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Abstract - Seismic events have been recorded in the Transantarctic Mountains using a temporary 10-station
broadband seismometer array. About 50% of a total of 160 events were located to the north of the array, in
the vicinity of the David Glacier, inland from the Drygalski Ice Tongue, while 40% were located near the
transition between the Mulock glacier and the Ross Ice Shelf, just south of the Skelton glacier. The northern
events are roughly aligned in a ESE-WNW direction, sub-parallel to faults which are postulated to lie near to
the events, and close to the postulated David glacier lineament. The events may be associated with deep-
seated faulting along the lineament, although alternative source mechanisms involving ice movement are also
possible.
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INTRODUCTION

The Transantarctic mountain range (TAM, Fig.1)
is an impressive morphological feature which marks
the border of the East Antarctic craton and the
western Ross Sea region, reaching elevations of over
4000 metres and extending along the entire length of
the West Antarctic Rift System (Wilson & Finn,
1996). Most current models postulate that the TAM
represent a rift shoulder which formed in response to
rift-related processes in the West Antarctic Rift
System. Basement rocks in the TAM consist of early
Paleozoic to a late PreCambrian metamorphic-plutonic
complex. Overlying the basement is a sub-horizontal
layered sequence of Devonian-Jurassic sedimentary
rocks ranging up to 3500m in thickness.

To the east and immediately adjacent to the TAM
is the Victoria Land Basin (VLB, Fig.1), which was
originally defined by marine seismic reflection data.
Cooper et al. (1987) interpreted up to 14 km of
stratified rock with block-faulted basement structure,
typical of rift basins, and a thickness of at least 4-
5 km of Cenozoic sediments. The VLB is inferred to
be underlain by rifted continental crust, based on the
presence of normal faulting (Cooper et al.,1987), thin

Fig 1 - The western Ross Sea region of Antarctica.  Temporary
seismic stations are shown as open triangles. Permanent seismograph
stations at Vanda (VNDA), Scott Base (SBA) and Terra Nova Bay
(TNV) are shown as solid squares. Seismic events located in this
study are shown as stars. Over 60% of the events were located in
the vicinity of the David glacier, and most of the remainder to the
south, near Mulock glacier. Grey shading indicates elevation (in
metres); VLB = Victoria Land Basin; TAM = Transantarctic
Mountains.
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(17-22 km) crust (Trehu et al., 1989; O’Connell &
Stepp, 1993; Cooper et al.,1987), relatively high heat
flow, and the chemistry of alkaline lava. Within the
VLB lies the Terror Rift, a zone involving recent
(Neogene and younger) faulting as well as magmatic
activity. Present-day alkaline volcanism is represented
by Mt Erebus, located on Ross Island (Fig. 1) in the
Ross Archipelago (LeMasurier, 1990), at the southern
end of the Terror Rift. Onshore, Cenozoic tectonic
faulting has been inferred in the Terra Nova Bay
region (Salvini et al.,1997; Mazzarini et al.,1997;
Salvini and Storti,1999), as well as in southern
Victoria Land (Wilson,1999; Jones,1996). Although
seismicity levels in Antarctica are regarded as low,
active seismicity has been recorded in the western
Ross Sea region and in the Transantarctic Mountains
(TAM, Fig. 1) by several temporary array studies (e.g.
Cimini et al., 1995; Privitera et al., 1992) and by
permanent stations  (Reading,1999).  In this study we
further examine the seismic activity in the TAM
region, using digital data recorded by a temporary
broadband seismometer array.

SEISMIC ARRAY DEPLOYMENT AND 
DATA ANALYSIS

During the 1999-2000 austral summer 10
broadband seismometer stations were deployed in the
central Transantarctic Mountains (Fig.1), primarily to
investigate the seismicity in the region, but also to
provide data for crustal and upper mantle structure
studies. The seismometer array, with an average
station spacing of 20-25 km, straddled the
Transantarctic Mountains opposite Ross island, with
array stations near the edge of the plateau (e.g. station
AN08, Fig. 1) as well as over the Victoria Land
Basin (station AN01, Fig. 1). Each array station
incorporated either a Guralp 40T or 3ESP
seismometer, with an accompanying digital Orion
recorder encased in a heavily insulated site-box, and
with site power provided by solar panels.

Seismic data were also recorded by the permanent
seismograph station VNDA (Fig. 1), which is located
down a borehole in the Bull Pass region, the station
SBA, located near Scott Base, and by the Italian
broadband seismograph station TNV (Fig. 1), which
is located at Terra Nova Bay (Morelli et al., 1994).

Event trigger algorithms were run through all of
the broadband array data following data retrieval, as
well as on the data from VNDA station, to search for,
and associate, seismic events. Event hypocentres were
subsequently determined using the Hypoellipse
algorithm of Lahr (1999) based on arrival times
picked from data from VNDA, TNV and the
broadband array. One hundred and sixty seismic
events were located, of which about 50 had horizontal
position error estimates less than 20 km.  Arrival time
data from the TNV station were especially useful for

constraining event locations. The distance of the
events from the broadband array and VNDA station
precludes accurate information on event depth. All
event magnitudes were less than ML3.5.

OBSERVATIONS

REGIONAL EVENTS TO THE NORTH

Eighty-four of the recorded seismic events were
located 200-300 km to the north of the array, slightly
inland from the Ross Sea coastline, in the vicinity of
David Glacier and the Drygalski Ice Tongue (Fig. 1),
distributed with a distinct ESE-WNW trend (Fig. 1).
The recorded signal for these events involved distinct
P and S phase arrivals, signal frequencies ranging
between 1 and 9 Hz, and a signal duration averaging
60-100s, consistent with the seismic signals expected
from normal tectonic events at that distance range.
We discuss various alternative source mechanisms for
these events further below.

These northern events are close in position to a
postulated fault, variously termed the David fault
(Salvini & Storti,1999) and the David Glacier
lineament (Mazzarini et al.,1997). The right-lateral
Reeves and Priestley faults (Salvini & Storti, 1999)
lie just to the north of the events (Fig. 1). Salvini &
Storti (1999) highlight the importance of these right-
lateral strike-slip faults for the Cenozoic tectonic
framework in the region. 

Seismic events have also been observed in this
general region, near David Glacier and the Drygalski
Ice Tongue, in previous seismological studies by
Privitera et al (1992) and Cimini et al (1995). Adams
(1969, 1972) also located earthquake epicenters in the
region, using readings from the early permanent
stations at Scott Base (SBA) and Vanda (VNDA).

REGIONAL EVENTS TO THE SOUTH

Sixty-three seismic events were located southwest
of Ross Island, to the south of the array, near the
TAM Front at the eastern end of Mulock glacier
(Fig. 1). Figure 2 shows the waveforms from one of
these events, as recorded by VNDA station and 6 of
the array stations. These southern events are tightly
clustered near the transition between the Mulock
glacier and the Ross Ice Shelf.  The events lie close
to a set of west-northwest-trending lineaments noted
by Wilson (1999), which lie along and to the north of
Mulock Glacier, at the southern boundary of an
inferred rift accommodation zone (Wilson, 1999).

The recorded signals from the seismic  events,
with distinct P and S phase arrivals (Fig. 2) and
signal frequencies ranging between 1 and 9 Hz, are
consistent with seismic signal expected from
earthquakes at distances around 100 km.
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LOCAL EVENTS

Eleven small seismic events were located inside
the spatial extent of the broadband array (Fig. 1).
The recorded waveforms from most of these local
events have a high spectral content, and are quite
impulsive, often with only a single clear phase arrival.
These events were usually only recorded by a few
stations, probably because the high frequency signal
was quickly attenuated. The signal characteristics are
similar to those associated with icequakes (e.g. Neave
& Savage, 1970; Privitera et al., 1992) rather than
earthquakes.

DISCUSSION

ALTERNATIVE SOURCE MECHANISMS

Seismic events recorded in Antarctica have
variously been attributed to icequakes resulting from
brittle ice deformation on glaciers (e.g. Privitera et al.,
1992), calving of icebergs (Hatherton & Evison,
1962), basal-shearing beneath glaciers (Ananda-
krishnan & Alley, 1997), and tectonic earthquakes
occurring along faults (e.g. Kaminuma &
Akamatsu,1992). The signal characteristics from each

of these possible source mechanisms will differ, as
may the expected level of seismic energy release.

Seismic signals are known to be generated by
iceberg calving near the termini of large glaciers (e.g.
Qamar, 1988). Such seismic signals have emergent
onsets lacking a distinct arrival, a weakly developed P
phase, an obscured S arrival followed by a non-
dispersive wave train, and a monochromatic low
frequency (1-2 Hz) signature associated with both P
and S phases (Wolf and Davies, 1986; Qamar,1988;
Gaull et al,1992). In one study of ice calving Qamar
(1988) noted that virtually every calving event
produced this low frequency seismic signal, with a
signal duration corresponding to the duration of the
calving, between 13 and 150s. They found that the
recorded signals from the calving events were
distinctly different from recordings of local
earthquakes. Seismic events observed in our study do
not have the signal characteristics noted by ice-
calving studies. In addition, most of our seismic
events are located well inland, away from glacier
termini, so we discount this source mechanism for
our events.

Local “icequakes” near the surface of glaciers,
assumed to represent brittle ice deformation (Sprenke
et al., 1997), have a seismic signature distinctly
different from ice-calving events. In a detailed study

Fig 2 - Waveform data from a typical regional event recorded by the array stations. This particular event was located to the south of our
array, on the coast near the Mulock glacier, south of the Skelton glacier. Event-station distances are annotated on the right. 
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of icequakes, Neave and Savage (1970) determined
epicentres for more than 1000 events recorded on the
Athabasca glacier, in Canada. They found that the
icequakes generally occurred in the marginal crevasse
zones of the glacier, and that, from first motion
analysis, there was little doubt that the icequakes
were associated with extensional faulting (crevassing)
rather than stick-slip faulting. In our study region, the
David glacier involves a large elevation drop and has
visible surface crevasses, indicating that brittle ice
deformation can reasonably be expected, possibly
generating icequakes. Icequakes have already been
observed in the David Glacier area by Privitera et al
(1992), who noted that events recorded by
seismometer stations on the glacier itself were not
recorded by stations only 2 km away; and that the
seismic waves rapidly lost high frequency content.
Characteristics of the recorded seismic signals from
these icequake events included weak onset, no
evidence of S phase, a sharp decrease in amplitude
with time, a high spectral content (> 10 Hz), and a
short signal duration (Privitera et al., 1992). We note
that these signal characteristics are quite different
from the regional waveforms observed in our study.

Icequakes could also potentially be generated at
steep ice falls, from the vertical movement of large
volumes of ice (e.g. Weaver & Malone, 1979); ice
volumes on the order of 104 m3, instantaneously
moving 0.01m vertically, with a 1% energy-
conversion efficiency, could potentially produce
O(105 J) of seismic energy.

Stick-slip motion at the base of a glacier is
another recognised source for seismic signals (e.g.
Weaver & Malone, 1979; Anandakrishnan &
Langston, 1994; Anandakrishnan & Alley, 1997). Slip
event occurrence depends on the nature of the shear
stress in the basal region, which will vary with ice
thickness, the nature of the sub-glacial till, and the
glacier-surface slope (e.g. Paterson, 1981). In one
study Anandakrishnan and Langston (1994) located
low-angle thrust-fault slip events at the bed of West
Antarctic ice stream-B, with fault plane areas
O(102 m2).  In the present study we note that if our
seismic events represent basal-slip events then,
depending on the energy conversion efficiency, the
fault plane area would need to be O(103 m2) to
release the O(107-109 J) necessary for the observed
events (following Richter, 1958). 

Alternatively, the seismic events observed in the
David glacier region could well represent earthquakes
generated by deep-seated faulting beneath the glacier.
The presence of a large regional lineament beneath
the David Glacier, the “David Glacier lineament”, was
inferred by Mazzarini et al (1997), who suggested
that it represented a major transfer structure across
the TAM. Their interpretation was primarily based on
differences in structural trends, glacial patterns, uplift
magnitudes and geophysical characteristics north and
south of the lineament.

The presence of a major crustal structural
discontinuity beneath David Glacier was similarly
suggested by Redfield and Behrendt (1992), on the
basis of gravity observations across the David Glacier,
although their data are not conclusive. Bozzo et al.
(1997) noted a prominent WNW-ESE aeromagnetic
anomaly in the same area, which has the same trend
as the seismic event distribution. The seismic
waveforms recorded by our stations from the seismic
events are quite consistent with the seismic signal
expected from a regional earthquake at O(200 km)
distance, with seismic frequencies ranging between 1
and 9 Hz.

If the seismic events do represent earthquakes,
then we can expect that their distribution will be
affected by post-glacial rebound, as well as by
regional tectonic forces (e.g. Wu et al., 1999; Muir-
Wood, 2000). Modelling studies have shown that,
although rebound-induced stress changes may be too
small to cause fracture, they may be enough to trigger
earthquakes on pre-existing faults, depending on the
regional stress-field orientation (Wu et al., 1999).
However, more information is needed on the
earthquake source mechanisms, uplift rates, time and
spatial variation of the ice model, and the regional
stress field before we fully understand the effect of
isostatic rebound on seismicity patterns in the Western
Ross Sea region.

SOURCE MECHANISM DISCRIMINATION

The source mechanism for a seismic event may be
distinguished if additional information such as the
source depth or the focal sphere mechanism can be
determined. For example, basal events can be
distinguished from surface crevassing events if the
recording stations are close to or above the events
(e.g. Anandakrishnan & Alley, 1997), on the basis of
the event depth and mechanism.

At regional distances Rayleigh wave (Rg)
excitation known to be very dependent on source
depth; Rg is usually absent at regional distances if the
source depth is greater than a few kilometres (Xie
and Lay, 1994).  We note that the ratio of Rg to
shear wave energy recorded at station TNV is
relatively low for many of the events observed near
David Glacier, indicating a reasonable source depth.
However, for an unambiguous interpretation we still
require some ‘calibration’ earthquakes, with good
estimates of hypocentral depth. Secondary phases
such as pP and PmP, when correctly identified, can
also be used for improving estimates of hypocentral
depth. Polarisation analysis of  records from some of
the events near David Glacier show secondary phases,
1 to 2s after the P-arrival, with steep incident angles.
If these phases are interpreted as surface reflection pP
arrivals then reasonable source depths, O(10 km), are
implied for those events. 
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Source mechanism discrimination also requires
quality focal sphere coverage, in addition to accurate
hypocentres. Basal-thrust-slip events and (surface)
extensional ice deformation events could potentially
be distinguished on the basis of fault-plane solutions
(e.g. Sprenke et al.,1997). We would hope to collect
such quality focal sphere information in future
targetted deployments, to assist source discrimination.

CONCLUSIONS

Local and regional seismic events have been
recorded in the Transantarctic Mountains using a 10-
station broadband seismometer array.  Events located
in the vicinity of David Glacier, inland from the
Drygalski Ice Tongue, are aligned ESE-WNW, close
to a proposed David Glacier lineament, and sub-
parallel to the Reeves and Priestley faults. The
available data do not however allow unique
discrimination between possible deep-seated faulting
along the lineament and other source mechanisms
such as brittle ice deformation on the surface of the
David glacier. However, we discount iceberg calving
at the David glacier termini as a source mechanism,
on the basis of the signal characteristics and the event
distribution. 

Events to the south of our array were located very
close to the transition between the Mulock glacier and
the Ross Ice Shelf. These events may represent either
basal stick-slip movement beneath the Mulock glacer,
brittle ice deformation at the glacier transition, or
tectonic earthquakes associated with west-northwest
trending lineaments noted by Wilson (1999) in that
area.

Although we cannot uniquely constrain the source
mechanisms of the seismic events, we present these
data in order to assist further investigations.
Additional analyses are planned to examine whether
the available data provide any further information on
event depth.

Clearly, one of the ongoing priorities for
seismological research  in Antarctica is source
mechanism discrimination for observed seismic
events. We expect new targeted experiments will help
to resolve some of the issues, especially as new
permanent seismic observatories and temporary
seismic arrays are deployed, and as magnitude
detection levels are lowered.
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