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The growth and decay of large ice sheets is intimately tied to
long-term variations in climate. For example, it has been sug-
gested that surges of the antarctic ice sheet could cause the
onset of ice ages (Wilson 1964). The formation of a huge ice shelf
around the southern continent would increase the Earth's al-
bedo, and the consequent global climatic cooling would lead to
the inception of glaciation in the Northern Hemisphere. The
surge also would produce a global rise in sea level, perhaps by
as much as 15 to 20 meters (Hollin 1965). There is, in fact, isotopic
evidence (Aharon, Chappell, and Compston 1980; Hollin 1980)
of a rapid, though short-lived, rise in sea level by about 15
meters at the end of the last interglacial period, about 100,000
years ago.

We have explored, theoretically, the possibility that shear
heating at the base of an ice sheet could be the physical mecha-
nism responsible for catastrophic instability and surging of the
ice mass (Schubert and Yuen 1982). This mechanism requires a
climatically enhanced accumulation to increase the thickness of
the east antarctic ice sheet above a critical value necessary for
the onset of explosive creep instability. A rapid increase in ice
thickness produces an immediate increase in the shear stress at
the base of the ice sheet. The increased stress in the basal shear
layer results in a sudden and large increase in the amount of
frictional heating at the base of the ice sheet. This increased
warming can lead to large-scale melting at the bottom of an ice
sheet and surging of the mass.

We have estimated the critical thickness of the antarctic ice
sheet by modeling the flow and temperature within the ice. In
calculating the temperature, we account for vertical heat con-

duction through the ice, vertical advection of heat by the motion
of the ice, and heat generated by friction. In computing the flow,
we use a realistic creep law for ice, with strong temperature
dependence and non-Newtonian stress dependence. We per-
formed an extensive set of model calculations, varying such
parameters as accumulation rate, surface slope, and activation
energy of creep. All the results showed that the critical thick-
nesses needed to produce shear-heating instability are not
much larger than the present value of the thickness of the
antarctic ice dome.

The waxing and waning of ice sheets redistributes mass
(water) on the Earth's surface and as a result causes changes in
both the geographical location of the rotation pole and the
length of the day. Observations of these changes (Dickman 1977;
Lambeck 1980) can tell us about the Earth's interior (the vis-
cosity of the mantle) and the history of the ice sheets. We
attempted to learn from these changes by constructing layered,
viscoelastic models of the Earth's interior and then comparing
theoretical predictions of variations in the Earth's rotation pro-
duced by models of glaciation and deglaciation with observa-
tional data (Sabadini, Boschi, and Yuen 1982; Sabadini and
Yuen in press; Sabadini, Yuen, and Boschi 1982a, 1982b; Yuen,
Sabadini, and Boschi in press). We found that periodic forcing
from the Cenozoic glaciation cycles can produce a net polar
wander speed of 1 degree per 1 million years.

Such a secular trend in the motion of the rotation pole can
have a profound influence on the future course of ice ages. The
geographical distribution of oceans and continents must be
optimal for the astronomical forcing mechanism (Milankovitch
1930) to produce periodic glaciations. However, this distribution
cannot be maintained indefinitely in the presence of true polar
wandering, and this may account for the termination of an ice-
age epoch. The degeneracy of viscosity solutions in fitting the
rotational data (Sabadini et al. 1982b) is removed by melting
from the antarctic ice sheet since 18,000 years ago by an amount
equivalent to a 25-meter rise in the eustatic sea level. This
suggests that much larger ice shelves existed around Antarctica
during the glacial maximum in the late Wisconsin than are
present today.
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Dome C geophysical survey, 1981-1982
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The geophysical survey at Dome C continued for a third
season between late November 1981 and late January 1982. The
measurement program was more specialized than in previous
years (Bentley et al. 1979; Shabtaie et al. 1980), with con-
centration on measurements of electromagnetic wave velocity
in the firn, sonic logging and seismic shooting in the 900-meter
borehole (Lorius and Donnou 1978), a search for seismic reflec-
tors deep within the ice sheet, and tests of new radar recording
equipment developed at the University of Wisconsin. Some
magnetic surveying and magnetotelluric recording also were
carried out.

Radar studies. Two newly devised borehole experiments were
carried out. In the first, a radar target was lowered into the 900-
meter borehole and echo times from three surface sites to sever-
al depths within the hole were measured. The surface sites,
each approximately 150 meters away from the borehole, were
spaced around the hole at azimuths differing by about 120°. This
arrangement permitted the separate calculation of the average
vertical wave speed and the inclination of the borehole. In the
second experiment, a half-wavelength dipole was suspended in
a 100-meter borehole by a coaxial cable which was coupled
directly into an oscillograph. Travel times from a transmitter on
the surface to the antenna in the hole were used to calculate
average wave speeds. The results of both experiments show
good agreement with the borehole measurements carried out
by Robin (1975) (figure).

Testing continued on digital recording for the radar system.
The basic design (Bentley et al. 1979) is unchanged, but the
system now includes a stacking circuit that can average and
record 250 echoes every half second. Although digital recording
on magnetic tape was not possible, the stacked records were
displayed and recorded on a Honeywell 1865 oscillograph as a
sequence of A-displays (displays showing signal amplitude as a
function of time). Profiling was carried out along two 10-kilome-
ter lines at a speed such that one display was recorded every 2
meters. The profiles showed internal reflectors whose ampli-
tude changed rapidly in distances of only a few meters. Ampli-
tude data on bottom and near-bottom echoes also were
obtained.
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Average vertical electromagnetic wave speed in the ice sheet above
the indicated depth. Dots and crosses are lower and upper limits
corresponding to reflection from the top and the bottom of the
logger, respectively. The continuous line represents the average
speed predicted by Robin's (1975) empirical equation relating wave
speed and density. m/xs = meters per microsecond.
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