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Antarctic Research,
A Prelude to Space Research'

ERNST STUHLINGER
Space Sciences Laboratory

George C. Marshall Space Flight Center
National Aeronautics and Space Administration

In the northern winter of 1966-1967, four mem-
bers of the National Aeronautics and Space Admin-
istration had the good fortune of being invited by
the National Science Foundation to spend a week of
observing and learning on the Antarctic Continent.
This voyage proved for each of us the most exciting,
fascinating, and impressive trip we ever took. By far
the deepest impression I received was from a hut built
in 1911 by Captain Robert Falcon Scott on Ross
Island in McMurdo Sound. This hut is still in excel-
lent shape. On one of the walls there are a num-
ber of shelves filled with instruments for scientific
research: glasses and bowls, scales, anemometers,
thermometers, transits, even Bunsen burners with
bottled gas. It is known that Scott carried and used
research instruments on his ill-fated march to the
Pole in 1911-1912, and that he recorded scientific
observations up to the last days of his life.

A Continent for Science

Many of the early antarctic travelers, beginning
with James Cook in 1772, combined the keen eye of
the scientific observer with the adventurous spirit of
the true explorer. However, the hardships of antarc-
tic travel with its continuous struggle against a thor-
oughly hostile environment, together with the lack of
suitable instruments for antarctic research, did not
leave much room for early scientific observations.
The first one and a half centuries of antarctic explor-
ation, therefore, are distinguished mainly by the dis-
covery of coastlines and mountain ranges, glaciers
and snow fields, and, in 1911, the South Pole itself.
Somewhat surprisingly, the United States had no
noncommercial activities in Antarctica between the
Wilkes Expedition in 1840 and the first expedition
of Admiral Byrd, who flew over the Pole in a Ford
trimotor airplane in 1929. This flight marked the
end of the adventurous period and the beginning of
the technological period of antarctic exploration, al-
though it must be said that even the 1968 traveler

' Adapted from an address delivered at the Orientation
Program for participants in the U.S. Antarctic Research Pro-
gram, 1969, at Skyland Lodge, Shenandoah National Park,
Virginia, September 18, 1968.

who flies in a few hours from McMurdo to the Pole
in the protected comfort of an LC-130 cannot avoid
a feeling of high adventure.

The period of technological development of trans-
portation and housing in Antarctica lasted from 1928
till about 1961, when the Antarctic Treaty among 12
member nations was ratified. This Treaty declared
the land area south of 60° south latitude an inter-
national reserve for scientific research. By that time
the technologies needed to live and to move around
in Antarctica with reasonable comfort and safety
would permit almost any kind of scientific research.
Actually, a steep rise of scientific activities in Antarc-
tica occurred as early as the period of the Interna-
tional Geophysical Year, when seven U.S.-IGY sta-
tions were built on the Continent. Rear Admiral
George Dufek, Commander of Operation Deep
Freeze, landed at the South Pole in 1956, and Dr.
Paul Siple with 17 companions wintered at the Pole
in 1957. Ever since that time the Pole Station has
been occupied by Americans who were frequently
joined by citizens of other nations.

With the Antarctic Treaty, the Continent devel-
oped into a research laboratory of the first order.
Antarctica is an ideal continent for science. It is a
place where nature goes to its extremes and where
unusual environs can be studied as nowhere else on
Earth. The lowest temperatures, the strongest winds,
the deepest ice occur in Antarctica. Ninety percent
of all the ice on Earth lies on the Antarctic Contin-
ent, but the land nurtures no trees, shelters no native
mammals other than an occasional seal, and supports
only a few species of birds. Although it is larger than
the United States, Antarctica, to our present knowl-
edge, has never had a native human population. It
did have, though, a rich plant life, and probably
also an animal life many millions of years ago. The
fossilized trunk and stump of a huge tree were found
only a few hundred miles from the Pole. Small in-
sects, mites, nematodes, and Protozoa live in the dry-
valley area near McMurdo, but they persist under
conditions which are unique in many respects. For
almost six months each year, the sun does not set,
but the ensuing night lasts just as Icing. Winter
temperatures are extremely low, and even during the
austral summer, when the temperature is above
freezing, food is very scarce. The field lines of the
Earth's magnetic field are quite unusual in Antarc-
tica. They have a very steep angle, and even become
vertical at one point. Above this region, no Van Allen
belts are encountered; slow protons and very soft
cosmic rays from extraterrestrial space enter the at-
mosphere through this magnetic funnel.

It is not surprising that Antarctica has attracted
scientists of many interests: physicists and geologists,
glaciologists and petrologists, meteorologists and biol-
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ogists, and even psychologists, who want to investigate
the most enigmatic of all research subjects under the
unusual antarctic conditions—man.

The Problem of Logistic Support

The development of Antarctica into a continent
for science was a great and challenging experiment
in itself. The basic problem was how to provide a
group of scientists in a remote antarctic outpost with
the necessary support which would permit them to
live and to work under extremely hostile conditions.
This problem, which is simple to formulate, but very
difficult to solve, is encountered in a very similar form
by those who are preparing the astronauts' flight to
the moon, and later to the planets. The great similar-
ity between the logistic support problems for the U.S.
Antarctic Research Program and the forthcoming
program of lunar exploration was indeed the reason
why the four of us, Drs. Robert R. Gilruth and Max-
ime A. Faget, from the Manned Spacecraft Center in
Houston, and Dr. Wernher von Braun and I, from
the Marshall Center in Huntsville, spent a week with
USARP in Antarctica in January 1967.

We wanted to learn how the Office of Antarctic
Programs and the U.S. Navy have solved the many
problems of maintaining productive research under
environmental conditions which are certainly the
most extreme and the most unforgiving to be found
on Earth. Very simply, the four of us wanted to go
to Antarctica because this was as close to lunar con-
ditions as we could get here on Earth. Admittedly,
there are some differences. There is an atmosphere in
Antarctica, there is gravity six times that on the
moon, and the nearest hospital, in New Zealand, is
only 8 to 10 flight hours away, weather permitting.
However, at a remote outpost in the mountains or on
a glacier, where the few men of a scientific team may
spend weeks or months in field studies, human life
depends entirely on the technological reliabilities of
a stove and of a radio transmitter. If both failed,
death would be imminent unless safety measures had
been carefully prepared.

Scientists and the Support Force

When the four of us from NASA looked at the
many fascinating activities through the eyes of space-
project developers, we registered in our minds a num-
ber of impressions which certainly will find their
ways into our space program planning. We were
greatly impressed by the large and complex machin-
ery that is needed for the logistic support of the U.S.
Antarctic Research Program. During the austral
summer about 200 scientists live in Antarctica; the
logistic system employs about 2,000 uniformed men
to support these scientists. Logistic support includes

transportation of men and materials between the
U.S.A. and Antarctica, and all across Antarctica;
building and maintenance of permanent stations;
supply of field stations; communications; mail; food
and kitchen services; medical care; electrical power;
heating; water supply; vehicle maintenance; cloth-
ing; shipment of scientific instruments and collected
samples; and emergency evacuation. Scientists are
responsible only for their own housekeeping, and, of
course, for their scientific projects. At all the smaller
field stations, however, scientists voluntarily and
gladly help with such mundane chores as snow shovel-
ing, snow melting, and station upkeep.

This very comfortable situation for the scientists
has evolved from practical field experience during
the first years of continuous antarctic research. I am
sure that many scientists in the U.S.A. envy their for-
tunate colleagues in Antarctica for this excellent
support.

Each field station, as well as each permanent base,
has a station scientific leader who is directly respon-
sible to the Office of Antarctic Programs in Wash-
ington. Each station also has an officer-in-charge
who, through channels, is the representative of the
Commander, U.S. Naval Support Force, Antarctica.
He is responsible for the safety and welfare of all
persons at the station, and for the support of their
activities. In case of an emergency, declared jointly
by the station scientific leader and the officer-in-
charge, the latter directs station activities. We felt
that this system, which has proved highly satisfactory
in Antarctica, may well set the prototype for the
organization of future stations in Earth orbit and on
the moon.

Scientific Field Work

The first flight to the lunar surface by astronauts
is hoped for before the end of 1969, and two more
flights of a similar nature will follow within a short
time. A package of scientific instruments prepared for
these early lunar landings, the Apollo Lunar Scien-
tific Exploration Package, or ALSEP, will be de-
ployed manually on the surface of the moon. After
deployment, the instruments (see accompanying
table) will work automatically, and they will radio

ALSEP Experiments

Passive seismic sensor
Lunar surface magnetometer
Solar wind spectrometer
Suprathermal ion detector
Cold cathode ionization gauge
Heat flow measurements
Active seismic sensor
Charged-particle lunar environment detector
Laser ranging retro-reflector
Field geological investigations
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their observational data back to Earth for a period
of several months, perhaps for a full year. Besides the
ALSEP, the astronauts will have some simple tools,
such as a hammer, a scoop, a corer, and a rock-sample
retriever. All tools have been designed with long
handles, because an astronaut in his space suit can
not bend down to the lunar surface. If he were to
fall, he would have great difficulties in getting up
again. Easy movements and close-up observations
familiar to antarctic explorers will not be possible
on the moon, at least not during the first landings;
however, the collection of rock samples, a very re-
warding and fascinating activity for geologists in the
ice-free parts of Antarctica, will of course be possible
on the moon with simple tools.

Surface Mobility

Another severe limitation presently imposed upon
lunar exploration is the lack of mobility. An astro-
naut will probably be able to walk a distance of a
few hundred feet to examine very exciting details of
the lunar surface in the close vicinity of the landing
point, but he will not have an opportunity to inspect
other places, perhaps only a few miles away, which
may have totally different surface features. Mobility
in Antarctica at the present time is achieved most
conveniently with helicopters and with a variety of
surface vehicles, from the big Tucker Sno-Cat down
to small motor-driven one-man vehicles, or even by a
team of dogs. A lunar roving vehicle has been under
development by NASA for some time; one version,
developed by Bendix, is presently undergoing ex-
tensive field testing. This vehicle will be of great
usefulness once it is deployed on the moon, although
it does not yet fully reflect the lesson which antarctic
explorers have been taught during many years of
polar exploration: There should be a variety of
vehicles available for different purposes. The largest
should offer sufficient well-protected space within its
cabin to permit the travelers to live and work in com-
fort. The smallest vehicle should offer access to a
driver in a heavy and clumsy suit; it should be so
small and light that the driver can manually pull it
out of a ditch; engine, tracks, and other components
should be replaceable under field conditions. Of
course, it is desirable that none of the various types
of vehicles should ever have any malfunction or
breakdown.

Safety Measures in Antarctica

We were greatly interested in hearing about the
safety measures in effect at the small field stations.
Besides the plans for normal operations, complete
plans and provisions for emergency situations must
exist. In Antarctica one of the main dangers is that

of fire. When the four of us visited Antarctica in
January of 1967, we did not fully realize the magni-
tude of that danger also for the space program. Two
weeks after our return, the very tragic accident at
Cape Kennedy, in which three astronauts lost their
lives, made it clear that fire is a most imminent
danger for space explorers. All buildings in Antarc-
tica, even temporary shelters, are amply equipped
with fire-warning systems, fire extinguishers, and
quick exits. All camps and stations have "fall-back"
camps a few hundred meters away which are equipped
to provide shelter, food, and communications. Should
the main camp be damaged or destroyed by fire, the
crew can survive in this emergency camp for days or
even weeks until a rescue party arrives. It is obvious
that a similar arrangement on the moon, and even in
Earth orbit, will significantly increase the safety of
the astronauts.

The Role of Man

The exploration of space began with observations
made from the surface of the Earth; balloon flights
extended our observational capabilities, and high-
altitude rockets added even more to this capability.
The advent of satellites meant a big leap forward for
space research, as illustrated by the discovery of the
Van Allen belts with the first Explorer satellites.
Probes to the planets and flights to the moon have
already resulted in a wealth of new knowledge about
our neighbors in space. Very slowly, man is now tak-
ing his place in this program of space exploration, at
first as a pilot, and gradually as an explorer and
scientist.

Polar exploration evolved the other way. It began
with human travel and discovery. The new territor-
ies were seen and recorded first by human eyes, and
the storing, sorting, and analyzing of observational
data were done by human minds long before, and
even long after, such instruments as magnetic tape
and the high-speed computer were developed.

Obviously, these two great exploration programs
can mutually benefit from each other's methods. How
little we would know about the polar regions of the
Earth if we had only photographed them from high-
flying airplanes, and if instrumented capsules, dropped
by parachute, had provided the only data on surface
features, rock formations, fossils, plants, and animals!

On the other hand, would it not be reasonable to
leave to automated stations many of the routine ob-
servations in Antarctica of temperature, snowfall,
weather, aurora, cosmic rays, ionospheric activity,
whistler signals, micropulsations, and seismic waves?
The space program has produced remarkable tech-
nological knowledge of, and practical experience with,
automatic sensing and data-handling systems; why
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not use them now at remote places on the Earth's
surface? Unmanned stations on the polar ice cap are
far cheaper to establish and maintain than perma-
nently manned stations. Manned stations and human
sensors should be reserved for those research objec.
tives that need the presence of a human mind to be
really successful, such as biological studies, fossil
search, and a number of geological investigations.

Automated Stations for Antarctica

Possibilities of automated stations for polar research
have been studied repeatedly. Stanford University
recently made a detailed and very interesting study 2

concerning an automated data-taking and -transmit-
ting station for environmental parameters. The cost
to build an automatic station and maintain it on a
year-round basis in Antarctica is about one-tenth of
the cost of an equivalent manned station. Surprisingly,
the most expensive single component of the station
turns out to be the electrical power supply. Isotope-
heated, thermoelectric supplies would appear very
appropriate. Such power sources are under develop-
ment for space projects; the SNAP 27, for example,
will power the ALSEP package of scientific instru-
ments for lunar exploration. However, all space power
sources are very expensive. As a consequence of the
very high transportation cost to the moon or even
into Earth orbit, all space instruments must be small,
light, and reliable. In fact, a reliability factor of 99.9
percent is desirable for space instruments. This very
high reliability requirement is the main reason for

' Feasibility Study of an Automated, Unmanned Geophysi-
cal Observatory for Operation in Antarctica, by John A.
Jenny and William F. Lapson. Technical Report No. 3433—I,
Radioscience Laboratory, Stanford Electronics Laboratories,
Stanford University, February 1968.

Photo: U.S. Navy

Antarctic Landscape: A section of the Sentinel Range,
Ellsworth Mountains.

the high cost of space experiments. Ground-based
automatic instruments are quite satisfactory with a
reliability factor of about 95 percent. As an indica-
tion of the cost of attaining this degree of reliability,
it would be cheaper in most cases to develop a new
instrument of a 95 percent reliability than to improve
the reliability of an instrument from 95 percent to
99.9 percent.

Another factor contributing to the high cost of
space experiments is the need to minimize weight.
Transportation to Antarctica is far cheaper than
space transportation, and a few extra pounds on ant-
arctic instruments would not hurt. In the specific case
of an isotope-heated power source, an isotope with a
shorter lifetime could be used for earthbound power
supplies. Semiannual replacement would be satis-
factory for antarctic use as servicing visits could be
made in October and in March. Another alleviating
factor on the Earth's surface is the atmosphere, which
helps by carrying the heat away from surfaces through
convection and by providing an efficient heat trans-
fer between adjacent metallic surfaces. The develop-
ment of a cheap isotope-heated electrical power
supply for terrestrial use could possibly be undertaken
jointly by the Atomic Energy Commission, the Office
of Antarctic Programs, the Environmental Science
Services Administration, the Coast Guard, telephone
companies, oceanographic research organizations, and
even the Federal Aviation Agency.

Survey-Type and Exploration-Type Research

Research projects in Antarctica fall into two dis-
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Lunar Landscape: Portion of the crater Copernicus,
photographed by Lunar Orbiter It.

tinct categories according to their objectives: First,
the survey-type measurements, such as recordings of
cosmic rays, aurora, ionospheric activity, magnetic
fields, winds, temperatures, glacier movements, whis-
tler signals; and second, the exploration-type studies,
which include geological observations, paleontological
searches, and biological studies. Survey-type observa-
tions are generally carried out by young scientists
who fabricated and tested their equipment at home
in close cooperation with their senior colleagues. In
Antarctica, their main objective is to operate the
instruments, to record data, and to send the observa-
tional material home to their laboratories for analysis
and evaluation. It is conceivable that this type of
research work will be taken over more and more by
automated stations in the future.

Exploration-type observations in Antarctica are
carried out by experienced senior scientists, ably as-
sisted by younger associates. Geologists, paleontolo-
gists, and biologists spend as much of their time as
possible in the field in direct personal association with
the objects of their research. The success of this work
depends on the ability of the scientist to reach his
area of interest, to look for the right objects, to recog-
nize important specimens, facts, and relations, to
draw conclusions while exploring, and continuously to
adjust, modify, and develop his research program as
his exploration proceeds and his knowledge increases.
The biologists among these explorative scientists may
maintain a small laboratory at the McMurdo Station
to supplement and expand their research activities.
It should be quite obvious that this exploration-type
research cannot be automated; it definitely needs the
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live scientist as the most important factor in the
project.

This fact was driven home to us NASA visitors
very vividly when we visited the dry-valley area to-
gether with Dr. Roy E. Cameron, from the Jet
Propulsion Laboratory, and Dr. Russell W. Strandt-
mann, from Texas Technological College, in January
of 1967. As we walked over the ice-free terrain of
Marble Point, Dr. Strandtmann pointed out to us
the various forms of algae and arthropods that live in
that region, and he described their ingenious ways of
adaptation to this unusual environment. Each rock
sample which he selected with the trained eyes of the
research biologist contained on its protected underside
some specimens of algae, mites, or small insects; the
samples which we untrained space engineers picked
up did not show any traces of life. "No wonder," said
Dr. Strandtmann. "This is the difference between a
live, alert, intelligent, highly trained and motivated
scientist, and a lifeless robot. Do you see now," he
added, "why we scientists believe that man should
go in person to the moon and to Mars ? Although
this remark made it painfully clear to us that scien-
tists sometimes hold us space-flight developers in low
esteem, we were very happy to recognize in Dr. Cam-
eron and Dr. Strandtmann brothers-in-arms who share
our long-held conviction, namely, that man himself,
and not just his instruments, should travel to the
moon and to Mars.

It appears possible that in the long run the struc-
ture of USARP will change to some extent. As a con-
sequence of severe budget limitations, some of the
present permanent stations may have to be closed;
but at least three stations would, I hope, remain
open—McMurdo, Palmer, and Pole. Several auto-
matic stations, requiring semiannual or annual visits,
will probably be established, and a number of small,



portable field stations would be maintained. They
can be airlifted easily in modular units from one place
to another after a research objective has been accom-
plished.

Automated stations would keep direct radio con-
tact with their home bases in the United States or
other countries with the help of satellites such as the
Applied Technology Satellites or the Intelsat. In fact,
antarctic stations have for several years been using
signals from, or relayed by, satellites in polar orbits.

The most significant contributions that antarctic
research will make to our basic scientific knowledge in
the next several years will very likely concern the
genesis of the Earth and the evolution and adapta-
tion of life. The Antarctic Continent has probably
gone through more drastic changes than the rest of
the Earth; furthermore, some of the evidences of
early stages of development, both geological and bio-
logical, may be better preserved and less contami-
nated in Antarctica than at other places on our globe.
The recent find of a jawbone of an ancient am-
phibian, a Labyrinthodont, which also lived in Africa
and India, appears to give powerful support to the
hypothesis of the old Gondwanaland and the subse-
quent drift of its fragments to the places where we
find Asia, Africa, Australia, and Antarctica today.

The division of antarctic research into survey-type.
and exploration-type activities has a very interesting
parallel in space research. Numerous survey-type
observations of the Earth, the sun, other celestial
bodies, and the space between will certainly be made
on a continuing basis from Earth-orbiting satellites.
These observations will not require the continuous
presence of man in orbit. However, there are other
observations of an exploratory type which simply
should not be left to the operation of a programmed
machine, as pictures obtained from the recent Lunar
Orbiter project prove. These pictures show many
unexpected features, such as lava flow channels, out-
crops of deep layers of materials, strong color differ-
ences, and other peculiarities which geologists feel
must be seen in situ by a scientist who could mentally
record, sort, analyze, and integrate thousands of visual
pictures from a millimeter to a kilometer in scale with-
in minutes and arrive at a satisfactory understanding
of a geological situation unobtainable from TV pic-
tures alone.

The need for the presence of a scientist who can
interact immediately with his subject of research is
even more obvious when we think of the search for
life on the planet Mars. How complex would an in-
strument have to be in order to substitute for a human
mind trained in experimental biology and highly
motivated to detect any possible indications of living
organisms? I believe that it would be hopeless to try
to make such a substitution.

Psychological Effects During Life in Isolation

We found the scientists in Antarctica invariably in
high spirits, filled with strong motivations for their
work. They greatly appreciate the opportunity of
doing research in Antarctica. They read much (sci-
entific books, travel, fiction), listen to music, and
tend to their scientific activities.

Support personnel, lacking the strong personal
motivation of the scientists, also display a pleasant
spirit, but they often find life somewhat boring under
antarctic conditions, and they look forward to their
trip home.

A few simple rules on how to avoid psychological
problems arising from the unusual circumstances of
antarctic life have resulted from the long experience
gained in Antarctica. A single small room for each
man is far preferable to larger rooms with multiple
occupancy. Privacy of a few hours per day appears
to be of great importance. A man should know be-
forehand that the next few hours will belong to him
alone and that nobody else will sit at his table, whis-
tling the "Bridge on the River Kwai," or inhaling
vigorously through his nose every 15 seconds, or os-
cillating his leg toward the table. I feel that the les-
sons learned in Antarctica should be, and will be,
heeded in the planning and designing of the quarters
for astronauts on prolonged journeys through space.

On a piece of equipment near the Pole, we found
a statement printed in huge letters: "I hate people."
If the writer did this at the beginning of his polar
adventure, it was a mistake to have selected him. If
he did it at the end, it was high time to ship him
home. Admittedly, Antarctica has the lowest popula-
tion density of all continents; only outer space has a
lower density. However, it is easier to escape the
omnipresence of people in New York than in Antarc-
tica, or in outer space. A man who is "allergic" to
close contact with others simply should not be picked
for either isolated assignment.

Experience dictates that living quarters in isolation
should be as comfortable, and as much like home, as
possible. At the long-wire station near Byrd, for ex-
ample, we met a few young chaps who had their
snow-covered quarters beautifully equipped with wal-
nut paneling, easy chairs, sofa, coffee corner, house
bar, and an excellent hi-fl set with a large collection
of classical records.

It may be interesting to note in this context that
there is a strong tendency among space planners at
the present time to provide simulated gravity for
astronauts on prolonged space flights by rotating the
spacecraft. Medical or biological effects would prob-
ably not demand this, but the "gravitational" force,
even if it amounted to only a fraction of one g, would
contribute toward a homelike environment.
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Efficiency of the U.S. Antarctic Research
Program

After we had lived for a week among the antarctic
researchers and their support personnel, we had de-
veloped the greatest admiration for the remarkably
effective cooperation between the support organiza-
tion, which is a part of the U.S. Navy, and the scien-
tific projects, which are coordinated by the National
Science Foundation. The great flexibility, the im-
mediate response to the need of scientific teams, the
absolute minimum of red tape in Antarctica and in
the New Zealand staging area, and the high degree of
motivation for accomplishment often appeared to us
like a dream come true. It is realized that this excel-
lent cooperation and high degree of efficiency cer-
tainly did not come into existence by themselves;
they are the result of a very determined and sincere
effort by both parties, and the fact that this effort has
led to such a remarkable success reflects greatest
credit upon both the U.S. Naval Support Force, Ant-
arctica, and the Office of Antarctic Programs.

We were equally impressed by the high degree of
cost-effectiveness of the antarctic program. A large
number of parties, some of them wintering at one of
the permanent stations, are doing research work in
about 15 major fields of scientific endeavor, among
them geology, aeronomy, physics, biology, medicine,
glaciology, oceanography, astronomy, geophysics, pale-
ontology, and psychology. For all of them, Antarctica
represents an open frontier with vast opportunities to
acquire new scientific knowledge. Perhaps even more
important, it offers the opportunity to create new
scientists trained in scientific research work under
unusual circumstances. The steady growth of scien-
tific capabilities is certainly one of the most important
objectives a nation can have. When compared to the
rich scientific harvest which USARP has yielded in
the past and promises to yield in the future, the
yearly expenditures of $8 million for scientific proj-
ects and $20 million for logistic support certainly are
modest and exceedingly well spent.

A Plea for Science

There are, very obviously, a number of significant
differences between antarctic exploration and space
exploration. The two programs differ in their subjects,
their histories, their environments, their total costs.
But, there are also many similarities between the two
programs, and there is in particular one feature in
which the two programs are painfully similar: They
both have to fight hard to obtain the funding neces-
sary for their continuation. Their prime product is
scientific knowledge, something not easily measured

in dollars-and-cents benefits that accrue to each tax-
payer every year. Scientific knowledge frequently can
be valued in hard money, or as improved living, or
for contributions to health, but this process takes a
time which often is longer than the memory of the
average citizen. In view of this fact, our argument
for the continuation of strong research programs in
Antarctica as well as in outer space should be based
very simply and directly on the assertion that the
acquisition of scientific knowledge is one of the very
basic fibers in the makeup of a healthy, strong, and
progressive society. It ranks on an equal status with
such other basic fibers as a modem technology, a high
living standard, advanced medical capabilities, an
efficient governmental system, and a satisfactory
national defense system. Even during times of rising
living costs and dwindling resources, a nation which
wishes to maintain prominence among other nations
cannot afford to let its support of science shrink. A
recent public opinion poll to assess the respect in
which the various professions are held by the citizens
revealed that physicians and scientists together ranked
highest. This show of public esteem and confidence
is quite reassuring; however, it also imposes an obli-
gation, not only on the scientists, but on those charged
with providing the support needed in order to re-
tain the high level of accomplishment characteristic
of scientific work in our country.

In this quest for continuing support, I feel that we
need the strong and sincere cooperation of men who
share our belief that the acquisition of scientific
knowledge is of intrinsic value to our society, but who
are sufficiently detached from personal involvement
in a research program to avoid the impression of
being parochial. I am thinking of such men as Rich-
ard S. Lewis, managing editor of the Bulletin of the
Atomic Scientists, who for many years has been a
warm friend of both programs, and who wrote an
excellent book on each of them, A Continent for
Science, and Appointment on the Moon. The two
programs, antarctic exploration and space explora-
tion, are so similar in many respects that the same
arguments hold for both of them. In both, the scien-
tific efforts can succeed only when adequately sup-
ported by a complex and costly line of logistics. In
both, the potential value of the research is very high,
but cannot be counted in dollars and cents at the end
of each fiscal year. Also in both, the profits will not
be limited to scientific knowledge, but will extend far
into the areas of technology, organization, program
planning, and management. And finally a most valu-
able product in both cases will be a group of men
motivated by the spirit of exploration and experienced
in the handling of large and complex projects in-
volving science, industry, and government.
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Biological Research Opportu-
nities at the Soviet Antarctic

Station Molodezhnaya

E. E. MAcNAMARA
Center for Marine and Environmental Studies

Lehigh University

The April 1965 issue (vol. 15, no. 4) of BioSci-
ence featured the biological aspects of the U.S.
Antarctic Research Program. A wide range of re-
search possibilities in biological sciences was de-
scribed or suggested by specialists in various fields.
Included among those reports was a brief article by
M. E. Pryor, U.S. exchange scientist with the VII
Soviet Antarctic Expedition (1961-1963), describ-
ing the opportunities for biological research at the
Soviet coastal research facility Mirnyy (66°33'S.
93°01'E.). The purpose of this report is to describe
in a similar manner the general environment, avail-
able facilities, and most obvious research potentials
that exist at the newest Soviet station in East Ant-
arctica, Molodezhnaya (67°40'S. 45°51'E.). This
information is offered to stimulate interest in the
antarctic environment and to indicate some of th
problems that must be considered in international
exchange programs.

During the International Geophysical Year of
1957-1958, an annual exchange of scientific per-
sonnel between the U.S.S.R. and the U.S. expe-
ditions was initiated. The principle of scientific ex-
change was formally recognized within the Antarc-
tic Treaty, signed in 1959 and ratified in 1961.
Nearly 60 U.S. scientists have taken advantage of
the opportunity to work with foreign expeditions
since 1961, in most cases in areas of the vast Antarc-
tic Continent that are logistically and economi-
cally beyond the scope of U.S. support operations.
Since the ratification of the Treaty, seven exchanges
of wintering scientists have been arranged with the
Soviet Arctic and Antarctic Scientific-Research In-
stitute, involving from the United States, a geolo-
gist, three atmospheric physicists, two biologists, and
the author, a pedologist. A U.S. oceanographer has
also spent the 1962-1963 summer aboard Soviet
expeditionary vessels.

The Office of Antarctic Programs of the National
Science Foundation coordinates the United States
Antarctic Research Program and, by executive or-
der, funds all efforts by U.S. scientists in Antarc-
tica. Under the auspices of USARP, operating
through the exchange channel provided by the

Treaty, and with financial support of an NSF grant
(GA-739) to the Arctic Institute of North Amer-
ica, I was afforded the opportunity to winter at
Molodezhnaya in 1967 as a member of the XII So-
viet Antarctic Expedition. My major efforts were
dedicated to the recognition and delimitation of
the intense physical and chemical weathering pro-
cesses in the coastal region of western Enderby Land.
Limited collections of algae, mosses, and lichens
were made, incidental to other studies. Some meas-
urements of primary productivity of the freshwa-
ter lakes were obtained and dynamics of water
chemistry evaluated. Extensive investigations of the
microclimate of the upper section of the soil pro-
file were conducted, with special attention directed
to moisture movements, temperature wave ampli-
tudes, ionic composition of the soil solutions, and
the rate processes of translocation. Other micro-
climatic observations were concerned with the num-
ber and distribution of freeze-thaw cycles on differ-
ent surfaces and various exposures. These data are
presently being refined and will be reported later.

Molodezhnaya was initially occupied in 1962-
1963. Construction activities are still a major part
of the Soviet program there. The physical plant (Fig.
1) at present consists of some 18 to 20 permanent
buildings of various sizes, from single rooms to a
320 m2 diesel-electric generation plant (under con-
struction in 1967-1968), and assorted materials, in-
cluding wood, prefabricated concrete, and aluminum
panels over iron frames. There also are eight petrole-
um and gasoline storage tanks with a total capacity of
6 5600 m3 within the station complex. It has been
indicated that Molodezhnaya is to become the con-
tinental headquarters for the Soviet Antarctic Ex-
peditions (Mal'tsev and Konovalov, 1965; Somov,
1964).

The main station is located on the crests of a
series of east-west trending ridges of exposed bed-
rocks which are separated by ice-filled valleys.
Ridge crest elevations vary from 30 to 80 in
sea level in the station area and rise to more than
200 m along the coast. Some of the ridges termi-
nate in cliffs at the adjacent bay, Alasheyev Bight.
The major bedrocks are migrnatized, granitized, and
pegmatized Precambrian gneisses of the crystalline
basement of the antarctic platform. Exposed rock
and soil areas are abundant in a narrow (1-8 km)
zone parallel to the coast, but are rare inland. Mo-
rainic materials in the station area are restricted
to erratics and frost-churned mixed materials, but
active moraines are present in association with the
two nearby outlet glaciers. Vehicular access to the
more elevated coastal zones and the interior, a very
important consideration for extended field opera-
tions, is readily practicable. The scattered offshore
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islands are accessible by foot and vehicle from May
to late December or January and at other times by
small boat, when one is available.

U.S. exchange scientists have been provided with
a combination living-working building 5 m long
by 3 m wide by 2.3 m high (Fig. 2), which is lo-
cated at the extreme inland portion of the station,
where the ground-level elevation is about 40 m.
This building is partitioned into two rooms and
is equipped with sink, drain, laboratory benches,
desk and chairs, bed, and storage closets. There are
numerous electric outlets for both 220 V and 318 V,
50-cycle current. Additional storage space and cold
storage are provided by a subterranean chamber 2 m
by 2 m by 3 m high. Water is obtainable from a
nearby freshwater lake in the summer and fall, and
from snowdrifts in winter and spring. Sanitary facili-
ties are about 200 m away in the nearest large dor-
mitory.

The location of the exchange scientist's hut is
extremely advantageous for biological research.
The nearby areas exhibit abundant cover of mosses,
lichens, and algae. Temperature and humidity data
for the dominant communities can be monitored
with minimal exposure in inclement weather. There
are numerous small freshwater and meltwater bas-
ins as well as two sizable lakes within a very short
distance of the hut. Some of the freshwater lakes
adjacent to the camp and near the sea receive minor
seasonal pollution by man, the south polar skua
(Catharacta skua maccormicki [Saunders]), and the
Adélie penguin (Pygoscelis adeliae [Hombron et
Jacquinot]); but the lakes and basins inland from
the hut and at higher elevations remain relatively
uncontaminated.

Of course, there are disadvantages to the some-
what isolated location of the exchange scientist's
residence, and quarters in the main station are avail-

Figure 1 (above). View of Molodezhnaya.

Figure 2 (below). Exchange scientist's residence.

able if desired and suitable to the investigator's pro-
gram.

Macrofauna is relatively scarce within the imme-
diate station area. There are infrequent visits by
scavenging south polar skuas, visits by smaller birds
(petrels), a summer population of Adélie penguins—
mainly immature and breeding birds—and a highly
variable and transient population of Weddell seals
(Leptonychotes weddelli Lesson) and emperor pen-
guins (Aptenodytes forsteri). The terrestrial micro-
flora and microfauna have not been evaluated. It is
the author's opinion that the populations of proto-
zoans, rotifers, nematodes, tardigrades, and mites
will be significantly denser and more diversified on
the Enderby Land coast than in the other conti-
nental regions that have been investigated by U.S.
biologists. The soil bacteria, algae, and fungi will
also prove to be at significantly denser population
levels and to occupy a greater percentage of the
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land area than has been previously recorded. These
postulations are deduced from the repeated dec-
larations of ecologists and microbiologists (Boyd and
Boyd, 1963; Boyd, Staley, and Boyd, 1966; Cameron,
King, and David, 1968; Gressitt, 1965; Janetschek,
1963; Schofield and Rudolph, 1968) that moisture
availability is a limiting factor in the determination
of the components and populations of antarctic eco-
systems. The author's investigations of soil mois-
ture contents and the dynamics of the soil moisture
regime, based on incomplete data reduction, indi-
cate a threefold to fourfold increase in average soil
moisture contents and a longer seasonal availability
of this moisture relative to other areas that have been
evaluated as terrestrial ecosystems. The soil mois-
ture dynamics of a representative soil site are shown
in Fig. 3. Soil profile morphology is described in
Table 1.

Table 1. Morphology of a Red Ahumisol
from Enderby Land, Antarctica

Red (10YR 4/8-4/10M) loam; por-
phyroskelic-i n t e r text i c fabric; fine
gravel of partially disaggregated, but
hard, gneiss, 5-15 percent by weight;
sesquans and ferri-argillans as free-
grain cutans, embedded-grain cutans,
and vesicle cutans; strongly adhesive
and strongly separated; firm; large,
clustered, sub cut an i c, intrapedal
smoothed metavoids (vesicles); lower
boundary gradual and wavy.
Brown (10YR 5/3M) to light yellow-
ish-brown (10YR 6/4M) sandy loam;
porphyroskelic-intertextic fabric; grav-
els and cobbles of partially disaggre-
gated, soft, uncemented gneiss up to
30 percent by weight; sesquans and
ferri-argillans as free-grain cutans,
embedded-grain cutans, and vesicle
cutans; strongly adhesive and strongly
separated; firm; large, clustered, sub-
cutanic, intrapedal smoothed meta-
voids (vesicles) with orientation to
surfaces of skeletal cobbles and grav-
els; few arcuate voids of transient na-
ture filled by small ice lenses observed
in winter; lower boundary diffuse and

B,,1	30 to 36

B,,,	36 to 57

Site: Flat-topped, windswept ridge-bench, 40 m above sea	 wavy.
level.	 C	57 to 75 + Yellow (2.5Y 7/8M) and reddish-
Parent rock: Frost-shattered, migmatized, fine granular	 yellow (7.5YR 6/6M) disaggregated
Precambrian gneiss.	 gneiss; thin sesquans continuous in

Dates: March 15, 1967; September 29, 1967; February 1,	 fractures; frozen; hard.

1968.
Horizon Depth (cm)	 Description
Lag gravel 0 to 9 Lag gravel of 75-85 percent (by vol-

ume) angular fine gravels of parent
rock; few erratic cobbles and boul-
ders; poorly developed moss/lichen
community coverage of 1-2 percent of
the surface; granular fabric of angu-
lar, coarse and very coarse, yellow
sand (10YR 7/8D) * 75-85 percent
by weight; apedal; random, large, ir-
regular, intrapedal, simple packing
voids; lower boundary gradual and
smooth.

A 9 to 18 Light brown (7.5YR 6/6M) sandy
loam; agglomeroplasmic fabric; fine
gravel, 35-50 percent by weight;
apedal; single-grained; loose; random,
large, irregular, intrapedal simple
packing orthovoids; lower boundary
abrupt and irregular.

B,, 12 to 30 Reddish-yellow (5YR 6/6M) sandy
loam; porphyroskelic fabric; fine grav-
el, 10-15 percent by weight, of com-
pound gneiss grains and pegmatite;
parts of overall fabric intertextic; ses-
quans and ferri-argillans(?) as free-
grain cutans; much firmer than over-
lying horizons; random and clustered
intrapedal smoothed metavoids ( yes-
ides); lower boundary abrupt and
wavy.

* Color notations are in reference to Munsell System (Munsell
Color Compan y, Baltimore, Md.)

D Indicates dry; M indicates moist.

Table 2. Mean monthly climatic parameters at
Molodezhnaya, Antarctica (Station records 1963-1967)

Rel.

	

Wind	Precip.	Humidity	Air Temp.

	

(m/sec)	(mm)	(%)
	('C.)

Jan.	5.5	13.0	65	-0.6
Feb.	7.3	12.3	60	-4.5
Mar.	12.0	40.1	66	-8.5
Apr.	14.6	88.8	73	-11.4
May	13.7	60.8	70	-13.4
June	13.5	66.4	68	-16.2
July	11.0	57.1	66	-18.6
Aug.	11.2	104.9	68	-17.9
Sept.	9.9	64.7	67	-17.4
Oct.	8.2	46.5	64	-14.5
Nov.	8.0	40.3	64	 -6.9
Dec.	6.5	3.7	64	-1.1

Table 3. Approximate mean monthly temperatures (°C.)
at three antarctic stations

McMurdo Station	Hallett Station	Molodezhnaya
(77 0 51'S. 166 0 37 1 E.) (72 0 18'S. 170°18'E.) (67°40'S. 45°51'E.)

	

-4	 -2	 -1

	

-9	 -3	 -4

	

-19	-11	 -9

	

-21	-17	 -11

	

-23	-23	 -14

	

-24	-23	 -17

	

-27	-27	 -19

	

-29	-28	 -18

	

--24	 -24	 -17

	

--20	-20	 -15

	

-9	 -9	 -7

	

-4	 -3	 -1

Avg.	-48	-15.5	-11.5

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
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Figure 3. Soil-moisture dynamics.

Table 2 presents selected climatic data assembled
from the author's work and unpublished records of
the Soviet Antarctic Expedition. Table 3 compares
the temperature parameters of the microclimate of
well-known stations. Station records of Molodezh-
naya (1963-1967) indicate the average annual pre-
cipitation to be 653 mm water equivalent with a
range over the years of record from 358 to 839 mm.
Monthly distribution is erratic, but the summer pe-
riod tends to be dry. Sleet and rain occur infre-
quently. It is evident that Molodezhnaya possesses
a very moderate climate relative to many other sec-
tions of Antarctica. As a result of its lower latitude
(67°40'S.), about twice as much radiant energy is
received at the soil surface at Molodezhnaya as at
the main U.S. station, McMurdo. Field activities
can be effectively pursued throughout the year, al-
though the midwinter days are very short. Because
the sun drops only 0.6° below the horizon during
Midwinter Day (June solstice), the true polar night
is barely experienced.

The presence of both north- and south-facing
slopes of similar angles and geologic-pedologic ma-
terials suggests that ecological parameters and
quantitative differences in communities may be eval-
uated in their relation to photoperiod, wind expo-
sure, soil temperature, and interactions. The overall
community components—mosses, lichens, and algae
—have not been described for the Enderby Land re-
gion; it is probable that differences from those of
Victoria Land will be revealed.

Other interesting problems that are biologically
oriented include the physiology of the algae. The au-
thor's data indicate that certain, at present uniden-
tified, unicellular algae exist in habitats that un-

dergo annual temperature variations from _400 to
+ 40'C. and daily variations from - 15° to + 35°C.
The attendant humidity shifts are from saturation to
near dryness. Other specific microclimatic niches
have not been investigated. Enumeration of the soil
flora and fauna must be accomplished.

Opportunities for studies of primary production
and enumeration of the components of the aquatic
ecosystems should be highly tempting to limnolo-
gists. The author recorded water temperatures of
greater than 14°C. in some shallow ephemeral ponds.
Winter temperatures in permanent lakes ranged
from near 0°C. to greater than 4°C. The ready ac-
cess to the shallow water of Alasheyev Bight and
the availability of small portable huts with heat and
light suggest that marine interests could be fully
occupied.

The author observed active breeding of Adélie pen-
guins and south polar skuas and the birth of seals,
suggesting limited possibilities for short-term studies.
Two small Adélie rookeries are readily accessible
from the station area. Concentrations of whelping
seals are present at the calving front of the Hays
Glacier. These are the more obvious opportunities for
the biologist; creative thinking would certainly expand
the list.

Now to the problems attendant to the planning
and execution of an international exchange research
project. It is advisable to discuss the contemplated
research project with the Foundation's Office of
Antarctic Programs prior to submission of a proposal.
In this manner the possibilities of completing the
international arrangements can be assessed. This dis-
cussion may necessitate a visit to NSF and an inter-
ruption of the investigator's schedule.

Because of the logistics involved, plans must be
developed far in advance of the date of initiation.
Research should be designed either for the 4- to
6-month summer season or for the wintering period
that may encompass up to 16 months (cf. Sandved,
1965). In the latter case it is best to allow generously
in the proposed program for implementation of aux-
iliary studies as opportunities arise.

Specific considerations for a proposal to accom-
pany the Soviet Expedition must include the solution
to the language problem. At least a rudimentary
knowledge of Russian language and grammar is es-
sential. Vocabulary expansion occurs rapidly through
daily practice. The investigator must also be reason-
ably adaptable in his sociological habits. Should a
stress situation arise occasionally as a result of inter-
national politics, the position of a minority member
in a foreign expedition could become less comforta-
ble. It is axiomatic, however, that the warmest inter-
national relations do exist in the regions of the most
inhospitable climates.
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In his planning, an investigator can depend on the
Soviet Expedition to provide adequate living and
research facilities; but specialized equipment for en-
vironmental or anatomical work, collecting gear and
preserving media, repair parts, and other supplies
must be brought from the United States. Photo labs
and darkrooms are available, but chemicals and paper
are in short supply. All stationery and office supplies
should be brought in, as station stocks are limited.

Any electrical equipment must be adaptable to the
station power supply. If battery-powered apparatus
is to be employed, adequate power sources should be
provided.

Packing and crating of equipment for shipment to
Antarctica should take into consideration freezing
temperatures and rough handling. Photographic
equipment should be conditioned for low-tempera-
ture operation.

Vehicular transport is at a premium at Mob-
dezhnaya. Any program necessitating substantial
travel may suffer temporarily; supplementary activi-
ties should be planned to cover such periods.

In summary, there are biological research possibil-
ities awaiting exploitation in the coastal region of
Enderby Land. Microbiology and entomology may
be the most interesting and productive. The chal-
lenge of working in reasonable comfort in the most
isolated regions of the Earth is combined with the
opportunity to take part in a functioning experiment
in international cooperation; the results should be
professionally and personally gratifying.
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Logistic Support Activities
October 15—November 30, 1968

By the middle of October, the air route from
Christchurch to McMurdo Station had been re-
opened and the summer weather stations at Cape
Hallett and on the Ross Ice Shelf reestablished. Pas-
sengers and cargo were moving into the Antarctic,
and scientific projects in the McMurdo Sound area
were progressing normally.

Stations
Originally scheduled for October 15 but delayed

by bad weather, the first flight arrived at Byrd
Station three days late. Aboard the aircraft were
Captain A. F. Farwell, USN, Deputy Commander
and Chief of Staff, U.S. Naval Support Force,
Antarctica, and Mr. Jerry W. Huffman, U.S.
Antarctic Research Program Representative, Ant-
arctica. On November 1, an LC-130F of Air De-
velopment Squadron Six (VX-6) 1 flew into Amund-
sen-Scott South Pole Station for the first time this
season. At the controls was Commander E. W. Van
Reeth, the squadron's commanding officer. It was
the third successive year that Commander Van
Reeth piloted the season's first aircraft to the South
Pole. Rear Admiral J . L. Abbot, Jr., USN, Com-
mander, U.S. Naval Support Force, Antarctica, ac-
companied the flight and greeted the 21 Navy men
and USARP scientists after their long winter isola-
tion. Himself an experienced aviator, Admiral Abbot
landed the aircraft at Williams Field on the return
trip.

When the first LC-130F landed at Plateau Station
on November 15, the temperature was, for that loca-
tion, a comparatively warm —45°F. Mr. Kendall
N. Moulton, who had relieved Mr. Huffman as Ant-
arctic USARP Representative on November 13, was
met by not only the 8 U.S. wintering personnel, but
also the 11 members of a Japanese traverse party who
had arrived three days before. The Japanese had
come overland on their way to the South Pole from
their Showa Station at Lützow-Holm Bay and had
stopped at Plateau for four days to pick up fuel and
repair vehicles. They pitched in with the aircraft's
crew and station complement to unload the 8,700
pounds of cargo.

Air Operations
With the reopening of the stations to air traffic,

VX-6 could commence its annual relief and resupply

'Air Development Squadron Six (VX_6) was redesig-
nated Antarctic Development Squadron Six (VXE_6) on
January 1, 1969.
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effort. By the end of November, most of the Navy
men who had wintered over had been replaced by
next winter's crew. Many of the scientists had also
completed their work and left the Antarctic. Of
the approximately 1,100 men present at that time,
only about 45 were 1968 personnel still awaiting
transportation home.

For passenger operations between New Zealand
and Antarctica, VX-6 relies principally upon its two
Super Constellations (C-121Js). The four Hercules,
while they carry some passengers, mainly engage in
the transport of cargo. As the squadron must at the
same time supply the inland stations and place scien-
tific parties in the field, it customarily obtains outside
assistance. This year a Royal New Zealand Air Force
C-130H Hercules contributed about 60 hours of fly-
ing time to this effort between October 22 and 24.
This project was given the name of Operation Ice
Cube by the New Zealanders.

Each year since Deep Freeze II (1956-1957), the
U.S. Air Force has participated in antarctic opera-
tions. This season, the Air Force replaced the C-
130Es it had been using with C-141 Starlifters. (A
feasibility flight with this aircraft had been made on
November 16, 1966, to determine whether the em-
ployment of pure jets was practicable in the Antarc-
tic.) Two Starlifters of the 438th Military Airlift
Wing under the command of Lt. Col. Robert C. Huff
were assigned to the operation. The first flight was
made on October 29 and covered the 2,466-mile
route between Christchurch and McMurdo in a rec-
ord 4 hours and 57 minutes. On one occasion, a Star-
lifter made the round trip in less time than it takes
a Navy Super Constellation to make the flight one
way. In addition to their greater speed, Starlifters
have more cargo capacity than the aircraft previously
used. Each flight inbound to Antarctica carried ap-
proximately 40,000 pounds of cargo. The four turn-
around flights were completed on November 13.
Another Starlifter was expected to fly to McMurdo
Station about December 1 on a special mission to
pick up seals and penguins for U.S. research institu-
tions and zoos.

On the Continent, delays because of bad weather
and communications blackouts affected the placement
of scientific parties in the field. Reconnaissance to de-
termine a suitable location for the first camp of the
Ellsworth Land Survey was completed on October
21. The following day the first increment of the party
left McMurdo Sound to stage through Byrd Station.
At the latter location, however, bad weather pre-
vented further progress until October 27. The estab-
lishment of the camp was then rapidly completed dur-
ing the following two days.

Similar conditions were encountered when the time
came to place Norwegian and British geological par-

ties in the Kraul and Shackleton Mountains. On
November 15, weather conditions delayed the flight
and before they improved, a communications black-
out halted air operations until November 21. Two
days later the aircraft took off. It staged through the
South Pole to the Kraul Mountains, where the Nor-
wegians were left to begin their investigations. From
there, the plane proceeded to the United Kingdom
station at Halley Bay, where it picked up equipment
as well as additional members of the British party.
The return route to McMurdo included stops at the
Shackleton Mountains to place the British in the field,
and at the South Pole.

In 1952, the U.S. Navy Hydrographic (now Ocean-
ographic) Office established a permanent airborne
magnetometer survey, called Project Magnet, in order
to update and improve its isomagnetic charts. Air-
craft of Project Magnet, flown by Air Development
Squadron Eight (VX-8) 2 have occasionally con-
ducted survey flights from McMurdo Station. On
October 31, a specially equipped VX-8 Super Constel-
lation flew from Christchurch to Williams Field. For
a week, it carried on flights over the Continent and
adjacent areas, measuring the intensity and direction
of the Earth's magnetic field.

Construction

Naval Construction Battalion Unit 201 began to
deploy from Christchurch to McMurdo in mid-
October. A month later, over 200 officers and men,
including some 25 construction specialists from the
Air Force, were at work at McMurdo and Byrd Sta-
tions. At Hallett Station, a water distillation unit will
be installed later in the season; nothing can be done
at Palmer Station until the first ship arrives in mid-
December. No construction is planned for Plateau or
South Pole Stations.

At the end of November, most projects were pro-
gressing as scheduled. It was believed that the me-
chanical and galley sections of the new personnel
building at McMurdo would be completed and in use
around the first of the year. The USARP field equip-
ment center was 95 percent completed. Unexpectedly
severe ice conditions, however, delayed the start of
work on the pier facing at Elliot Quay.

Visitors
Each season, a few persons whose positions are re-

lated to the Antarctic visit the area as guests of the
U.S. Naval Support Force. From November 11 to 17,
the representatives of 11 nations, either signatories or
adherents to the Antarctic Treaty, visited McMurdo,

2 Air Development Squadron Eight was redesignated
Oceanographic Development Squadron Eight (VXN-
8) on January 1, 1969.
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South Pole, and Byrd Stations.' The Honorable W.
H. Crook, U.S. Ambassador to Australia, was on the
same flight to McMurdo Station as the foreign repre-
sentatives, but departed the area three days before
they did. Included in the Ambassador's party of six
was W. H. Crook, Jr., aged 12, believed to be the
youngest person to visit Antarctica.

Members of Congress whose committee assignments
concern aspects of the antarctic program are also fre-
quent visitors. This season, a party from the Armed
Services Committee of the House of Representatives
stopped at Christchurch while visiting the Pacific area
during November. Three of them—Representatives
William L. Dickinson, Charles A. Halleck,and Porter
Hardy, Jr.—took the opportunity to visit Antarctica
between November 21 and 23 5 accompanied by Mr.
Labre Garcia, a member of the committee staff.

While the Congressmen were inspecting antarctic
facilities, visitors of a different type arrived at Mc-
Murdo Station. To commemorate Admiral Byrd's
first antarctic expedition, a memorial flight was organ-
ized to circle the world and, in so doing, to repeat the
Admiral's crossing of both North and South Poles.
The aircraft put down at Williams Field on Novem-
ber 22 and the 60 tourists, led by Commander Fred
J. Dustin, USN (Ret.), an antarctic veteran, spent
four and a half hours touring the station and held a
brief ceremony before the bust of Admiral Byrd lo-
cated near the Chapel of the Snows. Proceeds above
the cost of the flight are being donated toward the
establishment of a polar research center in Boston,
Massachusetts.

Ship Operations

Great quantities of fuels, lubricants, building ma-
terials, and bulk supplies are carried by ship to Mc-
Murdo and Palmer Stations beginning in late Novem-
ber or early December. At the end of the period under
review, the Coast Guard icebreakers Burton Island,
Glacier, and Southwind were bound from New Zea-
land to McMurdo Sound, where they would cut a
channel into the station for tankers and cargo ships.
A fourth icebreaker, Edisto, was headed down the
east coast of South America toward Punta Arenas,
Chile, and Palmer Station. En route, she supported
oceanographic work by Argentine and U.S. scientists
off the coast of Argentina.

Behind the icebreakers come the supply ships. On
November 28, USNS Pvt. John R. Towle with 7,409
measurement tons of cargo left Davisville, Rhode
Island, for Antarctica by way of the Panama Canal
and New Zealand. These and other ship movements
comprise an important part of the support activities
during the second half of the annual operating season.

See article on p. 34.

Summary of Research at
U.S. Antarctic Stations

May—September 1968

The July-August 1968 issue of the Antarctic Jour-
nal summarized the scientific programs at the five
U.S. stations for March and April 1968. The follow-
ing summary, based upon messages from the stations
and especially the monthly USARP status reports,
spans the winter dark period and the early spring.

Byrd Station

The atmospheric-physics programs of the Bartol Re-
search Foundation, the Canadian National Research
Council, the Environmental Science Services Ad-
ministration (ESSA), and Stanford University op-
erated normally throughout the winter with few ex-
ceptions. The transmitter for the very-low-frequency
lcngwire experiments defied all efforts to make it op-
erational from May through August; in September the
University of Washington's electronics technician de-
vised a driver output transformer and amplifier to
put the transmitter back on the air. The Coast &
Geodetic Survey's geomagnetic station was plagued by
a variety of problems, especially in the operation of
the ELSEC portable proton precession magneto-
meter.

The winter weather program of one daily radio-
sonde balloon flight, standard surface observations,
and special accumulation, ozone, and solar radiation
measurements provided the ESSA Weather Bureau ob-
servers with an active routine. The hydrogen genera-
tors were particularly prone to minor malfunctions.
Reports from Byrd emphasized observations of a
record low sky cover in May of 2.9 (23 clear days)
followed by a new record in June of 2.8 average, low
June temperatures (-27.2'C., coldest maximum on
record), and a record high for average winds in July
of 26.6 mph.

Both the Coast & Geodetic Survey earthquake
seismology program and the PKP recording program
of the Stanford Research Institute proceeded with
only minor difficulties.

As diversions, the station observed Midwinter Day
and the Fourth of July, held science seminars and
amateur radio classes, played chess by radio with
eight opponents, inventoried and reordered supplies,
and crated tapes, films, and other data records for
shipment to stateside laboratories. The longwire sub-
station received improving touches and its rooftops
were cleared of stored supplies to avoid their being
crushed by the settling of the steel arch sheltering the
installation.
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McMurdo Station

The VLF micropulsations recording project of the
four-part ESSA upper-atmosphere program was a
total loss, never functioning during the winter; the
other ESSA projects were trouble free, as was the
McDonnell Douglas Astronautics Co.'s riometer pro-
gram.

The Bartol Research Foundation's cosmic radiation
apparatus performed smoothly throughout the winter,
except for minor repairs required when the labora-
tory heaters failed. The forward-scatter receiver final-
ly began normal operation in June. In July a storm
damaged the receiving antenna; in August heaters
failed and the transmitter control clock stopped. Fol-
lowing repairs, the project resumed normal operations.

On September 3 the 1968 winter flight of two
LC-130 aircraft to McMurdo brought in four teams
of biologists, as well as University of Texas personnel
to activate the Doppler satellite tracking station,
which had been shut down for a year. Data on the
Doppler effect in satellite signals will be used to help
adjust a worldwide network of geodetic stations to
the center of the mass of the Earth.

Two of the biological groups, both from the Scripps
Institution of Oceanography, established laboratories
in "fish houses" on the ice of McMurdo Sound. The
lab for the study of the physiological adaptation of
diving seals and birds was set up six miles out from
Hut Point; a hut for the investigation of cardiovascu-
lar adjustment in seals to diving asphyxia was placed
at Turtle Rock, also about six miles out on the ice.
The University of Washington scuba divers studying
fish and seal predation on benthic communities placed
two "fish houses" over holes cut through the ice near
Hut Point and Cape Armitage. They began dives
there and at Cape Evans, where they were taken in
helicopters by the crews which had also been trans-
ported on the winter flight.

The helicopters were equally useful to the micro-
biologists of the Virginia Polytechnic Institute, who
made initial investigations at Lake Bonney in Taylor
Valley. The routine called for several days of sam-
pling in the field followed by analyses at the Mc-
Murdo biological laboratory. Early findings show a
radical difference in winter microorganisms and life
compared to summer populations.

The Soviet exchange scientist from the Institute of
Arctic Geology in Leningrad, Dr. Boris G. Lopatin,
reported on his winter's examination of specimens
collected on the 1967-1968 Marie Byrd Land Survey
and in the Ross Island vicinity. Preliminary mineral
analysis of the local inclusions identifies them as
olivines and eclogites originally from the mantle.

The midwinter lull in the biology laboratory was
used to inventory and rearrange supplies, perform
maintenance on equipment, and otherwise prepare
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for the influx of biologists on the winter flight. Sea-
bee utilities personnel completely renovated the wa-
ter system. At the USARP field center the sub-ice
observation chamber was refurbished the diving
locker was cleaned and rearranged, the air compres-
sor was overhauled, and the "fish houses" were made
ready for a new season. Throughout the winter the
USARP garage was the site of vehicle repairs and
maintenance and various improvements to the trans-
portation equipment. Seal sleds and ice-hole heaters
were constructed for use in the 1968-1969 summer.
The USARP "chalet" was also cleaned and painted.

Palmer Station

The study by Clark University of the effects of
climatic variables on photosynthesis and respiration in
mosses and lichens progressed throughout the winter,
despite serious damage to the automated data collec-
tion system as a result of power failures in May. With
only four hours of light daily, lichens photosynthesized
in temperatures down to - 10° C. When the tem-
peratures fell to - 17°C. for ten days in June, during
an absence of direct sunlight, lichen and moss metab-
olism stopped completely. Plants showed damage from
the harsh conditions in June and July, beginning to
recover in August, but still not achieving metabolism
rates demonstrated under similar conditions in the
previous fall. High rates of respiration observed in
September occurred only following several hours of
light for photosynthesis. In the laboratory, experi-
ments with a variety of conditions and media on
fungal and algal cultures continued.

A tide gauge, installed and functioning by May 1,
was damaged by brash ice and high winds in mid-
June and was out of operation for over a month. By
the end of winter, the officer-in-charge and the labora-
tory technician had observed that the average diurnal
tidal variation was about 1.2 m, with a maximum
of 1.5 m. In September they were calculating hour-
ly heights and monthly mean levels of tides.

Final installation of equipment in the biological
laboratory was completed as far as possible. Aquaria
were set up and tested, a distilled-water storage tank
was mounted, emergency and germicidal lights and
electrical outlets were wired by the Seabee electrician,
the water still was converted to use seawater as a
coolant and freshwater in the boiler, a steam exhaust
for the autoclave was installed, and utilities were led
into the fume hood.

The winter routine was broken in August by events
connected with the evacuation of a seriously ailing
member of the British Antarctic Survey base at Argen-
tine Islands. On August 9 a ski-equipped Argentine
Beaver aircraft landed on the icecap above Palmer
Station, picked up outgoing mail, and returned to the
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British base, where the Britisher suffering from a
perforated stomach ulcer and loss of blood had been
attended by an Argentine Air Force doctor for some
weeks. The next day, on attempting to take off for
the Argentine station Esperanza at Hope Bay with the
patient and the doctor aboard, the plane was forced
down by heavy icing and totally destroyed. Fortunate-
ly, no human casualties resulted. The Argentine ice-
breaker ARA General San Martin, which had been en
route to Esperanza, proceeded to within ten miles of
the British base and helicoptered the patient, the
doctor, and the Beaver crew aboard. On August 20 a
helicopter from the San Martin appeared at Palmer
and left off the mail that had earlier been dispatched
from the United States in anticipation of delivery.
The patient was taken to Ushuaia and then flown
to a hospital in Buenos Aires, where he was admitted
for emergency treatment.

Despite the accustomed stormy and overcast weath-
er of Anvers Island, greatly curtailing outside work
and field trips, the winter was an active time. The
botanists made trips to Bonaparte Point, the icecap,
and off-lying islets; they reported the buildings at
the original Palmer (and old British base) site great-
ly deteriorated. Ice observations were made whenever
the weather permitted. The new Soviet installation
Bellingauzen (Bellingshausen) was added to the
Argentine, British, and Chilean local interstation in-
formation network. Wildlife sightings were recorded
each month, including humpback whales and a fur
seal in May. Much effort was given to repair and
upkeep of motor toboggans, outboard motors, and
boats. Recalcitrant heaters, ice in fuel lines, a frozen
generator radiator, persistent power failures, and a
small fire in the planking beneath a hot-water heater
taxed the patience and ingenuity of station personnel.

Plateau Station

Unable to keep the observing domes free of frost,
the operator of the Arctic Institute of North America's
auroral equipment mounted (in July) the special-event
astrocompass camera outside. When a frequency
standard burned out in the same month as a result
of voltage surges, the all-sky aurora camera and the
airglow turret photometer projects were abandoned.

The geomagnetic observatory of the Coast & Geo-
detic Survey operated normally through the winter,
with the exception of the Ruska rapid-run magneto-
graph; this instrument did not become fully function-
al until late August. The atmospheric physics pro-
grams of Stanford University and the ESSA Re-
search Laboratories continued smoothly on a reduced
basis because of the electrical power restrictions.

Frost formation on the observing dome used for
visual tracking of balloons eliminated wind profile

measurements until June. By mounting a second
plexiglass hemisphere of slightly larger diameter over
the first and using a hygroscopic chemical compound
in the dead air space between, the meteorologist was
able to keep one observing dome frost-free. Other
difficulties associated with operating at extreme low
temperatures included shattering of sensing plates in
radiometersondes, sluggish batteries, and the un-
heated balloon-inflation shelter. In addition, several
helium tanks were found empty and many of the
radiometersondes required rebuilding. The program
was terminated in September and planned refraction
studies were cancelled because of the lack of reliable
temperature profiles for the dark period. The sub-
surface heat flux and radiation measurements being
conducted for the University of Melbourne became
inoperative in May when a recorder amplifier fell
victim to voltage fluctuations. From mid-July through
September the program experienced only minor out-
ages from instrumentation reaction to the power
supply.

The micrometeorology program of the U.S. Army
Natick Laboratories continued to measure only total
global and total outgoing radiation, until late August.
With the repair and calibration of the Speedomax W
recorder, the radiation observations of the first 30
m of the atmosphere were in full operation. After
159 days out of operation, the data acquisition sys-
tem for temperature and wind profiles from the sur-
face to 30 m was also functioning by the end of
August. Wide voltage fluctuations, up to 150 percent,
dictated against earlier activation of the system. Brief
test periods revealed problems with the digital clock,
which were corrected in the interim. In September
icing of bearings in the wind speed transmitters and
vibrations of the temperature differential probes were
eliminated.

The Plateau Station medical officer conducted a
program of observations and testing for physiological
data related to human habitation at high elevations
with varying degrees of activity. The eight-man sta-
tion complement divided naturally into a group per-
forming daily exercises and a group not participating
in the exercise program. The doctor administered
EKG's, hematology analyses, pulmonary function
studies, and other tests throughout the winter months.

In addition to coping with the problems of the
natural and the man-made environment, the scien-
tific complement had begun preparations by mid-
winter for closing down Plateau Station in January
1969. The phased closing out of the scientific pro-
gram will bring the active life of the station to an
orderly conclusion.

Plateau Station's problems with electrical genera-
tors in July brought emergency procedures into ef-
fect; personnel moved temporarily to the summer
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camp, where space heaters were used for heat, snow-
melting, and cooking, and the standby generator
produced power only for brief radio communications.
In early September a 36-hour emergency resulted
from the failure of the governor on a generator.

A summary of program operations for the period of
March 1 through the end of July showed the follow-
ing:

Lost days Percent of

	

of	program
operation	operating

	

Atmospheric physics .................. 76	 80
Aurora ........................................ (Inoperative; cf. text)

	

Geomagnetism ............................ 28	 100

	

Meteorology ................................ 35	 100

	

Micrometeorology ...................... 155	 0

South Pole Station

The investigations by the University of Oklahoma
into the physiological and psychological aspects of
sleep proceeded satisfactorily through the winter with
excellent response from all 21 of the wintering Pole
Station personnel. The only obstacle to the scheduled
operation of the program came in July when, as a
consequence of the fire in the snow-melter building,
station routines were thrown out of normal and the
commencement of one phase of the study was de-
layed.

Among the atmospheric physics programs, both
the cosmic radiation studies and the forward-scatter
project of Bartol Research Foundation proceeded
normally all winter. The auroral observations of the
Geophysical Institute, University of Alaska, were
troubled with frost in the observing dome in May,
but the program continued for the remainder of the
season with no further difficulty. The ESSA Re-
search Laboratories projects in transient ionospheric
phenomena, VLF micropulsations, and riometer
measurements experienced little departure from nor-
mal operation. In May the digital system associated
with the riometers required repair of minor break-
downs and the 50 MHz riometer was restored to op-
eration following failure of a heater; for the rest of
the winter only routine attention was needed.

The Joast & Geodetic Survey's geomagnetic sta-
tion had only minor maintenance problems until
July, when some records were lost owing to sticking
relays in the reserve power supply following failure
of the station electrical power. The only remaining
concern during the winter was the ELSEC portable
proton precession magnetometer, which continued
to give erratic or no data. The worldwide seismic net-
work station at the South Pole suffered principally

from low temperatures in the seismometer and
recording buildings. By a rearrangement of heaters,
the temperatures in these spaces were raised to ac-
ceptable levels in June.

The observations of Earth tides and oscillations
conducted by the University of California at Los
Angeles were inoperative during most of May. When
the technical difficulties had been corrected, the ap-
paratus operated well until, toward the end of June,
temperature control in the laboratory became a prob-
lem. Maintaining the proper operating temperature
for the equipment continued to be troublesome until
the end of winter.

The winter schedule of surface and upper-air ob-
servations proceeded normally. The three-man
Weather Bureau group carried out several other pro-
jects, including carbon-dioxide sampling for the
Scripps Institution of Oceanography of the Universi-
ty of California at San Diego and recording of atmos-
pheric electricity, ozone, and solar radiation. Only
the air sampling project, operated for the Ohio State
University, reported any serious problem: interfer-
ence with the riometers from the electric motor
running the vacuum pump. Since the meteorologists
were not successful in eliminating this interference,
the sampling for natural particulate fallout was in-
operative much of the time.

"Summer Time" Adopted at
U.S. Stations

To facilitate summer operations, all of the U.S.
stations in Antarctica except Palmer will observe the
same time. This arrangement has a number of ad-
vantages (cf. Antarctic Journal, vol. II, no. 6, p.
268), most of them related to interstation flight
operations.

Time uniformity was achieved by scheduling the
inland stations—Byrd, Pole, and Plateau—to switch
to McMurdo time at 0001 (GMT) on October 7,
the day preceding the initial fly-in. Because Mc-
Murdo, although physically located in a different
time zone, customarily has operated on New Zealand
time, the uniformity extends from advance head-
quarters in Christchurch to Plateau Station, some
1,350 miles from McMurdo.

Palmer Station was exempted from the arrange-
ment because it has no aviation link to McMurdo,
but is supplied by ships routed via South American
ports.

The affected stations will revert to winter clock
settings when so directed at the conclusion of the
operating season.
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Eltanin Cruise 35

Cruise 35 began at Adelaide, Australia, on August
12, 1968, and concluded there on October 7, after
logging 7,300 miles in the Pacific Ocean between the
Australian Continent and 60°S. (cf. map). During
the cruise, the ship crossed the Antarctic Conver-
gence four times, locating it generally at about 52°S.
Where two of her north-south legs crossed, the ship
occupied two stations in the same position, a month
apart.

The United States Antarctic Research Program
complement aboard for Cruise 35 numbered 30, in-
cluding five scientists from Australia and New Zea-
land. Mr. Melvin L. Fields of the Weather Bureau,
Environmental Science Services Administration,
served as USARP Representative. The ship, under
Captain Richard E. Thornton, was operated by a
Military Sea Transportation Service crew of 48.

The projects carried on by representatives of ten
research organizations are outlined briefly in the
following paragraphs:

Cores for the Florida State University's marine
geology program were attempted at 20 of the 53
stations; samples with the Ewing piston corer or the
associated trigger corer were obtained on 18 of these
attempts. No rock dredges or bottom trawls were
attempted.

The Texas A&M University investigation of pri-
mary productivity consisted of performing measure-
ments on samples of water taken at local apparent
noon, when the ship hove to especially for that pur-
pose. The water samples from the euphotic zone—the
zone penetrable by light, permitting green plant
growth—were obtained by Niskin bottles lowered on
the hydrographic winch. Measurements were made
for carbon-14 uptake, chlorophyll-a, particulate and
dissolved organic carbon, micronutrients, pH, and
salinity and temperature. Difficulties with the Tech-
nicon Auto-Analyzer made some of the micronutrient
analyses suspect. The low chlorophyll content of the
samples and the rolling ship required that chlorophyll
measurements eventually be completed at the Uni-
versity of Adelaide. By connecting a fluorometer to a
recorder, a continuous recording of chlorophyll-a was
obtained for the entire cruise.

Lamont Geological Observatory of Columbia Uni-
versity carried on its continuous recording of the
Earth's gravity, the magnetic field, and the structure
and thickness of the ocean bottom sediment with the
Askania sea-gravimeter, the Varian proton magne-
tometer, and the Lamont seismic-reflection profiler.
The program of magnetic measurements was rela-
tively trouble free; however, the gravity system re-
quired some maintenance, and the seismic profiling

program equipment demanded almost constant at-
tention. The two-man team from Lamont was as-
sisted by Mr. Andrew C. Corney, New Zealand De-
partment of Scientific and Industrial Research, and
Messrs. Richard A. Heffernan and John Ringis, Uni-
versity of New South Wales, Australia.

A second group from Lamont conducted the by-
drographic program consisting of the following:
Nansen bottle casts for samples to provide salinity,
oxygen, and nutrient data from the surface to the
bottom; recordings with STD (salinity, temperature,
depth) sensors for continuous, vertical water struc-
ture data; and bathythermograph casts with both the
traditional, towed BT fish and the newly developed
Sippican expendable BT (XBT) for closely spaced
temperature data on the surface waters. The hy-
drographers also operated the Lamont tripod camera
designed to obtain continuous nephelometer data,
record bottom currents, and photograph the bottom.
Samples were obtained for the Lamont-Woods Hole
Oceanographic Institution geochemistry program.

Five Nansen bottles were lost during one station in
a 50- to 60-knot wind with 30-foot swells. The tripod
camera was caught on rock outcrops at two stations
and nearly lost (Fig. 1). Despite the strain on the
hydro wire, two innovative splices in the Al-U-Flex
cable by the Alpine Geophysical Associates' equip-
ment technicians held together. The BT profiles across
the Antarctic Convergence were of high quality. On
the fourth crossing, it was noted that the Conver-
gence lay directly above the peak of the Australian-
Antarctic Ridge; checks of earlier crossings revealed
the same condition. These observations exhibited the
strong dependence of antarctic oceanic circulation on
topographic features of the seabed.

Forty-six midwater trawls and four bottom trawls
were made on Cruise 35 for a study by the Institute
of Marine Sciences (University of Miami) of the
vertical and horizontal distribution of a common
antarctic squid, Crystalloteu this glacialis. A secondary
objective of the Institute was to add to the general
collection of cephalopod specimens. Only eight trawls
failed to take cephalopods, and only one attempt was
entirely unsuccessful. The planned series of trawls
at the Antarctic Convergence was frustrated by
weather conditions and time limitations; nevertheless,
the scheme of midwater trawling from the port side,
devised on the previous cruise, resulted in significant
saving of time since the ship was not required to
deviate from her base course to counter a wind from
the beam opposite from the trawl. Two trawls were
made in the Gulf of St. Vincent toward the con-
clusion of the cruise, by special permission from the
Government of Australia. The collecting program
resulted in 244 specimens of cephalopods, represent-
ing 18 families and more than 25 species. Although
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none of the species was recognized as new, some
constitute valuable additions to the material on hand.
In the case of the new squid family Batoteuthidae,
the four juveniles taken on Cruise 35 nearly doubled
the number of known specimens.

Sharing trawling results with the University of
Miami, Mr. John H. Bradbury, of the Australian
National Antarctic Research Expeditions, continued
his ecological studies from Cruises 33 and 34. In this
sparsely sampled area of the subantarctic seas, in-
formation on the distribution of zooplankton with
respect to environmental variables and food-chain
relations, data on movements of birds from island
rookeries, and observations of the feeding habits of
birds and their physiological condition at sea add to
the understanding of the ecology of this portion of
the globe. The plankton sampling, especially in the
region of the Convergence, provided satisfactory
hauls, but bird collecting was often hampered by poor
weather. Only 19 birds, mostly pintado petrels, were
taken at five stations. A project to determine the
rates of oxygen consumption of two species of crusta-
ceans under a variety of conditions in the laboratory
was limited by the lack of adult specimens.

The University of Miami's Institute of Marine
Sciences also conducted a study of the character and
extent of the fungal populations of the water masses
between the Australian and Antarctic Continents
with particular emphasis upon the comparison of
populations north and south of the Convergence. The
water samples, collected aseptically at established
depths by Niskin biosamplers and filtered and cul-
tured in the shipboard laboratory, showed a low
ratio of filamentous fungi to unicellular fungi, with
the former found only at shallow-to-moderate depths.
The number of viable fungal cells from midwater
samples south of the Antarctic Convergence was
significantly smaller than that from samples to the
north.

The fifth foreign scientist aboard the Eltanin on
Cruise 35 was Mr. W. R. J . Dingle, from the Austral-
ian Bureau of Meteorology. No stranger to USARP,
having wintered at Byrd Station (1962) and Plateau
Station (1967), as well as with U.S. scientists as
officer-in-charge at Wilkes Station (1959), Mr. Dingle
was participating in a unique cooperative program
with the U.S. Weather Bureau. Commencing with
Cruise 37, the shipboard meteorological program
would be operated by Australian personnel under the
direction of Mr. Dingle. On Cruise 35, he partici-
pated with Mr. Fields in the normal shipboard rou-
tine of six-hourly surface observations (223), and
daily radiosonde flights (55). Also obtained were
carbon-dioxide samples (8) for the National Bureau
of Standards and hourly surface observations (43)
during selected frontal passages for the International

Track of Eltanin Cruise 35.

Antarctic Meteorological Research Centre, Mel-
bourne.

The technical support party from Alpine Geo-
physical Associates reported no major problems with
the satellite navigation system during the cruise. The
Interrogation, Recording, and Location Subsystem,
which has been undergoing tests aboard Eltanin, was
removed at the end of Cruise 35 and returned to the
United States for repair. Before the March 1969
launch of Nimbus B, the IRLS equipment will be
reinstalled to transmit meteorological data to the
Ground Acquisition and Command Station at Fair-
banks, Alaska. The facsimile receiver provided daily
weather charts from Canberra, Australia.

Figure 1. Bottom camera on cliff.
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Deep Freeze Wintering Personnel, 1968	McMurdo Station

Adams, James E., CS2, ASA
At the conclusion of the 1967-1968 summer, 261	Alexander, Robert F., CEC, NNPU

men were left to winter at U.S. stations in Antarctica.	Alpert, William H., CN, ASA
Of this number, 229 were Deep Freeze support per-	Badgley, Willie L., ABFC, ASA

Balkit, Edwin F., SKI, ASA
sonnel, 31 were USARP researchers, and one (Dr.	Barth, Wilbur E., CMC, ASA
Boris G. Lopatin) was a Soviet exchange scientist.	Battinelli, Carmine G., HM3, ASA
In addition, one U.S. researcher (Dr. H. LeRoy	Beasley, John P., DC3, ASA
Scharon) wintered at a Soviet station, Molodezhnaya.	Behymer, Richard R., SN, ASA

Bendzak, Steven M., Jr., RM3, ASAThe names of the USARP personnel were reported	Blasing, Paul B., SK2, ASAin the September-October 1968 issue of the Antarctic	Bockenstedt, Gerald J . , UTB2, ASA
Journal. Listed below are the names of the military	Boggess, Herbert H., EMC, ASA
support personnel, who were assigned to Antarctic	Bonkoski, Arthur E., CMA3, ASA
Support Activities (ASA), the Naval Nuclear Power	Boomer, Donald R., CEP3, ASA

Bostwick, Robert H., BUL3, ASA
Unit (NNPU), or Air Development Squadron Six	Brandal, Robert L., EN3, ASA
(VX-6).	 Brennan, Richard T., EOl, ASA

Brinkman, James E., SN, ASA
Summary of Wintering Personnel, 1968	

Broberg, John C., HMCS, NNPU
Brodbeck, Joseph W., CMH3, ASA

Military Enlisted TJSARP	 Broding, Robert E., EOH3, ASA
Station	 Officers Mem- Person- Totals	Brunner, Edward G., SFC, ASA

	

hers	nd
Amundsen-Scott South Pole	2	12	7	21	Bryant, Anthony M., RM3, ASA
Byrd-----

--------------------------
-----

--	2	15	10	27	Buckley, Daniel, BM2, ASAMcMurdo 
------------------- -

12	176	82	196	Bussenius, Gary P., BM3, ASAPalmer- ---
--------------------	

1	5	3	9Plateau	 -1	3	4	8	Butler, Dale R., LT (MC), ASA
Totals	 18 1 211	32 2	261	Carpenter, Robert 0., ETN2, ASA

'Does not reflect personnel changes resulting from winter flights.	Carter, Richard V., RMSN, ASA
2 Includes one Soviet exchange scientist.	 Chambers, Leo R., E01, ASA

Clark, William P., CEC, NNPU

Amundsen-Scott South Pole Station	 Cloer, James R., EAD2, ASA
Coffman, Francis H., ET1, ASA

Blackwell, Jackie L., CEW2, ASA	 Contois, Albert A., Jr., CS2 (SS), ASA
Cabral, George A., Jr., CS2, ASA	 Cross, James W., Jr., ETN2, ASA
Church, Stephen L., HM2, ASA	 Czarnecki, Charles R., CEP3, ASA
Hartgrave, Lynn H., UT!, ASA	 Dagdayan, Jose A., SF!, ASA
Harwood, Douglas D., BU!, ASA	 Dahlhoff, Roland R., EM!, ASA
Hedley, John R., LTJG (CEC), ASA, Officer-in-Charge	Danner, James A., ADJ3, ASA
Hook, Richard M., LT (MC), ASA	 Davison, Tommie R., CE1, NNPU
Howell, Michael L., SK2, ASA	 DeWees, Bruce V., CEC, NNPU
Jensen, Verner J . , CMC, ASA	 Donoian, George F., CM1, ASA
Littleton, Rudolph, RMC, ASA	 Downs, George R., BU1, ASA
McDonald, James L., EM2, ASA	 Dupeire, Stephen J., EOC, ASA
Petersen, David G., ETN2, ASA	 Edwards, Daniel L., CMA2, ASA
Ruiter, Charles E., EON3, ASA	 Ellis, Homer L., AC!, ASA
Wood, Stanley I., E01, ASA	 Ellison, Arthur G., Jr., RMC, ASA

Eslick, Robert W., CE!, NNPU
Byrd Station	 Essinger, Jesse W., LCDR (CHC), ASA

Fain, Edwin E., CSC, ASA
Carmichael, Wilber V., Jr., HM2, ASA	 Faulkner, Martin G., ETR3, ASA
Clark, John R., LTJG (CEC), ASA, Officer-in- Charge	Fine, Monte L., UTP2, ASA
Foster, James D., CMA2, ASA	 Fog!er, Timothy, YN2, ASA
Fowler, Henry M. B., EON2, ASA	 Forne!, Pierre E., Jr., SP6, U.S. Army, NNPU
Fuller, Donald R., CS2, ASA	 Francis, Trefor L., RM2, ASA
Fugich, Louis, EON3, ASA	 Franklin, Courtney V., Jr., HM2, ASA
Hawkins, Gregory W., ETN2, ASA	 Freeman, Guy D., Jr., DC!, ASA
Hill, Gene A., RM2, ASA	 Fuqua, Robert W., PN1, ASA
Hoffman, Richard J . , UTB3, ASA	 Gaberlein, William E., CEC, NNPU
King, Gerald L., UT!, ASA	 Gangloff, Ronald J . , IC! (SS), ASA
Lynde, Richard L., Jr., BUL2, ASA	 Garcia, Alfred J . , ETR3, ASA
Nichols, Jerome D., RMC, ASA	 Gardner, Leon T., EN!, ASA
Paeske, Delbert G., SK2, ASA	 Gillespie, Erskine T., RM2, ASA
Rose, Thomas W., EM2, ASA	 Gloss, David R., SP6, U.S. Army, NNPU
Schaaf, John T., LT (MC), ASA	 Goecke, Ronald K., MR!, ASA
Schambron, Robert L., CEC, ASA	 Gonzalez, Joseph F., Jr., AG3, ASA
Van Enmierick, Kenneth L., CES2, ASA	 Gray, Burnis E., E01, ASA
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Grigsby, Forrest, AC 1, ASA
Grisham, Paul 0., LT, ASA
Groover, Edwin D., EOC, NNPU
Gunderson, Gale A., CE I, ASA
Hanson, Robert J . , BUL3, ASA
Hare, Edmund D., AG2, ASA
Hart, Vernon D., LT, VX-6, Officer-in-Charge
Hash, Arlie V., ETN2, ASA
Haugh, John R., HMCS, NNPU
Haugland, Jerome M., E0 l, ASA
Hazlett, Paul C., ASMAN, VX-6
Holland, Thomas J . , BU 1, ASA
Jennings, Cedell, Jr., AE2, VX-6
Jones, Thomas C., EO1, ASA
Keilty, David J . , BUL3, ASA
Kephart, Woodrow R., ABE3, ASA
Kirchhoff, John E., SK2, ASA
Kniese, Robert C., ETC, ASA
Kohler, Arthur D., Jr., LCDR (CEC), NNPU, Officer-

in-Charge
Konkel, Alfred 0., UTW2, ASA
Krueger, Conrad W., RM2, ASA
Kruk, Charles J . , RM2, ASA
Lane, David L., BT3, ASA
Laurenzo, Peter J . , CEC, ASA
Leininger, Robert F., ETR2, ASA
Leseberg, Dennis D., SN, ASA
Lipski, John E., EO1, ASA
Littrel, Charles E., SN, ASA
Lovell, Jack R., PN3, VX-6
Lundy, Dallas R., AG2, ASA
MacBay, Lloyd S., RM!, ASA
Magee, Henry J., HMC, NNPU
Magnuson, Larry N., LT (DC), ASA
Maloney, William E., CE1, ASA
Mangrum, Willie R., UT1, ASA
Markes, Jean A., CEC, NNPU
Mather, James D., LT (SC), ASA
McAlister, Roy G., PH2, VX-6
McClellan, Richard C., CS2, ASA
McCullen, Billy W., SWF2, ASA
McDuffee, James W., HMC, NNPU
McIntyre, Michael R., BUL2, ASA
McKee, William, DCC, ASA
McNeely, James S., CDR, ASA, Officer-in-Charge and

Commander, ASA Detachment Alpha
McNeish, Robert I., SKI (SS), NNPU
McQueary, David., EM!, ASA
Metcalf, Claude B., CE1, NNPU
Meyer, Gary L., UTP2, ASA
Minnis, William G., ETCS, ASA
Mooney, Dennis D., HM2, ASA
Morrow, Joshua, Jr., EON3, ASA
Mulling, Julian L., III, SKI, ASA
Myers, Bernard D., RM3, ASA
Newby, Loren J . , RM1, ASA
Olson, Dean R., HMI, ASA
Parker, Louis, SHI, ASA
Pearson, Clement C., SK2, ASA
Perry, John E., Jr., LT (CEC), ASA
Pickett, Jerry W., DC2, ASA
Plumb, Thomas E., CES2, ASA
Plumeau, James E., SN, ASA
Pogue, William E., Jr., CET2, ASA
Post, Edward W., BT2, ASA
Powell, Charles B., RM2, ASA
Powell, Dale L., RMC, ASA
Powell, Walter E., UTW3, ASA
Preston, Charles R., EO1, ASA

Price, Charles V., SN, ASA
Proctor, Bill L., Jr., ETNSN, ASA
Pum, Joseph H., ETN2, ASA
Purcell, George E., RM1, ASA
Pursley, Gary L., AGI, ASA
Randall, John A., CMC, NNPU
Raub, Larry F., DT1, ASA
Regnere, Russell J . , EN!, ASA
Richards, Burke H., RM2, ASA
Riegler, Robert L., ET1, ASA
Roady, Gene E., CMC, ASA
Rudloff, Ronald D., UTA2, ASA
Ryan, William J . , RMC, ASA
Sager, Terry L., AG2, ASA
Schaefer, William A., Jr., LTJG, ASA
Schile, Gerald D., HMI, NNPU
Schnabel, John G., CEC, NNPU
Schulz, George K., CECS, ASA
Shelnutt, Ronnie E., EON3, ASA
Simonton, Robert L., BU1, ASA
Smith, Herbert G., EOCS, NNPU
Smith, Ralph W., CS!, ASA
Stearns, Thomas J . , EAD2, ASA
Stevens, Robert A., EON3, ASA
Stevenson, William P., ADR2 (AC), VX--6
Stone, Richard C., III, CMH3, ASA
Swinford, Harold D., LT, NNPU
Talampas, Noel J . , SH1, ASA
Terry, William E., SWF2, ASA
Thomas, Terry A., BTI, ASA
Tippett, Ron L., AMH2 (AC), VX-6
Tomandi, Frank, Jr., AEC, VX-6
Trudell, Robert N., Jr., CS2, ASA
Tuffin, Kenneth L., RM2, ASA
Van Horn, Clinton E., RM2, ASA
Vickers, Douglas G., ACC, ASA
Villaluz, Rufino, SKI, ASA
Villanueva, Francisco M., DK1, ASA
Vinson, James 0., EM2, ASA
Wade, Terry L., UTA2, ASA
Walker, Robert H., UTA3, ASA
Warren, J . D., Jr., AN, ASA
Watkins, Donald W., BM3, ASA
Wear, Richard J . , LCDR, ASA
Whitehead, Caid T., SK3, ASA
Whiting, Roger L., RM3, ASA
Willeford, Thomas R., ABE3, ASA
Winebarger, Carl G., UTW3, ASA
Wintch, James W., RM1, ASA
Wood, George T., Jr., RM1, ASA
Wood, Richard A., CE!, NNPU
Woodrow, Larry K., AG2, ASA
Yelle, Leo G., Jr., SP6, U.S. Army, NNPU
Zierlein, Leonard L., BUC, ASA

Palmer Station
Downs, Bobby G., CS2, ASA
Kelly, William V., LTJG, ASA, Officer-in-Charge
Mauer, Bruce D., EN2, ASA
Miller, Richard, RMC, ASA
Mosier, John A., CEP2, ASA
Platt, William D., HMI, ASA

Plateau Station
Graham, Philip W., CS2, ASA
Johnson, Jerome F., LT (MC), ASA, Officer-in-Charge
McKinnon, Stanley P., ETN2, ASA
Moran, Gerald F., CMA2, ASA
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The Natural Cryogenic Environment in
Antarctica and the Remanent

Magnetization of Rocks

P. J . WASILEWSKI

Department of Earth and Planetary Sciences
University of Pittsburgh

Rock surface temperatures in much of Antarctica
are below —40°C. for the entire winter and fluc-
tuate considerably above and below 0°C. during the
summer. Two effects of this temperature cycling are
enhanced weathering and demagnetization and re-
magnetization of near-surface rocks. The effect of
the antarctic cryogenic environment on the remanent
magnetization of rocks is currently under study.

There are several low-temperature transitions in
minerals responsible for the magnetization of rocks.
In hematite (a Fe203 ), the Morin transition occurs
at about - 15°C. In magnetite (Fe 304 ), a transition
occurs at about —150°C. (Nagata, Kobayashi, and
Fuller, 1964). In the ulvospinel-magnetite series (x
Fe2TiO4 . 1 —x Fe304 ), the Curie point is between
25°C. and —50°C. for compositions 0.75<5 x '50.87,
and in the ilmenite-hematite series (y FeTiO3 . 1 —y
Fe203 ), the Curie point is between 25°C. and —50°
C. for compositions 0.72 y :50.80. Therefore, rocks
which have hematite as main carriers of remanence,
rocks which have titanomagnetites with Curie points
in the range mentioned above, and rocks containing
members of the ilmenite-hematite series intergrown
with titanomagnetites would all be affected by low-
temperature cycling. Several simple experiments per-
formed on different rock types confirm the thesis that
cold treatment of rocks in Antarctica will have an
effect on the intensity of magnetization. Whether or
not the remanent direction is affected remains to be
determined. Currently, a series of experiments is being
conducted in the range 25° to —50°C.

Hematite-Bearing Rocks
Morin (1950) discussed the transition in magnetic

NATURAL HEMATITE,! JIRM

Ar

susceptibility of hematite powders at - 15°C. This
Morin transition is an antiferromagnetic transition
where the direction of antiferromagnetism is parallel
to the ternary axis below - 15°C. and perpendicular
to the axis above —15°C. Near-surface rocks, which
are those collected for paleomagnetism studies, would
be below the Morin transition during the entire
winter and would be above the transition for most of
the summer. As seen in Fig. 1, the IRM (isothermal
remanence) and NRM (natural remanence) are
both affected by cooling below the transition and
then warming (Creer and Like, 1967; Nagata, Ko-
bayashi, and Fuller, 1964; Ozima, Ozima, and Na-
gata, 1964; and many others). A "demagnetization"
of remanence takes place. Experiments are being con-
ducted to evaluate the effect of:

A. Cycling back and forth across the transition in a
variable field to define the extent of directional
stability.

B. Low field IRM demagnetization.
C. Cycling on rocks containing a and , Fe,O,.

Class I Rocks

A magnetic class I rock is defined as a fine-grained,
basic rock with optically homogenous titanomagnet-
ites as the principal magnetic phase. The magnetic
characteristics of these rocks are described by Wa-
silewski (1968). Creer and Like (1967) performed
low-temperature experiments on these class I rocks
and found some rather interesting results when the
external field was applied parallel and antiparallel
to the NRM direction. Some of their results are
shown in Fig. 2. The effect of natural low tempera-
tures on the remanence of class I rocks is real, but
whether or not the direction is affected and to what
extent this affects stability has not yet been defined.
Experiments are needed on the direction and stability
of low-temperature magnetization in class I rocks to
attempt to define more clearly the effect of moderate
cold treatment of the type experienced in near-
surface rocks in Antarctica.

IRON RICH ROCKBfl
-40° 0°

MORIN TRANSITION MAG)IIETITE AND MORIN TRANSITIONS
Figure 1. Remanence vs. temperature curves indicating transitions: A, Natural
hematite crystals (isothermal remanence); B, An iron-rich rock (Cau ita-

borite) from Brazil (natural remanence).
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Figure 2. Remanence vs. temperature curves for mag-
netic class I rocks: Curve 1, Earth's field antiparallel to
NRM; Curve 2 1 Earth's field parallel to NRM. The

arrows show directions of cooling and warming.

Conclusion

Experiments performed by many authors and the
few simple experiments by me suggest that surface
rocks in Antarctica under the influence of the natural
cryogenic environment will suffer demagnetization
and remagnetization. This note is intended simply to
describe the existence of this natural low-temperature
effect. Experiments in progress may define the effects
of the natural cryogenic environment on the direc-
tion and intensity of NRM. Presently, only samples
which are known to be susceptible to low-temperature
effects in the range to —50°C. have been studied;
these are hematite-bearing rocks, magnetic class I
rocks, and artificial samples with high titanium titano-
magnetites. Other, more stable samples, and particu-
larly rocks with both hematite and maghemite com-
ponents, are being studied.
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Soil Moisture, Relative Humidity, and
Microbial Abundance in Dry Valleys of

Southern Victoria Land 1

ROY E. CAMERON and HOWARD P. CONROW

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

In the austral summers 1966-1967 and 1967-1968,
approximately 150 soil samples were collected from
55 sites in the dry valleys of southern Victoria Land
and in nearby coastal areas. Some of these samples
were collected in cooperation with the Virginia
Polytechnic Institute (Benoit and Cameron, 1967).
All samples were kept frozen until physical, chemi-
cal, and microbiological analyses had been per-
formed, either at the McMurdo Station biology lab-
oratory or, following frozen storage and processing,
at the Jet Propulsion Laboratory (JPL) (Cameron
and Conrow, 1968) 2 Some of the results of these
analyses, including environmental measurements,
have been presented previously (Cameron, 1967;
Cameron, King, and David, 1968; Cameron, in press;
King, Cameron, and David, in press).

It is generally well recognized that the duration
and amount of available moisture is the most crucial
factor in restricting the presence, abundance, and
diversity or kinds of terrestrial biota in Antarctica
(Siple, 1938). The availability of moisture is in turn
determined by a variety of other factors, which have
been indicated previously (Benoit and Hall, in press;
Cameron, David, and King, 1968; Cameron, King,
and David, 1968; Cameron, in press; Cameron, King,
and David, in press; Hall, 1968; Schofield and Ru-
dolph, 1968). These factors affecting the availability
of moisture are low incidence and duration of solar
radiation, low temperatures (including diurnal freez-
ing and thawing during the summer), drying winds,
unfavorable exposure, slopes and drainage of terrain,
and valley orientation. If all of the above ecological
factors, including moisture, do not inhibit the sur-

This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California
Institute of Technology, under contract NAS 7-100, spon-
sored by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Ant-
arctica were arranged by the Office of Antarctic Programs,
National Science Foundation.

' Some environmental and microbiological measurements
were made in Antarctica by Drs. Charles N. David and Jon
King. Additional microbiological analyses were performed at
JPL by Mrs. Doris R. Gensel.
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vival and growth of organisms, then soil properties,
both chemical and physical, may be the limiting
factors. Soils containing an overabundance of salts,
an unbalanced ionic composition, or unfavorable con-
centrations of water-soluble trace elements have
restricted or prohibited the possible survival and
adaptation of organisms, including the microbiota
(Cameron, David, and King, 1968). For the purpose
of this report, data are presented on the status of
antarctic soil moisture as an ecological factor.

The in situ moisture content of all soil samples was
determined gravimetrically (105°C.±50C.). Soil
moisture data are given for samples in a number of
dry valleys that were collected from the surface to
depths approaching hard, ice-cemented permafrost
(Table 1). In general, except for permafrost samples,
the in situ moisture content was considerably lower
for samples collected in the dry valleys than for sam-
ples collected from the coastal region (Table 2).

In the dry valleys, there was an increase in soil
moisture from the surface to the depth of ice-
cemented permafrost, with an overall average of ap-
proximately 2-5 percent moisture. At some sites, the
amount of subsurface ice in the samples exceeded
that of soil. Although the number of samples from
any given valley is quite small, there is an indication
that the Beacon Complex contained the driest soils,
whereas samples taken from Wheeler Valley, the
interior valley most favorable for life, had a much
higher average moisture content. Regardless of the
sample site and depth of sample, the overall average
in situ moisture content was -3.5 percent. A pre-
vious estimate of 1-2 percent had been given for
Wright Valley (Ugolini, 1968), although much
higher, as well as lower, values have been obtained
for both Wright and Taylor Valleys (Boyd, Staley,
and Boyd, 1966).

In situ moisture content in relation to soil moisture
status is shown by a comparison of moisture con-
stants determined for McKelvey Valley (Fig. 1) with
those of Victoria Valley (Fig. 2). These values were
determined by standard methods (Richards, 1954)
for moisture retention at given suctions, and they are
plotted as pressure values ranging from 10 4 to 10
bars. In McKelvey Valley, soils #500, 501, and 502
are drier than the optimum values determined at
0.5 and 0.1 bar, and the same relationship is true for
Victoria Valley soils # 537 , 538, and 539. Only Mc-
Kelvey Valley soil #503 and Victoria Valley soil
#539a had favorable in situ moisture contents, but
the soil-moisture relationship was unfavorable since
these samples were taken within the boundary layer
of hard, ice-cemented permafrost, where the moisture
was in an unfavorable form.

The abundance of soluble salts in two of these
soils, *501 from McKelvey Valley and #538

Table 1. Dry Valleys in situ Moisture Content,
Average Weight, %

	

Valley Sites	
Sample Depth, cm

Surface I (2-6) I	30	Average
(2-5) j -15

	

Asgard Complex ------------2.05	4.01	 3.03
Asgard Range ----------	0-.98	1.43	_	1.16
David Valley*	 --------

	

-- --1.36	1.71	 1.53

	

King Valley* ------------1.41	9.90	 5.65
King-David Junct.'	3.66	5.47	 4.87

	

Matterhorn ---------------2.83	1.53	 2.34

	

Complexomplex ---------	0-.76	1.02	1.33	1.04

	

Arena -------------------0.48	1.04	0.70	0.74
Beacon	 -------------

	

-------------0.26	0.27	1.99	0.84
No Name*	 -0.79	1.37	1.31	1.16

	

Turnabout ------------- - -1.52	1.39	 1.46

	

Olympic Range -------------0.90	1.22	___.	1.06

	

Taylor Complex -----------0.89	1.34	0.73	1.19

	

Pearse- ----------------- --0.63	0.78	 0.71
Taylor" ---------------	-1-.15	1.90	0.73	1.65

	

Victoria Complex -----------1.87	3.37	5.29	3.51
Balham ----------------	3-.54	7.19	10.97	7.23

	

Barwick -----------------1.19	3.92	6.41	3.84

	

Bull Pass -------------- -1.31	1.81	1.74	1.62
McKelvey"	 -----------

	

-----2.38	2.58	4.32	3.10

	

VictoriVictoria"-----------------------0.93	1.33	3.03	1.76

	

Wheeler" -----------------2.25	3.90	9.49	5.21

	

Wright -------------------4.92	8.26	0.72	4.63

	

All Valley Samples --------1.92	3.11	4.86	3.46

I

	

Total No. of Samples	57	 21	All
I	I Samples

* Unofficial Names.** Ice-cemented permafrost samples were not included in above
figures. For six samples, these ranged from 144.2 0/c to 11.18 0/c H20.
(Values >100010 indicate greater % ice than soil.)

Table 2. Coastal Region in situ Moisture Content,
Average Weight, %

Sample Depth, cm
Coastal Sites Surface	2 5)	30 1 Average

	r( S2u-r .)	-15

Brown Peninsula -----------15.41	6.44	7.95	9.93
Cape Royds ---- ------------- ---8.70	8.81	6.15	7.89
Marble Point ------------ ---32.18	6.40	6.61	21.91
All Coastal Samples	18.76	7.22	6.90	12.73

	

Total No. of Samples	7	5	5	All
Samples

from Victoria Valley, is shown in Table 3. The in-
fluence of salts in the two moisture profiles (Figs. 1
and 2) is indicated by displacement of the actual
hygroscopic coefficients from the theoretical values
when the soils were equilibrated at the hygroscopic
coefficient in closed humidity chambers. In the Mc-
Kelvey Valley soils, there are significantly greater
increases in the actual hygroscopic coefficients of
salty surface soils #500 and 501 than in those of
subsurface soils #502 and 503. In the Victoria Val-
ley profile, the concentration of salts was insignificant
throughout and the theoretical hygroscopic coef-
ficients were quite similar to the actual values deter-
mined in the laboratory.

24	 ANTARCTIC JOURNAL
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SOIL MOISTURE CURVES, VICTORIA VALLEY, ANTARCTICA
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Table 3. Antarctic Dry Valleys, Soil Physical and Chemical Properties

0

Ions
ppm in 1:5, Soil :H20 Extracto

Color and
Munsell

Notation
Air Dry

go . S 1'	 I

C13 +)QIc	 +	 ,,	
Sa	

O"cl be

: z	o

Location
z
a

S	 5)

0

0
z
ej 5

.
P.

O 0 0

Loamy 10 YR 5/8501 McKelvey	4-15	Sand	yellowish brown 1.3 8.0 10,500 420 5 230 56 435 780 18 440 0.1	0.14 0.012 0.01	310 YR 6/3538 Victoria	2-15	Sand	pale brown	0.28 8.5	900 22 1	9 2 23	22 21	6 0.3 8.02 0.003 0.11	32.5 Y 5/2639 King-David	2-8	Sand	greyish brown	4.4 8.4	68	6 4 0.2 0.5	2	1 24	1 0.9 0.03 0.006 0.04	62.5 Y 6/2
622 Wheeler	2-15	Sand	light brownish	7.3 7.6	81	3 3 0.3	1	4	0 22	0 0.02 0.03 0.005 0.02	3grey

* Unofficial Name

In the dry valleys, as in many other desert regions
investigated by the JPL desert microflora program,
it is apparent that soil moisture is present in the
vapor phase, and any movement of moisture in the
profile also takes place in the vapor phase in the
absence of liquid water. To determine the concentra-
tion of water vapor and to follow its movement, air
relative humidity was determined at selected field
sites for approximately one-week periods, usually at
three-hour intervals, following equilibration of the
moisture sensors. The relative humidities were deter-
mined by means of LiC1 electrolytic cells (Hygro-
dynamics, Inc.). This is the first time that soil rela-
tive humidity has been measured and reported for
antarctic soils.

Relative humidity values were plotted for Mc-

Kelvey, Victoria, "King-David" 3 (Asgard Range),
and Wheeler Valleys, as shown in Figs. 3 through 6.
The lowest air and soil relative humidities were most
frequently measured in east-west oriented McKelvey
and Victoria Valleys, and higher values were meas-
ured for higher altitude north-south oriented Wheel-
er and "King-David" Valleys. In "King-David Val-
ley," after a few days of measurements had been
taken, there was an abrupt shift in wind direction
(with a concurrent increase in wind velocity) bring-
ing low humidity winds from the south instead of
the previous higher humidity northerlies.

There was a general increase in soil relative hu-
midity with proximity to permafrost, with significant-

Unofficial name.
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RELATIVE HUMIDITY CURVES, VICTORIA VALLEY, ANTARCTICA
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ly higher values for permafrost boundary layers in
Wheeler and "King-David" Valleys than in Victoria
and McKelvey Valleys. There was some diurnal
fluctuation of the relative humidity (Figs. 4 and 6),
especially during periods of solar radiation inter-
rupted by surrounding mountains. However, for all
four sites, it can be seen by the harmonics of these
curves that there is a gradual damping for measure-
ments made in the boundary layer of hard, ice-
cemented permafrost, indicating not only higher rela-
tive humidities, but a condition approaching the
steady state. Measurements made during the tenure
of our study at the field sites show no obvious move-
ment of soil moisture in the vapor phase through
the profile from the permafrost layer to the surface.

26

Figure 6.

The abundance of microflora at the four sites is
given in Table 4. Abundance and diversity of the
groups of microflora may be compared with the
relative humidity values recorded for the same depths
(Figs. 3 through 6). It can be seen by a comparison
of these figures that the abundance and diversity of
microflora increase with the increases in relative hu-
midity at Victoria, "King-David," and Wheeler Val-
leys. Microflora which is found near and within the
permafrost layer more frequently than at the soil
surface especially illustrates the influence of relative
humidity upon abundance. With increasingly favor-
able ecological conditions, the abundance and se-
quence of biota are as follows: bacteria (heterotrophs,
aerobes, microaerophils, pleomorphs, diphtheroids,
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Table 4. Antarctic Dry Valleys, Microorganisms/gm of Soil

Aerobic Bacteria	Microaerophilic	 ____
Sample No.	Location	 Depth, cm	+Actinomycetes	Bacteria	

____ 
Mol

y

	

501------------McKelve --------------4-15	220*	 10	 0

	

538- -- - -- - ------------
- Victoria-- -------------

--- -
- -15	1.2 x 10	10	 0

639 ------ -- - - 	---------
  

	

King_David**- - 
2
2-8	2 x 10'	 6.4 x 10	900622--------

	

Wheeler----------2-15	6 x 10'	 1.3 x 106	0

	

Media	 Trypticase Soy	Fluid	 RoseYeast	Thornton's
Agar	 Thioglycollate	Bengal	Peptone	Salt

	

Agar	Agar	Medium

Algae

0
0

20
800

* No Actinomycetes.	** Unofficial Names.

cocci, and bacilli), streptomycetes, algae (especially
blue-green algae), fungi (molds and yeasts) and
Protozoa (amoeboid and flagellated forms), lichens,
and algae (Cameron, King, and David, 1968).

It has been noted previously (McLaren, 1963)
that relative humidities below —85 percent do not
allow for the growth of microorganisms, indicat-
ing that bacteria in Victoria Valley, and probably
McKelvey Valley, are not in an active state. Tem-
peratures below freezing, at or below the level of ice-
cemented permafrost, could also retard or inhibit the
growth of microorganisms. However, antarctic halo-
philes and halotolerants can grow at temperatures at
or near the freezing point (Hall, 1968), and obligate
psychrophiles are quite common in marine environ-
ments colder than +5'C. (Morita, 1966). This
adaptability is quite important to a salty permafrost
ecology and to the possibility of life in an extrater-
restrial permafrost (Courtney, Hagen, and Hawryle-
wicz, 1968), such as may exist on Mars (Smolu-
chowski, 1968). Dry valley permafrost studies have
been useful in postulating a Martian permafrost
(Wade and de Wys, 1968). For antarctic dry valley
soils, it has been found that the 14CO2 evolved from
labelled substrate incubations is much slower for
subsurface than for surface samples (Hubbard, Cam-
eron, and Miller, 1968).

Although a higher relative humidity was measured
for McKelvey Valley (Fig. 3) than for Victoria Val-
ley (Fig. 4), the salt content of McKelvey Valley
(Table 3) is responsible for a soil with a less favorable
moisture status (Fig. 1) than in Victoria Valley (Fig.
2). Even though the bacteria of McKelvey Valley
were halotolerants, they grew as well in nonsalty
culture media, e.g., full-strength and 0.1 percent
trypticase soy broth, as in trypticase soy broth with
added concentrations of 2.5, 5.0, 7.5, and 10 percent
NaCl.

There is no apparent correlation between the
numbers and kinds of microorganisms in the dry
valleys and the exceptionally low levels of organic
C and N as shown by a comparison of Tables 3 and
4. However, as indicated by site measurements and

observations and subsequent analyses of soils, there
is a correlation with the degree of maturity of the
soil, represented by the degree of structural dif -
ferentiation, by color variations, and by differences
in salt accumulations. The McKelvey Valley and
Victoria Valley soils are not only drier, but saltier
and brownish in color, as well as somewhat mottled,
especially in McKelvey Valley; and they show a
greater degree of maturity than some of the moister,
less salty, greyish soils of "King-David" and Wheeler
Valleys. The McKelvey site has soil of a finer texture
near the surface and contains crystalline salts within
the profile.

The abundance, distribution, and diversity of
inicrobiota in antarctic dry valley soils, along with
changes in moisture status, can be used as indications
of the degree of maturity of a site and area. Micro-
biology and soil moisture characteristics can be used
in conjunction with other indicators of valley maturi-
ty, including desert pavement and varnish, frost-crack
polygon formation, salt accumulations, elemental and
ionic composition and ratios, mineralogical charac-
teristics, and soil structural features, including shal-
low or extensive depth to ice-cemented permafrost.
Some of these features have been discussed previous-
ly in regard to antarctic soil formation (Tedrow and
Ugolini, 1966).

The increase in diversity and abundance of micro-
flora from McKelvey—'Victoria--"King-David"-->
Wheeler Valleys is a result of favorable changes in
ecological factors. The importance of these factors
has been stressed previously and can be substantiated
primarily on the basis of increases in favorable mois-
ture-temperature (soiclime) conditions and associated
soil properties.

It is quite likely that an ecological sequence takes
place in the dry valleys and that the moist, youthful
soils possess a developing microflora that dies out or
is reduced in abundance, distribution, and kinds as
the soil becomes more desiccated and reaches com-
parative maturity in these cold, barren, windswept,
and antarctic desert areas.
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Antarctic Dry Valley Soil Microbial
Incubation and Gas Composition'

ROY E. CAMERON and
HOWARD P. CONROW

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

In previous studies of antarctic soil microorga-
nisms, the abundance of populations has been deter-
mined following the cultivation of microorganisms
using enrichment or selective media in agar plates or
in liquid dilution tubes (Benoit and Hall, in press;
Boyd, Staley, and Boyd, 1966; Cameron, King, and
David, 1968; and Hall, 1968). Results have shown
that the total abundance of microflora ranges from
zero (not detectable) to an upper limit of ,-10
per gram of soil.

For some antarctic soils, as for other desert soils,
sprinkling or distributing the soil sample on agar
surfaces has been successfully used to detect low
numbers of microorganisms, i.e., 1-10 microorga-
nisms per 1-5 grams of soil. Under controlled condi-
tions, especially moderate temperature and high hu-
midity, it has been found that prolonging the incuba-
tion period can greatly increase the opportunity to
obtain colonies of antarctic soil bacteria and fungi
(Benoit, unpublished results). For temperate or trop-
ical desert soils, it has been observed in the field
that there is a rapid increase in numbers and activi-
ties of microorganisms following increments of pre-
cipitation. This observation applies especially to
thermophiles, which are common in the Sonoran
Desert and other hot deserts. Bacterial colonies are
visible in agar media within 6-24 hours in these soils.
For Death Valley soils, it has been shown that a
significant increase occurs in viable cell count when
the soils are wetted to maximal water holding ca-
pacity (Merek and Oyama, 1968). For temperate
arable soils, it has been shown that microbial activity
increases with increasing water content to -50-
80 percent of the moisture capacity (Bollen, 1959;
Siefert, 1961).

Microbial activity can be correlated with gas ex-
change, and increase in microbial abundance in a
virgin Mojave Desert soil has been correlated with
increase in CO, concentration, but a moisture value

This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California
Institute of Technology, under contract NAS 7-100, spon-
sored by the National Aeronautics and Space Administra-
tion. Logistic support and facilities for the investigations in
Antarctica were arranged by the Office of Antarctic Pro-
grams, National Science Foundation.
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approaching field capacity (0.1 bar) was found to be
optimum when compared to abundances and
amount of CO 2 evolved at either the hygroscopic
coefficient (31 bars) or moisture capacity (0.001 bar)
(Blank et al., 1965, and unpublished results).
Ancient, cultivated Iraqi desert soils show similar in-
creases in microbial abundance and CO2 concentra-
tion following moist-chamber incubation at an
optimum moisture value of approximately field ca-
pacity (Chandra, Bollen, and Kadry, 1962). For tem-
perate arable soils, except sands, the peak rate of
CO2 evolution is at or very near the aeration porosity
limit (0.05 bar) (Bhaumik and Clark, 1947).

For the purpose of this experiment, an attempt
was made to show the influence of long-term, moist
soil incubation and possible increase in gas concentra-
tion of incubated samples. Soil and gas samples were
collected from Taylor Valley, on an island —30
in of the Lake Bonney hut. 2 Duplicate soil
samples were placed in specially designed incubators
for further treatment. These incubators utilized the
modified open-cup soil slide and chamber principle
for studying soil microflora (Cholodny, 1934). Since
this is the first time that data have been presented
following the use of these incubators, and because
they will also be used in the forthcoming study of
the new volcanic island within the Deception Island
caldera, a brief description is given below.

The "soil multiple culture incubator" is a hand-
size model designed for sampling, culturing, and
incubating terrestrial or extraterrestrial materials,
especially soils, for microorganisms (Figs. 1 and 2).
It was pretested in July and August 1967 at White
Mountain Summit, California (elevation 4,350 m),
a simulated polar environment, where 16-mm motion
pictures were made of field operations. Following
successful incubation and analyses of samples, three
additional incubators were manufactured, with some
improvements, for use in the Antarctic.

The overall apparatus is essentially a light-weight,
sturdy, compact, sterilizable, machinable-plastic in-
cubator composed of two chambers separated by a
plate with detachable rods and tubes. The soil (or
rock) sample is sieved or placed into the larger incu-
bator chamber. The smaller chamber is used for
extract preparation or injection of sterile water or
nutrient solutions through one of the sidewall ports.
Upon inversion of the apparatus, the liquid solutions,
by gravity flow, enter tubes in the larger chamber
and seep through five holes into the surrounding soil
sample to promote cultivation of microorganisms in
an enriched environment of the indigenous soil
sample.

Following the introduction of soil samples, the

2 This site was investigated cooperatively with Prof. Robert
E. Benoit, Virginia Polytechnic Institute.

Figure 1.	Soil incubator unit with visible rods in
chamber.

Figure 2. Soil incubator unit with sieve in place prior
to sampling.

incubators can be placed in visible light to permit
development of possible photosynthetic microorgan-
isms exposed to light beneath the transparent quartz
window. The use of 0-ring seals helps to retain the
environment within the incubator until subsequent
analyses are made. Additional details of the materials,
construction, operations, advantages and purpose of
the incubator have been given previously (Cameron
and Conrow, 1967).
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Soil sample #600 (surface 2 cm) was placed in
two incubators and #603 (subsurface 60 cm) was
placed in two additional incubators. The smaller
chamber of one incubator for each sample was in-
oculated with 10 cc of sterile Lake Bonney water
(collected in 1967), and this was allowed to flow
down the tubes into the soil to provide a gradient of
soil moisture conditions. The remaining two incu-
bators, one for each soil, were treated as "dry" con-
trols, and no solutions were added to these soil
samples. All samples were taken to the McMurdo
Station biology laboratory and incubated at room
temperature under Sylvania GRO/LUX fluorescent
lights (—.' 250 ft.—c.) until they were subsequently
shipped to the Jet Propulsion Laboratory (JPL) for
microbiological analysis.

Gas samples were taken at the Taylor Valley site
immediately following soil sampling (and also one
day later, when the wind direction shifted). In situ
soil atmosphere samples were collected approximately
at the same depths as the soil samples, following 24-
hours' equilibration of the gas samplers. 3 Gas samples
were also taken from each incubator at the Mc-
Murdo Station biology laboratory and outside the
laboratory (windward of the Station) before ship-
ment of the incubators to JPL.

Properties of soils from the surface to a depth of
60 cm are given in Table 1. All of the soils were olive-
colored, gravelly sands, low in organic carbon and
nitrogen, with pH values of	The soils were
alkaline with predominate cations of Na,	and

Predominate anions were Cl -, SO4 , and
HCO3 . The cation exchange capacity was low, only
2 meq/gm of soil, corresponding to low values ob-
tained for typical desert soils of temperate regions.

At JPL, the soil incubators were opened after four
months, and the abundance of microflora was sub-
sequently determined. Microflora abundance deter-
mined by "standard" and "specialized" media are
shown in Tables 2 and 3•4 Although the quartz win-
dow of one of the control incubators was broken in
transit from McMurdo to JPL, it can be seen that there
was a significant increase in surface microflora fol-
lowing incubation of sample #600 compared to the
abundance determined at the in situ moisture con-
tent. Depending on the culture medium, the abun-
dance increased markedly on four of five media fol-
lowing wet incubation. This increase was from a
maximum of 200/gm on trypticase soy agar at in situ

by Allen G. Ford, Design Section, JPL.
'Analyses for microfiora at in situ moisture content were

performed at McMurdo Station by Drs. Charles N. David
and Jon King. Analyses of microflora in soil incubators were
performed at JPL by Mrs. Doris R. Gensel.

moisture content (Table 2) to 2.5 X 105/gm on
Burk's nitrogen fixation agar (Table 3). The least
increase in abundance for sample #600 was obtained
with the low pH medium, Van Delden's sulfate reduc-
tion agar, 10/gm of soil at in situ moisture to 710/
gm after wet incubation, and with simulated Taylor
Valley soil extract-organic medium at 2°C., which
showed an increase of 20/gm of soil at in situ moisture
content to 300/gm after wet incubation.

Following the incubation of subsurface sample
#603, the results were more variable and less spec-
tacular than for surface sample #600. Although
these samples contained 3 percent in situ moisture
(Table 1), an increase in microbial abundance follow-
ing "dry" incubation could be shown only with actino-
mycete isolation agar; otherwise the abundance either
remained at the same level (Table 3) or showed a
decrease compared to the original values (Table 2).
There was a significant increase following wet-soil
incubation and culturing at either 2° or 20°C. on
trypticase soy agar and actinomycete isolation agar.
On these media, the soil diphtheroids were the most
prominent group of microflora. More microflora could
be found in the soil aggregates adhering to moist rods
in the chambers (Fig. 3) than in the rest of the
chamber. No actinomycetes (streptomycetes), algae,
fungi (yeasts and molds), anaerobes, or coliforms
were detected in the samples, either in analyses per-
formed at McMurdo Station or at JPL.

The average results of duplicate gas analyses are
shown in Table 4, both for in situ samples and for
those collected from the incubators. 5 In situ air sam-
ples from Taylor Valley, regardless of sampling height
or depth, had percent-composition values comparable
to values of nonantarctic regions. However, there
was a higher percentage of water vapor in the air at
1 m above the surface for wind blowing from the NE
than from the SW, and no water vapor was detected
in the samples taken at or beneath the soil surface.
The 02 and N2 concentrations were slightly higher in
the atmosphere above the soil surface and at the soil
surface than below the surface. On the basis of the
analyses of in situ Taylor Valley samples, there was
no indication of a buildup of soil CO2, which could
have resulted from microbial activity. For compari-
son purposes, it was observed at White Mountain that
the soil CO2 concentration of a relatively rich soil
microflora (, 10/gm) was two to four times higher
than the concentration of the atmosphere above the
soil. For Wheeler Valley, which also has a compara-
tively abundant soil microflora (up to 107/gm), the

'Analyses by Maurice Frech, JPL Bioscience Section, using
a modified Consolidated Electrodynamics Model 21-103—C
mass spectrometer.
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Table 1. Taylor Valley, Antarctica, Soil Physical and Chemical Properties

	Ions 	 I
ppm in 1:5, Soil: H20 Extract

CU

Color and	 ID4

Texture	Munsell	 'o	a	 0	.c0Notation	 co —	 o	Z vsZ	 Air Dry'	
.2	aa	Q

cc
+	

+	
I	 a	a	2Ea	a	 +	 b8	 0 0	0' bo	be

	

L.	 °.	a	aacc	 ..	 Z	 o	cc	Z	0	0	0	0

600 Surf.	Loamy	5Y 5/3	0.51	7.9 4560 200 75 55 100 835	8 24 5 0.0 0.03 0.003 0.28	2.52	Sand	olive601	2-12	Sand	5Y 5/3	0.63 8.0 4800 230	9	89	85 800	120 26 5 0.1	0.02 0.003 0.02	2.5olive602	30	Sand	5Y 5/3	0.73	7.9 4480 200	9	52	60 600	130 26 4 0.1 0.02 0.002 0.02	2.5olive
603 60	Sand	5Y 6/3	3.01	8.2 3280	130	10	22	80 320	190 27 3 0.1 0.02 0.004 0.02	2.5pale olive

* Color of predominate minerals.

Table 2. Taylor Valley, Antarctica, Microflora Abundance, "Standard Media",
Microflora/gm of Soil'

200 C.	 2° C.	 200 C.	 2° C.
3ample Depth

No.	cm	In situ	Dry	Wet	In situ	Dry	Wet	In situ	Dry	Wet	In situ Dry	Wet

	

Mois-	Incuba- Incuba-	Mois ..	Incuba- Incuba-	Mois-	Incuba.. Incuba- Mois- Incuba- Incuba-

	

ture	tion	tion	ture	tion	tion	ture	tion	tion	ture	tion	tion

600 Surf. 2	50	•'	73 x 10'	200	**	28 x 10	<10	•	42 X 10	20	"	300

601 2-12	10	 <10	 100	 <10
602	30	200	 100	 <10	 <10
603	60	7 x 10'	275	14 x 108	10'	130	15 x 103	700	15	<10	<10	<10	<10

Culture Medium	 Trypticase Soy Ai,	 Simulated Taylor Valley Soil Extract + Yeast Extract

* No yeasts, molds, anaerobes, algae, or coliforms detected.	Incubator broken in shipment from McMurdo to JPL.

Table 3. Taylor Valley, Antarctica, Microflora Abundance, "Specialized Media",
Microflora/gm of Soil'

Sample No.	Depth	cm

600	Surf.	2

601	2-12

602	 30

603	 60

Culture Medium

	

In situ	Dry	Wet	In situ	Dry	Wet	In situ	Dry	WetMoisture Incubation Incubation Moisture Incubation Incubation Moisture Incubation Incubation

	

<10	**	13 x 10'	<10	 710	<10	**	>2.5 x 10r-

	

<10	___	 <10	 <10

	

<10	___	 <10	 <10

<10	900	5 x 10	<10	<10	<10	<10	<10	<10

Actinomycete Isolation Agar***	Van Delden's Sulfate	Burk's Nitrogen Fixation Agar
Reduction Agar

	

* All incubation, at 20°C.	 " No actinomycetes (streptomycetes) present; bacteria only.** Incubator broken in shipment from McMurdo to JPL.
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Table 4. Average Gas Analyses,
Taylor Valley and McMurdo Station

Volume % Composition
Sample Description

02 I co, I N, I Ar I H20 I CH4

Taylor Valley, Air, 1 m; Wind
NE; Dec. 7, 1967 --------------21.4 0.05 77.5 1.01 0.11

Taylor Valley, Air, 1 m; Wind
SW; Dec. 8, 1967 -------------20.2 0.07 78.7 1.00 0.02

Taylor Valley, Air, Surf.; Wind
NE; Dec. 7, 1967 --------------20.5 0.07 78.5 1.01 0.02

Taylor Valley, Soil, 15 cm; Wind
NE; Dec. 7, 1967 -------------20.8 0.03 78.2 1.01 _ _ __

Taylor Valley, Soil, 30 cm; Wind
NE; Dec. 7, 1967 ------------1.2 0.03 77.9 1.02 ----

60Taylor Valley, Soil,	cm; Wind
NE; Dec. 7, 1967-- --- ---------21.5 0.04 77.5 1.02 ----

Taylor Valley, Soil Number 600,
rySurf. 4 cm; D	Incubation;

Jan. 31, 1968 ----------------20.7 0.44 77.8 0.97 ----
Taylor Valley, Soil Number 600,

WSurf. 4 cm;	et Incubation;
Jan. 31, 1968 ------------------ 20.6 0.51 77.9 0.95 -----

Taylor Valley, Soil Number 603,
60 cm; Dry Incubation; Jan.
31, 1968 ---------------------20.6 0.44 77.7 0.94 0.06 0.21

Taylor Valley, Soil Number 603,
60 cm; Wet Incubation; Jan.
31, 1968 ------------------------20.7 0.30 78.0 0.95 0.05

1McMurdo Station, Air	m;
Wind 5; Jan. 31, 1968 ---------20.7 0.46 77.7 0.95 0.12

Figure 3. Photomicrograph of moist soil adhering to
5 mm. diameter rod following wet incubation.

CO2 within the soil was slightly higher, 0.10 percent,
than in the atmosphere above the soil, which was 0.06
percent. In McKelvey Valley, which is low in micro-
flora abundance (-.10-1,000/gm), the average CO2
concentration of both soil and air was 0.28 percent
(Cameron and Conrow, unpublished results).

Air samples taken from the incubator showed a
tenfold increase in CO 2 concentration compared to
in situ Taylor Valley samples. However, an analysis
of air taken from outside the laboratory at McMurdo
Station also showed a comparable CO2 level. This
high CO2 concentration, unexplained at this time,
may possibly be the result of the absence of sea ice
and increase in biotic activity.

There was a drop in argon, as shown by a com-
parison of in situ Taylor Valley values of 1.01 percent
with the normal concentrations, 0.94, from analyses
of samples in the incubators at McMurdo Station.
Values of 1.01 percent were found also in samples
taken from White Mountain Summit, California,
and even higher concentrations, - 1.09 percent, were
obtained for Wheeler Valley.

Although no moisture was detected for in situ
soil atmosphere samples from Taylor Valley, incuba-
tion of samples at room temperature released frozen
moisture for subsurface sample #603 and probably
allowed for some growth of microorganisms which
were favored by culture on actinomycete agar. For
some unexplained reason, the "dry" incubation of
sample #603 showed 0.21 percent CH4 , which is
presumably due to microbial activity. There was no
denitrification in the Taylor Valley soils, although it
was the most noticeable aspect of incubation of the
White Mountain soil.

While the results given above are preliminary, and
in some cases inconclusive, it is apparent that moist-
chamber incubation of antarctic soil samples can be
used to increase the abundance of antarctic dry-valley
microflora. Similar short-term incubations of dry-
valley surface samples also have been shown to in-
crease the microflora abundance following incubation
of three days to four weeks at 8°C. and 25°C. 6 Under

'Studies by Dr. Edward Merck, Life Detection Systems
Branch, Ames Research Laboratory.
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these conditions, the bacterial count has been in-
creased by 2-4 log units. 6 Twenty-four- to 48-hour
incubation of antarctic dry-valley soils at room tem-
perature (1 part soil to 9 parts water) has also been
found to give an increase in the microbial count of
nonpigmented bacteria (soil diphtheroids) but to
eliminate pigmented forms (micrococci) . Additional
experiments with single bacterial isolants have shown
that growth can sometimes be measured in 24 hours,
but it is usually 2-8 days before the amount of
growth may be increased by several log units. 7 This
initial slow rate of growth for antarctic soil isolants
could be an important factor to consider for culturing
possible microorganisms in extraterrestrial low-tem -
perature soils.
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The President's Midwinter Message

Wintering personnel at 35 antarctic installations of
10 nations received a midwinter greeting from Presi-
dent Johnson on June 21. The 261 men at five U.S.
stations and the Eltanin's complement were among
the recipients of the following message:

On Midwinter Day 1968 1 am pleased to send
my traditional greetings to the dedicated and hardy
citizens who strive selflessly for new knowledge in
the cold and darkness of the antarctic night. Your
contributions to mankind's fund of information,
gained through persistent self-denial, discomfort,
and danger, are an example of courage and co-
operation for all the world to admire. I join with
all whose hopes are renewed by the ins piring knowl-
edge of your undeterred commitment in the face of
the harshest conditions of our Earth's environment.
And I wish your endeavors every future success.

-LYNDON B. JOHNSON

John T. Crowell Retires

John T. Crowell, Special Projects Officer for the
National Science Foundation's Division of Environ-
mental Sciences, retired on November 21, 1968, after
almost 24 years of Government service, over a third
of it with the Foundation's antarctic activities.

Mr. Crowell began his polar work in the Arctic as
Master of the Bowdoin with Admiral Donald B. Mac-
Millan for the decade 1926-1936. In World War II,
as an Air Force major, he planned and operated
ferrying bases and weather stations in Canada and
Greenland, receiving the Legion of Merit for his
work. With Mrs. Crowell, he lived at Thule, Green-
land, in 1951-1953 representing the U.S. Weather
Bureau while the joint Danish-U.S. weather station
was undergoing transformation into the huge Thule
Air Force Base. Mr. Crowell continued in the Arctic
for six years with the Northeast Air Command.

On assuming a position with the Foundation in
June 1960, Mr. Crowell became the principal figure
in putting the U.S. Antarctic Research Program
afloat with a fleet of two research ships. He first
planned and monitored the conversion of the USNS
Eltanin from a cargo vessel to a floating scientific
station. Then, in rapid succession, he supervised
multiple contracts for feasibility studies of a man-
made Arctic Basin drifting station, led reconnais-
sance parties to the Antarctic Peninsula and de-
veloped with marine scientists and polar logisticians
the concept of a close-knit shore-station/research-
ship operation.

To implement this idea, Mr. Crowell oversaw every
detail of Hero's development from the selection of an
architect to the acceptance of the research vessel
by the Foundation in July 1968 and the shakedown
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cruises to the Davis Strait that followed. In the period
of Hero's construction and fitting out, he was present
daily at the Gamage yard in South Bristol, Maine.

Foreign Exchange Representatives
Observe U.S. Operations

Again this season, as in every season since Deep

Freeze I, the United States invited each Antarctic
Treaty nation to send a representative to observe
U.S. operations in the Antarctic. These invitations
are extended by the Department of State, and neces-
sary arrangements are made by the Department of
Defense.

This year, 11 countries accepted the invitation. The
designated representatives were Lt. Comdr. Ernesto
Urbiztondo, Argentine Navy; Mr. Allen Tristram
Bath, Australian Bureau of Meteorology; Mr. Rene
Lion, Belgian Minister of Embassy in Washington,
D.C.; Col. Jorge Rojas, Chilean Air Force; Mr. Louis
Dollot, Counselor of the French Embassy, Canberra,
Australia; Dr. Tatsuro Matsuda, Department of
Polar Research, Japanese National Science Museum;
Mr. Johannes M. Waalwijk, a geographer from The
Netherlands; Mr. Owston P. Gabites, New Zealand
Department of External Affairs; Mr. Oluf C. Muller,
Director General of the Norwegian Department of
Finance; Mr. T. A. Bosuá, South African Weather
Bureau; and Mr. Paul I. Whiteman, British Antarc-
tic Survey.

Representatives of five of the countries (Belgium,
Chile, The Netherlands, Norway, and the United
Kingdom) assembled on November 6 in Washington
for briefings on logistic, scientific, and other aspects
of United States activities by Dr. Henry M. Dater of
the U.S. Naval Support Force, Antarctica, Dr. Louis
0. Quam of the National Science Foundation, and
Mr. Byron Manfull of the Department of State.

These representatives departed for New Zealand
the following day aboard an Air Force C-141, arriv-
ing at the advance headquarters of the Support Force
in Christchurch on November 10. There they were
joined by the remaining representatives, who had
traveled to Christchurch individually. The entire
party departed for McMurdo Station on the follow-
ing day, accompanied by Rear Adm. J . Lloyd Abbot,
Jr., the commander of Operation Deep Freeze.

While in the Antarctic, the representatives observed
the scientific and logistical activities at McMurdo,
Byrd, and South Pole Stations, and made trips to
New Zealand's Scott Base and to Cape Royds, site
of Shackleton's 1908 hut and of an Adélie penguin
rookery. The party departed from McMurdo for
Christchurch on November 17.

Dr. Paul A. Siple Dies

Photo: UJ4. Army

Dr. Paul Allman Siple, who began his distinguished
career in polar research as a Boy Scout with the First
Byrd Antarctic Expedition, died in Arlington, Vir-
ginia, on November 25, 1968, at the age of 59. At the
time of his death, Dr. Siple was a special scientific
advisor to the Army's Chief of Research and Develop-
ment, a position he had held since 1967.

Born December 18, 1908, in Montpelier, Ohio, he
was chosen from among 60,000 Boy Scouts of Amer-
ica to accompany the 1928-1930 Byrd Antarctic Ex-
pedition. When the expedition sailed, he was 19 and
had completed one year of college. At Little America,
he served as a dog-handler and naturalist, collecting
specimens of seals and penguins for the American
Museum of Natural History. At the conclusion of the
expedition, he resumed his studies at Allegheny Col-
lege and graduated in 1932 with a B.S. degree.

In 1933, he joined the Second Byrd Antarctic Ex-
pedition as chief biologist. During that expedition, he
led a four-man sledging party on a 77-day exploration
of Marie Byrd Land, which previously had been
viewed only from the air.

Dr. Siple obtained his Ph.D. in geography from
Clark University in 1939 before returning to Ant-
arctica with the U.S. Antarctic Service Expedition of
1939-1941. In addition to serving as the leader of West
Base (Little America III), he was the expedition's
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senior geographer, technical supervisor of equipment,
and navigator on exploratory flights from West Base.
In 1942, Dr. Siple was commissioned in the Quarter-
master Corps, from which he was discharged in 1946
as a lieutenant colonel.

From 1946 to 1963, Dr. Siple was associated with
Army research and development programs in various
capacities, his particular interest being cold-weather
environments. During this period, he returned to the
Antarctic for the fourth time as the senior Army ob-
server with the Navy's Operation High jump in 1946-
1947.

He took a prominent role in planning the U.S.
Antarctic Program for the International Geophysical
Year, participating in the preparatory phase, Deep
Freeze I (1955-1956). On Deep Freeze II (1956-
1957), his sixth trip to Antarctica, Dr. Siple engaged
in the implementation of his plans, supervising the
construction of Amundsen-Scott South Pole Station
and spending the 1957 winter there as the station's
first scientific leader.

In 1963, Dr. Siple was granted leave of absence by
the Army to serve as science attaché with the U.S.
Embassy in Canberra, Australia, where his area of
responsibility included New Zealand. He occupied this
position until 1966, when he suffered a partially dis-
abling stroke.

Dr. Siple was the author of numerous scientific
papers and popular articles, and of four books, the
last being 900 South, an account of his IGY experi-
ences at the South Pole. The first president of the
American Polar Society, and a past president of both
the Association of American Geographers and The
Antarctican Society, Dr. Siple was the recipient of
many awards, including seven honorary doctorates,
the Army's Distinguished Civilian Service Award,
and the Legion of Merit.

Fortieth Anniversary of the First Byrd
Expedition Observed

The fortieth anniversary of the Byrd Antarctic
Expedition of 1928-1930 was observed in Washing-
ton, D.C., on October 18 with an address by Dr.
Laurence M. Gould, the Expedition's Chief Scientist
and second in command. In the audience were six
other veterans of the Expedition: Leland L. Barter,
Arnold H. Clark, James A. Feury, Carroll B. Foster,
Edward E. Goodale, and Charles L. Kessler.

In his commemorative address, Dr. Gould gave a
vivid picture of life aboard ship and at Little Ameri-
ca in the 1929 winter. Aviation feats of the Expedi-
tion included the first perilous flight over the South
Pole by Admiral Byrd and a disastrous flight from

Little America to the Rockefeller Mountains. Here,
Gould and his party were marooned following the
destruction of their plane by a storm. A highlight
of the Expedition was Gould's 1500-mile sledging
trip with Eddie Goodale and three others, in the
summer of 1929-1930, to the mountains bordering
the southern edge of the Ross Ice Shelf.

The audience also heard a message from Mc-
Murdo Station by Rear Admiral J . Lloyd Abbot, Jr.,
Commander, U.S. Naval Support Force, Antarctica,
who said: "As a leader of men, as an innovator in
technical adaptation to a harsh environment, and as
a proponent of peaceful scientific cooperation among
nations, Admiral Byrd set an example which we
would all do well to emulate in Antarctica today."

The meeting in the National Academy of Sciences
was the first of the current season for The Antarc-
tican Society, an incorporated cultural and educa-
tional organization founded in 1959. Its purpose is
to encourage interest in antarctic matters and to
foster the exchange of information about Antarctica.
The Society's address is 1619 New Hampshire Ave-
nue, N.W., Washington, D.C. 20009.

Symposium on Geology and
Geophysics

An international symposium on antarctic geology
and geophysics will be held in Oslo, Norway, in Au-
gust 1970 under the sponsorship of the SCAR Work-
ing Groups on Geology and Solid Earth Geophysics.
An information circular on the symposium will be
available in the summer of 1969.

New Russian Translations
Published for NSF

The following Russian monographs have been
translated into English for the National Science
Foundation and are available at $3.00 a copy from
the Clearinghouse for Federal Scientific and Techni-
cal Information, U.S. Department of Commerce,
Springfield, Virginia 22151:

Arctic and Antarctic Scientific-Research Institute, Lenin-
grad. Geophysical Explorations in the Soviet Arctic and Ant-
arctic. Edited by A. P. Nikol'skii and A. I. 01'. 120 P. Its
Transactions, vol. 241. (TT 68-50316).

Bardin, V. I. The Mountains of the Central Part of Queen
Maud Land. IGY Series, Section IX, Glaciology, no. 15.
112 p. (TT 68-50314).

Soviet Antarctic Expedition. The Seventh Voyage of R/V
Ob', 1961-1962. Edited by V. Kh. Buinitskii and M. E.
Ostrekin. 207 p. Its Transactions, Vol. 44. (TT 68-50312).
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Chronology of U.S. Navy
Support Activities

January 1—March 31, 1968
In Greenwich Mean Time

January
1—USS Calcaterra departed Dunedin, New Zealand, for

ocean station.
2—USCGC Southwind called at Britain's Argentine Is-

lands station.
—IJSCGC Burton Island, USCGC Westwind, and USNS

Towle arrived McMurdo.
—PM-3A nuclear power plant shut down for major

inspection of the steam turbine.
3—USCGC Glacier departed Port Lyttelton, New Zealand,

for Punta Arenas, Chile.
4—USCGC Southwind called at Britain's Adelaide Island

station.
—USNS Alatna arrived Port Lyttelton.
—USS Calcaterra relieved USS Mills on ocean station.

5—Congressmen Jerry L. Pettis (R-Calif.) Richard C.
White (D-Texas), and Howard W. Pollock (R-Alaska)
arrived McMurdo Station to tour U.S. stations.

6—IJSCGC Westwind departed McMurdo to meet in-
bound HMNZS Endeavour.

7—USCGC Southwind arrived Palmer Station.
8—Congressmen Pettis, Pollock, and White departed Mc-

Murdo for New Zealand.
9—USNS Wyandot reported to operational control of

Commander, Task Force 43 (CTF-43), Rear Adm. J.
Lloyd Abbot, Jr.

10—USNS Wyandot arrived Palmer.
—USCGC Westwind began escort of HMNZS Endeav-

our.
12—USNS Alatna moved from Port Chalmers, New Zealand,

to Port Lyttelton.
—USNS Towle departed McMurdo for Port Lyttelton,

escorted by USCGC Burton Island, bound for Wel-
lington, New Zealand.

—Weddell Sea Ship Unit (Task Unit 43.5.5) activated;
Task Unit Commander aboard USCGC Glacier.

13—USNS Wyandot departed Palmer for McMurdo.
—Richard Campleman, CEC, Petty-Officer-in-Charge of

Palmer, relieved by Ens. W. V. Kelly.
—USCGC Southwind departed Palmer for Puerto Percy,

Chile.
—USCGC Westwind and HMNZS Endeavour arrived

McMurdo.
—USS Calcaterra departed ocean station for Dunedin.

14—USS Mills arrived ocean station.
—USNS Alatna departed Port Lyttelton for McMurdo.
—USCGC Burton Island completed escort of USNS

Towle.
16—HMNZS Endeavour departed McMurdo; brief escort

by USCGC Westwind, which returned same day.
17—USCGC Southwind arrived Puerto Percy.
18—USCGC Glacier arrived Punta Arenas.

—USCGC Southwind moved from Puerto Percy to Punta
Arenas.

19—Command of Ross Sea Ship Group (Task Group 43.2)
shifted from USCGC Burton Island to USCGC West-
wind.

—PM-3A resumed power output.
—USNS Towle arrived Port Lyttelton.

20—USNS Towle departed Port Lyttelton and operational
control of CTF-43.

21—USCGC Westwind and USNS Alatna arrived Mc-
Murdo.

—New Zealand Department of Scientific and Industrial
Research field party at Rennick Glacier picked up.

—Tour ship MS Magga Dan ran aground off Hut Point
while entering Winter Quarters Bay.

22—USCGC Southwind moved from Punta Arenas to
Puerto Percy.

—USCGC Westwind departed McMurdo to meet USNS
Eltanin; both arrived McMurdo that day.

—MS Magga Dan freed from shoal by USCGC Westwind.
—USNS Alatna departed McMurdo for Port Lyttelton.
—Runway on annual ice at Williams Field, McMurdo,

closed because of ice deterioration.
23—Hon. John F. Henning, U.S. Ambassador to New Zea-

land, arrived McMurdo to tour U.S. stations.
—USNS Eltanin departed McMurdo.
—USCGC Westwind departed McMurdo to meet in-

bound USNS Wyandot; Westwind returned same day.
24—USNS Wyandot arrived McMurdo.

—USS Calcaterra relieved USS Mills on ocean station.
—MS Magga Dan departed McMurdo.

25—USCGC Westwind departed McMurdo for Hallett.
—USCGC Burton Island arrived Wellington.

26—Eights Station, closed in November 1965, found to be
in good condition, though snow-covered.

—USCGC Glacier departed Punta Arenas for Joinville
Island on the International Weddell Sea Oceanographic
Expedition-1968 (IWSOE-1968).

—USCGC Westwind arrived and departed Hallett.
27—USCGC Westwind arrived McMurdo.

—Ambassador Henning departed McMurdo for N.Z.
28—USCGC Westwind departed McMurdo for Hallett.
29—USCGC Westwind arrived Hallett.

—USCGC Southwind departed Puerto Percy for Palmer.
—USNS Alatna arrived Port Lyttelton.

30—Pickup of South Pole-Queen Maud Land Traverse III
party by LC-130F completed.

—USCGC Glacier forced to change course in vicinity of
Joinville Island because of ice pressure and heavy fog;
new course set for Hope Bay.

—USNS Alatna departed Port Lyttelton for McMurdo.
31—USCGC Glacier arrived Hope Bay.

—Air Development Squadron Six (VX-6) commenced
retrieval of Marie Byrd Land Survey camps 1 and 3.

—USCGC Westwind departed Hallett for McMurdo.

February

1—USCGC Southwind arrived Palmer.
—USCGC Glacier departed Hope Bay for vicinity of

Joinville and d'Urville Islands and Halley Bay.
2—USCGC Westwind arrived McMurdo.
—Representatives of 10 Antarctic Treaty signatories ar-

rived McMurdo to tour U.S. stations.
3—USNS Wyandot departed McMurdo for Port Lyttelton.
—USCGC Burton Island moved from Wellington to Port

Lyttelton.
—USCGC Southwind departed Palmer Station for

Ushuaia, Argentina.
—University of Wisconsin party picked up from Roosevelt

Island by LC-130F.
4—USCGC Burton Island departed Port Lyttelton for Mc-

Murdo.
—Backloading of Marie Byrd Land Survey camp 3 com-

pleted.
5—USCGC Westwind departed McMurdo to conduct cur-

rent measurements (Project Array).
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—Military Airlift Command C-133 arrived Christchurch,
New Zealand, to embark U.S. Army Aviation Detach-
ment (Antarctica Support) with its three UH-1 heli-
copters.

—USCGC Southwind arrived Ushuaia.
6—USCGC Southwind departed Ushuaia for Palmer.
—USNS Alatna arrived McMurdo.
—USCGC Westwind returned to McMurdo.

7—USNS Alatna departed McMurdo for Port Lyttelton.
—USCGC Westwind departed McMurdo to resume Pro-

ject Array.
—Treaty signatory representatives departed McMurdo for

New Zealand.
8—Last flight of the season made to Plateau Station.
—USCGC Westwind returned to McMurdo.
—USCGC Southwind arrived Palmer.

9—USNS Wyandot arrived Port Lyttelton.
10—USCGC Southwind departed Palmer for Punta Arenas.
11—Army Aviation Detachment departed Christchurch

and operational control of CTF-43.
—USS Calcaterra departed ocean station for Dunedin.
—PM-3A shut down for scheduled maintenance.

12—USCGC Burton Island arrived McMurdo.
—USS Mills arrived ocean station.
—USNS Wyandot departed Port Lyttelton and opera-

tional control of CTF-43.
14—USCGC Glacier arrived Halley Bay.

—Brockton Station deactivated for the winter.
—USCGC Burton Island departed McMurdo for Hallett.
—USNS Alatna arrived Port Lyttelton.

15—USCGC Southwind arrived Punta Arenas.
—USNS Alatna departed Port Lyttelton for McMurdo.
—PM-3A resumed power output.

16—USCGC Westwind departed McMurdo to recover Pro-
ject Array buoys.

—USCGC Glacier departed Halley Bay to take oceano-
graphic stations in the Weddell Sea.

17—Last flight of season departed South Pole Station;
CTF-43 aboard.

—HMNZS Endeavour arrived McMurdo.
18—Last scheduled resupply flight of season departed Byrd

Station; CTF-43 aboard.
19—USCGC Westwind completed Project Array in Mc-

Murdo Sound and departed for Hobart, Tasmania,
via Hallett.

20—Last scientific-support flight of season by VX-6 heli-
copters.

—USCGC Southwind departed Punta Arenas for Palmer.
—HMNZS Endeavour departed McMurdo.

22—Final C-121J turnaround flight of season departed
outer Williams Field.

—USCGC Westwind released from operational control of
CTF-43.

23—USCGC Southwind arrived Palmer, departing same
day for Punta Arenas.

—USNS Alatna arrived McMurdo, departing same day
for Port Lyttelton.

—USS Mills departed ocean station for Dunedin.
—Deep Freeze 68 summer season officially closed with

the departure of the last flight from McMurdo to
Christchurch. Capt. A. F. Farwell, Support Force Chief
of Staff, and Capt. H. A. Kelley, Commander, Ant-
arctic Support Activities (ASA), on board.

—Representative McMurdo, Commander, U.S. Naval
Support Force, Antarctica, disestablished, and Detach-
ment Alpha, ASA, Comdr. J . S. McNeely, commanding,
activated.

25—USS Calcaterra departed Dunedin and operational
control of CTF-43.

26—USCGC Burton Island evacuated Hallett.
—USS Mills arrived Dunedin.

27—USCGC Southwind arrived Punta Arenas.
—USCGC Burton Island departed Hallett for New

Zealand.
28—Four VX-6 LC-130Fs released from operational con-

trol of CTF-43.
—Naval Construction Battalion Unit 201 released from

operational control of CTF-43.
—USCGC Southwind departed Punta Arenas for Palmer.

29—CTF--43 departed Christchurch for the United States
aboard a VX-6 C-121J.

—Generator no. 2 at Plateau Station inoperable.
—USCGC Burton Island began Scripps Institution of

Oceanography project.

March

2—USNS Alatna arrived Port Lyttelton.
—USCGC Burton Island completed Scripps project.

3—USCGC Southwind arrived Palmer.
—Plateau experienced failure of all three generators.

4—Last flight of season departed Christchurch for the
United States.

5—Plateau reported generator no. 3 back in service.
—USCGC Glacier met with Argentine icebreaker ARA

General San Martin, then resumed taking oceano-
graphic stations.

6—Command and administration of U.S. Naval Support
Force, Antarctica, shifted from Christchurch to Wash-
ington, D.C.

—USCGC Burton Island arrived Wellington; Task Group
43.2 deactivated.

7—USS Mills departed Dunedin and operational control of
CTF-43.

9—USNS Alatna departed Port Lyttelton and operational
control of CTF-43.

11—VX--6 released from operational control of CTF-43
with the return to Quonset Point, Rhode Island, of
its last airplane, a C-121J.

—USCGC Southwind departed Palmer.
12—USNS Eltanin arrived Wellington.
14—USCGC Southwind arrived Punta Arenas.

—USCGC Burton Island departed Wellington and op-
erational control of CTF-43.

15—Upon completion of IWSOE-1968, USCGC Glacier
departed Weddell Sea for Palmer.

16—USCGC Glacier arrived Palmer.
17—USCGC Southwind departed Punta Arenas for Palmer

with CTF-43 aboard.
—Move from old to new facilities at Palmer completed.

19—USCGC Southwind called at Deception Island en route
to Palmer.

—Plateau garage completely destroyed by fire with heavy
loss of equipment but no injuries.

20—Task Unit 43.5.5 deactivated.
—New Palmer Station commissioned following arrival of

USCGC Southwind.
21—USCGC Southwind, departing Palmer, ran aground on

rock pinnacle at 64°48'S. 64°06'W. After freeing her-
self, Southwind returned to Palmer for damage inspec-
tion. Voyage to South America resumed same day es-
corted by USCGC Glacier.

25—USCGC Southwind and USCGC Glacier arrived Punta
Arenas; both ships released from operational control of
CTF-43.

—PM-3A shut down for repairs.
31—PM-3A resumed power output.
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