·" 1 •• 'JE ~i

24 0," ':J 7.27 '9 20.1l1 155 25.23 7. 30 1 .8 ,. 0 '2 .12 I • I 1 • 7 Hr.'"

2' 75b 2.35 " 31. ~d 15' u2.<?O 7.3':J <.- 1" l) "' .17 1" <.u ,. , MUll
2' q37 5U.02 19 22.76 , 5' 29.l./tl <,1 .17 17 0 1'3 .0. " •• I . '; Uh'
2' 1 1 17 7. b 0 19 i:!lI.2t1 ," 17.1<; 1 3. U~ " 0 .2 .07 < •• .' UE"
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MVO EARTHI}UAKI:. SU""MA~Y LIS r "'AG~
,.

OIHGtli TIME LAT N LON " OEYTH AI.1P oUI< GAP RMS MIN CRM E~Z

Y~AR ,'''ON 0' HRMN SEC OEG MjN uEG II I 1\1 'M .""AG MAG '" .5 DE () SEC DIS ,. 'r< ~EMK

1~7 tl "p 2' 1312 17 • 39 " 2&.47 1~5 2':l.bt Ij.Oh " 0 12. .0' " •• 1.1 UKF
2' 1323 42.23 1q 18.75 \55 l':J.!lU 8.49 20 0 103 .V' , ·, 1.1 '0'
24 1325 S7.1CI " 25.12 \ >5 11. III 1. 00 " 0 12. .13 2 ·, .3 SHe
2' 202& B.9Q " 2b.56 I'> 3h.btl 02.\1'1 22 0 113 .11 , 1 • b b.> !~OK

24 211 q 1.30 77 " 24.IlA \>5 2n.2J d.be? 3.5 31 0 ,. .10 11 • 7 1.2 UK<

24 22tlS IU~ .56 " 20.71 \55 t:LbLl 7.Sli 1 .2 13 U b2 .00 7 ·, .q UER
25 22. 25.23 " 19,&0 155 10.911 8.MIl 3 •• 2. U .. ·" 7 • • 1 ., UE"

" 232 4~.O~ l' I q. 3h 1>5 ll.olj q • .H lb U .. .U5 • • • 1 .2 UE"
2> 3 • 21 • LIt '" t9.b9 IS> II.U. 8.2.$ 23 U ., • 1U • • 7 1 • 1 UE •
25 327 21.U7 1q 2S.3~ 15> 3b.22 1 .01 10 0 q. ·" 7 1 • 1 1 •• 1401(

25 71b 25.6':1 '" 18.bO 1':15 is.?t q.05 21 " 131 .Oli , •• • • '0'
25 10 2 30.29 Jq 21 .81 1>5 25.82 9.02 13 0 11 .Ub 1V ., 1 • 3 HEll,

25 1 LSi> :3' • ~4 " 20.0~ 1>5 H.S<\l b.ub 1 •• 17 0 1h .12 q •• \ • 7 UE.
25 to:? 1b 4./41; " 23.3'1 1':J':J 26. 1U I • h 7 2.1 21 11 ." .1. 11 .' 3b.~ UK'
25 20 2 51 .7:3 l' 19.7'1 155 to.'Il 1'1.'017 1 •• 21 U "' .09 7 • 7 1 • , L1ER

25 2018 50.22 20 9.05 155 31 .73 21.1l'3 3.' 26 0 22q .llq ., 1.7 3.2 'OM

" 23 • ." Jq 2':1.LlIl 15> 20.Vl 10 • 2 , 1•• 10 0 ,"' .0> 10 .5 ., UK<
2b 152 30.Q7 19 25.00 155 2Ll.u9 1 .211 1 .' 11 U 110 .13 • 1.1 .0 uK<,. 2 • 17.713 19 2:3.31 155 15.2'> .i0.5/:1 '.3 2' 0 5' • fit! ,

• I I.> OEP

" 3Y5 35.58 19 17. lib 155 1 t.I • .511 ij • 15 , .7 ,. 0 121l ." 7 ., •• POL

" 337 ':11.07 19 2.0S 155 25.8d 36.bl 15 v r'1 q • 10 " ,.v '.' LSI'I

" >57 25. IS 19 2.Ll3 I» 25.71 :So.'J9 '0 0 200 .0' '" 1 •• I.l.ll LS'

" 412 H.70 " 23.':11.1 155 1'J.51 ?"I.57 2.3 " 0 50 .OS , .4 ·, DEP

" ". 51.,02 " 20.116 1~5 11.n 7. 95 1 .' 25 " " .11 '7 •• 1 .0 uE"
2b 11 tlQ 51.vII 19 18.tllI I;; 1 3 • 1 I 9.01 1 .7 '" 0 lb1 .00 • ., 1 .2 POL

2b 1221 26.09 19 2.5.MU 155 ?8.27 8.32 2.2 23 0 71 .13 '" •• 2.r! UKF
2b 2038 37.3b 19 18.55 1>5 15.3"1 7. 'J9 17 U 12' .os ,

• V 1 .0 '«(It:.

<7 1b 11 tiS. 10 " ltl.31 ,;; 17. 17 16.'::ItI 21 0 ., .1 u ,
• 7 1.' OEP

27 19 , 16.39 19 17.70 '55 12.89 f:,. 0 1 1 Q 0 lb. .,. ,
~.~ '.' POL

2. 123 5.02 19 19.35 15> 15.66 'L77 2' 0 lOb .11 • • 7 •• KO'

26 120 5Ll.63 " I q. 1./ I I» 1':1.6Q 8.73 22 0 100 .,. • .b •• KO',. tl25 16.25 " 24.0b , >5 26.0':1 n."Id 12 0 " .11 1< 1 • II '.7 UK<
2' 102'::1 33.03 '" 17.99 1'5 12.'H> 9.22 '.7 " 0 loq • 1 ? • .- .7 POL
2. 1 t 1 U 12.d2 " 25.27 1'5') 26.11./ 8.92 '" " 115 • i' Ii " 1 • 'J 2. j U<F
2. 11 11 2.139 " 25.8!'> 15~ 2~.UIO If. 1~ 2.A 3<! " 43 .J> 13 ·, • • uKF

2. 1149 2.0b 19 17.'n )55 13. Vb "I • 1 1 2'7 " 1lI7 .11 q •• ·, PUL
2A 1517 41.27 '" 19.49 1>5 7.bh 1I.b'" 1> 0 2lb .14 11 2.:S , • 1 IJF J.,'

2" 202h 1 7 • 61l 19 23. 72 1'5 2.bl! '3.911 20 U 1?5 • , 3 1> .' 2.l! -IE. ...
2. a • 1 1 • 21 " 21 .5 If I;; 119.M3 10. b 7 , .. " U 12> • 1 ':'I <> 1 .2 ., i< Ot.
26 223b 47.28 I' 22.Q7 1'::1':1 U.711 10.1 t.I " 0 5' .07 , .> I.v UKF

" 236 28.30 19 22.':10 1>5 2').~tl 10.48 <l U ., .0. 1v .D 1 • 1 IlKF

" 23. 3b.llb I' 22.11 15> 2,).3'J q.'J~ 1 • q 25 u '" .13 LO ·, .7 lIl<.F

" 250 2.'39 Jq 17 • q9 155 13.25 Ii • 1 4 21 , D5 .07 • .> •• ..,flL

" 12 • 1d • .? 3 I' 27 .07 I>' C 1. bi 8. '::11 1. q 1 " U eo • (l ,I 7 • • .- UK F,. c!2Z'" 4.3.S4 lq 30.26 1" lIO.u7 Ii. II cl.3 12 " 133 .Il 10 1./ 2." MOK

'" 03> 101,'51 19 29.f18
1"

<iU.':I~ ~q .12 2.' 1q " " • t l' 1J 1 • \! '.' 1I0t(,. 13' 20.2"1 19 21. 3~ 1'3!i It:.jll 33. 'd 2.> <7 U " • (, Ii " .q , .7 1ll:.1o'
30 US. 3 ~. 1 I 19 23.23

1"
2' • j 1 7. 7 5 1 •• n n .7 • IV " .' I- • 1 lJi(F
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MYU EIlIHHQUAKr. SUMMAIoIY LIST ",AG!:. ;.
QRIGIIIl TIME LAr " LUN ,. O~f'T'" AMP UUR GAP H~IS M'N EOH ERZ

YEAR MeN UA I'1J.lMN SEC DEG to' I I~ UEG MI r~ KM MAG "':AG NR NS IHG SEC DIS " KM JolEMK

!'H(l SEP 30 b5/t (12.03 ,. 20.5 Q 155 12. H ~.b2
,.

" 77 • DO I .4 1 • 4 UEO
30 .4' 46.'59 ,. I q. 0 1 155 1 ~. 2 9 6.60 ,.. 25 0 '2 .u, • .5 .1 KOA
'0 055 37.~5 ,. 18.55 ,;; 1'5.11 1.57 11 0 'e> .DO • .; 1.4 KOA
'0 lu52 24.48 " 2'1. I q '55 20.';)] 11 .09 2.2 " u " .11 " .' ,., ~lE R
'0 1720 43.15 " tel. 1q 155 13.71 7,qq 1.1 20 u "' • D. 1 •• ., UEO

30 1757 uU.Cia " 14. 10 ,>5 1q. 80 33.89 2 •• " U '5' .0' 12 ., 1.; HLP
'0 t9tll 24.2<1 " 22.05 15~ 2~.btl t! • 1d 1.7 "

, 12 • (i e,; 11 .D 1.1 UK'
'0 2224 35.&3 1. 3u.87 155 tlO.bd '1.20 2.7 ,. 0 101 • '4 Ib 1 • ~ , • 1 MOK

OCT , 0 5 14.RI.I 1. 22.55 155 23.37 10.4b 1 • 1 15 Il '1, .01 1 .5 • T (jI(F
1 42j 10.25 " 23.83 1>5 3b.OLl j.tlb 2.2 11 U " .(l"l '0 •• 2.' MOl(

8 1 45.4'1 " 1'1.82 ,S; I 1 • 1b '1.35 20 0 .. .Ob • ·" .B IIEI(.,. 31 .66 " 25.01 ,S; YJ.b2 '5.17 • 0 '71 .U5 8 I .4 1 • j "OK

'" 32.56 " 25.70 ,>5 2tl.Ol 8.He 21 0 117 ·" Jj I • 1 2.t'> 1ll(F
"j 3' • 2 b " 1'\1.58 1>5 14.94 f1.u5 " U " • 01 ;

• I 1 .2 UE •
1036 29.98 ,. :H.28 155 U.9':1 I 1 • I 1 '5 U 135 .15 22 , • h ., f.E~

1056 8.01 " 2tl.3u 155 1 7 • n7 1.36 1 • , 14 U ., ."' , .4 • j S"C
105'1 7.97 " 2u.22 155 17 .58 C.OO .8 11 0 ,. .1' 2 ,., .0 SPC
1.333 30. II " 24.27 155 10.03 1.55 .1 8 U 100 .0. 2 ·, .4 Spc
1344 23.119 " 24.27 155 1"'.3'J 1.n .6 a 0 12 • III j , • U .4 SfJC
1943 2.23 " 24. 1U 1>5 20.107 7. 7 0 2.0 2' , ., .11 12 .6 ,.. UKF

, 2023 28. 110 " 31 • 11 '55 UO.tlU 1 • l.l b 2.' 1 U 322 .1b 11 38.1) 72.8 r~OK

2 252 ~5.47 ,.20.11 '55 12. I b ".j5 2 •• ,. 0 7. .12 0 ·, 1.2 UER
2 1 , 28.77 " 22.78 ,>5 25.4(1, 7 • 5~ 2. , 28 0 " .l3 10 .0 I .2 UK'
2 8 , 19.59 " 23.Q3 155 24.35 10.52 2.' 21 0 57 .08 • .; ·, UKF
2 , 1 \f).Q2 " 18.3b , >5 1'J.2lf 1)./)4 ,. U 10. • (Ib • .s 1.0 KOA

2 " 1 29.13 ,. 32.00 155 36.73 1 U• I 1 2.1 " U 148 .14 , I .5 ." MQK
2 1332 .b4 " 20. 12 155 23. 1 b 11 .05 " 0 .' .0; 8 .' • 'I UKf
2 1537 21 .79 ,. ~lj.07 155 Ib.02 1. 'JO 1." 15 0 ., .10 2 ·, ., SPC
2 19% j 1 • 16 ,. 20.25 155 7.q" ':I.cn 2.1 " 0 85 .l3 , I.' 2.5 UER
j lUUt) U 1 .:n

"
cO.53 , >5 I] .cb 'f.etl ,.. " ,) ., .08 • .5 ,., UEO

, 1810 54.e16 1. 23.23 155 2~. 7 7 Q.l:l8 ,.. " " 57 .01 1 ·, .7 lJl(r, 20lIJ 1. 45 " 211.,S'" 155 t 7 • ':)U 14. I q 2.5 " 0 " .07 2 ·, .b DE", 2123 8.84 " 20.1Q 155 13.'s11 a.6j ,.. 21 0 5. • , j I .1 1 • ? UEO
j 2251 10. lHI " 210.30 1;5 \O.~q 1 • b8 .' 14 0 14 ." 2 .; .2 SPC
3 2.522 1 (1.76 " 211.,SO 1;; 1~. j3 1 • b~ •• 10 Il 14 .09 2 • 7 • j SPC

" '" 1. 111 ,.211.h'! 155 16.75 1"1003 " 0 'h .07 2 .5 .' [)~P

" j28 17.76 ,. 25.0'" 1>5 26.<i(j 7. 4t! 2.2 21 0 " .11 11 •• 1.4 lJ"'~, 341 I tI. 7 0 " 30.77 1':15 54.01 10.04 2.7 11 , lB4 • 'U 'j 1.. •• 'ON
4 6'2 18.16 , q 30. t S 'S; 3Q.d9 1f.54 2.' 10 II '33 • lin q 1.' '.1 r10~, lull6 H.22 " 210.2':1 1':15 1 7 • '4l1 1. 38 ,., , j " .. .IV j • b ·" SPC

4 15il3 Ill. 7 ':I , 'j 2H.lll 155 35.01 1. 20 2.2 10 II ", .OM 2 ·, ., "~OK,
" 8 lQ.1J9 " 2 u. 11 1'J5 IS.'H 1. ,SO! .1 10 II 120 .11 2 .b ·" SI'C

5 0" '5.74 ,. 2fl.21 1':15 :37. Uf> .,.,.. • U 20T .OR , q 1 • J ~q. \1 ·~t1K

5 "j 3. t 3 " 20.27 155 11 • /:Iv 4.2il ,. 0 .., .Ob , .5 1 .?- (I~ ~

; , U • ':12.93 " ell. 11 155 2"'.<:13 b. 13 2.0 2j 0 .j ·'" l2 ·, ,.. ""
5 t 54 1 4&.70 .. 18. Q4 15'J le.7b tl.17 " " .0 .11'" • .' I .? "OL
5 th~b 20.31 " I <:1.08 lS5 I';). 18 7 .Ii 2 ,. Il ", .Ot- • .; 1 • (I ,OA
5 1 b5<:1 U7 • b 3 '9 2 14020 155 1b. U1 1.74 • n 1 o:~ • I) 'J 2 ., .2 SPC
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Hva EA~Tflr~IJAKE SUW~/dn LJ ST ~AGE. bO

URIGIN r II-lE cor tI co- ,. UI::.PTrl Af~P OlJ~ G'P IHIP; Mj' EO" C.,
YEAR MON O' loHH'N SEC DEG f'lll~ aCG ,.. I l~ 'H \\AG H'G ". NS DEG SEC OjS KM KM R£I~I<

1914 OCT , 1738 2.$.21 '9 24.3\ I» 1f- • c! I) 1.75 •• 9 0 7' .411; , .7 ·, SPC, 2023 21 .0 i ,9 2b.3u 155 3h. I ~ Lb 1 2.8 21 0 "9 • 12 b .b 1.0 "OK, 2216 41 • qO 19 24.17 15' 17, <(Il 1. 35 •• 9 " 110 • .7 2 .- .c SPC, 529 27.22 ,. 24.22 ISS 1b ,'ii 1<1.80 '.7 3b 0 " .09 2 .5 • 7 OEP, '33 22.82 ,9 2£1. ~q IS; 16.9"1 l/,1.91 1.9 30 0 .2 .09 2 .b ·, DEP

, 7 1 4d.19 19 25.31 I» 23.":IIJ 1i.72 1. 0 72 .1. • .7 I.b UKe, 1025 ':)7.33 19 23. IH, IS; 17 • 15 13.'15 1 ., 17 0 " .0' ; .4 .5 OEP, 11 U 7 .81 cO .04 155 28.30 42.81 1 , • In .,. " 1.3 '.0 Kl(ll, 112f:l 17.84 l' 24. I 7 IS<:- 1b. 17 1. 80 1 .:S '" " bb .0' 2 .4 .2 SPC

• 11 £I 3 1.0':) 19 17. 10 155 1 • 11 41 .01 21 ". .OA 23 2.5 1 • 1 '''l:.~

• 14 9 55.ttl " 2(1.00 1':)5 1 '::J. "lU 1./;18 •• 10 • " • 07 j •• ·; SPC

• " 0 42.41.1

"
20.60 155 17. I U ja.9!:l 2.' 29 U .. • v9

, 1.0 1.1 DEp
b " • .39 " 24.3<1 15' 16.23 1. 81i 9 • 7b .OB 2 .' .3 SPC
b 1544 9.73 19 2<1.26 IS; 17. 1 ~ 1.I.lh .7 9 " "' .OA C • 7 .4 SPC, 1b 1 o:? 18.58 " 20.29 155 Ii. b I 7. 34 2.' 2S 0 ,. .J' • .7 I.' UEO

b 18\ 4 '1. 2~ " 20.30 1S; 8. Ill.! 7, 5':1 LA 20 0 77 • 12 9 •• 2.0 I/EI<'

• 1'HZ £I. 11 19 ZI.l.U 155 1 b. 0 2 2.110 .7 10 0 bb .10 , .7 •• SPC

• 1941! 19.42 1· 21.1.29 155 15.1:)1 2.00 9 0 10' .12 2 1.' .0 SPC

• 2251 39.51 ,9 18.hQ 155 14.9<l 11.00 1.7 19 • It • ." 7 ·; .5 PDC
b 2252 19.80 '9 2t1 • 1 \ '" I~.~b 2.00 , 0 u b1 .13 2 •• .0 SPC

, 2327 34.5~ 19 lo.n] '" 15.j'l 9.<10 2.3 28 0 1 ~I.I .12 8 •• • 'j HCP

• 23.50 38.05 " 16.23 IS' 1':).6j b • 7 ') 1b • 111~ .It 6 1 • 3 1•• MC P
1 039 (l7.92 19 1'1.05 ISS 13.2tl ~.l~ 1 .7 25 0 77 .0. 7 •• .9 llt:.R
7 b3. 15.9b 19 ?(l.03 155 1'J.6~ 1 .73 I.' ,. 0 bl .07 , ·; .2 SPC
7 ,.. 12.87 1. 23.90 155 l'J.ul 1I. 10 9 " ., .0 • 3 ., .7 SPC

7 16t11 30.09 1. 2t1.21
1"

17 .68 1. 1 ~ .7 9 0 10' .1' 2 ., .5 SPC
7 1727 $7.b5 ,9 24.31.1 155 10.15 2.uO ../ 10 l' 13 .13 , 1 • t\ 22. 'J SPC
7 1811 S4. 0 3 1. 24.1 h 1" 1h. 1 b 1 • b6 1.3 ,. 0 bb .0. , .5 .2 SPC
7 19£12 ':)6.53 1. 2t1.39 155 11> • II I) 1. 9 ~ .b 9 • FO .., C ·, .2 SPC
7 2012 "9.12 1. 17. q9 15':) 13. 1 4 7.':>£1 18 " 101 .07 • ., •• POC

7 21 • 1.17.22 1. e 1 .74 155 27.19 9.51 2.' 2. " bO .1' 1U ·/ .5 HEA

• 010 1.15.67 19 2tl.23 ISS 10.13 Lid , 0 " bA .1 U 2 · / ·, SPC

• 0\3 37.48 19 24.20 1~" lb.02 1 • f, 6 1 ., 10 U 10' .,. 2 •• ., :WC

• 1"'
1 .£19 19 2£1 • 11 ISS 15.18 1 • 7 IJ •• 12 0 Itb .Ob ; • s .2 SPC

• 2'2 17.75 19 2£1.20 1» 1 7 • ti 1 1 • 1.1 tl .7 11 " .0 .09 , ·, ·, -"PC

8 bl8 31 .IiB ,. 23.71.1 1 ':l ') 15. 11 1. 4') I.' 19 " " .It j .' .3 SPc

• b5 '7 21 .27 " 2tl.31.1 '" 1 1 • 5':l 1.SIi •• J; • be .11 C • 7 ·, :iPC
6 824 5ll.07 1. IA.'l5 15' 14.10 7. \lq 21 0 •• • 0' 1 ., .9 POL• 1219 54.'B 1. 24.2b

1" Itl.c':l 1 .7i!J 10 0 71 • r,A , .b .3 :ir'C
6 "

, 3t1.90 '9 24.0'::1 155 1'.':1.57 1 • j4 •• 4 " 12' ·" 3 •• .3 1;1o'C

8 1b 12 '::I2.bli 19 24. 1b 155 lb. 1 1 1.33 10 0 ., .0 • e ·, .5 5PC

• 1719 24.'5A '9 211. 1 $ 1" 17.'" 1 • I tI .' , 0 ItO .07 2 ·, ., SPC• 2352 24.24 19 24. I tl 15' 1'::1.80 1.59 10 0 b3 .Uo , ." ·., sec
9 03' 13.')0 " 21.1.07

1" 1'J.-11 1 .8/1 1 • 1 " U 61 .0. 2 ·" ·, 51-'(;, 038 20.99 1. 211.27 '50 1b. 1 '::I 1 • Of b 10 r, 7<' .0' ,
• 1 .j SPC

9 144 2"'.7\ 19 22.'J0 1'J'i 3u.47 10.7tl -~. $ H 0 3. • IS " • • ·, "q",

• , , 15.71 19 24.2Q 155 1 b .vl 1.71 9 " 11 • OY , •• .4 SPC
9 7UD 25.'H ,. efl.~J 150 <' I • '55 'l.B 2.7 32 " 73 .17 I? , 1 • 1 UK'
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HVO EAlHHflUAIIE SUM"'A~V LlST PAGE .,
ORIGIN TIME LAT N LGt, I" OEPTH 4NP DUV GAt' VHS HIN EVH l-:RZ

lOl{ HaN DO 111(1"111, SEC DEG MIN OEG H'N '" />llG MAG NV " DEI> SEC 015 'M 'H RE~If(

IQ7/J OCT • ". 33. b 1 19 25.'11 '5' 50.60 IO •.H 2.7 17 D 125 • '0 2. ... .7 'ON• 12.3 7 ':1':1.10 ,. 22 • 11'\ 155 2!l.":l1l q.Qb '"A " " •• ." 11 • 7 ·, U<F• ,uSq (j • III ,. ZO-A':! 155 12.':12 8.79 , .6 21 0 6' .10 • .0 ,.' UE"• 1':152 26. j7 19 24. 1'5 155 1tl • 1 j 1 • 41 .7 10 0 .s .11 2 .s .0 .PC• llUb 9 • ..sB 19 1q. tH 155 6.tl8 b. 1 0 ,.. ,. V 7' .11 10 • • <.0 UE"

• l'Ul ';)9.04 19 50.22 '55 tlll.US I'L 10 2.7 21 , ,.0 .11 00 .. , ••• 'ON• 21 0 42. 1 tl 19 17.Q7 ISS 1':1.bll b. 7 ':I '0 u '55 .07 ,
• 1 , • S '00

10 1134 15.:S I ,. 18.'12 '55 23.31 j." b 2.U ,. U 11:'3 ." - •• , .7 5\'jf{

1 U 15 • 3o.Sb ,. 24.06 155 1&.1(,1 1.5. III ,.- ,. U 15 .07 2 • 0 •• 0'.
10 22 • 36.81 IV 5tl.(l3 ,;> 30.Ul c! 1 .9\1 ,. ,

" 1 10. .10 " · / 2.0 r(/(lJ

10 2251 21.73 ,. 2".52 ISS 21.1. III b.68 , .7 1b U 12_ .0. 0 .0 •• lJl( F
11 342 tHI.60 19 22.25 '55 25. 1b 8.~':I , • 7 22 U 55 .13 10 .0 1.5 IIKF
11 517 IIl.lo 20 7.26 ISS 32.1;12 22.7..s 2.0 ,. 0 21' .05 H , .0 2.2 'OH
11 .0_ 30.02 19 2b.03 1'55 35.12 .S3 2.5 13 0 70 • I. 0 1 • 2 7.2 MD'
11 0'. H.78 ,. 23.96 , s; 14.tl2 1J.21 .. , • 0 % · o. , ·, 1 .0 GLN

11 l1'1B 1':1.26 ,. a.S3 '55 11. td 3.flO ,.. 13 0 1321.12 ./ 11.5 10.7 IJEIoI
11 1335 50.8u ,. 22.23 155 24.85 to.21 1.1 15 0 7. .0. • •• • • u"
11 1331 54.4& 1. 22.81 '55 1 u• u~ 1-.00 , .3 , 0 0 12' .20 , 2.' .0 UEQ
11 lu5~ 11.21 ,. 23.5U 1'35 ~8.~.s Iv.~O 15 0 112 .1l8 '" .7 2 •• U"
11 IS , 30.08 ,. 20.?1 ISS lQ.co I 1 .50 ,.. 23 0 S< .12 • .0 .0 sw.

11 1150 lIu.75 18 51. 17 '55 28.71 311./)\ '.0 " 0 232 .10 " 2. 1 <'7 DIS
11 2030 11.0/.1 1. 20.58 ISS 8.10 &.CJ2 ,. 0 1.~5 • '0 10 ,.' 2. , LlE~

11 21 .. 3 1 .48 ,. 18.'l2 1':)5 13.51 'l.Sl 1 • 7 24 0 82 .0. J .s .7 POL
11 21U8 1q. 51 ,. 2/.1.27 1~5 1&.08 1. 7 /.I 2.0 22 0 "5 · o. 2 .3 .< SPc
'2 042 30.00 1. 23.CJ7 ''5 15.\j5 1 .82 .8 , 0 0 '2 • \ U I •• .s sPc

12 11. 18.81 " 24.(JI~ 155 IS. oil 1.71 ., • 0 12" .00 3 ." .2 SPc
12 237 2b.03 " 10.58 1'5 41 .02 7.52 21 0 122 .20 22 1 •• 2.2 ...
12 305 ~3.03 ,. 21 • 3/.1 ISS 13.b7 b,8b ,. 0 57 .13 / ." 1. " UE •
12 558 27,5b ,. 21l,22 155 1b. 1b 1 .15 .8 • 0 •• • Vb 2 .5 .2 SPC
12 11 tiS 1l'l.CjIl " 21l.b3 155 Ib,j5 18,bo 1.8 " 0 ". ." 2 •• 1.0 DEP

'2 1538 18.14 ,. 21l.211 ISS Ib.11 1 • 7/.1 11 0 .- .0' 2 .3 • 1 S.C
12 ,. 3 35./.17 ,. 25.2b 155 Ib.llb 11 .8b ,. 0 93 .11 2 •• .'i LPC
12 17 2'5 ';0.04 ,. /.lb. lib 155 1Ltl7 ')1.42 2." • 0 ". .31\ "" &';.1 7/.1.0 "U
12 17 53 .3S.B ,. 23.10 155 111. lI- 2.lIO • 0 113 .0. , · / .0 GLN
12 175CJ 40.11 1. 24.24 155 IS.He 2.110 • 0 110 .1 u 2 ·; .0 SPC

12 1833 Q.Clb
"

10.tlQ 1~5 3b.Qo .5.18 IT 0 15. .12 20 1 • 1 I.. H"
12 221.3 28.oQ 1. 11. 00 '55 2Lub '). q b ,.. 17 0 170 • '0 0 ,.. 3.0 SW.
13 <53 55.8'1

"
30.9CJ ''5 3":1.~U b.o5 2.3 " 0 " ·,. • 1 • , 2.' r-lOK

" '52 U'l.13 1. 22.00 '55 3C1. 12 I U. 41 2.1 2. 0 5. .10 l3 ., ·, 10K
13 "so 28.89 1. 2/.1.10 'SS 11 • c~ 4 • 11 8 " 22. • 1..: , ".' ,.? SPC

" 5 , 2b.v/.l ,. 211.btl 155 24.UQ 11 .80 17 0 '" .0. W .b •• I.lKF
13 .00 \2.b3 ,. 22.Bb 155 21<.dl 10. b 0 ,. 0 '" .07 • .' •• llKF
13 ••• 5.QU ,. .57 ISS tl1.e7 .5.,32 7 0 "" •2' •• 4~.l) Q9.0 uTS
13 t03f, B.OO 21 i'0.52 ISS /.l8.':Il 32,53 11 0 'So .3i'Ul ":10.'3 qb.~ l)f 5

13 12/.10 5.3.74 ,. 24. I q ISS 11.5b 1 • ') 2 1 • 1 • " 101 .n!'! • .s .2 SPC

" JlUS 55.95 ,. a.bO ISS 30. 12 10. 10 2.0 2. 0 so .11 " .7 · .\ MU'

" 17 5 23.38 ,. 211. I q ISS 1 7.05 13. ... 7 1 •• " 0 ., .0. < .W 1 .0 Dn"
13 l'B4 tb.% ,. 2Q.1.l3 ISS 17. 2 t ..- 1 .0 '2 0 10 · I , 2 .0 .3 SPC
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"va EARTI-'QUAKE SU/ol1'HdH LIST fol6,GE .2

OfilGlN TIME LAT
"

LON ,. OEPTtl ''" aVR G,P ~f.1S ,41 N ERN <HZ
YEAR MON D. H~MN SEC OEO MP~ OEG I~ ll~ 'M l'AG !-IAG NR N' DoG SI:.C DIS " 'M REMI(

1'17 1.1 OCT 13 2020 2&.66 " 22.1./2 1>5 10.'':17 \ • tll.l 1 ., 20 II 4- .00 C ·, .2 '0'
13 2355 3'5.77 ,. 22.73 155 2tl.!S1) 9.~O '.b " 0 "' · (n " ., .5 VKF

'" 0" 52.tl5 ,. 20.vc 155 8.2" 1.9tl 2.0 n 0 151 .Il 10 .1 .b VE"

'" '" :SO. 10 " 2'1.&5 I;' 24.t!3 'LI.l8 ,." !O 0 .0
• 1" • • T •• VKF

14 14. S'J.ll ,. 11.1.1.18 155 1U. 21, b.51 11 0 12' .13 • 1., '.0 VE"

'" 42' 1b. 15 1. 22.82 155 23 ..B B.llc 1.1 <5 0 " • III H .b •• VK'

'" 755 52.76 ,. 19.2& 155 til • 12 b.1l1 ,. 0 •• .07 b .5 1. , VE"
14 .57 1&.35 ,. Q,<Jf) 155 3U.1\1 4.1\2 2.b '4 0 120 • 1• '" 1.3 1 •• LSW

'" 1251 23.0b " 21.1.01 155 15.-'Q 1 .51 1.2 " 0 .5 .0. , ·, .3 SPC

'" 1653 15.84 •• 22.70 15~ 2~.22 10.0 l/. 1 •• n "
,. .14 12 .H .5 lJKF

'" lb~6 tjQ.a2 H cU.2t! ISS 1 b. 18 1 .72 .1 • 0 12 .1 U 2 •• • • SPC

1 " 17211 •• 2 1. 22.7/\ 155 U.14 &.8b ,2 0 •• .05 • .4 1.2 VKF

1" 20S.:? 22.2'1 ,. 24.24 155 th.Oij 1.73 .7 10 0 bH ." , •• .3 SPC

'" 22 4 l':l.tl\ ,. 24.25 155 1 b. 1 0 2.00 1.0 13 0 bH .11 2 • T 5.' SPC

" 050 "Q.'U 1. 20.37 155 12.21 7.33 I.- 25 , '" • III / ·- I • , Vf"

15 )3& 27 .0':1 ,. 22.1" 155 21:1,99 12. :3 (j 2.0 <0 0 80 .11 11
• H

.4 llKF
,5 '57 41 .54 ,. 22.51.1 155 2L2:1 7.73 11 0 .0 .0. d •• 2.3 VAF
,5 ,,, \'1.15 1. ZIJ.Ut> t5':1 15.9'::1 1.513 1.1 " 0 bO .0. , ·, ., SIJC

15 53.5 1b. 2 q ,. ~I.l • 1 j 15~ 1&.0" 1 .02 .7 11 " ., ." , .b ·, SPC
15 5"' 11.45 ,. 17 .59 I» 2j.~5 boO 1 1 .8 18 0 12b .1 d 12 1 • , 'Lf, SwR

15 • 4 18.bO " 21.1.23 155 l".u~ 2.00 • 0 b • • 1< , 1.0 .0 SPC
15 723 ~d. 15 ,. 2/J.17 I» 1~.71J couo .8 10 0 b7 .l' , 1.0 • ,1 S,",C
,5 750 3~. 15 ,. 21.l.25 15'; 16.24 lobS 1.1 10 0 71 .11 2 •• ." SPC
15 02< 26.l.lb ,. 26.13 15' 3u.l.l!! 7,9b 2.0 IV 0 "8 .'b " 1 • , I.' t-\OK

" .,. '5.3fl " 2b.~1 155 2'LIiQ Q.81 3.5 57 , at • I Ij 11 • T .4 VK'

" .1' 11 .84 ,. 2a.if! 155 1 7 • ::i II 1 .".s I.' lh 0 " .0' , ·" .2 SPC
15 11.l1 b 12.35 1. 23.55 I» 1&.3b 26.05 3.0 " 0 42 .07 , •• 1 • 1 Ilf.P

" 1432 H.78 ,. 27.92 lOS IiS.lle 6.M-1 2.5 '" 0 1'3 .10 11 1.< 1 .0 'ON
15 1<141:\ til. t f.j ,. 5'5.11:1 1'. 34.c!:l 2.98 3.2 25 0 '.7 .1 d .b 1 /,j • 1 qq.tJ OJs
15 1q59 ':>1. H 1 '1 31.1)9 155 3':1. d 7 b.14 2.3 21 0 8' .22 Il 1., 3.3 "0'

" 204ij 37.1':> 1. 2'1. 12 15" 17.11 I .4'j .5 • 0 123 ."' , ·" .2 SPC
1b 015 ':>.26 1. 24 • .57 155 17.b5 1.11 I.. 22 0 3. .Of: 2 ·, .2 sec

"
210 5.73 ,. 20. ttl 15' 11.b7 7 •.H. 1.7 25 0 82 .011 b •• •• UER

1b "3_ .sa • .5 3 1. 20.&1 lOS 1.'1. a':l 7 .32 20 0 " ."' 7 .0 1.0 LJH<
1. b47 4':>.33 1. 19.51.1

1"
fL j'i b.':I4 IH 0 ,04 .'" It' 1.1 1 • d IJtR

I. 727 3&.91 1. 18.81.1 155 14.17 b. 7 3 1 •• 22 V •• .0. T .,
• • POL,. IfiLl,? 25.4b " 28,/19 155 3':>. U. 1 • b 0 2.' III V ".• 11 , ·, ·, Ml)K

1. 21 " 52.35 ,. 26.3c 155 27. 'j/J 12.18 1 •• <0 0 ., • 1u 12 ·/ • 1I VKF
1b 2152 i.' 1 • b3 ,. 2f1.09 15' 31 • uo •• 2 2.2 12 u 20b .13 3 1.' '.h 1-11) ,.;

l7 • 8 52.32 1. 1fl • b U '" 13.12 9. 1 ~ 2 •• " u ., • 1i:' H • 1 .4 POL

l7 1Q18 5l:l • .51 ,. 18.1\8 15' 1 .5 • 11'1 b.lIb 1.1 ,8 0 _I ." , .b 1.1I POL
1 ./ 1517 3,S.uQ " "3. t 2 154 50. H 8.b2 '.3 1b 0 274 • 12 "" •• 2 1 .2 !4LS
l7 1d'j 1 51. u3 1. 23.0; t"'5 17 .,59 1. ub •• 12 8 III 7 .0. 3 · / ·" :;PC
l7 2010 "9.9a 1. 2".~3 1» 17. ~ 7 1. ,5b 1.0 '" V b4 .11 , ." ·, SPC
l7 c?02~ 115.92 19 22.9b 1'55 l"'.H 1.413 • 0 l7b .()b ,

• 1 ·, KOA

l7 20U 3 38.H 1. 30.9';1 1~5 47 .27 8.21l 2.5 20 u 151 .l< 20 ·, ·, ";(H~

l7 23 2 15.5" 1 '1 16.68 155 19. 12 29.0<1 2.2 21 0 lU?' .0/;1 1V .8 1.7 S,-H?
1_ 25" '14.90 1 ., 28. uO 15' .5').,50 1. 0 , 2.7 '4 0 " • 1u

, .< .b 1.10K
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",0 EAIHHQlt,6,,,,1::. SUMt-IAIH LIST PAGE .3

ORIGIN TIME LAT N LON - DEPTH AM. OUR GAP J.l~lS MIN ERM ERl
YEAR MON OA KRMN SEC OEG MI Iv DEG Mll~ 'M MAG HAG N' NS OEG SEC lll:} 'M 'H REMK

lq74 UCT 18 ." 2&.80 " ZIl.23 1>5 1&.Ou 1.83 • I 10 ° .. • DO 2 • I ·, S.C
18 &30 22.0<.1 l' 24.32 ISS 1&.37 1 .72 8 " 75 • I 1 2 I.e .5 SPC
18 8 • b. on 1• 30.38 ISS tl5.71; b.Ob 2.5 17 ° 143 • I 1 18 1.' I 7 • 1 KO·\j
18 10 3 17.73 l' 20.62 ISS 17.~" 5.10 17 0 •• ." ; .' I •• 'OA
18 \ t 28 1~.q8 l' 20.3& ISS Itl.09 :B.08 2.5 32 0 .5 .00 5 ·, I .' DEe

18 1237 42.68 I' 11 .36 155 0.89 '::12.5'1 2.' 20 0 212 .00 " I.' 3.0 eOL
l' 2042 20. t <.I l' 21 .23 155 16.'17 \ • tlb I .2 1 , 0 62 .07 • .' •• ,OA
18 2131 42.98 " 21 .36 155 Ib.O~ 3~.8q 2.3 17 ° b5 .05 4 .8 2. 1 OEP

" '" 3b.<.li! " 22.47 155 17. 23 1 .3<.1 •• 12 0 " ."7 , ., .' 'OA
10 4" 414.':10 " I'L 16 1>5 12. e 1 7.96 1.7 2b 0 85 .1 U 8 .h •• UER

10 5 5 50.69 1. 1q. 7 4 1'55 9.uu 7. u 1 2.0 23 0 131 .12 • .8 I.' UER
10 531 1 .84 18 58.26 155 27 • ~2 .SZ.O':! ,.. 24 0 238 .11 '" 2.~ 4.2 OIS

" '15 5&.44 l' 2B.OC, 155 24.50 25,80 2. I 22 0 75 .00 12 .8 1.7 U<F
10 I' 2 2".87 l' 20. 18 155 Ii.utl 7.86 2.4 lD 0 180 .lD 12 1 .4 2.2 UE"
10 t'U8 20.62 " 23.22 ISS 17 • 14 1. b 1 1 • I I' ° '0 .09 , .5 ·, S.C

20 0>3 17.40 " 20.33 IS; 20.2" 5.<.10 2. I 22 0 "' .0' 5 .5 1.0 S'R
20 "9 5'5.81 19 20,01:1 1>5 12.0<1 7. b 1 '.3 28 0 79 .14 • .0 1 • , UE"
21> 22& 23. ln 19 1<.l.f\1 ISS 11 .82 9.70 c.9 '" U 85 .12 • • I .4 UEI-i
20 .29 52.&3 19 20.79 155 19.~3 4.11 2. 1 25 0 52 .13 , .b 1.0 50_
>U 7 • 5Q.47 1. 19.03 155 15.wl3 7.2~ 1 •• 23 0 1\4 .08 • .5 .6 K"

20 ". 29.u5 19 24.25 15~ 1b.{j~ 2.UO .7 1O 0 .7 .lC C .8 .0 SPC
20 9" 12.01 19 27.98 155 27.4~ b,2() 1.8 22 0 81 .13 13 .7 2.6 UK'
20 "9 21.30 10 413.75 154 S 1 .78 .H.31 2.9 25 0 293 .13 b' 9.2 1.1 OIS
2u 1559 5.28 19 24.15 155 25.2'" 7.8b 2. I 19 0 II> .07 10 •• 1 • C UK'
20 17~7 1.80 19 31, 7 1 155 39.bo 7, WW 2.3 17 0 6. .24 ,. 1 .0 3.7 "OK

20 18 9 51.68 19 211.83 155 26.vl 7.611 I .7 22 0 '5 • I b I 1 .9 2.0 IJKF
20 19jb 51,57 19 22,711 1;s 21.1.')':1 8.b2 1.1 21 0 55 .0; 9 .b 1.3 U<F
2u 21 1 '5 2.45 19 19.67 15'S 13 •.n 6.91 I.' 25 0 •• .12 7 .7 1 • 1 llER
20 2211 12.83 19 17. 43 1;5 13.11 9.30 2.1 2b 0 12. • 1 I' 9 • 7 .7 .UL
20 2230 45.67 l' 20.08 ISS 9,98 7.02 18 0

1" • 1 I 7 .- I.' U'"
21 351 6.27 l' 26.72 155 21\.68 11.65 18 0 80 .09 \4 I .0 •• UK F
21 6 • 27,76 l' 31.81 155 39 •.S9 5.51 2,3 21 U H4 • 1b 27 1 .0 2.9 MOK
21 620 3.94 l' 2u.88 155 1b • Wq 17.18 I • 7 '" 0 "' , fltj 2 •• ,. n, P

" 16U13 44 • .il l' b,58 155 27.1i itl,22 2.4 15
"

199 .0' " 1., \.4 LSI"i
21 2 13 1 57. (I II 19 22.05 15> If,.20 2b.05 2.0 21 0 .1 .07 4 .' 1 • I) JlEP

22 321 4':1. 19 1. 19.04 155 1$.58 9.06 2.' '8 0 b9 • () I) I ., .7 UE~

C2 ." , • b2 19 20.2Q IS> 10.911 7.tU 1.7 2' 0 80 oil 7 • I 1.0 U!:.~

22 810 ".011 19 18.t19 155 15.50 7.111' 19 0 1," .ll,.. • ·, .R K"
22 10 15 7 • 17 19 31 • £18 155 39 • .s8 b.84 2.' " 0 84 • 14 27 1 .0 c.O HUK
2< 1023 .s • 11 19 20.117 15> 13 •.$1 ., • 17 18 U k2 .U'1 • •• 1 •.( IIER

22 I 7:3 7 1!1I.65 19 2~.53 ISS 2U.':I1 8,'10 1 .9 C2 0 '3 • I 1 8 .b 1 • '1 u"F
22 1859 UQ.7j l' 24.2& 1;5 17 ." 7 1. ':11 1 • 5 1. 0 h3 .OR ? .4 .3 sec
22 CO.:!1 3 j. 1 0 19 2u. 1P- 155 11> , 0 I! 1.£111 1 •• C2 0 '. .09 C ·, .2 S.C
23 ". ':Il.'H 19 2£1. 1 '" IS> 15.05 1. 7'l 1 .9 2. 0 '1 • 11 2 .' ·, SPC
23 435 III .6'1 19 24.39 I" 1 b • U ':I 3,53 .6 10 0 .. .13 C 1 ." ?o sec

23 7 , 10.92 19 2.i.04 IS> 17.19 1 • 39 .8 12 0 •• • Ob 3 •• .3 5PC
23 556 27.66 19 19.29 1>S 1':1.0tl 7 ,86 22 0 " • 1 1 I .0 I • c +<0.6.

" 925 £15.06 '" ll.i.8l:1 1" 15,1.2 1,80 I •• 1, U 11 , • \lh b ., 1 .0 '0'
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"Va EARTHQUAKE SUMt-lAHY 1I ~n '"'AGE b'

ORIGIN TIME LAT N LOt. , DEPr~ AMfo' llUI-/ GAP H"IS (";IN EHK EHZ
'tEAH "ON D' HRMN SEC DEG MIN OEG HIN '" MAG H'G NH NS uEr, SEC VIS ,M '" '1EMK

1971.1 OCT " 1125 I.l • q 1 I' ell.29 '55 1 , • ~tl 1 • ~" ,., I' n ., .0 • e .3 ·, SPC
z; 1426 56.26 I' 2u.22 155 11 .63 q. 7 t ,. e " u " ." 1 •• ·, VER

" 1 b 11 U~. 09 19 19.82
1"

11.5,5 6.90 , • 7 19 0 " .07 ,
• b I ., UEH

" 1922 29.'59 " 27.61 15' ~2'''n q. 1 '5 '.7 <3 0 ~b3 .1] 23 2.J .9 LI:R
23 2038 24.2/.1 19 22.7b 15S 1"'1~ 2.UO •• 11 U 7. • t ~ 2 .8 ·" KOA

" 0 5 2" • 7 5 " IIL';!9 ,» 11.87 8.45 , • 7 18 0 8' .05 b • V 1 .0 UE'

'" 012 28.20 19 1q. 7 0 ,.- tI.82 8.1.13 , .8 IS 0 78 .Ob 9 • b I .' UEH
e' 'v, 7 .04 " 23.20 155 Ib.9j 1. 7H .8 I' 0 ,. .09 , ., .2 SPC

" 228 ".""0 I' 17.51.1 155 14.94 8.5t.l \,7 2' 0 '2. .'9 7 .b ·, POL

" '27 21:1.'18 19 23.9b 155 15.':>1 1. b 1 10 0 7Z .U7 2 .5 • .1 SPC

'" bIV Sll.?2 I' 22. 19 155 2tl.b2 10.j2 3.0 " 0 '9 .IV 11 .7 .J UKF
25 13' 21.7& '9 l8.K2 155 1'S.oR tl • 2 1 17 U 122 .os 5 ·" I • I KOA
25 '5tl9 .08 19 23.74 155 lS.lli 1 • /.II .' 12 0 ., .ut, I • J .2 spc
25 122" 28.24 19 22.11 155 17.72 1. 85 I • 3 , U '8 .10 5 ·, • U KO.
2. OIv YI.e,3 '9 19.75 155 1 I .60 8.20 17 0 177 .06 • .5 ·., UEO

2. 542 II.9'} 19 31.80 155 I.I{).UO 7.16 10 U 13A .19 27 e. I 3.9 "0<
2b ." 24.01', '9 29. 15 151.1 50? .'n 10. U9 18 0 258 .09 <8 3.v .v LER
2. 1223 1i7.8b '9 19.4tl 155 I 1 • '=''=' 7.95 " U 9' • t () b .8 I.' UER
2. 1242 35.98 19 21 .03 15; b. tll 5.tllI 21 0 9U .15 II ·, ~.'j lJER
2. 1320 7. 30 ,. 19.83 155 1 1 • ~'=' ~.b9 3.' 2> U 89 .08 b .b .5 llER

2. IB2 53.?3 19 19.51 '55 11 .l;~ 9.82 2.' 25 0 .; .13 , I .0 .5 UER
2b 1425 26.74 I. 19.'H 155 13.71 9. 10 II 0 I" .0' • •• 1 .0 u,"
eb n43 1 ~. 41 19 1M.lOl7 155 15. td 5.':18 IV 0 117 .09 b • 7 I .7 KO •
2. 23 0 0.26 I. 2\.36 15':1 h.01 7.98 'b U 103 .11 • I • 2 .5.3 UER
27 227 5q.8~ 19 24.02 155 1':1.81t 1 .52 L5 " U b' .11 3 .S ·, SPC

27 238 59.17 '9 37.98 1>5 50.40 23.30 2.7 " U 154 .13 3D I .5 3. I t< or~

27 5\9 27.56 19 22.34 IS,=, I 1 • 1 ':l 1 • <I '5 II 0 9. .U7 3 ., • v <a.
27 937 30.25 I' 26.80 155 ]V.21 9.Ll7 18 0 132 .12 II 1.1 3.7 ;·lUI<

27 1059 3 \ .37 19 C2. 1 7 155 1 tl • 1 tJ .91 I ., 10 0 " .Iltl , .2 ·, "~A
27 12.15 20.~a 19 22.00 155 115.33 2.4'1 I •• 17 U • 5 .0 • ,

• v 2.? '0'
27 1516 38.01 19 2U • ." 1'5 b. I U 8.23 17 0 lOu • I 0 7 .9 2.4 IJER
28 elt 7 32.3b 19 22.t.\) 15~ 211.Uj \f.8s '" 0 10' .0. ,

• I .9 UKF

" 55Ll 3Ll.96 " a.07 1':15 18.04 LOU I •• Ib U .8 • I u
, ·, .' KOA

28 • I 6.(.01 ,. 2. 3. I ':l 155 1 Ll • 7 1 1 • t>':l 8 U III • \14 J .J .2 GL~:

2' 808 26.72 '9 20.37 155 13.1>\ 9.6U 12 (> 11' .OC- I · I 1.0 UER

28 1143 31.':11 19 31.7? 155 3':l.~1 b .97 2.3 II U I"" ·" '" 1.1 V. I MO'
28 1 153 35.4/1 ,9 22.'H' 155 17 • O~ 1 .7 S .9 II 0 " .00 e .5 .2 KG'
2' 1313 U.Llq 19 2Ll.25 155 1 ':l.ld 1 .81 I • I ,. 0 .' .09 , .5 • ? SPC
2R l.~':lb 38. 1b 19 1q. 4 q 15'1 13.~4 7.34 1•• <5 0 72 .13 I .' , • 1 VER
2. lU~7 .SA 19 22.1 q 155 1tl. U0 1 .2.0 loU 10 U " .U5 ,

• 1 .2 Kno

2d 15 9 I, • 0 1 19 23.10 155 17 .6n 2.00 9 0 112 .., 5 1.2 • oJ SPC
2. 1bltj 5~.92 " 2<1.2" 155 11.58 1. ':13 ., 12 U .1 ." 2 ·, .2 st'C
2' I' 2 118.61 20 4;'.27 155 17. U2 It.OO 3.2 17 (J .~ I U • I.Sll,j" 22.e '1q.!l UlS
2R HI/HI 32.88 19 (>3. 1R 1':10':5 17.23 1.5':1 •• ID 0 9. .0. , .7 .3 ,Pc

" 21 9 34.21 , 9 2'1.36 1':1'J 2ft. ~d q. U 2.' 32 0 50 .12 " .> ·, IJKF

2' 2113 b. 1 6 19 22.05 '55 1h. I ~ L 19 9 0 80 ·"' ,
.0 ., K.uA

28 2213 32.56 19 22.41.1 I" 17 • 1 ':I 2.00 1.0 I" 0 " ·" I 1 • IJ ·" K(JA
2' 2248 '10.7'1 19 20.'11 155 1q • U'I I • ~ 6 1 .3 12 U ., .0. b ·, "lQ.1l 5 I'j I(
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HVO EAIHHf;lUAKE SUM~'Af.iY LI 5 r FAGt-. .5

ORIGIN TIME LAT N LO' • Ot.PTH AMP OU' GAP RMS M II~ E'H ER'
YEA~ MON DA HRI~N SEC OEG t-:IN lJtG ~'l N '" MAG MAG N' NS O'G s>C UIS 'M '" REMK

l'H4 OCT 2' 2 , .3&.00 to 2tl. I 0 15> 1';l.ij';l 1. 15 10 0 '2 .00 3 ·; ·" SPC
2' .11 .'5 " :n.tl3 1>5 58. 17 '01.20 2. T 1O ° 2" .12 ," "., I .; KON
20 ." 35.24 to 23.10 ISS 1':i.2~ 2.UO .' 11 ° •• • I I

, .7 • U SPC
2' 11 31> 3 t • b8 to 2tl.2S 15';l 11 • 7 tl 1. 'II 1 • I 15 U .3 .OT 2 .; • ? SPC
20 12 2 34.75 IV 31 .38 155 39.77 8.61 3.1 " 0 " .IT ,. 1 • U 1• > "OK

20 I" 0 13.29 IV 17 • q 1 155 30.';l2 a.bO 2.' 21 0 " .1' 15 1 .2 2.0 HEA
20 1438 43.89 IV 21 .9:3 15':1 18.2il 2.00 I • 1 1° 0 T. .00 " .7 .0 'UA
20 11I/,j1l e.110 to 23. 1b 1>5 17. 11 1 • bl.l •• 10 0 .. .07 3 •• ·, SPC
2' l'

, .3b.t10 to 23.00 155 17 • ~2 1.22 •• • 0 IT3 .07 3 •• .S SPC
20 11,55 sa.51 IV 22.7Q 1>5 17.lD 2.00 .' 11 0 7• • 13 2 .y .0 KO'

20 18';)7 32.33
"

24.59 ISS 2';l • .5tl 8.b2 3." 2. 0 73 • I 5 10 ·, 1 .0 U,F
20 2038 14.78 to 25.b7 1S5 lb.711 2.UO •• 10 0 20. •uv , I.> .0 sPC

" nss 3.35
"

25.07 1>5 1&.6ll 1 • 7" 1 • 0 11 0 13" • 1U 2 ·, ·; spc
2V 2310 56.26- to 25."1 1S5 3!l • .s 7 1 • 1b 2.1 7 0 217 .05 20 1 • " <.jq.o MU'
50 020 49.82 IV 25.31 155 Ib.';lj 13.92 2.1 2. 0 7U .0' 2 .> .7 1)1:. f'

30 2IU b.8! to 23.13 155 17.ctl 1.39 1. " 15 U .. ." ; .5 ·; :;Pc
30 322 tit • bll " 21.1. 12 1S5 2.5.Q2 8.5'::1 1.' 1b 0 lU7 .0> 7 .> 1,0 UKF
30 "" 31 .01 IV 22.23 155 211,71 8.01 1 .7 " 0 78 .IV q •• 1,7 UKF
30 US5 2b.~'3 IV 22.bfl l~~ 17.2:7 2.00 •• • 0 111 .11 ; .' .11 KOA
30 5 1 3'J.19 to 21'>.30 15' 2~.7~ T.l.lq 1,'

"
0 IS' .0 0 12 ·, 2." UKF

3U 551.1 3b.'j1,j " lA.CJ9 155 1:3. 3\) 7 • 1 1 15 II " .05 • ·" 1 • ? POL
30 • 1 1 • 9b " 20.39 "> 1~.c!~ 1 • b~ " U 101 • 1(I • .b .U S.~R

;0 1 11.11.1 6.75 to 23.01 ISS 17. UI 1.72: 1 .2 13 1 .7 .Ob 2 •• .2 SPC
30 1.51.10 27 • '3 7 " lq.~~ 155 18.c!7 2.94 2:. 1 IU 1 11b .11 • .b 2 •• KOA
30 131.12 'J2.% to 24 • .3~ 1 s; 17.93 1 •.H 1,1 11 0 172 • IU 3 1 .0 .> SI-'C

30 '" 0 1 t .83 " 20.59 I» 1.S-il 8.11.1 I> 0 17' .0. 7 1 • I 2.2 UER
3U 1510 2.5.22 " 20.50 1S> 19. 1 b 2.27 1 .3 1U 0 .,

.IJ~ • • > 11.1.0 Ii ,.~ k!
30 \b'Jl 21,j.7 j " 22.Ml 155 17,U 1. 71 •• 11 0 .2 .05 2 • • .2 'QA
30 171.12 6.82 IV 22.07 15> .,So • .,su 10 • 11.1 2.0 Ib 0 17 • I 0 I. ., .> f-IUK
30 un 0 43.02 1V 22.3.3 155 30.12 10.50 3.2 33 0 ;q .IU " .7 ., t~(J I(

31 1.158 2\=1.22 IV 22.t>5 155 17 .9 j 1 • U1 .' • 0 133 .01 " .5 .5 'OA
31 ,"2 "s2.1.18 1V 22.40 155 17 • .,s 1 1.30 1 .0 13 U l.l2 • U8

, .> • • 'QA
31 bib ')'L4\ .. 22.50 155 17 .09 2.00 1 .0 12 0 02 .1" j .y .0 'QA
31 • 1 4b.Q6 1V 21 .77 15> \1, . .,5 .91 1 • 1 10 U " .07 " ·" ·" 'OA
31 02' l.iB 1V 22.1\1 155 17 • 1i.3 "s.j~ • U ,. .Ob " .' 3.q 'OA

31 10 1 48.84 to 21 .83 1'55 2.b1 8.'J4 3.9 2. U lOb • IU 13 1 • 3 •• I~~ f.I
31 1011'J 22.07 to 21.138 1'5 2.'JII B.bb 3,7 2R 0 ". .13 " 1 • 3 • 7 "E"
31 17 21 3. 14 1V 211.4":l 155 1":l • 1q 2.25 I .3 IU 0 .. .0' b ·" III • II SLr,'lt
31 184tJ 37 • 1 q to 20.2£' 1>5 18.I.IU 30.17 2.5 31 U " .0'1 b .d 1 • , nEP
31 to 5 "sj.40 IV 2.s. Zq 155 1b. b l 1 • 8 'J •• 12 II .2 .0' 2 .0 .2 SPC

31 204£, .3 7 .72 1V 24.3f1 155 1 "/ .55 2.00 .d 10 0 73 .11 2 .ri .0 SPC
31 22 1 ':l2. 0 1 to 22.22 15' 17. tlU 2.uo 12 U as .09 " • h • II 'OA
31 2330 lIS.52 to 23.09 1 » 1 7 • HI 1.5R 1 • 1 15 0 b" .lJb ~, ·; .2 s~c

NOV 1 110 27.79
"

22.12 155 Itl.l':1 .va 1 • ':i 1. 0 "' • II'" " .2 .2 '0'1 , • 47 • .50 1q 2l1.19 IS> Ib.28 I .1 q .7 11 0 .7 .10 , · / ·; 5PC

1 21' 112.22 to 21 .62 155 Ill. 1\ I • ') j I • 1 1" 0 " .11 " • I • U '00
1 223 ]lI.55 tv 22.88 1S> 11 .0 j 2.0U 1U 0 1U1 .0' 2 .> \,3 'UA
1 ,"0 10.811 " 20.77 1>5 J 1 .IJ~ 8./'8 2.0 2b U " • 1 r.!

,
• 7 1,1 Ul:it
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HVO ORTHQ\.JAKE Sl!"'iM ....n LIST +-'A [. I:. ••
OIOG!'" TIME lAT N lO~; • DEPTH u,p DltW GAP ".S ,~ I N '.H E.Z

YEAR "ON O' HRMN SEC "EG MIll Off, /·,1 ,~ ,. "'G "'G N. 'S OEG SEC U'S <M '" REMK

1914 NOV , "2 28.36 " 35.&2 lS~ Ub.~~ a. 1 a ;.0 13 ° .3 .17 <I 1." 3.; <ON

\ 427 25.29 ,. 22.ul \55 t 1. H 2.00 , .0 11 0 41 .11 3 .< .0 '0'

\ 511 ttl.7S ,. 22.6& ,;; 17 • .s I 2.1,10 • 0 113 .1 n 3 .' •• <D'

, '12 uS.33 \. 17.fll , » 13.0'7 8.9Q ,.. <0 " 10" .,. • .7 ., POL

, .41 4b.~n ,.15.28 \ ;; l~.Ob .0' I.'
,. 0 ,..

• \4 \ II , • b 5. \ HLP

, 1033 /J 7 .0'5 ,. 23.82 ,;; 17 • 3'1 ,7. 1.0 10 II •• .05 2 • J
, .3 SPC

\ 13/J 7 12.48 \.22.6U \55 3D. 1a \ tl • On 2.0 ,. ij ., .0. U •• ·" MOK

\ 15211 3lol.5b \. ZO.tt. \ ;; IO.'n f.liZ 1.7 ,.
° 83 • 07 7 ., •• Ul:R

, \. 3 'l8.tl3 ," 21 .77 '» Ie. 0 1 1.1,0 I., 13 " Jq .11 ,
• I Q9.11 <0'

, 1 b 36 ZoS.2ll ," 2&.50 '» 21.n ".42 ,.' ,. 0 71 .12 12 ·, 2.5 uu

, 1728 3.7 t \. 22.&0 15~ 17.11'1 1.73 10 U .. ." 7 3 ., .3 '0',
"

, .52.89 \.17.26 \55 13.~c! 6.':12 17 U 157 .0. b , .0 1 • '5 POL

< 0 \ lU.28 \. t 7. (,4 , >5 l.s,<,lU 8.36
,. 0 11. • 117 < .b ., POL

2 137 In .02 " 22.78 \5; 20. , c! 7.61 2 •• 27 U >2 .U '2 · I I.. uu

2 232 H.b3 ,. 22.55 155 17 .21 2.1,10 10 0 11' .10 3 •• .0 <0.

2 "2 31 .2& \. 21.1.29 ,;; 17 • ':l':l 2.00 •• 10 0 7b .,. 2 • I .11 5PC

2 lS' 2.L ~o " 2.LOJ ,;; II.tO I .3b \2 0 .0 .0' J •• .3 spc

2 ;;7 27. btl ,. 22.5f, ,;; 17.21 2.1,10 , .0 10 II \\4 • 0. 3 •• .11 '0'

2 • \ 52.53 \. 22.70 , S> 17. 07 2.00 11 v R2 • 12 2 •• • 0 .0 •

2 '35 .3c!.81 \.23.73 '>5 1t>.I1~ \ .7h , .2 IS " •• .0. < • • .< 5PC

2 "J 57. en ,. \11.05 15; I.Lb5 9.52 \. 0 207 .Iltl 7 •• 2.? UE'

2 .21 • 53 '" 23.11 15~ lb.n2 2.uo •• '0 " n .11 2 " o:! • 1 spc

2 ." j6.~6 ,. 22.37 1';)';) 17 •.n 1 • .52 ,.\ '" 0 .,
• V7 J .0 .' '0'

2 " , oS. tit! ,. 23.19
\ " 17.17 1 • U7 •• \0 0 ., .0 • 3 .d , ; SPC

2 113? 38.66 ,. 22.B \ >5 1." l.S 2.uO •• 10 0 ,,0 .10 < • I • V '0'

2 lQ51 5".86 \. 51.57 ,;; 111.$8 12.21 2.; 17 0 15? .0' J; ,., ·" «U

2 11,20 7,92 \. ZZ.36 150; 1 7 • ~~ 1. .34 .- 0 .\ .07 ,
• J .3 '0'

2 21 • .07 \. 3U./.i8 15" 13. Be 44.25 2.2 12 , <00 .\0 bb 3,1 •• 7 DIS

J jj< 1 • 19 '" 20.'1';) ,;; 1q. 1 .5 2.06 , .3 17 0 .7 .05 b ·., Zrl.b 51',w

3 ". 109.'13 ,. 22.58 \ ;; 11 • 1 7 2.UU II ° " .0" 3 .n ·" <0'

3 5 0 U.bl '" 18.94 ISS lS.01O 8.01, ,.. 2J 0 II? .0. 7 •• .h <U'

3 154'1 2.4.3 ,.20.31 ,,, 19.~'::I 1 • to 8 ,.' 12 0 '07 .0' , ·" '111.11 s."
3 1&1'::1 12.03 " 20.58 '» I"L 12 l.td , .3 II h '5 .05 • ·, "49.0 5~,1o/

, 1616 .56.0b ,.2.5.21, 1'::l'S 17. I~ l.'::Iq •• '0 " '7 .v. , ., .? :;PC

3 18 , 1.u'::l ,.23.1':1 ,;; 11 • .5 1 1 • j~ • < 10 u Hi? • v 7
,

• • ·, SPC

3 2041 58.UQ ,. 32.3/:1 ,S> ';)lJ • .5q 7 • .5 I 2.2 11 , IR\ .17 <. 2.v \ ., 0( Ol~

; 21 • H.OO ,. 18.9,3 15'::1 tI 7 • , I 7 .73 , • < " U ,7< .\7 '" ,." ,.\ '0'

J 2.n2 29.b8 ,. 2.3,01 ,SS 17. .51 1 • 36 • < \ 0 0 '0; .07 3 .n .3 SPC:

• 0 • .:0.01 ,.22.10 1S' 17.01 .' , , .0 '" 0 .. • 1/ f'l " • • ·" '0'

" jO' 2&.77 '" 19.hb ,>5 q • .s .. 8.1 q 1S 0 •• ." , .' "
uEIoI

" >2\ Q'::l.S' '" 111.9ii ,S> &.80 ~.2U 17 0 '" • 0. 0
• b

, .? liE ...

" 550 I • Q~ ,. 2'1.27 , » 17.b,5 1. '::lli .7 Ii " "5 .01> 2 .0 .2 SPC

• 7 , 3S.4b ,. 24.25 ISS 1f-.O'::l 1 • 1 ... •• 10 0 " · o. < ·, ., SPC

• 710 1j .b9 " 210.21 IS> 17. I h 1• .3"1 \ .0 " " b2 .O~ < • • .2 SPC

• 10 • ~e . .30 \. ?4.i?1 I;; I ':I. Ii ':I .., , V " " .U r ., ·, ~"'C:

• 1 0 31 O. 1.3 ,.25.f11O 1'::15 24.13 Ill. 11.'\ , .7 11 II ". .0. ,
• 0 .h U'f

• II 3 12.70 '" 2/.i.5"=, ''5 16.53 tI.OO < 0 II. • 1.'
, .' , .0 ~"c

, 1145 5&.42 ,. 21 .27 l'::l~ tb.Oq 31 .27 2.2 21 0 " .no • .' "I> Ill: I-'
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"Va EARTHQUAKE SUMMA~Y LIST ~A,t.~ .7

ORIGIN TI ME L" " LON • OEf>TH AMP au. GAP 10-15 M! I~ E.n EOZ
YEA~ MUN OA HRMN SEC OEG MIN OEG ~l I I. 'M MAG MAG N. NS O'G SFC OIS ,. 'M RE!4t<

197 l.I NOV • I< 5 2.01 19 2'5.1.17 I» 1b. d 0 2.13 •• 9 0 I," .08 • I.' ?. SPC
• 12111 S 7. '2 19 21.1.23 1>S 1').9~ 1 • b6 2.0 19 0 b3 .11 2 .5 .3 SPC

• 121.17 h.l.l<j " 24.23 IS5 16. 11.1 1 • 71'\ 1.1 1> 1 •• .09 • • • .2 SPC
• 1 "1.1 \ tl9.08 19 22.7" I» 17 • .52 2.1)0 9 0 III .0. , .7 .0 'OA
• l~ll'j 20.tl8 19 eU • 18 155 IS.btl 2.UO 7 (, 120 .09 2 I • 0 .0 SPC

• 191.l2 1I<j.02 19 2'1.05 155 1'5.07 I .1.l9 .7 " 0 b3 .10 , .' .3 SPC
5 020 2.30 19 24.31 155 Ib.~B I .72. •• 10 0 7V .09 2 .7 .3 5PC
5 >47 20.<Jb 19 28.~7 I" 10:>.95 2~.38 2.' 32 0 ;S .09 10 .7 I .' DEH
5 259 ~~.83 19 21<.25 1>5 16.31 1 .7fl •• 10 0 71 .0. 2 •• .3 5PC
5 925 47.07 IV 21.1.09 I'- 1~.97 2.00 .' 11 0 bl .1'5 2 1 .0 .0 SPC

5 7 8 5':1.78 19 23. 1b 155 17.1'1 1 • uS •• 11 0 99 .Ob 3 .5 .2 SHe
5 .17 27.j8 " 23. ttl 155 23.~7 8.09 11 0 105 .Db 7 .7 I.h UKF, \033 .78 19 24.33 1'5'5 Ib.3n 1 .84 1.7 Ib 0 7b .0. 2 .' .2 SHC
5 12':>6 15.77 " 20.':18 155 1h. 'H3 t • 8 ~ I .3 12 0 92 .07 • .5 qq.o ,OA
5 1331.1 32.8j 19 25.29 155 tb.b:> 1 .8\ .A 10 0 1:s2 •O. 2 • • .3 SPC

5 13lJlJ 20.96 " ttl.tlQ I.- 15.01.1 7.<:13 I •• 25 0 91 .10 • .0 I • I 'OA
5 1345 4.4'1 ,9 I q. q 1 tSS 1 "' • 27 30.96 2.2 27 0 55 .07 5 .M I ., OEP
5 lU4(j 26.91 19 2/J.~5 15~ 17.56 1 • ':l '::I .R 11 II au .05 2 ·, .2 SPC, 19 ,

5~.8U 19 25.IHI 155 Ib •.H I • b 0 .8 12 0 142 .07 2 .5 ·, SPC
5 leUl 3&.55 19 24. 1'1 15' 1~.1'1 .b9 .7 10 0 b5 .10 , .' 2. , SPC

, 19~0 9.50 ,9 2'1. 1'1 155 15.74 .99 !O 0 b5 .13 2 .M •• SPC
5 2030 56.35 19 2~.'H\ 155 1"1 •.H .78 1.8 18 0 50 .00 , ., I.' 'OA
5 2052 33.31 19 2'1.30 155 15.M'::I 1.12 9 II b8 • I' • I • I • 7 ,Pc, 225b '14.01 19 2U.OS 1'5 17. 7~ 1 .03 .7 R 0 l~c .07 2 ·, ., SPC

• 118 9.5'1 ,9 24.20 ISS 1&.20 1 .8U 1.1 12 'I 71 .05 , •• .2 SPC

• ". 20.42 1. 2'1.25 155 1b.UI.l 1 .81 •• 10 0 b7 .05 2 .' .j.! SPC

• 151 51 • 1q 19 24.0'1 155 15.98 1 .15 1.1 " 0 bI .0' ,
• • .2 SPC

• 3 7 lllJ.qO IV 21.113 1'::15 21.l.IJU 7.54 2.0 21 0 79 .0' II ., 1.1 llKF
b 350 2.35 19 24. 1q 1'55 1&. UI 2.00 9 0 .. .09 ,

• I .0 SPC

• 352 53.5'1 19 2/J.l1 \55 Ib.Uf) 1 .18 .7 9 0 .. .Db 2 ·, ., SPC

• 7<4 113,2& IV "0.15 ISS b.UIJ c.33 17 u 118 .10 R 1.0 2.7 UE"• 750 114.30 IV 24.2'1 ,'- 1 7 • bq 1 • 3 1 I .3 I' 0 .2 .,. 2 .3 .2 SPC
• 8" 51.41 19 45.90 155 3.51 31 .51 2.2 27 I 21. .13 " I •• '.7 HIL

• 1221 57.v3 '9 23.9b 155 1'::I.bb I .Ii" .8 II 0 70 • U9 3 ., ·, SI-'C
• 1/J45 55.12 19 22.r,1l 155 11.1'j 1.17 1 .5 " 1 .. .07 , .' •• ,OA

7 0 2 41 .05 19 18.01 155 13 • .!U 7.~1 1 • 7 18 0 97 .U9 R • I I.' POL
7 531 .sll.S8 19 20.02 155 19.20 .5093 1 .4 II 0 107 .OM 7 .0 '.9 S/l~

7 • 3 34.49 IV 25.55 155 lb.b~ 1.& 1 1 .4 1. 0 125 .0. ? .' .3 SPC
7 1111 27.jij 19 18.45 155 13.'::1 .. d.08

" " " .1l7 M ·, .8 PUL

• 0 4 .52.0il 19 1'3 .... 0 155 32.j') ~.5u 2.' 28 II 117 • I • IS I • II I., LS"

8 345 52.00 " 1.22 155 21.q.s ~O.~O 2.' 31 I 172 .10 'I I • I >.' LSI'

• 'J< .91 19 21.1 • ur 155 15.8& 2.0U .8 10 (I '2 ." , I •• .n SPC
• 758 ':l.33 19 22.94 15' 26. I ':l 9.n6 1.8 2l U 55 • I? 12 • I .7 UKF

• I USb 15.85 19 24.19 ISS 24.0" q. ,n 2. , <2 0 " .12 9 •• 1.2 U~f-

b 10'38 5/J./J3 1. 19.78 155 b • .s7 8.U/J lb 0 " ." I U 1.1 I • 7 UE"

e 21 3 22.74 19 25.'11 155 3"'.1/J 2.52 2.' "I II 51 ·" 7 .8 '.' '.... Ol(

• 022 .' I 19 27.'::18 155 2& • .S3 d.tl/J 2' U 79 .12 12 ·, 1.7 UKF
9 052 21 .57 19 19.99 155 1 I • '::I il 8.2'" I • 7 '" " 84 .1> h .8 1 • II lJl:1<'
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MVO E4RTHQII/IKE 5Uf'o1MA~Y LIST P HiE. ••
ORIGIN r JrolE L" N LON " OEPTM AMP DU" GAP R~1S MI (~ '<H "l

YEAR r~ON OA HR,o.1f\l SEC O~G MjN OI:.G t-i} ~ 'M MAG MAG N" NS Otl> SFC OjS ,., 'M IU.M~

1 'n 4 NOV 9 t ':)3 .2> 19 t9.?j 1>5 20. I 4 5.118 2.0 1. 0 114 .0. b ·, ., swR
9 ''" 1'.).74

"
21 • b 0 \')~ b. fJ 1 9.40 3.0 " 0 128 .12 • 1.0 .7 UFO

9 1455 IHI.l &

"
19.38 155 ?O.tb u.6'J 11 0 151 .0' b ·, 2." l)~.R

• 1522 58.92 " 20.29 1')5 19.02 1 .99 10 0 9' .0' b ., Q9.1\ ~\'JR

9 201& 1&.&5 ,. S7. '11'1 1':l5 29.&3 39.#\9 C3 0 2" .09 " ,. 1 ' .. OjS

9 212" 33.21 " 18. ~ 1 1':15 11 .30 1. tll
"

0 lCO .a. 7 ·, ·, 'OA
9 221& j7.83 " 2.7(\ I'; 5.'j~ 27 .4h l.B 13 " 31 II .15 " 25.5 t 10 • I} PPL

• 2231 35.&7 ,. 1b." 7 1>5 ILI.9a 8.13 2.1 1. 0 21" .05 , 1.' 1 ." POL
10 153 14.72 " 2a.1'l7 I» ?'J.5U 10 • .sQ '.2 3' 0 " .13 10 • 7 ." UKF
10 15. ';).12 19 2S.0fl 1;; 2':1.84 tl.tll.l 2 •• '" 0 7h ., , 10 .9 1 .2 tlKF

10 .,5 3&.71) 19 25.42 ISS 16.M! ~.O5 1 .2 13 " 12' .07 2 .5 2.' SPC
10 915 15.90 " 1&.85 1" 5 U.~O b.77 1.' " U 12' ·" , 1.1 2.9 S.~R

10 135b ::l.08 1'I S9.l,j(l ,5> 27. 10 31 .14 1•• 1. 0 '"' • II 7 " 1.0 2.h "U
10 1722 49.43 19 18.H9 '" u7.8'J 8.J'j 15 U 172 • l2 " 1 ." •• XU,\I

11 3 • 14.21 19 23.24 155 17 .2"3 1 • u2 •• 11 0 70 .07 , ., ·, SPC

11 520 u t • &8 ,. 19.51 155 9.11 7.19 1•• 20 0 " .12 " ., 2.0 IJFIi
11 521 1':5.91 ,. 19.1R \55 q.d 8.19 2.9 27 °

., .11 • .7 ·, VtO
11 1u45 21 .91 ,. 20.1,10 155 19. 1 ~ 1 .12 1•• ," 0 72 ·°7

b ." .0 S"'~

11 1352 lJ7.49 ,- 20 • .:&3 155 lb.q~ 35.21 27 ° 71 .09 , .' 1 • h DEP
11 lb4E1 9 .. 70 19 211.70 155 1t).97 2.00 ,.,

" ° 90 .05 b ·, 3.? ,OA

11 1743 lJO.03 ,. 28.42 15> 2U.44 23.5& 2.9 " 2 3' .11 12 ·, 1.' ll'( F

11 1859 52.96 ,. 18.62 155 15."6 7. 00 20 ° 121 • 1U • •• 1 •° '0'
12 " 2 3d.30 19 19.88 155 1 t\ • a$ ".35 2.3 20 ° 10' .u9 • .b ·, 'OA
12 1S13 29.7.5 " 19.6';)

1"
19. 'HI u.24 2.3 21 ° .. .12 h .7 1 • , 'i.~~

12 1b50 55.99 ,. 23.17 155 17. v7 1.71 ,.. 18 ° ., ·°7 2 ·, .2 SPC

12 1859 4.32 .. 25.30 '55 17. 1o:! ••• 3.1 $2 " ';\1 .20 3 .b ., sec
12 2010 tl8.71A " 25.02 '55 17. vB ... •• 12 U ,n ·,. e .' ·, SPC
13 0 1 58.65 19 25.(11:> ," 16.2u 18. 14 1.7 25 u 07 ·°7

2 •• .' I)I:Y

13 157 23.9& " 21A.05 'S' 23.&1 10.74 2.5 27 ° " .0. 7 ·" .2 IJP(F

" 3 7 2.33 18 57.47 155 34.91 40.08 2.7 ,. 0 233 .11 32 '.9 a. 'S DIS

13 &51 39.83 19 19. 11 155 15.71 7.ISA 1.' 21 0 113 .07 • ., .7 "A

" 7 2 $8.13 19 19.al '55 15. 'i} 9.72 1.9 '" ° " .1< b • • • h <OA
13 13a3 50.85 19 22.40 '55 25.37 10.80 18 ° '" .0' 10 ·, • b UK F
13 2259 22.83 20 Ib.88 155 3b.11.l ~.tl9 3.0 • 0 2" .a. 5& '." ,. b rIS

'" 1010 28.72 19 25.21 ''5 25.23 ~.~O 2.9 33 U '3 .12 • .' .7 UKF

'" 1043 4&.ill .. lq.&8 155 1 V. 15 7. 7 'j ,.. 21 ° 92 .11 7 .d 1.7 lJER

'" 211:10 tl.5./la 19 26.55 155 27 .88 8.13 1 •• 27 0 " .15 " .' >.1 UKF
l5 "2 :33.20 " 50.81 155 31. Oil 20.8h 2 •• 17 0 117 .U1 " • 7 1 •• P(P(!J

15 • • 1 • as 1. 57."2 155 2tl.7a 3l1.8fl 3.3 32 " ~?q .10 " 1.' 3." 01:>
15 959 .92 19 25.11 155 Itl.a7 12.1-2 1.5 19 ° 117 .10 , 1.0 ·, LPG

15 II ab 57.01 1_ 22.38 '" 5u.2b lU.09 2.7 19 U 19v .15 " , • 7 ., K UI~

15 ," 7 20 .. 89 " 18.Q9 155 13.ob 7.98 2.2 2. 0 bh • I< 7 .7 I • U PC,-
,5 2019 &.. 97 19 18.32 155 13.37 &.91 20 0 ., .lI8 • • b 1 • 1 ~OL,. USb 15.1 b ,. 36.08 155 19 • .54 10.Fl4 1.9 19 0 113 .13 CO loU 1.' "r:R
1. 512 39.1 b 19 12.72 15. 21 .05 jl.1lJ 3.' " 0 30b .1. Ib 1 IS. " 9.0 I)!;;

,. 750 23.79 ,. 30.12 155 39.3.5 7.52 3.0 <2 0 13h .11 • ·; 1. , ~·IOI(

1. 10.57 3.2Q " 2 0. t c 1~5 11 .2& Q.09 2•• 30 0 83 .11 7 •• •• UI:: R
1. 10a~ S':I.bb " 20.(j~ ,,, 10.8b 7 .10 1.7 23 0 77 ·" " ·" 1.' llER
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HV{J EARTHOUAI<~ SU"\MA~Y LIS T PlIGI:.
_.

DIHGI'" TIME LAT N LON • DI:.f1TH AHP DU" GAP "MS t~ I r• E"" E"'
YEA~ HON DA M~MN SEC DEG MW DEG Mt,~ '" "'AG "oAr. N" "' Dt" SEC 01' I< '''I '" I;'Et~1(

l'HQ NOV .- lQQR 28.27 •• 2'} • (1':1 '0; 3':1.83 2.51 2.8 2U () -, .17 - .' ~. 2 HO,.- 2.31b 31.&5 " 18.U& \55 13.11 :, 1. & 3 \ .7 n 0 '0 • \ 0 8 •• •• POL
17 lUO Q7.&4 " 2Q.50 \5> 2L1 .71 9.&& \ .7 15 0 "' .08 • ·, \ ., UKF
17 "8 2.57 to 24.51 \55 1&.7'1 2.00 •• 10 0 " ·~~ 2 1.' .0 SPC
17 12':12 22.07 to 28.5L1 1>5 35.00 1 • & 3 \ .. 1 " " 10_ .10 3 •• .3 I~UK

17 1828 5.60 .. 22.70 15> 1&. Q1 30.83 \ .8 <3 0 5" .0_ 2 •• \ ., 00'
17 20.30 57.90 to 20. 11 155 11 .29 7.45 1.8 20 0 A3 .10 7 .7 1.3 IJER
1. -" 51 .90 to 18.56 155 lil.l'\f', 7 .57 1.7 20 0 \2 • • 0_ 7 ." ., POL

" "3 21 .78 \. 19.39 155 13.50 Ii.bo \ .7 27 0 _7 .10 7 .- •• UE",. 1020 55.46 .. 20.22 155 II.a 7 .72 2.0 '" 0 " .09 7 .5 •• IJE R

,8 14 Q7 ll~.lU to 25.117 \5> 1&.8il 1.83 \ .0 1_ 0 12" .U8 2 .5 ., SPC,. 3" 1 20.06 .. 22.111
1"

15.'H 32.95 2.3 33 0 53 .09 S •• 1 • " DEP,. 125ij 40.511 ,. 21 .99 155 25.3" 8.92 1.7 23 0 58 • 1" \ " •• 1 ._
"EA,. III II! 21.79 ,. 25.211 155 22.'U q. 17 \ • 7 18 0 70 .10 8 • 1 \ ., IJI< F,. to - 57.23 .. 33.53 155 H.':I7 '1.99 \ .. \- 0 223 .1_ 12 2.' .7 MOt<

20 , 2 50.&9 ,. 25.b8 1>5 Ib.bij 1. '6 .8 11 0 15ij .10 , .' ·" SPC
20 1518 211.57 ,. 20.52 1':15 1'1.17 1 .48 \ .3 11 0 ., .05 b .; ., SVi~

'0 1bil I lIO.88 ,. 211.05 155 2&.tlll 10.20 \ .8 " "
., .07 12 .' 2." U"

21 -" 30.'10 \. 12.&3 15> "(\.~2 llll. 17 2.5 ;3 " ,.. .09 1" 1.1 2.2 HLP
21 7 • 511.71 ,. ~3.Qll 1>5 24.d'; 10.59 2._ 20 0 >5 .DO • ·, .2 UKF

2\ "2 '11.76
"

20.92 155 30.t'd '1.02 2.0 18 0 90 .1. I; 1 ., <. , "EA
21 \5 2 57.&2 " 21 • B'I 155 18.23 .92 1.1 12 0 " .11 " ., .- ,OA
2 \ 15.,>2 1$.5'1 to 21 .79 .55 17 .9& 1 .8 J3 " U OJ .0. " .5 "''J.o r<.Olo
2\ 15'i0 35.53 '9 21 • q7 15~ 1)j.(1\ .8_ \ .0 \2 0 " .07 " .3 ·, <OA
21 211.19 11.1.57 to 2 1 • /,j 1 '55 18.63 30.71 "." 35 0 ", .10 5 • 1 \ • 3 Of.P

21 2324 52.03 to 19.49 .55 12. 'n 8.11 1 .1 2_ U 17 • 11 " •• \ .0 UEO
22 211 18.&8 ,.

20.9~ 15> 1tI. 7 Ll .:!q.9& 2.1 eo U 50 .07 b • 1 1.2 ll£P
22 300 4:5:1.09 ,. 2f:o.81 '0; 241.~2 /,j.U/,l \ .5 11 0 7U .11 10 ·'/ ~. 1 UKF
?2 305 25.20 ,. 22.113 ,5> 17 .I,j~ 1. 29 \ .' to U >2 .10 ; ·" .5 'OA
22 ",2 7.81 ,. 22.77 1>5 17 • I 7 2.00 •• 10 0 10_ .09 , .7 .0 <OA

22 ". ':11 .28 ,. 25.70 15'5 11'1.90 2.71 .5 11 0 1>- .09 2 .' 1. • SPC
22 500 52.32 ,. 21 .61 1S; 18. 1b 30.3& 2. \ " 0 39 .09 5 .' 1.; DEP
22 5" ."3 19 21 • 39 155 Ib.bU 50.3tl 2. 1 2R 0 " .11 , I • II 1,' nEY
22 13";,2 5'1.81 to 21 .9 () \5> 18.22 1, 00 11 D 75 .ut> " .; ·, 'OA
22 l6Qa 30.82 ,. 21.1.9A \» 23. H 11.32 1._ 20 0 .0 .DO 9 ·" .b UKF

22 Ib':!"" Q.12 to 25.02 155 23.41 1 1 • 1b 2._ 25 0 bO .0_ 9 ·" .2 IJl(F
U 20')5 1".15 ,. 21.77 \55 IIj.4b .;0 " 0 " • 12 " ., ?" <OA
22 22 'S4 52.17 ,. 2'1.2':1 10; 17 .60 1.':12 2.2 to 0 " .07 2 ·; .2 ~PC

2J 2 0 ."' ,. 31 .27 155 llt-.20 7.61 2.' 20 D 151 .12 .. 1.0 •• 'DN
23 220 10. 1.l3 \9 U~.l,jl 155 13. 14 d.06 \2 0 \>2 .oS 8 \ • I ? • ~ eOL

23 ",,, ab.05 ,. 23.09 '55 17 .21 I • ':1'1 •• " II b" .Ob , ·" .2 Sj.JC
23 020 1.1.2'5 19 20.71 155 13.16 9. II \- II " .03 • .3 ·, IIEI(
23 >31 '5b.')3 to 23.utl 155 1b .In 1 • II 6 ,., 11 0 " .0> 3 ·" ., sec
23 508 4.92 ,. 18.38 \55 15.13 10.70 I? 0 1 .32 • (17 • .9 ... • 'I 'OA
23 ." 1 7 • 77 ,. 24.72

1 "
I 7 • Ij ':l 2.b9 1 • \ 11 1 17 • () 7 2 ., t .2 SPc

23 92. 3&. \ I to 19.00 155 10./ju 1 • 'J U " 0 " .17 / 1 • , "J'I • I) U~R

23 OJ" H.9u to 23.05 155 2':1.u" 11.1.07 12 II 117 .,. • \ ." ;. , IJI( F
23 \ " 1 21 • J6 \9 27. 5t> 155 25.30 .2' 1 .8 12 0 \2_ • III to • • ·" iJKF

105



HVO EAlo/THQU,o.lIt SUM,..",H L.I ~ T P'" r.E. 70

ORIGIN Tlt~E LA! N LON • llEPlH A~\P OUR G'P RMS MIN t." t.'

'fEAR HON 0' HRMN SEC OEG MIN OEG M I ~ 'M ~'AG ~lAG N. NS Ot. SEC DIS '" 'M REMI(

I q 7/.l NOV 23 1451 B.llS 19 21.73 1;5 2~.q5 7."'':1 " 0 .7 .oq 10 .7 , .8 SW.

23 2253 lb. I q 19 22.<JtI 155 ('S.U.s 0.':10 '" ° 50 .11 9 .7 I • 1 UKF

23 2330 47.lIJ-S 19 31 • qq I" ':Ito. 011 <J.blJ 10 ° '". .0' uo 5.2 .h 'ON

'" 2" 40.16 " 22.22 155 10.5e 1 ."" I .2 17 0 5. .05 , ., • 1 '0'

2' ". 48.b2 19 23.71 1>5 2u.22 4.tlu 17 0 " .OS d • • I .7 UKF

20 .25 54.25 '9 20.18 155 1'1.20 2.'50 13 0 1" • 13 7 1.' 10.14 SH•

20 135q 36.29 I' 22.27 155 25.j~ 'j.b2 I • 7 2. .. 7U .12 l' ·) I • 1 UKF

2' ,.0 1l7.':!j " 23.13 IS. 17. Oil 1 • b2 .8 12 0 .S .0' 2 ., ·, SPc

2' 1 tllHI llS.Ob ,. 21 .50 155 1b ." 7 c!9.'H 2 •• '2 , " .Oq , .9 1.' OEP

2' 1733 12.7<1 19 23.10 155 17.5,S 1. 211 .B • ° IBI .0' , I .0 • • SPC

2' 2134 5b.32 19 24.2Cj ,>5 11.05 I • ':14 1 .2 '5 0 ., .UN 2 • I .2 SPC

2' 22 7 12.46 19 2Q.13 155 2b.cl 7.&0 2.0 2' 0 ., .13 '2 .d '.2 NER

2' 2313 11.89 ,9 24.SI! '55 10.80 14.17 2.' 29 ° 72 .Oh 2 .' .S OEP

2> 2 , 1.l'l.b4 ,. t q. 31 '55 ttl.Oll 7 .84 1.. n 0 87 .lIn • ., 1.2 UE.

25 429 tJ.qq 19 23.}l~ 15':1 17. 1J.s 1 • b.s 1.0 IU 0 .2 .05 2 ., • 1 SPc

2> 1030 19.43 .. 20.48 155 19.01 2.52 1.3 • ° •• .0' • ., '-" s••

25 123<J 20.38 .. 25.5b 155 ('Il.bo 7. 41 1 • h IB 0 92 .OB 8 .0 1.7 UKF

2> 1428 59.77 ,9 25.'30 155 Ib.de! 1 • q 'J .S 11 0 lU' .12 , 1.1- .h SPC

25 15~8 31.9& 19 21 • I; 7 1':l'J 24./41 7. 7/4 , .7 12 0 I3h .00 • ,., ,., S••

?5 ,. , ij.52 ,. 25.31l ISS 2(j.~\) 12.11 2.0 21 0 B' .0' B .' ·, "Kf
25 1&12 7.&& .. 22,Sq IS~ 17. n 1 .61 1 .2 " 0 hh .0. , ·, .2 ItllA

25 18';)8 27 • bit .. 22,86 ISS 11 .146 1 .Od .8 '0 0 In .UN , ." ·, '0_

25 1958 tI $. S8 .. 22.S0 15~ 17.\)~ 2.00 , .0 ,. • '2 .lU , .h .0 '0_

25 21 0 11.1;6 .. 25.35 155 Ib.on 1.&3 • I 11 • ". • 1 0 2 .0 ., spc

2S 2211 ':)$.75 .. 22,03 155 11\.11 • d" 1.2 IS • 71 .0. • ., .3 '0_

25 2217 30.9& .. 19.11 IS' 1':1.1u 5.u~ 1.5 20 0 113 .1< • .7 .' <0_

2S 2312 32.&9 .. 22.86 ISS 11 • 31 1.28 , • 0 " 0 " .1 b , .n ·) <0_

25 23ilO ';2.&2 .. 22.0·~ 155 17 • q 3 I • b 7 , • 1 11 0 8. • (Iq " .7 ·" <0_

2' '2S 5Q.41 .. a!i.O! 155 12 •.5$ 3&.l.l6 21 0 28' .u7 "" '.2 ,., «"
20 '" 6.27 .. 22.90 15S 19.70 l.S.h5 1.' 11 ° l?h .'2 b 7. " 10. I) DE_

2. 8" 15.32 19 21 • k I ISS 16.!:lw .71 I • 1 IU 0 7. .11 " .> 2.1 <0_

2. 1231 21. I 0 .. 22. blJ 155 17 .25 1 • .5q •• • 0 8" .07 , .7 .h <..

2' t3ua 28.'3'5 .. 22.38 ,>5 2b.u2 0.&" 1.7 I' • 100 .13 " 101 ,. h 'K'
2' tEl2! 25.97 19 30.8<1

1"
.Q1J.lJ6 L1f> 2.h 11 U NO .IU 1 ., I." '-7 MO'

2h lQCJ8 5.5.83 .. 22.'5t1 '55 ?b. H 7.1 S , .7 2' 0 ," .11 11 .7 1.7 U<>

27 0>2 50.32 .. 21 • &5 155 ld.b'J I .62 IU 0 "0 .n. , ., ... '0_

27 "' IlU.92 .. 2"'.01 155 2'J.'1lJ b.l 1 2.0 23 • 7? .11 ,.
· I 2.h UKF

27 ". 42.u7 ,. 27 .1\2 '55 21 • ~q 6 • ..s0 2.5 25 0 ., .09 • •• .n Ho<F

27 "B 44.57 .. 21j.59 155 Ilv. ')3 7.1:15 <.0 12 0 12. .11 • ,.. 2." '·10r<

27 .57 43.26 ,. 2'J.5t1 ,5> 17. u 1 2.0U • 1 • 0 '.7 .11 2 1., 1 I • I. SPC

27 1341.1 55. 11.1 .. 18,"'6 155 IU.Ot< 7 • ill I • 7 17 0 '00 .11 7 ·, ,.' POL

27 15 • .5. & 1 .. 3(t. U':I '55 u4 •.H 8.80 2.' " 0 70 • I' 1/ , .0 1 • n "";
27 15 • 1.l5.75 .. 29.&3 155 IlU • .H &.95 2.' .. • NO .J' 1. 1 • -/ , .8 I'~ llj(

28 IUD 7.28 ,. 52.20 '5S 21 • 32 12.30 2.' <U ° ?" .11 'b I • I '1".0 DIS

28 912 36.75 .. 24."1) 155 In.2':> 1..5" " " IUD .11 2 ., .3 S_C

2h 10 I ';).88 .. lo.n':> 155 12.62 I 1 • 35 1. 0 71 ·"" " ·, ,., u'"~

28 1039 '10.79 .. 11\.39 ISS 1'J.u9 6.t'l7 1. 0 131 ."' 0 ., I ., ' ..
2d 1 \ II 7 !lO.1.l0 ," U.Cl2 155 3".Oti El.Q'i 2.b 11 " , 15 .1. 2h , • I h. I "EO
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HVO E4,FHHIJUAl<E. SUM"'I1''!'Y LI ST I-'AGI: 11
QI(lGIN TIME L" " LO' ,. U[PTri .HP OUW G.e JolMS "" 11~ EW. Ekl'fEAH HO' O' Hf'l"'lN SEC OEG HIN O,G ,.~ J ~ <. H'G "0 NW NS OEO S~.C "IS <~ KH HEM ....

1'H~ NOV 2' 1721 14.11 to 21 • 0'" , '> 20.'50 20,dS 2. , .- 0 -2 .0_ • •• , • 7 OEP20 1744 32.44 ,- I q • 51 , '> 11 • 00 9.50 , • 7 ,. 0 -, .ON • .7 2.' IIER.. 512 4".C!b ,- 23.1'5 '55 17.11 1.&8 •• '0 0 -- .114 > .' .? SPC2_ 517 31 .61:1 ,- 2'- 18 IS> 17 • ..!! 1.1.IC1 .' '2 0 .- .0. 3 .- .2 SPC2_ • • 31 .bO ,- lQ.2A I'> 8.tlb 9.~8 ,.- 17 ° '7 .07 - .7 2.5 uEW
2_ dl8 32.7'5 ,- 11:1.2'7 1S5 1a. 21 7. $1 13 0 2" ... N •• , .0 POL.. 11 'Jtl 12.1i1 ,- 22.38 '>5 17.41 •• 0 ,- 0 87 .0_ , .- 1. > KO'.. 1 £142 31.41 to ZZ.{l,b 1S5 17.48 1 •.$2 , 0 0 113 ·,- > 1 •• .- <0'.. 19.stl 24.22 ,. 25.81 ,>5 3S.bO • '0 2.' 2. 0 '0 .17 • •• 1 .2 _0<2_ 2043 45.12 1_ IlI,A7 155 17.'H 5.S11 27 0 ,. .,. • •• 1 •• <0.
2_ 20')'1 to.oC! ,- 20.b3 155 24.&7 1.84 .. 0 .- • 12 - ·/ ,.' U<F.. 21 0 22.20 ,- 3L 61 ,>5 38.31 7. qll 21 0 22' .17 '2 2.0 2.3 HO<2_ 2325 3.02 ,- 2u."5 155 2').01 7.29 22 0 11 .11 10 ·/ ... n UKF30 0 2 q. I 1 ,. 29.31 IS> 44.0') 'J.48 2' 0 •• ·,.,. 1.1 _.N MOK'0 027 11 • 4~ to 23.07 , >5 11 • $5 1. 30 17 0 " • '0

, .> .' SPC
JO 2 • t1.3C1 ,. 20.ltt 15S I 1 .4t1 9.H 22 0 " • O. 7 •• 1 • , HE ..'0 2 • 1 • b4

,_
24.73 'S> Ib.~2 13.58 , • 7 2_ 0 .. .0 • 2 .' .5 DEe'0 > , 51 .47 1_ 2').75 'S> Ib.'iU 2.2& 17 0 ". .l> 2 .' 2.> SPCJO >22 52.0b " 2fl.27 15~ 24.'11:1 '5.53 2._ 30 0 .7 .13 , •• J.' U<F30 3~4 3b.C12 1_ 2b.23 155 2u.'1c Solo 2._ >t 0 'S .n 8 •• 1.0 IIKf

'0 330 21.SQ ,- cb.41 155 2~.d3 4.88 2.' 25 0 •• .1' - •• I., U<F3. ". 23.07 to 2b.2b 155 2~.O5 S.bO 5.5 ,. 0 .7 ... 8 •• J.2 UKF3' • 7 37. qO ,- 2~. 07 'S> n.~7 H.01 ,.. 13 U 20. ... '" .., $.1 NfR,. 42b 18.21 I. 27.22 , 0> .?2.":lo 0.21 2.5 21 0 '7 ·,. - I • , I._ u<,3D "" 0.1 q
J _

2&.00 15> 2Ll.~1 7.87 2.' 20 • " ... " 1 • U 1 •• UK'
'0 ." /lb. q] ,- 2'5.41 155 23.'5's 7. 47 2.0 '" 0 85 .11 !U .7 ,.. tjt( F'0 434 Ll.S1 to 24.01 '55 21.04 b.O's 3.0 ,. U •• ·,. n .; ?7 U<'JO .,. .50.00

"
25.SI 10> 2u • 27 2 • .52 2 •• ,. 0 ., ... '0 I.' '.M UKF30 OJ. 10.1& 1_ 2Ll.en 15> en.04 0.88 2.5 21 0 '08 • 12 ,. , • U ~. 1 U<F>. .,- 58.34 1_ 28.0b 155 23.37 /1.14 2 •• 25 U 82 .1> 10 •• 1.2 UKF

'0 ." 12.20 ,- 20.15 ,0> 2w.O,S 7.0b 2 •• 27 • ,. ·,- - .; I.. U",'0 ••• 54.8a I. 21.3b 155 2tl.l~ 8.bl 3 •• 2• 0 ., .1> 12 .M I.' UKF'0 4>5 8.50 to 24.~1 15> 25.07 7. 7 1 3.0 21 0 105 ·,. II 1 • , 2.> III<F30 5 I b.UU 1_ 2b.81 IS> 2a. tHi 8. 1 tI 2. 1 17 0 '.2 .ON • • I I._ U<F>0 > , U~.8b
,_ 2tl.&b 155 2".en 1.bQ 2.2 2> 0 77 .n U •• , • 7 U<,

JU 5 2 u3.88 ,- 27. t & IS> 2's.73 b.02 2.' 2. " 7< .1> 10 ·, I.. ul<F>0 > 5 41.34
1_

25.11 155 24.VO 7.u5 2.2 22 U 71 • I> • .- 2.b U<F3D 5ll 13. 07 I- 27.5fi 1>5 23.'Sb 4.03 2.7 >2 ,
" • I. 1" .7 I., U<F'0 5n 41.1.50 ,- 25.04 1>5 2b.11 b.b7 1 .5 20 U , 07 .1> 10 , .0 >. I U<F,. >15 .i&. b5 ,- 25 • .53 15> 25.0.5 5.&0 2.' 20 0 '0. • I _ I. , .0 ••• '::I IJKF

'0 517 37.0b I- 21.20 155 2t!.o4 8.81 2 •• 23 0
_.

.l> 1 " 1 • 1 1 .' U<,'0 518 4" • .52 ,- 21 .78 IS> ]C • .51 .2. 2.5 17 0 n5 .21 ,. I.' 72.q I<lOK'0 52U 20.bQ ,- 2b.I.IO 155 2!1.t1b b.83 2.2 27 ° 7_ .n - ·, ,.. U<,'0 <j24 50.51 ,- 25.!I~ 'S> 2.5. f7 L2e:! 1.7 22 , ll5 .15 • I • , I.- u"'0 527 4.So ,- n. Qb 1>5 n.S2 5.11 2.' ,. 0 -, .n • ·, • 1 U<F
30 ". ]4.00 1_ 24.2b 155 2~.q1 10.ba 1 • 7 ,. 0 ../ .ll II ·/ .4 UII,F'0 ". 58. 15 1_ 21. 17 1>5 ?.5.'lO , • QO 2.3 2> 0 '" .n '" •• I ., U<,'U ". 2d. 15

J _
24.CJd 1>5 20. 17 7.02 2. , 2. U , 07 ·" 10 1 • II >.u '1KF

'07



.vo EAWTHQU~t>;E SU,.,~1.~ y Ll~r f.lAGt:: 72

OWIGIIII TiME Lll • La' o'. 1)~1"1"" ,"P OU" G'. IU~~ "IN E"' E"'
YEAR "0' 0' HRt~N SEC OEG ""IN "EG '" I'~ A" ·'G M'G •• NS p~G SEC 015 '" AM ~EMI<

t~7a NUV 30 5<. 21 • lib ,. 2LH '" 27. U1 f • ':It:. I .' I' 0 130 ." " I •• '1 • oS U.F
'0 5<, 7.14 19 27.CJb IS> c?3.7j b. H ,., 2. 0 ., .t3 II .7 I.' UAF
30 5"4 I.l 0 • 15 " 2h.5f\ 155 (lu.!) .. 1 • 51 I • 7 to n 1.7 .12 • I.' CjQ.O UAF
30 ,OS 2'.28 " 26.11 ,,, 22. B '::1 • .52 2.2 2' ° 100 ·" 10 •• .' UAF
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" 23iQ 38.0li .. 2.s.2~ ISS lEh9t 1.&2 ." IV 0 57 • '0 2 .' • < SI-'C
3' 2325 lL&3 .. 23.0b \55 17.1./1 1.40 ." 13 v bb .0. j ." .2 SPC
30 23t!b 18.I)tt '" 23.2& '" tLa 1.11& ., • 0 ".• 0. 3 • 1 ·, 5PC
30 2lib ~1.IIQ '" 23.B

1 "
11.<13 1. C'li '0 0 02 • 111 , .' ." ::WC

3v 2).31 32.20 '" 2.5.(11 ," 17.21 lou! • 0 1•• • 01 , .0 .' sPC

3u 2332 'st..lia .. i3.?O ," J 1 • IJ 1 1 • bO .8 12 u '5 .11 2 .0 • < SJ.>r.
3V 2HZ w,ll.Q8 ,. 2.3.32 15'::! 17.01 1 • ll'i .8 " v ,. • '0

, .h .3 Sl-'C
30 iH'5 14.25 '" 23.24 ISS tb.'i9 1 • q 1 • v , 51 • \17 , .0 .3 SPC
30 233& "v.ll

"
23.2'::1 ISS 1'i.lt 1 • '5 o? , .0 '4 V t 114 .0. 3 .4 .2 SPC

30 23jq 25. lUI 19 23.14
1 "

lb.72 1.602 ,.,
" 0 '" .11 2 .h .3 SPC

30 2jtJO i.91.l .. 23.]~ ISS 17. u, 1 • &2 • 0 'Vb ... , .' .3 SI-'C
30 2$u(J 28.'''' .. 23.0& 15S 17. UI:I 2.00 Q 0 ,," .09 2 Lv 2.' ,PC
30 nl,jo "$.':15 .. 23. 1fo 1':'5 lb. 1:i'.J 1. tH " v ," .O~ , .7 .< ~WC

]V 23wl 1,j1.l.':I3 .. 23.i'0 '5S 1~.6~ 1.q~ '0 v 92 • It. 2 ·, ·" 5PC
]V '.!34/,j "'h.5& .. 27. (:09 , 5' ?C.ql 33.'1& II 0 '"' .3" '2 2$.'1 34.0 IHO'

30 2.51,j') , • 3 1 ,. l3.&1 '5' 1to. 'I] c!.ou lO 0 85 .11 2 ." , • b SPC,,, 231.1') la.lf-< .. 23. PI 15" 11 .2Q 1. I,j 1 0 v ,0> ... , 1." .4 S'""!:
JO ti!Hfl ':13.7 oS .. 23.19 '" 17.o!? 1.1,j 7 IV 0 •• .()I'l I • 1 ·, <; i-> r.
]V 231.11 2&.46 19 23.211 '''' Ib.'I':) I .81,j .' \J 0 '" .11 , .1 • 3 Si->C
3U 2]')0 13.62 19 2.$. 12 1')'5 t 1 • Uj 1. Ut) ." 0 0 .b • III < ." ." ,PC

" ? 3~ 1 112.11 .. 23. 19 1 ':l~ 1 1 • 1 1 1.31.1 .Q lb II hI .11 , .0 .3 :ii-> ,.
:~ 0 235ti! 110.00 ,. 23.21.1 15S 11.0 ri 1.~3 .8 , el !S4 .0' 3 1 • v ·" SPC
]V 23'52 "".00 .. 23.0f; '55 17 • 1 5 I •.S7 1.0 lb v 71 .10 2 ·, ·, sPC
]V ti!.5'jj "".Ull .. 23.28 155 17.ti!9 1 • 13 • 0 ''7 .lIti 3 ·, ·" 'ii->C
30 2351,j 1\.')5 .. 23.U 1"5 1 7 • II .$ .8' .1 • 0 11) "' ·,. , \.' 1 • II !'p)C

.lV 23"b 1.1 I • b 3 .. 2].01 1;S 17.30 1 .31 ." '0 " '03 .11" 3 • 1 ·" ~Pr.

]V C?.55-' 12. U3 .. 23. 1 & ,'" 1 7 • c~ 1 •.51 Q 0 ''3 .01 ,
" ·, ""'(

30 2358 1 • 05 19 23.U8 "" 1"1.25 1 • ';)1 2.3 21 v .0 .12 \ ·" • .< <;"'r
'0 .B59 2/,1 • q 1 19 23.0~ '" 1rl • tl7 2.00 0 '0 0 b" .'" , I • (J ." ::''''C
]I 0 , 2a.li8 19 ~3.35 155 17 • U2 1. bj I.' 20 0 '" • III 3 ·" .2 SI"C

" 0 2 11.51 .. 23.22 155 17.ll' 1 • 3A • v "" .01 3 • 1 • < :'o"'C
31 0 2 C?b. 15 .. 22.91 155 17.'H ~.OO • 0 '" ." , l. .~ .11 .l;('A

]I 0 3 31. 52 .. 23.1':) ,'" 1 7. 1 9 I .50 ,., 11 v .2 • 1 It
, .S • < ::;1"(

31 0 v 1,j1,j.71 ,,, t3.0" 'S' 10.83 2.00 , .0 '2 " AS ." 3 ,." • I ""'C
Jl 0 S 19.25 .. 23.bt '" 17.0 j .. , ,." 2< 0 ., .20 , , ·, 5~r.

]I u • 31.1.9') 19 23.1 b 1", 11 • .50 1 • 2'" • " , tv • 11 tI , ." ·" :H'C
]I • " .5Ld2 .. (13.1$ !S> 17.11) 1 .1I2 TO 0 ." .OR 3 " · \ 'iI"C
31 0 • .1. .. 2~.C?4 , 5' 17.00 I .51.1 ,., 14 II 70 .\lq , ·, • < :'lPr.
31 v • lb.Dc I" ?3.30 ISS 17.21 I. 23 ?.O 2' 0 '" ·," ,

.0 .' S"'C
31 010 aU.~b 19 23.t!7 ,>5 1".·~8 1.0fo, ... n 0 " .13 , .- • v ,.e

]I 0" Ilt.Qli 19 23.07
1 "

11.\1'" .hO 2." ,. v "13 • 1"
, .> · " :-,l-'[

J1 v'2 2$.~" .. 23.72 IS" 17.u~ .bR 2.1 11 0 '" • tH 1 ,., 2. , 'i1'C
31 ul! io. ti! U ,. 23. r:. IS'" 11.c 7 1I.4':1 ,. , " 0 " .11 v .. , ,. , SPC
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OkIGIN I 1;-\E L" " LON W l)tPTH ,,,p OU" (. AP ""S ;-11 ~ E". ,.,
't'E AIl MUN U, lilHIN SEC OEG e,N IIt:G M 1oJ '" M,. M,. N" ~,s OfG S'C 015 ,,' '" I'/EfoIK

lq7C1 DEC ]I 01' /,I3.R7 19 2,3022 I» 17. '17 2.'J/,I 2.~ II 0 •• .10 • .' 7.5 SPC
31 025 t 9 • .51 ,. 22.Q2 '" 17. /,10 ,;).~1 2.5 .. 0 7 • .12 • .' 2.' '0'
]I 02. \El.';)O ,. 23.'\11 '5' lb.Qq 1 • 1 7 23 0 '" .19 • •• 1 • , SPC
]I 02' .5.26 19 2.5.3.5 15<'" If>. ,q I • (J 3 , • 5 " 0 8" .0_ • ., .7 SPr:
]I 050 27.3S 19 23./0.5 1>5 17.11 1.H 2.° 15 0 .3 .0 0 5 .> qq." sec

]I 05' 17. I ~ 19 2.5.1I1 155 10."11 /,I .tH 1.7 13 0 °1 .12 10 •• I •• SPC
]I 035 ~.5.IO'J 19 2/,1.81 1'5 15.<b 2.vO .7 • 0 ,. .11 • I .5 .0 SPC
]I 0., 23.40 19 2.5.7b 155 t 7 • 14 ".'::12 '.3 a 0 5. • I? • •• •• SPC
]I 0'2 <'5.79 19 22.qO 1'5 17 • .:!~ .>2 •• 10 0 8' .07 5 • > 2 •• '0'
31 "3 l2.QO I' 23.u/O , S- IEl.tlEl 1 • S7 I •• 11 0 .. .19 • I .' .' SPC

]I 005 'Jl.18 19 23.0b 155 11.00 1 .Ob ,.. 13 0 '0 ... • .' , .0 SPC
31 0'5 Q':;'OO 19 23.75 lOS 17. 09 u.3Q 2.3 2' 0 '" ... 5 •• .' SPC
]I ... ••• 19 2t1. 1 \ 155 17. I q l.b2 , .0 10 0 72 • '2 2 •• •• SPC
31 050 uS.2b 19 23.75 155 Ib."i/,l 1 • b':J ,. , '. .15 3 .> •• SPC
31 051 5£1.19 19 23.Ed 1'5 lb.lH I • '::Iq 12 0 ", • 1~

, I •• .> SPC

31 "2 31.d2 ,. 2.5.2f> '55 17. 0 ~ 1 • b 1 1 .5
"

0 S- .08 , ·, .2 SPC
31 0>3 10.37 ,. 23.22 ISS 17. U, 1 • 1 /,I 1.' 12 0 117 ... 3 •• .3 sPC
]I 054 tI 0 • 1 tI 19 23.73 155 17 ••Jq 1.77 1. I .. 0 ., .11 3 •• .N SPC
31 05' 'J6.02 19 23.38 1'5 \7 • .511 .81 1.' 13 0 h1 .2' • .0 I .? SPC
]I 050 'f .03 I' 22.73 155 17.tl2 4.lIl 2.3 11 0 .. • III • •• 2.5 '0'

31 0 tlb.tlO " n.Q'J 155 17. HI .52 13 0 .2 • 1 'j 5 .H '.' Kll/l
31 2 2t1.1.17 19 22.78 155 17.l.Iij 2.00 " 0 liS • I' " 1 • , .0 '0'
3l 2 Qtl.38 " 22.1)5 1'5 17. 1 q 2.00 I • l 15 0 • 3 • r; • •• .0 'O •

" l 55.42 I. 2'3.1)6 1'5 17.~6 3.91 2.1 18 0 77 .11 j •• I.' SPC
31 5 210.61 19 23.~b \':)') lb.db 1. 11 I •• 12 0 " ... , 1 • I •• ::;PC

51 1 7 2v.;,)5 19 22.'18 ~'55 17. jU 1.74 I • 1 10 0 66 • 12 • •• .' <0'
]I 1 8 21 .72 19 22.30 I'iS 18.tt7 1. (13 I .3 I' 0 72 .15 , •• ·, '0'
31 1 • 52.53 I • 23.tl5 155 17.~,S 1I. I 7 l' II •• .110 11 •• 1. • SPC
31 III (j 1 • ':J t 10 22.36 ISS 1/ .50 1.02 I • 7 11 0 8. .IO • •• •• '0'
51 112 a.31 10 23.5</ 155 t 7. 1h 1 • j ~ 18 0 •• .11 2 .> ·, SPC

31 112 5h.1I8 I. 22.13 1>5 2b.25 1 ':J. 78 2.7 11 II 11> .20 1" 2.5 •• 0 lJK F
31 11 :5 '56.211 1. 23.85 lS5 17 • ~O 1.':J5 I •• I' II " ... • ·, •• SPC
31 II. .11 10 23.Elq 155 Ib.91i ... 13 t7 0 NO .10 > .' I •• SPC
31 "' 31 • .52 I. 23.~5 1>5 17.3-' 1 • SO 18 II ,. .13 l •• .' sPC
31 120 38.23 ,. 2.<.05 IS; tb."l'J 2.00 I .0 0 0 !HI 1'- , 1./ • II SPC· ,
31 '2' ~d.25 " 2?Q3 155 1~.l,j!\ 1I."b I .5 7 0 2H3 .15 , 0.> 1U• 'J tll(F
31 ". 50. " I' 2oS.bll 155 11:- • 7li 1.oS0 • " ." .0 • > ·" .S SPC
31 "2 7.00 ,.23.5!:! 1S; t 7.1il 1 .,s? I .2 11 " 77 .11 , .7 .' SPC
31 lH 4.01 ,. 23.bl 155 Ib.l,j" 1. 1lO ••• " 0 77 .07 • .5 .2 SPC
31 1'0 17.(\9 ,. 2i?a</ 155 17. ~2 1 • PI • 0 •• .00 • •• I." I(UA

]I
1"

tb.tlb '0 22.81 15' 17.1Il .n 0 0 7. .10 " .- ••• ,U,
31 1'2 .51.(1</ ,. 23.9u 1s; 17.0£1 1 • j5 .7 7 0 I,. .0' , 1 ••) .5 SPC
31 ". </.'itl " 23.u5 155 Ib."5 1 • u':! '" II H• • 11 • .7 ., SPC
]I 150 lQ.73 ,. 2b.blJ ,S; 211.2Q 1. III '.2 2. 0 .. .1' , 'J .H 1.' U<F
31 'S; 1/,1.')7 " 22 .12 155 17.1:10 's.6Q 16 "

,. • (,r- • .> •• f«(JA

31 2 1 2.61 1. 2's.8.5 15'::1 Ib.f.Jb 2.12 1. 0 5_ • 10 • •• 1." SPC
]I 220 </.75 ,. 22.02 1~r, IA.ell 1."</ 12 0 "' .11' > •• f.IA • .i I({IA

31 2'3 QIo,.5Q
"

21. U 15":1 1b. 1~ 2.80 I> 0 •• .1 0 , 1 .2 ' .. 'O.
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OIdGIN TIrol!: LAi - LU" • OE.,TH M1P av. G'" 1oI~'S M {I~ EWI1 Ef.I 7.
YE 6.W MU_ "' ''If,/I~fIj SEC "EG ~I I'~ IlEG ""I" 'M /~ Ar; MAG "" /liS Dt-.G SEC 015 '" '" "'!:.Mf(

I,n" aEC 31 SI" n."':! 19 21.f.!l ISS 1"1.15 !l.IIS " "
., ."" • .S .h ~:.<jR

3l • 5 U • II'S 19 20.3h I" l~.~l. 5 • .5'1 " V .3 .17 • ." , • 1 S'IiW

31 .27 25.03 I' 2fl.31i 1':IS 1 If • til') 'J.u'S 2.3 " 0 b3 .l3 7 • 7 1 • Il SI,R
31 .,. 50. 01 1 I" 21.20 ,'> iR.7a .5.09 ,. 0 7' .1I , •• LS '0'
3l .5' Ij.b~ ,.20.1.17 1~~ 2V.O':> '>.2"i 2' 0 " .17 ,

• • 1.2 5wR

" 7 • 58.bO ," 21 .52 IS> lb."" 1 .112 " 0 ", .07 , .' tiLL! '0'
" 7'0 3&. \8 ,. 21.(10

1" 18. 'IJ S.b U 15 0 " .!? • ." L' '0'
31 7V5 3u.33 ,. 20.55 1 >5 l Q .t;l S.Da 19 V 77 .1fl • .7 I • ~ S".

" 8 , $.9/,1 19 20.58 , >5 2tJ.21 5. j1 " 0 bV .10 • •• .7 sm~

31 " 2 50.btl 19 20.7£1 ,S> 20. 1 b ". ~H 2." 17 0 •• • I v • .9 L. S\f'W

31 R S 'Sc.1D I' 2':",51 155 1 I • ., 7 b.jo R 0 21. .On , 2.2 <.2 LPe

" • • 27.$lj 19 ?O.2/J 1>5 ZU.$" b.Oll " 0 A' .07 , .- I • J Swol

3' <tv 2.2~ " 20.37 15> 2lJ • 1,.l s.ob 21 0 ,.• 1I • ·., L' 51'...

31 RI7 jb. H I' 20.0':1 t'J'S ZU.2c 5.7?' ,. 0 !?V .1I 7 ." ,"" 5~~f,/

31 ~2? Id.h7 ,. 19.91 I" 20.17 b.26 " 0 7? .IlQ • • 7
, ,v 5'.~1-I

31 ",0 2.](1 I' ~1.J.(l7 ,S> 20./)1 '5.'51 22 0 lOR .1" • .' 2.v s,,~

31 ,lUi? ]8.58 ,. t!1.30 1S~ U~./)q 5.2'1 I' ° " .11 • ·, I • fI '0'
3' 8" 31. 'i13 .. 20 • .39 155 20.'1'1 '3.50 ,. " 7t .". 5 ·, 1 • H 51'<1-1
31 R36 "2.0b I' 20.55 15':i 211.+,1 3.0:,9 Il 0 '0 .nl 6 • 7 2." Silk'
31 922 21 .06 ,. 2&.48 l~'j 19.2(1 1 .21 7 ° I" ·,. I OJ • .3 .° ""
31 .,. 5.&0 I' lQ.6IJ 1'5 21.02 2.'l1 21 0 " ·,. • 1.0 3,' SI'JJ,(

31 QlO SI,.1)2 ,. 1Q. 0 1 ISS lO.j~ 3.6<; 3.~ 27 " .. .15 , .n I • V 'iYJR

" 9:S2 341 • 15 ,.U~. CJ7 1'5 \If.'U I • I 1 13 0 "" .111 n , •< I .'
So,

31 1020 S2.17 ,. 20.2CJ 15' 2~1.')Q 'j.b7 1> ° I"" .07 6 .' , .7 Stllol

31 1022 28.qa ,.2/J.'lb
1 "

2/J.di:' 3.tlf ,,
° 120 .l5 n , • < II • {1 S~l.?

31 1027 a:l. 1'I " 20.30 , ;S 211. Cj(l '1.5Q t7 0 "' .Il • .' I.' s••
'I 10 j 1 3 (1.1 q ,. 20.33 ," 20.2(1 5.0'-11 • u 120 .OJ , .n 3.' ,'iI·Jl.?

31 1032 3lLZ8 I. 17 •.St. 157 ">. jO Z3.01, 7 0 3>6 .3320f, 9'-11.0 47." DIS
31 1034 31 .3(1 ,. 8.')Q 155 211.88 2.00 13 0 317 ." " &8. 3 ." L S~'I

31 \0]& 241.(10 ,. 20.39 ,S> 20. It! 'l.UO I" ° , 0, .nQ • ·, I.' S.\R

" 10 .. 5 2Jj.Qu ,.18.89 15S I q. I <,I 1 .54 • 0 \2. • I. 7 3,j ,. , SllI,to/

31 10 .. ' 4b.OCJ I. ea.Ot IS':, 1b.l:I~ .01 7 0 Ii:!? .3. v 2.9 v.v SPC
3' 1054 52.&3 ,.17.0£1 IS5 21 • b lJ 4.7 b 15 " '.0 .07 , ·" , • 1 S",'OI

31 10 5CJ :SO.25 ,. 17 • 7~ 1>5 21.71, 5.04 '" 0 I ?3 .13 Q lou I .6 '; ,~' l.?

31 11 2 31 • b b I. 14.60 '" 0'1.05 b.bb ,
° 312 .,. 1I 31 • d 12.0 ~., "l

3' 1\ 5 1 .IHI 19 18.07 15S 21 • b ') 's.el I v 0 ,.. .13 8 I.' ,"v oS '.Q

jl 111~ 50.j" I. 2C/. '3'1 155 20.73 .oR 7 " lr?U ·" , ') • ,,< .sf>. :s 'i}~

31 1123 Z.1:I8 I' 32.S5 155 3b. 'I) 0.':19 • 0 305 .0. H 4.s.b 32. ? ,~u'"

31 I t?ij H.81 I. 17.b3 ISS <.>2 • ') 3 ':I.~9 '5 0 127 ,IV 10 I • " t'.lJ s~~

31 1Ut! 2&. I 4 I' 20.10,'1 1'5'j 20.'-112 1 • 2 S • 0 Ici:! .13 • .6 3 ~. 7 S"d-l

3J 11 'j 1 2~.04 I. 1B.Lit, 1 ':15 2 I, '" 1 5.5'" I< 0 ". .,. n I • , .~. , :1:' ...
31 1158 ':I3.QQ I. 20. 13 155 21."'.) .0\ 7 " ltV .?! 1 v., v,. ~:;L.t

31 \2 " 52.31 ,. 20.26 155 20.~1 3.11 12 0 1~5 .1? " I., 2.' S,',"i
31 12 , 58.51 .. lo.SQ IS5 21 • cO 1 • b& I v 0 It" .N 7 '", bLi." S :...
jl 12 • 2~.27 l' 20.1.15 155 2(1.'17 ":1.92 13 " 10. • h 7 , ·" ,.' 'j,11.

31 121 ~ 4.08 ,. 1~.21:- 15~ 21.74 5.1.14 .. ° Itn .1< " ,., I." S",~

31 121 £I .5.21 ,.
17.;H~ 155 22.01 1,.(14 3.0 ,. 0 12. .U IV 1.1 '.7 ')I'>~

31 \21fi ll7.Lil ,.lQ.,a J'l~ i:!o.'-l'.J .j' 2.' 20 0 QV • I ?
, ·" <. < S\\~
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1~7/,j oEe 31 1225 ZQ.b2 ,. lq.O~ '" 22.0b '5. 1Ll 3.2 2' 0 '0 , ·" 6 •• I.' 5.'
31 122" 19.0& ,. 18.Qc; ISS 20.3~ ." 13 0 .. .12 0 ,.. 6.5 SH'
31 1238 25. 1 3 ,. 25.02 '55 11. H (j.31 '0 • ,.. .27 j '.' lb.9 LPe
31 1240 Ql:l.20 ,. 18.01.1 15~ 21 .83 4.97 5.5 25 0 121 • , 0 • .6 1.2 •••
31 12118 tlEl.tl2

"
19.51 l~~ c:! 1 .l:lK 5.70 13 0 '3 .0' 6 .3 1 .0 SW'

31 12Se 53 •.H ,. l'5.~O 155 22.~2 8 .. 17 2.1 22 • "3 • 12 • .' 1.5 LS •
31 1259 31 .2CJ ,. 20.23 155 20.0'> 2.1.1] • 0 171 .OR 0 .7 \1 .1 5.'
31 13 0 '15.40

"
1&.70 ISS 21 • "II 1.'ILl J.O 2. 0 131 .13 10 ., 1 •• SOR

31 1313 '34.49 ,. 18.12 1~5 22.bCJ 5.fd 11 0 '17 .11 10 1.2 2 •• SwR
31 1317 tit.. t 2 ,. 2(&.41 '55 17 • .s5 1.08 , • "2 • O. 2 •• .2 spe

31 1319 3' .21> ,. Ib.57 ,>5 22.11") &.58 2.' 21 • 12' ·,. 1 1 • , 2.0 5.'
31 1321 3'3.81 ,. 1'~.23 I5S 22.12 5.0& .. 0 ., .00 6 .s .1 5.'
31 1333 1 • CJ2 ,. lCJ.30 '55 21.9" 3.01 2.3 22 0 ., .13 6 .6 ,.' SH'
31 \3.B IO.btl ,. 21 • 16 155 22. 1100 3.1.19 11 0 118 .2Q • 2.6 5. , S\~R

31 13l.1Q 5.8b ,. 16.59 '" 21.00 5.bd 2.' 2' 0 13. ·,. • 1 • , 3.1 SH'

31 1348 • 05 ,.In.5~ , >5 22.JO 1.1.43 2.' 20 0 130 ·,. 11 1 .0 I.' SW.
31 13~b 31.11 ,. ZO.tlt '55 20.U& 4.u2 3.S 21 0 .3 • '0 • •• ,., SW.
31 13SQ 23.<;19 ,. 19.80 ," 2{J.b') 2.00 0 0 15. • '0 1 1.' .0 SW"
31 ,. 3 31.50 ,. 2b.b3 155 ?3. H 2.58 , 0 ". • 2' 1j 41.1 5A.f) UK>
31 Itl2b 59.b2 ,. 19.b8 '5; 20.59 3.27 2.3 1. 0 •• • '0 • • 7 ,.. S...

31 1431 19.51 ,. 19.b7 ''5 2v.9j 2 • .51 2.' 21 0 .5 .15 0 •• '.0 S\'IJ.!
31 Itl39 22. 13 ,. 19.3~ .55 22 •.n 4.()7 Lu " u ., .13 , .7 1 • , SH'
31 144b 22.A9 ,. 17.71 15S 21 • b7 4.27 2.3 " 0 12' .15 • .' 1.8 S••
31 1449 14.99 10 Ib.74 ," n.oo OJ.flO '. , 2. 0 13. ·,. • .' 2. , S"
31 tu59 14.29

"
Ib.3b 155 21.b~ 2.58 ... ,. 0 "2 ·,. '0 1. U 3., s;'/~

31 IS 4 4'3.b2 " t b. 1 A 155 22.21 3.4,3 2.' ,. 0 13' ·,. 6 1 .3 '.2 SI'JR

31 1520 47. :u
"

17.78 155 22.S4 3.00 2 •• 2' 0 120 .,. 6 1.2 2.' 5wR
31 1522 5b.Uq

"
19. 17 155 22.1:19 3.43 '0 • •• .17 • 1 • 1 2 •• SWR

31 1528 58.83 ,. • 53 155 11.7'1 34.&1 '.' 2 • 0 235 .11 3U 2.1 5.0 POL
31 1537 .93 ,. 1q. 0 q 15S 22.tlb 5.03 2.3 11 0 201 .0' • .' l.j $\'vR

31 1538 3Po.28 ,. 1&.99 155 22 •.53 7 • 49 2.' ,. 0 121 .1' • 1 • 1 , .1 SwR
1I 1551 11.20 ,. 20.27 155 1..,.8n .13 3.3 ,. 0 ., .0' 0 .5 2.7 S.... R

"
,. , 27.10 ,. lCJ.bO 155 23 ••n 3.19 2.3 12 U If\2 .13 '0 2.0 3.1 5'"

31 ,. S 51 .39 ,. 11 • 10 155 22.')c •• 3 13 0 131 ·,. 11 2. , 'l'i!. 3 5.'
31 1&20 23. 11 ,. 1&.58 155 21 .,., 7 5.2#\ 2." 13 u 15' .0' ,. 1 .0 , .0 s••

31 Ib24 41 • &7
"

17. b2 155 2U.ijl 2.11'! 2.' 12 0 ,.. .23 ,. 3.7 ~.7 S..
1I In2CJ 17.47 ,. 1b.Ol \55 21."9 '5.94 2.' 12 0 '" ·" 15 ,.. 2." Sl'IR
31 Ib39 27.9& " 20. 11 , 55 24.44 &.25 2.3 • 0 20' .2' '0 I •• 10. n .'iW~

31 IbU5 5&.j\
"

17.13 ,'5 2u.b2 Ll& 2.' 11 • '.3 .30 15 '.2 \ 0 • 0 S~.. ~
Jl l&llll lq.38 Ii 20.21 155 20.2~ ll.30 3. , 15 0 123 .11 5 .' 1., S,.. Q

31 1,.,51 43.19
"

If1.lll 15':: 22. ')j 4.7& '0 0 117 .11 11 2.1 '-2 Srl~

31 1&57 20.21 ,. lq.2tl 1>5 22.1~ 7.09 2.3 ,. , '6 ·,. ,0 ,., 1 • A 5.'
31 11 1 • '0 ,.18.72 155 ?~."1 & .1& 11 " '00 .13 '0 , .3 ,.' 5"
31 11 < 23.59 ,. 18.56 , 5; ?i.82 &.77 2.3 20 0 '0' • '0 I. ., 1.' S,.,J,>

" 11 j 12.d5 ,. 15.bb .55 22.53 b.~.s '0 0 "2 ·,. II •• 3 2.' LS",'

31 17 • 5n.9CJ ,. 15.61 155 23.2f 5.61 2.' '0 0 151 .15 13 1.' 2.' lS'II
31 11 1 3".21 1. 3"".76 155 B.ll~ <;1.81) ,.' ,. 0 ,?CJ21.48 .. 3&.Q 5.2 HIL
31 11 • 25.CJO 1. 11. Q& ,5> 21 .7 q .., 2.J l3 0 ,., .17 13 2.' Un •., SH'

138



"Va EARTHQuAkE:. SU"''' " .. ~ LIST P.t,Gl- 'A'
ORIGIN !polE. CAT " CU, ,. lIt:lo'r .. Al~P au. I;A~ 1m:, ;~ I r, >"n tlo/l

1EAH MaN n. IooIRMN SEC OEG MI' IJEG M I ,j ". MAG MAG N. NS uH;. »c I}1S K .~ '" f<E:~M,

lU7£l OEe 31 17111 'i,L£ll) ,q IB.&7 ,,, 22.dl1 £I. 12 3.2 '5 0 10' ·,, 10 ,., 2. , S\'IH
31 1 7 \ i! 'Jo.qq ,9 1q. 12 ,SS c j. 1 t b.t.1 ,, V ,.. .11 0 • I., '.3 'lMo/
31 17\,5 ~."~ ,9 18."'5 ''5 22.7<:1 t4.1's 2.3 " a ,," • t II 10 ·, 1 • ':,', :)\'IH

31 171 Q 22.~" '9 ttl.71 ," 2~.~" 4.0<;' 2. :i 17 v ,0 , .119 10 .7 ,.. '>/,Jol
31 1721 1.59 '9 1".~~ 1'J5 2~.I., 1.02 2.3 2' 0 'A. • I II , 0

• I
.. , S.'i'H

31 1724 41;1.?3 ,9 18.d/J 10;5 n. r\1 to • .so 2.3 17 0 ,OS ·,. , 0 , • 0 2.b SN"
31 11.5.5 52.97 '" 18. qo '» 2$.$1 4.'50 2.3 ". V 1o.~ • l' 10 .' ,., •••
31 11 Q 1 ,S.71.1 ,q 18.70 I» ?t'. 'J~ 'j.oO 2.3 2' 0 10> • 11 " ·, ." s••
31 17 'JQ Jb.S" '" 1,ll..7~ 'S' 22.ft', Q.l1 '.3 17 n ,0> ·,. '0 ,., ~.tJ S.·.~

31 '8 2 17.40 ," 17.tl2 ," ?o:!.&o 5.41 3.2 20 0 122 ·,. I ,., ,.. 'i.'i'~

31 .. 7 H.'i2 '" 18.&6 '55 U.<U b.tU 2.3 " u '07 • 12 'A •• I." SWIo/
31 1 ~ I ? ZO.2e '" lR.7U 'SS U.72 60.51 3.1 <0 0 '07 .11 'A •• ,.' ".'it?
31 PHS 21.':11 ," 1';.77 1~5 21.13 1.52 2.' 23 u ,.. • ,2 , r, •• ,.' lS ....
31 Isa 52.8& ,. 1b.71 155 2:3. I) II .b5 2.' ," 0 132 .17 • ,.' '1lt.,., S .... w
31 11'1 ~ Il, 1.1&.10 ,.17 • 1b ,s; 22.0.3 1 • .! 1 i:!.7 Il 0 1 /,j (I •.H, ,. ,., 'I q • II 'i\~ R

31 PU8 1.1.:33 ," t8.57 '» 2.5.10 'J.e7 ,. 0 lt1 .. .1> , u I., '. , Sl'l~

31 1 ~ tl1 lIl.0& ," I q. 1e ''5 23. 1b &.')~ 2.b <0 0 10' ... ,. , • U <. , S\\I.<
31 lil-lI8 55.21.1 ," 16.01 IS; 23.~ot o.O~ 2.1 10 a lib .15 12 ,.. ?5 S"JW
31 1ql1 18.36 ," lb. 17 '>5 21 • b~ B.u5 <.' ,. 0 , OJ ••• I> ,.' ,.' ., ... ..,
31 lq15 12.51.1 '" 18.&8 , S; 2LUI 4.&6 .- ., 107 ·'2 10 •• 1.7 Sf,l.<

31 1916 21. 71 '" 13.p,~ IS':> 21 • .,~ 8.RO 2.7 " 0 ,," ·" IV I.' e. , LS-
31 1<H9 1.13.&0 ,- 19.'Jij '55 22. 12 1.1.84 2.3 III U 170 • III • ,.. 2.' S••
31 lQU 25."2 ," 1&.1& ,>5 23.37 7.1.13 <.' ,. 0 127 ·,. Il 2. , ,.. :).~~

jl 1930 1".1& '" Ib.5G '» n.o~ 5.'51\ 2.' '5 0 '31 ·'" " lou 1.3 S";!'l
31 19 3\ 20.01 ," 15.113 '55 2Z.q~ &.0.3 2.' 12 U ,.,

• 1 ;> • I., e. , LSf

31 191.17 .30.70 '" 11.1 • b 1 , » 21 .1,1 .. 7 .'" I 2.7 IV 0 15' • , 0 11 1.0 lou CS'
31 1q~ 1 30.9" ,q 1&.71 I ~') ?3.(H 1. \l '.' " a 120 .VI !> ~.d I • , 5,,"0
31 lQ'i7 e J. Sll ,. I q. 1 b 15<;, 2.3.~/,j b .1.11 2.j ,q 0 lOb .13 11 lou 2. , 51'11-/
31 20 " 'j'l.I,& '" Ib.3U 155 2j.4~ • b. ,. 0 123 • ? 1 " ,.' 1 I • .s S~,R

31 2011 2rl.78 10 17.22 I')~ ell.OZ &.81, 2.' • 0 PIS ·,. lb '." j.' S",I-I

II 20115 5::'.35 ," 17.QQ 15> 23.18 1l.5& '.2 IV u ,.- ·," II ,., e. , ~"I~

31 20.,3 24.qq ,. 1'5.72 155 21.5':1 7.U';) 3.' ,> U , OJ .IV " ,., Ion LS:
II 21~1 17 • 15 ,q 13.21.l ,S; 21.'jO 8.2& ,.q 11 a ,.. ·.- Il ,.' ". < LS",
31 2124 /.lA.54 ,. Ib.32 1~5 2u.IU &.09 3.' l2 " '21 • 1~

,. I." ?' ~ ......
31 2t41 51.1.30 ," 15.7b '>5 21 • br., 7.~5 4.~ 17 " ," .10 • .' I.' L~ .

31 22?f, 5 I. G& ," lb. 53 15';) U.MI 1.11 2.7 II " 1'0 .11 1< lo- t ., .., .. ~

31 U3Q "7. &~ " 15.50 15~ 21 • 7~ 7.130 2.' , 0 If-\! .". ,, 2. \' ,., C.
31 221.11 5').05 ," 18.1 0 15~ 2L&2 ~.21.1 <.' 11 0 "" • ,2 II ." I., ""II Uti" il.Sa '< 14. q ll ,;; 22.f-5 .! • 1U " a "2 ·,. " '. , .\ . \ L~\

31 ?I.ilfl, 23.Q5 '" 11."'~ I~~ 2 oS. ~~ 2.811 2.' 1. 0 ll~ .13 " I • II ;>.h Sf ..

31 2j b 1.I.~2 ," 2'\.1\<' J5~ 11"."'> IU.1e. • 0 IS? .n < J 1 • ~ 1 I • II n"l>
Jl 23 q :S. ') 5 ,q 211.,SQ l':i"i 2tJ.4lJ 2.79 11 a '"" • Ub

, .." ?A ~ ,\,.>

31 2i1~ 'ill.52 ,. 17.3h 15~ 2.5.a &./:'1" 2.' 11 V , <7 ·" 11 ,. ' '.' J:, .\ ..'

31 2,S HI 26.4S " I II. U, ,,, 2?c!ll Il • 'J c! " 0 "S .t' 11 1 •• j , • n LS,',
31 c!3.51 2LIS I 19 Ift..sq I>S j?1l.2u 5.flll <.7 2S 0 ", .15 • • • e. , S '.1,

31 c.H7 Q 1 • ~2 ," 17.75 ,>5 o?3.'jtl '1.IIQ 11 0 "" .07 l? •• I • " s .....
jl 2342 2".21.1 '9 1~. 16 '» ?,S.ttt $ • 1" c.' 11 U "' .11 , ." '." 5,....
31 2354 ." .-If'> .. 17.lHi ,-, 23 .... 4 5 • .!6 c.q ," 0 '" ·" • I., .. ' s ... ~
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"'0 SUM/oIA.4Y LIST • !-lAG 3.5 ,"0 ABOVE f> UiE

ORIGI/I! TIME LAT N LOr-. 1'. DEPTH 'H" OUO G'P ~MS Hi' £H" E"'
'tEAR NON 0' HRMN SEC OEG MI~J OEO NIN K. H'G H'G NO NS OEO SEC DIS KH K" IH.MK

1974 J'N 2 .27 51 .7 t ,. 14.52 '" ce.';)] 11. 17 3.5 " 0 '1 .IS l' ,., .' LS:'
12 • • H.Ol ,. 20.33 155 7, 'sb 6.74 '.7 ,. 0 '5 .10 • .7 .7 UE~

15 22 • lIb.54 ,. 46.34 155 3&.05 32.08 '.2 ·IS , •• .15 ,. ,.. 2.7 KKU
21 1228 9.46 ,. 2C/.OS 1~'j 6.25 Q.3c! 3 •• ,. • B' .0' • •• •• UEO

FEB • 181 & 50.59 ,. 33.53 155 54.97 "1.05 '.2 ,. II \91 .1> 55 ,.. .- KO,J

H'O 27 2258 54.22 IB 57. 10 155 3j.l~ 38.97 3.. '0 0 '3' • 10 34 2.' 3.. DIS
,PO • 11 '12 15.28 ,. 22.39 155 Ib.52 27 .2';) ,., lt 0 •• • 10 , •• I • 3 OEP

25 • • 'i5.17 ,. 19.11 15<., 13.4& 1 0 • 1 1 3.. 3U 0 72 .OB f ., .3 Uto
N" 5 137 23.92 ,. 21.54 '" 15.&0 13.7';) '.2 •• • _B .12 , .7 1 • , 0"

B 2350 7,05 ,. 27.81 155 3~.31 .U1 '.0 2. 0 59 ·,. 2' .' 1.2 HO,

23 131 1 .se.S! ,. 20.53 ISS 'I'J.9Q 9.50 3 •• 2' 0 ., .I> 23 · / .7 KON
2' 2349 10.'5& 1. 13.b8 155 2i?lb b.2S 3.7 2. , 151.1 .1 • 12 , • 1 2._ LS.
25 1338 .s2.28 20 ".Oll 1" 4b.28 .:so.Oel 3.. l> • 155 .12 OJ') 2. , 3.' KON

JUN 3 13 2 q .14 ,. 2&.2& 1" 2b.47 'l.CO '. , $I 0 " .17 10 •• I., UKF,. 5 , 42.q4 .. 22.71 155 2'5.1& 9.13 ' .. " 0 •• .13 \0 .7 .3 tJkF

,. 511 13.87 ,. a.92 1" eb.l 1 7 • Q II ,.. 27 • " • 17 II •• I.' U",. 533 .so 13 .. 23.02 155 .?S.33 8.&8 3 •• 31 0 •• • 15 '0 •• •• UKF
20 2050 2&.50 ,. 20.21 155 12.73 9.21 '.' " 0 70 .12 • .' .' Ut_

JUL 20 2i?22 39.31 I7 1&.11 1~5 3d.b3 8.00 '.2 2S 0 33B .15210 fl4.u qq.O Drs
30 7 • 18.08 .. 23.Bu 15' 49.08 38.22 '.5 2. \ 20> .12 26 '.2 '.2 LEO

AUG • 112 S9.37 ,. 22.u7 ," lb.H 28.72 '.2 II 0 " .11 , ., I.' OFP
12 1 12b 20.56 '" 23.4& ISS 2h.9& 8.08 3.5 ,. 0 '5 ·,. 13 .7 , .0 IIKF

" 2' 2 55.70 ,. 25.'H 1" 3L33 3.1& $ •• 2. 0 'S • '2 20 •• , .3 HO'
17 2252 21.32 '" 118.23 15. b.07 23.93 "i.& '0 0 245 .10 •• 2.o? 3.~ KOt.
23 1815 1. 96 ,. IA.B2 1'5 13.27 9.Bu $.7 ,. 0 '0 .no • ., • < POL

27 2149 40.83
"

19.97 ISS 12.3b 10.01 •• 5 .<, • 7. .0' • .5 ·, Uf'
SEP 2Q 2119 13.77 " 24.0A 1~5 2&.23 8."2 3.5 31 "

,. ... II ·/
, .2 UKF

25 22. 25.23 10 lQ.bO ISS IO.9d 8.84 ' .. 2Q 0 ,. .13 7 .n I .3 UEO
2S 2018 50.22 .0 9.05 15~ 31 .73 27.rl5 3 •• 2. 0 22' .09 02 1.7 <.2 KON

OCT IS B3. 5.38 ,. 2&.21 1'5 29.tl9 9.81 3.5 32 I) "' • l' II • 7 · , UKF

31 \0 , U~.84 '" 21. ~n 1" 2. & I 8.5u 3.' •• 0 1'. ... lJ 1. , •• HE"
31 1045 22.07 '" 21.86 ISS 2.5.. 8.&& 3.7 •• 0 '" .lJ 13 I., .7 ro\E~

NO' 10 15j IU.72 .. 24.87 1S5 25.50 10.39 '.2 ,. 0 ., .13 , 0 · I • • UKF
21 21U~ IU.51 '" 21 .41 ISS lf~.b3 30.71 '.' 35 0 '2 • 111 , ·/ I.' OE"
30 ". 23. &7 I' c?&.2b 155 25.0~ 5.&0 5.5 •• 0 ,./ • 1/1 • •• .. , UKF

30 , 7 37.90 .. 2'1.01 15~ 22.51 6.07 '.b I' 0 2•• .22 .. '.' '.7 ;4[1(
30 1310 IoU. (19 I' 23.19 155 (lO~.B2 8.b8 3.7 2' 0 '" ." II •• 1 • 1 UKF
30 1628 39.01 '" 25. 15 155 25.20 11 .71 3.5 27 0 •• .1U • • 7 .3 Uf(~

DEC 7 151U 27.91 ,. (lOa.c:&! 155 2&.84 9.13 '. \ 31 , 59 .IS 12 •• 1.0 UKF

• ••• H.90 .. 21. 18 155 2/J.07 5.08 3.5 22 '1 ., ·" 11 1.0 I • j UKF

'2 • \ 19. 17 ,. 21.8'1 ISS 5."b 8.18 3 •• 27 1 "' .11 • •• •• HE",. 011 10.35 ,. 25. 13 155 25.31 9.00 ,.. 33 0 '2 ... • ·, .' UKF,. ..2 24.22 .. 2&.12 1'5 3b.17 3.36 3.7 2' 0 •• .1' - ·/ I .3 HOK
15 1053 Q7.7& '" 28.51 155 3b.Ob 2.10 '.7 3< 0 b' .10 2 .' .., "OK
15 2317 29.59 10 2/J.39 15S 25.90 9. 15 '.' 32 0 ,.• 11 11 •• .7 UKF

Ib • 0 55.13 '" 21.1.1.11 ISS 25.11 9.u2 3 •• .. 0 •• ·,- II .n .' UKF
21 .,. 1.1.02 '" 23.&8 15~ 26.""0 10.07 '.1 2' 0 .. ·,. lJ • • ., UKF
23 7'5 5LH I' 1'1.11.1 155 25.33 q.Ub ' .. 33 0 ., .l2 7 •• .7 _E'
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Ii V iJ .)llt·· .... t;k'f LIST . I·' A(, '"> A,,,U 'l'IlJVE lo'o\Gt:. ,
UMll>l·\j T I.-It. L<T

"
luI,: , utPTH AI11-' r)IJ~ G~I-' I<MS ~'J !~ t.11 H '"'fEUI I~O'" 0' HWttN SEC Of. I; hpj IJt.& ,

"" ,. AG ~lA G '" r~s lit r. 'H.C tlJ:; '" 'M ijE,.lj(

1oj 11.1 IH~C ?> 747 4Q.B ,. ill."" 1'5" It-.Ii., 30.~iol 0.' ,. I •• • I 0 > •• ,.. uEP

" 161.~ "1.l1~ I. 13."" ,>' 1i" • lit 7.h<J 0.2 " 0 ,". • , 0 .- .- 1.2 HLP
25 1817 I V. 611 ,. I 3. b 1 15~ I 0' . b S 7.&2 3 •• 30 0 ," • I" " I . I) ,.' HLP
2> l€li4 14. ~Ij .. 1..L ~ (l '" p' .id 7.\lLI 4.3 31 u lb. ·" I? •• ,., ,;U'
2. II 2 .se-.1'" ,. ll'j.I" ,,. 1. 1 c' &.2't 3./ 2' • <17 .13 ," I.> .0 '0'
C. 1'f2L1 l~."rI .- 2u.1S I" '".lio:' 0.11':1 3•• 2. 0 I» .13 ," ,., .R ","
2. lU2 10. LI .. " o:'O.':d ,>' 17. \).s 3V.b!:l 3.· 'OJ , -f> • Il· , .q ,., OE.

" 12L1IJ 46.20 ,. lB. Ctl 15> c'1.d~ Ij. '11 5.' 25 u I" ·,. • • • ,., 5,~1,'

31 1351, H.f1 ,. 2(1.tl\ 1':1'" 2V.IJb U • II? 3.5 >l 0 "' • 1 l! • ." ,.\ ,.,
31 tlltl-4 I'j.~Q ,. ,1;.7/J IS'" 22.uo '3.bl! o • , ,. u I .5(' • I 4 R ·, 2. , ,.,
,, 14'3'4 11.1.2'1 ,. t b. ~& I" 0:' 1 • o~ 2.'>0 ,.. ,. V 10' • , 4 '0> I.U ,. , SI'.~

31 150:'11 SA.a! ,. .53 I" 1 1 • I q SlI.H o.u ~6 0 ;.oS':> .11 " 2. 1 .... ,I PPL
31 20tl j ':D • 5'5 ,. 17. ':l'1 I" (IS. 1n 4.30 ".' '0 0 115 .lh 11 I.' ,. , 51' ~

" c:! 1 III -;'4. jil " 1".7" l'jo., 21.0"1 7 • 2~ (1.3 17 U 14 • • 111 • ·, 1 • ~ LS."
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Figure 5.--Epicenter plot of magnitude 3 and above earthquakes for the
year 197~.
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Figure 7. Epicenter plot of Mauna Loa and Kilauea earthquakes magnitude 3
and above for the year 1974.
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for the year 1974.

144



Table 6 .--Felt Earthquakes

Date Time Magnitude Felt Report
H M S

Jan. 2 06 27 51.6 3.8 Ainahou Ranch

8 04 54 43.5 3.7 Ainahou Ranch, Hilo

12 06 04 33.9 4.7 Kealakekua, Captain Cook,
Kamuela, Honokaa,
Volcano, Hilo

15 22 06 46.5 4.4 Waimea, Kealakekua,
Captain Cook, Keauhou-
Kona

20 10 27 50.2 3.2 South Kona

Feb. 4 18 16 54.7 4.3 Kealakekua

5 06 01 27.4 3.7 South Kona

8 01 56 39.5 3.3 Volcano, Glenwood

24 21 18 31.3 3.0 Volcano

Mar. 23 23 39 07.7 3.5 Ainahou Ranch, Mt. View,
Glenwood, Hilo

27 22 58 53.6 4.0 Kahuku Ranch, Naalehu

Apr. 4 11 42 15.3 4.0 Hilo

25 02 06 55.1 4.0 Volcano, Kaiwiki, Hila,
Glenwood

30 02 44 00.4 3.2 Volcano

30 02 45 46.2 3.3 Volcano

May 5 01 37 23.9 4.5 Kona, Hilo, Volcano,
Keaau, Naalehu, Kamuela,
Kahuku Ranch, Waiohinu

18 06 42 30.7 2.5 Hawaii Volcanoes National
Park
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Table 6 .--Felt Ear1.hquakes (Continued)

Date Time Magnitude Felt Report
H M S

Jun. 3 13 02 09.1 4.1 Glenwood, Pahala, Volcano

6 09 41 15.2 2.8 Hawaii Volcanoes National
Park, Ainaholl Ranch

19 05 05 42.4 II. 9 Island-wide

19 05 11 13.5 3.8 Hilo, Kn'll, Volcano

19 05 33 03.6 3.1 Hilo, Ka'll, Volcano

20 20 50 26.4 4.4 Vol~ano, Ainahou Ranch,
Hilo, Kona, Kurtistown,
Glenwood, Hawaii Volcanoes
National Park

23 11 32 09.1 2.9 Hawaiian Volcano Observatory

21 15 44 42.9 3.1 Hawa.ii Volca.noes National
Park

21 15 58 24.11 2.6 Hawaii Volcanoes National
Park

Jul. 11 14 11 11.6 3.2 Kealakekua

12 15 32 59.0 3.6 Kainaliu

13 06 31 46.5 3.4 Ainahou Ranch

19 04 38 48.3 3.4 Volcano

19 05 00 02.9 3.0 Volcano, Hawaii Volcanoes
National Park

19 11 22 02.9 3.1 Volcano, Ha....aii Volcanoes
National Park

19 11 32 17.1 2.8 Hayaiian Volcano Observa'tory

19 16 41 48.0 4.0 Honokaa

21 18 01 50.5 3·9 Volcano, Hila

23 18 13 02.3 3.9 Ainahau Ranch, Kapapala
Ranch
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Table 6 .--Felt Earthquakes (Continued)

Date Time Magnitude Felt Report
H M S

Aug. 7 20 44 36.3 3.4 Kona

8 01 12 59.5 4.3 Honokaa. Hilo. Kapapala
Ranch. Volcano. Kona.
Puna. Hawaii Volcanoes
National Park. Glenwood

12 11 26 20.5 3.8 Kapapala Ranch

17 22 52 20.1 3.8 Kona

20 22 38 23.4 3.3 Kealakekua

23 18 15 01.9 3.9 Hila

27 21 49 40.7 4.6 Hila. Keaau. Kurtistown.
Pahoa. Honokaa.
Laupahoehoe. Naalehu.
Kapapala Ranch, Hookena.
Holualoa, Mt. View.
Volcano. Hawaii Volcanoes
National Park, Pahala.
South Kana, Kamuela

Sep. 17 21 56 34.2 3.3 South Kona

19 15 51 37.3 3.5 Hilo

25 20 18 49.7 3.9 Kamuela. Honokaa

Oct. 11 21 48 19.2 2.6 Hawaii Volcanoes National
Park

15 08 38 05·3 4.0 Kapapala Ranch

22 18 59 49.5 2.1 Hawaii Volcanoes National
Park

23 03 58 51. 7 2.6 Hawaii Volcanoes National
Park

26 13 20 07.1 3.7 Hila, Hawaii Volcanoes
National Park

29 18 57 32.2 3.7 Pahala

31 10 01 48.9 4.0 Hilo, Kaimu. Pahoa.
Glenwood, Kalapana,
Volcano

31 10 45 22.1 3.8 Hila, Kaimu, Volcano, l47
Puna



Table 6.--Felt Earthquakes (Continued)

Date Time Magnitude Felt Report
H M S

Nov. 9 04 46 15.7 3.2 Volcano, Hilo

10 01 53 14.7 4.1 Hilo, Volcano, Hawaii
Volcanoes National Park,
Onomea, Pahala, Honokaa,
Napoopoo, Kamuela,
Kurtistown

12 18 59 04.1 3.5 Volcano, Hawaii Volcanoes
National Park

13 07 02 38.6 2.3 Ainahou Ranch

16 05 12 41.0 3.8 Napoopoo, South Kona

lin 05 30 25.0 "3.5 Captain Cook

21 21 49 14.7 4.5 Hilo, Glenwood, Volcano,
Mt. View, Hawaii Volcanoes
National Park, Kapapala
Ranch, Pahala, Honomu,
Ainahou Ranch, Kamuela,
South Kona, Kealakekua

22 05 49 00.6 2.5 Kamuela

30 03 54 23.4 5.3 Island-wide

30 04 07 37.7 3.6 Kamuela, Hilo, Volcano

30 04 46 54.8 3.4 Hilo

Dec. 7 15 14 27.8 4.3 Hilo, South Kona

8 06 46 31.9 3.8 Hilo

n 00 39 05.3 3.6 Volcano

n 03 49 52.7 3.3 Hilo

12 04 01 19.1 3.8 Hilo

15 10 53 47.4 4.8 Volcano, Hawaii Volcanoes
National Park, Hilo,
Kapapala Ranch, Mauna
Loa summit cabin,
Mauna Loa Observatory

l/No computer solution for this event.
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Table 6.--Felt Earthquakes (Continued)

Date
H

Time
M S

Magnitude Felt Report

Dec. 15

15

16

21

25

25

25

23 17 29.'

23 30 35.7

09 00 55.0

07 '7 '9.5

12 19 45.0

18 13 20.6

3.7

3.9

'.2

'.7

3.7

'.3

Island-wide

South Kana

Hawaii Volcanoes National
Park, Kapapala Ranch,
Hilo

Volcano, Pahala, Hawaii
Volcanoes National Park,
Hilo

Island-wide, island of
Oahu

Volcano, Hilo

Hila. Volcano. Glenwood,
Mt. View. Pahala

25

25

26

28

28

28

29

30

31

31

31

18

18

07

11

17

19

02

00

01

09

17 10.2

2' ",."
18 5'.7

35 12.3

02 38.1

2, 23.5

22 10.6

51 '3·9

30 27.0

12 56.3

30 56.2

'.1
,.,
2.5

2.6

3·9

'.2

'.1
3.6

3.'

3.5

3.2
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Volcano, Hila

Hilo, Volcano, Glenwood.
Pahala

Volcano. Hawaii Volcanoes
National Park

Hawaii Volcanoes National
Park

Keauhou-Kona, Kealakekua

Kahuku Ranch, Volcano.
Papaikou. Hilo, Glenwood,
Hawaii Volcanoes
National Park

Island-wide

Pahala

Volcano, Kapapala Ranch.
Pahala. Hawaii Volcanoes
National Park

Volcano, Kapapala Ranch.
Pahala, Hawaii Volcanoes
National Park

Volcano. Kapapala Ranch.
Pahala. Hawaii Volcanoes
National Park



Table 6.--Felt Earthquakes (Continued)

Date Time Magnitude Felt Report
H M S

Dec. 31 12 14 02.8 3.0 Volcano. Kapapala Ranch.
Pahala. Havaii Volcanoes
National Park

31 12 25 29·1 3.2 Volcano. Kapapala Ranch.
Pahala. Havaii Volcanoes
National Park

31 12 40 47.8 5.3 Island-vide; minor damage
at Kapapala Ranch

31 13 06 45.0 3.0 Volcano. Kapapala Ranch.
Pahala, Havaii Volcanoes
National Park

31 13 56 37.3 3.5 Volcano, Kapapala Ranch.
Pahala. Havaii Volcanoes
National Park

31 14 39 21.8 3.4 Volcano. Kapapala Ranch.
Pahala. Havaii Volcanoes
National Park. South
Kona

31 14 49 13.7 4.0 Volcano. Kapapala Ranch,
Pahala. Havaii Volcanoes
National Park. South Kona.
Hilo

31 14 59 13.9 3.4 Volcano, Kapapala Ranch.
Pahala, Hawaii Volcanoes
National Park

31 15 28 59·1 4.4 Volcano. Kapapala Ranch.
Pahala. Hawaii Volcanoes
National Park. Hilo

31 15 51 17.3 3.3 Volcano, Kapapala Ranch,
Pahala, Havaii Volcanoes
National Park

31 16 48 19·0 3.1 Volcano. Kapapala Ranch.
Pahala. Havaii Volcanoes
National Park

31 17 10 53.0 3.2 Volcano, Kapapala Ranch.
Pahala. Hawaii Volcanoes
National Park

31 18 02 17.0 3.2 Volcano, Kapapala Ranch,
Pahala. Havaii Volcanoes
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Table 6.--Felt Earthquakes (Continued)

Date Time Magnitude Felt Report
H M S

Dec. 31 18 12 20.0 3.1 Volcano, Kapapala Ranch,
Pahala, Hawaii Volcanoes
National Park

31 19 51 30.6 3.4 Volcano, Kapapala Ranch,
Pahala, Hawaii Volcanoes
National Park

31 20 43 55.0 4.1 Volcano, Kapapala Ranch,
Pahala, Hawaii Volcanoes
National Park, and Hilo

31 20 53 24.4 3.4 Volcano, Kapapala Ranch,
Pahala, Havaii Volcanoes
National Park

31 21 24 48.2 3.4 Volcano, Kapapala Ranch,
Pahala, Havaii Volcanoes
National Park

31 21 41 54.0 4.2 Volcano, Kapapala Ranch,
Pahala, Hawaii Volcanoes
National Park, Hilo

Dec. 31: A swarm of earthquakes accompanied and followed an eruption

of Kilauea Volcano on December 31. 1974. Many hundreds of

earthquakes of about magnitude 2.0 to 5.3 were felt by

residents of Kapapala Ranch, Pahala, Volcano. and the Hawaii

Volcanoes National Park.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
term~ of north-south and east-west tilt coordinates. Both coordinates
at each station were arbitrarily set equal to 500 when measurements
at that station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surface; that is, to a
relative subsiJence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (I rom per km) in
the direction indicated.

Location of and essential data on each tiltmeter station are
listed in Table 8.

Table 7.--Tilt Coordinates at Uwekahuna. January to December, 1974.

Date (1974) N-S E-W

Jan. 6 720 287

13 721 288

20 720 289

27 720 288

Feb. 3 718 293

10 718 291

17 718 292

24 719 290

Mar. 3 719 286

10 719 285

17 719 285

24 718 289

31 717 294
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April 7 113 296

14 118 291

2l 117 290

28 717 291

May 5 116 295

12 716 290

19 722 287

26 724 285

June 2 725 290

9 729 288

16 728 287

23 728 284

30 729 282

July 7 733 284

14 735 284

21 739 289

28 739 287

Aug. 4 739 289

11 741 387

18 745 286

25 748 286

Sept. 1 752 282

8 755 281

15 758 280

I 22 782 262

29 784 260
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Oct. 6 186 255

13 189 251

20 193 249

21 198 248

Nov. 3 802 245

10 805 243

11 805 239

24 806 241

Dec. 1 811 238

8 811 233

15 819 232

22 82? 228

29 810 248
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Table 8~-Tilt coordinates and changes at bases around Kilauea caldera. (See fig.9a)

( -6Rate 10 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(19,4 ) N-5 E-W tilting sjnce reading
last reading (1914 )

--
Uw"ekahuna (U on fig. 9a) 3 Apr ,54.2 289.9 0.46 585.20 W 14 Jan

Tree Molds (TM) 3 Apr 586.9 4,5.9 1.15 N43.'oW 14 Jan

5and 5pit (55) 5 Apr 992.2 121.9 0.12 5n.6°w 15 Jan

Keamoku (Kea). 4 Apr ,64.0 239·2 1.02 N55.,oE 16 Jan

~ Alma Kamokuk01au (Kam). 5 Apr 393.9 499.1 2.05 N66.3OW 15 Jan
~

~

Kipuka Nene (KN) Not Occupied This Epoch

Hi1ina Pa1i (HP) Not Occupied This Epoch

Kapapa1a Ranch (Kap). Not Occupied This Epoch

Mehana (M) 2 Apr 626.0 604.4 1.16 N21. 40 E 14 Jan



Table 8b--Tilt coordinates and changes at bases around Kilauea calder!;_ (See fig. 9b)

-6Rate (10 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(1974) N-S E-W tilting since reading
last reaJ.ing (1974)

U....ekahuna (U on fig. 9b) 31 Jul 787.8 261.8 11.04 N39.9OW 3 Apr

Tree Molds (TM) 30 Jul 600.6 474.0 3.52 N 7.9OW 3 Apr

Sand Spit (SS) 6 Aug 1023.6 631.8 23.27 N70.8"w 5 Apr

Keamoku (Kea). 31 Jul 783.4 215.8 7.73 N50.30W 4 Apr

~

Ahua Kamokukolau (Kam). 1 Aug 336.4 498.7 14.62 S 0.4"w 5 Apr

'"". Kipuka Nene (KN) Not Occupied This Epoch

Hi1ina Pa1i (HP) Not Occupied This Epoch

Kapapala Ranch (Kap). Not Occupied This Epoch

Mehana (M) 30 Jul 630.4 610.8 1.96 N55.50E 2 Apr



Table 8c--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 9c)

-6Rate (10 r&d/mol
Tilt base Date Tilt Coordinates and direction of Date of last

(1974 ) N-S E-W tilting since reading
last reading (1974 )

Uwekahuna (U on fig.9cl 1 Oct 820.4 232.4 21.24 N42.00W 31 Jul

Tree Molds ('IM) 1 Oct 609.6 475.8 4.37 NIL 3
0

E 30 Ju1

Sand Spit (SS) 2 Oct 976.9 701.8 44.29 S56.30E 6 Aug

Keamoku (Kea). 2 Oct 813.9 182.5 21. 50 N47.50W 31 Jul

Ahua Kamokukolau (Kam). 2 Oct 299.4 519.7 20.58 S29.6°E 1 Aug-V>
~

Kipuka Nene (KN) Not Occupied This Epoch

Hi1in. Pali (HP) Not Occupied This Epoch

Kapapala Ranch (Kap). Not Occupied This Epoch

Mehana (M) 1 Oct 632.9 613.1 1.62 N42.6°E 30 Jul



Table 8d--Tilt coordinates and changes at bases around Kilauea caldera. (See fig. 9d)

-6Rate (10 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(1975 ) N-S E-W tilting since reading
last reaJing (1974)

Uwekahuna (U on fig. 9d) 14 Jan 711.0 296.6 36.24 S30.4°E 1 Oct

Tree Molds ('I'M) 14 Jan 550·9 490.5 17.29 S14.1"E 1 Oct

Sand Spit (Ss) 15 Jan 922.0 755.3 21.90 S44.3OE 2 Oct

Keamoku (Kea). 16 Jan 735.0 293.2 38.47 S54.5°E 2 Oct

Ahua Kamokukolau (Karo). 15 Jan 508.6 595.0 63.53 N19.8°E 2 Oct-en Kipuka Nene (KN) 17 Jan 259.1 520.1 2.66 S52.3"E 17 Jan'"
Hilina Pali (HP) 28 Jan 398.1 526.8 6.22 S33.4°E 17 Jan

Kapapala Ranch (Kap). 16 Jan 579·9 448.0 10.67 N37.90" 16 Jan

Mehana (M) 14 Jan 619.7 587.8 8.15 S62.4"1< 1 Oct
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Figure 9a.--Januar,y to April 1974 tilting of the ground around Kilauea
Caldera. The vector depicting at a given tilt base points in the
direction of maximum relative subsidence, and its length is
proportional to the rate of tilting during the measurement interval.
Closed circles represent field tilt bases; open circles, short-base
watertube tiltmeters. See Table 8a for explanation of abbreviations.
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Figure 9b.--April to July 1974 tilting of the ground around Kilauea
Caldera.
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Figure 9c.--July to October 1974 tilting of the ground around Kilauea
Caldera.
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Figure 9d.--October 1974 to January 1975 tilting of the ground around
Kilauea Caldera.

162



Table 9.--U.S. Geological Survey water-tube tiltmeter
stations in Hawaii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. W. reading M
Deg. Min. Deg. Min.

Tree Molds TM 19 - 26.3 155 - 17.3 Quarterly 50.79 NS. and EW.

Sand Spit SS 19 - 24.1 155 - 16.8 ---do--- 25.40 Equilateral
triangle.

Keamoku Kea 19 - 25.1 155 - 19.0 ---do--- 47.55 do

Ahua
Kamokukolau Kam 19 - 22.7 155 - 16.6 ---do--- 50.79 do

Kipuka Nene KN 19 - 19.4 155 - l6.7 ---do--- 47.73 do

Hilina Pali HP 19 - 18.2 155 - l8.6 ---do--- 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 ---do--- 50.79 do

Mehana M 19 - 26.2 155 - 14.3 ---do--- 25.00 do

Uwekahuna U 19 - 25.5 155 - 17.4 ---do--- 50.79 do

Uwekahuna
Vault 19 - 25.4 155 - 17. {; DlIil.v 3.48 NS. and EW.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe
in geologic terms the volcanic activity associated with the seismic events and
tilt data included. The seismic, tilt, and chronological summaries are
offered without interpretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the
observatory are included. The emphasis in collection of tilt and deformation
data has recently shifted from quarterly measurements at a few water-tube tilt
stations (llwet" tilt) to a larger number of continuously recording borehole
tiltmeters and repeated measurements at numerous spirit-level tilt stations
("dry" tilt). To maintain continuity with past summaries, we will continue to
publish weekly data from the Uwekahuna vault tiltmeter (Kilauea summit) and
from water-tube tilt stations as they are reoccupied. A comprehensive summary
of the numerous and varied tilt and deformation data now gathered is beyond
the scope of this publication.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1914 were issued quarterly, but cost, convenience of
preparation and distribution, and the large quantities of data dictated an
annual format beginning with summary 14 (Koyanagi, et al.) for the year 1914.
Summary 14 includes an extensive description of the seismic instrumentation,
calibration and processing used in recent years. The present summary includes
enough background information on the seismic network and processing to use the
data and understand the essentials of how it was gathered.

Publication of the summary represents a group effort by the staffs of the
Hawaiian Volcano Observatory and the National Center for Earthquake Research
in Menlo Park, California.
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CHRONOLOGICAL SUMMARY

Kilauea

The year 1975 opened with Kilauea adjusting to the effect of
the 6-hour-long eruption of December 31. 1974. This eruption
occurred in the Ka'u Desert. between the southwest rift zone and
the Koae fault system. About 15 x 106 m3 of lava was erupted from
a set of en echelon fissures about 4 km long. The eruption was
preceded. accompanied. and followed by a strong earthquake swarm.
and the resultant ground deformation was severe. Deflation at
Kilauea's summit continued until about January 5, and later the
magma reservoir beneath Kilauea's summit began to reinflate.
Inflation continued at moderate rates for many months, interrupted
occasionally by brief episodes of rapidly fluctuating deflation and
inflation. The pattern of ground deformation and seismicity on
Kilauea was not affected in any perceptible way by an eruption of
Mauna Loa on July 5-6.

By early November. inflation had reached a level sufficient
for the observatory staff to speculate about renewed activity on
Kilauea. This high level of inflation coincided with an appreciable
increase in felt earthquakes. which were centered on the south
flank and provided additional credence for these speculations.
However. the increase in seismicity was later to be interpreted as
foreshocks of a much more momentous event. the greatest earthquake
in Hawaii in more than a century.

On November 29 at 03:36 a 5.7-magnitude earthquake (Richter
Scale) proved to be the largest foreshock. The main shock, of
magnitude 7.2. struck at 04:48. It was centered beneath the
southeastern coast of Hawaii (lat 19°20.1' N.• long 155°01.4' W.)
at a depth of about 5 km. and it was accompanied or followed by
massive ground movements, hundreds of aftershocks, a tsunami, and a
brief summit eruption of Kilauea. Although the epicenter of the
quake was located near Kalapana, most of the aftershocks as well as
the major ground deformation occurred throughout a region extending
40 km to the west of the epicenter. Ground subsidence along the
south coast of the island reached a maximum of 3.5 m in the area
due south of Kilauea caldera, and subsidence of more than 0.3 m
occurred throughout a segment of the south coast at least 70 km in
length. Extensive landslides, rockfalls, and ground cracks were
induced by the quake throughout the summit and south flank regions
of Kilauea. Structural damage was estimated to be about $2.7
million; the most severe damage was in Hila and Hawaii Volcanoes
National Park.

A tsunami was generated by sudden ground motion associated
with the main earthquake. It produced one of the largest waves
recorded in Hawaiian history. which had a maximum runup height of
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14.6 m above the postsubmergence shoreline. The greatest runups
were recorded along the sparsely populated south coast of the
island, but waves in both the Hila and the Kana districts reached
heights as much as 2.4 m. The tsunami claimed two lives and caused
damage estimated at $1.4 million.

About a half hour after the main quake, harmonic tremor began
to be recorded near Kilauea's summit, and at 05:32 lava began to
fountain from a 500-m long, east-northeast-trending fissure on the
caldera floor just northeast of ~a1emaumau. Fountains initially
were abo'Jt 50 m high, but in about 15 minutes they declined to 5-10
m high, and they finally ended about 07:00. The resultant lava
flow covered about 0.25 km2 and had a total volume of about 0.25 x
106 m3 . Noisy, jetlike degassing from the vents continued for some
time.

At about 08:30 a vent opened on Halemaumau's northeast wall,
21 m above the crater floor. It emitted low fountains whose lava
built a small spatter cone and formed a sluggish flow that pooled
at the base of the wall. At 09:53 another vent opened nearby on
Halemaumau's northeast wall. Weak emission of lava from both vents
was intermittent throughout the day and was interspersed with
vigorous degassing episodes. Eruption of lava ended at 22:00;
degassing continued until 02:00 on November 30. Lava from the
08:30 vent had a volume of 3.2 x 103 m3, and from the 09:53 vent
about 300 m3.

A more complete summary of the events of November 29 has been
prepared by Tilling and others (1976).

Mauna Loa

Following a strong earthquake swarm in December 1974, Mauna
Loa seismicity dropped to moderate levels through the first half of
1975, with occasional swarms of microearthquakes during March and
April. The huge volcano apparently was continuing to stir from its
quarter-century of slumber. The heaviest cover of snow and ice in
many years thwarted efforts by observatory personnel to expand
deformation-monitoring networks in the summit region, although
several geodimeter and tilt stations were installed on the lower
and middle slopes. Aerial surveillance indicated anomalously high
rates of snow melting in Lua Hou pit crater and along some zones
on the floor of Mokuaweoweo. In early June, when weather finally
permitted the summit geodimeter network to be reoccupied, measure
ments revealed that tumescence was continuing unabated. All these
signs suggested a buildup toward an eruption, but they did not
convey the immminence of the anticipated outbreak.

On July 5, harmonic tremor
Mauna Loa summit seismometers.
increased and soon was recorded

began to be recorded at 22:51 on
The intensity of the tremor quickly
across the entire seismic network;
3



swarms of microearthquakes accompanied the tremor. Observatory
personnel had just enough time to issue warnings to National Park
and Civil Defense authorities before lava broke out from the floor
of Mokuaweoweo at 23:42. The eruption. as seen from the observa
tory 30 km to the east and 2,750 m lower. began with a small glow
above the southwest end of the caldera, but within minutes the glow
extended across the entire summit area. By the time aerial
surveillance was established. at about 01:45 on July 6. a northeast
trending line of fountains extended across the caldera floor and
about 1 km down the southwest rift zone. Fountains were 20-50 m
high; lava was flooding much of the caldera floor and was pouring
into the pit craters south of the caldera; narrow flows were
advancing southward and westward away from the rift zone.

Thereafter the line of active fountains extended northeastward
across North Pit and into the upper part of the northeast rift
zone. At 03:15 the fountains within the caldera and on the south
west rift zone began to wane. but others continued to propagate
into the northeast rift zone. Caldera and southwest rift zone
fountains ended about 06:00, while those on the northeast rift zone
continued unabated and fed copious flows, most of which traveled
northward. The main eruptive activity became localized along short
fissures near Pohaku Hanalei at the 3,700-m level. These vents
remained vigorous until about 08:00, after which activity gradually
declined throughout the day. The longest flow reached about 5 km
north of the rift zone, while other flows extended 2-3 km eastward
and northeastward. Eruptive activity ceased between 16:30 and
19:30; the duration of the eruption was 17 to 20 hours. Approxi
mately 30 x lOG m3 of lava covered 13.5 km 2 of land in 'the summit
area and upper flanks of the volcano.

When extrusion of lava ceased, strong harmonic tremor accom
panied by abundant earthquakes continued. Earthquake epicenters
migrated down the northeast rift 20ne to about the 2,900-m level
near Puu Ulaula (Red Hill). Frequent reoccupation of the nearby
geodimeter network revealed significant dilation for a few days,
and further eruptive outbreaks seemed possible. However, about
July 10, the tremor diminished, and geodimeter measurements
indicated detumescence. By July 12 the volcano had stabilized and
no further immediate activity seemed likely. Throughout the
remainder of 1975, however, geodetic measurements indicated that
tumescence had resumed and seismometers showed a relatively high
level of microseismicity, suggesting that magma was building toward
Mauna Loa's next eruption. Further details on Mauna Loa's eruption
and subsequent status are provided by Lockwood and others (1976).
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Ob~ervatory has installed and
maintains an extensive telemetering seismometer network on the island of
Hawaii. In January 1975 the seismometer network consisted of thirty-six
vertical high gain short period (1 sec.) stations spread over an area with a
diameter of 125 kilometres (Figs. 1 and 2). The coverage is most complete on
and around the main center of seismic and volcanic activity, Kilauea Volcano.
Other stations in the network are part of a larger net located on other
volcanoes of the island of Hawaii. With the exception of HIL, all seismometer
signals from the short period network are telemetered to the observatory for
recording.

The network expanded during 1975. Two new stations were added on the
middle portion of the East Rift Zone (LUA, TAN), and two more were added on
the northwest flank of Mauna Loa (HSS, KII). Twelve horizontal seismometers
were added to nine eXisting vertical stations to make a total of twenty-nine
vertical only, seven two-component and four three-component stations on the
island.

Figure 1 is a map of selected geographic and geologic features, and
Figure 2 shows the seismic stations which were operated or added during the
year. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1975. Listed are station name, three letter code,
coordinates in degrees and minutes, elevation in meters, and other data
described below.

Instrumentation and recordin. Each telemetering station has a voltage
controlled oscillator VCO) for FM multiplex transmission to HVO via either
hardwire or VHF radio. The vce frequencies are listed in Table 1. These
telemetering stations are now all of Type I, the NCER standard system used in
USGS seismic networks (see Table 2 for details). After discrimination, the
analog signals from thirty-two stations are recorded on two Develocorders
using l6mm microfilm. Beginning in late 1975, FM signals from the
telemetering network were recorded directly on one inch magnetic tape.
Selected larger events are copied onto condensed library tapes which are
currently archived in Menlo Park.

Develocorder records are read on a film viewer with 20x magnification.
Arrivals are read to the nearest 0.05 second. The recorded arrival times,
amplitudes (where readable), and other key data are routinely sent to N.C.E.R.
in Menlo Park for computer processing.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO) , Hilo, Maui, and on Oahu (Kipapa station operated by
Honolulu Observatory). The less sensitive short period records are used
primarily for S data and amplitude measurements for magnitude calculations to
supplement readings from l6mm film. Optical seismographs listed in Table 1
are of four types. Types numbered three and four are electro-mechanical
systems of high and low gain respectively. Hilo and Haleakala are each
equipped with two low-gain Wood-Anderson torsion seismographs. Long period
Press-Ewing seismographs record 1n three components in the Uwekahuna vault.
The paper (optical) records as well as the l6mm develocorder microfilm are
archived at HVO.



Seismograph response and calibration. Displacement response curves Cor
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification oC the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder Cilm viewer. The curves plot the unit response, which should be
multiplied by the factors CAL listed in Table 1 to get the response Cor an
individual station. Individual CAL factors Cor Type 1 seismographs are equal
to the peak-to-peak amplitude measured in rom on the 20x Develocorder viewer oC
a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of the
geophone. Calibration is normally done each time a station is vlsited,and
major changes in attenuation or recalibrations are listed in Table 1 along
with the dates they took place. Minor changes in CAL Cactors may not be
listed iC they are less than 20$.
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TABLE 1. Seismometer stations in Hawaii operated by the U. S. Geological Survey? 1975

Old Date of New
Station Name Code LAT-N LON-W Delay ELEV VCO Type/Cal Change Type/Cal

AHUA AlIU 19 22.40 155 15.90 .06 1070 2380 1 3.8
AINAPO AIN 19 22.50 155 27.62 .33 1524 1020 1 8.5

AINE 2380 none 75/11/14 1
AINN 2720 none 75/11/14 1

CAPTAIN COOK CAC 19 29.29 155 55.09 .15 323 1360 1 3.3
CONE PEAK CPK 19 23.70 155 19.70 -.04 1038 1700 1 3.5 75/12/30 1 4.0

CPKIl 1020 none 75/12/22 1
DESERT DES 19 20.20 155 23.30 -.10 815 680 3 1.34 75/04/30 1 4.8
ESCAPE ROAD ESR 19 24.68 155 14.33 .01 1177 1360 1 1.7
HALE POHAKU HPU 19 46.85 155 27.50 .42 3396 2720 1 75/11/18 1 4.5
HILINA PALl HLP 19 17.96 155 18.63 .18 707 2040 1 2.5 75/05/21 1 5.0
HUALALAI HilA 19 41. 25 155 50.32 .58 2189 1700 1 5.3 75/02/04 1 2.2
HUMUULA HSS 19 36.31 155 29.13 .35 2445 1700 none 75/07/07 1 6.2

HSSE 680 none 75/10/29 1
HSSN 2720 none 75/10/29 1

KAAPUNA KAA 19 15.98 155 52.28 .00 524 1020 1 6.0 75/03/28 1 4.9
KAENA KAE 19 17.35 155 7.95 .15 37 2380 1 2.2
KAHUKU KIlU 19 14.90 155 37.10 .08 1939 1700 1 5.7 75/02/18 1 3.7
KALALUA LUA 19 24.55 155 04.25-.02 622 1020 none 75/12/09 1
KANEKII KII 19 30.56 155 45.90 .18 1841 1700 none 75/11/13 1 7.1

KIlE 1020 none 75/11/13 1
KIlN 1360 none 75/11/13 1

KAPAPALA RANCH KPR 19 16.40 155 26.70 .05 610 1700 1 4.33
KEANAKOLU KKU 19 53.39 155 20.58 .86 1863 2380 1 2.3
KIPUKA NENE KPN 19 20.10 155 17.40 .07 924 1360 1 5.0
KOHALA KOH 20 7.69 155 46.77 .21 1166 2380 1 3.2 75/12 1 2.4
MAUNA LOA MLO 19 29.80 155 23.30 .24 2010 1360 1 11.8 75/05/09 1 10.5

MLOH 2040 none 75/09/25 1
MAUNA LOA X MLX 19 27.60 155 20.70 .27 1475 1360 1 75/04/24 1 2.1

MLXH 2720 none 75/11/19 1
MAKAOPUHI MPR 19 22.07 155 9.85 -.01 881 2720 1 5.7 75/11/07 1 2.1
MOKUAWEOWEO MOK 19 29.28 155 35.98 .28 4104 2040 1 7.5
MOUNTAIN VIEW MTV 19 30.25 155 3.75 .17 409 680 1 6.2 75/05/13 1 3.2
NATIONAL GUARD NAG 19 42.12 155 1.72 .63 18 1360 1 8.5
NORTH PIT NPT 19 24.90 155 17.00 -.06 1115 680 1 9.0
OUTLET OTL 19 23.40 155 16.80 .02 1084 1360 1 4.15

OTLH 2040 none 75/09/15 1
PAU PAU 19 22.62 155 13.10 -.06 994 2040 1 3.8

PAUH 1020 none 75/01/19 1
POLIOKEAWE PALl POL 19 17.02 155 13.47 .10 169 2720 1 3.0 75/12/10 1 4.8
PUU HONUALA PHO 19 28.90 154 53.40 .03 215 2720 1 4.8
PUU PILI PPL 19 9.50 155 27.87 .24 35 1360 1 2.2
RIM RIM 19 23.90 155 16.60 .12 1128 1020 1 1.1 75/05/7 1 7.3

RIMH 2040 1
SOUTH POINT SPT 18 58.91 155 39.92 -.07 244 2040 1 4.8 75/06/10 1 3.6
SOUTHWEST RIFT SWR 19 27.26 155 36.30 .14 4048 1020 1 11.1 75/10/15 1 2.4
SUMMIT CABIN SCA 19 28.20 155 35.08 .30 4048 1700 1 11.5
TANGERINE TAN 1927.79 154 58.51 .02 351 1020 none 75/12/02 1
WAHAULA. WHA 19 19.90 155 2.92 .06 29 680 1 3.66
WALDRON LEDGE WLG 19 25.49 155 15.69 -.02 1067 2380 1 2.2
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TABLE 1 (continued)
Optical Seismographs

HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA Ell HAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 WA 1.0
HILO Z HIL 19 43.20 155 5.30 .64 20 3 1.0
HILO Ell HIE 19 43.20 155 5.30 .64 20 WA 1.0
HILO NS HIN 19 43.20 155 5.30 .64 20 WA 1.0
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z WE 19 25.40 155 17.60 .06 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 .06 1240 4 1.0
UWEKAHUNA Ell U3E 19 25.40 155 17.60 .06 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEE 19 25.40 15517.60 1240 PE
UWEKAHUNA PEN 19 25.40 155 17.60 1240 PE

Table 2. -- Seismic Instrumentation Types

Type 1. Consists of:

a) EV-l7 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal component
adjusted for an output of 0.5 volts/em/sec. and 0.8
critically damped.

b) Preamp/VCO Develco Model 6202 voltage controlled oscillator or a
USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to
HVO. USGS Model J302 was introducted in 1974.

Type 3. Consists of:

aJ EV-17 - Electrotech EV-17 (as described above), Hall-Sears
HS-IO 0.5 sec. period moving coil seismometer or
Observatory-built O.g sec. period moving coil
seismometer with HVO-built solid state seismic
preamplifier (voltage gain, 2000X), or
Observatory-built electronmagnetic seismometer
approximately 40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers (E-W)
with 1.5 sec galvanometers, coupling factor = 0.25. 2X critically
damped. Peak magnitication approximately 1500X at 2Hz.

Experimental type amplifier systems are not given type numbers.
Type 2 instruments have been discontinued.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph
and for the 3 different types of seismometers 1n use by the
Hawaiian Volcano Observatory. Types 3 and 4 are electro-mechanical
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the standard NCER seismometer recorded on Develocorder film. The
curve for Type 1 includes response of the geophone, all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which
should be multiplied by the factors CAL listed in Table 1 to get
the response for an individual station.

11



SEISMIC DATA PROCESSING

Earthquakes are located by the combined efforts of HVO and NCER in Menlo
Park. Develocorder films are read at HVO, and lists of P and S arrival times,
event amplitude and duration, clock correction, etc. are sent to Menlo Park.
Data are then keypunched, computer locations are made using the program
HYPOELLIPSE (Lahr, et al., in preparation), and problem events are reread at
HVQ and rerun. Card and magnetic tape copies of all arrival time (phase) and
output summary data (one card per event), are kept in Menlo Park. All
computer output (including first motion plots) are on microfiche, and copies
are available for inspection at HVO and in Menlo Park.

The crustal model used consists of flat, homogeneous layers and contains
a embedded low velocity zone. It is a modtfied version of Crosson's (1976)
model and is:

VELOCITY
LAYER (kIn/sec) DEPTH TO TOP (Ian), 2.00 0.0

2 3.25 0.6
3 6.00 2.0
4 6.40 5.5
5 5.30 9.5
6 6.30 13.0

An empirical set of station delays or corrections were used in the
locations, and are given in Table 1. They have been adjusted so the mean
delay of Kilauea stations is zero, and are most appropriate for locating
earthquakes on the south side of the island.

Magnitudes for most events were computed using both recorded amplitUdes
on calibrated stations and signal or coda duration on short-period vertical
stations. AmplitUde magnitudes used by HVO are based on readings from
Wood-Anderson seismographs. Amplitudes read from other instruments are
corrected to an equivalent Wood-Anderson amplitude using the curves of Figure
3 and CAL factors of Table 1. Amplitude magnitUdes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4
seismographs at Uwekahuna. Smaller events may occasionally include. amplitude
readings from stations AHU, KAA, OTL, or PPL.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed to about twice the noise level, or to about 1 cm peak-to-peak on the
Develocorder viewer. A plot of log (F-P time) versus local (amplitude)
magnitude appears in Figure 4. The bilinear relation shown in the figure is
an appropriate fit to the data sample and is used to compute all duration
magnitudes. Duration times are only read from Type 1 seismographs. Because
duration magnitudes are relatively insensitive to station response and can be
determined using the high-gain short-period stations, it is felt that duration
magnitudes are more accurate and complete at the lower magnitudes (below 2).
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SE:I SMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on
the highly active south flank of the island of Hawaii. Hundreds of
earthquakes too small to locate are counted daily, and the set of located
earthquakes in the Kilauea region is nearly complete above magnitude about 2.0
to 2.5. Many smaller events are located also. Substantial effort is made to
locate earthquakes elsewhere on the island and within about 150 km of the
island. Such coverage cannot be as complte as on the south flank, but nearly
all events above magnitude 3.0 to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined Visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters of all depths are given in
Figures 5, b, 7 and 8. The epicenter maps are on two scales, and show both
all located earthquakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and in some cases on its depth. Figure 9 is a map
of the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed in Table 4. When the listed
coordinates imply an overlap, precedence is given according to Figure 9.
Table 6 relists the events in Table 5 for which either duration or amplitUde
magnitude is 3.5 or larger. It is felt that this list is a more objective
measure of large earthquakes than a list of felt earthquakes.

Earthquakes reported felt during the first three quarters of 1975 are
listed in Table 7. A list for the fourth quarter would be long and dominated
by the M = 7.2 Kalapana earthquake and its many aftershocks, and is omitted
here.

Table 3. Number of earthquakes and minutes of tremor recorded on seis
mographs around Kilauea. Tremor is separated into three
categories: Deep, Intermediate, and Shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless
otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea
Volcano. Earthquake categories are: Kilauea Summit 30 km,
earthquakes from about 30 km beneath the summit region; Kilauea
Summit long-period, earthquakes characterized by low-frequency
waves from intermediate depths roughly 5-10 km beneath the
summit region: Kilauea Summit Shallow, earthquakes from within a
few km beneath the caldera region; SW Rift and Kaoiki,
earthquakes along the southwest rift zone of Kilauea and the
adjacent portions of the Kaoiki fault system; Upper East Rift,
earthquakes from the upper east rift zone of Kilauea; Koae,
earthquake from along the northeast-trending Koae fault system
south of the calderaj Lower East Rift, earthquakes from the
lower east rift zone of Kilauea; South Flank, faults on the
south flank of Kilaueaj Mauna Loa L-P, earthqUakes characterized
by low-frequency waves from Mauna Loa volcano; Mauna Loa S-p
earthquakes from within a few kilometers beneath the summit of
Mauna Loaj Offshore PPL, earthquakes from mostly offshore areas
south of Puu Pili station.



TrelOOr Earthquakes

Date (m = minutes

(1975 ) h = hours) Kilauea Summit Kilauea Flank Mauna Loa

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shal10\1 30 KM L-P Shallow Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Jan. 1 24h 1 468 532 6143 61 58
2 35m 45m 1 195 405 6851 53 1 1 72
3 20m 1 460 27 2162 58 3 1 94 9
4 30m 3 166 625 2822 84 14 1 3 108 12
5 3 111 1047 1734 81 38 1 143 14
6 2 302 591 1555 92 132 1 4 156 15
7 5m 7 323 1151 4680* 84 108 *plus West Koae
8 6m 6 140 1439 1960 113 30 3 2 78
9 7 269 637 1414 93 102 2 26 215

10 4 624 282 697 107 135 2 115 15 km-l
11 3 384 278 606 97 90 2 79 Kona-2. 15 km-4- 12 many 6 226 349 234" 145 83 3 1 82 1 *plus West Koae,

" short Kona-l
!bursts

13 54 82 374 133 41 84 1 Electrical storm
14 15m 5m 5 144 223 297 74 73 4 55 4 Electrical storm
15 2m 7 180 267 977 183 29 4 11 154 1 Kona-3
16 10m 2 51 258 331 148 40 38
17 159 143 316 46 29 1 28
18 10m 10m 1 66 111 286 48 42 14 Kona-l
19 13m 38 320 358* 150 43 2 30 *plus West Koae
20 20m 4 24 220 390* 195 77 30 4 *plus West Koae
21 7 41 353 229" 236 61 4 38 *plus West Koae
22 3 35 338 287* 161 63 1 55 *plus West Koae
23 33m 2 46 478 303* 162 55 1 43 *plus West Koae
24 5 36 236 224* 89 32 3 1 42 *plus West Koae
25 1 34 417 308* 125 37 4 49 *plus West Koae
26 5 32 368 261* 100 45 4 44 2 *plus West Koae
27 5m 2 29 422 241* 94 32 1 31 1
28 2 21 409 267* 117 42 2 10 51 1 Kona-l
29 5m 2 16 423 132 134 29 4 44
30 2 24 342 178 138 26 1 40 145
31 3 43 149 250 43 66 43



Earthquakes
Tremor

Date (m = minutes
Kilauea Sunnnit Kilauea Flank Mauna Loa(1975 ) h = hours)

SW Rift Uppet' Lover Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P Shallow Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Feb. 1 4 43 210 355 56 93 3 2 17
2 4m 3 59 491 87 104 23 9 76
3 1h 13m 318 546 110 117 69 52
4 3m 101 352 82 118 18 65 43 1
5 4 37 598 92 125 20 1 41 41
6 3 35 425 86 179 19 1 21 36
7 9 38 139 144 30 38 3 7 24 Mauna Kea-l
8 3 115 132 173 31 36 7 34
9 2 6 525 103 221 23 8 45

10 25m 2 44 298 83 167 15 6 82
11 lOll 56 223 111 116 9 7 72
12 2 515 361 88 146 3 6 llO

• 13 15m 2 191 452 128" 114 28 5 172 *plus West Koae• 14 several 1 907 440 293 124 61 8 3 122 4 Kona-~
bursts

15 5m 197 499 110 44 17 5 10 67
16 1238 317 132 305 62 10 6 95 8 Kona-3
17 45 427 108 72 19 3 53 Kona-l
18 20m 344 970 64 102 13 3 74
19 20m several 160 603 72 131 21 1 6 93

bursts
20 8m 1 169 576 95 155 11 II 162
21 8m 13m 4 ll6 415 90 110 8 14 330
22 5 49 559 103 ll2 15 4 124
23 10m 3 65 408 52 110 6 73
24 5m 5 45 526 64 125 21 1 73 l<ona-1
25 1 35 345 71 122 11 2 53
26 2 399 238 806 125 101 4 14 369 16 Kona-2
27 3m 6 88 485 75 85 20 45
28 3 117 199 126 37 37 1 1 68 1 Kona-2

~

."



Tremor Earthquakes

Date
(m = minutes

(1975 )
h = hours) Kilauea Summit Kilauea Flank Mauna Loa

SW Rift Upper Lover Off-
Inter- and East East shore Remarks and Events

Deep mediate ShallO\l 30 KM L-P Sha.llow Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Mar. 1 8m 6 173 161 101 31 33 1 103
2 1m 3m 1 53 301 60 11 12 2 2 210
3 262 110 250 66 83 3 150 412 36 Kona-l
4 10m 6 21 222 50 73 5 134
5 6m 1 30 283 21 109 14 3 118
6 1 35 258 50 83 1 6 223 1 Kona-l
1 5m 2 9 135 4 21 14 1 6 306 15 km-1
8 5m 14 114 45 19 19 2 9 421 Kona-2
9 1 51 293 36 68 5 2 431

10 1 49 253 42 11 4 322 1
11 10m 3 68 231 53 15 5 3 246 3
12 18m 3 116 223 61 95 6 1 3 81 Kona-2
13 1m 2 82 224 46 82 1 1 12

- 14 1 90 88 16 21 3 2 149 Kona-l.. 15 91 81 142 22 6 140
16 1 152 81 15 18 1 1 10 268
11 l"h 2 168 96 81 24 3 3 315 1 Kona-2
18 94 69 69 29 6 1 6 495 1 Mauna Kea-l, Kona-2
19 2 29 56 99 21 1 1 6 269
20 3 221 58 56 22 2 3 216 1
21 26m 4 184 225 26 48 6 1 2 214 Kona-2
22 11m 1 321 63 104 30 2 11 413
23 15m 512 54 100 21 5 12 389 1
24 l"h 1 144 14 91 23 6 9 301
25 29m 596 18 81 16 6 13 295
26 3h 3\>h 1 1196 41 59 11 1 26 418 Power outage 1330-

1700, Kona-l
21 3m 423 84 58 11 1 12 240
28 296 92 48 13 1 111
29 304 94 101 6 3 61
30 330 82 60 11 3 51
31 1 318 106 88 31 4 1 8 211

~...



Tremor Earthquakes

Date
(m = minutes

(1975)
h = hours) Kilauea Swmnit Kilauea Flank Mauna Loa

SW Rift Upper Lower Off-
Inter- and East East ShOl"e Remarks and Events

Deep mediate Shallow 30 KM L-P Shallow Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Apr. 1 2 231 115 67 19 3 2 334 Kona-2
2 219 109 109 21 4 2 249
3 1 242 102 91 23 4 163 Kona-l
4 2m 15 198 43 34 29 1 4 66
5 30 169 273 31 26 3 133 3
6 2 187 81 113 31 4 1 588
7 262 80 79 15 2 1 3 623
8 4m 1 211 109 72 26 2 750
9 1 215 112 60 22 7 2 13 913

10 8m 236 150 67 43 1 2 817
11 17m 1 289 498 77 84 33 31 565 3 Kona-l
12 several 2 312 406 45 77 33 15 399 2 Kona-l

bursts

• 13 3m 192 168 58 21 2 1 230
0 14 3m 9m 2 329 163 72 18 1 3 2 248 Kona-2

15 9m 1 316 125 66 20 1 384 Kona-l
16 12m 1m 131 88 63 33 1 13 530
17 18m 136 114 77 30 7 882
18 13m 1 110 526 50 62 36 3 20 1347 Kona-2
19 several 66 396 49 23 21 4 364

bursts
20 5m 51 118 44 12 1 1 166 1
21 9m 59 97 52 20 1 3 137 1
22 1h 32m 74 95 36 24 1 12 254
23 5m 71 113 40 28 1 1 385
24 1 83 135 33 27 2 2 2 625
25 43 248 19 18 11 2 411 2 Kona-l
26 40 245 14 23 16 1 345 Kona-l
27 22m 184 180 73 29 3 2 481 Kohala-l
28 11m 1 174 204 57 36 9 1 484 Kona-l
29 19m 145 146 55 25 6 5 353
30 23m 118 134 51 41 1 378

~

'"



Tremor Earthquakes

Date
(m = minutes

(1975 ) h = hours) Kilauea Summit Kilauea Flank ~una Loa

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P hallow Kaoiki Rift Koae Rift L-P s-p PPL of Interest

May 1 14m 1 142 l'74 67 35 3 6 476 Kona-l
2 1 75 158 34 23 2 6 569
3 62 227 37 34 1 11 357
4 2 133 142 37 35 1 3 382
5 1 68 l'77 50 50 2 4 407
6 1 103 265 52 20 1 2 380
7

311P
1 158 340 45 42 1 9 582 Kona-1

8 155 227 47 34 2 4 14 441
9 9 45 318 43 39 22 21 472 Kona-l

10
4nP

9 91 335 49 59 17 1 19 637 Kona-8
11 116 209 53 44 1 2 15 613 1 Kona-1
12 1 109 195 29 32 1 6 459
13 86 194 41 37 4 1 8 534

~ 14 1m li:v 143 212 24 27 1 8 421
~

15 8m 1 152 184 58 33 1 1 5 455 Kona-l
16 20mY 1 12 245 10 21 16 4 566 Kona-l
17 11 190 14 19 10 1 458 Kona-l
18 2m 112 170 51 30 1 3 614 Kooa-2
19 1 155 166 34 38 1 8 260 Kona-l
20 2m 2m 107 186 35 29 1 22 267

3mY
21 3m 5m 1 233 406 45 43 18 245 Maui-l
22 2m 8m 10m 1 257 310 38 38 8 194 Kona-l
23 1m 1 155 262 43 50 1 6 6 154 2
24 4m 148 167 72 49 2 14 132 Kona-3

2mY
25 6m 72 136 45 37 29 222 1 Kona-2

4mU
26 2m 113 159 45 52 1 l'7 329 2 Kohala-ll, Kooa-4
27 2 137 222 45 52 1 3 10 462 1 Kona-5
28 4m 2mY 3 167 l'73 27 54 2 25 478 LPD-2, Kona-5
29 1m 3 177 150 37 69 4 15 562 LPD-T. Kona-3. Mauna

Kea-l
30 4 166 440 87 68 45 2 46 504 5 Kona-8, Mauna Kea-l
31 9m 20m 4 157 347 58 49 27 2 25 513 3 Kooa-4

~..

1/- MOK - tremor beneath Mauna Loa Volcano



Tremor Earthquakes

Date
(m = minutes

(1975 )
h = hours) Kilauea Summit Kilauea Flank Mauna Loa

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P Shallow Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Jun. 1 1 105 134 43 40 13 509 1 Kona-7
2 1 153 130 38 32 1 3 8 436 Kona-4
3 1 202 82 42 47 1 10 528 1 LPD-I, Offshore-I,

Kona-l
4 6m 2 93 108 61 34 1 12 230 LPD-l, Kona-3, Kohala-2
5 37m 131 175 45 28 2 24 193 3 LPD-2. Kona-2
6 4 381 29 26 6 1 8 117
7 3 383 20 28 4 1 7 176 1 Kona-6
8 7 134 204 47 61 3 20 181 LPD-5, Kona-2
9 25m 10m 4 27 337 23 79 212

10 1 94 117 43 72 2 2 21 286 LPD-ll, Kona-4
11 6m 4 85 167 83 54 1 3 16 195 LPD-3
12 2 96 149 54 67 1 1 2 227 LPD-5

,. 13 2 142 214 42 61 3 1 2 410 1 Kona-3
:> 14 105 183 52 35 2 1 4 461 1 Kona-l

15 1 52 133 66 54 1 2 1 331 5 LPD-2
16 2 151 184 43 46 1 9 227 Kona-2. Hila-I
17 10m 2 97 365 19 80 1 325
18 20m 1 97 343 32 110 246 Kona-2
19 7m 6m 233 187 40 63 1 10 504 2 Kona-l
20 5m 40m 2 267 374 55 51 12 9 15 506 Kona-12
21 3 81 262 56 50 17 1 24 597 1 Kona-2
22 3 97 127 41 45 1 2 403 1 Kona-2
23 30m 3 41 121 35 19 1 110 LPD-l
24 20m 48 97 24 18 1 283 LPD-II
25 33 188 23 39 1 21 514
26 1h 1 38 211 33 28 1 3 428 1 Kana-I, LPD-3, Kohala-l
27 3 393 11 17 5 1 276 1 Kona-2
28 10 487 22 14 4 1 3 145 15-KM-l. Kona-l
29 180 210 22 42 3 120 1
30 18m 3 46 173 38 47 2 117 7 LPD-l, Kona-3

to
o



Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit Kilauea Flank Mauna Loa
(1915 )

SW Rift Upper LoW"er Off-
Inter- and East East shore Remarks and Events

Deep mediate Sha.llow 30KM L-P Shallow Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Jul. 1 2m 4m!! 2 24 213 49 50 1 4 153 9 Kana-I, Mauna Kea-l
2 3m 1 31 343 28 62 6 2 131 1 LPD-5, Kana-l
3 1 31 272 36 30 1 2 166 2
4 10 27 183 59 31 3 142 2 Kana-2
5 30m 2 35 213 50 59 6 2 7 '" LPD-14. Kona-3
6 1 3 144 33 1 3 321 ° 4,.
7 1 23 150 3 11 1 143 00 1 Kona-l::1-:18 22 299 18 19 1 48 r;:g.
9 2 8 388 53 54 1 1 93 " 1 Kona-l

10 2m!! 27 298 39 41 56 ~t

11 2 23 246 45 27 11 6 530
,.,.

1 Kona-l;Jo
12 4 47 333 53 46 1 1 270 ., ... Kona-2
13 1m 2m 19 274 51 47 3 19

0 LPD-I. Kona-l0

14 36 281 23 32 4 41 o.
• '"• 15 1m 1 31 336 43 54 1 169 00

.~ .a
16 15 383 60 56 3 1 155 ~§ 1 Kona-2
17 7 84 8 13 22 0" Partial records
18 5 313 21 11 1 9 •0'"

19 10 293 33 16 7 3 8 .,~
20 1 41 287 44 50 1 180 1-0 Kona-l
21 2m 21 418 32 41 3 219 LPD-4
22 24 446 33 33 208 • LPD-3, Kona-l1 ·S 3
23 lomV

15m!!
7 340 28 31 1 228 3, LPD-2. Kona-l

24 4m!! 6 193 34 11 1 1 38 • Kona-l
25 25m!! 9 157 32 21 2 26 §.~
26 3 7 356 34 31 1 141 .,., 1
27 4m 1 21 317 37 44 159 >:-"

28 10mY 38m 1 9 403 42 35 1 17 211
29 13m 4 18 254 35 29 3 10 180 Kona-l
30 1 5 115 36 31 1 21 175 Kona-l
31 8m 10m 42 119 37 42 4 1 78 205 Kona-2

...
~

l/MOK-tremor beneath Mauna Loa Volcano.



Tremor Earthquakes
(m = minutes

Date h = hours) Kilauea Summit Kilauea Flank Mauna Loa
(1975)

sw Rift Upper Lower Off-
Inter- and East East hore Remarks and Events

Deep mediate Shallow 30KM L-P Shallow Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Aug. 1 8m 3 33 343 ll~ 22 13 3 46 401 2
2 6m 9DmJJ 2 46 378 143 33 12 1 251 464 1
3 36 261 53 36 5 85 279 LPD-3
4 12 221 98 25 1 79 176 Kohala.-l
5 2m 1 14 193 257 35 2 72 163 Mauna Kea-l
6 1 20 249 87 31 5 64 111 1
7 27 431 56 33 2 53 141 Kana-I
8 1 34 362 39 24 1 53 128
9 10m 603 30 9 8 3 121

10 1 21 443 68 40 2 1 42 146 LPD-14
11 1.ml/ 1 11 372 68 63 4 103 107 Kana-I. Mauna Kea-l

9m
12 3m 2 16 346 63 34 2 58 96 1, 13 15m 35 274 53 32 1 30 130 Kana-I. Mauna Kea 1,
14 1 45 357 68 39 3 3 70 91 LPD-3
15 13 217 66 47 43 83
16 24 365 58 42 4 27 128
17 64m 2 58 399 31 42 4 2 20 120 Kana-I
18 4m 38 277 54 49 3 2 17 106
19 26 528 59 57 9 1 35 101 LPD-2
20 7m 1 22 499 63 44 20 59 1 LPD-I. Kana-I
21 5 256 36 35 2 28 44 1 LPD-2. Kana-I. Mauna

Kea-l
22 1 13 317 40 32 15 53 LPD-2
23 15m 1 8 283 35 27 2 21 86 1 LPD-I, Mauna Kea-2
24 25 431 26 36 1 3 87 2 Mauna Kea-l
25 1 21 287 54 23 3 20 67 27 LPD-I, Kona-2
26 16 421 55 49 1 2 28 134 84
27 5m 20 364 50 56 1 13 136 5 Mauna Kea-2
28 6m 9 578 56 33 5 8 112 12
29 19m

3mY 1
~g

563 41 57 1 3 9 97 27 Kana-I
30 7m 30m 1 519 18 35 20 46 144
31 Om 6m 1 57 678 16 45 2 23 43 60

""

1/MOK-tremor beneath Mauna Loa Volcano



Tremor Earthquakes

Date (m = minutes
Kilauea Sumrnit Kilauea Flank Mauna Loa

(1915 ) h = hours)

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30KM L-P Shallow Kaoiki Rift Koae Rift L-P s-p iPPL of Interest

Sep. 1
~/

llJn 54 686 18 41 1 3 8 152 61 Kona-2

229m 94 543 41 24 5 2 11 101 80
3 17m 15m 1 61 583 48 48 4 14 102 110 Kona-l
4 32m 61 456 36 36 2 1 1 126 23 Kona-l
5 89 361 49 64 9 9 81 19
6 4m 1 23 259 41 51 1 2 58 85 118 LPD-1. Kona-2
7 15m 10m 52 356 39 46 1 1 54 65 66
8 3m 2 40 318 58 58 1 5 51 63 31 Kona-1
9 2 13 418 43 42 3 36 81 36

10 1l>J./ 81 900 46 61 2 11 62 9 Kona-1. LPD-l
11 10m 5m 20m 3 42 932 26 53 1 19 51 101
12 20m 5m 85m 1 41 100 31 34 8 2 12 62 10 Kona-2

, 13 30m 10m 43 598 31 29 1 20 58 114 Kona-l, 14 20m 2 30 492 28 33 1 1 11 101 41 Kona-l, Kohala-l
15 26 511 49 38 2 3 23 45 11 Kona-l
16 2 30 558 59 31 21 83 19
11 21 530 54 41 3 42 11 6 LPD-1. Kona-l
18 16m 1 36 309 68 46 6 1 41 62 32 LPD-1, Kona-2
19 2 40 331 16 12 3 60 8
20 15m 39 1223 16 9 6 1 1 11
21 1 35 928 16 44 4 92 51 10
22 74m 10 673 48 41 3 1 44 58 9
23 llJn 8m 38 549 53 33 4 78 58 12 LPD-1
24 3m 1 23 615 70 41 3 62 41 17 Kona-6
25 30m 1 10 305 38 38 5 74 25 37 LPD-2. Kona-4
26 23 466 59 54 3 2 33 56 41 LPD-1. Kona-4
27 3m 26 641 103 41 3 3 78 19 27 LPD-1. Kona-l
28 1 19 511 73 42 5 2 46 18 34 LPD-5
29 5m 10m 40 501 44 33 3 11 82 57
30 21 289 58 44 2 20 89 30

'"'"

~/MOK-tremor beneath Mauna Loa Volcano



l/MOK-tremor beneath Mauna Loa Volcano

Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Hauna Loa
(1975) h = hours)

SI/ Rift Upper Lover Orf-

Inter- and East East shore Remarks and Events
Deep mediate Shallov 30 I<M L-P s-p Kaoiki Rift Ko.. Rift L-P S-P PPL of Interest

Oct. 1 3m 95 369 48 83 1 1 103 11 34
2 86 398 44 57 1 66 32
3 5m 35m 1 73 395 29 49 9 4 14 80 19 LPD-13
4 20m 45m 54 346 20 34 4 20 79 16 LPo-4 ~ Kona-l
5 5m 1 40 333 41 48 1 62 30 28 Kona-l
6 33 415 58 61 1 1 60 23 33
7 36m 30 356 55 36 71 29 24
8 30 469 66 50 2 2 105 15 25 Offshore-2
9 19m 31 490 42 47 2 104 22 30 LPD-2, Kona-l

10 1 19 503 43 35 3 1 64 24 20
11 3m 23 455 44 49 68 40 31
12 1 27 413 63 51 1 4 46 52 23 LPD-1
13 1 18 504 47 31 1 3 61 17 21 LPD-l. Kona-3.. 14 7m 3m 38 537 47 36 1 38 24 27 LPD-2. Kona-l..
15 10m 30m 1 31 420 36 34 3 2 8 111 13 LPD-2
16 10m 4m 12 369 23 37 13 75 2 LPo- 30. Kona-1

2Oml' 5rrJJ
17 4 428 19 10 3 2 33 5 Kona-1
18 414 16 16 8 3 5 19 4
19 5m 1 9 378 45 40 4 66 16 Kona-2
20 5m! 12m 1 39 430 33 27 1 10 45 9 Mauna Kea-1
21 5m!J 16m 2 24 600 41 48 4 5 67 10 LPD-7

5mY
22 8 643 37 56 3 1 21 23 17 LPD-1. Kona-2.

Mauna Kea -1
23 3m 32 599 46 36 3 3 37 22 13 Offshore-I, LPD-3. Kona-
24 3m 1 17 456 21 50 2 5 51
25 21 540 31 44 6 51 6 Kona-1
26 25m 3 45 521 28 41 5 31 2 15 1<M-1
27 3 609 36 50 7 28 20 9
28 8 699 46 36 2 3 23 42 12 Kona-1
29 2m 1 4 671 39 52 8 2 34 30 10
30 11m 6mY 6 838 38 63 2 1 39 38 14 LPD-1, Kona 1
31 70m 10m 1 633 15 9 4 1 24- ,



cetre

Earthquakes
Tremor

Date (m = minutes
Kilauea Summit Kilauea Flank Mauna Loa

(1975 ) h = hours)

Si~ Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Nov. 1 10 1068 7 16 3 3 1 30 2 15 KM-1
2 16 300 38 15 1 1 31 21 11 Kona-l, LPD-I
3 2m 1 12 787 43 56 4 3 36 42 9 LPD-2, 15 KM-I
4 8 553 45 73 1 41 47 8 Kona-2, Mauna Kea-l
5 2m 2m 52mY 48 20 784 74 47 2 4 152 47 7 Kona-3
6 5m 4 26 894 55 67 1 45 36 9
7 lilr 5m 6 20 743 34 74 1 3 19 14 2 LPD-6. Kona-l
8 3 39 672 28 66 4 2 2 31 2 LPD-6. Kona-2. Mauna

Kea-2
9 2m 3 12 872 39 79 1 1 5 19 1 LPD-2, Kona-2

10 9 823 50 84 2 9 5 1 LPD-4. Kona-2
11 6 1055 49 74 1 1 30 26 54 Kona-l
12 3m 2 15 962 42 104 1 2 28 28 1 LPD-20. Kona-l

~
13 2m 3 36 928 38 74 1 6 38 33 1 LPD-16
14 139m 72 601 18 59 1 3 32
15 30m 1 39 484 15 183 2 1 2 17
16 7m 24 618 43 99 3 45 36 2 LPD-11
17 4m 1 45 552 36 110 4 55 24 LPn-I, Kona-2
18 5m 1 19 585 38 102 1 39 22 LPD-1
19 30m 26 526 42 102 1 3 25 19 LPD-B. Kona-l
20 2 21 453 42 78 3 19 26 LPD-8
21 7 379 59 19 7 9 4 23
22 1 1 498 8 28 4 1 1 18
23 4m 2m 1 4 429 33 57 2 3 6 5 LPD-5. Kona-l
24 4 415 29 66 1 3 11 1 LPD-2
25 2 10 397 41 80 1 5 6 LPD-3
26 17m 1 21 415 46 72 2 2 12 11 40 LPD-15. Kona-3
27 1 24 643 32 83 1 25 18 LPD-3. Kona-3. Mauna

Kea-l
28 6m 1 32 225 30 233 1 3 13 30 LPD-5. Kilauea eruption

@0552
29 3 9 66 1458 1161 114 489 Counts incomplete--

totals are estimated

30 O"akos not..",,.



Earthquakes
Tremor

Date (m = minu:')s Kilauea Swmnit Kilauea Flank r~auna Loa(1975 ) h = hours

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Dec. 1 3 14 20 1428 1687 265 311 2 1 hr power failure
2 921 1047 18 654 9 6 ( I)

3 3 8 15 1141 980 281 439 1 Kana-I, electrical storm
4 6 28 972 1176 138 448 (I)
5 3 33 1053 1138 154 463 ( I)
6 Quakes not counted
7 1 15 26 1102 1362 181 472 1 1 ( I)
8 9 57 979 1243 141 520 3 ( I)

9 4 48 957 1229 165 476 1 5 ( I)

10 1 7 39 1181 1223 270 369 1 2 LPD-1
11 18ml1 36 42 870 1137 218 264 3 4 1 ( I)

12 Quakes not counted
13 9 111 745 1128 148 342 2 3 LPD-2, (I)

, 14 1 29 87 673 1060 125 258 LPD-6, (I), 15 14 113 604 1040 97 265 5 1 Kona.-l
16 5 108 1362 958 148 304 10 1 1 LPD-1
17 6 83 687 939 160 263 4 4 2 LPD-S. Kona-l
18 1 12 86 648 1023 187 251 6 1 LPD-2
19 87 271 336 97 138 2 29 (I)
20 79 236 463 116 173 1 11 ( I)
21 22m 132 65 528 905 148 158 8 1
22 2m 1 63 82 514 924 128 165 5 7 LPD-2
23 17m 3 140 103 435 847 156 212 7 9 LPD-1
24 1 48 110 282 818 110 178 4 18 (I)
25 105 69 228 507 142 348 5 ( I)

26 Quakes not counted
27 1 16 54 532 772 109 221 2 1 ( I)

28 3m 8nJ/ 3 8 59 537 716 108 231 2 1 Kona-2
29 4 65 468 832 92 252 10 7 1 LPD-5, Kona-l
30 2 18 91 485 888 103 250 17 I, LPD-1
31 8m 4nJ/ 3 61 100 580 926 166 295 23 7 1 Offshore-6
(J\ __ .. _ .... _ ~ ......,,_T"., ...... _. ... _.... _.. _ __~ ..._... ~ __ .... _"'

..,
0>

Y MOK-tremor beneath Mauna Loa Volcano



.
'i
i;

•

~ • 3 MAG
• •I! • !5-7

I.·..

0 0,. :.. 'tJ. •
•
'f'5~° · .. ..• •

o 0 0 . .
0 ••

•

o

0"

o

Figure 5 Epicenter plot of magnitude 3 and above earth
quakes for the year 1975.
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Figure 6. Epicenter plot of all events located for the
year 1975.
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Figure 7. Epicenter plot of Mauna Loa and Kilauea earthquakes magnitude 3
and above for the year 1975.
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Figure 8. Epicenter plot of all Mauna Loa and Kilauea earthquakes
located for the year 1975.
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Figure 9. Map indicating limits of areas for specific mnemonic codes
used 1n the remarks column of the earthquake summary. DEP
is a code applied to earthquakes with depths greater than
13 kilometres in the Kilauea region. SPC is used for
depths between 0 and 6 km. and LPC is used between 6 and 13
km.
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Table 4. Coordinates of named regions.

Name (---------------------------Limits-----------------------------------)
NORTH SOUTH EAST WEST DEPTHS
D M D M D M D M 0

SPC 19 ?:I 19 23 155 15 155 19 o - 6
LPC 19 27 19 23 155 15 155 19 6 - 13
DEP 19 29 19 18 155 22 155 22 13 - 70
UER 19 23 19 19 155 6 155 15
KOA 19 23 19 17 155 15 155 19
SWR 19 22 19 16 155 19 155 25
UKF 19 29 19 22 155 19 155 30
MER ~9 25 19 16 155 1 155 6
LER 19 31 19 20 154 47 155 1
POL 19 19 19 10 155 6 155 15
LSW 19 16 19 0 155 21 155 34
PPL 19 10 18 30 155 0 155 21
HLP 19 17 19 10 155 15 155 21
MOK 19 40 19 22 155 30 155 45
GLN 19 31 19 23 155 1 155 19
KON 19 55 19 15 155 45 156 10
HEA 19 22 19 0 155 25 155 45
KOH 20 15 19 55 155 30 156 0
NER 19 40 19 29 155 12 155 30
HIL 19 50 19 31 154 47 155 12
KKU 20 5 19 40 155 0 155 45
DIS EVERYPLACE ELSE
IlLS QUARRY BLAST

When coordinates imply an overlap, precedence is given as shown in Figure 9.

30



Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

DUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error. of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

EHH km - Standard error of the epicenter in km.

ERZ km - Standrad error of depth of focus in km.

REM!( - Remarks, three letter code for geographic location of event. See
Figure 9 for location of mnemonic code.

Table 5 lists all events located during 1975. Table 6 lists only events of
magnitude 3.5 or larger.
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HVO EART~QUAKE SUMMA~Y LIST PAGE 75 HVO EARTHQUA~E SU~MARV LIST PAGi 76

ORIGIN TIME L~~ N
YEAR ~ON 04 HRMN SEC OEG MIN

LON \".
DEG ~il r~

DEPTH AMP OUR GAP RMS MIN ER~ ERl
KM MAG ~AG NR NS DEG SEC OIS KM KM REMK

ORIGIN TIME LAT N
VEAR MON OA HR~N SEC OEG MIN

LON 'fj

OEG MIN
OEPTH AMP OUR GAP RM5 ~IN EijH ERZ

~M ~AG MAG N~ NS OEG SEC DIS ~~ K~ ~EMK

1<H5 JUL 1233 11.54 19 31.4a
1240 0.42 19 32.0q
1251 3u.53 19 32.08
13 9 ~9.11 19 31.81
1312 46.44 19 32.29

155 27.69
155 26.64
155 27.85
155 27.74
155 27.S4

.7iJ 2.6 2.3 17
10.01 2.7 2.4 23
7.33 2.3 1.5 21
5.27 2.4 1.9 16
1.85 2.8 2.h 24

127 .11 14
148 .16 13
9" .13 15

132 .11 14
101 .15 15

.d 77.0 NER
1.q .7 NER

.9 1.9 NER
1.0 1.7 NER
1.1 2.1 NE~

1975 JUL 8 2125 S7.37 19 31.09
8 2130 46.11 19 32.35
8 22 9 39.99 19 31.71
8 ~217 15.49 19 31.80
8 2222 18.72 19 30.79

155 29.80
155 27.74
155 26.53
155 27.8~

155 29.72

7.05 2.5 1.8 23
8.46 2.3 L~ 21
8.02 2.8 2.6 31
5.Se? 2.1 1.1 tq
q.98 2.3 1.7 2&

101 .13 11
139 .11 15
~8 .17 13

130 .12 lq
9q .12 11

.9

.~

1.0
.9
.6

1. 7 ,.JE.~

1.5 tilER
1.~ "lER
3.~ I~ER

1.1 '\lER

1.0 2.1 t>,JER
1.0 .2.0 NER
1.0 3.1 NER

.8 4.1 I'JER
1.2 5.3 NER

8 2257 35.41 19 32.19
6 23 1 31.24 19 31.64
8 23 5 59.13 19 27.39
6 2333 43.37 1~ 32.38
8 2351 .52 19 31.06

•a 1 • 3 ~JE ~

1.2 2.2 i\4ER
.8 1.7 UKF
.9 1.9 NE~

1.1 ~.5 MOrc

1335 31.09 19 32.34
1336 41.60 19 32.38
13~3 ~8.17 19 32.21
1354 ~9.82 19 32.46
14 1 32.01 19 31.6&

1410 35.90 19 31.05
1417 11.37 19 32.3~

1423 24.18 19 20.74
1442 31.S5 19 30.95
1456 53.17 19 31.47

15 6 6.00 19 32.18
1514 40.U4 19 26.33
1518 2.13 19 30.93
1536 11.97 19 31.19
154& 53.91 19 32.35

155 26.54
155 27.4'1
155 2&.3&
155 26.35
155 27.00

155 29.04
155 20.31
155 13.40
155 29.54
155 26.68

155 28.1~

155 30.34
155 29.43
155 29.7~

155 20.11

9.172.1 1.6 20
7.30 2.3 2.0 24
B.OLl 2.0 1.6 16
9.79 2.3 1.8 19
6.21 2.2 1.7 18

1.22 2.6 1.9 27
9.62 2:1 1." 17
9.32 1.6 1.0 12
6.12 2.9 2.9 27
6.~9 1.8 1.2 18

6.62 2.4 2.4 21
11.21 2.5 1.0 16
".15 2.4 1.8 22
7.92 2.1 1.2 19
7.73 2.0 1.4 17

99 .12 13
It.i3 .14 15
160 .10 13
116 .10 13

90 .15 13

97 .14 12 .8
158 .10 13 .9

60 .04 7 .4
96 .13 11 .6
91 .18 13 1 • .5

83 .12 14 .7
80 .13 11 1.2
94 .12 11 .7

114 .14 12 1.0
161 .13 13 1.2

2.4 NER
5.2 NER
1.0 UER
2.6 I\IER
4.7 NER

3.7 NER
1.1 MOl(

1.2 NER
3.2 I\lER
3.5 NER

9
9
9
9
9

9
9
9
9
q

016 ~0.27 19 31.26
023 .43 19 32.28
11~ 36.53 19 32.69
124 53.68 19 28.91
143 51.91 19 31.94

2 0 .65 19 27.77
231 43.67 19 31.89
241 .58 19 30.91
3 7 1.40 19 30.70
326 12.69 19 32.97

155 26.30
155 2".00
155 27.34
155 27.74
155 31.38

155 29.76
155 2B.22
155 27.53
1~5 21.00
155 26.37

155 28.92
155 27.$&
155 29.61
155 24.17
1.55 20.50

8.23 2.4 2.1 ~5

7.41 2.2 1.8 23
6.84 2.5 1.7 29
5.43 3.0 3.1 29
5.39 2.3 1.7 20

7.54 2.6 2.0 31
8.89 2.2 1.7 21
7.75 2.6 2.6 23
8.26 1.8 1.0 24
8.49 2.9 2.7 30

9.13 2.4 1.5 30
5.21 2.5 2.~ 22
5.CJ5 2.0 1.0 20

.19 2.2 2.3 17
7.30 2.3 2.0 22

94 .12 13
q6 .18 Ij

69 .14 12
78 .1 6 IS

114 .13 11

b9 .13 11
110 .13 11.1

7q .13 15
69 .14 12
97 .15 13

76 .1 P, 11
78 .14 1"

110 .11 11
134 .13 1 q

181 .1 t 17

.~

.9

.9

.8
1.0

.8

.1:\

.7
1.1
1.~

1. '5 r"~E ~

1.1 NER
\.1 \".JEQ
1.3 UKF
1.5 NER

1.1 UKF
1." ilJER
1.3 r,JE.R

.6 ''>IER
1.3 NEQ

~

to

16 9 45.64 19 31.60
1&23 .10 19 22.16
1627 14.39 1~ 31.23
1634 59.16 19 31.03
17 5 19.38 19 33.00

155 27.01
155 18.72
155 30.04
ISS 29.'j5
155 26.68

6.48 1.'1 1.0 19
29.30 2.7 ~.4 32

7.12 2.4 1.7 28
q.85 2.0 1.3 16
1.13 2.5 2.4 25

82 .16 13
36 .10 4

102 .12 11
123 .12 11
130 .14 11

1.1
.9
.7
.8

1.3

4.2 NER
1.5 OEP
1.7 MOK
l.o NER
?.5 NER

330 2.03 19 32.70
342 28.44 lq 32.01
349 27.55 19 32.18
426 43.32 19 31.41
432 53.10 19 26.18

155 27.~5

155 26.11
155 28.06
155 28.08
155 28.62

6.$8 2.5 2.4 26
7.67 2.0 1.5 19
7.77 3.4 3.& 31

.85 2.3 1.9 26
8.64 1.2 19

79 .1 ~ 15
61 .11 12
82 .14 14
83 .17 14

120 .11 12

.'1 ?.q ~ER

.8 1. '; \lER

.9 1.5 rJER

.9 22.0 '\IER

.9 2.0 UKF

1115 jb.92 19 3~.51

1738 12.~3 19 31.57
1143 33.90 19 29.11
1758 45.40 19 30.83
18 1 8.&2 19 24.97

1811 29.19 19 32.18
1821 32.61 19 25.18
1848 1.30 19 31.94
1853 17.92 19 31.54
19 0 6.09 1q 31.96

15'.S 28.'1~

155 26.d~

154 52.79
155 29.65
155 28.42

155 26.69
155 28.24
155 28.23'
155 26.90
1~5 26.45

7.29 2.4 1.9 24
6.01 2.2 1.6 24
9.99 2.0 1.7 19
5.12 2.4 1.6 27
9.26 2.5 2.0 28

8.93 2.2 1.6 2l.1
9.33 2.4 2.2 21
5.91 2.4 2.1 25
5.81 2.0 1.3 22
&.91 2.5 2.3 20

9l.1 .1F> 14 1.1
69 .17 13 1.0

259 .13 25 2.2
96 .LS 11 .7
56 .11 13 .0

91 .11 13 .8
56 .12 13 .7

105 .12 14 .8
81 .11 13 1.1
91 .14 17 .9

4.q NER
3.2 NER

.5 LER
1.1 NER
1.2 UI<F

1.3 NER
1.3 UKF
1.9 I\JER
3.0 NER
1.6 NER

9 447 38.81 19 30.94
9 515 10.92 19 31.SQ
9 524 25.06 19 32.06
9 547 42.70 19 32.51
9 557 a8.58 19 32.46

9 6 0 43.27 19 31.71
9 616 19.48 19 31.05
9 634 34.38 19 32.31
9 637 57.06 19 31.06
9 653 5u.12 19 31.80

155 29.99
155 26.85
155 26.22
155 27.95
155 28.17

155 28.31
155 28.78
155 25.95
155 30.~"

155 3().1 9

7.25 2.0 1.5 17
6.23 1.9 1.& 19
8.42 2.7 2.6 29
8.56 3.9 4.0 30
6.38 3.1 3.2 2'3

.44 2.2 1.a 15
7.i!.f., 1.9 1.2 19
7.69 2.1 1.9 20
6.11 2.3 1.9 18
1.28 2.0 1.4 17

115 .12 11
91 .15 13

100 .17 13
60 .1 9 IS
7& .13 14

109 .15 13
101 .11 12

qEJ. .14 13
ILl4 .12 17
1l.iG .12 13

1. (J 2.9 ,\JER
1.1 3.1 NER
1. 1 1.5 ;\fER
1.3 1.6 "'JE~

.8 2.1 ~JER

1.u 62.5 ~E~

•a 1. 9 :\jER
1.1 1.8 NER

• q 3.1 "~Ol(

1.U 2.0 I~O;(

.9 1.1 ~JER

.~ 1.8 NER

.7 1 • 8 i~E R
1.0 3.? fliER
1. J .8 l<\uK

R 1910 11.92 19 32.22
6 1911 11.83 19 31.60
8 1915 6.93 19 31.18
8 1939 44.17 19 31.88
8 1943 36.33 19 31.70

8 1950 d.07 19 31.59
8 1956 49.51 19 27.58
8 19S9 9.73 19 31.90
8 20 0 43.45 19 31.83
8 ~O 7 2.6A lq 32.29

155 26.jO
15~ 28.36
155 29.H7
155 2b.6'j
155 28.01

155 28.14
155 27.35
t5~ 27.79
155 28.08
lSI) 21.H"1

7.q3 2.0 1.6 22
3.81 2.4 2.0 28
7.00 2.4 1.7 27
7.30 2.2 1.9 27

.45 2.0 1.t.i 18

.46 2.0 1.5 16
8.38 2.3 1.7 26
5.08 2.3 1.6 20
8.37 1.9 1.2 21
7.36 3.9 ~.8 33

152 .14 13
B5 .15 13

100 .11 11
78 .12 13

111 .15 15

106 .15 14
71 .12 12

132 .10 14
127 .12 14

69 .15 15

1.0 1.9 ~ER

.8 1.4 NER

.1 1.9 NER

.7 1.1 NER
1.0 70.1 NER

1.0 6l.1.2 NER
.7 1.9 UKF
.0 1.1 NER
.9 1.4 NER
.9 1.6 r"ER

9 7 4 34.04 19 31.80
9 73q ~8.40 19 31.97
9 754 6.23 \9 31.71
9 758 18.43 19 49.90
q 6 9 11.85 19 31.01

9 840 3.50 19 31.88
9 950 26.63 19 32.41
9 1010 44.98 19 31.68
q 1016 55.18 19 31.64
9 1049 ~.S3 19 31.41

155 27.80
155 27.04
155 26.00
'55 22.q9
155 29.76

155 26.11
155 21.75
155 28.28
1~5 29.00
155 31.b3

7.74 3.0 2.9 29
5.10 2.0 1.4 21
0.65 2.0 1.7 23

18.04 .8 19
&.59 2.7 2!3 29

6.43 4.5 4.3 33
7.28 2.3 1.6 20
6.20 2.7 2.5 32
8.11 2.0 1.6 16

10.2"3 2.5 1.9 22

79 .14 14
13b .12 15

93 .11 15
158 .07 37

9B .12 11

68 .15 ILl
140 .12 15

b8 .13 14
118 .13 15
11 ~ .13 10

.9

.8
1.~

1.d
.8

1.6 I~ER

1.! h;E:R
2.1 NF.R
3.7 KKU
1.7 :\lER

204~ 14.20 19 32.36
21 9 21.38 19 31.81
2124 9.65 19 j2;16

155 21.09
155 28.17
155 27.75

7.12 2.1 1.2 20
6.1') j.2 3.2 31
7.~7 2.3 1.:'; lR

149 .10 14
7u .14 14

131 .12 15

• 7
.8
.9

1.q NER
1.~ NER
1.8 NER

12 5 7.93 11 27.~2

1235 lA.24 19 26.97
13 2 47.18 ,q 31.8~

155 28.0'j
1!:l5 21.:S9
15') 27.,)~

11.q4 2.3 1.7 23
9.9q 1.A 1.2 19
1j.45 2.9 3.0 30

7S .r.9 11
Oq .08 1~

67 .15 14

.7 .3 iJl<,F

• ') • ~ ijKF
.8 1.1 ~ER



HV0 EARTHQUA~E 5~~~A~Y LIST PAGF 77 HV~ EARTHQUA~f SUM~AkY LIST ~Al;l 1 p,

u~IGIN TIME L4T N
YEA~ ~C~ UA HRMN SEC UEG MI~

LCN \A.

lH:G MI,\!
Ii t ~ TH Ar·HJ LJ U~ (i APR ". S j"1 I j'J t ~ H ~. ~ 1

"i" j',AG ~AG NIoI r's I)t~ SEC J!S K'"I t<M 4Et-'K

ORIGIN TIME LAT N
YEAR MON UA H~"'N SE.C DEG 'lUJ

Lt:1\: I"

DEG r·q."
I)t:.PTi1 AMP /)u..c GAP 1-H15 :,ql\l Elolrf E~Z

I<~ !"IAG MAG .'\J~ :~s l)I-G St-.C 01S KI'1 p(~, '<f...t.K

1~75 JUL 1334 ~3.~0 19 32.51
1356 37.0~ 19 31.G3
14 2 lq.72 19 19.9S
15 9 .14 19 2~.51

1529 a9.02 19 32.12

15~ 2/.';)0
155 ~8.u"J

15~ 11.f)()
155 28.54
15~ 26.6q

7.41 3.4 3.7 32
7.40 2.8 2.7 21
6.89 2.2 1.9 26
9.37 2.1 1.2 21
8.71 1.2 17

69 .15 1 S
97 .11 14
B4 .09 ~

80 .09 11
96 .13 13

.~

.M

.5

.0
1.1

1.6 i\:ER
i •.i I~ER

.9 UER
1.1 UI(F
3.5 NER

1975 JUL 11 1421 .7~ 19 20.24
11 1426 2~.45 19 51.or.
11 1450 54.19 18 52.11
11 1538 3.93 19 32.05
11 1544 2.72 19 32.4q

155 ?~.9/j

155 2"/.17
155 32.8Q
155 21.65
155 28.0'J

12. t 7 2.IJ 1.:5 18
'J.08 .8 12

75.28 1.8 19
c;,.36 1.9 1.4 16
7.20 ?3 1.'1 22

69 .09 11 .t:' .s 1)r(,F

1?9 .1'4 14 1.2 2.2 ~ER

291 .2IJ 46 30.u 38.11 015
137 .13 15 1.2 1.~ NER
136 .1~ 15 1.4 4.q NE~

9 1647 17.16 19 31.q3
9 1728 S3.72 19 32.29
9 1755 ~9.57 1G 27.3~

q 1938 26.83 19 31.89
9 20 J 3.81 19 32.30

155 27.75
155 t.>b.'jl
IS!; 28.0~

155 27.7Q
15~ ~7.96

5.021.91.51'j
8.25 2.0 1.~ 17
8.28 2.4 1.q 29
b.27 3.1 3.2 31
7.13 1.9 1.0 lA.

133 .1\) 15 • ~
Ih1 .12 13 l..i

69 .15 12 .~

he .14 15 .8
135 .11 15 1.2

1.4 NER
3.;i f\JER
1. 7 UKF
2.2 NE~

4.2 NER

11 16 7 55.61 lq 26.5H
11 1651 iJq.55 19 27.79
11 1753 5.96 19 26.92
11 1939 22.71 19 31.26
11 1946 15.65 19 31.10

1,)~ ?8.71
155 27.11
15~ ?7.al
155 31.78
1~5 31.:S2

1').64 2.1 1.0 19
b.32 2.0 1.6 If\
3.631.71 .• 410
7.90 .7 q
7.531.1, 1.2 15

69 .1? 12
72 • \ 1 11
95 .09 14

189 .OH 11.1
laq .12 14

.9 .9 Ul(F

.1 1.4 UI\F
1.U :s.~ dl(F
1. K 7.9 i"Ur<
1.1 5.2 ""OK

9 2021 32.48 19 19.37
9 2039 22.18 19 31.42
9 2121 4~.20 19 30.74
9 22 2 12.03 19 26.9B

10 046 34.10 19 31.69

10
10
10
10
1u

153 2.3~ 19 32.71
253 ~2.0~ 19 30.81
3 1 24.26 1~ 31.13
4 9 6.2v 19 31.3G
735 ~7.94 19 32.1S

15'J 1~.16

155 27.00
155 31.07
155 (,'9.68
155 21 • .s5

155 25.91
15~ 31.12
1'J5 2q.M~

1~5 27.71
1~~ 27.42

7.76 2.4 2.5 22
7.16 1.9 1.0 16
7.13 2.3 1.7 21
9.b1 2.4 1.9 30
Q.7b 2.4 2.2 1~

8.252.11.620
".'14 2.4 2.1 22
5.97 2.0 1.1 21

.88 2.2 1.9 20
7.e.9 2.9 3.0 31

75 .1(; 1
qo .16 13

109 .16 11
12 .13 12

114 .11 IIJ

111 .15 13
110 .13 11
115 .12 11
126 .12 14

flfl, .15 14

.6 .9 UER
1.2 4.5 NER
1.1 3.1 MOK

.7 .4 UKF

.7 1.1 I\l~R

1.1 2.0 NE.R
.9 2.3 MOK
.8 2.b NER
.8 '3.1J NER
.9 1.5 NER

11 20 2 29.27 19 29.63
12 0 0 19.33 19 25.32
12 020 35.30 19 31.12
12 054 33.44 19 28.69
12 331 .65 19 18.50

12 350 15.02 19 30.01
12 415 53.07 19 32.03
12 440 26.20 19 2A.13
12 IJSO 54.37 19 26.71
12 639 39.16 19 12.10

155 3U.~9

ISS 24.19
155 31.06
155 27.74
155 13.14

155 2b.61
155 27.qb
155 30.48
15~ 28.60
155 28.28

0.57 1.3 12
A.08 1.9 1.d 1M
6.56 2.2 1.6 21
7.20 1.5 .5 14
b.47 1.6 1.1 18

11.08 1.3 .6 13
7.4& 2.3 2.3 21

12.19 1.3 .6 14
6.94 1.3 .6 11
5.~0 3.0 2.9 26

13" .15 14
Al .12 8

131 .13 10
R6 .10 I?
B9 .10 8

115 .10 12
1411 .12 14

98 .09 13
77 .10 12
7'1 .13 14

1.4 11.3 ,'I.1ljK

.~ 1.4 UKF

.9 2.4 MOl<

.9 3.7 UI<F

.7 1.3 P()L

1 .1 1. 5 1'~ER

• ~ l.~ ;JER
.9 • a i·10K
.~ .~.7 IIKF

• t' 1. P. ;IJE~

-.J
o

1v 816 37.48 19 31.04
10 12 5 49.25 19 32.bS
Iv 1216 53.87 1~ 30.75
10 1432 38.10 1~ 31.00
10 1439 42.44 19 26.59

155 ?7.85
155 27.9~

155 2'1.73
155 2B.fi7
155 29.90

5.&6 2.7 3.0 25
7.41 2.& 2.7 20
6.43 2.4 2.1 22
7.03 2.0 1.5 17
9.59 1.9 1.3 17

109 .12 14
103 .12 15

97 .15 11
112 .10 13

76 • DC, 13

.8 2.4 NER

.8 2.6 NER
1.0 3.4 NER
l.O 4.4 NE~

.7 2.2 UKF

12 1236 51.65 19 31.97
12 1552 17.&7 19 26.70
12 17 6 13.45 19 24.98
12 1710 12.24 19 25.0~

12 18 4 14.26 19 24.hl

155 27.39
ISS 26.90
155 16.34
155 16.50
155 16.55

7.53 2.4 2.2 23
8.80 1.8 1.3 18

13.68 2.5 2.~ 32
13.58 2.3 2.7 32
16.43 1.1 1.728

140 .15 14
65 .12 11
38 .11 3
3B .11 S
43 .10 2

1.1
.8
.0
.6

• b

1.9 IH:R
1.1oi UJ<.F
Lv OEP
1. (I l)~P

1.1 OC:P

10 23 0 10.86 19 26.95
1U 2319 .18 19 27.18
10 2347 ~0.58 19 27.39
11 051 38.62 19 27.65
11 117 .21 19 20.14

to 15~7 18.82 19 27.bb
IV leIS 12.64 19 32.3H
10 1853 25.12 19 32.51
10 2133 7.b2 19 27.0~

10 2217 49.79 19 27.23

1.2 .4 MOK
1.0 2.h NER

.8 1.5 f\JER
1.1 4.6 LlKF
.t' .5 UKF

./j 1.9 UI<F

.7 1.7 UKF

.~ 2." UKF
1.2 2.4 UKF
1.1 2.3 UER

.7 l.~ LJKF
1.' .7 i<;ON

.7 1.0 UKF
1.8 ?.7 KO~J

.~ .9 lIER

.7 1.2 fjKF

.8 1.1 t<:OA

.h 1.3 I<QA
1.0 1.0 LJER
.5 2.0 UKF

.8 1.h UER
1.2 2.7 UER
1.0 • Cj f)t(F

.b 1.2 IJI<F

.0 1.0 LPC

5G .1' 13
12U .16 20

55 .12 9
1~7 .18 45

75 .13 0

82 .12 1
12*' .14 7

92 .10 12
'46 .11 12
q'j .07 t.I

53 .08 9
125 .12 5
I1b .11 t
145 .10 8

96 .Of! 7

8.47 1.6 1.3 15
7.6A 2.0 2.0 22
b.cU 1.9 1.318
d.03 1.9 1.oS \6
9.55 1.7 1.q 15

'1.41 2.2 2.1 ]9

10.09 2.0 1.4 lR
8.40 2.3 2.1 23

41.80 1.7 26
9.51 2.1 2.3 22

7.68 2.1 2.2 21
b.82 1.8 1.3 17

12.14 2.1 1.1 14
9.16 2.1 2.0 22
0.15 1.4 1.6 14

155 28.86
155 51.I.6H
155 25.3'1
155 49.97
155 12.15

155 24.75
155 15.57
155 15.61
155 e.9b
155 22.41

155 10.35
155 9.92
155 28.53
155 2/j.90
155 17.1'4

13 016 4.32 19 24.84
13 140 59.80 19 20.99
13 231 5~.79 19 25.1J9
13 525 31.12 19 50.89
13 611 13.03 19 20.23

13 648 59.24 19 20.16
13 &49 40.91 19 20.08
13 1655 22.79 19 28.92
13 17 3 21.71 19 22.32
13 1720 36.00 19 25.47

13 1743 6.19 19 26.65
14 0 7 17.24 19 17.75
14 032 49.17 19 19.01
14 1 6 SIJ.72 19 20.45
14 551 59.25 19 26.55

3.2 UI<F
1. 5 r~ER

.4 MOK

.S UKF

.6 LlKF

• B
.7

1.1
.8
.~

196 .09 19
13£, .14 15

7H .15 15
71 .17 12
68 .LS 12

71 .13 12
72 .14 11
7S .12 12

104 .11 11
104 .1 t4' 7

80 .10 11
79 .11 15

14fl .11 11
71 .11J 11
75 .12 12

9.35 1.9 1.4 25
8.69 ~.1 2.0 21
9.01 1.6 1.5 21
8.77 1.5 1.1 13
6.1J7 1.~ 1.0 15

10.9S 1.& 1.3 16
7.19 2.6 2.4 25
5.28 2.4 2.2 24
7.uS 1.9 l.iJ 21

10.54 2.7 2.8 28

o.I3LJ 1.~ .9 115
7.61 2.1J 2.2 23

11.46 2.4 2.2 19
9.82 2.8 2.7 30
9.82 2.4 2.4 22

155 33.1'j
155 27.93
155 27.72
155 i?A.53
,'j~ 2f'J.&7

155 29.29
1'J5 29.19
155 29.3&
155 27.21
1~5 10.69

155 26.qQ
155 27.82
155 ~o.tn

155 29.12
155 2q.32

120 13.6~ 19 31.55
318 18.00 19 32.33
336 6.80 19 32.30
45~ .~O 19 27.38
637 ~H.16 19 ~~.~O

11
11
11
11
11

1\).27 1.1 14
7.39 1.9 18
7.4';) 1.2 14
2.49 2.0 1.4 15
9.';2 1.3 16

1.7 R.l I..,OK
.7 1.9 IJE~

.7 1.5 UER

.9 5.4 MOK

.b ~.2 MOK

• q 1.:i POL
.6 1.1 UI<F
.M .5 MOK

1.0 1.5 NER
.7 1. 2 LJE~

11 051 au.7d 19 31.16
11 955 29.63 19 19.00
11 1054 2~.40 19 20.09
11 11 7 ~a.2d 19 30.~4

11 1221 \0.60 lq 2b.52

11 12'J~ 51.82 1 q. l~.Oq
11 1343 4~.~7 19 2&.74
11 1346 l~.a5 19 2b.71

1')5 31.98
155 9.~1

155 11.u3
155 31.02
155 30.10

1~5 21.1H
155 28.4b
lS5 28.~O

7.S&;;
10.18 1.5
10.0':) 1.9

I.? 14
.8 20
.7 1')

144 .1l\ 11
112 .10 8

84 • OR 7
143 .11 11

6q .11 11

Ib~.l1 8
67 .11 12

104 • OM 1e?

1.1
.lj

.8

1. 3 S\~R

t.2 Ut<F
.5 uKF

14 932 38.37 19 17.41
14 1448 24.30 19 25.01
14 le28 29.20 19 25.59
IIJ 2011 35.42 19 31.52
14 2150 13.07 19 20.17

15 345 23.05 19 18.91
15 4~0 \3.6A 19 17.99
15 1030 56.49 19 32.69

15~ 12.97
155 23.90
155 30.26
155 24.70
155 11. LS

155 lS.1.,
\55 13.0'J
1~5 ?7.d9

7.91 1.6 1.A 21
8.31 1.5 1.2 16

10.122.11.321
7.06 2.0 1.5 16

10.2& 1.8 1. 7 19

6.70 1.9 1.d 21
7.252.12.121
8.'J6 2.7 2.7 23

140 .11 9
85 • (IH b
61 .11 1?

135 .11 12
H~ • (Jq 7

93 .] 1 b

105 .11 q
103 .12 It)

.b

.M.~
1. 3 I«()A

1.~ POL
1. 6 ~ER



-
c

•

.
".."'

c
•
•

•
c
_

•••
-.. • •••

,..•••

._-.- ...........,•
••

... ......•••
... ...

-.
...".......

..
..

u
"

...
.....,....

".
:>

<
>

..
~
:
>

-
'"

..
'"

......."'..
"'---...
............
.."'..."'..

.........
"

.,
..

.
.
.

0
.
.

.
.
_

..
W

'
....

..."''''-....

.....
"
,
_..

......."'..
.."'.......
..

............
••

•
--"'....
...........
"'..."'''''''

"'''.......,
~
!
.
:
i
:
;
~

............
"''''..''''''

"'''''''......
........."''''

:;;::.:...
~

:::'1:;::
~
!
.
;
;
;

..'"

.............
........-
..........
......--

....
,.

...

..
::>

..
"

"
,

"
C

"
,

"=
,,,,,,,,

"'
..

"'
-

"'
'"

"''''..-..

............
"'...."'''''''

...........

"'.........
.....-"'
...........
--"''''

......."..
.."".....
.."'.."'..
"''''"'-'''
...."'......
...........'"

..e
"
'_

"
...."'

....
........-...
"'''''''...-

.-.•••

.
.

"
'
.
.

.b
'"

--
--'"

...D
a
:
u

..
:>

....
......

,
.."."'....

•"'.."''''..
---

...-

..............
"'''''''''''''

"""'I""'"
...

..........
...........
.............
"'-

...
--

-'"

..."'......
..........
........
....--"'..
..........

..
....-....

e
_

"'
..

......-...
-..

..........

".......,...

..._-..•

.......
~
"

....
0

..
0

~
:
>
"

...,
.
"
,

"
'''

<II

"",,...,,,,.
"'..........

"'...........
.............

-.......
.............
........-..
.. "'-....

.........-...
..."

...
...........
......--'"

...............
.-.

"'......-..
""'"''--

..........

....
"'...

'".,,,,,.,,,,,

-.

..........
..."''='..

c:
..,....

.
"
"

.............

:
~
:
;
:
~

"''''-
...

......-
...

.........
......"'...'"

-.........
......-

'"
............
---'"

..,.......
............
..._--..
......-"'..
'"...,,,t..,
......."'....

..........

•""
.-

-"'........

"........
0""""''''
>,,,,,"'"

"'-..-'"
~
-
:
"
:
~
;

..""t",,,,"
••

..............
.."'

...
a
_

...

"''''-'''-

...........
....-.....
~
~
-
:
:
~
-
:
;

.........
.........-'"

...............
""""".'"

"
"
"

II'
...

'"
.."",,,,,,,.
...........
.."......
..0

-
,,-

0
>

"'...-...-

--...-

...........

...-....
............
...--"'..
-...,,'"

"'-.........
........."''''
i'"''..."""
"""

.",,,,-
..-

...
"'

..
......--..
................

......"'...'"
...,,,,.'.""

...........
-::'":.~~"':
"'..........
"'.,..

~
'
"

---
.......

'"
.
.

C
o
.
.
.
.
.

"'....."'..-.

"
........."
"

"
"

<
,.,

"'",,"'..
-
"
'
~
<
>
-

"'"."'....
... ........e'".

--........"'...
...........

-.."'..
'"'",.".,....
......."'...
""'...,,..'...

..-
..

....."'..

............
"'

"'-
.."'

..
-"''''-...

••'"
...

Z
T

_
-

-'"
'"

"' ........"'
...

0
0

"
''''''''''

...

•
•
•0'

'. 0
-

.. ..·.-.,...,,•••
••,..,,.....o-,'"•·

,••" >•·i,•· •· ,!·· •••o

•ao,,
•,,<•

•· •· •
· ,•N
'

..>

.........................
c
O

"
'

...
..,

..,,,,
...

0
>

<
.....

.
"
"
"

Z
::>

..
tL

:>
N

.
.
.
.
.
.
.
.
.

0
.
.
.
.
_

_

.."'''
...

........."'...
z
=

>
::>

:>

-
....

"'.........
"

,
.
"
,

"
e
I..

..
"
::>

::>
,,

-.-......
..---

"''''
"''''

",
..

~
.
.
.
~

c
........e

'"
..

"'"........
""-'

........
~

"''''..
-"'---

•
••

•••

.-.
.,."'.........
......"..
--"'....

........"'..
--"'-'"

"'co
.._

_

",..0._
;0

.
.
.
.
.
.
.
.

:>
.
.
.
.
.
.
.
.
.

_
_

.
.

0
.
.

..........'"
......"'...
_

_
0

..
0

.........
".

_
_

_
_

0

.."'
..

"'
-..

......"'...
...........
..----

.........'"
•

....."''''
..-..--

......
~..

••••,"0>
•• T
~

~
"
'_

_
'"

_
"
''''_

_
"
'

"
.
'"

3
0

:>
_

.. .At
"
'

'"
"
'

_

.
.

.
.
0

0
0

.
.

0
0

0
_

.
.

.
.
.
.
.
.
.
.

0
"
,
"
c
o

'"
"
'

'"
_

_
'"

"
'''''''

"
'
..

"
'

c
..

~
-"'---

--"''''-
-"'-

'"
-"''''

-
"''''---

--"'--
---"'

"'---
---'"

..
~

~
..
~
_

...
~

..
~
.
'
"

~
.
b
_
"
"

......
0

.
.
.
.
O
~
O
_
~

~
"
,

.
.
.
.

_
_
~
"
'
D
"

...
~
"
,

..
",

_
....

Q
~

...
"
,
~

,."'
~

~
...

"'
.."'

"'N
'"

.....__
N

_
_

_
_

N
_

_
.....--. •

••
... .<

0
..>0,•

.0
>••

of......
...............
·..-.•••

....... •••
..

,

...
"
.......

....."'-...
"
'
..

0
.
.

-
..."'...

.......'"

.."''''-
"'...

~
-

"'''''''''
"'..--'"
,,"''''.....
...."',,'"

..............,
-
..

"'......"'..
"'.."''''..

.........
"
.

........"''''

.........
~

...
..

-<1
.
.

..
~

.."'.......
...........
......"'...
"'''''''...'''
......

"
.
"
.

--
..

-
...

_
0

..
J>

.
.

...
..

..........
..-

-
-

..
........_
.,,,.."'...

........"..
.......-...
......."'..
-",,,,..-

"''''''
"
,..

............
...".........

"
"..

"'
"'''''''

......"".....
...........'"

.....,"'
.."''''

..
....--..
...

.
.
"
'0

......
-. .-- ...

..............
..........'"
-...-

..
,,"''''

...

....."'.....
...........
"
'

......
_

0

......"'..
......-

....-

........'"
-...."'..
........."'...
.-

....,
'".,

'"
"
,
-

..."''''.....
...,..."'..
..

'"
O

C
<

3
...

"'.."'"
....

"''''-''''''
::::::::~:::

........
..-......
........."'
..,.,

'"
-"'

'"

_
..

e
.

-"'
..

......-..
-"'-...'"

'" "''''
-

....-
"'''''''

--"'
"''''...

...........

--"'....
"'...

"''''
~
~
~
~
~

.....-....
"'........

~.."'....
..'"

"'-
-"''''

"'-"''''.
.
,
..

"
'
.....

0
0

"
'
'
'
_

0
_

_
"
'''

•
•

......"'..
0

.
.
.
.
.
.
.
.
.
.

...........
_....-...

.
.
.
.

e
..

.b
"'....-..

.........
...

..."'-"''''
...

"'''''''''''
•••

"''''.......
"'..'"'I'''''
...-.......'"
...........
...........
..-

-'"
.........

..........
-.<-

..
"'---

"'-
-

............
.....

"'..
.
.
.
.

N
.....

............

....."'
...

......"'...
.."'........
":"':":-:c:
.,

...
----

...

..-"'.....
.........

e

....."''''..
----'"

...._"''''
.."'

"
'
~

_'"
"'.._D_

~
"
,

-
~..

.
,
~

-
~

"'
..

"
'

"
'
~
"
'

"
'

o
~
_

•

>.••• >
,•
•a••, ••••.,•.• o>...•,

,·~· ••a>• ,· ,o,•

..
~

"''''
''''''

"''''
..

••
.
.
~......

".........0........
_"''''......

""'N
---"''''

"'''''''.....
"'....."'...

"'''''''''''''
.........

•a•••, · >,••
71



--.-..

c
•
•

•••

...0.0r:,..

...••• .....-... •••
...'" .. .-. ......

••-.
.
.
.
.
.
.
.

C
O

"
.....,...,
"'.........

•

'"""''1'"''
".."",,,,.
"'

..
---

...

............,
"'........'"
"
,..

"
,..

"
,

.........-.
---'"

............
..........
"'

"''''
'"

"

0
.

..
•

•
..

<>.
..

..
."

0
0

0
.
.
,

.

0
'''''.

<
...0>1"

"'
..

"",,,,
""

.
.
.
.

<
>


• .
,
-
~
"
'
'
'
'

-""....•
'""'..."..

"'..-...,
...."

...
"'.."'..

..
"."'...

.,
..

.."'-"''''
.,.,

'"
---

'"
.............

"'.,.,...
...............
...........

......"''''
"
,...",.

.........

....-
..

...-.."...
..
~
-
"
'
'
'
'

--"''''-

..
'"

"
,.

.,
...

••
•

."""'...'"
"
"
,.r

o
"
,
.
.

"
'

...
;<>

......

-"'---

............

.,.,
~

,""

.........
..

'".
C

<
O

c
,
"
,

"
'

.
.

.
.
.
,
,
,

v
<>

.,
:>

....

~
,
.
o
o
:
>

..............
0

"'''''''''
............
----'"

...",,,,<
'"

""''1''''''''

,•

..
'"

",,,,o
.

••"
<

,",,,,
-

.,
"

:>
~

,,"'......

"'......
,.

---<;.-

............
...

"'-II'

...........

..."'..'"
....."'''''''

-...
.."'

...
"'.........

"'
..

-"'''''''

.....,..'"
............
....."'..::::
.."........
.,,,,,'"--
"'

..
'"

'H
'"''

........................

...

"''''...'''...

......
-=-...

..
'"

."
.
.

C
>

..
•>

:>
....

......."'..
---"'-

"',..'"..
"'.."'......
..........
.,,,,,

"'-

"'.....,'"
"''''..'''..
0

"'........
-"'..
...."''''
--"''''

,•
•••

'
:
"
:
~
"
:
"
.

-"'....'"
'c

..."''''''''''

..............
"'''''''

..
...

..

·.."'
...

..."'
...

·
.

~
~
~
~
~

~
~
~
~
~

..--"'..
~
~
"
:
-
-
:
"
:

-"'..."..
"'.._"''''

.....
'"

'"
co

·
'""'..'"

............

.."'.....""
~
"
'
:
~
"
:
"
'
;

..
...."

"'......,,,,,
~
~
"
'
;
'
:
~

..,
..

.,.."'"'
"

~
;
;
~
~

....."'....

•" •
•".......'"
--:":":~":
..

"
,

-..
.."'

...

.............

....,
'"

"''''
...

"""
'"

,'H
/'

..",,,,,,,...

•"

"::-:".':",
..----

........
"
'
.
.
.
.
.
.
.
0

_
...

-..---
--....-

.
.
.
.
.
.

L
..

..
'"

T
#

•

"''''......
"

...
~

..
<

"'''''''''''''
"'''''''''''''

..
0

.........
.........-
:
:
~
~
~
~

...........

"'
...

"
'"

'"
",,,,<

........"''''

"
,........

-"''''-
....."'..

"'''''''
.............

"'","''''

."'
..

..
"
,

"
,...

..........-
"...."''''

......-...."'........
........

""
'"""""'"

"'----

••<• c...

,••••-.•• •..•••". .•
•

.. .
,>
-

·..O.~••" ••"'.~::;
••...0••••,c
'

...•• ....C.o
.

·.· .

••·••· ,•· •••·l,•• ,

••-.•••
•••

,.c
•••

...-- ... ........, ... <
•
•

•
•

<
............"
.

... ...... ... c
O


...

"'......,.,
..."".....
...".."..

"
,
.
.
"
,
I
''''

.."'''''''..
.............

..0
"'....

1Z
"
,"

..
:r

"..
~
".

'"....,...,
...."'....

..
...

"''''
''''''

H
~
'
:
:
:
:
:
:

"'
""

...
.,

"
....,-"'..
--...'"

-"'..-"
"'"..."'.,
........."
-
-
~
-
"
"

"
'0

0
0

0

"'...."'
---"'...
"'

.,
"'--

'"

....''"'0'"
"'''"'''''''''

....."....

.
.
.

G
.
.
.
.

"'
"''''-

"
"'...'"

"
"'...

.."'......
":":":

~
;

.
~..

I
'

",,1'

"''''",...
'C

C
..

c
...

.....,.,'"
C

"'.."'..
....

"
,..-

..
.....

e
..

---...-

"'........

..._e__
...."'_..
....."''''...
"''''...-

..
..

..
'"

"'
..

"''''..''''''
"'''''''''''''
'"'"

"
'
~
,
"

........"'..
..."""li:
""'::Iv'"

..-.......
"'.."'..'"

..
...

-"'-
'"

.."."
..

........-'"
"
''''

'
O
~

'"

"...-
...

"""
...

.....-
..

-.."'.........

..,,"'..
...

..
0

..
"
'

..
,..-"'.
..........
..............

0
"
'''''''''

.
.
.
.

0
......

•
"'0"""''''
.,,,,..,,

..
......-"'...
.
.
~

..

..........
'f::t:.g

'i
".."'''....
..."'...-

72
•• "'....."''''

1
'1

'1
'''''''

0
.
.
0

0
0

...,...,..-
...":

":--:
~

-
-

"'
-"''''

...........
_

_
.....

r

....."'..
..

"'-
"'-

'"
........-..
• ..........,.
!;'~:i':;:~

....."''''..
...---

...

O
"
'O

Q
O

..--.....
.",.."'..
...-..."''''
"''''---

0
.........

• "....."'..
•.-............
.
.
.
.
.
.
.

to
.."'......
......-..
"
'
-
-
"
'
~

'
"

........
..-"'-'"
~....."'..

...."'....
·

..
.....

"
...

,,"'_
-

_
-

...

..
<:

1
'

,,:,,:
~
,
,
:

...-....
"'......-'"

"
:
"
.
"
'
;
~

...
_.....,...
"
:
~
"
:
.
~
~

=:!:.....'"

......."'.
"'.........
...
~
:
:
~

...........

.
.
.
.

0
.
.
.
.

'
:
"
:
~
'
:
"
.

......."'..
--

...--

...........
":

~
"
:
"
:
"
:

......"'
...

......"'
..

... •••

~
-............."'....

"
'

0
"
'
_

0
_

·....

0
........

'"
",,,,..

,,,
~
~
!
:
:

...

....
"
,....

.......'"
"'........
-"'-"'-

...
"
.......

-
-
:
~
"
:
"
:
~

....-•
•

......"''''...
.
.
.
.

0
...

.."'
.

..."'-
-

e",,,,,,,'"
-:
~

--:":•.
........

"
..-"'......
..........
-..---

......0'"
..,.......,..

......-"'...
-"''''-

...........
.."

..
,...;;...

~
"

....
~

..
...........

.,
..
o
~
~

-"'...'"

........"'..
":":--:......
:
:
c
~
;
e
.
e

...........

••
"
,e

"
'"

•
,,0.

.....
...-..".
..."'-"'

....

,,-.......
"''''''.0
....-.....
...........
....,e

..
•••

........
~
~

"''''.......
.

',,"'.....

•...'
~

•• ,<
•

;,-.., ..•• , •..•
•

•• ,· •.,•••

••• •,, •·:• ••· •



,,•

,.
.
.
.
.
.
.

3
"

..
"
.

...
,.

:
:
.
~
~
,
:
>
.
.
,

...
O
O
O
~

..
.
,
~..

-,
"
,
,
,
~
~
,
,
,

.
.

_
0

0
0

0
0

0
0

0
0

,

......."".
"'

..
".0'<......

.....
~

~
...

~
,

..-'"
~
:
>
.
,
.
'
"

_'"
"'..._

""'''0''''''

.."'.......
'
'
'
~

..,
..

<>

'-
'3

...
3

"
.

..
C

a
.

......
.,,,

"0:'''''
'.".."....,

,
.

"'....."
~

.......
'"'0

::.,.,,,
,.

.."........
..

",
..

:>
u

..,.........
·
v

C
..

.,

--....'"
.--.....-.,....

U
U

"
'

..
-
'

............
"'.,'",..
"'..,...

~..

-..-..0_'

•••

...... ._--- ...-.. .. .. ..0
-


-.-

"'''''''".."
"'''''''''''''

"•..."'''''''
"""''''..'''

..."'
...

,,"
"

....--..
....

_
_

N
_

...."'....,.
....."'.."
........"'..
..........
"'----
.

"'.......
..........

..
..

~
,.,..

"''''".'''...
"'''''''''''''

"'''"...''''''

..........
"""''''''''''''

..."'.."'...
........

co
...

........'"
.."''''...-

.. ••"'.."'....
...."'.."'..
......"'......

....."'..'"

"'''''''''''''
"''''".''''''

............
"'''''''''''''

....."'
...

..'"
~

...
<
I
:
!
.
~
~

-

"
"
"
'
"

N
....

"'''''''''''''

"'..."'''''''

"""'.......
-.-..."''''''''''
"'''''''''''''

..--
..

.."'
,.,

............
..,,"'

......"''''
_.."'-
"'.....-...

...
..

....."'
....

<>
..

"
'
-


-...---
"
"
"

on
'"

'"
"
'"

."
'o

n
"
,

........
"
,..

......._'"

..
..

'
"

""'"
"''''

...

...
~

~.....

.............
..........

"'........

"'''':,..'""
""".."'"'"
"'......""...
..
<
>
~
"
'

...

",..,,,,..
~

-"""'-

.............
......

",,,,
...............
..."'.."'...
~..

"
,-...

....--
......"'...'"

""......
"
.

...........'"

..,,,,,..'"
....."',,-
_

...
--

~

,'''''I''''''''
,''I'"''".."
.."'-.....
...............
............
----

...
.............

..........
...............

......'".,,,,,
..."",,,,,,,,

.
,

_
0

,
,
"

.
.

"'--....
""'""0"'
_

_
"'_

N

..."'..."''''
....."''''..
.,

...
...",

.

......,.....

"'........,
-n

o
"

'"
.......,..-

--.
...........

~
"
"
'
'
'
'
'
'
'

...",..._",
0

0
'"

..,
_

0
_

............
~

..
.,

..,_
..0

"
'''''7

'''
,,"''''.,

..
~

..
"
,
,
,
,
_

N
_

_
_

...
_

_
"
'
_

...
_

'
"

_
_

"
'
_

...
-
-

...
-
-

...
-

...

....."'.....
...

..."''''.....
-..

......"...

"
'
~

"
.....

O
o
"
'
~
"

.......
_

...
~

....
~

...
_
'
O
~
.
.
,

o
"
'
e
~
~

"
"
_

0
0

.............
C
_
~

...
......

"
'_

_
_

...
_

...
........

_
.........

N
.........

I,,,.,,,,,,,,,
".....

"
,
,
,

:;...,....,
........."'....
-..."'.,
...............
...."'_

N
_

_
_

......
0

"'---
..............
......"'......

,·•··

•-,..· ,

•
..-.••,.0

0~ ,.•
0

,.0
'

•
0

·.·.

•• · •,,•··· ,,•···••
,•....•

....".."'...
"

..
.....

:>
:>

..

•,......"'u
.....

w
,,"


e
ll"

''''''
..".."'..

"'.........
-

-..-•
.............
-..

......."'..
...

"
"

~
..

.,.,
.

"'..'"
,
,
~

..-..
~
-

-
-
~
.
,
.
"
,..."'......._..,....

"'''--'''....."'......."'......
.
,
.
-
-
"
'
~

""''''''''
.,""

.....
_

_
"'0

_...
~
"
'
_

'"
•

......."'
'"

"'-
""

"
'
~

..
II

_
_

_
"
"
_

_
"
'
_

........
_

_
_

_
"
'

....
_

_

0
.
.

•••

...--<0
......

...""........
...............
-. ...........
-.

""'''''''

........"'...
"'

....

...
'"

"
"

"'
'"

"'_N
__

"''''_

..........

CO
.
.
.
.
.
.
.
.

..."
,...,..

..............
-.

...............
.....

~
:
:
;...

..........

......."'..
-.

....."'.....
...:0_"''''

"
....

.,
"'.,

•.
.
.
.
.
.

CO
..

...."'....
.-

....
co

..
"

....".,"''''
........."'...

"'
..

"''''
'''

-.- -
...."'.....
.-..........

"'".."''''

..........
..;
~

•
0

..o.•·U
~

..
~
"
'
'
'
'

..
"
'
..

"
'

_
"
,
..

"
,_

"
''''

~
~

~
~

..
~

..
~
~
~
~
~

~
~
~
"

~
"
'
e

,.Qr
_

"
'''''''

~
~

"
'
_

_
~
.
.

_
_

.......
_

~
....

_
_
~
~
~

>
•
•

-..••
0

...-.:::::.
.....- ...."''''
.0

'

......
<
I
~

",,,,,""',,,
-..........
-"''''-'''
"''''.....'''
..........'"

~
-

-...
...

~..
....

~......

o
•

"'......"''''
"''''''''''...
'"""''''"
"',,"''''....

...."''''...
...........,.
."....."...
"

"''''..
..........
"'''''''-'''
....

.,"'...

•••
-.-

",,,,,,,,,.,,,
"'''''''''''''
" ....,

'"
...-"..
..."''''

...
-

-
"

~
..

"
...

..
..

"''''''0
.-

...........
..-.."'...
.
,
~
-...

........"."
......

~....
...........

..........
"
.
,
~

.,
.."'

...
_'"

"'-

•
••

•0
_

...
-

............
....-'"

"
......"'....
.......

'"
......

~
~
'
"

-.

....
~
~..

....
_

.
.
~
O

............
--

--
"'

'"
"'

"''''

.
0

,
,
~

...
~

"
'

0
~

..
o

_
..

.
.
.
.
.
.
.
.

0
.
.
"
'

"
..-

7
3

-..
"

'"
~

...
..,"'-..,..
...
"
'
~
"..

........."'...
..."'''''''''''

......-
....

..."''''...
..."'-"'....
-..

...
~...,..
•

...
~

..
"'

..

......
~..'"

.
,
~......

::;..::::;:!.
..............

......"""'...
......"''''"''

...

~..........

,,;
...;

'""",,,,.'"
'"

""'''~'"

•

"'...."'"
...........

.......-"'..
"'..........
..........
"'............

'"
"
'
.
,
~..

..."''''
"'."'.....
--.

.-

...
~.....'"
...

"
"
'''

co
'"

•
•
•

..
~...-..

"
,...

"
,...

"
,

"
,,,,...,,,,,,

••.,
~......

...........'"

"'..."''''...
-"''''..
.............-
--

....'"

......
~
'
"

"'..
~
"
'..

...
~........
·..
...'"..."""
"
,...",,,,,,,

<
ra

..
O
O
O
~

0
0•

•
•

0
·.·.·.•

0

•...." o

•>, · •••,,•



-
<

>
.. u
"
"

•••
»

•

......... .......-
..

..J
..

"
..

w
."''''''''

"
'
..
~
"
"
o

."'......-

..........
....."''''
...

..............

.........
~........
•• ...".."'..
•

•
..

.
-"'

..

...
..

..
~...

..
:>

.,

........
'

-.
....

<
...,

<:>•

...
~

.
.

u
..

..
:>

c
..

..

.............
••

.-

..............
..........
..........
.......'"..
••

-"'........--.....
-
-
"
':-

..--..-
.....--.-

..
.......,...

...
..

_
.........

0
'''

..
........

~
I
'

"
'

,
.

"'.............
~
"

...

.."'-
,,-

-..
..

-""
...

~
"
'
.
J
"
'
.
.
.
J

......."'..
............

~
"........

......-
"'----

"''''''-''
..........
.,.."

...-

....
~

...
.-.

..
-,:>

..
~

'"
,

..y
"

~

':":-:.....
••

:::
':..

.............
...

c

0
.
.
.
.
.
.
~

.

...--...
---"'-

............

· • ....· · •..•
...... ••u,•

••..••

.
.
.
.
.
.
.
.
.
.
.
.
.
~
"
'

"
'

_
..
~
.

~
"
'

3
"
'
.
.
_
~

_
..

---...-
--

-...
-......-...----

----
---

-.........
-

...
.
.
.
.
.

"
'

1
~

_
_

~
_

.
.

_
_

~
.
.

_
~

-_.."'
--

-
----

--...-....
-"'---

"'--
--...--

-"'...

...........·-.... ......."... .-..>.
"
0

•••
...·..

..
.
.
.
.

0
...

.,

~-_.....
......_-.
............

,....'"
............
• .......

~
....

..-
..."''''

.....-....
..............
."'

...
...

..
............

"'''''''-..
"'''''''_0
..
~...

~

-.."''''........
.............
..

~
~'"

...

...."
...

..
..

-
..

"'
"'...

............

............
...........
....-....
.............
..
~
-

...
....

~
"
'...

---"'...
.............
............

.0
'

..-..........
-

.
.

.
..


- .........
•

••
...

..
-

"'..'"

---.....
"'

'"
...-.,

...

..............

...........
-

...
...

...
"'

-"'..

.. "'
..

..-
...

....-
...

--
--

...
..

..
..

~
_.........

.....-..
~

............
...........
..............

..........
.............
.,.

....
co

...
...."'

...
~

...
-..--

....
"'

....
..............

...........
........
....--..
......"'...

-
..

.........
~...

..........
.....

......

.............
.............

............
.......-..

............
.."'......
............

.............
.............
...-.......

...........
':":

-
:
-
:
~

...
...

...-"'.

..........

"'......'"
.....

~..
..............

.........

.............
............."

It,.",,,,,..
.............

.........
..........
......

O
-
~

.
.

...........
---.....

•••

...
...

0
-
.
.

0
-

..........
·.

...
0

........
.........-

........
----..
.."""

"",.
..."'I''''''''

............
................
........
.

..
.............
..............
......-
••

..........
-.........
_

""''''0
...'."",,,,,
...........

...............
..............

"
'

"
''\1

.."'
~

...
~
:
;
:
~...

...........
...-.....-

..........

..............
-......-..
............

........

........-...
............
............
.."''''.....

..."'....'"
.............

..-
..

-
'"

.."'
~
~

......-
..

..-.....
.

.
............

.
..

>.,.o

,-
"

•
••

•

u

.'...z
i

-..,

· ••" ,,•o•, · •·,..

•
•

>•
•

,,-

"
"
~

•••
•
••

•••O
.

"

.o
o

..-.
... .
,.

·." ......•

-
>

<•.-

-"''''
...

_
.

...
~
"
'

..
_

_
~
_
c
.

.."''''...,.
"'..-"..
~.....

..,.

.............

....-.....

..

..........

...."......

..........
"
'0

..
0

..
""":>

..,,
-.,....-..

-.
-.....

,,-............-....'"..........
...

..
~

...,...
"'......

~

............"'
-

..
~

..
-......-...

-
~
-

-
...
-
~...

..........
..J

"
':>

..J
"

.........
..

:>
"
.

~
-.

................

.........
-,..J

..J
...

......
..

.
.
.
.
.
.

-0
:>

.............
.
.
.
.
.

0
..

...........
....--..

"'
...

-.......
..

-.-

.
.
.
.

Z
..J

...
"
'
..

0
..

=
::>

::>

0
.
.

"
'

.
.

.............
..

..
...-

-
....

.
.
.
.
.

_
...

-
-

.
.
.

0
0

0
:.

_

.....

...
~

"'.....
~..

~...
-

...--
-....-..........-

--
"'-

--"'--
-...-......

"'-"''''-

....-......
· •••.
.

0
0

0
0

..
"
'
_

_
.
0

..•
>

•" ..~••.0".".••••.~Cc

,• ••

... ...... .....
.........-..".....
...-..>

D
•

... .-.•• .-..-......
...-

..
....-

..
..........

~

-<
1

''''''
........
..........
...

~
..

:::!.;
..

.......,.'"
..............

.
.

..
"
'0

.
.

.............

"'
..

"'-
..

......'"
.,...."..

"'........
.......-.
~

.
...

-
........
.....--..
·..
.........
:::;:f::

.
.
.
~
-
,
,
-

..
-...-

"'
"'..

...."'''',.....

...-.......
.........
...

...
~
-

...

1''''1'.'''
"1'.'1''''

..........
"'-......
"'

"'-..
o

~

..--
...

0
"

...--
-

~::::::::::

..........
........."'...

"
..e

"
.

.""'''..
....-....
...-...-'"
...

.
...-

.
...--....
"'..--..
...-........
•

74

.
.
.
.
.
.
.

1
.
.

...
-.......

~:::~:::-r

..........
..."'.._'"
...........
-"'''''''

.........
"'............

......-..
..,,"'.....

..-.-
...

...
~
-
.
,
.

.........
-..-......
......

"
.

~
.

.........".
............
.....-

...
......."'

-

-
..

~
..

.........
...-

..
......-

..
-
~..

...........
....,"'"."
.............
-....._-

.........

.............
............

~
:
~
:
:
:

....."'
..

"'
...

.....
&

...

.............
"'.........

.
.
.
-
-
-
~

........."'...

............
.....-...
.
"
~
"
"

.......
..

...:::::
".....--

...............
--_

......

..........
"'..........
...........
..-....
...........

..........

......
~..

......-'"
."'........
....<1''''

'''
...... <1'

...

_
..

.....
...

..-
...

........-
,

.......
~

.......'"
~..........
.-.

•• "'
...

"'
'"

.........'"
..........'"
-........
...."'-'"
.......-..
........-'"
............

..............
.,.,..........

............
......-.....
..........

•,··· •C-• -•...
.
J
~•

..O
.

•
"
'

0
"
'

C
_

C
"
'
..

_
..
~

_
_

..
_

7
~
"

~
~

.
"
'
'
'
'

,.
~

_
_

,.
O
~

_
~

>
~
m

....
,.

..
~

,
"
C

.
"
'
.

t
,
"
'

_
_

0
0

.
0

0
,
.
_

.
.

_
~

..

'"
-

"''''-

C
..-.'...>0

>••

;, >,· >· · •·



•
••

•••

.--
•0
•
•

•••
:::..

~

....
<

-..o•-..-..•••••• ...-.. .---""'0
·-. .-.·-....'" ...-......-

--"-I>
----..

"
0

..
"'_

..
."'

...
_.._-'"

~........

..........
........-

..
...

..
...

............
.

-.
............
-

....
..

-
-.. ...........

.........•

......"
',

............
.._DO.
......

..,

o
...
~

.....
..

..
~
;
>

.
.

0
_

"'''''''
....-,...
..

..
-"'

..
..

_
m

C
l

...

...
...

1
"
1

'1
'

"
'1

'''''1
'

......,..
..

-..
...

...

...
~
c
.

..
'"

·
.-

........
...........

0
,

-
:>

-
"

..
0

0
-

..
"'

-'"
--. .....-...
...............
.............
...........

...._......
~

....
-
~.

.........-
.."'"_

..
.
.
.
.
.
.
.
.
.
.
.

q
.
.

........
..

...........
......-

..

.
.

0
"
,

--
..

-"
-

..
..........
..........
_

...
0

.....

..
~....'"

..........
..
~....

.
0

-.
-...---

u
..

""
"

"
....co

_
c

'

........

.
.
.
.
.
.

;10
.
.

;10
.............
...........
......._-

.........
...........
..-......
.....
..._....
-..,...
.............

...-.......
."'...-.....

0
0

_
_

"

..........
..............
..........

.........

.........
~...

.....
1

>
-

..

...............

..........

.........

....-
-.......

.....-
--.-

............
-.........

...............
..............

.........
-.........'"
.........
- ...........

..........
-......
.......,
..,'n_'_

_
..............
• .....,.....

..
..

_
e
.
.
.
~

..
_
.
.
.

_
.
.
.
.
.
.
.

"
0

.........
_

'"
-

....

----
--

--'"
..•

--...-

..
0

..
1>

..

............
..........

:
:
:
:
~
~
~
~

...............
.........

1>
...

............
.............,
::0

T
...,

"
-

.....,..
-..........

-.........
.......

~

~
;
:........

"'''''''..
"'

...

..
.

...."
..

..........
.
.
.
.
.

0
.
.

.,,,,,,,,....
..."".."'''
.........."
'"-'"

'"

.....,.......
....-

.......
~..

.........
~

.........
::-

....."...
..


•

...........
.............

....--.
..........
.........
...,,,,.-
.......

......................".

.....-
..

..--
...

...-
...

---
..

...• .........
-......

..........
--"'--
.."'

..
"''''

..

.....
_

0
_

.."'......
-"'

'"
..

_
"
'
.
.
.
.
.
.
.
.
.
.

0
'"

---
...'"

-
~

.
.
.

"
.
.

-
•
•

O
'

•
_

_
.
.

"
'

.
....

~
-

-
"

..
"'

:..
~
=
~
~
-

..-
-
~

!
:
;
~
t

f~?:.~:
..

..........
..

.....
"

e

...........

-.........
..........
...-

..
."...,..

...

......

.
.
.
.

,p
..

......
..

.......
...-...--

......."'..
........"''''

"0
-,,-

~
:
-...

........
~

-
0

..
-

...
..........
...-..
-"'---

,••· • · ,· ••
.• .,•.-· •·.••o·.00•~,•· ."·.••••"•••..'"........"
·. ...

..
"
,..

_
"
,

'...·~
.

_
~

_
_

~
~
_
~

•
•

_
_
~
o
.

.. ~
_

...
_

_
_

0
_
~
~
_

•••-... ••••o.

,•~~•o•• · ••· •··••· · •·

•-.·.
·.

-..-..-..

...• 0
.
0

•••
-..,..,.......
". •••

-..... ..- .. -.--.-......·.- .
,
.

......-........·........ '"..=
.........·.....,,-

~........

-
-.

0
.
.
.

"
,
.
.

_
0

0
_

_

.....-.
...

-
...........
---...'"

.........
...

.
.
.
.

,,;>

--...
-
~

••............,.
.................

..........'"

_
.
.
.

_
w

...........
...........
....-.....
..

'"
..

,.
0

..

.."'..-..
..."''''..
-......-

...
..

0
.
.
0

0

...
...

...,,"'
..

..."'-"'...
........'"
"

..
...

.
..--..
....

"'O
'

...........
--......

..........

C
I
_

0
3

<
>

"
"
'
.
1

'
'
'
'

......-...
..

0
0

..
."

.....
3

.
.
.
.

.....-.-

......
~...

-
...

.."'
..

...
~
3

.........--
-....

...............
.........

"
.

.-
.

•.................
~..

·
~

-.
-

.
...

.

..
.

...
_

'0
'

.
.

"
CO

...

0
.
.
.
,
0

..

.
.
.
.
.
.

;>

.
.
:
~....

-,
.....

u
,",

~
:
.
;
~
!
:

.."
...

-
-

...........

.........-
...........
"
I
'
'
'
~
'
'

--
...--

.......
1

'
.
.

'"
.............

:
:
~
:
:
:
:

..............
...........
..

-

.......
~

..
_

.
.

0
..

........-.
..

,
...-

...
..

..
...

..

....
"
.......

.....-
---.......

.
.
.
.
.
.
.
.
.
.

0
.......-
...

-
-,

:
:
:
~
~
:
;
:

c
.
.
_

..
...

..
....

..
•

•

-..........
-

-
............

..
-..

...
~

•

-
"'...

-_
-...

1
'
...........

.............

"
'C

I
_

_
...

......-
...

............

--..-..•

.
.
.
.
.
.
.
.

0

...or
-'

0
0

...
.
.

"
p

.
.
.

..............

-
...

...-..
....,..-
--.........

-.."'......
..............
~..::::..:;;

..........
-

.....-
..-,.....
"
0

"
"
_

..-
..

"'
...

..........

..........
............
............

..............
............

..
or
.
.
.

u
:
f
'
f
~
~

....-.....

..........
..---..

.....-...
--..

.
.
.
.
0

0
0

...........

............-

-
.

....."'.
............
...----
.......".'"
......."'..

............
,.

..
'"

,.
...

•
_
~

0
0

..

.........-

-........
........"'..
...-"'......
....---

..........-
~

~
~
O

_
_

..
~
O

..

....
~..-

..
-
~..

~
--

...........
..............

...-..-.
.............

..
..

..
'"

.."'
...

.
~

"...

...........

...........

.....
"
,...

.
.
.
.
.
.
.
.
.

0
......"..
...".....

....,..
.. --

..
...........
..

~........
_..

"'......
-..-..-

.
.
.
.
.
.

0
..

"
-

..
~

..
.............
--

..._-

--
..•

-.,"'..
......-...••
0

0
.
.
.
.
.
.

............
"'..........

..........
.......
..........
0

...
"'

,...

"
,
u

.
.
.
.
.
.
.
.

...........
"".."'....

;10
.
.
.
.
.
.
.
.
.
.
.
.

.........
,r

...........'"

---......
..............

...........
"'...I'"''''
"''''''''''
0

0
0

.
.
.
.

...........
"'....-..

-
-,.

..
,
.

0
.

...
...

·
..

"'
'"

"
-

..."''''
-

..
~......

.
.
.
.
.
.
.
~

0
.
.

.
.
.

_
3

3
..

_

....-"
..

-...--

...."'
...

•
.
.
.
,

C
"

...

.............
......-..

.............

..........

-
~
~

.
..

:::
-

.
.
.
.
.
.
.
.

u
..........
........

•••-.••• ••••00•<

••o.•o.f..•• •
.• .· ..••••••

0
•

V
•

•
.. · •••
••·.•'
0

••

•• •"••o· , ·· ,••·· •·!•..O.~,•

........
•••••

7
5



,•

,,"' ..·
....

~"'.....
-,,,..

............,
...

.,,"
:-


::.::..."'..

...":>,.,,
•

_
_

a
_

_
"

.........
"
'
~

1
~
u
~
"
,

~
~

~
u

...
~
.
,

u
"
'
~

.
c
o

o
.,,,

~
~

~
..
~

"
.:>

........
1
~
"

~

.
~
1
~
'
"

~
-

,
..C

·
...

_
1

""''''
...."'

..
'''1

'
••

~
"
.
~
~

,
,
~•

•
_

•
•
~
,
,
_

.
,
,
_
~

•
...-

-........
-
,

-..-
...."

•
•

u
.........

'"
...

"
0

"
e
"
O

a
O

.
"
'
..

-:0
"
'"

..
"

.

..-"'
,.....

"'..
--

-
--_..

'"•
"

~
.
~
.
.
.
.
.
~
4
.

C
~

.
.
.
~
_

~
_

....
_

'"
"

.....
_

..
_
.
,
,
~
_

m
:>

_
_

"
,

..
_

..
~

.
.

•
n

_
....

......-
..

-............-.-...••• ..."..-.......'"•••
...·..•• •
••

•••
•••

... •••
·....•

••
...•• •••
...'" ... ... •••
.0.
o

•

..-.......

.
.
.
.
-
1

'
..

••

........
......

~

..-"'.....
............
..............
......--...
..............
......."'..

..........
............
.

...
..._-...

...
..

---
-

.........
...--...-

..........

"'.......
~

............
-..

......"'..
-..---

...
-

-<
>

....,
...

...........
...-....-...

..........
.
.
.
.

1
'
.
.
.
.

.."'......

..........

.......
"-

-...---

.......-..
0

............

..........
O
~
_

•
•

_
0

.
...

1
'

-

............
-..

..........
.

.

_
a
.

..
_

_

-....--

...-
-

"'
..

.........
..........

~


..........

......
~...

~

"".."""..

......."'...
.............

...........
...

........
---......

...'If"
...

-.

........"'...
~

...
......-...
--.

<
g
~
:
:
~
:
:

---
...-

...........

~
..

~
'"

o
o

o
e
o

..............

............
............
--......

...-.......
............

..........
.............
...

.
....--

-
....

...

..."..,'...
~

....."'..'"

.....-_
...

-'"
,,,,,

.......,.
......---

"'.........
..............
--<

>
-..>

..,.-....
......

~.
.........
""",--...

..........

........
-.........
.............
..
~
~...

.
"

.
~
~
.

~
~..

~
-

~
.
~
~

"'.-
~
-
.
.
.
.
.
.

......
---...-

-
-

---
-

--...

0
'
"
"
"

.
.
.

'
...

.
.

.1
'0

'"
'

..

......
~...

.......
:>

..

......-...
..........
-......

~
...

_
N

_
:
I
'

.......
.........
...........
..........
~...

-
-
~

..---..
---

...-
"'''''''''''''
...
~
~
"
'..

..
~

.
.......

..
...--

..
--.

"'........
':"..""..

"'......"'..
..............

...-...-...
..........
o

..
~

.....
..............

.....-...
_

0
0

_
...

_......-..
----...

....."'.
...
~.....-

.............
---

......

............
---..-

...........
......-
........

~
~

•••

.......

0
:
>

0
.
.
.
.

.>
.
.
.
.
.

....
or

..

--...-...
""c"'...

.-.

...
~

"
'
~

.

.."''''..'''
...'""",,,,,

1
1

'0
_

•
•

..."..
~..

............
.........
......

~...-

-....
,
,
"
"

........-...
..-

...
-"'--..

."''''"'
",.,.-'"
"'...."..
"'..-.....

.."'
.

..."'-
-

--
-

-...-...-

·
~
-....

..-..
.

--
-

,
,
-
~
-


-.
......"'

'"
"
'
~

'"

............
..........
..-.......
..........
.-..."'.

...........
............-

·
"'

...
...
~

~
.

_
~.

•

-.•
,.,.,.•
•
•o.•••-.•0 •-.•
<

••·- ,,••••..'o.••• ~:::
0

-••••
..~.n••'""'~

~
~

~
~

..
.

,•
•

•
•

•
•

•
•

· -.·

··,·,oi· o•,··

•••
--. -_.•
••

_.. -
0

>

-...-."•
••,-
.....-.0

•

·
"
"

......
--.

.....
0

.
.

:>

.,..,....
...........
..""...

~..

.....
~

...
..

.
.
.
.

.
j

r
..

..............
...

.......
~
'
"

."''''''''''
•••

.
.
.
.

0
.
.
.
.

"
,
0

_
.
.

_

-"...
"
'
_

_
0

_

.;00----

.
.
.
.
.
.
.
.
.
.
.
.
j

e
..

.."'
..

-..•

.,
.

""
....

'"
"
"
0

0
.
.
.
.

.
.

.
j
.
.

.
j

...

....-
..

"'..
o

.
'"

...........
-

.
...

~
..

..
,.

0

...."'....

...........
.-

.
.
.
.
.
.

.
j
'"

............
~

:>
.
.
.

"

.........
--. ........••
...........
..........

~
~
i
'
g
~

...
".

w

"'..
~

..
..........

-...........
............
-......'"

........'"

•

-...-.

..
:>

.
.
.
.
.
.

.......:;;...
~

..
--

-"".

"
'
•
•

.
j
U

...w
w

.....
"'.."'.

.,

......-..
.........

e
.-

0
.
.
.
.
.
.
.
.

...............

...........
U

U
U

U
"
,

...........
......

""
"
.
"
:
"
'
.
"
;
~

0
-

•........
~

...............
•

~
...

-
-

-
:
>

............
:>

..
-

-
-

....
~
~
'
"

...

u
•

.
j

...
U

....
c
•
•

.."'....

, " ..·••0
0

••o•
.

,•
•

..." ,••
....- ••

,
~

~
.
.
,
Q
o
~

~
_

~
c
,
,
~

~
~
.
.

~
~

..
~. o.

_
_

.....
~

..._
..._

......_
...._

_
_

_
....

N
_

N
~

_
_

N

•
•

••

-..•
•

•
••

-
0

0

•
••

..-..-.- ........
•••

..-.. --.•••'
-
0

•
••

.-. --.•••...
"'...........
"
"
'''''''1

'

...............
............
~

~
.'"

"'..
-...

...........,
"
0

.
.
.
.
.

...............

.................

.
~
o
.
"

.........
..."'-.."
--......

~

...
0

_
......

..............
•
••

.............

..-
..

......-
...

..........
-............

.
_

..
o
~

.....,."'..
....."'."
"'..."'''..
...........
............

--.....-
.....

~..
~

"'.......
........

~
.

....-
-...

.
.

1
'"

.
.
.

.....
1

''''
...

............
:=

:::::

............
...........
.........

............

........

...........
...".",,,....

...-....
............
...

~......
........-

...--..
'-

0
......--

..............
......

~
"'.

"
"
'._

0
---

...
1

'
"

...
"
''''

I
'

.......-..
.............
....

~...
~

-..-..

.......
......"''''
..-.....

~

...........
--"'--

...--.

-........
............-

.,.
..

----
....

....--..
..........
....--
_

...no
...

...
.,......

"'--..
...

"....
............

..-
.

...
...

--
...

---
...

.."'
'"

"''''
..

"'........
....--.

..............

......"'-
-.........

4
'
~

"
''''''1

''''

.............

-......
...........
...........

...-
...

........
...

0
.
.

., ............
............
........"
_......

~..
......

~
-

":":"."':"'.
"'......
......-

•••
-.._

0
.........

..............
~
<
>

........
....,..-..

:
:
:
:
~
:
:
:
~

.....
............
............'"

"'..........
..............

_
.
.
.
.

"
C

O

-
..

........
---.....

..........

.
.
.
.
.
.
.

1
'
.
.

~
....

o
_

"
..

----
...

"
1

''''1
''''

.
.
.
.
.
.
.

1
'
.
.

....-
'"

...
-
~.

........
""

......"'......
..............
.."'0

_
'"

•."':-:"':";
........

~...
......

..
0

...
0

...
..

.
_.........

-. ..-
•............
'::":-:":":
........
...--"''''
...........
_..-....
...........
...........
·......
..........:::

•.• •
•

o
•

..•-...•,.•..-..,•
0

....
-----

..•••

o•,.•••• •o•,·

••<•
7

6



.
0

,..

•••
•••

...
.. ..-..... -- ..- ..,--....00.

......--.........
...

~
.

_
-

........
~..

..
.
.

0
.......

-...-..-

-..-"'..
~
-..-""

...............
............

~

...
~

..
~

~..
.............
-"'....
........,.

....""".....

........
..............

..0.......

........-.
""..-..
....

~
-..

--...--

~
..

.
.
.
.

C
..

..........

...........
........
-...-...-

....
~..

.
..

.
.
~.....

~...

.-

0
0

..
_

O
~
_

..
-

.....
--

-
.....

.........

............
...--..
.
.
.
.
_

0
0

•••
...

..
...

...

...
-_

"",.
.
.
.
.
.
.

-
~

O
'
~

..

.........
~
~
~

~

.........

.....
'"

.
.

-.......
----..

........-..
..........'"
....-....
-
~
-
-
-

"",
""

....
~
,

...

...
~
-
.

..-....-.
.......

0
_

.
.

.
-'"

...
-
.
~

--...-..

.....
~

...
~.......•

..........
"""'.."'
....

~
.
'
"

..............-

"'...........
...............

........
-
~
-..

....
~
-

...
..,,"

-
...
~

..
---

...

..........
...-"'--...
.......
.
~.....

........

.........
.............,
C

C
,
"
"
c

~

-.. ...

..
......

o
r_

O
.

•

...""...
~
;
o
<
"

"
..

............

•••••

......
~......

................

-
~......

....
-
~

...--...
...............
...............
-........
............
......-.
-............

..-...
-...---

......
~

-
..

...-....
..........-
0

0
.
.
.
.

0

.
~...

~
~

...
~
.

........
...-....
......

~
-

...
.
~...

~.
...--......
_
~

•
•

O

"'........
..."'.."'..

"'...........

..........
_0_.._

.........
............'"

..
".....

, ......
'>"
•
•

.."
,"'..

:>
,

........

...."'..

~......
~

"'..
~
-
.

.......
.....-

....
........
..........
....-..
...........
•

••
.."'........
~...'"..
....._
--. .....,.
....
~

..

.......
..",--
......--

-
1

'
.........

.............

~
.
.
.
.
~

:>
::O

w
",'''

...-......
>

"C
O

"
..

...........

......."'...
............
"'...

"
......
...

....",,,,,,,,
...............
..

<
>

_
..

"'
...

..........
-...-_

...

......'"

•
•

•• .-

..........
---...-

...-
..

_
.
.

0
.

...

.
..""'0

"
.........
-
-
~
-

....

..............
.............

..........,.
...........
" .....

"
,,,""

..-
.,

.......,
...

-"'''''-'''

..........
-"'...'"
..........

•

.........

""
...

..-
...

...
>

-,
....

..
..

..
'"

C
o

'"-....
~

...
~'"..

.."......
--0--

..-...."
............
...........

.........

..........
•

""t",,,,,...
'"""''I'"''
...........
c:";":.":"'•
....--..
"'-"''''
.........

-,.,.........
_0."

.'"
•

....,."''''

.......
-..........

---........
~
~
~
~

~
-..

~
.

~...
~
.

m
•
•
~
~

_
~
~
~

..
~
~
.
.
.
.
.
.
_
~
.
~

•
•
•
•
~

-
.
~
~
--.-....

~
.
~

~
~..--......-

~
.

-.
......-'"
-

....
.-

~..
-.

..............
...........

"
,

..............
.

...............
...

•
~

0
.
.
.
.

..
.
.
.
.
.
~

<
t'

.......
~
~

"'-........
......

"""'......
.........

•
,,"'......

U
"

-
'a

U

:
.
~
:

~
:
.

.....-
"...

...•

...........
.....

~.....
....-

-
..

.--
-..

..
...............

_
...

0
_

_
_

0

---
...

••••·· • · ,,·- oo "0
:.

••••..••

·...·

•"-.,...D
O••• •..>-· o ...... •••,•· •·,••·· ,· •· ••>•,·••
·••....•

.
.
.
.
.

"
.
.
~

..
"
.
.

C
...

_
"

W
~

..
""'''

..
,,::>...

..
"

..
~

~
.. .........

.
.
.
.
.
.
.
.
.

0
........'0"
...-...-

:>
..

..
~

O
,,"''''

..
"'''''''0

''
.-.

..........
0

...
.."'"

..
........· •

:c
.....

"
..

..........
"'0"'''':0
.............••

...........
.......

"
"

...z
..

"
..

..
~...'"

•
•

""'''u
''

C
U

"
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
........

~
.......

......
~

..
'0

'
•

-.
•
•

,.
~

'0
O

'
O

'
_

_
"
'

_
~

_
~

...

·....
-...

...-..-
-.

-...
...

-
-

~
~
.
-

-
-
~

~
.._

._
..
~

~
~

_
"'O

"'
~

.0
_

_
..

...
•

.."'
..

"'
..

•

...,
.

0
_

_
~
~
"
'
'
'
'
'
'

_0_..._
~
"
,..

"
,
~

.
.
.
~.......-.

--"'..
~

.......,..·
...."...
..........
.

.-
.
.
.
.
~......

........"''''
0

.
.
.
.
.
.
.
.
.
.

~.."'..'"
...----
...........
0

_
"
0

_

"'-"'
...

-
"
'
~

..
--

••".••••..00~
O

O
.
.
~
.
.
.
.

0
.
.
.
.
.
.

"
"
0

"
'
0

0
0

0
0

0
0

0
0

.
.

0
0

0
.
.

0
.
.

0
.
.

0
.
.
.
.
.
.
.
.

0
.
.
.
.

0
.
.
.
.
0

0
,

-..0.0.,. :-.

...,.. -
>

0
.......-."••• ."......"........

-.....
~


...
~..-...
---

...
...............
..............

.............
~..............

~.......
.....--
......-
-

..
...-

.
----

....

.......
..

~
-..

~....
.........."'
......

....
...

...
...

..........
.....

~....
..-..
.-.

N
_

_
"
,
_

.
...

...
~..

..-.
,.-

.........
";":"::"."::
...........
-"'-"--

_
."

''''0
............
."'

...
"''''

....
...

...
.................

.........

.
.
.
.
.
.
.

0
_

.
_

_
..

...-.....-
-"'-....

'"

:
:
:
:
'
:
~
~
:

............
_

.......
_

N

.."'..."

...............
n

O
'''.........

..........
--......

.......

.........."'...

.
.
.

0
_

•
_...-......
.
:
:
:
:
.
-
~

............
..

-
...

-
---

...

...........
..........
..............

....
~


-............
~
~..

:
:
:
~

..."'
..

"'
...

.._0_...
~

.
.-..

~
.

-..."'...'"
.......

"

77

---...-
...........

...............

0
..

....-
_

....
......._

'"
-....

....=::.:

...
...

..
...

-
"'.

....."..-
...........
-........

.-
...

~
..

.........
......--
..............
.........,.,.

-
.

-
-..

~
-..

....,-

.
.
.
.

"
'
.
.
.
.
.
.
.
.
.
.

0
.
.
.
.
.
.
.
.
.
.

~........
...........
......-..
"'.....--
..
~

.
......"'

..

..............
..
~........

..........
...

--...
.....

-
~

-.
........
...............

.........

,..
-"''''...

...............
.....

~....

.........
.....-......
....--
..........
~
-
"......

....
"'...

.........
.....

~.....
..-...--

.........
.............
.
.
0

_
.
.
.
.

..............
.......
----'"

"'.........
.

"
'
'
'
~
'
'

-
-

-_
~

...-.....
..........
....-

.
-
-
~

...

0
.
.
.
.
.
.
.
.
.

.......
:
:
~

...::

.......

.......

.............
...............
.........
_

..
0
.
.
.

..........
..

.
......

",.

.
.
.
.
.
.
.
.

"
0

~
~

-
-

..
.......-

--
...

.
-

.

..............
---"'-

••••• .............
............

~

....
~....

.............
.......
..
-
~

...
,..."'-...
"'

...
~..

~
..

--
...

....
"
'
~

.......--.

.......-
-

-
..'"

-
~

-
_

O
~

0
""_

"
Z

_
_

...
_

'"
....

'"
"
'

"
,
_

N
"
,

_
_

_
'"

••••••·-•• · .-• ..••
..-... ..••o .......

~......
....•..·.,·.•0••

•••· • · •·•Q••·;••



O
N

'

... ·,..OW=
,

=
•
•

0

...

"'-
"

.
.
.
.

0
..

:::>
<

0
,...,"

.,,-"'.
..............

..."......"

...0
.........

"'..
~

...
o

.....................
.._.",...

".-......
_

0
_

O
e
-

.....

·....
~..

.....................

.
.

...........

........
u

u
0

.
.
.
.
.
.
.
.

...........

..............
•

0

.."'
..

..._
-

... ..
..............
~
~
!
~
:
.

............
.............

-..--•
.....-,,-

...._0_
...."'.....
..,-,..-,
-........

............
.....-
..............
_

0
_

...
.

0
..

.."'
...

.........-

...."....
....::::!:

..
_

.....
"

...
e

_
_

...

.
.
.
.
.

_
N

'"
~
"
'
-
"
'
'
'

---.:0-
.
.
.
.
.
.
.
.
.

CI"
...........
.. "

..
...-

..
=-"'"

'"
"

.......
~
c
.

"
"
·

...........· •
"
,..

"
,
,
,
"
"

.............
..

...........
~
'
5
~
;
~

...
.".......

.............
.............
_

0
.

_

........,....
...
,
,
~...'"

~
,
,
~

."
'"

~
~
~
~

..
0

.
.
.
.

_
.........
--.~-.......

,••

,.,
0

O
w

•
•

,.:>
'"

•
0

•• -·.·
••

......_
",

_
_"'_4'

_
eo

..
--

-,,-
-

-
-

-
-

--
-...

...

,...,.-.."e .,.•••
......,.... .-... ." '.

0

.........

-
...

_...."''''
........

..........
•

•
...........

•
............

"'.............
"'-r>

..

......._
"

.
....

"'
-..

.._...-
--....

..-..-
..

............
-

....-"'...--
..

.....-...
...

...

...........

........'"...........
......................
-........,

..."......
..----

............................
...

...

...........
-

..
........

eo
_

_
...

.
.

.....-
-..

............
..............

.........
·

..
.........
----...

•
0

.-..........
...........

._-....
.....

..
.....-

...
.......
..............
........

...........

-.....-
........
..........
.........--

-.-..
.......-...
-...-..
....-..
-.......
....."'
-...........

.........
.............
.........

--......-

.............

..
,

...
........-...
.........
........"

.
.

1
0

..
..

.......
.._....
...........
.

.
...-

...

.....-.
.....

...
.......-.
...-

...
.

....
..............

..........-
----...
......"''''..
.............

..........
--

...
--"'"...

...

......--.
...........
............
--.....
.........
..-...-
-:";':":":
...........
.......-.

.•.

............
...'"...""..
...........
<>;".'".:"':":
:::::::.

-....._
,...-.,..
.........
-.--

...
..........'"
"'...........

............
.....---
-...........

...........

.,.........
,.........-
----..

..
r
.
.
.
.
.

.....--
...

.-
-

..,...".
-..".."

..........
.
.
.
.
.
.
.

0
..

.
.

0
.
.
.
.
.
.
.
.

..........
-...-.,...

...........••
.........-
•

-
-
~

..
,.

-
<

>

---
-...-

...........
--....'"

-.........

...........
...........-

•• , ...........
...........-

~
.
.
.
.
.
.
.

"'.......
...............

-........
.............
...-...-
---...

.-
-

..,.
...

·........

," u
o.,. •·.••• ,c:.•
• ..· •....
~

..••!

;,•·· ,,•··

...
,..•

............
..........'"
r

,
..

:::>.ll

·
.•

.........
......

0
.,

-':::>
'"

..

....-..-
..

-'......
!.'!U:!!i~
.........

......-..
..."'....
............
..........,

--0
-'->

"
"

.."....
~

...........
......,...
C

_
_

-"'-..
--

"'...

...
0

:
.
.
.
.

.,

•
O
~
"
'
'
'
'

:::>
-
'

.._
'"

·•:.,•
•

•u••
.
~

..
r

r
.
_

~
_

_
~
O
~

..
.....

--
-

-..
-.........

...

u•

,.. 'M•
••

..,
•••

,..·.. ...0
•
•

•,.....eN_ ...<

.....'0..~......~
~
-

..
_

0
_

_

"'
"

..
_

.
.

_
0

"
.
.

•

"
C

P
_

0
..

.........
e
o

.........
............
...........
--.........

..,.......
....-"'..
.............
................

...
..,...

..
--..

..
....

<
>

"
•........,0
-

..
-

.
.......-...

...
0

..
-

~"."......
-.

~
-

.........-
...........

.........

....,.......
_

0
0

_
_

..,
---"'-
............
"'

...
.._

..
•...-.....
......-
....-.

..........
........,.
....,,,,,'"
.........'"

.............

..........
......-...
........

••

•:::.t
..

.
...

-

.
.
.
.
.
.
.
.

0

-
..

"
-.

............
... ...........
......---

..-
...

... .........
.,..-_..
...---

_.........

78

0
.
.
.
.
.
.
.
.

..........
...............

..............
-...._...

"'
.,

..
...

...

.....
......_..
............
-........-

-..--...
...-

..
.........
.........-

..."'.........

.........,.
.....J

'."
..0._'"
..._0_
,.........

.."-,,,.
..........
............
..............

.......
...............

........
0

0
...........

.,.......,.
-

..
-

...
....-.
...

-..........
.............

....,..........
..........
-
~

......'"
_

...
O
~
_

........
...............

..........
.............

......
~...

----
...

:::.::::::t:::::.:

..........

..............

..."'
~

.._
.n

.
........
-_.........

eo
..

....-...
.............
---

...
I

......
·
,
.
'"

.............

....-"'..
..........

........
~

.......
-..
...."'-..
-

.
...."'

...

••
• "'.........

-
.
"

.-

.
.
.
.
.
.
.

_
c

_
_

"
'
.
.
.
.

..
0

_
.
~

~
~
~
;
'
"
;
~

~
O

_
"
'

~
..

~
.
.
.
.
.
.
.
.

.-...
..."'--'"
::::;~:::::

<• .....-..
-:-;-;":-:
.........
-_.....

...........
-:-:":"':":
...........
.....-"'-

...--
...

..............
..

"
.

..
-

...
--_

..
•••·· ........

,~ •dO
'

•-.o
••.. .->••..o

..00•• 'u..••••••0'

o••

• · •••
,.O

'

••o.
n•....•
•,

o·· •,• ······



,...--•••

.......
..

'

-..... ....'.·
".••..- ...... ..
"

-....•••..'"",,',
•••

0
-
:
'0

0
0

0
.
.

"
.

~..."'....•

....
-...,

-
~

"
-""

"'
"''''

0
0

'"

..,..
"
,
-
"
,

••
•

"'..........
",,,,,,
--.

.....,...,..
""..

"
...

_
0

"'-
-
"
-

"'''''''''''''
"'''''''''' ..

"'
"'

...
.."'

"'..
...=

...

:::::;....,
....

"'..,....
--. ..........
.."'

~
...

...
"
"
"
''''0

-"'--'"

-
-
"
'
~
.
.
,

'"
-..

~
"
'
'
'
'
'
'
'
'

--.

.,..........

......""..
"
,n

o
"
,

......

~..........
"
'
'
'
'
~
-..

"'........
"''''..

'"
........"''''
"''''...,,'''

.........
"

<
<

.
"
.
,
~

.....",,'"

..."''''..
...."'..
..

.
.
,
~

...
--"''''-

...."''''..
...

....
.,

..
ro

....
.,.

...
"

..

. "-",,
•

......."
...

<
;----

"
~..

...
<>

..
.0

.
r

..
'"

.......
"..

...CI"'....
-..

"
'
~
'
"

.,
"'....'"

....
"''''....

",,,-..,,,
"'-"'

....
"'''''''

...
.........."''''

............

........"...
-"''''-'''
"
'0

0
"
''''

_"'nt_'"

.."'
.,

..
"

....

...."'
..

,...,
..

......,.,."'

..,.."'.,,'"
"''''...,,'''

_.."''''..
..,

"'....
-"'

..,
-"'

"''''

"'..-.....
""'''c

o
'''

_........,...
-..--

.............

"
..."......

"''''''0
.0

....
<

...
"-

...,,,,,,...

.-.

...
.-

c
"

..
..."''"'0

",
..,,,

<
•

"

-..,
'"''

~
..,."....,-
.
,
~
~

..
<>

""-

"
'

....
_

0
.
.
.
.
.
.
.
"
'

...
"
'
.
.

~
"
'
'
'
'
'
'
'
_

-"''''-..
.."'-.."''''-..

....
~........_-..........-..

~

-..
"
'
'
'
0

0
0

......"'....
'"....-..
.,.._-..
........"'...
....-"''''
"''''

'''
-

..
"'-

"'..

....
~"'..'"

,.-"
"'.,

'"
~

'"
'U

........
'"

-...
~

....
.....,"'0

•••
"
o

N

..,"''''.,,'''
.".".,,"''''

..
-'..

~
~

_
..

c
....

0
..

'"
•



~.."'...
~

.,
-

<>
~
<
>

..
...-..,..

"
,

......."'..

"'''''''...,
",,-..""
....

0
.........

----

..........

..,..-......--.......
.."'''''''-

-'"
........",..,..............-

--.

-.- ..
~..

~...
...

y
y

<:>
..

0
:>

"
"
"

'",,,,,,,,,,,>
.,..,,,,,,,,,,,
"'

.,
-

..
....."'..'"
-"''''--

........
........"'...

.
.
.
.
.
.
.

-o
J"

..
~

w
<

>
"

"''''''''''

...
"
,
_

0
<

>
..,..,

"
,

"
"
'
'
'
'
'
'
'
'

"
'

_
"
'
'
'
'

...

"
"
_

"
'''''''

_
"
'
_

_
'"

"
'_

"
'

"
,,,,_

,,,
"
''''''''''''''

_
N

"
''''

"
'_

"
"
_

.."'--
•....-

..
..-

...
....".>

"
-"''''-

....

......""..
...........
"'...........
"":!:"'-"

........'"
"'

.,..
"'

-....
"'-"'-'"

.."",..,,,,,
'".'H"'"'"

-
..

...
_

..,0

...
~
~

..
o

"
~
"

,
,

",
~

"
'

..
e

...

,,"'..,"'""

..........,
............
...........

"'""CO
O

"
0

"''''-
_

_
".,t'

_
.........'"

..--"'....

...."'....
......"'..'"
.."'

"''''
..

o
~
.
,

..,.."'....,
--...-..

.........,'"
·..

•· o"
"

_"'_N
,."
:

....."''''

.,o.
•

•
- o. .,o

••••,...
"'''''''''''''

"
'
~

"''''''''''..
"''''....,..,

.
.
,
.
.
,
.
.
,
.
.
,
~

o
.

·.J'o•
..-...

··•,,,,,••·· ," ,· ,•o· ,

•o•··e
•••··

..•

.-...,...... •••
..... "...

0
.
.
.
.
.
.

:0

.............
.....,.......

0
,
,
"
0

0
..

"'............
.............
----'"

;
<

u
.......

z
....

-"
'0

...
.
.

r
:
>

v

~
"
'
".."..

.--..."'-"''''
_.......-
.


-...."..

_
0

......
•

...."'.."''''
<

>
-,,--

..,.."'
..

..0:.
..

-.
-.,...,..,
'"'"'""""
"'.."'..,,,
-..---
"'....,......,

..,0
....,..
.

..."
.....,...

0
;
<

.
.

_
.
.

"
"
:
>

0
:
:
>

"'..,.._-

............

..--
~...

'"
---

C
I"''''''''''

........
~

....
_

_
0

_
..

........'"

...,.......
..........
"'---

u
<

>
u

u
u

..
..

.."'
..

..-

..........
"'",-",,"
....

"
'
~..

-.

..
~....'"

",,"'..-
...........'"

"'----
--"'..-

............
..

"
,..

"
,
"
,

..'"
..."'.."'

,.e."
~

_
..'"

~..-..
·.· . •• <

1
.
.
.
.
.
.
.
.

"
••• ~

"'.."
..u.,

"
U
"
~
U

....
0

0
..

<
;<

...
..

v
:>

..J
.
.

....
~

....
~'"-

"'..
•

•
....

_",,,
_N_

"'...........,
'".
"
'..J

.
.
.
"
'
~
;

"'...
---,,

....'"..-........
......

w
.
.
.
"
,
"
"

....
0

0
0

.
.
.
.

o

J•,

...,,"
... ·..........'0

0
'

,,-

....,..,..,...
"

...
0

.
.

"."'
..

..
..

_
r
o

................
"'......,
----'"

-.,."''''"
"''''........
............
N

_
"
''''

"
,..

"
,•.

"
,

...."'....
..-

""..,
.....,.."''''
..........'"
"'---'"

..,..
~

......,
0

_
"''''_

'"
.............

.."'
-..

.
.
.
~
;
<

.
.
.
.
.
.
.
.
,
.
~

..
..,

-
"
.
,

.."'..,.,."
"'''''''''''
....-

....
'"

..
"
'''''''0

0
,..

"'
'"

.
,
.
"
,
0

...

..,
..

.."'
-

.."''''..
..

'"

.."''''"..
.. -.-

.,..,......,.
~

'"
"'

"'..
.
.
.
.

0
"
,
.
,
.

....
"'..

.............
"'-

"'..
"""

"'"'"
..

"
,.."'..

"'-.......
....--
"
0

_
"
'0

•••

..........
-.

...."'r-'"
..,,"'....

"'.........'"
_",_n>_

"'
..,.,

..-
-

..
"
,

..
..

,'..
-

"'..
--- ......"''''"
.........'"

.,..,..,..,...

~...........

"
'
..

«
...

"'
...

"'''0
'''''

......."'..,
"'.....,....
.....-

.
..-

"
...
~

...-
"'..

"'
-

--.

"'...."'"
........."'..

'>
I'"''''''...

"
,

-
...

~
..,..

"''''-
'"

....,..,......
.......

_
c

..
...."'....,
..
"
'
~
-

...
'"

-"'....
-"''''

..
.. _

.....,...,...
..........
....-....,
"''''''''''
......"''''
.........'"

........,..,.
.,.."'

....
0

0
_

.......
.
.
,
~

-..--'"
..,"''''.....
""''''''0
,..-"'-'"
...."

.",t<,
.
.
,
0

........

"'....
"'..

............-
--

--'"

"'''''''''''''
...."'....

"..,..-
"

"..".,.'"

.,....,..,....

".."'"'"'"
",,,,..,,,,,
_

....
~
.
.
,..

":<::~"':~
...,........
.."'.."'-

·...• •
.•

•>•

t
..

0
0

"
'

"
'"

..
_

"
'
~

_
.
.
.
.
_
~

_
_

.
.
.
.
.
.
.
.
.
.
.
.
.
"
'0

"
'_

...
-.

-""
"'

-
.,.

...
"
,
-
"
,
.
,
.

~
-
.
,

"'--....
"'

"'...
..

..
~

...."
'-;

...-....,....
~
~
~
'
"

......._-
"
.
,
.
,
~
"-.......'"

;-"
'...,.

··· ,· ,•• · •· •,·

~
~

..,....,,,..
"'''''''D

''
..,..,

~
.,.

.,....,..,.
0

0
_

0
0·.o••

0
,•

>· •
7

9



••••-..•••
... •·..•••,....- ·.....~:: •••

.-.-.- ...-.•••
.......--•
••

•
••

•
••

....,...
-....•••
... ... ·.-........'"

•

•
•

.........
-
-
-
~..

..............

..._........•

..........
.............

...........
......-...

-.....
0

.....
_

....-...
.........
..........
.....-..-
.......

...
...

..
---

...
.............

...
...

..
...

•......-
'"

0
.
.

0
.

...-
...

0
_

...

"'..........

..........,..

..............

..._.........
............

...........
............

...........
•

•
•

.........

---...

...
...

--
--

...
0

.....

...............
..",,,,-..
.....-.....
...........
..--....
....--
............

..........
.....-"..
"

...
...

...

-
-

......
...

............
..

<•
.- ----........--...

-
-
-
~..

...........
.......--
.............
.............

.............

0
.
.
.
.
.
.
.
.
.

...
..-.......
..

..
...

...

..-
'"

,• •
•

...

..--
•,''I'........
•0--.....
............

...........

.............
...............

.
.
.
.
.
.
.
.
.
.

0
"'.........

....,..,,-

.........
-

..
-

..
--

...

..
..

"',,--
•..........

0
..

"
.
.....

..----

.. .-

......."...
............

-"''''

.............
-"'",--

_
..

0
_

0
_

.
.

-
~

.........-

...........

....,......
...........
.............

...
..

...
...

.....-...
.........
......-.
...--.....

..............
...........

..-.....-
..

....
_

...
-.......

~
..

--
..

..."""
...

..
...

<•
...

.
.
.
.
.
.
.

0
'
.
.

--..-
...........-
.a

_
"
,

..
"

---
..........
............
.............
-.....-...

.........
............

...........,.
...

"
......'"

....,......

.......-..
...-...--

............
........

...
"

......
'0

•

c:
,.

..
L

'"
--;:,--

-.-
..

..."'
..

.......-..
--...--

..."."-
...

"
.
-..

..-
-

-
...

"'
",,.

","'
,.

....

............
..
~........

.........'"
"'''''''-''
...........
.........."..

•

~
.
-
.
-

....
~
_...

-
~
~..

-...
...-

-
'\

.
..•

uo•• "
,...."..
"._

...
..""

-
---

..
~::;~~:::

....................
...........................

.
.
.
.
.
.
.
.
.

0

----...

'".."
..

...-
-...

.
"
,

...
.,--""-

_
_

.
.
.
.

0

·
.

<
_

......
......--

...........
-.

.,
.."

.
.........-

...
--.

..........
......-....

,~
-",.

-.c:..
..._

...__....
'"

· ~
_

~
u
~

,,"
',..

"'
%

..
.
.
.
.
.
.
,
.
"
_

O
C

"
C

'
'

_
0

_
;:O

C
,"

,"
"
'

~
•
•

0
<:

"
'
.
0

"
.
0

.
.
.
.
.
.
.
.
.

0
.
.
.
.

_
~
.

~
:
>
v
~
.

o
.
~

:>
:>

~
"
<
~

a
.
v

:
•
•

-
.
.
.

"
:>
.
.
.

•.-~'
•••o

..·."••,
0

.u·••••
· .0•

"·."-,·
'

....
',

..0
0,••U· u
..••

· •..·.·.

•· •••o•, ·· ,, · ,•

•-...
..

o

'. •••

•• .
0

0

...... ...O
•
•

....., .......•••

....--...
.., ......0

<
.

••
·..

• .-•

_
...

0
_

_
.
.

..
_

.
_

0
.
.

,...-
..

--.-
..

O
.
_
~
_

-
...

0
.
.

-
..

.,
-

•
•

O
O
"
'
'
'
~

u
~
.
~
~

.
.
.
.
.
.
.
.
.

0
-

""....
...

-..

...........
..,,"'.....

...............
~

..-
"

.
.
.
.
.
.
.

c
.

...
"',,-

..
..

...
...

...
'"

......-...
·
~
"....

"
'''O

W
,"

"
~

..
~

c:>
""

......"'....."'.....
..

"'..."'..
..

..
_

0
_

_
.
.
.
.
.
.
.
.
.

--. ................
........-'"

-...-"'
.-"'............
"'''''''''

0
...

...
'"

...·........
...-

...
·

...
...........
-......--

..••

7
.
.
.
.
.
.
.
.

..."'
...

"''''''''''...

........-.
"
'
_

_
4

0
.
.

•
0

0
0

0
0

"
"",,::

~
w
o
~
_

...
""

::
~..

.....-......
........

--......
...........
.............
............
••

.-

--...-

...
.
.
.
.
.
.
.

0

..
........_"
•

.....
<t

..
..

:
:
~
'
:
:
:
:

.."....
.......

~
,
-

--......-

....
~

...'"
c
o

..
e
_

..
"..

~..

-
..

•
0

..

..
-..

•
•

......."''''
...-....
""'>

-'"
..--..........
"'..."'''''''

.-

8
0 ••-. .--

~
...tl;::.

.......
~

'.."..........

..............
---...-

...........

...,........
...........
...

....-.....

_
.
.
.

0
•

-.
.

....-
...

-"'''''''...
0

0
0

0
"

...."'.........

"........
...

..-.......
_

_
0

_
0

..
••-....

0
...

.
.

,.."
.

0
0

_

.
.
.
.
.
.

0
.

...'"
..

-
....-.
...--.....
..:::.:.:
0

0
0

0
0

.............

-
-.

.....-
-...

.-
"''''

............
~

...
...............

...........
...---

"'.."'..
0

0
0

...
...--...
_

"
'
0

0
0

.-.
.....-..
.

,.
......-...
0

0

...........

.....
0

.
.

--"'
...

.
.
.
.
.
.
.

0
'"

..........
~

.........
--......

...
_

.
.

C
'
'"

.............
-..

"
"
0

"
''

..
0

.....
_

.............
0
.
.
.
.
.

_

".'"


"........
...........
...."'....
•• ...

"
.
.
_
~

0
_

r
_

..
.
.
.
.
.
.
~

_
"
'

_
_

.
.

_
0

_
_

"
'
'
'

_
0

_

-
~

"'
-

-
"
.

-
-

~
-

"
..

--

.."'......
..----

...........
.............
...-...-

....

-.........

.......

"....,...
...

..""0
....

~
.
~
.
~

~
•
•
•

_
&
.
~
~
~

~
~
.
~
U

_
_

.....
0

.
~
~
~

...
~
C

~
".w

..
1

~
~
,
~

..
~
~
~
~
~

O
"
'

~
~
~
-

..
~

.....
~
.
.
.
.
.
~
~

.,.
0

...
_

.....
"

...

_.....
-

-
_

--.-
...

-.
.

.............
0

"_
"'_

0..,
...

0
"'"

_
_

..
•

~
_

..
__

~
~
_
~

"'_
0

"_
.......

~
'
"

"
'
..
~

..
-

-
'"

-
-

..
O
~

...
~
.

"
'

o
~
~

_
_

_
_

..
"

...
"'-

--
-

--
....-

---
--_

_..-
-

---..-
.......

•; ...........
...........
.,.......
...........
......

_
0

..

...---

.........
..............

.
.
.
.
.
.
.
.
.
.
.
.

"
'
_

_
0

'"

..-..
..

"
.......-

..
... ..........
.,-......-
.........

...................

· •· >=

•••,
..""'••,.u
..••

·
.

....O
.•o••·- •..•
•

•• ....•••,......
l

..•• ..·.•
0

•
u

..·.

••• •• · •,· •·•,••,t•· · •



•••
_

_
a

.-. --.-.. ."-.....=:!::=

...
•••
"
,
-

•••

.--

............
"''''0

..0

"
"
"

'"
C

O
.,

0
.
.
.
.

_
,,"

...0
"_

'"
"''''-''''''

.....
~
~

...
..............
0

..

-
'""""

....
"""

...
"''''..

..........
0

.
.

"
'

.
.

~
,
.
,

..
......-..'"
·..
-",,,,,,,,,,

-,,,""..
"

0
"
'
.
.
.
.''''

y
C

O
:O

C

............,

......"'''''''
......"'...'"

.
..,

,
~
"

~...
<

y
:
I

....
~..

"
0

"
'
0

..
"
'
.
.
.
.
"
0

.........."'...
... "'

...

......"...,,,
a

...
..,"

...
y

"
"..

~

..,
...

"
,
.

I'

0
.....

0
0

-.
0

"'.....
_

-"",,"''''
...

.,
.
,
~

..
-

--

"''''..,
...

..."
...

...........

4
::>

""
--'

<
>
~
"
'...

C
'

"'
':

>
"

,.
..

•"....."'
..

..
"

-
"",,,

..
.. ......."...
...........
..........,
••

..........
<>"

......
0

...

--..-
"''''........
~
~
~
"
:
~

..."'........
•

-...---

-
~
-
.
,...

•••
V

'.'H'..'"''
""'H

t..,,,,.

..
..

:r
~

..
,."oJ

~
"

..
-

-
.
,

;>

...."
..

....."'..
.
.
.
.

C
I

..

........"'..
.........-
.........

0
..

...
_N_

.............

............

.,..",..""
"",,,,,'"''

............
"'..,........

..........-
"'

...
0

.
.

"
'

..
'"-...-...

<r
....

...0·"'
..

:
>

y
O

..
.
,

"''''..'''...

...............
...........

'...."'
...

.......
"
,...

..........
.
.
.
.
.
.
.
.
.
.

0

.............
N

_

...........

"
.
.
0

.
.
,
'-

....,
..

..
...

....----
II'

II'""'H
I'

""t'..."",.

.........
1

1
'-

"
'

..

..
_

o
C

'"
-..--
...........

.........,,,.
...........
"
0

.
0

0
0

"'........

..............

"
''3

:>
.
.
.
.

.
.
.
.
.
.
.
.

0
'<

1

.........
"
'

N

"''''..........
................

...........
...............
"'.......
----

...

-
..

"
,

""",...
...........
..................

.....
u

-
'

...
.
.
~

.
.
.
.
.

H
~

....
..,

.
.

D
.

........
"
,
'"

co
..

.,..,'"
.,

_
'"

.
,
.
o
~

......
"'

...

••N_......",.
....._.,..
.."'0

.....
--"'--

............

,,"''''.....
...............

-0,oo""•o

.........."'
...
~
o

...
o

?
"
"
"
~

· ••,.•
..-... o
0



.
'

.."" o

••...- N
,

·."......
"
,
q

...
~

...
.
.
.
.
~
_
G

_
_

........
~
"
'

..:>'"
.....

~
..."''''...

'0,-...
•

•o

"••· •·I,,· o•••· ••· , ,

.....
_"''''''''''

"'''''''''''''
"'

..,
..,..,..,..,..

..,..
0

0••,, · o•••
••" ··

,"•"'•••

...,......."
......,.0
.,:>

r"
,,,

..
.
,
.
,

..
0

..•

..."
.....,,,,

\0-""
'"

"''''0"
~

......0
...

"
'
..........

:1
,"

<
,,:1

..
"
'"

c
'"

...
..........

c
'"'a

....
0"""'''''"'

"
'r

....,0
.._

.......
~
'
"

"'-..."'...
"

"
'
~

................,
~

..
.....

c
"

0
"':>

.............
".":":

-"'-...........
•

c
r

~
~

~
_

_
r

"
'.,

_
_

~
..

_
"
'
~
_

..
~
~
~

....
-..

'"
--

...-
"'-...

~
'
"-

••,.••~;;;

••..'0
.."'......

-...,....
•

.,...........
"'-.......

"'0
"'''''''_

_
...,.,.....

..,0
......

............
"'.....,..'"

-.
......"'....
.,"'..

0..,
.,....."'...

•
•

......"'......
0

0
_

.......-...
.--

"'.,..,..
"
'
~

...
...
......"''''

"'''0
''''''

...
"

.....
0

-"'..'"
0

_
"
'
0

0

"'......0
'"

...
0

.
.
.
.
.
.
.

.....,"'..
0

0
0

"
'
0

......,...
•

..
_

..
0

..

-.
~
~
:
:
l
!
;
!
:

..-
..

....,
...

.-.
.
.
0

0
0

" .--..0"'_..
0

.
.
.
.
"
'_

~
_
~

...
~

.
.
.
.
.
.
.
.
.

'"
..
~
"
,

_
0

'"
"
'
.
.

"
'
.
.
.
.
.
.
.
.

"
.
.
.
.
.

"
'
'
'
_

'
'
'
'

.
.
.
.
.
.
.
.
.

-
~
-
"
'
-

"
'
'
'
'
'
'
'
~
-

-"''''''''''
--"'-'"

-
"'--

"''''''''''-
"'-"''''-

~
"
'
-
-
-

"'__
'"

•
••

-..._-
N

O

...........
..

a
..

"'''-",'''
.......

...."''''''

"'
'"

"'''''''
"''''

....

..."
'"

"
.
~..

0
"'<C

>
.....-

..
--"'--

.."''''

"'
-..

"
...

...........
-......,..

"''''''''''''
.......

'"
-
"
''''

"
,o

.
...........

.,.......

....__..
·

-

"'-"'....""
~.."'............

.."'---
"''''

~
-

"'-'"
••........

.,.

"'....
"...

...........
"'<

c>
""'''

"'....--
......-..

""'''''''''
...---

..-.."'..
........-..

.,.........
•

<c>
_

"
'.....

"''''---
""

'"
.
.
.
~

...

.........-,"
.........'"
..........
..........

"'..."''''...
......"'

...
......"''''
"'''''''''-

..."'
"''''

~
"'..

,.,.,..
"
,..

"'''''''-
..........

""'_
;0

'"
..-.......,
"'

"-
...

-
-

.....,
..

"'..........-
..."'

...
......"'

"
,

~..-....
"

"'..
-

,.,
"'

....
..

0
...

---"'...

....-.."'..
,,"'..-...
"':;;:;:..

"
"
"
<

>
0

0
<

>
<

>
0

'"
...

~...

--
..........

... ..........
..--"'...
..,

......
0

.
.

N
o

.............
"""e

>
'"

..,
<>

'"
C

.
'"

"'''''''......
"'-...--

"'''''''''''''
......"'.....

.......
~..

.........
"'-"......
...........
.......--

...
"
"
I
'
_

_

..........

........,..
...

"
,

"''''
......

_
~...

...........'"
"''''......

~

"'......"'...
..."'''''

...

............
..........,
........"''''
-....:;;:;
.....-"'...
~-"'''''''

--"'
'"

-
...

-
-

...
"
'
-
~
-
-

-....,
..,

..,
0

-
..

"
'
~
-
-
-

..........
"'''''''''''''

......-....
"
,
~
"
,..

.................
~
"
'
'
'
'..

<c>
..

"'..
"''''

0
"'-'''"

....
...
~

...........
"'''''''''''''

.....
","'..

"''''--'"
"'.."'

...
......"'

...
...."'..
0

.....
_

.
.

..-_....
"''''-'''
..........

...."''''''''''
"'''' ...'''...
..........
.
.
.
.
0

_
.
.

""'--'"
""''''--

-'"
"'''

"'...
"'''

...........
_..........
:::':~:::;;;

.............
"'''''''''''''

..."'-
"'Q

"''''-
......"'

.,..,
"'.....,.

-...

••••" ~
~

.._
.."'Q

...."'........
0

"'....
"
"
'_

_
"

...._
..,,,

"
'
~
"
O
'
"

0
......

,.C"
...._

"'__
__'"

'"
_..._

.._

,....•e

•
..N,'<••00

o>, · ,· o•••~ · •· <,•

,,
•;

8
1

>o•



•
0

.
_

o
.C

_0. c
•
•

.
0

•
... ''"
_

O
C

...•
•

0
•

0
-

--.
C

•
•

•••

.0
<

......0--•••

.-..0-.....-
••.0.

c
_

" 0
0

.
.
.
.

0

........
~

"'....."..
•.,..........
"'-"'''''''
...-..."'...
......

m
..

............
........"'...
.....

"
'
~...

"
-"''''-

...
.....

.1>
...

"'----
on

..
",

..
......"''''...

'"-"'.....
"'''''''''''''

<>
"
'.,

......
•"'''''''...'''
"'..."''''"

....,.........

..."''''
...

..
"

r

~...
"
'
~
'
"

..."''''......
-.

"'....,......
..........

u
~
u
"

...
......"

..
"
'
~
"
"
.
J

"'............
--0

.
.
.
"
"

..
to

~
-..

~..
..........,...

-0.
"'.........'"
",,,,,,,,.,,,

.."'..-..
c:".":a;":
..-"'''
"'..."''''
"'.........

.,"'......

"'-"'-oo
............
......"''''
...

.."'_
...

....
"
,."

,

..."'..-
-
0

'""'I"
'"

'"
'"...'",,".'

"
..

U..-
...

'!i~:'';:':'

..."''''"'"

...
..."'......

..
m

.........
...

.
,
~..

~

........"'...

.............

...............

..."'
"

..-
..

.",
-..

...
-..'"

...,.,"''''
...........
.............
--"'-'"

"'..."'..
."

u
u

'<
.....

.
.
.
.
.
.
.
.

y

""''''''':>
"'.......,.

....,"'......
":"0":.;":
--"'-<1"

"",,,,,,,.'"
'" .....",.....

...............
.,,,,.-"""

....
0

'
..

,
.
_

C:C:-:-:":
......"'.....
--..-..

.."'.........
.,........
...."'''''''
""''''''''
.."',,"''''
............'"
~.•".'"'
,..-"'-'"
•

u
"
'

u
w

..
'<

..
.."'

..
"''''

'''

'"'""..,,,,,
""''I'"'''"

...........-
"
;
"
;
-
:
~
"
:

_
'11"

,.""
.....-"'..
...

C
I
.
.
.
.

_

.....
.,'"

"'''''"''''
-..

.."'
'"

"..,
..

....."'
...

"'-"",,'"
..........

.....",,,,,"'
..

0
"'

..
..."''''

...
_

_
"'_N

,.,t"...."'....
...."''''

....

-
-
.

----'"

......-......
"':":":";":
"'-"'......
'""'....'_n_,
C

I"''''''''''
....."'
.........,...
_

_
N

'"

"'.........
"':":";":';
......"'...
-

....-"'-

.........'"
~
o
;
:
'
:
-
;
'
:

...
_

..c
..

_

..........

.....
u

....
~"',."'...
"v

...

...."'...."'..
........"",,,,.

0
......

0
..

''"'0
"'..

-"'.........
--..,-'"

~
-
"
,n

o
'"

'""""-'"
............

~
"
'
~.....

.
,

-
...

.
,

%

.:,.;.;
..;

"'
-

:.""..."-'"
....

_
"...

~
.":>:,,"

,
-
.
,
,
.
.
~..

":"';c:-:-:
-...........
"'-"''''-

.....,......

.........'"
~
"
'
:
~
"
:
"
:

..."',,"'..
'"

..-'"

.....
"''''-'''
...
~.."'...

"
:
o
;
"
:
~
"
;

~
,,"'.."

•

"'........,....
-
"
,...

",,,,,,,,,
'"

..
.
.
.
.
.
.
.
.
"
"
"

"
'
.
.
.
.
0

0
--.

..."'
'"

......"'
'"

........-
-----

-----

·
"

'" .,•-,.." ,..00 •
..-.•• ••· ,,· • · ,··· •

•
•

o
0

•
•

•
•

·-·.

.
.
"
'
~

....--:
'
~
!
i

...-.·.. ...>0
-

.
-
"

·--·-.......--............."'...
C

"
...-...,....
"'''''''''''''

........,.....

.."'.........
-...-"''''
;0

<
;:>

...
.
,
"
,

-'"
~
~..

...."'.....

_
.""

,,
.-.r·

"'
"

'"
"

"
"

..
"

..
'"'--

..
.
.
.
.
.
.
.
.

0
...

"''''..
"..

"'"
...

-
'"

",
..

o
"
"

..
,......

,

·
--

•

.......,..-
.

"'...
"'

...

..."
...

"'
..

_
"'"

•
......,.....
-....."'..
..

""D
'"

--...--

......"'...-
.,

"
"
'

...
_

"
'
"

_
,
.

0
;

.-
.

........
~

... u
u

"
'

..
"
"

"
'0

...
........

,.:::

.."'::;......
...

-'"
.,

.
.
"
'
.
.
.
.
.

"
"
'

"
'0

\
;

0
0

_
<

>
_

_
~
<
.

_
_

-
C

'

~..
,
,
~

'"
~
~
:
.
:
~

..............
...

...
"
'

...
.1>

............
• ......"'......
.........-
"'.....

"...
..._...,

...

..."..
"
,..

Z
.J"

.."
..

o
c
o

...
...."'..=
".........

..........,...
..........'"
....,.....'"
..---'"
...........

......
~...

-
oo'"

0
...

".......'"........
"

--...

"'.........

......."..
'
"

0

.,
".."'"

"'..."''''...

"'''''''..'''

...........'"
,
,
"
'
.
.
.
.

0
\;

--0

.......-
"

.,.,"'.,'"
.............
--"'.....

-
'z

:>
..

:>
0

0
.
.
.
.
.
.
.

.
.
.
.
.
.

:>
..

.....
0

..
'"

-....."'
.....""....'"

-..
..............
~

....-..
..-"'....
-.. ...-.......
~
~
'
;
-
:
~

..."'.,"'...
---

...

..
u

...
~
"

0.<"
..,..

..,
0

''''::>
::>

::0

...........
"
"
"
'''''''

.....
-
"
,...

~
"
:
"
:
~
"
;

-_
.........

•

.I>
'"

'"
'"

.
.

..
...

"
<>

..

"..
"
,..

"
...........

-.....-...
"
'
;
~
"
:
~
-
:

..."'..-..
"
,
-
"
,
.
,...

"''''
..

.............
-...........

~
"
'..."...

.."'''''''"
"

.,...
--

-'"

....."'...
~

....."'-'"
<

>
"'''0_

,.
,..

..............
"'......"'...

...-...........'"
"

.............
.,

.....
"..1

>
...

"-"-....'"
............"
0"':<

""'

"
'

......
.1>

...
........."'...

.......................
.........'"

..."'.....'"

'"

....
..l

..
u

u
o

o
e

....
0

.0
.""',,

...-....
'"

~
-
:
"
:
'
:
-
-
:

.."
..

....
~...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
......

"
'
.
.
.
.
"
'_

...........'"
"'.."'.....

....."....
................

.._......
'
:
"
:
-
:
"
:
~

..........
-
-
~
"
,
,
,
,
,

-
"'.."

"'
_...

..."'-
..

..

"'...-,,'"
"''''''''''
".<

..."
.,

...
-"'-

......
"
,
"
'"

,
"
'.1

>
"
'''''''

..........
.....,4."
...........
"'.."'''''''
............
..

%
.
.
.
.
.
.
.

..
"
'
~
"
'..

......,
..

....
,"

"
,

.,.........
"
,...--

"''''
..

'"-...
..

-
.
.
.
.
.
.
.
.
.

'"
...

"
'
O
~

-..

.....
"

O
<

u
'"

......
0

"
'

..
0

0
"
''''0

<"'''''''0>

.,'".,.....
":-:

~
";",

"'.,..-..
...
"
~
~
-

'r
~
.
.
.
.
.
.
.
.
.

~
...

..
"
,..

"
,

"'-.,
~
.
;
;
,
,
.
;
.
.
;

...,_0_
.,,,,,.....

........-
..

"'..,"'''''''
-"'-'"

....
"..

~

.~..:-:
"';

"';
......

~..
~
-..--

""''',,''
~
~
~
~
~

· ,•

,.u

·
"

'" ,-.·.•~

"" ;o· • >·~, ,•

,
,
~

.......
"'......."""

...".........
0

0".~~:·
••

8
2



..
,

... •••
....,....'"

.
--....

...........
"
"
"
''''''

"
:>

"-
<.

.."'''''''....
.....

.........-...
"::";";'":.":
......."'"
",,'"''''''''
.
.
.
.

0
'0

'0
'

-..,.."..
-

'"
...,

..
.,,,,,-.-.-

...
""""''''0
~
"
:
'
:

":".
"''';;;.....

"'.....'"''

.,,,,,,.."""
II'

"
'
..

"
"
.
,

"'........
"':":~-::":
0

_
0

...·"
....a"'.._
"'.."'..

.."'
-

...."'-'"
-......."'....

'"'"'"'.""

.
,
,
,
,
,
,
,
,
,
,
,

;to

'".,..,,,,....

."
N

"""O
,,

"0";.,..,"'
....

.,..

...
......

<>

"'''''''.....
............"''''

..........
.........,...
....,.".

..,
..,-"'--
-
-
~

..
0

..,

.."''''
..

-,."'_..

"
"
"
''''0

':":":-:":
"'

..
---...
"
"
"

'"
'"

.r>
'"..."",,,,,

..............
•

.............
-.

.
.............
"'............

.."'........
.........'"

"
'
'
'
0

_

..---

00"
'"

.....
"'

_
_

N

or>
'"

"
"
'"

''
"''''''''''''

"'''''''''''''
"'.."'....'"
............'"
....-"'......
-.......-..
--..."''''

....
.."'

'"

..
..,

.....
1

...
~
"
'
-
O
~
,
.

"
"
"
'
~
~

...
~
"
"
"
'
"

"
......

.
,

"
-

~
.
,
.
,

CO
"

............,
'"
~'".....

.....
--"'..

...........
":':":~'":
"''''N

....
"'--"'
,'''I'.""'"
"",.'",'I,.

----'"
"''''"...

'''

...........
"''''--
.............

_
_

<>
..

0

...........

.............,
.."'-..,
.."''''''
..,...'"
0

"'''''''''
••

.....
..........,.,

....,,,,,,,,,,.
...............

.............

0
0

0
0

0

.."''''....'''

"''''''''''..
"'''''''0'''
..G

"'....
'"

a
"n

,_
_

--.....'"
"'G

"''''
........-...
--"'''''''

...-"'
..

-"'
..

....."'
...

--"'--
.."''''''''''
......"'''''''
"
''''

0
<

"
1

'
...........
,.,,'>

0
0

'"
..

"",,"'-
,..

........
0

-

"'
0

""
--

..,
0

_
.
.

..
_

..
............
........

..,
.............
-...

...
0

0
0

--"',.....

",,,,
...

"'''''''
...

-"'.......
":-:":":";
........."

.
.

"
'
.
.
.
.

0
'

..........'"
"'-..-'"
....

0
_

.
.

0

"'-..
"
O

G
..

'"

"'----

.....
~..

"'00"'
..

...,"'...

.
,
.
,

....
'0

-

"':'";";":":
oe

........

...........
"
'

0
"'

"'...
.....

0
...

•
•

"'-.....'"
•••
........"'..
---"''''
..........
>o••· • •..•

..-"• ••,.•
0••.•" •••..••••00•o• •

•••• .• >" ..·" >
<

•,.,
0

' ....

· ,,,·••,,•,,·•

0
0

>

... ....-"" ...---
O

O
O

O
?

..."'u
...

"'
..

"
'
~
.
,
,
'
:

......."'0

..............
"...".....

..
"
'
~
.
,...

"'''''''_0
"
'
-
-
"
'
~

-..-"'..
...

..."'..--

......"'..."
"
'
.
,
O
?
~

..
a

........
.-.

...........

...,......
"'.....

.............."''''

..

"'a
....'"

-"'-"'...
....."'

"
.....",-

....

"'.........'"
..

..
a
~

..,,-_..
-"''''..'''

.....
c

....
.....

0
..

'"
c':::>

..
-
r

..,.....
~
'
"

0
"
'0

0
<

>

....""''I''
.................

.....-
...

....."'..
'"

.0
..

Q
...

.
.
.
.
.
.
.
.
.
.

0
.........
"
,
..

a
...

",

..........'"
..........

•

..............
--"'''''''
-...........
"'-"'-'"

......
~
,
,


........-'"
0

_
0

_
_

•

..-
..

...
.
,

0

...
-

_
...

...........
.
.

"
'
.
.

t
>

_

.....-.....
--"'--
"'3"

....
'"

0
0

0
0

0

.,"'..."'..

.."""..'"
"'...........

--
'"

"'
"''''

.."'
....

"'----

..........-

".......,.,
"''''00''"
...="..

:::>

8
3

..,........

............

0
0

0
0

0

.."''''.....
"'''''''-
"'...........
.
.
.
.
.
.

<
>

..

"'...........

.........."'..
..............

......"'.....
..-...
....-......
--..."''''

.."'-...,
.."'.......''''
.
.

.
.
_

0
G

............,

...."''''...
•

...........

.,..,
""

...,.
-

......
...

..----

.
.
.
.
.

0
....

"

•

0
0

0
"
"
0

..,.........

......."'...
...",...

~

...........

...............
"'''''''0

0
.
.
.
.

;:>
.
.
.
.

"
,..

"
,..

~

"':
-:

"
;

a.
"
;

_.........
.

.
..."'<>

..'"
.........

-"'.......
• ..-.......

...........
"''''''''''..

"'0"'''''''
...........

,..... ............

.."'......'"
............

0"'.....,'"
.....

0
"'...

",,,,,,,...,,,
."........,

~.."''''
............
..

~::::::'I;

"........

............

0
.
.
.
.
.

.
.
,
'"

"'........
•"'

..
......"'...

................
-.......

,
,
~

•....
0

0
0

0

............'"

..............
..

"'
'"

-
..

"'
'"..

-
...

.................
..

--"'''''''

.......-..
":"':~-:"':
.......

~


..-
...."'-

..........

..............
.....,..""
..."'......

....,......

...............
..."'....'"

..".........

...-
...

.......,
...

......"'
'"

..
~

"'....

...0
"'_

'"
".,":

~
....

"'
.,..

•·· .............

...
0

_
'"

....."'
~

O
"
O
~
"

_
0

_
_

0

.............
.....

~
..

'"
0

...
'"

"
''''

.
.

'''
0

.
.

-
.
.

"..........
_

-..
~..........

"
"
"
"
0

........
0

..

..........
"'----

............

,...
"'''''''........."'..."'..

0
0o

•
o

0

•
•

u
..••

••'. C,•<,••,."
"

..
<

5
...

_

••,...,.•

" O
.

W•••
0o

" ..>
, o,••

....••-.·.
•

•o

oo· • · •· ,,•· •,o•j· •C· •



,..
•

•
>
•
•

...•
•

.......

-- ... -_...-·..••• •
••

...---..,... ......
.--...•

...•••>0•

............
.
.

N
_

..."
...

.......-
...........

..
....."

..
......"''''

~

..."
,

C
-

~
~

":
.
,
"
'

0
..---

...
..

...

..
...

...
"'

'"

.........
"
....

.."''''..

.....
-..---
•.....

~
...

.o
..

,,_
.....
...-......--.-

-..--

.
.
.
.
.
.

<
r

..
.
.
_

....
0

~
0

.
.
'"

,

..
...

...
...

..
.

-
,.

..
_

_
•

0

......"'-'"
"
.

...
"

...

·......
...-_..-
-.......
............
...
~.."...

.........
..........
-............
=
:
=
:
~
:
!
=
:

:=.......

............--......
..

..
............"'............"'...

"'
...

..........

..........
..............

..........
....

~
~

':
':

"
.....

'"•
................
...

"
........

"
.

_..........-..
~":"':":.":
-.........
........
.........
..


--.........

.......
.

.
..

..
"'..

--
-

•...•.":
~

"'..-.....
-

.
.........,

,.
"
...

"
.
"
.

"
....

---....
"
:
~
~
~
"
'
:

...
..

...--
..

...........
...............

..
..

-
-

...
.......

....
~..

~

-
--

"
.

........-.
_

..._
_

"#0

.......
-.........
.;;.;,:.:.

•

-.-
..

...
..

...
~

..
"",,,,

...
~

~
'

...
..-..

~
...

.
".

".
r
_

...
_

;:.

...
...

...
...

c
._

...
......--

.
.
.
.
.
.
.
.
.

<J"

.........
..............

.........

......
"
...•

...'
,......

"',,"#0"''''

......
......

...............
............

-......
,.

........
...-....•

•

.....
..

........."'
...

.............

......-...-
...-

..
....

--
...

..C
_

"''''..'''.
......"'...'"
............
..........

..
0

...
0

<
;.

_
..

...........
"'

..
_

_
..

_
~

C
..

..-
..

..
~

..
-
~

..
......."

i'

..........

...........
•

c
_

..
_

....e""'"

"'..."'...
'"

~
-

---.....
.....--
........

.........
...............

.."'
,.

.,..0
1

'
-

".._....

..
G

_
"
"

-:':".':
':

"
-
1

'_
1

'0
--......
...........
,.".,..."

_
...

.-
...

.
:
.
~
.
;
,
~..- ...--..

...
...

r
_

...
...........
...........

-.•
..

..
'.
.
.

.J
"
,,,,

..
_

0
y

"
>

..
"

..

...
~....

""""'''..
.......-..
_.........
...

1
'.

'
......

...
.........
......--
----

...

.........
~..........

';":".
',":

'
-.

.
~--..

...
~
-
'
"
~

.......
-.-

.....
~

oJ'"
_

'.
'w

'"
.........,

...........
-.......

--,,"'..
...........
.........
-......-...
......

·
.

,.
-

.........'"

·....
........
.......,.

.................
••...

.
.
.
.
.
.
.

.
.
.
.

Q
.
.
.
.

..
~

..
..........................
••••· • ........

~..
•

•
"'''''''''1'
I·""""

_
......

~
~
~
~
,
.
#
'
O

......
-
~

..
~.......

·....
...............

~......-...

';".
"

":
~

--_
........•

~
~

~
•

or
"',.....

~...
...,

~.

..-..

,•

..•
0•~

••- o ••-..-•...... •;;
~

·  ," ....·.•e
o

,
-

••,• ;•· >••··• , , , ,

'" •
••

•••
•
••

•••

•••

...--~ .....=
..,..=

...
•••

...
-.. _..

·..
"

"
--.

~


.-

• -.......,,,
-

-.
..."........
--0:__
·

"...
.
.
.
.
.
.
0

0

..
...

"'
...

....0....
•..._

":":
";

':"':
.."..

..
"
'
~
"
'...

"""...
...

"'-
"

ri'
"."....

~
~
~
~
~

r
"
,,,

":.':
0;".

~
.."....

.."''''
.

......."''='
-

......,..
"..

-.........-
...

";":-;'";";
-

...
<>

..
..

,,-..
..-

-..
-...........-

...
..

...

"
.-...--

.........
-:

~
.
"
:
~
.

,
,
~..

..
_

..
~
C
-

.
.

...-
-

-
...

.
...

........."
":":

~
":

..-
..

......
0

.....

-
...

".,........

0
0

0
.
.
.
.

'
:
'
:
"
:
"
:
~

"'..."''''.

...U
"'..

0
.........

0
.."'....,..
.....""-'"
...--_

...

... .-....
-:":

':":
-

..
...---

.............
..."-
........

"
.

...........
.......-
·...,...
...,i'

...

..
.........
"
;"

;"
"
"

..·
..

...
...

-
..

---
...

-..
"
...

--<1--

...."'....
..............
,.......

...........
"'...........

...........
..........

••

........'"
..

.
..........-...

.-

-...
.".....

...........,.
.
.
.
~
~.....-.

"'''''''i''''
......,...

"
.

..........
-

.
...

...
...--

..
..

....
.........

"
.

........

......-.....
.....

~..
....."'...
•••
............

.-........
.
.
.
.
.
.
.
.
.

0

.;.
.
:
.
~
.
;

..
.

...
..

-
.

.......

.
.
-
~

...
•.':

'";'":.....
.....

0
"'"

--"'......

...........

............
~"':';':":
....""..
0

"'-
..

..
~

..
.;..;,;;"

...
""

...............

84

"
'_

0
-"''''..
0

_

----..

"'.........

.
,
.
.
~....

...._0_
..

,
.
.
~
o
'
"

...
..

"'
..

c
..

"
'

.
-

...

.............

................
...............

"
'i'''''i'

..i''''.......

...........
...........
-
"
.......

.........
...........
"''''i'•

....

0
0

"
"
0

-...-....
........."
"'...........

-"'
..

<
>
~
c

...

.........-..
--"'......

..."'......
• ...........'"
..."'--
..."'

"
...

"'''''''--

·........
..............
...........

"i'''''''''
"'".........

............
..-

-...".....
............
...-........
•........
...............

...........

•

·-
..

....
"#0

..
"..."

...
--

.
..........

~........

-........
........

"
...:.;.;..".;
...---...

co
.....

".
....

.....
..

-
-

--.

...............

"
"

".
"

"
'
.
.
.
.
.
.

<J"

.....
~.....

-
;
~
~
~
~

...-........
..

.........
..............

...
.-....."

,....
•

•

"
.
.
.
.
.
.
.
.

<J"

..........

............"
....."

~

"
...

_
i

_
...

............
.........
...........
_.....

-
.
"
,

...............

.
....."..

........-
.."

..
"
,

-...
.."'..

~...
_

...
............
----

...

"'..."'i''''
"'''i''''''

~
"
:
c
:
c
:
c
:
:

-..,
.....••

.
.

•
'
_

"
G

,,----

.....
.........,.•

..,.
..

,.
..

...,."......
......",,,,,
-

...
..

_
0

.
.

>
t.J

..
'

-
.........'"

.
'
i"

"
'
"

..
"
I
i
"

...

.."',...
,.."'..'"
.:..;;;,.;
..._--...

......-...
-...-...
.....
.."'.....'"
~
-
-
-

.........
...

.o
..

_
..

...........
............
•••; "

...
..-

"
.........
_

o
r

...........
----...

'
:
"
;
"
:
'
:
~

.......
-:

-"'.."'...
.,-

'"

•..•• ..'.,
••-.•• ·• .,..···•,
•••o ··· ;-- , ••~.•
•
•·-·•-."••·~

,•>•• · ,,,j• •



•o•,•

,,N
,

..•

'"
~

"
'''

o
J

<>
..

~"7
-
>

e
_

"
,o

"
',,"

0
"
,-

>
.
.

'"
C

>
<>

~
,
,
~

......

0
-

"

N
•

"""-.o
J

..
<>"

.."
,

"',.
..

o
J

.
.

"
"

.
.
.

.
,

"
'
~
~
,
,
~

",W
_

,,,,
-
''''C

C
O

~
"
'
C
<
_

-
,
~
~
"
-
"
,
,

~
-
,
:
>
.
,
.
-
,

:
'""e>

<
>

"''''''''''0
...."'""
~

,.
<

...
,

..
"

..
C

.,

••

"....,.,...
......

-:>
.<

.
•

,
<:>.,,,

.."''''..
"

--"'...
...

.
:

~
~
_
~
~

~
,
,
~
~
~

~
~
~
~
_

.
,
.
~
~
_
"

~
~
~
,
,
~

O
:
t
_
~
_

~
~
_
O
~

~
"
'
'
'
'
~
~

..
-
~
~
~

,
,
,
,
,

.....
_
~

'"
_

N
_

"
'
_

_
N

_
....

_
_

....
_

'"
-
-
.
.
.
.
.
.

-
-

•
•

•

-
0

'

·..
_..

.'..,'"

·.. 0
0

.
.--·..-~~NN'
•
••

N
N

'

.....
<>

.....

::_
--

"''''''''''''
......."''''
"'''''''''''''

-
~....'"
.-

.
..."'..."'...
........."'

....

......"'<>

....,"'''''''

.....'"
..

0
0

"
'
0

0

"''''......
.."''''..'''

..."'....
.........
0

"
<

>
<

>
0

"''''....'''
"'.."''''..
"'''''''''''''

"'
...

..
,....

"
"''''''''''

"'-
"'-

.........'"

"'.."'
..

....."'0
...

......
'
=
~
:
'
:

..........'"
.......,..'"

"'.....'"
"''''''''''..
...

"
'
.
.
.
.

'P

..."'''',,'''
"'..."'...'"

<
>

.
,
0

0
0

.."'
..,

"
'
~

..
"''''

..
"''''--'''

....-
...

"''''
..

"''''''''''''
--"'....
......

0
"

"',.."'''''''
....."'....
"'''''''''''''

,.."''''
...

"'.."'
'"

-
Q

............
_...."'...

...
·..

"
'

...
_

"
'
_

_
,,"

'
......

_
"
'_

_
_

_
N

.........

"'
..

"'
,,'"

-....-..
"..

~
"
,

...-.......
•...

..
-"'''''''....

.....·''0..,
--"'-

..
...

"'
"'

'"

"'...."''''
"'''''''......•
0

0
0

.
.

"

...,,-....•

.........""...

........
'\.

0
0

0
0

"
1

o
O

N
'"

.,,,,,'"
"",,,,,'"..
...

"
,

....",,,,

•,

--",..-
'"

...
"'

....
....

...-

...........'"
......,..'"
.........'"
-"'---

.............
"'''''''.,....

...."'
...

"'
"'...

"''''-",
_

0
.
.
.
.

"
...-

-..
"
"
:
t
O

O
"

"'
"'''''''

-
...

"''''
..

....
"'...

...

"
'

II'
..

"",,,,
'"

'"

"O
.c

.....
.,

-.~
",...

<
..

"'-"'--

...."''''....
.."'-"''''
.."'.....'"
-"'---

..."
c

......
........

".1'
--"'--
O

:
t
O

O
O

...,...........
-

..
...

..
.........
"''''-......
............
-"'''''''...
..........'"
..

...
"'

"'...
"''''..'''..
"'''''''''''''

..."'.....
•"'''''''.....

"''''..''''''''

.."'''''''...
..."'''''''...

...........
•

...."'...'"
Q

....,"'Q

"""''''''''''''
"'''''''''''''

"'...""...
....e

"
'..

'"
..,,,,,..'"
...."''''-'''
"""""""''''

..",,"''''
'""""

....'"

"
.
.

Q
~

'
"

~
.
.
,
"
'
_...

"
"
O
~
"

I
I
'
~
"
'
'
'
'
'
'

..-"'0
'"

.
.
.
.
.
.
.

11'
...

.."''''''''''

'"...",,,,,
•..

>o,•N• .,,,
'"..

0
''·

'"
..

0
.,

-.................
"'......"''''

'"..-..
............

N
>

'
...

......."'...
'"

"''''...
..........

"''''.......
...........
..........'"
"'--"'-

'~!•oo
.•o

'..-
, •
>

"
..

"'O
...
~

...
_"''''_0

....."
....

"'''''''''"''
~
"
'

......
O

.
"1

.........,'"
..._

.........
_

..._N
_

N
N

_......
...

,
"
'
.....

~
.
.
.
.

_
co

....
...

.c
..

<>
..

..,"''''
..

..'"
,.,,".."'''

...........
o •

u
••••••·.••••

..0<ou
•
•,.,..-.·' ..C
O>••

•o··l••·· ••· ,•o>•

...•

.....- ••..•
••

......... .
0

.. ......

N
O

.

N
o

.
.

C
I

......
C

I

............
"'''''''.,.'''

"'''''''
....

"''''''''''....
.."'

...
.
.
~

'"

..
~

'"
.."'

..
...........

-.

"''''''''
"'..."'....
........

0
...

;
:
:
~
Z
;
:
:

......"'..
--..

~
-

.
.
"
,
~..

"
,

..
...

0
...

'
<
~
"

:>

..'"-"'..
...........

"'..."''''...
"'''''''''''''

...."'..
~

••............
.....
"....,..,
..."''''-..

"'.......-

"........'"
..".."'..

........,,'"

'"
~

_",,,.
..,"CO

.....,
=-"

~
=

'"

D
e

..
-"

-
-

'"
•...."''''''''''

"'...........'"

"'.....
-
~

0"''''...

.......
..,....

.."''''
...

"''''
"''''

-....
"
''''

"
'
'
'
'
'
'
'
~
'
'
'

"
'

-
<

>

-
'"..."""...

"'-..
~

...

......."''''
",."...

"
,

~
...

"
'
..

<>
"''''

'''
..

...

........
~

.."'.."'..
"'''''''''''''

"'''''''''''
----"

0
'
0

... .....,,,..
..,,,

'"
:<

::0
,.:>

:>

......"'..

...."'
.....,

.."'-<...

"''''.....'''
"'''''''''''''

...."''''''''''
"'...."'...'"

"'.."'
...

"'C
"'

...
...,,"'..=-

"""'''''''
-

..."''''-

-
"''''...'"

-""-,,

8
5

.."'.."''''
"''''''''",..

..,..--",
...........
..'"......
..

-"'..

-".."....
...........
...'"........
-"'---
.............

-...---
'"

"'''''''
........."'

...
......."'

...

..."'''''..
"''''''''

'''
.............
...-"'.,....

•
•

•••

..
~..-

"'..."''''...
....."''''..
"'........"
"''''''''''''

...........
"'''''''''''''
............'"
"''''-''..

"''''
...

..."'
"'....

"',.........
•

C
"'C

.,
...

-
...

• ........"

,r"...
"'..

..-

-
..."'..,'"

"
..

---"'
'"

-........'"
...
...........
...

--'"
.."''''...'''

"''''
...

.."'
....

..,,-,.....

....
"''''..

-"'..,,'"
..........
........"'..
,.."',.."''''

-
-
1

1
'
-

......"'..
....

,
,
~
'
"

..,..,"''''..
......."'-

..."''''''''''
........."'....

....
~......
..

..."''''.....
C

"''''C
O

.
..=-:r

..
"'..,

..

"'..........
.......

0
'"

............
........."'.,
..",.,,,."
""'''''''''
~
;
:
,
:
,
;
:
,
;

"'.........
...",,,,,,,,,,
· o•,· ....,..."
.............
'"

.......'"•
"''''

..
......"''''...

~...........
..

"'co_
....

-_..-'"

.......-"

........
~

.......-....
-...-"'..

",,,,-..,,,
.."'.....

~
........-

u
•••• ..

_
"

C
"
C

C
C

"
..

o

•-,0
>

••..••o •..•

••·... •,••
.,..•••,... "·.•••-;;;

"'~
-..'..O

••o,

•o >, ,· >••• · >,•,• •,•



•••
...•
••

•••

....,.'"

."0
•
•

•••
"
,

•••

...,........ .,..0.0
•
•

.........
.
.

0
.
.
"
''''

"'.."'.....

.....::.....

.............

...........
~
O

...
O

c
"
"
-
'''''

......
"
'

.
.

C

.........'"
"''''..'''...

•
•

<><>
.......

.,..........,

"''''''''''
-.

"'..."'
..

"'''''''
...

"H
"'"

<>
'"

"''''.........
.._

_
0

'"

-"''''''''''

-''''''"''''''
O

"
'
~
'
"

..
-
'

"''''''''''~
......

..,<
>

'"

..
".."''''

"''''..'''..

.
.
.
.
.

0
.
.
.
.
.
.

...."'....
~
'
"

......-..
-......"''''
...."'...
"''''-..-

~
-
-
"
'
-

'"
"'''',,'''

~
<
o
J

.
.
.
.
.
~

.
,
~
.
-
,..

"
....."'eo

_
........

<>

--

.
,
"
'

....
"
'0

"'''''''....'''

.,
..........

'"
"'

..
-
.
.
.
.
.
.

<>
..

"
'
.
.
.
.

-
..

"
'
'
'
'
~
-
'
'
'

---"''''
-"'-

..
<><><>

..

-.."'''''''
-.."'-'"
"'.."'..,.
...

"
,
~...,

"'.."'''''''
-",-"''''
....."'....,

.............
"'.........'"
<

>
"
-
"
'0
..

"''''
'''

..."'
"'...

----'"
.............

..........'"
":":"."':":
......

_
0

.
.

......-

"'.."'..
.....,..
-
"
'
0

"
'
'
'
'

.-.

<>
..

"
'

..
~

-
"
'
'
'
'
~
'
'
'

....,..,.....
"'...-..-

<><><>
...

<>

-,...'"
"'''

>,.,
'"

c.,.."o
"'...

~
O

...
..

=
>
~

..
"-

~
•
•
,,''''

...
"
'
.
.
.
.
.
.
.
.
.
.
.

o
<

>
¥
~

---.....

.........,...

"'..........
"'-"''''..
<>

.........

-'"
"''''

..
>-<>

.....
"..'.0'"

_

..
"
,........

.............
..............

-...........
.,,,,..,"""

..,...
..,<

>
<

>
"'<

>
<>

..."
..,..

"
'..

<>
-"'''''''

...............
...............

""."
~"

...
"
"
~..,,,

........->'"
0<",.......

...........'"

"'-0-.>
.....-.....

............
.."'............

...............

......."'......
...-'I""''''
......,,,
......-

...

.......-...
.........-
".,.....,

"'..-.....
..

"
,

",'"
_

"
'

0-

"''''---

.....,,''"''''
0

_
0

"''''
"
''''

_
_

<'\J

"'l,,:".e;~
"':"':....":0:

"
,
r
"
,
,
,
,
,
,
,

"
'
'
'
'
_

'
'
'
_

1
'
........

'"
"",,,,,"""
_......,-
":":-:':

".
.."",.....
-"''''-

"'.........
"
:
'
:
;
-
:
~

..
...

-
-

_0.",,,'1'
"
:
"
:
"
:
"
:
~

............

..."cr
....

:.'".".,
~

.......,.....

........-...
":":":":.":
"'

..
.."'

...

,
,
"
'
'
'
'
~
o

..,
'"

~
~
"
"
~

..............
-"''''-''

-"'......-
-"'-

............'"
-.."'..

"",
...

.............'"
.............

...,
...

"'-
"

...
0

...

•
"'I''''"".'
"",,,,,,,....

.,
"'.....

-
.,"'"

....
~..'"

"",,,,
..

£
...

-''''O
O

.,=
.

•"
.

~
<>

"

..".........

"'...
,
,
~

"'...........

.,""",,,,,
"'_.,.0<>
"

.......
'0

_

• "
"
'0

0
_

_
..._

"
......

"
,_

n
o

"
'.,..,

...

.,
o

e
o

o
o

0
0

0
0

0
0

0
0

'0
0

_
_
o
o
~

•,•,."•~ •
..•

!.
•

..· o ..,..,·
"

..>,..••o

· ,,·· ,,•• , ··!

•
0

_
"'

_
_

..'"
",

",..,
_

....._
_

_
..........."'...

~
"'............"''''

"'_
..

...
'"

'"
--'"

"''''
'''

"'
"'''''''

--'"
"""''''

-"''''...
-

"'''''''''''''
",,,,,,,,,,,,,

"""''''''''''
"''''

'''
"'

..
••~..

~
.
.
.
.
.
.

o
..

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
.
.
.
.
.
.
0

0
0

.
.

0
0

0
0

0
0

0
.
.

0
0

"
''''''''''

...
"
'''''''''''''

"
''''

...
''''''

"
'''''''''''''

"
'''''''''''''

"
'''''''''''''

"
''''''''''

"
''''

''''''
"
'''''''''''''

"
'_

....

•
>

o
0

•
•

•
•

··.·

".••• 0
"

0
.
0

...

...••• ..,

..
,

•••
......<
•
•

.... ..00......•
••

... ............... '
0

'

.....-

•

<>
.........

...
0

...
"'

..

.............
--"'''''''
...."''''''''''

,,"
O

"
c
o

..,....."''''
":.-=~":"":
0

"
'''''''''

.."'.."'
...

on
......

'"
....."''''....

0
0

.
.
0

0

.."'......'"

•••
......

-
.."''''

....
"
'
~

...
.....-..

.......'"
...-........
-.-

"
•••

...
0

..
I

'"

0
0

0
0

0
"
'"

,...
"
,..

............
co

.........

............
...........
...

~.......
~

.."......

..........0
•

"'''''''......
...............

0
..........

"''''''.0
'''

...
........

g

...
•

00
......

0
0

0
0

0

"'-"'
..

-
~

"'..-..
"
-
g

-
g

"'
"'...

"'
'"

"'
..

•"''''''''''''''
..........'"

0
"

.."'
.,'"

"
............

.....
c

g
-
,
a
"
~
~
"

~
....

~
w
O

~
O
~
~
O

.
~
_
$
O

O
w

e
..
"
~
~
,
,

~
~
~
~
~

~
~
O
"
~

~
.
"
,

_
.......

'"
~

....._".
"'_

.0
"''''

"......
....-

-"''''-
-"'

•

......."'...."'....

...
o
_
,
,
~

"':":";".":.
"
,
"
,
-
~

....
-

...

"'''''''''''''
"''''--

.
.

0
.
.
0

0

"'....."'...

.
.

0
.
.

"'
..

0
<

>
0

.
.

0

0
"
''''''0

............

............
.ro

",
..

"
.
.,•

.
.
.
.
0

0
.
,

~.........
~

"':":.":";";
..

.0
....

0

"'N
_"''''

.
.
.
.

C
>

"".
...

8
6

"
,

..
.-"'

'"
....-

"
'
...

0
.
.

.
.
0

"
.

..

.."'........

............
"''''..........

"'............
..............

,.
"'.ro

c
",,,,

..

..."
'....

co
",,,,_,,,,,,

"'..."'.....
......--
.
.
.
.
.
,
0

0
0

•• ........,...
---"''''

"'
'"

.."'
...

o
o

<
>

"
c
o

"0
"'_

"
...
~
"
'
,
,
'
"

-
-
~
"
'
'
'
'

~
-
~
"
'
'
'
'

"'...."'
...

..,.."'
...

"
,,,,,,,

..
a

"'......'"

"'...."'....
..
~

..
o

..

..,_.o"'C

.0..,......
......

"'0
..

.......
~
~
~

---"'..
"'-......
".":.";~":
.....

0
.
.
.
.

'"-
...."''''

............

-"'.._'"
~
-
~
"
,
g

............'"
...."'''''''....

"'.........•
........"'...
<

>
o

co
_

_

...........
"'''''''''''''

........-...
":":";"':":
..,..-

..
"'g

--
....

::;::."'....

"
:
"
;

"
;

C
o

"
:

..,,"'....'"
'"

.
.
0

0
0

0

.."',.....
"
:
"
;
"
:
"
;
~

...
0

,
,
"

'"
"''''

.."'
..

",,,,
..

.ro
...

..."
..

.0"
..

,
,
:
~
,
,
:
,
,
;

';:;
C>"

.0'"

...-
--

'"
..-..-.....
.."''''''''''..,
"'''''''''''''
.
.
.
.
.
.
.
.

C>"

"'..."'''''''

"'''' ...''''''
....."'...'"

.
.

0
.
.

..,
...

..........'"
.........'"
....".......

.........
<>

"
,,<

>
"<

>

"'
'"

-
..

:
:
'
~
~
:

...
.
.
.
.
.

0
..

."
...

",,,,,,,,,,,,,
"'''''''''''''
..........

<>
"'''''''''''''

....."'
..

.
.
_

0
..

.......
<

>
0

...
-"'-...-
........

"
...

....
<>

......

"''''''''''''
"'.."''''..

>o••; "'..........
...-"',.'"

..............
.."''''..
----'"
..."'..."''''
...........

~

"'''''''''''''

..
co

..
"

..

..........
<>

......."''''..
"'''''''..,...
.."'

..

0
"
"
'

..
"'

..
..-

..,
,,-"'-

"'.::•
•o."•••
.-•· ..••o

..'"
"'''''''0

'''
_

..
C>"

.
.
.
.
.

..~.
'""''''....'"

"''''"'-'"
,.,·.•• ..••••....,.•
........00•• •
..,. •,· •..••·..•••••.,

•o··· ,, ••· •·· ,•,••o••



•••

-.-•
••

--. ...•••

'"-.:":•.
.-.0" •••
....,..-.•••

........ ............,

...":':"':
.....- ......

.-

"'.............

....."'.....
---

...

...............
.............

~
'"..'"

c
eo

•
.
.
O
'
~

..
.
,

....."''''...

..........
..............

.......

...........
.....

1'0
...

1'0

....,--
...

.......
.........
........."'-

...-.....
.........

..........

'.

...........
..........
~
~
:
:
:
:
:
~

0
0

0
0

0
............'"

.
.
.
.

0
.
.
.
.

....--
-

0
0

..
"
:,,:

...........
"':

~
'
:

..
-..

...............
~
"
.

":
~

":
...........
-...-......

...........
-_........
.....
.--.....
.............

••
•

.--.........
":...

~
"
'
:
"
:

..........
-.........
....

'"

0
0

0
"'

...

...............
...............

.........
-

~
.....

"
,

...

.........

..........
•

..
"
,

...
0

.
.
.
.

c
T

..

'","''''-

-..-"'-
_...,....,.

-...--'"
...--.....

_
C

l
..

..
4

-
_
~

.
.

o
o

o
o

e
0

0
.
.
.
.
.
.
.

-...---

".........
"'..........

c
._

..
",
_

_
0

0
_

_

........
..........

0
0

0
0

0
.........'"

.....
~....

~
-

...0
"

...L'.....
..-

...
CO

_
..

-"'.....
..........
.0

..
-

-
....

•••••

.........
.....

0
.....

..........
........

•._.0
•-............

"
'
0

0
.
.
.
.

.............
""''I'"''...

..
-
'
.
~
"
'..

,
~

.
....."..

0
0

0
0

0
.............

...__
..

-"'
-

............
.

.
-

-

...........
-.a:"":;':
0

_
..

...--
-

'":.-;-:",":
-.........
.
.
.
.
.
.
.
.

0
--.....
.:;.:,,::.

..:

.
.
.
.
0

_
0

•."':"':"';":
.....-.'"
....

-.
.........
.............

.......
....-...
-;-;"':"':":
0
•
•

0
0

..--.....

0
0

0
0

0
............

c
..

co
..

c
..

"
..

...........

...............
"",,,,,,,,,,.

............
"'----

........
.........

........
...----,
.............
............
.........

.........

..........
-_

..
."'

...
..........

0
.
.
.
.
.

...----
.........

..........'"
C>

•
•

_
..

"
,,,,"

e
o

>

.,-""..
..........

......-.....
";";";"':";
..........-

.....
:
:
:
~

-----

.-
..

...."'
..

--.
0

0
0

0
0

..-
..

":
'
:
~

.
.,.

.
-

-
...............
...............

..........
..............

............'"
..........
.,

-
-

--...
~
~
~
~
~

..-........
-:".":":";
"'.,.

..
---

...

••

.....
"
.:>

~
...

c
........

~
..

-:>
:>

.,

--
-'"

~
:
:
~
:
:

.....

..........
...........
""''''0

.

..........::
............

.
.
.

0
.
.
.

............
..........
........

...
.............
•
•
•

~
~
~
:
:
:
:

..........
..............

"':"".
.-..........
..............
-

....
...-

..

.-...
"
...

":":":":":
..........
........,.......

..............

-.- •
•

_
0

..
.,

..
.-.

0
.
.
.
.
.
.
.

........

-...._
...............
.............

~
:>

It
C

.or...
~
.
J
.
J
"
.
J

.....
.;
o
~

.......-.
...........

.....-......
•

•
..".."'..
"
"
0

_
_

...-.......
........
........
1'0

.
.
.
.
.
.



..........
............
....,..,..,.

..........
............

-
....

"..,
"
:
~
~
;
"
,
!
:

.............
..::-..

..........
................

.........,.
.......
..........
--...-..

·;·.•••

••,.••,.:;7•
.•~,.•o•
.• .,,..'•-.••• ••
,.,.,.••·.••,,,..~.••
"-...·.•0••

•, · ,,,••• ···~" ,,••

•~
"'

..
~

..
~

"
'
~

..
"
'

c
..

~
c

c
~
c

~
~

..
~

..
~

..
...

"''''''''0
a
.
c
a

"
,

>
0

0
.

~
0

"
"'

:>
'"

=
~
~

:>
~

~
~

~
:>

:>
:>

~
=

~...

"'....-'
--. ........-..:::.:

.-. ....-- ..."'. ...•••

·..c•• ·..-..•
••

.........••••••
.,. ·-.-..•
••

•

"'......'"

..........
.--

.."'........
.

-.

...........
............

•

..."'....
...."''''..
...........
"."':"":":":
..-..,

...
..........

...
............
............'"

-........
"
"
,,,c

,o
-

...---
...........

.............
..-

....
...

.,.
..

-...

........
.,.

..-
...

0
0

...

.....,.
...

...-
..

.
"

...
-

-

--...-
............

...,"'
...

...
"

•
...

0
_

"
,
,
,
,

":";";":":
.....-""...

.........

...........
.............
...

_
0

_
_

...........

--........
~
"
:
-
:
"
:•.

~
...

...
-

....
...

............
......

....
""•

"'
.,..,.

...
...

............
..•."':-:

':
....-.
-

-

•

0
.
.

..,
.
.
.
.

......."'.....
-.. .............
.............
............

......."'...
...............
...............
.......

..,
...

.
-

---
"
_

0
..

..
...

.....-
....

...............

..
~..

...
~.......

......

-.. -.
............
...........
..-....'"

..........

......,....

...
.

.._.,.
...

.
.
~

...
....,.--...
....."'

...
..............

.....""
..

_
..

...........
-"'..

.......,..
-

..
..

..
..-....-....
...........
............,
..........
........

--.......
......"'..
...

..,
...

-
-

.
,..

.

....
,

-..."'--

..
-

.
.

....."'-

--..."'..
";"';"':":";
..............
-

-.
..-

.,
.........

8
7

.."'.......
..........
_

_
0

_
0

............
........-
.."'......

...........,....
................
•

.,
....

0
_

'";";':":":
.........
...--......

..........
..............

..............
"
:
-
:
~
"
;
~

....-...
_..

...........
.....

....."'...,
..•

"''''''.'''

..............

...";
~

",;...
~

";
':

":
--......-

.........

.."'.......

............
.........,...
0

0
_

..
""

.,.,-.,..
":"':"':....
......

..
...........
....-..
...

...
..............
"'...........

....-....

......-..
.....,..
..

~......
.-.

.............
........
......."'..
...............
........

......,.....
.........."

............

-.............

"'........
............

"'............

.....
~..

...............
"'............

.......
....."'-
"
;
"
'
:
-
:
~
"
:

............
...--......

...
"
,...

"
:
~
"
:
~
~

.......,...

............
..........

...
on

.....
<II

.
~"':":c.-:

0
.
.

...............
..

............
...

...........
...

...............

...........

................
...".........

..........'"
.--

............
~";"':~"':
--........

.........
.
.
.
.

"
c
,
..

-..,........
"
;
"
:
'
:
~
"
:

.."'.......

..........
..............

.,..........
.

-
-

..-.....,
"
;
~
"
:
"
;
"
;

...........
.-.

.............

1
'0

1
'0

..
1'0

.
.

_
.
,

1'0

.,..,
..

•..........
1'0

.
.

1'0
........

'"

~
-

..
...........

"'..-.....
"0

'"''''''
-.

..........

..........

.........
..........
..........

.-.....
~
~
"
:
"
'
:
~

...........
-...-...-

.........
..............'"

•
•

•
0

•
•

•
•

· •
•

,••
,..,~
~

..-
~
"
;
"
;
"
'
;
"
'
:

...
...............

•
n

:•
"-.•• .,..".•,~.•• · ·.·.· , ....!
~

••".••..••••
.."

...0

:~· •·~•·•••••



"'...'"
"..

'"
,

...
c
~

"''''''''''''
"
,.."

...
"
'0

.
"'v

,
.,

"
.
.
.
.

0
.
.
.

.
0

0
.....

.,"
"

,.,
~..."..
..,"'''''''
"

....
::>

;;:y

"
'
~
"
.
,..

·'""'-"
"
y
~
c
:
:

· •;
~
-

~
~
~
o
~

~
~
~
~
~

~
~
N
~
N

N
N
~
N
"

Q
~
N
~
_

~
~
~
~
m

"
~
~
O
N

~
N
O
C
~

O
O
h
"
~

.. ~
N

"
_

N
_
~
_
_

_
<

>
•

~
_

_
"

_
_

.
.
.

_
"'C>

_
_

N
N

_

,
.

,•
,
.

~
~
O

..
~

~
~
C

..
_

_
~
_
_
_

_
~
~
b

~
N
~

~
~
O
_
.

O
O
.
~
_

"
m
N
m
~

~
~
_

......
_

.
.
.
.
.
.

_
_

_
_

N
_

_
...

_
'"

...
"

••,
."·.•••

0
..0"

_
0

"
'

...
4>

-
,

N
"
.
.
,

....
N

_
_

0
_

_

-.........
..........

"..-.....
.............

.......
<

"
..

.
"...."

.
.
.
.

"
_

..
"'..",

"
'''''''_

......
_

..
"'.......,

_
0

.,,"
"

_
....

_
N

..
_

....
.,""_

..
_

0
....

~
...

N
'"

N
N

_
.
.
.

IV
_

_
"
,

_
_

"
'

...
'"

...
~

"
'

~
..

c
_

_
,
,
"

_
_

..
."

..
"
'_

"
'

"
"
''''"

'''''
.,."

..
~

..
"
'

0
...

". ~~
...

-
N

N
_

"
,

N
...

_
N

N
N

_
N

'"
N

_
_

N
_

_
N

_
"
'
_

_
N

_
_

N
N

N
_

N

~'"
.."'....

.,......_-
....._-.....--....

,.'"'
"
''''_

N
N

N
"
'N

N
N

N
_

N
N

N
_

N
_

...
_

_
'"

....
0

.
.
.
.
.
.
.
.
.
.

"
'

........

"'_"'''''''
"''''_N

_
_

"''''N
",

_........

0
.
_

0
'
-

•••w

... w__•••

.-._W>.
.
,

...•••

0
•
•

...0
'
0

... ..w---

"
."

'o
...

~
o
~

...._:>
..."",,,,...
....-...'"
-......"'
.....

~
:
>

..
......."'..
--"'--
..............

.."'.......

0
.,

...
"'.."'

..

.
.
"
'
~
"
'
'
'
'

"''''......'''

....."'...'"

0
0

0
0

0
...............

..
0

...
..

"...
"'...-""'"
............
..............

"'..
"
'
~..

.......-'"
"
,
..

0
...

0•
"''''''''''''
"''''''''''..
"''''.......
0

0
0

0
0

......,..,......

.."'.....'"
"''''..''''''
....0

"''''
....'"'"'"''
......"'..

......"
...

"
'
-
~

..
~

-
...
~
o

"'-
"''''

0
0

0
0

0
........""...

....."'....

"'..."''''..
.."''''...'''

...
"
'
.....

0

---'"
...........

0
0

"
'
_

.
.

"''"'0
'"

...."..."'..
.."'''''.......

0
0

0
0

0
""..............

...............
.
.
.
.
.
.

0
...

....."'....
-"'-,,'"

............
...,.,..
-"'

'"

"'''''.....
........."'..
--

.........
...

"0
"''''

-"''''''''''
"''''.,.,'''

..
0

0
"
''''

"
'

c
"
'

...
...

0
"
'

"
''''

..
0

...

......"'-
"-"''''Q

'"
"'...

-
~
~

w

0
0

0
0

0
..............

.."'.......
"'.."'......
-

-..
...
~

'"
--..'"

0
_

"'.....

0
0

0
0

0
..................

"'..."'
...

"''''
'''

"'''''''.,'''

0
"''''-

.............
..."'......

.....
~..

~

----'"

-
"
'
0

"
'
"

"
'0

"
'
..

"
,

.,Q
..

_
O

_
0

.
.

...........
"'

....

0
0

0
0

0
.................

.
.
.
.

0
.....

..--..

"'
"'...'"

,..,
"'-

..."'.,.....
....----
~~:::-::::

"'0
""'-

"'
...

........
0

...
---

...-
..........

0
0

0
0

0
..............""

-....."'..
..,

".'"
-"'..-'"

"'
"'.....

.
.
.
,
.
.
.
.
.
.

N
"
"
,
.
_

_
.,.

.
.
.
.,,,,,,,,

N
..

'"

".."'.....
-

..
,r"""

.....
...

_
_

.0
"
"

..
"

...

_
"'''0

'"
"'

"
'"-

'..,.
,'''',

.""'''''...,,
"'..

."",".....
"
,."

,...

....-
....

_
-
-
~

--'"
'"

"
,
-...",,,,

"'-.........."..--
~

..
~
o
'
"

_
"'_

....
~

"
,

"'...'"
..-"'

'"
..'"...

~
.
"
,

>o••·· ••
oJ:i;o,• ..~.o

..i
-.o•..00•o• u
o

•
.. •· •,•.·· ,,· •· •,•

· :>
.
¥
"
3
~

3
3

J
J

.
.
~

~
~

..
~

O
.
~

•
•

~
.
~
~
o

o
o
~

o
•
•

o
w

w
~
.
o
~

o
.
w
.
~

~
w
.
O
w

~
"
'
,
"
,
.
w

w
w

w
o

.
,",w

.
~

~
...

:>
...
~

~
~
~

~
~
~

........
"
'
~

"'
.......

'"
.....

-
'
'
'
'
~

'
~
"
'
'
'
J

"
'J

"
''''J

J
"
'
:
>
"
~

~
c
'
"

•~•
w

.
..·

-
0

"'---...
.
.
.
.

0
_

'\
I

"
"

...
'"

....
N

_
_

_

•
"'.,.......

..........
-
0

T
'

~
~
~

.
.
.
.
.
.
.
.
.
.
.
.
.
~

...
"
'
.........

_
"
'

..
""

...
..,

_
,,"

.
.

"
'
_

_
...

_
.....

"'_
"'r'"

.......
0

.
.
.
.
.

"
.
.
.
.

'"
"
'
~

..
....

--
-

....

'
0

"'..."''''...
.,...."''''

",Q
-""

"""'-
....

0
0

_
_

0
_

0
_

_
0

..'".......
......'"..,'"
........

~
O

-"'--
O
O
O
O
~

_
..

,,
_

_

0
.
,

........
~
~
"
"

..
'"

q
O

_
"
'Q

_
"
'
'
'
'
_
~

_
_
Q
~
_

0
0

_
0

~
_

_
~

_
_
~

0"''''
~
~

"'''''''
_

..
~
"
'

..'"
0

"
'
~

'"
...
~

O
.
.
.
.
.
.
.
.

'"

~
..

o
o

o
0

.
,
0

0
0

"
,
~
O
O
_

0
.
.
.
.
0

0

",,,,..c,,,
...

0
..

0
0

0
0

0

........-
...."".

..,
"'...-

"''''''O
J

........
0

.
.
.
.
.
.
~

..
0

<
=

0
_

_
.
.
0

:

""'''''''0
~

.."'
..

"'-"',,'"
..
~

----
w

_
,

0
0

0
0

0
0

0
0

0
0

.
,
,
,
'"

3
~

..
_

..
"
"

...
"'q"'........

~
_
~
~

.
~
"
'
O
'
"

..
~
~
~
_

N
.
.
.
.
.
.
.

_
.
"
'

......
'"

...
_

"
'
.
.
.
.

_
"
'
~
"
'
'
'
'

......
~

,.'"
~

_
_

n
.
_

_
"
'_

...
.,

_
"
'
_

_
....

n
.

.......
....

"
'_

"
'

....

-
•

0
•••

•
»

w
u

_

•
••

.... .. ...•••..-0.- o
w

.
'"......

0
;1

>
"
'

...
....

0
..

"
0

'
_

_
0

0

...."'''''''-

..
"
'
~
"
'
.
,

........"'..
.......

~..

.
.
.
.
.
.
.

0
...

.
"
o
~
.
.
,

..

......."'
--

...
~...

..
"';1

>
.
.

_
>

-
,

....."''''...
"
,;1

>
...

"
,,,,

.
.
~
~.....

"..
.
.
"
"
,
0
_

_
.
.

_

..........

-"'.......

-
0

0

0
0

.
.
.
.
.
.
.

...""..""-
.....-

..
-"''''...

..
~

..

..........'"
"'0

"''''"
..-"''''''''
..

"
,

...
0

'"
--"'.......

"0
"'''''''

.."'...
~
.
,

..
-

..
:>

-"''''....
.."'

..,
"""''''''''''

~
~
O
O

..
""""........

O
W

_

0
..

"
'

'"
"'

...
0

_
0

0
'
'
'

...."'...."''''
...........
....-..

~

.,,"""'....
"''''''''''''
"'''' ...'''
......"'

'"
...

"
,

...
..."'..

"
,..

...."'''''''
"""""'''
"'''''0

....
-"'-'"

.....
"
,..

"''''''''''...

.-.

..."'........
"'...........
""",_

"N

"'.........
~
-
~
.
"..

~
""..

......."'-
..

"''''''''''-
.,"'

...

.."'
-

_
0

_

-"'
.,

...."'
'"

...-........
-"'''''''-
"'

"''''
"''''

"
,...

.."'..."'...
-..,"''''...
....<

>
-

..
-

"'--
"'

..,"'...
.......,,"'....

............
........

"
,

..".,..
"'.."'....'"

...
•'"

.
.
_

.
.
0

_
"
'
~

.
.

"
'
.
.
.
.
.
.
.
.
.
.
.
.

_
0

_

.......
"''''

..

.....-..
--"'..

"''''.....'''
...

Q
'"

"
'
.
,

"'
....

-
"'--

"''''''''''...
"''''

...

...-
-
,
"

","'Q
"'"

'"
.........

'.

............
~.........
..."''''-..
-"'..."'..

........."''''...
"'..."''''...

..,..,........
............
........,....
-"''''-

..",..
"
,...

"''''''''''''
~
-
"
'.....-."'..

~
""

'"
---"'

~
"''''

....
"'..

"
'
'
'
'
~

~...,
~
"
'

'"
"'

'"

...
Q

"
,
.
.
.
.

.
.
0

"
'''

...
.......

n
.

...
"'''''

....
'''

"""'''_N
"'Q

"''''''

"'0
....

'"
N

n
._

"
,_

..."'..."'..

.....
~.......

"''''...

0
"
'''''''''

...:>
"',,-

.............".
w

_

"'............
...",,,,.n

"

.
.
.
.
.
.
.
.
.
.

0
0

..
0

0
o

..
~

~
O
O
~
~

.
.
~

.
.
.
.
~

..."''''...''''
""""

""...
"
'
~

.,...
~
"
"
"
"

......."""'...
0

:
>

0
0

0
......"".....

.......
~...

"
...

.
.
.
.

-=
>

..
O

W

..."''''''''''
......."'...'"

.."'......

....."'......
............
0

"
"
'''''

..--'"
~"''''''''..
:
.
=
.
~
~
~

...."'.....

dO
' •

.• ••..·...00 ..••o

· -...•o

u
..••

o>• ·· ;•,'" •· •,•

•
>

o
0

•
•

•·•
••

8
8



.
".--... ...<
-

.,..
...·.....

-.•
"'......,•
-"'

-
-

--

.........
:>

.<>.,-,
"

..
"

..

.
..

..
.

.
-

---.....,

...-.......
............
...........

......-
.,

-''''''-''
..,,'"

c
::.

~.._..
.........

...........
..........
........"..

--.
"'........"
...

..
<

'"
,

-
-'"

...
"'........
........"
r
"

..
r
.

.............
............

a
...

-
--

...".......
c

,
"

"
"

............
......,.....

..
•,,,.

.,,
c

.........
..............

....."'
~...

~
......

Q
~

.....
"..

.......
_

c
.

.•

~
~
,
.
.
"
.

~
,.........

~
"
'
:
;
"

-

"""'.......
""',,.......

_
0

.
_

:
>

0
0

_
"
'_

•

..."'..
~..

"
,

"
-
~
-
,

"

.........
-..-

............."
""

--.

· ,·· ...·..c·
...

••••·.·. .
~

~...
-
~

....
~
-...

~
.

~
~
.
~
-

~....
~
-

...
"
,.......-

•
•

·
"

..
.
.
.
.

"
''''_

0
0

0
0

0
.
.
.
.
.
0

0
0

_
0

0
...

:
>

0
"
0

0
.
.
0

0
.
.
.
.
.
.
.
.
.
"
.
0

"
...

O
...

O
?

0
0

0
>

.
0

•
~
_
.

_
_

_
_

_
0

0
_

_
~
_

_
0

0
_

...

----
---.....

..-
...-

---...-
-

........-..
~

-
~

,.,
"'-

-
~

~
-

"'..
-..-

-
-
~
-

..
,.",

-...--
........

...--
-......-

---...-
-...

-.....
-"--

...
..-
·..:::;;:,
...

_
_

0
.
.
.
.
.
.

_
.
.

...............
-

...
""'."'"

"'
..

•
0

.
.

-
..

...............

0
"
'0

"
'''

......
'"

_
."

''''0
"'D

O
-..

~
.,

.,......
"'

...

..
-.......

...-
-

..-'"

-.........
......

......
~

"..
..........

-
,
,
~

---
--

"'
4"

"
......"'...

"'
..

............
-:~c:":'":
.............

~
~

..
<>

..
..-"'....
..

0
.
_

0
......-......
............

..-
...

..
0

0
...

...
_
~
"•

"'''''''....
"'''''''I''''

.............
...

•
0

.
.

.,,,.._
...

.-.

•

_
.
.
.
.
.

_
_

.
.
.
.
.
.

0

"'.."'..
----

...

~
,.,

--
--

..........
....."'..
.."'.."'..

.........'"
..........'"

,..
.,....

---..-
-

...-'"

.,"'....'"
~
"
:
"
:
:
"
;
~

..-.....

"'
'"

......"'
...

...
...

..-
'"

........-...
-"'....'"

•..-0-
...

..
..

~

................

~.......
............

"'-
..

~
~

-
_

O
~

...-
...-

o
~

..._
..,

"'''''''0
_

...,...
~..

..-
...........

~-
..

..............
'"

..."'.."'...
.."'J'O

...

...

.
.
.
.

0
0

--
-

.........
....

~..
..--.....
........
-......--
.....

~

.
-
~....

...........
..........
.."''''....
......"'..

•

"''''
'''

"''''
...

......"'.
-"'-...-
........

"'
..

.
..

_
"
'
4
"
~
"

w
_

.

...-
.....

.......
-......
.."'

'"
"
'

...
C

...

"'......
~..

.........
..."'....
.....

1'''''

......

...........
.."'.....
--"'

...
......."'-

..
.......

..,
'"

-
~
"
'

-
-
~

..
---

..
0

0
"
0

"
0

0
0

o
~
_

....
~...

..........
.."

..
...-.-

...

........
_0<_

..
..

"
.
-
"
,...

..........
-_.........

........
"'............

•,-•;;••••

..............
,....

--....-

o
.•....o

•-,•••••
••-.., "
..O

'

•· o •••••••·· >,o:

O
'

0
>•••· •

u•••,

•,••,
,<N
'

o
•

•

..
~
~

~..
~

~
~
~
~
~

~
~
~
~
~

_
.
~
c
O

~
,
~
C
~

~
~
~
&
O

O
O
W
~
C

'
C
O
J
~

v
~
=
~

C
"
"
"
"
~

..
~

~
~

,.
~
~

...
"
0

<
>

0
'"

0
0

..,
....

~
.
C

.....
~

....O
_
~

..
_
.
.
.
.
.

_
..
~

-..--.-
...--..

...-...-
"'-..._-

--..."'-
.
.

,

...........
......

J
O

...
::>

::>
,.

..
"

""J
"'''

..
c
~
O
"

...
"
O
O
O
~

.
~

..
...

"
'
.
.
.
.
.

J
.
.
.
.
.
.

"
~

.
.
~
.
"

-..
"
,...

~
...........

~
..--

...-.........--.,-
..'"

w
•

~
~

_
,
,
~

O
..
~

~
~
"

_
_

,
,
~

0
~
,
,
~

•
•

*
~
.
.
.

-


•

>
•

.- •••
...""---_..-....- ...

,."....
~•

0
0

0
"
'
"

.........."

...
0

......
_

............
...._

""•
.."....'"

0
"
'
0

0
0

..

_
c

..............
_

......

.
.
.
.
.
.
.
.
.
.
.
.

0

"''''''0
..

.
.
~......

~
~......

..
~
-..-

........
~
.

_
w
..

•• -...--
....

....-
~.

•
--.

-.........
_

_
_

_
0

•• ...........
.
.
.
~
O

...
...-

..
0

0
0

0
0

"'..........
_

"
_

_
0

....-..
~.......

~
...

"
.
_
~
"
.
_

..
_

0
.
.

0
"
"
0

.
.
.
.
.
.
.
.
.

0
0

<
>

..
_
~
c
~

..
~
~
~
<
>

....-
...

•

!
:

••,O
.

,.O
'

••.... "
.

••O.
••'•••o

,.
-

"
."

'."
~

"'
.,-

,,-
-

~
-

~
..

"
c
'"

_
"

"
'

0
_

_
"
'"

_
~
,
.

_
..

_
O
~
.

"
'

_
"
'

_
..

..
..

~
~
-...

~....
~....-

..
~
.
.
.
.
.
.

.....
"'.....-..-

..
~
~
~
~
.

~
-.....-

......
~

....
-
.
~

•

· •• -..... ...--."'''''''
"
.

...
...o

w
•

·
 ...• ...

0
0

0
...

..

"'...........
...............
...,.......
-
:
~
~
"
:
~

_
0

0
0

_
-

....
...."'..

..-..."''''
;:;;:;;:;::::::
"'......"''''

.........
........."'..

_
...-

..
....

--
.....

........."'..
...........

........
"
'0

"
'<

>
-,

...."',.,"

.---..
.,..."'

..
.."''''..
0

0
0

0
'>

-.........
...-.
...

"'...."'..

~
...

"'
~

...

.......'"
..

.
.
.
.
.
.
~
O

"'
"'..

"'
...

"'
...

.....
~

..
...-

..

.......
"'-"'"..
0

.
.
.
.
_

.

......-"'-
~
<
>

.
-

....-
-

.....
''''"

.

0
0

,
,
"
"
'
'
'
'

.............
"'0

_
"'"

---
...

......"'..'"
......"'.......

_...........
"
'
'
'
~
"..

-....."...
...---..
~.........
.......

"
'
~

.."'
.

-
-

.
.
~

~

..or
'"

...
"
....

..
~
"
'

..
"
.

'"
"'

..W

....."'
...

..."'..."'...

...."'..
-..'""'"
-.........
.....-"'..
........'"
:::-:!:...
..............

.
.
.
.
.

c
....

-
....

~.."'-...
......

-
~

..
c

_
.....

--"'''''''
"'........"''''

~...
~
"
'
"

"'0
"''''''

.........

,,-_..
..

-
"'....."''''
........'"
"
'
~....

...........

0
.
.

-
...

8
9

............
-.-

0
0

.
.
.
.

0
0

0
0

0
0

0
0

.
.

.................
,.,

..

...........
........

~
.
,

..
"
.
-

...
...
O
~

.
.

......


"
'0

0
_

_

"'......"''''

...-...
"
0

"
'_

"
_

0
...

"
.
.

.........--

.."'
'"

.."'
...

~
"
'.....

....."''''..
""'....

~

.
.
.
.
.
.
.
.

0
..............

-
~.......

.."'..--
..,

.
....---

.
.
.
.
.
.
.
.
.

0
......

~-
-
~

_
...

...,
..

0
0

0
..

0
............'"

..
-

c
O

..
.............

• "....
~
.

.........'"
...............

..........-
----

...

..........
~

•
•

w
.........

~

o
~
~
:
:

................
.
.
.
.

0
.
.

0
...........
· o• ,,"'..."'....
...
~
"
"
'...

.......-..
....

~
_...

0
.
.
_
O
~

..-.....-

,

•
.••••,~
i

o...•"
..•••
•~

Z
-..'..••o••· •

o•, · ,••o: · oo~



0
0

0

-
,
"

...... ..,-. ...c
:>

~

...... ....0.
.-....

.
.
.
.
.
.
.
.
.
.
.
.

0
..

_
..
"
'
~
O

...

.
.

...
D

.
.
.
.

"
'

...
_

...
..,

..
0

1
1

.
.
.
.
.
.
.

0
_

"
"
'
~

'"

0
......

_
...

"
"
'0

'"
-"'-

--'"
"''''

'
'
'
~

"
'
~
~

'"
,'"''.."'"

......
0

_
_

.
.

...-
...

...,.,
""'"

..............
no

.............'"

-
-...

--
..

"''''''''''..

.,.
.
.
.
.
0

0

...
~

0
_

'"
_

..
..........

~
-

'"
...........'"

..

.,.....-...
"'''''''''''''
.......-

...

.
.
.
_

.
.
.
.
.

0
_

_
...

_
N

_
_

"
,

"
'
'
'

_

...........
"'....

-...
"
'
'
'
~

.
.
.
.
.
.
.
.

N

....."'0
...

_
_

"'n
o

..
"
'

J
"
'
..

~
.....

.
.
.
"

•
...

0
<

0
:>

r
.J

"
'''

"'::0
""'''

N
"
"
"
,
'
"

.
.
.
.
.
.
.
.

N

..
~

.
.
.
.

JO

"
'
'
'
'
'
'
'
~...

............

--",,,,,,
""""'''
.,"'..."'
.,.
............

"
,
_

"
,

...
0

-"''''..
..."'.."''''
.."''''......

..........

~
"'

..
...

"
'
'
'
'
~
'
'
'..

"'.."'''''''
-..

.............
"
'N

_
N

"'.."'''''''
"'''' .........

.......,....
•

.....,,"'
...-.......
.....

-
"
,..

"'-..."'...
..............
............
...........-
"'...'"

'
"

........."'...

..-.......

..........

-...-"'..
....-"''''
"'.."'..'"
"'.."'..'"

.....
~.....

..........'"
--.

......,......

.......,......
...
O
"
.
,
.
~

.....,......

...-.

".
~

_"'-
~

..
~

"'-"''''
••

.............
......"'.....

-.
-

.............

....."'
...

......"''''...
.........'"
"'''''''''..
--

...
"
,...

N
"'_"'_

....."'......

-...--..
.

..
"'..

.
".....

~::=::.'

~
-
-
-

-
-
~

-
p

"
'
~
-
-
-

•
•

~
"
'
~

..."
-
,

"''''........
......

"
,,',

if'

~
~
"
"
"
'
~

"
'
~
"
'
k
1

"
'
'
'
'
'
'
'
'
~

..
~

.."'..
0..0.

'o.'"
~

O
C

•
•
•

•
"-

..
.
,
~

"
,
,
,
r
.
~

..
:
>
J
~
~
r

..
~
~
r
.
"
,

...
_

...
<

f
...

..
"
,..

"
,

............
--

...
...

...

.."'-..-
_

..
0

...

"
'

0
-..

"'''"........

~
"'...

"'
"''''

""
:<

-
"
.

'"
•

<
co

~
<

..,..,....
"
"
'
O
~
'
"

"'......,..
............
..............

....
N

......
_

.
.
.
.
0

0

O
..
"
'
~
"
"

~
"
'
-
-
-

.........'"

..-
....

...."..,
~'"

"'''''''..
..

"
'"

...."'-"'...

-..-"'..
-"'''''''''
.....

"
,
~...

_
n
o
~

...

:w
~

..
""

'"
...c

o
......

:
>
v
,
.
.
~
:
>

.......,.,.'"

..._-
"

"
'
~

..
.."'.,...

...
_

no

..............
"''''..'''..
............

"
~
~
D
"
'
_

~
~

..
~
'
"

~
..
~
~

>
<

~
r

"'l

,.•
.-·· 00•••
.--... •

•0n•
•

....•.,..· • ". ,...•
.-••••••

•· ,•,••••·· •••· •· •o>•..O.g••· o· · oo•· ••~
~
~
"
'
~
~

~
~
~
~

.
.

"
,
~

.
.

"
,
.
.
.
.
~

..
~
t
t

"
''''O

tt
..

O
J
"
m

"
"
J

..
t
t
~

.
.
.
.

C
c
O

'C
"

~
..

C
~

'
J
~
~
'
"

O
~
~
O

...
~

•
•
~
~

.
~
~
C
~

~
"
"
'
O

...
O
~
~
~

~
C
~
~
J

~
~
O
~

O
•
•
O
~

",
...

0
:<

"
~
"
J
:
>

Y
J
~
v
~

..
.
,
.
,
~
~

"
'
~
~

..
O

O
..
.
,
O
~

0
0

.
0

.
,
,
,

"
o
.
.
"
"
~

J
"
"
J
~

,,"
'.,

..
.,

~
:
:
O
W

..-
'"

---
_

N
'"

"
'_

_
_

_
_

"
'...

'"

•
-.-

'
"

0
........

..,
"
'_

..........
_
~

.
.
.
.
.
.

.
,
~

...
~

..
"
'
.
.

"
'

..
~

..
_

.
.
.
.
.
.
.
.
.
~

.
.

_
1

1
..

"
'
'
'
'
'
'
'
~

.....
_

..
_

o
•

.,
.
.
.
.
.

..
-'"

.0
0

•••

... ..
-
... -..-...--.".
......._. ..._0>...

.............
...

--
"'........

...
'"

...,',,"
...

...
~
"
'

..
<

-
"
,

.
;
.
~..",.

"'
....-

~

....
"'..

......._..
..........-
,
,
~

..
'"

,n

...."'
...

..........
..."'.........

...........""

.0
_

1
1

..
o

f.

"''''-'''
..

...
...

"
'

J

...........
.,"'......

...
~
"
'
'
'
'...

--",,,,,,,
......"'...'"

-.........'"
....."'0

..
0

_
_

"
'''

....-"''''-
......"'

...
....."'

...

...............
"-......."'...

0
0

"
'
'
'
0

----..
"."'

'"
......"'

..

...........
"
:
"
:
~
'
:
"
:

"'..
"
.....

....,,--
............

.
.
.
.
.
.

"C
O

""
-

"'."
..

............

..-.........
-"'---
"''''

'''
"'

...

...
"
,...

~
....

.."'-
..

..-
...

..
_

..
0

.
.

"''''-''''''
_

~
.
,

..
...

..........

..
..

"''"
-

............
.....

no
.....

............
~

-..."'.....
-
-

...,.<>

-.....-...
"''''--
"'.."''''....
......"'...'"

-.. <
0

.

..............
"'.."'.....
"
"
"
'0

"
"

...-"'
...

.."''''..
:
:
~
:
:
;
:
i
:

............

---.....
......",,,,,,,...
..."''''

....

..........

----'I.
"""'........

""..,,,,."
-"''''..
"'.....-..
..............

,'''''""'..
.........."...

.............
~

_
1
1
.
_
~

"
,
,
_
~

_..11_
"'

_
"'

_
"'

...
•

........."...
""-.,,""
...

0
"
'''"

0

-.1'---

..............
"''''....

~

:
z
~
~
~

~
~
:
~
~

~
:
~
:
~

:
~
;
:
:

~
~
:
;
~

~
~
:
~
:

~
:
~
:
~

~
:
~
:
~

~
:
~
:
;

:
~
~

D
1
I
~
"
'
'
'
'

_
_

.._
........

"
'
~
.

...
.
.
.
.
.
.

"'...
_

....._
.....

",..
"
,
~

.......,
..'"

..............
"
'''"

......"'
...

........."'...

............
-...---

.
.
.
.
.
.
.
0

_
......."'..
...........
-

...."''''-

..........
,"..

.._
"'....

..."'..,.,°
~..c"

_
"
,_

n
o
_

_
N

_
....

•
.,..••• •-.>••

•
..••

•• ,••,o ·· ,••·.00· ," o
90

·.·.o•



~
~

...
~

~
..
~
~

..
~

..
~
~
~

z
......

~
~

..
j
~
~

a
~

..
~
~

..
~
a
~
a

~
~
~
~
a

=
__

••
c
~
•
•
•

_
.
~
W
~

.W
O

O
W

~
~
C
~
O

_
.
~

..
<

'
j
j
¥

.
~
J
~
"

y
~
-
~
~

~
"
~
j
j

~
~

.
.
y

j
O
j
~

•
•

~
~
~
,
.
,

a
....

i
~

~
i"

'''
.€

..
~
'
"
"

~
..

.
.
"
'
,
.
.
,
.

'
.
J
J
"

-
,
-
,
~

,."'......
...-

...-
..,

"
"
~
"
?

~
%

~
~
~
~
~

~
..

.,
..
~

~
..
~
?
.
.
.
.

o
..
~
_

...
~
~
~
~

~
~
~
~

..
Q
~
_
"
'
_

_
~

..
~
Y

.
.
~

.
.

.....
-
-
~
-

...
-
~

.
0

· o.,

"..,...
~..

......
N

_
~
~
~
~
~

~
~
~

...
O

......
_

N
_

_
N

......
N

N
"
'N

'"
......

~
...

"'--
'"

..-..
,

... _....---
~
~

...
_
~

......
_

...
_

.
.
.
.
.
.
.
~
.
,

.....
~
.
,
.
,
_

...
..,

........
_
~
~

.
.
.
.
.
.
.
.
.
~
.
,
.
_

~
.....

,
,
_

0
_

.
,

~
,
.

,.C
,

"
'
~

"
''''

..
~

"
''''

4
"
'

~
"
'

"
''''

N
~

"
'
~

"
.
N
~
"

..
"
'

...

.........
...0._... ........,.'"
...",•..
"
'
~

•••
-....,.
0

'
......

~
..

"'
-

<
>

0
0

_
_

,'..,..."'..
-......."''''

"
'
~
,
,
~...

"'''''''0
~

...
"
'
~
"
'
"

~
...

..........
...........
_

~
'
"

.."
-

_
N

N
_

"
,

.................
......

.....
~..

"''''0
_

•
...."....
--...--
...........

..."''''-'''
...
....."'..'"
"'''''''~'''

..--....
......

"..
"'.....

~
...

--"'...'"
-.,..,

...
~

...
"'

~
..

.
.

0
.....

0

••
•

.........,...
....

.
.
,
,
,
~

Q
"
'
~
"


....
o

...
~

.
.
.
0

0
_

:
>

..."'.....'"
..........

.........

-........'"
............
.
.
~

...o
..

~-,,-
0

..,
..

"'-
'"

...........

",.,
..

...."'
...

........"'..
...---

~..
"
,......

......."'..

..
~

..
o

...
~
<
>

~

~
..

"
...

.
".."'''..
~

..
"''''

....
...."'.."'..
"''''.......

..........
..-"'

..,
~

..
......-
---......

"
'..

o
..
~

-"'.....'"
"'''''''...
"''''~''''''

..-......
.._N

'"
N
~

.
.
O

_
N

N

-"'--
....

~....
'"

'0
0

"
'"

-"'.."''''
..........
..

0
.
.
.
.
.
.
.

"
0

0
_

'"

~
~
"
'....,

...
..,..

"
'
~..

"'.........
-..........
~

"'..
......

~


--"''''...

-........
"'----
...........

....
"
,
_..

<>
.......

~

...
"
,

..
0

'"

•
......"'''''''
....

~
"
'
~

..
o
o
~
"
,

.,.,
"
'
..

~
"
,

o
o

.....
~
.
.
.
~

..
~

..
"
'

..
"
'
~
'
"

.
,
~
.
,

_
"
'
~

...'"
_

_
N

_
~

~
4

~
_
~
N
'
"

N
N

_"''''
"
'
_
N
"
'
~

_
_
~

-
~
~
"
'
'
'
'

.
I
'
'
'
~.....

............
"'4

.....
~

"'.._--

~
..

..
~
~

..
..",.,

""
..

,
"''''.....'''
............'"

..........

,
.
"
'
_
.
~

"
N
'
~
O

~
..
_

_
~

~
~

~
~
O
~
_

_
~

.,
.,

0
0
"
~
"

....
"'....

~
~
_

...'"
"
0

..
~

~
_

_
..
~
"

..
~
,
,
~

..
O

_
.
,
~
~

....
_

"
..

....
~
~
~

~
..
~

~
_

_
.._

...
~
"
~
a

......._
...

~
_
~

...
~

..
~
.
~

0...
.."

..
~

"'
"..

"'
"'..

~
-

~

"'---..
.....

~.....

"''''......
"''''-'''
.,..........

.....,.....
.......,..
_.....,..
..

........"",
.............

~
4

,
,
~
~
,
,
~

"
"
,
,
~
,
,

"
.
.
~
"
"

"
"

.
.
.
.
.

e
o

.
~

-.o. u
..O

'
•• · •

0

•
>

<
·.oo•o5•••;o,···

~,•••

u"<•

.
<

0

..-,..... ...... ·" ...•••..-.0.
0

.
.
.
.
0

0

.......
"
'
~

...,
...

N
...
~

..

.........
'"

.
.
.
.

j
.
.
.
.

~
".."''''

"=
-.'.j

~..
~.."

...'".".....
::>

'''''j

.-."',.,...
'.• ..........
......:0:.'"
"

::>
,,>

-.0
.
,

~
"
"
"
'
4

"'
..
:
:
>
o
~

......"'0
~
"
'........

"
,
.
"
,...

~
-....._

...
N "'...

"'.

..........
........."'..

,.".
~
~
~

.
.
.
.
.

:0::0:
,."

j....

.
"'........

_
_

_
_

0

.
.
.
.
.
.
~
<
>

"'........'"

.......
~
'
"

:f:!.:::...
_

..
~

..
N

....."'
-
-
~...

"'''''''
'''

.....
~
"
'
'
'
'

N
~
"
'

.
.
.
.

-
~
-
"
'
-

..
0

.
.
.
.
.
.
.

....."'.....

--
...--

....._
"...

...........'"

......
.
,
~
.
,

..
"
,
~
~
"
,

..........
~
o
w
o
'
"

~
,
,
:
:
>
,
,
"

..""0
'"

0
0

..
0

0

.............

~...........
............

..........
.
,

..
N

.
.
.
.

"
,
o

o
e

o

•'"
Q

"
~

"
"
.
~

W
.
.

,
"
"
"
,
<

.
.

.
.
.
.
.
,
,
~

.
.

c;)

..
~

_
"'0

"_
........."

..."'_
.....

,.~4
~

.
.
~
"
'
~

"
'
.
.

"
'

...
'"

"
'

..
"
''''

...

" o
.

•~
:

"0
0

'w..>
.

..,,'-•••,

,••· >

..
~

_
~

o
_

O
..
~

_
"
0

0
"
'
~
'
"

"
"
_

0
<

>
..
~
_

O
•

...
......"'......

"'''''''N
'''

"'..."'......
"''''_

'''...
"

.....N
.........."

..
"'..."'......

"'..........
"'.........

_
.._

'" •
0

_

•
0

"

.
"

.,.·.....
'M"...

"
,

......· ........

~
-.......

.........'"
;
;
:
~
~
N
.
:
:

::::::::::::~

"...
~.....

_
.
.

0
"
''''_

...-
'"

"'-
.....

~
...

...........
.
.

0
0

"
...

..'"
...

-....
~..

:
:
~
=
:
:

....
~
.

~
~

...

-"'
..

"'..
~

o

-"
"
Q


......"...
".."''''.,
.......

~

............

~
~....'"

.......
"'...

..
0

"'
...

-..'"
~..

.........
'"

"'........
'"

0
..

0
0

.,..-......
.......

~
"..

~..-"''''
--..'"

"'......
"
..'"

0_.,..,,,,
"
'
'
'
'
~
~...

..........'"

"'......"'...

"
,

...
0

...
0

...
"''''.......
"''''..''''''

~
-

--
~..

~
..

-
~

-
"
'
~..

~
'
"

"'''''''.....

...........'"
......

~
.......

O
"
'
~
~
_

........,..
"
'
.
~....

"'-"'--
...........

N
......

"
''''

91

_
...

N
...

.
.

.
,
.
,

0

"
'
-
~
-..

............
~...........

....."'..'"
"
"
~
~


"
,
_
o
~

..
...-..-

.
.

"
.

,
Q

O
"

.....
0

..
0

~..'"
..

..
.

"
'
0

...

.
'"

'"
..

~
..

..........
......"'..'"
......

~
"
'...

.........-...
.....".-
O

...
~

..
........"'...
_..."

...

...........
.-.

"
'
~

..
......"'..

....,
..

-
-

..
~
<
>

..
..-

...
...

<
>

0
_

_

• .."'.......
..."'...

"
,...

..
"
'"

,..'"

......
"
'

<>
_

_
N

_
..

_
........

~
_

o
_

~
"
'
~
~

...
-

~
~

...,
.,

.........-
.........

~

"'..........
............
.............
"'

-...
--

~..
.."'

"'...

...-........
..

.
"
'
~

"''''
"
'
~

..

o•o ~..:;:;".
..
,
,
~
o
'
"

N
_

•
.........
----

...

<· . "'
~

......"'
...

..........

-......-
.....

o
~
'
"

....
.
,
~
-

z:.:• .•'
0
o.o

•o0'••
..o.d....00•• •..>

•
••

>· •,o·· ••· o••>•



--<•••
.a_•••
-<
a
"

-......-...•••

......-. •••
•••
"
"
.

......

••••
...-.-..-.-..-. .-.--.... .-..-.-....-..•••...........

.........,...

..
...

...
..

..........

~
R
"
.
'
"

•"'..."''''...
......"'

...
..,..

...
0

0
...

.,
..

.....-.
...........
........--

..........
...........
...............

.
--

...
.

..........
-

...
.....-

..
.........

~

-.........

"
'
.
.
.
.

C
'"
.
.

............
.............

...........

.........
.............
......"'..
.....

0
.
.
.
.

-.............
............

-".......
..............
.......'"..
...............
..........

"'
...

.."'
"'..

.......-..
..........
........

0
0

...

-........
-..---
0

.
.

"
,
.
.
.

........."''''
..........'"

"'...-..
........

~
..

..
..

"
..

...........
.........

.........

...........
............
........"....
.............
"'...........

...."'....
'!!~~'!l;';

..........
.--

.
.
.
.
.
.
.
.

0
.......-...

--..."'-..
•

•
..............
"'....,,,,,'''

......,.....

......
"

...........
-..,."..
............

........
............

.......-..
..-

..
"
'

0
..

"'-
-

...........
........

;<>
.
.
.
.

0
.
.

--"''''
.............
........"'..

-........
...........

...........
,.,

...
00.

.
.
.

-':0
"
"
"

-
.

0
"'

...
0

_
0

...

"'...-...'"
.............

.........
.-.

:>0
.
.
.
.
.
.
.

.......,...
............
"'."''''..

........
...........
.........-•
"'..."''''...
.,,,,,,,,,,,,,,

...........
-...-....

........

......_.
..-.......

......
"

..............
~
.
"...

..._
_

_
"N

."
0

.......
...
~

-
-

--
-.-

"'0
_

_
'"

...
--

...

-..
--...

.."'"..
_

"
·

."..

......--
-
:
"
:
.
-
:
~
~

...........
"

.
.........'"
'",'"''I'''''
_

_
c

...
"

-
:
-
o
~
~
"
;

.......-..
......-...
.........

,.......'"
-:

~
'
:'".":

....-....

..........
..

.
_....-.
•

-
a

.......

--...-

...............
•

"
.......

Co
0

---"

...........
_

....-....

..
"
"
,o

r,.
•
~
&
.
.
,

...
...

-
'
'
'
'
'
'
~

"'....-"'..

..............

"'
...

....."
..

--.

..........
............

............
-.

-..._..,.
---...,

-.......
......"..
..........
"

...
c
_
~

....,......

...........
..............

--.......
..-..

..-..........-
...

.C
O

."
"'_

_
..

.
,
0

0
.
"

0
.....

_
..

-"''''--..,,-.....

"'
...

..............
""".."'...

..-......
......"'-'"
............
............
....-......

,.,
..

_
-.

...........

...........
"'''''''"

_
e

..
_

..

"'..'"
"'-

...
-

-

..........
.

.............-
-...

"'
~

..
..

_
.
_

0
.
.

.........-
...

..............
.........
....

"..
.-.......

................,

· •,.·.•••>
0•

•••
a

..·. ,.••,.·. ••..•••,,.•
,~
.· ••,.....~.•

•••,•••,· , • · •· •,·

,-...
·.~

~
-

c
.•••·e

•· c••

•••

•••

... ...•
••

-.......- ...•
••

•••

...·-..-.·
"

.-- •••
.,....0-'•••
......·-.;;..."

.a.
:;;;;:

·-.

..-......
,":",:"0

eo
~

...-
.

..--_
...

..........
_..

~
...

..
..

.,.........

..........-
...

":':";':
..-.......
-.........

"
,..

...........'"

.
.
.
.
.
.

0
.
.

......-...
~

..............

•."':...."':"':
-..-

...
..

..
~..-..

-...
.,

...........
..............

...........

.............
"

O
c

.........
"
'

...
'"'

"
..

~
~
:
:
>

...
::>::>

.
.
.
.
.
.
.
.
.
.

_
0

•

----
•

_
_

c
_

...
......-...
..."'

'"
...

...
.....
"
"
~...

.......
"..

-"
...

--
...

.."''''.....

...........
":~~'":"'o
....,...-
......

c
..

-
...

'"
.

.
..

---
...

....-
'"

.
.
.
.
.

C
I

...

•
0

..
"

.
.
.
.

............
-........-.
.......-...
.............
......

w
.
.

..
c

_
...

...-
...

.
.
.
.
.
.
.

0
•

•

....."'..
c
~

0
"
'
...

..........
~

.........

"'............

-...-
...

~...'"-
--......

"
.0

...
.......-.
-...........
.............

............
..........
.......-

..........
..........

..
_

"'0
'"

.........

............

-......

....---
.......

...
..........

_
...

.....-
-

.....-....
.........-
-..."....
.-.

"'........

--...-

............

...._
...

..._co_...
...-".

...........
....._...
.

-
....--...

...._.
..."'.........

..
"'.

-
'"

...........
-.-....."'..
"'..."''''...

.............
.............
&

.......
~

...........
.
~........

.
~
"
'

..
0

"
,

o
e

..
..1

:::0
,,::>

::>
"
"

.
.

..-
-..-

.....
"
......

............
':":'":~':
...-.......
-.. .

".......
":'":·0":"•
..........
......--...
.............

.......-..•
..........

"
,

..............

"
-
"
0

''
_

C
l
.
.
.
.
.
.

.......

_..........
..-......

............
.....

0
.
.
.
.
.

::>
..."

::>
..

........"...
..-...'"

•
0

0
•

0

-............
..............
....

~.....
..."'..-..
·....
.---
.....-......
.
.
.
.

0
.

..-..
-

...
.............

.
~

-
-"'

~
"

•
•
•
•

0

.....--

-
:
~
~
-
:
'
"
:

.............
•

_
"
'0

.
"
;
~
~
'
:
~

..-.
"...

..
z

'"
......

0
...

......."'.-
·0

-:'":~'".
..

.........

.......
~

•
•

•
•

0

..........-

-
a

.....-..
.........

.,
........
....

.....
.........
.............
---......

-..-'"

...........
..............

.
.
.

C
I
.
.
.
.

':':':":-:
......-..
7

,
,
_

..
.........

.........-

....'"
..

e
e

,..
"
"

"
,::>

'"

...
~.....

..........
.............
0

0
0

•
•

~.........
..............

.....-
.........
....-..
--

...-
...-

...
"'

..
......-..
......

.
.
.
.

C
I
......

..."::
-
:
"
:
~

.
.
.
.
.
.
.
.
.

0
_......

"
,...

.......
..,......

":";";".":
.............
..........
........

•..._....
...........

.......-..
.....-....
......-
0

_
.
.
.
.
.
.

.......
..............
~

.......,
z

...,=
•

..••·. ,. •
••-.., •-.·." , ••...0•,•o
••,.c.

..·.•••,.,.
••O'
.. ,· •"·.•

;• ••,• ·· •,• ••,

•
•

•
•

•
•

9
2

••



".,..•••

...--. ...••0

'0
'

...0
"

... ....-<-....... ...

---....
.-

"''''.....'''
"'''''''''''''

-"'.."''''
"'.....

--"'-'"
.
.
~
_
.
.
,

..
<

>
0

_
..,

..
..

..."'....
........"'..

~..."'....
-...."'-

...
...-

..
..-

..
-"'''''''-
..........

...........

...,..
~...

•
"''''...'''...
'".,,,,.'"'"

--"...
.........."
"'"..-'"
"'''''''''''''

..........
"

0
"'

..
..."'

'"
"'''''''

...
"''''..--

...."''''
......"'..
"'

..
"'

"'..
.. "'..

"
'
~

-"'
'"

"'
..

.."'....
~

..."''''....

...-
'"

..
...

0
_

"'''_
.."'"

~

...........
....

~
C
O
.
,

"'..."'.....

..........

....
.",,'"

........"'':'
...."'......
.-."'''''''''''''
"''''...''''''

"'......,,'"
"'0

"""

'"'""",,,,,
"'''''''''''''

"'.."'....
-'"

"'..
"'.........

.............
-

..
Co

..
'"

..............

..
"
'
~

"
.

...-_
..

--"'''''''
"''''---

.
.

:>
"

'"
"
'

'>
'.J

"
r
'

'0
:::>

"
,"

,
.
o
<
~
.

"
'
M
C
~

.
.
.
.
.
.
~
.
.
,
.
:
:
:
>

...
"'''.:::>:>

.,
:::>

T
~
=
K
:
>
·

:::>
•

.
J
r

"
....

...
~
.
,

...
Q

~
~

~
Q

"
'
"

.
.
"
'
_

<
>
_
C
~

"
'
_
~

"
.
"
..........

"'..."'''''''
"''''".,''''''

.
.
.
.

:>
":>

"<
r

.J
O

......
..,

."
"
-"

,

"
.
"
.
"
......

"'''''''''''''
"'''''''''''''

"
''''''''0

"_'V
_'"

......-
..."

-...._
..",

-"'0
.....

"''''
'"

..."''''
--"'''O

'"
<>"''''''''''

"'''''''''''''
..........

...........
".

.........'"
....."'....
...........

.
.
.
.
.
.
.
.

0

....."",,,,,
'"'"'"

".."

..,"'....'"
............
~
~

,,-..
......"'......
"'0

"''''''
"''''"...

..........<>
----'"

'"
~

,,,....
..

"
"
.

'>'
'"

........,.....
......

~
.oJ"'

•
"
'
.
,
~
.
,

-:::>
..

."
•

n
.....

~
...

_
....

"
''''.,

...".......

..."'''''''
...............
"'

...
..."""

'"
""''''N

'''
"u

'""
'"

--
....

"
'

n
..

"
,

_
C

>
"°

"
'
.........

<>
............
.,,,,,..-..
"''''_'\l_
...........

..."'.........
"'.....,....,

~
"
"
,
,
.....

:::>
w

..
"
.

...
:>

"'
...

"

....
:>

....
<>.r

"''''
'''

".
...·n

'"

c
"
"
"

..
"'

..

.....-"'....
.............
-",,,",'"
............

................,

.............

"
'

..
_

c
a

"'..."'......
",

..
_

c
,,"

...........
.....-.....

0
"
'''

C
"

"''''0''"0
"'".......
...

.............

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
-"'II'

.•""
..

..
<

>
"0

'"
...",

..

"'..,"'.....
.....co"''''

.
"
,,,"

o
e

o

...,,,,...'"
r.

,''''''''
.r

•
..

,U
P

~
,.n.,""

~
~

,
~

':'
.J

'"

.,..........

............
.........-
...."'..'"
..............

...
.,

.....
CO"

•

....................

;· •,.,..•••.,...,o

..00 <
T

....
~

...."
'r

~
...

.,
..........

O
O
~

....
"
'

...........
n

o
_

_
<>

n
n
"
'
_
~

"
,
~

...
o

_
..·

.
....••••...0o•••
3

':
.,••....•• ...0

• , o"· •· •• ,••,•oo· •·· ··· ,•

•
U

o
•

,
0

•
0

••
•

·

..-

.
.
~
.
.
,.....

"
''''0

0
''

"'''''''....
...."'.....•

..........
0•

0
.....

"'..

....0"'..
"''''......'''
"
,
-
"
,
,
,
,..

"''''......'''

~
~
~

~

$
c
"
,
c
"
,

0
0

$
'"

o
~
~
"
'
'
'
'
w
~
~

~
~
U
~
~

~
..

v
v

......
~
"

~
~
~

.....
~.....

"'
"'.."'.......

~...
-

-
"''''

.............

"
'
c
~

.....
"'..."'''''''

o

..........

............

....
0

0
0

"'0"'
..

.."'
...

-.

"
"..

"
,........"'-

............
-'"-..•

........
~...

... "'....'"

......
<
>
~

4
.
.
.
.
.
.
.
.

0
'<

>
,,<

>
<

>

"'."'......
o
~
"
'
'
'
'
'
'
'

"'''''''~'''
:
:
t
~
;
>
:
:
t
~

~
~
~

...
;>

~
%
;
>

.....

...",,,,"''''
.............

.............
_

_
_

_
0

"
,r

-
"
,,,,,,,

.....
"
'

..
0

..
0

'
<>

"
0

'
.....

<>
0

'
<>

"'........
'"

o
w

,"
,,,,,,

~
:
:
t
"
"
:
>
;
>

~
...

"
,
..

;>

."....."..
-.._

0
_

"
'_

"
'

_
..

_
_

_
"
'
"

_
"

..
~

0
_

"
'

...
.."

-
~

"'
~..

"
,..",,,,

",,,,
-.."'

-
-

,
-"'.."'"

'"
"
,..

,,"'....
..

"'
-

"'
-"'

"'
~

-
..

•

"'..........
........."'..
..

"
,..-..

"'''''''''''''
"

......
0

0
0

...
"•

••,.O
.

••.... o
u

,... " ..'..
""""•" ·••....•::..,

..
·

'. ,

· ,•

0
_

0

-.- .
"

...••

......•••
.-0
.
.

........
......"'"...
"..."''''...

~...."'..
......"'

'"
.."'

..""

...
0

_
.
.

"
,

"'
'"

"
'

_
0

"'__
"''''

..........

L
........

'"
-.,

...,,'........
"'...."''''"
--.......
"'

"
'
'
'
'
~

"'
..,

"'-"'-'"

.....
"
,......

......."'"

...."'..
"

"'0"'......

..........

~
....,..

~
"'0

-....
o

"
'c

...
'"

'"
"''''

"'
'"

"'....
"'...

0
"_

"'''
"'

.,
..

..-..."'...
"'-"'-...
..."''''-..
..",,,,,,..

.
.
.
.
.
.
.
.

0
"",-...

"
,

!
:
:
;
:
~
~
t

...."'.....

..
0

...
0

...
-'"

"
,,,,

...",,,,,,...
"'''''''......

........."'...
"'......"'...

-.........
.....

.,
..

0

"'0"'''''''
"''''..'''..

..,.,
-..

"'-
~
~

-""'''
"'--,,,,,'"
............

"'.........'"
"''''''''''",

........."'..
"'

..
"''''

..
.."'"..

....."'
...

"-..,,...

",
..

o
"
,

..
,..

_
.
.
.
.
.
.
.

0

•
•

"'''''''''''''
"'''''''''''''

......."''''
--.....-

.........
0

_

0
"''''''''

"'O
..
~
"

"''''''''''-
..........

~
"
"
"
o

...........

-.....,,'"..
_

'"
n

..
",

"'......-..
-.

"'''''''...'''
..."''''''''''

..
~

'"
..
~

"'..
..........

...........
"'-.......
";".-:-:":
...........
-"''''_

...

"'.........'"
",,,,,,,,,,,,,

.......
-
"
.

"'......_"
"
"
"
'''0

"''''--'"

"'...."'..
....'"'"...
"
"
'0

'_
0

"''''--'''
"''''..,..'''
"'''''''II''''

......"'....
........-..
..........
...........
"..'"

'"
"'

'"
"O

"c"
.."'

_
o
~

"
...

"'
-"'...

-........
"'

'"
'"

-......
"'

'"
..........._

"'0
_

"''''
"'

"'
0

_
"'_

-"'''''''",

.." ,,"••

,•,, •·~•· ,,,..00f;
~

•
0

•·e
••

9
3



--.•••

w
•
•

..."
W

....-
~

...•
•

.
"

". ..•••

o
•
•

..


....-...-..-0>-.....-,..•
••

..-... .-.

...-..•••
...-- .-...". ......•••

..
,

...-
0

'
... -....- .e.
-.'"

,....."'..
"
'
O
~

..
~

.......
~
.
,

_
c

..
",

..

c
...

"
'
.....

..........,.

..-...-
•..........
..-....
...----

...............
............
---""

...

"'
-.

..-
..

--"'-

...
..

...........
........

...
~......

."'...
~


.......

..............
.-.............
.........'"

c
"
'
..

"
..

'"
o

w
...

"
,
0

...
...-'........

-'
~,

.......-..

..
..

---
-

...,.
..

......"'..

...........
......._...

.............
..

"
.

-
..

....
.

1
'

...

......
"'...

...
.

.......

...-_.......
"'-.......

...
"'.......-

..-..
..

..
.

..............
...............
..........
...............

-"-"''''
.._.....
............
-I'''

...

.......".
............

••

.
.
.
.

c
.....

•
•

Q
"
'


.
.
.,

...
'0

0

--.

..........
.

"'.."'..
....."'.•

..
.

..
..

...........
,,:,:,:,,:...
-

-
"'--

...

-
..

....-
...

...........

.............

..........-
':

"';•.
"':~

.....-..
--

..
........

-.........
-:-:~"':<:
..

CO
'"

.,.
...

•

.
.
.
.
.
.
.

1
'

...............

....-..
.......
..........
·

.
-

...
..

--
.......-

.......
_........
..........
....-....

.............
-:"':':•.

"';
.."'_..

.,..--
..........
".

"':~-:~
-

..
...

...
........-

...
..

.
...........
_...--

......
co

•
.,

.....,...
••

.
.
.
.
.
.
.
.

c
...........

0
:::>

-'-'0
>

<

·........

·..."''''..
..---'"

--
...

-
-

•

.."'....,..
.........

0
...

::>
'0

-
'

...
-
'

...........

............
....--..-
..

..
...."'

...
.

.
.
.
.
.
.
.
.

0
...

........""
.-.....

.....
0

_
...

-..."'
...

...
CO

.
.
.
.
.

_

-:....':
~

':
.0

....
-..

............
-----

0
_

.
.
.
.
.
.
.

............
..-......
;
~•.":

~
....-....
..........
"
0

._
•

•
•

......-...

_.......
.........
........:.
.............
..............

.........
...........•

._
-

.
.

-
...

...........
....."'..
...........

....-....
..._-..
-..........

..._.....
~'":.':c:":
.......=.

-.........
............
...

,;...:.
...............
...........
....-
~
"
'
:
"
:
"
:
;

......
.....-...-

..."'-.....

0
0

0
0

0

.....
0

_
_

"
:
~
~
~
-
:

.......-.
...........

-"'.._.
..."'.........

............
':'":"';";":
.........
...

.
.
.
.
.
.
.
.
.

0
.........
....:......:.
-...--...

..............

'"'".,,,.....
....."'-..
"
:
~
"
:
-
:
'
:

"".......

.....
-
~..

":-:,":"."':
.........
.........-...

...........
.............
-
'

:;>
;,.,

...

.......
ro

.
.
.

_
..

.
-"'..
....-...

...........
"'.......
.........
••....---

-".........
":':"':-:-:
....-....
.

-.
..........
...........

.
.
.
.
.
.

::>
...

..........

........
....--..
....-......
............

~.......

....-.'"
":.-:;...

~
...........•
...........
.......""..

.........
.-...
•

_
_

0
0

c
..........

",,,..-..
"'

.
-
~

..

............
-.

............

...........-
"
'
;
"
:
~
c
:
~

..........
..-..-

............

........
...........
...--.....
.......-.
...

0
...

_
.
.

-..
~
:
:
:
:
:
;
:
:
:

..........

--.........
........-..
.....-...
---"'..
..........

.._""..
..

~
...

..-..-..
--0--
_

.r
..

_
..

....-.."

.-.-
-

..
.......-

...

'"''''''
"
o
~

......
.
,
,
,

~
:
.
-

::>

"'......"

........
...........-

"'
"'

...

...."'"..

...........
..............

............
..............
............

...........
...........

•t
"
I
'
I
~
"

..

......-
-...........
.........

"'...........

-
"
......

...0
_

'"
-.......

..,.."''''...
'::~'i~:<!
0

.
.
.
.
.
.
.
.
.

-.-.....
.............

.........."
"''''.........

....-0
'"

.....
0

.....

..-.....'"

.....-..
~

",,,,...,,,...
-..."'..
-"'.."-

............

.............
.............

-
-

..
...

..,.....
.

................
---......

..........
....

-"'..
..."'......

...........

........'"

.
"'..-..

"'....."'""
....

"
'0

"
"'-.....-

.....
~
"

...
'"'0

0
""

~
"
"
"
'
'
'

.....-..
"'........

......-
.....

..........-
---

....
..............
..............
..........
............

..............
..-......
..............
:
:
=
~
:
:
:

":":":.'":~
...........,...
O
~

..
~
.
,

"
.......

"'...

..........

.....-....
..

"
...-..

.....".;,;.,;.
..

.............
~
~
~
~
~

...........

......--
...--

...
7.,.

.

...--.....
':"';":'":.":
---

...
.

-"'
...

.
"'

...
"'..."''''...

..-
...

--
-..

•
~
~
=
=

-........
0

_
"
'''.

_
0

.
.
.

_

........-...

...............
..............

--.,.".
":.':~':':
......"

-............
.........
......-

"..........
~,.;,.;..;..;

....
~......

'
"
:
~
~
"
:•.

...........
.._-

..
.......

..............

.-,,--
':":":":";
-....
...

.....",,,,,
.

-.
...........

..-.........
'
:
;
"
:
"
:
~

........-..
'" ....

...
":':"':

":
......-...
...--

...

".--
-....

..
......-...

"':":':":."':
..-

....
-

...
":':.,"'.':
...........

......."
.............
~

::>
.........

..........

.
..

...........
-

.
_

_
0

~
"
:

...
~
~

~':'":c:"':
_

_
N

_

.............
"':":-:'";";
-..--.
...-...-

......._-
":":.~":':
.......-

....
.

_
CO

.......-..
....."'...-

.........
--.

.......,...
.............

---.....
-----

-..........
~
;
"
'
;
~
"
:

-..-.....

u•o" • ........o
•

..-......
...0

_
.
.
.
.
.
.
.

"
:
~
"
'
;
"
:
.
"
:

.............
...---..

....-:
':
~•.

...,..........

...
"
...

..."'=
...

.....,....,
"
;
"
:
'
"
:
~
'
:

_.......-'"
--...............
..............

......-.
_

..
"'.-

..
• .........
c
:
"
:
'
:
"
:
~

.........
-........

· •··•• ..,.·••·..>,.-,•o••• ....•".-,"••..·•
.•u
••••.,

0
_

""
0

~
_

_
...

" ..••e

..'0~••
.• " ..·

•
" o..· •..•

w> ,••
••·.·u
w

w
.. ,>...0'••.."'•
.,·.•,

· ,,o•< •·!,;•<•· •,,

<-,
·.

·
.

· ••• ••• ,,• · •·· ><·

•,,··

uw•••
94



,
.

•,~,•

..",.".'"
~

<
......


"'''::-"-

..
~
3
"

..
,

w
....

o
.,

~
'
:
>
.
,

...
~

,....
~..'"

~
'
;
'
;
!
'
:
:

..
".
~

<>
~ ......"'..

0
...........·

..
--'

='
•

':>

.
.
.
.
.
.
.
.
.
.

It'

..
~

'"
,a

:",
0

...........
..

--,
•
•

':> ....,.
"

_
~
o

...
"
.
"
"

~
':>

...........
"'"

"'
..

<
~
O
>

<
0

.
.,

:>
-'

'"
':>.,

•
'"

..."'
"'..

~...
~

"
'

-

...
~
'
"

........
.
,
~
"

'H'....
-....."

"''''
•••

.
n

.
,

0

0
"
'

_..0
•
•

.-•••

-..·--... _N_·-- N
.
_

.-..-- ... ·- -..

..............

...
..

,,"
-

~
-

..
-

"'--

..
-

..
..,...

...
_

0
;

~

...
...

..
...

-"'
~
'
"

"
'
..

0
..

"'
...

~
--

...
...

..
0

0
...

~
~
"
"
"...

...............
~
"
'
.
.
,

...
...-..,

..
"'

...
..........."'
......

-'"
.."'....-

.."'
"'...

...-
~..

........
~
-

"'----
....."'..
-.."'

'"

"'..."''''
....

"'''''''.,,'''

0
<

>
<

>
.
.
.
.

"'..........
-....

"'-
..

..
~
"
'

..
"'-"''''-

..
.
,

'"
'1

'
...

....-..
,,'"

..-..-..
.........."'...

............

"'...
~
"
'..

"'-"'-...
......."'...
..,"'......'"

"
'
~

'"
..'

..

.............

...-....
'"

-......."'......
.............

""........
.."'.."'..
0

..
"
'
.
.
.
.

..
"
N

......
-
"
'
'
'
'
~
'
'
'

"""''''...'''
"'......"''''

"'........
_

,,"
_

J
'l'"

.
.

...
_

_
0

-'"-.
.
.
.
.

0
.
.
.
.

N
N

..
"''''.....

..........
-

...
"'--"...
..........
......-..
..........,
...........
......

......

.....-.....•
..."''''

..
"'

...

0"""'''"
.""""".,
.....-.."
'"-"""...

~
~

...
~
~

~
.........

~
~
"
'
~
<
>
~

•
•

.
.
.
.
.
.

_
C

I
-",,,..
.............
----'"

............
........-..
"............
..-

-"''''

.."'_
..

"'_
..

.....
...

_
0

..
"",,,,,

..

..
~
"
'
-...

'
:
~
"
:
~
'
;

.......-
"'----

.............
........."..

..
"
........

.
6
"
~

......

...'"
,'"....

"
"
'''0

''
"'-"'

..
:>

...
N

N

'"'"....,,,,,,.
"'''''''''''''
...........
0

............

..........

..............

..
_

0

"'
-...

.............
"'

-
..-_

...

..........

0
"'....

'"

.
.
.
.
.
.

0
...

............

....,.......
............

_
_

.
,

0
_

_
"
,

..
"
.
.
,

"
'

..
0

"
'
-

...
.
.
.
.
.
.

_
_

.
,

~
_

..
"
'_

.
.
~

0
"'0

'"
0

_
~

........................................,
~

~
,
,
"
~

...........

~
<
>
;
,
<
>
"

-"'.........
........"'
-...

"
,
-...

....
~

,...

............
..........'"
-........
·

-.

....,.......
...

'"
"
'In

...........

.;,••
o".f•
.•·.oW,...i
-... ••".0• ••>

0

.u·
"

""••,.0
'

••••......
"

...
0

0

•..0<•
Wo

,.··o••· Wo•• •· •" ,•

•o-;W

eo••

•,•

••W•
....W

................
,...

•
"

0
......

0
.
,

:
O

Y
:
:
''''''

...."'...-
...........

..........
..,O

W
''''

:
>

"
1

"
:
:
>

.........'"
"

..
...

0
0

...
~
"
,
.

~

...."'..
..'",.""..
......",,'"
~
"
'
.
,
.
,
'
"

"""...'"
...............
~
.
,
,
,
~
'
:
:

...........
~

•
••

...,.,...
.""
...

,
2

_
"
0

..
0

~
"
'

;,
-

~
-

-
-
-

"
"
'"

••...
--'"O

•

N

._...•
••

.....
"
,

..-........•••
.-....<

>


-.


....-.,,- ..·-. .-._N_
...-.-

~
~

"
,,,'n

•

.
.
.
."

.
0

...
...."':-:"'.":
....-..

~

"'
~

....

"
..

...
...

..
...

.....-....
..."'..

~
.
,

.........
~..

-..--

..."".....'"
_

_
_

0
_

............

.............
_

""
.....-

...
,,"'

..
....-

..

1
'

-
_

~
"
'

...
...."'

..
.-.....,"'.....

"
......"'I"

...,.....
"
,

_........""
.
.
.
.

1
'
-

...

...
0

.....
_

..-.._-

"""''''..
~

.............

o
~
~

..
"

~...
"'

...
--"'--
......"'.....
"'......."'..
.."'......
...........

.."'
..

C
_

..

...--
..

-"''''
-

0"''''''''''
":.":";";":
...

_
.
.
.
.

0
........"'..
....."'.....
............
.."'...-'"
... 0"'''''''''''
N

_

...........'"
....."'......

..............

0
0

.
.
.
.

0

..............
.............

...........
..

...
..

N
"
'

.
.

---
...

........."''''

~
o

.......
.............

............
---...
..."'

..
.."

"'...

..
...

...
..

............

..........

.,..
"
,......

..."'..."'...

,..
..

..
...

...........

.."'..-..

.
.
.
.
.
.
0

0

...
0

_

..
~
"

-
-"'

..
"'

...
..-

..
•

N

.
.
.
~.......

.
.
.
.
O
~
'
"

...............
-...........

.."..-
.,

..
"
'

..
I'

..
~
"
'.....

-
"'-

..."'
'"

..."''''
...

.............

.
.
.
.
.
.
.
.

0

............

........
~...

O
O
_
~
"

~...........
...........

............
..........

_
0

.
.
.
.
.
.

.....
_

_
N

.;.;,.:..;.;
---

...'"
..............

...........
o

.
_

=
~
~
:
'
:
~

0
0

0
0

,
,
"

c:'";":":.~
..."''''......
~
"
:
"
:
'
:
"
:

...
"''''

"'-
..

......
~
~
~

.....
...........

............
---....
........

~

"'
...

.
.

1
''''

...

.........
_

.c
"'

...,
0

0
0

_
..."'

...
...........

"''''''''......
..,..",,,,-
.........,.,

.....-....
...
........

~

..-
..

...
0

_

...-..--
..

."
,

...
.....

...

.
.
0

0
0

0
0

...........
"'

'"
........,

...

.."'........

.............
"'.._.....

............
............
":":'";....e;
...........
--...

~
-

....,.,'L
'''''''

..".,.,......

......."'...
~":.';';'";
.
.

_
.
.

0

·-.
"'I;;"'~:::
--.........

..........
~
-
"
'.....

.............

'"
"'........

,..
...

0
...

'"
-

...

u
W

.
_. •oO

.Wo•
.••
..-... .....

.
.
.
.
.
.
.

.
,
.
.

_
.
.
.
.
.
.
.

0

••~~
...-"'-'"

..."'........

·.•.Wo

"'
..

.."'"
........."''''

..'"
-..

..
'"

<
>

0
....

0
0

V
>

u
...........

'"
••"

.

•....••
••· •• ,••,,· ••· •o••·.O.•,

uWo••
..

'"
'"

"'''''
"".c

...

95



,·" ,,

!· ,.,,.
.....,."
~
~
~
~
'
;

~
>
t
:
>

.
.
.
.

......
~..'"

.....,"
"..-'"

...-

....."'..
0

..
..

..
~

:>
-

..
"
"
.

U
O

<
...""

~
..."

...
...,"'

..
0

::>
~

":>
"'"

.,,... ......·--'"
~
~

...........'"
.
-
~
.
'
"

.
~

..
~
~

.....
_
~
,

.
"
'
.
~

...
_

......
",_

C
_

........
_......

~
~
<

...
..-

--
_

_
_

",
..

v
_

_
.
,
~
.
_

~
..
_
~

~
~

_
..

_
_

_
..

.
-

.
'"•

••
... ..

,
·..

-..-.....-..
"-".'"

..-
.........-

-....

.
~
"
'.....

"'...
0

"''''''''''
_

..
.
.
.
_

.
0

...

-
~.....'"

"'-."

"1
'''''-

..
R

.
.
.
.
.

"
'

"
'
...

0
..

......---
-...

..
'"

..
...

"
...

..
'"

.-
...

0
...

_
0

_
'"

...
..

~

.......--
..

-"'
...

...-
,,"'...

.
..

..."'
'"

............
"'

..
.........

-...

..
•
"
,

0
.._

'"

....."''''..,
...............

....--..-
"'-

"''''
"'......

................
-
~
'
"

"
'''''

'''
"
,
"
'"

,
N

'"

-"
-..

"'......
............
..-.......
"''''

-'"

..........
.....-

...
....."'..

........."'...
...............
............
...........
....--..
...........
........

--"
...-

•••••

..
...

_
-...

•.......
-

-...
..-

..
......-

-
..-

...
"'-

..
...-

...
......-..

.........
.."'---

"'
...

...."'..
..........,,,,,
._

...
"'

...
....-..

..
~

-
.......

-...
.
.
.
.

0
_

_
0

_
_

..

~
~......'"

...............
..

........."'...
"'

"'...

........
........
·

..
...

--...
.............
...."'.....

-.......

..
0

0
_

_
...

_
0

_
_

,,"'..."''''
........"'..

...
...

...
...

......-•
••

.........

...........

..........
_

"
,
_

..
0

0
..

"
'

..
......"'...
.....-""..
...-...-
.............

............
"'............

.....
-
"
"
~

..
..

...._-...
-.....-
............

.......
~..

.........
.....

~

•
•
•

...."''''...
......"''''...

"'
:

..
_

_
::>

0
_

_
_

_
~

..

.....
.......

......
~...

-
..

........
•

"
L

•
•

_
_

..

...........
"'.._

"..
...........

.
.
.
.
.
.
.
.
.

C
_

..
...............

..
...

.
.
.
.
0

_
<0""'•

•
"'

_
......

~
..

...........
~

.
..

"'
...

...........
..."'........,

...-....
............
""""'0

_
-"",,,,,...
.........

..
"
,.......

.........
...........

•
..

..
...."'

...

"''''........

-
.

&
.
.

-
'

•
.
,
.
0

0
:
:
>

...
~.....

"'........
..............
...........
...

........
no

-"..,.,...

..........
....

"'..

0
_

.
0

.
.

..........,..
..............
............
.............

...".....
....."..
..."'........
..............

........
.........
..........'"
"
'
-
~
.
.
,..

-.........

.........
"
,

...........
...

"
,..

~

.,,,,,"""

.........

.."....
.....

"'..

..."''''...'''

.......-.
...........
-.......-

...........

.....-
...

"'
...

.......

,
•

.•l'
_

_
.
.

_
.
.

;O
J.

_
..

-
_

'"
..

~
..

"'..
--

"
,

"'
...

....
"'

,,"'
...

••,.O
.

~
~

..•-,•
•

••

•
.•••..•

••>• •· ,·· ,•••··

••
••o:,

,.
•••

.-.
-.-•

••
.-- 0
•
•

.....,
'" ..

,

>
0

.
·..... ...... o
.
,

..."'"..
.--... · ..••• ..

'
...'"·.....--.•••

..-..-0
..............

"'....-
.......

0
.
.
.
.
.
.
.
.
.
.

_
_

_
0

_

...."'..
..

-
...

.........

..............

.............
..............

.........

...........

............

_......
...........
..-......•

.......
",

...,w
e

•
"
::>

0
..

.."'.."'..

..
"'...

-
...

-
"

'"
-.

..........
.............
0

_

.......-
"....

-.....-'"
-
~
-

........

...-...."
...........

-.-......"'
"''''

...
..."'

~
...

co
.
.
.
.
.
.

'"
.............

...........-
.._

..
-.:0",,'"

,,_
'"

"
'.....

eo
'"

_
..

_
_

'"
"'--..'"

.."'''''''...
..............

..

............

........."''''
"''''.....
....."'..-

....
~....

...
"'''''

..
..

.......'"
0""

..
.....,...
,,"'

-
...---

.....
"
'
~

.
.
.
.
.
.
.
.

0
_

_
0

,
,
"
_

...........

.............

--.."'
.....--

...........'"
..."'........

.
.
.
.
.
.
.
.
.

0

..
0

_
.."'

....
..."'.........
..........
...-

'"
....."

...
~~-:.-:.":
.......

...........
",,":.,,:...,,;
.......-..
..-.........
..-

'"''
.........

.........

""''''''''''
...........
.....-...
•

..-"...

..0
0

....

............

..."'....'"

.........
..........'"

.
.

"
.
.
.
.
.
.

R

•
•

.........."'...
....""...

......."'..
"'..

~
-
~

...........
...-"

"..
"'........

.."'-'"
..........

..........

"....
~...

..........'"
..........
...........

'"
~
"
O
"

-........
...........
.............

96

..
....

e
..

............

........
0

0
...........'"
.
.

R
.
.
.
.
.
.

..............

......-..

............

.......
'"

..........-
...............
.......-

...-....

_.....-..
.._

"'..
.....--
•.
.
.

5
.
.

_......""....

........
..

...-
'"

"
'
.
O
_
~

...
_

...
N

...

..............

0
0

0
0

0

-
..

.......-...
.....-

...
...-...-..

..............
............

..........

0
"
'''0

''
..............

-:.-:."':":"':
.............
..-"'..
..-....'"
...........

....-
..

......
......
~
-
_....

......
"
,..

...........
-..""'''

..........
..-..........

..........

...........

...........

..."......
...........
............
-"'--...

"'
...

........"'....
.........
.....--

........

"'........
............
..........
............

...-.....
..........
-"'-....

.........
-"'..."'....
-..

.........

""."'''
-
~..-..

.............

..."
.

...
..

.........

"''''
..

..-
...

0
_

.
.

•
•
•

........

.............

••• ...............
............

.....""..
.........'"
0

...........

_.....-....-
...

...........-..."'..
...........

_
"
'0

...
..."'............."

..

.. -........
.........'"
...........

~
~
~

U
..

~
"

U
"
'

.

~
~
~
~
~

~
~
~
~
~

~
~
t
~
~

:
~
~
~
~

~
~
~
~
~

~
r
~
~
~

r
:
~
~
!

..............."'-
"'-

-
-

-
-----

...
...

----
--

-...

... _-
-.........

--"'
....

....."
"

,,'"
............"

..

:, •
_

"
'

0
...

"'..
~

~

.....""-
"'...

~..--...
-"'

-

........

· •••'.••,.•
••-,J

'

••J
~

..•·
,

o
.•• ••·...-.·., ••

•• ,...o
.

·." ..O
.

•..·.••
•

,";;.

•• ,•;-· ••,,,•••o, ,·· ,



•,•

· •"
-

-..-..
.

~
;
a
"

..
"

<
............

..,:>
~
"

~

,,,.,,.
~'.

~
'5

!::"#
0:

"'''''''-0

,
~

...
u

u
't
~

~
~
~

P
C
"
G
~

---p-•

...,...,
"

0
1

0
1

...
,

-'...
"'

-
....

..,1>,,,...
.....

c
...

"
'
:
:
>
"
'
.
,
,
~

-"'--

"
..."

..."
...............
"':>::>"

..,
..

""
..

0
...

...
~
.
.
,
'
:
:
~

"'--..
--<\I

.. ...........,
~

~
.
.
,

,
.

-
~
~
,
,
~

..-..
~
"
'
Q

~
"
"
-
_

,
,
~
,
,
_
~

~
w
_
~
_

••·
-

•
••

...

........
'"

""0.,....

..........
,:.

_
0

0
0

0

"'..-_
.....

"..
~..'"

--0
"''''

~
~
~

•
..

~.......
.-".
."

'
....

It.
.
.

0
_

"....."'...
-Q---

""'0
<

>
"

0
0

0
0

<
>

~
-......

~
"'

'"
"'''',,'''-

.,
_.,..-

·
"

·.•• ..,..>
....--.,

"
"

......_
"'"

....._
~
O
.
,
.
.
-

...
".,"'............

_
_

0.,,,,,,,.,
D

C
",,"'''

......"'_
'"

0
"

..
'"

"
''''_

N
'"

"
''''

_
"
'
_

_
'"

_
_

"
'_

_
_

_
"
''''

_
_

"
''''

..
"
'_

"
''''

_
_

"
'''''''_

,,
_

_

'
0

'

'
"

.-.........".'" ......0.0•
••

•
•

0

,,,....
---

...-
............

-..."'...
.......
--"''''..
.."''''....
.........,....
"'''''''..'''

..--"'..-
"'Q

'"
_

0
"

.
.

-"'
.,

"'.........
..."''''

"'''''''
..."''''

'''
"'-...'"

--
'"

"",",-

..--
..

.
.
"

<>
"
'

...
..........."'...

.,..
0

-

.."''''''''''
..

"
,.....

"
,

"'...."'..
"''''''''''..

..-"..-
..

_
...._

....
C

"'
..

0
.
,
.
0

"
"

"
'"

_

"'-"'''''''
"'..--...

...
'"

...............
"'.."'..'"
.."'..-
'"'."........
.............
"'........'"

--...-'"
•.......,......

........."'...
-
-
n

o
_

_

.,.
..

"'
-

.
0

0
_

........-
....'"

..............
"'..'"

...

"'''''''''''''
...."'..'"

"''''.....
-II''''

'"

..
",n

o
.....

.........,....

"'........
......"'..
"""'''II'
....,"'-..
"'.........'"
-"'''''''

....

..-
..

..
'

"'-
_

....
-.

........,
.,.

..................
...

........"''''....
"'''''''

'''
"''''

'''...

...............Q
"'

"..,.
"."'.......

'"..
"
,
-

-
...................

_
C

..
.,

.,..,.
..

----...

---'"

-
Q

.
.

-
.
.
,
"
'
.
.
'"

_
.
.
.
.
.
.

C
..

.,.
"
,
-

....-.--
~

O
"''''

.,0"'
..

....
"
,..

_
"
,

..-
..

"'"''''''''''
"'''''''''''''

"'''''''''''''
...."''''''''''

.,.
..

"'
"''''

..
"

.".,...."'...
.,,,.,,

"
..-

..,-...
...........

....'"'.",,,,,

.
.
.
.
.
.
.

"
'
.
.
.
.
.
.
.
.
.
.
.
.
.

Q
..................--
"'.,"'..-

-..."'
....

..-.........
.....-...

,,--.,......-.....'"
....

--
-""'''''''

..
...

,.",'"
'1""

"
,..",,,,,,,

"
'

..
0

.....

"'''''''"..
0

-"
...

0
_

0
'"

..---
"'....""...'"
"''''"..,,,,,

..."'....
'"

"
0

"
'''''

.........-'"
•
•

0

.."'_
0

0
"'''-
...."'.....
...,......,.
"'''''''''''''

"''''''"0
_

_
"

,,_
...

"
-"

"
'0

.........._

"'----
"'''''''

.....,
.......

",;:",,,,..,,

-..-
-

.........
,.,,,"":>1,'

"_
0

"'_
"

...
G

.....

'"
......'"

"''''''''''..

.."''''''''''
",,,,,,,,,,..

",,,,,,,,,,.,,,
...",,,,,,,,,,

...
"
'....

.,
or

"
'''

."
,,,,,

""'''''''-
,.

"''''
...........

"'.,
...

...
"'-'"

..........._
""'''0

_
_

.."'_
.....

..,0
'\1

_
.

.
.
.
.
_

_
'"

"
'0

.
.

0
..

..'"""..""
'"'"-.....

,,".......
"""""

.· ••".;'"
"'.......

'"
"

...-..'"
"'"'

"'..
....."'''''''

-
...

Q
-

.
.
.
"
'
'
'
'

"
'
'
'
'

.
.
.
'
'
'
'
'
'

O
.

..
~

~
-

"'..
'"

"''''
""

....
::.

..--
...--

",
.,.

..
C

"
..

J
~

•
0

•
•

·.-.·

· .••• •....••
•·!•••· • · •,· •·-

>
•
•

•••

.....
~

<
-

•
w

:-
..

.-.'':'.i.
.,.....-0.

...."::.....
...-.- ......

:
;
:
~
~
;
;
;
~

...-
..

-"'--

'"
,,'""

"''''
..

.,............
..-

..
".

..,...
"'

....
...

~
-

"'
...

...."'...,....

Q
"

........
••........"''''
"'.."'''''''

..
-..

~

...
"II'''

...........
.....-"'...
....

....
"''''..,

....

.."'.......
...

...'"
G

'"

..
...

."
"-
~

"
'
~
=
~
,
.

~
~
~

"'
.,.

..
..'"

"'..
~
"
'

~
-..

.
.
.
.
.

_
"
'

0

--.

.
.
0

0
'
'
'
'
'

.,
........

<>

........."'...

......,,
..............
no

............

"Q
"''''

....,
.....

...."'....,...

.
.
.
.

no
..

..."''''
...

'"
Co>

.
"
.
,

'"

....."''''...

....,....,,,..

......""..
""........,.....

.,...
~

.,.
"'''''''........

"""''''''''''
"''''N

'''",
"'....

......."'..
.. "'.."''''

-
0

...
..",

"
,..

..............
"''''....'''..

"'''''''..'''
"......'"

.............

.."'"
..

Q
.
.

--..
"
,,,,

....-
...

e
-_

..
"'.

....
"
"

.
.

Q
.
.

.......
...

..."'.....
~

--
-'"

............

.......
~


...
C

"
'

......

........
~
.
.
,

-"'....-'"

..
u

.......
........

~

~..
~......

......

97

"'......
~

..............
"''''........

...........
......_"'..
_

0
...

""
-..-

"'
'"

"''''
...

-
.,

.......
r

....

-"''''
'''

"''''..
"''''......'''
0

0

"'.."'..-
............

...........

...."'-
.....""-""
....,'..,,'"
...."'..."''''

.............

~..........

0
.
.
.
.
.
"
'

...
_

_
_

_
0

........"'....
"''''''''''..

.............

............
'"..."".,,-,

"'.....-'"
"'--.to

....
.
.
.
.
.

"
.
.

Q
_

_
f\'

'"

...."...-...
-.."

...
""'Q

-'"
-"''''''''
"'''''''....
.."''''''''''

-..."'--

"'.........,..
....

~..
.....,""

....
-

....-..'"

"'''''''....
......,.,

.,0
........

~

-.,.........

............

..."''''''''''
.
.

<to
.
.
"
,
.
.

-.......,..
o.."'.......
-
-
-
<

>
0

..........

.,,,,..,,,..
....""

..
...

0
...

-
"'''..

..-.......'"
.....,,-...
...
"
'
~

...
0

_

"'..........
........."'..
.....

"'.,.
c

"':<
:':":."':

....-..,...
.."'''''''..

............
"''''.........

.........'"

..........'"
.."''''''''''

0
0

0
.
.
.
.

<• ......-"'.......
"
'
~
-

...
-...-..'"

-"'-"'
"''''

..
......"'--

........'"
"'

..
0
•
•

--
....

"''''
'''-

..............
"'''''''.....

......."'..
"'''''''II'''

"'..........
......"'q

..

.....
-
~....--

....
"'

"'''''''
"'

..
"

-
"'

~..

.........
"'

...
.."''''......

"'''''''''''''
"'''''''

'''
••• .....-

...
""-..-...
......,.

....
'"-..-

....-.."''''
.........

u
~

........
Z

.
.
.
.
.
.
.
.

~
W
~
"
'
~

¥
O
~
~
"

O
W
~
~
~

~
"
'
'
'
'
~
'
'
'
~
~
~
~
~

~
~
"
'
~
"
'

...._"'..
C

.
_

_
"

..C
"'''''''

............
.."'

...
,,"''''..

· •· ••.•..••o•••
••.,-.·...••o••

••..""••,n
_

••.,•-...•o ..
~

~
~

_
~

~
~

"'
_.,._q

..
"''''__

~
",

"II'
..~:

"
,..-...

"
,

................
.."'......

~
"'......'".._"'''''''

"''''...'''...
"'..."''''.......-

....•••,.o
u

~
:
:

-...•

•· •,o :· •,"••••· • · o• · ,•



··•,
"'•••;

;
•••

"
'''

~
"
'..

...,.
'"

II'
O

f
..........

~
.
.
.
.

~
...

.
.
.
.
.
.
.
.

"
"
'

.0
~

.,
...

e
..

"
e-

-<-
_..

,",s"'"
.,..-"'..>
.,

...
...."

..

~
~

.
.

D
.
.
.
~
~
_
c

.
.
.
~
_

.-
~
u

~
~
o
.
_

.
.
.
.
.
.

""
~
•
•

c
:

...
_

_
~

_
_

~
~

_
_

o
_

_
~
_

••"'
..

~
o
_
.
o

"
D
.
~
•
•
D
O
~

c
_

~
_

_
~
.
.
.
.
.
.
.
~
_

•
•

c
..

'"
-'-......-

0
0

'
"
0

0
.
"
"
'
"
0

0
0

0
0

••
•

.......

..........

........
e

.
.
.
.

_

..-
...

...-...
!
:
:
:
:
:
~

......
........
_

0
.....

-'"--
"
N

O
_

.......
-.....
"'-"0"

"'''-D
.

•"'-".'"
-_

..
"

.
-.-"'-

...-.......
..........
...

0
-

.
.


_...,,,,,,,,

..........
.................
"'..........

..-......
..0:-:":";"';
",",""
-.......-...
......

.
,
~
.
-..

..,..-'"
.-

.
"'...

"'
"''''

..to"'....

;
"'-

-...
-

.
z
:E

-
...

-
I
I
'

...
_

_
.
.

......
--...

....
--

0
0

.
.
.
.
.
.
.
.
.
.
.
.

,
,-o

•..••ou
..o. ..·•••· -

.
_

•
•
~

o
_
~

~
•
•
~

~
-

-
...

...
~

~
•
•
o

.
""_

D
.....

~
--..............

-...••

· <· ,,· ••,>• •:···· ,•

•
u

o
•

•
0

~
~

~
~
-

~
-
~

..
~

~
-..

~
-

~
--

-
~
~
,
.

~
~

...
...

"...
...

•
••

•
u

•
...~.-

.-
..........
...

~........
.."":=

-..
..........

~

---
...-

........
't!!t~';'!;

~.........
--...--
........
.............
:
:
>
:
:
>
,
,
~
:
>

.........
...........
........."
.......-..
"_N

__
...

0
.
.

----...
---..-
......
!o

rr'H
'

---...-

....
..

0
...

~
,
,
:
:
>

...
"'..."

.",
.............
~
"
'
'
"
:
>

'"
..-,.....

.....
~...

~
~
:
:
~

-
..

·
.

---
-

·.· ••· •••....
· • ··

•••

... ·..•.--·..~"'..
.........

~........
~

.............
"'..........
....-..

"
,

---..-

...........,"'..
.,,."..

...-
'"-......-

"'......
.-

:
:
~
:
:
:

..........

.. -01'-.....
_

0
_

........"
......"..

,,"'.....•
"
'.

,
..

~
0

_
_

0
_

_

-.•••
• .,

..
--

"'...
•

~..
~..."

...........
••

...
o

....
~

-...-.

..........
~

----...
<

>
0

"
0

0

---..-'.

...........

•••

...
-
-
.
~

~
~

...
~

_
_
~
_

o
_

_
~
_

................
~..

,
,
~

.
--

...-...--...--
-

---
....

"..".-
~....

--...
-

---

~
-..

~
~

~
"
~
"
'
'
'
'

.....-
-- .

......
~....

~......
~
~......

..,.•
<

•
•" ,. 'u....••..."•

...,

--.
......•••·...-.-.. -...-...........

... .-...-·.....
..,.

..
o

•
_........
-.........
.............,
.........

...-
"'....

",
"

=>.,-
"

".....-.
...

.,..
.-.
.
~
"
'

..
..

...

............
""'.....,,.

---"''''
................
......
...-.-..
;"';"'::•.

~
........
"'---

..
"...•

"
'
;
I
>
I
'
I
'
~

"
'
'
'
;
1

>
"
"
,

"
"

...
~
-

-
-'"

"..

.
.
.
.
.
"
'
.
.

;1>
"",...."
;1>

...
-
.
"
,

'"
~
-

"'
-"'.....
-.

.

0
0

.
.

...
...

.....
"
,..

"
,

..."'.....
-

..
.....

~..
..........
...

0
"
'
0

_
.
.

.."'
...

.
~

:

.............
.......-'"

•••••

..."'
-

..
...

"
'
.
.
.
.
0

0
.............
..............
---....
...."'.."
.."

98

•••••

.."......
..........
..........
.....---
...........
.........
-

~...
-

--

..........
.........

.......
........'"
.........
..........
............

~

.....-0<•
..",,,..,,
"'....."..

-1'
.

...
...

"
,
.
,
,
-
-
1

'

•"
'
~
~
,
.
"

.,.",.....

0
.
.
.
.
.
.
.
.

...............

..
-
~......

........
~..

..............
................

.........
....."'-..
•

C
;

.
.
.
.
.
.
.

.............
"'

..
..
~

...
...
~

'"
-

,.
...

'"
:
:
:
;
:
:
:
:
~

.
.
.
.
.
.

0
.
.

............
~

......-..
"
,
-
~...

.......,,
.......-......

.......
...•

..........

~
IO'"

...-
..

...........

.,.......
_
"
'
I
O
~

..............

..........
...

4
.....

_

........
...--......
.......

"
.

-----
.
.
.
.
.

c
o

_
..........

...........
..."

.
-
~

...
--

-
'"

"
'
~,,,,.

'""'""'"

0
0

.
.
.
.
.
.

...............
u•o•· • .....

~

·
.

-
...

......-...
~
:
:
:
:
=
:

.
~

-
.-

.,
-

"..-
-.

......-
~

~
"'

'"
....................

"
,

-.."
.,...,,,

~
-

~
-

··• ••~
:• •
·.· •-

0

"
•

•,

•· >~o· • >·· ,,·· .,



TABLE 6. "Va SUt-1MARY LIST . MAG 3.5 ,"a ABOVE '" "i.E \

ORIGIN TIME LAT " La" • DEPTH Af"P nu_ GAr _MS MI" E_" E"Z
VEAR MO" aA HRMN SEC aEG MIN UEG "r" "M MAG MAG "- NS aEG SEC 015 KI·' "M Rl:.t·H(

PHS JAN 1 a," 5.'39 19 14.26
1"

2b.ll ~. 1b 3.'5 22 0 119 • \ 8 15 \,4 1.. LS.
1 \ 2 7 .. 2'3 19 10.55 '''5 2U.tH 7.bb •• 1 23 0 17. • 18 I> I •• 2.8 HLP
I 2.' 10.8& \9 12.b3 \55 2\ .30 5.q~ •• b \9 0 I.' · I' Jj 1.3 3. 1 LS_
I 3 5 4S.82 1. 13.26 I>S 2c.~u "1.30 3.5 20 0 I.- • 1. I< \,7 2. 1 LS_
I 911 35.42 19 14.4h 155 22.b4 9.4"1 3.5 " 0 1>1 • 18 11 1 • 2 \,7 LSW

1 9'b 115.&& " 14.1.10 155 211.~1 5.81 4.3 4. I " 0 14" .15 11 l.c c.' LS.
1 1021 ., .. 1 9 19 12."0 1')5 22.2& 2. '51 3 •• 3 •• 28 " ,.1 .17 \2 1 • , 3. 1 LSI'<
I 1033 u.7.74 19 19. 12 15> 13.90 11. 30 3.' 3.8 20 0 127 ... 7 1 •• .7 UE_
I 104& 49.39 .. 1b.bl \5> 23."11 7.112 4.' '.3 25 " 133 .15 15 1.1 \,7 Sl\R
1 1128 .,a.sf'! '" IV.9S 155 21.1\0 7. 7 U. •• I 3.9 27 0 171 .1. " l.c 2.11 LSW

I 1344 29.79 '" o?O.Ob 1.,5 21. <1.5 2.9b 3.0 3.& 15 " lA2 .19 11 i! • 1 ? .. CJ S..-R
\ 1410 ~".bll 19 19 .. 78 155 21. 33 3.32 3. 1 3 •• \9 0 '''' .11 8 •• 2.? Sl'jQ
1 1535 1&.57 19 17 .. 72 155 14.U" 10.29 3.7 3.0 25 0 172 • 0. 9 •• .3 paL
I 2\ 3 5'5.79 19 11. 9A 155 20 .. <lU <1.42 3._ 3.5 '" 0 \ .. • 17 I • \'c loA HLP
1 2117 S2.b5 19 17.405 ISS 2a.44 1. 71' 3. I 3 .. 9 >3 " 11U .1. IV .9 ~A.? Sw~

1 2137 lO.3b '" 2&.00 155 ~7.&b 9.fd 3 •• 3.7 32 0 '4 .1. 13 •• ., UK'
1 232b Sd .. 07 19 1"- .. 01 155 23.20 &. 1& ·.2 _.2 25 0 153 .12 11 •• ? 3 LS.
1 2356 50.00 19 17 .. 70 I5S Ib.lJ7 9.1& 3.7 3. l 2. 0' 125 • 10 5 •• .4 ,OA
c 239 q.12 19 12.0& 1>" 23.90 10.fH 3 •• 3._ 2j 0 172 • 12 14 \,4 ., LSW
2 327 4~ .. 12 19 13 .. 04 155 23. 1 \jl &. 1 '5 5.0 _.7 24 U 1>8 .19 12 \''' 3.8 LS.

2 339 53."3 19 11.25 155 22.4S 9 .. &8 3 •• 3.5 1. 0 194 .OA 17 \,C .4 LS.
? • 8 2.5005 19 If,.b3

\ " 24.58 8.a/l 3.4 3.5 2. 0 132 • \4 12 .9 1.' srl"t
2 "2' iCl.20 19 20.43 155 2(1 .. 2'" .5 .. 22 c.9 3.7 27 0 •• .12 , .5 \.5 ~\\Io!

2 1148 1&.& 3 19 lq.9~ ISS 19.b8 2.&0 2.8 3.5 20 0 63 .13 " .7 3.2 swR
2 15.53 J9.51 19 19.7b 155 21 .2& 1.02 2 •• 3 •• 2b 0 8. .1. 7 •• \'c S._

2 1548 31,.81 " 11.20 155 22.1i 8 .. 21 3.S 3.7 23 0 1._ .11 " I.c 1 .9 LS~

3 1.5 ':>0.39 ,9 10.22 15S 23.0tl 9.IH> 3.9 • 1 30 0 171 • '9 1• I.> .' LS~.

3 33< 3"1.83 1. 13. 1U 1S; 24 .. "2 9 .. 46 3 •• 3 •., 27 0 151 .15 13 1 • v \ • < l. Sl~
3 732 Q<J.30 1. 12.2f- 155 21. 72 'L&2 4.9 •• 7 2. " 1.4 .17 12 I .. la .H LSW
3 811 'J2.43 19 1£1.1013 15" 23.£1] ~.89 3 •• 3.8 26 " I.· • 1. 10 , • 1 I. • LS.

3 814 /,j& .. 08 19 \ 3.01 155 23.ll0 'LI3 3.S 3.S 2" 0 '''3 • I 3 12 I.c .7 lS\"I
3 • 9 35.27 19 16.90

1"
22.U'l 10.32 3.3 3.b " 0 1C' 5 .17 7 \ • 1 • 7 Sl-,R

3 1027 9 .. 55 19 14./,j5 15" 2~.b8 5.tW 3 .. 5 3 •• 28 0 151 .15 11 •• 2. :~ LSW
3 1111 20.94 1. lS.3Q 155 2~.01l 10. 12 3.A 1,9 2" " 1•• .12 • I.U •• LSW
3 1153 10.10 19 lq.21:l 155 21 • 2~ 3 • .5b 3. \ 3.5 2. 0 95 ·\ , 7 •• \ .7 Sl~h'

3 1247 8. '11 19 lil.56 155 22.33 8.30 3.5 3.b 28 0 1>2 • I • II 1 .0 I •• LSI·/
3 1&30 9./lil 19 11 • 1.1 ~ 1S; 43.0& 15.~0 3.7 2.' 5 0 355 .23 4_ 9].d q1.k I'lU
3 2035 52.38 19 20.21 ," 1.65 8 .. Qij ••• •• 2 2b 0 .,

• 1 () • • 7 .- Ut-
• 213 28.10 19 14.4~

\ " 23.21 4.89 3. 7 3.8 27 0 '.7 .1> II .9 1.2 U;~

• 358 1'5.22 17 52·.9b 1>5 41.UO 71. 81 3.7 15 0 33h .40164 ijU.9 AU.4 DIS

4 15 2 2&.61 19 IU.Q7 155 22 .. 28 10.eb 3.7 3.8 2' 0 153 .11 II .' ., lSI'o

- 1532 5.22 19 liI .. R9 155 22.3'i 9.10 5.0 •• 8 28 0 ,.. .1. IV \ • 1 .7 lSrJ
4 1&10 31.55 '9 13.31 155 23. 1 0 5.39 3 •• 3.5 22 0 H? .11 12 •• 1 • I LSI'.
• 1&13 IIt.2L1 19 13.92

1"
21 .. 9/1 1.26 3.5 3." 2b 0 153 .17 12 I .3 2 •• LS.

• 1622 "1.97 I. 17 .. 18 155 22 .. 89 8.69 3.0 3.S c. 0 121 .\" 8 \,1 \,5 Sr.R

• 1&2u 53.65 19 15.08 15> 20 .. "IU 4 .. 93 3.2 3 •• 27 0 14h .17 10 ." I.. HLP
• 1650 36.82 19 13 .. a4

\ " ?2.21 5.71 3.0 3. I 18 0 173 .10 '" 1 .' l.' LS;,,/

• Pl28 j. t Q '9 13 .. 51 155 2t.l.9a 9.CS 3.° 3.9 2" 0 141 .13 " 1.1 I .? L::Jl\
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HOO SUMMAlolY LIST . "AG 3.5 AND A!:JOVE PAGE 2

ORIGI": TIME lAT N LON • OEPTrt AHP OOR GAP WMS HIN ERH EPZ
YEAR HON OA HHMN SEC OEG HIN OEG "IN ". MAG "l" NP rlS OEG SEC DIS 'H 'H WFMK

1975 JAN 5 0.8 ,S9.&2 10 13.5Q 155 23.2ts b.l)2 ·.1 •• 1 2. 0 1;5 .12 11 I .0 2 •• lS'

• 17'17 2.90 l' tb."1 155 2'1.0':) 8.&H •• 5 0.3 27 0 "' • I K 10 1 • I 1.7 SwR
e 552 50.25 l' 15.32 155 20.55 1.73 0.1 '.0 2. 0 152 .10 III 1.0 1.0 HLP
8 813 31.33 l' lQ.h2 155 20.~a 7..88 3.5 3.' 20 0 1" .13 11 •• 1.3 HLP

17 13 • 'L13 l' 17.92 ISS 23.&1 S.uu 3.0 3.7 23 0 110 .13 11 .d 1 .0 S"N

FEB 7 .0. 52.37 l' tu."., 155 3c.'.72 9.2& 3 •• 3.' 30 0 .,
·'" 13 1 .0 1 .3 lS"

20 1440 U(l.81 l' 2!:l.57 155 35.'18 ,S.Qq 3.5 3.8 2. 0 ,. .1. 20 1.0 1 • K HO,
21 1 t1 q ... 0.u7 .. 21 .51 155 b.tle Q.2Q 3 •• 3.b 23 0 13q .Oq 12 .7 .8 UER

HAP 10 01· 12.&7 10 25.';3 155 2b.?9 Q.&1 •• 0 3 •• 31 0 bO .1. 13 • 1 •• UKF
2b 10 n 7 .7:3 l' 27.23 155 35.41 .80 •• 0 •• 2 <5 0 AS .17 • .' 1 •• HO'

2q ltiSb 26.3& lq 11. 1'::l 15' 22.')1 /t.1.I6 •• 7 17 0 123 .17 7 1 • 1 2.7 SWN
APR • 13 • SS.8& lq 19.2£4 155 13.b9 10 •., '.) 3.9 3.q 2· 0 bb .1 0 7 ." •• UER

• t3j5 17.3~ IV lQ.22 155 13.bU 10.38 ,S.5 3.7 27 0 b·' • 1 1 7 .b .3 UEQ
5 8 , 3.20 l' 1b. 7 0 1;5 2e:..IH 7.4Q 3.0 3.b 27 0

1" • 1 :3 8 ." 1 •• S~R

5 t024 9.91 lq Ib.",3 155 23.o.s T.7t1 3.5 3.5 2" 0 125 .1" e 1.1 1 ." SWP

5 1 151 b 58.2" 10 17.02 155 22.014 7.0ti 3.8 •• 0 2. 0 123 • I 8 7 1.0 2. 1 SWR
b 1215 5'5.£10 Iq 18.&9 155 13.31 10 • .54 3.8 3.' 27 0 80 .0' d ." .3 POL
7 .2· Sb.21 l' 2U.~5 1~5 3&. 1 .5 4.70 3.V 3.V 22 0 2.0 o t '5 2' 2.7 1 • q HOK

10 1Ql~ '10.24 IV i'O.uS 155 8 •.$2 lj.&1 5.3 3.5 20 0 77 .1 0 V ·, ., UE •
17 ~330 14.73 I' 18.31 155 13.2b 10.05 3.5 3.7 31 0 8. • t 0 8 .> .3 POL

18 322 28.Q8 IV 18.5& 155 1' • .i'j 10.21 3.7 3.8 30 0 Al • I 0 • .> .3 POL
2q 1.8 7.Q5 IV 2u.S& ISS 1&.&5 15.05 3 •• 3.7 53 0 b. .10 2 .b .v OEP
30 b·2 2es.QS Iq 28.5& 155 35.101 2.&4 3.5 3.5 2. 0 132 .1 b 17 1 • 1 2.0 ~'Ol(

HAY 1 2118 1.l.0& I" 2.&7 ISS Ll3.J,Q 5lj.22 3.0 •• 0 2V 0 327 .2113& 5':1.4 23.5 UIS
7 1752 .5&.27 l' u8.dO 15b tl2. 11 10.&2 307 2.V 31 0 25' .2010,5 1 • 1 QQ.O IllS

7 2130 :,. B 1 IV 28.tlLl 1'35 3S.':JO .'V 300 3.5 25 0 61 .13 , .5 .5 MO'
10 1932 51 • Q1 I' 20.2& 155 7.':Jl:\ q.IoIQ •• 0 •• 1 2' 0 V2 • 1 0 8 .7 .7 UE_
19 ." 10.3& 19 25.&7 155 31.06 4.50 3.5 3.8 2b 0 100 • I U la ., ." MOK
21 223? 5~.18 20 lA.7? 155 3&.11) 23.10 •• 7 •• 5 Ib • 1q 1 .1 U bl 1.' ".3 DIS
2" 22 " 45.7'5 19 ?,tI.8A 155 2S.0h 10.82 3.S 3.b 31 0 .1 • I •

, ., .0 UKF

28 2 1 '55.86 18 .72 1 '5-~ 31 .80 47. ':37 •• b ".2 5. 0 3jq .12220 11j.b 27. II 1)11:1
2V b•• 1.l8.Q2 1. 25.13 155 3&.50 L20 3 •• 3.3 2b 0 62 .1' • • 1 I .' HOK
2V 121Ll 14.01 IV 22.&7 155 4.83 9.48 3.q ".0 2V 0 87 .11 11 .8 • I '~E~

'0 2245 37.02 IV 27.21 155 3b •.H 3.~h 3.2 3.' 2b 0 70 .IS • ·, 1.0 I<{OK

JUN 5 811 .5. 14 IV 1Q. 1 0 155 48.2d lj.57 3.> 2.2 'V 0 IbV • I 0 26 1.2 •• 'ON

7 1155 51.b2 19 11. 7 ':3 155 3&.48 9.70 3.b 3.7 2. 0 11. .15 2. 1.2 .b ~f.A

A 532 2iLQb 19 20.58 155 7 • <.j 'J lj.52 3 •• 3.> 28 0 81 • I 0 V .7 •• UEN
lO 231 Ql.b2 l' 25.71 157 47.Q5 2.0" 3.8 2." 25 0 Bhl.012\J1 QQ.U .0 UtS
1. 2247 &.82 lq 25.90 155 3'j.'O 2.44 2.V 3.5 2b 0 51 .1. • .7 1>.2 '~OK

15 013 UO.4~ IV llj.Qe 1~5 8.78 Ii. Oft 2.8 3.5 ,. 0 73 .11 • .7 ." lIEU

21 V22 21.03 IV 24.74 155 3b.ts7 .07 3.' 3.' 20 0 53 .17 V ·, '.2 HO'
21 133 Ll 5&.79 l' 27.2':3 155 20.,,0 Q.7& 3.5 3,. 3. 0 ., .13 11 .7 .3 U.F
25 2," 1.11 .7& 19 25."':3 155 3&.~j 3.23 '.2 3.& 28 0 b7 .IS tb .' 1.5 MO'

JUl • I1QO 'jU.8Q 19 22.31 155 19.0.5 3V.41 •• 2 •• 2 3> 0 38 • 1 t, 5 ·, 1.3 f>EP
5 2318 11.&2 IV 2Q.d3 155 38.42 .00 0.3 4.3 11 0 213 .1 5 .3 2.1 37.4 MOl(

, 2325 1l'J.lb 19 28.1':3 155 38.00 .ZO ·.2 ',2 7 0 210 .1> 50 3.7 51').'1 /10101<

7 539 lIb.7tl ,q 32.28 155 2'1.70 b.C7 3.> 3 •• 30 0 bV • 1 'l la .a 2.' NE~

7 82a Z2.09 I' 32. 17 155 27.t)~ 60."14 3 •• '.5 17 0 1sq • 17 21 2. 1 3.1.1 NE"
100



bVU SUMMARY LIST - ,..IAG '"' A r~o AKOVE PA('E 3

flwlGIN TIME lAT I, LON • OePTH .HP OU. G'P k''''lS HIN E•• flH
Y~AR HON U' HRMN SEC OEG HIN D!:.G '" lf~ 'H "IAG "lAG N. NS DE" SEC DIS '" '" 'lE""1(

1'115 JUl 7 Itl'l7 42.51 19 32. 3~ '" zq.':lc? ~. 1 ':J _.7 _.M $0 0 110 .20 1j I •• 2.3 ~Ii: 1'1

7 \l:UIJ ';)i.34 10 31 .7Q ''', 27."1 5.14] '.2 _.3 B 0 .7
• I " " •• 1 .0 folE.1o/

7 }O.52 360. 1 '5 19 .i2.St 155 27.60 4.92 3.5 3.b j1 0 7. • 15 l> •• I ._ ...
• I 9 7.7 t 10 31.8'-' 1'j':J i?~.j'5 7.bO ,.. 3.5 2> 0 7. .11 I_ I.I 2." "'jEw
A IO')b 3'i.ld .. 31.52 15';; 28.£11 7. b 1 3.3 3.' 30 0 7_ • J. U J • U 2.5 NEil

• 20 7 2.bH 19 32.t?Q '" 27."" 7 • .5b 3.0 3 •• 53 0 bO .15 ", .- I.' IJE~

9 3-9 c?7.SS ,. 32. 1B 15> 2b.Ob 7.17 3.' 3.b j1 0 82 ·'" '" ." 1.5 "'.9 507 4i.10 19 3?.S7 155 27. qs R.Sh 3.9 _.0 .10 0 .0 .19 " 1.3 I.' Nt::R

" ._0 3.50 19 31.88 155 2B.ll 8.43 _.5 -.3 H 0 b' .15 I- .9 1.1 'jE~

9 133tl 2$.60 ,. 32.51 '" 21.':Itl , .41 3._ 3.7 32 0 ." • 1'5 I> .0 I. • rJF.l'.I

IA 21 t q '38.22 19 20.74 1So:. b."'" €l.tlO 3._ '.5 >2 0 139 .IV II • b .7 UE •
22 1512 3&.48 19 39. 17 155 ':J7.clU lil.S" -. I -.3 ,9 0 2•• .1> _2 9.2 b.3 'ON
2. 2314 SQ.23 19 50.8& 1'5 33. ::>8 50.89 3.7 3.' 32 0 200 .15 3. I.H _.0 «U
30 IBI 22.3~

,. 31.98
1"

3b.UV q.l}j 3.9 3.8 2. 0 12b .Ii 9 I • 1 .- 1.10K
'UG , 15':11 30.72 I. lb.35 '" 22. 'its 7.~S 3.0 3 •• 15 0 "B .1I 19 I • I 1.5 S\'iR

5 ,.53 51 .04 19 1&.3'1 15' 23.42 7 • IJ , 3.0 3 •• C' 0 ". • 15 9 •• I •• s ...~
18 7 8 li7.1'1 19 38.5& 1<t& 1. 21 37.'I~ 3.9 3,8 25 , 22' .13 .- 2.0 3.1 1(0lt
20 5", 35.22 19 22.00 15' 1&.75 ;5. 1'5 3 •• 3.1 30 0 50 .1I - I. I 1 .' O<P
27 73- lllI.22 ,9 2&.95 155 26.44 10. 1 4 _.0 _.0 " 0 3° .15 '2 .9 .- "H31 2 , 40.38 IA 55.a3 155 1&.~,;) IU.20 2. , 5.3 lb I '" • I V <, 3.3 .7 'Pl

SEP 3 22 • Ib.H I • 52.42 II)';) 15.0ts 1O.~q 3.v 3.1 2' 0 25' .13 <5 _.7 qq.O PPl
10 83' 13. 4'1

"
1'1.7'1 '" P..~b '1.11 3 •• 3.8 13 0 '77 ." " 2.0 •• U< •

21 194& ~.~4

"
20.20 155 12.4~ 10.10 3.2 3.b 28 U 73 .1I • .' .3 u,"

22 210 7.08 19 2.5.7b 1>5 2b.l0 9.34 3,_ 3.& 2' 0 _9 .12 1I .' .A IjH
2. 039 .71 IA ')'1.24 15~ 1&.21 14.63 <.9 _.0 31 0 233 .1I 35 1,- 1f·.2 PPl

OCT I 2134 3~.58 19 1q. 1b 1'55 1:3. a 7 10.27 3.7 '.0 29 0 11 .Ob 7 ., .2 UF.
2 '25 3iJ.28 ,. ~U.3lS 157 3b.I)1 d.Uv 3 •• 1• 2 3_' .17196 &5.U 74.3 OIS
2 1411 49.q(l

"
26.12 15& 43.4j 13.2~ L' 20 0 3.s4 .1;'>1£13 84.7 u 1 .3 DIS• .. , 38.01 19 1&.70 I" 2.5.Ql 8.41 '.' '.0 >'9 0 11< .2v '" 1.1 I.. S .... '"

'" lQ"3 tl';.dO
"

20.?5 155 1 1 • f:d 10. 11 2.8 3.5 3J 0 r9 • I 0 7 •• .:~ IIE~

I" 1 5 4b.Su '9 A.53 155 33.u7 31 • 3a ..~. '5 3 •• 30 0 133 • I 5 21 1.' :s. ~ L 51\
22 12jq 13.92 19 tlb.lb 155 23.i!'s Ib.89 3.0 3.b 53 0 AI • 10 30 • I 3.7 ,(1(11

22 1052 54.ij8 18 55.37 "5 17.'10 11. 7 1 3,1 3.7 31 I 245 .09 -I I.b i •• PPl
23 533 1~. 10 19 18.~P. ," 13.4b 10. 1 j 2.9 3.ts " 0 73 • 10 r •• .3 POL
2_ 2.B7 40.30 '" 19.20 1>5 2/:1.34 9.(0 L3 L9 " 0 " • 1I • • 7 .3 ~I:A

27 1'13') ~2.87 19 1l:J.q2 '55 13 •.H 10.20 3.7 3.9 29 0 7b .1I 7 •• ., PUl
31 _'0 5j.15 19 12.01 155 ]t'.')O 'L 1') 3 •• _.2 32 0 10' .1. 12 1 • I 1,1 >If"

NOV I 1022 3.91 18 5S. 'H~ 155 17.bo.:! 11 .07 "2 .LE:! 29 0 '_3 .OQ <0 2. 1 9~.O PPl

• 2 5 2d.24 19 20.42 155 18.1"1 30.3Q -.. _.7 3. " 53 .1I b •• 1.5 O~P

• 321 18.52 ,. 19.82 155 1/:1.!) 7 30.~2
_. I

3.° 35 V 5' • (,'1 7 • r 1.? lJ[P

• -2 ')b.j~ ,. 20.01 t" If' • III 2q.53 3.A 3.') 3. 0 " ·'" I • I 1.3 IH~ ~

7 l<oj12 14.39 19 21 • q 1 '" 1b.bij, 27 • qb 3.2 "8 '" 0 " .Iv - • 7 1.2 tlEP
8 9'9 jd. t1" 19 17.btl 155 52.70 n.24 ". _.0 28 0 1#15 .1I 27 I.' <:!.2 1<0';

10 12b cq.9a I' 21.49 '" £. 1b d.87 4.3 -.. 28 0 203 • I 2' 13 1 • I .0 .' E. ...
\I • • 12.2& " 21.S':J "5 l~.~j 9.')9 3.1 3.0 31 0 .. ••• " .' .3 '0'

" 23 2 11."'1 ,9 21 .""1 '55 .3. Sh Ii .83 3.7 -.' " 0 1'1 .12 11 I • v •• ",EP
I- '''3 2').11 19 20.t11 155 20.117 32.05 3.7 '.0 32 U •• • 11 b .K t •• iH:.P,- 151 IJs.tle ,. .00 1'}5 2"'.3') j5.47 3." 3 •• " I 217 .12 '0 1.7 ?.r\ L~ ':
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H'O '5ltflll"lARy LIST - I-I..,G $.5 AtJO AKQVE Io'AGt: 0

OR!GIIIl TIME lU
"

lOI\' • DEI-lTH ,MP OU" G'p "MS "IN ERH E"2
YEAR MON O' HRtJlN SEC DEG t~ 11'>1 OEG i'>aN KM M'G M'G NR NO uEG SEC DIS KM KM REr~j(

1915 NOV 15 125':l 21 .24 I. 19.20 I" 13 .ll! 10.b8 0 •• ••• 29 0 72 .OR 7 .' .2 UER
18 1310 2.0o? 19 22.53 15> 3.15 8.bb 3.1 3 •• 30 0 10. .1· 12 I .0 .7 ME"
27 1615 4U.8A ,. 34.90 155 5d.2Gl fLl1 3 •• 3.2 30 0 2.7 .,. 2$ 2 •• .' KON
2. 335 uO.Sq I' 22.08 155 2.ou 8.li2 5.' 28 D 12' .13 12 1.1 .7 MER
2. 038 2b.73 I' I q. 41 155 13.42 tl.2tl 2 •• 3.5 28 0 •• • I • 7 •• .7 UEo

29 0" 40.06 ,. 20.90 1>, ••• 6.B 7.2 20 0 1'8 • 13 ,. 1. • 1.1 lEO
29 83. '36.13 I' 22.75 ISS ':J.ll ..0 3.7 0.0 12 0 202 .11 II 1./ 41 • b I~Eil

29 842 \2.78
"

20.al 155 (1.10 S.Q!) •• 3 3.9 13 0 11' .05 "
., .1> ",oEQ

29 8'3 ')9. 'H I' 8.&3 lS5 1".37 5.Go~ .. ' 3.7 11 0 201 .19 2. •• I 0 •• PPl
29 913 20. lOS 19 17.8t1 155 15.75 u.91 3 •• •• V 7 0 17q .11 • 2. I 3.2 KO.

29 92. 2. 12 19 2,,'.b2 I," S9.1U 1.L9'J $.3 3.' • 0 '" .Illl 17 54.6 .s2.A LER
29 951 10. 1u 19 20.85 , 5> 9.0'1 9.8& $.~ 2.9 I. 0 ". • , V 10 I., •• UER
29 10 0 t1'i.4~ 19 23.4U 1'J5 3.,n 'J.9Q 3.7 2.9 II> 0 179 .1· 13 1 • $ 1 • ~ I<lEIt
29 10 7 51.u.$ 19 24.3.5 155 3.5'1 1. 09 3.~ 10 0 173 • 1. 12 1., 53.0 M,.
29 10tO 1 .25 I' 12.95 ISo .28 B.uO 3.5 1.8 • 0 307 .39119 99.J ." DIS

29 1019 '). 18 19 21 • aq 155 15.5b 9.57 3.7 •• 0 20 0 70 .11 • • 0 •• KO'
2' 1045 1 • OJ 19 }C~.33 15> 20.71 1.1.10 3.3 3.8 10 0 11. .12 • 1.2 • V SM"
29 11 1 9.09 19 IGl.33 155 b.9iJ 1 .80 3.' '.0 " 0 125 .11 7 1.2 2.~ HER
2' 11 S1 38.~b 1 • 20.38 15. 58. 13 1 • !I 1 3.0 3 •• • 0 217 .17 20 20.1; qe..b LEa
2' 12 5 5C.8S .. 23.b2 155 ..' 12.06 3.2 •• 1 , 0 177 .12 17 $.n I .' L'"
29 1222 27.5t.l 19 lb.oa 15; .?1.'H 8.34 3.0 3.8 2. 0 '.2 .10 • 1.0 1.1 5'.
29 1224 27.02 19 1&.72 1>5 21 .112 1.12 3.3 •• 0 22 0 175 .15 8 I • $ 1.' S0"
2. 1228 12.8F! 19 Iq.72 155 2v.':t& 2.QO 3. I •• I 17 0 "8 .11 9 .7 2.' S\'I~

29 12uS 35.45 19 15.67 1>5 15.41 &.7'5 2.8 3.9 13 0 1" .10 12 I.' 3.0 ""p
2' 132q 23.06 19 1J.83 lS~ 12. 13 liJ.2"s 3.5 0.0 .. 0 2?l .1$ $0 2 •• ., PPl

2' 1412 58.68
"

2!1.26 ISo '::!ij.u'j 1.uQ 3. I 3.S 1. 0 178 .20 2V j •• 2. I L£~

2' lul!1 33.3u 19 lq.Qb 155 1~. HJ 8.92 3 •• 3.' ,5 0 "' • I 5 • 1.0 1.2 KO',. 14li2 45.09 .. 23. 19 I" 1.3,S 1.11 •• I -.3 11 0 ". .19 2• .. / 5.IA '.lEI<

29 1526 !I5.bb 19 20.58 155 u .. 31 1.37 3.0 3.5 1. 0 lin .10 10 •• I .. fI '-lE~

29 1627 1 • 08 19 22.a9 1~5 1 • 1 b 1.22 ·.0 3.' ,0 0 102 .12 18 2.v 4h.& .., t" Il

29 1&2':1 2Q .. 2fl 19 211.5Q ," 211.00 9.25 3.' 2.8 21 0 80 • I 5 • •• 1 • (I UKF
29 1"!IS 51.29 19 24.29 1>5 3.55 .B 3.0 3.' 15 0 108 .. 12 '2 •• 7j.h 'H:R
29 1724 35.&0 I' 19.12 155 1-.28 7. bb 3.8 11 0 127 .1' • I • / I • I> U,"
2' 1733 .91 ,. 19.r'!"s

1"
b.4S 8.08 3.5 3.3 1. 0 138 • 1• • 1 ., 1.0 uH<

29 173Q 22.38
"

2a.Ol I" .J; .5.11 3._ LA 18 0 ,.0 .11 " •• 1.1 LE"

29 17aS 18.17 19 23.83 15. 59.03 5.16 j.' 0.0 10 0 177 .11 10 I • $ 1.\ LEI?
29 18 • .9' 19 Ib.q3 1>5 20.2e Q.b3 •• 0 19 0 131 .11 , I.. .- $v;lo'

2' 1823 37.61
"

16 .. 64 15- 5fl.'sD 10.69 _.2 '0 0 2•• .21 20 •• I .' OIS,. 1837 !:Jo .. 10 ,. 23.22 15· 59.2'::1 '::1.83 3.7 3.1 22 0 1'2 .10 lS I.· I.q lER
29 1852 56.32 I' 25.q1 155 b.bl .20 3.' 0.0 • 0 217 .0' " 7 •• 9Q.O GLN

2' 185& 38 .. 5tl 19 22.49 1;- 52.87 1 .. I ~ 3.' 3.7 I. 0 207 .1~ 3. ,.> 2.0 LF.:1l,. 1935 31 • tl8
"

13.37 155 23.v1 .5.'59 3.; 3.3 2. 0 153 ·" 1$ 1 • I) I.' LS,~

2' 2015 27.28 19 25.1 q 155 22.4& 10.3& .. ' '. 1 22 0 79 .13 • .; •• UKF
29 21 9 3.54 I' 1& .. tlS 155 22.01 7. 1 b 3. I 3.9 ~o 0 137 .10 • 1 • I) I." SWW
30 121 41.18 19 20 .. 18

1"
6.54 q. U8 3.' 25 0 •• .09 7 ., ., UE"

30 2 • H.74 19 1'1. 10 1>5 2.5.'.0 7.&0 3 •• 2. 0 107 .1. I' 1.1 1./ LSI',
30 3 1 31. &1 19 20.15 I" 9.18 8.85 3.7 3.7 22 0 1>7 .11 • •• .' UEIl
30 328 n .07 ,.25.f)7 ". 54 .. '::13 R. 70 3.' 3 •• 21 0 21. • 12 I • I.' .9 LE"
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"'0 SU"'''UIH LIST - "'G 3.5 MilO A!:lOVE PAGE 5

OIOGIN T1tolE LA[ N LON I', OEPTI'I 'PP OUR G'P "MS MIN .RH I:IH
YEAR MON U' I"IRIMII SEC lJEr, Jr' OEG '-lIN K" "'G M'G NR '.. OEG SEC DIS KM K" ~EJ.lK

tCJ7'; NO' 30 101.17 11.l.I.lCJ I. 21.,);CJ 151.1 56.70 ,2. tl3 5.' 3.7 15 0 2b7 • I b "
7 • _ ?.1 LE"

30
" • 38.89 I. l'Lqj 155 I2.btl 8.11e 3.& 3.B 2b 0 75 • 11 b • 1 •• lJE~

3. 1720 2'l.t.lt.l ,. 21 .15 155 t.l.db 8.21.1 3.5 3 •• ,- 0 7. .Il IU .n 1.5 '."30 2051 18.34 '9 22.59 155 2.'H ~.q7 3.7 -.2 2' 0 ,,- .17 13 1 • II I •• "E"
30 22'-'0 1.12.0b 19 I9.R1 lOS 3.'::.5 t.l.aCJ 3.7 3.9 50 0 157 .lb 12 I.- .' HE"

OEC 1 0 2 25.07 '9 It.l.l.lc 155 11 • ~O boll:! 2.9 3.5 " • 171 .lR 10 I.' 2. 1 HLP
1 0., 35.41 19 ?Cl.t.lll 1~5 .30 ';)0 .25 5. 3.· I. 0 10. .?? " I., CJP,.O ""I:W
1 -31 19.37 19 lCJ.Ab 155 7.t.lq .62 3. , 3.n 7 0 ,5· .0_ 11 •• .0 UE"
I 10 • 55.20 ,9 23.1.13 15' 58.11 8.7 j '.7 5.9 2' 1 1.& .1' 15 I.J .9 Le·, 1833 4.41 19 22.01J 155 &.67 8.05 5.5 3.2 21 0 7b .11 9 .0 .7 UER

2 015 48.11 19 21.73 15';:1 15.30 Q.17 5.b _.2 29 0 bO .ll - .5 .- KO'
2 la~l 18.52 1. 18 o tl3 155 23.';:1'1 b.L11 3.2 3.~ 25 0 117 .13 9 •• lot' SWH'
3 _55 5~.ht.l

,. 2':l.lCJ 155 2.5.37 9.b4 '.5 5.- 21 0 _7 .13 10 .0 .5 U",
3 5 5 5&.55

"
19.34 155 11 • u 1 10.05 ••• _.0 19 0 172 • I- II I • 1 .- UEw

3 53. 1 • 0 IJ to 23.&2 15- S9.U1 b. 1 <I _.2 _.2 I. , '.2 • t· 15 1.1 1 .2 LeR

3 11 1q 23.04 '" 21.&'" 15_ 56.97 ';.23 -.' _.2 IV " 207 • I 0
,. 2.> 4.0 LER

5 1250 c!?9@o I. 22.32 155 1. 75 b.f;9 ·.e '.- " 0 ,.7 .08 " I.U .R HER
3 2027 51'3.92 ,. 14. cB 15'5 ~."l~ 7.':1& 5.5 5 •• 25 0 ". .08 I' .0 .' ME"

- 05. 2. 17 ,. 23.Q1 15- '58.fl$ ~.7fo ,.. '. 1 " 1 228 • t_ CO t •• 2.' U:.w
• , • ~.27 1. 22.11 15' 5&.2') q. I b '.0 '.2 20 0 217 .lH 1. ' .. 1 •.~ LEO

V 103':1 11.25 ,. 23.63 1" ':1&.'111 4.70 3.'5 '. I " " 2" .11 11 1.0 1.3 LER
• l11q a8.~.3 I. 21.S9 155 1I.7et 7.48 3.7 ·.1 cO I 2', .12 I' ,.. •• Me"
• 1139 10.0'S 19 21.01 ". 51 • 7 q b •.H~ 3.5 v. I 2v 0 213 .13 1. 1.. 1 • , LE_
• 11.121 32.83 1. 2f.."3 '''' 52.01.1 8.b" 3.1 3 •• ?& I ZOb .10 22 I.e .5 LE"• 17$2 17 .31 1. 20.(H 1'5 4.&7 8.25 5.b _.0 '5 V 9' .'3 • •• •• .<'1£ ~

- 21 • 31.33 ,. 22.bh 1'5 t-. 17 7 .97 3. 1 3.0 2b 0 " .11 IV .5 .7 uFw
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Table 7. Felt earthquakes of magnitude ~3.0

Jan 1-5 earthquake swarm following volcanic activity at Kilauea.
hundreds of earthquakes felt in the Ka'u and Puna districts of
Records obscured, only well-recorded, large events are listed.

Many
Hawaii.

Jan 1
1

1
1
1
1
1
1
1
1
2
2
3
3

3
3
3

4
4

4
5
6
8
8

Feb 7
7

19
21

Mar 10

16
26

Time
H M S

01 02 06
02 41 10

03 05 45
05 18 12
09 11 35
09 46 45
10 27 04
10 46 48
11 28 54
15 35 18
03 27 42
03 49 07
01 45 50
07 32 49

08 14 45
11 17 28
20 35 52

02 13 27
15 32 04

19 28 03
00 48 39
17 47 02
05 52 49
08 13 31
04 04 43
06 46 52
15 42 48
11 19 40
00 14 12

20 57 58
10 06 03

Magnitude

4.1
4.6

3.6
3.5
3.6
4.3
3.6
4.3
4.1
3.7
4·9
3.0
3·9
4.9

3.5
3.7
4.4

3.8
4.9

3.8
4.0
4.4
4.1
3.5
3.3
3.6
3.2
3.5
4.0

3.2
4.3
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Glenwood, Pahala. Volcano, Rilo
Captain Cook, Hila, Pahala. Volcano

Kamuela
Hilo, Pahala
Hila, Pahala
Hilo, Pahala
Hilo, Volcano, Pahala
Hila, Pahala
Hi 10, Pahala, Puna
Hilo, Pahala
Hilo, Pahala
Volcano, Kamuela, Hilo. Pahala
South Kana, Hilo, Pahala
Hila, Pahala, Volcano
Pahala, Glenwood, Kamuela, Volcano,

Kealakekua, Captain Cook, Hila
Pahala, Volcano
Volcano, Pahala
Keaau, Kealakekua, Kamuela, Hila,

Volcano. Pepeekeo, Glenwood,
Pahala, Pahoa

Hilo, Pahala, Volcano
Volcano, Kamuela. Kealakekua,

Hilo (Island-wide)
Pahala, Volcano
Pahala, Volcano, Hilo
Pahala, Volcano
South Kona. Volcano, Pahala
South Kona, Pahala
Volcano, Hawaii National Park
South Kona
Hilo
Hilo, Pahoa
Hilo, Captain Cook, Volcano,

Mt. View, Pahala
Volcano
Mauna Loa Observatory, Hawaiian

Volcano Observatory, South Kona,
Pahala



Felt earthquakes of magnitude .=:3.0

Date Time Magnitude Felt report
H M S

Apr 4 13 09 55 3.9 Hilo, Pahoa
4 13 35 17 3.5 Kahuku, Hilo, Pahoa
5 10 24 09 3.5 Kahuku
5 11 56 57 3.8 Kahuku
6 12 15 55 3.8 Hilo, Hawaii National Park,

Pohakuloa, Volcano
10 14 18 40 3.4 Volcano
11 06 22 24 3.3 Volcano
17 23 30 14 3.6 Volcano, Mt. View. Hilo
18 03 22 28 3.7 Volcano, Glenwood, Hilo
24 14 46 55 3.1 Kapapala
29 01 14 20 3.3 Kona
29 01 48 07 3·5 Glenvood. Keaau, Volcano
29 19 23 09 3.4 Kapapala

May 10 19 32 51 3.9 Hilo, Volcano, Kurtistovn
21 22 32 58 4.7 Island-wide of Hawaii. Maui. Oahu
22 04 46 53 3.2 Kapapala
27 16 15 34 3.0 Kapapala
29 12 14 13 3.9 Volcano, Hilo. Pahoa. Kurtistovn

Jun 7 11 53 57 3.7 Ocean View Estates
21 13 34 56 3.6 Volcano

Jul 5 earthquake swarm following volcanic activity of Mauna Loa.
Many quakes were felt but only the well recorded, large events
are listed.

Date Time Magnitude Felt report
H M S

Jul 4 17 40 55 4.1 Island-wide
5 23 18 18 4.3 Hilo. Volcano, Pahala, Kona
5 23 25 47 4.2 Hilo, Volcano, Pahala, Kona
7 05 39 48 3.6 Volcano
7 14 47 42 4.7 Southern parts of the island
7 18 39 52 4.2 Hilo. Volcano, Pahala. Kona
8 01 09 07 3.6 Pahala
8 20 07 02 3.9 Hilo, Volcano, Pahala, Kona
9 05 47 43 3.9 Hilo, Volcano, Pahala. Kona
9 08 40 03 3.4 Island-wide

18 21 19 58 3.4 Hilo
22 15 12 33 4.4 Kona
26 23 14 59 3.7 Kona
30 13 31 22 3.9 Waimea. Pahala. South Kona

Aug 5 07 36 39 3.3 Kapapala
18 07 08 56 3.9 Kona
24 05 45 35 3.6 Volcano
27 07 34 44 4.1 Volcano, South Kona. Keaau,

Pahoa, Hualalai
Sep 10 08 34 11 3.5 Volcano, Hilo

21 19 46 05 3.2 Kurtistown, Hilo, Volcano
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TILT INSTRUMENTATION

In addition to the seismic network, a network of spirit-level tilt
stations (dry), borehole tiltmeters, and water-tube (wet) tilt stations is
maintained. The network is located on the summits and flanks of Kilauea and
Mauna Loa Volcanoes. In December 1975 the tilt network consisted of:

54 spirit level tilt stations (dry)

8 borehole tl1tmeters

10 water-tube tilt stations (wet)

1 continuous recording Ideal-Arrowsmith tiltmeter

Dry and wet tilt stations are generally occupied at irregular intervals.
Critical stations are measured more frequently than the entire network.
Digital borehole tiltmeters data are telemetered by VHF radio and recorded at
the observatory. An Ideal-Arrowsmith mercury-pool capacitor-type tiltmeter
with a 1 m base is located at the Uwekahuna vault, and the analog signal is
recorded at the observatory_
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault, and
at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordi
nates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and east. A one
unit change in coordinate corresponds to a tilting of 1 microradian
(1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are
listed in table

Table 8.--Tilt Coordinates at Uwekahuna

Date (1975) N-S E-\1

Jan 5 716 341
12 709 336
19 706 337
26 706 336

Feb 2 707 330
9 707 330

16 708 328
23 710 326

"ar 2 711 324
9 712 323

16 715 321
23 716 319
30 717 315

Apr 6 718 314
13 720 313
20 721 313
27 723 310

May 4 725 309
11 727 307
18 728 311
25 728 312

Jun 1 728 312
8 731 310

15 731 305
22 732 306
29 734 303
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Table 8.--Tilt Coordinates at U~kahuna (Continued)

Date (1975) N-S E-W

Jul 6 735 302
13 737 301
20 737 302
27 739 299

Aug 3 739 298
10 742 296
17 745 294
24 747 291
31 751 285

Sep 7 752 286
14 755 277
21 756 277
28 759 276

Oct 5 759 277
12 760 275
19 759 272
26 760 268

Nov 2 760 268
9 762 264

16 763 262
23 766 259
30 679 342

Dec 7 601 406
14 588 409
21 582 405
28 576 406
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Table 9.--U.S. Geological Survey vater-tube tiltmeter
stations in Ha.waii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. W. reading H
Deg. Hin. DeS· Min.

Tree Molds TN 19 - 26.3 155 - 17.3 50.79 NS. and EW.

Sand Spit SS 19 - 24.1 155 - 16.8 25.40 Equilateral
triangle.

Keamoku Kea 19 - 25.1 155 - 19.0 4T.55 do

Abua
Kamokukolau Kam 19 - 22.7 155 - 16.6 50.79 do

Klpuka Nene KN 19 - 19.4 155 - 16.7 47.73 do

Hlltna Palt HP 19 - 18.2 155 - 18.6 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 50.79 do

Mehan. H 19 - 26.2 155 - 14.3 25.00 do

Uwekahuna U 19 - 25.5 155 - 17.4 50.79 do

Uwekahuna
Vault 19 - 25.4 155 - 17.6 Daily 3.48 NS. and lW.

110



Table 10--Tilt coordinates and changes at bases around Kilauea caldera. (See fig 10)

-6Rate (10 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

(1975 ) N-S E-W tilting since reading
last reading (1975)

Uwekahuna (1]) 14 Apr 742.7 268.0 14.23 N42.0oW 14 Jan

Tree Molds ('I'M) 14 Apr 565.5 485.8 5.11 N17.8"w 14 Jan

Sand Spit (SS) 15 Apr 947.1 743.5 9.25 N25.2"w 15 Jan

Keamoku (Kea). 16 Apr 751.3 271. 3 9.10 N53.3"w 16 Jan
~

S10.9OE~ Ahua Kamokuko1au (Kam). 15 Apr 465.9 603.2 14.49 15 Jan
~

Kipuka Nene (KN) 17 Apr 256.7 517.9 1.09 S42.5OW 17 Jan

Hilina Pali (HP) 17 Apr 397.1 526.1 0.46 S35.0oW 28 Jan

Kapapala Ranch (Kap). 16 Apr 573.5 454.0 2.92 S43.2oE 16 Jan

Mehana (M) 14 Apr 620.3 592.0 1.41 N81. 90 E 14 Jan
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Figure 10 January to April 1975 tilting of the ground around Kilauea
Caldera. The vector depicting tilt at a given tilt base points
in the direction of maximum relative subsidence, and its length
is proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open
circles, short-base watertube ti!tmeters. See Table 9 for
explanation of abbreviations.
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Table 11. Tilt coordinates and chances at bases around Kilauea caldera. (See fia.1I)

Rate (10-6 rad/mo)
Tilt base Date Tilt Coordinates and direction of Date of last

N-S F.-Ii tiltinlj since reading
( 1975) last reading (1975)

U\Jekahuna (U) 15 Sep 788.? 2JJ.O 11.17 NJ7.50 w 14 Apr

Tree ~!olds (TM) 17 Sep 592.J 478.1 5.J4 N15.90W 14 Apr

Sand Spit (SS) 19 Sep 1018.J 68J.O 17.86 N40. JOW 15 Apr
~

N60.20E~ Nehana (11) 17 Sep 627.1 6OJ.7 2.59 14 Apr
'"

Keamoku (Kee) 15 Sep 781.6 225.J 10.88 N56.60W 16 Apr

Ahua Kamokukolau (Kern) 16 Sep J52.7 605.2 21.09 51 .00E 15 Apr

Kipuka ~Jene (KN) 22 Sep 252.2 517.0 0.88 S11.6°W 17 Apr

Hilina Pali (HP) 18 Sep J98.1 518.1 1.60 ~182.90W 17 Apr

Kapapala Ranch (Kap) 19 Sep 570.4 455.6 0.67 827.5°'1 16 Apr
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Figure 11 April to September 1975 tilting of the ground around
Kilauea Caldera.

114



Table 12. Tilt coordinates and chanR~§ ___at bases around Kilauea caldera. (See fie. 12)

Rate (10-6 rad/ma)
Tilt base Date Tilt Coordinates and direction of Date of last

N-S E-W tiltine since readinG
(1975 ) last reading ( 1975)

U\..iekahuna (U) 19 Dec 591.1 369.1 75.69 S34.6oE 15 Sap

Tree Holds (TH) 16 Dec 489.7 518.7 36.41 S21.6°E 17 Sep

Sand Spit (SS) 18 Dec 841.7 820.5 73.87 S37.90E 19 Sep

~ Hehana (M) 16 Dec 562.0 562.0 25.52 S32.6ow 17 Sep
~

'"
Keamoku (Kea) 17 Dec 600.9 480.2 100.80 S54.7oE 15 Sap

Ahua Kamokukolau (Kam) 18 Dec 656.2 560.5 98.96 1I8.4°W 16 Sep

Kipuka ilene (KN) 15 Dec 141.2 589.7 47.40 S33.2oE 22 Sep

Hilina Pali (HP) 15 Dec 285.9 565.0 41.46 S22.7°E 18 Sap

Kapapala Ranch (Kap) 17 Dec 518.3 506.0 22.42 S44.1oE 19 Sep
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe
in geologic terms the volcanic activity associated with the seismic events and
tilt data included. The seismic, tilt, and chronological summaries are
offered without interpretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the
observatory are included. The emphasis in collection of tilt and deformation
data has recently shifted from quarterly measurements at a few water-tube tilt
stations (llwet" tilt) to a larger number of continuously recording borehole
tiltmeters and repeated measurements at numerous spirit-level tilt stations
(lIdry" tilt). To maintain continuity with past summaries, we will continue to
publish weekly data from the Uwekahuna vault tiltmeter (Kilauea summit) and
from water-tube tilt stations as they are reoccupied. A comprehensive summary
of the numerous and varied tilt and deformation data now gathered is beyond
the scope of this publication.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of
preparation and distribution, and the large quantities of data dictated an
annual format beginning with summary 74 (Koyanagi, et al.) for the year 1974.
Summary 74 includes an extensive description of the seismic instrumentation,
calibration and processing used in recent years. The present summary includes
enough background information on the seismic network and processing to use the
data and understand the essentials of how it was gathered.

PUblication of the summary represents a group effort by the staffs of the
Hawaiian Volcano Observatory and the National Center for Earthquake Research
in Menlo Park, California.
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1976 CHRONOLOGICAL SUMMARY

No eruptive activity occurred at either Kilauea or Mauna Loa during 1976
the first such Quiet year on the Island of Hawaii since 1966. Perhaps the

most
impressive feature recorded at HVO was the continued high seismicity along Kil
auea's south flank, reflecting aftershock activity from the November 1975 M =
7.2 earthquake.

The large deflation at the summit of Kilauea related to this earthquake
finally bottomed out in February, with a total southeasterly tilt of 241 micro
radians at Uwekahuna Vault. Extensive Geodimeter and leveling studies of the
entire Kilauea network, carried out during the winter and spring, showed that
the Kilauea summit area subsided 1.7 meters, and that along the coast between
Halape and Keauhou Landing subsidence was as much as 3.5 meters (Tilling et
al., 1976). The entire Kilauea area moved seaward in a horizontal component,
including areas mauka of the two main rift zones. Preliminary displacement
solutions indicate a maximum horizontal displacement vector of ~-9 meters
southward at Kalue.

Through the remainder of 1976 the Kilauea summit area showed a distinctive
pattern of ground deformation, different from that observed for the past 10
years, that appears to reflect continued adjustment to effects of the 1975
earthquake and related aftershocks. Weak summit inflation--only a few micro
radians per month--was accompanied by sizable continued seaward horizontal
motions of the entire summit area that tended to overwhelm the effect of the
inflation. On June 21 and again on July 14 this pattern was interrupted by an
abrupt 5-10 microradians of summit deflation accompanied by swarms of sharp
earthquakes along the upper east rift zone. Both events were interpreted as
marking draining of lava from the summit area into the the east rift zone,
with accumulation of lava occurring mainly along upper parts of the rift
system. Some connection with lower parts of the east rift zone was also
indicated, however, by strikingly increased steaming, centered on the south
flank of the prehistoric Heiheihulu cone, that broke out in the spring, and by
sizable extensions along geodimeter lines in the same area.

An unusual esplsode of large prolonged aseismic deflation at the summit of
Kilauea occurred in August and September. Deflation continued at a rate of
almost 2 microradians per day, totaling about 40 microradians and finally
stopping at about the same level reached during the major subsidence associ
ated with the November, 1975 earthquake. During the deflation episode levels
of seismic activity were in no way anomalous, and this deflation episode thus
appears unique for the 20-year period for which modern tilt data are avail
able. Previous deflations of similar magnitude have been associated either
with a flank eruption or with pronounced local seismicity that marked the
locus of shallow intrusive activity. At year's end Kilauea was again in a
pattern of steady slow inflation.

Mauna Loa was characterized throughout 1976 by continued summit inflation,
accompanied by a surprisingly low level of seismic activity. Earthquake fre
quency, which was at a high level for 14 months before the July 1975 summit
eruption, decreased to near-background levels by late fall 1975 and fluctuated
little during the following year. Dry-tilt and Geodimeter measurements showed,
however, that the summit area had begun to reinflate immediately after the
1975 eruption, and inflation continued at a high rate through 1976. Tilt
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occurred at a rate of 3-5 microradians per month, and Geodimeter lines across
Mokuaweoweo extended by as much at 15 mm/month. Measurements at Mauna Loa's
summit for the time interval August-December 1976 suggested a slight slowing
in the rate of inflation, but the changes were too small to be interpreted
with confidence. Much HVa staff effort during 1916 was directed to increasing
the geodetic baseline control for Mauna Loa, especially Geodimeter and dry
tilt nets.

Reoccupation for the first time of the lIsuper triangle" Geodimeter lines
between Mauna Loa, Mauna Kea, and Hualalai, showed an outward directed
displacement vector for the north rim of Mokuaweoweo consistent with summit
inflation, and permitted for first time tying to a stable base line the
geometry of summit inflation. Both these results and the dry-tilt data
demonstrated that the center of Mauna Loa inflation is asymmetric with respect
to Mokuaweoweo caldera, lying near the southeast margin of the caldera. This
asymmetry is strikingly similar to that long and well documented at Kilauea.

The continued summit inflation of Mauna Loa, as well as the historic
record for this volcano in which flank eruptions have typically followed
summit activity within a few years, led to the forecast by Hva of a probable
Mauna Loa rift eruption within three years after the July 1915 summit activity
(Lockwood, et al. I 1916). Considerable staff activity was directed toward
briefing civil defense and other state and local government officials about
contingency planning, should Mauna Loa erupt along its northeast rift and
threaten Hilo. Additional planning and several field exercises were devoted
to enhancing techniques of lava diversion. At the end of the year the HVa
staff was becoming increasingly uncertain about the Mauna Loa prediction,
however, because of the continued seismic lull as well as the obvious fact
that the 25-year period of inactivity at Mauna Loa between 1950 and 1915 was
itself atypical in terms of the historic record for this volcano. One obvious
major need, for both Mauna Loa and Kilauea, is the reliable geologic under
standing of recurrence intervals for different types of activity, that would
extend our frame of reference back beyond the 150 years of written history for
these volcanoes.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and
maintains an extensive telemetering seismometer network on the island of
Hawaii. In January 1976 the seismometer network consisted of 40 stations
spread over an area with a diameter of 125 kilometres on the island of Hawaii
(Figs. 1 and 2). Of these 40 stations, two are low-gain multicomponent
stations (optical), six are two-component, three are three-component, and
twenty-nine are vertical only. The coverage is most complete on and around
the main center of seismic and volcanic activity, Kilauea Volcano. Other
stations in the network are part of a larger net located on other volcanoes of
the island of Hawaii. With the exception of HIL, all seismometer signals from
the short period network are telemetered to the observatory for recording.
During 1976, station DAN on the southeast rift of Mauna Loa was added, and
station SCA was moved a short distance and renamed WIL.

Figure 1 is a map of selected geographic and geologic features, and
Figure 2 shows the seismic stations which were operated or added during the
year. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1916. Listed are station name, three letter code,
coordinates in degrees and minutes, elevation in meters, and other data
described below.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (VCO) for FM multiplex transmission to HVO via either
hardwire or VHF radio. The VCO frequencies are listed in Table 1. These
telemetering stations are now all of Type 1, the NCER standard system used in
USGS seismic networks (see Table 2 for details). After discrimination, the
analog signals from thirty-two stations are recorded on two Develocorders
using 16mm microfilm. Beginning in late 1975, FM signals from the
telemetering network were recorded directly on one inch magnetic tape.
Selected larger events are copied onto condensed library tapes which are
currently archived in Menlo Park.

Develocorder records are read on a film viewer with 20x magnification.
Arrivals are read to the nearest 0.05 second. The recorded arrival times,
amplitudes (where readable), and other key data are routinely sent to N.C.E.R.
in Menlo Park for computer processing.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui, and on Oahu (Kipapa station operated by
Honolulu Observatory). The less sensitive short period records are used
primarily for S data and amplitude measurements for magnitude calculations to
supplement readings from l6mm film. Optical seismographs listed in Table 1
are of four types. Types numbered three and four are electro-mechanical
systems of high and low gain respectively. Hilo and Haleakala are each
equipped with two low-gain Wood-Anderson torsion seismographs. Long period
Press-Ewing seismographs record in three components in the Uwekahuna vault.
The paper (optical) records as well as the 16mm develocorder microfilm are
archived at AVO.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnifcation of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by the factors CAL listed in Table 1 to get the response for an
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individual station. Individual CAL factors for Type 1 seismographs are equal
to the peak-to-peak amplitude measured in mm on the 20x Develocorder viewer of
a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of the
geophone. Calibration is normally done each time a station is visited,and
major changes in attenuation or recalibrations are listed in Table 1 along
with the dates they took place. Minor changes in CAL factors may not be
listed if they are less than 20%.
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Figure 1 Map of the island of Hawaii showing
settlements and selected geographic
logic features.
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TABLE 1. Seismometer stations in Hawaii operated by the U. S. Geological Survey. 1976.

Old Date of New
Station Name Code LAT-N LON-W Delay ELEV veo Type/Cal Change Type/Cal

AHUA AHU 19 22.40 155 15.90 .06 1070 2380 1 3.8 76/09/29 1 4.3
AlNAPO AIN 19 22.50 155 27.62 .33 1524 1020 1 8.5

AINE 2380 1
AINN 2720 1

CAPTAIN COOK CAe 19 29.29 155 55.09 .15 323 1360 1 3.3 76/01/22 1 5.4
CONE PEAK ePK 19 23.70 155 19.70 -.04 1038 1700 1 4.0

ePKH 1020 1
DANDELION DAN 19 21.42 155 40.04 -.07 3003 2380 none 76/05/10 1 4.8
DESERT DES 19 20.20 155 23.30 -.10 815 680 1 4.8 76/03/16 1 4.2
ESCAPE ROAD ESR 19 24.68 155 14.33 .01 1177 1360 1 1.7 76/09/21 1 2.0
HALE POHAKU HPU 19 46.85 155 27.50 .42 3396 2720 1 4.5 76/10/02 1 4.7
HILlNA PALl HLP 19 17.96 155 18.63 .18 707 2040 1 5.0 76/01/05 1 4.0
HUALALAI HUA 19 41.25 155 50.32 .58 2189 1700 1 2.2 76/01/27 1 2.6
HUMUULA HSS 19 36.31 155 29.13 .35 2445 1700 1 6.2

HSSE 680 1
HSSN 2720 1

KAAPUNA KAA 19 15.98 155 52.28 .00 524 1020 1 4.9 76/12/01 1 5.2
KAENA KAE 19 17.35 155 7.95 .15 37 2380 1 2.2 76/10/27 1 1.3
KAHUKU KHU 19 14.90 155 37.10 .08 1939 1700 1 3.5
KALALUA LUA 1924.55 155 04.25 -.02 622 1020 1
KANEKII KII 19 30.56 155 45.90 .18 1841 1700 1 7.1

KlIE 1020 1
KIlN 1360 1

KAPAPALA RANCH KPR 19 16.40 155 26.70 .05 610 1700 1 4.33 76/01/26 1 6.0
KEANAKOLU KKU 19 53.39 155 20.58 .86 1863 2380 1 2.3
KIPUKA NENE KPN 19 20.10 155 17.40 .07 924 1360 1 5.0 76/08/16 1 6.4
KOHALA KOH 20 7.69 155 46.77 .21 1166 2380 1 2.4
MAUNA LOA MLO 19 29.80 155 23.30 .24 2010 1360 1 10.5 76/01/29 1 10.0

MLOH 2040 1
MAUNA LOA X MLX 19 27.60 155 20.70 .27 1474 1360 1 2.1

MLXH 2720 1
MAKAOPUHI MPR 19 22.07 155 9.85 -.01 881 2720 1 2.1 76/01/12 1 3.3
MOKUAWEOWEO MOK 19 29.28 155 35.98 .28 4104 2040 1 7.5 76/09/23 1 5.4
MOUNTAIN VIEW MTV 19 30.25 155 3.75 .17 409 680 1 3.2 76/11/18 1 7.8
NATIONAL GUARD NAG 19 42.12 155 1.72 .63 18 1360 1 8.5 76/02/11 1 10.2
NORTH PIT NPT 19 24.90 155 17.00 -.06 1115 680 1 9.0 76/08/17 1 4.4
OUTLET OIL 19 23.40 155 16.80 .02 1084 1360 1 4.15 76/09/22 1 4.9

OILH 2040 1
PAU PAU 19 22.62 155 13.10 -.06 994 2040 1 3.8

PAUH 1020 1
POLIOKEAWE PALl POL 19 17.02 155 13.47 .10 169 2720 1 4.8
PUU HOHUAULA PHO 19 28.90 154 53.40 .03 215 2720 1 4.8 76/01/06 1 1.9
PUU PILI PPL 19 9.50 155 27.87 .24 35 1360 1 2.2
RIM RIM 19 23.90 155 16.60 .02 1128 1020 1 7.3

RIMH 2040 1
SOUTH POINT SPT 18 58.91 155 39.92 -.07 244 2040 1 3.6
SOUTHWEST RIFT SWR 19 27.26 155 36.30 .14 4048 1020 1 2.4
SUMMIT CABIN SeA 19 28.20 155 35.08 .30 4048 1700 1 11.5 76/12 off
TANGERINE TAN 19 27.79 154 58.51 .02 351 1020 1 76/03/17 1 8.0
WAHAULA WHA 19 19.90 155 2.92 .06 29 680 1 3.66 76/10/27 1 2.3
WALDRON LEDGE WLG 19 25.49 155 15.69 -.02 1067 2380 1 2.2
WILKINS WIL 19 28.15 155 35.02 .30 4037 none 76/12 1 5/1
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TABLE 1. (continued) Optical Seismographs

HALEAKALA Z HAL 20 46.00 156 15.00 Z090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 WA 1.0
HILO Z HIL 19 43.20 155 5.30 .64 20 3. 1.0
HILO EW HIE 19 43.20 ISS 5.30 .64 20 WA 1. 0
HILO NS HIN 19 43.20 ISS 5.30 .64 20 WA 1.0
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z UWE 19 25.40 ISS 17.60 .06 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 ISS 17.60 .06 1240 4. 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 .06 1240 4. 1.0
UWEKAHUNA PEZ 19 25.40 ISS 17.60 1240 PE
UWEKAHUNA PEE 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEN 19 25.40 155 17.60 1240 PE

Table 2. -- Seismic Instrumentation Types

Type 1. Consists of:

a) EV-11 - Electrotech EV-l1 1.0 sec. period moving magnet
vertical component seismometer or horizontal component
adjusted for an output of 0.5 volts/em/sec. and 0.8
critically damped.

b) Preamp/VCO Develco Model 6202 voltage controlled oscillator or a
USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to
HVO. USGS Model J302 was introducted in 197~.

Type 3. Consists of:

a) EV-17 - Electrotech EV-11 (as described above), Hall-Sears
HS-IO 0.5 sec. period moving coil seismometer or
Observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic
preamplifier (voltage gain, 2000X), or
Observatory-built electronmagnetic seismometer
approximately 40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers (E-W)
with 1.5 sec galvanometers, coupling factor = 0.25. 2X critically
damped. Peak magnitication approximately l500X at 2Hz.

Experimental type amplifier systems are not given type numbers.
Type 2 instruments have been discontinued.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph
and for the 3 different types of seismometers in use by the
Hawaiian Volcano Observatory. Types 3 and 4 are electro-mechanical
seismographs recorded optically on photographic paper. Type 1 is
the standard NCER seismometer recorded on Develocarder film. The
curve for Type 1 includes response of the geophone, all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which
should be multiplied by the factors CAL listed in Table 1 to get
the response for an individual station.
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SEISMIC DATA PROCESSING

Earthquakes are located by the combined efforts of HVa and NeER in Menlo
Park. Develocorder films are read at HVO, and lists of P and S arrival times,
event amplitude and duration, clock correction, etc. are sent to Menlo Park.
Data are then keypunched, computer locations are made using the program
HYPOELLIPSE (Lahr, et a1., in preparation), and problem events are reread at
HVO and rerun. Card and magnetic tape copies of all arrival time (phase) and
output summary data (one card per event), are kept in Menlo Park. All
computer output (including first motion plots) are on microfiche, and copies
are available for inspection at AVO and in Menlo Park.

The crustal model used consists of flat, homogeneous layers and contains
a embedded low velocity zone. It is a modified version of Crosson's (1976)
model and is:

VELOCITY
LAYER (Ion/sec) DEPTH TO TOP ( Jan)
-1- 2.00 0.0

2 3.25 0.8
3 6.00 2.0
4 6.40 5.5
5 5.30 9.5
6 8.30 13.0

An empirical set of station delays or corrections were used in the
locations, and are given in Table 1. They have been adjusted so the mean
delay of Kilauea stations is zero, and are most appropriate for locating
earthquakes on the south side of the island.

Magnitudes for most events were computed using both recorded amplitudes
on calibrated stations and signal or coda duration on short-period vertical
stations. Amplitude magnitudes used by HVO are based on readings from
Wood-Anderson seismographs. Amplitudes read from other instruments are
corrected to an eqUivalent Wood-Anderson amplitude using the curves of Figure
3 and CAL factors of Table 1. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4
seismographs at Uwekahuna. Smaller events may occasionally include amplitude
readings from stations ABU, KAA, OTL, or PPL.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed to about twice the noise level, or to about 1 em peak-to-peak on the
Develocorder viewer. A plot of log (F-P time) versus local (amplitude)
magnitude appears in Figure 4. The bilinear relation shown in the figure is
an appropriate fit to the data sample and is used to compute all duration
magnitudes. Duration times are only read from Type 1 seismographs. Because
duration magnitudes are relatively insensitive to station response and can be
determined using the high-gain short-period stations, it is felt that duration
magnitudes are more accurate and complete at the lower magnitudes (below 2).
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on
the highly active south flank of the island of Hawaii. Hundreds of
earthquakes too small to locate are counted daily, and the set of located
earthquakes in the Kilauea region is nearly complete above magnitUde about 2.0
to 2.5. Many smaller events are located also. Substantial effort is made to
locate earthquakes elsewhere on the island and within about 150 km of the
island. Such coverage cannot be as complete as on the south flank, but nearly
all events above magnitude 3.0 to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters of all depths are given in
Figures 5, 6, 1 and 8. The epicenter maps are on two scales, and show both
all located earthquakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and in some cases on its depth. Figure 9 is a map
of the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed in Table 4. When the listed
coordinates imply an overlap, precedence is given according to Figure 9.
Table 6 relists the events in Table 5 for which either duration or amplitude
magnitude is 3.5 or larger. It is felt that this list is a more objective
measure of large earthquakes than a list of felt earthquakes.

Table 3. Number of earthquakes and minutes of tremor recorded on seis
mographs around Kilauea. Tremor is separated into three
categories: Deep, Intermediate, and Shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless
otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea
Volcano. Earthquake categories are: Kilauea Summit 30 kID,
earthquakes from about 30 km beneath the summit region; Kilauea
Summit long-period, earthquakes characterized by low-frequency
waves from intermediate depths roughly 5-10 km beneath the
summit region: Kilauea Summit Shallow, earthquakes from within a
few km beneath the caldera regionj SW Rift and Kaoiki,
earthquakes along the southwest rift zone of Kilauea and the
adjacent portions of the Kaoiki fault system; Upper East Rift,
earthquakes from the upper east rift zone of Kilaueaj Koae,
earthquake from along the northeast-trending Koae fault system
south of the caldera; Lower East Rift, earthquakes from the
lower east rift zone of Kilauea; South Flank, faults on the
south flank of Kilauea; Mauna Loa L-P, earthquakes characterized
by low-frequency waves from Mauna Loa volcano; Mauna Loa S-P
earthquakes from within a few kilometers beneath the summit of
Mauna Loa; Offshore PPL, earthquakes from mostly offshore areas
south of Puu Pili station.
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Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa(1976 ) h = hours)

SW Rift Upper Lower I Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Jan 1 1 16 37 570 890 131 292 7 1 LPD-l, offshore-l
2 1 9 78 481 807 128 266 2 3
3 5 84 131 451 116 126 11 Kona- 3
4 5 6 146 469 865 141 59 1 2 3
5 2m 17 216 325 656 99 59 Power outage 1900-2100,

LPD-l
6 21 170 327 666 78 106 2 1 1
7 12 88 397 756 16 105 9 10 Kona-2
8 35 56 329 665 81 101 7 6 NER-I
9 13 154 365 676 79 173 4 5 Kona-2, LPD-I

10 3m 2 38 71 402 761 90 185 2 3 2 LPD-2, NER-2
~

11 5 44 88 369 664 93 151 2 3 LPD-3

'" 12 2 40 66 310 670 75 128 2 2 1
13 17m 5m 3 9 89 329 915 114 142 2 4 8 Kona-2, LPD-l2
14 1 59 113 391 985 99 150 16 14 1 LPD-2
15 9 37 85 439 926 77 158 11 5 LPD-2
16 20m 12 55 149 438 823 83 177 2 18 3
17 10m 5 5 126 402 736 72 196 1 1 LPD-3
18 5 170 417 1035 72 208 3 6 LPD-2, Kona-I
19 31m 2 34 125 432 922 96 132 14 8 LPD-I, NER-2
20 10m 2 41 109 353 912 94 102 18 13 3 Kona-I, LPD-3, NER-I
21 15m 3 31 136 276 909 120 75 17 7 Kona-I, ~ohaIa-l.

15 km-l, LPD-6
22 2m 3 119 135 316 925 100 105 9 11 LPD-9, Kona-l
23 3m 1 118 105 127 496 83 125 4 15 Kona-l
24 7m!,. 1 8 119 263 825 110 121 9 8 17 LPD-l
25 4 13 125 362 877 103 118 4 3 1 Mauna Kea-l, LPD-2
26 3 20 126 313 819 146 88 9 9 Kona-2, LPD-I, NER-2
27 1 14 94 266 691 93 73 25 5 2 LPD-3, NER-l
28 3 11 87 326 884 103 120 10 5 1
29 2m 9 118 329 1009 87 148 3 8 2
30 1 19 263 320 816 119 100 2 2 Kona-l
31 2 14 227 294 892 284 92 3 LPD-2
, .._.. -

o.lcano



!
Earthquakes

Tremor
Date (m = minutes

Kilauea Summit 1 Kilauea Flank I Mauna Loa I
(1976) h = hours)

. .
SW Rift Upper Lower Off-

Inter- and East East shore Remarks and Events
Deep mediate Shallow I 30 KM L-P s-p Kaoiki Rift Kaae Rift 1-P S-P PPL of Interest

Feb 1 6m 1 11 123 326 934 134 110 I 1
I

1
2 1 23 146 246 995 143 215 3 3 Mauna Kea-I, Kona-2
3 2m I 1 23 141 261 985 151 241 , 7
4 13 192 167 790 69 65 1 I 4 1 LPD-l
5 3 72 242 582 87 107 1 5 9 Heavy rains, LPD-l
6 5m 1 15 155 237 691 38 91 11 1 Electrical storm
7 1 11 87 216 752 86 126 2 7 3 15 km-I, LPn-I
8 8 100 228 776 90 74 1
9 2 86 213 807 92 71 3 4 Kona-2

10 24 326 183 903 161 I 70 4 4 LPD-l
11 4nJJ 3nJJ 6 208 231 874 150 72 10 1 NER-2, Kona-l

- 12 1 7 146 175 600 97
1

67 4 4 1 LPD-2, Kona-l.. 13 20m 1 67 41 222 25 70 8 High yinds
•

14 104 I 174 530 54 I 93 1 5 Heavy rains
15 15m 71

I
31 253 43 59 6 High winds

16 7 122 123 612 68 50 Heavy rains, Kona-l
17 7 150 I 150 646 68 62 2 I 8 2 Kona-l
18 1 9 183 165 732 90 60 2

11~19 4m 3 10 202 219 779 74 48 8
20 2m 22 141 145 660 41 79 3 3 Kohala-l, LPD-I,

Kona-3
21 36m 1 8 98 202 551 43 73 3 1 1 I
22 5m 2m 1 23 118 221 593 41 59 2 LPD-2 I
23 9m 1 64 126 717 56 34 4 Kona-l I
24 3 6 120 121 655 65 31 5 9 NER-2 I

25 2nJJ 4 26 511 119 750 27 99 1 28 LPD-l, NER-5
26 25m 14 263 64 627 15 51 2 16 NER-4. K:ma-l
27 3m 10m 2 8 143 52 858 20 99 2 9 NER-3
28 10m 1 12 65 835 25 98 4 8 1 NER (2), Kana (2),

Electrical storm
29 25 177 857 74 97 6 3

• I i

~...,
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l/MOK-trernor beneath Matula Loa Volcano

,

Earthquakes
Tremor ,

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa(1976) h = hours)
,

SW Rift Upper LoYler Off-
I Inter- and East East shore Remarks and Events

Deep I mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Mar 1 I I 1 1 97 174 677 72 92 2 4 Kona-2
2 I 1 2 103 192 754 56 77 3 1 1
3 4m I , 1 29 220 152 880 81 74 5 LPD-2. Kona-2
4 I , 7 135 168 842 114 84 1 1 NER-I. Kona-l
5

I
10m 10 113 41 328 43 66 32 2

6 2m 1 23 123 40 413 54 50 1 6
7 I 1 14 110 141 717 62 66 2 2
8 4m 7rrJ,/ 12 91 152 671 88 80 21 13
9 1 15 256 158 820 75 94 4 3

10 1 28 185 148 826 62 82 1 2 LPD-5
11 , 3 50 98 168 733 79 80 1 2 LPn-8, Kona-l

• 12 I 1 15 172 161 697 60 74 1 2 LPD-1
" 13 I 2 9 180 177 841 79 75 1 Kona-2

14 1 35 161 140 737 90 75 1 2 LPD-11
15

I
3m 7m 1 17 183 144 757 78 86 2 2 LPD-8

16 1 13 150 140 697 77 77 4 2 NER-1, LPD-7
17 1 15 128 156 804 79 83 11 3 LPD-2
18 2m 3 42 185 139 791 77 86 7 8 Kona-2
19 10m!/ 20m 34 130 52 1017 14 72 1 5 Mauna Kea-l
20 6m!/ 20m 3 69 99 76 711 15 55 11 2
21 1 59 109 152 570 43 60 1 Kona-l
22 2m 4 11 135 121 582 53 65 5 6 LPD-4
23 1 9 158 120 661 51 61 1 8 Kona-l
24 37m llmll 9 135 135 647 60 64 8 3 Offshore-I, Kona-l
25 2 5 146 132 641 79 86 11 13 Kona-3
26 I 6 129 39 316 48 49 10 1
27 79 143 38 346 58 69 5
28 7m 3m 1 1 82 107 552 65 36 7 9 Kona-2
29 lOm'/ 2 13 71 133 564 49 27 13 17 LPD-l
30 2 9 70 101 471 43 44 13 20 LPD-l, Kona-2
31 1 1 56 85 433 19 44 35 18

, ,- ,

~
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I
Earthquakes

Tremor
Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa

(1976 ) h = hours)
,

BW Rift Upper Lower Off-
Inter- Wld East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Apr 1 8 62 81 488 33 68 22 10 LPD-l
2 22 438 99 711 49 51 7 6 Kona-2
3 8m 2 17 191 74 714 65 56 7 5 LPD-l
4 4 87 102 486 21 48 3 2 Kona-3
5 2~/ 24 104 80 402 37 36 7 5 High winds
6 4 121 77 449 48 35 9 2 High winds
7 2mY 4m!/ 11 147 110 594 43 47 5 4 High 'Winds
8 3 186 103 654 6 46 3 4 LPD-l
9 11 169 58 815 11 40 9 NER-3, Kona-l

10 24 163 37 579 6 34 3 Power outage 1200-1300
11 20m 29 161 55 573 17 61 5 6 NER-l, Kona-l

• 12 2 3 172 115 589 37 45 3 12
" 13 2m 1 18 166 88 475 48 32 3 2

14 6m 2 34 99 93 527 37 46 20 5 Kona-l
15 15m 2 1 91 94 494 41 61 7 3 Kona-l
16 7 114 37 273 37 64 5
17 28 160 30 338 47 70 6
18 3 9 452 110 972 91 38 1 Kona-l
19 2 10 137 118 546 54 63 5 11 Kona-2
20 8 70 109 448 49 42 2 3 Kona-l
21 5m 9 118 125 532 55 53 9 5 Kulani-l, Offshore-I,

LPD-I, Kona-l
22 48m 2 9 105 101 484 50 52 8 Kulani-l

3mY
23 2l 107 75 432 27 57 2 1
24 1 11 159 104 584 68 68 1 Kona-l
25 2 11 209 129 636 67 71 4 LPD-9
26 7 261 142 583 75 49 5 3 Kone.-3
27 2 13 229 104 507 71 75 9 11
28 8m 1 15 223 131 629 78 56 11 6 Kana-I, LPD-5. NER-5
29 10m 2 13 178 135 572 65 70 2 6 Kone.-2
30 32m 20 155 52 I 354 10 54 9 13 1 LPD-6

~

'"
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Earthquakes
Tremor

Date (m = minu;)s Kilauea Swnmit Kilauea Flank Mauna Loa(1976 ) h - hours

SII Rift Upper lo.....er Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30KM L-P S-P Kaoiki Rift Koae Rift L-P S-P PPL of Interest

May 1 69m 10m 2 23 177 132 424 54 65 2 9 Kona-l. Mauna Kea-l

2mY
LPD-53. NER-l

2 174m 1 9 190 133 458 77 104 3 Kona-3. LPD-12. NER-l
3 22m 12 152 106 543 61 83 26 9 Kona-3. LPD-l9, NER-5
4 14 161 87 504 42 66 4 3 LPD-IO. Kona-2
5 1 5 172 87 633 50 72 10 6 Kulani-3. LPD-4. NER-6.

Kona-3
6 4 196 85 503 64 86 20 33 NER-l. Kona-l
7 1 160 20 249 51 49 5 43
8 40m 182 29 258 53 79 19 26
9 1 2 117 94 471 36 64 10 10 Mauna Kea-l, NER-2,

"~ Kona-3
10 8 157 86 557 64 76 18 8 NER-2. Kona-l
11 2 32 182 86 474 53 81 17 8 NER-4
12 5m 37 173 27 237 10 20 8 16 Kona-l. Mauna Kea-l
13 2h 437 136 23 233 4 52 1 2
14 23m 50 149 35 389 7 67 6 2
15 20m 3 148 226 46 429 5 37 4 2
16 1 47 94 97 486 44 77 32 14 Kona-2
17 8m 49 199 106 462 67 97 12 9 LPD-5, :<ona-l
18 1 8 11.26 97 397 70 87 11 3 1 Mauna Kea-l, 15 km-l
19 2 1 1222 88 588 62 87 17 87 NER-l, :<ona-l
20 3 234 71 317 32 66 11 6
21 6 1204 86 373 45 59 10 3 LPD-1, Kona-l
22 lOml! 1 219 86 350 34 42 12 4 LPD-4
23 1 5 244 61 405 47 50 7 8 NER-l
24 3m 2 2 237 75 388 38 63 15 4 NER-l
25 1m 9 274 82 446 37 75 11
26 3 2 286 88 457 56 95 9 2
27 3 1 257 85 396 42 61 5 2 LPD-6
28 382 32 227 50 58 5
29 2 326 32 385 66 36 1 3
30 1 386 57 408 77 38 1 6
31 13 290 113 525 55 22 1 Kohala-1

,
I
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Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa
(1976) h = hours)

SW Rift Upper Lower Off-
later- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P S-P Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Jun 1 5m 7 325 86 509 49 31 7 1
2 7m1./ 56 308 84 590 68 60 7 3 LPD-4. Kona-l
3 4 78 271 109 552 62 71 1 1 NER-l
4 2m 4m1./ 7 91 332 105 686 76 52 3 1 Kona-l
5 22m 1 302 299 91 498 47 34 2 2 Kona-2
6 3 107 341 127 427 52 58 5 1 Kohala-l. Kona-l
7 16m 1 10 276 74 393 51 47 1 Kohala-5
8 10m 10 312 85 448 42 73 3 1 Kona-l
9 2m 1 14 326 52 579 30 78 2 1

10 11m 79 335 56 544 78 61 2 1 Mauna Kea-l
11 5m 15m 1 98 294 28 429 18 39 7 Offshore-I. NER-B
12 8m 5m1./ 44 347 23 445 14 3 5 3 NER-4

• 4 344 86 519 55 56 1 2 NER-2. Kona-l» 13 1
14 3m 6 241 86 373 44 38 3 2 Kona-l
15 5 210 71 460 47 33 2 2 NER-I. Kohala-l
16 3 144 63 299 34 36 6 2 Kona-l
17 5m 3 207 52 319 36 43 6 5
18 6m 6 205 53 387 42 39 22 6 Kohala.-l
19 5 286 54 479 73 35 12 17 NER-l
20 1 4 352 67 423 53 34 8 6 Mauna Kea-l
21 6 142 39 3134 22 29 10 8 East Rift swarm
22 27 133 73 828 59 56 29 8 NER-5. iCona-2
23 28m1.1 1 14 126 87 660 23 51 14 10 NER-2
24 1 20 163 71 382 11 53 6 8 NER-I, Kona-l
25 15 218 20 253 54 31 2 2
26 15m 298 30 257 64 31 7
27 4m1. 2 277 97 531 34 52 7 9 Kahala-I. Kona-l
28 4 8 231 72 440 20 32 17 2
29 35m 1 8 263 78 432 25 34 2 5 Kona-l
30 1 245 73 396 19 44 31 3

~
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17MOK-tremor beneath Mauna Loa Volcano

Earthqua.k.es
Tremor

Date (m = minutes Ki lauea Summit Kilauea Flank l>1auna Loa
(1976) h = hours)

SW Rift Upper Lo....er Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P S-P Kaoiki Rift Koa. Rift L-P s-p PPL of Interest

Jul 1 3 8 228 69 380 21 59 5
2 21m 3 268 72 364 44 45 5 2
3 5 282 75 401 33 33 1 LPD-2
4 6 BB 6 105 2 10 2 High winds

5 2 349 49 395 31 39 2 Kona-l
6 4 277 59 451 21 42 Kona-l
7 2 7 117 38 188 17 21 1 Po....er outage 2000-0700
8 1 24 125 46 352 19 26 2 Power outage 0100-0730,

Mauna Kea-l
9 96 22 161 46 32 37

10 150 25 315 39 38 2 Kona-l
11 4 57 140 47 613 16 56 9

• 12 6m 1 17 119 40 636 28 32 1 2 KOH-1, LPD-- 3
• 13 24m 8 126 42 767 46 41 4 2 Kona-I. KOH-l. LPD-1,

15m1/
NER-3

14 1 16 320 62 1677 26 42 3 4 NER-I, Kona-2

15 7 105 90 591 41 44 3 2 Kona-I, LPD-l, NER-l
16 2 9 106 55 534 39 49 5 Kona-4, LPD-l. NER-l
17 8~/ 4 34 132 51 548 41 47 4 Ko08-3. LPD-l. NER-5
18 2 28 138 46 435 40 46 2 4 LPD-1, NEH-4
19 2 7 167 57 497 48 29 2 3 NER-4. LPD-l, Kona-l
20 2 5 164 62 376 34 17 1 1
21 2 2 114 41 470 30 31 2 1 LPD--2
22 3 27 160 57 478 48 26 2 1 LPD-l, NER-l
23 12 329 19 525 19 21 2 LPD-I. Kona-l
24 9 319 49 732 9 29 4 6 1
25 7m 2 193 45 439 33 45 2 3 LPD-l

26 41m 6m 3 341 63 422 38 28 1 3 Kona-l

27 36m 9 221 59 587 23 34 9 3 LPD-4
28 3mY 2 20 254 64 560 34 29 28 3 LPD-2
29 1 13 245 64 435 53 30 6 1 LPD-l, Kona-l
30 2 16 296 70 568 39 39 7 3 LPD-2. Kona-I, NER-4
31 1 14 302 51 635 51 29 3 LPD--1

, .
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Earthquakes

Tremor
Date (m = minutes

Kilauea Summi t I Kilauea Flank Mauna Loa

I(1976 ) h = hours)

SW Rift Upper LOY1er I Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Aug 1 16 191 42 434 16 30 1 2 NER-1
2 7 184 55 350 26 40 19 19 Kona-2
3 1 4 144 59 282 20 33 5 11 LPD-1
4 1 176 42 302 30 19 6 28
5 5m 5 257 59 469 38 41 13 12 Kona-l
6 28 319 18 318 74 34 1 6
7 7m 2 264 14 290 73 41 1 7 Kona-l
8 10 214 50 468 24 41 8
9 4 13 320 55 504 29 38 9 7

10 7mY 4 270 56 427 33 39 29 3 NER-l
11 2rn!J 1 255 54 411 26 31 16 2 Kona-l

4m, 12 4 223 49 214 22 33 3 Kona-2,
13 3"J) 3 345 22 353 6 27 13 4 NER-l, Kona-2
14 lom!! 1 6 431 20 494 6 21 12 6 Kona-l
15 10 262 33 494 30 48 3 26 3
16 1 1 332 66 572 58 29 16 6 Kona-2, LPD-l
17 2m 1 4 267 68 584 47 98 14 7 LPD-1
18 2 2 201 61 652 44 32 4 3 NER-l, Kona-l
19 8 246 77 509 30 33 7 9 Kona-2
20 7m 5 209 55 445 37 27 3 3 Distant-2, NER-2
21 3m 3m 11 238 63 521 68 38 4 1 LPD-3. NER-2
22 6 118 33 211 27 26 1 8 5
23 6m 1 13 108 77 295 40 41 5 2 LPD-2, NER-l
24 14m 5 65 85 301 39 28 11 1 LPD-12, Kana-I, NER-l
25 1 10 99 59 339 56 33 4 5 LPD-l, NER-3
26 13 90 97 413 46 25 10 2 Kohala-l
27 3 146 21 196 41 32 2 11 Kona-3
28 5m 4 131 21 211 42 28 1 NER-1
29 27 129 55 226 39 65 3 19 1 NER-4
30 52m 2 13 153 63 303 43 35 1 2 LPD-3
31 4m 13 167 82 322 43 44 2 3 Kona-3, LPD-l,

Mauna Kea-l,

..
co
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17- MOK-tremor beneath Mauna Loa Volcano

Earthquake

Tremor
Date (m = minutes Kilauea Sununi t Kilauea Flank Mauna Loa(1976) h = hours)

SH Rif't Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P S-P Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Sep 1 11 117 76 359 40 27 NER-;, Mauna. Kes-I,
Kona-l

2 2 25 106 54 375 59 36 2 6 1 Mauna Kes-I, NER-4
3 35 125 43 300 64 84 29 15 2
4 28 77 65 172 44 48 40 10 Kona-4, NER-l
5

4nJJ
2 25 83 69 258 52 45 4 5 1 NER-2. Kona-l

6 9 102 63 365 43 33 4 2 LPD-6, NER-l
7 2 20 83 79 384 52 31 4 3 Mauna Kea-2
8 2 10 52 71 261 15 29 4 Kana-I, LPD-I, NER-l
9 10m 3 7 72 56 225 23 33 3 1 3 LPD-I, Kona-2

10 9m 10ll,1/ 11 271 28 286 3 56 10 10 3 Kona-l
11 11 363 12 291 1 171 10 1 2 LPD-2, NER- 3, 12 2 21 211 76 334 35 200 5 Kohala-l•
13 6m 3m 1 7 171 54 320 34 116 13 LPD-2, Kona-3
14 5 99 60 197 5 71 17 4 MatUla. Kea-4
15 3 75 39 212 8 62 10 2
16 2 17 78 80 299 26 83 6 Offshore-I, Kona-l
17 2 7 82 74 330 49 80 4 4 LPD-2, KO:1ala-l
18 20m

15nJJ
1 55 209 75 339 40 56 12 3 NER-l

19 4m 16 99 72 340 38 82 29 1
20 3 15 65 76 287 26 69 31 2 LPD-4, Kw.a-3
21 1 3 52 75 278 49 36 16 1 Kona-3
22 8m 2 11 79 67 352 38 41 15 1
23 11m 27 87 76 342 40 47 16 2 NER-5, Kona-l
24 33m 2m 22 70 24 155 42 45 2 9
25 5m 127 81 28 131 38 35 14 7 Kona-l
26 3m 53 69 68 348 29 46 5 3 1
27 32 70 321 44 3 2 Kona-2. LPD-2, NER-l
28 25 75 75 394 26 31 1 2 NER-l
29 2 23 88 87 382 47 42 4 Kona-l
30 53 84 81 421 40 30 10 Kona-l

,. ,
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Earthquakes
Tremor

Date (m = minutes I

(1916 ) h = hours) Kilauea Summit Kilauea Flank Mauna Loa,

I SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM I L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Oct 1 35m 10m 2 150 110 15 293 12 39 3 9
2 91m

:Jm1/ 281 106 34 232 9 22 3 2 LPD-4
3 1 58 114 89 402 32 41 1 4 Kana-I. Kulani-l
4 4 49 91 88 390 38 39 1 3 Kona-2, LPD-3. NER-l
5 2 26 108 83 451 25 24 1 3 Kohala-l, LPn-I, Kona-l
6 1m 141 82 81 422 48 34 4 4
1 16m 128 95 61 264 15 34 8 LPD-2. Kona-l
8 2 32 16 64 249 19 21 4 1 Kona-2
9 4m 3 30 106 61 301 11 29 3 2 LPD-I, NER-l

10 19m 4 91 92 31 251 11 34 4 1 Offshore-I, LPD-4
11 5mJ/ 6m 3 46 115 24 254 1 25 3 9 NER-l
12 24m 3 135 159 32 264 4 19 2 3 NER-3

• 13 1 36 115 31 229 3 23 3 2 NER-l• 14 110m 5 102 161 19 191 10 19 2 4 Kona-l
15 8m 9 210 11 161 55 31 1 10 1
16 181 245 26 198 10 41 3 5
11 8m 55m 121 200 31 230 11 24 1 6 3
18 14m 41 242 22 219 12 23 3 6 Kona-4
19 23 204 30 211 1 13 1 1 1 NER-2, Kona-2
20 14m 4 180 180 36 283 13 32 2 6 NER-l, Kona-2
21 30m 111 221 21 256 8 39 2 1 NER-2, Kohala-l
22 4m 2 35 153 40 219 11 12 1 Kona-2, LPD-9. NER-l
23 21 116 10 241 4 25 1
24 65m 3 121 213 21 231 6 26 3 1 LPD-I. NER-l. Kona-l
25 40m 1 101 222 26 186 1 18 2 3 LPD-l
26 1 60 300 25 194 12 28 4 6 LPD-l
21 1 6 281 29 235 11 31 1 5 NER-l
28 11 385 32 214 13 52 2 9 NER-I. LPD-I. Distant-2
29 1 233 45 188 59 32 11 12 NER-l
30 136m 12 245 23 243 16 31 1 6 LPD-I. NER-I, Kona-2
31 20 216 40 261 5 22 3 3 2 LPD-3, NER-2, •

~ ..~., . . ..- .. ---- .. ~- ".,--
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lh-lOK-tremor beneath Mauna Loa Volcano

Earthquakes

Tremor
Date (m = minutes

Kilauea Summit Kilauea Flank Hauna Loa(1916 ) h = hours}
,

SW Rift Upper Loyer Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P s-p PPL of Interest

Nov 1 9rrd/ 4 27 346 45 325 11 26 15 2 NER-I, LPn-8
2 21 285 32 307 34 32 3 2 Kona-2
3 7m 1 20 302 34 187 18 23 2 4 LPD-I, NER-2
4 20 324 26 154 8 28 2 2 2 NER-l
5 2 24 256 45 135 14 41 4 8 NER-2, Kona-2
6 3 398 33 189 11 39 2 5 NER-l, Kona-2
7 2 3 349 24 211 12 38 3 8 1 LPD-3. NER-l
8 44 374 41 224 21 36 10 10
9 3mY 21 397 17 277 11 41 2 9 Distant-I, Kona-l

10 1 20 352 23 259 19 51 23 16 1 LPD-1
11 9 321 21 208 9 27 7 4 LPD-2, 12 1 1 317 15 155 50 30 1 8 Mauna Kea-l,
13 2 549 23 161 42 28 2 6
14 5m 34 350 21 260 4 27 5 Maui-l, LPD-I
15 5 322 24 303 1 30 1 5 Maui-l, NER-l
16

8Qm1/
3 9 384 14 181 3 29 1 1 NER-1

17 26m 1 23 468 15 173 5 39 45 2 LPD-2, Kor.a-l
18 24m 5 28 425 34 180 9 41 7 7 2 Kona-l
19 1 39 370 36 127 46 34 347 2l 1 NER-1
20 32 374 30 132 31 41 306 4 NER-5
21 19m 1 62 419 19 154 4 28 223 1 NER-l
22 28m 5m 2 51 385 32 166 9 29 152 39 Kona-2, LPD-2, NER-4
23 14,J/ 92 389 33 176 43 32 67 27 1

20m
24 5m 22 343 22 144 10 38 36 18 1 NER-5. Kona-2, LPD-2
25 6m 28 354 21 186 10 26 17 46 NER-I, Kona-l
26 27 371 14 194 9 34 24 17 NER-4, Kona-4
27 47m 14 364 26 203 5 36 7 17 LPD-I, NER-2, Kona-l
28 7m 13 356 41 194 6 33 8 19 NER-2
29 3nd/ 13 388 30 159 1 21 14 17 Maui-l, NER-2
30 20 379 39 283 3 27 8 12 NER-1

~ ,
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J:/MOK-tremor beneath Mauna Loa Volcano

Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Los(1976 ) h = hours)
,

SW Rift Upper Lower Off-
Inter- and East East shore Remarks and Events

Deep mediate Shallow 30 KM L-P s-p Kaoiki Rift Koae Rift L-P S-P PPL of Interest

Dec 1 38m 13 406 43 274 2 45 2 9 NER-3, LFC-5. Kona-l
2 2 19 345 30 275 15 41 11 2 NER-2, Kona-l
3 3 396 28 209 35 38 1 4
4 4 431 22 220 37 26 2 4 NER-3
5 13 332 32 273 6 53 5 4 Kona-l
6 30m 1 18 403 33 203 2 29 6 2
7 2 23 383 30 207 7 30 3 2 Kona-l
8 5m 1 14 493 26 185 1 29 4 10 NER-2
9 5m 17 467 38 193 3 26 6 5 Kana-I, NER-l

10 12 272 44 176 15 25 2 4 LPD-4
11 23m 19 167 42 143 37 38 13 7 3
12 2 19 333 48 245 2 17 7 10 2
13 23 486 20 217 32 26 7 Mauna Kea-2, NER-4
14 20m 1 42 319 48 266 15 11 7 5 Kulani-2. LPD-2
15 12 501 114 474 72 13 15 2 NER-2
16 4 767 20 147 35 23 9
17 2 4 358 64 496 10 20 5 3 LPD-7
18 31m 1 3 161 26 211 4 8 3 4 NER-2. Kulani-l
19 9m 20 303 30 146 5 57 8 21 3
20 1 18 372 39 270 7 10 4 8
21 7m 3 19 422 24 259 11 21 8 1 1 NER-1
22 7 338 49 232 1 11 5 17 1
23 24 296 21 264 8 20 10 1 NER-l
24 6anJJ 5m 3 32 318 21 258 5 24 14 Kona-l
25 1 19 311 35 330 9 20 3 1 NER-2. Kona-l
26

3rJl
1 9 355 38 377 9 24 4 NER-l, Kona-2

27 20 361 25 299 18 12 8 4
28 5m!J 1 5 481 28 338 21 19 8 2 NER-1
29 30m 8m!/ 1 20 296 26 355 18 21 15 2 1 LPD-7
30 519 19 168 77 4 9
31 ,414 I 5 137 37 9 8 7, ,. ,

..
~
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is a code applied to earthquakes with depths greater than
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depths between 0 and 6 km, and LPC is used between 6 and 13
km.
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Table 4. Coordinates of named regions.

Name (---------------------------Limits-----------------------------------l
NORTH SOUTH EAST WEST DEPTHS
D M D M D M D M 0

SPC 19 <l 19 23 155 15 155 19 o - 6
LPC 19 <l 19 23 155 15 155 19 6 - 13
DEP 19 29 19 18 155 22 155 22 13 - 70
UER 19 23 19 19 155 6 155 15
KOA 19 23 19 17 155 15 155 19
SWR 19 22 19 16 155 19 155 25
UKF 19 29 19 22 155 19 155 30
MER 19 25 19 16 155 1 155 6
LER 19 31 19 20 154 47 155 1
PeL 19 19 19 10 155 6 155 15
LSW 19 16 19 0 155 21 155 34
PPL 19 10 18 30 155 0 155 21
HLP 19 17 19 10 155 15 155 21
HlK 19 40 19 22 155 30 155 45
GLN 19 31 19 23 155 1 155 19
KON 19 55 19 15 155 45 156 10
HEA 19 22 19 0 155 25 155 45
KOH 20 15 19 55 155 30 156 0
NER 19 40 19 29 155 12 155 30
HIL 19 50 19 31 154 47 155 12
KKU 20 5 19 40 155 0 155 45
DIS EVERYPLACE ELSE
IlLS QUARRY BLAST

When coordinates imply an overlap, precedence is given as shown in Figure 9.
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and west longitUde
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

DUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

RMS = ( L R~/NR) 1/2

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standara error of the epicenter 1n km.

ERZ km - Standrad error of depth of focus in km.

REMK - Remarks, three letter code for geographic location of event. See
Figure 9 for location of mnemonic code.

Table 5 lists all events located during 1976. Table 6 lists only events of
magnitude 3.5 or larger.
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TABLE 6. "VO SUr>lMARY LIST . MAG 3.5 AND ABOVE PAGE

ORIGIN TIME lAT N lUN • DEPTH AMP UU. GAP RMS MIN ER" ER'
YEAR MON DA HRMN SEC OF.G "'N DEr. "'N '" MAG MAG N. NS OEG SEC UIS '" KM REMK

1Hb JAN 1 0 2 tl8.09 la 50.09 155 tI.b8 1b. b 1 3.6 _ • I 2a 0 2b' • I 0
5 _

3.' 29.5 PPl
1 a'_ 19.82 la tlO."" 155 2.80 50.32 _.1 _.2 15 I 310 .oa la 6.0 14.1 PPl
1 153b a7.31 " 21 .71 155 15.0d 9.34 3.5 3.' 30 U 60 • I 0 - .- .5 KO'
1 016 39.3b " 18.b9 155 20.bb 9.b" 3.1 3.1 30 0 lOb .11 b .7 .- SWR
7 1_' B.B " 27.20 IS_ 53.21 7.b9 3.a 3.' 2A I 23a .U, 19 •• .5 LER

11
1 _

5 40.17 l' 30.77 155 It•• 17 24.49 _.2 _.2 32 0 61 .11 13 .7 1 ., GlN
15 12<l1 45.31 I. 24.55 155 11.59 14.21 -.- _.5 35 0 _6 .00 - .5 .A OEP
15 1259 2b.09 " 24.b5 155 17 • b 0 Ib.07 _.5 _.7 3_ 0 '6 .10 - .6 I .0 DEP
1. 1~29 13084 1. 22.49 155 b.53 8.U,5 3.1 _.0 20 0 68 .0' 8 .7 .' U,R
16 20 0 3.85 " 21 .29 1SU ~9.b1 2.18 3.2 3.A 2S 0 20b .12 12 t.2 t.5 L'.
la --. 28.37 " 21.13 155 15.30 9.10 ;.6 3.a 31 0 60 .0. - ., · \ KOA
la I_ S 10.<:12 19 21.71 1;S 7 .01 9.35 3.6 _.0 30 0 7. • 10 a .6 .5 UE •
18 1413 37.139 l' 21 • h5 155 7 .02 7.03 3.6 3.7 31 0 73 .(J9 a ., .7 UER
la 23':17 Ub.47 19 22.50 155 5.92 7.9/J 3.6 3.5 32 0 11 .10 1 .5 .7 ME.
21 I1tll 21.2<l 19 22.02 ISS 7.':?1 8.Lla _. I _.2 2_ U 17. .12 10 I • ; •• UER

23 2_7 <l0.05 19 21 • b 3 155 /J.91i 8.9b 3.1 _.0 31 0 62 .13 • •• .6 r-lER
23 620 1 4 • 1 1 19 21.82 155 7. 92 8.'H 3.2 :S.5 26 0 79 .10 • .' .7 UER
27 535 '::d.38 I' 21 .20 155 b.ll 8.&9 3., 3 •• 31 0 ., .11 7 .7 .5 UER
27 2226 28. 1b l' 20.28 155 b.b4 tJ.25 _.U _.1 31 U 107 • I 0 1 • I .5 UER
29 1019 50.117 19 22.14 IS. 5':l.b/J 0.1')6 , • 1 •• 9 33 0 lH' • I' H' 1.2 •• lER

31 20 7 26.9b
"

22. 1a 155 u.rn 1, 52 3.3 3 •• 2. U " .1 3 • .1 •• MER
FE. 3 Ib/.l2 13.a5 19 22.b8 155 5.95 8.7'1 :S.tI 3.7 30 U 72 .11 1 .b .' MER

3 2050 SIl.46 I. 21.*,1 155 15.18 9.78 3.5 3.8 2' 0 hI .08 - .a .3 KOA
5 11'19 ".48 ,. 2~.u2 1;; 8.1d 8.1 U 3. 1 '.b 2a 0 11 .12 • .7 •• lJElol
5 1919 1b. 7 1 I' 20.as 155 7.11 'L2·' 3.2 3.b 2R 0 .. .08 1 .b • • UER

1 2248 12.2b I. 19.77
I '"

7 • 4b 1.82 3.2 3.7 27 U 10:S .0' a .5 .R UER
10 1820 3.55

"
20.33 155 6.07 9.':lt> 2 •• 3.5 25 0 ID2 .0. I .b •• UER

12 61a 2b.21 19 21 • f:. 7 IS; 3. ':1\ 7.25 3.2 3.a 2a 0 10. • 12 II .A .R MER
13 Oa9 ':i 1 .8 b ,. 31. 33 , ;S 57 .70 9.b8 3.6 3. 1 21 0 23« • 1> 22 2. 1 •• KON
1 A 18ao 52.f:ll ,.2~.82 I ;S lb.4h .b' 2 •• a. , 21 1 12A • 15 2 .b 1.2 sec

20 19':l1 1'1.91 20 2t1.95 1>6 1 .2\1 31 • 1':l 5. 1 _.b , 0 Ib2 .00 a3 ,54.d 5~.7 DIS
2. 550 1q. 19 ,. 22.20 155 &.b5 8.5q •• 2 -.2 2. 0 71 .11 • .b .1 UER
2. 11142 32.b3 l' 2~.27 15S /J.dl 7.82 3.2 3.6 23 0 12. .11 • • I 1 .0 MEQ
2. 1'H~ 30.56 ,. 21 .12 155 7.9b 9.38 '. 1 3.; 31 0 7h .11 • .7 .- llER
25 1.548 20.37 ,. 22.17 , ;S 0.3S 8.9~ 3.9 •• 2 31 0 73 .0. 1 .' .- "ER

2a 2.555 25.89
"

22.42 155 6.3b 8. 12 3.3 3.b 25 U b' .11 8 .6 .R UER
2. 1941 ':I8.~3 ,. 20.?8 155 b.bl q. 1 j 3. 1 3.5 27 0 107 .11 7 .a • 5 U, •

MAR • 1223 1.1.59 19 2 t • b 0 15' 1 • q ') b.04 3., •• 0 29 0 160 .11 13 .1 1 • 1 MER
7 ib25 .511.6a 19 21. HI 155 7. 17 8.211 3.1 •• 0 30 0 1. • 12 a .6 •• UE"• 5 5 17.66 19 18.sa 155 20.b5 4 • .37 2 •• 3.5 30 0 IlU .0. • .S •• SWR

10 1832 110.95 I' 20.30 155 7. 13 9.0S 2 •• 3.' 26 0 •• .13 1 •• .1 U,R
11 - 2 4d.2! I. 21 • bO IS; 15.45 8.98 ;'1 3., 25 0 b7 .11 5 .7 •• KOA
13 616 16 • .58 19 8.b9 15~ 30. 14 1 1 .2b 3.5 3.5 2a 3 156 .13 2a , .0 ·" lSW
19 132a 30.32 " 21 .32 155 ,Lu3 8. 11 3.' •• 1 29 0 110 .12 II •• 1 • (l '~ER

20 1313 19.86 19 19.83 15~ 6.5.5 tJ.21 3. I 3.5 27 0 120 .0. 7 .1 .5 UE.R

21 .31 33.54 '9 22.23 155 15.c!h 9.78 3.3 ;.6 20 0 55 .11 - .a 1 .6 KOA
21 2031 24.bo ,. 20.22 1S; tl.bl 8.42 3.2 3.6 n 0 7. .11 • .0 .7 "ER
22 20tl~ 2b.9u 19 21 • A~ 1S; 5.0.5 8.7'5 3.3 3.5 2' 0 71 .11 8 .7 .6 M,R

66



HVO SUW~j\ffY LIST - MAG S.5 AND AI3UVF PA[;c 2

ORIGIN TIME lAT N LON • U£PTH AMP OUR GAP "MS MIN f"H /::RZ
VOR MON OA HRMN SEC OEG MIN OEG to< ll~ 'M ~~AG HAG NR NS UEt> SEC 015 'M 'M RE.HK

1976 '~A R 23 15 b .5. 24 19 18.82 155 16.38 9.48 3.7 3.9 ;0 u "" • 1 "3 • .b .7 'OA
2b 8VV a 7 • 15 19 20.67 15S 10.80 CJ.u3 2.9 3.5 18 II 7v .OB e •• 1.2 lJEff
29 5 9 52.00 19 21 • 83 155 1 '5. 1q Cj • 7.5 3.7 v.O 27 0 59 .12 V • I

., <OA
30 1452 10.26 " 20.01 '" 7 • 52 q.~O 3.1I 3.7 29 0 101 .10 • .8 ., llER

APR 2 "V 6.50 ,9 20.&2 155 b.SU 'i..5 7 V.b V.b j3 0 101 .10 7 ." .v UE"

2 91V II. 7 0 " 38.57 '" '3 Cj • ':13 b.b£l 3.4 3.b 2V 2 221 .<1 29 I • b 1.2 KllN
2 955 3.26 19 19.86 155 12.91" 8.41 ;,b 3,9 28 0 72 .09 7 ., .7 UE"
3 lV3 42.22 19 23.72 155 11 • 02 3. q 1 3.0 3.b 32 0 37 .lb 3 .b .9 SPC
b 312 52.13 19 20.59 I" 12.54 9.21 3.- 3.7 29 0 h7 .13 7 .' .9 UE"

11 1535 /J q. 18 19 20.'15 155 3.5& so.n 3.4 3.7 2b 0 99 • I V 10 1.0 .9 i~E R

,2 72b 23.£15 19 18.94 155 21. '::10 9.41 3.0 3.5 27 0 103 • 12 8 .7 .' SI'JR
I V 22 I 36.02 19 21. Ed 15v 53.01 8. 1b 3.3 3.5 29 0 2t1a • I 5 19 2.3 .9 LER
20 711 .3.11 19 21 .70 155 15.25 CJ.,:>O 3.5 3.7 31 IJ bO .11 V .' .5 'OA
21 18 I 3 34.a9 18 /J 7 .70 155 .30 49.81 V.b 4.2 22 0 278 .09 b; -.. 9.0 PPl
22 55v 1.1.92 19 31 .50 155 18.b4 11 .64 ;.v 3,b 32 0 bl • 1 V 15 .' .3 NOI

22 8;; .97 19 18.57 155 20.6/1 9.7b 3.v 3,7 2b 0 109 • 1 1 b .7 .V Sl-.R
23 12?9 53.77 19 21 .88 15> 5.15 8.'15 v.2 v.3 2' 0 77 .11 • .1 .b ME~

2b 2114" 41 .56 19 23.26 155 16.96 5.'10 3.1 3.B 2b 0 44 .to , .V .b SPC
MAY 1 1852 '1.85 19 18.43 155 23.~b 6.6.3 3.2 v.O 31 0 107 .11 9 •• 1 • b S\'l~

• b14 '1.3.37 19 21 .55 155 7.95 9.1': ;.v 3.6 ;0 0 71 .0' 9 .5 ., UER

10 .27 4.1;5 19 23.27 155 4.1;8 7.13 3,5 3.b 32 0 94 .1< ,0 .5 .' ~1£~

12 555 11 • 56 '9 20.35 155 11.6b 9.26 3.7 V.2 31 0 77 • , 0 7 .b .7 UE.
11 145 6.09 19 1<1.18 15> 16.21, 9.60 3.b 3.8 32 0 91 .0' 5 .' .4 KUA
11 20~" 4 q. 19 19 lq.bb 155 B.I}O 9.51 3.0 3.b 28 0 7 • • 09 10 .b • 2 uc •,. bib £I 1 • 5 1 ,. 1q. 7b 155 1."B 8.63 3.5 _.0 « 0 102 • I 2 • •• .b UER

,9 17lc 'S.5.s 19 19.eO 155 1. 7~ 9.29 ; .. 4. I 31 U 9b .12 • .8 .b UE.
21 1953 9.83 ,9 21 .08 155 /).06 <1.27 3.2 3.5 31 0 9V .11 7 •• .5 UER
22 1852 13.'11; 19 ? 1 .68 155 15. 11 10.51 3.7 V.O 31 0 bO .U9 V .5 .2 tWA

23 1731 20. 18 19 20.44 1'S~ 6.81 9.58 v.O V.O 31 0 101 .11 7 •• .5 UER
23 232£1 1 .63 20 51.l.93 15b 2].I.lO 49.09 V.3 4.2 ;V 2 ~(Jb .1416<1 3.2 l.b DIS

2' 12 8 1.15.51 10 23.03 155 4.81.1 8.1 1 3.3 3.7 2b 0 98 .09 • .5 .b MER
31 b27 21 .09 20 It1.17 155 53.55 .51.tl6 3.6 3. 3 9 0 303 .ov 70 5.8 9.7 'OH
31 832 9.Q9 20 15.86 155 tlb.l1 2.68 4. 1 3.9 b 2 175 .07 75 10. 1 5.b 015

JUN 4 2250 '51.27 19 21.5" 15> 7. 1 0 9.H v. 1 4._ 32 0 '" .12 8 ·., • 5 uE •
7 1039 37 • '5 7 19 19. 15 155 1 '5. btl 31 • <l 0 3.5 3,3 35 0 93 • fl 9 b .7 1.3 ou:

10 015 3.85 19 20.07 155 7. 32 8.5':1 ::S.3 3.7 32 0 100 .11 8 .7 .b lJER
10 22 5 5.23 19 19.18 155 ti.S1 9.55 3.2 3,7 33 0 79 .09 \0 •• .? UE.
IV 1 til 7 15.19 19 2t1.25 '" 15.o~ 1.1.37 3.2 3,9 2V 0 109 • 1 V 3 •• 1 .0 sec
lb 017 15 • ., 19 21 .81 155 <l.ts4 1.79 3.v 3.b 31 0 79 .09 • .5 .b .ER
18 12 I 11 .60 19 22.53 155 6.06 7.50 3.V 3.b 2B 0 b9 .11 7 .b .9 UER

20 3 b 23.81 19 11 .44 155 32.ijl 10.b" 3. 1 3.5 23 0 132 .11 22 1 • 3 .b lSW
21 1539 5.68 ,9 22."9 155 13.':7 b.80 2.9 3,b 2b 0 5V • I 0 • .5 1.0 Ut::R
21 lA16 21 .24 19 22. 15 155 12.92 5.39 3. 1 3.5 2. 0 50 .12 5 .5 .5 IJER
2' 19 3 34.10 ,. 22.27 155 13.1.s 6. 1 5 3.v 3.7 27 0 5V .09 b .V 1.0 UER
21 1936 29.86 19 22. 10 155 12.95 6.06 ;. I 3.b 20 0 bl .13 0 •• 2 •• UER

21 20 0 34.66 19 22.34 155 13.2.s 5.30 3.3 3.' 2b 0 b3 .1.3 7 .b .7 llt::R
21 2015 12.03 ,. 22.81 155 '5. (itl 9.58 3.2 3.5 3D 0 BV .11 9 • 7 •• Me.
21 22"1 19.86 19 22.36 IS5 12.15 4.87 2.B 3.b 28 0 77 .1 b 5 • I • 9 LlER
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HVO SUMMARY LIST - M'G ".5 'NO AHOVE PAGI:. 3

ORIGIN TIME LAI N LON \'j DEPTH AW~ OUR G'P ~MS MIN EHH ER,
YEAR MON 0' HRMN SEC OEG />IIN UEG MI r~ KM "'G ,.1j\G NR NS OCG SEC UIS KM K" Io/E~lK

1976 JUN 22 3 • 39.5& ,. 22.bt.i
\ " 1tl • jib 2.53 3.2 '.0 32 0 50 .15 • .b I., Uffol

22 3" 9.92 ,. 23. 13 155 Itl.bO '5. 3 7 >,0 3,5 <0 0 •• • 11 j .' •• GLN
23 052 25.03 ,. 21 .58 155 15.54 2:. 11 2.' 3.7 20 0 b2 .1. • .b 2.0 KO.
20 1947 5L8S 10 20 • .51 155 11.90 9.23 3.b j.a 20 0 ,. .1. 7 ., .5 uER
25 '20 52.£19 10 23.27 155 lo.cH 3.77 2.5 3.' " 0 os .10 3 • I 1.0 SPC

JUL 5 100 tl3. 57 19 2a.07 155 3.')9 8.08 3. I 3.b 21 0 119 .12 11 1.0 .a :~EW

b 1345 Q7.ljl 10 21 • b 1 15> 15.27 9.41 3.2 3.' 2a 0 b2 .0' 0 ., .b KO.
11 232& 10.83 10 21 • 1 1 155 13 • .55 9.48 3.2 3.' 31 0 55 ..' • ·, .' U._

" 2 5 2.37 ,. 23.21 155 lO.~5 4.89 ".3 3.7 " 0 55 .12 3 .b .7 GLI~

" 141 Q J8. 0 7 ,9 22.",5 155 12.7& Q.88 3.1 3 •• " 0 .,
• l' 8 .7 1.0 UER

15 a50 39.83 19 21 • bb 155 7.,.,1 7. 81 3,3 3.5 2a 0 72 · l' a .7 •• UER
I. 111 28.15 10 10.70 155 311:!.bS 8.83 '.2 3.a 27 0 I3b .18 23 1 • < I.' LS,
la 2331 25.59 ,. 19.83 \55 7 • /:It.! 9.32 3.4 '.0 27 0 •• • 10 a .a .5 UER
22 2'. 'H.05 '9 22."3 155 tl.b2 9.20 3.7 • • 1 30 0 •• • 13 • .8 ., MER
22 2149 Q').Q2 ,. 23.77 155 11.1.85 tI.82 3.2 3 •• 31 0 5. · l' 3 ., .7 GLN

23 1938 11.12 ,. 20.05 155 ~.3q 9.55 3.7 '.0 <2 0 .0 .10 10 .b .3 UER
2' 122 14.65 ,. 13.3S 155 lS.5l.l 10.32 '.0 3.5 29 0 115 .19 17 , .2 ., HCO
20 2346 .50.98

"
23. 3'1 15> 1Cl • 7 t.l 5.03 3,3 3.' 28 0 os • I 2 < .> .b GLN

27 ". 2b.85 ,9 22.21 155 a.e9 9.39 '.0 • • 1 32 0 83 .12 • •• .5 MER
21 2031 12.&9 ,. 23.49 15> 14.57 4.70 ".b '.0 30 0 'b • '2 3 .5 •• GLN

2. lb , 19.82 '9 23.73 ISS 23. IU 9.&7 3.5 3.3 31 0 b• • 12 7 •• .5 UAF
30 5 9 43.69 ,. 20.40 15> to.6b 8.04 3.8

• • 1 " 0 10. .0' 7 .5 .' UER
30 2319 14.05 19 20.27 155 12. 19 8.&2 3.0 3.5 31 0 75 .13 b .b .b UER

" 1&51 36.05 19 24.28 155 1'::1.8b 4.bl 3.3 3.' 29 0 10. .12 3 ., .b SPC
'UG 1 1&39 18.0" 19 23.58

1"
14.80 6.21 3 •• 3.8 25 0 .5 .12 b •• 1.2 GLN

2 .37 1 • 42 19 21 .52 155 15. 11 9.67 <,2 3.5 29 • b2 .10 5 .b • u <",
3 523 31 .91 19 2b.50 ". 53.67 8.88 3.0 '.5 27 0 227 .0' 19 I.' .5 LER
b "8 55.38 19 22.71 155 ':>.58 8. 12 3.2 3 •• 3D 0 ,. .11 • • b •• MER
7 13' £15.35 19 21 .29 155 2.69 6.59 3.3 3.a 27 0 100 .11 12 •• ." MER
7 1142 19.32 19 19. 17 155 11.98 9.06 3. 1 3.8 23 0 .8 .10 7 • 7 •• UER

• " • 33. Uq ,. 23.37 155 14.b2 4.9Q 3.' 3.7 <0 0 05 .13 3 .5 •• GLN
'0 '9 3 £11.59 19 19.17 155 13.31 10.12 3.5 3.a 32 0 7. .10 I •• .2 UER,. 17 , .37 l' 21 • 4 U 155 d.u7 ~.UU 3.' 3.b 29 0 71 • '0 • .5 •• lJER
Ib 231 8.43 ,9 21 .89 155 3.1:10 1.44 2.' 3.5 ,8 0 "' .oa 10 .7 •• ME~

2b ". 4LbO 19 21 .78 155 15.Ub 10. 15 3.b '.0 " 0 59 • \ 0 • .b .3 '0'

28 1859 55.a5 19 21 .29 155 1.5 • .59 9.bb j.O 3.b 30 0 55 .0' b .5 ... UER
29 203b 25.54 1. 27.89 15' 52.91 1.&8 2.' <.5 18 0 258 .10

"
j.2 1.0 LER

31 1041 8.47 19 23.ti2 155 2q.b7 10.18 0.0 o. , 35 0 00 .13 13 .b .3 UAF

" l' 0 38.53 19 19.89 '55 7.01 9.05 3.0 3.8 30 0 110 .12 7 •• .b Ui:.1ol
SEP 2 1020 26.7b 19 21. 18 155 3.20 7.&2 3.5 '.0 31 0 118 .11 11 .8 .5 "4E~

3 lib S'j. 89 19 19.77 155 10.bO 8.90 3. I 3.5 " 0 91 .12 7 .7 .b UCR
3 1523 20.02 19 22.93 155 24.70 9.57 2.' 3.5 19 0 82 • 11 9 •• •• UAF
3 22 < 41.(10 19 28.89 15' 50.99 7.&2 3.5 "8 27 0 2b' .10 22 3." .' LE_
• 1310 54.2(1 19 19.7Q 155 Ib.3~ q.&2 3.' '.0 " 0 91 .10 5 ., .' KO'• "0 15.20 19 2b.U& 150 5£1.22 7.91 3.5 ••• 3. 0 210 • 13 I • 1.7 .7 LE_

b 1919 .3. 19 21.23 155 ItI.OS 4.52 3 •• '.2 2b 0 7b .13 7 .7 1 .0 KU'
7 22 1 1&.28 1. 22.20 155 4.73 d.Ze 3.5 '.0 32 0 85 .12 • .7 .b MER
• • , 55.52 19 18.45 155 20.8.5 9.51 3.2 3.b 29 0 113 .0' 7 ., ., ...
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HVO SUMMARY LIST - M'G 3.5 'NO ABOVE PAGE •
ORIGIN TIME LAT • LON w DEPTH ,MP OUR G'P RMS MIN ERH E"Z

YEAR MON O' HRMN SEC OEG MIN OEG MIN <M M'G M'G NR .S DEG SEC DIS nM K" REMK

1916 SEP 10 .25 18.&2 18 £18.91 ISS 13.54 3&.,53 3.2 •• 0 28 2 2•• .1· 53 2. 1 8.1 PPl
11 5 • 30.51 to 22.13 155 4.22 1.61 3 •• '.0 28 0 •• .10 10 •• .7 ~1t; R

15 2 1 25.72 to 21. <17 155 5.05 8.63 3 •• •• 0 32 0 76 .12 6 .6 ., t~E~

21 '35 49.18 to 20.78 155 6.54 Q.32 3.2 3.6 .. 0 ., .11 7 .7 .5 UE"
2_ 2251 31.28 to 20.bl 155 b.b8 6.9'J 2.' 3.7 52 0 •• .11 7 .7 .5 UER

26 '1' 53.40 to 20.00 155 13.1 j 10.04 3.7 •• 2 J< 0 •• • 10 7 •• .2 UER.. 1258 3.96 to 21 .97 ISS S. 10 8.&9 3.3 3.6 .. 0 77 .11 6 •• .5 ~o\ER

OCT 3 7" 8.58 to t'L 79 155 7 .26 9.29 3._ 3 •• 31 0 107 .11 6 .6 .5 UER
3 1121 45.'iO to 20.32 155 6.02 9.5'5 3.1 3 •• 31 0 .. .10 • •• • < UER
5 556 50.57 I' 20. 11 155 boSq 9.45 3.6 a. 1 30 0 112 .11 7 •• .5 UER

5 .55 H.b£! to 22.1 q 155 £1.19 7 • ab 3.5 3 •• 30 0 6' .10 • ., .7 McR

• 622 12.93 to 18. 1 7 15':1 23.4Q b.OB 2 •• 3 •• 30 0 'D. ·,. • •• 2.U SWR
7 311 3 T • QfJ ,. 22.b8 155 5.34 !Joeb 3.5 3.' 31 0 ,. • , u • •• • a ME"
6 2253 53. 0 1 19 23. 12 155 &.12 q. 17 3.2 3.7 .. U n. .12 • .7 .7 GlN,. 2317 &.95 19 22.&1 15> 5. 1c! lI.09 2.7 <.5 26 0 62 .12 6 •• •• ~lER

17 557 1b. 1 5 I' 20.0a 155 8 • .0 9.33 2.7 3 •• .. 0 62 .10 • •• .a UER
17 ... 11. qq to 21 • bO 155 b.01 8.18 2 •• 3 •• 2. 0 BJ • l' 7 .7 •• UER
19 23 t 1 '::10.41 19 20.31 155 &.99 9.03 2.7 <." 26 0 101 .11 7 .7 ." UER
21 225 2'5. 95 19 27. 18 lsa lJl.82 IL£l8 2 •• 3.5 30 0 2.7 .0' 22 1,7 .5 lc"
U 1243 2!.'n l' 20.29 15' 11 .42 10.38 3.a a. 1 12 0 lOa .1. 6 l,a 2.0 UER

U 1411 25.90 ,. 21 .20 155 3 • .53 8. 19 <.5 3.' 26 0 113 .11 11 .' •• MER
24 5,. 4&.49 ,. 20.02 155 6. 19 9.32 2 •• 3.5 2. 0 6a .10 • .7 ., UE"
2. 7 7 25.35 ,. 21 .74 155 15. 16 9.q6 3.3 3." 27 0 "2 .11 a .7 ., KO'

NOV 2 1615 4&.37 ,. 19. 1 0 ISS 13.42 10. 1.... <.7 a.o .. 0 73 .06 7 ., .2 UE'il
2 193& 1&.05 ,. 22.50 155 5.d& 8.14 3.3 3.7 .. 0 71 .12 7 .7 .7 "E"

• 2340 41.2& ,. 23.58 155 25.04 9.15 <.< 3 •• <0 0 57 .12 9 •• ., UKF
6 1951 '5.tlO ,. 22.3& 155 &.00 7.q2 2.' 3.7 .. 0 70 .10 7 .5 .7 UER

• 1533 :S.3Q ,. 20.&0 15> 4 • III 8.0& 3.6 a. 1 32 0 '07 .12 • .' .h "E"
10 181';) 1&.b2 ,. 20.71 15> 11.7.5 GI • 94 <.1 <,7 2. 0 71 • 10 7 .7 .3 UEO
12 1&54 4&.51 19 21 .34 155 2.£1& 7. 12 .5.5 a. 1 <l 0 146 .1< 12 I • v .7 ME"

12 20 7 2L4!:1 I' 5tl.b4 155 3&.Ou 11.2:0 3.5 2. 0 145 .14 .. I.' .7 <OM
13 1 1 14 3.35 ,. 21 .97 155 5.07 9.18 3.7 •• I 26 0 77 .11 6 • I .n MER

I" 223 35.43 19 22.59 155 4.70 9.20 <.' a. 1 32 0 66 .12 • •• .5 MEk'
17 551 48.55 ,. 32.32 155 14. 11 21.i.99 3.7 3.7 32 0 •• .11 17 • I 2.1 "ER
16 2224 43.71 ,. 23.87 155 Itl.aCi 3.7'1 3.0 3.6 '" 0 •• .13 3 .7 1 .0 SPC

2' 1015 58.54 ,. 24.23 155 15.87 '1.49 <. , 3._ 27 0 •• .1< < •• .R S.C
26 1214 1&.32 ,. 23.5:S 155 17. 1I 2.29 2.7 3 •• 21 0 5. .12 3 ., I •• SPC.. 2210 28.00 20 57.005 15. 23.2.5 42.02 3.3 3.7 3 2 '"0 .00 " 89.7 41.& UIS
3D 174& 10.0& ,. 19.4& '55 11 • 39 9.31 3.3 3,6 2_ 0 •• .10 7 •• •• UER
30 1818 45.~9

,. 19.34 155 11 .28 9.&5 3.0 3.5 .. 0 100 .11 7 • 1 .3 UER

DEC 1 a•• 11 • a7 ,. 21 • &4 155 15.2$ 9.40 3.1 3.6 32 0 ., .10 - .5 ." KO'
• 350 50.82 ,. 20.05 155 8.13 8.82 3.0 3.6 .. 0 65 .11 • • I .5 UER
5 257 18.0& ,. 23.49 155 17.02 1.93 2.1 3.5 17 0 ." .10 3 .5 .3 SPC

• .2. 58. 13 ,. 21 .53 155 7.&1 9.45 3.6 '. 1 .. 0 74 .10 • ." .5 UFR
7 2340 22. 1 7 ,. 23.I'H 155 1&.8& 2.99 2.7 3 •• 25 0 47 .1< 3 •• 1 .2 S.C

• 1415 42.&1 ,. 20.09 155 10.~7 d.99 2.' <.7 2' 0 6a .06 7 ., .h UE"

• 1528 lj9.'IO ,. 23.73 ," 17. 1q 2.7& <.0 3.' 2a 0 .2 .13 < •• 1.3 SI-'C
11 1751 41.04 ,. 20.75 155 lil.Ot! 9.40 2.3 3.5 24 0 •• • 10 7 .7 .' UE"
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_VO SUMMARY LIST . M'G 3.5 AND AiiOVE IJ 1(; ~ 5

O~lGIN TIME LAl N LON • DEPTH .MP OUR G'P RMS MIN E"" E"'
YEAR MON O' HRMN SEC DEG MIN DEG MIN "M M'G H'G "" NS DEG SEC DIS "" "M QEMI<

197& DEC 13 112& 42.01 10 20.20
1 "

7.42 q. &7 3.' '.0 2' 0 •• • 12 • •• •• UE"
15 "0 42.94 " 19.&0 155 11 • q/,l q • 6 1 2.' 3.5 3' 0 •• .12 • .7 ..\ UEO,. 2121 35.55 19 25.32 "5 17.03 .57 2.2 3.7 19 0 •• ·" • ·, .2 SPC
17 33' 14.61 19 25.&9 155 1b. 70 •• 0 2.' '.1 2R 0 •• • 10 • ., .S SPC
17 2031 43.2'il 10 20.00 15s b.Gl2 q. "9 3.2 3.7 31 0 10. .0' 7 .7 .s UEO

1. • 1 •• 0 l' 20. 14 I" 1.01 q. 31;1 ' .. '.' 32 0 10' .0' 7 •• .s UER
2. 2343 q. 1b l' 47.7b 155 51i.~4 7.82 2.' 3.5 1. 0 220 .19 '2 3.' 1 •• "0'
27 "5 20.58 19 23.&1 155 14.75 5.22 3.3 _.0 30 0 •• .12 3 ·" •• GLN
27 ." 27.4& 19 )Q.45 1>S Ib.~j 9.63 3.1 '.5 32 0 97 .10 • .b .5 "D.
28 1517 3&.61 19 23.88 ISS Ib.ijb 1 • q u 2.b 3.5 19 0 10 .0' , ·" .2 SPC

2" 1937 4.91 19 19.21 155 12. 1b 9.77 3.2 3.R 2' 0 OS .11 7 .1 .3 UE"
29 " 11 17. 14 10 19.33 155 12. lj 1 8.11 2.' 3 •• 27 0 .b .12 1 .1 1.0 UE"
29 164'1 25.&3 10 19.8U 15S 11.26 <:l. 15 2.' 3.S 24 0 •• .0' & .S .1 UE"
29 1926 2&.92 19 23.1.18 "S 14.49 4.59 3.0 3 •• 24 0 S' • 10 ; .> •• GLN
30 041 ~H. 50 18 27. 18 I" 20. 11 11 • bb 3 •• '.1 • 0 31& .01 92 25.3 .0 015

30 419 51 • 59 10 19.52 155 15.9] Q.58 3.0 3 •• 30 0 '1 .0. • • • .3 "D.
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TILT INSTRUME1lTATION

In addition to the seismic network, a network of spirit-level tilt
stations (dry), borehole tiltmeters, and water-tube (wet) tilt stations is
maintained. The network is located on the summits and flanks of Kilauea and
Mauna Loa Volcanoes. In December 1976 the tilt network consisted of:

73 spirit level tilt stations (dry)

8 borehole tiltmeters

10 water-tube tilt stations (wet)

1 continuous recording Ideal-Arrowsmith tiltmeter

Dry and wet tilt stations are generally occupied at irregular intervals.
Critical stations are measured more frequently than the entire network.
Digital borehole tiltmeters data are telemetered by VHF radio and recorded at
the observatory. An Ideal-Arrowsmith mercury-pool capacitor-type tiltmeter
with a 1 m base is located at the Uwekahuna vault, and the analog signal is
recorded at the observatory.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna Vault. and
at irregular intervals it is measured on a regional scale by means
of a network of field tilt-bases and a portable water-tube tiltmeter.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordi
nates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and east. A one
unit change in coordinate corresponds to a tilting of 1 microradian
(1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are
listed in table 8.

Table 7.--Tilt Coordinates at Uwekahuna

nate (1976) N-S E-W

Jan 4 573 402
11 569 401
18 567 399
25 564 401

Feb 1 562 401
8 560 399

15 569 398
22 558 398
29 575 396

Mar 7 556 396
14 557 392
21 556 393
28 556 391

Apr 4 556 389
11 557 388
18 558 390
25 558 387

May 2 558 388
9 559 388

16 560 390
23 561 387
30 561 385

Jun 6 562 384
13 561 382
20 560 382
27 559 383
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Table 7.--Tilt Coordinates at Uvekahuna (Continued)

Date (1916) N-S E-W

Jul 4 560 380
11 559 382
18 558 387
25 558 385

Aug 1 558 380
8 558 382

15 558 379
22 556 377
29 582 389

Sep 5 549 399
12 545 408
19 540 412
26 536 412

Oct 3 535 410
10 534 407
17 536 402
24 537 397
31 538 393

Nov 7 539 388
14 539 386
21 541 382
28 541 381

Dec 5 543 379
12 543 377
19 543 373
26 544 369
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Table 8.--U.S. Geological Survey vater-tube tiltmeter
stations in Ha~aii

Location Frequency Base
Station Symbol of length Description

Lot. N. Long. W. reading H
Deg. Min. Dea· Ilia.

tree Holds TN 19 - 26.3 155 - 17.3 50.79 NS. and EW.

Sand Spit SS 19 - 24.1 155 - 16.8 25.40 Equilateral
triangle.

Keamoku K•• 19 - 25.1 155 - 19.0 47.55 do

Ahu.
Kamokukolau Kam 19 - 22.7 155 - 16.6 50.79 do

Kipuka Nene KN 19 - 19.4 155 - 16.7 47.73 do

Hillna PaU HP 19 - 18.2 155 - 18.6 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 50.79 do

Mehana H 19 - 26.2 155 - 14.3 25.00 do

Uvekahuna U 19 - 25.5 155 - 17.4 50.79 do

Uvekahuna
Vault 19 - 25.4 155 - 17.6 Daily 3.48 NS. and tw.
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Table 9. Tilt coordinates and chances at bases around Kilauea caldera. (See fig.10)

-6Rate (10 rad/mo)
Tilt base Date Tilt coordinates and direction of Date of last

( 1976) N-~ E-I,~ tilting since reading
last readinB ( 1975)

Uwekehuna (U on fig.10) 11 May 597 .6 346.8 8.96 i:73.7°. 19 Dec

a- Tree flolds (TM) 11 ~.ay 494·7 513.3 1.50 N47. 70,,~ 16 Dec..
Send Spit (55) 14 Apr 805.8 855.2 1".69 :;LJ..OOg "18 Dec

Ke8Jlloku (Kea) 13 Apr 576.5 496.6 7.49 ..i33.90E 17 Dec

Ahua Kamokukolau (Kam) 14 Apr 703.6 554.9 12.14 IIb.So,. 18 Dec

Xipuka Nene (KN) 21 Apr 156.2 576.7 4.65 N41.00W 15 Dec

Hilina Pali (HP) 15 Apr 309.7 550.8 6.80 N30.9°'. 15 Dec

Xapapala (Kap) 13 Apr 513.9 517.4 3.10 :i09.00E 17 Dec

Mehana (M) 12 Apr 548.8 560.2 3.39 ':J7 .80'./ -16 Dec
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Figure 10 December 1975 to April 1976 tilting of the ground around Kilauea
Caldera. The vector depicting tilt at a given tilt base points
in the direction of maximum relative subsidence, and its length
is proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt bases; open
circles, short-base water tube tiltmeters. See Table 8 for
explanation of abbreviations.
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Table lO.Tilt coordinates and chanves at bases around Kilauea caldera. (See fig.Il)

-6 IRate (10 rad rna)
Tilt base Date Tilt coordinates and direction of Date of last

( 1976) N-S E-toJ tilting since reading
last readinB ( 1976)

Uwekahuna (U on fig. n) l~ot Occupied This Epoch

'"'" Tree Holds (TH) Hot Occupied This Epoch

Sand Spit (SS) Not Occupied This Epoch

Keamoku (Kea) Not Occupied This Epoch

Ahue Kamokukolau (Kam) Not Occupied This Epoch

Kipuka Nene (Bl) 28 Sep 164.6 564.0 2.32 ;J57.8°U 21 Apr

Hilina Pali (HP) Not Occupied This Epoch

Kapapala (Kap) Z7 ~)ep 514.7 522.1 0.85 ;~80.0oE IJ Apr

Hehana (H) Z7 Sep 535.9 558.6 2.32 ,rl.20 ',·1 12 Apr
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Figure 11 April to September 1976 tilting of the ground around
Kilauea Caldera.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVD) summaries present data gathered
during the year together with a chronological narrative intended to describe
in geologic terms the volcanic activity associated with the seismic events and
tilt data included. The seismic, tilt, and chronological summaries are
offered without interpretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the
observatory are included. The emphasis 1n collection of tilt and deformation
data has recently shifted from quarterly measurements at a few water-tube tilt
stations ("wet" tilt) to a larger number of continuously recording borehole
tiltmeters and repeated measurements at numerous spirit-level tilt stations
("dry" tilt). To maintain continuity with past summaries, we will continue to
publish weekly data from the Uwekahuna vault tiltmeter (Kilauea summit) and
from water-tube tilt stations as they are reoccupied. A comprehensive summary
of the numerous and varied tilt and deformation data now gathered is beyond
the scope of this publication.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of
preparation and distribution, and the large Quantities of data dictated an
annual format beginning with summary 74 (Koyanagi, et al.) for the year 1974.
Summary 74 includes an extensive description of the seismic instrumentation,
calibration and processing used in recent years. The present summary includes
enough background information on the seismic network and processing to use the
data and understand the essentials of how it was gathered.

Publication of the summary represents a group effort by the staffs of the
Hawaiian Volcano Observatory and the National Center for Earthquake Research
in Menlo Park, California.
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Chronolo9ical Summary-1977

John P. Lockwood

Mauna Loa and Kilauea volcanoes both were known to be inflating as 1977
began. Seismic activity was at a low level beneath Mauna Loa, but
microearthquakes were numerous beneath Kilauea's caldera and upper east rift
lone. Although small amounts of lava had reached Kilauea's surface in
response to the M=7.2 earthquake of 29 November, 1975, no significant eruption
had occurred on this volcano since 31 December, 1975. This was the longest
period of Kilauea eruptive quiescence since 1955-59.

On the evening of 8 February, however, at 1850 hours, several felt
earthquakes signalled the onset of a seismic crisis that was to last for seven
hours. During this period the Ideal-Aerosmith ti1tmeter recorded a
precipitous 7 rad deflation at Kilauea's summit, hence an eruption was
anticipated. Lava never reached the surface. however. Geodetic measurements
during the following days revealed that a major intrusion of lava had occurred
in the upper east rift zone between Kokoo1au and Pauahi craters. Geodimeter
lines across the intrusive zone showed extension up to 25 cm. Continuously
recording tiltmeters also documented the transfer of magma from Kilauea's
summit to her upper east rift. Electrical self-potential, magnetometer, and
strain measurements on open cracks in the area. combined with the geodetic and
seimic data. make this magma-transfer episode the best-documented such event
in Kilauea's history.

The Mauna Loa summit geodimeter network was reoccupied in July. and a
significant decrease in the rate of inflation was observed. On Kilauea,
however. geodimeter, tilt. and levelling surveys documented that a significant
inflation had occurred near Heiheiahu1u, a 1750 (?) satellite shield on the
middle east rift zone. Microearthquakes were also abnormally frequent near
Heiheiahu1u. This new information and the events of 8 February now amply
demonstrated that magma was no longer being stored for long periods in a
holding reservoir beneath Kilauea's summit--the ligate va1ve" to the east rift
zone was open, and magma was now entering the rift zone (Dzurisin and others,
1979).

Another seismic crisis began on the evening of 12 September at 2130
hours, and precipitous deflation of Kilauea's summit was recorded by
ti1tmeters again. as on 8 February. This time deflation continued, however,
and seismic activity accompanied by harmonic tremor demonstrated subsurface
magma migration well east of the 8 February intrusion area. Twenty-two hours
later, shortly after 1900 hours on 13 September, glow was sighted on the
middle east rift zone by a fisherman at sea. Aerial inspection that evening
showed that an en echelon set of low fountains was erupting from a three-km
10n9 zone between Puu Kalalua and Puu Kauka. During the night the zone of
ground cracking and discontinuous, short-lived fountaining lengthened to about
5.5 km. but by morning fountaining was restricted to an area near the eastern
end of the active zone. A lava flow moved about a kilometer southeast and
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threatened an isolated ranch house by the evening of 15 September. Eruptive
activity waxed and waned for the next several days, until on 18 September a
new vent opened on the west end of the active zone, west of Kalalua. Eruptive
activity was irregular and minor for the next week, and no lava was erupted on
21, 22, 24, or 25 September.

On the early morning of 26 September a major eruptive phase began at
vents near the middle of the active zone at 590 m elevation. Fountains varied
from 50-130 m in height and a major lava flow headed east-northeast. On 28
September it turned south-southeast, toward the coastal village of Kalapana.
Almost all lava produced by the 26 September vent was now channeled into the
Kalapana flow, and the flow advanced at 20-300 m/hr., reaching 365 melevation
by day's end. By the end of 2g September, the flow had reached about 140 m
elevation. The flow continued to advance toward Kalapana slowly and on 30
September, the decision was made to evacuate the village. Various methods to
attempt lava diversion in order to protect the village were discussed, but the
probability of success was considered so low that it was decided to let the
lava run its course.

On the morning of 1 October, the eruptive fountains appeared to be
waning, and the lava flow began to thicken and widen above Kalapana, greatly
slowing its rate of advance. The fountains ceased activity at 1610 hours, and
advance of the flow front slowed to less than 1 m/day by 3 October. All
forward movement of the flow front had ceased by the end of October. The flow
front stopped at 43 melevation, less than 700 mfrom the nearest home in its
path, after advancing 10 k~ from its eruptive source. The 1977 eruption of
Kilauea

6
waj now over; 8 km of rain forest had been covered by approximately

35 x 10 m of new lava, and a 35 m-high spatter cone, named Puu Kia'i,
had been built at the site of the principal (26 September-10 October) vent.
After a week of diminishing harmonic tremor, Kilauea seismicity returned to
low levels, and the northern part of the summit area began to reinflate at a
steady rate.

Occupation of the Mauna Loa geodetic net at year1s end showed this
volcano was also reinflating, at the same rate that had prevailed prior to the
diminished rate noted in July. This inflation was not accompanied by any
noticeable increase in seismicity.
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SEISMIC INSTIlUMEliTATION

The network. The Hawaiian Volcano Observatory has installed and
maintains an extensive telemetering seismometer network on the island of
Hawaii. In January 1977 the seismometer network consisted of 41 stations
spread over an area with a diameter of 125 kilometres on the island of Hawaii
(Figs. 1 and 2). or these 41 stations, two are low-gain multicomponent
stations (optical), six are two-component, three are three-component, and
twenty-nine are vertical only. The coverage is most complete on and around
the main center of seismic and volcanic activity. Kilauea Volcano. Other
ata tions in the network are part of a larger net located on other volcanoes of
the island of Hawaii. With the exception of HIL, all seismometer signals from
the short period network are telemetered to the observatory for recording.
During 1977 station PLA was added on the east flank of Mauna Loa, and station
TAN was replaced by stations lRJL and KLU on the lower east rift.

Figure I is a map of selected geographic and geologic features, and
Figure 2 shows the seismic stations which were operated or added during the
year. Table I lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1977. Listed are station name. three letter code,
coordinates in degrees and minutes, elevation in meters, and other data
described below.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (VCO) for FH multiplex transmission to HVO via either
hardwire or VHF radio. The VCO frequencies are listed in Table 1. These
telemetering stations are now all of Type 1, the NCER standard system used in
USGS seismic networks (see Table 2 for details). After discrimination, the
analog signals from thirty-two stations are recorded on two Develocorders
using 16mm microfilm. Beginning in late 1975, FH signals from the
telemetering network were recorded directly on one inch magnetic tape.
Selected larger events are copied onto condensed library tapes which are
currently archived in Menlo Park.

Develocorder records are read on a film viewer with 20x magnification.
Arrivals are read to the nearest 0.05 second. The recorded arrival times,
amplitudes (where readable), and other key data are routinely sent to N.C.E.R.
in Menlo Park for computer processing.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO) , Hilo, Maui, and on Oahu (Kipapa station operated by
Honolulu Observatory). The less sensitive short period records are used
primarily for S data and amplitude measurements for magnitude calculations to
supplement readings from 16mm film. Optical seismographs listed in Table 1
are of four types. Types numbered three and four are electro-mechanical
systems of high and low gain respectively. Hl10 and Haleakala are each
equipped with two low-gain Wood-Anderson torsion seismographs. Long period
Press-Ewing seismographs record in three components in the Uwekahuna vault.
The paper (optical) records as well as the 16mm develocorder microfilm are
archived at HVO.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type I curve gives the displacement magnifcation of the standard NCER system
trom ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
mUltiplied by the factors CAL listed in Table I to get the response for an
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individual station. Individual CAL factors for Type 1 seismographs are equal
to the peak-to-peak amplitude measured in rom on the 20x Develocorder viewer of
a 10 microvolt 5 Hz signal introduced to the preamp/VCC in place of the
geophone. Calibration is normally done each time a station is visited,and
major changes in attenuation or recalibrations are listed in Table I along
with the dates they took place. Minor changes in CAL factors may not be
listed if they are less than 20'%.
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Table 1. Seismometer stations in Hawaii operated by the U.S. Geological Survey, 1977 .

Old Date of New
Station Name Code LAT-N LON-W Delay ELEV VCO Type/Cal Change TyPe/Cal

A!1UA A!1U 19 22.40 155 15.90 .06 1070 2380 1 4.3
AINAPO AIN 19 22.50 155 27. 62 .33 1524 680 1 8.5

AINE 2380 1
AINN 2720 1

CAPTAIN COOK CAC 19 29.29 155 55.09 .15 323 1360 1 5.4 11/30/77 1 1.1
CONE PEAK CPK 19 23.70 155 19.70 -.04 1030 1700 1 4.0

CPKB 1020 1
OANOELION DAN 19 21.42 155 40.04 -.07 3003 2380 1 7.0
DESERT DES 19 20.20 155 23.30 -.10 815 680 1 4.2
ESCAPE ROAD ESR 19 24.68 155 14.33 .01 1177 2720 1 2.8 10/31/77 1 1.2
HALE POHAKU HPU 29 46.85 155 27.50 .42 3396 2720 1 4.7 10/25/77 1 3.3
HElHEIAHULU HUL 19 25.13 15558.72 .02 369 1020 none 4/17/77 1 4.2
HILINA PALl m.P 19 17.96 155 18.63 .18 707 2040 1 4.0
HUALAIAI HUA 19 41. 25 155 50.32 .58 2189 1700 1 2.6 8/03/77 1 3.8
IlUllIJ1JLA HSS 19 36.31 155 29.13 .35 2445 1700 1 6.2 3/22/77 1 8.4

HSSE 680 1
HSSN 3060 1

KAAPUNA KAA 19 15.98 155 52.28 .00 524 1020 1 5.2 11/30/77 1 5.6
KAENA KAE 19 17.35 155 7.95 .15 37 2380 1 1.3
KAHUKU KBU 19 14.90 155 37.10 .08 1939 1700 1 3.5
KALAlUA LUA 19 24.55 155 04.25 -.02 622 1020 1 0.6 10/06/77 1 4.6
KALIU KLU 19 27.48 154 55.26 .00 271 2380 none 9/15/77 1
KANEKII KII 19 30.56 155 45.90 .18 1841 2040 1 7.1 3/16/77 1 5.5

KIIE 1020 1
KIlN 1360 1

KAPAPALA RANCH KPR 19 16.40 155 26.70 .05 610 1700 1 6.0 6/16/77 1 5.0
KEANAKOLU KKU 19 53.39 155 20.58 .86 1863 2380 1 2.3 8/31/77 1 4.8
KIPUKA NENE KPN 19 20.10 155 17.40 .07 924 1360 1 6.4
KOHALA KOH 20 7.69 155 46.77 .21 1166 2380 1 2.4 11/08/77 1 2.2
l-tAUNA LOA MLO 19 29.80 155 23.30 .24 2010 3060 1 10.0 5/03/77 1 9.2

MLOH 2040 1
MAUNA LOA X MLX 19 27.60 155 20.70 .27 1474 2380 1 2.1

MLXH 2720 1
MAKAOPUHI MPR 19 22.07 155 9.85 -.01 881 2720 1 3.1 9/09/77 1 1.6
MOKUAWEOWEO MOK 19 29.28 155 35.98 .28 4104 2040 1 5.4 8/12/77 1 1.6
MOUNTAIN VIEW MTV 19 30.25 155 3.75 • 17 409 680 1 7.8 12/15/77 1 5.2
NATIONAl GUARD NAG 19 42.12 155 1.72 .63 18 1360 1 10.2 12/27/77 1 2.4
NORTH PITT NPT 19 24.90 155 17.00 -.06 1115 680 1 4.4 12/15/77 1 5.2
OUTLET OTL 19 23.40 155 16.80 .02 1084 1360 1

OTLH 2040 1
PAU PAU 19 22.62 155 13.10 -.06 994 2040 1 3.8 6/21/77 1 6.2

PAUH 1020 \
POLIOKEAWE PALl POL 19 17.U2 155 13.47 .10 169 1360 1 4.8
PUU HDHUAULA PHO 19 28.90 154 53.40 .03 215 2720 1 1.9 3/31/77 1 4.2
PUU PILI PPL 19 9.50 155 27.87 .24 35 1360 1 2.2
PUU ULAULA PLA 19 32.00 155 27.67 -.08 2992 2040 none 9/07/77 1 7.4
RIM RIM 19 23.90 155 16.60 .02 1128 1020 1 7.3

RIMH 2040 1
SOUTH POINT SPT 18 58.91 155 39.92 -.07 244 2040 1 3.6
SOUTHWEST RIFT SWR 19 27.26 155 36.30 .14 4048 1020 1 2.4 7/26/77 I 4.7
TANGERINE TAN 19 27.79 154 58.51 .02 351 1020 1 8.0 4/07/77 none
WAHAULA WHA 19 19.90 155 2.92 .06 29 1020 1 2.3
WALDRON LEDGE WIG 19 25.49 155 15.69 -.02 1067 2380 1 2.2 6/17/77 none
WILKINS WIL 19 28.15 155 35.02 .30 4037 1 5.1 5/25/77 1 4.0
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Table 1. (continued)

Optical Seismographs

HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW RAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 WA 1.0
HILO Z HIL 19 43.20 155 5.30 .64 20 3. 1.0
HILO EW HIE 19 43.20 155 5.30 .64 20 WA 1.0
HILO NS HIN 19 43.20 155 5.30 .64 20 WA 1. 0
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA Z UWE 19 25.40 155 17.60 .06 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 .06 1240 4. 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 .06 1240 4. 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEE 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEN 19 25.40 155 17.60 1240 PE

Table 2. -- Seismic Instrumentation Types

Type 1. Consists of:

a) EV-17 - Electrotech EV-17 1.0 sec. period moving magnet
vertical component seismometer or horizontal component
adjusted for an output of 0.5 volts/em/sec. and 0.8
critically damped.

b) Preamp/VCO Develco Model 6202 voltage controlled oscillator or a
USGS/NCER Model JE202. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted
on audio FM carrier over cable or FM radio link to
HVO. USGS Model J302 was introducted in 1974.

Type 3. Consists of:

a) EV-17 - Electrotech EV-17 (as described above), Hall-Sears
HS-IO 0.5 sec. period moving coil seismometer or
Observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic
preamplifier (voltage gain, 2000X), or
ObservatorY-built electronmagnetic seismometer
approximately 40,000 at 4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers (E-W)
with 1.5 sec galvanometers, coupling factor = 0.25, 2X critically
damped. Peak magnitication approximately l500X at 2Hz.

Experimental type amplifier systems are not given type numbers.
Type 2 instruments have been discontinued.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph
and for the 3 different types of seismometers in use by the
Hawaiian Volcano Observatory. Types 3 and 4 are electro-mechanical
seismographs recorded optically on photographic paper. Type 1 is
the standard NCER seismometer recorded on Develocorder film. The
curve for Type 1 includes response of the geophone, all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which
should be multiplied by the factors CAL listed in Table 1 to get
the response for an individual station.
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DEPTH (laD)
0.0
4.6

15.0
16.5

SEISMIC DATA PROCESSING

Earthquakes are located by the combined efforts of HVO and NCER in Menlo
Park. Develocorder films are read at HVO, and lists of P and S arrival times,
event amplitude and duration, clock correction, etc. are sent to Menlo Park.
Data are then keypunched, computer locations are made using the program
HYPOINVERSE (Klein, 1916), and problem events are reread at HVO and rerun.
Card and magnetic tape copies of all arrival time (phase) and output summary
data (one card per event), are ~ept 1n Menlo Park.

The crustal model used 1s specified by velocities at 11 depth points.
Velocity at any depth 1s given by linear interpolation between points and uses
a homogeneous half-space below.

Velocity
(laD/sec)

1.9
6.5
6.9
8.3

An empirical set of station delays or corrections were used in the
looations, and are given in Table 1. They have been adjusted so the mean
delay of Kilauea stations is zero, and are most appropriate for locating
earthquakes on the south side of the island.

Magnitudes for most events were computed using both recorded amplitudes
on oalibrated stations and signal or coda duration on short-period vertical
stations. Amplitude magnitudes used by HVO are based on readings from
Wood-Anderson seismographs. Amplitudes read from other instruments are
correoted to an equivalent Wood-Anderson amplitude using the curves of Figure
3 and CAL factors of Table 1. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 11
seismographS at Uwekahuna. Smaller events may occasionally include amplitude
readings from stations AHU, KAA, OTL, or PPL.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder Viewer. This time, also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed to about twice the noise level, or to about 1 cm peak-to-peak on the
Develocorder viewer. A plot of log (F-P time) versus local (amplitude)
magnitude appears in Figure 11. The bilinear relation shown in the figure is
an appropriate fit to the data sample and is used to compute all duration
magnitudes. Duration times are only read from Type 1 seismographs. Because
duration magnitudes are relatively insensitive to station response and can be
determined using the high-gain short-period stations, it is felt that duration
magnitudes are more accurate and complete at the lower magnitudes (below 2).
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Figure 4. Relationship between signal duration (F-P time) and local magnitude
for a large number of earthquakes which occurred during 1975 and
1976. Local magnitude 1s determined fran amplitudes read on
Wood-Anderson and other calibrated seismographs. The dual linear
relationship between magnitude and log(F-P) appears to hold over a
magnitude range of 7 units.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on
the highly active south flank of the island of Hawaii. Hundreds of
earthquakes too small to locate are counted daily, and the set of located
earthquakes in the Kilauea region is nearly complete above magnitude about 2.0
to 2.5. Many smaller events are located also. Substantial effort is made to
locate earthquakes elsewhere on the island and within about 150 kIn of the
island. Such coverage cannot be as complete as on the south flank, but nearly
all events above magnitude 3.0 to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers or earthquakes (most too small to
locate) fram several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters of all depths are given in
Figures 5, b, 1 and 8. The epicenter maps are on two scales, and show both
all located earthquakes and Large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and in some cases on its depth. Figure 9 is a map
of the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed in Table 4. When the listed
coordinates imply an overlap, precedence is given according to Figure 9.
Table 6 relists the events in Table 5 for which either duration or amplitude
magnitude is 3.5 or Larger. It is felt that this list is a more objective
measure of large earthquakes than a list of felt earthqUakes.

Table 3. Number of earthquakes and minutes of tremor recorded on seis
mographs around Kilauea. Tremor is separated into three
categories: Deep, Intermediate, and Shallow, on the basis of
relative amplitude on seismographs in the summit region. Unless
otherwise stated, tremor is presumed to be associated with
movement of magma within the central complex of Kilauea
Volcano. Earthquake categories are: Kilauea Summit 30 lan,
earthquakes from about 30 km beneath the summit region; Kilauea
Summit long-period, earthquakes characterized by low-frequency
waves from intermediate depths roughly 5-10 km beneath the
summit region: Kilauea Summit Shallow, earthquakes from within a
few Ian beneath the caldera region; SW Rift and Kaoiki,
earthquakes along the southwest rift zone of Kilauea and the
adjacent portions of the Kaoiki fault systemj Upper East Rift,
earthquakes from the upper east rift zone of Kilauea; Koae,
earthqUake from along the northeast-trending Koae fault system
south of the calderaj Lower East Rift, earthquakes from the
lower east rift zone of Kilauea; South Flank, faults on the
south flank of Kilauea; Mauna Loa L-P, earthquakes characterized
by lOW-frequency waves from Mauna Loa volcano; Mauna Loa S-P
earthquakes from within a few kilometers beneath the summit of
Mauna Loa; Offshore PPL, earthquakes frau mostly offshore areas
south of Puu Pili station.
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Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank. Mauna Loa
(1977 ) h = hours)

,
Upper Lover SW Rift

,
Off-

Inter- East East and NE shore Remarks and Events
Deep mediate Shallov s-p L-P 30 KM Rift Rift Kaoiki L-P s-p Rift PPL of Interest

Jan 1 415 202 8 17 4
2 309 7 313 49 20 4 6 5
3 404 10 322 18 63 13 6 7
4 392 1 1 253 17 70 2 28 Mauna Kea-l
5 6m 416 11

1

3 345 25 26 14 8 4 Distant-2
6 619 28 3 446 28 32 19 13 1
7 349 11 443 19 52 3 9 1 1 LPD-1
8 501 i I 1 463 25 50 3 9 4 3
9 13m 250 240 27 29 20 13 LPD-1

10 52m 366
~ I 3 203 24 11 11 2

11 10m 364 9 180 37 24 6 4 4
12 573 2

I
264 30 23 1 4

13 4lm 441 16 607 51 71 4 19 4 2... 14 30m 558 2 382 14 24 4.. 15 14m 662 5 206 129 19 6 4 Kona-3
16 5m.Y 413 4 1 249 49 17 21 5 Kona-l
17 5m 446 447 46 16 29 6 1
18 4lm 3m!./ 363 4 205 28 17 20 5 2 LPD-6
19 5m 336 32

I
226 24 22 40 1

5m!./
20 3m 311 50 260 33 17 40 3
21 360 23 298 27 18 20 LPD-1
22 19m 333 53 2 427 21 25 6

3ndI
23 15m 238 50 314 41 25 14 1
24 3m 201 86 1 210 34 21 21 1

9m1!
25 5m 219 38 214 32 14 3
26 14m 236 40 263 19 24 13 1
27 10m 319 80 265 26 22 7 1

3m!./
28 364 87 560 30 66 14 16 2
29 373 80 505 36 63 4 8 9
30

pm
282 20

~U
18 43 10 7

'1 2m '02 18 1 2 4 11 " 2' 12 3 Distant-l:J,.tTremor beneath Mauna LOa vo cano



Earthquakes
Tremor

Date (m = minutes
(1977) h = hours) Kilauea Summit Kilauea Flank. Mauna Loa

Upper Lower SW Rift Off-
Inter- East East and HE shore Remarks and Events

Deep mediate Shallo\{ S-P L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PFL of Interest

Feb 1 289 6 5 355 16 37 3 5 3 LPD-l, D1stant-l
2 35m 333 6 2 381 22 50 5 2 3 LPD-lO, Distant-l

3ml/
3 31m 323 10 1 400 5 30 2 6 1 Distant-l
4 548 10 250 14 17 4 3
5 550 4 274 17 31 1 5 5
6 3m 351 8 2 353 11 34 6 1 LPD-1
7 5m 335 4 352 6 45 8 12
8 249 26 1841 14 39 1 8 East Rift Swarm, LPD-2
9 15m 150 47 1 618 12 40 10 2

10 5m 61 45 770 23 41 5 1 1 Kona-l
11 25m

15,d/ 138 40 674 24 34 119 10... 12 19m... 2~ 94 28 1 708 23 37 44 7 Distant-2
13 94 9 2 832 28 56 8 12 Kona-2
14 36m 84 20 594 21 48 7 7 1
15 74 6 358 21 52 40 4 Kona-2
16 64 3 1 364 13 47 14 4 Kona-2
17 57 13 393 18 73 31 4 LPD-l, Kona-2
18 74 15 1 405 28 48 33 2
19 3m 47 4 2 340 19 71 15 7 1 LPIJ.-1
20 61 12 364 22 39 1 1 Kona-l
21 50 3 1 312 37 77 1 1 LPD-2
22 16m 51 1 204 49 28 3 2 1
23 2m 42 9 190 26 18 14 6 Kohala-2, Kona-2
24 50 2 238 79 39 36 41 2 LPD-l, Kona-l
25 1~ 78 4 1 162 124 20 34 16 2
26 44".y 117 5 206 63 28 10 6 1 1
27 75 1 271 24 43 9 16 1 LPD-2, Kona-l
28 20m 46 12 261 27 40 30 1 LPD-2, Kona-2, Kohala-2

.
VTremor beneath Mauna Loa olcano



Earthquakes
Tremor - ~--- ---- .. _--._------ -Date (m = minutes

(1971 ) h = hours) Kilauea Summit Kilauea Flank Mauna Loa

I Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow S-P L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL of Interest-
Mar 1 6m 5mY 3m1./ 42 4 206 13 38 24 1 1 Kona-2

2 2m 4m!/ 60 9 2 210 18 48 46 6 1 2 LPD-3
2ml/

I 1513 31m 10 20 10 49 66 2 Kona-4
4 58 118 21 21 10 1 2 1
5 41 1 16 41 19 1 1 1 Kona-l
6 2m 11 1 92 16 25 23 Kona-2
1 29 21 136 16 31 13 2
8 2m 38 23 203 23 31 18 Kona-l
9 2m 42 2 211 24 53 42 4 1

10 1m]) 38 11 1 268 20 55 31 1 Kona-2
11 9m 2Dm!/ lu6 28 364 40 68 23 42 3
12 85 28 311 61 43 13 61 1
13 109 1 168 20 19 2 5
14 93 1 1 206 22 16 5 3 1
15 2m 4m_V 65 1 1 198 10 42 61 1

I
Hauna Kea-l, LPD-l,....

2 I Kona-l
'" 16 5m 125 11 2 226 26 22 10 1

11 10m 93 9 146 29 18 3 1
16 6m!/ 5m 49 19 1 153 21 35 30 1 Kona-6, Distant-3
19 3m 83 14 263 11 21 38 4 Mauna Kea-l, Kona-2
20 69 1 2 223 18 50 21 2 2 Kona- 3, Mauna Kea-l
21 63 1 201 17 35 68 2 1
22 50 12 193 28 44 17
23 38 9 175 24 24 25 3 LPD-l
24 45m 1m!/ 45 4 2 233 18 31 21 2 Kona-2
25 89 13 301 54 61 231 6 4
26 136 64 383 128 54 163 3 11
21 61 26 216 32 41 31 LPD-l
28 83 18 1 240 13 38 43 3
29 66 26 305 38 21 1 1
30 80 13 210 28 1 Kona-2
31 14m 13 13 2 306 2 38 12 1

l/Tremor beneath Mauna Loa Volcano



Earthquakes
Tremor

Date (m = minutes
(1977) h = hours) Kilauea Summit Kilauea Flank Mauna Loa

Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P s-p Rift PFL of Interest

Apr 1 9m 7m 97 13 306 40 50 1 1 Kona-l. LPD-4
2 95 6 1 346 61 46 1 1 LPD-I. Kona-l
3 124 3 1 309 5 54 48 2 Kona-l
4 111 9 1 334 3 48 34 1 LPD-l
5 12m 114 15 2 282 2 33 19 3
6 47m 4m 81 11 1 273 12 47 2l 5 1 LPD-2. Kona-l
7 3m!J 87 13 2 239 18 48 24 3
8 60m 96 31 1 136 15 55 3 2 LPD-20. Kona-3
9 10m 117 32 171 58 45 2 5 1 1

10 74 175 264 28 44 37 4 LPn-I. Kona-4
11 79 33 1 237 22 38 83 2 5 3 Kona-l
12 9m 72 32 161 11 30 23 5 LPD-3. Distant-l
13 68 12 192 3 26 40 5 Kohala-l. LPD-I0.

Mauna Kea-l
14 77 5 1 224 10 43 29 5 Kona-l... 15 59 11 2 207 5 21 25 6

'" 16 4m 97 20 245 20 35 35 LPD-7. Distant-2
17 96 7 1 258 19 57 18 5 Kona-3
18 24m 2m 80 9 278 18 45 12 4 LPD-3. Distant-l
19 111 5 2 325 12 44 51 4 Kona-l
20 10m!l1 3m!J 110 23 321 19 46 102 7 1 Kona-l. LPD-3.I

Mauna Kea-34
21 8m 128 20 2 163 19 32 10 8 1 LPD-3. Mauna Kea-4

2m!/
22 31m I 204 62 384 56 51 204 15 16
23 14m I 238 59 350 27 52 196 14 12 1 Distant-2
24 I 202 18 232 40 29 45 9 1 Mauna Kea-2. LPD-l.

I I Kona-3
25 3m!J 211 18 1 323

, 18 42 158 2 LPD-7. Distant-5. Kona-l
26 4m , 180 20 335 I 24 , 40 194 3 4 Distant-B. LPD-5. Kona-l
27 7m 163 15 3 295 I 17 1'5 226 9 1 Distant-II. LPD-6.

Kona-2
28 18nd/ 167 7 286 15 32 225 5 2 LPD-7. Distant-l
29

I
5m 166 2 4 17g I 18 24 ~j30 1m 204 3 1 13 21 30 1 3 Kona-l

l/Tremor beneath Mauna Loa Volcano



Earthquakes
Tremor

Date (m = minutes -

(1977) h = hours) Kilauea Summit Kilauea Flank l4auna Loa

Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P s-p Rift PFL of Interest

May 1 7m 182 30 276 18 28 218 1 Distant-2, Kona-l, LPD-5
2 27m 169 23 1 338 27 44 154 2 1 Mauna Kea-l, LPD-4,

Kona-l
3 39m 13m 161 27 279 12 45 176 3 2 Kohala-l, LPD-2l,

Mauna Kea-2
4 9m 119 11 1 237 12 34 141 6 1 LPD-20, Mauna Kea-l

2nd1
5 157 4 294 14 47 235 6 LPD-16, Mauna Kea-l
6 11m 128 20 222 18 23 37 1 3

3ndI
7 15m 103 11 1 167 34 15 49 5 1 Distant-l

3rn.l/
8 14m 132 6 257 21 46 214 4 Mauna Kea-4, LPD-17,... Kona-2... 9 27m 153 20 366 18 40 88 3 1 Distant-I, LPD-9,

Mauna Kea-l
10 2m 20m 110 13 371 19 39 1 1 1 LPD-2, Kona-l
11 35m 5m 93 3 381 30 34 8 2 LPD-33, Kona-2
12 78m 1 3m 122 4 309 18 56 22 5 KOhala-ll, LPD-ll,

4..1 Kona-3
13 14m 171 6 332 17 31 186 3 4 LPD-4
14 4m 5m 126 2 1 330 23 41 245 3 1 Mauna Kea-2, LPD-ll,

Kona-4
15 6m 3m 132 4 308 22 58 240 1 KOna-l, LPD-3,

Mauna Kea-l
16 14m 16m 149 12 289 21 53 240 2 LPD-14, Kona-2
17 9m 170 3 356 27 61 224 2 LPD-15, KOna- 3

3ml1
18 2m 133 4 315 26 43 239 1 LPD-5. KOna-3
19 1m 3ndI 157 6 1 249 12 39 267 4 LPD-I, Kona-2

')adl
20 5m 134 22 311 32 61 145 8 5 Distant-2
21 32m 12m 111 7 280 38 37 183 8 9 Kona-2
22 95 1 227 15 38 117 3
23 3m 90 1 198 7 45 45 4 Mauna Kea-l



Earthquakes

Date Tremor
(m = minutes

(1977 ) h = hours) Kilauea Summit Kilauea Flank Matula Loa

Upper Lower SW Rift Off- Remarks and Events
Inter- East East and NE shore of Interest

Deep mediate Shallow S-P L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL

May 24 134 5 203 8 21 24 2 LPD-I, Distant-l
25 6m 137 12 193 14 29 -6 3 Mauna Kea-2. Kona-2,

LPD-3. Distant-l
26 115 7 3 196 20 35 73 6 2 LPD-3. Kona-l
27 131 5 2 125 18 22 8 8 3 Kona-3
28 176 3 154 33 26 16 9 5
29 243 2 128 24 25 7 2 5
30 46m 5m 89 2 249 22 32 i6 4 1 Kona-4, LPD-7 ,

Mauna Kea-l
31 109 2 240 25 43 8 6 LPD-5, Kona-3

...
CO

--



Earthquakes
Tremor

Date (m = minutes
(1977 ) h = hours) Kilauea Summit Kilauea Flank Mauna Loa

IUPper ~wer SW Rift Off-
Inter- East est end ~E shore Remarks and Events

Deep mediate Shallow S-P L-P 30 KM !Rift !Rift Kaoiki L-P S-P !Rift PPL of Interest

.run 1 10m 90 2 2 258 14 35 10 5 1 Kona-3, Mauna Kea-I.
LPD-7. Kohala-I

2 100 7 1 251 17 38 5 4 1 LPD-5, Kona-2
3 96 6 201 26 20 3 2 1 Kona-2, Kohala-I
4 2mlI 127 5 1 202 32 42 1 1 4
5 5m 157 6 2 469 27 40 55 1 Kona-l, LPD-II,

Mauna Kea-I
6 6m 169 13 314 24 44 33 3 LPD-I. Kona-l
7 190 14 1 369 30 46 51 1 1 Kona-I, LPD-2,

Mauna Kea-2
8 147 8 387 26 34 88 2 2 LPD-6, Kona-l
9 2mlI 91 7 2 203 26 23 5 2 2 3 LPD-2

10 262 21 152 28 29 10 2 3... 11 374 13 8 137 27 21 3

'" 12 84 11 158 21 24 1 Kona-2
13 149 2 162 24 28 1 1 2 Kona-I
14 14m 181 10 208 22 49 66 4 7 LPD-5, Kona-2
15 167 3 180 13 49 54 2 1 LPD-2, Kona- 3
16 175 6 1 201 17 38 22 Mauna Kea-l, LPD-I,

Kona-l
17 5m 186 8 147 14 33 9 2 1 Distant-I. Kona-4
18 5m 196 32 2 141 17 31 19 1 2 1 Kona-I

6mY
19 37m 202 17 1 250 19 50 9 1 4 Kona-I, LPD-2,

2mlI Mauna Kea-I
20 8m 131 16 272 14 44 2 LPD-2, Kona-I
21 5lm 159 12 1 230 29 26 4 Mauna Kea-l, LPD-5,

Kona-2
22 53m 154 40 321 17 56 7 2 2 LPD-2
23 3m 16m 102 10 280 20 38 8 1 1 Kona-2, LPD-I.

Mauna Kea-l
24 12m 36 3 1 143 25 29 4 Kona-2
25 23m 304 2 164 50 21 7 2 3
26 16m 12m 192 4 271 18 48 13 LPD-4, Kona-3
27 20m 6m 163 8 311 15 41 11 4 1 LPD-13, Kona-2



Earthquakes
Tremor

Da.te (m = minutes
(1977 ) h = hours} Kila.uea Summit Kilauea Flank Mauna Loa

Upper Lower SW Rif't
~E

Off- Remarks and Events
Inter- East East and shore of Interest

Deep mediate Shalla\( S-P L-P 30 KM Rif't Rift Kaoiki L-P S-P iRift PPL

Jun 28 3m 21m 198 7 1 266 1 44 25 1 Kona-3. LPD-5, Kohala-l
29 3m 12m 220 14 2 274 16 33 31 Kona-3
30 16m 249 5 1 389 28 37 36 2 LPD-6

'"0

~/Tremor beneath Mauna Loa Volcano



Earthquakes
Tremor

Date (m = minutes Kilauea Summit Kilauea Flank Mauna Loa(1977 ) h = hours)
, Upper Lover SW Rift

!NE
Off-

Inter- East East and shore Remarks and Events
Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL of Interest

Ju1 1 ! 6m 194 12 I 250 59 31 9 2 Mauna Kea-l
2 I 7m 152 10 ' 205 39 30 11 3 Distant-2, Kona-lI I 2343 I 3m 211 6 26 21 5 Distant-l
4 I 5m 458 7 342 10 44 10 Mauna Kea-l, LPD-I,I

Kona-5
5 2m 504 12 364 11 47 4 1 LPD-4
6 3m 414 8 380 8 46 1 LPD-I, Kona-2
7 35m 300 20 333 18 35 8 1 Mauna Kea-l, LPD-2,

Kona-l
8 12m 332 7 2 410 12 43 10 Kona-2, ~~una Kea-l
9 30m 6m 355 22 1 391 18 46 27 1 2 Kona-2

10 5m 581 35 300 16 43 27 1 2 LPD-2
11 40m 529 39 2 255 9 26 22 1 Kona-2.., 12 9m 354 8 255 10 34 26 4 2 Kona-2.... 13 328 5 278 27 35 35 1 1
14 10m 336 25 190 11 30 28 LPD-I, Kona-l
15 334 2 126 19 14 6 4
16 388 4 154 35 29 5 3
17 10m 217 23 242 8 51 17 Kona-3
18 12m 216 15 333 18 49 8 2 2 Kona-2, Mauna Kea-l
19 3ml/ 4m 245 11 1 261 19 45 5 1 LPD-6, Kona-l
20 4m 352 5 268 20 41 5 2 Kona-4
21 240 1 1 232 20 53 3 1 Kona-3
22 9m 170 15 195 32 21 2 1 LPD-1
23 21m 134 14 152 34 19 1 1 Distant-l
24 166 10 1 253 25 55 1 Kohala-l
25 153 3 260 23 46 2 3
26 166 17 2 273 24 50 3 3 2 Kona-2, Mauna Kea-l
27 88 17 218 25 49 1 1
28 2m 94 10 2 236 13 43 1 1 3
29 8m 116 7 3 270 28 53 3 Kona-5
30 5m 125 21 1 217 24 59 1 3 4 Kona-3
31 ~Om 135 7 205 14 37 1 1 Kona-l

I/Tremor beneath Mauna Loa Volcano



Earthquakes
Tremor

Date (m = minutes
(1977) h = hours) Kilauea Summit Kilauea Flank. Mauna Loa

Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL af Interest

Aug 1 186 8 1 322 15 50 1 1 Kana-l
2 4m 182 7 1 273 19 38 1 3 Kona-5
3 117 17 286 34 39
4 136 9 1 277 29 47 1 1 1 LPD-2. Kona-l
5 11m 95 2 203 75 44 2 3 Kana-3
6 123 9 190 51 36
7 5m 179 28 430 29 55 1 LPD-3. Mauna Kea-2
8 203 58 219 63 38 3 3 1 4 Kana-3
9 4m 207 21 243 44 49 3' LPD-l, Kona-2

10 10m 208 73 240 59 48 2 Kana-l
11 201 47 201 10 44 Kana-l, Mauna Kea-l
12 2m 213 15 1 230 50 32 1 1 1 3 Mauna Kea-l, LPD-l,

Kana-h
13 33m 219 8 250 25 36 4 2 Kahala-l, LPD-3, Kona-l

'" 14 14m 154 10 134 53 44 1 1 Kona-l
'" 15 10m 3m 376 6 249 33 27 2 1 1 4 LPD-3, Kona-l

16 9m 2m 266 25 295 88 52 1 2 1 1 LPD-2, Kona-l
17 10m 378 9 1 299 31 39 11 1 Mauna Kea-l, LPD-2,

Kona.-l
18 2m 160 28 238 56 38 10 5 1 Kona-2
19 8m 243 17 147 63 16 28 3 Kona-2
20 6m 283 5 114 43 17 6 LPD-1
21 2m 128 28 204 112 18 6 4 2 Kohala-2, Kona-l
22 6m 7m 331 5 1 228 28 35 2 1 1 Mauna Kea-6, Kohala-l,

LPD-7, Distant-20
23 42m 98 17 296 50 32 9 3 4 Kona-l
24 16m 154 9 236 10 27 2 1 LPD-1
25 6m 6m 281 6 1 182 32 32 4 2 LPD-3, Kona-l
26 7m 71 10 216 32 29 6 2 Kona-l
27 64m 122 8 281 44 23 7 3 2 Kona-h
28 364 2 415 40 24 4 3 1 LPD-2
29 37m 382 10 2 302 25 51 4 2 2 Kohala-2. Mauna Kea-l.

LPD-2. Kona-l
30 17m 222 10 244 38 29 3 2 1 Kona-2
31 5m 6m 387 18 1 280 20 28 2 1 Kona-2. r-1auna Kea-l

lJTremor beneath Mauna Loa Volcano
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Earthquakes

Tremor
Date (m = minutes

(1977) h = hours) Kilauea Summit Kilauea Flank Mauna Loa

-,

I Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow S-P L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL of Interest

Sep 1 16m 7m 192 11 188 41 33 1 3 2
2 361 33 1 252 21 44 5 9 LPD-I, Mauna Kea-l

3 2m 6m 334 5 1 304 21 20 1 2 1 LPD-2, Mauna Kea-3
4 22m 428 10 3 416 20 41 2 1 Kona-l
5 3m 426 9 2 550 88 53 8 2 1 I Mauna Kea-3, Distant-I,

I LPD-I, Kona-2
6 6m 10m 284 9 601 63 32 7 2 2 Kona-l

7 10m 264 385 47 67 1 6 6
8 i 7m 260 1 378 88 51 2 1 2
9 j 10m 364 7 1 359 22 16 2 3 I10 15m ! 26m 265 19 580 34 16 1 2 Kona-I, Distant-l

11 7m I 5m 351 19 2 655 43 33 20 4 2 ' LPD-2, Mauna Kea-l,
I Kona-l

12 lill I 2m I 313 53 2048 16 36 24 4
3 I 15 km-l. LPD-I, East

'" I
Rift Swarm (continuous

'" , tremor)

13 I 429 139 1987 61 24 2 East Rift eruption
14

I 90m
874 65 1219 216 51 2 5 Kona-l

15 384 703 2 906 50 55 10 3 Mauna Kea-l, Kohala-l
16 3m 134 61 664 50 46 1 Kona-2

17 37ndl 878 5 635 21 18 1 Kona-l
18 525 403 1 360 29 29 14 1 Kona-l

19 80m 012 365 277 27 36 20 4 Kohala-l

20 4m 145 530 308 13 27 7
21 3m 388 671 336 18 39 1 1 2 1 Kona-l

22 3m 2130 396 411 10 27 1 1
23 8m - 859 422 358 15 78 11 4 Mauna Kea.-l, Kona-4
24 2142 932 2 348 18 29 12 2 Kona-2, Distant-l

25 4m 164 885 317 16 29 8 Kohala-l

26 950 880 2 309 16 8 3 1 Kona-I, Nauna Kea-l,
Kohala-l

27 ~i97 890 260 17 64 1 Mauna Kea-l

28 090 644 1 317 12 48 2
29 86m 893 332 284 8 32 Kona-l
30 10m 158 274 432 9 44

VTremor beneath Mauna Loa o",a



Earthquakes
Tremor

Date (m = minutes
(1977) h = hours) Kilauea Summit Kilauea Flank. Mauna Loa

Upper Lower SW Rift Off-
Inter- East East and NE shore Remarks and Events

Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P s-p Rift PPL of Interest

Oct 1 88m 1058 270 3 435 19 52 42 2 Distant-l. LPD-2. Kona-l
2 13m 1372 1084 315 15 30 31 Kona-l
3 2m 880 610 338 7 34 22
4 2m 1158 325 298 6 19 2 2
5 2m 1123 842 267 3 22 1
6 7m 1048 1130 309 14 27 10 1
7 7m 1525 2386 305 11 51 1 3
8 8m 736 1952 294 8 24 2
9 4m 2rrdI 557 2153 315 11 53 2 Kona-3. Distant-3

12m
10 541 281 3 323 13 42 102 Mauna Kea-2. LPD-I.

Kona-l
11 11m 110 748 257 9 59 1 2 Mauna Kea.-l. Kona-l
12 26m 3m 258 831 324 19 41 3 Kona-l

'" 13 3m 429 868 265 9 35 2 Kona-l.... 14 621 108 3 285 18 35 68 1 Kona-l
15 2m 506 220 1 273 9 40 70 1 LPD-7
16 729 406 251 10 30 10 2 Mauna Kea-l
17 8m 1010 454 1 231 7 26 31 2 1 Mauna Kee.-l
18 5m 1114 461 223 6 38 22 2 1 Kona-2
19 15m 1070 1431 154 1 25 6 1 5
20 2m 879 521 180 3 26 3 1 Kona-l, LPD-7. Distant-l
21 856 14 98 19 10 5 LPD-1
22 649 8 1 134 37 7 7 10
23 4m 552 2 1 121 47 12 2 2 1
24 897 465 236 15 29 6 1 1 LPD-l, Kona-2
25 5m 1094 5 171 6 22 5 6 6 Distant-B, Kona-2
26 5m 459 226 2 185 2 37 1 4 Kona-l
27 472 77 259 8 29 1 LPD-l. Kona-l
28 3m 376 5 230 5 44 3 Kona-l
29 8m 549 7 152 32 6 3
30 372 30 201 18 27 2 1 2
31 3m 9m 201 11 179 4 32 3 1 Kona-l

, • ,
l/Tremor beneath Mauna Loa Volcano
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Tremor
Earthquakes

Date (m = minutes
(1971 ) h = hours) Ki lauea Suromit Kilauea Flank Mauna Loa

Upper Lower SW Rift Off- Remarks and Events
Inter- East East and NE shore of Interest

Deep mediate Shallow s-p L-P 30 KM Rift Rift Kaoiki L-P S-P Rift PPL

Nov 1 5m 343 7 161 25 25 3 Kona-I
12ml!

2 4m 201 8 179 10 31 3 1 11 Kona-I
3 5m 8m 205 9 171 11 19 1 3 4 Kona-I
4 4m 142 20 135 16 44 4 5 LPD-l, Kona-3
5 125 8 1 123 16 36 2 1 2 LPD-6, Kona-I
6 6m 4m 145 9 3 134 13 52 LPD-I, Mauna Kea-2
7 94 3 143 9 23 4 Kona-3
8 55m 2m 92 1 145 12 32 1 3 6 3 LPD-l
9 4m 98 4 5 149 17 34 5 3 Kona-2

10 8m 2m 112 1 1 186 17 31 1 6 6
11 3m 100 2 106 41 23 2
12 67m 3m 86 3 99 41 16 5 1 LPD-6, Kona-5
13 122 2 1 145 10 26 1

'" 14 5m 108 2 1 159 5 40 2 5 1

'" 15 3m 142 19 196 17 53 Mauna Kea-I, LPD-I,
Kona-I

16 3m 143 11 3 213 27 51 1 1 1 LPD-I, Kona-2
17 3m 106 2 167 13 59 3 3 1 Kona-2
18 16m 13m 91 1 137 14 43 3 3 1
19 133 2 159 24 67 1 Kona-3
20 3m 130 5 165 10 51 7 7 Kona-2
21 115 4 164 13 57 4 9 1 Mauna Kea-I, Kona-2
22 8m 88 4 135 15 46 4 4 1 Mauna Kea-2, Kona- 3
23 4m 10m 148 8 2 206 17 40 1 Kona-4
24 95 7 130 10 44 4 4 Kona-3, Mauna Kea-I
25 143 2 160 8 39 1 1
26 2m 158 7 7 162 5 31 1 LPD-2
27 187 9 2 181 11 32 3 2 LPD-2
28 101 2 144 7 43 5 1 3 Kona-I
29 7m 183 12 2 191 6 40 5 Mauna Kea-I, Kona-I
30 22m 109 36 165 10 62 5 19 1 1 Kona-4

J:,./"J:remor oeneauU l'Jauna .LIVa



Earthquakes
Tremor

Date (m = minutes
(1971 ) h = hours} Kilauea SUIIDni.t Kilauea Flank Mauna Loa Remarks and Events

Upper Lower SW Rift Off- of Interest
Inter- East East and

~ft
shore

Deep mediate Shallow S-P L-P 30 KM Rift Rift Kaoiki L-P S-P PPL

Dec 1 137 5 1 172 9 54 1 8 5
2 122 4 1 100 31 15 9 2 2 Kona-2
3 25m 100 1 107 36 15 3 1 Mauna Kea-l
4 2m 207 4 2 213 13 56 1 4 3 Kona-l, LPD-2,

Mauna Kea-l
5 186 8 4 205 15 55 1 4 LPD- 3, Kona-2
6 16m 7m 187 9 1 184 13 52 1 3 Kohala-l, Mauna Kea-2,

Kona-l
7 5m 8m 114 4 1 167 14 59 1 1 1 Kona-2
8 11m 2m 106 4 166 13 48 1 1 Mauna Kea-l, Kona-3
9 110 1 139 11 49 2 3 Kona-4. Kohala-2

10 1m 95 , 161 8 57 1
11 2m 14m 211 3 1 202 19 37 2 15 km-l, Kona-4. LPD-4.

Mauna Kea-2

'" 12 40m 97 8 153 14 56 2 1 1 Kona-l

'" 13 13m 115 10 1 136 8 33 2 1 2 Kona-l
14 5m 78 5 1 148 10 40 3 Kona-l
15 6m 64 4 109 10 30 1 Kona-l. Kohala-l
16 175 7 2 157 11 25 5 4 Mauna Kea-3
17 154 3 1 147 11 34 3 2 1 Kohala-l. Kona-l
18 7m 68 1 1 123 5 44 2 2 1 Kohala-l. Kona-l,

Mauna Kea-l
19 2m 86 2 137 6 34 1 2 2
20 6ml! 206 9 1 188 15 42 2 Kona-2
21 6m 129 4 130 11 52 1 1 4 Mauna Kea-l, Kona-l
22 1m 13m 125 1 3 156 7 19
23 45m 123 6 96 21 16 1 15 Kona-2
24 11m 6m 91 10 79 22 19 4 2 3
25 9m 96 7 1 80 29 20 15 2 1
26 186 1 175 24 36 2 1 1 Mauna Kea-l
27 33m 138 3 2 140 11 32 1 Kona-2
28 9m 3m 148 5 1 151 18 46 2 1 6 Mauna Kea-l. Kona-3
29 220 8 2 239 21 43 3 4 1 Kona-2. Mauna Kea-2,,

30 3m 150 I ~
I 156 14 55 2

LPD-2, Kohala-l

I 2 1 Mauna Kea-l
31 139 2 178 10 45 3 5 LPD-l
.,!/Tremor beneath Mauna Loa Volcano



..

10

OIP'r1l8
+ ••
o 5.'
o 13.'
A ••'•

o
•

+

•

•
(7 ·ft· ..

• ."lI'
" ." • • ••• .' •

••

•

• •

• •

•

•

•

•

. ,

•

•

•

•

• IUOlfrnma• it

• • J ••

0 •••
• o I.'

• 0','
IOUl' 10

'" '"
Figure 5 Epicenter plot of magnitude 3 and above earth-

Quakes for the year 1977.

++ BIPTHS
+ ••

0 • 00 0 •••
q,Gl • 11.'

0 10

• • ....
o.

0 •
+ ~ •

0 0 •• 41
0 0 .,

b. <> •• + 'il •
'b 00

0
0 fj 0

o\ljll •
b.

0

~
•<> 0• 'b 0

(fj • K.\QK1TUDU

••
• • l ••

•• 0 ••• ,.
b. .' D J.'

• ..
~...• •

<> •••
,. <> •••

IOUl
,

no no
Figure 6. Epicenter plot of all events located for the

year 1977.
27



DEPTHS
+ .•

•

•

•
•

•

•

•

•• •

•
• •

•

•

•
••

••

•

•. , .. .
~ :~..••

•

, ,...... , ,

•

IUOMlTUDI8
• 1.'
o 4.'
ou
D···

"

rJ • • •
•

• C• •
• •• • •• •• •

c I ••••
••

•i ••• ."
•

• ••• •• •

• , ,

SOIIl

OJ.PTHB

• ••
os.•
l) n .•

t. ze .•

•• •..."..
~ .~..

.. .".

~.,I 'f •
... rp;;•

Sf; ; a •

•• •
•

o ....
o I.'
D···..

Figure 7. Epicenter plot of Mauna Loa and Kilauea earthquakes magnitude 3
and above for the year 1977.

28



0

0 0
0

00 p 0 a
0

~~B0 €I
0 A

0 00
0

0 , ~ ,..•
0 0 0

0 0 1.1
0 0 A

0 ,[J Do 0 0 1.1

•
00 0 00 • ~ ...8 o ,

~ • • 5.'
0 00

Q, • ' . •••0 • ' ,
0

JOK" 0
..., II

DBPTHB, ••
0 <> 5.'

0
• 0

• 0,
+t III oa

• o <+ "d"0• 0
.~ <>

'" to [i, ",[}
0 • :dO+ 0 0

0

0
0 0

0

• 0a 0

• 0 A
00 KAQNITUDK8

• 0, 0 ••
0

0 ••••
0 0 •••

0 ,..
• A ~...• • 5.'

•••
10UI

..
"

D PTHB, ••
0 0, 0 5.', .' 0 11.'

0 • •
rJ

, ....
•

"
0 Do

'" • •'. •0 0
0

,

Figure 8. Epicenter plot of all Mauna Loa and Kilauea earthquakes
located for the year 1977.

29



156° 155°
I - I

~ ......

)
KOH

- DIS -
DIS

/ KKU l( "HIL

~
KON NER

SPC
Lic

MOK
DEP"i ~

,

~
I GLN

I I
UKF I

I KO' UER MER,
L - - -" ./SWR I--

-:/ - -
POL

7'
HLP

HEA OIS
DIS

~
PPL

!"" -
•

18° 30'
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depths between 0 and 6 km, and LPC is used between 6 and 13
Ian.

30

20°

19°



Table 4. Coordinates of named regions.

Name ( ___________________________ Limits____________________---------------)

NORTH SOUTH EAST WEST DEPTHS
0 M 0 M 0 M 0 M 0

SPC 19 Zl 19 23 155 15 155 19 o - 6
LPC 19 27 19 23 155 15 155 19 6 - 13
OEP 19 29 19 18 155 22 155 22 13 - 70
UER 19 23 19 19 155 6 155 15
KOA 19 23 19 17 155 15 155 19
SWR 19 22 19 16 155 19 155 25
UKF 19 29 19 22 155 19 155 30
MER 19 25 19 16 155 1 155 6
LER 19 31 19 20 154 47 155 1
POL 19 19 19 10 155 6 155 15
LSW 19 16 19 0 155 21 155 34
PPL 19 10 18 30 155 0 155 21
HLP 19 17 19 10 155 15 155 21
MOK 19 ~O 19 22 155 30 155 45
GLN 19 31 19 23 155 1 155 19
KON 19 55 19 15 155 45 156 10
HEA 19 22 19 0 155 25 155 ~5

KOH 20 15 19 55 155 30 156 0
NER 19 40 19 29 155 12 155 30
HIL 19 50 19 31 154 ~7 155 12
KKU 20 5 19 ~O 155 0 155 45
DIS EVERYPLACE ELSE
BLS QUARRY BLAST

When coordinates imply an overlap. precedence is given as shown in Figure 9.
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

DUR MAG - 'Duration magnitude, if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

RMS

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standrad error of depth of focus in km.

REM!< - Remarks, three letter code for geographic location of event. See
Figure 9 for location of mnemonic code.

Table 5 lists all events located during 1977. Table 6 lists only events of
magnitude 3.5 or larger.
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TABLE 6. HVD EARTHQUAKE SUMMARY L. IS T PAGE 1

ORIGIN TIME I.AT N L.ON ~ DEPTH ,NP OU' 0" 'NS NlN E'N E" NO
YEU NON 0' H~MN SEC OEG MIN OEO NlN KN N'O N'O N' "8 OEO 8EC DIS K' K' FN REMK

1~71 J'N 1 "b 35.33 ,. l~.b~ 155 b.~5 ~ .11 3.7 '.0 31 2 153 • O' 7 , .0 .' 29 UE'
3 17 5 51.5b .. 23.~2 155 15.80 3.3~ 3.0 3,7 27 0 31 .07 2 .5 .b 25 8PC

• 157 10.18 .. 23.48 155 17.18 3.b4 3.0 3.7 32 , 55 .13 0 •• .7 30 8PC

• 555 "5.~0 .. 23.33 155 Ib.87 2.86 2.' 3.7 ,. 2 54 • 11 0 .5 • b • 8PC

• 1023 37.6& 20 4.7b 155 38.4.s 7. 60 3. , 3,5 31 2 "2 ·,. 35 1 • 1 1.' 25 KOH

• 1425 13.23 .. 23.2" 155 14.65 3.64 3.b '. , 29 0 ., .05 2 .5 .5 27 OLN
5 o 2 38.71 .. IQ.50 155 8. U4 ~.67 2.' '.0 ,. 2 52 .05 • • b .5 32 UE'

12 3 5 59.27 ,. 24.22 '55 17. 65 17. &0 3.' '. , 3& I 29 • '2 2 •• , .2 33 OEP
10 132& 42.38 ,. 19.83 '55 7. 21 ~.Q3 '.b '.5 32 0 108 .07 5 .5 •• 29 UER
20 220 27.97 ,. 1~.30 155 11.02 9.11 3.' 3.5 30 3 103 • '0 b .b , .0 27 UE'

22 732 /,12. b9 ,. 21 .32 155 15.25 10.23 3.b '.0 J2 0 b' .Ob 2 .b .7 2b KO,
22 5 2 /,l 4.18 ,. 23.04 155 PI.&2 3.87 3. , 3.5 2b 0 53 .07 3 .b .5 23 GLN
22 532 15.10 ,. 22.82 155 14.!)t\ 2.69 2 •• 3.5 11 0 120 ••• 3 .b .8 5 UE'
22 1236 28.17 21 15.07 ..0 33.7& &.92 5. , 3.b 2b • 331 .262&5 60.2 78. b I Ol8
22 20 2 • '0 "

23.25 155 14. bb 3.28 3.0 3.b 25 1 07 .10 3 • b , .0 21 OLN

23 1049 1.84 ,. 20.32 , 55 12.01 8.76 '.U '.3 3& 1 7b • O. 5 .b .7 " UE',. 3 7 58.46 .. 18.09 155 23.b4 10.20 2.5 3.7 j5 0 10' .12 • •• .5 ,. ...
29 1125 43.45 ,. 20.49 155 5.92 9.13 3,' 3,. 33 1 '11 • 0' 5 .8 •• 32 MER
20 2246 49.72 ,. 21 .44 155 4.lJd 9.07 '.1 '.3 35 1 '. • 0' • .0 •• 33 NER

FE' 3 1520 tP".7U .. 20.94 IS; /,l.50 9.87 '.5 '.b 37 , •• .0' 3 •• •• 33 ME'

• .25 14.b2 20 2.b2 155 27.36 lb.54 3,7 3,5 .. 2 15 • '2 53 12.0 "18.3 15 "'u
5 1QQ7 2.07 .. 23.05 155 14.b3 3.03 3. , 3,7 29 0 '5 • '0 3 .5 .b 25 OLN
8 1851 19.2Q ,. 23.07 155 1 u. 13 .15 3,' 3.7 18 , 72 .15 0 .7 2.3 ,0 OLN
5 .. 2 22.21 ,. 22.74 155 14.48 b.44 3,5 25 0 ,.

• '2 • .7 , .5 25 UE'
0 1923 31 .85 ,. 23.18 '55 14.1 b 3.67 3.1 •• 0 33 0 OS .11 3 •• , .0 2. GLN

• 1926 29.9& ,. 22.93 155 1/,l.12 3.23 3.3 '.1 3. 0 •• .12 2 .5 .7 30 UE'

• 19S/,l 2b.64 .. 21 .91 155 14.17 1.06 3.0 3.' 2' 0 55 .12 3 .' 1 •• 15 UE'

• 20 2 28.50 ,. 22.97 155 13.6/,l 1.37 2 •• 3.5 2. 0 07 .17 1 .5 •• 2b UE'

• 20/,l1 50.50 ,. 22.14 155 13 .li9 1.64 2.3 3.5 '2 0 •• .05 2 •• .5 11 UE'

• 2114 1.6h .. 22.76 155 ltl.cH 1.26 2.' 3.5 25 0 b2 .11 2 .5 •• ,. UE'

• 2121 35.56 .. 22.52 15S 1~.5b 1 .41 3,3 3,. 2. 2 53 .13 1 .5 •• 20 KO'

• '17 39.45 .. 22.14 155 15.01 3.09 2.' 3,b 23 1 51 ·,. 2 ., • 7 .. KO,

• .22 1 .02 .. 23.09 '55 4.21 8.31 3.3 3.5 30 2 •• .09 b •• 1 • 1 2b ME'

• 2114 46.96 .. 23.25 155 14.76 3.49 2.' 3.7 2b 0 07 .07 3 .5 .7 25 GLN
12 0 • 32.56 ,. 11 • 24 155 1& • .58 10.41 2.5 3.5 31 1 137 .06 • •• .S 27 KO'

2U 1729 42.8& .. 19.38 155 1&.29 10.14 3.7 •• 0 37 I 27 .0' 2 .5 • b " KO'
21 1159 4q.12 .. 21.41 155 7. 91 8.&& 3. , 3.' 3& 2 72 • O' • .5 •• 32 UE'
25 1750 51 .94 .. 20.&5 155 2.95 5.14 3. , 3.7 25 0 131 .0' 1 ,., I •• 21 ME'
27 350 1 .77 ,. 25.Q3 I,. 57.57 11.25 2 •• 3.' 2. U 175 • '5 5 , .3 2.1 22 LE'.,. • 115 III .36 .. 36.65 '" 6.43 13.23 3.' 3 •• ,. • 35 ·,. 29 , .5 , .5 '0 KON

• 029 11.40 .. 2S .02 155 30.29 44.21 '.0 '.0 30 2 .. .20 7 1.2 3,2 15 .OK
12 0'0 1.7q .. IQ.85 155 8.36 9.47 3.0 3.5 33 2 .2 .0' 5 •• .5 31 UEO
15 2" 3S.32 ,. 19.31 155 11 • !:loS 9.87 2.' 3,' 3' 0 ., .0' 5 .7 •• " UE'
21 ... 24.73 ,. 22.20 , 55 4.1 tl 8.12 3,. 3.' 31 1 .,

• '0 • .5 •• 29 MER,. 1937 ." .. 20.1& 155 8.44 1.37 3,5 '.0 3& 1 73 • 11 • •• •• 32 ...
25 2321 34.96 .. 14.92 '55 23.43 29.83 2.7 3.7 "

0 143 ... • 2. , 5.' 13 L8.
27 '37 ~8.69 ,. 21.48 '" IS.23 Q.91 3.' 3 •• '" 2 b' •• w 2 .5 .7 32 KO'
27 w35 6.85 ,. 21.3& 155 4.27 7 • .24 2.9 3.' 31 2 .5 .12 • .7 1 .2 2. 'E'..



HVO EARTHQUAKE SUMMARY LIST PAGE 2

ORIGIN TIME LAT N LON W DEPTH ,MP OUR G,P NMS MIN ERM EN' NO
YEAR MaN 0' HRMN SEC DEG MIN OEG MIN ,M M'G M,G NR NS DEG SEC OIS ,M 'M FM REMK

1977 M'N lO 1517 38.04 " 43.98 15' I .31 8.54 '.' ' .. ,. 0 22. .23 20 2•• I •• 3. 'ON ~
APN 2 2058 50.88 " 19.94 155 7.98 8.5& 3.2 3.5 31 0 6_ .0_ 5 .6 .6 2_ UEN ~

M• II 0 25.20 I- 21.44 155 ll.81 9.07 ,.. 3._ 32 0 67 .06 - I • 0 •• 31 MER
~• II 1 52.1& I- 21.75 155 ll.5& 8.31 3. I 3.' 13 0 65 • 06 • I • I I •• 13 MEN

• 1731 /4 1.2& I- 17 .01 155 &.47 q.34 3.3 3.7 2_ 0 202 .10 , I •• .7 2_ POL

20 18/4q 23.01 I- 5& .12 155 18.48 10.47 5.0 _.3 32 2 265 .11 • 1. _ .6 23 "U
21 151 31. q9 I- 19.11 155 H.02 9.84 3.' ],7 36 2 -- .11 3 .5 •• 30 '0'
22

_..
.12 I- 19.1& 155 15.&1 10.10 _.0 _. I

35 0 _3 .10 - .7 •• " '0'
22 10Sq 18.3& I- 20.98 155 ll.80 11. qO 3.' _.0 lO 1 -- .17 - I .0 •• 26 MER
22 2145 23.2& I- 20.q8 155 13.2b 9.8/4 3.2 3.' .. 2 5_ .0_ 3 .5 .7 ,- UEN

25 1027 3.q3 1_ 20.23 155 11. 00 8.98 3.2 3.' " 2 .3 .10 - .5 .7 30 UEN
25 1820 53.10 1_ lQ.Q2 155 13.47 9.31 3.5 _.0 .. 0 .5 .10 5 •• •• 35 UEN

MAY 2 65_ 5.85 20 3.01 155 22.bO 8.44 3.7 _.0 " 1 216 .10 I. 1• 7 1.0 35 "U
2 Ib • 47.10 1_ 20.51 155 11.28 9.80 3.1 3.5 35 2 7b .0. - .5 .7 31 UE'
5 512 19.29 I- 19.32 155 8.q9 9.19 ],2 3.' 20 2 62 .0_ - I.I 1.0 1. UE'

II 2311 &.37 I- 18.11 155 13.47 9.72 3.1 3.5 " 1 7b • I 0 3 •• .7 " POL
1_ 535 10.79 I- 19.87 155 13. SO 9.b7 2._ ],5 37 1 .. • 11 5 .5 •• .. UEO.. 2127 13.02 I- 22.0b 155 5.90 a.9b ,.. 3.6 " 1 7b •0_ 5 •• .7 .. MEN.. 2132 22.b8 1_ 22.44 155 5.70 8.49 ],2 ],. .. 0 .- • 0_ 5 ·, .7 .. "E'
17 1832 42.73 1_ 22.15 155 5.84 8.47 3.3 ],. 13 0 '" .0_ 5 .7 .7 31 ME'

lO 1310 '3.97 I- 20,b& 1'55 b.Ol 8.3b ],2 3._ 32 1 10' ." • •• .- lO UEN
JUN - .. 2 52.b9 I- 25.85 15. 5b.22 b.30 301 3.5 27 2 167 .16 5 1.3 1.3 Ib LEN

5 2342 18.92 I- 21 ,bb 155 4.'n 9.31 5. I -.' 35 0 ., .0_ ,
•• .5 35 ME'• 1058 31.78 " lQ.52 155 11.2d 6.99 3._ 3.' 35 0 .. .11 ,
•• .7 30 UE'• 1441 b.U8 " 22.73 155 U.7n 6./,10 2.' 3.5 31 I 81 • 10 - • 7 •• 29 MEN.. 1522 •• 5 " 19.26 155 10.62 10.07 3. I 3.' 37 I 10_ .10 5 .7 •• 35 UEN

15 .. • Ib.b7 " 21 .06 155 7./,1/,1 7.79 3. I 3.' " 3 .3 • 11 5 •• •• " UEN
17 _56 51 • as " 21.10 155 b.91 8.25 3.0 3.5 35 2 •• • 10 5 •• •• 32 UE'
17 • 5 3b.b3 16 55.28 155 30.5/,1 /,13. 40 3.5 3.2 3. 0 2" .11 16 3.2 ..5 3. OIS
20 ... 44.35 " 20.bb 155 3.43 7.26 2.' 3.' 29 I 100 .10 2 .' 1.0 2. ME'

22 305 21.7b " 20.03 155 b,U7 9.80 ],7 •• 0 35 1 117 .0_ • .6 •• 3. UE'
29 ,,- 3b.13 " 21 ,10 155 15.29 10.28 ],7 •• 0 31 2 39 .09 ; .5 .7 29 '0'JUL ~ 6.. 5b.3b " 20.0U 155 8.20 9.b1 ],2 3.7 32 0 " .10 5 .6 •• 2b UE'

5 759 u2.03 " 2b.l.ll 155 27. 14 11 .89 _. I _.3 13 2 .5 .12 7 • b •• 2b UKF• 650 16.47 I- 19.uO 155 b.40 9.40 3.5 ],- .. 2 135 .10 5 .7 .7 31 UEM, lib 30,25 " 23.29 155 1&.90 3.16 3. I 3._ 33 0 " ... 2 ., .6 32 sPC
'UG 7 2154 20.32 " 20.07 155 13.30 10.29 •• I _.2 3. 2 .. • 10 5 .5 •• 3• UE'10 1919 10,79 " 19,26 155 11. Sb 6.19 3 •• •• 0 35 3 101 .09 5 •• •• 29 UE'

10 23£l3 U,94 " 19.98 155 13.97 9.2& ],2 ],7 '2 2 59 .10 5 .5 .7 2. UEN
13 122/,1 26.46 20 9.71 155 36.3b £l.bl '. I 3 •• 37 2 231 ... " 2._ 2. I 2. 'OM

15 lIB6 15.09 " 19.59 155 15. 12 .20 2.7 ],. 2b 2 lOb .2' - .b .7 2' '0'

" ." 13.34 " 19.71 155 7.05 10.15 _.2 •• I .. I '" .09 5 .7 .5 " UEM
22 2142 16.Sa 17 33.59 152 5.40 &.88 3.5 ],0 25 7 349 .623ba bO.oS 7!l.b 20 6LS
22 23S7 1'5.11 " 26.71 155 2U.01 9.1& 2.7 3.5 35 2 .5 • ,5 • .5 1. ; lO UKF
24 20 7 1 5. d I " 19.4& 155 11.B 9.94 3.' ,.. " 2 97 .09 b .5 .' 33 UEM

lO 2•• 21.3/,1 " 22.&1 155 27. 31 10.35 ],- _.0 37 I bI ·" 0 .5 .R 33 UKF
SEP 5 ,"0 35.90 21 £l/,I.l1 157 /,I&.&S 8.6q •• 2 2.b 37 7 3/,1Ql.10214 59.0 19.5 35 OIS

7 1351 &.11 .. 22.52 155 19.32 31 • cb _.5 •• 3 33 0 ., .10 2 1.0 1. _ 27 DEP

66



Hva EARTHQUAKE SUMMARY LIST PAGE ,
ORIGIN TIME LAT N LON W DEPTH 'MP DU" G'P "MS MIN E"M E"' ND

YEU MDN OA HRMN SEC OEG MIN DEG MIN 'M M.G M.G N" NS DEG SEC OZS 'M 'M FM REMK

1~17 SEP • II • 5S • .?1
"

20.&5 155 7.~~ 9.0~ '.' '.5 52 I " .0' 5 •• •• 2. UE"
13 I • H.88 19 25 • .?! '55 15.98 lI.18 3.0 3.5 B 0 •• • Ib 3 •• ,.. 52 SPC
13 1213 13.75 ,. 23.25 '55 3.68 .1. 3.3 ,.. 25 D 10' .20 3 .1 , .3 22 ME"
13 1912 211.08 ,. 19.52 155 3.01 7.&7 3.1 3.1 33 3 191 .13 , •• •• 29 ME"
13 2131 5&.52 ,. 20.8& '55 3.01 8.37 '.1 •• 0 33 2 '21 .0' 2 •• •• 30 ME"
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TILT INSTRUMENTATION

In addition to the seismic network, a network of spirit-level tilt
stations (dry), borehole tiltmeters, and water-tube (wet) tilt stations is
maintained. The network is located on the summits and flanks of Kilauea and
Mauna Loa Volcanoes. In December 1977 the tilt network consisted of:

82 spirit level tilt stations (dry)

9 borehole tiltmeters

10 water-tube tilt stations (wet)

1 continuous recording Ideal-Arrowsmith tiltmeter

Dry and wet tilt stations are generally occupied at irregular intervals.
Critical stations are measured more frequently than the entire network.
Digital borehole tiltmeters data are telemetered by VHF radio and recorded at
the observatory. An Ideal-Arrowsmith mercury-pool capacitor-type tiltmeter
with a I m base is located at the Uwekahuna vault, and the analog signal is
recorded at the observatory.
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TILTING OF THE GROUND AROUND KILAUEA CALDERA

Tilting of the ground around the summit of Kilauea is monitored daily
by a short-base water-tube tiltmeter in the Uwekahuna Vault, and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt-bases and a portable water-tube tiltmeter. The
attitude of the ground surface at each tilt-base is reported in terms
of north-south and east-west tilt coordinates. Both coordinates at
each station were arbitrarily set equal to 500 when measurements at
that station were begun. Increasing tilt coordinates correspond to
northward and eastward tilting of the earth's surfacej that is, to a
relative subsidence toward the north and east. A one-unit change in
coordinate corresponds to a tilting of 1 microradian (1 mm per km) in
the direction indicated.

Table 7.--Tilt Coordinates at Uwekahuna, 1977

Date

Jan 2
9

16
23
30

Feb 6
13
20
27

Mar 6
13
20
27

Apr 3
10
17
24

May 1
8

15
22
29

Jun 5
12
19
26

N-S

545
548
551
551
550

550
548
546
545

543
542
540
539

537
537
537
536

528
536
535
534
534

540
532
532
532

E-W

366
369
366
363
363

362
368
382
389

386
388
387
389

392
393
392
390

390
391
390
377
393

396
393
395
397
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Date

Jul 3
10
17
24
31

Aug 7
14
21
28

Sep 4
11
18
25

Oct 2
9

16
23
30

Nov 6
13
20
27

Dec 4
11
18
25

N-S

532
533
532
532
532

531
531
530
529

530
525
475
448

458
454
455
453
453

450
449
449
449

449
449
447
449

E-W

395
390
391
391
390

391
388
387
385

387
402
493
478

484
487
484
481
478

478
477
473
471

468
467
467
460



Table 8.--U.S. Geological Survey vater-tube tiltmeter
stations in Havaii

Location Frequency Base
Station Symbol of length Description

Lat. N. Long. W. reading M
Deg. Min. Deg. Min.

Tree Molds TM 19 - 26.3 155 - 17.3 50.79 NS. and EW.

Sand Spit SS 19 - 24.1 155 - 16.8 25.40 Equilateral
triangle.

Keamoku Kea 19 - 25.1 155 - 19.0 47.55 do

Ahua
Kamokukolau Kam 19 - 22.7 155 - 16.6 50.79 do

Kipuka Nene KN 19 - 19.4 155 - 16.7 47.73 do

HUina Pal1 HP 19 - 18.2 155 - 18.6 47.73 do

Kapapala
Ranch Kap 19 - 20.5 155 - 23.8 50.79 do

Mehana M 19 - 26.2 155 - 14.3 25.00 do

Uwekahuna U 19 - 25.5 155 - 17.4 50.79 do

Uwekahuna
Vault 19 - 25.4 155 - 17.6 Daily 3.48 NS. and EW.
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Table 9. Tilt coordinates and changes at bases around Kilauea Caldera. (See f;g.10)

-6
Rate (10 rad/mo)
and direction of Date of last

Til t base Date Tilt coordinates til t i og since read ing
and location ( 1977) N-S E-W last reading (1976 )

Uwekahuna (U on fig.lO) Not Occupied This Epoch
Lat. 190 25.5'N Long. 155° 17.4'w

Tree Molds (TM) 3 May 486.9 515.5 0.46 S12.1 0 W 15 Apr
Lat. 19° 26.3'N Long. 155 0 17.3'W

Sand Sp;t (SS) Not Occupied This Epoch

Lat. 190 24.1'N long. 155° 16.8'w

Keamoku bKea)
155 0 19.0",""

Not Occupied This Epoch..., Lat. 19 25.1'N Long .
0

Ahua Kamokukolau (Kam)
155

0
16.6 1w

Not Occupied This Epoch
lat. 190 22.7'N Long.

Kipuka Nene (KN)
155° 16.7'W

26 Apr 171. 3 562.7 0.98 N11.1"w 28 Sep
lat. 190 19.4 1N Long.

Hilina Pali (HP) 26 Apr 336.3 527.3 2.83 N41. 50 W 15 Apr
Lat. 190 18.2 ' N long. 155° 18.6'w

Kapapa I a (Kap) 3 May 509.7 531. 9 1. 51 S62.8°E 27 Sep
Lat. 190 20.5 1N Long. 155° 23.3'w

Hehana (H) Not Occupied This Epoch
Lat. 19° 26.2 1 N long. 155° 14.3'W



• M

U....ahuno

•
K"

55· ~

0

Kam- 0 0'" • 0

o
Kop...

HP

TILTING R~TE 5.0 X 10-6 RADIANS/MONTH

5 K M

•

I
Figure 10 September 197b to May 1917 tilting of the ground around Kilauea

Caldera. The vector depicting tilt at a given tilt base points
in the direction of maximum relative subsidence, and its length
is proportional to the rate of tilting during the measurement
interval. Closed circles represent field tilt basesj open
Circles, short-base water tube tiltmeters. See Table ~ for
explanation of abbreviations.
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Table10. Tilt coordinates and changes at bases around Kilauea Caldera. (See fig.11)

Not Occupied This Epoch

8 Aug 485.2 511. 3 1.42 567.8Ow 3 May

Not Occupied This Epoch

Not Occupied This Epoch

Not Occupied This Epoch

16 Aug 174.2 552.9 2.74 N73.8Ow 26 Apr

11 Aug 341.4 522.4 1. 98 N44.3Ow 26 Apr

9 Aug 508.9 533.3 0.50 560.1 0 E 3 May

Not Occutied This Epoch

Tilt base
and location

Uwekahuna (U on fig.11)
Lat. 190 25.5'N Long. 1550 17.4'1.1

Tree Molds (TM)
Lat. 190 26.3'N Long. 1550 17.3'1.1

5and 5pit (55)
Lat. 190 24.1 1N '..ong . 1550 16.8'1.1

...,
'" Keamoku bKea)

lat. 19 25.1'N long. 1550 19.0'1.1

Ahua Kamokukolau (Kam)
1550 16.6'1.1lat. 190 22.7 1 N Long.

Kipuka Nene (KN)
1550 16.7'1.1Lat. 190 19.4 1N long.

Hil ina Pal i (HP)
1550 18.6'1.1lat. 190 la.2 l N Long.

Kap~pa Ia (Kap)
lat. 190 20.5 t N long. 1550 23.3'1.1

Mehana (M)
1550 14.3'1.1lat. 190 26.2'N long.

Date
(1977)

Tilt coordinates

N-5 E-W

-6Rate (10 rad/mo)
and direction of

tilting since
last reading

Oate of last
read ing

(1977 )



• M

Kam- 0
'V

•.'",
0

Kop,

--. KN

NP

~
,............

r2000~~ TI LTiNG RATE 5.0 X 10-6 RADIANS/MONTH

••
" 5 K M

0-o

Figure 11 May to August 1977 tilting of the ground around Kilauea
Caldera.
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Tablell. Tilt coordinates and changes at bases around Kilauea Caldera. (See fig.12)

-6
Rate (10 rad/mo)
and direction of Date of last

Tilt base Date Tilt coordinates tilting since reading
and location (1977 ) N-S E-W last reading (1977 )

Uwekahuna (U on fig.12)
155° 17.4'w

S Dec 477.3 413.0 42.68 S35.1 0 E 26 Aug
lat. 190 2S.S ' N long.

Tree Molds (TN) 6 Dec 422.0 531. 8 16.61 S18.00 E 8 Aug
lat. 19° 26.3'N long. 155° 17.3'W

Sand Spit (55) S Dec 736.0 963.4 23.26 S50.9OE 10 Aug
lat. 190 24.1 1N long. 155° 16.8'w

-'l Keamoku bKea) 6 Dec 483.6 618.4 30.06 S57.40 E 9 Aug... lat. 19 2S.1 1 N long. 155° 19.0'W

Ahua Kamokukolau (Kam)
155° 16.6'W

7 Dec 907.6 467.2 44.50 N11.2
0

W 10 Aug
lat. 19° 22.]IN Long.

Kipuka Nene (KN) 8 Dec 191. 8 550.3 4.69 N8.4°W 16 Aug
Lat. 190 19.4 1N Long. 155° 16.7'W

Hilina Pali (HP) 8 Dec 349.5 519.0 2.22 N23.00 W 11 Aug
Lat. 190 la.2 l N Long. 155° 18.6'w

KapapaJa (Kap) 7 Dec 509.1 538.4 1. 29 N88.1 0 E 9 Aug
Lat. 19° 20.S I N long. 155° 23.8'w

Mehana (M) 6 Dec 505.0 540.7 9.96 S35.7°W a Aug
Lat. 19° 26.2 1N long. 155° 14.3'W



K"-
o

Q

Q'
o

Figure 12 August to December 1917 tilting of the ground around
Kalauea Caldera.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe in
geologic terms the volcanic activity associated with the seismic events and
tilt data included. Beginning with this volume, the summaries will be issued
in two parts. Seismic data will appear in Part 1, and water tube tilt and
other deformation data will appear in Part 2. The seismic and chronological
summaries are offered without interpretation as a source of preliminary data.
The seismic summary is complete in the sense that all data routinely gathered
by the observatory are included. The emphasis in collection of tilt and
deformation data has recently shifted from quarterly measurements at a few
water-tube tilt stations ("wet" tilt) to a larger number of continuously
recording borehole tiltmeters. repeated measurements at numerous spirit-level
tilt stations ("dry" tilt), and surveying of level and trilateration networks.
Because of the large quantity of deformation data now gathered and differing
schedules of data reduction, the seismic and deformation summaries will be
published separately.

The !IVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of
preparation and distribution, and the large quantities of data dictated an annual
format beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, calibration and processing
used in recent years. The present summary includes enough background information
on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network is in preparation by Klein and Koyanagi
as a uses open file report. It is designed as a reference for users of
seismograms and phase data. and so includes and goes a bit beyond the information
in the station table in this summary.



CHRONOLOGICAL SUMMARY - 1978

by

Richard B. ~bore

Neither Kilauea nor Mauna Loa erupted during 1978. only the second such
quiet year since 1966. Deflation of the southern summit area near Ahua associ-
ated with the September 1977 east rift eruption continued at a gradually
diminishing rate until March 1978. A secondary center on the north side of the
caldera. however. began to inflate in October 1977. shortly after the eruption
ended. Both centers inflated during the rest of 1978, and by year's end about
75% of the level of inflation on September 12. 1977, just prior to the last
eruption, had been regained. In October-November 1978. a slow summit deflation
that totaled about 15 microradians may have resulted in an inflation documented
by try-tilt measurements in the central east rift zone near the 1977 vents.
Seismicity remained at moderately high levels in both the summit and east rift zone.

On Mauna Loa, geodimeter and dry-tilt measurements documented the continued
slow inflation of the summit and northeast rift zone during the first half of
the year. Borehole tiltmeter data showed a slight deflation of the latter area
late in 1978. Seismicity remained generally low with no major earthquake
swarms or single earthquakes larger than magnitude 4.5.

Reoccupation of the Mauna Loa-Hualalai-Hauna Kea "Super Triangle" geodimeter
lines showed horizontal changes lower than instrumental error among the three
volcanoes. Geodimeter lines near the summit of Hualalai showed insignificant
changes over two years.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and maintains
an extensive telemetering seismometer network on the island of Hawaii. In Decem
ber 1978 the seismometer network consisted of 41 stations spread over an area
with a diameter of 125 kilometers on the island of Hawaii (Figs. 1 and 2). Of
these 41 stations, two are low-gain multicomponent stations (optical), six are
two-component, three are three-component, and twenty-nine are vertical only.
The coverage is most complete on and around the main center of seismic and
volcanic activity, Kilauea Volcano. Other stations in the network are part of
a larger net located on other volcanoes of the island of Hawaii. With the
exception of HIL, all seismometer signals from the short period network are
telemetered to the observatory for recording.

Figure 1 is a map of selected geographic and geologic features, and Figure
2 shows the seismic stations which were operated during the year. Table 1
lists all seismic stations operated by the U. S. Geological Survey in Hawaii
during 1978. Listed are station name, three letter code, coordinates in degrees
and minutes, elevation in meters, and other data described below.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (VCO) for FH multiplex transmission to BVO via either
hardwire or VHF radio. These telemetering stations are now all of Type 1, the
NCER standard system used in USGS seismic networks (see Table 2 for details).
After discrimination, the analog signals from thirty-six stations are recorded
on two Develocorders using 16mrn microfilm. Smoked paper and helicorder drums
additionally record a number of critical stations for convenience in rapid
assessment of seismicity. FH signals from the telemetering network are also
recorded directly on one inch magnetic tape. Selected larger events are copied
onto condensed library tapes which are currently archived in Menlo Park.

Develocorder records are read on a film viewer with 20x magnification.
Arrivals are read to the nearest 0.05 second. The recorded arrival times,
amplitudes (where readable), and other key data are routinely processed on an
Eclipse computer which arrived at HVO in November 1978.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (IIVO) , Hilo, Haui, and on Oahu (Kipapa station operated by the
Pacific Tsunami Warning Center). The less sensitive short period records are
used primarily for amplitude measurements for magnitude calculations to supplement
readings from 16mm film. Optical seismographs listed in Table 1 are of four
types. Types numbered three and four are electro-mechanical systems of high
and low gain respectively. Hilo and Haleakala are each equipped with two low
gain Wood-Anderson torsion seismographs. Long period Press-Ewing seismographs
record in three components in the Uwekahuna vault. The paper records as well
as the 16mm develocorder microfilm are archived at HVC.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by the factors CAL listed in Table 1 to get the response for an
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to the peak-to-peak amplitude measured in moo on the 20x Develocorder viewer of
a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of the geophone.
Calibration is normally done each time a station is visited, and major changes
in attenuation or recalibrations are listed in Table 1 along with the dates
they took place. Minor changes in CAL factors may not be listed if they are
less than 20%.
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Table 1. Seismometer stations in Hawaii operated by the u.S. Geological Survey, 1978.

Telemetered type 1 seismographs.

Delay Delay Old Date of New
Station Name 1 Code LAT-N LON-W Elev 1 2 Cal Change Cal

AHUA AHU 19 22.40 155 15.90 1070 -.10 -.13 4.3
AINAPO (3) AIN 19 22.50 155 27.62 1524 .13 • 17 8.5 1/10/78 4.8
CAPTAIN COOK CAC 19 29.29 155 55.09 323 .00 -. 16 11.0
CONE PEAK (2) CPK 19 23.70 155 19.70 1030 -.26 -.07 4.6 10/17/78 6.0
DANDELION DAN 19 21.42 155 40.04 3003 -.27 .03 7.0 6/07/78 6.0
DESERT DES 19 20.20 155 23.30 815 -.29 -.13 4.4
ESCAPE ROAD ESR 19 24.68 155 14.33 1177 -. 17 -.19 1.2 11/28/78 1.0
HALE POHAKU HPU 29 46.85 155 27.50 3396 .31 .17 3.3 10/13/78 5.2
HEIHEIAHULU HUL 19 25.13 15558.72 369 -. 17 -. 16 3.0 3/20/78 2.2
BUINA PALL HLP 19 17.96 155 18.63 707 .02 .07 4.0
HUALALAI HUA 19 41.25 155 50.32 2189 .67 .38 3.8
HUMUULA (3) HSS 19 36.31 155 29.13 2445 .20 .35 8.4
KAAPUNA KAA 19 15.98 155 52.28 524 -. 12 -.01 5.6
KAENA KAE 19 17.35 155 7.95 37 -.01 .06 1.3
KAHUKU KHU 19 14.90 15537.10 1939 .03 -.03 3.2 8/23/7 8 6.3
KALALUA LOA 19 24.55 155 04.25 622 -.25 -.30 4.6 7/05/78 4.4
KALIU KLU 19 27.48 154 55.26 271 -. 17 -.30
KANEKll (3) Kll 19 30.56 155 45.90 1841 • 15 .37 5.5
KEANAKOLU KKU 19 53.39 155 20.58 1863 .68 .24 4.8 2/10/78 2.0
KIPUKA NENE KPN 19 20.10 155 17.40 924 -. 11 -.08 6.4
KOHALA KOH 20 7.69 155 46.77 1166 -.03 -. 17 2.2
MAUNA LOA ( 2) MLO 19 29.80 155 23.30 2010 .03 .08 9.2
MAUNA LOA X (2) MLX 19 27.60 15520.70 1474 .06 • 15 2. 1
MAKAOPUHI MPR 19 22.07 155 9.85 881 -. 17 -.20 1.6 3/13/78 1.3
MOKUAWEOWEO MOK 19 29.28 155 35.98 4104 • 15 • 16 8.0
MOUNTAIN VIEW MrV 19 30.25 155 3.75 409 -.02 .01 5.2
NATIONAL GUARD NAG 19 42.12 155 1.72 18 .54 .30 2.47 1/05/78 11. 0
NORTH PIT NPT 19 24.90 155 17.00 1115 -.30 -.18 5.2
OUTLET (2) OTL 19 23.40 155 16.80 1084 -. 19 -. 18 4.9
PAUAHI (2) PAU 19 22.62 155 13.10 994 -.21 -.24 6.2 10/15/78 4.0
POLIOKEAWE PALL POL 19 17.02 155 13.47 169 -.02 .03 4.2 7/05/78 2.5
PUU HOH UAULA PHO 19 28.90 154 53.40 215 -.09 -.24 4.2
PUU PILI PPL 19 9.50 155 27.87 35 -. 15 -. 15 2.4
PUU ULAULA PLA 19 32.00 155 27.67 2992 -.03 .13 7.4 6/07/78 6.8
RIM (2) RIM 19 23.90 155 16.60 1128 -.21 -.13 7.3
SOUTH POINT SPT 18 58.91 155 39.92 244 -. 17 -.22 3.6
SOUTHWEST RIFT SWR 19 27.26 155 36.30 4048 .01 .04 4.7 4/27/78 9.0
WAHAULA WHA 19 19.90 155 2.92 29 -.10 -.04 2.3
WILKES CAMP WIL 19 28.15 155 35.02 4037 .22 .17 4.0 6/07/78 3.7

INumbers in parentheses indicate the total number of seismometers operating if more
than a vertical component.
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Table L (continued)

Optical Seismographs

Station Name Code LAT-N LON-W Elev Type Cal

HALEAKALA Z HAL 20 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 WA 1.0
HILa Z HIL 19 43.20 155 5.30 20 3 1.0
HILa EW HIE 19 43.20 155 5.30 20 WA 1.0
HILO NS HIN 19 43.20 155 5.30 20 WA 1.0
KlPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAIlUNA EW UWH 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAIIUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 PE
UWEKAIIUNA PEE 19 25.40 155 17.60 1240 PE
UWEKAIIUNA PEN 19 25.40 155 17.60 1240 PE

Table 2. -- Seismic Instrumentation Types

Type 1. Consists of:

a) Geophone - Electrotech EV-17 or Mark Products L4C 1.0 sec. period
vertical component seismometer or horizontal component
adjusted for an output of 0.5 volts/em/sec. and 0.8
critically damped.

b) Preamp/VCO - Develco Model 6202 voltage controlled oscillator or a
USGS/NCER Model J202 or J302. 3 db points for bandpass
filter at 0.1 Hz and 30 Hz. Signals are transmitted on
audio FM carrier over cable or FM radio link to HVO.

Type 3. Consists of:

Electrotech EV-17 or observatory-built 0.8 sec. period moving coil
seismometer with llVO-built solid state seismic preamplifier, galvanometer
driver, and 2 Hz galvanometer. Peak magnification approximately 40,000 at
4 liz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor:: 0.25, 2X critically damped. Peak
magnification apprOXimately 1500X at 2 Hz.

Type 2 instruments have been discontinued.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismographs
recorded optically on photographic paper. Type 1 is the standard
NCER seismometer recorded on Develocorder film and magnetic tape.
The curve for Type 1 includes response of the geophone. all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which should
be multiplied by the facto,'", CAj.. listed in Table 1 to get the response
for an individual station.
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SEIsmc DATA PROCESSING

Earthquakes are located by the combined efforts of IlVO and NCER in Menlo
Park. Develocorder films are read at HVO, and P and S arrival times, event
amplitude and duration, clock correction, etc. are input and located on the
Eclipse computer at HVO. Computer locations are made using the program
HYPOINVERSE (Klein, 1978), and problem events are reread and rerun. Magnetic
tape copies of <111 Hrrival time and output summary data are kept in Menlo Park
and HVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 krn centered at 19°22'N and 155°10'W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations and signal or coda duration on short-period
vertical stations. Amplitudes read from other than Wood-Anderson instruments
are corrected to an equivalent Wood-Anderson amplitude using the curves of
Figure 3 and CAL factors of Table 1. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hila or Type 4 seismographs
at Uwekahuna. Smaller events may occasionally include amplitude readings from
stations AHU, KAA, OTL, PPL, KIlO, PliO, or WIt.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the "f-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise leveL A plot of log (F-P time) versus local
(amplitude) magnitude appears in Figure 4. The bilinear relation shown in the
figure is an appropriate fit to the dat~ sample and is used to compute all
duration magnitudes. Duration times are only read from Type 1 seismographs.
Because duration magnitudes are relatively insensitive to station r~gponse and
can be determined using the high-gain short-period stations, it is felt that
duration magnitudes are more accurate and complete at the lower magnitudes
(below 2).
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Figure 4. Relationship between signal duration (F-P time) and local magnitude
for a large number of earthquakes which occurred during 1975 and
1976. Local magnitude is determined from amplitudes read on
Wood-Anderson and other calibrated sei sT:logra phs. The dual linear
relationship between magnitude and log(F-P) appears to hold over a
magnitude range of 7 units. The equations used 1n magnitude
determination are:

duration <210 sec M = -5.2 + 3.89 log (F-P) + .013 ~ + .0037 0
duration >210 sec M = -.905 + 2.026 log (F-P) + .013 ~ + .0037 0

where ~ and 0 are the depth and epicentral distance in km.
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SEISMIC SUNMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south flank of the island of Hawaii. Hundreds of earthquakes too
small to locate are counted daily, and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. ~~ny smaller
events are located also. Substantial effort is made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on Kilauea, but nearly all events above magnitude 3.0 to 3.5
are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic treulor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. ~~ps showing computer located epicenters of all depths are given in
Figures 5, 6, 7, 8 and 9. The epicenter maps are on different scales, and
show both all located earthquakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and in some cases on its depth. Figure 2 is a map
of the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed in Table 4. When the listed coordinates
imply an overlap, precedence is given according to Figure 2. Table 6 relists
the events in Table 5 for which either duration or amplitude magnitude is 3.0
or larger. It is felt that this list is a more objective measure of large
earthquakes than a list of felt earthquakes.
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Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Kilauea.

Earthquake categories are:
1) Kilauea summi t, short period caldera (SPC): shallow earthquakes

beneath the caldera.
2) Kilauea summit, long period caldera (LPC): earthquakes character

ized by low frequency signitures, often originating 5-10 kID below
the caldera.

3) Kilauea summit 30 km (DEP): from about 30 km depth.
4) Kaoiki and southwest rift (UKF/SWR): southwest rift of Kilauea

and adjacent Kaoiki fault system.
5) Upper east rift zone of Kilauea including the Koae faults (UER).
6) Lower east rift zone of Kilauea (LER).
7) Offshore PPL: earthquakes from offshore areas south of the Puu

Pili station, including Loihi seamount (PPL).
8) Mauna Loa long period (MLP): low frequency events near Mauna Loa

summit.
9) ~~una Loa short period (MOK): shallow earthquakes in the Mauna

Loa caldera region.

Tremor is separated into four categories: shallow, intermediate and
deep Kilauea, and f1auna Loa. Depth is inferred on the basis of
relative amplitudes on seismographs in the Kilauea summit region.

Dates of Station Outage or Conditions
Affecting Seismic Count

Date
(Y->I-O)

78-5-9

78-5-20

78-7-18/21

78-11-6/8

78-11-13

78-12-20
78-12-25/26

Nature of Disturbance

High winde, stations
out--HUL, PliO, PAU, P1A
Electrical ytorm. stations
out--WIIA, ESR, AHU
High winds

High winds, electrical
storm, many stations out
Film recorder 4-hour
outage
High winds
Film recorder jammed-
IS hours

12

Count Category
Affected

SPC. UKF/SWR.
UER
UER

SPC, UER.
UKF /SWR
All counts at
Kilauea
All counts

SPC
All counts
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I 20 I .117 10 3 I .0 t/J 3 11 I r I
I 21 J 3uS 28 1 J 39 18h 7 I > 1 1, 1
t------l--------------I---------------------J----------t-----------------]
I 22 I 270 , 1 I 27 115 " r I , I 7 r
I 23 I 2~q " I 30 118 • r 2 , I
J 2. I ,?-2_ • I 30 135 22 T > r t.s I
I 25 I 218 2 J 2. t 3/J 1q I 1 I
J 2_ I 350 q " I ., 201 10 1 29 I
1------1--------------1-----------_·--------1--·-------1-----------------1
I 27 I 2.0 I 3 I 3" 122 21 I I r , I
I 28 I 2_3 ~ I 25 lB2 I I) I > T "2 I
I 2. I I"" 2 I , 9 88 , I 1 I r
I 30 I IB_ " J 2· 1 \ <' \. , • I
I 31 I 159 I_ T I' 127 10 I 1 I .I J--------------------------.------._------------_.-----._------------_._-.-

14



~ Il.AUEA SIW,MIT KILAUEA FLAII'K ',14111'1 A lOA Tk'EMO~ (MINUTES)--------._------_._-------------.-._---------_._ ..._--._ .... _------- ...---_.
I J!;HORT tOi\;G I KAO. UP. LOlA. OFF- I I ~ILAUEA MAUNAl
I DATE I PER. PFR. 3u I & S \'J EAST f.6 ~T SH(JJ.(FIlO m Rl-IORTT INT. lOA I
I 1970 I CAlf)J:RA K,- I RIFT RIFT RIFT PPl IPIo:~. PF:~. I $HAL. DE~P I
1- ... ----1------- ... ------1---------------------1----------1---- ... ---_·_------1
IAPR I I 3&0 1 I 1 I 37 1~9 ~ I ~ I I
[ 2 I 280 15 I 25 1% 3 I 1 I I
I 3 I 257 2 I 38 159 3 I 1 , I I
[ " I 340 ? I 5" 108 3 I < T I
I 5 I 1"3 1 I 31 89 10 I > I I
1------1---- ... ---------1---------------------1----------1-····----------·-1
I & I 180 6 I 26 95 7 I , T 8 I
I 7 I 21& 8 I 2B 108 " I , I 35 I
I 8 T 24& 4 1 I 1B 95 I 'i I " ? 1 4 I
I 9 I ?,Q2 1 1 I 3' HO " I " T I
I In I 31< 5 1 I 25 15& 4 I '; I I1------1-----·_-------1---------------------1---·-----_T. ________________ !
1 11 I 3"1 8 I 37 1"9 1• I 2 < I 14 3& 2 I
I 12 I 188 " I 29 lOB 15 I I " T 2 I
I 13 I 154 4 2 I 33 127 10 I ? 4 r I
I I" I 160 4 I 23 1v4 19 I 2 " I 6 I
I 15 I 148 il I 2Q 106 20 I I "

T I
I------I--------------T---------------------l----------r-----------------!
I 1 b I 317 & I I 3Q 190 I" I 3 1 I 2 I
I 17 I 2a2 1 I "6 174 12 I 1 1 I
I 1" I 25& 4 I 4" 146 8 I 1 , T &8 I
I 19 I 27, 5 2 I 3& tlJ q H I , r 41 I
I 2v I 177 I ~~ 99 I 0 I • ! 6 I
t------t--------------!---------------------!----------l-----------------!
I , 1 I 170 5 I 42 '33 11 I 1 T I
I 22 I 3 'J II) Il " I 34 l1J? 8 1 3 T 33 2 I
I 23 I 252 I • I "8 1SO 1" I " T 4 I
1 2" I 208 I I I 33 1112 13 I , I I
I 25 I 2~2 I 1 I 36 15& 7 I , I 13 I
J------!--------------!---------------------!----------1-----------------1
I 2' I 1"3 ? I 27 92 & I T I
I n I 20& I 1 I 1"

QI 13 I 4 7 T 33 I
I 28 I 187 3 I 45 13A 11 I I I
1 29 I 1"7 " I 12 A3 1P I 5 T 3 I
I 10 I '55 2([ 1 T 3' 1b5 I 7 , \ 'i T I
t------t--------------!---------------------!----------T-----------------!
1'0\ to. y I I "35 19 b I 29 155 10 I 2 I I 0 I
I 2 I "77 , 1 I 34 IIl Q 9 I ? T I
I 3 I 2&8 I? r 26 IS? 15 I r b I
I " I 228 7 1 I 31 15A 22 I 2 T " I
1 5 I 234 & I 26 11 " 29 I 2 I I1------1--------------1---------------------1----------T _________________ !, 6 I 221 I I 28 132 15 T 1 Il T 2' I I
I 7 I ?39 Il I 32 1"" 20 I 1 T 3 I
I " I 2 -II 2 I 43 117 5 I 2 T I
T 9 I 90 \ I 1& 79 4 I T I
T 10 I 17IJ I 22 t 35 19 I T " I
I------l-------·------l---------------------1----------I-----------------!
I 11 I 254 7 1 I 37 150 5 , I J 5 I
I 12 I 2"" 7 I 27 170 I 4 J 2 ? J I
I 13 I 3~q 1 I 28 1"3 13 1 5 T I
I III I lb3 l r 32 1 1 3 -/ I 2 , J 5 I
I 15 I 401 2 4 I 24 I5'i 2 I , T 9 1 I 2 I
-----------------_._------------------------------------------------------
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KILAUEl SUMMIT KILAUfA fLH~j( ·14~lt \ 1.'")& TQH'OP (t.ot"'UTI:S).._--_._--------_._---_._------------_~_----_._._._._- ------_._._---------

I ISHOk! LONG I KAn. UP. Lnv' • OFF- I , KILAUEII MAUNA!
1 DATE I Pf'. P!£~. JO I S SW E/I :; T EASI SHOUF.ILl1,·r, ~""OQfT ! r~ T• LOA I
I IH8 I C/ILDERA ,~ I >I 1FT " 1FT "IF 1 PPL I PI:!=; • PI: Q • r RHAL. r'lE.F~ I1-.----1------_·------1----------···--------1---------.T _________________ !
I~AYI& 1 3&4 14 4 I 37 Irq I I I , , I,
I 17 I 232 II I 30 I ? I h 1 1 I
I 18 1 1.5 ~ I 21 II & • 1 , r
I I. I 311 7 2 I n 10. 44 I S , , \2 I
I 20 I 16. • I 22 7 I JO I h ? r 'i 1
l------I--------------I---------------------!---------·,---------_·----·-1
I 21 I 517 5 2 1 42 1'2 15 I > , 1
I 22 I 55. 1 5 I 53 232 '" I 2 • 1 I
I 23 I 47& 10 J 1 47 202 I 2 I ;r , 5 I
I 24 I 208 4<' I 2. 113 10 r , , I
I 25 I 288 4 I 80 l'i2 " I ;r , I
I------T--------------I---------------------!----------T-----------------]
I 26 I 210 ? I 40 lOS \ \ I ;r , I
I 27 I 2&1 7 I 30 130 D I I , I
1 2~ I Jel I 50 117 20 I , , q I
I 2. I U?9 7 I I 44 144 3 I ;r , 12 I
I 30 I 4~7 3 I I 10 17e 0 I , J I1------t--------------I---------------------J--------.. 1 •• ___ •• ___ •• _____ [

I 31 I 364 7 J 41 241 2, I I
IJUN I I 344 Q I 33 I·" Iq I I
I 2 I 374 • I 1 48 147 27 I , 1 3 h'i I
I 3 I 450 3 I I 39 Ih8 10 I ) & I
I 4 I 44. 25 1 r 4. 1~3 22 1 I f I
I------1---····-···---J··---·-·----·---·----1---------·r--·-·----·-------l
I 5 I 5q. 15 1 7& 13B 22 I ~

,
" 14 I

I & I Q49 , I &4 127 I' I j , T 7 I
1 7 I 3.5 5 3 I 40 lSI I 1 I 5 • f I
I • I 400 4 J 39 I 7 I I 7 I I < , 1
I • I 308 2 I 15 '5 17 I I 1 r II- ... --r ... -.. ---.--.-1-- ... ---- .. --.-- .. -.-I--.-.-.--_t_·· __ ···· ____ ··_·1
[ 10 1 2&4 0 I 3. 73 I 7 1 , , 'i I
I II I 3"6 4 I 27 142 I 0 I 1 , 1 10 I
I 12 I 503 2 I 45 I.? I 7 I 2 'i , I
I 13 I 42& & I 42 lc:1':o I 3 I ! , 1 5 1
I I 4 I 360 11 1 I 10 107 I 4 I "

, I
t.. -·--l-----.·--·-···J .. --···-·--·.-····--·J.·-·-···--1----------··-···-1
I 15 I 2'& , 1 l' B4 I 3 r , , , I
I 16 I 2"4 2 I 4" 127 I I J "

, I
1 17 I 344 4 I ~3 I ~6 I? 1 , , I
I 18 I 32B " I 5' 1'1 III 1 ? , J I
I I. I 26·/ 17 I 33 12" Q I 2 ;r , I1.·.. --t--·-·.-.--·--.l-·.·---··--·-·--·-- .. I--·--.-- .. f- __ ·_··· ____ ·····l
I 20 I 2.0 17 I SO 13q I 0 I 3 1 J 02 I
I 21 I 2'i& 5 I 43 102 1 I [ , 1 15 I
I 22 I 24<1 7 I 26 J 0 4 ~ I , I
I 23 I 552 q I 34 157 I ? I , ,
I 24 I 3QS , 1 41 172 23 I I
1----·-r---····-----·-l···---·-----···------1----······'--·-···--·---·---1
I 25 I 44& 1• I I &1 17& 12 I , , I
I 2_ I 325 24 2 I 4& 17h I' J , 3 J
1 27 I ~ 31 18 2 I &5 1&I 14 I r I
I 2B 1 2ij7 I" I 33 152 " I J I
1 2' I Ie3 6 I •• \ 30 27 1 1 I-_ ....._..._-----_ .._----_._--_._-._._-- ... -_ .._------._-_ .._---------_ ..-
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KILAIJF.A C;Uf·,~tT I(ILALIEA FL.JNIt. ~kll~t,6 In. TRE"OR (MI~UHS)_.._--_ .._-_ .._-_.-_ ..._----_ .. __ ._--_.-----_._--_._--------_. __.._._ .._--
I ISHGRT LONe I KAO. UP. LOv.. UFf- I T KILAUE' MAUNA.l
I DATE T PE~. PFR. 30 I /, 5'. EAST PST SHOREILi'l G Sl-ll')iH t INT. LOA I
I \q7~ I CA.Ll)f~A KM I qIFT RIF T RIFT PPL IPr::'"'. PP:'. 1 5HAL. DEEP I
t------t-··---··--···-I-·---------·---·-·---l--·---·-·-1----------·---··-1
lJUN30 I 1"3 10 ~ I 15 85 5 I T 2& I
[JUL 1 I 128 7 I lq 108 ~5 J T I
J 2 I H7 15 1 I 47 15" \ 1 I I I
I .I I 122 12 8 I 34 \ \2 16 I 1 11 15 I
I 4 I 1&" 54 \ I 3& \22 12 I I T I
I-----.l------- ..----.!- .. -.--.--· •. --.··---I·.···.-.-.t __ ·• __ ··_· _______ 1
1 5 I \ 4 I 37 T 28 70 ~ T T 30 I
1 & I 208 5a I 25 M 11 I T I
I 7 I 1&5 ~o I 3\ q5 \" I 1 I
T ~ I lB ?7 2 I 33 In \5 I 3 1 I
I q T 120 2q I ao 1 I 0 10 T J I
I--·--·I-·-·--······--I--····------·------·-t--·-····-·l-.--··---·-----_·J
1 10 I 123 33 I 30 88 10 I 2 1 T I
I \ I I Iq4 3~ I 35 12" ~ 1 I " I 3 I
I 12 I 1&& 17 I 33 ql " I ~ 1 I
I 1.1 I 2Al 41 I 24 11& ~ I In T I
I 14 I 4ql .15 I I 43 21A 17 I I" I & I
t····--J--·--·-·····--J·····---···---·---·--I·-···-·---I-·-·-·-----·-····J
I 15 I 551 34 I 1 42 lq3 1& I p. 1 5 I
I 1, I .130 4q I 1& 136 7 I 7 I 4 I
I \ 7 I 350 27 J 41 I 41 ~ I q T I
1 \ 8 I 150 1 J \ q II 0 7 I 7 T I
I \ q I l&q ~ I \" 5~ 5 I a 1 I
1---··-1----·--····---1---··----·---··-----·1--·-------T·-····-----·--·-·J
I ~O I 2\" n I 23 &3 3 I 1 I
I 21 I 178 q~ 1 I 17 ql 3a I • T 30 3 I
I ~2 I 124 q I 1 33 II & &~ I a 7 J I
I 23 I 2"4 a? I 57 182 14 I ~ q r I
I 2" I 2"' I u I I 37 I&~ 10 I , I I
t·-·--·I·-···-··-·····1-·-··-··-·--··-·-····I·······--·T·····-·---·-····-1
I 2~ I 2'2 17 I 4q 172 7 I , 6 1 I
I 26 T 16? 17 I 2~ 124 0 I a ! 12 I
1 n I I~q ~ 1 32 II? ?3 I T 3 I
T 28 I 23~ 8 I 28 125 13 I 7 1 I
I 2q I 217 1& I a 1 100 12 I ! I 3 I
I··---·r--·····-···-·-l--·-·--·······-·····-I·········-t-···---··-····---1
I 30 T .I 75 8 I I 3. \44 12 I I ? 1 15 I
T .II I ?Rl1 20 I 34 136 7 I T I
!AUG I I 3"0 22 I 44 20' 7 J I 5 I
I 2 I 36q 20 I 30 Ie. , T I I
I 3 T 43a 35 1 I "\

,"7 16 I 1 I
t--·---I······----··-·J··········------·-··-l--·-· •• ·.-t.···_···___ ·····_l
I 4 I 3"5 3' 2 I ., pq 1A I 1 3 I
T 5 I 322 .I. 1 I 43 135 A I I t 3 I
I 6 I ~1l.l • I &4 1"0 q I 2 I T I
r 7 1 3.?1 25 I 35 1&' " T I 1 12 & I
I ij I 30~ " I 4q 1&4 21 I 2 T I
I·-···-I···-···.-·····r-·······-·-·······-··J··.·-·-- .. 1-······--·······-1
I q I 3?7 3 I 42 166 \ 5 I T I
I 10 I ~nl 5 I I 34 1"" 13 1 2 I I
I 11 T 2_& 4 I ?7 lOA 2a I r 2 I
I \2 I 2q3 , 5 I 23 1211 211 I I 3 I
I 13 1 530 I 0 J 56 160 10 I 1 I.. - .....-.- ...._........_.... __ ............ _- ...._........_......_..._.._-
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IC.JLAUfA sur..u .1J T KILAUEA FLAI\I( 1'0' to I II\. A I 0' TPF'-lOIol (' I' UT<S)

_..~-------------._----------------------------------- --------------------
I ISHO~T LONG I KAO. UP, Lai' • ('FF- T I I( TLAtll- A r-iAlltH I
I DATE I PEq, PER. jO I & S. ~AST fAST SPiOR£ IV' - r. !HoItl t; f , IN], LOA I
I 1418 I C'LQE~' KW- I "1FT RIFT QIFT PPI IPf!= • PFD. 1 SHAL. OEFP I
I---.--I--------------J---------~---------~-l--------- _T _________________ !
IAUG 14 I 30b b I I 4~ 1~3 I • I 2 5 I
I 15 I 34~ 5 2 I 44 115 11 1 , , , I
I 1& I 2&3 4 I 34 I I 2 A I 1 32 I
I 11 I 342 13 I 31 155 12 I 1 , r
I lij I 305 13 2 I 31 IbO 15 I I

I------I--------------!---------------------I--------- -'------------~----I
I 19 I 2~3 3 I I 41 In i!2 I I
I 20 I 3&3 l I 54 11 I 20 I , I
I 21 I 351 22 I 39 151 I 0 r , T I
I 22 I 342 12 I 42 153 1 I , 1 , I
I 23 I 28& 9 I 3& I'l- 12 I T I
t------I--.-----------l------------------~--!--------~.l ___________ ~ _____ !
I 24 I 3ql 18 2 I 45 I 8 I 10 I T 5 I
I 25 I 392 • I 3& 113 3 J I • I
I 2& I 402 12 I I 34 I B I I 2 I I , , I
I 21 I 345 d I 4e 1"1 13 1 4 > ( I
I 28 I 20b 15 I I ~1 1~5 11 I 1 1 "0 I

I------I--------------I-------------~-------l---------~T----------··-~---I
I 29 I 271 92 I 4b 153 ! 2 , T & I
I 30 I 149 33 I 28 127 5 ( 1 I
I 31 I 14 I 55 I 41 I 3~ p I , 1
I SEP I I 210 I 1 2 I 4R 12 8 I t

, 5 I
I 2 I 11" " 3 I 31 &0 1 J & 1 In I
I------1--------------!---------------------I----------'-----------------1
I 3 I 191 15 I 38 I I • I t , 3 I
I 4 I 25Q 120 I 50 138 I • I , T I
1 S I 321 2' I 39 1'1 2 I > T I
I b I U9 I~ I .3 12· " I T I
I 1 I 331 Ib I 40 IR2 13 I 2 2 J I

I------I-~------------I---------------------J------~-- -T--------·--------I
J 8 I 323 23 J 42 113 I 1 I ~ T I
I 9 I 355 2 I I bR 151 30 I T I
I 10 I 312 4 I I •• 192 • I T 32 I
I II I 21IJ 2 J '0 111 9 I , , I
I t? I 2.8 2 1 I 39 13 I I> I T r I

I------!-------------~1---------------------1--------- -1-----------------1
I 13 I 335 1 I 55 11 p 1C I , 1 , 7 I
I I 4 I 341 • I 31 12& I > I I , I
I I 5 I 334 25 I I II, 135 1 I T I
I Ib I 4~O ~ 2 I 34 17b 2 I 1 , I
I 11 I 3~q I 2 2 I 30 11& , I I

I------I-----~--------I---------------------I--------- -1------------·----1
I '" I "b" I 5 J 45 15ft " I , , r I
I 10 I ?9'5 I' I so 142 1 I 1 T b 3 I
t 20 I 3&2 5 I 38 I 4 ~ F I > , I
I 21 I 311 9 I &3 1&" I 3 I I , , 8 I
I 22 I 573 ,2 I .9 IR9 12 I , r II------I ..-----------.l---------------------l---------_T _________________ !
I 23 I ~q3 21 • I b1 I.a >\ I 4 , T I
I 24 t 524 45 I ~. 191 21 I , • T I
I 25 I 333 4~ I 52 ISF lq 1 I " I \ 0 T
I 2' I 3"2 27 I 54 159 • I , I I
I 21 I .'0 9A I 39 lbO I' I r .1 J

--------------------------------------------------------------------------
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K 1 L AUF. A. SUMMIT I<IL~UEA FL~~jl< -. A 1''1\ '" I~O A TREMOR U·\H"JTESl

~----------------------_._------------------------------------------------
1 IS~CRr lO~1G I ~AO. UP. LO\';. OFF- I I kIL'lIE' MAtJNAI
I DAlE I P~R. P£R. 30 I & S' FAST E'ST SHORF:IL\! r, ~\.lnQ r T tNT. LO' I
I 19B I CALO~QA Kilol I RIFT RIFT ~IFT PPL rp-:~. QF~. I $HAL. nfEP I
1------!--------------I---------------------l----------t-----------------!
ISEP28 I 3a2 an I aa 130 17 I r 52 I
I ?9 I 22B bA 2 1 27 "3 2' 1 > • ~ I
I 30 I .107 111 I 2A &1 17 I r 25 1
IOCT 1 I ai' ~~ 2 I 37 139 A I , r I
I 2 1 39B 35 I a5 150 & I I I I
I------!--------------!---------------------J----------t-----------------I
1 3 I 415 23 I I '2 l"a b I r I
I • I 303 15 1 I &0 1&8 " 1 a , r I
I 5 I "81 9 I ao la3 II 1 2 , I I
I b I a'7 8 I 5a 139 III I > I I
I 7 I •• 0 n I I a~ 17a 19 I 1 I
I------t----------~---t-----~--------·------I--·------ -t-----------------!
1 8 I 3&5 hO I al laO 15 I 2 r 7 I
I 0 J 3~0 27 I "5 la2 0 I I I
J 10 I 38A 14 I 65 197 • I r I
J 11 I 351 11A I 31 lao 7 I 3 r I
I 12 I 3ao && 2 I hO 175 • I I .a J
t------t--------------!---------------------t----------r-----------------t
I 13 I 28a 93 2 I 51 81 1& I 3 J &2 2A I
J la I a3A ~O

, I 3~ &0 2a I '; , a I
I IS J 31B ~ 1 31 15a 13 J ,

~ 2 J
I 10 1 311 I 0 1 35 laa 13 I , r 3 12 I
I 17 I 2b.l I? I a. Ib7 1" I ? , r 13 I
1------1--------------]---------------------1----------T-----------------!
I ,- I 29~ 20 I ~b 12a 7 I 1 , I
I 19 I 353 1a I &0 130 2 J ? • a J
I 20 J 22a ~ J 77 lAb 13 I I , , J
I 21 J 201 , I ao In 1I I • J
I 22 I 35/1 12 I '0 la3 1I I • I
I------I--------------!---------------------!----------T-----------------l
[ 23 I I.; 5 I I 32 I '7 1• I I I
I 2a I 25a I 1 I ao la. I" I 2 ) T I
I ?, J I;a 1" 3 I 50 lao 4 I ? I , I
I 2b I 100 • 2 I ~a 13b • I 1 , r 20 I
[ 27 I 157 , I 30 14(1 13 I 1 1 T I
r------!------------.-I-----------~~--------I-----~--- -T _________________ !
I 2~ I IbO ~ 1 53 14" I 7 I , ~ I
I 29 I 123 3 1 I 51 170 • 1 > , a J
I 30 I 101 ~ 2 I '7 117 ?1 ! 1 • b I
I 'I I 211 A I bB 11 a 0 I 1> 1~ r 2 I
nov I J 1 I 1 1" I I 39 112 1" I , '4 • I
t------I--------------l----------~----------I---------~r _________________ l
I 2 [ 273 1a I a8 la, 8 J 1P , , I
I .I t 1~7 I 1 I I 7 a3 "b I 2' • ,

10 , I
[ " I 67 2 I 29 57 ,~ I • , • I
I , I 15 S 0 I 22 II' 9 1 '" I a I
I & I a7 1 I I 13 8h 7 I , • I
1------1--------------1---------------------1----------,-----------------1
I 7 I I 23 103 27 I 36 , 1 I
I 8 I &. I a2 1 I ., 1p I • 1 • i"
I • I '1 2 1 I a. 11 ; " I ~3 I I
I '0 I 3. • I I .5 I I I 25 I 0 , l I
t 11 I 32 1 I 5\ &9 1• I 10 , • 96 I
---------------------------------_._------------------ ~---_.--------------
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KILAUEA SUr-1M I T KIL~UEA FLH1t< 'J,:l U~.I\ La' Tf;lE'-'OR C""INLJTE:S).._.----_.._--._..._-_.~._-----------~- ..._---------_. --------------_.._--
I ISHORT LOMG I l<AO. up. LOW. OF F- I T KILAlJf4. MAUN.4I
I DATE I PER. PER'. 30 I & SW EAST E'ST SHOREIL'1 Jr, Cifdlq, T INTo LO' I
I 1978 I CALDERA KM I RIF7 RIFT RIFT PPL IP;: ..... PFQ. T SH'L. DEEP 1
t------I------------.-I-----------.-------~-l--.- ..--- .f __ • ________ • ___ ._!
INOV12 I 63 I 60 11g 14 T 1 1 J1 1
I 13 I 43 3 1 I 36 18 I 4 I 1 1 T 22 r
I 14 I 63 3 I 31 100 11 I 1 1 1 I
I 15 I 51 20 I 48 AO IS 1 6 , I I
I 16 I 58 1 1 41 134 34 r , I g I

l····--I·----·----···-I--·--~-·~-~--~-------J--·---~~. -T-----------------1
I 17 I 52 14 1 I 60 104 2. I 2 j 1 I
I 18 I 64 5 I 94 13' 3- I 3 , , 11 I
I Ig I 6A I 11 .1 j9 I 1 1 I I
I 20 I 106 I I 27 101 10 1 4 , I 2- I
I 21 I 82 ~ I 29 11 g I' I , , T I

1------I---------·---·I··--·-·_··---·--~·---I-··------ ·T·····--··----·---l
I 22 I 112 4 I 22 65 ?- r 1 u T I
I 23 I 17 7 I 32 l-g I' 1 2 T I
I 2_ I 103 1 1 I 18 -~

I_ I , r <0 I
I 25 I 105 lA 2 I 16 56 3g 1 1 I 3 I
I 26 I 102 50 I I 3~ gl 25 I 1 T 3 31 1
I·----·r-------------·1--------·_--------·--1-----·-·--1···------·-------1
I 21 I 80 23 I 31 142 16 I ? T I
I 28 I 91

1-
r -6 51 1- I 3 Ig I

I 29 I g8 5. I _2 101 1 I 1 1 I
I 30 I 1_1 11 3 I 41 111 14 I , ) 5 I
IO~C 1 I I_A 32 I -2 91 I- I 3 , T I

I·-··--I·-------------I---------·-----~·----I---·----- -r·----------------l
I 2 I 14J 35 I 53 156 11 I 1 3 T I
I 3 I 11- 15 I _1 133 1p I 2 , T 2g 1
I 4 I 131 8 1 I -, 121 31 1 1 T I
I ~ I 141 2 1 _6 155 2g 1 , , T 10 I
I 6 I 121 41 I 1A 114 2_ 1 1 r 11 25 1
1-··-·-1--·-----------1-·-----------------·-1----·---·.,---.-------------!
I 1 I e1 11 I 3, 16 20 I T I
1 A I 213 1 I 45 95 12 I 1 , I T

I 9 I ?45 "0 2 1 61 103 26 I 2 T 5 3 I
I 10 I 18_ 22 1 38 93 13 I 1 ! I
I 11 I 91 22 I JO 14 16 1 ? \ I 13 I
1------1--------------1-----·---------------1----------'-·---------------1
I 12 I 118 3 I "1 65 In I , 1 T I
I 13 I 160 5 I 11 1A 22 1 1 1 T I
I 14 I 1"5 .I I 11 81 " I 1 T I
I 15 I 113 g I 16 J1 26 I I 8 J
I 16 I 112 10 I 2g 12 1 I T 11 I

I------I--------------I------.--·-·-----~---I--··------f-·-·----~·-------l
I 17 I 165 11 t I n 13 26 I 1 1 T 1 I
I 1. I 191 3? I 3" 93 2_ j T I
I 19 I 110 11 3 I 21 19 11 1 ~ 1 T I
I 20 I 56 3 1 11 13 11 J ? 1 I 1
I 21 I 161 12 I 21 103 1_ I [ I
1------1----·---------1-·---------·---------1--·--·----r-----------------I
I <2 I 212 28 I Ig g1 35 r 'J T 2 I
I 2.1 I 1bE> 25 I

1__
109 35 I r 3' I

I 24 I 1" 2_ I 3_ g8 31 I 3 ? T I
I 25 1 82 , I 11 "8 11 I 2 I I
I 26 I 235 11 I 21 213 3" 1 1 > r 10 I------------------_..__.._------~--_._-----_._----._--._ .. __ ._.--------_.-
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KtLAUE~ FLAt..K ..j,ll'IN4. L('lA TRP10R ('1HIUTES)

1 I~HORT L f),\IG 1 1(40. liP. lO ..... OFF- 1 1 KIL~UE~ '·'_UNA!
1 nATE I PElot. PI:":R. 30 1 • S- EAST EAST SHOREILllt r. SI-4C'lQTl; I'T. LO~ 1
1 Iq7R 1 CALOFRA KM I RIFT RtF T RTF T PPL TP,Io- Q. pc:'l./. T SHAl. DE£P 1t------t--------------t---------------------l--------- _r _________________ !
InH27 1 177 I. 3 1 31 102 2q 1 T 1
1 28 1 21S 0 , 1 n I I 0 27 1 2 I 1
I 2° 1 372 3 3 I IS 70 02 I 2 T 08 I
1 30 I 312 10 I 2q qo 20 r 3

,
I

1 31 I 2.8 ~ 1 I 3. 120 2. I 2 T I
---------------------------.--------_.----------- .._-- .._-----------------
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Table 4. Coordinates of named regions.

Name (-------------------------------Limits------------------------------)

NORTH SOUTH EAST WEST DEPTHS
D M D M D M D H km

SPC 19 27 19 23 155 15 155 19 0 5.5
LPC 19 27 19 23 155 15 155 19 5.5 - 11
INT 19 29 19 18 155 22 155 12 11 - 22
nE:p 19 29 19 18 155 22 155 12 22 - 70
UER 19 23 19 19 155 6 155 15
KOA 19 21 19 17 155 15 155 19
SWR 19 22 19 10 15, 19 155 25
11 \( F' Iq ,q ,q " '0' 19 10' 30
MFR 19 25 19 16 155 1 155 6
LER 19 31 19 20 154 47 155 1
POL 19 19 19 10 155 6 .,5 15
LSW 19 16 19 0 155 21 155 34
PPL 19 10 18 30 155 0 155 21
HLP 19 17 19 10 155 15 155 21
MOK 19 40 19 22 155 30 155 45
GLN 19 31 19 23 155 1 155 19
KON 19 55 19 15 155 45 156 10
HEA 19 22 19 0 155 25 155 45
KOH 20 15 19 55 155 30 156 0
NER 19 40 19 29 155 12 155 30
HIL 19 50 19 31 154 47 155 12
KKU 20 5 19 40 155 0 155 45
OIS EVF.RVPLACE ELSE

When coordinates imolv an overlap, precedence is given as shown in Figure 2.
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Table 5 is a c~ronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in kID.

AMP MAG - Amplitude magnitude, if determined.

OUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (p or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter 1n km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks. three letter code
2 for location of mnemonic
following meanings:

F - fel t

L - long period character

for ~eographic location of event.
code. Additional one letter codes

See Figure
have the

T - associated with harmonic tremor

B - quarry or other blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1978. Table 6 lists only events of
magnitude 3.0 or larger.
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HVO EARTHOUAKE SUMMARY LIST PAGE 4.

ORIGIN TIME LA T N LON W nEPTIol ,6.MP I")IIR GAP RMS MIN ERH ERZ NO
Y!AR MON OA HRMN SEC OEG MIN OEG MIN KM MAG ~AG NR NS OEG SEC DIS KM KM FM RE"l1<

IH& OEC 2' • 9 55.&0 l' 2&.97 155 14.71 31.55 I.' >.1 2& 1 127 .07 4 .5 1.4 21 OEP
29 1043 49.&3 19 22.55 155 3.1. 7.73 I.' 1.9 l' I 114 .13 4 .& 1.4 14 MER
29 1333 55.37 19 25.37 154 53.05 5.011'3 \.4 17 2 258 .14 I I •• .& 9 LER
2' 1451 \1.H 19 49.03 15& \1.25 &03& 3.4 '.9 28 o 322 .11 49 15.7 5.5 2& DIS •
29 145& 44.0& l' 50.07 15& 21.44 2.29 2.7 '.\ 29 o 322 .11 57 11.2 11.4 22 OIS •
29 1523 44.19 l' 20.95 155 10.55 8.3u 1.) '." 18 0 7 1 .05 3 .5 I • I 11 UER
29 1&52 9.35 19 7.35 155 2~.!1 44.tR 1.'; 1.7 19 o 184 .05 8 1 • 4 3,2 1& LSW L
29 2017 1.05 19 19.7& 155 1,64 &.'& 1.0 t.3 \9 I 187 .08 & .' 1.0 1& UER
29 2231 44.38 I' 21.34 155 6.&& &.&0 I •• t.& 20 I 87 .10 & .5 1.2 1& UER
29 2327 .78 19 25.56 155 24.46 9.&' 2.' 2.7 30 0 .& .13 8 .4 .8 27 UKF

29 2356 14.35 19 29.07 154 51.07 5.act Lili ' .. 3 15 1 268 • I 0 4 2.5 .' & LER
30 o 4 54.&9 I' 21.59 155 1.94 7.3. 2.1 >.6 25 o 1&3 .Oq 4 • 7 .& 17 MER
30 2 & 41.70 19 19.83 155 11.53 &.&3 1.\ I .4 2\ 0 88 .0' 5 .5 1.0 17 UER
30 439 5&.&9 19 28.10 154 53.42 4.Q3 t.o? 1.1 \1 3 228 .12 I I .5 .7 8 LER
30 553 52.22 19 20.&& 155 10.8& 8.4. I •• 1.824 0 75 .09 3 .4 .7 l' UER

30 &48 14.51 19 25.&7 155 2&.55 8.90 2.7 2.9 35 0 38 .14 & .5 .8 32 UKF
30 74. 17.4& 19 19.49 155 11.71 7.30 1.\ .7 18 0 94 .07 & .5 1.2 1& UER
30 94& 17.33 I' 2&.30 154 51.04 8.14 1.7 \.7 23 1 273 .18 & 2.7 .7 1& LER
30 1840 48.14 19 22.85 155 ,. .12 10.23 1.& 1.& 22 0 q4 .07 3 .5 .8 21 MER
31 2.8 39.41 I' 31.92 155 41.90 Q.a8 3.('1 ~.q 32 0 &2 .12 7 .5 .7 28 MOK

31 434 29.58 19 20.8& 155 13.0& &0&& I.~ 2~2 27 o 120 .21 3 .8 I • I 1& UER
~ 31 1039 .30 19 27.44 154 54.33 4.52 2.\ \.9 20 o 211 .1' 2 2.1 1.2 19 LER
~ 31 1939 43.04 19 20.21 155 11.58 &.&5 2.4 2.& 34 I 81 ,19 5 .& .' 27 UER

31 \945 12.55 I' 30.03 ISS ZQ.06 2.b! 1.& 1.& 21 0 q& .12 4 .5 1.& 14 NER
31 2232 7. 61 lq 20.47 155 13.02 8.42 I •• 1.8 28 0 &4 .10 4 .4 .& 24 UER



TABLE 6. HVO EUTHQUAKE SUMMARV l. 1ST (I••• ., 1 PilGE I

ORIGIN TIME l.ilT N LON W DEPT'" ,., n'IR G,' '.S NlN E'N E" NO
YEU HON DA HRMN SEC DEG MIN OEG ·IN ,. MAG ·'G N' NS OEG SEC OIS ,. ,H ,H REPoIK

ICU8 J'N 2 20 0 (l1f.13 .. 20.03 ISS 13.25 CJ."I> 2.' '.2 " I •• .0' 5 .- .- 20 UE'

- '_2 21.33 '" IIf.43 ISS 10.83 9. en 3.' •• I 35 I 100 .10 5 .- .5 >e UE' •• 10 0 ,2].&6
"

20.4'5 ISS 1l.10 1f.2n 2.' '.- 34 2 51 .12 - .- •• 20 UEO
5 35. 46.10 I' 18.lft. 155 1'5.lf1 If.CJ1 '.> '.- .. 2 ,00 .10 3 ·- .- " <0' •• 1213 5b.02 '" 1'9.03 I._ 5'1."1 44.01 2 •• '.0 34 2 220 .10 • I • I 1.' 24 DIS

1 2030 35."2 '" 51f.&0 IS. 20.50 ".11 2.' '.2 33 2 214 .13 21 I .' •• >e .. U •10 22ll 11.45 '" 19.5'5 ,.5 l3 .0& 10.16 3.. •• I .. 2 15 .10 5 ·- .- " UE' •10 23 • '54.40 '" tlf.b3 IS. 13.31 ".41 2.- '.2 33 1 •• .10 5 ·- .- >e UE'
12 1434 &.51 '" 31. te 155 55.53 ".95 '.0 3. I 32 0 21. .22 - I .5 .' >e 'ON •13 1040 10.12 '" 18.lf8 ,.5 12.25 8.81\ 2.' ~.O 32 I 100 .1\ - ·- •• >e POL

14 01' 18.8'9 .. 11 .00 ISS 1'9.84 51.b,l! 2.~ '. I " 5 11. .10 13 .' 1,0 2. HLP L,. 1&4! 46.5& .. 20.88 ISS b.b5 1.'" 2.' '.2 32 0 OS .12 • .' .1 24 UE'

'" 1552 10.4'1 .. 45.&2 ISS &.43 H.on 3.' 3.2 " 2 'eT .10 5 .' I .0 21 HIL
21 12 2 2b.21 '" 21.31 IS' 2.ql 1.2'7 2.' 3.1 34 2 132 .1\ 3 .' •• " .E'
22 541 32.82 .. 18.84 ISS 7.13 8.&" 3.' ,.. " 2 13_ .12 , .5 .- 33 POL

22 2021 38.70 .. 19.'" ISS 3.54 q.42 3.'
_. I ,. I ISO .1\ 1 .1 .- .. HE' •22 2028 27.13 '" 20.&5 ISS 3.81 ".33 3.' '.0 .. , 101 .11 2 .5 .- " HE' •23 OS. 10.31 '" 20.11 1.5 3.4q 8.1\4 2., '.0 32 2 122 .11 1 •• •• 21 HEO

2. 1'518 11.04 '" ZO.41 1.5 &.41 8.11 3.> '.- .. 3 101 .12 • .- •• 3S UEO •25 ". 43.44 .. te.71f ,.5 23.57 5."b 2._ '. , 35 1 10_ .IS 3 .' 1.0 " S"

2. Ul8 21 .21 .. 2&.b5 ISS 48.08 01:1.32 2.' ,. I " I .. .20 • •• 1,3 21 <ON,. 1&32 51f.51 .. IIf.82 ISS 10.24 7.1 & 2._ '.' " 0 .. .10 - .5 .' >e UE'
24 'te '5&.7" .. 21.'51 IS. .-. 7.40 2.'5 3.1 " 0 ..5 .11 5 .' •• >e LE'
30 ". 2.51 .. 22.00 IS. 22.1 If 6.2ft '3.? >.' -, 5

2 __

.13 -. .' 1,3 3. DIS... 2 11 3 47.7' .. 20.07 IS' 14.01 ll.4'5 '.- '.3 " I .0 .10 5 .1 •• 30 OEP

2 1621 21 .66 .. llf.b8 ISS 1.8' 1f.27 ... '. I 32 3 OS .10 - .' .1 21 UEO
2 llf]2 45.qq .. 2&.48 IS. 18.14 1'5.4'5 3 •• '.5 " I 5. .11 2 .- .3 30 INT •5 13. 40.41 .. "'.93 ISS .-. &."2 2.' 3.2 33 3 21S .13 - .5 •• 2. DIS
• 12111 46.'4 .. 20.2'5 ISS 7.qq 8.1f~ 2.' '. I " 0 •• .10 5 .5 •• 30 UEO
1 ... 14.23 .. ",.42 ISS 1f.'2 8.33 2._ ~.o 33 0 41 ... 5 .5 •• 2. UE'
, 1'532 26.38 .. 40.34 ISS 3.42 1.77 2._ '.1 2. 1 ... .11 .. 1.1 1.5 2. HIL •• 1156 37.]0 .. 20.7'5 ISS 6. 12 8. cn 2.' '.0 24 I 10' .10 • .5 •• 20 UEO

,2 5 • 14.41 .. 11 • q 1 IS. 36.55
"."~ :J • 1 >.' .. I ., .25 • .' 1,1 23 He.

1- 10 5 6.31f .. 24.00 ISS 1&.85 15.02 3._ ,., .. 3 35 .11 2 .- .2 " INT •IS ." 34.7'5 .. 20. te ISS 56.64 1Q .lf5 2.' '.5 2T 2 OB4 .20 1\ 2._ 1,0 2• <ON

te 14051 5".76 '" 1'9.64 IS. 8.62 CJ.3n 3 •• ' .. 32 0 " .10 - .5 .- " UEO.. • I 51.7q '" 20.14 ISS 13.4" If.lf1 2.! 3.2 35 1 ST .10 - .- .5 30 UEO

'" ll49 41.68 '" •• 3 ISS 25.12 41.20 3. I '. I " 1 215 .0. 11 1.0 2.0 3S LS'
20 n_ 24.25 .. IIf.34 ISS 7.&8 8.8ft 2.' ~. 1 3_ 2 10. .10 - .- •• " UEO
21 15. 55.'90 .. 21 .93 ISS 5.&q 8.1'" 3., '.- " 3 TO .12 5 .' .1 30 HEO

22 143 55.01f '" 2b.06 155 ]4.41 47.5') 2 •• '.0 11 2 14 .1' • 2.0 1,5 .. ."
23 •• II • 12 .. llf.41:1 ISS &.22 If.ll ,. , '.2 3. 2 ... .11 5 .5 .- 32 UEO
24 '20 3'9.91 .. 19.17 ISS 10.40 1f.",1 2._ 3. I 3. 2 10. .13 5 •• .5 32 UEO
24 ." 4.65

"
26.51 155 5'.94 22.22 3. , >.' " 2 ." ... 10 1,1 I •• te 'ON

24 2255 28.17 .. 27.25 15. 1'5.25 Ulo~q 3.' '. , 33 0 243 .1. 35 3.5 98. 1 2' OIS ••
25 .,. 25.31f .. 20.01 155 13.61 1f.'-4 '.- '.' ,. 3 ., .10 5 .' •• 22 UEO

HAO 2 OSI 3.04 .. "'.88 15' 13.35 ".7~ ,., '.0 30 3 ., .10 5 ·- •• 22 UEO •3 201q 4.24 20 23.00 IS. 1".22 t4.2" 2.' '.2 .. • 210 .14 43 1 .2 1 •• " DIS
S.



HVO EARTHQUAKE SUMMARY LIST (Milo '3) PAGE 2

ORIGIN TIME I. AT N LON W DEPTl-l 'MP nliR .'P RMS MIN ERH ERZ NO
Y!U NON 0' HRIlIN !EC DfG MIN OEG MIN ,M M'G ". NR NS OEG SEC, DIS 'M ,M FN REMK

l lUS M'R , 192:6> 16.56 l' 26.03 '" 35.36 3&.61 '.' '.- 2' I 72 • I_ , I • 0 ••• 1. HO' L• 15 , 34.53 to 2:2:.78 '" 5.48 .,. ?.fl '.' 31 0 71 .22 - •• 1 .7 2. MER •• l' • 43.3q to 22:.95 1" 5.44 1 .48 2., '.- 2. 0 71 .1. • .' I ., 27 HER
7 1546 2:0.15

"
21.0q 155 26.q3 2:? '53 i!.~ " , 3. • 30 .10 • ., •• 33 UKF

10 '2' 43.38
"

lt1.5q 155 7.qq q.55 3.1 '.3 37 3 03 .10 - .- ., 30 UER

10 2155 51.22 l' 26.14 1" 36.43 46.47 2 •• '.3 20 0 •• .15 2 1._ 3.3 20 HO' L
12 23 • 18 .57

"
21.1q 155 2:9.29 10.18 2 •• 3,' 3. 2 54 .12 • .- •• 3. UKF

13 lq47 46.87 to 23.15 155 U.12 2."6 2., ~ ,. 2 21 2 " .11 I .3 ., I. ,PC
l' "3 13 .21 to 22.0q 15' 15.50 27.23 ••• '. I _0 3 57 .11 I ., •• •• OEP
I- 10 • 2S.38 to lq.83 15' 6.74 10.03 2•• '.- " • 117 .00 , ,. ,5 •• UER

17 ... 1.11 to i!6>.71 155 24.bS 8.55 3.~ ,., 35 2 31 • I_ • .- " 25 UKF
17 ••• 14.09 l' 20.14 155 13.08 9.75 3.0 '.2 37 • •• .10 5 .' .5 •• UER
.0 lq13 25.'5' to i!l.tlq 155 25.i!1 11 .4l'l 3.3 3•• _0 2 ,.• 12 - , - .3 35 MEA F.-13 • 30.09

"
21.14 15' 52.68 45.11 3.0 2 •• 3. 3 '.2 .10 3 •• I .0 31 LER

25 ." 56.43 to 20.88 155 10.14 8.6>7 ••• '.0 3. • 71 • 10 3 .' •• 2 • UEO

•• 1912 57.2q to 10.34 155 28.97 33 .88 2.' 3. I 30 • •• • 00 • ,. .. 3 ,.LSW
27 .to 5i!.11 to 20.88 155 8.00 9.10 2.~ '.1 35 I 7. .0. - , - •• 27 UEO
27 1131 8.6>6> 1. 21.12 '" 25.80 10.81 3. I 3,.2' '" I 7. .13 - .' •• 30 HEA
27 2157 50.96> to 28.02 15_ 50.6>0 8.01 '. I 3.' 2. 1 2._ • 1- , ... •• 23 LEO
2. 1542 46.11 I. 49.13 1" 12.05 16>.34 ,., '.2 3_ 3 29. .1. 5. 5,. 3?1 32 PPL •
•• 15. 35.18

"
21 .46 '" 6.56 8.3e 2.1 '. I 32 1 .- .10 • .- .5 •• UEO

2' 2 I 2:3. 27 l' I? 67 155 12.93 10.89 2.7 '.0 31 0 ,.7 • 11 • , 7 ,. 2. POL
2' 1747 23.14 to 19.73 155 1.28 9.21 ••• '.0 30 0 100 .10 5 ,. .5 23 UEO
31 523 41.50 to 24.92 155 i!8.8t 10.8'5 3.~ 3.' " I 50 .13 5 " •• n UKF

•• 0 • 1316 49.70 to 18.n 155 15.66 9.44 2.' '.0 n 0 •• • 11 - .5 .5 30 '0'

• 1828 32.98 to 19.90 155 12.01 8.Al') 3., 3._ 3. 1 .3 .00 5 " .- 32 UEO F
3 '37 46.80

"
18.15 155 15.64 9.79 2.' '. I 35 I 101 ,II • " .- 31 Ke.

- • 0 22.26 to 9.44 155 36.04 5.2'5 2.~ 3.2 2. I III • 15 ,. ,. 1., 2• HEA• 347 14.06 to 19.68 1" 8.05 10.08 3._ 3•• 3. • ., .00 • ,5 •• 31 UEO F
7 1643 43.2q

"
52.38 155 7.68 ]q.21 -.' _.3 " 0 .35 .\1 22 ',1 3._ 32 KKU F

• 129 21.02 to 22.67 155 4.10 8.06 2 •• ,. I 30 2 .2 .10 • ,- •• 2. HER
10 ..-H.71

"
1q. 10 155 12. ]0 ~.60 2.' '.0 '" 0 ., .12 - .- .- " UER

10 2123 51.83 I' 2q.l& 15' 52.84 6.5'5 2.' '. I •• 2 .7 .22 -
,. •• 2. KeN F

12 ." 28.10 to 21 .26- 155 1.14 q.2'5 '.1 '.. '" I •• •0. 5 ,5 .5 •• UER F
12 2055 ti!.61

"
2:0.83 155 3.71 8.43 '.7 '.' ,. 2 ., .00 2 .5 .- '" HEO F

1_
030 50.88

"
18.13 15' 45.51 52:.qfl; 3.0 3,7 • 1 313 .12 27 5,7 '.2 • KeN L

17 0 3 17 .40 to 25.24 155 16.80 3.8h 2.6> '.' 27 I 3. .,. , .' •• 25 SPC
17 "7 4q.83 to 21.22 155 14.85 10.01 3.0 3 •• 3. • ., .00 • .- .- 32 UER
17 321 ti!.23 to 20.17 15' 13.8t 9.00 2., 3. I '" 1 72 .1. , ,5 •• 27 UER
17 1840 54.66 to 21.14 155 1 .44 7. ]q 3.' '.' 3. 1 1•• .00 , •• ,- n HEO F,. ... 55.04 to 20.63 155 3.86- 6.q" 3. \ '.' n 1 101 .1_ • ,. .7 25 HEO
to 163& 25.05 to 12.18 155 31 .25 3'7.u'" 2.7 '.0 ,. 2 .3 ,0. • .7 1.2 31 L8W
20 2344 3.53 to 14.53 15' 11.61 q.50 '.0 3.' 30 , •• ,II • ,5 •• •• UER
21 ". 24.U,Q to 21. t 4 155 15.37 q.oo 2.~ '.0 32 1 •• ,1O ,

" ,5 •• '0'2_ 12. 48.36
"

22.64 155 4.87 8.32 2.1 ~ '.0 31 I .0 ,07 - " •• 27 HER.- 23 2 1.06 to 21.90 155 4.0~ 1.11 2 •• ,. I 29 I ., .10 - .- •• •• HER•• ,,- 37.55 .0 q.51 155 35.84 !'!.54 ,. I ' .. " - 175 .00
" .7 1.5 3S KeH

MAY 3 ". 6.40
"

11.44 155 2q.46 7.~8 3" .., ,. I 75 .13 10 " •• H MEA F
ss



"lVO EARTHQUAKE SUMPoIARY LUT ("')0 3' PAGE 3

ORIGIN TI"'E LAT N LON W OfPTH ,H. OIJR G" 0"5 "IN EO" EOl NO
YEU "ON O' HRMN SEC OEG MIN OEG "IN ," ,.... .; "'G NO NS DEG SEC DIS ," '" F" REMK

l'HII "AY • '12 3CJ.3CJ I' 20.~1 155 2&.25 '.CJI\ ,.> '.2 22 3 •• .13 • .5 •• 10 UKF

• 1110& 41.1& 10 20.11 155 12.02 8.34 i!.! '. I 31 2 7. .12 5 •• •• 23 UEO
10 2.0 34.0& 10 21 .54 ISS 0.92 8.A2 3. I '.2 3. I .. .12 5 .5 .5 30 "EO
10 1423 51.94 10 t'f.4& 155 6.&8 8.&'5 3.' 3.5 30 I 12. .00 5 .5 •• 20 UEO
12 SI. 10.32 10 20.2& 155 3.'1'1 1IJ.12 2.' '.0 35 2 liD .00 I .5 •• 31 "EO

13 10 • 24.65 10 511.23 155 35.81 10.1:12 3.0 3.3 33 I 2.' .ll 2. 1.5 .7 20 '0" F
15 33' 41.21 10 21.85 1S5 5.78 8.tI'5 2.~ 3.2 33 0 80 .13 • .5 .7 30 "EO
15 2045 41.'7 "

20.93 15. 18.96 32.3~ '.0 >.' 27 2 201 .ll .5 3.0 I •• 25 DIS
10 1059 48.91

"
18.&2 155 2&.~0 10. 1q 2.' 3.1 3. I ., • 13 • •• •• 31 "EA

21 1311 51.60 " 19.10 155 13.42 CJ.&1 2.7 '.2 33 I '7 .10 5 •• •• 20 UEO

22 21 • 2&.70
"

18.58 155 13.46 10.25 3 •• '.' 3. 0 7. • I 0 3 .5 •• 32 'DL F
22 2227 4.5'

"
20.07 155 7.70 8.84 2.7 '.0 3. I OS .00 5 •• .5 31 UE"

2. 3SO 15.H "
20.CJ2 155 2.10 1.48 ,., 3.' 37 2 17. .ll 2 .' .5 37 "EO

2. 16052 '52.'8 10 21.0& 155 t2.H 36.u9 2.' '.2 3. I .0 .00 3 .7 I .0 30 DE'
2. l'n, 41.83

"
21.11 155 12.80 31.qq 3.0 ,. I 3. 0 .0 • 10 3 .7 I .' 3D DE'

25 012 13.46
"

18.40 155 13.60 CJ.'54 2 •• '. I 30 2 73 .12 3 .5 .5 2' 'OL
2S • 0 30. '17 10 26.25 155 24.62 e. 10 3.0 2.' " 2 77 .13 • .5 I.. I' UKF
a 0.3 1.37 10 12.13 ISS 25.80 35.CJ6 '.0 '. I 3. , 145 .0' • •• 1.2 35 LOW
a 1512 b.16 I' 41.25 155 2.83 11.3' 2.7 3.0 21 0 '97 .15 20 I • I I.' 10 "IL B
27 SOl 3.11 10 311.56 15' 1 .43 '.~1 3.' >•• 22 0 22. .ll 20 1.5 .' 20 <ON

S! 1437 5.62 10 i!1.11 155 15.26 10.11\ 3. , '.3 37 2 •• .0' 3 • • •• 33 '0'
S! 1916 55.47 10 Iq.51 ISS 18.86 6.G2 2.' 3.2 SO , 55 • lb 3 .5 •• 31 '0'JUN 2 15 2 2.11 10 40.01 155 9.80 14.t.14 3.' 3.' 37 I '0 .13 10 .5 •• 3• "IL F

2 1525 t'f.50 10 41.8' 15' 2.CJ1 708Q 2.' '.0 23 0 2.3 .14 22 3.' I .0 10 'ON
3 22 0 45.03 " 41.86 155 46.74 16.01 3.2 '.5 3. 0 12' .11 I' 1 • I ,.. 35 'ON F

• 1213 22.89
"

22.21 155 2.114 q.03 2.1' 3.0 3. 3 130 • 12 • •• .5 .. "E"• 1235 59.20
" 20.IICI 155 6.01 8.61 2.1' '.0 33 I 100 .ll • .' .5 ]0 UE"

• 12411 16.22
"

20.23 155 6.24 6.215 2. , '. I 31 2 115 • I • • .5 I •• 25 UE"
• 18'10 43.33

"
".75 155 1 1 .02 8.26 2 •• 3,0 2. 0 .. .00 5 .' •• 2. UE"

10 185i! 22.01 " 160.12 155 28. IH CI.ll 2.' 3.1 2. 0 •• .13 II .5 •• 25 "EA

10 20 7 44.&3
" lC1.87 155 &.b1 q.CJ6 3.0 3.3 33 , 117 • 00 5 .' •• .. UE"

12 240 •• 2 "
2i!.2q 155 25.16 10.'5'5 2.7 '. I 37 0 53 .12 • .' .5 3S UKF

12 31. 18.29 " 56.84 '5' 36.40 .0' 3. , 2.' " • 30. • 12 .5 7.2 I •• SO DIS •
12 1157 12.12 10 24.02 155 15.72 ). 2.1\ 3.' '.' 35 I .. .12 3 .3 .5 31 S'C F
12 164q 34.98

"
511.32 155 27.6t1 15.1It! 3•• '. I " 0 2" .0' 23 I.' I .2 32 DIS F

12 2238 37 .04 10 25.0q 155 16.17 2.1?1 2.' '. I 31 2 so • I 0 I •• .2 2. SPC F
13 •• 2 40.e4 10 24.83 ISS 2Q.9' 10. 'H 2.' '.2 " I " .14 • •• .5 32 UKF
13 ... 1 .15

"
20.41 155 3.21 6.01\ '.' '.0 37 I 10' • I 0 I .' .5 32 "E" F

13 1Cf4 I 11.48
"

20.51 155 3.4q A."q 2•• ',2 33 I os • 12 2 .7 .5 2• "E"
17 1134 23.61

" 20.56 155 1.01 8.Q2 3•• '.5 " 2 20' • I 0 • .' •• 33 "E"

17 1152 21.10 ,. 21.13 155 1.22 1\.21\ 2.7 :5.2 2. 0 ,., ·,. • .' .5 23 HE"
10 2336 '53.12 20 3q.29 135 47.03 6.9'5 ,.. '.5 3. • 21' .20 50 .' I •• SO DIS •
21 .2. 44.12 10 U.45 155 13.35 10.2' 3.~ •• 0 ss 3 71 • I 0 5 •• .5 33 UE" F
21 1850 2.77

"
14.6fo 15. 13.07 26.3' 3. , •• I "

0 320 .ll 37 17. '5 7,3 17 DIS ,
21 lC119 54.17 10 13.15 156 20.48 30.0& 2•• 3.' 13 0 327 .0' SO 24.7 7.7 13 DIS •
22 013 08.74 10 19.95 155 6.83 8.'5~ 2.7 '.1 32 • 113 • I 0 5 .' .5 3D UE"
n 22 3 2'5.68 10 3.36 '56 39.01 l.nt) 3.2 ,.. " 0 321 .13 85 11 • 1 qq.o IS DIS •
23 147 58.'56 \. 19.16 ISS 15.46 10.'51 ..- ·.5 3. 2 ., .10 • .5 •• 3t .,. F

56



MVO EAFlTMQUAKE SUMMARy LIST ("b~l PAGE •
ORIGIN TIME LAT N LON \OJ OEPTM 'HP "Llq G'P RH' MIN ERM ERZ NO

YEU MON OA HIH4N SEC OEG MIN oEG MIN .. MAC; ·'G NR N' oEG 'EC 01' KM KM FM REMK

1~18 JUN ., 2231 5.~& " 24.78 '5' 25.16 11.0tl i?, Ln ,. 0 " .1' • .' .5 35 UKF•• 1831 10.8' 1• 21. 75 155 &.~' ~.23 ,.> 3.' "
, 77 .0' • .' •• ,. UER

,0 taze 2.16 " 16 .84 '55 28.~2 10. t ~ J.~ '.' " • ., .1> 11 " •• s> HE' F
SO 1420 34.~2 " U.63 155 10.35 ~.81 '. , '.' ,. • .. • '0 • .' •• " UER
'0 2231 22.10 " le.35 155 15.48 10.2(} 2 •• '.0 ,. 0 10. .11 • .' •• SO KO'

JU. 1 01. 13.27 l' u.u 155 6.13 l.q, '.2 '.' ., • 160 • 11
, .' 1 • 1 • PO. F, 1 • 40.21 " lO.&6 155 &.70 Q.11 2,.~ 3 .• 0 " 1 •• .0' • .' .- •• UER,

"0 41.20 " 46.82 15. 48.04 12.35 ••• ,. , ,. • ,.. .1' 11 •• .S 35 KoN, 21 5 16.:n l' i1.12 155 4.86 '.0' ,.. '.S " 0 00 • 11 • .' .- 'S HER F, 2254 31.03 l' 2'5.31 155 27.&8 11. De '.0 1.5 "
, !8 • 11 • .- •• " UKF F

5 .,0 34.'b " l~.bl 155 6.64 1.41 '.'.~ '.' " 1 125 • l' • .' •• '1 UER, 1131 2~.ZO " 12.0~ ISS 7.13 2b.lIO '.l '.' 1. 0 '" • I'
., 1~.5 '" I' 01' •9 13 , 5&.'1 " 22.28 15. 5.85 8.tl~ '. , ~.3 " 0 ,. .10 5 .' .5 SO MER F

" ., 4l!l." l' 13.30 ISS 14.48 2&.8& ,. I >.S • 0 'SO .13 ,. 43.0 13.8 • 01' •
14 "S 37.1' l' 21.18 155 15.28 '.'2 '.' '.' " • •• .09 , .' .' " KOA F

l' •• 9 5.25 l' 17.Z1 155 12.&& 11 .5a ,.n 2,' !8 , '41 • 11 • .' .- '0 PO.
IS ... 41.7l!l l' 21.05 155 1.02 7.A4 3.1} 3.'

,. 0 ... • 11 • .' .5 " MER F
10 -, 55.24 l' 20.61 155 10.70 ~.2q 2.1 ,., ,. 1 ,.

• I'
, .' •• SO UER.. 1258 55.42 l' ll.02 155 7.44 8. J 0 '.1 3.0 '1 • •• .1' 5 •• ., ., UER

II "S 28.27 19 27.08 154 52.&'5 '.10 ,. , '.S , 1 1 .55 • 11 • I.S .- 'S .ER

25 23'54 31.38 " 13.&& 155 &.36 '51.1.15 3.0 '.' " 0 20. .09 , 1.' ••• " PD.., 10 • 2b.55 .. l'.03 155 38.'8 5.20 .., '.0 •• 0 ,. .15 • .' 1 •• .. HOK F
AU; 1 I> • 3b.4' .. l'.lJO 15. 6.54 q. I 1 '.n :5 .• 4 ,. 1 1" .10 • .S .- •• UER• 1424 15.10 " 45.24 15S 4.5' 30.8' '.n '.' 'S 0 23. .1> 'S \" '.0 SO KON F

5 20 0 23.1&3 " 2&.40 15. l3.lJlJ 10. I 0 '.0 ~.2 35 0 -. .13 S .5 ., ,. UKF

5 23 5 '.01 l' 23.23 15. 3.&b 8.20 '.' 3.1 SO 0 101 .11 , •• •• .. HER
0 115 40.71 .. 22.03 155 4.88 e.an '.' '.' ,. 1 ,. .10 • .' •• SO MER
0 11 1 6.25 .. U.e6 155 11.<la •• '50 2.~ '.0 ,. 1 .- .11 • .- .' •• UER• 2110 10.28 " 18.1 lJ 155 13 .18 10.44 '.' '.0 'S 0 .. • 09 • .S •• " PO. F• -., U.04 " 27.30 154 4lJ.1.I4 8.62 ,., l •• " 0 .77 .14 • '.0 •• SO .ER F

11 11.ltl4 '58.70 l' 41.03 15' !. 1'5 4.I.IA '.' '.2 12 0 ,-. ·\. '0 '.' 33.tI • HI. ••11 15 0 '51.8& 20 45.3& 155 SlJ.54 15.lJ'5 3., ,.. '1 • '" • 14 " 15.4 44.3 .. 015 •
I> 05. 50.53 l' 20.05 155 b.84 lJ.8!l 3 .• , '.' " • 110 .09 5 .5 •• " UER F
I> .., 23.14 " 4&.4lJ 15s ••• 11. n ••• '.5 .. , .24 .11 20 \,0 .S 24 KON F
I> 14 S 10.07 l' 18.62 155 13.53 lJ.31 ,.S '.1 " • .- • 10 , .' .5 II PO •

13 2245 29.27 .. 20.8& 155 7.3! ~.a7 ••• '. , "
, •• • 11 • .5 .s •• UER

10 ... 42.00 l' 13.52 155 31 • 1& 31.3'; 3.q '.7 34 0 .. • Db 9 •• 1.' " .5W
18 2343 10.04 .. 18.41 155 13. 3~ e.2e .. , '.1 SO 0 •• .14 , •• •• 30 PO •.. '1' 2'.11 .. 5S.lJO 155 21 .54 10.52 >•• ,. 1 ,. • ,.. .1' 20 .' ., •• KKU.. 2018 14.78 .. 21 .32 155 25.70 e. eA •• n 5.0 33 0 os .1' • •• •• 52 HE'
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-
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"
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" 1541 8.71 " 2&.22 155 23.CJS CJ.2? ,., '.5 '0 2 3. .12 , •• .7 37 U' • •20 1028 5&.03 " 18.191 155 11 .5& 11."6 20C! 3.' " 0 llO • I 0 • .5 •• 28 POL "20 1320 2&.lI'IJ " 30.67 1S5 52.f.3 lI o,,3 3. , '.' 30 0 120 .17 5 .' •• 2. 'ON

" 215 12.6'5 " 53.24 155 1.511 42.'98 '3 0 \ '.2 37 2 ,"0 .10 " 1., 1•• 31 "U

" 2021 55.'3'9 " Il1.37 155 11.32 lI.'90 2.' '. I
35 0 .. .0' • .5 .' 33 UER

22 1'7 ... " 1'9.20 155 10.711 lI.b\ '.' 3.' '8 1 10. .12 • .5 " 32 UER "22 20 5 44.04 " 25.'95 155 27.87 t 1 .22 2.' '.0 ,. 0 3' .13 • .' •• !! U'F

" 124'9 lI.lIl " 22.196 155 1&.198 2. tl t 2.' '.0 28 0 '8 .0' 2 .3 .5 27 '0'

" 1530 'B.OZ " 23.36 155 25.04 tOo&b 2.~ '.0 35 0 58 • ll 5 .- .- !! U' •
25 1330 13.5t1 " 19.51 155 1.89 80~#l ,. \ .., ,. 1 .8 .DO - .5 .- !! UER
25 20 2 33.qq '8 58.31 155 20.90 17.32 '-' '.5 37 1 232 .23 !! 2,1 31 .8 3' PPL -25 2335 31 .51 " 20. 11 155 10 0191 CI.74 2.' '.2 37 1 8. .10 • ,- .- .. UER
2. 11912 7.119 " 26.81 155 22.15 q.l~ 2 •• '.' ,. I 41 .ll • .- ., !! U'.

2' 1'338 20.19 ,. 22.lIq 155 17.03 3 0 ~ 1 2•• '.' " 1 '8 .10 2 .' •• 32 'DA F
'0 135& 13.29 ,. 23.03 155 2&.10 Clolll.I ,.. '.' '8 1 .. .13 2 .- .' 38 U," F

OCT - ., 319.32 ,. 11.38 155 21. 73 8 0 11b '.5 '.0 " 1 125 .l3 • .5 ., '0 S.R, 548 4'3.(,16 ,. 22.'93 155 11 • 10 2.92 2._ '.- 35 0 " .1. 1 .' .- 27 '0'
7 1811 1.54 " 12.67 155 21 .0& 1.I"0~7 2.' '.2 28 2 ,.. .08 II , • 0 I .7 " LS. L

• '" 27.14 ,. 23.119 155 11.01 2 0111 '.- '. I 35 1 ,. • I 0 • .3 ., 31 SPC
• 855 9.3l1 " 13.58 155 110025 9.10 2 01<1 ' .. 2. • 237 .23 • 2.2 1 • I 22 HE'

,0 1111 22.38 " 57.42 155 49.53 21. '1'3 ,. , '.2 " 0 18' • 08 20 1.3 3.0 35 '0•
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8 .33 57.n 10 20.04 155 8.43 8.7'5 2.' '.0 22 , 140 • I 0 5 .0 .7 17 UER
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22 52. 36.4& \0 2:2.40 ISS 4.05 lI.53 2.~ ~ .• 5 34 1 o. .07 - ,5 ,- 30 "ER
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"

38.54 15. .,. 10.M '.' ~.1I " 2 22' .11 20 \,1 •• 33 ,nN F
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"
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lC/.C/O 155 11.63 19.1 a '.- '.0 " 1 •• • 11 5 .5 .5 25 UER
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• "0 3.01 10 119.22 15' 11.91.1 q.7q '.> '.' 35 0 •• • I 0 5 .5 ·, 32 UER
II 713 19.85 10 22.02 15' 4.2e Cl.4q 2._ '.2 33 1 •• .0. 5 •• .' 30 MER
12 1644 31.6'5 10 21 .75 155 4.bO e.7.? '.- '.2 37 I .1 .0' • .' .' 32 MER
14 .,2 Q5.04 10 18.bC/ 15. 13.151 10.QQ '.1 '.2 " I 74 .10 3 .5 .' " POL

14 I. 2 1'5.50 "
18.53 155 13.!1.I 10.2" 2.' 3,2 '0 0 ., • I 0

, .5 •• 20 POL
15 120 22.42
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30.36 155 17. ~3 11 • 1A 2.' '. I 35 1 57 .11 • •• •• '0 GLfII
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"
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"
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" ... 39.41 "
31. q2 155 Q1 • C/O C/.a,ll 3.' >.- 32 0 .2 .12 7 .5 • 7 2• MO'
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe in
geologic terms the volcanic activity associated with the seismic events and
tilt data included. The summaries are issued in two parts. Seismic data
appears in Part 1, and water tube tilt and other deformation data appears in
Part 2. The seismic and chronological summaries are offered without interpre
tation as a source of preliminary data. The seismic summary is complete in the
sense that all data routinely gathered by the observatory are included. The
emphasis in collection of tilt and deformation data has recently shifted from
quarterly measurements at a few water-tube tilt stations ("wet" tilt) to a
larger number of continuously recording borehole tiltmeters, repeated measure
ments at numerous spirit-level tilt stations ("dry" tilt), and surveying of
level and trilateration networks. Because of the large quantity of deformation
data now gathered and differing schedules of data reduction, the seismic and
deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of
preparation and distribution, and the large quantities of data dictated an annual
format beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, calibration and processing
used in recent years. The present summary includes enough background information
on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report ("Hawaiian Volcano Observatory Seismic Network History
1950-79," 1980). It is designed as a reference for users of seismograms and
phase data, and so includes and goes a bit beyond the information in the station
table in this summary.
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CHRONOLOGICAL SUMMARY - 1979

by

Daniel Dzurisin

The decade which included the longest-lived rift zone eruption in recorded
Hawaiian history (Mauna Vlu, 1969-1974), the first Mauna Loa eruption in 25
years (5-6 July 1975). and the largest Hawaiian earthquake in more than a cen
tury (29 November 1975, M = 7.2) ended this year on a relatively tranquil note.
Pele's only appearance of the year came on November 16-17 during a small erup
tion in and near Pauahi crater along Kilauea's upper east rift zone. The erup
tion briefly closed a section of Chain of Craters Road, which had been reopened
in 1979 following its destruction ten years earlier by flows from Mauna Vlu.
By year's end, traffic was again flowing smoothly. but Kilauea summit tilt had
surpassed its pre-November eruption level and reached the level attained just
prior to the major east rift zone eruption of September 1977.

Mauna Loa continued its repose following the July 1975 eruption. and seis
micity there remained at background levels throughout most of 1979. A week-long
flurry of shallow nighttime earthquakes near or within Mokuaweoweo caused some
concern in March. but these were soon recognized to be a near-surface.
temperature-related phenomenon unrelated to volcanic activity. Borehole tilt
meters near the summit and along the northeast rift zone recorded a modest
aseismic inflation during June-July, but tilting was negligible throughout the
remainder of the year. Summit dry tilt and horizontal distance measurements in
August were generally consistent with weak inflation south of the caldera since
June 1978, but at a substantially lower rate than during the previous three
years.

As Mauna Loa slumbered, Kilauea continued its struggle to recover from the
effects of the November 1975 earthquake. During 1978. summit inflation had
overcome roughly 70% of the deflation associated with the 1977 eruption, but
the net summit tilt change during January-August 1979 was essentially zero.
This period was punctuated by two shallow intrusions into the upper east rift
zone. which in many respects were reminiscent of three east rift zone intrusions
which followed the November 1975 earthquake and preceded the September 1977
eruption.

There was a marked increase in the frequency of felt earthquakes at Kilauea
during March. and shallow summit quake counts increased to nearly 500 per day
during April-May. This activity culminated in an east rift zone intrusion on
May 29-30. The event was heralded by several felt earthquakes which roughly
coincided with the onset of summit deflation at 0.3 microradians/hour. This
modest rate was maintained for roughly 5 hours. after which subsidence slowed
before levelling off early on May 30 after a net deflation of 2.7 microradians.
A simultaneous swarm of shallow earthquakes which began near buried Aloi crater
migrated slightly uprift at an average rate of 1.3 km/hr during the first 1.5
hours of intense activity. then moved downrift to Makaopuhi crater at roughly
0.6 km/hr. Nearly 2,000 earthquakes ranging upward in magnitude to M = 3.3
were recorded by the HVa seismic network during the first 15 hours of anomalous
activity.
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Attention was again focused on Kilauea's upper east rift zone during June
July. when shallow earthquakes became concentrated between Keanakakoi and Pauahi
craters. A M = 4.0 earthquake along the middle east rift zone on July 15 was
followed by a brief seismic flurry, but no discernible harmonic tremor or summit
deflation. On August 12. a swarm of shallow earthquakes and rapid summit defla
tion totalling 1 microradian marked a second intrusion into the upper east rift
zone. During the first few hours of activity, earthquakes migrated downrlft
from Keanakakoi to Kokoolau at a mean rate of 1.4 km/hr. No measureable ground
deformation within the epicentral zone accompanied this relatively minor intru
sive event.

The period September-November was characterized by resumed summit inflation
at roughly 10 microradians/month and generally increasing seismicity at the
summit and along the upper east rift zone. Hawaii's largest seismic event
since November 1975 occurred on September 21, when a M - 5.4 quake struck the
south flank of Kilauea roughly 7 km south of Kalalua. Minor damage was caused
in Hilo and Puna. but no injuries were reported. The quake followed a substan
tial inflation of the east rift zone between Makaopuhi and Heiheiahulu since
the September 1977 eruption, and was presumably caused in part by accumulated
magma pressure. Dry tilt measurements along the rift zone in early September
revealed as much as 125 microradians inflation since October 1977. but another
survey after the M = 5.4 earthquake indicated a distinct reversal of this trend.
Presumably. ground movements associated with the quake at least partially
relieved accumulated stress caused by shallow magma storage within the rift
zone.

An HVO press release in late October noted that high rates of ground
deformation and seismic activity had significantly increased the likelihood of
eruption at Kilauea. This forecast was borne out only three weeks later when
magma returned to the surface of Kilauea after a 25-month absence. Alerted by
local harmonic tremor and relatively rapid summit deflation. HVO was on the
scene when intense fuming began in the forest east of Pauahi crater at 0805 hrs
on November 16. Lava fountains from this eastern vent became audible from
Pauahi overlook at roughly 0815. and lava welled up from a new fissure on the
northwest wall of Pauahi at 0821. Vents east of the crater migrated a few
hundred meters eastward before eruptive activity there ceased at roughly 0915,
after closing a short section of Escape Road. Starting at 1130, three new
vents opened progressively westward within Pauahi, followed by five more along
a westward-migrating fissure which cut Chain of Craters Road at the Pauahi
parking area. Apparently, downrift migration of the eruptive fissure stopped
as magma gained access to the Koae fault system west of Pauahi. The western
vents declined noticeably shortly before 1600, and by 1700 lava was reaching
the surface only from vents within Pauahi. Lava production there remained
roughly constant until 0100 November 17, when activity slowed before ceasing
completely at 0630. After a net summit deflation of only 7 microradians.
re-inflation began at 0400 November 17. Roughly 600,000 m3 of differentiated
basalt had been erupted in 22.5 hours. presumably from a storage area within
the rift zone which was rapidly resupplied with magma from the summit reservoir.
At year's end. summit tilt stood slightly above its pre-eruption level.

Pele's brief reappearance was definitely not the only noteworthy happening
at HVO during 1979. as staff members took advantage of the lull in eruptive
activity to pursue data analysis and field projects. Detailed geologic mapping
and radiocarbon dating continued at Kilauea (Banks, Moore), Mauna Loa (Lockwood).
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and Hualalai (Moore), and a stratigraphic/petrologic study of Kilauea caldera
was initiated (Casadevall, Dzurisin). The gas geochemistry program at HVO was
expanded with the addition of chemist Paul Greenland and technician Bruce
Furukawa, and by the acquisition of a correlation spectrometer (COSPEC) for
daily measurements of S02 flux at Kilauea (Casadevall). An electrical self
potential survey of Hualalai's rift zones revealed high-amplitude, short wave
length anomalies suggestive of shallow heat sources, and a program of induction
resistivity monitoring was implemented in the Kilauea summit region (Jackson).
The Kilauea/Mauna Loa gravity network was expanded in 1979; delivery of HVO's
new LaCoste-Romberg gravity meter is expected in late 1980 (Dzurisin). A NASA
sponsored study of tephra erosion at Kilauea was completed and readied for
publication (Dzurisin). The observatory's Data General Eclipse computer became
fully operational, and assumed the task of routine seismic and deformation data
processing (English, Klein, Koyanagi, A. Okamura). Sandia personnel drilled
six new holes into Kilauea Iki lava lake, one of which successfully penetrated
pre-1959 basement. Finally, HVO received additional international exposure
when Dzurisin, Koyanagi, and Yamashita spent four weeks in Indonesia as part of
a cooperative USGS/USAID geologic assistance program, and Casadevall conducted
a geothermal energy assessment in Argentina with DOE support. This dizzying
array of activities was coordinated in 1979 by HVO's new scientist-in-charge,
Bob Decker, and by Chief of Operations, Reggie Okamura, who will both be on
board for HVO's launch into the new decade.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and maintains
an extensive telemetering seismometer network on the island of Hawaii. In Decem
ber 1979 the seismometer network consisted of 44 stations spread over an area
with a diameter of 125 kilometers on the island of Hawaii (Figs. 1 and 2). Of
these 44 stations. two are low-gain multicomponent stations (optical), six are
two-component. four are three-component. and thirty-two are vertical only. The
coverage is most complete on and around the main center of seismic and volcanic
activity. Kilauea Volcano. Other stations in the network are part of a larger
net located on other volcanoes of the island of Hawaii. With the exception of
HIL, all seismometer signals from the short period network are telemetered to
the observatory for recording.

Figure 1 is a map of selected geographic and geologic features. and Figure
2 shows the seismic stations which were operated during the year. Table 1
lists all seismic stations operated by the U.s. Geological Survey in Hawaii
during 1979. Listed are station name, three letter code, coordinates in degrees
and minutes, elevation in meters, and other data described below.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (VCO) for FM multiplex transmission to HVO via either
hardwire or VHF radio. These telemetering stations are now all of Type 1, the
NCER standard system used in USGS seismic networks (see Table 2 for details).
After discrimination. the analog signals from thirty-two stations are recorded
on two Develocorders using 16mm microfilm. FM signals from the tetemetering
network are also recorded directly on one inch magnetic tape. Selected larger
events are copied onto condensed FM library tapes which are currently archived
in Menlo Park.

Develocorder records are scanned on a film viewer with 20x magnification.
Individual events are digitized from FM magnetic tape and timed to .01 second
using an Eclipse computer. The arrival times, amplitudes (where readable), and
other key data are routinely processed by Eclipse computer, which also produced
the tables and epicenter maps in this summary.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo. Maui, and on Oahu (Kipapa station operated by the
Pacific Tsunami Warning Center). The less sensitive short period records are
used primarily for amplitude measurements for magnitude calculations to supplement
readings from the high-gain stations. Optical seismographs listed in Table 1
are of four types. Types numbered three and four are electro-mechanical systems
of high and low gain respectively. Hila and Haleakala are each equipped with
two low-gain Wood-Anderson torsion seismographs. Long period Press-Ewing
seismographs record in three components in the Uwekahuna vault. The paper
(optical) records as well as the 16mm develocorder microfilm are archived at HVO.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL) to get the response for an
individual station. Individual CAL factors for Type 1 seismographs are equal
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to the peak-to-peak amplitude measured in mm on the 20x Develocorder viewer of
a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of the geophone.
Calibration is normally done each time a station is visited. CAL factors range
from about I to 8, averaging about 4. A detailed history of Cal factors and
other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian Volcano Observatory
Seismic Network History 1950-79, U.S. Geological Survey Open File Report 80-302.
1980.
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Table 1. Seismometer stations in Hawaii operated by the U.S. Geological Survey, 1979.

Telemetered type 1 seismographs.

Station Name l
Delay Delay

Code LAT-N LON-W Elev I 2

AHUA (3) AHU 19 22.40 155 15.90 1070 -.10 -.13
AINAPO (3) AIN 19 22.50 155 27.62 1524 • 13 • 17
CAPTAIN COOK CAC 19 29.29 155 55.09 323 •00 -.1•
CONE PEAK (2) CPK 19 23.70 155 19.70 1030 -.26 -.07
DANDELION DAN 19 21.42 155 40.04 3003 -.27 .03
DESERT DES 19 20.20 155 23.30 815 -.29 -.13
ESCAPE ROAD ESR 19 24.68 155 14.33 1177 -.17 -. 19
HALE POHAKU HPU 29 4•• 85 155 27.50 3396 .31 • 17
HEIHEIAHULU HUL 19 25. 13 155 58.72 369 -. 17 -. 16
HILINA PALl HLP 19 17.96 155 18.63 707 .02 .07
HUALALAI HUA 19 4I. 25 155 50.32 2189 .67 .38
HUMUULA (3) HSS 19 36.31 155 29.13 2445 .20 .35
KAAPUNA KAA 19 15.98 155 52.28 524 -. 12 -.01
KAENA KAE 19 17.35 155 7.95 37 -.01 .06
KAHUKU KHU 19 14.90 155 37.10 1939 .03 -.03
KALALUA LUA 19 24.55 155 04.25 622 -.25 -.30
KALIU KLU 19 27.48 154 55.26 271 -. 17 -.30
KANEKII (3 ) KII 19 30.56 155 45.90 1841 • 15 .37
KAOIKI FAULTS KFA 19 25.26 155 25. 14 1579 • 13 • 17
KEANAKOLU KKU 19 53.39 155 20.58 1863 .68 .24
KIPUKA NENE KPN 19 20.10 155 17.40 924 -.11 -.08
KOMALA KOH 20 7.69 155 46.77 1166 -.03 -.17
MAUNA LOA (2) MLO 19 29.80 155 23.30 2010 .03 .08
MAUNA LOA X (2) MLX 19 27.60 155 20.70 1474 .06 • 15
MAKAOPUHI MPR 19 22.07 155 9.85 881 -. 17 -.20
MOKUAWEOWEO MOK 19 29.28 155 35.98 4104 .15 • 16
MOUNTAIN VIEW MTV 19 30.25 155 3.75 409 -.02 .01
NATIONAL GUARD NAG 19 42.12 155 1.72 18 .54 .30
NORTH PIT NPT 19 24.90 155 17.00 1115 -.30 -.18
OUTLET (2) OTL 19 23.40 155 1•• 80 1084 -. 19 -.18
PAUAHI (2) PAU 19 22.62 155 13.10 994 -.21 -.24
POLIOKEAWE PALl POL 19 17.02 155 13.47 169 -.02 .03
PUU HOHUAULA PHD 19 28.90 154 53.40 215 -.09 -.24
PUU KAMOAMOA PUK 19 23.00 155 6.25 704 -.25 -.30
PUU PILI PPL 19 9.50 155 27.87 35 -. 15 -. 15
PUU ULAULA PLA 19 32.00 155 27.67 2992 -.03 .13
RIM (2) RIM 19 23.90 155 16.60 1128 -.21 -.13
SOUTH POINT SPT 18 58.91 155 39.92 244 -. 17 -.22
SOUTHWEST RIFT SWR 19 27.26 155 36.30 4048 .01 .04
WAHAULA WMA 19 19.90 ISS 2.92 29 -.10 -.04
WILKES CAMP WIL 19 28.15 155 35.02 4037 .22 .17
WOOD VALLEY WOO 19 15.08 155 30.12 909 -.15 -.06

INumbers in parentheses indicate the total number of seismometers operating if more
than a vertical component.
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Table 1. (continued)

Optical Seismographs

Station Name Code l.AT-N LON-W Elev Type Cal

HALEAKALA Z HAL ZO 46.00 156 15.00 2090 3 0.71
HALEAKALA EW HAE 20 46.00 156 15.00 2090 WA 1.0
HALEAKALA NS HAN 20 46.00 156 15.00 2090 WA 1.0
HILO Z HIL 19 43.20 155 5.30 20 3 1.0
HILO EI.,J HIE 1943.20 155 5.30 20 WA 1.0
HILO NS HIN 19 43.20 155 5.30 20 WA 1.0
KIPAPA KIP 21 25.40 158 .90 76 3 0.56
UWEKAHUNA EW UWH 19 25.40 155 17.60 1240 3 0.7
UWEKAHUNA Z USZ 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA EW USE 19 25.40 155 17.60 1240 4 1.0
UWEKAHUNA PEZ 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEE 19 25.40 155 17.60 1240 PE
UWEKAHUNA PEN 19 25.40 155 17.60 1240 PE

Table 2. -- Seismic Instrumentation Types

Type I. Consists of:

a) Geophone- Electrotech EV-17 or Mark Products L4C 1.0 sec. period
moving magnet vertical component seismometer or horizontal
component adjusted for an output of 0.5 volts/cm/sec. and
0.8 critically damped.

b) Preamp/veo - Develco Model 6202 voltage controlled
USGS/NCER Model J202, J302. or J402.
bandpass filter at 0.1 Hz and 30 Hz.
mitted on audio FM carrier over cable
HVO.

oscillator or a
3 db points for
Signals are trans
or FM radio link to

Type 3. Consists of:

Electrotech EV-17 or observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic preamplifier, galvanometer
driver, and 2 Hz galvanometer. Peak magnification approximately 40,000 at
4 Hz.

Type 4. Consists of:

Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor = 0.25, 2x critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.
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for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned for earthquakes, and coda durations are
measured for magnitude determination. Events are digitized, timed, and located
on the Eclipse computer at HVO. Computer locations are made using the program
HYPOINVERSE (Klein, 1978), and problem events are reread and rerun. Magnetic
tape copies of all arrival time and output summary data are kept in Menlo Park
and AVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22'N and ISS oI0'W.

~~gnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations and signal or coda duration on short-period
vertical stations. Amplitudes read from other than Wood-Anderson instruments
are corrected to an equivalent Wood-Anderson amplitude using the curves of
Figure 3 and CAL factors. Amplitude magnitudes larger than 2.5 are generally
based on the Wood-Anderson instruments in Hila or Type 4 seismographs at Uweka
huna. Smaller events may occasionally include amplitude readings from stations
AHU, KAA, OTL, PPL, KHU, PHD, or WIL.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise leveL A plot of log (F-P time) versus local
(amplitude) magnitude appears in Figure 4. The bilinear relation shown in the
figure is an appropriate fit to the data sample and is used to compute all
duration magnitudes. Duration times are only read from Type 1 seismographs.
Because duration magnitudes are relatively insensitive to station response and
can be determined using the high-gain short-period stations, it is felt that
duration magnitudes are more accurate and complete at the lower magnitudes
(below 2).
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1976. Local magnitude is determined from amplitudes read on
Wood-Anderson and other calibrated seismographs. The dual linear
relationship between magnitude and log(F-P) appears to hold over a
magnitude range of 7 units. The equations used in magnitude
determination are:

duration <210 sec M B -5.2 + 3.89 log (F-P) + .013 e + .0037 D
duration )210 sec M = -.905 + 2.026 log (F-P) + .013 e + .0037 D

where c and 0 are the depth and epicentral distance in km.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south flank of the island of Hawaii. Hundreds of earthquakes too
small to locate are counted daily, and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. Many smaller
events are located also. Substantial effort is made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on the south flank, but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character Bnd pattern of arrival times at key
stations. Maps showing computer located epicenters of all depths are given in
Figures 5, 6, 7, 8 and 9. The epicenter maps are on different scales, and
show both all located earthquakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table S. Each earthquake in the list is assigned a three-letter
code based on its location and in some cases on its depth. Figure 2 is a map
of the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed in Table 4. When the listed coordinates
imply an overlap, precedence is given according to Figure 2. Table 6 relists
the events in Table 5 for which either duration or amplitude magnitude is 3.0
or larger. It is felt that this list is a more objective measure of large
earthquakes than a list of felt earthquakes.
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Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Kilauea.

Earthquake categories are:

1) Kilauea summit, short period caldera: shallow earthquakes beneath
the caldera.

2) Kilauea summit, long period caldera: earthquakes characterized
by low frequency signatures, often originating 5-10 km below
the caldera.

3) Kilauea summit 30 km: from about 30 km depth.

4) Kaoiki and southwest rift: southwest rift of Kilauea, western
parts of the Koae faults and adjacent Kaoiki fault system.

5) Upper east rift zone of Kilauea including the eastern parts of
the Koae faults.

6) Lower east rift zone of Kilauea.

7) Offshore PPL:
Pili station,

earthquakes from offshore areas south of the Puu
including Loihi seamount.

8) Mauna Loa long period: low frequency events near Mauna Loa
summit.

9) Mauna Loa short period: shallow earthquakes in the Mauna Loa
caldera region.

Tremor is separated into four categories: shallow, intermediate and
deep Kilauea, and Mauna Loa. Depth is inferred on the basis of
relative amplitudes on seismographs.
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Table 3. KILAUEA SUMMIT KILAUEA FLANK "",."jII\jA L0' TRI:"40R (MIr'UTESl
........_.._._---.------------------_.-._---------------------------------
I ISHO"T LONG I KAO. Up. LOW. UFF- I KILAUE.A r<lAIJNAI

I DATE I PER. PER. 30 I & SW EAST EAST SHORE ILOI'. G .'"HnQT T INT. l nA I
I 19H I CALDERA KM I RIFT Rl'1 RIFT PPL IPt::.~. nF~. T S-.Al.. DfE+-' I
I------I--------------!---------------------I----------J--------------·--l
IJAN I I 221 12 2 I 21 159 39 I T 35 I
I 2 I 225 9 I 2b 153 21 I 1 , 1 I
I 3 I 125 II I 18 85 2' I r 5 1
I 4 I 200 21 I 29 118 40 I T 13 I

I 5 I 312 b 1 I 13 b4 34 I , T 3 I!______ I______________ 1__________ · ____· _____ I____ · ____ -r-----------------!
I & I 24& 1 3 I 21 bl 28 I 1 2 I
I 1 I 200 4 I 54 112 31 I \ T I
I 8 I 210 8 I 32 139 30 I \ T I
I 9 I 19b 6 I 45 124 25 I T 5 I
I 10 I 243 1 I 51 209 3b I I T I

1------1-----·--------1---------------------1----------T-----------------I
I II I 111 4 1 I 39 95 20 1 \ I
I 12 I 85 10 2 I 18 1B 22 I I 3 I
I 13 I 10& 10 I 18 7b 24 I I T 8 I
I 14 I 12 2b I 8 90 25 I 1 , 3 I
I 15 I 193 9 I 31 12 20 1 T I
I------!--------------1---------------------1----------1-----------------1
I 1& I 19b I I 45 90 21 I T 1
1 11 I 202 \ I 32 124 21 I T I
I 1~ I 143 1 33 I 0 1 30 1 3 T I
I 19 I 93 2 I 23 10 12 I ? , I
I 20 I 149 2 1 I 41 8b 14 I T 5 I
I-----·I--------------!---------------------!----------1-----------------1
I 21 I 182 3 I 13 01 10 2 I T 2 I
I 22 I 261 10 I 22 94 4 I ) T
I 23 I 308 5 I 21 91 9 I T 3 I
I 24 I 402 2b I 51 131 20 I \ , 15 I
I 25 I 38q 10 I 30 98 6 I 2 T 3 5 I
I------!------·-------I---------------------!----------1-----------------1
I 2b I 383 10 3 I 2b 102 18 1 I T 10 I
I 21 I 330 4 3 I 3\ 92 8 2 I T 3 I
I 28 I 354 32 I 36 142 1& T 1 T I
I 29 I 261 15 I 52 95 21 I 1 , T 1 I
I 30 I 150 152 I 39 11 4 I T 2 11-----·I-----·-_·_---·!----------------·----1----------T-________________ !
I 31 I 111 58 I 38 ~o 23 I 1 I
IFEB I I 220 23 I 13 84 & I , T 3 20 I
I 2 I 231 40 I 31 153 30 I T 23 34 I
I 3 I 222 25 I 29 11 4 19 I I 5 I
I 4 I 240 35 I 25 84 6 I T 10 I1------r--------------1----------·----------!·---------T _______ ._________ !
I 5 I 944 55 I 31 800 23 I 1 T I
I b I 503 44 I 35 115 25 I 1 T 2 I
I 7 I 349 91 I 52 118 4b I 1 T 31 I
I 8 I 22b 8 I 30 I 14 ~7 I T I
I 9 I 201 1 I 43 9b I 0 I \ , 2 I
!------I----------·---!---------------------I----------r-·----·----------!
I 10 I 191 34 I 3b 78 25 I T 2 4b I
I I I I 231 52 I 42 88 40 I T 4 I
I 12 I Ib2 45 I 29 86 23 I T I
I 13 I 298 39 I 39 128 33 I , T 1
I 14 I 410 7b I 41 ~2 33 I I I"------------_._-----.-------------_._-------------._----------------------
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KILAUEA SUMMII 1\ IUU, A FLAfIol< "'" J/~ ~ 1.0A TRt'."'IUl-l ('I~UHS)
---.-----------------------.---------.---- ___ .. _ .. __________ w _______________

I IS"ORT LO\lr, I KA,O. UP. LO\' • OFf- .. 1 , l<Il,AIJFA t-a U"a 1
I OATE I PEQ. PErl. 30 I & Sw EAST EAST SHORf:. Ill! C, !=40QTr I ~Jl • LOll I
I Iq79 I CALDERA 11M I H1FT RIFT "IFI PPL IPf". P~Q. T SHAle nf,p I1------1--------------1------------_.. -------1------ ___ -T-----------------!
IFEBI5 I 020 62 I 55 130 I~ I 1 T I
I lh I 361 67 I 22 B~ I 3 I 1 T 0 I
I 17 I 000 02 2 I OS 100 17 I , ,

~ I
[ 18 I 3q5 02 I 30 Al ?O I T 13 I
I 1. I 312 2b r 8 70 I 0 I I , I1------1--------------1---------------------1-------__ .1--------------- .. -1
I 20 I 003 56 I 28 I 21 In I 1 I
I 21 I 000 22 I 30 I I I ?5 I I
I 22 I 03. 10 I 33 11 ? 7 I , r 3 I
I 23 I 270 10 I 00 10. 7 I , , I
I 20 I 1.0 1 I I 52 106 20 I T I1------1--------------1---------------------1----------T _________________ l
I 25 I 2.2 • 3 I 60 108 23 I \ , [

I 26 I 207 10 I 5q .0 I 3 I T 1
I 27 I 260 6. I 00 78 26 I T I
I 28 I 300 8 I 50 150 q I 1 I
I"'1AR 1 I 2~3 11 I 50 200 13 I , I
1------1--------------1---------------------1----------l-----------------l
I 2 I 313 3 I 01 116 2~ I 1 I
I 3 I 281 12 2 I 35 117 20 I T I
I 0 I 253 5 1 I 60 100 10 I r I
I 5 I 220 10 I 52 133 31 1 1 T I
I 6 I 237 I. I 2q 82 18 I , T " I
1------1·--····-------1--------------··-----1-----·----T-----------------l
I 7 I 20. 1B 1 I 72 131 ~2 I 1 1
I 8 I 138 • I 30 87 12 I T I T 6 I
I • I 186 21 I I 20 .h 13 I 1 I
I 10 I 21_ 30 I O. ql 30 I 3 ,. T 11 I
I II I 155 18 I 30 123 II I • T I
1------1--------------1---------------------1--·-------T----·-----··-----I
I 12 I 1.6 20 I 3. 13. 35 I 1 T I
I 13 I 21. 3. 1 I 23 M 20 I , 1 3 I
I 10 I 136 20 I 33 .0 ?2 I r I
I 15 I 101 15 I 3~ 11 6 20 I T J
I 16 I 101 30 I 33 122 11 I J T I1------1--------·-----1------_·-------------1---------·T _____ ·___________ I
I 17 I 10. 00 I 33 102 1. I , T I
I 18 I 13. 20 I 08 8. 18 I T 0 I
I I. I 1-. 18 I 37 % 20 I T I
I 20 I 168 17 I I 30 .0 27 I 3 T 1
I 21 I 105 16 I 38 .8 15 I , I
I------l--------------1----------------·----l----------r-----------------r
I 22 I 126 53 I 27 11 5 25 I T 1
I 23 I 137 5 I 26 108 13 I '0 T I
1 20 I 106 5 I 37 1.0 10 I I" , I
1 25 I 132 IS I 2. 108 26 I '10 T I. I
I 26 I 130 2 I 30 200 17 I 1R5 T 0 I
1------1--------------1-------------------·-1----------1-----------------1
I 27 I 131 6 I 32 108 8 I I , Il~ T I
I 28 I 101 0 I 31 108 20 I 1°. T I
I 2. I 170 • 3 I 23 176 7 I 13'" T I
I 30 I ISO 6 I 20 21. I 0 I .' 1 2 I
I 31 I 211 12 3 I 1. 208 22 I '0 T I----------------------------------------------_. __ ._--------_._-_ ... _-_ ...
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KILAUEA SUMMIT KILAUEA FLANK Ill; t.UII.I A Ln, TREMOR (MJP'IIJTES)_._._- ..........------------------_.------ ..------------------------------
I ISHORT LONG I KAO. UP. LOw. OFF- I [ KILAUEA '.1,flllNAI

I QATE I PER. PER. 30 I & SW EAST EAST SHORElLO.G ~H()QTl INT. LOA I
I lqH I CALDERA KM I RIFT RIFT RIFT PPL IPEQ. PFq. T SI-4AL. DEEP I
1------1--------------1---------------------1----------1-----------------1
lAPR 1 I 210 7 3 1 22 2"0 17 1 I~q T 2q I
1 2 1 Ibb lq 1 21 17 1 20 1 1 IO~ T I
1 3 1 235 12 2 1 32 lq2 b I 1• T 27 I
I 4 1 231 b 1 25 207 2b I Q7 1 7 1
1 5 I 250 12 1 32 183 23 I ,q T 22 1
1--...-I--....--------1---------------------!----------T-----------------I
I b I 2b3 12 I 1 20 lql 11 1 " 70 1 3 1
I 7 I 231 23 1 q 255 7 1 3 I • I 1
1 8 I 213 4 1 27 206 14 1 " 1 20 I
I q 1 214 10 1 37 14b 3" I ?7 1 1
I 10 I 22q 2 1 31 155 2 1 10 T 3 1I-.----t-...._--------I---------------------1---------_T ___ ·_____________ I
1 II I 181 I 0 1 16 IS" 21 I , , I
1 12 1 21q 5 1 1 10 151 lq 1 • 1 1
1 13 1 30q 5 2 1 22 lb4 I • 1 7 1
1 14 1 310 2 I 1 23 13. 3 1 T , I
1 IS 1 317 q 1 20 177 12 1 I I 1 1
1------!---··---------!---------------------I----------T-----------------l
1 lb I 3q4 • I 33 23q 28 1 T 1
I 17 I 234 10 I 37 180 5 I , , b I
I 18 1 2"4 31 I lq Iq3 8 1 ? 1 T 7 I
I lq I 271 51 I 16 2b5 I 7 I , 1 3 I
I 20 I 2"1 15 I 14 80 5 1 I b • 1 5 I
I------!--------------I---------------------I----------T-·------·--------l
I 21 I 265 5 1 1 20 108 Ib I ? ) I
I 22 I 200 12 1 I 22 15B q 1 I I " T 5 I
I 23 I 280 5 I 2' 200 Iq I I T I
I 2" I 360 4 2 I 27 130 13 I I 0 T I
I 25 I 444 lb 1 1 13 23q I " I I • 1 I
1----·-1----·--·--·---1-------·---····------1--·---·---r-----·---··--··--1
I 2b I 4b4 45 I 20 23q 16 I " T I
I 27 I 40b 1" I 22 273 3' I , T I
I 28 I 56b 13 I 22 2R3 20 I , I I
I 2q I 473 24 1 2b 361 15 I • T 4 I
I 30 I 316 23 I 21 30 I 15 I " T 4 I
1------1--------------1---------------------1----------T-----------------1
IMAY 1 I Iqq 3 1 24 224 3 1 , 1 6 I
I 2 I 225 35 I lb 273 17 I , T 17 I
I 3 I 1.3 24 1 28 214 lb [ , r 36 I
I " I 16q lq I 17 132 2 1 q T 3 1
I 5 I 103 41 I 11 123 1 \ 7 , T 3 65 1
1------1--------------1--------------·------1----------1-----------------1
1 6 I 185 18 I \2 152 1• I , T 10 1
I 7 I 304 10 I lq 175 17 I 2 1 33 1
I 8 1 308 5 I 24 205 3 I , , 1 I
1 q I 3b5 I 0 I 31 215 12 I , T " 1
I 10 I 273 3b 1 23 Ib4 , I 2 I I 1 3 I
1------1--------------1---------------------1-----·----T---·-------------l
I 11 I 48b 14 5 I 35 277 10 I , [ T
I 12 I 385 q I \5 207 17 I b 1 1
1 13 I 305 2. I 25 15A q I I b T 20 I
I 14 I 351 4R T 20 180 q 1 , 1 I
I 15 I 321 42 I I? 21b 2 1 b 4 , I
-----------------------------------------------_._-._---------------------
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KILAUEA SUMMIT KILAUEA FLANK N!4.L'I~A Ln, TRE:.MQR (MINUTES)..._...-.~--._._-------_.--------------------_._------ ---.----------------

I IsHOHT LONG I K'O. Up. LO~. OFF- I T I(ILAUEA MAUNA!
I DATE I PER. PER. 30 I & 5' EAST EAST Sl10RE ILrl, G ~"'{WTT INT. LOA I
I 1979 T CALDERA KM I RIFT RIFT RIFT PPL IPf .... Pf-R. T SI·U.L. nEEP I
1------1·_·-----------1---------------------1----------T·_---------------l
IMAY!& I 380 1 0 I 17 238 5 I \ n T I
I 17 I 311 1 I 23 21" I 2 T ," ? T 5 I
I 18 I 29" 9 1 I 2" 175 " 1 ? r I
I 19 I Ibb 3 2 I 17 185 b I , T 7 " I
I 20 I 182 12 I 2b 290 8 I 0; , I

1····_·I-·-··--------·l---------------------l-------·--T---------·-------l
I 21 I 158 1. I 15 220 2 I , T I
I 22 I 198 90 1 I 25 203 1" I , , 13 2 I
I 23 I 15" 17 I 17 2b8 21 I , T I
I 24 I 172 20 I 31 293 25 [ 2 " T I
I 25 I 181 13 I 39 23~ Ib T I b I 2 2 II------I--------------!---------------------I---------_T _________________ !
I 2b I 198 "" I I 21 2b3 50 I I 7 r \0 I
I 27 I Ib9 7 I I 2" 35" b" I 0; I 5 I
I 28 I 183 15 I I 4' 357 50 I I , T " I
I 29 I 149 2 I 8 21bb 2b I , I 210 I
I 30 I 74 I 0 I 17 188 8 I 37 b 1 T

t------l--------------t---------------------t----------r-----------------l
I 31 I 101 I 1 "

199 1 J 7 T b I
IJUN I I 235 2b 1 I 33 233 l' I , , 3 I
I 2 I Ib9 12 I I I" 23" b I 2 ? T I
I 3 I 190 32 I 3" 2r2 A I • I I
I " I 192 b I 22 21b 7 I , T I

1-·----1--------------!---------------------1----------1-------·_--------1
I 5 I 388 37 I 15 1.6 I" 1 2 • , 7 I
I b I 207 31 I 2b 22q 1~ I \ T I
I 7 I 2"7 17 2 I 9 188 25 I 7 , 2 I
I 8 I 189 12 2 I 29 271 31 1 , I
I 9 I Ib9 4 I 23 20' 17 I I I

t------t--------------l---------------------1----------T-----------------l
I 10 I 131 25 2 I 17 !b2 1, 1 , T I
I 11 I 18" 13 I 33 183 14 I 3 T I
1 12 I 270 I 27 125 23 I j , T I
I 13 I 215 I I I 29 20" 25 I , T 1
I I" I 2"3 2 I 7 Ib7 10 J 1 " T I

1------1--------------J---------------------I----------1-----------------1
I 15 I 21" 8 1 I 28 159 " I 3 I I
I Ib I 293 27 2 I 2b 195 23 I 1 b T 9 I
I 17 I 17 1 23 I 19 22b 22 1 7 1 I
I 18 I 172 37 I 17 20~ 2b I ? T 1
I 19 I 201 9 I Ib Ib3 2? J , T I1------1--------------1---------------------1---------_T _________________ ]
I 20 I lb5 5 2 I 30 219 1" T I T I
I 21 I 3"2 8 I 13 18" 10 I ~ T " I
I 22 I 209 3 I 27 20' a 1 I 2 T I
I 23 I IbO I 8 I 33 IS2 3 I 2 , T 1
I 2" I Ib" I" I 29 217 33 I • I IJ------I--------------I---------------------1---------_T _________________ I
I 25 I 22" "1 I I 33 ?311 2" 1 2 I 4 I
I 2b I 3aO 1 3 I 21 175 12 1 ," T 16 J
I 27 I 191 87 I Ib 170 20 [ , I " J
I 28 I 310 42 I 39 208 19 I ? , e T 2 .. I
I 29 I 302 7 I "5 15b 13 I , 1 T I

--------------------------------------------------------------------------

18



KIL'UE' SUt-\,.q T KILAUEA FLll~K ,.. .. I~" '" tl"}l\ l~E"'OR ('IINUTES)
---.-------------.---.-.-------------.--------_._-------------------------
( ISt-lOIH L~NG I I<AO. U"'. LO~. OFF- I T KIL'UU MAUNA!
I OUE I PER. PE'r. 30 I • 5' E'ST F.ST SHIlREILfJ r, <:;I-lQRTl tNT. LO. I
1 Iq7" I OLDER. <M I RIFT RIF T RIFT PPL IPFi(. cF~. I ~HAL.. DE~P I
I------I--------------1·--------------------!----------T-----------------I
IJUN30 I 255 I 33 11~ h 1 7 r b I
IJUL I I 117 2 1 I 25 175 1" I II T I
I 2 I 102 q 1 1 27 1"5 1" I , T I
I 3 1 l"q 13 1 I 23 177 I" • h \ 10 I•
I " I 2Kb 5 I 27 232 18 I , T I
1------I--------------!---------------------1-----·----t-----------------!
I 5 J 2bb 20 I 3l Ihq " J 1 ? T J
I b J 20q 33 J 25 175 20 J T 10 J
I 7 J 310 II J " 1

181 .I' I 0 T b J
I d J 20" 12 J "3 21" 13 J • 1 I
I q J 120 q J 35 173 2. I T 3q I
I------J--------------J---------------------r----------r-----------------r
I 10 J 2q8 2 I 22 182 8 I 1 7 J " b I
I I 1 I 1" 1 2 3 1 31 17'> 18 I 1 I
I 12 I 25q 17 I 30 178 q I 5 ,. T 3 I" I
I 13 I 18" 22 I 15 158 2P I \ , 5 I
I 10 I 178 5 1 J I" lR5 q J I T 2 I
1------!--------------1---------------------1----------T-----------------l
J 15 J 210 20 1 21 10qq 20 J " 1 I
I 1& I 277 8 I 25 30b 37 I ?

, lq I
I 17 I 305 10 I 18 175 12 I 2 1 1 1 3 I
1 18 I 17 b 11 I 18 215 2" I T I
I 19 I 203 ?6 I 2q 221 28 J , I I
l~-.---J----------·---r---------------------I---·----- -T _________________ !
I 20 I 1"7 20 I 00 Ib5 11 I 3 I I
I 21 I 17 I 10 I 28 177 17 j 2 I 5 I
I 22 I III 2 I 18 108 8 I \ r I
I 23 I 128 8 I I 1 \ 10 R I I I
I 2" I 313 15 1 32 105 13 I 7 " J 0 I
1------1--------------1---------------------1----------J-----------------l
I 25 I 3~q 7 I "8 17b 2" I I • I I
I 2b I 200 7 I 23 190 12 I 2 12 T J
I 27 I 2q8 21 I 27 193 7 I 2 r 3 I
I 28 I 28q I 33 172 13 I ? T 50 10 I
I 2q I 17Q 3 I 32 138 b I 1 I
1------1--------------1-----------·_--------1--·-------T-----------------1
I 30 I 173 31 I 23 130 15 I 2 1 I
I 31 I 178 5 I 21 155 " I I q I
IWG 1 I ""8 11 I 28 211 21 I 2 T 2 I
I 2 I 5bO 22 I 29 108 2 I , T 30 I
I 3 I 2b8 9 I lq lq8 Ib I 1 I 2 I
I------I--------------l·--------------------!----------1-----------------1
I 0 I 382 17 I 20 1b7 Ib I 2 I 5 " I
I 5 I 200 18 I 27 132 12 J l , I
I b I 21. 10 1 I 35 157 20 I I I
I 7 I 25q 10" I 2q 1q3 q I , 1 1 b7 J
I 8 I 121 q I 17 133 1 3 I 1 1 I
I------I--------------!---------------------I----------T-----------------1
I 9 I 205 31 I 33 135 7 I 1 T 13 I
I 10 I I7b 18 I 23 188 15 I , 1 I
I II I 2b8 21 I 1q 17q I" I , T " I
J 12 I 1101 7 I 23 .7Q 18 I 1 1 r I
I 13 I 55q I" I 10 170 12 I 1 ? T I
-----------------.-----------.--.----------------------.-.----------------
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KILAUEA SUMMIT KILAUEA FLANK r~"IJ~A LQ' TREMOR (MINUTES)
..---.-----.---------._--------------.---------.-------------.-_._-----.-.
I ISHORT LONG I KAO. UP. LO,.. OFF- I T KILAUEA ,.1 AUtIJ " I
I OATE I PER. PER. 30 I & SW EAST EAST SHOREIL"j· r, ::'Hr}QTT INTo LOA I
I 19H I CALDERA K_, I RIFT RIFT RIFT PPL JPI:.Q. PF:Q. I C;"'Al. OFEP I
1------1--------------1---------------------1----------T-----------------1
I'UGI4 I Olb I? I 38 n8 II I 3 I 40 I
I IS I 3&2 18 1 I 24 212 15 I \ I I
I 1& I 328 20 I 33 193 9 I \ T 2 I
I 11 I 29& 3 \ I 2~ 2&3 31 I , T I
I 16 I 303 5 I 32 232 3? I \ T I
1---·_·1--------------1---------------------1----------r-----------------1
I 19 I 191 14 I 20 21& 11 I \ I
I 20 I 211 9 I 28 208 9 I T I
I 21 I 1"9 11 I 24 113 2~ I 2 1 I
I 22 I 215 9 I 35 206 42 J T 15 I
I 23 I I 19 1 I B 154 20 I 1 1 2~ 4 I1------1--------------1---------------------1----------T _________________ I
I 24 I 209 25 I 14 158 11 I ? I 12 I
I 25 I 23& ~ I I Ih 243 20 I 4 1 I
I 2& I 131 & I 28 111 I? T I I
I 21 I 152 32 I 40 245 20 I r I
I 26 I 115 12 I && 21& IS I 1 16 I1------1--------------1·_·------------------1----------T _________________ !
I 29 I 11& 13 I I 29 241 50 I T I
I 30 I 1&6 15 I 32 229 40 I T 5 I
I .l1 I 125 15 I 44 219 1Q I T I
ISEP I I 130 1 I 45 30& 31 I T I
I 2 I 118 16 I 3? 168 21 I I 1 12 I1------!--------------1---------------------1----------T-________________ I
I 3 I 204 I' 2 I 31 19& 61 I ? T 4 I
I 4 I I ~ 1 38 I I 29 165 50 I ? T I
I 5 I 135 33 I 32 114 &3 I ? r I
I & I 14& 42 I 2& 166 &6 I T I
I 1 I 20& 6 1 I 23 1 I A 35 I T 5 I
I------!--------------!---------------------!----------I-----------------!
I 8 I 226 24 1 I 9 1&3 A I 1 5 J
I 9 I 2&5 1 I 26 1hb 39 I ? T I
I 10 I 400 11 2 I 22 2&1 31 I \ r I
I II I 2&2 6 J 36 24A ?A I 2 1 I
I 12 I 229 8 I 24 12& 30 I ? r I
I------I------------.-I-------------------.-!----------r--------·--------!
I 13 I 340 23 I 35 214 22 I ? I 8 I
I J4 I 441 18 1 I 15 244 2A I 3 1 A I
I IS I 311 & 3 I 22 205 57 1 1 I h I
I 1& I 191 24 I I 13 19b 25 I 1 I I
I I 7 I ?&U 24 2 I 19 lOA 41 I I 1 6 I
1------1--·-----------1---------------------1----------,-----------------!
I 18 I 324 15 3 I 11 204 25 I ? T 61 I
I 1. I 227 14 I 34 203 ?? I , T lQ T
I 20 I 327 22 I 4~ 229 33 r 10 T 3 I
I 21 I 311 29 I 28 1134 21 I 5 r I
I 22 I 21 1 286 I 4' &0' 20 I , T I1------1--------------1---------------------1----------r _________________ r
I 23 I 256 23 1 I ~1 388 43 I ? T I
I 24 I 221 18 I 21 29h 1I 1 4 1 I
I 25 I 237 2~ I 3" 290 12 I I T I
I 2& I 130 14 2 I 22 333 18 I ? 1 I
I 21 I 2.& 1 I 59 421 10 I ~ 1 I
-----------------.-----.----------------.---------------------------------

20



KILAUEA SUMMIT KILAUEA FLANK MAIJN" LO~ TREt,.jO~ (MINUTES)
----_._._.-----.-._--_...._-------._-----------.------.--.---.------------
I ISI-lO~T LONG I KAO. LIP. LOri. OFF- I I KILAUEA MAUNA!
I DATE I PER. PER. 30 I & SW fAST OST SHOREILO"G SHORT" INT. LOA I
I 1979 I C,ALDERA KM I RIFT RIFT RIFT PPl IPE". FFR. I SHAL. DEEP II------I--------------!--------------.----_·!---------.T_._________ ._____ !
ISEP28 I 23B 7 I 16 158 12 I I 6 I
I 29 I 275 6 I 8 183 16 I 3 r I
I 30 I 015 8 I 0' 256 00 J I r I
IOCT I I 5'0 3 I 28 265 23 I 1 I I
I 2 I 27b 6 I 20 213 16 I 2 T I
I------l--------------l---------------------!----------r---·----·_-------l
I 3 I 375 11 I 18 2/13 3~ I 2 T I
I 0 I 8/15 3 I 19 202 00 I \ ! I
I 5 I '01 9 I 23 292 38 I ? I I
I 6 I 605 15 I 33 293 37 I I 3 29 I
I 7 I /1/12 20 I 20 250 2/1 I 3 T 8 I
I------I--------------l---------------------l----------T-·-·---_·--------!
I 8 I 57 /I I 26 222 10 I I I
[ 9 I /lIS 9 I 19 213 13 I T 6 I
I 1U I 723 1/1 I 21 272 1 /I I ! I
I 11 I 572 7 I 27 258 12 I , T I
I 12 I 613 11 I 51 372 13 I 3 I I
1·_·---1--------------1---··--_·_-----------1--·_·-----r····----------··-r
I 13 I /190 12 ! 73 268 18 I 3 I I
I 10 I 287 19 I 30 208 12 I I ! I
I 15 I 202 7 I 30 237 19 I r I
I 16 I 165 5 I 78 195 9 I I /12 25 I
I 17 I /112 13 I 28 161 30 I 2 I 8 28 I
I------I--------------!·_---··-------·---··-l----------T·---···----------I
I 18 I 748 12 I 27 300 22 I 1 I
I 19 I 352 10 1 I II 187 10 I ! I
I 20 I 309 18 1 I 10 222 1 1 I I 20 I
I 21 I /127 I' I 25 362 23 I I I
I 22 I 225 20 I 3/1 3/12 27 I T I
l-----·l------·····---I------------·--------I----------T--_·----·--------l
I 23 I 3/14 0 I 38 397 25 I 7 T 9 I
I 20 I 310 15 I 22 316 2/1 I 1 2 ! I
I 25 I 323 18 I /13 283 26 I 4 T 26 I
I 2. I 259 8 I 32 2b3 3' I 1 I 1 29 I
I 27 I 219 5 I 3' 237 38 I I I
1------1-------·----·-1---------------------1-·--··----1-----------------1
I 28 I /112 2 I 30 280 19 I r 3 I
I 29 I 200 3 I 20 214 19 I I 1 I
I 30 I 387 9 I 23 261 <0 I • I I
I 31 I 299 8 I 20 228 25 I I I
INOV 1 I 330 I I 28 290 19 I 3 I 5 I
1------1-----·--------1····-----------------1----------T-------·---------1
I 2 I 311 9 I 25 271 19 I 3 1 1. I
I 3 I 208 9 I <8 248 27 I 1 1. 6 I
I 4 I 188 5 I 28 219 13 I 1 2 I
I 5 I 318 1/1 I 27 286 6 I , I
I 6 I 358 3 I 25 3/10 29 I T I1------1----------·---1·-------·-----·------1---------_T ______ ·__________I
I 7 I 350 0 I 03 358 12 I 1 < I I
I 8 I 332 /I I 30 374 18 I 2 T I
I 9 I 373 6 1 I 32 281 21 I 2 r 2 I
I 10 I 399 11 3 I 31 338 2b I r 20 ~ I
I II I 315 9 I 32 042 24 I 2 /I r II I
---------------.----------------------------_._-------...• ----_..--.------
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KILAUEA SUMMIT KILAUEA FLANK MAUNA. LOI TREMOR (MINUTES)-.-.--------_._.-------- ..._._.-_._---_ ....-----------._-.-.-.---------...
I ISHORT LONG I KAO. UP. LOW. OFF- I J KILAUEA MAUNA!
I OITE I PER. PER. 30 I & S. EAST EAST SHOREILOI\IG Sl-lnRTJ INT. LOA I
I I ~79 I CALOERA KM I RIFT RIFT RIFT PPL IPF:R. PE~. I SHAL. OfEP I

. I---·--I··------------!·_-------------------I----------t-···-·-·_--------I
INOVl2 I 3~~ 2~ I 33 521 10 I I I
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Table 4. Coordinates of named regions.

Name (-------------------------------Limits------------------------------)

NORTH SOUTH EAST WEST DEPTHS
D M D M D M D M km

SPC 19 27 19 23 155 15 155 19 0 5.5
LPC 19 27 19 23 155 15 155 19 5.5 - 11
INT 19 29 19 18 155 22 155 12 11 -22
DEP 19 29 19 18 155 22 155 12 22 - 70
UER 19 23 19 19 155 6 155 15
KOA 19 23 19 17 155 15 155 19
SWR 19 22 19 16 155 19 155 25
UKF 19 29 19 22 155 19 155 30
MER 19 25 19 16 155 1 155 6
LER 19 31 19 20 154 47 155 1
POL 19 19 19 10 155 6 155 15
LSW 19 16 19 0 155 21 155 34
PPL 19 10 18 30 155 0 155 21
HLP 19 17 19 10 155 15 155 21
MOK 19 40 19 22 155 30 155 45
GLN 19 31 19 23 155 1 155 19
KON 19 55 19 15 155 45 156 10
HEA 19 22 19 0 155 25 155 45
KOH 20 15 19 55 155 30 156 0
NER 19 40 19 29 155 12 155 30
HIL 19 50 19 31 154 47 155 12
KKU 20 5 19 40 155 0 155 45
DIS EVERYPLACE ELSE

When coordinates imply an overlap. precedence is given as shown in Figure 2.
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

OUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P or S) used for solution.

NS Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

ERR km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code
2 for location of mnemonic
following meanings:

F - felt

L - long period character

for geographic location of event.
code. Additional one letter codes

See Figure
have the

T - associated with harmonic tremor

B quarry or other blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1979. Table 6 lists only events of
magnitude 3.0 or larger.
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Table 6 "VO EARTtHWAKE SU"'~'A~Y LIS T PAGE

ORIGIN TIIIoIE L" • LO' • tlEPT,.. ,vp " II" G'p HM, MIN ERM EHZ NO
YEAR MO. '" MRM'" SEC OEO MIN l)E r. '" Itl ,. H'G ,r, •• "S O£O SEC 015 K' KH FH HEMM

l Cn? JAN I 1821 3b.Ol " 21. 16 I" 4.19 0.' fI 2.' '.0 3' I .7 ... 3 .5 .' 31 MEH
I 2031 25.20 20 51.37 ". 3.bO 11 • 7 ~ 3.' 'l.2 " 3 27. .12 zq 3.7 3.3 35 OIS
2 5 3 ]9.H " 21 • 12 155 2.b3 1.9.5 2.7 1.2 33 I lOb ·O. 2 .5 •• 2. MEH
7 1914 5.(11 " 21 • 13 155 13.30 10.en 2._ '.2 " I 57 ·O. 3 •• .' " UE.

• 23 0 (/4.73 " 23.09 155 5.31 1.112 2.7 '. I 23 0 ,. ·" 3 .5 I • I 23 MEH

II 22' /,I~.59 Iq 22 .11 155 5.b8 2.~3 3.' ' .. 27 0 75 .15 • .5 2.b 27 ME.
II 524 52.51 " 23.3Q 155 5.4e ." l. , ".0 " 0 .. .OP 3 .' •• 17 MEO
13 755 2&.99 " 20.0b I" 1.98 (11.00 '. , '. I 33 0 •• • 10 5 .5 •• 2. UEO
I' 2112 3&.55 " 22 .32 155 4. ~1 fii.l.I2 '.1 '.3 33 0 •• ." • .5 .5 32 MEO
Ib 19Q1 13.78 20 22.3& I" 59.9H • "q '.' I • I 32 0 ". .\4 65 12.1 '.7 32 01' •
17 236 Q5.58 " 18,10 155 14.14 10. 'Iii ?' '. I 36 0 135 .10 7 .b .5 " POL.. 141q 15.41 " 20.12 155 12.38 9.liil 3.' '.2 " I 7b .00 5 .' .' 32 UEO
24 1322 tl5.87 " 15.14 155 2b. ch 9.iJO 2.' '.' 35 • 10' • 12 II .3 .' 20 LS.
25 1821 5.83 " 19.flQ 155 1 1 • i.q Q.73 '.7 3.' 31 0 ., .10 5 .5 .5 3' UER
2b 622 41.3& " 22.32 155 26.82 10.25 2.' '.2 32 • bl .10 2 .' .7 31 UOF

2. IQ22 53.48 " 22.b4 155 30.13 Iii.07 '-' '.' 33 0 57 .11 • •• •• 32 'OK
FE. I 1425 32.21 20 30.'58 155 35.75 17. uj) '.' '. I 21 3 303 .11 47 '.' lii8.9 17 OIS •

3 2" 4.28 " 20.40 155 12.08 ~.24 3.' ' .. " 0 " .0. • .' .3 33 UEO
3 52. 45.52 " 20.0t! 155 11 .96 10.lob 2.' J. , " 0 .1 .11 5 .5 .' 31 UEO• ." 8.64 " 19.51

1"
1.1)5 9, -1O l. , '.' zq a lD' .10 • I • I •• 2. UEO

• '" 3.00 " .22 156 21.12 3&.3\ 3.' l.7 23 • ". .10 •• 13.2 3.3 21 DIS
5 22 I 59.'n " 20.45 155 &.1& 8.tH 3.2 '. I 3' 0 1'3 .10 • .' .5 33 UER• 1651 18.1& " 22.7b 155 &.U& .'l 2.7 '. l 21 I .. .07 5 .3 •• II UEO• 217 35.&9 " 19.37 155 1.01 lii.tlO ,.- 3.1 33 I 1>1 .10 • .' .' .. u'o

13 I&S2 51.05 " 20. &0 155 4.25 e.5" 3. , '. l 36 0 100 .10 3 .' .' 36 MEO F.. 1)49 )q .81 I' lO.Ol 155 S.lll tl.19 2._ 3.l " 0 .3 .10 5 .5 .7 25 UEO
I. "'5 44.01 " 2b.97 155 19.27 10,!!1l l.2 '.5 " I .. .11 • •• .' " UKF F
20 1914 lO.28 " 21.82 1'5 15.78 2&,a9 '. I '. I 31 I " .00 I .7 .' 26 DE·
22 PIS 6.29 " 22.41 155 5,71 8,82 3.2 ' .. zq 0 7D .00 5 .5 .7 27 "0
23 252 21 .39 " 23.lii2 155 15.Q5 3, 17 2.5 .., .. 0 " .12 3 .l •• 2. sec

24 '" 53.92 " 19.73 155 8.3tl 9,21 2.7 l. I 33 I • 3 ••• • .5 .' " U'O
27 05' 53.05 " 11.80 155 40,09 5./07 '-2 ?' 24 0 ". .lD • 1.2 I •• 22 "E'

•• 0 2 221 18.22 " 20.21 155 11.16 9.lft 3 •• 11.1 " I 82 ·o. • .3 •• H U,O, 2148 11.81 " 24.58 155 28. 12 11 • 13 3.0 l. I '0 2 " .12 • •• .5 " UOF
5 20111 ~e.5B " 20.88 155 &.10 C1.lIti 3.' l.5 36 , 10' .\0 • .5 .' n UEO

• 25' 50.14 " 19.91 155 b.~9 C1.80 l.7 ••• " I 110 .10 5 .5 .' " UEO F

• 5 7 58.54 " 31.21 155 Ib.18 27. tl3 '.7 ' .. 3. 0 50 .09 11 .5 1.3 " NEO

• 1254 113.52 " 23.S9 15' t • bij 8.tl2 ?. 302 2R I 137 .10 5 .' •• 25 MEO
b 1957 20.2~ " 20.1IC1 155 i..06 7. 81 2.' l.l " I I" .10 2 .R .' 23 HEO
7 • • 1.91 to Ifii.lii7 155 7.45 C1. Ib 2.1!l '.2 " I '01 .09 5 •• .5 27 UEO

• 1411 3&.&6 " 23.02 I" 5.52 1 • 23 ?7 '. , 2l 0 7D .IO • .5 I •• 23 MEO

• 1442 37 • 15 " 24.54 155 1/1.12 2.til 2.7 3. , 20 0 .. .15 , .' •• " GLN F
\0 355 14.&5 " 20.05 155 0.&8 1ii.57 '.5 '.' 37 0 113 .10 5 .' .' lb UEO F
10 '54 49.2" .. 12.30 155 /11.01 7 • 1" 3.3 '.5 " • 115 .20 q 1.0 I.l 26 M,. ,
10 ... 33.31 " 18.03 155 7.03 10.13 3.1 '.3 31 • I.' .11 • .' .5 II .nL

11 01' 56.'i0 " 17.5Ci 155 5.91 10.1)9 3.' l.' 3D 0 '" .11 7 1.0 .5 " "0
11 1728 '5.11 " 30.84 155 Ib.84 2/1.i'5 3.' '.2 lb 0 50 ." IO .' 1.2 26 GLN ,
11 I. • 44.41 .. 20.24 155 ~.05 8.27 2.' '.2 " 0 .5 .07 5 .5 .7 2 • UEO

• 2



HVO EARTHQUAKE SU~MARY LIST PAGE 2

ORIGI~ TIME LAT N LON W DEPTH 'H' 1'1 11;1 G" RH' HIN ERH ER' NO
YEAR HON Oi HRMN SEC OEG HIN DEr. HIN " ~\A r. • .' C; NR NS OEG SEC OIS 'H 'H FH REMK

197q HiR 13 "1 ]9./12 19 20.08 \S5 12.09 9.21 '.' '.3 31 0 ,. .10 5 .' •• 2. UER
13 ." 6.81 19 21.10 15< 2b. 1b 11 • 2~ 3.5 '.7 3' 1 75 .12 , .' • 5 3 • HEl F
15 '55 I.Ob 19 22.12 155 #>.30 1.43 3. , '.7 27 0 75 .1' • .' 2.' 25 UER
15 \1110 14. bb 10 22.&7 155 S.en .11 3.' fl.O 21 0 " .Il 5 .' 1.3 '0 HER
20 13 3 9.'l1 ,. 21.0b 155 7.6b 8,lfll 3.' '. , " 1 ., .00 , ·, .5 25 UER ,
20 16 , 35.18 ,. 1l0.bO '55 3.62 10.00 ,.. , • 1 15 0 '12 .17 30 1.5 2.1 1. HIL •21 20'1& 5Cl.7Cl " S.qq '55 50. lUI lb.Z? '. , /j • <j 37 1 '" .Il •• .7 17 .b 32 KOH F'

" 213& 30.9] ,. 20.73 '55 1,50 CI,IlB '.7 '.1 31 1 •• .07 5 .5 .5 ,. UER
25 .50 17./\ 7 ,. 21 .2S '55 7.88 9.'IQ 3.1 ' .. 35 1 77 •O. , ·, .3 32 UER

" 1341 25.li 1 ,. 20.80 '55 8.U8 7.011 3.' J. q 28 ,
" .Il 3 .5 .' " UER ,

27 2130 '1.80 20 S.1l2 "5 50.08 12 • .J 1 ' .. '.' " 0 "5 .,. 45 3.' 5 •• 32 'OH F
27 213U 114.92 20 3.B2 1S5 tlll.83 10.311 3. , '.' 30 1 2" .10 '. 3.5 1•• 25 'OH
28 55' 50.5& ,. ll.!!! '55 /l.11 1\1.13 3.' '.0 32 1 '7 .08 , .' •• " I~E R,. ". 2.32 20 B.b1 ". Ijl.4Q 13.1 II 3.1 '.1 " 1 ,., .12 51 3.' '.3 2' 'OH,. 1324 116.69 ,. tl7.f.7 IS. 17."tt 12. q3 '.7 '.0 25 0 ,,. .Db " 3.5 23.1 21 PPL •,.

" • bll.78 ,0 48.35 ," til. 11:1 .1/1 5.' '.7 37 1 28. ·,. •• 13.2 '.3 34 DIS •
30 125& 21.12 " 3.63 155 /l9.'H 2 \ • 7q 3.1 '.3 33 1 ". .10 • 3,1 '.' " 'OH

"R , 1923 2/l.55 ,. 22.13 IS' 59.91 &. 11 ,.. '.0 31 0 101 .Il • .' .' 30 LEA F, 201'1 58.71 ,. ?O.q'l 155 1 .33 &.87 3.3 '.' 32 0 ,..
• O' 3 • 7 ·, ,.HER• ,. e 57.88 ,. 26.311 1'55 21.23 Q.78 3. , '.7 34 , '7 .Il 7 ·, ·, ,. UKf

II .,. 1,I&.1I1i ,. 20.15 IS. 13.29 1:1.11/.1 3. 0 '.1 n 1 '" .08 5 •• •• ,. UER
1• 331 12.71 ,. 23.97 '55 15.7& 5.31 '.' '.' 3b 0 .. .13 3 •• .7 33 SPC ,
14 1524 ." ,. 20. Q/.I IS' 13.31 Q.51l ~. ,:l '.0 33 1 " ." 3 •• •• ,. UER
15 115 18.55 ,. 23.10 15. 1~. 28 3.1.11 '.' I. , 30 1 •• •o• , .3 .5 " SFC

" 202Q 53.81 ,. 15.34 IS. 2/l .11 1l1.4/.1 3.' I • , 33 0 ". ." • •• 2.' 31 LSW F

21 12111 52.33 ,. 20.12 15. 2Q.OLl ".2~ 3.0 ~.2 " 0 71 .Il 5 ·, 1.0 26 HEl
21 1851 b.7S ,. lS.bQ IS. 13.25 10,6'5 3.0 '.' 31 1 133 .0' 7 •• .' 2' POL

" 1" 38.11 " b.1Q 15' 511. &2 ) \ ,uS '.1 '. 1 33 1 '" .10 14 '.' ,., ,. 'OH

" 2114 1.15.51 20 ICl.50 IS. 32.3Cl 1 ,1 t) '.' '.3 ,. 0 277 .10 n 3.' '.0 ,. DIS
27 142& 55.2b 16 51.'3 '55 2t'.01 30.70 ~ .11 ,.. 3b 1 '31 ." 21 1 • 0 1 • 7 33 DIS

30 22 , 32.53 ,. 1l2.115 15. 11 .13 7. 00 '.0 '.' 34 0 ,n .13 " '.' 85.1 34 PPC •
"AY 2 21 , 47.95 ,. 2/l.71 155 2Q.21 10.56 3., ,., ,. 1 3' .10 • .' .5 32 UKf• 1851 7.32 ,. 13. JO '55 35.88 €loll, '.1 '.' 30 0 '. • 24 • •• , .3 '" HEl• 2122 117.41 ,. 11.&6 IS. 31.46 S,.. "i~ 3.0 " 0 17. .,. Il ,.0 '.' Il LSW 7

10 1037 45.76 ,. 2&.28 1S5 2/.1.117 10.Q" "0 '.' 33 0 " .13 7 • • .7 " UI(F

Il 1345 26.QIl ,. 2001 4 IS. 3.87 Q.31 '.' '.1 35 1 13' .12 , ·, •• 30 HER
Il 135Q 37.33 ,. 2P,IlI 15. 3. Q 1 9.21- 3,3 <.1 " 0 '14 .Il ,

•• .' 33 "ER ,
II 1455 50.&1 ,. 20.44 155 3.81 8.'n '.' '.1 " 1 110 .10 , .7 •• ,. HER
II 122f- 17.33 ,. 23.26 IS' 3.3& 6. 101 2 3. , '. , 24 0 'Ob .10 3 .' .5 ,. H'R
13 t 138 39.85 l' 23.05 155 3.04 Q.I.! 3.11 '.2 " 1 120 .05 • .5 .' 23 "'E~

14 1057 31,1.12 ,. 16.80 155 /.17,21 9.<15 ' .. '.' n 0 '03 .Il • .5 .' 27 KO~J

14 1838 IlS.l1 ,. 2.42 155 2.28 51 • In 3.0 ' .. 37 , ,., .07 ,. 1•• ,.' 32 Ppc
17 530 52,21 ,. 27. ClO 1S5 24,2Cl 10.v1 ". '.3 35 1 35 .10 • •• •• 31 UKf F
21 21t12 2b.21l ,. lQ.83 15. 12.00 Q.23 3.' lj.2 " 1 .5 ." • • 3 •• 21 UER
23 3 • "1l.27 ,. 23.88 15. 2b.62 8.'Hl '.' '. ' 35 0 47 .13 • .' •• 31 UKf

23 1651 14.0& ,. 57. bb 1S5 37.011 11 • ..s5 '.' ~. 1 " 1 '" .Ob " 1. , •• " 'OH
24 162& b,09 I" 23.05 t 55 1".98 3.1.1\ 3.2 '., 3b 1 •• .oq , .3 ·, " GLN ,
" ." 58.32 .. 50.07 IS' 21 • "2 1. (It '.1 I .' " 0 337 .52 01 99.0 gQ.O 10 DIS •

.,



HVO EARTHQUAKE 5U~~ARY LIST PAGE 3

ORIGIN TIME t,.AT N LON W DEPT .. ,H' f}IIR GOP RH' HIN ER. ERI NO
YEAR HON O' HR~lN SEC OEG Io4IN OEO >IN .. H" "G NR N' OEO SEC DIS 'H 'H 'H R[1ol1l

I~H H., " 11150 33.82 .. 22.39 ISS 0.71 1f,05 '.0 '.0 ,. \ 81 • O. 3 .5 .S " HER.. 1143 55.00 19 21. lib ISS 12.60 b.1Cl '.0 '.' 32 \ 55 .11 ,
" " " UER.. 1744 54.1f7 19 22.33 ISS 12.47 4,70 '. \ '.' " 0 •• .IS • •• '.' 12 UER.. 17411 7.55 ,. 22.25 ISS 12.81f ." '.1 '. , " \ '" ." S " .' 12 UER.. 1752 17.05 19 21.42 ISS 12.1f2 b.72 '.' '.K 20 0 •• .11 , •• .7 II UER

JUN , ". 11.b4 ,. 20.36 ISS 13.78 1f.63 3.0 '. , 37 , S' .10 • .' .' 32 UER
\ OS' 58.24 ,. 22.20 ISS 4. cHI 9,20 '.0 '.' "

,
" .11 3 .S .' .. HER

S 1216 36.41f ,. 22.32 ISS 4.53 11.82 3,1 >.' 37 0 •• .0' 3 .S ,5 " HER
7 S , '5".3/1 ,. 23.1 4 '55 4.04 11.31 '.K ,. , .. 0 •• ,0' 3 ,S ,5 28 HER
• o , 17.1111 ,. /19.112 "S 4'5.17 13.92 '.K ,. , " 0 '07 .0' 18 " •• " KDN

• • 7 53.30 ,. 2/1.10 "S 28.23 10.117 3. , '.3 38 , 32 .10 • " .S " U',
12 ". 51.07 ,. 20.71 "S 3.0'5 1 • 71 '.' ,.,

"
, 125 .08 ,

" .7 28 HER
12 165'5 48.83 .. 20.35 "5 20.70 12.22 ,. \ '.0 38 , 00 .10 • .' ., ,. UK',. 1517 ]11.3/1 ,. 20.03 "5 10.70 1f.9ft ,., '.5 ,. , 87 .1> • .' .' " UER ,
21 ." 3 1 • 6 1 ,. 19.58 "5 8.'56 1f.'54 '.' 3.' .. 0 ,. .10 • " .' " UER

" 1835 50.26 ,. 21.111 ISS 1.92 11.58 '.K ,. \ 27 0 IS' .0' • .' .' 27 HER,. 2141 59.17 ,. 26.54 "5 '52.01 10. 1 t ... '.' " 3 10' ·,. • ,5 ,S " KON
JUL , lU2 44.113

"
23.63 "5 26.611 J 0.74 ,., '.' .0 , '7 .11 3 " ,S 30 UK' ,• 1727 15.89

"
20.77 "5 7.86 9.42 '.' '.7 " 0 .. .\ 0 • .5 " " UER ,

S '" 46.11 ,. 28.09 ". 09.05 11,61 '. \ '.5 3' ,
'" .13 10 '.' • S " LER

• SO. 34.42 .. 23.74 ISS 15.71 2.81f '.' ,. , 27 I 51 .11 , .3 ,3 ,\ ,PC
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe in
geologic terms the volcanic activity associated with the seismic events included.
The summaries are issued in two parts. Seismic data appears in Part 1, and
deformation data appears in Part 2. The seismic summaries are offered without
interpretation as a source of preliminary data. The seismic summary is complete
in the sense that all data routinely gathered by the observatory are included.
The emphasis in collection of tilt and deformation data has recently shifted
from quarterly measurements at a few water-tube tilt stations ("wet" tilt) to a
larger number of continuously recording borehole tiltmeters, repeated measure
ments at numerous spirit-level tilt stations ("dry" tilt). and surveying of
level and trilateration networks. Because of the large quantity of deformation
data now gathered and differing schedules of data reduction, the seismic and
deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly. but cost, convenience of prepa
ration and distribution, and the large quantities of data dictated an annual
format beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation. calibration and processing
used in recent years. The present summary includes enough background information
on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report ("Hawaiian Volcano Observatory Seismic Network History
19Scr79," U.S.G.S. open file report 80-302, 1980). It is designed as a reference
for users of seismograms and phase data. and so includes and goes a bit beyond
the information in the station table in this summary.
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CHRONOLOGICAL SU~fliARY - 1980

by

Robert W. Decker

Yearly summary: 1980 was the year Mount St. Helens did and Hawaiian
volcanoes didn't. There have been no eruptions in Hawaii since the small
outbreak at Pauahi Crater on the upper east rift zone of Kilauea Volcano in
November 1979. Mauna Loa Volcano continued in reposfr with a pattern of slow
inflation and few earthquakes, but Kilauea had five significant intrusive events
during 1980 (March 2, March 10-12, August 27-28. October 22, and November 2).
These intrusive events were characterized by shallow earthquake swarms, volcanic
tremor, rapid deflation of the summit area with simultaneous ground deformation
in the earthquake swarm area, and sometimes volcanic gas emissions. They are
interpreted to be intrusions of magma into shallow dikes beneath the rift zone.
Magma moving into these new fractures is apparently resupplied from the summit
reservoir. Rough estimates of the extent and volume of these inferred dikes
can be made from the observed data. Seismicity provides the key information to
estimate the length, height, depth to top and propagation rates of the dike.
Subsidence of the summit area provides an estimate of the total volume and rate
of supply of magma involved in the intrusions. Gas emissions of C02 and S02
occurred at the surface over the inferred intrusions on three occasions. In
two of these cases, the seismic data also indicated a shallow depth (0.5 km) to
the top of the intrusion. The following table indicates the approximate nature
of the five inferred intrusions during 1980:

Propaga tion EM
Minimum Rate Anom-

Date Location Length Height Depth Volume m/hr Gases alies
Mar. 2 Hiiaka 2km 2 km 1km 0.6 X 10bfnJ no no
Mar. 10-12 Mauna Ulu 5km 3km 0.5 km 5.3 X 106m3 200-500 yes no
Aug. 27-28 Puhimau 4km 3km 0.5 km 2.3 X 106m3 1000 yes yes
Oct. 22 Mauna Ulu 2km 2km 2km 0.6 X 106m3 yes yes
Nov. 2 Kokoolau 2km 2 km 1 km 2.0 X 106m3 700 no no

The occurrence of theSe five intrusions without eruptions further confirms
the major changes in structure and eruption mechanics of Kilauea Volcano caused
by the magnitude 7.2 earthquake in November 1975. From 1959 until the major
earthquake, Kilauea had 24 eruptions and 12 intrusions without eruptions; since
November 1975, Kilauea has had 10 intrusions without eruptions and only two
eruptions. The major seaward displacement of the southeast flank of Kilauea
during that M 7.2 earthquake apparently reduced the accumulated stresses across
the east rift zone, making it easier for small dike intrusions to dilate the
rift zone.

Besides these relatively rapid magma fracturing events, longer periods of
slow deflation of the summit and slow inflation and dilation of the middle east
rift zone from Makaopuhi to the Pahoa-Kaimu highway have continued to occur
during 1980. The volume of magma involved in this slow leakage into the rift
is difficult to estimate. Deformation measurements are not easy in the fern
forests of the middle east rift, and an assumption must be made on the rate of
magma supply into the summit reservoir beneath Kilauea. Using 100 X 106m3 per
year for that assumption, some 250 X 106m3 of magma could have moved (without
magma fracturing) into the middle east rift over a zone 25 km long since October
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1977. An alternative estimate based on the cumulative amounts of slow summit
deflation since October 1977 indicates 140 X 106m 3 of magma may be involved. A
blade-shaped body of magma 25 km long and 3 km high would have to dilate 2 to 3
meters to accommodate these estimates of additional magma. Th.is amount of
displacement seems high but not impossible. Refining these estimates of slow
magma movement into the middle east rift of Kilauea, and determining how both
slow and rapid (magma fracture) intrusion can take place along different segments
of the rift is one of the research challenges of the years ahead.

An experiment in quantitative forecasting of eruptions of Kilauea on a
probabilistic basis was started by Fred Klein in September 1980. It uses summit
earthquake counts, tilt amplitude and rates, and the biweekly tidal cycle to
estimate the eruption probability of Kilauea for the next day. week or month.
It will take several years to evaluate this dynamic approach as compared to the
average probability of eruptions from historic data.

Gas emissions from Halemaumau Crater provided most of the volganic gases
lost from Kilauea during 1980. ~02 emission averaged about 3 X 10 kg per day
and S02 emission about 0.17 X 10 kg per day.

Twelve earthquakes of magnitude 4 or greater occurred beneath or near the
Island of Hawaii in 1980. The largest was M 4.6 at a depth of 27 km beneath
the south flank of Mauna Loa on January 19 at 15:28:49 Hawaii Standard Time.

The observatory staff of 27 people consisted of 10 scientists and 17
support personnel. This group monitored 48 seismic stations. 525 horizontal
distance lines, 275 km of level lines, 123 tilt stations, 3 tide gages, 120
gravity stations, 12 self-potential lines, 3 electro-magnetic induction loop
stations, and 12 gas-sampling sites. Some of these monitors are continuous;
others are occupied at various intervals. Fifteen members of the staff were
involved with studies of the Mount St. Helens eruptions. Individual efforts on
the St. Helens' projects varied from I week to 6 months, and total participation
amounted to 36 person-months. Other temporary research assignments involved
staff investigations in Argentina, Indonesia. South Korea, and the Azores.
Geologic mapping was continued on Hawaii by three USGS geologists closely
associated with the observatory. AVO cooperated with 58 guest investigators on
32 research projects with durations ranging from 2 days to 2 months. nvo
members presented 9 papers at scientific meetings and published or contributed
to 13 papers and 8 open-file reports. HVO also issued weekly, monthly, and
yearly reports.

Hawaii Volcanoes National Park estimated their 1980 visitors in excess of
2 million. About 70% of these visitors (1,400,000) stop at HVO to view Kilauea
Caldera and to peer into the observatory windows. A very small percentage of
these visitors (1,200 in 1980, including the Dalai Lama) sought and gained
entrance to the inner workings of the observatory. Most are truly curious
about how volcanoes work, and we wish that we could satisfy even greater numbers.
It's been a busy year in many ways and I thank everyone at HVO for their full
measure, especially Reg Okamura who so ably took charge while I was often away
at Mount St. Helens.
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SEISHIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and maintains
an extensive telemetering seismometer network on the island of Hawaii. In Decem
ber 1980 the seismometer network consisted of 46 stations; two are low-gain
multicomponent stations (optical), eight are three-component, and 36 are vertical
only. During 1980, three new stations were installed on Kilauea's lower east
rift to supplement the Pahoa station. In addition, the horizontal seismometers
were redeployed, and the two-component stations (vertical plus one horizontal)
were eliminated. The coverage is most complete on and around Kilauea Volcano.
With the exception of HIL, all seismometer signals from the short period
network are telemetered to the observatory for recording.

Figure 1 is a map of selected geographic and geologic features. and Figure
2 shows the seismic stations which were operated during the year. Table 1
lists all seismic stations operated by the U.S. Geological Survey in Hawaii
during 1980. A few stations were only operated for part of the year. Listed
are station name, three and four letter codes, coordinates in degrees and
minutes, elevation in meters, and other data described below. In addition to
seismometers listed in table I, a horizontal seismometer of type 3 or HI and a
long-period, three-component set of Press-Ewing seismometers are operated in
the Uwekahuna vault, all recorded on photographic paper.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (veo) for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type I, the NCER
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Develo
corders using 16rnm microfilm. FM signals from the telemetering network are
also recorded directly on one-inch magnetic tape. Selected larger events are
copied onto condensed FM library tapes which are currently archived in Menlo
Park and archived in digital form at HVO as part of the routine location process
ing. The type of recording used for each station (in addition to magnetic tape
for the telemetered stations) is coded in table 1 as follows: D - Develocorder
film, S - smoked paper drum, P - photographic paper, H - Helicorder paper.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui. and on Oahu (Kipapa station operated by the
Pacific Tsunami Warning Center). The less sensitive optical records are used
primarily for amplitude measurements for magnitude calculations to supplement
readings from the high-gain stations. The paper (optical) records as well as
the 16mm Develocorder microfilm are archived at HVO.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL, table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak amplitude measured in rom on the 20x Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Calibration is normally done each time a station is visited.
CAL factors range from about 1 to 8, averaging about 4. A detailed history of
Cal factors and other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian
Volcano Observatory Seismic Network History 1950-79, u.S. Geological Survey
Open File Report 80-302, 1980.
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Table 1. Seismometer stations in Hawaii operated by the U.S. Geological Survey, 1980.

STATION NAME COnE ··LAT--· - ... ·LON·-- ELE V OFL" DELAV CAL sus OPTIC
0 " 0 M ( "', } 1 2 TYPE PECORD-.----- ... _------.-_._--------_ ... _---------------_.-._--.-.--_ ..-._ ....._-------

AHUA AHU Z 19 22."0 155 15.90 107n - • 1 () •• 13 2.7 E" 50
AHUA. AHUE E 19 22."0 155 15.90 1070 -. I Q - .13 .0 E"
AHUA AHUN N 19 22."0 155 15.90 1070 - • 1f'1 - • 13 .0 E"
AINAPO AIN Z 19 22.50 155 27.&2 152" • 1~ .17 3.3 E 0
AINAPO AINE E 19 22.50 155 27. &2 152" • 13 • 17 .0 L
AINAPO AINN N 19 22.50 155 27.&2 152~ .13 • 17 .0 L
CAPTAIN COO~ CAC Z 19 29.29 155 55.09 323 • (H' -.1& 3.& L" 0
CONE PEA~ CP~ Z 19 23.70 155 19.70 103A -.a~ -.07 &.0 L" 0
DANDELION DAN Z 19 21."2 155 tlO.04 3003 -.27 .03 6.0 L 0
DESERT DES Z 19 20.20 155 23.30 A15 ·.2 Q -.13 3.5 E SO
ESCAPE ROAD ESP Z 19 2".68 155 1".33 1177 - • 1 7 -.19 2. I L 0
HAWAIIAN 8EACHES HAS Z 19 31.89 15" 53.89 92 -.o~ -.2t1 .0 L"
HALEAKALA., MAUl HAE E 20 "6.0n 156 15.00 2090 .OQ .00 I .0 W P
HALEAKALA, MAUl HAL Z 20 t16.00 156 15.00 2090 .QO .00 .1 HI P
HALEAKALA, MAUl HAN N 20 46.00 156 15.00 2090 .00 .00 I .0 W P
HILO HIE E 19 "3.20 155 ~.30 20 .sa .30 1.0 W P
HILO HIL Z 19 "3.20 155 5.30 20 • I:j II .30 1.0 HI P
HILO HIN N 19 "3.20 155 5.30 20 .5" .30 1• 0 W P
HIL INA PAll , HLP Z 19 17.9b 155 lA.63 107 .O? .07 2." E n
HALE POHA~U HPU Z 19 "'.85 155 27. 50 3H6 • 31 • I 7 3.7 E 0
HUMUULA SHEEP ST HSS Z 19 3&.31 155 29.13 2""5 .2° .35 2.7 L" 0
HUALALAI HUA Z 19 "1.25 155 50.32 2189 .eT .38 3.0 E 0
HEIHEIAHULU HUL Z 19 25.13 15" 58.72 3&9 - .17 ... • 16 2.2 E DS
~AAPUNA KAA Z 19 15.98 155 52.28 S2~ ·.1;J -.01 ".2 E 0
KAENA POINT ~AE Z 19 17.35 155 1.q5 37 -.01 .06 I .3 E 0
KAOIKI FAULTS KFA Z 19 25.2& 155 25.1 " lS79 • I ~ • 17 .0 E H
KAOI~I FAULTS ~F8 Z 19 25.26 155 25.1" 1579 • 1~ • 17 .0 TE S
KAHU~U ~HU Z 19 1".90 155 37.10 1939 • QI ·.03 ".0 E 0
KANEKII ~II Z 19 30.56 155 "5.90 1M" 1 • 1" .37 " • 1 E 0
KANEKII KIIE E 19 30.56 155 "5.90 1Aln • 15 .37 .0 l
~ANE~II KIlN N 19 30.50 155 t15.90 18Ul

• 1" .37 .0 L
KIPAPA, OAHU KIP Z 21 25."0 158 .90 " 6 .on .00 .6 HI P
KEANAKOLU ~~U Z 19 53.39 155 20.58 1863 .6A .2" 1.1 L 0
PUU ~ALlU ~LU Z 19 27."8 15" 55.26 271 -.17 -.30 .0 L. 0
KOHALA ~OH Z 20 7.69 155 46.11 11&" -.O~ - .11 2.2 L D
KOHALA KOHE E 20 7. 69 155 "&.77 1166 -.0' -.17 2.2 L"
~OHALA KOHN N 20 7. 69 155 "6.77 1166 -.O~ -.17 2.2 L"
KIPU~A NENE KPN Z 19 20.10 155 17."0 92" - • 1 1 -.08 ".3 E 0
~APOHO ~PO Z 19 30.02 15" 50.51 13" ... oc -.2" .0 L"
~ALALUA LUA Z 19 2".55 155 ".25 622 ".25 -.30 3.9 L OH
MAUNA LOA "LE E 19 29.80 155 23.30 20lQ .0' .08 .0 55
MAUNA LOA "LN N 19 29.80 155 23.30 Z010 .03 .08 .0 55
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 .Q' .08 5.8 L" SO
MAUNA LOA MLOH 5 19 29.80 155 23.30 2Ul0 .03 .08 .0 E
MAUNA LOA "LON N 19 29.80 155 23.30 2010 .03 .08 1.5 L"
"AUNA LOA MLV Z 19 29.80 155 23.30 2010 .Q' .OA .0 55
MAUNA LOA X I;LX Z 19 27. 60 155 20.70 1"7<; .oe • 15 2. 1 E
MAUNA LOA X MLXH E 19 27.60 155 20.70 1"75 .0' • 15 .0 E
MO~UAWEOWEO "OK Z 19 ZQ.28 155 35.98 "10" • 1<; • 16 ".0 l" OH
MAKAOPUHI MPR Z 19 22.07 155 9.85 881 - • 1 7 -.20 I • " L 0
';OUNTAIN VIEW MTV Z 19 30.25 155 3.75 ,09 -.0> .01 ".8 E 0
NATIONAL GUARD NAG Z 19 "2.12 155 1.72 18 .5" .30 ".5 E 0
NORTH PIT NPT Z 19 2".90 155 17.00 1115 -.3 0 - • 18 ".5 E" so
OUTLET OTL Z 19 23.38 155 16.9" 1038 - .19 -.18 ".9 L"
PAUAHI PAU Z 19 22.&2 155 13. I 0 99" -.21 -.2" 2.M E SO
PAUAHI PAUE E 19 22.62 155 13.10 99" -.?1 -.24 .0 L"
PAUAHI PAUN N 19 22.62 155 13.10 99" -.21 -.2" .0 L"
PUU HONUAULA PHD Z 19 28.90 15" 53."0 215 -.Oq -.2" 3.2 E 0
PUU HONUAULA PHOE E 19 28.90 15"753. "0 215 -.OQ -.2" .0 L"



Table 1 (continued)

PUU HONUAUlA PHON N 19 28.90 IS- 53 •• 0 215 -.OQ -.24 .0 l-
PUU ULAULA Pl' Z 19 32.00 155 27. &7 2992 - • 0 , • I 3 5._ L D
PQHOIKI POI Z 19 21._2 IS_ 51.22 1" _.n'=! ".24 • 0 l_
POLIOKEA>'E P'LI POL Z 19 17.02 155 13.41 tb9 -.O~ .03 3.5 E 0
PUU PILI PPL Z 19 •• 50 155 21.67 3' ".1~ - • I 5 1 .1 E 0
PUU KAI-1QAMOA PUK Z 19 23.00 155 &.25 70_ -.~~ -.30 • U L 0
RIM ,;0 1 r~ 7 1. 23.90 ISS 1&.bO 1128 ... ~ 1 -.13 .0 L_
SOUTH POINT SPT Z 18 58.91 ISS 39.92 2-4 - • 17 -.22 2.1 E 0
SOUTH POINT SPTE E 18 S~.91 155 3•• 92 ?t.lLJ - • 11 -.22 • 0 l_
SOUTH POINT SPTN N 18 58.91 155 39.92 :?lJlJ -.11 -.22 .0 L4
SOUTHt;EST RIFT SwR Z 19 21.26 155 36.30 LlV'u~ .01 .0_ b._ L 0
UWEKAHUNA US~ E 19 25.40 155 17.&0 12"0 ... 2 1 .00 1 • 0 S P
UWEKAHUNA USZ Z 19 25.-0 ISS 17. bO 12UQ -.21 .00 I .0 S P
\~AHAULA \AJHA Z 19 19.90 1~~ 2.Q2 29 - • t ('l -.0_ lob E 0
iVIlKES CAMP WIL Z 19 28.15 I~S 35.02 _031 .2' • 1 7 2.& L 0
l'JOOO VALLEY WOU Z 19 15.06 ISS 30.12 ·09 - • 1 c; -.0& -.& E 0

Table 2. Seismic Instrumentation Types

The codes in parentheses refer to the seismometer types litsted in Table 1.

b) Preamp/VCO-

Type 1. (Codes E, L,
a) Geophone-

and 4) Consists of:
Electrotech EV-17 (E) or Mark Products L4C (L) 1.0 sec.
period moving magnet vertical component seismometer or
horizontal component adjusted for an output of 0.5 volts/
em/sec. and 0.8 critically damped.
USGS/NCER Model J302 or J402 (4) voltage controlled oscil
lator. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signals are transmitted on audio FM carrier over
cable or FM radio link to HVO.

Type 3. (Code H1) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil
seismometer with HVO-built solid state seismic preamplifier, galvanometer
driver, and 2 Hz galvanometer. Peak magnification approximately 40,000 at
4 Hz.

Type 4. (Code S) Consists of:
Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor" 0.25, 2X critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Codes (TE) and (55) are experimental seismometers.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismographs
recorded optically on photographic paper. Type 1 is the standard
NCER seismometer recorded on Develocorder film and magnetic tape.
The curve for Type 1 includes response of the geophone, all electronics
including telemetry, Develocorder galvanometer, and projection of
film by a 20X viewer. The curves plot the unit response which should
be multiplied by a constant but known factor (CAL), to get the response
for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned for earthquakes. and coda durations are
measured for magnitude determination. Events are digitized, timed, and located
on the Eclipse computer at HVO. Computer locations are made using the program
HYPOINVERSE (Klein, F.W., Hypocenter location program HYPOINVERSE. U.S.G.S.
Open file report 78-694, 1978). and problem events are reread and rerun.
Magnetic tape copies of all arrival time and output summary data are kept in
Menlo Park and HVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22 1 N and 155°10'W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations and signal or coda duration on short-period
vertical stations. Amplitudes read from other than Wood-Anderson instruments
are corrected to an equivalent Wood-Anderson amplitude using the curves of
Figure 3 and CAL factors. Amplitude magnitudes larger than 2.5 are generally
based on the Wood-Anderson instruments in Hilo or Type 4 seismographs at Uweka
huna. Smaller events may occasionally include amplitude readings from stations
AHU, KAA. OTL. PPL, KHU, PHD, or WIL.

Duration magnitudes are determined from the length of Signal in seconds
read from the Develocorder viewer. This time. also called the "F-P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to compute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magnitudes are
relatively insensitive to station response and can be detenmined using the
high-gain short-period stations, it is felt that duration magnitudes are more
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude determination are:

duration <210 sec
duration >210 sec

M - -5.2 + 3.89 log (F-P) + .013 ~ + .0037 D
M • -.905 + 2.026 log (F-P) + .013 • + .0037 D

where ~ and D are the depth and epicentral distance in km.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
small to locate are counted daily. and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. Many smaller
events are located also. Substantial effort 1s made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on the south flank. but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters are given in Figures 8-13.
The epicenter maps are on different scales, and show both all located earth
quakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and depth. Figures 4-7 are maps of the regions used
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is given according to Figures 4-7. Table 6 relists the events in
Table 5 for which either duration or amplitude magnitude is 3.0 or larger. It
is felt that this list 1s a more objective measure of large earthquakes than a
list of felt earthquakes.

Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Kilauea.

Earthquake categories are:
1) Kilauea summit. short period caldera: shallow earthquakes beneath

the caldera.
2) Kilauea summit. long period caldera: earthquakes characterized

by low frequency signatures, often originating 5-10 km below
the caldera.

3) Kilauea summit 30 km: from about 30 km depth.
4) Kaoiki and southwest rift: southwest rift of Kilauea, western

parts of the Koae faults and adjacent Kaoiki fault system.
S) Upper east rift zone of Kilauea including the eastern parts of

the Koae faults.
6) Lower east rift zone of Kilauea.
7) Offshore PPL: earthquakes from offshore areas south of the Puu

Pili station, including Loihi seamount.
8) Mauna Loa long period: low frequency events near Mauna Loa

summit.
9) Mauna Loa short period: shallow earthquakes in the Mauna Loa

caldera region.

Tremor is separated into four categories: shallow, intermediate and
deep Kilauea. and Mauna Loa. Depth is inferred on the basis of
relative amplitudes on seismographs.
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KILAUEA SUMMIT KILAUEA FLANK ""AI)N4 LO' TREMOR (' INUTES)
_._.---.-.---.-.-----------------------------------------------------.-.-.
I ISHORT LONG I KAO. UP. LOW. OFF- I I KILAUEA MAUNA!
I DATE I PER. PER. 30 I & SW EAST EAST SHQREILOl"!; SMOPTt INT. LOA I
I 1980 I CALDERA KM I RIFT RIF T RIFT PPL IPEQ. PF"Q. • SHAL. OEEP I
I------J--------------!---------------------l----------T-----------------I
IJ.N 1 I 121 21 I 33 200 )8 I 5 - , I
1 2 1 137 8 1 31 182 12 I , , I
1 3 I 108 4 I IR 1&7 22 1 1 T 1
1 4 I 123 31 I 30 I _7 Ib I 3 r 7 1
1 5 1 158 18 I 1 34 203 29 I ? r I
I------I--------------I---------------------!----------1-----------------1
I & 1 191 2 r 31 211 17 I I I I
I 7 I 193 2 1 I 38 272 2_ 1 I 1
I 8 I 35 2 I - 10& ?4 1 T 1
[ 9 I _8 & I 10 91 & I I 1
I 10 I 13& 1 I 1 23 85 8 I T 1
1------1--------------1---------------------1·---------1-----------------1
I II I 339 1 1 I I 1&& 7 1 9 , 2 1
I 12 I 383 2 T 20 221 13 I 9 T I
[ 13 I 29& - I 38 21 1 24 I T I
I I_ I 39_ 3 3 I 2_ 205 32 I 3 n , 9 I
1 15 1 295 7 1 I 32 1&_ 7 I T I
1------1--------------1---------------------1----------T-----------------l
1 1& [ 21_ \- I 25 571 9 I -

, 1
1 17 1 107 7 I 29 23b I 3 1 T 1
I 18 1 17 1 & I 31 156 11. 1 1 , r 2 I
[ 19 1 288 20 1 22 185 b8 I 2 T I
I 20 1 358 32 1 37 192 29 1 , 1
1------1--------------1----------------·----1----------I--------·--------!
I 21 I 579 3_ 1 32 303 22 I I I 2 1
1 22 I &3& 39 1 28 _75 1& 1 2 , I
1 23 I 211 B 1 30 335 ?8 1 I ~ • - I
1 2_ I 2&3 21 1 I. 327 13 I 2 ?O I 3 I
I 25 I 231 32 I 33 2&_ ?5 I • • 1
1------1--------------1---------------------1----------r-----------------I
1 2& 1 11 & 19 1 33 1.5 3& 1 3 2 T 1
1 27 1 157 1& 1 .& 195 37 1 & I 1
1 28 1 223 15 1 50 32& 10 I - 9 , 5 1
I 29 1 222 13 I 37 209 3 1 10 r 7 1
I 30 1 I 1& 8 1 37 175 20 1 I I

1------1--------------1---------------------1----------J-·---------------l
[ 31 I 281 33 1 39 228 7 1 3 I 1
IFE8 I I 33_ 18 I 3_ 232 9 I 9 [ 1
1 2 I 3&5 • I 27 2_2 12 I ~

, I
I 3 I 373 25 1 2& 219 9 1 3 I - I
I 4 I 359 13 I 55 219 12 1 ?5 T 1
1------1--------------1-------.·..-·----·---1----------T--------·--------l
1 5 I 229 .2 1 I 31 182 29 I 7 , 32 1
1 & I 19_ 13 I , 2" 179 15 I - I 1
1 7 1 212 7 1 31 201 20 1 7 1 1
I 8 1 51_ 8 1 3. 215 12 1 1& I 10 1
1 9 I 270 8 1 I 35 23- 21 I 7 I &9 1
1------1--.-----------1-·-------------------1----------T-------··--------l
I 10 1 289 7 1 19 212 15 1 2 T 1
I II 1

3__
B 1 3- 292 10 I 1 7 1 • I

1 12 1 38_ 30 1 .7 28 1I I 5 I 1
1 13 1 252 10 1 19 185 20 I 3 I 1
1 14 I 219 10 I 23 180 22 1 - I I
---------------------------------------_._----------------_._---------.-.-
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KILAUEA SUMMIT KILAUEA FLANK MAUN6 LO.&; TREMOR (MINUTES)._----_...-----.-._._---_.-------------_.---------------------------------
I ISHORT LONG I K~O. UP. LOW. OFF- I T KILAUEA MAUNAI
I DATE I PER. PER. 30 I & SW EAST EAST SHORE I L0',G SHnJ:P T INT. LOA I
I 1980 I CALDERA KM I RIFT RIFT RIFT PPL IPl:.~. Pf.q. T SHAL. OFE~ I
1------1--------------1---------------------1----------T-----------------l
IFE815 I 138 2 1 I 2h 119 _8 I I T I
I Ib I 122 1 I 10 135 2b I a I I
I 17 I 18a 1 I 32 Ib3 lb I 'I I I
I 18 I 2.b 23 I 20 273 17 I I 9 I
I 19 I 22_ 18 I aD 291 I \ , T I
1------1----·-------··1----------------··---1----------T-----------------l
I 20 I 207 1a I 35 193 20 I 2 7 T 4 I
I 21 I 197 7 I 28 179 19 I I , T I
I 22 I 219 10 I a2 Ib5 II I 1 30 I
I 23 I 200 3 I I 19 142 23 I I 1 I
I 2_ I 181 - I 2b 179 12 I 5 ! 22 I
1------1--------------1---------------------1----------t-----------------I
I 25 I 177 - I 19 200 19 I 5 T I
I 2b I 188 8 I 29 170 8 I 5 t 15 I
I 27 I 145 2 I 3b 155 12 I ? b 1 7 I
I 28 I 109 2 I 22 Ib9 28 I \ I 1 40 I
I 29 I b4 2 3 I 32 122 12 I 1 I
1------!--------------1---------·-----------1----------T-----------------1
I~AR 1 I b9 4 I 24 209 28 I T I
I 2 I 52 10 I 20 Ib34 10 I I T 8_

~O
I

I 3 I 70 I I 17 115 10 I 5 \ T 1
I 4 I 3_ I I 19 12_ 25 I 2 3 1 I
I 5 I 39 2 2 I 34 103 22 I I \0 1 5 I
1···---1--------------1---------------------1----------T-----------------1
I b I 84 4 I 28 122 II I I b ! I
I 7 I 34 3 I I- 84 22 I 2 I I
I 8 I 45 I I 18 80 I- I 3 T I
I 9 I 5b I I 2b 85 20 I ~ T b I
I 10 I bb 12 I 18 1253 25 I I T bl2 4 I
l-·-···t·····----···--!·-----·--··---·------I----------1-----------------1
I II I bO 18 I 18 1532 30 I I 11 a_o I
I 12 I 30 27 I 18 233 33 I 2 !t 440 I
I 13 I 34 Ib I 19 159 33 I ~ I I
I 14 I 3. 5 I 19 I3b 21 I T . 4 I
I 15 I 33 5 I 29 117 23 I ~ T I1------1--------------1---------------------1---------·T-.---------------I
I Ib I 34 2 I lb 82 7 I I I
I 17 I 104 I 23 89 5 I 1 I I
I 18 I 175 I I I 8 70 I 2 I 5 1 I
I 19 I 77 3 I Ib 82 3b I 2 5 I I
I 20 I 50 3 I 11 75 Ib I 1 5 I a8 I
1-·----1---------·-···1----·----·---·---·---1-·----··--T------···--------I
I 21 I bl 3 I Ib 92 14 I 8 1 I
I 22 I b8 b I 23 110 20 I 1 T I
I 23 I 72 3 I Ib 71 13 I I I 5 I
I 24 I 5_ 3 I 10 88 18 I r I
I 25 I 5_ 2 I 17 79 la I I I I I
1····-·1-·----·-----·-1--------·-----·--·---1-·--------1---------·---·---1
I 2b I 112 2 I 23 99 13 I I 2 I I
I 27 I 49 12 I I 8 103 Ib I \0 T I
I 28 I 79 I I I 19 74 30 I 3 I 28 I
I 29 I 51 I I 17 bb 15 I 4 1 I
I 30 I b9 b I 28 b9 Ib I 5 I I-_......__ . __.._...._...•......-..----------.._--.....-----_..._._-_._ ....

13



KILAUEA SU;"MI T KILAUEA FLANK '1 AL,f\,A Ln. TOEMOR OIH!UTES)
---------.----------------------------------------------------------------
I IS"OOT LOI~G I KAO. Up. LOW. OFF- I r KILAUEA MAUNA!
I OATE I PER. PER. 30 I & Sw EAST fAST SHORE ILlJl. G SI-lORTt INTo lOA I
I 1980 I CAlOERA K. I RIFT RIFT RIFT PPl IPE~. P~~. T SHAL. OEEP I
1------1--------------1---------------------1----------T-----------------!
I'·U.R3t I 88 \ I I 20 lOR 15 I 71 1 I
IAPR 1 I 80 21 I 27 80 15 I \5 r 2 3 I
I 2 I 7S 19 I 20 9b 2? I 7 T [

I 3 I 57 31 I [ 2\ 72 21 I I ~ T 8 0 I
I 0 I 75 \2 [ 27 80 I B I lit T 1 3 I
1------1--------------1---------------------1----------t-----------------I
I 5 1 80 0 I 3b 76 27 I I , I 2 I
I 6 I 128 3 I J 26 109 30 I 1 7 J I
I 7 I 80 \5 1 2. 70 13 I I 1, 1 I
I 8 I 165 2 I 37 119 6 I I , T \6 I
I 9 I \8A 2 I 27 1 I 1 I 19 T 3 I
I------1--------·_·_--!---------------------!----------T-----------------l
I 10 I 75 \7 I 33 16A I 7 T 3 I
I 11 I A3 6 I 20 153 22 I I S I I
I 12 I 31 I I 19 75 31 I 2 , r A I
I 13 I 35 7 I 32 82 35 I 0 I • 8 I
I \A I 5\ 2 I 20 106 2' I ? I 29 22 I
1------1--------------1---------------------1----------T-----------------!
I \5 I 33 6 I 20 106 28 I 3 I , I 25 I
I 16 I AO 7 I 23 91 A6 I ~ I 52 I
I 17 I 38 4 I 31 81 9 I 6 6 1 I
I 18 I 00 I I 22 A2 20 I 1 7 T I
I 19 I 04 \ I 10 8\ 15 I 2 9 1 I
l--·---I-·------------!---------------------I----------T-----------------I
I 20 I 37 A \ I 3\ 96 11 I 5 I I
I 21 I 62 3 I 2A 7. 12 I 2. , I
I 22 I 88 12 I 28 12\ 12 I \ 16 I I
I 23 I lAO 7 I 31 132 I 2 I~ I I
I 24 I \06 13 2 I 35 \07 \0 I A 7 , I1------1-·------------1-----------·-·-------1---------_T _____ ·__ ·________ I
I 25 I 87 26 I 3\ 101 2\ I 3 5 , I
I 26 I 121 34 I 27 90 \. I 2 \5 I I
I 27 I 132 29 3 I 36 lOA \5 I 3 3 1 I
I 28 I 125 29 \ I 36 \\ 9 \5 I I 3 , 7 I
I 29 I \A2 A I 35 \06 \3 I 1 2 I 16 I
t------I--------·-·--·I--·------------------I----------J-----------------I
I 30 I 1 \1 21 I 52 \23 10 I 0 3 , 1 31 I
I~AY \ I 65 20 I 29 \77 12 I 3 I I
I 2 I 34 7 I 30 122 9 I 3 I I
I 3 I 25 4 2 I 13 159 15 I 2 I I I
I A I 30 10 I 31 378 19 I \ \ , I
I------t----···-···--·I-·-·····-···---·-····I··------··T-··----·-·-·----·I
I 5 I 52 8 I Al \91 17 I 2 T I
1 6 1 32 12 I 26 \60 12 I 2 1 I IA 2 I
I 1 1 55 3 I 27 \3. 10 I 0 I 8 I
1 8 I 8\ 6 I 3\ IA2 20 1 I 25 I
I 9 1 H 2 1 30 161 12 I I I I 3 I
I·-··--t··---··-··-··-l-·-----··--····--····I·······-··T-················l
I \0 I 123 \\ I 21 133 \5 I 5 I I
I \1 I 1&6 7 \ I 37 112 \9 1 r 2 I
I \2 I 156 \3 5 I 33 137 \A I I 1
I 13 I \2\ \5 1 I 30 120 8 I 1 I 5 1
I IA I 209 \7 I 29 \17 \6 1 2 , I....._._ .••.....•__...-............._.._......-......._...--_ ....•.•.•.•..
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KILAUEA SUMMIT KILAUEA FLANK MALINA LOA TREMOR (MINUTES)
-----------.-------._--------.-----.---------._.----- ...-.---------------.
I ISHORT LONG I KAO. UP. LOW. OFF- I T KILAUEA MAUNAI
I DATE I PER. PER. 30 I & SW EAST EAST SHOREILnNG SHORTl INT. LOA I
I 1960 I CALDERA KM I RIFT RIFT RIFT PPL IPER. PFR. T SHAL. DEEP r
1----·-!--------------1---------------------1···-·-----t-----_···_·------1
I'HY15 I 77 7 r 31 114 11 I 1 1 I
I 1b I 114 b r 20 145 1 b I 4 2 T 4 r
I 17 r 72 2 I 20 142 41 I 1 I 9 I
r 16 I 23 4 1 I 2b 1H 77 I 1 I I
I 19 I 31 4 I 28 402 52 I 2 1 35 I1------1--------------1··-----_·_·-·----···-1·-·_·_·-·-f-----------.-_·_.!
r 20 I b8 2 I 2& 174 52 r 2 3 I r
I 21 I 57 14 I 20 147 28 I 4 1 J I
I 22 r 98 11 1 I 30 122 28 I 1 1 J I
I 23 I 133 & r 13 99 21 I 10 5 I 1 0 I
I 24 r \&2 7 2 I 20 119 49 I 5 4 I II------t--····-·-·····J---------·--···----·-1--·-·---.-r-------..---_._--I
1 25 r 21& 4 I 22 10& 17 I 3 4 I I
I 2& I 220 32 I 34 132 30 I 4 2 J 2 I
I 27 r 267 30 I 3& 117 7 1 I 2 ~ T r
I 28 I lb9 19 I 35 257 19 I & 3 J I
I 29 I 54 14 2 I 33 178 30 I 5 ! 4 II------r--------------I----------_·_·_------l------·_·-J ..--------....---l
I 30 I 41 25 I 3& 192 20 I & I 12 I
r 31 I 4b 7 I 2& 250 53 I 5 1 I 10 3 I
IJUN 1 I 47 5 I 42 285 59 I 2 ? I 2 I
I 2 I 47 12 1 I 27 250 50 r 5 2 T 2 I
r 3 r 48 23 I 52 283 124 I 5 I 3 14 II--···-r··-----·-·----t-------·-·-----------1-----_·... T-- .. -- ......----.1
I 4 I b2 14 I 11 121 25 I 1 I I
I 5 I 123 19 I 22 138 34 I 4 J I
I & I 77 10 1 I 13 109 24 I 2 7 I r
I 7 I 113 3 1 I 23 125 13 I I I
I 8 I 173 28 1 I 3& 143 53 I & 1 7 II------t----------·_·-1·-·-·-·-···----······1·········-t.- ... -..•.......• l
I 9 I 134 24 I 22 1&4 h4 I 3 I I
I 1 0 I 41 5 I 23 117 47 I 2 I I
I 11 I &0 4 I 29 152 48 I 1 J r
I 12 I 78 17 1 I 29 131 &7 r 1 2 1 I
I 13 I 92 7 I 24 133 3& I 5 J I1······1·-··-·········1·····················1·······..•T.•.....•.••••••.. l
1 14 I 205 13 I 31 145 2 I 2 J 3 13 I
I 15 I 228 34 1 I 35 17 1 44 I 1 3 J I
I 1& I 200 31 1 I 37 135 223 I 4 J 2 I
I 17 r 152 30 I 31 159 101 I 2 7 I 11 2 I
I 18 I 72 1& 1 I 3& 197 81 I ? 2 I 3 I1-·····1···--·········1····-···············-1·····_•... t ••••••••••••••••• l
I 19 I 42 25 1 I 45 180 145 I 2 1 I I
1 20 I &1 32 1 I 31 14& 55 I 4 3 I 30 I
I 21 I 57 42 I 41 1&2 59 I 1 7 I I
I 22 I &4 10 I 24 187 &3 I 17 I 7 I
I 23 I 57 1& I 29 42 814 I 5 4 I 10 I1·····-1···--··_-·····1··············-·····-1··---···.-t.--.--•••.....•..1
I 24 I &3 53 I 2& 813 33 I & a I I
I 25 r 95 27 1 r 34 17 1 &0 I 23 I I
I 2& I 104 28 I 39 129 &1 I 3 9 I I
1 27 I 85 5 1 I 18 85 33 r 4 I I r
I 28 I 125 11 I 13 111 44 r 3 3 I r......-............._................_........•...........................
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KILAUEA SUMMIT KILAUEA FLANK MAU"''' LOA TREMOR (MINUTES)
--------._----------------_.--------------._------------------------------, 'SHORT LONG I t( ... o. UP. lOW. OFF- 1 1 KILAUEA MAUNA I
I DATE I PER, PER, 30 , & SW EAST EAST SHORE ILOtJG SHORT I INT. LOA I
I 1960 I CALDERA KM I RIFT RIF T RIFT PPL IPEQ. Pl=.:R. I SHAL. DEEP I
I------I--------------!-------------------_·!·-·_-----·,·_---------------1
IJUN~9 I ~56 ~1 I ~3 1~5 44 I I 1 I 3 I
I 30 I 2~5 11 , 3b 93 31 I ~ 3 I 4 I
IJUL 1 I 183 6 I 26 116 ~~2 I I 1
1 ~ 1 305 6 1 30 1~4 ~6 I 8 T 1
I 3 I 303 6 1 21 I bb 21 1 ~ 1 ~ I
I------I--------------I-------------··----··!----------1---··----········1
1 4 I ~~9 ~5 I 31 141 ~9 I 1 1 I ~ I
1 5 I 166 11 1 21 150 41 1 I 5 I I
1 6 I 183 3 I ~4 169 55 1 1 , I, 1 1 ~oo I I ~1 161 56 I 6 , I, 8 I 117 I ,

~1 143 3" I ~ I I
(------1-------·------1·_·------------------1--------·-T-·---------------1, 9 I 81 ~ ~ I 25 166 26 I I ~ I I
I I 0 I 56 5 I 42 164 33 I 3 3 I ,
1 I I I 45 4 I I 32 230 60 I 5 , 9 I
1 I~ I 46 2 I 31 116 106 I 6 I I
I 13 I 6~ 146 I I 25 155 65 I I I 40 5 I
1--·---r---···---·----I---···_--------------1--···-----t--··----·····----I
1 14 I 49 6 I 41 135 61 I 3 T I
1 15 I 50 7 I 26 1~8 54 1 I 7 I I
I 16 I 52 6 I 24 166 59 I ? I I, 11 I 54 5 I 41 190 11 I 4 I 40 I
I 16 I 50 4 I ~3 92 ~34 1 3 , II-----.r-.--.--.•..•--1 •...---- ... --.--.•• --I ••......•_T··_· ______ ·_···__ I
I 19 I 86 8 I 20 84 4~ I I I
1 ~o I 186 10 ~ I 19 151 55 I 1 6 I I
I 21 I 185 6 I 15 117 39 I , 15 I
I 2~ I 171 10 I Ib 124 180 I 1 3 , I
I ~3 I 198 54 I I 18 123 41 I 12 , ,
l----·-I--------·-----l-·········~··--······l·········-1-·············-··1
I 24 I 333 36 I ~8 88 41 I 5 , I, 25 I 342 13 I 31 118 34 I ~ I I
I 26 I 14~ 2 1 I 13 139 165 I ~ 4 I I
I ~1 I 14 1 2 I 17 15~ 126 I 2 , 1
1 28 I 111 10 1 I 21 163 83 I 4 I I
1-····-1······-······-1-··-·-·····----·-·---1-··---··--1-·--·····-·--·-·-1
I ~9 I ~oo 5 I ~o 334 105 I 1 , 8 I
I 30 I 193 ~ I ~7 167 47 I ~ I I
I 31 I ~18 4 I 23 ~59 63 1 3 3 I I
lAUG I I 135 13 I 32 132 6~ I I ~

, I
I 2 I 190 16 I 23 1~8 24 I 1 3 J 9 I
1--.···1·-··-··-··--·-1---·--·········-··-··1-··-----··y···-·········-···l
I 3 I 106 3 I ~8 186 18 I 4 I , I
I 4 I 8~ 19 , ~4 159 5& , 5 , 9 I
I 5 I 50 7 I ~8 ~66 48 I 2 I I
I 6 I 33 8 1 17 495 73 I I 1 1
I 7 I 141 3 2 I 19 28~ 10 I T 9 I
1......1-.----.•---.-.1 ..... ----.-··-- •• -·--1-.-· .. -... t--··---·······---1
I 8 I ~5 3 I ~5 14~ 39 I I 2 . I 10 I
I 9 I 32 1 I 18 101 38 I ~ 1 I
I 10 I 51 I 1 I 12 114 43 I 3 4 J I
I II I &3 I I 22 337 46 I 1 1 I 1
I I~ I &5 I I 28 31~ 5& I 2 I I I-_._......._-_....._..-.---_.._-- ....._---.--- ..-.........................
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KILAUEA SUMMIT KILAUEA FLAf\IK MA, I IJoJA LOA TREMOR (MINUTESl.._...-.---.-.---_..~_.--------------_.--- ..-.-----_.----.---.---- .. ---.-.
I ISHORT LONG I 1<.,6,0. UP. LOW. OFF- I I KILAUEA MAUNA I
I DATE I PER. PER. 30 I & sw EAST EAST SHOREILONG SHOIHT INT. LOA I
I 1980 I CALDERA KM I RIFT RIFT RIFT PPL IP€k. PEQ. I SHA.L. DEEP I
1------!------------_·!---------------------1----------l-----------------I
I AUG 13 I 78 7 I 95 208 38 I I T 35 I
I I" I 99 b 2 I 52 189 37 I 2 r 11 I
I 15 I 133 I 27 1"9 39 I ? T 8 I

'1 Ib I 1"5 12 I 58 179 2b I 5 T 10 I
I 11 I 111 9 2 I oS 20" 29 I I 1 J b I
t--·---I--------------l----·_·_-------------!·_--------J-·-------------·-1
I 18 I 13b 2 I 32 128 29 I 2 r I
I 19 I 119 2 I 35 135 11 I 2 " T I
I 20 I 13" 3 1 I 28 10" bl I 1 " 1 I
I 21 I 1"1 b I 28 122 25 I 2 1 I
I 22 I 191 I 1 I 28 13b 12 I 1 3 T I
I-·_···l····--_·------!---------------------I·---------T-----------------1
I 23 I 119 I 21 1 18 I" I 3 3 I I
I 2" I 290 1 I 2b 138 28 I 3 1 I " I
I 25 I 22b 3 1 I 11 15" 19 I 1 3 r 2 I
I 2b I 89 3 I 32 191 3b I 15 ? 1 I
I 27 I 139 lb 1 I 21 22"1 b" I 2 r ?"O I
t------r-----------·--1------------------··-1-·--------T-----------------1
I 28 I 123 23 3 I 20 281 31 I 5 r I
I 29 I 02 9 I II 9b 1" I 3 1 I
I 30 I 51 I 0 2 I 10 89 28 I 1 5 1 I
I 31 I 89 5 I I" 91 22 I 9 1 r 10 I
ISEP I I 235 5 1 I 32 lb3 123 I 2 I I 39 I
1----·-I·_···---------!---------------------J·_------_-y-------..--------1
I 2 I 28b 13 1 I 2b 108 82 I 0 1 1 I
I 3 I 197 b I 21 128 50 I I I I
I " I 209 b I 21 158 109 I 2 r I
I 5 I 222 20 I 23 l"q "15 I 2 , I I
I b I 15b 9 2 I 3" 98 83 I 2 r b I
1--··--1---·------·---1----·------------·---1-·--------I---------------.-!
I 7 I 111 2 I "1 125 132 I , I
I 8 I 139 Ib I 21 1"1 80 I I I I
I 9 I 513 8 2 I 2b 155 1"9 I 1 1 I
I 1 0 I 120 5 I 3b Ibb 11 " I 3 1 13 I
I 11 I "90 4 I 31 lb3 bl I 1 r I1---·--1----·---------1--·--------------·---1------___ -t-----------.- .. --1
I 12 I 202 1 I 33 289 112 I , I
I 13 I 151 1 I ~2 390 90 I J ~ I
I I" I 101 1 I 37 19~ "35 I , I
I 15 I 81 I 3b I1b 130 I I 1 J I
I Ib I 103 0 1 I 17 153 bb I I " I I
1·-·--·1-····-·····-··1-··---·--------------1--------_-I-----------------1
I 17 I 55 b I Ib 12b 59 I 3 1 r I
I 18 I III 7 I 28 322 289 I 3 I 3 I
r 19 I 72 2 I Ib 89 52 I 3 I 1
I 20 I ~3 8 0 I 2b 113 b5 I 2 I I
I 2\ I 90 11 I 17 112 227 I 2 I I
1·-·---1-····--···--··1·····---·--------·---1-·----·-·-1----------------.1
I 22 I 180 33 I 25 lOb 340 I 0 J " I
I 23 I 201 I I I 28 152 99 I ? , I
I 20 I Ibb 7 I 2b 102 88 I r I
I 25 I 102 I I 20 18~ 15b I 2 1 I
I 26 I b8 II 1 I 31 158 2b\ I 2 " I I-_....-.......-....-...-•••...•..._._-- ..-.....--....--.-......••.._......
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KILAUEA SUMM IT KILAUE' FLANK MAIJ";" LO' TREMOR ("INUTES)••••• e __________________ • ____ • ___________________ ._. ______________________

I ISHORT LONG I 1<40. Up. LOW. OFF- I T KILAUEA MAUNA I
I OATE I PER. PER. 30 I & sw EAST E.S! SHOREILO"G SHORTt INT. LOA I
I 19aO I CALOER' KM I RIFT RIFT RIFT PPL IPFR. PER. I SHl.L. DEEP I1··----1-·------------1------------··-----·-1···_·---_-1-----------------1
ISEP2T I &0 & 2 I 42 195 30& I 4 T I
I 28 I &0 2 I I 30 1&3 283 I 3 ? ! I
I 29 I 70 10 I 2& 155 14T I 4 T I
I 30 I 78 3 I 31 ) 52 119 I Q 1 I
IOCT I I 11 0 3 I 24 202 93 I 1 3 T 5 I
1------1--------------1---------------------1-------_·-T-----------------1
I 2 I 89 8 I 24 144 328 I I I I
I 3 I 99 4 2 I 24 1&& 9& I 2 T I
I 4 I 80 1 I 33 177 93 I T I
I 5 I 104 I I 1& 184 &7 1 I I
I & I 92 4 I 19 19& 153 I T I
t------I---····--····-1---------------------1----·-----T-----------------I
I 7 I 74 3 I 25 155 272 I 2 J I
I 8 I && 2 I 21 139 115 I 3 ! I
I 9 I 90 12 I 32 144 54 I I 3 T I
I 10 I 35 8 I 18 98 &2 I 9 II J I
I II I 47 4 2 I 8 90 39 I 19 1 T I
I···---t-·--------·-·-I-··---··-------------1----------T-----------------l
I 12 I && 8 I 20 130 222 I 3 5 ! I
I 13 I 90 2 I 27 130 174 I 7 I I
I 14 I 130 2 I 34 14& 50 I ~ T 50 I
I 15 I 180 1& 1 I 38 153 135 I • I 27 I
I 1& I 2&7 4 I 37 134 47 I 1 2 ! 25 I
I--·-·-r-·-----·-··---l------------···------I----------T-----------------!
I 17 I 299 7 I 3~ 113 39 I I 4 T I
I 18 I 51& I 4 I 29 145 91 I 4 I I I
I 19 I 251 4 I 44 311 91 I 7 T I
I 20 I 7 1 23 I 24 284 113 I 9 1 I
I 21 I 75 2 I 33 1354 201 I 2 • , I
l·---··J·············-l·····················l-········-t··-············-·x
I 22 I &5 7 I 21 1029 4&7 I 5 II T &2 I
I 23 I 51 I 24 239 91 I 14 r I
I 24 I 87 23 I 25 13& 30 I 1 & T 5 I
I 25 I 151 1202 I 3& 110 30 I 13 T 51 I
I 2& I 25& 1353 I 33 14& 33 I 7 I 3 I
1••····1······-·······1···········---··--·--1····--···-t-·-···-····-···-·l
I 27 I 307 502 I 33 140 31 I I & I
I 28 I 219 890 I I 25 127 44 I \ ! 3 I
I 29 I 225 330 I 24 107 I 0 I 1 I I
I 30 I 415 79 2 I 37 132 25 I • I 7\ I
I 31 I 240 18 I IS 115 I 1 3 J 71 I
X.·.···J·····--··-····l··-············-·····J~·-····-·-1··-···--·······-·1
INOV I I 195 19 I 1& 92 22 3 I 1 1 J I
I 2 I 137 30 I 31 1383 37 I 4 T 9 I
I 3 I 104 9 I 2& 244 35 I 4 I 12 35 I
I 4 I 7& 21 I I 21 114 1& I 3 T 5 I
I 5 I 202 &2 I I 30 212 2& I 1 3 I 23 I
1····-·1··············1-·················-··1········--1-···-·········--·1
I & I 158 28 I I 24 182 32 I 3 T 32 I
I 7 I 171 23 I I 28 150 28 I I 4 T I
I 8 I 181 3& I 32 11& 17 I 7 17 ! II I
I 9 I 72 4 I 37 7& 11 I 14 I I
I 10 I 250 18 I 39 140 3 I I 2 I I 0 I..•...••.....•-...........-...•.....•..•..•. _- ..-.._-•...•.......•.....•.•
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KILAUEA SUr--,M! T KILAUEA flANK MAUf~A lO' TREMOR (MI'ilJTES)

._---------_._-----~-------------------------_..------ --------------------
I ISHORT lO"G I KAO. UP. LOw. OFF- I T KILAUEA MAUNAI

I nATE I PER. PER. 30 I & S," EAST EAST SHOREILOI~G SHORT! INT. LOA I

I 1980 I Cl\LDERA KM I RIFT RIFT RIFT PPl IPF..k. PF"R. T SHAL. DE~1ol I

I------t--------------l---------------------1----------T-----------------!
INOVII I 392 36 I 42 \38 14 I 7 T I

I 12 I 430 75 I 24 I 3? 7 I 2 T 44 5 I

I 13 I 629 .9 I 28 154 20 I , T 5 I

I I. I 187 24 I I 18 189 11 I • I T I

I 15 I 55 20 1 I 1. 102 1· I 1 'i T I

1------1--------------1---------------------1----------T-----------------l
I 16 I 42 34 I 2\ 18. 6 I 12 r I
I 17 I 51 3 I 18 187 .3 I 7 T 7 I
I 18 I 60 4 2 I 15 134 .2 I 2 3 T I
I 19 I 7 1 29 I I 21 1'6 1 8 I 2 • r I
I 20 I 61 ,2 1 I 15 30. 59 I 1 q 1 I

1------1--------------1---------------------1----------1-----------------1
I 21 I 54 10 I 35 381 63 I 3 b T I
I 22 I 68 b I 26 25a 25 I 2 I 1 I
I 23 I 100 \6 I 22 217 12 I \ 0 T I
I 24 I 97 5 I 32 192 20 I 3 3 T I
I 25 I 11 1 III I 12 I 90 16 I 1 " T I
I------I--------------l--------------·_-----!----------T-·---------------l
I 2b I 121 8 I 29 181 22 I 4 • T r
I 27 I 142 17 I 30 Ib7 8 I 1 2 T 29 I
I 28 I 126 3 I 21 1.0 21 I 2 • 1 2 I
I 29 I 121 20 I 24 135 23 I \ 10 T I
I 30 I 131 35 I 27 Ibb 9 I I 5 T I

1------1--------------1---------------------1----------T-----------------l
IflEC 1 I 31b 20 I 28 1.8 6 1 3 2 r 3 I
1 2 I 618 30 I 25 155 8 I 3 5 T I
J 3 I 5.b 19 I 2. 158 ~ I 2 T I
I • I 523 I. I 1. 133 3 I 5 T I
I 5 I 257 15 I 9 102 1 1 I \ 1 1 I

I------I--------------!---------------------I----------1-----------------1
I b I 252 15 I 1. 92 5 I I 1 T I
I 7 I 379 14 I 2b Ibb 12 I 2 1 I
I 8 I Ib3 7 I 37 15. 11 I 2 10 ! I
I 9 I 150 23 2 I 2. 135 R I 5 7 T I
I 1 0 I 1.2 25 I 39 1.5 15 2 I • 3 I 7 I
1------1--------------1-------·-------------1----------T-----------------l
I 11 I 229 19 I 32 lb7 10 I b I I
I 12 I I •• 8 I 29 157 19 I 5 1 0 T I
I 13 I 108 8 I 22 127 • I 11 J I
I 14 I 15b 3 I 21 IbO 6 I 2 I I
I 15 I 17b lb I 25 1.2 22 I T I

1------1--------------1---------------------1----·--·--1-----------------1
I 16 I 118 8 I 26 120 13 I I I
I 17 I 117 5 I 21 123 4 I I 1. I
I 18 I 201 12 I 15 172 3 I I I
I 19 I 99 6 I 22 102 5 I I I
I 20 I 139 11 1 I 15 11 • 13 I I I I

1·-----1---··---------1----------------··---1--------··r--··-------------I
I 21 I 198 4 I 18 177 • I 1 T 31 I
I 22 I 178 20 I 19 145 8 I T I
I 23 I 162 15 I 32 137 3 I \ T I
I 24 I 212 3 I 37 142 9 I 4 I IS I
I 25 I 306 9 I 25 125 I I 1 I 14 I_._----._--------_...•...... _........•..••.. _-_..••....•_.- ....._...._----
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KILAUEA SUt~MIT KILAUEA FLANK MAUN' LOA TREMOR (MINUTES)
....---------------------------------------------------------.-.---.-.-._.
I ISHORT LONG I I<AO. UP. LOv-. OFF- I T KILAUEA MAUNA!
I DATE I PER. PER. 30 I ~ SW EAST EAST St-lORE lL Of\IG SHORTT. INT. LOA I
I 1980 I CALDERA "M I RIFT RIFT RIFT PPL IPI:R. PF.R. T S~A,L. DEEP I
1------1--------------1---------------------1----------T-·---------------!
IDEC2b I 193 8 I 30 153 18 I 1 T I
I 27 I 21" 22 I 19 13" I" I T 9 I
I 28 I 237 "9 J 22 Ib4 8 I T I
I 29 I 145 Ib I 20 130 8 I 1 I
I 3D I 159 5 I 19 I" I 12 I >. T 1
1------1-------------·1---------------------1----------T-----------------I
I 1 I 1b 137 7 I I T I
---------------.----------_.-._------------------.------------------------

Table 4. Coordinates of named earthquake regions.

--All earthquakes are in one of the following groups.
--Identified by a numerical class or 3-1etter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera (0-5 km)
4 SER - Shallow east rift (0-5 km)
5 SME - Shallow middle east rift (0-5 km)
6 KOA - Koae fault zone (0-5 km)
7 SSF - Shallow south flank (0-5 km)
8 SLF - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SF1 - Kilauea south flank (5-13 km) (west end)

10 SF2 - Kilauea south flank (5-13 km)
11 SF3 - Kilauea south flank (5-13 km)
12 SF4 - Kilauea south flank (5-13 km)
13 SF5 - Kilauea south flank (5-13 km) (east end)
14 LER - Lower east rift (5-99 km)
15 MLO - Mauna Loa (0-13 km)
16 LSW - Lower SW rifts of Kilauea & Mauna Loa (0-13 km)
17 GLN - Glenwood (0-13 km)
18 SWR - SW rift (0-J3 km)
19 tNT - Intermediate caldera (5-13 km)
2D KAO - Kao1k1 (0-13 km)

--Deep:
21 DEP - Deep Kilauea ()13 km) (below regions 1-13, 17-19)
22 DLS - Deep lower SW rift ()13 km) (below region 14)
23 DML - Deep Mauna Loa ()13 km) (below regions 15. 20)

--Outer regions. all depths:
24 LOI - Loihi (all depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai (all depths)
27 KOH - Kohala (all depths)
28 KEA - Mauna Kea (all depths)
29 HIL - Hilo (all depths)
30 DIS - Distant, everywhere else
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Table 4 (continued)

----------------------------------------------------------
--The latitude and longitude limits of the regions are given below.
--When the coordinates imply an overlap, precedence is given as in the maps.

No. Code N.Lat. S. Lat. W.Lon. E.Lon.
1 SNe 19 28 19 24.5 155 19 155 14
2 sse 19 24.5 19 22 155 19 155 16.5
3 SEe 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 155 07.2
5 SME 19 26 155 07.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SF! 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF) 19 26 19 10 155 12.3 155 09.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 MLO 19 43 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 eLN 19 43 19 26 155 19 155 00
18 SWR 19 22 19 10 155 25 155 17
19 INT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 DEP 19 43 19 10 155 25 155 00
22 DLS 19 19 18 40 155 43 155 25
23 llML 19 43 19 19 155 35 155 19
24 L01 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 43 155 43 154 40
29 HI1 19 47 19 32 155 09 154 40

----------------------------------------------------------
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Figure 4. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 5. Earthquake classification. intermediate 5-13 km
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, crustal 0-13 km deep
island of Hawaii.
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Figure 7. Earthquake classification mantle >13 km deep
island of Hawaii.
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M%NITUofS Figure 10 1980 EP1CDTERS. 0-13 KM
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date. hour (HR), minute (MN). and
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

DUR HAG Duration magnitude. if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC Root mean square error of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code
2 for location of mnemonic
following meanings:

F felt

L - long period character

for geographic location of event.
code. Additional one letter codes

See Figure
have the

T - associated with harmonic tremor

B - quarry or other blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1979. Table 6 lists only events of
magnitude 3.0 or larger.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summaries present data gathered
during the year together with a chronological narrative intended to describe in
geologic tenns the volcanic activity associated with the seismic events in
cluded. The summaries are issued in two parts. Seismic data appears in Part
1, and defannation data appears in Part 2. The seismic summaries are offered
without interpretation as a source of preliminary data. The seismic summary
;s complete in the sense that all data routinely gathered by the observatory
are included. The emphasis in collection of tilt and defannation data has
recently shifted from quarterly measurements at a few water-tube tilt stations
(Uwet" til t) to a 1arger number of conti nuously recordi ng borehol e til tmeters,
repeated measurements at numerous spirit-level tilt stations (Hdryll tilt).
and surveying of level and trilateration networks. Because of the large quan
tity of deformation data now gathered and differing schedules of data reduction,
the seismic and deformation summaries will he published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of prepa
ration and distribution, and the large quantities of data dictated an annual
fonnat beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, cal ibration and pro
cessing used in recent years. The present summary includes enough background
information on the seismic network and processing to use the data and understand
the essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report (tlHawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. open file report 80-302, 1980). It is designed as a re
ference for users of sei smograms and phase data, and so i ncl udes and goes a
bit beyond the information in the station table in this summary.

1



CHRONOLOGICAL SUMMARY - 1981

by

Rohert W. Decker

Yearly summary: The most notable activity of Kilauea Volcano during 1981
was the major intrusive event into the southwest rift on August 10-12. About
40 million cubic meters of magma moved from the summit storage chamber into a
dike 18km long, 4krn high, and up to 1m wide. Deformation of the ground surface
above the intruding dike indicates that it dips 85 to the SE and reaches to
within 250 m of the surface. Since the major M 7.2 earthquake in 1975, there
have been 14 intrusions at Kilauea and only 2 eruptions nearly the reverse of
the ratio of intrusions to eruptions before the 1975 earthquake. The August
1981 intrusion ;s the largest one to occur during the last 25 years of geo
physical monitoring of Kilauea. The tendency since 1975 for intrusions to not
culminate in eruptions is apparently related to the major strain release and
reduction of stress on the east and southwest rift zones of Kil auea from the
1975 earthquake. Dikes can now more easily dilate the rift zones than erupt
to the surface. Even Mother Nature believes in the principle of least effort.
The Major Question is when will the present slack be used up and Kilauea return
to its 1959 to 1975 eruptive habits?

In addition to the major August 10-12 intrusion, there were three other
Kilauea intrusive events during 1981. A south summit to upper southwest rift
intrusion occurred on January 20. This was followed by a middle southwest
rift intrusion that began on January 25. intensified on February 6, and
continued intermittently into early June. On June 25. there was a small but
rapid intrusion in the south caldera area. It should be mentioned that these
rift and summit intrusions are distinguished from the more or less continuous
slow filling of the summit magma chamher by the occurrence of earthquake swarms
and sudden tilt changes. Both the formation of new dikes by magma fracturing,
and the more continuous and more passive upwelling of ma!=jma into the summit
magma reservoirs are intrusive processes, but their distinction is important in
understandin!=j the dynamics of the system. A major change between the intrusions
of 1980 (see Oecember 1980 monthly report) and the 1981 intrusions listed in the
following table is their location. Until this year, all post-1975 intrusions
were into the east rift of Kilauea; beginning in 1981, they have all been into
the southwest rift.

KILAUEA INTRUSIONS 1981 Elec-
Propa- trical

Starting r~i nimum gation Local' Anom-
Date Location Len9th Height Depth Volume Rate Gases alies

Jan. 20 South 1.5 km 1 km 2.5 km unknown 20 m/ no no
Caldera

>8 X 106m3 hr
Jan. 25 SW Rift 18 km 3 km 2 km 30 m/ CO 2 i n- yes

hr crease
Jun. 25 South 1 km 1 km 2 km unknown un- no not

Caldera known mea-
sured

AU9. 10 SW Ri ft 18 km 4 km 250 m 40 X 106m3 2 km/ yes yes
hr

The experiment in eruption forecastinq for Kilauea based on earthquake,
til t. and ti dal data shows considerable promise from its first full year of

2



trial. The results were 77'10 better than random guessing. but 23% poorer than
a perfect forecasting system. The only time during 1981 that the forecasting
estimates exceeded the long-term statistical estimates based on historical
eruption frequency was a period of 6 weeks preceding the August 1981 intrusive
event.

Gas emissions at the summit and along the rift zones of Kilauea have been
characterized high and variable in C02 content. Major changes in gas composi
tion and volume have both preceded. accompanied. and followed tt,e intrusive
events. Confidence in interpreting the seismic and deformation changes related
to Kilauea have qrown over the years. as long-term and short-term patterns, and
"no ise" became recognizahle. The same can be expected for the gas monitoring
pro~ram after several more years of sampling and analysis.

Self-potential (SP) and controlled-source electromagnetic induction (EM)
surveys on Kilauea have shown marked changes related to the intrusive events
near the sensors. large EM amplitude changes preceded the January 20 intrusion.
The EM surveys have also provided a more detailed picture of the resistivity
structure beneath the summit area of Kilauea to depths of 6 km.

Mauna Loa Volcano continues to slowly inflate at a more or less steady
rate of about 12 million cuhic meters per year. This estimate is based on
deformation data which indicates the top of the inflating magma chamber beneath
Mauna Loa is at a depth of about 5km. Although inflation of Mauna loa has been
continuous since its last eruption 1975, seismicity beneath Mauna Loa has
remained at relatively low levels compared to the high number of earthquakes in
1974 and 1975 which preceded the July 1975 eruption.

Twenty-three earthquakes of magnitude 4 or greater occurred beneath or near
the Islanrl of Hawaii in 1981. The largest of these, a magnitude 5.3 earthquake
occurred on March 5 at 04:09:41 Hawaiian Standard Time about 30 km west of
Hawaii. The total number of recorded microearthquakes exceeded 100,000 during
1981. The observatory staff of 26 people consisted of 10 scientists and 16
support personnel, plus several students and volunteers. This group monitored
48 seismic stations, 535 horizontal distance lines, 275km of level lines, 135
tilt stations, 1 tide gage, 127 gravity stations, 12 self-potential lines, 1
electromagnetic induction loop, 4 controlled-source indection loop sensors, and
21 gas-sampling and temperature sites. Some of these monitors are continuously
recording; others are observed at various intervals. Most of the data reduction
and graphics are handled by an in-house computer system. Ten members of the
staff were involved with investigations of eruptions at Pagan Volcano in the
Northern Marianas Islands, at Mount St. Helens Volcano in the Cascades, and at
various Indonesian volcanoes. Geologic mapping was continued by two USGS
geologists closely associated with the Observatory. HVO cooperated with 79
guest investigators on 42 research projects ranging in duration from 2 days to
2 months. HVO staff members and guest investigators presented 31 papers at
scientific meetings and published or contributed to 20 papers and 6 open-file
reports. HVO also issued weekly, monthly, and annual reports. Hawaii Volcanoes
National Park estimated their 1981 visitors at 2,369,000. About 70% of these
visitors (1,6S8,OOO) stopped at HVO to view Kilauea Caldera and observed our
seismic exhibit through the observatory windows. A small fraction of these
visitors (gaO in 1980), mostly professional geologists, students, and junketing
VIPs, were shown the inner workings of the observatory.

It l s been a busy year at HVO even without eruptions. From the standpoint
of subsurface activity and gas emissions, the volcanoes are continuously active.
and ~e continuerl to learn a few more answers and many more questions.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory has installed and maintains
an extens;ve telemetering seismometer network on the island of Hawaii. In 1981
the seismometer network consisted of 48 stations; two are low-gain mu1ticom
ponent stations (optical). ten are three-component, and 38 are vertical only.
During 1981, one new station (HTC) was installed on Kilauea's southwest rift.
The coverage is most complete on and around Kilauea Volcano. With the exception
of HIL, all seismometer signals from the short period network are telemetered
to the observatory for record; 09.

Figure 1 ;s a map of selected geographic and geologic features, and Figure
2 shows the seismic stations which were operated on the Island of Hawaii during
the year. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1981. Listed are station names. three and four letter
codes, coordinates in degrees and minutes, elevation in meters. and other
data described below. In addition to seismometers listed in Table I, a hori
zontal seismometer of Type 3 or HI and a long-period, three-component set of
Press-Ewing seismometers are operated in the Uwekahuna vault. all recorded on
photographic paper.

Instrumentation and recording. Each telemetering station has a voltage
controlled oscillator (veo) for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type I, the NCER
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Develo
corders using 16mm microfilm. F"1 signals from the telemetering network are
al so recorded directly on one-inch magnetic tape. Selected larger events are
copied onto condensed FM 1ibrary tapes which are currently archived in Menlo
Park and archived in digital form at HVO as part of the routine location process
ing. The type of recording used for each station (in addition to magnetic tape
for the telemetered stations) is coded in Table 1 as follows: 0 - Develocorder
film, S - smoked paper drum, P - photographic paper, H - Hel feorder paper.

In addition to the stanrlard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui, and on Oahu (Kipapa station operated by the
Pacific Tsunami Warning Center). The less sensitive optical records are used
primarily for amplitude measurements for ma~nitude calculations to supplement
readings from the high-gain stations. The paper (optical) records as well as
the 16mm Develocorder microfilm are archived at HVO.

Seismograph respopse and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard NCER system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL. table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak ampl itude measur'ed in mm on the 20x Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Calibration is normally done each time a station is visited.
CAL factors range from about 1 to 8, averaging about 4. A detailed history of
Cal factors and other data is gi ven in F.W. Kl ei nand R. Y. Koyanagi, Hawai ian
Volcal1o Ohservatory Seismic Network History 1950-79, U.S. Geological Survey
Open File Report 80-302, 1980.
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Table !. Seismometer stations in Hawaii operated hy the U.S. Geological Survey. 198!.

STATION NAME CODE --LAT--- ---LON-.- ELtV OELe,v nELAY CAL SUS OPTIC
0 M 0 M (~) t 2 TYPE RECORD--------------- ... -------_ .._-------._ .. _------------_ .._-----.- .. - ... -.. -----_._ ... _..

A.HUA AHU Z ,. 22 .40 155 15 •• 0 le l 7/) ... 1n -.13 2.7 E4 SO
AHUA AHUE E ,. 22.40 155 lS.g0 1070 -.tn -.13 • 0 E4
AHUA AHUN N ,. 22.40 155 15 ••0 1 Q7 0 -.10 -.13 .0 E4
AINAPO AIN 2 ,. 22.50 155 21.&2 152£1 .t' .17 5.5 L4 0
AINAPO AINE E ,. 22.50 155 27.&2 152£1 • t , .17 .0 L4
AINAPO 'INN N ,. 22.50 155 27.02 1':;2'4 .t' .17 .0 L4
CAeTA IN COOK CAC Z ,. 2 •• 2. 155 55.0. 323 .00 ".1 b 3.0 L4 0
CONE PEAK CPK Z 1. 23.70 155 1•• 7 0 103~ -.;:1'" -.07 b.O L4 0
DANDELION DAN Z 1. 21.42 155 40.04 3003 -.27 .03 7.0 L4 0
DESERT DES 2 ,. 20.20 155 23.30 • '5 -.2• - • 1 3 3.0 E4 SO
ESCAPE ROAO ESR Z ,. 24.68 155 14.33 1117 .... 1 1 ".1 q 2.1 L 0
HAWAIIAN Bf-ACHES HAB Z ,. 31 • Bq 154 53.8. qz -.OQ -.24 1 .0 La
HA,LEAKALA, MAUl HAE E 20 Lib.OO IS. 15.00 2040 .00 .00 1 .0 W P
HA.LEAKALA, MAUl HAL 2 2Q 4&.00 150 15.00 20.0 .00 .00 .7 HI P
I·ULEAKALA, MAUl HAN N 20 tI&.OO 150 15.00 20.0 .00 .00 1 .0 w P
HILO HIE E 1• 43.20 155 5.30 20 .' s~ .30 1 • 0 ~ P
HILO HIL Z 1. 43.20 155 5.30 20 .,a .30 1 • 0 HI P
HIlO HIN N 1. 43.20 155 5.30 20 .5a .30 1 • 0 " P
HILINA PAll HLP 2 1• 17.gb 155 18.03 707 .02 .07 2.0 La 0
HALE POHAKU HPU Z 1. lIb.AS 155 27. 50 3S•• .31 .17 3.7 La 0
HUMUULA SHEEP ST HSS Z 1• 30.31 155 ZQ.13 24U5 ,211 .35 2.7 La 0
HOT CAVES HTC Z 1. la.33 155 24.02 381 .... 1 F- -.07 .0 Ea
HUALALAI HUA Z 1. Ul.25 155 50.32 218. ." • 3A 2.8 L4 0
HEIHEIAHULU HUL Z 1. 25.13 15' 58.72 3b. -.17 -.1 b 1 • b E4 OS
HEIHEIAHULU HULE E 1. 25.13 154 58.72 ShQ - • 11 -.16 .0 E4
HI:IHEIAHULU HULN N 1. 25.13 154 58.72 3b9 -.17 -.1 b .0 L4
K~APUNA KAA Z 1. Jc;.qe 155 52.28 524 -.1;J -.01 3.0 L4
KAENA POINT KAE 2 1. 17.35 155 7.q5 37 -.01 .Ob 3.0 L4 n
KAOIKI FAULTS KFA Z I. 25.20 155 25.14 151. • 1, .17 .0 E H
KAOIKI FAULTS KFB Z ,. 25.20 155 25.14 157. • 1 \ .17 .0 TE •I<AHUI<U KHU Z 1. 14.QO 155 37.10 1939 .0' -.03 2.7 E4 0
KANEKII KI I Z 1. 30.50 155 45.QO 184) .l' .37 4. 1 L4 0
KIPAPA, OAHU KIP Z 21 25.'0 158 •• 0 7b .0 0 .00 .b HI P
KEANAI<OLU <KU Z 1. 53.3. 155 20.58 1'''3 .b· .2' 1 .2 L 0
PUU KALIU KLU Z 1. 27. 48 15' 55.20 271 -.17 -.30 2 •• L' 0
KOHALA KOH 2 20 7.6q 155 46.77 11 o. -.n, - .17 1 .5 L' 0
KOloUlA KOHE E 20 7.6Q 155 46.77 1166 ... n~ -.17 2.2 L4
KOHAlA KOHN N 20 7.69 155 46.77 1 1.0 -.O~ -.17 2.2 L4
I<IPUKA NENE KPN Z 1. 20.10 155 17.£;0 .24 .. • 11 -.08 4.3 E 0
KAPOHO KPO 2 1. 30.02 154 50.51 13. -.nq -.24 .0 L4
KALAlUA LUA 2 1. 24.55 155 4.25 .22 -.21:;; -.30 2.8 L4 OH
J.4AUNA LOA MLE E 1. 2q.80 155 23.30 2UI0 .0.1 .OA .0 55
MAUNA LOA MLN N 1• 2 •• 80 155 23.30 2010 .0' .08 .0 55
"'''UNA LOA MLO 2 1. Z•• 80 155 23.30 2Vl0 .0' .08 5.8 L4 SO
MAUNA LOA MLOE E 1. 2 •• 80 155 23.30 2010 • l') ~ .08 .0 L4 0
MAUNA LOA MLON N 1. 2 •• 80 155 23.30 2010 .0' .08 1.5 L4
MAUNA LOA MLV Z 19 2•• 80 155 23.30 2010 .0' .08 .0 S5
rHUNA LOA X MLX l I. 27.00 155 20.70 11.175 .Ob • 15 3.0 L4
MOKUAWEOWF.O MOK Z I. 2•• 28 155 35 ••8 4104 • I , • 1 b 4.0 L4 OH
MAKAOPUHI MPR Z 1. 22.07 155 •• 85 Rill - • 1 7 -.20 3.0 L4 0
~OUNTAIN VIEw MTV Z 1. 30.25 155 3.75 aO. -.0." .01 4.8 E 0
iHTIONAL GUARD NAG Z 1. 42.12 155 1.72 lA .~. .30 '.5 E 0
NORTH PIT 'PT Z 1. 24.90 155 17.00 1 1 1 , -.~o -.18 3.2 E4 SO
NORTH PIT NPTE E 1. 24.90 155 17.00 11 15 -.'3n - .18 .0 E.
NORTH PIT NPTN N 1. 24.90 155 17.00 1115 -.10 -.18 .0 E4
OUTLET aTL Z I. 23.3B 155 10 •• ' 103A -. \ q -.18 4 •• L4
PAUAHI PAU 2 t. 22.b2 155 13. 1 0 ••• -.21 -.24 4.b L4 SO
PAUA1-41 PAUE E 1. 22.b2 155 I 3. 10 q.4 -.?t -.24 .0 L'
PAUAHI PAUN N ,. 22.b2 155 I 3. 10 •• 4 - • 21 -.24 • 0 L'
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Table I (continued)

puu HONUAULA PHO Z lq 28.90 15' 53.'0 2\5 -.0 0 -.24 2.2 L' a
puu HONUAULA Pto-lOE E Iq 28.QO 154 !i3.Qo 2'" _.0" .... 21.1 • 0 L'
Puu HONUAULA PHON N I • 28.90 154 53.40 21'> -.Oq -.24 • 0 l4
puu Ul AUl A PLA Z \. 32.00 1.,5 27. 61 2"P~2 -.0' • 13 5.' l D
PUU NAHAHA PNA Z I. 1£1.9& 155 25.02 1... -'\ 8 .... 1 L, -.07 • 0 L S
POHOIKI POI l \q 27.42 1'4 51 .22 " -.0 0 -.211 • 0 l4
POLIOKEA"E PALl POL l \q \ 7. 02 ISS 13.47 lI,q -.O? .03 3.0 F4 n
PUU PILI PPl l 1. 9.50 155 27.~7 35 -.\ , -.\5 1.4 E4 0
PUU KAMOAMOA PU< l 1q 23.00 155 6.25 IV4 -.2l5 -.30 .0 E4 0
RIM RjM l Iq 23.qO 155 10.00 I 128 -.21 -.\3 .0 L'
SOUTH POINT SPI Z \8 58 •• 1 155 39.Q2 244 ... 1 7 -.22 I • 4 l4 0
SOUTH POINT SPIE E 18 58. Q l 155 3Q,92 2tji! .... 1 7 -.22 • 0 l4
SOUTH POINT SPTN N I~ 58.91 \55 3Q.Y2 2/J4 -. t7 -.22 • 0 l4
SOUTHWEST RIFT SI'IR Z Iq 27.26 l~S 3h.30 40£18 • 0 \ .04 0.0 E4 D
LlwEKAHUNA USE E I. 25.40 155 17.60 1240 -.21 .00 I • 0 S P
UwEKAHUNA usz z I. 25.40 155 17.60 \2" 0 ... 2.1 .00 1,0 S P
WAH AULA .HA l \. \q •• o ISS 2.92 2q .... 1 n -.04 I • 1 E4 a
,YJLKES CAMP WIL Z \.28.15 ISS 35.02 4037 .U • 17 2.6 E4 D
1'1000 VALLEY WOO l 1. 15.08 15, 30.12 qo. .... t ., .... 06 4.0 E' D

Table 2. Seismic InstY'umentation Types

The codes in parentheses refer to the seismometer' types litsted in Table 1.

Type I. ICodes E, L,
a) Geophone-

b) Preamp/VCO-

and 4) Consists of:
Electrotech EV-I? IE) or 11ark Products L4C III 1.0 sec.
period movi ng magnet vertical component sei smometer or
horizontal component adjusted for' an output of 0.5 vol ts/
cm/sec. and 0.8 critically damped.
USGS/NCER Model J302 or J402 (4) voltage controlled oscil
lator. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signals are transmitted on audio FM carrier over'
cahle or FM radio link to HVO.

Type 3. ICode HI) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil seismo
meter with HVO-built soli d state sei smic preampl ifi er, galvanoMeter' dri ver.
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz.

Type 4. (Code S) Consists of:
5prengnether' short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor = 0.25, 2X cr"itically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Codes (TE) and (55) are experimental seismometers.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismo
graphs recorded optically on photographic paper. Type 1 is the
standard NCER seismometer recorded on Oevelocorder film and magnetic
tape. The curve for Type 1 includes response of the geophone. all
electronics including telemetry, Oevelocorder galvanometer, and pro
jection of film by a 20X viewer. The curves plot the unit response
which should be multiplied by a constant but known factor (CAL). to
get the reponse for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scannect faY' earthquakes. and coda durations are
measured for magnitude determination. Events are digitized, timed, and located
on the Eclipse computer at HVO. Computer locations are made using the pr'ogram
HYPOINVERSE (Klein, F.W., Hypocenter location program HYPOINVERSE, U.S.G.S.
Open file repoy"t 78-694, 1978). and pr'oblem events are Y'eread and Y'erun.
Magnetic tape copies of all arrival time and output summar'y data are kept in
Menlo Par'k and HVO.

The crustal model used ;s specified by velocities at 4 depth points.
Velocity at any depth ;s given by linear inter-polation he tween points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or cOYTections were used in the
locations, and are given in Table 1. Delay model 1 is used for- events on
Kilauea and its south flank, and delay model 2 applies to the r-est of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22 1 N and 155°10'W.

Magnitudes for- most events were computed using both recorded ampl itudes on
low gain or Wood-Anderson stations and signal or coda duration on short-period
vertical stations. Amplitudes read from other than Wood-Anderson insty'uments
are correctecl to an equivalent Wood-Anderson amplitude using the curves of
FiguY'e 3 and CAL factors. Amplitude magnitudes largeY' than 2.5 are generally
based on the Wood-Anderson instruments in Hila or Type 4 seismographs at Uweka
huna. Smaller events may occasionally include amplitude readings from stations
AHU, KAA, OTl, PPl, KHU, PHO, or WIl.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the IIF_P time ll is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to compute all duration magnitudes. Dur-ation
times are only Y'ead from Type 1 sei smograrhs. Because duration magnitudes ay'e
relatively insensitive to station response and can be determined using the
high-gain short-period stations, it is felt that duration magnitudes are more
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude determination are:

duration <210 sec
duration >210 sec

M= -5.2 + 3.89 log IF-P) + .013 • + .0037 D
M= -.905 + 2.026 log IF-P) + .013 • + .0037 D

where ~ and D are the depth and epicentral distance in km.
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SEISMIC SUflMARY

The emphasis in hath station coveY"age and detailed data analysis ;s on the
highly active south hal f of the island of Hawaii. Hundreds of earthquakes too
small to locate ar'e counted daily, and the set of located earthquakes in the
Kilauea region is neaY'ly complete above magnitude about 2.0. Many smaller
events are loc~ted also. Substantial effort is made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
he as complete as on the south flank, but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summay"y ;s in fouY' parts. Table 3 gives
duration of haY"monic troemor and numbers of earthquakes (most too small to
locate) from sever'al sour'ce regions around Ki 1auea. The source region is
determined visually from signal character' and patter'n of arr'ival times at key
stations. Maps showing computer located epicenter's ar'e given in Figur'es 8-13.
The epicenter maps ar'e on different scales, and show both all located earth
quakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each ear'thquake in the list is assigned a three-letter
code based on its location and depth. Figures 4-7 ar'e maps of the regions Ilsed
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is given according to Figures 4-7. Table 6 relists the events in
Table 5 for' which either dur'ation or ampl itude magnitude is 3.0 or larger. It
is felt that this list is a more objective measure of large earthquakes than a
list of felt earthquakes.

Table 3. Number' of earthquakes and minutes of tremor recor'ded on seismogr'aphs
around kilauea.

Earthquake categor-ies ar-e:
1) Kilauea summit, short per-iod caldera: shallow ear'thquakes beneath

the calder'a.
2l Kilauea summit, long per-iod caldera: earthquakes char'acterized

by low frequency signatures, often oY'iginating 5-10 km below
the cal der'a.

3) Kilauea summit 30 km: from about 30 km depth.
4) Kaoiki and southwest rift: southwest r'ift of Kilauea, wester'n

parts of the Koae faults and adjacent Kaoiki fault system.
5) Upper east r-ift zone of Kilauea inclUding the eastern parts of

the Koae faults.
6) Lower eas t r-i ft zone of Kilauea.
7) Offshore PPL: ear'thquakes fr'om offshor'e ar'eas south of the Puu

Pili station, including Loihi seamount.
8) Mauna Loa long period: low fr'equency events near Mauna Loa

summit.
9) Mauna Loa short per'iod: shallow ear·thquakes in the Mauna Loa

cal dera r'egion.

Tremor is separ'ated into four categoY'ies:
deep Kilauea, and Mauna Loa. Depth is
relative amplitudes on seismogr'aphs.

11
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KILAUEA SUMMIT KILAUEA FLHIK MAUf\JA lO' TRHIOR t"INUHS)...._.. __ .-_.._--.- ....._._ ................._--.- ..._.--_._--.--_ ..-_._-.-
I ISHORT lO"G I I(AO. UP. LO!'i. OFF- I t KILAUEA. MAUNA 1
I D'TE I PER. PER. 3D I & SW EAST E'ST SHOREILOI\IG SHORTT INT. lO' I
I 1981 I CALDERA "M I RIFT RIFT RIFT PPl IPER. PF.R. T SHAL. DEEP I
1.·····1-···.·----·---1----·------··-···-·--1--------·-J·---··--······-·-I
IJAN 1 I 125 4 2 I lq 132 15 I T I
I 2 I 126 6 I 27 q8 lq I T I
I 3 I 83 1 0 I 30 104 17 I T 15 I
I 4 I 220 q I 36 158 8 I r 40 I
I 5 I 171 6 I 24 145 10 I I I
1-··---1--·--·-··_·-·-1-----·----·-----·-·--1--·-------t----------··----·I
I 6 1 461 25 I 30 136 10 1 I T I
I 7 I 446 q4 I 32 153 1 0 I 2 r I
I 8 I 290 q I 22 150 8 1 ~ T 1
I 9 I 240 2q I 31 133 10 I I T T
I 10 I 154 6 I 32 138 8 1 r I
1-----·1--------·--·_·1----··---·----·-·----1---·--.·-·T·---------··-----I
I 11 I 294 40 60 I 47 176 13 I r I
I 12 I 242 26 I 38 165 8 I T I
I 1 3 I 239 30 11 I 4O 166 17 I 1 I I I
I 14 I 182 31 I 23 144 5 I 4 T I
I 15 I 103 9 I 32 164 1 2 I 8 r I
1--·---1----·--·------1---·---··-·--·-·-----1-·-·--·-·-T--·---·---··-----l
I 16 I 225 18 5 I 13 103 15 I , I
I 17 I 762 21 I 1 3 113 19 I T I
I 18 I 252 19 I 41 120 5 I , I
I 19 I 311 5 2 I 25 192 12 I T I
I 20 I 1380 11 4 I 20 122 12 I T I
1---·--1-··--------·--1-------·---··-·----·-1-------··-T-·-------·-------I
I 21 I 199 1 0 1 I 21 137 13 I I T 6 I
I 22 I 215 33 , 17 153 15 I 4 T I
I 23 I 206 12 3 I 31 155 23 I ? 1 I
I 24 I 226 2 I 34 38q 31 I I I I
I 25 I 176 6 I 29 403 9 I , I
1----·-1-------··-----1------·--·------·----1---·--·---1----------·---·--1
I 26 I 224 q 2 I 40 344 lh I T I
I 27 I 158 10 I 11 222 8 1 I , I
I 28 I 188 15 I 28 185 15 I 1 5 I
I 29 I 165 8 I 30 217 9 I a T I
I 30 I 168 15 1 I 14 142 13 I 1 I
1------1-----·--·-·---1···-·--··------------1----·-----1---····----·-·-·-1
I 31 I 82 4 I 24 120 15 I 1 I
IFE8 1 I 102 8 I 30 202 22 I 1 T I
I 2 I 67 5 2 I 47 148 24 I T I
I 3 I 185 5 I 3q 168 11 I r I
I 4 I 172 2 a I ao 15q 27 I I I
t---··-I···----·-·-··-l·-·-·-·-··-···--··---1-···---·--1--·---··-----·-·-1
I 5 I 1 al 1 I 60 163 4 I T I
I 6 I 86 2 I 140 94 18 I T 5 I
I 7 I 62 I 333 147 33 I T 18 1
I 8 I 36 3 I 421 lqO 8 I 5 T I
I 9 I 32 1 I 1262 124 1 7 I I 1 I
1------1.·-.--.----...1-------·--.------··.-1·.. -------f·--·-----·-·--·--l
I 10 I 30 13 I 1846 96 3 I T I
I 11 I 16 2 I 984 78 12 I T 55 I
I 12 I 38 1 I 1523 144 3 I 1 1 I
I 13 I 41 7 4 I 818 89 23 I 3 , 28 I
I 14 I 18 5 I 830 82 23 I 1 3 I 25 I._.__ ...._---_ ..-._--..._.....-.. __... -_ ...._.._._--.-._ ..-.-_._.....__...
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KILAUEA SUMMIT KILAUEA FLANK MAU~A LOA TREMOR (MJNUTES)
-----------------------------------------------_ .._-_._._-----------------
I ISHORT LONG I KAO. UP. LO"". OFF- 1 J KILAUEA MAUNA!
1 DATE I PER. PER. 30 1 & SW EAST EAST SHOREILU~r, S~ORTT INT. LOA I
I 1481 I CALDERA KM I RIFT RIFT RIFT PPL IPER. PER. t SHAL. OEEP I
1------1--------------1---------------------1------- __ -1-----------------1
IFE815 I
I I & I
I 17 I
I 18 I
I 14 I

15
22

••
3&
3&

1 I 75& 101
5 I I 73' 110
I I 351 133
I I 2&7 85
8 I .n4 108

18
I &

7

•
7

I
I
I
I
I

2
2

T

2 I
3 T 30
2 I
~ t

5 I
I
I
I
I

I------I--------------!----------------·--.-1----------T-----------------!
I
I
I
I
I

20 I
21 I
22 I
23 I
2' I

17
II
25
23
34

I 50 I
1 I 50'
& 2 I 52'
5 I .32
I I 153

58
'0
87
53
78

l'
13

7
8

•

I
I
I
I
I

•
1

5 t
\ T
7 t
I t
1 T

I
I
I
I
I

1------1-·------·-----1---------------------1----------r-----------------l
I 25 I
I 2& I
I 27 I
I 28 I
IMAR I I

3 I 135 &&
I 108 54

2 1 I 71 77
• I 120 lb I
• 2 I 332 1'1

13
3
&

12
5

I
I
I
I
I

I
? I
, T

I' T
I T

I
I
I
I
I

I------I--------------!---------------------!----------T-----------------t
I
I
I
I
I

2 I
3 I
• I
5 I
& I

.7
17
.7
53
44

2 1.10

• I 273
3 I I 24'

'1 I 334
31 I 3'0

85
5&
83
41
81

7
&

10
8

1&

I
I
I
I
I

7 T
I

I I
2 t

1 i? T

2 I
I
I
I
I

1------1------·-------1---------------------1----------1-----------------1
I
I
I
I
I

7 I 108
8 I 57
4 I 31

10 I 33
11 I 5&

53
'8
•
2
3

I 272 101
I 3H 108
I 530 103
I &,8 124
I 340 97

27
10

7
2

10

I
I
I
I
I

3 T
5 I
7 I

• T
• T

I
I
I
I
I

I·-----t--·-----·-·_·-l---·--------·--------t--·-·_----T·-----····--·----l
I 12 I 31 '7 1 I 35. 11. 5 I ? I 10 I
I 13 I 30 21 1 I 314 11. 11 I IT. I
I 1, I 73 5 I '25 125 15 I 2 T 3 I
I 15 I '0 & 7 I 434 123 13 lIT I
I 1& I 22 • I '17 118 8 I 2 T I
I------l-.----·-------t-----·------··------·I----·----·t--------·-··-----I
I
I
I
I
I

17 I
18 I
14 I
20 I
21 I

31 1 1 I 3'4 11'
117 10 1 I 3&7 139

74 1.0 I 380 1&1
78 3, • I 14. 123

15. 22 I I 108 170

10

•
10
I •

I'

I 1
I
I
1 25
I '2

2 I
, I

• I2' J
50 I

15

I
I
I
I

8 I
1------1------·_------1-------··-----·--·---1-·------·-1----·---_··---·-·1
I 22 I 73 2 2 I 21' 15& 20 I 8 II T • I
I 23 I &7 5 1 I 3.& 113 17 I 10 31 T I
I 2' I 5& 10 I 383 159 13 I. 31 T I
I 25 I 34 &1 I 31' 100 12 I I 7 I 5 I
I 2& I 40 1& I 3.9 130 I' I I 7 r I
1------1--·------·----1---·----·-------·----1----------t----------_··--·-l
I
I
I
I
I

27 I &0
28 I ij6
24 I 110
30 I 118
31 I 123

2 1 I 321 103
4 1 I 17& 8.

32 I 111 92
10 2 I 1&. 1'7
I' 1 I 172 144

7
9
8

I 0
2

I
I
I
I
I

I

,
3

17 T
2 r
, T

2, I
I & I

I
I
I
I
I

-----.---------------_._---------..--------.--.---------_ .._------------ ..
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KILAUEA SUMMIT KILAUEA FLANK MAUNA lnA TREMOR (MINUTES)
_.-.---... ---- ..--._._------------....-.------_.-.---.---.----------------
I ISHORT lONG 1 KAO. UP. LOW. OFF- I T KILAUEA MAUNA I
I DATE I PER. PER. 30 I & SW EAST EAST SHOREIlO:;G SHO~TT INT. lOA I
I Iq81 I CALDERA KM I RIFT RIFT RIFT PPl IP€R. PF.R. T SHAL. DEEP I
1------1··----------·-1---------·-------···-1----------T-----------------l
I APR 1 I 83 2 1 I 303 87 9 I T I
I 2 I 192 10 I Iqq 12' 1 I " 1 I
I 3 I I 11 22 I I 122 110 " I b T T I
I 4 I 96 II 2 I 12" 179 13 I ~ • T I
I 5 I 140 21 I 302 236 12 I T 4 I
I------r--------------I-----···-----------·-l----------T-·-------------·-l
I 6 I 11 0 1 1 I 204 11 3 6 I 2 T I
I 7 I 95 6 I 260 138 4 I 5 1 7 I
I 8 I 1"4 3 2 I 147 139 7 I " T 5 I
I q I 127 16 I 133 335 3 I 5 I 15 I
I 10 I 70 4 I 85 174 12 I 5 11 I 33 I
I--·---t----------··--I---------·_----------!-·_·_-----1------_··-·------1
I II I 69 2 I 101 148 23 1 I 10 15 I I
I 12 I 104 15 I 146 178 12 1 1 ~ I 15 I
I 13 I 124 2 I 125 145 12 I 1 2 1 I
I 14 I 119 15 2 I 13' 189 6 I 1 T b I
I 15 I aq 8 I 98 174 8 I T I 2a I
I-····-r-····----····-l---------·---------·-I----------T-----------···---I
I 16 I 84 9 2 I 94 173 17 I 6 I 5 2 I
I 17 I 101 2 2 I 55 197 I 0 I 2? T I
I 18 I 114 I I I 63 137 11 I 7 T 10 I
I 19 I 165 4 I 5q 207 12 I 5 T I
I 20 I 229 18 1 I 49 180 6 I 5 T 15 II---.·.r---.. ·... ·..--l.----.---... --·---.--1 ..--------T_·_· ______ ··_···_I
I 21 I 118 11 1 I 50 147 11 I ~ 1 I
I 22 I 102 23 I 59 144 15 I ~ I 30 I
I 23 I 67 1 I 43 12q 7 I 2 ! I
I 24 I 245 6 3 I 56 137 17 I 5 ~ I I
I 25 I 223 10 1 I 33 113 8 I ~ T I
1······1···········-··1-------------·--···--1--·---···-r·---······-·----·I
I 26 I 389 9 I 91 277 12 I " I I
I 27 I 253 8 I 47 205 11 I 3 1 I 4 I
I 28 I 235 12 I 101 29q 6 I T IS I
I 29 I 292 5 1 I 68 sao 1a I ~ I I
I 30 I 142 2 1 I 68 154 36 I 2 I I1--··--1--···-·····---1-----··--------···-·-1-·-·------T ______ ···_··_· __ ·I
IMAY 1 I 63 4 I 51 11 8 18 I 8 7 T 4 I
I 2 I 119 17 4 I 64 120 21 I A 3 I 5 I
I 3 I 120 12 I 125 16" 14 I I I
I 4 I 272 15 I 216 14" 18 I 1 I
I 5 I 292 18 I 101 215 8 I T I
1------1·-------·-----1------·-------··-----1-·--------t-------·--·------I
I 6 I 203 I 0 I III 188 13 I T I
I 7 I 265 6 I 100 322 17 I 1 ~ I I
I 8 I 115 3 I 99 87 12 I 2 ~ I I
I 9 I 201 24 I 165 144 9 I 3 ? T 3 I
I 10 I 148 2 I 174 203 13 I I T "I I
1------1-----·--·-----1------··--------·-·--1·---------T--------------·--I
I II I 127 3 I 207 157 10 I 6 T I
I 12 I 77 5 I 187 123 5 I 2 1 T " I
I 13 I 2"0 12 I 169 151 11 I T I
I 14 I 170 5 I 187 161 5 I 1 "9 I
I 15 I Iq8 3 I 187 172 q I T 5 I-...-...._--------.-._._---.------.-._-.- ...-...._.-_.----_.---._---------
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KILAUEA SUMMIT KILAUEA FLANK MALINA LO' TREMOR (MINUTES)
--------._-----------------.-_.------------_._----------------------------
I ISHORT LONG I KAO. UP. LOW. OFF- I I
I DATE I PER. PER. 30 I & SW EAST EAST SHOREILONG ~~OQTr

I 1981 I CALDERA KM I RIFT RIFT RIFT PPL IPER. PER. 1

KILAUEA MAUNA!
INT. LOA 1

SHAL. DEEP 1

IMAV1& I
I 17 I
I 18 1
I 19 1
I 20 I

150 bl
AO 187

Ibb 103
Ibl 28
220 ~4

I 222 227
1 110 111
I 92 117
1 83 101
1 131 1"1

b
10

7
5

13

1
1
1
I
I

2 1
, 1

1
I 1
3 r

b" I
1
1
I
I

I
I
I
I
1

21 I 202
22 1 129
2.1 1 301
2" 1 217
25 1 IS2

39 I I
I 0 I I
18 I
22 I
1 I I

130 158
97 1"5
99 193

141; 341
2S2 330

"~
I 1
18
10

I
I
I
I
I

I

2

? 1
1

3 I
1 T
1 I

"
5

21

I
I
I
I
I

1------1--------------1----·----------------1----------J-----------------l
I
I
I
I
I

2b 1 212
27 I 202
2A lib"
29 I 18b
30 I 109

15 I
I" I
35 1

b 1
52 3 1

205 232
22b 182
189 180
119 87
102 80

I 0
8

13
b
8

1
1
1
1
I

1

1 1
2 I
I 1
3 1

" I

2b
"7

I
I
I
I
I

1------1--------------1---------------------1----------1-----------------1
I 31 I 107
IJUN 1 I 97
I 2 I lib
I 3 I 121
I "I lSI

29 1 I
32 I
23 I
1 0 I
21 I

15" 133
129 129

81 18"
121 129
III 112

I "
8
1
b

12

I
I
1
I
I

I
3 I
2 1

10 1
S T

20
bO

I
1
1
I
I1------1--------------1---------------------1---------_r !

I
I
I
I
1

5 I 2"2
b I "85
7 I 320
8 I 21S
9 I 13S

9 I
"3 1 I
10 2 I

b I I
20 1 1

.1 lOS
"7 II 7
35 123
30 113
S5 107

19
8
7

1 •
2

I
I
I
I
I

" I
0; I
2 1
1 1
3 1

38
25

1
I
I
I
I

I------!--------------1---------------------1----------1-----------------1
I
I
I
I
I

10 I 109
11 I b9
12 1 Ibb
13 I .13
I. I 308

22 1 I
8 I

33 I
53 I
23 I

38 113
.9 125
.5 157
5 I 1.7
b5 9b

1 2
8
1

I
I
I
I
I

2

1

3 I
I

I 1
1 I
1 I

3
9

I
I
I
I
I

I------1--------------1---------------------!----------J-----------------l
I
I
I
I
1

IS I .98
Ib I 129
17 I 258
18 I 179
19 I 1.1

18 1 I
1 1 I

"2 I
9 I 1

I 0 I

70 I.b
"& 12b
bl IS&
.b 102
b9 123

7
Ib

1
10

&

I
I
I
I
I

2

2
I

? 1

• 1, I

• 1? I

I
I
I
1
I

1------1--------------1---------------------1----------1-----------------1
I
I
I
I
I

20 I 123
21 I 112
22 I 110
23 1 108
24 I tql

1 2 I
7 1 I

13 I
11 I
27 2 I

57 129
.2 117
58 1.0
&1 qq
S9 150

1&
5

13
33

3

I
I
I
1
I

3

5 I
2 T
, 1
7 1
9 I

I
I
I
I
I

l------I--------------l---------------------!----------1-----------------1
I
I
I
I
I

25 I
2& I
27 I
28 I
29 I

1442
910
572
225

&"

21

•
9
3

• I
I I
I I

I
I

38
33
3&
.7
2S

1.5
1 12
12.

97
7.

19
15
18

3
10

I
I
I
I
I

1
2 • I2 I

" I
1 I

T

&5 3
3

I
I
I
I
I

--------------------------------------------------------------------------
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KILAUE. SUMMIT KIL.UE. FLANK MAUNA Ln • TREMOP (MINUTES)
• _. ____________ • ___ ._. __ ••••• _____________ • __________ • ____ w _______________

I ISHORT LONG I KAO. UP. LOW. OFF- I r I(JLAUEA MAUNAl
I DATE I PER. PER. 30 I & SM EAST EAST SI10REILONr, SIoIORTT tNT. LOA I
I 1.81 I CALDERA KM 1 RIFT RIFT RIFT PPL IPER. P~R. T SHAL. OEFP 1
I-·----J--------------!---------·---------·-!----------T-----------------!
IJUN30 I 108 1 I 31 103 • I I 5 I
IJUL 1 I 18. 2b I 3b 15. I 1 T I
I 2 I 130 2' I 13 112 2' I 1A b r 11 I
I 3 I 1•• 20 I 1• 100 I? I 9 b T • • I
I • I 127 2. 3 I 21 10' 15 I b 1 T b I
1------1--------------1-------------··------1-------_·-T-----------------{
I 5 I 305 b 3 I 35 120 7 I 2 • I '8 I
I b I 2'3 3 I '0 120 3 I 1 I 1
I 7 I 2b8 I 20 125 21 I • • I •• 1
I 8 I 308 I 28 151 b I 1 2 1 I
I • I 250 • 1 I 32 105 • I , T I
1-----·I·---------···_!----------------·----I----------l-----------------!
I 10 I 2b. 8 I 28 123 I b I I 5 1 I
I 11 I 31' 23 3 I 30 1" 18 I 1 T I
I 12 I 258 72 1 I 25 •• 5 I I 2 1 I
I \3 I Ib7 b5 I 33 12. 2 I I 1 I
I l' I 1'2 • 1 I l' '2 7 I 1 3 1 '1 I
1------1--------------1---------------------1----------r-----------------!
I 15 I 1'0 30 I 23 107 10 I 2 T I
I Ib I '1' \b 2 I 38 133 ? I b T I
I 17 I '51 \. 1 I 22 '5 \ 7 I l b I 10 I
I 18 I 2'b 3 I 3' 78 12 1 3 , I I
I 1. I 2'\ 15 1 I 32 Tq I • I 3 1 1 I
t------I--------------l------····_---·-·-·--1--------- -T--------------~--1
I 20 I .33 20 I 2' 150 b I T I
I 21 I 232 b I 28 b7 Ib I t T I
I 22 I 303 37 I 27 105 • I 2 T I
I 23 I 307 8 I 30 '5 3' I 1 T 5 I
I 24 I 377 3b 1 I 15 b1 20 I b • 1 I

1------I--------------1-----~~--------------I--------- -T-----------------1
I 25 I 383 2b I 30 b3 18 I 7 'i 1 I
I 2b I '8' 13 1 I 31 85 27 1 1 3 1 I
I 27 I 2b2 32 I 57 1b8 11 I • T 55 I
I 28 I 3'2 12 I 18 101 35 I 3 1 • I
I 2' I 314 10 I 2b \2' b I 1 T I
1------1--------------1---------------------1----------T-----------------l
I 30 I 351 31 I '1 8. 28 I r 27 I
I 31 I 515 28 I 2b '3 17 I 5 1 b I
lAUG \ I 384 2b 5 I 23 Ibb 14 I • T I
I 2 I \55 1 • I 27 200 Ib I I 1 I
I 3 I 11 7 I 23 237 5 I I 1 I
1------1--------------1---------------------1----------1-----------------1
I • I 28' b 1 I lb 22b 11 I \ 1 I
I 5 I 13b 1 \ I 38 370 3 I \ 0 T I
I b I '08 1. 1 I 2' 118 13 I 1 1 I
I 7 I 433 1 I 3' lOb • I 2 r I
I 8 I 337 10. I 2b \ 3 1 l' I b 2 1 3 I
1------1--------------1---------------------1--·--··---T------_·---------1
I • I 1082 '2 1 I 'b lOb 7 I 5 T 300 I
I 10 I 320 2' I 2783 1'3 3 I 2 Tl200 I
I \1 I 12' 130 1 I 5HO 58 2 I 1 t 1 I
I 12 I 80 SOl 1 I '152 100 • I • T I
I 13 I 2. .\. I 2b34 78 12 I 2 2 I I
---.---------_._----------------------------------------------------------
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KILAUEA SUMMIT KILAUEA FLANK t-'AU'JA LOA TREt"'OR (MIf\IUTES)
---~-~-~----------~------------------~---------------- --------------------
I ISHORT LONG I KAO. up. LO~j • OFF- I T KILAIJEA MAUNA I
I DATE I PER. PER. 30 I & sw EAST EAST SHOREILOtlG ~HOc;lrT INT. LOA I
I Iq81 I CALDERA "" I RIFT RIFT RIFT PPl IPER. PEq. T SHAL. DFEP I

I------I--------------I-~-------------------I--------- -T-----------------I
IAUG14 I 44 lA 51 I q04 bl I I 5 J 281 I
I 15 I 33 148 I "16 b2 10 I 1 7 r 1440 I
I lb I 12 q I 40" 105 4 I 20 r 1440 I
I 1 7 I II 4 I 501 bb 1 1 I 5 T 1440 I
I t 8 I '" I bbb lOb q I I r 1440 I

I------I--------------I---------------------I--------~ -1-----------------1
I 19 I 21 15 2 I 403 qO 8 I \l T 1U40 I
I 20 I 40 bl I 394 105 I 4 I 3 1 7 T b50 I
1 21 I 25 3b 1 I 312 101 15 I 1 1 3 I I
I 22 I 29 7b 2 I 353 125 1 I 8 1 9 I
I 23 I 42 82 I 353 143 10 I 3 3 r 2 I
1------1--------------1---------------------1----------r-----------------!
[ 24 I 38 27 I 401 124 5 I 15 T I
I 25 I 3 I 1" I 355 122 1 1 I 7 • T 13 2b I
I 2b I 25 21 I 292 118 10 I 9 I I
I 27 I 31 20 I 286 Al 10 I 2 5 1 1
I 28 I 29 14 I I 211 109 22 I 1 , 1 I
1------1--------------1---------------------1----------T-----------------I
I 29 I 2' 13 2 I 202 103 II I 1 1 , T I
I 30 I 2b 5 2 I 231 II 7 9 I ," 1 I
I 31 I 31 8 I 223 108 4 I 2 I lb I
ISEP 1 I 32 23 I 214 134 13 I 3 b I 1
I 2 I 29 3 I I 1 71 8b A I I II------I--------------J---------------------!----------T _________________ !
1 3 I 21 5 2 I 8b 103 I I 7 T 3 I
I " I 18 q I 11 " q9 21 I 1 ,q T 23 I
I 5 I IS q I I 80 121 8 I 2 9 I I
I 6 I 12 1 I 8b 80 1 1 I 7 I 38 I
I 1 I 43 18 I 185 110 5 I • T I

I------J----------~---I---------------------I--------- -T-----------------I
I 8 I 38 3 I 99 104 5 I 7 T h I
I 9 I 43 8 2 I 170 138 2 I 4 r 3 I
I 10 I 26 12 3 I 1.9 105 b I 2 t 0 I I
I II I 51 21 1 I 131 93 I 0 I • T I
I 12 I 3b I 0 2 I 82 128 10 I , 2 T I
I------I--------------I---------------------!----------1-----------------1
I 1 3 I 59 11 3 I 14 132 1 I 20 1 I
I 14 I 29 10 2 I 111 100 3 I 17 T I
I 15 I 40 1 4 I 101 1 0 1 13 I 1 \l I 2 I
I lb I 49 9 2 I 121 100 b I .5 1 I
I 17 I 39 " 1 I bb 10 4 I 7 1 II------I--------------l---------------------!----------T _________________ !
I 18 I 41 8 1 I 103 10 1 12 I 12 1 I
I 19 I 53 8 2 I 81 118 1 0 I 7 r I
I 20 I 50 8 3 I 91 111 b I q T I
1 21 I 3b • I 122 149 2 I " J 4 I
1 22 I 2q 3 I 41 139 4 I , 1 I

!---~--!--------------!---------------------!--------- -1-----------------1
I 23 I 3b 14 I 17 11 4 I I I I
I 24 I 53 5 I 84 lOb 1 I • I I
I 25 I 21 4 8 [ 4' b5 1 I 7 I 58 I
I 2b I 28 1 I 34 81 5 I 1 , r 34 I
I 21 I 51 lb 3 I 15 1 15 I 3 T I

------------------------------------------------------------------._------
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KILAUEA SUMMIT KILAUEA Fl,aNK MAUNA LO' THEr-lOW (MINUTES)
..------------_.-------_._._---------.--------------_.--.---------------.-
I I5HORT LONG I KAO. UP. LO~. OFF- I ! KILAUEA MAUN"I
I nATE I PER. PER. 30 I & SW EAST EAST SHOREILf1iJf; SHOQTy INT. LOA I
I 1.81 I CALDERA KM I RIFT RIFT RIFT PPL IPEO. PFR. I SHAL. DEEP I
1------1·-------------1---------------------1----------T-----------------I
ISEP28 I 67 12 I 7R 136 1 I • I I
I 2' I 48 13 1 I 75 113 15 I 1 I I
I 30 I 34 la 2 I '5 .a 1 I 5 I I
10CT 1 I 4. 8 2 I 55 134 30 I 2 I a I
I 2 I 37 10 2 I 6. 101 I Q I " I
1------1--------------1--------··-----------1----------T----------·------I
I 3 I 71 7 I 60 131 2 I 3 l' I I
I 4 I 63 3 3 I 5. 121 6 I ~ >,7 I 12 I
I 5 I 6. 11 1 I 54 123 5 I 1• I I
I 6 I 75 21 1 I 38 117 28 I I 4 I 3 10 I
I 7 I 106 1. I 87 124 2 I ~ I I
l------I--------------I-------------------··l----------T·----------------l
I 8 I 65 • 3 I 37 115 3 I , I 6 I
I • I 63 25 2 I 43 105 13 I ~ 2 ! 15 I
I 10 I 7 I 3 1 I 58 112 20 I 5 T I
I I I I 54 4 3 I 54 .6 18 I 4 13 r I
I 12 I 114 • I .6 157 3 I 5\ I I
I------t--------------l---------------------1------·_·-T··_·-·-----------!
I 13 I • 3 5 2 I 7' 11 4 • I 10 I I
I 14 I 113 7 I .5 122 8 I 12 I 22 I
I 15 I .8 37 1 I 52 115 10 I l' I I
I 16 I 3. 5 2 I 25 .8 lR I • I • I
I 17 I 48 1 I 27 '4 20 I 7 I I
1------1-·-------··---1---------------------1----------J-----------------I
I 18 I 125 14 5 I 42 11 • 21 I • I I
I l' I 134 18 I 72 180 1 I 3 • I I
I 20 I 11' 8 2 I 42 lIb 14 I > T I
I 21 I '0 10 I 51 10. 2 I 17 I I
I 22 I 82 7 3 I 51 116 3 I 1 2> T 27 I
1------1--------------1---------------------1----------T-----------------I
I 23 I 108 3 2 I 38 137 4 I 2 23 I I
I 24 I 143 6 2 I 36 154 1 I 1 10 I 4 I
I 25 I III 10 2 I 27 12. 1 I '4 1 4 I
I 26 I .3 2 I 6' q6 I 17 T I
I 27 I 82 3 23 I 72 132 2 I 2\ , I
1------1--------------1---------------------1----------T-----------------l
I 28 I .4 8 3 I 52 154 2 I • I I
I 2. I '4 4 5 I 75 105 1 I 1 1 • ! 7 I
I 30 I 71 4 3 I 43 100 1. I 3 R I 6 I
I 31 I 81 4 4 I 35 106 10 I I \ 1 I 4 I
INOV 1 I 122 8 1 I 38 lOa 4 I 10 I I
1------1--------------1---------------------1----------1-----------------1
I 2 I 103 56 1 I 6a 140 I • ! b I
I 3 I 146 7 I 45 83 3 I • I 8 I
I 4 I 125 25 I 53 152 2 I 12 I I
I 5 I Q7 8 1 I 40 135 5 I 20 1 I
I b I 5. 20 I 17 6b 5 I I 1 1 25 I
1------1--------------1---------------------1----------t-----------------l
I 7 I 40 16 I I 16 72 • I 13 T I
I 8 I 112 5 I 50 135 12 I 10 I 40 I
I • I 102 18 I 53 442 6 I 14 I I
I 10 I 104 20 2 I 46 232 12 I 1 5 I I
I 11 I 7 1 33 1 I 40 160 3 I b I I
-.-------.--------_._--.------------------------------------------------_.
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KILAUEA SUMMIT KILAUEA FL,6NK MAUNA LOA TREMOR (MINUTES)
-.---------.- .._----._.-.-----------.--_._._----- ..-----_ ..._-----._----.-
I ISHORT LONG I KAO. UP. LOW. OFF- I I
I DATE I PER. PER. 30 I & SW EAST EAST SHOREILONG qHQRTT
I \q81 I CALDERA KM I RIFT RIFT RIFT PPL IPlR. PEQ. T

KILAUEA MAUNAI
INT. LOA I

SHAL. DEEP I
1------1--------------1---------------------1----------T.------------- !
INOV12 I 68
11311\5
I 14 I 106
I 15 I 103
I 16 I 126

8 1 I
15 1 I
24 2 I
15 I
24 \ I

2q 1Dq
2q 112
36 III
31 q2
72 133

lq
16
I~

17
4

I
I
I
I
I

T
2 1
3 1
~ T
1 I

5
4

I
I
I
I
I

l------I--------------!···------------------I------·.·-T-·---------------I
I
I
I
I
I

17 I \86
I~ I \36
tq I q&
20 I 71
21 1 6q

4 3 I
I I

I
2 I

4 1 I

27 122
46 110
18 70
24 57
13 7q

q

6
lq
1 1
16

I
I
I

I I
I

5 T
4 I
4 1
1 T
? I

I
I
I
I
I

1------1·-------------1-------------------·-1-·--------r-----------------l
I
I
I
I
I

22 I 154
23 I 118
24 I 5q
25 I 70
26 I 10\

2 I I
5 I

I
2 I
1 I

37
34
50
3q
44

q4
ql
8q
77
82

5
q
5

"8

2 I
I
1
I
1

3 I
T

1 1
? T
1 T

25

I
I
I
I
I

1-··---1-----···------1-------------------·-1----------,----------·------1
1 27 I 122
I 28 I 145
I 2q I 128
( 30 I q6
10EC 1 I 33

321
7 2 1
2 (
5 I
1 1

2
I?
17

3
5

I
I
I
1
I

3 J
\ T
5 1
I T
, I 2

I
I
I
I
I

I-·----I···----···----!-----····-·-------··-!··-----·--T-----·--·---·----I
I
I
I
I
I

2 I ~3

1 I 77
4 I 84
5 I 131
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KILAUEA SUMMIT KILAUEA FLAf\l1< MAlt'I)A LI1A TREIIUR (NINUTES)

I IBHORT LONG I K40. UP. LOw. OFF- I T KILAUEA MAUNAl
I DATE I PER. PE.R. 30 J & BW EAST E,\ST SHORF.:ILONG SHORTT INTo LOA I
I 1.81 I CALDERA KM I RIFT RIFT !-ITFT PPL IPEQ. PER. 1 SHAL. DEEP I
1-·----1-------···-··-1.····--···--··---·---1--·-.···-_T·_____ ·· __ •__ · __ ·I
IDEC21 I 25" 2 I J

_.
78 1" I 3 3 1 1

I 28 I 277 1 0 1 I 32 11 ~ 2 I 7 1 I
I 29 I 239 " I 57 120 1 I J , 1 I
I 30 T 232 - I 53 11 " I 3 , T I
I 31 I 1_0 8 2 I 1_ 79 12 I 5 T I------._-------.--_ .. __ ._. __ ._-- .._--_._---_._----._-._ - .. --- _---

Table 4. Coordinates of named earthquake Y'egions.

--All eay,thquakes are in one of the following gy·oups.
--Identifierl by a numerical class or 3-letter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 sse - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldeY'a (0-5 km)
4 SER - Shallow east Y'ift (0-5 km)
5 SME - Shallow middle east Y'ift (0-5 km)
6 KOA - Koae fault zooe (0-5 km)
7 SSF - Shallow south flaok (0-5 km)
8 SLF - Shallow lower' east r'ift (0-5 km)

--Inter~ediate depth:
9 SFl - Kilauea south flank (5-13 km) (west end)

10 SF2 - Kilauea south flaok (5-13 km)
11 SF3 - Kilauea south flank (5-13 km)
12 SF4 - Kilauea south flank (5-13 km)
13 SF5 - Kilauea south flank (5-13 km) (east end)
14 LER - Lower east r'ift (5-99 km)
15 MLO - Mauna Loa (0-13 km)
16 LSW - Lower SW r-ifts of Kilauea & Mauna Loa (0-13 km)
17 GLN - Glenwood (0-13 km)
18 SWR - SW r'ift (0-13 km)
19 INT - Intermediate caldera (5-13 km)
20 KAO - Kaoiki (0-13 km)

--Deep:
21 DEP - Deep Kilauea (>13 km) (below Y'e9ions 1-13, 17-19)
22 DLS - Oeep lower SW Y'ift (>13 km) (below Y'e9ion 14)
23 DML - Deep Mauna Loa (>13 km) (below Y'egions 15. 20)

--Outer regions, all depths:
24 LOI - Loihi (all depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai (all depths)
27 KOH - Kohala (all depths)
28 KEA - Mauna Kea (all depths)
29 HIL - Hilo (all depths)
30 DIS - Distant, everywhere else
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Table 4 (continued)

----------------------------------------------------------
--The 1atitude and 10ngitude 1imits of the Y'eg;ons are g; yen below.
--When the coordinates imply an over'lap, pY'ecedence is given as in the maps.

No. Code N.Lat. S.Lat. W.Lan. E.Lon.
1 SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 155 07.2
5 SME 19 26 155 07.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SFI 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF3 19 26 19 10 155 12.3 155 09.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 MLO 19 43 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 GLN 19 43 19 26 155 19 155 00
18 SWR 19 22 19 10 155 25 155 17
19 !NT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 DE? 19 43 19 10 155 25 155 00
22 OLS 19 19 18 40 155 43 155 25
23 OML 19 43 19 19 155 35 155 19
24 LO! 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 lq 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 43 155 43 154 40
29 HIL 19 47 19 32 155 09 154 40

----------------------------------------------------------
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Figure 4. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 5. Earthquake classification, intermediate 5-13 km
Kilauea and east flank Mauna Loa.

10

20

30

155010'20

. ,
MLO-IS GLN-17 LER-14

- f-
KAO-20

INT-19 -

10
.;:: J

5F2 5F3-11 5F4-12 5F5-13 /" 0

-10
·Vo

• •

<:> • 0
• () 0 0

V5WR-18 ./ 5FI-9-

/ ../
- //

/~
-

/

/
r-.r ~

~
015-30

-
I , , ,~ , , , , , 1 , , , , , , , , , 1 LO 1-24

20 km 5-13 km HYPOCENTER DEPTHS
I

, , , , , , , , , I , , , , , , , , ,
,

23



Figure 6. Earthquake classification. CTustal 0-13 km deep
island of Hawaii.
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Figure 7. Earthquake classification mantle >13 km deep
island of Hawaii.
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1981 EPICENTERS. 13-60 KH OEPTrH>C2 Figure 12
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Table 5 is a chr'onological listing of successfully located ear'thQuakes. For
each event the fo" owi nq data are presented:

Or'igin time in Hawaiian Standard Time: date. hour (HR), minute (MN) I and
second (SEC).

Epicenter" in degr-ees and minutes of north latitude (lAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude. if determined.

OUR MAG - Our-ation magnitude. if deter'mined.

NR - Number of arrivals (P or'S) used for sol ution.

NS - Number of S arr-ivals used for solution.

GAP DEG - largest azimuthal separation in deqr-ees between stations.

RMS SEC - Root mean square enor of time r-esiduals in sec.

RMS =

MIN DIS - Epicentral distance in km to the thir'd nearest station.

ERH km - Standat'd enor of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remar-k.s, three letter- code for' geographic location of event. See Figur-e
2 for' location of mnemonic code. Additional one letter codes have the
following meanings:

F - felt

l - long per-iod char'acter

T - associated with harmonic tremor

B - quarr-y or- other' blast

* - the location pr'ogram had a conver"gence pr-oblem, which usually means
that the depth may be uoy'eliable.

Table 5 lists all events located during 1981. Table 6 lists only events of
magnitude 3.0 or' larger'.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTROL leTlON

The Hawaiian Volcano Observatory (HVO) summary presents data gathered
during the year together with a chronoloJical narrative describing the volcanic
events and significant observatory related activities. The seismic summary ;s
offered without interpretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the obser
vatoryare included. The emphasis in collection of tilt and defannation data
has shifted from quarterly measurements at a few water-tube til t stations
("wet" tilt) to a larger number of continuously recording borehole tiltmeters,
repeated measurements at numerous spirit-level tilt stations ("dry" tiltl,
an' surveying of level and trilateration networks. Because of the large quan
tity of deformation data now gathered and differing schedules of data reduction.
the seismic and deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly. but cost. convenience of prepa
ration and distribution, and the large quantities of data dictated an annual
format beginning with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation. calibration and processing
used in recent years. The present summary includes enough background informa
tion on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report ("Hawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. open file report 80-302, 1980). It; 5 designed as a refer
ence for users of seismograms and phase data. and so includes and expands the
information in the station table in this summary.
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CHRONOLOGICAL SUMMARY - 1982

by

Robert W. Decker

1982 was an active year for Kilauea Volcano. The major events were a summit
erup~ion on April 3D-May I, a southwest rift intrusion on June 22-24, another
summlt eruption on September 25-26, and an upper east rift intrusion on December
9.

The April 30 eruption began at 11:37 (Hawaiian Standard Time) following
nearly 3 hours of rapid summit inflation, tremor, and an intense seismic swarm.
Lava was erupted from an east-northeast-trending fissure about 1 km long extend
ing across the floor of Kilauea Caldera from the northeast rim of Halemaumau
Crater. The lava fountains were about 5 to 10 meters high, with bursts up to
25 to 50 meters. About 0.5 X ID6 m3 of pahoehoe flows coverin9 0.3 X 106m2
were formed before the eruption ended at about 06:30 May 1.

On June 22-24 a major intrusion of magma moved into the southwest rift of
Kilauea, continuing the series of intrusions into the southwest rift that began
in January 1981. Summit deflation~ an earthquake swarm, and tremor accompanied
this injection of at least 20 X 10° m3 of magma into the middle southwest rift
between Puu Koae and Kamakaia Hills.

On September 25-26 another Ki 1auea summi t erupti on issued from an east
northeast-trending group of fissures about 1 km long in the south caldera area
1.2 km south-southeast of Halemaumau Crater. This eruption was preceded by
nearly 2 hours of rapid summit inflation, tremor, and an earthquake swarm. The
outbreak began at 18:45 on September 25 and lasted until about 08:30 on Septem
ber 26. Lava fountains reached a gener~l height of 20 to 40 meters with bursts
up to 50 to 7D meters. About 3 X 100 m3 of pahoehoe 1ava was erupted, and
covered an area of 0.7 X 106 . Some 2 X 106 m3 of ponded lava drained back
down the vents on September 26-27, lowering the lava surface by 2 to 4 meters.
One tongue of 1ava extended northeast across the Crater Rim Road, and another
flowed over the low south rim of the caldera and moved about 1.5 km to the
south-southeast.

Following the September eruption, most of the earthquake activity shifted
from the southwest rift to the east rift of Kilauea. From 17:30 until 20:00 on
December 9, an intense earthquake swarm, but no tremor, occurred between lua
Manu and Kokoolau Craters on the upper east rift zone. This was accompanied by
3 microradians of summit deflation, indicating an intrusion of at least 1 X
106 m3 •

The fact that two eruptions and two intrusions without eruptions occurred
in 1982 suggests that the rift zones of Kilauea may be getting back to a state
more nonnal than during the years following the major 7.2 magnitude earthquake
on the south flank of Kilauea in 1975. During 1976 through 1981, there were
only 2 eruptions of Kilauea compared to 14 intrusions without eruptions--3 near
the summit; 3 into the southwest rift; and 8 into the east rift.
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It now appears that one of those east rift intrusions, the one beneath
Mauna Ulu on March 10-11, 1980, may have been a very small eruption. In March
1982, Norm Banks and Jeff Judd discovered a small pad of lava spatter and flows
of less than 3 m3 in volume along the east end of the surface cracks that fonned
on March 10-11, 1980. Since that intrusion involved at least 5 X 106 m3 of magma
injected into the shallow subsurface beneath the Mauna Ul u area, 1ess than
1/1,000,000 of which may have been erupted, we will leave to future statisticians
the problem of whether this unobserved event should be officially listed as an
eruption or an intrusion. It's somehow pleasing that science isn ' t always tidy.

Table 1. ERUPTIONS OF KILAUEA, 1982

Starting Vent Vent Are~ VOl~me
Date location Length Elevation Duration km X 10 m3

Apr. 30 SUl11T1it 1 km 1100 m 19 hrs 0.3 0.5
Sept. 25 Summit 1 km 1100 m 14 hrs 0.7 3{-2)

Table 2. INTRUSIONS OF KILAUEA, 1982
Elec-

Mi ni- Volume Propaga- tri cal
Starting mum X 106 tion Rate local Anoma-

Date location Length Height Oepth m3 km/hr Gases lies

June 22 SW Rift 20 km 8 km I km >20 .32 yes yes
Dec. 9 E Rift 2 km 3 km 2 km >1 ? ? ?

Mauna loa Volcano continued to inflate during 1982 at about the same rate
that it has since 1977. The increase in volume of the summit region is about
4 X 106 m3/year, and the center of inflation remains southeast of the rim of
the caldera. Shallow earthquakes beneath the summit area of Mauna loa continued
to occur at a gradually increasing rate that began in 1980. This rate of earth
quake occurrence is higher than during 1971 to 1973, but much lower than during
late 1974 and early 1975 preceding the JUly 1975 eruption. There have been no
eruptions or apparent dike intrusions of Mauna loa since the 1975 activity. The
magma supply rate into Mauna loa since 1975 appears to be only about 5 to 10% of
the magma supply rate into Kilauea during this same period.

Twenty-one earthquakes of magnitude 4.0 or greater occurred beneath or near
Hawaii in 1982, including a 5.6 Mand a 5.4 Mquake at 10-to-14 km depths beneath
the south flank of Mauna loa, on January 21. First motions of these two large
quakes and the distribution of their aftershocks indicate failure on a nearly
horizontal fault, with the upper plate moving away from the southwest rift of
Mauna loa in a seaward direction. It thus appears that the flanks of Mauna Loa
move away from the growing rift zones in the direction of least resistance,
probably as a result of push-apart stresses in the rift zones combined with
gravitational stresses in the down-slope directions of the volcanic pile.
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Besides the key role of deformation studies in estimating the volumes,
locations and volume rates of new dikes formed during intrusions and eruptions,
the deformation group has made at least two new significant steps in 1982. The
increasing number of recording tiltmeters along the east and southwest rifts of
Kilauea have produced a much clearer picture of the slow, relatively aseismic
intrusions into the rift zones. Apparently the more active parts of the rifts
develop fl ui d or p1asti c cores so hot tha t new magma from the summi t can i n
trude slowly into them without forming the seismic swarms associated with
cracking open new dikes. The main evidence for these slow intrusions are one or
more of the following: (1) slow subsidence or no change in summit tilt; (2)
local deformation along the rift zones, sometimes moving progressively down the
rift, detected by recording tiltmeters, level lines or dry tilt stations along
the rift zones; (3) scattered shallow earthquakes along those parts of the rift
undergoing deformation; (4) gas temperature and composition anomalies along the
rift zone; and (5) SP (self-potential) anomalies along the rift zone. The upper
and middle east rift experienced one of these slow intrusions in late October
and November 1982.

Another significant deformation study was the establishment of Em1 (elec
tronic distance measurement) lines across the locations where eruption fissures
might occur. In the September eruptions the fissure vents formed directly across
a segmented line of EOM stations. The extension of the ground surface by the
erupting dike was at least 705 mm, and 392 lTITl of this was accommodated by con
traction in the adjoining line segments within a few kilometers of the newly
formed fi ssure.

The volcanic gas monitoring program continues to expand, as does the com
pleXity of its results. Fundamental changes in temperature, volume, and compo
sition of the escaping gases indicate real changes in the configuration and
compo~ition of magma bodies in the subsurface beneath Kilauea's sUlTlTlit and rift
zones. Continuous measurements of temperature, C02 content, and condensate
conductivity are now being made at five gas vents. Twelve-hour (tidal?) cycles
of C02 content at some vents show that intermittent sampling could be quite
mi sleadi ng.

For 6 months in 1982, Dallas Jackson was on loan to the newly formed volcano
observatory on Reunion Island in the Indian Ocean. Electromagnetic investiga
tions were slowed down by his absence, but new SP (self-potential) anomalies
were measured related to the rift zone intrusive events. A major effort in the
electromagnetic program was automating the large inductance loop and sensors in
the Kilauea summit area in order to obtain regular measurements on a daily basis.

The observatory staff consists of 9 scientists and 16 support personnel. In
addition, 19 students and volunteers helped HVO during 1982. The staff monitored
48 seismic stations, 609 electronic distance measurement lines, 275 km of level
lines. 135 tilt stations. 14 recording tilt meters. 2 strain gages. 127 gravity
stations. 12 self-potential lines, 1 electromagnetic induction loop with 4
receiver stations. and 21 gas-sampling and temperature sites. Many of these
monitors record continuously; others are observed at various intervals. Most
of the data reduction. graphics, and data storage are handled by HVO's computer
system.

Eight members of the staff were involved in investigations of Indonesian
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volcanoes (particularly Galunggung and Merapil, Pagan Volcano in the Marianas,
Piton de 13 Fournaise Volcano on Reunion Island, Mount St. Helens and Long
Valley Caldera in the western United States, and three quarternary strato
volcanoes on San Miguel, Azores (Sete Cidades, Agua de Pau, Furnas).

Geologic mapping on Hawaii was conducted by four USGS geologists who were
closely associated with the observatory. Their availability and help during
the April and September eruptions was a great asset.

HVO cooperated with 40 guest investigators during the year for time periods
up to 3 months. Staff members and guest investigators presented 4 papers at
scientific meetings and published 20 papers and 9 open-file reports. HVO also
issued weekly, monthly, and annual reports.

Hawaii Volcanoes National Park estimated they had 2,626,00 visitors in
1982. About 70':; of these visitors stopped at HVO to view Kilauea Caldera and
to peer through the windows at HVO's seismographs. Close to 1200 visitors,
including 13 university student groups, 7 public school groups, 7 professional
meeting groups, and 14 TV filmmakers, were shown the inner workings of the
observatory.

It's been another busy year at HVO. The buildings are a wreck but morale
is high. There's nothing like a few eruptions to raise the spirits of volcanolo
gists.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory maintains an extensive
telemetering seismometer network on the island of Hawaii. In 1982 the seis
mometer network consisted of 48 stations; two are low-gain multi component
stations (optical), ten are three-component, and 38 are vertical only. The
coverage ;s most complete on and around Kilauea Volcano. With the exception of
self-contained systems at Uwekahuna and Hila stations, all seismometer signals
from the short period network are telemetered to the observatory for recording.

Figure 1 ;s a map of selected geographic and geologic features, and Figure
2 shows the seismic stations which were operated on the Island of Hawaii during
the year. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1982. Listed are station names, three- and four-letter
codes, coordinates in degrees and minutes, elevation in meters, and other data
described below. In addition to seismometers listed in Table 1, a horizontal
seismometer of Type 3 or H1 and a long-period, three-component set of Press-Ewing
seismometers are operated in the Uwekahuna vault, all recorded on photographic
paper.

Instrumentation and recording. Each telemetering station has a voltage
controlled osci' Jator (veO) for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type 1, the OEVE
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Develo
corders using 16mm microfilm. FM signals from the telemetering network are
also recorded directly on one-inch magnetic tape. Selected larger events are
copied onto condensed FM library tapes which are currently archived in Menlo
Park and archived in digital fom at HVO as part of the routine location process
ing. The type of recording used for each station (in addition to magnetic tape
for the telemetered stations) is coded in Table 1 as follows: 0 - Oevelocorder
film, S - smoked paper drum, P - photographic paper, H - Helicorder paper.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui, and on Oahu (Honolulu and Kipapa stations opera
ted by the Pacific Tsunami Warning Center). The less sensitive optical records
are used primarily for amplitude measurements for magnitude calculations to
supplement readings from the high-gain stations. The paper (optical) records
as well as the 16mm Develocorder microfilm are archived at HVO.

In late August, Rex Allen and Jim Ellis from the U.S. Geological Survey's
Office of Earthquake Studies came to HVO to install their seismic monitoring
system uniquely designed to automate picking of P-phase onset times, measuring
coda lengths, and detenninining preliminary epicenters for adequately recorded
earthquakes. The Hawaii picker is configured to monitor a maximum of 80 sta
tions, but is currently wired to 45 stations. Attached to the picker are a
Datasouth Printer and an Apple II microcomputer. The picker output is logged on
a disk and printed out on chart paper within three minutes after the earthquake
occurs. The data collected on disk ;s tranferred to the Eclipse, the main
computer system, on a daily basis using a second Apple II. The earthquake
records are filtered and run through our standard location program (HYPOINVERSE).
Summary listings and epicenter plots are prepared on chart paper, and the
phase data are archived on tape. The picker output is routinely compared with
readings from our standard fonnat. Modifications are being made to adapt the
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automated system to better accommodate seismic monitoring needs around Hawaii's
active volcanoes.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are el ectro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard OEVE system
from ground motion at the sei smometer to the sei smic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL, Table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak ampl itude measured in mm on the 20X Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Calibration is nonnally done each time a station is visited.
CAL factors range from about 1 to 8. averaging about 4. A detailed history of
CAl factors and other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian
Volcano Observatory Seismic Network. History 1950-79, U.S. Geological Survey
Open File Report 80-302, 1980.
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Table 1. Seismometer stations ~ HawaW operated by the U.S. Geological SUf\ley, 1982

STATION NA~E CODE ··LAT--· -··LO~··- ELEV DELAY DELAY CAL SEIS OPTIC
0 ~ D ~ (~) ) 2 TVPE RECORD.--_._-_... -- ••.........•.•.•_........................•......._•.••..•......_.

AHUA AHU Z 19 22.40 155 15.90 1070 -.10 ·.13 2. I E4 SO
AHUA AHUE E 19 22.~0 155 15.90 1070 -.10 -.13 .0 E4
AIotUA AHUN N 19 22.'10 155 15.90 1070 -.1f) ·.13 .0 E4
AINAPO AIN Z 19 22.50 155 27, &2 1524 • 1, • 17 5.5 L4 D
AINAPO AINE E 19 22.50 155 27, &2 1524 • 1~ • 17 .0 L4
AINAPO AINN N 19 ?2.50 155 27.&2 1524 .1' • I 7 .0 L4
C'PTAIN COOK CAC Z 19 29.29 155 55.09 323 .00 ·.16 1• 1 L4 D
CONE PEAK CPK Z 19 23.70 155 19.70 1038 -.2" ·.07 b.O L4 0
DANDELION DAN Z 19 21.42 155 40.04 3003 -.27 .03 7,0 L4 0
DESERT DES Z 19 20.20 155 23.30 815 -.i?Cj - .13 3.0 E4 SO
ESCAPE ROAD ESR Z 19 24.b8 155 1~.33 1177 •• 11 -.19 I .8 L4 0
HAWAIIAN 8EACHES HAe Z 19 31.89 154 53.89 92 -.Oq -.24 1 .0 L4
HALEAKAU, ~AUI HAE E 20 4&.00 15& 15.00 2090 .00 .00 1• 0 W P
~ALEAKALAf ~AUI HAL Z 20 4b.00 15& 15.00 2090 .00 .00 .7 HI P
HALEAKALA/ ~AUI HAN N 20 46.00 15& 15.00 2090 .00 .00 I • 0 W P
HILO HIE E 19 43.20 155 5.30 20 .54 .30 1.0 W P
HILO HIL Z 19 ~3.20 155 5.30 20 .54 .30 1.0 HI P
HILO HIN ~ 19 '13.20 155 5.30 20 .54 .30 1 .0 W P
HILI NA PAll HLP Z 19 17.9& 155 18.63 707 .O~ .07 2.b L4 0
HONOLULU, OAHU HON Z 21 19.30 158 .50 2 .00 .00 .0 HI P
HALE POHAKU HPU Z 19 4b.85 155 27.50 33qb • 31 • I 7 3.7 L4 0
HU~UULA SHEEP ST HSS Z 19 3b. 31 155 2q.13 2445 .20 .35 2.7 L4 0
HOT CAVES HTC Z 19 14.33 155 24.02 381 -.1" ·.07 .0 E4
HUALALAI HU' Z 19 41.25 155 50.32 2189 .~7 .38 2.8 L4 0
HEIHEIAHULU HUL Z 19 25.13 154 58.72 3b9 ·.11 -.16 1. b E4 OS
HEIHEIAHULU HULE E 19 25.13 154 58.72 3b9 -. 11 -.16 • 0 E4
HEIHEIAHULU HULN N 19 25.13 154 58.72 3b9 -.17 -.1 & .0 L4
K"PUNA K" Z 19 15.98 155 52.28 524 -.\2 -.01 2.8 L4
KAENA POINT KAE Z 19 17.35 155 7,95 37 ·.0' .Ob .8 L4 0
KAOIKI FAUL7S KFA Z 19 25.2b 155 25.14 1579 • 13 • 17 .0 E H
K,OIKI FAULTS KFe Z 19 25.2b 155 25.14 1579 ·\ , .17 .0 TE S
KAHUKU KHU Z 19 14.90 155 37, 10 1939 .03 -.03 2.7 E4 0
KANEK I I KII Z 19 30.5b 155 45.90 1641 .1' .37 4. 1 L4 0
KIP.PA, OAHU KIP Z 21 25.40 158 .90 76 .0 0 .00 .b HI P
KEANAKOLU KKU Z \9 53.39 155 20.58 16b3 .b" .24 1.2 L4 0
PUU KALIU KLU Z 19 27.48 154 55.2b 271 ·.11 -.30 2.9 L4 0
KOHALA KOH Z 20 7.&9 155 I.Ib.77 11 b6 -.0"' -.17 1 .5 L4 0
KOHALA KOHE E 20 7,b9 155 4b.77 11 bb ·.03 -.17 2.2 L4
KOHALA KaHN N 20 Lb9 155 4b.77 l1bb -.03 -.17 2.2 L4
KIPUKA NENE KPN Z 19 20.10 155 17, 40 924 •• 11 -.08 4.3 E4 0
KAPOHO KPO Z 19 30.02 154 50.51 1.14 -.OQ -.2'1 .0 L4
KALALUA LUA Z 19 24.55 155 1.1.25 b22 ·.215 -.30 2.8 L4 OH
MAUNA LOA MLO Z 19 29.80 155 23.30 20\0 .0' .08 5.8 L4 SO
MAUNA LOA MLOE E 19 29.80 155 23.30 20\0 .Q3 .08 .0 L4 0
MAUNA LOA MLON N 19 29.80 \55 23.30 2010 .0' .08 1.5 L4
MAUNA LOA X MLX Z \9 27.bO 155 20.70 1'115 .0_ • 15 3.0 L4
MOKUAWEOWEO MOK Z 19 2q.28 155 35.98 410'1 • I 5 .1 & 4.0 L4 OH
MAKAOPUHI MPR Z 19 22.07 155 9.85 881 -.11 ·.20 3.0 L4 0
MOUNTAIN VIEW MTV Z 19 30.25 155 3.75 409 -.02 .01 5.0 E4 0
NA TIONAL GUARD NAG Z 19 42.12 \55 \.72 18 .54 .30 4.5 E4 0
NORTH PIT NPT Z 19 24.90 155 17, 00 1115 ·.30 -.18 3.0 E4 SO
NORTH PIT NPTE E \9 24.90 155 \7, 00 11 15 ·.30 -.18 .0 E4
NORTH PIT NPTN N 19 24.90 \55 17.00 1115 -.30 - .18 .0 E4
OUTLET OTL Z 19 23.38 155 16.94 1038 -.Iq -.18 4.9 L4
PAUAHI PAU Z 19 22.b2 155 \3. \ 0 994 -.21 ·.24 2.8 L4 SO
PAUAHI PAUE E 19 22.b2 \55 13. \ 0 9q4 ·.21 -.24 .0 L4
PAUAHI PAUN N 19 22.b2 \55 13.\0 qq4 -.21 -.24 • 0 L4
PUU ULAUU PLA Z 19 32.00 155 27, b7 2992 -.01j • 13 5.4 L 0
POHOIKI POI Z 19 27, 42 \54 51 .22 1, -.OQ ·.24 • 0 L4

10



Table 1 (continued)

POlIOKE'WE P'u POL Z Iq 17.02 155 13."7 l!,q -.o.::? .03 3.0 E" 0
PUU PILI PPl Z Iq q.50 155 27.87 35 -.1C; -.1 S I • " E" D
puu KAMOAMO. PUK Z Iq 23.00 155 &.25 70" -.25 -.30 .0 E" D
RIM RIM Z Iq 23. qO 155 1&.&0 1128 -.21 -.13 .0 l"
SOUTH POI~T SPT Z 18 58.ql 155 3q.q2 2"" - • 1 7 -.22 1 • " l" D
SOUTH POINT SPTE E 18 58,ql 155 3q.q2 2"" - • 1 7 -.22 .0 l"
SOUTH POI~T SPT~ ~ 18 S8.Ql 155 3Q.Q2 2"" - • 1 7 -.22 .0 l"
SI1UTHWEST RIFT SwR Z lQ 27.2& 155 3&.30 1.i()1.i8 .0' .0" &.0 E" D
IJwEKAHUNA USE E lQ 25."0 155 17.&0 12uO -.21 .00 I .0 S P
'J~"EP( AHUNA usz Z IQ 25.1.10 155 17 •• 0 12"0 -.21 .00 I • 0 S P
1'I4HAULA WH' Z lQ IQ.QO 155 2.Q2 2Q - • 10 -.01.1 1 • I E" D
,'1ILKES C'MP WIl Z lQ 28.15 155 35.02 "037 .2? .17 2.& E" D
\joon V'llEY WOO Z lQ 15.08 155 30.12 QoQ -.1 S -.06 ".& E" D

Table 2. Seismic Instrumentation Types

The codes in parentheses refer to the seismometer types listed in Table 1.

Type I. ICodes E, L, and 4) Consists of:
a) Geophone - Electrotech EV-I) IE) or Mark Products L4C IL) 1.0 sec.

period moving magnet vertical component seismometer or
horizontal component adjusted for an output of 0.5 volts/
cm/sec. and 0.8 critically damped.

b) Preamp/VCO - U5G5/0EVE Model J302 or J402 (4) voltage controlled oscil
lator. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signal s are transmitted on audio FM carrier over
cable or FM radio link to HVO.

Type 3. (Code HI) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil seismo
meter with HVO-built solid state seismic preamplifier, galvanometer driver,
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz.

Type 4. (Code 5) Consists of:
Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor = 0.25, 2X critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Codes (TE) and (55) are experimental seismometers.
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Figure 3. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismo
graphs recorded optically on photographic paper. Type 1 is the
standard OEVE seismometer recorded on Oevelocorder film and magnetic
tape. The curve for Type 1 includes response of the geophone, all
electronics including telemetry, Develocorder galvanometer, and pro
jection of film by a 20X viewer. The curves plot the unit response
which should be mUltiplied by a constant but known factor (CAL), to
get the reponse for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned on a daily basis for earthquakes, and coda
durations are measured for magnitude detennination. Events are digitized,
timed, and located on the Eclipse computer at HVO. Computer locations are
made using the program HYPOINVERSE (Klein, F.W., Hypocenter location program
HYPOINVERSE, U.S.G.S. Open file report 78-694, 1978), and problem events are
reread and rerun. Magnetic tape copies of all arrival time and output summary
data are kept in Menlo Park and HVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22'N and 155°10'W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations. and signal or coda duration on selected
short-period vertical stations. Ampl itudes read from other than Wood-Anderson
instruments are corrected to an equivalent Wood-Anderson amplitUde using the
curves of Figure 3 and CAL factors. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4 seismographs
at Uwekahuna. Smaller events may occasionally include amplitude readings from
stations AHU, OTL, PPL, KHU, or WIL.

Duration magnitudes are detennined from the length of signal in seconds
read from the Develocorder viewer. This time. also called the "F_P time" is
measured from the first P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to compute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magnitUdes are
relatively insensitive to station response and can be detennined using the
high-gain short-period stations, it is felt that duration magnitudes are more
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude detennination are:

duration <210 sec M= -5.2 + 3.89 109 (F-P) + .013 l + .0037 D
duration >210 sec M= -.905 + 2.026 109 IF-P) + .013 l + .0037 D

where t: and Dare the depth and epi central di stance in km. respectively.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
small to locate are counted da ily, and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. Many smaller
events are located also. Substantial effort is made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on the south flank, but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
detennined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters are given in Figures 8-13.
The epicenter maps are on different scales, and show both all located earth
quakes and large events only.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and depth. Figures 4-7 are maps of the regions used
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is gi ven accordi ng to Fi gures 4-7. Table 6 re1i sts the events in
Table 5 for which either duration or amplitude magnitude is 3.0 or larger. It
is felt that this list is a more objective measure of large earthquakes than a
list of felt earthquakes.

Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Ki1 auea.

Earthquake categories are:
1) Kilauea summit, short period caldera: shallow earthquakes beneath

the cal dera.
2) Kil auea summit, long period cal dera: earthquakes characteri zed

by low frequency signatures, often originating 5-10 km below
the caldera.

3) Kilauea summit 30 km: deep earthquakes about 30 km beneath the
summit region.

4) Kaoiki and southwest rift: earthquakes beneath the southwest
rift of Kilauea, western parts of the Koae faults and adjacent
Kaoiki fault system.

5) Upper east rift: earthquakes in the upper and middle east
rift zone, the adjacent parts of the south flank, and eastern
parts of the Koae faults.

6) lower east rift: earthquakes in the lower east rift zone and
adjacent parts of the south flank.

7) Offshore PPl: earthquakes from offshore areas south of the Puu
Pili station, including loihi seamount.

8) Mauna loa long period: low frequency events near Mauna loa
summit.

9) Mauna loa short period: shallow earthquakes in the Mauna loa
cal dera region.

Tremor is separated into four categories:
deep Kilauea, and Mauna loa. Depth is
relative amplitudes on seismographs.

14
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KILAUEA SUMMIT KILAUEA FLANK r.'AUNA LOA Th'EMOR (MINUTES)-.-._._--------.----_._._.-.-------- ..-------.-._--._.-.-.-.---.-.-.-_._-.
I ISHOKT lONG I KAO. UP. lO•• OFF- I ) KILAUEA MAUNAI
I DATE I PEQ. PER. 30 I & S. EAST EAST SHUREILONG glolORTT INT. LOA I
I Iqll2 I CALDERA KM I RIFT RIFT RIFT PPl IPt.~. PF.R. T SHAL. DEEP I
I------I--------------I---------------------!----·_----T-----------------!
IJAN I I 187 q I 1b 82 13 I " I I
I 2 I 228 25 I 28 86 10 I 1 ? T 15 I
I 3 I 363 8 I "9 103 I 3 I "

, 3 I
I " I ""1 II I b2 153 2 I 3 T I
( 5 I "el 7 I 57 131 1 I , T 25 I
1------1--------------1---------------------1------·_·-T-------··--------I
I b I 7 2 I 2 I 1 T I
[ 7 I 22" 9 I 51 q3 2 I 3 T ••
[ 8 I leb 1 I 38 1 I 2 12 I , T I
[ 9 I 7 1 I "7 11 " 8 I 1 T I
I 10 I 1 1 I "2 lOb " [ ~ T I
1------1--------------1------------------ --I----------T-----------------!
[ 11 I 33b " I 59 170 " I , T I
I 12 I 2b3 3 3 I 32 11" 12 I 1 I , I
[ t 3 I 30b 5 I "8 158 9 I 8 , I
I 1" I 179 7 1 I "7 18<1 5 I ~ 1 I
[ 15 I 253 7 3 I 3b 82 " I " 2 T '. I
I------!--------------!-·_·_·---------------I----------r-----------------l
I 16 I 173 11 I 28 1"5 20 I , I
[ I 7 I 2"" 1" I 39 120 • I 1 I
I 18 I 12q b I "3 92 1b I T I
[ 19 I 276 1 I 5" 121 " I 2 ) I
I 20 I 11 " 7 I 33 105 5 I 1 T 5b I
I------1--------------l---------------------1-------_·-1-----------------1
I 21 I 175 3 I 895 b7 • I 1 I , I
T 22 I 9S 12 J 130 79 7 ) , r 30 I
[ 23 I 220 6 1 I 79 11 5 13 I I I
r 2" I 228 1 J 118 90 4 I r I
[ 25 I 105 3 I "6 7R 7 I 1 , 5 I
I------I--------------!---------------------!---------_T-------·_--------l
[ 26 I 218 1 I "3 67 3 I , T I
r 27 I 86 " I "9 b3 " I \ T I
I 2" I 3'0 3 " I b8 139 1 I I T I
I 29 I 2uO 2 I "b 8" " I T 15 I
I 30 I lbb 2 1 I 5" 127 8 I 1 T I
1------1--------------1---------------------1----------T---------------__ I
[ 31 I 273 I 12" 1"3 " I 3 T I
[F" EI-J, 1 I 172 7 2 I "b qR " I 3 1 I
I 2 I 263 10 I 7" 159 3 I 1 T I
1 3 1 132 5 I 5" 113 9 I I T I
I " I 2.2 1" I .7 167 1 I I 1 I T I
t------l--------------1---------------------r----------r-----------------l
1 5 I 73 78 7 I 41 129 10 I 2 " T 6b I
I 6 I "8 15 3 I 30 11" 5 I I 4 I 32 I
I 7 I "b 2 I 3b 105 15 [ T I
I 8 I 39 1 I 27 79 9 I I I
I 9 I 67 b 1 I 22 70 5 I T I1------!--------------1---------------------1---------_T_. _______________!
[ 10 I "2 1 1 I 19 "3 7 I T 1 1 I
I 11 I I I 23 "q " I I I
I 12 I 5b 2 I 21 1"0 17 I , I
I 13 I 5' 15 I b 103 6 I 2 1 5 I
I 1" I 70 1" I 22 92 b I 1 1 , I
--------------------_.._--------------------------------------------_._---
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
-----._--------------------------------------------------.-----.----------
I ISHORT LONG I KAO. UP. LOW. OFF- I I
I DATE I PER. PER. 30 I & SW EAST EAST SHDREILONG SHORTT
I 1982 I CALDERA KM I RIFT RIFT RIFT PPL IPER. PER. r

KILAUEA MAUNA!
INT. LOA I

SHAL. DEEP I

IFE815 I 100
I 1& I 18&
I 17 I 117
I 18 I 2"5
I 19 I 10&

11 2 I
I" I
14 2 I
94 I
25 2 I

&9 103
47 124
70 113
53 130
34 72

7
I
7
7
7

I
I
I
I
I 2

1
2 T
3 T
& T

1n T

I
I
I
I
I1------r-------·-·----I----·--------_·----·-I----- -T---------------.. l

I
I
I
I
I

20 I 200
21 I 148
22 I 104
23 I 229
24 I 218

30 I
58 1 I
15 I I
22 I I
12 I

&5 84
52 103
45 100
42 90
41 88

I
I
I
I
I

9 T

1~ T
• T

?3 T
15 T

I
I
I
I
I1------1·-------------1------------_·_------1----------T·.----·----------I

I 25 I 187
I 2& I 197
I 27 I 57&
I 28 I 239
IMAR 1 I 123

29 3 I
32 2 I
35 2 I
20 I
12 1 I

48 104
53 101
24 128
&1 1&4
38 95

3
15
19

7
90

I
I
I
I
I

2
\

1 I I
4 I
5 T

5 T
/, T

3

20

I
I
I
[

I

I
I
I
I
I

2 I 220
3 I 380
4 I 23&
5 I 110
& I 91

48
2&
3&
13

8

I
I
I
I
I

50 81
/,4 109
67 130
1& 11"

5 82

2
9

11
5

I
I
I
I
I

1 1
lOt

5 T
\ I

" T

7
5

I
I
I
I
I

I---··-r-·-·-------···1·-·---··-------------I------·-·-{-----------------!
I
I
I
I
I

7 I &81
8 I 380
9 I 498

10 I 159
11 I 239

51 I
21 2 I
"I 1 I

& I
21 I

37 101
"2 95
"4 122
"3 122
54 118

4
7
4

12
4

I
I
I
I
I

, I
2 T
3 1
4 1
4 T

15

1
1
J
T

I
1·-----I--------------!---------------------!----------t-----------------I
I
I
I
I
I

12 I 137
13 I 330
14 I 181
15 I 390
1& I 435

6 I
5 I I

15 1 I
11 I
24 1 I

32 75
29 78
37 8&
32 110
35 103

5
2
7
5
1

I
I
I
I
I

1

& T

" I
~ T
9 T
7 T

I
I
I
I
I

I------I--------------!---------------------I----------r---------------··I
I
I
I
I
I

17 I 216
18 I 230
\9 I 70
20 I 112
21 I 233

1 1 I
45 I
39 1 I
19 8 I
16 I

47 87
30 80
32 lOb
25 9&
39 6&

8
5

12
\0

2

I
I
I
I
I

I
T
I
I
T

I
I
I
I
I

1-·····1··············1·····················1··········1·······-·-·······1
I
I
I
I
I

22 I \92
23 I 643
2" I 278
25 I 211
2& I &7

7 3 I
19 I
73 2 I
1& 2 I

8 I

&&
45
18
28
10

96
80
&&
&"
76

\0
5
3
2

10

I
I
I
I
I 1

3 1
\ T
2 T

" I
& I

I
I
I
I
I

I······r··-···········r················-····1·-·····--·T····---·--··--·--1
I
I
I
I
I

27 I 54
28 I 197
29 I 100
30 I 1"&
3\ I 1"2

831
12 I
18 I
42 I
15 2 I

12 81
2& 90
32 83
3& 8&
3& 105

12
I
8
3
3

1 I
I
I
I
I

T

5 T
? I
3 T
2 I

I
I
I
I
I....__ _-.._._.. __ .._ _.- .._. __ .- - -..- ------..-.- .
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KILAUEA SUMMIT KILAUEA FLANK MAII""A LO' TREMOR (MINUTES)

------------_._----------------------.-----------------------------.------
I ISHORT LONG I KAO. UP. LOW. OFF- I T KILAUEA MAUNAl
I DATE I PER, PER. 30 I & SW EAST EAST SHOREILONG SIolOIHT INTo LOA I
I 1q82 I CALDERA KM I RIFT RIFT RIFT PPL IPER, PFR. T SIoiAL. OEEP I
I------!-------·-·----1---------------------1----------T-···---·_-·------1
I APR 1 I 140 25 3 I 35 85 13 I \ I I
I 2 I 148 20 I 34 q6 11 I I 1 I I
I 3 I 158 1 2 I Jq 8q • I I ! I
I 4 I 281 18 3 I 35 88 1 I J I
I 5 I 254 16 I I 36 85 12 I 3 I I
1------1--···--·-··---1-----··-·---------··-1---·------l-·---------------!
I 6 I 211 11 I I 44 100 17 I 4 I I
I 7 I 210 lq I I 44 85 7 I I 15 I
I 8 I 436 33 I 26 78 3 I I I
I q I 248 q I 2q 103 16 1 1 1 T I
I 10 I 247 13 2 I 21 q2 8 I 3 I I
I·····-t-····--···----I-------···-····-···--r·······---T------_·_--------r
I 11 I 37q 4 I 10q 233 6 I I 54 I
I 12 I 2•• 6 I I 50 127 12 I I I 15 I
I 13 I 425 13 I 73 10. I 0 I 3 T I
I 14 I 101 1 I 18 30 2 I I I I
I 15 I 363 18 I 23 q7 I I Il----··I---·---·----_·!-------_·_-------·-·-I·---------r--------··.------I
I 16 I 626 25 I 10 136 \0 I 1 ? I I
I 17 I 18. 5 1 I 17 11. 11 I 1 T I
I 18 I 342 • 1 I 27 '1 4 I I I
I Iq I 303 15 I 1 37 81 24 I I I
I 20 I 235 13 I I 25 118 q I 2 I I
l------I--------------1---------------------!-------_.-r-----------------I
I 21 I 223 6 4 I 24 q4 13 I 3 1 I
I 22 I 305 15 I I 45 100 4 I • T I
I 23 I 157 14 I 2. 82 8 I 1 8 I
I 24 I q5 4 I 25 61 16 I 6 J 4 I
I 25 I 10q 61 3 I 41 ql I 2 I 10 I
1······I---···-·····--r--·-----·------------r··--·---·-T-.-.-.·-·-.--.... r
I 26 I 152 61 I I 54 ql 22 I 5 J 10 I
I 21 I 110 31 I 31 128 2 I 3 T I
I 28 I '6 11 2 I 34 6. 12 I • I I
I 2q I 121 8 I I 27 65 3 I I ~ J I
I 30 I 653 1 I 44 63 8 I T 180 I
r--··--r··-··--······-r-------------·-·---·-r--···----.t-·---·-.- .. -----.r
IMAY I I 54. 5 I 58 84 12 I 8 T 480 I
I 2 I 676 13 I I 67 q5 5 I • T I
I 3 I 412 12 2 I 38 ql II I • T I
I 4 I 652 30 I 46 133 5 I • T 14 I
I 5 I 455 Iq 3 I 31 8q 14 I • T II·-·-·-r····--···-····I··········-··-···-·--r-·----·-·-t··---.......... -.I
I 6 I 500 23 5 I 33 III 13 I 8 1 I
I 7 I 520 86 3 I 21 84 17 I 3 I I
I 8 I 664 q8 I 26 .0 II I 2 I 3 I
I • I 455 21 2 I 47 113 15 I 5 J I
I 10 I 416 17 2 I 47 q2 10 I , T I
1······1····--····-··-1·······-··--···--···-1······-··-T---·----··-.... ·.r
I II I 401 8 2 I 54 82 10 I & I I
I 12 I 481 41 I I 76 6. 5 I 5 I 3 I
I 13 I 4qq 24 I 34 84 1 I 1 J I
I 14 I 324 58 I I 12 13q II I 5 I I
I 15 I 221 36 I 8 '4 5 I 1 I 44 I..............._•.....•.••.•.... _- ....-.- ....----..._-.._.... __ .-...._....
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KI~AUEA SUMMIT KILAUEA F~ANK MAUNA ~OA TREMOR (MINUTES)
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

I ISHORT ~ONG I KAO. UP. LOW. OFP- I I KILAUEA MAUNAI
I OArE I PER. PER. 30 I & SW EAST EAST SHOREILONG SHORT! INT. ~OA I
I Iq82 I CA~OERA KM I RIFT RIFT RIFT PP~ IPER. PER. I SHA~. OEEP I
t·····-l··············1·····················1··········t·················l
IMAiil& I 533 &1 I I 41 q1 I I q I I
I 11 I 418 & I 34 82 1 I I I I 18 I
I 18 I &n qO 2 I 4q qq 1 I I I
I Iq I 248 20 I &2 51 3 I 3 I I
I 20 I 3&4 &1 I 20 83 3 I I I
I······~··············I···········-·········I··········1···.·············1
I 21 I 2q8 24 I 2& 15q 8 I 2 8 I I
I 22 I 301 42 I I 25 120 I I U I 8& I
I 23 I 412 41 I ]q &1 2 I & I 38 I
I 24 I 352 35 I 4& III II I I 12 t 21 t
I 25 t 34q 2q I 41 108 8 t 2 t t
1······1··············1·····················1········.·1·············--··1
I 2& I 325 2q 2 I 22 104 12 I 3 3 t 3 I
I 21 t 3n &4 I 41 q5 2 t & t t
I 28 I 33q &1 I 53 84 3 I 3 I I
I 2q I 2qq q1 I 32 71 5 I 3 t t
I 30 I 285 42 I I 21 81 5 I 2 t I
I.·.··-I··············!·····················t·······••·t.················l
I 31 I 2&0 23 2 I 11 qq & I 3 8 t I
IrrUN I t 31q 3q 2 I 41 154 2 I I 4 t I
I 2 I 552 45 I I 5q 133 10 I 5 I I
I 3 I 202 135 I 21 q5 & I 4 8 t q I
t 4 I 381 22 2 I 48 12 5 I 1 t t
I······t··············1·····················1····.··.··1······--·········1
I 5 t 3&1 43 I 38 q5 23 I 13 I 4 I
t & I 2&q 33 I 52 100 4 I 5 I t
I 1 t 14& 18 I 13 &q 8 I II t I
I 8 I 871 84 I 10 12q 2 t 2 I I
I q I 431 40 I I &4 112 8 I 8 t I
1····.-1··············1·····················1··········1·················1
I 10 t 4&3 1& t &1 118 3 I & t I
I II I 380 41 2 I 28 qb 11 I I 4 I 25 I
I 12 t 2&3 33 I I 24 102 1& I 7 I 48 I
I 13 I 233 35 I I 5& 130 2 I 4 t t
I 14 I U I I q H q I I t I
1·••·.·1··············1·····················1··········y·················1
I 15 I 441 52 I 41 71 I 8 t I
I 1& I 191 1 I 3q 110 2 I 4 I I
I 11 I 213 2q I &4 80 1 I 4 I I
I 18 I 2&8 24 I I 125 110 5 I 2 I 40 I
I Iq I 221 35 I 15 103 8 t 8 t I
1·••·.·1.·············1·····················1··········1·················1
I 20 I 125 &2 I I 40 121 10 I 4 t 15 I
I 21 t 80 && I 214 138 14 I & I t
1 U I 35 41 I 4152 &4 & I 3 t I
I 23 I 180 IIq I &022 8q 1 I I t I
I 24 I 80 11 I 2824 8& 10 I I 3 I I
1······1·····.····••··1····.········.·······1··.··.····1·················1
I 25 I 54 40 I 122 238 Iq I 5 I I
I 2& I 5q 33 I I q51 8& Iq I I 7 t Iq I
I 21 I 2& 1& I I 12& lSI 14 t I t I
I 28 I zq 50 2 I 44q 112 13 I 2 I I
I U I 41 105 I &28 112 4 I 4 t I
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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KIL.UEA 8UMMIT KILAUH FL.NK MAUNA La. TREMOR (MINUTE8)-_ ...•.•....................••........................•.............•.....
I 18MORT LONG I 1<.0. UP. LOW. OFF- I I KILAUH M.UN.I
I OUE I PER. PER. 30 I & SW H8T EAST SHOREILONG SMORT! INT. La. I
I Iq82 I CALOER. KM I RIFT RIFT RIFT PPL IPER. PER, I 8H.L. OEEP I
I······x···········.··1··········· __·······-1·····.····r·················r
IJUN30 I 23 42 I I 288 208 & I I 1 I 5 I
IJUL I I 31 32 I 344 102 21 I I I I
I 2 I 13 Iq 2 I loq 142 13 I I I
I 3 I 29 11 I 247 72 14 I I I
I 4 I 29 17 I I &28 70 8 I 10 I I
1.·.···t···__··.······l·--··················1·········-1·················1
I 5 I 31 15 I I 3&7 210 14 I I 3 I I
I & I 27 1& I 3&2 138 13 I 1 T I
I 7 I 34 2q 4 I 370 159 18 I 1 I 3 I
I 8 I Iq 21 I 353 117 15 I 2 I 31 I
I q I 32 1& I 4&9 qq 2 I 1 I I
1······1--····.·······1·········__ ··········1-········-t-···········_·-·-t
I 10 I 38 3& 1 I 3&2 \1q 3 I I I
I II I 18 14 I I 310 143 20 I I 8 I
I 12 I 2& 21 I lq5 \10 23 I 2 I 2 2 I
I 13 I 12 28 I I 18& 108 10 I I & I
I 14 I 14 20 2 I 111 80 13 I I I 4 I
I·.·---x··········--··1·····················1··········J···············--1
I IS I q8 22 I Iq2 qO 2 I I I
I 1& I 20 7 I I 3H 128 10 I I I I
I 17 I 22 7 I I 184 &0 7 I I I
I 18 I 17 4& 3 I I&q 113 13 I I I
I Iq I 21 2& 2 I 15q 135 17 I I I 15 I
1-----·1··.··.······.-1···.··.···.·········-1··········I·················l
I 20 I 42 \18 I 21& 132 q I I I I
I 21 I 30 q9 I 131 140 20 I 3 I I
I 22 I 30 1& 2 I 1&7 100 4 I I I
I 23 I 22 58 2 I 25& 18& 12 I I I I I
I 24 I 27 3& 2 I Iq5 109 II I 5 I I
I······x·············-l·····················1·······.··1················-1
I 25 I 2& 48 2 I q2 118 14 I I 3 I
I 2& I II 31 I q4 108 1& I I 3 I
I 27 I 15 27 I 108 121 17 I I 30 I
I 28 I 17 lq I ql 171 17 I I 2 I I
I 2q I 28 5q I 174 87 4 I 4 1 I
x······x·-·-·-·-·-··--X···-·-----··-··-···-·l···-·····-1·······-···-·····1
I 30 I 21 52 I 103 50 I I 7 I I
I 31 I 4 12 I I 48 41 4 I I I I
UUG I I I 12 I 102 &3 2 I I I I
I 2 I 15 30 I 113 77 5 I 7 I 2 I
I 3 I 17 17 2 I 54 120 11 I I I I 42 I
1-···--1·-··---·····--1···-···-·--··-·--····1···-·····-1-···-·-------·---1
I 4 I 10 14 I 102 183 10 I 3 I 4 I
I 5 I 2& 24 4 I 73 108 15 I 2 I I
I & I 28 1& I 51 70 10 I T I
I 7 I 14 21 I I 42 &3 5 I I 7 I I
I 8 I 4 & 2 I 24 84 A I 1 I
1----··1----···_··--·-1-·-----------·-------1---------·T--------------·--I
I 9 I 27 74 I 28 120 19 I I I I I
I 10 I 20 32 I 33 44 18 I I I
I 11 I 15 87 1 I 24 &2 II I I 10 I
I 12 I 20 10. I 44 bb 8 I 1 T 40 I
I 13 I 2& 53 2 I 48 82 8 I 3 5 I I
-----.--..-------------------------.-.----.-------------------------------
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KILAUEA SUMMIT KILAUEA FLANK M.AIH~,6 LOA TREMOR (MINUTES)•..••.••..................-.._------ ..-_._-..--.--- ..._._.-----.---._-----
I ISHORT LONG I KAO. UP. LOW. OFF- I I KILAUEA MAUNAI
1 DATE I PER. PER. 30 I & SW EAST EAST SHOREILONG SHORTT INT. LOA I
I 1482 I CALOERA KM I RIFT RIFT RIFT PPL IPER. PER. I 5HAL. OEEP I
I······t-·············l···················_-J······.·.-1-·····-·_--------1
!AUG 14 I 18 47 1 I &4 130 28 I 2 I 8 I
I 15 I 57 44 I 73 12& 1& I I I I
I 1& I 53 70 I 103 80 & I 3 7 I I
I 17 I 23 32 3 I &7 148 2& I I 2 I I
I 18 I 38 114 I &0 103 20 I 3 I 30 I
1····--1·············-1·····················1··········1-··········--····1
I 14 I 23 31 1 I 44 118 8 I 1 2 I 57 I
I 20 I 44 39 I 83 119 2& I 4 I I
I 21 I 4& 24 I && 77 4 I 3 I I
I 22 I 37 13 I 77 59 & I 1 I &0 I
I 23 I 38 52 I 83 4& 14 I 1 I 17 I
1······I··············1···················_-!·········-1-···············-1
I 24 I 17 11 1 I 74 132 9 I 1 1 I I
I 2~ I 31 41 I 42 40 22 I I 2 I I
I 2& I 33 10 I 44 40 I 3 I I
I 27 I 52 15 I 40 59 5 I 2 I I
I 28 I &9 & I 80 &3 4 I & I I
1······1--·--·········1····················-1·········-1--············---1
I 29 I 45 8 3 I 87 8& 3 I 1 I I
I 30 I 23 3 I 47 81 11 I 4 I I I
I 31 I 5& 8 2 I &1 94 & I 1 2 I I
ISEP 1 I 78 7 I 83 74 2 I & r I
I 2 I 88 1& I 38 103 17 I 7 I I
I·····-t············--1················--·--1-········-1············---··1
I 3 I 30 7 I 44 42 15 I I I
I 4 I 34 I 58 &2 10 I I 1 r 18 I
I 5 I 3& I &9 78 9 I 2 1 24 I
I & I 87 81 I 84 41 3 I " I I
I 7 I 49 1 1 I 75 81 14 I 1 I I
I······!··············!·····················!··········1·················1
I 8 I 70 43 I 47 &q 5 I I I
I 4 I 41 I" I 3& && 7 I I I
I 10 I 7& 4 I 84 44 II I I 5 I I
I 11 I 72 2 1 I &9 82 14 I 17 r I
I 12 I &9 1 I 51 145 17 I 28 3 I 4 I
t ••····l·.············I·····················l·····••···t·················l
I 13 I &4 &1 I 77 89 3 I & I I
I 14 I 57 2 1 I 5& 139 17 I 2 I 11 I
I 15 I qO 40 1 I 110 78 8 I 5 I I
I 1& I 8& 15 I q4 95 5 I 9 I I
I 17 I 89 13 I 113 80 2 I 2 21 I 8 I
I······!··············I·····················I··········r·················l
I 18 I 244 28 1 I 132 q3 2 I 12 I I
I 19 I 78 3 I 45 20& 22 I 1 13 T I
I 20 I 51 10 1 I 14q q2 7 I 3 7 I I
I 21 I 114 48 I 8& 148 13 I 4 1 I I
I 22 I &8 11 I I 83 125 5 I 3 I I
t •••···l··············l·····················1··_·······y·················l
I 23 I 70 I I 38 && 1\ I 1 r I
I 24 I 43 8 I 5& H 20 I 2 r I
I 25 I 483 I I &7 7T 11 I 3 I q&q I
I 2& I 1038 19 I 74 122 5 I 2 3 I 34 I
I 27 I 303 35 3 I 91 100 2 I 2 125 I I•.•••.•...•.................................•..................•-........-
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
___ .w __••••____ • _____ ._._. __ ••• ____________•••••___ •••• __••• __ ••• ___ • _____

I ISHORT LONG I I<.AO. UP. LOW. OFF- I I KILAUEA MAUNA I
I OATE I PER. PER. 30 I & SW EAST EAST SHOREILONG SHORTT INT. LOA I
I Iq&2 I CALOERA KM I RIFT RIFT RIFT PPL IPER. PER. I SMA-L. OEEP I
1-----·1--------------!---------------------1----------t---·------·------l
ISEP2& I 407 2& 3 I 47 130 10 I 4 7& I 2& I
I 2q I 400 35 1 I &3 liS 7 I 1 58 I I
I 30 I 273 Jq I 41 &7 1 I 4 &7 r I
IOCT 1 I 1&& 80 I I &5 157 & I 7 2q t I
I 2 I 233 7& I 5q 121 3 I I 38 I I
1------1--------------1---------------------1·_·-------1-·_·_·-···_·_·---1
I 3 I 1&3 15q 2 I 47 13& 1& I 7 35 I I
I 4 I 230 52 I 41 12& 21 I 2 17 I & & I
I 5 I 1&& 34 2 I && 12& 20 2 I Iq I 5 I
I & I 9& 50 I 7& 133 10 3 I 22 I I
I 7 I II & 24 I 77 134 2 I 3 5 I I
1------1--------------1---------------------1----·_···-1--··--_·_-·------1
I & I 117 &5 I 40 15& & I I 3 t 4 I
I q I 10& 47 I .. 1&& 15 I I 1 I I
I 10 I 134 2& I 45 193 15 I 4 37 T I
I 11 I 112 &9 2 I 53 170 4 I 28 I I
I 12 I && 37 I 31 1&4 15 I I 7 I &4 I
T------J----------·---I---------------------I----------T----------·_-----!
I 13 I qO 55 I &4 133 2 I 14 I I
I I. I 30 29 I H 130 2 I 17 T 3 I
I 15 I 55 32 I 27 lq3 & I 2 29 T I
I 1& I Jq 30 I I 44 21& & I 1 I 4 I I
I 17 I &1 1& I 2& 232 & I a t I
1------1--------------1---------------------1----------T------_·_--------I
I 18 I 51 29 1 I 84 1&& I I 4 1a ! I
I 19 I 33 10 1 I 84 149 5 I 7 9 T I
I 20 I 31 &0 I 35 227 13 I 1 14 I 7 I
I 21 I 3T 28 I 85 1&9 2 I I T I
I 22 I 33 7 I 59 13& 4 I 4 I I
1------1--------------1---------------------1----------1-----------------1
I 23 I B 19 I 9& 24& 7 I 2 q I 40 I
I 24 I 37 3 I 50 372 10 I 5 2 7 I
I 25 I &2 I 9" 4A5 4 I 2 T I
r 2& I 33 7 I 51 457 18 I \ I I
I 27 I 29 11 I 32 2q7 I" I 1 I 3 I
1------1--------------1---------------------1----------1-----------------1
I 28 I 40 7 I 105 208 3 I T I
I 2q I 2& 20 1 I "2 299 21 I 4 4 I 14 I
I 30 I 25 4 2 I 74 194 20 I 1 3 I 3 I
r 31 I 2& 15 2 I 40 232 9 I a T I
[NOV 1 I 54 22 I 105 220 4 I 5 5 I I
1------1--------------1---------------------1----------1--------·--------1
I 2 I al 25 I 38 317 19 I 1 3 I I
I 3 I 25 3& I 25 1&7 14 I I 2 I I
I 4 I 45 22 I 53 193 7 I 12 52 I I
I 5 I 38 13 I 19 224 17 I 9 3 I I
I & I 29 7 2 I 44 125 II I 7 4 I 1 I
1------1--------------1--·------------------1----------1·----------------1
I 7 I 35 4& I 27 178 9 I 9 ? I I
I 8 I 28 11 I 37 153 10 I 4 2 I I
I 9 I 28 24 I I 35 284 15 I 4 3 I I
I 10 t 13 27 I 35 123 1 I 4 2 I I
I 11 I 10 9 I 40 72 1 I 2 4 I I
-----------------------------------.-------.------------------------------
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KILAUEA SUMMIT KILAUEA FLANK MAUNA La' TREMOR (MINUTES)•.••........... __..........•........•.-...._........_- ...._.-.-----.------
I ISHORT LONG I KAO. UP. lOW. OFF- I I KILAUEA MAUNA!
I OATE I PER. PER. 30 I & SW EAST EAST SHOREILONG SHORTI INT. LOA I
I 1982 I CALOERA KM I RIFT RIFT RIFT PPL IPER. PER. I SHAL. OEEP I
r···-·-l------.· L --_·-t--·-.··---------··-·-t-------_·-1-·..----._-------1
INOVl2 I II 13 I 35 88 3 I 3 7 I I
I 13 I 1& 22 I 33 52 2 I • I I
I I. I 12 I I I 21 88 9 I • 2 I 1
I 15 I 12 I 1 I 20 78 2 I • & T 1
I 1& I 19 & I I 35 114 18 I 8 I I .& 1
I······r·····--·------I········-··----·--·--l··---·----1-·-·-------------1
I 17 I 23 35 I • 3 II • 2 I 6 7 I I
I 18 I 35 12 I 6& 119 I I 5 &5 I I
I 19 I 2& 20 3 I 29 203 16 I 2 19 ! 1
I 20 I 37 7 I 57 75 Ib I 21 I 1
I 21 I bb 21 I I Ib 15b Ib I 5 3 T I
I------J-·---··-------l·-·--··-----------··-1--·-·-----I---------·---····!
I 22 I 37 25 I 35 8. I I I I
I 23 I 28 8 I 2. 35 • I I 1
I 2. I 90 b2 2 I 24 99 7 I 4 T 14 I
I 25 I 129 97 5 I 52 77 5 I ? 1 I I
I 2b I 6. .0 I 24 69 18 I 11 I I
I------I---·_·_-------!---------------------!··-----_·-T-·_·-------------I
I 27 I 129 66 I 35 90 5 I 1 3 I 9 1
I 28 I b2 9 2 I 79 69 b I 1 I
I 29 I 2.5 16 I I 29 133 14 I 2 2 I I
I 30 I 155 12 I 43 79 1 I 3 I 27 1
IOEC 1 I 64 5 I 32 12b 15 I 1 1 f I
1-·----1---··---------1------·_---------·---1-----··---T-----------------!
I 2 I 281 23 I 3b 127 16 I 1 9 I 1
I 3 I 151 3 I I 41 104 17 I 18 1 I
I 4 I 70 3 2 I 17 29 7 I 2 2 I I
1 5 I 20& 20 2 I 21 91 22 I 3 I 142 I
I & I 229 20 2 I 32 60 16 I I 8 I
1-····-1.··---··------1··--·················1··-··-··-.T··---·---·---·---1
I 7 I 145 15 1 I 31 99 23 I 1 I
I 6 I 145 6 I 49 69 2 I 1 I 1
I 9 I 1&25 13 I .1 151 3 I 1 1 I
I 10 I 410 22 I 73 13. 1 I I 5 1 I
I II I 139 27 I 134 I •• I I 3 I I
1-.----1--------------1·-------------------·1-·--·--··-I--··----·-·------I
I 12 I 58 5 I 58 112 I 2 1 I
I 13 I 2&& 22 I 26 135 12 I 3 T I
I 14 I 18. 34 I 38 126 6 I I 7 I I
I 15 I 220 22 I 29 77 2 I 1 1 I
I 1& I 114 12 I 24 71 I I J I
1-.....1.--·---.··-·--1-----·-------.·----··1·········-1······--·----·-·-1
I 17 I 125 & I 24 64 & I 5 I 34 I
I 18 I 52 I 15 77 5 I 2 I I
I \9 I 26 I 17 77 5 I I I
I 20 I 122 8 3 I 23 199 12 I 3 5 I 3 I
I 21 I 190 7 1 I •• 434 6 I • I 4 I
1......1..·.....-·· ...1..•······--··········1--········r··-··-------····-l
I 22 I 120 10 2 I 37 3.3 3 I 4 I 4 I
I 23 I 94 23 I .9 3&& 13 I I I
I 24 I 114 14 I 38 272 • I I I
I 25 I 95 48 2 I && 28. • I I 3 I I
I 2& I 57 5 & I 38 261 1& I 3 2 I I._..._--_.- .._•.••.......•..•...•.._...._....-•..••.•.....•..•...•..•.••••
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I\IL~UEA SUfW"I~ KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
-~._------ ------------_..._---------------------------.-.-.--------_. __.-
I ISHURT LONG I KAO, UP, LO-, OFF- I I KILAUEA MAUNAI
[ DATE I PER. PER. 30 I & S. EAST EAST SHOREILOf\lr; SHQQTI INT. LOA I
I 1.82 I CALDERA KM I RIFT RIFT RIFT PPL IPER, PER. T SHAL. DEEP I
l-~----I·-------------I--·-·------·---------I--------- -T-----------------!IOEC21 I 51 21 I 55 32. 5 I 2 T I
I 28 I bl 2 I 33 28" 11 I 1 " I I
I 2. I &1 12 2 I "" ... 1 I 1 1 I 3 I
I 30 I "3 3 1 I "1 1213 1& I 1 T I
I 31 I 11 1 1 I .0 "85 13 I 3 T 2 I
.-------------------------~----------_._-------------- ------------.-------

Table 4. Coordinates of named earthquake regions.

----------------------------------_..-------------------.-
--All earthquakes are in one of the following groups.
--Identified by a numerical class or 3-letter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera (0-5 km)
4 SER - Shallow east rift 10-5 km)
5 SHE - Shallow middle east rift (0-5 km)
6 KOA - Koae fault zone 10-5 km)
7 SSF - Shallow south flank 10-5 km)
8 SLF - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SFI - Kilauea south flank 15-13 km) Iwest end)

10 SF2 - Kilauea south flank 15-13 km)
11 SF3 - Kilauea south flank 15-13 km)
12 SF4 - Kilauea south flank 15-13 km)
13 SF5 - Kilauea south flank 15-13 km) least end)
14 LER - Lower east rift 15-99 km)
15 MLO - Mauna Loa 10-13 km)
16 LSW - Lower SW rifts of Kilauea &Mauna Loa 10-13 km)
17 GLN - Glenwood 10-13 km)
18 SWR - SW rift 10-13 km)
19 INT - Intermediate caldera 15-13 km)
20 KAO - Kaoiki 10-13 km)

--Oeep:
21 OEP - Deep Kilauea 1>13 km) (below regions 1-13, 17-19)
22 DLS - Oeep lower SW rift (>13 km) Ibelow region 14)
23 OML - Oeep Mauna Loa 1>13 km) (below regions 15, 20)

--Outer regions. all depths:
24 LOI - Loihi lall depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai lall depths)
27 KOH - Koha1a (all depths)
28 KEA - Mauna Kea (all depths)
29 HIL - Hilo (all depths)
30 DIS - Distant. everywhere else
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Table 4 (continued)

----------------------------------------------------------
--The latitude and longitude limits of the regions arc given below.
--When the coordinates imply an overlap. precedence is given as in the maps.

No. Code N.Lat. S.Lat. W.Lan. E.Lon.
1 SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 15507.2
5 SME 19 26 155 07.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SF! 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF3 19 26 19 10 155 12.3 155 09.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 MLO 19 43 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 GLN 19 43 19 26 155 19 155 00
18 SWR 19 22 19 10 155 25 155 17
19 1NT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 OEP 19 43 19 10 155 25 155 DO
22 OLS 19 19 18 40 155 43 155 25
23 OML 19 43 19 19 155 35 155 19
24 LO! 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 43 155 43 154 40
29 H1L 19 47 19 32 155 09 154 40

----------------------------------------------------------
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Figure 4. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 5. Earthquake classification, intermediate 5-13 km
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, crustal 0-13 km deep
island of Hawaii.
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Figure 7. Earthquake classification mantle >13 km deep
island of Hawaii.
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC 1•

Epicenter in degrees and minutes of north latitude (lAT N) and west longitude
(LON Wl.

DEPTH - Depth of focus in ~m.

AMP MAG - Amplitude magnitude, if determined.

DUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P or 5) used for solution.

NS - Number of 5 arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

RMS =

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code for geographic location of event. See Figure
2 for location of mnemonic code. Additional one letter codes have the
following meanings:

F - felt

l - long period character

T - associated with harmonic tremor

B - quarry or other blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1982. Table 6 lists only events of
magnitude 3.0 or larger.

35



•••
..-.- ...

"'......

---........-
-.....--

--
....

..............
...........

.......

..........
..........

•
co

.
...-

..
-. "
"
"
'''''''

u
"
"
u

u
u

..
_

..
.
0

..
"
,"

,
0

•
..

..

..........
•

-:!:
...

-..-
..

-..-_co
.......
..........

•

.........
..

~
.

--
.

•
...

"
,
1

..
....c

"
..

"
0

...
.....

z
...

.-
..

-
...

....-...-
0

_

........-.,
.

-."'''
-c.

-......
_

0
0

0
_

...........

...
"
O
~

.
.
.
.
.
.

O
.
.
.
.

.....
"
'..

c
.............

_
.
.
.

_
0

.
.
.
.
.
.
.
.

_
_

0
0

0
_

·
.

..........
"'

.
.
.
.
.
.
.
.
.
.
_

_
0

.
.

........
............

........
_

0
_

0
0

..........
•a

u
u

"
'

"
'4

0
0
.
.
.
.

_
0

0
"
•
•
•

u
....

~
~

r
~

•
•

~
~
.
~

~
~

~
c

..
r

0
1

1
0

..

••••••••c.••..••

..•
•

•'"
.............

••

••,•

• ••

-..-.._.c _c_

.-.

•••

..••• -...•....••••••-.."'" ...c".............. ...c._...•••

--..
~
-

-.........
...........
..

..
...

~

...........
..........
-

...
----

...

......"'...
......"'...
......
............
...........
..-........

.........
............

...........
_........-

....."'.
...........

..........

.
~

..
-

-.

.........
-...---
...--..
...........
..........

c
_

_

..............
......

~..

...._...
.........
..:.......
.........
-:":

.
-

-
...

.....-..-
..

..
...

..

..........
~.........

.........
.

-

~...---

-........
............
........_
............
..........

..........

..........
-:•.";":":
............
...........'"
..."'........

-:...";":":
...---
..-...-

......-...
...........
.
.
.
~.......

-..
.......

~

......
..-.......
-. .........
".":":":":
.......

•

_...""
.........
-_

..."'...
:.::::::
.............
.-

...........
--.............
.............

..........
--...--
...........
-........
..........
..."'...

~...
...

.
...-

...
.
.
~

...
..........

..........
.......-.
.
.
~

...
......-..

_
..

-
-..

..
..•

...........
.............
....._"'...

...........
-..

......"'.....
.............

...
...

...-
...

...........
........-

............
.-

..
.."'

...
_.c..........

"'.
~

..
.
~

.
...........
•.........

....................
.............-

~...
-

~
...

..
..

.....-
..

....
~
-
-

~
~
.

--...
~
~
~

........................"'..
................."'.........
·

.
-

.
...-

-

.........
-

.........._
...

·
.

.........
:
;
;
~
~
~
:
!

...............
..

~
-

..
~

.

·
..

..
.

·
.

-
..

•.
"'_

~
~..

..
~........

..............

......-
":":.-:•.":
.."'.....

•~
-
.
~

...
............-
•
••••

.."'.......
.......
...-........
-.. "'''''''..
~

..
......

...
--

..

-...-
":.-:":":":
.-

..
-

...
"'

...
...............
...........
..........

"''''...''''''
"'''''''''''''
..............
~..."'-...
........-
......-......
.............

.....
~....

.............
.............

~
..

-..-
..

.....
~..

........-...

..
-

--
-

-
-

-
-

...
••

•••• ;
~

~
~
~
~
~..........

~
~
~
~
~
~
~
~
~
~

.."
--..--

-
~
~
~
~

~
-
-
-
-
~
~
-
-
~

'"
...-

..
"':I:

...
-...."'

-..
" ....

...............
•• ,•

0
..w•,.,••~
.w• ..........................-

.
a

_
..
_
~

_
_

_
..

.
~

~
...

:>
-

•
•
•
•
•

-
.

,
_

.
c.

"'____
_

~
...

•.•••~w•

•~••· ,,•w·· ,•••· w•>,

,•,••"

•••••,:••..
w

•
•

•
••

•
•

•.
,••w

U
u

..
u

u
.......
.........

..............

D
U

O
.
.
.
.

.........
.......-
...........
...----
......

_
u

u
u

u
......

z
..

.......
..........

~

~...
-
-
~

............
.............

u
u

z
u

u
.......
......
..
~
:
~
~

............
.
~...-...

u
.......

u
.............
•
•

:1
:."

........-
~
-
~..-

..."'........
...........

...............
...............
........
...........
••..........
...

0
.
.
.
.
.

u
u

.......
..........
.........
.......
--..--
...........
......... ....-..

...........
.......

....."'...

..
u

.
.
.
.
.
.

...........
.........
.......

~..
-.

...........
•••
......•••
•••

...•••
•••
•••

•••
•••

•••
•

c

-..-.-.-.• _..... _..... .......
".c',... ...... ........- -_.
........-

--"'- .

.........
•

••
..........
----...

............
........
............

.............
--......

..........
-
-
~..-

....."'..
...."'...
...........
..............
..........
..........
.....

~..

...........
...........
..-

.
..

.

..-.....
.........

..
~.

"''''
.

.........

"
,..-...
...........
t::.=

:.
..--....
..-..
...........
-. -
~
~....

...........
.....-....
-......-
.........

..........
..........'"

..."'.....
............
........

~

.
.

c
.
.
.
.
.
.

............
.........

..........
-....

..
...

..
...

..........
----

...
............
............

...........
.......--
~

....':=

...........

...........
...........
.........
......-"'
..........

.........
-.........
.........

"'
.

."'
..

..........
............
............
............

..........
............
<>

.
.
.

-
..

..
....

....
"
'
.
~

-
...

--
...

..........
..-.......
..........
co

.
.
.
.
.
.
.
.

....---
.........
.............
...........

-...-...
..........
-..---
...-........

.......
..

c
_

..
.."'

.
--

...--

-
..

",:":,,.,";.
~
~
;
~

~

•

..."'
...

..."'
'"

.........

......-....
.............

..........
....,....
.........,.,
"'-

...
..........

..........

~
:
:
:
:
:
:

...........
..

.
..........
"'

..
...

..
>

.........
--...--
.............
............
...........
............

......-.
.............
.....
_......

............
......-....

............
.........
......-......

............
...........
............
""""'

...
..

..

.......
............

..........

.....................
"'....-...

,,,•.
..................-

----...

..........
...........
...........
......."..'..
-.......'"

...........
............
..........

..........
~

"'..
..

...

.........
........

......."''''
.....

~..-
........
•

•

..........
--..

"
-


...."''''..
.."''''..'''
..........

.......,,-

..........
..-

-
...

...
............

........'"
...........
.......

......

·--..
..........

-
...

-
..

"'
...

"''''
'''...

...."'.....
>--

.....
......

• "'...."'.

:• .........
........"'-
...........

o· ·
"-.........

.........
~
~
~
~

...

......."'..
"'

...
~

...
..."''''''''''
.........

-........
........
.........

.."'
.

.
"'

"'...

,, · ••,.c
.

0
0o• •0-o

•••w•..".• •
.o~
!
.,

•

••••'.•
w
.

,
••..•••,••
••,.<

>
••·.·.

!

••
0

·..
:!

~

· ,~•·!,·,•



0"
."'•••

"
,
p

••
"
,
.
_
.
~
~
~

_
~
'
"

'"
.
~
.
_
~

"
'

_
...

z
..

"'......
.....

_
_

......
_

_
"

~
_

•
~

..."
''''_

._
"
''''.

...
_

_
'"

... ...•••
...

............

•
....."........
....................
..............................

....
~..

...........
"'............

...........
0

..........
...........

.............

•
~

...
U

L
'

..
~.."'..

...........
...

.
.
.

'"
_

c.
'"

"
..

.
.
.
.
.
.
.
.
.

~
"
G
~
~

"
.
.
.
.

w.
'"

.
.
.
.
.

w.
"

....
-.

...........
u

u
"''''.

...,....
~

..........
,••

....•

••,•

•••

..- .........
..........
..........
......

..
.

.
-

.
--,,-,.
............

...........
."..


<

>
-

...-
-

.......
-
.
e
o

.

............

..
...

..
..

...

.......
"

...
.........

"'
.

...........-
...

.........
..........
............
....-

• ........--
--"'''''''

...
"
,
~....

-"''''...
"'..."'.

•....
-

"
~.c.

_
_

......
~
~

_
_

........._

••••....••••..••"
c

"'
_

.,
•
•

_
",,,

_
...

·...
--.....-...--

-......--
--.......-......

-..-.........-...........-...
-...........

-....

•••

•••
'"•••

...... •••
•.
~
"
:

.-......... ............ :!::
...

...........
...............

-........
..........
...

......

...............
...............

..........
..--..
-

...
...

-

.......
"'....-
.."'0

....

..
~....

':
";
~
.
,•.

...-.......
..........
...........

.........
~.....
............
.....-..

..

...............
...............

..._..-

....-....
-:-:...

~
,
,
:

......"'..
-.

-..
..........
......
"'........

......

...
.
.

0
.
.
.
.
.

.."''''..-
0

...
-

..

........

..
...

..."''''
'''

....""'"...
..."'......'"

..
...

.
~

..
..

...

...........
-

...
._

..
~

..

........'"
...........
...

.
.
.
.

0
...

..
-
~
-..

~
~
.

..
.

.
.
.
.
.
.

0
•

-"'-....
..........

~
-..

~.
..---

...............
"'............
.....

_
C

:'"
-_

...
..
~

...
..-"'..
..........

...........
...

~.....
.............

..
--

...
..

.._-..
--.."'..

............
.......
.......
.......

~
~

...............
..."'..."'...

........

........
...

~...

-
o

"
,
_

"
,

.."'........
.........
.......-'"

....
"
'
'
'
'
~

.......-..
..............
........

no
...

~
..

.....-
..

....-..
...........
...........
...:::..---

.....
~.....

•
•

.''''10''''''''
......,,,,,,,,

...........
.........
..........-

......
...........
..........
....

~....
~
~
~..-

•••••

.............
..............

........
·-

....
...........
-
-
~
-

...

•••
-.- ...........
........
.
.
.
.
.
.
.

0
..

......
~
"
'
~

.........
~........
...........

•.-,~••••..'..". e•
e

,.· •• e · ••~•· ,•,,•........
••

.....
--

..
..

••e,•
•••••

•• ,
!,••.,....•

...........
-..

.........
~

....................
...

~...
~.......

.........-
-_.."'-

·...........-...._'"
v

v
u
u
~

~
..

....
~..

~
~
~

~..
..
~

..
...........

~
-

..
-.......-

-
..

...........
.
-
~............

~...
.
.
.
.
.
.
.
.
.

..
~

&
.
.

..........
..

..
...

~
-

----
...

•
"'.

.
.

co

_
u

v
.
u

.........
..........
..........
...
_
~
~

...
"'.........

v
v

..
..

..
..

.
.
.
.
.
.
.

0
..

c
_

c
..,.....:;...
...

.
s

_
..

•••

~
:
:
:

•••

•••
0

0
<

•••

...•
•

.-...•••

0
_

'
--.•••

........- ...0
•
•

...... ._.
......._-...

•
a

..
-

~

........

..............
..............

......-_..
..

..
,

..
c

...
--

-
.-

.
.....-

.
..

..
.....-

..
...

-
~
-

...

~..-...-
"
,

c
.

"
:

••
~

......._...
_.•,

..
........

...............
............

.........
~..,"';'.-:
.......-..
.........
..

.
............

"'.........

-_.....
..:.!:;

e
_

_
..

_

-....
-
~

..........
-"'....
......

,.

.........-...
-.....

..............
...........

.
.
.
.
.
.
.
.
.
.

_
...

_
..

c
-<

-.--
-
~

...".

'"
.
~
.


...........
........'"
....-..
....

,.....
........
.-......
.........
':':c

_
::

.
0

...........

...--...
":

':":'.
~

-
...

~
-

--

.
.
.
.

c
•

-
-
~

...-

--.....
.....-_.

--
-

...-
...

-
..

.........
~

......
".

....
~

,.
-""

..

•
.
.
.
.
.

<
..
~
-
,.

......
.-..

-.

.",..-.
..

...
-

""
..-

....

.........•

~.........

".....'"
...---..
........

'.
........"'...

..........-
..

,
.

"
-..-.

...,.......

:::-;:-:
...-..
-...

~...
~

g
•
•

g
•

_
............

.
-
~
c

..
0

_
_

0
0

_
.
~

...
,

,........

-...-.'
..............
.............

.............
.............
.....

-
,

...........
...-

"'.
...---

.......

•
0

_
"
'''

.-.,-
.,

.
_

-

.........
..........
............
............

............,
..............
-........
c

_
•
•
•

........-..
........

~
~

......
_

..
--

..
_

0
_

"
.

~............

.
.
.

"
,
.
.
.
.

0
.
.
.
.
.
.

_..__•
~
_
~
_
o

...............
..............

.......
......

~
.

o
•

.
.
"
'

0
....

~
..

•
0

.
.

-
-
~..

-..-...
..........

.........
..

..
--....

~
-

~..
~

~
~..

..
~

,.
...-

..
.....


·.

•'..,0
' · •.

.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.

•
•
•

W
'
.
.
.
.

co
..........

~

'" ~~
_

...
_

...
ft

...
"
'_

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

_
_

.
~

0
0

_
.
_

_
...

z
_

_
-

..
-

~
_

_
_

...

•
.•................."'.........
'0 ..•••

.
.
.
.
.
.
.
.

_
'"

-
..

co
0"''''''

~
_

_
.,

_
c
o

.

·. •
,

_
.....

~
_

~
_
f
t
~
_

_
.
.
~
~
~

f
t
_

.
.
.
.
.

_
.
.
.
.
_

_
~

_
_
~
_

.
.

.
.

f
t
_
~

...
_

••e
.

'.e.••••..•••·...••
••o>• ··· ,•,•• ·· ,,•

•,•••> ,•· ••
"



,..C
C

C
0

0
"

-.,

"


_.0,--
":"':":
.
O

N

--'"'" ...0
•
•

";"';":
'N

N
•-- NNN

u
u

u
..

""
............
..

..
.....-

...
_

_
N

_
...

...
..

..
0

..

-.........
_

0
0

..
_

...........

"'''''''
....

"''''''''''...

-........
";"':"':-:~

~
~
~
:
:
.
~

........."'...
"'...."'...

...."'0
..

...........
.............
"
,,,,,,,tv

_

...........
...-

..
......-..
--

...
.._

'"
...

...
"'

-..
....-"''''

,,,,...,,,'"
.."'.,.....
...............
.,..

~
...
~

"''''---

"'.......'"
..............

..............
......."'...
............
..-.......

.
.
.
.
0

-
..

"
'
:
~
~
"
.":

"
'
~
-
"
'...

............-
"''''....''''''
"'''''''''''''

.....
.
,

0
...

~
'
:
~
~
"
:

'
:
~
~
~
~

~
~
~

..-
'"

.....
0

.....
..............
.;,,;..'.;.;
-,-

.............
............
~

.......
ON

...............
....."'''''''

-........
"'----

"'-......
"
;
"
:
~
"
:
"
;

.......-...
..."'...'"

............
.....,,,,,...
0

_

It'
.
.
.
.

"
..........
.......

-..
......

0
...

..........
"'........,'"

.
.
.
.
.
.

II'
.
.

....,."."...
............
.......,,
............
......."'
............
.",..",,'"
...........

........"''''
...."''''...

.."'''''''...
.."'....'"

......."'..
•

_
N

.............
........"'..
..........
~
-
-..

"1
<

...
0

_
...."'....
......

C
O

<
..

.
.
.
.

0
..

......-
...

.,._
C

o
o

...

-..........
.....I'''''",

............
"''''-'''..
...0

"'......

....."'......
....."'''''''

....."'..
-

..
-"'-

...
...........-

..............
.."'

..
...."'..
"'-

...
--"''''-

....."'.....
":"':":":":
............
.........
-.........
,-


............-
"'''''''''''''
...........

......,.....
...........-

..........
-..-...-

..."'''''''...
......"'

...

.."'....-
...
~
~
;
"
:

"'
~"''''

-
...

"
,

...
0

.
.

-

":":":":":
:

~
:
;
~

............
-"'....
..........'"

..
"
,..-......-

..
'
:
"
:
'
:
"
:
~.."'

..
-........

..
..

.."''''..'''
......"''''

-..-.....

...........

o
c
o

.
.
.

,."..,,,,,,,.
"'''...,,,,,

""'''''''''
......"'.....
....."'...'"
............'"
0

"
'
..

...
-"'...

..
~
"
'
'
'
'
O

-"'--

"'''''''''''''
.."'.."''''

..............

.............
..

........
...........

.........
"'''''''..'''

"'"""'"
...,......
.............
"'''''''''''
"'-"''''

.............
..........

"
,

"_
"'0

_
"'''''''

'''
.,

..
.."'.........

-......_-

............
'"

.
.
.
.
.
.
.
.
.
.
.

41
.,

...........
...,

..

"'.......'"
............
"'-....'"
"'--

'"

........
"'.."''''..
"
'
O
"
'
~
'
"

--.."''''''''''
"'..."''''....

.."''''..
....."'..

...........

.....,........

...............

...........
............
"'.."'..'"
.."''''....

"'........
~
~
"
;
"
:
"
:

..
...

...--...
..."''''

...
'"

-
..

tv
..

"''''..'''

...,\.......
......-..
..
~..-'"

............
...........

"''''........

..-.......
......."'
"'............
...."''''..'''
"'''''''''''''

~
~
l
l
"
"

"
]
1

.
1

:
]
'"

"'........
.,.,.,.....

...............
.........

-
'-

'
......

0
.
.
.
.

0
_

..
0

4
1

"''''--
"'-",,--

..............

"''''''''''...

............
.....-

..
.."'

...
--"'..

..."''''''''''
..."''''....

~
o
"
'
'
'
'
o

........"'..
........'"

•• •·,·· ,Z
N

0
'

••",• •
,-•
•o". ,• · ,•,
••0>
..O

.
,.-

>
,..,.•

u

." .,,.-." ..O
.,• •
u

" ..

• ,

,..,.0 •>••
o

.
,.

· •"· ,~" ,o••o,,•>,

":-:":.
N

N
N

_
N

•

c
:
~
"
;

-
C

•

N
N

N

'N
O

-. 0
_

_

N
N

N

N
"

c
:
"
:
~

.
N

•
-.. N

O
'

".":":
N

O
'

--,.,e''"
'"

-..N._•••
":":C:
N_.

•••
•••
"""
..

,
_

N
N

-......

"'.."''''..

"''''''''''...
..."'......'"

....."'....

............
"''''..'''
"'.........

..........

...........
..........

..........
"'''''''''''

"'.........
...
~
:
:
~
~

"''''..''''''

...-......
"
;
~
"
:
.
"
:
~

-........

...":":":-:
-"'''''''...
.........""
""''':":'':

............
":":":":":
"'-..."'..
...........'"
........"''''
"'............

......-....
-"'.."''''
":":":C:".
-"'-"'-

-.."'.....
,
,
:
~
,
,
:
,
,
:..,

........"''''
",,,,o

n
..

...........

"".....
.".."..

..........
..

...
->

...

_...,..
"
,

"'......


..........

......."''''
"'----

..."'....'"

"'..........
"''''''''''
~'::::::....

............
":-:":";":.
.
.
.
.
.
.
.
.
.

0
..,

..."'...
... "'.."'''''
"'.."'....
....."''''..

....."'''''''

..."""
..........
......

->
->

"'
..

.....-"''''

...........,

..."'''''''...
.."'-

'"
.."'

'"

.........'"
....

",,,,..
-"'......
..............
"'..."'

...
"''''...'''...

.........'"
........"''''
-.........

•

0
.
.
.
.
.
.
.
.

"'......"''''

......
"
,...

"
,

...........'"
"'''''''...'''

.............

-....."'..
..........'"

"."".
..

..
.........

->
...

............
..-..-'"
...........'"

....."'
...

....."''''...

............
......"'..
.. "'......'"

"'
-

....,
..,

-
~

..
~
:.."'..

"''''......

...........

"'....,....,

_.........
.."''''_..

..-....'"
":":":":-;
-......
..............
"'..........
"'''''''''''''

""..".
..........
.........

->
->

............
...
-
~
-
'
"

...........
"':":";":":
"'---..

...........
":-;":":".:
............

......"'..

...........
...........
:.,;;,;.;.
.........
...........
-.."''''..
~
'
:
:
:
~
~
~

"".........
-"'---

_
N

"'.."'....

......"'..

........."'...

"'''''''...'''

:::::::::.
..............

....."'..'"
"'-

...
"''''-

...
..............
"'''''''..
..."'

'"

...........
..........
"'.."'''''''

........"
..........
->

............

........"'..
-..---

"'.........
...........
...........

-"'---

~
-;..,..,

~

-,,---

~
"
:
~
"
'
;
~

;;;;;;;;;;;;;;;

"
'
~..."'..

....."'.....

.............
.......-..
..............

............

...........
":":.":":.":
........

--"'
..

...."'..

........"
..........
...

->
......

->

...........-
..",,,,,,,...

......."'..
c:
~
"
:
"
:
~

..--....
...............
........."'...
"'..."'''''''

-
"''''

"'
"'..

...........
-"''''......
:
!
.
:
!
.
~
=
!

-"'
'"

"'''''''...

..."'......
----'"

...........

..."''''......

-..........
"'.."'..

"'..-"'..
":":";-:":
.."'..

~..

-
..

......."'...
...........

....-.....
on

...
_

............

...........
~
~
~
"
:
"
:

....0_'"
....."'......
...",,,,,,,,,,
"''''...''''''

...
~

..
,

.
--

.........."''''
"''''..'''....

............

.....-"'..
......."'...'"
-

-'"
..."'

...

"'''''''...'"

"""""
"""""

..........
..

......
->

......
->

...

..--
..

"'
'"

"'
'"

.............."'....

,- ...-
..

-
...

...........'"
...."'...'"
..........

...
~..

~


............
..-...-...

"••,,,N•
• o.• ;!.::.
•••

U
.,••O. _.••· ,,•• ,.O

'
o

•
..., ••..••
..'.."
' o !•••..u

.",.·••-." .>••,•

••,o· ,,•••·· ••,,•o>,

,.,
N

O
.

·.•,•
N,

•



-..'"•••
~
:
:..

--. •••
•••

•••
•••

•••

-.-.0
•

...
...... .-.•••..- .0

•
.-- .-.•••

...oo•...... ...•••
•••

.,.-.-

•
••••

..--_
...

.....-
...

_
..

...
"'

..
-

~..
..........

.........
--....-

..
..

_
..

..
..

...-
-

..........
........-

....

....---

..........
......-...
.......-'"
.....--..
..

..
...

..

.........

----'"
"'-"'--

•••••

......-..
............
...........
• ...........
-.........
........

.........

..
.

..._
.

::::~:::.

..............
...........
..

...
...

--

..
..

...
...

.........
--0--
-..-.
...........

.........

.....,....
..----

..............
.............

.....-
...

...
..

"'
-

---
...

..........
..........
..........

...........
...........
..........
..

...
"'

'"

...........

...-........
..........

...........

..
.
.
.
.
.
.
.
.
.
.

_
u

u
..

.........
......

...............................................

...........
............

.
-...

..
..

..........

..........
--...--
.."'......... •

............
..........'"
.............
.....-..-

..........
....-.....
...........
-

...
-
-
~

-

.......
........

..-
..

.....-
...

.............
"'...........

..........

.
~.......

...........
.........
-

,.

•
c
o
~

..
..

..
...........
"
'-0

..


-
...-.....

.........

"'.........

--.......
...............
.........'"
_..

............
.-.

........-..
--.

::::::::::::::

............

............
............
.............
..._-...

..........
...........
..-........
"''''--..
~.....-

...........
.............
..............

•

......
"
,

•
"
'.

<>
..

...........
.....

0
"

.
.

..........
--.......

---......
"......
--,,"'-
........

..-......
-:"':".-:-:
............
....-

....
........-..
-

-
-
~

~

•••

......
_

_
_

_
N

......-..
........
...........
.........--

...........

..
.

.
..

...
..

---..
...

..
...

'"

.......

.........c.
.
.
.
.
.
.
.
.

0
..

..
..

..
-

-,,""'"
":"':"::~":

---....
•••

..........
..--

..
~
:
:
.
:
:
.
~
~

............

..............
..........
.;.;..;;..;.
.............
!
.
!
.
!
.
~
~

..
.

...
..

..........
-..........
,;,;,,;.;,;.
-.............

........
........-.
;,;,;,,;.;,
-........
...............
...............

-
-

.
........-

....

...........
~
'
:
-
:•.':

.
.
.
.

0
.....

.....
...

-
-

...............
...............

..........

.............

.............

........
-.....-
:
:
~
~
~
~

...........
...........

...............
...........

..........
..........
...........
.............
-...........
.........
..
~.........

.........
-........

......."'.....,
...........
...........
~
~

K
O

o
-

.
.

..........-
----...

...........
............

..-
'"

......--
..-

~
..........'"

..
---

...

...........
.............

............
---.....

............
....-

..
.........

........-..
..--.....
..........
...

..........

........
~

-......
...........
..
-
~
-
-

"'
..

to-
.

...........

....-
-

--
..

••••.,•o".•o•
..'..••o ..·.· . ,••O

'
••••0'

,.,..•o ....•,.'0••,.••••..••~
'
!

••

•• •· ••·:,,••·· ,• •· •o•,............
~

................"'
"'

....

••,• ,-:•

:•

-.. ..•••
••• •

• ••

'"...•
--...- •••
-.--.-...•••

.........•
••

•
••

...••••
••

.-.......... ........,.....;;

•••
...... .......- ...

..
.

..
...

...
-

...
..

..
.

..
.

...........

.............,

..--..
.-

...

...
...

...
...

'"
...

...
-

......
'"

...
"''''

...-
-...

,.


.........

.............
.........

........-
-

..
...

..
..

-
-

..
-

..

........
.._......
..........
..........
......-.....

..............
..............

...........
..............

............

.........."
..........

.............

...
~..

..
..

:::::~:=:=

............
............

..
--

..
...

..
...

...........
--..

~
-

...........
....-

.
..-

..

.........

...0
."

...........
.....,.......

..
..

...
...

_..-...-

.........
.....--...
..

.

...............
..............

............

............
............

.............

.....-
..

..
..

...........
-.......
........-

..
...

.
...

.
"'''''''''-
-......-

•••••

..........

.........
..........-

..........
"'..--

...
.

..
..

..1
1

..
.

..
...

..

•

..........
.............

.............

.............
.......

~..
...........

..........
......--
..::.....

......-......
.........
c

_
_

...

.._
...

...
...

..
..

............
----..

......-.
.........

..........
...........

..............
.......

..-....
..........
.............

.
..

...
...

............

_
..

..
-

...........
----...
.............
..............

.............
.............

...-......
-...-

..

...........
...........-

............

..........
...........
......

............
............
...........

.....-..
..........

........
..........
.............

..........
...........
..-....

..
,

.-. -.-

•......_..
............
....."'...
----..
...........

...........
..............

-.........

............
......"'In

...

.......,..
-_.......
........

~
.

•••

......................

11
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

:::>
.............

..........
............

......--
...

....-
..

..--
-

.
-.

...._
..

...._...
....-...

~..
.........

.........
::::

............
":-:-:-:-:

...........
.........
......-...-.

.............
...........

~

.;,;.;.:.;
........-...

".":":":":

.........
~
"
;
"
:
~
;

........
.

.............
::::::~~:::

•.";":":";
----

...
..-.-..
-:":-:",":
.........

..........
.............

.......-...
............
..........
..........
...--_

...

-...........
~
"
:
"
:
"
:
"
;

.........
..

.
.....-.....
...........
...
~
:
:
.
~
~

•.........
.............
............
~.......
..........
•••

..............
..........
.............
-......-'"

.............

..............
..............

............
..........
...........
...........
..........

............
...........

..........
............

...........
............
.........

...........
.
~

..
..

...
-.-

...

.......

.........
......-......
.........
..

~
-.........

...............
..............

.............
.........-

............
-

...
-

..

...............
...........

...........
..........
.......-'"
.....-
..........

...--....
.............

....-
..

.....-...
..........
...........
.........

LO
.
.
.
.
.
.
.
.
.

..........
.............
.............
~..........
...........

...........
-..........
...........

· ,•••
•

o
•

·-::·.·

••o
o

,.,............
••o..O

' •..,•.:o

....
-...........

,....
......---

•
••-.., ,.-'•••••

......-.........
~
~...

..~11
_

...
......

_
_

...

•
..,. ..,.••~
:

•
0 !•

..•••••••,..•
•

:
••··· ,• •· •o•• •:•· •j



.."':"'::
--.

•••

--...
--0

•••

•••

-..~
:
:

--. •
••

..- -..•••-"-.-.....-.. .........-.
........-••••••...
...--. ...
...•

0

...... .....

-. _.-.-
:;::::!

.........

.........
........

.........
........-.
........•

..........

.............

...
..

-
.

..-.....

..........
--..--
...

.
..

..

...-_..
..

_-

....._..
.....

~
~...

...-
..

-
..

••
D

."
....

_
.

--...........-
..

.......

.........

.........
..

..
..

-

...
-..

--
-

--
............

..
..

..

..
_-

..
..

...._-
..

........
-..

.....
......

•
.
0

....
,.

..........'"
.
.
.

0
.
.
.
.

--.
.........

........-...
-

.
....,

-

.......

.........

..........
•
•
•

~
~
~
~
~

........
..........

..-..-..
..-.......
..........
-..

...-....

-...-..
.
.
.
.

0
.
.
.
.

.........
--

.
..

.-
...

....-....
0----
...-..
..........

...-..
-.........
•••••

............

-
..

...
..

........
............
.......-...

..........

...-
..

-
..

...
..

•...........
..........

....-.
co

.

.
..

-.......
......-.
.....-...
-......-..
......

.........
........

........
...-.
-

...
......-..

..........
·

-

.-.

•••••

...........
-..-.-
"...........
..........
........

...........
...........

...--.
...........
-......
..............

.........
~

........
..........
....

.....
.....-..

-..

..-
.

-..
..

..
.

..........

..
"'

...
......-...

_
"
1

o
.....

_
_

_
0

0

.........

...........-

....-....
,,"""'_

0
0

-........
~

:
:
:
:
:
:
:
~

-.......:.

..-.....-

...
_

...

..........
............

........
........
........
........-
:::-:::
........
---...

-........
_

_
_

_
0

-.--
...-......
........

--.
.............

-...-...
..

...-
..

....
...

..........
-

...
"
'
.
.

C
o

.
...

.......
..-

...
.......,...
o

_
...-..-

............
............

•
•

_
_

0


.............
.............
.........-

..--e
.........-0

----..

...........

..........
.............
._........

...-...

..........

.......
..........

..........
........
.....-...

-.........
...."'...

---'"-
"'...........

....,,"...
---

-

..........
............

--_..-
.

-
..

.........
..

"",,,,,,,,,,>
...

.....-
-..

.
.
.

0
..

.
.
.
.
.
.
.
.
.
.
.
.
.
_

0
0

_
..--............-..-
...........
.........

...--....
-...--..

..---

...........
.....-..
.....:.

...._-.
...............

.........--.......
.
.
.
.
.
.

"
0

"
"
'''

...................
.....-........._..

...........................-
.................-

...
......

.
..--...

· 1
O
~
~
~
~

O
~
~
~
~

~
~
~
_
~

~
_
~
~
~

~
~
.
I
~

.
~
~
~
~

~
•
•
~
~
~

4
~
~
~
~

~
~
~
~
~

~
~
~
~
~

~
~
~
o
~

.
~
~
~
~

.
.
~
~
~
.
~

¥
~
~
~
~

~
~
Q
~
O

~
~
~
~
o

~
~
~
w
~

~
.
~
f
t
~

•
••••a

..
•• O

Z
~
.
N
.
N

~
_
G
~
C

~
•
•
~
4

~
_
.
_
~

0
4
~
.
4

o
_

_
~
.

~
O
N
.
_

c
_

_
o

...
N
.
~
~
~

_
z
.

N
_
~

_
_

~
N
N
N
N

_
N

_
N

_
~
N
_
N

N
N

_
N

N
N

~
.
N

N
N

_
N

_
N

•."•
•••t

••••• ....••..'••°t ~
~

••
••••••••..••:••
••,.•

•
••·.•••....••.
f

-.." •· ,•· ,•" >••,>•o•· •••

~•·"

••••••

••• •

.-.--..-._.-.- .... .....~
:
=

.........
..

--
_

-

...__..
..........

.....
...........
.............
_

0
_

..
-

_
0

.
.

.........
........-
.......
-_......

.
.
.
.
.

O
K

...
..

......"...
.._....
...........

......"'..
--

-
.

.
....."'

~
-
:
"
'
;

.
.
.
~
~...'"

-
--.....

".""'.
..........

•

......."..
......-

....
.
.
0

0
0

........
.............

.-......
.........•

.
~

o
~

~...
..

0
_

..

"''''.....
...."'....
........

........

0
.
.
.
0


...........
"...........
.......
..........
.......

..
..

.
'"

........
~
"
'
'
'
'...

.........

.........
..........

...
..

..
.

......,..
....

~..
.
.
.
~

..

.
"'

--
"
'
'
'
'
-
~

",,,,..,,,
-..

-"'..

....."'..

.......-
_

_
0

_
_

•...-.........
:
;
:
u
:
.
~

.........
...........
..............
.........

..-0-...
........

•

..
...•

..........
-

0
-

....-...
...........
•

•

...........
.........
......... ••
"
0

0
•
•

...........
.."'........
..........
.............

•
_

..
D

_
_

.
.

..
.."'

"'
.

.
.
.
.
.
~

_
_

c
r

..
:::"... ~.

~
...
~

.
.
.
.

.
.

_
...

_
_

...
_

...
_

_
~
.

_
.........

N
.
.
.
.
~

..
.......................

• •••••~
:

••••••••••..•• ·"•••••••••••

••••

......

.
.
.
.
.
.
~

...
0

_
..

...............
....--

..
-..

-
-
~

...
.............-.-

..
.

......._
"'0

"
..............
:::::~~

:;;~.:
............

...
..............

.................
.."

D
"

"
'
:
"
:
~

...
-..

..
-

...
.

...
................
...

..

......-.

----..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
.
.
.

'"
:"

:'"
;

.....-.......-.....
~......

.
~...

"
,.

::::;;:0:
•

.......
.--..-

..
~
=

..
"''''

..
..

_
-

-
.

....-
.....

~..
~

.........

--_..
.......
........

.....-

-..._-
.
.
.

0
.
.

_

.._
.

-
-
~

~
!
.
!
.
!
.
~

•
•
•

0
•

........

..........
............

..-....
...

..-
..

....
-...

--..-

..........
-:":":"'::~
:
~
;
;
:
:
:
.

..........
.,.........
.........
_.-

...........

.."'
..

"'
..

.........
~-:"';-:":

.......

.......
.......
...........

..
...

-
..

-
.

·
..

.
.
~

..
·

-
...

-
..

.
....

~...
.....

..........

........
•

,,_D
"

........
..-...-
.........

~
:
:
:
:
;
;
:
:

:..
:
~
:

_.......
.........
..-.......
......-..-
..."''''..
..."'

..

......

...-
...

"
,

-...
.

::;:-..

........_-

............

"'.-...
......-.
:::;:::
....-..-
..

...
...-

..
--. _

..
.....-..
.........
.........

..
...

...
...

..........
.......-..
............
-_

......

•••••
..-.

~
..........
.

-
.....-

...
--

-
• ......"'.
...._.

...._..

..........
..........
.....

_'"
._..-.
.........

•
•
•
•

D
-
~
~
~

...

..
.

-
co

..

_.-....

.............

..........
..........

.........
.......

...-......
~
~
"
;
.
"
;
.
~

..
..

~
~...

...-.-
":-:•."':-:
....-""
~...-...

_.......
...........
.....-...
••--........

.....-...
.........-
......

..........
-.........

....-...
...........
_

.
-

-..

•·· •• .-.....
......-..-
.-...-

,· •
••O'

-.""• .....
~

~
_.c

_.._..
r

"
~
D
"
'
_

·..."
---

--"'-
---

-
----

_
...

•
.••".•••..• <••
·.••· ••-.••..•••••

· •~••,!•· •••• •"



•••
..... .-........... ......•••
•••
•••
..-•••

...•••

.-. ...•••
... ...-..

"''''
,,-

_........
.......

.
,
~

"'.........
"...,...-..
.._0....
............
"'---

.."
...

....
...

........."..
..."'....-..
..""""

.
...

...
...

.."'O
'''...

"'....."'...
.-

•• ~
..
O
~
'
"

.
.
,
~

.."
\
,,,

'"
c
~
~

_
..

....
"

c
"
'

.,,,.,

.."''''0'''
"'_

0
0

_

......-..
.."'.."'...
.."'

...
..."'-
..

..
"'-'"

....
-......--.

..""""
"'----

-.'",'..'"
...............
.............

".."""

"...............
"""...It""

-........
...........

........
-......
......-..
-.........
..........
"''''''_

N
"'....::;;::
..........
...."''''''''''

.....
~.,,,,,..........

.........
"''''<>-..

"''''''&
'4I

_
..........

..............
.....,

..
..

.,

"'.....-...
".

~
"
:
"
.
~

................
..................

n.
.
.
"
'_

..
.....

-
~
-

,,;.;.;.;.;

..
..

"'
"'''''''

..-....-
":":":".":
....-.....
..."''''

..
"'.."'..
"''''N

'''•
.............

.............
N

N
"
'N

'"

...
...

...
"'..

..
...

.,.,
...

...
..

..-......
...
"
;
"
:
~

'";
"'........
...

..........
....

-"'..
-

...."'''''''

..........'"

...........
......,,
.,,,,,'",."..

.. "'......
............
......"'...'"
..............'"
........"

...,......'"

.
.
.
.
.
.

N
...

............
_

..
"''''

....

..-
..

"'
"''''

.....
N

.
.
.
.

.............
.."'........

.............

u
~

..
"
'u

.......
'"

'V
l.>

.,
.,.,"'....

"'
,

"",,,,,.,.,

..........'"
..........'"
......."'..'"
....--......
..........

"'''''''''''''
"''''''' ...'''

",....":':",
"'----

.."'
..

..-
..

.."'
'"

-
....-

'"

.............

..........
...."''''''''''

~
~
~
~
~

......-..
"
:
"
:
~
"
:
~

...."'..
--"'.....
......-..
-...........
............

.
...,........

......"'"'
......"

,..

"'''''''''''''
"'''''''''''''

...----
.....

,,----
"'----

..
..

N
N

N
"
'

....

.......'"
...........
.........-

...-......
.............
..................
"""""
..."'.....
.........'"

t,,,,,__
..

.............
.............

.....,.....

...........
_

N
...........

..........'"
-.."'''''''....
....................

......"",,,.
..............
...........
....."'....
.."...."

-
_

..
..........,.

~
~
~
~
~

<
>
"
-
~
'
"

...........
"''''

.."'.............
~.....

..a'"'''"

............
............
......-.....
..........

~
C
>
"
"
.

w
,u

...
....'"

.,"''''
-''''''''''-'

"'......

•e•• , · >,•
..•
 ..""• >.'" ,-o

."
,

"
...........

·
"

,.
~

...--...'"

•
u

••..:-::.
•• ..··••-.••..•••

•
•

•
•

•

•• ··· ,•••·· · ·,
·..
·.• ·

"
·..
·.·· •,•

•••
•••

_..•••

o
u

•
..

"
.........

•
•

...........

u
"
u

u
u

Z
..

Z
"
Z

"'
"'..

..
:
;
;
~..

........
u

....."..'"
C

.
.
.
.
.
.
.
.

..............
.
"
'
.
.
.
.

N

o
_

u
...

..
'"

"
..0""

..
...."'

....
........--

....
.,"''''...'''

........
.....

"'.........
.............

u
.
.
,
"
~
"
,

"'
...

..
..

.............
...."'.....
................
............
..,,"''''..
"'..-"''''
....

_
...

N
_

0
"
'

....
..

..
"

..
"'

"'..
N

_
.
.
_

_

........'"
"

0
..

~
..

....."'..
:;;..;:::::
......"'..

..."........

.............,
...".......
..........

· ,•••••.".
..."'''.....

..• ...."
·:•

:
:
:
~

..-..:
:
:
~

...-.....-.....•••

-.•••
•••

...•••

"'_n"

-.....~
~
:
;
;

...... •••
...

..........
.........."
.........-

..
_

0
..

......"'....
......,,'"

"''''
''''''

"'
'"

..
..

..
..

....."'..
....

....
..

"..

;;:.."'.....

............
...........
-...........

..."''''..
-"-

..

..."'..."''''
"'''''''''''''

" .........

.
.
.
~
~....

..-..._..
...

:
:
:
:
:
~
:

"'..."'
...

"''''
...

-..........
_

..
"'0

'"

:
:
;
:
~
;
;
:

..
...

-"''''-...
_

0
......

_

....---

...........
..........'"

"''''.......
..........
..........
"'--...-

......-...
....-

....
....""..
_...._--

..."....-
"'....-"'....
.."'

..
~.."..
....."''''...

.
.

..
-

-"'
-

"'".."'..
.
.
"
,.......

..
...

...."''''....
........,..

•

....."'.....
.............
.:..:;.;.;..'
--.........

.."''''-"
"'''-'''-
...-

..
---

...
......"''''...
!
:
~
~
!
:
~

...........
~
"
'
O
"
'
O

_0.__
~
_

....
..."'

...
....-

..
-..-'"

"
"'..........

"n
"
_

_
..

~
"
'
'
'
'..'''

.."'-"'...
......._'"
,,-.....-
!.::;~'::!.

...."''''
'''

"'
...

....
"'...

0
"

..

....."'.....
-..

...........
-

....---
....
~'"-.

."
...

"
-

~
"'''''''

..........
..."'--
_.......'"
-. ............
...............
..
~..."'''

...."''''
'''

......"'
'"

-"''''-
........-"
_

..
..
~
:
:
"

...

...........
0

...
"
'
.....

"
:
~
-
:
"
:
~

........"'..
...."'-......

-
'"

",::":
~

":
~

..

..........'"
......,......
...,.:.:.,.:.;

;
:
:
~
~..

......"''''
---

........

......"'-
'";~,,:

~
-"'

...
"'.."''''

... ...
•"....

0
.
.
.
.

_

-
"''''...

"
-'"

............

........."''''
",,,,,,,...,,,

....
..

-",,,,
...

....."'....
•

...........

:
:
:
:
:
:
:
~
~

...
_

"
"
,..

..
...

-
--

"''''
..

-"'
..

"'-
-

.."''''-'''

.
.
.
.
.
.

N
.
.
.
.
.

_
..

_.......
-"""'...

"
'0

0
"
'''

..
c

_
_

'"

"'...."'...
...."''''''''''

......"'.....
.."'....,.
......."'..
.."'........

....-,,
.................

_
....0

"'..
......,..
.."'

...
....-

....
""""..

."'......
•.

'
"
;
"
:
~

":
:::::::~~

--
...."'-

....."'
...

"'"
...

.."'
...

•••
..•

>
·.".•..•••

•
·

"
•

•

.,•••"' • ••
!
~

.,•
•

..·.,-...· •

•
..-.·, u
••.. .....--

..
"...---

..
..~:;:,

~
;
,
:
~
:

....
-

........"'.
•

•• ···!"·· ,,••"

:;
;:

·.
"



--. '"•.";":

•••
'" -.. ·-....N_'

N
"•

• ••
•

•
-.. 'N

'
•••
•
••

-..•••

•••
~

~
"
:

...

"'......

..
"'-

..
..

...........
.."'........
-"'--"

0
""'''•

..._-.
"'

"'
...

-
...

...........

...........
.........
.......-..
............

............

.............

......
-........
........-..
..........
..........
....::::

-
...

...."'.
.-..-..
~
-
-

...-

_
...

..
..

.,
..

--......'"

.......

...........

...."'......

......"'.
"''''

.
..".

...
-"''''--

...........
............
.........
......
..........

.....-
-

.-
.

........
--.......
............
.............
.--...
-.

.,........
~
:
:
:
:
~

.....

c
-_

......
~
'
:
~
=
.
-
:

.."'.
"':;:;

....."'...
":":-:"::":
~........
--.

......
......
.:..-;,..':'

.......
..

..
_

G
.
.

--.

...........
"
.
"
.......

..
~

..
..

-.
--

"
.

~
.
~

..
-

...
..........

......."'.
..........

~

...........

............
--

..
"''''0

.

.....-..
••

•
~
:
:
.
~
~
:
:

............
.....-....
.......

.,
.....

.....

...
.

..-
-

"''''......
"F

"'",,,,
.....-..

...........

.........
..-...,..
..

"'..
..

..
-

-..
..

..

...........
........"

."
"
'''c

............
............

.
,
U

_
:
I
I

...
....

~
..

............

.............
....--..

....-..
.......-

...."'..
.........
.........

......_-
........-...
.........

.........
---...-
.........'"
...........

.....-..
"
:
~
'
"
;......

....-..
...-..
..........
.--

...
"
,

.
---...

......
u

u
...

........
~

....,,,"'..
.."'....

~

-.-

-........

............
"
,.........

............

..."......
.............
.....

0
.
.
.

........

..-
..

...-
...

..
--.

<>---.

...........
............
.......

..........

-
..

-
-.

..............
..........

.........
-...--

.....-..
.
.
.
.
.
.
.

0

...........
............
........

...".......

~...........

"
'
~
u
u
u

u
·u

•
~

~
..,..

.
"
,

..,.".-'
....-.."

-.....
"',,-

"
'"

....-....
...........
.........
•..........
.............

........

..............

"
,......

...........
..........
..............

.-..-..
-......

..
~
.
.
.
.

.-..
............."'.......

eo
"'.

-
;

'
.
.
.,

----..

..
.r,,,-W

u
....-

.
.""

.:.
.

0.""
..

.--.....-.....

..........

....:.....

............
....."",,,..

..............
-
:
~
"
:
-
:
"
;

......

.....

-.......
-:":-:•."::
-....-...
......
........
•

::::!:~:.

·· • .........
...-

.
.....-..
............
•
•
•
•
•

•-•• ,••
o

'
'".,•

•
-· 0-•••":•

..• ..'"••O."••••,o
.

·.·. •..·.
~

·.•
.•••-.•..-.••..••••

•·~•·· ,•••·- •-•>• ,io

:• ·· •..
~....

•
G

_
....

0
"
"
"
'•

"
'
'
'
'
~..'''

..
"'..'"

:•• o

· •••••..•••••

......""
_..."'..
.
.

0
..

..........
•............
••

"""""
:::::
..........
-.."'....,....

...
O

W
"
'"

...........
.."'......

u
u

u
..

..,..,
..

.....,..
-'

..
"
'
.
"
'

.0:
....

"
..

......
0

.
.
.

............
....

".....
.........'"
-_

..."'...
..........

""'0
"'''

0
.
.
.
.
.
.
.
.
.

..........
.........
.............

"..
~.....

..........
..........

"""
...

....."'..
..

.. ...~:=•••

~
r

"
'

_
..

"
'

_
~

'"
..

.....
-..

...

N
'•

•
••

::::

.--•••

... ...
............-. -...-..«... •••
....-.
...

-.....-..
"'...

..."''''....
..,..,"'

...
..-

...
..........
....

e.
.
.
.
.

..........
....

~..
"''''

...
............
......
...
~

.
...-

...
.........

,,-_.-

.."''''..-

e
.

...."'..

.
.
"
'
..

_
r
•
•

.-
~
,

-
.

...-.....
'"

...

....-.....

..........

.....-
'"

~---
:.;;'.=~:.

............
....."'.....
..........
........--

..
..,....

...........
......

~
...

.
.

..............
...."

..."

~
,,-

~
'"

.
"

...
.....,

-

-....
~..

.
.
-
~.....

~':'.L':'
..'

..-.._-
~......
-:••"';«:.

~
"

..
-

<
..

"'-.......
......
~
~
-
-
-

......
~
-

...
.
.
.
.
.
.
.
.

0<"
•••
.......

~..

........

.."''''
~..

"'
'"

..
~.....

~
"
'
'
'
'
'
'
'

.
.
.
.
.
.
.
.
.
.
.

F

.
.
.
.

.
.
,
.

4

......"'...
.
.
.
.

"'0
<

"
...

.....
,
.
~

~.."'....
......-
-..

......
"

...
~
~.....

......
.

.
..

4

.-
.

~
-
~

...
..

_
e

4

"
...

~.
-
~

'"
•
e
.
,
.
~

..
..

.....

...
-
~
-


...----

_
~

~
...

e

............

...........
""....

~..

"
'e

.......
........,..
...-

..
...-

-
........

......"..
#

'
...

#
'
.
.

r

....
..

..
~
"
,

"
.
~

.
.....

_
•

.,
c

_
.

-.
.............
......_F.

...".....

.
.
.
.
.

F
.
.
.

............
....-..
"'.........
........

.......
.........
............
.."'.......'"
........"'"

•
c
~

""
•

..,-..."'...
.
.
.

o
f'

4
_

-
-.

-
.

....,.,
..

.....
~

...
...

...
~

~
-
:
-
:

..........

............
......"'...'"
...

~.

"-'""'...
~
"
'
.
,..'"

............
.......

~...
.....,..

~
-

.........
~

..-...
"

........
"
'
~

...."'....

........'"
"'...."''''

.....
"

~....-..
.
~.....
...

.............
.......

...........

.........
....

-
~..

...,
..

"'.."''''...
.......

...."''''
-.~........

~
"
'
G
"
"

.
_"'..

---
..

...-.-..
"'........
........
"'-..-
..........
...........

.......

••••• "
_

0
"
'''

..........
.....

~...
",-_..-

-"''''.
--

.,
.:

..

:~ •-•• •
.•>
~
:

•• ...••o
.

..••••••
•••..·.• o

•
......-• •.o••••·...••

•";· ,•,••• ,,•

"



<~
~
_
~
N
~

~
~
N
~
u

_
~
U
U
~

u
_
~
N
.

~
~
U
U
U

~
U
U
U
U

U
U

U
U

U
.
u

u
u

u
u

u
u

u
u

u
u

e
~

~
~
~
~
~

.
~
~
~
~

~
~
~
~
~

~
~
.
~
~

.
~
w
~
n

~
n
n
n
~

~
n
n
n
~

~
n
n
n
w

~
n
n
n
n

n
n

.
•

n
n

'n
n

n
n
n
n
~

n
n

n
n

C
n
n
n
n
~

w
_

n
n

n
_

n
n

n
n

n
v

.n
n

n
w

n
n

n
n

n
v

.n
n

n
n
n
~

C
.

~
n
N
~
~

_
~
~
~
.

~
~
~
~
~

O
~
~
~
~

h
~
'
~
~

.
_

C
•
•

O
.
C
~
_

~
O
N
O
_

h
O

C
.
O

h
e
.

~
~

N
N

_
_

_
N

_
~

N
_

_
_

_
~

_

~
~
~

•
•
•

h
e

O
n

O
G

O
•
•
c
~
•
•

O
h

'.
~
O
~
.
n

N
~
~
~
~

~
~
~
.
~

.
~
~
~
~

~
~
N
N
~

·
.<

·.••
•
•
•

~
•
•

~
•
•
~
~

~
.
n
~
~

~
n
~
~
h

•
•
•
•
•

o
~
.
~
•
•
•
•
~
~

•
•
~
_
~

>
<

•
...•••

•••

•••
•••

... •••
...

...'N
N

............ ......,......,.... .......,.•••
............••• ... •

••
...

...
...

...
...

..."'..."'..

_......-...
..........,..
.............
"''''........
...

_..
.,-

...
............
.............

......"'...
"'..."..,

..........

..."'........

..........

..
.,.,

..
,
,
~

.."'''''''...

...............
"''''.........

..............
...."'''''''

..."''''....

......-.,
.....,..
.,

.,

...,
~

..
.,

..........

-
_'"

"'_
...

--"'''''''
"'''''''

...
...

...

............

.............
"'...........

...,
...

...-
..

...
...

•
••

...............
..............

..........................................
"'............"'......

"'..........

....."'..
.....-..
..............
.."'......

..........
..........
..........

"'
..

"''''
'''

.,.,...,.,

.."'"......

..
~
.
,

...
....,

.,

.,...."''''
-..-

..
..

...
"'''''''''''''
..........

"'..-"'.
................

"'............
.........'"

.."'.....'"

"'---

...
",,,,,

"'
",...

"'............
"'''''''''''''

.........'"
"'........

..........

....
,\....

..........
e

....
.,

..

..."''''....'''

...........

..."''''..
"
'''''''

O
'

...........
..........-

•.
.
."

0
0

...
...........
..........,..
...-...
"
,..

"
,
-
"
,

.,."'
..

..
-

...........
.........
.........'"
N

_
N

_
_

--.......
.

..
...

..........
n.

.'.........

"''''..".""
"''''"'''''''

"..,,,,,
"

"'
'"

0
0

.
.
.
.
.
.
.

.............
<>

-
....

•
••

...........
............
..........

-...-"...
......."'...
-"''''

...
.......""...•

..."'
-

..-
...

-
-....--.

............-
..

"'........

...
..

.,
-

"'
..

.......-

.,..-....,
............
..-"''''...
-"'--...

---"'...
...........'"

..............
...............

."'........

....,.....,
..........
.."'.......
... ..........

.._...."
--"'--

"'.,"'....
......."'..

.,.........
.......,,'"
..."''''......

............
.....-......
...........
...

..............
..............

..........

..........
.
.
.
.
.
.
.
.

0

,••••
,• • , ,-.0<••

z
...

z'"
"'...

-
..

"'
..

••·.••· ,••••·. <••
" ,.· ••
,... ••••,,.'••••..

~
~
-

c
"'....

..••·.•
,-....• •:,,••<•,•,,•••

N
"

'0


•••

,
,
"

...... ...•••

.,....--.•••
............ ...... .........- ...'N'...
...•••

.
.
"
'
~
~..

--,.."'-
:
:
~
:
;
:....

";-:•.".
-..

~
-...

............

.............
..............

..........
"''''.......

....
e

..
-..

...........

.......-'"
........-
...........-
..........
"
:
~
~...

~
.........
-.....

~
~

.............
":";-:".":
...........
-
~..-..

....."'....
-
-
~..-

......_...
........"'-

.........
~

.............
.,........,

"'...,"'..

....-
..

...
..

"'
-

..
-
-
~
'
"

...........
......

~.....
...........
-..--
..............
"'..........

.."'....
...........
...."'...,

..-.."'..
......"'.....

..............
II'

......
"
"
,

"'........-
.........

..
~.....'"

...........
"''''.,...'''
"'...

"
'
~...

..........

....-....
..........
..........

..............

-",,--

..."''''--
...-

-
"'.._..
'N

.,,,,,
'"

...
..

~
~
~

~
~

u
..
~
_
"
,

u
u

u
..

u
u

o
_

_
w

...
~

..
w

....
~
~

z
z
z
~
z

z
..
~
~
~

~
~
~
w

w
~

.....
~

~
~...

...
-...

-
-

..

...
.......

..
..

"'
...

"'..-..'"

.........'"
...."....

.......-...
.........
.........."'..
....--'"
..........

.."'......

........"'..
............

...........
~
~
-
~..

~..,.."'..

...."'....
~
~
.
.
.
-
~

...."'.....
...":":-:".
..............
.............
............

...............
.."'..........

..............

"'.........'"
....-...,

----
....

....,........
;
;
~
:
:
:
:
:
;
;

"'
...

.......-"

............

..."'.......

....."'....
~

..............
..............
-----,

.....-
...

...,
..

....,
...

...........
......

0
.....

......."'..
....---

_
.
.
~

_
0

..........
.......-..
-
-
~..

........"'...
.............
....."'.....
..............

...........

....."'
...

........"'...

"''''........

.........'"
...

..
.....,

'"

............
............
.........."'...
"'''''''--

.............
...................................................................................,

.......

----'"
.............
..."'..."''''
..."''''......

...-......,......"'..
.............

.,...,......

.,.,......,

..........

"'..-
.,

--
..--

~
-

......
.
,
~

......
~
'
"

~.."'..'"
_
~
w
_..

~
"
"
'
c

~
",_

_
_

0
~

...
o
~

..
~

.........
~

..
~
~

_
,,'"

e
~
~
~
"

"
'
~

,
~

~
~

'"
..

"'
....

.
.
.
.
.
.
.
.
.

N
"
'

.
,

"
'

N
~
_

_
.
.
.
,

...

"'............
...........'"
...........
.....

"
'
~..

.............
-

'"
...

"
.

..

............

...."'....
............
....""N

'"
-"'.,,,
"'-........
........"'..
~:::::::::'"

_.........
...............

.."'.......

..........
...............

.....,.....
...........

<•
"
U

U
U

u
U

U
u

"
u

U
u

U
"
'_

u
u

u
"
,,,,

u
u

u
u

o
~

~
......",

............
~

............
~
~

w
~
~

~

............................................'"
...

o
"

..
~

-..'"
--"''''-

--_
...

..
..............

, N
'

•••,,"
........

~
...

••••
•

,.·, ..'"'........
-.~.

-
~
-
~
~

-
-
~
-
-

---..-

..••• ,.• ............-
-

-
-

-
-
~..

"'.."''''
-

-
...

z
~

..
..

_
_

_
_

_
.."

'_
_

"
'''''''

_
_

~
_

•
.-,••". • ~
~
.

,'.••.,••..••

•••

,.,
·..
•

••
•· ,! ·••·· ••,•:

~
"'

...
••,,,·

•,•:

~
~

.,..
---"'

"'
'"

"



· x
~
~
q
~
~

~
~
~
~
~

v
~
o
~
u

~
O
U
u
q

~
2
_
q
q

_
U
.
~
~

m
U

U
m

U
•
•
_
~
~

~
_
O
~
~

~
U
.

~
~
1
k
~
~

~
_
k
k
k

~
k
.
k
~

k
C
~
~
k

~
.
k
k
C

k
~
k
k
k

~
~
~
.
~

k
k

O
k

O
k
k
C
k
~

~
~
k

q
~
~
~
~
~

~
~
~
~
~

~
~
C
~
~

~
.
~
~
~

~
~
~
n
~

~
n
W
W
W

~
~
~
~
~

~
~
~
W
.

~
~
¥
~
%

C
W
~

••• o
••'...•••

.
_

•
•
~

g
~
~
q
_

~
~
C
~

•
-...---

...
.,,,,,,,,

.,,,,,'"'"
~
".......

.....
"..
...

..........'"
.-<
«

•

0
<

-

--
.

.,.•
••

•
•

...•...-....,'
0

<

.......0<
.

... ,..·...... ......,..-•••
•••

-"
..

"'
...

..
...

............
...........

...........
.0

<
..e

.._
..

•
•

..
e

.....
_

c..........
..

...
..

.
.
.
.
.
.
.
.

_
e

..

..
..

_
c

..
....

~
.
.

-

....
.

....
'"

.........."
...

-_
-..-

..
..

'"-
..

~
-
'
"

~
-..

.........................
.
.
.
.
.
.
.
.
.
.

e

_
e

_
.,

...
_

'".."".
..........

..

........
•

.""''''
.............

..........
"'-"'...-

.,,,
...

..,,"'
..

00
.
.
.
.

_
..

"
'
~
-...-

"'.."'.....
"-.....-..
..........

........,

........-.
....-..
...

....
--

-

...."'
...

......"'..

.."'...-..
..........

........"'..
..

...............
..............
..

..
...

..
_

..
.......-"'..

.........
'"

.,...."..
..

"'co
..

..........

.......-...
.....-

..
..,.,

..
...............

...
"'

..

'".,,,,.--

.........

.."",'....
.....-..
...........
..............

..........

...........
...........

"
..

.."
..

..
..

...........
......

~..

..."'......

..........
...........
..........
....,,,,,"""

....
.
.

.
.

.
.

C
O

..........
......

-
~

.......-..
....

.....
.......-"''''
--....

........
...........
..

:
.
~
:
:
!..

.,...",,,,...
0

0
"
"
'"

"0"'''''''
"'''''''

...
..."'

.

............
............

..........
..."..-"
"'...........
...

...........
........"..
~...........

...'""",,,,,
""''II''''''

· •·

......

............
~
"
".......

...........-
-..

..,--
-..

"
'
........

0
..,

...

.........."'..
............

...............
...

...............
...

..-
..

.
.
.
.
.
.
.
.
.
.

c>
..

~
"
'
'
'
'

..
"

.
.
.
.
.
.
.
.
.
_

e
.
.
.
.

.."'0
..

.....-
'"

---
...

.
.
.
.
.
.
.

0
..

--.....-
-

--...
..........

..
...-

..
........................
.............

"'--
....

.......-
...

,• ..........
-

...
............

..
...........

-
-..

-
---

· ••• •• ..~
~

.
.
.
.
.
~

...
"

_
.
.
.
.
.
.
.
.
.
.

O
"
,
_

N
O

.....
~
"
'
.
.
.
.
.
_
.
_
~

~
.
.

_
.
.
.
.

·. C~
_

"
'_

_
_

.
"
,
~
f
t
_

_
f
t

y
_

_

..•
•

• •••••••o ....oo....••..00• •>•
u

!
~

·
•••

..••

••· •
•

·..
o

•
•

•
,.•

•••
•

•
·· ,•

•
·..••
·.·..
•

••••
•

·.••·

•••

•"'............
.............
....

.,..
0

"
,

e
...

Z
_

....•
--.

u
u

u
u

u
...........
.,.,......
...........
..............

"'
".".

.,.,..........
-
'
~

...
-'.."'......

"
~
"
"

-
"'-

.............-
-..

..........
............
.......,..
C

..
-

-
........-...
..........
.,...,.,..
,.,

-..
-_

-
ll..,

..
.
.

IL
.
.

....
..

_
...

0
.
.
.
.
.

-..--- ......".••••
•••

T
~

"
'

"
'

_
...

.
,

•.
.
.
.
.
.

c
...

_
.
.
.
.
.
.
.
.
.
.

c
-.c>

_
_

...."'
'"

..,...
............

..
e

0
_

.............
............

.._........
.

,

..........
...........•

......
_

...
00

.._--<>
.............
..

.........
no

............
-..........

-
..

.........................
· o e
.

••.e••0<.. 'e.....
.
.
.
.
.
.
.

4
~

"
'

~
4
.
.

•
..

·. •
,

_
_

..
"
'

...
_

...
...

.........
_

.........
no

...
...
_

_
........

.....
~

..
_

•
••

... ...·0.

......... . ·.........-•
••

...... ·........

...
..

"'
~
.
.
,

_
..

_
_

0

-......"'..
...........

......"'.,
..

...
~

-
-

..
--..

.-. o
.........

.
.
.
.
.
.

00
..

....
...'"

0
_

...........
............

.."'
...

..
~
"
"

..
"'...

...
.............
"'

..
0

.
.
,

..
...."

-
.."'

..
.."'

"
..

~

::::<
;:

............

...........
............

"'
..

...
"'..

.."'
...

00
..

"
.,

C
"'''

..
--. .............
.............
00

.
.
.
.
.
.
.
.
.

..............
..

~...
'"

-...-"'...

...
~

..
..

...

:
:
~
:
!
.
:
!
.

..
c

........
•

...."'....
...

0
.
.
.
.
.
.
.
.
.

"'
..

......,
..

............

n
o
"
'
"
,
~

_

'"...
~

'"
......."'..

..............
............

..........
"

.
....."'.

.,
...

-
:
!
.
~
:
;
:

..

..,
.,.

..."'
...

...."
'"

--"'
...

-.........
....."'0

..

0
•
•

-.......
..,

......
.
.
.
.

"
'.0

0

-
-
~
;
;
;

.........
~...

....."'..
:
:
=
;
~
~

........
"'..."'-'"

..........
.........

~

......"''''..
"
,
~
,
,
,
,
,
,
,..

............
........."'...

........'"
..........
...-

...
""c

...
...-

"'..
-'"-

..
...

no
..

.........
e

_
---.....

•
"
,"

'e
...

..."'
..

.....::"'..

:
o
;
~
'
;
'
~

.............
............

.............
...............

..........
.............

.......,....
...........'"
...........

.........
......-..
...........

-
~
"
'...

.............
~

........
~

:
=
~
~
~
:

..
,

-
0

-
-
-
"

..,..",,,,-
............
.,.-

..,

...........

............
...........
.......,....
..

,

..........,
~---

...

.
.

_
.
.
-
0

....
~....

..............

..........
..........
"'

..
..--_

...

".......
...........

......"'...
.............

0
0

0
0

0
0
.
.
.

....._0_
.........
"'..........
---"-..
.............
...."'....

...........
.........'"
...-

..
-

..
..."

"",,,,,
••: ........
...............

..........

,, .,•
,..o• ,·.·.••..••o••

g• e"·· •••,· · ,· ,e



•
•

· ~
~
,
~
~
~

_
o
~
u
u

~
~
U
~
_

u
u
~
~
~

u
a
a
.
u

_
U
U
4
~

~
U
O
~
U

U
U

U
U

G
U
.
~
a
.

4
U

W
.
.
.
.

"
'

.
,

"
'.

,
~

001
-
'

"
"
'"

''''
"

"
'.

,
.
.
,

a
~

..,
..

.,
"
O
"
~
"

.,.,.,.,.,
-'

.,•
.,

%
~

"
'-

'
.,

· ,· ,•

••.." ..•

.........,
.....-....

-"'......
--"'.,'"

~
-
-
"
'
.
,

•••
--...

.
~

~
.
,
~

..
~

~
.
~
.
,
.
,

..
_
~
"
b

.,.,"'....
"
.
b
~
"

..
~
.
,

....
•••..
~

..-.......
o

•
.

)
-,,-,,-

•••
-"'......

...
_

tu
..

..
.,

"''"

........-
-...,"'..

0
_

0
o

.,_
e

....
"'0'"

......."'...
0

0
<

>
0

_
"
"

0
""

......
"''''

..
..........'"

-

....-.......-
.....-...

......................
· •••

••..•• ••••..••..

•••

•••
•••

•••
•••
•••
..-... _...,........·-..... ...'" ........,•

~...."'...
...
_
~

..

..
..

..
-...

......-..
'"

t
v
"
,_

...........

..
...

...
...

....-
...

...
...

....."'..
.

-
.............
......
............

-...
~.....

""'''C
I''

..........
.."''''''''''

.."'.......
..........

..........
.

...-.....
.............
........
.

..
...........
...
_

tv
........

............
~

.............

"'
.

~
-

-
~
~
~
~

-_
..._-

..
...

"'
..

...............

"'..........
---..-
....."'...
.......-...
~::::;:"'..
...........
---'"-
..-

..
......-

...
............
........
............
••

............

..........
-_......

-
-

...
"
''''-

''-
<>

.
.
.
,

L
"'''',0_''

....."'
--.<>-

......"'..
...."'.
............
_

_
_

_
tv

..............

............
..........'"
tv

..........
•••

"'
-'"

-
-...

...
...

"'-"'''''''
............

..........
...........
...........
..........

"'.."'
...

"'
...

...........
::::.::::

.....-...
........"'-
..

...
...

...

..............

......."'..
..'".......
...........
-

-
--

...
....."'..
---"'-
...,,,,,,,,,,,
..."...,>0,'

.
.
t
v
~
"
'

...
...
~

-;':":
.."'

-
...--..

-
-

":":
':":

........CI
...."'--

...........
c:.c:,,,:,,:,":
...-

..
-

-
-

"'
...

"
"
"

;to

.."'........
-...........
..........

...........
.......

~..
.............••

...........

~
-

~
.,-

....,...,..
-

"'
"'

-
"'

~
...

---"''''

••• ....."'..
.......,

..
..............

...................
..........

"'.......'"
..............

...........
....,

...
.."'

...
......-..

....."'....
_..-"'-

-..-....
......"''''
..........
..•,

•••••• •.• G
~

.
.
.
.
.
.
.
.
.

.
,
"
'
.
.
.
.
.

~
.
.
.
.

"
'_

.
.
.
.
.
.
.

_
.
.
.
.
.
.

0
.
,

..
~

.
.
.
.
.
.
.
.
.
.

_
c
e

O
'

..
"
'_

"
'
.
.
.
.
.

0
_

..
,....

"'......
~
-

---"'-
'"

-"'-
--"'"

"'-""..
-,,--'"

--"'--

•
..'..••o

•
f

-."' ..••~

,•• , ··· •,,••·· ,•,

•-...
·.•

• ••

'" ... ..._.. ......'"
........

~
'
"

............

u
_

..
~
u

u
~

..
U

u
u

...
......

~
z

..
..........

.,
..

........-
"'..."'..-..----

,,,".......
"'...,.....
......

u
...

............
..........

~.."'.....
..........,...

......,...'"

•
U

"
''''_

U
u

..
..........

..
..........

..

-........

"'.......'"
-

..
--"'--

_-

..........
~

...........
• ............
...........'"

•

"O
'

••,.

•
· 2

_
u

"
'u

tv
..
~

...
~

~
..

~
~

~
..

.
,..

·..~:'"
•

~
*

~
~
~
~
~

~
=
=
:
:

~
~
~
~
~

:
~
:
~
~

~
~
:
:
~

:
~
~
~
~

:
~
~
~
~

~
:
:
~
~

:
~
g
g
~

:==
;
~

~
:
:
:
:

:
:
~
~
~
~

~
~
:
~
:

:
~
~
~
~

~
;
~
~
~

~
~
~
~
;

~
:
~
~
~

~
;
~
:
~

~
~
:
~
:

~
~
~

0
'-

-..•• ...·..::=
:

...'"... ................0••••
•••

...-" -..-.,......
...

-..........
"''''''

'"-..-..
-..,

~

.
.
.
,
~

"..
--"''''

•.."
~...

"
,
~

..
..........

"''''
...

...
"''''

.........
~..

~
,

.,
~
"

_.,,,,,"'...

.
..

.."''''..

'.

..----
............,
...........

...............
"'..........

.."'''.....

"'..
~..

.......
"...

......."'...
"'

..
-<

J
"

......
~...

"'.,....
~

...
..

"'..
-

"'..-
~.."'....

-.

"....
~
'
"

...
~
"
'....

.,"'...,.,

............

"'''
"
,
~
,
,
,

..
"
,..

"
...

"'--
..

"'-
'"

...
"'..

...........-
......

.,..
.

.,
..-.."'..
•

"'.."'......

...
e
~

..
..

..
0

.
.
~
.

.,...,,,,-

_
-..

"'
...

"'
'"..

"'
-

........"'..

.,....
~...

..",,,,
..

....-"'''
........"..
..

...
-
~

"''''
...........

............
...........

.,.........

"''''''''''''

"''''
..

"'
"'..

.......
~
'
"

........"'..
"'

"'...
.."'

..
.."'''',,-
...........
.."'''''''..
....

CI....
...

"
,
.
,
,
<
~

...

"'....."'...
"'.."'''''''

...-
~..-

~
..

_
"''''

"''''--0
~
_

...

........"'..
"
'
'
'
'
~....

...........

..
"
'
'
'
'
~
o

"
~
"
"
'
'
'

........"''''

....
_
~

...
C

'

"'....
'"

......"-
... ,...""'-
..
~
"
'..

"'.."
..

......-'"

.............
......,,,,,,,,

..........

~
~
~....

"':"':.":":":
:
:
=
~
:
:

...

....
~.....

':':":":-;
"'..."''''..
.."'''''''-
....

~
"..

";";".':":
........'"
....

"''''

,
,
~"''''''

'
:
"
:
~
"
:
"
:

"'
...

"'
-

..

...........

.............
...........

.....
~
-..

~
"
'
.
.
.
,
-...

"'....."'...
----

...
..

"
,

"'..
"''''

'''..

........
.,.

....."''''...
"'''''''''''''

•• ............
...........,
"'''''''''~

......."'...
~

-
~....

"''''...''''''
-

~
-....-..

......
~-..

,,-.."'..

....
,
,
~..

........
'"

~.......'"
-"'-...

....
-"'..

o
...

"
'
~

..
...........

"'
..

-
"
''''

..
"
'
.
.
.
.
'"

<>
"
'
..

...."'...
..",,,,

"''''..
-

-..."'
~
~..

..

··· ,,· ~
..",,,,

,,,
'"

"'
-

"'
'"

"'.."'
"'

..

•
.-• ~.......-."
·.~~

"'-..-"

u
..,. ..".• •
·.~..,• ,..·.•

• ••· •·!·· <·• ,•



"
"
u

u
u

u
u

U
U

u
u

U
U

U
U

U
u

u
u

..
~

...
Z

~
Z

.II
~
Z

..
........

~
..

••-" •

,•,
o

.
'"••..-

•
....

,"
,U

Y
o

.>
"
'
~

..
~

..............
..

.
.
.
.
.
.
.
.
.
.

..
..

~
<

>
0,

...-.......
~
.
~

..
---

...
C

O
.""'.

.
.
.
.
.
.

.II
..

..........
T

U
O

,,"
_

O
U

,-
,

..
0

0
...

O
Z

~
w
Z

...
~
~

..
.
.
.
.
.
.
.
.

T
.
.
.
.

O
T

T
...-...... ..........

........." .........--.
•...............-...

T
J
I

_
~

~
•
•
•
~

_
O

.
•

•

• ••
•••

...

•••
•••
.,. .....::::
......••••
••

•••

......•••
... ...-.-......

............

0
0

0
0

0
0

0
.
.

...
..

.,":."':•.-:
-...-.....
...........
.........
........--

.....--.
.....-.....
............
•

••

_
.

..
...

..
..

...............
..........

_
.
.
.

0
_

.
.

---
..

................

~
...-...

.......
............
....

~..

.
.
.
.
.
.
.
.
.

0

..........

....
...

-
..

..........
...............
..........

..............
..........

-.......
_

_
_

0
0

.............

0
0

0
.
.

0
.............

...........
...........

.
.
.
.
.
.
.
.

0
.
.

...........
-.........
...............
..........
............
.............
.........

~...
..

.
........
.........
..........

...........
0

.............

...........
~
_
o

...
~

..
o

...
.............
......-.....
...

...........

.........

...........
.....

...

..........
..........
.............
....

~....
:::::::::::::

...........
............
_

_
0

0
_

...
..

..
......-

..
0

_

•
•

..
...

...
...

.........
.............

..........
.............
........
...-.........
..........

..
,

0
_

_
.
.

•..
0

..
-

..
...
~
~
~..

...............

~
:
:
:
'
:
:
t
~

:........

.........
......-
...........
-.........
.........
...----
-
~
-
~

...
..

_-
...-

...

............
............

...
.,

-
-

-..
................-

-
-

-
---

----
_..-

--...

...........
..........
.........

-...--

.........
...----

•
_

e
..,.

.....--
..........

..........
..........
.....

'"

..
...

.
...

....-
..

•
•

::::::::::::

....-..
.....-.
...........
.

.
.............
..-.......
_

"
,o

_
o

n
....

...
...

...

.............
...........

..........
-

...
..

"
,

..•

.............
.........
.......
...-...-
..........
..........
..

"
,..-..

.....-.....
...........
............
..

-...
..........

..
..........
..............

..........
.........
...........
-

--
",,,,

,,,...
"
,

"
,...

0
_

...

.-

............

--.--..--

.
.

0
.
.
.
.
.
.

•••
............
.............
...............

......-..
-

.
........--

..

:::::::::::::

..........
...........
...----

.........
..............
••• "

_
_

"'0
..........

.........
-........

............
....-.

..........
........
.............
..............
.........

..
.....

"
,.....

•,-" •••.,-.oo •
.-.'•..• !::
.,•••••••-.•••..••• o o
...'..•••

!
:

,.•
u

.••••..••

· •· o,•,· o••· •· •••• · •· •

:•
:•

,•
............
..........
......

•
...........
i),l.),:

•
"'........
::.:u::.~

o
a

..
....

z
~

.......... ..........
.........
..........

.............
...........
.......... ............

..........
..........

0
0

0
0

_

:tti'l.
•......•••

...
o

a
0

_
_

0
0

o
~

_
_

_
_

•
_

_
-

z........
_

-
-

-
-

-
---

-
-

-
~

...

.-
~

_
-

,,-
--"

-
"

-
-.

....-..-
_..._--

-
....

~
-

-
-

--..
~
~

~
-
-

:!:::

•
••

•••

.....
...... ......

--......
............

...........
..........

_..--.
........

..............

..........
..........
.........
...........
............

.............

..............
..........

.
...

..
...

..........

.-......
.........

.....-......

..........
..........
.."......
..........

~

........
...

.
.
.
.

11I
...

............

.........
.........

.....-.....

~
:
:

::;:;;

........."
......

~...-

..........
...........

.............
.........

.............
...........
...........

...........
...........

-........

....-..-
.

"
,........

•
•

..••••••••O.
·, ..•

•
-!::
••.U••.. ..•••

•,

.
~

,
,
_

~
.
_

_
4

~
4

,
,
-

_
..

·....
-

-
--

---
-

-
---

-
-

-
-

--
•

_
_

..
r
~
.
_

..
~
_
"
'
'
'
'
'

_
_

&
s

~
c

.
~
C

,,_
_

..
-

_-
,

~
~

~..
~
~

_
-

~
-

~..
..

•
~

"'C
'"

_
~

"N
"

•
•

• ••

•••
.....-.....~
:
:
:
:

.. .->.. ....--•••
•••

.,..........

..........
..............
~
~
~.

...
...

...
...

...........
.........

.............
..

......
0

_

...
~
-

..
...

-

............
..........
..........
--.......

........-
...............
..........

...
.....

11I
...

........
"
,...

..............
...............

..."'...
-

..
...............
..............
...........
...-.......
............
.........
............
...

.........
~

..........

............
...........
........,....

.........
_

.....
0

...

...............
.............

...........
.-.....
.......
............
............
...........
.
.

C
...

,.
.

"

............
...-...-...
..........
--

_
.....-

..........
.........
--..-...
--......
----...
..............

.. ........
4

..
...-

..
......-...
--. ..........

-.
.........-

...
............

..
............

...

"
'

.
.

N
_

.
,

...."'
...

_-C
_.,

..
............

"""
_...

..........
.

_
..

_
or

_

....
-..

.....
~..-

-...
...-

----
..............

,''''H
''

...
.............

...

.....-
...............

...............
............
-

...
e

_
..

"'
...

..
...

"
..

...........
...........
.........
...
.
.
.

0
.

--
..

...........

".."_of
...."".....
...........
...............

.........
.....-..

........

..........
..

-
...........

............
..............

.......
_........
••

...........

.............
..........
...

~
~..

•.............
...............

......
..

.
,.

•• •: ............
.............

-.......
...............

-........

..---..
...........
..........

•- •• ,.-,•".•..••~•·• •.-••••••

.,-.••

e·• ,•·· ,• ·•• •



0
•
•
..•••

•••
--.•
••

_.. ... ...•••
•••

... ...•
••

•••

........-...-",............ ............ ...•••

... •
••

:::::
...•••
...

,,----

"
'
.
.
.
.

<
>

c'

-.."'.....
............
...---

.............
.
.
.
.
.
.
.
.
.

N

..........
...-..-

...........
-.-..........

...._....

...........
......

......
............

......"''''
.."''''''''''

"'.......
..........
............
.....-..
..

..•

..."'....
............
...........
.....

N
N

N

u
..

.....,.
...

.....
-

0

...
...

,
,
~

-
~

..........

.............

"''''
'''

..."''''
'''

"'-"'.....,
---..-

..........
<

>
0

0
0

0

...........

::..::
.......-
---......

...........
"
'0

"
"

-
..

.............

..........
.........
...."'

.
""

--

u
u

u
.
.
.

..........
.,."..,..

,,---
"

..............

...--....
-"'---
.............

"''''
''''''

..."'
'"

..............

......."'..
...'"

..
-

...
........

...
............
-...........

•••
......"'''''''

.............
0

_
.
.
.
.
.
.

0
...

..-
...

.
.
.
.
.

0
......

..........
....."'..'"•
...."'..
...........
..'".",,,,,

..........
........

N
..

...."'....
..-""""""
..........

---
~"

"'.........
"'--"'..

..............
..."'.....'"

0
_

'"
.....

.............

-.......
-."'''''''
...........
..N

N
_

_

••••• ••
..........,...
.......,,"'...
...........-

..............

............
..........
...,.,.,.,

"'......'"
..............
......-
-"'.....'"
"'..-..'"
...-.....'"
-"'''''''''
..

-
...."'...'"

......."'.....
...

";";,-:~
.............
_

_
N

N
_

.............
-.........
............
...-"'....
.

.

............

....-
..

....."'..
.......'"
·

...-.

'"-
..

.
.

_
0

..
......-..

.
~

...,,<>
.......

c
...

0>
0""""

.....
0

.....
"
'
~
-
_..

·........

.......

.....
.......
.._"''''.
--.....

"'.."''''..
"'.."'''''''

--.

""0
_

0
..

co
_

..,

"'...-
-

.............
..,..........
.............

.......

.............
-..........
...........

-.
"",,,,,,,,,,.
"",,,,,,,,,,,

.."'.....'"
...-..",,,,
.."'.......
..-

...............
.."'......
.
.
.
.
.
.
.
.
.
.

N
_

N
_

.........

""...."'..

..........
";--;ot;,~c:
.............

...........
...
~
-
:
"
:
"
:

0
.
.
.
.
.
.
.
.
.

N
_

_
N

_

"'............
..........
...,

..
,,-"''''...
.....

-
-
~

...."'oil..
0

0
0

0
<>

"'........
........

0
..

...........:

............

..
0

0
.
.

...........

...........
..

........-...
"'-

...
...........

.....--..
..

............
............

......"'..
..-......
...........
_

_
N

"
,
_

-.........
......

"''''

.."""''''..
-""--'"
::::::::::.

......-..
,,---'"

.
.
0

0
"
,
,
_

....,,,,,'"

.
.
.
.
.
.

0
_

0
0

0
_

_

-
--

-
..

"'
..

-
-

""-..",,,,
.
.

0
'"

"'
..

...--
...

...........

0
..

_
...

..........'"

......
"''''

":.-:":':":.
............""

•
•

"'.."'......
...............

........
0

....
"'..."

..
..........,

..........

.
.
.
.

-
N

O
...........
.-.."'.......

•W"
O

.

..,
...

o
. z

_
"''''..

Z
'"

...
-..--

...
~
'
"----

...

•.o•o"C• ~
~

•••
•••·. .,••• !•••..••••••..••••..•••••••
.--'..".• "

..
N

_
...

••·
-

o....
,.•

•• •••••oo,,•,•,•· • •,•

~••• ·· ••••

•
c

•

•••

•••
'".•• .......-"..- '
"

-.- •••

•••
...... .,.•••

...0
•
•

... •••
•••

-..... ... •••
•••
,.,
-........

..........

.............

"'
..

...
..

.........'"
_

.........
N

....."'
...

.."'
"''''

...........
"'

..
_

r
.............
.
.
.
.
"
0

..
-

""
.."'

...

..............
.,.......
-............
.........

..o

"'..---
" ..........
..

'"
-

..
...........
""--......

..........
...

'"
..""..
~

..
...........
-.

-

O
U

U
_

"
'O

U
u

..
"
'

Z
"

.,
.,

"'
...

...........
--......

..............

............
...........
.._-.....
.....--
...............
...............

-
~
-

...--......,'"
.....

_
_

n
_

_

_.c
"'..

...-..--
--

..........

......""...

..........

"'.."
"
"

...............

..,...........
..-

~...........
...........
.......

_
N
~

............

..."''''...•

.......

..."''''..
...

...

............

..........
-...........
..........
...---

...

...........
"''''N

'''_
........
..........-

"'..."'
...

......"'
'"

...........""
.."'......

..........'
..

...
"'

.
.............
..........

.......""

..........
............

....._-
....."'..
.........'"

...........•

........."''''
"'......"'...

.......-..
•

"
,
.
.

0
.
.

...,
..

.....-
-

......"'..
.......-
........
..............
.........

........
~

...........
..,

..----
-
-
-
~

.............
...........

............,

..........
...........
.........
N

...........

..............

.."''''..'''
..."''''.....

............

.............

~..".."
....,.........

_n.-_
.....

-:':".':
";

-41-...-
.
.
.
.
.
.

N
..

":.":':":.-:
"'.........

..."".......

.....
_
,
,
~

......"'....
.;.;.,;.;.;
..

.

...".....
..........
.;;,;,..:..;
.......""..
..........

...........
N

_

~
"

...
.....-

..

"'''''''''''''
"'.."'...'"
"'........

..........
....."'

..
_

...
..........
.............

...."'..
.....,

...
......"..
..........

.."'......

----..

"........
...............

..............

............
"'''''''

...
."""'

'"

.-..-...
"
:
.
~
~
~
~

_N
_"'_

..
...

_
....._"'..
......"'.,

•, "
......."'...

':":":':";
......,-...
"'.....-
...........
.."'....'"
............

..-.......
.

-

u
•••• ..
~-

..
,.C

,-
_

"
'_

'"

....o •.o•o..•o•.o•
..-.C.....••o

..••••••••
C

....o..••• '.::=:••..••••••

•
0

.,'
0

" ••· ,· •· oo,••·· ,•,···• o •,•

•
•

•
•

•
•

·.
.,



· ,o

c


O
.

·

·..,...
",,,,e

e
,,,

.....
~..

_.,

.."."....
~

c
"'

..
~

..........
.,,,,,,,.

"
'
~

",,,,,..,,,...
~

c
.
~
.
-

..._
"'u

..
""........
..........

....,,,..,,,
..........
...........

u
"

....
u

.............
"
c
.
O
~

..

"'I''''''''_
-

....-
..

-
0

....-""""
...........
.."

..
..

N
..
~

...

"'-"""
~..

"
'
~
~

"
'
"

,
,
,

...
U

.........
...........

u
U

U
....

..
..

..
..

"
U

N
_

C
O

..
~

...
~

",-,."..
"
'

N .....•••

-
0

•o

•••

".":".
--~

;
;
;
~

--. o
•
•

...•
.............-";";-:
.._c.:;::;:

..."
:
-
:
~

.........0
0

.
-;";";
......

no
..
~
~

...
...",-""...

............
"'.........

...
..

......-......
"'.."'..

~

c
........

'"
...---'"
...."'..
"''''

..

.. -"'-...
-..

~
_
n
o
_

...
...

...."'....
..............

.
.

0
..........

...."'''''''
..........
..

no
'"

-
.,,-

..
..

-..-..'"

"'...---

.,,,
..

"'-
-

.;.:;,;,..:
-"'---
"
.

..
"

..

......."''''

"'........-
~
-
;
~..,";

~
_........

_
_

nonono

..........
....-..'"
"
:
"
;
-
:
~
"
'
;

-...-
...

...'"
.

....-"'
_

..
""

-n
o

..-........
..

"'.........
-.......
_

_
_

0
_

~
-....,.

............
-"'..."'..
.
.
.
.
.
.
.
0

0
"""_

n
o

n
o

..............
..........'"
...........

..
~

..
"'.."

..
..-.."''''
"'---

....."'..'"
...",,,,,,,,,,

..........
.........-...
....,

'"
"""'

..
"'

..

"''''..'''•

.--
~

"
....

c
e
O

--""
c

"'...
"

.-..
~
-..

...
~
-....
.. .-

"'
"''''

"'
".....

-..

...........
"''''''''...'''
................
-.. ~
"
'......

....---

......."'..

"''''
...

.."'
..

"'
..

...-
..

""..--
...

".-"'-'"

-
..''0

'"
........

~

no
..

"'..
",

"
'_

"n
o

..-
'"

"''''
..

..........'"
..----
..........
"''''......
"'.....

-
~

...........
"

"'.........
"'_tv"'_
............
..

.
.
.
.
.
.
.

0
..

_
0

.
.

0

......."'...
..........

"'......
•.......-

.."'..-'"

.............
"'.,......-
-

'"
-

..
...-"''''....
-. ..."''''..'''
......--

..........
...."''''..
"'..."'..
...-

..
....""

..
--"''''
...............

,
,
~

......."
,.or"

••
--"-""'"
c
~
"
,

.
.

"
,

,...
~

..
~

'"•

..
0

.
"'

...
-

"'..
......"'....-

"'..-..
..."'

'"
..-.,

..
.-

.

..............

"''''
...

........"'...

............'"
•

••
..........

..
-

0
'"

..-
"
'
~

......"'..
"
'-"

'n
o

'"

C
"
~
"
'
C
:

..""
....

-"
"'

..
,,-

,."
-

....
,
.
~..

...,
.,

"'
-..

-.

"
,
-
"
,
,
...

..........
-...."'.........

....-"'...
••

.........
....

"
,......

..."'-...""
..

"'''''''
..
~...-

....
......

no
...

.."'
'"

.
~

"
.
,
,
.
0

..
"
'
.
.
.
.
.
.
.
.

,.
..
~
_
~

O
.

U••""•• •
.• ••ia..
~

"'
..

0
0 •

.-,·· .".• o
.

••
..~:t:
•••••

•>• •· •••;- · ,••

·· ,•••

•••

•••

".-:",

c._...":";"
_..-.......::.~ ...
..."'...
..- ...":";":
... ..
............':.
..••..... ..-....-"';";"';

..-:~;

•

...."'.."'..

-
...

"'
""..

~
-"'..'"

-""'"

.....
"
'
~.

.
.

O
Z

..
.
.
~
O
_

'C

"
"
"
0

"
..

-.....
~

..-.."'.
............
-"'.."..
....n

"'.....
"''''''-''''''

.."'.."''''
....

;
~
~

.....
~
"
".

"
"
''''0

0

..
"
,..

~
"
,

..-..
-
"
,

.
.
.
.
.
.
.

,
.
,
.

..
c,.

_
,

r

.............
"
.,n

o
...•

...........'"
.............

"'..
~.....

..........
.."'..

O
''''

..-......
~

...
.....-...
--"''''

_
....

u
u

............
..........
............
"'--"'-

O
O
~
"
'
_

".":":"."'.
~
:
:
;
;
;
~

-,......
"-"'...

~

.........-'"
......"'

...
---

...

.,0
."

...
-

""
.........,'"
---

...'"
.
.
.
.
.
.
.
"
,
I
t
'

......"'.....

........... "
"''''''''''''
"
'
.
.
.
.
~
1

......."

"''''.c
....

..........,...
....."''''...
:::::::

~:::':

...........

......
.".,

"......""
"...."''''
---

....-
...........
......

"
,..

"
,

.."'.......
U

U
.
.
.
.

'"
:
:
=
o
~
:
;

"'..""....
--"'-""

..........."

"
..

""
"''''....

c
~

_
..

~

..
"'''',.

....
----

....

............
.."'........
........'"

...........

"'..........
........"'..

~
...

0
"
,
_

.....-
'"

"
.

~
"

-
e
"

~
..

"

...........

,,,,.""...."

...........
........"''''

........"'..

...
~.. •

o
_

~

..-
~..

'"
"
'
"

..
0

• .."'.......

...........
"'......"..
'
:
:
~
~
"
:
'

"u
"'''''

............
~..........

...........
...."'....'"

...........'"

......
~..

.
.
.
.
.
.

"
,e

"
'In

..
"
'

..

"'...."'.,

..."'
.,

"'.."'
..

0
_

..
_

_
--..--

..........
"

..............
..."'......'"
.............
..no

'"
0

_
'"

•
•

•
""..

~.....

"'''''''.....

.,"'
..

"'
"'..

...",,,.....
..............'"
..

..
0

.
.
.
.

............
..............

-.."'......
-..---
~
;
,
:
(
:
~
~

no
",n

o
'"

'"

"',,"'......

"'..
~

...
..."'.."''''

•..........

..........""
"''''....''''...
",,"'...'"
.."-",,
~"'...


.......-.."

......."'..

,.........-

"'............
--"''''..

........-..
.,....-...

c..........
""_..'"

0

"
'.............

.,_
n

o
"
,

•

"''''''0
'''

...."'........

..",.,...
...........

..,._..
~

.-.,......
!:::::::;
~
~
~
;
:
l
-

.......
.n

..
...........

u
n

o
u

"
'"

.....
"
"
U

u
...........

.."'
..

..........
..

0
"

,..,.,.."o· ••,. •·- ,,o
•Uo• .,-.., ..,••'
0

>
•

•••,••
••~i · ,•0

'
••o

o
..-....•••ia

• , · o·•••,· •• , -" o,•

..
~

c
c

~
0

..
'"

0
"
'

"
''''

...
o

.•·. ,,
..



· ~
U
_
~
.
O

o
u
~
u
~

u
o
~
o
~

o
~
o
.
~

.
~
~
U
U

~
u
~
~

•
~

~
~
~
=
~

~
:
~
:
~

:
:
~
:
~

t
~
:
~
~

~
~
~
:
:

~
:
~
~
~

-"....,...-.....,
..
~..

..._-...-
... 0
•
•

.
"
...

,o
h
•
•

'"
.............

"
'''''''

.

.....
u

o
<

"
'"

._
C

o
.>

v
a

~
~
~
~

..
~
.
"
'
4
'
"

~
..

...........
~

jW
.

.........
...........
..
~..."'..

..
~
.
.
.

_
o
.
~

..
o

.
_

~
~
_

..
"
,
~

~
.

...--_.."'---'"
-

---
-

--
•••,•

.or
"
'
~
h
"
'
'
'
'

"...".
_

"'
~

-
..

..•

...... .....-
....

--

........
--...-

....

0
_

_
_

_
_

_
co

_

.........
0

-"'-"
•

_
c

..
.

..
:
:
:
=
~

-..-...-

.............

.
.

.
..

.......-
_
.
.
.
.
.
.
.
.
.

_
0

.
.
.
.

_
.
.
.
.
.
.
.
.
.
.
0

_
•
•

_
0

_
0

.
.

0
_

_
0

..
0

.
.
.
.

_
_

~
0

..
..........

.-
...

...........
.............

•• .....................-
-

-
-

-...
, ........

...............
........-..
••...

...........
-........

~
.
-
-
.

o
.

c
.
.
.
.

~
_

....
-.

....
.

•
0

.
.
.
.

0
_

_
_
•
•

_
c
.
_

~
_
e
e
_

.
r
~
e
•
•
•
•
•

~
.
~
_
.
~

~
•
•

,.~~
~
-
-
-
~

~
-
-
-
-

~
-
-
-

-
~
~
-
-

-
~
~
~
-

-
-
-
~
-

-
-
~
-
-

~•••
•••

...•••
....;::
..::::
... '" ...0
•
•

.........•••

....-•••
•••

..........
....'"

0'"''
...
~
~
~..

..
.

~
~

...

.
.
~

.
....-

....
..

-...
--

~

........
...........

..
...

0
_

..
..-.

...."'..
.."''''..

-
..

..
-
~

..
~..:::=

..........
..-

..."'.......
"""".-

.
.
~

~

...
~

..
.....

~
~

•
••

.."'.."''''
.."'''''''..
........
........

.....
...........

~

~..
~.....

......
~
~..

.........
..
~....

~

....
-
-
~

-
-
~
~
~

.....-..
~

~~~-::"':.
..........
......

~....

"'
"'..

"'
-.....

...........
...
~
~

...
..........

..........
........'"
....

~
...

-..
~..

...........
---.....

...............

•
0

.
.
.
.
.
.

....
~
-..

..
-..

.....,
-

.........

............
....."'.....
.......

~..
..........
..........

..
-

...
...

.
.
-
~.

·..
.........
-..........
...........

"''''
'''

"''''
'''..

....."'....

....
~

..
..

e
..

_
_

...
~

~
~...

..........
......'"
........-..
....

~
~
~

............
...........
..

...-..
..........
..........
...............

......
~...

............
.....

~
'
"

..........
..........

............
~
.
o
_..

..
0

.
.
.
.
.
.

...........
~.......
..
-
~
~

"'''''''
'''

"'''''''
'''

~
-
"
'.

-
...

...
.

......'"
..........
...

"'..
~
-
~
-
~

........
.....--
.....

~
"
'
~

.......-••
.....-.....
..............
~
~
~
~
~

.....
~
-
.

....
~..

-
-
~......

...............
....

~..
~

.........
...
~
.
'
".

..
~..."'...

..........'"

....
~
~..

..-........

"'.........
........
............
......

-
~
~

..........

.........
-........"'''''''
"'''''''''''''

.......
~.....

~
~

=
::::

.......
~...

..........
.......
......

~

.-"'
"'''''''

"'
"''''

.............
~
~
~
~
~

........
.-..

~..
-."'..
.

"'......
••

•
-.........
.........
--_

......

.............•
"'...."'..
..........

·· • --......
...........
.....-

.
...-...-...
.......

~.......
~
~
--.

.......
~

..........
·-......
...........
.......--

•• _.
..

..
....

"'...

•.." o""•oz
..._

.
_

..
.

"..-
..

--
.

•• •
...'::o

•.,..· o •:•· •• ,••·· ,o,,·••

· ••,••
•

..........
.....-....
..........

u
u

u
....

.......
........

............
.
a

......
............

....
u

..
u

.........
a

.......
_

......u
_

...........
......... .........

· .....
z

~
~

~
~

_
_

~
..

~...
-
~..

~
-

~
-
~
-

~
-
-

-
-
~
-
~

-
~
~
~

~
~

-
-

-
-...-

---...
-
~

•,· ..•••
...........

............•
.............

...........
..........'"

............
•

"'.........
..

..........
r
z

"'
~

"'
"'

"'
..

..·

-..•••
•••

..--- ...... ....-..-.........,"
"
"

"
w

...-........ .....- ......-.--. ....w.
-.-

...
'.....

~

...
...

..0
.......

.
.
_

0
';

'
_

......"'...
...........
"'.......

............
.....

..
...

...
...-

~
..

e
"

_
0

.

"'
-

..
.

.........

..."'
...

"
~

,,
.:.

,
,
'
;
'
~

;
...w

_
..

..........

............
........"'...

_
..

..
.

::::~=:::

........•

......
~..

........"'..
.......
............
..........

...........
.....

,.
............

.
.
.
.
.
.
.
.

0
_

0
0

_
_

..........
..

-..
..

...
..

'"
..

...
..........

..

............
'".",,,,,...

.......
.....

~
..

~
:
:
~
'
;
.

...."'....
•__

0
0

'"
_

_
0

_
_

....
~
'
"

....
.....

"'
"

-
...

......
.........
.........
..

.
...
..........
-..-.

....-....
..•

...........
......."'..'"

..
..........

e

"',,-....
..........
.."

~
...

_
-

.
.
.
-
.
.
,
"
'
~

.."'
...

....."'..

..."'.......
•.............
............

.............
...

.,...

.
.
.

e
....

.....
"..

...
w

e
...

o
.............
........

.............
....."'.
.

~
..

.. r
..

....
..

...........
..........
...

...
--

..

.......".
"

'.,:...".
~
"
"..

...
~

."'...
......

~...
..."'

...

............

..-
,,"'..

.......-
•

"
oc
~

_
-

~
...

.
.

.........
..........

...
~
.
"
'..

.........
.......

-.....-.
.........
...

"''''.
--"''''
......
....-...
.........
..........
......

"
.

,,-....
:
~
.
:
,
=
.

..........
......"'.....

............
.......

~...

..----
...........

-"----

.............
........

r
......

.....
~
'
"

..-.....-

-
..

e
~
e

...

.."
...

-
...

........

...........
..............

......--

.......".....
~

"..
~

~..

~
~

.
.......

~...

..........
.........

....
~..

"'.......
...........

e
.........-
.......
....-

..
..

.
......

~..
...........

..--....
...........
...........
.."'........

,••• .........
~....

~

......."'...

...........
......-..
-..

~
"
'
.

...-.....
......

............
.............

............
....:;::....
..-

..
_

...
.....-..

.....
~
-

..
~
"

..
~,.

..
....-..
.......
....-....

-.........
•

..--....
0

.
.

•o••· · •••....
".......

0
0

••"•
0· ••,- •
w

........
_

.....
~
~

.
.
.
.
.
.
.
.

_
...

~
_
~
_
<

.....__
.....

e
...

'" rc
_
~

•
•

_
_

_
_
.
.
.
.
.
.

w
_
.
.
.
.
.
.
.

..
..

~
~

.:::::
...

---...'"

....• ·
"

,..,,.,..· o.
~•

_
0

••.. ••'0

o>, ···• ,•: · ,,,·



...
......
'" •••

...... --•••....-- •••
.-.•••
•
••

................;..;..;

................:....:.

...a
•
•

'a
.

••

...•••
•••
.-....

.
.
.
.
.
.
.

c
"'..........

.........

.......
..........
...........

.........
...........
-.....-
...........

...
...

...
...

..........
........-
.--..
..-......
.........
..;;......

......
.........
.........
.._......
...-..-..

..
.

-
-...

...........
--...--

..........
.........
.

-
---

.

.......
..........
....

c
..

..
..

.........
............

............
.."'.....'"
..........
............
.............

........
_

...
_

..
.

..

.........
........

.--
.

-
..

.
..

---..
.............
...............

........
..._.
..

..
•
•
•

.....
--...-

............. •
...-

.
..

<>
..

..
..........
....."'....
..........

.........
........
...........
...

..
.

..

-_.....
":":-:":":
....-...
......
.....

"
:
"
:
~

.........
---..
..........
-:":":':."':.
.........
........
-_

.
....-...
........
...

......
----..

"........
.........
.

.:..
.;•

......._.

..
0

..
...

..
.

...-..
•..

.
..._-

...

.........
":':':~"':.
...........
..

..
.---...

........-
~
'
:
.
"
:
~
~

.......
........
...

.
...

-.
--

..

.........
....-..
....-...
-

...
-

-...

..............
.........
.
.
.
.
.
.

\ft
..

----
...

..........

...".....
...........
........-.

..
..

,,:
':":C;

...........

..-.....

.......
--

-..
..

..
..

..
...........
.....-....
..

.
-..-...

..
..

.
...

...--.
......-
........
..........
............
....-..
--....-

-.."......

......."'..
---

...

"'.,......
......."...

..............
.....,.....
..........

.,
..

...
..

"'.........
...........
•

0
.
.
.
.
.
.
.

.........

.........
.......

•
0

.
.

..-
...

.....-...
.............
.......
...--.
.........
.-

-
...

...

.......--

--......-

..........

_
_

c
......

....""'"
..,

..,
c

..
........."'-

-......

..........
.........
............

..............
.............
...........
':":":":-:
....

..
--

..

.......
........

.......
.

..
..

...
..........
............

...-...--

......
............

............
.........
..........
.........
..........
............
.......
............
............

........
~
~
"
:
~
"
'
:

.......
....-...
-

..
..

..
.-

..
-

..

...-.....
.......
.
.
.
.

c
..

-..--..
......

e
.........

c
c

..
_

..
....

"''''..
.,..

0
"

..
"

.
.
.
.
.
.
.
.
.
.
.
.
.

L
.
.
.
"
"

~
c

..
_

..
_

c
.

~

--"
....-

-
--

~
:
:
~
~

·....

..........

.............
.........

........
..........-
~"':.-:":-:
...........
...--..
::~::::::

........
...........
':.':.-:":"':.
.........
.....--

...

.........
....--..

..........
.........
-........
-..

•••u~
~

••a
u

••••••'a••a•,!
:

<
'

••,..,•-...a••
..'••••z
z
_

.'..•••u
••
,.•,t-.••

,• ,· a•u·· ,•,,a• , · •· ,a

~
;

-
~

~
•·"

•••

•
••

•••
-..•••
...•

... u
•
•

..,.........
_...-... •
0

0
.
.
.
.
.

...........
.........
........

...........

.........
...........

........-
~
~
~
:
.
:
~

..
..

-
.

.............
...

..
..

.
......-.
.........-

":":":".":

...........

.............
..

..
..

"
a

..
...........
............-

..........

..
...

.
.

• .-
............

..
..

..
-...-

.......
............
..........

..............

..
c

.......
.........

.
.

u
u

...
z"'...

..
..

..........
.........

..
...

.
...

.........................

..........
--....-

............ •
......."''''

"''''0_'''
.
_

;t
.
.

,,"'
..

..........
-

..
.......-..

--..-...

---....
........-...
..-..-..
...............
........

.............

............
..........
..........
..........-.
.............

..
_

c
_

_
•

_.•••.,•••~
:
:

•••
u

,.••••..•• ,••
.,"

:• •

.........................-
-

..
z

_
_

•
•
•

_
_

-
-

-
..

•••
--. •••
•••
..• -.....•••

.... ..--. ..... ....-.•••
•
••
...•••

..._.
...

..........

..............
...............

.............
.......-...
-....:...

...
.

..
-

..
..

...
..

.......
..........
..-.-..

............
.-..

..
.....-

..

.
...

...--...
.....
.,........
..........

.
.
.
.
.
c
c

...
..

...
..

-_
..

_
c

_

.......

.............

............
-.........
..-

..
...._

...
......-

...

...........
..........
......
..........
.--

.
......--...
........

...."'..
...

...
.

.

..............

..............
.........
..;..;..;..;

~
......_-

...-.....
"':~":-:-:
..............
...............

.......
':.":-.~"':.
.....-..
..

-
-:

':.-.
"';

.
...

-..-
...

..-
.

..--
...

-
...

...............
..............
.............
............
.._

..
....-

..

_
.

..
...

..
..

...
..

..---..
..............

..........
-...........

..........
.._.......
:!.:::::

.....-.
-

-
-..

-
~..

...--...
...

.

..-....
...

...
..

...

_
.

...."'..

..
...

..
-

....-:..

..........

:::::

......_.
....-..-

.........
-........
..........
...

...
...

-
----...

..........
.

..
.

'"
............

":,,:,,.",:c.
----...
............

........

.........
.........
.........
--..--
............
.............

--......
..........
..

.
..

...
...-..._..
..
........-..
........--

..
-...

.
-.

.....-..
........-...

--"'-0
'

......
..

..............
..

..-.....
•::::::::::::::

..........
.............
...........

•........
.._..
....-....

...........
.............
......
........
---....

-
..

..-
..

.._...
~...

_
_

c
..

_

..-
...

.....-
...

.....

..c.....
...........

:::;;:::
..-

.
-

.
..........
...........
...........
......
.............

..-
..

.....
c

..
..............

........
...........
...............
...............
.....

...........
·........
.......

z
.z'•.a••z
z
.

.
''a•••

••O'
••••..•••-...••

u
..,.•
....••·.•

··· ,,••··!••

,• ·· •:•



•>
~
~
~
.
u

u
u
~
u
u

u
u
u
~
.

v
W

u
a
'"

u
~
~

•
•

U
U

W
Y

U
~
~
~
~
u

~
O
'
~
U

u
.
~
~
•
•
O
~

U
$
~
~
.
~

M
~
~
~
M

M
M
~
$
.

M
M
~
.
M

M
.
~
.
'

m
M

M
M

M
•
•
•
•

M
.
4

0
.
M

•
•

~
•
•
•
•
•

..
M

A
M

•
•

f
t
.
f
t
.
n

•
•
•
•
•
•
•
•
•
•

ft
•
•
•
•

f
t
n

f
t
f
t

.
.

n
f
t
n

f
t
f
t

f
t
~
w
n
n

.
.
.

O
f
t
n

f
t
w

n

•••.-•••
•••

•••

•••
N._

•••
--. •••

•••
-.•••

...-.--..•• ••
..._.. .-..--•••
......... ......-.. .-.•

••

•••••••

...........
.-

"'''''''''''''
"'''''''''''''

•
•

............
--..-...

..........
............
......:;.....

...........
.............

...............-

...-
.

.
-

...........
...

...
..

...
..

..
....-

...
--

...

-.......-

..-.......
...

.........

..
..

..
...

-
...

..."'
..

...........
..

.

..........
-............

.........
-....-
.............
...............

.
.,

...
...

-
...-

...

..."'
...

..."'
...

............
.........--

'".':":"';":
-

.....---
..

...........
.............
............

.............

........
..

...
-

..
...

...
..........
.-.
............
--....

........

..-
...

...-
..

.....-..
...

-...
.

.
.........
..............
...............
...............

...............
...............
......

..............

........
...

-..
...

...
--

..
_

...
.......-...

.......-
...----

.
..

.
.

-
..

..............
.............

........

......

..
...

..
..

.
..

...
..

..........
..-.....
........
........-...

.........,
.............
......-

.-..-...
..----

..........
·

..
........
·.::.........

•
-

-.
...

..

..-
...

-
...

.........
.........

........
"'_

a
_

a

..-_
..

-
...

....-...
---

...

.._-..
..

..

...
..

.............
.......-..
..........

.......

.._-.
-.......
...........
_

_
_

N
_

"",,,,.'"..
""''''''''..

...............
.............
..-

"
,

..
..

......"'-...
..............

_.........
'"'";'":":":
...........

-.......
........
.;.;,;,;.;.
...........
..

..
.

-
~
~
:
!
:
=

....-.....
.......-.
':;i.';'';'

.............

........
..........

............
--...-

.............
............

.......

.........

........

............

..-....
..........

..-
.

--
-

.........
-........

..-
..

.
...

-.......
............
--........
...............
........

.........
-."'

..
"'

..
-........
..........

••••• ..........
..........
........
.............

..-...
.......--
.._

...
...-

...
-

..
•

•• ..................-
...

•

••:::•..•
•-.--• ....

..............
.....

---...-

••
..••••.••~• o· .••.. ••..••..-•.-..••• •....

::
:

- "•••,•• ,•,•••••

-.. •••

••••

-...-. ...-.....•••
... ...•
• ••
-.....N

"
... ..._H'_

H
'

.....- .. ...••• ... .u
'

0
'.

...:::::

"
N
...•
-.. ...

•

0
.
.
.
.
.
.
.

0
.
.
.
.
.
.
.

_

----..

-..-
..

..
...

..
...

...
...

..
..

-
.

..
.

..........

...
...

...
..

.--.....
-:-:•.":":
-.....--

.
.

]
I

..
"
0

..
..

..........

..
..

.
...

..........
.......

......--
-

...
.

..
----

...

...
..

...
..

........
0

...
.
.
.
.
.
.

0
..

...
..

.
-.

..............

.........
...

...
.....-

..
..............
•••••

........

............

...........

0
.
.
.
.
.
.
.

.
.
_

.0
...........

.............
.-

..
.

...

...........
0

"_
"_

..u
..

..
..

..
..

........
-...--

...
..

-
...

..."'
-

.......-..
.........

...

..............
..

..--...
•••
............

..............
,............

:
;
;
:
:
'
:
~

...........
.
.
.
.
.
.
.
.

0

.............

..
..

.
..

.........
1

...
.
.
.
.
.
.

C
..

...........

.
-

.
...

..
..

.
.
.
.
.
.

0
0

.
.

0
.
.

_

•
.c

.......
......"..

............

:::::::.

..-....
............
............
..

-..
..

...
...

-
;::

...
..""."

,.

.............

...-
..

...
...

•••••

.............
..............

.----
.....--

......
"

.........

.......
U

...
.
.

&
...

..........

...........
c

.........
~
~
:
:
:

-
...

...
c

............
0

.
.
.
.
.
.

_

.......

.............

-........
...........

..........
-:~"':-:"::
............
.....-.....
.......

.........
~

..........,

......
u

u
..

..
..

..

..........

...
...

..
.

.
"
0

0
"

·..--.
...-.....

.............

............
..........
..........

"'c
.......

.......
..........
......_-...

........-...

......-...
............
...........

..........
..........
.............
......-..

...........
........

.........

...........
...........

u
u

_
.

..
.

..........

...............
............

.....

.....
...........

............
..."'...-..
...............

...........
0

":.--;":":":
............

.......
---

...

.....-....
...........

..."
'o

u
w

..........
.............

.............
-...-..
.....
~
:
.
:
~
!

......-..
•."':

":."':
...

..
...-

...
.....

e
....

":":.":":":
.............
.

-
...

..
..

.............
-.........

...
...

...
...

.............

....-
...

-
...

...........
•••

.
.
.
.
.
.
.

0
•

_.....-..

......

.....
0

_
.
.

~........
..............

...........
.
.
.
.

0
.
.
.

.........
.............

...........

............
.........

...........

............
...............
.........

..........
.........
.........-
-

-- ...
...

0
...

-..---
........

~

v
w

u
u

u
..........
..........
...--..

_
......

0
..

..
0

_
_

..

...............
............
"
0

...
_

..
.....-..-
..............
...............

............

0
..........

.....---

.........
..........

........
............
............
............

..........

........

..........
.........
..........

...-......
"':"';":":.":.
......

•
•

"
'
..

0

.........
.......
...........

•;:
~

o• !••
0

••"
..

,,:I:
_

_
...

-
-

0
"

_
...

.
~

..
•• u

0 o• •
..o
••-.• .
u

:;=•
•-••••••

••~0
••••••.. ..o

.

N
'

..-1~
...

..o

•
.-••-.-. o••o· ,•,• o · •· oo•

••o ,•
,o· •·

"



•••
•••
•••
•••

--.--.•••
-.- ... ........--. ...'".....•••

0
•
•

..-•••
•••

......•
••
... ...•••

:::::
...••

...........
----..

,.."'.....

.
..

...........
..

....
"c

c
..........

---"'..
..........'"

..........
..........
..,......,.
..............

......-.
........

~

.....-......
.......

..

.........
............

...........
..........
..........
...-...-..
..........

............
...--..
........-

-
--

~
'"

~
,...

...
.,...

::::::: •
...

....
-
0

............
..........

.............,.,.,...

............

.
.
.

_
0

..
.........-..
....._....
-

...-..
.............
............
:
:
~
:
:

...........
":-:

-::":
.._

...
.....-..
..
~.......

::::::.:

.............

............
..

...
0

...
..

'
.

~
-
-

-

..
-

-
0

.
..

.........
...........

...............
...............

.....
~..

............
~.........

.........
-........
"
:
-
:
:
~
"
:
~

...
0

_
...

..........
...

..
..

...

..
..

.
.
~

..
....

:;..

..0
"
"
0

..............

--,,--
-:-:•.".'".
-........
.............

...-
..

..
..

c
..

..
..

........
--..-...

...........
..-......
.......•

...........

........-...
.......
....

~.....
--",:::':::'

...............
...............

0
.
.
"
"

..
...............

-
~
~

..
...-

..
..........
--...--

..........
......-

.....-...
_

_
.
.
.
.
.

"
'_

0
0

_
_

_
_

.
.

0
_

•
.
.
.
.

"
,
a

.
..........

...
-.

...........

.......
........-...

..........."
..........
...........
..

..
...-

--
.

--

.........
........
......-..
-

..
...

...
..........
......_
............
---..
......."
----'"

........
-........
..

"
,.......

........

.............
..........
..........

...........

---_
...

...........
...........

..........

.....-..
_

0
.
.
0

0

.
.

......
~
O

...............
........
...-.....
..........
............
...........
.....

~......
.............
...::::::::

....
~...

-.",,,,,...

...........
• -

..
..

0
..

..........
.......

~

..........

~
..

0
0

0

•••
..

0
.
.
.
.
.
.

~...---

............
..........
..........
..-....
...........

.
~.......

.......-..
.....-

...
.......-

.........-

............

~
.....

o
•
•

0
........

....................
0

0
..

<>
0

.,
..

...........
..........

--.

.............
.............
•

oo
..

oo
..

..
...

....-..

..
..

....-...-.
............
.............

...........
...-

...

.........
.........

..-
..

..-
..

----'"
----"

.
.
.
.
.
.
_

0
..

.............---...
_""_0

..

......._
-"-0.

_
0

0
0

_
0

_
0

0
_

_
0

...-..--

00
0

<
>

.....,
..,

.......y""
...

"'..
~

--..--

........-
-

.
........-

..

-.......
--._..
-_

..._..
--...-

.............
..............

••• ...........

............
........-.
...........
.......
.........-
.-.

.
.
.
.

0
.
.

--
...

..........

, .
.

0
_

_
_

...

••.,'"• ,••o
.

••••••••
..•
••..o •.•&".•••••• ••_0'...••••..•• r
i
t

~
~
.
.
,

"
'

.
..•,,<::,
....,·.•••
..••••00!,•

· ••• • ••• ··· ••,•· • •· ,•

•••
...

...................

.........
..........
.......--

.
-....

~...
...

~
--..

~

.-
..

.
.
_

_
_

_
0

-"---

-
..

.....-
..

.............
.
.
_

_
0

.
.

...........
...........

........
......-....
..........

.............
~...........

............

...........

..
~....-

--......

..
~

..
o

..
-_........

.....,.....
...........
.........

....................."
-,,---

.............

.
.
.
.
.
.
0

0
.
.
.
.
.

0
"
,

•

...........
..

_
"
0

0

~
-
-
-
~

.........
...----
............
...........

...
~

-
-

'"
...........

~
.
.
.
.
.
.

o
..............

•• · •
~

u
.
.
.
.
~
~
.

"
U

"
Z

U
U

U
U

..
U

u
u

"
'U

U
u

..
_

.
_

~
u

U
.
U

..
U

U
u

u
•

...
..

C
~

J
............................................................

~
.

................
•

N
'

..•..••
•••i'o••••••••...0 o...

••· •,

•••

•••

0
_

'
•••

...•••

...ON_ •••
•••

.:
........ ...... •••
'"...

~......

............

...."'..
-.."'..

.-_....
.......-..

........
-
~

-.
........
• ...........
........
...........
..----
::::::::::::::::

..........
.-

..
..

...
.-.

--.
-.......

~

;
~
;
:
:
:
:
:

.
...

-
...

........-...
"''''-"'..
..........

...........
...':-:".':
............

...
~
:
:
~

on
,.

...
..

on
..

...........
...........
..........
-.....-...

..........
..
~
.
~


•••
.........

~

-.. ..........
-..-..-
.........
..-......
.........

....--
...........
..........
-...-..

~:::::::::~

....
_
-
~

"
,

~
O

-
;..

..
c

.
.
.
.
.

..
N

..
--

..
.............
.............

........,..
.............
...:

...
~

:::::;

.........,
..........
......'"
......

~
.
,..

......c.
....-

..
.......

..
-....-

....
..

-
~

...-
...

~
..

----
...

.
.
.
.
.

_
0

";
~

,,:...':
.........

~

......,.....
.............

.............

....-.....
"''''''''''''

..........
..........-

........

_
_

c

...
"

.
.............

...
~

..
.,

..
..,

.
"'''''''-...
~

..
..

0
.
.
.
.

0
.....

~
'
"

..........
...........
..,.......

,.
..

........._
c.,.._

...
,
.
~..--

....
.............

:::...

............
......"'....
.."'-.....
.......-..
~

'"
...."'

'"

.
.
.

on
~

_
.

_
-

-
.

........-
-"'-

...."'...
...........

...........
......-.
...........
...-

..-

.,.....--
.....

e
~

...

~..
;
~
;

..
~

'"
.....-

..
........
-.,- ......

..........
::::::::~:::
.......

..........

...-..-..
.-......
...........
-...-

...
:::::::::::::::::

.........

...........
...............

.............-
-

..
=

::
:

.......

·
..

"'
.,.,

....."'...
----'"
........

..
~

-
_,,--

.._.....
-

-
~
.

--
-..

,....
_...---

-.........---...
.
.
.
-
~
~

--......-
......

.....
-...--

•..':
.
~o

,-.·.•..00

··•,•••~•·••

•
•

~
~

•
•

-.••
"



•••

•••
•••

•••
•••

.,. '"......-

"....... ....,.
...., ..- ...•••
...""...... ...... .........•••
•••
...

,..... ...
c..,

...
"
"•

..............

..
...

..
...

...............
............'"

"'
..

.
.
.
.
.
.

0
...

.............

..............

..............
.."'.......

..-
..

.
.
.
.

0
.
.

-.........
............
...........
..-

...........
0

0
0

0
.
.

..........

..
....

"
,e

.............
"'......"''''

.
.
.
.

0
.
.
.
.

--..--

.............

-..'"-.
"
:
~
'
:
"
:
~

............
-.....-...

..............
..............

0
"'

...
...."'

...

...........
............
...........

..........

............

...........
0

0
.
.

...
-...

.............
...

..........
..............
......"''''

..........
............

..."''''.,...

...
...

..
...

..............

0
...........

............

..............

..............
..............

...-
"'...

..
-

..
-

....."'
...

..
..

.....
0

.....

::::::::::::::
.............
..........
"'...."''''

...........
............

---
-

..
...........
-......--

- .........
..........

...........
..

..
0

...
.....

_
0

...

...
...

-_
"'-

............
......-

...
...."'0

_
............
•

0
"'_

'"
::c:c...

~
.................

............

..............
.............

..."'
..

---
...

............

...........
----'"

...........
..............
..........

--
'"

0
0

..

..........
......-..
..........

..........
0

.
.
.
.
0

0

...........
...........

..............
..."'''''''...

..............

"'.""'.
0

"''''_
''

............
-.-..-

............

............
..............
-

..
"'

..

..............
...............

..........

................

.............
0

_
"""

.............
...............
.............

~
"
'

-...
.."'

...

..........

.............
.............
..........
........."'..

.,."'C>
.."

~
-"'-'"

.............
-:-:~"':":
..........
.-.
............

.......,....
...............
...

..-
...

--
...

.
.
.
.
.
.
.
.

0
N

'"

..........
...-...
,
,
"
0

_

-............
.............
...........

...,...,..

........
.....-.....
..........
...-...--

..-_.....

........

"'.........

.............
-........

...........
..........
............

............
...........

...........
N

_

..............
"",,,,,,,....

.......,....
...........
.......-.

..........

..........
......---

..........
...."'....

............

............

............

............

..........
............
-

.......
...........
.........
:!::!::!::!::!:

...........
........,..

...........
.............

..........
--...--
.............
...............
...-......
..........
.......,..
-"''''...-

.............
...........
,,•••

· s
~
a
a
a
~

O
~
a
a
O

a
O

O
b

O
b
~
~
b
b

b
b

m
b

.
b

a
b

b
.

b
b

_
b

'"
b

b
b

b
b

b
b

b
•
•
•
•
•

~
•
•
•

S
.

~
C
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
~
~
~
~
~

~
~
~
~
~

~
~
~
~
~

~
~
~
~
~

~
~
n
n
n

n
n

n
n

n
n

n
n

n
n

"
n

a
n

n
"
D

n
a
n

n
n

n

•.0'•~.• '!:
.,••.... .,...,••-,..••
• •
•

"
'C

"
"
"

.
'
"
'
"
~.

.
.
.
.
"
."

"'........
_

_
"''''"

.......
,,"'''''''...

..-•...'.."• ,..." ,.••••' O
.•o•,

- ,.·d:0..o.o•

••••••~•· ,•,,•>,

•
••

H
':I

•••

,..-.••• ............ .-........ .................••••
•••

<
-


...

......"'..'"
...............

...........
........
..............

..
'"

...."'....
..............

..............
..........

........."'...
....."'''''''

..................
..............

.........

..."''''..
~

~
...

"'.....-
..

..............

...
0

...
.....-

...
.."

..
"'''''''--

-.-..........

-...........
.............
........

............

...-
...

"
_

"
0

0
"
_

0

..........
".""'"
..........

..
...

..............

"'
"'...

"''''
'''

............
...........
............

..............
......."''''

..."'.......,

.
.
.
.
.
.
.
.
.

0

...........

.............

-.-"'-
...

"'
...

e
..

"''''--'''

..............

......-..
II'

"
.
.
.

,.
..........
......"'...
-...-..-

.....
1.......

......"'.....
...............

......-..
.....

0
..

~
....-

..
.."'--...

.............
...."'....
..........
----

...

...........
...----

...........

...........

..
..

_
00

...

...........
,.,.,.,."
..........
...........-.

..."'...'"'"
.,.."

"
............'"

"'''''''
"

:::::;;:
"'.......
"''''

"'-
......

0
..

_
..

......_"'
...

...............
..

............
.."'

...
...

..

..........

.."'......
0

_
0

0
0

"''''.........

............

...........

..............
.............

-
...

..
..

..
"..

--"'--
...............
...............

..........

........."'...
........."''''

...........
............

.........'"

.....-..
......-...
.............
...

...........
..........
.
.
.
.

0
...

...-
-

..........

............
...........
............
-..-......

...........'"

.............

............
..............

-........

...

..........'"
...

"'
"'...

..............
-

...
..."''''

...

...........
...........

--
.....

"'..........

...............
..............
..

..
-

..
...........
"'...--'"

.."'
...

...
...

..........

......-
...

.............
.............

............

.....................
"

..."
"
"

..,0:"""
....................

.."''''''''''
............'"

.............

.........."'..

............
..........
..............
"'............

0
"
'
.
.

...
...

.."'.....'"

...........

...."'.
..."'

..
..
~..-'"

...............

..........

.....
~....

.............

......-.
...........

............

.
"'........

......"'...
.............

...............
...............
...........
.........-
~
~
:
i
:
!
:
;
:

..-.......
...........

..........

-..-...
..............
.........'"
............
..........

~..
~

~
~

...

0
...

..........

...............
...............

............
-.......

............
...........

...........

........................
....."'.....

...........
...

--..--
-

..

..-...-...
...........

.
.
.
.
.
.
0

.

":":"'.:':
~

.......-..
........................

.....................
--..-

--..-..

....-.....
-.........

....--..
-..-..-

.
~..-

...
............

...

;r
_

..
_

...
;r

~
_

..
"
'

..

-
---'"

" ..
~

...."'''''''
"'''''''..

C
O

"
'
.
.
.
.
.
"
'

"
'
.
.

"
'

...
'"

o
0

·
,

·
,

· ·
.

~
..••..........•

·
..

•.-~:L"
0•o
..'.."• " O

.
,.'..••••' O

.o•o
•• ,..,••..••• .,..•• .,..••.,•

-:•;,•o•·•• , ••,o,•

·.· ,-.



· 1
~
~
~
~
~

~
~
~
O
O

~
~
O
_
~

o
o
_
o
~

0
0

_
0

0
_

o
a

a
a

a
a

a
a

_
a

a
a

a
o

a
a

a
a

.
a

_
a

w
a
~
.
"

•
•
•
•
•
•
•
•

~
•
•
•
•
•
•
•
•

~
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

a
¥
~
~
~
~

~
~
~
~
~

~
~
~
~
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m
m

m

•• o
0

'
....•••

Q
~
a
a
e

~
~
~
O
_

q
~
a
_
a

m
~
~
~
c

_
_

a
_

a
_
~
~
o
~

~
m

_
_

m
~
_
.
~
_

C
O
~
_
~

~
N

_
_
~

N
_

_
N

N
N

_
N
N
_
N
~

N
N
N
~
_

_
N

N
_

N
N

N
N

N
_

.
0

0

-.-
1
~

a
•
•

a
a

a
~
a
~
~

d
~
~
~
~

a
a
~
.
~

~
.
~
a
.

~
•
•
~
~

~
~
a
~
a

~
a
a
.
~

a
a
.
~
~

•
•
~

..•

•••
•••

0
.


."..-.-..•••
.....,.- 0

.
0

..00
0

•

•••
0

0
0

oil...........

-
-..

"'
..

..............
...............

...
...

-
...

............
..

...
"'

..

-
...

.........
~...

..
...

..
""

0
....

"'
...

"
...

...--
....

-
~

""
...

...-..,
..-

...

..
"'

""oil
...............

"oil
...

....
~...'"

..-....
~

........

.....................................

.
.

0
.
.

......--
...

.............
••

•

..........

..
..

...."'
"''''

"'-

...........
........

0
...

....
"'...

....
...

...."''''0
--..........
............
..............
...

..
......."'...
...........

......-..
.........'"
.............
.......---

..,........
"''''oil'''..

.
.
.
.
.
.
.
.
.
.
.
.

N
.
.
.
.
.
.

..
.
.
.
.
.
.
.
.

0
0

..................
"
'
~
"
,


-...
"
,
-...

~......'"

.............
-"'---

-
~
_

......
"...........

................
"'.......

"
,....

......,......
................

..
...

..-
"'..

..
.,"'-

...
...

----..

..........

0
..

"'
..

............

...........

..........

.................
"'............

........."'..
-..,,,,,,,,,,,
.............
-...---

..............

...
"
'
~.....

...........
"'...........

.............
............'"
..-

..
~

..

...
'"

.
.
.
.

N
"'I'''".......

..............
"'

...
"''''''''-

..

...
"
,.....

"
,...........

.
.
.
.
.
.
.

_
0

...
N

_
N

"
'

_

......-
..

............
.........-..

0
0

0
_

0
0

0
0

_
0

........"'...
................
............
"'----
...........

..............
........"'...

......-
-

...
....

...............
-...-...

.........-

"'.........

....",.""
N

.
.
.
.
.
.
.

.............
...........
...........
...-......

.............

....,.".'

..........
............
..

0
0

.
.
.
.

-
--

"",,,
,,

'".",,'"'"

............
..........

"'............
...."''''..
_

"
'
_

_
0

•...........
_..._"'...
...........
...----
................
...............
"'........
...............

............
...-.......
..............
............
"'--

...

,.'
0•
.-" .,".o ..,.o.'...•

0••o•
'.....o

.
••.,,-
,

o
.

•o,..'o"<•u
••,.

•:,,••·· ,o,••••o>,

•
z

_
"
"

0
0

_
_

"
'_

..,
_

_
...

Z
Z

~
.
.

_
,,'"

_
_

..
~
.
.

..
.

" ....
~

~
~

~
..

0
0

"
''''''''''

"
'

"
''''

"
'

"
'
..

"
'

'"
"
''''

"
''''

''''''
"
'

....

~•·"

•,•••o

· Z
_

U
..

W
c
c
J
e
~

c
J
c
c
c

~
c
J
c
.
.
-

..-c
J
c
..-

"-C
C

C
..-

J
e
W

J
a

~
.
a
c
C

e
J
•
•

e
•
•

e
e
•
•
•
•

.............
.................................

.......................
............

............
....................

,•-• ,
.,".,..•

......."'..
.............

..-
_..

.........-
-

Z
e

.
..o

...

.
.
.
.
0

"
.
.
.
.
.
.
.
.
.
.
.
.
.
.

....."'
"'

'"
"'..."'

...

............
...........-

-.....
0

"
''''

.
.

-
_

0
0

..
0

..0
...--

...

..........

............

............
0

<
>

0
0

.
.

...
..0

..........

.
.
.
.
.
.

..0
.

............

....,........
..........

...............

..............
.
.

0
<

>
0

.
.

.........
~

-....."'-
...

......--...
-

--

.....-.,.,-
...

...".........
...

...
........-

.............
0

_
0

0
_

0
"
0

0
0

....."'...'"

.....
~
"
'..

..."'
...

"'
...

............
~

-..........

· • ••;0;;:
O

.
,••o

.
· .0,..
~

_
-

..-
....-

..
~
.

<
0

.
.
.
.
.
.
.
.
.
.

..-
..

..0
.
.
.
.

_
..0

..
"
'_

.......
'"

-
.

~
u

_
'"

_
'

"'
"
,_

&
0

.
.

,...Z
_

'"
_

_
'"

_

_
0

0

-..•
0

•

•••
...:.....
.0

•
•••••

...•••

•
••

....
0

•

...•••

...-....,.--::::::::

.......-..'"
..

"'....
...

...
............
........."''''

.............

............
..............
.,

..
........"'...
!
.
~
!
.
:
:
:
~

...."'.....
.............
....,.,.
"'

...

"'
..

"''''
..

.
.
.
.

..0
_

_

......-...'"
.............

...............

...
<>

0
"

...
..

..0
..0

.
.

0
.
.

"'..-"'-
............
..0

"
''''''''''

..
...

..0
........

..............
-....-'"

.
.
.
.
.
.
.
.
.
.

0
.......-

..
.."

...
...---'"

............
...."'..,'"

......"'
..

......"'
...

"...........

...
..0

..
"''''

...
..

..

...-......
...........,
0

...
"'-

--

...............
......"''''...

_
...

..."'
...

..."'
..

.............
..
~........

;
;
:::

..
...

..
"'

...

...
on

...
...

on
'"

-
..

...
~

...
.........
-..

........."''''
...

0
........

............
-"'---

.........-..-.
........

...........

....."
...

..
-

...
0

.
.

--"'......
............

..
.,...

..."'
'"

..............
...........
..."'.......
-"'---
............
......."'.....

...........
.........,....
..............

..."'
-

_
0

.
.

...........
"'...--
..."".....
....,0

..'"
..,......-...
..
:
:
~
:
:
:

"
'.

,
...

0
'"

::.:.:::::::

.........."''''
"'............

.............
.....

-
~.......

...
<>

...
.."'-

...
"'

"..
"'

"'
-

.."
"

.........
"
,
.
,......

..........."

...
~.........

........"'..

_
..

0
...

_

.............
.
.
.
.
.
.

on
a

...
"'

=.:::
...-

"
,...

....,-_.
_

...
..0

.....

"'...."'..
...,-

'"
"
'

...
C

.
..........
"''''...'''...
......"'...,..,
"'..

"''''..

.........
_

..0
...........
.......,..
"'''''''-...
"

...

........"'...
.."'''''''...

.......
..0

...
...

..0
..

.............
--"'--
::::::::::::::::

...
..o

...
~

...
.........'"
......

0
.
.

-
..

"''''.........
...........

".."..."

-
0

.........

"
:
~
"
:
"
:
"
:

:::!.:;:~:':

•< .............
"'............

••• ~
...

..."''''
..

"
'
.....

..0
'"

......
..0

......

.
.
.
.
.
.
.

..0
...

............
..........,.....
.,..-...-

.....,.....
......---

o· • ,"O
.

•o.,,•"
'•ou

••,...00•o, ,,
.

'
.."o•..-...

o•, ,,•••,,o,,-



'"•••
-.. .........

-...-. •••

... .....-...... ..•••

...•••
•••

•••
..-..- .....'"...·.......•••

.."''''..'''.......

......"'.
..............
"'.........
...........

.."'-"''''
..............
.
.
_
O
~

.
.

...............
.."'.."''''
"''''''''''''

............
.............
.........-
...

..
--

~...
..."'.......
............
...........
.

-.
........_..
............
...............

.
.
.
.

0
0

..

"""'
-

"........'"
...........

...........
...........
...........

.......
~..

-"'.......
.............
"''''-'''-

......."''''
"'......
.............
......."''''
_..._c_

--.
............

-..........
....

,..,...
...."'..'"
...."'''''''

.
...

..
...

...
...

...........

.-
"'......,..

.--
.............

............

..........
--.."'-

.............

"'..."'''''''
...."'..'"
............
..........'"
.........'"
..........-
~

...
..
~

..
.."'-'"

..........'"
...........'"
..........

....,........
...........
..........
--,.."'..

•<
:"/W

.
.
.
.
.
.
.

...........
0

.
.
.
.
.
.
.
.

........
...........
...........

.............
":":":-:--:
............
N

_
_

.....

..........
.............
...........-

--.
~
~
~
~
~

...........
...........
......-...
.........-..
.............
"
"
"

.
"
"

o
il

.
.
.
.
.

e
...

.
.
.
.
.
.
.
.
.
.

N

..........
...........

.......,..

..........
.........--
.........
...........

....."...
"::"."':"':-:
0

0
0

-
0

"
'

......-......
...........
............'"

..........
-..........
.

..
.......-...
...............
...........

................
.............

-........
.............

-........
.............

...........

...........
.............

........

.........
.
.

0
.
.
.
.
.
.

...........
"'..........
........,<>
-...-......

............
.............
.:..:.:.;..:

......"H"
...

......
~...::

............

........
......-....
.;.;;..;.;
........--
...........
............
"""""..
~
~
'
"
;
C
;
"
:

.."......
",..._tw_
~
~
~
~
~

...........
"::":":":"':
.......-..
..............
.......
~
~
~
~
:
:
.

"'
..

"'
..

............
....-0-

..........
.............

.............
~

"'
...

...
'"

............
............
...

...
...

...

..........
...........

~

.........

"'.."'''''''
"''''''''''..
............
_

.
.
.
.
.
.
.

0

0
0

0
0

...
............-

...........

...........
.
.
.
.
-
g

.
.

..........
":c:":~"':
..

0
.
.
.
.

0
~...--

...

.."'.."'
_

0
"
"
''''

............
.....-

..
..-

..
·


"'........

o
.-oo•".•• ••.... r,.

.....
~

...
..••••'.O.·,••••..•....•••••O•
· •..-.•• ••,.••,...

••
.0'"

•:· •· oo,••,,,,••>•

••," •e•••

• ••

'
"

~"':":
•••
--.•••

•••
.,."..
•••
•••

•
••
"..-..-. ......'"-..••••
...... ... ..-...·-.•••
•••
•••
•••

...-..
.
.
"
'0

.....

............

.,.........

"'..........
.............
.............

...."'....
~

,....
..

..
"
'
-
-
"
'
~

........
~

",...:0....
...........
............
-...---
.........

"
'0

.
.

0
.
.

..-
-

"'..-.....

............

............,

..........
.."

"
.,

..
.. "'

.,

...........
--......,

.."'........

............
~

...
.."''''

"'
...

".....""
...

"'......
,..

.......'"-
,..

..
.......-

~..
.,

...
-

---
-

"'''''''''''''
"'

...
"'....."'

'"

...........................

.
.
.
.
.
.
.
.
.
.
"
~
"
"

0
-....'"-

.............
.......................

............
...

......-.,-
...

...."'
~.."'..

....._-
~

..
..

:;:
..

.............

...........
...."'..

-"'..

...........
0

"'-
..

..-
-...

O
~

...
..

~
--

-

.."'......
".,""'"
..........
"'

..
---"'...

.......,....
..-..

~
-

"'..."''''..
............
.............
......."'.,

..........
....,......

...........

............
-..,..-..
"'...-......
.........-..
-

..
....

.

...........
0

.
.

_
...

.
.
.
.

0
.

,..-,..--

........,
c:":-:-:-:
...."'.....

..
"
.

..
.,

..
...,.,..
......",.,-

............
...........
...."'....

...
~

....
o

--..--

.."'....'"

.....-"'..
........
.............

.........
~

......"'..
0

0
.
.
.
.
.
.
.

~
.

"'..-

..........
.,.,,,.,,,
...,.,.,.,

..-
..

"''''
-

........-..
.-

............."'
"'..,

..
..........
c:-:-:c:c:

.........

..,..
...

-
~
"

..

--"'-

.........
~

"""',,...
.,.,....,.,

......"'....
..............
"''''...'''

...........
O

~

...........

-.......
.."'..........

..........
...........
..........
..."'-..

~

..........
............

-..---
-"'-

~
-
-
,
.
.
~

-
~
"
'
-

~
-

--
-

-
-
~

"
'
~.......

.
.
.
.
.
.
.
.

0

"
:
c
:
,
,
;
c
:
~

............

.
.
.
.
.
.

0
...

............

............
~.......
.;.:..:..;..'
..----

..........
...........
...........

..."'''''''...
.."''''..

...........
c:-:c:c:c:

...
~......

c:":••-:":
"''''....-
...

......."'...
---"'..
~
~
~
~
~

....
~....

"
:
~
c
:
"
:
-
:

.........
"'.....

-
~

..........
":0."",,
.,.,

.,
..-

..
......--

.--

.,--
..

.,
..

............
-. ..
0

.
.
.
.
.
.
.

-...,.....
............
...........
.....--
.............
"''''........

....."'.
..

'"
............

....
~...

.........
........

~..
.-

............

.........
.-.~:::

:
~
~

~....,....

"'.......

...........

....,....
-

-
........

..........
.."'....'"

...........
........,,'"

..,..........
.............
...
~..

~
...

....
...

"
,

.-..
~
~
:
:
~

.
.
.
.
.
.

0
.
.

E
E

'"
••o · "

..........
'"

"
"
~
.

Jl
............

o
..'•".• ...

~........
..•• · ••'. ,..0•
..'.."-• ..O.-,
,...,.••••..O.•••..••

•
!
~

· .,-.••

•••· ••• ,·· ,•,,••>o....
...............

........
~..

~.....
0

0
~
,
.
.
~
,
.
.
,
.
.

~
~
,
.
.
,
.
.

~
~
'
"

~
"
'

~
~
~
,
.
.
,
.
.

~
~
,
.
.
,
.
.

~
~

'"
"
'
~
~

...
~

~
.
.

,..

~•·" ••
"



•••

•
••

.-- •••

•••

•••
•••
•••

......•••
•
••

......•••
..- ...--,... ..........,•••
•••
........._D..-.......

.-

......•

..
.

,."".......,.
..

..
..

..
R
~
~
"
'
R

_

-.........
...........
c:c:c:-::-::

......--
..

..
..-

.
........

..........
c
:
-
;
-
;
"
:
~

..........

.........
...........

.........
...........

.........•••

...._
...........

...........
c
:
c
:
~
'
:
c
:

.........
..........
.............
............

.........
...........

.......

.....
..........

.........'"

.............

..........

•
•

............

........
.....,...,.
..........
.

...
...-

...
..

..

...........
............
..-.....

.......
..........
............
...........

.........

.
.
.
.
.
.

R
...

..
...

....._...
~
"
.
'
:
"
:
-
:

........
..----
.......
.........
":":":'";":,
.

..
..

..
...........
..--........
..

.
..

..

.......

.
.

..
..

..
..

.....
~
~.

~...
~
~

.........
........

.....

."'-...
.."'

..
....

.
.
;
~
~

•••••
.............

........-...
..-

...
.........
..........
..............
!:!:!:!:!:

...........
....-..
.....---

......
~
"
:
-
;
-
:
"
:

"'..........
.........

.
.
.

.
.
.
.
.

R

.........
............

......
'"'""

..
..

..
.........

..........
..............
.........
.........

............
...........
-

.
..

..
:::::;:::::::::

...........
.--....
............

.........
.......
•••••

........-.
.........-

.....
...........

.....-....
........
......._...
......-.

..-....
..........

..........
-.........

.........
......-.

-.....
............

..........

........
....

~
-
-

...........
...........

...........
..........

..........
..........
.....

...
--..--
........
.........
........-

..."'
..

.-
...

....-....
........
..........
.....
............

.......
............-

..........
..

.."......
..

..
..........

..
..........

.-...
--...

~
~
~
-

...

...-........
...........
.............

.
..

.....-..

--......
..........
-.........
............
............
.............

.............
..-....
.............
::::::::

...........
...........
.........

•••••
............

........

..........
.........

.........
...."..
..........
.............
......---

............
...........
...-......
........-

-......
•

•

••...-..
..-.........
...-..
....

..

............
--....

............

...........
...-..

...........
.....-
...-....
.............
:;:;::::::::

..........
"'.......
........
--.....
........

......
...........

..........

............
-.-•..........
-. ..........
.........
.......

.........
........•
..........

...........

.........
.......
..........
.......-..
...........
......

-
~

.............
...........
..............

............
............

........
.........
-::c:c:c:":
-.......
•••
......-.....
........
...........
..........

.........
.

-"'....
..........

-...-....
............

...........

.-.
-..---
...........
.........
............
..............
.........

..........
..............
...........

...
~......

~

•••••
..........
..........
..........

........

•o•"' •• .......

........
::::::::
...........
..........
...........

.-"'...
...........
..........
•

••

-.•••••ZO..o.••:.:D
.••••'D>


••'D·.· . 0
0

:.•
.•••.,• o••..•

•
.-•,..••••
••••'.••-.,...••••••;

•,•,•:· ••~•,· >•;•~

· .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

_
U

.
W

..
,.

..
,.

"
"

,.
..

"
.
"

"
,.

"
"
•
•

w
"
"

"
..

·
..

•••
-.. •••

-..••••••

•••
-.. .-..-..-.. ...••••••

.., •
•
•

.-- ......•••

......-.....•••

......•••

•••
.......-. ......

.-

............

..............
........-.
............

.......
.............

.........

.........

.........

..-......
.....

~..-

...........
.....-..
...

.
.......

...
..-

.
•••
..

..
...

..
..

..
"'

..

-
-00-

..
..

....."'..
..............

..........

"'R
"_

"
---..

..........
.........

........

.........
"':":':-::":
-...-....
.........-

...........
..........

..."'.......
..........

......-.
":":.,-::":
.........
...

~..
.-.......
...........
..

..
..

..

..-.-
...

.-
..

..
.

---
...

........

....-...-
c
:
-
;
~
"
:
~

.........

·0":":":..

• .
.
.
.
.
.
.
.
R

_
_

.
.
.
.
R

_

......

"'.......
..---

.....-......
"':.":":":":
..........
--..--

.....
..........
..-......-
":":":':':
-......
...........
..............
........"'...

...."'...-
~
~
"
:
"
:
c
:

-
..

..
...

.......
............
...........
..

..
...

..

...-....--
.........

.......
...........

.......
.........

......-..
...........

-..
~..

.......
----..
..........

..-........
.........
........
----..
.........

..........
.........
..........
..-.......
::::::::::::

...........
..........

...........
........
...........
..._-..

.-...

--.
............

...........

.......

.........
...

-
.
.

0
..

..........

...
"'.....

-.......
.........

............
.........

............

........
....._..
..........
--..--
.......

...........
............

...........
.......
..-..

~..
..........
:::::::::::::

..........

........

............
...-......
..........
.....

...
--

..
.........

.......
........
....._..
....-.....
............
"'..........

............
.......
.........
...........
...........
............

.........
_

.
R

_
_

"
_

_
_

_

...._
...

.............
......"'.....

......-..
..........
.
.
.
.
.
.
.
.
.
.
.

...
oo

..
..............-

..
..............

.

.........

........
..........

............
...........

..........

......... 
...........
......-..
..

.
-

.
:::::
............

.......

............
..."'....

.............

.......
-..--

........
..
~....-

0
-

..........
..............
..............

............
............

............
........--

"R
"

__
........

...._
...

...-
.

............
........
.....--
...........
...........

--.
.........
..........

-...
-

---..

............-.......

..........

:::::::::::

.........

............
.

............
..

.............
...

........
.........
...-.....

.....-
...........

....__
..

_
"R

_
"

........

...........
...........
....--
•••
..........
---.....

........
~.....
..........
......-..

:· .
~......

..........

:• ••••••.•••••• ~
=

•
0

••••••..••D'••••• ,.••••••.. ••••••..•••••••

•
.-•· ..••o· ••,.·

•
..-.,...••o

•• •,•· •·~••:>o,,•• o



-..••••••

•••
'.

'

•••
•••
•••
•••

... .........•••
... ......•••.

<

•••

............ ....-
... ... •••
]
I
"
"

•••
•

••
...

.............
..-.....-

"'.......... •

-
..

--. •

...............

"'
..

~
-
-

.
"''''''''''...
..............

"'''''''......

..."'''''''..

...........
"'----

...........
.......-.
............

u
....

<><>
'"

~
C

O
o

'"
..........
..........
-"'..-.
....."'.....

"""'''0
'''

_
~
o

....

"'
"'...

"''''
''''''

....
_
~
o

............
-

...
...

...
..............

-...........
...........'"
.....

0
.
.
.
.

--"'--

...........
..........
.--.........

..........

..,
.

--..-
~.........

..."''''...'''
..."''''''''''
"'"

..
...

0
0

~
..

o
..

--..-...

...."'''''"
......"'.'"
.
.
0

"
'

.
.

"'
-

..........
..

_
_

G
'
.
.

.."'-.....

-
~

'"
"
'
~

~
...

..
0

.
,

~
..

.......
~
'
"

'"

.."'
...

-
..

"'
..

.
"'

..

........"
..'"

.
..

a
..

....-
...

~
O

..
"
'

...
"'......

~.
.............

.......-...

..
O

.....
~

............
..-"'....

............

..-
...

.."'
..

...
~..

.."'-..
..."''''-'''
.............
"'..."'.....

..........
...........

......-..
.."......
.....,,'"..
...........
.-.

...............

...."..""

..
~

.
..-

...
.....

~
~
~

.............
"'''''''''''''

........
....."'.....
.
.
~..-..

.........

...
~.......

...........

"'.........

...........
............

..........

.
.
.
.

<r
..

...."
..

..........

~........
........

'"

"''''
..

"""
,,,,.

............

............

...........
...........
....

~..'"
....----

........
...........
...........
..,..."..-

..........
...........
...........

.......
.............
........

"
,

"",,"'..
..'".

'"..
..........
......-'"
...--..-

..........
..........
............
..........
-.-....

co
_

"H
,"'"''..

"",.."..."
............

...........

...........
...........

......"'.

...."..
---

-
..........

--...--

........
...r""

..

"''''
-

-...
-...-

-
..

...........
-.."'......

"'........
.
.
.
.
.
.
.
.
.

C
I

"'..........

.........."
"'...""'"

....."'
...

_..........
...."'-..
_""'"'C

O
..........
"''''......
"''''..''''''

.............-
..

_
..

"
,c

o
'"

....
_

..

...........
...-......

"'
-

..
......"'....

'""",,,,..,,
"'--....

"'-"-"'"

..........

.................-
0

0
-
<

:
>

-
_

.
.
.
.
_

_

"'"
..

..
..

...,
..

,0:,,,,,..
..

..
....

"
..

........""
....

...."
...."

....

.............

.............

--
"''''

"'
"'-

_
0

0
.
.
.
.

"'......"'-

........"'...
_

0

_
0

----..
.............
.........-
"''''

...
..

_
..

............
...-.....'"
..........

..........
·

~......
..........
....-....
--..,..-

u
••••

•
•

••• ,••o.••..". ..•••
..•••"" • ..N

'
<

>

•
•

..•••..•
•

•

•
..•

N
'

..•."::~••..••~••

···••· •· ,••,,•••,•••
·

~
..-

_
"'

"'
-

'"
"
'
]
I

"
'.

.
.

_
_

.
.

'
"

"
'
'
'
'

"
'
'
'
'

'
"

_
_

"
'
.
.

"
'

"
'

...
_

..
"
'

~
~
_

0
0

.
.

0
0

_
_

,....
......

.
....

"'
"'

"''''
"''''

'''
"''''..''''''

"'
"'

'"
"'

..
••,"

•,••••

•••

...,.,......•••
...

•
0

0
...

-"'--
_'"

..
..

'''']1
'

]
I

.
.
"
"
"

......................
..............

..........
"."

."
..........
..........
-"'---

..-
"'

-
-

-'"-
--

..-
-

...
--

--...--
.._-'"

.
.
.
.
.
.
.
.
.
.

u
u

,.••••
,
.
~
"
'..,.

]
l
~
.
"
'
"

...................................
..........

..
..........
.,.,.".
..........
..........

.."'.......

•z
"'..

'"
s

.
..

..
••......•

••• · •
.
]
1

"
'

~
.

••o
•

•

"
"
.

•••

, •••
•••
•••

... ...•••

......••• •••
•••
......... ......... ... ......•••
.-.

...----

-
..

,,"'.."'...

-....,,'"
~
'
:
"
'
;
<
;
"
:

...-......

........-...
..

...
"

...
0

............
............
_

0
0

.
.
.
.

.........

0
_

"
_

_
_

_
..

"'._
..

...........
...........

..
...

_
-c

o
_

..
..,

"'-"'"
-

....'"

--..--
......"'....
-"'.-'"
..............

-.."'..-

..........

...........'"..".......
....._.....

.....0"''''
"
0

"
'
0

"
0

_
0

...
......."'-

"'.."'..
"'...........

......".."
..."'.........

"'''''''''''''

"0
"'_

...
.._-

..
...

'"
...

...
.............
"'

"'...
0

_

..-..-
'"

"'
..

....._
..

---
-

.............
...

0
.....

_

..-.,..'"
---:---
..........

.."'-.....
"
;
"
.
"
:
~
-
:

0
.
.

-
.
.
.
.

...,,,,,'"'"
....'""..
......"'

..

...........
...."

...
.....,

...

......-..
.....-"''''
...........

••

..............

"'.."'..
.............
.........-..
....-"'......

.............
...........
..............

~...._...
"."''''-'''
..--..'"
......."'''''''
"'......."''''
........"'..

--.

0
_

"_
'"

"'......"'-
~
~
~
~
~

............
-"''''..-

............
-"'.........

.......".
----'"
.............

.......-
0

0
_

_
0

.............

...-.."'..
..............

......
...........

...."'......'"
..............
...............
...........

"'...0
0

..
_

0
_

_
0

.........

........'"
........0

.
0

_
"
'
_

0

"'...-"''''

,

_
_

0
_

_

..."'
'"

"''''
...

... "''''
...

...........

0
..

"
,

..
_

""''''''''

............

............
.............

..._
...

0
_

.
.

.............
...........

........0
'"

..........."

........
.
.

0
.
.
0

0

....."'...

............
w:":

"
;
~
.
-
:

.-...
~..

.. ..0"''''..
0

_
_

0
0

..............

......"'...
~
-
.
-
'
"

............
..

0
"

.....

............

no
..

....."
..

...........
-"'---

.....-...
--"'--
............

•

.......".."
..'

.................

"'-._.0
...."'....

.........

"
'

.....
0

_
_

_
0

_
0

...............

"'..."'......
............
0

._
"''''

-.....-
....."'...-

...........

.....-"'..
........."'
....'""'..

•.••..". o ~
~

<
>

••••• ••·...•• !.::.
•••
.-••o". •u
..,. ." ..••••..••••••

•"··••· •· ••>• ,••

r
0

_
""'_

"
,_

e
_

..
".

.......
...'"

-
"'..."'..

"'..........
,."'

..
C

o
"''''''''''

"''''
..'''..

•
•

·
,

•
•

•
•

·.••

"
'
........

_
"
'
..

0
.
.
.
.
.
.
.

"
''''

.....
_

.
.
.
.
.
.
.
.
.

..
~
~
~
~

~
~
~
~
~

;
~
~
~
~

:
~
~
:
~

"
..

"'''''''~
"''''''''''

"''''''''''
"'

..

'"-.......
•...........
..

..
"'

...
.......
~......""... _...........

.0_
...."'..

-
....

............."''''
....

.....
..."''''

"
"'''''''

"



.....
~

~
.

·.-

•••••

f••
••..-,•••

..........
".,

~
~

"
.......,.. ..........

"
".."

.
..........
......

~
.

--...--
........-

'
:
'
:
n
~

..........
.........
...--.-

....."'..
.

""
.

..........
.......

0
.
.
.
.
.
.
.

.........
...........
.

..
---- ........"

..........
........

" ........
".."....
..........

•••••
""

"
"
"

.........
........

•••
•••
...•••
_.. ••• •

.-. ~
~
:

---•••

•••
-.. ......,.. ..
... ....-•••
._-'"•••

,..... ..
,

......•••
..,,........

....."'..'"
..............

.......

..-....
............
...-..
-.........

......
-""..
..-

.
.-

.
-..---
..-.....
....._..
.....-.
•

•
•

.."''''....

•••••

...."'...

............
...-.....-

"''''........
...............

..
..

-
..

.........

....-...

"
,..",,,,,,,

.."'........

..........

.."'
..

...
0

...

...........
.,.

-"'....
...-..'"
.........

..
..

..0
..

.
..

"'
-.

..
.

--..--

.............

:
;
:
:
~
:

...
.,....

.,...-.

....
....

co

.........

.........
•

_
c
o

...

.."'
-

..............
...............

.......
..........'"
..

.
-.-....
"''''

_..
.,,,,,....'"

..........
............
....

co
•
•

--..--

.......-..
..-...
..-..-..
..............
::::::::::::

....."'..'"

"'........

.............
...............

::::::::::::::
...-....
.."'.."''''
..........
-...--..
•••••
0

.
.
.
.
.
.
.

........
-....

'"
....."'-

...."''''..
......-..
...-

..
..--

...

........
..........-

...........
........
.......
..........

.......

"'.......

.........-

......-.
-..
..........
..........

.........
_

_
0

.
.
.
.

..
..

..
...

""."'"
...."'...
~
:
:
~
:
:
:

....."'''''''
"'-_

..
...

'"
...........

..
..

..-
..

.........
..........

........
...-...
..........
..-..-..
........

-.-.....

•••••

..........
.............

.........
-........

........

...
_

0
...

-
..

..
0

0
"
"

..."''''...-

-.........
'"':"':-:":":
...........

..........

0"'''''''''
...._-..
--

...
...

...
..........
"'............

..........
-

...
..

.
--

--

.....
..."'

...........
..........

.........
._.

...........
...........

--.....

-..-..
_

_
_

_
0

•
•
•
•
•

.......
.............

...........

..........
.........
..........
........
.........

.-......
.........

.........

....--...
..............
:::::::::::::::

...-
..

....."'...
........
...............

.
.

-
.

..........

•••••
...........
.....--..

......
........
-
-

..
-
t
v

..-.....
.........
-.........
.............
::::::::::::::

.......
........

..........
.........
.._.....

........-
.:....

.......

-.......
..-"",,,..
"'_d'__
.-_

-
....

co
_

.........
..

...
.
.
.
.
.
.
.
.

co
..

---....

.....-..
":-:":'":.":
0

_
..

......
..

.........

-...._..
...........
.............
...........

.........
..

...........
...

•••,• .......'"
.....-...
...........

-
..

",:,:,:":",,:
...

.................

••••
'. _.••••..•••••,~
~

..••,...•..•
•

•

•
...'..••••
~
=

•.f-,
.-..••~••

· ,i•:>•,,••- · ••

.-.o
•

..,
._. ... ,.-.'

.,. ".".."•••... ......... ...-..._.•••
•••

... ......•••

...... ......

_
.c

o
..

,..
.

.
..."'

...

-....-.
...----
"'''''''''''''
"'''' ...''''''

........

.
.

_........'"
...-..

"
,..

..
..

---
...

.........
"'''''''....

.
-..

...
.

.
...

.........'"

.........
........

............
..........

........
....".....
........
..........--..
..----

......:.::
.
.
~
.
"..

co
.
.
.
.
.
.
.
.

..-.."'..

.......
~

.."'.......

.........
.....-..
0

.
.
.
.
.
.
.
.
.

...."'....
........'"
•

..
on

.
.
.

.....-_..
....."''''...

..........

........

...."'.,.

.........

"'''''''''''''
..."'....'"

-"'
..

---
..

........
"....".
..........

.."'......

.......
-:----

..-"''''......'''
..."''''''''''

..
"'..

..
.

..-......

.........
........'"
..-...-..
.............

..
.

"'
'"

......"'...
..

..
..........

=
::::::

..........

..........
..,,"."..
..........

.........
.."........

.......
..............

...........

.."'
...

.."'''''''...

-
"

..."'
...

..........
"''''-

..
..."''''...

"'
..

.......-...

.."'.....
~
-
:
'
:
-
:
"
:

_
.

_
_

0

...-"'''''''

...........

.........

.....
_

c
o

•
.....

"'..
...........
..."'...

••••
•

"".
"

"
........

.
~......

.........
..........
--.."'...
....."'...'"
.."''''''''''

............
"'........

.......

......"'..
"'....-..
---...

"'........

............
..-.."''''
.....-...
...........
.......
.........
...........

..........

H
I!;;

0::
......

.........
"''''.'''.
...-......

..
-c

o
co

_
..

0
"'''<

>
''

..
...-..

.........

........

...-
..

--
'"

...
"
,
..

c
o

"
"'

...
..."'

"'...
"'''''''...'''
..........
...."'.
_

..
----'"

.......

.."'....-

.......
"'............
::;:=

:::
.........

......"'..
-...........

•••••
........
........

.........
........
_........

•

-.-
...

..."'
-

.......,..
---"'-

......
..."'........

_
0

_
"'_

..."'
"'..

"'
'"

"'''''''
...

....."'....
........-..
-....."'.
...............

.......

.
.

0
.

...-
...

...."'..'"

.......
.......
..........
.........-
...........

........
............

-:-:".,,:..,

.........
-......
.......-..
..........
-...........••
.............

........

"'........
•.
~
;
"
:
"
'
;

-......-
............
"'...."'..
......

"
,..

.........
0

.
.

---
..

.........
--......

.........
...........

...........
...........
.."'....'"
........
.-......

-..-...
........-..
......"'..
"'...."'..

-.......
.......
.."'....

.."'..."'..

0
...

.<
>

..

.........
.....--..

..........
·..
...........
-.........

....-...-
..-....

..---...--..--

...........

..........
..

..."
"""

"
.

........
..

......-..
..........

..o.•

'.••••••..•••••••....••.:.•..•••..- ••
.

,
•'0i;;

~::'
<

.
•
~

co
.....

"
'
.
.
.
.
.
.
.

_
.
.
.

"
'.
.
.
.
.
.

......
--

•
f

-.••·.•• ,•••
.,••--:'

•:•• • •· •!••:,,•o

·.·.••·



"
~

~
-

..
••-

•••••
••••....••-

-
-..

...
~

J<
..........
...-.......
...........-
.........,.,

co
_

......
..........
..........
.....,...
..........

..,>C."".
..........
.."'......
............
...........

",."."".
:.:.:.:,:,
"'--"''''
............

.
.
.
.
.
.

0
..

......."
....."....

-CO"
...

.
.
.
.
.
.

0
:<

......"..
...-.....'"
_

"
'
_

_
N

......
a

_
..".....
..........
.."".."

...

"''''''''.
"

..
..

.,
"'

..
"'_N

..
............

.......-"
......

"
..........
...........
............
---.. .........•••

...... •••

...•
•

• ••
•••

.....,......... .........•••

.........•••

...........;;:;:

'.........•.•••
.
.
.
.
.
.
.

g
..

-
_...

...
-...

..."''''''''''
.."''''''''''

--.......
...........
..._"'...
.

.
.

-
...

...
...

....-.,...
.............
...........

g
........

g

.............

.
.
.
.

g
.
.

.
.
.
.

g
.
.

.............
......-...
...........'"
...............

...-.......
......"'.
......"'..
-......

....--
...............

"'..."'.....
"'''''''''''''
..........'"
.
.
.
.
_

_
0

...........
g

..
...

--"'
...

..
..

...

...........
............
..........
-

-
...

...
............
-

.....
g

!.!.!:!::i:

g
.
.
.
.
.
.
.
.
.

...--
..

-
-...

... "'
'"

..."''''
'''

............
...._...

..."'....
"
:
-
:
'
:
~
"
:

..
..

g
"
,,,,

-

."'.-...
••

::::::!.

.....
g

.....

-_....
..............
..."'..."''''
..."'.."'...

...........'"
........,..

..-
...

.....-
...

...
...

-
-..

.......-...
.."'''..
.,

..
---

-

_
...,,,,co

..-......
...........

...
--

-
...

..
...

"'----

...........
.......'"
...........

.............

-_
-

...
...

"'
"'...

"''''''''''...

....-.....
..........

..................................
0

0
0

0
0

0
0

0
_

0
0

_
0

_
0

............

-.......
...............
"'''''''

'''
..."'

'"

......-....

...........
............
....----

..
..

-
---

...............

..........
.........
...

..",,'"

-.."'....
...........
............
...

-......

"'.......-
~
~
~
'
:
~

..-........

-.........
_

...
...--

-
0

.
.
.
.
.
.
.
.
.

...
..........

...-.......
:;::~!::::

~
~
:
:
;
;
:
:
:

_
.
.
0

_
0

N
_

........

............
............

.........

...............

...........
"'..........

..........

..

...............

.,
.

....."'...

...--....
-

-..
..."'

"'...
"'''''''''''''

..........
...........

..........

..
...

"'
'"

0
_

...

•
...........

•••••••'.•••

••• ,..""• ......--
"

...
...-

...
,.O.

.
.
.

_
......

_

O
lU

.
.
.
.

"
.
'"

0

••....
..

.....
..

••.............
••....""••••

,.·
•

....••

,·•i••· ,•••••••••...
..

0
0

N
N

N
N

N
...

•••- ,•••

•••

•••
...
•••
•••

..,

_..-0-

...... ........."....... ...00
.

•••
.........

-c
o

c
o

",
..

_
_

_
"

CO

..
..

..
..

..-..-...
_

...
..

'"
...

....._II'''
•..-.......

.......
"''''

..
"
,...

"
,...

.U

,,_,,_U
...""

'"
..

.,..

............
...."'......
...."--
"':":":":

.
.."'

...
........-
..."'.......

............
CO

.
.

...
N

_
_

.............

..
.

_
.....

c
..

.....................
............

-..-

"'..."'.....

.........,..,
...............

.
.
.
~

...
..

..
......-..
::::...,--

"'........

...........

"'
..

...."'..
.............

............

..........
.............
_..........
...........
.........--

......-
l
l
l
l
"
"
,-

,,
..........

CO
.
.
.
.
.
.
.
.
.

............-
----

...

......."'...

............
..........

..-
..

-
..

..

"'
...

.."
"...

•
N

_
....

CO
.
.
.
.
.
.
.
.

"N
"'''''''

.
.
.
.
.
.
.

N
..

_
'"

-
~...

........-...
--

...

..
"
,"

'.....

...........
.
.
.
.
.
.
.
.
.

CO

.........

...--..-
-

-...
"'

..
...."''''..
.
.
.
.
.
.

g
...

.............

.......
N

O
...."'.....

-.......
.
.
.
.
.
.
.

ll
......"..
............
...

_
_

N
_

...-;.
.......
C

O
.,C

O
_

_

......N
'"

.,_N
....

....,...
~..

...
.
.
.
.

CO
.
.

'I''''
......

"'..."'
'"

"'.."'..

......."'..

.."''''..
...

..

..........
..........
"'........
.....,-"''''
............
0

.
.

..
..

.._......
.
.
.
.
.
.
.
.

CO

............
......."''''
...........
..-..,

...
-...-

-

...........

...
"
,.

.,
----

...

•
N

..
.,

..
"'

.
..

"..

...........
............
......N

'"

.......
c

..

....,
-

............
-.,

..,..
......._......"'....

............
...."N

'"

"'........

..............

............
N

_

.."'
...

-
..

....-
..

-.....--

..........

...."'
...

........"'...

.
.
.
.

CO
.
.

CO
.
.

O
_

C
O

_

........-

.........
.

"..

.............

-
..

...-
--

~:::::::::::::

...........
..--....
............
...........

e
-...--...

..'.......

...."'
"'''''''

.............
...

............
........'"
..........
...........-
......'"

...._..,..
..........
..

..
...-

...
........"'..

.,..-....
-...-.........

..
......."'

..

.......

..........

.
..

....."''''....
..............

"'
'"

.....-
...

..............

.............

............
..."'....-

...."'.....

...----
............
.........'"
.......

on
...

-........-
-

...........
-

...
...........-..-

..

............

............
.............

.......

..........
"""""
..........

...."'....
...........
.............
...
=:..

~...
--.....'"

•...

"'...."'..
.........,...

............

............
-.......

"'.........
..

C
O

.
C

O
C

O

CO
_

..........
.."'........
.......,..
---......
..............

........_...

.............
..........
...........

"''''...'''...
..

"
,..",,,,

...........
.""..."
..........

..........

••• ...

..."''''''''''
"'..."'''''''

"'N
""''''

......-..
---..'"
-

.
.
.
.
.
.

CO

.

.
.

CO
.
.
.
.
.
.
.

............

..............
"'

'"
....

-
...

..................--

...........
.............

"'.......
....,...,,,
...,......

.......-
...

..........
..

...........
...

...........
..............

-......

.......................'"
.............................
••,•• •- •• •

..'••""• •••.'•""• · •••.,"••..•

•••
..".•••••••

••••••,.

•••· •••,•"·· ,••· ,•• , ,·..,.••••..••••,••O•
••••,.. ,•..

·..
· •



..--.... .........-.........-....... .........-..•••
•••

:::::
...•••

......

..-
..

...........
..-

..
"

"....
...

."'"'
.................

:
:
:
~
~

0
.
.

.........

................
..........

.........

.............
-......

........-
----..

............
...-.....
...........
.............

..
...

..........
..--....

.
.
~

.
.
.
.

0
..........
..........

.......

..........
.............

.-...-..
..........
.........
-
-
~..-

...........

,.-0
.

.
~..

..
..J

.........
.......-..

0
0

.
.

...
0

_

...
...

...
...

.........

.....--'"
-.....
...............

-
...

-
---

0
.
.

...
..

..............
-

.
....

..
-

-
<

........

..
...

...
0

...-..
~

..............

-.

...........

..."'....
-.......
-0-..-

.............
..............

...".....
.
'"..

...........
"'0

_
."

-...'"-

-......
..........

.........
.........

...........
0

.........

:::::

c
_

_
.....-

..

........

~.......

.1''''....

..........

......

...........
_

0

..
~

-...

...........
·

~.
'".

...,.,...,
........
-....--

....."'....
...........
.........
..........
.-

..
~...-

-
~....-..
......-..
.,.........
...........-
..-.....
............
............
•••
.......
..........

"........
.....

~
~

_
..

"It
..

......
............,

.............

-..--"
·

-
"'

-"'...

..-
~

.....-
...

c
.
.
.

_
..

..----
•••••

.......-...
-..-..
.
.
.
.
.
.
.
.

;ro
;ro

............

.
.

.-
...

"'...--..
...--
"
.0

.._
--......
..

,...
.............

"
"'

~
"

<
<

.
...........,
"
'.0

"


-,,-""-

..............
"'"........
...-....
.
.
.
.
.

0
..

.
.
.
.
.

C
-
.
.

---
...-

-........
.........

~

.............

.....-..
_

...
.."'

.
-

...
..........

..-
~...

.-
..

.......
.............

............
........"'...

...............

--..
"
'
~

,.
c

•
"

•
..

-
'.......

...."'..
--..-

.............
............

..............
.............

...............
..............

.....-..
.

.......
...:::;
.......-...

..
..

...
0

..

...............
..............

.........
............
...........
.............
.-.....
..........
-.....
..----
........

::::;,::
-.........
.

.

.
.
.
.
.
.
.
.
.
.
.

It
""

..
..

•
"'
•
•

"
'.

<
..

..........
c

.,

............
...........

•
••

...
...

-
..

•••••
............
~•••• .........

.............

...........-
-

~
~
.

-..-
-

~
-..-

-
--

..

..........
............

.-
-

.
-

-
~

...

....."'....
.........

......._..
..-.......
..........
......--
..............

.....
...........
.......

.....................
•• ••o.

•••-" •• •.-••".••..•••••·• · •o•••..•..O
'

•

•
••-.., ....••..'::• ~
~

••o
•

..·. ..
~.-.--

",--
"

&
...

0
.
.
0

_
0

G
_

_
o

_
~
_

..
_

..
..o.,.

_
_
•
•
~

..
.....

-
..

o
Q

_
..

_

•••,•· ••• ,••· ,,,-••

_
_

a

•••
...... no:.
•••

.-...,... •••
......•••

•••
...... ...... •
••

...... ...•••
...

~
-...

...
-
#

'
•

_
0

.
.
.
.
.

-.-
...

...
..

_.....
~..

.............

..,.......

..............
............
..-

..
-

..
0

_
_

...----

.............

...........

.......

...-
...

.
.
.
~

...
.."

..
•••

.............

......".
..-

-
...........
...........
..-.......

..........

..........
..

~

....
~-.

..
..

..
~

..
<>

..
~

..

..........
...

•
CO

..

•
oO

.
.
.
.
.
.
.

...-..
~

............
"..........

...-.....-
..."'~:::..
"
,...-...

........
..........•
.
.

0
.
.
.
.
.
.
.

-
~..-..

..
..

.....,.
...

............

..-.......
.....

-
~

..,
....

.....
~
-

.......
-
~...

.....
~
:
:
:

...........

............
............

~...........
............

.......,....

"'.........
<
~

~
~

•
..........

...........
.......-.
_

_
0

_
0

..........

-."
'

..............

........
...........
--"

...
·-

..
-

.
=
=
:
~
;

~......
~

...........
............
--

...--

...........
..........

...........

........

.......'"
....

~....
.........

...."'-,.
............
.............

..
"
0

•
•

·......
.........

--
~-

......"..."

...........

............
•

,
~
~
~
:
,
:
:

............

•
•
•

<>
..

•
c

<
.
.
.

...........

.........
..

O
'"

...
.........
~.......

"

..--
..

...-
..

~
..

-..-
-

............

~
~.......

0
.
.
0

0
.
.

--
...

..__
..

....
o

..
~

...-......
..........
--

--
.,.

.

..
~.....

.........
~
~
-
:
"
:
"
:

-........
..............
...,........
..........

....""".

....-
..

~
,
...

........

......."'...
•

........

.........
•

..
C

.
.
.

..........
.........
..----
.........•

..
<>

"'....
~

....---

.
.
.
.
.
.
.
.
.
.

;ro
;ro

........
;ro

.......--
.............

..............
..............

-
~
-...

"':-:...";c:
-..

~-..
,..........

.
.
.

c
.....

':
':

";'."':
...........-

...........
-.........
...............

.........

.....
~..-

........

.......
.
.
.
.
.
.
.
.
.
.

CO

...........
...........

........
~

...............

........
...

...........

0
.
.
.
.
.
.
.
.
.

...........

............

....-
...

..
.

..
0

.
....---

0"._.
--

...-
............

............
•............

...........
..........
~
'
:
'
:
-
.
C
:

.
.
_

0
_

_

...-......-

..........
.............
•- ...............
...............

...........
_..........
.
~
"
'
O

..
-..-....

......_..
-.....-

......-....
.......-

.
.
.
.
.
.
.
.
.

0
............
.............
...----
.........

...........

..............
..
-
~
~
~

•· • ..........
-...-...

~
:

":,";•."':":
4

'
_..._...

· ~
O

~
.

~..
~..

~
~..

~
~
~

•
.
.
.
.
.
.
.
.
.
.

r
....

~
~

~
~

..

•
.-••"<•

..•••· ..•• •
.••
• •-." ..0<•• ••..••••••

..••••.,·.• •
0

••.. ••..••..o

•••: •· •· ,•;·· ,,,-••



0
-
'

.
N

O

_N_

•••

......0-0..00
•

..._ON .....,•
_

0
......a
.
.

...,.:.:..;
...'0

'
..!::':~

"
'
.
.
.
.
.
.
.
.
.

"
N

"
,

--
...........

...........
":".':

':"':
..,.........

"'........

............

..............
~........

~

.....,."..'"
-.......-

..............
............

"'"
..

......
"

..
..J

..
"'_

..
.....---

-"''''

..........

....."'..
...-..

...........

..
..

..
..

............
."...-..

...
..

...-
..

...
0

•
.....-..

0
.
.
.
.
.
.
.
.

...
c

c
..

c
....,.,..
.............
...---

...---

~
..

....."'
'"

;;;:.:.:.~

............

..........

..........
.....

"
c
o

o

.................
''''''''-""
....".n,,,,,
..........

..-
..

"'-
..

............
......."'..
..........

•••
.....-....
..

..............

..........
~":":.':.":
...........
-..........
..............
...............
..

......."
"".>or.."

..
"
"
,.

"
'It.

'"

......"..
<

.......
"

......
"..

"'......"'..
"'--"'....

.-............
"':"':':"':~
...

...
~

-..-
................
...........
............
..
.............
~
:
:
:
~
:
:

--.......

"""."..,.

.............

:
:
:
:
;
;
;
~

...
...

"'
-

...
'"

t'."t•
'"'"

"""

...........
".......
.....,...,

...-
...

"'
"''''

...........
..........
~
:
:

:-:;;;
............

'"...".,,,,.

---.....
• ..,"'......

..............

..........
..........
...........
............
.............

"",,,."".
.....

""..
..........

........-..
........
.........

0


...

..,.......
.
:
;
~
:
;
;
;
;
,

.."""....
"'---'"

...............

0
'
0

...
....

0
.
.
.
.
.
.

..........
---......
...............

"......'"
...........
..........
..........

..........
........'"

..........
......-:...":

...........
"':":":':":.
:.:.:-:::-:

...........
.........
...........
........-

...,......
":":":":":
-,.",

...
no"'

...
..............
"..,,,,..,,,,.

..................
..........

.................................................
..-.......
...

....."'-
--.........

.............

......."..
~
"

"....
..........
...-

..
"'-"'-

....

..
#

'."
..

'"

..........
...........
.............

.............
,.-

..........'"
•

••
-.........

..-..-...
.........
............
..----
............

...........
-

..
..-

...
-

""'"\1,,,

-_
..

......
"'...

"......
"
,

•
•

~
c

..
.."'

..
a

_
..

---",

..........
..........

">•••• "'..........
,.",,,,,.,'"

..........
.............
..........

..............

............

......
~


.-.
..........
..........

...........
..........
...........

....-....
-

~..
-

...
..--..-

"'''
~

...
..

~
~

.....,
..

..
<
>
~
~

...

....-"'-
......"..

~
:
:

••..
.............

••
.••". • ••••,•
.o'..",••••
,.·

•••-.•• ••••>.
O

•

•••••••H,.o

"••••••..••,..00•••

,..,.0••.,••

•" •,- ,•· ••,•,••>•,,•••

-..:::::

...'.'....-
-

-.,
...... -..•••"...-.
...;.,;..;.•

..........-,.;,;,,;,
-.. ...•....0•.-

...
...

....."''''...
0

0
"
'_

'"
.........

<>
...

.."
..

..-
--

...
"..

............

...........
............
.
.
.
.
0

0
..

..........

..............

..
-

.
.
.
.

co
..........

.........._
N

......."..
"..........
"
:
~
~
"
:
"
;

I
I
'
~
<
>

.
.
.
.

........,.
....

<>
...

~

.....,."'..
-..,.....

-...
~
-.

.
.
0

.
.
.
.

0

"'........

.
.
.
.

0
.....

......
~
-

..............
...............

........"'..

..
.

"'
...

0
"
'
..

....---

"'
..

..O
'"

..
..

...

...........

"
0

..
_

_

~
:
~
~
~

..
..

......-...

...........
"'''''''-..

.............
.............

~
:
~
~
:
'
:

<
>

'"
...

...
~

-
"
"

..

_
"
'
0

0
"

_
0

..._-
...

.....-
..

......-
...

-..
"".........
............

..........

...........

.-....
"
.

..............
..........
......

0
..

_

---..-

;
~
;
;
:
:
:
:
:

0
.
.
.
.
.
.
.

<>
...---

...

0
-

-
...

......_
...

-......-
...........
..............

..."'.......
...........
.............

.............

...........
0"''''_

_

..........
0

0
0

..
..

.........-
....-

...
...

~
...

.....
0

-
...

.. ...........

.............
.."'......
...........
II'......

~

............
-.......
.......

~..
---......

.........-

...........
.........

<>
...

.....
"
,
,
~

.
.
.
.
.
.
.

0
..

..-..-

.............
...........
........
......-...
...........
...........

•-..........
......."'..

-
...

_
-

.--...-"'.....

....-.....
....O

''''..
...........
• -

,...
"
.

0
.

...........
.....-

...
...-

-

.............

.
.
.
.
.
.
.
.
.

0
............
"'-........

.............
"'............

---_
...

...........
"'.........
..........
_..........

...............
....."'-"
0

..
_

.....
...............

"."':"':"':"':
_

"'...
0

"
"
"
'-

........-
....

"'.....

.
.
.
.

c
...

_
...........
..........

..........
c

..
"

.
.
.

...........
...........
.."'.....-

...........
-....."'-
-..---
.....

...-:......."':
~
-
~
-
-

"

.............
-:"':":":-:
............

•
...............
":"':"':-:";

.....-
..........

....0"'..

,,<
>

..
-

..
".".":

";-:
......"'..
.........
...........
......-..
...........:::

...........

--
..

............
'";":-:~"':
............
.._...--

.
.
.
.
.
.
.

0
---......
"':";":":"':

...........
-..........

...
"
.....

"
.

.......
e

..
..........

......................................................................

...............

.......
"'...

:~::.:::;;

.............

...........
...-.....
.............

..
0

0
"
'

..

•
_

0
0

-......-...
............
...............

0
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

0

...........

...............

..............

~
:
:
:
:
:
:

..........
..."'........

...........

........
"
.

..."''''....
..........

............

0
..

_
0

'"

">"••• ~...-
..

......
..

..........

.....
0

_
.
.

--.........
.............
...............

...........
~":"':'";"':
_

...
...."'

...

.............
.............

...........
..........

....-
..

..-
..

..........
----

...

............
...........
....._....

.."'-......

..........

..........
...........
............
...-,,--

·· •· · _.~..-
•

••-.•• •.-•o••",• •.•••". •

••••..••o•

••.... •••••..,o ~
~

••••••..••
.

,•••••••• ,.c. ....,"'''..........
,"

•>• •,,>•,··· · •· ••• ;•



...........................-
.

..•

·o•

••••••"••O
'

"''''0
...

......".
....

w
....

...........
-...-.. ........

~...
.......

"..
..........

..
.........

..
........-

_
...

..
.. ...........

..........
0

.
.
.
.
.
.
.
. ...."'...

.."
..

.
~

co
o

.
.
.
~

..
c

_
...

_
...

..
-
~

..
....

~
"
.
.
.

"""."
"

..
.
.
.
.

0
.
.

........-
-

..
--...--

-
-..

~
-

...--
-

-

......•••
.--•••
--. ........-.-- ...••••••

•••
..-~=~ ...••• ...-.......... ...... •••
...;.:..;

••
•••
!
:
~
!
:

..
...

...
...

.........
..........
..........

.........
-

..
....

-
_

..
••:::::::::::::

..........

...........

~........
............
..........
.....-

...
.
~

.
......

~
~..

.............

.........

.......
...

...........
............
..........

.............

---"'..
.............
...........
...........
.........
.........
.........
.........
c
:
"
:
c
:
~
~

..........
...
.......-..
•.............

-.........

...........
.....-..
......--

...........
":":"':":~
.........•

....-..
....--

...
-.....
...........
..........
..............

.........-
-

..
..

..
-
-
-
~..

....-...
..........
........
...........'"
......-..
..

-....
......

~
'
"

.......
~

...
.-.
:::::::::::::

..........

..........
~

-.- ..........,

..........

-...--..
..........
..-.......
...........

..............
.........
-

..

..........
..........

..-.......
--.

..........

-....--
.........
..........
..........

..
..
-
~
-

..........

..
~
~....

-....
_
~

...........
..--....

-
..

-
~
"
'

..
"'

..

..........
.......
..."'

..
.........
...........
........'"
..........
........'"
.........
..........
~
'..........
.............

.........
.........

..........

.-.

-........

........
..........
..........

............
..........
....,."'
:::-...-..

.."'......

............
-..."'."

...........
...........
...........

..............

..........
-......-

........
....

-
:
"
'
:
"
:
~

...........
.......--
...."'..
"'.."'..

..
~

..
.."'

...
...........
~
-.....
·

.....
•

•
•

...,......
:::::::

-
~

-
'"

~
:
~
~
:
:
;

.............
..............

.........

.............
":":":c:-:
.............
--...-

-.......
...........

............
.............
...........
.....---
......-..
..........
"'-"'-..
-..

..."'.......

...............

.........
.......-...
..........
..........
..........
..........

.........
.........
...........
...
..........
......

-...
..........
..........

....................

.........
"..,0

_
_

--
.

._0
_._..

.
.
.
.
_

0
_

0
.
.
.
.

..................

....
-

.
o

_
..

...................

......
.....-.

•: .........
..........
....';..;..

....-...
"
:
"
:
~
~
"
:

..........
........
.......-..

•
..-.......
•.........

_
•
•

0
_

.........
..........
.............
.............
.............

.....

:• •.o':
.
~• ••••••n••..•••••~:••••

.
'

·.•..••
• _.•• •o

•
..•••••o·o•• ..o

'
..00••

· •· •,••:>• •· ••>•

•••

•••
•••

... ......,
•••

.-- ...••• ..-.-.-....io":''';

.......;,;.;
.........!.!.,;;:

..........;.;,.;
... ...... ...•••
•••
....--

...........

............
...........

.......

-......
.........
..

...
...-"'

-

......
e

..
.o
.
.
.

..........

...........
......'"

..........
..........
..........

",._C
"

.............."'........

.....-
..

.......-
.

.....................

.....-_
...

........

.-"'........
............

................."''''

c
..

......--
...

..."'
..

....-..
~....-.....

..... ---
---..-

..........
::::::;;::..
...........

.........
..-..-
..........

...........
-

.............
..

.......
..........
..........

.......-..
•••

............
........'"

........

.
.
.
.
.
.

C

• ..-....

.....
,...

;!..:::.:
.......

............
.........
..........
............
...........

4
e

.
.
.
.
.
.

......-..
.........

•

...........
...........
...........

..........
..........
:.:::::
.-..-......

............
...........
-...-...
..........
....-

..
.-

...

-......
..........
..........

-......-
- ..---

c
.....

..-
~

-
...

-
..

::;--
...

............

"'..........
............
~
:
.
:
.
:
.
:

.........

•, .......'"
..........

...........

......
.
.

&
&

..
a

..........

...........

c
_

..
....-

..

..............
...........

.........
.............

......-..
.

"'_.....
.......-
-.........

"

-..........

............

............

...........
-........

.........
..-......

..........
............

........
......

c
c

..........

..........
.............
~

....":•.".
......_..
~
-
~

...-

.........
..........

.............
..
~...,..

-..,.",..
-

..
........
~
-
-
-..

".C
..

.-..."'...

-..
~..

~
...........

.
"

...
-
:
-
:
~
~

.
..........
............

-.........
..........
..........-

...........
.........

...........
..........

.........
..-

..
'"..-..
·..
-"'....

~
.........
..........

-.........
•

•
......"'..
.........'"

.............
..........
............

..........

..........

..........
...........
-"'.......
..----
............

..........

.........
.........
..........
...........
...........
...........

..-.......
-
:
"
:
~
~
"
:

............
~
~...--

:
:
:
:
~
:
:
:
:

-:":-:":-:
..-..-
.......-..
•.
~
~

"':";
..........

•
......-.-
":-:-:":...
...........
....--
..........
......"''''

.....-..
..-...

~
-

.....-...
..

.o
..

..........

.........
........-

..........
..........

..........
~........
.....
....

....
.............
..........-
..
;
:
~
~
~

--
...--

.....-.
......-..
.....

~...
............

.............
..........
.........

..."''''..

...."''''..
"'......'"

............

........

.."'........
...........

.........
~..

~..-

..........
";-::":~":
..........
... ........
&

a
......

..........
............

...........

..........
..-...-

............
.

.
..........
.......

...........

•

-........
~
-
:
"
'
:
~
-
:

...........
..

"'-..
......-..
-'"

--
..-......
-...........

-..-.,..
"
:
~
-
:
"
;
"
;

.........,
--..--

.........
..........
--. ..........
........-

_...-..
"
:
~
~
"
;
"
:

...........
....-..
..........
~
~
~
~
~

..........
•

...-.
•
•

0
.....

...........

..........
~-:":-:.":
..........

.,,,,.-..
...........

..........

,•••
,•· ••••• •••0
'

" ••.0'.._.• o
.

•••••••••..••••••
••0>O

.
••..N'•.-..-:• ~
:

•
0

••••
..•
..,.·•• ..:'..O.

•i•••>•::••>• · •:•· •-



...
C

O
<

>
_

_
_

_
N

e
o

"
''''

...
..

"
'

N
N

"
'"

"
',

,
..

"
'N

"
'N

O
>

N
_

"
''''N

N
"
'
~
"
,
"

"
''''N

N
W

•••
0

.
0

.
«

......... ...·.....

.,-.."...

_
..

N
.
.
.
.

•
.r

"
..

"
....

.
.
.
.
.
.
.
.
.

_
'
0

.
<

..
~

.
.
.
.

O
C

~
"

..
.,

...
~
e
"
'

..
N

..
~

..
N

...
"
''''''''''

"
"
'
~
"
"
'
N

N
N

N
..

.
"
,

"
,

~

"
,,,,,,w

r
"'

"
''''

"
'''''''

'''
"'..

'"

'"
~"""'..

..........
....,..."''''
............
----'"

",;.
-

~
4

C
.

"y
<

..,
...

"
..,..'"'"

.
~
,
~.

"''''''C
o'''

<
e

.r
~

--"'
-

......"'..
..........

"'
.
.
.

a
'"

"
.
,..-

......"'..
.,

a
....

N

----'"
'::~':':;~
~........

<>
~

.....
'"

•
<

~
~

•
..........
"'

'"
"
'
~

...
....-.

"'
~

....
"
'
.
.
.
.
.
.
.
~

..
~
a

......
"
<

o
r
o

"
,

,.'0..,..,••.."'." · •· •0
'

·."•••~
~

~..
·.•

•••,•

.
.
.
.
.
.
.

..,
.
.
.
.

'".
.
.
.

q
.
.
.
.

0
..

_
.
.
.

",
..

'"
e
o

....
_

_
'"

.
C

.
C

'
_

"
,,

"
_

"
,,

"
",,

,.."

'"•••

.-......· ...".':':
.--•••
....'0 •••
_

"
...
..0...

'""""'"'"
"'''''''''''''

.._.."'
-"''''......
.........-
:
~
:
:
:
:
:
:
:

... ....-
...

"'
..

..
"''''

--"'--
............
.."'...,....
..........

.
...

..."'
-
~

..-
"..

"''''..''''''
......-'"
":".":":-:
"'_

"''''N
--0

"'''''''''''''
..."'''''''...

...."'..'"
......."'
........

~..
•

O
.

...........
•

O
.

..--......

·
"''''...'"

_"N
__

.......

__
~
"
'
_

..._
.....

0
."

_
....

~
•

---,,'"
-"'---

_.",,,,,,
---

-....
"''''"

...........
"'-"''''''
-"'-...-
"."'''''''''
"'.."'''''''

.
.

N
..

0
"'

..
......."'..
"''''-..
"'''',.......
•

•
.."'''',....

.............
......"'
.........'"
--"'-'"
.........

...........
"'''''''--

...."'.....
"'..

"''''
..-"''''...
-..........

-"'.....'"
......"'..
........"'..
..--

...
.."''''..
""""'..'"

_
."

'.
.
.
.
.

"'Co
"

"
..........,

.w
"
"
"

"'.....-"
"
"
"

.,-,,=>
..-<

.'"
<

,
...

"'......
n

'"
.."

'."
'......

"'...,..
,
.
.
~

•

.."'
..

---"'
"''''

......-
"'.......-
"1;:::

~

...."'
'"

...-"'
....

.."'
...

......-..

....-"'..
..."'

'"
"'

"''''

......"'..
w

"
,

_

..
'"

...........

....
-","

<
.."..

~
'
"

.,..,,,.':'"

....."'.....
"
,....

"
,..

.........'"
-"'..-..

...."........
...."..'"
.."'.......
-"'---

.."''''......
"'-'"

"
"'''''''''''''
"''''''''''...

....-.....
"
:
'
:
'
:
~
"
:

......-..
---"'-

....-
"'-

-"'
...

-"''''
..

---,..,..
0

0
'"

"'.

..........

.......
'"

~
'"

...."'
..

"''''
....

...."''''..'''
~
!
:
~
~
~

........"'..
"
,...

"
,..

"
,

..........

..............
N

"'''''''''

"'........
....

"
'
~..

"'.."'..'"
.

.
-"''''.....
"''''''''''

"''''-
....

O
N

O
...

"'
-

N
N

N
"
'N

z::::::::::::::

•••: ......
N

O
...

.............
"'

-
...

--
.......

N
O

....-..
...."'.....

..........

•o•,- ,o•••o

....
...............

..............
0

0 ,,.
.

'
..••o ,.., a

u
,
"
N

O
.
.
.
.

"
'

..
~
_
.
.
.
.
~
.
.
.
.
.
.
.
.

"
.
.
.
.

"
e
o

a
e

.........
..••

_N
N

N
_"''''

",,_
_

"'"
_

_

· •· ,,,,· o•,•· •

'"
.._

__
_
~
C
_

...
~

....".,..
·

,.
..

~
"
'

N
N

N
N

..
o

,,

•••

".".•••·
"
'

-.
.--... ...0-.-.. ......... •••
•••

..
......"

>

...•••

"'"......
"'"..'"

~

"'"
'"

-
-

_..-.....

....
:
.
~
:

"'..........

~..
.
.
,
~
.
.

...'"

.
..

--"'
'"

"'.."''''....
.."''''..'''
..,

,..
...

"'..
.

"
.

---
-'"

........
~

...-....'"
"_

"'0
_

_
_

"
"
0

....."...
..........
..,......
"'''''''N

'''
.............

........'"....'"

..
,....,-'\1

-.....,-...
.."'-"

,
~
;
;
~
:
c

---.....

..........

..".......
-"''''''''''
.....

_
r

..

....."''''..

....-.......
....--..
;
:
:
!
.
~
~
!
.

..."'
-

.....
~..

...........

".......
-....-..

"
,..,,"'.

"........

.....
~-

,
r..,

",..
;:
~
~....

"
"
"
'4

..

"'.........
--"

'"
......"'..
"'".....'"

.,...."'"
...
~.."'..

- ..........
............

--..."'-

-.."'....
-::

~;::':
"-

-
"

.."....-
..-

--
..

"
4

~
.........,...,

..

~
,..."

4
_

.
.

<
..

............
!
.
:
=
~
~

.."......

"'
"'..

-"'
'"

"'''''''"..
.."'........

.."'......

.,,,,..'".

"....
~..

r
"
"

..
_

..........

-"..,,,
....,....
...,..."..
......."'..
-
~...'"-

0
.

..
~

..

-
~.........

...--"'"
..."'

..
"'''''''

'''

-.
~..'"

...-
..

'"
~

.."'
~..

"'.."'..-

..
~

..
,,"'

...
....

~...
...-

,...
'":<

:'":":':
-..

-..,..
""

~

::::.
:::

....--
...

--"
....

......."..
"'.."'......

.......
.........

.,-.

"'.."''''..
......"..-

..
~.....

'.~.-.
~
~
.

~
,
,
-....

.........

...."'""
...-:'":':':
..'"--'"
-..."''''
.."'

...
.."'.."'...

...............

......"..
""''''..,,

~
~
~
~
:

:
~
:
:
;
:
~

......"..
.......,....
..."......

...-.......
.........."''''
"''''....''''''
..........-
":":':"';":
4

.
.
.
.

_
.0

__
N

"''''
~......

~

-
..

"'
..

" o•••• ............
",_

_
N

"

.............

...
~.....

~

~
"
.
,
"
'
-

:
;
;
:
;
;
~
;
,

......
,
.
.
~
~

--
-"'"

.........'"
-"'..

-....-..
"'

"''''

"'........
"''''.....,.

.......................

........"'"
..,,"'-'"

--"'...
~

.
,
.
q
,
~


...........
...
.
,
~....

...."'............
~

"''''''''''-
"
'
~
-
'
"

..........
"''''

....-""
.."'

..
"''''

..
...,,-

...
.."'''''''....
"'''''''''''''

,•· •,-~
.

••• · "
.

'"'
,,"'..

~
"

,,,.,,
..

'"
C

.
.

.."ou

- .. •
..•

"·.·.· ·...•o..0~

'u••••••..••••••

....• ..••• o...
-" • ••,• oo,•· • >,,,o•



"
w

...•••
...

..........
..

".
"..

...........
...

..
..-

"'
....

..-."...
-"'---

..........
..

...
..

...
...........

..........
.........
----'"

.
.
.
.
.
.
.
.

0
"'

..
C

..

_w
.

"''''I'''.
..

~
..

..
..

~
.

-..---
"".......
......

"
......"'-
""'''''0

".
..-.....
...........

w
_

II
..

_
O

R
...

,,"
..

........'"
I
I
~
"
"

'"
·

"......
.
.
.
.
.
.
.

C
.
.

.........
-

....-...-
.........

• ,••""
~

"'
"'.."''''.

"'
~..

~
"
'
'
'
'
.

"'
"'

~
.

a
.

w
w

.
,a.

w

•,•,•

•••
•
•

w

-....-a
a

•
•••

...'a
.

',w

.......-.:
~..
... ...•••

...-..·- -..•••
._
......... .'.... .....w

"'.....

...........
............
............

.......

..
..

..
..

..........
............

...........
.......
........
..-

..
...-

..
........
.

-
...

0
....

.-. ........-
.-

.
.-

..
_

-

-.........

•••••

..........
....-.....

..-.-
...

......
........
............
.......-..
........-

....
............
• .......
.......
...........
...---..

.........
..............

..-.....
....-..
.......-

...
.........

.........
..........

•••••

..............

.............

..
..

..
..

........
.............

....-..
.........
......-..
..._-....

....-..
.......
....-..
............
o

.w
........

...........
.........

"'........

.......•

..
.

0
....

•.
..

-
..

..........
..........

............
·..
......-
.-...-
-:;-::":-:-:
..

..
...

-
-

.........-.
........

...........
.............

........
............
.......

..........

•••••
.......
...........
0

_
.
.
.
.

.....--

..........
............

..-...-..
"
0

"
...

.....-
..

-.....
..........
..........

.......
...........
.
.
_

_
C

l
.
.

..
.

...........

"
"
,
,
0

.
.
.
.

0
0

_
0

0

-
-

-
-

...
_

_
0

..

---...-

.....-....
...

:
:
:
~
~
:
:

..........-

....-..
...........
_._0.
•

••

..........
..........

--
-

..
-

..
......-

...

.........
......-......
..........
--..-..
.........

..
.

..._
-

......-

..
..

...
..

.........
~

"
"

-......
...---'"

--...--
-

-
-

--..-

.........
-.-...
....

:
!
.
~;;

........"'...
::

...
<

>
-

...

..........
..........

..........
..............

.........
•

"
0

_
'"

:
;
:
~
-.....

!.:::;
...-........
-...---
......

.
.
0

0
0

.
.

_
_

_
_

0

......

.........

........
..........

....-......

..........
----...
.........
-.-.....
......-
..-..
-

...
.....-

....
•.........
...........

::::::

............
...........
-..-.....

•: ...-....-
";":-:':'":.
-

...
---

..
.........
........-

..........
'".......

.......

........
..-..-

-
.

....
.

....-
---......

..........
..........

.....
............

.
.
.
.

.
.
.
.
.
.
.
.
.

..
..

'"
r
"

,.....
...---

a
'

••a• •
u

••o.
o...•••,oo•a_
0

'
..••• a

.

••u
••,.·

•••
-
0

•• •..o
•

••,..'•••••

:••• o•,••:•••...........-
-

.
..•

!:::;::
...

..........
...........
.....-.

..........
............
.......-

........
~
"
"
.
-

-
..

.....
~

~
.

~
.,

.

w
_

.........
.......
0

.
.
.
.
.
.
.
.

..........
...---

.........
.

-..---
..-

..
.......-........

_........
........-

.,
.

~
~
~

~
~

.
.......,

.,..
_

_
C

l
.
.

-.....--
.

...."'....
..

...........
.,

..
...

-..
.....-

--.....
,•o

.,••••o.
•

•,o · •

•
•

0

w
"

'
0

<
W

w
•
•

•••

•
••

•••

w
._

....
0

•

...•
••

....w• ...:
:
~

...__wa
•
•

...•••

....- ·..... ·...-:
-
:
~

·..

o
_

w

-
-
~...

.........

.......
...........

&
-

.
.
.

r
...

-
..

.........
..........

........
...........
.."'....
...........
...........

...........
..........
.............
..............

........

...........
0

"
"
_

...
..

.....-..
...

..
...

...

..-..-..
........
-

..
...--

...
.....-..
."'.1>...
....:.

~
--

..
...

..
...".-..
................
...,,,,,-..
".-."
..---

...
-. ..........
......-..
---..
......,....

..-....
.............

..............

........
--..--

...............
.............
"'."''''..
.."'..

~

.....-..'"
.....-..-

......
w

o
.

..............
..............

........

..............

•
w

_

.............
.........
.......-

...........
----..

......
........

..........
..

_
_

..
0

-......
...........
..
~......
............

............
..-..-.
.....

............
•

0
_

_
..

----...
..............
..............

..-"'..
..

.
..

.

--........--
.

..........--..-...

..
~..-......--...
...

.
...

.........-
-

...
-

=
-
-

.
...

~
"

.
.-.

.............
...

..............
...

..............-.-..
.
.
.
.
.
.
.
.
.
.
.

.
.

"
'
.
.
~
C
'

........
..

..
............

..-"'.
----..
....-.
..........
•-.."......
..............

........
.........-
---....

."''''..
..

..

...........-.-..
...-

-
..

.....-
-

...-...-..
---

...
...........

..

.............
.............

.........
..".....-

..............

..
~

...
..-

..

..............
...........

...-
...

......
....-..-

_
_

a

.........

..-.....
............
........
---...-
.......

......C
I'"

............
-

.
..--

..

.........

..............

.....-.
...........
.......
---..
........
..-..
...........

..--...
.........
...........

•
w

_
............
.............

........
......."'..
w
•
•

.........

..........
.........
........
.....-.....

w
_

........
...-....
........
..........
......
_

C
l

.

........
--.....
...........
----...
0

.
.

..............

.........-
..-

..
..-

-
.

-
..

•
.......-...
..-

.
..........
--..--
............
..............

•:• ..........
.....

:• ••,.•
•

•
-
a

•• ,o.•o
•..• •·...· •

o
..':
.
~•

..a.o.••..••••,••~.••••·.·.u
..••..••?

o··••·· ,!·· ••• · ••



•••

•••

;:-..

•••

•••
•••

.-.••••••
••••
•••

............... ...,N
,

":":":
-....•••

...... ...•••
•••
.-- 0

"
..

"'....."'..
"'.."'....

:
~
'
:
l
:
:
:

_
.
.
.
.
.
.

0<

~
~
~
:
:
;
~

......-......
.............
............

...
~

..
..."'

...
..

..
•.......-

......._..
........-

......-..
-

..
..._

..
-""--""

"'
...

...
...

...........

..........
..
~

..
.....

~..
"'

..
..

"'
....

....."'
""

.......
~
'
"

...."'....
•..........

~
;
:
:
:
:
:
:

_
_

_
_

N

"'"....."...

...........
.....,..

.
,
~

-..,......

"'''''''..'''
"'''''''''''''

..........-

..........

........
.............
..........
""""'''0
--no......

..
..

~
..

..........

"co"'
...

...no
...

.......-..
...........
..........
......."'..

.
"
"
.
.
.

It'

_.........

•

..............

.....-"'..

........-.
...........
..........

c.
..

"..-
...

-
..

"'.":":,':.":
...........

.."'
"''''

"''''
..

..........
co

...........

....-....
""....
........"'..
.

.
........'"
---..-

......."'..

.............
• ",-"",,,.
C
:
~
~
~
:
:
;

"''''C
'''''

......-"''''
......-.....

...
'"

...
.

..
.,.

-........-

............

.."'..-...
-"'-

..
...::.=:..
.."'''''..
"''''

-

..........
";":":.":":
......

~

---'"
..........

..-......,
...

"'-..
\fI

...
...---
..."''''''''''
.."''''..'''

.....-..-
•••
--".

-'O
M

".
.
.
.
~

...
.
.
~

'"

...-"'-
.............

"'''''-''
...
"''''''''''..
"''''.......

......_..

..........
..........
~.."'.....
........
~.....

~...

:::::
..............
...-..

~....,
...
~

.....
....._-
..

.............
.............

"''''''''''...
"'''''''''''''

"'
"'..

..."'
...

...........'"
.."'...-...
......."'...

"'''0.,,'''
..."

,e
..

...",,,,..
-"'......
"'''''''--

..........

"'-"''''
...",..,_It'
......"...
....:;:

...

..
...

"'
..

...........
...........

.............
..

.
..........
"'''''''-'''
.............
.............

....."
.,

...
..

..
.,

..
""

..
...-....,,,,,
............
.............
..............

...........
...

-""'"

0
,'"''

~
..

~......"'.
..........

..........

..........
..........
.......-...
...."'''''''
..."''''''''''

..........
_..-..'"
..."'

..
..""

...

-.....""..
.......-..
...-.....
•••

-.."'_..
•

••
..........
..

.

.."'.......

<>.,.-
.....

...',,,,,-
...........

.............

"''''....
'''

"''''''''''''

-.......

-
...

...
..

..............

-..........
...........
.........,

..........
........
..
~......

-...--""
...........
":-:

";":
";

-..-
..

........

.._""....
":":":"':":
"'''''......

..........

..........

"'
"''''

"'
"'''''''

"'.........

......-.
..."........
.........
............
"
'
.
.
.
.

0
..

.......,...

...........
.
.
.
.
.
.
.

0
..

...........

z
"
'
"
'
~

...
'"........

~
.........,.,
...""

..
"'_

...
"'.,

"'..

•,•:• ..
~

..
..""

...
......_
"".."""'
..........
..-

..
.....-..
.....

~
..

.......
..
~......
...

..-....
---""
............

.._
..

...........
....-..
....--

...

z
z

~
...

•••,, .,,o•••o•,.N
'

••••o •••0
'

...,..••••
,.·.1.." ••00•• ••'0,..••• ..,..,••..•

0,•,•• ,.«••,.. ,

••••••· •·"N•i••,,!•••o>,

......... •
•

0
.........N"...

-
..

..."
..

...."
..

.........""
............-

...."'0
..

............
......,....
....""..
~
-
"
,..

"
,

.........
...

...........
....".....
..........

......""...
..........
..

-
............

--
-..-..-..

..
-
:
~
"
'
:
"
:
~

.

...........

.."'......
............
...........
...
~........

...
"""'~""

..•

...........
-

..
......-

----
..---..

..........
...."-,,
..........
""...........
N
•
•

............

-..........
.............
...........
........
~
"
".."'..

............
",.

....
•••~
~
..••,... !•
..•••••••

•••,•

~
~

_
~

~
'"

~
-..

""
....

...
w

_
_

'"
_

""
"
'_

"'
""

..
~
.
.

--..-
----""

................_-
~

~
"
"
~

""
~

"'
-'"

..
,.........--

"
'
~

_
_

_
--

~
"'..

z
"
'
~
"
"
~

""
"'

"'..
"
'''''''_

_
""

""_
~

""
...

.....
_
"
'
_
~
.
.
,

_
"
'

""
"
"
_

~
c

~
_

.
,...,.

_
_

..
"
"
_

~
_

_
...

_
"
"
~
~
_
~

"
"
"
"

_
N

N
_

_
N

a
"
,
,
~
_
a

N

'" "':":";
.-.......... ....""...

........
..;l:

......N
O

'
••

..,•••
:
~
~

......

""..
~.....

.......
"

"'........
--'"

'"
............
"'............

.,-......'"
.....-"

"
.,....

~..

.....-..
.......

"..
......"...
-
-
"
"
~
-

.
.
.
.
.
.

0
...

..."'..""

...."'...
~
~
"
"
'
'
'

~
..

"'
"'..

--.."'..

..........
-.........

..........
":.":":":-:
......._...
'"

-...'"
......"'....
..

..

"'-......_....
-.."''''..

~
"
'
_

_
~
_
N
'
"

'"
_

...

----""
"'''''''....'''

"''''
..

-...""..
..........
-..-..-

..............
"'''''''.......

..........

......."'..

...""
..

..-
..

o
..

.
.,

...
..

....-..-
-

..
"'

..
--"'''''

............
...........
_.."''''
...

•, ........-..
............
.....-......

..."''''-

..-.."'..
~
~
=
.
=
:

N ....."'
....

........"'....
.......
......"'..'"
..........

"''''
..

..."'
...

.
.
.
.

_
0

"

-
..

.."'
....

.,
...

•
•
•

:::""'!;:;

..0
-

.•"...
"''''

..
"'....-..

..........
-........

..........

....."'
..

.."''''
...

......."'..
"'...........

0
.
.

...."'..

........"
"
"
"
'
~....

...........•

............
..........
..........
;
:
:
:
:
:
:
~

.._-..-

........
_.........
"'_

0
""

"'''''''-

"'
..

......"'
...

..
~...-..

"'0
"""

_
_..

"..'"
-"'''''"

............
......"'...

...

...........
"'.."'....
..........
".....
.
.

0
_

• or
..........

............'"

..."'
...

....-
...

"''''''0
''

•

-........
........,..
........'"
---"'-
......"..

..........
..............

<• ............
~":.":~":
-

..
...."'

"'.

-..-......
_

..
"
"
0

......
"
,..

-
-
~......

........'"
...."'....

..........

...........
.........
..........'"

.."'
~

--".
....-

..
-......

-
~

,o, Z
"
'
.
.

0
Z

,.
"'

..
-
a

_
_
~

..

'" ,
"
,
c

.
.

0
0

"
''''

..

"
•••• ....--"'....
...."

--...-'"

•..'·.".o ,
..,,o•••o

,.,·.•o

•••• N•,••·· ,•,

·.·.••·
"



-
0

0

•••

a
a

•

"'.,,:...

•••
--.•••
•••

....".•••

-..":":":
....•••
-..•••
--. .....-"".
... ...

..........

.."
"

..
CO

'"
"
''''0

......."
"

..........
..

......--
.,..
.--

...........

"'-"''''
.......'..,....'

••••
•

..........

_
..

-
..

.......-...
-
~
-..

~
-
-....

..........

........".
.....-

..
.. ..........
~..-..
-........
"''''-

~
.........

.....,.....
........-..
.........
-
~
-
-..

..,t",•.,..

"'''''''....
"'''''''''''''

.,........

...........

.........
......-..
-:";":":•.
..........
-..---
........
"
;
"
:
~
"
:
"
:

"
,......
...

_..._.....
......-..
...._....

..-
..

..-
..

..--
..

--
...

..........-

..
0

"
..

...
.,'"

..
.",

'"
..

.,-
...

-"'--"
--"'-'"

"'''''''''''''
"''''''' .....

............

.........
";";-:":":
............
~..

~
-
-

...........
.,,,,..,,,....

.......
~•

.......

..........
.
.
.
.
_

0
0

..........
......_-

.........
"
;
c
:
~
c
:
c
:

......."'.
...
..-

...
...

..
-

.

".........

---
...-

.
.
.
.
.
.
.

0

.
.
.
.
.
.
.

0
..

.............

...
...

-
..

.,...,
..

..
...

..........
.

..
.....-

..
--"'

..

...........
..,--..
.............
.............
..........

••
•• ...."'.....
...-.....
0

.
.
.
.
.
.
.

_
_

0
0

0

..
...........
...."'

...
.
.
.
.

0
.
.

.....--

...
..

...
..

"
'

N

........
............
-

-..
_

~

..-...,
.."'.......
..........
-.....'"

..........

........'"
"''''...,'...

~........
..........
............
..........

....-.....
..

~
~

_
_
~

~
~
c
z
_

..
"
'
~
~
_

_
..

0
0

..
c
"
~
Q
O

..
~..

~
~..

~
~
~..

~
.,.,..

...........
~

..
~.......

"'..
~

..
...

_
_

no
..

_
_

...

~~:;::::::

· •............-_..-..

..........

..-.
~..

.......
...........

--.

..........
........

· •.......
...."'....
......-.
.._..-..
....."''''-

......."'....-
...

..-.."'-
"'

'"
....

_
"'..

----'"

..
..

_
0

_
_

_
&

..
ft

_
_
.
_

,
,
_

_
f
t
.

"
'
_

_
•

_
_

............

........."''''
"'''''''''''''

.............
0

<
>

.
.

<
>

_

"'
'"

-...,..
""""- ...

...............

............
.....-

...
......:::

............
...............

0
"'......

..........

......
........
..........
......-...
...

...•

.........
...

...
0

......

.........

"'''-''''
........,..

"'.........

-..-.....
............
.........
..........
.........
•.
"
:
~
"
:
"
:

-"'.......
...............
..............

...........
a
_

•
.."''''.....
0

0

.."'........

:
;
:
!
:
~

...........
~..........

..."",....'"
..........,..
..........
..."'.....
-"''''-..

..
"
,....

...........
.,,,,,,,,....
............

..............
............

...........
.............
.,..-.....

.........

....
~...

........
...
~..-.

.........
......"'..

-
...

...-
..

..-
.

....-..

............
..........
...--....

.........

"'''''''''''
..,.......
..........

-.........
..........
..........
--..

~..

·•• _.••O
.

••-.G....
....."'.....

•• •
..•
•".•• •

•
•••••O

.
••
 • ••••-~~••"••••••..••••• "...-•.-•o.."<

••
••............

..
,.••

-••o•~•-• ,••• •••

•·•:

•••

•••

•••

...-..•••
•••

...-..;,;..:,
-.. •••
.......a

.
......":
....•••
~
~
~

..,..---

-.....,
.
.
.
.
.
.
.
.
.

0

....."'-.,
,..,....,..
..

..
"'o

n
..

............

.........
..,....

"
,...

............
.....

~
-
-

..........
•...."''''..

..........

..........,..

..........
.......,
....,.,....
_....

~
-

..........

'-
0

.
.
~

...

..
on

..
on

on

..............,......
-
~........

.
.
~.._...

.......,..
..

...
0

0
--.

.,-....,...
..

0
.

............

..........
"'..........

..........
.....-....
0

0
-

..-......,

~
..

oo
.....

............
...."'....
.."'-......
... ....

_
....

"_
N

•
.,

~
~
.
~
-

"'-..--

_
0

.....
'"

-"'---

.
.
.
.
.
.
.

on

=
.;:::.:

.
.

.
.

00
.
,

.............
":";":":":
.......-...
...
-
~

...

..........
~
-
-...,

........
-..,.......

.
.
.
.
.
.
.

0
.
.

....
on

.....
.
;
~
.
.
;
,
,
;
.
.
:

...-,..-
..

on
.........

............

......-..
:
:
;
~
~
:
;

..-.,"'..
-..-"''''

..
~...-...

........-..
.,'";"';":-:
..

.,
.....

0
...
~
-
-
,
.
.

..
~

....,
.,

on
..
"
,
~
"

.
.
0

0
.
.
.
.
.

_.....,...

"'
-

..,..
.

...-
'"

"'
-...

:
:
~
:
~
~

.."'.......

....."'
...

on
...

..........

............

....-
..

.,
...

..........
,..-...

~
'
"

.....-.....
.........

~

...........

.......,,..
.

,....,...

.
.
.
.
.
.

C
>

..
...

--.......

.....-
-

.,_
...

.........
...",,,,,..... •
...........
..............
0

0
0

0
0

....,.....
............
-....:::.

...."'....
...........

.........

...........
"'0

_
....,......

..........

.-..-
.,----

-..........
.
.
.
.

00
..

'"

-""
_

_
_

_
.
.
.
.
.
.

,..
.........

N
..........

.,
...,,;;!:

...........
,
,
_

0
.....

.,...-.....
.............
....-......
-..

~
-
-

-.....,.

..........
on

..............
.
.
.
.
.
.
.
.

0
....

~
~..

.,
...

0
.....

_
"N

"'"
..........

......_..
...._.... •
...........
.............
.,....."0

........'"

....
on

..
'"

~........
.
.
.
.
.
.
.
.
.
0

_

---,..

---
...-

..........

...on
...

..,...
...........

on

...........
.......

"
,..

..
"
,...,..

............

_
.,

.."'
...

...."'
...

..........
~
:
U
:
;
:
;

-
~
.
,

..
...,

.,
...,..-....

on
.........

.....-,..
"
"
'_

0
'"

....."'
~

...
.,

...
..,

.,.
.,

...
•

.........
.......,.....

on
..........

......."'..

............

~
..

..."'...
..
~..."'...

•..........
U
~
:
:
;
~

.......
'"

........
on

.....,..-
-

...
......-...

....-
..

.....,..
....

~..-
--..--

on
..

on
....

.......,....
...........
.,...........

..............
...,,...,.

...........

•..........
~
~
~
:
;
~

-
~.....-

...............--.-
O
_
~

.
.
.
.

'"

.
.
.
.

0
..

............

..........

.....,..
,..

...
-..,....

..........

•:•o
.

••••.-••o".•~
4

.
.
0

0
..

0
0

0
.
.
.
.
.
.

O
.
.
O
O
~

•• •.--'.." •· _.,.•
..-.•• ..••.. ••..•~
~

••••..••••••
••~;:
••••..

...
co

_
~

_
..

Z""
'"

~
~

_
.."'

..
W

N
a

"
:
~
~
"
:
"
;

"
:
"
:
~
"
:
"
:

"
:
"
:
"
:
"
;
"
:

"
;
-
:
"
;
~
"
:

::
~
>
<

•··"·••,•-• ,o•· •··•••••:

•,•,



· ,•
...."'...
<>

~
..

"
..

N
o

.
trw

...
............
...........

..",....",.
...........
.."....... ..

..
...

..
c

.,

"
"'

:",,,,,,.
..

..
...........

"
'0

0
_

"
.."

...
..""

..
0

0
_

"
'"

'
........
.."

..
0><>

-
.
0

'" ...
•..

o
~

_
_

"
'
~

~
~
O

_
0
_

_
_

0
.
.

~
..

'""'
N
_

_
'"

"''''''''''_
_

"
'
~
_
'
"

._
"'_

N
_"''''

",,,,,,,_
_

"''''_

...............
-

~
.

•••
•

•,• ....•
...........

................,"'..
.................

.
.

"
'
_

"
'
'
'
'
_

.
.

_
.
.
.
.
.

"
"
'
0

0
0

•

:::=

... ......-..
............o

...........
...........
..........

-
_...

...
..

..
no

......

..........
........-

~
:
:
:
:
:

.........
............

.........
.........
....-....

-.

..........
...."'...
-_......
---..-
...........
..........

.........
.........
.........

.............
•

••••..n..._..................0
_

0
""''''0

"'
_

_
_

...
·

-
-

-
-

_
...

•
~

•
•

0
_

_
_

_
_

_
_

0
1

_
•
•
~
.
a
~

.
~
~
_
.

'" C~
~

~
~
r

_
_

,
_

_
~
,
_

_
~
,

_
_

~
_
~
_
~

~
~

~
_
~
_

~
•
•
•

_
_
~

.
~
~
.
~

•
•
•

~
~
~
.
~
.

_
•
•
_
~

~
•
•
•

r
~
~
~
~
.

c
.
_

.
r

C
~
.
~
_

c
_
~

·. 4~
~

,
~
~

_
~

_
~
_
,
~

~
_

_
~

~
_

_
~
_
~
_
_

~
_
~
~
~

_
~
_

•••

•••
-.•••
•••

:::

......•
•••
... ...........-... ............

......
~

~
-

...
.

~..
~
~..

..
~
~..

~

.......

...........
~

~...
~

~.
~
~..

~

..
~
.
~

.
-
-
.
~

••

~.....
-
~..

....
~..

~

........
~

•
c
.
~
c

...
~....

.....
~
~
.
-..

..-.....
~..-.
..

~..
-..

~
-..

.......

.......
..
~
~..

......
.
~
~
~..

..
-
.
~.

~
..

~..-
~..-

_
~
~
~
.

~
.
.
~
O

...

•••

~
..
_
~
c

-
:
.
~
-
:
"
:
"
:

~
-

~
~

~
~..

~
~

~..
~
~
~

.....
~
.

-:'~":".":
~

..
-

-
-
~

........
.
~.....

-...---

.
~...

~

.......
c
~

.
.
.
.
.

~
"
"
'
'
'
'
'

~
-....-

-
~

..
~
~

.

~
..

.C
..

.....
~

.....
O
.
~

........-
_

..
.-

.
~..

~
~


..-....
• ~
~
~
~
~

..
~
~
~..

~
~
~..

~

.."'..
~
~

......
-
~

.........

.
.
.
~
•
•

c
~
~
-
~


.
~
~...

..
~
-


-"'..
~
"
,

~
~.......

....
~...

~

-........
~

.
~
.
~..

......
...
~....

~

.-..
~


_
~

•
•

C

~
~
-
-..

..
~
~
.

.
.

"
,
_

_
0

............
"
'
~

..
"
'
~
"
'..

;;...
~

0
_

.
.
.
.

_

..
~..

"
,
~

........
~

...
~....

.
~
.
-..

~
~

...
...

~
...

...
~

~

.
::::;...

..
~..
--.

.._.0_
~
-

...
..

.

~
~.....

.
.
.
.
.
.
~

0

-..
~
~

~
-

.
~

-
o

..
~

~

-
~

.........
~

~..
_

C
~

~
~
-...

.........

.
~..

~
~

~
~
~....

..
~
~
~

..
-
-
~


..........
~...

-
-
~

~
~
~
~
.

~
~
~
~
~

..
~
.
~.

....
~..

...
~
~..

-
~

.....

•
~
.
c
r
~

..
~
~..

~

.C
_
~

~
.
_
~
'
"

c"'....
-..

~
~
.

~
~
-

.
.
.
.
.
0

.
~
~

...
_

..
~

.
~..

~
...

O
"
~
C
_

~...
-
~...

•••••

......
-..
~..

~
~

..
~
~
~

..........
~

..--..
..........
........

~

........
~

...
~

.
----..
......
~
-
-
-
-

.......
~

.
.

0
0

0
..

.....
..

..-
...

·..
-
~
~
~
.

c
.
~
~
_

.
~....

~

..
~
.
~

i
!

•
•

·.•• •
.•••.•...

~
-
~
-
-

0
0

~
~
~
~

~
~

..
~

~
~

~
~

~
~

.
.
.
.
.
.
.
.
.
.
.
~

......
~

~
.
.
.
.

•
••-.,. ••" .-•• •-.

:;
~
,
.
.

•

· ,,••··!•••••

•••
•••

•
••

•••
•••
-.-0

-
0

•••
•••

.-...- ....-..........:::
".
............ •••

......-.. .... •••
:
:
~

..0-.....--
.
.
.
~
~

'"
..0

..
......--

.......•

...."'...  .
............
"'"'~"'~
.--...

-
0

..
"'...'"

.....
~
.
~

_
_

c
...-..

~
-

...

.
.
.
.
~
~

.
.

c
.
.
.
.
.
~

~..
~
~.....

~.."'...
~

-
-

.
...-

~

...
-

..
--

-
~

..'"
"'-

0
•
•

_
"

~
.
.
-
_

_
.
.

....
~
.-........

.......
"'C

O
~
_
.
_

..
.
.

..
~
•
•

~
O
.
.
.
.

~
~..

~
..

_
0

.
.
.

_

---..-

.
.
~

-..
~
-
"
'
-

....
~

..
...........

--
..

-.0

........
CO

.
-.....

~
-

.

........
..-

...
......

~
.
.
.
.

....

........

......
c
~
.

..
..

..
..

~
"'..

--
~

.
.

.........'"
.-.....

•••••

...
~....

..........
......

"'......
~

.-..
~
~

-
~
-
~
-

.........

..
~
~...

...
~
"
'
o
'
"

....
~......

...
"'

........
........

~

•••
..
~......

......
~..

~.....
......

."..
..........
........
--...

~
-

~
...

c
..

_
..
~
-

.
.

~
.

..
.
.
.
~
O
'
"

-
~

..
.-

...
...

~
.

--...-...

----
...

~
c

.

-
0

............
....

~
~

...
=
~
;
;
;
:
c

•
CO

.
.
.
.

'"
.......
...-...

~

.......--
"'...."'..
"'.."'.....
.........
~......

....
c
.
.
.
.

~-:";-:."':.
.......

.
.
.
.

0
.
.

0
~

_
_

O
_

............
."'...

~

-
.

..
...

.....

..........
..........
...........

0
"

.
.--

...

.......
........

.........
....-..
..........
...----
:::::::::::

.....
~
.
'
"

....."'......

.........
........
........
...-...-...
.......

....
~
.

o

o
~
~
~
_

..........
.....

0
.
.

...
.

~
~
-
-

•
•

0
.
.
.
.

...........
.........

~

.......
~

.......-

.....
~
.

.........

~......
c
.",,,,

..

-
...---

•••••

............

:::::::::

..........
.

..
--

~

•
U

.
.c

"
..

..
.........

......
.......-
_
O
~

..
..-

'"

..
..

.....
~..

-
~..

.....
~..

·......

........
..
-
~
.
~

...
~.....
·-

.
..

"
,..

~
"
,

~......
~

......"'..
........

~

....
~....

........
~..

.........
~
-......

.............
......

~

"'.........
~

-
0

'

..."'..
~

.......'"

0
..

..........
.
.
.
.
.
.
.
.
.

0

........
~
-..

~
...

.........
.
0

.
.
.
.
.
.

..
~
"
'
'
'
'..

"
,
o
.
~

..
•

C
.
.
.
.
.

.....
~
.
~..

.-.........
~
~..-

.....

..
~...

.....
~

•••••

....-...
•

0
.
.

"
'

...
_

...
c

.......
...

~
..

•
•
•

.......
~
~

-......-

.....
~
~

..-......
C
~

•
•
•

~
-
-
~
-

......
~..

.....
'"

-........
.........

.....
~

L
"
,

,.
.
"
.

........

.........'"

..
co

.
.
-
~

...
.
~

..
...---
.--..
..----

-
.
~..
.

-

.
.
O
~

0
0

~
_

•

.......
~

....
~.

........
....

.....
~
~


......---

4."._
""

..
""

..
.....

~
~
.

.....--..
.
.
.
.
.
.

_
0

..
-
~

"''''

-......
0--

•••••
.

"'.....

.
-
~..-

·
~

...-.
..

~
-

.......

· •••••••••••••..'.••• •.-" .-• ••..•

"
..•• · ••. ,.,.••·. ~
~

••."..•••••
..

•
••

••· •· •; •,•,~· •· ••>•

•
•
•
•

c
c

_
..
~

"
'

~
~

0
0

_
_
~
~
~

~
~

~
~

~
...

,·
;•••

"



.........•
••

;";":
•••
•• ••
!
:
!
:
~

.-.0
"

.
0

0
..-...-..":

~
-.. ...

C
1

_
"

..
-

...
..

....,
0

"

.."''''-'''
,,-..

...
-

:::::;;::
..........

-
.
~..

~
.....

~...

.........

......
~......

...........
~

.....
_

.
.

0

...
.
.
.
.

0

.
...

...
.

.....

.
.
~

...
..-

~

0
"'_

..
..-

...
.....

~.......
........

~..
.
.
.
.
.
.

0
.
.

...........
_

_
c

..
'"

...-...

•••
••

::::!::

..............

.............
.
.
.
.
.
.
.

0

~....
~...

..........

...........

~......-.
............
-

..
.

-
...

.
-

.......
...._0..
....-....
-.

...............
..............

•••••

0
.
.
.
.
.
.

0
............
......

"
............
--........

...............
...............

..............

..-
..

...
..

-...-....
....-..'"
.-

..
...

--...

........

..........
..

a
_

c
..

.......

...........
..........
.

...
~

--
..........

..-...
......-.
.

.
...--

...

..
.....

or
..

--.........

..............
..............

0
.
.
.
.
.
.

............

"'
.......

0
.............
.........
.........
.............
.....",.-

.....
~
.-

":":."":•.-:
.0

..
-

...
•••••

0
.
.
.
.
.
.

.-
-

........
...........
.............

........
~...

...."'-.

........
-....-
.........

c
........
.......

.........
...
~

...
~

.
......
•

0
.........

-.................

............

0
...

~
":•.":

~
_

.
.
.

0

......--...
••

•••

.......
~
.

..-......

...............

-...-
.............
..............

•>#''''''
...

....
..

..........
....

...
....-

-

.
~
~....

-:":....":...
...

-..-
~

c
...

~..
........

.......
...........

...-...
..----

.........
~..........
...

~.
.........
...

..
--

..
.._.

•

........
.-.

.........

..........
..........
0

_
.
.
.
.

..........

•
_

c
.

...
..........
............

..........
........
........
•

••
•
•

0
.....

-..

-_...•
•

0
.
.
.
.
.
.

........

..........
.--....

"':;....
...........
-_0--

.........
...

0
.
.
.
.
.
.
.
.

•••

.
.
.
.
.

.::0
..

::>
...

-
-
"

....."."
......'.""N_

....
_..,

"
;
~
"
:
"
:•.

..........
.-........

---
.

.....
..........
...

...
..

..
~
'
!
:
~
~
~

......_.
~
C
:
"
:
~

•.
......
-..........

."1
'••

.0:":":";";
"
"
.
.
.
.
.

0
•

............
,,-....
.........
...

.....-.

...........
--.

...........
..........
........
..........

.........
..........

........
..--..
............
.....--..
...... •

It<>.......
u

r
"

...
~"""

.,
~

.
.
.
.
.
.
.
.
.
.
.
.
.

O
le

.
~

_
_

C>..
........

c
---"'-

-.-..

............

••• ............
..........

..
~......

........

.........
~

.....-.
_

.....
0

0

..........-
-

.
...

0
.

.....
~.

..
~

.
-.....

~...
...
~
-..

~
o

_
--

...
........

....
~....

........
~

...
~...

~
.

.----

.....

N
,

>
<

•

•
0

-• ,· •o
.

••••••• ~
:

o
•

••·. .. •••
0

"I::
••..••••••

•••..•o..••• •..'o••••

..
~......,....

~...-......
·.·

--

••-." ••00•,

••;•••· ,•,•:· o•,,•••

:- ·· •

_..-.•.•••
•••

.- _.....•

... ..•.-..- --...•...•••
..-

.........-..::i:~

0
•
•

-
:
~
"
:

..--.

..--..-

......
~.

."'
..

.
.
.
.
.

0
•

.-
...

...
.

............

~
..

..
-...

...
..

............
..........

...........

......-..
..0

.._
...

......
0

.
.

...----

...--...-

:::::
~

........

........
•~

..
.

.

..........
.........
............
........

•

...........
....

~..

.......
e

..

-.......

_
....

_
e.

"'........

~..
~
.

~..........
............
:
.
:
:
~
~
:
:

............

..
~...-

.......
.."'.-..

..........
__0._

•
z
.

_
..

_
0

_
..

a
a

..ll..
..

...
.
.

0
..

...0
~..__

...
--

-
---

............
........-

.........
-.......
..

...
..

-
-

~
...

~
..

.
_
~

...
~

...........

.........

~....-

..........

...........
............
...-......

..-.._..
.

..
...........,
.............

"'....
~..

...........
-

...
,
,
_
"
C
~

_
_

....,C
_

_
..

...
-

'"
...

::::
:;;..

•
o

r
_

..

.
.
.
.
.
.
.
.
.
.
.

0
.
.

............,
_

..
c

........
_

'"
..._--

..
~
-
-


..........
.........

..
~...--

......-..
...-......

-..
.................

~..
.............."'

..

.......-..

..
...

..
...-..

..
..

>
<

1
.
.

_
-..

-
-

..
-..

-
-

..

...............
.-....
...........

...............

...-..
..........

.....
~
.

.
-

-
.-

...

_..._....

_..;;_........
~
.

"'
..

..."'
...

............
..--"'..

...........
.........

............
....-..
..........
..-........
........

.........

_
r

...
...

w
..

....:
..

........-...
......
-.

......
0

...
_

_
.
.
.
.
_

0

...........

.........
.......-...
...........
.
.
~

..
.

-..

......-...

......
~..'"

........
~...

.......

..............
-....-..
..........
-......

..
.

..
-..

..
....

..
..

..
..

..-..

.. ..._......
..........
....

..
...-

-

......_..

_
C

"

-
-.

.._
.

•

.............

..
..

0
..

0
0

0
_

.
.
.
.

a
•

.........
o

.
_

...
.
.
.
.
.
.
.
.
.
.

0
.
.

..........
"

..
....-

.
...
~...--

~
-

...

_
c
~

...
....

~..

........

_.-..
...

-
<>

......
-..

~
..

...
~
"
'..

...
0

.
.
.
.
.
.
.

............

..."'
...

~
...

4
,
.
~

.
0

0
.
.
.
.
.
'"

.....---

•
0

.
.
.
.
.
.
.

.....!:..
............

~
-

.
.

........

.......-
............
.......-.
,
,
_
.
~
.
:
.
:

.......
........
.._

..
.._0

..
..-...--

.-....
............
~.......
.-. 0.....

_
_

---......

.
..

...
-

.........

...
~

~
~

...

............
............
..........
...

,,;~,,:,,:
..

_
0

......
.......

~..

...........

........
......-.
.......

...........
• .............

·......
.............
-e.-a
...--...
0

_

--
...

.
~

...
•

............
.-

..
.....-

...
~
~
:
;
;
:
-

0
..

0
..

.."'
-

.............

............
.......... .......

~

..........
..........
...........
.....-

..

....-.
0

.
.
.
.
.
.
.

........

•

.
.

0
.
.
.
.
.

_
a

..........
a

..
-..-.....-

...

,•••• -........
...............

..............
~
.

-..-..-
.-..-...

0
...

.
~

.
.
~

..

•
0

••o

••i:;:•. ,..00,• •
..-.•• ••••••••..•••••••
..•• !
~

..••....•-...•o ....
~
.
~
~
~

..
-
~
~..

~
~
~
.

..• ,••o
.

..N
'

••-•.-....•o

•: •••· ,•,••,l••••



•
N

>

•••

...,....... •••
"
:
,
~
"
;

.,.
.-.~
~
~

.,.~
"
:
,
~

...•
•

• ••
.......;.:.:

.........•••

...--.

..."'
...

...
..

'
0

...........

....--..
.....-

..
.
.
.
.
.

0
..

-.....-'"
.........
....

.
.

0
...

_
0

0
..

........-....
.............
-......

.....-"'''

..............
........

~

-.........
...
~..

~..
...,......

..
..

..
-

"'
...

...,
-
~

..
..

...--
..

...........

..-.."'..
"'........

"'..-"''''
"'''''''''''''

:::::::::::::::

...
...

"'
"'...

.......-..
...

.............

...........
....."'....

"'..-....
-"'---

............
.............
........

~..
-"''''-
......

.."'
~

---
..

......
"
'
~..

.........
.."'

-
--

--

..."''''.....

--"'--
....

..
..-"'..
.,o

."
,
..
~

.............
..........

............

............'"

...........

-...---
"
'
'
'
~
.
'
'

............
-"'

..
..

..
...

"'-
...........-

.
.
,
~..

~..

............
"'.."'.....

..........
-"'---
..........

.
,
~
"
'....

-...--'"

..."'_...
......."'..
"'....-'"

"'...,....
•..........
.....

~....

........

"''''''''''''

....._.....
...........

..........
.........

.."'....'"

.........
..........
--..-..
...
~.....

...."'.....

..........
..........
.."'..-..
..

'"
"'''''''..
_..'"

'"

.-........
.........

.-

"""'''''

..
~.....

---"''''

.,
-

~
'"

..."'
..

"'-'"
'"

..........
..........

......
~..

.. ,,--
"''''......

..........
..........
"'.."'..
...........
..........

...........

.,........

.........

....
~...,

_......
"'...--'"
••

.."'.......

.."'N
..

"'
..

"'-
..

....."'
...

~
..

"'-.
"'..

.
,
~...

..-...
........'"
__

"'''''''
..........
"''''...''''''

............
_

0
_

0
<>

...........
.............
...,......
...........
.-on""''I'"''
.............

..........
"'''..,,,.,,,,
..._"'.....

.....--..
...........

............

0
0

0
0

0
N

N
.
.
.
.
.
.
.

.....
----

...........
.............
-"'........
":-:~":'";
...........
-"'---
.....

"
'

...
N

":":.":":":
...........
"'-"''''-

......,.....
............
.:...;...;.;.;

..........

....,....
.,...._..
.....

:
:
:
:
!
~

..............

...,
...

...."'
...

..
N

..
~
~

..........
'""""...

............

.............

...........

..............
.........

"
,...

......",,,,.

......-..
..-.....
....."'0

_
...

_ol_......
"N

"''''''
..-....""
-0\1-",-

..........

e
"
N

"
'"

......."'..
.-......,.
.........
..............
..

.
:::!;;;:::

..........
•••• , .....

~....
.............
.
,
:
~
~
~

..........
...........

..
~..

~..
"''''....

~..
~..

~

"'
-

~
~

..

....."'.....
-.....,.,-

-.,.....
~

..........
.........

~

"''''--
..........

..........
........'"

.,.........
'"

-
<'II"""

.............
....N

"'..

•
•

4
~
~
~
~

~
~
~
~

~
4
Q

_
_

a
~
~

_
_

a
N

a
e
O

N
~
O
~
a

o
e
Q
~

~
~
D
_
~

.
N
N
G
~

~
N
~

~
~
O
~
~
~

~
~
~
.
~

.
~
~
~
~

~
~
.
~
.

~
~
~
~
~

.
~
~
.
~

~
.
~
n
~

n
.
J
.
~

z
•
•
~
~

•
•
•

..
n
.
n
n
~

_
_
.
_

'
.
_

..
_

•
•
•
•
•

_J_._
_

1
_

_
•
•
•
•
•

_

'.o... ..
"'-,.,....

•..
"
'
~

z
",

",...
....

~
~
-..'"

,."
'
~

"'--_
...

N
,

•••• .,"••

o
o

.o
•..~.• ••..00o
..,o•~
o, -.••..•••

,-•
o

..-..'••00~•···

•o· •· •••,· >•· •••o>• · o,

,,:-:...
-.- .0

>

-:".":
...

•••
•••

•••
.-.000

...
....,.-- .
.
.
~...

......'"

........;..;.;

....-.
...'
;
:
~
~

...":":":
..,•

•

'-
0

...

----
'"

"
'
.
.
.
.
.
.
.
.
.
.

0
.
.
.
.

....
0

_
_

"
"

_
..

_

.,.,,,..

...........,..
~
-

.............

............
•

•
N

...
-

...
..

"'-
""'''''''.
... ...........
"
,
-
"
,..."'

"'..."''''..
...........

......"'..
---

...
"
,

-.........
......"..

..............

.........'"

....."'.....

u
u

u
"
'"

"
'

..
..

..
"''''

..

.
.
..

0
.......

......"'..
.....

"
'0

0

"'''''''''''''
.........

"'...........
..........

~..
~....

... •
......."''''..

..---"

..
-

...
....

-.

0
...

...."
...

"
0

..
~

..
"'--

...

...."'.....

.........

"""'...
~..

.
..

"
'
~
.
,....

..-.......

.........
- ..---..'"
"'''''''....

..
"'

..
..

-
-..

..........
-..

.............

•

....."'..
....".."
.......,..

~

.........-
-

~
"'

~
~..

....
.
,
~..-

"'--"''''
.........

..........

.."'......

....
"
'
~

..
..
~

"'
..

~:.:::::::
:
:
:
:
~
:
:

.............................
...

..

.,"'
~

..
-

co

.............

.......,..

.....".......
...

......."'.
..

-
..

....

.........'"

..........

........
~

.......-
..

.
~

..
"

...
....

-...
.............
..............

...........
"'''''''.....
....."''''..

.. "'......
...........
........-

0
"
'
.
.

....
J
I

"
:r

..
...-..-..
-'"-...'"
........'"

•

..........

.............

...........
...........

............

"'......,..

"'''''''......

..............
-.- .........-

...-
..

............
.....-....
..........
............

"'.........
......"'..

..
...

.
.
~

..
"'

..
"".

....."''''.
.....

~
"'

-
'"

"'..
"''''

'''
..-

"'-.,
-..

~
..

...
~..-

"
,

-
..•

..........

"'........

..........
.,

...
"'

..
"'-"'-...
::::::::::::::::

-"'.......
........_.
.........
---..

............
.............
..-....'"
..........
---"''''

..
_

0
_

.
.

'"
...."

..
........

:r
..

....."'....

..........

....-..'"
....-....

.........'"
"
:
"
:
-
:
~
"
:

.........
..'"

...
.........
••

-"''''....
•••

..........
".":":":,":
"'''''''...'''
"'''''''''''''

............

............
....-.....
.....
:.~o:::o:::~

...........
.........

~

....,....'"

..........

........

....
_
~...

"'
..

....
~...,

.
.
.
.
.
.
.
.

<
r

.
.

O
L

..,
....................

••• .............

..........
...........

,, -......
"'''''''-

::::::::::::

"'.....
•.........

.........'"
..............-.-

...
..........,..-

..
.

..
..........

..........
-........
"
,o

.
"
'
~

..

..---'"

· •............
_

J
I

"
"

...
.""...""

~
~

••,,.0
0oo,••, · •••,.o
.

••,.•• %
t

..
•••

•

-.::~ ••.0o
..'..~.o ,..•
,o~
o, !•0
'

,.-...•

o••••··· >•••,•••

~
~
"
'
~

~
-..-....

~
a

"
'.,

~
..
~

,
.
,
~
.
,
~

..
·..
.,

~
-..

~..
~

~
.
,
~
~
~

...........
o

··· ••>•



••••

· ,·· .,...,•••

...
"

....u
u

..........
..........
.........
.........."..

u
u

u
u

u
::::;::;:::

u
u

u
'-

'u
::::::,:::

u
u

u
u

u
...........
..........
..........

•

.......
.............

••

u
u

u
u

u
...........
..........
"'........

~

...............
..........
..........
...

0
_

..
_

-...--..
............

...............
..........
..........
......_..
.....

~..-
............u
............
..........
.........-
--..--
............... ......•••

-..•••

•••

•
••

•••

-..•••
•••

... .. .--.....-...-:-:c:
•••
.. ......••• ......

-."'-..
-.......

.......-

....."'...

--.--

."'
-

...
..

•
••••

..........
....."'....

..
"
,...

..........
.....-..

.........
.............
•••••
...-

..
-"'

...
...........
-........

.-......
............-

o.

•

......---
-.•• .........

.............
............

......
..........
..........
.......-.
~
"
;
"
'
:
-
:
~

..-....-

.......
..........

..."'..
...."'.

0
..

_
0

'"

...
..

............
......

.....-...
...

.....-..
--.........
•••••

•
..

-
_

.

.........
........
"
0

.
.
_

0

......

........'"
........"'...
.....-

...
..-

..
...........
..........

..........
.........

........-.
.....

-
~..

-........
.........

..........
~

-...-...-

--.--
.......-...
----..

.............

...........
............
........

.."'.."''''
"'''''''''''''

.
.
.
.
.
.
.
.

0
..-...
..........
..

.
.."'

..
-

.

-.. ..-

-..---

.......-
_..

............
~
:
:
:
.
-

.........

........
..........
..........
...........
...........

..........
"".""..."

...........
........

,• .-.

.......
-

..
.._

..
-.....--

.........
-:'".":":
..........

.............
-.....-..

.......

..--.....
.......
........
.........
--'."....

"'
..

..-
...

...........
~
:
:
~
:

..
...

...
..

........
..........
...........
..........
........
.........
............

'. .....-
.........-

----
...-"'-...

..........
..........
..-.......
~-:-:":.":
.............
...............

.-
-

.
...

.
..

...

........
':"':-:-:-:
0

..
..

-
......

..........
..........
......
............

.."'......
......"'..

.."'......
..........
.........
.....
..........

..-..-..-
•

•
..............

...........---
.....-

..
..........

............
-.-

-.
..-

----

...........
.

--
...

...............
0

_
.
.
.
.
.

0
_

..........
..........
.............
..............
.......
.._-...-
-:-::c:"':":
............
·

"'...
..........
.............
............

~
~

..
~

~
~

~
..

·.·
.•

,.,••• ••,.'...O.••..••••••
!::
.'••,...•..~
.

".••."••·
•

....•• •
...'..,.•

•"• , · ••~•:,;••

_c
"'

"'''''''..
"'''''''

"'
"'..

....
...

•
•

•
•

•
•

::
:

·.

-..--.~
~
~

.
:
=
~
:

...:.,;
•
••

•••
•••

...........;..;..;

•••
... •••
... •••
•••
......-..•
••

....... .- -.............;..;..;
•••

"'
"''''

"'
'"

...........
U

U
U

"
'u

:::::
0

"'.....
...----

...
"'...

"."'."
..

..
..

..
.
.
.
.

or
•

.......,.
..........
...........
........
......"'..

:.-::::.:;;;
.....

"'....."''''
"'''''''...'''

•••••

..........
----..
"'.........

.........'"
-...-...
..............

U
U

U
U

U

:::::

.....'".
........

.-
-

..
..

..
..

-
-..

....
or

..
",

...
.....-

"'.."'...
..

_
..

:;":::
...."'...•

•

...........
..-

..
...

..
..

..

...
•

..
.
.
.

or
..

.......
'"

....
_

o
ro

r

"'
"''''

"'
"''''

.._.....-

..........
.........

............

..........
..-......

.............

..........
.......

...-
.

-
..

.............
..........
or
.
.
.
.
.
.

........'"
"'

"'
'"

........"''''
""

...

~
~
~
~
~

..........
....-....

.......
~...

-.
"'..

...........
.-....-

"'
-...

.
...

....."'..
...

" ....

or
.
.
.
.
.

........-..
..

"''''...''''''
"'''''''.....
............

U
u

u
"
'U

.
.
.
.
.
.

Z
..

......-..
.........

..._-....

.........

..............
.....--..

.
~...

...
-

...

......"'....
.........""

.........
..."'-"'.
..............
..............

...........
.........

"
'o

r_
"
,,,,

......--

.............
.

.-
..

-..
-

...

"'''''''''''''
"'''''''''''''

.......
........

.........

......"'....
.............

...........-

.......'"
........

..-
..

..
..

.........

.............
.............
.......
....-

...
....-..
.......-

..........
............
........'"
•••••

"'.."'..

..........
-....--

......."'.
":":"::"':":

u
u

u
u

u
..........
..........
..........
........
............
.........

........-

.........
..

..
.-

..
...

............
...........
........

..........

.."'......
...........

.
.
.
.
.
.

U
.."......
..........

"'..........
.....--

......-..
-.

-

......"''''...
"''''...'''...

.........

....-...
~
~
~
"
'
:
c
:

.......-..
-"'.....

::::::

.......'"
.......-...

..........
-::"':c:-::••
........
----...
.

.

..........

.........
_

0
_

0
0

............
..........

"'
'"

.."''''
'''

....-.
......,..
.........
....--.
-........

....-....
........
.......
.....-

-
.......

...-.....
a

:,:.:;
.......
.....---
....."'..

......'".
.."'......
.......-..
.......--
..........

-
.

........
..

.--
..

..
..........

..
..........

...

............

........
....-......"'...-

...-.......
.........

..
0

0
.
.
.
.

..........
.............

...........
:
o
:
;
~
~
~

...-..
...-

...
..--

..

••• •• ...._...
....-..
.............

•

-........
..........
.."'....
.........

_
-...

--
-

......"'..
"'.."'''''''

."'."''''

.......
....::::::

........
.........
0

.
.
.
.
.
.
.

.......

~
~

_......
~

-....
":":-:-:-::

C
I
~

...
_

.
.
_

_
_

· ••• ..O
.

•••••

.,..•.....
"'

..
....1

...
_

.
.
_

_
.....

_

· •••••..•-,..•..••o•• ..••••••..•••z-"••".• •
..~
'

'"••

••••,•,••,,••,•· •••



•••
•••

.-.-....••... •••
C
:
~

":
.-.••• ... .
o

.

...~
"
:
~

...•••
...,:.;,.;
--.••

•
...•••
.....;..;,:
... .-.... .......-. •••
......o

.
•

.............
............
-...---
..........
...........

...-....
......
-......
••

•
--......

::::::::::

........

...........
.....-..
.. .......
.........
......

..........

.-
..

_
...

.
.

..
..

.......
..........

...............
u:::::::.
......

•:........

.......
"
:
"
'
:
"
:
~
~

........-

...
...

.
.

...........
...

..
-

....-..
..

..
••.............
..............

........
........
...........

..
.

..--
..

........
....-..
........
.............

...........

......

.........

..
..

..
...

................
....."

...
..

..
..

.
........

.........

• .......
_

.
.

0
_

.
.

.-......

-......

...........
...........

...........

.....-..

.........
..........

............

........
.............
•
••••

..c......
.............
..

"...
..

-..

.....-.
......-.
........
·

....
........
..........
............
......"'......
..............
...............

..
.

.
-

...-
.........

•

-.•• ..............

............
-.......
............
.............
.............
.............

.........
.--..-

.
.
.
.
.
.
.
.

0
-......
•
•

_
0

"
......-..

..........

..
...

-"'
..

...........
......"'....
........
............

.
.
.
.

_
..

0
...........

......

........

.........

.............
...............
...........
..........

...........
.
.
.
0

.
0

......

............

...........
...........
............-

.........
...........
...._.
....-.....
•
•
•
•

co
.......
----..
.............
"'............
...............

..........
........
........
............
......

.............
............

........

...........

...........
---..-

..................
..............
..........
......

........
...-..-...

........
.-.......

';":...
..-

.............
..............

............
..............

.............

........

..........

...........
.....-.....
.........
............
........

........
--...--
........

............

...........
U

U
U

"
'u

...
...

..
..

..........

...........
_

_
0

0
_

...........
.......-..

0
0

...
_

..
..._

..
...
......-•

••

..
oo

-
.

~........
...----

"'.........

••0
.
.

"'
..

....-...
..-

..
...........
......
0

.
.
.
.
.
.
.
.

.......
..........
...............
...."'

...
...

...

...........

...........

"''''-..
-

...
........
..

..
..

..

........
..........
U

U
U

u
u

...
...

..
..

....
~.....

........

............
............

...........
-........
......
...

.......
---...
........
......

......-

.........
..........
........
-..---
..........
..........

u
..

u
u

u
..............
...,......
..........
.....---

..........
...--.

........
..."--."
...........
..........
..........
..........
...........

•
,• ....."'.....

:• .......
.........
--.......
0

0
0

0
0

...........
............
..........
•• ..........
.........
:-

:::-

...........
..........
...-

...
"'

.
.........
...........

..........

.........

...........

u
U

u
u

u
"...........
..........

....,
..

...-..
...........

•• ,•••••o ,,:
' · 1••0
'

,..,•••,0
-

0
'

J
.••

..'..-- • ••..•
0•,•••0-.'••·.·, ~
~

1
0

••,...••••::-.:0••00~

••·:J • •·•,•••• •••• 1

•••
•••

--." .-......;",;..:

......~::~

...-_..;,.;.;
... ...........•••
•••
•••

!;!;!.

•••
.....•

•

• ••
.. •••
...........

..

::~::::::

..............
::::::

.-.._-
......
..............
.........

..
..

..
-

..-........
":":"':":"':
..

.
...

...
.......

........
...-....

............

......
......
---

...
..........
...........

...........

----...

--.

..............

.......
.........
:;;;::::
......

................
::::::::

...............

..
...

...
..

..........

............
"
."

"
'''

.
.

..
...

........

.
.
.

c
..

..--
-..---

...........

-....."'.....
..............

..........
..........
............
--.....-

-......
......

......
..............
••••

•

..-
..

-
..

.....

.............
..

.
....-..

,•
........
........
.........
..........

........

................
...............
..........
.........

•..
~•. ••

•• ..................
::::::n

...-
..

...
..

..........
...........
...........
.............
•••••

............
..........
..........

..........
.."'....-

...-......
.........
....-..
.......-...
...........
.....

-
..

-
...

..
...

..----

-......
.........

.- .. .......

.........
..........

-"'-....
............

........
......-
..........
..........
...........
..............
........

--.--

..........
_

_
_

0
.
.

........
_

..
"
.
0

.........
.

..
....

..
::

.

.- ..................
:::::

:::::::::::::

..........
...0

.'"
-........

.............
-".-.

...."'
...

...
...

...............

...........
..............

.........

..
..

...
...

..
..

..
........
--.....

--......
..........

.........

..........
~
"
:
~
~
-
:

.
...

..-
..

............
...........
.........
...........

.......-

:
C
~
~
:
:

.
..

...
...

..
.

'.•:::::::::::::::
...........

•
•

0
.
.
.
.

_
0

_
0

0

.............-...
...............

........'"
...........
.........
.....
........

..........
...---
.........
....................
.............
......

..........

........
.
.
.
.
.
.
.
.

0

.........
........
..........
...............
......

..
..

.
...

•
..............

...............

0
...

0
.
.

.............
"'''''''.....

.
.
.

0
_

.
-......_-

...

.........
...."'.....

..........
.........
............
........
...............
.........
.........
.........
.........
........
.......
..............
.....-...

........
..........
...........

......
u

u
u

:::n

...........

..
.....

::::::.

......
..........
............

........
.......
-..---
.........
...........

----0
...........
.........

............
-
:
~
"
:
"
:
"
:
.

.........
............
............
.....

...........

.......
.
.
.

_
0

.
.

_
o

..
~

•
.-....

u
u

u
u

u

::::=

•
't::

,,1
::::::::::::;

-
..

•
0

...
"'

"''''
0

0
...

•••••••••••0•••••00
'

••o.
.,•
..•

0

••
""•

o
.

;'0

•.
,

..•o
o

..~
o

--• ..••
· · •••0

'
•••••••

•••,••·!,•• , •:•· •-

••
•••

,•· · ••
"



· ~
...v

-o
u

...
u

u
u

u
u

u
u

u
u

u
~

~
~
~
~
w

w
w

w
w

w
w

w
w

w
w

..
~
~
~
~
~

~...
~.....

....u
u

u
u

:::::::::::::
u

u
u

u
u

::::::::::::
u

u
u

u
u

......."'...
..........

u
......u

u
..............
...........

......
u

u
o

.>
..."'.......
..........

•••
..•••

· ~
c
~

o
_

_
~
.

_
0

0
_

0
0
•
•
•
•
•
•
•

~
•
•
•
•
•
~
~
~
.

0
0
•
•
•

~
.
o

"
.

· •, _...•
........

..........
....._.......................

............
..................................--. •••

-..•••
•••

•••
•••

... •
••

......-. ._...•
••

•••
•••

•••
.--•••

...-.....
..........

............
............

..
..

..
..

.
~
~
~.

..............
..........
....

~
~

~
-
~

-
....-...
....

~...

..........
..........................

-..........
~-:":"':.~
.............

..
.

.
.
.
.
_
~

~........
...

~
.
.
.
.
.

.
.
.
~

..
----

.........

...
~

...
..

.

-........
......

~
-..

.
~
~
.
~

...............
..........

.-.......
.........

.
.

............
...

...-.-
----.
.........

......
........

...
~.....

....-..
~

...............
.............

..........
0

0
.
.
0

.

........
~............
.........
..-

.
....-.
-
-
~

..
...........

........

-.....-...
......

~


...
~
~....

...
~
~
~
~

•••••

.........

...............
......."...

...........

........
~

-..........
.....-..
..

~......

..........

...
~.......

-..
-
~
.

.
~..

~

...
~
~...

~

-..
~..

~
....

~
.

-
~

-
~

.-
...

.........

.............
.
~
~
-


...............

• ..
.
.
.
.
.
_

.
0
.
.
.
.

_

"'
..

...........

...............
..............
............

..
~..

~
-

.
~

.
.
.
.
~.

-
~..

~
-
-...

~..
~
-
.
,

........
...

~...
.

..

...........

...............
.............
~...........

........

.........
-.-....

.
~
.
~..

-..
~..-

...........

........._
__

_
_

_
0--

.
.
.
.
.
.
.

_
_

0
..

0
_

_
.

~
.
~

~
~
~
~
~

~
N
~
~
~

~
~

~
~

~
~
_

~
~
~
~
~

~
~
~
~

~
_

_
~
~

~
...

_

............
.........
-.......

.....
~...

~
~
~

...........

...................

.........
-.....
.........
...............
~
~
~
~
~

..........
...........

~
-
~..

..........

.....
...

0
0

.
.

......--
.

--.-..-..--
· •••

•••• 00,.•
Z

_
~

_
_

~
~

...
Z

Z
..
~

~
..

-
..

:
'

........................................................................
0

0
.............

...............
...............

...............
...............

...
............

•.-•••.:••
..'••~-• ••..•• T
~

.
,...::

·•••• ....
.

..
....:I:

.
.
.
.
.
"
,
.

_
.
.

..............-
.

·..
....

..
•

·· •,•,••• ,

•••·
•=· •

_..... ...... ...•••

... •••
.....

..
...

............

.........
u

u
u

u
...

..............
.......

...........
...........
..
~..

-..........
..

...
...-

--
.
~.....

~
~

...
_...

~
...

• .......
~..

:::......-
..........

..
~.....

~
....

~
~.......

~

..
u

u
u

u
............
.........

........
...........

.........
•• ...

...
_

..

..........

..........

...
..

...
...

..
..

......
~.

.
.
~...

~...

.
~.....

~.....
~

~..
~...

~
.
~..

............
...............
..........

...
...

..
..

.........
.........-..

...-..
~

.........

........
•• ..........

........

.......,..
...-.........
..-....

.......,
.....-....

....
~....

.........

............
...............
..........

......
-
.
~

...........

..............
.........-

............
...............
..........

•
... ............
..........
..........

.........
...,......

..
~........•

........
:
:
~
:
:
:
:
:
:

.......

.........

...........-..
~..

~
~
-

..

•••

........

.................
......

~
-

...
...--

...
.

.,
..

-
-..

,•

· •· • ••••..........-
...........

,..,••,.. , .
,••
-,.:If

...
..•..,.••••..••

o=•

z
.
_
~

~
~

_
_

..
~

...
.
.

1
.
.
_
~
_

~
~

_
_

_
_

_
_

~
_

.
.

..
....

.
~

-
_-

--
~

•

• ••

•••
••

•

-_.•
••

..._.. ...•••

~
:
:

...... ...
_.....
...........
............
..

..
..

..

.
.
.

0
_

..
..

..
.

-
-...

.
.

...
...

..
.

.......,..
.......-...
...-

-
..-

--

...._-.
..........
...........

.....

..
...

..
..

.....
...............

............

..-.
..

..
..

.
••

•

..
...

...
-..

......
...............
•••••

..........
...........

...
...

---.
........
...............
.......

..........
..........
...........

•
0


..-

•••••

.............
.............

......._...
....-..
.............

-.-
.....

.........
......
..............

...........
.......-
........
...............

............

•••••
::::::
............

...........

.........
~..

.............

...........
-.._.....

.
~.......

...............
.........
..-.....

•••••
..-

...
....._

...

...
~
~...

...............

..........
..........
..........

..............
•

••

..-..
~
.

...........

..-
..

-
..

..........
...
~.........

......

..........
..........
..........
-

...
~

...
.............
.............

...._..
"
0

.
.

_
.
.

-........
......

~

..
..

-
~

~

.....

...-
..

·
..

...........

.....-
...--

· ••,."
Z

_
~

~
..
~
.
.

•
.,

..
_

~
_

_
Z

Z
~

_
.
.
.
.
.
.

_
_

"
..........

...
_

0
_
~
.
,

.

•• •
.."••••" .-•· ...-• · •·• ,•=· ,•,••••
0

"
~

.
.
,
0

~
~
~

~
~
N
~
N

~
~
~

N
~

~
~

~
N

~
~
~

~
~

~
~

...

,•:·
"



•• •••

.
0

•

•••.-•••
•••

-..0
0

0
0

0
0

•••

-..-..•••
0
•
•

'"•••

--0
•••
•••

.-.
.-..,."':":~
..-••••••
-.••• ...".0
•
•

... ,..... •••••
0
•
•

-.,....-

•
0

••
•• ........

......"'..

.............
..............

...........
--......

........
.--

..
..

...
_

...
...........
":~":.-:":
.-.......
•

••

........
...........

..........

...."'.....

......
.........

_
u

u
u

u
..

..
..

..

.........
...-....
.............
..........
.......
...........

..........
...........
..........
..........

....."'...
---"'-
..............

.-.

..-.......

...........

............
.............

..--...
•••

.......
.........
.............

..........
....--...

..
-

...
..

..
..

..

.. ..........
..--....
.........

.....-.....
.---..
.

...-..-..

..-.....
......-..
.. .......
....--..
•••••

-
.

----
...

............
----00

.........
--......

.........

...-.......
-----

u
u

.......
.............
..........

...........
........-

.........
.............

.........
-:":":.":-:
...........

.............
...........
.....
......-..
........

..........

...........
----..
..........
..........

.-
..

..
.

....-
..

.-•••••
..............

............
............
...........
.....-
.........
-..---

Y
O

"
''''U

:
~
:
;
:
:
:

.....-...
.......

..........
.........

.........
.........

........

...........
-...---

...........
...........
•••••
...........
..-..-
.

.
...-

...
......-
....-...
.

.

.-.-
...

~
-
:
-
:
"
:
"
:

......--

.-......
.-..-

...-......
~
"
:
-
:
"
:
"
:

-......•

•••••
...............

.............
..............

..............

..........
---...

..........
-...-...
..........

..........
.-.

............

....-...
.......
:::::

::
.........
--.--
--.....

..........
.....-.
...=:::
............

...-...
...-..
.....--..
..........-

.....

.......
.........

•-.._-..

•••••

..........
-..........
.........
_

e
..

e
_

...-..
.........
..........
...............
.............

.........

.............

...............
...........

........
.........
...........
...........

-.......""
............

..........................
..

a
..

.........
........

.
.

-
..

...
...--

.............
.........

...........
-.......
.....-
.........
........
..........
.....-..
--.......

..........
..........
..-...--

...........

................

..
..

..
..

..........
":";,~"'::":
-

.
....-

-
or
•
•
•

or

..........
....-..
..-....•
..............
..........

............
....---

"'........
.

-
••-....._.
•..............
..............

...............
............

.........
":":":.":.-:
..........
-..-..

.........
-_........
..........
...........
.........
....-.....
-.....--

.........
•

•

.........
.............
..........
..-......
........

..
-

--
...-

..........
--......
...........
..............
...............
•••:• .........
..........
.........
...........

......-
-

..-..-
-..

......-.........

........
........-
....:..
.............
.............

............
.

........
-

...
--

...
.........-

.........-

............
.......-
...........

........
............
...._..
..-......
•••••

....................
-.....-

...
..

•1
~
.
O
.
~

•
•

••
•

0
.
U
~

•
•

w
•
•
•
•
~

w
1
~
•
•

a
w

•
•
•

..
~

.

•• _
0

•••o0
'

•••••
...'••0: .o.!.:
,.••.U•••••••••••,..•• _..-•
!=·
0

.
0
..:0•••••• .-••

•,•:• •,••
0

;:
-
;

• 1
~•
••

•
•

:!•:••

•••
•••

•••

•••

-..•••

•••

-.••••••

•••

,.,... -.. --...-.-....-•••

:;';:"
... ..0••

......... .. ....-...,

...........

............

............
.............

........
...............

..
-

..
.

...........
..

_..-

.........
..........
"co

•
•
•

...--...-

.........

.........
.........
--..-

........
~....--
-...-.....
...........

•
_

.......
o

-
u

'"
............

...
........-.

·
..

......-...

.......
--..--
............

..........
...........

........

...........

..........
..........

..........
........-.
..........
...........

.........
.......
.....-...........
..--_..
........

.
.

...
-

.
.

...
..

...---..
..........

...._-..
...........
-.......
...--
..---
.......
.........

.............

..-......

..
..

---..
..

..
..

..

........

.........
........
..----

....-...
..........
.........
.........

.
.

-:":
":":

..
.

"-.---

'.

..
..

-
.

•••

---
...

............

.......

...-....
........

.........

.............

..........
......--

.......
........
...........
..........

.........
-:-:c:c:c:

............
.........
...........
.....-..
.. -..-..
............
..----
..

..
..

..

.....-..
..----

..........

.
..

.
..

"

...-........
...........

........

..........
...........

.......
...........

............

.........
.........
.........

..-........
.........
...........
.............

........
.........
..........

........

.........

--
.

--
.

............
---...

.............
............

.........

..........
...

............
..........
.......
...........

.........

...........

..........
-:-:-:-:c:
...........
......-.

.........
..........
...........

...........

.-.
...

..,...

......
...-

-
.-

..
•
•

0

•••••
...........
..---.
-......

.........
---......

.......

........
...-.-

.............

...........
......-.....
...........

.............
..............

:
:
.
:
:
:
~

..........

..........
............
........
.......-

..........

..-...
..........

~
:
:
:
;
:
;
:

........

............
.............

..........
...........

........

.....
.............

.....-......
........-
.........
•...........
.....-...
........

........................
...........

...........
-_.....

•·
-

......---
--

--
..-

-..
........

..
·-...........-...

...........
.-

..
.-

..
.........

...

.........
.-

-

-...."'...
•

•

.......
.............
...........

••••• .......-
":"':"':":":.
............
-.........
..........

.....
.............
...-.
-

.
..........

...........
...-...

...........
.........•

...........

.........
......-..
·

.

.-..-.
......-.....

........•

:
_

u
.
u

u
.
u

u
u

u
u

u
.
u

u
u

u
•
•

u
u

u
u

u
u

o
u

u
u

u
u
~

u
•
•

.
.

~
~
•
•

L
.

·
..

•• !.:
••, _.0

'

•..:..••,• •o.
0

'
••••• ~
:
l

•••••••••.••o•
.,,0

'
•••• .
0
,..,•••
..••

••••:·:•o••••••!•••-



... '"-- ....W
.

"'
...

.
.
0

.
.
.
.

'"
........

.................

o
J
.
.

"
'

U
....

0
...

..........

..
..

.
...

-----

...........
...............

"'........
--

-..
..........

.....-

...........
...........

..........
o

'

"'.......

,,"
u

_
u

'"
............
..........

....-....

...........
..'"..",...,

........
...--_.

............
...----
.............
...........

.-...........

• "0'"'''''''
............'"
,,"'.,.,.,
........-..

...---

"
,,,,o

.
.
.
.
.

"
'''''''

"
'....

"
'
.
.
.
.
.
.
.
.

_
..

_
•

...---
"'----

----..
--

-----

..........
......"'...
•

....
no

.....

--
...

.....
Z

...
....-

..
..........-
"

N

..........

..............

............
...........

............
...........
..

...
...

--
..

.

............
"
'
~

...
u

...
........................
.......,:<

O
>

...J.,
.
.
.
,

.............-......
N_..

_.......

...........

..........

..
..

..
.,

..
.........
...--..

...-......
w

_
_

..............

...........
...----

u
u

u
....

.......
:t

..
...........

...........

...........

• _•o
.

"w
•

•• _· o••
••,.0

0

.,0_••••.•0..............
............

......
.. ..Z

...
..

_
_

......
_

N
...

_
_

_
N

..•• _

_•• •·

•••
•••

•••
•••
•••

.
0

•
_.0'"•••

•••
_..•••

:
~
:

~
;
~

•••
..- 0._~
"
;
"
;

•••

...-.....
":":"l':":
.............
:::::::!.::
.....
.............
.......-
........"'..
.............

............

..........
"':"':":":'";
............
_...-.

.........
-:":":":.":
0

...........
..............
..........

....."'.....

..."'.."'..
..."'..'"..

......'"
..........
..........
.......
"':"l":.••":
...........
----...

............
.............
...........
.......--
...........
............
":"::"':":":.
...

..
.

"'-
...........
.........
...........

..."'....
""''''C

O
'''

.............

..-
..

..
0

..

...........
.......
"'..........
"''''

..
.."'

..

..............

-
.

..-
..

:.:;
:

...........

"'..."'..

..........-
--

'"
"
'

0
..."'-

...

.."'
..

"''''
..

"'........
............
..........
...----

_..0._
.

"'-....
......"'.
......'"

..."'
-

.
.
.

0
..

"'
..

.......--
.......'"

-
..

.
.
.
.
.
.

0
...

.........
~

-.."''''..
0

.
.
.
.
.
.
.
.

..----

.........
..........

.
~........

...
o
~
o

..

...-"'......
•

••
-"'

..
..--...
.
.

...
0

0
0

--.........

..
...

"'
..

.......'"
..........

..."'..'"

..............
-.-

...
.............

....."'.

...-..
"'

.
-

..
..........

............

....
"'..

......
CO

.......
-...--

-..."'...
........

..........
............

..
~
:
:
~

----'"

............
----

...

--
..

,."
..

......

..........
..........

...........
-.......
......-..-.

:::::::::::

0
.
.
.
.
.
.
.
.

..........

....
_

.....
eo

..
_

..
...........-

..
..........

-...•

...........
...........-
~
~
~
~
!
.

....._0.,
..........

.........
..

oo
_

_
....--

..
," o•• .........
...........

o
0



O
'

o~
W• o....•

,- O.••'0
o.0

0

••00i .-"'W w_o

· ••~•,,~•o>•

•••

•••
•••
•••

•••

-..•••
•••

•••
.
0

0

-- ._.•••
•••

•••
... ._. .... .....•••

...•••
-:...'";
.......-. ..........-....-..... •••
..0

.
.
u

·
u

..
...

..
..

..._0_
...-..--

.............
--..-...
0

.
.
.
.
.
.
.

.......

...........

..........

.........
............

..........
"
'''.''0

-

.....
~..

...-...--

...........
.....

~....

.........'"
........'"

0
0

0
0

..
...

.......
...----

..............
..."'..."'..
......

...........

....."'...
.............
.........'"
..

.
..-"'

..
..."'

..
0

.
.

_

..."''''''''''

-.-..-----
...

."'......

............
.
~
.
;..

...............

.........-.

..-"'..
"'

..
...

0
...............

............-
";":":":":
...........

.........

.
.

0
.
.
0

0
..............

..-
..

-
.

...-....

........
0

_
.............
-

..
"'

...
_

"'0
..............
...........
____

'"

..........

-....."'...
...........
............
-...---
............
.........'"

........
••

•

...........
--

...-

.....-...'"
..........

~

.--

~

.....
U

.....
...............
...........
.............-
..........

........"'...
...............

............
...0"_,,,
"'.."'....

..........
...
~........

........."'...
..............
...........
..

..'"..
...........
.........
...."'....

........

.........'"
.

.

...."''''..
..........'"
..........
"'-...-..

...-......
.
.
.
.
.
.
.

0

-.."'.-

•• .
.
.
.
.
.
.
.
.

0

.............
........"'...

........
.
.
0

_
0

0

.....
u

......

=
:
~
=
:
:
~

...........
...........

-.."'.
....."'

...

...-
'"

_
'"

.........
-

",,'"
..-

...
...............
"'.........'"

.........'"
............

.........

...........

........CO..
"'............

,.

.."'''0
''

•••
........'"
_
.
.
.

0
0

..........
...

.........
.
.
.
.
_

_
0

.
.

0
_

......
0

.
.

........."'...

0
0

*
"
0

..............
.......,...
.....-.••
-"'......•

""''''0
'''

.........
...."'.....
"'-.

'"

.."''''...
-

...
..........
............'"
.........

......
.-.....
........'"
--"'...'"
"'....."''''
"''''..'''..

.-......
.......
..."'...

.--

.0
"'

..
0

_
_

.
.

..."'.."'..

............

........

0
.
.
.
.
.
.
.

............
..........

............

............
...."'..
-

..
"'

...
"'--_

...

..-..-
...

.....-
...

..........
-...--
......."'..
....."''''...

............
...."'......

.....
0

.
.
.
.

...-..
...-....
....'"

'"

......."'...

---
...

...-......

........
0

.
.

.........
..........

0
_

.
.
.
.
.

......---

.............
............

..........

•
•

"'0
"

...........
.............

........

..............

..........
_

0
0

0
0

...........
_"''''

...
........-
- ..
.
.
.
.
.
0

0
..............

.........
.........
.........'"

::.;:;:
-...-"''''
.-..--

..............
.......
...........
-.....",,'"

...........
..........
.............
........
........

:::::::::::::::

..-
...

~
.

..-....-

""'_
0

'"
..-......
...........:

..........

..........o
'

...........

............
........,.'"

....--
......
........
"''''.....

.....-....
............
............
............
............

.....
"'0

"'''0
..0

_
0

_
0

_

............

::::::::::::

.
.
.
.
.
.
.
.

0

_
0
•
•
•

......"'-...
-

-
...-

-...

••
u

......

:
:
~
=
:
:
.

.......
...-..--

"':....."':"':-:
"':"':."':

...---'"

:
:
~
'
~
;

..........
-.-

........
........-

..........
..-.......
..........

.........
.........

••••• ..........
"':"':-:~"':
"'-

..
..-

.
..........
"'--.....
..

co
...

_
..

...........
...............

·~n-
0

•••-" ••d••••00•o•••• •.-••o~o••0
•

0

••~o ~
~

o
•

••,n••"••••••
••
,.o

.
••O'
'
0

•••.•o ..0
-

_••••,,•• _ ··· ,•"



'" .
o

.

.
·
0

·.0

•••
•••

0
•
•

...•••.0
... ...•••
~'":.-:
...o

•••
•••

•••
......•••
•••
.0

.

."'...

.
.
.
_

.
f
t
.
.
.
.
.
.
.

....--..--..
"'

..
..

..
.........

.............

..........

......
":":"':":'":.
........

.
..

..
-

.
u

.
"
u

C
...

...
..

..

-......
.........
.......
• f
t
.
_

.
.
.
.

.....
.....-..
......

'"

.......-..
":-:~'";-:
.
.
.
.
.
.
.

f
t

....-....
.........

.
.

.
.

..
..

-
-
~
-..

.........
.......
-:":";":";.
.........

........
'":.'":.":"':":
.......
---....

...........
.......

..-...
.......
_

f
t

f
t

..
..

--_ON
...........
......"..
.........
---....

.........
.......

"'..._-
":"';":":"':
...-..
--

-

--......-
-

•
_

f
t

.
.
.
.
.
.
.
f
t
.
.

.
.

_
.
.

---....

...
~......

....."'..

.......-
......."'.
.........

........

....-..
.. -....
.........
--...-..

u
u

.u
c
>

...........
...,'"''''
............
--...-...

......

............

.......
.......
......"'..
...."'''''''

.--..
.........
..........

........
-:-:":"':":
........
·

......

•

--.....

.
.
f
t
.
.
.
.
.
.

..........
"'........

......-.
.._-....
...........
.......

...-...
........

.
.
_

f
t
..

.........
........
--......

........
..............
..........

..........,.
..........
...........

.......
_

.
f
t

..
_

........
..-......
.........

.._......
-:"':":'":.":
........

.........

.........
..........
........-

f
t
f
t
.
.
.
.
.
.
.

..
..

..
..

.........
........

..
..

..--..

.........

........
.........

..........
u

u
u

...."
..

...........
..........

.........
-:"':•.":-:
........

....-..
•

f
t

.
.

.-
..

f
t
_

f
t
.

~.......
..--..
....-...
..---
..

....

........
"
:
-
:
"
:
~
"
:

.
.

f
t

..
..

.........

0
•
•

•..

•
o

.
...."'.....

.......
'";";":":":
•

f
t
•
•

f
t

-.....-...

...........

..........

_......--
-

..........
--"'..

"'
-

..
---..

-.......
.........

......."''''
]
I

.
.

...",..

......-..
.......
...:....

....
~.."'

-0_0-

...........
..........
........
"':":.":":."';
-.......
..---

.-
..

..-.-
...

..
..

.
.

_
f
t
.
.
.

.......
..

.
.

.

--..-..

"'.......0
•
•

.....--..
.
.
.
.

0
.
.
.
.

...........

........

..........
......o
....

_
N

..

..........
..........

..-_
...

.............
.........

..........
..........

....-...
";"';':;"';":
......
......
..-.-...
.......
.......-..
........

...........
..........

.
...

..-
..

.......
......-
....-.....

............

...........
............
..........
..

O
'

0
.
.
.
.
.

•
0

..........

.........

..........

............
............

....-.0
--....
.....--...

...",.""
=....

~

-:":.":.":."':
---.-
..........
...........
.........

-......
.........
......
..

-.....
.......

--.....
":.-:~":"';
..........
..........
.......

..............
:::::::::::::::
_

N
.
O

..
N

_

...."'....
............

..----
....."'...
....."'...
..----
..----
..........

.........

......
'";'";"':"':"';
......

....-..
.........
............
-.-....

........'"
.......-

......_..
~-:"':~'";
..........
..........
......

.."'......
........'"

.......
..........

.-......
..........
.........

~
:
:

•• · •··"•••,..'•"'5•••
,-·.:..•• ,,--'••~= .,••.,•••-.,.••••..••••:••,.••••,.. ,•..••••

•••••· ,!••,!,•••• · ••...
"'..'"

..
••i

~
•

•
•

•
•

•
•

•
0

.

•••

0
•
•

•••

•••
•
••

•
••

•
••

•
••

•••

•
••

....0'_...0
•

...·- 0'•·.. ... "
0

... .
0

•
...0

'.
...·

'.. ........ ..0......~....

~........
--..--

"'.......

....._-..
~
-..-

..........

...."'..
~'":."':":"':

~
:
~
.
:
:

.-......
..........

:;

..
..

..
..

..........

u
.
.
.
.
.
.
.
.

..........."
..........

.......
"':-:":"':'":.
.
.
.
.
.

oo
..

...........
•••••

..........
.........
~
~
"
'
:
~
"
'
:

.........

..
..

..
.

•
.
0

"
'f

t
•
•

"
,

•
f
t
.
.
.
.

_.......
.
.
.
.
.

0
.
.

...........
=:;~:::=

.........
..........
..........
..........

.._......
~
"
:•.

~"':
.
.
.
.
.
.
.
.

f
t

.........
...

_
f
t

..
..--.

......
.. .........
-..---

......-.
........
..........
...........
........
...-

..
..

-

• ..
u

..
:::0

.
.

"
..

.
.
.
.
.

o
o

.

...........
-:"':-:-:<:

-.......
.
.
.
.
.
.

ft
..

........

..............

...-
...

-
..

..
.000

.
.

..
..

o
•

..........

-........
-

..
....-

..
..

--
..

.........
"':"':"':•.'":.
.........
..-..--
..

-.
.

-
....-..
..,

...
..

...

•
•

0

........

.......
..........

•
•

0

.........

........o

-......o.
........

.......
..........
:!::!::!::!:~

..
...

",,"..
_

_
_

0
.
.

.......
..........

..........

..-...
....-.
........

.-
..

.
.

.........
..

oo
..

..
..

..........
.....

..........
..-.
..........
........-

~
-
-
-..

..........
";."':":":~
--......

.........
...

.
..

..
..........
----..

----..

............
.._..

-
~

..........
"'.........

............
---...

.........
-_.._-

..........

..........

........

.........
.....--..
-"'..

~

..........
..........

.......
-..-..
•
•

f
t

_
...-

..
-

...
......-..

.........

..-..
~

":":'":."':";.
...........
-..-...-

..
..

.
..

•
.
.
.
.

0
..

0
,.

..
_

..

-........
~

..
C

C
..

.........

.........
........0

.....---
....-....
...."'C

.

.........
---..

.........-
-:":"';":-:
..........
--..-..
::::::::::

.........

.........
........

.-......
.........
.........

..........
.........
.........
...........
.....

........
_

u
......

<
>
~

............

.........
..........
..........

........
-_........

-......
•

'
0o

..........•

........

...........•

....-.
-

.
.......

....-••

.
.
.
.
.

f
t

_
_

.
.

-...
-

--_
-..-

.............
..............
........
".-..
.
.
f
t
.
f
t

...
-...-

...

...........

....-..
......-...
...-

..
...
......

.........
...

..-..-..

.........

....-....
.............
......

..........
.........
-

..
..

f
t
.

...

..........
.........
...........
..--..
•••••

-...-.
.........
.
.
.
.

"
'
..

f
t

...........
...........

.........
":"':"':"':

~
........

............
.......-
-

-
.....

f
t

.
.

...
...

•
............

•

u
u

_
u

..
.............
..........
.......

............

....."'..
........o

..........
..-..-
...........
,";"';"';-:":
..........

•

.......
..----

........
..........
.......
..........
..........

-..-..
............
....-..
~

..
..........
.............

.........
'";-:":":•.
...........
..........
......
........
........

·•••• •
r:: •.." •••• •••••••o.O

'

= .,•••..••••

..••••• •
...'..••• ..•••~
:
:

,.••:=••..••••:••,.•••
.,..••

•••·:• •·· •i•;•,,•••

"



a
_

•

•••

••
•

•••
••

•

••
•

••• ••

.-.-.. •••
..-..-... ..

'
:::.
•••
--.•••

.........••
•

....-..- .-.-.......- ........ .....
..

-.
~

..
.......
--

....
~..

.........

u
O

"
:P

"
..

..
.."

...

..........
............
.........
.....-..

............

.
...

........
"
:
~

":.":•.
.........

~

.
..

-
..

.......
....-..
..........
............
.......
........
.........
...

...
.....-...
..

..
..........
.....-

........

---..-
...

U
".u

'"
..........
.........
........
--..

...

...........

.........
.........

~........
..........

...........
-
~...-..

...........
":":";~":.
.......-..
..........
.............
..........

..
~....

...........
........
.........
........
......-...
....-...
.........
.....

~

..
..

.
..

.........
...........
•
•
•
•
•

..........

...........
---..-

........
.......

...........
~
"
!
.
~
~
"
;

:
:
!
:
:
:
~

...........
..........
...-

..
.....-...
...

..
-

-..
.........

...........

~........
..........
-......
•••
..........

..-.....
..........

.-..-..
.............

--.

............

.....
.,

u
u

u
...

_
.............
.."'.....

.......-
---....
............

..........
...........
.........

......
~

........-

:::::::::::

....,.......
..........

...-......
......
.........
...-.....
....-.
......
.........
---...

..........
..........
..........
.........
.......-..

•
•

.....-
-

-..-
-a a

::::::::::

..........
..............

.......,u
u

.............
..........
............

•
•

..........
..

.
.
.
~

.

........

..........

....
.

~
..

...
...

.....
...........
..-....

........
............
..........

.....
.

.....-..
...

...
...-

...
..........
........
..........
...........
.........

..............

•
L

lU
L

O
U

U
.............
.........
:-::..

~

........

--. ............

:::::::::::
........-
"':":":":'":
............
.............
.......

..-
...

....-
...

..
.

........
-
:
~

c:-:
..-

.
....-

..........
........
......

.......

e
u

......u
...........
..........
...

_
0

0

~
-

......
~..

.........
_...........
.............

.......
...----

...........
........
-........

.........
.........

...........
.
.
.
.
.
.
.

CO

_...__..
.......
............
..............
•••••

..........
..........

..........
..........

..........
..........

..........

..........
0

0
0

0
...

..----

"--.'"
..........

-
-
~...

.---.....
......
............
• ...........

...-.....
...........
.............
............
.......
..----
........
-........
...........
..........
..........
......-..
.....

----..

-.......
......
........

••• -......
....---
.......

..........

.........
-
-
~
-..

::::::::::

• ....-...
--..-
.....-..
-.. ............
~":"!.":":
-....-..
...........
.........
.........

-
~

-..........
.........
.......... •
'"'u

u
_

..
..........
........
...........
.._--

.....--

..........
.._---

· •• :
:
~

• ,••••••••••••••••.-"••"W• ....••!:••••••.. T
_

..
..w

•

•..'•".•• •....:

•
••
,.·••-.=••••o•••=

••:•·••,•••>!•••>-

'_
a

•••

...-.....•••

...
............
......._..
...........
....-....
...........
....

~....
.........
..........
.._..--

...........

....-..
.. -..-..
..-......
........

.........

..-
..

-
..

.
u

"
"
"
,

u
u

"
u

u
u

"
"

"..
.

..

--.....
..-

.
---.
..........

............
..........

...........

..........
....

~...

..
..

~
-

..
.

.

.-.....
.._..-.
............

...........

.........
-...-...-

U
U

U
"
U

..........
•••••
.......
.-.

..........

......

............

.
U

U
U

U
.........
••

•
•
•

.......
...........
........

..........
.........
..-..--

........
..........

........
-_.....-
............

........
....-....

.........

...........
~
~
~
=..

............

...........

u
u

u
u

..
u

v
.
v

..
......................
.....................
..-

..
----...
..........
...........

.........
......-

..........
---....

............

............

...
..

..
.

..........
..----

...........

........

-.......
......--
.......
"
Z

"
"
U

C
U

L
lU

U
..............

c
...

..........
..

......-..
.........
........
......--

..........
...........

.......

••••• ,••
••"••..•~
~

••'.•••••••••••o•o

••:•......-
-

-.
,...

~
~
-
-
-

~
-..--

-......-
-..---

-....
-
~

...-..--
..--•••

.-.•••..- ..-•
••

......--. _........---•••
•••

•••
......•

•

~
~
~
~
~

............
............

..
...

.-
.

.........
•

••

..........
..........
-_..-..
..........
.-......
...........
.........
......-....

..........

..........
-.........
•••••

..........
.............

.......
.........

...........
":":":-:-:
-...-..
.........

......-
........

.....-
.

..
~

..
.....-

--
..

_
_

a

...-
..

..--
..

.
..

•••••

-..--...
..........
..........
..........
.........•

..........
..........

............
-

..
..

...
..
~

...

........
..........

........
.........
...........

..........
":.":":":.":
..........

.._-..

-
..

..
.

.............

.......
~

-...---

......

..
...

....
-

..............
............
......

..........
..........

....-..
..

.
..........
............
......
---.....

..........
..........
.........

..-.....
~...

-
-
~

......
........
:::::::

............
...........

..........
":":":":":
............

........
.......-..
...........
-..........
-

..
...

..
..........
..-....
........

--..--

-........
................

..........
............

........
...........
..........
....

~....
.._......
...........

..........

......

......-..
..........
..

...
..-

..
..

...
--..--
...........
...........

............
...........

...
_
~
-

"
:
"
:
'
:
~
"
:

........
.......
0

_
_

.
.

..
..

.........

...........
...........
.........
.........-

-.......
.......
........

...........
...........
..........

~
!
.
~
~
~

...........
.........
.......
..----
............
...........

..........
.........
0

..........

.........
..-...-..
..........
..........

_
0

-
..

.........
•••
...........

.-.......
":••":"!.":
............
.........-

............
............

..................
.......
.........
.........
...........
..-_..

_......
.........

...........
.........
........
_..-.....
.....-..

..........
..........
....

-..
.
.
.
.
.
0

0
--.......
...........
·•

••o.
•••••i"•o-z·•".••o
..''0":

..••f

•• · ,,••:,!• w

•·· · ••
"



· 1I:
u

'"
...

..
.,..

•
•
~
o
.
.
.

_
0
•
•

_
0

0
.

...-
...

-...-..
..

,
•••
•••
•
••

•••

,.
.

0
..

..........
.

.

••

.........-
..

---
-..-

...........
-........
...-

-'"
...........
.
.
.
u

u
u

............
..........
.........
--.

<
>
~

<>
....

..
...

...
,...

......-
.........--
...

..
..

..
"............
..............
..........

............
~

====:.
.
.
_

.
lO

W

.......-.
· •

••.,
·..
·..
·. ,.,.

~
_

..
..•

•
••

•••

•••
•••

•••

•
••

•
••

.-... ...
.-.... .,.0

"

......·..•••-.--.... •••
......•••
.-.·...-·....·..••• •
••

.0_

•••••

::.......

........
..----
........
..........

.............
..-.......
..........
.....---
..-.-.
·

-.
.

..
_

-
...

-..
---....

...........
.....-

..
...

.
·.-

•••••

•••••

......_...

:::::::::::::
........
............

-......
......
......-...
.

.....-

...........
.--..
.-.....

.........•

•••••

..........

..........
-:-:"':.-:'~
...

...
....-

...
.....-

..
......-..
.....-

...
•••••••

..........
..........
...-....
...........

.........
..........
.

-
-.-

..
0

_
_

.

.........
..

..
•

..
..

--
...

--...--

--.....
-..........

............
......
........
----...

-.......
•..

..
..

..

-.....-..
"
;
~
~
-
:
-
:

........
-
'0

.......

.........
..--.

.........
-

..
..

..
-

..
•••••

..........

.-
.

-
_-

...
...

•••••

............
...-_

...-
...........
............

.............
..

............
.

.......-..
.........-

..........

.....
...

..-
..

............

...........
"':.~"':."':.":
...........
....-...

..-.......
........
...........
...-.........

---...-

...........
...........
..........
.......--
............
..........

-..-..
.
"
,
,
0

_
_

.....-.
...........

......

...-...

.
..

•
•

0
_

...

...........

.....
...........
..-

..
..-

..
..-

..
......--

-
....0

"
........

•••••

•••••

:;::::
..........

...........
............

........-..
."

_
"
0

.....--..
...-.....
........

_
0

_
.

..

...-....

...........
.......

...........
...........

.....
......
....-.
........
......

...._.....
..-.._..
..........
............
......

.........
-;";'!";-;
........

..........

...........

.............

........
........
..........
........
...........

.........
":-:~'!"'::
.......
_..---

.........
-........
•

0

...........

...........
........
-

..
...-

..

..........
...-.........

•••••

••..

~
:

•• •••••
.-••••".• •..~...•••
!=•.f••O'
••••o• ••
••
,.••••....•••••• ..••..

· •i••••• ,•••••••

••"
•••

z
z

_
.

O
'

". U
U

'
•••
..

"
•••
-_.

-.........
:0:;:01':
.....
......--

............

U
U

.......
............
..

.
..._

...
..............

.
.
.
.
.
.
.
.

U
..

...
..

.
.....-

...
...........

0
..

..a
..

.........
..--..
.........
...........

,
•

u
....

O
...........
..........
.......
-......
..........

-........
• •

U
"
U

•
...........
.......

........
-.-

_
0
•
•
•

.........
........
._0.....
-..--..

.......
.............
..............
........
-.......
.-

.
U

.
.
.
.u

.
..........
.....
...........
----..

· •••••>,
o..,•

••• •
• ••
-..•

'.
'

........
-..........

...........
.......
.............
.........-

.............

-
.

...
..

....
..

-
..

............
.............
............
..-........

............

............
..............

...........
..

..
...

...
...

.
...

.
...........
.......
.......
......
.........

............
...........

••--O.••n••..••

•••
!:!:!:

...
•••

... -....--.•••
•••

.....
-.. ...-_......-.
:
.
.
;
~

-.. ...•••
...
•••
..-•••

:;.
...

•••••

...
..

.._
.

.
.
.

0
.
.

_

--....-
::::::::::

---..-

.....-.
-:-:'":.":"':
...

...
......-...

...-....
":"':"':-:-:
.....-_..
--_....

..........
.........--

_
D

.
.

_
-

.-
-...

--
...

........
••
..

••
•••

••::::::::::::

............

.
.
.
.

D
.
.
.

........--

-........
...............

..............
-:"':";':'":.
........
...-.......
...........

..-.....
"':"':":"."':
..........
........
.........
..

...
.---

...
-.. ..._--

.
...--

.
-

-..

..........
.....-..-
......_-..
.....

~......
•••••

...........

.......
.....-....
.........

.......
.

.......
........
......
.............

...-.......
.........

~

.......
...-.......
...........
-...

..
..

..

......-
...........

•••••

........

..........
.............
...

..
...

..
::..

~...
..-

...
-.. .....-.
.
.
.
.
.

0
•

..............
...-.........

..........
...........
0
.
.
.
.
.
.
.

.........
.......
.....-...
............
..........

...•
•
e
.

....-..
....-.-
.

..
--

.
'"-

-...
.-.

•••••
............
-......
.............
-.........

.......

............
...........
.......
.........

........
........
....-.
..--..

-
...

........-...
.
~
;
:
:
~

........

•••••

--...--
"'......

......

.......
-...........
.......
..........
..........
..-....
.....===

...........
-.......
.........
..--..
...........
.........
.............
-......-

..........
...........

..
...

..-
-

-
..

•
.
.

0
.
.
_

_
D
•
•
•

----...

........

..
.

..
...

-
..

....
...

............
•

•
.........

............
-

-
..

..
..........
.............
...........

..........
-,,--A

I

.........
...-_..
0

_
.
.
.
.
.
.

...........

..........
............
..

..
..

...

..........

.......
-:-:"':."':.":
.........
...-....-
•••••

.........
•.........
..........

....-...
....-

..
........
.._--...

•••••

...........
...-..
"
.
0

0
0

--.........

_
0

...
........-

..
.............--

-
.

•

·•••• ..........
...........
.......
-

-.
..

_.....
...........
..............
........-
......-..
..........

·
-

-
_-

_
-_

-
_..

•u
•••• ..........
,. en

_

•.-••••".••
..-.~.••o.••••" ••O'
•••..••••

•"· •j••i•••••>•

"



... -.....•••
•••
-.-

..
0

..
..

...
.."

..
...........
-.......-

...........
..........'...
...."

..
.........
.....--
...........

..........
..

...
..

..
...........
..-...--

............

"'_
u

u
_

............
.""......

•
......."'...
...........
..........

..........
.............
..........
..........

0
"
'0

_
_

............
.....

r
....

..........
.........
...........

.........
......

o
r

..........
0

...,.."'...
· •••••·.....· ••• •

r
r

...
•••

-.. •••
'" -..-.-•••
•••

•••

...._--.•••
.-.... •••
•••

.-.
";";";
•••
•

•
•••
•••
•••
...••• ...•••
•••

•••
.-.... .--

.........-

"'...........
-"'--
::::::::::

........

..--...-

.............
"
;
"
;
-
:
:
~
"
;

---"'...
...

.
.
~

...
"'.."'..
............
-............
• .

..
..

..

~
.
-

..
.

...
.
.
.
.
.
.
.
0

_

"'...-......
........

.........
---"'-

...----

........
....-..

..............
...............

..
..

...
"''''

........
~.....
..............
----..

.........
..---..
-

..
.

--..
~

..........
_...._..

........
..-......

..........
--.....
-
.
~
-
'
"

......
~..

.........

~
...

....-..

-
...

---
..

..........
...."'..-

.
.
.
.
0

0
...

.......-

..-.........
.........
........-
----'"
..........

..."'....
..............
...........

..........
......"'..

::
::::;

.
~
~
.
'
"

.
.
.
.
.
.

0
...

.
.
.
.
_

0
....

..
...

....-
...

._0
....

..-....
...........

...••

-
c
o

.......
~
~•.":":

~.......

.........
............
-

..
...--

..

..........
...........
.........

......0
..

.."'---
.............
...............
...."'..'"
"'-......
...........
"'-...-...
......"'..
..........

...-..
....-..-

.
"'...

-............

........
...
~..

~.
-......
..............
.............

............
...........

..........

.._.-
...

-...
~

...
............

on
..

"'..........
"'

"'
'"

~
"
'
o
•
•

_
~

..
.....

~
-

..-
...

.
.
.
.
.
.
.
.
.
.
.

0
0

..
...

.......,...
.,-

..
.........
..........

.........
.......
........

_.........
...--
0

.
..-

-

--........
....._.

.........

.......-
.-

............
............

..........
-.-...-
;;;.....

~..
.............
..........

......
.............
...........

...
...

.
.

...-.....
......-..
-

.
...--

-

............

...........
...

..
..

..
..........
............

.......
..........
...........
..
o
.
~
o

---..

..-
............

........

...._..
..........

..............
..

...........
...

.........
..........

.....-
~

...
.
.
.
.
.
.
.
.
.
.
.

0
...

"
0

_
"

_
.

........--
-

-..-

.
.
.
.
.
.
.
.

..
•

_
0

...
........

.
...............-..
...-..._-

_
_

0
.
.

-
-

........-_..-..
..-....

~
....

......
-
~

.......
..
~..-..

--...........
...........

..............

"
e
_
~
'
"

e
.

e
e
e
_

..
0

"
._

..
0

...0
..

0
O
~

~
_

~
.
_

~

•
e
.
O
~

0
~
~
•
•
•
•
~
~

~
~
~

.......

........
...........

"''''......
.............

...............
...............

,"••: ...........
.-....
-

.
.........

0
.
.
.
.
.
.
.

"'--'"
..........
----'"

......"'
...

..."'
'"

..__....
-

..

..........
.
.
.
.

0
.....

......-
-...-

...
...
"
'
~

...
.......
..-.......

••....~

• ,.•• ,••••.-"••~.•
••-.••••••~

!!:
••••••.. ••••'.••.,••.,••••••

•••
,..
•

••

••• · ,•,••· ,•• ,·

•••
-..--.0
•
•

-..•
••

-.-•••

-..••• 0
•
•

>
D

_

•••
•••

•••
.--~
~
:

....-.--. ...-.- ...-..-....._.0
_

'
•••
.-. ...

............

•..
-_

...
..

0

-
...

"'..--...
•••••

.............
..........

:
;
;
~
~
~..

-
~
:
;
;

...-
.

.."'...-
":'":":":":
.
~
-
.
~

..
~

...
.

..
--..

_
.
.
.
.
0

_

.. ........

..........
.............

..........

......
.......

~..

-........

•••••

~.."'...
.......
............

.........

_
...

...
~

.
..
~

~

---"'-
:
:
~
:
:

..
..

...-
...

......-..
.

"'....
........
----'"

_
_

U
...

...
...

.......
....

.......

.....
~
~

.........'"
-........

.
-

-
..

--...--
.
.
.
.
.
.
~
e

..
-
~...

"'..
-..

........"'...
........'"
........

~

--"'-
..........

.....
~......

......-..
..........

~
..

..
-

~
-..

..........
...........

.........
...........

.....-
....-.
=
~
~
~
:

.........

.......
....."'...

0
,,0

_
"

......"'''''''

.......
........-
.......

..
...

...
...

..........
.....-

..
...-

...
....-

...
:;

..

..........

~
.

..--..
...........
---...-
.....-..
...
-
~...

..........
-....
...0

_
"

-...........

...........

...
.

.
~

~........

~.....-..

_
_...

"'
-

....
0

.
.

"'-_
-

..............
........."'...

.........

...........
............

~

.."'.......
...--..

...
..

c
...

..
-

........
-"'...--

.....--.
"'.

-
~...

.
.
.
~

...

.-
-

-
..

..--
..

...-..
-

'"
"'

...

~
"
'

-
~

"'-"'-
-

-

.......'"

........
.....-..
............
..

...
~.....

-.....
~..

.......
"
,...

.-
.............
.............
...........
..........
...

0
.
.
.
.

_

.....'"-'"
........

...........

..........'"
..........

.."'....

..........
.........-...
--....
•• -
~...

~

........
.......
~
"
:
"
:
"
:
"
:

.....
~
~..

.
.
.
-
~...

..
~.......

...........
"
'
~

..
o

..
............
...-"'--

.....
~
_

u
.o

_
u

-
..

-
•

...............
.

.......
.

-
..

~
...

...
..

-
..

-
_..

..,-....
-'"--'"
......"'
.....

~.....
........
..-

.
...-

..

"'.-....
...--"'.
...."'..
..........
~

..

.............
..."''''......

........
~..

~
~

~
O
.
.
.
.

~
~

-

•
u

_
.

................
..

.....,.
..

-.-...-
..

-
-.

-..-..
.....

~
..

--"'
..

...........
..............

......-............-
~..

~
.
.
~
O
O

0
0

0
_

"
0

.
.
.
.

.....
~

..
...........-

..-
~

...

........_
_

"
0

0
"
'"

........

..
..

-
.

...."'
-

~
.
~..

~..
-"'''''''

"'-
~

"'..
_

_
N

"
"

'"
~

...

..--
...

"'
~...

~
"
'

..
"''''

-...

.......
~.

..._......
...........
........'"
...-...--
-..

~
.

...."'....

..........
•,-••••• ••••,••••..••••••..••••••-.'•".• ~
:

..••••·. • ,-••••••••,.."
'•

•....,•

••,••· ••· ••,•,••
•

4
0

_
_

_
"
''''

"
'''''''

"
''''

.
.
~

.
.

....
"'

"'
"'

"'
"'

"'
"''''

"'
"''''

"'
...

•••
u•:•



--.•••

•••
•••
•••

~
:
:

•••

•••
•••
•••

--. --..-. •••

•••

.-....••••••
...~
:
:

•••

.................. •••
... -..... ......

............
...............

..
..

-
...

....-_..
•...."'..'"

-.....
........
-.....
........

..........
-...........

...-.....
........

...........
........
.........
.

..
-

-..

.......

......"'.
...-

..
..

..
........
...-..

...........
..............
.........
..-.....
..........

.....

.........
.....
..........
........

...
-

...

.....

...

-
..

..
..

..-
..

...........
..........

.......
........
........
..........

.........
"'-

-
.

"'
-

"'........

...................
-
~

..-....
---..-

.......
.-

..
..

.
•

•
•

...........
~
~
~
~
!
:

.......
............

:::::::::::::

--...--

...-
-

-
-..

"
0

-
-
-

_
_

0
_

_
.
0

_

.........
-

.
-

..
...

..........
........

-
...

-
-

----..-

..........

..........
.

.........
.

.......-
...-

..
-

..
....---
..-..
-

...
..........

"'.......
..........
...........

.--......
.......
........

--.
-

.
.........

"'-""
---....
........
...

...............
..............

..........

.....-.....
_..-.0

..............

.........
..":-:-:"':
....

..
...-

-

.......
.........
.........

..........
...

..
-_

..
....--..

.........
:
:
=
~
:

•••.-

.............
............
.......
............

...........
............
-.....
.-.-.
.............
-........

.........
..-......
......

...........
..........
....."'..

..-...-
.........

........
..........•
..-.....
0

_
0

_
0

......-..
:
~
;
;
;
:
:

•-........"..

............
.............

......-...
....."'..
.........
•

•

..........

...-.....
.....-.
........
..........
.-.

..........

..........
-.. .........
-..........

.......
......--

--.....
........
....-...
....--

.........
•

.............
...........

.....-..
-
:
~
-
:
"
;
"
;

......-
...........
......"'...
...--...
..........

........
...........

........-..
......-..
..-

..
-..-

..
..

..

........
........
........

.......-

........
...-..-...
..........

-.........
........-..
........-
..........
..0---

>•

~
:
:
:
:

•• .........

...........
..-_....
........
-.....
........

.........
.............
.......

...........
............
.......'"
...

...........
..-......
..
!
:
~
~

..

.........

............
.............

..........

..........
......-..
............

.........

...........
..........

...
~..-

.."'_...'"
-.••w•
.-" ".• •••..•• ••..••.... ..

.__
-

-
..

,.01
...

_
_

.
.
.
.
.
.
.
.

_
........

-
-
-

......

.. _.••••..••••,,- .'•••• .•••••••

••w•••:"· •••,•••i••• ,

•
.=

o

...•••
.-...-•••

•••

•••
~
~
-
:

..••••••
--..-. •••

•••

...•
••

•••
•••

.................... '" ... ._..._.. .... ..... ......•••
'. _..

---"'...

......"'''''''
......"'''''''

..........

..
-

..
...

...--.....
"':"':~"':";
..

.
-

-
...

............
..---..

...
..

--
...

........
.........

...........
'":-:":";~
..........
..-....'"
"
:
"
:
"
;
~
-
:

-.......
..

...
..-

..
-

-
..._--...

..........
.."'.....
.........
--..--

..........
..........
.........

.........

.........

.........
.........
..........

.."'..."'...
...........

.....-..
.....-
...........
..........
..- ............

"'.........
.--...........
........-

.......'"

_.._-...

.............
..............
........"'...

.......
.....-

...
.

..
....-"'
..........

............
'":":":";":
..

..
----

...

.........
...........

.-......
..........

...........
...........
......,.,
............
-..-....

..........

-
-

.............."'..
.

..
••

..
'"

..
..

."''''.....

"'''''''
'''

"'.."'
'"

........

.."''''..

.........

..........'"
-.........

..
..

•
..

Z
...

....-
..

..-
..

...
-

..
..

~
:
;
.
.
.

:
......
..

.
_.......-
-.- ......_..
"
:
~
"
;
"
;
~

..........
--........

...
-

.
.

......
.

.

.......
............

----...
----..

............
-

-.

-..--..
-..---

...........

.........
..-

-
..

..

"'.."'..'"
...........
...."'....
-.--..

.......
...........

...--..
-.........

...........
........

........
.
.
.
.
.
.
.
.
.

Z
..........
.....-..
...--......

....."'..
.......
.......-..
.....-..
......--

"'''''''''''''
"'''''''''' ..
..........

:
:
:
~
~

"'.........

...........
-"''''.''

.
....-

-
.

..
-

.

......
";".

~
-:
~

...........
.."'......

.........
........'"

......-..
..-

...
-

..
...........-

-........
......

..----
.........

......
............

...u
u

.
.
.
.

..........
..........

.........

.--
---..

"'''''''''''''
..."'......'"
:.!:::;;;
_

..
.....--

.......

.......

.......
...........

.........
...........
....."'...

•
.........

........
~
:
:
:!::

-.........
..........

..........
........

-..-...-
----..
........

'.

"'''''''''''''
"'........'"
...-.
...........
..........
---.....
............
.........
......

..........
...........

.........
-_......

... ..."'.....

...._..
...--

..
...........
..........
..........

.......
..

ZO
O

.....
.........

..-
-

.-
..

..........
-........
...........

-.....-
-..---

............
;::::::

........
.......
-.......'"

...........
..........

-
"'

.
........

..
..

.

·• ..........
......---

.........
..........

.........
........
-........
"'.....
...........
.......-
:::-....

..........
....-....

........_...
...-

.
..

"'..
.."'''''''..'''

....."'''''''

• Z
.....

_
.
.
.

.............
...........

•..'..".••
!=·

•
.-.:-..00•• •
.-" ••• - •••••N

O

••••
••••'W••••,•• ,.••••..·•..

·..
•

••
••••••;•·•••>• · ·

.,
"'

-
..

Z
...

..
_

_
_

.
.

.
.

_
..

=
::

~
~
~
~
-
:

•
•

•

•- · ••



•••
,.
0

_
_

...

-...-.••• _c. ......-.-,;,~,;, ......•••
.,
•••

-.."';":~
..-..~
~
~

•••
~
~
~

...•••
..............

........... 
.............
...........
"'-"'--

"'''''''''''''
"'''''''''''''

•••••

......."'...

............
-...........
"'---
-..-.....

...........

....."'....
........

on
...on

......

..........

........
.............
.......-..
...-

..

-.....--

"'''''''''''''
"''''...''''''
"'.."'

..
...

..

...........

"'...."'..
..........

..............

..........
-..---

..........
-..

-'"

..
~..-...

'
:
~

..
..'"

...

........'"
....-....

0
_

.."'--
"
:
~
~
"
:
"
:

........
••

•

"
'.0

"
_

......._
..

"
'.

_
"'--"'-

-'"
"'-

-
0

........
_

0
0

>
0

"
'_

..

.............

"
''''

......
0

_
_

.
.
.
.
.
.
.

.
.
.
.
.
.

1
.
.
.

_
'"

..
~

..
.
.
.
.
.
.
0

,
.

.
.

0
....

...--
...-

.
.
.
.
.
.

0
_

-
...

..,--
.
.
.
.

0
_

·..
'.'

......."'..
...........
..............••
"'''''''''''''
"'''''''''''''

..........
...........
.."'

..
.....-..
--

...

...........

..."'
...

_
..

.
~

-
-

...
.

-...
-

-...
..-

..
"'N

_
"

.
-..

--
...

, ••
~
.
"
"
"
.
.
J

.....
~
1
'
"

..
..

.,0
<

>

...........
.............

•

............
•

............
•••

"'''''''''''''
"'''''''''''''

"'-......
.............
-:-:-:0:":
........

..........

...........
-"'.......

............
.-"'-...
...."'

...

...........
..........

...........

.....-
..

"'..-
..

..........
..-......

..............
........

"
,...

--...-'"

..."''''''''''
"'..."'''''''

........-...

...............

............
"'..."""..
........._'"

.............
...........

........
..........

..............

............
.............
........"'
...-..-

"''''0''''''
...........
..........

...."'..
..........'"

...."'.....
...........
..........

...........
..
...........

•"''''.''''''
"'''''''''''''

....-....
•...

0
........

_
_

_
0

0

............
-.........
..........'"

...--
.,,,,,

:::::::::

........-..
"'

'"
"'

..
"_N

__

...........
.............

......-
..

...
............
.-


.
.
.
.
.
.
.
.

N
---......

..
..

...
..

..........
..----

...."'......

_
..

N
.
.
.
.

"';":"';~":
-.........
N

N
_

<><>---
"'

..
.. ,..,

...
.............
"'---

..-........
~
"
:
-
:
~
"
:

-
..

",on
..

-...---

...........
...........
....

_
c
o

..

.-
.

...-
..

....;..;;,.::..;;

...."''''.
~
-
:
"
:
~
~

........
~

............••
.."'

...
----...

_c.

.............

"'''''''''''''
"'''''''''''''

............

-..-....
............
on

....
"'..

~
...

-"'
-

..........
~

......."'
............

,•..........

-.."'...
~
~
~
"
:
"
:

..........
"

N

..........

•

_
0

,
,
"
0

,
,
"

.....
0

.
.
.
.
.

_
_

0
_

0
_

0
_

0
_

"'''''''''''''
"'''''''''''''

............
............

_c.

.......,...

.
.
.
.
.
.
.
.
.
.
.

A
I

.............
"''''-

.
.
.
.

_
0

.
.

----
...

.............

...........-
...........-

...........-.
.........'"
.."'.......

..-
--...

...
0

0
_

•

i•: .........

...........
"
:
"
:
"
:
"
:
~

........-
----..
...-.
..-

..
............
••

•
...........
•••
.-....-

,.'0••••
,.,...•

0••,••• ,.o
.

.................'"
............

,..,.---........---
•"..N••..'••"~ •
..'•".•• ,•,o

.
..••" N..,.·.1..••,.•

0••,•• •• ON

o••,•·:"· ,,•N,!,•••

-..•
• ••
•• .--•••
-..i
i
~

•••
!:!:!:

... •••
......•••

...-.................. ......-••• ...
.--•••
...

"'''''''''''''
"'''' ..''''''

..............

..............
•••
..............
----..

...
.

...
..

..........

_
-..

.."'
..

..-"'..
...

-

"'.........

..-
...

-
...

"'
...

-'"
.",,-

_
...

..
-

....."'_...
..

..
...

...

...........

...........

..........

.........
.............

"
'''''''''o

n
"'''''''''''''

.........'"

-..-...-

....."'.....
••

.............

"'.........
•.............

-.....-'"
........-..
............
.............

.......
...........

...
-

..
...

:::;:-:.

..........

...........
.............
.........on

..

....."'..'"

..."'
-.,

'"
..

..
..

.
.

....I
•
•
•

..........

"''''..''''''
"'''''''''''''

"'
--..

-
-

............
..-

...
...

..
-

..
"'-

..
"
,

...........'"
•

••
-.."''''..
•...........

...........

..
..

.._-..
_

..
............
............

..........
..........
..........

........'"

",,,,,,,,,,,,,
"'''''''''''''

............
_..-.....

..........
....-......
.............
-

..
-

...

......"'''''''
............
...........'"
.."'.......
.............
....-...'"
.............

............
...----

...........
.........
............
.-

.

..........
•

.. -,.
-

..
"-0""''''

..
.
.
.
.
.
.
.
.
.
.

....I
.
.

..............
-

.

............

...........
~
"
:
-
:
~
"
:

......"'..
-"'-..
"'''''''..'''
"'''''''''''''
-

..
-

...
....-

-
- ......-...
...........
...........
............

..........

.....-"'...
........
..

..
"'

_..
...

...
...

-.........
•"'''''''''''''
"'''''''''''''

=:::
.....

..............
............

..
.

.....-
...

...."''''..
"'--'"

.....--..
--........
...............

..._....
............
...........
"'..--..
.............

............
.._.........
....."''''..
......--

.-.

...
..

..
::

~

...
-

.............

.
.

..
-...

..........'"
-
:
"
:
~
"
:
"
:

~..:::......

....."'
...

...
~

...
............

.....-....
"N

._
'"

~
~
,
,
:...

~

............
~
~
~
"
'
;
~

............
............
..

-..
"'

'"
......===-

...........
....-......
.....

...-
..

......-..

.........

.........'"
"
:
~
"
:
~
~

.........'"
..---

"
,,,,"

o
n

"

.............

..............

............

.........
•"'..."'''''''
"'.."'''''''

-
...

......,..

"'
...

-
"'..

..-
...

......."'
-.........
•
•
•

"'..........

...........

..............
.-

..
"'..-

..
........-...

...........
.-.......
.........
...-

-
.

-
..-

...
..."'

...
.............
.............

•

............
~~"':"':-:
.........'"
--.....-

"'.........

"'''''''''''''

:o:::!:::
"'

..
.....--

>•• ..........•

......."''''
"'...."'..

...........
............
--.

-..........
............

....."'....

........-
.,.."'

.,
.,-_.

..
~

,.
..

.
.
.
.
.
.
.
.
.
.
.
.
.

on
.,

..

...."'....

·: ..........
....-..
.-

...
....-..
...--

-

.............
..

_.....
,:••••••••••0-
.
'..".• .,•••~
=

'0••••
••••••••••,•
,.,..,••,...•
...'•".~ •••••~•!~
'.••.,••,.••o••

••••••· •·"•,,••,~,••>•



•

•••
•••

-.. _..•

•••
•••
..;,.:;.;
-0.

-.......-...0-...;,.;.;
--. ...... ...~
~
~

..."':":":
...........-.. ..._.-•••
•••
-....

"'''''''''''''
"'..."'...'"

•••••
..........

....-...
............
...-

...
_

_
N

............
..........

..
--

..
--

..........
":":":":-:
...........
-...---

...........
............
...",_..
• ..........

u
............
..

"......
..........
-...---
..........

........

---...-

-..........
-......

...
...

...
...

..............
...........

............

...........

-..........
.........
..

.
-

..

.........
-:•.-:":"':
.............

•...
..

-
-

..........

.-
...-

...........
.....-..
.

-.
..-.........
-:":":":":
.........
--..-

.........

.
.

..
.

...
..

..........
......

............

--.......•
............
.............

...
.

":-:":
":

............

............
...........

............
........-..

"'
..

..
-

..........
--........
.........
.....-

...
.

-
...

...
----..

............

:
:
:
:
'
:
~

..........
..........-

...
.

.
...

.......
~...

...----

...............
...............

-_.........
..............

............
...........
........
...-

-...
..........

.........
............
....

.....

...........
...-..

.........

........
..........
...........

.......
.....-....
.
.
.
~
:
~
:

..........

..
...

..-
.

...-
..

.--
...

......-..

-.-
...........

..............
...............

...........
..--

...

<>
-

0
.
.

_

---.-

.........
":":":":":
...........
••

•

.....
~...

.............
...........
...----

~.........
.............
.............
-...-..

..........
............
..........
•• ..........

........
"
:
.
~
'
:
~
"
:

~...........

....-
--.....

......-
-

..
.....--

--
....

-...

....---
............

......
............
.........

_
o

c
....

--.-

.....
~

-:";•."':":
--...-

----

.
.
0

0
.
.
.
.

.............

..............
......

~.....
..."':"'.

.........
.......
.........
---...

-
...

~
..

.........
-.........
.......

........
~

-..-..
...............
...............

..........
...-...-.

...........
•

.........
.

.

_
_

0
•
•

_
_

_
0

_

..........
........-
..........
........

..........
'"0_"_

_
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
...

............
"
,%

r
..

.........
-.........

..........
...........
.;.;.:...:..;
............
.....-..
........
..........
• ........
............
..........

.........
.........
~
.
;
.
;
.
;
.
;
.

........-...
......

..........
...........

...........

..........
-

...
...

...

.............

---
..

...-
...

........

-........
__

0_..,
.....-..
..-...-..
"'..-..
............
.......

..........

...........
............
............

.............
.........
....-...
...

...........
...........

.......

...........
.
.
.
.
.
.

0
..

-.
.....-....

...0
."

.......-
..........
.-

.........
.-.

..........
...........
..........
--.......
..........

>• .........
.-.....

......-..
--.

......

........

...........
.........

........
.........-

.-.....
...........
....-..

••

..........
...........
..........

.........

.........
.-......

• - :L
"
.
.
.
.
.
.
.
.

.
.

..
...

..
-...

.
.
.
.
.
.
.
.

.,
a

,..•••"W•• •..,• •••••,.,.•
..•• ,,..''W..•

...·....••••..w.••• ••..•
••-.••..•••••

•••· •••••,l•••>• -" •··

•· · ••

......."'
"'

"''''..
'''

.
•••

• ••
..,...

...
_...

...
..

..
..

...........
.............
.......
....-.'"
..-

-
....."'..

............
............
"'0

.....

"'
.

., .....-
.

-_.....-
-

-
..........

.......
-.......
..........

..
..........

..
."

..
..-.......
..........
~........

............
~

~
-

.............
...

"
.

.........
---....
.
.
.
.
.
.
.

0
...

.
.
.
.
.
.
.
.

1
.
.
.
.
.
.
.
.

0

........
..........
...........
...........
..........

..••• ••••••
•· w•

-.. -.00
0

---

......i"
;"

;
--.•••

'.0

...-..... ...":":':
...--....":-:'",
•••
.-. . .....•••

•••
......":-:":
•••

......

...........

"'.......

............
.............

........
.....-

..
_

..
...-

...

~
:
:
:
~
:
:
:

...
..
O
~

•
.......--

..........
..........
...........

..........

....-.
-
0

•
....-

...
-

...

•••••

.......-
...

.........-
---

...
--..--

-----
.........-..........
--..--

--..--

..._
..

...........
...

........
..........
..........

...........
.............
..........

....---
..

0
_

.
.

.....-.
.........
.....-
.......-

.........
...........

-.
..

.

..........
.......
........
-......--

--...-

..-......
~

-:-:•.-:":
............
-.........

..
.

..
..

...........

.........

.......-..
......'"
.........
--...

...
...

..

"'........

............

.........
.............

.........
..........

.........
....--.

........-
...

-.."'
-

..
...

-
-

.
..

.
..

.........
..

..-
...........
..

-..-

...........
............
...........
......-

...
...

..
..

..

...........

............

.............
.........'"
......
.........
........

..-
...

-
-

..-....-

..-.."'..
..........

........
..-.......
.......-.
......

-...

..........
...........
....

~...
..........
..........
.-....
..........
--. .........
..

..
..

..

..............
.............

..............

_.........
..........
..........
..............
...........
-.-...........

.......
..........
-....--

............
.........
...........
..._

.
..

...

............ --..--
"
;
-
:
"
:
-
:
~

...
--.......

--
--

..........
-

.
"'

-
-

.....
............
...

--
"'-

...
;
;

.
•............
............

....-
..

_..
..

............

..............-.....
..----

--..--

.......
..............

........
...

..............
...

.....-
_-...

.....
......-..
............
.......

.............

..............
..............

..........
......

-
~

0
-."

'''
.....

'"
--..--
...-

..
...

..
•• ........
-........

.........
..........

.........

~
-......

• , ......
...........
-......
......
-...-.....

......
~...

..........

...........
---

...
"'

...
............

...........
~
"
:
"
:
"
:
~

...--...
........-
.......-..
......-
..........

--.

.........
.......-

........

"••••,
,.-.O. ,.,.,.-~
'

"
0••

......-
..

......................
W

.

..J"• ..
-

...
Z

.

...
-

..
,.••..o.,, •
.., •·..•• ...........'"..........
·...'"

---....

..
u

_
.
.
.
.
.
.
.
_

_
....

"'
_---

..

·•!•>• •,•• · •"•·

:•

"



• • u
•
•

".."""
•••

-..,..••••

.-. ...
...........
..........

-.
...........

_
_

0
..

0
"
_

O
u

O
.
.

)
l

-
'

.
.

.
.

,.
I

.
.

"

..............
"""

--....-
..........

....,.......

_
D

'

o
z

...
0

..
..

.
.
.
.

CO
...

-...--

...........
..........

..........,
............
.,.

'"
"'..-

..
N

_",,,,,,,
...........
...........

_
0

0
.
.
.
.

_
_

_
_

0

...........

--.......
.......

"')1
""""..
...........
"''''---

..........
...........

..........
.""......

...........
"'

...
"'

..

...........

.
.

-
.
.
.
.

0
......."'...
....."",

"
,"

"
'_

u
...........
...,

..
....

~.
---

-

...........
...........

............
....

_
u

u
...........
..........
...

~....
"''''..

-
~

...........

,,,o
.

,._
0

,.,.•••""
,.,".,..N

N

••,• ,

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

_
..

_
_

0
_

_
_

.
.

Z
"
'

_
_

_
N

_
..

_
_

_
N

_
_

_
_

"
U

_
_

N
_

_
_

_
_

_
0

..
_

_
..

_
..

O
.

0
"

_
.
.
.
.

N
_

..
_

N
_

N
N

_
_

N
N

..
"
,

_
N

~
_

_
D

'
"
:
~
'
:

•
•

0

•••
••• .•••
-.,
.
0

.
•

•••

...::=:
... ...-._..-.- .....

,
0
•
•

.....,•••
...........
"
:
"
:
~
'
:
"
:

............
••

•

.........

.............
...........
......

~.
..-.-..

..--....
........"'..
.........'"

.............
...

-
..

.

~..
~.....

......
~
~

..............

....-
~.........
.....

~
~
~

--"'...

...........

~..........
............

...........
..........
-:-:":":~
..........
~....-...
..........
............
........
--......

.
~

-
--

-...

...
~
~
~

...
...........'"
~...

~......

...........
~

......
~......

-...---

~
~
~
~
~

"'0
""''''

.............
~

........
.

.._.......
-..

......"'.

"'
...

~
~

...
..--

..
...---

...

.........
-
~

.
...

-
~
~

...----
..............
............

.....
~

~
..
"
,
~

..
...
~

...
•

-
-

"I"""

...
~.........

...............

........-...
...........
.
.
~..-...

...-...-...
....._

..
••

•
........
-.--"''''...

.......
~

......
-...

......
~
~..

o
~
'
"

"
'

-
0

...

~
"
,

---"''''
...
~......

~

...............

....
~...

~

..
..

..
~

'"
..
~

~

---
-

:::::::..
............

...........
..
~
~....

...........
••

":
":

"':"
:

<t.
":"'."

:
":

-:
...--...-..--..-
.......-..
...":...

~"':
0

_
"'''_

...---

O
~
_

~

_
O

~

;;;..
~
~
~

••o

.........
~...

.........
~
~

~........
~

.........

...
~...-..

.........
~

.."'.........
-.

:::::::::~
..-........
-........

~


•••

-...-.."..
............

.
.
.
.

0
.
.

"
............

~

...............
.........

~...
0

"
."

'''
..........

~

..-
...

-...-
...

.........
~
'
"

....."'-'"
..
~........
-..

........
~

..-.......
.............

~...
"
'
~..

.....
~
~
'
"

............
...............
...............
............
.........

~

"'
~...

--
...

..........
...........'"
'
:
~
"
:
~
"
'
:

..-
...

........
...

"'::;:::::
:::::.......
........
............

.......
~..

~
~.......

~
~
~..

~

....
~
~

~
-
~
~

~
~
~

~
~
~

~
~

~
...
~
~

............
~

...............

••
•••

"'...........

............
---.....
..........
"
:
'
:
-
:
~
~

-.....
~..

..
..-....

~

"".
...........
---..'"

.....
~...

•0-•o•".• ......
"'-

-..
o

•
..

:r
_

.....
N

_

•..''0"
' o•

.."" -•• -,'0..00,
>

o
0

·
,

· •i

•>.
-..
·

,o

:· o" ••••

•
.=

"

•

_
0

•

-.-•••
•••

•••
_.._

D
'

•••

•••
•••

..- ...-.-......••• ...•••

.-.o..•••... ..,•••

0
•
•

•••
•••
... ..,...-..-.-..

~
~
~
~.

"
'
~
"
'...'"

"'''''''''''''

............

.............

..............

:
~
~
:
:
~

.....

..........'"
----...

.........
"""""
..........

.....
~
~...

...
...

...
..

...........

......
~..

.............
"'..."'......
...........

......."'
.........'"

.....
~
"
'..

.."'
..

..
...

........
~

.."'..
"
'
~

~
-...

~..
......-...
...-

..
~

-
~..

......-...
........-...
....-

"'...
........."'-

•

"'........
..........

-...
~..

............

...........
..----

..-
..

...
.

..........
.."......
..........
......-..
--........
.........

"'
"
'
~

.
.
~

...

..
...

---"'...
........'"
.
.
~.....

...............

...
~
"
'
~

...."'..
~

...
....

~..
~

.........
..."'..."'...

...
-

..
~

.
"'

..
..............

............
.
.
~
-
"
'
-

_
..

.
~
-

~
~

.
.
~
O

--
--'"

..."'........

........
~

~...
"
'
~
~

"''''''''''~

............
............
..........
....

~....

..-.......
............
...

"
,...

"
,

........
~..

~
"
:
"
:
"
:
"
;

..-.......

.........
~

..
~
~
~.

...........
..-

-:...-

..........
............

..
..

.."'
..

.
"'......

-
~..-

...........

....
~

..
"'

..

"
'
'
'
'
'
'
'
~
~

"'''''''......

;:=
:::

.
.
:
:
:
~..

~

............
....-..-

......-.
.........

~

........
~
~

........

..
"
'
~..'"

............
..........

•............
..........
...........

............
----..

..
~..

~

~.........
............
..
~......

..
~.....

"
,

........--
---

..
.."'''''''...

...."'
~

....."'..

.."'
..

.....,
...

..-
..

..--
-

..._-.....
..


.......-'"
--.

~
~

...
~
~

~...
~..

"'.........

...-
..

...."'.
_...:;"'-

~..........
.............

:
!
:
:
:
~

::::::~'::c

............
.."'._...
.......

...........
.........

...........
.

..
...."

..
.......-..
...-..-'"

..
"
'
~
~
~

"
'
~..

"
'
~

......
~..

..."'..-
",,-....
...........

0._"''''0
............
0

"

...
...

...........-

...
~..

~..
............
..............
...
~........

..
~......

...-
..

..-
...

::::..
~...

.....
~..

~

.............
;::.......

.........

.......
...........
:
~
:
:
.
:
c

.........'"
..........
..........
"'-..-
...
~
~
~

~

.-..-..
...
........-'"
--"'...

..........
............

...
~.........

..
u

u
..

.."'
..

..
..

...........
-

""
"''''''-''

..........
~
~.."'...

..........
...............

....
"''''

...
..

...-..
......

~


-.."'-'"

~
..

......"''''...

..
..

~
-

...
............
...---
...........
...........

:
:
:
~
:
:
;
;

...............
...."'..
"
,
~
"
,
g

.
.

"'-_
...

:::::::-
...

~
~
"
'
'
'
'..

~
~
"
'
'
'
'
~

...........
~
U
U

...........
..-.....
.......

-
~

............
...

"
,...

~

...........
..............
-..........
•..............

~...
~...

~

...........

.-
.

..
..

...........
....."'-...
...-..."...
:::::..O:::!:

..-.......
..........
-
~
~..

~

"'--"'-

-.......

......"'...'"
..........

~

..........
~

........
~..

........

........'"

.....
~....

...----
........"''''
~.."'''''''

>o"•••

•
.
_

.
.
.
.

U
..........
...........
.."'

..
....."'..

..........•
.........
~
-
-....

.......
............

...........
...
~.......

•" •o••0
'

,.•
0

,.••
..".."
'•

..••,••-- O.••
.

,,.••.,.0•••••,.0
0

••••'0.,1
-"'..

~
:

-
..

".....
"'

~...
0

0
"
'
...

,..••• ••,••-•!"•,o••>• ,•• · •o~

"



••
-..•••

•••

a
•
•

.
o

a
•••
•••

•••

•••

.
a

•
a
•
•

._a._a..- •••
.-..a• •••
•••
.-.•••-.....-- ... •••
:::::::::
.-....

-..-..
...,.....
..........
..."'........

•••••
...

..
..

.

........
.........
......
..

..
..

..

....--..
........
............

...........

..
..

.
-..

..........
~
w
w
~

..
..........

.........
............
...........
~
-.......

............

...............

............
.............
..........

~
.,

..
..

.
........

~
~
~
:
!
~

..
.

....-
.

..........
..........

...-...
.........

.........

..
--.

..
..

.
.

-:".
~•.-;

----"

~
~
~
~
~

".-.-
"
:
"
:
~
~
"
:

........
.........
........
..........,
-
~
~
~..

~
~
:
!
:
!
:
!

..
.

"
:"

:'"
.':-

;
_

c
..

-
...

.-.....-
-
:
-
:
"
:
~
"
:

...........
.............

.
..

----...

.............

..
...

..--
..

..
..

..
..

u
u

u
..

..
...

..........
........

.
.
~
~•.":.

---...

..........
..-......
.

...
...

...
•••••

.......-.
........
.......
..........
..........

........
........

.......
.

.,..
.,

•••••

::::::::::::::

.......
...........

......
.......
...........
.............

...
.

.............
..

..._
c
o

o
_

.

.............
..

.......
..........

...0
...

...-
..

...
.

.--
.

•.....................

............
........
.........
...-..-

u
..

u
u

u
..

...............
"'

...
..........-

..
........

'"

..............

.-
..

...-
...

..............
.......

...
.............
.........
...........

..........
..........
..........

.........

...........

.
.
.
.
.

O
'

•
..........

..........
....-....
..........
...............

.......

...-.....
........

.........
...----

....
u

u
u

.............
..........
...........

.
.
.

0
•
•

.......-

........

........-...

...........

............
...............
•••••

.........
.........

..........

.
.,........
...
.........

.......
......

......
a
u

......
~..

..........

....-..'"

........
.........
........'"
...........

..........
.....,,,,,,..,,
...-.......

..........
.........

.-
.

•••••

-...---

:• =• ..-.-..
-

...
........

..
............

.,
..

....
~

-
..

.........
..........

....-..
~
-

..

-
a

......
.

..--
...

.:
.

..
..

.....................

-_0-_"
..............
.........

..........
-

-
..-..-

~

.........
-

..
...--...

-
--

..........
..-....
..........
..-

...
----

...

-......
-......

....................
...-

.
-....--

-..
..............

•••..•
,•>

.••
!=· .,-.:...••~

••.'••.... ..n••..•••••••....•• .............................................
•••

••

,•••......•

•>• •> •••· ,•,•- •· ••• •••

a._-.-.0
•

•••

a
_

•
...•••

...••••
_.. .a_ -.- ..- •••

•••
-..>••~
:
~

......•••...•••
•••

•••
-.. a
•
•

...... ....-.a.... ...0.-

.........

:::::::::::

.........
"
:
~
"
:

-:.
~

.............

..........
..........
........
...

-..
...---

-
"-."

..........
........
..-.....
..--..

o
.

.........

..........

.........
......_-

..-.....
-:-:":":":
...........
---..

-.....
.........
~

..
......

~-
.....

...-.

---...-

.........

_........
.....-.-
..

.
-

-
~
~

...

.......

.........
.....--
"
:
C
;
~
"
:
"
:

..........

..
..

..
...

..........
..--......

.--
..

..
.

..
..

.........,.
..-.....
...........

...-...
.........

....,
..

....-
..

..............
...........
.-...,..
.....

.....

•
••••

.............

.........
":":":-:-:
..

..
-

-
~
-

.........
........-

"'-....
'".":":":":
..........
...ou

_
_

...

..0
_

_
..

.........
...........
....-..
......-

....
~

..
.

..

...........
"
:
-
:
~
~•.

.-
..

...
...

....-..
............
..
=
~
!
~

...-
...

,,:-:,,:
~

.
~

...

•---.....

-.........

.........

..
..

-
'

.
0

.
.

.........
......,.

.,
.
.
-
-
-
~

.,......

..
-"'...

...........
.........
• ......
..........

.........
....._-
............
.-

-.
---..

.....-..
..-.
.

.
.--..

...
...

...

...----

...
-..

...
...

0
.
.
.
.
.
.
.

..............
...

0
0

0
0

........
---........
........

.........•

....-...
.........
..........
...........

.o........
..........

.......
..

..
---

.......

.......
.........
.......-

.-....
.....-..
........
......

......

............
-........
...----

..-
.

...
..

..........

............

....-......
~
"
:
~
~
"
:

......
....-...
.........
........
..-....

..
.

..
.

0
.
.

.........
"
:
"
:
~
~
"
:

............
..........-

....,....
........,.
":•.

-:.":~
;;...........

.
..

..
-..

............
":":-:":":
.

..
~
~
-

...

•••••

-.......
............
-
0

-..---

.......
•

...........
..----

......

...-.....
........
...

.,
-

..

.........

........
........
..

...
..

..
.......
.........
.........
...---

........
.........
........
- ..........

.."
:.

.
.,

.
...........
.....,...
.........
•
•
•
•

0

..-
..

-..-
-

........-.
...-....
.........
-a.

...........
............

..........
.........-
.
~
:.....

..
~......

...........
..........-

............
..........

...-...-
~.......

--.--
---..

..._
...

..............
.-..............
..-

-
-
~
-
-

-.....-
.....-"'.

.....--
...

•

........

=• 0
..

"
'

..
...
~
o

.
"
•
•
0

.

..........a_

-.....
.....-..-

..........
-.

.,.....
..........a

.................-..
-

..

......
..........

.................

.......
.......-

~

....
-
~..

~..-...
.

.............._
-.

-
~
-
-

...

.....

·...,...
..---
...........
..........

-,•••••••••
0

-

•• •.•••••• ,••
••..~:!;

••••••••>
•
.••••••
!
:

••••,.•••....••,f-.:.••00••

••••••• · •· ••,- ,,•••••

•·
:•

"



...
.........
........

u
...

...
...

..
..

...........
............
u

u
u

u
...

...............
..........

..........
u

u
u

u
u

.............
..........
-.........

u
u

u
u

...
"'

...
..........

-........
•.............

_w
O

o"'"
....."'

...
....

~..
.............

u
u

u
u

u
.............
..........

.............

u
u

u
u

u
.....,.,..,...
...,

..
............

--.
u

u
u

u
u

...........
..........

..........
U

U
U

U
..

.
.
.
.
.
.
.
.
.
.

:11
..........
....-.....

,••o.•••••••~
..

•••

••• :

•••

.-.0_0•••
•••

._- -..•••
•••

.-..-.•••••••••

•••
.-.:
~..

...~
~
"
:
:

•••

•••
.....•••..,•••

..........

-........
...........
..........

..............
.............

............
......-..

..........
"::"':.":"::":
.............
...........

..........
"
;
"
:
~
~
~

.........

--......
•

••
-

"
,...

...
...

........

...-......
-..........

~";"';":"':
-:":":"':':

.....-"'.....-.....-
.............
~
"
:
:
~
"
;
"
;

"'........

........

...
_.

.-
...

............
..........

..........-
~...

'":."':~
...........
............
~
~
~
~
~

.............
.._-...-

.."'......
.."''''..'''

-----
............
..........

...........
"''''.....'''

..
..

..
..

.........

.............
............
..........

...........
":";";":":.
..........
...........

.............

..............
..........

...........
"
:
~
~
-
:
"
:

..-
...

.
..

..............
-..........

-..•

::::::

.............
..............
.........

.............
--..--
........
..

..
...

..

.......-
............
.

.
.._

..
-...

-...
......-..

"'....."''''
"''''..''''''
...-......
"
:
-
:
~
"
:
~

.......-

............
..........

............
-............
..........

...."'''''''
.."''''..'''
0

.
.
.
.
.
.
.

_

~
~
-
:
"
;
"
:

.."''''....

..........-
"
:
"
'
:
"
:
~
"
;

....-..
........
--"'....
...............
0

.
.
.
.
.
.
.
.

.............
..........

"'.."'''''''
"'.."'''''''
........

~...
":":~":-::
.............
............

............
.............
..........

..........
..........
...........

...........
-

..
-

-
..

......-
-

-

.........

-"'
-..

----
---

...........
....

.....
..........
...

.
..

..
..............

...
"'..--

......-
..

..........
"''''''''''..

...........
.,........
............

......"'..
...........
.."'....'"

..........
......._-
-

.
"'

...
...............
......-..
:::::
...............

:
~
:
:
;
:

.........
..............

"'..........

..........
...........

.........

.........
...........
.....-.....

----...

..........
............
..........
•• ..........
.."'......

..........
...............
.........

...........
..-.......
.............
..............
.......

.............
..........
........

" o••• .............
.....-....
...........
.........
....-......
.........

...........
.............

..........
..............

"'........
"''''..''''''
............
c:.":.c:.~,,:

~
:
~
~
:

.
.
.
.

.
.
.
.

C
I

...
'"

.
.
.
.
.
.
_

_
0

0
0

:
>

0
_

..........
............

----'"
--"'_..

...........
-

...
..........

...

.........-..........
.........................

•.-~-0• •••
0

••••••••..'0••••••,.o...••••,•••••o•
.. •..••o•••,.;=-.0'..O.~••"

· •I•• ,!••••,

••
•

•••
•••
•••

•••
0
•
•

•••

•••
•••

.-.-..•••
•••
•
••

•••
•••
......-- .,;,...--.•• ...... •••
......•••
•••

...-...-._..........•..•
•••

"''''''''''U
...............
..........
.........
-.

-
.........

..............
C:"::-:~C:
...............

.............

........
.............

..
-

..
_-..

..............
..............

..-........
.
.
.
.
.
.
.
.
.

0

...."'...
.......-
~

~

..
...

........

..........
..-

....
..

...
..........

........-

.
.
0

........
.............
...

..
-

..
...............

"'''''''...'''
...............
..........
.............
-

.
............
..............

...........

....."'..
........"'...
-

-
...

-
..

............
............

...........
----..

...........

..........

........'"

.-.....
.........

...........
............
_

..
-

...
::::::;-
...........

............

"'
"''''

...
...

..
..

..............

...
..

..
..

..............

...........'"
.............

..--....
":":-:"':":
...............

.........
...-.........
..........

.......
..

..
..

.

..........
.
.
.
~....

........

.......-..
.........
...

...
...

...

..........

•

..............

..."'.......
.............

".......

.........
...

--
..

..
..

"'''''''''''''
...............
..........
~.......

......
~..

.............
"'......'"
..-

...
..

..
..........
........"'...

.....--..
...........
..........

..........

....-.....
.........-
...

..
...

_...
:
:
:
:
~
~
:
;
;

...........

............
_

_
n

o
_

...

..............

..............

...............
.............
..

..
..-

..

...........

...............

.............
....."'...'"

.............
..............

.........

.........
.............
..........

.........

.........

......"'
'"

"'''''''''''''
...

...
..

..
.........

-
..

-..............
.........

..............
...........'"

.............
.............
..............

..........
.._--..

....---

......-....
.........

...."',,'"
...........
............
..............
..............
..........
....-.....
.............
............
..............
~
~
~
~
~

..........

.-
-. ...............

...........
........."''''
...............
..

..
-

...
--

.

........
........-

.........

............
-
:
c
:
"
:
~
"
:

...............

............
...........

..........

.....
C

'
...

----...
...

..

..........
-:c:c:":":
...........

.
.
.
.
.
.

C
'
...

.............
..

..
..

...

..
...

"''''
...

............
............
..

..
...'"

...
.........

...............

.............

.............

...............
...............
..........
....--..
..

......
~.....

"'''''''......

...........
_......-.-
"::":-:":~
-....--

...........
..........

............
......."'..
..........
...............

.....
~.....

..........

...."'
...

.."''''
...

............
..............
.......

~...
...........
..........

•,

---....
---..-

...----

-..........

............
...............

..........
.............
.............

............

..........
.........

...........

...........
..._--...

...............
...............
..........

•••
.--..."'.."'..
....."''''..

•••••• ................

...-.......
......."'..
..........
-..........

..........
...........-
."''''....
-

-...
-

..
..............
..............
..........

......................
••.................

,.•••

•

•...'o•••••-- ,.•
..-.•• :;=>

0

'. _.•••••••0•••••,.O
.

••••.,..O.•o..00~•·• ,>


... _.• !•O
.

••'- •• •••••· •,!•••g- ·••• •· • · •



•
· ~

u
u

_
u

u
u

u
u

u
u

~
~
u
~
_

u
u

u
u

u
u

u
.

u
u
u
~
u
u

u
_
u
~
u

u
u
u
~
u

~
_
.
u
u

•
•
•

~
~
~
~
~
w

~
~
w
u
u

"
~
~
k
k

U
~
U
U
U

U
U
U
~
U

U
U

k
U

U
U

k
U

k
U

U
U

W
k

U
~
k
.
U
U

~
.
u

..
~
~
.
~
~

r
,

r
a

_
_

f
t
_
~
.
_

a
_

r
.
f
t

•
•
•
•
•
•
•
•
•
•

~
•
•
•
•
•
•
~

•••
•••
...;,.;.;.

•••
..•••

....."';".":
'
_

e

.-.":'":C
:

--. ..-......•••
,.;,.;;
......•••

...•••

••
••..

..
..

..
.........
........

.-...e

..
..

..
..

.......
~

_
e
....

~

.........
...............

..
..

-
...

.
.

-.........
.........
~
".....
.. ..........
..-....

--...--

...........
........._...

..........
-.....
.......
-......-...

........

.........

....
~......

.......
-.....--

..........
..........
...........
-.......-

.....,....
.............

............
..........
..._.........
............
............
...-.........
.......
.........
.........

~

..
.

...
.

..........
0

0
.
.
.
.
.
.

-
..

..
-

.......

co
•
•
•
•

..........
............

.................
................
.....................

.o
.

_
.
.
.

•
or

•
.....

--...--

............
............
......-..
-.......

............
..e ..........
-..

~..

..........
.....-.
..

..
..

...
....

~
~..

..........
..........
.........
....

~..

..........
.....
.............

-
..

~
~

...---

.............
.............
.........

...........
..........
.........
..........
_.........

...
~
-..

........
....

.o
.
.
.

.........
........

~

-
..

-
...

.............

...........

.
~..-..

...":-:':c:
..........

.............

..............
...............

...............

........

........
........
-

.
-

-
..

....-..
............
,.

...
...,.,.

...
~...

~
.

...
~......

.
..-

.....-
-...........

.
.

-..
~...

-
...

..............
.......",,,,,

.....-.
......

...

......-..
...........
.
,
;
.
:
.
~.---...

0
_

0
_

_
r
•
•
•
•

~
_
.
_
~

.
_
~

~
.
_
D

D
'O

r
O

•
•
•
~
o

_
•
•
•
~

D
"

w
_

_
_

_
~

u
u

"
,
_

U
N

N
_

U
N

..............
.............
~;;::::;:::

.............
............
.......

........
_0_...

•
•
•
•
•

0
_

_
0

0
_
•
•

O
N

•
•
_
~

~
~
;
;
~

......_-
---

....."'......

...........
......-
........
.......
...

~..
......

~
...

......-
..

.....-...
r
.

c
•
•

.
.
.
.
.

O
'

..

.........
---.....

•••E'
o ,,.,,•".•• ,.,.•
...'.."" ·. en

_
..
_

_
-

...
_

M
U
'
O
"
~

-
c
O
•
•
•
~
.
O
~

O
w

0
_

0
0

0
_

0
0

0
0

0
0

0
_

_

•••
a

....

~
-
0

_
z
.

"'
..

--
~

~
~
~

.
, ...

0.0._
.
~
~••

~...._...
~

_
f
t

.
.

_
.
.
.
.
.
.

...
_

_
...

.u
....

0
~
.
o
_
.

__...
4

U
~
.
~
•
•
•
•
~
o
O

.
0

_
0

0
a
.

~
.

_.._.....-._.-..
_.._--......-

,.•0
'

..
•

••

••
••..

•· ,•,••,,•E,••>, ·..
:

~
...

•..............
•••

•
•

•
•

•
:;

::::
·.o

_e.
-. _e_ ..-.....-:...~ -..e._,.;,.;,.;
... ·..c:":":
e._... ·-.·..--- .........-..•

... ·..~...e._.......:...
-e-
•
••

•
••

.
.
.
.
.
.
.
.
.

;>

.......
~.

-
~
~
.
~

..........
~

-..
~...

...-
~

~..-.
..

..
--

..

-.....
.......

..
...

...-....
...._-..

..
'"

..
..

-..-.
...........

......
0

...
..........
.
.
.
.

0
0

..
..

--
...

...
~
.

•
•

0
..

_

-
~

...
.-

.
.

..
........-
-.

-.. .e

..............

..
..

co
.....

..
~
.
.
,

_
,.

.
.

L
O
.
.
.
.
.
.

.............
..........

......
..,

-e.
......-
.-.....

..........

..
-

..
..

...
.o

..
..

-

....-......
":'":":":c:
..........

..........

..........
•

e
e

.........

...
...

......-...
...

...
...............

..........
..........

....-..-
..-

..
~
.
,
.
o

.
......

-
~

.....

. -.

.............

~
...

...
0

..

...."'..

-
,...

.-
..

.....
~

"'..
~..

..............

...........

"'........
...........

...........

...........
..-......

..........

..-
..

-
.

...............
.............
.........
...-

..
...-

'"
~
:
:
:

-

..........
..

...
.

..
.........

....-..
--......

..........

..........

.......
.........

.
.
.
.
.
.
.
.

0

....
u

..
u

..........
..........

..........
............

.......
~

...........
~
~...

..........
..........

...........

......"''''
...."'.....

........

.........
.........

..---.
.......-
........
....-.
..

-
_

...
..

.

..
--

...
..

..
~..

..........

............

..........
..........

......
~

-.--.......

..
,,-.-

; ...........

..........
....-....

.........
...........

..........

..
u

..
u

..
..........
........
..........

.....
..
~

..
-..-

..

...
...

...u
..

u
u

:;:n:==
..........
--...--

...--..
.
.
.
.

co
..

e
_

_

..,........

..........
...........
.
.
.
.

0
.
.
.

--...--
..........
..........

..........

........
....-....

..........

......
......-.
.-.

.,.
....-..

........
~
~
:
:
-

...........
"';":'":":'":.
..........
-...........
.....

~
..

-
..

.....
........;::..

u
u

u
..

..
.
.

0
.

.........,.
.........-...
.....
........

..........
..........

.........

..........
..........

.........
-.--.
...........

........

-.......
::=

=
:

...........

.........
...-

..
.

.
.......-...
...............
.......

.........

............
.............
:::~:::::.;

..........

.........
.........

..........

...........
...........

....-.....
.......

~..

..
~..

..-...
...........
..........
-............
.:::...

~
~

......
0

.
.
.
.

..

..............

.......

~
~..

~
~

..........

..........
....-.
...-

..
..............

..........
..........
..........
.............
.......

......
~..

-........

...........
............

...........
............

.........
-
~......

........

.
~...

u
u

u
u

u
u

u
..

u
..

....................
........

.........
.......-
-..--..

••,>"
......

-
.....

~
~

::::::::
.."

...
"
,
c

.
.

•• ""
...........

..•~
=

,.••,.••••....•...''a"" ,.,,•".•• •....•• · ,••
.,......•

•" ··o•· ,•,••· ,•E,·•· ·••

••
•••

·· • ·· •
"



•••
•
•

0

.-. ... U
O

'
...•••

...

..
u

w
..,_

.........,...
..

..
..........
............

......-
'"

...,......
•

"'"
...

......,..
...,...,..
..........
...........

.........
...........

.........
...........

............

U
U
~

....
_

............
.....,....
....."'-.,
--

...-
"'........,
0

.
.
.
.
.
.
.
.
.

..."'.......
..0_0_

........
u

.
........"'.
..........
....,,,.'"..,
--"'-'"

..."'........
...........
...........

0
_

.........
..........
..........
....-....,
"'",--

............
"'

...
"'''''''..

............
"
'
0

0
0

0

....."'....,

............

."'""''''CI
............

...........
...........

...........
...........

•
•
~
U
U

u
u
u
~
u

.
.
.
.
.
.
.
.

u
~
~
~
~
~

~
~
W
~
~

~
w
~
w
w

~
~
~
~
~

~
~
~
~
~

~
~
~
~
~

~
.
~
~
~

.
~
~
~
~

~
~
~
~
.

....---

"'..
"..'"

.....
~
~
:
:
:

...........
...........

~
:

•
0

•••••'0o.00 · ••oo
.

....O
'

••
U

••..

•o•,•

.
,

.
.

0
_

_
0

_
_

..
"
'_

.
.

"
'

"
,

•..........
'"

_
_

"'_
"'0

"'
"'

_
_

"'
_

..
~

...-.....-
"'...-....

"'
--..--

-......-..
---

--
--..--..

•••
•••

•••

-..--.V_,
.v....-..c•

... ...•••
V

.,
.......-.. ..••••••

"'............
..............

-
~
"
'..'"

"
'

...
0

-
.
.
.
.

~
"
'
'
'
'
'
'
'..

•.....--..
...

..."'...
...

.

........."'..
..."'''''''
...........

..........

.."'
...

...
~..

...."''''..

...............
...............

............
~

..
-"'

...
--. ...

..
..

-

...........

....."'....
.-.

.............
.............
...."'......
~
-
"
'
-
'
"

..........

..--
..

...."'..
..."'

..

.........
••

•

.............
-

..
...

.
"'..

-
"
'
~

............

...............
..."'........

...-.."'...
..........
.."''''''''''

....
~
-..

...........
..........
"'

..
"'

..
...

~

.."'-..'"
"'.."'...'"
.

"'...
...

--
•••

..............
.............

.."'..
"
'
~

~
~
"
'.....

....
"
'
~
'
"

.......-..
............

...-....
...

............
..

...--
:::;..-

...
..

...

...........
......."''''
.............
..-...

~
'
"

..........

......-..
...........
..."'''''''..
..
-
-
"
'
~

"
,..........

...............

......"'
.....-.....
............-.
..............

....
~....

......."''''
"''''~..'''

...."'-...
.........'"
..."'......

..........

~..........
...........
.............
"'''''''-'''
..........

-..__c

"
'
~......

"'
"
'
~
'
"

...
...

...---
............
"''''''''''...

....
~..'"

~
"
,

"
,

...
~

..

............
•
••

.............
--...............

.........
~

......-...
..

...
"'.."'..'"
..........

............

~........
............
.............

..........
..........'"
~
-...-'"

...........

........,...
~

...
"'"

'"..""

-
"'...

..
~

..
..............
"''''.......
..........

...."'
..

....."'
..

....-..
"'

..
"'

.
.

"
,

..
.............
"'

..
"'

-
...........

-..-
...

......_...
.............
"'--..'"
..........

· •o•••

•V.
~
.

0:o,• •....•o ..
~

e
..

"
'.

~
_

0
_

"
'

0
_

_
.
.

·
,

...
no___

..._
...

...
_

•..'••o.oU

••,.·.1c.••o.00••

••· ,!•o••< · oi·

_
c
c

•••

•••

-.- •••

•••
•••
."•••

••
•

.0
_

...•
•••
•••

...•••
..._....._.0•••

•
0

_
..._..:;:...
....... •••
......--. .-....":":":.
......

-.."'....

.........'"
"'..."'-

...
...

-
..

.............
"'''''''..
..

..

..............

............
"'............

.............
...

........'"
--"'''''''

..
...

--"'
'"

.-
..

..-
.

...........'"

..
..

..
...

..
..

..............
•••

..
...

..-
...

.............

............
.......

"'....."'...
...........
"'........

..........
..........

.."'..."'...

............
...........

........

...........

..
-..

...-
...

.."'..-..
...........
...............

...."'....
............
.."'......-

...........

u
.....

u
...

..............
..........
..........
.-..............
............
...-.......
............
..

'"
..."'-

...
......

"'...........

...............
..............

.............
"'.........

.....-..
...

..........
...........
-............
"''''..'''
..............

............
......-..
..

...
-

-

u
u

u
.....

.............
..........

-...........
......"'..'"
.
.
.
.
.
.
.

0
..

...........
...........

"'......"'...
............
...........

"''''.........

..............
............'"

..............
...--...'"

..
...

--
..

-.- u
_

..
u

u
....,,,.....
...........

-...-....
.............
..

..
"''''_

...
..........-

..............
"'

'"
.."'

...
-.

....-....
-....

'"
..--.....
.."'..

'"

...........

..........
..........
_

0
.
.
.
.

_

~........'"

............

.........
.
~

'"
---...-

"'
'"

-
...

.....--
...

~
;
:
~
;
:
:

............
"'......-'"

....."0
'"

0
_

"'..
~

.....--...

....."'''''''

............
......"'......

..............
...............

"'...........
..........
............

..........

...........
....---

"'
...

...
...

............
...........

...O
u

u
u

..............
..........

..."'...-
.............
.............
..."'.........

......."'..

..........

........
..........
~
~
"
:
c
:
.
~

...
-

~
"
'
~

..............
.."'.
0

_
...

-...-.....
....."'-..
.....-....
-"'---

............

"''''''''''...
"'''''''''''''

-..........
...........
'"-..
_......'"

...............
..."''''.....

...........

...........'"
"'

..
..

~
:
:
...

.....--..
-..........
...............

.............
...........,
-

..
.

-..
--

'"

"'.........

.."'........
......-
'".."''''

........

......"'
...

........
~...

.............
"'----

..
0

.
.
.
.
.
.

...........
..........

.......
.....

~...
............

...."'...'"
...............

.....-"'..
.-

.
.......

~...
.....

"'...
.............
-.~~.....'"

.,..........
........
............

..-"'-

.--

.......-
...

-...---
---

----
-"'--'"

...........
.........-

:::::::
............

............
..-......
-

.
"
,
-
~..

"
,

-...........

........"'...
......."'...

.......-
-

"'
..

'""'--
............

..-........
-...---
...........
...----

" o••• ..........
~

.....
-...

0
0

.
.

:
:
~
:
:
:
.

..............
• ...........

.--....--
............
~

..
.._

..
........'"

..-

••'.••, ••o.
• c
.

••••..'oo.•o <•o
.

..~
:
:

•
0

••••..· •o.,.o
.

••.'•••..•••o•••.'o.o.oU
..,.·.1..••
.' 00•o•o

••,•· ,!•· •,!o•••• · co

•



•

c:":".
---•••
•
••

".'",.."...•• ••
•••
•••
--. "
.

.....'.;..;
-.•••

,.,

..-":":"::
..- ,....'_

'0
..-.'- .,.... ...--.

_
0

.
.
_

_

.
.

g
"
,
,
,
,
,
,
,

~...........

..."'
...

..."'
...

............
..........
........'"
.....-......
•
•
•

.............
_

_
"
0

"

"'......
.............
..."'g

.....
-.. ...........
"'-

-'"

......""n
'"

..."'..."'...
.."''''..'''

"'''''''''''''

............
..

.
.
.
.

_
'"

..
N

..
...............

....""n
...

..........f:

.............
....-.....
....-..'"
........

"'
'"

..
..

............
----..
..............

..............
...............

.............
...-.."'...

..............•
_

.
.
.
.

0
...

_
0

.
.

_
.
.

.....-.....
...........•

•
..'I'

..

-...
..

"'
"'...

"'''''''......

"'
..

-
...

............

...:::..-

...............
................

..0
_

"
'..

_..........
..............
...

-
......

..
.........'"
.........-

..........
_....-..

............

................
................

..........
0

.....
"
'

...

~..-..'"
."'--'"
...

....
.....-

...
....-..'"
•••

...........
.........-

"'........
...---
.

,

.............

-
...

......
N

...

-
...

-.............

................
...............

......
..

"""
..

.............

..
-

...
..

'"

~........
':":':";-:
............
.."""

'"...
"
'

O
g

"'
--

.............
----...

'"",,"'"'"
"'''''''''''''

..............

"'......"'
......-.....
...........
O

.
_

.
.
.
.
.
.
.
.
.
.

g

.."''''''''''

..........
..............
..."'.......
_

.
0

............
-"'........
..........'"

......."

"'...........

..............
"'............

..""
.."t""

......"'....

......
~....

...........
~.......'"
---"''''

...-......
"
"
'0

"
'_

0
...

N
"
'

/W

............

-..-....

......-
...

...
g
~

..
"'..

..-
.....

"'''''''''''

......
"
,..

"
,

..."
,,-

..-
'"

-
..

..
..

0
_

0
_

_
_

"'_
N

_
_

_
a

_
_

_
..

.............
....."''''..

............
";":

~
"
:

":
.
.

N

-_.......
............
"'............

•
.............

............
-..---
,t""

..•"t'
"",,,,,,,,,,,

"
,...",,,,..

...-...-.

.............
...........
............

<>
"
,.

-
..

.
.
.
.

N
.
.

"'no
........

..........

..............
...............

...........
...........
.
.
.
.

0
..

-_
..

.............
..........
••••••

•••.-• · ~
~
u
.
~
~

~
.
u
u
.

~
.
~
u
u

~
u
~
_
~

~
u
u
~
~

~
~
u
~
u

U
A

_
A

k
~
~
~
~
C

C
U
.
~
~

~
U
.

W
_

_
M
~
~

~
~
~
_
~

L
_

L
_

_
M
.
'
_
.
~

•
•
•

~
•
•

L
•
•

.
_

•
•
•
•

~
•
•
•
•

_
.
.
.
.
.
.
.
.
.

~
•
•
•
•
•
•
•
•
•
•
•
•
•

~
•
•
O
~

•
•
•
•
•
•
~
•
•
•
•
•
•
•

~
•
•
O
~

•
•
•
•

...
-

_"'
-

...
••o0
0•••
1

-.o. o
.

'"N,
••
W•0-
.'..o

•o•
..,...o.~

....···...· o .,.
0

,.•
W
.

,•
0

•
W

0
0

o>• ,: w,• ,· •,•,,W•;,,·

_.•••

--. ......
-.....,
;
.
;
.
~

,
.
'

_.0•••

..."."':";
•

-
0

-0-

.., ...,..'"--.
~
"
:
c
:

.
"

.......
~
'

....0.
0

"

~
~
.
;

•••
"......

...
..

...
.....-

...
"''''

:::
..............
..."'-

..
..

..

...........

...........
.........'"
..........

............'"
"'.........'"
~

..
.."'

...
........

-
~

.."'..."''''

0
0

.
.
.
.
.
.
.
.
.
.

"
''''

..
_

_
_

0
.
.

0
0

.
.
.
.
0

_

..."''''''''''..........-

............

"'-........-...........
-..-"'..

'"
"'-..

..............

...."'
"'....

"'
"''''

..."'.....'"
..............

.............
.............
..........
"'...."'..

..-
"'-

'"
..

"'
...

..
oe

........

~....
~...

-....
'"

...
...

--
..

.....-
..

..."'
..

'
'
N

-"'....
~

•••

...........

.."'.."'-
...

..
..

..

...............

---"''''
"'.."'

..,..........
.........'"

"''''..''''''.."''''

.............
.....,..0

"'

...
..

"'
"'

-

.."''''....

"'.........

...._..
"'

...
:
:
:
:
~
~
:
;
:

:
:
:
:
:
~
:

...........

.................
.................

...
g

-
.
.

.."'
...

......"'..

............

.....
u

u
.
.

"''''.........
..........

..-..
~...

............

....-
..

"'.,
'"

..."'
...

"'.."'
...

..........

~
-
-
-
-

..
_
~
-
'
"

-----
-----

............

"'....,.....
~

....
oe<>

............,
"'..........

...............

-...........
.............

...........
"...........
...........

......"'
....

......"'
....

............
........'"
........"'...

..........

.."''''......

...................
...............'"

.
.
.
.

.
.
.
.

N

...........

............

-........
~

.........-

.............

..-........
...
~.."'

.........
~

,..
..
"
'
~.....

--.
-........

~

...
.........

u
...........
.....,....

............

-........'"
.....

~
..

<>

_
0

"
"
'"

"'.."'...'"
...........

..........
.......

~-

g
.............

.
.
.....

0
...

"'''''''0
..

...............
...............

...
~..-..,

"
:
"
:
"
:
-
:
~

.......-...

..................--
...........

..
...........

"'
..,

............
...........

...........
............,
..--....

_...,,-...
....."'

..
~

.
.
.
.
.

g
.
.

...
-

.
.

g

.."'....
• ..."'

"'..
....,

0

..........

............
-........
•••

...........
:
:
.
:
;
~
:
;
~

..
.......

<>
--

.

.......-...

........"'....
• o

............
....."''''...

...............
..............

_
..

.
.
~

.
.

g
...

.........
~

..-.......,
..............
~-....
...........,

--.

...........
...........
.........
-'"

"''''

••• ...-.........
...........
.............
......-.....

0
...

.."'
...

"'''''''......
...............

..."'
..

"'
--

•• .............

...........

.......
~..

.
.
.
.
.
.
.
.

u
.............
.....,.,..

.....-....
.............
........

"
,...

............
~
~
~
;
:
~

.........

.....................0.
...-

"'...
...............---

• o•··· ::::
•

0

,.••
.,•
.• !•o.••N

'
•••....••,•••••,.O

.
....

..............
.,........"

·. "iI
.........

N
_

...

· ...' ....•....
.............

~
----

....
----'"

..

•....
,.o

,···· ,•,,•o>• •,•· ,,,

"



•,•

· •· oa
.

••N
'

o
.

•

.
.
.
.
.
.
.
.
.
.

~
.
.

U
U

'"
'

.......
""

...
o

...
~

..
."..,..,"'

".,.,..
............
..........

...no
.......

~

........"''''
....."'

...
"
'

oo

..........-
H

_

"_
"'U

N
............
..........
~..."'....

.........u
...

...
...

...,
..

...
...

...........
~
;
:
~
:
.
:
:
;

....."'-..
"'-

"'-
.............

0
"

-'
...

:I
..

O
'

••
..••••

z
r

"''''
"'

...
o

.
•

••••

0
0

••---- ••....a
•

••
..a
_
....••••..a

•
•• ..":":
••.. ..H

H

••

.
.
.
.
.
.
.
.
.
.
.

_
0

...
...

_.._-
..........

............
.........
...........

.
..

-
-

..
...

-
...

..
-

..........
----..

tv
..

.
.

0
...

..-
-

.......-..
..

..
.-

...
....

~
...

..
.

~
~
~
~
~

.......
~..

..._.........

.......-..
.....-......

0
0

...
0

.


......-......

"'
..

...
..

..
..

..
..

........
..-

..
..

..

...."'.....
...........
.-

..
-

..
..........
...........
..
~

..
-

"'...
.

..

...-......

............
...-

...
:..

~
::

.............
.........."

.............
.......-..

.. .........

.............
.........
............

.........
........
•

O
..
~

...

..........
..........

.........
.............
...

~.....
...

--........
H

_

...........

..............

.............

............
.............

............
":':":.":":
..............
.........-

..........
..........

..........
~...........
..........

..............
...

0
.
.
.
.

_
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
_

0
...

---
....-

.............
..

.
.
.
.
.
.
.

0
'"

-...-..--
-..

...........
•

••
....-....
H .........'"

...
_

0
0

_
_

0

..---
...............

..
_

....
_

.,
no

'":":":":-:
..

............
...

-...
-
~

-
-

..-
..

......."'...
..-.....-

...........
"'-"''''

..........
............

.....................
.......................
......_..

~
...

-n
o

..
...-

...
--..--

........
...........
---......
.............
.
.

0
.
.

0
.
.

..............

.............
..

......-
-

..
.......................
.....................

............
............
..

no
.......

..._"'--

-....-..
..........
.............
----..
..........
............'"

--...--

............

...........

....
-n

o
_

..
............-

...
.-

..

..........
...........

..........
..

..........
..

...........-
..

........
~

-
..

...."'
_-'"

..
no

_
_

"'.....

...........
...........

.............
-...........

..........
":':':"'::":

.........
..

.....
-

..
..........
...............

...........
...........
...........

............
............
..............

............
"
'
.
.
.
.

co
..

..............

...........
..-.........
.........
••H•• .
.

0
.
.
.
.
.
.

...............

..
_

_
_

"'0
"'''.

_
_

"'
_

"'_
_

•<It
.
.

Z
_

.
.
.

N
C

.
.
.
.
.
.

,."':I
N

_

•••
a......-
U

.
.

••Z
.
.

'
H

•

•N
O

.•a ••..·. ••..••

..........
Z

.
.
.
.
.

_
.....

....--..--
...

..............
.....
~

~
:
~
:
:

..••..

............
'"...........

...'•...............
~

~
~
:
:
:
~
:
:

a>• ··•· o••••·

•••

•••

•••
...-..-.....-- _.H_

_
H

-.0H_H•••

:::

........•

......-H-•••
•••

.-.•••.-....H'... _.. H
"

'H
'

.a.
_.H

-..---

.
.

0
...

...........

....-.
..

-
..,:;:"'..

..
..

..
..

............
":"::":.":":
...-

..
..

-..
.........

z
..

a...........
..

..
c

..
.

-
,....

..
..

...........
.
.
.
~..--

..........
..........
-..

~....
H

H
•

.......-..
-...:

:
~
~

H
H

'

...
..

...
...

..........
..........

--.....
H

'

...
~....

.........
:
~
:
:
:
:
.
:

:.::;!;
..,::........

........

..............
............
............
~
-...-..

..
...

-
..

.........
~

-.
...

..
-..

~
..

..........
...............

............
..........

...-.....
...........
..........
........
..-.....

-
-
-
t
v

........
...........'"

-.-
..-......
.....-.....

..........
.......-

...........
...........
..........:;

......
'"

.........
a

..........
.-

..
-..-_

...

-........
.........

...........•
...........
...........

...........
..........
........-...
...............

..
...

..
...

..........
............

...........
.........

-........
..........
-..."'..
........
............

....-
...

....
...

.
..

----
...

.......-..
.......-....
......

no
..

....-....
..........

..........
-.......

~

...........
..........

.........

...........
...........

...........-
...........
.............

...........
..._.......
.........
..............

..
..

.....
no"'...

..........
":.":":"'::":
...

........
...
..

...
.
.
.
~
_...

..
..

..........
..--..-

............
":.":.":.'":'":

..........
..........
..........
..........

.............

..........
............

.........

.......
...........

.....-....
.............
..........
............
..............
...........

............
..--.....
-::;;::..

...........
.............
.-........
...........
.....-

..
..-

...
..........

..........

...........
..........
:;:........
...........
......,'"

''no

-........

-...........

...........
~
-...-

:....--..

.........

--..--

-.........
.............
..........

.....-...
.......--

...........
~
~.......

...........
---....

...........

..........

..............
.."'.........

..
'"

..
..

..-....
............

..
..

..
..

.........
~

...
..

..
---...

..........

-
..

.
~

~

.......-'"
............

..........-
-..........
...............

_......-
............
..........
..........
.
.
-
-
~
-

...-..

..........
..........

...............

...........

............
...............

.._..-...
........
...........

H
"

..........
H

H

..........
...........
........-...
......-..
.._.....

............
_

H

..-
-

_-
-

-
~

..
_

..
~

_
_

..
_

_
"
'_

'"
-
-
-
-
n

o
_

_

...........
.....-..-

.
.
.
.

0
..

.
.
.
.
.
.

u
"....-..
..........
..........

..

-........
....-.....

..........'"

...........
.
.

0
_

_
.
.

........-.
H

_.

.............
............
..

_
no

_
"'n

o

...........
-
~......-

...........
...........

..........
............

"'
...

..--..

...........
...-......

..
..

"'
"'..

..-.......
........'"
..........
"'-..."'..
............

.-..........
..........

..........

...-......
.......

~..

.......-..
";":.":.":.-:
.............

..........

..
~

..
~

...

...-.....

-
..

"''''
..

.............
..--.....
........-..
...........
..........

......-..
0

0
0

_
0

............

..............
...........

=
~
,
:
:
:
;
:
;

........
H

H

..-......
..........
...........

••H•• .........
..-..
..--.....
",n

o
",..

...........
.....

no
......

••O'
• ••oa
'

••N
'

0
-

~
=

••••••O'
••..•

a••••••ooa
'

•••••••N
O

.•a..oa•a•••• .<•• ..•a•
..'....o

••o,• ·•,••,!••



0
0

_
_
~
~
.

0
4

"
'0

"
'

_
~
~

o
~

..
_

o
•
•
•

_
4

"
'_

0
0

0
z

_
~

..
_

-
-

~
~

-
..

..
......

•

,••

•••
"
C

u
U

U
....

z
....

...........
"",........,
..........
....,.......

.....
.

"
..

..
0

..

•
•

....
...

...
,,,...

•

...........
....

u
.....

..........
..........

•
u

_
."

"
..

.
.
.
.

e>
..

...........
•

"
..

N
.,,

...........
...........

•
•

•
......

r.
....

_
0

0
..co

"'"

•.u•.,.•••
......

•
>

-
•

•••
•

"
...........

•..

---
...

.........

.........

............
....-.

.
.
.
.
.
.

0
.
.

•
.........

........

........•
-.......

...........
............

....................

....
~.....

.........."
..

·..
:'

:.w
•

_
.
,

..
_

_
0

0
_

0
_

•
_

_
"
'_

"
'''0

_
..

_
0

_
_

_
N

.
.
.
.

0
_

0
_

0
_

_
0

0
_

_
_

0
_

..
..

..
~

0
_

_
"
.0

_
_

-
_

_
...

..
~

.
0

_
_

0
0

0
0

.
.
_

.

0
0

.
.

-
.
.

........
-

...

•••
•••

-.-
•••

•••
....N... •••
.....:~.:
........•
••

......--.-..•••

-..... ......

.-.
••._.-.
.........
........-

..
..

....-
..

..
"
,.......

....-...
..........

...
...

..
..

-
..

.
.

..
~
"
'..

....".",
........-

.........

...-....
..........
...••.
.
.
.
.
.

0
.
.

--........

.., ..............
..............

.....
-
"
,...

........
..._

-
..-

..
..-

..
..

..
..-

..

..
..

...
..

..-
-

..
..

-
..

............
...........
....

~
"
"...

~
..

......-
-

.
..

.........
.
.
.
.

0
.
.
.
.

..
.

...
~

...
.....
......-

.......,.....
.....

~..
..............
..........
.........
.......::..

.........
..........

.........
--...............
.............
...........
....-.
..._

..
......_-...
.

.
---

-

......-..
.."".........
...._.0
-
-
~
-
"
"

...._....

..........
.........
-.......
........

...
...

...
...

---
...

.....-.
..

..
-

...
..

..

............
.
.
_
~..

...
.

..
.

......-..
'"

~..
0

.,
..

...
..

..........
..........

.....-.
-.....
•

..
:
!
~
:

............
...-.....
..........
......-

.."..
~...

"
~

,,...
-

...
~-

"'
..

.

....-.....

.........
~
-
~
-..

....
~

...
...-

...
............
•

•
•

............
..............

......-..
...............
.........
..........
.........
..-

..
.

.
.-.

...........
~"':.":":":
..

.
..

.
..

..
...-

...
..

...

..
-..

...
..

.........

..........

..........
...........

•••

............
..........
.
.
;
.
;
~
.
.
;
.
;

•••

..........
.

,
,
.
,

-'..........

............
.....-.....
....-..
•

N
'

...........
~-:":":'":.
..........
...........-

.........
-
:
~
"
:
~
"
:

......
--...-

...........
...........
";";":"".":.
...

...
...

~...
..-

..

.........
............
-..........
_..-.....
~....-..
...--....

...
..-.....

........
~..

....
~......

...............
..

...
..

...

...........
... ---...
............
-.......

":".-:",,:
...............

.......
~

.........

..........

,,
••• -

..
-

...
............
-.........
........
-........
........
...

......

..........

.............
.............

.........
..............
.
.
.
.
.
.
.
.
.

0

--....
.........
.........
......---

.
.
.
~

...
..-

..
':."':-:-:.
......-

...

•• •
..'••••••
..'..••••••• • ..

"'_
--

...
•~
~

..••·. .....
...

,.:0
.

-....
..

O
'

...
-

..
..

0
...

•.,••
::

~

· ,!•· ••· ,•••

,=
:•

.-"
:
~
~

•••
•••
"':":":
:... ...... .....- ..........:,;,;
••

...N'• ........•• •••
... •..,...".......

...........
-:":":-:-:

............
............

.....-....
-......
........
..........

-
.

..
..

•
"'

..
....

~..
............

..........

...........

..
..

..""""..

..............
••..

...
"'

..

..
.

..
-..

........

..
...

.
.

......
....""..
.

..
"".""..
..-

..
.

..
........
...........

••• ...........
........
.
.
.
~

..
...

~
...

..
_..

..........
"''''.........

.........
.......
...........
.......-..
..-.........

"'"'
..

....
."-

........
0

0

..........
............
.......-..

........

..........

......""..
.............

......

.-..-...
...,""..
...

.
..

..--
...

........
""

..
.....-...
~

...
...........
•
•

N
·.....

""
.

-
..

........

.............
.............

..
.

...
.

..
c

..
.....-

.
.............

-..
.........
":-:....":•.
............
........-

..........

............
.........
..............

•
0

..
"'

...
...

.
.

0
...

.
"
,

-
...

..........

........
............
..........
...

.........
._-..

.....-..
.......
..............

...........
":":":'":.~
...

-
""

...
.

.

••

............

.........
........

...-..
...

...
-

...
....

.
-

..

..........-
-

.

............
...

...........
...........
-

'"
...

_
..

...
.

...
...

.........
.....-..-
..

-..
...

-
;..:

:
..

...
-..--

..
...

"'
"'...

..-.....
............
........-

......

"'
.

.
..

..............
..

-..
...

..
..

..

-...........
..............

..
.

_
~..-

.....
~..

.............
...........
...........

........
........
_.........

.........
..

_
.....

0

;
:
;
:
~
"
:
'

-
...

...
.

.......
.........
-......

....... •
•

..-.
....

~..
.............

..........
.......
....-.

_
_

N
_

......
........""
........
..........
..............
......-.
...-..

~.......

_.......

"'...........
...............

..-....

...........
.
.
~..."..

..........

........
-:":-:-:-:

...............

...........

•,.,..."..
..........
...............
~........
.........

..........

-........
.....-..

...........

.........

......-..
~
-..-

.---.
........
..

...
...-.

..............

.......
.,

..-......
..............
...........
..:.:.:.:..:

.
.

...-
-

.............

..
...

0
.
.
.
.

.......-..

.....
..............

.......
.........
.............

.........

.-
..

...
.

..........

..
..

...
...

..-..-..
............
.;.;,.:.:.:

...........
.

..

_....-..

-.........

............

........
.........•

.......-
..........

•
•

u
_

JO
"
''''

.........
..

.
.
.
.
.
.
.
.
.
.
.
.

0
...

..
...

...
...

.....--
............

.....................
....

,

..............
;:;::::
.........
..-.....
...........
:
!
~
:
:
~
:
:

..............
..............

........
.....-

...
....-

...
....-..-

.............
....-

-
..

~
..

_..

.............
.............

-........
............
--.....

....-..
.............

...
....,."..
......

0
0

...
"
O

w
w

"

:::::::
.........

...........
.
.
.
.
.

0
.
.

.........

:• ,•- ........

...........
............
...........

.........
•••

...........

...........
............
.......

~

_
'N

-......-

.-.-..

..........
--.....-
............
·

.......

,= •••,. •,..'••••• ..,.•••••••• !•••,..,..•••
••...,••,.·,•..•••••••
..0

'
..••,• ••••••,.•..~
'

••••!
"



•••

•••
•••

•
•
•

•••

•••
•

•
• •

•
••

•

•••

..•••

......-..... •••
•••
...~..:
:
:
~

...... .o
o

........................... .........-..•••

..._..
..

...
-

.
..

..
0

.

......
.........

............

0
0

.
.

~
..

..
..

..
"'-

.
'"

.
...

......

..-....
...-.
..

~....
.

...
.

..

........
.._......
....-.
••...

...
...

...

••••

....,
..

0
..

"''''.......

.........
..

0"''''_'''
.
.
.
.
_

0
..

.
.
.
.

0
.....

..._.0..
~
.
-...

.
.
.
.

0
.
.
.

.........
-....:..

~
..

"'
..

...........

-...........
..
~

..
O

O

..-"'
..

~
~

..
-

-
....-..

~

............
.............

............
.........

......
_

.
.
.
.
_

0

..........
~

.-.
.........
~

.
..

.
..-

..
...-..
--..--
..."'

..
...

-
"
'
_

.
0

0
..

..-.....
~

•• ...........................
..

.........
•

•

.........
...............

.........
.........

.......
--.....
..._0.
......

~
~

..........
---..-

..-.....
...............
........
"'...

~...

.........
"
_

0
."

..
..

..
..

...........
....-

...
.....c:.

":
...

..........
...........
.....--..
...........
-.."'....

-
.

.
~

·
.

..."'
..

............ •
""-C

O
..

........'"
..

T

...
..

..
..

.........

..,-:-.':
":

.............

...
.

...
...

........-..
..-......
--0-
·....

..........

.........
..........

.
.

..
..

--
-..

..........

..
.

..
..

.-.
..-....-

..
•
•
0

.
......-.
..
~...-
...

--......•••
...........••

·
.

...
0

.
.
~..

....-....
...........

...
..

-
-..

·
.

..........

........
..........
............
.
.
.
.
.
.

C
O

...
...

0
•
•

"'-......

....
_

0
..

...........
........

.....
~..

........,..,

_....-..,
........
.....

~
.
.
,

............
_

..,
..

0
...

............
.........
.....-..

..-....
"
.

..-
.

"'
.

•
_

_
0

.
.

0
.
.
.
.
.
.
.

..............

;:;:::

............
...........
..........
..........
...........
............

............
.............

:::::

........

......-..
...........
0

_
_

.
.

......-...

..........
..........

..........

.......
..........
-.....-
-........
·

.
..........
-....--oo

...

•;

----..

.....
o

o
z

..
_

......
0

"
<
>
~
1

..
...........
..........

...
..

"'
..

...........
•

..
0

.
.
.
.

0

":
"':~

'";'";
-.......
.............
~
~
~
~
~

"'
..

..-
..

·
.

--......
...":":"':-::
..-

..
--

.

~
":

...
..

............
".<

:-:":":
.."''''......

•

.....-...
.......-
:
:
-
-
:
~

.....-...
...

"
;
.
"
:
~
"
:

....-
..

..-
..

...........

............
..............

-........
...........

...........
..........
..........
..........
..-..........
..........

.......
-.....
..........

.........
.........

..........
..-.....

..........
.
.
.
.

0
.
.

0
_

..-..-

.
..,.....

"'''''''''''''

..-
.

...
0

.
c

..

....."'....

............
..............

.
.

0
.
.
.
.
.
.

...........
....

C
......

.........
............

....-....
-.-......

~...
.
.
.
.
.
O
~

.......
...---

.......

.....-....
...........
..
~.....

••~
.•• · , ~
.
.

.......-
•••••••· •••-...••,.•

0•
..• •....•• •· •••"....•..••••••..•••
!:I
·

•
••..••..•• •
,." ..'. •••o·· •· ,••·· ,•,,••••

,• ·· ••: ·
,

............
-.....
..........

0
.
.
.
.
.
.
.
.
.

...........
:0.

.
.
.
.
.
.

_

•
•

0
"'''''''''

..
0

0
.
.
.
.

..........
•

a
_

0
..

..
..

•••••
..........
.......... ....

•
•
•
•

0
..........

•
...-..
.
.
.
.
0

"
II

............
••

•••
.........
.......... ......

.
..

..
. ..,•••
..,•••

•••
•••
•••

•••

•••

•••
•••

•••
...... •••
... ...... 0.--........ •••
...... ......... •••
...•••
..0

-
..

"'
..,

..,
..,-

----
...

............

...........

........

0
...

-..-
...

...........
...........

..,
.

..-
...

..
...

........
...-.-...
..--..
!
:
~
:...

..
..

..
..

.....-..
.......
...........
...

...
...

...
...

...

...........

.
~
-

...-
.

.........

.
..

..........

..-
..

..
0

..
0

...

..........
.....

~

...........
~
:
:
~
~

..........

.
.
.

0
......

.........

."'.....

.......-...
........
...

...
...

...
..-

..
.......,..
.......,.
..........

.......

..........

.-........
............

........
........

~,•

..,..-
..

..,
.
.

0
.
.

...............
...............

...-
...

....-.

.........

.........
...

0
.
.
.
.
.

.
'
0

...........
..........
....-...

...
...

.
-.

.....-
.........
..

..
..

..
_

.

......
....

..,..
•

"
'
;
"
.
"
:
"
:
~

..........

..........

......-
... .

...
..

-
...

...
...

...

..........
..

-.
...

-
.........
..

..
..

O
~

-.
.......
..............

....-.
..

..

.
.
.
.

0
...

........-

..
0

·
.•

.....
.........

-
;
c
:
.
c
:
.
~
"
:
.

-
0

_
.
.

-
-

..

....
~

..

........
...........
.......,...
---_

...

........
.......
...-....
........

..
..

...
.--.

..........
......
.......•

..
o
.
~
_

.........

~.........

"
'
~......'"

..........

.........

..
.

--
...

..........
.........-..
.........
-. .
.

0
.
.

....
.,

..........
••

.....--
---

..
...

..
...

...
....

.
.
,
~
.
.
,

.....
~..

........

...........
...........

.-
..

...
..

..........,

0
.
.
.
.
.
.
.

..........

...........

.......

..,.
..,..

.
.
,
.
.
,
~..

..
_

...0
.

..-_
...

-
.

• ...........
............
.--

.............
..............

...-....'"
•...-

-
.
.
~

.
..........

....."'.
.
.
.
.
.
.
0

_

...........

...--'"
:::

-.
..-

..
..--.
0

_
_

..
_

...........

~
...

..
~

...
...--..
..

.
•

..,....,......
"
:
.
~
~
~
~

"'_
."'0

•
••

..
0

...

-"'--

.....
0..,

.......

,,:"'0
.

.
.
.
0

.
.
.

0
.

.....
~...

..........
c:.-;

~
,
,
:

-_
...

...
-
~

..
.
.
.
.
.

0
•

..........-
~..........
.
.
.
.
.
.
.

0

..-......
":"':":~-:
..........
......--

"
'
:
~
c
:
.

-;
..

...
.........
-:•.

"':"':"':
-.........
...

..
-

...
...

.......
.....-....
.......•••

..........
--.........
..,-"''''
"''''.......
..........

..........
..........
..........
.....

...
0

.

.........
..---
............
...............

.
~......

......-..
.............
--.....

.......
-_......
:
~
~
:
:

..........
0

........,.....
....."'..,..
......"'....

........
~
~

-..........

..................

..
..,

0
.

............
..

•..........

:::...:::
...........
-. ...........

~.......

.....................
........

..........

..........
"
'
;
~
"
'
:
"
:•.

·· •••• ....................

.
.
.
.
.
.
.
.
.
.
.

_
_

.
.
~
_

_
_

..
0

.
.
.
.
.

_

....................-
~
.
.
.
.
.
.

....

,• · DO••

o
~

...
Z

~
~

~
_

~
~
.
.

~
-

~
~

.
.

~:!.
,.••,.••.,•
••••• "••••
..O

'
..••• ~
:

•••••• ,..,••,.. ,•....•• ..•••·•• ...'..••••

•· ,•• ,,••• •• •••o•i•



-"-.••••-.•• ••.,-.•• ••.•• ., ••..-...• .. ••••..••
..

"
'

0
"''''

...

"'.,
..

.,"'
..

-......
'"

•

"
"
"
g

..
"'

...
..,

..
-

...

...........
............
..

0
.
.
.
.
.
.
.

·-

-
..

....,
-..

:
:
;
-
~

g

............
......."'...
.."'

..
.-. ..............•

.."'''''''..
..............
..

"..."'"

"''''...'''...
"'.,........

"'.."'......

...
...

..
-
~
'
"

"'
-..

-..
-"'....,..
----'"

"'_
0

......
":":":":.":
"'-.....

...
"
,..-..

...."'....
0

..
"
,,,,,,,

..."'.......

.....-..
.......-'"
.
.

0
...

-
...

..............

.........,..
0

...
0

"
'_

...........
.."'......

............
....

"''''..

"'...........

....."'0
..

...
..

-
'"

--
..

..........-
-
:
"
:
~
-
:
"
:

.............•

..
0

.
.
.
.
.
.
.

...
"'''''''.....
..

_
...

......"'
...

...........
"'....."'..
..............

........
~
,
-

_
0

...
.,

...
..........
----..
...."'.....
............

...........'"

::!;::.
"''''.......
0

.
.
.
.
.
.
.
.
.
.

..."'.."'..
...............-;
.."'.......

..........'"
"'''''''.....
...........

_
0

.,
...

"'...-
..

-.,-..'"
--'"-

..............
0

...........

.............
--..-..
...........

......"'.....

"'......"'..
...........

....,........
.........'"
...,,,,,,,,'"

..'"-
...

_
'"

.....
"'..

...--"'-

'"'""""...

...........

--_.....

........
c

..
"'''''e>O

>"
_

"'-
"'

-
...

...........
...

..........
----

...

..............

..
.
.
.
.

N
...

..........

.......
.....-..

.
.
"
'

...
N

_
_

.
.
.
.
.

no
...........

"'
...

.............
"'

..

......................
............

".":'":".":.
...........

-..........

............
-

...
"
,

0
...

.
.
.
~

_
~

N
...

...........
"'_

..
............

--
...

..-..
"
,
-

...
_
"
"
.
.
,
,
,
,
.

'"
'"

N
N

..
..

..
N

"'.....
...........

..-
-

...
......-

..

...--0
"

.............
....."'..

--.....
.-.

<>
.....

<>
..

---...-

0
.....

0
.
.

"
"
''''0

0

...........
"'....._..

...........'"
....'"..
..........
"'---..
..............

.............
..............

.............,
.............
C

>C
"''''''''

.......-..

.....
e

.....
.........

.........
........-..
........""
..-......

........
•

•

............

••
=

..
~
~
.

N
_
.
U
~

U
U

U
U

U
.
_
U
~
U

u
u

u
u

.
_
~
u
u
u

U
_
.
~
~

:
~
~
~
~
~

~
~
J
:
~

~
~
~
~
~

~
~
~
~
~

~
:
~
~
~

~
~
~
~
~

~
~
~
~
~

u
"
.,.Cdc
o

~:;'
O

.
••,.·,..00 •,-C

'
..••o o-,
..•o 0

'
....••"..."••..'. ,.•••

C
..00••,

•• •· •· ,,•"·· ,o,,",o " ,•

•
>

o
0

o
•

••o
,· C

•••

-..•••

•••

•••
•••

......• -..'.'.0'
............... .,.•••

":
'":

.............

-
..

......"'
...

.
.
.
.
.
.
.

-
-

_
0

...

"'....
-..

.
.

-
"
"
"
'.

.
.
.
.
.

g
.....-'"
....

"
..

---
'"

"''''..

............
...-..-...

...-_
..

..."'
..

-
'"

"'
..

.............•
.............
....."'.....

....-
..

"'
..

-
'"

•...........

.............
.........

..
"

...
..

0
...

"'...........
..

:0
::>

_
..

.,C
O

e
>

.
.

"'.."'...,
-.."'.....

"'
"'..

.."'
..

"'
...

"''''''''''-

.."'..."'..
........,..
..

'"
_

"'..-

.."'........

0"''''''''''
-

..
0

..

............

.....---
...

'"
"''''

..•

......."'...

..
0

........
..........
..-

..
...

"''''
..._

.,c

...........
.."''''--

...........
---"'-

"'''''''''''
.."'....-.-

.............
.............

...

,•

----
...

"

••

.....
-
g

..
...."''''..

"'
--

..
'"

......."'..
.."'...--
....

_
~
~

............
"'-.....-

...._-
.
.
.
.

0
0

.
.

............
~

"'.
...

-"''''
.,

...

............
..........'"

c
..

"
'

..

..."'''''''...
...........
-:":.".

~
-
:

...,-...'"

............,
..

......"'......
.
.

0
_

"
'

.....
_

0

-:":":-:":
...."'.....

......"'...

'"-......
...........
--...'"

~
"
:
"
;
g

....
"'.....,,'"
.
.
"

0
0

"
~
'
"

~
'
"

...........
...........

........"''''
"'........

............
"'...........

.......0
"

","'_0_
"'........."
..........'"
....."'.....
"'......,'"
..-"'

...
-

.
•"
'
'
'
'
'
'
0

0

"'.."...'"

"'...."'..
...........
..
~......

............
......."'..
..

'"
-

"'..
"'----

.•

..........-

...
...

...-"'
..

-.-
..-

...
"'.."'

..
.
.
0

_
...

..
...

.
;
:
>
~

..

-"'
...

......,..
..

.
...

-
...

...........
---..-

......"'......
..

......"'..
----..

............
----..

..........

0
........

_

.
.-

..."'
...

.......-
...

"'.........
_

_
0

_
_

.............

..."'........

u
o

...c
"

"
,
"
'-

't
...

.
.
.
.
.
.
.
.
.
.
.
.

_
0

...
..

"
-'>

<
...

..
"
"

..

....."'
..

-"'.."'....

_
0

...
...........
...

<
\
.
<

\
.
-
-

.............
-.........
..,

..
-
<

\.
.
.

"
'
~
~
~..

0
.
.

-
..

"'
...

...........-...
.
.
.
0

........

~
-
;
"
:
~".

"
'''0

.,,,.
..."''''...-

................

.....-.....
.............
......."'..

..........'"
............•

............
..........-
............
...

..
."'

..
"'-

...
..-...,'"
-.-

..."'.........
•.............

............
•....."''''..

...........-

~
:
,
u
:

....."'...'"
......"''''...
....,

...

....
..,...

......"'
'"

.
.

_
0

0
_

0

.."'
"'-

......_"'-
......,

..
........,...
.............

....."'
...

"'
..

...........
............
..........
•.............

••..C•o

-..-.,...
..........,.
_

0
_

_
0

•..<>.,-..
~
U
~
i
'

...,..."'...
.....-..

...........
"'.,

.....
"'

-
......-

-
-

•

"'''''''
...

..."''''
...

.,.........
~
-
:
-
;
~
"
;

-
...

"'
"'

..

..."'......
.............

....-"
0

.........-
"'..........
•

•

..........

..........

...........

•........
0

..
.....

"
'_

0
.,

.....-
...

•

.."''''..
"''''

...

._........
..........

..........

...........
............

:
:
~
:
;
~

............
"'.......,,'"
...........
....."'.,..
0

0

.."'
...

-
"''''

~
..

"
'
.....

'"
......

"
'0

0
.
.

_
...

_
...

•, ,•.
0•

"" ,. ••..00•o..•o•.c'..., '.,... ..•
., ..•••"

"
'
.
.

0
:

..
0

,
,
~

"'
'"

-..
...,

"..
,.....

"'.."''''.
c
c

"
''''''''''...

•
•

'i'
:

o>• •· •· •o, •,••,,•C,· · . ,.. ,•-,
..

·
" o,· · ••

"



Hawaiian Volcano Observatory
       1983 Annual Administrative Report

Introductory Note By Thomas L. Wright and Jennifer S. Nakata

Compiled By Jennifer S. Nakata

 

Summary 83
Seismic Data, January to December 1983
By Jennifer S. Nakata, Alvin H. Tomori, 

Robert Y. Koyanagi, and Wilfred R. Tanigawa

Chronological Summary
By Robert W. Decker

Open-File Report 2007-1343
U.S. Department of the Interior

U.S. Geological Survey



U.S. Department of the Interior
DIRK KEMPTHORNE, Secretary

U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia 2007

For product and ordering information:

World Wide Web: http://www.usgs.gov/pubprod

Telephone: 1-888-ASK-USGS

For more information on the USGS—the Federal source for science about the Earth,

its natural and living resources, natural hazards, and the environment:

World Wide Web:  http://www.usgs.gov

Telephone:  1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply 

endorsement by the U.S. Government.

Although this report is in the public domain, permission must be secured from the individual 

copyright owners to reproduce any copyrighted material contained within this report.

http://www.usgs.gov/pubprod
http://www.usgs.gov


INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTROOUCTION

The Hawaiian Volcano Observatory (HVO) summary presents data gathered
durinq the year together with a chronological narrative describing the volcanic
events and significant observatory related activities. The seismic summary is
offered without interoretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the obser
vatory are included. The emphasis in collection of tilt and defamation data
has shifted from quarterly measurements at a few water-tube tilt stations
("wet" tilt) to a larqer number of continuously recorc1inQ borehole tiltmeters,
repeated measurements at numerous spirit-level tilt stations ("dry" tilt),
and surveying of level and trilateration networks. Because of the large Quan
tity of deformation data now gathered and differing schedules of data reduction.
the seismic and deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued Quarterly, but cost, convenience of prepa
ration and distribution, and the large quantities of data dictated an annual
fOnrlat beginninq with summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, calibration and processinq
used in recent years. The present summary includes enough backgrounri informa
tion on the seismic network and processing to use the data and understand the
essentials of how it was ~athererl.

A report tahulatinq the instrumentation, calibration and recordinq history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report (lOHawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. open file report 80-302, 1980). It is desi9ned as a refer
ence for users of seismograms and phase data, and so includes and expands the
information in the station table in this summary.
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CHROflOl OG ICAl SUMMARY - 1983

by

Robert W. Decker

1983 was a busy year for both Hawaiian volcanic and seismic activity. The
middle-east-rift eruption of Kilauea which began on January 3 continued inter
mittently throughout the year with 12 major phases of high-volume lava emission.
Mauna loa showed signs of unrest in tenns of increased seismic activity and
changing patterns of surface defamation, and the Observatory was rocked and
damaged by intensity VIII to IX shaking from the magnitude 6.6 Kaoiki earth
quake 12 kilometers beneath the southeast flank of t~auna loa on November 16.

The middle-east-rift eruption of Kilauea was preceded by 24 hours of high
seismicity, harmonic tremor and rapid summit deflation as the feeding dik.e of
the eventual eruption was emplaced beneath a 10 km segment of the east rift
zone from about 1 km west of Makaopuhi Crater to the vicinity of Pu 1 u Kamoamoa.
Over the next 4 to 5 days the dik.e extended another 6 km downrift to about 2 km
east of Kalal ua. The eruptive outbreak occurred on the north rim of Napau
Crater and moved eastward alon~ a line of fissures for 8 kilometers. The volume
of lava erupted in the first phase was approximately 11 million m3 , but the
amount of summit deflation (60 to 70 million m3 from leveling data) indicates
that at least 50 million m3 of magma moved from the swnmit into the newly formed
di ke system.

Subsequent phases of the eruption occurred from the same dike system with
out new seismic swanns, indicating that the continuing eruption was using
portions of the same conduit system established during the first phase. Phases
2 through 12 were remarkably similar in period, volume and summit tilt changes,
suggesting a repetitive process controlled by some interaction of SUfTlmit ma~ma

reservoir pressure and the gas content and pressure head of the lava column in
the erupting dike. The major lava emission of phases 2 through 12 ocurred on
the followin9 dates: (2) February 25-March 4; (3) March 28-ADril 9; (4) June
13-17; (5) June 29-Ju1y 3; (6) July 22-25; (7) Auqust 15-17; (8) September 6-7;
(9) September 15-17; (10) October 5-7; (11) November 6-7; and (12) November 30
December 1. The averaQe time period between the main onsets of the major
phases was 30 days; the shortest was 9 days, and the longest was 77 days. In
general, the phases were of shorter duration as the eruption progressed. How
ever, the volumes of the pha~es, with one exception, were remarkably similar;
the average was 11.9 x l06mJ, the largest (phase 3) was 25.6 x 106m3 , and
the smallest (phase 8) was 7.6 x 106m3 . This combination of shorter eruption
duration but similar eruption volume indicates that later phases (excluding
phase 1) were erupted at higher eruption rates. This conclusion is supported
by field estimates of eruption rates, and by the general increase in the rate
of summit subsidence and harmonic tremor measured during each subsequent phase.
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Table I. The middle-east-rift eruption of Kilauea. 1983 (Ed Wolfe).

Total Area Total Volume
Covered of lava Duration and Average Production Rate

Phase (x 106 m2) (x 106m3) (total volume/duration)

1 4.8 11 .0 96 hours; 104,000 m3/hour

2 2.7 11 .5 1ava shield: 360 hrs; 1400 m3/hour
cone: 181 hrs; 60,000 m3/hr

3 7.9 25.6 288 ho urs; 90,000 m3/hour

4 2.2 10.9 100 hours; 110,000 m3/hour

5 3.4 12.9 90 hours; 143,000 m3/hour

6 2.8 9.4 73 hours; 120,000 m3/hour

7 3.7 10.3 57 hours; 180,000 fTl3/hour

8 2.0 7.6 24 hours; 315,000 m3/hour

9 2.1 8.6 50 hours; 173,000 m3/hour

10 2.7 14.0 60 hours; 232,000 m3/hour

11 4.3 12.1 43 hours; 281,000 m3/hour

12 3.0 8.1 35 hours; 231,000 m3/hour

TOTAL 5-1983 26.0 141 .8 1457 hours = 61 days

All 12 phases of the 1983 eruption have a total voltnne of about 140 x 106
m3 and covered about 26 km2 of land surface. (In Table I, the total area
covered is less than the sum of the areas covered in each phase -- 41.6 km2;
this difference represents later phases resurfacinq areas covered in earlier
phases.) Most of the area covered by the new flows was dense ohia-fern forest.
but some was barren flows from eruptions during the 1960·5, and some was in a
relatively undeveloped land subdivision called Royal Gardens. Phases 2 through
5 produced flows that entered Royal Gardens. destroying about 15 dwellings and
covering about 330 empty house lots and their access roads. Flows from phases
6 throuflh 12 came from the same vent area as phases 4 and 5; however, the main
lava channel in these later phases developed on the northeast rather than the
southeast side of the growinfl cinder and spatter cone. For this reason most
of the flow volume in phases 6-12 stayed on the north side of the rift zone in
the ohia-fern juoqle. Phases 2 and 3 built a small lava shield capped by an
80 m high spatter and cinder cone at their pdnciple vent area just south of
Put u Kahauale'a. Phases 4 through 12 built another 80 m-high spatter and
cinder cone just inside the National Park boundary about 1.5 km uprift from
Putu Kahauale ta.
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The erupted lavas before phase 5 were relatively low in magnesium content
and the associated magmatic gases were low in carbon dioxide and high in sulfur
dioxide. These data and the generally low eruption temperatures (1120 0 -1130°C)
indicate that much of the erupted magma prior to July 1983 was stored at shallow
level sin the summi t or mi ddl e east ri ft zone for months to years pri or to
eruption. Even after phase 5 the CIS ratio of the gas remained low. Neverthe
less~ the total gas content was great enough to produce lava fountains during
all of the major eruptive phases, reaching a maximum height of 300 m in phases
3 and 10.

Mauna loa began to show si gns of i ncrea.si ng unrest wi th a swarm of mi cro
earthquakes beneath its summit region in early March 1983. Earthquake counts
increased to a maximum of 400 to 500 per day compared to a fonner background
of 2 to 20 events per day. Deformation measurements indicated that the summit
was continuing to inflate and that the center of the uplift had shifted to the
east. Small earthquake swanns in June and July were followed by a major swann
in September that peaked at about 700 events per day. Foll owi ng that swarm
the number of microearthquakes per day beneath r~auna Loa decreased back to
almost average levels by the end of 1983. The general similarity in the pat
tern of Mauna loa earthquakes and deformation in 1983 compared to 1974 -- the
year pri or to the 1ast erupti on of Mauna Loa in J ul y 1975 -- prompted HVO to
issue a statement indicating a higher-than-average probability of an eruption
of Mauna Loa durinq 1984.

Ouri ng 1983 there were 35 earthquakes beneath the Hawai i reg; on that
equalled or exceeded magnitude 4, two that exceeded magnitude 5~ and one that
exceeded magnitude 6. The magnitude 5.1 earthquake occurred 9 km beneath the
south fl ank of Ki1auea on September 9. Itwas apparentl y another one of the
larger earthquakes associated with the seaward displacement of the south flank
of Ki 1auea.

On November 16~ 1983, at 06:13 (HST) a magnitude 6.6 earthquake occurred
at 12 km depth in the Kaoiki seismic zone beneath the southeast flank of Mauna
Loa. The epicenter was slightly south of the mid-point of a line drawn between
the summit calderas of Kilauea and Mauna Loa. The summit area of Kilauea was
subjected to intensity VIII to IX shaking which did considerable damage but
fortunately caused only a few minor injuries. Sectors of the crater rim road
near Waldron Ledge fell into the caldera, and heavy damage was caused to roads
where they cross or closely parallel the outer caldera escarpments of Kilauea.
Considerable structural damage al so occurred in Hilo. The total damage esti
mate was about $7,000.000.

First-motion studies indicate a source mechanism of nearly east-west
compression and north-south extension. A northeast-southwest, right-lateral
stri ke-sl i p faul tis the apparent fracture di recti on from both surface breaks
on the Mauna Loa strip road and aftershock seauences of smaller Kaoiki earth
quakes. The ; ni ti al 1ocati on of hundreds of aftershocks from thi s magn; tude
6.6 earthquake suggest multiple fractures on conjugate slip planes allowing
east-west contraction and north-south extension. The stress field that caused
this large earthquake is interpreted to originate from the summit dilation of
Mauna loa and Kilauea as magma accumulates in their subsurface reservoir sys
tems. Thus, although the earthquakes is a tectonic earthquake in the sense
that it represents shear failure from major compressive stresses, it can also
be considered volcanic in origin because the stresses are generated by magmatic
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pressures. As in much research, sharp distinctions between classes and types
of phenomena become more blurred as investigations progress.

The automati c earthquake 1ocati on mi croprocessor desi gned by Rex All en
and Jim Ellis of the USGS in Menlo Park, CA, did a creditable job of locating
in nearly real time the earthquake swarm that preceded and accompanied phase 1
of the 1983 Kilauea eruption. This allowed field observers to be in the remote
area near Napau Crater at the time and location the eruption began.

Deformation studies again provided some interesting new results. The
empl acement of the di ke that i ni ti ated the 1983 erupti on was associ ated wi th
a near1 y s imu1 taneous increase in earth quakes and strai n wi thi n the south
flank of Kilauea. The coastline moved about 1 meter seaward in response to a
2 to 3 meter dilation of the rift zone. The difference between these displace
ments represents compression of the south flank of Kilauea between the middle
east rift and the seacoast. The increase in south flank earthquakes apparently
resulted from this increase in compressive stress from the injection of a new
dike 12 km long reaching from a 3 km depth to the suface. Recording ti1tmeters
along the track of the i ntrudi ng di ke i ndi cated a downri ft mi grati on rate of
1.9 km/hr in comparison to the downrift migration rate of the earthquakes of
0.7 km/hr. This suggests that the dike broke upward from a pre-existing molten
core along the rift zone below 3 km following the injection of a pulse of new
magma into the middle-east-rift pipeline.

The amount of summi t subsi dence and el evati on of the erupti on vents of
Ki1auea 1 s east-rift-zone eruptions show a strong correlation indicating magma
static pressure control of the volume of magma that moves from the su~mit into
the rift zone. Calculations of the relationship between radial summit tilt
measured at HVO (Uwekahuna), and the change in elevation of the apex of the
summit bulge of Kilauea, the volume change of the surface bulge, and chan~e in
the pressure in the shallow magma reservoi r beneath the summi tare approxi
mate1y: 1 microradian of S 60 E tilt (deflation) = 5.5 mm subsidence = 330,000
m3 decrease in volume = 0.9 bars pressure decrease.

Sulfur dioxide gas from Halemaumau has increased in volume from about 150
tons per day in 1982 to about 300 tons per day in 1983. The ratio of carbon
to surfur measured at Ha1emaumau is 17; the ratio at the 1983 eruption site on
the middle east rift is 0.2. This dramatic loss of carbon dioxide appears to
take place as magma moves into and is stored within the shallow magma reservoir
system beneath the summit of Kilauea.

Self-potential (S-P) anomalies measured along the east rift of Kilauea
have added some interesting insights into the 1983 eruption. An increase in
s-p at Ka1alua, downrift from the eruptive vents, supports seismic data which
indicate that the intrusive dike on January 7, 1983, moved farther downrift
than the eruptive vents. In addition, S-P increases at Escape Road near Mauna
Ul u between October and November, 1982, suggest that new magma was moving
into the upper east rift 2 months prior to the beginning of the 1983 eruption.

The apparent presence of iridium in fume from the 1983 eruption reported
by W. H. Zoller et al in Science (December 9, 1983, p. 1118-1121) has added
fuel to the hot debate about i nterpretati on of the i ri di urn anoma1 y at the
Cretaceous-Tertiary boundary.
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The observatory staff consists of 8 scientist and 16 support personnel.
In addition 18 students and volunteers helped HVO durinq 1983. The staff
~onitored 49 seismic stations. 1204 electronic distance measurement lines.
275 km of level lines, 99 tilt stations. 15 recording tiltmeters, 13 strain
gauges, 130 gravity stations, 12 self-potential lines, 1 controlled-source
electro~aqnetic induction loop with 4 receiver stations, 21 gas-sampling and
temperature sites, and many special devices to monitor the long-lasting erup
tion such as time-lapse cameras, video camera, trip wires. and portable tremor
monitoring seislTlOmeters. Many of HVD's monitors record continuously; others
are observed at various intervals. The remote location of the eruption site
requirerl over 500 hours of helicopter support which posed serious problems of
safety. expense, communication and logistics. The data reduction, graphics.
and data storage of the overall monitoring program are largely handled by
HVQ's computer system.

Four USGS geologists continued their mapping projects on Hawaii. Their
close affiliation with HVO has been essential during the 12 vigorous eruption
phases that required 24 hour per day surveillance.

Four r.lembers of the combined HVO staff and geological affiliates were
involved in investigations of Indonesian volcanoes, Pagan Volcano in the
Marianas, Rabaul Volcano in Papua New Guinea, and of r~ount St. Helens and
Yellowstone.

HVO cooperated with 60 guest investiqators during the year for time periods
up to 2 months. Staff members and guest investigators presented 26 papers at
scientific meetings and published 34 papers and 4 open~file reports. HVO also
issued weekly. monthly and annual reports, as well as daily updates during the
major eruptive phases.

Hawaii Volcanoes National Park estimated they had 2,800,000 visitors in
1983. About S()j', of these visitors stopped at HVO to view Kilauea Caldera and
to look in HVO's windows at the seismographs and the eruption chronology board.
About 1600 visitors including 22 student groups, 4 professional-meeting groups
and George Ariyoshi, Governor of Hawaii. toured the inner workings of the
observatory. A new record to TV and news photographers was established with
an estimated 300 visiting the observatory. Many of these were multiple visits
throughout the year by the same news teams.

It was eXhausting, but a great year at HVO.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory maintains an extensive
telerneterinq seisrrlometer network on the island of Hawaii. In 1<)83 the seis
mometer network consisted of 51 stations; two are low-gain multi component
stations (optical), nine are three-component, and 40 are vertical only. The
coverage is most complete on and around Kilauea Volcano. With the exception of
self-container! systems at Uwel<.ahuna and Hila stations, all seismometer signals
from the short period network are telemetered to the observatory for recording.

Figure 1 is a map of selected geographic and geologic features, Figure 2
shows the seismic stations which were operated on the Island of Hawaii during
the year, and Figure 3 indicates the telemetry scheme for the respective seismic
stations. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1983. listed are station names, three- and four-letter
codes, coordinates in degrees and minutes, elevation in meters, and other data
described below. In addition to seismometers listed in Table 1, a horizontal
sei smometer of Type 3 or H1 and along-peri od, three-component set of Press-Ewi ng
seismometers are operated in the Uwekahuna vault, all recorded on photographic
paper.

Instrumentati on and recordi ng. Each tel emeteri ng stat i on has a voltage
controlled osclllator (veO) forF'M multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type 1, the OEVE
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination, the analog signals from 36 stations are recorded on two Oevelo
corders using 16mm microfilm. FM signals from the telemetering network are
a1so recorded di rectl y on one- inch magnetic tape. Selected 1arger events are
copied onto condensed FM 1ibrary tapes which are currently archived in Menlo
Park and archived in digital fom at HVO as part of the routine location process
ing. The type of recording used for each station (in addition to magnetic tape
for the telemetered stations) is coded in Table 1 as follows: 0 - Develocorder
film, S - smoked paper drum, P - photographic paper, H - Helicorder paper.

In addition to the standard stations, optical seismographs are maintained
at Uwekahuna (HVO), Hilo, Maui, and on Oahu (Honolulu station operated by the
Pacific Tsunami Warning Center). The less sensitive optical records are used
primarily for amplitude measurements for magnitude calculations to supplement
readings from the high-gain stations. The paper (optical) records as well as
the 16mm Develocorder microfilm are archived at HVO.

In late August, 1982, Rex Allen and Jim Ellis from the U.S. Geological
Survey1s Office of Earthquake 5tudies came to HVO to install their seismic
monitoring system uniquely designed to automate picking of P-phase onset times,
measuring coda lengths, and determinining preliminary epicenters for adequately
recorded earthquakes. The Hawaii picker is configured to monitor a maximum of
80 stations, but is currently wired to 45 stations. Attached to the picker are
a Datasouth Printer and an Apple II microcomputer. The picker output is logged
on a disk and printed out on chart paper within three minutes after the earth
quake occurs. The data collected on disk is tranferred to the Eclipse, the
main computer system, on a daily basis using a second Apple II. The earth
quake records are filtered and run through our standard location program
(HYPOI NVERSE). Summary 1i sti ngs and epicenter plots are prepared on chart
paper, and the phase data are archived on tape. The picker output is routinely
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compared with readin!=js from our standard fonnat. Modifications are being made
to adapt the automated system to better accommodate seismic monitoring needs
around Hawaii's active volcanoes.

Seismoqraph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 3. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement maqnification of the standard OEVE system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL, Table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak amplitude measured in 10m on the 20X Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Cal ibration is nonnal1y done each time a station is visited.
CAl factors range from about 1 to 8, averaging about 4. A detailed history of
CAl factors and other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian
Volcano Observatory Seismic Network. History 1950-79, U.S. Geological Survey
Open File Report 80-302, 1980.
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Table ,. Seismometer atetlon. In HawaII operated by the U.S. Geological Survey. 1 e 83.

STATION NAME CODE • ... LA1 ........ """LON""" ELE V flfL'v DELAY CAL SEIS OPTIC
0 " 0 " (i A ) , 2 TV P F. RECORD

.................... _..... - .. - ...... -................... _--_ ........................ _........ - ..... - ....... _- .. _._ .. _..... _- .. -.
AHUA AHU l l' 22."0 155 15.QO 1070 - • 1 {\ - • 1 3 2. 1 '" SO
AHUA AHUE , 19 22.40 155 15.90 1070 •• 1 (l -.13 .0 '""HUA AHUN N 19 22."0 ISS 15.90 1070 - • 11'1 - • 1 3 .0 E"
AINAPO AIN Z 19 22. SO 155 27.&2 1524 ·,, • , 7 5.5 L" 0
AIN"PO AINE E 1· 22.50 155 27. 62 1C;i:!4 ·,.~ • I 7 .0 L'
A.INAPO AINN N 19 22.50 ISS 27.&2 1S,:llJ • I , • , 7 .0 L"
CAPTAIN COOK CAe Z 1• 2Q.2q 155 5S.0q 323 • r) (! ·.1'; 1.1 L" 0
CONE PE"K CPK Z 19 23.70 155 lQ.70 1 0 ~ 8 -.?'" -.07 b.O L" 0
DANDELION DAN Z 19 21.42 155 40.04 3003 -.21 .03 7,0 L" 0
DESERT DES Z 19 20.20 ISS 23.30 "" -.o?Q •• 1 3 3.0 F" SO
ESCAPE ROAD ESR Z 19 24.b8 155 1".33 1171 .. • 11 ... \ q 2.0 L" 0
HAWAIIAN BEACHES HAS Z 19 31.SQ 15" 53.8q 92 .... OQ -.24 1.0 L"
lolALEAKALA, "'''UI HAE E 20 4b.00 15b 15.00 20"'0 .0 0 .00 1.0 • P
HALEAKALA, ,..,AU! HAL Z 20 46.00 156 15.00 20QO • (l,' .00 .7 HI P
lolALEHAL", MAUl HAN N 20 £lb.OO 156 15.00 20QO .0 0 .00 1.0 • P
1ollLO HIE E 19 43.20 155 5.30 20 .'" .30 1.0 • P
1ollLO HIL Z 1• 43.20 155 5.30 20 .'" .30 , .0 HI P
HILO HIN N 19 43.20 155 5.30 ?O ."" .30 1.0 w P
HILINA PAll HLP Z 19 17.qb 155 18.b3 1n7 .O? .07 2.2 L" 0
t-tONOLULU, OAHU HON Z 21 1q. 30 158 .50 ? .0." .00 • 0 HI P
HALE POHAKU HPU Z 19 4&.85 155 27. 50 :nQb • 3 \ • 17 3.7 L" 0
HUMUULA SHEEP S7 HSS Z 19 3b.31 155 2q.13 241J5 .2(\ • ~ 5 5.3 L" 0
HOT CAVES HTC Z 19 14.33 ISS 24.02 301 ... t ~ -.07 .0 "HUALALAI HUA Z 19 "1.25 ISS 50.32 21Aq ... .38 3.6 L' 0
HEIHEIAHULU HUL Z l' 25.13 15" 58.72 3,. - • t 1 .... 1" I • b E" OS
HEIHEIAHULU HULE E 19 25. I 3 IS" 58.72 3'" ... , 7 -. 16 .0 ~"
HEIHEIAHULU HULN N 19 25.13 15" 58.72 3.' - • t 1 •• 1 6 .0 L"
I<AAPUNA KAA Z 19 15.q8 155 52.28 52" _. , ;J -.01 2.8 L"
KAENA POINT KAE Z 19 17 .35 155 7.Q5 37 -.0' .06 I." L" 0
I<AHAUALEA KAH Z 19 24.5~ 155 1I.3b b2S ... ?lO, -.30 .0 L" 0
KAOIKI FAULTS KFA Z 19 25.26 155 25.14 157 Q ·,, • 1 7 .0 f H
K401K1 FAULTS KFB Z 19 25.26 ISS 25.1£1 157q ·,, • , 7 .0 n •KAHUKU KHU Z 19 1".90 155 37 • 10 t93q .D' -.03 2.7 E" 0
K"NEI< II KIt Z 19 30.56 155 45.90 1A£lt ·,, .37 2.9 l " 0
KEANAKOLU KKU Z 19 53.39 155 20.58 111b3 .h" .2" 1 • 2 L' 0
PUU KALIU KLU Z 19 21."8 15" 55.26 271 - • 17 -.30 2.9 '" 0
KAMQAMOA KMM Z 19 23.47 ISS b.qa 750 ... ;:t<" -.30 2." L" 0
r(AMQAMOA EAST"WEKrJ."!E E 19 23.47 155 b.98 7~O -.25 - • 30 .0 L"
I<AMQAMOA NORTH"'SKMMN N 19 23.47 155 b.qa 7'>0 -.,)<; ".30 .0 L"
KOHALA KOH Z 20 7.6q 155 £16.77 116" .... 0-.: •• I 7 1.5 L" 0
t<OHALA KOHE E 20 7.bq 155 46.77 Ilt-j:, _.1'1 1 ... 17 2.2 L"
I(OHALA r<QHN N 20 7.b9 155 41:1.71 11 ~" -.1'111 - • 17 2.2 L"
KIPUKA NENE KPN Z l' 20. 1 0 155 17 .40 92" ".1 1 -.08 3._ E" 0
KAPOHO KPO Z 19 30.02 IS" 50.51 ll" -.0 0 -.2£1 .0 L" OH
KALALUA LUA Z lQ 2U.5'i 155 £1.25 b22 .... ?o;, .... 30 2.5 L" OH
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 .0' .08 _.8 L" SO
MAUNA LOA MLOE E l' 29.80 ISS 23.30 ~uIO .03 .08 .0 L" 0
MAUNA LOA MLON N 19 29.80 155 23.30 2010 .0' .DA 1.5 l'
MAUN" LOA , MLX Z 19 27.60 155 20.70 1475 .0' .15 3.0 L"
MOKUAWEOWEO MOK Z 19 2q.28 IS' 35.98 4 HIll .1' .16 5.5 L" OH
MA,I<AOPUHI MPR Z 19 22.07 ISS q.85 oAI ".11 -.20 2." L" 0
MOUNTAIN vIEW MTV Z 19 30.25 ISS :3.75 'D9 .... 0" .01 5.0 E" 0
NATIONAL GUARD NAG Z l' 42.12 155 1 .72 \8 .5" .30 4.5 E" 0
NORTH PIT NPT Z 19 211.QO 155 17. 00 1 1 15 •• ~I) -.18 ;.0 E" SO
NORTH PIT NPTE E 19 211.qO 155 11.00 11 ~ 5 - • '3 fI ... 18 .0 E"
NORTH PIT NPTN N 19 2£1.90 155 11 .00 111 '5 .. ,n ... 1B .0 E"
OUTLET OTL Z 19 23.38 155 16. q £I Iv3A ... I 4 - • 18 '.9 L"
PAUAH! PAU Z 19 22.&2 155 13. 1 0 Q9" -.r" .... 24 2." L" SO
PAUAHI PAUE E 19 22.62 155 13.10 9"' _.?1 ·.24 .0 L"
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Table I (continued)

PlUlHI PlUN N 19 22."2 155 13 • 10 ",,- "' .. ,;) 1 -.2tl .0 L_
PUU UUULl PLl Z 19 32.00 155 27.&7 2'.2 -.n~ • 13 5._ L n
POHOIKI POI Z 19 27. .2 15. 51. 22

I "
.... 0 c. _.?lJ .(, L"

POLIOKElWE PlLl POL Z 19 17.02 155 13.47 1'.9 _.n,? .03 2._ E. n
PUU PIll PPL Z 19 9.50 155 27.87 35 ..... t I:, -.\5 1,- 1 " 0
PUU KAMOAMQA PUK Z 19 23.00 155 &.25 70_ _ • .?IO;

"'. ~O •• L" 0
RIM RIM Z 14 23.90 155 16.60 1 1 ;:>" .... ;:> 1 .... 13 .0 L"
SOUTH POINT SPT Z \8 58.91 155 39.92 ".. .. .. t 7 -.2;> <.~ L • D
SOUTH POINT SPTE E \8 58.91 155 3R.92 <•• ..... , 1 - .22 • 0 ttl
SOUTH POINT SPTN N 18 58.91 155 39.n ".. .. .. t 7 -.22 .0 l •
SOUTHWEST RIFT SWR Z 19 27.2" 155 36.30 /JOuR .01 .0· 5.' 1- 0
TRUL 7Rl Z 19 24.91 155 32.9& 3207 .(, , .00 .0 L_ 0
UWE.KAHUNA UEE E 19 25 •• 0 155 11 .. bO 12i.lO .... ~ I .0 0 1,5 ,
UWEKAHUNA UEN N t4 25.40 155 17.60 l?/.l 0 ..... ~ 1 .00 \.5 E
UWEKAt-lUNA UEZ Z 19 25 •• 0 155 17.&0 12uO ..... .? , .00 1,5 E
UWEKAI1UNA USE E 14 25 •• 0 155 17.60 1 ,:> tl 0 ..... o? 1 .00 1.0 ~ P
UWEKlHUNA USZ Z 19 25 •• 0 155 17.&0 12_0 -.21 .00 1.0 S P
WAHAULA "Hl Z 19 19.90 155 2.92 29 -.111 -.Ol.l 1,5 E_ D
WILKES elMP WIL Z 19 2h.15 155 35.02 lJu37 .", .11 2." E" D
1;0 THER OBSERVAT WOB Z 19 32.31 155 35.01 33';' .. 0 f, .00 .0 E_
WOOD VALLEY wOO Z 14 15.08 155 30.12 .09 .... 1 c:. .... Of'! •• & E' n

Table 2. Seismic Instrumentation Types

The codes in parentheses refer to the seismometer types listed in Table 1.

Type 1. (Codes E,l. and 4) Consists of:
a) Geophone - Electrotech EV-17 (E) or Mark Products l4C (l) 1.0 sec.

peri od mav; ng magnet vertical component sei smometer or
horizontal component adjusted for an output of 0.5 volts!
cm/sec. and 0.8 critically damped.

h) Preamp/VCO - USGS/OEVE Model J302 or J402 (4) voltage controlled oscil
lator. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signals are transmitted on audio FM carrier over
cable or FM radio link to HVO.

Type 3. (Code HI) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil seismo
meter with HYO-built solid state seismic preamplifier, galvanometer driver,
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz.

Type 4. (Code 5) Consists of:
Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor = 0.25, 2X critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Codes (TE) and (55) are experimental seismometers.
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Figure 4. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismo
graphs recorded optically on photographic paper. Type 1 is the
standard OEVE seismometer recorded on Develocorder film and magnetic
tape. The curve for Type 1 incl udes response of the geophone, all
electronics including telemetry, Develocorder galvanometer, and pro
jection of film by a 20X viewer. The curves plot the unit response
which should be multiplied by a constant but known factor (CAl. l, to
get the reponse for an individual station.
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SEISMIC DATA PROCESSING

Develocorder films are scanned on a daily basis for earthquakes, and coda
durations are measured for magnitude detennination. Events are digitized,
timed, and located on the Eclipse computer at HVQ. Computer locations are
made using the program HYPOINVERSE (Klein, F.W •• Hypocenter location program
HYPOINVERSE. U.S.G.S. Open file report 78-694, 1978). and problem events are
reread and rerun. Magnetic tape copies of a'1 arrival time and output SUMmary
data are kept in Henlo Park and HVO.

The crustal model used ;s specified by velocities at 4 depth points.
Velocity at any depth ;s given by linear interpolation between points and uses
a homogeneous half-space below.

VEL OCITY
( km/secl

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22 1 N and 155°10 ' W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations, and signal or coda duration on selected
short-period vertical stations. Amplitudes read from other than Wood-Anderson
instruments are corrected to an equivalent Wood-Anderson amplitude using the
curves of Figure 3 and CAl factors. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4 seismographs
at Uwekahuna. Smaller events may occasionally include amplitude readings from
stati ons AHU. OIL, PPl. KHU. or Wll •

Duration magnitudes are detennined from the length of signal in seconds
read from the Oevelocorder viewer. This time, also called the ltF_P time" is
measured frcm the first P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to ccmpute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magnitudes are
relatively insensitive to station response and can be detennined using the
high-gain short-period stations, it is felt that duration magnitudes are ITK)re
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude determination are:

duration <210 sec
duration >210 sec

M= -5.2 + 3.89 109 (F-P) + .013 Z + .0037 0
M= -.905 + 2.026 109 (F-P) + .013 Z + .0037 0

where i! and 0 are the depth and epicentral distance in km, respectively.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis ;s on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
sl'lall to locate are counted daily, and the set of located earthquakes in the
Kilauea region is nearly complete above magnitude about 2.0. Many smaller
events are located also. Substantial effort is made to locate earthquakes else
where on the island and within about 150 km of the island. Such coverage cannot
be as complete as on the south flank, but nearly all events above magnitude 3.0
to 3.5 are located.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea. The source region is
determined visually from signal character and pattern of arrival times at key
stations. Maps showing computer located epicenters are given in Figures 8-13.
The epicenter maps are on different scales, and show both all located earth
Quakes and large events only.

Tile list of CUlnputer locations constitutes the bulk. of this st.'r.1mary. and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and depth. Figures 4-7 are maps of the regions used
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is gi ven accordi ng to Fi gures 4-7. Table 6 re1i sts the events in
Table 5 for which either duration or amp1 itude magnitude 1s 3.0 or larger. It
is felt that this list is a more objective measure of large earthquakes than a
list of felt earthquakes.

Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Kilauea.

Earthquake categories are:
1) Kilauea summit, short period caldera: shallow earthquakes beneath

the caldera.
2) Kilauea summit, long period caldera: earthquakes characterized

by low frequency signatures, often originating 5-10 km below
the caldera.

3) Kilauea su"nit 30 km: deep earthquakes about 30 km beneath the
summit region.

4) Kaoiki and southwest rift: earthquakes beneath the southwest
rift of Kilauea. western parts of the Koae faults and adjacent
Kaoiki fault system.

5) Upper east rift: earthquakes in the upper and middle east
rift zone, the adjacent parts of the south flank, and eastern
parts of the Koae faults.

6) lower east rift: earthquakes in the lower east rift zone and
adjacent parts of the south flank.

7) Offshore PPl: earthquakes from offshore areas south of the Puu
Pili station, including loihi seamount.

8) Mauna Loa long period: low frequency events near Mauna loa
summit.

9) Mauna Loa short period: shallow earthquakes in the Mauna loa
caldera region.

Tremor is separated into four categories:
deep Ki 1auea, and Ma una loa. Depth is
relative amplitudes on seismographs.

16
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KILAUEA SUMMIT KILAUEA FLANK "'AU~'" LO' TQEMOR (~P.llJTESl

---------------------------------------------------------------------._---
I ISHORT LONG I I<,AO. UP. LO\ll'. OFF- I T KIlAUE6 MAUNAI
I OOTE I PER. PER. 30 I " SW EAST E'ST SriORE !Lf)'IG ~"OQT1 I i.,T • LO' I
I Iq83 I CALDERA KM I RIFT RIFT RIFT PPL tPt..t. Pt=:q. 1 SHAL. OHI-l 1
t------I--------------I---------------------I----------T-----------------l
IJAN I I 2q I I 23 I qb3 2 I , 1 "80 I
I 2 I 73 I I 30 SqT7 7 I qUlJO I
I 3 I II I 38 1348 " I 2 T1£llJl) I
I- " I 10 3 I 40 270q J J144/) I
I 5 I 32& 23 I 3q 1345 2 I 1 T1440 I
1------1--------------1---------------------1----------T-----------------!
I & I 12q I 2' 15q8 4 I 2 11t140 I
J 7 I 88 I I 20 &3q 2 I 1 I 11440 I
I 8 I 3 I I 27 2&& 2 I I T144n I
I q I I" 18 3 I 2" 18& 32 J " 11440 I
I 10 I 5 I 30 137 2 I 1 5 TllJlJO I
1------1--------------1---------------------1----------T-----------------I
I II I I 24 184 3 I 1 3 T1 £140 I
I 12 I 4 2 I "4 221 2 I 2 ~ T1£140 35 1
I 13 I 2 I 30 203 3 I , TtlJ"O "0 I
I 10 I 2 I 30 102 2 I 10 , 1"40 " I
I 15 I 1 " I I " I 107 2 I 1 • T1"40 I
1------1-------·------1---------------------1----------I-----------------T
I 1& I 3 I 35 20& 7 I I. 11"40 I
I 17 I 3 & J 30 18q I 0 I 17 T1£llJO I
J 18 I 2 1 I 25 232 5 I I " 114"0 I
I Iq I I 1 I 17 2q8 & I 5 TtlJ"O I
I 20 I 3 2 I 33 117 4 I 1 T141.10 I
1------1--------------1---------------------1----------r---·-------------1
I 21 I " 3 I 20 21& 25 I I T1440 [
I 22 I 8 I 2 I 27 18q 14 I Tl£1£10 I
I 23 I 10 2 I 2" 227 I 114QO I
J 20 I 7 1 I 33 IqO 8 I T14t.10 2 0 I
I 25 I 13 8 I 30 203 I I 1 Tll1t.lO I
1---·--1--------------1---------------------!----------T-----------------I
I 2& I 10 2& I 35 1&& 1 I I ?II.I"U I
I 27 I 12 1 2 I 35 158 I I 12 I1UiJO 5 I
I 28 I 13 10 I 2& 187 3 I I TllJlJO I
I 2q I 7 8 I I 34 185 I I , TliJlJO 28 I
I 30 I 1& II 1 I "0 228 4 I I T1uIJO I
I------I--------------!---------------------I----------T-----------------1
I 31 I q 2 1 I q 1&3 1 I T1a£lO I
IFE8 I I 12 I 20 14q 20 I • 'l(14(j I
I 2 I 13 I 3q 1&2 & I 2 J 14" 0 I
I 3 I Iq I I 2q 102 & I 5 'la~o I
I 4 I 15 0 I lq q7 8 3 1 2 5 '1£1£10 [

I------l--·-----------!-------·-------------!----------T-------·_--------1
I , I q 3 I lq 123 1 I , 114£10 I
I & I 18 2 1 I 28 101 1 I 15 Tl/JLlO I q I
I 7 I 1& 1 10 I 17 q) I q TIU/JO I
I 8 I 18 &q I 34 14& 4 I 17 'lIH~O J
I q I lq 4 2 I 34 140 5 I , T1a4() I
I------t--------------1---------------------1-----·----T-----------------I
I 10 I 17 1 I 17 8q 5 I 10 T1440 I
I 11 I 10 3 2 I 51 q& 18 I Tt 400 I
I 12 I 5 4 2 I 71 83 8 I I 'tuLiO I
I 13 I 1. 2 J 37 110 4 I I 1 T1 4 iJ 0 30 I
I 14 J 15 8 J 2q 114 2 J • 'llJao 2 I
----------------------------------------------------------------_ .._------
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KILAUEA SUMMIT KILAUEA FLANt< MAliNA Ln • TRE"lOR (MHJUTES)

..-.-._--------.--.------.-------.---.-----.-.-.--------------------------
I ISHOMT LONG I KAO. UP. LO". OFF- I 1 KILAUEA t.. AU ..... AI
I DATE I PER. PER. 30 I & S" EAST EAST SHORE ILOf'.G ~~O~TT INT. LO' I
I 198$ I CALDERA KM I RIFT RIFT RIFT PPL IPE~. PFR. I SHAL. DEEP I
1------1-------------·1---------------------1----------t-----------------r
IFE815 I 18 I 30 118 • I 1 Tlauo I
I 1& I I • I 5 I 3. 122 9 I • 1141.10 I
I 17 I 14 I I 3~ 57 12 I I 11440 1
I 18 I 12 I I 25 112 5 I , T141.10 I
I 19 I 3. I I 3& 105 & I 7 T 1aaO b I
1------1--------------1---------------------1----------T-----------------I
I 20 I 2& I I 23 92 8 I I > T!GUO I
I 21 I 28 I 1 I 25 9b 5 I • Tll1ltl) 2 I
I 22 I 23 1& I 28 85 13 I q Tt a40 I
I 23 I 18 1 I 30 75 17 I 1 ~ 11440 I
I 2. I 30 I 31 87 29 I 1~ Tlaaa II------!--_·_---------!------··-·_-----·--·-I----------T-----------------1
I 25 I 12 I &7 ~q 18 I 1 I I T1 ailO I
I 2& I 9 I 7. 58 1& I > 114140 [

I 27 I 19 1 1 I 20 70 5 [ • J I uuO I
I 28 I 13 I 19 7& 8 I 1 .71 TlaliO I
I"4&R I I 21 3 3 I 30 72 7 I 40. T1atlO I
1·-----1·-------------1··-------------------1----------T-----------------l
I 2 I 20 2 1 I 27 &2 9 I 2 470 TtGGO • I
[ 3 I 5 2 I I· &9 22 I 12q 11440 I
I • I 5 2 I .5 11 I & I .\ Tt 440 I
[ 5 I 18 I 23 105 15 I t &~ 11440 I
I & I II 8 2 I 18 III 1 I ·1 Tt 440 I
I---·--t-----·--------I-----------·----·----l---·------T-----------------l
[ 7 I 1. 3 I I 32 87 I • I 1 2~ t 1 IUO 15 I
I 8 I 28 8 I I 31 123 18 I 3\ T1440 I
I 9 I 2' & I 27 115 21 I l! Tltl40 2. I
I 10 I I" I .0 105 5 I 3. T1440 • I
I 11 I 19 • I 29 10& 3 I 3 I" 11440 • I I
1------1--------------1---------------------1----------1---·-------------t
I 12 I 29 I I I .3 118 3 I 1 I~ T1440 & I
I 13 I 23 3 5 I 35 103 1 I 2\ T1440 [

I 1. I 17 I I 22 100 20 I 32 f1440 I
I 15 I 33 8 I 28 &5 1& I 2. 1\ 440 5 I
I 1& I 23 & I 2& 9. 17 I q 25 T1440 • 1
[------1--------------1---------------------1----------f-----------------l
I 17 I 13 2 3 I 22 75 2 I 7 2& T1440 I 0 I
I 18 I 18 7 3 I 51 90 Ib I 2 12 T1440 I
I 19 I 22 I. I I 20 93 26 I 2 2~ T1440 I
I 20 I 21 10 2 I 7. 397 I 1 15 11 G40 3 I
I 21 I 29 3 3 I 55 1&7 21 I I 20 T1 4 Q 0 I
1------1--·-----------1---------------------1---------·T-----------------I
I 22 I 21 I I 37 172 Ib I 1 .. 11440 I
I 23 I 2. 2 I 30 175 21 I 30 T 1t~40 3 I
I 2. I .2 1. I I 39 101 2 I & • T1440 I
I 25 I 28 & I 35 115 1 I 53 Tt 440 I
I 2& I 20 1 I 20 1.0 5 I I 12 T 1 (140 I
1------1--------------1---------------------1----------T------------·----l
I 27 I 13 I 1 I 32 .3 5 I 7 tt 440 7 I
I 28 I 12 3 I I 27 72 • I 3 I 3 T1440 52 I
I 29 I 14 I 30 &1 I I 13 T1440 I
I 30 I 8 I 25 &1 I • 11440 [

I 31 I 15 I I I 32 55 1 I 7 T1440 [

---.----_.-------._-----_._------------.------------_._._-----------------
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KIL.AUEA SUMMIT KJLAUEA FLANK t-IAIJNA LOA TREMOR (M]NlJTf.S)..------------_.--------_...__ .---------_._--_...._-_.-- ..-.------------_.
I ISHORT LONG I KAO. UP. LOW. oFF- I T KILAUEA r·1AUNAl
I DAlE I PER. PER. 30 I & SW EAST EAST SHORE lLor~G 51ol0RTl INT. LOA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IP€ho. Pf"Q. 1 SHAL. Off P I
1------1---·------·_·-1---·------·-·--------1----·-----l·-----·--···-----1
lAP~ 1 I 12 2 1 I 21 51 I 1? , 1440 r
I 2 I 32 5 I 3. .5 • I I 0 l1440 I
I 3 I 1. & I 19 52 1 I 1 13 Tt 440 I
I • I 31 13 1 I 23 .2 8 I & 2~ Tltl40 I
I 5 I 53 13 I 21 .0 11 I " Tl440 11 3 [5 I
1------1-----------·--1-----------·-·-------1--·-----_-l-.-··-·-.·-----·-1
I & I .2 10 I 2. 51 2 I 2~ '1440 I
I 1 I .8 3 1 I 3. 28 I 1 18 J1440 I
I 8 I .0 I 15 &9 10 I 21 T1440 I
I 9 I 10 10. 1 I 3. 1I • 10 I >1 T1 440 I
I 10 I 12 32 2 I 20 110 10 I • >1 l H14(J 20 I
1------1-··-----·-----1--------·------------1-····----·,--·-·--·-··----·-1
I 11 I 11 13 2 I 21 198 1. I .0 11tl40 2 I
I 12 I 23 10 I 39 285 12 I 1 .1 11 •• 0 • I
I 13 I 11 I 20 29& • I 11 12 Tll.l40 I
I 1. I 13 8 I 39 222 5 I 5 T1440 5 I
I 15 I 11 1 I 11 250 10 I • 12 11440 1
1------1--------------1---------------------1---···----f------·_-·-----·-I
I 1& I 12 2 I 3. 2.0 9 I 2 3 '1440 1
I 11 I 1. 1 I 20 .09 1. I 8 T1440 I
I 18 I 1& 3 1 I 21 39& 10 I 2 • T1 ti lHI • I
I 19 I 21 2 2 I 35 325 1. I 1 I ~ T1440 I
I 20 I 11 1 1 I 21 195 & I 2 • "£140 I
1------1-···----------1--·------------------1----------1-----------------1
I 21 I 15 1 2 I 35 312 • I , '1l.l11(l • I
I 22 I 1& 1 I 20 •• 8 • I • It 440 I
I 23 I 15 I 21 .32 & I 2 2 TI440 23 I
I 2. I 35 2 I 2. 2&0 1 I • 11 Tl440 1
I 25 I 15 I 20 2&. 11 I 1 T1440 3 I
1------1--------------1·--------------------1----·---_-T---------·---·--_I
I 2& I 23 I 21 211 13 I 1 11tl40 I
I 21 I 11 2 I 13 309 9 I 1 8 J1440 I
I 28 I 13 3 I 3_ 110 • I 11440 2 I
I 29 I 23 2 I 31 221 I I 1 ~ 11440 I
I 30 I 22 2 1 I 3& 21_ 1 I 2 2& T\tl40 I
1------1-----·--------1------------·--------1-·--------T---·--------·----l
IMAY I I 28 3 I 30 1•• 1 I 1 .& T1440 I
I 2 I 20 2 I 25 1&5 5 I 5 T1440 5 I
I 3 I 5 3 2 I 21 13. I \ 3 T1440 ?1 I
I - I 31 • I 23 202 9 I 3. fl1140 3 I
I 5 I 3_ 3 2 I 20 1.9 & I • Tt 440 5 I
1------1--------------1---------------------1----·-----T-----------------1
I & I 3. 1 I 20 2&_ 12 I \2 11 ••0 I
I 1 I 30 1 1 I 30 258 I 1 I • T1tUl0 I
I 8 I 30 - I I 2. 1&. • I 1 T1440 I
I 9 I 3& 3 I 12 12& 5 I • '1440 - I
I 10 I _8 1 1 I 23 19& 9 I P T 1 440 1& I
1------1----------·--·1------------·--------1--·-------T------------·----I
I II I 3& 2 1 I 23 2_1 13 I 11 T1"40 I
I 12 I 3_ 3 1 I 3_ 139 1 I 1 • Tl""O & I
I 13 I .2 2 I 31 231 10 I 2 I 3 T1440 I
I I_ I 30 I 2& 2.2 1 I I 1 '14"0 28 I
I 15 I 39 • I 11 1._ & I & '1440 • I---.-------------._----------------------------.----------------_._-----_.

,.



KILAUEA SUMMIT KIL'UEA FLANK MAUNA LOA TREMOR (MINUTES)
..---------------------------_._--_.-.-.------ .._.-.---.-.-.--_._._----.-.
I ISHORT lONG I K'O. UP. lOW. OFF- I , KILAUEA MAUNj,r
I OUE I PER. PER. 30 I & SW EAST EAST SHOREILOP\G C:;I-4QqTT INT. LOA I
I 1983 I CAlOERA KM I RIFT RIF T RIFT PPl IPE". PE"R. I SHAL. UFEP I
1------1--------------1·_·------------------1----------T----------_·-----!
IM'Vl& I 4& 3 I 42 228 4 I 2~ TIQaO I
I 17 I 42 3 2 I 29 149 & I 2 U 11440 4 I
I 18 I 59 3 I 29 210 1& I 57 11440 3 I
I 19 I 45 I 31 175 5 I 23 11440 1n I
I 20 I 39 1 1 I 40 217 9 I 1 45 11440 I
1------1-------------·1---------------------1----------T-----------------I
I 21 I j5 I 23 234 11 I 3 40 11440 43 I
I 22 I 38 I I 22 129 5 I H 11440 7 I
I 23 I &5 I 21 189 10 I 2~ l 1 440 I
I 24 I 7 1 5 I 17 222 13 I " TIQtlO I
I 25 I 59 2 I 24 208 12 I 7 T14£10 I
I------I--------------!---------------------I-------_·-1-----------------!
I 2& I 103 3/ 2 I 1I 150 2 I 9 Tt 440 I
I 27 I 58 2 2 I 23 15& 8 I ? 11440 ~ I
I 28 I 34 I I 25 192 10 I 8 11400 I
I 29 I 2& 1 2 I 24 181 8 I & IlaLiO 4 I
I 30 I 39 1 I 27 243 14 I 3 1~ 11440 7 I
I------!--------------1---------------------I------_·--1-----------------1
I 31 I 37 1 I 27 203 2 I 1 14 11440 I
IJUN 1 I 51 3 I 35 184 17 I 1 1~ l1al.l0 & I
I 2 I 45 1 3 I B 127 4 I I 7 l1al.lO I
I 3 I 73 2 I 32 17& & I I " 12440 9 I
I 4 I 119 S I 25 197 14 1 I n 54 T1tll.l0 I
1------1--------------1---------------------1----------t-----------------I
I 5 I 5& 2 I 2& 132 & I 3 •• T!tltlO 3 I
I & I 41 I 3 I 24 13& 5 I 1 Z9 Tlt140 I
I 1 1 47 1 I 19 184 & I 2 '7 11440 I
I 8 I 35 I 1 I 20 159 7 I 2 44 Tltlao I
I 9 I 31 11 I I 7 I 31 2 I I 5 88 11tl40 I
1------1--------------1---------------------1----------T-----------------I
I 10 I &3 2 I 19 1&4 \4 I I 101 TltltlO I
I 11 I 110 1 I 27 1&8 11 I I 99 T141.10 I
I 12 I 52 3 I 25 141 5 I 60 11440 I
I 13 I 48 I Z7 40 11 I 1 5> Tl t14Q I
I 14 I 25 I I 25 3& 12 I 2 47 l1tl40 4 I
1------1--------------1---------------------1----------r-----------------I
I 15 I 30 I 24 48 • I 56 T1t140 I
I 1& I 1& I 1& 23 lZ 1 1 &5 Tl (lao 7 I
I 11 I 15 2 2 I 50 92 3 1 2 21 Tl.QaO I
I 18 1 15 I 33 111 & I ? I 11 £laO I
I 19 I 27 I 21 201 9 I I 24 T14aO 1& 3 I
1------1--------------1---------------------1----------r-----------------I
I 20 I 21 Z 1 20 2&2 4 I l IS TlallO I
I '1 1 2b 1 I 1& 257 I 1 I ?7 11t1t10 I
I 22 I 34 3 I 14 353 2 I 22 1 t 1140 I
I 23 I 42 2 I 15 302 5 I 1 1 0 TlatlO I
I 24 1 50 1 1 I 21 315 10 I 3 1"

11440 I
1------1--------------1---------------------1----------l-----------------J
I 2S I 75 2 1 I 21 319 13 I 10 11l.ltlO IS I
I 2& I &7 3 2 I 33 277 T I 5 12 r14UO I
1 27 I 97 I 18 394 10 I 2 23 J1l.1t10 I
I 28 I 72 I 22 448 & I & 65 T14QO 2 I
I 29 I 29 1 I I 32 &9 2 I 2 48 Jt l.IQO I
---------------------------------------.-------------.--------------------

20



KILAUEA SUMMIT KILAUEA FLANK M~UNA LO. TR(I.o\OR (tool 1 r-1\lTES)

~-~ .. ~~-_ .. _~--~-----~---------------_._------------._-- --------------------
I ISHOkT LONG I KAQ. UP. LO •• OFF- I I KILAUEA ~AIJNA.[

I OlTE I PER. PER. 30 I & S. EAST EAST SHOREILONG ~1ol00TT INT. LOA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IPE". PEQ. I SHAL. OFFP I
1------!--------------1---------------------1----------t-----------------I
IJUN30 I 2& I 2a 1& 7 I 7 I 1a TI Q 4 0 I
IJUL 1 I 27 I 15 21 & I • I,a Tl 440 I
I 2 I 91 I 23 23 9 I 2 '9 TlaaO I
I 3 I 1& 1 I 35 5&3 5 I 1, Tlaao [

I a I 17 I 27 557 8 I 5 ,~ T ! aao I
I------!- .. ------------1---------------------1----------T-----------------l
I 5 I 15 I II 980 2 I a, 11a40 I
I 6 I 22 2 I 22 128& 7 I 3a TI/JllO I
I 7 I 21 1 I 21 785 9 I 75 TltiaO I
I 8 I 29 5 2 I 21 122& 7 I 31 T1ll40 I
I 9 I 30 7 I 18 15&9 10 I >J r!tlaO I
!------!------- .... ----!_-_-_---- .. ----.------!----------T- ________ w _______ J

I 10 I ao 1 1 I 2. 1058 7 I 1• 11 £Ian I
I 11 I 37 9 1 I 19 1320 & I 5 >, Tll440 11 [

I 12 I 5' 9 I 15 1825 8 I 15 TllHI 0 I
I 13 I 99 5 1 I 19 17S4 & I 12 1 I 'lll40 1. I
I 19 I 50 I 27 9&& & I 3a >, Tl£t40 I
!------!-~------------!-~-------------------!--------~-1-----------------[
I 15 I &3 9 I 13 1750 9 I 2 Tt £140 I
I 1& I 98 I 17 1920 2 I , 22 T1440 I
I 17 I &7 1 a I 18 1259 5 I 19 1a TI440 I
I 18 I 88 1 I 17 11 &9 8 I 1& I, 11440 I
I 19 I 99 2 I 3b 1183 18 I 1" T1440 I

!~-----!-~------------!----------------~----!----------T----------~------I1 20 I 101 11 I 29 1071 1~ I 3 • TI440 & [

I 21 I 7& 1 I 19 &0& 9 I a 10 T1040 I
I 22 I 8. I 22 III 9 I t1 [ttl40 I
I 23 I 50 3 I 11 37 I 1 lU Tltl40 .s. I
I 29 I 83 3 I 19 23 & I a 3 T1440 I
!------!--------------!----·----------------1----------T-----------------!
I 25 I 39 1&2 I 17 958 & I 3 1>- 11990 5 I
I 2& I 25 8 I 31 75& 9 I 7 11440 I
I 27 I 22 I 15 757 9 I 11 TI1l40 [

I 28 I 18 I 32 60& 9 I a 15 It 440 [

1 29 I 21 I 20 &97 13 I a • Tt 440 3a I
!------!--------------!---------------------!----------T-----------------!
I 30 I 19 9 1 I 1. &38 5 I 1 17 Tl1140 28 I
I 31 I 27 & 2 I 28 552 10 I 1 " Tl£140 I
IAUG 1 I 39 9 I t1 &3& 9 I 1 2& Tt £t40 I
I 2 I 3& 8 1 I 1& 581 8 I 1 57 Ttll'AO I
I 3 I 53 3 I 1· 608 9 I 1 ., Tt a40 I
!------I--------------!---------------------!----------1-----------------!
I • I 34 2 I 8 338 8 I I >3 114ao I
I 5 I 51 7 I 1& ·10 7 I I as 1\ 040 I
I & I 75 8 I 18 .15 • I 1 17 Tlaao I
I 7 I 88 & I 90 3.3 I 1 I a U 'Ioao I
I 8 I 119 9 2 I 20 385 13 I 2> '14ao I
!------!--------------!---------------------!----------1-----------------1
I 9 I •• 8 I 31 929 17 I 31 11aaO 1& I
[ 10 I 81 5 2 I 25 3'5 19 I a I 9 Tl4aO 27 [

I 11 I 59 10 I 50 255 8 2 I 2 3& tla40 I
I 12 I 87 9 1 I 18 195 I 1 I 1 17 TI440 I
I 13 I 199 1 1 I l' 258 19 I 1 " Tl aUO I
---.----------------------------------------------------------------------
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KIL.UE. SUMMIT KILAUEA FLANK MAliNA LO. TREMOR (MINUTES)

~------._-----------_.--------------_.---------------- --------------------
I ISHORT LONG I KiD. UP. LOW. OFF- I T KILAUfA MIIUN,,!
I OHE I PER. PER. 30 I & S. E>ST E.ST SHOREIlONG SMORTT INT. LOA I
I 1963 I C.LDER. KM I RIFT RIFT RIFT PPL IPE.::? PER. T SHAL. DEEP I
1------1--------------1---------------------1-----·_---T···--------------l
I.UGI4 I 104 I I 17 214 7 I 25 It£l~O I
I 15 I 44 2b I 12 b9 4 3 I 42 T1440 I
I Ib I 95 5 I 17 45 I &4 Tt41.10 I
I 17 I 49 2 I 14 343 B I 6~ r1440 I
I 16 I 16 I I 15 394 10 I 2 b9 T 1£140 I
I------t--------------l---·--------------·--1----------T-.---------------l
I 19 I 17 1 1 I Ib 516 13 I I 6q T1440 I
I 20 I 2_ 4 2 I 21 573 4 I 1 6~ T1u40 10 I
I 21 I 2q 2 I I 24 &60 10 I H J 1440 I
I 22 I 27 14 I 23 761 11 I '1 11440 I
[ 23 I 43 5 I 21 734 13 I 5 b4 IltJtlQ 0 I
1------1-----·_····---1·_·---··--------·----1--·-·--·--T-----------------l
I 24 I 32 3 I 16 733 12 I l7 '1440 I
I 25 I 29 2 I 32 021 5 I 52 1 tI~40 I
I 2& I 50 3 I I b 426 9 I 3 bb T1440 10 I
I 27 I 47 I [ 1I 324 6 I 2 ~b 1tll40 I
I 26 I 55 2 3 I 41 540 b I • 50 r1'140 I
l------I-···----------!-----_·--------------I----------T--···-·----------I
I 29 I 76 2 I 21 712 13 I 1 6' nlillO 10 I
I 30 I 60 2 4 I 16 720 6 I 3 44 Tlll'lO I
I 31 I 63 3 I 21 700 14 I 7\ T11J'IO I
ISEP 1 I 103 3 I 19 3&& • I 7 62 T1'1'10 I
I 2 I 65 1 I I 2b 490 14 I 12 \ 1q 11l1'10 I
1------1--·-----------1-----··_----------·--1-·--·---·-T----·--·--·---·--I
I 3 I 11 I I 19 433 2 I I 1 22b T1 aao I
I 4 I 121 3 I 17 30b • I 3 \56 Tl UliO I
I 5 I 12' - I 26 4b3 9 I 4 100 Tl440 I
I b I 41 142. 2 I 15 36 I 2 14~ 11440 I
I 7 I 15 1637 I Ib 444 6 I 40 TlllUO I
I·-----l-------·---·--1------------·--------!-·--------T-·-·-·--···------I
I 8 I 32 1 I 2b 503 7 I \ 70 T1 QUO 5 I
I • I 19 4 1 I 12 71b 10 I 2 I \ 9 tt 440 I
I 10 I 3b I I 20 524 b I 4 q4 T1 a40 10 I
I 11 I 30 I I 37 3'6 b I • 236 T14UO [

I 12 I 4' I I 15 334 11 I 4 ~H J l auo A I
1--.·--1.. ·-······-·--1-------------·---··--1--------·-T---·---·---------I
I I 3 I bO 2 I ~14 5 I 10 68> T1440 I
I 14 I 7 1 1 I 11 353 4 I 15 613 JI4UO I
I 15 I 35 1 I 27 n b I 13 355 TllUO I
I 1 b I 8b I I 23 33 14 I 17 454 11a40 I
I 17 I 45 354 I I 17 401 23 I 2 222 'tULIO I
I------!---------·.---l---------------------l----------T------------·----l
I 16 I 36 1 1 I 17 772 10 I 10 2>0 Ttlll.ll) I
I 19 I 2b 2 I I I b 4.6 3 I b 195 T1!140 I
I 20 I 23 4 I 29 b44 Ib I 1I 220 T14UO I
I 21 I 23 I 12 456 I b I 3 19b T1440 I
I 22 I 39 2 I 17 344 9 I 10 1 3 a TIIJLlO 26 I

1------1-------·------1----·-----------·----1---·------T----·------------!
I 23 I 4q 1 1 I 13 453 • I 4 1 1 '5 t11140 I
I 24 I 56 2 I 20 360 14 I 2 115 T1U"0 I
I 25 I 57 2 1 I 15 342 7 I .6b T1440 I
I 2b I 70 5 I 21 457 8 I q, T14!10 I
I 27 I 77 3 I I 12 35' 12 I 123 T1440 , I---------.--..--------_._._---------------_.-----._----.-_......_._--_ ...-
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KILAUEA SUMMIT ~ILAUEA FLAN~ MAUNA LO' TREMOR (~ltrlllTES).... --_ ............. -.._.._.- ........__ .._._----.-_ ....----------- .._----.
I I5"ORT LONG I ~AO. UP. LOW. OFF- I T KILAUEA MAIINAI
I OATE I PER .. PER. 30 I & 5W EAST EAST SHOREILONG ~HOQTf INT. LOA I
I 1983 I CALOERA ~M I RIFT RIFT RIFT PPL IPER. PER. T SH6.L. DEEP I
1-·----1--·-----------1--·-·--·--··-·-------1--··--·---T----·--·-··------I
I5EP28 I 92 1 I 12 310 7 I 3 \ 15 11lH~O I
I 29 I 82 3 I 23 228 I 125 TIL140 I
I 30 I 97 3 2 I 12 289 & I 1 213 Tl(H~O ?2 [

IOCT I I 97 1 I 22 288 3 I 5 \ 78 '1440 [

I 2 I 124 I I 23 317 & I 2 12& TllUO I
1---·-·1-·----·--·----1·-·-------·----------1--------.-T-·-------_··-----l
I 3 I 154 5 I 10 223 1& I 4 9& fl Q40 23 I
I 4 I 123 2 I 19 153 3 I 8 4' Tl/lQO I
I 5 I 47 38 32 I 3& 34 I 11440 I
I & I &- I 15 23 I I 10 13_ I1440 I
I 7 I &0 331 I I 20 117 - I \ 5 7 \ 11'140 I
1-----·t--·--------·--l··--·---··----_·----·t---_·-----T--------_·-----·-1
I - I 23 13 I 10 2_1 b I <3 5_ 11 Ll40 32 I
I 9 I 18 5 I 21 241 8 I 1, a? '1/l40 I
I 10 I 24 2 I 2a 330 5 I & >3 T1440 I
I II I 30 4 I 15 3&a 8 I & '5 11440 I
I 12 I 35 5 I I 19 372 4 I 25 9A T1440 22 I
1------1--·-·---·-----1--·--·--------·------1----·-·-·-J·----------------l
I 13 I 43 5 3 I 10 359 12 I 11 185 f1tl40 14 I
I 14 I 3a 5 I 15 300 5 I 8 A9 "tlao I
I 15 I 39 4 1 I 18 183 7 I & a5 !1tl'lO I
I 1& I &7 8 1 I 32 243 5 T 7 Tt U40 1 r
I 17 I 79 5 2 I 1& 291 7 I 7 35 lIa.o 2 I
1---·--1--·--·--··----1------·----·-·-------1---·-·----T-.- _____··_· __ · __ !
I I- I 90 I 2 I 22 34& 13 I 13 2' T14tlO I
I 19 I I 11 1 I 27 315 19 I 10 •• 11tl40 23 I
I 20 I 71 1 I 45 443 18 I 9 4' Tlu40 I
I 21 I 100 2 1 I 9 249 II I 12 32 Tt [lao I
I 22 I && 2 I 15 157 & I 1 7 T1UtlO \ 0 I
I------l-------------·!-----·-·---·---------1---·-·_-·.T--------------·--l
I 23 I 130 3 I 17 232 12 I I II Tlf~ao 34 I
I 24 I 18& 2 I 1& 253 & I I 52 11 440 & I
I 25 T 101 I II 150 12 I 8 I 5 I T1440 I
I 2& I 1&0 21 2 I 158 10 I I 31 Tl4l£0 I
I 27 I 198 I 41 239 II I 5 17 11440 I
1-··-·-1--···--·--···-1--------·----·-------1-···------T•• -------···---··l
I 28 I 101 I I 15 219 14 I 2& I 17 Tta40 I
I 29 I 142 2 I II 1&3 8 I 13 55 Tl440 I
I 30 I 131 I 39 221 & I & '5 Tt 4'10 I
I 31 I 103 2 I 12 151 1& I • 37 Il 440 I
INOV I I 113 I I 17 305 5 I 5 35 Tt 4t10 4 [

1----··1---·-··--·-··-1-----··---·-··----··-1··-····-··T·----------------I
I 2 I 133 2 1 I 18 323 18 I 45 a, llil40 I
I 3 I 170 1 I I 20 390 8 I 15 40 Tt 4L10 I
I 4 I 19& 4 1 I IS 290 9 I I 0 ,- 11440 12 3 I
I 5 I 128 1 I I 13 ISS 10 I 10 23 Tt4l£O T
I & I 174 &7 I 24 33 II I 9 52 Tl1140 I
1------1--·---·-------1------·------------·-1-·-----·--f--------·--------I
I 7 I 1& 283 I 13 57 17 I 52 Tt 440 I
T 8 I 30 897 I I 18 772 & I 1 3t 11440 I
I 9 I 29 185 I 15 402 & I n T14aO I
I 10 I 28 \74 I I 1& 388 17 I 5 44 11440 I
I 11 I 2. 12 I 20 1&1 10 I 2A f1440 [

---_._._----------_._-------------------------_._--------_.---------------
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KILAUEA SUMMIT KILAUEA FLANK MAUNa, LO' TREMOR (MINUTES)
....------_ ...._-------.-.-.-----.-.-.-..-..---.------._---.-------.---.-.
I ISMO"T LONG I KAO. UP. LOW. OFF- I r KILAUEA MAUNA!
I DlTE I PER. PER. 30 I & SW EAST EAST SMOREILDNG SMORTT INTo LnA I
I 1983 I CALDERA KM I RIFT RIFT RIFT PPL IPEto.'. PFR. I SHAL. DEEP I
1------1--------------1---------------------1----------T-----------------l
INOVI2 I 29 9 3 I 24 225 19 I 3 39 tt 440 I
I 13 I 27 1 4 I 2\ 274 4 I 4. 11aGO I
I 14 I 30 5 2 I \7 30\ 5 I 31 't440 29 I
I 15 I 38 1 I 15 243 11 I S~ T1440 I
I Ib I 1 I 2191 252 28 I 2~ 11440 I
1------1-------·------1---------------------1-------·--T-·---------------I
I 17 I 70 28 I 1357 220 2 I .~ 114ao 3 I
I 18 I 5b b1 I 1144 145 I 8 4. 11440 I
I 19 I 8b 3 22 I 958 149 I 31 Tl £laO 4 I
I 20 I 1\3 2103 I 1178 344 9 I 2 3n T1 440 I
\ 21 I bO I 27 I b41 282 1 I 1 22 T14t1Q I
1------1---------·----1---·-------_·--------1----------T-------·_--------I
I 22 I 43 1 b4 I 831 2b5 b I 3 I. Tt Li40 3 I
I 23 I 17 8 78 I 781 2b7 b I 4 9 11U40 I
I 24 I 457 14 I b08 2b7 1 I 9b 1\440 41 I
I 25 I 52 3 10 I 587 227 5 I 33 11440 3~ \
I 2b I 38 23 I b03 235 b I I H litHaO I I I
1------1--------------1-----···-------------1-------··-T-----------------I
I 27 I 27 2 65 I 755 202 13 I 1 I ! 11440 I
I 28 I 35 1 78 I 524 125 10 I 1 5 11440 b I
I 29 I 21 b7 I 450 132 22 I 2 Tlaao I
I 30 I 20 220 2b I 415 18 10 I b Tt aGO I
IDEe 1 I 9 10 3 I 2b7 521 5 I 5 1~ 11440 2 I
1-·----1--------------1------------------·--1--·--·_---t-·-·--···-·------I
I <! I 4 31 I Oil 558 b I 2 b TlQQ01440 I
I 3 I 17 b97 51 I 450 b01 5 I 2 8 t14QO I
I 4 I 8 198 35 I 299 377 8 I I 10 Tt G40 I
I 5 I 24 10 b4 I 005 407 7 I 4 I 4 rt QQO 18 I
I b I 20 4 30 I 348 383 2 I 45 11440 4 I
1------1--------------1--------------·------1-·--··---·T·-····--··-··----I
I 7 I Ib 3 35 I 355 393 9 I 5 ~ 11440 I
I 8 I 18 1 20 I 279 317 b I 3 20 T1 440 I
I 9 I 2b b 27 I 3b3 198 20 I 9 20 tt 440 J
I 10 I 15 3 42 I 374 298 Ib I 8 ~ tt lUi 0 00 I
I 11 I 18 2 44 I 392 382 12 I 2 13 11'40 I
1------1--------------1------------------·--1----------J-----------------J
1 12 I 20 8 35 I 319 317 7 I \ 11 Tl440 I
I 13 I 28 12 37 I 275 345 b I 0 2~ I1QQO 13 I
I 10 I 20 10 3 I 222 339 I 1 ~2 T1440 4 I
I 15 I 19 3 3 I 199 421 3 I 2 4 I 'lallO 3b I
I Ib I 27 1 7 I 181 407 4 I 3 11 11400 I
1------1-------·------1----·----------------1--------·-J-----------------l
I 17 I 23 1 5 I 2b3 435 1 I 1 3~ t1440 21 1
I 18 I 00 3152 I 2bl 398 4 I 2 to T1 li40 I
I 19 I 33 3 2b I 191 3bb 9 I '1440 I
I 20 I 48 2 11 I Ib6 395 b I 2 • 11440 I
I 21 I 23 2 23 I Ib4 38b 3 I I • T14QO I
1-----·1-----·--------1-------·--------·----1----------1------·----------1
I 22 I 52 I 10 I 17b 509 5 I 1 32 1\ 440 I
I 23 I 48 3 25 I 155 2bl 12 I 3 ~b t1440 I
I 24 I 61 31 I 153 203 9 I 3 11 tt4UO I
I 25 I Ib9 b Ib I 130 17 1 3 I 5 11440 10 I
I 2b I 93 3 2b I 173 292 b I I? 11440 7 I
-----------------------------------_._-.----------------------------------
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KILALJEA SUMMIT I( ILAUEA FLAr\IK

1 ISHORT LONe; 1 KAO. UP. L('lW. O~F- J 1 KTLAUI-A t-l AIIfH 1

1 DATE 1 PER. PE" • 30 1 & SW UST UST SNORE IL';" r; ~~OQTT r ;~ T • L (I A J
1 \ q 8.1 1 CALOE~A Ke 1 R 1 F T RHT R1F T PPL IPE" • Pr ~.

, """AL. llf I: I-' I
1------1--------------1---------------------1---------.f-----------------1
lOEC27 1 56 lq 1 157 "O~ 11 I 6 1 , , 1 lIIH) 1
1 <'8 1 50 • Iq 1 I 78 "60 11 1 > 1 I 1 1 IJ U (\ 1
1 2" 1 55 25 1 I "1 "18 7 1 3 " T1 Ill.! 0 1
1 30 1 "8 7 1 16" 30B 6 1 Ib " fl£1UQ r
1 31 1 ~" 36 1 16n lulln I 5 1 16 f~ I! TI IH' 0 3; 1 \I 1

-------------------.---------------------._-------------------------------

Table 4. Coordinates of named earthquake regions.

_4 ----

--All earthquakes are in one of the following qroups.
--Identified by a numerical class or 3-letter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera 10-5 km)
4 SER - Shallow east rift (0-5 km)
5 SME - Shallow mirldle east rift (0-5 km)
6 KOA - Koae fault zone 10-5 km)
7 SSF - Shallow south flank 10-5 k~)

8 SLF - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SFI - Kilauea south flank 15-13 km) Iwest end)

10 SF2 - Kilauea south flank (5-13 km)
11 SF3 - Kilauea south flank 15-13 km)
12 SF4 - Kilauea south flank (5-13 km)
13 SF5 - Kilauea south flank 15-13 km) (east end)
14 LER - Lower east rift (5-99 km)
15 MLO - Mauna Loa 10-13 km)
16 LSW - Lower SW rifts of Kilauea &Mauna Loa (0-13 km)
17 GLN - Glenwood 10-13 km)
18 SWR - SW rift 10-13 km)
19 lNT - Intermediate caldera (5-13 km)
20 KAO - Kaoiki (0-13 km)

--Deep:
21 OEP - Deep Kilauea (>13 km) (below re9ions 1-13, 17-19)
22 DLS - Deep lower SW rift (>13 km) (below re9ion 14)
23 OMl - Deep Mauna Loa (>13 km) (below regions IS, 20)

--Outer regions, all depths:
24 LOI - Loihi lall depths)
25 KON - South Kona (all depths)
26 HUA - Hualalai (all depths)
27 KOH - Kohala lall depths)
28 KEA - Mauna Kea lall depths)
29 HIL - Hilo (all depths)
30 DIS - Distant, everywhere else

25



Table 4 (continuerl)

----------------------------------------------------------
--The latitude and longitude limits of the regions are given below.
--~hen the coordinates imply an overlap, precedence is given as in the maps.

No. Code N.l at. S.l at. W.lon. E.l on.
1 SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 15507.2
5 SME 19 26 15507.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 Sl E 19 32 19 16 155 00 154 40
9 SF! 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF3 19 26 19 10 155 12.3 155 09.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 lER 19 32 19 16 155 00 154 40
15 MlO 19 43 19 19 155 35 155 19
16 l SW 19 19 18 40 ISS 43 ISS 25
17 GlN 19 43 19 26 ISS 19 ISS 00
18 SWR 19 22 19 10 ISS 25 ISS 17
19 INT 19 28 19 22 ISS 19 ISS 14
20 KAO 19 30 19 19 155 32 155 19
21 OEP 19 43 19 10 155 25 155 00
22 OlS 19 19 18 40 155 43 155 25
23 OMI 19 43 19 19 155 35 ISS 19
24 lOI 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 43 155 43 154 40
29 Hll 19 47 19 32 155 09 154 40

------------------------------.---------------------------
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Figure 5. Earthquake classification, shallow 0-5 km deep
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, intermediate 5-13 km
Kilauea and east flank Mauna Loa.
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Figure 7. Earthquake classification, crustal 0-13 km deep
island of Hawaii.

015-30 015-30

LOI-24

015-)0

KOH-27

HUA-26 (

KON-25 \

KEA-28

HIL-29

HLO-1,.:..5__ VrJr hGLN-17 ,,'
KAO-20 ~ ",,' ' '
~-S__ ......;;.., ....

I--L-SW--...I'6--i{~~ _/---~ ....J

~ SLE-B (0-5 km depth)
fF-...L----1LER-1~ (5-99 km)

/
'1\,/1

015-)0

i 9 0

IUlllUlJwwud
20 km

0-1) km HYPOCENTER DEPTHS

i 56 0

2.
j 55 0



Figure 8. Earthquake classification. mantle greater than 13 km
deep island of Hawaii.
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Tab)e 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), anrl
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON WI.

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude. if determined.

OUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals in sec.

RMS =

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code for geographic location of event. See Figure
2 for location of mnemonic code. Additional one letter codes have the
following meanings:

F - felt

L - long period character

T - associated with harmonic tremor

B - quarry or other blast

* - the location program had a convergence problem. which usually means
that the depth may he unreliable.

Table 5 lists all events located during 1983. Table 6 lists only events of
magnitude 3.0 or larger.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawaiian Volcano Observa tory (RVO) summary presents dats gathered
during the year together with a chronological narrative describing the volcanic
events and significant observatory related activities. The seismic summary is
offered without interpretation as a source of preliminary data. The seismic
summary is complete in the sense that all data routinely gathered by the obser
va tory are included. The emphasis in collection of til t and deforms tion da ta
has shifted from quarterly measurements at a few water-tube tilt stations
("wet" tilt) to a larger number of continuously recording borehole til tmeters,
repeated measurements at numerous spirit-level tilt stations ("dry" tilt),
and surveying of level and trilateration networks. Because of the large quan
tity of deformation data now gathered and differing schedules of data reduction,
the seismic and deformation summaries will be published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of prepa
ration and distribution, and the large quantities of data dictated an annual
format beginning with sumnary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrumentation, calibration and processing
used in recent years. The present summary includes enough background informa
tion on the seismic network and processing to use the data and understand the
essentials of how it was gathered.

A report tabulating the instrumentation, calibration and recording history
of each seismic station in the network by Klein and Koyanagi is available as a
USGS open file report ("Hawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. open file report 80-302, 1980). It is designed as a refer
ence for users of seismograms and phase da tat and so includes and expands the
information in the station tsble in this summary.
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Chronological Summary - 1984

Events in 1984 featured a long-awaited eruption of Mauna Loa, continued monthly
activity at Kilauea's Pu'u 0'0 vent, approval and funding, after 8 years, for
construction of a new HVO facility, and changes in staff, including the arrival
of a new scientist-in-charge.

The Mauna Loa eruption, March 25-April 15, was clearly the high point of the
year. A forecast published in 1976 correctly anticipated its location (north
east rift zone between 2800 and 3000 meters altitude) but missed the time by 6
years. Another forecast published in 1983 anticipating an eruption "during the
next two years" proved correct. A summary description of the eruption is given
by Lockwood and others (1985). Table C-l summarizes significant data for the
eruption and Figure C-l, taken from Lockwood and others (1985), shows the extent
of flows. The eruption was notable for its well developed lava channel which
delivered lava very efficiently to the lower slopes of the volcano (slightly
below 1000 meters elevation) where it posed a threat to the city of Hilo (Fig.
C-l). Hilo was spared. however, by a repeated breakdown of the main channel at
an altitude of about 2000 m. This process, a natural lava diversion, was
observed and documented for the first time during this eruption. It appears
that the diversion results from "aging" of the channel whereby an initially
smooth channel surface characterized by laminar flow is increasingly disrupted
by erosion of the enclosing levees. Pieces of the levee eventually become suf
ficiently large and/or numerous that channel blockage results, the flow over
spills the levee, and the old channel is abandoned (see Lipman and Banks, in
press). The chemistry of the Mauna Loa lavas was extremely uniform (Fig. C-2),
and similar to that erupted in 1975, both being olivine-poor and slightly
fractionated. Evidently the top of a much larger reservoir of magma was tapped.
Temperatures of the lava remained constant, consistent with the absence of
chemical change, bu t the crys tallini ty increased drama tically during the erup
tion, evidence that the lava was initially undercooled (Lipman and Banks, in
press). Increase in viscosity associated with higher crystallinity may also
have contributed to the aging of the lava channels (see above).

Deformation data were obtained for the first time to cover a complete deflation
of Mauna Loa. A total of over 100 rnicroradians of deflation was recorded at
one site, which occurred in response to 63 em of vertical subsidence measured
by leveling surveys. A recording tiltmeter showed 40 microradians of rapid
uplift in the hour before the outbreak, reflecting dike emplacement. Horizon
tal changes are also large but are complicated by a combination of expansion
of certain lines in response to dike emplacement and contraction of all lines
in response to removal of magma at depth. Modeling of the Mauna Loa inflation
and deflation showed a magma storage area located south of the caldera at a
depth of about 3 km, very similar to the geometry of the Kilauea summit magma
storage reservoir (Decker and others. 1983). This conclusion is consistent
wi th similar sizes of the summi t calderas of Kilauea and Mauna Loa, and demon
s tra tes tha t the magma chambers of the HawaUan shields move up wi th the growth
of the shield, retaining a constant relationship to the upper surface of the
volcano (Ryan, in press).

Kilauea, in contrast to Mauna Loa's single eruption, was in eruption 16 differ
ent times from Pu'u 0'0 on the east rift zone for an aggregate eruption length
of 15 days and an aggregate volume of 149 x 106 m3 (Table C-2; Fig. C-3; Fig.
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C-4). The average lava production for each volcano was similar, about 107 m3
of lava per day of eruption. The chemical composition (Fig. C-2) was more
uniform than that of the first year of eruption, attesting to a more open
summit-rift connection. The Pu'u 0'0 cone grew from a height of 78 m at the
end of 1983 to 175 m at the end of 1984. The lavas spread mainly northeast
and southeast from Pu'u 0'0 and threatened, but did not destroy, buildings in
the Royal Gardens subdivision, which was hit several times by eruptions from
Pu'u 0'0 in 1983. The longest eruptive episode of 1984, episode 18, lasted 60
hours and sent a flow to within 1 km of the ocean (Fig. C-3). Three isolated
dwellings were overrun near the terminus of the flow in the vicini ty of Kapaahu.
The previous episode (7) took place during the Mauna Loa eruption. Neither
eruption had an obvious effect on the eruptive behavior of the other, or on
the shallow seismicity and summit tilt patterns associated with the two erup
tions. This confirmed the essential independence of the shallow plumbing of
the two volcanoes, long inferred from the consistently different chemical com
position of lavas from the two volcanoes (Fig. C-2).

Systematic gravity measurements were made on both volcanoes in 1984 (Johnson,
in press). A summit monitor at Kilauea, comparing gravity at a stable base
station with gravity at a station near the center of inflation-deflation,
demonstrates that the gravity signal is dominated by mass changes which exceed
the changes expected from uplift or subsidence alone (Johnson, in press). The
interpretation suggests that magma filling the summit reservoir is compressed
(becomes denser) as the reservoir fills and, conversely, expands (becomes less
dense) as pressure is relieved during transport to the east rift zone. Gravity
data also helps to reconcile the discrepency between horizontal and vertical
changes found in modeling the Kilauea magma reservoir. Cross-caldera horizon
tal changes are always larger than expected from modeling of vertical changes
and gravity data supports the idea that the summit reservoir is slowlyexpand
ing in the direction of the mobile south flank of the volcano. Apart from
the short term changes in gravity, the long term gravity signature at Kilauea
hints at continuing development of a Bouguer anomaly related most probably to
solidification of intrusions at depth and accumulation of excess olivine in
the lower parts of the storage complex. Gravity measurements at Mauna Loa
show a somewhat different story. Gravity changes during the large deflation
associated with the Mauna Loa eruption closely tracked the elewtion changes.
During reinfla tion, however, the gravi ty changes are small and opposi te in
size compared to those expected from the uplift. Hence, a greater volume
and/or denser magma is coming into the storage system than would be predicted
by the surface deformation measurements.

Gas geochemistry really came into its own at HVO in 1984. The first good
measurements of eruptive gases (H20, H2' C02, ro, S02, H2S, HCI, HF) at Mauna
Loa, combined with continuous moni to ring of gas composition a t Kilauea summi t
and near the eruptive site has yielded the following conclusions, documented
by Greenland (in press) and by Greenland and others (1985).

0) volatiles arriving at Kilauea summit are enriched in C02, the least soluble
component; from measurements of gas composition and emission flux at fumaroles
the content of volatiles in equilibrium with mantle-derived magma may be calcu
lated (Table C-3).

2. Much C02 is
eruption on the

los t during
rift zone

summi t storage
is rela thely

)

and therefore magma
S02- and H20-rich

available for
(Table C-3),



3. Residual gaaes left in the lava are dominated by H20, the most soluble
constituent (Table C-3).

4. H20 content of analyzed eruptive gases varies widely, partly due to con
tamination by meteoric water, but also by disequilibrium exsolution accom
panying magma transfer (1. e. the exsolution of gases by vesicula tion and diffu
sive transfer is too slow to keep pace wi th decreasing pressure accompanying
rapid rise rates of magma in the eruptive conduit). CO2 and S02 contents, how
ever, maintain equilibrium at rapidly decreasing pressures and H20 contents
can be adjusted consistent with this.

5. Gases associated with the Mauna Loa eruption were depleted in C02, much
like the Kilauea rift eruption. This is consistent with the magma chemistry
which suggests eruption of the top of a large body of stored magma. It remains
to be seen whether a C02-rich component can be seen during the reinflation
of Mauna Loa. Mauna Loa gases differ from Kilauea in their halogen (FjCI)
content and ratio, matching subtle differences in the residual halogen contents
of Kilauea and Mauna Loa rocks.

The mass of vola tiles released by Kilauea magma. is measured by COSPEC and can
be correlated with magma supply rates. There was a step increase in total
volatile mass at the onset of the present Kilauea eruption which agrees with
estimates of increased magma supply relative to earlier periods (eg. 1969-1974
Mauna Ulu eruption).

Plans for a new HVO facili ty became reali ty in 1984 when Congress passed a bill
that included a supplemental appropriation of $5,000,000 for the National Park
Service construction budget. The plans covered by the budget include 3 stages
(1) construction of a new HVO buildingj (2) renovation of the existing geochem
istry wing for HVO use, and (3) renovation of the library-office wing for Park
Service use as an on-site interpretation facility. When finished in 1986,
this will fulfill much of the original vision of Thomas A. Jagger, including
integration of RVO monitoring and Park Service interpretation.

Changes in staff occurred, including the arrival of a new scientist-in-charge.
Bob Decker's going away party was noteworthy as Mauna Loa erupted barely an
hour after the party. Tom Wright arrived to take his place about a week before
the end of the eruption. Other staff changes are summarized below.

Leavings Arrivings
Name Posi tiOD Going To Name Posi tion Arrived From

Toni Duggan Geology Gradua te School Chris tina
Ken Heliker Geology eva

Yamashi ta Deforms tion eva George Ulrich Geology Flags taff
Ed Wolfe Geology Big Island Map John Hoffmann Geology NAGTI

Project Program
Tina Neal Geology Big Island Map

Project

lNational Association of Geology Teachers Program: one year extension October 1,
1984 - September 30, 1985.
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Student help in 1984 included the following:

John Hoffmann]
Jim Hutton 1 - National Association of Geology Teachers

Teresa Atwill J
Bill Chadwick) - Graduate Students University of California at Santa Barbara

Pauline Tamura]
Joan Yoshioka ] - Federal Junior Fellows

Sandra Zane ]
Br ian Moniz ]
Keone Ah Chong J
Kaipo Ah Chong )
Kent Kikuchi 1
Charlotte Forbes]
Terry Ignacio ] - Minority Program in the Earth Sciences

Shyanne Nelson]
Tom Tioaquin 1 - Alu Like (Native American Program)

Many of the staff took a technical writing course, offerred by Shipley Associ
ates. As a result, we have more persons helping prepare the monthly reports
than before. George Kojima and Bob Koyanagi went to Indonesia in August 1984
to evaluate the radio-telemetered seismic network at Merapi Volcano Observa
tory. This is part of a long term collaboration between the U. S. Geological
Survey and the Indonesian government. They were successful in continuing to
train Indonesian volcanologists in the use of modern seismic instrumentation
and interpretation of Indonesian seismicity.

All in all, 1984 was a productive year for HVO. The challenge of studying
eruptions accessible only by helicopter was met with fiscal help in the form of
a supplemental appropriation from Congress and, during the Mauna Loa eruption,
with observing and monitoring help from HVO alumni and other visiting USGS
scientists.
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Table C-l. Summary data, 1984 eruption of Mauna Loa l

Duration: March 25, 1984 - April 15, 1984
Area covered: 48 km2
VOlume 2: .22 km 3
Eruption rate (March 26-April 7): 10 x 106a3/day
Channel velocity (April 2-April 7, 8200' elevation): 19 km/hr
Temperature (maximum reliable readings): 1140 + 50 C

lData from Lockwood et. al. (1985); Lipman and Banks (in press)
2Not corrected for vesicularity.
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Table C-3. H20-C02-S budge t in Kilauea magma

H2O (wt. %) CO2 (wt. %) S (wt. %)

Magma arriving from mantle .32 .32 .09

Magma after storage and
before eruption .28 .03 .08

Residual vola tiles in erupted
magma .OS <.01 .02
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tiODS. The spread of Kilauea data 1s due principally to differences in olivine
content of different eruptive episodes.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory maintains an extensive
telemetering seismometer network on the island of Hawaii. In 1984 the seis
mometer network consisted of 50 stations; two are low-gain multicomponent
stations (op tical), twelve are three-componen t, and 36 are vertical only. The
coverage is most complete on and around Kilauea Volcano. With the exception of
self-contained systems at Uwekahuna and H110 stations, all seismometer signals
from the short period network are telemetered to the observatory for recording.

Figure 1 is a map of selected geographic and geologic features, Figure 2
shows the seismic stations which were operated on the Island of Hawaii during
the year, and Figure 3 indica tes the teleme try scheme for the respective seismic
stations. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1984. Listed are names, three- and four-letter codes,
coordinates in degrees and minutes, elevation in meters, and other data as de
scribed below pertaining to each station. In addition to seismometers listed in
Table 1, a horizontal seismometer of Type 3 and a long-period, three-component
set of Press-Ewing seismometers are operated in the Uwekahuna vault, all re
corded on photographic paper.

Instrumentation and recordin Each telemetered station has a voltage
controlled oscillator VCO for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are now all of Type 1, the OEVE
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination at the receiver, the analog signals from 36 stations are record
ed on two Develocorders using 16mm microfilm. FM signals from the telemetering
network are also recorded directly on one-inch magnetic tape. Selected larger
events are copied onto condensed FM library tapes which are currently archived
in Menlo Park and archived in digi tal form at HVO as part of the rou tine loca
tion processing. The type of recording used for each station (in addition to
magnetic tape for the telemetered stations) is coded in Table 1 as follows: D
Develocorder film, S - smoked paper drum, P - photographic paper, H - Helicorder
paper.

In addition to the standard stationa, optical drum seismographs are main
tained at Uwekahuna (HVO), H110, Maui, and on Oahu (Honolulu station operated
by the Pacific Tsunami Warning Center). The less sensitive optical records
are used primarily for amplitude measurements for magnitude calculations to
supplement readings from the high-gain stations. The paper records as well as
the 16mm Develocorder microfilm are archived at HVO.

In late August, 1982, Rex Allen and Jim Ellis from the U.S. Geological
Survey's Office of Earthquake Studies came to Hva to install their seismic
monitoring system uniquely designed to automate picking of P-phase onset times,
measuring coda lengths, and determinining preliminary epicenters for adequately
recorded earthquakes. The Hawaii picker is configured to monitor a maximum of
80 stations, but is curren tly wired to 45 stations. Attached to the picker are
a Datasouth Printer and an Apple II microcomputer. The picker output is logged
on a disk and printed out on chart paper within three minutes after the earth
quake occurs. The data collected on disk is tranferred to the Eclipse, the
main computer system, on a daily basis using a second Apple II. The earth
quake records are filtered and run through our standard location program
(HYPOINVERSE). Summary listings and epicenter plots are prepared on chart

14



paper, and the phase data are archived on tape. The picker output is routinely
compared wi th readings from our standard forma t.

Seismograph response and calibration. Displacement response curves for
the four short-period seismograph types in use are given in Figure 4. Types
three and four are electro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard QEVE system
from ground motion at the seismometer to the seismic trace as seen on a 20x
Develocorder fUm viewer. The curves plot the uni t response which should be
multiplied by a constant but known factor (CAL, Table 1) to get the response
for an individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak ampli tude measured in mm on the 20X Develocorder
viewer of a 10 microvolt 5 Hz signal introduced to the preamp/Vro in place of
the geophone. Calibration is normally done each time a station is visited.
CAL factors range from about I to 8, averaging about 4. A detailed history of
CAL factors and other da ta is given in F.W. Klein and R. Y. Koyanagi, Hawaiian
Volcano Observa tory Seismic Ne twork History 1950-79, U.S. Geological Survey
Open File Report 80-302, 1980.
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Table I. Seismome ter stations in Hawaii operated by the U.S. Geological Survey, 1984.

STATION NAME CODE -. LAT-·- .. ·LON· -- ELEV DELAY DELAY CAL SEIS OPTIC
0 M 0 M ( M( 1 2 TYPE RECORD

..... - ... _----_._-----_ ... ---------_._-_ ...... -_._-----------_._--_ ...... _--
AHUA AHU Z 19 22 .40 155 15.90 1070 ·0.10 ·0.13 2.1 E4 SO
AHUA AHUE E 19 22.40 155 15.90 1070 ·0.10 - 0.13 1.0 EO
AHUA AHUN N 19 22.40 155 15.90 1070 ·0.10 - 0.13 1.0 E'
AINAPO AIN Z 19 22.50 155 27.62 1524 o.13 0.17 5.5 L4 0
AINAPO AINE E 19 22.50 155 27.62 1524 0.13 0.17 1.0 L4
AINAPO AINN N 19 22.50 155 27.62 1524 0.13 0.17 1.0 L4
CAPTAIN COOK CAC Z 19 29.29 155 55.09 323 0.00 -0.16 1.1 L4 0
CONE PEAK CPK Z 19 23.70 155 19.70 1038 -0.26 -0.07 6.0 L4
DANDELION DAN Z 19 21 .42 155 40.04 3003 ·0.27 0.03 7.0 L4 0
DESERT DES Z 19 20.20 155 23.30 615 -0.29 -0.13 3.0 E4 SO
ESCAPE ROAD ESR Z 19 24.68 155 14.33 1177 -0.17 - 0 .19 2.2 L4 0
HAWAY IAN BEACHES HAB Z 19 31.89 154 53.89 92 -0.09 ·0.24 1.0 L4
HALEAKALA, MAUl HAE E 20 46.00 156 15.00 2090 0.00 0.00 1.0 w P
HALEAKALA, MAUl HAL Z 20 46.00 156 15.00 2090 0.00 0.00 0.7 HI P
HALEAKALA, MAUl HAN N 20 46_00 156 15.00 2090 0.00 0.00 1.0 w P
HILO HIE E 19 43.20 155 5.30 20 0.54 o. 30 1.0 w P
HILO H1L Z 19 43.20 155 5.30 20 0.54 O. 30 1.0 HI P
HILO HIN N 19 43.20 155 5.30 20 0.54 0.30 1.0 w P
HI LINA PALl HLP Z 19 17.96 155 18 .63 707 0.02 0.07 2.6 L4 0
HONOLULU, OAHU HON Z 21 19.30 lsa 0.50 2 0.00 0.00 0.0 HI P
HALE POHAKU HPU Z 19 46.85 155 27.50 3396 0.31 0.17 J . 3 L4 0
HUMUULA SHEEP ST HSS Z 19 36.31 155 29.13 2445 0.20 0.35 5.3 L4 a
HUMUULA SHEEP STHSSE E 19 36.31 155 29.13 2445 0.20 0.35 1.0 L
HUMUULA SHEEP STHSSN N 19 36.31 155 29.13 2445 0.20 O. 35 1.0 L
HOT CAVES HTC Z 19 14.33 155 24.02 361 - 0.16 -0.07 0.0 E4
HUALALAI HUA Z 19 41.25 155 50.32 2189 0.67 0.38 3.0 L4 0
HEIHEIAHULU HUL Z 19 25.13 154 58.72 36' ·0.17 ·0.16 1.6 E4 OS
HEIHEIAHULU HULE E 19 25.13 154 58.72 369 ·0.17 -0.16 1.0 E4
HEIHEIAHULU HULN N 19 25.13 154 58.72 36' -0.17 -0.16 1.0 L4
KAAPUNA KAA Z 19 15.98 155 52.28 524 -0.12 ·0.01 J . 5 L4 0
KAENA POINT KAE Z 19 17.35 155 7.95 37 -0.01 0.06 1.4 L4 0
KAHAUALEA KAH Z 19 24.58 155 4.36 625 -0.25 - 0.30 0.0 L4 ON
KAOIKI fAULTS KFA Z 19 25.26 155 25.14 1579 0.13 0.17 0.0 E
KAHUKU KHU Z 19 14 .90 155 37 .10 1939 0.03 - 0.03 2.7 E4 0
KANEKII KII Z 19 30.56 155 45.90 1841 0.15 0.37 2.' L4 0
KANEKII KIIE E " 30.56 155 45.90 1841 0.15 0.37 1.0 L
KANEKII KIlN N 19 30.56 155 45.90 1841 o. 15 0.37 1.0 L
KEANAKOLU KKU Z 19 53.39 155 20.58 1863 0.68 0.24 3.3 L' 0
PUU KALIU KLU Z 19 27 .48 154 55.26 271 -0.17 - 0.30 2. , L4 0
KAMOAMOA KMM Z 19 23.47 155 6.98 750 - 0 _25 ·0.30 2 .• L4 011
KAMOAMOA EAST·WEKMME E " 23.47 155 6.98 750 -0.25 -0.30 1.0 L4
KAMOAMOA NORTH·SKMMN N 19 23.47 155 6.98 750 - 0.25 ·0.30 1.0 L4
KOHALA KoH Z 20 7.69 155 46.77 1166 -0.03 -0.17 1.5 L' 0
KOHALA KOHE E 20 7.69 155 46.77 1166 -0.03 - 0.17 2.2 L4
KOHALA KOHN N 20 7.69 155 46.77 1166 -0.03 ·0.17 2.2 L4
KIPUKA NENE KPN Z 19 20. 10 155 17.40 924 - 0.11 - 0.08 3.5 E4 0
KAPOHO KPo Z 19 30.02 IS' 50.51 134 - 0.09 ·0.24 2.5 L4 0
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 0.03 0.08 5.8 L4 SO
MAUNA LOA MLOE E 19 29.80 155 23.30 2010 0.03 0.08 0.0 L4
MAUNA LOA MLON N 19 29.80 155 23.30 2010 0.03 0.08 1.5 L'
MAUNA LOA X MLX Z 19 27.60 155 20.70 1475 0.06 0.15 3.0 L'
MOKUAWEOWEO MoK Z 19 29.28 155 35.98 4104 o.15 0.16 5.5 L' 0
MAKAOPUHI MPR Z 19 22.07 155 9.85 861 -0.17 ·0.20 4 . 2 L' 0
MOUNTAIN VIEW MTV Z 19 30.25 155 3.75 409 ·0.02 0.01 5.0 E4 0
NATIONAL GUARD NAG Z 19 42.12 155 1 .72 18 0.54 O. 30 3.2 E4 0
NORTH PIT NPT Z 19 24.90 155 17.00 1115 -0.30 - O. 18 3.0 E' SO
NORTH PIT NPTE E 19 24.90 155 17.00 1115 -0.30 - O. 18 0.0 E4
NORTH PIT NPTN N 19 24.90 155 17.00 1115 ·0.30 ·0.18 0.0 E4
OUTLET oTL z 19 23.38 155 16.94 1038 - 0.19 ·0.18 .. , L4

19



Table 1 (continued)

PAUAHI PAU Z 19 22.62 155 13.10 99' -0.21 -0.24 2. , L' so
PAUAHI PAUE E 19 22.62 155 13.10 99' ·0.21 - 0.24 0.0 L'
PAUAHI PAUN N 19 22.62 155 13.10 99' ·0.21 ·0. " 0.0 L'
PUll ULAULA PLA Z 19 32.00 155 27.67 2992 -0.03 0.13 5.' L 0
POHOIKI POI Z 19 27.42 15' 51. 22 16 ·0.09 - 0.24 0.0 L'
POLIOKEAWE PALl POL Z 19 17.02 155 13. 47 169 ·0.02 0.03 2.8 E' 0
PUU PI LI PPL Z 19 9.50 155 27.87 35 ·0.15 - 0 • 15 1.7 E' 0
RIM RIM Z 19 23.90 155 16.60 1128 ·0.21 ·0.13 0.0 L'
SOUTH POINT SPT Z 18 58.91 155 39.92 ", -0.17 · 0.22 2.8 L' 0
SOUTH POINT SPTE E 18 58.91 155 39.92 ", -0.17 · 0.22 0.0 L'
SOUTH POINT SPTN N 18 58.91 155 39.92 ", . 0.17 · 0.22 0.0 L'
SOUTHWEST RIFT SWR Z 19 27.26 155 36.30 4048 0.01 0.0' 5.6 E' 0
TRAIL TRA Z 19 ".91 155 32.96 3207 0.00 0.00 0.0 L'
lTWEKAHUNA UEE E 19 25.'0 155 17.60 1240 -0.21 0.00 2.0 E P
UWEKAHUNA UEN N 19 25.'0 155 17.60 1240 -0.21 0.00 2.0 E P
UWEKAHUNA UEZ Z 19 25.40 155 17.60 '''0 ·0.21 0.00 2.0 E P
WAlK!I WAI Z 19 51. 58 155 39.60 1433 0.20 0.35 0.0 L'
WAHAULA WHA Z 19 19.90 155 2.92 29 ·0.10 ·0.0' 1.5 E' 0
WILKES CAMP WIL Z 19 28.15 155 35.02 '037 0.22 0.17 2.6 E' 0
WILKES CAMP EASTWILE E 19 28.15 155 35.02 4037 0.22 0.17 0.0 L
WILKES CAMP NORTWILN N 19 28.15 155 35.02 4037 0.22 0.17 0.0 L
WEATHER OBSERVAT WOB Z 19 32.31 155 35.01 3396 0.00 0.00 0.0 E'
WOOD VALLEY WOO Z 19 15.08 155 30.12 909 ·0. 15 ·0.06 , .6 E'

Table 2. Seismic Instrumentation Types

The codes in parentheses refer to the seismometer types listed in Table 1.

Type 1. (Codes E, L, and 4) Consists of:
a) Geophone - Electrotech EV-17 (E) or Mark Products L4C (L) 1.0 sec.

period moving magne t vertical componen t seismome ter or
horizontal component adjusted for an output of 0.5 volts/
cm/sec. and 0.8 critically damped.

b) Preamp/Veo - USGS/OEVE Model J302 or J402 (4) voltage controlled oscil
Ia tor. Three db points for bandpass filter at 0.1 Hz and
30 Hz. Signals are transmitted on audio FM carrier over
cable or FM radio link to HVO.

Type 3. (Code HI) Consists of:
Electrotech EV-17 or observatory-built 0.8 sec. period moving coil seismo
meter with HVO-built solid state seismic preamplifier, galvanometer driver,
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz.

Type 4. (Code S) Consists of:
Sprengnether short period vertical and horizontal seismometers (E-W) with
1.5 sec. galvanometers, coupling factor = 0.25, 2X critically damped. Peak
magnification approximately 1500X at 2 Hz.

Type 2 instruments have been discontinued.

Code (W) is a Wood-Anderson torsion seismograph.

Code (MW) is a horizontal component seismograph based on a Type 1 system
modified to a Wood-Anderson response.

Codes (TE) and (S5) are experimental seismometers.
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Figure 4. System response curves for the Wood-Anderson torsion seismograph and
for the 3 different types of seismometers in use by the HawaUan
Volcano Observatory. Types 3 and 4 are electro-mechanical seismo
graphs recorded optically on photographic paper. Type 1 is the
standard OEVE seismometer recorded on Develocorder film and magnetic
tape. The curve for Type 1 includes response of the geophone, all
electronics including telemetry, Develocorder galvanometer, and pro
jection of film by a 20X viewer. The curves plot the unit response
which should be multiplied by a constant but known factor (CAL), to
get the reponse for an individual station.
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SEISMIC DATA PROCESSING

Develocorder fllms are scanned on a daily basis for earthquakes, and coda
dura tions are measured for magn! tude de term!na tion. Even ts are digi tized,
timed, and located on the Eclipse computer at HVO. Computer locations are
made using the program HYPOINVERSE (Klein, F.W., Hypocenter location program
HYPOINVERSE. U.S.G.S. Open HIe report 78-694, 1978), and problem events are
reread and rerun. Magnetic tape copies of all arrival time and output summary
data are kept in Menlo Park and HVO.

The crustal model used is specified by velocities at 4 depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station delays or corrections were used in the
locations. and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank. and delay model 2 applies to the res t of the island
and offshore earthquakes. The delay models are in fact separated by a circle
of radius 34 km centered at 19°22'N and 155°10'W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations, and signal or coda duration on selected
short-period vertical stations. Amplitudes read from other than Wood-Anderson
instruments are corrected to an equivalent Wood-Anderson amplitude using the
curves of Figure 3 and CAL factors. Amplitude magnitudes larger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4 seismographs
at Uwekahuna. Smaller events may occasionally include amplitude readings from
stations AHU, OTL, PPL, KHU. or WIL.

Duration magnitudes are determined from the length of signal in seconds
read from the Develocorder viewer. This time, also called the "F-P time" is
measured from the firs t P arrival to the point where the earthquake signal has
decayed nearly to the noise level. A bilinear relation is an appropriate fit
to the data sample and is used to compute all duration magnitudes. Duration
times are only read from Type 1 seismographs. Because duration magni tudes are
rela tively insensi tive to station response and can be determined using the
high-gain short-period stations, it is felt that duration magnitudes are more
accurate and complete at the lower magnitudes (below 2).

The equations used in magnitude determination are:

duration (210 sec
duration )210 sec

M = -5.2 + 3.89 log (F-P) + .013 ~ + .0037 D
M = -.905 + 2.026 log (F-P) + .013 e + .0037 0

where ~ and D are the dep th and epicentral distance in km, respectively.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
small to locate are classified generally aod counted daily. The set of well
recorded earthquakes loea ted in the Hawaii Island region is nearly complete
above magnitude 2.0. Many smaller events are located in the densely instru
mented Kilauea area. Substantial effort is made to locate earthquakes else
where within the Hawaiian Archipelago. Such coverage cannot be as complete as
on the south flank, but nearly all events above magnitude 4.0 are loeated with
limited precision.

Data presented in the seismic summary is in four parts. Table 3 gives
duration of harmonic tremor and numbers of earthquakes (most too small to
loea te) from several source regions around Kilauea and Mauna Loa. The source
region is determined visually from signal character and pattern of arrival
times at key stations. Maps showing computer loeated hypocenters are given in
Figures 9-22. The location maps are of different scales and provide hypocen
ters with magnitude thresholds set at 1.0, 2.0, 3.0 and 3.5 varied according
to region.

The list of computer locations constitutes the bulk of this summary, and
is given in Table 5. Each earthquake in the list is assigned a three-letter
code based on its location and depth. Figures 5-8 are maps of the regions used
to assign the location codes. The latitude and longitude limits of rectangular
regions are listed in Table 4. When the listed coordinates imply an overlap,
precedence is given according to Figures 5-8. Table 6 relists the events in
Table 5 for which either duration or amplitude magnitude is 3.0 or larger. This
list includes many of the earthquakes felt in Hawaii.

Table 3. Number of earthquakes and minutes of tremor recorded on seismographs
around Kilauea and Mauna Loa.

shallow earthquakes beneath

shallow earthquakes in the Mauna Loa

deep earthquakes about 30 km beneath the

shallow, intermediate and
inferred on the basis of

earthquakes characterized
originating 5-10 km below

Earthquake ca tegorles are:
1) Kilauea summi t, short period caldera:

the caldera.
2) Kilauea summit, long period caldera:

by low frequency signatures, often
the caldet"a.

3) Kilauea summit 30 km:
summit region.

4) Kaoiki and southwest rift: earthquakes beneath the southwest
t"ift of Kilauea, western parts of the Koae faults and adjacent
Kaoiki fault system.

5) Upper east rift: earthquakes in the upper and middle east
rift zone, the adjacent parts of the south flank, and eastern
parts of the Koae faults.

6) Lower east rift: earthquakes in the lower east rift zone and
adjacent parts of the south flank.

7) Offshore PPL: earthquakes from offshore areas south of the Puu
Pili station, including Loihi seamount.

8) Mauna Loa long period: low frequency events near Mauna Loa
summit.

9) Mauna Loa short period:
caldera region.

Tremor is separated into four categories:
deep Kilauea, and Mauna Loa. Depth is
rela tive ampli tudes on seismographs.
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KILAUEA SUHHIT KILAUEA FLANX MAUNA LOA T~EMOR (MINUTES)

I ISHO~T LONG XAO. UP. LOW. OFF- I I KILAUEA MAUNA I
I DATE I PER. PER. 30 B SW EAST EAST SHOREILONG SHORT I INT. LOA I
I 1984 I CALDEIUr. X" RIFT ll.IFT RIFT PPL' IPER. PER. I SHAL. DEEP I
+ NEll.
1------+--------------+---------------------+----------+-----------------
I.rAN 1 I 41 31 21 109 298:3 I 10 10 11440 ,
I 2 I 53 20 I 130 370 3 I 177 12 11440 12
I 3 I 46 26 11 210 282 18 I 23 11440 15 18
I 4 I 40 30 114 3 .. 5 8 I 8 11 ....0 8 7
I 5 I 87 6 I 161 181 6 I 1 12 11 ..40 17
1------+--------------+---------------------+----------+-----------------
I 6 I 8" 13 21 158 3 .. 5 3 I 2 7 11 0 13
I 7 I 55 11 I 18.. 329 7 I 3 .. 11 0
I 8 I 88 5 191 180 282 9 I 2 1 .. 11 0 3 13
I 9 I 52 10 151 140 2 .. 5 I 4 7 114.40 14
1 10 I 39 4 181 14.2 269 5 I 2 8 11440 5
1------+--------------+---------------------+----------+-----------------
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"U
"

..
77

"3.
16

8 101
1 ,
1 16 I

U,
1 131

173 206
145 1 B4
14.7 238
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185 314

1
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6

•
6

11

17 114...0
8 1144.0
3 11440
5 11440
5 11440

37
3
1

H
10

9
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16 13 '" 160 .83 ,. • 3 11440
17 19 " 161 ." 15 • 7 11440
16 17 " U7 313 3 1 6 11440
16 U 1 , 10< 323 6 , 6 11 ..40
.0 12 " H6 "

, 1 16 11440

3
U
.0

10
------+--------------+---------------------+----------+-----------------

21 11 51 168 39 2 6 40 11440 9
22 13 46 1"1 180 153 8 52 11 ....0 3 8
23 21 8 81 125 54 7 36 114"0 10
24 8 7 71 118 88 3 3 71 11 ....0 24. 5
25 I 14 11 128 114 5 I 5 51 11440 1

------+--------------+---------------------+----------+-----------------1
26 I 20 21 101 120 7 I 2 14. 11 ....0 I 1
2'1' I 24 81 128 113 6 I 3 45 11440 I 8
28 I 22 1 61 14.5 113 2 1 3 44 11 ....0 I ..
28 I 2S 4 1 128 85 3 1 2 50 (1440 I 8
30 I 11 2 1 95 15 3 I 3 9 (14..0 1 8

1------+--------------+---------------------+----------+-----------------1
I 31 1 17 126" 141 III 1 ..0 5 1 2" 9 11440 ! 15
I:FEB 1 1 18 2 .. 3 71 101 129" I 19 18 114."0 20
1 2! 13 6 I 106 153 6 I 56 29 114,40 3 3
1 3 I 22 2 131 124 137 5 1 25 16 11440 ..2 1 ..
1 4( 31 48112013911 127 911 ....0 10
1------+--------------+---------------------+----------+-----------------, •• 1 ." '" 167 7 •• 6 11440 '0

6 3. 16 '" 136 "6 13 6 11440
7 31 15 , 120 Hl , ., 19 11440
6 31 • , 7' 10' 10 ,. 6 11440
9 32 , "0 34 9 13 11 ..40

1------+--------------+---------------------+----------+-----------------
10 106 3 30' 120 51 7 , 7 11 ....0
H 51 1 " 110 7. 7 10 29 11440
12 70 , ". .. 8 9 36 11 .. 40
13 .. 30 9' 129 " 3 1 6' 11 ....0
U 21 .' " .. 7 •• 11440

9
7

18
12

1

,
13
15
10

•
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JlILAUEA SUMMIT JlILAUEA FLAJI'Jl KAUJI'A LOA TllEMOR (MIllUTES)
---------------------------------------------------------------------~----

ISHORT I.OllG XAO. UP. LOW. OJ'F- , , XILAUEA KAU"AI
!>ATE PEl<. PEl<. 30 • 'W EAST EAST SHOllE'I.OlfG SHORTt IJI'T. LOA ,
UtS" CALDERA '" RIFT RIFT >In PPI.' oPEl< PEl<. SIiAL. DEEP ,

• .El<
1------+--------------+---------------------+----------+-----------------1
I FEB1S " 1831 ,

" 2'0 1 2 3. 1""0,. .0 ". 7' ,. 123 3 " 140"0 •
17 18 7 , .. 12. • 7 140"0
18 •• 1 , '7 18. 1 • •• u."o 3. 3

" 1. • , 10. •• • " 1......0 , 1
• ------+--------------+-------------- --- -. ----+-----------------.

'0 " 1 .,
'0 71 3 12 1......0 , 13

21 12 " 91 .7 • 1 , 1......0 , 3

•• '7 1 .' 117 113 • 3 13 1......0 , •.3 '7 • , 11. ..3 • •• 1......0 1, •• , 70 • ?O 10• '0. • •• 1......0 15t ______ +______________ +________________ - --. -----+-----------------., •• 91 • 30 1<1 ,. • •• 1......0 •, •• 7' • • 130 101 .. .0 140"0 ,.
27 .. , .. 101 1 1 '0 1"'''0
•• .. • 1 110 •• 7 •• u ...o 12
2' ., • .. '0' 1 • •• 11""0

------+--------------+---------------------+----------+-----------------,..... 1 ?2 1 1 '3 '7 • •• 11 ......0

• ,. • .' •• 71 • 18 1......0 •, 3 '0 1 ., .. 37 • •• 11""0 ,, • 2. ., ,. "0 • " 11""0 •, • • 1507 , .. 3'3 • 2 ., 11""0 •
1---

__ +______________ +_____________________ +__________ +___ --------------1

, • 12 3.0 , 11. 210 7 • 3' 11""0 3. .,, 7 17 •• 3' .. 213 3 • '0 '1""'0 19, • 11 3 , ., ••3 11 •• .1 ......0 •, , 19 ,. " 7' '0' 3 • •• .140 ...0 11, '0 •• 3 30 •• 21 • 7 •• 11"'''0 18 13, -----+--------------+---------------------+- -------+-----------~-----, 11 '7 2 , .. 27• • , 31 t 1......0 1,
" 2. .. ., 113 13. 3 , '7 11 ......0 •, " 2. 2. " 107 113 7 , • 13< 11 ......0 • •, .. .. 12 ?O 71 ,.. • , 1 '3 11 ......0 11, " 2. • " 73 17. • , 3 ., 11 ......0 1

------+--------------+---------------------+----------+---------------~-

18 .. 17 , • 7 19• • 1 ... 11""0 "17 70 " 11. 2" • 1 ". 11""0 •,. '7 3 , 53 "7 • • •• 11""0 7

" .3 " , ,. •• • 1 .. 11""0 • 3
20 .3 "

, •• 10' • 2 59 1140400 "------+--------------+---------------------+-- +----------------~

2' 101 • , '7 "7 1 •• 11 ......0 • 7
2. .3 3 , 71 10. , • 37 11 ...... 0 1
2' '0 • " " ,.0 • , 3. 11 ......0 • 10

•• 103 2' , .7 "' , ... 1140...0 510 ••• 18 " 3. 193 • , 333 11 ......0 140400 30
------+--------------+---------------------+- -------+-----------------

•• .. "
, •• , • ,.. 11""'0 140400

27 2' , ., " ". 11 ""'0 140...0

•• t? , 39 .0 • .<9 11""0 1......0., .. 1 , 23 .0 10 ." 11""0 1......0
30 3 , •• •• 3 • .0' 1140400 1 ... 400

--------------------------------------------------------------------------
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KILAUE... SUMMIT KI1.... UE... FLAIUt M"'UN'" LOA TREMOR (MINUTES)
--------------------------------------------------------------------------, 1SHORT 1.0NG X"'O. UP. LOW. OFF- , , :KILAUE... M...UIf"'1, D...TE , FER. FER. '0 • 'W E"'ST E"'ST SHORE 11.0NG SHORT 1 lifT. LOA ,, 1984 , C...LDERA KM RIFT RIFT RIFT 1'1'1.' I FEll. FER. , . SH...1.. DEEP ,
• HE>
------+--------------+---------------------+----------+-----------------1
MAll.31 5 .1< , •• •• .0 • 5.5 11440 1440
APR • 5 31 " •• •• , • ••0 11440 1440

• • "
, • 55 5 • ••0 11440 1440, .0 ., • 5 •• , • 1097 11440 1440

• •• , • 0 5• • • 1693 11440 14"0
------+--------------+---------------------+----------+-----------------1

5 15 • " .0 .5 • 15 1595 11440 14"0

• •• •• , '0 5. • • 1731 114"0 14"0
• 1< • , .. •• • 13 1510 11440 1440

• ,. • , ., •• 15 ... 11""0 1440

• •• •• , •• .00 • • ••• 11440 1440
------+--------------+---------------------+----------+-----------------1

• 0 50 •• , '0 ., , 5 ••• 11440 1440
11 55 '0 , .. 11' • 12 8O' 11440 1440

•• 13. 15 , ,. •• • 31 1514 11440 1440
13 • 0 • " •• 50 •• 1104 114"0 1440 •
" ,. 1 , 5. ., •• ••• 11440 1ol40 •------+--------------+---------------------+------____ +-----------------1
15 , .. • , 55 .0 , .. 1062 11440 1""0 15'•• , •• • "

., 31 • • ••0 11440 1440 ••••• , 11' •• " .. •• •• ••• I 1ol"0 1ol40 .55

•• , 71 ,. , .. ,. • • .,. 11""0 1440 .0.

•• , 15 , .. •• 1 •• 830 11""0 83
------+--------------+---------------------+----------+-----------------

.0 , ., •• • 5 8O' 11440 ,.,
•• • ... , 50 50' • • .., 11440 ..0

•• , ,. , 50 ... 1 83 ••• 11440 15.., • •• "
,. ... '0 '.5 11440 • .81

•• • ,. , .. 5•• 1 55 ,.. 11440 30.
1------+--------------+---------------------+----------+-------__________

• 5 15 .83 , •• .,. • .. .., 114"0 510

•• 31 110 " 83 ,.. 5 • '55 11440 55.•• •• 150 , 83 .0. • • ... 11440 5••

•• • 5 .5 " '0 13. , 15. 114"0 .0 ••••• .0 ., , .. '8O • • .., 11"40 ..,
------+--------------+---------------------+----------+-----------------

'0 •• 73 , 5. '8O • • 11. 11440 •••
MAY • ,. '0 "

., .'0 5 • 15. 114'0 1450

• •• '0 , .5 ••0 ,. 11440 ..., •• ,. , ,. ... •• .0• 11440 • ..,
• .. .. , .. ... • ••• 11440 169'1

------+--------------+---------------------+----------+-----------------
5 .. .. , 55 ••5 5 ••5 11440 1896

• •• • " .0 '.0 1 ... ••• 11440 • 5••

• ., • " .. 135 12. ,. 11440 ,.,
• ., •• , '0 15' • .. •• 11440 830

• • 0 •• " .. .55 , .. .0 11440 .55
------+--------------+---------------------+----------+-----------------

.0 .. • ., •• ... 5. .0 11"40 50•
11 •• 15 , 55 ••• • •• ,. 11440 • 580

•• •• • , •• ••• •• ,. ,0. 11"40 '8O
13 ,.. '0 1 , 5. 15' 1 .. ,. 114"0 5••

" ••• .. , •• '00 • 55 .0 11440 50.

--------------------------------------------------------------------------
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KILAUEA FLANX HAUNA LOA TREMOR (MINUTES)

,
I DATE
I 1984

•

XILAUEA SUMMIT

ISHORT LONG
1 PER. PER. 30
I C....LDERA RK

KAO.
• SW
ll.I FT

UP.
EAST
RIFT

LOW.
E....ST
UFT

OFF- I

SHORE I LOffG
1'1'L' I FER.

,
SHORT I

FEll.. I

KILAUE.... K.... UM .... I
IMT. LOA I

SHAL. DEEF I
HER

------+--------------+---------------------+----------+-----------------
H.... Y15 " " , '" 150 , 20 5. 11440,. 32 • , '" 52 4 '2 42 11440

>7 23 3 2' 4. '" " 30 11"40 30

" 27 13 , 20 47 7 " 30 11440

" '" lS , 4. .2 4 20 23 11"40
------+----~~--------+---------------------+----------+-----------------

20 47 23 45 81 • , 14 40 11440 20
21 46 14 37 100 5 , 3 42 I 1 "40
22 .0 34 38 115 13 , 03 " 11440 4 5
23 " 20 46 "0 7 , 4 • 11"40
24 105 47 100 , , 13 .5 11"40

"0
5>5
401
417
355

"4
523
413
213
504

1------+--------------+---------------------+----------+-~---------------

25 138 6 I "2 121 3 I 1" 13 11"40 456
26 257 8 11 52 191 I 12 23 114"0 498
27 132 8 1 46 93 2 I 31 10 114"0 442
28 70 6 1 26 46 6 I 4 22 11440 5 379

I 29 I 39 12 11 47 46 6 I 21 49 11440 I 468
I------+--------------+---------------~-----+----------+-- ~ ~ __ ~ __ I
I 30 1 83 18 1 55 124 4 I "4 157 11440 I 376
I 31 1 87 3 21 "6 1'70 1 I 17 34. 114.4.0 I 30
IJUlf 1 t 126 11 I "" 149 7 I 38 27 11440 I 249

2 1 138 7 I 38 78 1 I 9" 45 11440 I 206
3 I 151 3 I 84 83 1 1 15 29 1144.0 I 177

______ + ~ + +----------+-----------------1

4 I 364 22 I 50 142 10 I 57 45 11440 1 148
5 I 263 22 21 32 188 8 1 53 28 11"40 I 142
8 I 170 9 1 50 173 7 I 31 21 11440 I 100
7 I 49 12 1 53 78 4 I 16 22 11440 I 98
8 I 123 4 1 59 190 10 I 19 27 114.4.0 7 I 144

______+ +---------------------+----------+-----------------1

9 I "7 71 11 85 125 8 I 10 21 11"40 I 104
101172011804.1 2 1191911440 Ill"
11 ( 32 22 I 58 67 5 I 58 21 11440 7 I 105
12 I 27 5 I 50 70 10 1 52 27 11"40 18 I 96
13 I 33 12 I 43 76 7 I 25 14 11440 I 48

______ +--------------+ + +-----------------1

14 35 1 21 57 138 1 25 18 11440 15 I 88
15 4.2 39 I 41 184 7 7 21 11440 I 102
16 4.4 7 1 36 129 5 35 23 \ 1440 6 I 90
17 58 1 I 53 121 17 22 11440 I 99
18 84 26 21 54. 1"6 8 36 25 11440 I 88

------+--------------+--------------------~+~-~-~-----+----~-----~-----~I

19 82 8 I 48 250 11 10 18 11440 5 I 74
20 101 11 I 47 227 18 5 10 1144.0 I 88
21 93 3 11 73 106 1 2 24. 11""0 I 4.6
22 11" 8 I 45 126 14 15 20 114"0 I 80

\ 23 I 121 10 I 47 177 8 j 14. 34 114.40 I 76
1------+--------------+---------------------+----------+-----------------1
I 24 I 14.7 4 21 50 200 1 I 8 1" 114.4.0 1 90
I 25 I 130 30 21 28 128 8 I 8 18 11440 21 I 85
I 28 I 146 34. I 3!5 170 10 I 8 20 11440 I 69
I 27 ( 1"1 31 11 53 78 4 I 2 25 11440 I 62
I 28 I 188 83 21 33 80 I 6 12 11440 I 65
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JtlLAUEA SU""l1' JtlLAUEA PLAint KAU'''' LOA TllEKOll (KlIfUTES)
--------------------------------------------------------------------------

, SKOItT LOIfG ltAO. UP. LOW. OFF- , , KILAUEA KAUIfA,
DATE PD PD. .0 • SW EAS1' EAST SKOJlEILOIfG SHOllT. 11fT. LOA 0

198. CALDDlA OK un un ItIFT l'PL' IPEll. PD 0 SKAL DEEl' 0

• 'D
1------+--------------+-------------- ------+----------+-----------------
JUlf29 0 ,.. 7 0 U "' • , 12 12 , 1....0 7., .0 ,

" ... ,. 12. 11 • ,. 11 ••0 • • ••
IJUL 1 , 17 '0' •• • 00 • 10 •• 11 ••0 17

• , ., •• " 13. • 12 ., 11...0 ••• , •• • •• ,.. • " •• 11 ....0 ••------+--------------+---------------------+----------.-----------------

• .7 • " ••7 7 • 12 11 ....0 ••• '0 • ., .. ,.. 1 • 12 11 ••0 ••• • 7 • , ,. ••• 10 • •• 11 ••0 • ••7 57 10 , S1 •• 12 • 10 11 ••0 • .7

• •• • , '7 7. • • .0 t 1••0 7.
------.--------------+---------------------+----------+-----------------

• 11 13.5 " .. '" • .0 so IU.O ..
10 • 1.70 , .. • 07 • .. 17 11 ••0 ••
11 .. .07 0 so 13' 7 ,. • U"O ••
12 •• U ., so ,.. • • • 11 ••0 ••
13 •• • " .. •• • • • 11 ••0 ••______ • ______________~ _____________________ +__________ +_________________ 1

10 •• • .0 .. ... • • 13 11 ••0 so

" os •• , '7 ." • .. 10 , 1....0 • .0.. os • " •• 170 11 ,. 10 IU.O 7 ••
17 •• • , .. • '0 10 ., 12 11 ••0 7',. , •• • " U 13. 11 7 17 , 1...0 70

------+--------------+---------------------+----------+-----------------,. •• , •• .'0 • ,. •• 11 ••0 ••.0 " • " S1 57. • • 13 , 1••0 •., •• 1 .. ••• • • 10 IU..O 110

•• 100 • .. •• • 10 , 1••0 71

•• •• ,. " 130 • • • 11 ••0 • "------+--------------+---------------------+----------+-----------------

•• 01 10 " '0 • 7 11 7 ,. 11 ••0 .0 •••• ". "
, .. 137 • 10 ,. t 1••0 .0

•• '" 12 " •• •• • • 11 t 1••0 ..
.7 17' .. , ,. .0 • • • ! 1••0 • .7

•• 31 • , '7 •• • • 7 j 1••0 ••------+--------------+---------------------+----------+-----------------

•• .. 2090 , '0 •• • • 13 11 ••0 '0
'0 12 105. , •• ,.. 1 • • 11 ••0 ••, 31 12 ... " •• 10' • ,. ,. 11 ••0 7.

IAUG 1 •• .., , .. 101 • 1 7 11 ••0 •• .,, • 31 •• , .0 131 • • • 11••0 '0
------+--------------+---------------------+----------+-----------------

• '7 .0 , so .7 • • 7 11".0 7 ..
• .7 7 ., '7 .. 7 • • 11••0 •• ..
• '0 •• , • 0 11. • • 11 ...0 .. S1

• " ,. ., ,. 101 • • 11 11 ••0 os
7 S1 •• " .0 .0. • • 7 IU.O ..______ +______________ +_____________________ +__________ +-----------------1

• .0 '0 ., os '.0 • • • 11 ...0 U

• 70 •• ., .. ••7 1 • 12 11 ...0 ••
10 71 • ., •• ,.0 • • 7 11 ••0 • ••11 01 17 " .. ••• • • 7 11 ••0 .... 10• , " •• ... 1 • 13 11 ••0 ••--------------------------------------------------------------------------
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XILAUEA SUMMIT KILAUEA FLAll'X MAURA LOA TREMOR (MIKUTES)

--------------------------------------------------------------------------
MAUll''''' I

LOA I
DEEP I

KILAUEA
lifT.

SH....L.

,
SHORT'
PER. I

OFF- I
SHORE I LONG
PPL' I PER.

LOW.
EAST
RIFT

UP.
EAST
RIFT

KAO..,.
RIFT

30
RK

ISHORT LOlfG
I PER. PER.
I CALDERA

DATE
198..

• .EO

1------+--------------+---------------------+----------+-----------------1
IAUG13 I 123 .. I ..8 110 9 1 3 7 11 0 I "6
I 1 .. I 1 ..0 8 I ..6 123 9 I 5 10 11 0 33 1 .. 6

15 I 119 1 I "9 113 8 1 2 11 11 .. 40 I 37
16 I 183 1 I 50 138 I 12 114"0 1 "7
17 I 220 2 21 46 182 5 I 9 9 11440 I 76- + + + +-----------------1
18 I 219 7 31 41 205 12 I 3 18 114"0 25 I 85
19 I 180 11 I 38 72 3 I 3 18 11 ..40 I 82
20 I 14 11 38 68.. 3 I .. 11 0 I 25
21 1 8 2238 11 48 .. 78 6 I 2 12 11 0 29 I 36
22 I 11 1687 I 37 150 6 I 2 7 11 0 40 1 .. 1

------+--------------+---------------------+----------+-----------------1
23 I 11 1004 I 22 219 3 I 3 9 11"40 8 1 55
2 .. I 2.. 951 11 41 141 6 I 4 114"0 I 38
25 I 19 397 1 58 80 3 I 8 8 11 ....0 , ..2
26 I .. 1 39 I 40 71 2 1 6 11440 , 73
27 I 35 20 11 37 78 4 I 1 2 11440 6 1 421------+--------------+---------------------+---------_+ 1

1 28 I 42 7 11 45 94 8 I 6 10 11440 41
1 29 I 47 22 I 49 76 5 I 11 6 11440 30
I 30 I 43 10 I 42 92 2 I 4 6 11440 39
I 31 I 49 13 I 59 89 2 I 3 11 11440 50
ISEPl163 1145101 3 11 811440 1741------+--------------+---------------------+---------_+ 1
I 2 I 90 6 t 37 158 2 I 10 11440 1 60
I 3 1 87 1 I 70 176 13 I 2 14 11440 I 3
I 4 I 116 14 I 42 141 6 I 1 10 11440 I 36
I 5 1 144 5 11 37 138.. I 8 9 11440 I 36
I 6 I 196 10 I 32 207 3 I 9 2 11440 I 471------+--------------+---------------------+---------_+ 1

7 259 3 I 37 125 4 3 8 11440 3"
8 195 1 1 38 8.. 8 2 8 11440 80 33
9 124 .. 2 I 44 108 5 3" 11440 "9

10 185 8 I 33 1 ..3 9 1 7 11440 46
I 11 I 150 3 11 37 127 3 I 2 3 11440 \ 231------+--------------+---------------------+---------_+ _
1121 HI6 4 141170 4 19 911440 28
I 13 I 110 39 391 25 238 15 I 4 13 11440
I 1" I 220 3 11 "0 217 5 I 6 10 11440 5 33
1 15 I 230 4 I 80 214 6 I 2 3 11440 28
118120918 149210" 14 611440 381------+-------- + + + _
1 17 I 292 7 11 83 235 8 9 11440 30
I 18 I 289 33 I 23 231 2 10 11440 .. 2
I 19 I 201 79 11 28 148 8 1 11 11440 26
I 20 I 8 1118 21 44 511 6 2 6 114"0 28
I 21 I 71076 11 32 450 5 I 3 11440 "51------+--------------+---------------------+---------_+ _
I 22 I 29 882 21 3.. 356 5 I 5 11440 7 35
1231317201154191 6 11 311440 54
I 24 1 89 201 I 21 169 6 I 6 11440 35 "6
I 25 1 29 181 I 53 82 12 l!l 12 114"0 59 17
I 26 I 59 30 11 37 132 2 I 7 11440 3 "2
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XILAUEA SUHHIT XILAUEA FLAIfK KAUlIA LOA Tll.EKOIl (HIlIUTES)
--------------------------------------------------------------------------

ISHOllT LOKG XAO. UP LOW. OFF- , , KILAUEA HAUKA 1
DATE , PER. PER. .0 • 'W EAST EAST SHOREtLOKG SHORT 1 I!fT. LOA ,
198.. , CALDERA XH RIFT >IFT RIFT PPL' tPEll. PER. , SHAL. DEEP ,

• 'ER
------+--------------+---------------------+----------+-----------------
SEP2? 50 .1 U '0 '33 , , • , 1....0 '0•• " " U " '7 • • • IU..O • ..•• .. 12 , .0 "' 12 • • r1""0 ..

'0 81 12 ,
" 12. • 1 • 11 ....0 ..

OCT , 70 • U '0 1" • 1 " 11 ..40 ..
------+--------------+---------------------.----------.-----------------

• " • , .. 13. • • • 11440 ..
• " • ,, .. ... • 7 , 1440 ..
• "' • , 38 1" 7 • • 11440 "• .. • , OR "' • • , 1440 '8• "' 1 " .. I" • '0 • , 1440 ..

------.--------------.---------------------.----------+-----------------
7 .. • 37 '00 • , • , 1440 "• 12. • .. 71 , , , 14"0 .7
8 "0 • " •• • • • 1440 re

'0 , '7' 31 100 8 , 1440 re
II , reO II 38 reo , 8 • '1440 ..______ • ______________ +_____________________ +__________ +_________________ 1

12 , ... • , '7 ... 7 7 , 1440 33 , ..
" ... .. u re ... • • • , 1440 '0 .... are .. , '7 '7' • 7 , 1440 38.. ..0 • " II ,.. • 11440 ..
re '88 • , <7 "' • • '1440 '7______ +______________ +_____________________ + __________+-----------------1

17 .0. • , .. reo • • 11440 .7
re a" 7 , 38 217 II • • 11440 ..
10 re7 • " .. I" II 1 11440 re
'0 ." 7 " 38 '07 re • • 11440 7 '7
21 , '77 re , 33 177 , • 114"0 , 33______ +______________ +_____________________ +__________ +_________________ 1

aa 881 ao u .. a.. • , 11""0 , .... a .. '7 , 31 10' 7 , • • 11 ....0 ,
"a. '87 II , .0 re. • , • • 11 ....0 • , .... 100 • , .. ,.. , , • • 11 ....0 • ".. 107 • ., .. '72 • , • , 1440 88

------+----~---------+---------------------+----------+-----------------

'7 100 • , .0 '88 • • • 11 ..40 7'.. ,.. .. " .. '" • 37 • 11440 .... re. re " .. '7' '0 • • ! 1440 • 7'
'0 ... a, , •• ..S 7 • 11440 71
31 '07 33 , " .. • , • 11440 ..

1------+--------------+---------------------+----------+-----------------
IMOV , 187 .. 33 71 • , • , 11440 7', • .. " .. Hlel • , • , 11"40 70, • .0 .21 '7 1483 • , • 11440 .., • .. '83 31 ... , , 10 11440 ,
, • .. • .. "7 • , • • 11.440 .7 ..
1------+--------------+---------------------+----------+-----------------, 33 •• .. '38 .. , • • 11 ....0 8?

7 .. .. •• .7 • , 7 IU"O 83

• .. re .. 7 • 12 , '0 11 .. 40 ..
• 81 •• .. 81 • , , 11 .. 40 8?

10 • .. <7 83 , 10 , • , 1440 88

--------------------------------------------------------------------------

30



KILAUEA SUMMIT KILAUEA FLAIfK MAUNA LOA TREMO~ (MINUTES)

I ISHO~T LOIfG RAO. UP, LOW, OFF- I I KILAUEA MAUNA I
I DATE I PE~. PE~, 30 • SW EAST EAST SHOREILOIfG SHORTI INT. LOA 1
I 1984 I CALDERA Xli RIFT RIFT RIFT PPL' IPER. PER. I SKAL. DEEP I
+ IfER
1------+--------------+---------------------+----------+-----------------1
Ilf0Vll I 110 163 I SO 105 10 1 I 2 4 11440 I 53
I 12 1 301 3'7 11 52 130 13 1 I 1 6 11440 4 I 51
I 13 I 135 64 I 50 135 '7 1 1 2 11440 8 I 76
I 14 I 152 73 1 28 90 3 1 1 1 4 11440 I 61
I 15 j 159 7 \ 49 96 8 2 I 1 4 11440 I 25
1------+--------------+---------------------+---------_+ 1
I 16 1 153 2414401 39 65 1 I 6 11440 I 26
I 17 I 142 41 I 43 81 3 I 11440 1 18
1 18 t 102 10 I 16 59 I 2 11440 16 1 14
I 19 I 179 35 11 39 42 7 1 3 11440 I 30
I 20 I 38 282 I 21 991 3 1 1 2 1144.0 1 19
1------+--------------+---------------------+---------_+ 1

I 21 I 2 ... 1622 I 37 9 ...0... 1 2 114..0 18 I 36
I 22 I 3... '1'15 I 33 530 2 1 2 114..0 I 38
1 23 I ...3 68 21 4.2 3'12 5 1 8 114.4.0 1 4'1
I 2 ... I 37 39 I 4'1 ... 68 1 I 1 1 11440 1 102
I 25 I 96 115 11 24. 288 1 3 11.40 I 22
1------+--------------+---------------------+---------_+ 1

26 I 77 26 I 50 555... 1 1 11 40 31 1 ... 3
2'1 I 114. 6. I 31 375 11 1 1 10 11 4.0 I 73
28 1 123 59 21 37 1 ... 1 8 1 5 ... 11 40 1 65
29 1 185 300 I "'5 150 5 1 6 13 11440 1 64.

I 30 1 159 1'13 11 ...7 76 5 1 ... 11.40 1 58
1------+--------------+---------------------+---------_+ 1

IDEC 1 1 175 82 I 41 83 10 2 1 1 1 11.40 1 76
I 2 1 192 117 I 135 112 4 1 3 2 114..0 113
I 3 I 156 82 11 52 12... 4 I 8 5 11 ....0 ... 57
I ... I 15 71 I ...0 86 6 1 1 11"'40 23
1 5 I 20 210 1 35 87 6 I 1 2 11"'40 3 ...
1------+--------------+---------------------+---------_+_________________ 1

6 " 102 , 30 65 • 3 6 11 ...4.0
7 , '0 , 22 " • 1 11440 •, 2' ,. " 37 • 2 , 3 • 11440

• 37 6 , 3' 51 10 1 , 114.40
10 33 12 , .. 75 12 2 2 114.4.0

7'
"50

------+--------------+---------------------+----------+-----------------1
11 "'5 15 11 39 91 10 4. 4 11"'40 6 59
12 42 2... 21 62 122 8 1 8 114 ...0 33 '10
13 51 31 1 48 156 11 1 2 !5 11 ...4.0 84
14 91 10 I 36 134 3 12 12 114"'0 12 28
15 1 82 4 11 31 162 4 I 20 11 11"'40 3 I 27

------+--------------+---------------------+----------+-----------------1
16 I 63 3... j ... 8 159 1 I 3 6 11"'40 1 84.
17 I 77 26 t 40 83 10 1 4 3 11 ......0 1 50
18' 65 ... 5 1 29 68 7 1 2 6 11440 I 38
19 t 78 38 I 34 ...9 5 1 1 5 114.40 I 79
20 I 85 59 1 39 101 15 1 2 "11 ...40 1 81t------+--------------+ + + 1

I 21 I '15 '13 11 29 138 4 1 I 1 5 1144.0 \ 121
1 22 123 80 I 108 197 9 1 2 11440 I 151

23 203 I 111 2...... 7 I 8 11440 1 16
2... 179 171 11 40 169 10 1 1 1 7 11 0 1 95
25 183 121 I ... 8 13... 6 1 2 9 11 0 I 5'"

--------------------------------------------------------------------------
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Jt.ILAUEA SUMMIT JtILAUEA FLAXJt KAUMA LOA TREMOR (HIXUTES)

, ISHORT LOXG I .AO. UP. LOW. OFP- I • JtILAUEA HAUKA •
• DATE. PER. PER. 30 •• SW EAST EAST SHORE'LOKG SHORT. IKT. LOA'
1 198. f CALDERA JtH f RIFT RIFT RIFT PPL' 'PER PER f SHAL. DEEP ,
• K"1------+--------------+------------------ + + ,
IDEC26 1 276 10 f 26 91 1 1 4 114.0 21
1 27 1 239 89 1 30 108 10 6 3 11.40 59
1 28 1 209 85 1 50 105 4 2 8 11••0 7 2. .2
1 29 1 242 198 I 46 90 6 4 6 11.40 .0
1 30 1 345 25 1 58 48 4 10 4 11440 1 31 + + +_ __+ 1

1 31 1 322 11 21 48 86 12 19 3 11440 8 '15

Table 4. Coordinates of named earthquake regions.

----------------------------------------------------------
--All earthquakes are in one of the following groups.
--Identified by a numerical class or 3-1etter code:

--Shallow:
I SHC - Shallow north caldera (O-S km)
2 SSC - Shallow south caldera (O-S km)
3 SEC - Shallow east caldera (O-S km)
4 SER - Shallow east rift (O-S km)
5 SHE - Shallow middle east rift (O-S km)
6 KOA - Kose fault zone (O-S ka)
7 SSP - Shallow south flank (0-5 km)
8 SLE - Shallow lower east rift (O-S km)

--Intermediate depth:
9 SFI - Kilauea south flank (5-13 km) (west end)

10 SF2 - Kilauea south flank (5-13 km)
II SF3 - Kilauea south flank (5-13 km)
12 SP4 - Kilauea south flank (5-13 km)
13 SFS - Kilauea south flank (5-13 km) (east end)
14 LER - Lower east rift (S-99 km)
15 MLO - Mauna Loa (0-13 km)
16 LSW - Lower SW rifts of Kilauea & Mauna Loa (0-13 km)
17 GLN - Glenwood (0-13 km)
18 SWR - SW rift (0-13 km)
19 INT - Intermediate caldera (:-13 km)
20 KAO - Kaolkl (0-13 km)

--Deep:
21 DEP - Deep Kilauea ()13 km) (below regions 1-13, 17-19)
22 DLS - Deep lower SW rift ()13 km) (below region 14)
23 DML - Deep Mauna Loa ()13 km) (below regions IS, 20)

--Outer regions, all depths:
24 LOI - Loihi (all depths)
2S KeN South Kona (all depths)
26 HUA Hualalai (all depths)
27 KOH Kohals (all depths)
28 KEA Mauna Kea (all depths)
29 HIL H110 (all depths)
30 DIS Distant, everywhere else
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Table 4 (continued)

----------------------------------------------------------
--The latitude snd longitude liaits of the regions are given below.
--When the coordinates imply an overlap, precedence is given as in the maps.

No. Code N. La t. S.Lat. W.Lon. E.Lon.
I SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 15507.2
5 SHE 19 26 155 07.2 155 00
6 KOA 19 22 19 20.5 155 17 155 14
7 SSF 19 10 155 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SFl 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
II SF3 19 26 19 10 155 12.3 15509.1
12 SF4 19 26 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10 155 05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 HLO 19 35 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 GLN 19 35 19 26 155 19 155 00
18 SIIR 19 22 19 10 155 25 155 17
19 INT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 OEP 19 35 19 10 155 25 155 00
22 OLS 19 19 18 40 155 43 155 25
23 OHL 19 35 19 19 155 35 155 19
24 LOI 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 35 155 34 154 40
29 HIL 19 47 19 32 155 09 154 40

----------------------------------------------------------
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Figure 5. Earthquake classification, shallow 0 - 5 km deep
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, intermediate 5 - 13 km deep
Kilauea and east flank Mauna Loa.
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Figure 7. Earthquake classification, crustal 0- 13 km deep
island of Hawaii.
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Figure 8. Earthquake classification. mantle greater than 13 km
deep island of Hawaii.

015-30 015-30
,------------,,----------,

DIS-3D

20 KH
11I!l"!ltlt!!,,"ul

HUR-26

KON-2S

KOH-27

OHL-23

o

OLS-22

37

KER-28

OEP-21

LClI-2l,1

HIL-29

LEA-ll,1

015-30

20'

19'



Figure 9

1984 HA~AIIAN ISLANDS EAATHOUAKE LOCATIONS
0-60 KM DEPTHS, M>=3.S
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Fi9ure 13

1984 KIL~UE~ SUMMIT E~RTMaU~KE LOC~TIONS
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Fi gure 14

1984 KILRUER SUMMIT ERATHOURKE LOCRTIONS
5.1-13.0 KM DEPTHS, M>.I.D
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Figure 15

198~ KILRUER SUMMIT ERRTHQURKE LOCRTIDNS
13. I-SO.O KM DEPTHS, M>=I.O
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Figure 17

198ij KIL~UE~ SOUTH FL~NK ER~THQU~KE LOC~TIONS

S. 1-13.0 KM DEPTHS. M>=2.0
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Fi gure 18

198ij KIL~UE~ SOUTH FL~NK E~RTHaU~KE LOC~TIONS
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Figure 21

1984 MAUNA LOA SUMMIT EARTHOUAKE LOCATIONS
13.1-60.0 KM DEPTHS. M>.2.0
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the folloWing data are presented:

Origin time in Hawaiian Standard Time:
second (SEC).

date, hour (HR), minute (MN), and

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG

OUR MAG

Ampli tude magai tude, if de termined.

Duration magnitude, if determined.

NR - Number of arrivals (p or S) used for solution.

NS Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RHS SEC - Root mean square error of time residuals in sec.

MIN DIS - Epicentral distance in km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code for geographic location of event. See Fig
ures 5-8 for location of mnemonic code. Additional one letter codes
have the follOWing meanings:

F felt

L - long period character

T - associated with harmonic tremor

B - quarry or other blast

* - the loeation program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events loea ted during 1984. Table 6 lists only events of
magnitude 3.0 or larger.
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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly 

Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-

ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports. 

The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to 

the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-

eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation 

data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are 

published separately, due to differing schedules of data reduction. 

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published. 

Two of these (4th quarter 1959, 1st quarter 1960) have now been published, using handwritten notes of Jerry Eaton 

(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to 

California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-

pared.

Chronology

The following Kïlauea eruption chronology covers the two recent reports and the six missing quarters:

Location Beginning Date Ending Date Comment

Kïlauea Iki crater (Kïlauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes

Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages

Halemaumau (Kïlauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during 

uninterrupted inflation fol-

lowing the 1960 eruption

Halemaumau (Kïlauea’s summit) 3/22/1961 3/25/1961 Same as above.

Halemaumau (Kïlauea’s summit) 7/10/1961 7/17/1961 Same as above.

Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kïlauea eruptions. The HVO staff was kept busy 

with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which 

were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-

quence in 1961, the staff never caught up, and the seismic records were set aside for later study. 

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of  HVO’s cataloged database. The annual 

listings have been appended to the 1st Quarter Report of  1960 and to the 4th Quarter Report for 1961. The number of 

earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961, 

is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

                             Thomas L. Wright and Jennifer S. Nakata      

http://www.usgs.gov/pubprod
http://www.ncedc.org/anss/catalog-search
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INTRODUCTION

The Hawai i an Vol cano Observatory (HVO) summary presents data gathered
during the year together with a chronological narrative describing the volcanic
events and significant observatory related activities. The seismic summary is
offered wi thout i nterpretati on as a source of prel imi nary data. The sei smi c
summary is complete in the sense that all data' routinely gathered by the obser
vatory are included. The emphasis in collection of tilt and defonnation data
has shifted from quarterly measurelOOnts at a few water-tube tilt stations
("wet" tilt) to a larger number of continuously recording borehole tiltmeters,
repeated measurements at numerous spi ri t-l evel ti 1t stati ons (lIdry" ti 1t) ,
and surveying of level and trilateration networks. Because of the large quan
tity of deformation data now gathered and differing schedules of data reduction,
the seismic and deformation summaries are published separately.

The HVO summaries have been published in various formats since 1956.
Summaries prior to 1974 were issued quarterly, but cost, convenience of pre
paration and distribution, and the large quantities of data dictated an .annual
fonnat beginning with Summary 74 for the year 1974. Summary 74 includes an
extensive description of the seismic instrurnentation; calibration and processing
used in recent years. The present summary includes enough background informa
ti on on the sei smic network and processi ng to use the data and understand the
essentials of how it was gathered.

A report tabul ati ng the ins trumentati{)n, cal i brati o'n and record; ng history
·of each seismic station in the network by Klein and Koyanagi is available as a
USGS Open-File Report ("Hawaiian Volcano Observatory Seismic Network History
1950-79," U.S.G.S. Open-File Report 80-302, 1980). It is designed as a refer
ence for users of seismograms and phase data, and so includes and expands the
information in the station table in this summary.

1



CHRONOLOGICAL SUMMARY - 1985

by

Thomas L. Wright

Volcanic Activity. Kilaueals east rift eruption, begun in Janua'Yy 1983
continued throughout'1985 with 11 episodes of high fountaining at the Pulu '0'0
vent (fig. C-l). Approximately 20 km2 of area ~as covered by new lava; most of
this was over lava erupted in 1983 and 1984 (fig. ,C-2). In July, following
high fountaining associated with episode 35, a fissure broke uprift of Pulu '0'0
and built a small pahoehoe shield over a period of three weeks. Following the
close of fissure activity, episodic high fountaining continued for the rest of the
year. During 1985 the summit of Kilauea gradually deflated (fig. C-1 and C-3)
with a net· loss of magma volume of .007 kffiJ, compared to the normal magma supply
rate of .1 km3/year. The existence of a local storage reservoir adjacent
to Pulu 10 10 was confirmed by measuring an EDM line and a level line oriented
normal to the rift zone and showed inflation between eruptive episodes and
deflation during high fountaining. One. example of elevation change accompany
ing inflation-deflation is shown in figure C-4. Figure C-5 shows net changes
over the latter half of the year--the large elevation increase is associated
with emplacement of a small dike prior to the fissure activity of episode 35.

Mauna Loa (fig. C-6) continued to reinflate following its three-week
eruption in March-April 1984. Changes in tilt (fi~. C-7) and horizontal dis
placement (fig. C-8) at Mauna Loa summit are shown from before the eruption
to the survey conducted in 1985.

Facili.ties an'd Eq'u·i'pment. Two VAX 11-750 minicomputers were installed in
February. One of these is dedicated to seismic processing; the other is the
primary computer for all other HVO applications. A working version of the
Caltech USGS seismic processing System (CUSP), developed by Carl Johnson, was
installed in several stages and was operational by the end of the year.

Ground-breaking for the new HVO building took place in April and construc
tion was well ahead of schedule (contract completion date - November 1986) by
the end of the year.

Staffing. An organizational chart that applies to HVO during 1985 is
shown following the title page. This divides the staff into various volcanologic
disciplines and supporting functions and has been be useful in preparing annual
summaries, budgets, student assignments, etc.

Si gni ficant progress was made in converti n9 employees .i n temporary
status to permanent appointments and converting some part-time appointments
to full-time appoi ntments. Our goal is to have a core of pennanent full-'time
personnel in all areas of HVO operations who will provide the continuity in
years to come. Personnel who left or arrived during 1985 are listed below.
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DEPARTURES ARRIVALS

Name Position Name Position

John Hoffmann Geology PST Jeffrey Judd Contract: Seismic
Record Changing

Craig Crissinger Ge op hys i cs PST

John Dvorak Defonnation - Zoe Jacobi Contract: Seismic
Geophysicist Record Changing

Jeffrey Judd Contract: Seismic Lu Setnicka Office
Record Changing

Student appointments in 1985 were as follows:

Minority Program in ~he Earth Sciences (MPES):

Carl Arakaki - Electronics
Jason Takayama ..
Renee El lorda ..
Charlotte Forbes - Geochemistry
Brian Moniz - Shop
Terry Ignacio - Deformation
Keone Ah Chong II

Kent Kikuchi ..
Lureen Helliangao - Office/Library

Stay-in-School Program:

David Little - Geology

Federal Junior Fellows:

Pauline Tamura - Seismology
Nicole Torres - Deformation

National Association of Geology Teachers

Melissa Bode - Seismology
Michael Reason - Geology

3
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Figure C-2.
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FIGURE CAPTIONS

C-1. Daily monitoring of stations at Kilauea summit correlated with composition
and volume of lava erupted at the Pulu 0 1

0 vent during 11 episodes of
high fountaining and one fissure eruption.

a. E-W component of tilt measured at Uwekahuna Vault using Ideal
Arrowsmith tiltmeter. Inflation is marked by increase in the
tilt values. Numbers refer to eruptive episodes marked by sharp
summit deflation.

b. Short period earthquakes measured on the North Pit seismometer,
Kilauea summit. Note the correlation of increase in earthquake
counts with inflat~onary tilt preceding eruptive episodes.

c. Long period earthquakes measured on the North Pit seismometer,
Kilauea summit. Note increase in earthquake counts accompanying
and following eruptive episodes.

d. Composition of erupted lav'a' represented by MgO content. Epi.sodes
30 and 31 showed significant increase in MgO during the eruptive
episode correlated with increased amount of olivine in the erupted
lava. Composition 'during other episodes r'emained"c~nstant within
and between episodes.

e. Lava volumes. Note positive correlat·ion with amount of deflation
at Kilauea summit. Volume for the episode 35 fissure act·ivity
averaged over entire episode.

f. Carbon/sulfur atomic ratio measured at a fumarole near Halemaumau
Crater. Sharp spike in early March correlated·with a burst of
intermediate depth tremor. Broad increase in June and July corre
lated with increased shallow long-peri.od earthquakes (c).

C-2. Lava erupted in 1985 compared to overall lava production January 1983
December 1985. Episode 35 pahoehoe not shown separately.

C-3. Kilauea summit tilt pattern July 1984-July 1985. Tilt vectors point
toward a center of deflation south of the caldera rim; the southwest rift
zone also shows net deflation between Kilauea summit and Pulu Koae, and'
the east rift zone shows deflation near.Makaopuhi Crater. These deflations
are probably associated with increased efficiency of magma transport to
Pu'u 0'0, resulting in partial draining of the summit and upper rift
s to rage sys terns.

C-4. Altitude changes along a cross-rift level line just uprift from Pu'u 0'0.
North is to the left. Top graph s.hQws inflation following episode 38 and
preceding episode 39. Lower graph s~Qw~ deflation associated with episode
39. Center of inflation-deflation is a broad area extending south of ·the
J anua ry 1983 fi ssure sys tern (8M 79-102).

C-5. Net altitude changes from the period preceding episode 34 to both before
and after episode 40 (January 1, 1986). The great increase an elevation

12



of stations on and south of the 1983 fissures reflects emplacement of a
dike preceding fissure activity of episode 35.

C-6. Index map to monitoring stations, Mauna Loa summit. Data for the summit
dry tilt station MOK #2 are shown in Figure C-7. Data for these cross
caldera EDM lines are shown in Figure C-8.

C-7. Tilt record at station MOK #2. Mauna Loa summit. Inflation preceding
and deflation during eruption of March-April 1984 is shown as a reference
to compare reinflation during 1985.

C-8. Change in straight line distance across Mokuaweoweo caldera, Mauna Loa
summit. Extension prior to and contraction during March-April 1984 eruption
is shown for comparison with extension (re-inflation) during 1985.
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SEISMIC INSTRUMENTATION

The network. The Hawaiian Volcano Observatory maintains an extensive
telemetering seismometer network on the island of Hawaii. In 1985 the seis
mometer network consi sted of 50 stati ons; two are 1ow- gai n multi component
stations (optical), twelve are three-component, and 36 are vertical only. The
coverage is most complete on and around Kilauea Volcano. With the exception of
self-contained systems at 'Uwekahuna and Hilo stations, all seismometer .signals
from the short period network are tel emetered to the observatory for recor'di ng.

Figure 1 is a map of selected geographic and geologic features, Figure 2
shows the seismic stations which were operated on the island of Hawaii during
the year, and Figure 3 indicates the telemetry scheme for the re.spective seismic
stations. Table 1 lists all seismic stations operated by the U.S. Geological
Survey in Hawaii during 1985. Listed are names, three-and four-letter codes,
coordinates in degrees and minutes, elevation in meters, and other data as de
scribed below pertaining to each station. In addition to seismometers listed in
Tab1e 1, a hori zontal s,ei smometer of Type 3 and along-peri od, three-component
set of Press-Ewi ng sei smometers are operated in the Uwekahuna vaul t, all re
corded on photographic paper.

Instrumentation and recording. Each telemetered station has a voltage
controlled oscillator (veo) for FM multiplex transmission to HVO via either
hardwire or radio. These telemetering stations are all of Type 1, the OEVE
standard system used in USGS seismic networks (see Table 2 for details). After
discrimination at the receiver, the analog'signals from 36 stations are record
ed on two Develocorders using 16mm microfilm. FM signals from the telemetering
network are also recorded directly on one-inch magnetic'tape. Selected larger
events are copied onto condensed FM library tapes which are currently archived
in Menlo Park and archived in digital fonn at HVO as part of the routine loca
tion processing. The type of recording used for each station (in addition to
magnetic tape for the telemetered stations) is coded in Table 1 as follows:
o - Develocorder film, S '- smoked paper drum, P - photographic paper, H 
Helicorder paper.

In addi tion to the standard stations, optical drum sei smographs are mai n
tained at Uwekahuna (HVO), Hilo, Maui, and on Oahu (Honolulu station operated
by the Pac; fic Tsunami Warni ng Center). The less, sensi tive optical records
are used primarily for amplitude measurelll!nts for magnitude cal culations to
supplement readings from the high-gain stations. The paper records as well as
the 16 mm Develocorder microfilms are archived at HVO.

Seismograph response and calibration. Displacement response curves for
the four short-period sei smograph types in use are gi ven in Fi gure 4. Types
three and four are el ectro-mechanical systems recorded on paper records. The
Type 1 curve gives the displacement magnification of the standard OEVE system
from ground moti on at the se; smometer to the se1 sm; c trace as seen on a 20x
Develocoder film viewer. The curves plot the unit response which should be
multiplied by a constant but known factor (CAL, Table 1) to get the response
for and individual station. Individual CAL factors for Type 1 seismographs are
equal to the peak-to-peak amplitude measured in mm on the 20x Develocorder
viewer of a 10 microvolt, 5 Hz signal introduced to the preamp/VCO in place of
the geophone. Calibration is nonnally done each time a station is visited.

14



CAL factors range from about 1 to 8, averaging about 4. A detailed history of
CAL factors and other data is given in F.W. Klein and R.Y. Koyanagi, Hawaiian
Volcano Observatory Seismic Network History 1950-79, U.S. Geological Survey
Open-File Report 80-302, 1980.
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Figure 1. Map of the island of Hawaii showing principal
settlements and selected geographic and geo
logic features.
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Tab1e 1. Seismometer stations in Hawa i i operated by the U.S. Geol ogi cal Survey, 1985.
STATION NAME CODE - - LAT--·· ---LON--- ELEV DELAY DELAY CAL SElS OPTIC

D M D M (M) 1 2 TYPE RECORD
- - - - - - - - - - - - - - - - - - - - - - - - - - _.. -' -- - -- - - - - - .- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -
AHUA AHU Z 19 22.40 155 15.90 1070 -0.10 -0.13 2.1 E4 SD
AHUA AHUE E 19 22.40 155 15.90 1070 -0.10 -0.13 3.0 E3
AHUA AHUN N 19 22.40 155 15.90 1070 -0.10 -0.13 3.0 E3
AINAPO AIN Z 19 22.50 155 27.62 1524 0.13 0.17 5.5 L4 D
AINAPO AINE E 19 22.50 155 27.62 1524 0.13 0.17 3.0 L3
AINAFO AINN N 19 22.50 155 27.62 1524 0.13 0.17 3.0 L3
CAPTAIN COOK CAC Z 19 29.29 155 55.09 323 0.00 -0.16 1.1 L3 D
CONE PEAK CPK Z 19 23.70 155 19.70 1038 -0.26 -0.07 6.0 L4 D
DANDELION DAN Z 19 21.42 155 40.04 3003 -0.27 0.03 7.0' L4 D
DESERT DES Z 19 20.20 155 23.30 815 -0.29 -0.13 3.0 L4 SD
ESCAPE ROAD ESR Z 19 24.68 155 14.33 1177 -0.17 -0.19 2.2 L4 D
HAWA I IAN 'BEACHES HAB Z 19 31.89 154 53.89 92 -0.09 -0.24 1.0 L4
HALEAKALA, MAUl HAE E 20 46.00 156 15.00 2090 0.00 0.00 1.0 W P
HALEAKALA, MAUl HAL Z 20 46.00 156 15.00 2090 0.00 0.00 0.7 Hl P
HALEAKALA, MAUl HAN N 20 46.00 156 15.00 2090 0.00 0.00 1.0 W P
HILO HIE E 19 43.20 155 5.30 20 0.54 0.30 1.0 W P
HILO HIL Z 19 43.20 155 5.30 20 0.54 0.30 1.0 H1 P
HILO HlN N 19' 43.20 155 5.30 20 0.54 0.30 1.0 W P
HILlNA PAL'l HLP Z 19 17.96 155 18.63 707 0.02 0.07 2.6 L4 D
HONOLULU, OAHU HON Z 21 19.30 158 0.50 2 0.00 0.00 0.0 H1 P
HALE POHAKU HPU Z 19 46.85 155 27.50 3396 0.31 0.17 3.3 L4 D
HUMUULA SHEEP ST HSS Z 19 36.31 155 29.13 2445 0.20 0.35 5.3 L4 D
HUMUULA SHEEP STHSSE E 19 36.31 165 29.13 2445 0.20 0.35 3.0 L3
HUMUULA SHEEP STHSSN N 19 36.31 155 29.13 2445 0.20 0.35 3.0 L3
HOT CAVES HTC Z 19 14.33 155 24.02 381 -0.16 -0.07 0.0 E4

. HUALALAI HUA Z 19 41.25 155 50.32 2189 0.67 0.38 3.0 L4 D
HEIHEIAHULU HUL Z 19 25.13 154 58.72 369 -0.17 -0.16 1.6 L4 DS
HEIHEIAHULU HULE E 19 25.13 154 58.72 369 -0.17 -0.16 3.0 L4
HEIHEIAHULU HULN N 19 25.13 154 58.72 369 -0.17 -0.16 3.0 L4
KAAPUNA KAA Z 19 15.98 155 52.28 524 -0# 12 -0.01 3~5 L4 D
KAENA POINT KAE Z 19 17.35 155 7.95 .37 --0.01 0.06 1.4 L4 D
KAHAUALEA KAH Z 19 24.58 155 4.36 -625 -0.25 -0.30 0.0 L4 D
KAOIKI FAULTS XFA Z 19 25.26 155 25.14 1579 0.13 0.17 0.0 E3
KAHUKU KHU Z 19 14.90 155 37.10 1939 0.03 -0.03 2.7 E4 D
KANEKI! X'I I Z '19 30.56 155 45.90 1841 0.15 0.37 2.9 E4 D
KANEKII XIIE E 19 30.56 155 45.90 1841 0.15 0.37 3.0 L3
KANEKII KIlN N 19 30.56 155 45.90 1841 0.15 0.37 3.0 L3
KEANAKOLU KKU Z 19 53.39 155 20.58 1863 0.68 0.24 3.3 L4 D
PUU KALIU KLU Z 19 27.48 154 55.28 271 -0.17 -0.30 2.9 L4 D
KAMOAMOA XMM Z 19 23.47 155 6.98 750 -0.25 -0.30 2.4 L4 D
KAMOAMOA KMME E 19'23.47 155 6.98 750 -0.25 -0.30 3.0 L4
KAMOAMOA KMMN N 19 23.47 155 6.98 750 -0.25 -0.30 3.0 L4
KOHALA KOH Z 20 7.69 155 46.77 1166 -0.03 ~O .17 1.5 L4 D
KOHALA KOHE E 20 7.69 155 46.77 1166 -0.03 -0.17 2.2 L4
KOHALA XOHN N 20 7.69 155 46.77 1166 -0.03 -0.17 2.2 L4
KIPUKA NENE KPN Z 19 20.10 155 17.40 924 -0.11 -0.08 3.5 E3 D
KAPOHO KFO Z 19 30.02 154 50.51 134 -0.09 -0.24 2.5 L4 DH
MAUNA LOA MLO Z 19 29.80 155 23.30 2010 0.03 0.08 5.8 L4 SD
MAUNA LOA MLOE E 19 29.80 155 23.30 2010 0.03 0.08 0.0 L4 D
MAUNA LOA MLON N 19 29.80 155 23.30 2010 0.03 0.08 1.5 L4
MAUNA LOA X MLX Z 19 27.60 155 20.70 1475 0.06 0.15 3.0 L4
MOKUAWEOWEO MOK Z 19 29.28 155 35.98 4104 0.15 0.16 5.5 L4 DH
MAKAOFUHI MPR Z 19 22.07 155 9.85 881 -0.17 .:..0.20 4.2 L4 D
MOUNTAIN VIEW MTV Z 19 30.25 155 3.75 409 -0.02 0.01 5.0 E4 D
NATIONAL GUARD NAG Z 19 42.12 155 1.72 18 0.54 0.30 3.2 E4 D
NORTH PIT NPT Z 19 24.90 155 17.00 1115 -0.30 -0.18 3. o. E4 SD
NORTH FIT NPTE E 19 24.90 155 17.00 1115 -0.30 -0.18 3.0 E4
NORTH PIT NPTN N 19 24.90 155 17.00 1115 -0.30 -0.18 3.0 E4
OUTLET OTL Z 19 23.38 155 16.94 1038 -0.19 -0.18 4.9 L4
PAUAHI PAU Z 19 22.62 155 13.10 994 -0.21 -0.24 2.4 L4 SD
PAUAHI PAUE E 19 22.62 155 13.10 994 -0.21 -0.24 3.0 L3
PAUAHI PAUN N 19 22.62 155 13.10 994 -0.21 -0.24 3.0 L4
PUU ULAULA PLA Z 19 32.00 155 27.67 2992 ·0.03 0.13 5.4 L4 D
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Table 1. (conti nued)

POHOIKI POI Z 19 27.42 154 51.22 16 -0.09 -0.24 0.0 L4
POLIOKEAWE PALl POL Z 19 17.02 155 13.47 169 -0.02 0.03 2.8 E4 D
PUU PILI PPL Z 19 9.50 155 27.87 35 -0.15 -0.15 1.7 E4 D
RIM RIM Z 19 23.90 155 16.60 1128 -0.21 -0.13 0.0 L3
SOUTH POINT SPT Z 18 58.91 155'39.92 244 -0.17 -0.22 2.8 L4 D
SOUTH POINT SPTE E 18 58.91 155 39.92 244 -0.17 -0.22 3.0 L4
SOUTH POINT SPTN N 18 58.91 155 39.92 244 -0.17 -0.22 3.0 L4
STEAM CRACKS STC Z 19 23.30 155 7.67 765 -0.25 -0.30 2.4 L4 D
STEAM CRACKS STeE E 19 23.30 155 7.67 765 -0.25 -0.30 3.0 L3
STEAM CRACKS STCN N 19 23.30 155 7.67 765 -0.25 -0.30 3.0 L3
SOUTHWEST RIFT SWR Z 19 27.26 155 36.30 4048 0.01 0.04 5.6 E4 D
TRAIL TRA Z 19 24.91 155 32.96 3207 0.00 0.00 0.0 L4
UWEKAHUNA UEE E 1'9 25.40 155 17.60 1240 -0.21 0.00 2.5 E
UWEKAHUNA UEN N 19 25.40 155 17.60 1240 -0.21 0.00 2.5 E
UWEKAHUNA UEZ Z 19 25.40 155 17.60 1240 -0.21 0.00 2.5 E
WAlKII WAI Z 19 51.58 155 39.60 1433 0.20 0.35 0.0 L4
WAHAULA WHA Z 19 19.90 155 2.92 29 -0.10 -0.04 1.5 E4 D
WILKES CAMP WIL Z 19 28.15 155 35.02 4037 0.22 0.17 2.6 E4 D
WILKES CAMP WILE E 19 28.15 155 35.02 4037 0.22 0.17 0.0 L3
WILKES CAMP WILN N 19 28.15 155 35.02 4037 0.22 0.17 0.0 L3
WEATHER OBSERVAT WOB Z 19 32.31 155 35.01 3396 0.00 0.00 0.0 E4
WOOD VALLEY WOO Z 19 15.08 155 30.12 909 -0.15 -0.06 4.6 E4 D

Table 2. Seismic Instrumentation Types

The codes in parenthe~es refer to the sei smo~ter types li sted in Table 1.

Type 1. (Codes E, L, 3.and 4) Consists of:
a) Geophone - E1ectrotech EV-17 (E) or Mark Products L4C (L) 1.0 sec.

peri od mvi ng magnet vertical component sei smometer or
horizontal component adjusted for an output of 0.5 volts/
cm/sec. and 0.8 critically damped.

b) Preamp/VCO - USGS/OEVE Model J302 (3) or J402 (4) voltage controlled
oscillator. Three db points for bandpass filter at 0.1
Hz and 30 Hz. Signals are transmitted on audio FM car
rier over cable or FM radio link to HVO.

Type 2 instruments have been discontinued.

Type 3. (Code HI) Consists of:
E1ectro~ech EV-I7 or observatory-built 0.8 sec. period moving coil seismo
meter wlth HVO-built solid state seismic preamplifier, galvanometer driver
and 2 Hz galvanometer. Peak magnification approximately 40,000 at 4 Hz:

Type 4. (Code S) Consists of:
Sprengnether short peri od vertical and horizontal s.ei smometers (E-W) wi th
1.5 sec. galvanometers, coupling factor = 0.25 2x critically damped. Peak
magnification approximately 1500x at 2 Hz. '

Code (W) is a Wood-Anderson torsion seismograph.

Code (MW) is a horizontal canponent seismograph based on a Type I system and
modified to a Wood-Anderson response.

Codes (TE) and (55) are experimental seismometers.
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Figure 4. System response curves for the Wood-Anderson torsion seismograph and
for the three different types of seismometers in use by the Hawaiian
Volcano Observatory. Types 3 and 4 are electro-mechanical seismo
graphs recorded optical'ly ,on photo'graphic paper. Type 1 is the
standard OEVE seismometer system'recorded on Develocorder film and
magnetic tape. The curve for Type 1 includes response of the geo
phone, all el ectronics i ncludi"ng tel·emetry, Develoc,order gal vanome
ter, and projection of film by a 20x viewer. The curves plot the
unit response which should be mult·iplied by a constant but known
factor (CAL), to get the response for an individual station.
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SEISMIC DATA PKOCESSING

Develocorder films are scanned on a 'daily basis for earthquakes and coda
durations are measured for magni tude detenni nati on. Events are di gi tized,
timed, and located on the Eclipse computer at HVO. Computer locations are
made using the program HYPOINVERSE (Klein, F.W., Hypocenter location program
HYPOINVERSE, U.S.G.S. Open-File Report 78-694, 1978), and problem ev~nts are
reread and rerun. Magnetic tape copies of all arrival times and output summary
data are kept in Menlo Park and HVO.

The crustal model used is specified by velocities at four depth points.
Velocity at any depth is given by linear interpolation between points and uses
a homogeneous half-space below.

VELOCITY
(km/sec)

1.9
6.5
6.9
8.3

DEPTH (km)
0.0
4.6

15.0
16.5

Two empirical sets of station del ays or corrections were used in the
locations, and are given in Table 1. Delay model 1 is used for events on
Kilauea and its south flank, and delay model 2 applies to the rest of the island
and offshore earthquakes. The delay models are separated by a circle of radius
34 km centered at 19°22 1N and 155°10 I W.

Magnitudes for most events were computed using both recorded amplitudes on
low gain or Wood-Anderson stations, and signal or coda duration on selected
short-period ,vertical stations. Amplitudes read from other than Wood-Anderson
instruments are corrected to an equivalent Wood-Anderson amplitude using the
curves of Fi gure 3 and CAL factors. Ampl i tude magni tudes 1arger than 2.5 are
generally based on the Wood-Anderson instruments in Hilo or Type 4 seismographs
at Uwekahuna. Smaller events may occasionally include amplitude readings from
stations AHU, OTL, PPL, KHU, or WIL.

Duration magnitudes are detennined from the length of signal in seconds
read from the Develocorder viewer. This length of time, also called the
IIF_P time,1I is measured from the P arrival to the point where the earthquake
signal has decayed nearly to the noise level. A bilinear relation is an appro
pri ate f'i t to the data sampl e and is used to compute al 1 durati on magni tudes.
Duration times are only read from Type 1 seismographs. Because duration
magnitude,s are relatively insensitive to station response and can be deter
mined using the high-gain short-period stations, it is felt that duration
magnitudes are more accurate and complete at the lower magn.itudes (below 2).

The equations used in magnitude determination are:

duration < 210 sec M= -5.2 + 3.89 log (F-P) + .013 ~ + .0037 0
duration> 210 sec M= -.905 =2.026 log (F-P) + .013 l + .0037 0

where ~ and 0 are the depth and epicentral di stance in km, respectively.
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SEISMIC SUMMARY

The emphasis in both station coverage and detailed data analysis is on the
highly active south half of the island of Hawaii. Hundreds of earthquakes too
small to locate are classified generally and counted daily. The set of well
recorded earthquakes located in the Hawaii Island region is nearly complete
above magnitude 2.0. Many smaller events are located in the densely instru
mented Kilauea area. Substantial effort is made to locate earthquakes else
where within the Hawaiian Archipelago. Such coverage cannot be as complete as
on the south f1 ank, but nearly all events above magni tude 4.0 are located wi th
limited precision.

Data presented in the seismic summary is in four parts: 1) Table 3 gives
duration of harroonic treroor and numbers of earthquakes (most too small to
locate) from several source regions around Kilauea and Mauna· Loa. The source
region is determined visually from signal character and pattern of arrival
times at key stations. 2) Maps showing computer located hypocenters are given
in Figures 9-22. The location maps are of different scales and provide hypo
centers with magnitude thresholds set at 1.0, 2.0, 3.0 and 3.5 varied according
to region. 3) The list of computer locations constitutes the bulk of this
summary, and is given in Table 5. Each earthquake in the list is assigned a
three-letter code based on its location and depth. Figures 5-8 are maps of
the regions used to assign the location codes. The latitude and longitude
limits of rectangular regions are listed Table 4. When the listed coordinates
imply an overlap, precedence is given according to Figures 5-8. 4) Table 6
relists the events in Table 5 for which either duration or amplitude magnitude
is 3.0 or larger. This list includes m~ny of the ear~hquakes felt in Hawaii.

Table 3. Number of earthquakes and minutes of tr~mor .recorded on seismographs
around Kilauea and Mauna Loa.

Earthquake categories are:
1) Kilauea summit, short period caldera: shallow earthquakes beneath

the caldera.
*2) Kilauea summit, long period caldera A: earthquakes characterized

by 1ow frequency signatures of 3 to 5 Hz, often ori gi nati ng 0-5 km
beneath the summit.

*3) Kilauea summit, long period caldera B: earthquakes characterized
by low frequency signatures of 1 to 3 Hz, often originating 0-5 km
beneath the summit. '

*4) Kilauea summit, long period caldera C: earthquakescharacterized
by low frequency signatures of 1 to 5 Hz, often originating 5-12
km beneath the summit.

5) Kilauea summit 30 km: deep earthquakes about 30 km beneath the
summit region.

6) Kaoik i and southwest ri ft: earthquakes beneath the southwest
rift of Kilauea, western parts of the Koae faults, and adjacent
Kaoiki fault system.

* Jan to May - Long period caldera earthquakes counted in a single catagory.
Jun to Dec - Long period caldera earthquakes catagorized into A, B, or C.
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Table 3, (Continued)

7) Upper east rift: earthquakes in the upper and middle east rift
zones, the adjacent parts of the south flank, and eastern parts
of the Koae faults.

,8) Lower east rift: earthquakes in the lower east rift zone and
adjacent parts of the south flank.

9) Mauna Loa short period: shallow earthquakes in the Mauna Loa
summi t regi on.

10) Mauna Loa long peri od: earthquakes characterized by the low
frequency signatures near Mauna Loa summit. .

11) Mauna Loa northeast ri ft: earthquakes beneath the northeast'
rift zone of Mauna Loa.

12-15) Trenor is separated into four catagories: shallow, intennediate,.
and deep Kilauea, and Mauna Loa. Depth is inferred on the basis
of relative amplitudes on seismographs.

The cri teri a for Ki 1auea shallow trelOOr has been changed to accommodate
the ongoing eruption where tremor in the middle east rift zone was continuous.
Distinction was made between high amplitude treroor related to strong eruptive
periods and low amplitude tremor during periods with no lava production. Only
minutes of trelOOr at saturated levels recorded locally at, KMM (later STC) is
included in Table 3.

KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)

I I SHORT LONG PERIOD 30 I KAO. UP. LOW. I SHORT LONG NE 1 KILAUEA MAUNA 1

1 DATE 1 PER. CALDERA KM I & SW EAST EASTI PER. PER. RIFTI LOA I

I 1985 I CALD. A B. C I RIFT RIFT RIFT I I SHAL. INT. DEEP I

1------+-------------------------+---------------+----------------+--------------------1
I JAN 1 I 319 24 I 46 135 121 4 18 15 I 1440 4 I

I 2 I 281 72 I 36 67 71 3 14 13 I

I 3 I 101 65 I 29 67 121 7 8 4 1 919
I 4 1 4 690 I 45 39 3 1 7 1 8 I

I 5 I 18 458 1 1 47 48 8 I 7 1 16 1 I

1------+-------------------------+---------------+----------------+--------------------1
I 6 I 32 155 1\ 35 86 I 3 2 13 I 5 I

I 7 I 28 162 I 52 111 8 I 4 3 44 1 I

I 8 I 21 56 I 86 122 8 I 2 56 I 1
I 9 I 26 52 1 57 95 141 4 44 I 4 I

1 10 I 42 8 1 53 47 11 I 3 1 14 1 I

1------+-------------------------+---------------+----------------+--------------------1
11 I 32 25 I 45 112 6 1 1 1 40 I I

12 I 39 42 I 50 100 91 34 I 1
13 I 61 7 I 9 46 I 2 1 6 I I

14 1 34 7 I 20 48 5 1 1 I 1

I 15 I 44 23 1 I 36 100 3 I 3 I I

1------+-------------------------+---------------+----------------+--------------------1 '
I 16 I 86 12 1 36 116 41 4 1 33 1 31 I

I 17 I 68 14 I 30 38 31 3 7 39 I 120 I

I 18 I 75 180 I 28 65 21 20 1 5 I

I 1 9 1 106 24 1 44 92 9 I 5 3 21 1
I 20 1 95 83 ' I 59 157 121 6 79 I

1------+-------------------------+---------------+----------------+--------------------
I 21 I 100 88 1 51 247 111 7 1 31 I

1 22 1 129 88 I 44 166 101 4 1 36 I

1 23 I 142 10 I 31 204 9 1 2 1 10 I

I 24 I 132 50 I ' 43 280 7 1 30 I

1 25 I 125 53 I 40 271 71 2 1 35'
1------+-------------------------+---------------+----------------+--------------------
, 26 I 136 83 1 60 170 16 I 2 4 50 1
I 27 I 152 148 1 48 212 13 I 2 3 76 ~:

I 28 I 207 110 I 43 177 41 5 2 30 I

I 29' 148 69 I 43 124 41 2 4 27 I
I 30 I 12 12 I 31 113 13 1 . 8 I
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)

I I SHORT
I DATE I PER.
I 1985 I CALD.

LONG PERIOD
CALDERA

ABC

30 I KAO. UP. LOW. I SHORT LONG NE I KILAUEA MAUNA'
KM I & SW EAST EAST; PER. PER. RIFTI LOA'

I RIFT RIFT RIFTI ISHAL. INT. DEEP
1------+-------------------------+---------------+----------------+--------------------1
I JAN 31 1 I 25 5 1 6 I 4 I

I FEB 1 1 33 I 38 69 6 I 3 1 3 I

I 2 196 47 I 49 95 12 I 6 12 18
I 3 344 91 11 37 85 161 5 4 25 100 2
I 4 I 95 49 I 26 44 11 I 3 2 27 1121
1------+-------------------------+---------------+----------------+--------------------1

5 5 9 I 41 52 9 I 7 23 I 4 I

6 7 826 I 45 45 41 2 5 47 I

7 24 181 I 53 132 1 16 1
8 7 285 I 41 116 5 I 3 3 77 I

9 12 45 I 31 171 6 1 3 4 105 I

I------~-------------------------+--------~------+----------------+--------------------;

I 10 35 29 I 33 192 3 I 1 1 129 I I

11 26 31 1 J 58 133 101 3 1 97 I

12 13 35 I 58 91 51 1 5 93
13 38 98 I 48 48 121 2 1 34 7

1 14 35 33 1 43 58 13 I 1 15 1 I

1------+-------------------------+---------------+----------------+--------------------1
I 15.1 37 48 1 I 31 48 7 I 5 51 I I

16 I 29 109 I 33 51 4 I 3 25 4 1
17 I 29 48 1 I 43 38 4 I 4 1 35 I

18·1 21 97 I 48 43 7 I 2 5 141 5 I

I 19 I 16 55 I 37 51 81 3 153 1 I

\------+-------------------------+---------------+----------------+--------------------1
I 20 I 62 14 I 47 55 12 I 2 38 I I

1 21 I 25 7 I 91 223 1 I 4 9 I I

I 22 I 32 55 I 36 131 71 8 5 71 I 71
I 23 I 27 61 I 39 94 5 I 6 5 93 I I

I 24 I 66 74 1 I 43 98 6 1 3 5 131 I I

I------+---------~---------------+---------------+----------------+--------------------1

I 25 I 37 95 I 42 79 8 1 1 7 98 I

I 26 I 66 98 I 46 81 41 3 2 104 I

1 27 I 68 114 I 31 86' 5 I 2 37 I

I 28 I 176 37 I 31 47 4 1 6 9 I

I MAR 1 I 140 67 1 37 57 1 I 7 5 I 1

1------+-------------------------+---------------+-------~--------+--------------------I

I 2 1 83 48 1 30 39 4 I 11' 3 I 6 I

I 3 1 73 110 I 30 61 8 1 7 2 123 I 4 I

I 4 I 125 108 1 28 59 3 I 9 6 124 I 7 I

1 5 1 120 104 I 32 57 71 2 2 66 I 6 I

1 6 I 114 70 1 24 29 4 I 2 1 9 I 11 I

1------+-------------------------+---------------+----------------+--------------------1
I 7 I 133 18 1 I 11 42 I 4 9 I I

I 8 I 117 38 I 23 27 9 I 4 2 75 I 5 I

I 9 I 247 200 I 34 71 11 I 6 125 I 6 I

I ,10 I 265 156 11 42 79 41 9 122 I 24 I

I 11 I 190 78 I 22 41 5 I 5 6 60 I I

1------+-------------------------+---------------+-------- +--------------------1
1 12 I 46 31 1 32 36 3 I 4 7 11 9 1 120 1
I 13 I 76 104 I 17 19 6 I l' 2 14 I 1260 34 1

I 14 I 6 607 I 18 23 7 I 5 8 5 I 3 I

I 15 I 8 592 I 25 22 2 I 5 4 I 6 I

I 16 I 16 146 I 29 36 101 1 2 13 I I

1------+-------------------------+---------------+---- +--------------------1
I 17 I· 16 94 I 35 34 10 I 14 1 108 I I

I 18 I 13 43 11 38 29 131 14 4 117 1 I

I 19 1 17 27 37 43 8 I 8 4 117 I 32 I

I 20 I 14 28 28 40 9 I 9 115 I 4 6 I

I 21 I 40 4 41 106 I 4 15 I I

----------------------------------------------------------------------------------------
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)
----------------------------------------------------------------------------------------

'SHORT LONG PERIOD 30 I KAO. UP. LOW. I SHORT LONG NE I KILAUEA KAUNAI
I DATE 1 PER. CALDERA KM 1 & SW EAST EASTI PER. PER. RIFTI LOA I

I 1985 ICALD. ABC I RIFT RIFT RIFTI ISHAL. INT. DEEP I
1------+-------------------------+---------------+---- + 1
I MAR22 I 56 20 I 42 40 2 I 9 2 86 I 2 I

I 23 I 31 23 I 38 37 71 6 1 147 I I

I 24 I 31 25 1 I 27 27 5 I 3 4 147 I I

I 25 I 4 8 I 18 37' 1 63 I 23 I

I 26 I 45 33 I 22 71 9 I 1 115 I I
1------+-------------------------+---------------+---- + 1
I 27 1 54 46 1 I 38 58 8 I 5 1 142 I I

28 I 77 31 1,1 53 61 6 I 2 1 47 I 4 I

29 1 78 57 I 33 64 121 3 4 38 I I

30 I 79 40 I 50 69 11 I 1 50 I f

I 31 I 79 41 I 50 73 51 4 1 171 I 18 I

1------+-------------------------+---------------+---- +--------------------1
I APR 1 I 92 23 I 45 71 12 I 4 2 84 I I

I 2 I 94 30 I 46 69 5 1 1 40 I I

3' 129 38 I 36 76 8 I 3 3 118 I ,

4 I 253 43 11 58 151 10 I 4 3 124 I I

I 5 I 136 69 1 1 49 65 61 5 170 I I
1------+-------------------------+---------------+---- + 1
I 6' 157 130 1 64 95 4 I 3 3 90 I 1

I 7 I 179 125 I 58 81 9 I 6 2 112 I I

8 I 198 132 I 53 68 91 13 1 115 I I

9 I 261 124 I 54 68 7 I 7 5 109 1 9 t

I 10 I 204 115 11 69 87 81 9 1 123 I I

1------+-------------------------+---------------+--------- +--------------------1
I 11 I 263 176 I 50 61 111 6 156 I I

I 12 1 395 32 I 49 64 1 I 3 2 100 I 5 3 2 I

1 13 I 326 34 I 38 43 31 5 2 95 I I

14 I 253 143 I 65 46 7 I 8 1 121 , I

I 15 I 211 183 I 45 54 3 I 6 4 104 I I

1------+------ 7 ------------------+---------------+--------------~-+--------------------I

16 193 151 I 46 75 101 5 3 61 I I

17 238 112 I 50 62 3 I 1 2 66 I 1
18 178 181 1 47 68 4 1 3 2 67 I

19 176 147 I 54 56 91 2 3 71 I

1 20 I 268 256 I 48 63 9 I 4 1 58 I I

1------+-------------------------+---------------+----------------+--------------------1
I 21 I 163 124 1 41 36 41 9 1 63 I 790 I

I 22 I 23 11 I 41 49 9 I 7 4 46 I 64 I

I 23 I 1 5 1 I 38 58 8 I 3 3 30 I I

1 24 I 12 97 I 30 112 4 I 5 6 25 I 1

I 25 I 23 393 I 28 81 12 I 3 3 65 I I

1------+-------------------------+---------------+----------------+--------------------1
I 26' 28 236 1 I 29 72 13 I 1 79 I 3 I

I 27 I 39 77 I 23 54 8 I 6 78 I I

I 28' 41 49 I 27 62 91 5 5 77 I I

I 29 I 49 70 I 42 66 11 I 3 1 115 I I

I 30 I 35 85 1 I 36 58 8 I 8 3 57 I I

1------+-------------------------+---------------+----------------+--------------------1
I MA Y 1 I 36 127 I 45 68 7 I 6 5 45 1 5 1
I 2 I 45 134 11 27 64 51 3 5 63 I I

I 3 I 46 26 I 44 75 5 1 2 1 61 I I

I 4 I 64 255 I 48 75 17 I 8 4 53 I I

I 5 I 49 126 1 I 4~ 86 6 I 3 3 67 I I

1------+-------------------------+---------------+----------------+--------------------1
I 6 I 51 136 I 33 71 6 I 3 3 81 I I

I 7 37 137 I 36 65 6 I 7 3 112 I I

I 8 69 103 I 38 95 6 I 1 1 124 I I

9 66 132 1 1 46 76 6 I 8 1 4·5 I 6 I

10 93 130 I 45 69 7 I 7 15 63 I 11 4 I
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)

1 I SHORT LONG PERIOD 30 I KAO. UP. LOW. I SHORT LONG NE I KILAUEA MAUNA I

I DATE I PER. CALDERA KM 1 & SW EAST EASTI PER. PER. RIFTI LOA I

I 1985 ICALD. ABC I RIFT RIFT RIFTI ISHAL. INT. DEEP I

1------+-------------------------+---------------+----------------+--------------------1
I MAY 11 1 114 142 1 I 42 90 4 I 5 2 74 I I

I 12 I 111 101 I 28 67 3 I 5 2 60 I 32 I

I 13 I 75 129 4 I 47 54 3 I 1 45 I I

I 14 I 120 132 21 52 79 5 I 2 51 I I

I 15 I 119 142 11 46 53 9·1 4 2 73 I

1------+-------------------------+---------------+----------------+--------------------
I 16 I 201 122 2 I 30 51 8 I, 2 3 53 I

1 17 I 211 164 I 46 107 '81 1 37 I

I 18 I 247 124 11 40 88 41 2 26 I

I 19 I 172 146 I 124 92 11 I 2 76 I

I 20 I 167 186 I 67 85 10 I 3 44 I

1------+-------------------------+---------------+----------------+--------------------
I 21 I 115 179 1 I 33 78 9 I 5 42 1 4
I 22 I 192 47 21 31 53 71 4 22 I

I 23 I 125 391 1 46 58 16 1 1 34 I 94
I 24 I 163 140 I 54 51 41 2 57 I 7
I 25 I 234 18 I 35 65 19 I 2 85 I 2
1------+-------------------------+---------------+--_·-------------+--------------------
I 26 t 192 19 2 I 49 37 6 I 1 52 I

I 27 I 215 62 I 38 65 9 I 1 44 I

I 28 I 238 105 1 I 33 80 7 I 1 28 I
1 29 I 213 128 I 47. 76 3 1 3 1 38 I

I 30 I 115 89 1 I 36 84 13 I 1 53 I 27
1------+-------------------------+---------------+-----------------+----------~---------
I 3 1 I 129 23 I 34 72 7 I 3 2 52 I

IJUN 1 I 387 7 87 21 31 51 81 3 2 75 I 14
I 2 I 501 95 2 I 49 77 10 I 8 1 82' . I 4 7
I 3 I 411 2 3 I 48 78 11 1 4 49 I 2
I 4 I 440 3 16 21 48 77 7 I 4 1 ·87 I

------+-------------------------+---------------+----------------+--------------------
5 I 426 3 29 1 I 40 43 6 I 3 6 50 I

6 I 417 1 38 I 49 42 10 I 2 1 56 I

7 I 434' 42 1 I 58 .47 6 I 3 1 52 I 26 7
8 I 43Qr 2.6 I 61 81 3 I 3 1 71 I

9 I 268 1 60 I 43 99 9 I 9 1 96 I 9
------+-------------------------+---------~-7---+~-----~----~----+--------------------

10 1 273 1 67 1 I 53 82 5 I 3 87 I

11 I 267 100 1 I 49 85 11 I 3 89 I

12 I 199 28 10 88 I 30 46 16 I 3 . 60 I 348
13 I 53 227 20 48 I 37 244 121 2 3 73 1
14 I 55 7 6 160 1 1 38 164 6 I 4 77 I

------+-------------------------+---------------+----------------+--------------------
15 I 58 3 5 135 I 41 128 6 I '1 63 I

16 I 79 1 1 140 1 I 56 102 9 I 4 76 I 3
17 I 70 1 1 124 I 47 59 71 6 55 I 5
18 1 75 2 76 I 42 73 8 I 3 3 55 I 3
19 I 88 2 184 I 45 70 9 I 1· 1 57 1

------+-------------------------+---------------+----------------+--------------------
20 I 167 215 I 33 72 8 I 2 2 43 I

21 I 146 100 I 34 53 8 I 6 9 17 I

22 I 159 237 I 28 72 101 5 32 I

23 I 211 7 101 I 54 104 101 4 2 29 I 20 5
24 I 206 24 3 161 I 59 94 191 2 2 25 I 47

I------+-------------------------+-----~------~~-+----------------+--------------------
I 25 I 206 2 143 1 I 39 113 10 'I 2 2 28 1

I 26 I 230!5 143 I 27 125 71 4 49 I 22
I 27 I 224 3 1 316 21 40 .88 71 2 44 I

I 28 I 229 7 223 I 36 69 121 6 1 42 I

I 29 1 181 254 I 47 65 11 I 1 2 40 I 4
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)

1 I SHORT LONG PERIOD 30 1 KAO. UP. LOW. I SHORT LONG NE 1 KILAUEA MAUNA I

I DATE I PER. CALDE~A KM I & SW EAST EASTI PER. PER. RIFTI LOA I

I 1985 ICALD. ABC I RIFT RIFT RI~TI ISHAL. INT. DEEP I

1------+-------------------------+---------------+----------------+--------------------1
I JUN30 1 188 9 99 1 I 42 63 12 I 1 2 48 I 8 I

1JUL 1 1 237 2 147 I 37 82 12\ 3 53 I I

I 2 I 279 316 I 31 68 121 1 7 56 1 I

I 3 1 262 2 119 I 32 50 51 3 34 I 37 1
1 4 I 347 1 121 I 40 9.9 10 I 3 3 68 I 2 I

I------+-------~-----------------+---------------+----------------+--------------------1

I 5 1 271 2 227 3 I 37 90 6 I 1 42 I I

1 6 I 255 6 160 3 1 110 72 11 I 4 1 78 I 776 5 1
I 7 I 246 1507 16 22 1 54 55 41 1 3 32 I 54 16 I

I 8 1 151 146 94· I 51 39 111 4 2 29 1 I

1 9 1 157 13 1 63 I 45 46 161 3 1 30 1 I

1------+-------------------------+---------------+----------------+--------------------1
1 10 I 50 29 1 46 1 1 29 142 3 1 4 22 11 I 80 I

1 11 I 64 8 2 I 35 65 9 1 58 I I

I 12' 81 12 2 4 1 I 38 96 11 I 1 82 1 I

I 13 I 92 5 I 49 81 91 2 34 135 1 I

1 14 I 119 2 13.1 43 78 10 I 5 142 I 4 1
I------+-----~-------------------+---------------+----------------+--------------------1

I 15 I 121 9 I 30 62 8 I 4 2 131 I I

I 16 1 172 10 I 36 95 121 7 1 124 I I

1 17 I 158 1 1 1 43 67 8 I 6 119 1 I

I 18 I 187 1 2 I 48 38 10 I 2 3 99 I I

I 19 1 176 I 39 45 11 I 5 6 41 I 1
1------+-------------------------+---------------+----------------+--------------------1
I 20 I 226 4 I 25 52 11 I 3 36 I I

1 21 I 264 2 36 1 36 67 11 1 4 7 211 1 I

1 22 I 232 2 4 11 27 50 101 5 91 1 I

I 23 I 284 1 6 I 45 45 9 I 3 2 39 I I

I 24 I 319 3 1 41 59 8 I 1 1 26 I I

1------+-------------------------+---------------+----------------+--------------------1
1 25 I 203 1~ 10 11 29 74 81 4 3 20 1 316 41
I 26 1 35 206 11 3 I 29 140 111 17 I 415 I
I 27 1 23 2679 I 43 47 111 3 32 I 1440 1
I 28 1 39 248 1 I 34 33 6 I 1 26 I 1440 I

1 29 1 31 5 8 I 29 42 11 I 19 I 1440 I

1------+-------------------------+---------------+----------------+--------------------1
I 30 I 48 8 20 1 I 32 71 10 I 3 3 50 1 1440 I

1 31 I 61 2 16· 1 39 69 13 I 2 70 I 1440 47 I

1AUG 1 I 5 1 3 9 2 1 28 49 10 1 3 1 8 I 1440 I

2 1 29 7 I 18 58 17 I 1 11 I 1440 2 ,
3 I 58 1 9 I 30 36 121 18 I 1440 15 1

------+-------------------------+---------------+----------------+--------------------1
4 1 66 12 I 50 41 16 I 1 27 I 1440 I

5 1 70 1 13 I 48 53 71 6 4 9 I 1440 1
6 I 83' 26. 58 55 8 I 5 1 24 I 1440 6 I

7 I 89 1 22 I 38 35 6 '1 2 I 1474 1
8 I 95 1 20 I 47 103 8 1 1 6 9 I 1406 I

------+-------------------------+---------------+----------------+--------------------1
9 I 88 1 36 1 46 62 10 1 1 2 13 I 1440 31 I

10 1 106 37 11 42 59 91 3 23 I 1440 41
11 I 106 54 1 48 73 8 1 1 54 I 1200 I

12 I 112 75 1 56 55 10 I 5 4 18 1 3 I

13 1 200 2 4 21 I 38 83 21 5 1 12 1 I

------+--.-----------------------+---------------+----------------+--------------------1
14 I 195 9 3 49 1 39 100 5 I 5 1 12 I I

15 I 253 2 3 31 1 23 98 6 I 2 11 11 I 9 I

16 1 327 3 21 I 32 142 91 2 6 8 I 8 I

17 I 3'01 3 68 I 46 68 6 I 5 1 14 I 12 I

18 I 396 8 133 I 48 88 21 2 4 16 I 8 I
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES)

----------------------------------------------------------------------------------------
1 1 SHORT LONG PERIOD 30 I KAO. UP. LOW. I SHORT LONG HE I KILAUEA MAUNA I

1 DATE I PER. CALDERA KK I & SW EAST EASTI PER. PER. RIFTI LOA 1

I 1985 ICALD. ABC , RIFT RIFT RIFTI ISHAL. INT. DEEP I

1------+-------------------------+---------------+----------------+--------------------1
I AUG1 9 I 31 8 1 3 I 47 83 7 1 4 2 17 I I

20 I 233 5 3 3 I 27 49 2 I 1 1 9 I I

21 I 282 5 2 4 I 29 55 5 1 2 7 I I

22 I 476 3 9 I 43 79 6 I 1 6 13 I 6 1
I 23 I 477 1 4) 54 79 10 I 2 2 18 I 1
I +-----------------~------~+---------------+-- --------------+--------------------1
I 24 I 524 8 I 44 106 10 I 5 1 21 1 .37 21

25 I 570 9 I 60 122 5 I 5 3 16 I I

26 1 422 3 1 4 1 I 56 62 3 I 1 1 10 I I

27 1 392 5 2 14 11 30 44 71 3 15 I I

I 28 I 446 7 2 2 I 31 50 6 I 3 9 I I

1------+-------------------------+---------------+----------------+--------------------1
I 29 I 461 5 1 2 I 36 64 3 I 5 2 7 1 I

I 30 1 461 2 1 4 I 58 89 11 I 2 5 21 I I

I 31 1 569 1 1 26 1 I 37 77 8 I 1 1 16 I I

I SEP 1 I 499 5 10 1 1 52 73 11 I 8 3 13 1 8 3 I

1 2 I 261 640 2 46 I 58 85 91 3 4 7 I 575 I

1------+-------------------------+---------------+----------------+--------------------1
I 3 I 39 926 5 2 I 47 65 10 I 8 13 I I

I 4 I 61 158 2 8 11 44 97 7 1 6 3 9 1 I

I 5 I 40 4 1 3 I 33 43 5 I 1 6 I 2 1
1 6 I 68 2 1 28 52 6 1 2 2 10 I 1
I 7 I 82 7 10 60 1 49 77 1 : 1 5 4 I 13 4 I

1------+-------------------------+---------------+----------------+--------------------1
I 8 t 82 8 2 2 I 49 71 7' 2 3 17 I I

1 9 I 87 4 9 I 38 102 81 4 15 I 1
I 10 I 124 3 1 I 38 94 8 1 1 11 I I

I 11 I 140 2 14 I 28 61 12 I 14 I I

I 12 I 128 1 2 1 1 31 99 10 I 3 6 I 26 I

1------+-------------------------+---------------+----------------+--------------------1
I 13 I 136 2 11 31 70 71 2 21 I I

I 14 I 130 8 2 8 11 27 7I 11 1 2 23 . I I

I 15 I 256 7 1 49 73. 12 I 2 1 4 1 1
1 16 I 227 6 3 4 I 33 81 15 I 2 r. 3 I I

I 17 I 212 54 1 I 34 66 5 r 3 I I

1------+-------------------------+---------------+----------------+--------------------1
I 18 1 223 43 3 1 I 43 54 71 2 2 8 1 6 I

I 19 I 207 43 1 1 I 24 66 3 I 2 2 16 I I

I 20 I 319 91 1 I 44 97 8 I 1 2 10 I I

1 21 I 451 1 5 3 11 I S 2 77 S 1 3 6 9 I I

I 22 I 588 4 7 4 I 44 126 7 I 2 2 10 I I

I------+-----------------~-------+---------------+----------------+--------------------

I 23 I 487 6 2 14 I 99 6 I 2 I 17
1 24 1 349 7 11 18 1 29 96 5 I 1 7 7 I 470 8
I 25 I 34 160 87 1 39 45 15 f I 4
I 26 I 41 243 3 13 I 55 73 9 I 1 3 I e
I 27 1 44 '320 7 28 11 31 53 S I 1 21 1
1------+-------------------------+---------------+------~---------+--------------------

I 28 I 50 70 26 1 44 48 10 1 2 11 I

I 29 I 56 49 4 24 I 31 50 3 1 1 3 12 1 3
, 30 I 53 77 70 I 63 69 5 I 1 1 3 1
IOCT 1 I 71 17 6 I 48 61 121 3 S 4: I

I 2 1 84 12 3 1 51 92 11 I 3 1 5 I

1------+-------------------------+---------------+----------------+--------------------
1 3 1 100 10 14 I 37 68 12 f 3 7 6 f f

I 4 1 112 4 1 12 3 I 33 72 9 1 3 3 2 1 I

5 I 99 1 10 I 46 72 5 I 1 6 I I'

6 I 170 9 22 I 46 137 11 I 3 5 6 I I

7 I 178 23 5 28 1 38 91 '9 1 1 2 7 1 4 1
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TREMOR (MINUTES)MAUNA LOAKILAUEA FLANKSUMMITKILAUEA

----------------------------------------------------------------------------------------
I I SHORT LONG PERIOD 30 I KAO. UP. LOW. 1 SHORT LONG NE I KILAUEA MAUNA I

1 DATE 1 PER. CALDERA KM I & SW' EAST EASTI PER. PER. RIFTI LOA 1

1 1985 ICALD. ABC 1 RIFT RIFT RIFTI ISHAL. INT. DEEP I

1------+-------------------------+---------------+---- + 1
IOCT 8 1 153 1 18 I 27 66 1 I 1 17 1 4 I

I 9 I 156 4 1 11 50 59 10 I 2 5 13 1 41
I 10 I 181 4 I 31 68 81 3 12 1 I

I 11 I 202 3 1 I 45 49 6 1 1 10 I I

I 12 I 276 1 3 I 36 106 1 I 1 5 17 1 I
1------+-------------------------+---------------+---- + 1

I 13 I 302 6 7 I 46 77 14 1 3 3 16 1 I

I 14 I 412 11 2 I 57 118 111 4 4 7 1 15 I

I 15 I 496 2 7 I 34 103 14 1 1 2 11 I 1
I 16 I 473 5 14 I 60 100 7 I 5 1 3 1 I

'1 17 I 396 6 19 I 32 87 21 4 1 4 1 I

------+-------------------------+---------------+----------------+--------------------1
18 I 522 14 I 43 117 5 I 4 3 2 I 14 I

19 I 461 26 11 37 104 31 3 2 12 I I

20 I 550 10 3 30 I 39 104 10 I 3 6 8 I 300 2 I

21 I 69 421 2 3 I 29 62 5 I 1 2 7 1 204 3 I
22 1 32 592 1 15 I 37 52 71 2 6 10 I 1

------+-------------------------+-------~-------+----------------+--------------------1

23 1 76 97 4 50 1 25 58 I 7 I I

24 I 83 15 28 2 I 28 62 3 I 2 8 I 36 1
25 1 73 6 20 I 30 67 4 I 1 2 9 I I

26 I 90 5 58 I 27 94 6 I 2 4 10 I I

27 1 106 1 39 I 39 71 121 1 2 9 I 5 I

------+-------------------------+---------------+------------~---t~-------~-----------I

28 I 91 1 30 I 28 60 21 1 7 10 I I

29 I 90 4 25 I 23 42 9 I 4 2 6 I I

30 I 132 16 3 15 1 27 52 61 3 7 9 I 4 I

31 I 177 4 2 7 I 25 52 7\ 1" 2 14 I I

NOV 1 I 186 11 1 1 58 56 12 I 2 8 6 ·1 I

1------+-------------------------+---------------+----------------+---------- 1

1 2 I 171 9 2 I 86 66 71' 9 1 I I

I 3 1 248 5 1 I 151 63 9 I 6 6 I 3 I

I 4 I 189 3 6 19 I 47 61 21 2 4 2 I 1
1 5 I 257 19 6 1 I 55 71 81 1 6 4 I 1
I 6 I 337 33 5 2 I 44 57 11 I 1 6 2 I I

1------+-------------------------+---------------+----------------+--------------------1
I 7 1 324 21 2 3 11 32 82 141 5 2 I 1
I 8 I 284 38 2 1 I 62 63 10 I 2 3 4 I 4 I

I 9 I 417 21 5 1 I 48 79 6 I 5 1 1 1 2 I

I 10 I 391 55 4 1 I 44 64 61 6 I 1
1 11 I 535 2 2 1 36 76 8 I 3 3 6 I I

1------+-------------------------+---------------+----------------+--------------------1
I 12 1 376 3 3 1 45 94 41 2 4 1 42 1
I 13 I 215 16 2 21 49 59 71 3 2 7 1 556 I

I 14 I 49 586 7 1 1 1 41 60 8 I 2 2 I I

I 15 1 68 113 5 6 1 19 32 121 1 1 I

I 16 1 65 45 3 48 1 35 40 9 I 4 1 3 1 I

I------+---~---------------------+---------------+----------------+--------------------/
I 17 I 67 42 80 I 25 46 141 5 10 I I

1 18 I 48 5 3 I 20 46 6 I. 6 5 I I

I 19 I 83 14 132 I 37 48 4 I 1 4 1 I

I 20 1 75 4 107 I 32 49 3 I 2 4 I I

1 21 I 100 4 1 67 I 37 48 41 2 2 8 I 3 1
1------+-------------------------+---------------+----------------+--------------------1
I 22 I 77 3 1 124 I 36 43 1 I 3 1 1 I I

1 23 1 105 3 10 I 35 59 11 3 2 14 I 1
I 24 I 134 3 123 1 1 34 60 91 3 1 3 1
I 25 I 143 9 1 151 I 41 66 7 1 1 1 4 I I

I 26 I 119 11 100 I 27 56 5 I 5 9 I 1
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MINUTES/

I I SHORT
I DATE I PER.
I 1985 ICALD.

LONG PERIOD
CALDERA

ABC

30 I KAO. UP. LOW. I SHORT LONG NE I KILAUEA
KM I & SW EAST EASTI PER. PER. RIFTI

I RIFT RIFT RIFTI ISHAL. INT. DEEP

MAUNA I

LOA 1

I

1------+-------------------------+---------------+----------------+--------------------!
I NOV27 174 3 81 I 54 46 81 2 1 I I

I 28 202 1 87 I 51 65 5 I 3
I 29 213 2 1 I 48 64 12 I 1 6
I 30 232 1 34 I 45 54 91 2 2
I DEC 1 I 163 1 27 I 26 44 5 I 2 1 I 5 I

1------+-------------------------+---------------+----------------+--------------------1
I 2 I 263 3 1 20 1 I 35 44 2 I 1 3 1 I
I 3 1 338 2 31 1 36 54 4 I 3 1 8 I

I 4 I 353 3 9 I 36 63 2 I 5 10 I 39
I 5 I 241 7 8 1 I 40 60 1 I 2 3 I 16
I 6 I 270 3 5 I 19 70 5 I 1 9 I I

1------+-------------------------+---·------------+----------------+--------------------1
I 7 I 296 3 15 '47 84 1 I 2 12 1
I 8 I 317 4 22 49 84 81 1 5 11 I 6
I 9 1 349 1 1 18 47 71 7 1 1 3 8 1
I 10 I 313 2 2 11 1 I 23 72 12 1 1 8 I

I .11 I 347 7 I 59 74 5 1 1 3 I I

1------+-------------------------+---------------+----------------+ 1
I 12 I 327 2 12 I 39 87 111 2 3 3
I 13 I 314 2 4 11 32 106 5 I 4 1 4
I 14 I 430 51 I 34 75 9 1 2 3
I 15 I 419 40 I 45 82 41 1 50
I 16 I 373 3, 55 67 81 5 I I
1------+-------------------------+---------------+---- + 1
I 17' 360 2 1 " 57 91 71 4 I I

I 18 I 232 12 2 I 24 71 2 I 2 2 10 I

I 19 I 294 8 34 I 43 71 7 1 4 4 8 I

I 20 I 188 1 21 I 26 45 4 I 2 2 4
I 21 I 352 4 7 I 42 63 11 1 6 I 73 I

I------+----~--------------------+---------------+----------------+--------------------1
I 22 I 358 1 20 I 58 67 3 I 3 4 4 I I

I 23 I 290 4 16 I 51 50 41 3 3 I I

I 24 I 417 4 13 I 43' 78 71 2 1 I I

I 25 I 406 2 30 I 56 85 91 8 I I

I 26 I 346 2 26 I 56 62 101 5 4 I 15 I

1------+-------------------------+---------------+--7-------------~+--------------------I
I 27 I 310 2 18 I 37 49 191 4 1 6 1 3 I

I 28 I 289 3 18 I 45 32 8 I 2 3 I I

I 29 I 257 1 25 I 35 49 4 I 1 2 3 I I

I 30 I 173 3 I 26 19 3 I I 39 I

I 31 I 190 3 9 I 201 25 11 I I

----------------------------------------------------------------------------------------
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Table 4. Coordinates of named earthquake regions.

All earthquakes are in one of the following groups, identified by a
numerical class or 3-letter code:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 sse - Shallow. south caldera (0-5 km)
3 SEC - Shallow east caldera (0-5 km)
4 SER - Shallow east rift (0-5 km)
5 SME - Shallow middle east rift (0-5 km)
6 KOA - Koae fault zone (0-5 km)
7 SSF - Shallow south flank (0-5 km)
8 SLE - Shallow lower east rift (0-5 km)

--Intermediate depth:
9 SFI - Ki·l auea south fl ank (5-13 km) (west end)

10 SF2 - Kflauea south flank (5-13 km)
11 SF3 - Kil auea south f1 ank (5-13 km)
12 SF4 - Kilauea south flank (5-13 km)
13 SF5 - Ki'l auea south fl ank (5-13 km) (east end)
14 LER - lower east rift (5-99 km)
15 MLO - Mauna Loa ("0-13 km)
16 LSW - Lower SW rifts of Kilauea and Mauna Loa (O-13'km)
17 GlN - Glenwood (0-13 km)
18 SWR - SW rift (0-13 km)
19 INT - Intermediate caldera (5-13 km)
20 KAO - Kaoiki (0-13 km)

--Deep:
21 DEP - Deep Kilauea (>13 km) (below regions 1-13, 17-19)
22. DLS - Deep lower SW rift (>13 km) (below region 16)
23 DML - Deep Mauna Loa (>13 km) (below regions 15, 20)

--Outer regions, all depths:
24 LOI - Lai hi
25 KON - South Kana
26 HUA - Hualalai
27 KOH - Kohala
28 KEA - Mauna Kea
29 HIL - Hila
30 DIS - Distant, everywhere else
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The latitude and longitude limits of the regions are given below. When
the coordinates imply an overlap, precedence is given as in the maps.

No. Code N. Lat. S. Lat. W. Lon. E. Lon.
1 SNC 19 28 19 24.5 155 19 155 14
2 SSC 19 24.5 19 22 155 19 155 16.5
3 SEC 19 24.5 19 22 155 16.5 155 14
4 SER 19 26 19 20.5 155 14 155 07.2
5 SME 19 26 155 07.2 155 .00
6 KOA 19 22 19 20.5 155 17 . 155 14
7 SSF ' 19 10 'ISS 17 155 00
8 SLE 19 32 19 16 155 00 154 40
9 SFI 19 22 19 10 155 17 155 14.5

10 SF2 19 26 19 10 155 14.5 155 12.3
11 SF3 19 26 19 io 155 12.3 155 09.1
12 SF4 19 26' 19 10 155 09.1 155 05.3
13 SF5 19 26 19 10' . 155 '05.3 155 00
14 LER 19 32 19 16 155 00 154 40
15 MLO 19 35 19 19 155 35 155 19
16 LSW 19 19 18 40 155 43 155 25
17 GLN 19 35 19 26 155 19 155 00
18 SWR 19 22 19 10 155 25 155 17
19 INT 19 28 19 22 155 19 155 14
20 KAO 19 30 19 19 155 32 155 19
21 DEP 19 35 19 10 155 25 155 00
22 DLS 19 19 18 40 155 43 155 25
23 DML 19 35 19 19 155 35 155 19
24 LOI 19 10 18 40 155 25 155 00
25 KON 19 39 19 00 156 20 155 43
26 HUA 19 55 19 39 156 20 155 43
27 KOH 20 25 19 55 156 20 155 34
28 KEA 20 25 19 "35 155 34 154 40
29 HIL 19 47 19 32 155 09 154 40
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Figure 5. Earthquake classification, shallow 0 - 5 km deep
Kilauea and east flank Mauna Loa.
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Figure 6. Earthquake classification, intermediate 5 - 13 km deep
. Kilauea and east flank Mauna Loa.
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Fi gure 7. Earthquake classification, crustal 0 - 13 km deep
island of Hawaii.
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Figure 8. Earthquake classification, mantle greater than 13 km
deep island of Hawaii.
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Figure 11

1985 HRWRII ISLRND ERRTHQURKE L~CRTIONS
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Fi gure 12
1985 HRWRII ISLRND ERRTHQURKE LDCRTIDNS
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Figure 13

1985 KILRUER SUMMIT ERRTHQURKE LOCRTIDNS
0-5.0 KM DEPTHS, M>=1.0



Fi gure 14

1985 KILRUER SUMMIT ERRTHQURKE LOCRTIONS
5.1-13.0 KM DEPTHS, M>=1.0



Figure 15

1985 KILRUER SUMMIT ERRTHQURKE LOCRTIONS
13.1-60.0 KM DEPTHS, M>=1.0
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Figure 16

1985 KILRUER SOUTH FLRNK ERRTHQURKE LDCRTIDNS
0-5.0 KM DEPTHS, M>=2.0
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Figure 17

1985 KILRUER SOUTH FLRNK ERRTHQURKE LOCRTIONS
5.1-13.0 KM DEPTHS, M>=2.0
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Figure 18

1985 KILRUER S~UTH FLRNK ERRTHQURKE L~CRTI~NS

13.1-60.0 KM DEPTHS, M>=2.0
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Figure 19

1985 MRUNR LOR SUMMIT ERRTHQURKE LOCRTIONS
0-5.0 KM OEPTHS~ M>=2.0
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Figure 20

1985 MRUNR LnR SUMMIT ERRTHQURKE LnCRTInNS
5.1-13.0 KM DEPTHS, M>=2.0
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Figure 21

1985 MRUNR LOR SUMMIT ERRTHQURKE LOCRTIONS
13.1-60.0 KM DEPTHS. M>=2.0
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Table 5 is a chronological listing of successfully located earthquakes. For
each event the following data are presented:

Origin time in Hawaiian Standard Time: date, hour (HR), minute (MN), and
second (SEC).

Epicenter in degrees and minutes of north latitude (LAT N) and west longitude
(LON W).

DEPTH - Depth of focus in km.

AMP MAG - Amplitude magnitude, if determined.

OUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (p or S) used for solution.

NS - Number of S arrivals used for solution.

GAP DEG - Largest azimuthal separation in degrees between· statio·ns.

RMS SEC - Root mean square error of time residuals in second.

RMS = (1: R;2/NR )1/2

MIN DIS - Epicentral distance i·n km to the third nearest station.

ERH km - Standard error of the epicenter in km.

ERZ km - Standard error of depth of focus in km.

REMK - Remarks, three letter code for geographic location of events. See Fig
ures 5-8 for location of mnemonic code. Additional one letter codes
have the following meanings:

F - felt

L - long period character

T - associated with harmonic tremor

B - quarry or othe~ blast

* - the location program had a convergence problem, which usually means
that the depth may be unreliable.

Table 5 lists all events located during 1985. Table 6 lists only events of
magnitude 3.0 or larger.

52



Table 5
1985 HVO EARTHQUAKE SUMMARY LI ST PAGE

1985 HVO EARTHQUAKE SUMMARY LIST PAGE

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM!fAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RliS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN Kli MAG liAG NR NS DEG SEC DIS KM KM FM REMK

1985 JAN 221 44.91 19 22.84
848 56.85 19 24.05

1037 10.10 19 19.84
1153 46.95 19 17.97
1310 47.57 19 23.00

155 1.70
155 25.46
155 13.25
155 22.02
155 25.72

7.94 2.4 2.3 41 5 137 .13
9.00 1.8 1.9 35 . 4 32.12
7.97 1.5 1.8 3? 4 69 .13
6.78 1.8 2.2 31 3 112 .13
9.92 1.1 21 2 47 .11

6 0.6
2 0.3
5 0.4
5 0.4
3 0.5

0.4 31 SF5
0.6 27 KAO
0.7 28 SF2
0.8 22 SWR
0.9 14 KAO

1985 JAN 8 047 47.55 19 22.38
8 1 8 37.50 19 20.06
8 648 49. 95 19 19. 92
8 954 2.06 19 17.79
8 1046 38.57 19 20.42

155 2.19
155 10.73
155 12.45
15528.52
155 12.85

7.79 1. 9 1. 4 34
5.49 1.3 1.3 40
5 . 87 1. 2 1. 1 30
9.54 1.8 2.2 38
6.52 1.2 1.3 27

4 141 .14
1 86 .16
3 78 .12
2 46 .14
1 67 .13

5 0.6
4 0.5
5 0.4
6 0.4
4 0.6

0.5 23 SF5
1.0 34 SF3
0.9 23 SF2
0.7 32 LSW
1.1 24 SF2

1 1728 21.78 19 25.69
1 19 1 6.38 19 19.68
2 12921.781918.82
2 459 6·.93 19 21.68
2 5 0 44.34 19 24.49

155 18.68
155 53.31
155 15.54
15518.16
155 16.76

7 . 30 1. 4 1. 2 18
12.09 1.4 1.6 15
6.73 1.6 1.6 28
4.69 1.3 1.2 8

11.41 1.2 0.7 8

4 147 .13
1 187 .10
1 100 .11
1 114 .12
1 146 .05

2 0.7
7 0.8
4 0.4
3 0.8
1 0.9

1.2 13 .INT
0.6 6 KON
0.8 20 SFI
2.0 7 SWR
1.6 6 INT

8 1335 37.90 19 43.03
8 1355 7.90 19 26.33
9 040 38.44 18 58.44
9 04125.681857.21
9 045 38.10 18 57.68

155 2.43
154 55.78
155 16.21
155 16.15
155 15.98

0.00 2.12.7 35
6 . 20 1. 9 1. 6 22

13 . 43 2. 1 1. 7 25
12.39 2.11.7 23
12.68 2.12.4 27

2 197 .35 2
2 151 .13 2
0242.1129
1 242 .11 31
1 238 .10 30

1.9
0.6
2.6
1.6
1.4

1.123 HIL B'
0.8 15 LER
0.7 20 LOI
0.7 15 LOI
0.6 21 LOI

2 514 38. 46 19 24. 12
2 6 3 44.91 19 22.28
2 10S8 31.36 20 5.93
2 1117 35.74 19 25.31
2 1118 32. 80 19 19. 82

2 1935 51.81 19 21.64
2 2248 28.11 19 26.17
3 1014 54.72 19 22.41
3 1818 18. 71 19 20. 87
3 2016 27.07 19 22.47

155 38.17
155 29.77
155 23.32
155 17.27
155 9.85

155 4.40
155 19.40
155 30.00
155 2.37
155 27.63

9.70 2.4 2.2 39
8 . 73 1. 5 1. 2 25
8. 92 2. 5 2. 6 25

11 . 43 1. 3 1. 5 9
6.68 2.0 2.4 42

8. 18 1.7 1 .. 9 30
7. 82 1. 9 2. 1 28
8. 62 1. 5 1. 4 30
6. 87 2. 9 3. 3 46
9.31 2.0 1.5 37

4 49 .14 6 0.4
2 43 .09 4 0.4
2 224 . 18 24 1 . 4
1 165 .04 1 0.9
6 87.13 4 0.4

4 78 .13 4 0.5
5 112 .11 4 0.4
3 45 .09 4 0.4
5 152 16 2 0.5
5 39 .12 0 0.3

0.6 31 MLO
0.9 18 KAO
0.8 17 KEA
1.3 7 INT
0.8 31 SF3

0.6 21 SF5
0.6 19 KAO
0.8 22 KAO
0.6 33 SF5
0.5 29 KAO

427 29.13 18 57.66
8 0 49.31 19 19.28
855 56.44 19 10.60

1538 33.50 18 44.14
2019 50.28 19 19.37

9 2148 59.75 19 19.38
10 139 37.04 18 57.24
10 221 14.21 19 16.92
10 654 26.86 18 58.34
10 7 0 22.69 19 0.14

155 15.18
155 12.37
155 30.24
155 12.62
155 11.49

155 15.53
155 12.17
155 22.75
155 12.56
155 13.53

12 . 76 2. 1 1. 7 22
2 . 30 1. 3 1. 0 18

28.42 2.1 2 4 45
14.43 2.4 2.5 27
7. 66 1. 4 1. 8 34

7. 25 2. 0 2. 5 42
13 . 24 3. 1 3. 9 42
7.39 1.5 1.9 23

13.36 3. 6 4. 3 46
13 . 77 3. 2 4. 1 45

245 .12 31
144 .17 6
104 .08 5
286 .11 54

98 .10 6

4 90 .12 4
3 241 .12 36
2 125 .11 6
2 238 .10 34
2 231 .11 31

1.7
0.7
0.6
4.2
0.5

o 4
1 5
0.5
1.2
1.2

0.7 11 LOI
2.4 15 SSF
1.1 42 DLS
6.5 17 LOI L
0.9 30 SF3

0.7 30 SFl
0.9 36 LOI
1.1 17 SWR
0.6 40 LOI
0.6 33 LOI

c..n
w

3 2236 49.07 19 19.54
3 2255 14.39 19 19.50
3 2319 6 . 22 19 24. 07
4 229 29.42 19 24.35
4 639 24.11 19 27.75

155 8.10
155 11.91
155 16.31
155 17.34
155 23.74

7.141.61.335
5.19 1.8 1.7 17
2.88 1.4 1.8 11
2.88 1.4 1.1 9
3 . 84 1.4 1. 6 20

91 .10
92 .11

109 .09
81 .11
81 .10

4 0.4
5 0.4
2 0.4
1 0.6
4 0.4

0.7 22 SF4
1.6 17 SF3
0.4 9 SEC
0.5 9 SSC
1.0 12 KAO

10 717 21.34 18 59.16
10 1553 17.44 19 30.52
10 1844 38.96 19 17.28
10 2120 5.15 19 19.98
11 131 52.00 19 25.70

155 12.81
155 28.84
155 24.95
155 12.81
15521.88

13.59 3.4 4.2 42
5 .22 2.0 1. 5 37
8 . 47 1.0 1.2 20
7.69 1.3 1.5 20
8.06 1.5 1.4 35

2 271 .10 33
6 54 .12 3
2 83 .09 6
1 73.08 5
5 33 .13 4

1.6
0.3
0.5
0.6
0.4

0.6 35 LOI
1.1 26 liLO
1.0 12 SWR
1.3 19 SF2
0.8 25 KAO

114 .14 5
51 .12 5

103 .10 5
108 .10 3
273 .08 23

o . 4 1 . 2 16 SWR
o .4 1 . 1 18 KAO
0.6 1.2 14 SF3
o . 4 1 . 2 16 KAO
1 . 0 0 . 9 33 KON

4 0.5
4 0.4
4 0.5
5 0.6
1 0.3

4 45 .11 3
o 67.14 4
o 117 .11 1
7 72 .12 4
4 314 .12 30

0.8 30 SF2 F
1.5 23 SSF
1.0 24 SF4
1.3 22 SF5
0.6 31 liLO

0.9 18 SF2
0.5 34 SF4
1.0 14 KAO
1.2 24 SF3
0.4 40 SF2 F

0.6 24 KAO
1 .4 18 SF2
0.9 20 GLN
0.4 39 SF3
1.5 24 KOH

0.4
0.6
0.6
0.3
2.1

O.
O.
O.
O.
O.

2
4
2
5
4

102 .14
76 .14
82 .11
80 .15
46 .12

1 115 .09
6 82.12
2 75 .11
3 86 .12
5 65 .13

6 . 97 2. 0 2. 2 25
7.77 3.0 2.7 46
9.57 1.5 1.1 19
5.74 1.2 1.6 32
8.87 3.1 3.7 49

9.12 1.7 1.4 37
6 . 09 1. 2 1. 1 22

11.14 1.6 1.4 26
8.95 2.5 3.0 54

29 . 22 2. 3 2.0 27

7.47 2.12.6 39
4.13 1.5 1.7 31
6.18 1.6 2.2 36
5 . 87 1. 6 1.5 27
8.40 2.3 2.3 39

155 20.77
155 12.88
1553.55
155 11.88
155 52.84

155 13.28
155 13.31
155 8.69
155 4.80
155 22.86

155 14.35
1555.35
155 26.24
155 12.21
155 12.99

15 1424 41.29 19 18.92
15 1457 39.29 19 19.05
15 1722 16.09 19 19.33
15 18 2 17.33 19 21.68
15 1924 1.45 19 30.15

14 140 10.39 19 17.59
14 725 18.47 19 21.74
15 037 19.89 19 22.22
15 1125 3.43 19 19.67
15 1139 25.88 19 20.56

11 4 5 11.87 19 22.66
11 2121 35. 55 19 20. 39
12 120 1 . 64 19 30.00
12 1153 24.97 1920.62
12 1841 22.35 20 22.58

0.6 28 SF4
0.3 17 DEP
1.7 6 SF5
0.4 37 KAO
0.8 17 KAO

0.5 22 KON
1.1 16 SF3
0.6 18 KAO
1.2 19 SF2
0.9 42 DEP

0.9
0.5
0.4
0.5
0.6

0.4
0.7
0.9
0.3
0.4

3
4
6
2
3

5 73 .13
2 163 .11
1 169 .12
7 36 .10
2 51 .10

3 184 .15
1 119 .07
4 99 .10
o 80.13
7 91 .11

1.42 1.0 18
7. 73 1. 2 1. 1 23
7.38 1.6 1.3 19
5 . 20 1. 3 1. 2 1 9

40. 92 2. 8 3.0 40

7.47 2.0 2. 2 37
14 . 36 1. 7 1. 7 24
6.12 1.3 1.3 13
9. 83 3. 0 :3. 3 46
9.39 1.8 1.4 26

11.30 2.8 2.8 30
7.78 1.51.6 19

11.58 1.9 1.8 30
5.59 1.2 24

36.13 2.5 2.8 52

155 23.01
155 21.40
155 10.45
155 19.27
155 54.56

155 54.67
155 10.76
155 20.69
155 12.55
155 16.69

1558.29
155 22.02
155 0.64
155 28.74
155 29.50

1917 38. 41 19 21. 00
2155 32.93 19 12.91

732 58.31 19 21.94
938 59.94 19 22.35

17 1 9.44 19 22.36

2 5 44.58 19 30.58
10 8 37.30 19 18.76
1057 20.03 19 27.33
1212 11.06 19 19.72
1520 5.00 19 19.89

4 9 7 23.41 19 16.79
4 16 3 37. 50 19 22.34
4 1820 42.05 19 19.28
4 2223 44. 92 19 25. 14
5 116 33.40 19 21.59

6 2322 50.01 19 20.19
7 047 0.41 19 20.95
7 557 52.03 19 22.44
7 1628 47.29 19 27.42
8 040 55.68 1923.96

155 12.59
155 13.28
155 28.71
155 29.60
155 15.64

7.02 1. 5 1. 1 30
8.44 1.8 1.5 31

10.47 1.8 1.2 27
9.92 1.8 1.4 35
3.13 1.3 1.4 18

2 73 .12
3 58 .12
3 51 .11
5 47.13
2 111 .06

5
3
2
8
2

0.4
0.4
0.3
0.4
0.3

0.7 23 SF2
0.6 26 SF2
0.6 19 KAO
0.9 26 KAO
0.3 12 SEC

16 732 24. 69 19 20. 83
16 74450.241921.04
16 937 10.44 19 28.60
16 11 5 1.14 19 21.52
16 1235 24.36 19 18.21

155 22 70
155 23.02
155 26.62
155 30.10
155 16.60

11 .06 1.3 1. 1 21
9.86 1.3 1.8 25
6.25 1.9 1.3 35
8.65 1.6 1.5 27
7.58 2.0 2.5 37

3 65 .12
2 92 .10
4 76 .12
2 75 .12
3 120 .14

2 0.5
2 0.5
6 0.4
5 0.4
4 0.5

1.1 13 SWR
0.9 19 SWR
0.9 20 KAO
1.0 23 KAO
0.9 26 SFI
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O1UGIlf TIllE LAT If LOlf W DEPTH AMP DUR GAP RlfS KIN EIlH ERZ ltO
YEAll HOlf DA HlUUf SEC DEG KIlf DEG KIll KK HAG HAG lfR NS DEG SEC DIS ItK KM FH REMX

ORIGIlf TIKE LAT N LON W DEPTH AMP DUR GAP RKS KIN ERH ERZ NO
YEAR KON DA HRlfN SEC DEG KIN DEG MIN KK MAG MAG NR NS DEG SEC DIS KM KM FM REHK

1985 JAlf 16 2210 34.72 19 25.97 155 28.92
16 2240 29.91 19 23.63 154 58.64
17 0 9 58.29 19 22.'7"7 155 2.16
17 411 16. 90 19 18. 79 155 13. 02
17 19 5 7.26 19 27.37 155 23.57

17 2154 11.02 19 17.54 155 27.69
18 829 20.05 19 26.86 155 28.52
18 1039 45.39 19 27.64 155 25.11
18 2159 33.76 19 24. 04 1~5 15.70
19 126 53.76 19 23.96 155 15.68

8 . 37 1. 8 1. 5 34
6 . 43 1. 8 1. 6 26
8. 66 1. 6 1. 2 28
5 . 67 1. 3 1. 3 29

10.52 1.9 1.3 38

8 . 77 1. 8 2. 0 34
7 . 02 1. 6 1. 2 30

10.45 1.6 1.3 15
2 . 63 O. 7 1. 0 8
3 . 26 1. r 1. 7 17

3 60 .12
1 167 .13
2 139 .15
1 88.11
5 48 .10

3 50 .17
4 56 .14
1 63 .10
1 124 .08
3 III .07

7 0.4
3 0.8
5 0.8
3 0.5
5 0.4

6 0.5
7 0.4
5 0.6
3 0.4
2 0.3

0.9 23 KAO
0.9 18 LER
0.5 19 SF5
1.3 21 SF2
0.6 28 KAO

0.8 26 LSW
1.4 21 ItAO
1.7 13 )CAO
0.6 6 SEC
0.3 12 SEC

1985 JAN 24 1722 39.01 19 23.45
25 410 59.83 19 20.34
25 1340 31.00 19 21.32
25 1611 33.80 19 10.35
25164513.151924.05

25174613.12 19 23.45
25 1956 56.31 19 19.22
25 2136 19.57 19 17.02
25 2330 9. 16 19 19. 80
25 2336 24.72 19 18.91

155 29.80
155 3.61
155 17.67
155 37.69
155 17.76

155 16.64
155 15.31
155 21.9'7
1557.65
155 15.22

8.48 1.2 1. 1 23
8.61 2.8 3.2 45

30. 52 2.2 2. 8 46
8.22 2.3 1. 9 28

14.08 1.6 1.9 10

5.87 1.3 2.1 13
7.14 1.3 1.8 34
4.72 1.4 1. 8 29
8.14 1.5 1.3 25
6. 82 1.2 1.5 25

2 68 . 08
3 112 .12
7 31 .12
1 102 .18
1 59.14

o 84.10
2 99 .10
4 143 .12
2 99 . 08
1 104 .11

4
1
2
9
2

1
4
6
5
4

0.4
0.6
0.6
0.8
1.0

0.6
0.4
0.4
0.5
0.5

0.9 19 KAO
0.5 39 SF5
0.9 33 DEP
1.5 26 LSW
1.3 4 DEP L

0.9 3 lifT L
0.8 25 SFI
2.5 23 SWR
1.0 18 SF4
1.0 19 SFI

19 434 30. 99 19 30. 23
19 534 18.44 19 20.55
19 1121· 38.42 19 20.05
19 1650 22.05 19 20.11
1 9 19 1 5 . 04 19 19. 70

155 26.84
155 13.18
155 12.34
155 3.86
155 12.30

4 . 79 1. 6 1. 4 22
7 . 17 1. 5 1. 3 27
7 . 20 1. 9 2. 2 45
6.91 1.6 1.5 32
5 . 53 1. 2 1. 3 30

4 116 .12
2 63 .12
3 77 .13
1 133 .13
2 84 .12

4 0.4
4 0.5
5 0.4
2 0.6
5 0.5

1.3 10 !fLO
0.9 22 SF2
O. '7 36 SF2
O. '7 26 SF5
1.2 27 SF2

26 117 25.75 18 47. 96
26 133 15. 41 19 20. 23
26 153 18.86 19 25.72
26 821 52.43 19 21.03
26 1148 43.27 19 19.14

155 9.43
155 7.76
155 21.99
155 29.25
155 15.16

15.62 2 2 1.8 35
6.69 1.4 1.5 35
8. 65 1.3 1. 1 30
4 . 80 1. 7 1. 8 24
5 . 98 1. 2 1. 1 23

5 268 .10 51
3 91 .12 5
2 42 .12 4
2 45 .12 4
1 99 .12 4

2.2
0.5
0.4
0.4
0.5

5.8 23 LOI
0.7 26 SF4
0.8 25 KAO
1.4 17 KAO
1.316SFI

<.1l
~

19 2319 36.47 19 26.68
19 2323 54.30 19 19.21
20 93116.83 19 44.52
20 1210 52.58 19 21.33
20 1342 7.2119 20.59

20 1615 47.28 19 13.38
20 17 3 43. 82 19 25. 56
20 1740 36. 04 19 22. 79
20 2232 59.07 19 21."3
20 2258 46.40 20 13.75

155 28.94
155 13.62
155 57.49
155 24.31
155 30 .10

155 29.81
155 19.43
155 21.06
155 23.24
155 45.52

8 . 97 1. 9 1. 3 35
5 . 08 1. 9 2. 5 44

14.34 1.6 1.4 21
9.15 1.5 1.1 29
3 . 77 1. 8 1. 8 23

10.00 1.8 1.2 22
6 . 20 1. 4 1. 3 23
9.48 1.3 1.3 33
7.55 1.2 1.1 17

39 . 31 2. 6 2. 3 24

5 43. 09 7
2 66 .13 4
1 256 .10 14
3 82 .12 3
1 63.11 6

1 74 .11 3
2 124 .11 3
3 47.10 3
3 59 08 2
2 298 .12 11

0.3
0.4
1.9
0.5
0.4

0.5
0.5
0.4
0.4
2.7

0.8 28 KAO
1.2 37 SF2
0.6 12 HUA
0.8 20 SWR
2.3 21 KAO

0.9 18 LSW
1.1 19 KAO
0.8 22 !tAO
0.9 12 SWR
1.6 17 KOH

26 1733 3 . 09 19 19. 13
26 1810 24.52 19 35.85
27 039 34.11 19 21.69
27 132 58.10 19 14.27
27 153 58.62 19 25.27

27 824 34.36 19 23. 52
27 1625 33.69 19 23.55
27 1923 8.31 19 20.30
27 22 3 1 9 . 19 19 1 9 . 57
28 0 6 10. 12 19 27. 20

155 15.68
154 59.84
155 6.40
155 37.04
155 19.77

155 29.99
155 18.06
155 12.41
155 11.66
154 52.66

5 .49 1.2 1. 5 29
42 . 91 1. 9 1. 7 42

6.68 1.8 2.5 38
8.67 2. 3 2.5 37
4 . 76 O. 9 1. 1 15

9.34 1. 4 1.2 21
9.27 1.4 1.9 12
7.03 1.2 1.5 32
6.14 1.8 2.2 38
8.36 2. 7 3.3 40

o 104 .11 4
5171.1112
3 81 .12 3
4 142 .19 1
2 116 .10 3

2 45 .07 5
1 50 .12 3
1 73.12 4
3 92.14 6
3 153 .13 3

0.4
0.9
0.5
0.6
0.5

0.4
0.7
0.5
0.5
0.8

1.1 23 SFI
1.5 26 HIL
0.9 27 SF4
1.0 28 LSW
1.3 13 KAO

1.0 18 KAO
1.6 1 lilT L
0.8 23 SF2
1.0 27 SF3
0.4 34 LER

21
21
21
21
21

313 23.51 19 19.68 155 11.29
717 "0.47 19 19.92 155 11.76
840 45.24 18 55.70 155 11.26
852 28.31 18 56.82 155 11.64
855 50.83 18 56.34 155 11.57

8 . 80 2. 8 3. 4 51
6 . 51 1. 7 1. 3 32

12.04 2.6 3.2 38
15 . 43 3. 5 4. 4 54
13.45 2.7 3.5 44

6 92 .12 5
3 85 .11 5
2 248 .13 39
7 243 .12 37
2 245 .12 38

0.3
0.4
1.5
1.2
1.6

0.4 38 SF3
0.8 23 SF3
0.8 21 LOI
4.0 48 LOI
1.3 30 LOI

28 040 6.21 19 56.38
28 146 30.21 19 21.03
28 341 6.56 19 17.23
28 530 12.80 19 22.53
28 15 4 8.69 19 22.98

155 30.'74
155 12.76
155 13.44
155 30.09
155 1.86

32. 89 2. 3 1.7 34
7.31 1.9 2.6 41

11.31 2.6 3.3 51
9.21 1.6 1.3 28
7.76 2.0 1.7 35

6 160 .08 18
5 61 .13 3
6 153 .12 9
3 45 .08 4
3 143 .15 5

0.6
0.4
0.6
0.4
0.6

1.3 28 KEA
0.6 32 SF2
0.4 44 SF2
0.8 21 KAO
0.5 24 SF5

21 1053 41.30 19 21.08
21 12 4 59.26 19 28. 19
21 1731 22.26 19 2".07
22 5"2 30. 79 19 25. 85
22 1410 43.61 19 22.83

155 21.77
155 26.39
155 15.74
155 27.16
155 26.78

8 . 75 1. 6 1. 8 30
3 . 18 1. 8 1. 6 30
3.51 0.9 1.2 11
7. 45 1.8 1. 9 37
9 . 20 1." 1. 1 31

4 62 .12
4 78 .16
2 117 .09
4 46 .14
3 49 .13

3 0."
6 0.4
2 0."
4 0.4
2 0."

0.8 21 SWR
1.5 24 KAO
0.4 7 SEC
0.8 28 KAO
0.7 25 KAO

28 1559 0.99 19 20.44
28 19 7 54.02 19 22.52
28 2036 33.47 19 20.08
28 2257 30.38 19 11.74
28 2257 58.99 19 15.72

155 10.73
155 8.59
155 12.99
155 27.61
155 22.66

7 . 62 1. 8 1. 9 43
2.08 1.5 1.4 17
5 . 98 1. 3 1.4 25
7.59 2.0 1.3 33
6.14 1.8 2.1 29

3 79 .12 3
2 130 .07 2
3 70 .11 5
4 113 .19 4
3 154 .11 4

0.4
0.7
0.4
0.7
0.5

0.7 34 SF3
0.4 12 SER
1·.0-21 SF2
1.6 22 LSW
1.2 24 SWR

22 2050 48.02 19 21. 65
22 2314 9.94 19 21. 96
23 225 23. 06 19 13. 62
23 1813 20.68 19 20.06
23 1854 59.93 19 20.57

23 1951 13.48 19 20.3"
23 2216 40.28 19 20.62
23 2232 14.79 19 23.66
23 2233 56.53 19 1".36
24 337 39.13 19 19.90

155 0.94
155 2.87
155· 29.77
155 7.88
155 13.02

155 4.91
155 12.62
155 15.67
155 35.21
155 10.71

6 . 97 2. 3 2. 8 41
7 . 58 2. 1 2. 3 40
9.49 1.7 1.4 22
7. 08 2. 1 2. 4 45
6.89 1.4 1.2 33

4 . 96 1. 4 1. 5 22
7. 29 1. 5 1. 8 36
2 . 64 1. 1 1. 6 19
9 . 41 2. 1 2. 0 37
6.57 2.3 2.5 38

5 171 .14
4 1 i"9 .13
o 74 "10
6 91 .12
3 64 .12

1 122 .15
4 67.12
3 96 .11
3 '79 .21
2 89 .17

5
4
3
5
4

4
4
2
3
4

0.5
0.4
0.4
0.4
0.5

0.6
0.5
0.3
0.6
0.5

0.6 30 SF5
0.6 31 SF5
0.9 18 LSW
0.7 35 SF4
0.8 29 SF2

1.8 16 SSF
0.8 25 SF2
0.3 14 SEC
0.9 27 LSW
1.0 32 SF3

29 434 55. 65 19 17. 69
29 654 54.19 19 31.15
29 16 3 34.22 19 21.79
29 2113 50.02 19 18.9"i'
30 412 9.83 19 23.71

30 5 3 59.95 19 25.76
30 548 14.07 19 16.13
30 1731 46.15 19 19.35
30224931.77 19 21.80
31 213 31.99 19 17.62

155 30.21
155 53.23
1551.14
155 13.93
155 0.57

155 21.76
155 22.82
155 11."6
155 12.01
155 25.90

9.83 1.7 1.5 32
7.56 2.2 1.7 23
7.94 2.3 2.6 36
7.15 1.4 2.0 36
6.68 2.1 2.2 26

8 . 97 2. 2 2. 5 34
6.28 1.8 2.4 31
6.78 1.3 1.1 15
2.96 1.6 2.2 16
8 . 34 1. 5 2.2 24

2 69 .13 5
2 191 .19 5
2 164 .14 5
3 68 .10 4
3 185 .12 4

5 48.14 4
4 129 .11 4
o 99.09 6
1 79.05 2
3 59 .14 7

0.4
1.5
0.7
0.4
0.9

0.4
0.4
0.6
0.3
0.4

1. a 22 LSW
0.9 15 KON
0.5 30 SF5
O."i' 27 SF2
1.1 20 SF6

0.8 27 KAO
0.9 27 SWR
1.3 14 SF3
0.4 12 SER
1.0 20 LSW
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH :AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JAN 31 223 16.90 19 19.66
31 1336 27.60 19 43.06
31 1741 10.20 19 28.90
31 1757 11.72 19 20.60
31 2143 29.14 19 28.37

155 12.46
155 3.75
154 53.36
155 11.86
15528.56

7.99 1.3 1.2 21
0.01 1.6 2.3 19
o .07 2. 4 2. 5 23
8.81 2.9 3.1 38

10.08 1.9 1.3 26

2 82.06
1 221 .21
1 105 .18
4 72 .13
3 58 .10

5 0.4
3 2.7
4 0.5
4 0.4
7 0.4

0.7 15 SF2
1.5 15 HIL
0.9 16 SLE
0.5 33 SF3
0.8 22 KAO

1985 FEB 8 430 13.83 19 13.43
8 2041 52.65 19 22.49
8 2252 54.22 19 26.60
8 2323 33. 66 19 30.46
9 241 21.25 19 18.83

155 27.69
155 30.12
155 28.81
155 23.05
155 9.85

8.27 2.4 2.0 38
9. 67 2. 1 2. 1 34
8.40 1.8 1.8 35
8.40 2.2 2.0 39
6.79 1.5 1.1 19

o 141 .15
2 42 .10
3 58 .12
6 73 .14
o 114 :09

5
4
7

1
4

0.6
0.4
0.4
0.4
0.5

0.8 30 LSW F
0.7 27 KAO
0.9 27 KAO
0.7 29 MLO
1.3 14 SF3

FEB 1717 12.58 19 9.83
2036 15.17 19 20.60
223328.5919 8.42
23 1 22.36 19 20.62
2314 44.44 19 23. 13

155 41.36
155 12.49
155 34.72
155 9.42
155 17.08

8.57 2.7 1.9 30
7.46 1.6 1.5 29
7.97 1.3 16
7.89 1.6 1.3 30

11. 49 1.6 1.2 39

2 129 .25 12
3 68 .12 4
o 128 .12 12
4 70 .10 3
6 38 .10 1

o . 9 1 . 6 18 LSW
o . 5 0 . 8 24 S F2
o . 6 2 . 1 11 LSW
0.5 0.8 22 SF3
0.4 0.5 28 INT

259 15.06 19 20.23
4 9 11.96 19 21.22
446 21.30 '20 48.'97
843 34.34 19 22.35
850 53.90 19 22.39

155 12.70
155 1.69
154 53.26
155 28.96
155 30.05

7. 45 1. 5 1. 9 33
0.53 2.0 2.8 27
9 . 73 2. 6 2. 8 37

10 . 67 2. 9 3. 1 47
9.35 1.7 1.1 21

1 71 .12 5
2 166 .10 3
1 307 .13113
2 35 .12 2
2 51 .07 4

0.5
0.4
7.7
0.3
0.5

0.8 29 SF2
0.8 18 SSF
9.5 34 DIS
0.4 44 KAO
1.0 18 KAO

2 224 34.45 19 14.73
225718.151921.34
2 614 9.03 19 24.07
2 7 6 47. 51 19 24. 97
2 927 18. 92 19 27. 55

15529.61
155 0.75
155 15.56
155 19.14
155 27.73

40 . 76 2. 6 2. 1 42
6 .78 1.7 1. 1 23
3.19 1.2 1.2 13
5 . 23 1. 3 1. 0 1 6
9 . 61 2. 4 2. 1 40

5 68 .09
1 180 .11
3 117 .07
3 101 .10
4 53 .15

1 0.6
5 0.7
2 0 4
3 0 7
6 0.4

1.1 34 DLS
1.2 16 SF5
0.5 7 SEC
1.6 12 RAO
0.7 27.KAO

9 1059 32.07 19 21.0?
9 1 8 6 58. 88 1 9 2'0. 02
9 19·7 44.84 19 18.76
9 2240 11.80 19 21.48

10 113 40.60 19 57.65

155 28.01
155 12.71
155 15.24
155 30.16
155 30.58

9.54 1.8 1.8 30
5.89 1.3 1.9 33
4.88 1.0 1.3 26
7.52 1.7 1.3 32

12.77 3.1 3.6 50

2 49 .12 3
2 74 .12 6
1 107 .12 4
3 46 .13 5
7 170 .14 19

0.4
0.4
0.5
0.5
0.9

0.6 23 KAO
0.9 29 SF2
1.5 19 SSF
1.0 25 KAO
1.5 42 KEA

o . 4 1 . 1 22 KAO
0.4 0.8 21 KAO
0.3 0.3 33 SF2
o . 4 0 . 8 23 KAO
o . 4 0.4 40 SF2

(Jl
(Jl

2 1328 2.67 19 21.84
2 15 8 32.47 19 20.05
2 1526 30.66 19 22.95
2 1912 15.9119 25.12
2 1957 30.29 19 20.11

542 11.42 19 21.64
1526 49.20 ,19 22.74
23 7 44. 43 19 19. 62
2342 11. 24 19 17. 05

123 49.02 19 26.29

4 315 51. 81 19 22. 07
4 4 6 16.79 19 21. 86
4 744 10.03 19 18.69
4 1217 14. 44 19 23.73
4 1218 36.33 19 20.17

4 2134 2.27 19 23. 95
4 2338 33.19 19 23.87
5 3 0 57.53 19 24.24
5 1149 29.83 19 25.79
5 1 5 9 8 . 12 1 9 23. 56

155 18.31
155 13.03
155 26.70
155 20.72
155 9.47

155 5.15
155 3.65
155 30.44
155 25.48
155 28.91

155 17.47
155 12.76
155 12.26
155 15.71
155 11.54

155 16.14
155 15.72
155 17.35
15528.95
155 30.11

2.39 1.4 1.5 15
6.57 1.8 1.9 34

10.73 2. 5 2.5 43
2.94 0.7 1.2 13
7 . 20 1. 5 1. 1 22

6.09 1.6 1.2 25
7.93 1.3 1.2 15
8.28 1. 6 1. 4 30
5.37 0.9 14
6.63 1.5 1.1 16

31 . 65 1.7 1. 6 34
3.08 1.11.2 13
5 . 29 1. 3 1. 1 24
2. 84 1. 6 2. 1 27
7.06 1.6 1.8 31

2. 96 1. 3 1. 8 17
2.55 1.116
1.63 1.2 2.1 14
8 . 44 1. 6 1. 1 26
8.09 1.8 1.3 26

2 66 .09
4 69 .12
4 40 .12
1 84.05
o 79 .09

3 83 .13
1 104 .11
1 58 .13
o 129 .18
o 83 .07

2 40 .08
o 87.05
2 107 .10
4 81 .10
3 82 .11

3 107 .09
3 107 .09
2 81 .08
2 41 .11
2 49 .09

4 0.3
5 0.4
2 0.3
5 0.4
4 0.6

5 0.5
4 0.6
7 0.5
7 0.8
7 0.5

3 0.6
2 0.4
4 0.5
2 0.3
5 0.5

1 0.4
2 0.4
1 0.4
7 0.4
5 0.4

0.8 8 SWR
0.7 23 SF2
0.5 32 KAO
1.1 7 KAO
1.2 17 SF3

1.1 16 SF5
1.0 7 SF5
1.2 24 KAO
2.2 9 LSW
1.8 12 RAO

0.9 27 DEP
0.5 12 SER
1.0 19 SF3
0.3 18 SEC
0.8 25 SF3

0.3 9 SEC
0.3 7 SEC
0.2 9 SSC
1.0 20 KAO
1.0 20 KAO

10 1644 16.32 19 20.81
10 1828 22.80 19 25.94
10 2350 20.22 19 19.48
11 918 43.66 19 21.16
11 12 5 19.46 19 19.30

11124927.041925.63
11175824.861925.G1
11 1952 17.67 19 19.76
11 2022 54.84 19 22.49
112035 42.55 19 20.60

12 0 3 1 . 40 19 22. 20
12 219 33.49 19 19.55
12 436 43.53 19 19.71
12 742 53.16 19 24.90
12 13 3 52.72 19 19.73

12 1922 9.33 19 18.62
12 2123 25.98 19 19.35
12 2230 2.42 19 19.75
12 2248 32.37 19 20.02
13 453 54.84 19 27.64

155 13.37
155 30.53
155 12.58
155 15.29
155 11.89

15529.28
155 29.17
155 12.38
15530.04
155 12.58

155 3.26
155 12.42
15~ 7.82
155 19.62
155 10.31

155 25.20
155 15.27
155 12.23
15511.37
155 24.24

6.35 1.7 1.9 41 3
7.90 2 0 1.7 29 4
5.13 1.0 1.1 26 0

32.75 2.6 2.6 48 7
6.18 1.3 1.1 24 1

8 . 06 1. 7 1. 1 25
8.93 1.9 1.5 31
8.60 2.8 3.2 45
9. 24 1.7 1. 5 28
8.18 2.5 3.0 51

8 . 50 1. 8 1.7 26
8.26 1.4 1.1 21
7.59 1.9 2.3 37
5.25 1.0 1.1 14
7.53 1.5 1.3 24

8 . 90 1. 0 1. 3 23 2
6 . 64 1. 3 1.3 25 0
6.69 1.3 1.3 25 1
7.79 1. 4 1. 1 23 1
9.84 1.8 1.5 14 0

58 .14
86 .12
84 .11
68 .12
97 .12

63 .11
69 .08
82 .10
45 .10

104 .14

116 .10
85 .04
97 .10

112 .07
92 .06

68 .11
96 .10
84 .10
85 .11
68 .09

7

6
5
4
4

4
5
4
2
4

5
4
5
5
4

0.4
0.4
0.5
0.5
0.5

0.5
0.5
0.4
0.5
0.5

0.5
0.5
0.5
0.6
0.7

0.8 32 SF2
1.1 18 KAO
1.7 16 SF2
0.9 39 DEP
1.2 18 SF3

0.7 18 SF5
0.9 15 SF2
0.6 28 SF4
1.3 12 KAO
1.1 18 SF3

0.9 18 LSW
1.1 21 SF1
1.1 22 Si'3
1 1 18 SF3
1.8 14 KAO

5 1614 42.03 19 21.45
6 630 51.77 19 22.32
6 732 1 . 86 19 22. 80
6 858 25.67 19 22.04
6 94541.62 1927.15

155 4.64
155 29.99
155 30.27
155 2.32
155 29.54

6 . 75 1. 4 1. 2 23
8. 94 2. 1 2. 9 32
8.42 2.4 2.0 41
0.011.5 1.6 25
8.98 1.5 1.4 31

2 85 .11
1 45 . 11
3 47.11
1 134 .20
4 87.09

4 0.5
4 0.4
5 0.3
4 0.5
7 0.4

0.8 15 SF5
0.7 24 KAO
0.6 34 KAO
1.0 18 SSF
0.9 23 KAO

13 541 55.38 19 27.74 155 24.22
13 10 6 35.43 19 23.79 155 1.57
13 1340 21.42 19 20.32 155 11.77
13 1357 8.40 19 21.67 -155 28.78
13 1540 16.15 18 8.90 155 34.78

10.62 1.9 1.4 24
6 . 26 1. 5 1. 5 20
8.26 2.2 2.1 42
9.41 1.6 1.4 33

30 . 24 2. 9 2.7 40

2 69 .11 4
2 188 .08 5
6 77 .11 5
2 39 .10 3
4 320 .11 93

0.5
1.0
0.4
0.3
2.0

0.8 22 RAO
1.0 14 SF5
0.6 33 SF3
0.7 25 KAO
5.2 39 DIS

6 1458 9.92 19 25.76
7 445 6. 67 19 23.25
7 7 7 25. 82 19 19. 44
7 8 1 36.60 19 18.84
7 13 0 3.23 19 20.66

155 21.86
155 27.26
155 10.37
155 13.27
1556.44

9. 47 1. 5 1.3 28
9.45 1.4 1.3 27
9.23 2. 9 3.4 47
6. 32 1.7 1. 9 30
7.39 2.]; 1.1 38

2 44 .11
3 33 .11
7 99 .12
5 80.10
5 102 .11

4 0 . 4 0 . 7 20 KAO
2 0 . 4 0 . 7 19 KAO
5 0.4 0.4 38 SF3
3 0.4 0.8 21 SF2
5 0.4 0.6 28 SF4

14 53 15.87 19 24.67
14 522 5.19 19 24.28
14 6 1 16.29 19 20.53
15 126 55. 12 19 25. 26
15 753 24.59 19 19.51

155 16.94
155 16.47
155 8.42
155 30.30
155 11.80

10.08 1.5 1.2 18
8.95 1.6 1.5 15
7.46 1.3 1.2 18
7.52 1.6 1.2 30
6.19 1.5 1.5 29

o 77 .08
o 101 .13
1 76 .13
3 67 .10
1 93 .10

o
1
4
7
5

O. 6 O. 9 11 INT L
0.7 1.0 8 INT L
0.6 1.0 14 SF4
0.4 1.1 21 KAO
o . 5 0 . 9 23 S F3
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RHS MIN ERH ERZ NO
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REHK

1985 FEB 15 18 0 14.49 19 27.40
15 1923 46.04 19 15.94
15 2134 14.79 19 20.56
16 025 26.26 19 19.98
16 045 23.51 19 17.44

155 13.35
15521.81
155 9.99
15511.56
155 20.34

34.68 2.0 1.8 47
6. 66 1. 6 1. 8 24
7.76 1.5 1.5 29
7.29 1.4 1. 1 30
6 . 64 1. 5 1. 1 18

6 39 .11
3 169 .10
3 74 .10
3 85 .15
4 158 .09

5
5
3
5
3

0.5
0.6
0.5
0.6
0.6

1.0 38 DEP
1.2 18 SWR
0.7 21 SF3
1.0 27 SF3
1.2 15 SWR

1985 FEB 21 1948 29.39 19 19.68
21 1957 17.40 19 19.40
21 1959 49.80 19 25.52
21 20 3 9.26 19 20.39
21 20 5 29.56 19 20.49

155 12.65
155 12.08
155 21.23
155 12.62
155 12.30

9.45 4.8 4.7 48 3
7 00 1. 7 1. 3 30 3
9 . 93 1. 9 1. 3 37 5
6 . 25 1. 5 O. 9 27 2
7. 93 2.3 2. 2 45 4

80 .10
92 .10
34 .10
70 .14
71 .12

5
5
4
4
4

0.4
0.5
0.4
0.5
0.4

0.4 43 SF2 F
0.9 21 SF3
0.7 30 KAO
1 . 1 18 SF2
0.6 39 SF3

16 113 8.04 19 19.57
16 4 2 21.44 19 21.76
16 634 55.47 19 20.83
16 20 7 57.85 19 27.62
17 21555.3519 25.99

155 12.29
155 6.83
155 29.49
155 51.23
155 19.60

8 . 00 1. 4 1. 2 16
7 . 60 1. 5 1. 1 24
6.67 2.4 2.3 35
8.01 2.6 2.6 34
6.25 1.2 1.5 11

1 86 .07
o 78 .11
2 45 .12
5 110 .15
1 106 .13

5 0.5
3 0.5
5 0.4
7 0.5
4 0.9

1.1 15 SF3
1.0 21 SF4
0.8 31 KAO
0.6 25 KON
1.5 5 KAO L

21 20 9 7.79 19 20.23
21 2030 34.01 19 20.44
21 2049 6.44 19 19.27
21 2139 47.61 19 20.14
21 22 7 49.19 19 19.45

155 12.03
155 11.88
155 12.04
155 12.07
155 13.40

4 . 20 1. 3 O. 3 17
8 . 46 2. 2 1. 8 45
7.30 1.3 1.0 21
7.85 1.6 0.9 21
5 . 23 1. 1 O. 8 26

1 143 .12 5
4 75 .11 5
1 95.10 5
1 78 .08 5
2 70 .12 4

0.8
0.4
0.6
0.6
0.4

2.4 11 SSF
0.6 38 SF3
1 . 1 17 SF3
1.0 15 SF3
1.5 21 SF2

17 324 52.39 19 20.55
17 332 32. 83 19 19. 80
17 343 43. 80 19 29. 62
17 544 23.05 19 19.31
17 614 9.77 19 24.65

155 11.64
155 10.70
155 14.50
155 26.68
155 16.90

7.64 1.9 1.7 39
9 . 24 2.7 2. 8 47

11.13 1.8 1.9 12
9.15 1.6 1.3 34
6.89 1.4 1.8 14

75 .13 4
91 .10 4

237 .13 10
53 .13 6
86 .17 1

O. 5 0 . 7 32 SF3
0.3 0.4 34 SF3
1 .7 1 .7 2 GLN L
O. 4 0.7 25 KAO
0.8 1.1 11 INT L

21 2257 8.57 19 23.73
21 23 3 35.59 19 19.23
22 114 42.3119 18.78
22 154 14.66 19 19.77
22 257 56.55 19 15.47

155 0.62
155 13.09
155 13.45
155 11.84
155 22.76

8 . 47 2. 4 2. 1 40
6.76 1.7 1.6 39
6.91 1.4 1.5 23
7.98 1.5 1.1 31
3 . 96 1. 5 1. 6 23

5 143 .14
5 78 .12
2 76 .08
3 87.09
2 137 .09

4
4
3
5
3

o . 6 0 . 4 31 S F5
0.4 0.9 28 SF2
0.4 0.9 17 SF2
o . 4 0 . 6 21 S F3
0.4 1 .2 14 SWR

17 646 52.45 19 19.74
17 1232 54.55 19 24.88
17 1313 2.67 19 22.63
17 19 0 27. 03 19 17. 03
17 2058 35.89 19 25.33

155 11.41
155 16.08
155 2.92
155 24.99
155 20.76

7 . 11 1. 4 1. 2 26
14.511.7 1.3 15

8 . 42 2.0 1.6 30
8.62 1.7 1.7 31
9.12 2.3 2.2 48

2 90 .11
3 150 .10
3 124 .15
3 72 .14
6 38 .12

o . 6 1 . 1 1 8 S F3
1 . 1 1 . 1 4 DEP L
o . 6 0 . 7 21 S F5
o . 4 0 . 8 22 SWR
0.3 0.4 38 KAO

22 333 3.99 19 19.50
22 343 6.93 19 15.10
22 514 31.86 19 15.48
22 517 22. 90 19 15. 82
22 6 2 39.31 19 19.88

155 11.62
155 22.75
155 22.96
155 23.01
155 7.30

7.06 1.6 1.2 27
6.00 1.6 1.1 21
5 . 98 1. 9 1. 8 23
5.30 2.3 2.5 38
7. 34 1. 6 O. 9 30

1 95 .10
2 168 .11
2 164 .11
3 131 .14
1 105 .09

0.5
0.6
0.7
0.5
0.5

1 . 1 21 SF3
1.5 15 SWR
1.7 18 SWR
1.2 35 SWR
0.8 22 SF4

0'1
m

17 2318 11.24 19 27.24
17 2321 57.15 19 24.69
17 2342 16.80 19 20.61
17 2343 27.59 19 20.23
18 419 31.76 19 14.93

155 16.02
155 16.89
155 12.97
155 11.37
155 35.34

12.45 1.6 1.3 11
3.65 1.0 1.2 12
9 . 04 1. 6 1. 2 18
8.56 2.4 2.3 45
7.68 2.8 2.7 41

2 233 .11 4 1.8
o 107 .10 2 0.5
3 64 .06 4 0.6
5 81 .12 4 0.4
3 103 .17 3 0.5

1.1 lINT L
0.6 6 SNC L
1.0 14 SF2
0.5 35 SF3
0.8 35 LSW

22 646 37.02 19 26. 10
22 755 14.39 19 21.26
221317 0.061941.94
22 1441 45.29 19 22.8'7
22 22 4 38.97 19 24.10

155 23.24
155 2.15
1551.62
1SS 2.16
155 15.64'

4.611.7 1.3 18
3.95 1.8 1.3 15
o . 00 2. 1 2. 2 27
7. 60 2. 1 1. 6 30
3 . 93 1. 6 2. 0 20

2 58 .23
o 159 .07
1 166 .20
3 138 .14
4 107 .10

4
3
o
5
2

0.7
0.6
1.3
0.6
0.4

2.3 14 KAO
1.2 12 SSF
0.7 15 HIL B'
0.8 18 SF5
0.5 12 SEC

18 6 5 30. 04 19 22. 41
19 223 34. 30 19 19. 61
19 526 7 . 19 19 18. 81
19 754 59.07 19 18.42
19 911 10.78 19 20.84

155 26.94
155 12.39
155 15.20
155 13.07
155 2.89

9 . 80 2. 9 2. 9 47
5 . 73 1. 3 1. 3 24
5.52 1.4 1.6 28
6.06 1.4 1.5 '28
6.87 2.6 3.0 38

39 .14
84 .11

105 .11
94 .09

124 .10

1
5
4
3
2

o . 3 0 . 5 33 KAO
0.5 1.4 18 SF2
0.4 1.2 23 SF1
0.5 0.8 23 SF2
0.4 0.5 30 SF5

22 2359 14.54 19 18.26 155 13.16
23 141 39.68 19 19.13 155 13.14
23 219 12.24 19 18.17 . 155 13.22
23 527 0.97 19 19.69 155 13.17
23 818 1 . 16 19 20.05 155 11. 31

7 . 43 1. 5 1. 5 31 4
6.98 1.3 1.2 28 1
7.08 1.4 1.1 22 1
6.35 1.3 1.1 22 0
9.01 1.4 1.3 22 0

94 .09
80 .11
93 .08
71 .12
85 .08

2
4
2
5
5

0.5
0.5
0.6
0.5
0.6

0.8 24 SF2
1 .1 23 SF2
1.1 12 SF2
1.5 17 SF2
1.0 18 SF3

19 1424 26.24 19 20.55
19 1447 42.35 19 18.98
19 18 6 21.53 19 17.75
19 2130 16.45 19 20.04
20 353 13.64 19 21.86

155 12.76
155 14.71
155 23.66
155 7.25
155 6.95

6.61 1.3 1.5 26
6.08 1.3 1.3 22
8.61 1.8 1.9 31
7.76 2.4 2.6 38
8 . 97 1. 6 2. 2 26

2 66 .11
1 95 .10
3 92.14
3 104 .09
1 75 .07

4
4
5
5
3

0.5
0.5
0.4
0.4
0.4

0.7 23 SF2
1. 1 19 SFl
0.·8 23 SWR
0.6 29 SF4
0.8 19 SF4

23 818 35.18 19 19.76
23 84356.331918.44
23 958 10.06 19 16.43
23 1445 18.86 19 19.34
2.3 15 3 19.1.8 19 25.89

155 11.35
155 13.06
155 22.26
155 12.04
155 30.14

4.61 1.4 1.1 22
8.56 1.9 2.2 43
8.46 2.12.7 41
5.97 1.5 1.5 28
9.93 2.1 1.7 34

o 91 .20
5 136 .13
4 133 .14
2 94.09
3 63 .10

0.7
0.5
0.5
0.5
0.3

3.1 19 SSF
0.7 35 SF2
0.8 29 SWR
1.2 22 SF3
0.7 21 KAO

20 923 16.49 19 19.33
20 1033 21.04 19 22.38
20 1242 52.52 19 25.26
20 13 5 34.28 19 25.48
20 1321 23.20 19 18.35

155 11.15
155 29.77
155 30.48
15530.26
155 13.34

6 . 00 1. 4 1. 0 24
9.68 2.7 2.9 38
9.25 2.0 1.2 29
9.41 2.3 2.2 39
7.13 1.8 1.8 39

3 101'.10 6 0.5
2 34 .. 10 4 0.4
3 59 .10 7 0.4
4 38 .12 7 0.3
2 84 .10 2 0.5

1.3 20 SF3
0.7 35 KAO
1.1 23 KAO
0.9 31 KAO
0.7 29 SF2

2315627.591919.28
23 162 9.15191-8.31
23 18 2 30.31 19 28.68
24 840 31. 19 19 18. 65
24 15 8 42.08 19 20.71

1558.83
155 13.58
155 26.92
155 12.87
155 12.33

7. 34 1. 6 1. 9 26
6.811.4 1.528
3 . 34 2. 0 1. 3 32
8.35 1.7 1.9 37
7.66 2.6 2.9 53

1 87 .08
2 92.08
5 71 .13
2 94 .10
9 104 .15

0.5
0.5
0.3
0.5
0.4

1.0 23 SF4
0.8 19 SF2
1.3 20 KAO
0.6 23 SF2
0.5 42 SF2

20 1414 25.33 19 18.03
20 2311 43. 82 19 23. 60
21 855 48.70 19 20.42
21 926 29.78 19 23.17
21 1035 3.26 19 20.43

155 13.19
155 27.08
155 12.91
155 25.46
155 12.95

6.50 1.3 1.2 22 2
9 . 75 1. 4 1. 3 23 3
8.08 1.9 1.6 39 3
9.99 2.0 1.8 41 3
6 . 72 1. 3 1. 0 24 0

98 .08
79 .10
66 .11
30 .12
65 .12

2 0.5
2 0.4
4 0.4
4 0.4
4 0.5

1.0 18SF2
0.9 16 KAO
0.6 29 SF2
0.6 31 KAO
0.9 21 SF2

24 1930 10.20 19 28.83
24 214157.411957.32
24 2246 1.12 19 23.89
24 23 0 6.07 19 22.05
24 2330 45.69 19 18.21

155 19.88
155 31.07
155 2'7.00
155 2.14
155 13.36

12.27 1.8 1.4 31
41 .54 3.2 3.2 53

9. 87 2. 2 2. 6 45
6 . 94 1. 8 1. 3 27
8.49 2.3 2.6 44

3 85 .12 3
8 236 .10 18
5 27 .12 3
1 147 .12 4
5 86 .11 2

0.5
0.9
0.3
0.6
0.4

0.7 22 KAO
1.2 45 KEA
0.5 37 KAO
0.9 19 SF5
0.5 27 SF2
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W
YEAR MON DA HRMN SEC DEG MIN DEG MIN

DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
KM MAG MAG NR NS DEG SEC DIS KM KM FM REMI<

1985 FEB 25 059 13.60 19 22.55
25 . 757 20.43 19 35.55
25 1226 5.43 19 21.71
25 16 8 29.04 19 20.03
25 1636 6.88 19 13.31

25 1827 46.41 19 47.23
25 1851 24.51 19 24.88
26 733 28.70 19 18.13
26 11 8 27. (,\6 19 24. 40
26 1442 '1.59 19 24.88

155 2.71
155 24.41
1551.56
155 11.46
155 25.71

156 4.40
155 30.67
155 20.98
155 26.60
155 19.35

4. 80 1.7 1. 5 25
13.72 2.0 1.6 34
3.711.8 1.3 31
7.60 1.5 1.8 '36
9.36 2.2 2.4 36

10.68 3.9 4.3 47
11 .83 2.2 2.1 36
5.05 1.3 1. 1 18
9.14 1.9 1.7 41
6.28 1. 8 1.7 24

3 129 .19 5 0.6
4 62.13 8 0.3
3 158 .17 4 0.6
2 85 .12 5 0.5
4 137 .11 4 0.4

2 240 . 12 27 1 . 1
3 36 .11 4 0.4
1 120 .10 4 0 . 4
5 34.12 3 0.3
5 96.11 2 0.4

1.9 14 SSF
0.5 18 KEA
1.6 21 SSF
0.8 28 SF3
0.6 23 LSW

0.7 46 HUA F
0.5 28 KAO
1.5 14 SWR
0.7 34 KAO
0.9 18 KAO

1985 MAR 1842 14.97 19 19.53
747 52.54 19 20.59
83958.62 19 19.83

12 1 12.60 19 24.84
121654.411921.88

6 1419 20.17 19 20.35
6 1558 40 49 19 23.42
6 20 4 39 00 19 21.77
6 21 3 12.45 19 19.73
6 2227 23. 13 19 22. 16

155 11.08
155 11.42
155 12.70
155 30.57
155 4.96

155 10.65
155 2.02
1556.88
155 11.75
15528.65

6.11 1.6 1.8 36
8.112.4 2.8 47
5.56 1.7 1.8 33

12.13 2.5 2.1 38
7.58 1.3 1.5 26

7.35 2.3 2.7 43
8.78 1.9 2.1 28
7.48 1.5 1.1 25
8.42 1.8 1.9 39

10.32 3.0 3.2 49

4 97.08
4 75 .13
4 77.13
3 45 .08
2 78 .11

2 80 .17
2 133 .15
2 77 .11
3 88.12
6 37.12

5
4
5
7
5

3
5
3
5
2

0.4 0 . 8 31 SF3
0.4 0.6 43 SF3
o . 4 1.1 28 SF2
0.4 0.5 35 KAO
0.6 0.9 25 SF5

0.6 0.8 39 SF3
0.8 0.6 25 SF5
0.4 0.7 23 SF4
0.4 0.7 34 SF3
o .3 0 . 4 43 KAO

26 1852 3.08 19 23.50
26 1927 46.91 19 23.86
26 1928 26.55 19 12.81
26 2349 46.68 19 19.93
27 10 6 15.95 20 3.10

155 20.36
155 17.48
155 35.35
155 30.51
155 24.11

9.91 1.9 2.2 36
3.45 2.1 2.4 12
8.69 3.1 2.6 36
9 . 00 1. 7 1. 1 27

10.23 2.6 2,8 39

5 54.09 1
1 53.11 1
2 201 .20 5
1 57.12 7
o 2'11 .13 19

o . 4 0 . 6 27 KAO
0.4 0.6 4 SSC L
1 .0 O. 9 28 LSW
o . 5 1 . 1 17 KAO
1.1 0.8 35 KEA

6 2329 14.56 19 16.97
6 2331 13.17 19 23.92
7 242 27.95 19 17.80
7 850 17.27 18 56.57
7 947 53.38 19 26.34

155 22.61
155 15.46
155 13.04
155 15.93
155 30.13

4.79 2.3 2. 8 46
3 . 15 1. 9 2. 0 24
6.12 1.4 1.1 21

11.86 2.6 2.7 15
9.52 2.6 2.0 43

3 118 .18 5
3 105 .09 2
1 113 .07 2
o 286 .10 3'2
6 42.10' 8

0.4 1.7 41 SWR
O. 3 0.4 20 SEC
0.6 1.0 21 SF2
5 . 2 1 . 3 14 LO I L
O. 3 0 . 7 37 KAO

27 1339 28.16 20 10.54
27 15 5 34.17 20 0.00
27 175128.20 19 19.63
27 1941 0.12 19 24.00
27 2258 24.65 19 19.43

155 40.57
155 35.74
155 10.60
155 25.62
155 11.65

27.01 3.2 3.0 42
14.21 2.4 1.8 26
8.48 1.1 1. 1 19
7 . 73 1. 4 1. 2 27
7. 83 1.4 1. 3 20

6 243 .10 12
4 270 .10' 17
o 95 .06 5
2 46 .12 3
o 96.05 5

0.8
1.5
0.6
0.4
0.6

1.5 29 KOH
0.6 22 KOH
1.1 17 SF3
0.9 22 KAO
1.0 18 SF3

7 1431 10.95 19 20.29
7 1617 50.57 19 11.15
8 1916 51.00 19 29.57
9 122 20.04 19 21.42
9 822 35.18 19 18.93

155 11.92
155 29.08
155 30.24
155 22.57
155 12.88

8.81 2.5 2.4 45
34.06 2.8 2.3 46
22.31 2.5 2.3 46
11.35 1.7 1.4 27

6. 22 1. 4 1.2 32

4
7

5
6
o

77 .13
76 .07
66 .10
59 .08
89 .10

0.4
0.6
0.4
0.4
0.5

0.6 39 SF3
1.1 38 DLS
0.8 41 DML
0.7 22 SWR
1.0 30 SF2

c.n
'-J

28 .2 7 39.99 19 51.10
28 16 3 40.06 19 20.33
28 2112 0.22 19 25.34
28 2325 32.46 19 10.58

MAR 1 414 20.66 19 9.56

155 11.17
155 4.87
155 19.60
155 41.04
157 0.27

33 . 58 3. 3 2. 9 43
4. 84 1. 3 1. 1 27
4..35 1.5 1.5 22
4.58 2.1 1.4 23

30 . 49 2. 9 2.7 34

3 210 .12 17
2 123 .14 3
4. 108 .08 3
1 124 .21 11
2 327 .12120

0.9
0.6
0.4
1.0
2.6

2.0 39 KEA
1.8 21 SSF
0.8 17 KAO
3.4 20 LSW
3.4 26 DIS

9 1315 44.81 19 19.48
9 2013 19.04 19 21.59

10 059 32.64 19 25.84
10 324 31.12 19 23.52
10 735 48.89 19 24.48

155 11.64
155 28.08
155 16.09
154 58.25
155 17.63

6. 44 1. 3 1. 3 30
10.52 1.6 1.7 38

8 . 30 1. 3 1. 7 19
7.71 2.3 2.2 43
9 . 02 1. 4 1. 7 18

2 95 .12
2 40 .13
1128.13
4 172 .16
2 53 .14

6
2
2
3
1

0.5
0.4
0.7
0.8
0.6

1.0 29 SF3
0.6 36 KAO
1 . 1 17 INT L
0.5 39 LER
1.0 17 INT L

1 5 1 3.82 19 25.41
1 830 1.17 19 22.52
1 1954 27.90 19 25.50
1 2346 40.55 19 21.91
2 249 27. 94 19 23. 82

155 19.70
1551.95
155 19.52
1551.99
155 16.97

3.84 1.2 1.2 17
7.88 2.4 2.128
3.70 1.2 1.1 16
6 . 34 2. 0 1. 5 32
2.56 0.8 0.9 12

3 127 .09
1 145 .11
2 120 .10
3 152 .16
2 71 .06

0.4 0.8 13 KAO
o . 6 0 . 6 1 8 S F5
o . 5 0 . 8 13 KAO
0.6 1.0 25 SF5
0.3 0.4 8 SSC

10 1314 56.22 19 20.45
10 19 5 9.20 19 20. 87
11 622 41.44 19 20.79
11 821 45.05 19 20.95
11 1252 44.83 19 22.63

155 13.35
155 12.02
155 13.74
155 2.32
154 59.19

7.78 1.6 1.5 29
8 . 27 2. 0 2. 2 40
7 . 26 1. 1 1. 1 19
7.57 3.4 3.7 34
6.20 2.0 1.5 33

3 61 .11
3 68 .10
o 64 .10
2 160 .09
2 176 .21

4
4
4
2
5

0.5
0.4
0.5
0.6
1.2

0.8 26 SF2
0.6 36 SF3
1.0 15 SF2
0.4 19 SF5 F
1.3 28 LER

2 548 30. 65 19 24. 68
2 719 45.37 19 31.19
2 1032 23.69 19 19.99
2 1315 3.'98 19 19.00
3 637 5.06 19 19.18

155 24.18
155 3.79
155 11.47
155 13.95
155 16.07

9.86 1.5 1.4 30
46.85 2.8 2.5 32

7. 46 1. 6 1. 1 28
8.65 1.4 1.1 22
6.14 1.2 1.2 32

3 39 .11
1 85.09
o 85 .13
1 91 .08
2 108 .13

2 0.4
2 0.9
5 0.6
4 0.5
3 0.5

0.7 25 KAO
2.1 28 DEP
1.1 26 SF3
0.9 21 SF2
0.9 28 SFl

1113 0 27.42 19 24.21
1116 1 45.12 19 21.65
12 536 53.73 19 22.87
12 1230 26.22 19 17.90
13 2122 6.39 19 24.01

155 16.11
155 1. 86
155 26.93
155 13.04
15516.16

0.50 0.9 1.5 10
5 .73 1. 8 1.7 33
9.43 1.5 1.1 32
8.48 1.6 1.5 31
3.37 1.11.114

3 123 .09
3 151 .17
3 36 .13
1 109 .11
4 109 .11

2
4
1
2
1

0.2 0.5 8 SEC
0.6 1.2 31 SF5
o . 4 O. 8 28 RAO
0.6 0.9 25 SF2
0.4 0.5 10 SEC

63 .13 4 0.4
121 .14 2 1.0

71 .13 4 0.4
51 .13 4 0.4
74 .15 4 0.4

4 0.5
1 0.2
2 0.6
4 0.4
8 0.4

4 04557.27 19 19.56
4 049 56.26 19 19.39
4 2054 2.25 19 25.40
4 21 9 3.42 19 22.11
4 2211 13.47 19 19.73

4 2256 31.87 19 20.25
4 2319 4.89 19 24.16
5 142 26.71 19 20.70
5 1332 8.31 19 21.08
5 1813 39.92 19 20.58

155 11.80
155 11.82
155 16.34
155 28.94
155 12.23

155 13.36
155 15.92
155 11.91
155 29.58
155 11.70

8.90 3.2 3.5 48 7 91 .12
7.18 1.4 1.0 24 0 95 .06
9.58 1.11.2 16 1171 .12
9.94 3.0 3.4 52 10 37.11
6.10 1.4 1.2 25 0 84. 12

7.71 1.8 1.9 38
9.97 1.8 2.114
7. 87 2. 0 2. 5 43
4.87 1.9 2.1 24
7.55 2.5 2.8 45

0.3
0.5
1.0
0.3
0.5

0.4 40 SF3
1.0 24 SF3
1.2 15 INT L
0.4 39 KAO F
1.4 24 SF3

0.7 34 SF2
1.5 13 INT L
0.6 36 SF3
1.5 21 KAO
0.6 39 SF3

13 22 1 22. 53 19 19. 95
14 126 47.2819 23.68
14 322 54.81 19 24.60
14 331 1.77 1924.05
14 734 34.68 19 26.26

14 938 42.65 19 19.08
14 1322 49.10 19 24.75
14 1623 57.33 19 24.46
14 18 7 40.60 19 20.34
14 1958 38.74 19 19.48

155 8.25
155 15.54
155 17.36
155 16.14
155 17.53

155 12.83
155 16.59
154 59.35
155 12.94
155 30.74

7.42 1. 5 1. 2 29
2. 67 1. 5 1.7 27
2.02 '1.1 1.8 17
3 . 15 1. 4 1. 7 23
5.18 1.4 1.5 8

6.70 1.8 1.6 35
o . 90 1. 1 1. 8 15
7. 24 2.0 1. 5 28
6.52 1.5 1.4 39

24.73 2. 2 1. 6 48

1 84.10
6 96.13
4 62.07
6 105 .08
1 255 .12

o 87.13
3 120 .10
2 148 .10
3 67 .12
7 35 .09

5
2
1
1
2

0.5 1.0 25 SF4
O. 3 0 . 3 23 SEC
0.3 0.2 12 SNC
0.3 0.3 18 SEC
2.7 1. 1 7 INT L

0.9 34 SF2
0.2 12 SNC L
0.6 26 LER
0.7 37 SF2
0.8 44 DML
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM XM FH REMK

1985 MAR 14 2048 58.67 19 18.70
15 046 37.78 19 19.48
15 432 44.3119 12.94
15 455 28.31 19 18.10
15 1250 5.89 19 20.63

155 26.30
155 12.38
155 37.28
155 14.35
155 11.27

9.69 1.6 1.5 33
6.38 1.5 1.1 26
7 . 92 2. 0 1. 6 28
9.22 2.7 2.6 55
9 . 00 2.0 1. 9 42

4
1
o
9
7

56 .14 6
86 .13 5
92 .16 4
91 .11 3
74 .10 4

o . 4 0 . 7 30 LSW
o . 6 1 . 2 24 S F2
0.7 1 .0 28 LSW
0.4 0.4 45 SF2
0.4 0.5 36 SF3

1985 MAR 24 1343 21.22 19 16.76
24 16 9 36.02 19 27.85
24 1626 43.03 19 21.13
24 1837 33.361920.61
25 553 52.67 19 28.66

155 23.68
155 54.00
155 2.39
155 11.83
155 27.95

2.71 1. 5 1.4 32
9. 45 2.7 1.7 24
8.35 2.2 2.3 39
5.49 1.4 1.1 29
8.01 2.1 1.7 37

1 100 .22
3 153 .12
3 153 .15
o 73 .14
4 60 .13

0.5
0.9
0.7
0.5
0.4

1.6 23 SWll
0.5 19 KON
0.5 24 SF5
1.0 21 SF3
0.9 23 KAO

15 1749 15.88 19 21.91
16 140 59.14 19 24.91
16 141 59.83 19 23.81
16 338 52.70 19 25.17
16 632 33.12 19 20.04

155 30.02
155 17.29
155 16.99
155 30.42
155 12.21

9. 82 2. 2 2. 1 43
8.44 1.2 13
8.45 1.5 0.9 17
9.46 1.7 1.2 31
7. 22 1. Q 1. 2 28

5 33.10 4 0.3
o 116 .11 1 0.9
o 62.09 1 0.6
2 43 .09 7 0.4
1 79.12 5 0.5

0.6 32 KAO
1.3 13 INT L
0.9 17 INT L
1.0 27 KAO
0.9 25 SF3

25 1416 25.80 19 17.51
26 014 41.44 19 21.25
26 2 4 33.65 19 22.80
26 1157 14.08 19 21.85
27 32131.85 19 19.97

155 18.39
15524.26
155 26.72
155 4.31
155 12.21

30. 85 2.3 2.4 40
9.62 2.0 2.1 38

10.63 2.6 2.7 42
7.76 1.7 1.3 29
7.18 1.7 1.6 41

2 134 .13 1 0.8
1 65.13 3 0.4
2 35 .12 2 0.4
3 88 .12 4 0.5
4 79 .12 5 0.4

1.4 20 DEP
0.6 25 SWR
0.5 28 KAO
0.9 26 SF5
0.6 38 SF3

16 755 2.32 19 24.87
16 1659 39.79 19 11.14
16 1717. 58.21 19 22.93
16 2126 14.06 18 58.36
17 045 33.21 19 26.89

156 16.66
155 36.59
155 26.87
155 12.43
155 19.61

32.00 3.4 3.4 37 2 295 .11 39
8.29 2.3 1.6 39 7 94 .13 7
9.581.81.4 38 3 34 .14 2

46.52 3.4 3.5 59 11 238 .11 34
6.911.7 1.5 29 3 66 .11 5

2.1
0.4
0.4
0.9
0.5

1.7 33 KON
1.0 36 LSW
0.7 32 KAO
1.1 51 LOI
0.9 24 KAO

27 916 47.40 18 50.69
27 1326 30.67 19 10.37
27 1641 39.32 19 19.99
27 19 6 16.69 19 22.35
28 614 14.39 19 20.08

155 14.73
155 37.63
1558.35
155 4.91
15511.88

49.50 2.3 2.3 46
8.14 2.1 1.4 27
6.66 1.4 1.6 34
5.90 1.7 1.9 34
8.03 1.4 1.2 29

259 .09 42 1 .2
102 .12 9 0.4

81 .11 5 0.4
74 .17 4 0.6
81 .12 5 0.6

1.7 42 LOI
1.3 24 LSW
0.8 30 SF4
1.2 28 SF5
0.9 27 SF3

17 1232 8.41 19 19.72
17 2133 44.53 19 20.10
18 850 14.21 19 19.13
18 1049 5.43 19 12.50
18 1541 23.22 19 20.78

155 11.75
155 13.24
155 9.75
155 7.37
155 6.41

7.64 2.3 2.7 46
4.69 1.2 1.0 22
6.59 1.5 1.2 27

42.17 1.6 39
6.01 1.6 1.5 32

4 89 .13
o 66 .11
3 104 .09
4 242 .10
3 100 .15

0.4
0.5
0.5
1.4
0.5

0.7 38 SF3
1.919 SSF
0.9 25 SF3
0.9 38 DEP
1.1 25 SF4

28 713 47.78 19 22.80
28 839 43.95 19 25.17
28 93628.161950.88
28 1241 30.29 19 11.07
28 1815 43.65 19 25.61

155 20.77
155 15.71
155 39.59
155 29.21
155 27.42

8.98 1.8 1.2 37 6 48 .11 3
14.67 1.6 1.4 43 6 74 .11 2
13.34 2.2 1.7 35 8 112 .17 1
33.74 2.2 1.7 53 12 80 .08 4
5.311.9 1.5 38 3 54 .12 4

0.4
0.5
0.6
0.5
0.4

0.7 29 KAO
0.3 36 DEP
0.5 31 KEA
0.8 46 DLS
1.1 30 KAO

(Jl

00

18 1555 15.42 19 28.13
18 1943 56.41 19 18.35
18 1958 14.61 19 20.03
19 0 4 38.18 19 19.38
19 218 6.90 19 20.08

155 24.95
155 15.46
155 7.33
155 15.33
155 8.29

10.17 2.8 2.6 53
7 . 16 1. 2 1. 1 23
7. 66 1.4 1. 1 23
7.48 1.7 1.6 38
7.66 1.8 1.8 35

7 34 .13
1 120 .09
3 102 .08
3 88.10
2 82 .11

o . 3 0 . 5 43 KAO
0.5 1.0 17 SF1
0.5 0.9 20 SF4
0.4 0.6 31 SF1
0.5 0.7 32 SF4

29 257 45.02 19 20.38
29 927 51.05 19 26.12
29 1121 41.32 19 17.27
29 1540 44.53 19 24.75
30 142 27.98 19 17.76

155 11.56
15529.18
155 14.73
155 16.63
155 29.41

9.15 3.1 3.2 55 12 78 .11
8 . 23 1. 6 1. 1 31 3 61 . 12
6.511.3 1.4 32 3 152 .11

10.40 1.11.3 12 1144 .12
6.97 1.8 1.5 37 2 46 .20

4 0.3
7 0.4
2 0.6
1 1.2
5 0.5

0.4 43 SF3 F
1.0 25 KAO
1.0 29 SFI
1.7 11 lNT L
1.2 35 LSW

19 1524 0.38 19 26.39
19 1612 15.99 19 19.42
19 1637 34.69 19 18.49
19 17 1 23. as 19 23.35
19 18 5 40.80 20 29.97

155 28.78
15514.91
154 59.19
155 16.47
154 55.69

9. 47 1. 5 1. 2 28
7.63 1.9 1.8 38

40.41 2.5 2.0 49
8 . 40 1. 4 1. 8 13

22.73 2. 9 2. 6 49

2 58 .10 7 0.4
3 90.12 5 0.4
6 212 .10 7 0.9
1 68.11 1 0.9
6 307 .10 80 1 .6

1.1 24 KAO
0.6 33 SFI
0.8 43 LER
1.2 12 INT L
6.6 48 DIS

30
30
30
31
31

425 1 . 16 19 25.24
720 22. 91 19 20. 31
9 3 9.01 19 16.68
014 37.86 19 20.70
210 22.41 19 17.17

155 26.77
155 11.68
155 30.87
155 12.18
155 30.68

5.12 1.3 1.2 35 4 69 .12
8.66 2.8 2.8 57 11 79 .13

43 . 23 3. 4 3. 5 62 14 48 .09
7.79 1.8 1.2 39 2 103 .12
8.04 2. 1 1.4 42 5 46.20

3
5
3
4
4

0.3
0.3
0.5
0.5
0.4

1.2 32 KAO
0.4 46 SF3
0.8 52 DLS F
0.6 38 SF3
1.0 38 LSW

19 2232 46.71 19 20.31 155 10.95
20 7 1 27.32 19 19.98..~ 155 11.38
20 1550 8.54 19 21.33 155 1.29
20174549.231919.62 15511.99
20 2345 7.12 19 17.79 155 13.32

7 . 76 1. 4 1. 1 26
8.07 1. 5 1.2 26
7.56 2.1 2.0 39
6. 48 1. 3 1.3 25
6 . 04 1. 4 1. 1 23

3 80 .10
1 85 .10
3 171 .11
o 89 .09
o 96 .06

4 0.5
5 0.5
4 0.6
5 0.5
1 0.6

0.7 21 SF3
0.9 26 SF3
0.5 34 SF5
1.2 19 SF3
1.0 21 SF2

31 756 11.15 19 18.42
31 16 5 41.82 19 27.81
31 1818 54.24 19 23.37
31203930.991925.33

APR 1 0 5 15.19 19 23.45

15514.91
155 25.10
154 59.51
155 19.42
155 29.97

6.34 1.5 1.2 24 1 99 .12
9.34 2.8 3.0 55 11 40.13
7.27 1.8 1.3 34 2 162 .19
6.05 1.4 1.6 27 7 71 .09
9.431.7 1.5 36 4 38.10

4 0.5
5 0.3
4 0.8
3 0.4
4 0.4

0.9 20 SF1
0.6 44 KAO
0.8" 29 LER
0.7 22 KAO
0.7 32 KAO

21 125 41.60 19 19.82
21 1431 36.97 19 50.65
2120 8 15.95 19 19.25
22 535 51.95 19 53.60
22 7 7 54.85 19 53.99

155 8.83
155 21.38
155 15.08
156 36.64
156 36.64

5.83 1.7 1.8 30 0 77 .10 5 0.5
5.41 2.1 1.9 30 5 1.24 .11 5 0.5

30.612.4 2.147 5 85 .10 4 0.8
1.73 3.3 3.5 4510 183 .12 84 1.4
1.564.14.355 7 298.1284 5.2

1.0 22 SF4
1.6 24 KEA
0.9 43 DEP
0.7 26 DIS
2.3 39 DIS

118 23.29 19 20.27
1131 18.48 19 21.70
1251 39.47 19 41.81
18 0 37.16 19 21.22
1928 8.37 19 24.77

155 3.64
155 5.08
155 2.10
155 5.81
155 19.75

6.08 1.5 1.1 34 4 117 .16
9 . 00 4. 1 4.3 58 10 82. 11
o .00 2.1 2.5 30 2 104 .22
7.06 1.9 2.1 47 8 93 .12
7.39 1.3 1.1 27 4 89 .10

0.6
0.4
0.9
0.4
0.4

0.9 31 SF5
0.3 50 SF5 F
1.0 26 HIL B"
0.6 41 SF4
0.9 21 KAO

22 714 43.53 20 "3.89
22 1843 26.30 19 20.45
23 056 49.10 19 25.79
23 2 9 36.24 19 52.85
24 238 52.82 19 26.31

158 12.51
155 8.42
155 50.86
155 23.72
15541.47

5.98 3.9 3.4 18
8.78 2.7 2.8 43

13.62 3.0 2.9 40
26.60 2.5 1.7 38
7.35 2.9 2.7 32

7 350 .90273 54.6 82.6 13 DIS
2 76.11 4 0.4 0.5 36 SF4
2 124 .13 10 0.6 0.4 35 KON
8 193 .09 6 0.6 0.9 30 KEA
1 74.12 9 0.4 1 .3 23 MLO

1 21 9 21.70 19 38.43
2 457 26.30 19 28.99
2 531 15.92 19 20.74
3 512 28.19 19 23.97
3 2050 34.32 19 24.35

156 31.00
155 52.74
155 12.91
155 26.43
155 26.66

27.43 2.1 2.2 37
6.98 2.6 2.2 37
9 . 39 1.3 1. 3 23
9. 28 1.7 1. 6 33
9.911.6 1.3 35

5 305 .11 65
7 255 .23 12
2 64.07 4
5 41 .11 3
3 45 .11 3

1.4
1.4
0.5
0.4
0.4

3.3 32 DIS
0.6 30 KON
0.8 20 SF2
0.8 26 KAO
0.7 32 KAO



1985 HVO EABTHQUAltE SUMMARY LIST PAGE 13 1985 HVQ EARTHQUAKE SUMMARY LIST PAGE 14

ORIGIlf TIME LAT If LON W DEPTH AMP DUR GAP RHS HIN ERH ERZ NO
YEAR HOlf DA HRIU' SEC DEG !Ulf DEG MIN XM HAG HAG lfR NS DEG SEC DIS KH KM FM REKK

ORIGIN TIME LAT N LON W DEPTH AMP DUll. GAP RMS MIN ERH ERZ NO
YEAB MONDA HRMN SEC DEG MIN DEG MIN KM M~G MAG NR NS DEG SEC DIS KM KM FM REKK

1985 APR 3 2056 44.43 19 20.22
3 2157 48.16 19 15.45
4 333 5 . 03 19 20. 00
4 539 31.53 19 20.48
4 735 14.66 19 17.60

155 8.59
155 23.28
155 12.06
155 12.99
155 20.66

6. 69 1. 9 2.2 43
7. 93 1.7 1. 8 35
7. 57 1. 4 1.3 30
6 . 43 1. 4 1. 3 34
7.86 1.8 1.9 41

7 75 .12
6151.12
1 81 .11
4 65 .14
9 127 .12

4
2
5
4
4

0.4
0.5
0.5
0.5
0.4

0.7 38 SF4
0.8 32 SWR
1.0 29 SF3
0.9 29 SF2
0.6 32 SWR

1985 APR 9 2134 53.57 19 19.21
10 117 29.70 19 26.77
10 946 45.98' 19 24.20
10 12 2 23.20 19 26.67
10 19 955.30 1926.80

155 15.34
15529.99
155 17.21
155 29.64
155 16.13

6.10 1.2 1. 2 34
8.18 1.9 1.8 44
8.111.2 1.7 21
9.79 2.4 2.6 50

24.28 1. 9 1. 4 44

100 .13
44 .11
49 .13
35 .11
81 .10

0.4
0.3
0.6
0.3
0.6

1 .0 31 SFl
0.8 38 KAO·
0.8 18 1NT L
0.5 43 KAO
0.7 40 DEP

• 917 37. 90 19 18. 19
4 1056 50.01 19 25.50
• 1748 7.36 19 20.55
4 23 5 O. 5. 19 26. 23
5 211 10.94 19 23.55

155 16.43
155 20.13
155 11.96
155 20.05
155 29.94

7 . 64 1. 5 1. 5 41
5 . 98 1. 1 1. 0 22
7. 11 1. 3 1. 2 38
3 . 82 1. 3 1. 1 23
8 . 68 1. 5 1. 1 28

5 120 .12 4
4 92 .12 3
2 72 .16 4
4 129 .11 3
2 44 .07 5

0.4
0.4
0.5
0.4
0.4

0.6 36 SFI
0.9 20 RAO
0.7 34 SF3
0.7 20 RAO
0.9 24 RAO

10 2253 22.66 19 17.36
11 1920 42.39 19 23.74
11 2252 51.49 19 20.6'6
12 019 35.24 18 53.45
12 02131.191856.11

155 15.23
15515.81
155 10.87
155 15.13
155 15.22

6 . 07 1. 3 1. 3 27
3 . 16 1. 4 1. 6 24
8. 27 1.7 1.6 38

11. 99 2.8 3.9 44
12.61 1.9 1.2 30

o 161 .09 3
6 79 .09 1
5 75 .11 3
6 251 .11 37
5 252 .11 33

0.6
0.3
0.4
0.9
1.3

1.3 26 SFI
0.3 20 SEC
0.6 30 SF3
0.7 41 L01 L
0.7 30 LOI L

3.0 35.77 19 23.15
.2. 7.29 19 19.79

10 7 23.03 19 24.95
1158 10 .•3 19 23.18
12 6 5 •. 72 19 22.64

155 25.61
155 12.51
15519.54
155 30.38
155 30.04

10.41 1.4 1.4 38 3
7 . 63 1. 4 1. 2 33 2
5 . 89 1. 1 1. 1 22 2
8 . 45 1. 9 1. 8 43 4
9.12 1.5 1.6 34 4

38 .12 4
80 .11 5
97 .10 2
33 .11 5
72 .11 4

0.4
0.5
0.5
0.3
0.4

0.6 33 KAO
0.8 30 SF2
1.0 20 RAO
0.9 35 RAO
0.8 29 RAO

12 426 50.87 18 57.28
12 657 6.83 19 20.09
12 1011 39.15 18 52.96
12 1931 25.13 19 26.25
12 2210 55.64 19 25.74

155 14.65
155 12.00
155 15.00
155 30.11
155 19.24

11 . 32 2.4 3.2 37
8 . 47 1. 5 1. 5 33

11 . 22 2. 6 3. 0 41
7. 45 1. 8 1.2 37
3 . 80 1. 4 1. 1 22

6 240 .11 32
2 80 .11 5
8 283 .10 38
4 42 .12 8
3 138 .10 3

1.0
0.5
1.0
0.4
0.4

0.5 34 LOI L
0.8 30 SF3
0.6 37 LOI L
1.1 31 KAO
0.7 19 RAO

1215 22.9. 19 20.76
1311 5.38 19 13.98
19 • 35.97 19 54.91
2123 4.13 19 11.74
23..8 18.93 19 22.5.

155 12.77
155 37.45
155 21.22
155 31.11
155 2.27

7.20 1.5 1.4 29 3 64.11 4 0."
7 . 47 2. 3 1. 9 ..5 7 90. 20 2 0 . 5

10.97 2.1 1.9 30 5 185 .12 3 0.8
39.53 2.4 2.3 53 10 88 .09 6 0.6
8.03 1.9 1.7 38 3 130 .16 5 0.7

0.7 27 SF2
0.9 39 LSW
0.6 26 KEA
0.8 48 DLS
0.5 34 SF5

12 2256 53.43 20 4.15
13 951 57.59 19 19.55
13 1319 13.00 19 20.60
13 20 1 6 . 00 19 23. 69
13 23 1 29.52 19 26.66

155 27.79
155 29.88
155 10.01
155 26.95
155 29.27

27.38 2.1 1.7 39
9 . 86 1.5 1.3 26
7 . 31 1. 4 1. 1 30
9 . 99 1. 6 1. 3 42
9.01 1.7 1.4 30

7 209 .11 24
3 53 .11 7
2 74 .10 3
4 28 .12 3
6 43 .09 8

0.9
0.5
0.5
0.3
0.4

1.3 36 KEA
1.1 25 KAO
0.9 28 SF3
0.6 39 KAO
0.9 26 RAO

U1
~

6 330 42.01 19 20.52
6 ••8 0.61 19 19.33
6 132.. 22.8. 1-9 22.56
6 1714 2 •. 24 20 1 . 15
6 2025 33. 13 19 19 .•0

155 17.07
155 13.15
155 29.89
155 28.00
155 11.95

31.59 1.8 1.3 35
8 . 71 1. 2 1.0 26
9.08 1.8 1.6 38
1.89 2.4 2.5 28
8 . 67 1." 1. 2 26

3 75 .10 1 0.9
1 77 .10 " 0.5
3 44 .09 4 0.3
5 200 . 17 19 0 . 7
2 94 .08 5 0.5

1.4 32 DEP
1.1 25 SF2
0.8 35 KAO
0.9 26 ltEA
0.9 26 SF3

14 857 7.06 18 54.21
14 952 8.73 19 8.76
14 1255 29.77 19 21.51
15 548 50.58 19 16.04
15 616 43.5119 20.68

155 11.74
155 36.46
155 28.39
155 23.13
155 11.81

9 . 40 2. 4 2. 9 32
4 . 37 2. 3 2. 1 34
5. 84 1.7 1.5 28
6.31 1.8 2.0 38
7. 84 1. 8 1. 9 "2

5 264 .16 40
6 115.1511
2 45 .18 2
6 123 .15 4
7 72 .13 4

1.4 0.8 31 LOI L
o . 5 2. 4 32 LSW
o . 4 1 . 1 26 KAO
o . 4 0.9 35 SWR
o . 4 0 . 6 35 S F3

6 21.7 29 .•0 19 24.37
7 131 30.21 19 19.32
7 251 1 . 55 19 20. 70
7 529 58.00 19 20.26
7 945 11.10 19 19.83

155 16.23
155 15.38
15.. 59."2
155 11.64
155 11.55

10.89 0.8 0.7 14
7."3 1.8 1.6 39
O. 01 1." 1. 3 2 ..
8 . 2.. 1. 6 1. 6 37
8 . 38 2.. 2. 7 ..5

2 131 .12
3 98 .11
3 208 .23
.. 80 .11
• 87 .1.

1 1.1
.. 0."
6 1. ..
5 0.4
5 0 .•

1.3 13 IlfT L
0.6 34 SFI
0.9 21 SLE
0.6 33 SF3
0.6 42 SF3

15 16 0 56. 97 19 15. 43
15 1655 55.21 19 18.72
15 2035 8.05 19 18.90
16 1 7 2.11 19 11.15
16 625 40.32 19 25. 83

155 22.98
155 13.29
155 26.48
155 "29.07
155 15.47

5 . 70 1. 6 1. 6 24
8.36 2.0 2.4 47
9 . 51 1. 3 1. 2 26

34.33 2.2 1. 6 39
12.66 1.4 1.5 17

4 160 .10 3
3 81 .12 3
2 71 .13 6
6 1"8 .10 8
3 143 .12 3

0.5
0.4
0.5
0.7
0.9

1.1 22 SWR
0.5 41 SF2
1.0 24 LSW
1.0 36 DLS
0.8 15 INT L

7 10. 0.29 19 21.31
7 1939 .2.37 19 17.58
7 22 6 38.56 19 55.83
8 116 16. 97 19 18. 08
8 120 5 •. 58 19 21. 88

155 30.00
155 13.14
156 40.35
155 13.13
155 28.63

11 . 0" 1. 6 1. 3 27 2 46 . 13 5
8 . 28 1. 6 1. 5 37 3 117 . 10 1

26.20 3 .••. 5 52 10 251 .1. 91
4. 21 1." 1.. 26 2 99 .09 2
5 . 38 1. 6 1. 6 27 2 ..2 . 10 2

0.5
0.4
1.3
0.5
0.4

1.0 26 KAO
0.7 35 SF2
3.3 42 DIS
0.9 26 SSF
0.9 25 RAO

16 1122 24.12 19 27.99
16 14 1 6 . 40 19 20. 55
16 1753 2".63 19 19.93
16 2018 24.75 19 24.82
17 120 52.94 19 25.16

155 26.61
155 11.43
155 7.91
155 16.96
155 16.14

3 . 80 1, 9 1. 6 40
8 . 45 1: 7 1. 6 44
7.21 1,7 1.7 33

10.98 1.3 1.2 21
10.09 1.3 1.1 19

6 46 .15
4 75 .1'.
2 92.11
4 116 .13
4 127 .09

6 0.4
4 0.4
5 0.5
o 0.7
2 0.6

1.7 28 ltAO
0.6 40 SF3
0.9 31 SF"
0.9 17 INT L
0.7 16 INT L

8 917 5.53 19 2".5"
8 12..5 17.66 19 20.39
8 2239 12.16 19 26.15
9 258 3."9 19 28.67
9 .11 .... 23 19 22.31

155 29.92
155 12.09
155 29.18
155 51."4
155 3.27

7.65 1. 5 1. 1 28 3 66. 11 6
7 . 15 1." 1'. 3 31 4 75 . 10 5

10."5 2.6 2.7 55 10 ..5 .10 7
5.82 2.3 1.3 28 .. 97.13 8
5 ."0 1. 6 1.3 27 3 115 . 17 ..

o . 4 1 . 0 25 )tAO
O. 4 0 . 8 29 SF3
o . 3 0 . 4 46 XAO
o . 5 1 . 2 27 ROlf
O. 6 1 . 5 25 SFS

17 53548.611911.12
17 546 38. 83 19 2". 57
17 612 "4.17 19 19.58
17 720 26. 50 19 18. 83
17 748 55.14 19 24.88

155 41.30
155 17."2
155 11.88
I55 15 .•9
155 16.66

3 . 39 2.0 1." 29
8.31 1.1 1.5 18
7.31 1.5 1.5 32
6.411.2 1.3 25
9 . 92 1. 4 1. 7 22

7 123 .21 10
2 60 .09 1
2 92 .11 6
1 108 .10 "
• 122 .12 1

0.7
0.5
0.5
0.5
0.7

2.2 28 LSW
0.6 16 11fT L
1.0 29 SF3
1.1 25 SF1
0.8 18 INT L

9 6 6 5 . 13 19 18. 77
9 815 2.51 19 22.5.
9 1 ..11 17.19 19 58.23
9 18.... 33. 77 19 23. 91
9 185.. 3 •. 00 19 22.98

155 13.61
155 .9.11
156 .9.90
155 15.7.
155 30 .•2

7. 89 1.6 1.3 3. 3 71 . 10 3 O. 5
13.09 2.8 2." 17 0 116 .09 13 0.6
23.09 2.9 2.7 46 10 322 .12109 1.5
3.36 1.1 1.4 18 7 109 .07 2 0.3
9.47 3.1 3.5 51 6 33 .10 5 0.3

0.7 32 SF2
0.5 10 KON
5.1 42 DIS
0.3 14 SEC
0 .• 42 KAO

17 1145 46. 72 19 2". 76
17 1156 51.8" 19 25.61
17 13"3 37. 74 19 2"'. 5 8
17 1812 39.97 19 25.40
17 1845 8.64 19 52.02

155 16.68
155 29.35
155 16.73
155 49.88
155 43.60

9.99 1.3 1." 20 3 124 .11 1
9.85 2.9 3. 1 55 9 36 .11 7
7.78 1.2 1. 1 21 4 109 .1" 1
9.53 2.6 2.5 36 4 115 .16 12

35.91 2.4 2.1 50 10 235 .10 7

0.6
0.3
0.6
0.6
0.6

0.9 17 INT L
0.4 49 KAO
0.8 17 tNT L
0.6 31 KON
0.8 46 HUA
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ORIGIN TIME LAT N LON W DEPTH AMP DOR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FH REHK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR. MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 APR 18 924 20.12 19 17.87
18103847.18 1922.02
18 1247 37.76 19 20.49
18 1320 30.08 19 22.46
19 2 2 7.25 19 21.92

155 13.18
155 28.07
155 11.47
155 17.01
155 2.28

6 . 74 1. 6 1. 1 26
9.52 1.5 1.3 31
8.21 2.4 2.6 47

32. 15 2. 2 1. 6 47
7.06 2.1 2.1 41

o 103 .09 2 0.6
2 43 .11 1 0.4
7 76 .13 4 0.4
5 41 .13 2 0.7
4 136 .17 4 0.5

1.1 26 SF2
0.7 28 RAO
0.5 41 SF3
1.0 43 DEP
0.8 36 SF5

1985 APR 25 2327 5 . 30 19 25.01
26 040 21.53 19 19.00
26 4 7 26. 05 19 24. 11
26 1010 24.09 19 22.64
26 1318 13.28 19 28.71

155 16.67
155 14.94
155 17.05
155 26.76
155 27.08

9.411.0 1.118
8.39 2.2 2.0 46
1 . 94 1. 4 2. 0 1 8

10.40 1.7 1.2 33
6.68 1.5 1.1 26

2 124 .14
3 89 .11
4 74 .09
2 70 .12
6 76 .13

1 0.7
4 0.4
1 0.3
2 0.5
6 0.4

0.9 15 INT L
0.5 43 SF1
0.2 14 sse L
0.8 30 KAO
1.3 19 KAO

19 1418 55.62 19 20.42
19 1540 22.80 19 24.91
19 2155 51.00 19 21.02
20 1 3 0.45 19 20.04
20 514 15.62 19 19.36

155 20.39
155 16.36
155 21.66
155 13.46
155 8.75

11 . 70 1. 6 1. 6 38
10.86 1.4 1.5 20
10.26 1.7 2.134
6.53 1.4 1.2 29
6 . 92 1.7 2.0 36

6 65 .10
3 124 .14
4 63 .13
1 69.13
o 83.13

5 0.4
1 0.8
3 0.4
5 0.5
4 0.5

0.5 33 SWR.
0.6 17 INT L
0.8 31 SWR.
1.1 28 SF2
0.8 34 SF4

26 1347 33.751925.80
26 1539 56.10 19 16.87
26 2220 43.46 19 9.47
27 754 48.37 19 13.82
27 837 32. 94 19 22. 14

155 29.68
155 18.96
155 15.95
155 4.65
155 28.49

8. 79 1. 9 1. 2 37
32. 29 2. 4 2. 1 48
63.79 2.1 29
47.86 3.7 3.6 56
10.54 1.7 1.4 34

4 39 .11 7 0.4
3 140 .10 2 0.6
6 260 .11 15 2.2
9 216 .12 9 1.0
1 37.11 2 0.4

0.9 31 KAO
1.0 45 DEP
1.1 27 LOI T
0.7 50 DEP F
0.6 33 KAO

20 553 29.92 19 20.90
20 646 1.18 19 22.65
20 1110 54.05 19 19.40
20 12 3 10.55 19 20.63
20 1913 3.17 19 24.98

155 49.42
155 26.80
155 13.25
155 12.77
155 17.04

9.56 2.5 2.0 43 10 119 .14 10 0.4
10.111.9 1.7 43 4 52 .12 1 0.4

5.05 1.2 1.1 25 1 73.13 4 0.5
8.62 1.4 1.3 26 2 66 .10 4 0.6
8.27 1.4 1.2 24 2 112 .13 0 0.5

0.5 39 KON
0.6 40 KAO
1.6 23 SF2
0.8 24 SF2
0.8 21 INT L

27 163·6 31.85 19 19.74
27 2143 52.80 19 25.26
29 113 56.60 19 18.82
29 426 26.12 19 19.79
29 2058 33.08 19 20.50

1557.80
155 15.58
155 14.80
15511.63
155 13.23

5.18 1.4 1.1 28
14.87 1.3 1.0 42
7.08 1.2 1. 1 28
7.50 1.5 1.5 39
6.82 1.3 1.1 29

4 97 .13
8 114 .10
o 99 .11
3 88 .10
1 62.14

4
2
4
5
4

0.5
0.5
0.5
0.5
0.6

1.4 26 SF4
0.3 35 DEP
1.0 28 SF1
0.8 36 SF3
1.0 28 SF2

20 2020 41.49 19 20.09
20 2110 29.07 19 23.98
20 2127 59.46 19 24.29
20 23 2 21.81 19 19.25
21 928 51.10 19 20.50

155 11.87
155 16.91
155 16.90
155 13.54'
155 12.78

7 . 42 1. 5 1. 2 33
8. 53 1. 1 1. 1 20

11 . 70 1. 3 1. 2 19
6 . 23 2. 4 2. 6 51
7.14 1.5 1. 2 30

2
2
3
6
3

81 .11
67 .10
78 .11
69 .14
67 .12

5 0.5
1 0.6
1 0.7
4 0.4
4 0.5

0.8 32 SF3
0.8 18 INT L
0.9 16 INT L
0.8 46 SF2
0.7 27 SF2

29 22 9 3. 69 19 24.27
30 5 7 25. 84 19 20. 23
30 2249 14.23 19 23.66

MAY 1 012 47.80 19 24.59
1 530 50.76 19 21.82

155 17.22
155 11.51
155 17.90
155 17.00
155 2.77

2.08 0.8 1.2 14
7.94 2.5 2.8 49

10.01 1.4 1.5 22
10.24 1.5 1.7 36

8.01 2.6 2.5 47

3 74 .09
7 80 .14
3 64 .11
6 65 .11
8 123 .10

1
4
2
1
4

0.3
0.4
0.6
0.4
0.4

0.2 12 sse L
0.5 42 SF3
0.7 17 INT L
0.5 30 INT L
0.4 40 SF5

~
o

21 933 41.38 19 23.97
21 1131 36.64 19 23.79
21 1217 44.46 19 23.38
211237 41.99 19 38.87
21 2350 46.14 19 23.75

155 15.73
155 15.65
155 32.62
156 1.08
155 16.04

3 . 40 1. 4 1. 7 22
2.94 2.2 2.6 38
7.41 1.8 1.5 30

14.67 3.3 3.3 43
2.89 1.3 1.4 21

4 110 .08 2
4 37 .10 2
7 45 .10 3
6 225 .12 19
3 98 .10 1

0.3
0.3
0.3
1.0
0.3

0.3 18 SEC
0.3 34 SEC F
0.8 25 MLO
0.5 40 KON
0.3 18 SEC

548 9.91 19 22.08
615 21.15 19 24.86
658 58.72 19 17.53
950 52.79 19 24. 94

1518 50.83 19 22.10

155 2.27
155 17.14
155 14.08
155 16.58
155 25.95

8.11 2.0 1.7 37
10.33 1.4 1.3 29
7. 90 2. 3 2. 5 46

10.32 1.6 1.8 31
9. 97 2.4 2. 3 49

3 135 .11
6 103 .14
6110.11
4118.12
7 40 .13

4
o
1
1
3

0.5
0.5
0.5
0.5
0.3

0.6 34 SF5
0.6 22 INT L
0.6 41 SF2
0.6 25 INT L
0.4 43 KAO

22 5 4 48.39 19 24.(,.68
22 541 52.73 19 24.59
22 621 38.07 19 24.64
22 823 2.52 19 23.85
22 831 21. 22 19 24.60

155 17.25
155 17.35
155 17.15
155 16.20
155 17.49

1.89 1.3 1.2 17
1 . 90 1. 0 O. 6 14
1 . 90 O. 9 O. 2 13
2. 64 1. 6 1. 2 9
1.88 1.2 1.2 16

4 70 .09
1 61 .10
2 66 .08
o 100 .08
2 63 .10

1 0.4
1 0.4
1 0.4
2 0.5
1 0.3

0.2 15 SNC
0.2 12 SNC
0.2 11 SNC
0.6 8 SEC
0.2 12 SNC

2 051 57.05 19 11.09 155 29.18
2 21 2 20.07 19 20.87 155 2.84
2 2129 43.42 19 18.13' 155 23.93
2 2238 49.70 19 24.74 155 16.72
3 41 6 54. 32 1 9 24. 5 1 1 5 5 17. 77

34.43 2.2 1.3 43 7 79 .08
6.29 1.5 1.5 30 3 127 .13

34. 60 2. 2 2. 1 60 13 86 . 11
6.88 1.5 1.6 35 6 89 .11
5.59 0.9 1.3 21 2 56 .13

4
2
4
1
2

0.6
0.5
0.6
0.4
0.6

0.8 40 DLS
0.8 28 SF5
0.7 53 DEP
0.5 30 INT L
0.8 19 INT L

22 915 8.42 19 25.25
22 924 20. 65 19 24. 54
22 2140 48.02 19 20.53
23 21 3 59.79 19 22.89
24 2 7 52.91 19 20.92

24 713 18.89 19 18.54
24 1046 51.86 19 27.38
24 1229 45.91 19 17.26
24 2253 51.13 19 28.08
24 2332 23.45 19 22. 65

25 0 1 34.45 19 19.59
25 928 37.74 19 20. 83
25 2018 52.76 19 24.68
25 2154 19.46 19 24.24
25 2321 4.36 19 24.56

155 16.41
155 17.14
155 10.76
154 58.68
155 16.67

155 13.85
155 25.74
155 15.74
154 52.36
155 26.90

155 13.38
1558.45
155 17.60
155 17.35
155 17.05

6.511.10.4 9
2 . 22 1. 5 1. 6 19
8 . 79 1. 9 2. 1 40
7.56 1.8 1.3 35

35.37 2.9 3.0 55

8.28 1.4 1.3 28
6 . 14 1. 6 1. 1 27
6.49 0.8 1.2 19
3.81 1.8 1.1 21

10.06 1.6 1.3 37

8.65 2.0 2.3 49
7. 25 2.7 3.0 48
2 . 20 1. 1 1. 4 16
1 .79 0.7 1.0 11
9 . 22 1. 3 1. 5 17

1 222 .11
4 67 .11
2 77 .11
3 177 .17
9 72 .11

1 95 .09
2 50 '.13
o 155 :09

109 .12
36 .13

4 69 .12
5 73.13
4 68 .10
3 102 .11
1 64.11

1.9
0.4
0.4
0.8
0.5

3 0.6
4 0.4
4 0.6
2 0.9
1 0.4

0.5
0.5
0.3
0.3
0.6

1.7 8 INT
0.2 16 SNC
0.7 37 SF3
0.6 32 LER
0.8 45 DEP

0.9 27 SF2
1.2 25 KAO
1.2 19 SF1
1. 3 19 SLE
0.7 35 KAO

0.5 45 SF2
0.6 44 SF4
0.2 13 SNC L
0.3 8 SSC L
0.9 16 INT L

740 :43. 82 19 24. 77
1033 37.30 19 43.01
1259 6.50 19 24.72
1425 16.78 19 17.46
2117 46.18 19 25.09

4 1031 33.06 19 25.07
4 1144 58. 18 19 24. 43
4 1152 11.45 19 22'.94
4 1916 33.92 19 23.48
4 2051 9.72 19 24.77

4 2311 9.20 19 19.62
5 011 6.95 19 24.29
5 239 24.13 19 25.13
5 250 26.31 19 24.72
5 315 13.00 19 20.64

155 17.24
155 1. 68
155 -16.78
155 21.58
155 17.27

155 17.36
155 17.75
155 26.78
155 17.80
155 17.31

155 11.10
155 17.22
155 17.10
155 16.80
155 6.23

9 . 11 1. 5 1. 5 24
o . 00 2. 1 2. 4 28

10.08 1.3 2.0 24
6.19 1.9 2.0 44
9.42 1.1 1.1 18

7.20 1. 4 1. 8 25
8.31 1.5 1.9 25
9.20 1.8 1.1 41
7.50 1.2 1.5 20
8.111.7 1.8 19

7.60 1.7 1.5 35
8 . 03 1. 6 1. 8 26
8.311.4 1.8 21
9 . 40 1.3 1. 1 25
7.02 1.9 1.8 38

4 67.11
1 205 .19
3 112 .12
4 124 .14
3 141 .10

2 72 .15
3 50 .13
4 39 .14
3 69.13
2 87 .12

1 94 .12
4 46 .13
2 91 .10
4 111.11
3 104 .11

0.5
0.9
0.6
0.4
0.9

1 0.5
2 0.5
2 0.4
2 0.7
1 0.7

5 0.5
1 0.5
o 0.6
1 0.6
5 0.4

0.7 20 INT L
1.127 HIL B"
0.7 21 INT L
1.0 40 SWR
0.7 15 INT L

0.7 23 INT L
0.6 22 INT L
0.8 37 KAO
0.7 17 INT L
0.7 17 INT L

0.8 34 SF3
0.7 18 INT L
0.6 20 INT L
0.7 20 INT L
0.7 36 SF4
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MaN DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 MAY 932 5.11 19 19.16
11 6 28.48 19 25. 11
1519 46.56 19 19.33
2136 21.36 19 22.12
2259 15.13 19 16.13

155 13.54
155 16.94
155 6.26
155 0.37
155 22.25

8.05 1.8 1.6 43 . 5 69 .11
8.37 1.2 1.7 22 3 117 .11
4.29 1.4 1.3 27 2 141 .12
7.54 1.7 1.2 40 3 170 .11
7.99 1.4 1.6 29 3 156 .09

4 0.4
o 0.5
5 0.6
6 0.6
5 0·.4

0.6 39 SF2
0.6 19 INT L
2.3 24 SSF
0.5 36 SF5
0.8 26 SWR

1 985 MA Y 1 5 233 22. 92 1 9 1 9 . 28
15 320: 50.12 19 21.48
15 349 7.98 19 12.37
16 14 6 6.30 19 41.90
16 1618 34.98 19 14.15

155 13.71
155 17.92
155 38.45
155 2.47
156 16.16

5.85 1.3 1.1 34 2 81 .13 4
30.58 2.2 2.2 58 11 31 .11 3
7.32 2.5 2.5 44 5 100 .17 5
0.01 1.9 2.5 36 1 129 .21 1

32. 66 2. 5 2. 5 49 6 274 . 12 42

0.5
0.5
0.5
0.7
1.5

1.131 SF2
0.6 49 DEP
1.0 28 LSW
1.2 36 HIL B'
1.6 46 KON

6 1 5 22.56 19 17.29
7 215 1.541918.46
7 710 27.20 19 20.39
7 1057 59.45 19 12.78
7 11 0 24.45 19 12.65

155 26.01
155 27.65
15511.69
15531.02
155 30.92

9. 24 1. 4 1.4 34
8.07 1.4 1.2 38
8 . 80 1. 8 1. 5 33
8.71 2.1 1.9 45
9.17 2.3 2.0 49

3 56 .13 7 0.4
4 44 .14 8 0.4
2 77 .11 4 0.5
7 75 .13 5 0.4
9 75 .12 5 0.3

0.9 30 'LSW
0.8 36 LSW
0.7 30 SF3
0.6 42 LSW
0.5 42 LSW

16 1946 23.77 19 22. 84
17 129 16.03 19 23.54
17 230 3.14 19 23.66
17 64153.121956.65
17 741 23.32 19 22.66

155 1 .89
15520.33
155 15.61
154 52.55
155 29.99

8.21 1.4 1.4 32
9.37 1.6 1.4 38
2.59 1.4 1.4 22
0.612.12.3 19
9.04 1.6 1.2 35

3 143 .15 5
5 54 .10 1
3 96.13 2
6 272 .12 31
2 45 .11 4

0.6
0.4
0.3
2.2
0.4

0.8 31 SF5
0.6 34 KAO
0.3 19 SEC
0.8 19 KEA
0.8 34 KAO

7 1215 49.95 19 13.37
7 1456 54.85 19 39.97
7 1541 24.62 19 22.81
8 217 14. 69 19 14. 70
8 436 2.34 19 20.00

155 30.97
155 59.18
155 26.88
156 3.30
155 11.64

8 . 72 2.0 1. 3 44
11 . 82 2.8 2.1 43
9.58 2.2 2.1 50

46 .03 2. 5 2·.0 43
7. 84 1.4 1. 1 27

9 69 .12 4
7 253 .12 21
9 35 .12 1
8 25'9 .10 19
3 84 .12' 5

0.4
1.0
0.3
1.0
0.5

0.6 41 LSW
0.7 35 HUA
0.5 43 KAO
0.8 36 KON
0.9 26 SF3

17 1323 56.83 19 24.66
17 1952 22.57 19 17.73
17 2014 25.26 19 26.25
17 2112 39.98 19 17.87
17 23 3 39.50 19 23.15

154 50.97
155 14.11
155 22.34
155 14.30
155 20.46

44.53 2.6 2.7 52
6.68 0.8 1.1 17
9 . 44 1. 8 1. 5 42
5.210.8 1.119
9.68 1.5 1.3 33

8 242 .08 5 1 . 0
1 136 .09 2 1.0
7 46 .11 4 0.3
1 113 . 07 2' O. 5
6 52 .09 ·2 0.3

0.8 48 LER
1.4 17 SF2
0.7 34 KAO
1.0 18 SF2
0.7 29 KAO

9 1527 29.88 19 11.27
9 1855 56.22 19 20.48

10 411 14.81 19 10.22
10 17 3 0.88 19 19.55
10 2249 5.22 19 25.08

155 29.15
155 12.51
155 33.22
155 11.73
155 19.55

33.96 2.8 2.9 58 13 75 .08 4 0.5
8.69 1.3 1.2 30 2 70 .10 4 0.5
1.34 1.8 1.5 30 5 113 .17 9 0.6
7.07 1.5 1.5 27 2 93 .10 6 0.5
5.46 1.7 1.6 29 6 102 .12 3 0.4

0.7 48 DLS F
0.8 27 SF2
0.9 28 LSW
1.0 26 SF3
0.9 24 KAO

18 240 26.76 19 20. 15
18 2150 9.37 19 18.50
19 621 54.02 19 20.92
19 1236 39. 00 19 19. 98
19 1532 26.05 19 20.03

155 12.22
155 14.80
155 21.61
155 8.48
155 12.19

7.01 1.4 1.3 37
7. 32 1. 2 1. 1 27

10.36 1.5 1.1 29
7.51 2.3 2.7 48
7.13 1.3 1.1 28

3 77.11
2 106 .10
3 64.09
7 79 .12
1 79 .10

0.4 0.7 34 SF3
0.5 1.0 27 SFl
o . 4 O. 8 27 SWR
o . 4 0 . 6 44 S F4
o . 5 O. 9 26 SF3

~

~

11 034 49.61 19 22.51
11 110 30.58 19 36.79
11 315 21. 73 19 21. 59
11 1329 10.34 19 28.10
11 17 4 39.15 19 19.80

155 24.44
156 22.89
155 1.75
155 27.35
155 11.50

12.65 1.7 1.2 37
30 . 90 2. 7 2. 6 43

5 . 63 2. 1 2.0 41
3.14 1.8 1.3 35
9.00 1.8 1.7 33

4 41 .11 5
5 274 .13 51
5 155 .15 4
5 73 .14 7
o 88 .10 5

0.4
1.4
0.5
0.4
0.5

0.5 35 KAO
2.5 40 DIS
0.9 37 SF5
1.5 30 KAO
0.8 32 SF3

20
20
20
20
20

047 16.33 19 19.54
434 45.30 19 22.57
616 38.10 19 25.00
618 39.49 19 25.05
624 46. 93 19 25.28

155 11.64
155 27.46
155 19.37
155 19.24
15519.19

7.88 1.4 1.2 32 2 93 .08 6
9.211.3 1.140 4 41 .13 0
5.19 1.1 0.6 22 5 101 .08 3
5.031.4 1.1 25 8105.07 3
6.23 2.6 2.8 53 11 38 .12 3

0.5
0.4
0.4
0.4
0.3

0.9 31 SF3
0.7 36 KAO
0.9 19 KAO
0.7 20 KAO
0.6 43 KAO

7 54 .09 8 0.3
2 99 .10 5 0.5
4 141 .13 4 0.5
4 69.14 4 0.5
8 52.13 7 0.3

o . 4 1 . 0 30 KAO
o . 4 0 . 8 22 KAO
o . 5 1 . 6 25 SWR
0.2 0.3 20 SSC
o . 8 1 . 4 21 S LE

11 2353 40.81 19 21.42
12 820 4.57 19 18.74
12 1037 4.55 19 15.89
12 1527 5.38 19 18.99
12 1638 6.52 19 24.70

13 252 46.82 19 27.09
13 1431 57.85 19 19.31
14 238 12.16 19 21.85
14 554 18.09 19 12.87
14 7 9 53.27 19 28.44

155 2.28
15515.17
155 24.27
155 15.08
155 19.36

155 29.16
155 11.71
155 2.15
155 30.23
155 27.40

5 . 49 1. 6 1. 5 31 2 143 . 18 3
9.112.32.547 3 132 .12 5

45.412.6 2.3 56 10 87 .11 3
7.24 1.9 1.8 45 5 91 .12 5
6.62 1.5 1.3 28 3 69 .12 2

9. 79 1.7 1.3 34
7.36 1.9 1.8 36
5 . 37 1. 6 1. 1 34
6.94 1.9 1.3 35
3.78 1.7 1.2 39

0.7
0.4
0.6
0.4
0.4

1.4 28 SF5
0.5 42 SF1
0.9 50 DEP
0.6 43 SF1
0.9 25 KAO

0.7 29 KAO
0.8 33 SF3
1.2 33 SF5
0.8 35 LSW
1.7 34 KAO

20 728 15.90 19 25.15
20 752 45 :65 19 25.19
20 810 36.14 19 25.14
20 1324 26.18 19 20.53
20 15 3 10. 03 19 26.22

20 1551 8.251920.96
20 1558 9.26 19 25.01
20 1812 35.09 19 18.05
21 033 36.74 19 23.94
21 417 22.59 19 24.43

155 19.32
155 19.54
155 19.30
155 6.05
155 18.47

155 29.61
155 19.35
155 21.51
15517.54
154 55.87

4.71 0.9 0.9 21
4 . 74 1. 8 1. 7 30
4 . 36 1. 8 2. 0 31
7.06 2. 5 2. 9 48
3.41 0.8 1.6 18

6.09 2. 1 2. 4 32
6. 45 1. 6 1. 5 27
5 .03 1. 3 1. 3 27
1 .27 1. 3 1. 8 23
4. 48 1. 9 1.4 23

4 108 .09
5 68.10
7 71 .10
6 109 .11
2 162 .11

2 63 .12
5 101 .11
2 116 .15
5 46 .10
5 194 .12

3
3
3
6
4

0.4
0.3
0.3
0.4
0.6

0.8 18 KAO
0.8 26 KAO
0.6 26 KAO
0.5 42 SF4
0.7 17 SNC L

14 1434 38.54 1919.10
14 1533 14.54 19 23.87
14 1828 25.17 19 19.57
14 19 8 10. 86 19 22. 12
14 1948 21.80 1928.85

155 11.77
155 25.67
155 11.74
155 3.02
155 26.46

6.93 1.6 1.3 29
7. 77 1.7 1.3 33
7. 25 1.4 1. 5 32
7.71 1.7 1.7 35
5.44 2.0 1.4 45

103 .13 5 0.6
45 .13 3 0.4
92 .11 6 0.4

113 .14 4 0.5
47 .11 6 0.3

1.1 27 SF3
0.8 30 KAO
0.8 30 SF3
0.7 31 SF5
1.1 39 KAO

21 1159 32.97 19 26.85
21 1527 6.75 19 22.18
22 210 28.28 19 39.78
22 1157 52.18 19 27.03
22 2236 54.60 19 11.53

155 44.00
155 28.70
156 2.21
155 24.14
155 37.07

12.84 2.0 1.5 35 9 71 .15 8 0.5
10.03 2.1 2 0 48 4 50.10 2 0.3
10.94 3.2 3.3 50 7 229 .13 21 0.9
10.52 2.12.0 46 6 38 .10 4 0.3
9.32 3.6 3.6 61 14 95 .18 6 0.4

0.4 30 KON
0.5 45 KAO
0.6 37 HUA F
0.6 40 KAO
0.6 51 LSW

14 2052 19.19 19 19.14
15 035 53.78 19 24.60
15 116 17.88 19 19.68
15 135 19.47 19 19.21
15 155 48.98 1924.60

1558.58
155 19.59
155 12.26
155 13.53
155 16.79

6.99 1.4 1.3 31
6.08 1.5 1.3 28
6.69 2.0 2.3 51
7.67 1.3 1.3 37
9.78 1.4 1.8 23

4 85 .10 4
3 85 .10 2
7 85 .13 5
3 69 .12 4
3 104 .15 1

0.4
0.4
0.4
0.4
0.7

0.8 25 SF4
0.8 25 KAO
0.7 44 SF3
0.7 34 SF2
0.8 21 INT L

22 2359 20.53 19 29.31
23 146 52.64 19 15.69
23 313 54.40 19 18.02
23 73310.281921.13
23 2050 39.25 19 22.26

155 26.66
155 34.94
155 13.26
155 27.43
155 29.00

6 . 83 1. 6 1.0 42
7.43 1.8 1.2 36
6.86 2.0 2.1 39
9.58 2.2 2.2 40
9.47 1.7 1.4 38

7

4
7
3
2

68 .13 5
64 .17 4
94 .12 2
44 .11 3
40 .12 2

0.3
0.5
0.4
0.3
0.3

0.9 35 KAO
1.0 35 LSW
0.7 32 SF2
0.5 37 KAO
0.7 36 KAO
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN RM MAG MAG NR NS DEG SEC DIS KM KM PM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM M~G MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JUN 9 14 2 44.57 19 23.42 155 2.66
9 2029 22.65 19 19.99 155 26.80

10 020 36.96 19 18.82' 155 26.25
10 050 32.73 19 17.91 155 47.72
10 123 47.93 19 10.98 155 29.25

7.82 1.6 1.5 38 3 116 .14
51 . 10 2.5 2.5 60 12 51 . 11

9.45 1.5 1.4 28 4 71 . 11
10.77 3.1 3.1 46 5 88 .12
33.84 2.5 2.2 53 13 82 .08

4 0.5
5 0.6
6 0.4
9 0.5
4 0.5

0.6 36 SF5
0.9 53 DML
0.7 26 LSW
0.3 38 KON
0.8 46 DLS

1985 JUN 14 019 16.64 19 19.93
14 046 59.12 19 11.63
14 1646 58.03 19 33.61
15 35156.11 19 26.12
15 623 42.62 19 20.41

155 29.17
155 32.67
15S 10.10
155 29.07
155 12.59

9 . 44 1. 6 1. 3 32 5
7.46 1.8 1.4 31 3

24 . 28 2. 8 2. 4 55 11
9.54 2.2 1.8 47 3
5.85 1.4 1.3 35 1

46 .12 6
95 .15 8
68 .11 13
40 .11 7
70 .13 4

0.4
0.6
0.5
0.3
0.5

0.8 29 KAO
1.2 26 LSW
0.9 47 PEP
0.7 44 KAO
0.9 33 SF2

io 357 57.17 19 19.27
10 544 52.60 19 26.74
10 734 54.59 19 19.58
10 748 10.23 19 20.00
10 837 26.23 19 19.43

155 9.43
15529.93
155 12.12
15511.91
155 11.73

4 . 40 1. 4 1. 1 25 3
10.06 2.9 2.8 47 2
5.54 1.3 1.2 29 3
9.24 2.7 3.0 49 7
5.41 1.6 1.6 31 4

97 .12
32 .12
88 .11
82 .12
95 .10

4 0.4
9 0.3
5 0.5
5 0.4
5 0.4

1.5 24 SSF
0.6 36 KAO F
1.4 27 SF3
0.4 36 SF3
1.2 29 SF3

15 1138 12.18 19 24.64
15 1557 35.08 19 20.44
16 011 23.21 1:9 18'.69
16 012 17.96 19 18.44
16 1 1 44.44 19 18.47

15530.34
155 11.89
155 13.34
155 13.32
155 13.33

10.91 2.0 1.5 38
7. 83 1. 4 1. 2 26
8.42 2.3 3.0 53
6.47 1.9 2.2 46
6.55 1.3 1.1 35

45 .10
75 .09
80 .12
84 .12
83 .11

0.4
0.5
0.4
0.4
0.4

0.8 33 KAO
0.8 26 SF3
0.5 48 SF2
0.7 44 SF2
0.9 35 SF2

10 1157 28.10 19 25.66
10 1436 48.19 19 20.19
10 1549 28.62 19 20.00
10 1553 43.50 19 21.84
10 1938 35.95 19 25.99

155 17.16
155 11.75
155 8.35
155 5.10
155 18.19

6 . 51 0 9 1. 6 20
7.49 1.7 2.2 30
5.71 1.8 1.9 40
7.22 1. 4 1. 5 33
5 . 21 1. 0 1. 8 23

4 164 .12
2 80 .12
6 82 .11
3 79 .12
6 119 .12

1
5
5
5
2

0.6
0.6
0.4
0.4
0.5

0.6 18 INT L
1.0 29 SF3
0.8 36 SF4
0.7 31 SF5
0.6 21 ·INT L

16
16
17
.17
1'7

114 55.04 19 la.4~

943 5.10 19 22.98
04937.711931.14
231 12.49 19 15.97
5 8 17.20 19 20.10

155 13.16
155 27.35
156 4.42
155 5.01
155 11.09

7.99 1.7 1.8 44 4 90 .09 3
10.05 1.9 1.8 44 3 35 .12 1
38.29 2.5 2.0 49 6 240 .11 17
45.68 3.6 3.8 63 13 195 .11 6
7.03 1.7 1.6 41 4 85 .13 4

0.4
0.4
1.0
0.8
0.4

0.6 41 SF2
0.6 41 KAO
0.8 46 RON
0.6 53 DEI'
0.7 39 SF3

10 2046 1.02 19 23.82
10 2322 40.77 19 24.80
11 026 32.29 19 24.48
11 519 15.17 19 17.39
11 839 47.55 19 19.96

155 19.50
155 18.13
155 17.52
155 12.98
155 11.84

5.41 0.6 0.9 17
7. 62 1. 1 1.7 25

16 . 77 2. 6 2. 9 55
8 .06 1. 8 2. 1 46
7.13 1.4 1.4 33

5 74 .19
4 81 .11
7 34 .13
6 142 .12
4 83 .10

4
1
1
1
5

o.
O.
O.
0.5
0.4

1.9 15 RAO L
0.6 23 INT L
0.5 47 DEI'
0.6 41 SF2
0.7 30 SF3

17 7 4 27.13 19 24.46
17 737 42.58 19 22.24
17 1743 3.48 19 19.73
17 2139 8 35 19 24.61
17 22 1 41.99 19 25.97

155 17.51
155 28.71
155 10.35
155 30.27
155 18.09

16.76 2.4 2.6 57 11 35 .11
10.09 3.1 3.3 59 12 36 .11
8.011.5 1.2 29 1 92 .12

11 .40 1.9 1.6 40 5 35 .11
7.25 1.2 1.8 22 4 126 .10

0.3
0.3
0.6
0.4
0.7

0.4 47 DEI'
0.4 51 KAO F
0.9 29 SF3
0.6 37 RAO
0.7 19 INT L

'"W

11 13 1 37.44 19 26.13
11 1338 58.26 ~9 18.75
11 1349 0.10 19 18.60
11 1357 29.41 19 18.53
11142845.94 19 18.36

155 28.95
155 13.41
155 13.33
155 13.15
155 13.27

8 . 37 2.0 1.7 44
8.12 2.0 2.2 49
5.72 1.3 1.1 31
7 . 22 1. 6 1. 6 40
6.82 1.5 1.5 41

45 .10
77 13
82 .11
88 .11
87 .11

7 0.3
:3 0.4
3 0.4
3 0.4
2 0.4

0.8 39 KAO
0.6 45 SF2
1.131 SF2
0.7 38 SF2
0.8 37 SF2

18 042 46.57 19 22.42
18 3 8 25.62 19 20.48
18 437 37. 07 19 25. 94
18 519 44.64 19 36.12
18 2315 33.75 19 19.30

155 21.31
155 11.64
155 29.36
156 25.16
155 12.84

9.72 2.0 2.152
7. 27 2. 1 2. 6 46
8. 37 1. 5 1. 2 30

30 . 12 2. 2 1. 9 40
6.96 1.6 1.7 43

8 48 .13 4
4 76 .14 4
2 62 .10 7
8 299 .14 54
4 83 .11 4

0.3
0.4
0.4
1.2
0.4

0.5 46 RAO
0.7 42 SF3
1.1 27 KAO
2.8 37 DIS
0.7 39 SF2

11 1510 12.50 19 18.27
11 1511 22. 90 19 20. 18
11 1739 47.05 19 18.68
11 1912 43. 75 19 19. 27
11 2136 17.28 19 24.14

155 13.12
155 3.74
155 13.36
155 13.24
155 16.54

8.01 1.4 1.3 30
6 . 37 2. 1 2. 2 36
7. 47 1.3 1. 3 34
6.49 1.3 1.2 30
9 . 41 1. 2 1. 4 24

4 95 .09
5 127 .11
2 80 .11
4 75 .11
4 66 .12

2
2
3
4
o

0.4 0.7 30 SF2
o . 5 0.6 30 SF5
0.4 0.7 33 SF2
o .4 0 . 8 27 S F2
0.6 0.6 20 INT L

19 258 45.54 19 20.84
19 357 4.72 19 20.47
19 413 37.75 19 19.83
19 532 37.3119 20.13
19 1721 50.04 19 18.85

155 48.65
155 12.17
155·12.13
155 47.94
155 11.54

9.10 1.9 1.4 35
8.63 2.4 2.8 52
7. 04 1. 7 1. 8 43

11.33 2.2 1.5 43
6.58 1.4 1.3 33

109 .13 11 0.5
73 .13 4 0.4
83 .12 5 0.4
99 .12 11 0.4

112.11 5 0.4

0.7 33 KON
0.5 47 SF3
0.6 40 SF3
0.4 39 KON
o 9 30 SF3

12 14945.561921.59
12 532 38.33 19 19.91
12 7 8 54.50 1924.18
12 15 0 29.67 19 29.00
13 527 39.55 19 21.51

155 2.43
155 10.58
155 17.25
155 27.18
155 28.42

6.44 1.9 1.8 40 5 136 .12 3
7.39 1.4 1.5 37 2 89 .12 4

16.04 2.4 2.3 60 14 25 . 12 1
5.141.81.225 5 69.10 6

10.212.12.2 44 4 39 .10 2

o . 4 0.7 36 SF5
0.5 0.7 36 SF3
o . 4 0 . 3 51 DEI'
0.4 2.0 21 KAO
O. 3 0 . 6 38 KAO

19 1820 29.11 19 21.50
20 212 39.54 19 21.06
20 243 45.77 19 27.83
20 421 41.70 19 24.84
20 18 4 55.35 19 20.09

15528.82
155 29.07
155 25.42
155 17.06
155 7.63

8.29 1'.6 1.1 29
6. 60 1 .. 8 1. 6 24
8.21 1.9 1.1 39

10.411.2 1.8 15
6.90 1.9 2.141

2
2
4
2
3

44 .12
46 .11
43 .11
86 .13
95 .11

0.4
0.4
0.3
0.9
0.4

0.7 28 KAO
1.0 22 KAO
0.7 34 KAO
1.2 14 INT L
0.7 38 SF4

13 1113 49.34 19 18.77
13 1115 35.19 19 17.60
13 1129 46.41 19 17.52
13 1157 7.35 19 18.48
13 1228 45.78 19 18.16

13 1228 53.37 19 18.31
13 1347 42.14 19 17.82
13 1638 49.85 19 17.72
13 1658 36.51 19 17.76
14 0 8 23.63 19 19.62

155 13.02
155 12.91
155 13.02
155 12.87
155 12.80

155 12.84
155 16.32
155 12.91
155 12.86
155 29.00

9.41 2.8 3.0 55
6 . 47 1. 4 1. 2 26
7 . 79 2. 0 1. 8 43
9.69 2.8 2.9 54
9.66 1.6 1.5 31

10.31 2.6 2.7 52
7.811.8 1.8 38
7. 67 2.0 2. 1 42
7.14 1.4 1.5 33
9.88 1.6 1.3 25

9 88 .12
3 130 .09
6 130 .12
8 99 .12
4 111 .09

8 104 .12
3 127 .12
5 124 .11
4 123 .09
5 45 .11

:3
1
1
3
2

3
4
2
2
6

0.4 0.5 49 SF2
0.4 0.8 25 SF2
0.5 0.6 37 SF2
0.5 0.5 46 SF2
0.6 0.7 29 SF2

0.4 0 . 5 47 SF2
o . 5 0.8 35 SFI
0.5 0.6 38 SF2
0.5 0.8 31 SF2
o . 4 0 . 9 24 KAO

20 2023 15.19 19 18.99
20 2037 13.52 19 28.23
20 2222 15.77 19 26.98
21 2 1 1.02 19 24.52
21 247 57.86 19 24.27

21 334 17.12 19 16.07
21 1431 12.80 19 21~30

21 1516 24 03 19 22.90
21 1733 36.51 19 25.36
21 1853 10.42 19 19.93

155 12.82
155 27.60
)55 28.89
155 18.71
155 25.57

155 32.21
155 0.64
155 17.16
155 16.64
155 7.02

7.13 1.4 1.4 38
2.67 1.7 1.1 34
9.98 1.7 1.4 33
6.39 1.3 1.8 16

10.31 2.6 2.7 49

4.45 1.7 1.4 29
5.27 1.6 1.5 29
9.25 1.8 2.2 29
8 . 83 1. 0 1 0 19
6.44 1.9 1.4 38

~

89 .11
60 .14
56 .10
98 .13
23 .12

2 171 .24
3 183 .13
6 50 .13
5 183 .08
4 110 .15

4 0.4
7 0.3
7 0.4
2 0.6
2 0.3

0.9
0.7
0.5
0.8
0.5

0.6 37 SF2
1.3 30 KAO
0.8 30 KAO
1.0 16 INT L
0.4 44 KAO

4.1 16 LSW
1.2 26 SF5
0.6 24 INT L
0.5 17 INT L
1.0 36 SF"
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR HON DA HRMN SEC DEG MIN DEG MIN KM MAG HAG NR NS DEG SEC DIS KM KM FH REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN RM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JUN 21 1934 18.59 19 23.44
21 1954 52.72 19 24.36
21 2234 25.26 19 25.03
22 620 35.78 19 19.95
22 1114 11.92 19 19.38

155 2.78
155 17.53
155 19.14
155 8.33
155 11.47

6. 75 1. 6 1.2 32
7 . 62 1. 2 1. 0 16
5.65 1.4 1.0 25
6 . 78 1. 4 1. 2 26
7. 02 1. 6 1. 2 32

2 117 .13
3 55 .14
3 78 .11
o 82 .11
2 98 .10

3
1
3
5
6

0.6
0.7
0.4
0.5
0.5

0.8 31 SF5
1.1 13 INT L
0.9 22 KAO
1.1 26 SF4
1.0 25 SF3

1985 JUN 30 5 3 25.90 19 26.56
30 5 9 50.88 19 22.32
30 7 1 26.58 19 25.15
30 723 59.96 19 23.07
30 1020 27.49 19 20.25

155 29.45
154 59.52
155 17.11
155 17.12
155 8.09

8.12 1.9 1.7 36
8.10 2.2 2.4 39
9.73 1.2 1.7 21
7.36 0.8 1.1 17
7.95 1.5 1.7 36

4 44 .10
4 177 .13
4 117 .09
3 71 .14
5 84.11

0.4
0.7
0.5
0.6
0.4

1.0 31 KAO
0.5 36 LER
0.5 19 INT L
1.1 16 INT L
0.7 29 SF4

22 1412 3.79 19 21.27
23 452 2.17 19 16.84
23 635 4.54 19 24.44
23 757 40.91 19 25.10
2313515.72 19 53.89

155 2.67
155 30.28
155 16.17
155 30.18
155 22.12

6.10 1.9 1.1 29
9.59 1.7 1.2 34
4 . 02 1. 5 1. 9 16
7.49 1.6 1.3 36

10.36 2.0 1.7 29

4 131 .11
3 50 .12
o 108.14
3 37 .12
5 168 .12

3
3
1
7

3

0.4
0.4
0.6
0.4
0.7

0.7 18 SF5
0.8 24 LSW
0.6 3 SEC i
1.1 27 KAO
0.3 28 KEA

30 1112 24.05 19 22. 42
JUL 1 252 10.28 19 19.94

1 726 27. 03 19 20. 11
11010 47.79 19 21.50
11147 19.22 19 20.47

155 17.87
1558.55
155 6.59
155 1.99
155 11.05

26.87 4.2 4.6 51
8.25 2.7 3.0 49
7.12 1.4 1.3 34
4.76 1.5 1.4 28
7.10 1.2 1.2 25

2 27 .12
8 77 .09
5 113 .10
3 159 .16
3 78 .11

O. 5 O. 8 47 DEl' F
0.3 0.4 43 SF4
0.4 0.8 31 SF4
0.7 1.6 27 SSF
0.5 0.9 24 SF3

23 1755 6 . 14 19 19. 15
23 19 1 49.99 1920.13
24 132 44.05 19 20.08
24 437 43.43 19 19.58
24 555 29.51 19 19.79

155 15.31
155 8.50
155 9.64
155 11.70
1557.85

6.57 1.2 1.3 28
6.92 1.4 1.3 35
6.85 1.5 1.3 30
6 . 79 1. 4 1. 3 27
6.26 1.9 2.5 41

1 100 .10
3 77 .12
2 81 .08
1 92.07
4 95 .13

4
4
4
6
5

0.5
0.5
0.4
0.4
0.5

1.0 27 SF1
0.8 33 SF4
0.8 29 SF3
0.9 26 SF3
0.9 38 SF4

1450 10.01 19 15.98
1859 34.96 19 20.30
1951 19.98 19 19.80
2037 25.00 19 20.98
223123.04 19 20.64

155 13.50
155 24.15
15.5 12.06
155 50.14
155 30.14

5.59 1.7 1.3 31
12. 96 1. 6 1. 5 32

7 . 26 1. 4 1. 3 30
8.37 2.3 1.6 41
7.39 2.3 2.5 42

3 186 .09 2 0.6
3 71 .10 2 0.5
3 84 .10 6 0.4
8 129 .14 10 0.4
8 50.10 6 0.3

0.8 30 SF2
0.6 29 SWR
0.7 29 SF3
0.7 35 KON
0.6 38 KAO

16.02 2.5 2.5 53 12 128 .13 10
7.54 1.6 1.5 34 5 79 .13 5
8.13 1.8 1.7 38 4 130 .16 4

38.59 1.5 1.5 34 2 213 .12 7
38.08 1.3 29 4 162 .08 1

21.03 2.5 2.6 54 11 160 .09 17 0.5
4.62 1.3 1.3 22 2 91 .09 3 0.4
7.22 1.9 1.3 42 4 76 .14 5 0.4

11.12 2.3 1.6 41 4 69 .10 7 0.3
7.98 1. 9 1.6 42 2 75 . 15 7 0.5'"~

24 556 9.33 19 53.20
24 1840 59. 76 19 15. 37
24 2047 44. 03 19 22.07
24 22 2 5.61 19 13.74
25 645 38.57 19 9.76

25 17 7 21. 64 19 18. 72
25 1833 21.54 19 18.57
25 2124 42.94 19 21.46
25 2350 20.89 19 31.74
26 413 51.59 19 21.89

155 33.92
155 27.04
155 2.45'
155 15.15
155 27.62

155 12.86
155 12.93
155 18.04
155 28.55
155 26.58

8.39 1.6 1.8 43
6.23 1.3 1.6 35

30.54 2.0 2.1 50
6 . 26 2. 2 2. 3 42

10.90 2.0 1.8 39

7 93 .11
3 95 .09
6 54 .11
5 57.11
3 45 .11

3
3
4
2
2

0.5
0.4
0.7
1.2
1.4

0.5
0.4
0.5
0.3
0.4

0.8 48 KEA
0.8 32 LSW
0.5 35 SF5
1.1 33 DEl' L
1.3 29 DLS T

0.5 32 SF2
0.7 22 SF2
0.8 45 DEl'
0.7 32 liLO
0.6 29 KAO

018 37.71 19 24.00
118 38.39 19 23.90
151 25.15 19 16.79
314 27.04 19 22.71
459 1.78 19 29.17

3 515 10.42 19 56.01
3 1550 22.09 19 25.47
3 1553 37.23 19 12.45
4 53527.21 lEl25.14
4 621 29.78 19 18.60

155 27.13
155 17.27
155 7.38
155 20.64
155 27.69

155 29.69
155 19.86
155 30.57
155 30.51
155 27.42

10.08 1.8 1.5 40 5 35 .12
7.33 1.0 1.6 21 5 57.11

42.05 2.9 2.9 55 10 195 .12
9.95 1.8 1.3 46 5 43 .10
3.16 2.6 2.3 43 6 56 .13

0.4
0.5
0.6
0.3
0.3

0.6 37 KAO
0.4 20 INT L
0.7 47 DEl'
0.5 41 KAO
1.2 37 KAO

1.0 48 KEA
1.0 20 KAO
0.8 33 LSW
0.4 37 KAO
0.8 39 LSW

26 425 17.48 19 19.15
26 144156.15 19 21.50
26 17 4 33.27 19 2.17
26 2111 31.85 19 19.37
26 2132 11.57 19 26.49

15511.74
155 2.68
1)6 13.11
155 11.56
155 16.57

6 . 17 1. 3 1. 4 30
7. 19 2. 1 2. 2 43

37.41 2.6 2.2 43
4.09 1.3 1.2 31
6.26 1. 1 1.8 18

3 102 .09 5
6 128 .12 3
7 285 .10 45
2 98 .15 5
1 174 .12 3

0.5
0.5
1.1
0.5
0.8

1.1 21 SF3
0.5 36 SF5
1.7 38 KON
1.9 27 SSF
1.3 7 INT L

4 645 52.26 19 20.50
4 1128 37.17 19 11.41
4 13 6 20.82 19 19.61
4 17 3 44.59 19 16.73
5 441 11.42 19 22.64

155 11.99
155 32.97

'155 10.96
155 22.35
155 0.95

8 .45 2. 1 2. 3 45
7.41 1.9 2.1 36
7.03 1.6 1.4 36
7.59 2.2 2.6 47
7. 60 1. 9 2.0 43

5 73 .13
4 97.16
2 95 .13
5 127 .14
4 153 .14

0.5
0.5
0.5
0.4
0.6

0.6 40 SF3
1.1 32 LSW
0.8 34 SF3
0.6 44 SWR
0.6 38 SF5

26 2350 9 . 11 19 24.74
27 427 35.48 19 24.70
27 448 47. 24 19 25.44
27 162120.64 19 24.03
27 2053 45.94 19 24.73

155 16.96
155 17.10
155 17.34
155 17.16
155 17.55

9.79 1.6 1.8 14
8.74 1.8 2.4 18

10.511.3 1.7 16
8 . 74 1. 2 1. '3 19
5 . 82 1.7 2. 2 23

1 104 .11
1 58 .13
2 149 .08
2 54 .12
o 42 .14

o
o
o
1
1

1.1
0.7
0.7
0.6
0.5

0.9 4 INT L
0.9 6 INT
0."8 7 INT L
0.8 10 INT L
0.8 9 INT L

1910' 25 .74 19 25.53
1911 42.21 19 25.68
1933 15.69 19 23.50
2339 3.66 19 22.92

149 53.05 19 20.48

155 20.07
155.20.06
155 27.01
155 18.45
155 30.34

6.49 1.1 1.3 25
6.26 1.1 1.3 25

10.012.2 1.9 49
5 . 84 1. 5 1. 9 30
8.59 1.2 1.2 32

3
2
5
6
3

93 .09
96 .12
29 .14
58 .13
52 .11

3 0.4
4 0.5
2 0.3
3 0.4
6 0.3

1.0 2'a KAO
1.0 2.l KAO
0.6 44 KAO
0.6 ~5 INT L
0.8 2'1 KAO

27 2138 47.36 19 23.99
28 526 26.92 19 18.70
28 17 9 46.60 19 11.74
28 23 9 28. 93 19 22.74
28 2333 47.85 19 19.78

155 15.85
155 50.32
155 35.76
155 0.46
155 8.26

3.32 1.11.624 4110'.08
11.593.12.940 3123'.12
6.98 2.9 3.0 52 10 92.21
8.26 2.2 2.4 37 2 159 .13
7.80 1.5 1.4 36 6 85 .10

1 0.3 0.3 16 SEC
6 0.7 0.3 34 KON
6 0 . 5 1 . 0 47 LSW
5 0.6 0 . 5 35 SF5
5 0.4 0.7 33 SF4

6 253 49.43 19 19.92
6 333 46.77 19 24.02
6 7 3 48.67 19 20.05
6 845 16.57 19 12.93
6 845 56.82 19 12.86

155 10.59
155 17.71
1553.84
155 16.30
155 16.42

7.21 1.5 1.4 35
8.12 2.0 2.3 30

39.95 1.9 2.7 48
45.21 1.4 1.5 41
45.98 1.4 35

4 89.11
6 46 .16
8 138 .12
6216.12
4 216 .10

4
2
2
9
9

0.4
0.5
1.0
1.3
1.3

0.7 30 SF3
0.6 26 INT L .
0.8 46 DEl'
1.0 40 DEl' L
1.1 35 DEl' L

29
29
30
30
30

214 53.45 19 21.61
533 23. 07 19 20.40
040 35.21 19 20.37
214 16.28 19 26.14
219 3.58 19 18.69

155 0.34
155 6.41
155 11.30
155 29.57
155 15.24

6.89 2.7 3.0 43
7. 54 2. 1 2.3 43
8.76 2.0 2. 2 42

10.20 2.2 1.7 46
5.88 1.6 1.3 34

6 180 .13
4 108 .12
5 79.09
7 41 .10
o 109 .13

6
6
4
6
4

0.5
0.4
0.3
0.3
0.5

0.4 37 SF5
0.6 37 SF4
0.5 39 SF3
0.6 41 KAO
1 . 1 33 SF1

6 847 6.22 19 12.52
6 10 6 40.14 19 25.38
6 1212 0.28 19 20.36
6 13 0 48.27 19 23.79
6 1412 17.93 19 26.28

155 17.24
155 14.52
155 12.98
155 17.11
155 29.14

50.41 1.5 1.9 40
8.69 1.3 1.8 17
7.03 1. 4 1. 2 28
8.56 1.0 1.0 22

10.23 2.9 2.7 54

8 177 .14 10
3 214 .11 1
2 66 .11 4
4 69 .14 1
7 37 .12 7

O.
o.
0.5
0.6
0.3

0.9 39 DEl' L
0.7 16 INT L
0.7 27 SF2
0.7 20 INT L
0.4 46 KAO
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN E1tH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REKK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JUL 6 1533 1.28 19 20.79
6 1551 7.13 19 23.00
6 1559 47.78 19 20.12
6 1954 17.62 19 20.60
6 2154 9.12 19 24.94

155 11.93
155 52.59
155 11.76
155 11.55
155 16.77

8.34 2.4 2.4 52 7 70 .12 4 0.3
7.89 2.6 2.4 43. 8 163 .20 12 0.6
7.36 1.5 1.134 2 81 .10 5 0.4
8.72 2.0 1.9 41 3 74 .12 4 0.4
8.12 1.3 1.8 21 3 117 .12 0 0.6

0.4 45 SF3
0.8 38 KON
0.7 31 SF3
0.6 38 SF3
0.7 20 INT L

1985 JUL 13 6 4 34.22 19 19.73
13 719 48.94 19 19.70
13 1223 39.90 19 21.38
13 1410 34.41 19 22.12
13 1537 4.47 19 28.48

155 11.94
155 12.44
155 2.67
155 26.83
155 28.12

8.24 1.4 1.4 32
7.54 1.9 1.9 37
5.90 1.5 1.1 32
9 28 2.3 1.9 48
8.90 1.9 1.2 39

4 87.09
2 82 .09
3 131 .13
4 42 .15
6 58 .11

6 0.4
5 0.4
3 0.6
2 0.4
7 0.3

0.7 30 SF3
0.6 35 SF2
1.0 30 SF5
0.6 43 KAO
0.9 30 KAO

6 22 2 12. 48 19 27. 19
7 158 35.69 19 20.52
7 2 0 37.'46 19 10.14
7 2 6 12.62 19 8.61
7 2 6 40.93 19 8.95

155 29.10
155 5.86
155 35.92
155 35.17
15535.32

10.06 1.4 1.0 33 4 49 .11 8
34. 96 1. 8 1.3 37 4 III . 12 5
10.814.3 4.5 57 11105 .18 9
5.72 2.3 1.9 31 4 123 .11 12
7. 44 3. 2 3. 0 49 9 119 . 14 12

O. 4 O. 9 28 KAO
1.0 1 .3 35 DEP.
o . 5 0 . 5 48 LSW F
O. 5 2. 2 28 LSW
O. 5 O. 8 44 LSW

14 357 42.17 19 46.08
14 1217 3.53 19 19.45
14 212656.24 1920.36
15 251 10.22 19 18.61
15 317 49.38 19 14.87

155 39.72
155 7.94
155 11.41
155 15.58
155 35.19

12.44 3.2 3.1 56 10 98 .12 10
6.53 1.3 1.1 26 3 97.08 4
7.78 1.9 1.9 45 4 79 .13 4
6.37 1.3 1.1 34 2 114 .14 4
7.46 2.1 1.7 41 5 76 .18 3

0.5
0.4
0.4
0.5
0.5

0.4 48 KEA
0.8 24 SF4
0.7 39 SF3
0.9 33 SFI
0.8 39 LSW

7 210 24.55 19
7 220 18. 92 19
7 225 3.97 19
7 236 15.39 19
7 244 25. 94 19

9.07
9.20
8.65
8.85
9.42

155 35.07
155 35.24
155 35.20
155 35,25
155 36.60

6 . 42 2. 0 1. 2 30
8.62 2.1 1.4 31

10 77 3. 6 3. 6 48
6. 43 2.4 2. 1 . 36
7. 65 1. 9 1.2 27

4 130 .13 11
4 117 .13 11
7 123.. 15 12
4 120 .15 12
4108.1510

0.5
0.4
0.5
0.6
0.5

1.5 28 LSW
1.1 31 LSW
0.5 43 LSW
1.9 35 LSW
1.6 25 LSW

15 8 4 31.90 19 11.23
16 328 26. 84 19 19. 62
16 632 1.101920.69
16 1638 17.33 19 20.27
16 23 8 17.51 19 19.49

155 35.57
1558.65
155 11.60
155 12.95
155 9.69

8.17 2.9 2.7 47
8.13 1.7 1.7 40
9.70 2.1 2.3 41
7.26 1. 4 1. 3 30
6.58 1.6 1.6 36

96 .20
78 .10
72 .10
68 .10
94 .08

7 0.5
4 0.4
4 0.3
4 '0.4
5 0.4

0.8 43 LSW
0.6 37 SF4
0.4 36 SF3
0.8 28 SF2
0.6 31 SF3

5.55 1.9 1.4 27 4 120 .12 12 0.5
6.19 1.8 1.2 30 5 117 .14 11 0.5
8.45 2.2 2.0 35 4 123 .15 12 0.5
7.65 3.0 2.8 46 10 121 .14 12 0.4
7.95 1.2 1.9 22 2 101 .11 0 0.6

3 75 .12 3 0.4
o 88 .10 5 0.5
2 66 .13 4 0.5
5 83 .14 4 0.4
9 29 .12 3 0.3

O"'l
(J'1

7 246 56.10 19 8.85
7 3 2 14.18 19 9.17
7 3 5 9.39 19 8.86
7 3 6 34.03 19 8.89
7 310 57.21 19 24.86

7 4 3 44.93 19 23.94
7 433 3.99 19 20.21
7 6 9 15.25 19 8.32
7 628 32.06 19 8.10
7 853 59.08 19 23.86

155 35.36
15535.16
155 34.67
155 35.00
155 17.26

155 16.07
155 12.52
15535.87
155 35.36
155 15.54

2. 89 2.0 2.3 34
8.81 2.2 2.4 48

10.74 3.1 3.1 51
11.12 3.2 3.0 47
3.41 1.1 1.2 16

35 .11 1 0.3
73 .13 5 0.3

123 . 15 12 0 . 4
128 .13 13 0.3
105 .04 2 0.3

3.1 24 LSW
1.8 29 LSW
1.4 32 LSW
1.1 41 LSW
0.7 21 INT L

0.2 32 SEC
0.5 44 SF2
0.5 44 LSW
0.3 43 LSW
0.4 13 SEC

162337 34.49 19 20.58
17 8 0 24. 53 19 19. 79
17 23 7 59.99 19 20.38
17 2333 7.61 19 22.54
18 218 28.55 19 23.89

18 327 4.84 19 31.44
18 815 33.47 19 23.16
18 11 1 14.04 19 26.19
18 1628 39.68 19 16.69
18 1740 39.16 19 25.67

155 10.21
155 11.50
155 12.99
155 4.46
155 27.62

155 14.78
155 20.96
155 21.83
155 28.30
155 29.58

8 . 44 2. 0 2. 3 42
7.65 1.6 1.6 27
7. 24 1. 3 1.3 34
8 . 37 2.0 2.0 43

10.46 2.8 2.9 54

25 . 24 2. 4 1. 9 48
10.82 2.1 1.6 40

9.16 1.8 1.3 29
7. 78 1. 8 1.7 42
8.51 1.9 1.3 37

62 .11 12
43 .08 7
52 .13 3
56 .16 4
38 .13 6

0.5
0.4
0.4
0.4
0.4

0.7 39 SF3
0.7 26 SF3
0.8 33 SF2
0.5 38 SF5
0.3 45 KAO F

0.9 42 DEP
0.5 31 KAO
0.8 26 KAO
0.9 40 LSW
0.9 33 KAO

4 120 . 14 12 0 . 5
5 67.12 4 0.4
5 75 .12 4 0.4
4 117 .13 11 0.5
1 106 .09 6 0.5

5 0.5
4 0.4
5 0.3
6 0.5
2 0.6

7 1220 53.82 19 8.53
8 012 24.82 19 28.69
8 235 11.23 19 20.12
8 1158 16.34 19 9.22
9 220 13.. 12 19 19. 20

9 227 21.71 19 17.20
9 1334 29.93 19 21.56
9 2132 4. 82 19 22. 63

10 311 31.55 19 14.56
10 814 33.24 19 21.67

15535.92
155 45.50
155 8.58
155 35.19
155 10.82

155 28.11
155 2.07
1551.83
15535.10
155 19.20

8.30 2.1 1.9 35
9. 80 2.2 1. 8 36
7. 97 2. 6 3.0 49
8 . 11 2. 5 2.7 36
6. 05 1.3 1. 3 26

8 . 76 2. 1 2. 1 48
5.06 1.9 1.5 35
5 . 48 1.7 1. 3 32
7. 76 2. 2 1. 9 42

26.15 1.6 14

7 52 .15
3 147 .18
2 138 .15
5 79 .20
1 79 .09

5
3
5
4
4

1.2 33 LSW
0.6 32 KON
0.6 44 SF4
1.5 32 LSW
1.2 26 SF3

o. 3 0 . 7 44 LSW
0.7 1.6 32 SF5
0.5 1.5 30 SF5
o . 5 0 . 9 40 LSW
1.4 2.3 13 DEP

18 1829 49.16 19 20.01
181956 9.56 1925.62
19 846 9.08 19 19.94
19 2357 27.10 19 14.67
20 635 24.33 19 16.26

20 737 53.53 19 22.30
20 1345 12.00 19 23.90
21 914 14.91 19 19.72
21 1247 44.71 19 0.53
211910 0.13 19 11.57

155 11.73
155 21.82
155 7.65
155 33.36
155 12.73

155 4.37
155 26.54
155 11.63
155 29.22
155 35.57

6. 80 1. 4 1. 1 26
8.52 1.5 1.1 36
8.911.9 2.145
6 . 82 1. 9 1.3 37
7 . 07 1. 4 1. 3 30

7.59 1.6 1.8 36
10.44 1.9 1.8 36
7.08 1.7 1.5 40

38.31 2.3 2.0 48
8.69 2.3 1.7 35

1 83 .12
3 33 .13
6 97.08
4 73 .17
1 190 .13

4 83 .12 4
3 36 .10 3
4 89.10 5
5 209 .08 17
5 93 .13 7

0.4
0.4
0.4
0.8
0.4

0.9 25 SF3
0.8 32 KAO
0.4 40 SF4
1.2 36 LSW
0.8 30 SF2

0.6 32 SF5
0.7 33 KAO
0.7 38 SF3
1.0 45 DLS
0.7 33 LSW

10 2120 8.43 19 13.01
11 322 12.68 19 19.20
11 654 27.81 19 23.45
11 1511 58.59 19 30.26
11 1547 57.32 19 16.87

155 32.63
155 12.96
155 27.28
154 55.27
155 7.14

10.29 3.1 3.1 51 9 80 .18
8.42 2.0 2051 5 82 .12

10.32 2.2 2.146 6 31 .13
40.313.6 3.6 59 11 65 .10
40.762.21.643 8198.12

6
4
2
4
2

0.5
0.4
0.3
0.7
1.0

0.6 45 LSW
0.5 48 SF2
0.5 41 KAO
0.9 51 LER
0.9 40 DEP

22 534 3.28 19 19.71
22 6 4 53.07 19 17.51
22 948 59.18 19 24.72
22 1719 4.22 19 24.25
23 2 4 30.48 19 19.98

155 6.25
155 27.14
155 19.26
155 16.65
155 7.35

4.99 1.8 1.9 31
8.06 1, 5 1. 5 33
7 . 07 1. 3 1. 2 26

15.63 1.5 1.4 42
8.45 2.12.141

129 .13
48 .17
68 .11
70 .10

103 .10

5 0.5
7 0.4
2 0.5
1 0.5
5 0.4

1.8 28 SSF
1.1 33 LSW
0.8 22 KAO
0.3 39 DEP
0.4 37 SF4

11 1725 59.79 1920.65
11 2126 15.83 19 12.85
12 1055 10.54 19 21.75
12 1435 55.02 19 35.74
12 16 1 36. 65 20 36. 10

155 8.90
155 32.51
155 17.20
155 51.68
154 52.62

8.26 1.6 1.7 38
9 . 22 2. 5 2. 6 42

31.20 2.2 2.0 50
14. 46 2. 8 2. 4 44
17.22 2.5 2.0 37

2 67 .09 3
5 80 .12 6
9 44 .12 3
9 166 .13 10
4 297 .12 93

0.4 0.7 35 SF4
0.4 0.7 39 LSW
o . 5 0 . 7 43 DEP
o . 6 0 . 3 40 KON
2.199.0 37 DIS

23 627 2. 93 19 22.32
23 740 25.59 19 24.61
23 943 4. 52 19 25.28
23 1531 22.37 19 20.46
24 720 10.30 20 7.65

155 27.45
155 50.77
155 19.77
155 12.56
155 43.41

11 .09 1. 8 1.2 34
14.13 2.4 1.6 30
6.10 1.7 1.6 32
7.57 1.2 1.1 24

29.64 2.6 2.7 22

o 43 .12 7 0.4
5 129 .13 11 0.6
4 38 .10 3 0.3
2 69 .09 4 0.5
2 212 .11 6 1 .4

0.9 31 KAO
0.4 28 KON
0.8 27 KAO
0.8 23 SF2
1.6 20 KOH
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ORIGIN TIME LAT N LON W DEPTH AMP DlJR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JUL 24 1147 59.35 19 47.25
25 517 38.86 19 9.17
25 534 13.55 19 44.69
25 1825 52.911922.27
25 2345 23.67 19 28.21

15526.59
15535.96
156 29.07
15528.92
155 25.69

23.98 2.9 2.5 6116 84.11 2
7.62 2.5 2.6 39 5 114 .16 11

35.113.7 4.158 11 238 .12 66
9.64 1.8 1.5 37 2 38 .10 2
2.39 1. 6 1. 1 27 5 76 . 17 5

0.4
0.5
0.9
0.3
0.4

0.9 49 KEA
0.9 36 LSW
1.7 49 DIS F
0.6 35 KAO
1.2 24 KAO

1985 AUG 821 27.05 19 18.14
1710 4.11 19 21.22
1821 22.72 19 19.67
1848 4.92 19 19.70
032 22.79 19 24.91

155 13.18
155 13.10
155 13.38
155 11.81
155 19.70

7.03 1. 3 1. 1 17
9.01 2.3 2.5 47
9. 44 2. 1 1. 9 46
6.62 1.5 1.1 33
5.63 2.4 2.5 46

o 96.09
7 57.13
5 120 .12
1 89 .12
9 37 .11

2 0.7
3 0.3
6 0.5
6 0.5
2 0.3

1.3 14 SF2
0.5 42 SF2
0.5 42 SF2
1.0 31 SF3
0.6 38 KAO

26 749 49.93 19 31.68
26 23 4 41.84 19 25.48
27 552 41. 13 19" 22. 96
27 1023 29.50 19 18.34
27 1237 35.37 19 21.26

155 12.01
155 19.23
155 27.58
155 13.02
155 24.40

24.45 2.4 1.9 50 11 62 .12 14
6.47 1.5 1.5 26 3 124 .10 3

10.20 2.0 1.7 38 3 35 .12 1
9.48 2.1.2.143 5 97 .11 3

10.59 1.8 1.7 34 3 66.11 3

0.5
0.4
0.4
0.5
0.4

1.0 46 DEP
1.0 24 KAO
0.6 35 KAO
0.5 40 SF2
0.6 29 SWR

15029.00 19 19.13
710 53.74 19 15.84
8 6 59.39 19 12.11

12 1 23.63 20 0.02
1429 13.05 19 11.83

155 13.08
155 27.10
155 27.31
155 21.51
155 27.07

5.79 1.7 1.6 38
9.34 1.6 1.7 30
8.84 3.2 3.6 51

13.94 2.3 2.1 21
4. 73 1. 8 1. 2 32

5 80.14 4
1 70.12 5
5 119 .19 5
4 207 .08 12
2 126 .15 5

0,5
0.4
0.5
0.9
0.6

1.1 35 SF2
0.9 26 LSW
0.7 42 LSW F
0.4 20 KEA
2.7 32 LSW

27 1842 49.89 19 21.71
28 1857 25.60 20 3.40
28 2152 35.71 19 24.16
28 2356 51.69 18 54.48
29 252 30.12 18 48.76

155 30.27
155 32.19
155 16.15
155 16.31
155 14.27

8. 93 1.7 1. 1 32
8.58 2.6 2.2 47

18.81 1.7 1.7 48
14.44 2.4 3.130
11 . 60 2. 3 2. 4 27

2 46 .10 5
9 198 .13 25
7 70 .11 1
3 256 .11 34
3 269 .12 45

o . 4 0 . 9 30 KAO
o . 6 . 0 . 6 42 KEA
o . 5 0 . 6 44 DEP
1 . 4 3 . 3 29 LO I L
1 . 5 1 . 6 26 LO I

6 2027 7. 37 19 11.20
6 2126 50.53 19 11.70
7 035 55.69 19 18.89
7 4 6 58.71 19 16.73
7 446 43.85 19 11.61

155 29.38
155 27.52
155 13.43
155 22.45
155 27.49

33.89 2.2 1.9 47
6.24 1. 9 1.4 33
5.86 1.5 1.5 37
7.33 1.9 2.0 52
6.78 1.8 1.3 33

6 81 .08
2 117 .14
5 75 .14
5 125 .16
3 118 .15

4
4
3
5
4

O.
O.
O.
0.4
0.6

0.9 45 DLS
1.4 30 LSW
0.9 33 SF2
0.7 49 SWR
1.4 30 LSW

29 410 45.64 19 20.56
29 1122 29.97 19 19.80
30 220 20.34 19 19.46
30 94359.211921.86
30 15 3 25.55 19 18.50

155 11.60
155 11.50
155 15.14
155 1.67
155 15.35

8.56 2.2 2.3 48
8.21 1.7 1.1 25
8.62 1.8 1.7 41
6 . 13 2. 3 2. 0 42
8.70 1. 8 1.7 37

7 75 .13
2 88 .12
4 93 .11
6 152 .13
4 104 .10

4
5
4
4
4

0.4
0.6
0.4
0.5
0.4

0.4 42 SF3
0.9 23 SF3
0.5 38 SF1
0.8 38 SF5
0.5 34 SF1

7 858 12.61 19 19.50
7 1439 30.96 19 22.02
7 1752 11.35 19 10.08
8 1231 52.79 19 19.07
8 1233 16.29 19 17.88

155 11.69
155 6.55
155 33.04
155 13.25
155 12.97

8. 36 1.3 1. 1 24
7.93 1.8 2.2 36
1.18 1.7 1.4 31
9.50 2.4 2.5 48
7.59 1.8 1.7 39

o 94.10
2 75 .14
4 115 .16
5 128 .12
5113.10

6
2
9
7
2

0.6
0.5
0.5
0.5
0.5

1.2 23 SF3
0.8 34 SF4
0.8 30 LSW
0.5 43 SF2
0.7 36 SF2

0'\
0'\

31 650 38.77 19 25.05
31 813 27.60 19 26.11
31 940 15. 67 18 54.77
31 1822 53.06 19 19.49
31 1929 15.33 19 19.23

155 19.09
154 54.19
155 15.28
155 11.25
155 9.58

5 .37 1. 3 1. 1 24
8.03 1.8 1.4 31

11 . 20 2. 9 3.5 45
6 . 79 1. 5 1. 2 22
7 . 76 1. 9 1. 8 42

3 106 .08 3
1 169 .12 3
5 247 .12 35
o 97.10 5
6 100 .08 5

0.4
0.8
1.0
0.6
0.3

0.8 81 KAO
0.8 31 LER
0.6 44 LOI
1 . 1 21 SF3
0.5 38 SF3

1258 6.71 19 12.58
1646 29.90 19 20.97
1652 6.72 19 20.20
1445 32.96 19 16.22
21 5 32.29 19 25.22

155 28.56
155 12.84
155 12.86
155 48.46
155 30.13

6 . 65 2. 1 1.7 34
8. 92 2. 6 2.7 46
6. 93 1. 3 1. 1 27

10.92 2.4 1.8 39
11.37 2.9 2.9 48

5 91 .12 5
5 61 .11 3
1 70.12 5
7 112 .15 7
5 34.11 7

O. 4 O. 9 30 LSW
0.3 0.4 41 SF2
0.6 1.0 26 SF2
O. 6 O. 4 34 KON
o . 3 0 . 4 43 KAO

31 20 3 51. 81 19 17. 84
31 22 5 34.08 19 24.83
31 2321 28. 25 19 21. 82
31 2343 1 .02 19 19. 97

AUG 1 714 17.22 19 20.03

155 27.82
155 19.32
155 2.77
155 8.47
1557.52

9.21 1.7 1.8 40
6 . 25 2.0 1. 9 34
6 . 32 1.3 1. 1 26
5 . 92 1. 9 2.0 43
7.311.7 1.6 39

4 78 .13
5 45 .11
4 136 .15
6 79 .10
5 98 .10

6
2
4
5
5

0.4
0.4
0.6
0.4
0.4

0.6 37 LSW
0.7 30 KAO
1.1 23 SF5
0.6 38 SF4
0.7 36 SF4

9 23 1 32.52 19 25.46
10 022 54.43 19 38.11
10 94542.961949.83
10 1428 40.03 18 52.38
10 1853 54.54 19 21.71

155 19.54
155 59.97
156 8.50
155 15.38
15526.46

5.84 1.5 1.4 26
38.93 2.4 1.8 39
32.85 2.11.8 42
13.23 2. 1 1. 5 31
9.89 1.7 1.7 35

4 117 .08 3
2 253 .12 18
7 290 .12 36
4 295 .11 39
3 46 .13. 3

0.3
1.7
1.1
1.5
0.4

0.9 22 KAO
1.5 38 KON
1.3 40 HUA
2.0 30 LOI L
0.7 31 KAO

1 15 5 17.63 19 21.69
1 15 9 59.76 19 22.86
1 2320 45.23 19 23.58
2 052 22.49 19 11.26
3 123 26.75 19 20. 80

155 6.66
155 1.96
155 23.11
155 29.16
155 13.05

7.52 1.7 1.4 33
8 .09 2. 4 2.4 42

10.06 1.5 1.3 41
34 . I? 2.0 1. 5 42
7.17 1.6 1.2 36

3 80 .11
2 133 .12
4 41 .13
3 147 .10
2 61 .14

3
5
5
7
3

0.4
0.5
0.4
0.8
0.5

0.7 25 SF4
0.4 25 SF5
0.6 26 KAO
1.3 37 DLS
0.7 30 SF2

10 1857 26.90 19 21.67
10 1934 56.891857.72
10 2223 6.08 19 32.61
11 210 57.17 18 31.88
11174340.181921.31

155 26.50
155 14.94
155 37.47
153 59.30
155 23.26

10.23 2.12.0 43
12.57 2.3 2.8 31
10.30 2.6 2.2 43
17.88 2.3 2.3 39

9. 84 1. 4 1. 2 22

3 46 .12 3
1 280 .10 31
4 49.17 4
2 332 .16137
3 55 .10 2

0.4 0.5 38 KAO
2. 5 O. 6 30 LO I L
o . 5 Q.. 7· 40 MLO
7.2 98.7 38 DIS
o . 5 0 . 9 20 SWR

162139.76 19 11.11
217 58.51 19 24.01
441 55.34 18 52.33
8 6 16. 72 19 19. 90
825 37.49 19 24.86

155 29.27
155 16.00
155 11.23
155 11.94
155 16.64

33.32 2.0 1.7 40 .. 4 ·81 .08 4
3.05 1.1 1.4 23 5 107 .09 1

22.63 2.3 3.0 28 6 269 .12 43
6.76 1.5 1.3 40 3 83.12 5

10.85 0.9 1.2 17 2 145 .11 1

0.6
0.3
1.4
0.4
0.8

1.0 39 DLS
0.2 20 SEC
6.0 26 LOI L
0.8 38 SF3
1.1 15 INT L

11 1745 53.79 19 16.37
11 1857 11.91 20 0.73
11 2334 25.231916.87
112358 4.43 1922.50
12 746 45. 24 19 17. 69

155 28.90
156 1. 56
15521.85
155 4.03
155 12.94

10.31 1.3 22
10.10 2.9 3.3 44
4.73 O. Q 1. 3 25
8.50 2.1 2.3 45
6.84 1.5 1.5 37

3 58 .17 3
7 254 .13 29
3 130 .13 6
7 96 .14 4
3 124 .11 2

0.6
0.8
0.5
0.5
0.4

1.4 22 LSW
0.5 42 KOH
2.7 24 SWR
0.4 40 SF5
0.7 36 SF2

4 10 7 22.56 19 10.82
4 12 3 40.90 19 29.49
4 1724 38.08 19 25.13
4 184631.74 1941.08
4 2010 22.76 19 21.53

155 27.94
155 0.34
154 56.37
155 18.59
155 25.76

7.51 2.3 2.1 42 6 106 .15 2
42.78 3.2 3.1 55 6 73 .11 6
38.88 3.1 2.9 50 7 166 .11 4
35.04 2.8 2.6 60 15 94.11 19

9.49 1.7 1.3 39 2 48 .13 4

0.4
0.7
0.8
0.5
0.4

0.8 39 LSW
1.1 49 DEP
0.9 45 LER
0.9 50 KEA
0.7 36 KAO

12 752 38.78 19 17.88
12 1650 50.60 19 19.31
12 1933 9.76 19 20.00
12 2356 16.03 19 19.77
13 728 4.19 19 27.94

155 1.4.45
15526.30
155 10.10
155 8.15
155 26.73

7.14 1.4 1.1 29
9.84 1.6 1.3 36
6 . 64 1. 4 1. 1 27
6.93 1.4 1.5 33
9.04 2.3 2.0 34

1118 .12
3 56 .14
2 85 .12
4 87.10
4 44 .12

2 0.6
6 0.4
4 0.6
5 0.4
7 0.4

0.8 29 SF2
0.7 34 KAO
1.1 25 SF3
0.7 32 SF4
0.9 22 KAO
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OllIGIlf TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR HOIf DA HRMN SEC DEG HIN DEG HIN KH HAG HAG NR NS DEG SEC DIS KM KH FH REHK

ORIGIN TIME LAT N LON W DEPTH' AMP DUR GAP RHS MIN ERH ERZ NO
YEAR KON DA HRKN SEC DEG MIN DEG MIN KK' )fAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 AUG 13 10 2 53.93 19 11. 63
13 1112 10.58 19 19.79
13 1138 19.42 19 17.37
13 2219 56.96 19 20.05
14 839 13.28 19 21.28

155 39.47
155 11.64
155 14.17
155 15.78
155 16.62

10.63 3.5 3.9 35
7. 80 2.2 2. 6 45
6 . 94 1. 3 1. 1 26
6.27 1.3 1.1 38

25 . 85 2.3 2. 2 50

108 .19
87 .14

148 .10
90 .13
66 .11

7
5
1
3
2

o . 7 0 . 8 23 LSW F
o . 4 0 . 6 41 S F3
O. 5 O. 8 26 SF2
o . 4 0 . 7 34 S Fl
o . 6 0 . 7 43 DEP

1985 AUG 23 15 3 5.15 19 20.77
23 1555 29.3'7 19 56.79
23 1811 28.71 18 54.92
24 11110.6520 32.71
24 75'7 51.59 19 29.55

155 12.29
155 19.23
155 16.33
15531.19
155 27.64

7.96 1.8 1.8 38 4 68 .10 4 0.4
27.39 2.5 2.15113 198 .12 7 0.7
13.78 2.3 3.3 24 3 262 .11 34 1.4
0.70 3.13.4 41 6 29'7 .14 54 7.0
5 . 89 2. 0 1. '7 20 1 80.09 5 O. 4

0.5 35 SF3
1.0 45 KEA
1.3 24 LOI L
2.2 37 'DIS
1.8 18 KAO

14 1919 24.63 19 21.80
14 20 1 7.28 19 19.63
14 22 0 17.65 19 18.79
15 356 52.30 19 22.51
15 634 22. 18 19 47. 15

155 29.94
15511.55
155 14.86
155 30.12
155 33.55

9.70 2. 1 2. 2 44 2 34 .09 4
6.70 1.4 1.3 32 2 92 .10 5
7.80 1.2 1.3 30 2 101.08 4
9.99 1.6 1.3 32 3 46 .10 4

28 . 02 2. 1 1. 6 44 11 115 . 11 11

0.3
0.4
0.5
0.4
0.5

0.6 41 KAO
0.9 32 SF3
0.8 29 SFI
0.8 31 KAO
1.1 42 KEA

24 1026 13.53 19 22.62
24 2018 59.09 18 54.56
24 2139 58.64 .19 23 :00
24 2140 52.57 19 9.29
25 047 35. 27 19 20.27

155 8.34
155 15.24
155 26.71
155 34.75
155 11.72

2.85 1.3 1.4 18
11.52 2.1 2.3 27
10.09 2.1 2.2 43
7.73 2. 6 2. 2 37
7. 68 1.7 1. 8 43

1 95.11 3
3 25'7 .12 35
4 40 .12 2
5 119 .14 11
4 78 .12 5

0.5
1.6
0.4
0.5
0.4

0.5 18 SER
0.6 27 LOI L
0.5 40 KAO
1.3 35 LSW
0.6 40 SF3

15 1840 41.66 19 20.61
16 257 13.53 19 20.33
16 1148 15. 11 19 21.97
16 1415 53.00 19 21.32
16 1547 13.36 19 22.02

155 13.06
155 7.70
155 0.78
155 6.38
155 5.68

7.52 1.6 1.3 35
7.68 1.9 2.0 47
1.91 1.6 1.1 22
6.98 1.4 1. 1 25
7. 90 1. 8 1.7 33

2 63 .12
5 90.13
2 175 .15
3 88 .11
3 76 .11

4
5
5
4
3

0.5 0.7 34 SF2
0.4 0.6 44 SF4
o . 7 1 . 6 20 S S F
0.5 0.8 25 SF4
0.4 0.7 29 SF4

25
25
25
25
25

253 57.89 19 20.59
358 57.84 19 22.32
443 1 . 48 19 17.08
711 7.13 19 20.52
'735 30. 52 19 1'7. 66

15511.91
155 4.51
155 22.78
155 10.74
155 12.60

7.92 2.9 3.0 55
7 . 18 1. 7 1. 7 33
5 .06 2.0 2.3 48
7.59 2.5 3.0 53
6 . 40 1. 2 1. 5 27

'7 73 .14 4
4 86 .18 4
4 114 .16 6
7 77 .14 3
2 140 .10 2

0.4
0.6
0.4
0.4
0.6

0.5 49 SF3
1.1 30 SF5
1.3 47 SWR
0.5 49 SF3
1.0 27 SF2

16 1742 5.14 19 9.79
16 1758 9.57 19 21.13
16 1835 1.49 19 27.34
16 19 0 16.95 19 19.99
16 19 5 3.20 19 9.44

155 35.03
155 6.55
155 28.31
155 12.12
155 34.91

9.65 2.6 2.3 41
5.50 1.5 1.4 38
8.82 1.8 1.3 39
7.14 1.3 1.2 26
8.72 2. 1 1. 6 29

5 112 .14 10 0.5
4 91 .19 4 0.6
5 56 .11 7 0.4
1 81 .09 5 0.6
5116.1411 0.5

0.7 40 LSW
1.3 38 SF4
0.9 35 KAO
1.0 25 SF3
1.1 27 LSW

251419 22.00 19 23.11
25 16 9 26.98 19 18.26
25 1936 33. 9'7 19 23. 02
25 1941 43.86 18 54.53
25 1944 47.74 18 58.70

155 8.51
155 13.38
155 13.08
155 15.93
155 15.71

2 . 82 1. 0 1. 0 11
7. 84 1. 5 1. 5 35
6.56'1.2 1.1 17

12.22 2.1 2.1 29
12.22 2.0 2.4 32

106 .12 3
85 .09 2
85 .15 1

256 .11 35
242 .11 29

o . 9 0 . 5 11 SER
0.5 0.7 33 SF2
0.7 1.114 SF2
1.4 0.8 29 LOI L
0.9 0.5 32 LOI L

0'\
.......

17 1652 23.4120 2.40
17 20 1 58. 31 1 9 16. 86
18 424 55.95 ·19 20.54
18 6 5 8.94 18 51.80
18 940 58. 95 19 26. 77

155 27.30
155 15.24
155 12.55
155 14.94
155 29.13

11 . 28 1. 5 1. 4 26
10.17 2.12.2 31
7. 22 1. 2 1. 2 25

12.30 2.2 1.9 18
10.61 2.2 1.9 41

3 212 .25 20
1154 .12 6
o 68 .10 4
2 273 .10 40
5 45 .10 8

1.6
0.6
0.5
1.6
0.4

1.1 22 KEA
0.7 27 SFI
0.7 20 SF2
1.3 17 LOI L
0.6 36 KAO

26 6 6 29.79 19 19.22
26 7 1 4'7.31 19 24.97
26 1130 56.91 19 20.34
26 1926 39.34 19 21.05
261932 29.9919 21.35

155 9.83
155 19.37
155 '7.30
155 6.07
1555.89

6.80 1.7 1.5 41
5 . 30 1.7 1. 8 35
8.18 2.3 2.3 44
7.69 1.5 1. '7 32
7 . 60 1. 3 1. 3 32

4 102 .10 5
5 38 .10 2
6 97 .11 6
2 96 .12 4
2 90 .12 4

0.4
0.3
0.4
0.5
0.4

0.7 38 SF3
0.7 30 KAO
0.6 39 SF4
0.8 32 SF4
0.8 31 SF4

18 10 5 21.24 19 21.89
18 1538 15.21 19 23.59
19 356 6.25 19 25.77
19 530 3.70 19 15.59
19 855 56.93 19 15.59

155 5.93
155 26.12
155 21.90
155 29.96
155 33.70

7.55 1.8 1.8 44
10.96 1.9 1.5 41

9. 02 2.0 1.7 47
9 . 05 2. 2 1. 9 43
7. 98 2.2 1.7 43

7

4
5
4
5

82 .13
37 .12
32 .13
67 .15
63 .18

3
3
4
1
6

0.4
0.4
0.3
0.4
0.5

0.6 39 SF4
0.5 37 KAO
0.6 42 KAO
0.7 41 LSW
0.8 41 LSW

2'7 016 18. '70 19 26.98
27 147 27.21 19 17.62
27 7 5 4 . 00 19 24. 94
27 1054 55.82 18 55.08
27 1342 6.94 19 21.29

155 14.62
155 15.16
155 19.88
155 16.71
155 2.49

32.07 2.3 1.8 55
6.74 1. 3 1. 1 34
7.19 2.1 2.0 44·

13.32 2.4 2.8 34
7 . 18 1. 8 1. 4 26

9 49 .11 4
1 140 .11 3
6 37 .12 2
6 253 .11 33
2 204 .12 3

0.5
0.5
0.3
0.9
1.1

0.7 49 DEP
0.8 32 SFl
0.6 39 KAO
0.7 33 LOI L
0.7 25 SF5

20 722 4.54 19 16.58
20 723 55.74 19 15.97
20 1030 2.66 19 19.48
20 1715 43. 93 19 20.69
20 1948 54.60 21 0.50

155 22.30
155 21.81
155 11.92
155 12.79
156 10.01

7 . 22 2. 6 3. 0 52
7. 50 1.3 1. 2 26
7.511.8 1.7 38
7.46 1.6 1.3 35

32. 83 3. 2 3. 1 44

5 130 .14 5
3 176 .11 5
4 92.10 5
3 64.13 4
6 302 .13 28

0.4
0.6
0.5
0.5
1.6

0.6 48 SWR
1.0 22 SWR
0.7 35 SF3
0.7 33 SF2
1.2 41 DIS

27 1525 18.92 19 20.44
27 1545 57.65 19 10.20
27 1820 20.59 18 59.2'7
27 1923 14. 19 19 20.02
27 1949 16.62 19 13.99

155 11.85
155 37.09
155 14.48
155 8.69
155 21.72

8 . 11 ,.. 4 1. 1 28
28.12 2.0 1.5 42
12 . 03 1. 5 1. 4 27
5.81 1.5 1.3 32
7. 98 1.4 1.3 26

2 '76 .12 5
7 100 .09 9
3 269 .14 30
2 74 .12 4
3 165 .09 4

0.6
0.5
1.9
0.5
0.6

0.9 26 SF3
1.0 40 DLS
0.7 27 LOI L
1.0 29 SF4
0.9 26 SWR

21 1 6 4 . 77 1 8 49. 83
21 2 8 47.00 19 20.20
21 541 58. 77 19 20. 61
21 10 6 3.84 19 20.50
21 14 2 0.30 19 41.97

155 15.97
155 11.79
155 7.95
155 11.79
155 2.11

12.04 2.2 1.9 28
7.73 2.3 2.2 53
7.13 1.9 1.8 41
8.34 1. 6 1. 5 29
0.01 2.2 2.2 24

2 300 .10 42
6 79 .14 5
5 83.10 4
o 74 .12 4
o 124 .25 1

1.8 1.8 28 LOI L
o . 4 O. 5 48 SF3
o . 4 O. 6 36 SF4
0.6 1 .0 29 SF3
1.3 1.3 24 HIL B'

28 '748 40.69 19 20.'72 155 6.'76
29 046 33.75 19 14.'71 155 4.52
29 1042 41.08 19 19.92 155 8.13
30 5 5 47.58 19 19.09 -155 15.21
30 540 18.94 19 20.72 15512.74

6. 87 1. 9 2.2 40
46.76 2.9 2.7 53
7. 30 1. 6 1. 7 37
6. 99 1.3 1. 5 37
7.65 2.0 2.2 48

6 97.13
8 201 .11
3 86 .10
3 100 .10
5 65 .13

5 0.5
8 0.8
5 0.5
4 0.4
4 0.4

0.8 36 SF4
0.8 48 DEP
0.8 3" SF4
0.6 35 SFl
0.6 44 SF2

21 1445 46.35 19 19.34
22 628 0.16 1918.55
22 948 41.24 19 19.69
23 225 25.02 19 18.38
23 4 1 8 . 97 1 9 1 9 . 13

155 10.22
156 4.22
155 12.24
155 13.17
155 13.12

6.41 1.6 1.5 35 2 102 .14 5
40.04 4.2 4.7 62 14 248 .09 21
7.06 2.1 2.0 43 2 85 .16 5
8.02 2.0 1.9 46 5 91 .12 3
9.10 2.4 2.7 50 5 79 .12 4

0.6
0.7
0.5
0.4
0.4

0.9 33 SF3
0.6 51 KON F
0.7 41 SF3
0.5 43 SF2
0.5 46 SF2

30 855 48.88 19 46.32
30 10 2 46.51 19 23.91
30 1013 35. 29 1 9 22: 01
30 1029 45.14 19 21.61
30 1133 29. 63 19 23.71

156 4.59
155 16.93
155 27.99
155 30.09
155 15.54

11 . 65 2. 8 2.7 48
16 . 16 1. 3 1. 2 40
6. 98 2. 3 2.3 48
9.36 2.2 2.0 43
3.10 2.12.2 39

7 239 .12 27
5 65 .10 1
6 44.14 1
4 37.11 5
7 36 .12 2

0.9
0.4
0.4
0.4
0.3

0.6 42 HUA
0.4 38 DEP
0.7 43 KAO
0.7 41 KAO
0.3 35 SEC
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ORIGIN TIHE LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG KIN . KK MAG MAG NR NS DEG SEC DIS KK KM FK REKK

ORIGIN TIME LAT N LON W DEPTH AKP DUR GAP RKS KIN ERH ERZ NO
YEAR KON DA HRKN SEC DEG MIN DEG KIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 AUG 30 1259 1.93 19 23.95
30 23 2 26.72 19 21.91
31 028 40. 43 19 20.08
31 041 3.20 19 24.56
31 051 39.25 19 19.61

155 15.71
1555.79
155 12.08
154 58.20
155 8.19

3.58 1.6 1.6 23
6.94 1.5 1.5 36
7.01 1.5 1.6 41
7.38 2.2 2.6 38
7. 80 1. 6 2.0 37

4 110 .08
1 79 .17
3 80 .11
1 166 .14
2 88 .08

2 0.3
3 0.6
5 0.4
1 0.7
4 0.4

0.3 21 SEC
1.0 35 SF4
0.6 38 SF3
0.6 34 LER
0.7 35 SF4

1985 SEP 6 857 40.83 19 11.36
6 923 20.38 19 25.69
6 1232 56.96 18 55.62
6 2040 40.66 19 25.29
7 244 48.54 19 19.95

155 28.32
155 27.89
155 16.52
155 30.50
155 8.08

6.02 2.0 1.5 25
8.69 2.0 1.7 38

19.35 2.5 2.4 31
9. 84 1. 8 1. 2 34
7 . 84 1. 9 1. 8 40

2 116 .14 4
4 56 .11 5
4 275 .12 33
4 35 .10 7
3 87.10 5

o .7 1 . 5 25 LSW
O. 4 O. 9 34 KAO
1.7 7.0 30 LOI L
o . 3 0 . 8 30 KAO
0.4 0.7 37 SF4

31 229 29.38 19 22.05
31 533 16.97 19 25.21
31 534 34.05 19 24.90
31 619 1.15 19 21.52
31 14 8 11.53 20 3.99

155 28.96
155 18.96
155 19.28
155 6.19
155 28.48

10.19 1.5 1.4 37 3 40 .11 3 0.3
6.17 2.4 2.6 48 10 38 .11 2 0.3
6.20 1.6 1.1 24 4 98 .10 2 0.4
7.24 1.7 1.5 36 2 85 .14 3 0.5

48.812.0 2.0 44 10 207 .1124 0.9

0.6 35 KAO
0.5 41 INT
0.8 21 KAO'
0.9 36 SF4
0.7 40 KEA

7 1223 45.80 19 22.26
7'14 4 49.13 19 19.42
7 14 6 35.96 19 18.60
7 1556 6 . 40 19 18. 85
8 138 32.09 19 19.72

155 29.85
155 13.12
155 12.90
155 13.09
155 3.79

9.74 2.3 2. 1 42
9.32 2.6 2.8 49
5.511.6 1.6 37
4.55 1.5 1.8 38
7. 44 1. 8 1. 8 37

2 33 .10
6 76 .13
3 95 .13
2 84 .12
2 163 .13

4
4
3
3
2

0.3
0.4
0.4
0.4
0.8

0.7 40 KAO
0.5 43 SF2
1.1 33 SF2
1.5 37 SSF
0.5 35 SF5

31 16 3 9.47 19 26.62
31 1735 11.16 19 17.07
31 2214 51.68 19 22.28
3123 1 34.0119 22.36

SEP 1 014 3.90 19 22.56

155 26.27
155 15.01
155 2.27
155 29.95
155 29.91

4.81 1.5 1.2 29
6.31 1.5 1.2 26
7. 47 1. 6 1. 3 33
9.54 1.7 1.2 33
9.39 1.4 1.2 33

3 58 .11
o 162 .07
3 146 .17
1 45 .12
2 44 .08

0.3
0.6
0.8
0.4
0.3

1.3 26 KAO
1.1 25 SFI
0.5 33 SF5
0.7 33 KAO
0.8 32 KAO

945 14.36 19 23.39
1654 27.451955.75

253 15.95 19 20.99
355 52.44 19 25.64
858 10. 58 19 22. 19

154 49.49
155 32.45
155 30.29
155 19.63
15527.43

43.10 2.3 1.8 54 10 259 .12 8
23.46 2.4 2.2 39 9 149 .14 15
8.79 2.0 2.0 37 2 33 .12 5
8.02 2.4 2.6 42 5 38 .12 4
9.81 2.0 2.0 45 4 41 .12 1

1.1
0.6
0.4
0.3
0.3

0.7 52 LER
1.1 36 KEA
1.0 35 KAO
0.6 34 KAO F
0.6 41 KAO

64155.82 19 21.67
851 54.02 18 55.32
856 36.50 19 21.06

1633 2. 82 19 10. 59
1843 43.45 18 54.55

155 12.70
155 16.34
155 2.59
155 31.96
155 16.14

2.86 1.0 1.1 16 3 89.07 2 0.4
13.17 1.6 1.3 27 4 288 .13 33 1.7

4.84 1.4 1.3 31 2 146 .14 2 0.6
12.14 2.4 2.2 46 10 108 .12 7 0.4
12.86 2.12.0 27 2 255 .1135 1.6

0.5 14 SER
1.0 27 LOI L
1.1 31 SSF
0.5 41 LSW
1.2 27 LOI

9 12 4 57.92 19 19.88
10 1619 50.79 19 12.70
10 1625 15.67 19 11.22
11 531 23.03 19 19.40
11 548 44.26 20 1.30

155 8.00
155 28.68
155 29.11
155 15.75
155 20.93

6.88 1.5 1.5 23 2 90.09 5
8.202.22.142 5113.14 5

34.17 2.4 2.0 50 10 75 .09 4
7.56 1.8 1.8 41 3 101 .12 3

13.37 2.2 1.6 2~ 4211.12 15

0.5
0.4
0.6
0.4
1.1

1.0 23 SF4
0.6 39 LSW
0.8 45 DLS
0.5 35 SF1
0.5 24 KEA

0"
CO

1 20 5 37.43 19 26.93
2 341 13.61 19 22.05
2 440 9.58 19 49.72
2 930 9.10 1927.45
2 1053 27.79 18 55.67

155 29.51
155 6.87
156 \9.90
155 29.60
155 16.10

9.25 1.7 1.2 35
7.811.3 1.2 25
6. 32 2. 9 2. 5 50
9.64 1.8 1.2 38

12.47 2.3 2.9 36

5 61 .12 8
2 74 .13 2
9 277 .12 54
4 49 .17 8
4 244 .12 33

0.4
0.4
0.8
0.5
1.4

1.0 30 KAO
0.9 25 SF4
0.8 44 HUA
1.1 35 KAO
0.6 35 LOI L

111252 36.60 19 20.37
12 333 16.12 19 22.70
12 627 25.56 19 19.25
13 3 7 12.98 19 23.48
13 422 5 . 27 19 22.40

155 3.15
155 0.48
155 15.26
155 25.62
155 28.66

6. 32 1. 5 1.2 30
5.911.3 1.1 31
6.88 1.3 1: 7 34

10.63 1.8 1.5 45
9.67 1.8 1.5 38

97 .16
159 .15

98 .11
27 .13
36 .10

0.7
0.8
0.4
0.3
0.3

0.8 29 SF5
1.4 30 SF5
0.8 31 SFl
0.5 42 KAO
0.6 36 KAO

2 1456 46.92 19 26.88
2 1951 12. 42 19 19. 69
2 2048 54.04 19 34.61
3 318 2.24 19 24.25
3 1122 54.75 18 52.29

15528.57
155 13.75
155 22.12
155 16.19
155 15.43

8.54 1.9 1.7 43 4 44.12 7 0.3
9.66 3.3 3.5 54 10 61 .12 5 0.3
9.39 2.3 2.0 47 5 83 .20 9 0.5
3.54 1.0 1.2 17 5 110 .08 1 0.4

12.913.13.7 52 6 255 .1139 1.0

0.9 38 KAO
0.3 46 SF2
0.9 43 KLO
0.3 14 SEC
1.3 49 LOI

13 10 4 27.97 19 50.66 155 12.24
13 2122 6.80 19 5.45 156 11.61
14 1059 45.93 19 22.4'3. 155 28.68
14 2359 27.89 ~.9 20.14 155 11.60
15 15 15.15 19 20.75 155 2.53

36.22 1.7 1.3 18
30.18 1.5 29
10.89 1.4 1.2 28
9.70 2.9 3.3 52
6.71 2.7 3.1 41

2 296 .08 40
4 287 .13 39
3 44.11 2
9 81 .11 5
5 148 .16 2

3.3
1.7
0.4
0.4
0.6

3.6 18 KEA
2.1 27 KON
0.8 27 KAO
0.3 45 SF3 F
0.5 38 SF5

3 12 5 0 . 20 19 23. 88
3 17 9 53.35 18 53.95
3 23 6 58. 07 19 16. 36
4 045 17. 97 19 20. 72
4 1327 25.48 19 21. 46

155 15.93
155 16.61
155 15.04
155 12.95
155 3.24

3 . 22 1. 5 1. 6 25
14.71 2.4 2.9 38
7.07 1.4 1. 5 32
8 . 23 1.4 1.3 30
7. 23 3.0 3. 1 47

5 104 .11 1
5 249 .11 35
2176.133
1 67.10 4
5 107 .13 3

o . 3 0 . 3 22 SEC
1 . 2 3 . 1 38 LO I L
0.6 0_ 9 32 SFl
0.5 0.7 29 SF2
o .5 0 . 5 44 S F5

15 258 2.19 19 23.78
15 437 2.05 19 28.18
15 625 37.20 19 11.06
15 1718 23.93 19 17.95
15 1745 11.~4 19 22.20

155 27.17
155 26.94
1511 35.48
155 15.63
155 29.39

9.78 1.2 1.1 28
7.53 1.8 1. 1 29

35.46 2.2 1.8 30
8.76 2.12.0 46
9.76 1.8 1.5 36

4 55 .09 3
3 69.12 6
4 316 .12 41
6 121 .13 4
3 39.09 3

0.4
0.4
2.2
0.4
0.3

0.6 26 KAO
0.9 23 KAO
2.8 29 DIS
0.5 43 SF1
0.6 33 KAO

4 1649 2.09 19 22.35
5 421 26.24 19 20.02
5 6 5 37.45 19 47.14
5 832 30. 37 19 23. 60
5 10 4 28.24 19 25.86

155 30.12
15510.01
155 22.15
154 58.21
155 19.73

9.58 1.8 1.5 36 2 46 .11
7.40 1.5 1.1 27 3 85.. 07

26 . 26 2. 1 1. 5 44 11 91 . 10
6.06 2.0 1.7 36 5 171 .20
7. 17 1. 8 1. 5 28 5 73. 12

4
4
9
3
4

0.4
0.5
0.4
0.9
0.4

0.7 34 !tAO
0.8 23 SF3
0.9 37 KEA
1.0 33 LER
0.8 24 KAO

15 1943 8.39 19 20.92
16 120 45.04 19 ~9.94

16 9 2 23.73 19 21.01
16 1142 10.83 19 19.92
16 1221 51.46 19 47.54

155 49.76
155 7.49
155 2.88
155 11.06
156 1.90

7.02 2.2 1.7 40 11124 .13 10
6 89 1.4 1.1 28 4 100.11 5
5 . 93 1.4 1. 1 18 2 140 . 14 2
6.82 1.7 1.6 27 2 88 .12 5

41.69 2.8 2.7 5111232 .1123

0.4
0.6
0.9
0.5
0.7

0.8 38 KON
1.0 27 SF4
1.3 16 SF5
1.1 23 SF3
0.7 47 HUA

1129 40.30 19 17.36
13 1 7.40 19 19.97
1355 9.06 19 19.92
2232 13.36 19 20.82

1 3 52.32 19 19.87

155 27.89
15~ 11.63
155 12.08
155 9.82
155 12.85

10.66 1.6 1.4 27
9.56 2.9 3.0 53
8.15 1.4 1.3 21
7.05 1.4 1.3 31
6 . 66 1. 2 1. 3 26

4
7

o
2
1

94 .12
85 .11
82 .08
70 .11
74 .13

6
5
5
2
5

0.4
0.4
0.6
0.5
0.5

0.7 26 LSW
0.3 47 SF3
1.1 21 SF3
0.8 30 SF3
0.9 24 SF2

16 1318 15.62 19 10.32
16 1318 53.46 19 19.82
16 1455 16.07 19 18.53
16 1844 49.32 19 18.48
16 1846 57.38 19 18.25

155 56.63
155 11.79
155 14.89
155 13.18
155 13.25

18.48 2.8 2.3 24
7 . 74 1. 5 1. 3 15
6. 95 1.7 1. 6 32
6.21 1.4 1.3 31
6.311.4 1.1 32

4 239 . 13 13 1 . 3
2 86 .06 5 0.5
4 108 .09 4 0.4
3 89.12 3 0.5
3 90 .10 2. 0.4

1.5 24 KON
1.5 15 SF3
0.6 30 SFI
1.0 29 SF2
0.8 29 SF2
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ORIGIN TIME LAT N LON W DEPTH AMP DUR G'AP RMS MIN ERH ERZ NO
YEAR HON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REHK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REHK

1985 SEP 16 19 6 21.23 19 18.78
17 811 42.40 19 21.03
17 935 27.56 19 21.56
17 13 4 25.24 19 24.02
18 5520.97 19 ~1.74

155 13.26
155 2.39
155 4.99
154 57.42
155 30.50

7.21 2.4 2.9 50
5.54 2.0 1.6 34
5.75 1.6 1.6 31'
6.69 1.9 1.6 32
9 . 77 1. 8 1. 5 37

.7 82 .14
4 148 .14
5 84 .15
4 172 .20
3 33.08

3
2
4
3
5

0.4
0.5
0.5
0.7
0 .. 3

0.6 45 SF2
1.0 32 SF5
1.0 28 SF5
0.7 29 LER
0.7 35 KAO

1985 SEP 27 1423 2.10 19 19.87
28 3 8 57.54 19 20.99
28 612 54.29 19 27.52
28 2251 5.60 19 21.45
30 1442 29.24 19 20. 86

155 30.35
155 12.86
155 29.32
155 23.86
15521.57

9.43 1.2 26
7.74 1.8 1.9 31
9. 85 2. 2 1. 9 37
9.15 1.6 1.3 32

10 . 62 1. 2 1. 3 24

1 133 .11
1 61 .12
4 56 .11
1 58 .11
3 65 .09

7
3
9
3
3

0.6
0.5
0.4
0.4
0.4

1.1 23 KAO
0.7 29 SF2
0.6 32 KAO
0.6 22 SWR
0.8 22 SWR

18 12 7 56.54 19 56.33
18 1521 9.02 19 43.26
19 614 3.76 19 20.39
19 616 0.45 19 19.10
19 2229 54.62 19 19.16

155 38.38
155 2.99
155 11.46
15515.19
155 8.71

11 . 44 2. 9 2.7 48
0.012.12.3 16
7 . 70 2. 3 2. 4 49
7.73 2.2 2.3 49
5 . 75 1. 4 1. 0 27

9 133 .14
2 238 .14
5 78 .12
5 91 .11
4 105 .13

9 0.6
3 1.8
4 0.4
4 0.4
4 0.5

0.3 42 ROH
0.9 15 HIL B'
0.6 46 SF3
0.5 42 SFI
1.1 26 SF4

30 1928 11.20 19 48.22
30 2133 42.151918.36
30 2143 3 . 44 19 18. 44

OCT 1 012 47.94 19 18.76
1 333 41.31 19 22.90

155 23.05
155 14.94
155 15.11
155 13.29
155 2.88

24.39 3.0 3.5 66 17 82 .10
7.06 1.5 1.6 35 2 102 .13
6.381.41.334 2103.14
5.87 1.3 1.5 35 3 81 .13
6.91 1.6 1.5 32 3 114 .20

8
4
4
3
4

0.4
0.5
0.5
0.5
0.6

0.8 60 KEA F
0.8 34 SFI
0.8 32 SFI
1.0 33 SF2
1.2 30 SF5

20 346 2.45 19 25.42
20 4 8 58.35 19 25.14
20 536 9.65 20 27.39
20 942 4.30 19 24. 86
20 1049 29.36 19 42.86

155 29.38
15519.18
157 44.34
155 19.44
155 2.32

7. 83 1. 8 1. 3 39
6 . 96 1.7 1. 6 26

41.79 3.3 3.6 26
6.54 1.7 1 ..6. 30
0.012.12.6 26

3 63 .11 6 0.4
4 109 .12 3 0.5
1225.18100 2.3
5 75 .11 2 0.4
2 246 .24. 2 2.0

0.9 34 KAO
0.9 22 KAO
2.5 24 DIS
0.8 25 KAO
0.9 25 HIL B'

756 22.44 19 21.12
952 40.59 19 19.89

1434 33.18 19 25.76
1628 20. 86 19 25.09
2132 10.24 19 16.44

15521.41
155 10.48
155 29.23
155 19.30
155 23.14

9.52 1.7 1.7 29
6.83 1.6 1.1 22
8.67 1.8 1.4 38
7.011.3 1.2 25
7.011.7 1.8 35

4 60 .09 4
1 89.12 4
3 61 .12 7
5 106 .09 3
7116.134

0.3
0.6
0.4
0.4
0.4

0.8 27 SWR
1.2 22 SF3
0.9 35 KAO
0.8 21 KAO
1.0 32 SWR

o . 6 0 . 5 56 KEA
0.4 0.7 34 SF4
o . 6 1 . 7 16 S F5
o . 3 O. 6 33 KAO
o . 5 0 . 5 39 KON

9.55 2.0 2.0 40 4 41 .10 5
15.313.7 4.167 19 96 .10 11
13.95 2.4 2.6 47 13 92 .10 11
6.19 1.4 1.3 28 3 139 .16 2

10.65 1.6 1.3 32 3 50.11 4

0.3 0.6 36 KAO
o . 3 O. 5 63 KEA F
o . 4 0 . 4 41 KEA
0.5 0.9 27 SF5
0.4 0.6 31 KAO'"'.D

20 1134 0.15 19 21.58
20 1818 22. 70 19 23. 07
21 023 5.56 19 22.27
21 ~ 9 47.67 19 20.67
21 1140 37.23 19 29.68

21 2035 4.01 20 2.14
21 2037 15.54 19 19.53
22 450 59.74 19 21.96
22 452 18.20 19 25.48
22 712 9.831919.18

155 6.27
155 2.69
155 30.45
155 12.64
155 59.72

155 20.10
155 7.55
1553.49
155 19.93
155 52.12

10 . 38 1. 1 1."7 20 3 84 . 08 . 3 0 . 5
8.44 2.1 2.0 35 5 117 .15 4 0.5
9.03 1.7 1.3 39 2 35 .12 5 0.4
7.58 1.4 1.5 32 1 66.12 4 0.5

10.69 2.9 2.8 47 10 245 .17 8 0.9

6.97 2.8 2.6 64 17 216 .13 16
7.03 1.5 1.7 35 3 107 .09 4
5.19 1.6 1.1 20 1 109 .14 4
7.08 1.9 2.1 39 4 38 .11 3
7.98 2.6 1.6 45 10 162 . 15 6

0.9 19 SF4
0.4 32 SF5
0.7 38 KAO
0.7 31 SF2
0.5 41 KON

1232 30.681918.56
2 1319 36.16 19 21. 55
2 2317 39. 14 19 18. 59
2 2338 26.45 19 19.89
3 519 23.65 19 18.16

3 610 6.79 19 20.09
3 612 48.71 19 46.97
3 1017 7.32 19 47.17
3 23 3 54.86 19 21.13
4 324 7.34 19 20.74

155 15.36
15518.51
155 14.06
155 8·.13
155 13.08

155 28.49
155 35.72
15535.36
155 2.53
155 28.32

8.07
2.70
8.56
5.63
6.33

.7 1.9 43

.3 1.3 18

.9 2.2 40
5 1.5 35

.3 1.5 30

4 113 .13
4 72 .09
3 76 .11
3 87 .12
2 99 .08

4
3
3
5
2

0.4
0.3
0.5
0.5
0.4

0.6 41 SFI
0.7 15 SWR
0.6 39 SF2
1.1 34 SF4
0.9 30 SF2

22 1440 4 . 81 19 19. 52
22 16 5 28.26 19 20.20
23 053 8.39 19 19.99
23 312 42.01 19 21. 77
23 415 44.59 19 19.67

155 11.40
155 12.94
155 11.40
15529.93
155 11.60

6.54 1.3 1.1 26
7. 22 1.3 1. 1 30
6 . 16 1. 4 1. 1 2g
8 . 12 1. 8 1. 3 24
7 24 1. 5 1. 6 40

1 96.11
3 68.11
2 86 .13
1116 .13
4 91 .10

0.6
0.5
0.5
0.6
0.4

1.1 26 SF3
0.8 30 SF2
1.1 29 SF3
1.3 17 KAO
0.7 38 SF3

4 1025 45.76 19 20.68
4 1122 51.35 19 55.95
4 1737 37.58 19 20.96
4 1812 9.02 19 20.24
41953 8.181922.50

155 14.16
15533.84
155 14.01
155 12.53
155 1.16

31 . 19 2. 8 2. 8 54 11 60. 12 4
34.94 2.8 2.2 47 11 146 11 13
33.23 2.8 2.6 62 12 56 .11 3

6.86 1.4 1.6 38 2 73 .13 5
6.63 1.6 1.5 35 3 152 .16 6

0.6
0.6
0.5
0.5
0.6

0.7 47 DEP
1.0 41 KEA
0.6 52 DEP
0.8 35 SF2
1.0 34 SF5

23 641 51.30 19 20.18
23 16 1 28.63 19 8.47
23 1732 52. 60 19 23. 40
23 2316 57.99 19 19.74
24 65623.27 1921.13

24 1232 25.83 19 20.71
25 038 30.33 19 29. 16
25 051 56.60 19 23.99
25 512 38.25 19 23.66
25 734 42. 52 19 23. 80

155 10.35
155 35.51
155 30.03
15511.25
155 6.90

155 11.46
155 27.53
155 16.02
155 15.64
155 16.00

8. 06 1. 8 1. 8 37
10.73 2.5 1.9 31
7.72 1. 5 1. 1 25
8. 34 1. 4 1.7 30
6.08 1.5 1.3 19

8.45 1.8 2.1 41
3.311.9 1.3 31
2.93 1.4 1.4 19
3.48 1.3 1.7 21
2. 95 1. 8 2. 1 28

2 82 .10 4
4 123 .16 12
1 85.13 5
o 91 .11 5
o 88 .09 4

73 .11
61 .11

III .09
95 .08
76 .12

0.4 0.6 36 SF3
o .7 0 . 7 28 LSW
0.5 1.3 21 KAO
0.4 0.7 27 SF3
0.6 1.117 SF4

0.4 0.6 40 SF3
o . 3 1 .4 29 KAO
o .4 0 . 3 16 SEC
0.3 0.3 17 SEC
O. 3 O. 2 24 SEC

339 48.30 19 15.77
6 5 48.75 19 17.20
6 7 20. 16 1 9 17. 18
723 3.70 19 16.78
957 39.32 19 17.02

1153 54.1119 18.98
2112 8.97 19 19.38

042 32.89 19 22.10
3 5 10.52 19 19.83
538 34.78 19 20.20

155 30.14
155 11.56
155 11.60
155 11.55
155 12.40

15529.17
155 13.03
155 2.63
155 7.85
155 10.87

9.56 1.8 1.4 37
1 . 67 1. 4 1. 6 34
1 . 68 1.4 1.6 30
1 . 90 1. 3 1. 3 24
2.70 1.3 1.1 29

8 . 76 1. 9 1. 8 40
6.10 1..2 1.130
8 . 44 1. 5 1. 4 25
5 . 33 1. 3 1. 1 28
7.56 2.1 2.5 46

5 85 .12
2 170 .14
2 157 .12
2 179 .09
2 172 .10

4 48 .14
2 78 .10
2 136 .12
3 95 .10
5 83.12

1
3
3
3
2

7
4
4
5
4

0.3
0.6
0.6
0.6
0.8

0.4
0.4
0.6
0.4
0.4

0.6 35 LSW
0.9 33 SSF
0.8 29 SSF
0.6 23 SSF
0.4 '29 SSF

0.8 39 LSW
1.1 29 SF2
0.9 23 SF5
1.1 24 SF4
0.6 43 SF3

26 0 4 11.63 19 22.21
26 1227 1. 38 19 22.96
26 1945 58.66 1920.14
27 1138 42. 61 19 22.23
27 12 7 54.13 19 59.28

155 26.70
155 26.31
1553.87
155 18.54
156 12.32

8. 94 1. 8 1.6 32
9 . 37 2. 0 1. 8 26
7.31 1.4 1.3 19

31.48 2.12.0 35
38.87 2.2 1.8 22

5 113 .11 2
2 99 .10 2
2 132 .10 2
2 33 .11 4
6 324 .08 63

0.3
0.4
0.6
0.6
2.1

0.5 26 KAO
0.8 23 KAO
0.8 16 SF5
1.0 33 DEP
3.5 21 KOH

6 557 3.98 19 22.86
6 819 6. 10 19 17.75
6 824 39.25 19 25.46
6 1535 7.04 19 18.10
6 1537 6.09 19 17.45

155 25.55
155 12.78
155 29.11
155 12.93
155 12.85

10.56 1.6
6.55 1.5
9.63 1.7
5.81 1.9
7.64 1.7

.3 42

.5 30

.3 41

.9 48

.7 38

3 30 .11
3 128 .09
6 45 .10
7 108 .11
5 144 .10

4
2
6
2
1

0.4
0.4
0.3
0.4
0.5

0.5 36 KAO
0.8 29 SF2
0.6 35 KAO
0.7 41 SF2
0.5 34 SF2



1985 HVO EARTHQUAKE SUMMARY LIST PAGE 35 1985 HVO EARTHQUAKE SUMMARY LIST PAGE 36

ORIGIN TIME LAT If LON W DEPTH AMP DOR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMIf SEC DEG MIN DEG MIN KM MAG HAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRKN SEC DEG KIN DEG MIN KK MAG MAG NR NS DEG SEC DIS KK KK FK REMK

30.42 3.0 3.1 66 17 98 .12 7 0.5
9 . 37 1.3 1. 1 27 2 42 . 11 5 0 .4
9.99 2.0 1.5 28 7 127 .18 10 0.6

25.22 1.9 1.5 36 6 108 .11 3 0.6
8 . 67 2.7 2.7 54 8 83. 11 4 0.4

1985 OCT 6 1739 51.00 19 17.27
6 17.1 32.09 19 17.10
6 1745 5.25 19 16.56
6 1936 11. 23 19 17. 31
6 2044 11.19 19 20.61

7 11 6 25.71 19 17.23
7 1319 58.26 19 21.67
7 1524 21.50 19 19.54
7 1643 33.43 19 19.66
7 2334 25.43 19 18.57

155 13.14
155 12.87
155 12.89
155 13.30
155 10.75

155 13.33
155 0.58
155 15.42
155 8.'33
155 14.45

6. 50 1. 5 1.3 32
5.41 1.5 1.3 30
7.81 1.7 1.8 36
4.31 1.8 2.0 41
7. 86 1. 6 1. 5 33

5 . 57 1.7 1. 6 28
7.53 1.8 1.7 33
8.92 2.8 3.0 53
6 . 07 1. 9. 2. 0 44
6 . 74 1. 5 1. 1 35

4 145.11
3 156 .08
5 164 .11
4121.11
4 76 .09

2 124 .10
2 175 .14
9 95 .12
5 84.10
2 97.11

0.5
0.4
0.5
0.4
0.4

o 0.5
5 0.8
4 0.3
4 0.4
3 0.4

0.7 31 SF2
0.7 28 SF2
0.5 34 SF2
0.6 39 SSF
0.6 30 SF3

0.8 28 SF2
0.6 31 SF5
0.4 45 SF1
0.7 42 SF4
0.6 34 SF2

1985 OCT 13 2312 55.91 19 50.87
14 415 55.74 19 22.70
14 5 8 37.98 19 56.55
14 7 6 29.08 19 47.17
14 741 28.05 19 20.88

14 1334 55.82 19 26.50
14 1822 55.00 19 25.72
14 1913 40. 87 19 20. 80
14 2015 25.90 19 20.79
15 341 7.75 19 22.62

155 23.41
155 24.81
15541.30
155 25.54
155 7.75

155 23.80
155 29.66
155 2.95
155 2.89
155 27.43

8.91 1.9 1.3 36
8.27 1.7 1. 1 33
8.67 3.1 3.3 50
7. 83 2.0 1.7 43
9 . 84 1. 8 1. 3 42

5 45 .12 3
3 38 .10 7
7 120 .12 2
3 126 .13 2
4 37 .12 0

0.3
0.3
0.6
0.6
0.4

0.8 58 KEA
0.7 25 KAO
0.6 27 KOH
1.3 33 KEA
0.3 48 SF4

0.6 32 RAO
0.9 27 KAO
0.4 44 SF5 F
0.5 41 SF5
0.6 38 KAO

252 53.01 19 14.32
3 8 17.50 19 13.81
930 33. 19 19 17.48

1036 43.80 19 16.86
12 9 32.95 19 22.67

155 13.52
155 12.44
155 12.98
155 11.98
155 20.64

O. 54 1.7 1. 8 34
0.13 1.9 1.9 37
6.31 1.5 1.3 30
1 . 93 1. 4 1. 0 19
9.57 1.4 1.130

2 191 .13
3 199 .12
2 135 .08
2 196 .09
2 44 .10

0.5
0.5
0.5
0.9
0.4

0.9 33 SSF
0.6 35 SSF
0.8 30 SF2
0.5 18 SSF
0.9 27 KAO

15 1445 21.17 19 20.98
15 1623 50.84 19 20.46
15 1659 18.79 19 20.28
15 2117 33.12 19 17.02
15 2324 15. 02 19 14. 77

155 8.10
155 10.75
155 11.31
154 59.15
155 33.86

7. 65 1. 5 1. 2 23
7.77 1.4 1.8 34
7.58 1.4 1.7 38

45.35 2.7 2.5 53
7.69 2.7 2.7 51

1 75 .10
1 78 .11
2 81 .09
6 210 .11
9 73 .19

4
3
4
9
6

0.6
0.5
0.4
1.1
0.5

1.0 23 SF4
0.7 33 SF3
0.7 37 SF3
0.8 49 LER
0.8 45 LSW

8 1326 25.10 19 23.90
8 1348 37.18 19 17.41
8 1611 0.36 19 19.44
8 1842 21.74 19 23.28
8 2120 39.85 19 22.68

155 26.77
155 1~.12

155 12.06
155 26.84
155 20.75

9.62 1. 6 1. 1 32
2. 38 2. 9 3. 1 48
6.09 1.5 1.1 38
5 . 90 1. 4 1. 3 24
9.85 2.0 1.9 44

2 42 .11
5 153 .13
3 91 .10
1 52 .13
2 45 .11

3 0.4
2 0.4
5 0.4
2 0.4
3 0.3

0.8 30 KAO
0.6 45 SSF
0.8 35 SF3
0.9 23 KAO
0.4 41 KAO

16 157 45.15 19 17.69
16 6 5 7.87 19 24.60
16 1052 17.81 19 18.87
16 1818 0.45 19 20.32
17 0 0 8.99 19 18.38

155 14.08
155 19.46
155 13.40
155 12.83
155 14.60

5 . 74 1. 3 1. 0 26
7.29 1.8 1.8 37
7.56 1.6 1.8 40
6.41 1.4 1.2 37
6.66 1.2 1.1 32

2 150 .09
5 37.11
4 76 .10
2 69 .13
2 105 .11

2 0.5
2 0.4
3 0.4
4 0.4
3 0.4

0.8 25 SF2
0.6 32 KAO
0.7 38 SF2
0.7 35 SF2
0.9 31 SF1

.......
a

8 2359 24.24 19 19.60
9 755 58.61 20 4.94
9 11 5 50.60 19 28.39

10 550 35.09 19 21.12
10 . 743 55.07 19 20.08

155 8.22
155 47.25
155 24.66
155 29.25
155 11.05

6.14 1.3 1.1 24
30.26 2. 1 1. 6 38

2. 89 1. 8 1.0 27
6.35 2.3 2.5 41
5 . 93 1. 7 1. 6 32

2 87 .12
9 177 .10
4 59 .11
6 43 .11
3 84 .15

4 0.5
5 0.6
4 0.3
4 0.3
4 0.5

1.1 24 SF4
0.9 35 KOH
0.8 24 KAO
0.9 37 KAO
1.0 30 SF3

17
17
17
17
17

118 30. 61 19 23. 82
257 53.94 19 7.14
52530.32 19 7.56
533 22.25 19 7.72
623 4 . 77 19 22. 26

155 15.57
155 34.98
155 35.06
155 35.23
155 30.17

3 . 05 1.4 1. 7 26
9.18 2.0 1.2 31

10 . 04 2. 1 1. 8 33
10.19 2.4 2.143

9.65 1.8 1.4 39

6 85 .10 2
6 140 .14 13
5 135 .14 13
5 132 .13 13
2 46 .10 5

0.3
0.6
0.5
0.5
0.3

0.3 '22 SEC
1.2 29 LSW
0.8 31 LSW
0.7 41 LSW
0.7 37 RAO

10 10 2 26.58 19 18.83
10 1632 9.52 19 21.08
11 031 32.26 19 21.74
11 1251 1.98 19 28.44
111252 38.73 19 25.97

155 52.58
155 2.71
155 30.09
155 27.48
155 29.10

11.31 3.4 3.2 53 15 175 .12
4 . 60 1. 5 1. 1 26 2 132 . 19
8.33 1.6 1.2 37 2 44 .12
2.96 1.8 1.2 36 6 71 .13
8 . 98 1.4 1. 1 25 3 66 .07

5 0.5
2 0.8
5 0.4
7 0.3
7 0.4

0.2 50 KON
1.5 24 SSF
0.9 35 KAO
1.2 29 KAO
1.0 21 KAO

17 740 17.87 19 7.70
17 8 3 46.80 19 7.21
17 8 6 15.93 19 7.17
17 12 6 8.26 19 23.29
17 124111.39 19 20.85

15535.13
155 34.97
155 35.02
1558.69
155 21.52

9.63 2.1 1.9 39
11 .46 3.1 3.7 28
11 . 16 3. 2 3. 6 27

2 . 44 1. 2 1. 0 9
9.78 1.3 1.1 22

133 .15 13
139 .13 13
140 .13 13
147 .11 3

64 .09· 3

0.5
0.5
0.5
1.0
0.5

0.9 35 LSW
0.4 26 LSW
0.6 24 LSW
0.8 9 SER
0.7 21 SWR

11 1344 46. 08 19 17. 79
11 1441 47.64 19 26.48
11 2048 53.25 19 9. 69
11 205 1 8 . 49 1 9 20. 16
12 735 18.83 19 14.19

155 23.66
155 28.78
155 32.07
155 11.64
155 21.88

8.80 1.7 1.2 18 2 92 .08
8.73 1.7 1.2 31 4 58 .09
6.84 1.5 1.5 33. 4 123 .16
7.52 1.6 1.3 37 4 81 .10
1 .74 1.6 1.7 35 5 157 .10

5 0.4
7 0.4
7 0.5
5 0.4
4 0.4

0.8 17 SWR
1.0 27 KAO
1.2 33 LSW
0.6 35 SF3
0.6 32 SWR

17 1423 43.24 19 21. 13
17 1438 8.39 19 22.62
17 1857 42.60 19 30.42
17 21 2 27.96 19 20.31
18 2 5 36.04 19 21.92

155 12.68
155 8.30
155 55.14
155 23.64
155 4.95

7.84 1.8 2.0 40 5 61 .13
3.24 1.4 1.8 18 2 99 .08

11.91 3.0 3.2 49 10 194 .15
9.73 1.7 1.6 35 4 68 .14
8.20 1.7 1.6 34 4 76 .12

0.4
0.4
0.7
0.4
0.4

0.5 37 SF2
0.5 17 SER
0.3' 45 KON F
0.6 31 SWR
0.8 32 SF5

12 833 45. 70 19 20. 50
12 844 7.08 19 21.76
12 9 2 52.56 19 21.84
12 941 6.60 19 22.35
12 1753 40. 15 19 20.75

155 11.81
155 19.83
155 19.50
155 19.30
155 12.64

7. 34 1. 6 1. 1 34 . 3 .·75 . 13
31.013.64.058746.12
27 . 73 1. 7 1. 4 39 3 43 . 10
29.49 1.8 1.4 30 3 94 .12

6.79 1. 5 1.7 32 3 75 . 12

4 0.5
4 0.5
3 0.7
5 0.8
4 0.5

0.7 32 SF3
0.8 51 DEP F
1.1 36 DEP
1.4 27 DML
0.8 30 SF2

18 530 54.99 19 23.84
18 94348.431921.74
18 1641 47.60 19 19.55
18 2023 11.73 19 20.35
18 2042 2. 77 19 18. 24

155 15.65
155 28.59
155 10.78
155 7.62
155 15.23

4.31 1.2 1.1 14
5 . 22 1. 6 1. 3 24
7. 07 1. 4 1. 1 30
6.911.5 1.3 33
6.84 1.3 1.3 38

105 .13
41 .12
97 .11
92 .11

109 .10

0.4
0.4
0.5
0.5
0.4

0.9 11 SEC
0.9 22 KAO
0.9 30 SF3
0.8 33 SF4
0.7 36 SFI

13 020 33.2119 24.13
13 115 50.67 18 27.26
13 340 25.56 19 19.66
13 533 19.39 19 28.26
13 737 30.44 19 22.30

15515.66
156 54.14
155 12.31
155 26.78
155 29.59

3 . 00 O. 6 1. 1 13
14.79 3.0 3.0 45

5 . 90 1. 4 1. 2 27
8 . 95 2. 1 2.0 44
9.59 1.3 1.2 24

4 120 . 09 2 0 . 4 0 . 5 1 0 SEC
5 327 .1914127.5 43.4 45 DIS
o 84.13 !5 0.!5 1 .2 28 81'2
8 47.13 6 0.3 0.8 37 KAO
2 44 .10 3 0.5 0.9 22 KAO

18 2145 33.20 19 19.60
19 458 5.08 19 13.11
19 1053 49.75 19 24.75
19 1439 12.53 19 29.64
19 19 1 36.14 19 18.89

155 13.64
155 26.94
155 21.69
155 27.87
155 13.44

6.76 1. 5 1. 6 43
4.62 2.1 2.3 41

10.13 1.8 1.4 41
4. 44 1. 8 1. 3 25
5.98 1.7 1.1 38

5 64.14
3118.12
6 43 .10
4 83 .10
2 75 .14

5 0.4
6 0.4
4 0.4
4 0.4
3 0.4

0.7 40 SF2
2.1 37 LSW
0.6 38 KAO
1.7 21 KAO
0.9 37 SF2
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA Hl\MN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RHS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM HAG MAG NR NS DEG SEC DIS KH KM FM REMK

1985 OCT 19 19 3 49.16 19 21. 55
20 234 35.77 19 22.11
20 359 53.45 19 28.83
20 615 13.60 19 22.39
20 828 54.52 19 26.28

155 6.03
155 26.42
154 51.66
155 11.66
155 29.13

6.16 1.9 1.9 39
10.69 1.4 1.2 25
3.37 1.5 0.9 13
3.51 0.9 1.2 8
9.55 2.0 1.4 39

5 85.15
1 82 .10
3 121 .11
2 147 .12
4 41 .09

3 0.5
2 0.5
3 1.4
3 1.4
7 0.3

1.0 36 SF4
0.8 24 RAO
1.7 13 SLE
0.7 7 SER
0.8 34 KAO

1985 OCT 30 14 6 18.12 19 20.06
30 1847 54.03 19 31.81
31 1148 4.26 20 3.05
31 1456 56.26 19 22.01
31 1535 14.74 19 21.84

155 10.66
155 42.46
155 32.27
155 26.30
155 28.67

9 . 06 1. 8 1. 1 22
9,58 2.3 1.3 35

38.63 2.5 1.9 43
10 . 30 1. 6 1. 1 26
10. 18 2.1 2. 1 40

o 86 .05 4
2 64 .14 6
9 197 .11 25
1 42.09 2
2 37.10 2

0.6
0.5
0.8
0.4
0.4

1.0 22 SF3
0.9 33 MLO
0.8 40 KEA
0.8 25 KAO
0.7 38 KAO

20 1532 3.111918.15
20 1846 7.27 19 17.97
21 2046 10.60 19 22.46
21 2047 11.78 19 22.22
21 2140 21.42 19 11.36

155 26.21
155 13.00
155 26.42
155 26.52
155 38.21

9.73 2.3 2.2 48
6.45 1. 6 1. 6 40

10.39 1.9 1.4 35
10.95 1.6 1.2 37
7. 96 2.2 1. 6 37

3 56.14
3 108 .11
2 47 .10
2 40 .11
4 102 .21

6 0.4
2 0.4
2 0.4
2 0.4
7 0.6

0.6 45 LSW
0.7 36 SF2
0.6 33 RAO
0.6 34 KAO
1.0 35 LSW

31 2050 23.71 19 28.43
31 2146 32.49 19 30.52

NOV 1 1828 47.20 19 18.88
2 922 33.81 19 19.88
2 1050 37. 34 19 13. 77

155 46.13
155 27.30
155 15.33
155 7.23
155 47.80

7 . 22 2. 7 2. 5 44
5 . 32 1. 7 1. 2 17
6.26 1.1 1.0 21
6.38 1.2 1.1 21
1 .27 2. 6 1. 8 44

8 71 .14
5 113 .08
1 106 .11
2 107 .12
7 145 .17

4
3
4
5
9

0.4
0.4
0.6
0.5
0.5

0.8 40 KON
1.0 13 MLO
1.3 20 SF1
1.1 20 SF4
0.7 39 KON

22 1611 36.72 19 18.39
23 751 5 . 90 19 43. 60
23 15 3 32. 05 19 20. 15
23 1651 50.46 19 24.88
24 050 3 . 36 19 19. 24

15513.56
156 6.55
155 8.18
155 30.68
155 11.55

5 . 08 1.2 1.3 34
37.42 2.4 1.9 45

6 . 87 1. 4 1. 2 27
11.72 1.7 1.2 34

5 : 18 1. 3 1. 0 28

5 83.11 3 0.4
8 279 . 13 29 1 .4
3 83 .09 5 0.4
2 71 .10 7 0.4
2 101 .13 5 0.4

1.0 31 SF2
1.0 43 HUA
0.8 26 SF4
0.6 32 KAO
1.4 27 SF3

2 1429 52.58 19 20.20
2 1951 22.46 20 1.05'
3 1306 6.89 1944.92
3 427 54.74 19 20.78
3 1820 56. 77 19 18.03

155 11.35
155 13.43
155 22.96
155 11.96
155 18.31

6. 85 1. 5 1. 6 37
41.05 2.2 1.7 48
14.711.8 1.4 32
7.56 1.5 1.5 39

29.71 1.7 2.5 26

3 82.13 4
9 223 .12 19
6 125 .11 9
5 69 .12 4
3 134 .13 1

0.5
0.9
0.7
0.5
1.1

0.7 35 SF3
1.0 44 REA
0.5 28 REA
0.6 34 SF3
1.6 26 DEP L

24 539 4.78 19 20.00
24 1210 25.87 19 19.00
24 13 9 37.13 19 25.73
25 220 23.91 19 14.01
25 449 43.97 19 31. 24

155 11.56
155 13.65
155 28.89
155 31.40
156 4.75

6 . 77 1. 9 2. 2 47
6 . 11 1. 3 1. 0 23
9 . 77 1. 5 1. 2 25
7. 64 2. 1 1. 6 37

39.61 2.6 2.4 49

5 85 .13 5
1 71 .10 4
2 71 .08 6
3 67 .15 3
8265.11 17

0.4
0.5
0.4
0.5
1.0

0.8 44 SF3
1.2 23 SF2
1.0 22 RAO
0.8 36 LSW
0.9 45 KON

4 159 27.17 19 25.06
4 7 3 9.10 19 21.98
4 1444 8.88 19 19.98
4 1515 15.92 19 47.33
4 2228 31.73 19 28.80

155 19.36
155 2.30
155 12.70
155 32.95
155 47.24

7. 16 1.5 1.2 30 4 80. 11 3
7.85 2.1 2.1 36 2 135 .15 4
6 .08 1. 3 1. 1 26 2 74 . 11 5

26.81 2.0 1.4 38 10 94.11 10
7.83 2.1 0.9 23 2 73 .13 4

0.4
0.6
0.5
0.6
0.5

0.9 27 RAO
0.7 34 SF5
1.1 24 SF2
1.0 37 REA
1.0 22 KON

...........

25 1422 44.70 19 19.91
25 1452 41.65 19 42.45
25 1534 27.22 19 20.80
25 19 6 28.48 19 22.32
25 20 1 29.48 19 24.43

155 8.84
155 2.14
155 3.99
155 28.53
155 16.10

6.13 1.9 2.2 45
o . 00 2.3 2.4 37
4 . 84 1.5 1. 1 30

11.02 3.1 3.4 53
14.80 2.0 2.0 41

4 76 .13
1 186 .22
2 97 .15
8 37.12
3 71 .10

4 0.5
1 1.3
2 0.6
2 0.3
2 0.5

0.8 43 SF4
0.5 38 HIL B'
1.3 30 SSF
0.4 46 KAO
0.3 38 DEP

438 59.69 19 19.02
613 48.87 19 49.14

1057 28.35 19 21.68
057 46.92 19 27.33
4 8 49.10 19 19.81

155 12.88
155 12.53
155 12.90
155 28.42
155 30.24

6 . 62 1. 7 1. 4 44
14.29 1.8 1.3 36
3.17 1.11.117

10.42 1.8 1.3 29
6 . 94 2.0 1. 9 47

3 87.13 4
4 184 .11 16
2 84 .06 2
5 53 .11 7
7 35 .14 7

0.4
1.4
0.4
0.4
0.3

0.7 42 SF2
1.0 34 KEA
0.5 16 SER
0.8 25 KAO F
0.9 45 RAO

26 71157.551920.13
26 1151 41. 42 19 25. 58
26 1319 41.65 19 22.16
26 2028 6.55 19 54.13
26 2342 58.93 19 22.85

155 9.13
155 15.70
155 4.10
155 34.53
155 20.62

5 . 88 1. 5 1. 1 26
10.76 1.3 1.114
8.04 1. 9 1. 8 37

20.16 2.6 2.1 49
9 . 92 1. 8 1. 1 32

1 75 .11 4 0.5
2 219 .08 3 1.3
3 88.14 5 0.4
7 133 .11 10 0.6
3 45 .10 2 0.4

1.0 26 SF3
1.0 13 INT L
0.7 35 SF5
1.1 46 KEA
0.7 29 RAO

6 16 4 45.78 19 58.74
7 1211 11.02 19 23.73
7 14 3 12.62 19 23.92
7 15 1 55.82 19 20.48
7 1537 37.92 19 23.55

15533.85
155 15.65
155 15.64
15511.68
155 30.22

43.19 2.4 1.8 46
2 . 93 1. 4 1. 9 23
2.910.8 1.0 18
8 .32 1. 6 1. 6 36
9 . 27 1. 6 1. 2 30

166 .11 17 0.8
99 .13 2 0.3

108 .09 2 0.3
76 .10 4 0.4
45 .09 5 0.4

1. C 46 KEA
0.3 19 SEC
0.3 15 SEC
0.6 33 SF3
1.0 28 RAO

27 0 0 6.18 19 29.41
27 1517 0.21 19 17.98
27 1635 2. 15 19 21. 16
27 18 6 55. 15 19 20. 22
27 2055 43.60 20 5.56

155 27.34
155 15.37
155 2.11
155 11.50
155 33.33

4.14 1.9 1.3 29 4 68 .12 5
4.29 1.5 1.8 43 5 118 .14 4
6.87 2.0 2.138 5 163 .14 3
7.16 2.3 2.8 47 5 81 .13 4

35.74 2.3 1.7 38 10 274 .08 28

0.3
0.4
0.6
0.4
0.8

1.9 26 KAO
1.2 40 SSF
0.6 35 SF5
0.6 42 SF3
0.9 33 REA

113 38.83 19 25.08
747 18.95 19 21.96

10 4 13. 48 19 20. 82
1221 45.41 19 20.42
1319 41.49 19 22.47

155 19.74
155 4.30
155 7.58
155 11.94
155 3.09

5 . 69 1:. 4 1. 5 30
7.69 1.7 1.7 33
6.91 1'.3 1.1 26
7 . 42 1. 6 1. 2 28
7.96 1.5 1.3 31

5 93.10
4 88 .14
3 85 .10
2 75 .10
3119 .19

0.4
0.4
0.5
0.5
0.7

0.9 26 KAO
0.7 32 SF5
0.9 25 SF4
0.8 26 SF3
1.0 29 SF5

27 2134 29.2119 25.41
28 7 7 13. 76 19 18. 03
28 1221 46.66 19 18.43
28 1431 8.32 19 13.04
29 649 45.09 19 24.06

155 21.02
155 12.58
155 13.07
155 27.17
155 25.61

8 . 90 1.7 1.3 45
2 . 75 1. 3 1. 4 12
7 . 64 1. 8 2. 2 43
7.70 2.0 1.7 39
7. 20 1. 6 1. 3 43

32 .12
179 .10

93 .13
115 .13

35 .12

4 0.3
9 0.8
3 0.5
6 0.4
2 0.3

0.5 40 RAO
3.2 12 SSF
0.7 39 SF2
0.8 38 LSW
0.8 40 RAO

204254.961925.18
427 29.46 19 25.35
5 9 34.72 19 16.90

12 4 20.62 19 20.45
1224 51.26 19 21.53

154 58.47
155 19.49
155 13.22

'1.55 12.84
1551.88

4.73 1.3 0.7 29
3 . 28 1. 6 1. 9 27
6.54 1.5 1.2 22
5.38 1.0 0.9 25
6 . 24 1. 7 1. 3 30

2 162 .13
5 114 .12
2 180 .08
2 67 .14
2 161 .17

o
3
1
4
4

0.6
0.4
0.6
0.5
0.8

0.6 28 SLE
0.6 23 KAO
0.8 22 SF2
1.3 24 SF2
1.1 28 SF5

29 1010 19.62 19 20.47
29 2154 20.90 19 23.65
30 430 12.73 19 20.67
30 611 58.15 19 16.97
30 912 19.70 19 19.95

155 12.02
155 1.90
155 30.01
155 23.15
155 9.74

7. 20 1. 8 1. 8 43
8.29 1. 6 1. 1 32

11 .08 1.7 1.4 25
3.18 1.6 1.8 39
7 . 11 1. 5 1. 1 22

6 73 .10
3 126 .14
1 97 .11
4 109 .13
3 84.10

4
5
5
5
4

0.4 0.6 39 SF3
0.6 0.6 29 SF5
o . 5 1 . 0 24 RAO
0.3 1.2 39 SWR
0.5 0.9 19 SF3

9 13 5 33.96 19 23.83
9 15 4 2 . 43 19 23.. 78
9 2259 52.69 19 23.00

10 228 4.15 19 33.99
10 9 0 0 . 07 19 20. 16

155 15.83
155 15.67
155 27.75
155 41.00
155 11.75

3.68 1.1 1.0 19
3.34 1.1 1.1 21
9.56 1.6 1.2 38
6. 92 1. 6 O. 9 25
7.31 2.3 2.1 39

6 105 .09 1
6 101 .10 2
2 34 .11 1
4 76 .17 11
3 80.12 5

0.4
0.3
0.3
0.6
0.4

0.4 15 SEC
0.4 17 SEC
0.6 37 KAO
2.2 24 MLO
0.6 37 SF3
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS RM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 NOV 10 1040 55.88 19 20.20
10 1058 21.10 19 21.71
10 1317 13.99 19 21.97
10 1839 18.42 19 22.26
10 2119 32.43 19 19.89

155 11.66
155 19.84
155 1.14
155 24.32
155 11.27

7. 52 2. 5 2.9 47
28 . 88 2.0 1.5 43

6 . 96 2. 0 1. 9 40
12.93 1.9 1.2 37
8.43 1. 5 1. 2 25

5 80.13
5 47.13
5 169 .17
3 41 .12
2 88 .09

5
4
5
4
5

0.4
0.6
0.6
0.4
0.5

0.6 44 SF3
0.9 36 DEP
0.7 35 SF5
0.6 34 KAO
0.9 25 SF3

1985 NOV 18 837 34.43 19 19.40
18 935 42.42 19 21.69
18 10 1 45.66 19 21.94
18 1658 19.32 19 19.99
18 2215 57.47 19 20.61

155 14.76
155 2.13
155 28.95
1557.00
155 11.31

7.40 1.6 1.5 39
7. 95 2. 0 1. 6 37

10.03 2.0 1.6 46
5.45 1.4 1.0 26
8.38 1.9 1.6 39

80 .12
152 .17

36 .10
109 .13

75 .10

5
4
3
5
4

0.4
0.7
0.3
0.6
0.4

0.7 38 SFI
0.6 34 SF5
0.5 43 KAO
1.5 25 SF4
0.6 37 SF3

11 549 40.85 19 20.55
11 1713 39.15 19 21.25
11 1755 18.21 19 26.30
11 2234 30. 25 19 20. 17
12 5 9 51.01 19 25.08

155 11.04
155 6.69
155 30.64
15510.61
155 15.89

7.59 2.1 1.9 46
7.48 1. 3 1. 1 26
8.80 1.9 1.5 38
6 .78 1.4 1.3 34

14.51 1.5 1.4 43

4
2
2
2
5

77 .12
88 .11
37 .14
83 .14
73 .11

4 0.4
4 0.5
8 0.4
4 0.5
2 0.5

0.6 42 SF3
0.9 26 SF4
1.0 36 KAO .
0.9 33 SF3
0.3 39 DEP

19 6 8 48.00 19 17.77
19 855 14.82 19 27.47
19 1241 1.00 19 25.59
19 1355 54.31 19 44.00
1 9 16 4 54. 68 1 9 20. 54

15521.67
15551.11
155 19.87
155 57.08
155 11.38

7. 93 1. 5 1. 0 33
5.91 2.3 1.6 30
7 . 48 1.7 1. 8 32

28.36 2. 4 1. 6 44
8.18 2.7 3.0 51

2 118 .11 5
6 121 .12 8
4 46 .12 4
7 210 .13 13
8 76 .12 4

0.4
0.5
0.4
0.8
0.3

0.8 31 SWR
1.0 28 KON
0.8 28 KAO
1.0 42 HUA
0.5 44 SF3

12 555 1.80 1927.43
12 814 45.03 19 19.60
12 922 20.06 19 27.64
12 940 54.62 19 24.75
12 1639 24.27 19 22.17

154 53.37
155 10.83
155 29.36
15530.57
155 12.30

1 . 62 1.7 1. 6 22
7.24 1. 7 1.3 30

11.30 2.8 3.1 48
7.86 1.8 1.3 21
4.65 1. 1 1.2 14

4 185 .19
3 96 .10
5 35 .11
o 85 .10
2 114 .12

3
5
8
7
2

0.6
0.5
0.3
0.5
0.6

0.7 19 SLE
0.9 28 SF3
0.4 42 KAO
1.7 14 KAO
1.0 13 SER

20 139 27.14 19 28.39
20 8 9 5 . 46 19 22. 93
20 942 45.79 19 17.90
20 1040 8.88 19 23.32
20 14 7 4 . 15 19 24. 35

154 54.09
155 18.21
154 59.39
155 16.44
155 17.48

1 . 92 1. 8 1.7 24
10.76 1.3 1.3 9
38.40 2.3 1.8 42
8.811.11.3 19

11.36 1.2 1.4 17

161 .13
188 .10
219 .11

69 .22
45 .15

3 0.7
4 1.5
7 1.2
1 0.8
1 1.0

0.5 23 SLE
2.2 8 INT L
1.2 41 LER
1.3 17 INT L
1.1 15 INT L

12 2138 54.0119 18.53
12 2319 42. 04 19 22. 76
13 1135 37.17 19 27.02
13 16 2 3.14 19 17.48
13 20 1 55.34 19 24.38

155 15.05
155 26.60
155 29.41
155 30.67
155 17.04

6 . 07 1. 0 1. 0 22
10.86 1.3 1.2 24

9. 36 1. 8 1. 3 30
5 . 97 1. 8 1.3 33

19.28 3.0 3.3 58

3 110 .09
1 52 .10
1 46 .10
3 81 .21
9 36 .13

4 0.5
2 0.5
7 0.4
5 0.5
1 0.4

1.1 22 SF1
1.0 23 KAO
1.2 29 KAO
1.5 32 LSW
0.6 49 DEP F

20 1810 22. 59 19 24. 09
20 1812 43.51 19 23.69
20 1816 17.51 19 24.97
20 1818 40.29 19 24.53
20 1951 48.591923.56

155 17.08
155 17.15
155 17.52
155 17.68
155 27.24

12.211.3 1.2 16
7 . 79 1. 0 1. 2 19
9.09 1.1 1.5 18

11.511.2 1.2 18
9.78 1.9 1.9 45

4 78 .08
4 63 .11
3 102 .11
4 107 .10
4 54 .11

1
1
1
1
2

0.8
0.5
0.7
0.9
0.3

0.9 14 INT L
0.7 18 INT L
0.9 16 INT L
0.8 16 INT L
0.5 40 KAO

""oJ
N

13 2120 30.12 19 26.45
13 2134 33.961924.10
13 2141 38.07 19 23.65
13 224132.20 19 23.96
14 348 42.54 19 25.38

155 28.95
155 16.14
155 15.56
155 15.67
15521.11

10.57 1.7 1.3 33
3.32 1.2 1.0 14
2.56 1.7 1.9 26
3.41 1.1 1.4 16
8.62 2.1 1.8 50

3 41 .11 7
4 116 .07 1
6 82 .09 2
5 III .07 2
6 32.13 4

o . 4 0.7 29 KAO
0.4 0.4 12 SEC
O. 3 0.3 22 SEC
o . 3 0 . 4 11 SEC
o . 3 0 . 5 44 KAO

20 2123 4.27 19 21.58
20 2339 59.38 19 46.71
21 3 3 4.95 19 19.58
21 9 2 7.44 19 18.58
21 1227 46.76 19 25.93

155 3.88
155 40.23
155 7.30
155 27.99
155 29.57

8 . 27 1. 6 1.7 32
12.13 2.3 2.2 29

5 . 34 1.0 1. 1 23
9.38 1.4 1.3 30

10.62 2.11.8 41

2 95 .15 4 0.6
8 126 .09 9 0.6
2 III .12 4 0.5
2 42 .14 7 0.4
3 40.11 7 0.4

0.8 31 SF5
0.4 23 REA
1.7 23 SF4
1.0 28 LSW
0.7 38 KAO

14 4 0 24.23 19 23.88
14 425 18. 99 19 23. 83
14 519 6.15 19 23.05
14 13 5 56. 77 19 37. 56
14 1659 37.28 19 38.80

155 15.89
155 16.05
155 27.49
156 8.98
155 55.60

2.78 1.3 1.5 20 6 81 .11 1
3.26 2. 2 2. 8 32 5 67.09 1

10.50 1.5 1.1 29 1 56.10 1
37.17 2.9 2.8 52 10 250 .12 29
15.112.5 2.2 42 6 199 .12 10

0.3
0.2
0.4
0.9
0.9

0.3 16 SEC
0.2 29 SEC
0.8 26 KAO
0.8 49 RON
0.5 41 KON

21 1426 45.64 19 22.63 155 26.68
22 156 11.63 19 24.89 155 18.18
22 248 41.33 19 24.9'5. 155 17.42
22 545 16.45 19 ~4.94 155 16.98
22 629 22.32 19 12.04 155 41.88

10.43 1.9 1.7 38
12.35 1.2 1.117
9.99 1.1 1.4 21

10.14 1.2 1.2 13
2.07 2.11.4 29

37 .13 2 0.4
87 .13 1 0.8
90 .16 1 0.8

145 .09 0 0.8
121 .23 10 0.7

0.7 37 KAO
1.0 14 INT L
0.9 19 INT L
0.8 12 INT L
1.8 27 LSW

0.6 0.9 22 SF3
1 . 2 0 . 8 42 LER
o . 3 0 . 7 40 RAO
0.4 1.0 28 KAO
0.3 0.6 38 RAO

14 20 0 50.00 19 23.29
15 132 26.22 19 19.02
15 415 1.21 19 23.71
15 1324 12. 19 19 25. 82
152311 41.931918.54

16 415 58.08 19 19.16
16 10 3 43.46 19 23.75
17 018 46.3119 28.80
17 228 39.19 19 25.63
17 1235 2.70 19 22.46

154 58.58
155 12.93
155 19.15
154 56.31
155 12.82

155 11.03
154 50.20
155 26.45
155 28.37
155 29.81

5 . 75 1. 7 1. 2 25
6.48 1.3 1.3 29

31.39 2.3 2.4 46
5.311.7 1.2 22
6. 95 1.2 1. 1 25

6 . 70 1. 6 1. 5 24
40.23 2.5 2.2 45
7. 97 2. 6 2.2 46
8.10 1.6 1.1 29
9.10 2.4 2.8 42

1 183 .13 3 0.9
3 86.13 4 0.5
4 35 .13 1 0.6
1 175 .14 4 0.9
2 98 .09 3 0.4

2 107 .11 6
7 253 .12 12
6 48 .13 6
1 58 .10 6
4 34 .11 4

1.0 24 LER
1.1 27 SF2
0.. 9 42 DML
1.1 21 LER
1.0 24 SF2

22 943 16.58 19 24.86
22 1038 10.81 19 24.91
22 1133 24.59 19 18.59
22 13 0 52.02 19 24.84
22 1335 28.69 19 18.73

22 1337 51.93 19 24.43
22 1622 11.44 19 ~0.19

22 1741 16.95 19 25.27
22 1742 30.54 19 24.79
22 1743 44.98 19 24.55

155 17.19
155 16.86
15~ 14.84
155 17.05
155 13.57

155 16.52
155 12.12
155 17.28
155 17.45
155 17.53

10 . 22 1. 3 1. 4 20
11.01 1.6 1.5 22
7.62 1.8 1.2 36

11 . 16 1. 3 1. 3 22
7.81 2.0 2.1 47

8.86 1.11.3 18
7.35 1.4 1.3 39

10.85 1.7 1.9 27
7 . 76 1. 0 1. 2 17

10.20 1.0 1.0 21

113 .14
146 .13

95 .10
82 .10
72 .14

5126.11
2 77 .12
7 152 .14
2 119 .11
5 57.12

o
o
4
o
3

0.7
0.8
0.5
0.6
0.5

0.6
0.4
0.6
0.7
0.7

0.9 17 INT L
0.7 18 INT L
0.8 35 SF1
0.8 18 INT L
0.6 43 SF2

0.8 15 INT L
0.7 36 SF3
0.5 22 INT L'
0.9 16 INT L
0.7 18 INT L

17 1646 43.89 19 21.06
17 20 2 10.49 19 24.86
18 110 28.11 19 19.37
1 8 417 7 . 20 1 9 12. 58
18 6 2 23.46 19 19.31

155 12.85
ISS 19.52
155 11.65
155 37.79
155 13.67

7 . 44 1. 8 2. 0 33
6. 39 1. 5 1. 1 24
5.38 1.4 1.1 21
8.19 3.13.2 49
6.49 1.6 1.5 33

4
5
1
8
1

61 .13 3
65 .08 2
97 .11 5
96 .18' 5
69 .13 4

0.5
0.4
0.5
0.6
0.5

0.7 30 SF2
0.8 20 RAO
1.4 21 SF3
0.7 45 LSW
0.9 31 SF2

22 1756 43.57 19 24.71
22 18 9 3 . 24 19 23. 56
22 1859 10.12 19 25.57
22 2047 20.42 19 10.64
23 842 59.00 19 21.77

155 16.86
155 17.60
155 15.87
155 33.75
155 0.99

9.38 1.11.2 18
8 . 75 O. 8 1. 3 18

34 . 97 1. 7 2. 1 17
1.20 2.0 1.5 39
7.58 1.6 1.2 28

2 104 .14 0
2 51 .11 1
0179.133
5 106 .15 10
2 175 .18 5

0.6
0.6
2.9
0.5
0.9

0.7 17 INT L
0.9 16 INT L
7.6 17 DEP L
0.7 36 LSW
1.1 26 SF5
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 NOV 23 853 29.11 19 16.61
23 1124 45.41 19 20.44
23 1610 7.60 19 21.56
23 1915 4 . 17 1 9 19. 60
23 20 2 21.64 19 21.39

155 27.83
155 12.02
155 4.18
155 11.59
15521.69

8.87 2.9 3.2 54
7.52 2.0 2.0 41
7.53 2.0 2.2 37
6.44 1.5 1.2 29
9.91 1.3 1.1 27

59 .15
74 .13
89 .12
92 .12
59 .11

5
4
4
5
4

0.3
0.4
0.4
0.5
0.6

0.6 48 LSW F
0.6 38 SF3
0.6 33 SF5
1.0 28 SF3
1.0 25 SWR

1985 DEC 1 448 37.89 19 16.85
1 1242 22.24 19 23. 93
1 1951 59.83 19 17.09
2 241 40. 07 19 19. 40
2 2237 10.49 19 21.59

155 22.37
155 15.77
155 13.16
155 13.37
155 19.84

8.08 1.5 1.3 21
2.87 1.2 1.2 17
6 . 73 2. 1 2.2 42
6.35 2.0 2.1 48

30.69 2.2 2.1 49

2 128 .12
6 110 .09
5156.12
7 71 .13
6 47.12

6 0.6
1 0.3
1 0.5
4 0.4
4 0.6

1.3 16 SWR
0.4 13 SEC
0.7 39 SF2
0.6 42 SF2
0.8 45 DEP

23 2035 10.65 19 21.46
24 0 7 10. 24 19 27. 91
24 958 7.54 19 20.41
24 151620.5.519 26.88
24 1630 27.78 19 56.81

155 21.76"
155 24.33
155 13.41
154 53.84
155 45.02

9 . 11 1. 2 1. 0 27
3 . 22 1. 6 1. 3 23
6. 92 1.2 1. 2 27
7.57 2.4 3.. 0 40
7.20 2.9 3.1 29

2 58 .10 4
4 68 .11 4
1 61 .12 4
4 187 .13 3
3154.1414

0.5
0.3
0.6
0.9
0.6

0.9 26 SWR
0.8 20 KAO
1.0 25 SF2
0.5 38 LER
0.6 26 KOH

3 213 49.84 19 19.55
3 945 13.46 19 19.49
3 1515 44.84 19 21.39
3 2347 29.04 19 21.01
4 022 38.45 19 21.73

155 11.91
155 8.41
155 30.10
155 6.18
155 6.55

6.56 I.? 1.8 40
6.14 1.4 1.3 26

10.56 1.6 1.5 30
7.71 2.6 3.1 45
7. 11 1. 4 1. 5 24

5 91 .14
1 132 .11
1 45 .08
4146.12
o 132 .13

5
4
5
5
4

0.5
0.6
0.4
0.4
0.7

0.8 37 SF3
1.2 26 SF4
1.0 29 KAO
0.6 42 SF4
1.1 24 SF4

24 17 1 54.80 19 16.30
24 21 4 21.68 19 24.66
25 61126.07 19 23.27
25 1048 40.56 19 24.81
26 0 4 17.72 19 19. 85.

155 30.32
155 16.67
155 20.55
155 17.78
155 7.03

6. 30 1.7 1. 1 26
1.56 1.2 1.7 21

10.98 1.4 1.1 19
8.22 1.1 1.7 21
6. 79 1. 3 1. 2 27

3 88 .17
5138.12
2 53 .06
5 61 .16
1 112 .10

2
1
2
1
5

0.4
0.3
0.6
0.6
0.5

1.2 25 LSW
0.2 18 SNC
1.2 18 KAO
0.7 17 INT L
1.0 26 SF4

4 1135 17.81 19 22.27
4 1413 19. 18 19 27.07
4 2013 41.39 19 20.33
4 2039 39.46 19 17.00
5 226 31.91 19 12.31

155 26.52
155 29.94
155 11.57
155 13.98
155 23-.49

9.78 2.4 2.6 48
8.57 2.0 1.4 35
8.38 1.8 1.6 39
7.50 1.5 1.5 34

38.81 1.7 27

40 .11
46 '.10
78 .10

177 .10
225 .12

.2 0.3
9 0.4
4 0.4
1 0.6
4 1.6

0.5 43 KAO
1.0 30 KAO
0.6 38 SF3
0.7 29 SF2
2.3 27 DEP L

26 053 11.35 19 23.80
26 21 18.05 19 23.81
26 257 42.52 19 19.63
26 314 5.18 19 23.78
26 11 2 36.21 19 24.27

155' 17.29
155 ~6.92

155 7.85
155 16.87
155 17.36

8 . 00 1. 5 1. 8 23
13.16 1.6 1.6 22
7. 15 1. 6 1. 7 33
9 . 06 1. 2 1. 7 17
9 . 60 1. 2 1. 7 24

3 55 .16
5 73 .12
2 97 .10
1 71 .13
6 53 .14

1 0.6
1 0.6
4 0.5
1 0.6
1 0.6

0.8 20 INT L
0.9 19 DEP L
0.9 32 SF4
1.2 16 INT L
0.7 20 INT L

237 42.99 19 20.84
339 34.82 19 19.92
8 2 48.85 19 20.26

2112 12.29 19 26.41
014 50.89 19 17.04

155 12.85
155 10.76
155 10.83
15528.11
155 22.20

8.16 1.9 1.9 42
7. 66 1. 3 1. 1 24
8.31 2.4 3.0 43
8.26 1.6 1.1 35
3 . 16 0 _9 1. 0 24

63 .12
88 .08
82 .11
56 .11

124 .12

o . 4 0.5 38 SF2
0.6 1.1 24 SF3
o . 4 0 . 6 40 S F3
0.4 1.0 31 KAO
o . 4 1 . 4 22 SWR

.........
W

26 1732 7.03 19 19.24
26 2058 20.25 19 22.21
26 2352 36.61 19 22.86
27 44352.44 19 31.99
27 721 21.43 19 19.63

155 13.31
155 29.86
155 25.46
155 35.88
155 7.30

7.75 1. 5 1. 6 37
10.01 1.5 1.1 29
10.37 1.7 1.3 29

9.89 2.7 2.2 43
7 . 26 2. 1 2. 4 42

74 .12 4
44 .07 4
50 .09 4
88 .14 2

III .10 4

0.4
0.4
0.4
0.4
0.4

0.7 36 SF2
0.8 28 KAO
0.9 28 RAO
0.4 40 MLO
0.7 37 SF4

256 30.99 19 22.03
1658 36.05 19 24.29
1829 6.83 18 57.13
1850 29.05 19 29.29
2239 6.511918.75

155 30.38
155 16.36
155 34.77
155 53.46
155 13.42

9.40 1. 6 1.2 37
1.47 0.9 1.0 12

40.86 2.1 1.5 37
8. 29 2. 2 1.4 33
4.68 1.3 1.1 33

2 47 .10 5
3 122 .06 1
6 246 .08 10
6 120 .17 3
4 77 .12 3

0.4
0.2
1.4
0.7
0.4

0.7 34 KAO
0.3 10 SEC
1.4 36 DLS
0.5 30 KON
1.4 31 SSF

27 1428 16.50 19 30.78
27 17 4 55.26 19 24.08
27 23 4 49.50 19 27.87
28 4 .. 8 52.98 19 22.41
28 656 1.71 19 25.50

155 56.65
155 16.00
155 51.94
155 29.59
155 29.08

21.41 2.5 2.7 3"9
3.08 1.2 1.0 15
8.08 2.6 2.133
9. 24 2. 2 2. 1 45
9.48 2.0 1.8 35

7 225 .13
4 117 .09
3 114 .17
3 33 .11
3 47 .10

4
1
6
3
6

1.0 1.0 35 KON
o . 4 0 . 4 13 SEC
0.6 0.7 31 KON
0.3 0.6 41 KAO
o . 3 0 . 7 30 KAO

7 053 14.61 19 22.79
7 154 21.60 19 21.56
7 3 8 8.46 19 19.55
7 326 4.46 19 20.03
7 1938 27.09 19 19.76

155 20.71
155 2.06
155 10.38
155 12.06
155 12.05

8.61 1.4 0.9 31
6.64 1.4 1.3 35
6.89 1.4 1.3 35
6.19 1.3 1.1 33
6.94 1.3 1.3 38

2 46 .12
2 155 .15
4 97 .12
3 80 .13
3 86 .12

2 0.4
3 0.7
5 0.5
5 0.5
6 0.4

0.7 27 KAO
0.8 34 SF5
0.8 33 SF3
0.9 30 SF3
0.7 35 SF3

28 829 47.58 19 18.44
28 840 59.46 19 21.58
281127 10.30 19 18.85
28 1141 48.53 19 14.54
28 1716 0.46 19 25.95

155 16.70
155 25.79
155 13.77
155 27.04
155 26.90

9.16 3.0 3.2 51
10.50 1.7 1.3 28
7.22 1.5 1.6 38
8 .74 1. 9 2. 0 42
2. 19 1. 6 1. 3 24

8 116 .12 3
3 48 .11 4
4 76 .13 3
7 95 .13 5
1 64.11 3

0.4 0.5 45 SF1
o . 5 O. 9 26 KAO
0.5 0.8 36 SF2
o . 4 0 . 7 40 LSW
o . 3 0 . 8 23 KAO

130 15.17 19 27.44
451 14.94 19 22.33

10 5 53.81 19 26.84
1049 28.75 19 35.51
1937 10.57 19 27.64

155 28.38
155 2.94
15545.35
155 4.46
155 29.77

9. 98 1. 5 1. 1 24
5.611.6 1.2 29
3.37 2.11.135

12. 45 2. 1 2.2 45
8.95 2.11.7 44

2 55 .11 7
1 125 .17 5
7 73 .16 7
8 89 .14 10
4 37 .13 8

0.5
0.6
0.5
0.4
0.4

1.3 22 KAO
1.7 27 SF5
1.8 33 KON
0.6 39 HIL
0.9 39 KAO

28231123.06 19 18.59
29 558 54.02 19 19.17
29 1018 30.63 19 21.77
29 11 8 38.48 19 20.59
30 1059 25.26 19 18.88

155 13.46
155 13.12
155 7.08
155 8.47
155 16.06

7 . 15 2. 1 2. 2 47
4.90 1.5 1.8 39
7. 50 1. 2 1. 1 23
7 . 61 O. 9 1. -3 17
7.04 1.3 1.1 29

4 78 .12
2 79 .13
3 76 .10
2 96 .10
4 113 .11

3
4
3
4
3

0.4
0.4
0.4
0.7
0.4

0.7 44 SF2
1.5 38 SSF
0.8 22 SF4
1.0 17 SF4
0.8 26 SFI

1956 57.65 19 18.17
342 27.26 19 17. 46
5 1 59.76 19 22.78
928 1 .23 19 23. 90

1515 33.91 19 20.13

155 12.98
155 12.79
155 26.65
155 30.29
155 13.18

7.311.4 1.5 36
7. 44 1. 9 1. 9 44
9.95 1.5 1.3 32
9 . 32 1. 5 1. 4 30
6.72 1.3 1.1 21

103 .11
146 .14

41 .11
45 .08
66 .09

2
1
2
5
5

0.5
0.5
0.4
0.4
0.5

0.7 35 SF2
0.6 39 SF2
0.6 29 KAO
0.9 29 KAO
1.0 20 SF2

30 14 6 51.29 19 24.49
30 1529 16.23 19 19.60
30 1728 32.47 18 59.11
30 2343 19.06 19 18.49

DEC 1 442 18. 67 19 24. 55

15529.82
155 12.16
155 28.70
155 13.11
155 19.46

8. 63 1. 9 2.0 44
6.42 1.5 1.5 35

41 .28 2.2 1.6 35
4. 99 1. 4 1. 3 32
5.36 1.7 1.9 19

4 33 .11 5
o 87.11 5
3 220 .07 19
3 90 .11 3
2 98 .08 4

0.3
0.5
0.9
0.4
0.4

0.9 41 RAO
0.9 35 SF3
1.3 34 DLS
1.0 29 SSF
1.2 18 KAO

9 1625 53.13 19 20.79
10 124 58.02 19 19.61
10 153 20.91 19 25.70
10 333 3.891913.47
10 457 45.661918.55

155 29.99
155 12.38
155 49.96
155 26.14
155 12.91

9 . 28 1. 6 1. 3 30
6.09 1. 4 1. 1 25
6.89 1.6 1.2 29
6.91 1.3 1.5 32
6.80 2.1 1.9 41

47 .10 5
84 .10 5

114 .19 11
130 .15 4

95 .13 3

o . 4 1 . 0 28 KAO
o .5 1 . 1 24 S F2
O. 6 1 . 9 27 KON
0.4 0.9 30 LSW
0.4 0.8 38 SF2
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS XM KM FM REMK

1985 DEC 10 1826 31.61 19 18.85
10 2226 33.12 19 47.34
11 332 53.30 19 12.91
11 342 50.26 19 23.92
11 345 2.79 19 23.95

155 30.48
155 35.96
155 27.76
155 15.69
155 15.80

7. 95 2.0 1.7 39
14.80 2.0 1.8 35
40.86 2.12.8 39

3. 11 1. 5 2. 1 28
3.38 1.3 1.6 16

3 39 .13 7 0.4
6 93 .10 10 0.4
9106.12 6 0.8
6 76 .09 2 0.3
5 111 .09 1 0.3

1.0 37 LSW
0.5 34 KEA
1.2 38 DLS L
0.3 24 SEC
0.4 13 SEC

1985 DEC 17 347 16.97 19 28.57
17 1046 48.24 19 23.62
17 1221 39.40 19 20.05
17 1724 12. 73 19 19. 43
18 313 39.42 19 19.99

154 53.23
155 20.45
155 11.74
155 13.13
155 11.14

1.11 2.6 2.8 39 6 167 .22
9.65 1.7 1.5 40 13 56 .10
6.35 1.2 1.3 18 1 82.07
6.44 1.3 1.8' 43 5 75 .14
8 .04 1. 3 1. 1 28 6 87. 07

0.6
0.3
0':5
0.4
0.4

0.8 36 SLE
0.4 34 KAO
1.2 18 SF3
0.8 42 SF2
0.6 26 SF3

11 457 17.59 19 21.93
11 5 5 9.21 19 17.88
12 251 26. 97 19 25.95
12 748 33.33 19 19.48
12 9 1 22.87 20 34.68

155 2.46
155 21.41
155 21.42
15511.67
155 45.31

5.21 1. 4 1.1 24
8.29 1.2 1. 1 28
9.27 1.7 1. 1 34
5 . 63 1.2. 1. 1 27

25.05 4.7 4.9 55

2 146 .23 4 1.1
2 119.11 5 0.5
5 75 .11 3 0.4
3 94.13 6 0.5
8 208 .11 50 0.9

2.6 23 SF5
0.8 27 SWR
0.6 30 KAO
1.3 26 SF3
3.0 49 DIS F

18 341 6.90' 19 23.68
18 411 47.90 19 19.09
18 457 37.13 19 9.19
18 8 1 51.72 19 17.12
18 1548 21. 20 19 19. 65

155 17.01
155 12.10
155 40.45
155 27.40
155 8.12

3.10 1 ..1 1.2 22
4. 67 1. 3 1.4 33
6. 07 2. 1 1. 9 34
6.82 1.7 1.3 33
4.85 1.4 1.0 21

6 60 .13 1
2 100 .13 5
4 125 '20 12
2 53 .18 6
o 157 .10 5

0.4
0.4
0.6
0.5
0.8

0.2 19 SSC
1.7 32 SSF
2.0 32 LSW
1.6 32 LSW
2.5 16 SSF

12 922 18.54 19 19.53
12 1118 39.33 19 30.96
12 1154 11.09 19 28.23
12 1211 52.19 19 11.60
12 1330 41.20 1922.14

15511.98
155 54.45
15526.76
155 38.75
155 26.71

7.19 1.7 1.8 35 5 91 .10
11.80 4.0 4.3 57 13 171 .13
6.102.01.339451.13
8 12 2.1 1.7 31 5 105 .19
9 75 1. 6 1. 1 30 2 44 . 13

5 0.4
3 0.6
6 0.4
7 0.6
2 0.4

0.8 32 SF3
0.3 52 KON F
1.1 34 KAO
1. 2 30 LSW
0.7 29 KAO

18 1943 12.89 19 26.74
19 7 4 9.12 19 19.10
19 8 4 27.07 19 19.25
19 857 8.99 19 27.36
19 935 16.21 19 27.33

155 30.07
155 13.42
155 2.72
155 25.73
15525.64

3 . 32 1. 6 O. 8 25
5.14 1.5 0.8 23
3.25 0.9 16
5 . 30 1. 2 1. 3 29
5 . 96 1. 1 1.3 20

1 57.14 9
o 74 .12 4
o 2.10 .12 10
3 62.10 4
2 62 .13 4

o . 4 4 . 3 18 KAO
0.5 1.4 18 SF2
1 .4 35.5 13 SSF
o . 4 1 . 5 27 KAO
o . 5 1 . 5 18 KAO

12 1331 5.17 19 22.83
12 2040 3.80 19 47.05
12 2217 44.48 19 21.81
12 23 1 28. 19 19 22. 68
13 0 7 7.62 19 20.22

155 2.35
155 56.38
155 2.67
155 25.28
155 12.86

6.27 1.7 1.7 27 3 134 .13 5 0.5
8.95 2.9 1.9 25 5 258 .12 15 1.3
8.95 3.4 3.9 52 11 134 .12 4 0.5

10.13 1.8 1.9 39 4 41 .12 4 0.4
6.33 1.4 1.3 30 3 69 .12 4 0.4

1.1 26 SF5
0.6 25 HUA
0.3 44 SF5 F
0.6 34 KAO
0.7 29 SF2

19 1320 46.26 19 21.61
19 1924 49.55 19 20.47
19 2321 59.05 19 18.42
20 314 36. 55 19 20. 61
20 449 8.9119 26.64

155 29.73
155 11.46
155 13.21
155 10.32
155 28.71

9.53 1.5 1.5 30
7.73 1.6 1. 9 29
5 . 76 1.2 1. 1 20
6 . 51 1. 4 1. 3 27

10.151.7 1.5 34

1 43.08
1 76.10
o 137 .09
2 75 .09
3 42 .10

4
4
3
3
7

0.4
0.5
0.8
0.5
0.4

0.8 28 KAO
0.9 28 SF3
1.7 20 SF2
0.8 26 SF3
0.8 30 KAO

'-J
~

13 429 10.41 19 22.26
13 75318.791919.42
13 1320 57.37 19 .19.67
13 1329 13.88 19 19.39
13 1343 13.89 19 23.96

155 4.81
155 11.30
155 7.76
ISS 8.32
155 15.69

8.79 3.2 3.4 53 9 80 .11
5.67 1.6 1.6 29 3 98.11
9.34 4.0 4.156 10 99 .11
6 . 40 1. 3 O. 9 16 2 86 .08
2.95 1.2 16 5 112 .09

4
6
4
4

2

0.4
0.5
0.4
0.6
0.3

0.3 47 SF5
1.1 27 SF3
0.3 48 SF4 F
1.3 15 .SF4
0.3 14 SEC

20 5 4 13. 72 19 20. 39
20 1717 43.51 19 27.36
20 2131 45.60 19 23.38
21 242 28.391921.53
21 537 8.75 19 19.78

15511.71
15525.49
155 11.24
155 30.23
155 7.94

9.13 1.5 1.1 17 0 77 .07
5.65 1.9 1.8 40 12 47 .14
0.54 1.4 1.7 15 5 156 .27
8.92 2.4 2.3 52 13 46 .11
7. 37 2. 1 2.2 45 8 93 . 11

5
4
3
5
5

0.5
0.3
0.8
0.3
0.4

1.0 17 SF3
1.2 36 KAO
0.5 13 SER
0.5 48 KAO
0.7 41 SF4

13 1453 42.80 19 20.46
13 2132 53.5519 19.58
14 017 56.05 19 22.40
14 633 19.63 19 20.80
14 750 40.27 19 19.33

155 8.51
155 8.18
1554.58
15S 28.63
155 13.64

6.58 1.2 1.1 23
7.08 2.12.3 40
6. 97 1.7 1. 8 37

10.16 1.4 1.2 32
7.55 1.3 1.1 29

2 75 .11
3 88 .11
3 85 .14
3 48.14
3 69.10

4 0.5
4 0.5
4 0.4
4 0.4
4 0.4

1.0 22 SF4
0.7 37 SF4
0.9 36 SF5
0.9 31 KAO
0.8 27 SF2

21 910 13.73 19 22.01
21 1033 30.40 19 20.39
21 11 9 29.94 19 20.59
21 1559 51.08 19 23.76
21 1753 32.40 19 8.90

15528.50
155 12.98
155 11.46
154 58.18
155 30.54

9.36 2.6 2.9 55 9 38 .13
6.63 1. 2 1.2 33 4 66 .11
7.47 2.2 2449 7 75 .13
6. 34 1. 8 1.4 23 1 181 . 15

44.53 2.5 50 11 146 .12

2
4
4
3
5

0.3
0.4
0.4
1.0
0.8

0.5 48 KAO
0.9 31 SF2
0.5 44 SF3
0.8 20 LER
1.0 42 DLS T

5 77.14 4
4 57 .17 4
2 27.13 3
5 116 .07 1
5 84 .09 2

0.4 0.6 44 SF3
o . 4 0 . 9 34 LSW
0.4 0.6 36 KAO
0.3 0.4 12 SEC
o . 3 0 . 3 20 SEC

3 98 .14 2
4 185 .12 14
2 172 .15 4
5 33 .09 5
3 90.13 5

14 10 8 1.07 19 22.60
14 17 4 20.67 19 23.37
14 1726 32.46 19 23.87
14 1949 34.86 19 16.28
15 449 29.51 19 19.86

15 928 47.81 19 20.43
15 1629 54.44 19 16.55
15 1859 18.55 19·23.S·6
16 050 26.16 19 24.05
16 153 26.09 19 23.85

155 20.86
155 21.23
15516.15
155 23.08
155 12.17

155 11.60
155 28.71
155 26.95
155 15.83
155 15.66

10 . 28 2. 2 2. 1 47
9.69 1.7 2.0 39
2 . 62 1. 4 1. 7 23
7. 45 1.7 2. 1 ?5
6.79 1. 4 1. 6 '~3

7.89 2.6 2.9 49
8.1'9 2.0 2.3 38

10.20 1.. 9 1.8 B8
3 . 61 O. 9 1. 4 ·1 5
3 . 23 1. 3 1. 9 23

5 45 .11
5 52.11
6 101 .09
3 120 .11
4 82 .10

3
3
1
4
5

0.3
0.3
0.3
0.5
0.5

0.5 43 KAO
0.5 34 KAO
0.2 18 SEC
1.2 22 SWR
0.8 30 SF3

21 1754 5.02 19 10.23
21 1925 19.81 19 3.09
21 1930 35.62 19 8.49
22 122 9 . 27 19 24. 96
22 1435 59.37 19 20.52

22 1738 53.21 19 25.57
22 213128.90 19 11.07
22 2255 58.65 19 19.35
23 025 42.25 19 19.61
23 63835.121921.45

155 28.89
155 31.52
155 26.00
155 29.13
155 7.59

155 29.95
155 33.22
155 18.66
155 7.66
155 0.74

35.87 35
34.89 2.2 33
46.01 2.2 34

9 ,77- 1. 8 1. 2 42
6-.90 1.3 29

9.18 1.6 1.2 32
6.60 2.7 2.8 49
7.48 1.2 1. 1 29
7.50 1.1 22
8.71 3.2 3.8 45

2 38 .08
9133.16
6 111 .10
1 102 .11
6 186 .11

7

9
3
4
5

0.9
1.0
1.2
0.3
0.6

0.4
0.5
0.4
0.6
0.7

1.4 34 DLS T
1.3 32 DLS T
2.2 33 DLS T
0.6 37 KAO
0.9 26 SF4

0.9 32 KAO
0.8 48 LSW F
0.8 27 SWR
1.4 22 SF4
0.5 39 SF5 F

16 243 52.24 1932.93
16 313 35. 85 1 9 20. 19
16 1313 35.40 19 27.56
16 2158 7.44 19 25.12
17 345 53.84 19 25.70

1S536.68
155 10.72
155 29.18
155 19.74
155 30.58

8.07 2.2 1.9 34
8. 76 1. 4 1. 7 ~2

9 . 79 2. 8 2. 9 3'9
6.01 1.9 1.9 28
9.49 2.2 2.4 40

5 127 .12
2 83 .04
2 55 .12
4 63 .12
4 36 .10

7 0.5
4 0.5
9 0.4
3 0.4
8 0.3

0.8 32 MLO
0.8 20 SF3
0.7 23 KAO
1.0 24 KAO
0.7 36 KAO

23 646 50.29 19 21.05
23 921 45.55 19 17.09
23 958 21.55 19 21.43
23 2134 47.63 1925.98
23 2228 48.32 19 22.58

1550.62
155 0.87
155 0.79
155 27.59
15528.92

6 . 76 1. 6 1. 8 29 1 197 . 11
37.672.11.952 14217 .10

5.94 ~.3 27 3 186 .13
6 . 94 1. 7 1. 3 33 8 56 . 11
9.93 1.8 1.5 38 10 39 .09

0.8
0.7
0.8
0.3
0.3

0.7 29 SF5
0.8 50 DEP
1.5 27 SF5
1.1 31 XAO
0.6 36 KAO



1985 HVO EARTHQUAKE SUMMARY LIST PAGE 45 1985 HVO EARTHQUAKE SUMMARY LIST PAGE 46

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HR.KN SEC DEG MIN DEG MIN KM HAG MAG NR NS DEG SEC DIS KM KM FM RE.KK

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP R.KS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM RE.KK

6.011.3 1.1 22 3 94 .10 5 0.5
12.72 2.1 1.6 21 6 156 .09 13 0.6
8.04 2. 8 3.5 53 11 77. 15 4 O. 4
9 01 1.3 1.1 19 3 89 .07 5 0.6
9.64 3.3 3.5 48 8 129 .16 2 0.6

1985 DEC 24 354 19.42 19 19.37
24 558 14.10 19 50.54
24 14 0 14.09 19 20.94
24 16 6 1 . 45 19 19. 74
24 2338 26.8119 14.07

25 042 37.23 19 19.73
25 316 23. 46 19 11. 90
25 510 25.28 19 21. 27
25 635 9.75 19 23.35
25 11 4 45.48 19 21.04

155 12.01
155 32.11
155 8.04
155 11.61
155 30.74

155 11.14
155 27.38
155 0.50
155 2.64
155 13.00

9.83 1.4 1.1 19
6.55 2.0 1.8 38
6. 28 2.0 2.0 34
7.65 2.2 2.4 41
8.18 1.3 1.5 26

2 92.07
6118.19
4 193 .14
6 121 .13
3 67 .10

0.7
0.6
0.7
0.5
0.4

1.5 22 SF3
0.5 21 KEA
0.5 46 SF4
1.2 19 SF3
0.6 47 LSW F

1.1 19 SF3
1.2 37 LSW
0.9 32 SF5
0.5 38 SF5
0.8 25 SF2

1985 DEC 31 12 7 20.92 19 25.74
31 1228 30. 32 19 25. 72
31 1321 9.18 ~O 26.36
31 1335 34.06 19 25.74
31 1352 17.70 19 25.67

31 14 0 46.10 19 25.57
31 14. 7 5 .74 19 25. 60
311523 2.25 19 25.79
31153335.80 1925.11
31 1537 51.26 19 25.26

155 19.58
155 19.81
156 6.55
155 19.35
155 19.45

155 19.80
155 19.60
155 19.58
155 19.38
155 19.65

3 . 67 2. 4 2. 7 40
2.411.3 1.2 16

34. 87 3. 1 3. 1 28
3 . 98 3. 1 3. 4 48
5 . 31 1. 6 1. 2 22

3.52 1.4 1.1 24
3. 66 2.7 2. 9 47
2. 65 1. 5 1. 1 25
6 . 06 3. 0 2. 9 42
3.81 1.6 1.4 22

7 38 .13 4
3 121 .11 4
9 170 .10 39
6 47 .13 3
5 100 .10 3

6 67 .12 4
8 38 .13 4
4 130 .14 4
6 38 .11 .3
4 93 .10 4

O. 3 0 . 7 32 KAO F
o . 5 0 . 9 14 KAO
0.7 0.8 24 DIS
o .3 0 . 7 43 KAO F
o .4 1. 4 18 KAO

o 4 0.8 20 KAO
o 3 0 . 7 40 KAO F
o 4 0.7 20 KAO
0.3 0.7 37 KAO F
o. 4 0 . 8 19 KAO

25 1123 6.00 19 48.11
25 1153 43.43 19 19.63
251422 31.83 19 24.57
25 1716 26.70 19 34. 94
25 2255 33.09 19 24.89

155 45.48
155 9.96
155 19.87
156 4.79
155 19.55

14.85 2.5 2.2 38 11 151 .27 33 1.0
8. 36 1 . 1 22 3 92.04 5 O. 5
6.29 1.3 1.3 30 8 70 .09 2 0 . 3

44.34 2.4 2.4 41 9 239 .10 20 1.0
6.34 1.4 1.6 28 5 95 .10 2 0.4

2.7 35 HUA
1.0 21 SF3
0.8 26 KAO
1.3 41 KON
0.8 24 KAO

31161124.52 1925.62
31 1613 25.91 19 25.63
311617 31.66 19 25.39
"31 1627 57.13 19 24.98
31 1647 8.60 19 25.22

155 19.25
155 19.43
155 19.57
155 19.46
155' 19.54

5.21 1.8 1.1 13
4.31 1.5 1.0 14
3.81 1.7 1.3 15
3 . 56 2. 4 1. 9 24
5 . 09 2. 1 2. 3 19

1 139 .08
1 137 .07
2 90.12
1 59 .12
1 61 .11

3
3
4
3
3

0.5
0.5
0.6
0.4
0.5

1.2 12 KAO
1.1 13 KAO
1 .. 4 14 KAO
1.1 22 KAO
1.3 18 KAO F

26 628 29.45 19 10.62
26 949 33.66 19 19.46
26 954 17.61 19 20.61
27 042 39.38 19 18.23
27 328 O. 67 19.19. 84

155 33.35
155 11.07
155 12.93
155 30.00
155 8.97

8.90 2.9 3.1 41
9.14 1.4 1.5 24
8.72 2.5 2.8 52
6.68 1.6 1.3 26
6.42 1.4 1.1 29

2 134 .13 10 0.5
3 99 .06 5 0.6
9 64.13 4 0.4
3 61 .19 6 0.5
4 78 .12 4 0.5

0.7 40 LSW
1.0 22 SF3
0.4 45 SF2
1.5 25 LSW
0.9 28 SF4

31175551.921925.32
31 18 8 35.02 19 25.33
311813 31.46 19 25.61
31 1816 0.16 19 18.93
311946 6.49 19 25.13

155 19.51
155 19.65
155 20.24
155 15.29
155 19.63

3 . 77 1. 9 1. 2 14
3.79 2. 1 2.0 33
1.11 1.5 1.2 18
6 . 54 1. 1 1. 1 20
4.58 2.6 2.5 43

125 .07
46 .10

105 .10
104 .09

37 .14

3
4
4
4
4

0.5
0.3
0.3
0.5
0.3

1.0 13 KAO
0.7 28 KAO
0.8 15 KAO
1.2 20 SFl
1.0 38 KAO F

. -.....J
01

27 1453 40.72 19 19.00
27 1549 33.85 '19 1 _82
27 16 9 11.46 19 29.58
28 1035 0.47 19 20.56
28 1226 6.25 19 17.78

155 13.70
155 22.14
155 27.22
155 11.15
155 21.00

6.84 1. 4 1.3 27
36.08 2.1 1.8 39
13.19 1.9 1.435
7. 62 1. 8 1. 8 37
7.69 1.5 1.6 27

4 72 .07 4
3 225 .09 17
5 72 .09 5
5 76· .11 4
3 125 .10 4

0.4
1.0
0.4
0.4
0.4

0.9 24 SF2
1.1 38 LOI
0.5 30 DML
0.6 33 SF3
0.8 25 SWR

28 1310 4.98 19 28.18
28 1657 52.66 20 0.47
28 2033 16. 72 19 26. 12
29 947 40. 93' 19 17. 28
29 11 7 49.15 19 17.75

154 52.52
155 48.67
155 24.36
155. 13.05
155 13.18

4.45 1.9 1.4 22 2 185 .14 5 0.9
8.24 2.3 2.1 20 3 188 .14 14 0.9
9.06 1.8 1.5 37 3 38 . 1~ 2 0.3
6.72 1.7 1.9 30 3 150 .10 1 0.5
5.08 1.3 1.3 22 2 107 .09 1 0.6

1.9 22 SLE
0.7 20 KOH
0.7 33 KAO
0.8 29 SF2
0.9 22 SF2

29 2012 11.26 19 24.00
29 2135 '5.06 19 20.61
30 036 4.20 19 23.55
30 158 6.67 19 18.14
30 852 36.33 19 16.34

30 1448 2 . 75 19 eo. 22
30 1457 21.19 19 20.02
31 436 33.83 19 23.84
31 10 2 25.12 19 25.56
31 10 2 59.89 19 25.46

31 10 5 59.10 19 25.68
31 1018 6.67 19 25.51
31 1018 31.66 19 25.72
31 1026 30.99 19 25.57
31 1041 54.39 19 25.89

155 26.64
155 19.58
155 14.99
155'13.37
1S530.14

155 11.35
155 11.74
155 15.76
155 20.05
155 20.15

155 19'.87
155 20.05
155 19.85
155 19.85
155 19.48

9. 86 1. 6 1. 1 24
2 . 06 O. 9 1. 0 17
3.03 1.4 1.9 21
6.60 1.8 1.9 39
8.52 1. 8 2.0 35

5.75 1.3 1.1 14
7.24 1.8 1.9 31
2 . 94 1. 5 1. 7 20
2 . 97 1. 9 1. 4 27
3. 47 2. 5 2. 5 37

3.01 1.9 1.7 25
2.79 2. 1 2.2 29
3.16 2.9 3.2 38
2 . 74 1. 4 1. 2 18
3 . 43 1. 4 1. 4 19

1 40 .10
1 57.11
7 95 .10
4 87 .11
3 79 .17

1 94 .10
3 83.07
4 105 .09
4 54 .13
7 46 .13

4 67 .12
6 53 .13
7 60 .14
2 114 .12
4 138 .11

3 0.4
4 0.3
2 0.3
2 0.4.
2 0.4

4. 0.6
5 0.4
1 0.3
4 0.4
4 0.3

4 0.3
4 0.3
4 0.3
4. 0.5
3 0.6

0.9 23 KAO
1.0 17 SWR
0.3 17 SEC
0.8 36 SF2
0.9 34. LSW

2.1 13 SF3
0.6 28 SF3
0.2 18 SEC
0.9 22 KAO
0.8 32 KAO F

0.8 22 KAO F
0.8 23 KAO
0.6 29 KAO F
1.1 16 KAO
0.8 16 RAO



Table 6
HVO EARTHQUAKE SUMMARY LIST 1985 M> =3.0 PAGE

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 JAN 3 1818 18.71 19 20.87 155 2.37 6.87 2.9 3.3 46 5 152 .16 2 0.5 0.6 33 SF5
6 938 59.94 19 22.35 155 28.74 9.83 3.0 3.3 46 7 36 .10 2 0.3 0.4 37 KAO

10 139 37.04 18 57.24 155 12.17 13.24 3.1 3.9 42 3 241 .12 36 1.5 0.9 36 LOI
10 654 26.86 18 58.34 155 12.56 13.36 3.6 4.3 46 2 238 .10 34 1 .2 0.6 40 LOI
10 7 0 22.69 19 0.14 155 13.53 13.77 3.2 4.1 45 2 231 .11 31 1 .2 0.6 33 LOI

10 717 21.34 18 59.16 155 12.81 13.59 3.4 4.2 42 2 271 .10 33 1.6 0.6 35 LOI
15 1139 25.88 19 20.56 155 12.99 8.87 3.1 3.7 49 5 65 .13 4 0.4 0.4 40 SF2 F
21 313 23.51 19 19.68 155 11.29 8.80 2.8 3.4 51 6 92 .12 5 0.3 0.4 38 SF3
21 852 28.31 18 56.82 155 11.64 15.43 3.5 4.4 54 7 243 .12 37 1 .2 4.0 48 LOI
21 855 50.83 18 56.34 155 11.57 13.45 2.7 3.5 44 2 245 .12 38 1.6 1.3 30 LOI

25 410 59.83 19 20.34 155 3.61 8.61 2.8 3.2 45 3 112 .12 1 0.6 0.5 39 SF5
28 0 6 10.12 19 27.20 154 52.66 8.36 2.7 3.3 40 3 153 .13 3 0.8 0.4 34 LER
31 1757 11.72 19 20.60 155 11.86 8.81 2.9 3.1 38 4 72 .13 4 0 4 0.5 33 SF3

FEB 7 ·7 7 25.82 19 19.44 155 10.37 9.23 2.9 3.4 47 7 99 .12 5 0.4 0.4 38 SF3
9 843 34.34 19 22.35 155 28.96 10.67 2.9 3.1 47 2 35 .12 2 0.3 0.4 44 KAO

10 113 40.60 19 57.65 155 30.58 12.77 3.1 3.6 50 7 170 .14 19 0.9 1.5 42 KEA
11 1952 17.67 19 19.76 155 12.38 8.60 2.8 3.2 45 6 82 .10 5 0.3 0.3 33 SF2
21' 1948 29.39 19 19.68 155 12.65 9.45 4.8 4.7 48 3 80 .10 5 0.4 0.4 43 SF2 F
24 2141 57.41 19 57.32 155 31.07 41.54 3.2 3.2 53 8 236 .10 18 0.9 1.2 45 KEA
25 1827 46.41 19 47.23 156 4.40 10.68 3.9 4.3 47 2 240 .12 27 1.1 0.7 46 HUA F

27 1339 28.16 20 10.54 155 40.57 27.01 3.2 3.0 42 6 243 .10 12 0.8 1.5 29 KOH
28 2 7 39.99 19 51.10 155 11.17 33.58 3.3 2.9 43 3 210 .12 17 0.9 2.0 39 KEA

MAR 4 045 57.27 19 19.56 155 11.80 8.90 3.2 3.5 48 7 91 .12 6 0.3 0.4 40 SF3
4 21 9 3.42 19 22.11 155 28.94 9.94 3.0 3.4 52 10 37 .11 2 0.3 0.4 39 KAO F
6 2227 23.13 19 22.16 155 28.65 10.32 3.0 3.2 49 6 37 .12 2 0.3 0.4 43 KAO

11 821 45.05 19 20.95 155 2.32 7.57 3·.4 3.7 34 2 160 .09 2 0.6 0.4 19 SF5 F
16 755 2.32 19 24.87 156 16.66 32.00 3.4 3.4 37 2 295 .11 39 2.1 1.7 33 KON
16 2126 14.06 18 58.36 155 12.43 46.52 3.4 3.'5 59 11 238 .11 34 0.9 1.1 51 LOI
22 535 51.95 19 53.60 156 36.64 1.73 3.3 3.5 45 10 183 .12 84 1 .4 0.7 26 DIS
22 7 7 54.85 19 53.99 156 36.64 1.56 4.1 4.3 55 '7 298 .12 84 5.2 2.3 39 DIS

22 714 43.53 20 43.89 158 12.51 5.98 3.9 3.4 18 7 350 .90273 54.6 82.6 13 DIS
29 257 45.02 19 20.38 155 11.56 9.15 3.1 3.2 55 12 78 .11 4 0.3 0.4 43 SF3 F
30 9 3 9.01 19 16.68 155 30.87 43.23 3.4 3.5 62 14 48 .09 3 0.5 0.8 52 DLS F

APR 1 1131 18.48 19 21.70 155 5.08 9.00 4.1 4.3 58 10 82 .11 5 0.4 0.3 50 SF5 F
7 22 6 38.56 19 55.83 156 40.35 26.20 3.4 4.5 52 10 251 .14 91 1.3 3.3 42 DIS

9 1654 34.00 19 22.98 155 30.42 9.47 3.1 3.5 51 6 33 .10 5 0.3 0.4 42 KAO
12 019 35.24 18 53.45 155 15.13 11.99 2.8 3.9 44 6 251 .11 37 0.9 0.7 41 LOI L
17 1156 51.84 19 25.61 155 29.35 9.8.5 2.9 3.1 55 9 36 .11 7 0.3 0.4 49 KAO
21 1237 41.99 19 38.87 156 1.08 14.67 3.3 3.3 43 6 225 .12 19 1 .0 0.5 40 KON
27 754 48.37 19 13.82 155 4.65 47.86 3.7 3.6 56 9 216 .12 9 1 .0 0.7 50 DEP F

MAY 22 210 28.28 19 39.78 156 2.21 10.94 3.2 3.3 50 7 229 .13 21 0.9 0.6 37 HUA F
22 2236 54.60 19 11.53 155 37.07 9.32 3.6 3.6 61 14 95 .18 6 0.4 0.6 51 LSW
26 2036 40.45 19 16.52 155 22.07 8.10 2.9 3.4 58 13 132 .16 5 0.4 0.5 50 SWR F

JUN 3 241 29.76 19 21.58 155 1.93 7.94 2.8 3.4 48 7 150 .12 4 0.5 0.4 44 SF5
7 2336 11.08 19 33.97 155 56.93 26.43 3.6 3.8 59 10 209 .12 9 0.7 1 .2 48 KON F

76



HVO EARTHQUAKE SUMMARY LIST 1985 M)=3.0 PAGE 2

ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS KIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REKK

1985 JUN 10 050 32.73 19 17.91 155 47.72 10.77 3.1 3.1 46 5 88 .12 9 0.5 0.3 38 KON
17 231 12 .. 49 19 15.97 155 5.01 45.68 3.6 3.8 63 13 195 .11 6 0.8 0.6 53 DEP
17 737 42.·58 19 22.24 155 28.71 10.09 3.1 3.3 59 12 36 .11 2 0.3 0.4 51 KAO F
-28 526 26.92 19 18.70 155 50.32 11.59 3.1 2.9 40 3 123 .12 6 0.7 0.3 34 KON
30 1112 24.05 19 22.42 155 17.87 26.87 4.2 4.6 51 2 27 .12 2 0.5 0.8 47 DEP F

JUL 7 2 0 37.46 19 10.14 155 35.92 10.81 4.3 4.5 57 11 105 .18 9 0.5 0.5 48 LSW F
7 2 6 40.93 19 '8'.95 155 35.32 7.44 3.2 3.0 49 9 119 .14 12 0.5 0.8 44 LSW
7 225 3.97 19 8.65 155 35.20 10.77 3.6 3.6 48 7 123 .15 12 0.5 0.5 43 LSW
7 6 9 15.25 19 8.32 155 35.87 10.74 3.1 3.1 51 9 123 .15 12 0.4 0.5 44 LSW
7 628 32.06 19 8.10 155 35.36 11,.12 3.2 3.0 47 6 128 .13 13 0.3 0.3 43 LSW

10 2120 8.43 19 13.01 155 32.63 10.29 3.1 3.1 51 9. 80 .18 6 0.5 0.6 45 LSW
11 1511 58.59 19 30.26 154 55.27 40.31 3.6 3.6 59 11 65 .10 4 0.7 0.9 51 LER
14 357 42.17 19 46.08 155 39.72 12.44 3.2 3.1 56 10 98 .12 10 0.5 0.4 48 KEA
25 534 13.55 19 44.69 156 29.07 35.11 3.7 4.1 58 11 238 .12 66 0.9 1.7 49 DIS F
31 940 15.67 18 54.77 155 15.28 11.20 2.9 3.5 45 5 247 .12 35 1.0 0.6 44 LOI

AUG 4 12 3 40.90 19 29.49 155 0.34 42.78 3.2 3.1 55 6 73 .11 6 0.7 1.1 49 DEP
4 1724 38.q8 19 25.13 154 56.37 38.88 3.1 2.9 50 7 166 .11 4 0.8 0.9 45 LER
6 8 6 59.39 19 12.11 155 27.31 8.84 3.2 3.6 51 5 119 .19 5 0.5 0.7 42 LSW F

11 1857 11 .·~1 20 0.73 156 1.56 10.10 2.9 3.3 44 7 254 .13 29 0.8 0.5 42 KOH
13 10 2 53.93 19 11.63 155 39.47 10.63 3.5 3.9 35 1 108 .19 7 0.7 0.8 23 LSW F

20 1948 54.60 21 0.50 156 10.01 32.83 3.2 3.1 44 6 302 .13 28 1.6 1.2 41 DIS
22 628 0.1'6 19 18.55 156 4.22 40.04 4.2 4.7 62 14 248 .09 21 0.7 0.6 51 KON F
24 111 10.65 20 32.71 155 31.19 0.70 3.1 3.4 41 6 297 .14 54 7.0 2.2 37 DIS

SEP 2 1951 12.42 19 19.69. 155 13.75 9.66'3.3 3.5 54 10 61 .12 5 0.3 0.3 46 SF2
3 1122 54.?5 18 52.29 155 15.43 12.91 3.1 3.7 52 6 255 .11 39 1.0 1.3 49 LOI

4 1327 25.48 19 21.46 155 3.24 7.23 3.0 3.1 47 5 107 .13 3 0.5 0.5 44 SF5
14 2359 27.99 19 20.14 155 11.60 9.70 2.9 3.3 52 9 81 .11 5 0.4 0.3 45 SF3 F
20 536 9.65 20 27.39 157 44.34 41.79 3.3 3.6 26 1 225 .18100 2.3 2.5 24 DIS
30 1928 11.20 19 48.22 155 23.05 24.39 3.0 3.5 66 17 82 .10 8 0.4 0.8 60 KEA F

OCT 3 612 48.71 19 46.97 155 35.72 15.31 3.7 4.1 67 19 96 .10 11 0.3 0.5 63 KEA F

8 1348 37.18 19 17.41 155 12.12 2.38 2.9 3.1 48 5 153 .13 2 0.4 0.6 45 SSF
10 10 2 26.58 19 18.83 155 52.58 11.31 3.4 3.2 53 15 175 .12 5 0.5 0.2 50 KON
12 844 7.08 19 21.76 155 19.83 31.01 3.6 4.0 58 7 46 .12 4 0.5 0.8 51 DEP F
13 115 50.67 18 27.26 156 54.14 14.79 3.0 3.0 45 5 327 .19141 27.5 43.4 45 DIS
13 2312 55.91 19 50.87 155 23.41 30.42 3.0 3.1 66 17 98 .12 7 0.5 0.8 58 KEA

14 1913 40.87 19 20.80 155 2.95 8.67 3.1 3.3 50 7 120 .12 2 0.6 0.4 44 SF5 F
17 8 3 46.80 19 7.21 155 34.97 11.46 3.1 3.7 28 1 139 .13 13 0.5 0.4 26 LSW
17 8 6 15.93 19 7.17 155 35.02 11.16 3.2 3.6 27 3 140 .13 13 0.5 0.6 24 LSW
17 1857 42.60 19 30.42 155 55.14 11.91 3.0 3.2 49 10 194 .15 2 0.7 0.3 45 KON F
25 19 6 28.48 19 22.32 155 28.53 11.02 3.1 3.4 53 8 37 .12 2 0.3 0.4 46 KAO

NOV 13 20 1 55.34 19 24.38 155 17.04 19.28 3.0 3.3 58 9 36 .13 1 0.4 0.6 49 DEP F
18 417 7.20 19 12.58 155 37.79 8.19 3.1 3.2 49 8 96 .18 5 0.6 0.7 45 LSW
23 853 29.11 19 16.61 155 27.83 8.87 2.9 3.2 54 8 59 .15 5 0.3 0.6 48 LSW F
24 1630 27.78 19 56.81 155 45.02 7.20 2.9 3.1 29 3 154 .14 14 0.6 0.6 26 KOH
28 829 47.58 19 18.44 155 16.70 9.16 3.0 3.2 51 8 116 .12 3 0.4 0.5 45 SF1
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ORIGIN TIME LAT N LON W DEPTH AMP DUR GAP RMS MIN ERH ERZ NO
YEAR MON DA HRMN SEC DEG MIN DEG MIN KM MAG MAG NR NS DEG SEC DIS KM KM FM REMK

1985 DEC 12 9 1 22.87 20 34.68 155 45.31 25.05 4.7 4.9 55 8 208 .11 50 0.9 3.0 49 DIS F
12 1118 39.33 19 30.96 155 54.45 11.80 4.0 4.3 57 13 171 .13 3 0.6 0.3 52 KON F
12 2217 44.48 19 21.81 155 2.67 8.95 3.4 3.9 52 11 134 .12 4 0.5 0.3 44 SF5 F
13 429 10.41 19 22.26 155 4.81 8.79 3.2 3.4 53 9 80 .11 4 0.4 0.3 4'1 SF5
13 1320 57.37 19 19.67 155 7.76 9.34 4.0 4.1 56 10 99 .11 4 0.4 0.3 48 SF4 F

23 638 35.12 19 21.45 155 0.74 8.71 3.2 3.8 45 6 186 .11 5 0.7 0.5 39 SF5 F
24 14 0 14.09 19 20.94 155 8.04 8.04 2.8 3.5 53 11 77 .15 4 0.4 0.5 46 SF4
24 2338 26.81 19 14.07 155 30.74 9.64 3.3 3.5 48 8 129 .16 2 0.6 0.6 47 LSW F
26 628 29.45 19 10.62 155 33.35 8.90 2.9 3.1 41 2 134 .13 10 0.5 0.7 40 LSW
31 1018 31.66 19 25.72 155 19.85 3.16 2.9 3.2 38 7 60 .14 4 0.3 0.6 29 KAO F

31 1321 9.18 20 26.36 156 6.55 34.87 3.1 3.1 28 9 170 .10 39 0.7 0.8 24 DIS
31 1335 34.06 19 25.74 15S 19.35 3.98 3.1 3.4 48 6 47 .13 3 0.3 0.7 43 KAO F
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