
Newsletter 3

International Antarctic Glaciological Project

T is newsletter reports the fifth meeting of the
Inte ational Antarctic Glaciological Project (IAGP)
Coo dinating Council, September 26 and 27, 1974,
at the Scott Polar Research Institute (sPRI), Cam-
bridge, England. As in previous newsletters, the pro-
ceedings and submissions are not reproduced in

extenso; instead they are
summarized, with the ad-
dition of later informa-
tion and comments.

--'	I	The meetings were
A	chaired by G. de Q.
G	Robin (United King-

- --	p	dom); other members
-	 present were W. Budd

(Australia), C. Lorius
and	J.	Vaugelade

(France), N. Barkov and V. Kotlyakov (Soviet
Union), and C. Bentley and K. Moulton (United
States). Observers included C. Bull, representing
the U.S. Committee on Polar Research, National
Academy of Sciences, in a joint discussion of proposed
nuclear waste disposal in polar ice sheets; K.
Kusunoki, Japanese Antarctic Research Expedition
(JA); U. Radok, U.S. National Science Founda-
tion; C. Swithinbank, secretary of the Scientific Com -
mittee on Antarctic Research (SCAR) glaciology work-
ing group.

The meeting's agenda included the following:
reports on 1973-1974 IAGP activities, plans for 1974-
1975 and later field seasons, other IAGP activities, mis-

The International Antarctic Glaciological Project is a
cooperative venture linking Australia, France, the Soviet
Union, the United Kingdom, and the United States in a
study of a large part of the east antarctic ice sheet. Publica-
tion of this newsletter series in Antarctic Journal is a U.S.
contribution to the project.

cellaneous matters (nuclear waste disposal, Polar Ex-
periment, and next meeting).

1973-1974 IAGP activities

These activities were summarized in Newsletter 2
(July—August 1974 Antarctic Journal, page 187). The
following additions were made:

Australia. A systematic study of oxygen isotope and
total gas content data is being made on samples from
the Law Dome triangle. The analysis shows variations
in 8 oxygen-18/oxygen-16 with height (including the
lowest kilometer) and season. The lower gas content
associated with the lower paleotemperatures of the
deepest ice in the boreholes may reflect losses from
cracks as well as a higher origin of the ice.

France. An analysis was made of isotope measure-
ments along the first 800 kilometers of the Dumont
d'Urville-Vostok route, in conjunction with measure-
ments from other antarctic regions. This work is to
be published in the Monograph of the Cambridge
workshop on temperature and isotope profiles in polar
ice sheets. A linear dependence of 8 oxygen-18/oxygen-
16 on the annual mean surface temperature applies
generally, except for the systematically lower 8-values
in Marie Byrd Land and the absence of a definite
temperature-8 relationship at coastal stations and
elevations below 1,000 meters (see Australia above,
however).

Other results were obtained on the chemistry of
surface firn along the Dumont d'Urville-Vostok route.
This work confirmed the usefulness of cationic filters
that trap both soluble and insoluble particles.
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As first results from the 305-meter borehole cored
to bedrock near the Adélie Coast during the 1973-
1974 austral summer, borehole temperatures and
oxygen isotope profiles were presented. The isotope
profile shows a previously unobserved double peak in
the lower ice. A regional study is being made of close-
off densities for interpretation by concomitant total
gas contents. It seems desirable to design corers to
reach beyond the close-off depths (about 150 meters).

Japan. K. Kusunoki was invited to report on recent
JARE activities. These have included establishing a
triangulation network in the vicinity of the 2,000-meter
contour between Queen Fabiola (Yamato) Mountains
and the Sandercock Nunataks, with supporting ice
thickness and accumulation measurements, and core
drilling at Mizuho Station (inland of Syowa at about
2,200 meters in elevation). Complementary laboratory
studies of mechanical, electrical, and structural ice
properties already are under way in Hokkaido using
U.S. and Australian cores.

Soviet Union. The previous report on 1973-1974
work was expanded by a new accumulation map
of Antarctica (since published in Chronicle and Dis-
cussions, 24), by information on borehole temperatures
from Vostok, and by snow accumulation values from
Vostok and from along the Mirnyy-Vostok traverse
route. Temperatures in the 782-meter Vostok borehole
cored in 1972 agree (within 0.09°C. around 150-meter
depths and within 0.04°C. elsewhere) with those in
a hole cored in 1970. Analysis of the accumulation
measurements established the order of local and time
variabilities at Vostok and clearly showed the ac-
cumulation anomaly associated with the katabatic
wind belt. Further details are given in three papers
at the end of this newsletter.

United Kingdom. As a major result, the first de-
tailed map of the surface and bedrock topographies for
• large portion of the IAGP study area was published
• few days before the meeting and presented to council
members. The maps will be distributed with an issue
of Polar Record.

United States. Questions were raised regarding the
availability of geoceiver systems. W. R. MacDonald,
U.S. Geological Survey (usGs), reports that several
location systems, costing $40,000 to $100,000, are
available commercially. Their capabilities range from

single-pass determinations, with accuracies of 100 to
200 meters, to multi-pass analyses, with an accuracy
of 10 meters after some 30 passes. This is close to
the optimum number of passes and corresponds to
about 3 days in polar regions. Accuracies an order of
magnitude higher are achieved by USGS teams With
the help of constantly updated satellite informaj0
Further details on geoceiver systems and programs
can be found in Southard (1974).

Plans for 1974-1975 and later field seasons

At its September 1974 meeting the IAGP co4ncii
discussed plans for 1974-1975 and later field seasons.
A report on the 1974-1975 IAGP field season's actual
results will be in Newsletter 4.	 I

Australia. Inland of Casey. Core drilling is urlider
way on Law Dome 15 kilometers inland of Cape
Folger. A geoceiver team is retracing the southern
route for measurements of last year's sites. These
activities will continue throughout 1974-1975.

A complete resurvey of the 1973 trilateratioiji is
planned for 1975. Assuming continued support 1$y a
U.S. geoceiver team, it is hoped to remeasure prevous
sites and to establish new sites at 50-kilometer idter-
vals farther inland, with 50-kilometer lateral offsets
on the way back to create a grid.

In 1976 the Australian expedition would like to
carry the geoceiver sites and strain grids through to
Vostok, with stations every 100 to 200 kilometers
(offset 100 kilometers laterally on the return trip).
This would require vehicles in good condition, Con-
tinued U.S. geoceiver support, and an aerial fuel drop.

A traverse from inland of Casey to inland of
Dumont d'Urville, approximately along the 2,000-
meter contour, is planned for 1977. A major question
is whether vehicles would have to return the way
they came.

Discussion established that the steep coastal slopes
near Dumont d'Urville are difficult to negotitte;
contour maps will be provided by the French expdi-
tion for a study of the operation. As an alternatve,
it was suggested that the United States might fly an
Australian party to the end of the traverse in the
following year; the way back to Casey then could
be used for remeasurements. The French expedition
will consider the possibility of sending a scientist
along with the traverse for surface chemistry studies.
The United States also will consider airdropping 7,500
liters of fuel about 500 kilometers from Vostok, as
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well as positioning further fuel at Vostok, by Novem-
ber 1976.

Lambert Glacier basin and Enderby Land. Plans for
the 1974-1975 season called for establishment of ice
movement markers approximately along the 2,000-
meter contour from inland of Mawson to the Sander-
cock Nunataks, linking up with Japanese markers.
In liter years this line must be remeasured and another
established from inland of Davis to the Grove Moun-
tairs. Together with the existing markers across the
upper Lambert Glacier, these lines would define the
mas flux from the entire basin at the western end
of the IAGP area.

Irance. In the 1974-1975 austral summer, isotope
anc chemistry studies of snow and firn were to be
carried out at the South Pole to determine the amount
of accumulation over about the last century. A recon-
nai5sance of the dome C area, in collaboration with
the United States, was to use a motor toboggan for
locil exploration, site marking, surface sampling, etc.
Ths exploration, roughly covering the 3,200-meter
cortour, should provide data for the selection of the
deep drilling site.

n 1975-1976 a 1,000-meter hole is planned to be
drled near dome C together with further supporting
measurements in the region. Associated problems from
the 1974-1975 season must be assessed. A 10-person
field party would reach Dumont d'Urville by ship
in December 1975 and travel oversnow to the drill
site, hoping to be evacuated by air after completing
the drilling. Alternatively, the vehicles might be
stationed at Carrefour and the traverse party flown
there by the United States in October 1976, providing
more time for that summer's traverse and drilling
operations.

Soviet Union. Activities planned for the 1974-1975
summer included a traverse along the Mirnyy-Vostok
route with repeat measurements of the strain polygons
and their sub-ice relief; establishment of a new poly-
gon near Vostok I, and core drilling of a 15-meter
hole there, followed by temperature and other bore-
hole measurements; snow accumulation and magnetic
observations along the traverse route; experiments at
Vostok with thermal and electrothermal drilling in
a nonfreezing liquid; further radio-echo sounding in
the Molodezhnaya region. The traverses take the place
of contour traverses contemplated in earlier plans.

Coordination of the U.S.-U.K.-Denmark and the
Australian radio-echo sounding programs with those

of the Soviet expedition was discussed at some length.
Potential landing sites in the Casey, Mirnyy, and
Carrefour areas will be examined for suitability; pre-
positioning of fuel would have to be planned at least
one season ahead. The Australian work had been
carried out with a Pilatus Porter airplane that could
reach only points about 300 kilometers from the Prince
Charles Mountains. This left gaps that perhaps could
be covered in the Soviet program.

United Kingdom. Radar sounding with the United
States and Denmark, using the SPRI Mk. 4 and the
Technical University of Denmark 60- and 300-mega-
hertz systems, was planned to obtain surface, bedrock,
and internal echoes during 1974-1975. Special studies
of apparent melt lakes and of variations in echo
strength and fading patterns along flight paths also
were planned.

The evaluation of results will be greatly aided and
accelerated by an airplane inertial navigation system
and by a new automatic scanning and computer
processing system recently delivered to SPRI for
analyse!l of photographic records.

United States. Major 1974-1975 activities were to
include radio-echo soundings (estimated flight time
of 350 hours), establishment of the dome C recon-
naissance party, geoceiver programs, and experimental
shallow-core drilling.

Radio-echo soundings in 1974-1975 were to estab-
lish 50-kilometer nets over domes C and B (estimated
flight times of 40 and 20 hours), over the coastal part
of the Dumont d'Urville-dome C route, and over the
coastal belt of Wilkes Land within range of the air-
craft (estimated flight time of 150 hours). One or
two flights were planned for along Byrd Glacier
during 1974-1975 as well as some radio-echo sounding
over the Byrd strain net and near Siple Station in
support of the postulated West Antarctic Ice Stream
Project (wisp) and the Glaciology of the Antarctic
Peninsula (GAP) program.

The dome C operation was planned for late De-
cember 1974, following aerial reconnaissance of the
area. Plans called for leaving a Jamesway at dome C.
About a ton of glaciological samples were scheduled
for return to McMurdo with a French party in mid -
January. In view of the delayed launch of the NIMBUS

F satellite, the automatic weather station will not be
set up at dome C until the 1975-1976 season; until
then the station will undergo engineering tests at the
South Pole.

Geoceiver measurements are being made on the
Australian traverse. In 1974-1975, measurements also
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were planned for dome C and for the Ross Ice Shelf.
The 1974-1975 program, using the new U.S. Army

Cold Regions Research and Engineering Laboratory
shallow drill that was tested successfully in Greenland,
provided for 100-meter holes at the South Pole and
on the Ross Ice Shelf. Two Soviet specialists (M.
Grossvald and I. Zotikov) were to take part in these
and other aspects of the 1974-1975 U.S. Antarctic
Research Program; a third (N. Barkov) came to
McMurdo as the 1975 Soviet exchange scientist and
plans to do core studies to compare Soviet techniques
with those of other expeditions.

for the interpretation of satellite microwave informa-
tion, as recommended by the SCAR glaciology working
group.

New techniques have changed some of IAGP's origi-
nal bases. Together with consideration of emerging
plans for large projects in other parts of Antarctica,
the council concluded that the synthesis of IAGF in-
formation, initiated in this newsletter series, would re-
quire further systematic attention. Dr. Radok agreed
to take on this task as IAGP secretary.

Miscellanea

Other IAGP activities

Advances in the deduction of past ice sheet features
underline the need for further boreholes. The U.S.
program, in collaboration with Danish and Swiss
groups, envisages intermediate and deep coring—
starting with the Ross Ice Shelf hole (postponed to
1975-1976) and followed by holes in Greenland and
in the IAGP, wisr, and GAP areas—in an order depend-
ent on the availability of logistics. Closer coordination
with the Soviet work at Vostok may result from Dr.
Barkov's participation in the 1975-1976 U.S. antarctic
program.

The Australian core studies were described in some
detail. Their purpose is to clarify the effects of ice
crystal orientation on strain rate at low stresses, by
systematic deformation experiments on ice cores from
the IAGP area using artificially produced ice without
preferred crystal orientations as a standard of com-
parison. Depending on the direction of the applied
stresses, the deformation rates of the antarctic ice
have been found to vary from almost three times as
high to one-fifth as high as those of the standard ice.
The present results suggest that the interactions be-
tween crystals are less important for the bulk defor-
mation than for their general orientation.

The council saw special significance in the progress
with methods of measuring ice flow, and ice surface
height and height variations, using geoceivers and
perhaps radio-echo fading patterns. The discussion
included the concept of a task force making oppor-
tunity stops at points on the antarctic ice sheet for
such measurements, as well as for surface and shallow
sampling and for permanently marking each site to
serve future remeasurements and navigational pur-
poses.

A plea was made for greater use of geophysical
techniques, especially seismic determinations of ice
crystal anisotropies and long-term accumulation esti-
mates. Ground truth measurements also are needed

Nuclear waste disposal. The council reviewed a
draft report on its September 25, 1974, joint disus-
sions with the SCAR glaciology working group and
representatives of the International Commission on
Snow and Ice, regarding a proposal for sto'ing
nuclear wastes in polar ice sheets. A full report will be
published after approval by all participants. Its (on-
clusions can be summarized as follows:

Future fusion reactors are likely to produce only
small amounts of short-lived, high-level radioactivity.
It therefore is questionable whether other than tem-
porary storage methods should be contemplated at
this stage. No radioactive wastes in other than solid
form could possibly be considered for disposal in ice
sheets.

Present and foreseeable technology offer little h)pe
of making the free-meltdown method safe. Tethered
canisters would be somewhat more manageable ut
would still raise questions regarding the durabilit ) of
ice sheets. The future of ice sheets cannot yet be
predicted, but it is known that local base melting is
more widespread than previously thought.

The dynamics and especially the surging characier-
istics of ice sheets are not understood. Based on present
knowledge, the east antarctic ice sheet—and even
more the smaller ice sheets of West Antarctica and of
Greenland—can be ruled out for the disposal of radio-
active wastes that need to be isolated from the bio-
sphere for several hundred thousand years.

The council concluded that at this stage the efforts
of the glaciological community should continue to be
directed toward a better understanding of the basic
physics and thermodynamics of ice sheets. Such
understanding is essential before any worthwhile con-
sideration can be made of applied problems, such as
those associated with nuclear waste disposal.

The Polar Experiment (POLEX). Some discussion
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toot place about the second informal planning meet-
ing on the Global Atmospheric Research Program's
(GARP) POLEX, scheduled for the week after the IAGP
coincil meeting. The r'OLEX meeting in Oslo, Norway,
drev up a tentative scientific plan oriented toward
the second GARP objective: improved understanding
of the physical basis of climate and of 1- to 10-year
clinatic fluctuations. Polar sea ice is of main interest.
Ice sheet projects such as IAGP, through their surface
isobpe and snow chemistry programs, will contribute
by defining recent climatic conditions in Antarctica.
GARP is expected to merge later with another inter-
national climate program; with the questions of long-
term climatic change, the results of the antarctic

ice sheet projects will then acquire central importance.

Next IAGP meeting. It was decided to hold the
next IAGP council meeting in late August or early
September 1975, in conjunction with the International
Union of Geodesy and Geophysics General Assembly,
at Grenoble, France.

Reference
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The following papers, submitted as part of IAGP
Newsletter 3, also are being published in the Soviet
Urion.

Snow accumulation characteristics in the
Vostok Station area,
1970 through 1973

N. I. BARKOV
Arctic and Antarctic Research Institute

Leningrad, Soviet Union

In January 1970 a snow measurement polygon was
established 1.5 kilometers north of the Soviet Union's
Vostok Station. This polygon was made of two criss-
crossed profiles, each 1,000 meters long, in which 79
snow measurement stakes were set at 25-meter in-
tervals. These stakes were made of Duralumin tubes
30 millimeters in diameter and 3.5 meters in height.
Results were obtained over a 4-year period (table).

The error in mean annual snow accumulation
vlues depends on the length (L) of the profile and
or the number (N) of measurement points along it.
B using techniques discussed in Laikhtman and
Kigan (1960), the error of Vostok measurements at
di fferent values of L and N has been estimated. Re-
suts of estimations made over 3 years (1970 through
172) are given in the figure. The relative error of
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Snow accumulation at Vostok Station, 1970 through 1973.

	1970	1971	1972 1973 4-year
average

Mean annual
accumulation
(cm)	 6.1	6.9	7.0	7.4	6.8

Standard
deviation (cm)	±5.3	±6.3	±5.2	±5.3	±5.5

Variation
coefficient (%)	±87	91	74	72	81

Absolute error (cm) ±0.6 ±0.9 ±0.5 ±0.6 ±0.7
Relative error (%)	10	15	7	8	10

calculation for the mean annual snow depth is about
11 percent (figure). Doubling the number of stakes
to 160, with the same profile length (2,000 meters),
would decrease the error of the mean by only 1 per-
cent. An increase in profile length with the same num-
ber of measurement points (79 stakes) practically
would not increase the accuracy at all. It follows that
the parameters of the Vostok snow measurement poly-
gon are close to being optimal.

With a mean snow density of 0.33 ±0.03 grams per
cubic centimeter, the mean annual moisture accumu-
lation in the Vostok area from 1970 through 1973
was 2.2 ±0.4 grams per square centimeter. Departures
from this value in individual years did not exceed 10
percent.

Snow accumulation was observed nearly year-
round with a mean rate of about 0.7 centimeter per
month. In December the snow surface lowered an
average 0.5 centimeter, and in January the accumula-
tion was only 0.1 centimeter. Maximum accumula-
tions occurred in June (1.8 centimeters) and in Sep-
tember (1.4 centimeters); there was a decrease in
August (0.3 centimeter).
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