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One of the main difficulties in predicting future behavior of
the west antarctic ice sheet is lack of an accepted bed model
for the fast-moving ice streams that drain it. In cooperation
with the ongoing field studies of the Siple Coast Project, we
continued developing a model for ice-stream motion through
deformation of subglacial till. ("Deforming bed" refers to the
bedrock underneath the ice sheet.)

This hypothesis grows out of the seismic observation of a
water-saturated, unconsolidated layer with high water pres-
sure and high porosity beneath ice stream B, West Antarctica
(Blankenship et al. 1986, 1987), and the strong probability that
pervasive deformation in this layer controls ice-stream motion
(Alley et al. 1986, 1987). The basic points of the model are:
• the low, warm surface, high geothermal flux, and low rate

of snow accumulation in West Antarctica allow widespread
basal melting;

• meltwater production exceeds the porous-flow capacity of
subglacial aquifers, causing formation of a distributed, high-
pressure water system at the ice-bed interface;

• this water system is not sufficient to allow rapid sliding over
the poorly sorted sediment likely beneath west antarctic ice
streams (Bindschadler, Koci, and Iken 1988); but

• those poorly sorted sediments are not strongly lithified (Roo-
ney et al. in press); so that

• erosion/remobilization has produced a subglacial till layer,
and the high water pressures cause it to be soft enough to
deform under glaciogenic stresses, lubricating ice-stream flow;

• this layer is continuous (or nearly so) both across and along
the ice stream; and

• debris flux from this layer has caused deposition of very soft
debris aprons or "till deltas" at the grounding line, causing
the ice plains observed there (Alley et al. 1989a).
Seismic observations confirm the layer continuity and the

existence of thick accumulations of poorly consolidated sedi-
ments with shallow downstream dips beneath the lightly
grounded "ice plains" near the grounding line (Rooney et al.
1987, 1988; Blankenship et al. 1989), increasing our confidence
in the deforming-bed model.

Our more recent work has focused on developing a series
of hypotheses based on the deforming-bed model that are
testable through borehole observations, such as those being
conducted by investigators from the California Institute of
Technology; these hypotheses appear in Alley (1989a, 1989b)
and Alley et al. (1989b). A fully coupled ice-water-till flow
model for an ice stream and its inland catchment area now is
being developed, to be used for assessing ice-sheet stability if
the deforming-bed model is confirmed by future field work.

This work was supported in part by National Science Foun-
dation grant DPP 87-16016.
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