
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.
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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).
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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



I
/ V ,

I/

Le,sen

	

>	dPII'!

Cb

	

c'	 ---
Sea

	

U,	(ft
%P	

Bork or

	

' 	C	 f'
Roanslisa

Flkhi.rShelf .
orft	4*N )

Ic.	4iwy

100

Getz
Ice 1
Shoff

1.,T	Ross
IC.

Shelf
'i'055

Sea

ed
/	I

/

F _ 150E

C70S,	
'5

	

'5	

8
l80•

+

Figure 1. Configuration of present west antarctic ice cover. The shaded regions represent ice shelves and ice streams and the solid lines mark
boundaries of grounded ice and open sea. The contours represent the grounded ice thickness in meters. The dashed line marks the continental
shelf edge. Derived from sheet 4 of Drewry (1983).
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Figure 2. The west antarctic ice sheet grid configuration used to
begin each model run. Black portions represent regions where the
bed is below sea level, shaded portions represent regions of the sea
beyond the continental shelf, and contoured portions represent
regions where ice is floating. The contours represent the iso-
statically adjusted bed depth in meters below present day sea level.
Derived from sheet 6 of Drewry (1983).

Figure 3. Equilibrium ice sheet configuration for a run where sea
level is lowered 100 meters, the accumulation rate is 0.2 meters per
year, and basal freezing is zero. Black represents regions where the
ice has grounded, white represents regions where the ice is floating,
and shaded represents open sea beyond the continental shelf. Ice-
flow lines are superimposed upon the ice-shelf region.
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