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Abstract: Regional geophysical imaging technologies and data are becoming increasingly available for studies of
the Antarctic lithosphere. Satellite elevation magnetic and gravity anomaly fields, for example, mostly tend to
characterize the region south of 40°S by both positive and negative correlations between lithospheric magnetization
and density variations. These physical property contrasts are important for understanding regional petrological
variations of the crust and upper mantle, and crustal thickness and thermal perturbations related to the development
of microplates, ridges, rises, basins, fracture zones and other crustal features of the Antarctic plate. Remarkably
detailed images of the sea surface gravity field between 60°S and 72°S are available from Geosat-Geodetic Mission
altimetry data. These data also map terrain elevations for significant portions of Antarctica to an accuracy of about
10 m. Considerable new insight on the continental lithosphere of Antarctica will result from aerogravity and magnetic
surveys obtained by fixed-wing aircraft like the deHavilland Twin Otter using GPS differential carrier-phase
navigation. The system can typically collect 18,000 line-km of high quality gravity and magnetic data in a six-week
period. The aerogravity data map terrestrial gravity fields at an interval of 4—-6 km to a precision of about 1.3 mgal.
Additional constraints on lithospheric features of the margin of Antarctica are available from ship-to-shore seismic
refraction surveys. The lithospheric utility of this approach is exemplified by a crustal structure investigation of the
Transantarctic Mountains (TAM) using seismic waveforms from an airgun array fired in the Ross Sea and collected
to 65—150 km offsets by a seismograph array on the Tourmaline Plateau in Northern Victoria Land. The acquired data
include wide-angle Moho reflections, and Moho and lower crustal refractions which constrain crustal thickness and
Moho dip beneath the TAM near Terra Nova Bay to much lower values than have been postulated elsewhere in the
TAM. Analysis of south polar earthquake activity indicates that some 30 relatively strong events may be expected
over a typical field season from the southwestern Pacific. Accordingly, surface wave dispersion studies also may be
designed to provide valuable lithospheric information on Antarctica.
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Introduction

The geology of Antarctica and adjacent marine areas (Fig.
1) is perhaps the most poorly known of any region of the
earth. This paper considers the implementation of some
regional geophysical imaging capabilities for obtaining
significant and cost-effective information on the Antarctic
lithosphere. These technologies include satellite magne-
tometry and gravimetry, satellite altimetry-derived gravity
and topographic mapping, combined aerogravity and mag-
netic surveying, ship-to-shore seismic refraction studies,
and passive seismic experiments.

Satellite-Measured Lithospheric Geopotential
Anomalies

Satellite magnetometer observations such as collected by
NASA'’s earth-orbiting POGO and Magsat missions have
yielded consistent near-global magnetic anomaly data in
spherical harmonic degrees greater than about 13 which
provide significant constraints for understanding regional
petrological variations of the crust and upper mantle, and
crustal thickness and thermal perturbations (von Frese et al.,
1982, 1987; Mayhew et al., 1985; Langel, 1990). For studies
ofthe Antarctic lithosphere south 0f40°S, satellite measured

magnetic anomalies were recently compiled from over 2,500
orbits of the Magsat mission. This effort necessitated the
development of enhanced processing procedures for esti-
mating the lithospheric component from the satellite mag-
netometer observations, including least-squares collocation
for altitude normalization of the orbital data, and wavenumber
correlation analysis to remove the extremely dynamic
variations of the polar external geomagnetic field. Differ-
entially adjusted for the properties of the earth’s core magnetic
field, the resultant radially polarized Magsat magnetic
anomalies (Fig. 2, top map) demonstrate associations with
numerous crustal features. For example, Wilkes Land,
Enderby Land, and the Ross Sea are associated with regions
of positive lithospheric magnetization. Negative magneti-
zations characterize significant portions of the Transantarctic
Mountains, Amery Basin, Gamburtsev Mountains, Queen
Maud Land, the Filchner Microplate and many of the oce-
anic basins. Oceanic rises are commonly associated with
regions of positive magnetization, whereas active ridges are
characterized by acomplex pattern of predominantly negative
magnetizations.

Gravity anomalies provide additional constraints for in-
vestigating features of the Antarctic lithosphere and for
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ANTARCTIC TECTONICS AND GEOLOGY
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AB Agulhas Basin MAR | Mid-Atlantic Ridge
AlB Atlantic-Indian Basin MMP | Marie Byrd Land Microplate
AIR Atlantic-Indian Ridge MR Macquarie Ridge
AmB Amery Basin MRs Maud Rise
AMP | Antarctic Peninsula Microplate PAKR Pacific-Antarctic Ridge
APt Agulhas Plateau PB Pensacola Basin
ArB Argentine Basin PCT Peru-Chile Trench
AuB Aurora Basin PSB Polar Subglacial Basin
BSB Byrd Subglacial Basin RS Ross Sea
BST Bentley Subglacial Trench SAB South Australian Basin
CB Cape Basin SEIR | Southeast Indian Ridge
CPt Campbell Plateau SEPB | Southeast Pacific Basin
CRs Chile Rise SIB South Indian Basin
CzB Crozet Basin SR Scotia Ridge
CzPt Crozet Plateau SST South Sandwich Island Trench
DML | Dronning Maud Land SWIR | Southwest Indian Ridge
EL Enderby Land SWPB | Southwest Pacific Basin
EMP | Ellsworth Microplate TB Tasman Basin
EPRs | East Pacific Rise ™ Transantarctic Mountains
FMP Filchner Microplate TMP | Thurston Microplate
FPt Falkland Plateau TPt Tasman Plateau
GM Gamburtsev Mountains WL Wilkes Land
HT Iljort Trench WS Weddell Sea
KPt Kerguelen Plateau WSB Wilkes Subglacial Basin

Fig. 1. Generalized tectonic features for the Antarctic region south of 40°S. Features broadly delineated by patterns
include basins (diagonal dashes), plateaux (horizontal dots), microplates (vertical dashes), and rock outcrop areas
(horizontal circles).
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