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On 1 April 1985, a three-year program was initiated to com-
pile regional magnetic and gravity anomalies for the region
south of 55°S from satellite and surface measurements and to
analyze quantitatively their geological significance. These

anomalies, especially when combined with other geological
and geophysical data, can yield considerable information con-
cerning regional physical property variations that are important
for determining the structure, dynamics, and geologic history
of the antarctic crust and upper mantle.

A critical element of this program involves developing the
capacity to model magnetic and gravity anomalies over a spher-
ical earth for verifying and detailing geological analyses of the
regional anomaly fields. A satellite geopotential anomaly mod-
eling procedure given by von Frese et al. (1981) has been imple-
mented for this purpose. This procedure principally involves
anomaly computations derived from integrating the anomalies
of Gauss-Legendre quadrature distributed point sources within
the geological body being modeled. To adapt the procedure for
efficient and accurate modeling of nearer-source (i.e., surface or
near-surface) geopotential field anomalies, affine transforma-
tions have been identified to transform arbitrarily shaped
source volumes into simple and elegant quadrature integration
formulae.
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Figure 1. Topography of the study area in the Transantarctic Mountains is presented in "A" as a map contoured at 400-meter intervals and in "B"
a$ a perspective plot.
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Figure 2. Gravity terrain corrections are evaluated in "A" at each grid node of the topography and contoured at 5 milligal intervals. In "B", the
percent, contribution of terrain grid cells to the terrain correction of station A (figure 1) is contoured at 0.2% intervals.
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Figure 3. The gravitational effect of the terrain at 5 kilometers elevation is contoured in "A" at 25 milligal intervals. In "B", the magnetic effect of
the terrain at 5 kilometers elevation is contoured at 25 nanoTesla intervals.
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To compute the effects of gridded terrain models for accurate
reduction of gravity and magnetic anomaly data, the modified
procedure effectively determines an equivalent point-source
model of the topography, where the point sources correspond
to the zero nodes of the Legendre polynomials used to perform
the Gaussian quadrature integration. Because point-source
effects involve relatively simple mathematics, the method read-
ily accommodates arbitrary physical property variations, geo-
magnetic field characteristics, and coordinate transformations
in the terrain anomaly computations. Anomaly attributes in-
cluding the potential, anomaly gradients, and vector compo-
nents are also easily computed from the equivalent point-
source terrain model. This modified procedure is being used to
compute, in spherical coordinates, the regional geopotential
anomaly fields of the Transantarctic Mountains to separate
these effects from the anomalies of deeper lithospheric sources
which are the focus of the investigation.

Preliminary results include magnetic and gravity analyses for
a portion of the mountain range shown in figure 1, where the
topography is gridded at a spacing of 0.02° latitude and 0.20°
longitude from an antarctica series reconnaissance map (U.S.
Geological Survey 1965). Gravity terrain corrections relative to
the Bouguer slab reduction at each grid node of the topographic
surface are given in figure 2A. Station A (z = 2,287 meters),
which is 10-15 kilometers from any severe topography (figure
1), requires a terrain correction of 3.15 milligals. To emphasize
the significant terrain elements of this gravity correction, figure

2B shows the percent contribution which each gridded terrain
cell makes to the terrain correction of station A. Figures 3A and
3B illustrate, respectively, the gravitational and magnetic effects
of the terrain computed at 5 kilometers elevation. These effects
are for all mass between the lowest point (z = 71 meters) and
the highest point (z = 4,278 meters) of the topographic grid. All
calculations were made for a density of 2.67 grams per cubic
centimeter or a magnetic susceptibility of 0.0015 in the en-
timeter-gram-second system, using a geomagnetic reference
field model updated to 1980. No attempt was made in this
preliminary study to account for the lower density of ice, but
future work will model rock density variations and ice sepa-
rately and also consider magnetic property variations of the
topography of the Transantarctic Mountains.

This study was supported by National Science Foundation
grant DPP 83-13071.
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The Shackleton Limestone and Douglas Conglomerate are
the principal units of the Byrd Group in the central Transan-
tarctic Mountains. These and correlative formations were recog-
nized in regional mapping projects during the mid-1960's
(Grindley 1963; Laird 1963; Skinner 1964; Laird, Mansergh, and
Chappell 1971). The Shackleton Limestone was thought to have
a minimum thickness of 5,400 meters in the Holyoake Range
where, on the basis of archaeocyathids, it was regarded as
Lower Cambrian, possibly extending into the lower Middle

Cambrian. The age of the Douglas Conglomerate is less well
constrained, but the unit was considered to be Middle or possi-
bly Late Cambrian (Laird 1981). Subsequent examination of the
Byrd Group had been confined to the sector between the Byrd
Glacier and the mouth of the Starshot Glacier (Burgess and
Lammerink 1979; Stump et al. 1979).

The objectives of our study in the Holyoake Range during the
1984 - 1985 austral summer were to determine the tectonic and
depositional setting that produced such great thicknesses of
Shackleton Limestone and Douglas Conglomerate, to improve
the biostratigraphic control within the Shackleton Limestone,
and to ascertain the relationship between the two formations.

The field party consisted of two New Zealand mountaineers,
Peter Braddock and Ray Waters; a Canadian geologist, Brian
Pratt; and an American geologist, Margaret Rees. The party was
put into the field by a LC-130 ski-equipped Hercules airplane on
the Starshot Glacier on 27 November 1984. From this site, we
used skidoos and Nansen sleds to establish three camps around
the northern part of the Holyoake Range and to travel to collect-
ing localities (figure 1). Due to remarkably fine weather, we had
23 working days in the area. Logistical problems prevented us
from visiting the southern Holyoake Range.

Although it has long been known that the Shackleton Lime-
stone has been folded and faulted (Laird, Mansergh, and Chap-
pell 1971), our examination of small geopetal structures within it
revealed that folding is much more intense than previously had
been recognized. Two sets of mesoscopic folds are developed
and are associated with two cleavages. This relationship is com-
parable to that reported in the area immediately south of the
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