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Land-ice studies

Geophysical experiments on Ridge B1/B2, Siple Coast
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G
eophysical field experiments were carried out during the
1993-1994 austral summer on the ridge of nearly station-

ary ice, known as the "Unicorn," that lies between ice streams
BI and B2. The "Unicorn" is bounded by the marginal shear
zones of the two ice streams, called the "Heffalump" and the
"Dragon," respectively (figure 1). The base camp, OutB, was
situated across the "Dragon" from station UpB, the site of
many measurements during several previous field seasons.
The overall purpose of our study was to examine the charac-
teristics of the ice and its bed and to search for contrasts with
ice stream B2 that might help us to understand the nature of
the lateral transition zone between regions of slow [approxi-
mately 5 meters per year (m yr')] and fast (approximately 500
m yi- 1) ice movement. The geophysical program comprised
seismic, radar, and electrical resistivity experiments spread
out over much of the "Unicorn" (figure 1).

Radar studies

()
ur radar program included short-pulse examination of the
upper 100 m of the ice sheet, 50-megahertz (Mhz) ice-

thickness sounding, a relative-motion study, and polarization
experiments.

The short-pulse work was designed to reveal the location
of buried crevasses, for both scientific and safety purposes.
Initial experiments with 80-Mhz and 500-Mhz antennas
revealed that the former was more effective in imaging the
crevasses, both because of deeper penetration and because
the lower-frequency waves were more strongly diffracted at
the crevasse boundaries. The profiling revealed that near-sur-
face crevasses were limited to a strip about 500 m wide along
each shear margin, but that much of the "Unicorn" is under-
lain by a dense network of crevasses buried at depths of 20-25
m. The boundary between the regions with and without the
buried crevasses (figure 2) lies parallel to, but offset by several
kilometers from, a curved lineation, which we call the "Fish-
hook," that appears on satellite images (Merry and Whillans
1993); the buried-crevasse zone lies on the "Dragon" side of
the boundary. Detailed imaging of the boundary between
crevassed and uncrevassed ice revealed buried curved crevass-
es similar in configuration and orientation to those that are
found at the surface just on the "Unicorn" side of the "Drag-
on." The implication is strong that the buried-crevasse bound-
ary is a former shear margin of ice stream B2 and that the
"Fishhook" is somehow associated with that boundary. The

4.85
Up808

5km
4.90 -l--..

4.45	4.40	4.35	4.30	4.25	4.20	4.15	4.10	4.05

Degrees grid west

4.60

4.65

4.70

0
(I)

4.75
ona)a)
C)
0)

4.80

4.85

4.90 I
4.45	4.40	4.35	4.30	4.25	4.20	4.15	4.10	4.05

Degrees grid west

Figure 1. Sketch maps of the "Unicorn," showing the locations of the
geophysical experiments. The base map is adapted from Shabtaie
and Bentley (1988); the positioning of the experimental lines relative to
the "Fishhook" was fixed by a SPOT image, provided by Merry (per-
sonal communication), that shows both vehicle tracks and the "Fish-
hook." The upper map shows the line designators and the locations of
all geophysical experiments except the radar profiling, which is shown
in the lower map. "UpB88" is the position of UpB camp in 1988. The
grid coordinates are relative to a rectangular grid with axes along the
Greenwich-180 0 and 90°W-90°E meridians; grid north is toward
Greenwich.

depth to the buried crevasses is more or less constant from the
"Dragon" to the limit of buried crevasses, which implies that
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u-igure z. i-art oT a snort-pulse radar transect across the "Unicorn," showing the transition from
chaotic ice (left) to layered ice without crevasses (right). The boundary comes at about 600 m
along the profile. The ordinate is two-way travel time; 0.2 microseconds ( [Ls) is about equivalent
to a depth of 20 m.

the shear margin jumped rapidly from its old to its current
position about a century or so ago.

Ice-thickness sounding was carried out along all the lines
of geophysical experimentation and additional lines as shown
in figure 1. Ice thicknesses increased grid northeastward
across the "Unicorn" by about 250 m, with very little relief.
About 5 kilometers (km) from the "Dragon" along the A line, a
feature that strongly resembles a bottom crevasse extends
about 250 m up into the ice. This feature, also seen on the C, X,
R, and S lines, lies close to, and appears to have the same
shape as, the "Fishhook" (figure 1).

A 1-kilometer section of the D line, at the grid southeast-
ern end of the "Unicorn," was profiled with high positional
precision five times during the season to determine if any
movement, relative to the surface, of the diffraction pattern
produced by roughness at the bed could be measured. Prelim-
inary analysis has shown only that any such relative motion
must be less than 5 m yr', which happens also to be the total
speed of movement of station 27 at the grid northern end of
the D line (Whillans and van der Veen 1993). We hope that a
more detailed analysis will make it possible to put smaller lim-
its on the contribution of internal deformation to the observed
speed of ice movement.

Using newly developed automated equipment, 206 depo-
larization experiments were carried out along lines A, R, and S.
For each experiment, the receiving antenna was placed alter-
nately parallel and perpendicular to the line and for each posi-
tion of the receiving antenna the transmitting antenna was
rotated by a motor through 360 0 ; echoes were recorded at
intervals of slightly more than 1 degree. Assuming that the
dielectric behavior of the ice can be approximated by a trans-
versely anisotropic medium, we have estimated the azimuths
of the symmetry axis and the cosine of the phase difference
between ordinary and extraordinary waves for each location

(see Liu, Bentley, and Lord in press).
Surprisingly, there is no change in the
observed polarization pattern along any
of the three lines, all of which cross the
inferred former shear margin.

Seismic work
total of 37 km of seismic common-

idpoint reflection profiling was
carried out along six lines (figure 1), all
but 5 km of it with fivefold stacking
(stacking on the Z line was threefold).
For the fivefold shooting s-pound shots
were fired at the center, each end, and
360 m from each end of each 690-m
spread. Initial processing of the data
reveals clear bottom and gently dipping
subbottom reflections on the "Heffa-
lL1111p" side of the "Unicorn" (figure 3),
with less clear results on the "Dragon"
side. Part of this difference probably can
be attributed to the densely distributed
buried crevasses in the latter area (see

below), but we suspect that part of it also is because the bed
grid north of the "Fishhook" is frozen, as shown by tempera-
tures measured in a California Institute of Technology drill
hole at the junction of lines A, U, and W (Engelhardt personal
communication).

Near the "Heffalump" there is a remarkable internal
reflector about 30 m above the base of the ice (figure 3) that
extends over an area at least 0.5 by 3 km subparallel to the
"Heffalump." The cause of this feature is obscure. The impul-
sive nature of the echo and the absence of other returns from
within the 30-m layer argue against englacial debris as its
cause (cf. Bentley 1971), and its concave-up shape in the pro-
file shows that it is not a diffraction. Temperature measure-
ments in the California Institute of Technology drill hole
(Engelhardt personal communication) indicate that the tem-
perature at this depth is about -3.5°C (2° below the pressure
melting point), so the reflection could not be caused by a
temperature-induced velocity boundary (Bentley 1971). A
change in ice fabric could produce a sufficiently large reflec-
tion coefficient (Taylor 1982), but it is difficult to see why a
fabric boundary would extend for only 0.5 kilometer along the
profile line.

Common-midpoint wide-angle reflection profiles with
three-component recording were completed out to 5-km off-
sets at eight locations. For these profiles, as for the vertical
reflections, the data from the "Heffalump" side of the region
are clearer, showing both subbottom and shear-wave reflec-
tions. These data should allow us to determine crystalline fab-
rics in the ice and wave velocities in the bed. Corrections for
the lower wave speeds in the firn layers will be made on the
basis of results from three three-component short-refraction
profiles.

A passive seismic array comprising nine three-component
seismographs spread over a 12-km2 area was deployed about 5
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Figure 3. Seismic section along the A line south of the "Heffalump." Note the concave-up reflector
above the bed between 1.2 and 2 km along the line.

km from OutB camp (figure 1). About 91 events identified as
possibly coming from the bottom of the ice have been identi-
fied in the 30 percent of the data examined so far, but none yet
can be said to be certainly on the "Unicorn."

Resistivityproffles

R
esistivity profiles were completed on each side of the
buried-crevasse boundary. The Q line was placed as close

as safely possible to the "Dragon," whereas the P line was
simply placed well within the uncrevassed zone. Current-
electrode separations greater than 4 km (measured from the
center) were attained. Measurements were made at 10 sepa-
rations per decade to provide detailed results. The two pro-
files are very similar; both show the effect of the typical high
resistivity in the deep ice (increase of apparent resistivity at
separations greater than 500 m; see Shabtaie and Bentley in
press) although at somewhat different depths, and neither
extended far enough to reveal any influence from the bed,
which must be characterized by a much lower resistivity than
that in the ice. A second set of measurements at short separa-
tions along the Q line made 5 weeks after the first set showed
the effect of seasonal temperature change only in the upper
meter (separations less than 2 m). On the other hand, resistiv-
ities on the P line were significantly less than on the Q line
through most of the upper 10 m (separations less than 20 m).

The assistance of David Staeheli, both in keeping us out
of crevasses and in helping with many aspects of the field-
work, was invaluable. Carolyn Merry kindly provided us with

the Systeme Probatoire d'Observation de la Terre (SPOT)
image used to draw figure 1. The work was supported by
National Science Foundation grant OPP 92-20678. (Contribu-
tion number 556 of the Geophysical and Polar Research Cen-
ter, University of Wisconsin at Madison.)
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