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Teams from the University of Wisconsin (UW) and the Insti-
tute of Geography(IG), Russian Academy of Sciences, carried out
field work in 1991-1992 in the vicinity of UpB camp (8,T29' S
138' 15'W) ice stream B that was devoted entirely to experiments
with radar systems. The five systems were an 80-megahertz
impulse (short-pulse) system (GSSI model SIR8) (UW), a digitally
recording 50-megahertz SPRI Mark II system (UW), a UHF (620-
megahertz with optional pulse lengths of 0.1 microsecond and 0.7
microsecond) RLS-620 system (IG), a VHF (60-megahertz) ARS-
4 system (IG), and an HF (2-megahertz and 8-megahertz) MPI-8
system with digital as well as analog recording (IG).

The central components of the UW short-pulse radar, a high-
resolution system for studying the top 100 meters of the ice sheet,
were mounted on one Nansen sled with the antenna towed 30
meters behind on another sled. A combination of a bicycle-wheel
odometer, a motion detector, and two GPS receivers provided
navigation. Output from the radar receiver and the navigation
system were logged digitally.

We used the short-pulse radar initially in a safety survey of all
lines on the strain grid established by Ohio State University
(OSU) (figure 1). This work led to a division of the survey region
into "crevassed" (crevasses near the surface) and "uncrevassed"
(crevasses buried deeply enough for safe travel with Tucker Sno-
Cats) zones (figure 1). It also yielded a general survey of the depth
and lateral frequency of buried crevasses. Profiles with the IG
UHF system, totaling approximately 100 kilometers in length,
will image not only buried crevasses but also internal layering to
depths of 200 meters or 500 meters, depending on the pulse
length.

To aid in the interpretation of radar returns from crevasses, we
ran several transects across open or shallowly (0.5 meters) buried
crevasses whose depths were measured. These experiments
showed that the bottom of such a crevasse acts as the principal
diffractor. We attribute the weakness of returns from nearer the
surface to a combination of the smoothness of the crevasse walls
and the down-looking beam angle of the antenna.

For the diffraction experiments (below) it is important to know
which variations in basal-echo strength result from interference
from near-surface crevasses, so we profiled in both longitudinal
and transverse directions over all of the diffraction grids. An
example is shown in figure 2.

Twelve successful trackings of the California Institute of Tech-
nology (Caltech) hot-water drill as it penetrated the firn will be
used for determination of the variation of electromagnetic wave
velocity with depth.
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Figure 1. Map of the OSU strain grid in the vicinity of UpB camp,
showing the boundary between the "crevassed" and "uncrevassed"
regions, areas of the high-density radar-profiling grids (numbered
areas), and the location of the polarization experiments (crosses and
rectangle marked "P").

We used the UW 50-megahertz radar primarily in surveys of
high-density grids at six sites (figure 1) to determine differential
movement rates between the upper and lower surfaces of the ice
stream by repeated precise positioning of the diffraction pattern
that arises from interference between reflections off irregularities
in the ice-bed interface.

A newly designed and built automated system provided
significant improvements in position control. It included a de-
vice, driven by a trailing bicycle wheel, for triggering the radar
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Figure 2. Short-pulse-radar record obtained from grid 3. The profile
runs one kilometer upstream from left to right. The vertical extent Is
one microsecond of two-way travel time (about 90 meters).
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Figure 3. Two detailed reflection images from a 50-meter section in
area 3. The lower recording was made 31 days after the upper, during
which time the ice moved 37 meters to the left. The tops of the dark
areas represent the base of the ice. The vertical range in both
diagrams Is one microsecond of two-way travel time. Each vertical
stripe is 0.7 meters wide.

system every 0.7 meters and also a highly directional microwave
motion sensor, which detected accurately located marker stakes
in passing.

The repeat surveys on grids 1, 2, and 3 revealed no relative
motion of basal diffraction patterns (figure 3), which means that
the differential motion is less than 2 percent of the velocity of the
ice stream. In these three locations, at least, the ice-stream sole
moves unmodified in shape through a yielding bed. We have
seen no indication of "sticky spots." The data from grids 4,5, and
6 have not yet been examined.

Only the "uncrevassed" portion of the OSU strain grid was
profiled with the UW 50-megahertz radar. Preliminary results
indicate significant anistropy in bed roughness and some surpris-
ingly large changes in reflection amplitude from place to place.

We profiled the entire grid with the IG VHF radar for determi-
nation of ice thickness and internal layering and carried ott
discrete studies of pulse amplitude and shape at 90 percent of the
grid stakes. In addition, we surveyed diffraction grid 1 for direct
comparison between IG and UW results and made ice-thickness
measurements with the IG HF (2 megahertz) system at 16 stakes
along the Z line.

The UW and IG groups performed 57 radar polarization
experiments to search for anisotropy in the ice, primarily at Site
P (figure 1) in an area where strong shear strain suggests a
boundary between blocks of ice of different origin and internal
characteristics (I. M. Whillans personal communication 1992).
Preliminary results suggest that changes in ice fabrics do occur in
a zone that lies roughly along the B line.

IC personnel made wave velocity measurements at 2 mega-
hertz by the wide-angle-reflection, common-midpoint method at
three sites; at one the IG group also made the measurements at 8
megahertz. With their VHF radar they also monitored basal
echoes around the Caltech drill holes as the drill approached the
bed to search for possible changes in the location, strength, or
pulse-shape of the returns.
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