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Figure 1. Rock glacier in north fork of Wright Valley.

south, east, and west; their snouts span an elevation range
of 120-500 meters above sea level, while their heads span an
elevation range of 260-1,300 meters above sea level.
Velocity/strain nets in conjunction with micromovement
monitoring systems, 22 shallow seismic refraction profiles,
and 52 resistivity profiles and stratigraphic associations pro-
vide the field basis for the data set necessary to model the
dynamics of these features.

Regional aerial photographic study of all identifiable
rock glaciers in the study area will be undertaken to com-
pare these features with respect to distribution of incoming
radiation, groundwater and surface runoff, precipitation,
and geographic location. Future re-occupation of experi-
mental sites in conjunction with photographic and field
data already gathered for these features will allow estimates
of former changes in climate as interpretable through the

impact of such changes on the dynamics of these rock
glaciers.

Additional studies conducted during this season in-
cluded collection of a 12.5-meter-deep ice core from the
accumulation zone of Meserve Glacier and testing of a
radio-echo sounder on Meserve and Taylor Glaciers. Anal-
ysis of chemical species (nitrate, nitrite, sulfate, phosphate,
silica, iron, sodium, and chloride), as well as pH and con-
ductivity, will allow determination of source area and
amount of precipitation entering the accumulation area of
Meserve and the amount and type of pollutants entering
the region.

This research was supported by National Science Foun-
dation grant DPI' 78-21119. The members of this season's
field party were Paul A. Mayewski (leader), Jon Hassinger,
Roger Goldenberg, Peter A. Jeschke, and David Yohalem.
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Figure 2. Location of rock glaciers on which experiments
were emplaced.
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Deep geoeiectric and
electromagnetic soundings

at Dome C
FRANZ THYSSEN

Inst itut für Geophysik
der Wesffalischen Wilhelms-Universitizt

Munster, West Germany

SI0N SHABTAIE

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

During the 1979-80 field season, the University of
Münster and the University of Wisconsin-Madison con -
ducted deep geoelectric and radio-echo sounding of the

polar ice at Dome C. The deep geoelectric sounding was
extended to the largest electrode separation yet made on
polar ice, leading to a better understanding of the electrical
parameters in the interior of, and beneath, the ice sheet. As
an experimental program, a monopulse echo sounder with
a digital recording system was tested. The experiment was
aimed at recording reflections from layers within the
subglacial rock. This system has successfully sounded sub-
glacial sedimentary layers beneath temperate glaciers in
Europe.

Using a Schlumberger array technique, two detailed
direct current electrical resistivity profiles with electrode
half-spacings of 1 meter to a maximum of 6 and 8 kilo-
meters respectively, yielded well-determined apparent re-
sistivity curves (see Shabtaie, Bentley, Blankenship, Lovell,
and Gassett, Antarctic Journal of the U.S., this volume, fig-
ure 1). Seven to nine points per decade on a logarithmic
scale were measured. A constant-current (direct current)
transmitter supplied voltages up to 10 kilovolts. For each
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current electrode, up to four metal cargo pallets and a sled
with metallic runners were used to reduce contact resist-
ances, resulting in currents of up to 10 milliamperes.
Silicon-insulated wires were used to avoid breaking at low
temperatures. For both profiles the transmitter was placed
close to one of the current electrode sites to minimize leak-
age. Throughout the experiment, nonpolarizing potential
electrodes were used (copper electrodes in copper sulfate
solution) and potentials were measured with an elec-
trometer and recorded continuously on an x-y recorder for
electrode separations greater than 1 kilometer.

5	 10 [min]
Figure 1. A sample record of potential difference vs. time at
an electrode half-spacing of 4 kilometers on a 4-electrode
Schiumberger resistivity array. Intervals of positive, nega-
tive, and zero applied current are indicated by +, -,and Oat
the top of the record. Note the effect of the telluric potentials.

A sample recording of the potentials at a half-spacing of
4 kilometers, with positive, zero, and negative current, is
shown in figure 1. The influence of the telluric field is
clearly seen. This field caused the principal disturbances at
larger electrode separations.

The two apparent resistivity curves show a significant
difference only at short electrode separations, a difference
that clearly can be correlated with the seasonal temperature
changes in the firn. At larger electrode separations the dif-
ferences are distributed statistically with mean values less
than 5 percent. There is no evidence of electrical anisotropy.
The slow decrease of the apparent resistivities at very large
electrode separations is remarkable, indicating a relatively
high resistive layer of ice near the bottom.

The preliminary interpretation of the survey suggests
that two different resistivity model types could produce
apparent resistivities compatible with the measured values.
The first type includes a permafrost layer with high resis-
tivity (about 0.3 to 0.5 rnegohmmeters (Mlm) and a thick-

ness of about 1 kilometer beneath ice with a "normal"
resistivity of about 0.2 Mom. A permafrost thickness that
great would imply a basal ice temperature far below freez-
ing. The second type shows that a relatively high resistivity
in the basal ice layer (1 to 5 Mclm is needed if the ice base
is at the pressure melting point, the latter implying rock
with a resistivity on the order of 0.1 to 0.01 M(lm. The likely
existence of subglacial lakes, together with other gla-
ciological evidence that suggests a basal pressure-melting
point, favors the second model. The results from Dome C
thus support the concept that highly resistive layers are
commonly found deep within polar ice masses. The cause
of this phenomenon remains an open question.

The monopulse electromagnetic soundings were per-
formed with resistive loaded antennas (Wu and King 1%5;
Fritzsche and Osterer 1977) using a high-power hertzian
spark transmitter. Frequencies in the range from 1 to 40
megahertz could be used by choosing different long an-
tennas adapted to the receiver and to the transmitter.

The recording system was a sampling unit and a pulse-
code-modulated (12-bit) magnetic tape giving an overall
dynamic range of 72 decibels. The sampled signals could be
monitored directly from a read-after-write head with de-
modulation on a storage oscilloscope.

A continuous profile 2.5 kilometers long with mono-
pulses at a center frequency of 30 megahertz was recorded,
giving reflections in the upper 150 meters of firn with high
resolution. Particular effort was applied to penetrating the
bedrock on a profile with antenna separations extending to
840 meters, using several frequencies between 1 and 40
megahertz. Unfortunately the glacial bed in this region is a
very poor reflector. Nevertheless, we hope that analysis of
the data using digital signal-processing techniques will
yield more information about the bedrock.

Using a Mark II 35-megahertz radar unit and the dig-
ital recording system, a common-reflection-point experi-
ment was carried out. In figure 2, parts of the bottom
reflections are shown (after playback from the magnetic
tape) from a region with good bottom reflections. Twenty
meters away from this reflection point the reflected energy
was negligible, probably because of the roughness of the
glacial bed.

We thank W. Zick and P. Luerwer for their excellent help
in these experiments. Field work was carried out between
late November 1979 and early January 1980.

This work was supported by National Science Foun-
dation grant DPP 78-20953 and grant Th 168/13 of the
German Research Association. This work is University of
Wisconsin-Madison, Geophysical and Polar Research Cen-
ter contribution 381.
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Figure2. Playback from
digital magnetic tape of the

- -- ---- - - .- -60 bottom reflection at dis-
tances between 60 and
380 meters of a common-
reflection-point experiment
at Dome C. Times are
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of
measured

 a trigger error.
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Glaciological interpretation of the
microparticle concentration In
the 905-meter Dome C core
E. MOSLEY-THOMPSON and L. G. THOMPSON

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Recently a 905-meter core was drilled at Dome C, Antarc-
tica (74°39'S 124-10"E, 3,240 meters above sea level) as part
of the International Antarctic Glaciological Program (Lorius
and Donnou 1978) and 51 sections provided by the French
were analyzed for microparticle concentration and size dis-
tribution. The microparticle analyses of 5,367 samples rep-
resenting these 51 sections (averaging 0.76 meters in length)
comprise the most detailed microparticle record from any
deep core. The average sample size of 0.0067-meter ice
coupled with the annual accumulation of 0.035-meter ice
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