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ABSTRACT

The CASE-IPY project, part of  the larger POLENET initiative of  geo-
physical observations for the International Polar Year, was built on our
extensive experience of  running seismological stations in Antarctica,
both on rock sites (Dumont d’Urville station), and directly on the ice
plateau (Concordia station). For CASE-IPY, we deployed 8 temporary
seismic stations on the Antarctic plateau: 3 situated near Concordia
itself  (starting 2008), and the other 5 regularly spaced between Con-
cordia and Vostok (2010-2012), following the maximum in ice topog-
raphy. The technical problems we have encountered in our field
deployments were essentially due to a combination of  extreme envi-
ronmental conditions and isolation of  deployment sites. The 3 stations
near Concordia were used as test sites to experiment different solutions,
and to converge on a design for the 5 main stations. Results from the
nearest stations, which transmit data regularly to Concordia, are very
promising. The data recorded by our stations will be distributed widely
in the scientific community. We expect them to be exploited essentially
for structural studies involving Antarctica itself  (its ice-cap, crust and
lithosphere) via receiver functions, noise correlation, and surface-wave
tomography, but also for studies of  the Earth’s core.

1. Introduction
The Concordia, Antarctica, seismic experiment for

the International Polar Year (CASE-IPY, http://case.u-
strasbg.fr) was funded by Agence National de la Re-
cherche (ANR, http://www.agence-nationale-recher
che.fr/) as part of  a larger IPY initiative, the Polar Earth
Observing Network (POLENET, http://www.polenet.
org/), which included contributions from 24 countries,
including China, Japan, France and the United States.
The aim of  the POLENET consortium was to investi-
gate polar geodynamics, the Earth’s magnetic field, crust,
mantle and core structure and dynamics, and systems-
scale interactions of  the solid earth, the cryosphere, the
oceans and the atmosphere. Activities were focused on
deployment of  autonomous observatories at remote
sites on the continents and offshore, coordinated with

measurements made at permanent observatories.
Seismological data from the POLENET observa-

tories, once they have been fully recovered and distrib-
uted, will provide the first relatively high-resolution
data on the Earth beneath the polar seas and ice sheets.
Advanced techniques to image the Earth’s deep inte-
rior, such as seismic tomography, will be used to place
constraints on the planet’s internal processes. Seismic
imaging of  the crust and mantle will (i) investigate
causes for anomalously high elevations in East Antarc-
tica, linked with ice sheet development; (ii) provide in-
formation on heat flow and mantle viscosity that are
key factors controlling ice sheet dynamics and the
Earth’s response to ice mass change; (iii) provide con-
straints on the magma sources for polar volcanism. The
axial vantage points of  the poles will allow unprece-
dented studies of  Earth’s inner core, contributing to
our understanding of  the initial differentiation of  the
Earth, the Earth’s thermal history, and the physics and
variability of  the Earth’s magnetic field. Enhanced seis-
mic station coverage will vastly improve the detection
level for earthquakes and permit evaluation of  seismo-
tectonic activity across the remote high latitudes.

At the start of  IPY (2007-2009) there were 9 per-
manent broad-band seismic stations and small aper-
ture arrays located on the Antarctic continent, which
reported their data to IRIS (Incorporated Research In-
stitutions for Seismology). Of  these, only two closely
spaced stations (SPA and QSPA at the South Pole) are
located far away from the coast. The permanent station
DRV at Dumont d’Urville (Terre d’Adélie) is part of  the
French Geoscope seismic network (INSU, Institut Na-
tional des Sciences de l’Univers) and has been run by
EOST/IPGS (École et Observatoire des Sciences de la
Terre/ Institut de Physique du Globe de Strasbourg),
in collaboration with the French Polar Institute IPEV
(Institut Paul-Émile Victor), since 1986.
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Since 1998, EOST and INGV (Istituto Nazionale di
Geofisica e Vulcanologia), in collaboration with the
French and Italian polar agencies, have been running a
project that aims to set up an experimental broad-band
station at the French-Italian scientific base Concordia
(Dome C). Concordia is ~1000 km inland from Du-
mont d’Urville, at 3250m elevation. The station has
been recording continuously since December 2004
and has been a valuable test-bed for determining best
practice in the installation of  long running broad band
seismic stations in the hostile conditions of  the East
Antarctic Plateau. The Concordia data were opened
with station code CCD in 2007, and their quality
reached a standard suitable for wider distribution two
years later. The station soon after changed status from
an experimental to a permanent station, and finally in-
tegrated the global Geoscope network in 2010 (see Fig-
ure 1 for a background noise PSD).

In the original proposal for CASE-IPY, we planned
to deploy 10 broad-band seismometers in East Antarc-
tica, using Concordia/ Dome C as our starting point
(Figure 2a). Our preferred location for these stations

was between Concordia and AG01_camp (a temporary
POLENET base). We had planned our deployment to
be coordinated with those of  our Italian, American and
Australian colleagues (see map) in order to achieve
maximum coverage of  the East Antarctica Plateau, and
to share a maximum of  logistical support. Even with
the modifications caused by logistical difficulties (see
Figure 2b and discussion below), the final CASE-IPY de-
ployment covered a part of  East Antarctica that had
never before been the subject of  investigation, and was
a fully functional seismic antenna in its own right. It
completed and connected the American, Chinese and
Japanese deployments, thereby helping to create a sin-
gle, large-footprint seismic array which covered a sub-
stantial portion of  the continent.

This combined POLENET East Antarctica network
numbered some 55 stations, and had a combined length
of  over 4000 km, with a significant 2D component, pro-
viding unprecedented coverage of  East Antarctica, and
allowing us to attempt to reach the following objectives:

(1) Improve our knowledge of  the regional crustal
structure. Crustal thickness has been estimated from
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Figure 1. One-day power spectral density plot for CCD station (vertical component, 1sps data) on January 1st, 2010. Also shown are the seis-
mograms for the same day. We run two parallel instruments at Dome-C to ensure redundancy. On January 1st, 2010, these were two STS-2 seis-
mometers, one kept at ambient temperature (–54°C, blue lines, locid 00) recorded on a Quanterra Q330 digitizer, and one heated to –30°C (red
lines, locid 10) recorded on a Quanterra Q4120.
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Bouguer gravity anomalies derived from CHAMP
satellite data, but has only been properly constrained at
the permanent seismic stations and at a handful of  sites
of  previous temporary deployments. East Antarctica is
thought not to be a single undifferentiated craton, but to
be constructed from several distinct lithospheric blocks.
Crustal thickness measurements from the combined
POLENET array will corroborate the existence of  these
multiple units, and will help to trace their boundaries. Re-
trieval of  these boundaries is important for our compre-
hension of  the formation and breakup of  Gondwana.

(2) Improve our knowledge of  the regional lithos-
pheric structure. Global and regional surface wave to-
mography studies concord in describing East Antarctica
as a region of  predominantly fast, cold and thick litho-
sphere. The most recent regional models have started
to provide evidence for coherent lateral variations in
lithospheric structure. The combined POLENET array
will use single station and multiple-station techniques
to retrieve structural information from both earth-
quake data and ambient noise and to allow these lateral
variations to be imaged at a much higher resolution
than previously possible.

(3) Improve our sampling for inner core studies. A
detailed analysis of  the inner core anisotropy, whose
fast axis is parallel to the Earth’s rotation axis, requires
seismic paths nearly parallel to this axis within a specific
distance range (130 to 180 degrees). Deploying new sta-
tions in Antarctica for recording high northern latitude
events will dramatically increase the number of  avail-
able paths. They will also allow us to map inner core
heterogeneities, which are the starting point for inves-
tigating inner core differential rotation. Waves reflected

or refracted at core’s surface will also give insights into
the properties of  the core-mantle boundary.

2. Field operations
Field operations for CASE-IPY were made possible

thanks to the logistical support provided by Institut Paul-
Émile Victor (IPEV, http://www.institutpolaire.fr/), the
French polar agency that provides partial funding and lo-
gistical support for all French-run polar experiments, and
by Programma Nazionale Ricerche in Antartide (PNRA,
http://www.pnra.it/), the equivalent Italian agency
with whom IPEV jointly runs logistics out of  Concordia
base.The description of  our field operations splits logi-
cally and chronologically into two phases: (1) design and
field tests of  autonomous seismic stations (2007-2009);
(2) instrument deployment (2010-2011). Data and instru-
ment recovery from the stations deployed between Con-
cordia and Vostok took place in December 2011, and data
were received in March 2012.

2.1. Instrument design and testing
The International Polar Year provided an important

impetus towards the design of  autonomous seismic sta-
tions able to withstand the rigorous conditions of  the
Antarctic plateau, specifically 4-6 months of  complete
darkness and temperatures that descend to –80°C in
winter. The leader in the field is undoubtedly IRIS-PASS-
CAL (http://www.passcal.nmt.edu/content/polar) who
together with UNAVCO (http://www.unavco.org/)
received substantial funding from the National Science
Foundation (http://www.nsf.gov/) to design power and
transmission systems to be deployed on remote sites
during the IPY.

CASE-IPY POLAR GEOMONITORING

Figure 2. The East Antarctica IPY deployments. (a) As planned at the time of  the submission of  the funding application for the CASE-IPY experi-
ment (February 2007). The earlier TAMSEIS deployment is also shown. (b) As deployed in the field at the time of  the CASE-IPY deployment (2011).



The IRIS-PASSCAL solution for year-round opera-
tion is the following (see http://www.passcal.nmt.edu/
content/polar/equipment/year-round-1 for details): a
cold-rated Guralp CMG-3T or a Nanometrics Trillium
240 seismometer, recorded by a Quanterra Q330 digi-
tal acquisition system, and powered by primary, single
use, Lithium Thionyl Chloride batteries alone or in
combination with more traditional rechargeable bat-
teries and solar panels during the summer months (see
http://www.passcal.nmt.edu/content/polar/equip
ment/year-round/batteries for a more complete discus-
sion on battery systems). This solution was deployed
with success on many POLENET stations, including
those installed for the Gamburtsev Antarctic Mountains
Seismic Experiment (GAMSEIS, http://epsc.wustl.edu/
seismology/GAMSEIS/) in East Antarctica, in envi-
ronmental conditions similar to those of  the CASE-IPY
deployment. Unfortunately, due to the high cost of  the
cold-rated primary battery packs and strict funding con-
straints, we were unable to reproduce the complete IRIS-
PASSCAL year round solution, and opted for the less
expensive solution of  summer operation only.

We designed our first prototype CASE-IPY au-
tonomous seismic stations (Figure 3) by combining our
previous experience acquired during preliminary testing
of  the observatory station at Concordia, with design in-
formation graciously provided by IRIS-PASSCAL.We
opted at first for a three-box system: the first containing
the seismometer (see below for details about the differ-

ent seismometers tested); the second containing the
digital acquisition system (Reftek RT-130, http://www.
reftek.com/products/seismic-recorders-130-01.htm), a
radio (Afar pulsAR, http://www.afar.net/wireless/ether
net-bridge/), a power controller (MorningStar SunSaver-
10L, http://www.morningstarcorp.com/en/sun-saver)
and a single 60Ah gel-acid battery (Hawker, http://www.
batterier.no/station/Hawker/SBS.pdf ); and the third
containing a stock of  9 further batteries, intended to pro-
vide backup power for as long as possible into the Antarc-
tic winter. The two latter boxes were heated by simple
2.5W resistance heaters, in order to keep the acquisi-
tion system within its standard operating temperatures,
and to avoid too much reduction in battery capacity
due to the extreme cold. The three boxes were buried
under the snow at 1-1.5-m depth. Solar power was gen-
erated by three 85W solar panels (Photowatt, http://
www.photowatt.com/), of  which one was dedicated to
the data-acquisition box, and the two others to the box
containing the backup batteries. The panels were fitted
to a single triangular mast (see Figure 4a), which also
supported the radio and GPS antennas, a connector for
the Palm interface to the Reftek, and an interface for
measuring solar panel power and internal temperature
of  the two heated boxes.

We chose the 6-channel versions of  the Reftek RT-
130 acquisition systems, with the capability of  sending
re-centering signals to the seismometers, and used the
programmable re-centering signal to trigger powering
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Figure 3. Design of  the first prototypes of  the CASE-IPY autonomous seismic stations (3-box design with radio transmission to Concordia base).
Heating and radio transmission were removed, and the acquisition (Reftek box) and battery (BATT) boxes were merged for the final design.
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up of  the radio for daily transmission to Concordia of
state-of-health (SOH) information and 1sps data for
quality control (10 minutes of  radio link were required
to ensure transmission of  1-day data). Figure 4b shows
the SOH for 2008. 

In January 2008, three prototype stations con-
structed according to this design, each with a different
seismometer, were deployed at five kilometers from Con-
cordia base, forming a triangle around the observatory
station CCD (see inset in Figure 2b and Table 1). The seis-
mometers tested where a Nanometrics Trillium 120P
with manual re-centering (http://www.nanometrics.ca/
products/trillium-120-ppa), a Streckeisen STS-2 (http://
www.passcal.nmt.edu/content/instrumentation/sen
sors/broadband-sensors/sts-2-bb-sensor) and a Guralp
CMG-40T with 60s response (http://www.guralp.com
/products/40T/). The seismometers were installed on
rigid plates of  different materials (glass, polymer, gran-
ite) that were placed firmly on the snow, but not sealed
in place. Examples of  2008 data from the three seis-
mometers are shown in Figure 5. It was on the basis of

the radio-transmitted SOH and quality control 1sps
data, sent by email from Concordia base to our offices in
Strasbourg, that we planned modifications to be applied
to the prototype in order to build the stations for the full
CASE-IPY field deployment.

We learned several lessons about the station design
from the first year’s deployment:

(1) Active GPS receivers (i.e. GPS receivers in which
the electronics and the antenna are housed in an exter-
nal module) are very sensitive to the buildup of  static
electricity, which is common on the Antarctic plateau
because of  its extremely dry air. Two of  the three GPS
modules failed during the winter because of  this, mak-
ing the spring and summer data difficult to exploit as
timing information was compromised (in Figure 5, the
earthquake recorded on CAS01 and CAS03 appears to
have occurred at significantly different times). We
solved this problem by putting the GPS receivers in-
side the acquisition boxes, as near to the top as possi-
ble. As our boxes are made of  thin wood with foam
insulation, and are buried under only 20-30 cm of  snow,

CASE-IPY POLAR GEOMONITORING

Figure 4. Tests of  the prototype CASE stations. (a) Field deployment (the acquisition box is open, the battery box is visible behind the mast, and
the position of  the buried seismometer is indicated by the flag in the background. (b) Radio transmitted SOH (state of  health) information for
2008 for the three stations CAS01, CAS02, CAS03 with three different seismometers (quoted after the station code), showing that the stations shut
down in winter and power up again in spring: temperature of  the acquisition box as measured by the RT-130 (red), battery voltage (blue). The
sharp drop in temperature occurs when there is insufficient solar energy to power the heating.

Station Latitude S Longitude E Seismometer (2008) Seismometer (2010-2011)

CAS01 75° 08.041’ 123° 16.085’ Nanometrics T120P Nanometrics T120P

CAS02 75° 03.845’ 123° 14.748’ Streckeisen STS-2 Nanometrics T120PA

CAS03 75° 06.841’ 123° 28.532’ Guralp CMG-40T Lennartz 5s

Table 1. Prototype CASE station locations and seismometer types.



the GPS signal is still excellent with this configuration.
(2) Although the configuration of  3 solar panels on

a single triangular mast makes for simpler field instal-
lation, the loss of  solar power in fall and spring is too
great. We opted to change this design to one in which
the three panels are installed in-line facing north.

(3) Heating the acquisition and battery boxes was
found to be unnecessary. As Figure 4b shows, the heat-
ing failed early in the year at CAS03, yet this station
ran the longest during the Antarctic winter. We con-
cluded that the self-heating of  the power regulators
and the data acquisition system, combined with the
insulation of  our boxes and that provided by the snow,
were sufficient to guarantee operability of  the station.
Furthermore, by removing the heating, we greatly re-
duced the daily temperature variations within the
boxes, which have a small but measurable effect on the
recorded data.

(4) Field installation of  a three-box system proved
to be a difficult operation. No radios were planned for
the remote stations, as they would be too far from Con-
cordia and from each other to permit SOH or data
transmission, therefore when re-designing the stations
for the full field deployment, we preferred to combine
the acquisition and the battery boxes into a single box.

(5) Although we had worried about tilt caused by
movements of  the bases on which the seismometers
were installed, the mass-positions recorded during the
first year’s operation showed this tilt to be negligible
compared to the temperature-induced mass drifts. We
chose the granite base for ease of  procurement.

Of  the three seismometers, we initially chose the
CMG-40T for the full field deployment. Although a less
sensitive seismometer, it was also less sensitive to tem-
perature induced drift, and was the only one of  the
three instruments not to drift off-center in late fall. The
two other instruments could have been used together
with an automated re-centering solution. However, the
re-centering solution for the Trillium 120 had not yet

been finalized, and several years worth of  experience
with the STS-2 at the permanent station at Concordia
(CCD) had taught us that below –30°C, it could take
several attempts before STS-2 re-centering was effec-
tive, which made us uneasy about counting on this
procedure in the field in autonomous operation. The
option of  using the Trillium 240 as suggested by IRIS-
PASSCAL was ruled out as too expensive.

A full set of  built-to-order CMG-40s were shipped
to Antarctica, and tested at Concordia during the 2008-
2009 summer campaign. Unfortunately, they were found
to be defective at temperatures below –20°C, and were
therefore shipped back to the manufacturer for repair.
We replaced them the following year by a new genera-
tion of  Trillium 120PA with automated re-centering,
which we had validated by testing them at –70°C in a
new cold test-bed freezer at the Astronomical Observa-
tory of  Nice, France. One of  the new instruments was
installed at site CAS02 in January 2010. Figure 6a shows
the 2011 SOH radio-transmitted data for the prototype
stations, and Figure 6b shows radio-transmitted data for
CAS02, on which the M6.9 Sikkim (India) event of  Sep-
tember 18, 2011, is visible. This station is nearly identi-
cal to those of  the full deployment between Concordia
and Vostok, and the data quality makes us hopeful
about the results that will be obtainable with the data
from the full deployment.

2.2. Instrument deployment
The original CASE-IPY plans (Figure 2a) called for

10 autonomous stations to be installed south of  Con-
cordia, terminating in a site that had already been used
as a TAMSEIS (TransAntarctic Mountains Seismic Ex-
periment, 2001-2003, http://epsc.wustl.edu/seismol
ogy/TAMSEIS/) site. The Concordia-Vostok deploy-
ment was to be performed by our Italian colleagues at
INGV. Between submission of  our project and actual
field installation, a number of  changes were made to
the deployment plans:
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Figure 5. Examples of  2008 data from the prototype stations. Each panel shows one day of  data, split into six 4-hour segments. At CAS02
(b), the STS-2 seismometer has drifted too far of  center, causing the trend in the data (the mean of  each segment is removed from the data
before plotting). Panels (a) and (c) show the same event, but given the failure of  the GPS units during the first winter (see text) the apparent
timing is significantly different between the stations.
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(1) Italy started traversing serious economic diffi-
culties, which resulted in no funds being made available
for IPY experiments. Our colleagues at INGV were there-
fore unable to purchase and ship their instruments, leav-
ing the Concordia-Vostok line uncovered. As it was much
easier for IPEV and PNRA to provide logistical support
along Concordia-Vostok profile than south from Con-
cordia (Vostok base has an air-strip and a considerable
stock of  fuel), we rapidly switched the location of  our
deployment.

(2) We had early on reduced the number of  sta-
tions along the Concordia-Vostok profile to 7, to reduce
the logistical weight of  the deployment. The extra cost
incurred by the switch in choice of  seismometer from
the CMG-40 to the more expensive Trillium 120PA
forced us to reduce this number to 5.

(3) Our profile lay very close to the ice-divide line
running between Concordia and Vostok bases, a line
that was the target of  the French glaciology IPY ex-
periment VANISH (Vulnerability of  the ANtarctic Ice
SHeet and its atmosphere), part of  the international
TASTE-IDEA program (Trans-Antarctic Scientific
Traverses Expeditions - Ice Divide of  East Antarctica).
In order to maximize the sharing of  logistics between
our two experiments, we modified the locations of  our
profile stations to bring them closer to the ice-divide
line (Figure 2b).

Four out of  the five stations were deployed in Jan-
uary 2010, using Twin Otter aircraft. The last station
(CAS05) was similarly deployed in January 2011. Station
locations are given in Table 2.

The full weight of  each station was 450 kg, includ-
ing 200 kg of  gel-acid batteries and 90 kg of  installation
equipment (reused for each deployment). A schematic

diagram of  the installation configuration is shown in
Figure 7, and photographs of  station preparation and in-
stallation are shown in Figure 8. Each deployment took
approximately 3.5 hours (excluding flight time), was per-
formed by a four-person team, and involved digging out
and replacing approximately 6 cubic meters of  snow. 

Taking off  and landing on un-prepared, relatively
rough terrain such as the Antarctic plateau requires fa-
vorable meteorological conditions: perfect visibility com-
bined with moderate wind (between 10 and 25 knots) in
order to provide sufficient lift and enable short takeoff
and landing runs. These conditions occurred only four
times during our 2010 flight window, thereby forcing us
to postpone deployment of  the fifth station to 2011.

In January 2011, we were also able to visit one of  the
profile stations, CAS04, and found it had stopped func-
tioning on April 25, 2010. The culprit was found to be the
Reftek RT-130 data acquisition system. The system was
replaced by a spare, and the station started running again
on January 15, 2011. The acquisition systems installed at
the profile stations were of  the same make as those of
the prototype stations (none of  which had failed), but

CASE-IPY POLAR GEOMONITORING

Figure 6. (a) 2011 SOH (state of  health, temperature in blue, battery voltage in black), and (b) data example for the second-generation pro-
totype CASE stations. Stations CAS02 and CAS03 worked longer into the winter than in 2008 (see Figure 4b), validating the decision to in-
stall the three solar panels in-line and facing North. Data-acquisition for CAS01 was unstable. The data for CAS02 shortly after the station
powered-up are of  good quality, indicating that the instrument (a Trillium 120PA with automated recentering) was functioning correctly.

Station Latitude S Longitude E

CAS04 75° 42.966’ 120° 13.545’

CAS05 76° 20.819’ 116° 58.060’

CAS06 76° 50.458’ 112° 59.203’

CAS07 77° 40.673’ 110° 32.976’

CAS08 78° 24.537’ 107° 07.187’

Table 2. Locations of  profile CASE-IPY stations.
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Figure 7. Installation configuration for the CASE-IPY profile stations, indicating the orientation and relative positions of  the different com-
ponents (top: side view; bottom: view from above). 

Figure 8. Deployment of  the CASE-IPY profile stations. (a) Pre-installation test of  the data acquisition box. (b) Pre-deployment test of  the
Trillium 120PA seismometer. (c) Field deployment with Twin Otter. (d) Seismometer in field pit before the installation of  the protective box. 



9

were from a different production lot. We hoped the fault
on the system at CAS04 had been an isolated incident,
but after recovery of  all the remote stations in December
2011, we discovered the same fault on all the Reftek’s. We
were therefore only able to recover three months of  data
for each remote site, and twice that amount for CAS04.
Analysis of  these data started in April 2012, shortly after
they were received in Strasbourg.

3. Current knowledge of  the structure of  East
Antarctica

The discussion of  our scientific results will be lim-
ited to preliminary results obtained using data from the
prototype CASE stations, data from the observatory
station CCD or publicly available data from other sta-
tions in Antarctica. We shall briefly discuss three re-
search topics, using our own results where possible, and
exploiting recent results from various IPY research
groups: seismological constraints on the structure of
the snow and ice; the influence of  the ice-sheet on esti-
mates of  crustal thickness, and crustal structure of  East
Antarctica; lithospheric structure of  the Antarctic as
seen by surface wave tomography.

3.1. Seismic structure of  snow and ice
We have exploited the ambient noise seismic signal

recorded at CCD and the prototype CASE stations
CAS01, CAS02, CAS03 in order to determine the seismic
properties of  the snow and ice beneath them [Lévêque
et al. 2010]. We applied a method based on the spectral
ratio of  the horizontal and vertical ground motions

(H/V), commonly used to analyze soil response in seis-
mic regions for seismic risk evaluation [Field and Jacob
1995], and which to our knowledge had never before
been used to infer the snow and ice response. Figure 9a
shows the H/V ratio spectra obtained from the four
stations at Concordia station, Dome C, and shows that
the main peak in the spectral ratios is observed at 6.7-8
Hz. This peak can be preferentially explained by a 23-m
thick layer of  unconsolidated snow with an S-wave ve-
locity of  0.7 km/s, overlying a layer of  consolidated
snow with a faster S-wave velocity of  1.8 km/s (Model
1 in Figure 9b). Although other physical models may fit
the same spectral data (e.g. Model 2 in Figure 9b), our
preference for the first model is based on the fact that
the depth of  the velocity contrast coincides with the
density at which ice particles arrange themselves in a
continuous, dense lattice. The slight variations in the
H/V ratios between the four Concordia stations indi-
cate a small variability in the snow and ice structure
around Dome C. These results indicate that it might be
worthwhile to upgrade the CCD observatory station
by adding a borehole seismometer at a depth greater
than 20 m, thereby taking advantage of  the more con-
solidated snow at that depth.

The seismic data from the broad-band stations lo-
cated on the East Antarctic and Greenland ice sheets have
recently been used to determine the large-scale seismic
parameters of  the polar ice sheets [Wittlinger and Farra
2012]. The authors used the P-to-S converted waves at the
ice–rock interface, those converted at interfaces inside the
ice sheets and their multiples (the P receiver functions) to

CASE-IPY POLAR GEOMONITORING

Figure 9. Snow structure at Dome C (after Lévêque et al. [2010]). (a) Mean spectral ratios of  horizontal to vertical motion determined from
noise at the four Dome C stations. The 1-sigma confidence level is similar for the different curves, and is shown for CCD only (dashed line).
(b) S-wave velocity models. Model 1 is preferred, as it is the most compatible with the density profile at Concordia (L. Arnaud, personal
communication 2010). 



estimate the P-wave velocity Vp and the P-to-S velocity
ratio Vp/Vs of  polar ice. The thickness of  the whole ice
layer was precisely known either from radio echo sound-
ings or from ice core drillings allowing an accurate de-
termination of  Vp and Vp/Vs. At some places in and
near the Wilkes Basin, a sedimentary layer is probably
squeezed between the ice and the bedrock. They find
that the polar ice caps have a two-layer structure (Fig-
ure 10): the upper layer is of  variable thickness (about
2/3 of  the total thickness at the site of  each station)
with velocities very close to the standard values for
ice; the lower layer has more or less constant thick-
ness, a standard value for Vp but a value for Vs that is
only about 75% of  the standard value. The authors
suggest that the shear-velocity drop in the lower layer
may be evidence of  strong anisotropy induced by pre-
ferred orientation of  ice crystals and by fine layering
of  soft and hard ice layers. They therefore expect a
large variation of  ice viscosity with depth, which im-
plies heterogeneous flowing of  the polar ice sheet.
This heterogeneous flowing may invalidate the use at
great depth of  the ice dating models based on monot-
onic layer thinning.

3.2. The influence of  the ice-sheet on estimates of
crustal thickness, and crustal structure of  East Antarctica

The main reason why the geological structure of
East Antarctica is still relatively unknown, and why such
an impetus was given to seismological research in this
region during the IPY, is the fact that the whole region
is almost entirely covered by an ice sheet with an aver-
age thickness of  3 km. Seismological observations are

therefore essential, in combination with aerial geophys-
ical surveys, to constrain its crustal structure. However,
as the thick layer of  ice has a much lower seismic veloc-
ity than the underlying crust, it tends to trap seismic en-
ergy that then reverberates strongly within it, and can
lead to mis-interpretation and incorrect estimates of
crustal thickness in P-to-S receiver function studies [e.g.
Lawrence et al. 2006a]. If  the ice thickness is known ei-
ther from radio echo soundings or from ice core drilling,
it is possible to predict the ice reverberations and remove
them from the P-to-S receiver functions [Cho 2011], but
only if  a single ice-layer is a reasonable approximation.
As we have seen above, the ice structure seems to be
two-layered in East Antarctica, which implies that the
properties of  both layers should be taken into account
in modeling the ice-reverberations.

A way to avoid the ice-reverberations altogether is
to analyze S-to-P receiver functions, that isolate the S
to P converted waves, as these arrive before the direct
S phase, while the ice reverberations arrive later. Hansen
et al. [2010] use such an analysis, incorporating also
Rayleigh wave phase velocities from surface wave to-
mography, to map the crustal thickness in the Gam-
burtsev mountains region of  East Antarctica, bringing
to light the existence of  a deep crustal root (Figure 11).

3.3. Lithospheric structure of  the Antarctic
The lithosphere of  East Antarctica is largely cra-

tonic in nature. Determination of  the seismic struc-
ture at the base of  the Antarctic craton would help to
corroborate and clarify the link between plate dy-
namics and lithospheric structure. East Antarctica ap-
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Figure 10. Two-layer ice structure in East Antarctica and Greenland from P-wave receiver functions (after Wittlinger and Farra [2012]). The
hatched area has a constant thickness equal to the mean thickness of  the lower layer. Remote stations (left) are from left to right: SUMG
(Greenland), CCD (Concordia), QSPA (South Pole) and P061 (a Polenet station, see Figure 11a). Other stations are from the TAMSEIS ex-
periment (N132-N020). 
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pears as a region with fast seismic velocities in both
global and regional surface wave tomography studies
[Debayle et al. 2005].

Figure 12a shows a tomographic image of  the
S-wave velocities at 100 km depth obtained before the

IPY [Sieminski et al. 2003]. The lateral resolution of  this
study can be estimated to be ~600 km. Even with this
limited resolution, the lithospheric structure of  the
craton seems to be inhomogeneous throughout East
Antarctica. Short wavelength lateral variations in the
lithospheric structure of  East Antarctica have been lo-
cally imaged by the TAMSEIS experiment [Lawrence et
al. 2006b]. S-wave vertical mutlipaths through the man-
tle from permanent stations and the prototype CASE
stations have also revealed inhomogeneity in wave at-
tenuation [Souriau et al. 2012] The full POLENET net-
work deployed for the IPY should permit to improve
the lateral resolution of  regional tomographies. This is
illustrated in Figure 12b, which shows a preliminary
surface wave study using all currently available seismic
data from Antarctica, including data from CCD and the
IPY deployments [An et al. 2011].

4. Conclusion
CASE-IPY, the French contribution to the seismo-

logical component of  the POLENET IPY initiative, has
involved the deployment of  five autonomous seismic
stations between the Antarctic bases of  Concordia and
Vostok. The station design matured over two years of
prototype testing in situ at Concordia before the full de-
ployment took place in 2010 and 2011. We received the
data from these stations in early 2012. 

The IPY has permitted a vast amount of  research
into the seismic structure of  East Antarctica, thanks to
the great number of  stations deployed by all the IPY
partners, in addition to the permanent observatories.
Although the results of  scientific analyses using the data

CASE-IPY POLAR GEOMONITORING

Figure 11. Crustal structure of  East Antarctica (after Hansen et al.
[2011]). (a) TAMSEIS (N215 to N124), and GAMSEIS stations. (b)
Crustal structure derived from joint inversion of  S-wave receiver
functions and Rayleigh wave dispersion curves.

Figure 12. Surface wave tomographic maps of  Antarctica at 100-km depth. (a) Results from permanent stations only (after Sieminski et al.
[2003]). (b) Preliminary results using permanent and POLENET stations (after An et al. [2011]). 



from these stations have only recently started to be pub-
lished, it seems likely that we shall soon see a large vol-
ume of  work being performed on these new data.
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