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International Antarctic Glaciological Project
The International Antarctic Glaciological Project
is a cooperative venture linking Australia,
France, the United Kingdom, the United States, and the
Soviet Union in a study of a large part of the East
Antarctic Ice Sheet. Publication of this newsletter as a
series in the Antarctic Journal is a U.S. contribution to
the project.
The origin, aim, and
early development of the
Antarctic
International
Glaciological Project are
Bentley
described
by
(1972) who points out
that, in several ways, the
-project breaks new ground
in polar research. Its design ensures that (a) the
number of participating nations remains small, (b) the
scientific program is composed of several national programs that are aimed, not merged, with one another,
(c) each field operation is planned and carried out by
one of the national expeditions but welcomes participants from other expeditions, and (d) scientific and
logistics plans are coordinated by the IAGP council,
which comprises a glaciologist and a logistics expert
from each participating nation plus a representative of
the Scientific Committee on Antarctic Research (SCAR).
The IAGP council met for the first time in May 1970
in Paris and has since met three times (Moscow, August 1971; Melbourne and Canberra, August 1972;
Leningrad, September 1973). Its foundation and current members are W. F. Budd (Australia), C. Lorius
and J . Vaugelade (France), G. deQ. Robin (United
Kingdom and SCAR), C. R. Bentley and P. M. Smith
(United States), and V. M. Kotlyakov and E. S. Korotkevich (Soviet Union). The secretary of the SCAR
working group on glaciology and invited specialists,
generally from the host country, attended the meetings
as opportunity allowed.
The flexibility and informal contacts between meetings
have served the project well so far. However, it was
recognized at the outset that communications would have
to be organized further as the project became fully
established and started yielding extensive results, both
from field work and from related theoretical and
laboratory studies. The constitutive meeting of May
1969 (Bentley, 1972) therefore had suggested that
(IAGP)
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results should be published nationally and reprints , made
available periodically under an IAGP cover.
Newsletters are being prepared at the request Of the
Leningrad meeting of the IAGP council and represent a
first step toward such a series of IAGP publications. The
newsletters are being prepared by the Office of Polar
Programs, National Science Foundation.
Previous

IAGP

activities

Activities to date have been reported in the Antarctic
Journal, Ice, the Soviet Antarctic Expedition Infornfation
Bulletin, and other journals. It is hoped to provide a
full bibliography of these reports and of published IAGP
results in a future newsletter. Meanwhile, the following
outline of IAGP progress has been prepared largely from
statements submitted at IAGP council meetings.
1970-1971. The main field activities were a resurvey of snow stakes established by the 15th Soviet Antarctic Expedition along the entire 1,400-kilometer MirnyyVostok line and the 16th Soviet Antarctic Expedition's
core drilling with a thermal device to a depth of 625
meters at Vostok Station (Barkov et al., 1973). The
Australian expedition established fuel depots south of
Casey Station in preparation for a traverse toward Vostok in the 1971-1972 field season. Developmental 4work
on satellite location methods took place in the United
States and France, and the French expedition tested a
new fast thermal drill in the Alps. A theoretical and
computational survey of derived physical characteristics
of the antarctic ice sheet was completed and pubiishd in
Australia.
At the invitation of the IAGP council, a group of
leading glaciologists (L. Lliboutry, P. A. Shumskij, J.
F. Nye, and J. Weertman) met under the chairmanship
of W. F. Budd to discuss theoretical problems raised by
the project. They recommended a three-stage program
comprising study of a small number of ice flow lines by
aerial radio-echo reconnaissance, measurements of surface strain and velocity, and coring of interspersed'intermediate and deep boreholes. Emphasis was placed on
the need to exploit new techniques (satellite location,
velocity determination from radio-echo fading patterns),
which have since moved further toward practical aplication.
1971-1972. The 17th Soviet Antarctic Expedikion
started a resurvey of the Mirnyy-Vostok line and ovANTARCTIC JOU AL

ered he first 170 kilometers with seismic and radioecho skundings, magnetic observations, measurements of
snow accumulation, density, stratigraphy, and temperature. Two 50-meter cores were obtained on the traverse.i The coring of the Vostok hole was extended to
a depth of 952 meters.
A full program of glaciological and geophysical investigations was carried out in the Lambert GlacierAmery Ice Shelf region, with seismic ice thickness
measurements, aerial photography, magnetic measurements, and geological exploration (Aver'yanov, 1973).
The French expedition made an 800-kilometer traverse from Dumont d'Urville toward Vostok Station
with logistic aid from the United States (Lorius and
Vaugelade, 1972). The United Kingdom and the
United States jointly conducted ice thickness radar soundings over the IAGP area (Evans and Robin, 1972).
The Australian expedition was forced, by vehicle
problems, to abandon the planned traverse toward Vostok, but achieved the first of a planned series of boreholes near Casey Station. A successful program of
glaciological and geological exploration was carried out
in the Lambert Glacier-Amery Ice Shelf region, envisaged for attention at a later stage of the IAGP (Radok,
1972).
Finally, a standardization document suggesting comparable methods and accuracies for use in the IAGP was
prepared (Bentley et al., 1972).
1972-1973. The most recent activities are described
below, as reported to the fourth meeting of the IAGP
council. At that meeting the council also reviewed the
progress of the uc p but did not attempt a reappraisal
of the longer term goals and implications of the project.
It is hoped to address these in a future newsletter.

Fourth meeting of the IAGP council
The IAGP council met September 26 to 28, 1973, in the
conference hail of the Knowledge Society, Leningrad,
with the following participants:
Council members. Dr. W. F. Budd (Australia), Dr.
C. Lorius, Mr. J . Vaugelade (France), Dr. G. deQ.
Robin (United Kingdom), Professor C. R. Bentley
(United States), Dr. Ye. S. Korotkevich, Professor V.
M. Kotlyakov (Soviet Union).
I viled experts. S. N. Kartashev, P. A. Shumskij, M.
G. rossvald, 0. N. Vinogradov, A. B. Bazhev, F. Gordie ko, I. A. Zotikov, N. I. Barkov, L. S. Govorukha,
Ya. P. Koblents, 0. N. Putikov, B. S. Moiseev, B. B.
Ku ryashov, V. K. Chistyakov, N. Ye. Bobin, V. V.
Bo orodsky, V. A. Morev, L. I. Dubrovin, V. G.
Av,
r'yanov, A. Ya. Minevich (interpreter).
After approving the agenda for the meeting, the
council listened to national reports on LAGP activities
Ma ch-April 1974

since the last meeting in Melbourne and Canberra in
August 1972. Summaries of these reports follow in the
order in which they were presented.
United Kingdom. The United Kingdom had
been invited the year before to become a full member of
IAGP. The Royal Society of London accepted this invitation July 13, 1973, and designated G. deQ. Robin for
membership in the IAGP council.
Resumption of the joint United States-United Kingdom-Denmark aerial radio-echo sounding studies in
Antarctica is planned for the 1974-1975 season. The
intervening past year has been used for basic radio-echo
studies, with the help of Canadian authorities, on the
Devon Island ice cap at the site of the Polar Continental
Shelf borehole in ice of known (300 meters) thickness.
Studies were made at 60 and 440 megahertz and covered
the fading characteristics of bottom echoes, attenuation
of radio waves in ice, determination of ice movement in
relation to radio-echo fading patterns, determination of
velocity of radio waves in ice by use of an interferometric technique in boreholes (440 megahertz, only),
and some mapping of the subglacial surface.
At Cambridge, analysis of the 1971-1972 and earlier
flights over the IAGP area has continued. The provisional
map of surface contours presented at the 1972 council
meeting has been revised—the most obvious change
being in the form of the 3,200-meter contour around
dome C. In general, the change from the preliminary
map of the elevation at any point does not exceed 50
meters. It is hoped that final maps of surface and bottom relief will be published and available for wide distribution before mid 1974. A paper on lakes identified
from the 1971-1972 results beneath the ice sheet, especially near dome C, was published (Oswald and
Robin, 1973).
Following the recommendation of the 1972 meeting
of the IAGP council, a workshop on temperature and
isotopic profiles in polar ice sheets was held in Cambridge in early 1973 (Robin, 1973). Three glaciologists of the council and other experts participated. Full
publication of the results and discussions is planned in
monograph form.
United States of America. Contributions of the
United States to IAGP in the 1972-1973 field season
consisted of logistics support for the French traverse
from Dumont d'Urville toward Vostok and a geoceiver
team for the Australian traverses from Casey. At the
same time, significant progress was achieved in the
development of new equipment for ice coring and for
radio-echo ice surface height and thickness sounding.
To enable an early start to be made by the 1972-1973
IAGP traverse of the French Antarctic Expedition, 10
persons and 5 tons of equipment were flown on October
31 from Christchurch to McMurdo and on to Carrefour
on November 2. Subsequent air drops of fuel and
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spares were made on November 21, December 30, and
January 2.
Satellite navigation (NAVSAT) equipment and two
trained operators for station and traverse work were
made available to the 1973-1974 Casey team of the
Australian National Antarctic Research Expeditions.
During an autumn traverse lasting from February to
June 1973, geoceiver measurements were made at five
points ranging from Casey Station, at 66 1 17'S. 110°32'
E., to a depot at 67 0 13'S. 111 048'E., about 45 kilometers south of the valley separating the Wilkes ice cap
from the main antarctic ice sheet.
Exploration of new coring techniques and development of appropriate equipment has continued against
the background of a growing field program demanded
by several projects in addition to IAGP. This drilling
program is to provide a graduated series of tests for the
new equipment, culminating in the first deep IAGP hole.
A new 60-megahertz antenna consisting of four
dipole sections mounted on the LC-130 has been developed for the National Science Foundation by the Technical University of Denmark. Although sounding in
Greenland by the United States and Denmark was not
possible this year, the antenna was successfully flighttested in August.
The prototype model of this high-performance antenna was used over the IAGP area by the National Science Foundation and the Scott Polar Research Institute
in 1971-1972. The new aerodynamic design will permit extensive flying without restriction on aircraft performance. An improved, higher sensitivity radar system
also is under development.
Union of Soviet Socialist Republics. The IAGP
program of the Soviet Antarctic Expedition in 19721973 included drilling at Vostok Station with borehole
observations and core analysis; a glaciological traverse
from Mirnyy to Pionerskaya and back to Mirnyy; and
experiments with a new technique of direct ice velocity
determination at Mirnyy. Coordinated parallel glaciological studies took place outside the IAGP area at Molodezhnaya Station and in Enderby Land.
Cores were extracted from two separate holes at Vostok Station from depths of 625 to 952 meters and 0 to
780 meters. The following geophysical, glaciological,
and geochemical measurements were made: temperatures
along the borehole and in the ice below (thermosonde);
ice densities (relative measurements with a gamma ray
logger); borehole inclinations, diameters, and wall
characteristics. Crystallographic studies were made on
ice from between 625- and 952-meter depths and also on
precipitation and surface layer snow. The pressure of
air bubbles in the core was measured, and the spore
and pollen content of the core was examined. Snow
pollution was studied with a stratigraphic technique,
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and further ice samples are being used for ch mica!,
isotope, and particle analyses.
The 374-kilometer traverse from Mirnyy to ionerskaya, and back to Mirnyy, carried out with 27 prsons
and seven vehicles between February 14 and April 3,
1973, yielded scientific observations from 49 kiloiieters
onward. Strain grids with 5-kilometer sides were established 153 and 355 kilometers from Mirnyy, and a borehole was drilled 355 kilometers from Mirnyy to a depth
of 70 meters with an electric drill permitting conti1uous
core removal. The scientific program also includec seismic measurements recorded on magnetic tape (25 channels), radio-echo soundings (23 megahertz), barorietric
leveling, and meteorological observations. Details follow:
• Film records of emitted and reflected pulses: were
obtained every 200 meters along the whole route each
of the two strain grids was covered by 275 measurements 200 meters apart on 11 parallel lines 500 Meters
apart.
• Barometric heights were obtained with an aneroid
barometer and aircraft altimeter vr-10 at the radid-echo
sounding locations.
• Seismic soundings at nine points and seismic
in the 70-meter hole were carried out at the strain
grid at kilometer 355, to obtain ice thickness, azimuths
of incidence, and mean velocities and types of waves.
• Vertical gradients of the magnetic field T were
measured with a proton magnetometer at 1-kilometer
intervals along two intersecting 6-kilometer legs in the
vicinity of kilometer 350. The speed and direction of the
ice flow will be determined after repeated surveys of the
spatial distribution of the magnetic field.
• Accumulation values were obtained from an existing line of stakes along the route. The stakes were reset
or replaced where necessary. Accumulation measurements
also were obtained from stake fields at kilometers 195
and 374, and a new stake field was established at kilometer 105.
• Surface snow densities were measured every 10
kilometers between kilometers 105 and 355. Stratigraphic
studies were carried out in 3-meters-deep pits at kilometers 49, 153, and 360.
• Studies on the 70-meter ice core obtained at the
strain grid near kilometer 355 included a stratigraphic
description, density determinations, and removal of I laboratory samples every 150 centimeters for glacioloical
studies, and every 250 centimeters for geocheiiiCal
analyses.
• Temperature measurements were made with a latinum resistance thermometer at 18 levels in the 70-neter
hole at kilometer 355, and at 19 levels in a 100-n$eter
hole at kilometer 49 (drilled in 1971-1972).
I
• Surface snow samples for geochemical analfrses
were taken at 5- to 10-kilometer intervals between IiloANTARCTIC JOUR4AL

meters 155 and 360. At kilometer 355, a continuous
verti4al sample was taken from a 2.5-meters-deep pit.
S JMeteorological observations twice a day included
air tmperature, pressure, wind speed and direction,
clou4iness, and special phenomena.
Ice flow velocity measurements were made during January to April 1973 at various points up to 30 kilometers
from Mirnyy with a gas laser Doppler system. The
instrument recorded velocities from 0.1 to 100 microns
per second. Horizontal and vertical strain rate components and their diurnal variations were obtained.
At the western end of the IAGP area a program of geophysical, geological, and cartographic investigation was
continued. This included seismic and airborne radar ice
thickness measurements, aerial photography, and magnetic observations.
The simultaneous glaciological program at Molodezhnaya Station during the winter included measurements
of snow accumulation, temperature observations in a
27-meter borehole, measurements of ablation and evaporation, surveys of the snow cover, albedo and heat
balaAce measurements, and radio-echo thickness soundings and aerial photography. Glaciologists and geodesists
fron the German Democratic Republic during 1972
studied the Hays and Campbell outlet glaciers of Enderby
Lani with barometric leveling, glaciological measuremeits, and water depth measurements in front of the
glac ers. Meteorological observations and measurements
of tie diurnal and seasonal variations itl refraction were
also made.
France. The 1972-1973 JAGP traverse from Dumont
d'Urville to Vostok had been planned to remeasure the
1971-1972 route to kilometer 800 and to extend the
measurements to Vostok at kilometer 1,650 (Lorius
and Vaugelade, 1973). Unfortunately, sastrugi broke the
suspension systems of the tracked vehicles, and the traverse had to turn back from kilometer 400. A new
scientific program was accomplished on the way back
to Dumont d'Urville. The following data and results
have so far been evaluated by the different participating
groups:
• Eleven astronomical positions have been calculated
from observations on stars along the traverse.
• Elevations were calculated from barometric leveling
data (interval method) obtained at each permanent
marker (every 10 kilometers). The data were corrected
for air temperature but not for the large scale pressure
gradient. Results for the two traverses agree within ± 20
meters over the first 400 kilometers from Carrefour.
There is good agreement between barometric and geodeticeveling between the coast and E-40 (E-40: elevation
84 meters, about 35 kilometers from the coast). At
14 kilometers from E-40 the traverse results and values
ag ee well with the elevations obtained by the Scott Polar
R search Institute during the United Kingdom-United
M rch-April 1974

States radio-echo sounding flights. Farther on, those
elevations are about 100 meters higher than the traverse
results.
S Free air anomalies have been calculated at each
marker from gravimetric measurements; up to Carrefour
more frequent measurements and previous data from
seismic reflection soundings allowed the ice thickness to
be calculated at closer intervals. Farther on, Bouguer
anomalies were computed from airborne ice thickness
sounding results for six stations distributed along the
traverse. Provisional ice thicknesses have been calculated by interpolating the Bouguer anomalies. These
lead to some tentative conclusions regarding the bedrock profile: starting from the coast the profile is
slightly below sea level on the first 200 kilometers; it
has a large hollow for the following 240 kilometers
with ice thicknesses which could reach up to about 4,000
meters; its elevation then goes from sea level values
(with a few negative values) to about +500 meters
near the end of the traverse.
• The mean annual temperature of the ice surface has
been measured at 24 stations (generally at 10 meters
in depth).
The temperature-altitude gradient is about 1°C.. per
hundred meters up to an altitude of 2,200 meters (230
kilometers from the coast); farther on it becomes more
irregular, reaching much larger values.
The snow accumulation has been determined from
markers (including some aerial networks) and 1955
radioactive fallout horizon determinations.
From markers, 2 years of results are available up to
Carrefour, the 1971 values being higher than the 1972
figures. A smoothed curve (1972 values) along the 435kilometer traverse gives values decreasing from 20 grams
per square centimeter per year near the coast to 15 grams
per square centimeter per year.
Radioactive fallout results obtained from two stations
give higher annual mean values; 835 kilometers from
the coast a value of 5.8 grams per square centimeter per
year was found. Radioactive dating measurements, including some tritium and lead-210 figures, will be available for 10 stations.
• Stable isotopes: There is a linear relationship between mean deuterium content, measured at 35 stations
distributed along the traverse, and mean annual temperature. The possibility of identifying seasonal changes in
the oxygen-18/oxygen-16 ratio is being studied; very
detailed measurements on pit and core samples are being
made by the Technical University of Denmark for three
stations distributed along the traverse.
• Trace analysis: Determinations of chlorine, sodium, and manganese have been made on about 100 samples, mainly by neutron activation (Briat et al., in preparation). Concentrations show a sharp decrease in the
first 30 kilometers, but, farther on, results for chlorine
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and sodium, assumed to be of marine origin, do not
show a systematic decrease, and the chlorine/sodium
ratio has much higher values than in seawater. But for
the immediate coastal area, a sufficiently good correlation
exists between snow and trace element accumulations to
allow the yearly deposited quantities to be estimated.
The evaluation program is being aided by new laboratory facilitaies which are or soon will be in operation in Grenoble; they include cold rooms, dust-free
rooms, and low activity counting facilities. Technical
facilities to test equipment for drilling and in situ sampling should be completed in the next few months.
The preparations for these new facilities (which will
greatly increase core study capabilities) have delayed
some current studies.
Australia. In 1972, four holes were core drilled
near Casey Station to depths between 50 and 120 meters
at elevations between 200 and 800 meters. Most of the
core was recovered and returned for analysis to Australia.
The boreholes were logged for temperature, diameter
and inclination. Remeasurements are planned for 1974.
The major field program for the wintering over party
at Casey during 1973 is the trilateration traverse inland.
An autumn traverse was made between February and
June. The trilateration net was started at the summit of
Law Dome about 100 kilometers inland; this dome has
previously been tied to rock near Casey. A net of 15
double-braced quadrilaterals was established from Law
Dome summit 70 kilometers south to the saddle point of
the Vanderford Glacier-Totten Glacier valley. A fuel
depot was established about 45 kilometers farther on
for the spring to summer traverse. Other measurements
being made along the traverse include elevations from
triangulation and barometric leveling, radio-echo sounding, gravity, snow accumulation, and surface sampling.
The United States has supported the program with
satellite navigation equipment and an operator at Casey
and a geoceiver and operator for the traverse (Southard,
1973). Geoceiver measurements so far have been made
at Casey (66 0 17'S. 110 0 32'E.), Law Dome summit
(66044'S. 112 0 50'E.), A-09, about 31 kilometers south
of the summit (67 000'S. 112 042'E.), Saddle Point,
A . 15 (67 0 21'S. 112°27'E.), and a depot about 45 kilometers south of Saddle Point (67 043'S. 111048'E.).
Theoretical and experimental work in Australia included the development of the first self-surging glacier
computer model (Budd and McInnes, in press) and
analyses of ice cores for flow properties. crystallography,
impurity content, and oxygen-18/oxygen-16 isotope ratios. The core flow properties study forms part of a
larger program to determine the variation of the flow
of ice with stress, temperature, crystal size, and the
orientation fabric, density, and solid impurity content.
Analysis of data from other projects (Amery Ice
Shelf survey, Law Dome geophysics, Law Dome internal
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temperature studies) has continued, and a majorlaciological program was carried out in the Lambert G acierAmery Ice Shelf region at the western end of th IAGP
area. This included aerial photography of the so them
Prince Charles Mountains together with radar alti etry
of snow surface elevations and 19 hours of aerial ice
thickness sounding. The greatest thickness measured was
about 2,500 meters in the Lambert Glacier belowits
confluence with the Mellor and Fisher glaciers.
Papers presented at the fourth IAGP council
meeting
N. Barkov, F. Gordienko, Ye. Korotkevich, and V.
Kotlyakov: Oxygen isotope studies of the ice core from
the 500-meter borehole at Vostok Station. This paper
provided the first results of the oxygen isotope analysis
of the Vostok core, carried out jointly by the Arctic and
Antarctic Research Institute, the Institute of Geography
of the Academy of Sciences, and Moscow Unive:sity.
Seasonal layers were identified to a depth of 400 meters
where the annual layers are approximately 2 centimeters
thick. A tentative paleotemperature profile covering
approximately 21,000 years showed a temperature increase of 5°C. (delta oxygen-18/oxygen-16 change from
—59 to —54 per mille) between 14,000 and 10000
years ago. This indicates a simultaneous occurrenc of
the main climatic events of the Holocene in both bmispheres. Analysis is continuing for the deeper ice from
the 950-meter borehole.
I. Zotikov: Analysis of the temperature regime and
spreading of the ice sheet in the area of Vostok Stalion.
Temperature profiles for Vostok have been computed for
accumulation rate and base rock topography data and
compared with the observed borehole temperatures. The
best agreement was obtained for an accumulation rate
of 3 centimeters per year. Melting appears to be important only below 1,500 meters and amounts to 0.06 centimeters per year for the best-fit accumulation rate.
G. deQ. Robin: Lakes beneath the antarctic ice sheet.
Records obtained by the Scott Polar Research Institute in
the joint United Kingdom-United States radio-echo
sounding program have revealed the existence of 17
subglacial lakes around dome C (75 0S. 123 0E.) and
near saddles in the ice surface (Oswald and Robin,
1973).
B. Kudryashov and B. Chistyakov: Drilling of deep
boreholes in the ice sheet of Antarctica. The pa' er
described the electro-thermal drill used to extract a
925-meter core of 125 millimeters in diameter from he
180 millimeters in diameter borehole at Vostok StIL.
The maximum deviation of the borehole axis froe
vertical was 5 degrees. Below 700 meters difficultiese
encountered due to hole contraction. Geophysical lo g
of the hole provided ice temperatures and densitied
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core orientations. New electric drilling systems for deep
liquid-filled holes are being developed.

B. A. Morev: Information on the thermal mneedle,
The paper described an electro-thermal 'needle" type
drill for 40- or 80-millimeter boreholes in warm ice or
loose cold snow or urn. The needles weigh 7 and 15
kilograms, and the drilling rate for a 40-millimeter hole
is 20 meters per hour on 4 kilowatts of power. Coring
versions with diameters of 112 and 88 millimeters have
performed well in both warm and cold ice (5 meters
per hour on 3 kilowatts). Boreholes to bedrock through
180 meters of ice have been achieved.
V. V. Bogorodsky: Radio-echo sounding investigations
in Antarctica. Radar survey flights in 1972-1973 covered
a total distance of 20,000 kilometers and an area of
around 150,000 square kilometers. The results also were
used for the interpretation of a simultaneous magnetic
survey. A new radio-echo system (60 megahertz, 0.1
microsecond pulse length) was used for soundings
through the Amery Ice Shelf and through icebergs.
Soundings also have continued at the strain grids on the
Mirryy-Vostok route where detailed sub-ice relief maps
wereobtained for the determination of ice movement.
The propagataion and polarization characteristics of
radio signals in glaciers and their scattering at the icebedrock interface also have been investigated.
V. V. Bogorodsky: Application of laser technique for
ice friovement studies. Instantaneous ice velocities and
strain rates have been measured by a new laser Doppler
met r, with an experimentally determined resolution of
fro 0.5 to 100 microns per second. The smallest displa ment recorded by the instrument was 0.002 micron.
All wing for atmospheric transparency changes, it was
shown that the working wave length of the instrument
enabled records to be obtained over a distance of 2
kilometers. Data characterizing the absolute and relative
velocities of glacier movement were obtained in the area
of Mirnyy observatory at different polygons, and relative
ice strains were determined in the area of cracks and at
pob'gons with a flat bed. The investigations suggest
that the laser Doppler technique is practical.
Ya. P. Koblentz and Ye. S. Korotkevich: A new map
of the bedrock relief of Antarctica. The Arctic and

Antarctic Research Institute in cooperation with the
Design Research Institute Soyuzmorniiproyekt have prepared, from the authors' data, a bedrock map of Antarctica on a scale of 1 :10,000,000. This map contains the
newest relief information, obtained from the Soviet
Antarctic Expedition radio-echo survey in the Pravda
Coast and Enderby Land areas, as well as from non
Soviet data (including unpublished data of the United
States-United Kingdom radio-echo soundings). The map
considerably changes the existing knowledge of the bedrock relief of the east antarctic platform, which in fact
Mxch-April 1974

is mostly a gigantic low plain in its central part, with
some elevated regions at the periphery. In the gaps
between the peripheral rises, the plain usually has a
gentle transition to the continental shelf. Since a considerable part of the continental plain is below sea level,
it may be an old shelf.
C. Lorius: Isotopic implications of total gas content
in ice at Camp Century, Greenland. Total gas content
values from Camp Century ice cores seem to indicate
that the ice that corresponds to the last glaciation was
formed at a site whose altitude was very much higher
than that of the present station. Consequently, the ice
sheet covering northwestern Greenland must have been
considerably thicker at the time. Using a relationship
linking the present average isotopic composition with
mean annual temperature, this altitude effect could account for more than half of the isotopic variation
observed at Camp Century between Holocene and Wisconsin ice.
C. Lorius: Carbon-14 dating in Terre Adélie. Three
carbon-14 ages have been obtained from previously collected near-surface samples in the ablation zone. The
estimated maximum ages of the order of 4,000 to 6,000
years do not seem to agree with modeling computations
made during the Cambridge workshop.
W. Budd; Ice deformation studies in Melbourne.
These studies are being carried out primarily to determine how the steady state creep rate of polycrystalline ice
varies with such parameters as stress, temperature,
density, crystal orientations, crystal size, impurity content, stress configuration, hydrostatic stress, and internal
water content. Equipment has been developed for making
large numbers of compression and shear tests, continuously recording for long periods at low strain rates. The
emphasis is on the study of processes as near as possible to in situ conditions. Ice cores are from regions
where the ice motion and other properties are well
known. In addition, laboratory-made high density samples of randomly oriented polycrystalline ice of specific
crystal sizes are used for control and intercomparison.
The crystal orientation fabrics have been found to be
very important in regard to the flow properties. Cores
with a strong single maximum fabric deform several
times faster than randomly oriented ice for shear in the
plane of the majority of the basal planes, and several
times slower for shear at 45 degrees to that plane.
Samples from the Cape Folger core have been set up
in horizontal shear to determine the flow properties of
the core, for comparisons with the deformation rate of
the borehole. It is planned to extend this work by coring
a new hole to bed upstream of the present Folger hole
during 1974.
The second aspect of the deformation studies aims at
determining how crystal fabrics are developed in moving
ice masses. To do this, a series of cores are being ob47

tamed along a flowline, and the fabrics are being studied.
In addition, ice in the laboratory is being subjected to a
variety of stress configurations and the development of
crystal fabrics determined. At the same time, the variation of the flow rate under constant stress is being
measured as the fabrics develop.
Cooperative activities. Following these reports,
the IAGP council took stock of the various cooperative
activities that had occurred within the IAGP framework
during 1972-1973. These include development and tests
of radio-echo equipment by the United Kingdom and
Denmark for use on U.S. ski-equipped planes; comparisons of techniques used in the study of the Amery Ice
Shelf by glaciologists of the Soviet Union and of Australia; provision of Soviet and Australian ice core samples
for analysis by the French group, whose samples have in
turn gone to the Danish core studies group; provision of
U.S. logistic support for France's traverse and of a geoceiver team for Australia's Casey expedition; and arrangements enabling Dr. Lorius to hold extended discussions with colleagues of the Soviet Union.
The council urged the continuation and extension of
this cooperation, especially in field operations and in
ventures such as the Cambridge workshop on temperature and isotopic profiles in polar ice sheets. Council
members decided to explore, in particular, the possibility
for a meeting of drilling experts. Such a meeting has
since been proposed by the U.S. group for August 28-30,
1974 1 at the office of the Ross Ice Shelf Project, Lincoln,
Nebraska.
The council heard brief reports on antarctic projects
related to, but separate from, the IAGP: Ross Ice Shelf
Project (Zumberge, 1971), European Antarctic Project
(Gerlache de Gomery, 1973), and glaciological activities and programs in Greenland.
Plans presented at the fourth
meeting

IAGP

council

Australia, 1973-1974. During the winter of 1973,
trials are to be made of equipment for downhole sampling and for deep meltsonde probing. Further geoceiver measurements are expected to be made within 100
kilometers of Casey.
The spring-summer traverse is planned to extend the
trilateration traverse inland up to about 100 kilometers
beyond the Saddle Point. Previous geoceiver stations are
to be remeasured and new stations are to be established
approximately at 50- to 100-kilometer intervals as far
inland as time and fuel permit.
During the winter of 1974, the main project is further
core drilling near the coast and inland. During the first
part of the year, it is planned to core drill a hole to near
bedrock, a few kilometers upstream from the previous
Cape Folger hole, at a position where the ice thickness is
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still less than 500 meters. The aim is to fill the hol with
fluid after drilling to prevent the hole from closing and
to enable horizontal shear to be measured over a long
period. The hole is to be logged for temperature and
inclination change, and the ice core is to be returned
to Australia for detailed analysis.
Later in the year, it is planned to drill another hole
farther inland, to a depth of about 500 meters. This
hole is to be logged for temperature, diameter and
inclination. Part of the core is to be sent to Australia.
The remaining core is to be stored on the plateau near
Casey. In addition to the drilling, it is hoped that the
geoceiver can be taken inland to remeasure the sites
established during 1973 and possibly establish som new
movement sites as well.
The ice movement markers around Lambert basin,
approximately in the 1,500- to 2,000-meter elevation
zone, which were established during 1971-1972 summer, are to be remeasured. Measurements at the mrkers
include displacement, strain rates, accumulation, gavity
change, surface temperature, and snow sampling.
A major effort will be made to carry out an exte sive
coverage of radio-echo sounding for ice elevation and
thickness over Lambert Basin extending to abo 40
kilometers beyond the markers. An average spaci g of
about 20 kilometers will be sought.
If time permits, additional movement markers will
be established between the Prince Charles Mountain and
the Grove Mountains.
Aerial photography and ice elevation sounding is to
be carried out over the region of the northern Prince
Charles Mountains.—W. F. Budd
United Kingdom, Denmark, United Sttes.
Flights are planned that will extend the area co y red,
reprofile in areas of poor bottom echoes, and inc ease
flight density to a 50-kilometer grid in certain re ions
of East Antarctica.—G. deQ. Robin
After discussions, the council members agreed or the
following priority of airborne radio-echo sounding neasurements under the IAGP for the coming years:
First priority: measurements in the area of dome C,
Vostok Station, and dome B (50-kilometer net).
Second priority: radio-echo sounding along approximately 400-kilometers-wide strips along the traverses
from Dumont d'Urville toward Vostok and Casey toward
Vostok (50-kilometer nets).
Third priority: measurements in the area of dome A
(100-kilometer net).
Fourth priority: the remaining areas of the coast of
Wilkes Land (50-kilometer net).
It was noted that for work on the Casey-to-Vostok
profile, fuel resupply to LC-130 aircraft from Casey Station would be necessary. Discussions on this subject are
understood to have taken place between administrators
I
from the United States and Australia.
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Soviet Union. Snow accumulation measurements will
be made on the markers spaced 2 to 5 kilometers apart
along the 1,400-kilometer line from Mirnyy to Vostok
with density measurements at 20- to 50-kilometer intervals. At Vostok Station, experiments are planned with
different borehole fluids (kerosene, diesel fuel, ethyl
alcohol) to test thermal and electro mechanical drills on
a flexible cable and the interactions of the liquids with
both the borehole wall and the core. Aerial radio-echo
soundings of the ice surface and bedrock topographies
are planned for the Lambert Glacier-Amery Ice Shelf
area and the IGY Valley.—Ye. S. Korotkevich
United States. NAVSAT equipment operation and geoceiver measurements are to be repeated in the summer
of 1973-1974 and supplemented by further stations to
be set up both during the winter within 100 kilometers
of Casey and on the main plateau as far beyond the end
of the 1973-1974 summer traverse as fuel and time
permit.
The wire-line coring equipment will first be tested in
the Ross Ice Shelf Project during the 1974-1975 field
season. Subsequently, it will be used for intermediatedepth coring in Greenland and for the first deep IAGP
hol, perhaps in the 1976-1977 season. Radar sounding
wil be resumed in the 1974-1975 season in a cooperative
program involving the National Science Foundation, the
Scott Polar Research Institute, and the Technical Univeriity of Denmark.—C. R. Bentley
France. A 300- to 400-meter drill hole to bedrock is
planned in the coastal area of Terre Adélie; the program
includes field core observations, sampling for different
analyses, in situ measurements (temperature, closure
rat4, inclinometry), silicon-32 sampling, surface velocitiesmeasurements, and shallow drill holes.
A possibility for continuing France's traverse from the
region of dome C was created by the U.S. offer to fly in
the Expolaires vehicles from McMurdo. Pending a
solution of the problems of operating vehicles in this
area, it has subsequently been proposed to begin with a
glaciochemical program at and near a small station to be
set up on dome C. The council had agreed that measurements should be made in that area in view of both its
scientific and logistic implications. The desirability of
similar ground-truth measurements in the vicinity of
Vostok Station and dome B was stressed. To achieve a
more complete program and develop cooperation within
IAGP, it would be very desirable to have participation
of scientists of other IAGP countries in such a program,
especially in radio-echo sounding. Mr. Vaugelade gave
information on the French plans to construct a new air
strip at Dumont d'Urville equipped with modern air
navigational facilities, the work to be completed by
1977-1978.
March-April 1974

General review of progress
The council considered that the general reconnaissance
activities that have been completed or are planned are
progressing satisfactorily. Considerable progress is being
made with the detailed scientific studies over the primary
area of IAGP operations. These studies are necessary for
understanding the ice dynamics of the area. To exploit
such knowledge to the maximum benefit of science,
participants are urged to concentrate as much scientific
effort as practicable in the primary area of the IAGP. Not
only is this highly desirable from a scientific viewpoint,
but it makes the most effective use of logistic capabilities
Of LC-130 airplanes based at McMurdo. The planned
French traverse for 1974-1975 provides a good opportunity: the additional scientific results that other countries
would provide, by assisting with the scientific work of
this party, would mean a much more effective use of
resources, especially of the LC-130 time. A similar case
could be made for increasing the number of small
drilling parties in parts of the primary area that can be
reached from McMurdo by direct LC-130 flights and are
suitable for landings on unprepared surfaces.
It was appreciated that European scientists already
were contributing to the program through the integral
programs of France and the United Kingdom, while
Denmark was helping with isotopic and radio-echo
studies. Moves toward a European antarctic glaciological expedition indicated the existence of some unused
scientific potential and interest in antarctic glaciology.
If this potential exceeds that which can be usefully deployed to advantage under logistic limitations of the new
European program, it was felt that every encouragement
should be given to such groups to work in the IAGP area,
where logistic support is possible. This could be done as
part of a European program in antarctic glaciology.
Other matters
The council finally considered the problem of disposal
of nuclear waste in Antarctica, the publication of IAGP
data, and the time and place of the next meeting.
Disposal of nuclear waste in Antarctica. The council
of the IAGP had been requested by the SCAR executive
committee to discuss, at least in a preliminary way at
this meeting, the proposal for the dumping of nuclear
waste on the antarctic ice sheet. The council resolved
that1. It would deplore the dumping of nuclear waste
on the antarctic ice sheet at this time, since our present
knowledge of ice dynamics is insufficient to predict the
probable consequences, including the possible initiation
of surges of the ice sheet which could have catastrophic
effects on the world ocean levels.
2. The program of the IAGP should provide the back49

ground knowledge of ice dynamics and thermodynamics
that is necessary for a better understanding of the risks
that would be involved if nuclear waste were dumped in
Antarctica.
3. If the urgency of the problem is sufficient, it should
be possible to speed up the program of IAGP, by providing the necessary additional finances and resources.
4. The council agreed to devote the first day of its
next meeting to a joint discussion of these problems with
the SCAR working group on glaciology. In the meantime,
members of the council were asked to undertake studies
in preparation for this meeting.
5. Members were asked to assemble information from
appropriate sources on the estimated amounts of nuclear
waste materials that will need dumping in future. The
SCAR secretariat was requested to distribute this information to members, and a start with this has since been
made.
Publication of IAGP data. The council considered the
implementation of the decision taken at its Canberra
meeting to publish an IAGP newsletter. Mr. P. M. Smith
had sent a message that he was ready in the Office of
Polar Programs, National Science Foundation, to push
forward with such a publication. The council decided
to submit the summary reports of the individual countries, and the minutes of the current council meeting, for
editing and inclusion in the first issue of the newsletter,
together with an introductory summary of IAGP activity
to date. The decision whether to publish it separately or
in the Antarctic Journal was left to the Office of Polar
Programs.
Time and place of the next meeting of the LAGP
council. The council agreed to Dr. Robin's proposal to

hold the next meeting in Cambridge, England, on
September 26-28, 1974, after the symposium on the
remote sensing of snow and ice and the meeting of the
SCAR working group on glaciology. They agreed to devote September 26 to a joint discussion, with the working group, of the problems of dumping nuclear waste in
Antarctica.

The meeting concluded with a vote of thanks to the
Soviet hosts for their excellent arrangements and for
enjoyable excursions organized during the meeting
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News and notes___________
Field activities in December 1973 and January 1974
Although marred by a scientist's
death (see "Wolf V. Vishniac, 19221973," January-February 1974 Antarctic Journal, p. 29) and a ship accident at McMurdo, the months of
December 1973 and January 1974
witnessed a generally favorable cli50

max to the 1973-1974 austral summer
of U.S. science programs in Antarctica.
Two major efforts-the Ross Ice
Shelf Project and the trinational Dry
Valley Drilling Project-completed
the season's goals during this period,

as did a number of other summer
studies. McMurdo and inland U.S.
stations were resupplied in anticipation of the coming winter. Construction of the new South Pole Station
continued ahead of schedule, and 1by
early February only the finishing
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