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The ultimate objective of glaciological research in
Antarctica is to determine the regime and processes,
past, present, and future, of the entire ice sheet, and
to examine the unique record of the terrestrial and
extraterrestrial environment contained within the ice.
To do this is an immense task, too large for any one
country to undertake alone. Even when consideration
is limited to one part of the continent, an effective
program must comprise many different kinds of measurements and must encompass at least a complete
flow line in the ice sheet. Consequently, the old procedure of separate national programs coordinated by
the Scientific Committee for Antarctic Research
(SCAR), so effective during the International Geophysical Year and still viable for many scientific disciplines, is no longer sufficient for glaciological purposes.
Recognizing this, France and the Soviet Union a
decade ago undertook a program of joint field measurements, aimed at determining strain rates along a
line from Mirnyy into the East Antarctic interior. Out
of this, and out of early talks between A. P. Crary,
A. Bauer, and P. A. Shumsky, has grown the International Antarctic Glaciological Project (IAGP), a
large-scale cooperative project involving Australia,
France, the Soviet Union, and the United States.
Aims of project
Following informal meetings among representatives
of the several countries from 1966 through 1968, the
International Antarctic Glaciological Project was formally constituted at a meeting in Paris in May 1969
to carry out a concentrated program of collaborative
glaciological studies in the region approximately
bounded by longitudes 600 and 160°E., latitude
80 0 S., and the antarctic coast. Within this region, the
primary effort will be devoted to the area bounded
by 90°E., the high dome of East Antarctica, and the
Ross Ice Shelf, comprising the Wilkes Land and western Ross Ice Shelf drainage systems.
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As stated in a project outline drawn up at the Paris
meeting (Anonymous, 1971), the
broad aims of the program are to clarify the relationships among the size, shape, and glaciological regime of
the ice sheet; to reconstruct various stages of its development, their causes, and their effects on the atmosphere
and the world ocean; to assess the relationships between
the ice sheet and changes in climatic conditions; to determine any changes in size and regime taking place at
the present time, and to trace events of human and
natural origin recorded in the ice.
To achieve these aims it is necessary to carry out the
following specific studies:
1. surveys of the ice surface and bedrock topographies;
2. determinations of the three-dimensional fields of
all relevant parameters (such as density, temperature,
velocity, strain rates, crystal structure, chemical properties of the ice and its inclusions, etc.)
3. measurements of the mass and energy exchanges
at the ice boundaries;
4. observations of changes at the ice margins; and
5. surveys of evidence for the extent and age of previous glaciations.
This program is in line with the general recommenda tions made by the Scientific Committee on Antarctic
Research (SCAR) for antarctic glaciological research.
The project exemplifies the spirit of cooperation in science among nations signatory to the Antarctic Treaty.

In view of the magnitude of the project it is essential that nations with interests in the study area should
collaborate in this work. While each nation will choose
its principal area for the field studies to be carried out
by its own specialists, a number of the specific field
projects, laboratory investigations, and theoretical
studies call for the exchange of scientists. Such international collaboration is especially necessary to ensure
that the project will provide complete and comparable results for testing the best theoretical ice sheet
models which can be devised at the present time.
The specification of the extensive scientific programs ideally to be undertaken (Anonymous, 1971)
makes it clear why an international collaborative approach is required: even with the combined expertise
and logistic capabilities of the four countries principally involved, and perhaps the additional aid of
other nations (which are encouraged to join in the
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project), it will take a mighty effort to fulfill the
ideal.
Specific objectives
The major emphasis of the project is on a series of
measurements along traverses that follow approximate
flow lines from the ice divide in central East Antarctica to Dumont d'Urville, Casey, and Mirnyy Stations, and perhaps also to Byrd Glacier, with further
traverses along elevation contour lines, one at about
2,000 meters elevation and one farther inland. Measurements to be carried out along the traverses include
the establishment of a network of permanent markers
with firm astronomical control for horizontal strain
and absolute velocity determinations, precise optical
leveling supplemented by continuous barometric altimetry, gravimetric and snow-surface-level readings at
all permanent markers, continuous radio-echo sounding of ice thickness and ice structure complemented
by seismic reflection soundings, seismic refraction
shooting along profiles of various lengths combined
with wide-angle seismic and radio-echo profiles to determine wave velocities in and beneath the ice, continuous magnetic profiling, electrical resistivity profiles at selected sites, examination of the physical and
chemical properties of the ice in cores recovered from
an extensive series of drill holes to depths ranging
from just a few meters to 500 meters as well as from
surface samples, and temperature measurements
through the ice sheet using robot probes.
A second major emphasis of the project is on deep
drilling to and into bedrock in several locations. A
comprehensive series of core and borehole studies will
be carried out.
A third important objective is the reconnaissance
radio-echo mapping of ice thickness and surface elevation at a spacing of about 100 kilometers throughout
the entire region, with more detailed mapping in areas
of special interest.
The fourth objective is a sequence of observations
at the ice margins, carried out principally by repeated
aerial photography with the establishment of suitable
ground control, combined with geomorphological
study of evidences of glacial action.
Role of United States
The United States will be an important contributor
to the first three of the objectives. The program of
radio-echo mapping already has been started under
the direction of G. de Q . Robin. Radio-echo sounding
equipment developed by S. Evans at the Scott Polar
Research Institute has been operated from an LC-130
aircraft for several seasons (Evans and Smith, 1970).
May-June 1972

The work thus far has been largely developmental,
with flight lines selected primarily to sample many
different conditions of ice thickness, temperature,
and bedrock configuration in both East and West
Antarctica, rather than to provide specific areal
coverage. Despite some technical difficulties, the system is essentially ready for routine mapping work,
which was begun in the IAGP area of interest during
the past field season. Unfortunately, a U.S. LC-130
airplane that was lost in the 1971-1972 season will
not be replaced until after the 1972-1973 season,
and continuation of the sounding program will be
delayed until 1973-1974.
Probably the most exciting part of the U.S. participation in the project is in connection with the deep
drilling program. A drill hole to bedrock makes
possible, through examination of the cores and of
the hole itself, a wide variety of important studies.
We shall cite only one of the particularly dramatic
examples. Penetration to the base of the ice in
central East Antarctica, where the snow accumulates
very slowly, will yield ice samples up to hundreds
of thousands of years in age, thus providing a continuous historical record well back into the Pleistocene. If the East Antarctic ice sheet has remained
largely unchanged over that time, paleotemperatures
from stable isotope studies will yield an unparalleled
record of Pleistocene climatic changes. If, on the
other hand, there have been major changes in the
ice sheet, such as might have been produced by a
surge, evidence of this also should be revealed. The
examination of ash layers will be of particular interest
in the light of the recent correlation found between
ash layers and paleotemperatures in the ice cores
from Byrd Station (Gow and Williamson, 1971).
Drilling equipment used in the International Antarctic Glaciological Project will be used also in the
Ross Ice Shelf Project (Zumberge, 1971).
Drilling in ice at a temperature in the vicinity of
—60'C. gives some difficult engineering problems;
significant modifications to the system used at Byrd
Station are necessary. The engineering development
program is being conducted at the U.S. Army Cold
Regions Research and Engineering Laboratory under
the direction of B. L. Hansen. The target date for
actual drilling in East Antarctica is 1977-1978.
The other major aspect of U.S. participation in the
International Antarctic Glaciological Project is less
dramatic but also of vital importance—the provision
of logistic support for the field parties of the other
countries. The completion of the traverse program
will depend heavily on LC-130 aircraft for transporting personnel, equipment, and supplies into the
field. Such support was initiated in the 1971-1972
season in connection with the French traverse from
Dumont d'Urville inland toward Vostok.
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Methods and priorities
Before the 1971-1972 season, IAGP activity was
concerned largely with planning and development of
techniques. As an aid to participating expeditions
to ensure that specific projects will undertake a
range of measurements agreed upon as essential, with
techniques giving compatible and comparable results,
a "standardization" document has been produced
that summarizes the parameters to be determined and
the accuracy needed, recommended methods and
spacing of observations, and suggested instrumentation. This document, which is to be considered a
guide rather than a straitjacket, will be published
soon in the Polar Record.
Experts in theoretical ice dynamics met in Moscow
in August 1971 to consider how the field measurements should be designed to provide data of maximum use in the study of the flow of ice. The participants emphasized that detailed observations along
a single flow line, rather than more general observations along several, should be made. They agreed
that the flow line inland from Casey Station is most
suitable for detailed examination because of the
apparent parallel or gently convergent flow, and that
the flow line inland from Dumont d'Urville, with the
contrasting pattern of strongly divergent flow, is the
second choice. In any case, it is important to carry
flow line studies all the way to the summit of the
ice sheet, but there is an immediate need for more
detailed aerial sounding to define the flow lines
more precisely. The experts agreed that first priority
for the deep drill hole should be at the East Antarctic summit; second priority, at a position on deep
ice along the most detailed flow line. They emphasized that it is important to make the best possible
use of modern techniques and that detailed laboratory
measurements should be made on antarctic ice cores
to determine the flow parameters. These recommendations will be of great value in IAGP planning,
although they must, of course, be considered in the
light of logistic realities.

New techniques
Progress has been made toward the development
of several promising new techniques. For position
location, in addition to the satellite /Doppler system
field-tested by the U.S. Geological Survey in 197 11972, the French may use their own satellite system,
which would hopefully have a precision of a few
meters, and Soviet experts are working on a radiogeodetic technique, utilizing transmitting stations
along the coast, which would have similar precision.
Already, the Soviet Union is testing deep drilling
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equipment at Vostok, where a depth of 520 meters
has been reached with a thermal drill, but the
problems of drilling in a fluid-filled hole (the fluid
being required to prevent excessive closure rates in
the lower part of the hole) have not yet been faced.
Both France and the Soviet Union are developing
mobile thermodrills with 500-meter coring capability
on the cold East Antarctic ice. A potentially important new technique for measuring ice movement by
mapping and re-observing detailed radio-echo dif fraction patterns at the surface, suggested by J. F.
Nye, was to be tested by members of the British
Antarctic Survey during the past season. An intriguing development in the Soviet Union involves the
observation of Doppler frequency shifts of a laser
beam as a means of instantly recording ice movement
speeds. Such a system, while not useful in the East
Antarctic interior, could have valuable application to
measurements wherever rock outcrops are available
as observing points.
1971-1972 field work
In the first field work of the project, which took
place during the 1971-1972 season, both Soviet and
French traverse teams completed at least a portion
of their goals. The French traverse, from Dumont
d'Urville to Vostok, will continue in the 1972-1973
season, again with U.S. aircraft support. The party
is expected to reach Vostok in late January. The
equipment will be left at Vostok until the following
season, and the traverse team will be flown to
McMurdo Station in U.S. planes. Summary reports
on 1971-1972 field work will appear in the next

issue of the Antarctic Journal.

U.S. inquiries regarding participation in the International Antarctic Glaciological Project or analysis of
material collected during field work should be directed
to the author at the University of Wisconsin, Geophysical and Polar Research Center, 6118 University
Avenue, Middleton, Wisconsin 53562. Proposals may
be submitted to Mr. Mort Turner, Program Manager
for Earth Sciences, Office of Polar Programs, National
Science Foundation, Washington, D.C. 20550.
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