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Glaciogeophysical survey of the
interior Ross embayment (GSIRE):
Summary of 1983-1984 field work

C. R. BENTLEY, S. SHABTAIE, D. D. BLANKENSHIP,
and D. G. SCHULTZ

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

Upstream "B" camp was established at 83°31.2'S 138°05'W.
The main geophysical survey grid is shown on the sketch map
of the camp (figure 1).

Radar sounding. Nearly 200 kilometers of radar profiling along
and across the ice stream was completed using the 35 and 50
megahertz radar. Radar profiling revealed:
• Scattering due to buried crevasses is common.
• The bottom echo is strong, particularly beneath troughs in

the surface topography.
• The ice thickness is around 1 kilometer over a flat, smooth

bottom.
• A relatively weaker echo, 30-50 meters below the main echo,

appears almost everywhere in the survey area.
• Internal layers could be seen as deep as 500-600 meters in

some places and at least to 400 meters everywhere. They
show good continuity along the flow direction but appear
discontinuous with strong fading perpendicular to flow di-
rection. At many locations the internal reflectors are cut by
fault-like features that could be traced along the presumed
flow direction; these features may provide a useful tool for
delineating the flow lines.
One radar common-depth point reflection experiment was

carried out, and a total of ten polarization experiments were
made at six different sites across the ice stream. Many A-dis-
plays for amplitude studies on both internal and bottom echoes
were recorded. These data will be used for calculating the
change with depth of the reflection coefficient of the internal
layers, and for estimating bottom roughness. An echo-strength-
measuring instrument was built in Madison, Wisconsin and
was successfully tested in the field. However, the recording
system, which consisted of an oscilloscope and a Polaroid cam-
era, produced only a poor quality film record. A better os-
cilloscope along with an automatic motion picture camera will
be used in future work.

Electrical resistivity. Three profiles were made, two parallel
and one perpendicular to the flow direction. One of the two
parallel profiles was completed early in the season, and one
late. On each occasion temperatures in the upper 20 meters of
the ice sheet were recorded, so that it will be possible to calcu-
late the thermal activation energy of the firn. Firn densities in

the upper 21 meters also were determined for a 3-meter-deep
pit and a 21-meter deep hand-augered hole. Electrode contact
resistance was reduced at large electrode spacings (greater than
1 kilometer) to a few tenths of a megohm by means of brine
soaking, enhancing the signal-to-noise ratio by an order of
magnitude over previous experiments. As a result, it was possi-
ble to record successfully to electrode separations of 6 kilo-
meters. At large electrode separations the apparent resistivity
increased with increasing separation, a behavior that is indica-
tive of a layer of highly resistive ice in the deeper part of the ice
stream.

Temperature logging. Temperature measurements were made
in a 200-meter hole drilled by personnel of the University of
Nebraska Polar Ice Coring Office. Fifteen thermistors were
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Figure 1. Sketch map of Upstream "B" camp indicating the
geophysical grid network. ("N" denotes north; "mag" denotes mag-
netic; "KM" denotes kilometer.)
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Figure 2. Locations of recording stations and shot holes used for
1983-1984 GSIRE seismic experiments. ("m" denotes meter; "km"
denotes kilometer.)

mounted on a cable that was lowered down the hole and frozen
in. Temperatures were measured four times during the season
at all depths to obtain a good cooling curve. At the end of the
season the cable was marked and covered for future use. In
addition, temperatures in the upper 20 meters were measured
every half-meter from 0-10 meters, and every meter from 10-20
meters. These measurements were made on three different
dates to document the movement of the winter cold wave.

Gravity and magnetics. Over 200 gravity and magnetic stations
were completed at 0.5-kilometer spacings in the survey area. In
conjunction with this work, a total of about 140 kilometers of
optical leveling was carried out. Maps of both total-field mag-
netic and gravity variations show predominantly linear trends
that suggest a relatively smoothly varying subglacial topogra-
phy and a uniform depth to magnetic basement. However, both
maps contain two anomalous regions that seem to correlate
fairly well with topographic features on the surface of the ice
stream (figure 2). A magnetic high and a gravity low are both
associated with a valley grid south of the camp which roughly
parallels the ice-stream margin. Gravity and magnetic highs are
also coincident with the terminus of a linguoidally shaped
surface feature near the upstream end of the grid. Further grav-
ity, magnetic, and other geophysical measurements will be
needed to determine whether these features are related.

Seismic studies. Approximately 300 high-resolution digital
seismograms were recorded at 35 separate recording stations.
(Figure 3 shows all but two long-refraction sites.) The seismic
experiments included one short-refraction station, 17 inter-
mediate-refraction stations (with coverage out to 6 kilometers),
20 common-midpoint reflection stations, 13 kilometers of wide-
angle reflection profiling at 16 stations, 7.5 kilometers of near-
vertical reflection profiling at 15 recording stations, and a re-
versed long-refraction profile, with shots at 7, 10, 13, and 18
kilometers along the forward profile and at 13 and 18 kilometers
along the reverse.

Whenever possible, all three components of seismic motion
were recorded to yield S-wave as well as P-wave information; S-
wave data are especially important if the ice crystals are

1 k
Figure 3. Surface topography of the area upstream from Upstream "B" camp, relative to an arbitrary datum. The contour interval is 4 meters.
Tick marks indicate downslope slide of contour. ("N" denotes north; "mag" denotes magnetic; "km" denotes kilometer.)
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anisotropically distributed about a nonvertical axis. Most ex-
periments, except the long-refraction shooting, were carried
out along three separate azimuths. Good receiver coverage on
the long-refraction profile made it possible to identify deeply
refracted secondary arrivals, at least two of which became first
arrivals at offsets greater than 13 kilometers.

Seismic field procedures were much more efficient than in
previous seasons because of the large dynamic range and broad
bandwidth of our new University-of-Wisconsin built digital re-

cording system. The new system was used for all seismic re-
cording; it performed to full specification the entire time with no
mechanical or electrical failures.

The field party comprised Shabtaie, Blankenship and
Schultz, and also J. Dallman,J.E. Nyquist, K. C. Taylor, and B.R.
Weertman.

This work was supported by National Science Foundation
grant DPP 81-20332. This is University of Wisconsin,
Geophysical and Polar Research Center contribution 424.

Ice stream dynamics

I. M. WHILLANS

Institute of Polar Studies
and

Department of Geology and Mineralogy
Ohio State University

Columbus, Ohio 43210

As the start of a study of the dynamics of the ice streams
draining from Marie Byrd Land into the Ross Ice Shelf, an Ohio
State University team visited the three sites shown in figure 1.
The ice streams are named "A," "B," "C," etc., from south to
north and they are quickly moving portions of the ice sheet
separated by more nearly stagnant ridges.

The first site is near the center of a straight section of Ice
Stream B that contains fewer crevasses than elsewhere on that
ice stream. According to Rose (1979), ice stream B is normal and
"healthy," and a principal objective is to determine how the
resistance to motion is manifest: by basal drag, by side drag, or
by pushes or pulls in the direction of flow. A strain grid (the left
side of figure 2) was established and it is to be remeasured next
year and interpreted along the lines taken by Whillans and
Johnsen (1983) to determine basal velocity- and drag-variations.
The grid runs parallel to the crevassing marginal to the ice
stream. We presume that the flow is parallel to these margins,
and we are surprised to find that the surface slope in the lower
portion of the grid is about 45° different from this presumed
flow direction (the left side of figure 2). Doppler satellite track-
ing was conducted at each end of the grid, and after repetition
next year, absolute velocities will be available.

The surface topography near our camp on ice stream B is
composed of undulations of wavelength about 30 kilometers (30
ice thicknesses) in the flow direction but only 5-10 kilometers
across flow. Such anisotropy may be associated with the sub-
glacial geology or with ice flow. We suspect that resistance to
flow is concentrated at isolated sticking points, and that the rest
of the ice stream may be freely sliding. This program, together

with the radio-echo sounding program of Sion Shabtaie (Ant-
arctic Journal, this issue) is designed to help address this issue.

Our second camp was on ice stream C. Airborne radar sound-
ing suggested that this area had heavily crevassed margins but
no crevasses were visible. Rose's (1979) interpretation of this is
that ice stream B has pirated the drainage of ice stream C so that
ice stream C slowed and crevasses are no longer forming.
However, relict crevasses now buried in the firn were probably
detected by radar.

Our program on ice stream C (figure 2B) is similar to that on
ice stream B. On ice stream C the surface undulations have
wavelengths on the order of 10 kilometers (ten ice thicknesses)
in both directions. The undulations on inland ice are usually
about three ice thicknesses (Budd and Carter 1971; Whillans
and Johnsen 1983; Whillans et al. 1984) so ice stream C seems to
be closer in flow character to ice stream B than to inland ice but it
is not yet clear how the flow may differ.

The third site is on Siple Dome, which is one of the less active
regions between ice streams. It is widely held that the west
antarctic ice sheet was much thicker 18,000 years ago than
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Figure 1. Location map. Ice flow is top to bottom into the Ross Ice
Shelf. Hatching represents crevassing as detected by airborne radar
by Jankowski and Drewry (1981). Triangles show campsites.
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