
International Journal of Geosciences, 2012, 3, 809-821 
http://dx.doi.org/10.4236/ijg.2012.324082 Published Online September 2012 (http://www.SciRP.org/journal/ijg) 

Evaluation of Long-Period Detectability of Teleseismic 
Events at Syowa Station, Antarctica 

Masaki Kanao1*, Dmitry Storchak2, Ben Dando2 
1National Institute of Polar Research, Research Organization of Information and Systems, Tokyo, Japan 

2International Seismological Centre, Thatcham, Berkshire, UK 
Email: *kanao@nipr.ac.jp, dmitry@isc.ac.uk, ben@isc.ac.uk 

 
Received July 30, 2012; revised August 30, 2012; accepted September 8, 2012 

ABSTRACT 

Phase identification procedures for teleseismic events at Syowa Station (69.0˚S, 39.6˚E; SYO), East Antarctica have 
been carried out since 1967 after the International Geophysical Year (IGY; 1957-1958). Since the development of IN-
TELSAT telecommunication link, digital waveform data have been transmitted to the National Institute of Polar Re-
search (NIPR) for the utilization of phase identification. Arrival times of teleseismic phases, P, PKP, PP, S, SKS have 
been detected manually and reported to the International Seismological Centre (ISC), and published by “JARE Data 
Reports” from NIPR. In this paper, hypocentral distribution and time variations for detected earthquakes are demon-
strated over the last four decades in 1967-2010. Characteristics of detected events, magnitude dependency, spatial dis-
tributions, seasonal variations, together with classification by focal depth are investigated. Besides the natural increase 
in the occurrence of teleseismic events on the globe, a technical advance in the observing system and station infrastruc-
ture, as well as the improvement of procedures for reading seismic phases, could all combine to produce the increase in 
detection of events in last few decades. Variations in teleseismic detectability for longer terms may be possible by asso-
ciation with the meteorological environment and sea-ice spreading area around the Antarctic continent. Recorded tele-
seismic and local seismic signals have sufficient quality for many analyses on dynamics and structure of the Earth as 
viewed from Antarctica. The continuously recorded data are applied not only to lithospheric studies but also to the 
Earth’s deep interiors, as a significant contribution to the Federation of Digital Seismological Networks (FDSN) from 
high southern latitude. 
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1. Introduction 

In order to contribute to the global seismic network, tele- 
seismic phase identification at Syowa Station in Antarc-
tica (69.0˚S, 39.6˚E; SYO; Figure 1) has been carried 
out since 1967 [1] after the International Geophysical 
Year (IGY). By using continuous records of short- and 
long-period seismographs, teleseismic phase identifica-
tion work continued until 2005 mainly by wintering mem- 
bers of the geophysics section in the Japanese Antarctic 
Research Expedition (JARE). 

After returning the data to Japan by the ice-breaker 
ship, the identified teleseismic events were accurately re- 
scaled at the National Institute of Polar Research (NIPR). 
Internet connection between SYO and outside Antarctica 
significantly improved after the INTELSAT telecommu-
nication system was established [2] in 2004. Since then 
the teleseismic phase identification procedure has been 
conducted only at NIPR by an expert staff of Polar Data 
Center (PDC) in NIPR. 

All information on arrival times of the detected phases 
has been reported to the International Seismological Centre 
(ISC) and the United States Geological Survey (USGS), 
and published as the “JARE Data Reports (Seismology)” 
for every year [3-5]. By using both the travel-times and 
waveforms of detected teleseismic events at SYO (Fig- 
ure 2), a number of remarkable studies have been con-
ducted; heterogeneous structure and dynamics of the An- 
tarctic continent [6-8], the surrounding oceanic plate [9, 
10], local and regional seismic activities [11-13], structure 
and dynamics of the Earth’s deep interiors [14-18]. 

In this paper, variations in teleseismic detection char-
acteristics for two decades are presented on the basis of a 
recent report [19]. Moreover, significant information on 
detected teleseismic events, such as spatial distributions, 
long-term temporal variations after IGY and magnitude 
dependency are demonstrated in comparison with global 
data compiled at ISC. Statistics of travel-times reported 
to ISC are also demonstrated for SYO and other An- 
tarctic stations belonging to the global network for com- 
parison. *Corresponding author. 
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Figure 1. Global map showing the Federation of Digital Seismological Networks (FDSN) (modified after Butler and Anderson, 
2008). Several regional networks developed by involved nations are indicated; e.g., IRIS, Geoscope, Geophone, Japan, etc. 
Syowa Station (SYO) in East Antarctica is pointed out by red broken arrow. 
 

SYO 

 

Figure 2. (Left) Global maps of hypocenters in different depth range, with its center at SYO, Antarctica. (Right) Distribution 
of FDSN stations in Antarctica, including SYO (by red broken arrow). 
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 2. Observation Systems 

The current working observation system at SYO was 
started in 1997 [4]. A block diagram of the observation 
system is illustrated in Figure 3(a). Details of the his-
torical transition in seismic observation system for last 

two decades are referred to [2,20,21]. Recently published 
Data Reports, moreover, describe minor changes in the 
system. In this section, we briefly introduce the obser- 
vation systems. 

Seismic observations at SYO have been carried out by 
 

  
(a) 

 Detection of teleseismic, and  
local events, ice signals 
Compare with data from  

SCG, Infrasonic, Oceanic tides, etc. 

Web‐based data publication system 

 

Broadband 3-component STS-1 
Short period 3-component HES 

 
(b) 

Figure 3. (a) Block diagram of a recording system for the broadband (STS-1) and the short-period (HES) seismographs at 
SYO. (Left) Seismographic room, (Right) Earth Science Laboratory; (b) Illustration of the continuous monitoring system for 
seismic waves and spectrum recorded at SYO. Both the data of three-component broadband (STS-1) and short-period (HES) 
seismographs are available on the web. Several kinds of signals for teleseismic and local tectonic events, as well as the 
ice-related signals are recordable. 
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two types of seismographs. One is a short-period seis-
mograph (HES; [22]) with 1.0 Hz eigenfrequency of pen- 
dulum used since 1967 [23]. The other is a three-com-
ponent broadband seismograph (Streckeisen STS-1; [24]) 
with a digital recording system used since 1990 [25]. The 
seismic hut was re-constructed in 1996 and all sensors 
were moved inside it in 1997 (69˚00'24.0"S, 39˚35'06.0"E 
and elevation 20 m above mean sea level). Seismic sig-
nals of HES and STS-1 are transmitted to the Earth Sci-
ence Laboratory (ESL) via analogue cables 600 m in 
length. 

Three-component analogue outputs by HES is digi-
tized at 200 Hz sampling by a 24-bit A/D converter, gen-
erating triggered signals of 80 and 1 Hz re-sampled and 
20 Hz continuous outputs. Signals of a three-component 
STS-1 are also digitized to produce triggered output of 
80 Hz and continuous outputs of 20, 1, 0.1 and 0.01 Hz, 
respectively. All waveform data are formatted to a Mini_ 
SEED volume, as a standard format in global seismology. 
Digital data have been transmitted via INMARSAT tele-
communication link from SYO to NIPR since 1993. The 
data transmission was greatly improved by using the 
INTELSAT link since 2004. During a whole season, con- 
tinuous data of both the sensors with 20 Hz sampling 
have been automatically transmitted via UUCP protocol 
from acquisition workstation to NIPR server. 

A web-based monitoring system for waveform data 
was developed in 2012 (Figure 3(b)). The three-com- 
ponent data for both STS-1 and HES are available. In 
addition to teleseismic events, characteristic local events 
are identified; those may be associated with cryoseismic 
environmental changes near the stations (Figure 4). Fig- 
ure 5 presents original waveforms and corresponding 
Power Spectral Densities (PSDs) of the vertical compo- 
nent of STS-1V, for two significantly disastrous teleseismic 
events (NE Japan Eq., M 9.0, March 11, 2011; Christ- 
church Eq., M 6.3, February 22, 2011). 

3. Identifying Teleseismic Events 

The detailed procedure for conducting phase identifica-
tion of the teleseismic events is as follows. The initial 
phases of individual targeted events are carefully picked- 
up on analog or digital records mainly by the vertical 
component of HES. Earthquake events corresponding to 
these scaled phases are identified by comparing the esti-
mated arrival-times calculated by the IASPEI-91 global 
Earth velocity model [26] with the observed (scaled) arri- 
val-times. Hypocentral information including origin times 
are referred to the Preliminary Determination of Epicen-
ters (PDE) or the Quick Earthquake Determination (QED), 
offered by the National Earthquake Information Center 
(NEIC) of USGS. 

 
 

HES short period seismograph 

Local ice-shock events 

Ice-shocks 

 

Figure 4. (Right) Power spectral densities (PSD) of the short-period seismograph (HES, vertical component) at SYO on 
November 16, 2010. Several ice-shock signals are identified on the seismogram. (Left) Frequency responses of the HES seis-
mographs (modified after Hagiwara, 1958). 
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★ NE Japan Eq., M 9.0 (March 11, 2011)                      ★ Christ Church Eq., M 6.3 (Feb. 22, 2011) 

Figure 5. Original waveforms and their PSDs for the vertical component of broadband seismograph (STS-1V) at SYO, for 
two remarkable teleseismic events. (Left) NE Japan Eq., M 9.0 (March 11, 2011; delta = 130, 6 hours data). (Right) Christ-
church Eq., M 6.3 (Feb. 22, 2011; delta = 62, 6 hours data). 

 
Onsets of seismic phases are carefully selected within 

the discrepancy limit of 3.0 s by comparing the calcu-
lated travel-times from the IASPEI-91 model with the 
observed ones. The arrival times of initial phases as well 
as several other predominant phases such as PKP, PP, S, 
and SKS are distinguished; a degree of detection on later 
phases depends on the noise level of records. st seismic 
phases are scaled on a vertical-compone seismogram; 
however, several clear phases are determined on hori-

zontal components. The time accuracy of arrival times is 
estimated to be ±0.2 s, caused by human scaling and 
clock errors in the phase identification procedure. 

The number of detected teleseismic events in 1987- 
2007 ranges of 400 - 1700 for every year, with a total of 
19,145. The annually averaged number is more than 900 
for the 21-year period. The number of teleseismic events 
for plotting hypocentral parameters in figures is limited 
to 19,039, because body-wave magnitude (Mb) could not 
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be determined for 196 events. The hypocentalistribution 
in 1987-2007 is shown in Figure 6. A small number of 
local earthquakes with magnitude smaller than 3.0 were 
observed, with their hypocenters distributed around the 
Lützow-Holm Bay [11], where the SYO is located. In 
this paper, however, we did not study these local events 
in detail, instead we summarize the characteristics of re- 
latively large hypocentral distance events which are re-
ported to ISC. 

4. Spatial and Time Distribution of 
Hypocenters 

In this section, spatial and time distribution of hypocen- 
ters for teleseismic events are investigated with regard to 
various hypocentral distances and focal depths. In order 
to check the dependence of hypocenters on focal depths, 
the hypocentral distribution is classified into three dif- 
ferent depth groups. Figure 7 presents hypocentral dis- 
tribution for the events with focal depths shallower than 
50 km (a), with depths ranging from 50 km to 300 km (b), 
and with depths greater than 300 km (c), respectively. 
Earthquakes deeper than 300 km in focal depth are dis- 
tributed mainly in the azimuthual range in 70˚ - 90˚ (In- 
donesia region), 130˚ - 150˚ (Tonga and Fiji Island re- 
gions) and around 250˚ (South America). 

A relationship between hypocentral distance and Mb 
for 19,039 events in 1987-2007 is shown in the upper 
part of Figure 8. The detectable magnitude threshold has 
minimum values of about 3.5 from 60˚ to 90˚, where 80 
per cent of the events occurred. On the other hand, the 
detectable number rapidly decreases particularly at Mb of 
5.0, in the shadow zone distance range from 103˚ to 143˚. 
A relationship between hypocentral distance and focal 
depth represents a maximum number of events at dis-  

tances from 65˚ to 95˚. Since hypocentral distances from 
103˚ to 143˚ are in the shadow zone for seismic body- 
waves, relatively few initial phases can be identified. At 
distances over 140˚, PKP phases are principally observed 
initially as arrival phases. Teleseismic earthquakes with a 
distance range of more than 150˚ are located in the areas 
of high northern latitude such as Alaska, Aleutian Islands, 
Kamchatka Peninsula and Svalbard Islands. 

 
 

 

Figure 6. Epicentral distribution of the teleseismic events 
detected at SYO in 1987-2007 (modified after Kanao, 2010). 
Size of the epicentral circle is proportional to the body-wave 
magnitude (Mb) determined by USGS. The total number of 
events (NDR) reported in the published as JARE Data Re-
ports is up to 19,145. The actual number of teleseismic 
events plotted on the map is 19,039, because of the existence 
of undetermined Mb for 196 events. Teleseismic events of 
Mb > 4 are detectable in the southern hemisphere; in con-
trast, events of Mb > 5 are detectable in northern hemi-
sphere. 

 
 

 
(a)                                   (b)                                 (c) 

Figure 7. Hypocentral distribution in 1987-2007 by the Equi-azimuthal and Equi-distant projection of its center at SYO 
(modified after Kanao, 2010). Size of the epicentral circle is proportional to the body-wave magnitude (Mb) determined by 
USGS. (a) Events with depths shallower than 50 km (N = 11,092); (b) Events with depths ranging from 50 km to 300 km (N = 
5748); (c) Events with depths greater than 300 km (N = 2199). 
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The lower panel of Figure 8 represents time variations 

of Mb in 1987-2007. The detectable magnitude range 
varies from 6.5 to 7.0 maximum, to 4.0 to 4.5 minimum. 
Time variations with period longer than one year are not 
so clearly identified, possibly because the earthquake 
detection level has not drastically changed throughout the 
observation period. When focused on seasonal variations, 
austral summers have less teleseismic detectability than 
winters, because of the high noise level in summer due to 
both natural environmental factors and human activity in 
the vicinity of the station. The minimum threshold for 
detectable magnitude also has a few years of variation 
ranging from 4.0 to 5.0, which suggests the existence of a 
relationship between detection capability and other natu- 
ral parameters (e.g., meteorology, sea-ice spreading area 
[27], and other geophysical environmental parameters). 
More detailed studies on the correlation between the 

variations in Mb and those in environmental parameters 
are to be conducted in the future. 

5. Magnitude Dependency 

In this section, magnitude dependency against focal depths 
is investigated. For different focal depth groups, a cumu- 
lative number of detected events in 1987-2007 against 
Mb are illustrated in the left panel of Figure 9. The 
number of events in each depth group is marked with an 
increment of 0.1 Mb. Among the teleseismic events de- 
tected at SYO, 58 percent are “shallow” events with 
focal depths smaller than 50 km (N = 11,156). In con-
trast, the “intermediate (50 km < depths ≤ 300 km)” and 
the “deep (depths larger than 300 km)” events occupy 
30 percent (N = 5776) and 12 percent (N = 2204), re-
spectively. 

 

 

 

Figure 8. (Upper) A relationship between hypocentral distance (deg) and body-wave magnitude (Mb) for the total 19,039 
events in 1987-2007. The detectable magnitude threshold has minimum values about 3.5, corresponding to the location of the 
maximum number of events in the hypocentral distance in 60˚ - 90˚. The shadow zone with hypocentral distance in 103˚ - 143˚ 
is indicated. (Lower) Time variation of the body-wave magnitude (Mb) in 1987-2007. A minimum threshold for the detectable 
magnitude appears to have a seasonal variation ranging in 4.0 - 5.0. These figures are modified after Kanao (2010). 
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Figure 9. (Left) Total cumulative number of detected teleseismic events (N) in 1987-2007 against Mb. The number of events in 
each group is marked with an increment of 0.1 Mb (black columns; shallow events of focal depth shallower than 50 km, 
hatched columns; intermediate events of focal depth from 50 km to 300 km, white columns; deep events of focal depth larger 
than 300 km). (Right) Annual mean number of detected teleseismic events (N) in 1987-2007 against Mb. The number of 
events in each group is marked with an increment of 0.1 Mb (solid circle, total 19,039 events; open square, shallow events of 
focal depth shallower than 50 km; open diamond, intermediate events of focal depth from 50 km to 300 km; cross, deep 
events of focal depth larger than 300 km). These figures are modified after Kanao (2010). (Lower) Comparison of the ratio in 
each depth groups for shallow, intermediate and deep events both for SYO and ISC data. 
 

A ratio of depth groups derived from the global data 
reported to ISC [28] indicates that “shallow” events oc- 
cupy 70 percent, “intermediate” events 25 percent, and 
“deep” events have 5 percent, respectively. This implies 
the depth’s grouping ratio at SYO is relatively high for 
“deep” events compared with the global average. More- 
over, the total of events reported to USGS/NEIC are 
350,838 “shallow events”, 95,122 “intermediate events” 
and 14,982 “deep events”; which give detection ratios at 
SYO of 3.2 percent, 6.0 percent and 14.7 percent. 

The maximum number of detected events at SYO are 
located around Mb = 5.0 for three depth groups, “shal- 
low”, “intermediate” and “total”. On the contrary, the ma- 
ximum number of events occurred around Mb = 4.6 in 
the “deep” depth group. This is because the peak posi-
tion in detected numbers occurs at relatively smaller Mb 
in the “deep” depth group, as compared with the other 
groups. It means that the detection capability for “deep” 
group is better at SYO for the magnitude range of Mb ~ 
4.0. The relatively high rate of 12 per cent for “deep” 
events at SYO compared with the global average also 
indicates the detection capability for “deep” group is 
high. 

In order to discuss the annual mean detection capabil- 
ity, the averaged values per year are calculated for all 
events in 1987-2007 (right of Figure 9). The peak num-
ber of events against magnitude occurred around 5.0 - 5.1 
for three depth groups except for “deep” group. The 
“deep” group takes peak annual mean values at smaller 
magnitude at 4.5 - 4.8. The maximum values for the an- 
nual mean for the “total” group (an example of maximum 
number group) and the “deep” group (an example of 
minimum number group) are 85 and 10. 

6. Statistics of Arrival-Times 

In this section, statistics of the travel-times reported to 
ISC for longer period in 1967-2010 are presented. These 
data contain all the periods since reporting to ISC began, 
after the IGY era. Time variations in last few decades are 
identified in the number of travel-time residuals from the 
picked events. Statistics for the arrival-time picks of 
teleseismic events reported to ISC in 1962-2010 are 
shown in Figure 10. The number of arrival-times by hy-
pocentral distance (upper panel of Figure 10) represents 
a similar characteristic with Figure 8, having the maxi-
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mum number of events in the distance range between 60˚ 
and 90˚. 

Secondly, the number of arrival-time picks per month 
in 1967-2010 are shown in the lower panel of Figure 10. 
Accordingly with the progress in last few decades, the 
number of events reported to ISC have been successfully 
increased, with a significant advance in the numbers in 
last decade. In particular, after introducing the INTEL- 
SAT telecommunication link in 2004, the detected tele-
seismic events have held the maximum number of re-
porting phases. Along with the natural increase in the 
occurrence of the teleseismic events within global seis-
micity, an advance in the station infrastructure and the 
improvement of procedure for reading seismic phases at 
SYO could also contribute to the increase in numbers for 
the last decade. 

Time variations in travel-time residuals and reported 
numbers of P-waves at SYO in 1967-2010 (totally 18,021 
observations) are shown in Figure 11. On the graph, 
each dot represents the median residual for one month of 
data. The green line is the overall median; the orange line 
shows the standard deviation based on the median abso-
lute deviation, whilst the red line shows twice the stan-
dard deviation. Slight variations with time have been 
identified in travel-time residuals within +/–1 second. 
The reported number of P-waves (lower panel) represents 
a similar result with Figure 10. The time variations in 
travel-time residuals and reported numbers for S-waves 
at SYO in the same period in 1967-2010 (in total 316 
observations) are presented in Figure 12. The accumu-
lated number is not enough for detailed discussion of 
S-waves, however, the increase in number of reported 
events in the last two decades is identical. 
 

 

 

Figure 10. Statistics of the arrival-time picks for teleseismic 
events reported from SYO to ISC. (Upper) Number of ar- 
rival-time by hypocentral distance. The picks are based on 
the event distance by two degree bins. (Lower) Number of 
arrival-time picks per month in 1967-2010. 

 

Figure 11. (Upper) Time variations in travel-time residuals 
for P-waves at SYO (in totally 18,021 observations). Each 
dot represents the median residual for one month of data. 
The green line is the overall median; the orange line shows 
the standard deviation based on the median absolute de- 
viation, whilst the red line shows twice the standard deviation. 
(Lower) Reported number of teleseismic events at SYO in 
1967-2010 to ISC. 
 

 

Figure 12. (Upper) Time variations in travel-time residuals 
for S-waves at SYO (in totall 316 observations). Each dot 
represents the median residual for one month of data. The 
green line is the overall median; the orange line shows the 
standard deviation based on the median absolute deviation, 
whilst the red line shows twice the standard deviation. 
(Lower) Reported number of teleseismic events at SYO in 
1967-2010 to ISC. 
 

Arrival-time residuals for P-waves at SYO against hy- 
pocentral distance are represented in Figure 13(a). There 
is a variation in the residuals within a few seconds over 
all the hypocentral distances. On the basis of the distribu-
tion map of the arrival-times for first P-waves at SYO 
(Figure 13(b)), arrival-time residuals are presumably 
caused by the specific seismic-high areas, such as the 
subduction zones around West Pacific Ocean and West 
Coast of South America. A difference in their focal 
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depths could be the most explicable reason for the resid- 
ual distribution. 

In order to compare the other FDSN stations in Ant- 
arctica, time variations in travel-time residuals and re- 
ported numbers for P-waves at Mawson Station for the 
same period in 1963-2010 (MAW; totally 57,163 obser- 
vations) are shown in Figure 14. The general tendency 
of time variations reported to ISC appears to be the same 
as in Figure 11. The travel-time residuals for P-waves 

have a range within +/–0.5 seconds, which is almost half 
degree as compared with those at SYO by the upper 
panel in Figure 11. The reported numbers of teleseismic 
events demonstrate a quite similar time-trend in last half 
century after IGY to those at SYO (lower panel of Fig- 
ure 11). Both the time variations in global seismicity, 
together with the advance in observation infrastructure at 
MAW, could be the chief reasons for an increase in the 
number of reported events in last few decades. 

 

    
(a)                                                        (b) 

Figure 13. (a) Arrival-time residuals for P-waves against hypocentral distance at SYO; (b) Arrival-time residual map for the 
first arriving P-waves at SYO, based on the event azimuth and distance. The residuals are binned in a 1 × 1 degree grid. 
 

 

Figure 14. (Upper) Time variations in travel-time residuals for P-waves at MAW (in totally 57,163 observations). Each dot 
represents the median residual for one month of data. The green line is the overall median; the orange line shows the stan-
dard deviation based on the median absolute deviation, whilst the red line shows twice the standard deviation. (Lower) Re-
ported number of teleseismic events at MAW in 1963-2010 to ISC. 
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7. Discussion 

Though Antarctica was known as aseismic around the 
IGY era, several large earthquakes occurred both on the 
continent and in the surrounding oceans [29]. In spite of 
the permanent stations in Antarctica having been in op- 
eration as a part of global networks such as FDSN since 
1980s, no detailed investigations for mapping local 
events had been carried out until recently [30,31]. Around 
SYO, for instance, about 20 local earthquakes with mag- 
nitude smaller than 3.0 was detected by regional array 
stations in the Lützow-Holm Bay [11,32]. 

In addition, several kinds of characteristic seismic sig-
nals have been recorded, particularly involving ice-re- 
lated phenomena. These events are so-called “ice-quakes” 
for smaller ones and “glacial earthquakes” for larger ones. 
These events are very frequently generated by glacially 
related mass movements of ice-sheets, sea-ice, tide- 
cracks and icebergs [33-36]. In spite of the development 
of local seismic networks in last two decades in several 
regions of Antarctica it is rather difficult to distinguish 
between the waveforms generated by tectonic earthquakes 
and ice-related phenomena [37,38]. 

The detection capability of teleseismic events at SYO 
was first investigated in 1960s at the early stage of JARE 
[1,39]. The winter season had higher detection capability, 
about 5 percent, than the summer season, which indicates 
the same pattern in seasonal variations reported by this 
study. Subsequently, teleseismic detectability in 1987- 
1993 was investigated [40]. The main features in spatial 
distribution of hypocenters and focal depths represent 
almost the same signature as done by this study. A longer 
period for two decades in 1987-2007 was achieved [19], 
and the results are introduced in this report. Time varia- 
tions in hypocentral parameters, the focal depths and the 
body-wave magnitude have several years of variations, 
as discussed in previously. 

The Amundsen-Scott South Pole Station (QSPA), for 
instance, has the highest detection capability among An- 
tarctic stations. QSPA is located at the center of An- 
tarctic continent, the most remote seismic station from 
the ocean. Its seismic noise amplitudes caused by oce-
anic-loading are smaller than at stations along the conti-
nental margin. Continuous winter observations at QSPA 
may contribute to global science communities, such as 
natural earthquakes, tsunamis and the Comprehensive Nu- 
clear Test-Ban Treaty Organization (CTBTO) [41]. Al-
though there are several broadband seismic stations in 
southern hemisphere that belong to FDSN, such as 
GEOSCOPE [42] and PACIFIC21 [43], the detection 
capability of regional and local earthquakes could be 
improved by increasing the number of stations, particu-
larly on the Antarctic continent and its surrounding 
oceans. 

The global detection capability of teleseismic events 

was evaluated using ISC data, reported from 115 regional 
networks globally distributed from 1971 to 1980 [28]. The 
magnitude threshold of earthquake detection increases 
gradually with increasing southern latitude. The bias 
problem of network magnitude determination is signifi-
cant at small and intermediate magnitudes, particularly at 
southern high latitude around Antarctica. The 90 percent 
incremental body-wave magnitude threshold was dem-
onstrated in ranges from 4.2 to 4.8 in the southern hemi-
sphere. It is also suggested the existence of undetected 
earthquakes in the ISC Bulletin in the southern hemi-
sphere by critically checking the GEOSCOPE data [44]. 

Several kinds of archived data (arrival-times, hypo- 
centers, waveforms both in analogue and digital, and re- 
lated documents, and reports) from observations at SYO 
are available from the data library of NIPR (POLARIS, 
http://polaris.isc.nipr.ac.jp/~pseis/syowa). Archived data 
that have passed two years since the observation period 
are stored and freely available from both NIPR ftp site 
and from PACIFIC21 data center of the Japan Marine 
Science and Technology Agency. Then the waveform 
data are offered to world seismology data centers, such 
as Incorporated Research Institute of Seismology/Data 
Management System (IRIS/DMS). 

8. Conclusion 

Teleseismic phase identifying procedure at SYO, Antarctica 
have been carried out since 1967. Arrival times of tele- 
seismic phases have been reported to ISC, and published 
as JARE Data Reports. The teleseismic events reported 
to ISC for more than forty years are presented by their 
spatial and time variations in detection capability. Recent 
data listed in JARE Data Reports in 1987-2007 are com- 
pared in terms of magnitude dependency, spatial distri- 
butions, seasonal variations, together with classification by 
focal depth. Variations in teleseismic detection capability 
over longer observation terms (seasonal change and a 
few years of drift) have a possibility to be associated 
with environmental data such as weather, sea-ice spread- 
ing area, and other geophysical parameters. Statistics of 
the travel-time data reported to ISC represent the similar 
time trending both for SYO and MAW, as well as the 
other stations in Antarctica. A significant increase in the 
number of travel-time residuals for the picked events 
with time during the last four decades are clearly iden- 
tified. The obtained teleseismic data in the Antarctic can 
be applied not only to lithospheric studies but also to 
Earth’s deep interiors, as one of the important contribu-
tions to the global network. 
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