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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
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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.
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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
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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-
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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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