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1. Introduction 

The optical-electromagnetic seismographs at Syowa Station 

were replaced by the digital seismic data acquisition systems 

with event detection algorithm in February 1980. The outline 

of the introduced system is schematically illustrated in Fig. 

1. There are two types of seismometers, called SP (short 

period) or HES with the natural period of 1 second and LP (long 

period} with the natural period of 12 seconds. The seismic 

observation system was maintained by H. Sakurai through the 

wintering of JARE-24 (February 1983 - January 1984). 

The coordinates of 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. 

2. Data 

The over-all frequency response and the magnification of 

the short-period and long-period seismographs (Z, N-S and E-W 

components) are shown in Fig. 2. The system clock was not 

connected to the recovered UTC from NNSS satellites (see Fig. 

1} and the calibration was made by the short-wave receiver. 

The accuracy of the read-out data can be estimated as + 0.2 
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seconds. Considering the delay time of 1-2 years between the 

publication of this report and the observing wintering period, 

which is inevitable from the restriction of transport ability 

between Tokyo and Syowa Station, the PDE reports by NEIS were 

referred and only the tele-seismic events were edited. The 

graphic display outputs of the local events around Syowa 

Station were excluded from this report. 

2.1. Read-out data 

The onset of the events was picked from the pen-monitor 

records. Figure 3 shows examples of pen-monitor records of the 

Z component seismograph (4-rnm/s pen-speed for SP and 2-rnrn/s 

pen-speed for LP). The onset times of tele-seismic P-arrivals 

were read by R. Sakai and they are listed in Table 1. Symbols 

E and I in the phase column denote weak and sharp onsets, 

respectively. The direction of ground motion is denoted by + 

for the upward direction and - for the downward direction. 

Arrival time is in OTC. 

2.2. Digital data in a 9-track computer compatible tape 

The current seismic observation system at Syowa Station 

can give us tele-seismic wave forms in a large computer 

compatible 9-track digital tape. Amplified seismic signals in 

Fig. 1 are analog-to-digital converted with the sampling rate 

of 10 points per second for the short-period and 1 point per 

second for the long-period components. The relation between 

the input voltage to the computer and the hexadecimal number is 

given in Table 2. The digital data acquisition system is 

controlled by the event-triggering method of STA/LTA ratio 
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(Peterson tl _tl., 1976) which is programmed in a micro­

computer. The obtained original data consisted of 10 volumes 

of 1200 ft (1600 bpi) magnetic tape and the tele-typewriter 

message of the triggered events (see an example in Fig. 4). 

The original tapes were compiled by considering the PDE reports 

and edited into one volume of Non Label tape for the user. The 

edited tape contains tele-seismic wave forms of 77 events 

detected at Syowa Station. The 77 events are listed in Table 3 

and their locations are mapped in Fig. 5. 

The data on an edited tape has a block structure. The tape 

for�at is specified as follows: 

(1) Volume constitution of the edited tape is specified in 

Fig. 6-1. 

(2) The data structure in Fig. 6-1 is specified in Fig. 6-2. 

(3 ) Header of the event in Fig. 6-2 is specified in Fig. 6-3 . 

Numerals in content column are written usually by binary 

number. 

(4) One block of A/D data in Fig. 6-2 is specified in Fig. 

6-4. It consists of 768 bytes and contains 10 seconds' 

wave data for short-period and 2 minutes' wave data for 

long-period (rec. 2 - rec. 11). 

(5) One data in Fig. 6-4 consists of 3 channels (N-S, E-W and 

Z components). Data format of each channel is specified 

in Fig. 6-5. 

(6) Time data in Fig. 6-3 (record number 6) and in Fig. 6-4 

are specified in Fig. 6-6. 
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In the appendix, examples of waveform output of each event 

(10 blocks) to the graphic display are shown. Explanation of 

the output is given in the No.· 1 sheet. As inferred from the 

graphic display outputs, some events have an erroneous gap of 1 

block data-length just after the onset portion of 1 block 

data-length seismic signals, which might have come from the 

malfunctiong of the micro-computer and may be corrected by the 

users' software programs. We here apologize and report that 

the erroneous gap can also be found in the previous data 

reports (No.72, No.83, No.92). 

This report was compiled with the help of R. Sakai, 

Support Section for Geophysical Observations, National 

Institute of Polar Research. 

References 

Chiba, H. and Kaminuma, K. (1972): 

Syowa Station, Antarctica, 1970. 

Chiba, H. and Kobayashi, H. (1973): 

Seismological bulletin of 

JARE Data Rep.,.!.§_, 66p. 

Seismological bulletin of 

Syowa Station, Antarctica, 1971. JARE Data Rep.,�' 65p. 

Chiba, H. and Seto, H. (1974): Seismological bulletin of Syowa 

Station, Antarctica, 1972. JARE Data Rep., l.1, 56p. 

Kaminuma, K. (1970): Seismological bulletin of Syowa Station, 

Antarctica, 1968-1969. JARE Data Rep.,�, 38p. 

Kaminuma, K. (1970): 

Antarctica, 1969. 

Kaminuma, K. (1976): 

Antarctica, 1974. 

Seismological bulletin of Syowa Station, 

JARE Data Rep., 1, 62p. 

Seismological bulletin of Syowa Station, 

JARE Data Rep., l_!, 53p. 

Kaminuma, K. (1977): Seismological bulletin of Syowa Station, 

-4-



Antarctica, 1975. JARE Data Rep.,�, 59p. 

Kaminuma, K. (1978): Seismological bulletin of Syowa Station, 

Antarctica, 1976. JARE Data Rep., il_, 53p. 

Kaminuma, K. (1979): Seismological bulletin of Syowa Station, 

Antarctica, 1977. JARE Data Rep.,�, 39p. 

Kaminuma, K. (1980): 

Antarctica, 1978. 

Kaminuma, K. (1981): 

Antarctica, 1979. 

Seismological bulletin of Syowa Station, 

JARE Data Rep.,�, 3lp 

Seismological bulletin of Syowa Station, 

JARE Data Rep.,�, 34p. 

Kaminuma, K. and Murauchi, S. (1969): Seismological bulletin 

of Syowa Station, Antarctica, 1959-1962 and 1967-1968. 

JARE Data Rep.,!, 94p. 

National Earthquake Information Service (1981): Preliminary 

Determination Epicenter, Monthly Listing, Jan. - Feb. 1983. 

Washington, D.C., U.S. Department of the Interior, 

Geological Survey. 

Peterson, J., Butler, H. M., Holcomb, L. G. and Hutt, C. R. 

(1976): The Seismic Research Observatory. Bull. Seismal. 

Soc. Am., 66, 2049 - 2068. 

Shibuya, K. and Kaminuma, K. (1982): Seismological bulletin of 

JARE Data Rep., J...2:..., 74p. Syowa Station, Antarctica, 1980. 

Shibuya, K. and Kaminuma, K. (1983): Seismological bulletin of 

Syowa Station, Antarctica, 1981. JARE Data Rep.,�, 99p. 

Shibuya, K. (1984): Seismological bulletin of Syowa Station, 

Antarctica, 1982. 

Takahashi, M. (1976): 

Antarctica, 1973. 

JARE Data Rep., 2.£, 75p. 

Seismological bulletin of Syowa Station, 

JARE Data Rep., l!_, 44p. 

-5-



r--- Sensor Room 
I Underground) 

a,
> 

a. 

.5 

Vl 
UJ r 

r- Earth Science Laboratory ---------I 1- - - - T -

�� l-u-rc _ _..., ------<Time Code1-------=-�
1
>---J 

Receiver Generator! 
I 

I 

\i 
<... 
"' ... ::, h-------'----r"1

1 t � 
I ell 0 
t LJ U 

I 

I i 
L_______J 

I_------

Fig. 1. The seismic obeservation system at Syowa Station. 

I I 

I I 
10

4 

10
3 

I 

I 
o., 

r 11 1 I 
I I I 

r1 j}v� 

. v I 
/ I 

I 

I 

o.s 

20 10 

I 

u I I SP 

I'', 
I 

\ 
1\ 

i \ 

5 10 Hz 

LP 

2 SEC 

Fig. 2. Over-all frequency responses of the short-period 
and the long-period seismographs. 
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Fig. 3-1. A pen-monitor example of the short-period teleseismic 
event. 
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Fig. 3-2. A pen-monitor example of the long-period teleseismic 
event. 



DH-4 
* CHANGE END* 

DL-6 
* CHANGE END* 

KH-4 
* CHANGE END* 

KH-3 
* CHANGE END* 

KL-7 
* CHANGE END* 

KL-6 
* CHANGE END* 

NH-1800 
* CHANGE END* 

* SYSTEM CHECK* 
CHECK TIME = 293. 19. 53. 3b. 
CHECK LEVEL WES 99A NOISE LEVEL WES 804 804 804 

HES 99F HES 80F 80F 80F 
L.P 99F L.P 807 82A 82C 

PI0-1 OK PI0-2 OK MAIN OK HOST OK 
* CHECK ENO* 

* SHORT PERIOD* TRIGGER ON AT CHANNEL= 1 
TIME = 293. 22. 03. 03. NOISE LEVEL = 810 DETECT LEVEL = 830 

* SHORT PERIOD* TRIGGER ON AT CHANNEL = 3 
TIME = 294. 08. 25. Ob. NOISE LEVEL= 80F DETECT LEVEL= 842 

* SHORT PERIOD* DETECTEi> AT TIME= 294. 08. 25. Ob. 
SEPARATE EVENT NO. = 00007 TOTAL EVENT NO. = 00007 
NOISE LEVEL= 80F DETECT LEVEL= 842 
SAl'IPLE NO. = 10 LOGGING TIME= 1200SEC 

WARNING ! NOISE LEVEL.LT. 804 

* SYSTEM CHECK* 
CHECK TIME= 294. 20. 53. 3b. 
CHECK LEVEL WES 99E NOISE LEVEL 

HES 99E 
L.P 99F 

PI0-1 OK PI0-2 OK MAIN 
* CHECK END* 

WES 804 804 804 
HES 80F 80F 80F 
L.P 807 82A 82C 
OK HOST OK 

* SHORT PERIOD* TRIGGER ON AT CHANNEL= 1 
TIME= 295. 03. 31. 43. NOISE LEVEL = 80F DETECT LEVEL = 832 

* SHORT PERIOD* TRIGGER ON AT CHANNEL= 2 
TIME = 295. 04. 27. 27. NOISE LEVEL = 80F DETECT LEVEL = 820 

* LONG PERIOD* TRIGGER ON AT CHANNEL= 3 
TIME = 295. 04. 27. 31. NOISE LEVEL= 82F DETECT LEVEL = 970 

* SHORT PERIOD* DETECTED AT TIME = 295. 04. 27. 27. 
SEPARATE EVENT NO. = 00008 TOTAL EVENT NO. = 00008 
NOISE LEVEL = 80F DETECT LEVEL= 820 

SAl'IPLE NO. = -10 LOGGING TIME= 1800SEC 

WARNING! NOISE LEVEL.LT.804 ! 

* SHORT PERIOD* TRIGGER 0� AT CHANNEL = 1 
TIME = 295. 04. 54. 46. NOISE LEVEL = 827 DETECT LEVEL= 879 

WARNING! NOISE LEVEL.LT.804 ! 

* SHORT PERIOD* DETECTED AT TIME= 295. 04. 55. 11. 
SEPARATE EVENT NO. = 00009 TOTAL EVENT NO. = 00009 
NOISE LEVEL= 827 DETECT LEVEL= 879 
SAMPLE NO. = 10 LOGGING TIME= 440SEC 

* SHORT PERIOD* TRIGGER ON AT CHANNEL = i 
TIME= 295. OS. 00. 17. NOISE LEVEL= 810 DETECT LEVEL= 857 

Fig. 4. Message outputs from the tele-typewriter. 
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DATA 

T M 

L....-_:E
;.:..
O_F _1 -.J � 80 byte 
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- 80 byte 
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T M 

Fig. 6-1. Volume constitution. 
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CAL 
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Fig. 6-2. Data constitution. 
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record number name position length content 

1 BOW 0-1 2 byte number 
2-3 2 {00)16 

2 ROW 4-5 2 byte number 
6-7 2 ( 00) 1,; 

3 code 8-9 2 I B' 

4 RDW 10-11 2 2 12-13 2 
see no. 

5 event code 14-15 2 'HE' -
6 event no. 16-17 2 see Table 3 

7 total no. 18-19 2 dununy 

8 triggered 20-25 6 see Fig� 6-6 

2 
time 

9 noise level 26-31 6 LTA 
10 K-value 32-33 2 threshold value 
11 triggered 34-35 2 STA 

level 
12 channel no. 36-37 2 3 
13 data acqui- 38-39 2 1800 or 1200 

sition time or 440 s 
14 sample rate 40-41 2 10 samples/s 
15 block no. 42-43 2 181 or 121 or 45 

16 total block 44-45 2 dummy 
number 

17 ROW 46-47 2 see no. 2 
48-49 2 

18 origin time 50-67 18 PDE report 
19 latitude 68-75 8 PDE report 

3 
20 longitude 76-85 10 PDE report 
21 region name 86-109 24 PDE report 
22 _depth 110-117 8 PDE report 
23 dw:uny 118-119 2 I I 

24 magnituce 120-123 4 MB in PDE report 
25 magnitude 124-125 4 MS in PDE report 
26 dummy 126-127 2 

27 comment 128-143 16 

4 28 open 144-767 622 

1 block length= 768 byte 

Fig. 6-3. Header of the event. 

-12-

' I 

see Table 3 

( 40 ) 16 



-----1 block= 768 byte 

rec.1 rec. 2 

record number name position 

1 BDW 0-1 
2-3 

ROW 4-5 
1 6-7 

3 code 8-9 

4 RDW 10-11 
12-13 

2 5 time 14-19 

6 data 1 20-25 

15 data 10 74-79 

. 
112 ROW 640-64-1 

642-643 

11 113 time 644-649 
114 data 1 650-655 

123 data 10 704-709 
124 ROW 710-711 

712-713 
12 125 drum check 714-715 

126 open 716-.767 

rec.11 

length 

2 
2 

2 

2 

2 

2 
2 

6 

6 

6 

2 
2 

6 

6 

6 

2 
2 

2 

52 

rec.12 

content 

0. 
0 

byte number 
(00) 

lf? 
byte number 

( 00) 
16 

'HE' 

see no. 

see Fig. 

see Fig. 

see Fig. 

see no. 

see Fig. 

see Fig. 

see Fiq. 

see no. 

(FF}l6: 
(00)16: 

(40)16 

-

2 

6-6 

6-5 

6-5 

2 

6-6 

6-5 

6-5 

2 

NG 

OK 

Fig. 6-4. Constitution of A/D converted data in one block. 
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MSO 

1. data sequence 

2. 

--4 1 data If--

--6 N,£ ,...c. u 

Vl 
I I 

UJ 

data format 

1 channel data 

LSOMSO 

Z1 i0 29 28 
i 26 25 2' t i 

12 11 10 9 8 7 6 5 4 3 2 

direction of tape advance 

3. track number and bit 

bit 22 'fJ T p 'l' 26 

track No 1 2 3 4 s 6 
data raru 5 7 3 p 2 1 

2' 2' 23 
7 B 9 
0 6 4 

LSD 

i 20 

1 0 

Fig. 6-5. Data format of the sampled waveform. 

1 byte 

No item i t z
6
, 2

5 
I t I t, i i I t' comment 

higher lower 

1 dummy ( 40 )16 

2 ( 0 >16 
100-th digit 

8.4 2 1 399day -- day .max 
10-1h digit 1-st digit 

4 •I 2 I 1 8.4 2 1 

4 hour i�
10-t,

c¥ 1-st digit 
max 23hoor 2 .1 8.4 2 1 

5 minute � 
10-th digit 
4. 2. 1 8

1-4� 1 max 59mirute 

6 second � 
10-1h digt 
4.2.1 

1-st ,t 
8.4 1 max 59secorxj 

Time data - BCD number 

Fig. 6-6. Format of the clock data. 
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Table 1. 

OATE PHASE ARRIVAL TIME DATE 
H M s 

JAN 01 LP EPZ 02 57 36.4 JAN 17 
-lPZ 05 43 48.5 

LP+IPZ 05 43 49.6 
02 +IPZ 18 42 44.3 

•lPZ 22 20 43.0 113 
EPZ 22 38 33.6 

03 EPZ 06 09 51.3 19 
04 +JPZ 03 20 51.2 20 
05 +IPZ 02 20 51.4 21 

LP-IPZ 02 20 52.8 22 
+IPZ 11 59 26.7 

06 +IPZ 20 09 01.4 
07 +IPZ 03 44 00.6 23 

EPZ 06 36 .15.3 
OB - Ir Z 00 00 34.6 

LP-JPZ 00 00 36,4 24 
-IPZ 08 15 04,4 

.... +IPZ 11 34 37.8 
CJl 

LP-IPZ 11 34 38.0 
EPZ 13 12 37,2 26 

LP EPZ 13 12 38.8 23 

-IPZ 15 18 20,5 26 
LP+IPZ 15 113 21.2 

09 +E.PZ 11 02 37,A 27 
-EPZ 21 23 43,7 

LP EPZ 21 23 1'+.8 28 
10 +IPZ 09 29 09,6 

LP+IPZ 09 29 08.8 
EPZ 12 25 34,0 

LP EPZ 12 25 50.8 
-IPZ 12 42 33.7 

LP+IPZ 12 42 33,2 
+ESZ 12 51 54,3 FEB 01 

EPZ 21 17 21.4 
14 EPZ 22 58 03.6 07 

15 +IPZ 01 09 46.0 
16 +IPZ 02 40 07,8 

LP-IPZ 02 40 07.2 08 
EPZ. 22 21 44.3 

17 +IPZ 00 46 05.9 09 

Read-out data. 

PHASt. 

·IPZ 
EXZ 

-IPZ 
EXZ 

+IPZ 
LP EPZ 

EPZ 
EPZ 
EPZ 
EPZ 

LP-IPZ 
+JPZ 
-IPZ 

LP+IPZ 
EPl 
EPZ 
EPZ 

+IPZ 
LP-IPZ 

-IPZ 
EPZ 
EPZ 

-IPZ 
-IPZ 
-IPZ 
-IPZ 

EPZ 
-IPZ 
EPZ 
EPZ 
EPZ 

+IPZ 
+t.PZ 

EPZ 
EPZ 

+EPZ 
+IPZ 
+E.PZ 

LP-EPZ 
EPZ 

AHRIVAL TIME 
H M s 

09 53 00.3 
10 03 24.2 
10 34 59.6 
12 59 27.7 
15 29 35.9 
15 29 30.0 
23 51 55.8 
07 46 16,5 
04 31 14.l 
06 56 11.7 
06 56 10.0 
11 44 18.2 
16 47 44.8 
16 47 44.4 
17 12 37,2 
08 36 20,7 
13 22 27.t 
23 22 13,0 
23 22 12.1 
01 17 02.2 
04 50 17,0 
04 53 29,0 
16 13 46,7 
12 06 24.3 
19 12 45,7 
·o 3 21 31. 6 
07 34 22,7 
14 36 05.5 
15 23 28.4 
16 30 50,9 
23 21 22,0 
23 22 25.3 
04 34 21,S 
22 38 29,5 
11 19 19.0 
17 12 59,0 
18 35 09.5 
07 18 21.0 
01 1s 22.a 

14 16 21.0 

DATE 

FEB 12 
13 

14 

19 

20 
21 
23 

24 

25 

26 

27 

MAR 01 

04 
05 
09 

10 

11 

12 

PHASE 

-EPZ 
EPZ 

LP £Pl 
EPZ 

LP+t::PZ 
LP EPZ 

EPZ 
+IPZ 
EPZ 
(PZ 

+EPZ 
EPZ 
EXZ 

+lPZ 
-IPZ 
+IPZ 

LP 1:.PZ 
EP( 

LP-EPZ 
-IPZ 

EPZ 
EPZ 

LP EPZ 
-lPZ 
+IPZ 

LP EPZ 
EPZ 
EPZ 

LP EPZ 
-EPZ 
+JPZ 
-EPZ 
-EPZ 

[PZ 
EPZ 
EPZ 
EPZ 
FPZ 

-EPZ 
+EPZ 

Aki\ IV ,;L f I ;,,E 
H r� s 

09 00 26.7 
1'+ 50 47.13 
14_5011.2 
03 '+0 05.0 
03 40 14.0 
OR 31 02.4 
20 ?6 50.A 
11 03 07.0 
22 43 ?.7.4 
16 45 52.5 
20 39 43.0 
18 3? 32.0 
rn 34 53.o 
16 '+4 46.5 
22 lA 36. 0 
23 01 43.0 
23 Ol 43,2 
00 37 30,0 
07 2rl 26,0 

07 30 26.2 
21 46 15.'.l 
02 14 31,5 
O? 15 10.0 
12 33 16.2 
00 46 43.5 
00 46 44.0 
01 03 24,0 
o:-s 49 52.5 
14 09 '+2.0 
22 '?.7 34,0 
00 17 19.7 
18 36 15,4 
0� 19 52.0 
1'+ 13 19.l 
15 10 11,6 
?2 09 40.2 
07 36 1q.3 
09 36 15,4 
01 06 15. 8 
01 4 9 1 '+. 2 



DATE PHASE ARRIVAL TIME. 
H M s 

MAR 12 LP EPZ 09 02 13.2 
+EPZ 09 02 24.6 

15 EPZ 17 02 20.5 
18 +EPZ 08 49 39.l 

+IPZ 09 18 58.5 
LP+IPZ 09 19 57.2 

21 EPZ 07 56 55.0 
23 •IPZ 18 40 28.0 

+EPZ 20 40 02.4 
24 LP EXZ 00 52 34.0 

EPZ 12 12 21.0 
25 -EPZ 07 56 16.7 
26 EPZ 04 34 28.5 

•EPZ 20 39 40.0 
APR 03 EPZ 06 40 09.7 

-EPZ 19 33 22.3 
04 +IPZ 03 03 56.8 

LP•IPZ 03 03 57,2 - LP+JXZ 03 14 14,8 
O') LP+EXZ 03 30 32,8 
I +IPZ 19 24 03.0 

+IPZ 23 32 14.6 
LP-IPZ 23 32 14.6 
LP-ISZ 23 35 34.o 

05 +IPZ 00 11 38,0 
LP-JPZ 00 11 38.4 

06 -EPZ 14 09 30,4 
07 .. EPZ 22 16 39,8 
08 EPZ 08 01 13.2 
10 EPZ 21 56 02.3 

+IPZ 17 16 01.0 
12 •JPZ 12 21 07,0 

LP+EPZ 12 24 28,8 
13 EPZ 16 04 31,5 

EPZ 17 40 25,9 
14 +IPZ 19 24 39.o 

LP-EPZ 19 24 39,8 
15 +IPZ oo 22 01.s 

LP+EPZ 00 22 02,0 
-EPZ 05 32 19,5 

DATE PHASE AR!n VAL TI ME DATC 
H M 

APR 15 -IPZ 15 11 39.7 MAY 12 

17 +IPZ lit 19 23.0 1 3 

22 EPZ 03 31 15.4 14 
23 +IPZ 09 31 49.4 
24 ·lPZ 03 41 46.3 

LP EXZ 09 59 oo.o 15 

27 EPZ OA. 36 34.6 
29 +EPZ 22 29 42.1 

MAY 03 +IPZ 00 O? 15.A 
F..PZ 15 s1 22.s 

04 EPl 02 ?5 11.5 
EPZ 11 37 32.0 

06 EPZ 07 14 59.0 16 
EPZ 17 35 06.0 17 
EPZ 17 55 11.4 

07 EPZ 01 18 33.5 18 
+EPZ 12 55 59.Q 

EPZ 22 47 30.? 20 
08 [Pl 13 34 oo.o 
09 EPZ OH OB 59.9 21 

LP-EP7 11 08 18.4 
-E.PZ 11 OR 33.0 22 
EPl 12 37 41.5 23 

LP EPZ 14 11 22,4 
EPZ 15 07 09.5 
EPZ ?.1 57 4'.i.O 

LP EXZ 23 07 06.0 
10 EPZ o '• 43 21. r 24 

EPZ 06 27 20.6 

EPZ 0� 36 12., 
+IP2 11 15 36.l 
+EPZ 18 40 41,0 

LP F.PZ lfl 44 41,2 25 
EPZ 22 34 23,6 

11 +IPZ 00 30 06,6 

EPZ 10 09 24,0 
+EPZ 22 00 57.5 

12 EPZ 03 O? 4't.0 
+1::Pl 09 ,9 27.0 

EPZ 1] 50 17.0 26 

PHASE 

EPZ 
·IPZ 
-EPZ 

EPZ 
EPZ 
EPZ 

-IPZ 
LP-IPZ 
LP EXZ 

EPZ 
EPZ 
EPZ 
EPl 

·EPZ 
EPZ 

EPZ 
EPZ 
EPZ 

·EPZ 
EPZ 
EPZ 
EPZ 
EPZ 

+IPZ 
LP+IPZ 

EPZ 
EPZ 

+IPZ 
+IPZ 
EPZ 
EPZ 
EPZ 

·IPZ 
-IPZ 
·EPZ 

EPZ 
EPZ 

+EPZ 
EPZ 
EPZ 

ARRIVAL TIME 
H M s 

13 10 13.5 

06 42 45.0 
09 47 27,7 
15 57 28,2 
19 58 54.4 
00 26 11.0 
00 36 52.4 
00 36 52.6 
01 09 11.2 
04 47 53.4 
08 46 24.3 
19 52 25.2 
20 36 12.3 
11 31 14.6 
lb 14 45.7 
04 10 05.5 
18 59 05.3 
21 14 23,0 
21 58 27.7 
19 36 10.a 
20 27 09.5 
23 45 44.7 
01 06 04,6 
07 07 38,6 
07 07 38.6 
11 20 03.5 
20 40 12,5 
08 44 08.7 
10 15 08.1 
18 18 23,4 
18 37 sa.s 
18 43 11.0 
00 55 01.9 
13 57 09,2 
17 43 58.6 
18 45 06,2 
19 08 09,2 
19 25 22.2 
19 59 50.0 
03 19 00,8 



DA T E  P H A S E.  A R fn V AL T I M E O A T E  

H t1 s 

MAY  26 L P  E P Z 0 3  1 9  0 3 . 6 J U N E  

E P Z  0 4  1 6  0 7 . 7  
E P Z  1 4  54  0 4 , 0  

2 7  E P Z  2 0  0 4  5 3 . 5 
E P Z  2 0  2 6  5 9 . 6  
E P Z  2 0  4 1 3 7 . 2  

28  EPZ  08  3 1  5 1 . 0  
2 9  + I P Z 0 5  0 5  0 9 . 0  

E P Z  0 7  1 5  3 0 , C  
E P Z  1 1  4 5  0 0 . 4  

3 0  E P Z  O ?  3 9 4 6 , 0  
- I P Z 1 4  58  2 6 . 3 
- I P Z 1 6  1 5  0 5 . 1 

E P Z  1 7  3 1  0 1 . 1;  
3 1  - E P Z  0 8  4 1  2 9 . 2  

E P Z  0 9  3 3  2 3 , 0  
E P Z  1 1  5 6  1 0 . 0  
E P Z  1 3  3 5  5 1 . 6 

-
E P Z  2 2  2 7  3 4 , 0  

� J U !-JE  0 1  · I P Z 0 2  1 ?  3 8 , l  
L P  E P Z  0 2  1 2  3 8 , 4  

+ I P Z 2 0  1 4  4 '+ . 0  
L P  E P Z  2 0  1 4  '• 4 , 0  

E: P Z  2 0  3 4  1 2 , 4  
- F.Y Z  2 3 5 0  2 7 . 7  

0 2  E P Z  1 4  1 6  1 1 , 0  
- l P Z  2 0  2 4  4 1 , 4  

0 3  E P Z  1 3  0 6  C 5 . 5  
0 5  + I P Z  0 0  5 5  1 7 , 4  

E P Z  0 3  2 0  0 4 , 0  
+ I P Z  1 7  0 8  3 7 . 7  

0 6  E P Z  1 3  2 5  58 . 6  
- I P Z  1 6  3 3  4 6 , 7  

E P Z  2 1  3 2  u - . o  

0 7  E P Z  1 6  1 0  4 9 . 5  
- I P Z 2 0  44 5 1 , 4  

L P - I P Z 2 0  4 4  5 2 . 2 
E P Z  2 1  O ?  0 4 . 0  

0 8  E P Z  2 1  1 7  4 9 . l 
E f-1 2  22  2 2  5 b . O 

PHASE  ARR I VAL  T I M E 

H M s 

1 0  + I P Z  2 2  5 1  3 2 . 9  
1 1  E P Z  0 4 5 3  0 9 . 0  

E P Z  1 9  0 6  2 9 , 0  
E P Z  2 0  3 7  0 4 , 7  

+ I P Z 2 0  4 4  4 6 . 0  
1 2  I P Z 0 2  5 5  4 0 . 6  

E P Z  0 5  1 5  5 6 . 5  
• I P Z 1 0  2 5  3 4 . 0  
E P Z  1 2 1 4  3 8 , 0  
E P Z  2 0  3 0 3 3 . 0  

1 3  E P Z  2 1  1 5  o o . o  
E P Z  2 3  0 7  5 1 , 4  

1 4  E P Z  1 4  0 6  5 7 , 0  
E:. P Z  1 5  2 9  3 6 . 0  

+ I P Z 2 0  2 5  3 1 , 0  
1 5  E P Z  0 4 38  5 2 , 0  

E P Z  0 5  0 0  4 0 . 3  
+ I P Z 0 6  ? l  04 . 5  
E P Z  0 9  0 9  0 1 , 0  
E P Z  2 3  3 0  5 6 . 3  

1 6  E P Z  0 5  0 5  1 5 , 6  
E. p z 2 2  4 1  2 9 , 3  

1 7  E. p 2 0 3  0 4  2 3 . 3 
L P + E P Z  1 1  4 4  3 0 , 8  

+ I P Z  1 1  4 4  3 1 , 2 
+ l P Z  2 2  22  0 1 . 3  

1 8  E P Z  0 3  2 9  4 9 , 5  
E P Z  1 1  3 2  3 6 , 0  
E P Z  1 1  4 6  5 6 . 3  

1 9  E P Z  0 6  2 4  58 . 3  
E P Z  0 8  38  38 , 0  
E P Z  0 9  4 6  0 7 . 0  

2 0  - I P.,Z 0 5  5 5  0 6 , 6  
L P + I P Z 0 5  5 5 0 6 , 6  

I P Z 0 6  0 1  4 9 . 5  
L P · I S Z 0 6  0 4  3 8 . 0  

E X Z  0 6  0 4  4 8 , 3  
E P Z  0 6  5 7  4 7 . 7  
E P Z  1 5  3 1  4 0 . 6  
E P Z  2 3  38  0 1 . 3  

DA  T E.  P i t  ,\ S F  

J U �:E 2 1  E P Z  

+ I P / 

- E P ?.  
L P - I P Z 

+ I P Z  

t:Y Z 
L P Z  

+ ! P Z 

u 1 z 

E P Z  

2 2  E P 7  
2 ;3 E P Z  

+ E P /  

L P  rY Z 

U1 E X Z  

+ I P Z  
E P Z  

- u.i 7 

?4  E P Z  
[ P l  

f . P z 

L P  E P 7  
L P  [ X L  

- F P Z  

E P ?  

2 5  E P L  
E P l  

+ I P Z 

- [ ;) 7 
- I P Z 

L P  E P l  
- E P Z  

F.:P Z 
E X Z  

- [Y Z  

2 6  ( P Z  

E:Y Z 
2 7  E P Z  

E r z  

f Y Z  

J\ I , I <  J \/ 1\ L l J [•" [-

h r-: 5 

0 2  1 4  1 3 . 0 
0 3  5 7  0 2 , 0  
0 6  4 4  4 0 . 7  
0 6  4 4  4 0 . 7  
0 1  0 9  :q . e  
1 5  2 7  0 1. _ r  
1 7  1 6  ? 4 . 0 
1 7  2 S  l 'i . O 
l f  0 4  C• 4 , 0  
1 0  0 5  1 0 . J  
1 7  5 4  3 5 . G  
1 1  2 �  2 7 . ,. 
l ?  U 'd - 5  
1 2  1 5  w . o 

1 2  3 1 0 6 .  /+ 
1 9  l h  3 5 , Ci 
1 9  n 3 7 . ?  
2 0  3 6  0 3 . CJ 
() J  4 9  2 3 , 5  
0 ?  4 fl 3 1 . ,, 
0 5  3 0  1 6 , 9  

0 7  3 i4 1 6 , P 
O U  1 1  5 6 , H  
l'.i 1 6  0 1 . ?  
( 0 I,+ 7 3 1  • 6 
r1 0 3 7  , s . o  
G 1  0 6  ? 8 , 0  

0 1  3 6  4 6 , 0  
O ?.  4 S  4 2 , 0  
1 0  1 4  5 3 . 0 
1 0  1( ,  4 7 . 6  
1 5  1 t1 1 a . r  
1 5  5 3  1 6 . 4  
1 6  1 7  2 5 . 5  
1 ()  2 1  3Ll . 6  
1 5  2 6  l C . 6  
1 5  4 4  3 7 . ·� 
O A  3 7 5 3 . 6  
1 3  2 7  0 0 . ()  
1 4  ? l  3 4 . 6  



DATE 

JUNE 27 

28  
29  

3 0  

JUL'!' 0 1  

0 2  

0 3  
.... 
(X) 

I 

04  

0 5  

0 6  
0 5  

0 7  

PH ASE 

E P Z  
E P Z  

-EPZ  
EPZ  
E P Z  
E P Z  
E P Z  
E P Z  

-EPZ  

EPZ  

EPZ  
E P Z  

- I P Z 
• E P Z  
E P Z  

+ I PZ 
• I P Z 
E P Z  
E P Z  
E P Z  
E P Z  

L P E X Z  
+ I PZ 
E P Z  
EPZ  
E P Z  

-EPZ  

L P - I PZ 
L P  E X Z  

- E P Z  
-EPZ  

L P + I P Z 
L P  E X Z  

E X Z  
E P Z  
E P Z  
E P Z  

L P  E X Z  
E.PZ  

L P  E P Z  

ARR I VAL T I ME 
H M s 

1 6  5 0  0 2 . 0  
2 2  0 3  o o . o  
o 3  46 4 3 . o  
1 1  27  0 7 . 7  
1 8  0 2  1 4 , 0  
2 0  2 3  46 . S  
0 2  4 9  0 2 . 0  
0 9  3 3  0 2 . 0  
1 7  5 0 5 4 . 4  
1 9  2 9  2 0 . 0  
2 2  2 2 2 7 . 6  
0 1  0 7  4 3 . 0  
0 3  2 7  5 2 . 4  
1 2  0 3  2 5 , 5  
1 2  0 3  2 6 . 2  
0 9  46 25 , 5  
0 9  4 6  2 6 . 2  
0 3  0 3  1 a . o  
0 3  0 7  2 7 . 0  
0 4  4 4  3 1 . 6 
0 6  24 0 7 . 5  
1 8  1 4  1 7 • 6  
1 1  3 9  1 3 . 0  
1 5  29  5 5 . 7 
1 5  5 3  l 6 e 4  
2 1  1 1  0 9 . 0  
0 6  0 7  5 3 . 3  
06  0 7  5 3 . 8  
0 6  2 6  4 2 . 8  
1 0  1 0 0 4 . 6  
1 1  2 3  5 7 , 5  
1 1  2 3  58 , 2  
1 1  5 2  1 4 , 8  
1 3  0 7 2 3 , 3  
1 6  43 1 0 . 3  
0 1  1 5  1 2 . 0  
0 5  42 0 3 , 7  
0 6  1 4  0 4 . 2  
0 9 2 0  2 4 . 6  
1 6  1 7  5 4 . 8  

DATE  PHASE  

JULY 0 7  E P Z  
L P  E X Z  

E P Z  
E. P Z 

+ I P Z.  
+ I fl z 

0 8  • I P Z 
E P Z  
E P Z  
EPZ  

0 9  + I P Z 
E P Z  
� P Z  

1 1  [ P Z  

- E-.P Z 
L P  f µ z  

E P Z  
E P Z  
[ P Z  

1 2  E P Z  
L P - E P Z  

· E P Z  
E P ?  

1 3  E P Z  
1 4  + E. P Z  
1 5  E P Z  
1 6  + I P 7  

E P Z  

+ l P Z  
1 7  E P Z  

· I P 7 
+ I P Z  
+ I P Z  

1 8  E P 7  
+ E P Z  

1 9  E P Z  
E P Z  
E P Z  

2 0  E P Z  
- I P Z  

A R R I V J'I L  T I ME D,HE PHASE  ARR I VAL T I ME 
1-1 M s H M s 

1 6  1 1  5 q . o JULY 2 1  + I P Z  0 7  2 3  0 6 . 8  
1 6  4 7  0 5 . 6  L P E P Z  0 7  2 3  0 7 . 8  
1 9  4 1  2 1 . 3  2 2  + I P Z 0 2  4 9  1 7 . 2  

1 9  , 9  2 4 . 5 LP  E P Z  0 2  4 9  1 6 . 8 
2 0  4 6  o o . 7  LP E P Z  0 2  59  3 2 . 8  
2 2  2 6  1 1 . ? + I P Z 0 2  59  3 3 . 0  
0 2  1 5  0 5 . 0 + I P Z 0 4 0 2  3 9 . 0  
1 1  3 3  1 8 , 6  E P Z  0 6  5 3  45 . 0  
1 9  5 1  4 0 . 4  2 3 E P Z  08  3 3  5 2 . 0  
2 0  1 3  5 9 , 5  - E P Z  1 8  3 7  5 9 . 4  
08  0 0  2 9 . 2  2 4  EPZ  0 1  0 4  26 . 0  
1 9  1 0  5 1 . 6  L P  E P Z  0 1  0 4  26 . 8  
2 0  1 0  4 7 . 4 + I P Z  2 3  2 6  5 6 . 8  
0 3 3 0  '• 9 .  $ L P - I P Z 2 3  2 6  5 7 . 8  
1 3  0 3  3 5 . ?  + I P Z 2 3  5 0  0 9 . 9  
1 3  08  3 7 . 2  L P t P Z  2 3  5 0 1 0 . 6  
1 4  58 0 7 . 0  25  E P Z  2 1  4 1  2 5 . 2  
2 2  3 1  O ? . O  E P Z  2 2  2 0 42 . 0  
i??. 4 5  0 7 , 0  + l P Z 2 2  5 1  1 7 . 4  
1 1  4 7  s o . o  2 6  EP Z  0 2  1 2  55 . 8  
l ?  3 0  0 2 , IJ  E P Z  0 4 1 5  46 . 6  
l 'i  3 0  0 5 . 0 2 7  + I P Z 1 3  4 2  1 7 . 0  
1 7  0 6  0 2 . 0  2 8  E P Z  0 1  5 2  3 9 . 3  
1 5  1 8  4 3 , 4  E P Z  2 1  3 3  3 4 . 6  
2 0  0 1  0 1 , 5  2 9  E P Z  0 2  3 1  5 1 . 5  
1 0  5 P.  5 3 , 3  - I P Z 1 1  3 7  0 8 . 0  
O S  0 7  3 6 , 9  E P Z  1 8  1 6  1 3 . 0  
0 8  2 2  2 8 , 5  3 0 EPZ  1 7  3 6  46 . 7 
1 1  3 7  1 4 . l E P Z  2 3  3 7  0 3 . 0  
0 4  0 9  1 9 , 0 3 1  E P Z  0 6  1 7  0 3 . 0  
1 4  5 8  3 4 , 0 E P Z  1 0  3 9  0 3 , 6 
?.2 0 1:-1  O J . O  AUG  0 1  E P Z  04  4 5 o s . o  
2 2  2 '1 29 , 4  + E P Z  1 4  1 8 44 , 0  
1 1  ? ?  0 6 , 8  L P  E P Z  1 4  1 8  45 . 0  
1 9· 55  0 0 .  7 0 2  + E P Z  1 1  4 3  5 3 , 9  
1 e  0 3  0 1 , 0  - I P Z 1 2  54  4 4 . 3  
2 0  0 7  0 4 . 0  0 3  • E P Z  04 0 2  2 7 . 5  
2 3  2 7  2 7 . 0  L P  E P Z  0 4  0 2  2 7 . S  
1 5  5 3  U .  ,, E. P Z  0 4  1 7 47 . 5  
2 3  1 0  3 �1 . 0  - I P Z 0 5  1 4  0 9 . 6  



lJ A  1 E P H !\�E  A R r< I VAL  f I M E  D A T E  PH/,Sl  ARR I VAL T I M E D A T E  P J-, A S L  A h: q J V A L  ·1 I '.·1 F. 

H M s H M s H ::; s 

AUG  03 [ PZ 08 lt 4 54 .0 AUG 13 + I PZ 15 51 19 .4 AUG  2 7  E r z  c, tt 3 £3 s r . 4  
E PZ 10 1 (1 50 .5 -EPZ 2 0  42 35 . 0  E P Z  1 9  0 3  2 0 .6 

+ E P Z.  l R  3 0  2 2 .0 LP E.PZ 2 0  4 2  35. 8 2 9  L P Z  1 0  � o  0 7 , 7 
LP EPZ 18 31 2 2 .0 LP EXZ 2 2  39 17.0 E P Z  1 7  0 7  1 1 .0 

- I P Z  2 2  3 7 4 7 , 4  - E. P Z  2 2  39 5 6 .1 E P Z  2 3  3 7  2 0 .0 
04 - ! P Z  00 3 8  09 , 7  EPZ 2 3  07 15 . 0  30 + I P  7 () Y (1 3  2 0 , t+ 

05 · ! PZ 00 32 18 , 5  1 4  EPZ 07 39 45.0 L P + ! P Z O U  0 3  2 1, 4 
+ I PZ o o  5 3  2 7 .0 E P Z  2 0  04 41. 2 31 E P 7  C 3  15 19 , 0  
+IPZ 05 38 2 4 . 4  LP EPZ 2 0  04 4 1 .8 E P Z  1 1  ) 7  2 8 .0 

LP E P Z  05 38 2 5 .9 LP· I PZ 2 0  2 2  02 .4 S E P  0 1  - I P Z O E� 3 5  3 9,4 
+ I PZ 0 6  34  15.5 15 EPZ 02 13 50.4 +IP Z 14 1 9  3 9 , 2, 
+ l P Z  07 1 5  2 2 . 2  1:: P Z  19 05 00. 6 - Jl..l z l a  0 3  3 5 , 0  
- E P Z  1 3  37 04,fl l 6 - I PZ o 5  33 07.0 L P  E:. P Z  P3 0 3  36 ,0 
E P Z  18 5 2  34 .0 EPZ 14 11 32 .4 E P Z  1 A 1 7 tt 9 .  5 
EPZ 1 9  4 5  02 .5 17 - IPZ 09 4 1  27.2 E P L  1 9  3 7  3 1 .'.) 
[ PZ 2 1  21  16 , 3  + I PZ 11 15 33 . 9  - I P / 2 0  1 3  ,. q . o  

06 EPZ 0 0  10 34 .0 LP- I PZ 11 15 34 , 0  LP +IP Z 2 0  1 3  4 9 .A 
LP E P Z  16 02 2 7 .0 LP EX Z 12 2 8  1 2 .6 02 F P ?  01 "> 2  3 0 d  - LP E XZ l b  41 05.0 19 f. PZ  11 02 14 .9 E P Z 2 2 4 ri ? 2 . 3  

- I PZ 16 5 5  0 2 .7 2 0  + I P Z 06 31 12 .7 03 +IP Z  1 0  3 0  5 1 . 5  
E P Z  18 17 34.7 LP- I PZ 06 31 13.0 04 + [ P 7  2 1  0 5  1 5 . 5 

+ !PZ 2 2  5 0  09 , 9  E P Z  08 4 1  24,2 05 E P ?  04  1 9  2 6 . 5  
L P - I PZ 2 2  5 0  10. 6 E PZ 13 27  16 . l  E P Z  1 8  5 £l 0 4.4 

07 E P Z  16 34 13.0 2 1  E P Z  08 4 7  2 3 .5 E P Z  1 9  2 0  0 4 .7 
+ I PZ  21  24  11 , 7  + I P Z  23  09 1 4 , 0  E P 7- 1 9  32 30 . 6  
E P Z  2 2  4 9  51.2 2 2  + I PZ 06 06 08 .7 ( P Z  1 9 4 :,  4 8 ,8 

08 + E PZ 02 15 2 2 .3 EPZ 12 58  5 1.3 E.P Z 21  1 0  :B .H 
+ E P Z  04 06 57 .0 EPZ 2 3  13 0 9 .7 06 E P Z  0 1  ? 2  0 6 . 0  
EP Z  19 0 3  0 7 , 0  2 3  E P Z  0 3  11 24 , 0  E P Z  2 0  1 0  3 0 , 3  

09 EPZ 07 49  09 .0 E P Z  14 36 59, 8 07 t. P Z  0 0  l ':I  2 5 .6 
EPZ 20 43  18 , 0  EPZ 19 19 47, 5 - E P Z  1 9  4 2  0 5 , 5 

- I P Z  2 2  44 2 9 .  7 EPZ 2 0  14 17, 0 LP+ I PZ 1 9  42 0 6 , 2 
10 EPZ 18 17 2 0. 5 tPZ 2 3  5 2  47.0 L P  E X Z  20 5 1  0 0 . 2  

+IPZ 20 18 15 . 8  2 4  - E P Z  13 55 15. 0 OR E P Z  0 0  1 5  3 4 , 0  
E P Z  2 0  4 1  4 5 ,9 2 5  E P Z  01 37 50.5 E P L  05  4 1  5 7 . Q 

1 1  + J PZ 2 3  09 04 , 9  EPZ 01 58 10.4 - E P Z  1 3  0 2  0 7 . fl 
E P Z  2 3  31 00. 3 E P Z  07 00 37.0 0 9  - E P Z  0 9  3 5 51 .5 

1 2  E PZ 11 24 18 .5 - E:. P Z  2 0  4 2  12 . 0  + I P 7  1 6  :, fl  1 2 . 0  
EPZ  21  3 9  12.0 LP EPZ 2 0  4 2  1 3 . 8  1 0  + I P Z  0 1  4 q  3 2 . 5  
EPZ 2 2  17 19 .5 2 6  E P Z  03 2 1  o o . o  1::. P Z  1 1  4 5  5 6 . 0  



l)A f E  PHASE 

S E P  1 1  EPZ  
EPZ  

EPZ  
+ I P Z 
E P Z  

1 2  E P Z  
E P Z  
E P Z  

LP  E P Z  
1 3 - E P Z  

E P Z  
E P Z  
E PZ  
EPZ  

1 4  +EPZ  
+ E P Z  
E X Z  

1 5  E P Z  
N) 1 6  E P Z  0 

I • E P Z  
+ I P Z 

LP  E P Z  
1 7  + I P Z 

L P E P Z  
- I P Z 
· l PZ  

LP + I P Z 
E P Z  

+ E P Z  
L P +EPZ  

-E P Z  
LP E X Z  

E P Z  
1 8  • E P Z  

E P Z  
+ E P Z  

1 9  E P Z  
2 1  +EP Z 

· E P Z  
22  + I P Z 

ARR I VAL T I ME 
H M s 

0 0  4 1  2 1 . 0  
1 1  5 0  1 0 . 4  
1 1  5 2  5 2 . 0  
1 7  04  2 5 . 2  
1 9  0 8  0 6 . 0  
0 1  0 3  2 5 . 4  
1 4  2 9  2 4 . 6  

1 5  5 6  0 6 . 0  
1 6  0 0  0 7 . 4  
0 2 1 6  2 0 . 4  

0 5  5 0  24 . 8  
1 2  0 4  2 8 . 5  
1 9  4 3  2 5 . 4  

2 2  3 6  4 0 . 7  
0 0  5 7  34 . 6  
1 1  4 3  1 9 , 0  
1 1  5 4 0 9 , 2  
1 7  1 5  2 4 . 5  
0 4  34 1 2 . 6  
0 7  5 6  0 9 , 0  
oe 2 0  s a . 1  
0 8  2 0  5 8 . 4  
0 0  5 3  2 4 . 3  
0 0  5 3  2 5 . 0  
0 4 5 3  1 0 , 4 

0 6  0 9  1 5 . 0  
0 6  0 9  1 5 . 8  
0 7  3 1  1 6 . 4  
1 2  24  4 3 . 6  

1 2  2 4  44 . 0  
1 2 5 2  1 6 . 0  
1 3  0 1  0 9 . 4  
2 2  3 1  2 3 . 9  

0 6 4 8  3 1 . 0  
0 9  26 1 7 , 0  
1 9 5 5 5 7 . 0  
0 0  1 1  4 3 . 0  
1 0  1 8 4 4 . 5  
1 0  39  s o . 5  
1 9  3 2  5 7 . 0  

DAT E 

SEP  23  

25  

2 6  

2 7  

29  

3 0  

OCT  0 2  

0 3  
0 4  

0 5  
0 6  

0 8  

0 9  

P H ;\ S E.  

EP Z  
L P  EPZ  

EP Z  
- I P Z  
- E P Z  
E P Z  
E P Z  

+ E P Z  
LP  E P Z  

E P Z  
L P  !::: P l.  
L P  F..X Z  

- I P Z  
-EP Z 

F. P Z  
- I S Z 
+ J P Z  
1:. P Z  
[ P l  

F. P Z 

E P Z  
ry z 
E:Y Z 
r r z  

+ I P Z  
L P - I P Z 
LP  E X Z  

+ I P Z  

E P Z  
+ I P Z  
+ I  P l  
- I P Z  

L r  E P Z 
+ I S Z  
r- p z 

l: p z 
+ I P ?  
+ I P Z  

L P - J P Z 
L r  l:X Z  

,\ R hl I V A L  T Pl l: 
H M s 

0 9  2 7  0 5 . 2  
0 9  2 7  0 5 . ,, 
0 9  1 0  0 3 . 5  
1 3  2 9  2 8 . R  
2 1  0 1  3 7 . ?.  
0 8  5 6  0 3 . 0  
0 9  ? 3  5 0 , 0  
). 1  1 1  2 4 . 8  
1 1  1 1  2 6 . 2  
1 1  3 9  1 2 , 5  
1 3  0 5  36 . 0  
1 3  2 3  o o . o  
0 2  1 7  2 6 . 3  
0 6  4 5 0 0 , f,  
0 7  24  1 1 , !J 
\\ 7 2 4  2 1  . e  
1 1  0 6  26 . 0  
2 3  49 28 , R 
0 7  2 3  0 4 . 6  
1 3  5 6  5 1 , >3 
1 7 2 9  2 Fl . 4 
2 0  5 6  3 2 , 5  
2 3  1 3  4 6 . 0  
? 2  3 0  4 5 . 13 
1 9  0 3  3 H , 5  
1 9 0 3 3 9 . '� 
1 9  3 2  5 2 . 2  
1 9  3 e  2 2 . 0  
0 2  3 3  '1 6 0  l 
0 2  0 6  (1 3 . ')  
1 5  1 3  ] 4 . '+ 
O K  C 3  3 5 , 0  
0 8  0 3  3 5 . n  
O P,  0 6  0 5 . 9  

0 9  0 7  1 6 . 0  

2 1  3 4  5 9 , 6  
2 2  4 6  3 0 , ()  

1 1  3 7  C 7 . 9  

1 1  5 7  (\ r! . b 
1 2  C ?  t+ 7 , 0 

DATE  PHA SE  

OCT 0 9  E P Z  
1 0  E P Z  

- EPZ  
1 1  E P Z  

EP Z 
1 2  E P Z  

E P Z  
E P Z  

E PZ 
EP2  

+ I PZ  
1 3  - l P Z 

+ I P Z  
E. PZ  

1 4  EPZ  
1 5  E.PZ  

LP  EPZ  
E P Z  

1 6  - I P Z 
L P - I P Z 

- I P Z 
L P + I P Z  

1 7 E PZ  

L P - I PZ 
LP - E XZ  

E P Z  
L P  E P Z  

1 8  E P Z  
+ E P Z  
+ l P l  
E P Z  

1 9 E P Z  
2 0  EP Z 

EP Z 
2 1  - I P Z 

L P + ! P l  
? 2  + I P Z 

L P - I P Z  
L P + I P Z 

E P Z  

MlR I V A L  T I M E 
H M s 

2 1  5 6  1 3 . 0  
0 3  4 5  0 2 . 7  
1 4  2 1  4 6 . 7 
0 0 5 9  1 9 . 4  
0 8 4 1  0 2 . 0  
0 0  1 9  5 0 . 5  
0 1 0 4  1 1 . 0  
0 1 2 5  0 3 , 5  
0 2  3 6  3 9 . 2 
03  5 1  4 3 , l 
1 1  44  44 , 8  
0 5  1 4  0 6 . 2  
0 9 1 2  0 2 . 0  
1 3  1 8  4 7 . 0 
06  4 8  0 9 . 6  
1 1  0 9  5 9 . 6  
1 1  0 9  5 9 . 6 
1 2  46  0 6 . 4  
0 5  4 5 1 5 . 8  
0 5  45 1 5 . 8 
1 0  1 1  2 1 . 7  
1 0  1 1  2 2 . 6  
1 3 3 8  o a . o  
13 3 B  o a . 2 
1 4  1 4 2 6 . 8  
1 5  1 8 5 0 . 4 
1 9 5 5  5 6 . 8  
0 3  0 1  0 9 . 0  
0 5 4 2 2 7 . 0  
0 6 4 0  4 6 . 5  
1 6  1 3  3B , 3  
18  3 2  2 2 . 0  
0 2 1 8  2 3 , 6  
0 6  5 4  0 5 . 4 
0 8  2 5  0 6 . 0  
0 8  25  0 6 , 0  
0 4  2 7  2 0 . 6  
04  2 7 2 1 . 0  
04  59  0 7 . 2  
0 5 3 7  56 , 7  



D A TE P H A S E.  

OCT  2 2  - E P Z  
- I P Z  

L P + I P Z 
- E P Z  
E P Z  

2 4  + l P Z 
2 5  - E P Z  

L P  E P Z  
2 6  + E P Z  

E P Z 
I P Z  

- l P Z  
2 7  E X Z  

+ E P Z 
2 8  E P Z  

L P + ! P Z 
+ E P Z  
E P Z 

2 9  E P Z  
t'1 E P Z  ..... 

E P Z  
3 0  L P  EPZ  

LP  E X Z  
E P Z  

3 1  E P Z 
+ I P Z  

L P - I P Z 
E P Z  

NOV  0 1  E P Z  
0 2  E P Z  

E P Z  
0 4  E P Z  

E P Z  
0 6  + E P Z 

L P  E P Z  
0 7  [ P Z  

L P  E P Z  
- E P Z  
E P Z  

L P  E P Z  

A R R I V A L  T I M E 
H M s 

0 5  59  0 7 . 8  
1 3  1 3  2 3 . 3  
1 3  1 3  2 3 . 8 
2 0  3 7  1 3 , 7  
2 2  1 '• 1 4 , l  
0 0  4 8  4 8 . 2  
0 0  4 9  1 1 . 0 
0 0  4 9  1 0 . 0  
0 2  } l+ 0 1 , 5  
0 5  4 9  4 3 , 0  
1 0  5 8  1 6 . 3  
1 4 4 0  3 6 , 0  
0 9  2 5  0 9 . 6  
1 9  5 6  3 6 , 4  
0 6  0 7  0 1 . 6  
1 4  2 5  5 7 . 0  
1 4  2 5  5 7 , 5  
2 0  1 1  1 9 , 4  
0 1  1 0  20 . 5  
2 3  4 9  0 7 , 4  
2 3  5 9  0 0 , 6  
0 4  3 0  5 7 , 8  
0 5  0 7  4 5 , 2  
1 2  0 4  0 2 . 2  
0 1  2 3  2 0 . s  
1 7  4 9  46 , 5  
1 7  4 9  4 7 . 8  
1 9  3 8  4 0 . 3  
2 1  5 6  5 0 . 5  
0 5  3 4  5 2 , 0  
0 9  4 9  1 6 . 6  
0 8  5 2  l e , 6 
2 0  5 6  4 6 . l  
0 9  5 0  44 , 5  
0 9  5 0  4 5 . 8  
0 8  5 2  2 1 . 1  
0 8 5 2  ?2 , 6  
0 8  5 5  2 7 , 4  
1 6  3 9  3 1 . 6  
1 6  3 6  3 2 . 4  

OAH PHASE  

NOV  0 9 • E P Z  
+ E P L  

E P Z  
L P  E P Z  

- E X Z  

1 0  E P Z  
1 1  + I P Z 

E P Z  
E P L  
E P Z  

E P Z  
1 2  · I P Z 

+ I P Z 
1 4  t P Z  
1 5  - E P Z  

E P Z  
1 6  LP  f:. P Z  

t: p z 

E:. P Z  
+ I P Z 

1 7 - E P Z 
L P E P Z  

E P Z  

l A  E P Z  
+ E P Z  

1 9  E P Z  
E P Z  

2 0  EP l  

E P Z  
+ I P Z 

L P · I P Z 
2 1  E P Z 
2 2  E:.P  Z 

E P Z  
E P Z  
E P Z  

L P  E P L  
E P L  
E P Z  

2 3  + i:. P Z  

A R R I VA L  T I M E 
H M s 

0 2  0 9 0 8 . 7  
0 4  2 8  5 9 . 3 
0 6  3 2  4 3 . 5  
0 6  3 2  4 5 , 8  
0 6  3 2  54 , 2  
0 8  4 1  1 4 . 8 
2 1  3 2  3 4 , 0  
2 2  2 0 2 2 . 2  
22  3 0  1 4 , 0  
2 2  4 2  1 1 . 0  
2 ?.  4 4  5 1 , 5  
1 4 0 5  54 , 5  
2 3  4 1 1 0 , 9  
0 5  1 9  2 0 , 5  
1 0  5 0  2 7 . 9  
1 7  3 7  5 9 . 3 
0 4  1 6  1 0 , 6  
1 3 5 7  4 ti . o  
1 6  3 2  0 13 . 1  
2 2  1 9  1 3 , 4  
1 0  4 9  3 7 . 4  
1 0  4 9 3 B , 2  
1 0  5 1  3 2 , 6  
0 8  4 8  5 9 . 4  
1 6  4 0  0 1 . 0 
0 4  4 4  4o , O  
0 7  3 1  0 4 . 6  
0 5  1 0  2 2 , 5  
0 7  1 5 5 2 , 2  
2 0  4 4  4 3 , 9  
2 0  4 4  4 5 . o 
0 5  0 8  4 6 , 8  
0 3  3 0  1 4 0 8  
0 5  1 4 5 7 , 5  
0 9  o 4  1 3 . o  
1 1  2 1  0 0 , 2  
1 4  3 4  5 0 , 6 
1 6  1 2  5 9 , 8  
1 9  2 3  5 E� . o  

0 6  0 0  2 5 , 8 

D A T E  P H i'.\ S F.  .�. f;; I �  I V A L T J iv\ [ 

H h s 

N O V  2 3  - E f) ?  0 9  2 5  0 9 . 6  

E P 7  1 1  2 3  4 3 d  
E P ?  1 2  1 0  11 5 . 4  

2 4  F P 7  0 2  0 3  3 3 . 1 .. 
+ I P Z  0 5  4 2  3 9 . 0  

L P  I P  1. (V i 4 2  3 9 . 8  
- E X l  0 6  0 9  C /j . f3 

E FZ o e  3 0  4 1 . 4  
E P l  t: l  5 (1 3 5 , 2  

2 5  - ! P l 1 1  2 6  5 9 . 7  

+ I P Z 2 0  0 6  2 3 , 0  

L P - I i-' Z 2 0  0 6  ? 3 . C  
L P  [ X ?  2 0  2 9  26 . 6  

[ f' 7 n o 7  2 3 . 3  
- J P Z 2 3  0 9  3 '1 , 5  

2 6  [ P Z  1 7  1 0 4 6 , 2  
F. p z 2 3  3 9  0 :? . 3  

� /')  - E P Z  l (./ 1 9  5 1 . '1 
2 9  !:. P  Z 0 3  O S  2 2 . 4  

F P 7  0 3  3 6  5 '+ . 2  
E P ?  0 3  4 9  3 1 , 5  
F: p z 2 0  0 3  2 7 . 7  

E.P  Z n 3 1  2 0 . 4  
- E:: P  Z 2 3  5 3  Q () . '3 

3 0  f:Y Z 0 ()  4 0  1 4 , ?  
E:. P Z  l O O '• 4 7 .  '5 

L P  E P l  1 0  2 2  2 4 . 2  
- E P Z  l 7 5 6  4 '+ , 3 

L P + ! P Z 1 7  5 6  4 7 , 0  
- ! X Z l F:l 2 5  4 1 , 0  

F. P Z  2 1  5 2  5 '+ , 0  
D E C  0 1  O J  Z 0 5 5 6 3 0 . 5  

E P Z  0 7  3 0  5 0 . 3  
E P Z  0 9  2 ?  0 1 , 7 
E P Z  2 2 4 0  l b , 7  

0 2  i:: P Z  0 2  5 '+ 1 2 . ,� 
L P [ P /  0 3  2 5  0 1 . 0  
L r  E X Z  0 4  1 2  1 4 , 2  

E P Z  O n  5 1  1 3 . 7  
f Y Z  0 7  4 6  5 7 . 1 



DAT E  PHASE ARR I VAL  T I ME DATE  FHASE  /', R IO VAL 1 1  !·IC.: LiAT E PHASE ARR ( V AL T I ME 
H M s H M s H M s 

DEC 0 2  EPZ  1 5  1 2  1 9 . 2  DEC 1 5  L P + I P Z 0 4  3 3  1 2 . 2  DEC  26  + I P Z 1 3  5 7  0 3 . 5 
E PZ  1 7  1 2  3 6 . 2  E P Z  1 4  24 36 . 9  + E P Z  1 4  0 3  22 . 0  

0 3  EP2  0 1  3 7  0 4 . 0  LP- l P Z 1 4  2 4  3 7 , n  -EP Z  1 7  57  3 6 . 6  
EPZ  0 5  0 1  5 4 . 3  1 6  - E P Z  0 2  5 1  4 2 . 7  27  E P Z  0 0  4 7  58 . 2  
E PZ  06  52  3 9 . 0  E P Z  1 G  4 9  3 9 , 5  E P Z  2 3  2 5 5 3 . 2  
E P Z  07  1 0  0 3 . 0  EPZ  20  0 4  46 , fl 2 8 E PZ 0 0  3 6 28 . 0  
E PZ  1 1  5 4  0 1 . e E P l  i:? O  2 7  1 2 , 0  E P Z  0 6  3 7  1 7 . 6  

L P+ I P Z 1 7  54 0 2 . 2  1 7  t P Z  1 1  2 9  1 2 . u  E P Z  0 9  47  3 7 . 2  
L P  E X Z  1 8  0 2 2 1 . a  + E P Z  1 5  5 9  ?. 9 , 0  E P Z  1 4  2 0 5 5 . 1  
L P  E X Z  1 8  1 5  3 3 . 8  + l �i z 1 6  0 4  5 9 , 4  EP Z  2 1  2 0 4 2 . 5  

0 4  E PZ  0 2  2 0  34 . 4  1 8  lPZ  0 3  0 0  2 3 , 1  29  - I P Z 1 3  1 9  4 6 , 9  
EPZ  1 9  4 3  58 • 1  EP Z  1 7  L• O 2 6 , 6  3 0  E P Z  0 9  5 2  44 . 2  

0 5  EPZ  0 1 2 4 3 5 . 3  F l-1  Z 1 7  5 7  0 5 . 7  3 1  LP- I P Z 0 0  0 6  3 7 , 0  
E P Z  04 3 0  34 . 6  · 1 9  - I P Z 1 4  0 9  24 , 9  E PZ 0 0  O b  3 7 . 6  
E PZ  0 8  2 2  4 3 , 2  20  E P Z  0 8  3 0  4 2 . l E X Z  0 0 1 0 1 1 . 6  
E P Z  1 2  0 1  29 . 9  E P Z  1 1  O O 5 ,. _ ;.,  

E P Z  2 1  1 3  56 e 2  E P Z  1 6 1 9  0 4 , 7  
0 6  E P Z  0 1  2 1 2 5 , 2  f:. fJ z 1 7 1 1  4 8 . 0  

N) EPZ  0 7  3 1  1 2 . 4  L P  EPZ  1 1  1 1  s 1 . o  

N) 0 7  E P Z  1 6  3 3  32 . 5  EP Z  l fl  5 9  4 9 . 0  
E P Z  1 8  5 7  5 7 . 5  E IJ Z  2 3  2 5  4 2 , '• 

0 8  E P Z  0 1  1 1  0 1 . a 2 1  + l P Z l ?  1 5  1 0 . 0  
E P Z  0 1 38  04 . 7  L P + J P Z 1 2  1 5  1 1 . 0 

+ .( P Z  0 2  3 0 56 . 6  · l X Z  1 2  ? 5  1 1 , 4 
E P Z  1 0  1 3  1 3 . 3  F P Z  1 ?  Id 0 5 , 1  
EPZ  1 1  1 2  3 7 1 6  + I P Z 1 3  s o  sa . o  

EPZ  2 1  2 3  2 1 . 5  C P Z  2 3  4 5  n . o  

0 9  E P Z  06  48  52 . 1  L P  E P Z  2 3  4 5  1 7 , 6  
+ I PZ 22 2 0  oa . 4  2 2  1: P Z  0 1  1 5  1 3 . 3  

1 0  E P Z  1 8  4 6  24 . 0  + EP Z  0 4  2 4  2 :, , 6  

· I P Z  2 2  2 3 04 . 2  L P + I P Z 04  2 '• 2 7 , 0  
1 1  LP-EPZ 09  27  37 , 0  E P Z  1 2  O :!, 4 2 , 0  

LP -E.XZ  1 0  0 9  5 3 . 0  2 3  E P Z  1 1  2 fl 5 6 , l  
- E P Z  1 2  2 7  36 . 8  + I P Z 1 5  4 3  1 1 , 9 

1 2 + I P Z 0 9 38 1 4 . 2  +F.. P Z  1 8  3 ?  1 5 . 0  
L P- I P Z  0 9  3 8  1 5 . 0  + EP Z  2 �  0 7  2 7 , 9  

1 5  + I PZ 0 3  59  0 3 , 5 24 E. P Z  O i3  5'• 5 1 . 1  
LP• l P Z  0 3  59 0 4 . 2  - r. P Z  1 S  3 3  34 , l  

E X Z  0 4  o 9 2 0 . a  2 5  1:: P Z  0 2  '+ 2 4 1 , 7  
· I P Z 04 3 3  1 1 . 3  26 L P - I P Z 1 2  5 8  O 't , 2  



Table 2 .  A/ D conversion of input voltage . 

Input volt 
Hexadecima l 

number 

+1 0 FFF 

+ 9 F 3 3  

+ 8 E 6 6  

+ 7 D9 9 

+ 6 CCC 

+ 5 coo  

+ 4 B 3 3 

+ 3 A6 6 

+ 2 9 9 9  

+ 1 ace 

0 8 0 0  

- 1 7 3 3  

- 2 6 6 6  

- 3 5 9 9  

- 4 4CC 

- 5 4 00 

- 6 3 3 3  

- 7 2 6 6  

- 8 1 9 9  

- 9 occ 

-10 0 0 0  

- 23 -



Table 3 .  List of the 7 9  earthquakes . 

Origine time Geographic Depth Magnitude Epicentral Az imuth 
Data UTC coordinates Region distance Comment 
number date hr mn sec latitude longitude ( km)  (mb ) ( degree ) ( degree ) 

1 0 1 / 0 1  0 5  3 1  5 6 . 1  1 6 . 9 4 3 �S 6 9  . 1 1 4  °W Peru-Bol ivia 1 7 2 5 . 7  80 . 7 3 6  2 9 3  
Border 

2 0 1 / 0 8  1 1  2 1  2 9 . 5  1 5  • 3 9 4 °S 1 7 3 • 3 3 0 °W Tonga I slands 3 3  6 . 1  9 2 . 6 0 1  32  

3 0 1 / 1 0  1 2  3 2  2 1 . 6  2 7 . 2 3 7 ° $ 6 3 . 3 0 1 °w Santiago Prov . , 5 5 8  5 . 7  6 9 . 2 3 8  292  
Argentina 

4 0 2 / 0 7  1 8  2 3  1 6 . 6  2 9 . 7 0 7 °S 1 77 . 8 3 7 °W Kermadec Islands 5 2  6 . 0  77 . 7 9 9  33 s 

5 0 2 / 2 5  2 2  4 9  5 4 . 7  1 8  • 2 6 8  °S 6 9 . 4 38 °W Northern Chi le 1 4 6  5 . 9  7 9 . 6 0 6  2 9 4  s 

6 0 2 / 2 6  0 7  1 0  5 9 . 1  4 9 . 2 4 3 °N 1 5 5 . 6 0 l °E Kuril  I s lands 5 6  6 . 0  1 4 4 . 0 0 8  91 

7 0 3 / 0 1  00  4 2  4 5 . 6  5 3 . 3 9 7 °S 24 . 8 4 6 °E South of Africa 1 0  5 . 2  1 7 . 0 4 5  2 1 1  s 

8 0 3 / 1 8  0 9  0 5  5 0 . 0  4 . 8 8 3 °S 1 5 3 . 5 8 1 ° E New Ireland Region 8 9  6 . 5  9 3 . 8 8 0  66  s 

9 0 3 / 2 1  0 7  4 4  1 7 . 7  2 1 . 4 6 6 °S 1 7 5 . 4 5 1 °W Tonga I s lands 6 8  6 . 3  8 6 . 2 7 9  32 

1 0  0 4 / 0 4  0 2  5 1  3 4 . 3  5 . 7 2 3 °N 9 4 . 722 °E Northern Sumatera 7 9  6 . 6  8 3 . 6 1 5  1 2 5 s 

1 1  0 4 / 0 4  2 3  1 2  4 7 . 1  4 9 . 4 0 8 °N 1 5 5 . 6 0 2 ° E Kuri l I s lands 5 1  6 . 1  1 4 4 . 1 4 7  9 1  

1 2  0 4 /04  2 3  5 8  5 9 . 0  1 5 . 0 3 8
°
S 1 6 7 . 2 8 9 ° E Vanuatu I slands 1 2 3  6 . 2  8 8 . 4 2 5  5 0  



1 3  0 4 / 1 1  1 7  0 3  4 1 . 7  3 5 . 5 5 0 ° S 1 7 9 . 2 5 2 °W East  of  North I s l . , 5 0  5 . 7  7 1 . 8 5 1  3 3  
New Zeal and 

1 4  0 4 / 1 2  1 2  0 7  5 4 . 5  4 . 8 4 3 ° S 7 8 . 1 0 3 ° W Peru-Equador Border 1 0 4  6 . 5  9 5 . 0 08  2 9 8  

1 5  0 4 / 1 5  0 0  0 9  3 3 . 3  1 9 . 2 2 1 ° S 1 7 5 . 4 6 9 ° W 'I'onga I s lands  2 2 7  5 . 7  8 8 . 4 6 2  3 3  

1 6  0 5 / 0 2  2 3  4 2  3 7 . 7  3 6 . 2 1 9 ° N 1 2 0 . 3 1 7 °W Central  Ca l i forn ia 1 0  6 . 2  1 4 5 . 2 8 2  3 3 1  

1 7  0 5 / 2 6  0 2  5 9  5 9 . 6  4 0 . 4 6 2 ° N 1 3 9 . 1 0 2 ° E Near We st  Coa st of  2 4  6 . 8  1 3 0 . 5 1 1  9 9  LP 
Hon shu , Japan 

1 8  0 6 / 0 1  0 1  5 9  5 4 . 6  1 7 . 0 3 8 ° S 1 7 4 . 6 0 5 ° W Tonga  I s l ands  1 8 0  6 .  ;> 9 0 . 7 5 6  3 3  

1 9  0 6 / 0 1  2 0  0 9  5 7 . 8  5 3 . 0 4 9 ° S 9 . 7 2 4 ° E South of A fr ica  1 0  5 .  7 2 1 . 1 2 2 2 3 6  s 

2 0  0 6 / 0 2  20  1 2  5 0 . 7  9 . 5 1 2 ° S 7 1 . 2 4 9 ° W Peru-B raz i l  Border 5 9 9  5 . 9  8 8 . 3 9 2  2 9 3  

2 1  0 6 / 0 7  20  4 0  2 6 . 5  5 0 . 6 8 5 ° S 2 9 . 1 0 3 ° E South  o f  A f r i ca 1 0  5 . 5  1 9 . 0 28  2 0 1  s 

2 2  0 6 / 1 0  2 2  3 9  0 9 . 2  2 4 . 1 8 3 ° S 1 7 6 . 3 2 9 ° W South o f  Fi j i  I s l . 4 7  5 . 7  8 3 . 4 6 4  3 3  

2 3  0 6 / 2 0  0 5  4 3  3 7 . 7  2 3 . 5 7 9 ° S 1 7 9 . 0 9 8 ° E South o f  Fi j i I s l . 5 4 4  5 . 5  8 3 . 1 1 7  3 7  s 

2 4  0 6 / 2 1  0 6  2 5  2 7 . 3  4 1 . 3 4 6 ° N 1 3 9 . D 9 9 ° E Hokka ido , Japan 1 0  6 . 7  1 3 1 . 2 9 1  9 9  

2 5  0 6 / 2 5  1 0  0 3  1 7 . 4  3 2 . 8 3 5 ° S 1 7 8 . 7 9 1 ° W S .  of  Kermadec I s l . 4 6  5 . 6 7 4 . 5 7 5  3 3  

2 6  0 7 / 0 2  0 9  3 4  0 4 . 9  5 . 7 4 7 ° N 9 4 . 7 1 5 ° E Northern Sumatora 9 3  5 . 7  8 3 . 6 3 6  1 2 5 

2 7  0 7 / 0 5  0 5  5 8  2 1 . 4  5 5 . 8 4 9 ° S 1 2 3 . 4 0 4 ° W Ea ster I s l a nd 1 0  5 . 5  5 4 . 7 4 3  3 4 8  
Cord i l lera 

2 8  0 7 / 0 5  1 1  1 1  3 9 . 8  2 2 . 5 9 9° S 1 7 1 . 0 2 0 � E  Loya l ty I s lands  33  6 . 1  8 2 . 1 7 7  4 4  

2 9  0 7 / 0 7  2 0  3 5  3 8 . 1  7 . 2 1 1 ° s 2 7 . 8 4 4 ° E Z a i re Repub l i c  1 0  5 .  8 6 2 . 1 7 4  1 9 3  



3 0  0 7 / 1 1 1 2  5 6  2 8 . 3  6 0 . 8 8 9 ° 5 5 3 . 0 2 0 °w South Shetland Isl . 1 0  6 . 1  3 6 . 209  3 0 5  LP 

3 1  0 7 / 1 7  2 1  5 6  1 6 . 6  3 1 . 4 1 1 ° S 1 7 8 . 1 2 5 °W Kermadec I s l .  Reg . 4 9  5 . 6  7 6 . 0 87 3 3  

3 2  0 7 / 2 1  0 7  1 1  3 3 . 8  2 2 . 1 9 3 ° $ 6 8 . 4 5 1 °W Northern Chi l e  1 2 6  5 . 5  7 5 . 6 2 2  2 9 5  

3 3  0 7 / 2 2  0 2  3 6  40 . 7  1 4 . 6 3 6 ° S 1 67 . 3 3 2 ° E Vanuatu Islands 1 6 3  5 . 2  8 8 . 8 2 0  5 0  

3 4  0 7 / 2 4  0 0  5 2  2 5 . 1  27 . 9 95 ° S 1 7 6 . 3 8 2 ° W Kermadec I slands 7 1  5 . 5  7 9 . 7 4 3  3 2  

3 5  0 7 / 2 4  23  07  30 . 9  5 3 . 93 0 ° N 1 5 8 . 3 7 2 ° E Near Coast of  1 8 0 6 . 1  1 4 8 . 8 4 5 9 3  
Kamchatka 

3 6  0 7 / 2 4  2 3  3 8  0 9 . 8  8 . 1 4 1 ° S 1 1 9 . 5 0 4 ° E Flores  I sl . Region 4 8  5 . 8  78 . 8 9 2 9 6  

3 7  0 8 / 02 1 2  4 3  4 0 . 9  7 . 1 9 4 ° 5 1 1 7 . 4 4 5° E Bal i  Sea 6 0 4  5 . 4  79 . 0 3 7  9 9  

3 8  0 8 / 0 3  0 3  5 8  2 1 . 0  5 2 . 1 2 0 ° $ 2 7 . 9 4 2° E South of Africa 1 0  5 . 4  1 7 . 7 75 2 0 4  s 

3 9  0 8 / 0 3 1 8  1 7  4 2 . 2  1 7 . 395 ° 5 1 6 7 . 9 1 4° E Vanuatu Islands 3 3  5 . 5 8 6 . 3 4 6  4 9  

4 0  0 8 / 0 6  2 2  31 54 . 9  6 . 5 1 8 ° S 1 30 . 1 1 9° E Banda Sea 1 6 0  5 . 8  8 4 . 2 07  8 7  

4 1  0 8 / 1 7  1 0  5 5  5 4 . 1  5 5 . 8 6 7 ° N 1 6 1 . 2 8 7° E Near E .  Coast of 6 3  6 . 6  1 5 1 . 4 1 7  9 3  LP 
Kamchatka 

4 2  0 8 / 2 0  0 6  1 9  30 . 7  8 . 5 30 ° S 1 1 7 . 5 6 3° E Sumbawa Isl . Region 1 5 6  5 . 5 77 . 8 3 9  9 8  

4 3  0 8 / 2 5  0 1  3 3  1 2 . 1  4 9 . 00 8 ° 5 3 1 . 0 5 8° E South of Africa 1 0  4 . 8 20 . 4 6 9  1 9 6  s 

4 4  0 9 / 0 1  1 7  5 9  2 9 . 0  5 2 . 4 8 4 ° $ 2 5  . 8 3 8° E South of Africa 1 0  5 . 3 1 7 . 7 5 1  2 0 9  LP , S  

4 5  0 9 / 0 1  20  0 1  4 7 . 0  1 7 . 330 ° S 6 9 . 93 2° W Peru-Bolivia Border 1 0 5  6 . 0  80 . 6 4 5  2 9 4  

4 6  0 9 / 1 6  0 8  0 9  2 6 . 6  2 4 . 0 32 ° S 1 7 9 . 79 6° W South of Fij i 5 1 0  6 . 0 8 2 . 9 1 3  3 6  s 



4 7  1 0 / 0 4  1 8  5 2  1 3 . 3  2 6 . 5 3 5 °S 70 . 5 6 3 °W Near Coa st of 1 5  6 . 4  7 2 . 2 5 8  2 9 8  
Northern Chile  

48  1 0 / 0 4  1 9  2 6  5 8 . 0  2 6 . 3 3 9 ° S 70 . 654 °W Near Coa st of  3 1  5 . 7  7 2 .  4 7 0  2 98 
Northern Chile  

4 9  1 0 / 1 6  0 5  3 2  2 8 . 7  1 . 0 8 4 °N 1 2 1 . 05 2 ° E Min aha ssa Pen insu la 4 0  6 . 0  a·s . 0 0 6  9 8  

5 0  1 0 / 1 6  0 9  5 9  4 6 . 5  2 3 . 6 8 1 ° S 70 . 1 2 9 ° W Near Coast of  6 6  5 . 7  7 4 . 7 8 0  2 9 7  
Northern Chi le 

5 1  1 0 / 2 1  0 8  1 4  1 8 . 1  30 . 7 7 3 ° S 6 9 . 1 9 4 °W Chi le-Argent ina 1 1 7  5 . 5  6 7 . 8 8 4  2 9 9  
Border 

5 2  1 0 / 2 2  04  2 1  3 5 . 0  60 . 6 6 5 ° S 25 . 4 5 1 °W South Sandwich I s l . 2 4  6 . 5  2 7 . 4 0 9  2 8 5  S , LP 

5 3  1 0 / 7 2  0 5  3 2  1 0 . 0  60 . 4 90 ° S 2 5 . 6 8 2 ° W South Sandwich I s l . 3 3  5 . 4  2 7 . 6 1 4  2 8 5  

5 4  1 0 / 2 2  1 3  0 7  3 9 . 1  60 . 6 20 ° S 25 . 3 9 2 ° W South Sandwich I s l .  3 3  6 . 2  2 7 . 4 2 1  2 8 5  LP 

55  1 0 / 2 5  00 3 6  2 3 . 4  1 . 1 3 1 ° N 1 2 0 . 8 5 8 ° F. Minahassa Peninsula 3 3  5 . 8  8 7 . 9 8 0  9 9  

5 6  1 0 / 2 8  1 4  0 6  0 6 . 6  4 4 . 0 5 8 ° N 1 1 3 . 8 5 7 °W Eastern Idaho 1 0  6 . 2  1 5 1 . 4 6 0  3 1 7  

5 7  1 0 / 3 1  1 7  3 7  5 6 . 2  9 . 0 1 6 ° S 1 1 9 . 1 80 ° E Sumba I sl .  Region 8 3  6 . 0  7 7 . 9 6 6  9 6  

5 8  1 1 / 0 6  0 9  3 8  3 9 . 9  2 0 . 1 4 5 ° S 1 7 7 . 6 7 8 ° W Fij i  I s l .  Region 3 8 7  5 . 6  8 7 . 1 2 3  3 5  s 

5 9  1 1 / 1 6  1 6  1 3  0 0 . 0  1 9 . 4 3 0 ° N 1 5 5 . 4 5 4 ° W Hawa ii  1 2  6 . 4  1 2 9 . 5 4 1  1 9  

60  1 1 / 1 7  1 0  3 9  3 0 . 9  2 8 . 1 9 2 ° S 6 3 . 1 8 5 ° W Santi ago Prov . 5 7 5  5 . 4  6 8 . 3 1 8  2 9 2  
Argentina 

6 1  1 1 / 2 0  2 0  3 2  2 0 . 5  7 . 4 50 ° S 1 30 . 6 4 5 ° E Tan imbar I s l . Region 5 9  6 . 0  8 3 . 5 3 2  8 6  

6 2  1 1 / 2 3  0 5  4 8  3 3 . 5  1 8 . 1 05 ° S 1 7 8 . 33 3 ° W Fij i  I s l . Region 6 0 7  5 . 6  8 8 . 9 6 9  3 6  



6 3  1 1 / 2 4  0 5  3 0  3 4 . 2 7 . 4 8 1 ° S 1 2 8 . 1 6 8 °E Banda Sea 1 7 9  6 . 4  8 2 . 6 1 4  8 9  S , LP 

6 4  1 1 / 25  1 9  5 6  0 7 . 8  4 0 . 4 5 1 ° S 1 5 5 . 5 0 7 ° E S . E .  of  Austra lia  1 9  6 . 0  6 1 . 1 3 7  5 2  

6 5  1 1 / 30 1 7  4 6  0 0 . 6  6 . 8 5 2 ° S 7 2 . 1 1 0 ° E Chagos Archipelago 1 0  6 . 6  6 5 . 7 2 6  1 4 4  S,LP 
Region 

6 6  1 2 / 0 3  1 7 4 3  1 4 . 8  6 . 4 6 3 ° S 7 1 . 4 1 7
°

E Chagos Archipelago 1 0  6 . 3  6 5 . 9 5 9  1 4 4  
Region 

6 7  1 2 / 0 8  0 2  1 9  1 0 . 9  1 9 . 2 1 6 ° S 1 7 8 . 3 7 8 °W Fij i Islands 6 2 7  5 . 5  8 7 . 8 8 1  3 6  

6 8  1 2 / 1 2  0 9  2 6  0 7 . 0  7 . 5 8 3 ° S 1 27 . 2 8 8 ° E Banda Sea 1 3 7  6 . 1  8 2 . 2 0 3  8 9  

6 9  1 2 / 1 5  0 4  2 2  3 3 . 4  3 3 . 0 9 9 ° S 1 0 . 1 2 0 °w Chi le-Argent ina 1 0 0  5 . 9  6 6 . 0 1 8  3 0 0  
Border 

7 0  1 2 / 1 9  1 3  5 8  4 1 . 1  2 2 . 3 4 2 ° S 6 3 . 6 8 8 °W Salta Province , 5 2 1  5 . 1  7 3 . 8 9 9  2 9 0  
I Argentina 

7 1  1 2 / 2 1  1 2  0 5  0 6 . 3  2 8 . 1 9 0 ° S 6 3 . 1 7 2 ° W Santiago Prov . , 6 0 2  6 . 2  6 8 . 3 1 5  2 9 2  LP 
Argentina 

7 2  1 2 / 2 1  1 2  1 5  0 6 . 9  2 8 . 0 4 2 ° S 6 3 . 008 ° W Santiago Prov . , 6 0 9  5 . 9  6 8 . 3 9 7  2 9 2  
Argentina 

7 3  1 2 / 2 2  0 4  1 1  2 9 . 2  1 1 . 8 6 6 ° N 1 3 . 5 2 9 ° W Northwest Africa 1 1  6 . 4  8 8 . 7 7 9  2 3 2  

7 4  1 2 / 2 2  1 1  5 3  3 7 . 9  2 8 . 30 9 ° S 6 2 . 9 9 0 ° W Santiago Prov . , 5 9 3  5 . 1  6 8 . 1 4 5  2 9 2  
Argentina 

7 5  1 2 / 2 4  1 8  2 1  5 0 . 7  2 0 . 1 4 4 ° S 1 7 8 . 3 1 9 ° W Fi j i  I s lands 5 9 9  5 . 4  8 6 . 9 9 2  3 5  

7 6  1 2 / 2 6  1 3  5 0  4 4 . 5  5 5 . 9 1 9 ° S 2 7 . 7 6 2 ° W South Sandwich 8 9  5 . 8  3 1 . 7 7 8  2 8 1  
I s land Region 

7 7  1 2 / 30  2 3  5 2  3 9 . 9  3 6 . 3 7 2° N 7 0 . 7 3 8 ° E Hindu Kush Region? 2 1 5  6 . 6  1 0 7 . 6 5 7  1 5 4  



N 
!J:) 

( i ) The events and the epicentra l data are picked from the PDE report s .  

( i i )  LP i n  the comment column means  that digital  long-pe riod sei smogram was obta ined . 

( i i i )  S in the commen t  co lumn means that clear S-pha se wa s obta ined .  

( iV )  Az imuth indicates the anti-c lockwisely measured ang le from South Pole to Syowa Sta tion to 
Epicenter . 
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