BULLETIN OF THE JEARTHQUAKE

RESEARCH INSTITUTE

Vol. 47 (1969), pp. 453-466

19. The Seismological Observation and the Earthquake
Detection Capability of Syowa Station, Antarctica.

By Katsutada KAMINUMA,

Earthquake Research Institute.
(Read Fed. 25, 1969.—Received March 31, 1969.)

Abstract

The seismological observation at Syowa Station (SYO), Antarctica
was carried out by JARE (Japanese Antarctic Research Expedition)
using HES seismographs of three components. We examined how
many earthquakes reported in the summary report of USCGS were
detected as P or PKP phase at SYO during the period from March
to December 1967. The earthquake detection capability in connection
with the magnitude and the epicentral distance was investigated.

The detection capability of SYO is 7% in winter and 2% in summer.
These values are the same order as those of DRV (Dumont d’Urville)
and MIR (Mirny), but very low as compared with that of SPA (South
Pole Station).

The detection capability for distance range around 30 degrees is
clearly low and it can be considered that there is some relation between
the detection capability and P-wave amplitude.

1. Introduction

The seismological observation at Syowa Station (SYO) in Antarctica
was started in 1959 by the third party of JARE (Japanese Antarctic
Research Expedition) using a HES seismograph of Z component. In
1961, we added HES seismographs of two horizontal components and
thus the seismological observation was begun with a three component
seismograph. When Syowa Station was closed in January 1962, all
observations were discontinued. Station coordinates during these three
years were lat:=69°0"18"/ and long:=389°3512". The elevation was
h=23m above MSL.

In February 1966, Syowa Station was reopened and since then the
seismological observation has been continued by JARE using HES seismo-
graphs of three components in the same place.

In 1967, a new seismographic vault was built and the data of phase
readings were reported to all seismological stations in Antarctica as
well as to USCGS telegraphically. According to the data, we can
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examine how many earthquakes reported in the summary report of
USCGS were detected at Syowa Station for the period from March to
December 1967. Thus, the detection capability of SYO in connection
with the magnitude and the epicentral distance was investigated.

2. Seismological Observation

Eto (1962) and Kaminuma et al. (1968) reported that the seismological
observation at Syowa Station has been operated using HES seismographs
of three components. The period of pendulum is 1.0 second and that
of galvanometer is also about 1.0 second. The constants of the HES
seismographs and galvanometers used are tabulated in Table 1 and
the frequency characteristics of seismograph magnification are shown
in Fig. 1.

As there was no calibration set at Syowa Station, the calibration

Table 1. Each constant of HES seismographs and galvanometers.

Component Z N-S E-W

Ty(s) 1.0 1.0 1.0

S1{A/mm) 2.80x10-3 2.03x10-5 2.03x10-5

Ri(e) 940 920 930

24(0) 820 1160 920

hy 1.0 1.0 1.0

1936-1967

Ty(s) 1.06 1.04 1.0

S2(A/mm) 1.47x10-9 1.20x10-° 1.84x10-°

Re(0) 600 650 : 630

2:(02) 1200 1200 1200

he 1.0 1.0 1.0

1968

Tafs) 0.995 0.975 0.963

S2(A/mm) 1.21x10-° 1.21x10-° 1.53x10~-9

Ra(0) 576 637 627

2:(0) 1974 1583 1483

he 1.0 1.0 1.0
Ti: Period of the pendulum. Rz: Resistance of the galvanometer coil.
Ty: Period of the galvanometer. 01: External damping resistance of the
Si:  Sensitivity of the galvanometer. transducr.
S2: Sensitivity of the transducer. 2 External damping resistance of the
Ri: Resistance of pendulum coil. galvanometer.

h;: Damping constant of the pendulum.
he: Damping constant of the galvanome-
ter.
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of the seismograph was not car-
T ried out until January of 1968.
i | The magnifications of seismo-
‘ \ graphs in 1967 had about 10 per-

cent errors in Fig. 1. Since
1967, seismographs have been
1 set in the new room on the Pre-
cambrian gneiss about 350m
from the old vault. Never-
- theless microseismic noise is ex-
] \ “ tremely high during blizzards.
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Attenuators of attenuation factor g=1/2 were during the summer months(from
used in winter and p=1/5 were used in sum- January to May) and p=1/2 dur-
mer. ing the winter months (from
June to December).

In 1967, a three component long-period seismograph was installed at
Syowa Station. The period of the pendulum was 15.0 seconds and that
of the galvanometer was about 1.0 second. Using an amplifier and an
integrator between the pendulum and the galvanometer, we get the
same characteristics of amplitude and phase as the long-period seismo-
graph operated by USCGS. However, there were many defects in the
system, and we could not obtain satisfactory data. Then, the long-
period seismograph was operated without an amplifier and an integrator
during 1968. It is operated with the long-period galvanometer of 20
seconds in 1969.

3. Detection Capability

Detection capability is defined as follows; “how many earthquakes
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reported in the summary report of USCGS were detected at SYO.”
When detection capability is discussed, how to treat the period of the
extreme microseismic activity caused by rough weather is most important.
In the case of Antarctica, there is one more problem which is how to
consider the period during blizzards. The seismogram during blizzards
is shown in Fig. 2. It is a matter of course that the blizzard is con-
sidered as a kind of rough weather. But the seismogram in Fig. 2
shows it undoubtedly impossible to identify earthquakes on the records
during blizzards. About 100 days in a year there are blizzards. The
pattern of extreme pressure change during blizzards is the same as the
pressure pattern for a strong typhoon in Japan (for example 10mb/h).

If detection capability means the capability of a staion to record
earthquakes which cccur anywhere in the world, detection capability
may be discussed including the period of blizzards. But in case of the
capability of a station to record the earthquakes occurring in a certain
region, we had better discuss excluding the period of blizzards. The
latter should be called “a possible detection capability”.

4. The Detection Capability in Connetion with the Magnitude
and the Epicentral Distance.

Figure 3 shows the location of earthquakes which were located by
USCGS and were also identified with the phase of P or PKP at SYO.
Earthquakes which occurred near the Japanese Islands, California USA,
etc. were not recorded owing to their epicentral distances in the shadow
zone.

The detection capability of each period in connection with the
magnitude and the epicentral distance is given in Table 2. The periods
are from March to May (the attenuation factor x=1/5), from June to
December (1#=1/2) and from March to December. The values in
parentheses in Table 2 are the number of earthquakes in the period
excluding blizzards and the corresponding possible detection capability.
There was no earthquake with magnitude of more than 7 in 1967. It
seems that there are two boundaries of magnitude to change the
detection capability extremely. One is magnitude of 6.0 and the other
is around 5.5. Almost all earthquakes of magnitudes of more than 6.0
were recorded except those which occurred in the shadow zone or
during blizzards at SYO and the detction capability for magnitude of
5.5-5.9 is about half of that for magnitude of more than 6.0. Only a
few earthquakes whose magnitudes are less than 5.0 are detected at
SYO.

The detection capability for the epicentral distance from 15 to 30
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Fig. 2. The seismogram during blizzard.
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Fig. 3. Epicenters of earthquakes which were detected at SYO from March to
December, 1967.

degrees is 4194 in winter and is 859 through whole ten months, but
the number of earthquakes in this distance range is only 19, of all
shocks. As half of the earthquakes which occurred during the period
are distributed in the distance range from 90 to 140 degrees, the
detection capability for all earthquakes is 5-79 through the year.
This value is one third or a quarter of the detection capability of
MTJ (Tsukuba Seismological Station) obtained by Hagiwara and Iwata
(1965). The seismographs at MTJ are also HES 1-1 seismographs
operated with the maximum magnification of 33000 at period of 0.6
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Table 2. Detection capability and number of earthquakes in
Mar.—Deec. 1967

4 15°~30° 30°~60° 60°~90°
mag. a b c a b [ a b\ c
6.0~ 2(2 | 2lhoo@ooy) 1( 1) 1000100, 12( 9)| 9 75(100)
5.5~5.9 5(5 | 3]60(60) 11( 9) 55( 67)|  46( 37) 24I 52( 65)
5.0~5.4 19(13) | 7| 837(54), 55(42) | 15 | 27( 36)| 226(173) 47’ 27( 36)
4.0~4.9 11(9) | 2(18(22) 39(31) | 2| 5( 6)] 643(489)| 34 5( 6)
~3.9 3( 2] 0| — 58( 42) o“ —
no mag 3(1) 0 — 29 ( 16) 0 — 142 ( 98) 7[ 5( 1)
total 40(30) |14 | 35(47)| 138(101) | 24 | 17( 24) | 1127 (848) 121i 11( 13)
Mar.—May. 1967
6.0~ ‘ 6( 39 3i 50 (100)
5.5~5.9 (1) | 1] — 4020 | 1,25(50) 9( 5| 2 22(40)
5.0~5.4 3(1) | 1/33(100)] 10( 6) | 3/30(50) 72(49) 5 7(10)
4.0~4.9 5011 | ol — 176(115)] 5 3( 4)
~3.9 2(2 | 0] — 77 0 —
no mag 1(0) 0 — 9{ 6) 0 — 46 ( 19) 1 2( 5
total 8(5 | 1(13(20) 40(27) | 4|10(15) 3160198) 16 5( 8§
June—Dec. 1967
6.0~ 2(2 | 2000100 1( 1) | 111001000 6( 6| 6100(100)
5.0~5.9 a(4) | 3|75(7) T( 7| 5|77 37(32)| 22 60( 69)
5.0~5.4 16(12) | 6(83(50) 45(36) | 12 | 27( 34)| 154(124)] 43 27( 34)
4.0~4.9 8(6) | 2/25(83) 24(20) | 2| 8(10) 467(374)| 29 6( 8
~3.9 itol ol — 51(85)| 0 —
no mag 2(1) | 0| — 20(10) | 0] — 96(79) 6 6( 8
total 32(25) | 18| 41(52)| 98(74) | 20 | 20( 27)| 811(650) 105 13( 16)

a: Number of earthquakes.

b : Number of earthquakes recorded at SYO.

¢ : Detection Capability in percents.

(): Number of earthquakes and detection capability without the period of blizzard.

seconds.

To compare the detection capabilities of SYO and MTJ, only such
earthquakes where the epicentral distance is more than 16 degrees are
discussed because the epicentral distance of the nearest earthquake at
SYO is 18 degrees. The detection capability of SYO for the distance
range of 15 to 90 degrees in the periods from Jnue to Decembr and
from March to December is 5% to 109 higher than that of MTJ, but
the detection capability of MTJ is higher than that of SYO at the distance
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connection with the magnitude and the epicentral distances.

90°~110° | 110°~140° 140°~ | total
a } b l c a ) b ’ c a ‘ b [ c ‘ a i b J [
10( 10) 4, 1040)| 5( 2 2400100 2( 2| 21000100 32( 26) 20 63(77)
51(44) 9| 18(20) 29(24) 3| 10(13) 23(20)| 10 43(50) 165( 139)] 55 33( 40)
266(201) 18 | 7T(9)102(79) 0| — | 62(48| 2| 3( 4 730( 556) 89 12( 16)
664(530)] 51 8(9)615(84). 0| — 397(317)| 6 11.5(1.9)2369(1860)] 49 2( 3)
19019 ol — 199(74 o — le(| o] — ‘ 205(233), 0 —
167(126) 3| 2(3)38(20) 0 — 123(97) 10.8(1.0)] 502( 367) 11\ 2( 3)
1177 (930)| 3(4)888(692) 5 0.6(0.7) 723 (580) f 21 2.9(3.6) 1093 3181)| 224‘5 5(7.0)
3030 — |10 ol — [ 1(nl 1heoao 11( 7 41 36 ( 57)
24(21) 3| 13(14)|14(10)] 1| 7(10)| 3( 8)| 1|33(33)] 551 42)& 8 15( 19
81(55 0 — |35(22)| 0 — |14(10) 1| 7(10)| 215(143) 10 5( 7
214(163) 0| — ‘228(169)| o — f2r(ee] ol — | 763 (557)} 50.7(0.9
7m0 — .27(20) 0] — |35(82 0] — By 0 —
43(30) 0l — .13 8 0| — |18(1m] 0] — | 130(80) 1%0.8( 3)
372(279)| 3 50.8(1 |318 (229)| 1 0.3(0.4) 198 (159) 3 [1.50.9)] 1252 (897)' 8[ 2( 3)
7 7)] 4| 576m)! 44 2)‘ 2| 5000 1( 1| 1100100 21( 19)| 16 76( 84)
27(23)| 6| 22(26)| 15(14) 2 13(14) 20(17)| 9| 45(53) 110( 97) 47) 43( 49)
185(146) 18| 10(12) 67(57) 0 — | 48(38) 1 21(26)| 515(413) 79 15( 19
450(367) 5| 11(14)887(815) 0 — 270(221) 6! 22( 27) 1606(1308) 42.7(3.4
12(12) 0 } — |75 0 — si(6y o — |217(165) 0 —
124 QG)J 3 (325020 0 — [05(80)| 1 1.00.3) 372 280) 102.7(3.5)
805 (651) | 36 1570(463)j 40.7(0.9) 525 (421)| 18‘ 3( 4)2841(2284) 196 7( 9)

range of more than 90 degrees in each period.

The detection capabilities of SYO and MTJ for magnitude larger
than 5.0 are tabulated in Table 8. The figures of MTJ in this table
for the distance range of more than 16 degrees are quoted from Table 2 of
Hagiwara and Iwata (1965). It is clear from the table that the detection
capability for magnitude larger than 6 is almost the same at bhoth
stations. This fact seems to be quite all right to consider that HES
seismographs operating with the magnification of more than some ten
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Table 8. The comparison of the detection capabilities of SYO in the
period June to December, 1967 and MTJ obtained by Hagi-
ware and Iwata (1965).

SYO

USCGS VT
mag. June-Dec. 1967 |  Mar.-Dec. 1967 4216

6.0~ 76% (84) 63% (77) 819

5.0~5.9 20 (25) 16 (21) 32

( ): Possible detection capability.

thousands can detect all earthquakes for magnitude larger than 6,
except the shocks located in the shadow zone distance or which occurred
during the time of blizzards at the stations.

The detection capability of MTJ for magnitude of 5.0 to 5.9 is better
than that of SYO. The epicentral distances of about 85% of the earth-
quakes which were detected at MTJ are from 16 to 60 degrees, but in
the case of SYO about 95% are located in the distance of more than
60 degrees. The discrepancy of about 109 in the detection capability
of both stations is caused by the difference of epicentral distance at
each station.

Though the number of earthquakes which are located by USCGS
increases every year according to the increase of seismological stations,
the detection capability of a station may also be changed year by year.
From a practical point of view, the detection capability of each station
must be compared with the data for the same period.

5. Detection Capability of Other Stations

To compare the detection capability of SYO with those of other
stations in Antarctica, we investigated the detection capability of the
next three stations, i.e. SPA (South Pole Station), as an example station
of WWSSN of USCGS, MIR (Mirny) of USSR and DRV (Dumont d’Urville)
of France. We have discussed the detection capability of these stations
for the period from January to September 1967 on the basis of the
Antarectic Seismological Bulletin of USCGS. As we have no information
for the period of blizzards at these stations, the detection capability
discussed refers only to cases which included the period of bhlizzards.
Each constant of seismographs of these stations is shown in Table 4,
but the magnifications of seismographs are unknown.

The detection capability of each station in connection with magnitude
is tabulated in Table 5. The detection capability of SPA for all earth-
quakes is 449 and it seems to be surprisingly good compared with
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Table 4. The position of stations and each constant of seismogram.

Country, station and Position Instruments To Tg
station abbreviation| Latitute Longitude and components (seconds) (seconds)
Japan }
Syowa (SYO) 69°0027’S 39°35'42’E| HES Z 1.0 1.0
HES N 1.0 1.0
HES E 1.0 1.0
France
Dumont d’Urville
(DRV) 66°3954”S 140°00'31""E| APX Z 1.38 0.53
APX N 1.38 0.53
APX E 1.38 0.52
USSR
Mirny (MIR) 66°33'S 93°00”E, SVKM Z 2.5 1.0
SGK N 12.5 1.1
SGK E 12.5 1.1
U.S.A.
South Pole (S PA) 90°S 0°| Benioff Z 1.0 0.75
Benioff N 1.0 0.75
Benioff E 1.0 0.75
Sprengnether 7 15.0 100.0
Sprengnether N 15.0 100.0
Sprengnether E 15.0 100.0

those of the other two stations which are 4% to 5%. As SPA is a
station in inland Antarctica, seismographs can be operated with high
magnification under very small microseismic activity. On the other
hand, MIR and DRV are positioned around Antarctica, and it is im-
possible to operate the seismographs with high magnification under
high microseismic activity (Sytinskii, 1964), especially in the summer
season. It is obvious that the number of shocks in the Antarctic
Seismological Bulletin reported from SCB (Scott Base) are few in com-
parison with that of SPA. SCB is one of the station of WWSSN and
is situated Ross Island of Antarctica.

Seismographs at- SPA, MIR and DRV are set in the rooms on the
basement while the seismograph room of SYO is built on the ground.
If it is a breezy day, seismograms record the microseismic activity well.
Under this bad condition, the detection capability of SYO is a few
percent better than those of MIR and DRV. If we had a good seismo-
graph room, the detection capability of SYO would improve 10 percent.

6. The Regional Detection Capability of Some Regions.

To discuss the regional detection capability, we selected the following
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Table 5. Detection capability and number of earthquakes of
SPA, MIR, DRV and SYO.

{ Jan.-Sept., 1967 June-Dec., 1967
USCGS
mag SPA ! MIR | DRV SYO
L a b r c | b ‘ c I b I c a b 1 c
6.0 ! 30| 2 87%  14|47% 15509 | 21| 16 | 76%
5.5-5.9 154 | 11977 | 302 | 46(80 | 110 4743
5.0-5.4 610 | 44770 | 95115 | 18|16 | 515 79|15
.9 2519) 994(40 | 32 1 26 1 18 44 2
nomag. | 400 15238 | 9/ 2 | 11, 3 | 372| 10 3
total | 8743|1738 (46 | 189| 5 | 200 5 |28 196 7

a: Number of earthquakes

Number of earthquakes recorded at each station
c: Detection capability

regions and obtained the detection capabilities for the respective regions.
The regions are A(30°—60°S, 0°—60°E), B(50°—65°S, 20°—30°W),
C(15°—45°8, 60°~T75°W), D(15°—45°S, 178°E—180° —165°W), E(15°N—
0°—15°S, 90°—160°E), F(20°—45°N, 120° —150°E), G(45° — 60°N, 150°E—
180°—150°W) and are shown in Fig. 4.

Table 6 shows the detection capability of each region from June to
December. Almost all earthquakes which occurred in Region A were
recorded at SYO. But, in spite of the comparatively small epicentral
distance of around 30 degrees, the detection capability of Region B is
not very high. For example, only 7 among 26 earthquakes (279%) for
magnitude of 5.0 to 5.4 were recorded and three of unrecorded earth-
quakes occurred during extreme microseismic activity. If we exclude
these shocks, the detection capability of Region B becomes 80%;. This.
value is lower than that of Region C, the epicentral distance of which
is about 60 degrees, and is almost the same value of Region D lying in
the epicentral distance of about 70 degrees.

On the other hand, more than 509 of the earthquakes with mag-
nitudes 5.5-5.9 were recorded in Region G whose distance is around
150 degrees. This fact shows that such large shocks whose magnitude
is more than about 5.5 are better recorded in the region at the epicentral
distance beyond the shadow zone, namely beyond the distance range of
90 to 110 degrees.

The so-called Gutenberg-Richter curve (1956) derived from the data.
of earthquakes in the different regions of the world may be taken as
representing a world average showing the small P wave amplitude at
the epicentral distance around 30 degrees. Mizoue (personal communi-
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Fig. 4. The regions whose detection capability was obtained.

o roes cation) also obtained the small P
% ‘ ' wave amplitude for earthquakes
' whose epicentral distances were
8 \ I between 25 and 30 degrees. The
60 \ A detection capability of the
/1 \\/’\ Dodaira Micro-earthquake Ob-
*\/ \A \ servatory obtained by Miyamura
(also personal communication) is
low for the shock whose epicen-
u tral distances are from 25 to 30
100 ] degrees. Considering these re-
sults, the low detection cap-
- ability of Region B is not a re-
° rJ gional phenomenon but a global
’_]— one. TFigure 5 shows thedetee-
\—I_FUL-—U—L— tion capability and the number
e 20 3§pic;‘r‘]’w5:iswi:’e 70 80 90 1004, of earthquakes with epicentral
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and the detection capability is obtained without the period of blizzards;
i.e. it is the possible detection capability defined in section 3.

As the number of earthquakes for which epicentral distances are
less than 70 degrees is few, there is a clear difference of possible
detection capability between the distance of 30-50 and 50-90 degrees
except the capability at the distance range of 40 to 45 degrees.

Moreover, the Gutenberg-Richter curve (1956) shows a large ampli-
tude at the distance around 40 degrees. For SYO the number of shocks
at that distance range is only four and three of them are detected,
giving the possible detection capability as high as 75% which corresponds
with the above maximum in Gutenberg-Richter curve at 40 degrees.

The curve in Fig. 5 indicates the possibility of the correlation be-
tween the possible detection capability and the Q-function of Gutenberg-
Richter (1956). Since there are insufficient data, we have to leave the
relation between the detection capability and P-wave amplitude or the
Q-functions, for future study.

Conclusion

Since seismological observation at Syowa Station was started in 1959,
we had only one study using the seismogram recorded at SYO (Murauchi,
1962). To use the seismological data at SYO, we discussed firstly the
detection capability in connection with the magnitude and the epicentral
distance. In spite of a bad observational condition, the detection capa-
bility is a few percent better than those of MIR and DRV in Antarctica
but about one third of that of MTJ in Japan. The detection capability
for distance range around 30 degrees is clearly low and it ean be con-
sidered that there is some relation between the detection capability and
P-wave amplitude. But we only introduce the problems in this paper.
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19, BEFnECHh o MR AR & MRk A R
WERRES M E wm

1957 SFIEEEHERBIIELLR, AABBENRIC X v, EAthcw, WAL AT S ORI MRTT
Th o %, HIERND 1959 4Ric HES Hhidtafi- RS S i, 1962 EMRMZEH O B
Ebieiy, 4 FERIOTEERS -7, 1966 FRHT TSN, IEEILBE 7. 1967 Ficiz
RANMEI (Tr=15 &) 8mob&Esh, HES HERE S A OB L b ELFAECE 5 Tl
5.

WREBHIR T b T %03, FOBRBIIC bRz s s, % T CIRFZEHE o Hb R
WOLHBEIO—BR L LT, 1967 4 3 S~12 ARIOMEDT L L DfEFcd &1 &, EFZERE D
M RAIR 2R 1.

HE: TUSCGS CRFEDHE » HifD 5 b, ([%2EMEc P it PKP LLTHEDR
Ml EERELL —BRCHBRNRYHERT S CEE L o &3, IRy Z Lo 5
THDHH, MEOHER, EO 7V HF— FOMMEEL ik e brcus, BTk —4ERIC
BEILASbiel, BRICHES L5 B8 REZ (2oL 242 10 mb/h o) PEFIFEA T
FARMABRT Y F— FICtbWBb D, T - FOIE, EAIHIE DL & URESESE )
(%2 M), €T IRABAAT, WD HSICKE - MR A B © & p4ET LD B B,
7Y PR TR L A5t MRS B i o o b 1o B, ZOBABHE LT
XBILC, #bfE® (possible detection capability) & %L 7-.

MMM L5 7 FBRPEE IR O 3B Ck, FMCREMNES <7 b, BRI OERL B S =
MM DT, T L CHBEEL ST 5.

IRIEI OB, &ML, T 8 H—5 B) « 2%, <8 6 §—12 H) w1% ©
5 (2 F). o, FEEOMIR 2 DRV OBREIR LA T 55, WWSSN D
WETHBSPA i Ritiss (5 5 ).

M=6 DL shadow zone IZHE - 7= & 25, 7 ) H— FORHICIE o 72 & fls 5 EMTWRY,
BERIBHEC PR AR L T B, M=5.5~5.9 ORAIZE M>6 DOHIFRIZ e~k 5y 2 70 %, X
Hiz M=5.0~5.4 DBEcit, M=5.5~5.9 DEA&OH 1/3 LRARGEICTE 705, M=5.0
~5.9 DHIBOBRAE L BRIEHOBIRLH 5 RUCRL 2. ZERELE 30° MR oMK F,
50°~80° DBHMBICHAYE &\ 5 R, = 0BEEZ, C BaiiFse 35 P BixrolR
BOBFEREL W LR TTLOLELNS,




