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Abstract: A local telemetry seismic network was established around Syowa
Station to study local seismicity and characteristics of seismic waves in the Liitzow-
Holm Bay and Prince Olav Coast region, East Antarctica. The observation sys-
tem utilizes an event detection algorithm for monitoring small earthquakes by
coping with noise condition peculiar to Antarctica.

More than 4400 events were recorded during the period from June 1987 to
January 1988. Most of them were icequakes and continuous vibrations caused
by glacier movements. However, 477 earthquakes were identified.

Several shallow crustal earthquakes with S-P times of 5-6 s and 20 s are located
around Syowa Station, near possible faults inferred from surface topography and
geology. Although the East Antarctic shield has long been considered to be an
aseismic area, local earthquakes occur under some tectonic condition.

1. Introduction

The East Antarctic continent is well-known as one of the most aseismic areas in
the world (e.g., KOGAN et al., 1965; ADAMS et al., 1985). The seismicity around
Syowa Station in Liitzow-Holm Bay was reported to be less than one micro earthquake
per month, by the routine seismic observation carried out at the station (KAMINUMA,
1976). However, the source locations are not determined because of the inevitable
difficulty coming from the single station observation. Therefore, a suitable local
network has been considered necessary to study seismic activity in relation to the
Antarctic tectonics.

Attenuation of seismic wave and source property have been discussed in relation
to seismic activity in many regions of various tectonic conditions (e.g., AKI, 1989;
AKAMATSU, 1980, 1986). Attenuation in the East Antarctic shield is thought to be
extremely small. The explosion seismic experiments reveal that the P-wave velocity
of the surface layer in East Ongul Island is about 6 km/s; the value nearly corresponds
to the upper crustal velocities just beneath the ice sheet in East Antarctica (ITo et al.,
1984). Therefore, the seismograms of local earthquakes are expected to be scarcely
affected by both attenuation and surface layering. In this regard a spectral study of
local earthquakes is emphasized in the region. For this sake, however, the local
seismic network and observation system should have a wide dynamic recording range
for computerized wave analysis and suitable event detection algorithm.

The wintering party of the 28th Japanese Antarctic Research Expedition (1986~
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1988), JARE-28, established a local radio-telemetry seismic network along the Prince
Olav Coast to study the local seismicity and characteristics of seismic waves in the
Liitzow-Holm Bay region (AKAMATSU et al., 1988). In January 1988, the JARE-29
party expanded the network with an additional tripartite array in East Ongul Island.
All array data are recorded by an FM analog data recorder with event detection logic
based on signal to noise ratio of multibands.

During the period from June 1987 to September 1988, more than 11400 events
were recorded.

In this paper, we show the network system. A total of the 4400 events, the data
of which have been transported to Japan, are classified into five groups by their wave
forms. Most of them are icequakes. However, among them we can identify four
definite local earthquakes. Their epicenter locations are discussed briefly in relation
to possible local geological structure around Syowa Station.

2. Network and System Design

The seismic network (Fig. 1) consists of two arrays with different size: a larger
radio-linked array along the Prince Olav Coast and a smaller tripartite array in East
Ongul Island (AKAMATSU, 1988).

The radio-telemetry seismic array consists of three sites, each with a 1-second
3-component seismometer; Syowa Station (SYO), Tottuki Point (TOT) and Langhovde
(LAN). SYO is linked directly to the recording system at Earth Science Laboratory.
TOT and LAN are located on the outcrops along the Prince Olav Coast, 15 and 20 km
far from SYO, respectively, and are linked by radio-telemetry to the recording system.

Fig. 1. Location of the seismic array. TOT and LAN are located on continental outcrops and
linked to Syowa Station (SYO) by radio telemetry. The stations of E, S and W were
also used in the preliminary observation during the period from February to May 1987.
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from NNSS satellites.

The observation at TOT started in June 1987 and that at LAN in August 1987 after
the transportation condition had become adequate for the snow vehicles to traverse
on the sea ice.

The smaller tripartite array consists of three sites with 1-second vertical seismo-
meters; E, S and W, as shown in Fig. 1. The distances between the sites are about
1.5km. Each site is linked directly to the recording system. The observation of
the tripartite array started in February 1988.

A preliminary observation was carried out at E, S, W and SYO in East Ongul
Island from February to May 1987 to test the system. The radio-telemeters were
set at E and S temporarily to investigate technical problems in setting the system
and battery support (AKAMATSU, 1988).

The observational system is shown in Fig. 2. The telemetry system is 12-bits
Pulse Code Modulation (PCM) of 200 Hz sampling with transmitting power of 1 W.
The amplifier unit and transmitter need the power of 8.6 W, which is supplied by a
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Fig. 3. Block diagram of seismic signal detection and control unit. Cutoff frequencies, f1 and
f 2, and threshold levels (TL) are selected to cope with the noise condition around Syowa
Station. Signal (S) and noise (N) for each band are the outputs of averagers (AVR)
with time constants of 1s and 100 s, respectively. Recording times of LPF, BPF and
HPF signals are 4, 2 and 1 min at least, respectively, and are prolonged for an event
with longer duration time by the retriggerable counter (RETRIG COUNT). ANALOG

MEMORY outputs the input level of every moment or that of fixed moment according
to a command from RETRIG COUNT. It holds the noise level before event detected in

order to record the whole seismic coda.

solar battery system with maximum power of 225 W produced by the solar panel
module with the extent of ] m X2 m. A zinc-air battery assembly (SAKAI et al., 1981)
was set as a spare battery for the winter season from May to July, during which the
solar system is not available. However, the zinc-air battery was found useless because
its electrolyte had frozen. As a result, LAN and TOT could not operate for several
weeks in the wintertime of 1988.

The signal delay device consists of 12-bits A/D converters and D/A converters
with 16 K-word memory and has 32.8 s delay time in case of 500 Hz sampling. Local
earthquakes occurring within about 200 km can be recorded before the onset of P
phase, even if it is detected by later .S phase.

The seismic signal detection and control unit is made of C-MOS logic, and is
based on signal to noise ratio of the multibands for the vertical component (AKA-
MATSU, 1977). The block diagram of the logic is shown in Fig. 3. The noise around
Syowa Station is considered to consist of long-period microseism and characteristic
short-period noise arising during blizzard. Both amplitude and predominant fre-
quency of noise vary to a considerable extent with time according to weather con-
dition. Small events, even when they are undetectable with small S/N ratio of a wide-
band width, can be handled with clear signal separation from noise in narrow bands
(AMBUTER and SoLoMON, 1974). The vertical component at SYO is monitored for
event detection, because the system reliability and housing of transducers are superior
to the other sites. The cutoff frequency of low-pass, band-pass and high-pass filters,
f1 and f2, and threshold level for comparators, TL, are selected to cope with the
noise condition around Syowa Station, that is, f1 and f2 are 1 and 7 Hz; TL for
LPF, BPF and HPF signals are 2-3, 3-4 and 4-8, respectively.

An FM analog data recorder is used for data storage on the video cassette mag-
netic tape. Generally, in magnetic recording, digital systems are superior in terms
of wide dynamic recording range and easy computerized processing. However, the
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dynamic recording range of the current recorder is great enough, that is, approxi-
mately 60 dB (tape speed of 1.2cm with noise compensation), provided that the
frequency range is limited to within 30 Hz required for seismic observation. More-
over, the easy reproduction of visible wave form is considered most important for
the recording system at Syowa Station, because the normal functioning of the total
system can be confirmed only by reproducing and checking the seismograms of tele-
seisms recorded simultaneously at each site (AKAMATSU et al., 1988). Automatic
computerized data processing also can be achieved through a GP-IB (IEEE-488
interface) in Japan.

The overall sensitivity is 1100-1400 V/cm/s in the frequency range of 1-30 Hz;
the total dynamic range is 60 dB.

3. Data

More than 11400 events were recorded during the period from June 1987 to
September 1988. However, we examined 4400 events recorded before February
1988 in this paper, because of limited transportation of data from Syowa Station to
Japan. The 4400 events can be divided into five groups: local earthquake, teleseism,
icequake of sea ice around the Ongul Islands, shock-type icequake of continental ice
sheet and continuous vibration caused by glacier movement, by visual analysis of
reproduced seismograms, as listed in Table 1.

In order to confirm the occurrence of local earthquakes, some examples of wave
forms of the other groups are shown. Figure 4 shows an example of icequake located
on the east coast of East Ongul Island by the small tripartite array of the preliminary
observation. One third of the recorded events have similar wave forms; the oc-
currences seem to be related to sea ice condition and weather around the Ongul Is-
lands. Therefore, they are possibly caused by fractures of sea ice near the Ongul
Islands and are grouped as sea-ice shock in Table 1. It is difficult to pick up the
sea-ice shocks occurring near SYO on the records of TOT and LAN because of their
small amplitude. The thickness of sea ice around Syowa Station is usually less than
2 m, and restricts the upper bound of ice shock magnitude. On the contrary, many
icequakes occurring near TOT or LAN can be detected at SYO. An example of
seismograms is shown in Fig. 5. Considering their magnitudes, a majority of them

Table 1. Amounts of events in each group and maximum amplitude level at SYO.

Max. amplitude

(¢ cmJs) >200 200-100 100-50 50-20 <20 Total
Sea-ice shock 24 126 249 659 418 1476
Icequake 13 52 109 589 1597 2351
Glacier movement 4 8 22 62 30 126
Teleseism 21 39 75 133 233 501
Local earthquake 1 1 2 4
Event total 62 226 456 1436 2278 4458

Ground noise Electric noise Noise total

97 54 151




6 Junpei AKAMATSU, Nobuo ICHIKAWA and Katsutada KAMINUMA

MFIR 18 14:17 1987 S E.W (V) MR !9 14:17 1887 SYO

’ﬂwv/\f‘HW\)W\/WW\N\W

wwwww

-W

CH.l
CH.I

CH.2 m

mewww

CH.2 m

: B . . . . :
Ve 4\«\«/\‘\“ e g 5/ “k’/\/ \/\/, \/\JV\J\W\’\MMS
1s , 1s

EAV—A W — s Bl e —

CH.3 00

Fig. 4. An example of sea-ice shock occurring around Syowa Station. Left: vertical seismo-
grams at S, E and W. Right: three-component seismogram at SYO. The event was
recorded in the preliminary observation and located on the east coast of East Ongul
Island. Note that the duration time is only a few seconds.
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Fig. 5. An example of icequake in continental ice sheet occurring near LAN. Note the small
amplitudes and low frequency at SYO and TOT.

is considered to be caused by the continental thick ice sheet up to 600 m (ITo and
IxaMmi, 1984) or the glaciers on the Prince Olav Coast. KAMINUMA and HANEDA
(1979) grouped icequakes around Syowa Station into two types; Type I with a sharp
initial phase and Type II with an obscure initial phase. Type I may correspond to
sea-ice shock around the Ongul Islands and Type II may correspond to icequake on
the continent across the Ongul Strait.

Figure 6 is an example of continuous vibration which is supposed to be caused
by an glacial flow, inferred from the amplitudes distribution and duration time. In
a typical case, it continues for more than 10 min and is thought to be related to glacier



Telemetry Seismic Observation around Syowa Station 7

OCT.18 13:29 87 SYO LAN TOT (V) FILE NO.S [D=5352 1S=500 D7=0.04 NOAT=2400

-r

g_m‘r ..................
m v A Mm 7\ 1200 pan/s
5 D " 1

.............................. 208 o .
T M 1
EﬂmwmﬁmﬁwanﬁWﬂmmm R I

(.

Fig. 6. An example of continuous vibration caused by the Langhovde Glacier movement.
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Fig. 7. Anexample of events at the Atlantic-Indian Rise about 2000 km north of Syowa Station.
Note that amplitude scale for T phase is three times smaller than that for P and S phases.

surge.

Among the teleseisms, four events are followed by remarkable T phases. They
are considered to occur near the Atlantic-Indian Rise about 2000 km north of Syowa
Station (Sept. 22, 2042; Nov. 25, 2002; Nov. 26, 0040; Dec. 15, 0706, 1987, S-P=
2mS55s-3m, T-P=17m, azimuth=N-NNW). An example of these events is shown
in Fig. 7.

4. Local Earthquakes

Four definite local earthquakes were recorded by the system during the period
from June 1987 to January 1988, as listed in Table 2.
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Table 2. List of local earthquakes around Syowa Station.

1D No. Day Time Magnitude Source region
3089 Jun. 10 1936 2.6 Prince Olav Coast,
170 km NE of Syowa Station
5743 Nov. 07 0623 1.5 Liitzow-Holm Bay,
50 km NW of Syowa Station
6599 Dec. 22 1136 1.0
6622 Dec. 23 0654 0.9 Near Tama Glacier,

50 km NE of Syowa Station
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Fig. 8. Seismograms of local earthquake that occurred in Liitzow-Holm Bay, 50 km northwest

of Syowa Station. The source region is the northern extension of a possible fault inferred
from a glacial valley on the sea floor.
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Fig. 9. Three-component seismogram of local earthquake observed at TOT. The event oc-
curred at 50 km northeast of Syowa Station. This is the nearest seismogram to the
source in the observation.
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Fig. 10. Three-component seismogram of local earthquake observed at SYO. The event oc-
curred at about 170 km northeast of Syowa Station. Ten earthquakes with similar
wave forms were observed in the preliminary observation during four months from

February to May 1987.
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Fig. 11. Locations of hypocenters of shallow crustal earthquakes. Although the events on Dec.
22 and Dec. 23 occurred in the same location, the hypocenters are marked separately
in the figure to show the existence of two events clearly.

The vertical seismograms of event on Nov. 7, recorded at the three sites; SYO,
LAN and TOT, are shown in Fig. 8. Its aftershock was picked up on the seismogram
of routine observation at SYO (Nov. 7, 0648, M=0). Figure 9 shows the 3-com-
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ponent seismogram of event on Dec. 22, observed at TOT. This seismogram has
the shortest S-P time in the local earthquakes observed. Events on Dec. 22 and
Dec. 23 have similar wave forms at all sites, indicating the same source location.
Figure 10 is the 3-component seismogram of event on June 10 at SYO, which has
20s S-Ptime. Nine events with similar wave forms were recorded by the preliminary
observation during February to May 1987. Preliminary analysis of the events with
20 s S-P time was reported in the previous paper (AKAMATSU et al., 1988).

The source locations of events in Figs. 8-10 were obtained with a velocity model
estimated by the explosion seismic experiments (ITo and IkAMI, 1984; IKAMI et al.,
1984) as shown in Fig. 11. The source depths are assumed to be shallow, because
the array configuration is not adequate for precise determination of depth. This
limitation is coming from the distribution of coastal outcrops without ice coverage.
It is evident, however, that these events are the shallow crustal earthquakes judging
from their typical wave forms. The assumption of the source depth is considered
reasonable because of the evidence that the source azimuths are nearly identical with
the direction of P initial motions.

Local magnitudes in Table 2 are estimated with the formula for shallow event
(WATANABE, 1971),

M=1.18 log (AVp.x)+2.04 log R—4.14, for R<200km €))

where Av,,, is maximum velocity amplitude in cm/s and R is focal distance in km.
Equation (1) is obtained with the data of the Abuyama Seismological Observatory
and its array stations of Kyoto University, which are located on the sedimentary
layers in southwest Japan. Since there exist no sedimentary layers in the Prince Olav
Coast region (ITo et al., 1984; ITo and IkaMi, 1984), the surface amplification may
be smaller than that in Japan by up to 2 factors. Therefore, the magnitudes in Table
2 are probably underestimated by 0.2-0.3.

5. Discussion

The source region of the events with 20 s S-P time is about 160-200 km northeast
of Syowa Station. The basement of the Prince Olav Coast region, named the Liitzow-
Holm Complex, is known to have undergone a metamorphism different from the
Rayner Complex around Molodezhnaya Station of U.S.S.R., 300 km northeast of
Syowa Station (Hirol and SHIRAISHI, 1986). Although the boundary between the
two complexes is not clear, several geological faults seem to exist in the coastal area.
The local events must be located around the faults (AKAMATSU et al., 1988) and sug-
gest that faults can move under some tectonic conditions. The source region of the
event on Nov. 7, 50-60 km northwest of Syowa Station, is on the northern extension
of a possible fault, inferred from the glacial trough on the sea floor in Liitzow-Holm
Bay (MoRIWAKI and YOSHIDA, 1983). Two micro earthquakes of Dec. 22 and 23
occurred near the Tama Glacier, about 50 km northeast of Syowa Station, on the
Prince Olav Coast. It is suggested that glaciers are related with faults in the coastal
region (MoORIWAKI, 1986). The micro earthquakes also suggest the existence of faults
near the Tama Glacier.
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It is very interesting that source locations of all the events observed can be dis-
cussed in relation to possible faults in the Prince Olav Coast region. Since the dis-
tribution of active glaciers may reflect the topography and geological structure, local
seismic activity and tectonics can be discussed in relation to the distribution of glaciers.

It is clear that the seismic detection algorithm based on band limited S/N ratios
is very useful under the noise condition around Syowa Station. However, in order
not to record sea-ice shocks with negligibly small amplitude, the algorithm should
take the absolute amplitude level and duration time into account.

6. Conclusion

A telemetry seismic network was installed along the Prince Olav Coast around
Syowa Station to study local seismic activity and characteristics of seismic waves in
the Liitzow-Holm Bay and Prince Olav Coast region. 4400 events were recorded
during the period from June 1987 to January 1988. These events can be divided
into five groups: icequake of sea ice around the Ongul Islands, icequake of con-
tinental ice sheet, continuous vibration caused by glacial movement or surge,
teleseism and local earthquake. Four shallow crustal earthquakes were located and
discussed in relation to possible faults around Syowa Station inferred from geological
and geographical studies. Other 10 local earthquakes with the similar wave forms
were detected by the preliminary observation and routine observation carried out at
Syowa Station. The East Antarctic shield has been considered to be an aseismic
area. It becomes clear, however, that faults can move seismically under some
tectonic condition.

The seismic observation with the radio-telemetry network will be continued until
the end of 1989 by JARE-30.
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