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A new research station at the South Pole

D
z

You can see the 16-meter-high aluminum geodesic
dome a full half-hour before the ski-equipped Hercules
airplane lands. Then the semicircular steel arch comes
into view: 14 meters wide, 24 meters long. The plane
taxis to roughly the mid-point of the arch, opposite the
geodesic dome, where a large wooden double door
stands open. Over the door, in neat red letters on a
white background, is a sign: UNITED STATES WEL-
COMES YOU TO THE SOUTH POLE.

All around is the great antarctic ice sheet: flat,
unrelentingly white. Ice crystals drift out of a cloudless,
brilliantly blue sky. If you arrive on the solstice, De-
cember 22, the sun is as high as it can be: 23.5° above
the horizon. The nearest earth is 2,700 meters away,
straight down. The nearest protrusion through the
ice is a nunatak, Mount Howe, 290 kilometers away.
The nearest known indigenous life is a colony of
bacteria and yeasts, also at Mount Howe. The nearest
settlement is the Soviet research station Vostok, on the
ice sheet 1,255 kilometers distant.

-Perhaps 2,500 people have been at the geographic
South Pole—the earth's spin axis. The first were four
Norwegians led by Roald Amundsen, who arrived on
December 14, 1911. and left their tent and their flag.
Robert Scott and four other Englishmen arrived on
January 17, 1912. On November 29, 1929, Richard E.
Byrd flew over the South Pole in a three-motor air-
plane. He did not land. After Scott, the first person to

set foot at the South Pole was George J . Dufek, who
stepped out of a Navy R4D airplane named Que
Sera' Sera' on October 31, 1956.

An IGY station

Admiral Dufek preceded a party that built a re-
search station at the South Pole primarily for use
in the International Geophysical Year (IGY), July 1,
1957, to December 31, 1958. The station was made of
Jamesway huts and prefabricated wood buildings
called T-5s, and was ready in time for Paul A. Siple,
station science leader, and John Tuck, the Navy officer
in charge, with a 16-person research and support staff,
to take up year-round occupancy before the 1957
austral winter.

Science projects at the South Pole formed one link
in the iw chain of simultaneous observations being
made around the globe—on weather, the ionosphere,
aurora and airgiow, geomagnetism, seismology, and
glaciology. The Pole provided a vital link that would
have been a 3,000-kilometer gap between IGY stations.

The South Pole then, as it is now, was unique
among antarctic stations. It had the longest period of
darkness: upper-air soundings throughout the first
winter showed, contrary to expectations, that the
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A visitor is photographed at the symbolic South Pole.

U.S. Navy

ionosphere did not shrink during the sunless period.
Further, auroral displays (recorded hourly with a
spectrograph and an all-sky camera) were more active
than expected, with some activity occurring almost
daily.

Pole Station was the first inland weather station in
Antarctica. Weather balloons were sent aloft every 12
hours. The first winter's data from the balloons con-
firmed the presence of a temperature inversion zone
300 to 450 meters up, where the air was warmer than
at the surface. Samples were taken to measure the
amount of carbon dioxide in the air.

The South Pole seismograph was unique among the
16 IGY seismic stations because it sat on the thick
snow layer, which was found not to damp the earth's
vibrations, and because it was at a point of symmetry.
On the average, earthquakes from somewhere in the
world were recorded twice every 3 days.

Glaciology projects were initiated to study past cli-
mates through analysis of snow samples from increas-
ingly deeper pits. Particles from atmospheric dust or
from meteorites were found in the snow samples.

Beyond the IGY

These and other scientific inquiries at the South
Pole during the IGY formed the basis for more detai'ed

Oue Sera' Sera' lands at the
South Pole on October 31,

1956.
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A mow tamp leads down to
the original Amundsen-Scott
South Pole Station that is
bun.d under some 15 meters
of snow and ice. On the sur-
face the station is visible
largely by vents and radio

antennas.
U.S. Navy

investigation later on. "When I had first considered
going to the Pole," wrote Dr. Siple, "I had questioned
how much scientific work would actually be accom-
plished. I had felt it would require almost all the
combined efforts of the station's personnel merely to
stay alive. So it was gratifying that, as things turned
out, the results of our scientific endeavors were of a
reasonably high order."

At the South Pole, and at other stations, the rea-
sonably high order of results was enough to persuade
the United States and other nations to continue their
scientific observations in Antarctica beyond the IGY.

Observations continued year-round at the South
Pole, with increasing attention being given to many
disciplines.

In 1961 the station received its present name,
Amundsen-Scott South Pole Station, to commemorate
the early explorers and to emphasize that the station's
facilities and its research results were part of an
international endeavor.

By the mid-1960s it was clear that the need for
Amundsen-Scott South Pole Station would outlive the
station itself. Built on the surface, the station im-
mediately began to block the constantly drifting snow
and ice crystals the same way a snow fence does on
an open field. Soon the station was covered com-
pletely; tunnels were formed to connect the buildings.
The snow piled higher on the roofs, and supporting
trusses had to be added. A stairway and a ramp to the

station level had to be installed and renovated yearly.
The buildings became distorted under the weight of
tons of snow and ice.

WNW_%,

U.S. Navy

A 1:10 scale model of the new station's proposed design was
placed near the original station to study snow drift patterns. Other
model studies were conducted in wind ducts where the effects of
blowing snow could be scaled down in proportion to the model's

size.

IJ
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Planning a new station

In December 1967, with 6 meters of snow on the
station, the National Science Foundation and the
U.S. Naval Support Force, Antarctica, began to ex-
plore the feasibility of constructing a new station.
They turned to the Naval Facilities Engineering Com-
mand for design support, with research and develop-
ment assistance from the Naval Civil Engineering
Laboratory.

Two adverse factors influenced the design: the
remoteness of the site and the extreme environment.
The Pole is 1,300 kilometers from McMurdo Station,
the nearest seaport, and the only practical transporta-
tion between the two points is by airplane. Thus com-
ponents had to fit inside an Lc-130 Hercules (2.5 by
2.5 by 11 meters) and could not weigh over 9,000
kilograms, including crating. The structures would
have to withstand temperature extremes (to —800C.),
high winds (to 24 meters per second), drifting snow
(average wind speed about 6 meters per second), and
a constantly moving ice sheet (9 to 10 meters per
year toward South America) with low shear strength
(500 grams per square centimeter to a depth of 2.5
meters). The construction season of some 75 days

(mid-November to early February) would have an
average temperature of —32°C. The station, isolated
each year from early February to mid-October, would
need highly reliable life support systems. A station de-
sign life of 15 years was specified.

Three design concepts

Three design concepts were considered: abve
grade (on stilts), at grade, and below grade. The
elevated concept was rejected because it would be too
expensive and would require too much on-site labor.
The below-grade concept was not suitable because the
trenches would take too long to cut and because
the snow at the Pole is too weak to form walls. The
at-grade concept, with a geodesic dome and long
arches, was chosen in November 1968; final design
began immediately.

The structures were planned for a maximum wind
load of 35 meters per second (the Navy's minimim
criterion). Roof design was for a maximum of 1.5
meters of snow cover, with the top of the dome de-
signed for no snow cover at all. Snow would be prcc-
essed and compacted to a depth of 2.5 meters to pro-

_
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Artist's concept of the new station's design. A. Garage, mechanical shop, and gymnasium. B. Helium storage. C. Weather balloon
inflation and launching tower. D. Diesel-electric generators and maintenance shop. E. Biomedical and medical facilities. F. Fuel storage.
G. "Skylab" tower for all-sky photography and other atmospheric studies. H. Geodesic dome enclosing three buildings: building 1
(clockwise from the top), science facilities and quarters; building 2, communications equipment, store, lounge, and library; building 3,

kitchen, dining hail, post office, photographic laboratory, and meeting hail.
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Ob. of over 50 crates con-
taming prefabricated building
modules is delivered to the
nfw station's construction site
b* Antarctic Development

Squadron Six (VXE-6).
U.S. Navy

vde a uniform foundation with a shear strength of
over 250 kilograms per square meter.

The dome, 50 meters in diameter at its base, would
serve as a protective covering for three two-story build-

ings made from prefabricated modules sized to fit
in the Lc-130s. These buildings would contain a com-
munications center, a store, a library and a recreation
room, science spaces, single-room quarters for 16

/ AW

 /

Navy Seabees erected the
geodesic dome during the
1971-1972 and the 1972-1973

construction seasons.
U.S. Navy
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This aerial view of the partially completed station was taken early
in the 1973-1974 season.

(later 23) persons, a galley, a post office, a photo-
graphic darkroom and laboratory, and a meeting hall.
A separate small building under the dome would
house a vault for earth tide measurements. Under the
adjacent steel arches would be a dispensary, biomedical
facilities, vehicle repair and maintenance shops, three
250-kilowatt diesel-electric generators, a storage space
for helium (to inflate weather balloons), nine 95,000-
liter fuel bladders, and a small gymnasium. Open
spaces under the dome and the arches would be un-
heated, with vents for any heat to escape; this system
would prevent melting of both interior snow and ex-
terior snow on the arches or the dome to prevent

the accumulation of heavier ice. The heated buildings
would rest on 60-centimeter-high aluminum floor
trusses on timbers. Outside would be a four-story, 17-
meter-high "skylab," an equally high balloon inflation
building, and a clean-air sampling chamber upwind
of the station. It was later decided that part of a con-
struction camp, a half-kilometer away, would serve
as an emergency camp.

Two-meter-high undersnow steel arches ("utili-
dors") would be made of corrugated steel to house
power, water, and sewage lines. The sewage utilidor
would extend 60 meters beyond the dome for outfll.
The utilidor itself would have lighting, ventilaticn,
and an extensive heat tape system (to prevent pipe
freezing).

The space heating system for the entire stati n
would circulate a water-glycol mixture through t e
diesel generator cooling system to scavenge waste he t.
A boiler would supplement this system as necessa
and oil-fired space heaters would be available f r
emergency use. Waste heat from the generators wou d
melt snow for the station's freshwater supply.

Only one of the three generators would operate it
a time, the other two being standby units. Routire
changeover from one unit to another would be mace
without interrupting the station power supply. Emer-
gency transition (in the event of instantaneous failure
of a unit) would take less than 15 minutes. There
would be an extensive fire alarm system throughout
the station and an automatic carbon dioxide ex-
tinguisher system in the generator building.

This design is reflected almost exactly in the com-
pleted facility. Materials for the station, which were

One of three buildings com-
pleted beneath the geodesic

dome.
U.S. Navy
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A housewarming for the new South Pole Station
Political leaders, administrators, scientists, and

logisticians from the United States and other coun-
tries dedicated the new U.S. Amundsen-Scott South
Pole Station in ceremonies at the site on January
9, 1975.

International aspects of the new station per-
meated the hour-long ceremony, which was presided
over by Robert E. Hughes, assistant director for
national and international programs, National Sci-
ence Foundation. Dr. Hughes first introduced Nor-
man Hackerman, chairman of the National Science
Board, who noted: "It seems particularly appro-
priate that a station at the southern axis of the world,
where the meridians radiate northward and touch
all lands, should be international in character and in
scope."

U.S. Congressman J . J. Pickle noted that, "What
we learn here can be as important—really—or even
more important than what we can learn in outer
space." Mr. Pickle remarked that the United States
is "not unmindful of the many possibilities for
development" in Antarctica. But, he said, "This is
the one place in the whole world where environment
comes first. . . . The station we dedicate today is
another announcement to the world that we propose
to move onward in the area of polar science."

Tore Gjelsvik, director of the Norwegian Polar
Institute and president of the Scientific Committee
on Antarctic Research, International Council of
Scientific Unions, called the station "a flagship, you
may say, for the U.S. antarctic research program"
and even "a flagship for SCAR itself. . . . It is fitting
that the United States maintains this station," he
said, "because the United States has in many ways
been a leading candidate in the Antarctic ever since
Admiral Byrd started his expeditions in the late
1920s."

Dr. Gjelsvik presented to the station a photograph
of Roald Amundsen, his party, and their tent ("Pol-

• heim") at the South Pole in 1911. The photograph
is inscribed "the first South Pole Station."

Richard Wolak, station manager and employee of
Holmes and Narver, Inc., acknowledged the work
of the many groups that contributed to design, con-
struction, and operation of the new station.

H. Guyford Stever, director of the National Sci-

purchased by the Naval Facilities Engineering Com-
mand using standard federal procurement procedures,
cost about $3.5 million—labor and related services
cost about $2.5 million. Thus the total direct cost of
building the station was about $6 million.

Walter R. Seelig

Richard Wolak (right), 1974-1975 station manager, accepts
mementos for the new station from Tore Gjelsvik (left), director
of the Norwegian Polar Institute and president of the Scientific
Committee on Antarctic Research. The gifts, presented during the
January 9, 1975, station dedication ceremony, included a photo-
graph of Norwegian explorer Roald Amundsen and his party
at the Pole in 1911 and replicas of the boots worn by Amundsen

when he became the first to reach the Pole.

ence Foundation, called attention to the great logis-
tics effort required to support the station: "One
couldn't go two steps across this station today with-
out realizing that every piece of scientific data, every
paper that's written, has a partnership of authors not
listed which is very large. . . . It's been the spirit
of Antarctica since the very beginning."

Dr. Stever read a letter from the President of the
United States. It said, in part, "I am pleased to
see that nationalistic objectives of early expeditions
to Antarctica have faded before the spirit of inter-
national cooperation embodied in the Antarctic
Treaty. . . . The dedication of the new Amundsen-
Scott South Pole Station is also a rededication by
the United States to the ideals of the Antarctic
Treaty.. . . By making our South Pole facility acces-
sible to scientists of all nations, we reaffirm our
devotion to the ideals of cooperation that are char-
acteristic of Antarctica and that have extensively
benefitted mankind. Sincerely, Gerald R. Ford."

Delivery of materials began in the 1970-1971 austral
summer when eight LC-130 flights brought 45,000 kilo-
grams of materials to the site. In the next season, 65
flights brought 405,000 kilograms. The third season,
1972-1973, saw 93 flights bring nearly 545,000 kilo-
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A technician calibrates seismic recorders installed at the new
station.

grams. In 1973-1974, a final 150 flights brought over
860,000 kilograms. These flights included transport of
workers and equipment between the Pole and Mc-
Murdo at the beginning and the end of each season.

Construction

Navy Seabees began work in the 1970-1971 season
as Construction Battalion Unit 201 (later renamed
Naval Mobile Construction Battalion Unit 71), cre-
ated expressly for work in Antarctica. The Seabees
worked 10 hours a day, 7 days a week, in the short
construction season, often taking advantage of the
24-hour sunlight through use of multiple shifts.

The cold, thin air lowered production significantly.
Also, a machine to mill the snow and to prepare it

as a foundation had mechanical difficulties that fur-
ther reduced progress. By the end of the first season,
only 10 percent of the foundation pad and the utilidor
shell had been completed.

Despite repairs, the snow miller again had mechani-
cal difficulties and broke down frequently in the fol-
lowing season. A wide-track tractor also failed. By the
end of the 1971-1972 season, the dome base was
finished and part of its framework was erected. Prob-
lems with structural fit of the base ring, combined with
deteriorating weather, brought construction to a halt
in late January 1972. The December 4, 1971, crash
of an Lc-130 hampered haulage of materials to the
site; the completion date was postponed from January
1974 to January 1975.

The 1972-1973 season went better. A construction
camp was built to house over a hundred workers
(formerly housed in the old station). The ailing snow
miller was abandoned, and a low-ground-pressure D-8
tractor was used in ordinary cut-and-fill methods to
prepare the snow foundation. The dome was finished
in mid-January, and work was well under way on the
arches, the utilities, and some of the interior buildings.

In 1973 the need for Seabees elsewhere in the world
became urgent, and a reduced number (about 100)
deployed in 1973-1974. A National Science Founda-
tion contractor, Holmes and Narver, Inc., supplied 30
workers to fill the gap. By February 7, 1974, the
station was about 85 percent complete. The remaining
work was completed by Holmes and Narver workers in
the 1974-1975 season.

From beginning to end the task of building the
new South Pole Station had taken the Seabees over
11,000 direct man-days, 18,000 including indirect and
overhead requirements attributable to the project.
Also, Holmes and Narver had expended 1,952 man-
days. The Navy's Antarctic Development Squadroi
Six (vxE-6), Antarctic Support Activities (now Navl
Support Force, Antarctica), and other members cf
Task Force 43 (now Task Force 199) contributed
large amounts of time, as did the National Science
Foundation.

Toward the end of the 1973-1974 season, Holmes
and Narver took over operational responsibility for
the new station. In December 1974, with major con-
struction complete, scientists and technicians began
to move from the old to the new station: this process
was complete by the end of the 1974-1975 season.

Visitors to the new Amundsen-Scott South Pole
Station are astonished to find a modern, comfortable,
well-equipped research facility in the middle of an
ice sheet. So are the tenants—especially those who
lived in the old station, which would have needed
extensive renovation for even one more season of
habitation.

—Guy G. GUTHRIDOE
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Figure 1. Types of elemen-
tary synoptic processes: 1, di-
iection of cyclone motion; 2,
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Meteorological studies with the U.S.
antarctic program, 1973-1974

L. A. ZHDANOV
U.S.S.R. Hydrometcenter
Moscow, Soviet Union

Article 3 of the Antarctic Treaty provides for an
international exchange of scientific personnel. There-
fore, as a meteorologist with the 18th Soviet Ant-
arctic Expedition (SAE), I spent the 1973 austral
winter at the U.S. antarctic program's McMurdo
Station. This was my fourth winter in Antarctica; I
also had wintered at the Soviet Union's Mirnyy (1959
and 1962) and Molodezhnaya (1970) stations.

Among those wintering at McMurdo during 1973

I had spent the longest amount of time in Antarctica
(total of about 43 months). In recognition of this
distinction the Soviet flag was presented to me as
a gift when national flags at the station were lowered
at the onset of the austral night.

During the winter at McMurdo my main assign-
ment was to do a detailed study of atmospheric proc-
esses over West Antarctica. In addition to analyzing
weather maps and assisting in the development of
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weather forecasts, I also studied snow transfer over the
antarctic plateau during strong katabatic winds, and
ice conditions in West Antarctica.

Atmospheric processes over West Antarctica. A re-
port on the classification of elementary synoptic proc-
esses (ESPs) was prepared and left at McMurdo for
future reference. Five types of ESPs were identified
(figure 1) in the report. Meteorologists and synoptic
specialists often have difficulty preparing antarctic
weather forecasts because there are so few reporting
stations. It was first necessary, therefore, to find
synoptic indications of favorable aviation weather over
the antarctic plateau. One of these prognostic indica-
tors is wind in a free atmosphere, which forms the
basis for my ESP classifications. The classification
methods are from Zhdarov (1970).

Snow transfer over the antarctic plateau. Satellite
data are broadening our knowledge of katabatic winds
as the basic characteristic of antarctic climate. As
demonstrated in Zhdanov (1970), jet streams are the
principal causes of increases in katabatic wind velocity.
Active cyclone eddies born in lower latitudes reach
Antarctica's shores. High-pressure ridges often form
in the leading part of such cyclonic systems and are
propagated onto the ice continent. Moist and rela-

tively warm air penetrates into the central regions
of the antarctic plateau as a strong northerly wind
along the high-pressure ridge's western periphery.

In zones where air masses from the southern ocean
flow onto the continent the weather is characterized
by dense cloud covers, heavy snowfalls, strong winds,
and appreciably higher temperatures. Farther south,
over the antarctic plateau, there is a process of sub-
limation and falling of crystalline condensation nuclei.

A reverse flow of antarctic continental air toward
the coast occurs along the high-pressure ridge's south-
eastern periphery, or in local sub-polar anticyclones
and in ends of onshore, slow-moving cyclonic systems;
this process is accompanied by strong katabatic winds.
Because of this dry, cold air flow, horseshoe-shaped
stratiform clouds are formed over the water 100 to
300 kilometers from the coast. Such clouds can be
seen, for example, over the Ross Sea. At the same
time over the Ross Ice Shelf there are indications
(snow drifts') of strong snow transfer adjacent to the
Transantarctic Mountains. When katabatic wind
velocities reach hurricane force and when the air-
borne snow layer over the antarctic surface is 200 to
500 meters thick, satellite photographs perceive this
phenomenon as a "cloud" mass (figure 2). Over the
Ross Ice Shelf the next day, however, an enormous
mass of snow in a south-north direction along the

Figure 2. NOAA.2 sat.tii.
photograph of a mass trani.
fer of snow dust on the Ros
Ice Shelf adjacent to the
Transantarctic Mountains, F.b-

ruary 24, 1973.
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lure 3. NOAA-2 satellite
otograph of a mass trans.

of snow dust on the Ross
Shelf adjacent to the

insantarctic Mountains, Feb-
ruary 25, 1973.
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risantarctic Mountains was perceived by satellite
tographs (figure 3). Note that the direction of
v transfer usually forms an acute angle relative to
frontal cloud zone.

Ice conditions in West Antarctica. Ice-free channels
ffrrned between the drifting pack ice and the ant-
arctic coast merit special attention. Such channels
are formed by the driving force of katabatic winds,

hose nearshore frequency and velocity increase in
early spring. Synoptic data on atmospheric circula-

iLetm
ean

in the lower stratosphere indicate that in October
 position of the axis of jet streams of the cir-

polar vortex occupies the most extreme (south-
erly) position over West Antarctica (Zhdanov, 1965).
In the troposphere over the southern South Pacific
9cean there naturally are more active atmospheric
processes (meridional circulation results in more fre-
c. 	penetration of cyclonic vortices into Marie

yrd Land). All this intensifies katabatic winds, which
ct on the ice zone (especially on the concentration
f icebergs). Because of ocean waves and the sail

effect of icebergs, during the austral summer drifting
ice is detached from continental shore ice and is driven
northward by katabatic winds. This process forms ice-

4arch/April 1975
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Figure 4. NOAA_2 satellite photograph of an ice-free channel
between drifting pack ice and the west antarctic coast, January

24, 1971.
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free channels along the west antarctic coast. The
channel entrance width in the Cape Colbeck area
may be as much as 200 kilometers, depending on the
development of specific synoptic conditions (figure 4).
When northerly winds predominate in the troposphere
(usually in early autumn) the channels become nar-
rower and are packed with large ice fragments.

The success of my scientific program was aided by
the cooperation and assistance of both scientific and
support personnel at McMurdo Station. I had regu-
lar opportunities to communicate by radio with the
Soviet Union's Molodezhnaya Station. During Feb-
ruary and March 1973, during installation of a new
SAE station (Russkaya) at Cape Burks (74°45'S.
137'07'W.), I had daily contact with the Soviet
diesel-electric vessel Ob' to exchange hydrometeoro-
logical information.

During my stay at McMurdo I also was able to
join several Lc-130 Hercules airplane and uH-1N
helicopter flights from the station. During these
flights I made visual observations of snow transfer
over the antarctic plateau and took still and motion
Picture photographic surveys of snow transfer and the
formation of snow "clouds" over the plateau. On
January 2, 1974, along with four others headed by
P. Astakhov, who had been at McMurdo to observe
Dry Valley Drilling Project operations, I was flown
to the Soviet Union's Vostok Station. With the first

SAE IL-14 airplane flight of the season I was trans -
ferred to Mirnyy to continue aerial observations of
snow transfer over the antarctic plateau at altitud s
of 200 to 400 meters. I returned to the Soviet Uni n
in April 1974 aboard the steamer Bashkiriya.

Despite a heavy work load, I did participate n
McMurdo's social life. I attended movies and enjoyed
playing table tennis. Also I refereed a chess tourna -
ment by radio between teams at McMurdo and
Molodezhnaya. Many evenings and sleepless nigh :s
were spent analyzing the chess board. During tf e
winter I headed a Russian-language study group.
Using motion pictures, I tried to record an impre -
sion of life and work at the station. Although nearly
2 years have passed, I remember well the warm ar d
friendly atmosphere at McMurdo during the 19 3
austral winter, and I wish success and good health o
all of my winter colleagues.
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Microparticies from the Byrd Station deep ice co
E. M. Thompson and L. G. Thompson

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Due to the nature of its processes, the atmosphere
provides little information about past circulation and
climate. Inferences about these features therefore
must be drawn from other evidence such as deep sea
cores and glacial ice. Recent microparticle analyses
at the Institute of Polar Studies indicate a relation-
ship between particle concentration with depth and
oxygen isotope stratigraphy. In both the 1966 Camp
Century, Greenland (1,387 meters long), and the
1968 Byrd Station, Antarctica (2,164 meters long),
deep ice cores a great increase in the concentration
of microparticles is associated with a large decrease
in 8 oxygen-18 values that are usually associated with
Wisconsin glacial stage ice (Thompson, 1973; Thomp-
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son, 1974).
A pilot project has been initiated at The Ohi

State University for the individual examination an
analysis of microparticles from these ice cores. This
study combines the use of a light microscope, a scan-
fling electron microscope, and an energy dispersiv
X-ray analysis system to examine and to assess the
elemental compositions of individual particles.

Initial results from the Byrd Station core indicate
that most of the particles deposited during Wisconsin
time are chemically dissimilar from those deposited
since. The Wisconsin particles generally contain
greater abundance of silicon, potassium, calcium, an
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Figure 1. Sample B-3, 1: depth, 566 meters; magnification, x1,800;
iron, manganese, aluminum; approximate time of deposition

(ATD), 5,000 years ago.

Figure 2. Sample B-5, 6: depth, 1,046 meters; magnification,
x4,600; long particle—iron, manganese; spherule—iron, phosphorus,

sulfur, silicon, aluminum; ATD, 11,000.

Figure 4. Sample 6-8, 2: depth, 1,342 meters; magnification,
x5,100; silicon, aluminum, potassium, iron, calcium; ATD, 16,000.

Figure 3. B-i, 4: depth, 1,194 meters; magnification, x5,500; iron;
ATD, 14,000.

titanium than post-Wisconsin particles. Conversely,
there appears to be less sulfur, phosphorus, and
aluminum in most Wisconsin particles (table).

These results may indicate a change in the sources

of particulate material deposited during and after the
Wisconsin glacial stage. Further analyses of these
microparticles, coupled with present atmospheric cir-
culation theory, may allow these particles to be traced

March/April 1975	 49



Figure 5. Sample B-9, 5: depth, 1,387 meters; magnification,
x3,000, iron, titanium, silicon, aluminum, potassium, calcium;

ATD, 17,000.

to their sources. Such information could help to ex-
plain the causal mechanisms of glacial advance as well
as to establish some base from which to extrapolate
the circulations of past climates.

The micrographs (figures 1 through 5) show ex-
amples of particles found in the Byrd Station core.
The background material is 0.45-micrometer Millipore
filter paper. Primary elements are listed in order of
decreasing abundance; approximate times of deposi -
tion (ATD), as calculated from microparticle varia-
tions (Thompson, 1973), are listed in years before
present.
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Particle data from selected sections of the Byrd Station deep ice core.

Sample
number

B-i, 3
B-I, 6
B-2, 5
B-2, 9
B-3, 2
B-3, 4
B-4, 1
B-4, 6
B-5, 2
B-5, 4
B-6, 6
B-6, 9
B-7, 3
B-7, 6
B-8, I
B-8, 3
B-9, 6
B-9, 8
B-b, 3
B-i0, 5
B-1 1, 4
B-1 1, 6
B-12, 3
B-12, 4
B-13, 5
B-13, 8
B-14, 1
B-14, 7

Depth
(meters)

199.5
199.5
401.8
401.8
566.0
566.0
700.0
700.0
897.5
897.5

1,046.8
1,046.8
1,194.5
1,194.5
1,342.9
1,342.9
1,387.6
1,387.6
1,389.7
1,389.7
1,599.5
1,599.5
1,634.5
1,634.5
1,900.6
1,900.6
2,139.6
2,139.6

Elemental
abundance

Fe, P, Si, 5, Al
Si, Al, S, Fe
Fe, P, 5, Al* , Si*
Fe, Si, P, Al, 5, Cr, Ti
Fe, Al, K, Ti, Ca
Fe, Ni, Al, S, Si
Fe, P, Al, S
Fe, P, Al*, Si*
Fe, Sn, Si, Al, P, Mg
Fe, Si, P, Mg
Si, Ca, Al, K, Fe
Ca, Mg, Si, Al, Fe
Si*, S, Al
Si, S , Al*, Ca, Fe
Si * , Al, K, Fe, Ca
Si**, Al, K, Fe
Ti**, Fe, Si
Si * , Al, K, Fe, Ca
Si, Al*, Fe*
Si * , Al, K, Ti, Mg, Ca
Si * ', Al, K, Fe, Ca, Ti
Si* , Fe*, Ti, Mn, Al
Fe**, Ni, Al
Si, Al, Fe
Si**, Al, K, Fe
Si, Al, K, Fe
Si**, Al*, Fe*, K*, Ca
Si*, Ca*, 5, K, Al*, Mg*

Approximate time
of deposition

2,000
2,000
4,000
4,000
5,000
5,000
8,000
8,000

11,000
11 ,•000
12,000
12,000
14,000
14,000
16,000
16,000
17,000
17,000
17,500
17,500
20,000
20,000
20,500
20,500
23,000
23,000
27,000
27,000

*_of equal importance; * *—abundance of over 50 percent by weight.
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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.
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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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From 1970 through 1973 snow measurements also
were made at Vostok below an "L"-shaped wire line
with 20-meter legs and measurement points at 1-
meter intervals.

A comparison of monthly snow accumulations in
the polygon and in the square revealed a disagree-
ment between values. The correlation coefficient was
0.3 ±0.2. Annual snow accumulation values in the
square exceeded those of the polygon by 1.5 to 2 times.
And, using the information in the figure, it is not
difficult to establish that the error of calculation for
the mean annual snow accumulation value in the
square (40 measurement points along a 40-meter
line) exceeds 50 percent. Extending the observation
period decreased the difference. A moisture accumula -
tion value for 4 years (1970 through 1973) was 3.1
grams per square centimeter per year. This value is
only 41 percent higher than that of the polygon for
the same time period. A mean accumulation value for
9 years (1958 through 1967) in the square was 2.5
grams per square centimeter per year (Aver'yanov,
1969). This value (within the general error') agrees
with data obtained from the polygon, although the
comparison is not quite correct since it was made
between different years.
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Snow accumulation along the Mirnyy-
Vostok profile, 1970 through 1973

N. I. BARKOV
Arctic and Antarctic Research Institute

Leningrad, Soviet Union

The Mirnyy-Vostok profile was established during
January through March 1970. About 700 snow survey
stakes made of Duralumin tubes 30 millimeters in
diameter and 3.5 to 4.5 meters in length were set up.

During annual tractor-sledge traverses from Mirnyy
to Vostok the stakes are measured and new stakes are
set up next to original ones that protrude less than 1
to 1.5 meters above the snow surface. Some stakes
were lost between kilometers 10 and 80, a stretch of
highest snow accumulation.

Snow accumulation varies highly from stake to
stake, especially between kilometers 7 and 400. Mean
annual snow accumulation along the Mirnyy-Vosok
profile has been calculated from 4 years of data: 1970
through 1973 (figure). Each point corresponds to
the mean snow accumulation calculated from sta es
placed at 10-kilometer intervals. Along the first 100
kilometers from Mirnvy, 14 to 20 stakes were pla ed
within 10-kilometer intervals: from kilometers 110 to
880 the spacing is one stake every 2 kilometers, or five
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Mear annual snow accumula-
tion along the Mirnyy-Vostok
profile (1970 through 1973).

stakes in each 10-kilometer interval; from kilometers
880 to 1,430 (Vostok) there are three to four stakes in
each 10-kilometer interval.

Snow accumulation sharply decreases inland, from
170 centimeters of water at kilometer 25 to 25 centi-
meters of water at about kilometer 230; it persists
at this level until about kilometer 370, when it begins
to increase to 40 centimeters by about kilometer 430
and then gently decreases to 7 centimeters in the
Vostok area.

These data seem to confirm the character of ant-
arctic accumulation by precipitation, as observed by
Kotlyakov (1966). The decreased snow accumulation
from kilometers 230 through 430 is apparently due to
increased wind transport of snow and to evaporation.
Considerable differences in accumulation rates along
adjacent, 400-kilometer coastal stretches are due to
the relief of the ice sheet. This relationship is scheduled
for further study.
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Temperature measurements in the
Vostok Station borehole

N. I. BARK0V
Arctic and Antarctic Research Institute

Leningrad, Soviet Union

R. N. VOSTRETSOV and 0. F. PuTIKov
Leningrad State Mining Institute

Leningrad, Soviet Union

The first temperature distribution data from a bore-
hole at the Soviet Union's Vostok Station were ob-
tained in 1970 to 508 meters in depth (Barkov and
Uvarov, 1973). A dry hole 180 millimeters in diameter
was thermal-drilled at Vostok in 1972 to a depth of
782 meters. Principal measurements were made by a
thermal probe lowered along the hole's axis and
placed in contact with the hole's walls. A special
thermosonde was melted 0.3 meter into the ice at the
bottom of the hole.

Platinum thermometers with 100- and 500-ohm
resistance at 0°C. and thermistors with 1,000-ohm
resistance at 20°C. were used. The measurements were
made with the use of a thermistor-balanced bridge.
The bottom thermosonde was melted into the ice by
an 80-watt thermal heater at a rate of 5 millimeters
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per minute. It remained in the ice for about 40 hours.
The resistance determination error of platinum ther-
mometers did not exceed ±0.005 percent (corre-
sponding to ±0.01°C.).

The thermal probes and the station's reference
calibrating facilities provided temperature data with
errors not larger than ±0.03°C. Measurement results
are given in the figure (a). When temperatures in the
100- to 500-meter depth region are compared to
those obtained in 1970, we see that the largest dif -
ferences (amounting to 0.09°C.) are found between
100 and 150 meters. At other depths the difference
did not exceed 0.04°C. The agreement of these results
obtained almost 3 years apart attests to the quality of
the data.

The figure (curve 1, a), plotted by 1972 data,
shows two anomalous areas in the 580- to 620- and
700- to 780-meter intervals. These anomalies, amount-
ing 0.1° to 0.3°C., can be attributed to an additional
heat input (the drilling speed at these depths was
2 to 3 times slower). Down to 600 meters the tempera-
ture regime recovers in 15 to 20 days for the layers
that were drilled at the typical speed of 1.5 to 2

meters per hour. Temperature rises (about 0.1'C.)
at depths of 580 to 620 meters occurred 65 days after
drilling.

A comparison of axial and contact measurements
has shown no significant differences in temperature
values. An interesting, depth-related characteristic
of temperature gradient variations is worth mention:
at depths with a fully recovered temperature regime
(at least 100 to 560 meters) the temperature gradient
linearly increases from 0.65° to 0.85°C. per 100
meters (figure, b'). The figure (curve 2, a) shows
temperature calculations based on the linear character
of temperature gradient variations in the hole. The
calculated values agree with the experimental data.
Temperatures measured with a thermosonde melted
into the bottom of the hole (773 meters in depth)
coincided with the estimated accuracy of alout
0.01° C.

Temperature measurement in a glacier, usin a
thermosonde melted into the bottom of a hole, seems
a promising technique. Since the disturbed heat regime
below the bottom of a hole during drilling is not
large (Kudryashov and Yakovlev, 1973), the thenno-
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sonc directly contacts the studied medium and af-
ford the time necessary for ice temperature measure-
mers (Putikov, 1969).
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News and notes
Icebreakers beset, freed

Iwo U.S. Coast Guard icebreak-
ers and an Argentine icebreaker
became trapped in antarctic ice at
various times during February and
Ma-ch 1975. Although all three
shiçs eventually became free, for
a time it appeared that two of
them—together with their crews—
might have to spend the 1975
austral winter drifting in the pack
ice's grip.

The first besetment occurred at
71 0 48'S. 103 0 33"W. on February
20, 1975, after USCGC Burton Island
completed a reconnaissance of un-
explored areas of the eastern
Amundsen Sea. Aboard the ship
was a team of specialists from the
U.S. Geological Survey, the Na-
tional Science Foundation, and
Holmes and Narver, Inc. With
help from the ship's crew, the team
had surveyed the Lindsey Islands
and had gathered information
about weather and other general
conditions in the region.

On February 17 a Burton Island
crewmember developed symptoms
of probable appendicitis. Due to

the lack of needed abdominal X-
ray equipment and a dwindling
antibiotics supply, the ship was
ordered to make best possible speed
for Palmer Station (about 1,800
kilometers away). On the way,
however, Burton Island encoun-

tered tightly packed floes and raft-
ing (where pressure ridges forced
the edges of the ice into ridges) in
the 195-kilometer-wide band of
pack ice bordering the west antarc-
tic coast. For a day Burton Island
backed and rammed the close pack,

-

U.S. Coast Guard

LJSCGC Glacier beset in Erebus and Terror Gulf. Rosamel Island, about 15 kilometers
directly behind the ship, marks the start of open water.
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ARA General San Martin attempts to work free of the ice that trapped the ship in Erebus
and Terror Gulf.

I

U.S. Coast Guard

making only a few hundred meters
of progress. HH-52 helicopters
aboard the ship were launched to
scout ahead for areas of weak ice
or for leads.

Fearing that Burton Island might
be trapped in the ice for some time
with the ill crewmember aboard,
USCOC Glacier—supporting an
oceanographic expedition in the
Weddell Sea—was directed to
suspend operations, to head for
Palmer Station to pick up the
needed antibiotics and the station
physician, and to rendezvous with
Burton Island.

Just over 24 hours after becom-
ing beset, however, Burton Island
broke free and headed toward the
rendezvous with Glacier. On Feb-
ruary 23 the two ships met. The
Palmer and Glacier physicians were
transferred via small boat to Bur-
ton Island to examine the ill crew-
member who, by this time, had
responded favorably to treatment.
Both ships then proceeded to Palm-
er, and the Glacier and Palmer
physicians returned to their posts.

On February 24 Glacier returned
to the Weddell Sea. Burton Island
anchored in Arthur Harbor for a
planned 3-day support effort at
Palmer Station before heading back
to the United States via Valparaiso,
Chile.

But the two ships' plans were
altered by word on February 26
that Argentina's ARA General San
Martin was beset at 63054'S.
56°38'W., about 30 kilometers
north of Marambio, an Argentine
station on Seymour Island. Strong
southerly winds had driven the
Weddell Sea pack ice around the
Argentine icebreaker. San Martin's
predicament was further complicat-
ed by engine difficulties that re-
duced its power by more than a
third.

Glacier, by this time in Antarctic
Sound near another Argentine sta-
tion, Petrel, on Dundee Island, re-
sponded to San Martin's request
for assistance. The icebreaker
picked up San Martin's executive
officer, who was visiting Petrel, and

on February 27 headed into Erebus
and Terror Gulf toward the beset
ship. Glacier soon entered difficult
ice conditions; on the morning of
February 28, only 28 kilometers
from San Martin, the U.S. ice-
breaker radioed to Burton Island
for assistance. Burton Island. now
en route to Valparaiso, and Glacier
both were directed to assist
San Martin as required by local
conditions. Later on February 28
Glacier hove to at 63°41.8'S.
56°24.5'W. to await Burton Is-
land's arrival and a subsequent

conference of the three vessels'
commanding officers.

On March 1 Task Group 199.8,
U.S. Naval Support Force, Antarc-
tica, a special surface search and
rescue unit comprised of the two
Coast Guard icebreakers and their
four HH-52 helicopters, was acti-
vated to assist San Martin. Burton
Island arrived at 63°34'S. 56°23'
W., in the general vicinity of
Rosamel Island (at the south end
of Antarctic Sound), on March 1.
Those at the conference of cm-
manding officers resolved that lithe
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situation required patient monitor-
ing of changing conditions, keep-
ing both Coast Guard icebreakers
available to exploit a break in the
ice conditions. Frequent ice recon-
naissance flights to explore possible
leads that San Martin—able to
move only about 60 meters fore
and aft—might be able to follow
to open water were staged from
both U.S. ships.

Such a lead did develop on
March 2. Glacier attempted to
work into a position to follow the
lead to within 3 kilometers of San
Martin. With the uncertainties of
wind and ocean current, however,
there was a possibility that Glacier
itself might become beset while
attempting to break a channel for
San Martin's exit: on March 3,
about 20 kilometers from Rosamel
Island and open water, Glacier be-
came beset at 63°44.7'S. 56°25.8'
W. Two blades from Glacier's star-
board propeller had been lost while
trying to work into the lead to
Sa Martin, thus seriously limiting
the ship's power and maneuver-
ability.

The weather deteriorated, and
helicopter reconnaissance flights
we e suspended. Late on March 3
it was decided not to send Burton
Isle, nd in to rescue Glacier, to avoid
adding to the collection of ships
beset in Erebus and Terror Gulf.
Burton island, therefore, stood by
in open water.

ce reconnaissance flights re-
sunfied on March 4 and showed no
imJi)rovement in the two ships'im
sitiations. Burton Island could
mo 'e at a speed of 1 knot to with-
in ) 8 kilometers of Glacier, but
agin it was decided not to risk
haing another ship beset. On
Mrch 5 it was assumed, for plan-
nirg purposes, that Glacier would
have to spend a prolonged period--
perhaps throughout the coming
austral winter—beset in the ice.

To conserve shipboard fuel and
other supplies, all nonessential per-
sonnel would have to be evacuated

from Glacier. Helicopter flights be-
tween both U.S. icebreakers, San
Martin, and Marambio were pos-
sible when the weather permitted.
Marambio offered year-round C-
130 flights to Argentina. Conse-
quently it was planned to evacuate
at least 50 persons from Glacier
initially, with more to follow later.
The Argentine air force agreed to
provide the C-130 flights to transfer
evacuated personnel and to deliver
mail to and from Marambio for the
beset vessels.

Reconnaissance flights on March
8 revealed the formation of many
fault lines around Glacier. San
Martin continued making slow prog-
ress. Glacier had turned and in 24
hours had progressed about four
shiplengths. Hopes ran high for
continued progress. On March 9
Glacier reported that it might be
free in 2 days, and San Martin had
moved slowly south to pursue a
lead eastward.

Strong southerly winds blowing
to a full gale on March 10 spurred
hopes for Glacier. Meanwhile, on
March 9 the first C-130 evacuation
flight departed from Marambio,
bound for Buenos Aires and Rio
Gallegos, Argentina. Glacier con-
tinued backing and ramming the
ice throughout the night; on March
11, at 5:30 p.m. local time, Glacier
entered open water.

Almost immediately Glacier
headed for Ushuaia, Argentina, to
pick up the rest of its crew and to
continue on to the United States.
Burton island was directed to re-
main in its watch-and-wait role
with San Martin until as late as
April 15, if necessary.

On March 11 San Martin was
within 20 kilometers of open water
south of Antarctic Sound. By March
26, through its own efforts and
with cooperative weather, San
Martin became free. Burton Island,
still standing by, immediately de-
parted for Long Beach, California,
via Valparaiso.

—L. G. BLANCHARD

Two Hercules damaged

Two of the U.S. antarctic pro-
gram's five LC-130 Hercules air-
planes were damaged in separate
but related accidents on January
15, 1975, in East Antarctica. Al-
though there were no injuries to
those on board either airplane, the
Hercules were sufficiently damaged
to warrant at least temporary aban-
donment at the accident site
(74°40'S. 1230501E.).

LC-130F number 148319, flown
by U.S. Navy Antarctic Develop-
ment Squadron Six (vxE-6), was
dispatched from McMurdo Station
to dome C, about 1,200 kilometers
away, to pick up a five-person In-
ternational Antarctic Glaciological
Project (IAGP) team that had been
doing research at the site since
December 26, 1974. During takeoff
from the dome C area, a jet assisted
takeoff (JAT0) canister exploded,
damaging the adjacent fuselage and
igniting a fire in the right inboard
engine. The plane skidded in a
half circle to the right as it came
to a halt. The fire spread to the
outboard engine and destroyed the
wing.

LC-130R number 159129, at the
time near McMurdo Station on
another mission, responded to 319's
call for assistance and flew directly
to dome C. After taking on 319's
passengers and crew, 129—one of
three new National Science Foun-
dation Hercules and in only its sec-
ond austral summer of service—
began its takeoff without JATO.
During the long takeoff run over a
rough snow plain, the nose ski and
nose landing gear assembly col-
lapsed and broke off. The cargo
compartment filled with swirling
snow and the lower fuselage
buckled in several places before the
plane came to a stop.

A third Lc-130, number 159131,
flew to the accident scene and re-
turned the passengers and crews
safely to McMurdo. The tempera-

-
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U.S. Navy

LC-130F number 148319 on January 15, 1975, at its east antarctic accident site.

is of particular interest to glaci-
ologists because it contains some of
the world's thickest known ice. In
1974 the Scott Polar Research In-
stitute, Cambridge, England, map-
ped ice contours of part of East
Antarctica using data from recent
U.K.-U.S. radio-echo sounding
flights.* The new map shows that
three ice domes (areas of maximum
elevation) exist—not just one, as
previously mapped. Glaciologists
have labeled the domes A, B, and
C. Dome C sits on ice that is over
4,200 meters thick.

Antarctic Research Series
volumes published

"Human adaptability to antarctic
conditions" and "Recent antar tic
and subantarctic brachiopo s,"
Volumes 22 and 21 of Antar tic
Research Series, have been pub-
lished by the American Geophysical
Union.

"Antarctic stations provide an
unusual opportunity to study a
small, closed group of humanbe-
ings in an isolated, stressful envi n-
ment," state Kirmach Natani and
Jay T. Shurley in their Volume 22
paper, "Sociopsychological aspects
of a winter vigil at South Pole S ta-
tion." This statement describes the
131-page volume's context, he
other six papers in Volume t2,
which is edited by E. K.Eric
Gunderson and costs $13, examne
physiological and psychological re-

* Antarctica. Radio echo sounding
map series A. Scale !:5 million. 3. Ice
sheet surface and sub-ice relief 90°E.-
1800.

ture at dome C (nearly 3,500
meters above mean sea level) on
January 15 was —27°C.

On January 26, 1975, 319 and
129 were inspected by an evalua-
tion team. Preliminary analysis in-
dicates that the planes can be re-
paired and returned to service.
Planning is under way to restore
the airplanes on-site, beginning in
the 1975-1976 summer. LC-130 129
will receive first priority in the re-
covery effort.

The accidents came late enough
in the 1974-1975 U.S. antarctic
program field season to avoid major
perturbance. However, LC- 130 land-
ings on unprepared snow surfaces
have been limited pending further
evaluation; this, together with the
air and personnel support necessary
to carry out the projected airplane
recovery effort, almost certainly will
limit U.S. science activities next
season.

IAGP's east antarctic study area

..!•-
Ir

U.S. Navy

LC-130R number 159129 at its east antarctic accident site on January 15, 1975.
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spoises of people working at ant-
arctic stations.

Volume 21, by Merrill W. Foster,
is a description of 21 genera and 37
species of Recent brachiopod faunas
from new material collected in
southernmost South America, in
Antarctica, and in the subantarctic.
The 189-page volume costs $30.

Publication of Antarctic Research
Series is partially supported by the
National Science Foundation. Vol-
umes 22 and 21, as well as previous
volumes, may be purchased from
the American Geophysical Union,
1909 K Street, N.W., Washington,
D.C. 20006.

Soviet literature translated

The Antarctic Committee Re-
ports 1969 (V. A. Bugaev, editor-
in-chief) has been translated into
English and published for the Na-
tional Science Foundation under
the Public Law 480 (special foreign
currency) program. The 236-page
hardbound book contains 15 arti-
cles published under the auspices of
the Academy of Sciences of the
U.S.S.R. Subjects covered are
cosmic rays, ionospheric particles,
ocean-bottom crustal thickness and
structure geology of southern Vic-
toria Land and the Lambert and
Amery glaciers area, geochron-
ology and weathering in Queen
Maud Land, loess in moraine, in-
teraction of oases (ice-free areas)
and glaciers, sub-ice topography,
satellite coverage of clouds over
ice, optical determination of snow
trthisport, environmental research
(including biomedicine), and the
1971-1975 Soviet antarctic research
plan.

Originally published by "Nauka"
Publishers, Moscow, in 1971, the
translation is available from the
National Technical Information

- F71"S

U.S. Navy

The silvered glass ball that topped the symbolic "South Pole" 18 years ago was
donated in January 1975 to the Canterbury Museum, Christchurch, New Zealand. The
gift was made by Ruth Siple. Her late husband, Paul Siple, had purchased it in New
Zealand before he traveled to Antarctica in 1956 as the South Pole Station's first science
leader. In December 1956, to boost the morale of those soon to spend the first austral
winter at 90S., Dr. Siple (above left) and others placed the ball atop the orange-and-
black-striped bamboo pole and hoisted the U.S. flag. In November 1957, on leaving the
station at winter's end, Dr. Siple replaced the original glass ball with a spare and took it
home with him as a souvenir. The replacement ball sits atop the pole (now adjacent to

the new station) to this day.
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For the recordI

2)
Christchurch (N.Z.) Star

Clifford D. Henry

Captain Clifford D. Henry, Mili-
tary Sealift Command, a veteran
polar seacaptain and the master of
USNS Private John R. Towle, of
an apparent heart attack on Feb-
ruary 16, 1975, aboard his ship at
sea (23°12'N. 131°30'W.). Towle
was returning from its annual re-
supply voyage to McMurdo Sta-
tion, having arrived there on Janu-

A radiosonde-bearing U.S. Navy
weather balloon launched at
Amundsen-Scott South Pole Sta-
tion on February 1, 1975, was
tracked to 1.8 millibars at a height
of 44,264 meters—a record for the
South Pole.

Service, Springfield, Virginia 22161,
for $7.50. Cite number rr-72-52012
when ordering.

ary 16 and departed for Port
Hueneme, California, on January
26.

At the time of his death, Captain

Henry, 56, of Lakewr od, ew
Jersey, was returning from his 4th
voyage to Antarctica in suppo t of
the U.S. antarctic program. A
former master of another anta ctic
resupply vessel, USNS Wyandot,
Captain Henry also had madç at
least 22 voyages in the Arctic.
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U.S. antarctic stations (right) that report dci
"Monthly climate summary," and Mount I
(above), a live volcano near McMurdo SI
Ross Island.

:1	 Monthly climate summary
January 1975	 February 1975

Feature	Byrd *	McMurdo	Palmer * * South Pole	McMurdo Palmer * * South Pole
(date)	 (date)	(date)	(date)	(date)	(date)	(date)

Average temperature
(°C.)	 -14.2	 -3.0	3	-27.8	-7.9	2	-39.2

Tcmperature maximum	-8.6	 5.0	8	-20.0	 1.1	7	-26.1
(°C.)	 (1/4)	 (1/14)	(1/23)	(1/13)	(2/9)	(2/12)	(2/8)

	

T. mperature minimum -22.0	 -13.9	-4	-37.2	-18.3	-3	-55.6
(°C.)	 (1/28)	 (1/28)	(1/17)	(1/28)	(2/27)	(2/28)	(2/28)

Average station pressure
(mb)	 812.73	995.26	 690.48	988.49	 687.44

	

Piessure maximum (mb) 830.68	1006.77	 703.01	996.61	 695.56

	

(1/27)	 (1/14)	 (1/14)	(2/28)	 (2/7)

	

Pressure minimum (mb) 795.80	969.86	 671.18	970.20	 676.26

	

(1/30)	 (1/13)	 (1/31)	(2/1)	 (2/1)

Piecipitation (mm)	6.35	 8.38	 trace	23.62	 trace

Stiowfall (mm)	 63.50	 83.82	 trace	236.22	 trace

Prevailing wind direction	450	 900	 700	 1150	 900

Average wind speed
(m/sec)	 6.2	 3.9	 4.0	 5.0	 5.0

	

Fastest Win(l speed (tenths) 16.5	(25 0)	15.6	(90°)	 12.1	(0°)	16.4 (25°)	 9.2	(00)
	(1/11)	(1/27)	 (1/12)	(2/3)	 (2/14)

Average sky cover	5.5	 6.8	 4.9	 7.6	 5.2

Number clear days	9	 5	 9	 1	 12

Number partly cloudy
days	 11	 8	 16	 9	 5

Number cloudy days	11	 18	 6	 9	 11

Number days with visi-
bility less than 0.4 km	1	 0	 1	 0	 I

*Austral summer only. "Temperature data of questionable value.

The Director of the National Science Foundation has determined that the publication of this periodical is necessary in the transaction of the public business
required by law of this agency. Use of funds for printing this periodical has been approved by the Director of the Office of Management and Budget through
September 30, 1979.	 *U.S. Government Printing Office: 1974-586-482/2
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