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During the 1988-1989 austral summer, a research group from
the University of Wisconsin at Madison Geophysical and Polar
Research Center conducted geophysical experiments at Up-
stream C camp on ice stream C (figure 1) in West Antarctica
as part of the cooperative Siple Coast Project. Also at Upstream
C were groups from Ohio State University and the U.S. Geo-
logical Survey (USGS). The experiments were designed to in-
vestigate the cause and manner of the stagnation of ice stream

C, which is inactive (Shabtaie and Bentley 1987; Whillans, Bol-
zan, and Shabtaie 1987). The ice stream once was heavily cre-
vassed at the surface, but now crevasses are buried by 30
meters or so, which allowed us to conduct ground-based seis-
mic and radar sounding not only on the ice stream but also
across the (buried) marginal shear zones ("paleomargins") to
the "ridges" on each side. We also conducted airborne radar
surveys by Twin Otter over the upstream portions of ice streams
B and C and ridges AB and BC.

Seismic reflections. High-resolution profiling, using 150-gram
charges, was carried out along nine line segments on ice stream
C and ridge BC (figure 2) to search for subglacial sedimentary
layers similar to those beneath ice stream B, and to determine
the properties of such layers, if they exist. Wide-angle shooting
with charges of 450 grams was carried out on the U and Z
lines, the corresponding segments of the X line, and the X line
between the V and W lines to determine the wave velocities
in and below the ice. The Y and Z lines were profiled again
with 2.3-kilogram charges to study the deeper sedimentary
layering beneath the ice. All shots were fired in holes about
15 meters deep.

The quality of the ice-bottom reflection was much better on

Figure 1. Map of the Siple Coast region showing ice streams A, B, and C; base camp "Upstream C" (UpC) and satellite camp "Ridge BC"
(RBC); blocks covered by airborne radar (squares and rectangles); and short-pulse radar profiles (short, terminated line segments). The
mottled pattern along the sides of the ice streams indicates the marginal shear zones. The map is taken from Shabtaie and Bentley (1988),
q.v. for explanation of other symbols.
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Figure 2. Sketch map of the study area around Upstream C (UpC) showing the seismic profile lines, (solid lines designated "U"-"Z"); the
radar sounding lines (dashed lines designated "D," "E," "F," and "H"); the site of the micro-earthquake monitoring network (open oval);
and the location of the short-pulse-radar grid (solid black square). (km denotes kilometer.)

the ice stream, including the paleomargin, than on ridge BC.
Preliminary observations suggest the occurrence of a reflection
event a few milliseconds after the ice-bottom reflection on the
ice stream and the paleomargin. Deeper subglacial reflections
up to 1 second after the bottom echo were easily observable
in all three regions.

Passive seismic monitoring. From 30 November 1988 to 15 Jan-
uary 1989 an event-triggered seismic monitoring system was
deployed near Upstream C (figure 2) on a 9-station network
that extended 7 kilometers along the X line and 4 kilometers
perpendicular to it. For the first 3 weeks, until the long-re-
fraction experiment, each station had 28-hertz three-compo-
nent seismometers; thereafter there were instead, at seven of
the nine stations, three sets of high-sensitivity, 8-hertz vertical
geophones set 100 meters apart, as for the refraction shots.
The seismic recording system was serviced once a day at which
time the recording medium (a 10-megabyte floppy disk) and
batteries as needed were replaced. Recording continued until
the disk was full, i.e., for approximately 15 events.

More than 200 natural seismic events were detected and
recorded. Preliminary analysis indicates that a vast majority

of them originated at the base of the ice stream and that there
are on the order of 50 events per day within detection range.
This is in sharp contrast to ice stream B, where the seismic
activity is primarily associated with near-surface cracking, and
in two seasons of micro-earthquake monitoring, only one suite
of nine bottom events was detected (Blankenship et al. 1987).

Crustal refraction experiment. The seismic reflection system,
deployed near ridge BC camp, and the micro-earthquake mon-
itoring system were used for a reversed refraction profile. Eight
shots, ranging in size from 180 to 360 kilograms, were fired
along the X line at and between the two recording sites. Time
breaks were recorded at the passive seismic end but not at the
other due to radio difficulties. Arrivals were recorded from all
shots at both ends of the line. Preliminary results suggest that
crystalline basement lies about 200 meters below the base of
the ice. The maximum shot-receiver separation of 63 kilometers
was not sufficient to record a refracted arrival from below the
crust.

Airborne radar. Our digital 50-megahertz radar system was
improved this year by including a transmit/receive switch so
that the two antennas could be used for both transmitting and
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receiving, thus doubling the signal levels. The system was
mounted on the Twin Otter from 10 to 18 December 1988 and
again from 7 to 9 January 1989. During these two periods, 24
4-hour flights were completed. Four blocks, each 110 kilo-
meters on a side, were flown over the main part of ice stream
C, the catchment-to-ice-stream transition zones of ice streams
B and C, ridge BC, and a part of ridge AB (figure 1). Lines
were spaced 10 kilometers apart both north-south and east-
west in blocks 1 and 3, 5 kilometers apart in both directions
in block 2, and 10 kilometers apart but north-south only in
block 4. A smaller block (block 5), also comprising only north-
south lines (10 kilometers apart), covered a section of the
boundary between ice stream A and ridge AB. In addition,
grids were flown over two Ohio State University photogram-
metry networks (10-block and 20-block) with spacings of 5
kilometers east-west and 20 kilometers north-south.

Ground-based 50-megahertz radar. When it was not in the Twin
Otter, the 50-megahertz digital radar system was mounted in
a wannigan, the antennas were put on a sled, and both were
towed behind a Tucker Sno-Cat. With this configuration, we
profiled along all the seismic reflection lines, two Ohio State
University strain lines (D- and E-lines) also radar-surveyed by
the USGS research group, the F- and H-lines in the strain grid
laid out by Ohio State University in 1983-1984 (figure 2), and
a line across the "super bowl" (a large depression prominent
in satellite photographs of ice stream C, outside the limits of
figure 2). Each line was profiled twice: once at a receiver gain
setting that maximizes the ice-bottom reflection without clip-
ping the signal and once at 12-decibel higher gain to enhance
reflections from internal layers.

Short-pulse radar. Work with our GSSI SIR-8 short-pulse radar
system was designed principally to detect the depth of buried
crevasses within the paleomargin. The system is a mono-pulse
radar with a pulse duration of 6 nanoseconds, an applied peak
power of 42 watts, and an 80-megahertz transducer. The radar,
mounted on a Nansen sled, and the antenna, mounted on
skis, were towed by an Elan snowmobile.

Profiles were run across the paleomargin onto ridge BC at
five different locations distributed along the entire length of
ice stream C (figure 1). Positions for the start and end point
of each profile (except that near Upstream C) were taken from
the inertial navigation system of the Twin Otter when it dropped
off and picked up the field party. From a 10-meter ice core

taken at each starting point personnel from Ohio State Uni-
versity will determine densities and the accumulation rate; the
former are needed to determine radio-wave velocities, and the
latter to convert depths of burial to times since stagnation. The
distribution of those times along the ice stream should give a
clue to the manner in which the ice stream stagnated.

Useful returns were obtained to a depth of approximately
100 meters. In most instances, an abrupt transition from the
shear margin to the ridge ice was found. The depth of burial
increases sharply, sometimes doubling, just before this tran-
sition is reached. On the profile farthest upstream, crevasses
are at a much shallower depth than on the others, and open
crevasses were seen from the air a few kilometers to the north.

In addition, a grid 700 by 700 meters, located 3 kilometers
from Upstream C, was profiled at 10-meter to 50-meter line
spacing to determine the orientations of individual crevasses.
Those orientations will give us an idea of the state of stress at
the time of ice-stream stagnation.

We appreciate the field assistance of Neal Lord, Cliff Mun-
son, and Drew Novick, the work of Bill Boller and the Polar
Ice Coring Office team in preparing shot holes, and the co-
operation of Ian Whillans and his Ohio State University group,
and Steve Hodge and the USGS party. Flight support from
Bob Allen, pilot, and the Ken Borek Air crew was exemplary.
This research was supported by National Science Foundation
grant DPP 86-14011. This is contribution number 509 of the
University of Wisconsin at Madison Geophysical and Polar
Research Center.
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