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During November and December 1978, the authors
completed the field portion of a geophysical study of the
Dufek intrusion in the region south and east of the Du-
fek Massif (traverses A and B in accompanying figure).
Geophysical surveys of the Difek intrustion to the west
and north of the Dufek Massif were completed during
November and December of 1976 (England and Nelson,
1977) (traverses 1-4 in accompanying figure).

The objectives of these studies were to locate the ice-
covered southern and western margins of the intrusion
and to provide the basis for developing an improved
estimate of the thickness of the intrusion below the Du-
fek Massif. These investigations complement the geo-
logic studies reported by Ford et al. (1979) and the
aeromagnetic studies reported by Behrendt et al. (1979).

The Dufek intrusion is a lopolith-like body, which is
thought to be nearly the size of the Bushveld Complex
of South Africa (Behrendt et al., 1979). A 1.8-kilometer-
thick lower section of a plagioclase-2 pyroxene cumulate
is exposed in the Dufek Massif (Himmelberg and Ford,
1976) and a nonoverlapping, 1.7-kilometer-thick upper
section of plagioclase-2 pyroxene-opaque oxide cumu-
late is exposed in the Forrestal Range. Ford (1976) be-
lieved that a 2-3-kilometer-thick section between the ex-
posed sections lies beneath the Sallee Snowfield, and that
the 300 meters of granophyre topping the Forrestal
Range section lie within 1 kilometer of the original roof.
Behrendt et al. (1974) estimated the thickness of the
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intrusion hidden below the Dufek Massif to be between
1.8 and 3.5 kilometers.

During early November 1978, a base camp was estab-
lished on the Sallee Snowfield at point 0 (as shown on
the accompanying figure). Stations at 500-meter inter-
vals were placed along lines A and B. Location was es-
tablished by resection from local peaks, and the elevation
of each station relative to base camp was determined by
theodolite. Elevation was tied by vertical angles at the
southern extreme of line A to the Cordiner Peaks. The
doglegs in the traverses were necessary to avoid cre-
vasses. At each of the 114 stations, a LaCoste G-2 meter
was used to measure gravity and a short-pulse radar was
used to determine ice thickness. Gravity at point 0 was
tied to a reference point at McMurdo Station. Traverses
1-4 were also tied to McMurdo Station. The gravimeter
was calibrated on a range near Denver, Colorado, before
and after fieldwork, both in 1976 and in 1978.

A large-loop induction system was employed at point
0 to measure the profile of electrical conductivity versus
depth. This extremely low frequency (ELF) sounding sys-
tem, designed and built for this field study, incorporates
several new features for systems of its type. The prin-
ciple is to transmit a signal from a large loop of wire
lying on ice (or rock), to receive that signal with another
remote loop, and to use the frequency dependence of
the amplitude and phase of the received signal to infer



electrical conductivity of the rock lying below the two
loops. The signal is an alternating current (square wave
with a pattern of + 1, 0, - 1, 0 . . .) at frequencies be-
tween 0.02 hertz and 2 kilohertz, controlled by a precise
clock in the transmitter. The transmitter incorporates
current-switching transistors, instead of mechanical re-
lays as used in earlier systems. The receiver contains an
identical clock that is phase-locked to the transmitter
clock by a radio signal (this is the first time radio phase-
locking has been achieved).

Both transmitter and receiver contain phase-sensitive
detectors of a new design: FET switches are used to
change the feedback resistance in operational amplifiers,
thereby creating a discrete gain-step approximation to
cosine or sine wave multiplication. The signal, multiplied
by a cosine or a sine wave, is integrated over time to give
a measure of in-phase and quadrature signals at both
transmitter and receiver. This detection arrangement
has unprecedented sensitivity (about 1 microvolt at the
receiver) and excellent harmonic rejection.

The penetration depth of any loop-loop induction sys-
tem is roughly proportional to the loop separation. The
advantage of great transmitter power, loop size, and
great receiver sensitivity is that a useful signal can be
detected at greater range, thereby increasing the possi-
ble penetration. Under the electrical conditions at the
Dufek intrusion, a 1-square-kilometer transmitter loop
and an 8-turn 200-square-meter receiver loop permitted
loop separations of up to 15 kilometers. If the 900 me-
ters of ice at point 0 are underlain by 1,000 fl-rn rock,
penetrations of about 5 kilometers are possible at loop
spacings of 10 to 15 kilometers. Layers of sufficient con-
trast (3 to 1 conductivity ratio) would be detectable if
they were several hundred meters thick. There should
be adequate electrical contrast between the Dufek gab-
bro and the surrounding sediments of the Pecora For-
mation to have sensed the bottom of the intrusion if the
intrusion were less than 5 kilometers thick at point 0.

The short-pulse radar data indicate an ice thickness
of 900 meters under point 0 and minimum and maxi-
mum thicknesses of 250 meter and 1.1 kilometers along
traverse A. The ice-rock topography along line A is
more rugged than that of traverse B or those of traverses
1-4 of the 1976 work. Ice thicknesses along traverse B
vary from a minimum of 300 meters to a maximum of
1.2 kilometers.

Data analysis has only just begun. However, the grav-
ity data do indicate that the Dufek intrusion is thicken-
ing to the east along line B. Unlike the results from the
traverse across Jaburg Glacier in 1976 (England et al.,
1977), the margin of the intrusion, which is certainly

crossed by line A, is not obvious in the free air or in the
simple Bougier reductions of the data. The difficulty
probably arises because of the rugged ice-rock topog-
raphy. A more sophisticated reduction based upon a 2-
D correction for ice-rock topography will be attempted.

Difficulty with the generator used to drive the loop-
loop induction system precluded more than a single
electrical sounding at point 0. The corrected amplitude-
frequency curve at point 0 is consistent with an increase
in electrical conductivity at the ice-rock interface and a
decrease in conductivity at 400 meters into the rock. No
deeper contrast is sensed. The change at the ice-rock
interface is expected, but the change at 400 meters is
not easily explained. Although the phase data have not
yet been reduced, they should help establish the signif -
icance of the apparent 400-meter interface. The Dufek
intrusion may be thicker at point 0 than expected, its
electrical conductivity may be higher than expected, or
there may be less electrical contrast than expected be-
tween the rocks of the Dufek intrusion and the country
rock. Any of these explanations would be consistent with
the apparent lack of electrical contrast below 400 meters.
If further analysis fails to reveal a deeper anomaly, total
thickness of the Dufek intrusion will have to be esti-
mated from the shape and amplitude of the topograph-
ically corrected Bougier anomaly and from the aero-
magnetic data (Behrendt et al., 1979).
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