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INTRODUCTORY NOTE

The Hawaiian Volcano Observatory Summaries have been published in the current format since 1956. The Quarterly
Summaries (1956 through 1973) and the Annual Summaries (1974 through 1985) were originally published as Ad-
ministrative Reports. These reports have been compiled and published as U.S. Geological Survey Open-File Reports.
The quarterly reports have been combined and published as one annual summary. All the summaries from 1956 to
the present are now available as .pdf files at http://www.usgs.gov/pubprod.

The earthquake summary data are presented as a listing of origin time, depth, magnitude, and other location param-
eters. Network instrumentation, field station sites, and location algorithms are described. Tilt and other deformation
data are included until Summary 77, January to December 1977. From 1978, the seismic and deformation data are
published separately, due to differing schedules of data reduction.

There are eight quarters—from the fourth quarter of 1959 to the third quarter of 1961—that were never published.
Two of these (4™ quarter 1959, 1t quarter 1960) have now been published, using handwritten notes of Jerry Eaton
(HVO seismologist at the time) and his colleagues. The seismic records for the remaining six summaries went back to
California in 1961 with Jerry Eaton. Other responsibilities intervened, and the seismic summaries were never pre-
pared.

Chronology

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

Location Beginning Date Ending Date Comment

Kilauea Iki crater (Kilauea’s summit) 11/14/1959 12/20/1959 19 eruptive episodes
Kapoho (lower east rift zone) 1/13/1960 2/18/1960 4 eruption stages
Halemaumau (Kilauea’s summit) 2/24/1961 2/24/1961 Intermittent activity during

uninterrupted inflation fol-
lowing the 1960 eruption

Halemaumau (Kilauea's summit) 3/22/1961 3/25/1961 Same as above.
Halemaumau (Kilauea’s summit) 7/10/1961 7/17/1961 Same as above.
Heiheiahulu (middle east rift zone) 9/22/1961 9/25/1961 First historical east rift erup-

tion at this location

The 1959-1960 eruptions were among two of the most spectacular Kilauea eruptions. The HVO staff was kept busy
with acquisition of unusually high quantities of instrumental data and observations of the two sequences, which
were separated by less than one month. Even with a year’s interval before the beginning of the summit-east rift se-
quence in 1961, the staff never caught up, and the seismic records were set aside for later study.

A total of 1,672 earthquakes—1,106 for 1960 and 566 for 1961—are part of HVO's cataloged database. The annual
listings have been appended to the 1* Quarter Report of 1960 and to the 4™ Quarter Report for 1961. The number of
earthquakes is probably low, biased toward the larger magnitudes. The entire HVO catalog, including 1960 and 1961,
is accessible from the ANSS CATALOG SEARCH site at http://www.ncedc.org/anss/catalog-search.

Thomas L. Wright and Jennifer S. Nakata
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 13
By J. P. Eaton and H. L. Krivoy

Preface

The gradual improvement of instruments and techniques employed
in recording events at Hawaiian volcanoes necessitates an occasional
revision of the content and format of this summary. In such revision
a compromise is sought between the need to summarize current data as
fully as possible and the desirability of maintaining continuity in
the type of data reported and the nature of its presentation.

In Summary 9 the local earthquake statistical summary was modified
to eliminate its arbitrary dependence on the obsolete seismograph at
the Whitney station, and the summary of tilting at Kilauea caldera was
modified to permit a simpler, more useful presentation of the data.
Revisions incorporated into the present summary (13) again involve
local earthquakes and tilting. To permit the reporting of epicenters
of local earthquakes with the added precision made possible by recent
improvements in the seismograph network, epicenter locations will now
be given in terms of geographic coordinates; and the map (fig. 2) has
been provided with latitude and longitude guides. The pattern of
tilting around Kilauea caldera delineated by the newly developed
liquid~level tiltmeter bases® will also be displayed in summaries
covering quarters during which measurements are made. Weekly indica=-
tions of tilting at the Whitney station will be discontinued, for they
have proved to be so strongly dependent on vagaries of temperature and
rainfall as to be generally unreliable as an index to the swelling and
shrinking of the volcano.

This summary also describes seismograph installations operated by
the U.S. Geological Survey in Hawaii. Changes in the network will be
reported in the summary covering the quarter during which they occur,
and the entire network will be redescribed in the summary covering the
first quarter of each year,

Chronological summary

Measurements made during the first week of February at tilt bases
" “around Kilauea caldera revealed that the ground surface had tilted

outward from the south edge of the caldera since October 1958. From a
maximum rate of about 3 microradians per month at Uwekahuna and Summer
Camp, tilting decreased rapidly at greater distances from the caldera.

OB IO ST I £ B V¢

*J, P. Eaton, A portable water-tube tiltmeter, Seism. Soc. Amer,
Bull,, v. 49, no. 4, p. 301=-316, October 1959.

1



Tilting at Uwekahuna vault during the first quarter of 1959 was
rather erratic and did not reflect the gentle swelling of the Kilauea
summit indicated by the tilt bases around the caldera.

More than 1,000 earthquakes were recorded at Uwekahuna during
Januwary. About 400 of these originated at very shallow depths beneath
Kilauea caldera. On January 5 and 6 about 600 small to moderate earth-
quakes and several hours of accompanying tremor from a source about 60
km deep and 10 km northeast of the.caldera were registered by seismo-
graphs around the summit of Kilauea and at Hilo. Although 29
earthquakes of this swarm were of magnitude 2.5 or larger, none was
felt.

The largest earthquake in the Hawaiian region during January
occurred beneath the sea about 125 km south of Honolulu at 20°15' N.,
157°55' W. on January 12 at 01h05M, Although its magnitude was 4.0,
it was not felt.

An earthquake with a magnitude of only 1.6 which originated at a
very shallow depth beneath Kilauea.caldera was felt at the caldera at
16h11M on January 29. A magnitude 2.9 earthquake from an epicenter
about 12 km east-northeast of Apua Point was felt in Hilo at 05h3zm
on January 30.

Only 175 earthquakes were recorded at Uwekahuna during February,
marking a sharp decline in the number of shallow earthquakes beneath
the caldera.

At 23h29M op February 9 a magnitude 3.5 earthquake from a source
about 5 km south of the caldera and 10 km deep was felt at Kilauea
caldera and at Hilo.

On the evening of February 19 three earthquakes from an origin
about 12 km northeast of Apua Point and 5 km deep were felt at
scattered points over most of the island of Hawaii. The first of these
earthquakes, with a magnitude of 4.0, occurred at 18h58M. It was
followed, at 20h00m, by a magnitude 4.5 earthquake, the largest earth-
quake in the Hawaiian region during February, which was felt at least

as far away as Honokaa. The third earthquake, with a magnitude of 3.5,
occurred at 20h3s5M,

The number of earthquakes recorded at Uwekahuna declined to 130
for March. Five of these were felt,

At 05P32M on March 5 a magnitude 3.5 earthquake from a focus 5 km
deep and 10 km north-northwest of Apua Point was felt from the vicinity
of the Desert seismograph station to Hilo.



The earthquake felt in Capt. Cook at 16hus™ on March 6 originated
beneath the ocean about 15 km west of Keahole Point. Its magnitude was
'+.OO

An earthquake with a magnitude of 2.5 from a source 5 km southeast
of Waikii and 15 km deep was felt at Pohakuloa at ouh26M on March 9.
At 07M45™ on March 12 a magnitude 4.0 earthquake with an epicenter 10
km southeast of Honokaa and a focal depth of about 15 km was felt at
Kukuihaele (10 km northwest of Honakaa).

The earthquake which was felt at Kilauea caldera and Capt. Cook
at 07hu9m on March 17 emanated from a focus 10 km southeast of
Mokuaweoweo and 5 km deep. Its magnitude was 3.5,

Briefly, this quarter may be summarized as a period of continuing,
slow inflation of the summit of Kilauea. The swarm of tiny shallow
earthquakes beneath Kilauea caldera which was so pronounced in January
declined greatly during February and March.

Tiltingﬁof the 5pound around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna vault, and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt bases and s portable water-tube tiltmeter
(tables 1 and 2). The attitude of the ground surface at each tilt
base is reported in terms of north-south and east-west tilt coordi=
nates. Both coordinates at each station were arbitrarily set equal to
500 when measurements at that station were bugun. Increasing tilt
coordinates correspond to northward and eastward tilting of the earth's
surface, that is, to a relative subsidence toward the north and east.
A l-unit change in coordinate corresponds to a l-micreoradian (1 mm per
km) tilt in the direction indicated.

Seismic summary

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of the Observatory, and distant earthquakes originating farther
than 3,000 km from Hawaii. As an index of seismic activity at
Hawaiian volcanoes, weekly totals of earthquakes with magnitudes of
2.5 or greater, earthquakes with magnitudes less than 2.5, and minutes
of continuous tremor, all recorded on the HVO-«1l seismograph at
Uwekahuna, are reported in table 3. Earthquakes of magnitude 2.5 or
greater are generally sufficiently well recorded to be located; they
are listed individually in table 4. Data on identifiable phases from
distant earthquakes are listed in table 5.

Locations of the seismograph stations are shown on figure 2, and
essential data on the stations are given in table 6,
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Table 1l.--Tilt coordinates at Uwekashuna vault, January-March 1959

Date N-S E-W Date N-S E-W

Jan. U 511 455 Feb. 22 506 456
11 513 457 Mar. 1 504 458
18 508 L5T 8 505 459
25 50k 458 15 507 460

Feb. 1 506 456 22 507 L6k
8 50k 45T 29 511 466
15 504 458




Table 2.--Tilt coordinates and changes at tilt bases around Kilauea caldera (see fig. 1)

-Date of

Tilt base Date Tilt coordinates Direction and rate
(location) (1959) i of tilting since last
N-S E-W last reading reading
(10-6 rad/mo) (1958)
Uwekahuna Feb. 2 543.9 2.7 3.3 N. 33° W. Oct. 2
(19°25.5' N., 155°17.4' W.)
Tree Molds Feb. 5 508.6 499.0 2.2 N. 7° W. ~Oct. 9
(19°26.3' N., 155°17.3' W.)
Summer Camp Feb. 8 508. 4 LoT.1 3.1 N. 77° E. Oct. T
(19°24.6' N., 155°15.6' W.)
Sand Spit Feb. 8 505.1 Lok, 1 2.4 N. 4o° W Oct. 31
(19°24.1' N., 155°16.8' W.)
Kalihipaa Feb. 9 495.9 503.3 0.9 S. 42° E Oct. 6
(19°21.4' N., 155°15.3' W.)
Keamoku Mar. 2 500.0 500.0 ——= | emmmmmmee e
(19°25.1' N., 155°19.0' W.)
Kamokukolau Mar. 4 500.0 500.0 T e I
(19°22.7' N., 155°16.6' W.)




UWEKAHUNA

o
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/‘“

e KN

et

Figure l.--Tilting of the ground around Kilauea caldera, Oct. 6, 1958,
to Feb., 6, 1959, The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Table 3.--Local earthquakes and tremor recorded by the HVO-1

seismograph at Uwekahuna, January-March 1959

Week Number of earthquakes Minutes of
beginning . ' continuous
Magnitude >2.5 Magnitude €2.5 tremor

Jan. L 33 ca. TOO ca. 400

11 1 5T 106

18 0 115 1h

25 L 8L 68

Feb. 1 1 37 3
8 L L5

15 P 39 30

22 3 Lo 0
Mar. 1 2 23

8 L 35 33

15 2 32 0

22 5 18 N

29 3 26 0




Table L4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,
January-March 1959
[Except for smaller earthquakes of special interest, only earthquakes with

magnitudes of 2.5 or greater are listed.

Time is Hawaiian standard]

Date Time Magnitude Epicenter Remarks
h |lm |s ‘Latitude | Longitude Description
N W
Jan. 1 [18]36 (00 | 2.5 19°21" 155°56" 5 km SW of Hookena------- Depth about 15 km.

2 | 00|19 |39 2.8 19°25" 155°26" 10 km NW of Desert Depth about 5 km.

seismograph.

2 [okf15 |08 | 2.8 19°29° 155°56" 5 km SSW of Kealakekua--- Do.

3 103fok |35 | 2.5 19°26! 155°56! L kxm WNW of Honaunau----- Depth about 10 km.

3 [18]25 |38 2.9 19°26" 155°16" Beneath NE rim of 30 km deep.

Kilauea caldera.

5 | 07|35 |17 2.6 19°33" 155°39" 10 km NW of Mokuaweoweo--|At shallow depth.

5 |15 4|3k | 2.5 19°29' 155°13" 10 km NE of Uwekahuna----|Depth about 60 km. One
of several hundred
small earthquakes from
this source Jan. 5-6.

5 |16[25 |26 | 2.9 -~d0--= [ ~=-do=w= |----- dOmmmmmcmmmmmmmmm e Do.

5 116[35 (31 | 2.5 --do--- | -=-do--- [-==-- d0-cmmmmmmmmmmmm e Do.

5 {1800 {10 2.5 -=30==e | ==-d0~=vc |=me-= QO mmmm e Do.




Tdble 4.--Local earthquakes recorded by seismographs of the U:S. Geological- Survey,
' January-March 1959--Continued

Date Time Magnitude Epicenter Remarks
h |m|s Latitude | Longitude Description
N | W .
Jan. 5 | 18| 07| 22 2.6 19°29' 155°13" 10 km NE of Uwekahuna---- Depth about 60 km. One
' of several hundred
- small earthquakes from

this source Jan. 5-6.
5 1 19| 30] L2 3.2 --do--- | ---do--- [ -=--- s 1o YT 4 ‘Do.
51 20(55] 13 2.7 --do--- | --=do-=- | ===-- o Lo Y 4 . Do.
5 21]13] ok 2.8 --do--- | ==-d0-== | ====- dO-~=mmmmmmm e m o ] . Do.
5 1 22[03]| 6| 2.5 --40--- | -=-d0-== | -=--- T YR Do.
512 ]09] 0k 2.5 --do--- | ---do-=- | -=--- dO-cm s e o Do.
> | 22|33 17 2.5 --do-=-- | ---do--- | ~---- o Fo TP U Do.
5 | 22| 34| 03 2.5 --d0=--- | ---do--- | ----- s [ YT Do.
5| 22|54 53 2.9 --do--- | ---do=--- | ----- dO=mmmmmm e e _Do.
“5 23101] 02 2.9 --d0-=- | =--d0==- | ==w-- dOo=m=mmm e ] ~ Do.
6 |oofar] 24| 2.5 -=30wm= | ===d0-== | —c=um A0 m e m e m e 1 Do.
6 | 02]39] 2k 3.0 --d0=== | -=-dOo=== | ===u- dOmmmmmmmmmm e mm e m e "Do.
6| ok|or] 32 2.7 --d0=-- | -=-d0=== | —==-- BOmmmmmm e mmmmm e Do.




ot

Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

k Januanzeﬁarch 1959--Continued

Date Time Magnitude Epicenter Remarks
himis Latitude } Longitude Description
N ]
Jan, Oujf 09§ 21 2.9 19°29°¢ 155°13" 10 km NE of Uwekahuna---jDepth about 60 km.
' One of several
hundred small
earthquakes from
this source Jan.
5-6.
ouf 25§ 13 2.5 a==do=== f —==dO==== ] =oem- dommmmmmmmmmm—m———a Do.
ouf 35) 18 2.5 —eedom=n | =endoemmn | —cmum P Do,
05§ 13§ 03 2,8 ~--do---§ ---do-=-=} ----- do-==caccmcccccccan Do.
osf u6f 49 2.9 ---do-=-f§ ---do---=f =-=-- dom—=—ceccmccccaaan Do.
06] 36§ 26 2.8 e=-do===f ===do=c==} —=ac- dommmmmmmcmmc——eee Do.
06} u2f 17 2.5 ~==do===} ==-do=~==§ -=-== dosercccmcnccccc= Do.
10§ 38§ 20 2,5 ~==do===}§ «==dOo====f === do==cc=ccce= cecmemo Do,
11f sof 2u 2.8 m==do===f ~==domm==} —ceu- dommemmmmm e m oo Do.
12§ 08} 35 3.6 20°45° 155°32F 120 km east of Hama, Depth about 15 km.
Maui .




Table 4.,~-Local earthquakes recorded by seismographs of the U.S. Geological “Survey,

January-March 1959--Continued

Date Time Magnitude Epicenter Remarks
h im ts Latitude } Longitude Description
4 N W
Jan. 6] 13] 20} 54 2.5 19°29! 155°13" 12 km NE of Uwekahuna---}j Depth about 60 km.

6§ 1u]51y12 2.7 ===do=== § -==do==== § -=-=-= do==weccccnccccccax Do.

6119103} 14 2.7 -==do--= | ~==do--== f -=--- dom—cmcmmcmc e ccae Do.

7 %17 3§37 §u3 2.5 13°26° 1559287 10 km SW of Mauna Loa Depth about 5 km.
seismograph.

10j 08§ 58§ 32 3.2 19°19° 155°10° 7 km NNE of Apua Point--§ At shallow depth-.

12 01§05§15 4.0 20°15° 157°55° 125 km south of Depth about 15 km.
Honolulu.

26 } 00 § 36 § 43 2.6 1902yt 155°29°F 13 km NW of Desert Depth about 5 km.
seismograph.

29 )16 § 10 § us 1.6 19°25° 155017° Felt at Kilauea caldera-{ At shallow depth.

30J 01164 17 2.7 19022°¢ 155°25° 5 km NW of Desert Depth about 10 km.
seismograph.
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Table 4,--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January-March 1959--Continued

Date Time Magnitude Epicenter Remarks
himi}s Latitude§ Longitude Description
4
N W
Jan., 30 05} 32} 41 2.9 19°19° 155°07° 12 km ENE of Apua Point.jDepth about 10 km.
' Felt in Hilo.
Feb, 53 13§28} 12 2,7 20°00° 155°34¢ 10 km east of Kamuela---jDepth about 15 km.
98 234%28)51 3.5 19°21; 155°17°F 5 km south of Outlet Depth about 10 km.
- seismograph. Felt at
Kilauea caldera and
Hilo.
10§ 14§ O1 § uu 2,6 19°023°¢ 1559257 7 km NW of Desert Depth about 5 km.
seismograph.
10§ 19§ 10§ 27 2.5 19€13° 155°13° 5 km SW of Apua Point--- Do.
13§ 02§ 30§ 40 2,5 19°022! 155°19° 5 km SW of Outlet Do.
seismograph.
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Table u4.--Local earthquakes

recorded by seismographs of the U.S. Geological Survey,

January-March 1959--Continued

Date Time Magnitude Epicenter Remarks
himis Latitude } Longitude Description
N W
Fep.17f 19; 50§ 53 3.0 190457 156°12° 15 km west of Keahole Depth about 15 km.
Point.
129§ 19) 584 01 4.0 19°21¢ 155°09" 12 km NE of Apua Point. fDepth about 5 km.
Felt at scattered
points over the
Island of Hawaii
(Capt. Cook, Honokaa,
Hilo, Hawaii National
Park).
15§ 20§ 007 28 4.5 -~do=== f=--=do~== §--==o T I Do.
134 20§ 35% Ou 3.5 ==dO==- wo=dOo~== §ooe-- do=r=erecccncccn=c Do.
20§ 163 o4} 08 3.4 19°13° 156°23" 50 km west of Milolii-- §Depth about 10 km.
26§ OCk 10§ 27 3.4 19°29° 156°28° 60 km west of KealakekuafDepth about 15 km.
BaYQ
2841 00 24§ 17 3.2 16°13° 155°32° 7 km west of Pahala---- {At shallow depth.
284 06 54§ Su 3.2 19°26° 155°29° 20 km west of Uwekahuna jDepth about 5 km.
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Tablé 4,-=Local earthguaked.recorded.b! seismoggaghs of the U,S. Geological Survezl
‘Januggz-March”lBSQ—-Continubd

Date

Tine

is
jo

Magnitude

Epicenter

Latitude

Longitude

Description

kémarks

Mar.

i0

12

17

05

16

oy
10

21

07

07

454 15

25§ u2

16§ 33

osg S8

4uf ss

49§ 07

32} 10

3.5

4.0

3.5
2.8

2.5

3.5

N
19°20°

19°44 ¢

1850

19922°

19023!

20°01!

190°2y!

W
155013

156°12!

‘155038

155°26°

155°20°"
1550925%

155°32"

10 km NNW of Apua Point.
Felt from Kapapala (10
km SW of Desert seis-
mograph) to Hilo.

15 km west of Keahole
Point. Felt at Capt.
Cook .

5 km SE of Waikii. Felt
at Pohakuloa.

7 km N¥ of Desert
seismograph.

7 km S¥ of Uwekahuna
on SW »ift zone of
Kilauea.

10 km SE of Honokaa.
Felt at Kukuihaele (10
- km NW of Honokaa).

10 km SE of Mokuaweoweo
caldera. Felt at
Kilauvea caldera and
Capt. Cook.

Depth about 5 km.

Depth about 15 km.

Do.
Depth about 10 km.

Do.

Depth about 15 km.

Depth about 5 km.
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Table 4.--Local earthquakes recorded by seismographs of the U.S. Geological Survey,

January-March 1959--Continued

Date Time Magnitude Epicenter Remarks
himis Latitude}§ Longitude Description
N W
Mar. 21§ 05§ 37§ 31 2.7 19°26' 155°33° 7 km SE of Mokuaweoweo § Depth about 15 km.
caldera. -
22100 40% 19 3.0 19°26" 155918 Beneath NE rim of 35 km deep.
Kilauea caldera.
223 00f 58§ 01 2.6 19°26' 155°30° 20 km west of Uwekahuna-] At shallow depth.
24§ 01§ 16§ 52 2.6 19°23" 155°16° 2 km east of Outlet Depth about 10 km.
seismograph .
25% 07§ 273§ 14 2.7 20°02° 1559257 8 km SE of Honokaa-- -~-<§ Depth about 15 km.
25§ 12F 51§ 13 3.0 19°14° 155°11° 3 km south of Apua Do.
Point.
294 10§ 52§ 31 2.6 19°23° 155°18° 2 km west of Outlet Depth about 10 km.
: seismograph.
30§ 01§ 39 01 3.2 1g9°12° 155°33° 15 km north of Naalehu-- At shallow depth.




Table 5.«~Distant earthquakes

[Times are reported in Greenwich civil time, which is 10 hours faster
than Hawaiian standard time. A "c" following the time of P indicates
that the first motion was a compression; a "d", that it was a dila=-
tation. Station symbols, locations, and instrumentation are presented
in table 6. Locations of epicenters, origin times, focal depths, and
magnitudes are from the notices of Preliminary Determination of
Epicenters published by the U.S. Coast and Geodetic Survey.]

Jan;. 5 Jan, 15
M2 iP 09:56:03.1 c Moz iP  21:28:45.3 ¢
0 12 iP 09:56:02.5 c¢ 0 Z eP 21:28:45.6 ¢
D 2 iP 09:56:01.6 ¢ D Z eP 21:28:44.7 ¢
U Z iP 09:56:02.5 ¢ U Z iP  21:28:44.7 ¢
U PEZ eS 10:03:35 Hi 7 iP 21:28:47.6 ¢
U PEZ eR 10:11:07 25-1/2° S,, 180°
South of Fiji Is.
171-1/2° E., 22° S., 09:u46:42 h = 500
Loyalty Is. region Magnitude 6-1/2
Magnitude 6-1/2 to 6-3/u4
Jan: 18
I M Z eP 01:38:16.u4
U PEZ eR 01:41:16
D 2 e 01:38:16.7

13-1/2° N., 1u6° E., 01:15:25
Mariana Is. 8] Z eP 01:38:20.6
Magnitude 6-3/u
U PEZ eSS 01:43:29

v

Jan, 13 ' U PEZ eR 01:47:36
0 Z eP 08:45:20,7 52° N., 171° W., 01:31:25
Fox Is. Aleutian Is.
9° N., 33-1/2° W., 08:34:08 h = 60
Costa Rica region

h = 100
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Table 5.~«Distant earthquakes--Continued

dan: 18
Moz T 17:37
0 2z T 17:37
D 2 T 17:37
u 2z T 17:37
Hi 2 T  17:37
Ha z T 17:36

520 N" 131_1/20 w.
Queen Charlotte Is.

M Z iP 05:18:23.6
0 Z e 05:18:23.3
D Z e 05:18:23.8
Hi 2z eP 05:18:23.1

Hi 2z ipP 05:18:46.9

37-1/2° N., 141° E., 05:08:35
Coast of Honshu, Japan

Jan, 22
M 2 eP 05:20:11.3
0 2 e 05:20:15.9
D Z e 05:20:10.9
Uu 2 eP 05:20:13.7

U PEZ iP 05:20:13.5
U PEZ iS 05:28:06
U PEN eQ 05:33:36
U PEZ iR 05:36:02
Hi Z eP 05:21:04,8
Ha Z e 05:21:04,8
34° N,, 142° E,, 05:10:25

Coast of Honshu, Japan
Magnitude 6-3/4 to 7

h = 100

Jan. n?‘i
0 Z eP 19:52:28.9
D A e 19:52:29.4

15° N., 92-1/2° W., 19:42:20
Mexico-Guatemala border
Magnitude 6-1/4

Jan, 26
Uu 2 iP 05:55:42.9
16-1/2° S., 174-1/2° W., 05:48:27

Samoa Is. region
H = 300

Jan. 29

ety -

9] Z eP 20:28:18.7
U | VA eR 20:37:26
52° N., 174° W., 20:21:27

Andreanof Is. Aleutian Is.
Magnitude 5-3/4 to 6
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Table 5.--Distant earthquakes--Continued

~ Jan,_ 30 Jan. 30
Mz iP 00:28:38.5 ¢ Mz iP  22:26:27.6
0] A iP 00:28:37.6 c¢ ' U PEE iS 22:34:19
D 2 iP 00:28:38.5 ¢ h U PEZ iR 22:41:59
U A iP 00:28:38.3 ¢ 44° N., 144° E., 22:16:47
Hokkaido, Japan
U ©PEZ eR 00:42:52 Magnitude 6-1/u4
Hi 2 iP 00:28:38.6 ¢
Feb. 2

z - . e e

iP 00:28:38.6 ¢
M Z iP 04:08:18.1 d
10° s., 161° E., 00:19:25
Solomon Is. 0 Z iP 0u4:08:;18.5 d
Magnitude 6-3/4
6-1/2° S., 126° E., 03:56:12

Banda Sea
Jan, 30 h = 150
M Z iP 18:18:49.,6 4d
Feb. 5§
0 2 iP 18:18:49.2 d —
M Z iP 01:12:01.9
D Z iP 18:18:48,3 d
0 Z iP 01:12:02.4
U Z iP 18:18:49.5 d
D 2 iP 01:12:02.7
Hi 2 iP 18:;18:51.9 d
Hi 2 iP 01:12
Ha Z iP 18:18:55.0 d
57-1/2° N., 157-1/2° W., 01:40:50
31° s,, 179° W., 18:09:02 Alaska Peninsula
Kermadec Is. h = 100
Jan, 30

o T AL v

U PEZ eR 21:04;17

4u° N,, 1l4u4° E,, 20:38:58
Hokkaido, Japan
Magnitude 5-3/4 to 6




Table 5.,--Distant earthquakes--Continued

Hi
Hi
Ha
Ha

Ha

51-1/2° N., 175-1/2° W.,, 1l4:33:02
Andreanof Is. Aleutian Is,

Feb, 6
Z iP
Z iP
Z iP
Z iP
2 i
Z Tmax
PEZ €S
PEZ eR
Z eP
Z i
YA eP
pA i
2 Tmax

Magnitude 6

14:40:03,1
14:40:03.6
14:40:03.7
14:40:03.1
14:40:18,0
15:18:42

14:u45:49

14:u48:u48

14:40:02.2
14:40:16.6
14:39:49.1
14:40:04,8

15:16:25

1

Hi

Ha

PEZ

PEE

PEN

PEZ

PEN

PEZ

Z

Z

Feb.

TG A e

ip

i

iP

i

iP

i

ep

i

iP

is

is

is

iG

iR

iP

eP

09:u48:43,8
09:48:57.8
09:48:43,0
09:48:57.1
09:48:43.6
09:48:57.5
09:48:42.8
09:48:56.7
09:48:42.0
09:58:23.8
09:58:26.6
09:58:27.8
10:08:29

10:11:11

09:48:42.2

09:u48:52.1

d

C

ue g,., 81-1/2° W., 09:36:51

Coast of Peru

Magnitude 7-1/4
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Table S.~~Distant earthquakes--Continued

!

Feb. 7 | feb..9
M Z iP 10:21:22,0 d ) M Z eP 04:49:28.9
0 Z iP 10:21:22.6 d 0 Z eP 04:49:33.3
D 2 iP 10:21:22,0 d D Z e OL:49:34,.3
U Z iP 10:21:24.1 da U Z iP 04:49:33,2
Hi 2 iP 10:21:24.1 Hi Z eP 04:49:28,0
Ha 2 iP 10:21:15.9 d 50-1/2° N., 177-1/2° W., 04:42:33

Andreanof Is. Aleutian Is.
16° N.,, 146° E,, 10:11:39
Mariana Is,

Feb. S
522*”2 M 2 eP 21:22:55,9

M 2 iP 05:54:13,2 ¢ 0 2 e 21:22:55,6
0 Z iP 05:54:13.0 ¢ D Z e 21522:55,5
U Z iP 05:54:13.5 ¢ U PEZ eR 21:38:37
Hi 2 iP 05:54:16.7 ¢ Hi 2 iP 21:22:57.6
Ha Z iP 05:53:19.8 ¢ Hi 2 epP 21:23:18.1
23° S,, 180°, 05:46:15 Ha Z eP 21:22:53.5
South of Fiji
h = 600 } 5° S., 154° E,, 21:13:18

Solomon Is.

h = 100
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Table 5.-~~Distant earthquakes--Continued

 Feb, 11
M Z iP 1l4:16:50.4 ¢
0 Z iP 14:16:49,5 ¢

16° N,, 97° W,, 13:52:13
Coast of Oaxaca, Mexico
Magnitude 6

e

Feb. 23

B hon Duok R o

U PEZ eR 02:26:05

5-1/2° s., 150° E,, 01:58:38
New Britain

Feb, 11
U PEZ eR 21:53:39

15° s,., 173-1/2° W,, 21:36:u46
Samoa Is. region

Feb. 23
Moz iP 10:39:53.6

53-1/2° N., 159° E., 10:31:14
Kamchatka

Feb, 15

v T eI ok

U PEZ eR 0H:59:12

59-1/2° S., 26° W,, O4:42:35
Sandwich Is.
Magnitude 6-3/4

h = 100
Feb. 27
Mo eP 21:07:43.1

U PEZ eR 21:28:13

27-1/2° N,, 129° E., 20:56:30
Ryukyu Is,

Feb, 17
M Z iP 12:09:52.1 ¢
0 Z iP  12:09:53.0 c¢
b 2 iP  12:09:53.1 c
u 2 eP 12:09:52,7 d

U PEZ iS  12:15:21
U PEE iQ 12:16:59
U PEZ iR 12:17:08
51-1/2° N,, 171° W., 12:03:05

Fox Is,, Aleutian Is.
Magnitude 6 to 6-1/u

21

Mar. 1
M Z eP 17:00:33.6
U Z iP 17:00:35.2

U PEZ eP 17:00:38

u FEN ¢ 17:10:00

U PEN 1iQ 17:18:44

U PEZ iR 17:21:55

Hi 7 iP 17:00:39.5

Ha 7 iP 17:00:33.7

1/2° S., 134-1/2° E.. 16:49:13
Ccast of New Guinea

Magnitude 7
h = 100




Table 5.--Distant earthquakes-~Continued

" e

Mar., 3

PRIy WA

Ha Z Tmax 00:09:41

37~1/2° N.,, 122° W., 23:27:15
Coast of California
Magnitude 4.9

Mgr. 19

AR AT K AT

U PEZ eR 09:13:20
35° N., 36° W., 08:25:32
North Atlantic
Magnitude 6-1/4

Mar, 12

U PEZ eS 01:47:32

U PEN eQ 01:53:10

U PEZ iR 01:56:20
7° N., 1u45° E,, 01:29:07

Caroline Is.
Magnitude 6

P Y

Marcwzi

U PEN eQ 07:26:43

40° N,, 118° W., 07:10:22
Western Nevada
Magnitude 6-1/4

Mar. L1
M Z eP 08:36:27.8
0 2 iP 08:36:26,2 d
D 1Z iP 08:36:25,5 d
u 2z eP 08:36:26 d

U PEZ eP 08:36:27 d

U PEZ eR 09:01:37

Hi 2 eP 08:36:27.4 ¢
27-1/2° N., 130° E., 08:25:22
Ryuku Is.

Magnitude 5-3/4 to 6

Mar, 24

SRR P AN L

U PEZ eR 17:45;17

34° N,, 142° E., 17:18:24
Coast of Honshu, Japan

S

Mar. 28

Hi 2 iP  19:54:40,2

20° S., 178-1/2° W., 19:47:07
Fiji Is.

Magnitude 5-3/4 to 6

h = 600

- o Y 2 TR RIS

Mar., 31

o e

U PEE eQ 07:38:u45
15° S., 173° W,, 07:20:45

Samoa Is.
Magnitude 6

22
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Figure 2,--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text, Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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Table 6.--U.S. Geological Survey seiSmograEh“stations in Hawaii

Location Altitude Equipment
. (m) (Z, vertical; N, morth-south;
Station Symbol LV o Longitud above sea E, east-west)
atitude j Longitude; ;i o)
N. W.

- Uwekahuna U 19°25.4" { 155°17.6'% 1,240 § Long-period Press~Ewing: N, E, Z;
(Hawaiian Volcano > (seismometer and galvanometer
Observatory) . ¥ t periods are 15 and 90 seconds,

: : respectively).
Short-period Sprengnether: E, Z.
. HVO-1: 21/,
e - Short-base liquid-level tiltmzter.
Mauna Loa---=-====- LM [ 19°29.8" | 155°22.3'0 2,010 | Remote recording HVO-2: 22/
i
Outlef-wr-crcecwasst 0 19923, 4" § 155916.9"} 1,080 i Remote recording HVO-2: Z.
' i Short-base liquid-level tiltmeter.
DeSert---==-—rmmnm=§ D £ 19°20.2" § 155°23.3° 815 | Remote recording HVO-2: Z.
North Pit~emw- e N : 19924 ,8"'  155°17.0° 1,115 ; Remote recording HVO-2: Z.
Whitnay~—~-~=m=v=m= W 18%25.9" 7 155°15.7" 1,210 Bosch-Omori: N, E; (seismometer
' : period 9 seconds).
; Short-base liquid-~level tiltmeter.
Hiic ~~~~~~~~~~~~~~~~~ Hi 19°43.2" ¢ 155°05.3" 20 HVO~-1l: Z.
Wood-Anderson: N, E. Operated by
Sister Thecla at St. Joseph's
Scheol. ‘




Table 6.--U.S. Geological Survey seismograph stations in Hawaii--Continued

Location Altituce Equipment
Station Symbol - e (m) (2, vertical; N, north-south,
Latitude | Longitude | above sed E, east-wast)
N. W. level
Naalehu--==memm-max Na 119°03.8" | 155°935.2" 205 [.oucks-Omori: N, E; (seismcmeter
period 3 seconds). Operated by
Mr. Alfred Kahakua at Naalehu
School.
Pahoa----~cmncmmno- Pa 19929.7"' | 154°56.8" 205 Loucks-Omori: N, E; (seismomster
period 3 seconds). Operated by
Mr. Kengo Kimura at Pahoa Schiool.
Kamuela-—~~~~=-~==w- Ka 20°01.3" | 155°40.3" 815 [Loucks~Omori: N, E; (seismometer
period 3 seconds). Operated by
Mr. T. C. Mills at Waimea Echosl.
Konawaena-~~=~—===~ Ko 19°30.8" | 155°55.1" 495 |Hawaiian-type seismograph: N, Ej
(seismometer period 9 seccnds).
Operated by Mr. Howard Tatsunc at
Konawaena School.
Haleskala, Maui---- Ha 20°u46.0' |156°15.0"' 2,080 HVO-1: Z.
wood~Anderson: N, E. Operated by
the staff of Hawaii Naticmal Park
at Haleakala, Maui.

1/ HVO-1 is a moving-coil, hinged, vertical-component seismograph with seismometer and
galvanometer periods of 0.5 second. Overdamping of both seismometer and galvanometer is used to
control the strong galvanometer reaction. This seismographb nas a peak magnification of about 20,000
at a period of 0.25 second. Recording is optical, on photographic paper.
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Table 6.--U.S. Geological Survey seismograph stations in Hawaii--Continued

2/ HVO-2 is a moving-coil, vertical-component seismograph with a seismometer pericd of
0.8 second. Its signal is transmitted over telephone wires to the Hawaiian Volcano Observatory,
where it is recorded on smoked paper. The response of this seismograph is similar to that of
HVO-1l. Records from these seismographs at the M, O, and D stations are recorded on a 3-component
drum to permit an accurate comparison of arrival times at these stations.
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HAWAIIAN VOLCANO OBSLRVATORY SUMMARY 1u
By J. P. Laton and H. L. Krivoy

Chronolog}cal summary

Releveling of tilt bases around Kilauea caldera in late April and
early May disclosed that the pattern of tilting around the caldera
during February, March, and April was somewhat more complicated than
during the preceding few months., Tilting rates were moderate at all
stations, averaging about 4 microradians per month, with a maximum of
10.3 at Sand Spit and a minimum of 1,1 at Uwekahuna. All stations
except Uwekahuna and Tree Molds, both on the northwest rim of the
caldera, tilted away from an east-northeast to west-southwest axis
just southeast of the caldera. Moderate tumescence along this axis
and a slight relative collapse along the northwest rim of the caldera
are suggested by the tilt pattern,

During' April, 138 earthquakes were recorded at Uwekahuna. Three
of these, with magnitudes between 2 and 2.5, occurred beneath the
summit of Kilauea at depths of 10 to 30 km,

The largest earthquake in the Hawaiian region during April came
from a focus 35 km deep and 20 km east of the summit of Haleakala
volcano on Maui at 17h34™ on April 24, It has a magnitude of 3.5,

No earthquakes were reported felt during April.

Only 137 earthquakes were recorded at Uwekahuna during May, and
none was reported felt.

On May 5 a small swarm of tiny, deep earthquakes accompanied by
about 4 hours of very weak spasmodic tremor stemmed from a zone about
10 km north of Kilauea caldera and 65 km deep. The largest of these
edarthquakes occurred at 17h51™ and had a magnitude of only 2.2, About
60 distinct earthquakes from this swarm appeared on the Mauna Loa
seismograph.

At 14P2g™ on May 7 a magnitude 3.1 earthquake originated about
5 km southwest of Halemaumau at a depth of about 30 km, The largest
earthquake in Hawaii during May originated about 3 km southwest of
Halemaumau at a depth of .about 30 km at 06P35™ on the 20th. Although
it had a magnitude of 3,5, it was not reported felt.

The number of earthquakes recorded at Uwekahuna declined to 95
during June. Five of these, with magnitudes between 2 and 2.5,
occurred beneath the summit region of Kilauea at depths ranging from
15 to 30 km.,



Four earthquakes were felt in Hawaii during June. The earthquake
felt on Maui at 04P31M on June 3 originated beneath the sea about 5 km
east of Huelo Point., Its magnitude was 3.3, A magnitude 2.8 earth-
quake that occurred about 5 km northwest of the Desert seismograph at
21D26M on June 9 was felt at Kilauea caldera, An earthquake from a
focus 15 km deep beneath the southwest end of Mokuaweoweo caldera at
20P01™ on June 24 was felt from Kilauea caldera to Capt., Cook, It had
a magnitude of 3,7,

The largest earthquake in the Hawaiian region during June originated
beneath the sea about 50 km west of Milolii at 12P17™ on the 26th. It
had a magnitude of 4.2 and was felt in Capt. Cook.,

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna vault, and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt bases and a portable water-tube tiltmeter (tables
1l and 2), The attitude of the ground surface at each tilt base is
reported in terms of north-south and east-west tilt coordinates, Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun,  Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface,
that is, to a relative subsidence toward the north and east. A l-unit
change in coordinate corresponds to a 1 microradian (1 mm per km) tilt
in the direction indicated.

Seismic summary

Events recorded by the U,S, Geological Survey seismograph network
in Hawaii fall into two categories: local earthquakes and tremor
originating in the region of the Hawaiian Islands, usually within 100
km of the Observatory, and distant earthquakes originating farther than
3,000 km from Hawaii. As an index of seismic activity at Hawaiian'
volcanoes, weekly totals of earthquakes with magnitudes of 2,5 or.
greater, earthquakes with magnitudes less than 2.5, and minutes of
continuous tremor, all recorded on the HVO-1 seismograph at Uwekahuna,
are reported in table 3, Earthquakes of magnitude 2.5 or greater are
generally sufficiently well recorded to be located; they are listed
individually in table 4., Data on identifiable phases from distant:
earthquakes are listed in table 5,

Locations of the seismograph stations are shown on figure 2; and
essential data on the stations were given in Summary 13, table 6.



Table 1.--Tilt coordinates at Uwekahuna vault, April-June 1959

Date N-S E-W Date N-S E-W
4pre 5 512 SCLI May 24 515 470
12 512 466 31 515 469
19 513 468 June 7 515 466
26 513 469 14 515 470
May 3 513 471 21 515 L7y
10 515 469 28 518 L7y

17 514 471




Table 2.-=Tilt coordinates and chanEes at

tilt bases around Kilauea caldera (see figé_l)

Tilt base Date Tilt coordinates| Rate and direction Date of
(location) (1959) of tilting since last
last reading reading
N=-S E-W (lo=’6 rad/mo) (195%)
Uwekahuna
(19°25.,5" N., 155°17.4%' W.) { Apr. 27 544 .2 469.8 1.1 N. 84° W, Feb, 2
Tree Molds
(19°26,3' N., 155°17.3" W.) { Apr. 28 502.1 498,7 2.4 S 2° W, Feb. 5
Summer Camp
(19°24.6" N,, 155°15.6° W.) § May y 517.7 528.0 3.3 } N. 5° E. Feb, 8
Sand Spit
(19°24.1' N., 155°16.8' W.) f May 4 531.1 482.8 10.0 N. 23° W, Feb. 8
Kalihipaa
(19°21.4" N,, 155°15,3"' W,) | Apr., 28 487.3 502.4 3.4 S, 6° W. Feb, 9
Keamoku
(19°25,1" N., 155°19,0" W,) §f May 12 512.8 498,.6 So4 N, 6° W, Mar, 2
Kamokukolau
(19°22,7' N,, 155°16.6"' W.) ] May 5 489,.2 506.5 6.1 S, 31° E. Mar. 4




/ KAHUNA

)
) Kea
»0

Kam Lo,
~ o
",
% Kal
)
eKN

*H

P
| /\%
I TILTING RATE 2.5’(|0'6 RADIANS/ MONTH N
200
.« N _/\.-/

o
o
S

/

Figure 1l.--Tilting of the ground around Kilauea caldera, Feb., 6, 1959,
to May 5, 1959. The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval. Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Table 3.==Local earthquakes and tremor recorded by the HVO=1

B ey ¥ T L TR TN TR ET R STt

seismggraph at Uwekahuna, April-June 1959

Week Number of earthquakes Minutes of
»eginning continuous
Magnitude 22,5 Magnitude £ 2.5 tremor
April S 1 30 0
12 2 21 0
19 2 37 0
26 1 29 9
May 3 2 35 240
10 0 24 0
17 2 31 10
24 4 27 0
31 2 20 4
June 7 3 17 0
14 1 24 10
21 4 20 0
28 1 14 25




Table u4.-=Local.earthquakes recorded by seismographs of the U:S, Geological Survey,
April»ﬁune,fgsg, .

[Except for smaller earthquakes of special interest, only earthquakes with

magnitudes of 2.5 or greater are listed. Time is Hawaiian standard]

Date Time Magnitude Epicenter Remarks
‘h Im ¢ Lat, N.| Long. W. Description
Apr. 4 J§07 [23§18 2.8 19°26° 155°27' §10 km SW. of Mauna Loa Depth about 5 km,
‘ seismograph. -

Apr. 5 }00 }1l0} 09 363 20054 154°57" fAbout 130 km N, of Hilo--- §Depth about 15 km.

Apr., 12 123 Ju9§ 28 2,8 19°20°% § 155°14' 38 km SE. of the Outlet Depth about 3 km.
seismograph-

Apr. 13 §17 §38§ 30 2,5 19027° 155°26" }7 km SW., of Mauna Loa Depth about 8 km.
seismograph.

Apr, 20 } 10 ¥31}) 42 2.7 § 19°59°¢ 155°27' §12 km S. of Honokaa--===-=- Depth about 10 km.

Apr., 24 ¥ 17 §33} 50 3.5 20°043° 156°03° J20 km E. of summit of Depth about 35 km,
Haleakala, Maui.

Apr., 28 315119} 55 3.1 20°02° § 155°30' J8 km SSW. of Honokaa==---== Depth about 10 km.

May 7 J 14§21} 37 3.1 19022° 155°18"' §3 km SW, of the Outlet Depth about 30 km,
seismograph.

May 7 1516} 38 2,5 ig°4y, 155°23"' 15 km E. of Pohakuloa===== Depth about 15 km.

May 20 Jo06}35} 00 3,5 19°23'" ¥ 155°19° }3 km SW, of Halemaumau=-=== §30 km deep.




Table 4,--Local earthquakes recorded by seismographs of the U.S, Geological Survey,
April-June 1959--Continued

Date Time Magnitude Epicenter Remarks
'2_ m s Lat. N. § Long. W. Description
May 23 11§ 35} 03 2.8 19°20° 155°50"' [West flank of Mauna Loa Depth about 5 km,
about 25 km SW. of
Mokuaweoweo,
May 24 151 28§ 27 3.0 19°10° 156°20% pAbout 45 km W, of Milolii-| Depth about 15 km,
May 244 19f 59} 25 2,7 19°21° 155347 113 km. S. of Mokuaweoweo--}§ Depth about 5 km,
May 26 08§ u1} 03 3.0 19°59° 155°40" |5 km S. of Kamuela--=-==-- Depth about 30 km.
May 26 08f 41§ 02 2,6 20°11° 155°31' 20 km NE., of Kamuela-==--- Depth about 15 km.
June 3 O4f 31} 29 3.3 20°55° 156°10" }5 km E. of Huelo Point, Depth about 15 km.
Maui, Felt on the
island of Maui.
June 6 05§ 081 28§ 3.4 20°03" 155°40' §5 km N. of Kamuela beneathf 35 km deep.
the summit region of
Kohala Mountain.
June 7 20§ 413§ Ol 2.5 19°05° 155°24' }Beneath sea 20 km E. of Depth about 10 km,
Naalehu.
June 7 21§ 21§ 05 2.7 19°26" 155°28" f10 km SW. of Mauna Loa Depth about 5 km.
seismograph,
June 9 21} 25 5& 2.8 19°23°F 155°25' |5 km NW. of Desert seismo-} Depth about 5 km,

graph. Felt at Kilauea
caldera,




Table 4,--Local earthquakes recorded by seismograghs.of the U.S. Geological Survey,
April-June 1S59-~Continued . )

AR 1 A o Tt 00

2 e e £ =1 i~ e s

[,

Date Time Magnitude Epicenter Remarks
h im |s Lat. N. | Long. W. Description

June 16 § 09 §06 §15 3.3 19°24° "155528' 10 km NW, of Desert Depth about 5 km,
seismograph.

June 22 ¢ 14 § 28 § 09 3.0 19°19° § 155°45' }10 km N. of Puu o Keokeo-= §At shallow depth.

June 24 §20¢ 01§18 3.7 19°26" 155°36' §At SW. end of Mokuaweoweo §Depth about 15 km,

: caldera. Felt from

Kilauea caldera to Capt.
Cook.

June 25 §16 11§30 2,6 19°15°% § 155°31' 37 km NW. of Pahala=-====== ] Depth about 5 km,

June 26 §12 § 16 § 34 4,2 19°13° 156°22' §50 km W, of Milolii. Felt jDepth about 15 km.,
in Capt. Cook.

June 28 02§52 ¢ 57 2.6 19929° 155°56"' JKealakekua fault at At shallow depth.

’ Kealakekua Bay.




Table 5.-~Distant. earthquakes

[Times are reported in Greenwich civil time, which is 10 hours faster
than Hawaiian standard time. A "c¢" following the time of P indicates
that the first motion was a compression; a "d," that it was a dila-
tation, Station symbols, locations, and instrumentation were presented
in Summary 13, table 6. Locations of epicenters, origin times, focal
depths, and magnitudes are from the notices of Preliminary Determination
of Epicenters published by the U.S. Coast and Geodetic Survey]

AEro 1 AEPo 6
Hi A iP 14357:29.,0 M Z iP  14:25:33,9
18-1/2° S,, 169° W, 0 Z iP  14:25;3;33,.7
14:48:34,
New Hebrides Is. D Z iP  14:25:33.1
h about 200 km,
U Z iP 14:325:32,5
AEr° 1
U PEN iS 14:36:14
Hi A iP 23:43:20,0

U PEN eSS 1u:42:00
6° S., 154° E.
23:33:U45,
Solomon Is,

h about 100 km,

U PEN eQ 1u4:48:40

U PEZ eR  14:53:46

Apr. 5 Hi 1z eP 14:25:35,.1
M Z eP 21:14:u44,1 Ha Z iP  14:25:22.2
0 Z eP 21lslbsub,l 10° s,, 120-1/2° E,
U Z eP 21:14:43.4 éi&tibi::

Magnitude 6-1/4.
15-1/2° s,, 167-1/2° E.,

21:05:54, AEro 8

New Hebrides Is.

h about 100 km, M Z iP 01:32:38,3 d
AEro 5 0 Z iP 01:32:37.8 d

Hi Z iP 23:39:56,8 D Z eP 01:32:36,5 d

U PEN <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>