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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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INTRODUCTION

During the last few years the Hawaiian Volcano Observatory's
seismic network has undergone important changes. The telemetered
network around the summit of Kilauea has been reinforced and extended,
and more stations (mostly telemetered by radio) have been added to the
broader Island of Hawaii network (fig. 1). All the telemetered stations
are recorded side by side, along with the Uwekahuna chronometer and the
WWHV radio trace, on a single 16 mm film strip on a Develocorder at the
observatory. Outstation timing has also been improved substantially by
the use of crystal chronometers instead of the old mechanical ones. As
a result of these improvements, the volume of usable recorded seismic
data has increased tremendously, both in the number of stations available
for each earthquake and in the number of earthquakes that are sufficiently
well recorded to be located. Methods of analysis previously used with the
HVO network are too slow and too subjective to enable using the improved
network data to fullest advantage.

Detailed studies of microearthquakes in California and Nevada by
the Geological Survey's National Center for Earthquake Research (NCER)
have generated similar voluminous sets of seismic data. Efficient
computer-oriented procedures for data reduction and computer programs
for data analysis have been developed and used extensively at NCER.

The HVO seismic data are now being analyzed by a joint HVO-NCER team;
and the methods and computer programs used are virtually identical with
those employed with other networks at NCER.

Seismogram readings are punched on computer cards to provide an
input deck for use in the location program HYPOLAYR (Eaton, 1969), which
generates an output deck summarizing the solution of each event. The
output deck is a convenient source of material for further analyses of
the earthquakes, and the input deck is saved for possible reanalysis
when better velocity-depth models of the crust are worked out. The
velocity-depth model currently used in the determination of hypocenters
(as tabulated below) is based on very limited data and represents a
broad average of crustal structure along the Hawaiian Ridge. It is
anticipated that further refinements in the model will not lead to large
changes in hypocenters calculated for events within the network, but
hypocenter solutions for some '"poorly controlled" events outside the
network may be changed substantially.

Velocity model used for locating earthquakes in Hawaii (Eaton, 1962)

Depth to layer Layer velocity
(km) (km/sec)
0.00 3.90
3.10 5.00
11.20 6.80
14.80 8.25
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Figure I.--Map of the Island of Hawaii showing seismograph stations
operated by the U.S. Geological Survey, principal settlements,

and selected geologic features.

Epicenters of local earthquakes

are given in table 2 in terms of geographic coordinates, which

are indicated at the edges of the map.



To permit more adequate reporting of results on individual earth-
quakes and to bring the HVO earthquake reports into conformity with
those produced at NCER, some revisions in the format of the HVO summary

are required. Beginning with the lst quarter 1970 the following changes
are introduced:

a) The list of local earthquakes includes all events for which
satisfactory hypocenters can be determined. This list includes

statistics on the hypocenter determination as well as a summary
hypocenter quality rating.

b) A map of epicenters on and near Kilauea volcano during the
quarter is included.

c) The station list is augmented to describe the timing system,
the type of preamplifier (for telemetered stations), and the
mode of recording.

d) The velocity-depth model of the crust used in the hypocenter
determinations is described.



CHRONOLOGICAL SUMMARY

Mauna Ulu eruption

Eruptive activity continued between Aloi and Alae craters on the
east rift. Shallow tremor and degassing were continuous, and on
January 25 and 30, February 15, and March 1, weak fountaining and over-
flow were observed at the vent. Flows reached Aloi and also spread
north and eastward. The broad lava shield built by these and earlier
overflows is nearly 60 meters high and has overrun a considerable part
of the complex pumice and spatter cone built during earlier phases of
major fountaining. On April 1, 1970, the volume of lava erupted since
the last major fountaining on December 30, 1969 is in the neighborhood
of 2 x 106 m3.

Deformation studies

New tilt and Geodimeter stations were established on the rift zone
between Alae and Kane Nui o Hamo to replace those flooded on
December 30.

Horizontal strain increased to high levels during the first 3
months of 1970. The distances exhibiting greatest extensions were
those that cross the southern part of the caldera. These extensions
are consistent with the summit tilt changes as recorded at Uwekahuna
and Outlet vaults, although the extensions seem to be larger than
would be predicted on the basis of the tilt alone.

Attention is being focused on the Koae fault system. Detailed
mapping at a scale of about 1:5,000 was initiated. One continuously
recording INVAR-wire creepmeter is being tested on the Kalanaokuaiki
Pali about 1 km east of the Ainahou road crossing. Level lines across
the Koae system were rerun, and five new tilt triangles between Ahua
seismometer and the top of Kalanaokuaiki Pali were located and
measured. In addition, a detailed horizontal strain network, consist-
ing of 99 Geodimeter lines averaging 1 km long, was established across
the southern part of Kilauea caldera and adjacent part of the Koae fault
zone.

Lower east rift earthquakes

About the middle of February, the Pahoa seismograph started to
record an increasing number of local earthquakes. Many of these events
were recorded in earlier years, but recent instrumental improvements
and the change of seismometer location from Pahoa School to Kaniahiku
Village (PAX, a site closer to the seismic area) greatly increased
recording capabilities. Consequently, larger numbers of earthquakes
are being recorded, although there may actually be no more events than
in earlier swarms.



To get a better idea of the source of the recent activity, a
temporary station was installed at Puu Honuaula (PHO), about 5 km
east of the new Pahoa station (PAX). In addition, a portable
seismograph was operated at key sites. From the recordings obtained,
the center of activity appeared to be near the vents of the 1955 rift
eruption, and a few earthquakes scattered as far as 5 km from this
center.

The magnitudes of these shocks were relatively small. Of approxi-
mately 6,600 recorded quakes, 16 were between magnitudes 2 and 3, and
2 were between magnitudes 3 and 4. Local residents reported feeling
the two larger events.

A segment of the level line from Pahoa to Pohoiki was releveled
to see if the current earthquake swarm caused any surface deformation.
The new altitudes show no significant change from those in March 1969,
relative to a bench mark at Pahoa High School. Likewise, the Geodi-
meter lines along the lower east rift south of Pahoa show no evidence
for local swelling but do show changes consistent with long-term trends.



SEISMIC SUMMARY

Events recorded by the U.S. Geological Survey seismograph network
in Hawaii fall into two categories: :

1) Local earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one
seismograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of
earthquakes and minutes of tremor recorded by seismographs in Hawaii
are listed in table 1. The earthquakes are separated in groups on the
basis of region of origin as determined by the analysis of records
obtained daily at the observatory (UWE, MLO, MLX, AHU, DES, NPT, WPT,
MPH, KMO, OTL). .

Computer locations of well-recorded events are listed in table 2.
The location of each seismograph station is listed in table 4, along
with a description of the equipment at each station.

Acknowledgments.--Several people or agencies 'felt'" earthquakes during
the first quarter, 1970. Their assistance is gratefully acknowledged.



Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories:
relative amplitude on seismographs in the summit region.

deep, intermediate, and shallow, on the basis of
Unless otherwise stated, tremor is

presumed to be associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are:

Kilauea summit, 30 km, earthquakes from a source about 30 km beneath

the Kilauea summit region; long-period, earthquakes characterized by low-frequency waves that
originate about 5 km beneath Kilauea summit; and shallow earthquakes in the Kilauea Caldera
region; shallow earthquakes along the SW. rift zone of Kilauea and the adjacent portions of the
Kaoiki fault system; earthquakes from the upper east rift zone and the adjacent fault systems
of Kilauea's south flank; shallow earthquakes along the northeast-trending Koae fault system

south of Kilauea caldera; and earthquakes from other regions:

west Hawaii, Mauna Kea, etc.

Tremor Earthquakes
(mn = minutes
Date h = hours) Kilauea Summit
(1970) SW rift | Upper| Lower
Inter- Long and east east
Deep | mediate| Shallow 30KM| Period Shallow Kaoiki rift rift Others | Remarks
Jan 1 ? 47 42 8
2 ? 58 21 22
3 ? 53 3 23
4 ? 45 ? 3
5 357 48 6 11
6 637 159 11 54
7 98 239 12 21
8 427 229 17 40
9 23? 267 9 27
10 9? 38 9 24
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Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera-—Continued

Tremor Earthquakes
(m = minutes
Date h = hours) Kilauea Summit
(1970) SW rift | Upper | Lower
Inter- Long and east east
Deep | mediate| Shallow | 30KM| Period | Shallow | Kaoiki | rift | rift [Others Remarks
Feb 13 17? 27 16 190
14 2 35 28 42
15 3 70 19 15
16 2 62 8 13 1
17 8 117 6 6 2 Lower East Rift
18 10 163 10 28 242 swarm - counts
19 20 20 2? 160 5 16 449 taken from new
20 ' ? 110 6 7 | 792 Pahoa station
21 ? 125 8 8 | 978 PAX located at
22 4 ? 101 10 8 | 538 Kaniahiku
23 4 58 6 15 | 468 Village
24 4 1 2 126 5 8 139
25 7 190 11 8 ?
26 2 2 188 10 10 81
27 580 7 12 26
28 (1) 413 5 7 ?
Mar 1 4 3 79 7 7 152
2 3 120 9 7 486
3 4 159 5 44 430
4 4 164 10 16 311
5 4 2 160 3 9 239
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Computer analysis of the HVO network data permits the systematic

treatment of

far more earthquakes than was possible previously. This

extended ccverage should permit a more detailed examination of the

relationship

‘Table 2
quakes. For

between earthquakes and volcanism in Hawaii.

is a chronological 1listing of successfully located earth-
each event the following data are presented:

Origin time in Greenwich Civil Time: date, hour (HR), minute (MN),
and second (SEC).

Epicenter in degrees and minutes of North latitude (LAT N) and
West longitude (LONG W). Poor convergence of the epicenter solution

is indicated

Depth

Mag -
NO -

GAP -

DMIN

ERT -

ERH -

ERZ -

by "?".
depth of focus in km., Assumed depth is indicated by "x".
magnitude, if détermined.
number of stations used in locating earthquakes.
largest azimuthal separation in degrees between stationms.
epicentral distance in km to the nearest station.
standard error of the origin time in seconds.
standard error of the epicenter in km.
standard error of the &epth in km.
mean deviation of the time residuals. [== ? Ri /NO ] where
i
Ri is the observed seismic wave arrival time less the com-
puted time at the ith station.

solution quality of the hypocenter. This measure is

intended to indicate the general reliability of each

solution:
Q Epicenter Focal Depth
A excellent good
B good fair
c fair poor
D poor poor

11



Q is based both on the nature of the station distribution with
respect to the earthquake and the statistical measures of the
solution. These two factors are each rated independently
according to the following scheme:

.Station Distribution

5o car DMIN
A > 8 < 120° < DEPTH or 5 km
B > 6 < 150° < 2 x DEPTH or 10 km
C >6 < 225° < 50 km

> 4 < 180°
D Others
Statistical Measures

ERH (km) ERZ (km) MD(sec) RMAX (sec)*
A < 1.0 < 2.0 < 0.10 < 0.25
B < 2.5 < 5.0 < 0.20 < 0.50
c < 5.0 < 0.30 < 0.75
D Others

Q is taken as the average of the ratings from the two schemes,
that is, an A and a C yield a B, and two B's yield a B. When
the two ratings are only one level apart the lower one is used,
that is, an A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of
Earthquake Research and Crustal Studies, U.S. Geological Survey.

*
RMAX is the maximum residual

12
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SUMMARY OF SEISMIC EVENTS
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

@@®OOO OO0 0

OO0

DO OO OO0OmOO

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
JAN 7 5 18 46.6 19-20.6 155-13.3 9.1 3.0 16 186 2.7 0.12 0.9 0.5 0.15
7 7 33 41.0 19-19.8 155- 5.9 5.6 2.1 15 215 8.1 0.33 1.9 1.3 0.22
7 7 58 28.9 19-24.6 155-49.3 7.3 1.6 12 189 16.1 0.35 4.8 1.8 0.10
7 18 26 60.0 19-31.0 155-41.3 54 1.5 13 183 24.5 0.14 1.0 0.8 0.1l4
T 22 25 17.7 19-20.3 155-13.8 9.4 14 165 3.7 0.1l1 0.9 0.7 0.15
T 23 22 54.8 19-19.5 155-14.5 9.1 1.9 15 172 4.5 0.11 0.9 0.5 0.15
7?3 32 57.6 19-20.0 155-11.3 8.3 10 223 4.0 0.22 1.7 1.2 0.15
8 G 41 19.8 19-21.0 155-13.0 9.0 2.4 16 157 1.8 0.09 0.8 0.4 0.14
8 2 5 45,2 19-23.2 155-27.0? 11.7 2.3 14 75 8.6 0.12 0.9 0.7 0.1l4
8 &4 40 4.0 19-22.5 155-26.0 12.2 8 146 6.4 0.12 1.0 2.2 0.08
8 7 17 36.6 19-19.9 155-13.7 10.1 14 195 4.3 0.06 0.6 0.3 0.08
8 T 25 33.5 19-12.8 155-22.9 2.2 14 221 13.6 0.74 1.4 3.4 0.16
8 9 35 53.9 19-21.9 155- 7.4 7.0 1.8 14 199 4.5 0.18 1.4 1.0 0.18
8 12 20 42.9 19-30.8 155-27.3 10.9 13 246 7.2 0.15 1.0 0.4 0.08
8 16 33 27.2 19-23.6 155-23.5 8.2 13 150 6.2 0.12 0.9 0.7 0.l1l5
B 17 38 40.4 19-19.0 155-14.1 10.6 12 224 6.0 0.18 1.1 0.4 0.11
8 12 13 37.3 19-18.7 155-13.9? 10.2 9 229 6.4 0.28 1.6 0.8 0.12
8 18 53 56.5 19-20.4 155-13.9 10.9 10 196 3.6 0.11 0.9 0.4 0.10
8 19 0O 46.1 19-19.6 155-14.0 10.0 14 172 4.9 0.10 0.8 0.5 0.13
8 20 57 21.3 19-17.7 155-13.9 10.0 9 229 7.6 0.19 1.3 0.8 0.10
8 21 10 21.6 19-50.4 155-35.5? 60.5% 2.6 17 282 43.5 3.89 32.6 1.77
8 21 43 39.6 19-53.9 155-29.0 5.6 1.8 21 208 27.0 0.32 2.2 2.8 0.23
R 22 48 41.7 19-20.1 155-15.9 Fe3 14 157 2.5 0.06 0.7 0.4 0.10
8 22 55 6.0 19-20.0 155-15.8 9.3 15 158 2.8 0.06 0.6 0.4 0.10
9 320 1.5 19-21.7 155-24.3 11.7 l4 125 3.2 0.09 0.7 1.4 0.11
9 54 13.3 19-20.8 155-28.7 2.2 17 106 0.09 0.9 0.6 0.17
9 49 47.9 19-24.9 155-25.8 14 233 0.19 1.0 0.4 0.11
9 46 56.1 19-48.5 155-48.7 13 320 3.11 18.9 O.11
9 17 31.8 19-19.9 155-11.4 1.8 12 238 0.26 1.3 1.5 0.08
9 23 27.5 19-18.9 155-13.7 1.7 12 228 0.10 0.5 0.7 0.04
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SUMMARY QOF SEISMIC EVENTS (CONTINUED)

1970

JAN

£ O OO0 L

HR

14
17
20
23
23

23

5
12
18
19

19

MN
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43
44

7
13

22
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33
56

9

41
48

L5

30
29

55
59
23
34

3

51

8
10
16
26

39 |

41
43
31
50

LAT N

19-19.5
19-19.0
19-25.9
19-17.6
19-17.6

19-17.8
19-20.1
19“25-6
19-10.4
19-1601

19-19.1
19‘200 1
19"200 2
19-18.4

19-18.0
19-19.4
19-24.7
19-17.4
19—1803

19-22.4
19-25.4
19-19.4
19-19.4

19-19.8
19-20.6
19-17.5
19”.609
19-19.1

LONG W

155’2804
155-14.5
155-22.5
155-16.2
155-16.1

155-16.1
155-11.8
155-24.6
155- 5.2
155- 5.9

155-14.6
155-28.6
155-17.9
155-12.4
155-15.7

155-17.2
155-11.4
155-15.7
155-24.5
155-14.4

155-23.3
155-23.5
155-11.9
155-11.9
155-10.1

155-10.3
155-12.6
155-10.27?
155- 4.4
155-13.9

DEPTH MAG
13.2 1.6
12.5 1.5
10.8 1.6
10.1 2.5
14.5 0.9
16.1
11.0 l.4
13.1 1.5
0.5 2.0
9.1 1.9
9.2 1.5
12.7 1.6
29.5 2.0
11.4 1.4
8.9 1.8
8.2 1.7
1le2 1.7
9.5
17.2 1.5
14.5 1.3
9.9 1.9
1l.5 1.8
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0.15
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.10
O.11
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0.18
O.14

0.17
0.08
0.10
0.11
0.15

0.20
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0.17
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0.04
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0.08

0.04
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

91

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
JAN 12 20 52 18.8 19-19.4 155-15.9 9.0 2.1 15 211 3.0 0.15 1.0 0.6 0.14
12 23 15 9.3 19-24.3 155-18.2 18.5 1.9 12 94 1.5 0.20 1.1 2.1 0.10
12 23 54 55.0 19-20.1 155-14.5 11.0 1.1 10 232 3.5 0.12 0.9 0.3 0.08
13 6 20 6.5 19-25.C 155- 9.1? 53.0% 2.5 16 123 6.0 0.55 6.8 0.44
13 6 23 31.5 19-20.0 155-12.1 1.2 10 223 3.8 0.30 1.5 1.7 0.16
13 6 29 30.9 19-19.8 155-12.0 9.1 1l.4 12 229 4.3 0.21 1.2 0.7 0.l4
13 6 32 32.6 19-20.5 155-12.3 9.2 11 205 2.8 0.26 1.2 1.5 0.17
13 6 47 49.6 19-2G.7 155-13.4 10.0 9 190 2.7 0.44 1.1 2.3 0.09
13 10 30 44.6 19-20.5 155-12.6 15.3 1.5 8 272 2.8 0.18 1.1 1.2 0.03
13 20 27 22.9 19-12.8 155-27.9 8.9 2.3 13 168 15.8 0.10 1.0 0.7 0.14
13 23 29 28.6 19-22.8 155-21.6 1.0 6 158 3.7 0.30 0.8 2.5 0.05
14 0 38 59.2 19-20.4 155-26.9 1.9 6 288 6.4 1.45 6.2 8.2 0.08
14 7 29 38.3 19-23.4 155-31.5 2.1 11 298 15.5 0.30 2.2 3.6 0.1l1
14 11 17 40.4 19-18.6 155-16.2 9 239 3.4 0.15 1.0 0.6 0.09
14 12 14 57.8 19-19.7 155-11.6 10 238 4.8 0.28 1.5 1.7 0.10
14 12 15 53.6 19-19.6 155-11.7 1.6 8 235 4.7 0.42 2.7 1.3 0.17
14 16 44 56.7 19-19.4 155-10.5 l.4 11 219 4.5 0.10 0.9 0.2 0.06
14 17 18 25.4 18-53.0 155-25.5 5 337 50.3 6.35 37.4 0.04
14 21 12 47.6 19-25.1 155-22.2 2.4 15 136 5.1 0.09 0.8 0.4 0.1l4
14 22 12 10.0 19-18.7 155-15.5 T 2446 4.2 0.36 l.4 2.4 0.04
14 22 15 12.5 19-18.0 155-27.3 1.7 13 133 8.1 0.10 1.1 0.9 0.17
14 22 17 54.1 19-18.7 155-25.7? 8 156 5.0 0.16 1.7 2.2 0.13
14 23 2 34,2 19-16.3 155-26.6 1.8 14 146 9.2 0.15 1.4 1.8 0.25
15 2 14 4.9 19-19.0 155-12.7 1.1 14219 5.5 0.14 1.0 0.3 0.12
15 2 28 7.6 19-16.1 155-20.9 11 168 8.5 0.09 0.8 0.5 0.08
15 2 33 59.4 19-16.5 155-21.0 11 166 7.9 0.09 0.8 0.093
15 3 11 49.3 19-19.6 155-11.5 9 216 4.9 0.22 1.9 0.15
15 5 32 10.1 19-19.4 155-16.2 10 225 2.4 0.34 1.0 0.08
15 11 51 37.9 19-16.7 155- 8.9 1C 239 9.5 0.50 2.7 0.16
15 12 13 6.2 19-49.4 155- 2.8? le4 22 297 39.4 0.28 2.7 0.22
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970

JAN 15
15
15
15
16

16
16
16
16
L7

17
17
17
17
17

18
18
19
19
19

19
19
19
19
19

20
20
20
20
20

HR

13
20
23
23

0

MN

34

7
57
58

| 4

50

1
27
10
44
50

8
5
35
52
23

56
44
40
57

3

8
52
1
15
10

19

1
56
11
54

SEC

23.6
24.5
55.0
18.0
4642

17.4
59.3
40.0
24.7

4.3

36.6
19.3
12.2
4443
37.1

26.4
43.3
50.1
32.4

5.9

LAT N

19'11.4
19-10.1
19- 309
19— 9.4
19-24.0

19-21.0
19-19.4
19-?1¢2
19-57.6
19-18.4

19-10.2
19—11.4
19"2105
19-14.4

19-15.1
19-14.2
19-22.5
19-22.0

19-21.3
19-23.5
19-10.5
19-10.4
19-28.0

19‘2306

19-16.8
19-17.3
19-1903
19-23.5

LONG W

155-31.7
155-31.2
155-
155-30.47?
155-27.6

155-18.5
155-13.6
155-17.9

155-26.47?

155-20.2

155-34.4
155-29.9
155-25.57
155-29.1
155-48.0

155- 5.6
155- 4.5
155-26.47
155-16.3
155-23.5?

155-13.9
155-17.2
155-35.1
155-25.7
155—5208

155-35.8
155-19.8
155- T.4
155-16.9
155- 4.2

7.9?
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7
8
1
7
8

H oo

L] . L[] L] .
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27.5
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16
12
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16

10
17

19
17
16
17
15

GAP

148
158
244
172
136

96
221
92
302
195

135
162
199
135
282

254
260
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78
111
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0.16
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

8T

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
JAN 20 10 35 54.C 19-21.4 155-10.4 9.6 15 208 1.0 0.16 1.2 0.6 0.14
20 18 20 54.2 19-21.4 155-11.2 6.2 12 185 2.2 0.23 1.6 0.9 0.19
20 20 50 36.4 19-23.3 155-16.7 14.6 18 59 0.2 0.06 0.8 0.5 0.14
21 7 5 36.0 19-18.5 155-18.8 36.1 11 227 3.8 0.35 1.6 2.6 0.05
21 T 55 56.6 19-19.6 155-10.9 7.9 9 237 4.4 0.40 2.9 1.2 0.17
21 15 31 26.8 19-18.5 155-16.1 8.0 13 199 3.7 0.15 1.0 0.7 0.15
21 18 2 36.9 19-16.6 155- 9.6 8.2 12 13 240 9.7 0.79 4.1 2.3 0.29
21 20 16 5.1 19-22.4 155-25.9 9.1 1.9 16 77 6.1 0.09 0.9 0.8 0.19
22 0 29 24.9 19-24.0 155-16.5? 3.0 0.5 8 111 1.3 0.08 0.6 0.4 0.08
22 0 31 27.8 19-23.9 155-16.3 4.0 0.8 11 85 1.3 0.10 0.5 0.9 0.11
22 0 33 28.9 19-24.3 155-16.4 3.5 7111 1.5 0.08 0.4 0.7 0.05
22 0 33 49.2 19-23.9 155-16.1 3.1 6 142 1.5 0.12 0.9 0.6 0.08
22 0 36 56.2 19-24.1 155-16.0 2.6 6 99 2.2 0.1l1 O0.7 0.7 0.08
22 0 37 39.1 19-24.3 155-16.4 2.7 5 114 1.6 0.03
22 0 38 23.4 19-23.1 155-17.0 11.3 6 87 4.9 1.15 2.3 8.0 0.18
22 0 43 36.0 19-24.3 155-15.4 1.7 10 110 0.05 0.3 0.6 0.07
22 0 49 10.8 19-24.1 155-17.0 2.9 T 95 0.13 0.8 1.4 0.09
22 0 50 46.4 19-22.1 155-16.1 9.9 6 122 2.11 5.0 14.0 0.29
22 C 55 3.8 19-24.4 155-16.7 6.5 12 58 0.10 0.9 0.9 0.20
22 0 58 52.0 19-24.5 155-16.2 1.6 7 112 0.08 0.5 0.6 0.08
22 0 59 24.4 19-23.9 155-17.0? 3.4 9 54 1.7 0.13 0.7 1.4 0.19
22 1 0 40.7 19-23.6 155-16.8 3.9 8 93 2.7 0.18 1.0 3.1 0.18
22 1 1 11.1 19-24.1 155-16.6 2.8 1r 79 1.3 0.06 0.5 0.3 0.11
22 1 3 20.2 19-24.2 155-16.0 1.9 7 101 3.3 0.10 0.8 1.3 0.11
22 1 3 44.6 19-24.2 155-16.4?2 2.2 8 104 1.6 0.06 0.5 0.5 0.07
22 1 4 53.1 19-24.3 155-16.0 2.8 7 124 2.1 0.09 0.7 1.0 0.08
22 1 5 57.2 19-24.6 155-16.7 2.4 7 106 0.8 0.08 0.6 0.6 0.06
22 1 9 24.1 19-24.8 155-16.9 1.6 7 204 1.0 0.04 0.3 0.2 0.03
22 1 10 1.9 19-23.9 155-16.5 2.9 13 76 1.0 0.06 0.5 0.3 0.15
22 1L 11 17.9 19-21.9 155-25.6 8.4 14 119 5.1 0.14 1.2 0.9 0.26
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970

JAN 22
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54
5%
57

2

SEC

28.8
12.1
48.1

9.8
17.1

16.5
18.6
53.0
52.6
44,7

42.0
43.3
37.7
4.7
9.8

20.4
16.2
31.8
14.8
58.3

LAT N

19-24.1
19-24.2
19-24.7
19-24.1
19-24.5

19-23.8
19-23.9
19-21.9
19’26.3
19-24.4

19-27.5
19-24.3
19‘2403
19-24.4
19-24.2

19-32.2
19-24.2
19-24.3
19-24.8
19-28.5

19-24.3
19-24.4
19_2407
19-25.0
19-24.3

19-25.0
19-24.2
19-30.2
19-20.8

LONG W

155-16.6
155-16.1
155-15.8
155-16.3
155-16.4

155-16.0
155-16.4?
155-27.47
155-14.7
155-15.8
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN
JAN 22 2 5
22 2 1
22 2 17
22 2 19
22 2 20
22 2 22
22 2 23
22 2 31
22 2 133
22 2 39
22 2 41
22 2 41
22 3 13
22 3 25
22 3 28
22 3 36
22 3 41
22 3 48
22 5 1
23 4 51
23 5 0
23 11 8
23 13 15
23 14 54
23 17 39
23 19 6
23 19 16
23 21 59
23 22 9
23 22 26

SEC

43.5
41.9
58.1
23.4
10.3

5.8
10.1
24.6
19.5
51.2

1.5
24.9
27.1
21.2
11.0

2.8
41.3
55.7
10.6
46.4

32.9
40.7
27.2

3.3
38.1

50.5
17.8
27.8
38.4
38.7

LAT N

19-24.2
19‘2406
19-30.8
19-23.9
19-27.7

19-24.8
19-24.1
19-28.1
19‘26.9

19-24.4
19-28.7
19-24.1
19-25.1
19-30.4

19-24.0
19-3109
19-19.9
19-24.0
19-22.8

19-20.5
19-26.3
19-54.6
19-22.1

19-17.5

19-24.1
19-23.5
19-2006
19-2301

LONG W

155-16.5
155-16.4
155-14.8?
155-16.6
155-13.9

155-16.4
155-16.47
155-11.8
155-16.3
155-13.3

155-16.6?
155-13.1
155-16.2
155-17.0
155-12.4

155-16.67
155-14.9?
155-28.5
155-27.4
155- 3.7

155-12.9
155- 6.3
155-14.2
155-53.17?
155-10.0

155- 7.1
155-16.4
155-16.9
155-11.5
155-16.5
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR

JAN 24 1
24 7
24 10
24 14
24 19

25 7
25 12
25 13
25 15
25 15

25 16
25 19
26 0
26 4
26 6

26 17
26 16
26 18
2T 3
27T 3

2T 8
27 9
27 9
21 9
27 9

27 12
27 13
27 15
27 17
27 18

MN

52
38
18
18
44

20
24
58
11
24

42
18
49
52

0

2
2
58
30
34

57
2
8
9

23

17

29

41

15
42

SEC

50.4
48.1
11.1
36.1
38.1

41.8

5.
55.
8
1

.
OO0 WwW O

51.

34.3

34.4

47.1
29.0

36.4

48.5

4.5
13.6
28.3
16. 7

28.1
38.1
44.2

9.1
55.3

LAT N

19- 4.4
19-25.9
19-28.8
19-20.3

19-19.2
19-3006
19-19.7
19-23.2
19-20.2

19-20.7
19-24.6
19-25.7
19-31.4
19-10.0

19-21.5
19-18.4
19‘16.8
19"2".2
19-10.9

19-17.4
19-16.9
19-19.6

19-19.0

19-19.9
19- 8.4
19-19.5

LONG W

155-18.5
155-21.3
155-23.7
155-53.1
155- 1.5

155-11.8
155-19.4
155- 8.9
155-15.1
155-13.7

155-12.4
155-30.0
155-30.4
155-16.1
155-34.3

155-26.1
155-10.8
155-23.6
155-24.7
155‘31. l

155~ 6.2
155-10.5
155- 9.9
155" 5.9
155-10.7

155-14.2
155-15.7
155-16.0
155-26.0
155-1207
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GAP

151
223
175
188
229
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16
207
166
192

169
152
157
253
136
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0.10
0.22
0.06
0. 26
0.34

0.27
0.06
0.20
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0.13
0.26
0.44
0.12
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0.30
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD

JAN 27 19 41 15.7 20- 2.1 155-21.5 6.7 2.8 19 232 30.3 0.52 2.0 1.9 0.16
27 21 27 3.9 19-19.4 155-12.6 10.6 2.0 15 216 4.9 0.1l1 0.9 0.3 0.10
28 2 47 37.2 19-19.3 155-10.1? 10.5 10 271 4.7 0.44 2.6 2.1 0.13
28 7 49 58.1 19-16.3 155-23.9 4.7 2.1 13 164 7.2 0.10 0.9 1.2 0.13
28 16 47 25.6 19-20.4 155-25.4 10.4 1.8 14 148 3.6 0.08 0.7 0.5 0.1l1
29 0 31 38.4 19-20.4 155-12.7 9.9 15 195 2.9 0.10 0.8 0.4 O.l4
29 9 3 14.9 19-21.6 155-28.9 8.4 2.4 13 135 10.1 0.12 1.1 0.8 0.17
29 17 51 8.1 19-24.1 155-25.1 10.7 1.9 16 124 7.8 0.08 0.7 0.4 0.13
29 18 14 43.0 19-19.0 155-17.7 30.7 2.9 17 160 2.2 0.15 1.0 1.4 0.1l1
29 19 43 20.9 19-20.8 155-12.3 9.7 1.9 15 190 2.3 0.13 0.9 0.5 0.14
29 20 44 1.4 19-18.0 155-14.5 8.5 2.1 17 214 6.4 0.20 1.1 0.7 0.18
29 20 55 11.9 19-18.5 155-13.3 10.6 10 222 6.4 0.19 1.5 0.9 0.1l1
29 22 50 19.2 19-19.6 155-16.1 9.6 16 187 2.4 0.06 O.4 0.3 0.08
30 1 28 50.8 19-19.2 155-14.1 9.5 1.9 16 199 5.2 0.08 0.6 0.3 0.10
30 3 6 20.2 19-43.8 155-54.0 8.7 17 293105.4 0.19 3.6 3.6 0.10
30 6 2 49.7 19-21.6 155-24.1 10.2 14 111 2.9 0.10 0.9 0.5 0.16
30 6 25 16.5 19-29.5 155-41.8 5.1 9 236 28.2 0.21 0.9 0.7 0.06
3019 3 1.5 19-22.9 155-26.1? 13.8 2.0 15 124 6.9 0.1l1 1.1 2.2 0.13
30 19 51 47.5 19-17.9 155- 7.5 6.4 2.4 15 219 8.5 0.35 1.9 1.5 0.22
31 14 44 53.7 .19-22.0 155-26.9 9.8 2.6 17 116 7.1 0.10 0.9 0.7 0.18
31 18 7 36.9 19-25.8 155-32.9 31.0 2.3 13 174 18.4 0.35 1.7 4.2 0.18
31 20 10 19.8 19-37.1 155-17.0 22.6 1.6 12 158 17.4 0.28 1.4 5.0 0.1l4
31 20 44 16.4 19-26.0 155-26.3 10.7 2.4 19 58 8.7 0.10 0.8 0.5 0.16

FEB 1 1 55 0.4 19-20.9 155-26.3 1ll.1 9 255 5.4 0.32 2.3 0.8 0.13

1 3 6 16.8 19-20.0 155- 0.6 9.4 1.9 15 243 16.8 0.32 1.8 0.7 0.13
1 18 26 6.1 19-26.9 155-24.4 9.7 1.9 13 115 5.6 0.05 0.5 0.4 0.09
1 21 12 10.2 19-45.7 155-21.4? 13.0 2.5 12 228 10.4 0.52 5.3 4.3 0.10
2 6 28 49.2 19-16.7 155-24.1 6.3 16 157 6.6 0.12 0.9 1.0 0.20
2 10 14 44.4 19-23.8 155-17.6 T.5 7 145 1.6 0.28 1.0 1.8 0.04
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SUMMARY COF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
FEB 2 16 42 42.7 19-22.4 155- 6.1 5.2 14 201 6.9 0.21 1.7 1.1 0.21
2 16 51 46.3 19-19.3 155-15.7 9.8 1.9 15 193 3.4 0.07 0.6 0.3 0.09
3 313 20.2 19-21.0 155-12.4 9.5 17 185 2.0 0.11 0.8 0.4 0.16
3 6 7 17.4 19-23.5 155-17.1 3.1 1.0 9 109 0.5 0.03 0.2 0.2 0.C4
3 6 37 29.5 19-28.2 155-50.8 7.7 3.5 20 154 9.6 0.14 1.2 1.0 0.17
3 7 7 16.C 19-20.1 155-28.3 10.0 3.4 20 115 8.8 0.08 0.7 0.5 0.16
3 7 59 14.9 19-23.8 155-30.4? 8.6 2.2 9 110 13.3 0.09 0.8 0.7 0.13
315 3 36.1 19-23.6 155-17.2 7.7 1.7 13 98 0.7 0.14 0.9 0.9 0.17
319 41 16.6 19-16.3 155- 8.1 3.9 2.4 16 225 13.4 0.42 1.9 1.6 0.24
3 22 50 3.4 19-24.7 155-17.2 0.0 1.0 12 91 0.4 0.13 0.6 13.8 0.17
3 23 10 35.7 19-24.7 155-16.9? 0.1 0.6 10 95 0.3 0.09 0.5 2.4 0.13
3 23 28 39.0 19-24.4 155-17.4 0.1 0.7 10 106 0.6 0.13 0.6 3.4 0.13
3 23 40 34.0 19-28.5 155-13.6? 8.0% 2.0 9 276 8.9 1.07 7.3 0.71
3 23 59 37.7 19-29.5 155-15.1? 8.0% 2.1 8 324 8.7 O0.76 6.1 0.34
4 0 29 44.6 19-23.6 155-17.1 5.6 2.5 14 99 0.7 0.09 0.6 0.7 0.15
4 1 5 24.6 19-23.6 155-17.2 6.1 2.7 20 53 0.9 0.06 0.6 0.5 0.17
4 1 15 24.4 19-23.4 155-17.1 1.8 6 143 0.6 0.06 0.2 0.4 0.02
4 1 20 6.4 19-23.4 155-17.2 1.9 6 148 0.8 0.21 0.5 1.3 0.C4
4 5 17 32.6 19-23.7 155-17.2 2.0 0.9 9 101 0.9 0.06 0.2 0.4 0.03
4 6 8 25.2 19-22.4 155-18.2 27.8 3.1 22 60 3.0 0.16 1.0 1.6 0.14
4 7 47 3.1 19-23.8 155-16.9 2.7 8 121 0.7 O0.l14 0.4 0.8 0.05
4 9 20 5ST.1 19-20.2 155-16.9 28.2 2.3 17 152 0.9 0.13 0.9 1.2 0.1l
4 15 4 48.5 19-19.6 155-13.0 8.5 17 198 4.4 0.18 1.3 0.7 0.2C
4 16 59 29.4 19-24.3 155-15.6 2.8 8 198 2.6 0.12 0.7 0.4 0.07
4 19 51 16.2 19-23.2 155-17.1 2.8 9 152 0.7 0.06 0.3 0.3 0.05
4 20 42 56.5 19-24.6 155-17.4 0.3 0.9 11 75 0.3 0.11 0.5 1.5 0.16
4 20 43 48.0 19- 1.6 155-21.8?7 32.7 17 249 26.3 0.25 1.9 3.4 0.13
4 20 56 59.6 2C- 1.5 155-33.0? 8.0% 15 233 15.6 0.24 4.2 0.31
4 22 29 59.7 19-24.5 155-17.2 0.1 0.8 11 90 0.6 0.11 0.5 4.5 0.15
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD

FEB 4 22 38 10.1 19-25.1 155-17.82? 1l1l.1% 1.6 7 158 0.7 1.60 11.8 0.45
5 0 20 53.3 19-20.4 155-28.4 8.2 3.5 20 112177.6 0.07 0.6 0.5 0.16
5 1 40 43.4 19-22.9 155-17.5? 0.5 9 170 1.4 0€.18 0.8 1.0 0.13
5 2 9 12.5 19-17.3 155- 6.7 3.1 16 224 10.1 0.38 1.8 1.8 0.21
5 2 18 42.3 19-17.8 155- 7.6 58 1.3 18 219 8.5 0.33 1.7 1.2 0.23
5 5 32 58.4 19-20.2 155-14.4 8.4 2.4 18 163 3.3 0.11 0.9 0.5 0.16
5 6 59 59.3 19-23.3 155-16.7 2.5 -0.0 9 117 0.3 0.21 0.6 1.4 0.11
S 7 26 31.5 19-24.9 155-57.3 8.0% 6 295 39.9 1.23 7.8 .10
5 T 43 37.8 20- 6.8 155-38.27 13.3% 15 346 41.9 0.24 4.0 0.15
512 7 0.7 19-34.1 155-20.3? 10.0 2.0 18 85 9.4 0.13 1.1 2.7 0.21
512 1C 27.8 19-23.3 155-17.3 6.2 2.3 18 54 1.0 0.07 0.7 0.5 0.18
5 15 58 39.3 19-21.9 155- 7.9 7.2 2.3 16 178 3.7 0.15 1.1 0.7 0.19
5 16 35 43.1 19-23.7 155-17.3 2.3 (C.8 10115 1.C 0.03 ©€.2 G.2 0.C3
5 18 49 10.6 19-23.7 155-17.3 1.5 7 106 1.1 0.09 0.2 0.7 0.C3
5 21 23 57.9 19-23.7 155-17.3 2.3 0.7 13 56 1.0 0.09 0.6 0.6 0.14
5 22 19 24.1 19-23.4 155-17.6 3.0 1.4 15 63 1.4 0.05 0.4 0.3 0.11
6 0 26 58.3 19-23.9 155-16.1? 3.0 0.1 8 109 1.5 0.04 0.3 0.5 0.04
6 0 32 14.5 19-23.2 155-16.9 5¢3 1.7 14 92 0.5 0.11 0.7 0.7 0.15
6 1 59 7.7 19-23.9 155-17.4 1.0 0.2 8 109 1.3 0.06 0.2 0.6 0.03
6 2 22 30.9 19-23.6 155-22.4 9.2 1.1 14 158 4.7 O0.14 0.8 0.7 0.13
6 3 2 46.0 19-23.8 155-17.1 2.0 1.2 12 99 0.9 0.07 0.5 0.5 0.12
6 4 39 59.9 19-23.6 155-15.3 3.3 0.7 11 95 2.5 0.1l4 0.7 1.6 0.16
6 5 45 13.1 19-21.5 155-10.6 7.7 1.0 11 196 1.3 0.18 1.3 0.7 0.10
6 6 37 45.9 19-23.2 155-17.1 5.8 2.1 16 58 0.7 0.07 0.6 0.5 0.16
6 8 10 27.3 19-23.6 155-17.0 5.2 2.5 16 75 0.6 0.06 0.5 0.4 0.14
6 10 14 12.2 19-23.6 155-17.3 2.1 7105 0.9 0.03 0.1 0.2 0.01
6 12 37 9.3 19-23.4 155-17.2 2.2 6 144 0.7 0.10 0.2 0.6 0.02
6 14 12 21.6 19-23.4 155-17.4 2.7 9 73 1.1 0.12 0.6 1.2 0.07
6 20 3 29.3 19-23.6 155-14.7 3.3 8 190 3.0 0.07 0.3 0.7 0.03
T 1 38 16.8 19-23.3 155-17.5 2.9 1.6 13 62 1.2 0.05 0.3 0.7 0.08
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1970 HR MN

22

0
48
18

25
21
43
49
51

58
31
53
33
35

19
33
36

1
54

32
58
42
57

2

15

2
42
47
16

SEC

30.3

9.3
56.4
43.4
18.7

21.1
56.4
51.1
52.4
50.8

46.6
43.7
39.0
49.9
58.8

10.3

0.9
19.1
26.0
59.4

45.6

1.3
23.3
14.2
46.2

LAT N

19-23.3
19-2306
19-22.1
19-24.0
’.9"20.5

19-24.0
19-20.4
19-23.6
19-23.8
19-23.7

19°23.2
19-21.9
19-23.3

19-2209
19-20.6
19-23.1
19-17.4
19“1606

19-23.5
19-10.9
19-23.5
19-22.8

19-18.9
19-22.8
19-23.3
19-23.2
19-23.1

SUMMARY OF SEISMIC EVENTS {(CONTINUED)

LONG W

155-15.1
155-15.2

155- T7.1?

155-15.6
155-17.3

155-15.8
155-10.9
155-17.3
155-17.0C

155-17.4
155-12.4
155-17.1
155-27.6
155-15.1

155-15.3
155-17.5
155-17.3
155-13.5
155-12.9

155-16.2
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0.05
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0.08
0.18
O.11
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0.13
0.15
0.28
0.04

0.09

0.21
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SUMMARY OF SEISMIC EVENTS (CONTINUED)
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1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
FEB 8 20 17 32.9 19-24.5 155-14.7 13.2 2.5 21 53 4.1 0.06 0.7 0.6 0.14
8 21 23 1.8 19-23.1 155-15.0 3.1 11 86 2.0 0.06 0.5 0.4 0.12
9 0 11 58.3 19-22.8 155-14.9 4.5 1.7 12 86 1.8 0.10 0.5 0.9 0.10
9 0 39 16.7 19-23.4 155-15.3 2.7 10 90 2.2 0.06 0.3 0.5 0.06
9 126 3.8 19-23.2 155-17.3 2.8 1.1 12 61 1.0 0.05 0.3 0.7 0.07
9 2 36 3.9 19-23.1 155-17.1 3.0 l.4 14 58 0.7 0.03 0.2 0.2 0.08
9 3 35 2.9 19-2304 155‘17.6? 1.9 0.9 9 81 104 0034 lol 207 0013
9 4 22 54.8 19-19.3 155-14.7 8.6 3.0 19 172 4.8 0.12 0.9 0.5 0.17
9 4 24 20.6 19-19.6 155-14.6 8.4 2.3 19 169 4.2 0.10 0.7 0.4 0.14
9 4 26 54.5 19-18.7 155-14.0 10.3 15 221 6.2 0.13 0.9 0.3 0.1l1
9 S5 33 24.7 19-23,5 155-17.2 1.8 7T 142 0.8 0.04 0O.1 0.3 0.01
9 9 10 10.9 19-23.8 155-16.2 4.0 1.0 13 84 1.3 0.08 0.4 0.8 0.1l1
9 9 12 34.1 19-27.5 155-11.4? B.0%* 8 329 10.9 0.97 7.5 0.48
9 9 28 19-24.6 155- 8.9 8.0% 7 329 12.3 1.71 6.8 0.07
9 9 44 19-23.1 155- 8.7 8.1 10 287 3.4 1.38 4.3 5.7 0.17
9 9 50 19-23.1 155-15.5 4.0 1.3 11 143 1.5 0.12 0.6 1.1 0.1l
9 10 5 19- 9.5 155-34.9 7.9 14 144 10.7 0.1l1 1.2 0.8 0.14
9 11 19 19-23.4 155-17.2 2.3 7 92 0.7 0.07 0.2 0.4 0.02
9 13 26 19-23.2 155-17.0 1.9 0.3 9 94 0.5 0.18 0.6 1.4 0.11
9 14 29 19-18.4 155-15.1 9.6 1.9 13 206 5.1 0.16 1.2 0.7 0.15
9 14 43 19-26.4 155-26.8? 10.8 2.4 16 74 8.8 0.10 0.9 0.5 0.16
9 14 59 19-23.5 155-17.1 2.6 6 140 0.6 0.05 0.1 0.3 0.01
9 15 15 19-24.1 155-17.2? 0.2 0.9 9 132 1.2 0.41 1.2 7.1 0.20
9 15 22 19-23.8 155-16.0 52 1.3 13 150 1.6 0.13 0.6 1.0 0.12
9 15 25 19-20.6 155-13.3 8.4 13 188 2.8 0.13 1.0 0.6 0.14
9 16 13 19-24.1 155-14.5 2.9 7 214 4.0 0.10 0.5 0.3 0.04
9 17 21 19-23.3 155-17.0 5.6 2.4 14 60 0.3 0.08 0.5 0.6 0.12
9 18 26 19-32.0 155-14.3 2.2% 1.6 7 333 13.5 0.94 5.7 0.26
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1976 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
FEB 9 19 23 16.9 19-22.7 155-23.9 11.0 1.3 15 71 4.7 0.08 0.5 1.2 0.10
9 20 48 13.5 19-23.6 155-16.8 2.3 0.6 10 120 0.3 0.12 0.4 1.0 0.09
921 T 53.3 19-24.2 155-17.6? 0.0* 0.8 8 125 0.9 0.08 0.5 0.12
9 21 8 48.7 19-22.5 155-14.8 6.5 1.5 15 109 1.5 0.08 0.5 0.5 0.10
9 21 10 17.9 19-23.3 155-15.0 2.7 9 98 2.2 0.05 0.4 0.4 0.08
9 21 14 35.7 19-23.5 155-17.3 2.9 0.9 13 59 0.9 0.03 0.3 0.2 0.07
9 21 26 24.0 19-23.9 155-17.4 1.6 6 128 1.3 0.05 0.1 0.4 0.01
9 22 37 49.3 19-23.4 155-17.1 2.7 0.8 11 91 0.6 0.03 0.2 0.2 0.05
9 23 19 13.0 19-23.5 155-14.8 2.2 10 96 2.8 0.04 0.4 0.5 0.07
9 23 37 8.5 19-16.2 155- 6.9 7.2 1.4 14 245 11.6 0.52 2.6 1.5 0.23
9 23 42 50.5 19-55.8 155-36.6 1.8 9 315 23.5 0.33 3.8 2.0 0.1l
10 0 0 29.7 19-23.0 155-15.1 4.2 1.1 12 83 1.7 0.09 0.5 0.9 0.11
10 0 11 39.3 19-19.3 155-12.3 11.7 10 234 5.1 0.24 1.5 1.4 0.09
10 0 31 5.1 19-17.6 155-13.2 11.8 9 249 8.2 0.34 2.0 1.9 0.09
10 0 36 20.3 19-20.2 155-16.8 32.7 11 188 1.0 0.17 1.1 1.6 0.07
10 O 46 56.6 19-23.0 155-15.2 4.9 l.4 12 82 1.6 0.13 0.5 1.1 0.11
10 2 36 23.1 19-23.4 155-17.1 S«7 2.3 18 52 0.6 0.06 0.6 0.4 0.16
10 2 39 11.5 19-23.4 155-14.8 2.2 1.2 12 92 2.7 0.07 0.5 0.6 0.12
10 5 55 30.7 19-19.8 155-12.7 10.8 14 212 4.0 0.09 0.8 0.3 0.10
10 6 46 6.5 '19-23.3 155-17.0 2.6 0.9 11 91 0.3 0.05 0.3 0.3 0.07
10 8 35 0.3 19-23.6 155-14.4 3.1 7 198 3.4 0.05 0.3 0.9 0.02
10 9 52 18.4 19-24.1 155-15.8 6.7 2.6 16 85 2.2 0.07 0.6 0.4 0.13
10 10 56 57.9 19-23.5 155-17.1 3.0 0.1 8 106 0.5 0.03 0.2 0.2 0.03
10 14 7 51.0 19-24.3 155-16.5 3.2 1.2 9 150 1.4 0.09 0.5 0.7 0.06
10 14 26 6.8 19-21.1 155-12.5 8.2 7 185 1.8 0.06 0.6 0.2 0.02
10 14 39 1.5 19-24.7 155-16.0 5.5 8 209 1.9 0.53 1.6 2.9 0.13
10 18 42 56.0 19-23.2 155-17.2 2.7 7 152 0.7 0.13 0.4 0.8 0.05
10 19 44 42.9 19-23.1 155-14.5 0.2% 0.7 10 89 2.8 0.04 0.3 0.08
16 20 22 27.9 19-23.3 155-17.4? 2.7 0.3 10 75 1.1 0.16 0.7 1.3 0.1C
10 21 13 21.0 19-23.1 155-15.1 2.8 0.6 11 85 1.9 0.08 0.6 0.5 0.15

O>PO> DPXRO®D> [ »]

PO ® (aNaNaN. N

oo mO DT> ®



SUMMARY OF SEISMIC EVENTS (CONTINUED)

8¢

1970 HR MN SEC LAT N LONG w DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
FEB 1C 21 49 27.9 19-23.6 155-17.0 2e4 7 133 0.6 0.03 0.2 0.2 0.02
10 22 57 48.1 19-24.5 155-16.5 0.0%* G.5 10 104 1.1 0.04 0.2 0.07
10 23 28 36.0 19-23.4 155-15.1 2.7 9 91 2.3 0.09 0.5 1.2 0.10
11 0 30 36.1 19-23.8 155-16.9 2.2 0.0 9 91 C.7 O0.10 0.5 0.7 0.10
11 0 46 45.3 19-23.2 155-17.2 3.0 1.3 13 60 0.8 0.04 0.3 0.2 0.09
11 1 6 39.1 19-23.5 155-15.4 3.0 8 131 2.2 0.06 0.3 0.7 0.05
11 1 53 S54.7 19-23.1 155-15.1 4.3 0.9 14 84 1.9 0.08 0.4 0.8 C.1l0
11 1 55 43.2 19-23.5 155-16.6 2.6 1.4 14 62 0.3 0.06 0.4 0.4 0.14
11 2 11 37.3 19-20.3 155-13.7 8.0 0.9 13 201 3.6 0.16 1.0 0.6 0.15
11 & 14 45.4 19-20.0 155-12.5 10.8 11 211 3.7 0.12 1.0 0.4 0.1l
11 415 7.5 19-23.5 155-15.1 2.9 9 95 2.5 0.05 0.3 0.3 0.07
11 4 19 9.6 19-19.1 155- 8.2 9.3 9 224 5.9 0.26 1.9 1.0 0.12
11 4 59 17.7 19-24.0 155-14.7 4.4 8 206 3.7 0.20 0.6 1.3 0.06
11 5 14 54.2 19-24.1 155-14.7 3.0 8 207 3.7 0.08 0.4 0.2 0.04
11 21 45 36.9 20-16.9 156- 0.7 18.1% 2.3 20 328143.6 0.26 2.6 0.17
11 21 59 19.7 19-24.7 155-23.3 9.5 2.1 16 139 6.6 0.09 0.7 0.5 0.12
11 23 2 11.6 19-23.6 155-23.2 .3 2.2 18 102 6.1 0.08 0.8 0.5 0.16
12 2 51 49.0 19-15.4 154-60.0 4.7 1.8 14 266 21.1 0.77 3.5 1.9 0.18
12 3 35 44.9 19-22.7 155-15.2? 0.0% 7T 147 1.4 0.11 0.6 0.11
12 4 58 3.5 20- 0.1 156-36.2 3.8 2.6 24 249184.6 0.34 3.9 4.0 0.24
12 6 17 31.3 19-26.6 156-26.6? 3.C 3.3 15 325124.1 1.27 23.2 16.6 0.39
12 11 2¢ 3.6 19-23.8 155-23.2 10.3 2.1 16 86 6.2 0.08 0.8 0.6 0.16
12 18 10 56.3 19-19.3 155-14.0 10.1 3.2 18 174 5.2 0.1l1 0.9 0.5 0.15
12 22 46 29.4 19-26.5 155-25.9 10.3 2.2 19 76 7.7 0.07 0.7 0.5 0.1l6
12 23 8 34.8 19-18.9 155-13.9 9.7 1.9 17 201 5.8 0.12 0.9 0.4 0.l4
12 23 55 33.4 19-19.6 155-14.1 9.9 16 197 4.5 0.10 0.7 0.4 0.13
13 3 55 25.2 19-57.1 155-26.5 9.4 2.2 8 206 19.4 0.71 4.1 2.7 0.16
13 5 6 11.8 19-18.3 155-14.6 8.2 2.5 17 184 5.9 0.14 1.0 0.6 0.17
13 7 31 32.1 19-56.6 155-25.5 7.9 5 336 18.7 C.23
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

OO0 o
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1970 HR MN SEC LAT N LONG W NG GAP DMIN ERT ERH ERZ MD
FEb 13 T 55 2.7 19-19.5 155-13.9 15 199 4.8 0.15 1l.1 0.6 0.15
13 8 S0 10.9 19-15.5 155-22.97 9 300 8.7 1.30 4.0 6.0 0.11
13 11 22 13.2 19-22.8 155-15.0 11 237 1.7 0.30 1.6 2.2 0.06
13 11 29 27.4 19-20.9 155-14.0 12 178 2.9 0.07 0.8 0.3 0.1l
13 13 37 40.7 19-19.2 155-13.8 12 205 5.5 0.11 0.9 0.4 0.ll
13 19 21 49.3 19-25.4 155-29.4 12 102 12.3 0.09 0.T 0.8 0.13
13 20 2 43%.4 19-24.3 155-24.8 15 144 9.1 0.08 0.7 0.3 0.1l
14 2 40 35.2 19-21.1 155-11.5 13 192 2.8 0.15 1.3 0.6 0.18
14 3 6 10.1 19-24.3 155-24.4 11 204 7.7 0.20 0.9 1.8 0.07
14 3 28 22.4 19-22.5 155-25.9 15 127 11.0 0.11 1.2 1.4 0.17
14 4 54 0.2 19-18.6 155- 2.7? 0.1 13 232 22.8 1.04 2.0 4.4 0.16
14 5 37 14.3 19-19.2 155-11.3 1.0 8 223 5.3 0.20 1.6 1.0 0.10
14 5 52 29.4 19-18.9 155-10.9 9.8 9 206 5.5 0.29 2.7 1.2 0.12
14 9 13 3.7 19-24.3 155-25.2 3.6 9 222 8.2 0.43 1.5 3.3 0.07
14 9 41 19.2 19-24.5 155- 8.2 5.8 3.0 15 143 6.0 0.1]1 0.9 1.0 0.16
14 15 35 26.4 19-20.7 155-28.1 7.5 10 143 15.6 ©¢.11 1.0 1.3 0.13
14 17 13 3.3 19-24.0 155-24.8 11.4 1.2 13 195 7.6 0.08 0.6 0.7 0.07
14 19 0 32.8 19-24.3 155-14.1 29.6 1.6 15 133 4.8 0.20 1.3 1.8 C.ll1
14 23 54 46.8 19-17.9 155- 8.5 11.2 1.3 13 232 7.6 0.38 2.4 0.8 0.13
15 0 36 39.1 19-16.9 155- 7.6 12.0 9 292 9.9 0.56 3.5 1.6 0.09
15 1 5 16.7 19-53.8 155-17.5? 85.2% 12 294 45.4 4.91 50.4 3.06
15 2 S7 39.4 19-24.5 155-24.0 10.9 2.2 17 87 7.7 0.09 0.8 0.5 0.15
15 5 6 5.4 19-20.4 155- 1.9 7.9 1.2 11 235 14.4 0.34 2.1 0.9 0.16
15 19 53 21.9 19-21.8 155-26.7 9.7 1.9 12 124 6.6 0.09 0.7 0.7 0.13
16 0 56 57.6 19-10.4 155-33.22 7.9 1.9 16 146 10.7 0.1l1 2.3 1.9 0.17
16 5 48 30.2 19-20.5 155-19.7 8 165 0.16 0.5 0.05
16 6 2 5.4 19-24.0 155-25.9 10 157 0.13 0.9 0.14
16 20 51 51.4 19-23.5 155-24.3 1.9 16 118 0.09 0.7 0.14
17 2 56 58.4 19-51.3 155-41.77? 1.9 19 184 0.38 5.7 0.25
17 &4 58 19.C 19-2C.9 155-13.9 16 179 0.07 0.6 0.11
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970
FEB 17

17
17
18
18

18
18
18
18
19
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19
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19
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19
19
19
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20
20
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HR

14
19
20
10
12

19
20
22
23

2

4
7
10
10
10

12
13
14
15
18

23
16
17
20
20

21
21
22
22

0

MN

31
24
42
57
13

20
15
58
12

5

43
37
41
41
43

57
45
53

8
46

30
22
40
28
59

13
50
25
34
42

SecC

52.0
47.8
35.2
31.0
54.6

12.3
10.3
22.8
32.4
37.0

14.0
14.5
32.3
34.8

4,2

LAT N

19-24.8
19-24.7
19-22.3
19-21.8
19-22.0

19-26.1
19-50.3
19-21.0
19-55.4
19-20.5

19°2006
19- 7.8
19-17.9
19- 9.6

19-14.3
19-40.4
19"3007

19-18.9
19-20.9
19-22-1
19-20.1
19"48. 5

19-44.6

19’2108
19-2904
19-22.9

LONG W

155-23.8
155-25.1
155-16.2
155-17.5
155-16.8

155-49.8

154-58.7?

155- 5.7
156‘ 203
155-11.0

155-15.3
155-27.3

155-28.97

155-26.8

155-17.4

155-47.57
156-14.27
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63
126
88
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAY N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
FEB 21 8 21 58.7 19- 7.1 155-35.1 6.7 10 292 14.9 0.82 3.8 1.9 0.09
21 11 55 28.1 19-24.9 155-27.9 10.3 1.2 10 190 12.1 0.10 0.9 0.5 0.09
21 12 27 48.0 19-21.4 155-13.3 12.9 7169 1.4 0.25 1.1 1.9 0.04
21 13 4 53.7 19-18.2 155- 6.1 11l.2 11 235 9.6 0.43 2.9 0.9 0.11
21 14 3 51.2 19-21.1 155-14.3 8.5 1l.1 14169 2.1 0.13 1.0 0.5 0.17
21 14 21 39.4 19-19.1 155-26.8 8.9 8 163 6.4 0.18 1.9 1.6 0.15
21 16 35 20.9 20- 4.7 155-19.9 3.7 2.6 19 245 35.8 0.39 1.8 1.6 0.13
21 16 48 17.9 19-15.9 155-21.0 6.7 13 214 8.9 0.18 1.0 0.8 0.13
21 23 24 46.8 19-23.8 155-23.1 6.2 1.0 10 114 5.9 0.17 0.6 2.1 0.10
22 1 48 18.8 19-29.4 154-53.7 6.8 2.7 10 287 3.8 0.40 2.3 0.7 0.13
22 3 9 50.3 19-24.2 154-45.9? 0.1 2.1 14 3C3 42.9 6.01 27.7 52.1 0.4S
22 9 37 31.8 19-22.8 155-29.5 14.3 9 198 11.9 0.14 1.3 0.9 0.06
22 9 38 1.6 19- 5.5 155-15.9 19.1% 10 315 27.0 1.85 11.4 0.12
22 9 47 24.9 19-19.7 155- 4.8 10.4 1.2 11 273 9.9 0.76 4.1 1.2 0.16
22 11 9 23.8 19-20.3 155-25.3 12.0 9 151 3.4 0.18 1.6 2.8 0.13
22 11 53 8.4 19-21.6 155-11.4 8.3 1.2 12 174 2.5 0.17 1.1 0.7 0.17
22 12 25 40.4 18-58.2 155- 4.9 8.0% 2.3 16 283 44.5 0.66 4.1 0.15
22 14 50 21.8 19-20.6 155-19.9 3.2 7 163 4.5 0.17 0.7 10.5 0.07
22 16 0 26.1 19-23.2 155-29.1 9.2 8 117 15.7 0.10 0.8 1.1 0.11
22 17 31 13.6 19-28.7 155-23.5 11.8 1.3 12 102 2.1 0.05 0.6 0.6 0.08
23 1 33 44.9 19-20.7 155-25.1 8.6 9 207 3.3 0.25 1l.4 1.3 0.17
23 3 2 18.3 19-49.6 155-48.9 7.9 3.0 18 190100.2 0.20 1.8 2.6 0.09
23 3 21 43.2 19-22.0 155-25.5 11l.7 9 138 5.1 0.11 0.9 1.9 0.10
23 4 51 34.6 19-27.3 154-50.5 5.0 2.3 12 295 9.9 1.29 6.2 2.6 0.27
23 5 33 17.4 19-20.4 155- 8.5 8.5 15 205 3.7 0.31 2.1 1.0 0.27
23 14 33 50.5 19-23.5 155-16.9 15.1 2.3 17 56 0.2 0.08 0.8 1.0 0.13
23 16 8 38.7 19-22.1 154-43.5? 0.2 3.5 15 311 25.1 8.44 15.6 26.4 0.25
23 22 23 20.6 19-54.7 155-41.0? B8.0% 2.9 18 178 13.4 0.60 6.7 0.58
246 4 4 57.2 19-22.2 155-22.6 9.6 2.1 16 108 4.0 0.08 0.7 0.5 0.l4
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

CEPODO

[43

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ Mp
FEB 24 11 33 14.6 19-22.3 155- 4.5 3.6 2.0 15 206 14.6 0.19 1.2 0.9 0.14
25 16 28 27.1 19-19.4 155-15.6 1.9 14 193 3.5 0.06 0.6 0.3 0.07
26 0 23 20.1 19-20.4 155-16.0 3.0 19 177 2.5 0.22 1.2 1.9 0.12
26 3 33 54,5 19-25.0 155-14.6 2.4 18 77 4.2 0.15 0.8 1.4 0.09
26 T 41 33.9 19-12.5 155- 5.8 12 265 18.7 1.65 3.5 6.2 0.19
26 8 47 2T.4 19-21.6 155-14.3 9.2 2.9 20 142 1.8 0.08 C.7 0.4 C.l6
26 9 33 8.0 19-21.0 155-14.1 7.8 14 176 2.5 0.14 1.0 0.6 0.15
27 1 1 53.9 19-27.7 155-51.2 6.2 1.6 16 178 9.7 0.12 1.2 0.7 0.13
27 2 27 36.5 19-25.4 155-14.6 29.8 17 81 5.3 0.14 0.8 1.4 0.09
27 3 42 59.0 19-20.3 155-25.5 11l.5 1.7 19 118 3.9 0.07 0.7 1.1 0.15
27 T 45 35.4 19-49.5 155-28.4 9.9 12 323 5.6 0.6?2 4.8 1.3 0.20
2T 8 21 28.2 19-25.4 155-14.6 29.5 1.1 17 107 4.3 0.14 0.8 1.3 0.C8
27 11 6 36.7 19-22.5 155-13.2 29.3 2.7 21 86 1.2 0.17 1.1 1.5 0.13
27 12 6 26.6 19-23.7 155-22.5? 11.0 1.9 16 66 4.9 0.07 0.6 1.1 0.l4
27 12 14 8.4 19-24.0 155-23.0 10.5 1.4 9 166 5.9 0.10 0.8 0.6 0.07
27 17 33 23.4 19-20.6 155-15.9 12.1 1.0 11 184 2.4 0.11 0.9 0.8 0.09
27 21 14 46.8 19-21.6 155-10.2 T.5 10 220 0.5 0.23 1.3 0.9 0.1?
27 21 17 34.7 19-19.2 155-13.7 9.2 1.0 15 199 5.4 0.12 C.9 0.5 0.13
27 23 58 9.3 19-25.8 155-14.5 29.2 1.6 16 84 5.4 0.16 0.9 1.6 0.09
28 1 26 33.0 19-22.2 155-16.2 25.0 1.5 13 94 0.7 0.24 1.2 2.1 0.08
28 2 40 21.3 19-17.9 155-14.1 7.1 11 240 7.5 0.29 1.5 0.9 0.14
28 3 48 29.3 19-18.7 155-13.7 10.4 1.8 15 201 6.3 0.10 C.7 0.3 0.1l1
28 4 38 1.4 19-19.6 155-11l.4 11l.1 11 216 4.7 0.13 1.1 0.3 0.10
28 5 6 54.3 19-14.1 155-22.1 8.4 13 193 13.8 0.15 1.1 0.6 0.13
28 6 15 1l4.1 19-19.2 155-13.0 14.8 9 228 5.1 0.06 0.6 0.4 0.03
28 6 21 1.3 19-21.4 155-12.6 8.1 13 174 1.2 0.16 0.9 0.7 0.14
28 164 41 45.3 19-20.9 155-13.2 7.5 10 186 2.2 0.15 1.1 0.7 0.11
28 17 33 36.2 19-18.4 155-16.8 9.9 1.8 15 198 3.4 O0.16 1.3 0.7 0.16
28 21 33 53.0 19-19.1 155- 7.1 7.2 1.2 10 229 7.1 0.33 2.0 1.3 0.1l5
MAR 1 3 9 59.7 19-16.9 155- 3.8 8.2 11 248 14.1 0.41 2.3 1.0 0.15
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD

MAR 1 4 39 38.8 19-19.4 155-16.1 9.4 0.9 14 194 2.6 0.10 0.8 0.4 0.11
1 11 54 17.2 19-18.7 155-14.7 26.9 15 174 S.4 0.20 1.5 1.9 0.16
1 19 53 16.9 19-25.5 154-48.7 1.0% 2.0 9 303 14.0 0.28 1.8 0.12
2 1 4 10.5 19-19.7 155-15.4 7.9 1.5 18 163 3.5 0.08 0.6 0.4 0.13
2 4 53 55.3 19-19.6 155-19.9 29.1 14 146 4.4 0.12 0.7 1.2 0.08
2 6 0 41.5 19-23.7 155-24.8 7.2 1.8 9 121 6.9 0.15 1.5 1.5 0.21
2 T 40 15.2 19-24.1 154-57.4? 8.0% 9 309 23.7 7.09 42.5 0.21
2 13 43 14.8 19-24.8 155-25.7 11.3 11 147 9.4 0.07 0.7 0.3 0.09
2 14 30 2.9 20- 4.9 155-39.6? 8.0% 4.0 26 163113.2 9.49 66.0 5.05
2 15 13 22.0 19-18.1 155-13.8 8.4 1.9 19 205 7.4 0.21 1.3 0.7 0.20
219 6 45.6 19-17.4 155-14.2 10.0 10 232 7.5 0.26 1.7 0.7 0.12
219 30 11.4 19-21.0 155-16.2 30.4 3.3 20 145 2.1 0.17 1.0 1.6 0.13
3 222 42.3 19-21.1 155-16.2 28.0 11 145 2.0 C.17 1.1 1.8 0.1l
3 820 1.8 19-22.8 155-23.0 9.0 2.5 16 70 4.7 0.07 0.6 0.5 0.12
3 8 42 40.0 19-19.6 155-13.8 10.0 2.4 16 197 4.8 0.13 1.0 0.5 0.14
3 12 50 20.6 19-21.2 155-12.2 8.3 2.6 17 158 1.8 0.12 0.9 0.5 0.16
313 41 12.8 19-24.9 154-50.9 7.3 11 307 11.6 1.12 6.4 1.6 0.09
316 12 25.3 19-19.7 155-10.9 7.8 1.9 15 237 4.2 0.20 1.3 0.6 0.16
316 30 4.6 19-54.3 155-22.2 38.1 2.9 19 203 16.7 0.30 1.5 3.3 0.1l
3 16 45 l4.4 19-55.0 155-22.3 38.9 2.8 17 206 17.7 0.35 1.7 3.6 0.13
3 16 51 28.0 19-10.7 155-32.8 8.6 2.5 17 144 10.8 0.09 0.8 0.6 0.13
3 18 38 16.9 19-27.2 154-52.2 5.0 2.0 6 295 3.7 0.69 3.9 1.9 0.10
3 19 30 53.1 19-25.1 154-51.7? 2.4 2.1 8 281 7.6 0.80 3.4 2.5 0.1C
320 0 4C.3 19-27.8 154-52.6 4.8 2.8 19 283 2.4 0.39 2.2 0.9 0.21
3 20 50 12.3 19-18.3 155-16.4 7.9 2.0 18 173 3.7 0.12 0.8 0.5 0.15
4 125 1.7 19-21.0 154-52.5? B8.0% 9 274 l4.7 0.68 9.3 0.86
4 5 19 41.9 19-21.1 155- 3.2 7.2 2.5 21 191101.3 0.24 1.7 0.9 0.26
4 10 21 20.9 19-26.5 154-52.4 5.5 2.0 9 276 4.7 0.59 3.8 1.1 0.19
4 13 23 53.7 19-19.9 155- 1.6 4.8 2.2 16 221 15.2 0.35 2.1 1.4 0.20
4 16 27 33.4 19-22.3 155-24.0 10.8 1.9 16 76 4.1 0.07 0.7 0.4 0.13
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
MAR 4 16 51 36.2 19-22.6 155-25.3 11.9 16 93 5.7 0.09 0.8 1.6 0.1l4
4 19 36 34.9 19-20.7 155- 7.1 6.7 2.1 18 201 5.6 0.22 1.4 0.8 0.21
4 21 0 34.1 19-27.4 154-53.5 4.5 2.3 14 249 2.8 0.31 2.3 1.2 0.19
5 3 7 0.2 19-21.2 155- 1.4 2.0 13 214 15.2 0.59 1.4 2.9 0.14
S5 3 32 29.4 19-24.0 154-58.5? 0.3 7 224 10.5 0.37 2.0 2.2 0.12
5 4 17 6.5 19-30.1 154-52.1? 8.0% 7 319 3.2 0.42 4.3 0.25
5 12 57 32.8 19-20.5 155- 9.6 1.4 10 260 2.5 0.29 1.8 1.0 0.l4
S 13 42 58.6 19-13.0 155-23.6 29.8 12 191 13.4 0.42 1.4 4.6 0.09
515 9 38.4 19-38.2 155-11.3 35.4 2.0 18 109 13.9 0.23 0.8 2.4 0.08
5 15 53 18.4 19-31.8 155- 2.7? 10.5% 12 319 13.6 1.27 6.5 0.16
5 18 22 16.0 19-20.3 154-57.0 1.7 10 247 16.4 0.94 2.6 3.4 0.14
519 9 3.5 19-12.0 155-29.3 31.5 1.9 16 166 14.7 0.30 1.2 3.2 0.10
6 2 3 28.3 19-18.8 155-10.9 7.1 13 261 5.8 0.35 1.9 0.8 0.18
6 2 24 59.0 19-19.9 155- 9.4 7.6 16 206 3.8 0.18 1.2 0.7 0.17
6 3 47 0.9 19-19.4 155-17.5 34.9 13 184 1.3 0.14 0.7 1.3 0.06
6 6 43 46.4 19-27.3 154-51.8 4.8 2.6 19 280 4.0 O0.72 3.6 1.6 0.26
6 9 42 23.1 19-20.4 155-16.3 8.6 9 220 2.0 C.07 0.4 0.2 0.04
6 15 44 54.0 19-22.7 155-23.9 12.0 13 71 4.7 0.07 0.7 1.0 0.10
6 19 11 18.1 19- 4.0 155- 0.8? 8.0% 17 272 36.6 0.60 4.0 0.25
6 22 12 28.83 19-25.9 155-31.7 33.2 12 117 8.9 0.93 2.8 9.5 0.22
7 3 7 1.2 19-25.4 154-53.9? 0.9 3.1 20 235107.7 1.09 4.1 3.4 0.39
7 3 48 44.7 20-30.0 155-24.7? 8.0% 2.7 18 309129.7 5.93 6.62
T 4 26 30.9 19-20.9 155-13.5 8.2 15 183 2.4 0.16 0.9 0.7 0.15
7 8 28 58.3 19-26.5 154-52.8? 8.0% 2.0 11 268 4.6 1.41 9.1 0.44
7 10 19 51.6 19-25.5 155-24.3 13.0 8 123 7.4 0.10 0.6 1.3 0.05
7T 12 1 20.8 19-27.5 154-52.2 6.0 2.3 8 291 3.3 0.35 2.3 0.6 0.10
T 12 48 24.4 19-21.1 155-28.1 13.9 2.2 10 223 8.6 0.28 1.4 3.1 0.09
8 349 7.1 19-22.3 155-29.0? 10.3 2.1 13 115 10.8 0.08 0.9 2.2 0.13
8 T 36 24.9 19-23.6 155-13.9 29.1 17 101 3.5 0.23 1.4 2.2 0.11
8 8 B8 42.1 19-23.3 154-58.6 6.3 6 222 11.9 0.59 3.3 2.7 0.07
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1970 HR

8
13
15
17
17

0
16
20
22

MN

38
0
5
5

15

59
12
50
49
45

51
9
9

47

57

41
22
29

6
42

49
34
38
17

9

16
24
33
36
37

SEC

16.4
26.9
31.0

7.2
48.1

45.6
36.3
12.7
30'3
59.1

8.7
32.3
48.6
34.8
5l.7

38.2
50.6
36.7
46.4
57.4

21.5
12.9
12.5
59.3

8.6

16.2
22.9
36.5
28.0
19.7

LAT N

19-19.3
19-23.6
19-11.1
19-23.7

19'2205
19-26.4
19-20.5
19‘2602
19-25.3

19-21.3
19'270 1
19"19. l
19-19.8

19-‘0802
19-24.2
19-23.2
19-12.8

19-18.2
19-20.5
19‘5903
19-21.8

19-20.1
19-20.3
19-23.6
19-27.4
19-24.3

LONG W

155- 7.5
155-24.1
155-36.9
155-25.2
155-12.8

155- 2.8?
155-22.0
155- T.7
155-27.3
155-16.7

155-12.0
154-58.1?
155-12.0
155-23.7
155-25.8?

155-22.9?
155-25.6
155-47.6
155-17.0
155-26.77

155-15.9
155-26.5
155-34.8
155-10.5
155-26.0

155-26.1
155-12.8
155-14.9
154-49.27
154-49.47

SUMMARY UF SEISMIC EVENTS (CONTINUED)
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246
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970

MAR 12
12
12
12
13

13
13
13
13
14

14
14
15
15
15

15
15
15
15
15

15
15
15
16
16

16
16
16
17
17

HR

10
16
20
21

5

17
19
23
23

8

11
18

MN

34
44

7
25
49

53
11
43
44
51

15
38
17
20
51

14
56
33
22
21

50
40
16

6
18

25
59
49
59
27

SEC

15.1
55.1
29.8
12. 8

9.1

42.5
18.7
41.2
12.7
23.9

9.0
25.6
25.6
37.8
14.9

31.6
39.8
54,2
23.7

8.2

6.6
4T7.6
34.9
51.6
45.3

45.6
34.2
28.17
53.3
57.2

LAT N

19-21.9
19-26.9
19-23.3
19-20.7
19-23.4

19‘1608
19-26.6
19-24.4
19-17.9
19-23.3

19-25.8
19-14.1
19-20.3
19-19.7
19-13.5

19-15.3
19- 0.5
19-18.5
19-29.5
19-30.7

19-32.1
19-2903
19-22.6
19-2707
19-24.1

18-48.6

20-28.4
19-20.1
19-23.6
19‘2305

LONG W

155-14.6
154-49.67
155-24.9
155-10.0
155-24.6

155~ 4.1
155-25.1
155-16.6
1565-22.7
155-37.2

156- 3.3
155-28.1?
155- 8.7
155- 8.9
155-23.4

155-24.7
155-18.27
155- 1.6
155-13.67
155-16.6?

155-18.87
155- 7.1?
155-45.3
155-42.1
155-25.5

155-34.9?
156- 2.2?
155-10.5
155-17.67?
155-17.2

DEPTH
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GAP DMIN
137 1.2
297 1.6
70 6.4
173 2.0
76 6.3
241 13.9
124 6.7
89 1.2
299 14.5
116 12.5
301 17.1
302 14.1
261 3.6
264 4.3
189 12.4
213 9.4
289 36.2
238 16.0
342 10.4
329 10.0
325 12.5
349 19.2
261 20.2
118 13.4
72 8.1
293101.4
164159.3
243 3.2
61 1.5
140 0.7
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0.13
1.20
0.20
0.18
0.08

0.03
0.30
0.28
0.32
0.41

0.59
0.17
0.07
0.19
0.25

0.30
0.75
0.2C
0.13
0.01
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970

MAR 17
17
17
17
17

17
17
17
17
17

17
17
17
18
18

18
18
18
18
18

18
18
18
18
18

18
18
18
18
18

HR

10
11
12
15
19

19
19
21
21
21

21
22
23
0
2

(= e N« B RV

o~w~No>rO>O

MN

37
23
15
45
21

50
59
4
7
23

49
51
13
11
36

29
21
23
37
41

53
55
57
48

3

5
34
53
47
12

SEC

Se1
35.9
53.6
45.2
17.0

44.0
33.3

2.8
32.5
42.4

19.6
14.2
38.7
55.7
48.4

48.8

6.5
30.7
26.6
33.2

0.4
35.0
49.5
55.7
50.3

35.5

27.8

4.6
23.4
22.9

LAT N

19’2“03
19-25.4
19‘2008
19-23.7
19’2205

19-21.5
19‘2401
19'2302
19‘2300
19-23.2

19-20.9
19-23.4
19-2304
19-2304
19-23.3

19’2308
19-18.3
19-22.7
19-2006
19-15.8

19-23.6
19-21.9
19-23.3
19-17.3
19-23.3

19-23.6
19-23.7
19-23.5
19-23.4
19-23.4

LONG W

155-27.2
155-15.0
155-15.8
155-17.2
155-24.2

155- 7.9
155-25.1
155-17.1
155-17.6
155-17.2

155-12.6
155-17.2
155-17.5
155-17.1
155-17.4

155-17.3
155-11.6
155- 304
155- 1.9

154-55.9?

155-17.3
155- 4.4
155-17.0
155-16.4
155-17.2

155-17.1
155-17.4
155-17.0
155’1704
155-17.3

DEPTH

11.8
11.4
12.0

1.9
10.4
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SUMMARY OF SEISMIC EVENTS

1970

MAR 18
18
18
18
18

18
18
19
19
19

19
19
19
19
19

19
19
19
19
19

20
20
20
20
20

20
20
20
20
20

HR

16
18
19
19
19

19
21

~owWnPsH O

10
12
13
13

MN

43
38
21
27
43

52
37
37
11
51

8
34
53

8
21

17
46
8
8
31

10
46
49
19
41

31
5
42

55

SEC

2.8
59.5
51.5
31.9
59.4

LAT N

19‘22.6
19°4105
19-2306
19‘23."

19-23.3
19‘23.0
19‘23.5
19-56.8
19-27.7

19-23.4
19-23.7
19-28.0
19-23.4
19-21.8

19-23.5
19-?0-5
19-15.4
19-23.6
19‘23.4

19-21.4
19-20.2
19-23.6
19-23.5
19-23.8

lq°23o7

19-23.5
19-23.3
19-21.8
19-20.4

LONG W

155-57.3?
155-16.9
155-24.0
155-17.5

155-17.2
155-38.9?
155-17.1
155-34.17
155-15.4

155-17.2
155-17.0
155-14.9
155-17.57?
155- 3.0

155-17.1
155-16.8
155" 6.1
155-17.8?
155-17.1

155- 8.9
155-25.6
155-17.3
155-17.1
155-17.2

155-14.6
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN FRT ERH ERZ MD

MAR 20 16 3 28.9 19-23.1 155-16.8 3.1 0.8 6 149 0.6 0.04 0.4 0.3 0.03
20 16 55 8.4 19-10.1 155-39.4 7.6 7 221 9.8 0.35 2.9 1.2 0.12
20 17 54 4l.4 19-23.1 155-17.2 2.9 1.3 13 59 0.9 0.05 0.3 0.7 0.08
20 18 13 39.2 19-23.4 155-17.1 2.7 0.3 9 93 0.5 0.08 0.2 0.5 0.04
20 22 52 36.2 19-16.7 155-52.97 1.3% 2.4 15 267 27.1 0.62 3.7 0.53
20 23 17 57.8 19-24.0 155-23.6 7.8 2.0 14 109 6.9 0.10 0.8 0.8 0.17
20 23 19 27.3 19-19.0 155-12.7 T.6 11 234 5.5 0.31 1.9 0.8 0.17
20 23 21 27.4 19-23.6 155-17.4 0.9 -0.3 7 141 1.1 0.11 0.3 1.1 0.04
21 0 11 51.5 19-23.4 155-17.1 2.6 6 142 0.5 0.27 0.6 1.5 0.05
21 1 4 26.8 19-19.3 155-10.7 8.1 9 260 4.7 0.43 1.7 2.8 0.16
21 1 11 10.1 19-23.8 155-14.8 4.2 6 25¢ 3.2 0.12 0.4 0.5 0.01
21 1 33 53.5 19-23.0 155-14.7 3.0 1.3 10 102 2.3 0.13 1.0 0.7 0.19
21 1 49 4.0 19-17.5 155-16.0 8.5 1.6 17 228 5.3 0.21 1.2 0.6 0.16
21 1 51 1.9 19-23.3 155-17.3 1.7 0.l 7 152 0.9 0.10 0.3 0.8 0.03
21 2 21 S54.8 19-23.8 155-17.3 2.7 1.3 10 87 1.2 0.05 0.3 0.3 0.08
21 2 22 36.0 19-23.7 155-17.4 2.1 0.8 9 100 1.3 0.11 0.6 0.8 0.10
21 3 57 24.6 19-23.7 155-17.1 2.0 0.7 9 107 0.8 0.09 0.2 0.6 0.05
21 4 45 10.3 19-23.2 155-17.4? 2.8 1.2 12 61 1.1 0.06 0.4 0.8 0.08
21 5 42 47.8 19-19.9 155-24.5 10.6 1l.4 9 227 2.2 0.17 1.2 1.1 0.10
21 5 43 40.7 19-19.0 155-24.8 11l.2 8 287 3.5 0.32 2.1 0.6 0.10
21 7 2 26.3 20-14.8 154-59.2? 4.6% 6 355101.7 6.10 22.3 0.16
21 7 55 40.3 19-20.6 155-10.4 1l4.4 9 248 2.4 0.23 1.6 1.5 0.05
21 9 S 17.2 19-18.1 155-23.4? 8.0% 6 336 15.2 2.08 54.5 0.54
21 10 14 29.4 19-18.0 155- 6.6 6.4 2.1 14 215 9.2 0.25 1.5 0.9 0.16
21 12 36 3.9 19-23.0 155-17.62? 3.2 1.3 12 67 1.6 0.07 0.5 0.5 0.12
21 14 2 29.1 19-23.7 155-16.1 4.4 1.9 10 124 1.4 0.11 0.5 0.8 0.10
21 15 51 54.5 19-23.8 155-16.0 4.5 1.8 11 89 1.6 0.11 0.5 0.9 0.1l
21 16 8 29.5 19-23.4 155-17.3 2.2 1.3 10 97 1.0 0.03 0.2 0.2 0.03
21 17 32 34.5 19-24.1 155-16.2 4.7 9 199 1.6 0.50 1.6 2.6 0.10
21 18 58 38.9 19-23.3 155-17.1 3.6 1.1 12 95 0.5 0.04 0.3 0.2 0.07
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

(017

1970 HR MN SEC LAT N LONG W DEPTH MAG NGO GAP DMIN ERT ERH ERZ MD
21 21 21 19.3 19-23.5 155-17.7 2.6 1.4 11 63 1.6 0.06 0.4 0.4 0.10
21 21 55 24.0 19— 2.9 155-19.7 44.2% 2.8 27 262 32.0 0.24 1.9 0.26
21 23 47 46.0 19-23.6 155-17.2 2.1 6 136 0.9 0.12 0.3 0.7 0.02
22 0 8 35.3 19-23.4 155-17.3 2.6 10 96 0.8 0.03 0.2 0.2 0.05
22 0 31 20.0 19-23.8 155-14.8 2.9 8 193 3.1 0.04 0.2 0.1 0.03
22 0 38 25.0 19-19.5 155-17.2 0.3 7 239 1.2 0.65 1.2 3.3 0.04
22 1 5 42.1 19-23.8 155-17.7 1.7 - 7 147 1.7 0.03 0.2 0.3 0.01
22 1 5 44.7 19-51.6 155-44.4? 6.7 2.1 13 165 19.5 0.99 5.3 28.7 0.46
22 1 11 25.9 19-23.5 155-17.2 2.6 6 14C 0.7 0.21 0.4 1.2 0.04
22 1 15 56.0 19-23.4 155-15.2 3.1 10 91 2.3 0.07 0.5 O.4 0.12
22 119 9.1 19-23.1 155-15.3 6.5 1.7 16 66 1.6 0.06 0.5 0.4 0.10
22 1 33 32.8 19-23.8 155-17.4 2.8 11 102 1.4 0.06 0.4 0.4 0.1l0
22 2 2 0.3 19-23.3 155-17.2 3.6 8 113 0.7 0.11 0.7 0.9 0.09
22 2 5 49.4 19-23.8 155-17.5 5.8 2.4 16 59 1.5 0.08 0.6 0.6 0.15
22 3 34 25.5 19-21.6 155-13.5 11.8 9 293 3.1 1.62 7.9 6.8 0.17
22 4 2 27.5 19-23.1 155-14.3 5.4 6 273 2.9 0.23 0.7 1.0 0.02
22 4 48 4.1 19-21.9 155-20.5 29.4 2.6 21 117 3.7 0.19 1.1 1.8 0.13
22 4 53 1.9 19-23.9 155-14.8 2.9 8 200 3.4 0.07 0.4 0.2 0.04
22 5 3 37.8 19- 6.7 155-29.4 8.9 9 335 27.1 0.66 7.7 6.6 0.30
22 5 11 21.6 19-23.2 155-17.3 3.2 12 61 0.9 0.05 0.3 0.3 0.10
22 5 54 6.9 19-23.3 155-17.0 0.6 8 93 0.5 0.21 1.1 3.0 0.2C
22 8 17 13.5 19-22.4 155-17.5 0.7 6 126 2.3 0.32 0.5 5.6 0.06
22 14 15 15.0 19-16.6 155-26.2 6.7 2.5 14 194 8.4 0.16 1.1 0.9 0.18
22 15 58 50.7 18-43.0 155-15.0 17.9% 3.0 16 320119.3 0.47 3.8 0.20
22 17 19 18.8 19-22.8 155-15.4 6.0 2.1 14 77 1.2 0.08 0.6 0.6 0.12
22 17 33 44.2 19-23.9 155-16.4 0.0 11 77 1.1 0.08 0.4 1.6 0.13
22 18 3 43.3 19-24.5 155-17.1 0.1 1.0 12 115 0.7 O0.1l1 0.5 4.4 0.12
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT RH ERZ MD
MAR 22 19 14 20.2 19-23.2 155-17.4 3,9 2.1 15 62 1.1 0.08 0.4 0.8 0.12
22 20 3 59.0 19-23.3 155-14.9 3.7 1.3 9 172 2.4 0.16 0.6 1.4 0.09
22 20 24 55.5 19-23.6 155-14.6 2.8 1.3 9 191 3.2 0.08 0.4 1.1 0.06
22 21 26 10.5 19-23.3 155-17.6 4.8 2.4 16 64 1.4 0.07 0.4 0.6 0.1l4
22 23 40 20.7 19-23.7 155-17.4 0.4 0.8 7 136 1.1 0.09 0.3 2.2 0.04
23 1 38 44.9 19-23.8 155-17.5 0.7 OC.7 9 90 1.4 0.08 0.2 1.2 0.05
23 5 20 36.3 19-23.9 155-17.0 2.1 1.2 9 115 0.9 0.10 0.3 0.6 0.05
23 6 39 54.2 19-23.5 155-15.1 3.2 1.6 9 175 2.4 0.10 0.6 1.2 0.08
23 7 27 25.3 19-14.4 155-32.0? 6.5% 5 225 9.0 1.43 11.6 0.25
23 15 45 22.7 19-24.0 155-17.3 1.6 1.0 8 125 1.4 0.03 0.2 0.7 0.03
23 22 0 41.3 19-21.7 155-25.3 10.7 2.3 16 111 4.5 0.08 0.6 0.4 0.12
23 22 6 37.1 19-27.4 155-50.5 6.7 2.3 16 176 10.9 0O.1l1 1.1 U.6 0.12
23 22 54 4.2 19-21.7 155-25.9 9,1 2.9 18 115 5.3 ©€.09 GC.7 0.5 0.l4
26 1 46 18.2 19-19.9 155-15.9 31.6 18 185 2.6 0.23 1.3 1.9 0.12
24 B 4 S51.1 19-20.4 155- 9.1 8.7 2.0 16 198 3.0 0.17 1.2 0.6 0.16
26 15 16 44.9 19-23.4 155-1T7.4 4,7 2.3 16 61 1.0 0.11 0.6 1.0 0.16
24 15 17 45.3 19-23.6 155-17.5 5.8 2.7 16 51 1.3 0.09 0.7 0.7 0.22
24 20 6 54.9 19-22.1 155-24.3 5.5 2.2 15 85 4.0 0.08 0.7 0.9 0.16
24 20 17 54.2 19-23.0 155-15.4 6.1 2.4 16 66 1.3 0.07 0.5 0.5 0.11
24 22 19 8.9 19-23.4 155-17.2 2.3 1.5 13 93 0.7 0.04 0.3 0.3 0.08
25 2 38 29.5 19-23.4 155-16.9 6.0 2.5 17 75 0.2 0.08 0.7 0.5 0.16
25 10 37 56.1 19-10.8 155-35.0 10.7 2.4 15 252 8.5 0.38 2.7 0.9 0.1l4
! 25 15 33 46.8 19-23.8 155-17.4 2.7 1.6 13 85 1.4 0.03 0.2 0.2 0.06
25 15 34 11.5 19-23.7 155-17.4 2.5 1.6 13 85 1.3 03.03 0.2 0.2 0.07
26 3 47 34.9 19-46.0 155-23.7? 22.6 14 221 6.3 0.43 2.1 4.1 0.08
26 3 48 27.1 19-25.9 155-34.4 2.7% 7 145 20.7 0.13 1.0 0.15
26 9 54 39,9 19-17.7 155-13.6 10.2 2.6 19 203 8.1 0.17 1.1 2.5 O.16
26 11 10 5.7 19-23.3 155-24.8 13.1 13 78 6.3 0.05 0.5 1.1 0.08
26 11 27 47.8 19-15.8 155-13.3 8.2 10 241 10.8 0.40 2.2 1.2 0.15
26 11 31 51.7 19-18.4 155-13.6 1ll.4 2.7 14 200 6.8 0.11 0.9 0.8 0.10
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
MAR 26 13 40 22.3 19-20.3 154-58.6? 9.7 9 252 16.9 0.43 4.6 3.3 0.13
26 18 28 6.6 19-22.2 155-24.9? 11.7 13 167 4.7 0.14 1.2 0.6 0.15
26 20 11 9.2 19-23.5 155-17.1 2.7 7 138 0.5 0.07 0.2 0.4 0.02
26 20 18 10.7 19-22.9 155-22.8 0.0 10 112 4.9 0.22 1.0 3.4 0.23
26 21 17 46.0 19-22.5 155-19.8 0.2% 10 99 2.2 0C.10 0.5 0.13
27 1 34 44.6 19-24.6 155-28.37? 11.0 2.1 17 89 11.9 0.13 0.7 0.8 0.13
27 3 12 23.8 19-17.5 155-13.9 7.9 13 246 7.8 0432 1.6 0.9 0.14
27T 6 6 51.0 19-22.0 155-24.0 93 1.9 11 193 3.4 0.17 1.1 0.9 0.13
27 6 56 44.5 19-20.7 155-12.1 1.6 16 201 2.7 0.20 1.2 0.7 0.19
27 9 57 6.7 19-21.8 155-28.7 11.5 1.4 11 134 9.9 0.09 1.4 3.0 0.l1
27 13 27 16.2 20-15.3 155-31.6 8.0% 3.1 19 195132.5 0.28 2.9 0.26
27 18 22 16.4 19-21.9 155-24.3 8.3 8 214 3.6 0.78 1.9 4.7 0.11
27 20 38 40.5 19-18.3 155-13.7 9.5 2.2 18 225 7.1 0.23 1.4 0.6 0.18
27 21 14 39.4 19-21.1 155-25.0 10.9 2.0 16 125 3.4 0.l11 1.0 1.8 0.18
27 23 15 28.3 19-20.3 155-19.7 57 1.5 12 173 4.1 0.26 0.7 2.0 0.11
28 1 56 37.8 19-23.0 155-28.1 9.9 2.3 20 81 9.9 0.07 0.6 0.5 0.17
28 6 52 26.4 19-19.6 155-19.7 9.2 1.6 14 202 4.1 0.09 0.5 0.5 0.08
28 13 2 16.1 19-19.2 155-15.8 8.0 1.7 17 212 3.2 0.14 0.9 G.4 0.15
28 15 22 38.8 19-24.7 155-24.3 11.0 13 127 8.2 0.06 0.5 0.4 0.08
28 21 22 51.9 19- 8.7 155-32.1 6.6 9 169 12.3 0.11 1.1 (.9 0.10
28 21 23 59.2 19-22.1 155- 7.3 9.4 1.5 19 283 4.8 0.33 1.9 0.8 0.29
29 9 46 27.6 19-20.0 155- 9.2 8.9 2.0 19 200 3.6 0.18 1.3 0.7 0.21
29 15 4 5.6 19-24.3 155-17.4 13.5 17 54 0.7 0.05 0.6 0.5 0.10
29 16 4 49.1 19-20.1 155-17.8 7.8 1.7 17 165 0.7 0.08 0.6 0.5 0.12
29 17 18 15.4 19-18.5 155-15.9 8.3 1.9 17 200 3.9 0.14 0.9 0.6 0.15
29 22 2 51.9 19-20.2 155-13.4 8.3 1.5 18 193 3.5 0.13 0.9 0.5 0.16
29 22 59 14.1 18-58.2 155-30.3? 1.1 6 314 33.1 3.96 28.5 42.0 0.14
30 2 35 26.7 19-31.7 155-15.4 27.8 4.3 23 77 10.9 0.12 0.7 1.6 0.12
30 3 12 12.2 19-19.5 155-25.8 6.9 2.0 12 174 4.6 0.16 1.1 1.3 0.18
31 10 11 S2.6 19-23.7 155-15.3 3.3 1.8 10 163 2.6 0.4 1.0 0.07
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SUMMARY UF SEISMIC EVENTS (CONTINUED)

1970

MAR 31
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Table 3.--Felt earthquakes

Date Time Magnitude Felt report
H M S
Jan 2 12 20 32.6 3.3 Kealakekua
3 15 06 27.8 2.9 Hilo
27 09 09 09.1 3.8 Hilo, Mt. View
Feb 4 06 08 25.2 3.1 Kapapala Ranch
5 00 20 53.3 3.5 Kapapala Ranch
17 20 42 35.2 3.4 Kapapala Ranch
Mar 2 14 30 02.9 4.0 Pahoa, Hilo,
Laupahoehoe,
Kapapala Ranch
18 06 23 30.7 4.1 Paauilo, Hilo
19 08 46 20.0 3.0 Paauilo
30 02 35 26.7 4.3 Hilo, Paauilo
Kapapala Ranch,
Kamuela, Mt. View,
Volcano
31 22 30 02.3 3.8 Kapapala Ranch

b4
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Figure 2.--Plot of epicenters in the Kilauea region. Triangles are
seismometer locations. Kilauea Caldera and the major pit craters
on the east rift are shown in outline. The Pacific Ocean lies in
the lower right portion of the illustration.
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Figure 3.--Response curve for System II, EV-17, Teledyne
seismic preamplifier.
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Table 4.--U.S. Geological Survey seismograph stations in Hawaii
[on island of Hawaii unless otherwise stated]

Station Symbol Location Instrumentation Recording Timing
Uwekahuna UWE 19° 25.4'N, 155° 17.6'W a) 15-90 Press Ewing system Local drum recorded HVO master chron.
: b) HVO-1 vertical system " (RM-USGS)
c) Sprengnether short period " "
vertical and horizontal (E-W)

Mauna Loa MLO 19° 29.8'N, 155° 23.3'W EV-17/system 1 HVO Develocorder "
Mauna Loa X MLX 19° 27.6'N, 155° 20.7'W EV-17/system I " "
Ahua AHU 19° 22.4'N, 155° 15.9'W HVO-2/system I " "
Desert DES 19° 20.2'N, 155° 23.3'W EV-17/system 1 " "
North Pit NPT 19° 24.9'N 155° 17.0'W EV-17/system I " "
West PitL/ WPT 19° 24.7'N, 155° 17.5'W HS-10/system I " "
Kipuka Nene KPN 19° 20.1'N, 155° 17.4'W EV-17 system 1 " "
Outlet 0TL 19° 23.4'N, 155° 16.8'W EV-17/system 1 " "
Cone Peak CPK 19° 23.7'N, 155° 19.7'W EV-17/system 1 " "
Makaopuhi MPR 19° 22.1'N, 155° 9.8'W EV-17 system 11 " "
East Koae EKO 19° 21.8'N, 155° 15.3'W EV-17/system I " "
ALoi2/ ALO 19° 22.0'N, 155° 12.8'W  EV-17/system 1 " "
Glenwood3/ GLN 19° 29.0'N, 155° 9.9'W EV-17/system II " "
Puu Huluhulu PHH 19° 22.5'N, 155° 12.5'W EV-17/system II " "
Kahuku KHU 19° 14.9'N, 155° 37.1'W EV-17/system II " "
Hale Pohaku HPU 19° 46.6'N, 155° 27.3'W EV-17/system II " "
Pohoai/ PAX 19° 29.1'N, 154° 55.8'W EV-17/system 11 " "
Puu Honuaula PHO 19° 28.9'N, 154° 53.4"W EV-17/system I1 " "
Waiohinu WAO 19° 3.6'N, 155° 36.6'W EV-17/system II " "
Hilo HIL 19° 43.2'N, 155° 5.3'W a) HVO-1 vertical system

b) Wood-Anderson NS and EW Local drum recorder RM-USGS
Kamuela KAM 20° 2.1'N, 155° 42.2'W EV-17/2.0 cps galv " TS-100
Kealakekua KLK 19° 31.2'N  155° 55.3'W EV-17/3.5 cps galv (vertical) "

EV-17H/3.5 cps galv (NS and EW) " RM-USGS
North Bay NBY 19° 29.7'N, 155° 34.8'W HS-10/Geotech PTA " RM-USGS
Maui (Hakeakala)  HAL 20° 46.0'N, 156° 15.0'W HVO-1 vertical system " TS-100

: Wood-Anderson NS and EW

Oahu (EWA Beach)  KIP 21° 19.0'N, 158° 1.0'W HVO-1 vertical system " Local chronometer

1/

="HS-10 replaced by Benioff 4681A (vertical, 1.0 second period).

2/

—'Aloi discontinued on April 15, 1970.

3/

~"Glenwood temporarily discontinued April 30, 1970.

4/

~ Pahoa discontinued April 15, 1970.

Replaced by Puu Honuala (PHO).
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Table 5.--Seismic instrumentation

Seismometers
EV-17 Electrotech EV-17 1.0 sec. period moving magnet
: vertical component seismometer

EV-17 H Same as above, but horizontal component

HS-10 Hall-Sears 0.5 sec. period moving coil seismometer

HVO-2 0.8 sec. period moving coil seismometer

Seismographs

HVO-1 Vertical-component electromagnetic seismograph with
a peak magnification of about 20,000 at 0.25 sec.
period.

15-90 Press-Ewing System: 3-component long period Press-
Ewing seismograph system with pendulum and
galvanometer periods of 15 and 90 seconds,
respectively.

EV-17/3.5 cps galv, EV-17 H/3.5 cps galv, etc.: Short period
electromagnetic seismographs composed of the
seismometers and galvanometers indicated. Response
similar to HVO-1l. Poorly calibrated.

Amplifier and signal transmission systems

System I: HVO-built solid state seismic preamplifier
(voltage gain, 200x), direct signal transmission over
"hard" wire to HVO, HVO-built solid state amplifier
and galvanometer driver.

System II: Develco or Teledyne seismic preamplifier—-
voltage controlled oscillator, signal transmission on
audio FM carrier over "hard" wire or FM radio link to
HVO, discriminator.

Geotech PTA: Short period Geotech photo-tube amplifier.

Timing systems

RM-USGS: Crystal-controlled chronometer employing
solid-state binary dividers to produce minute and
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hour marks. Typical drift rates are a few milliseconds
per day.

TS-100: Sprengnether crystal controlled chronometer.

Output and performance characteristics are similar to
those of RM-USGS.

5. Telemetered system response

The peak magnification of the standard telemetered systems
(System II, with the film strip magnified 20 times for
viewing) is about 2 x 109 at a period of 0.1 second. For
periods between 0.1 and about 1.0 second, the response falls
off 6 db/octave. (fig. 3)
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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.
The attitude of the ground surface at each tilt-base is reported in
terms of north-south and east-west tilt coordinates. Both coordi-
nates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tllt coordinates
correspond to northward and eastward tilting of the earth's surface;
that is, to a relative subsidence toward the north and east. A one-
unit change in coordinate corresponds to a tilting of 1 microradian
(1 mm per km) in the direction indicated.

Location of and essential data on each tiltmeter station are
listed in table 8, which is published only in the first quarter issue
each year.

Table 6.--Tilt Coordinates at Uwekahuna, January,

February, and March, 1970

T
Date i Date _ _
(1970) N-8 E-W 0 (1970) N-5 E-W
Jan. 4 544 402 Mar. 1 552 384
11 546 395 | 8 552 385
18 548 392 15 553 386
25 547 391 22 557 381
Feb. 1 548 391 | 29 559 379
8 550 383 |
15 551 386 |
22 551 386 E
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Table 7.--Tilt coordinates and changes at bases around Kilauea caldera. (See fig.

4)

Rate (10'_6 rad/mo)

Tilt base Date Tilt Coordinates and direction of Date of last
(1970) N-S E-W tilting since reading
last reading (1969)

Uwekahuna (U on fig. 4) 27 Feb 606.0 357.2 7.55 N46.7°W 3 Dec

Tree Molds (TM) 9 Feb 485.6 495.8 3.79 N21.6°W 30 Oct

Sand Spit (SS) Not read this epoch

Keamoku (Kea) . 11 Feb 530.1 375.1 3.81 N79.7°W 27 Oct

Ahua Kamokukolau (Kam). Not read this epoch

Kipuka Nene (KN) 13 Feb 295.5  /s507.5 0.95 S17.6°W 28 oOct

Hilina Pali (HP) Not read this epoch

Kapapala Ranch  (Kap). 11 Feb 487.7 519.3 1.72 S63.8°E 27 Oct

Mehana ™) 9 Feb 579.2 587.0 2.36 N45.4°E 30 Oct

1/

— The hundreds digit of the E-W tilt coordinate of Kipuka Nene is 5 instead of 3 as

last 10 summaries.

reported in the
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TILTING RATE 2.5 X 107¢ RADIANS/MONTH
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Figure 4.--Tilting of the ground around Kilauea Caldera between Oct. 27, 1969,
and Feb. 9, 1970. The vector depicting tilting at a given tilt base
points in the direction of maximum relative subsidence, and its length is
proportional to the rate of tilting during the measurement interval.
Closed circles represent field tilt bases; open circles, short-base water-
tube tiltmeters. See table 7 for explanation of abbreviations.
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Table 8.--U.S. Geological Survey water—-tube tiltmeter

stations in Hawaii

Location Frequency Base
Station Symbol of length | Description
Lat. N. Long. W. reading M
Tree Molds ™™ [19° 26.3'|155° 17.3'| Quarterly| 50.79 | NS. and EW.
Sand Spit SS  [19° 24.1'|155° 16.8'| ---do—--- | 25.40 | Equilateral
triangle.
Keamoku Kea [19° 25.1'|155° 19.0'| —---do—-- | 47.55 Do.
Ahua
Kamokukolau Kam {19° 22.7'[155° 16.6'| -—-do--- | 50.79 Do.
Kipuka Nene KN |19° 19.4']|155° 16.7'| ---do--- | 50.79 Do.
Hilina Pali HP |19° 18.2'|155° 18.6'| ---do--- | 47.73 Do.
Kapapala
Ranch Kap [19° 20.5'{155° 23.8'| ---do--- | 50.79 Do.
Mehana M 19° 26.2'|155° 14.3'{ ---do--- | 25.00 Do.
Uwekahuna U 19° 25.5'|155° 17.4'| ---do-—- | 50.79 Do.
Uwekahuna
Vault 19° 25.4'{155° 17.6' | Daily 3.48 | NS. and EW.
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INTRODUCTION

During the last few years the Hawalian Volcano Observatory's
seismic network has undergone important changes. The telemetered
network around the summit of Kilauea has been reinforced and extended,
and more stations (mostly telemetered by radio) have been added to the
broader Island of Hawaii network (fig. 1). All the telemetered stations
are recorded side by side, along with the Uwekahuna chronometer and the
WWVH radio trace, on a single 16 mm film strip on a Develocorder at the
Observatory. Outstation timing has also been improved substantially by
the use of crystal chronometers instead of the old mechanical ones. As
a result of these improvements, the volume of usable recorded seismic data
has increased tremendously, both in the number of statioms available for
each earthquake and in the number of earthquakes that are sufficiently
well recorded to be located.

Detailed studies of microearthquakes in California and Nevada by
the Geological Survey's National Center for Earthquake Research (NCER)
have generated similar voluminous sets of seismic data. Efficient
computer-oriented procedures for data reduction and computer programs
for data analysis have been developed and used extensively at NCER.

The HVO seismic data are now being analyzed by a joint HVO-NCER team,
and the methods and computer programs used are virtually identical with
those employed with other networks at NCER.

Seismogram readings are punched on computer cards to provide an
input deck for use in the location program HYPOLAYR (Eaton, 1969), which
generates an output deck summarizing the solution of each event. The
output deck is a convenient source of material for further analyses of
the earthquakes, and the input deck is saved for possible reanalysis
when better velocity-depth models of the crust are worked out. The
velocity-depth model currently used in the determination of hypocenters
(as tabulated below) is based on very limited data and represents a
broad average of crustal structure along the Hawaiian Ridge. It is
anticipated that further refinements in the model will not lead to large
changes in hypocenters calculated for events within the network, but
hypocenter solutions for some 'poorly controlled" events outside the
network may be changed substantially,

Velocity model used for locating earthquakes in Hawaii
(Eaton, 1962)

Depth to top of layer Layer velocity
(km) (km/sec)
0.00 3.90
3.10 5.00
11.20 6.80

14.80 8.25
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Figure 1.--Map of the Island of Hawaii showing seismograph stations

operated by the U. S. Geological
and selected geologic features.
are given in table 2 in terms of

Survey, principal settlements,
Epicenters of local earthquakes
geographic coordinates, which

are indicated at the edges of the map.



To permit more adequate reporting of results on individual earth-
quakes and to bring the HVO earthquake reports into conformity with
those produced at NCER, some revisions in the format of the HVO summary
are required. Beginning with the first quarter 1970 the following
changes were introduced:

a) The list of local earthquakes includes all events for which
satisfactory hypocenters can be determined., This list
includes statistics on the hypocenter determination as well
as a summary hypocenter quality rating.

b) A map of epicenters on and near Kilauea Volcano during the
quarter is included.

c) The station list is augmented to describe the timing system,
the type of preamplifier (for telemetered stations), and the
mode of recording.

d) The velocity-depth model of the crust used in the hypocenter
determinations is described.



SUMMARY OF PRINCIPAL EVENTS

Eruptive and intrusive activity

The long-lived upper east rift eruption that began in May of 1969
continued through this period. The shield that grew around the central
vent of this eruption was informally named Mauna Ulu ("Growing Mountain"
in Hawaiian) early in 1970; this name was soon adopted formally.

The first two years of the Mauna Ulu eruption were described by
Swanson and others (1971). The period covered by the present summary
was principally a time of rapid growth of the Mauna Ulu shield. Growth
was sustained by repeated brief periods of overflow with or without ac-
companying fountains up to 20 or 30 m, adding scores of thin layers of
pahoehoe around the central vent. Ground deformation over the summit
reservoir was virtually negligible during this type of activity, sugges-
ting a state of dynamic equilibrium. Two distinct events, however,
punctuated this period of remarkable shield building; one began in early
April and the other in mid-May.

At 0830 April 9 a new radial fissure was discovered on the southwest
flank of Mauna Ulu. In a period of several hours, the fissure grew about
1.5 km to the southwest, crossing the floor of Aloi Crater en route. When
the fissure was discovered, lava was gushing from where it cut the floor
and east wall of Aloi, and small flows that had quietly ocozed from the
fissure immediately southwest of the crater had already puddled and were
cooling. By 1000 the crater was filled and overflowing to the south,

Although no one saw the onset of activity, examination of seismic and
tilt records suggests initial fissure formation at about 2200 April 8, fol-
lowed by the outbreak of lava at about 0600 April 9. The rate of summit
deflation and the frequency of earthquake activity near Aloi increased
slightly between 2100 and 2200, April 8. The frequency of local Aloi
quakes increased to 160/hr between 0400 and 0500, April 9, and there was
gome local tremor. The rate of summit deflation and the amplitude of
tremor both increased sharply at about 0600.

The new fissure erupted sporadically until about April 21, feeding
new flows that extended as much as 5.5 km to the south, and creating a
levee-contained lava lake in Aloi. This lake was perched above the pre-
April level of the crater rim at the height of activity, but subsided just
below the rim when activity ceased. The central Mauna Ulu vent appeared
to behave independently. Summit overflows added to the height of the shield
several times immediately preceding and during the Aloi filling.

On May 15 and 16 seismicity increased greatly from the area of Devil's
Throat on the upper east rift to the summit caldera (see following section)
and two episodes of minor summit collapse took place. Collapse amounted to
4 and 7 microradians, respectively, at Uwekahuna and was recovered entirely
by May 27. Small open cracks formed across the Chain of Craters Road near
Lua Manu. Analysis of subsequent tilt, level, and geodimeter surveys sug-
gested that these events resulted from the shallow intrusion of magma into
the southeast caldera-upper east rift area.
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In general, behavior of the active lava in the central vent at Mauna
Ulu appeared to be unaffected by the May 15-16 events. May 21 marked the
beginning of a new series of overflows there that lasted until late June.
By the end of June all vestiges of Aloi Crater were buried and the top of
the Mauna Ulu shield stood about 100 m above surrounding terrain.

Seismic activity around the summit of Kilauea

The swarm of shallow earthquakes that began on the morning of May 15
was centered in the Kokoolau Crater-Devil's Throat area of the upper east
rift. The activity started about 0435, at the rate of 1 to 3 quakes per
minute, The frequency rapidly increased, and for several hours during the
peak of activity the records were so obscured that earthquake arrival times
were impossible to read. Several of the quakes were felt locally.

By May 16, the initial seismicity near Kokoolau and Devil's Throat
had diminished, but high activity spread northwest toward the southeastern
rim of Kilauea Caldera. At about 0100, May 16, many quakes were centered
near the southern part of the caldera, and at 0200-0400 seismicity was
climaxed by a flurry of small quakes near Halemaumau. Shallow tremor
accompanied the May 15-16 events and together with minor summit deflation
suggest movement of magma. This earthquake swarm was studied in some
detail by Endo (1971).

Lower east rift earthquakes

Following a month of quiescence, lower east rift quakes picked up in
mid-April. Activity peaked on April 26, when nearly a thousand small shocks
recorded on the local Puna station (PHO). Activity leveled after a few days,
and shocks continued to occur in moderate numbers. The continued activity
prompted the installation of two temporary stations near the permanent
station, Puu Honuaula, making a small tripartite array with stations located
about 1 to 1-1/2 km apart. Signals were wired from the seismometer sites
to the base of Puu Honuaula, and transmitted over FM radio to the Observatory.
Recording was made on Develocorder 16 mm film. The data showed that activity
was centered near the 1955 vents (see HVO Summary 57).



SEISMIC SUMMARY

Events recorded by the U. S. Geological Survey seismograph network in
Hawaii fall into two categories:

1) TlLocal earthquakes and tremor originating in the region of the
Hawaiian Islands (usually within 100 km of at least one seis-
mograph),

2) Distant earthquakes originating more than 3,000 km from Hawaii.

As an index of seismic activity at Hawaiian volcanoes, daily counts of earth-
quakes and minutes of tremor recorded by seismographs in Hawaii are listed

in table 1. The earthquakes are separated in groups on the basis of region
of origin as determined by the analysis of records obtained daily at the
observatory (UWE, MLO, MI.X, AHU, DES, NPT, WPT, MPR, OTL).

Computer locations of well-recorded events are listed in table 2.
The location of each seismograph station is listed in table 4, along with
a description of the equipment at each station.



Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera

Tremor is separated into three categories: deep, intermediate, and shallow on the basis of relative
amplitude on seismographs in the summit region. Unless otherwise stated, tremor is presumed to be
associated with movement of magma within the central complex of Kilauea Volcano.

Earthquake categories are: Kilauea summit: 30 km, earthquakes from a source about 30 km beneath the
Kilauea summit region; long period, earthquakes characterized by low-frequency waves that originate
about 5 km or deeper beneath Kilauea summit; and shallow earthquakes in the Kilauea Caldera region.
Shallow earthquakes along the SW rift zone of Kilauea and the adjacent portions of the Kaoiki fault
system. Earthquakes from the upper east rift zone and the adjacent fault systems of Kilauea's south
flank. Shallow earthquakes along the northeast-trending Koae fault system south of Kilauea Caldera.
Earthquakes from other regions: west Hawaii, Mauna Kea, etc.

Tremor Number of Earthquakes
Date (m = minutes)
(1970) Kilauea Summit sw Rift | uppery! | LowerZ
Inter- Long and East East
Deep| mediate| Shallow| 30 KM| Period | Shallow |Kaoiki | Rift Rift Others | Remarks
April 1 o 3 1 597+ 14 64 1

2 o= 1 620+ 18 16 ?

3 ) 408+ 8 40 ?

4 ALA 4 282 6 33 ?

5 I eu 1 228 24 41 ?

6 eo™ 1355 11 83 ? Shallow Caldera

e % swarm 0925-1200

7 - 502 13 109 2

8 DT 1 196 13 75 2

9 - 66 11 26
10 T 2 48 6 11
11 320 5 103 15 17
12 o E 102 36 16+ 1
13 a3 2 117 33 12+
14 =0 4 129 28 10




Table 1.--Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera (cont'd)

Tremor Number of Earthquakes
(m = minutes) .
Date
(1970) Kilauea Summit SW Rift Upperl Lowergj
Inter- Long and East East
Deep| mediate| Shallow 30 KM | Period | Shallow Kaoiki Rift Rift Others| Remarks
April 15 ° 2 115 28 9 1
16 2 126 15 - 12
17 8 120 7 7
18 2 116 15 8
19 © 5 7 103 17 8 36
20 - 81 9 7 4
21 9 2 3 121 8 18 9
22 ® 4 177 17 19 8
23 i 3 216 14 14 80
24 | 33m 2 119 10 9 158
25 — 2 75 14 5? 409
26 2 1 1 75 11 6 956
27 — 3 3+ 114 13 17 754
28 Sy 1 102 17 13 800
29 o 2 126 13 10 267
30 s 129 23 6 386
i
May 1 23 93 8 5 303
2 B 38 78 13 5 625
3 g & 3 254 17 13 446
4 hoflh=y 222 15 6 186
5 %0 © 2 215 11 18 185
6 58 370 19 27 252
7 9« 277 12 45 140
8 a° 2 179 12 33 75
9 g3 1 78 16 27 63
10 s 2 72 18 38 30
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Table 1l.- -Number of earthquakes and minutes of tremor recorded on seismographs around
Kilauea Caldera (Cont'd)
Tremor Number of Earthquakes
(m = minutes)
(?;;8) Kilaueg Summit ‘SW Rift Upperl/ Lowergl
Inter- Long and East East
Deep | mediate |{Shallow | 30 KM { Period | Shallow({ Kaoiki | Rift Rift Others | Remarks
June 16 o 1 143 14 24 ?
17 | 39m g 11 132 15 11 ?
18 0 ©® 12 92 22 15 ?
19 89 71 123 11 23 ?
20 Mo o 18 80 14 11 ?
21 v a7 5 42 11 12 ?
22 I 10 151 22 19 ?
23 g .9 5 456 18 37 ?
24 Hgo 2 11 140 16 18 ?
25 - 1 88 8 7 ?
26 9m £ o a 1 51 12 12 ?
27 295 2 4 75 13 11 ?
28 3% 0 3 82 11 12 ?
29 °7S 5 57 12 12 ?
30 a2 1 319 16 15 34
P

1/ Upper East Rift count poor due to continuous

2/ Count taken from station Puu Honwaula (PHO).

tremor and traffic.




Computer analysis of the HVO network data permits the systematic treat-
ment of far more earthquakes than was possible previously. This extended
coverage should permit a more detailed examination of the relationship between
earthquakes and volcanism in Hawaii.

Table 2 is a chronological listing of successfully located earthquakes.
For each event the following data are presented:

Origin time in Hawaii Standard Time: date, hour (HR), minute (MN),
and second (SEC).

Fpicenter in degrees and minutes of North latitude (LAT N) and West
longitude (LONG W). Poor convergence of the epicenter solution is indicated
by "?".

Depth - depth of focus in km. Assumed depth is indicated by '"x".
Mag - magnitude, if determined.

NO —~ number of stations used in locating earthquakes.

GAP - largest azimuthal separation in degrees between stations.
DMIN -~ epicentral distance in km to the nearest station.

ERT - standard error of the origin time in seconds.

ERH - standard error of the epicenter in km.
ERZ - standard error of the depth in km.
MD - mean deviation of the time residuals. [= X Ri /NO] where

i
R. is the observed seismic wave arrival time less the com-

i
th .
puted time at the i station.
Q - solution quality of the hypocenter. This measure is intended

to indicate the general rcliability of each solution:

Q Epicenter Focal Depth
A excellent good
B good fair
C fair poor
D poor poor

11



Q is based both on the nature of the station distribution with respect
to the earthquake and the statistical measures of the solution. These
two factors are each rated independently according to the following
scheme:

Station Distribution

No GAP DMIN
A > 8 < 120° < DEPTH or 5 km
B > 6 < 150° < 2 x DEPTH or 10 km
c > < 225° < 50 km
> 4 < 180° ‘
D Others
Statistical Measures
ERH (km) ERZ (km) MD(sec) RMAX (sec) *
A <1.0 < 2.0 < 0.10 < 0.25
B < 2.5 <5.0 < 0.20 < 0.50
C < 5.0 < 0.30 < 0.75

D Others

Q is taken as the average of the ratings from the two schemes, that
is, an A and a C yield a B, and two B's yield a B. When the two
ratings are only one level apart the lower one is used, that is, an
A and a B yield a B (Hamilton and others, 1969).

The criteria for Q are the same as used by the Office of Earthquake
Research and Crustal Studies, U.S. Geological Survey.

*RMAX is the maximum residual

12



€1

SUMMARY OF SFISMIC EVENTS

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ wMp
APR 1 2 19 3AS.4 19'2309 155"1609 7.1 1.7 11 93 1.0 0.13 06 0.8 0,06
1 8 10 49,6 19-25,6 155=11.3 25.4 2.3 18 86 6.8 0,19 l.] 1.9 0.14
1 15 33 3‘)05 19’1“08 155"15.5 9.2 ?.4 18 198 4.0 0.12 VeQ 0.5 0.1‘
2 3 3 9.4 19-23,8 155-17,.2 3.0 1.8 13 86 1.0 0,03 0.3 0.2 0,07
2 4 58 12.2 l9~24.& 155“25.6? 11.1 ?.0 16 T7 807 0.06 0.6 0.3 0.12
¢ 5 ST 6.9 19-18,7 155=14,1 9.3 2.2 18 201 6,0 0,15 1.0 0.5 0,16
2 T 50 1e7 19-23.1 155-17.3 3.5 1.6 9 119 1.0 0,08 0eS5 0.9 0,09
2 12 13 21.7 19=22.0 155=-20.1? 9,7 2, 11 115 3.1 1419 2.7 6.9 0.36
2 18 18 4705 19-23.1 155’170h? 3.3 2o 13 65 1.5 0.0° O.6 OQ‘ OQIZ
2 14 2] 59.2 19-20.0 155=39,1 Te0 265 11 223 1040 0425 166 0.7 0,12
2 21 30 46,7 19=-20.1 155-34,27 3.2% S 212 10,9 273 16,6 0.72
2 22 45 38,5 19=23.3 155= 4.4 4,1 2.0 16 199 10.1 0,22 1.4 1.2 0,20
3 1 35 3¢9 19-23.4 155=17.6 2e4 1.8 12 69 1¢3 0,11 0e7 1l.¢ 0.16
3 5 lb 19.2 19-?506 155’2“.1 1095 2.2 15 63 7.0 0.03 0.5 004 0.09
313 20 24.¢ 19=23.4 155-14,.17 3.8 3 172 3.7 0.1/ Ve 2.0 0,06
3 13 30 29.4 19=26.2 155=24.2 97 7 18v 6,7 0,00 Vo6& 0.4 0,06
3 13 38 21e7 19-23.2 155-17.4 3.0 1.6 11 62 1.1 0,03 0.3 0.2 0,06
3 15 17 49,4 19‘2303 155"1702 3.0 le1 11 97 0.8 0.03 0.2 0.2 0,05
3 15 22 569 19Y=-23.8 155=-17,2 2.2 1.0 9 122 140 0.07 062 0.5 0,04
3 16 0 8.8 19-20.8 155-18.5 Se4¢ 2.0 12 141 2.4 0.14 0,4 1.1 0,07
3 16 472 5.7 19=23.1 155=17.47 2e6 1.0 9 71 1.1 0,27 l.1 3.0 0.16
3 17 33 1346 19-23.8 155=17,3 2.2 0,9 9 112 1.2 0,08 0e4 0,5 0.07
3 18 4} 2l.8 19=22.3 155=17.17 9.2 l.6 lae 82 2.1 0.24 le6 1.5 0.33
3 22 26 9,2 19-23.0 155-)5,2 3.6 1.3 11 83 1.7 0,08 05 1,0 0.11
4 0 25 46.2 19'2305 155'1701 2.1 7 141 006 0.04 Oll 0.2 0,01
4 0 38 12.3 19"2200 155'19.4 1.2 8 161 3.2 0.10 0.5 0.8 0.08
¢ 0 58 10.5 19-23.8 155=17.9? 0.1% 0,1 8 137 1.8 0.2¢ 1.2 0.35
4 1 45 46.9 19'2‘02 155-17.3 1.9 2.0 14 62 100 0.08 0.5 005 0.19
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SUMMAKY OF SEISMIC EVENTS (CONTINUED)
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1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERH ERZ MD
APR 4 1 S2 40.7 19=24¢.2 155-17.3? 3.6 1.0 8 121 1.0 0.10 Oe6 0.8 0,10
¢ 2 53 27.7 19=20.4 155=10.4 Teo 15 252 2.7 0.25 1le& 0,7 0,17
4 S 11 24,0 19-22.8 155-23.5 11.8 10 123 4,7 0,12 0.8 1,7 0,10
4 5 33 31.5 19=23.5 155=17,0 2¢3 1.0 10 139 0.4 0,064 0,3 0.2 0,05
4 7 2 39,0 19=23.6 155-17.0 2.3 7 136 065 0.10 0.3 0.6 0,04
4 10 37 27.5 19-24,1 155=14,7 3.1 8 209 3.4 0.07 Ue3 0e2 0e0a
4 16 3P 472.9 19-19.4 155=10.5 7.0 11 248 4,5 0,642 2.4 1.1 0.24
¢ 16 @] 43,2 19-13.9 155~- 0.,2? Te5 2e7 18 271 22.> 0.8%8 @2 1.8 0,36
4 16 43 37,9 19-21.4 155= 9.0 7.3 11 262 1.9 0.26 1.5 0.8 0.14
4 17 26 57.2 19-21.1 155=12.6 9.2 14 181 1.7 0.15 1,0 0.8 0.15
4 18 35 29.4 19-18.,0 155-l¢.2 3el 11 237 6.8 0.31 1.8 0.8 0,17
4 18 44 lgol 19-41-0 156' 003 300“ 5 335 63.0 7.53 “502 0-10
“« 20 13 38,8 19=21.7 155-44.6 Yeb 12 237 18.2 0,38 2.1 0,8 0,16
4 20 3() 1R.6 19'2303 155'15.3 Y lo3 12 87 2.0 Ocll 0.8 loo 0011
4 20 4B 1749 19=20.2 155=16.2 A.5 13 203 2.0 0,11 0.7 0.5 0.09
4 21 29 2.1 19-23.8 155-17.9 3¢5 243 13 71 1.8 0.10 0.6 1,2 0,15
4 22 24 33.7 19=-26,0 155-17.3 2.3 0,7 11 B84 1.3 0,02 0.2 0.1 0ov4
4 22 43 16,9 19-19.3 155= 0.6 Tel# 11 342 17.1 1455 9.5 0,08
4 23 58 9,9 19-22.0 155-17.7 4,1 1,1 13 81 3.0 0,12 0.5 1.3 0,13
S 2 2% 23,0 19- 9.2 156~ 3,17 20.6*% 6 323 46,7 B.46 67.8 0.75
S 3 48 S1.2 19=23,.,5 155=17,1 23 1.0 11 ql 0e6 0,02 O,1 0.1 0,03
S 3 54 59,9 19=21.,1 155-14,2 Te5 16 172 2.3 O.1¢ 0.9 0.6 0,16
5 5 13 12.5 19'23.# 155‘1500 1.9 1.0 12 93 203 0.05 Ve 006 0010
S 6 38 55.9 19-28.5 155-53.07? 5.6 l¢ 173 6.4 0,19 1e6 1.3 0.23
5 7 0 43.9 19-23,2 155-17.9 4¢5 1.2 12 119 2.0 0,17 0.8 15 0.16
S 7 16 37.7 19-23.,4 155-1S5,1 2¢5 0.5 10 91 2.4 0,03 V.5 0.8 0.10
S 7 59 Re7 19-23.,2 155-17.3? 3.1 1.6 13 60 0,9 0,04 0.3 0.2 0,07
S 8 30 49.3 19-23.0 155=-17.3 3.0 1.1 13 62 1.2 0,04 0.3 0.3 0,10
5 9 ?5 3100 19-2608 155'22.7 lel 2.6 16 99 3.8 0.0’ Ue8 004 0.13
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SUMMARY OF SEISMIC EVENTS (CONTINUED)

1970 HR MN SEC LAT N LONG W DEPTH MAG NO GAP DMIN ERT ERWN ERZ ™MD
S 10 99 6.9 19'1803 155"15.0 8.0’ 105 5 31V 6.5 0.33 107 0001
S5 11 32 103 19=20.6 155-18.8 3.1 T 152 247 0,03 043 0.2 0,02
S5 12 9 1R.8 19-25.,0 155=23.27 8,0° S 338 9.9 2,49 13.7 0.07
S 12 18 277 19-15,1 155-19.2 15.,7¢ 5 329 14,1 3,11 l8.8 0.02
S 12 48 2.2 19-23.1 155-17.1 6e4 2.6 14 T2 0.8 0,08 0,7 0,6 0.16
5 12 52 169 19-23.7 155-14,6 4.3 1,0 8 183 3,3 0,14 0.6 1.2 0,06
S 13 12 ?29.8 19=23.7 155-17.0? 2.4 5 165 0.6 te0 0,02
S5 13 41 46.7 19-28.0 155-14,4?7 8,0% 1,3 7 319 8.1 1,59 iv.9 0.74
5 13 55 3.7 19-26.8 155=-15.0? 8,0% 6 308 5,9 1,37 b&.8 0.61
5 1‘ 4S 40.Q 19-1801 155' 4,0 8.4 2.0 9 303 12.5 0091 4.3 1.2 0.21
o 15 17 5302 19"2305 155-170, 4,8 2.6 15 62 1.5 0012 Ue6 lol 0017
o) 13 19 1“.3 19-2308 155-17Q4 109 ".3 8 138 104 0:07 Vet 0.5 0.06
o) 15 81 3109 19'18.1 155"12;9 1‘-6 8 245 7.& 0.16 105 0.9 0-05
5 15 2¢ 33.4 19=22.7 155-14.4 3.7 11 107 2.2 0,05 0.4 0.9 0,08
5 15 29 33.64 19-23.8 155-14.3 Oel® 0.R 10 106 3,8 0.1 (.6 0016
5 16 51 47.2 19'20.0 155‘16.9 10-‘ 8 209 O.Q 0011 VUe3 0.6 0002
5 16 S8 38,9 19=23.6 155-17.3 1.9 0.7 6 139 049y 0411 ve3 0,8 0,03
5 18 29 5209 19’23.1 155'1‘.0 2.9 10 86 2.1 0006 0.# 003 0010
S 18 55 12,0 19=23,4 155-17.1 0.7 7 145 0,5 0,06 0,3 0,6 0,03
5 21 3% l6eB 19=26.5 155-35,9 1047 2.6 13 99 642 0,09 0.8 0.6 0,10
S5 22 5 119 19=18,3 155=13¢6 117 1e4 12 238 7.0 0,28 1<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>