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Introduction

In 1947, an amateur geologist visited the Earth
Sciences Department of Washington University and
tried, with great persistence and obvious irritation, to
present concrete evidence of the former existence of
Gondwanaland. Needless to say, he was dismissed
posthaste. Little did we realize that in 1966, 19 years
later, our rock magnetic group, as part of an inter-
national effort, would be engaged in an attempt to
unravel the geologic history of Antarctica for the
purpose of clarifying the history of Gondwanaland
and continental drift.

The effort to contribute to the solution of the prob-
lem through paleomagnetism began with field work
during the austral summer of 1966-1967 and has
continued to the present time. Work during three
field seasons was concentrated in Marie Byrd Land
(area 1 in Fig. 1) of West Antarctica (A in Fig. 1).
In 1967-1969, while serving as an Exchange Scien-
tist with the 13th Soviet Antarctic Expedition
(SAE), the senior author carried out field work for
paleomagnetic studies at Molodezhnaya (2), Mirnyy
(3), and the Antarctic Peninsula (4). As recently as
the austral summer of 1969-1970, additional field
work was done in the Antarctic Peninsula under the
auspices of the Exchange Scientist Program with the
British Antarctic Survey.

West Antarctica

The field work for paleomagnetic purposes in
Marie Byrd Land extended from the Edsel Ford
Ranges to the Jones Mountains and Thurston Is-
land. Details of sampled areas and rock types have
been summarized by Scharon et al. (1967, 1968, and
1969). Although the work was carried out as part of a
USARP program, international cooperation was ex-
perienced during all three field seasons. Dr. Oscar

B

Figure 1. Outline map of Antarctica showing areas of paleo-
magnetic investigations conducted by the Washington University

Magnetic Laboratory.

Gonzáiez-Ferran of the University of Chile, Santiago,
and Drs. L. V. Kiimov and B. G. Lopatin of the
Arctic and Antarctic Research Institute, Leningrad,
rendered invaluable assistance through geological dis-
cussions. The ideas expounded during these discus-
sions have been used in the analysis of the paleo-
magnetic data obtained in the laboratory.

Paleomagnetic results in the early stages of the
work suggested that West Antarctica was tectonically
anomalous with respect to East Antarctica or the
Antarctic Peninsula. Cretaceous virtual geomagnetic
poles for Marie Byrd Land were found to fall in the
vicinity of 30°S. 105°E., while younger (perhaps
Tertiary) poles for the same area occurred around
60°S. 65°E. By comparison, Jurassic poles reported
in the literature for East Antarctica (Transantarctic
Mountains) clustered around 53°S. 139°W., and
Cretaceous to Tertiary poles for the Antarctic Pen-
insula, both as recorded in the literature and as
determined in our work, fell very close to the present
geographic pole. Poles were found for the Fosdick
Mountains (Ford Ranges, Marie Byrd Land) around
28°S. 104°W. These were initially considered as
Cretaceous, but subsequent field work by Lopatin
(1970) and Wilbanks (1970) has suggested that
the rocks of the Fosdick Mountains are much older,
perhaps even Precambrian. In addition, rock magnet-
ic studies revealed that the stable remanence in the
Fosdick Mountains rocks is probably carried by
maghemite, a secondary magnetic mineral. Thus,
the correct interpretation of this paleomagnetic re-
suit remains a problem.

'.3
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Scharnberger and Scharon (1970), on the basis
of paleomagnetic data obtained from intrusive igne-
ous rocks of Marie Byrd Land, have suggested that
in pre-Cretaceous time a block consisting of West
Antarctica and New Zealand separated from Gond-
wanaland. This block was then ruptured by the
initiation of sea-floor spreading on the Albatross
Cordillera at the end of the Cretaceous.

It has, then, been tentatively concluded that the
Antarctic Continent consists of three distinct units:
(A) West Antarctica, (B) East Antarctica, and (C)
the Antarctic Peninsula. The approximate bound-
aries for this triple division have been drawn in Fig. 1.

East Antarctica

To test further the hypothesis that West Ant-
arctica, East Antarctica, and the Antarctic Peninsula
have had distinct tectonic histories—at least since
the inception of the Gondwana fragmentation—ad-
ditional paleomagnetic work was necessary, especial-
ly in East Antarctica and the Antarctic Peninsula.
This work became a reality in late November, 1967,
when the senior author boarded Professor Vize, a
Soviet oceanographic research ship, at Dakar, Sene-
gal. From this date until early February, 1969, he
served as an Exchange Scientist with the Soviet Ant-
arctic Expedition. Much has been written about the
personal experiences during this time. It was possible
to feel that one was a completely integrated part of
the 13th Soviet Antarctic Expedition, which is ex-
actly as it was meant to be.

In becoming a part of the 13th SAE, a specific
objective had been established. Sampling for paleo-
magnetic purposes had been planned for the area
between the Soviet stations Molodezhnaya and

ALASHEVEV	 BI6HT
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Figure 2. Pateomagnetic sampling sites in the area of Molodezh-
naya Station.

Novolazarevskaya in Queen Maud Land, where
charnockites of Precambrian age and Mesozoic (?)
intrusives of dolerjte and diabase occur. From
Molodezhnaya westward, the charnockites are be-
lieved to be magmatic (Klimov et al., 1962). They
lack any significant structural anisotropy and con-
tain only sparse inclusions of metamorphic rock. The
charnockite in the vicinity of Molodezhnaya appear
as dikes and irregular masses in metamorphic schists
and gneisses. The area from Mirnyy toward George
V Coast, probably the largest single occurrence of
charnockite in the world, is characterized by regional
metamorphism which has undergone nonuniform
and apparently granulitic ultrametamorphism. Un-
fortunately, concentrated field work was possible only
at the stations Molodezhnaya and Mirnyy.

Sampling at Molodezhnaya for paleomagnetic and
rock magnetic purposes was confined primarily to the
station area. In this area, 29 sample sites were estab-
lished (Fig. 2), and standard cores drilled in schists,
gneisses, and the dikes and irregular masses of granite
At a site approximately 10 km southwest of Mob-
dezhnaya, five sample sites were drilled in a large
mass of the granite.

The field work and sampling having been com-
pleted at Molodezhnaya during the winter, core drill-
ing was concentrated on Haswell Islands, just off the
coast of Mirnyy (Fig. 3), and in two small areas in
and around the station. The islands are primarily
masses of hypersthene-granitoids_socal led char-

0 200 400 600 900 1000.

Figure 3. Paleomagnetic sampling areas
in the vicinity of Mirnyy Station.
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riockites. In addition, there are masses of rapakivi
granites as well as intrusions of alkaline-biotite-horn-
blende granitoids. At Komsomol'skaya Hill (Area B
of Fig. 3), masses of monzonite, diorite, and gab-
brodiorite occur in the charnockite. Sampling of
these rock types was also undertaken.

Many of the rocks sampled at Molodezhnaya and
Mirnyy appear to be highly suitable for paleomag-
netic analysis. The intensity of natural remanent mag-
netization is rather high, on the order of 10- 3 e.m.u.
Magnetic susceptibilities are on the same order.
Publication of specific paleomagnetic results will
have to await the conclusion of stability tests, mag-
netic cleaning, and Rb/Sr dating, the latter of which
is being carried out in cooperation with Dr. Martin
Halpern at the University of Texas at Dallas.

Antarctic Peninsula
As a result of the revised schedule of operations

during the 13th SAE, and before establishing winter-
ing headquarters at Molodezhnaya, a transfer to the
Soviet polar ship OW took place. Ob' proceeded on
an eastward journey from Mirnyy around the Ant-
arctic Continent to the Antarctic Peninsula. After
several short inspection tours on Livingston, Half
Moon, and King George Islands and a visit to the
Argentine base Almirante Brown, the Soviets re-
turned to Fildes Peninsula on King George Island.
It was here, during the month of February, 1968,
that they established their Bellingauzen Station
(Fig. 4).

During the period of construction, a program of
sampling for paleomagnetic purposes was under-
taken. This opportunity was most welcome and the
permission of the Soviet Expedition to make the trip
was sincerely appreciated. Now paleomagnetic studies

of the Antarctic Peninsula could be made and the
results, when added to the work of the British paleo-
magnetists, would produce data toward establishing
the Peninsula's role in the plate tectonics of the ant-
arctic region.

The sampling distribution among the various vol-
canic units as mapped by Barton (1965) is shown
in Fig. 4. Limited time allowed sampling only in the
upper portion of the area, including Ardley Island.
An attempt to differentiate the lavas was made in
the field, although it was a rather difficult task.
Therefore, rock types as designated by Barton have
been used. Volcanic units a, b, c, d, and e are be-
lieved to represent the Early Miocene, while units f
and g are believed to be volcanics of Late Jurassic
age thrust onto the Fildes Peninsula later volcanics.

Grikurov (1969) reports that a single K/Ar deter-
mination of the andesite from Ardley Island gave
85 m.y., while sedimentary and tuffaceous rocks sup-
plied a few microspore assemblages ranging from
Carboniferous (possibly reworked) to Upper Meso-
zoic and Cenozoic. Taking a mean of the mean VGPs
of the formations sampled gives a VGP for the
Northern Hemisphere of 73.3°N. 101.0°E.

More recently, Covacevich and Lamperein (1970)
have described fossilized bird tracks (ichnites) found
in the sediments associated with the andesites and
tuffs (formation b). The tracks are associated with
Oligocene and Middle Miocene flora, which rep-
resents an age ranging from 40 to 25 m.y. The paleo-
magnetic results for this particular formation are
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Figure 4. Geological map (after Barton) of Fildes Peninsula, King
George Island. Sampling sites are in the immediate vicinity of

Bellingauzen Station.

Figure 5. Mean VGP position for formation "b" on Fildes Peninsula
in which bird tracks dated as Oligocene-Miocene have been
found. PGP=Present Geomagnetic Pole; PDPPresent Dip Pole.
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shown plotted as mean VGPs for the various sample
sites (Fig. 5). Both reversed and normal polarity are
exhibited, with 68% of the sample sites showing a
reversed polarity. Combining all mean VGPs and
projecting them in the Southern Hemisphere gives a
mean VGP of 83.2°S. 63.3°W.

These paleomagnetic VGP results for rocks des-
ignated as Cretaceous (131 to 63 my.) and Oli-
gocene-Miocene (40-25 m.y.) on the basis of K/Ar
and fossil dating, respectively, are of interest. The
Cretaceous VGP for the Fildes Peninsula of King
George Island and Cretaceous VGPs from West and
East Antarctica are so dissimilar that the tentative
conclusion of three separate geologic units is strength-
ened. The concentrated field work at Bellingauzen
and the results obtained, however, represented only
one point in the entire area of the Antarctic Pen-
insula. To make the interpretations more conclusive,
it would be necessary to sample a broad section along
the strike of the Antarctic Peninsula. How could this
be accomplished?

Only eight months later, after returning from the
13th SAE, this question received an affirmative
answer. Christmas Day, 1969, found the start of a
five-month expedition by the senior author to the
Antarctic Peninsula and Scotia Arc as a U.S. Ex-

Figure 6. Sampling areas for paleomagnetic investigations in the
Antarctic Peninsula during 1967-1969 and 1969-1970.
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change Scientist with the British Antarctic Survey.
A summary review of this expedition has been pre-
sented (Scharon, 1970) ; however, additional data are
presented here. Details of the sampling areas are
shown in Fig. 6.

Before joining the British Antarctic Survey, the
Exchange Scientist carried out a sampling program in
the primarily tonahitic, volcanic, and dioritic rocks in
the area of Palmer Station on Bonaparte Point of
Anvers Island, on Torgersen Island, and in the
area of the abandoned U.S. and U.K. stations,
respectively. Hooper (1962) identifies the volcanies
as Upper Jurassic, the tonahites as representing the
Andean intrusive suite of Late Cretaceous to Early
Tertiary, and the dioritic rock as a metasomatized
equivalent of the Upper Jurassic volcanics and
Andean tonalites. All of these rock types possess
suitable magnetic properties and should prove to be
of value in paleomagnetic applications.

The British party was joined at Palmer Station.
From there, RRS John Biscoe sailed to Argentine
Islands Station (U.K.) and here, on Galindez, Win-
ter, Black, Leopard, Skua, and Shelter Islands, drill-
ing of core was confined to the porphyritic andesites of
Upper Jurassic age (Elliot, 1964).

The next area for sampling was in, the vicinity of
Adelaide Island Station (U.K.), situated on the ex-
treme southern tip of Adelaide Island. Cores were
taken from Cono (Cone) Island and several smaller
islands of the Henkes Islands group just off the point
from Adelaide Island Station. At the station, por-
phyritic andesites were sampled, and on the adjacent
smaller islands, both diabase and dolerite rocks were
cored. All of these rocks are most likely of Upper
Jurassic age. A short distance from Adelaide Island
Station, cores were drilled from basalts on Pourquoi
Pas Island during a time when the British were;
establishing a temporary field camp for geological'
and geophysical observations. Cores were taken also
from basalts on Horseshoe Island. These basalts are
probably of Tertiary age.

At Stonington Island, the geology is quite different
from that encountered elsewhere in the Antarctic
Peninsula where sampling took place. Here, the
Precambrian gneisses and granites (Fraser, 1965)
have been intruded by basic dikes and sheets as well
as basaltic dikes. The former have been mapped as
possibly Tertiary, while the latter are considered to
be Precambrian. Coring for paleomagnetic work
was confined to the basaltic dikes.

From Stonington Island, the British expedition
moved on to Deception Island. During a two-day
stop, the recent volcanic area was visited with special
cores taken of the volcanic dust. Core was extracted
from the Pendulum Cove and Neptune Bellows
Groups of lava rocks. Blundell (1962) classifies these
rocks as Tertiary in age. Although the amount of



core from Deception Island is quite limited, it is
believed that it will assist in the major objectives
as set out.

The last area where actual core was extracted was
at Signy Island Station (U.K.) in the South Georgia
Islands. Rocks sampled here are metamorphic and
are classified as quartz-mica-schists. The samples
were taken at this location because they have been
dated by the potassium-argon technique. Knowing
their age (Triassic), it would be of interest to attempt
to relate any magnetic properties to these metamor-
phic rocks.

Although laboratory analysis of the rocks collected
in the Antarctic Peninsula during the time of the
1969-1970 British Antarctic Survey expedition has
jist begun, it is fairly certain that for the most part
the data will be applicable to paleomagnetic investi-
gations. The rock magnetic data should give addi-
tional checks on those critical time periods of Creta-
ceous and younger that can be used to assist in the
resolution of the major objectives of the paleomag-
rietic program.

International Cooperation

Without the cooperative exchange programs
among the nations conducting antarctic research,
the areal coverage required in these paleomagnetic
studies would have been most difficult to obtain.
These international cooperative programs allow the
fulfillment of scientific research, and they also allow
for an excellent awareness of the individual in inter-
national relationships. Although one moves suddenly
into the midst of strangers, it is not long before one
begins to feel and share many basic problems of life.
One becomes involved in their sorrows and their joys,
and witnesses the selfless devotion of these men, not
only to their work, but also to each other. This was
experienced with all the men encountered, regard-
less of whether they were Soviets, Britons, Chileans,
or Argentines. The association develops opportunities
for t continued dialogue long after one has returned
to his native land. And when you do return and
begin to reflect on your associations and experiences,
you realize that you have seen, taken part in, and
discovered an area on this planet where men of the
world can live and work in complete reconciliation
and brotherhood. You are also aware that your sci-
entific endeavors have been enriched and that the
objectives which you have been working toward have
become a reality through this cooperation.

Future Work

Continued analysis of the magnetic data already
obtained and yet to be obtained from the core col-

lected in this total effort to unravel the Gondwana-
land concept is essential. So is additional field work.
It is necessary to compare paleomagnetic results
from West Antarctica with those from rocks of simi-
lar age and type in New Zealand to test further the
conclusions reached on the basis of the paleomag-
netic data from Marie Byrd Land. In fact, it is
necessary to carry out paleomagnetic studies of the
ancient and younger rocks of coastal East Antarctica
with their matching counterparts on other continents
as devised by du Toit (1937) or as reconstructed ac-
cording to paleomagnetic data by Irving (1964) (see
Fig. 7). Paleornagnetic investigations in Antarctica
and adjacent continents will provide data that can
be translated into geologic events with time. This
objective can best be served through the international
exchange programs.
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U.S.-Soviet Exchange Program
at Vostok

F. MICHAEL MAIsH*

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

Vostok Station, Antarctica, is the coldest place
on earth inhabited by man, at one time having
recorded a temperature of —88.3°C. The smallest
and most remote of the three inland stations in Ant-
arctica (the others are Byrd and Pole), Vostok is
located near the earth's geomagnetic pole at
78 0 27'48"S. 106 048'24"E., at an altitude of 3,488
m on approximately 3,700 m of ice. The air is per-
petually drier than in the world's worst deserts. Dur-
ing the polar night, temperatures drop so low that
they would normally freeze carbon dioxide out of the
atmosphere (CO 2 condenses at —78.5°C.). The
altitude starves lungs of oxygen, and the normal rate
of heartbeats nearly doubles. Here, 15 to 25 men
winter over each year, isolated from contact with
the world for more than nine months, half of this
time in utter darkness.

Vostok's climate is beautiful, monotonous, hostile,
and calm. The sky overhead fades to space blue,
while the horizon stretches to incredible distances
owing to the purity of the air and to surface-tern-

*u.S. Exchange Scientist with the 14th Soviet Antarctic
Expedition.

perature inversions. The purity of the snow is re-
flected in shimmering whiteness in all dimensions.
The generally calm wind and low humidity and at-
mospheric pressure diminish the chilling effects of
the bitter cold, and well-designed clothing enables
the personnel to work in even the coldest tempera-
tures. Precipitation rarely occurs; rather, water vapor
condenses to fine crystals which the wind can blow
into sizeable drifts.

Traditionally, Vostok has been the Soviet station
with the highest international complement. It has
thrice been the home of U.S. Exchange Scientists.
In 1969, the station was manned by 16 Soviets, one
East German (Dr. Manfred Schneider), and one
American (the author). In addition, a five-man
group of French glaciologists was present during the
1969 austral summer. At that time, four flags flew
over Vostok, testifying to the peaceful use of Ant-
arctica under the Antarctic Treaty—the world's most
harmonious international relations at the site of the
world's most discordant climate!

Soviet Antarctic Exploration and Research

Russian antarctic exploration dates back to the
expedition of Admirals Bellingauzen and Lazarev
in their notable circumnavigation of the Continent in
1820-1821, which greatly supplemented the delinea-
tion of the probable coast drawn by Captain Cook
on the basis of his voyages of 1772-1785. Undoubted -
ly, Bellingauzen was among the first to sight the ice-
shrouded Antarctic Continent.

During the Second International Polar Year,
1932-1933, a modest Soviet antarctic expedition was
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Photo by author

Tractor train at Vostok on March 5, 1969.

planned, but it never materialized. However, since
February 13, 1956, the date that the Soviet flag was
First hoisted over Mirnyy Station, the U.S.S.R. has
carried out an elaborate scientific program in Antarc-
tica. At present, it maintains five wintering stations:
Bellingauzen, at 62°12'S. 58°56'W. (opened February
22, 1968) ; Mirnyy, at 66 0 33'05"S. 93°00'58"E. (Feb-
ruary 13, 1956); Molodezhnaya, at 67°40'03"S. 450
50'41"E. (January 14, 1963); Novolazarevskaya, at
70 0 46'S. 11 0 50'E. (February 18, 1961); and Vostok
(opened December 16, 1957, and closed temporarily
January 21, 1962—January 23, 1963). In the 1970-
1971 austral summer, the 16th Soviet Antarctic Ex-
pedition (SAE) intends to open a sixth station—Len-
ingradskaya—at 69°30'S. 154023'E.

In addition to the research on the Continent, the
Soviets engage in oceanographic and meteorological
work on board their resupply vessels Professor Vize
and her sister ship Professor Zubov, both specially
designed and constructed in 1967 for polar opera-
tions. Professor Vize is a substantial ship of 6,934
tons and 124 m length, with reinforced hull for ice
work. She is a fully equipped scientific vessel with
many specialized laboratories and luxurious accom-
modations for perhaps 200 scientists and crew, re-
flecting her use as the main transport for expedition
members to and from Antarctica. Oceanographic
projects are carried out primarily while in antarctic
and near-antarctic waters. Meteorological work, in-
cluding radiosonde launchings, is carried out
throughout the voyage. There is a modern Minsk-22
computer aboard for reduction of the data. The ship
is also equipped to launch rockets of modest scientific
payload.

U.S.-Soviet Exchange and Research at Vostok

The U.S.-U.S.S.R. exchange of scientists is part of
the implementation of Article 3 of the Antarctic
Treaty. Scores of Americans have been involved with

the antarctic expeditions of other nations in Ant-
arctica; since the IGY, 12 Americans have wintered
over at Soviet stations. In addition to accommodating
the U.S. scientists and equipment at Vostok, the
Arctic and Antarctic Institute in Leningrad has co-
operated with the ESSA Research Laboratories
(ERL), Boulder, Colorado, in maintaining contin-
uously several programs of geophysical research at
the station. Since the inauguration of these programs
in the austral summer of 1964, American and Soviet
investigators have basically alternated as operators of
the equipment during the winter seasons.

These cooperative programs include a complex
micropulsation system sponsored by ERL with the
Geophysical Institute of the University of Alaska
and the Arctic and Antarctic Institute in Leningrad
(for the Institute of Physics of the Earth, Moscow).
A standard riometer station is operated at 30 MHz
and 50 MHz, and VLF hiss is being recorded. At
present, Vostok is also a receiving station for the Dop-
pler-shift network—involving Byrd, Pole, and Mc-
Murdo—for observing traveling ionospheric disturb-
ances. These programs interrelate with the Soviet
programs at Vostok.

The Soviets maintain an active meteorological
program, occupying the work of four men in 1969.
The ionospherist operates a standard ionosonde, gen-
erating records of very good quality by international
standards. Vostok also has a three-component mag-
netometer system making absolute measurements
(the U.S. program at Vostok observes only magnetic
fluctuations). A neutron monitor is operated stand-
ardly in a cosmic-ray study. Even though the station
is well inside the auroral belt, a full auroral pro-
gram is in operation during the polar night, which
runs from April 23 to August 18.

Although the bulk of the primary data collected
under the Soviet-American cooperative programs are
recorded on magnetic tape for reduction at the spon-
soring laboratory, some values are readily available.

November-December 1970	 225



During the 1969 operating season, a number of in-
teresting absorption events were observed on the riom-
eter. The first event, already scaled, began at 0900
on February 25 and continued till 1000 on March 1.
Maximum absorption on 30 MHz was 1.2 db, first
occurring at 1700 on the 27th. Another large event
began at 0000 on April 12 and continued through
April 16. Maximum absorption of 8.5 db occurred
on 30 MHz at local noon on the 13th. A smaller
event began at 0300 on June 5 and continued until
1000 on June 10. Maximum absorption on 30 MHz
—0.8 db—first occurred on June 9 at 0000. A very
unusually structured event occurred at 2300 on Sep-
tember 27 and continued till 1100 on September 29.
Maximum absorption on 30 MHz-2.4 db—occurred
at 0600 on the 29th. The last large event began at
1200 on November 2 and lasted until 1800 on No-
vember 6. Maximum absorption on 30 MHz-6.4
db—occurred at 2100 on November 2.

The medical research program at Vostok is ex-
tensive. During the 1969 winter, three doctors con-
ducted studies of the physiological adaptation to
isolation and climate. Data were obtained also for
the sleep-study program of Dr. Jay Shurley, Univer-
sity of Oklahoma.

Glaciological samples were taken during the winter
to supplement the work of the French glaciological
team that was present at Vostok in the late austral
summer. Dr. Manfred Schneider of East Germany
conducted a research project of extremely fine ac-
curacy concerned with earth tides.

Winter Life

The annual resupply tractor train from Mirnyy
to Vostok—a distance of 1,410 km—arrived on Feb-
ruary 23, 1969. With it was the French glaciological
team, which was flown out again on the last aircraft
on March 1, 1969, in order to meet Ob' for return
to France. The tractor train left Vostok for Mirnyy
on March 5, 1969, and its members had to winter
over at Mirnyy since they arrived there long after
the start of the austral winter and the departure of
Ob'. This tractor train is the primary means of re-
supply for Vostok; in 1969 it was comprised of five
large artillery wagons and sledges converted to ant-
arctic use, and a large, self-propelled laboratory.
Most personnel and a number of delicate supply
items arrived by air from Mirnyy.

The daily routine at Vostok is generally similar to
that at American stations. A seven-day work week
begins at 8:00 A.M. with a hearty breakfast of por-
ridge and cheese. Lunch at 1:00 P.M. is actually
dinner and the largest meal of the day. Soup is al-
ways a major course, followed by a staple supply
of meat and potatoes or rice. A stewed-fruit compote
is served throughout the day in preference to melted-

snow water. Supper at 8:00 P.M. is substantial. Fol
lowing supper is a general conversation hour an(
then the nightly movie. Between 11 and 12 P.M
there is quite often a broadcast from Radio Moscow
especially programmed for the antarctic expeditior
of the U.S.S.R. Occasionally, an individual Sovie
antarctic station will be featured with special new
from home including messages from loved ones. Or
festive occasions, such as birthdays or state holiday
(Soviet and American), most of the station personne
would dress in suit and tie (and heavy antarcti(
boots) for a special dinner at 3:00 P.M. in place o
the normal dinner and supper.

The work of the cook at Vostok should not be un
derestimated, if only for the fact that water boils al
86°C. instead of 100°C. Almost all preparations
of food at Vostok involve boiling (the use of preS-
sure cookers is not advocated). It takes 5-7 hours
to cook beef, 3 hours to boil potatoes, and 10-14
hours to cook beans and peas. Foods sensitive tc
boiling-point changes, such as coffee and tea, do not
retain their normal flavors.

Housekeeping chores, shared generally by all, in-
clude dishwashing and sweeping up after meals
This biweekly assignment is usually followed by
shower and personal laundering. Water is obtainec
by melting snow blocks, cut and stock-piled during
the summer. Once a month, the entire station com-
plement forms a human chain to replenish the sup-
ply maintained close to the snow melter.

During the winter, the game of dominoes generates
a great deal of enthusiasm. It is basically a game ol
chance (or so it seems—the author placed dead last)
Chess, billiards, ping-pong, and table hockey are
played also.

Authority at the station is supremely vested in a
leader who has absolute control in every situation
and who has no other responsibilities. For the So-
viets, this system has worked well.

Summer Arrives

The first plane was joyously welcomed to Vostok
on December 20, 1969. An 11-14 from Mirnyy
brought the leader of the 14th SAE, D.D. Maksutov,
and fresh provisions as well as new equipment for the
glaciological drilling project at Vostok. Two days
later, an American C-130 brought supplies for the
U.S. programs and picked up the preceding winter's
records. A typical Vostok welcome was given to the
visiting Americans. After 2'/2 hours (while the air-
craft engines idled the whole time), the plane was
obliged to depart for McMurdo because of its range
limitations, leaving the U.S. exchange scientist to or-
ganize the resupply and train the new Soviet op-
erator, V. A. U1'ev, who was not to arrive until the
following week.
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Departure from Vostok was on New Year's Day
1970. Flying in an 11-14, the route of the annual re-
supply tractor train, easily visible on the ground,
was followed as a road to Mirnyy. Near the old site
of Vostok–I (open from April 12 to November 30,
1957), supplies were dropped to the lonely men on
the approaching tractor train below. The arrival at
Mirnyy was fortuitous—just before a severe storm
which might have prevented leaving on Professor
Vize had not the flight preceded it. The ship was
docked at the edge of the annual sea ice, several
kilometers from Mirnyy; the storm and accompany-
ing whiteout delayed resupply efforts considerably,
and she was unable to leave until January 8. Staying
close to the thinner ice packs, the ship skirted the
Antarctic Circle heading westward. Sailing in an
unusually clear sea, she was able to proceed south
to 690 241S. (at 20 0 06'E.) on January 14.

The ship's northward course included stops at Cape
Town in South Africa and Las Palmas in the Canary
Islands. Testifying to the recuperative effects of a sea
voyage after a long antarctic season, the 14th SAE
soundly defeated the ship's crew in a stoutly contested
tug-of-war near the Equator. Materiel of the French
glaciological party was debarked at Le Havre,
France. The three East German scientists with the
Soviet expedition returned home via Wismar, the
old Hansa port. Two Polish participants returned
home via the historic port of Gdansk. Arrival at
Leningrad at the height of a winter storm was delayed
until midnight on February 18, 1970.

The arrival at Leningrad was the official end of
the 14th SAE for most of its members, but not for
the author. As a guest of the Arctic and Antarctic
Research Institute, Leningrad, he met with Soviet
collaborators and debriefed them on many facets of
the Vostok programs. The year's accumulated records
were unpacked and distributed.

In Moscow, as guest of the Soviet Academy of
Sciences, the author met with Madame V. A. Troits-
kaya, principal Soviet collaborator with Dr. Victor
P. Hessler of the ESSA Research Laboratories in
the micropulsation studies. Further work involving
the reduction of calibration curves included a trip to
the research laboratory of Barok, near Rybinsk,
northeast of Moscow. This work was completed on
March 19, after which the author visited Warsaw,
Poland, to discuss antarctic research with Polish
scientists, before returning to the U.S.A.

Conclusion

The exchange-scientist program has been warmly
received by the participating nations. The scientist-
diplomats involved have furthered scientific exchange
and harmony in Antarctica amongst the nations

Monthly temperatures at Vostok in 1969
(in - °C.)

Month
	

Max.	Mm.	Avg.

January	 24.4
	

44.5
	

32.6
February	 29.1

	
60.4
	

45.6
March .....	 47.3

	
71.5
	

59.8
April ........	 53.2

	
74.4
	

62.9
May ..........	 50.3

	
77.5
	

66.8
June ........	 45.5

	
73.5
	

62.4
July ..........	 52.0

	
82.0
	

69.3
August ......	 53.1

	
82.8
	

69.5
September	 56.8

	
81.7
	

69.8
October	 38.4

	
69.5
	

55.6
November	 31.3

	
55.9
	

43.8
December	 23.1

	
44.4
	

32.6

Pressure (mb) and wind (m/sec.)
at Vostok in 1969

	

Pressure	 Wind

Avg.	Max.	Mm.	Avg. Max.

Jan.	638,7
	

653,4
	

629,1
	

5,6
	

13
Feb.	633,0

	
64 1,9
	

626,0
	

6,2
	

13
Mar.	622,6

	
639,9
	

612,8
	

7,4
	

18
Apr.	625,5

	
644,8
	

608,6
	

7,7
	

14
May	620,6

	
632,1
	

606,2
	

7,6
	

13
June	631,4

	
646,6
	

614,6
	

8,1
	

13
July	611,8

	
624,8
	

599,6
	

7,8
	

18
Aug.	613,8

	
628,4
	

602,0
	

6,8
	

12
Sept.	614,1

	
630,8
	

596,9
	

6,4
	

14
Oct.	623,6

	
638,1
	

606,6
	

6,9
	

16
Nov.	624,6

	
630,9
	

613,5
	

7,2
	

14
Dec.	632,3

	
638,6
	

624,1
	

6,8
	

14

engaged. It seems clearly an axiom that man finds
his warmest international relations in the coldest re-
gions of the earth.

It is fortunate that the site of the earth's south
geomagnetic pole can be shared and utilized by in-
ternational scientific programs. The challenges are
many, but the rewards are perhaps unequalled at
any other place on the earth today.
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(5) Three flights over the Ford Ranges and the
Saunders Coast area will aid in geological and tec-
tonic studies in that area by the Texas Technological
University group under Dr. F. A. Wade who, to-
gether with J . Wilbanks and L. Osborn, worked as
part of the radio-echo team until January 10.

Radio-Echo Sounding of
the Antarctic Ice Sheet

G. DE Q . ROBIN, S. EVANS, D. J . DREWRY,

C. H. HARRISON, and D. L. PETRIE
Western Marie Byrd Land

Scott Polar Research Institute
Cambridge, England

The Scott Polar Research Institute /National Sci-
nce Foundation program of long-range flights for

radio-echo sounding of the ice cover of the Antarctic
Continent continued during the 1969-1970 season.
Equipment was mounted for the first time in a C-
130F Hercules aircraft of U.S. Navy Antarctic De-
velopment Squadron Six (VXE-6) in place of the
C-121J Super Constellation used in December 1967.
Use of the ski-equipped C-130 made it possible to re-
fuel at Byrd, South Pole, and Halley Bay Stations,
thus extending the range of the work. The C-130
was equipped with trimetrogon cameras, and use
of these at high altitudes (above 20,000 feet) whilst
obtaining simultaneous radio-echo soundings of ice
depth proved to be of considerable advantage in
studying ice shelves and neighboring ice rises, but
the loss in performance of the radio-echo equipment
with altitude prevented effective sounding from such
high altitudes over the inland ice. Most sounding
work over the inland ice was done at an altitude of
3000 feet (1000 m) above the surface, so that both
surface and bottom echoes could be recorded on the
film. A limited amount of flying was carried out over
crevassed areas at 1000 feet (300 m) above the sur-
face, in order to reduce the duration of surface-echo
returns and thus increase the chance of recording
bottom echoes.

Useful results were obtained in the following
fields:

(1) The ice flow from western Marie Byrd Land
into the Ross Ice Shelf, described in more detail later,

as delineated.
(2) The sub-ice morphology between the Trans-

antarctic Mountains and the South Pole was deter-
nined in some detail. It suggests that major processes
f glacial erosion occurred before the ice sheet

reached its present height.
(3) An improved understanding was obtained of

rounded areas within ice shelves, particularly the
Filchner Ice Shelf.

(4) Detailed flying over the Brunt Ice Shelf in
conjunction with strain and level measurements on
the surface has made it possible for glaciologists of
the British Antarctic Survey to assess bottom melting
and the general behavior of the ice shelf.

The pattern that emerged from some 25 flights
over the region during the 1969-1970 season is shown
by the sketch map in Fig. 1, together with photo-
graphic reproductions of records in Figs. 2 and 3.
The main discharge of ice takes place through
five main ice streams, indicated on the sketch map
as A B C D E. Stream A is largely a continua-
tion of Reedy Glacier, discharging ice from the in-
land plateau. Stream E is bounded on the north by
the ice of Rockefeller Plateau. In between the
streams are domes or ridges of slowly moving ice,
which may be considered as ice rises which gradually
merge into the inland ice sheet of Marie Byrd Land.

The record in Fig. 2 was obtained with the aircraft
flying at a steady pressure altitude of 22,000 feet on
the ICAO scale along the route PQ on the sketch

Figure 1. Sketch map of western Marie Byrd Land showing the
main ice streams (A to E) discharging into the Ross Ice Shelf
and the approximate 200-rn and 500-rn contours. Lines PQ and
RS indicate the positions of profiles shown in Figs. 2 and 3,

respectively.
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Figure 2. Photographic recording of the radio-echo arofile along line PQ of Fig. 1 showing the surface and bottom of the ice. Letters A to E s
radio waves in ice and air. The surface profile is correctly reco

map. Similar conditions applied for route RS in Fig.
3. Since the faster-moving ice streams are crevassed
and the aircraft is at high altitude, the surface echoes
from ice streams are of long duration and spread
across most of the film width. Fig. 2 presents the
profile PQ shown in Fig. 1, which runs approxi-
mately north to south. The crevassed ice streams,
which are marked above the profile, show up clearly
by the nature of the surface echoes and by the nearly
horizontal cross profiles. The ice rises between the ice
streams show up by their steeper surface slopes and
domed form, and by the absence of crevassing. Fig. 3
shows the longitudinal profile of ice stream E. This
ice stream decreases in thickness from about 1000 m
at Point R to around 750 m at the ice shelf. Note
that the mean surface gradient on the ice stream is
around 1:500, implying a mean basal shear stress of
not more than 0.2 bar, compared to a more common
figure of around 1.0 bar typical of the ice rises in
Fig. 1.

A profile obtained in 1967 along ice stream C
(Robin, Swithinbank, and Smith, 1970) suggested
that sub-glacial water was trapped beneath the ice.
This observation was deduced from the surface pro-
files indicating some grounding of ice, with nearly
horizontal stretches of pseudo ice shelves inland of

the grounding. The pseudo ice shelves would be bet-
ter described as part of ice stream C, which was not
visibly crevassed, although surface echoes typical of
crevassing were present as seen in Fig. 2. The sug-
gestion that sub-glacial water may be the cause of
these low surface gradients remains an attractive
hypothesis.

The only direct measurement of velocity which
has been attempted on these ice streams was
ported by Thiel and Ostenso (1961), who studied the
contact zone between the ice shelf and grounded ice
in longitude 151'W. on the north side of the point
where ice stream E has just merged into the ice
shelf. A relative velocity change of 17.0 rn/year be-
tween  the inland ice and a point 2 km out on the
ice shelf indicates a minimum possible velocity of
movement. Steady-state calculations, assuming that
the ice of much of Marie Byrd Land discharg s
through these streams, suggests mean velocities
around 100-300 rn/year. The visible surface cr -
vassing is most marked on ice stream B, which s
comparable in appearance to the valley glaciers mov-
ing into the Ross Ice Shelf at some hundreds of
meters per year (Swithinbank, 1963). Ice stream C,
by contrast, shows little visible crevassing, so it is pre-
sumably moving more slowly.
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With the Japanese Antarctic
Research Expedition to
Antarctica, 1969-1970

HERMAN R. FRIIs *

Center for Polar Archives
The National Archives

Japanese interest in Antarctica began perhaps
with the notable expedition of Lieutenant Nobu
(Choku) Shirase in the auxiliary schooner Kainan-
maru to the Bay of Whales in 1911_1912. 1 Several
pioneering land reconnaissances and oceanographic
surveys of the nearby Ross Sea were made. Since 1934,
Japan has engaged extensively in whaling activities,
particularly in the waters fringing East Antarctica.2
These activities kept alive and encouraged Japanese
interest in Antarctica until plans for the International
Geophysical Year (1957-1958) spurred Japanese sci-
entists to active participation in research.' These
plans culminated in 1955 with the establishment of
an Antarctic Committee in the Science Council of
Japan and an Antarctic Program in the Ministry
of Education. 4 The latter was responsible for prepar-
ing the plans and actively undertaking the first
Japanese Antarctic Research Expedition (J.A.R.E.) .
The Japanese Maritime Safety Board provided the
transportation—a reconstructed 4,200-ton ice-
strengthened patrol ship named Soya.

J.A.R.E.-1 (1956-1958), under Dr. Takesi Nagata's
leadership, sailed with 53 scientists and logistic sup-
port personnel, 240 tons of supplies, 18 Sakhalin sledge
dogs, and a Cessna 180 light airplane. 6 Also aboard
Soya when she left Japan on November 8, 1956, were

*U.S. Exchange Scientist with the Japanese Antarctic Re-
search Expedition, 1969-1970.

two Bell 47–G helicopters, primarily for ice reconnais-
sance. The expedition carried out a reconnaissance of
the Lützow-Holm Bay area of East Antarctica and
erected Showa Station on the bare rock of the north-
east portion of East Ongul Island at 69°00'22"S.
39°35'24"E. This site is 5 km west across the ice-
covered Ongul Sound from the ice front of the
continental plateau. The station was erected on
schedule, and an 11-man group of scientists under
Dr. Eizaburo Nishibori became the first wintering-
over party. Strategically located as this site is for
various operational and reconnaissance activities and
local scientific research, it also has proven to be one
of the most difficult to reach by ship because of the
severe weather and ice conditions.

Japanese occupation of Showa ceased temporarily
in February 1962 as J.A.R.E.-6 returned home
aboard the Soya after sealing the station and stor-
ing its equipment. During the 1961-1962 season, the
Tokyo University of Fisheries completed an oceano-
graphic cruise in east antarctic waters in its ship
Umitaka-maru, a program that has continued un-
abated to this day. Results of the oceanographic and
marine biological investigations have been published
in the journal of the Tokyo University of Fisheries.

Although Japan had closed her station, she con-
tinued an active interest in antarctic scientific pro-
grams. Japanese scientists specializing in polar re-
search participated with other nations in field work
and continued active cooperation with them in a
variety of programs.

While Showa Station was closed between 1962
and 1965, the Japanese antarctic program underwent
significant changes, particularly with respect to logis-
tics. 7 During this period, the Japanese Government
built a modern icebreaker, Fuji," especially for the
antarctic program. This icebreaker has a normal
displacement of 7,760 tons, a draft of 8.3 m (27 ft),
a length of 100 m (330 ft), and a beam of 22 m (73
ft). It is powered by diesel-electric engines delivering
a maximum of 12,000 hp, has a cruising speed of
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about 15 knots, and a maximum speed of 17 knots.
It can break ice up to 6 m (19 ft) thick. While
essentially a logistic support vessel, Fuji has excellent
facilities for research. Also aboard are two long-range
Sikorski helicopters, capable of carrying 26 passengers
or about 1,800 kg of cargo, and a Bell 47—G helicop-
ter, primarily for short-range reconnaissance.

Fuji was commissioned in June 1965 and, on
November 20, departed Tokyo for Showa Station
with J.A.R.E.-7 scientists and logisticians including
a U.S. Exchange Scientist." Since then, continued
success has encouraged the Japanese Government to
promote the program to a nearly autonomous posi-
tion within the Ministry of Education.'° The scien-
tific and related accomplishments of each expedition
are reported regularly in the Antarctic Record.11

Each year since 1965, the Japanese Government
has invited the United States Government to appoint
an Exchange Scientist to accompany the expedition.12
United States representatives also accompaned the
expedition in 1958-1959 and 1960_1961 . 13 This re-
view of the highlights of the program and accom-
plishments of the wintering-over party of J.A.R.E.-
10 (1968-1970) and the early part of J.A.R.E.-11
has been prepared by the U.S. Exchange Scientist
accompanying J.A.R.E.-1 1 during the past austral
summer (December 14, 1969—March 31, 1970).

Aboard Fuji
The author boarded the Japanese Maritime Self-

Defense Force icebreaker 5001 Fuji at Fremantle,
Australia, on December 14 and was greeted by the
Scientific Leader of J.A.R.E.-11, Dr. Tatsuro Matsu-
da. Fuji, which had departed Tokyo on November
20 and arrived at Fremantle on December 10, was
under the command of Captain Hideo Isobe, assisted
by Captain Fuyuki Maeda. On board were 40 scien-
tists and technicians, some 220 officers and crew, and
two exchange scientists, Dr. Garth Morgan of Aus-
tralia, a mechanical engineer, and the author. Thirty
of the 40 scientists and technicians comprised the
wintering-over personnel under Dr. Matsuda, a biol-
ogist, and Mr. Sadao Kawaguchi, a meteorologist,
who served as his deputy and leader of the summer op-
erations. Both are members of the permanent profes-
sional staff of the Polar Research Center in Tokyo.

On December 16, Fuji departed Fremantle and
set a west-southwest course into the warm, calm seas
of the Indian Ocean. The following day, at 33°55'S.
111°27'E., as the course was laid due south, the seas
became heavy and turbulent, a condition that lasted
through several days. Each day, all hands were
awakened at 6:00 AM (local time). Weather and
seas permitting, calisthenics began on the helicopter
deck at 6:10, then breakfast at 6:30, and assignment
to duties and a continuation of prescribed activities
at 7:00.

Throughout the voyage and into Lfltzow-Holm
Bay, there were frequent conferences between the
scientists and technicians and logisticians about the
pending offloading and construction operations at
Showa Station. The scientists, especially the biolo-
gists, made a variety of observations en route to
Showa, until the heavy pack ice restricted some of
them.

Adjoining the Captain's bridge on Fuji is a well-
equipped meteorological laboratory, from where a
continuous program of observations was carried out
on weather, the state of the sea, and ice conditions.
From a station on the deck below the helicopter pad
aft, the biologists and oceanographers conducted
periodic surveys, including surface-water sampling
and routine chemical analysis of seawater, observa-
tions of zooplankton and phytoplankton, recording
of temperature and salinity at selected depths, meas-
urements of currents, bathythermographic observa-
tions, and drag-net collection of marine organisms.

At 40 0 , 50 0 , and 60°S., the Australian Exchange
Scientist released 500 plastic plates bearing a request
that, if found, the plate should be sent to the Austra-
lian Oceanographic Laboratory in Adelaide. It is
hoped that enough plates will be returned to give
some indication of currents and drift. The U.S. Ex-
change Scientist made a photographic and descrip-
tive study of the structure of the ice, especially the
effect of plankton on its color and composition.

The first iceberg was sighted on December 23 at
59 0 12'S. 105 0 43'E. Then followed a rapid increase
in the number of icebergs and a succession of fields
of pack ice and a rapid drop in temperature
to nearly 0°C. Near midnight on the 23rd, at
61 0 33'S. 105°34'E., the track of Fuji was directed
to a nearly due west course through successive fields
of berg-studded pack ice and open water. On Christ-
mas Eve, the scientists and officers and crew gave
a dinner party for the two exchange scientists, com-
plete with gifts, decorated cakes, and Christmas
decorations.

On December 26, a map of the area of East Ant-
arctica between Queen Mary Coast and Queen Maud
Land showing the state of the ice, the various leads,
and the distribution of the pack ice was compiled
from information received from a variety of sources,
notably the ESSA satellite and Soviet flights over
the area (Fig. 1). The map showed a long, narrow,
open-water highway between the edge of the fast ice
and the pack leading west almost to the entrance to
Lützow-Holm Bay. In order to reach this open-water
lead, Fuji first had to break through a wide area of
pack ice and communities of icebergs. On December
28, the Bell and Sikorski helicopters carried out ex-
tensive flights of ice reconnaissance. On December
29, Fuji entered the heavy continuous pack ice. Early
in the morning of December 30, the U.S. Exchange
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Figure 1. Map based on ESSA Nimbus satellite photography showing the state of the ice on December 26, 1969.

Scientist was invited by the Captain to accompany
him on a two-hour-long Sikorski helicopter flight
west to the wide entrance to Lützow-Holm Bay to
reconnoiter the ice for the best approach into the
Bay. The open-water highway, clearly shown on the
ESSA map, was followed west.

In the evening of the 31st, Fuji was carefully
nudged into a narrow channel in the pack ice 150 m
off the open-water highway. Here she was berthed,
and New Year's Eve was celebrated with rousing
festivities. On New Year's Day, ceremonies were held
on the helicopter deck and promotions were given to
certain officers and crew members. On January 2,
the U.S. Exchange Scientist accompanied Captain
Isobe and several others including Dr. Matsuda on
the first helicopter flight to Showa Station with mail,
gifts, foodstuffs, and certain scientific instruments. He
was invited to stay at the station until the last flight
in the late afternoon, and was shown the station and
environs by the J.A.R.E.-10 scientific leader, Dr.
Kou Kusunoki, whose hospitality and cooperation
throughout the month and a half stay at East Ongul
Island and en route to Cape Town were superb (Fig.
2).

Shortly after the return of the last Sikorski flight,
Fuji began the final leg of her voyage to Showa. She
proceeded southwest to a point almost directly north
of Showa and then due south into and through the
heavily berg-studded fast ice of Lützow-Holm Bay.
With relative ease, she charged and cut a path

through the fast ice to a small pond of open water
in a small embayment in the west coast of Langhovde
Hills. Here, on January 4, the Australian Exchange
Scientist dropped and anchored an instrument cap-
sule in about 100 fathoms of water to record for one
month various data such as tides and temperatures.
(Unfortunately, successive attempts to retrieve the
capsule at the end of one month were unsuccessful.)
Fuji then continued her track through the fast ice
to a mooring in the ice about 150 m east of East
Ongul Island and 1,250 m southeast of Showa Sta-
tion (Fig. 3). The first major leg of the voyage had
now been successfully completed on schedule (Jan-
uary 5).

Offloading and Construction

Offloading began almost immediately after Fuji
was moored to the fast ice. One of the first activities
was to transfer oil, by rubber hose, between the ship
and the large new fuel-oil storage tank located on
a hard-rock promontory about a third of the distance
to Showa. The scientists, working in close harmony
with the crew, were responsible for selecting, arrang-
ing, and supervising the removal of clearly identified
items of cargo, from small boxes of canned goods to
a large over-snow vehicle. Cargo, selectively offloaded
from Fuji onto the fast ice, was loaded onto sleds and
pulled by snow cars to one of two staging areas on
the fast ice—one about 600 m north of Fuji and the
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Figure 2. Showa Station.

other about 60 m southwest of her. The latter in-
cluded a large platform of heavy timber for landing
and securing the Sikorski helicopters during the
loading operations. The north staging area tended to
be mostly for heavy items, such as drums of gasoline,
oil, and the like, which were sling-lifted by helicopter
for transport to Showa Station. The helicopter landed
on the wooden platform to be loaded with a wide
variety of relatively light items for delivery to Showa
Station. Some of the heavy items, such as instruments,
machinery, and rocket-related equipment were also
transported by helicopter to the rocket-launching site.
Between January 5 and 20, 1970, two Sikorski heli-
copters in 248 hops carried 573.3 tons of cargo from
Fuji to Showa Station.

Occasional snowstorms and severe katabatic winds
precluded work on several days. The changes from
optimum sunny conditions to severe, treacherous,
stormy conditions generally were rapid and posed
problems for the helicopters and personnel in the
open staging areas.

T1	1	r-,-t- tc 1-	r,T1rv, Cl t'. t-1	tbll fvrv pn frcd
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of which there was considerable variety and supply.
Except for these items, which were quickly flown to
Showa and placed in frozen-food lockers, most of
the cargo was placed at specified sites in an acre or
so of undulating bare-rock surface to the north of
the station proper (Fig. 4). Small Japanese trucks
were used to move various smaller bits of cargo to	Figure 3. Fuji moored to the fast ice in Ongul Sound, January 5,
assiened localities (Fie. 4'). These trucks a ppeared	 1970.
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Figure 4. Recently offloaded cargo and various transport vehicles
on a bare-rock site next to the main buildings of the station.

to negotiate the rough terrain reasonably well, al-
though they were badly shaken in the process.

Immediately following the completion of offloading,
all hands cooperated in a broad program of construc-
tion. Facilities at the end of J.A.R.E.-10 included
20 principal buildings. During the several weeks of
summer work, all of the planned construction was
completed on schedule, including the telemetry, ob-
servation, launch, and accessory buildings and the
table and platform for the launching of two rockets.
In addition, two large prefabricated warehouses were
built, a special nonmagnetic seismological station was
installed (on a sand- and gravel-covered floor over
a Precambrian gneiss base), and a concrete-making
plant was completed in time to make the mix for the
floors of the warehouses and the base for several of
the structures at the launch site. A tall steel tower
for micrometeorological measurements was built im-
mediately east of the meteorological station. On it are
four cup anemometers, two supersonic anemometers,
and two air-temperature platinum thermometers. Con-
struction of a permanent airfield, to be used especially
by the Lockheed Cessna aerial-photography mono-
plane, was begun on the ice of the polar plateau
about 20 km east of Showa Station. A mobile struc-
ture and a marked airfield were completed and suc-
cessfully used by helicopters as well as the Cessna.

Significant Activities of J.A.R.E.-10 Winter
Party

The wintering-over (February 1969—February
1970) group of 29 men was under the leadership of
Dr. Kou Kusunoki, Chief of the Department of Polar
Research and Information of the Polar Research
Center in Tokyo. This group included scientists
and technicians selected from Government, private
industry, and universities and colleges. Most of

the routine programs were carried out by scientists
and technicians from Government agencies. These
programs included meteorological observations; radio
communications; visual and instrumental auroral ob-
servations; geomagnetic and seismological observa-
tions; tidal recordings; ionospheric soundings; and
geodetic, cartographic, and photogrammetric surveys.
During the period November 1969—January 1970,
an oversnow traverse was made to the Queen Fabiolá
Mountains to study geology, geomorphology, glaciol-
ogy, and meteorology.

Special research projects proposed by individual
scientists and academic and other professional institu-
tions and approved by the Science Council of Japan
numbered 15.

Significant Scientific Activities of the J.A.R.E.-
11 Winter Group

The overall program of the J.A.R.E.-11 wintering-
over party is rather comprehensive and is largely a
continuation of the systematic studies of preceding
expeditions. The program includes observations of
aurora and airgiow, the ionosphere, VLF emissions,
geomagnetism, cosmic rays, meteorology, infrasonic
pressure waves, gravity, oceanography, glaciology,
seismology, cartography, geology, geography, biology,
and medical research.

Scientific activities, other than those that required
continuous attention during the changeover, were
pretty much restricted till after the successful com-
pletion of the offloading and storage of cargo and
the construction of various facilities. During the pe-
riod February 1-18, various field parties, especially
in geology, geomorphology, biology, glaciology, topog-
raphy, geodesy, and magnetism, were flown to sites
near Langhovde Hills, Skarvsnes Foreland, Skallen
Hills, Langhovde Glacier, and Byvâgãsane Peaks, all
directly south of East Ongul Island and along the
eastern fringe of Lützow-Holm Bay. Unfortunately,
inclement weather curtailed some of the planned ac-
tivities in the field.

Among the more specialized scientific activities in
the field should be mentioned the placement and
retrieval (after 20 days) by the Australian Exchange
Scientist of a magnetometer on a nunatak in the
Byvgãsane Peaks. This experiment required a com-
prehensive preliminary survey from helicopter and
aerial photographs. The three-fluxgate magnetometer
with accessories weighed nearly 700 kg.

During the first weeks of February, there were sev-
eral successful balloon flights to record cosmic rays.
The 5, 000_M3 helium balloons were scheduled to
reach an altitude of 35 km.

In January, shortly after arrival, an over-ice trav-
erse was made along the south coast of East to West
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Ongul Island for the purpose of taking cores of the
ice and water nutrient samples below it. Numerous
samples for chlorophyll and phaeophytin were taken
in the ice and water of the ponds on East and West
Ongul Islands, Langhovde Glacier, and Byvgãsane
Peaks, and in the sea water circumjacent to north-
east East Ongul Island. In several of these and other
areas, studies were made of mosses, lichens, benthos,
and phyto- and zooplankton.

An important mission of the summer program was
the continuation of a systematic aerial survey of
Lützow-Holm Bay, done from the Cessna aircraft
that was shipped to and returned from the Bay
aboard Fuji. In late January, Mr. Kozuo Matsuoka,
the pilot, flew the Cessna to the polar plateau near
the Queen Fabiola Mountains to parachute spare
parts to the returning traverse party which had a
disabled vehicle. During one of his flights across
Lützow-Holm Bay, Mr. Matsuoka discovered a small
island surrounded by fast ice. On February 14, the
U.S. Exchange Scientist accompanied Captain Isobe
and a small group of scientists and technicians to the
island for a brief survey of the lithology and moss
cover.

Another successful scientific program during Feb-
ruary was the placement of a glaciological field party
at the western margin of Langhovde Glacier to estab-
lish a small base and place a line of markers on the
ice to study the lateral and meridional movement of
the glacier. Samples of snow and ice were obtained
for studying crystallography and composition.

A most significant scientific accomplishment was
the successful launch of two ionospheric rockets from
the pad on the northwest corner of East Ongul Is-
land (Fig. 5). Dr. Takeo Hirasawa, a geophysicist
from the University of Tokyo, was largely responsible
for the development of the instrumentation and the
operation, as well as the analysis of the data. The two
rockets (S160 JA1 and S160 JA2) achieved the
projected altitude of 90 km. The first launch was on
February 10 and the second on February 17 (Fig.
5). The total length of the rocket was 3 1 889 mm;
its outer diameter, 160 mm; total weight, 113 kg:
and payload, 5.4 kg.

Research Program of the U.S. Exchange
Scientist

In addition to his cooperation with J.A.R.E.-11,
the U.S. Exchange Scientist was responsible for two
primary activities: 1) on the basis of aerial recon-
naissance and ship cruises to make a general geomor-
phological survey of the Lützow-Holm Bay region;
and 2) to make a detailed geomorphological study of
East Ongul Island based on field reconnaissance.

Information for these two studies was obtained in
field-note form and on 35 mm color slides and 8 mm

WW
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Figure 5. Launch of S160 JA2, the second of two rockets with
instrument packages fired from the pad on the northwest corner

of East Ongul Island, February 17, 1970.

color film during 14 helicopter flights and four
cruises aboard Fuji within the bay, and 15 field-
reconnaissance trips in various directions across East
()ngul Island. About 600 color slides record
the landscape and, in conjunction with the field notes,
aerial photographs and maps will serve as sources of
information in preparing the text of the studies. There
are few general geographical-geomorphological studies
available in English of the Lützow-Holm Bay region
and East Ongul Island. Indeed, detailed exploration
has been limited to the 14 years that Japanese
scientists have occupied the region, although dur-
ing this period several Russian expeditions have had
field parties there and have flown over the area.
From aerial photography and geodetic and topo-
graphic fields surveys, the Japanese have compiled
excellent topographic maps of the region and large-
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scale topographic maps of the principal islands and
nunataks. These served the U.S. Exchange Scientist
as a base for his field reconnaissances. Another basic
source is the Antarctic Record.

From East Ongul Island to Cape Town,
South Africa

On February 17, Fuji departed East Ongul Is-
land for home by way of Bouvet Island. The track
was south into the now thin fast ice and open water
circumjacent to the northern portion of Langhovde
Hills, then west and north closely paralleling the
track of the so-called "escape route" in the fast ice,
broken during the cruise of February 9 and 10 to
the southern edge of the pack. Late in the evening.
Fuji stopped in a severe snowstorm near Benten Is-
land west of East Ongul Island.

On February 19, Fuji retraced her track to East
Ongul Island to pick up one of the scientists and
instruments and data connected with the rocket
launch of the 17th. Shortly after noon, she once
again retraced her track to Benten Island and then
northward to a site near the edge of the fast ice.
During this voyage, the U.S. Exchange Scientist made
a special study of the pattern and form of the nu-
merous penguin tracks leading between the northern
edge of the fast ice and Langhovde Glacier, the move-
ment of the penguins, and, as Fuji broke the ice, the
nature of the plankton colonies in the ice.

The northern portion of the fast ice became in-
creasingly thicker, requiring frequent charging and
recharging. Early in the morning of February 20,
Fuji stopped her northward drive. The Captain and
several personnel, including the US. Exchange Sci-
entist, flew by Sikorski to Showa Station for cere-
monies officially transferring the leadership from Dr.
Kou Kusunoki to Dr. Tatsuro Matsuda. Included in
these memorable events was the gift to the U.S. Ex-
change Scientist of the now wind-tattered Stars and
Stripes that had flown on the hilltop overlooking the
station since his arrival on January 2.

Shortly after our return from Showa, Fuji got un-
der way north across the transition between the fast
ice and the pack ice. Then she entered a long, nar-
row lead toward the west which led into pack ice.
The next day she encountered increasingly thick,
hard ice, and by late afternoon forward progress was
all but impossible. On February 22, a series of ice re-
connaissances was carried out by helicopter. Several
leads were found, but an extensive bank of envelop-
ing fog obscured the northern portion of the pack
ice. In the meantime, Fuji was maneuvered about
in successive counterclockwise charges and then re-
traced her track to near the fast ice of Lützow-Holm
Bay. This ended the planned possibility of scientists
flying to Riiser-Larsen Peninsula and visiting Bouvet

Island en route to Cape Town. On the 23rd, for-
ward progress was resumed northeastward through
the open-water lead and into the pack ice, which
became increasingly heavier and more brittle. Rela-
tively little progress was made. A prevailingly north
and northeast strong wind, which had blown con-
sistently for a number of days, was an ill omen be-
cause it is a prime element in compacting the pack as
it presses it toward the continent. This became dis-
tressingly clear, and on the 24th, the total forward
progress was measured in but a few meters.

Shortly after noon on February 25, Fuji, making
very little forward progress (412 rams had advanced
her but 720 m), was stopped dead in her track. All
four blades of the starboard screw had been sheared
to the hub by the ice. The ship was securely beset
at 68 0 24'S. 38 0 51'E. in a vast sea of iceberg-strewn,
heavily hummocked pack ice. The Fuji was about
75 km north of Showa Station, from which she had
departed a week earlier.

The ice-strengthened Soviet cargo ship Ob', near
Mirnyy, was closest to Fuji and responded to the call
for assistance, but she was unable to approach closer
than 28 km. Subsequently, USCGC Edisto departed
Wellington with a Japanese Maritime Self-Defense
Force liaison officer, and blankets, mattresses, food,
and special equipment, planning to make her way
east around Antarctica to a rendezvous with Glacier
at the edge of the pack ice in front of Fuji to attempt
a release of the ship. If that were not possible, the
scientists, technicians, and some crew members were
to be flown to the icebreakers for return home, pos-
sibly by way of Cape Town. A skeleton staff was to
remain aboard to winter over.

The personnel aboard Fuji were placed on rations,
and plans were made to meet various kinds of emer-
gencies, especially as they related to the conservation
of resources for a potential winter-over. Water and
heat were the first commodities to be rationed. Fresh-
water was obtained from blocks of ice chopped from
selected hummocks of pack ice adjacent to the ship
and hand-passed to reservoirs within the ship. A "Uni-
versity of Fuji" was inaugurated to sponsor a series
of lectures on various scientific topics. Various moral-
boosting activities such as skits and commemorations
were instituted.

On March 17, an afternoon was given to a succes-
sion of humorous skits imploring the "God of the Big
Wind" to cause a south wind to blow the pack ice
away and free the ship. By coincidence, the pack ice
opened during that night, and the next morning the
Captain, by a succession of skillful maneuvers of the
ship and with the assistance of helicopters on ice re-
connaissance, gradually inched the ship on its one
screw to a strategically developed lead that fortunately
led to more open pack. Glacier and Edisto were in-
formed and returned to their assigned tasks. During
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the 23 days of beset, Fuji had drifted 10 km to the
southwest into the entrance of Lützow-Holm Bay.

During the day and night of the 19th, Fuji sailed
through a succession of open-water leads, increasingly
thinner pack ice, and communities of towering ice-
bergs. Shortly after midnight, the ship was once again
in ice-flecked open water. In this relatively , calm
water, Fuji stopped for several hours to batten down
the hatches, clear the decks, and secure the cargo
on the open decks for the rough seas expected ahead.
All hands were notified that the destination was to be
Cape Town, South Africa.

Late in the afternoon of March 20, at about
63 0 30'S., the last iceberg was sighted in a partial fog
and increasingly heavy seas. During the evening, Fuji
entered very heavy seas and at times gale-like condi-
tions, which lasted for most of six days. Lists of 420
were recorded. Because of the heavy seas and delayed
schedule, no oceanographic observations were made.
Fuji docked at the main wharf in Cape Town on
March 29, and the U.S. Exchange Scientist left the
ship on the 31st.
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Translations in Progress

The National Science Foundation's Polar Informa-
tion Service has submitted the following monographs
for translation under the PL-480 program:
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Arctic and Antarctic Scientific-Research Institute.
The Physics of Ice. Edited by V. V. Bogorodskii. (Its
Transactions, vol. 295.) Leningrad, 1970. 189 p.

Lavrov, V. V. Deformation and Strength of Ice.
Leningrad, Gidrometeoizdat, 1969. 206 p.

Sorkina, A. I. Types of Atmospheric Circulation
and Related Wind Fields over the North Pacific
Ocean. Moscow, Gidrometeoizdat, 1963. 248 p.

Two New Folios Published in the
Antarctic Map Folio Series

Two more Folios in this series, which is sponsored
by the National Science Foundation, are available
from the American Geographical Society, Broadway
at 156th Street, New York, New York 10032:

Folio 12: Geologic Maps of Antarctica, by Camp-
bell Craddock, R. J . Adie, S. J . Carryer, A. B. Ford.
H. S. Gair, G. W. Grindley, K. Kizaki, L. L. Lackey,
M. G. Laird, T. S. Laudon, V. R. McGregor, I. R.
McLeod, A. Mirsky, D. C. Neethling, R. L. Nichols,
P. M. Otway, P. G. Quilty, E. F. Roots, D. L. Schmidt,
A. Sturm, T. Tatsumi, D. S. Trail, T. Van Autenboer.
F. A. Wade, and G. Warren. Available at $12.00.

Folio 13: Circumpolar Characteristics of Antarctic
Waters, by A. L. Gordon and R. D. Goldberg; and
Sound Channels in Antarctic Waters, by K. Hunkins.
Available at $6.00.

USARP Motor Toboggans
Become Museum Displays

The National Science Foundation has donated to
the Canterbury Museum, Christchurch, New Zealand,
a Polaris "Snow Traveler" motor toboggan used by
scientific parties in the U.S. Antarctic Research Pro-
• •1IS.

The seven-year old motor toboggan was used in
1965-1966 by geologists and engineers in the Pen-
sacola Mountains and in subsequent work in many
inland areas of Antarctica. It will be put on per-
manent display in the Museum's planned Polar Cen-
ter, which is to contain relics of historic antarctic
expeditions and a library.

A similar vehicle has been presented to the Scott
Polar Research Institute, Cambridge, England, for
placement in the Institute's Museum (see photo)
where many of Captain Robert F. Scott's personal
items and mementos are exhibited. The Museum
features displays covering aspects of transportation,
living conditions, research, and exploration.

Antarctic Season 1970-1971 Opens
Plane Crashes at Williams Field

The 1970-1971 season in Antarctica opened for
the United States Antarctic Program with the suc-
cessful flight of an LC-130 Hercules from Christ-
church, N.Z., to Williams Field at McMurdo Station.
The aircraft, piloted by Comdr. David B. Eldridge.
Commander of VXE-6, departed Christchurch at
1154 on October 7 and arrived at Williams Field at
2012 the same day.

On board the LC-130 were 44 passengers, includ-
ing Rear Admiral David F. Welch, Commander, U.S.
Naval Support Force, Antarctica; Captain Eugene
W. Van Reeth, Commander, Antarctic Support Ac-
tivities; and Mr. D. Christopher Shepherd, U.S.
Antarctic Research Program Representative Ant-
arctica.

One of the C-121 Super Constellations arriving at
Williams Field on the first day of air operations was
forced to make an emergency landing when the
weather deteriorated while the craft was en route
from Christchurch. Five Navy personnel among the
80 passengers suffered minor injuries.

The VXE-6 aircraft had departed Christchurch
with favorable weather predicted. By the time i
reached McMurdo. however, almost 12 hours late
the weather had deteriorated and visibility was zero
zero in blowing snow. After repeated attempts to lan
under Ground Control Approach and with fue.
getting extremely low, the C-121 finally touche
down. It veered off the ice runway and reportedl
tore one wing from the fuselage. A Navy Investiga
tion Board was hampered in its investigation by con
tinued low visibilit y and blowing snow.

Hallett Station was opened on October 11 an
Brockton Station on October 12, both b y LC-13
flights.

ANTARCTIC JOURNAL240

F. S. GOVERNMENT PRINTING oEFIc': : 1970 ?C-59, 2



National Science Foundation
Washington, D.C. 20550

Official Business	 National Science Foundation
Postage and Fees Paid

Published by the National Science Foundation with Assistance of the Department of Defense


	Table of Contents
	International Cooperation for Paleomagnetic Insight into Antarctic Tectonic History, LeRoy Scharon, C. Scharnberger, Thomas Early, Akira Shimoyama
	US-Soviet Exchange Program at Vostok, F. Michael Maish
	Radio-Echo Sounding of the Antarctic Ice Sheet, G. de Q. Robin, S. Evans, D.J. Drewry, C.H. Harrison, D.L. Petrie
	With the Japanese Antarctic Research Expedition to Antarctica, 1969-1970, Herman R. Friis
	Two New Folios Published in the Antarctic Map Folio Series
	USARP Motor Toboggans Become Museum Displays
	Antarctic Season 1970-1971 OPens Plane Crashes at Williams Field

