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During December 1978 and January 1979, the Scott
Polar Research Institute undertook a sixth season of ra-
dio echo sounding (REs) in Antarctica to acquire data on
the physical characteristics and dynamic/thermodynamic
processes of the ice sheet and a second season of simul-
taneous magnetometry for sub-ice geological studies.

Our principal objective for the 1978-79 season was
to consolidate and extend a grid network in West Ant-
arctica for geophysical investigation of the junction be-
tween the East Antarctic shield and West Antarctic ac-
cretionary plates (see figure 1). We have identified
several units, including a complex core area lying be-
tween the Ellsworth, Pensacola, and Horlick mountains.
Figure 2 shows a typical RES and magnetic anomaly pro-
file from this area. To the south, the transition into East
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Figure 1. Airborne radio echo sounding and magnetic flights
In West Antarctica, 1978-79. (Also shows missions accom-
plished during 1977-78 and 1974-75 (latter without mag-
netics). Shading in vicinity of Dufek Massif shows detailed
survey area. Heavy line (x - y) locates profiles in figure 2.
Key: EM = Ellsworth Mountains; T = Thiel Mountains; W =

Mount Wooiiard; C dome C.

II

Figure 2. Total magnetic intensity (A) and bedrock elevation
from radio echo sounding (B) profiles along line x - y, in
figure 1. Magnetic measurements have been adjusted to

compensate for aircraft influences and regional field.

Antarctica is characterized by a distinctive increase in
bedrock elevation and roughness and a magnetic anom-
aly of several hundred nT. North of this zone, in West
Antarctica, terrain becomes smoother and substantially
lower in elevation (> 2 kilometers below sea level) before
rising to the Cenozoic volcanic province of northern
Marie Byrd Land. Several sub-ice volcanoes, associated
with magnetic anomalies in excess of 1,000 nT, have
been detected in this region.

As a result of this season's investigations and those in
1974-75 and 1977-78, a 50-k1lometer square grid net-
work now exists for about 1.4 million square kilometers
of West Antarctica between grounding lines of the Ross
Ice Shelf and those of the Filchner and Ronne ice
shelves. The data on ice surface, thickness, and basal
conditions are being used to investigate the dynamics
and stability of the West Antarctic Ice Sheet, the disin -
tegration of which is considered a distinct possibility as
a result of man's activities (Mercer, 1978; Thomas,
Sanderson, and Rose, 1979). An ice surface map, which
defines the drainage pattern into both flanking ice
shelves, has been compiled from the investigations made
during the three seasons.

A specially configured U.S. Navy LC-130R Hercules
aircraft was used to fly 11 missions totaling 130 flight
hours between 14 December and 29 December 1979. A
total of 61 hours were flown on station, equivalent to
26,000 kilometers of track (see figure 1). The radar (60-
and 300-megahertz units) and recording equipment
used were identical with those used in 1977-78 (Drewry
and Meldrum, 1978). A newly installed vertical survey
camera (9 x 9-inch format) was used to obtain naviga-
tional fixes. The addition of a chart recorder for inflight
display of magnetic data was extremely valuable.

Several aircraft maintenance problems—including a
cracked tire and damage to the port pylon fuel tank—
reduced takeoff weight and fuel capacity and, in turn,
diminished the aircraft's range and necessitated the re-
planning of some missions.

Among the missions flown during 1978-79 were
three flights (totaling 4,200 kilometers of on-station
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track) completed over Dufek Massif as part of a coop-
erative program with the U.S. Geological Survey to in-
vestigate the regional extent and detailed magnetic and
sub-ice structure of this large, layered igneous intrusion
(Behrendt et al., 1979).

In addition, there was a flight that extended the grid
network by two grid lines (100 kilometers apart) to the
north and east of Byrd Station and gathered data in the
vicinity of Thwaites Glacier. The value of this mission
was in providing data on thickness and bedrock eleva-
tion of Thwaites Glacier, which is one of the principal
outlet glaciers of the West Antarctic Ice Sheet that is not
protected by fringing ice shelves. Thomas, Sanderson,
and Rose (1979) believe that, unless they flow over high
bedrock sills, such glaciers (Thwaites Glacier and Pine
Island Glacier, especially) may be in a precarious state
of equilibrium and even be collapsing.

Although more data will be required for this area, and
for Pine Island Glacier, a first examination of 1978-79
measurements suggests that there is a bedrock trough
associated with Thwaites Glacier, that the observed
threshold (700 m bsl) may not represent a stable ground-
ing line position, and that the glacier may thus be a
critical element in the stability of West Antarctica.

Flights in East Antarctica included one flight made
over dome C during which a 50-kilometer box pattern
was flown at a 10-kilometer line spacing in each direc-
tion. This mission was in support of surface glaciological
activities of the International Antarctic Glaciological
Project (IAGP). In addition, the Victoria Land traverse I
route of 1958-59 was overflown to collect ice thickness
and magnetic data to supplement ground-based gravity
data. These new data will assist the investigation of the
structure of the Wilkes subglacial basin, where a thick
sequence of sediments has been inferred. Furthermore,
several short legs were flown over glaciers in the Tran-
santarctic Mountains (cross profiles of Liv and Scott gla-
ciers and long profiles of Byrd and Taylor glaciers), as
well as over the Ross Ice Shelf and of the Erebus Glacier
Tongue.

The Scott Polar Research Institute's RES program has
been undertaken in cooperation with the National Sci-
ence Foundation's Division of Polar Programs and the
Technical University of Denmark.

The RES team in 1978-79 consisted of D. J . Drewry
and D. T. Meidrum (leaders), C. S. Neal, E. Jankowski,
D. H. Millar, D. J . Perkins and C. Hereward (all of the
Scott Polar Research Institute); F. Ss!ndergaard (Tech-
nical University of Denmark); and L. Irons (University
of Nebraska). During collaborative work on Dufek Mas-
sif, the team was joined by J . C. Behrendt (U.S. Geolog-
ical Survey), who served as a principal investigator. The
airborne data logging system and magnetometer were
operated under National Science Foundation contract
by R. Hickerson, R. Hutchins, and P. VonGunten (Ap-
plied Physics Laboratory, The Johns Hopkins Univer-
sity).

The National Science Foundation provided us with
logistical support, and we acknowledge the assistance of
U.S. Antarctic Research Program representatives in
Antarctica and New Zealand. We also thank the com-.
mander, executive and operations officers, pilots, and
both the air and the maintenance crews of vxE-6 for
their support.

The Scott Polar Research Institute radio echo sound-
ing program is funded by the U. K. Natural Environ-
ment Research Council.
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Reflections of pulses from polar
ice sheets
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The radar echo sounding of polar ice indicates partial
reflections within the ice sheet itself. The origin and
nature of these radar reflections are the subject of much
debate. Density variations of ice seem to be the most
likely cause of the internal layering observed within the

top 1,000 meters of the ice sheets. To simulate the vari-
ations, some simple models have been considered and
results from these models are presented here. The re-
sults are an extension of the earlier work of Sivaprasad,
Stotz, and Susungi, (1976).

In the models considered, the variation of the dielec-
tric constant owing to density variation is taken into ac-
count. Because the density variation is caused by the
conversion of snow into ice over many thousands of
years, the density changes can be assumed to be either
deterministic or random.

The time reflection coefficient R(t) in air was calcu-
lated using the following equation:

R,(t) =	= JR(w)p(co)exp(jwt)dw

where R(w) is the spectrum of the raised cosine input
pulse of 0.1 microsecond duration and p(w) is the re-

96


