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1. Introduction

The seismic observation system at Syowa Station is
schematically illustrated in Fig. 1. There are two types of
seismometers, the one called SP (short-period) or HES with the
natural period of 1.0 s of the pendulum and the other called LP
(long-period) or PELS with the natural period of 12.0 s. SP and
LP have been operated since 1961 and 1967, respectively (Kaminuma
et al., 1968). A new vault for seismometers was built in March
1970 (Kaminuwa and Chiba, 1973). The old LP was replaced by PELS
at Syowa Station in 1982. The coordinates of the seismographic
vault are 69°00'31.7"S in latitude and 39°35'31.6"E in longitude.
The elevation is 20 m above the mean sea level.

The system was maintained by N. Ichikawa throughout the

wintering season of JARE-29 (February 1988 - January 1989).
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2. Data

The overall frequency response and the maghifiéaiibn of the
short-period and long-period ‘seismometers (Z, N-S and E-V
components) are shown in Fig. 2. The system clock has been
connected to the recovered UTC from NNSS satellites since
February 1987 (see Fig. 1). The accuracy of the read-out data
can be estimated as 0.2 s.

Considering the delay time of 1-2 years between the
publication of this report and the observing wintering vperiod,
which is inevitable due to the restriction of transport ability
between Tokyo and Syowa Station, the PDE (Preliminary
Determination of Epicenters) reports by NEIC (National Earthquake
Information Center) are referred to and only the seismograms of

teleseismic events are edited.

2.1. Read-out data

The onset of the all events detected on the monitoring
seismograms of the short- and long-periods was picked out from
the pen-monitor records. The onset times of P-arrivals are
listed in Table 1. Symbols E and I in the phase column denote
weak and sharp onsets, respectively. The direction of the
initial eground motion is denoted by + for the upward direction
and - for the downward direction. Arrival time is in UTC.

Some earthquakes were determined as the local events using
the data of the tripartite array network which was installed

around Syowa Station in 1987 (Akamatsu et al., 1988). The local



events are denoted with the symbol of the single asterisk in
Table 1. The teleseismic events reported in the PDE of NEIC are
shown with the serial numbers (#-xxx) in the table. The serial
numbers are corresponded to the numbers in Table 2 which are
listed the big events detected at Syowa Station and reported in
the PDE. The events detected on the only long-period seismogranms

are shown with the double asterisks.

2.2. Teleseismic events

Figure 3 shows the location of 164 teleseismic events of
which initial phases were detected at Syowa Station. The list of
hypocenters of the teleseisms is shown in Table 2 with the same
serial numbers as given in remarks of Table 1. The seismograms
of these events are available from National Institute of Polar
Research.

Pen-monitor examples of 16 teleseismic events are given in
the Appendix. Body wave magnitude of the events in the appendix
is larger than 6.0. The event of #-114 is given in only long-
period seismogram and the other 15 events are given in both
short- and long-period seismograms. One block of long-period
seismogram is shown for one hour record and that of short-period
is for 30 minutes. The long-period is given for three component
seismograms at Syowa Station. The short-period is given for the
vertical component at three sites (Syowa, Langhovde and Tottuki
Point) of the tripartite array (Akamatsu et al., 1988), but the

events of #-85 and #-87 are given for three components at Syowa



Station. Initial P phases on long-period seismograms of events
$-2, #-22 and #-23 could not be identified due to extreme

microseisms.

3. Staffs of Data Process
The seismic observations at Syowa Station are organized by
one of the authors, K. Kaminuma, and Dr. K. Shibuya of National
Institute of Polar Research. Information on the seismic
observation at Syowa Station is available from then. Ms. Y.
Shudo of National Institute of Polar Research has scaled and
edited all events, and has prepared this manuscript. The authors

express their sincere thanks for her cooperation.

References
Akamatsu, J., Yoshikawa, S. and Kaminuma, K. (1988): Preliminary
report of local seismic activity around Syowa Station, East
Antarctica. Proc. NIPR Symp. Antarct. Geosci., 2, 1-86.
Kaminuma, K. and Chiba, H. (1973): Syowa Kiti no shin-
Jjishinkeishitsu to jishin kenchiritsu (The new seismographic
vault and the detection <capability of Syowa Station,
Antarctica). Nankyoku ShiryG (Antarct. Rec.), 46, 67-82.
Kaminuma, K., Eto, T. and Yoshida, M. (1968): Syowa Kiti no

jishin kansoku (Seismological observation at Syowa Station,

Antarctica). Nankyoku Shiryo (Antarct. Rec.), 33, 65-70.



Sensor Room
(Underground)

r.---...--.

PELS Type

4

)

HES Type

' pre

filtter amp

pre

re
N-S P

]
t
[ ]
]
E-w -!' fitter amp
]
'
-
' filter amp
LS

N-S pre amp

Wi

E-W p== pre amp

Zz pre amp

Fig. 1.

600 m
twist pair
cable

Earth Science Laboratory

2

pen
monite’ ?E?cEl____-—'r-t utC
| Generator Receiver
anti alias ‘ |
| main anp} { ilter I
) e el Control l o
— — """ Box
B anti alias - 0
main amp [=1 " filter o sy : © *g
i H oo |15 €
- anti alias = ' ! tlo R
main amp filter Q ooooom-=d &
= Buffer |
_ o Memory 1
. anti alias (&)
main amp filter | |
MT |
— 2 Controller
- anti alias [
main amp filter
System
- anti alias Printer
main amp filter 1000 m Earth Cable
1 -
-
pen i'
s monitor,

The seismic observation system at Syowa Station.



SP
104 [ L]
] L~ N
) /] N
103
102_____/ \
0.1 05 1 5 10 iz
ol L LI |
M
103 N\
| N
f A
102

10 2 1 S

Fig. 2. Over-all frequency responses of the short-period

and the long-period seismographs.



180°W 90°W 0° 90°E 180°E

60°N

30°N

00

’_|30°s

60°S

--- M<6
O---Mz6

Fig. 3. Epicenters of 164 events which were detected at Syowa

Station and were located by NEIC.

— 7



Table 1. Read-out data.
Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h m s h n s
Jan. 01 EPZ 21 14 28.6 Jan. 20 LP+IPZ 15 13 02.7
02 -IPZ 06 48 25.5 21 EPZ 07 29 21.1
+IPZ 13 04 12.6 +IPZ 08 34 58.5 #-10
04 +IPZ 17 32 12.7 LP+IPZ 08 34 58.6
06 EPZ 15 02 33.6 22 +IPZ 00 47 32.0 #-11
07 +IPZ 09 30 09.6 LP+IPZ 00 47 32.6
LP+IPZ 09 30 09.5 +IPZ 04 08 59.6 #-12
08 +IPZ 11 35 42.4 LP+IPZ 04 08 59.5
09 +IPZ 23 19 11.4 -1PZ 05 40 05.9
10 EPZ 04 17 23.4 +IPZ 12 16 32.0 #-13
+IPZ 06 28 28.8 LP+IPZ 12 16 32.0
11 +IPZ 21 27 17.7 #-1 +IPZ 12 51 08.4
12 -1PZ 07 41 31.6 #-2 23 -1PZ 09 10 55.7
13 -1PZ 15 50 36.9 #-3 +IPZ 23 00 36.8
+IPZ 22 28 23.1 24 -1PZ 16 12 00.4
14 -1PZ 19 16 11.7 25 +IPZ 07 28 45.5 #-14
15 LP EXZ 02 50 41.5 LP+IPZ 07 28 45.5
-1PZ 08 52 46.8 #-4 26 +IPZ 17 02 59.5
LP-1PZ 08 52 46.9 27 +IPZ 11 38 50.0
LP ESH 09 02 51.9 29 +IPZ 10 31 03.8
-1PZ 2116 17.8 #-5 Feb. 01 +IPZ 13 44 22.8
LP-1PZ 21 16 18.0 05 +IPZ 14 12 33.4 #-15
16 EPZ 05 54 46.4 #-6 LP+IPZ 14 12 33.2
LP EPZ 05 54 46.8 +IPZ 19 01 02.4 #-16
17 -1PZ 17 27 21.2 LP+IPZ 19 01 02.4
19 -IPZ 03 37 55.6 #-7 06 +IPZ 11 40 39.0
+IPZ 07 42 05.8 #-8 +IPZ 15 28 12.3 #-17
LP+IPZ 07 42 06.0 LP+IPZ 15 28 12.3
LP ESH 07 51 37.6 LP ESH 15 38 30.2
20 +IPZ 15 13 02.5 #-9 +IPZ 18 15 26.5 #-18




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks

h m s h a s
Feb. 06 LP+IPZ 18 15 27.0 Mar. 13 +IPZ 12 38 05.5
LP ESH 18 25 02.9 EPZ 13 05 44.3 #-29
+IPZ 2] 42 58.0 14 +IPZ 11 11 15.0
07 EXZ 09 06 43.5 -1PZ 12 42 41.7
-1PZ 18 34 46.3 #-19 24 -1PZ 15 41 43.6
LP-1PZ 18 34 46.8 25 -IPZ 05 33 35.0 #-30
08 +IPZ 16 08 30.5 EPZ 15 16 20.9 *
LP+IPZ 16 08 30.6 +IPZ 17 31 43.3 #-31
09 +IPZ 04 44 02.2 +IPZ 19 58 10.0
13 +IPZ 03 24 00.8 27 -1PZ 07 58 58.0
18 +IPZ 00 33 34.6 +IPZ 23 30 59.1
-1PZ 14 03 55.3 #-20 28 +IPZ 18 47 49.7 #-32
LP-IPZ 14 03 55.4 31 +IPZ 00 02 27.5 #-33
22 -1PZ 19 25 03.9 #-21 LP+IPZ 00 02 27.5
26 +IPZ 06 23 58.9 #-22 +IPZ 23 09 47.5
Mar. 04 +IPZ 03 20 09.0 Apr. 01 -1PZ 14 38 32.2 #-34
+IPZ 03 22 16.5 LP-1PZ 14 38 32.2
06 -1PZ 22 55 41.0 #-23 02 -1PZ 05 03 39.2
08 EPZ 15 51 06.0 -1PZ 05 25 28.6 #-35
EPZ 16 47 13.0 -1PZ 07 27 54.2
09 +IPZ 04 55 32.4 #-24 -1PZ 14 39 38.8 #-36
-1PZ 0511 18.5 03 +IPZ 01 52 01.5 #-37
-1PZ 21 46 11.8 #-25 +IPZ 14 39 30.5 #-38
10 +IPZ 10 36 41.2 #-26 LP+IPZ 14 39 30.3
EPZ 21 06 38.4 06 EPZ 16 42 32.2
11 EPZ 02 43 25.7 +IPZ 20 04 41.5
-1PZ 09 20 48.9 -1PZ 21 18 43.5
12 +IPZ 00 55 49.4 #-27 07 EPZ 18 20 42.6 #-39
+IPZ 08 58 39.1 #-28 08 +IPZ 11 32 35.8 #-40
13 EPZ 11 42 10.1 LP+IPZ 11 32 36.0




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks

h » s h n s
Apr. 08 +IPZ 23 26 35.0 May 01 LP+IPZ 23 12 44.4
11 -IPZ 21 04 14.4 03 -1PZ 23 34 24.0 #-52
-1PZ 22 47 58.1 #-41 LP-1PZ 23 34 24.2
12 -IPZ 05 14 42.8 #-42 04 -IPZ 00 11 03.8
EPZ 20 33 24.1 +IPZ 01 16 02.0 #-53
+IPZ 23 32 08.5 #-43 05 EPZ 00 05 45.5
LP+IPZ 23 32 09.5 -IPZ 08 10 24.4
13 EPZ 00 07 38.3 +IPZ 10 16 34.5 #-54
+IPZ 00 51 47.4 #-44 LP+IPZ 10 16 34.6
+[PZ 08 10 00.5 +IPZ 17 50 24.8 #-55
+IPZ 23 13 53.4 LP+IPZ 17 50 24.8
17 +|PZ 03 02 51.9 EPZ 22 45 08.9
EPZ 05 17 32.0 #-45 LP+IPZ 22 45 08.1
EPZ 12 35 53.8 +IPZ 23 43 06.5
18 EPZ 12 33 02.3 LP+IPZ 23 43 06.5
19 +IPZ 21 01 47.5 #-46 06 EPZ 15 04 42.5
+IPZ 23 22 18.5 +IPZ 16 46 42.3 #-56
20 -1PZ 04 38 06.8 #-47 LP+IPZ 16 46 42.3
23 +IPZ 04 25 22.6 $-48 +IPZ 19 26 30.2 #-57
25 +IPZ 01 31 48.5 LP+IPZ 19 26 30.2
EPZ 10 23 38.0 LP ESH 19 36 02.9
27 +|PZ 21 33 12.2 07 +IPZ 17 16 11.8
28 EPZ 22 52 57.9 #-49 -1PZ 23 09 27.2
LP-1PZ 22 52 57.2 09 +IPZ 12 33 52.2 #-58
29 +IPZ 05 26 58.3 LP+IPZ 12 33 52.0
-1PZ 07 47 54.0 10 -1PZ 10 17 34.0
May 01 -IPZ 10 26 16.0 #-50 11 -IPZ 17 39 34.5 #-59
LP-1PZ 10 26 16.2 LP-1PZ 17 39 34.8
-IPZ 15 34 58.0 +IPZ 20 08 33.7
+IPZ 23 12 44.3 #-51 13 +IPZ 01 46 16.1




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h m s h s
May 13 -1PZ 02 08 25.1 May 28 +[PZ 10 36 32.2
EPZ 03 35 34.2 -1PZ 16 39 20.0
+IPZ 15 54 38.6 LP-1PZ 16 39 20.2
15 EPZ 18 36 31.0 29 +IPZ 12 05 42.0
17 +IPZ 09 18 06.1 30 +IPZ 21 23 26.6 #-63
-1PZ 20 52 38.7 LP+IPZ 21 23 26.6
18 +[PZ 22 01 51.4 -1PZ 21 32 56.0
-1pZ 23 18 01.6 June 02 +IPZ 12 10 00.4
20 -1PZ 03 31 50.6 #-60 +IPZ 13 19 38.6 #-64
LP-1PZ 03 31 50.5 LP+IPZ 13 19 38.7
+IPZ 03 46 11.1 03 +IPZ 11 57 25.6
+IPZ 09 30 28.0 +1PZ 23 37 32.8 #-65
EPZ 15 12 00.5 LP+IPZ 23 37 32.8
21 +IPZ 14 39 25.2 #-61 05 +IPZ 17 41 31.0
EPZ 15 28 13.4 +IPZ 18 35 26.8 #-66
22 EPZ 02 58 52.8 X LP+IPZ 18 35 26.8
+IPZ 12 59 19.9 10 EPZ 05 19 23.6
23 +IPZ 00 06 38.8 -1PZ 11 42 35.8 #-67
-1pZ 00 33 01.7 #-62 LP-1PZ 11 42 35.8
LP-1PZ 00 33 01.6 -1PZ 23 26 14.9
EPZ 07 57 33.4 11 +IPZ 12 30 32.8
-1PZ 23 07 16.1 LP+IPZ 12 30 33.2
24 +IPZ 05 11 02.7 12 EPZ 13 52 47.4
EPZ 05 12 29.4 16 -1PZ 15 53 04.8 #-68
EPZ 23 03 08.4 X -1PZ 23 50 52.9
25 EPZ 04 52 14.6 17 -1PZ 13 05 08.0 #-69
+IPZ 14 25 05.5 LP-1PZ 13 05 08.2
26 EPZ 00 32 06.3 18 -1pZ 23 09 03.8
EPZ 23 06 10.4 X LP EPZ 23 09 03.2
27 +IPZ 02 56 34.3 18 +IPZ 13 17 13.3




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks

h m s h n s
June 22 +IPZ 22 05 57.0 July 05 LP+IPZ 20 45 00.0
23 +IPZ 04 24 09.3 LP ESH 20 55 31.6
24 -1PZ 06 10 38.2 06 +IPZ 01 22 50.5
25 +IPZ 06 35 53.0 #-170 EPZ 01 24 46.9
LP+IPZ 06 35 53.0 +IPZ 23 13 31.6
26 +IPZ 03 34 10.4 07 +1PZ 13 24 33.2
21 -1PZ 06 20 13.0 #-71 +IPZ 15 25 08.0 #-171
LP-1PZ 06 20 13.2 LP+IPZ 15 25 08.0
LP ESH 06 30 28.8 08 -1PZ 16 48 40.0
-1PZ 16 27 24.6 LP-1PZ 16 48 40.1
28 +IPZ 14 44 01.6 09 +1PZ 15 22 23.2 #-78
+IPZ 16 48 28.4 #-72 LP+IPZ 15 22 23.2
LP+IPZ 16 48 28.8 11 -1PZ 00 25 46.1 #-19
29 -1PZ 09 13 24.3 LP+IPZ 00 25 45.2
EPZ 10 37 39.3 13 -1PZ 17 37 05.3
LP EPZ 10 37 39.0 LP-1PZ 17 37 05.3
+IPZ 15 09 22.3 #-73 16 -1PZ 08 45 39.8 #-80
30 -IPZ 15 10 18.5 ~+IPZ 17 07 08.9 #-81
EPZ 15 32 25.5 LP+IPZ 17 07 09.9
July 01 +IPZ 03 08 33.4 17 +1PZ 13 24 52.0
02 +IPZ 10 14 07.1 #-74 18 +IPZ 02 42 15.4 #-82
LP+IPZ 10 14 07.1 18 +IPZ 01 12 54.5 #-83
03 +IPZ 01 50 05.4 LP+IPZ 01 12 54.4
EPZ 05 21 05.8 LP ESH 01 23 08.2
-1PZ 11 57 03.7 EPZ 16 36 47.2
LP-1PZ 11 57 04.0 -1PZ 23 54 05.1
04 +IPZ 14 06 27.4 #-75 22 -1PZ 18 23 03.0
LP+IPZ 14 06 27.4 23 -I1PZ 14 38 02.0 #-84
05 +IPZ 08 19 42.6 LP-1PZ 14 38 02.0
+IPZ 20 44 59.5 #-76 LP ESH 14 48 21.5




Date Phase Arrivel time Remarks
h m s
July 23 -IPZ 15 30 15.5 #-85
ESH 15 41 13.5
LP-1PZ 15 30 15.5
-IPZ 17 24 43.3 #-86
LP-1PZ 17 24 43.3
25 -1PZ 06 58 43.2 #-87
LP-1PZ 06 58 43.3
26 +IPZ 00 02 04.0
-1PZ 16 47 02.5
-1PZ 19 25 11.9
LP-1PZ 19 25 12.0
27 +IPZ 22 07 49.0 #-88
LP+IPZ 22 07 49.0
+1PZ 22 57 13.7 #-89
LP+1PZ 22 57 13.6
28 -IPZ 04 17 40.6
-1PZ 17 23 42.5 #-90
ESH 17 32 56.5
LP-1PZ 17 23 42.5
LP ESH 17 32 56.5
-1PZ 17 32 51.9
LP-1PZ 17 32 51.9
30 EPZ 02 57 49.5
LP EPZ 02 57 48.3
-1PZ 16 34 27.5 #-91
EPZ 21 26 27.9
31 +1PZ 13 02 23.3 #-92
LP+IPZ 13 02 23.3
-1PZ 15 30 10.3 #-93
LP-1PZ 15 30 10.3

Date

Phase

Arrivel time

h n s

Remarks

Aug. 03
04

05

06

07
08

09

10

+1P2
-1P2
LP-1P2
EPZ
+1PZ
LP+1PZ
+1PZ
-1P2
LP-1PZ
-1PZ
+1P2
+1P2
LP+IPZ
EXZ
+1P2
LP+[PZ
EPZ
+1PZ
LP+1PZ
-1PZ
+1PZ
-1PZ
EPZ
+1P2
EPZ
+1P2Z
-1pPZ
LP-1P2
+1PZ
+1PZ

12 00 45.7
06 23 00.0
06 29 00.0
06 48 06.4
17 28 16.8
17 28 17.2
21 39 19.0
10 15 36.5
10 15 36.8
17 47 29.6
21 53 45.3
00 50 08.5
00 50 08.5
01 06 10.8
06 39 56.0
06 39 56.1
07 44 02.9
09 21 15.8
09 21 15.6
14 06 30.7
15 46 14.9
17 27 18.1
20 18 38.5
02 01 45.4
14 46 35.3
01 10 11.5
04 51 25.5
04 51 25.9
05 09 40.0
06 51 41.8

#-94

#-95

#-96

#-97

#-98

#-99

#-100

#-101

#-102




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h » s h &= s
Aug. 10 -1PZ 11 59 00.0 #-103 Aug. 17 LP ESH 02 20 16.5
LP-1PZ 11 59 00.0 +IPZ 08 27 41.8
LP ESH 12 09 10.8 LP+IPZ 08 27 42.0
+IPZ 13 23 56.6 #-104 +IPZ 11 46 09.4 #-111
LP+IPZ 13 23 56.6 LP+IPZ 11 46 08.9
LP ESH 13 34 10.5 +IPZ 12 49 32.3
-1PZ 16 02 42.5 +IPZ 17 19 37.6 #-112
11 +IPZ 03 24 45.8 LP+IPZ 17 19 37.6
LP+IPZ 03 24 45.8 18 -1PZ 06 45 08.6
+IPZ 13 38 40.6 #-105 19 +IPZ 18 33 55.0 #-113
LP EPZ 13 38 41.9 LP+IPZ 18 33 55.0
12 +IPZ 05 33 46.5 +IPZ 23 02 21.9
-1PZ 13 42 34.3 20 -1PZ 08 32 20.1
13 EPZ 0559 11.9 LP-1PZ 08 32 20.1
-1PZ 12 49 03.0 LP-1PZ 23 23 09.9 #-114xx
EPZ 14 29 10.8 21 LP+IPZ 14 01 59.0 #-115xx
14 -1PZ 11 15 27.8 #-106 22 EPZ 11 25 00.0
LP-1PZ 11 15 27.9 23 -IPZ 04 30 30.5
+IPZ 13 23 26.4 +IPZ 20 06 38.3 #-116
EPZ 17 58 47.8 LP+IPZ 20 06 38.6
+IPZ 18 04 27.1 #-107 24 -1PZ 09 34 53.6
LP+IPZ 18 04 27.2 26 +IPZ 09 38 40.8
-1PZ 20 22 40.2 #-108 27 EPZ 10 14 18.8
LP-1PZ 20 22 40.3 EPZ 10 27 47.3
15 +IPZ 10 12 48.2 #-109 +IPZ 16 43 23.0 #-117
LP+IPZ 10 12 48.3 LP+IPZ 16 43 23.0
16 -IPZ 08 53 42.5 29 EPZ 04 42 08.4
+IPZ 14 10 57.6 LP EPZ 04 42 09.4
17 +IPZ 02 10 44.3 #-110 30 EPZ 12 59 42.2
LP+IPZ 02 10 44.3 +IPZ 18 19 36.7




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h m s h a
Sept.02 +IPZ 04 52 54.0 Sept. 16 EPZ 00 27 05.6
+IPZ 10 47 31.3 -1PZ 02 28 01.7
LP+IPZ 10 47 31.3 LP-1PZ 02 28 01.8
+IPZ 16 19 35.6 EPZ 06 40 07.6
+IPZ 22 45 34.7 LP+IPZ 06 40 07.6
03 +IPZ 00 41 12.6 18 +IPZ 01 54 33.0
04 +IPZ 07 45 42.2 19 EPZ 19 11 05.6
EPZ 17 23 07.7 x LP+IPZ 19 11 05.8
-1PZ 20 38 38.5 +IPZ 20 02 29.8
05 +IPZ 09 27 09.4 -1PZ 21 13 52.4
06 +IPZ 12 35 57.7 20 -IPZ 14 55 42.9 #-121
+IPZ 15 57 50.4 +IPZ 19 28 11.8
08 -1PZ 13 00 48.8 21 EPZ 11 17 01.6
+IPZ 22 39 05.0 22 +IPZ 00 12 381.7
09 EPZ 17 03 23.2 #-118 25 -1PZ 01 14 40.6
-1PZ 23 21 01.1 #-119 LP-1PZ 01 14 40.6
LP-1PZ 23 21 01.1 +IPZ 07 12 45.5 #-122
10 -1PZ 05 44 22.1 +IPZ 09 07 39.3
+IPZ 21 47 56.0 +IPZ 20 12 38.1
LP+IPZ 21 47 56.0 26 -1PZ 08 42 21.1
11 +IPZ 06 29 03.3 LP+IPZ 08 42 20.9
12 EPZ 11 57 35.8 -IPZ 13 43 55.3
13 EPZ 06 39 03.2 +IPZ 21 19 30.8
14 +IPZ 02 47 54.8 LP+IPZ 21 19 31.0
+IPZ 04 18 51.1 30 -IPZ 03 35 36.5 #-123
EPZ 10 45 55.6 LP-1PZ 03 35 36.5
-1PZ 22 25 29.7 #-120 EPZ 05 58 50.8
LP-1PZ 22 25 29.7 +IPZ 08 40 02.3 #-124
LP ESH 22 34 58.2 LP+IPZ 08 40 02.3
16 EPZ 00 19 20.6 +IPZ 20 54 31.1

_>15‘.



Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h o s h a s
Sept.30 -1PZ 21 56 52.3 #-125 Oct. 14 LP-IPZ 19 23 11.4
LP-1PZ 21 56 52.3 15 +IPZ 18 16 21.5
Oct. 01 +IPZ 09 54 54.4 #-126 17 EPZ 06 16 30.2
LP+IPZ 09 54 54.8 LP+IPZ 06 16 29.2
02 +IPZ 06 29 21.9 #-127 -1PZ 20 44 54.8
+IPZ 12 04 56.2 +IPZ 21 50 56.6
03 -1PZ 00 58 48.7 18 +1PZ 13 17 09.7
04 +IPZ 1519 28.6 19 EPZ 20 10 38.6
EPZ 15 51 13.2 #-128 20 -1PZ 01 20 19.7
LP EPZ 15 51 13.0 EPZ 02 44 06.7
05 +IPZ 01 12 43.0 #-129 21 +IPZ 09 04 30.5
LP+IPZ 01 12 43.1 22 +IPZ 16 23 40.2 #-134
+IPZ 09 57 26.8 LP+IPZ 16 23 40.2
08 +IPZ 04 59 17.1 #-130 23 EPZ 00 35 51.6
LP+IPZ 04 59 17.0 +IPZ 06 57 14.3 #-135
EPZ 21 45 13.3 LP+IPZ 06 57 14.3
09 +IPZ 17 15 16.2 EPZ 13 51 21.7
10 EPZ 06 44 20.7 EPZ 13 57 39.6
LP+IPZ 06 44 20.8 24 +IPZ 12 08 17.7 #-136
EPZ 07 31 39.4 LP+1PZ 12 08 17.6
LP-1PZ 07 31 38.8 25 -1PZ 03 54 58.7
+IPZ 18 32 27.3 #-131 21 +IPZ 11 02 48.4
LP+IPZ 18 32 27.3 LP+IPZ 11 02 48.5
LP ESH 18 42 18.0 -1PZ 1518 25.4 #-137
+IPZ 19 38 21.0 LP-1PZ 15 18 25.4
11 +IPZ 02 04 37.6 -1PZ 19 52 15.6
12 -1PZ 18 24 24.9 28 -1PZ 10 50 38.2
13 +IPZ 14 19 38.2 #-132 +IPZ 15 02 21.0
LP+IPZ 14 19 38.2 LP+IPZ 15 02 21.1
14 -1PZ 19 23 11.4 #-133 31 -1PZ 02 19 27.7




Date

Phase

Arrivel time

h m s

Remarks

Oct. 31
Nov. 0l

02

03

04

05

06

07

08
13

14

+1PZ
EPZ
+1PZ
LP+1P2
-1PZ
LP-1pP2
EPZ
LP+1P2
+1PZ
LP EPZ
+1PZ
LP+1PZ
-1pP2
EPZ
LP+1P2
EPZ
EPZ
LP+1PZ
-1P2
LP-1pPZ
+|PZ
-1pP2
LP-1pPZ
-1PZ
+1P2
LP+1PZ
+1PZ
LP EPZ
+IPZ
+1P2

18 01 06.0
01 17 02.4
22 37 138.0
22 37 13.0
00 27 25.2
00 27 25.2
05 49 50.6
05 49 50.9
15 05 47.0
15 05 45.5
03 01 39.8
03 01 39.4
09 22 22.4
12 28 08.4
12 28 08.8
08 40 43.8
13 17 16.1
13 17 15.5
03 59 25.2
03 59 25.4
17 36 49.1
23 28 36.2
23 28 36.2
22 01 00.6
02 49 51.1
02 49 51.1
02 28 62.4
02 28 52.2
04 41 27.9
17 06 22.3

#-138

#-139

#-140

#-141

#-142

#-143

#-144

#-145

Date Phase Arrivel time Remarks
h n s
Nov. 15 EPZ 05 35 31.2
EPZ 09 01 35.7
16 +|PZ 05 21 56.2
+IPZ 06 04 54.6 #-146
LP+I1PZ 06 04 54.6
17 +IPZ 01 19 39.1 #-147
LP+IPZ 01 19 39.1
EPZ 07 09 26.2
18 -1PZ 19 51 54.4 #-148
LP+IPZ 19 61 54.1
19 +IPZ 23 40 53.7
20 +IPZ 04 34 46.9
+IPZ 08 14 47.3
+IPZ 09 18 09.9 #-149
LP+IPZ 09 18 09.9
+IPZ 15 32 25.6 #-150
LP+IPZ 15 32 25.6
21 +IPZ 12 37 43.0
+IPZ 15 45 37.9
LP+IPZ 15 45 38.2
-1PZ 18 02 56.2
23 -1PZ 02 12 48.4 #-151
-IPZ 05 34 19.9
+IPZ 09 38 52.4 #-152
LP+IPZ 09 38 52.4
25 -1PZ 08 42 39.5 #-153
LP-1PZ 08 42 39.8
+IPZ 11 12 41.3
26 +1PZ 11 41 13.3
+IPZ 20 59 53.3




Date Phase Arrivel time Remarks Date Phase Arrivel time Remarks
h m h » s
Nov. 27 +IPZ 02 11 58.6 Dec. 16 LP ESH 10 18 57.5
28 EPZ 00 11 29.6 17 EPZ 01 10 03.2 #-161
-1PZ 00 42 59.8 LP EPZ 01 10 03.4
LP-1PZ 00 42 59.9 #-154 +IPZ 04 36 01.8
29 +IPZ 07 57 36.3 +IPZ 20 32 27.0
-1PZ 08 04 00.1 19 EPZ 06 48 40.4
-1PZ 20 28 37.5 LP EPZ 06 48 40.3
30 -IPZ 09 15 18.0 #-155 +IPZ 10 29 19.7
Dec. 04 +IPZ 05 39 22.3 20 EPZ 03 47 27.3
05 +IPZ 11 33 19.3 -IPZ 14 28 55.8
+IPZ 16 18 40.0 #-156 +IPZ 14 40 03.8 #-162
LP+IPZ 16 18 40.0 LP+IPZ 14 40 03.8
LP ESH 16 29 09.1 -1PZ 20 37 27.9
07 -1PZ 07 59 54.7 #-157 21 +IPZ 02 47 04.9
LP-1PZ 07 59 54.8 -1PZ 05 29 34.3
EPZ 11 30 28.3 22 +IPZ 02 03 42.8
LP EPZ 11 30 39.4 -1PZ 02 38 10.8
-1PZ 14 13 09.5 23 EPZ 04 43 11.5
-IPZ 18 51 16.5 +IPZ 22 01 36.3
09 -1PZ 07 55 13.8 #-158 LP+IPZ 22 01 36.4
LP-1PZ 07 55 13.9 24 -IPZ 04 38 07.5 #-163
-IPZ 16 17 09.9 LP-1PZ 04 38 07.5
10 +IPZ 07 36 12.4 #-159 EPZ 04 47 17.2
LP+IPZ 07 36 12.4 LP-1PZ 04 47 21.0
-1PZ 20 49 37.9 -IPZ 09 50 14.8
13 EPZ 04 21 07.3 -IPZ 10 49 48.0 #-164
LP EPZ 04 21 08.4 LP-1PZ 10 49 48.0
15 +IPZ 09 40 53.2 LP ESH 10 58 07.4
16 +IPZ 10 09 10.2 #-160 -1PZ 13 22 08.6
LP+IPZ 10 09 10.2 27 -1PZ 10 17 31.3




Date Phase Arrivel time Remarks
h m s
Dec. 30 +IPZ 22 42 50.6
31 +1PZ 11 29 29.7
+IPZ 15 23 58.8
+IPZ 20 36 55.4
+IPZ 21 57 34.4
#-No. ---- corresponds to that in Table 2.
X ---- corresponds to local event.
xx  ---- has no arrival time record on

the short-period seismographs.



Table 2.

List of the 164 earthquakes.

Data Origin time Geographic Depth  Magnitude Epicentral Azimuth
UTC coordinates Region distance

No. Date Latitude Longitude (km) (Mb) (Ms) (degree) (degree)

1 01/11 21 07 29.7 54.779 N 161.656 E Near East Coast of 43 D 5.8 4.9 150.736 91.026 SE
Kamchatka

2 01/12 07 29 27.9 28.827 S 177.423 W Kermadec Islands 15D 6.1 6.4 78.596 32.551 SE
Region

3 01/13 15 38 15.7 23.275 S 177.033 W South of Fiji 109 G 5.7 84.090 33.432 SE
Islands

4 01/15 08 40 23.9 20.789 S 175.993 W Tonga Islands 214 D 6.2 86.725 33.019 SE

5 01/15 21 07 11.4 27.179 S 11.334 W South Atlantic Ridge 10 G 5.4 5.4 51.088 117.432 SW

6 01/16 05 46 51.4 60.365 S 154.209 E West of Macquarie 10 G 5.7 5.5 42.558 41.656 SE
Island

7 01/19 03 25 21.1 4.241 N 124.640 E Celebes Sea 335 D 5.7 92.176 96.144 SE

8 01/19 07 30 31.8 24.710 S 70.568 W Near Coast of 33 N 6.3 6.7 73.911 62.566 SW
Northern Chile

9 01/20 15 01 29.6 24.690 S 70.521 W Near Coast of 33 * 5.3 5.1 73.914 62.615 SW
Northern Chile

10 01/21 08 22 22.9 18.179 S 168.139 E Vanuatu Islands 44 D 5.7 5.9 85.543 48.186 SE

11 01/22 00 35 58.0 19.847 S 133.803 E Northern Territory, 5 G 6.1 6.3 73.033 78.740 SE

Australia
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04

15

01
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7.706

Northern Territory,
Australia

Northern Territory,
Australia

Near Coast of Peru

Near Coast of
Northern Chile

Near Coast of
Northern Chile

Tanimbar Islands
Region

Bolivia

Aleutian Islands
Region

Chile-Argentina
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Northern Chile

Atlantic-Indian Rise

Gulf of Alaska

Banda Sea

53

37

31
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10
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33
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.
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73.
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73.

84.
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27
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03/28
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04/01

04/02

04/02
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21
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00
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53.

05.

14.
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15.

44.

53.

26.

56.

40.

17.

29.

05.

17.

20.

32.

54.

37.

19.

31

36.

24

18.
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15.

49.

327

917
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283
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.336

039

.926

782
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4417

917

74.

178.
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161.

51.
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67.

102.

70.

177.

179.
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78.

154

645
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607

848

493
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843
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Off Coast of Peru
Fiji Islands Region

South of Kermadec
Islands

Near East Coast of
Kamchatka

South Indian Ocean
Fiji Islands Region

San Juan Province,
Argentina

Southern Pacific
Ocean

Near Coast of
Northern Chile

Fiji Islands Region

Kermadec Islands
Region

Tonga Islands

Eastern Kazakh SSR

32

623

67
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10

559

26
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41

573

333
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~1

<1

81.
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74.

150.

32.
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66.

71.

73.
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92.
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62.

31.
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35.
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934
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55.

31.

34.
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08.
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17.
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18.

49.
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768
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336
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457
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Ocean
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Fiji Islands Region
Off East Coast of
Northern Island,
New Zealand

Near Coast of Peru
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South Sandwich
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Fiji Islands Region

Kuril Islands Region
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619
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629

51
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7
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85.

67.
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49.
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13.

32.
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11.

17.

32.

28.
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928

867

418

390

986
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473

833
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27.

170.

78.

113.

71.

76.

178.

177.

116.

69.

71.

68.

672

278

769

268

656

226

750

860

274

470

704

634

South Sandwich
Islands Region

Loyalty Islands
Region

Eastern Kazakh SSR
Easter Island Region

Near Coast of
Central Chile

Near Coast of Peru

South of Kermadec
Islands

Kermadec Islands

South of Sumbawa
Island

Peru-Bolivia Border
Region

Near Coast of
Central Chile

La Rioja Province,
Argentina

138

11

10

54

51

45

54

41

125

42

117

31.

81.

122.

82.

69.

86.

74.

77.

74.

80.

66.

69.

735
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278

211

852

367

2817

458

845

338

683
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79.

44.
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24.

59.

61.

32.

32.
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66.

58.
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6.526 S 152.779 E 17 km Mb 6.7 Ms 6.7
New Britain Region
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6.081 S 133.667 E 28 km Mb 6.5 Ms 6.7
Aroe Islands Region
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Turkey-USSR Border Region
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