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Analysis of Siple Coast fir cores

R.B. ALLEY and C.R. BENTLEY

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

Analyses of firn and ice cores from the Siple Coast of West
Antarctica have continued to yield interesting results. The 100-
meter cores were drilled by W. Boller, B. Koci, K. Kuivinen, and
J. Litwak of the Polar Ice Coring Office at the Upstream B camp
(UpB) during 1984-1985 and at the Ohio State North Camp on
ridge BC ("BC" on figure) during 1985-1986. The UpB core
melted partially during shipment, but the BC core is safely in
storage in our lab (Alley and Bentley 1985, 1986). Pit studies
were conducted in conjunction with the coring. We summarize
some of our results here.

At densities less than 550 kilograms per cubic meter firn
densifies primarily by rearrangement of grains through viscous
boundary sliding (Alley 1987a). Rearrangement slows, causing
a critical point in depth-density profiles, when a grain comes in
contact with about six neighbors (coordination number = 6;
Alley 1986) and achieves geometric stability. We now can pre-
dict depth-density curves at densities up to 550 kilograms per
cubic meter from a physically based model, the mean annual
temperature, and measurements made in a 2-meter pit.

Grain-growth theory from metallurgy suggests that, for un-
strained glacial ice, dissolved impurities (especially sea salt)
slow grain growth significantly but that microparticles and po-
rosity usually have little effect (Alley et al. 1986a, 1986b). The
theory describes grain growth well in the upper 90 meters at BC
and the upper 20 meters at UpB; strain energy causes acceler-
ated grain growth in deeper ice at both sites.

Firn in the upper 10-15 meters at both UpB and BC is charac-
terized by strong anisotropy, with vertically elongated grains
bonded near their ends into vertical columns. The degree of
anisotropy, and several other interesting textural parameters,
can be characterized accurately from thin-section measure-
ments (Alley 1987b). Use of such data will allow better modeling

of processes in firn and better interpretation of remotely sensed
data over firn.

Further analyses of the field data and BC core are in progress.
We are processing the BC core for oxygen-isotopic analysis by P.
Grootes of the University of Washington. Our data (tabulated in
Alley 1987c) also are being used in a study with K. Jezek of the
U.S. Army Cold Regions Research and Engineering Laboratory
to determine the effect of likely inhomogeneities in firn on
radar-altimeter data.

Development of C-axis fabrics in ice sheets is of special inter-
est both as a record of strain history and as a control on present
and future behavior. We now are studying the development of
C-axis fabrics in ice sheets as a function of stress state and
cumulative strain. We are testing our models against fabric
measurements on the BC core and seismic data collected at UpB
by D. Blankenship and S. Rooney of the University of Wiscon-
sin, as well as against other published data sets.
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Location map. UpB (triangle) and BC (+) are shown. Modified from
Shabtaie and Bentley (1987).
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Physical studies of firn and ice cores on the Siple Coast clearly
are of interest in understanding processes occurring in and
adjacent to ice streams and in interpreting geophysical data
collected on the ground and from aircraft and satellites. Con-
tinued analysis of the data collected thus far should prove
interesting and should demonstrate the scientific value of fu-
ture deep coring on the ice streams and adjacent ridges and
domes.

This research was supported by National Science Foundation
grants DPP 83-15777 and DPP 84-12404.

This is contribution number 486 of the University of Wiscon-
sin at Madison, Geophysical and Polar Research Center.
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A numerical study of the west
antarctic ice sheet formation

D.R. LINDSTROM and D.R. MACAYFAL

Department of Geophysical Sciences
University of Chicago

Chicago, Illinois 60637

We have used a time-dependent, numerical ice-shelf model
to investigate how the portion of the antarctic ice sheet west of
the Transantarctic Mountains, called the west antarctic ice
sheet, forms (figure 1). This area differs from the Antarctic's
eastern ice sheet component and from the Greenland Ice Sheet
in that it rests on a bed which is predominately below sea level
and would remain so even if the ice were removed and isostatic
rebound occurred. For most ice to ground in West Antarctica,
either the grounding line from adjacent ice lying on a bed above
sea level must gradually advance into the sea (Bentley and
Ostenso 1961) or a floating ice cover over the region must
thicken and ground (Wexler 1961; Hughes 1982).

The ice-shelf model we use investigates the latter mechanism.
It solves mass-continuity and stress-balance equations for a
floating ice cover under specified basal and surface tem-
peratures and accumulation rates (Lindstrom and MacAyeal
1986). Sea level is controlled by adjusting the bed depth. Ice
grounds when its draft exceeds the bed depth. Once ice
grounds, its horizontal movement is assumed to be zero. The
floating-ice configuration changes until an equilibrium con -
dition is reached where the ice mass added to the remaining ice
shelf by surface accumulation and basal freezing equals that
which leaves through basal melting and iceberg calving.

A number of model simulations were run using various pre-
cipitation-rate and sea-level combinations. Our initial model
grid of the region is shown in figure 2 along with bed-depth
contours. Results show that an equilibrium condition forms

within 4,000 years. Significant grounding does not occur if sea
level is not lowered, even if the precipitation rate is twice the
present average. When sea level is reduced by 50 to 100 meters,
however, ice grounds over all regions except the Ross Sea,
upstream of Thwaites Glacier, and in the Weddell Sea area east
of present day Berkner Island, as shown in figure 3. A 50- to 100-
meter sea-level drop corresponds with that during a Northern
Hemisphere glacial period. This supports the view that ice
volume fluctuations in the Northern Hemisphere and Ant-
arctica are in phase with one another. We speculate that present
grounding upstream of Thwaites Glacier and former grounding
during glacial maximum periods to the continental shelf edge in
the Ross and eastern Weddell seas must have resulted from the
grounding line advancement of adjacent ice.

One of the first regions to ground in our model is in the
western Weddell Sea, where the Ronne Ice Shelf now exists.
The ease with which ice grounds in this area suggests it is more
common for ice to be grounded here than floating. Thus the
Ronne Ice Shelf, in its present configuration, may be a transient
feature. When ice in the western Weddell Sea grounds, it diver-
ts ice-shelf flow from Ellsworth Land to the eastern Weddell Sea
region (figure 3).

This work was supported by National Science Foundation
grant DPI' 84-01016. Discussions with T.B. Kellogg, T.J. Hughes,
R. Grumbine, and M.M. Monaghan have been helpful in carry-
ing out this project.

References

Bentley, D.R., and N.A. Ostenso. 1961. Glacial and subglacial topogra-
phy of West Antarctica. Journal of Glaciology, 3, 882-911.

Drewry, D.J. 1983. Antarctica: Glaciological and geophysical folio. Mitcham,
England: Cook Hammond and Kell Limited.

Hughes, T.J. 1982. Did the West Antarctic ice sheet create the East
Antarctic ice sheet? Annals of Glaciology, 3, 138-145.

Lindstrom, D.R., and D.R. MacAyeal. 1986. Paleoclimatic constraints
on the maintenance of possible ice-shelf cover in the Norwegian and
Greenland Seas. Paleoceanography, 1(3), 313-337.

Wexler, H. 1961. Growth and thermal structure of the deep ice in Byrd
Land, Antarctica. Journal of Glaciology, 3, 1075-1087.

1987 REVIEW	 71




