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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 13
By J. P. Eaton and H. L. Krivoy
Preface

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

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

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

Chronological summary

Measurements made during the first week of February at tilt bases
“around Kilauea caldera revealed that the ground surface had tilted
outward from the south edge of the caldera since October 1958. From a
maximum rate of about 3 microradians per month at Uwekahuna and Summer
Camp, tilting decreased rapidly at greater distances from the caldera.

*J. P, Eaton, A portable water-tube tiltmeter, Seism. Soc. Amer.
Bull., v. 48, no. 4, p. 301-316, October 1959.
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Tilting at Uwekahuna vault during the first quarter of 1959 was
rather erratic and did not reflect the gentle swelling of the Kilauea
summit indicated by the tilt bases around the caldera.

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

The largest earthquake in the Hawaiian region during January
occurred beneath the sea about 125 km south of Honolulu at 20°15" N.,
157°55' W. on January 12 at 01ho5™, Although its magnitude was 4.0,
it was not felt.

An earthquake with a magnitude of only 1.6 which originated at a
very shallow depth beneath Kilauea caldera was felt at the caldera at
16N11M on January 29. A magnitude 2.9 earthquake from an epicenter
about 12 km east-northeast of Apua Point was felt in Hilo at 05h33™
on January 30.

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

At 23D29M™ on February 9 a magnitude 3.5 earthquake from a source
about 5 km south of the caldera and 10 km deep was felt at Kilauea
caldera and at Hilo.

On the evening of February 19 three earthquakes from an origin
about 12 km northeast of Apua Point and 5 km deep were felt at
scattered points over most of the island of Hawaii. The first of these
earthquakes, with a magnitude of 4.0, occurred at 19h58M, It was
followed, at 20h00m, by a magnitude 4.5 earthquake, the largest earth-
quake in the Hawaiian region during February, which was felt at least
as far away as Honokaa. The third earthquake, with a magnitude of 3.5,
occurred at 20h3sm,

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

At 05P32M on March 5 a magnitude 3.5 earthquake from a focus 5 km
deep and 10 km north-northwest of Apua Point was felt from the vicinity
of the Desert seismograph station to Hilo.
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The earthquake felt in Capt. Cook at 16D45M on March 6 originated
beneath the ocean about 15 km west of Keahole Point. Its magnitude was
L‘.Ol

An earthquake with a magnitude of 3.5 from a source 5§ km southeast
of Waikii and 15 km deep was felt at Pohakuloa at Ouh26™ on March 9
At 07hu5™ on March 12 a magnitude 4.0 earthquake with an epicenter 10
km southeast of Honokaa and a focal depth of about 15 km was felt at
Kukuihaele (10 km northwest of Honakaa) .

The earthquake which was felt at Kilauea caldera and Capt. Cook
at 07h49™ on March 17 emanated from a focus 10 km southeast of
Mokuaweoweo and 5 km deep. Its magnitude was 3.5,

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

Tiltingzof the Epound around Kilauea caldera

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

Seismic summary

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

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

Date N-S E-W Date N-S E-W
Jan. 4 511 455 Feb, 22 506 456
il 513 457 Mar. 1 504 458
18 508 457 8 505 459
25 50k 458 15 507 460
Feb. 1 506 456 22 507 464
8 50k LsT 29 581 L66

15 50L 458
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Figure 1,--Tilting of the ground around Kilauea caldera, Oct. 6, 1958,
to Feb, 6, 1959, The vector depicting tilting at a given tilt
base points in the direction of maximum relative subsidence and
has a length proportional to the rate of tilting during the
measurement interval, Closed circles represent field tilt bases;
open circles, short-base water-tube tiltmeters.
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Table 3.--Local earthguakes and tremor recorded by the HVO-1

seismograph at Uwekahuna, January-March 1959

Week Number of earthquakes Minutes of
continuous
beginning Magnitude >2.5 Magnitude €2.5 tremor
Jan. 4 33 ca. TOO ca. 400
11 I o7 106
18 0 115 1k
25 L 8l 68
Feb. 1 1 37 3
8 b L5
15 > 39 30
22 3 Lo
Mar. 1 2 23
8 b 35 33
15 2 32 0
22 5 18 6l
29 3 26 0
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Table 5.-=Distant earthquakes

L}

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

Jan. S Jan, 15
N 7 iP 09:56:03.1 c¢ ) M Z iP 21283U5.3 e
0 Z iP 09:56:02.5 c¢ O eP 21:28:45.6 ¢
Do iP 1 09:56:01,6 c D Z eP 21:28:44.7 ¢
U Z iP 09:56:02.5 c UxL -4 iP 21:28:44.7 c
U PEZ eSS 10:03:35 : Hi 2 iP 21:28:47.6 ¢
U PEZ eR 10:11:07 25-1/2° S., 180°
South of Fiji Is,.
171-1/2° E., 22° S,, 09:46:42 h = 500
Loyalty Is. region Magnitude 6-1/2
Magnitude 6-1/2 to 6-3/4
Jan, 16
é?‘i‘l‘:_ll‘é-.
' M Z eP 01:38:16.4
U PEZ eR 01:41:16
D Z < 01:38:16.7

13~1/2° N,, 146° E.,, 01:15:25
Mariana Is, U z eP 01:38:20.6
Magnitude 6-3/u4
U PEZ eS 01:43:29

Jan, 13 U PEZ eR 01:47:36
0 2 eP 08:45:20,7 §2°% N., 1732 W., 0F:31225
Fox Is. Aleutian Is.
9° N., 33-1/2° W., 08:34:08 h = 60
Costa Rica region
h = 100 | e e

am

e —
EE—
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Table 5.~--Distant earthquakes--Continued

Jan. 16 Jan. 24
M Z T 27337 i M Z iP 05:18:23.6
o8 % T 17337 0 Z e 05:18:23.3
e 2 T 17237 D Z e 05:18:23.8
g Z T 17:37 Hi 2z eP 05:18:23,1
Hi 2z T 17537 Hi' 2 ipP 05:18:46.9
Ha 2Z T 17:36 37-1/2° N., 141° E., 05:08:35
: 1 Coast of Honshu, Japan
52° N., 131-1/2° W, h = 100
Queen Charlotte Is.
Jan. 24
Jan. 22 ]
0 Z eP 19:52:28.9
M Z eP 05:20:11.3
Dz e 19:52:29.4
o 2 e 05:20:15.9

' 15° N., 92-1/2° W., 19:42:20
D Z e 05:20:10.9 Mexico-Guatemala border
Magnitude 6-1/4

0] Z eP 05:20:13.,7 ¢
18] PEZ iP 05:20:13.,5 d Jan., 26
U PEZ iS 05:28:06 U Z iP 05:55:42.9
U PEN eQ 05:33:36 16=-1/2° S., 174-1/2° W,., 05:48:27
: Samoa Is. region
U PEZ iR 05:36:02 ' H = 300
BL Z eP 05:21:04.8 d
Jan. 29
Ha Z e 05:21:04,8
U Z eP 20:28:18.7

34° N,, 142° E,, 05:10:25
Coast of Honshu, Japan U FEEZ eR 20:37:26
Magnitude 6-3/4 to 7
529 N., 174° W., 20:21:27
Andreanof Is. Aleutian Is.
Magnitude 5-3/4 to 6

17
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Table 5.--Distant earthquakes=--Continued

Jan. 30 Jan. 30
M 2 iP 00:28:38.5 c M 2 iP 22:26:27.6
0O Z iP 00:28:37.6 ¢ U PEE IS 22:34:19
B 7z iP 00:28:38.5 ¢ U PEZ 4R 22:41:59
U 3z iP 00:28:38,3 ¢ 4ue N., 144° E,, 22:16:47
Hokkaido, Japan
U PEZ eR 00:42:52 Magnitude 6-1/4
HE 2 iP 00:28:38.6 ¢
Feb. 2
Ha 2 iP 00:28:38.6 ¢
M Z iP 04:08:18.1 d

10° §., 161° E., 00:19:25 .
Solomon Is. 0 2 iP 04:08:18.5 d
Magnitude 6-3/4
6=1/2° §,, 126° E,, 03:56:12

Banda Sea
Jan. 30 h = 150
M Z iP 18:18:49,6 d
Feb. 5
0 Z AP 18:18:u49.2 d
M Z iP 01:12:01.9
D A 4P 18:18:48,3 d
0 A iP 0l:12:02.4
U A iP 18:18:49.5 d
D Z 1P 0131230257
Hi Z iP 18:18:51.9 d
Hi % iP 0%:12
Ha 2 iP 18:18:55.0 d ;
57-1/2° N., 157-1/2° W., 01:40:50
31° 8,, 179° W., 18:09:02 Alaska Peninsula
Kermadec 1Is. h = 100
_Jan. 30

U PEZ eR 21:04:17

B4 N., 144° E., 20:38:58
Hokkaido, Japan
Magnitude 5-3/4 to 6
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Table 5,--Distant earthquakes--Continued

Feb., 6 Feb. 7
Z iP 14:40:03.1 ¢ | M Z iP 09:u48:43.8 ¢
Z iP 14:40:03.6 c : M 2 i 09:48:57.8
Z iP  14:40:03.7 ¢ } 0 Z iP 09:48:43.,0 c
Z iP 14:40:03.1 d 0 Z i 09;48:57.1
Z i 14:40:18,0 Di 5 iP 09:48:43.6 ¢
Z Tmax 15:18:42 D 2 1 409:48257,5
PEZ eS 14:45:49 u 2 eP 09:48:42.8 d
PEZ eR 14:u48:u48 u 2% i 09:48:56,7
Z eP 14:40:02.2 c¢ I U PEZ iP 09:48:42.0 c
p i 14:40:16,6 U PEE iS 09:58:23.8
Ha Z eP 14:39:49.1 c¢ U PEN iS 09:58:26.6
Ha Z i 14:40:04,8 U PEZ i8S 09:58:27.8
Ha Z Tmax 15:16:25 U PEN 16 10:08:29
DESTYO8 N,y 175-1/2° W,, 14:33:02 3y PEZ iR R0slladl
Andreanof Is, Aleutian Is,
Magnitude 6 Hi Z iP 09:48:42.2 d
i Ha Z eP: 0934828201 e
B9 8,5 81-1/2° W., 09:36:5%

Coast of Peru
Magnitude 7-1/4

e

19




International

Seismological
Centre

From the ISC collection scanned by SISMOS

Table 5.=-~Distant earthquakes--Continued

Z iP
Z iP
Z iP
Z iP
Z iP
p iP

16° N., 1u46°

Feb.

7

10:21:22.,0
10:21:22.6
10:21:22.0
10:21:24,1
10:21:24,1
10:21:15.9

Esy 10311739

]

M eP
0" =2 eP
D! % e

U Z iP
Hi Z eP

50-1/2° N,, 177-1/2° W., O4:42:33
Aleutian Is.

Andreanof Is,

Feb. 9

O4:49:28.9
04:49:33.3
O4:49:34.3
04:49:33.2

O4:49:28.0

Mariana Is.
Feb. 8
M 2 iP 05:54:13.2
e 2 iP 05:54:13,0
u 2z iP 05:54:13.5
Hi & iP 05:54:16.7
Ha Z iP 05:53:19.8 ‘

23° §,, 180°

s 05:46:15

South of Fiji

h = 600

M Z eP
Q) & =
D Z e

Hi 2 iP
Hi 2 epP
Ha Z eP

Feb. 9
21::22155.9
21:22:55.6
21322155,5
21:38:37
21322:57.,6
21:23:18,1

213221535

5° S., 154° E,, 21:13:18

Solomon Is.
h = 100

20
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Table 5.-~Distant earthquakes--Continued

?
i

Feb. 11 ; Feb. 23
z iP  14:16:50.4 ¢ U PEZ eR 02:26:05
o 7 iP  14:16:49.5 ¢ 5-1/2° S., 150° E., 01:58:38

New Britain
16° N., 97° W., 13:52:13
Coast of Oaxaca, Mexico

Magnitude 6 Feb. 23
M Z iP 10:39:53.6
Feb, 11
Nl 53-1/2° N., 159° E,, 10:31:1%4
U PEZ eR 21:53:39 Kamchatka
h = 100

15° 8., 173-1/2° W., 21:36:46
Samoa Is. region

Feb. 27
Feb., 15 M 4 eP 21:07:43,1
B PEZ eR 04:59:12 U PEZ eR 21:28:13
§9-1/2° S., 26° W,, O4:42:35 27-1/2° N,, 129° E,, 20:56:30
Sandwich Is. Ryukyu Is.
Magnitude 6-3/4
Mar. 1
Feb, 17
M 2 eP 17:00:33.6
M 2 P 12:09:52.1 c
U Z iP 17:00:35.2
o iP 12:09:53.0 <c¢
: 8] PEZ eP 17:00:38
}s IR iP 12:09:53.1 ¢ :
i U FEN ed 17:10:00
u 2z eP 12:09:52,7 d

: U PEN iQ 17:18:44
u PEZ i8S 12:15:21

U PEZ iR 17220855

U PEE i0 12:16:59 i
: ) Hi 2 iP  17:00:39.5
U PEZ iR 12:17:08 :
) Ha % iP 17:00:33.7

31=1/2° N., 171° W., 12:03:05 !
un.:g., Aleutian Is, 1/2° S., 134-1/2° E., 16:49:13
Magnitude 6 to 6=1/4 Coast of New Guinea

Magnitude 7

h = 100

21
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Table 5.--Distant earthquakes--Continued

Har.‘i

Ha Z Tmax 00:09:4l

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

S

Mar, 18

U PEZ eR 09:13:20
35° N., 36° W., 08:25:32
North Atlantic

Magnitude 6-1/4

Mar., 12
U PEZ eS 01:47:32
U PEN eQ 01:53:10
0] PEZ iR 01:56:20

7° N., 1u45° E., 01:29:07
Caroline Is.

Mar. 23

U PEN eQ 07:26:43
40° N,, 118° W., 07:10:22
Western Nevada

Magnitude 6-1/4

Mar., Zi
U PLEZ eR 17:45:17

34O Ny 1429 E., 17:18:124
Coast of Heonshu, Japan

Magnitude 6

M Z eP 08:36:27,8

o Z iP 08:36:26,2 d
B 2 iP 08:36:25,5 d
U z eP 08:36:26 d

U PEZ eP 08:36:27 d

U PEZ eR 09:01:37

A LT e AT A Al T S

Mar. 28

Hi 2Z iP  19:54:40,2

20° S., 178-1/2° W., 19:u47:07
Fiji Is,

Magnitude 5-3/4 to ©

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

Magnitude 5-3/4 to &

h = 600
Mar. 31
U PEE eQ 07:38:45

15° S,, 173° W,, 07:20:45

Samoa Is.
Magnitude 6
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Figure 2,--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in the
text. Epicenters of local earthquakes are given in terms of

geographic coordinates, which are indicated at the edges of the
map.
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HAWAIIAN VOLCANO OBSLRVATORY SUMMARY 1u
By J. P. Eaton and H., L. Krivoy

Chronological summary

Releveling of tilt bases around Kilauea caldera in late April and
early May disclosed that the pattern of tilting around the caldera
during February, March, and April was somewhat more complicated than
during the preceding few months, Tilting rates were moderate at all
stations, averaging about 4 microradians per month, with a maximum of
10,3 at Sand Spit and a minimum of 1,1 at Uwekahuna. All stations
except Uwekahuna and Tree Molds, both on the northwest rim of the
caldera, tilted away from an east-northeast to west-southwest axis
just southeast of the caldera, Moderate tumescence along this axis
and a slight relative collapse along the northwest rim of the caldera
are suggested by the tilt pattern.,

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

The largest earthquake in the Hawaiian region during April came
from a focus 35 km deep and 20 km east of the summit of Haleakala
volcano on Maui at 17M34™ on April 24, It has a magnitude of 3,5.

No earthquakes were reported felt during April,

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

On May 5 a small swarm of tiny, deep earthquakes accompanied by
about 4 hours of very weak spasmodic tremor stemmed from a zone about
10 km north of Kilauea caldera and 65 km deep. The largest of these
earthquakes occurred at 17051™ and had a magnitude of only 2.2, About
60 distinct earthquakes from this swarm appeared on the Mauna Loa
seismograph.

At 1u4P2g™ on May 7 a magnitude 3.1 earthquake originated about
5 km southwest of Halemaumau at a depth of about 30 km., The largest
earthquake in Hawaii during May originated about 3 km southwest of
Halemaumau at a depth of about 30 km at 06P35™ on the 20th, Although
it had a magnitude of 3,5, it was not reported felt.

The number of earthquakes recorded at Uwekahuna declined to 95
during June. Five of these, with magnitudes between 2 and 2.5,

occurred beneath the summit region of Kilauea at depths ranging from
15 to 30 km,
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Four earthquakes were felt in Hawaii during June. The earthquake
felt on Maui at 04P31™ on June 3 originated beneath the sea about 5 km
east of Huelo Point, Its magnitude was 3.3. A magnitude 2.8 earth-
quake that occurred about 5 km northwest of the Desert seismograph at
21M26™ on June 9 was felt at Kilauea caldera, An earthquake from a
focus 15 km deep beneath the southwest end of Mckuaweoweo caldera at
20001™ on June 24 was felt from Kilauea caldera to Capt. Cook, It had
a magnitude of 3,7,

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

Tilting of the ground around Kilauea caldera

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

Seismic summary

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

L?cations of the seismograph stations are shown on figure 2; and
essential data on the stations were given in Summary 13, table 6.
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Table 1.--Tilt coordinates at Uwekahuna vault, April-June 1959

Date N-S E-W Date N-S E-W
Apr. 5 512 4ot May 2u 515 470
12 512 466 31 515 469
19 513 468 June 7 515 466
26 513 469 1y 515 470
May 3 513 471 21 515 474
10 515 469 28 518 474

17 514 471
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Figure 1.--Tilting of the ground around Kilauea caldera, Feb. 6, 1959,

to May 5, 1959,

The vector depicting tilting at a given tilt

base points in the direction of maximum relative subsidence and

has a length proportional to the rate of tilting during the
measurement interval.

open circles, short-base water-tube tiltmeters.

5

Closed circles represent field tilt bases;
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Table 3.--Local earthquakes and tremor recorded by the HVO-1

seismograph at Uwekahuna, April-June 1959

Week Number of earthquakes Minutes of
yeginning continuous
Magnitude 22,5 Magnitude £ 2.5 tremor
April 5 1 30 0
12 2 21 0
19 2 37 0
26 1 29 9
May 3 2 35 240
10 0 24 0
17 2 31 10
2y 4 27 0
31 2 20 “4
June 7 3 17 0
14 1 24 10
21 U 20 0
28 2 14 25
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in Summary 13, table 6.,
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Table 5.-=Distant earthquakes

[Times are reported in Greenwich civil time, which is 10 hours faster

A "c" following the time of P indicates
that the first motion was a compression; a "d," that it was a dila-
tation, Station symbols, locations, and instrumentation were presented
Locations of epicenters, origin times, focal
depths, and magnitudes are from the notices of Preliminary Determination

than Hawaiian standard time,

of Epicenters published by the U,S. Coast and Geodetic Survey]

AEr° it

Hi Z

18=1/2° S., 169° W.
l'4:’+8:3in

New Hebrides Is.

h about 200 km.

AEr. 1

Hi Z

6° 8., 15u4° E,
23:33:45,
Solomon Is,

h about 100 km,

Aer, 5

M Z eP 21:14:44,1
0 Z eP 21:14:44,1
U Z eP 21:14:43.4

15-1/2° §,, 167-1/2° E.
21305: 54,

New Hebrides Is,

h about 100 km.

AE:‘, 5

Hi pA iP  23:39:56.8
u PEN eQ 23:54:;30
U PEZ eR 23:58:00

9=1/2° 8,. 146° E,
23:29:25,

Near north coast of New Guinea,

iP 14:57:29,0

iP  23:43:20,.0

14:25:33.9
142255337
14125:33.1
14:25:32,5
14:36:14
14:42:00
14:483:40
14:53:46
143:25:35,.1

14 :25:22,.2

01:32:38.3
01:32:37,.8
01:32:36,5
01:32:38,1

01:32:40.5

Apr, 6
M Z iP
0 Z P
D Z iP
U Z IE
6] PEN iS
9] PEN eSS
4] PEN eQ
U PEZ eR
3 E G eP
Ha 2 iP
10° 8., 120-1/2° E,
14:12:36,
Sumba Is.
Magnitude 6-1/4,

Apr. 8
M Z iP
0 Z iP
D Z eP
9] Z iP
Hi 2 iP
Ha Z eP

01:32:42,8
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Table 5.--Distant earthquakes--Continued

Apr. 8==Continued

82-1/2° S., 178-1/2° E,
01:23:26,

Kermadec Is. region.

h about 400 km,
Magnitude 6 to 6=-1/4,

AEr. 9
U PEZ eR 07:20:20
AERRS . 772 E,

06:18:34.
Kerguelen Is. region.,

AEr. 9
U PEN eQ 18:06:18
U PEZ eR 18:08:23

7% Neoy 82° W,

17436310,

South of Panama.,
Magnitude 6-1/4 to 6-1/2,

Apr. 10
M Z 3P 05:55:53,1
0 Z iP 05:55:53,0
D Z iP 05:55352,1
U Z iP 053:55:53,1
Hi Z iP 05155:56.6

25° 8., 178-1/2° E,
05:47:34,

South of Fiji Is,

h about 600 km.,

Apr, 11
M Z iP  11:40:51,.4
0 Z iP 11:40:51.4
D Z eP 11:40:50,5
1% By 1289 VK,
11:28:50
Spice Is.

Apr., 12
M Z iP 10:04:30.9
9] Z eP 10:04:28,6

0] PEZ eS 10:12:56
U PEZ eR 10:20:30
B 4 i iP 10:04:28.2

17-1/2° N., 95° W,
09:54;:51,

Mexico. Damage at Cordoba.,
h about 100 km.

Magnitude 6-1/4,

AEr, 12
M Z iP 15:34:09,.8
U Z eP 15:34:09,.7

0] PEE eS 15:44:26

u PEZ eR 15:56:38

Hi , +%Z eP 153:34310.5 .
B=1/29 S,, 134° E,
15122333,

Near coast of New Guinea.
h about 100 km.,
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Table 5.==Distant earthguakes—-Continued

Apr. 12 Apr. 15
M Z eP 21:01:30,3 : U PEZ eR 00:40:52
0 z eP 21:01:29,8 41=1/2° N.y 143° E,
00:15:21,
D % eP 21:01:29.9 Near south coast of Hokkaido,
Japan,
8] Z iP 21:01:30.7
Apr. 16
U PEZ eS 21:07:27
M Z iP 07:35:36.1 d
U PEZ iR 21:11:09
3 0 Z iP 07:35:35.8 d
Hi Z iP 21:01§35,1
D Z @ 07352351
15-1/2° S., 173° W,
20:54:00, U Z iP 07:35:35.9 d
Samoa Is. region. Felt
at Apia. B Z iP 07:35:38.4 4

Magnitude & to 6-1/u,
23-1/20 S.. l?go Eo

AEro 14 07127227,
South of Fiji Is,
U PEZ eR 03:12:07 h about 550 km,
24° N,, 109-1/2° W, Apr, 16
02:53:04, =
Gulf of California. M Z iP 16:23:53,9
Magnitude 5-1/4 to 5-1/2,
0 Z iP 16:23:54,2
Apr, 14
D 74 = 16:23:;53.3
M Z P . 07427348,1
U Z eP 16:23:53.7
0 Z iP 07:27:48,7
U PEZ eR 16:40:31
D Z iP 07:27:49,3
Hi PEZ eP 16:23:54.8
U Z iP  07:27:48,0
) 12-1/2° N,, 143° E,
Hi Z iP 07:27:45,.6 15:13:56,
Mariana Is. region.
§7=1/2° N., 155° W, h about 100 km.
07:20:28, Magnitude 6-1/2.

Alaska Peninsula,
h about 60 km,

12
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Table 5.-=-Distant earthquakes=~Continued

Apr, 18 Apr, 20--Continued
Hi Z iP 06327:37,1 6° S., 149-1/2° E,
03:27:52.
4-1/2° S., 153=1/2° E, New Britain. Felt at Kandrian
06:18:00. and Walindi,
New Ireland region. Felt at h about 100 km,
Londolovit and Rabaul, Magnitude 6.
h about 100 km,
Apr. 21
AEI‘O 19
M Z iP 12:50:00.8
8] PEZ eR 08:09:30
- D Z iP 12350:02.0
59 5., B2° W,
07:26:15, 56° N., 162=1/2° W,
Pacific Ocean. 12:42:50,
Magnitude 6. Bristol Bay.,
Apr, 19 Apr, 22
M Z ab 15:10352.:8 M Z iPn 11:03:21.1
0 Z 1P 15:10:52,9 0 Z iPn 11:03:22.7
D Z LE 153103537 D Z iPn 11:03:23,1
U Z eP 15:10:52,3 U Z eP 11:02:06.3
0] PEZ eR 15:20:59 U Z iPn 11:03:21.5
58° N.,, 152-1/2° W, U Z Tmax 11:39:22
15:03:26,
Near Kodiak Is,, Alaska, Hi 7 e 1l:02:19
Magnitude 6-1/4,
Hi Z iPn 11:03:19.8
Apr. 20
Hi Z Tmax 11:39:13
Hi eP 03:28:02,4
Ha Z iPn 11:03:02,2
u PEE eS 03:46:15
Ha Z Tmax 11:37:29
U PEZ eSS 03:50:25
54° N,, 167° W,
6} PEN eCGC 03:50:01 10:55:05,
. Fox Is., Aleutian Is.
PEZ eR 03:55:37 Magnitude 6.

13



@tional From the ISC collection scanned by SISMOS

Seismological
Centre

Table 5.=-Distant earthquakes=-Continued

AEr, 22 AEru 26
U PEZ eR 21:02:38 0 Z iP 20:52:09.9 ¢
36=-1/2° S., 97-1/2° W, D Z iP  20:52:09.4 ¢
203:26:46,
Pacific Ocean. u Z iP 20:52:09.5 d

Magnitude 5=3/4 to 6.
U PEZ iP 20:52:09.3 ¢

Agre 24
U PEZ eR 10:02:21

U PEZ ipP 20:52:37

U PEZ isP 20:52:46
11-1/2° N,, 86~1/2° W,
09:31:33,

Near coast of Nicaragua.

Y PEZ ePP 203:54:4y

Magnitude 6-1/4 to 6-1/2, U PEZ iS5 21:01:44 ’
Aar. 24 (6] PEZ iPS 21:02:22

M Z iP 1B:07:39.3 d U PEZ eSS 21:06:02

0 Z 3P 18%07:38.,6 d U PEN iG 21:09:40

D Z iP 18:07:37.5 d u PEZ iR 21:14:50

U Z iP 18:07:38,2 ¢ Hi 2 iP 20:52:09,8 ¢

U PEZ iP 18:07:38.,5 ¢ Hi N eS 21:01:40

u PEN iS 18:15:24,2 Ha Z iP 20:52:03.0 ¢

U PEZ eSS 18:19:03 Ha N eS 21:01:31

10} PEZ iR 18:29:05 25° No; 122=1/2° E,

; 20:40:38.
Hi Z eP 18:07:40.,2 c Near northeast coast of Formosa.
Two killed and minor damage
Ha Z eP 18:07:44,5 ¢ at Taipei.

h about 150 km,
31° S,, 178° W, Magnitude 7=1/2 to 7-3/h4.

17:57:58,

Kermadec Is, AEr, 27

Magnitude 6-3/4 to 7,
M Z eP 10:00:17.0
0 Z eP 10:00:17.5

' 14
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Table 5.==Distant earthquakes-~Continued

Apr. 27=-=Continued Apr. 28--Continued
D Z eP 10:00:14,7 15° N., 93° W,
11:09:30,
U Z eP 10:00:17.4 Mexico-Guatemala border.
Magnitude 6-1/2 to 6=3/4. :
Hi Z eP 10:00:19,2
May 1
gouS, - 129° E.
09:48309, Hi -2 iP 15:06:57 .4
Banda Sea.
58S BN (B,
Apr. 27 14:56:57,
B Solomon Is. region, Felt
M Z iP 12:593:29,7 at Londolovit and Rabaul.
h about 60 km,
0 Z iP 12:59:29.7 |
May 3
u Z eP 12:59:26.9
U PEZ eR 05¢11:33
22 5, 1249 E,
12:47:27, 12-1/2° N,, 87-1/2° W,
Celebes region., O4:4l:24, .
h about 200 km. Near coast of Nicaragua.
Felt at San Vicente, El
AEr. 28 Salvador.
h about 100 km,
M b iP E1§19339,0 d
May 4
0 z iP  11:19:38,1 d e
M Z iP 07:2u:21.6 @
D Z iP 11:19:38,7 d
0 Z IP LO0T720822,5 d
u 2 iP 11:19:38.3 d
D Z iP 07:24:22.9 d
U PEZ iP 11319:37.5 ¢
U Z iP 07:24:22.4 d
U PEZ iS 11:27:52.,0
U PEZ iP 07:24:22.4 d
u PEZ eSS 11:31:46
8] Z ePn 07:27:01.1
U PEN eG 11:3u:24
U PEN i8S 07331315
U PEZ iR 11:36:49
. U PEN eSS 07:34:00
Hi Z iP 11:19:36.8 d
U PEZ iSSS 07:34:56
Ha Z iP  11:19:47,9 4

u PEE iQ 07:35:00
15
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Table 5.-=Distant earthquakes==Continued

May 4--Continued

u PEZ iR 07:36:u48

U Z Tmax 08:17:24

Hi Z iP 07:24:21,0 d
Hi Z ePn 07:27:07

Hi E eS 07:31:26

H% E eQ 07:35:40

Hi N iR 07:37:36

Hi Z Tmax 08:16:42

Ha Z iP 07:24:10.,2 d
Ha Z iPP 07:263:09.6

Ha Z ePn 07:26:43

Ha Z ePPP 07:26:47

Ha N eS 07:31:05

Ha E eQ 07:35:12

Ha N iR 07:36:51

Ha Z Tmax 08:22:02

52-1/2° N., 159-1/2° E,

07:15:42,

Near east coast of Kamchatka;
1 killed and 13 injured.

h about 60 km,

Magnitude 8,

May S
M Z eP 19:13:04,.4
D Z eP 19:13:05.0

16

May 5-=Continued

U Z eP 19:13:07.2
9] PEZ eS 19:20:23
U PEZ eR 19:26:1u

532 N&S 1595 Eis
19:04:16.

Kamchatka aftershock,
Magnitude 6.

Max 5]
M 4 iP 17:36:345.3
0 Z iP 17:36:44.7
Hi Z iP 17:36:48,8
482 So L7992 W
17:29:26
Fiji Is.

h about 600 km.

Maz 7
U PEZ eS 00:21:50
u PEZ iR 00:30:27

3=1/2° S, 148=1/2° E,
00:03324.

Bismarck Sea,
Magnitude 6 to 6=1/4,

oy

U PEZ eR 11l:44:15
3=172° S5y 15602 E;

Ed 1753,

Bismarck Sea.
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Table 5.-=Distant earthquakes--Continued

May 7 May 12-~Continued
M Z iP 20:35318,1 Hi N eR 05:17:42
8-1/2° S,, 123-1/2° E, S54-1/2° N,, 168° E,
20:22:41, 043257335,
Flores Is. Komandorskie Is,
Magnitude 6-1/2.
m May 12
M Z eP 11343:30.8
U PEZ eS 21:53:05
0 Z eP 11:43:30.0
' U PEZ iR 21:56:34
D A eP 11:43:31.6
Ha Z Tmax 22:24:15
U PEZ eS 11:50:35

51-1/2° N., 177° W.

U PEZ iR 11:56:37 21:40:22,

Andreancf Is,, Aleutian Is.
53-1/2° N.,, 160-1/2° E,

11:34:50, May 12
Near east coast of Kamchatka,
h about 60 km. M Z eP 22:07:10.7
Magnitude 6.
0 Z eP 22:07:10.9
May 10
=L D Z eP 22:07:11,8
U PEZ eR 00:24:35

U PEZ iS 22:12:36
45° N,, 149° E,

23:57:09 (May 9). U PEZ iR 22:16:12
Kurile Is.

Ha Z Tmax 22:43:45

May 12

51-1/2° N., 177° W,
M Z eP 05:05:55.4 21:59:56.,

Andreanof Is., Aleutian Is.
0 Z eP 05:05:54,9 Magnitude 6,
D Z eP 05:05:53,7 Max 14
U PEZ eP 05:05:49 u PEZ eR 07:39:06
U PEN iS 05:12:36 35-1/2° N,, 24=1/2° E,

h 06:36357.

g PEE  iQ 05:15:51 Crete.

Magnitude 6-1/2.
U PEZ iR 05:17:56

17
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Table 5.=--Distant eabthquakes--Continued

May 14 h May 16-~-Continued
U PEZ €S 09:49:52 U PEZ iR 063:41:35
U PEZ iR 09:56:46 6] Z Tmax 07:25:37
19° §,., 170° E. Hi 2 iP 06:263:01,5
09:33:22,
New Hebrides Is. Ha Z eP 06:26:00
May 14 Ha Z Tmax 07:25:26
U PEZ eS 12:05:45 4-.1/2° 8., 153=1/2° E,
i 06:16:23,
'v PEZ iR 12:12:37 New Britain. Felt at Karoola,
Taliligap and Rabaul,
3199 5,, 170° E. h about 60 km.
11:49:20, Magnitude 6-3/4,
New Hebrides Is.
May 20
May 14
= M Z eP 01:00:05.1
U PEZ eS 13:35:51
0 Z eP 01:00:03.6
U PEZ iR 13:u42:47
23° 'S., 114° W.
19° s,, 170° E. 00:50:03,
13:19:32, South Pacific Ocean.
New Hebrides Is,
May 20
Max 16
M Z iP 1123650550
M Z eP 06:26:01.0
0 Z eP 11:36:05.8
0 Z eP 06:26:01.3
D Z iP 11:36:05.4
D Z eP 06:26:0018 “
32-1/2° N,, 136-1/2° E,
- PEZ eP 06:25:58 11:26:28,
' ] South of Honshu, Japan,
u PEE iS 06:33:50 h about 450 km,
U PEZ eSS 06:37:11 May 20
i PEN iQ 06:39:46 M Z iP 19:44:32,5 ¢
U PEZ iSSS 06:40:11 0 Z iP 19:44:33.1 ¢

18
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Table 5,--Distant earthquakes=-Continued

May 20--Continued May 2u4--Continued
D Z iP 19:44:32,7 c § U Z iPg 19:27:06.2 4
U Z eP 19:44:33.0 ¢ U PEZ iP° 19327307 d
U PEZ eR 19:59:07 U PEZ ipP 19327:35
¥i. Z iP 19:u44:32,7 c U PEN iS 19:34:48
44-1/2° N,, 149° E. U PEN isS 19:35:24
19:35:03.
Kurile Is. U PEZ eSS 19:38:28
May 21 U PEN iG 19:40:35
0] PEZ eR 07:07:42 U PEZ iSSS 19:40:48
52-1/2° N,, 170-1/2° W, U PEZ iR 19:42:57
06:51:40,
Fox Is., Aleutian Is. Hi 2 iP 19:27:04.,4 d
May 21 Ha 2 eP 19:27:13.2 ¢
Hi Z eP 11:47:47,1 17=-1/2° N., 97° W,
19:17:40,
u PEZ ePS 12:00:11 Oaxaca, Mexico; 5 killed,
10 injured, and minor
U PEZ eSS 12:05:17 T property damage. Felt
[ also in Mexico City.
U PEZ eR 12:17:23 h about 100 km.
Magnitude 6-3/4 to 7.
28° S,, 69° W,
11:34:23, May 26
Northern Chile - Argentina i
border, B.y,.2 eP 04:24:10,2
h about 60 km,
Magnitude 6, U PEZ eR O4:44:48
May 24 Hi 3z eP 043243:09,9
M Z iP  19:27:06.9 d Ha 2 eP 04:24:01,7
0 z iP  19:27:06.2 d 27-1/2° N,, 126=1/2° E.
D 04:13:01.
Z iP 19:27:06,9 d Ryukyu Is. region.
h about 100 km,
Magnitude 6-1/2 to 6=3/4,

19
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Maz 29 Hax 3l-=Continued
M 7 TE  10:5Xk153.6 ¢ 6=1/2° S,, 155° E.
09:28:09,
0 7 TP 10951:53.,2 «© Solomon Is,
Magnitude 6-1/2.
D Z eP 10:51:52,4 ¢
June 1
U Z iP 10:51:53.3 ¢
8] PEZ eP 17:16:45
6] PEZ 3P 10:51354.,3 ¢
U PEZ eS 17:24;:25
U PEZ ipP’ 10:52:16.8
1 : U PEZ eSS 17:28:09
U PEZ iS] 20:59:42
u PEZ iR 17:81:39
U PEN eQ 11:03:26
6-1/2° S., 155-1/2° E,
U PEZ iSSS 11:05:01 17290723,
Solomon Is,
u PEZ iR 11:07:40 h about 100 km.
Hi Z 1P 10:51:56.3 ¢ June 2
Ha Z iP 10:51:55,9 ¢ U PEZ eR 01:17
Ha 2 epP 10:52:22 31-1/2° N,, 131-1/2° E,
00:47:17,
19° S., 169-1/2° E, Near coast of Kyushu, Japan.
10:42:48,
New Hebrides Is., June 2
h about 60 km,
Magnitude 6-1/2, U PEZ eR 03:443:49
May 31 25° S,, 176° W.
03:23:12,
0 Z eP 09:37:39.7 Tongo Is. region,
D Z eP 09:37:38.9 June 2
U PEZ iP 09:37:4] U PEZ eR 05:19:29
t PEZ 1S 09:45:16 21° N., 121-1/2° E,
Ou;:57:18,
o PEZ eSs 09:49:06 Baton Is. region.
u PEZ iR 09:52:37
9] PEE eQ 09:54:37
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Table 5.-=Distant earthquakes=-Continued

June 3 June li-=Continued
U PEZ eR 05:59:09 i 2 1P 00:25:06.5 ¢
52-1/2° N., 170° W, HI™ & ipP 00:25:38.4
05:43:28. .
Fox Is., Aleutian Is, J Hi Z Tmax 02:08:00
Johe.S Ha 2 iP  00:25:17.4 d
0] PEZ eR 21:07:35 : Ha 2 epP 00:25:49,9
12° N., 86-1/2° W. Ha Z Tmax 02:09:29
20:37:15.
Near coast of Nicaragua, 20=1/2° 8., 68° W,
h about 100 km, 00:11:57.
Southwestern Boliviaj 1 killed
June 1u4 and minor property damage
in northern Chile,
M Z iP 00:25:09.8 c¢ h about 100 km,
Magnitude 7-1/4 to 7-1/2,
0 Z iP 00:25:09.1 ¢
D Z iP 00:25:09.4 ¢
M Z eP 21:10:;57.1
U Z iP 00:25:10,0 ¢
0 Z eP 21:10:56,.6
U PEZ iP 00:25:10 d
23=-1/2° S,, 179-1/2° W,
U PEZ ipP 00:25:38 21:02532,
Tonga Is. region,
U PEZ iPP 00:28:34 h about 300 km.
u PEZ iPPP 00:29:34 June 15
u PEE iS 00:35:38 M 7 iP 02:50:34.7
u PEE isS 00:36:40 0 YA iP 02:50:35,0
u PEZ eSP 00:42:29 D Z iP 02:50:34.6
u PEN eQ 00:48:59 259 No, 122-1/2° E,
02:38:u48,
v PEZ iSSS 00:49:41 Near northeast coast of
Formosa.,
U PEZ iR 00:5u4:36
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Table 5.==Distant earthquakes-=Continued

June 18
4] PEZ eR
55° S., 129° W,

06:50:45.
Pacific Oceans

June 18
M Z iP
0 Z iP
D : Z iP
U Z eP
U PEZ eP
U PEN ePcS
u PEZ iS
u PEE iQ
u PEZ iR
Hi Z iP

B5* Ns 5 161° E.
15281525,

Near east coast
Magnitude 6-1/4

June 18
M Z iP
0 Z iP

u PEZ

07:26:09

15540:10.9
15:40:11.8
15:40:11,7
15:40:11.0
15:40:12.5
15:46:49
15:47:18
15:51:29
253538323

15:40:10,3

of Kamchatka.
to 6~1/2 (sic).

16:07:23,.8
16:07:24,9
16:07:24,8
16:20:09

16:07:20,9

June l1l8==Continued

54° N., 161° E,

15358:38,

Near east coast of Kamchatka.
Magnitude 6-=1/2 to 6=3/4 (sic).

June 19
Hi Z eP 20:42:20.6
U PEZ eR’ 20:52353

27 =1 /2% Woy 111° Wi
20:34:40,
Gulf of California.

June 21

u PEZ eR 22:34:08
11-1/2° S,, 167° E.
2251 1e5]3",

Santa Cruz Is.

June 22

Hi Z eP 14:15:04,.1
179 504 2TT° W,

14:06:50,

Fiji Is.

June 23

U PEN eQ 1u4:50:53
39° N,, 119° W.
14:35:02,
Western Nevada, Felt in
Nevada and eastern California.
Magnitude 6=1/4,




@mnal From the ISC collection scanned by SISMOS

Seismological
Centre

Table 5.=-Distant earthquakes--Continued

June 25
8] PEZ eR 07:31:48

62° No. 2?-11{20 We
06:46:55,
South of Iceland.

June 27
M Z iP 19:14315.0 d
g Z iP 19:14:14,6 d
D Z iP 19:14:13.8 d
u Z iP 19:14:14,7 d
U PEZ iP 19:14:14,7 d
U PEZ epP 19:14:349
U PEZ esP 19:15:11
u PEN iS 19:22:04
u PEN isS 19:23:04
u PEZ eSS 19:;25:52
U PEN eQ 19:27:u8
U PEZ eR 19:30:48
HL 2 iP  19:14:17.4 ¢
Ha Z iP  19:14:20.8 ¢

33° 8., 179° W,
19:043527,

South of Kermadec Is.
h about 100 km,
Magnitude 6-3/4,

23

June 28
M Z iP 19:56:07.4
0 Z iP 19:56:07.8
D Z iP" 19:56:07:2
U Z iP 19:563:08.4

U PEZ 1S 20306327

u PEZ eR 20:23:34
Hi Z iP 19:56:09.3
Ha Z iP 19:56:05.5
9-1/2° S,, 122-1/2° E,

19:43:22,
Sawoe Sea,

June 29

U PEZ eP 07:25:44
U PEE eS5 07:33:41
U PEZ eR 07:41:20
77 S.4 155=1/2° E;
07:16:07,

Solomon Is.
Magnitude 6 to 6-=1/4.

June 29
M Z 1P 13:31:313500d
0 Z iP 13:31:31.6 d
D Z iP 13:31:30.6 d
U Z iP 13:31:31:7 'd
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Table 5.==Distant earthquakes==Continued
| s June 3 '
June 29 Continued June 30
6° N, 126-1/2° E. M Z eP 10:33:12,1
13519:47,
Near south coast of Mindanao, 0 Z iP 10:33:11,5

ppine Is.
ut 150 km. 34° s,, 179° W.
: 10:28:17

South of Kermadec Is.
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Figure 2.--Map of the Island of Hawaii showing seismograph stations

operated by the Geological Survey and localities mentioned in

the text.

Epicenters of local earthquakes are given in terms

of geographic coordinates, which are indicated at the edges of

the map,
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HAWAIIAN VOLCANO OBSERVATORY SUMMARY 15
By J. P. Eaton and H. L. Krivoy

Chronological summary

Tilt bases around the Kilauea summit tilted generally inward toward
the south rim of Kilauea caldera between early May and mid-August.
Rates of tilting were quite small at all stations; averaging slightly
less than 1 microradian per month, with a maximum of 1.4 microradians
per month at Sand Spit and Kamokukolau and a minimum of 0.5 micro-
radian per month at Kalihipaa. Comparison of the present pattern of
tilting (fig. 1) with that from October 1958 to February 1959 (Summary
13) reveals a striking contrast. The present tilt vectors are almost
exactly reversed with respect to corresponding vectors of the earlier
epoch; and present tilting rates average only about 1/3 those of the
earlier epoch. Even Sand Spit, which appeared to be anomalous during
the October to February epoch because it tilted toward the caldera
while other stations tilted away, reversed. From May to August it
tilted outward from the caldera while other stations tilted toward the
caldera.

Gentle subsidence of the summit of Kilauea in response to a slow
escape of magma from a reservoir beneath the south rim of the caldera
is suggested by the present tilt pattern. Keamoku, a new tilt base,
failed to conform to the pattern set by the rest of the stations and
tilted northward away from the southwest rift zone adjacent to the
caldera. Possibly, magma moving from the sub-summit reservoir into the
southwest rift zone is responsible for this apparent anomaly.

Of the 107 earthquakes recorded at Uwekahuna during July, 3 were
reported felt. The first of these occurred near Kealakekua at 02h1gm
on July 10 and was felt in Capt. Cook. Its magnitude was only 2.0.

The second was somewhat larger; with a magnitude of 3.0, and it was
also felt in Capt. Cook. It originated at a shallow depth near Hookena
at 15h27m op July 29. The magnitude 3.5 earthquake which was felt at
Kilauea caldera on July 3l at 18044M yas the largest Hawaiian earth-
quake of the month. It originated at a focus 5 km south of Mokuaweoweo
caldera and 30 km deep.

An interesting group of moderately deep earthquakes with magnitudes
of 2.6 to 3.5 occurred at scattered points on a broad ring around
Kilauea volcano at an average distance of about 35 km from Kilauea
caldera. In order of occurrence these earthquakes were:

July 7, 15P41M21S 8 km south of Hilo and 40 km deep;

July 13, 09h52m015g 27 km south of Cape Kumukahi and 15 km deep;
July 13, 22P21M00S, 22 km east of Naalehu and 25 km deep;

July 28, 16P51M015, 10 km southeast of Kalapana and 10 km deep;
July 31, 18M43M555 | 5 km south of Mokuaweoweo and 30 km deep.
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On June 30, 1959, D. H. Richter arrived from Denver to join the
Observatory staff as Geologist to replace G. D. Fraser, who returned
to Denver on July 26, 1959.

From August 14 to August 20 a great swarm of small earthquakes
and many hours of accompanying spasmodic tremor emanated from a zone
a few kilometers north of Kilauea caldera and about 52 km beneath the
surface of the earth. About 2,400 distinct earthquakes were recorded
on the Desert seismograph, which obtained the clearest record of the
swarm. Spasmodic tremor was strong enough during the first day to
mask many earthquakes. After about 40 hours tremor diminished markedly,
and it died out altogether during the last half of the swarm.

Earthquakes of the swarm were divided into two families: (1)
those for which the first arrival at Hilo followed that at Uwekahuna
by less than 1.6 seconds and (2) those for which it followed by 1.6
seconds or more. An analysis of 26 of the largest earthquakes of the
first family disclosed that the P wave reached Uwekahuna first, 7.5
seconds after the earthquake occurred. Arrival times of P at other
stations minus its arrival time at Uwekahuna were as follows: Outlet,
+0.1 sec.; Desert,; +0.4 sec.; Mauna Loa, +0.4 sec.; Hilo, +1.3 sec.;
Haleakala, +16.4 sec. These data fixed the focus of this group of
quakes at 19°29' N., 155°18' W., at a depth of 54 km. A similar
analysis of 28 earthquakes of the second family indicated that P
reached Uwekahuna 6.9 seconds after the origin time. Additional times
required for P to reach other stations were: Outlet, +0.l1 sec.; Mauna
Loa, +0.4 sec.; Desert, +0.5 sec,; Hilo; +1.8 sec.; Haleakala, +16.7
sec. These data placed the focus of the second family of earthquakes
at 19°28' N., 155°19' W. at a depth of 49 km, about 5 km above and 2
km southwest of the focus of the first family of quakes.

In the computation of both foci the Mauna Loa arrival times were
corrected by -0.3 sec. to allow for a delay at that station revealed
by a study of distant earthquake P phases.

Actually, the two families graded into one another; and the two
foci should serve only to indicate the apparent dimensions of the
region from which they emanated. This region is clearly distinct from
that which produced a similar swarm of deep earthquakes and spasmodic
tremor in January 1959, however (Summary 13). It lies about 10 km
above and 10 km west of the source of the January disturbance.

As a result of the swarm of deep earthquakes the number of earth-
quakes recorded at Uwekahuna during August rose to 2,314; but only
three were felt., The first, which had a magnitude of 3.4 and was
felt in Capt. Cook and Kealakekua, originated 20 km west of Keahole
Point at 16P13™ on August 12. The second, with a magnitude of 4.0
was the largest earthquake in Hawaii during August. It occurred 8 km
south of Kalapana at a depth of azbout 45 km at lShSSm on August 18 and
was felt at Kilauea caldera and Hilo. The third was reported felt
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only in Hilo. It originated 4 km north of Keanakolu at 0306™ on
August 25 and had a magnitude of 3.5. -

During August, seven earthquakes with magnitudes of 1.8 to 2.8
occurred at depths ranging from 20 to 32 km beneath the summit of
Kilauea; none of these was felt.

The number of earthquakes recorded at Uwekahuna during September
fell to 146. The magnitude 4.0 earthquake from a shallow focus 3 km
west of Kalalua Crater at 14P50™ on September 18, which was felt at
Kilauea caldera and Hilo, was both the largest earthquake and the
only earthquake felt in Hawaii during the month.

Two magnitude 2.0 earthquakes originated at depths of about 30 km
beneath the summit region of Kilauea in early September.

One earthquake in August and four in September augmented the group
of moderately deep earthquakes which occurred around Kilauea during
July at a distance of about 35 km from the caldera. These earthquakes
were:

Aug. 18, 13D54M555 8 km south of Kalapana and 45 km deep;

Sept. 1, 2lh22m165, 15 km north of Hilo and 50 km deep;

Sept. 12, 07PuuM215_ 14 km south of Hilo and 25 km deep;

Sept. 13, 18h31m2555 10 km southeast of Naalehu and 35 km deep;
Sept. 18, 11D05M54S ., 10 km west-southwest of Hilo and 40 km deep.

In mid-September the North Pit seismograph began to record a swarm
of tiny, shallow earthquakes originating very near the northeast rim of
Halemaumau. From its commencement about September 17 until September
24, the swarm averaged about 60 earthquakes per day. From September 24
until the end of the month it averaged about 85 earthquakes per day.
Earthquakes of the swarm were so small and originated so near the North
Pit seismograph that no more than one earthquake in 10 recorded at that
station could be detected on the Outlet seismograph less than 3 km away.
For the largest quakes, amplitudes recorded at Outlet were only about
1/100th of those recorded at North Pit.

Tilting of the ground around Kilauea caldera

Tilting of the ground around the summit of Kilauea is monitored
daily by a short-base water-tube tiltmeter in Uwekahuna vault, and at
irregular intervals it is measured on a regional scale by means of a
network of field tilt bases and a portable water-tube tiltmeter (tables
1l and 2). The attitude of the ground surface at each tilt base is
reported in terms of north-south and east-west tilt coordinates. Both
coordinates at each station were arbitrarily set equal to 500 when
measurements at that station were begun. Increasing tilt coordinates
correspond to northward and eastward tilting of the earth's surface,
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Table 1l.~-Tilt coordinates at Uwekahuna vault, July-September 1959

15
A N gt

B — T
Date N-S : E=W {1 Date N-S E-W
July 5 518 |  wueo 1 Aug. 23 519 466
12 518 469 30 | s20 471
19 518 471 Sept. 6 521 467
26 518 472 13 521 467
Aug, 2 519 474 20 521 469
9 520 e 27 521 467

16 519 465
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Figure 1,--Tilting of the ground around Kilauea caldera, May 5, 1959,

to Aug. 15, 1959,
base points in the direction
has a length proportional to
measurement interval,

Closed circles represent field tilt bases

The vector depicting tilting at a given tilt

of maximum relative subsidence and
the rate of tilting during the

]

open circles, short-base water-tube tiltmeters.
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that is, to a relative subsidence toward the north and east. A l-unit
change in coordinate corresponds to a l-microradian (1 mm:'per km) tilt
in the direction indicated.

Seismic summary

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

Locations of the seismograph stations are shown on figure 2; and
essential data on the stations were given in Summary 13, table 6.
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Table 3.--Local earthquakes and tremor recorded by the HVO-1

seismograph at Uwekahuna, July-September 1959

T

e R T e = e e Cund

Week Number of earthquakes Minutes of
beginning continuous
Magnitude »2.5 Magnitude €2.5 tremor
July 5 3 29 56
12 3 21 8
19 Ui 20 0
26 3 24 29
Aug, 2 0 20 0
9 35 1,345 15835
16 13 852 555
23 1 36 4y
30 3 22 0
Sept. 6 2 29 0
13 5 37 0
20 1 35 0
27 1 35 34
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Table 5.--Distant earthquakes

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

July 2 July 3--Continued
M Z iP 11:41350.7 ¢ U PEE iQ 18:15:38
0] Z iP 1l:41:49,8 ¢ U PEZ iR 18:16:4u4
U 7 iP 11:41:49,7 d 16° S,, 173° E,
17:55:53,
Hi 2 iP 11:41:52.5 ¢ New Hebrides Islands region.

Magnitude 6-1/2,
20° S,, 178-1/2° W, i
11:34:20, Julz 6

Fiji Islands,
h about 650 km, U PEZ e 09:22:52
July 3 M Z epPP 09:29:27

U PEZ iP 18:03:51.4 U PEZ esPP 09:30:24
U PEZ iS 18:10:47 U PEZ eSP 09:35:24
26® §:, 173° E, U PEZ esSP 09:39:26
17:55:10.
New Hebrides Islands region. U PEZ esSS 09:44:28
Magnitude 6-1/2,

Hi 2 e 09323:09

July 3

26=1/2° S., 61° W,
M Z eP 18:04:30.6 d 09:10:17.

Chuco Province, Argentina.
0 Z eP 18:04:29,6 d h about 600 km,

Magnitude 6~-3/4.
U Z eP 18:04:31

July 6

U PEZ iP 18:;043:31.1 d

U PEE ePS 09:48:38
U PEZ iS 18:11:27

U PEE esSP 09:52:30
U PEZ  iSS 18:1u:s5u

U PEZ esSS 09:57:38
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Table 5.-=Distant earthquakes=-Continued

July f-=Continued July 11
26=1/2° S.,, 61=1/2° W, U PEZ eR 05:15:29
09:23:21.
Chuco Province, Argentina. July 11
h about 600 km.
Magnitude 6=3/4 to 7, R U PEZ eR 13:02:19
372 S 792 ES
Julz 9 ¥
12:01:39,
M Z eP 16:18:28.0 Indian Ocean.,
Magnitude 6-1/4 to 6-1/2.
M £ epP 16:19:05.0
3 July 12
M Z esP 19:19:14.5
M Z eP 00:32:04,5
0 Z eP 16:18:29.5
0 Z eP 00:32:02.9
0 Z esP 16:19:15.3
Hi Z IPY 002325057
D Z eP 16:18:29,7
19-1/2° 5., 177=1/2° W,
D Z esP 16:19:15.7 00:24:22,
Fiji Islands region,
U Z eP 16:18:30.6 h about 400 km.
g 1 Magnitude 6-1/4,
) e 6:18:31
July 13
U PEZ isP 163:19:11
M Z iP 12:35:39,2 ¢
U PEZ esPP 16:22:50
; oo N M Z ipP 12:35:48,5
e :29:54
0 Z iP 12:35389:7 Ve
U PEZ esPS 16:31:18
0 VA ipP 12:35:50.4
u PEZ eSS 16:35:50
D Z iP 12:35:40.;9
U PEZ iR 16:u48:20
8 7 L iiaaios D Z ipP 12:35:50.8
e :18:28.0
i 5 U Z iP 12:353189:0 €
a eP 16:18:38,0
B e oo U Z ipP 12:35:49.5
oy o
25i05ula, Uz ePn 12:36:54.6
Chile-Bolivia border,
h about 100 km, U Z Tmax 13:13:12
Magnitude 6-3/4,
0] PEZ eP 12:35:39.1 d

16
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Table 5.--Distant earthquakes-=-Continued

July 13--Continued July 18=--Continued
U PEZ ePP 12:37:00 12218435
Off coast of Vancouver, British
U PEZ iS 12:41:12 Columbia.
8] PEE iQ 12:42:57 July 18
U PEZ iR 12:44:30 M Z IP LG8 sI eI e
Hi Z eP 12:35:37,6 ¢ 0 Z iP 19:37:38.4 ¢
Hi z ipP 12:35:48.3 4 u Z iP 19:;37:38:1 d
Hi* 2 ePn 12:36:52.8 Hi Z iP' 19:37:40,9 &
Ha Z eP 12:35325,1 ¢ Ha Z iP 19:37:42.8 ¢
Ha 2 ipP 12:35:84.1 19:29:22.
Fiji Islands region,
T 13:11:23
Ha Z max St
590 & /e oW s
§§.2§.55172 s A iP 20:06:54,0 4
f Island Aleutia
““?:i:ﬁﬁs R SRR M Z ipP  20:07:33.7
Magnitude 6-1/2, M 2 b SoclTh
J y 14
Ll 0 Z iP 20:06:54.8 d
U PEZ eR 08:56:31 _
0 Z ipP 20:07:33.8

51s1/29 N., 172° W, :
08:40:48, 0] Z isP 20:07:47.7

Fox Islands, Aleutian Islands.

D Z iP 20:06:54.9
Julg 14
D Z ipP 20:07:34.8
u PEZ eS 13:15:53
D Z isP 20:07:47,0
(6] PEZ eR 13:21:25
U Z iP 20:06:56:.6 ¢
16-1/20 SB’ 1730 Eu
13:00:24, U Z ipP 20:07:38.5
New Hebrides Islands regi
gilon, . +06:55.
h about 100 km, u PEZ iP 20:06:55.6 d
U PEZ ipP 20:07:31.6
July 18 &
U PEZ iS 20:16:u48
U PEN L i
- Ak U PEN isS 20:17:49
50-1/2° N., 130° W,
U PEZ iss 20:21:09

17
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Table 5.--Distant earthquakes=--Continued

July 18--Continued July 19--Continued
U PEN iSSS 20:25:14 Ha 2 iP 15:19:01.9
U PEZ IR 20:31327 159 Sy ai 0l £298 W
15306310,
Hi 2z iP 20:06:56.6 d Peru, Felt in Northern Chile.
h about 200 km,
Y Z ipP 20:07:34,2 Magnitude 7.
Ha Z iP 20:06:49.,5 d | duly 20
Ha ' Z ipP 20:07:27.8 M2 iP  17:01:41.6
15-1/2° N., 120-1/2° E, 0 Z iP' A7:01043,2
19:54:45,
Luzon, Philippine Islands. felt. D Z 1P/ 17201 :40,1
h about 150 km,
Magnitude 6-1/2 to 6=3/k. Uz iP 17:01:40.7
July 19 - Hl z iP 17:01:43,9
u Z eP 15:18:51 Ha 2Z eP 17:01:45.8
U PEZ iP 15:18:52,0 28=1/22 85, 1799 E;
16:53:38,
U PEZ epP 15:19:54 Fiji Islands region.

h about 600 km.,
U PEZ esP 15:20:07

- July 21
U PEZ ePP 15:22:26 e

M Z iP 07:52:05.7
U PEZ epPP 15:23:17

0 Z eP 07:52:05:5
U PEN iS 15:29:30

U PEZ eP 07:52:12
U PEN isS 15:31:04 y

u PEZ iS 07:59:26
U PEN eSS 15:35:28

U PEZ iR 08:05:32

U  PEN esSS 15:36:56
14-1/2° S., 167-1/2° E.

8] PEN iG 15:42:09 07:43:13,
) New Hebrides Islands.
6] PEZ iR 15:49:09 Magnitude 6-1/4.
Hi A iP 15:18:54,2
Hi 1z epP 15:19:47,5

18
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Table 5.--Distant earthquakes=--Continued

July 22 July 22--Continued
M Z iP 11:27:39.0 U PEZ iS 23:20:04
0 7 iP 11:¢27:38.1 U PEZ eSS  23:24:09
U Z eP 11:27:39.3 U PEN eG 23:25:49
20 N., 126-1/2° E, U PEZ eR 23:29:49
11:15:33.
Molucca Passage. HIeES: eP 23:12:14.0
July .22 Ha Z eP 23:12:08,9
M Z iP 19332:31.3 ¢ 59 8,3 152=1/2% Es
23:02:27,
0 Z iP 19:32:32:0 ¢ New Britain. Felt.
h about 60 km,
D Z iE 19:32:31.9 ¢ ¥
July 23
U Z iP 19:32:31,7 ¢
1z M Z eP 15:05:28,6
0] PEZ P 19332:32,1 ¢©
D Z eP' 153:05:28,3
U PEN eS 19:39:12
U Z eP 15:05:27.1
B =7 3P 19:32:31.,6 ¢
U PEZ eP 15:05:26.8
Ha 2 PP 19832:21.,0 ¢
U PEZ eS 15:12;27
538EN.s 153° E,
19:24:17, U PEZ eR 15:18:44
Sea of Okhotsk.
h about 650 km, HI Z eP 15:05:19.5
Magnitude 6-1/u,
Ha 2 eP 15:05:32,9
July 22
24=1/2 S., 176° W,
M Z eP 23:12:12,6 14:56:45,
Tonga Islands region.
0 Z €0 23:19+11.8 h about 60 km,
Magnitude 5=3/4.
D & iP  23:12:12.2
July 24
U Z eP 23:12:11.8 s
U Z eP 01:29:51.7
U PEZ iP 23:12:11,3
8] PEZ eP 01:29:52.8

19
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Table 5.--Distant earthquakes=--Continued

July 24--Continued Aug. 7--Continued
U PEN eS 01:35:13 Hi Z Tmax 22:31:30
U PEN iQ 01:36:54 Ha 2 Tmax 22:30:15
U PEZ eR 01:38:09 56-1/2° N., 154° W,
21:45:26.
U Z Tmax 02:04 Kodiak Island.
Magnitude 5.
Hi Z eP 01:29:48,2
Aug. 8
MY Z eQ 01:37:06
M VA iF 00¢56:19.5! ‘©
Hi 2 Tmax 02:05:25
M Z ipP 00:56:29.4
Ha 2 eP 01:29:51.7
0 Z eP 00:56:19.9
Ha 2 eQ 01:36:59
0 Z ipP 00:56:29,.9
Ha 2 Tmax 02:03:49
D Z iP 00:56:20.0 c¢
41° N,, 125-1/2° W.
01:23:09. D Z ipP 00:56:29.8
Off coast of Northern California.
Felt at Humboldt County. U Z epP 00:56:29.5
Magnitude 5-3/4,
U PEN eS 01:03:07
Aug, 4
U PEN eQ 01:07:11
M A eP 08:09:52.1
U PEZ eR 01:08:41
0 Z eP 08:09:51,5
Hi Z iP' 00:56:19,9 ¢
U Z eP 08:09:51.1
Ha Z eP 00:56:07.9 ¢
20-1/2° S,, 178° W,
08:02:17, 559 N,, 162-1/2° E.
Fiji Islands region, 00:47:38,
h about 600 km, Near east coast of Kamchatka.
Magnitude 6-1/2.
Aug. 7
Aug., 8
u PEZ eS 21:08:47 =
U PEZ eS 09:56:u47
u PEZ eR 22:02:31
0] PEZ eR 10:00:37
Y Z Tmax 22:31:20

20
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Table 5.--Distant earthquakes--Continued

Aug, 9 Aug. lui--Continued

M Z iP 20:38:36,2 0°, 125-1/2° E.
04:39:07,

0 Z iP 20:38:36.0 Molucca Passage.
D Z iP 20:38:35.1 Aug, 15
U = eP 20:38:35,1 M Z eP 09:09:00.,4 c
U PEZ iS 20:46:15 0 Z eP 09:09:00.6 c
Uip PEZ eR 20:52:39 D yA eP 09:09:00.,0 <c
Hi 2 iP 20:38:38.9 U Z eP 09:09:00.,2 d
10° S., 161° E. 0] PEZ iP 09:08:59.5 ¢
20:29:28,
Solomon Islands. U PLEE 1S 09:18:52

h about 100 km.
u PEE iPPS 09:19:u45

Aug, 12
=A== U PEN iSS 09:23:25
U Z eP 10:06:22,2
U PEN iQ 09:28:11
U PEZ eP 10:06:16
U PEZ eR 09:32:31
U PEN iS 10:12:39,0
Hi 2 iP 09:09:01.6 ¢
U PEE eQ 10:15:11
Ha 2 iP 09:09:06.4 ¢

U PEZ eSS 10:15:56
23° N,, 121° E,

U PEZ iR 10217311 08:57:04,
Formosaj 16 killed, many injured
Hi 2 eP 10:06:16.8 and extensive property damage.
Magnitude 6-3/4 to 7.
Ha., 2 eP 10:06:27.8
Aug. 16
16-1/2° s,, 177-1/2° W,
09:58:22, 8] PEZ eP 01:01:03,5
Fiji Islands region,
Magnitude 6~1/2, U PEZ eS 01:08:u44
Aug, 14 u PEZ eR 01:15:51
M 2 iP 0u:51:24,2 21° §,, 168° E.
o 7 00:51:40,
eP O04:51:24,4 Loyalty Islands region.

Magnitude 6.
21
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Table 5.--Distant earthgquakes--Continued

Aug. 16

Hi 2 iP 10:01:11.7
18° S,, 178° W.
09:53:52,
Fiji Islands.
h about 350 km.

Aug. 17
M Z eP 21:14:17,3
o 12 eP 21:14:17.2
D 2 eP 21:14:16.6
u Z iP 21:14:18.4
U PEZ iP  21:1u4:18,7
u PEN e 21:21:11
u PEE iS 21:22:02
U PEZ iSS 21:25:49
u PEN iQ 21:26:58
U PEZ iR 21:29:19
Hi Z eP 21:14:19,1
Ha Z iP  21:14:16,.1

7-1/20 S.g 156° E.
21:04:40,

Sclomon Islands,
Magnitude 7 to 7-1/u4,

Aug. 18

M 2 eP 00:45:33,.8
0 z eP  00:45:34,3
b z eP 00;45:33,8

22

Augu 18--Continued

2227729 N.., 1229 E,
00:34:03,

Near east coast of Formosa.
h about 200 km.

Aug. 18
M Z eP 06:45:31,.3
0 Z iP 06:45:30,2 d
D Z iP 06:45:31.2 d
U Z iP 06:45:31.5 d
U PEZ iP 06:45:31,5 ¢ (d)
6] PEZ iS 06:52:13
U PEZ iSS 06:55:43
U PEN iG 06:56:11
8] PEZ iR 06:57:45
Hi Z iP 06:45:29.8 d
Hi E eS 06:52:10
Hi N eQ 06:55:16
Ha 2 iP 06:45:28,3 ¢
Ha E eS 06:52:06
Ha N eQ 06:55:53
Ha N eR 06:58:13

4Ly°55' N,, 111°05"' W.

06:37:15,0,

Hebgen Lake, Montanaj many
killed and injured; major
property damage.

Magnitude 7.1,
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Table 5.-=-Distant earthquakes-~Continued

Aug, 18
M Z iP 15:34:23,0 ¢
0 Z iP 15:34:23.0 ¢
D Z iP 15:3h4324.1 ¢
U Z eP 15:34:22.2 d
u PEZ iP 15:34:22.8 d
U+« PEN iS 15:41:06
U PEN iSS 15:44:21
U PEN eQ 15:u45:58
(9] PEZ iR 15:46:58
Hi 2 eP 15:34:19,4 d
Ha Z iP 15:34:20.,4 d

4yo53' N,, 110°44' W.
15:26:06,5.

Hebgen Lake aftershock.
Magnitude 6"'1/ 2 .

Aug. 19
U PEZ eR 0L:23:51
44o54* N,, 111°38' W,
O4:04:03,0,
Hebgen Lake aftershock.
Magnitude 6,

Aug, 20
M Z eP 07:30:13.7
0 Z eR N 07:30812,7
D Z eP 07:30:14,2
U A eP 07:30:13.4

23

Aug. 20-=Continued

7° S., 85° W.
07:18:3“0
Off coast of Peru.

Auge 21
U PEN ePPS 08:28:26
U PEZ eR 08:u44:33

50-1/2° S,, 139-1/2° E.
08:03:15.

Indian Ocean south of Australia.
Magnitude 5-3/4 to 6.

Augu 21

U PEZ eR 10:19:18

50=1/2° S., 140° E.
09:37:49.
Indian Ocean south of Australia,

Aug . 24

M Z iP 15:50:54.,8 d
0 Z iP 15:50:54.6 d
D Z iP 15:50:53.8 d
9] Z eP 15:50:54.,0 ¢
U PEZ iP 15:50:54.0 ¢
U PEZ eS 15:58:29

U PEZ eR 16:05:57

Hi Z ip 15:50:57.2 ¢
Ha 2 iP 15:50:54.6 ¢

10=1/2° S:, 161=1/22ES
15:41:40,
Solomon Islands foreshocks
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U PEZ
PEN
u PEN
u PEZ

u PEZ

Ha 2

21:30:46,

Magnitude 7.

Aug, 2u
U PEZ

U PEZ

23:32:23,

Aug, 26

M
-
0
0

iP

iP

iP

eP

eP

is

eSS

iR

P

iP

10-1/2° S., 161°

Solomon Islands.

eS

eR

10-1/2° s,., 161°

iP
ipP
iP

ipP

21:40:01.0 ¢
21:40:00.7 ¢
21$39:59.2
21:39:59.5 ¢
21:39:58 c
21:47:01
21:47:39
21:51:06
21:53:59
21:40:02.2 d
21:40:00.5 d

E.

23149113
23:55:19

E,

Solomon Islands aftershock.

08:35:23.9 ¢
08:35:36.0
08:35:23.3 ¢

08:35:35,1

24

A go 26=-=Continued

D

D

Hi

Hi

Ha

Ha

Z

z

PEZ

PEN

PEZ

Z

Z

Z

Z

iP
ipP
iP
ipP
iP
is
iG
iR
3P
ipP
iP

ipP

18° N., 9u=-1/2°

08:25:30.

Vera Cruz, Mexico; 14 killed,
many injured, and extensive
property damage throughout
Tehuantepec Isthmus.

Magnitude 6-3/4.

Aug. 26
U

U

PEZ

PEZ

PEN

PEZ

eP
is
iQ
eR
Tmax
iQ

Tmax

08:35:24,1
08:35:35,1
08:35:23,.3
08:35:34,9
08:35:23.7
08:43:23

08:50:00

08:52:15

08:35:21,.5
08:35:33.1
08:35:28.4
08:35:39,2

W

10:34:45
10:40:43
10:42:41
10:44:18
11:13:31
10:42:48

11513315

B
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Aug. 26==Continued

Ha Z eQ 10:42:38

Ha 2 Tmax 11:12:55

519 N,, 132° We,
10:27:41, )
Queen Charlotte Islands region.

Auia 27

U - PEZ eR 14:20:21

45° S,, 80-1/2° W,

13:36:50. r
Off coast of southern Chile,

Aug. 28

U PEZ eR 03:01:41
9% 845 158° E.
02:37:00
Solomon Islands.
h about 150 km,
AEE' 28
0] Z 3P 12:15:5L .7
Hi 2 iP 12:15:49.4

63-1/2° N., 149° W,
12:07:44,
Central Alaska.

Felt at College
and Fairbanks,

u z eP 16:01:44,3
U  PEZ eP 16:01:43
U PEZ eS 16:09:01
U PEZ eR 16:15:41

Aug. 28-=Continued
17° Sy 167° Es

15352:10,
New Hebrides Islands,

Auﬁ 8 29
U PEZ eR 03:45:11

03:21:07,
Solomon Islands region.,

Augo 29

M Z iP 17:15:20.8
0 VA iP 17:15:21.3
D Z iP 17:15:21.3
U 4 iP 17:15:20.5
§] PEZ 1P 17:15:24:0
U PEZ is 17:25:27
U PEZ eSS 17:30:47
U PEN eG 17:36:4l
U PEZ eR 17:40:11
Hl /2 iP 17:15:20,7
Ha Z iP 17:15:12.6

52° N., 106-1/2° E.
17:03:10.

Lake Baikal, USSR,
Magnitude 6-1/2 to 6=3/4.

Aua o 20

U PEZ eR 22:45:30
36-1/2° S., 78-1/2° Es
21:45307,
Indian Ocean.
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SBEtn 3 M
M 7 iP 06:40:06.5 U PEZ eR 16:08:43
0 Z iP 06:40:06.4 i; 2;, 129° E.
13434k,
D Z eP 06:40:06.3 Halmahera aftershock.

U 7 eP 06:40:06.5 _Sm

U PEZ iP 06:40:06,.3 U PEZ eR 21:45:45

B FEN eS 06:50:37 SeRt, =

U PEZ eSS 06:56:03 M 7 IP 23:12:22.7

U PEN eG 07:01:35 0 Z iP 282123217

U PEZ eR 07:05:31 D Z eP 23:12:20.8

4=1/2° S,, 123° E. U Z IiP 23312:2104%

06:27:30,

Celebes Islands. Hi 7 iP 23:12:24,.6
Sept, 3 Ha 1'% iP 231121267

U PEZ eSS 22:06:u47 18° S,, 178~1/2° W.

23:04:00,
15° 8., 175-1/2° W, Fiji Islands.
21:48:56,

Fiji Islands region. Sept. 6

Sent. 5 M % iP 00:39:57.3
M Z eP 06:19:34,3 0 Z eP 00:39:57.2
(¢] Z eP 06:19:34,7 U Z eP 00:39:57.2
u PEN ePPS 06:30:03 5-1/2° N., 126-1/2° E.

00:27:59.,
6] PEN eQ 06:39:05 Near south coast of Mindanao,
Phillippine Islands.

u PEZ eR 06:41:36 "
10 N., 129° E, EEM
06:07:38,

U PEZ eR 14:25:27

Halmahera Island region,
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Sept. g--Continued Sept. 12
13:12:04 U PEZ eSKS 02:04:15
gSouth Atlantic Ocean about 700 r
miles east of Bouvet Island. U PEZ eSS 02:12:25
SeEt 8 U PEZ isSS 02:12:46

u PEZ eR 19:44:39 U PEZ eSSS 02:16:11
42-1/2° N., 142-1/2° E. U PEN eQ 02:18:51
19:19:39. _ .

Hoikaido, Japanj; felt at Hiroco, 0] PEZ TR 02521851

Obihiro, Kushiro, and Urakawa.
200855 68% W,

Sept. 10 01:41:03.
e Southern Bolivia.
M Z iP 05:44:41.9 d h about 150 km.
0 Z iP 05:44:41,8 d Sept. 12
D Z iP 05:u44:41,0 4d U PEZ eR 07:29:31
U Z eP 05:44:42,.8 3° g, 146-1/2° E.
07:01:45,
u PEZ eS 05:52:56 Bismarck Sea.
U PEZ eSSS  05:58:41 Segt, 12
U PEZ eR 06:00:21 9] PEE iS 11:42:00
Hi 2 iP 05:44:44,1 c U PEZ iR 11:49:38
Ha Z iP 05:44:40.7 ¢ g=1/2° S., 156° E,
11:24:27.

6-1,20 Sl’ 154-1/20 E.
05:35:04,
Solomon Islands.

Solomon Islands regiom.

SeEt. 14
Sept, 10 g 5% eP 13:24:40.3
Mz eP 23:05:42,0 U PEZ eS 13:31:35
!
Dz eP 23:05:42,5 U  PEZ eR 13:38:01
47° N., 152° E, i P 13:24:36.7
22:56:34, HE £

Kurile Islands.

2
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13:15:49.

Magnitude 5
Sept. 14

M Z
M 2
0 Z
o Z
D Z
Do 2
U Z
u 2z
U PEZ
U PEZ
U PEZ
U PEN
U PEE
U PEE
U PEZ
Hi 2
Hi 2
Hi N
Hiane £

! Hi N

Sept. lﬂ--Continued

=3

iP
ipP
iP
ipP
eP
ipP
1P
ipP

iP

ipP
is
eScS
iG
iR
iP
ipP
esS
eQ

eR

ou0 §,, 176-1/2° W.

Tonga Islands regions
/4 to 6.

14:183:56.7
14:19:16.4
14:18:56.1
143:19:15.8
14:18:55.1
14:19:14.9
14:18:56.0
14:19:14.4
14:18:52,9
14:18:56.2
14:19:07
14:26:28
14:28:47
14:30:41
14:33:11
14:18:58,2
14:19:16.8
14:26:31
14:31:35

14:38:45

Sept. l4-~Continued
DAp

Ha 2 iP
Ha 2 ipP
Ha N eS
Ha E eR

28-1/2° S., 177° W.

14:09:39.

Kermadec Islands. Felt on

Raoul,

Magnitude 7-3/4.

SEEte 14
M Z
0 Z
D Z
9] Z
U PEN
u PEZ
Hi 2
Ha 2

eP

eP

e

eP

is

eR

iP

e

14:19:02,0

0

14:19:20.3

14326314

14:34:03

17:15:29.8
17:15:29.4
17:15:24.7
17:15:31.3
17:23:00

17:30:01

17:15:32,.9

17:15:49.2

29° §,, 176=-1/2° W,

17:06:15.

Kermadec aftershock. Felt on

Raoul.
Sept. 14
M Z
0 Z

U PEZ

U PEN

eP

eP

eP

22:33:17.7
22:33:16.5
22:33:18

22:40:39
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Septs 14--Continued

U PEZ eR 22:47:27

290 So' 1770 Wo

22:23:53,

Kermadec aftershock. Felt on
Raoul.,

Magnitude 6-1/2.

Sept. 15

M 7 iP 06:08:58,3

0 Z iP 06:08:57.1

0} Z eP 06:08:53.4

U PEZ iP 06:08:54,.4

0] PEE iS 06:16:22

u PEE iScS 06:18:53

U PEZ iSS 06:19:55

u PEE eQ 06:20:11

u PEZ iR 06:23:45

12 A eP 06:08:59,2

Hi E eS 06:16:20
REi E eQ 063:24:39
L, N ek 0(5:28:03

Ha. 7 iP 06:08:59.8

Ha N eS 06:16:29

Ha eQ 06:22:35

JeB=1/2° 5, . 177° W,

05:59:42,

Kermadec aftershock. Felt on

~ Raoul,

Magnitude 6-1/2 to 6-3/4,

29

Sept. 15

M Z iP 11:1352052 e
M Z iScP 11:17:38.3

0 Z iP 11:13:19.6 c
0 Z iSeP 11:17:37.7

D Z eP 11:13:20,1 ¢
u Z 1P 11:13:195) ¢
u PEE iS 11:19:33

U PEE  iScS 11:22:18

Hi e g iP ©11:13:21.,8 ¢
Ha Z iP. 11:13:25.1 ¢

21-~1/2° S,y 179-1/2° W,
11:05:33,

Fiji Islands region.

h about 600 km.,
Magnitude 6-=1/2,

SeEte 16
U PEN iS 16:13:45
U PEZ eR 16:21:11

28=1/2° S,, 176° W,
15357303,

Kermadec aftershock.
Magnitude 5-3/4 to 6.

SeEt, 17
U PEN eS 14:52:47
U PEZ eR 15:00:31

28-1/2° S,, 176° W,
14:36:11.

Kermadec aftershock.
Magnitude 5=3/4 to 6,
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o

Sept. 17 .

U PEZ eR 22:32:11

30-1/2° S., 1l1lu4° W,
22:14:40,

Gulf of California,
Magnitude 5=-1/U4,

] SeEt. 18

U PEZ eR 13:00:31

57-1/2° S., 2u° W,

12:01:11.
Sandwich Islands.,

Sept. 20

U PEZ eS 06:25:15
U PEN eQ 06:30:27
U PEZ eR_ 06:32:35,
U ZEZz Tmax: 0F316:l6:
B reQ: 06232549

18-1/2° S., 11=1/2% W60 .49
06:07:59,

Paeifiic’ Ocean mopthy of Easter
UfLsLaridy,.

SeEt. .'2-\1. I
SSRS. 2iPEZ

9-1/29i8,, 1499 EQg::
02:08:28,

Near Codst of New, Guinea,
cn Waulgella.

eR 02:37:11

Felt

30

Sept. 25

Mg eP  02:48:45,6 d
O Z _ . . iP"02:48:46.1 d
e iP 02:48:45,1 d
o @ eP 02:48:45.3 d
U  PEZ iP 02:48:45 ¢
U PEE eS 02;58:38

U PEZ eSS 03:02:51

U  PEZ eR 03:11:28

22° N., 122-1/2° E,

02:36:48,
Near east coast of Formosa.

Sept. 26

M 2 eP 08:27:42.4
: ﬁ Z Tmax, 09:02;35
0, % P 08273406
0 Z Tmaﬁ Q?;Q23§l

D 2 Tmax 09:02:30

U~ BEN . eS 08:32:50

U PEN  eQ 08:34:30
U EEZ R 08:35:40
U % Tmax 99:02:45
Hi 2 18P 08:27:34.4
By Y § BR137i32. .
WLz max gsi02in
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Septe. 26--Continued Sept. 30
Ha 2 iP 08:27:37.7 M Z iP 20:35:15.3
Ha Z Tmax 09:02:08 0 iP 20:35:15,1
43-1/2° N., 128=1/2° W, iP 20:35:13.9
08:20:51.
Off coast of Oregon. iP 20335:14,7
Sept. 29 eS 20:43:55
U Z eP 15:41:18,0 U PEZ eR 20:50:30
U PEZ eP 15:41:16,0 Ha eP 20:35:17.4 d
U PEN iS 15:u48344 Ha'W <2 eP 20:35:16,6 d
U PEZ eR 15:54:50 18% 5., 168° E,
20425358
29° 5., 176=1/2° W, New Hebrides Islands. Felt at
15231457, Port Vila and Vate.
Kermadec Islands. Magnitude 6-1/2,

Magnitude 6-1/2 to 6-3/4,
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Figure 2,--Map of the Island of Hawaii showing seismograph stations
operated by the Geological Survey and localities mentioned in
the text. Epicenters of local earthquakes are given in terms of
geographic coordinates, which are indicated at the edges of the
map.
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