
Blue-gray graphite bands and red-orange chondro-
dite layers define easily visible folding of the Mount
Insel area. Three fold periods are distinguished. The
earliest is a period of recumbent isoclinal folding.
These have been refolded in second and third fold
periods. The two later fold periods are essentially
coaxial and are separated from one another by de-
formation of axial planes. Most fold axes of these co-
axial folds trend approximately northwest. Similar
structures, mostly in marble, also were mapped west
of Sponsors Peak.

The basement rocks are highly dissected by a series
of igneous rocks. Three general compositions of dikes
are encountered: felsic, intermediate, and mafic.
Through crosscutting relations a time sequence for
eight periods of dike emplacement are, from oldest to
youngest-

1. Emplacement of felsic dikes along N-E trending
zone

2. Emplacement of felsic dikes along N-S trending
zone; crosscuts 1 above in only one area

3. Emplacement of intermediate dikes along NW-
SE trending zones. Generally but not always intruded
along faults

4. Emplacement of mafic dikes along NNE-SSW
trending zones

5. Emplacement of intermediate dikes along E-W
trending strike-slip faults

6. Emplacement of mafic dikes along ESE-WNW
trending zones

7. Emplacement of mafic dikes along NNW-SSE
trending zones, generally not intruded into faults

8. Emplacement of felsic dikes along N-S trending
zones.

These dikes can be seen prominently in aerial
photographs (TMA 967—#518 and #519). In a
few instances mafic and intermediate dikes are in con-
tact with each other for lengths of up to 20 meters.

Five dip-slip faults trend NNE-SSW, parallel or
subparallel to the majority of dikes. Amount of move-
ment was not determined. A prominent strike-slip
fault trending almost E-W has movement of approxi-
mately 150 meters. Movement along this fault con-
tinued after the intermediate dike was emplaced.
Faults in the marbles are easy to trace, owing to their
wide area of sheared marble fragments. Tracing faults
through calc-silicates is somewhat harder, and they
are determined primarily by contact offset.

The field mapping was hampered by unusual wea-
ther. Snow remained unmelted on the light colored
marbles several days after it had disappeared from
the darker surrounding rocks. Approximately three
weeks of the 3-month field season were lost due to
weather.

This work was supported by National Science
Foundation grant GV-33308.

Ice thickness measurement by
radio echo sounding, 1971-1972

S. EVANS and G. DE Q. ROBIN

Scott Polar Research Institute
Cambridge, England

A third field season in the joint research program
of the U. S. National Science Foundation and the
U.K. Scott Polar Research Institute (SPRI) was
carried out between November 1971 and January
1972.

Operations this last season were planned to com-
plement the work of the International Antarctic
Glaciological Project (Anonymous, 1971; Bentley,
1972). Within the flying time and the fuel supplies
available, flights were planned from McMurdo Sta-
tion not requiring refueling at South Pole or Vostok.
A test flight of the new radio echo installation was
made on November 12, and the main survey, totalling
160 hours flying, was carried out between December
18 and January 4. Antarctic Development Squadron
Six, under Commander C. H. Nordhill, made avail-
able the LC-130 aircraft no. 320, as in the previous
season. New antennas had been designed and built
by the Electromagnetic Laboratory of the Technical
University of Denmark in consultation with the U.S.
Naval Air Development Center. Failures of the an-
tenna structure in the first few flights revealed minor
weaknesses in the design, and thanks are due to Chief
Warrant Officer R. Ball for solving these problems
under open-field conditions and keeping the structure
in operation almost without interruption. Cooperation
from the aircrews was outstanding; their enthusiasm
for our work is essential and is most appreciated.

The combination of the new antennas, which had
excellent impedance matching, with a new receiver
having much wider dynamic range than previously
has meant that the film records are greatly improved
in the fidelity of recording fine echo details. In addi-
tion, the system sensitivity was effectively increased
by 20 decibels over the previous season. The principal
modification to the aircraft systems was the installation
of two Litton inertial navigation systems type LTN-51;
they have revolutionized both flight operations and
data reduction. The operational advantage will be
clear by reference to the figure, showing flight lines
on radio echo missions in all seasons. Apart from
reliability and accuracy, the inertial system provided a
real-time readout of aircraft position that enabled us
to follow a regular plan in flight. The box pattern
in East Antarctica resulting from this provides a
more even spread of data than the radiating lines
flown in earlier seasons when there was more emphasis
on visual fixes. With the inertial system, misciosures
at the end of an inland flight exceeded 5 nautical
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miles on only two occasions, and the average mis-
closure can be expressed as a drift of 0.13 meter per
second. After correction, the error in our final data
will not exceed 5 kilometers anywhere on the ice sheet.

Results. Ice thickness measurements were obtained
over more than 70 percent of the 57,000 kilometers of
flight lines, and examination of the records permits
some preliminary conclusions to be drawn.

The "Gamburtsev" mountains run westward from
Vostok station showing an irregular topography reach-
ing a maximum measured elevation of 2,900 meters
above sea level (between Sovetskaya and the Pole of
Inaccessibility) and having a relief of 1,500 to 2,000

meters. In contrast, most of the interior of East Ant-
arctica forms a gently undulating lowland, at places
below sea level. Northeast of Vostok station, radio
echo sounding has revealed an extensive basin that
reaches 1,000 meters below sea level and contains ice
more than 4,000 meters thick. The greatest ice thick-
ness that we have measured is 4,540 meters at 77.5°S.
117.50E.

Flight lines of the 1971-1972 season crossed the
Australian Wilkes-Vostok traverse made in 1961-1962.
Seismic and gravity measurements made by the Aus-
tralians indicated the presence of a deep basin along
the central part of the traverse route, but, owing to
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poor signal-to-noise ratio in the seismic records, the
results have not been published. The radio echo depth
measurements have been compared with the Aus-
tralian profile at six crossing points, and a difference
of about 7 percent has been found. It should be re-
membered that this comparison depends on gravi-
metric interpolation between seismic shot points and
that there is substantial relief in some of the areas
considered. However, there is no doubt of the existence
of very great ice depths.

A new map of the Ross Ice Shelf (based mainly on
the 1969 field season) recently has been completed,
and completion at SPRI of contour maps of East
Antarctica is expected shortly. The maps will show
the surface elevation with an accuracy of 50 meters
and ice thickness to an accuracy of 2 percent. Re-
search papers will deal with the morphology of the
inland side of the Transantarctic Mountains, and an
investigation has begun into all the factors affecting
echo strength.

Personnel working in the field this season were S.
Evans, C. H. Harrison, D. J . Drewry, G. K. A. Os-
wald, M. R. Gorman, and (from the University of
Ghent and Expeditions Antarctiques Belges) H.
Decleir.
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Bore hole isotope studies
at Byrd Station, Antarctica

P. BUCHER and B. STAUFFER
Physics Institute

University of Berne, Switzerland

In two previous field seasons and during a pilot
study on the Greenland ice sheet, the University of
Berne and the U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL) developed a down-
hole technique for collecting large amounts of ice
from "shallow" bore holes. On November 18, 1971,
Willi Bernhard (technician), Peter Bucher (physi-
cist), Marcus Möll (chemist), and Henry Rufli (civil
engineer), all from the University of Berne, used this
technique at Byrd Station, mainly for sampling un-
stable isotopes for absolute dating of ice from various
depths. On January 9, 1972, the group was joined by
Bernhard Stauffer.

First, a dry, "shallow" hole was bored to a depth
of 370 meters. A drilling site was prepared in the

drill was rigged. After a few runs, which started on
November 24, some worn parts had to be replaced.
Routine, around-the-clock drilling began on Novem-
ber 29 from a depth of 15 meters below the actual
snow surface. On December 14, the scheduled depth
was reached. Most of the 370-meter-long core was
recovered, packed, and stored for later shipment and
studies.

In the second half of December the equipment for
down-hole sampling was made ready. It consists
mainly of a probe with a 10-kilowatt electrical heater

(IIII

Exploded view of the down-hole probe used at Byrd Station.
Air is pumped from the surface to the packing to seal off the
main heater area; entrapped gases pass through a dryer and

cabon dioxide collector and hence to the surface.
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