
Electromagnetic studies	article (Bentley, Anandakrishnan, and Rooney, Antarctic Jour-

theon	 nal, this issue). Here we outline the airborne and surface-basede s ip e Coast,	 radar sounding and electrical resistivity profiling that also were
1987-1988	 conducted.

Radar. Two extensive digital radar surveys were flown dur-

C.R. BENTLEY D.D. BLANKENSHIP and C. MOLINE
ing the season (figure 1). The downstream reaches of ice stream
B were covered by a 120-by-180-kilometer grid with a 6-kilo-
meter grid spacing; a 121-by-242- kilometer grid with an 11-

Geophysical and Polar Research Center	 kilometer grid spacing was flown over the comparable portion
University of Wisconsin	 of ice stream C. A small grid also was flown over the tip of
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	 Crary Ice Rise. Both "raw" and "stacked" (i.e., the coherent
integration of 512 "raws") returns were recorded every 50 me-

The University of Wisconsin's seismic field program Down-	ters along the survey lines. A time-varying gain allowed fully
stream B camp in 1987-1988 was presented in the previous	calibrated coherent echoes from both the surface and the ice
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Figure 1. Map of the Siple Coast region showing the 1987-1988 airborne radar flight coverage of the lower reaches of ice streams B and
C and the grid southeastern end of Crary Ice Rise. Base map taken from Bindschadler et al. (1987). (m a 1 denotes meters per year. km
denotes kilometer.)
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Figure 2. Apparent resistivity curves parallel and perpendicular to flow on the topographic low. "Separation' is the distance of each current
electrode from the center. (DNB denotes Downstream B. m denotes meter.)

bottom to be recorded routinely for the first time. Navigation,
precision barometer, and radar altimeter observations, re-
corded digitally every 150 meters along the survey lines, will
be combined with the radar data (adjusted to match at the
many flight-line crossings) to generate precise elevation maps
of both the surface and the base of the "ice plains" of ice
streams B and C. Statistical evaluation of echo amplitudes will
be made to map the roughness and specular reflection coef-
ficient of these two surfaces. Our ultimate goal is to generate
digital maps of physical parameters that are suitable input for
three-dimensional models of ice stream dynamics.

Following the airborne program, the digital radar system
was installed in a wanigan for use on the surface. Reflection
profiling for ice thickness was carried out along all the seismic
profile lines. In the course of the profiling a remarkable linear
feature (bottom crevasse?), penetrating 50 meters to 150 meters
into the ice from its base was traced over a distance of 30
kilometers sub-parallel to the direction of ice movement.

Repeated, very detailed, reflection data were collected over
a 9-day period along a 1-kilometer line marked with flags every
10 meters. Correlation of many small-scale characteristics of
the bottom echo on successive days showed no detectable
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Figure 3. Apparent resistivity curve from the topographic high location. "Separation" is the distance of each current electrode from the
center. (DNB denotes Downstream B. m denotes meter.)
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relative movement of the reflecting surface. Since the ice is
moving at about 1.5 meters per day and the experimental res-
olution was about 1 meter, the implication is that the reflecting
surface, which we presume to be the ice bed, is moving at
least 90 percent as fast as the ice surface.

Two radar-polarization experiments also were carried out-
field results suggested substantial anisotrophy of wave prop-
agation through the ice, or reflection from the bed, or both.

Resistivity. Direct-current electrical resistivity profiling
(Schiumberger array) was completed on a surface topographic
high and on a low to test the hypothesis that the topographic
high is an ice "raft" with a deformational history different from
the surrounding ice. As in previous seasons, we used surface
electrodes consisting of various lengths of copper pipe. For
separations greater than 700 meters, we also experimented
with freezing in 4-meter lengths of copper pipe at the bottom
of 17-meter boreholes. Despite the (presumably) greater area
of electrode contact with denser firn, no gain in signal was
achieved. A new power supply and digital-recording system
improved operating safety, allowed rapid and accurate profil-
ing with a high signal-to-noise ratio, and provided the ability
to do preliminary statistical analysis.

We completed three resistivity profiles—transverse to flow
at the topographic high and both transverse and parallel to
flow at the topographic low (figures 2 and 3). Maximum current
electrode separations were 2, 2, and 3.6 kilometers, respec-
tively. There is a high degree of internal consistency in the
data—the standard errors determined from the statistical anal-
ysis are too small to show in figures 2 and 3. The resistivity
curves at the two locations are essentially identical, providing

no evidence to support (although hardly disproving) the ice-
raft hypothesis. The presence of a deep high-resistivity layer,
similar to that observed at Upstream B and other locations in
Antarctica (Shabtaie and Bentley in press), is strongly sug-
gested by the shape of the resistivity curves. The two profiles
on the topographic low show no indication of any significant
anisotropy, except perhaps in the high-resistivity layer.

Curves of resistivity versus depth at both locations are cur-
rently being computed. Temperatures and densities in the up-
per 4 meters of firn, measured in a pit, and densities in the
deeper firn and ice, obtained from the seismic short-refraction
profile, will be used in calculating theoretical apparent resis-
tivity curves for comparison.

This research was supported by National Science Founda-
tion grant DPP 86-14011. This is contribution number 501b of
the University of Wisconsin at Madison, Geophysical and Polar
Research Center.
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Siple Coast firn and ice studies:
Conclusion and prospects

R.B. ALLEY* and C.R. BENTLEY

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

Over the last year, we virtually completed analysis of data
from two 100-meter cores from the Siple Coast of West Ant-
arctica, drilled by the Polar Ice Coring Office at the Upstream
B camp and the Ohio State North Camp on ridge BC during
1984-1985 and 1985-1986. The Upstream B core melted par-
tially during shipment from the field, but the ridge BC core is
in good condition. We have obtained a number of interesting
results, some of which are highlighted here, and we have
established some of the groundwork for future deep coring on
the Siple Coast.

* Current address: Earth System Science Center, Pennsylvania State Uni-
versity, University Park, Pennnsylvania 15802.

From the surface downward, we have found that:
• Depth hoar arises from burial of low-density la yers, which

may be depositional (occasional) or diagenetic (annual) and
which can be separated (Alley in press).

• The texture and stratification of near-surface firn can be char-
acterized with any desired accuracy using careful pit studies
combined with thin-section analyses (Alley 1987c) and prove
to have important effects on interpretation of radar altimetry
(Jezek and Alley in press) and other remotely sensed data
(Alley 1987b).

• Densification in low-density firn occurs primarily through
grain rearrangement by viscous boundary sliding. This
mechanism ceases to be important, causing the critical point
in depth-density profiles, when the average grain coordi-
nation number reaches 6 at a density of about 550 kilograms
per cubic meter (Alley 1986, 1987a).

• Firn at densities above 550 kilograms per cubic meter den-
sifies primarily through power-law-creep interpenetration of
grains, which is accelerated by the large deviatoric stresses
on ice streams (Alley and Bentley in press).

• In ordinary glacial ice that has not been strained strongly,
grain size increases linearly with age at a rate that increases
exponentially with increasing temperature and increases lin-
early with increase in the inverse of the dissolved-impurity
content (Alley, Perepezko, and Bentley 1986a, 1986b, 1988).

• Deformation of ice causes C axes to rotate toward compres-
sional axes and away from tensional axes at predictable rates,
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