
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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and rotation is slowed or stopped by recrystallization. In
general on ice sheets, divergent flow causes C axes to cluster
symmetrically about the vertical axis, parallel flow causes C
axes to cluster about the vertical axis in a pattern elongated
transverse to flow, and convergent flow causes C axes to
cluster about the vertical plane transverse to flow. Interpre-
tation by Blankenship (in press) of seismic measurements
near Upstream B where the flow of ice stream B is conver-
gent, shows that C axes are clustered about the vertical plane
transverse to flow, as predicted (Alley 1988).

• Melt events in the ridge BC core occur about once every 50
years back to A.D. 1500 but not during the previous 500
years, suggesting recent climatic warming or ice-sheet thin-
ning there. A dynamic thinning might be related to the
unusual ice texture observed below 95 meters in the ridge
BC core (Alley and Bentley in press).

• Interpretation of the temperature profile at ridge BC gives
a geothermal flux of about 80 milliwatts per square meter
(1.9 heat flow units), consistent with recent rifting beneath
the ice sheet (Alley and Bentley in press).

• Ongoing projects on the ridge BC core include study of
oxygen-isotope ratios by P. Grootes of the University of
Washington, and study of impurity distributions byE. Wolff
and R. Mulvaney of the British Antarctic Survey.
Further development and testing of these and other ideas

requires more and deeper cores from the region. Interpretation
of basal heat flux is more accurate if near-basal measurements
are used. Dating of cores from grain size and determination
of cumulative strain from fabric patterns require deep cores.
I. M. Whillans has suggested that ice fabric may determine the
onset of streaming flow and local variations in that flow, but
at present no intact core is available from the Siple Coast ice
streams. We encourage further coring programs to and into
the bed of the Siple Coast to study these and other problems.

We thank W. Boller, B. Koci, K. Kuivinen, and J. Litwak for
ice-core drilling. This research was supported by National Sci-
ence Foundation grants DPP 83-15777 and DPP 85-21038.
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Analysis of data from ice streams
B and C

I.M. WIIILLANS

Byrd Polar Research Center
and
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Columbus, Ohio 43210

Most of the west antarctic ice sheet drains through fast-
moving ice streams that flow like giant valley glaciers embed-
ded in more stagnant ice. A change in the activity of the ice
streams eventually propagates to other parts of the ice sheet.
This could secondarily affect sea level, the production rate of
deep ocean water, and atmospheric circulation. It is thus im-
portant to understand how these ice streams operate and es-
pecially to assess their stability.

Some very fundamental questions need to be addressed. The
high speeds on the ice streams are evidently enabled by lu-

brication from basal water and mobile debris, but the distri-
bution of the lubrication and how it affects the flow needs to
be assessed. Ice-stream flow is quite different from that of
normal inland ice and, in order to understand the reasons for
this type of flow, the processes acting between streaming ice
and inland ice, at the ice-stream heads, and at lateral bound-
aries need to be investigated.

Ohio State University is cooperating with other groups within
the Siple Coast Project to address these issues. Until now, our
principal collaborators have been the National Aeronautics and
Space Administration/Goddard Space Flight Center and the
University of Wisconsin, but other groups have recently joined.
Ohio State University has focused its efforts mainly on the
trunks of ice streams B and C, with ancillary studies on the
intervening ridges and the snow-catchment areas.

A major endeavor has been the determination of the mass
balance of ice stream B by comparing the input from snow
accumulation with discharge by ice flow (Whillans and Bind-
schadler 1988). The input is obtained by determining gross
beta-activity variations along firn cores in the laboratory at
Ohio State University. These variations are due to past at-
mospheric thermo-nuclear tests of known date. Together with
the density profile and sample depths (Whillans and Boizan
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