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ABSTRACT

Seismicity in the Antarctic and surrounding ocean is evaluated based on the compiling data by the International
Seismological Centre (ISC). The Antarctic continent and surrounding ocean have been believed to be one of the
aseismic regions of the Earth for many decades. However, according to the development of Global Seismic Net-
works and local seismic arrays, the number of tectonic earthquakes detected in and around the Antarctic conti-
nent has been increased. A total of 13 seismicity areas are classified into the Antarctic continent (3 areas) and
oceanic regions within the Antarctic Plate (10 areas). In general, seismic activity in the continental areas is very
low in Antarctica. However, a few small earthquakes are identified. Wilkes Land in East Antarctica is the most
tectonically active area in the continent, with several small earthquake events having been detected during the
last four decades. In the oceanic region, in contrast, seismic activity in the area of 120°-60° W sector is three
times higher than that in the other oceanic areas. This may be considered to be involved in a tectonic stress con-
centration toward the Easter Island Triple Junction between the Antarctic Plate, the Pacific Plate and the Nazu-
ca micro-Plate. Three volcanic areas, moreover, the Deception Island, the Mts. Erebus and Melbourn, are also
found to be high seismic activities in contrast with surrounding vicinity areas.
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1. Introduction physical Year (IGY) started, that the seismic activity in
the Antarctic continent was very low and only minor ac-
tivity in the vicinity of active volcano, such as the Mount
Erebus, was to be expected [1,2]. One of the other active
volcanoes, the Deception Island in the South Shetland
Islands was already known since the 19" century, but no
seismic observation was carried out in the Island until the

IGY. During the IGY period, ten seismic stations were

The Antarctic Plate has a unique tectonic setting that it is
surrounded by almost completely divergent margins,
with a very small amount of convergent or transformed
margins. The divergent margins are characterized by the
circum Antarctic seismic zones and cover about 92% of
the surroundings of the Antarctic Plate. The convergent

margins locate in the northwestern part of the South
Shetland Islands and are less than 2% of the plate boun-
dary. The transformed margins cover less than 7% along
the boundary of the Scotia micro-Plate (Figure 1).
Seismicity in the Antarctic Plate is not so high com-
pared with other plates. However, the seismicity becomes
gradually clear in the last few decades by the develop-
ment of Global Seismic Networks as well as the local
seismic stations deployed in the Antarctic. It was a gen-
eral knowledge by 1957, when the International Geo-

OPEN ACCESS

established in the Antarctic and arrival time information
on seismic phases recorded at the deployed stations had
been reported to the United States Coastal Geological
Survey (USGS), significantly contributed to the determi-
nation of earthquake locations globally. However, no
earthquakes were determined by their hypocenters in the
Antarctic at the time. USCGS had published “Antarctic
Seismological Bulletin” based on travel time information
received telegraphically from the Antarctic seismic sta-
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tions during 15 years since IGY.

As the number of seismic stations in the Antarctic has
been increased, local and regional earthquakes came to
be detected within the Antarctic continent, even though
their seismic activities were very low [3,4]. It became
clear that an earthquake with magnitude around 4 oc-
curred every few years in the Antarctic continent. How-
ever, no earthquakes with magnitude larger than 5 have
occurred during the last four decades. [5] proposed an
explanation for the lack of seismic activity of the Antarc-
tic continent in terms of loading effects by overlying con-
tinental ice sheet. As the number of seismic stations of
the globe increased, several tectonic earthquakes have
been detected in the Antarctic. Inside the Southern Ocean,
moreover, the intra-plate seismicity has been very low.
However, one great earthquake with Mw 8.1 struck the
Balley Islands region on March 25, 1998. This intra-plate
earthquake is the largest one ever recorded in the Antarc-
tic Plate [6,7].

[8] compiled the seismicity in and around the Antarc-
tic continent for the first time, and also mentioned the
existence of the ice related seismic signals (i.e., ice-
quakes, ice shocks) recorded at several seismological sta-
tions. [9] also evaluated the seismicity in the Antarctic
from the viewpoint of seismotectonics and neotectonics,
by dividing the continent into several tectonic brocks. [10]
presented a hypocentral distribution map of Antarctic in-
tra-plate earthquakes in the period of 1900-99 including
the records by Global Seismic Network, combined with
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Figure 1. Seismotectonic regions discussed in this paper.
Earthquake distribution in and around the Antarctic plate
was compiled by NEIC (National Earthquake Information
Center) of USGS. Three volcanoes and South Shetland Isl-
ands are also shown by solid (red) triangles, and the Balleny
Island earthquake is shown by solid (red) circle, respective-

ly.
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those by permanent Antarctic stations in addition to tem-
porary field stations.

In this paper, seismicity in the Antarctic continent and
surrounding ocean is overviewed by using the data from
the International Seismological Centre (ISC). Seismicity
in terms of each tectonic setting is discussed by being di-
vided into the following five regions: intra-plate low-seis-
mic regions; high-seismic region around the Antarctic
Peninsula; the Antarctic Continent aseismic region; low-
seismic region at the edge of the Continent; and the vol-
canic regions.

2. Antarctic Continent

A general seismicity map in and around the Antarctic
Plate is shown in Figure 1. The earthquake locations are
compiled by the National Earthquake Information Center
(NEIC) of USGS. The Antarctic continent is roughly
divided into two large tectonic provinces; East Antarctica
(eastern hemisphere part from the Transantarctic Moun-
tains) and the other younger province; West Antarctica.
East Antarctica is characterized by a fragment of Gond-
wana super-continent, one of the members of adjacent
Pre-Cambrian terrains in southern hemisphere (South
America, Africa, India and Australia; Figure 1). West
Antarctica, on the contrary, is attributed by a chain of
many islands beneath the ice sheet of Cenozoic era, in-
cluding several active volcanoes.

Four earthquakes inside the continental area of An-
tarctica were reported to the ISC catalog in early stage of
Antarctic scientific research. However, except only one
event out of the four, no significant earthquakes were
located in the continent before the IGY, because neither
their locations nor their magnitudes were accurately de-
termined [11]. One event which occurred on June 26,
1968 was located in Coats Land, 20°W, 80°S using the
initial phase readings of five seismic stations on the An-
tarctic continent [3]. The magnitude of the event was 4.3
determined by the waveform amplitude of a three-com-
ponent seismograph at South Pole Station (SPA). This
was the first earthquake located instrumentally in the
continent using the data of only seismic stations in An-
tarctica. However, this event was not listed in the 1SC
catalog. [3] used the data of five stations for hypocenter
determination and two of the five stations were Byrd
Seismic Array. As the focal depth was determined 1 km
beneath the sea level, the event was considered to be an
earthquake in the crust, not an ice-quake.

On the other hand, [4] reported an earthquake near the
coast of Oates Land at 70.5°S and 161.3°E on October 15,
1974. This event was the only shock to be located on the
Antarctic continent by international agency by that time.
Magnitude of the event was estimated to be 5 and he con-
cluded that the event might be an ice-quake associated
with ice movement or cracking. Therefore, there are am-
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biguity to identify the very shallow events near the sur-
face only from the hypocentral information, whether they
are tectonic events or the ice related signals.

Regarding the wide inland area of East Antarctica,
seismicity in Wilkes Land (“G” in Figures 2 and 3) is
found to be one order higher than that in vicinity of Sy-
owa Station (69.0°S, 39.0°E), the Lizow-Holm Bay
(LHB), East Antarctica [9,12]. Seven earthquakes with
Mb 4.0 - 4.9 were located in the coastal area of 100° -
170°E and 66° - 82°S in Wilkes Land in 1964-1996.
Another nine earthquakes were located in the inland area
and two were located offshore. The magnitudes of these
eleven earthquakes were not accurately determined. Not
only micro-seismic activity, but also small earthquake
activity in Wilkes Land and surrounding coasts are high-
er than that in other area on the East Antarctic continent.
The sub-glacial topography in Wilkes Land is characte-
rized by a sub-glacial basin with 1000 m below sea level
in minimum elevation of the bedrock [13]. The maxi-
mum thickness of the ice sheet in the area is over 4000 m
and the surface elevation of the ice sheet is mostly over
2000 m. The formation, distribution and stability of these
sub-glacial lakes might affect on tectonic processes in-
volving relatively high seismicity in this area.

3. Southern Ocean

Seismic activity inside the Antarctic Plate has been
known as very few distributions of their epicenters both
in ocean and continent areas. As the space distribution
and time variations in seismicity around the Antarctic
Plate, in particular for the Indian Ocean sector (0° -
160°E, 20° - 80°S), was previously evaluated and intra-
plate seismicity was discussed associated with far-field
tectonic stress in the oceanic lithosphere [14]. Therefore
in this study, a detail hypocentral distribution within the
whole Antarctic Plate is investigated by using the data
from ISC in 1964-2002. Figure 2 represents the earth-
quake locations compiled by ISC in the area of 20° - 80°S
and every 60° of longitude. Among the individual 60°
longitude sectors and South Pole area in 80° - 90°S, the
earthquake activities are divided into 13 regions (from
“A” to “M”, Table 1). Since the seismic activities are ex-
tremely high along the plate boundaries around the An-
tarctic Plate between the surrounding plates, a criterion
of the area for intra-plate was selected very carefully not
to include the events associated with the plate boundaries.

4. Continental Margins

[10] pointed out the considerable number of intra plate
earthquakes in the 90° - 180°E quadrant and divided the
earthquakes into two groups as poorly located earth-
quakes and well located ones. Inside the continental area
in Antarctica, seismicitiy is almost very few in “D”, “G”
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and “M” areas of Figure 2. However, the Wilkes Land
(“M” in Figures 2 and 3) had been identified as the most
active within the Antarctic continent at IGY period.
Poorly located earthquakes were lined from north to
south along the 140°E longitude [9]. In the earthquake
locating area, the Resolution sub-glacial highland, the
Adventure sub-glacial trench, and the Belgica sub-glacial
highland are existed along the longitudinal direction from
east to west [13]. There is a possibility that the poorly lo-
cated earthquakes were ice-quakes, because the thick ice
sheet and complicated sub-glacial topography must cause
ice-shocks. Generally the edge of the continent, the coast
area, is aseismic region.

Over the past few decades, more seismic observations
in polar region have detected local seismicity by both
temporary seismic networks and permanent stations. [16]
found the majority of seismicity near the Scott Base
(SBA, 167°E, 78°S) and Wright Valley area (VNDA,
162°E, 78°S) located along the coast, particularly near
large glaciers. They suggested a few generation mechan-
isms for these events, distinguishable by their focal me-
chanism and depth: basal sliding of the continental ice
sheet, movement of ice streams associated with several
scales of glaciers, movement of sea-ice, and tectonic
earthquakes.

[17] deployed a local seismic network around the Neu-
mayer Station (08°W, 71°S), and determined hypocenters
of local tectonic events, located along the coast and the
mid area of the surrounding bay. A seismic array has
been operated more than one decade at the Neumayer
Station. Since the deployment of the seismic network/
array, several local events could be detected. Two seis-
mic active regions were figured out at inland area and
offshore of the continent. In addition, a broadband seis-
mic network had been developed in the large region be-
tween Mawson and Casey stations and inland as far as
75°S by Australia [18]. The aim to establish the seismic
network is to discover the” seismic structure of the con-
tinent under Antarctica (SSCUA)”. Moreover, India has
also been carried out seismic observation at the Maitri
Station (12°E, 71°S) since 1997. The seismic data have
already been contributed to earthquake locations by I1SC.
India also has published “Seismological Bulletin of Mai-
tri Station, Antarctica” in every year [19].

5. Lutzow-Holm Bay

Once a denser seismic network was established, small/
micro earthquake activities became gradually clear. The
LHB area around Japanese Syowa Station, East Antarc-
tica, is one of the area where seismic activity has been
well studied since 1980s [20]. Since seismic observations
started by a tripartite network in 1987, seismicity for
relatively small events became clear in and around Syo-
wa Station. A total of 18 local earthquakes were located
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Figure 2. Earthquake locations determined by ISC in 20° - 80°S and every 60° of longitude. Surrounded areas by solid red

lines indicate individual blocks (“A”

- “L") discussing seismicity in this paper. These areas were classified into Antarctic con-

tinent (“D” and “G”) and oceanic region within Antarctic Plate (other regions). Numerous denoted in the brackets corres-
pond to magnitude ranges representing the number of included events for each 60° longitude sector.

during the 15 years in 1987-2003 ([12]; Figure 4).
Characteristic features in time variations of seismic
activity are summarized as follows; Seismicity in 1987-
1989: A three-station seismic network was operated around
the Syowa Station. Epicenters of ten local earthquakes
were determined during these three years. Many different
types of earthquakes, such as a main-shock-aftershock,
twin earthquake, earthquake swarms, were detected and
identified at that time. The seismic activity during this
period was higher than that of the following decade. In
1990-1996, nine local earthquakes were recorded with
many different types of events. The seismic activity dur-
ing this period was very low and the magnitudes of the
earthquakes ranged from —0.5 to 1.4. One local event
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was detected in 1997, two events in 1998 and one event
in 2001 and 2003, respectively. The low seismic activity
continues to the present day in 2004.

The seventeen events were only detected by local sei-
smic network deployed around the LHB, except for the
September 1996 Mb = 4.6 earthquake in the southern In-
dian Ocean. Almost all the hypocenters were located
along the coast, apart from a few on the northern edge of
the continental shelf. Local earthquakes in and around
Syowa Station were presumably caused by tectonic stress
accumulated with crustal uplift after deglaciation [21].
The effect of ice sheet changes may have caused pheno-
mena such as crustal deformation, earthquake occurrence,
faulting systems in the shallow part of the lithosphere
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Figure 3. Earthquake locations in 60°-80°S and 110°-170°E, including both the Wilkes Land and aftershock area (red square)
of the March 25, 1998 Balleny Island earthquake (Mw = 8.1, red circle). Numerous denoted in the brackets correspond to
magnitude ranges representing the number of included events.

Legend:
0 3370 150 300 500 800

Depth

<4(18) 4-49(1)  5-59(0)  6-6.9(0) >=7(0)

ISCCD ® o ® O ’

Figure 4. Earthquake locations in and around the Liitzow-Holm Bay (LHB), East Antarctica detected at Syowa Station. Total
number of 19 events were determined their hypocenters. Numerous denoted in the brackets correspond to magnitude ranges
representing the number of included events.
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Table 1. Classification of the Antarctic intra-plate earth-
quakes in 1964-2002 period compiled by ISC, correspond-
ing the individual blocks in Figure 2.

Block LAT LON Event number Comment
A 0°-60°E 20°-80°S 33 Ocean
. o o ane Ocean,
B 60"-120°F  20°-80°S 58 Kerguelen Plateau
C 60°-120°E  20°-80°S 26 Ocean
D 60°-120°E  20°-80°S 5 Continent
E 120°-180°E  20°-80°S 33 Ocean
F 120°-180°E  20°-80°S 26 Ocean
. . o ane Continent,
G 120°-180°E  20°-80°S 23 Wilks Land
H 180°-120°'W  20°-80°S 22 Ocean
I 120°-60°W  20°-80°S 19 Oceqn, Easter Is.
Triple Junct.
120°-60°W  20°-80°S 20 Ocean
K 120°-60°W  20°-80°S 17 Ocean
L 60°-0°W 20°-80°S 33 Ocean
. ane Continent,
M 80°-90°S 8 South Pole

beneath Antarctica [16]. Several of these events, moreo-
ver, could be large ice-quakes associated with the sea-ice
dynamics around the LHB or in the Southern Ocean.

6. Antarctic Peninsula

The epicentral locations in the Antarctic Peninsula of 20°
- 80°W, 50° - 70°S are shown in Figure 5, on the basis of
the ISC data catalog in 1964-2002. The earthquake activ-
ity in this region is the highest in Antarctic including
active volcanic areas in Deception Island, together with
subduction zone in the Bransfield Strait. The focal depths
of the earthquakes are mostly shallower than 40 km. Du-
ring two decades in 1971-1989, only four earthquakes
occurred with focal depths between 40 and 100 km [9].
One big event occurred on Feb. 8, 1971, for which Mb
and Ms were determined to be 6.3 and 7.0 respectively.
In addition that the event is the largest earthquake rec-
orded in the region, the only recorded event with magni-
tude lager than 7.0 in Antarctica. This earthquake was the
first tectonic earthquake to be felt in the Antarctic, ob-
served at the Farady Station (65°S, 64°W) of United
Kingdom [22].

According to the report of seismic events recorded at
King Sejoung Station (60°S, 59°W) of South Korea, King
George Island of the South Shetland Islands, some
earthquake swarms occurred around Bridgeman Island
[23]. [24] evaluate these earthquake swarms in view from
physical volcanology. The earthquake swarms appeared
to represent typical volcanic earthquake waveforms. The
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earthquake swarm might be originated around ORCA
Sea Mount about 20 km southeast of King Sejoung Sta-
tion. Many earthquakes are located in the back-arc area,
either on large submarine volcanoes or rifting region
along the center of the Bransfield Strait. Earthquakes
concentrated around ORCA Sea Mount and Bridgeman
Island. These earthquake locations indicate that the seis-
micity is associated with active volcanism rifting, non ac-
tive subduction systems.

[25] deployed seven continuously recording broadband
seismometers in the South Shetland Islands region during
1997 and 1998. High level of local seismicity was identi-
fied in the first 15 months. About 90 earthquakes with
magnitude mb 2 - 4 were located. Many earthquakes with
10 - 30 km depth are located in the forearc region extend-
ing from the South Shetland Trench axis toward and be-
neath the South Shetland Islands. The earthquake loca-
tions suggest active convergence along the South Shet-
land subduction zone, however, there is no significant
subduction zone extending into mantle.

7. Volcanic Regions

Seismic observations in volcanic regions have been car-
ried out only three volcanoes as shown in Figure 1. Eru-
ptions were recognized at Deception Island (63°S, 61°W)
and Mount Erebus (78°S, 167°E, 3974 m), on the con-
trary, no eruption was recognized at Mount Melbourne
(74°S, 165°E, 2732 m). The first felt shock in the Antarc-
tic was the magnitude 4.7 earthquake accompanied by
the volcanic eruptions of Deception Island on December
4, 1967 [22]. This eruption was the first recognized ex-
plosion of Deception Island by humankind. The build-
ings of the stations on Deception Island were destroyed
by the eruptions and all members in the stations of Ar-
gentina, Chile and the UK evacuated safely after the
eruption. All of the stations at Deception Island have
been closed since that time.

Since 1980’s Spanish established a summer stations at
Deception Island and started geophysical research on De-
ception Volcano. [26] have carried out seismic observa-
tions with five stations during the austral summer since
1987, and observed approximately 1000 local events per
month. Earthquake locations seem to be concentrated
along the NE-SW direction crossing the central part of
the island. In the 1991-92 survey, the seismic activity
was significantly increased with total number of recorded
earthquakes more than 700, an extending of the areas
with geothermal anomalies and major activity of the fu-
maroles. The seismic activity was low in 1992-93 and
1993-94 surveys, and no other volcanic anomalies were
observed. In the 1994-95 survey, a new increase of seis-
mic activity was recorded with more than 800 seismic
events [27].
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Figure 5. Earthquake location around Antarctic Peninsula. Numerous denoted in the brackets correspond to magnitude

ranges representing the number of included events.

Seismic observations by radio-telemetry continued in
the summit area and on the slope of Erebus Volcano on
Ross Island by the international cooperation among Ja-
pan, New Zealand and US during 1981-90 [28]. Seismic
activity around Mount Erebus became clear and remark-
able change of seismic activity were recognized before
and after the new phase of volcanic activity started on
September 13, 1984. It was characterized by larger and
more frequent strombolian eruptions. Significant changes
in seismicity within Ross Island and Mount Erebus were
recognized both before and after the increased eruptive
activity. The seismic activity of Mount Erebus in 1980-
1990 is divided into the following four stages: 1) normal
high activity, 2) preceding the new phase, 3) new phase
in volcanic activity and 4) low seismic activity. These
stages suggest a general pattern of volcanic activity and
give a fundamental information concerning production of
volcanic eruption.

US scientists have still been carrying on the monitor of
seismic activity around Mount Erebus [29]. A research
program on physical volcanology has been conducted
around Mount Melbourne by Italian scientists since the
end of the 1980’s. Four seismic stations were installed on
Mount Melbourne since 1990 and many local earth-
quakes have been reported together with other geophysi-
cal data [30]. Local seismicity clustered along the eastern
flank of Mount Melbourne, possibly in spatial associa-
tion with the local north-south magnetic trend. One event
occurred on December 10, 1990 is the largest earthquake
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with magnitude 1.9 around Mount Melbourune [31].

8. Ice-Quakes, Glacial Earthquakes

Seismic signals involving ice-related phenomena are
called “ice-quakes (ice-shocks for smaller ones)”, and are
most frequently reported in association with glacially re-
lated mass movements of ice-sheets, or with sea-ice, tide-
cracks and icebergs in the other polar areas [32,12]. The
so-called “ice-micity” detected around the Bransfield
Strait and Drake Passage by a local network of hydro-
phone arrays in 2006-2007 illustrate the dynamic beha-
vior of sea ice in the Bransfield and Antarctic Peninsula
regions [33].

Dynamics of sea-ice and icebergs also affect on the
seismic signals. For example, a large volume of sea ice
was discharged from LHB during the 1997 austral winter,
and clearly imaged by the NOAA satellite. The broad-
band seismographs at Syowa Station recorded distinct
waveforms associated with the discharge events [34].
The long-duration sea-ice tremors had very distinct spec-
tral characteristics that distinguished them clearly from
ordinary teleseismic and/or local tectonic events. Several
sequences of harmonic over-toned signals, presumably
associated with the merging of multiple ice volumes,
appeared on the seismic signals [34]. The characteristic
signals also represent the surge events that seem more
closely related to the break-up process of the sea-ice
mass volume. Both kinds of cryoseismic waves occurred
continuously for few hours, and repeated themselves
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several times within a few days during late July, 1997.
Identification of the exact sources that produced these
characteristic signals has not yet been completed, and
theoretical modeling will most likely be required to ex-
plain the physical processes.

Similar cryoseismic phenomena have also been re-
ported around the Ross Sea region (MacAyeal et al.,
2009), the marginal sea of the Antarctic Peninsula [33],
as well as the continental margin of Dronning Maud Land
[17]. In particular, iceberg-originated harmonic tremor
emanating from tabular icebergs was observed by both

seismo-acoustic and local broadband seismic signals [35].

The tremor signals consisted of extended episodes of
stick-slip ice-quakes generated when the ice-cliff edges
of two tabular icebergs rubbed together during glancing,
“strike-slip” type iceberg collisions. Source mechanisms
of such harmonic tremors might provide useful informa-
tion for the study of iceberg behavior, and a possible
method for remotely monitoring iceberg activity.

In addition to the short-period cryoseismic signals men-
tioned above, a new class of seismic events associated
with melting of large ice cap was discovered in particular
around Greenland [36,37]. These large events were call-
ed “glacial earthquakes”, generating long-period (T > 25
s) surface waves equivalent in strength to those radiated
by standard magnitude five earthquakes, and were obser-
vable worldwide. The glacial earthquakes radiated little
high-frequency energy, which explains why they were
not detected or located by traditional earthquake-moni-
toring systems. These events are two magnitude units lar-
ger than previously reported seismic phenomena asso-
ciated with glaciers, a size difference corresponding to a
factor of 1000 in a seismic moment.

9. Discussion

For many decades, the Antarctic continent and surround-
ing area have been believed as aseismic. Several earth-
quakes were found to be located in the Antarctic conti-
nent since IGY, as mentioned in this paper. It became
general knowledge that there are small earthquake activi-
ties detected in the Antarctic Continent even though the
activity itself is not so high as other continents. However
the event of which magnitude lager than 5 is not detected
during last four decades. The number of tectonic earth-
quakes located in the Antarctic has increased according
to the development of Global Seismic Networks and lo-
cal seismic arrays. The most of the tectonic earthquakes
along the coast of the Antarctic continent are caused by
tectonic stress accumulated by crustal deformation after
deglaciation.

The micro-earthquake activity around Syowa Station
as mentioned the previous section might be a typical ac-
tivity on the coastal area of the Antarctic continent where
crustal uplift after deglaciation is now going on. As sei-
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smological observation like the local array deployment
around Syowa Station have been developing at several
stations in the coastal area, high activity of micro-earth-
quakes will be detected on the continental margin of An-
tarctica. If the other geophysical observations such as
tide gauges, gravimeters and GPS have been carried out
at coastal stations, the relation between micro-earthquake
activity and crustal movement will become clear.

Around continental area in East Antarctica from 90° -
180°E, in generally, seismicity is low in an average. As
already treated in Chapter 2, the Wilkes Land, in con-
trast, has been identified as the most tectonically active
region within the Antarctic. It is also noticed that there is
a significant number of sub-glacial lakes in this area,
then can be considered a relation to produce the occur-
rence of local seismic activities. The formation, distribu-
tion and stability of sub-glacial lakes could give rise to
the fundamental question how the tectonic processes
control the existence of the lakes [38]. The poorly lo-
cated earthquakes, accordingly, could be a kind of large
ice-quakes, because complicated sub-glacial topography
with overlying ice-sheet in this area may efficiently
cause ice related seismic phenomena.

A complexity of the surface bedrock structure of
Wilkes Land, moreover, might be influenced by tectoni-
cally weakened upper crust along with the present mobile
belts, forced by the Tasmania micro plate [7,12]. The
aftershock area of the large Balleny Island Earthquake in
the Antarctic Oceanic Plate appears to be continued with
the continental area of Wilkes Land (Figure 3). It might
be supposed that the large earthquakes generate in this
area, by assuming thermal stress of the young lithosphere,
associated with unusual deformation due to Macquarie
triple junction [39]. Recently several intra-plate earth-
quakes became to be located in the southern ocean. In
contrast, there is a possibility that some earthquakes off
of the Antarctic Plate are also caused by crustal deforma-
tion and tectonic stress involving deglaciation [6]. It is
strongly suggested that the effect of volume and shape
change of ice sheet causes some phenomena in the crust
and upper mantle such as crustal uplift, earthquake oc-
currence, lithospheric deformation.

10. Conclusion

Seismicity in the Antarctic and surrounding ocean is
evaluated based on the compiled data in 1964-2002 by
International Seismological Centre. The Antarctic conti-
nent and surrounding ocean were believed to be one of
the aseismic regions of the Earth for many decades.
However, according to the development of Global Seis-
mic Networks and local seismic arrays, the number of
tectonic earthquakes detected in and around the Antarctic
continent has increased. The total of 13 seismicity areas
were classified into the Antarctic continent (three areas)
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and oceanic regions within Antarctic Plate (the other 10
areas). Generally, seismic activity in the continental areas
is very low; few small earthquakes located. The Wilkes
Land is the most active area in the Antarctic continent;
several small earthquakes were detected during these
four decades. In the ocean area, in contrast, the seismic
activity in the area of 120° - 60°W sector is three times
larger than that in the other areas. This evidence is con-
sidered to be involved in a stress concentration toward
the Easter Island Triple Junction among Antarctic Plate,
Pacific Plate and Nazuca micro-Plate. Three volcanic
areas, Deception Island, Mt. Erebus and Mt. Melbourn,
are also high seismic activity areas. Finally, there are a
lot of undefined origin events which include both tecton-
ic earthquakes involving deglaciation, as well as cryose-
ismic signals associated with variations in the surface en-
vironment.
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