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T
his field program was designed to test some theories for
ice-stream mechanics, to describe crevasse opening and

the behavior of crevasse bridges, and to study a feature on an
interstream ridge that may be a relic from a formerly different
ice-stream flow.

Global positioning system (GPS) techniques developed
earlier (Hulbe and Whillans 1993, pp. 151-158) were reem-
ployed and refined. We used the stop-and-go kinematic GPS
technique with four geodetic-quality GPS receivers operating
simultaneously to survey permanent grids of poles planted in
the firn. The carrier phases of satellite signals were continu-
ously tracked from roving and stationary receivers. Each pole
was occupied for at least 25 seconds; Ski-doo travel between
stations took about 5 minutes. The measurements were
reduced at camp soon after the surveying to compute relative
positions to an accuracy of about 0.01 meter.

Figures 1 and 2 show the working configuration. Each
roving receiver was part of a train of two (sometimes three)
Ski-doos as required for safety and as discussed below. The
sled carried three specially built wooden boxes: one to cush-
ion the electrical package (the receiver), another to hold the
battery, and a third, which was open at the top and had a ver-
tical slot lined with door-jamb weather stripping, to hold the
coaxial cable during travel. The GPS antenna rode on a steel
pipe. Handles were fitted to the antenna for easy transfer to
and from poles set in the glacier. The poles were hollow steel
conduit. A pin protruding from the base of the antenna fit
into the poles. The sled was towed to each grid pole in turn,
and the antenna was placed on that pole for 25 seconds. The
three-dimensional position of the pole top with respect to
other simultaneously operating receivers was so obtained.

The method permitted large strain grids to be surveyed
accurately in a short time, horizontal strain rates to be calcu-
lated easily in the field, and for the first time, relative vertical

velocities to be readily obtained. The acquisition of precise
relative vertical velocities over such a large area constituted a
new type of measurement that was expected to be very useful
in testing models for ice flow.

A modification of the plan this year was that two, rather
than one, pivot (fixed) receivers worked simultaneously with
two roving receivers. This meant that two baselines could be
computed for each occupation of a pole. The pivot receivers
ran unattended. The new field procedure was more complex
than when a single operating pivot station was used, but it was
considerably more efficient and was a major reason for our
finishing the survey earlier than planned. The other reason for
early completion is that the weather was uncommonly good.

The strain grid installed and measured in 1991-1992
around the Upstream B Camp, on ice stream B2, was remea-
sured (figure 3). The scientific objectives of this program were
the following:
• To test whether ice crystals in the glacier are strongly ori-

ented. Researchers had predicted that the ice stream is
partially decoupled from the ice-stream walls because of a
crystal-orientation fabric. The fabric is apt to vary in
strength from site to site. Strong fabrics will be manifest by
excessive side shearing and associated small lateral com-
pression. (Preliminary interpretations of the strain results
indicate that this effect, if present, is small.)

• To test whether the mapped surface-topographic features
are standing waves in ice flow. The vertical velocity of the
surface was compared with surface slope. (Preliminary
analyses show a close correspondence, indicating that
most of the surface features are standing waves.)

• To describe the flow around and through surface-topo-
graphic features to test whether surface-topographic fea-
tures are caused by locally large basal resistance. (The
results showed that a given surface topographic feature is
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Figure 1. Working configuration with safety features.
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associated with a much smaller disturbance to strain rates
than have been reported for other ice sheets.)
To search for locally unusual vertical velocities, perhaps
due to wedge-shaped slabs of stiffer ice being pressed
upward. (None was found.)
To describe the opening and evolution of selected crevass-
es. (Data have not yet been evaluated.)

First results of this program are described by Hulbe and
Whillans (in press).

The main strain grid is shown in figure 3. Small-scale
grids are not depicted. This program required 11 days.

A second, new camp was occupied. Called Dragon Camp
(and OutB), it lay just outside of the southern shear margin to
ice stream B2, at station 21. The ice velocity at station 21 is

Figure 2. Nansen sled with GPS equipment. The antenna with holder fits into the hollow steel pipe. The GPS receiver is
in a padded box just to the left of the pipe. A box for loose coaxial cable is to the right. The battery is in a box to the
far left. Also on the sled are bags containing survival gear and crevasse rescue equipment, and a box containing a
radio and extra fuel for the Ski-doos. (Photograph by C.L. Hulbe.)
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Figure 3. Elevation contours (ellipsoidal height), strain rate and rotation rate for the main grid near
Upstream B Camp. An arrow of length 1 kilometer (km) in map units corresponds to a strain or rotation
rate of 0.001 per day.
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nearly zero (Whilians and Van der Veen in press). We were
transported to and from this site by Twin Otter aircraft based
at Upstream B.

From Dragon Camp, further strain grids were established
to accomplish the following:
• To measure the strain due to stresses transmitted to the

nearly stagnant ice from the ice stream. (The answer will
require a resurvey next year.)

• To test whether an unusual, narrow curving ridge on Sys-
teme Probatoire d'Observation de la Terre (SPOT) imagery
(Merry and Whillans in press) really exists and to measure
strain and vertical velocity associated with it. (It is present
and seems to be the edge of a terrace. Maybe it marks the
level of the ice sheet before the ice stream next to it
formed. Motion will be detected on resurvey next year.)

• To study the opening and rotation of one crevasse and the
behavior of its bridge.

• To set very deep stations in the firn for determining verti-
cal motion of the ice sheet (following Elliot, Strange, and
Whillans 1991).

The program at the Dragon Camp took 17 days.
Safety procedures were refined by two mountaineer

guides. All travel was conducted in trains of Ski-doo-Nansen
sled-Ski-doo, with personnel roped in. Distances between
each Ski-doo and sled were about 15 meters. In severe terrain,
three Ski-doos and a sled were used. Drivers were connected
to engine-kill switches. They usually wore protective helmets
with face guards. The lead driver was tied into the Nansen
sled and the trailing driver to his or her own Ski-doo. A recog-
nized weakness of the system is that the trailing driver would
end up hanging beneath the Ski-doo in a crevasse, but no
good remedy was devised. To protect the tow rope from acci-
dental damage due to being overrun by the trailing Ski-doo,
the rope was sheathed in PVC pipe about 1 meter long and a

4-liter plastic bottle was placed at the forward end to prevent
the tip of the pipe from digging into the snow. Bungee cords
pulled the pipe upward when tow tension was released so
that the pipe did not jam under the Ski-doo. A low profile
wooden box filled the space behind each driver. This blocked
holes in the rails that drivers might otherwise catch with their
feet during a fall. The box also provided a convenient site for
lashing down safety ropes. In addition to using ropes to con-
nect the train during travel, we used ropes arranged so that
foot forays were possible by unhooking more rope held by
bungee cords to the Ski-doo box. Refresher courses were held
to ensure that all personnel were comfortable with proce-
dures. As it turned out, there were no dangerous incidents
involving crevasses.

Field party members were Pete Brailsford (mountaineer-
ing guide), Christina Hulbe, Jack Kohler, John McNamee
(mountaineering guide), Toni Schenk (second half of season),
Charles Toth (first half of season), and Ian Whillans. This
research was supported by National Science Foundation
grant OPP 90-20760.

References

Elliot, D.H., W. Strange, and I.M. Whillans. 1991. GPS in Antarctica.
Byrd Polar Research Center Technical Report No. 91-02. Columbus,
Ohio: Byrd Polar Research Center.

Hulbe, C., and I.M. Whillans. 1993. Stop-and-go GPS in Antarctica.
Surveying and land information systems (Vol. 53, No. 2). Bethesda,
Maryland: American Congress of Surveying and Mapping.

Hulbe, C., and I.M. Whillans. In press. Evaluation of strain rates on ice
stream B, Antarctica, obtained using differential GPS. Annals of
Glaciology.

Merry, C.J., and I.M. Whillans. In press. Flow features of ice stream B,
studied with SPOT HRV imagery. Journal of Glaciology.

Whillans, I.M., and C.J. van der Veen. In press. New and improved
velocities of ice streams B and C, Antarctica. Journal of Glaciology.

Vertical temperature profile of ice stream B
HERMANN ENGELHARDT and BARCLAY KAMB, Division of Geological and Planetary Sciences, California Institute of

Technology, Pasadena, California 91125

T
he vertical temperature profile through ice stream B has
been measured near Upstream B Camp (83.5°S 138.1°W)

in several hot-water-drilled boreholes, using temperature
transducers and thermistors. A preliminary temperature pro-
file was given previously (Engelhardt et al. 1989, 1990). The ice
thicknesses were 1,035 meters (m) and 1,057 m in boreholes
500 rn apart, transverse to flow of the ice stream.

In our first temperature-transducer string, emplaced in
1988-1989, the sensors in the lowest 110 m did not survive the
ice pressure. In the 1991-1992 field season, a new thermistor
string was emplaced to measure the lowest 167 m in a 1,057-
m borehole. In 1992-1993, a thermistor string was placed in

the upper 120 m of the ice stream near the 1,057-rn borehole.
To protect the thermistors from the ice pressure, they were
encapsulated in small thick-walled copper tubes with electri -
cal feed-throughs and were tested and calibrated in a high-
pressure vessel.

The temperature in boreholes that were drilled with hot
water needs time for equilibration to reach the undisturbed
temperature of the ice. During drilling, the ice next to the
borehole is warmed by the heat loss through the hot-water
drilling hose in addition to the heat of drilling itself. Freeze-in
of the sensors in the upper part of the water-filled borehole in
colder ice (approximately -25°C) occurs within a few hours,
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