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Electrical resistivity studies: Soundings and computer modeling.
Studies of ice-sheets and flow-line modeling have indicated the
importance of an independent knowledge of the depth-age
relationship. Core analyses can provide this, at least down past
the Wisconsin-Recent boundary, which is marked by an abrupt
change of physical and chemical properties. Unfortunately,
there are few deep boreholes in the polar regions, so
geophysical methods need to be sought. Electrical resistivity
sounding is a potentially powerful technique, because the re-
sistivity of polar ice is strongly dependent on the density, tem-
perature, and physical and chemical changes in the ice. Our
measurements and model studies at several locations in Ant-
arctica (Shabtaie and Bentley 1979; Shabtaie et al. 1980) have
resulted in the discovery of a sharp increase in resistivity at a
depth that we identify with the transition from Recent to
Wisconsin ice (Shabtaie and Bentley in press). At the two sta-
tions with boreholes (J-9 and Dome C) the resistivities increase
down to the Recent-Wisconsin boundary, and then decrease.

The cause of this resistivity increase is not well understood
and may be attributed to any of the several physical and chemi -
cal changes that occur at about the same depth. Regardless of
the cause(s) of the resistivity changes, resistivity soundings can
be used to estimate the depth at which this boundary exists.
Furthermore, it may be possible, using resistivity soundings, to
trace the climatic boundary in an ice sheet by making measure-
ments at stations along a flow line.

The Dome C observations indicate that another gradual in-
crease or jump to higher resistivity probably exists at a much
greater depth, where the age of the ice is estimated to be more
than 100 thousand years, and that high resistivities persist to
the bottom of the ice sheet. Computer model studies indicate
the increase to be an order of magnitude or more. There may be
a correlation between the depth at which internal radar-reflect-
ing layers disappear and the depth at which the high resistivity
zone begins. Stations on the Ross Ice Shelf close to the west
antarctic ice streams and the major outlet glaciers of East Ant-
arctica show similar effects.

A computer program that uses the linear filter method has
been developed to calculate apparent resistivities on both ice
shelves and ice sheets in which the actual resistivities (as well as
other physical parameters) vary pseudo-continuously with
depth. This computational technique is an order of magnitude
faster than the one we have used previously.

Several different mixture equations were used to estimate the
dependence of resistivity on density. Because temperatures are
known to a depth of 900 meters at Dome C, models with dif -
ferent activation energies could be tested both for firn (mini-
mum density 0.35 megagrams per cubic meter) and solid ice.
The models fitted to the observed values over the temperature
range of - 20°C to - 55°C for firn and - 2°C to - 53°C for solid
ice suggest an activation energy of about 0.25 electron volts for
both. The functional dependence of resistivity on density and
temperature developed at Dome C where the two effects could
be separated, has been found to provide a fit at practically all the
stations on the Ross Ice Shelf, where they cannot be individually
analyzed.

Seismic Studies. Observations reported last year (Bentley et al.
1982) and elsewhere (Blankenship, Gassett, and Bentley 1982)
indicate that the deeper ice in the vicinity of Dome C is
transversely isotropic with a vertical axis of anisotropy. The
functional form of the P-wave slowness surface observed is
consistent with one obtained from a model employing, for the
anisotropic ice, a uniform distribution of c-axes within a vertical
circular cone of semi-apex angle I. Limiting models fitting the
data for Dome C are (1) half isotropic ice and half anisotropic ice
with I 0° and (2) all anisotropic ice with I 29°. On the basis
of c-axis distributions measured in ice cores from other locations
the most reasonable model is one containing one-third isotropic
ice and two-thirds anisotropic ice with I = 20°. The correspond-
ing average vertical P-wave velocity is 3,977 meters per second.

Subglacial geology at L)orne C. The results of ground-based and
airborne geophysical investigations undertaken from 1978 to
1982 in the vicinity of Dome C have been combined to give an
indication of subglacial lithology. Seismic long-refraction shoot-
ing along two lines (grid north-south, grid east-west) directly
over the local subglacial plateau (Bentley et al. 1981) imply that it
is composed of crystalline bedrock with a velocity of 5.8 kilo-
meters per second covered by little or no low-velocity sediment.
Ground-based magnetic and gravity observations made along
the 10-by-10 kilometer grid centered on the station have been
modeled in three dimensions using a digitized bottom topogra-
phy based on both airborne and ground radar. A bedrock densi-
ty of 2.7 megagrams per cubic meter is indicated by the gravity
modeling and a very large apparent susceptibility of 0.011 elec-
tromagnetic units (centimeter/gram/second system) results
from the magnetic models. This can he explained by rocks with
a large natural renianent magnetization (Koenigsberger Q ratio
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greater than unity) roughly oriented in the direction of the
geomagnetic field. These velocity, density, and susceptibility
determinations imply that the subglacial rock is most likely
andesite or basalt and that this portion of the continent was
located at a high magnetic latitude when the rock was emplaced.

Retreat of ice streams in the Ross Sea emnbaimnent. Work has con-
tinued on a numerical model of a polar ice stream that is
grounded below sea level. The goal is to study the feed-back
influences of isostatic adjustment on grounding line retreat
during the Recent period of rising sea level. A model devised by
Thomas and Bentley (1978) for computation of grounding line
retreat on a rigid earth as a function of eustatic sea-level change,
was modified by adding the numerical solution of a two-dimen-
sional continuity equation to compute changes in the flowline
thickness profile associated with increments of grounding line
retreat. The elastic Green's functions computed by Farrell (1972)
were then used to compute the elastic-earth response to
changes in ice and water loading.

A Green's function approach was also adopted for computa-
tion of the viscous-earth response. The analytical solution in
wave-number space for displacement of the bottom surface of a
three-dimensional elastic plate (lithosphere) overlying a vis-
cous half-space (upper mantle) (Cathies 1975) was used and
inverted numerically to obtain space-time Green's functions
corresponding to a 1 kilogram point load. These Green's func-
tions were then used to compute the time-dependent viscous
response to past changes (as well as to the current change) in
the ice stream thickness profile. After each change in the posi-
tion of the grounding line, the instantaneous elastic response
was added to the viscous response to obtain the net isostatic
displacement of the sea floor.

More recently a version of the continuity equation taking into
account transverse variations in the width of the flow band has
been adopted for computation of changes in the ice stream
thickness profile. The Thomas and Bentley (1978) model for
computation of grounding line retreat has been replaced by
direct solution of the grounding line boundary equations. A

basal sliding relation of the kind determined experimentally by
Budd, Keage, and Blundy (1979) also has been incorporated in
the model, and the sliding relation has been scaled empirically
to the balance velocity and basal shear stress curves. The ap-
plication of this more-realistic flow band model to Recent retreat
of the ice stream has led to timing and maximum rates of retreat
that differ from earlier results.
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