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In 1990, we continued to analyze radar data from field sea-
Sons in 1987-1988 at Downstream B camp on the ice plain of
ice stream B and in 1988-1989 at and around Upstream C camp
on ice stream C. Four papers on this work were presented at a

meeting of the American Geophysical Union in December. A
summary of our findings follows.

Bed deformation on the ice plain. A radar experiment was con-
ducted on the surface at Downstream B camp (DnB in the
figure) on the ice plain of ice stream B during the 1987-1988
field season to search for moving or changing diffraction pat-
terns in bottom reflections (Bentley and Novick 1990). The ice
sheet here is 830 meters thick; its surface lies only 20 meters
above buoyancy. Repeated profiles over a period of 8 days along
a 1-kilometer transect oriented at an angle of approximately 20
degrees to ice flow showed eight to ten strong diffraction fea-
tures. Because no motion of these diffractors relative to the ice
surface could be measured, we concluded that the differential
movement within the ice stream is less than 40 meters per year,
i.e., less than 7 percent of the movement associated with
Downstream B camp. This diffential-movement finding indi-
cates that deformation of the ice is not a major contributor to
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Map of ice streams A, B, and C (so marked) showing locations of radar measurements. Boxes marked a, b, c, e, 10, and 20 were covered
by airborne radar sounding. Short numbered line segments denote short-pulse-radar profiles across the margin of ice stream C. Stations
Upstream B (UpB), Downstream B (DnB), Upstream C (UpC), and Ridge BC (RBC) are marked by large black dots. The origin of the
rectangular grid coordinate system used on this map is at the South Pole; grid north is toward Greenwich and, therefore, toward the top
of the map. Squares are 10 of latitude (111 kilometers) on a side.
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fast ice-stream movement across the ice plain. Analysis of the
character of the diffraction shows that the diffractor roughness
must be on the order of a few meters vertically with slopes on
the order of 10 percent and that the form of the diffracting
surface, i.e., the base of the ice, changes little during at least
10 meters of movement. These facts imply that the ice must be
deforming the bed to a depth of several meters.

Large bottom crevasse (?). Additional radar profiling during the
1987-1988 season at Downstream B camp on the ice plain of
ice stream B revealed a long, continuous diffractor above the
bed (Novick and Bentley 1990). Thirteen transects across the
feature show a nearly hyperbolic shape indicating an approxi-
mately linear diffractor oriented parallel to the direction of ice
movement. The diffractor is 60 meters above the bed on the
transect farthest upstream and grows higher until it is over 100
meters above the bed on the last transect 12 kilometers down-
stream from the first. This suggests that the feature is at least
24 kilometers long. The returns from the diffractor increase in
strength downstream. We believe the primary source of the
returns is the apex of a bottom crevasse. Small but consistent
deviations from the hyperbolic form and the fact that the am-
plitudes of the returns are stronger on one side of the feature
than the other indicate that there are also some returns from
at least one flank of the crevasse. These characteristics suggest
that the crevasse is not symmetrical about a vertical axial plane.

Surface and bed elevation maps from airborne radar sounding. Dur-
ing austral summer 1988-1989, 14,000 kilometers of airborne
radar data, consisting of six gridded blocks (figure) with line
spacing of 5 x 5 kilometers (block b), 10 x 10 kilometers (blocks
a and c), 5 x 20 kilometers (blocks 10 and 20), and 10 kilometers,
one way only (block e), were collected over the upstream por-
tions of ice streams A, B, and C and the intervening "ridges"
using a modified SPRI Mark IV 50-megahertz radar mounted
in a Twin Otter aircraft (Lord, Retzlaff, and Bentley 1990). Hor-
izontal and vertical positions were recorded respectively from
the inertial navigation system and pressure altimeter in the
aircraft. Ground control was provided by ties to Ohio State
University's satellite-surveyed ground stations. A linear drift
in the inertial navigation system was assumed and corrected
for; the drift rates were evaluated from the closure in position
at the end of each flight. Ice thicknesses were determined from
computer-picked arrival times of the surface and bottom reflec-
tions, and surface elevation was calculated from the aircraft's
recording radar altimeter. Crossover errors for surface elevation
were minimized in a least-squares sense by applying a height
correction to each flight line. Elevations were made absolute by
the ties to the ground stations. Residual crossover errors indi-
cate standard errors in surface elevation and ice thickness of 4

meters and 30 meters, respectively. The maps are generally
similar to pre-existing reconnaissance maps, but they show
much more detail.

Dating the shutdown of ice stream C. That same season, our
GSSI SIR-8 short-pulse radar system was deployed on five pro-
files across the buried shear margin of ice stream C (figure) to
detect the depth to buried surface crevasses (Retzlaff and Bent-
ley 1990). A density-versus-depth curve from a seismic short-
refraction experiment was used to calculate a curve of radio-
wave velocity versus depth that was in turn used to convert
radar-echo times to depth. After correcting the profiles for re-
gional variations in accumulation rate along ice stream C, we
found that there is no significant difference in the time of cre-
vasse burial at the four downstream locations (profiles 1-4). All
four profiles give a shutoff time for the ice stream of 130 ± 20
years ago. The profile farthest upstream (profile 5), however,
indicates an age of burial about half that of the other profiles.
This indicates more recent activity for the upstream end of ice
stream C; in fact, visible surface crevasses occur along one of
its margins. Variations in depth to buried crevasses within in-
dividual profiles were found to correlate with surface slope; we
believe that is because the slope affects the local accumulation
rate.

In a separate short-pulse radar experiment, a 700-meter-
square grid near Upstream C camp was profiled. To determine
the nature and orientation of the buried crevasses, individual
crevasses were correlated from line to line within the grid. A
primary set of buried subparallel crevasses oriented very nearly
along the axis of the ice stream was found. Whether the cre-
vasse orientation on this grid is representative of a more exten-
sive region is uncertain.

This work was supported by National Science Foundation
grant DPP 86-14011. This is contribution number 518 of the Uni-
versity of Wisconsin at Madison, Geophysical and Polar Re-
search Center.
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In 1990, we continued to analyze seismic and gravity data
from the 1988-1989 field season at Upstream C camp on ice
stream C. (For location see the figure in Bentley, et al., Antarctic
Journal, this issue.) Three papers on this work were presented
at a meeting of the American Geophysical Union in December.
A summary of our findings follows.

Bed softness from phases of seismic reflections. The phases of
seismic compressional waves reflected off the bed of ice stream
C and ridge BC, recorded from high-resolution profiles shot in
1988-1989, indicate lateral changes in the basal boundary con-
dition (Atre and Bentley 1990). In a zone 20 kilometers wide
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