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Abstract: Phase velocity measurements of Rayleigh waves recorded in broad band seismological stations are
interpreted using a method of regionalization in order to constrain the structure of the upper mantle beneath Antarctica
and surrounding oceans. In this preliminary study, we have used data in the period range 70-200 s, and no surficial
correction has been applied to the observed phase velocities. A craton-like structure which corresponds to high
velocities is seen in the eastern part of Antarctica down to a depth of about 250 km. The regions of lowest velocities
coincide with oceanic ridges. Our results confirm previous global studies, but as a result of a denser path coverage,
our data set leads to a more precise horizontal resolution and additional details of regional structures are outlined. The
highest velocities are observed in the vicinity of the coast near Enderby Land. On the other hand, two pronounced low
velocity structures are found: the first one is located at the southwest of Macquarie Island, and the other one in the
vicinity of the Drake Passage. These main features are discussed in the framework of the tectonic history of the
Gondwana and the earlier supercontinent. Small artefacts due either to the special metrics of the pole or to the use of

uncorrected data are discussed.
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Introduction

Early in this century the different orogens in Antarctica
wererecognized and as early as 1937 geological observations
on the continent allowed Du Toit (1937) to present good
arguments to support the global continental drift theory.
However, due to the extremely difficult conditions en-
countered and the problems of maintening permanent ob-
servatories and also due to the inaccessibility of a large part
of Antarctica, its geophysical properties were not well
established until the last few decades. Only since 1958 the
International Geophysical Year’s programs developed in
higher latitudes permitted scientists to perform the first
geophysical investigations on the crustal structure. Using a
method of “composite paths”, Evison ef a/. (1961), Kovach
and Press (1961) established that the crust beneath east
Antarctica was characterized by a thickness of 35 km while
the western part presented a thinner crust. Further studies
based on similar methods confirmed this separation of the
continental crust into two very different structures. Typical
high Rayleigh phase velocities characterizing shield struc-
tures were found across East Antarctica (Dewart and Toksoz,
1965; Knopoffand Vane, 1979). Later the use of long range
seismic profiles permitted more details of the crustal structure
to be obtained, like that near Syowa in Enderby Land where
a 42 km thick crust was found (Ikami and Ito, 1986).
Information concerning deeper structures were even poorer.

In the mean time the deployment of digital seismological
networks lead to the development of new methods for
studying upper mantle and deeper structures. For surface
wave analysis, different approaches have been adopted
using either a discrete parameterization related to spherical
harmonics expansion (Woodhouse and Dziewonski, 1984;
Nataf et al., 1986; Zhang and Tanimoto, 1991) or a con-
tinuous one (Montagner, 1986; Roult et al., 1987). More

recently the use of both Love and Rayleigh waves lead to
analysis of the upper mantle structure in terms of anisotropy
(Montagner and Tanimoto, 1991). In all these papers,
dedicated essentially to global tomographic studies, the
craton-like structure of eastern Antarctica appears clearly
on the models obtained but with a poor horizontal resolu-
tion.

Indeed, due to the scarcity of digital seismological stations
located on the continent itself and in the surrounding areas,
details of the earth structure were difficult to obtain in the
southern high latitudes. Nevertheless since 1983, seismo-
logical stations with up-dated instrumentation have been
installed in several sites located in “Territoires des Terres
Australes et Antarctiques Francaises”. In this preliminary
study we have applied the continuous approach to a ho-
mogeneous set of data recorded in these stations to obtain
more information about the deep structure beneath Antarctica.
A complementary set of data from other Geoscope stations
and additional networks has now been collected and a more
detailed interpretation will be the subject of the next report.

Data Processing and Method

More than 200 seismograms recorded at the station Port
aux Francais (Kerguelen), Port Alfred (Crozet), Dumont
d’Urville (Adelie Land), and Noumea (New Caledonia)
have been collected for this study. The path coverage is
shown in Fig. 1. We can see that the continent itself is very
well sampled, whereas in some parts of the oceanic regions
and for latitudes lower than 50° the density of coverage is
poor. Technical information concerning data acquisition
and instrumental response are described in Romanowicz et
al. (1984, 1991) and Pillet ez al. (1990). The high gain long
period channel, recorded with a one second sampling rate,
has been systematically used. Several examples of seismo-
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grams recorded at Dumont d’Urville in Adelie Land are
plotted on Fig. 2. They show great diversity in the Rayleigh
wave observations at this station and, despite the bad cli-
matic environment, a good signal to noise ratio for inter-
mediate size earthquakes with magnitudes ranging from 5 to
6.5. For each event phase velocities have been computed
from the observed phases corrected for the instrumental
response and the source phase. The Harvard centroid moment
tensor solutions (Dziewonski and Woodhouse, 1983) have
been used for source corrections.

To retrieve the spatial distribution of local phase veloci-
ties we use a regionalization method without “a priori”
constraints (Montagner, 1986). It is based on the Tarantola
and Valette’s algorithm (1982) which instead of using basis
functions such as spherical harmonics, requires only the

Fig. 1. Propagation paths considered in this study. Stars indicate
Geoscope stations: CRZF (Crozet Is.), DRV (Adelie Land), NOC
(New Caledonia) and PAF (Kerguelen Is.).
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Fig. 2. Example of vertical component seismograms for different events recorded at Dumont d’Urville.
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