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Plans and Events of the

1966-1967 Summer Season
September 30th marked the opening of another

summer field season in Antarctica. Many of the sci-
entific projects of the United States Antarctic Re-
search Program, funded and managed by the Na-
tional Science Foundation, are continuing in nature
and will extend investigations begun in the past. The
extent of the long-term commitment to antarctic re-
search is indicated by the number of participating
personnel: about 150 scientists will participate in
summer projects, another 35 or so will remain over
the next winter, and more than 1,000 naval person-
nel, exclusive of ship companies, will provide logistic
support.

A major feature of this season's activities will be a
1,500-mile traverse along the Byrd Land coast in
which 20 scientists will be supported by Army and
Navy aircraft. Five stations will be open the year
round: Byrd, McMurdo, Palmer, Plateau, and South
Pole. Hallctt will he reopened for the summer to
support air operations and to serve as a base for bi-
ological investigations. Brockton, the summer
weather station on the Ross Ice Shelf, will be relo-
cated to 80°S. 170°W. Little Jeana, at 81'23'S.
170°45'E., will not be reopened this season.

The forces assigned to the U.S. Naval Support
Force, Antarctica, are approximately the same as
those used last year, although there will be two in-
stead of three Military Sea Transportation Service
(MSTS) cargo vessels. There will be four icebreak-
ers but, owing to an organizational transfer, all will
be operated by the Coast Guard. Two picket ves-
sels will alternate on station between New Zealand
and the continent to provide meteorological ob-
servations, serve as a communications link, and, if
needed, assist in search and rescue. An MSTS
tanker will haul bulk petroleum products to Mc-
Murdo Station with the assistance of HMNZS
Endeavour, which will remain under New Zealand's
operational control. The air component in the Ant-
arctic will be composed of 15 Navy and 3 Army air-
craft, supplemented for six weeks on the New Zea-
land-McMurdo run, which begins about October 25,
by two C-130 Hercules from the Military Airlift
Command' (MAC). MAC will also provide transpor-
tation for personnel between the United States and
New Zealand in special mission or chartered aircraft,
and will provide C-124 Globemasters to carry Army
helicopters back and forth between their home base
and McMurdo. Each icebreaker is equipped with two

Formerly the Military Air transport Servicc.

helicopters that can be used for general support of
logistic and scientific operations when the ships are in
the vicinity of McMurdo, Hallett, and Palmer
Stations.

First Flights Include Record at Pole
Although an emergency medical evacuation flight

was carried out on September 12 and 13,2 Operation
Deep Freeze 67 did not begin officially until Sep-
tember 30, when a Hercules aircraft of Air Develop-
ment Squadron Six (VX-6) landed at Williams
Field, McMurdo Sound. The plane, with Rear Ad-
miral Fred E. Bakutis, Commander, U.S. Naval
Support Force, Antarctica, on board, was piloted by
Commander Daniel Balish, Commanding Officer of
VX-6. It was followed at two-hour intervals by the
other three H. rcules of the squadron. These four
aircraft brought in key personnel of the scientific and
logistic support programs, including Mr. Jerry W.
Huffman, McMurdo USARP Representative, and
mail and supplies for the personnel who had win-
tered over.

Two of the aircraft returned to Christchurch and
commenced to shuttle personnel and high-priority
cargo into Antarctica. They were soon joined by the
two Super Constellations (fig. I) which specialize in
the transportation of passengers. By October 9, the
population of United States stations had reached
592, more than double the number that had spent
the winter in the area. On their flights back to New
Zealand, the aircraft began to redeploy the winter-
ing-over force. The other two Hercules began
flights to the other stations. Hallett was reopened on
October 3, the same day that the first flight was
made to reestablish Brockton at its new location. By
October 6, the installation of buildings at Brockton
was complete, and the station was ready to receive
supplies of fuel. Byrd was first reached on October

See story in this issue.

(U.S. Navy Photo)

Fig. I. (-12 if Super Constellation at Williams Field.

November-December, 1966	 243



ATLANTIC1Vc

SOUTH ORKNEY

/	THERE ARE NUMEROUS
/	COASTAL STATIONS ON

/ ANTA 
R 

CT 
IC 

PENINSULA
/	 OPERATED BY ARGENTINA.

CHILE AND THE UNITED
4 KINGDOM.

PA, ER

k, //

SOUTH	\,
/

/
/

OCEAN

FALKLAND
ISLANDS	 I

SOUTH
AMERICA

!

ANTARCTIC ACTIVITIES
1966-1967

United States Antarctic Research Program

iH-	
30

INDIAN

?"J^

OCEAN
Rol BAUDOUIN

 

W

- -	 QUEE MAUD LAND/ (JAPAN)	(USSRI

MALLEY BAY
BASE

UJINITED KINGDOM)

ENDERBY LAND
MANSON

STATION

FILCHNER
\SHELF

-

SOUTH PACIFIC

OCEAN T

H
90

THE RESEARCHRESEARCH VESSEL
US NS ELTANIN CONDUCES
RESEARCH CRUISES IN
ANTARCTIC WATERS. OPERATES
ON YEAR-ROUND BASIS.

-\<	\\\

LEGEND

*	U.S., U.S. CpEU.

•	F,&gSDEU,U

Aerial Photog raphy far Mppi.g

Topographic Map Compilati on

GIg1I Fi e ld Par ti es.

Aer ial Photography for Ice ME Study

Map Con tro l

5iUgiI Fi e ld PEi

CphyUH IEigMi

Y RD	ICE SHELF	10 , v

S(4

SCOTT BASE

 YICTORIA LAND\	
EUE	

op

HALL "I
	

I-ANCEi
STATION	 .4

so

OTT	
--

LC	
\K	-	 150

-	65
180	 300 400 500 ISOD

"EA1 1EAL111	
STATUTE	MILES

STATION DESCRIPTION

LO-TION	LONXG	LONG.	 LONG.	 LONG.	 LONG.

ISTASUSIED	19v	I'll	 1EAS

ICE	

MORAINE	ASH	ICE	ICE

001I OF	AIR	All	A'.	SEA	AIR	AIR

LDIIGS

TEMNXATUIIE M)

APPINOXIMATE
YANTO"So NEL

17	STATION ONLY	260	 4	1	.3	M IS	AS

Al DIST—E

ELLSwoRTHAND*

POLE STATION

 

90

I 
U SS R)f 7QUEEN ALEXANDRA

NAN-

ROSS

244	 ANTARCTIC JOURNAL



4. After a delay because of severe weather, Plateau
received its first flight on October 13. Pole Station
was relieved on October 19, bettering by four days
the record set last year. As no air facilities exist at
Palmer Station, relief will be by ship in early January.

All arrivals by air stop first at McMurdo Station.
While some go on to other destinations, the majority
remains there. McMurdo is both the chief logistics
station for United States operations and a significant
scientific center.

Scientific Projects in the McMurdo Area
Of the some 46 summer field projects, half are to

be based in whole or in part at McMurdo Station. No
area in Antarctica provides better opportunities for
biological, geological, and glaciological investigations
within helicopter range of well-equipped laboratories.

Of the 12 biology projects scheduled for Mc-
Murdo, five will bring back persons who have pre-
viously been in the region. Dr. Carleton Ray of the
New York Zoological Society will continue his in-
vestigations of the submarine ecology and acoustics
of the Weddell seal. His party will again use the
sub-ice observation chamber, which will he emplaced
by the sailors of Antarctic Support Activities with a
special rig developed for this purpose. Dr. Ray's
party will live and work in two huts on the bay ice
near Turtle Rock. This project, one of the first to be
fielded in October, will terminate when the icebreak-
rs penetrate McMurdo Sound early in December.

Dr. Robert E. Feeney, of the University of Cali-
fornia at Davis, will return to the Antarctic to studs
the biochemistry of animal proteins with emphasis on
the proteins in the eggs and blood sera of penguins.
He will also investigate the blood and muscle pro-
teins of certain fishes (Chionodraco and Tremolo-
miis) and the digestive enzymes of aquatic worms
(Ncmertca). These studies should yield information
on the animals' adaptation to low temperatures and
the effect of temperature on enzymatic activity. Dr.
Feeney also plans to take 25 fertile Adélie penguin
eggs back to Davis in mid-November for hatching
under simulated environmental conditions. The other
members of the party will remain in Antarctica
through the season, dividing their time between Cape
Crozier and the McMurdo biological laboratory. The
metabolism of stenothermal fishes (i.e., fishes able to
withstand only slight changes in temperature) will be
studied by Dr. Robert W. Morris of the University of
Oregon. His investigations should shed light on the
mechanisms which permit or prevent fish migration
to waters of varying temperatures and thus have a
hearing on the geographical distribution of fishes.

Penguins and skuas will be the subject of two sci-
entific projects to be conducted at Cape Crozier and
on Franklin Island by Johns Hopkins University. Mr.

Robert C. Wood and a party of three will continue
their population studies of Adélie penguins (fig. 2)
and skuas. This project, under the direction of Dr.
W. i. L. Sladen, has reached a most interesting stage
as many of the birds banded seven years ago as
chicks are now themselves breeding. For the most
part, the investigators will live in the hut at Cape
Crozier, but a visit to Franklin Island will require
ship transportation and will be made to coincide with
scheduled ship movements. The second project, also
under the direction of Dr. Sladen, is a study at Cape
Crozier of environmental adaptation by Adélie and
emperor penguins. Mr. John C. Boyd and two assist-
ants will do further work on the development of bio-
telemetry techniques for the remote monitoring of
bod y temperatures in free-living birds. It may also
he possible to monitor the heart rate, an even more
sensitive behavioral indicator, by the use of surgi-
cally implanted transmitters.

After a lapse of a year, Dr. Richard L. Penney,
formerly of Johns Hopkins but now of the New York
Zoological Society, will return briefly to the Antarctic.
His past studies on the behavioral and physiological
responses of Adélie penguins have shown that these
birds navigate by means of a well-developed sun
azimuth orientation. If the birds are removed to a
new longitude, this orientation becomes modified
after about three weeks. These findings in the field
raise many questions which further laboratory study
may answer. Since Dr. Penney has succeeded in
keeping penguins in his home laboratories, he is now
planning to collect 17 pairs of penguins for airlift, in
early November, to the United States for a planned
series of experiments.

(Photo: F. O'Leary)
Fig. 2. Adélie Pengui,, Feeding a Cluck.
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Another collecting expedition will be made by Mr.
Terence Blair of the Northwestern University Medi-
cal School. From the dry valley areas of Victoria
Land, he will obtain two or three desiccated car-
casses of Weddell seals shown by radiocarbon
dating to have died about 1,200 years ago. He will
also obtain a freshly killed seal at McMurdo. The
carcasses will be shipped to Northwestern where Dr.
Mario 0. Marini will conduct comparative tissue
studies. Modern biology conceives of evolution as a
gradual process, the consequence of a long series of
minor genetic changes or mutations. It might there-
fore be expected that detectable changes may appear
in the nucleic acids that control the transmission of
hereditary characteristics before the occurrence of a
change in the organism sufficiently great to be con-
sidered a mutation. The existence of the desiccated
seal carcasses makes possible a unique comparative
study of this problem.

Three new projects will be conducted in the field
of microbiology. Dr. Raymond D. Dillon of the Uni-
versity of South Dakota and an assistant will study
simple organisms (Protozoa) that live in freshwater
ponds and lakes in the McMurdo area. A party of
three from Caltech's Jet Propulsion Laboratory, led
by Dr. Roy E. Cameron, will investigate ecological
factors at selected sites in the dry valleys along the
west side of McMurdo Sound. This work will test
extraterrestrial life detectors and samplers being de-
veloped for use in the planetary exploration program
of the National Aeronautics and Space Administra-
tion. Part of Dr. Cameron's field work will be done
jointly with Dr. Robert E. Benoit and an assistant
from Virginia Polytechnic Institute who will identify
and study the physiology of antarctic soil micro-
organisms. The project will go beyond previous
efforts in this field, which have concentrated princi-
pally on the survival of microorganisms under antarc-
tic conditions. More advanced techniques will be
employed for isolating indigenous flora and correlat-
ing microbial activity with the properties of the soil.

The biolab will be used by Dr. Russell W.
Strandtmann of Texas Technological College and two
assistants to study the behavior and environmental
tolerance of land arthropods (insects, spiders, mites,
and related forms). The field portion of this investi-
gation will be carried out around McMurdo Station
and, with helicopter support, at Minna Bluff, Mount
Discovery, and in the dry valleys.

The tales of early explorers are filled with de-
scriptions of snow blindness and its attendant painful
inflammation of the eyes. The explorers were im-
pressed that neither their sled dogs nor the native
animals, the birds and seals, seemed to be similarly
affected. Dr. Edvard A. Hemmingsen of the Scripps
Institution of Oceanography will investigate this

phenomenon with the aid of an assistant. The an-
swer may lie in either the absorption characteristics
or in the chemical and physiological properties of the
eye tissues. Preliminary measurements, using ordi-
nary laboratory animals, have been made in the
United States to determine natural radiation intensity
and reflection characteristics. Studies will now be
undertaken on polar animals and comparative meas-
urements made of the intensity of ultraviolet radia-
tion in Antarctica.

For some time, the National Center for Atmo-
spheric Research at Boulder, Colorado, has been as-
sembling data on the distribution of atmospheric
trace gases and aerosols in temperate and tropical
latitudes. This year, it will conduct parallel investi-
gations in the Antarctic. Airborne samples will be
obtained by an LC-47 during about 50 hours of
flight time, and other samples will be taken around
McMurdo Station, in the dry valleys, and at Mount
Discovery. Three persons, led by Dr. William H.
Fischer, expect to be in the field for a month begin-
ning about November 15.

In November, six experimental balloon flights will
he made from McMurdo Station as part of the
GHOST (Global Horizontal Sounding Technique)
program. The balloons, floating at the 200-millibar
level, will be tracked for upper-air data by Navy
aerographers under the supervision of Mr. E. W.
Lichfield and Mr. M. Verstraete of the National
Center for Atmospheric Research.

The area around McMurdo Sound presents much
of interest to geologists and glaciologists who now
have an earth sciences laboratory at the station to fa-
cilitate their research. This year, two groups will
continue their studies of the Beacon sandstones along
the west side of the Sound. A University of Massa-
chusetts party of two, with Mr. David Matz serving
as leader, will investigate the geomorphology and
petrography of the sandstones, while Dr. Clifford T.
McElroy and two assistants from Australia's Univer-
sity of New South Wales will complete a study of the
Beacon formation begun last season, concentrating
this year on the Arena Valley. From the University
of Wisconsin, Dr. Robert F. Black and Dr. Carl J.
Bowser will return to Antarctica for about a month's
fieldwork. Much of their time will be spent in re-
measuring and reinstalling strain networks (some es-
tablished as early as 1961 for their patterned ground
studies) and in maintaining the earth-temperature
recording equipment installed at various sites around
McMurdo Station and in Taylor Valley. They will
also examine the saline discharge into Lake Bonney
at the terminus of the Taylor Glacier and the mira-
bilite (hydrous sodium sulfate) deposits of the Hobbs
Glacier moraine. (Fig. 3.)

Mr. Raymond Montigny of the Ohio State Univer-
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(NSF Photo)
Fig. 3. Drs. Black and Bowser Collecting Ice and Water

Samples in Ta-c/or Val/e'.

sity will collect water samples from the dry valleys
for later geochemical and isotopic studies. Analysis
of these samples will indicate the origin of the saline
lakes which are an extraordinary phenomenon of this
area. It will also show whether the material dis-
solved in the lakes is volcanic or marine in origin.
Mr. Montigny will also collect rock specimens from
Wright Valley to confirm the age of the valley, now
estimated at 338-1,000 million years.

At the Meserve Glacier, another Ohio State party
is carrying on a project begun last year, when a tun-
nel was dug 120 feet into the base of the glacier so
that its movement could be measured. This season
a party of four, under Mr. Gerald Holdsworth, will
reoccupy the base camp, measure last year's glacier
movement and snow accumulation, and set out addi-
tional instruments for determining accumulation and
ablation. They will also drill a hole from the top of
the glacier to the head of the tunnel, using a thermal
drill supplied by the Army's Cold Regions Research
and Engineering Laboratory (CRREL).

(U.S. Nav y Photo)
Fig. 4. LH-34 Helicopter.

From CRREL itself, Mr. Anthony Gow and an-
other researcher will continue an ice study initiated
last year in the Dailey Islands. Preliminary investi-
gations showed that this part of the Ross Ice Shelf
was composed entirely of freshwater glacial ice.
Two more holes will be drilled this year, and one
begun last year on the Koettlitz Glacier will be ex-
tended to the bottom. If this ice turns out to be com-
pletely glacial, another hole will be drilled further
downstream to determine whether sea water begins
freezing to the bottom of the glacier tongue near its
terminus. This work will be done early in the season
before thawing begins.

During the last two weeks of November, Dr.
Wakefield Dort, Jr., of the University of Kansas, will
continue his investigation of cirques (glacially formed
bowls) in the Royal Society Range. Dr. Dort will
then go to Australia where he expects to join the Jap-
anese Antarctic Research Expedition. A guest sci-
entist from the Free University of Brussels, Dr. R. A.
Souchez, will continue the studies of glacial geology
that he began last season. Arrangements will be
made for Dr. Souchez to accompany other investi-
gators in the dry valleys.

With the exception of those operating in the im-
mediate vicinity of McMurdo Station, all these field
parties require helicopter support. Three LH-34D
helicopters (fig. 4), operated by a cadre of experi-
enced pilots, will provide this support during the first
part of the season. The support capability will in-
crease about November 25, when the three icebreak-
ers assigned to the Ross Sea Group arrive in Mc-
Murdo Sound. The Wind-class ships, Eastwind and
Staten Island, each carry two turbine-powered heli-
copters, while Glacier carries a CH-19 and a UH-13.
It is expected that two additional LH-34Ds will be
delivered to McMurdo Station by ship in mid-De-
cember.

Byrd Station Activities

In addition to the installation and testing of a deep
core drill, :' a number of projects will be carried on at
Byrd Station during the summer. Dr. Charles R.
Bentley of the University of Wisconsin will investi-
gate further the application of electromagnetic sound-
ing to determine ice thickness. This technique, which
has worked well on the higher polar plateau, may be
difficult to apply at Byrd because the temperature of
the ice is about 20°C. higher there and the absorption
of radio waves increases with rising temperatures.
Dr. Bentley plans to leave Byrd in December, but
two electronics engineers will continue the work into
January. They will also undertake some studies in
the McMurdo area and run a profile across Byrd
Glacier.

Discussed below under Construction.
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Over the centuries, the antarctic ice cap has
served as a trap for particles that have fallen on its
surface, including pollen, dust, volcanic ash, and
micrometeorites and other extraterrestrial particles.
Mr. Terry Bryan, also of the University of Wiscon-
sin, will supervise the collection of particle-bearing
ice samples from both the surface and from a pit dug
last year by a party from the California Institute of
Technology. Approximately 15 tons of ice will be
melted and filtered at Byrd Station. The filters will
then be returned to the United States for particle
analysis.

Dr. James R. Barcus of the University of Denver
will study particle radiation in the upper atmosphere.
He will concentrate on their temporal, spatial, and
spectral features as determined by high-altitude bal-
loons released from Byrd Station and its geomag-
netically conjugate point in the Northern Hemi-
sphere, Great Whale River, Canada. Ten flights
are planned from Byrd, after which a few will be
made from McMurdo Station. The balloons will be
approximately 40,000 cubic feet in size and will fly
at an altitude of 50,000 feet. A safety mechanism
will cause the balloons to burst when they descend to
30,000 feet to prevent them from interfering with
aircraft operations.

Byrd will also serve as a staging point for many of
the scientific field parties, and the aircraft for the
acromagnetic survey of the Byrd Land coast and for
photography of the Ellsworth Mountains will he
based there.
Palmer Station

Located on Anvers Island, far removed from any
other United States installation, Palmer Station de-
pends entirely upon ships for relief and resupply. The
icebreaker Westwind is expected to arrive at Palmer
by way of South America on January 9, with relief
personnel and a construction unit on board. She will
also deliver 30,000 gallons of hulk diesel. The re-
mainder of the station supplies will be shipped
aboard Wyandot, due on January 14. After unload-
ing her Palmer cargo, Wvandot will proceed to Mc-
Murdo Sound.

Except for a brief trip in mid-February to Punta
Arenas, Chile, Westwind will remain at Palmer until
March 17 so that her crew can participate in shore
activities, assisting both the construction unit and sta-
tion personnel.

Boats from Westwind will assist in two biological
investigations. One is a microbiological study being
carried out by Florida State University, which last
year made a general survey of the east side of the
Antarctic Peninsula at Hope Bay and of the west
side from Marguerite Bay northward. This year, a
team of four under Dr. Carl Oppenheimer will con-
centrate on Arthur Harbor, living ashore and using

laboratory and other facilities of the station. West-
wind will also assist in a study of the parasites of ma-
rine invertebrates and fishes by the Virginia Institute
of Marine Science.

For the second year, a mycologist from the Uni-
versity of Miami will study the land and inshore
fungi around Arthur Harbor. Dr. Christopher Mar-
till will isolate the fungi from water, sea ice, and
sediment samples, and from plankton and littoral
animals. Material collected during the field season
will be sent to Miami for further study.

In January 1965, Ohio State University began a
study of the Anvers Island ice cap. A movement
network of stakes was established and surveyed. To
the data already collected on ice movement, it is
necessary to add information on the thickness of the
ice cap and on the underlying topography. A grav-
ity survey for this purpose will be carried out on the
island with ties to adjacent islands and to the Ant-
arctic Peninsula. Establishing gravity stations away
from Anvers Island will require helicopter support
from the icebreakers.

Hallett Station
A flight on October 3 brought the first personnel

to Hallett Station. They immediately set about reac-
tivating the station to support flight operations. This
necessitated laying out a landing strip on the fast
ice to serve as an emergency landing field for air-
craft on the ChristchurchMcMurdo route. Hallett
is also important as a weather station, and
the meteorological equipment has to be put back
in operation as rapidly as possible.

The rich flora and fauna of the surrounding area
have attracted biologists for many years, and the
facilities of the station include a biological labora-
tory. This season, Mr. Elmer E. Gless of the Bernice
P. Bishop Museum will continue a detailed ecologi-
cal investigation of a free-living mite found in the
vicinity, while Mr. Theodore P. Gannutz of Clark
University, with two assistants, will investigate the
photosynthesis and respiration of lichens.

Remote Field Parties
Scientific projects to be supported by aircraft in

areas distant from any station include a multidisci-
pline survey of the coast of Byrd Land, geological
studies in the Queen Alexandra and Sentinel
Ranges, and paleontological investigations in the
northern Sentinel and Ohio Ranges. All will require
airlift into the field and occasional resupply by LC-
130F. The four projects in the Sentinel, Queen Alex-
andra, and Ohio Ranges are an excellent example
of combined logistics.

Previous United States and New Zealand studies
have revealed much of the geology of the Queen
Maud Range. This year, Mr. Peter J. Barrett of Ohio
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(Photo by U.S. Navy for U.S. Geological Survey)

Fig. 5. Mt. Sidle y in the Executive Committee Range, Byrd Land. One of the Staging Camps for the B yrd Coast Survey
will he Located Near this Range.

State will lead a party of four into adjacent areas of
the Queen Alexandra Range where complementary
studies can be carried out. A camp will be estab-
lished at Prebble Glacier (84 - 15'S. 164°10'E.).
Field equipment, weighing about 9,000 pounds, will
include motor toboggans and a Jamesway hut. The
investigators will use the toboggans to visit Mount
Mackellar, Buckley Island, and The Cloudmaker.
During this part of the project, the Ohio State
party will be accompanied by three geologists from
the University of California at Los Angeles under
Dr. John C. Crowd!. They are interested in the
ancient glacial gravels called "tillites." Correlation of
their findings with evidence from tillite outcrops in
Australia, South Africa, and the Falkland Islands
may shed light on the theory of continental move-
ment or drift. The camp for the Ohio State party
will be shifted about January 1, 1967, from Prebble
Glacier to the névé at the head of Garrard Glacier;
the Jamesway hut will, if landing and takeoff con-
ditions permit, be returned to McMurdo Station.

About two weeks before the Prebble Gla-
cier camp is to be closed, Dr. Crowell and his
party, augmented by a fourth geologist, will transfer
to the Sentinel Range where they will join Dr. Paul
Tasch of Wichita State University. Dr. Tasch and
his two associates plan to collect fossils of conchos-
tracans, shelled animals which lived in fresh and
brackish waters during the Paleozoic Era. If the

forms found in Antarctica resemble those from
Africa and South America, it will indicate a proba-
ble proximity of the three continents in the distant
past. After about a month in the Sentinels, Dr.
Crowell's party will move to Mount Feather, near
McMurdo, for a final two weeks of tillite studies.

Dr. James M. Schopf, a paleobotanist with the
U. S. Geological Survey, will take advantage of the
field locations of the Crowell and Tasch parties to
study fossil plants in the Polar Star formation for
comparison with those he has studied elsewhere in
Antarctica.

The most ambitious scientific field undertaking
is the Byrd Land survey, involving seven projects
and 19 scientists plus a USARP coordinator. Mr.
Courtney Skinner. An Army detachment of 12 men
with three helicopters will provide local transporta-
tion. The Navy has assigned an aerographer and
two cooks to support the survey. Operations will
begin November 1 and continue until late January
or mid-February, depending upon the rate of prog-
ress. Three major staging camps will he occupied,
each for approximately 30 to 35 days. The first will
be in the Ford Ranges at about 77°S. 144°W.
From there the survey party will move successively
to 75°S. 121'-W., near the Executive Committee
Range (fig. 5), and to 74°S. 99 W., in the vicinity
of the Hudson Mountains.
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The survey party will be placed in the field by
LC- I 30Fs from McMurdo Station and will
be housed in three Jamesway huts, weighing 18,700
pounds. In addition, there will be 14,800 pounds of
scientific and field equipment, exclusive of Army
gear. The latter, except for initial placement in the
field and final return to McMurdo, can be carried
in the helicopters. Moving the huts and attendant
equipment will require two LC-130F flights for
each change of location. It will also be necessary to
deliver about 120,000 pounds of fuel and food
directly from McMurdo to each site.

Dr. F. Alton Wade of Texas Technological Col-
lege will serve as senior scientist during the first
half of the survey. Dr. Wade, whose antarctic experi-
ence goes back to the Second Byrd Antarctic Ex-
pedition, 1933-1935, will also lead one of the proj-
ects. With three assistants, he will study the struc-
tural and stratigraphic geology of western
Byrd Land and the relation of that area to the
Transantarctic and Ellsworth Mountains. When Dr.
Wade leaves in mid-December, his place as sen-
ior scientist will be assumed by Dr. J. Campbell
Craddock of the University of Minnesota who, with
an assistant, will make a geologic and gravimetric
investigation of eastern Byrd Land from the Execu-
tive Committee Range to the Jones Mountains.

The survey also includes two other geological
projects, both involving the study of igneous rocks.
From Washington University (St. Louis, Missouri),
an assistant of Dr. H. LeRoy Scharon's will collect
rocks with traces of magnetism, the orientation of
which yields clues to the location and shifts of the
magnetic poles in earlier geologic times. The Soviet
exchange scientist, Mr. L. V. Klimov, a student of
the geology of the coastal regions of East Antarctica,
will also conduct studies of the igneous rocks at
various locations.

Besides geological studies, the survey party will
conduct geophysical and biological investigations
and a topographic survey of the Byrd coast. Three
University of Wisconsin geophysicists, under the
direction of Dr. Charles Bentley, will collect aero-
magnetic data, seismic and radio soundings of ice
thickness, and gravity measurements. Aeromagnetic
flights, using an LC-47 aircraft, will operate from
Byrd Station where one of the investigators will be
located. The other two researchers will accompany
the survey in the field. The results are expected to
yield information on the extent of preglacial islands,
the relationship of offshore volcanic islands to Byrd
Land, and the relative distribution of sedimentary,
volcanic, and plutonic rocks. Dr. E. D. Rudolph of
Ohio State University will carry out an ecological
survey of the flora of Byrd Land. Samples obtained
there on expeditions between 1928 and 1948 have

indicated a wide variety of vegetation and habitats.
The party will also collect insects and mites for
future study.

A team of four topographic engineers from the
U. S. Geological Survey will obtain control data for
mapping purposes from Cape Colbeck eastward to
the Jones Mountains. Absolute positions of individ-
ual features will be determined by astronomical ob-
servations. The engineers will use Electrotape equip-
ment to establish four or more traverse links in the
exposed rock areas.

Plateau Station

The scientific traverse from the South Pole into
Queen Maud Land will not continue this
year. However, aerial reconnaissance of the pro-
posed route is planned for this season and the
vehicles, which were returned to McMurdo for
overhaul at the end of last season, will be flown
to Plateau Station and prepared for a resumption of
th journey in December 1967. The first aircraft of
the current season landed at Plateau on October 13
at 1050 hours. The temperature was ----73°F. and the
craft spent only 15 minutes on the ground.

A Japanese traverse engineer, who will later par-
ticipate in his country's planned traverse program, is
expected to join the University of Wisconsin traverse
personnel in the vehicular rehabilitation project.

A group of scientists expects to spend about two
months at Plateau Station engaged in glaciological
work. They are members of an Ohio State party of
four under the leadership of Dr. Roy M. Koerner.
They will dig it pit and use a CRREL-pro-
vided thermo-drill to sink a 500-meter hole in order
to obtain ice cores for later study at Ohio State and
the University of Brussels. A guest scientist from
Norway, Mr. Olav Orheim, will also carry on glacio-
logical studies in the vicinity of the station.

Air Activities
Besides supporting the field parties, the aircraft in

the antarctic program must take aerial photographs
and transport cargo and personnel to all the stations
except Palmer. The aerial supply line stretches more
than 12.000 miles from the eastern seaboard of the
United States to Plateau Station. The sailor or sci-
entist bound for Antarctica usually makes the first
part of his journey in aircraft furnished by the Mili-
tary Airlift Command, although a few travel to New
Zealand in support aircraft that are deploying to the
area. Between Christchurch, New Zealand, and Mc-
Murdo Station, he may travel in an LC-130F or a
Super Constellation of VX-6 or in one of the two
C-130Es from MAC, this year represented by a
Navy transport squadron. Two C-124 flights are
planned to bring Army helicopters and supporting
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equipment from the United States to McMurdo. All
aerial transportation within the Antarctic Continent is
furnished by VX-6 and the Army detachment.

Beginning with the first fly-in by an LC-130F
on September 30, 260 tons of high-priority cargo and
1,350 personnel will be carried to McMurdo Station.
Much of the cargo and many of the personnel will
subsequently be flown to inland stations or field lo-
cations. About 400 tons of dry cargo, including the
weight of 400 persons, will be carried to the South
Pole, and 500 tons with a like number of people to
Byrd Station. An additional 50 tons will be sent di-
rectly to the Byrd VLF substation. About 200 tons,
including 30 passengers, are scheduled on flights to
Plateau Station. Brockton and Hallett, which are
summer stations used principally for weather report-
ing, will be supplied by Dakotas and Hercules.
Brockton is scheduled to receive 107 tons but Hal-
lett, which is approachable by sea, will receive only
16 tons by air. All deliveries to remote scientific
field parties will be made by Hercules. By far the
greater part of this support, 208 tons, will be to the
Byrd coast survey teams. About 21 tons will go to
other scientific groups.

The above figures do not include bulk fuel deliv-
eries, which make up the major part of the effort by
the Hercules. Special fuel tanks are placed in the
airplanes' fuselages for this purpose. Because air-
craft will stage out of both South Pole and Byrd Sta-
tions, it will he necessary to stock these sites with
jet fuel as well as arctic diesel fuel. About 300.000
gallons of both types will be sent to the South Pole
and almost 400,000 to Byrd. The Byrd VLF facility
and Plateau Station will each receive a little under
27,000 gallons of diesel fuel, and 5,000 gallons will
be delivered to Brockton.

No firm estimates are available of the hours to be
flown by the helicopters of the Army, Navy, and
Coast Guard. There are few summer scientific proj-
ects in the McMurdo Sound area that will not require
helicopter support. This task is primarily the respon-
sibility of VX-6, which had three LH-34 helicopters
at the beginning of the season and will acquire two
more later in the season. The icebreakers may be
called upon for additional helicopter support while
they are in the area.

A Super Constellation of the Navy's Oceano-
graphic Office will arrive at McMurdo about October
21 to make two flights as part of Project Magnet, a
worldwide aeromagnetic survey.

The experience gained in medical evacuation
flights over the last two years has prepared the way
for more routine flying at all times of the year. Two
regular flights are tentatively planned for the 1967
winter season: one in June and the other in late
August.

Aerial Photography

The United States Geological Survey continues to
prepare maps of Antarctica from aerial photographs
taken by naval aircraft. For this purpose, VX-6
possesses a Hercules and a Super Constellation
with tricamera installations. The Hercules, oper-
ating from McMurdo and Byrd Stations, will com-
plete the photographic coverage of the Ellsworth
Mountains and the Byrd Land coast which was
begun last year. The same aircraft will also photo-
graph the coast of the Bellingshausen Sea and the
eastern side of the Ross Sea. The photoconfigured
Super Constellation will proceed to Punta Arenas,
Chile, on October 24, from which base it will photo-
graph the southern portion of the Antarctic Penin-
sula. This project is expected to be completed in
the first week of December. The Super Constellation
will also photograph the Balleny Islands while on lo-
gistics flights between New Zealand and McMurdo
Station.

Besides the mapping flights, three special photo-
graphic missions will be flown. One subject is the
Adélie rookery at Cape Crozier, which will be pho-
tographed during the egg-laying period (November
12 to 16) as part of a penguin population study.
The second mission is the rephotographing of a net-
work of markers installed during Deep Freeze 63 be-
tween Byrd Station and the Whitmore Mountains for
ice movement studies. Finally, photographs of the
patterned ground at the terminus of Hobbs Glacier
are needed to prepare a planimetric map for Univer-
sity of Wisconsin scientists who will he studying
mirahilite deposits at this site. The photographs
must be obtained after the snow has melted and un-
covered the salt deposits, but before the scientists ar-
rive in the field.

Construction

Construction personnel are as eager as the scien-
tists to take advanta ge of the summer period of fa-
vorable weather. Stations in the Antarctic are main-
tained and operated by the Commander, Antarctic
Support Activities. His Public Works Department is
responsible for the maintenance, operation, and re-
pair of public works facilities and utilities. Station
construction and major improvements are performed
by the U.S. Navy Construction Battalion Unit 201,
which was commissioned on June 1. 1966, specifical-
ly to support the antarctic program. This unit, the
only one of its kind in the Navy, will take the place
of the detachment of Construction Battalion Six that
was assigned last year.

The reorganization of construction support is ex-
pected to have several advantages: greater economy
and efficiency can be realized from a unit specializ-
ing in the unique problems of antarctic construction,
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and an existing battalion will remain available tor
deployment as a unit instead of being immobilized
for the four months that a detachment is in Antarc-
tica. For the first year, the unit will have three offi-
cers and 125 men with Lieutenant (Junior Grade)
Richard D. Whitmer, CEC, USN, as officer-in-
charge. Most of the unit will deploy through New
Zealand to McMurdo Station in October, but a small
detachment will go to Palmer Station by ship during
January. This year, the first increment of a perma-
nent station will be built close by the existing Palmer
Station. The SeaBees will begin by establishing a
construction camp and building a ramp for unload-
ing equipment and supplies. After the supplies arrive
and are discharged, the men will build a wharf and
install metal fuel tanks to support trawler operations
scheduled for subsequent years. Since Palmer is ap-
proachable only by ship, work will not commence
until the arrival of the Coast Guard icebreaker West-
wind about January 9. If time permits, ground will
be levelled for the later construction of the new
station.

At Byrd Station, the construction unit, working
closely with personnel from CRREL, will install a
deep-core drilling rig. This device has been under
development for some years and has been used suc-
cessfully to drill through the Greenland Ice Cap. 4 A
drill tower will be erected over one of the tunnels at
Byrd and the remainder of the equipment will be in-
stalled on the tunnel floor. It is expected that instal-
lation will require the entire summer season and that
only test drilling, perhaps to a depth of 100 meters,
will be done during the current season. Plans for
subsequent years call for drilling completely through
the ice to the underlying rock, a distance of about
8,700 feet.

Another special construction project for the sci-
entific program will be the erection of a 102-foot
micrometeorological tower at Plateau Station. The
tower will be used as part of a radiation climatology
study by the U.S. Army's Natick Laboratories.
Sensors will be placed at 10-foot intervals on the
tower to record temperature, wind direction, and
wind speed data needed to study the variation with
height of radiation intensity and energy exchange.
Specific measurements are already being made of
both short- and long-wave radiation.

For some years an extensive effort has been
under way to improve both living quarters and stor-
age facilities at McMurdo Station. Last year, the
foundation site was prepared for a new two-story
personnel building which will house 250 persons and
feed 500. This season the SeaBees will put up the
building shell and install utilities in the subsistence,
mechanical, and laundry sections. The schedule also

See Antarctic Journal, Vol. 1, No. 5, p. 207-208

provides for the construction of a warehouse for
VX-6 and, time permitting, a second may be erected.

A number of other projects are also scheduled.
The water distillation system, completed last year
but closed down for the winter, will be reactivated.
Both the fresh-water distribution system and the sew-
age system will be extended. To insure more effi-
cient use of vehicles and other equipment, a public
works and transportation center will be built. A
contractor will expand the capacity of existing stor-
age tanks for diesel and aviation fuels by 750,000
gallons. Many other, smaller projects will he under-
taken.

No major work is planned at South Pole or Hal-
lett Stations but, as at all of the stations, mainte-
nance of facilities will be necessary. The plan to set
up a small scientific station in one of the dry valleys
has been deferred for a year.

Ship Operations

The first ships to commence operations were
those of the Ocean Station Unit. USS Thomas J.
Gary was on station for the first scheduled fly-in on
September 30. She was relieved by USS Mills on
October 8. The two ships will continue to alternate
through the remainder of the season. They provide
meteorological data and navigational and communi-
cations assistance in support of flight operations be-
tween Christchurch and McMurdo Station. They
also stop in transit at Campbell Island to provide
logistic support to New Zealand's scientific station
there.

The Ross Sea Ship Group carries the great bulk
of supplies to Antarctica. This group consists of the
Coast Guard icebreakers Glacier, Staten Island, and
Eastwind, the Military Sea Transportation Service's
cargo vessels Towle and Wvandot, and the tanker
Alatna. As part of the United States-New Zealand
program of cooperation, HMNZS Endeavour (fig. 6)
will make two trips to McMurdo Station with bulk
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Fig. 6. HMNZS Endeavour at McMurdo Station.
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petroleum products in addition to supplying New
Zealand's Scott Base.

The first phase of ship operations by the Ross Sea
Group will be the cutting of a channel through the
fast ice in McMurdo Sound. Staten Island is sched-
uled to arrive November 24, followed a day later by
Glacier and Eastwind. Ideally. the V-shaped chan-
nel should be two and a half to three miles wide at
its entrance and should narrow to 300 yards at Hut
Point. Varying conditions of the ice and weather,
however, may cause modifications to this ideal plan.

Three weeks should suffice for cutting the chan-
nel. The first supply vessel to arrive will be the
tanker Alatna on December 16. Alatna will make
three additional trips between Port Lyttelton and
McMurdo Station, delivering a total of 2,650,000
gallons of jet fuel, 1,800,000 gallons of arctic
diesel, and 213,000 gallons of aviation gasoline.
Endeavour will bring 410,000 gallons each of arctic
diesel and jet fuel, 255,000 gallons of motor gaso-
line, and 168,000 gallons of aviation gasoline.

The first cargo vessel to reach McMurdo Station
will be Towle on January 1. This will be Towle's
only trip of the season. Wandot will first go to Pal-
mer Station and directly from there to McMurdo, ar-
riving about January 29. She will remain there until
February 24.

After the completion of the channel and initial
ship movements, Staten Island and Glacier will re-
turn briefly to New Zealand. On January 12,
Staten Island will depart Port Lyttelton for a recon-
naissance of the Weddell Sea. After two months,
she will stop briefly at Palmer Station, and then pro-
ceed home by way of South America. Glacier will
leave Port Lyttelton on January 13 and return to
McMurdo Sound by way of Hallett Station. She will
remain in the McMurdo area until February 25.
Eastwind will also go to New Zealand in January.
While there, she will visit Wellington for five days
beginning on January 16. She will be back at Mc-
Murdo on January 29 and will resupply Hallett Sta-
tion between February 3 and 5. Eastwind will be en-
gaged for the rest of February in supporting the
Naval Oceanographic Office's ice prediction study
and oceanographic survey in the western Ross Sea.
She will be the last ship to depart the area, leaving
on March 1, after closing Hallett Station for the
season.

USNS Eltanin

The Military Sea Transportation Service will con-
tinue to operate the Eltanin as a research ship for the

National Science Foundation. Active programs are
planned in marine biology and geology, physical
oceanography, geophysics, meteorology, and upper
atmosphere physics.

Eltanin completed Cruise 24 at Valparaiso, Chile,
in September. This cruise was designed to study the
Subtropical Convergence between the 36th and 42nd
south parallels. Cruise 25, which began on Septem-
ber 24, will take the ship back to New Zealand in
late November. After examining the Chile Rise,
Eltanin will follow the 50th parallel between 90°W.
and 122°W. From there, she will proceed on various
headings, going as far south as 59S. at 132 0 W., be-
fore proceeding to New Zealand. The ship is ex-
pected to arrive in Wellington on November 22.
USARP Representative aboard is Dr. A. P. Crary,
Chief Scientist of NSF's Office of Antarctic Pro-
grams, who joined the vessel at Valparaiso.

A short cruise, No. 26, will he made in the Tas-
man Sea during December and a longer one, No. 27,
in the Ross Sea during January and February. A
port call will be made at McMurdo Station about
January 13. This brief visit, the first for Eltanin,
will allow some scientists to leave the ship while for
others it will provide an opportunity to join the ship
for work in the Ross Sea. Cruise 27 will terminate
at Melbourne. Australia.

Year-Round Programs

Many research programs, particularly those in the
fields of meteorology and upper atmosphere physics,
are carried on at the stations the year around.
Others (e.g., auroral studies) are limited to the win-
ter months. Many programs in both categories have
been collecting data for years.

The Bartol Research Foundation will continue to
operate forward scatter links between Byrd—Mc-
Murdo, Byrd—South Pole, and McMurdo—Vostok.
The equipment at the Soviet Vostok Station has been
operated during the past year by Mr. John Taylor of
the University of Alaska. He will be joined for a
month during the summer by Dr. Victor P. Hessler.
After putting the equipment in order, the two men
will turn over its operation to their Soviet colleagues.

The Bartol Foundation also maintains a cosmic
ray program at McMurdo and South Pole Stations.
During the 1967 winter, the equipment will be op-
crated by Bartol personnel at McMurdo and the
South Pole, while an observer from the Institute for
Telecommunication Sciences and Aeronomy will
maintain the Bartol program at Byrd Station. The
Institute, an agency of the Environmental Science
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Services Administration (ESSA), will continue to
study radio-wave absorption at Byrd and South Pole
Stations and their conjugate points in Canada—Great
Whale River and Frobisher Bay. It will also make
spectrophotometric twilight and auroral observations
at Byrd Station and will conduct, along with Stanford
University and the University of Washington, ultra-
low- and very-low-frequency propagation studies at
Byrd and Plateau Stations. The Institute will spe-
cifically investigate the effect of the South Atlantic
magnetic anomaly on electromagnetic wave propaga-
tion characteristics, while observers from Stanford
will continue to study the morphology of both nat-
ural and artificial VLF signals and record data on
a number of polar-orbiting satellites for information
on ionospheric conditions (fig. 7).
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Fig. 7. "Home-Made" Antenna Used at B yrd Station 10

Track Alouette Satellites.

The University of Washington will conduct five
experiments using the 21-mile VLF antenna near
Byrd Station and the 10-mile dipole installed last
summer. One of the five projects is new this year;
it involves the application of the 21-mile antenna
to wave propagation research in the 8 to 100 cycles
per second range. The four continued projects are
D-layer ionospheric studies, exospheric electron den-
sity research, measurement of the fields radiated from
the antenna, and research on the characteristics of
the antennas per Se. Airborne measurements of an-
tenna characteristics will be made during the summer
in the course of photographic flights from Byrd Sta-
tion into Ellsworth Land. Next winter, the VLF facil-
ity, about 12 miles from Byrd Station, will be
occupied by an observer from the University of
Washington and an engineer from the University
of Wisconsin.

The U.S. Coast and Geodetic Survey, another
ESSA agency, will maintain the magnetic observa-

tories at Byrd, South Pole, and Plateau Stations and
seismic stations at Byrd and South Pole, as it has in
the past. The observer at Plateau has been trained
to operate the auroral equipment of the Arctic
Institute of North America.

Since the beginning of the IGY, the Weather
Bureau, now also a part of ESSA, has taken con-
tinuous weather observations at Byrd and South Pole
Stations. Plateau Station is now an added observa-
tion site. A standard six-hour synoptic program is
conducted with visual observations of clouds, visi-
bility, precipitation, and blowing snow. Continuous
recordings are made of temperature, pressure, sun-
shine, and wind speed and direction. A special pro-
gram in micrometeorology will be conducted at
Plateau by the University of Melbourne, whose ob-
server will also maintain the equipment of the Natick
Laboratories in cooperation with the Weather Bu-
reau observer.

Byrd and South Pole Stations will each have five
Weather Bureau personnel during the summer and
three and two, respectively, during the winter.
Weather observations at McMurdo Station are
taken by Navy aerologists who also man Hallett and
Brockton Stations while flight operations are in
progress from October through February.

For a number of years, Douglas Aircraft Company
has maintained a conjugate-point riometer program
at McMurdo to measure ionospheric absorption and
ion density. The conjugate point to McMurdo is
Shepherd Bay, Canada. A new multifrequency riom-
eter that will measure absorption on 19 frequencies
will be installed this summer.

At the South Pole, the University of Oklahoma
will conduct a study of the sleeping, dreaming, and
waking behavior of wintering-over personnel. The
objective is to acquire psychophysiological data
under the biological, psychological, and social en-
vironment of an isolated station. Sleep patterns
form a significant part of the adaptive effort re-
quired of men in the Antarctic. Only recently have
techniques been developed for the precise study of
sleep, and they will he applied in this project. It is
believed that the data collected will prove useful in
planning for future ex ploration both on Earth and in
space. This research may also reveal something
about that antarctic form of insomnia known to a
generation of explorers as "big eye."

Winter activities at Palmer Station will include
glaciological studies and meteorological observations
by Ohio State University and biological research by
the Virginia Institute of Marine Science.

254	 ANTARCTIC JOURNAL



Effects of Developments in

Transportation Techniques

on Geological Research in

Antarctica
GEORGE A. DOUMANI

Science and Technology Division
Library of Congress

Introduction

Transportation has been the essential factor
affecting polar exploration achievements. In many
instances, it has been the decisive factor between
success and failure, even survival and death. The
antarctic literature is replete with descriptions of
types and methods of transportation: manual, nauti-
cal, animal, vehicular, and aerial. This report will
disregard the nautical and aerial means of reaching
the continent and concentrate on the techniques of
exploring its interior.

Dogsleds and manhauling have been the classic
means of antarctic travel. On the British Antarctic
Expedition of 1907-1909, Shackleton took dogs and
ponies and introduced the first mechanized vehicle,
an ordinary motorcar, which performed well for
short hauls on the ice but eventually broke down
and was not utilized in any scientific work.

On his last expedition (1910-1913). R. F. Scott
had taken dogs, ponies, motor sleds (tracked vehi-
cles), and even a bicycle, which was used by geolo-
gist Griffith Taylor while making glaciological
observations. At one point in that expedition, a con-
traption similar to a go-cart was constructed of a steel
pipe frame mounted on four bicycle wheels. Ponies
were believed to be more reliable than dogs, but
they had considerable difficulty because of their
hooves, and snowshoes were tried on one for a few
miles. Although Scott believed that "There is no
doubt that these snowshoes are the thing for ponies,"
this improvisation was a failure. As for the motor
sleds, Scott was always doubtful about their reliabil-
ity, but he was willing to try them out and determine
their ability to revolutionize polar transportation.
Soon after the start of the journey, the engines broke
down; however, One thing is proved," wrote Scott,
"the system of propulsion is altogether satisfactory."
When Scott's ponies and dogs also succumbed, he
completed the race to the Geographic South Pole by
manhauling. Upon arrival at the South Pole, how-
ever, Scott and his party found footprints of Amund-

Sen's dogs scattered around the abandoned tent as
testimony to the dogs' role in making history.

Another mechanized innovation was the "air-
tractor sledge" used by the Australian expedition
under Douglas Mawson in 1912. Originally a Vick-
ers monoplane, it was shorn of its wings and equip-
ped with detachable runners; it could be considered
the first ski-equipped airplane in antarctic explora-
tion. Its service began on December 3 and ended the
next day, and the party had to resort to manhaul-
ing.

Hubert Wilkins and Carl B. Eielson pioneered
antarctic aviation with reconnaissance flights
in 1928 and 1929. Following them, and in later
expeditions, Richard E. Byrd initiated the era of
large-scale aerial and mechanical exploration, with
emphasis on scientific rather than national achieve-
ments.

Byrd's 1929 "Snowmobile," like its mechanized
predecessors, met with failure, but a great deal of
geographical and geological reconnaissance was ac-
complished by aircraft. Further mechanization was
introduced on the 1933-1935 expedition, but the
dog teams were still found to be the most reliable
transport. In 1934, a group of geologists using dog-
shds reached Mount Weaver, the southern-
most penetration of any neological party up to that
time. In 1939, Byrd tried Army tanks and small
tractors, which proved useful and paved the way for
further use of tracked vehicles. The monstrous, bus-
like "Snow Cruiser" which accompanied that expedi-
tion was a monumental failure and a great disap-
pointment to the geologists who intended to use it,
but, ironically, it served science many years after
it ended its three-mile journey. In January 1958,
during the International Geophysical Year, snow
stratigraphic studies were made at Little America.
where a 23-foot pit was excavated at the site of
Admiral B yrd's 1939 camp. Little America III. The
"Snow Cruiser" was found resting on the 1939-
1 940 summer snow layer, therefore serving as a
bench mark for the stratigraphic studies. By the end
of Operation Hithjump in 1947. Byrd had over-
come many logistics problems and had heralded
the era of mechanized exploration in its modern
form. During the IGY, aircraft and tracked vehi-
cles became the primary movers of supplies and
scientists.
Oversnow Traverse Techniques

Despite the massive air reconnaissance of Opera-
don Highjiimp, the IGY started with more than 50
percent of the Antarctic Continent not even seen,
much less visited by surface expeditions. Thus a
major objective during the IGY was to explore the
Continent by traversing its vast ice sheet in tracked
vehicles.
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A tracked vehicle that became standard during
the IGY is the Sno-Cat (fig. 1). A typical American
oversnow traverse included three Sno-Cats, each
towing either a 2½-ton sled or two or three 1-ton
sleds loaded with provisions, spare parts, and scien-
tific equipment. The party usually included two
geophysicists, two glaciologists, a navigator-
surveyor, and a mechanic. Each participant had
specific duties assigned to him but, of necessity,
would assist in several chores indirectly related to
his immediate obligations.

The Sno-Cats were fitted with bunks, storage
cabinets, and radios (fig. 2). One Sno-Cat contained
the geophysical equipment (amplifiers, camera,
gravimeter, magnetometer, etc.), the second carried
glaciological equipment (Rammsonde, ice-coring au-
ger, density tubes, etc.), and the third Sno-Cat held
the surveying equipment, spare parts, and food, and
towed a wanigan constructed on a 2½-ton sled (fig.
3). The amount of food and gasoline towed by the
Sno-Cats was balanced against the number and fre-
quency of resupply flights to be made to the traverse
party.

Prior to setting out on a three-month trek, a
reconnaissance flight was made along the proposed
traverse route. Observations were made of snow-
surface conditions, the presence or absence of cre-
vasses and crevasse fields, and the location of moun-
tains and nunataks and their accessibility on the
ground. Aerial photographs were taken to aid in the
planning of a safe route and any intended visits to
exposed rock outcrops.

Once the traverse got under way, usually by the
beginning of November, work fell into a steady
routine. The navigator set a dead-reckoning course
which was to be followed by the lead Sno-Cat
through a compass setting. A simple, aircraft-type,
immersed compass proved to be a good substitute
for the delicate gyrocompass; some traverse parties
used a simple sun compass. Altimeters were read in
the three vehicles at the same time and place; then
the lead vehicle started out, keeping record of the
mileage on the odometer. After three miles of travel
it stopped, radioed back to the other vehicles, and
all three read their altimeters again. Then the two
vehicles followed the tracks of the lead vehicle
which left a flag marking the three-mile stop and
proceeded to the next three-mile stop, and so on. At
every stop, the gravity, magnetism, and weather
were observed, and the glaciologists tested the hard-
ness of the surface snow. Measurements were made
of wind direction and the prevailing direction of the
long axes of sastrugi. This routine was continued for
10 or 12 hours, which usually marked the end of a
day's journey of about 25 to 30 miles.

The vehicles were parked to form an enclosure
for camping, and a new routine began: the glaciolo-

gists dug a 2x2x3-meter snow pit for stratigraphic
studies, the geophysicists spread the seismic network
of geophones, and the surveyor set up his theodo-
lite for sun shots to establish the camp's position.
These chores completed, the explorers crawled into
their sleeping bags, exhausted after a long day which
usually averaged 14-16 hours of work.

Glaciological work during encamped days
included snow temperature readings, density meas-
urements of the pit wall, coring of the firn to a depth
of 10 meters, study of the cores and determination
of their densities, and description of the stratigraphic
layers exposed along the 3-meter pit wall. The same
wall was then augered vertically (fig. 4), a light
projected through it, and the stratigraphy recorded
photographically. While the glaciological investiga-
tions were being carried out, the geophysicists set off
charges to determine the thickness of the ice by
reflection and refraction. At several stations, long
refraction shots were made. Meanwhile, the
surveyor completed his sunshots and surveyed any
mountains or peaks within the range of his instru-
ments.

This routine was repeated every 25 or 30 miles
throughout the traverse, which usually cov-
ered about 1200 miles. Every few weeks, requests
for provisions and gasoline were radioed to the main
base of operations. Ski-equipped LC-47s would fly
to the traverse location (fig. 5) and deliver the
requested supplies, then blast off with the aid of
JATO (jet-assisted takeoff) rockets (fig. 6).

Occasionally, the monotony of the barren, white
terrain would be broken by the appearance of rock
exposures. Crevassed fields often blocked access to
the outcrops, making it necessary to leave the Sno-
Cats and proceed on foot to make geological obser-
vations and collect rock specimens. Actually, these
expeditions were geophysical and glaciological in
their primary objective, and little time could be
devoted to detailed geological studies. Thus,
although most glaciologists were actually geologists
yearning to satisfy their professional curiosity, they
had to curb their desires for the sake of the expedi-
tion's goal. Geological investigations during the
course of these traverse operations were therefore
often cursory and somewhat inadequate.

The Lost Mountains
Aerial photography, though a great achievement

in the history of antarctic exploration, can not sub-
stitute for actual at-the-outcrop study. in some cases,
aerial observations and subsequent interpretations
have proved erroneous. An example is what used to
be the highest mountain in Antarctica - Mount
Vinson—and neighboring Mount Nimitz.

In the 1958-1959 season, the sea ice in McMurdo
Sound broke up very early, and most of my col-
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leagues on the Horlick Mountains Traverse were
evacuated from the field on January 7, 1959. With
a few of the wintering-over personnel, we finished
the last leg of the traverse and were back at Byrd
Station on January 21. Meanwhile, another IG'Y
traverse had crossed West Antarctica from Ellsworth
Station on the Weddell Sea and was already at Byrd
Station when we arrived. With a few more days of
sunlight left, we started out to lay a fuel cache for
our traverse next summer and to study the geology of
Mounts Vinson and Nimitz and, time and weather
permitting, the Executive Committee Range. This
became the first traverse under the U.S. Antarctic
Research Program (USARP).

Mounts Vinson and Nimitz had been seen from
the air only and had been assigned estimated eleva-
tions of 20,000 and 15,000 feet, respectively. We
drove our vehicles to those points on the map, even
drove over the two points, but found no traces of
the features. Visibility was excellent as we pro-
ceeded to the Executive Committee Range. From
Mount Sidley, which is almost 14,000 feet in eleva-
tion and rises over 7,000 feet above the ice sheet, a
commanding view was afforded as far as the eye
could see. Mount Vinson and Mount Nimitz simply
did not exist, yet on every flight from Little America
to Byrd Station, the crew would point to dark,
jagged peaks and identify them as belonging to
Mount Vinson. Finally, on a reconnaissance flight
from Byrd Station in October 1959,  we flew toward
the coordinates where Mount Vinson was plotted
on the map, and I asked the crew to point out
Mount Vinson as soon as it was sighted. This done,
I produced a photograph of Mount Sidley, taken
during the oversnow traverse, which was unani-
mously identified as the same feature under discus-
sion. The imposing wall of Mount Sidley's caldera
had one appearance from the south, and the cone-
shaped, ice-covered northern slopes had a
completely different appearance from the north.
Errors in navigation, combined with foul weather
conditions and the excessive mirage displays which
are frequently encountered in the Antarctic, may
contribute to such erroneous observations.
Geological Exploration by Motor Toboggan

The antarctic ice sheet is still being traversed by
Sno-Cats, but the vehicles are now larger, heavier,
and better equipped. Geological exploration was
accorded individual status in the U.S. Antarctic
Research Program and, in 1960, a new vehicle was
introduced—a small, motorized sled generally
known as the motor toboggan. A typical four-man
toboggan expedition starts with a reconnaissance
flight over the target area, primarily to survey a
possible landing site in a location centrally situated
among the exposed mountains. Food, fuel, camping

equipment, and two motor toboggans are packed
into an LC-47 and transported to the chosen camp-
site. Larger parties, and those working far from the
main stations, are carried by the LC-130F Hercules
(fig. 7), which made its debut in antarctic logistics
in 1960.

Immediately after unloading, the party erects a
Jamcsway hut to serve as a base camp (figs. 8 and
9). Under normal conditions, four men can put up
a 4-section (16-foot) hut in about two hours. Next
is the building of an outhouse, either dug out under
the surface, or constructed of snow blocks like an
igloo (fig. 10), which may also serve as an emer-
gency shelter in case of fire. Finally, a food cache is
established, elevated on fuel drums above the snow
surface to keep it from being buried in drifting snow.

From this base camp, quick reconnaissance trips
are made by motor toboggans to the nearest out-
crops, and flags are planted to mark the trail. Small
"banana" sleds, or the larger Nansen sleds, are
hitched to the toboggans (fig. 11) and loaded with
climbing gear (ice axes, crampons, ropes, etc.), light
tents, and emergency rations. While one man is
driving the toboggan, another rides on the sled and
plants the flags at proper intervals. An advan-
tage of the toboggan over the Sno-Cat is that it can
be driven much closer to the outcrop, with corre-
sponding savings in travel time. Furthermore, the
toboggans have been driven over crevasse bridges
which would have collapsed under the load of the
Sno-Cats. However, surface conditions and the eleva-
tion of the area of operation are critical factors in
the performance of the motor toboggan. It has been
used most effectively on the Ross Ice Shelf, near
sea level, where it has been reported to tow a 2,000-
pound load. However, on the polar plateau, at ele-
vations of 7,000-9,000 feet, there were times when
the toboggan itself had to be towed or pushed, with
second thoughts in our minds about the advantages
of the toboggan over the dogsled.

The trips made from the hut are usually within
a day's journey; longer trips may require camping
in tents (fig. 12) for several days until the area is
completely investigated. When only reconnaissance
geology or topographic surveying are required for
extensive areas, no base camp is established, and the
whole party travels day after day using tents for
shelter, particularly at lower altitudes. However, on
the polar plateau, where temperatures at the height
of summer barely reach 0°F., several days of tent
living, trail rations, mountain climbing, and incle-
ment weather tend to reduce the efficiency of the
geologist. This factor is extremely important
in antarctic exploration, and experience has shown
that the quantity and quality of observations are
directly proportional to the facilities and comfort

258	 ANTARCTIC JOURNAL



Fig. 7.

* 4-. --

-

^ " W/I
Fig. 9.

Ir

Fig 8.

Fig. 10.

Fig. II.

-

Fig. 12.

Fig. 7. LC-130F Unloading Supplies at Campsite. Fig. 8. Jam eswa y Being Erected. Fig. 9. Ja,neswav Completed. Fig. 10.
Outhouse Being Built of Slabs of Hard Snow. Fig. 11. Travelling by Motor Toboggan; Mountain in Background is Mt.

Earl y . Fig. 12. Typical Tent Camp Away from Base Camp. Photos by Author.

November-December, 1966	 259



afforded the field geologist. The same relationship
probably applies to other investigations as well, re-
gardless of discipline.

Travelling to an outcrop is a major endeavor,
but reaching the rocks to study them is just as ardu-
ous. Most outcrops have a fosse, or wind scoop, on
one side which is usually inaccessible, and snow-
drifts, ice-cored moraines, or icefalls on the accessi-
ble side. Along the Transantarctic Mountains, the
exposed rocks occur on the face of the escarpment
and, on the sides of glacier-carved valleys, on very
steep slopes difficult of access from the
lower plateau. Easier access can be attained from
the higher plateau, over the overriding ice,
and down to the rocky slopes. This necessitates the
use of ice-climbing techniques, consumes a lot of
precious field time, and imposes a limitation on the
amount of rock and fossil specimens that can be
backpacked up the slopes. For example, the fossils
collected at the Ohio Range in 1960-1961 and
1961-1962 had to be trimmed of all excess rock at
the collecting site to minimize the load, with conse-
quent damage to the valuable specimens. The fossils
occur in the lowermost strata of the sedimentary
section, and every visit to these strata meant climb-
ing down and up the steep slopes of the 2,000-foot
escarpment. Under such circumstances, when the
geologist's clothing weighs about 25 pounds, his feet
are loosely wrapped in mukluks with crampons, his
rucksack is half full of survival gear, and Mother
Nature inclemently tests the tag end of his stamina,
getting to and from an outcrop becomes a feat in
itself, let alone trying to study the rocks and collect
samples.

A typical example of time lost in gaining access
to an outcrop was encountered on Mount Weaver
in 1962.  The expedition was to investigate the rocks
at the head of Scott Glacier, as far south of Mount
Weaver as outcrops existed (fig. 13). Base camp was
established on the polar plateau immediately south
of Mount Weaver, within walking distance of its
southern ridge. The first attempt to climb the ridge
was terminated halfway up: the temperature was
- 35°F. and the wind gusted at 55 mph. Two more
attempts on the same ridge failed for the same rea-
sons, the last at an elevation of 9,800 feet. The steep
ice flowing between Mount Weaver and Mount Wil-
bur was heavily crevassed, so an attempt was made
to descend the east spur of the south ridge and walk
over to the north ridge where Quinn Blackburn had
gained access in 1934. The descent here had to be
made with ropes and ice axes, and we reached the
base of Mount Weaver six hours after leaving base
camp. Six more hours back up the ridge to base
camp, and we had spent twelve hours of hard work

in the field without making any geological observa-
tions worth mentioning!

The only alternative, then, was to drive through
the crevassed gap between Mounts Weaver and Wil-
bur and hope that the bridges on those crevasses
would support the weight of the motor toboggans.
The ice was carefully probed, and a route which took
only a few hours for each round trip was established
for the rest of the season.

Once access to an outcrop has been attained, ge-
ological investigations are carried out in the conven-
tional manner, with slight improvisations to suit the
environment. When necessary, heavy equipment,
such as a plane table for detailed mapping (fig. 14),
or a portable drill, explosives, and mining tools for
coal sampling, is backpacked to the outcrop. De-
spite the inconvenience and the inhospitable envi-
ronment, some of the most significant geological dis-
coveries in Antarctica in this decade have been made
using these techniques. Such discoveries include a
unique Lower Devonian fauna (fig. 15), a forma-
tion of glacial deposits (fig. 16), more Glossopteris
leaves (fig. 17) and fossil trees (fig. 18), and thick
seams of coal.
Exploration by Helicopter

In 1962-1963, another major step was taken to-
ward revolutionizing the techniques of geological ex-
ploration in Antarctica. The use of turbine heli-
copters turned a new page in the history of the con-
tinent, and remarkable results have been achieved
in the few years since they were introduced.

Several types of conventional helicopters have been
used in the Antarctic since the U.S. Navy's 'Opera-
tion Windmill" in 1947-1948, when they were used
to secure ground control for aerial photography ac-
complished during the previous season by Operation
Highjuinp. During the Deep Freeze operations,
many geological parties have been transported to
and from their destinations by these helicopters,
whose range and altitude were limited to the lower
elevations in the immediate vicinity of McMurdo
Sound. From this base of operations, the conven-
tional LH-34 helicopters have assisted in geological,
glaciological, and topographic surveys, particularly
on the Ross Ice Shelf and in Victoria Land. Some
long-distance flights were accomplished with the aid
of a small aircraft carrying the fuel supply hut, de-
spite their abilities, these helicopters could not sup-
port geological exploration on any large scale.

In 1961 the U.S. Army Transportation Board,
Fort Eustis, Va., sent two UH-113 turbine-powered
helicopters to serve as principal movers in an ex-
tensive program of topographic surveying conducted
by the U.S. Geological Survey. The whole program
for that season was finished in 22 working days, dur-
ing which time 1,100 miles of the Transantarctic
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Mountains were covered and 50 bench marks were
established. The following season, a similar group
worked along the remaining part of these mountains
and completed the whole topographic program with
amazing efficiency.

During this operation, the helicopters landed at
our camp "Saxum Ultimum" near Mount Weaver,
and several trial flights were conducted for the pur-
pose of geological investigation and to evaluate the
helicopters' performance and their potential for the
seasons to follow.

By the time the helicopters arrived, most of the
planned geological exploration had been completed
With the exception of Mount Howe and the rocks in
its vicinity, these being the Earth's southernmost
outcrops. The ice from the polar plateau flows

around Mount Howe, then converges north of it to
form an extensively crevassed field. Next to Mount
Howe, between its slopes and the crevassed field, is a
series of ice-cored moraines at least two miles wide.
Taking all these obstacles into consideration, we es-
timated at least three weeks of work for Mount Howe
alone. Even if the crevasses could be crossed safely,
the toboggans would have to be left at the edge of
the moraines and the rest of the trip completed by
manhauling across rough moraines. With the poor
performance of the toboggans at such high eleva -
tions, worn out as they were at the end of the sea-
son, the prospects of completing this task did not
seem very promising.

The task was completed in four hours by heli-
copter!
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Our party numbering only four, we were all able
to go on these flights. We loaded our rucksacks,
picked up emergency rations and climbing gear, and
flew toward Mount Howe. Each of us had access to
earphones and a microphone for communication in
flight. I sat next to the pilot, and all of us were in
contact with each other, making observations of sur-
face conditions along the way. The crevasses were
far more dangerous than the aerial photographs
had indicated--perhaps impassable—but the big-
gest surprise was the ice-cored moraines, which were
located on undulating steep ridges of ice practically
impossible to traverse on foot. We attempted a
landing among the debris nearest to the mountain,
but the size of the boulders comprising the moraines
made such a landing impossible. We finally landed
in a clearing between the moraines and the moun-
tain slope and immediately set to work, only 20 min-
utes after departure from camp.

Since we had already examined the rocks in this
general area, and because of the similarity of the
sedimentary sections along the Transantarctic Moun-
tains, the Mount Howe section did not require too
much time. The flat-lying strata provided the heli-
copter with very convenient terraces as landing
platforms. In some places, thick layers of sandstone
and the ubiquitous diabase sills were only sampled
at the top and the bottom and inspected visually
from the helicopter during ascent and descent. At
Mount Howe, the sedimentary section was mostly
the lower half of the exposed slopes. Above the
sedimentary strata, all the way to the top of the
mountain, the section was a diabase sill with very
steep walls. An attempt was made to scale the
diabase walls before the pilot reminded us that we
had a helicopter with us and did not need to waste
time climbing.

The only problem was that the section measure-
ments would not be complete without the thickness
of the sill, but the helicopter was more useful than
we had expected. Hovering for a few seconds across
the contact line between the sedimentary strata and
the bottom of the sill, we levelled at the contact and
read the helicopter's altimeter. Then, when we
landed at the summit, we read the altimeter again.
With the relatively flat attitude of the beds, the
thickness obtained was an acceptable estimate.
Even for dipping strata, the dip and strike at the bot-
tom and the top could be measured and the actual
thickness computed later.

Once the key section in an area has been investi-
gated and its rock units established, the geologist
can make observations in flight along neighboring
sections, stopping and landing where necessary and
whenever something appears anomalous.

We finished Mount Howe and proceeded in the di-
rection of the South Pole, following the exposures as
far as they occurred and establishing that the
Earth's southernmost outcrops are diabase rocks.
Then we turned toward D'Angelo Bluff where
more studies were made, and returned to camp
"Saxum Ultimum" four hours after departure.

The second flight was to the La Gorce Mountains,
across the Scott Glacier from our camp. Having dis-
covered volcanic rocks in the vicinity of Mount
Weaver, we observed with binoculars a cone-shaped
nunatak near the La Gorce escarpment which con-
trasted markedly with the granitic surroundings and
appeared to us as a possible volcanic outcrop. There
were also several low nunataks on the way which
could not be reached afoot. In a few hours, all
of these outcrops were visited and sampled; the
cone-shaped nunatak turned out to be the only
metamorphic rock so far discovered in that vicinity.
The procedure here was a fast, touch-and-go sam-
pling operation, particularly where the outcrops
proved to be granitic basement rocks.

From the La Gorce Mountains, we proceeded
downstream along the east side of Scott Glacier to
Mount Blackburn. Here there was no intention of
measuring accurately the sedimentary section, and
only reconnaissance geology was necessary. All
four geologists flew in one helicopter. We divided
into two parties; each pair was landed on top of a
section to work its way downward to meet the heli-
copter on the terrace at the granitic basement. The
choice of descent instead of ascent saved a consider-
able amount of time in this particular case; however,
when a section is to be measured and studied,
climbing becomes a necessity and the loss of time a
calculated factor. At this time of the season, heli-
copter fuel was in short supply and it was essential
to keep consumption at a minimum.. Thus the heli-
copter waited at the last outcrop until we finished
our work, then flew back to where we had left the
other two geologists, picked them up without shut-
ting down the engine, and was back in camp in 30
minutes. Without a helicopter, it would have taken
half a field season to investigate the east side of
Scott Glacier.

Some Helicopter Advantages

Starts at temperatures below —30°C. and landings
at sites above 13,000 feet are but two of the turbine
helicopter's many advantages. A geologist can now
fly over and around a mountain, along an escarp-
ment wall, and from one outcrop to another to recon-
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noiter the area and obtain the overall picture which
is so essential in planning the subsequent field study.
Thus, in a matter of minutes, the field investigator
can form a preliminary concept of the terrain and
identify certain locations and points of interest which
are not readily deducible from aerial photographs.

Another advantage is the volume of specimens the
geologist is able to collect without undue restriction
on weight. When the turbine helicopter became
standard equipment for geological exploration, it
was necessary to return to the Ohio Range to sup-
plement the fossil collecting done in 1960-1962. At
the same time a study would be made of Treves
Butte, immediately north of the escarpment, which
had not been studied because scaling its vertical
walls would have been too time-consuming and dan-
gerous. On this return trip to the Ohio Range in
1964-1965, we were able to collect at one terrace,
leave the load to be picked up by the helicopter
(fig. 19), then move to the next terrace, and so on.
We also landed on Treves Butte, measured the sedi-
mentary section, collected more Lower Devonian
fossils, and finished the stratigraphic study of that
area, in a matter of a few hours, with the help of
the helicopter pilot and copilot, we hauled over 2,-
500 pounds of fossiliferous rocks from the Horlick
Formation. in those few hours, we accomplished
ten times more than in the two seasons of 1960-1961
and 1961-1962.

Convenience in Conveyance

In the last few years, we have witnessed a rapid
evolution in the means of polar transportation and
a substantial development in exploration techniques.
From the dogsleds, through the tracked vehicles to
the turbine helicopters, the development has been
accompanied by a trend toward increasing comfort.
That the quality and quantity of the scientists' field-
work and subsequent interpretations of the data col-
lected are in direct proportion to the convenience af -
forded the field investigator, is incontestable.

There are still some diehards who would readily
scoff at the mere mention of comfort. There have
been cases where the motor toboggan would not be
adopted in the field before it was put to the test
alongside a dogsled. The arguments between pro-
ponents of either means of transportation are un-
ending. Some look at an expedition as a sport and
cling obstinately to certain rigid practices of sports-
manship at the expense of scientific objectives; they
insist on demonstrating heroics by doing things the

hard way. There is the die-hard mountain climber
who would risk his life and perhaps the lives of his
companions, clawing to reach a peak with ropes,
crampons, and ice axes, regardless of whether there
is a rock outcrop or a mere ice cover at the top.
There is also the fanatic "explorer" who would
rather eat pemmican and other tasteless trail rations
than enjoy the choice of excellent foods available
at the stations at no substantial difference in weight.
And there is the "hard worker" who does not bathe
or wash himself throughout the expedition out of
sheer laziness but under the pretense of having too
much to do and too little time to cleanse himself.

The old explorers struggled because they had no
better means of conveyance; they ate pemmican
and suffered from scurvy because they had no bet-
ter diet available; and they did not bathe because
the melting of snow for water consumed their pre-
cious fuel. Modern explorers, however, with their
increased conveniences, need not emulate what the
others suffered out of sheer necessity. Great pride
and satisfaction are derived from hard-won accom-
plishments, but experience has shown that heroics
are incompatible with our present objectives of seek-
ing knowledge and collecting scientific data. Field
exploration in Antarctica is essentially limited to
three months of each summer, so the better the
conveniences and the means of transportation, the
better the returns for the huge annual expenditures
on research and logistic support.

Convenience and comfort are what the turbine
helicopter has essentially provided. The conven-
ience to the geologist is immeasurably augmented
by another, human factor—the attitude of the heli-
copter crew. The U.S. Army personnel literally
toiled shoulder to shoulder with us and, after effect-
ing the required landings, participated in any con-
ceivable assignment requested of them whenever
they could help. Their curiosity, encouraged and
guided by the geologists, was satisfied with pride in
their participation and accomplishments.

The days of spending 75 percent of the time fight-
ing the elements, struggling over treacherous ice,
and simply surviving, are waning if not gone alto-
gether. The quality and quantity of observationsIn

may increase even further with the introduction of
more advanced means of transportation to the
Antarctic Continent. The dangers inherent in the
physical environment will remain, but the increas-
ing ability of modern man to ameliorate the effects
of the environment by facilities for comfortable
living will continue to improve the returns in sci-
entific knowledge.
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International Antarctic Day
At its 1964 meeting in Paris, the Scientific Com-

mittee on Antarctic Research (SCAR) decided that
it would be appropriate to commemorate during
1,966 the completion of 10 years of international sci-
entific cooperation in the Antarctic. It later fixed on
October as the proper month and suggested the week
of October 9 to 15. SCAR requested the adhering
national committees to select a day and organize
appropriate ceremonies.

For the United States, the Committee on Polar
Research of the National Academy of Sciences
chose October 11 and requested The Antarctican
Society to hold a suitable celebration in Washington.
It also suggested to its individual members that they
arrange meetings at their universities and research
centers.

The Antarctican Society, with the cooperation of
the National Science Foundation, the U.S. Geologi-
cal Survey, and the U.S. Naval Support Force,
Antarctica, set up an exhibit at the Museum of Nat-
ural History in Washington and arranged for a meet-
ing to be held on October 11, 1966, in the Museum's
auditorium. The Honorable Paul C. Daniels, princi-
pal United States negotiator of the Antarctic Treaty
of 1959, agreed to speak on the subject, "Does
Science Contribute to World Peace?"

In the absence of Dr. A. P. Crary, President of
the Society, the Vice President, Dr. Henry M. Dater,
presided. In his introduction, Dr. Dater outlined
the background of the day and related what was
being done to commemorate the occasion in other
countries and in certain institutions in the United
States. He also read several messages from abroad,
and from persons and organizations in this country,
commenting on the importance of the day and on
the subject to be discussed. He concluded his re-
marks by introducing Dr. Thomas 0. Jones, Division
Director, Environmental Sciences, and Special As-
sistant for Antarctic Affairs to the Director, National
Science Foundation.

Dr. Jones, in turn, introduced the speaker of the
evening. He cited former Ambassador Daniels' distin-
guished career in the Foreign Service and empha-
sized his role in creating the Antarctic Treaty. Fi-
nally, he read a telegram to Ambassador Daniels
from President Eisenhower. during whose term of
office the Treaty was negotiated. Mr. Eisenhower
pointed out the intimate connection between science
and peace in the Antarctic and the example set by
that area for other parts of the world. He noted that
Ambassador Daniels had been largely instrumen-
tal in giving institutional expression, in the form of
the Antarctic Treaty, to the spirit of Antarctica.

In his introduction, Ambassador Daniels noted

that many in the audience were experienced in the
Antarctic and that they shared an interest in two
essential ingredients of the 10 years that were being
commemorated: enlarging man's understanding of
his total environment and the preservation of peace.
He continued by reminding the audience of the inti-
mate relation of science and technology to warfare,
from the sword blade of finely tempered Toledo steel
to nuclear fission. He drew a distinction between
warfare as an art and war as an institution. Nations
engaged in hostilities inevitably try to mobilize what
scientific resources they possess but, the speaker said,
in no case, as far as he was aware, had the scientific
community urged or promoted the act of going to
war.

Notwithstanding the intimate relationship of sci-
ence to warfare, science develops best under condi-
tions of friendship, mutual trust, cooperation, and
peace. Thus, while geophysical investigations could
presumably be carried on separately in 100 coun-
tries, they would never reach their full potential
under these conditions. Science is indivisible and
therefore flourishes in an atmosphere of interna-
tional cooperation. Indeed, it requires it because
magnetic conjugates rarely fall within a single politi-
cal jurisdiction; the movements of the air respect no
national boundaries; the oceans wash all the conti-
nents; and typhus germs, smallpox bacilli, and the
anthrax virus spread around the world.

The requirements of scientific research, there-
fore, exercise through the scientific community a re-
straining effect on whatever influences exist in a
country to seek solutions by resorting to armed con-
flict. When one government resorts to war, it de-
tracts from scientific cooperation among all. With
the practice of scientific research, a mentality is cre-
ated that tends to build confidence among the na-
tions, and that atmosphere of confidence may help
pave the way to disarmament, to restraints on nu-
clear proliferation, and to the political settlement of
problems both on Earth and in outer space.

Ambassador Daniels said that the real significance
of International Antarctic Day lies in the recogni-
tion of two of the deepest aspirations of mankind:
the urge to know and the desire for peace, and that
it was appropriate to recognize the contributions of
Antarctica to the realization of these aspirations.

In 1950, a small group of scientists meeting in
Washington conceived the idea that grew into the
International Geophysical Year. The program was
planned on the grandest scale, and so large a por-
tion of the Earth's surface as Antarctica could not be
overlooked. As to the United States portion of this
program, the speaker noted the contributions of
members of The Antarctican Society and selected
for special mention the work of the late Dr. Harry
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Wexler, Dr. Laurence M. Gould, and Rear Admiral
George J. Dufek.

During the period of the IGY, which ran from
July I, 1957, to December 31, 1958, the 12 nations
participating in the antarctic program came to a
gentlemen's agreement. In the interest of scientific
cooperation, they laid aside national rivalries and
ceased to press territorial claims. As the year pro-
gressed, it became evident that, while the initial re-
suits were great, they only scratched the surface of
what could be learned from Antarctica. Much of
what was hoped for depended upon the continuance
of the cooperation achieved during the IGY, but the
danger existed that the nations might slip back into
their former attitudes and that Antarctica would
again become a bone of contention.

The United States, aware of this possibility, began
a quiet investigation of the problem. On May 2,
1958, after several months of study, it addressed
identical notes to the 11 other nations active in
Antarctica, inviting them to meet together to dis-
cuss the political problem of Antarctica. After call-
ing attention to the splendid example of interna-
tional cooperation during the IGY, the note con-
tained the following paragraph:

Among the various portions of the globe
where these cooperative scientific endeavors are
being carried on with singular success and with
a sincere consciousness of the high ideals of
mankind to which they are dedicated is the
vast and relatively remote continent of Antarc-
tica. The scientific research being conducted
in that continent by the cooperative efforts of
distinguished scientists from many countries is
producing information of practical as well as
theoretical value for all mankind.
The reply to this invitation was immediate and

favorable by all parties concerned. A small group
representing the 12 governments met quietly and
without publicity to examine various proposals.
These preparatory talks revealed wide areas of
agreement and led to the conclusion that a success-
ful negotiation was possible.

The Conference on Antarctica convened in Wash-
ington on October 15, 1959. After six weeks, it
produced the Antarctic Treaty. The success of the
Conference emphasized the intimate relationship of
science to world peace. There is no need to analyze
the Treaty in detail. The aspirations that guided the
negotiations are clearly set forth in the following
phrases from the preamble:

Recognizing that it is in the interest of all
mankind that Antarctica shall continue forever
to be used exclusively for peaceful purposes
and shall not become the scene or object of in-
ternational discord;

Acknowledging the substantial contributions
to scientific knowledge resulting from interna-
tional cooperation in scientific investigation in
Antarctica;

Convinced that the establishment of a firm
foundation for the continuation and develop-
ment of such cooperation on the basis of free-
dom of scientific investigation in Antarctica as
applied during the International Geophysical
Year accords with the interests of science and
the progress of all mankind. .
These same aspirations were formalized in the

first two articles of the Treaty. Article I states,
"Antarctica shall be used for peaceful purposes
only," and in Article lithe Treaty reads, "Freedom
of scientific investigation in Antarctica and coopera-
tion toward that end, as applied during the Interna-
tional Geophysical Year, shall continue, subject to
the provisions of the present Treaty." The remain-
ing provisions have for their aim the attainment of
these objectives.

Unlike some international agreements, left to
gather dust in the archives, the Antarctic Treaty is a
living, dynamic document. It provides that the sig-
natories shall meet together periodically to recom-
mend actions that will further the purposes of the
Treaty. At the three meetings thus far held, the
Treaty powers have specifically acknowledged their
debt to the scientific community as represented by
SCAR. This recognition has occurred particularly
in the fields of scientific exchanges, logistics, com-
munications, and the conservation of flora and fauna.
The technical assistance thus provided has been use-
ful in reaching politically acceptable solutions to cur-
rent problems.

In summary, the speaker pointed out that, in the
Antarctic, the progression from the IGY, through
the United States note of May 2, 1958, and the sub-
sequent negotiations, had led to formal, legal recog-
nition of the high principles of freedom of scientific
investigation and devotion to world peace. If the
same principles could be given broader application,
they would contribute immeasurably to the further-
ance of peace in other areas, perhaps even in inter-
planetary space.

Ambassador Daniels concluded by quoting from
a statement made by the United States delegate dur-
ing the Conference on Antarctica, which, he said,
seemed to sum up the role of Antarctica during the
last ten years:

We hope that there will radiate forth from
[the Treaty] and from Antarctica and into an
otherwise troubled world, a little additional
warmth of understanding, additional light and
knowledge, and added hope for peace.
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f[AICflTenth Anniversary of First

Landing at the South Pole
GEORGE J. DUFEK'

Rear Admiral, USN (Ret.)
The Mariners Museum

October 1966 marked the tenth anniversary of
the first aircraft landing at the South Pole, a prelude
to the construction there of a permanent base. It
may be well to look back those 10 years to see why
and how the landing was made.

Early in 1954, the Secretary of Defense agreed
to build six scientific bases on the Antarctic Conti-
nent for the use of the United States scientists par-
ticipating in the International Geophysical Year
(July 1, 1957 to December 31, 1958). Four of these
stations, Little America, Hallett, Wilkes, and
Ellsworth, were to be built on the coast. The real
challenge was the construction of the first perma-
nent inland bases, Amundsen-Scott Station at the
South Pole and Byrd Station. It was intended and
believed at that time that all the bases would be
closed at the conclusion of the International
Geophysical Year.

The Secretary of Defense designated the Navy to
be the executive agent for this undertaking, with
the provision that other military departments and
interested government agencies would be available
to contribute their knowledge, experience, and re-
sources as needed. Subsequent events revealed that
we needed and used all of this assistance.

Problems Unfold
A planning staff was established in the Navy

Department in 1954. The biggest problem was how
to build a station at the South Pole. Only two par-
ties in history had ever set foot there: Amundsen's
in December 1911 and Scott's in January 1912.

The South Pole base, designed to house 18 men
through the antarctic night, required 750 tons of
supplies and construction material. This could not
be transported by dog teams or by the tractors avail-
able at that time. The job had to be done with air-
craft, providing ski-planes could land and take off
at the Pole.

Investigation revealed that the only ski-equipped
airplanes available for the task were the old, reliable
Navy R4Ds (PC-3s), but these planes were limited
to cargo of modest size and a load of only five tons.
Using these aircraft would have required 150 round
trips between a coastal base and the South Pole at
a prohibitive cost in time and fuel. We needed a

Commander, Task Force Forty-Three, from March 1955
to April 1959.

Qiie Será Será and First Americans to Stand at South Pole.
Left to Rig/it: Petty Officer 21C Jo/i,, P. Strider, Crew
Chief; Admiral I)ufek; LCDR Conrad S. Shinn, Pilot; LT
Jo/i,, Sivadener, Navigator; Petty Officer 21C William A
Cu,,,hie, Jr., Ridioma,,; CAPT William M. Hawkes,

Copilot; and CAPT Douglas L. Cordiner, Observer.

larger plane. The Air Force offered its C-124 Globe-
masters, but there were no skis available for these
big planes.

We decided to accept the offer and designed a
plan that would use both the ski-equipped R4Ds
and the wheeled Globemasters. The first step of the
plan was to fly all the planes from New Zealand to
a prepared runway of compacted snow or ice on the
coast of Antarctica. Then the R4Ds would ski-land
the construction crews at the South Pole. Next, the
Globemasters -would load the Pole Station material
(which was to be brought in by ship during the pre-
vious year) at the coastal runway and parachute it
to the construction crews at the Pole. When the base
was completed, the scientists would be flown in by
R4Ds and the construction crews returned to the
coast.

At this point we learned that compacted-snow
runways were not reliable for continued use by
heavy, wheeled aircraft. This ruled out Little Amer-
ica as the coastal air base. We then considered Scott's
old base and the adjacent hard ice of McMurdo
Sound. Could the ice support heavy aircraft on
wheels? To get the answer, we visited the Scott Polar
Research Institute in England for a personal talk with
Professor Frank Debenham of Cambridge University,
who had been a very young member of Scott's second
expedition. He was quite helpful, supplying charts
and sketches that were not available elsewhere, and
he confirmed our belief that the ice was sufficiently
hard and thick. We therefore planned another base,
McMurdo Station, for the sole purpose of supporting
aircraft en route to the South Pole construction site.

Construction at McMurdo was completed
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in 1 956.  It was then time to see if ski-equipped
planes could land and take off at the Pole. Mortality in Antarctica Since
Landing in Scott's Footsteps

On October 31, 1956, we took off in the R41)
Que Será Será for a test landing at the South Pole.
Any doubts of "if the snow is too hard or too soft"
were left behind at McMurdo; Captain "Trigger"
Hawkes, my staff aviator, had used an ingenious
method to determine that landing and takeoff were
practical. He had obtained a photograph of Captain
Scott standing at the South Pole and measured how
deeply Scott's shoes had sunk into the snow. The
weight of Scott, fully clothed, was used to calculate
the pressure exerted on the snow by his shoes. The
weight of the fully-loaded R4D, distributed by the
skis, would give us a safety factor in terms of pounds
per square inch.

I remember that first landing as if it were yester-
day. Commander Conrad "Gus" Shinn was the
pilot, with Captain "Trigger" Hawkes as copilot.
Major (now Colonel) C. J. Ellen, United States Air
Force, piloted the Globemaster that accompanied the
Que Sera Será. He could drop survival gear if we
needed it.

As we were over the Pole, Hawkes asked, "Ad-
miral, should we land now or should we have the
Globem.aster drop some gear to mark the surface?"

"Use your own judgement," I replied.
"We have a fair surface here," said Shinn.
"Set her down when you are ready," I said, and

down we went.
As we approached landing, I heard Major Ellen

over the intercom:
"Don't worry, Gus, if you can't get off, I'll belly-

land this baby and give you a warm house to live
in.',

The plane came in smoothly, touched the surface,
bumped a few times, and then slowed to a stop. It
was 8:34 p.m. (GMT), October 31, 1956.

We planted the American flag, took snow sound-
ings and samples, and left a radar reflector to guide
future planes. After 49 minutes on the ground, we
took off with the assistance of 15 JATO
bottles attached to the underside of the plane's wings.

It was a good feeling to know that our plans to
build a station at the South Pole would succeed.

Epilogue
Little America and McMurdo Stations were built

in 1955-1956, the remaining bases in 1956-1957.
The scientists were in place well before the beginning
of the International Geophysical Year on July 1,
1957. Amundsen-Scott South Pole Station is still the
site of important research and McMurdo Station has
developed into the logistical center of United States
efforts in Antarctica.

the End of the
Nineteenth Century 1

JUAN CARLOS M. BELTRAMINO
Ministry of External Affairs and Warship, Argentina

Scope and Background of Study
This study deals with mortality among personnel

of the wintering-over expeditions from 1898 to
1958, of the bases from 1904 to 1964, of a
whaling company based on Deception Island from
1912 to 1916 and from 1920 to 1931, and of the
summer expeditions from 1951  to 1964.  It excludes
fatalities occurring on trips to or from Antarctica.
The term "wintering-over expeditions" is applied to
those groups which spent the winter in temporary
camps personnel who wintered at bases designed for
long-term occupancy are counted as base residents.
Mortality data were obtained from publications.
antarctic research institutions, and knowledgeable
individuals.

The wintering-over expeditions ranged in size
from a minimum of 2 members in 1921 to a maxi-
mum of 56 in 1934 and 1940. The number of per-
sonnet at each base fluctuated between 4 and 25 un-
til 1954, but greatly exceeded this figure in connec-
tion with the International Geophysical Year. Sum-
mer expeditions in recent years have consisted of
approximately 4,800-4,900 members. (Table 1.)

To correctly evaluate the mortality rate, one
must consider the changes which have occurred in
living conditions and activities in Antarctica. The
reports on scientific expeditions and bases describe
the difficulties and risks involved in life in Antarctica
in the first three decades of this century: complete
isolation during the winter from lands outside the
Antarctic and a lack of, or difficulties in providing,
medical care. Toward the end of the third decade
radio came into use, and aircraft were employed on
seasonal expeditions, but only recently (following
World War II and particularly during the Interna-
tional Geophysical Year) have conditions improved
appreciably through the introduction of better means
of communication and transportation and the pres-
ence of a physician at some of the bases.

Based on a monograph of the same title published by
the author in 1965.
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Table 1. Mortality in Antarctica, 1951-1964

Group:	Wintering-Over	Permanent and Semipermanent	 Summer
Expeditions	 Bases	 Expeditions	 Summer

	

No. of	No. of Rate (per	No. of	No. of Rate (per	No. of	No. of Rate (per	Expedition

	

Year:	Members Deaths Thousand) Members Deaths Thousand) Members Deaths Thousand)	Years

	

1951	18	3	166.6	102	0	0
1,050	0	0	 1951-52

	

1952	-	-	-	121	0	0
1,000	0	0	 1952-53

	

1953	-	-	-	130	1	7.7
1,020	0	0	 1953-54

	

1954	-	-	-	142	0	0
1,490	3	2	 1954-55

	

1955	-	-	-	197	0	0
3,450	3	0.86	 1955-56

	

1956	 8	0	0	502	2	3.9
5,130	7	1.36	 1956-57

	

1957	16	0	0	860	4	4.6
5,000	3	0.6	 1957-58

	

1958	(During 1958-1964, there	896	5	5.5
5,180	9	1.93	 1958-59

	

1959	were no temporary winter	668	6	8.9
4,820	2	0.41	 1959-60

	

1960	camps.)	 676	10	14.8
4,790	1	0.2	 1960-61

	

1961	 641	1	1.5
4,930	5	1	 1961-62

	

1962	 691	1	1.4
4,830	1	0.2	 1962-63

	

1963	 713	1	1.4
4,810	1	0.2	 1963-64

	

1964	 755	0	0

The activities currently being conducted in Ant-
arctica are associated in one way or another with sci-
entific observations and investigations. Most of the
year-round scientific work is performed indoors or
in the immediate vicinity of the bases. In the sum-
mer, exploration and research activities away from
the bases are intensified, causing a considerable
seasonal increase in both the number of men in the
region and in the use of motor vehicles.

Life in Antarctica even nowadays involves many
risks. The main ones are motor-vehicle accidents,
burns from, fires, accidental exposure to intense
and prolonged cold, and falls into crevasses or
through disintegrating sea ice. On the other hand,
infectious diseases are much less prevalent in Ant-
arctica.

Six Decades of Winter Mortality

The 749 members of wintering-over expeditions
in the period from 1898 to 1958 experienced a
high mortality rate (26.7 per thousand). In certain
years the rate was very high: 142.8 per thousand
in 1913, 100 per thousand in 1899, and 87.5 per

thousand in 1912 (table 2). It should be kept in
mind, however, that all of the deaths on winter ex-
peditions, with the exception of three in 1951, oc-
curred during the early "heroic era." 2

Deaths during winter expeditions resulted from
drowning (35 percent), diseases (35 percent), ex-
cessive cold and hunger (25 percent), and a fall
(5 percent). Two-thirds of the deaths were due to
accidental causes. Except for the deaths by drown-
ing in 1951 of three members of the Norwegian-
British-Swedish Expedition travelling in a weasel, no
deaths involving motor vehicles have been recorded
on the wintering-over expeditions.

The average age of the deceased was 30 years.
Their activities in a hostile environment, rather
than their occupations, must be considered the un-
derlying cause of death.

U The "heroic era" is generally considered to have ended
with the death of Sir Ernest Shackleton in January 1922.
His death of a heart attack on South Georgia is not in-
cluded in the author's data because that island is outside the
Antarctic.
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Table 2. Mortality during the "Heroic Era."

Wintering-Over
Expeditions

No. of
Deaths

2

2
0

0
0

0
7

0
3

0

Permanent and Semipermanent
Bases

Rate (per	 No. of	 No. of	Rate (per
Thousand)	Members	Deaths	Thousand)

105
100

No activity in these years
12.8
20.8

0	 5	 0
	

0
S	 200
4	 0
	 0

4	 0
	 0

0	 4	 0
	

0
0	 4	 0

	
0

5
	 200

0	 5	 0
	

0
87.5	 5	 0

	 0
142.8	 5	 200

S	 0
	 0

0	 5
	 200

78.9	 5	 0
	 0

5	 0
	 0

5	 0
	 0

5
	

0
	 0

5
	

0
	 0

0	 5	 0
	 0

S	 0
	 0

Group:

No. of
Year:	 Members

1898
	

19
1899
	

10
1900-1901

1902
	

78
1903
	

96
1904
	

20
1905
1906
1907
1908
	

16
1909
	

30
1910
1911
	

40
1912
	

80
1913
	

7
1914
1915
	 53

1916
	

38
1917
1918
1919
1920
1921
	

2
1922

Mortality at the Bases
Among the personnel of the permanent or semi-

permanent bases, the average number of deaths in
the period from 1904 to 1964 was 0.65 per year.
Based on a total population of 7,645 men during
this period, the overall mortality rate is 5.36 per
thousand, which is very low indeed. The rate never
reached 10 per thousand between 1950 and 1959
and, after a rise to 14.8 per thousand in 1960, it
dropped to 1.4 per thousand in recent years.

The deceptively high mortality rate of 200 per
thousand in 1905, 1910, 1913, and 1915 results
from the fact that the total number of base residents
in Antarctica in those years was only 5 men
(table 2).

The causes of death vary according to the period.
Five deaths were recorded between 1904 and 1943,
of which four were caused by diseases and one by
an accident. Between 1944 and 1955, four fatali-
ties resulted from accidents and one from disease.
Since 1956 the causes have been purely accidental
in the great majority of the cases (28 out of 30),
but only three of the accidents involved motor ve-
hicles. The main categories of fatal accidents
which have occurred at bases since 1956 are falls

and fires (8 cases each), drowning (7 cases), and
excessive cold (2 cases).

The average age of the deceased base members
was 30 years. There is no significant correlation be-
tween their occupations and the causes of death.

Deaths Among Whalers

The Norwegian whaling company Hektor, based
on Deception Island, operated the only land plant
south of 60°S. The average number of personnel in
the company's 15 operating seasons (1912-1913 to
1915-1916 and 1920-1921 to 1930-1931) was 210
men, which makes a total of 3,150 men for the en-
tire period of activity. Assuming that all of the 16
graves in the Deception Island cemetery which corre-
spond to the company's operating seasons are indeed
those of Hektor personnel, we have a mortality rate
of 5 per thousand for the entire period. All of the
deceased in the island cemetery were probably of
Norwegian nationality and their average age was 31.

Summer Expeditions

Summer expeditions to Antarctica from 1951-
1952 to 1963-1964 involved an estimated 47,500
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personnel. There were 35 deaths in this period, for
a rate of 0.73 per thousand. This mortality rate is
lower than that experienced at the bases during the
same period (4.43 per thousand).

The mortality rate of the summer expeditions
reached 2 per thousand only in 1954-1955 and,
with the exception of that and three other seasons
(1956-1957, 1958-1959, and 1961-1962), remained
below 1 per thousand.

Deaths during summer expeditions resulted from:
aviation accidents (60 percent); drowning (8.5 per-
cent); the fall of a vehicle into a crevasse, ex-
cessive cold, poisoning, and the breaking up of shelf
ice (5.6 percent each); and a boat-hoisting opera-
tion, a construction accident, and a fall from one
level to another (2.8 percent each). Motor-vehicle
and aircraft accidents account for 68 percent of the
deaths in summer.

Deaths on summer expeditions are associated
with the intensification of fieldwork during that sea-
son and the more extensive use of aircraft and
motor vehicles, but the number is low in proportion
to the number of participating personnel.

The average age of the deceased (27 years) is
somewhat lower than in the case of fatalities at the
bases or on wintering-over expeditions. Categoriza-
tion of deaths by occupations shows another and
more significant difference in summer mortality from
that experienced by the personnel of bases or winter
expeditions: with the exception of five deaths among
scientists, all the summer fatalities involved aviation
personnel, seamen, or vehicle operators.

Discussion
Mortality in Antarctica has the following principal

characteristics:

1. The mortality rate among members of antarc-
tic bases and summer expeditions is very low as
compared with the rates for other continents and re-
gions. At the bases, the rate was 5.36 per thousand
in the period 1904 to 1964, and on the summer ex-
peditions from 1951-1952 to 1963-1964 it was only
0.73 per thousand. On the wintering-over expedi-
tions in the period from 1898 to 1958 it was con-
siderably higher (26.7 per thousand).

2. The number of deaths has risen with the sum-
mer increase in activities away from the bases.
Nevertheless, the mortality rate has declined in al-
most all cases.

3. The occupation of the deceased members of
bases and wintering-over expeditions did not have a
direct bearing on their deaths. However, many of
the deaths during summer expeditions in recent

years have occurred among aviation personnel and
motor-vehicle operators.

4. The age of the deceased persons has no special
significance, being unevenly distributed according to
the cause of death.

5. The causes of death have varied. In recent
years, the deaths have been purely accidental in al-
most all cases. Significantly, there has to date been
no death of a criminal nature among the personnel
of the bases and expeditions.

6. The fact that the personnel of the bases are
young men, selected after a rigorous medical exam-
ination which is repeated periodically, and the pe-
culiar conditions under which antarctic activities
are conducted, cause one to use extreme care in at-
tempting to make comparisons with other geo-
graphic regions.

Outlook for the Future

If groups of humans continue to live in Antarc-
tica under the conditions which have prevailed in
recent years, it is to be assumed that the mortality
rate will remain low, with a clear predominance of
deaths resulting from accidents. Most of these
deaths will continue to occur in the summer season.

Improved means of care in the event of accidents,
as well as improvements in transportation and acci-
dent prevention, will undoubtedly help to reduce the
number of deaths. But experience has shown that it
will still be necessary for the residents of Antarctica
to carefully obey the safety and survival rules im-
posed by that region.

(17 .S. 	PIzto

Members of the Fatalit y-Free 1964-1965 U. S. Summer
Expedition (Deep Freeze 65) Examine the Cross at McMurdo
Sound that Commemorates Able 5eainaii George T. Vince,
the OiiIv Fatality on the British National Antarctic Expedi -

tion Led by Scott (1901-1904).
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Antarctic Peninsula Winter
Reconnaissance Flight

PHILIP M. SMITH
Office of Antarctic Programs
National Science Foundation

Plans of the United States Antarctic Research
Program include the construction of a new shore fa-
cility with expanded laboratory space at Palmer
Station and the construction and operation of a ves-
sel for marine and terrestrial research along the
Antarctic Peninsula. The first increment of a two-
year construction program at Palmer Station will
commence in January 1967, and both the new shore
facility and the vessel will be in operation in 1968.
Sea-ice conditions along the Peninsula are of direct
concern to USARP since they will affect future re-
search operations at Palmer Station as well as aboard
the trawler. To expand the knowledge of the ice
conditions, reconnaissance flights have been planned
as the development of Palmer Station has pro-
ceeded.

More information on sea-ice conditions is avail-
able for the Peninsula than for any other part of
Antarctica; the compendium Sea ice distribution in
the Antarctic between longitudes 7'W. and 92°W.,
by John Heap, provides a summary that is available
for no other part of the oceans surrounding the
continent. Nonetheless, the data available for the
Peninsula area have been limited to observations
made at sea in the summer months or at the stations
throughout the year. The first visual and photo-
graphic reconnaissance took place in September
1964, when an Air Development Squadron Six
(VX-6) C-I 30 Hercules photographed the Penin-
sula sea-ice conditions prior to a flight from
Punta Arenas, Chile, to McMurdo Station, Ant-
arctica.

Information obtained on that flight indicated that
there were a number of open water areas where a
vessel such as the 125-foot trawler now under con-
struction could operate and suggested the desirabil-
ity of conducting another reconnaissance as early
as possible after daylight returned to the Peninsula
area late in the antarctic winter. Accordingly, plans
were made by the Office of Antarctic Programs and
the U.S. Naval Support Force, Antarctica, for a sec-
ond aerial reconnaissance in early August 1966.

At this time, approximately four hours of daylight
were available for a photographic and visual recon-
naissance of the area to the north of the South Shet-
land islands and of the northern part of the Ant-
arctic Peninsula, including the Terror and Erebus
Gulf, the Bransfield Strait, the Gerlache Strait, and

the vicinity of Anvers Island where Palmer Station is
located. Planned observations were to extend as far
south as the Argentine Islands, which appeared to be
the probable southern limit of open water suitable for
trawler operations during the late winter and early
spring months.

A 15-man crew under Lt. Comdr. Philip G. Grif-
fith, USN, conducted the reconnaissance with the
VX-6 photoconfigured Super Constellation. Ob-
servers on board the flight included Comdr. Arthur
C. Kranz, Staff Meteorologist, Lt. Comdr. Andrew J.
Borcik, Assistant Air Operations Officer, and
Aerographer First Class James W. Hammond, all of
the Naval Support Force, Antarctica, staff; Philip
M. Smith and Merle R. Dawson, Office of Antarctic
Programs, NSF; Capt. H. Castro Esterez, Chilean
Air Force; and Dr. Oscar Gonzalez and Mr. Pablo
Ulricksen of the Chilean Antarctic Institute.

The Super Constellation deployed to Punta
Arenas. Chile, on August 3, by way of Howard Air
Force Base in the Panama Canal Zone, and Santi-
ago, Chile, where the Chilean Antarctic Institute per-
sonnel joined the flight. Capt. Castro met the plane
in Punta Arenas. The aircraft arrived at Punta
Arenas on August 6 and remained there until Au-
gust 15, returning to Quonset Point, Rhode Island,
on August 17. In Punta Arenas, operational head-
uuarters were established at the Chabunco Airport
terminal, from which regular communications were
maintained with Palmer and the other stations on
the Antarctic Peninsula, and with Port Stanley in
the Falkland Islands.

The polar maritime climate of the Antarctic Pe-
ninsula creates forecasting problems unlike those en-
countered in U.S. aviation activities in other antarc-
tic areas. Low-pressure centers move in rapid suc-
cession from the Bellingshausen Sea along the Ant-
arctic Peninsula and into the Scotia and Weddell
Seas. Within a 24-hour period, the weather at any
station and along the entire Peninsula may vary from
extremely good with clear skies to completely over-
cast with heavy precipitation of both rain and snow.
The absence of meteorological data on the area of the
South Pacific Ocean to the west of the Peninsula pre-
cludes long-term weather forecasting. Until re-
cently, there was no possibility of obtaining weather
data from this area. Now, however, satellite photog-
raphy fills in the large gaps of the South Pacific
where no ships save USARP's Eltanin venture. Ar-
rangements were made with the National Environ-
mental Satellite Center, ESSA, Suitland, Maryland,
for the transmission of Nimbus photographs to the
reconnaissance group of Punta Arenas.

Chilean authorities cooperated with the reconnais-
sance team in every way. In addition to regular as-
sistance with the meteorological forecasting, logistic
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services were provided at the airport. Communica-
tion was maintained with Santiago through the
Chilean 3rd Naval Zone Headquarters. Representa-
tives of Grace y Cia (Chile), who have become
familiar with USARP operations through Eltanin,
aided in many local arrangements for housing and
transportation. All of this combined assistance is
exemplary of the continuing excellent cooperation
between Chile and the United States in antarctic
affairs.

Two unsuccessful reconnaissance attempts were
made. Because of rapidly deteriorating weather on
both occasions, the plane flew only a few hundred
miles over Tierra del Fuego and the Drake Pass-
age before returning to Chabunco.

On August 11, a successful fli ght was conducted
over the entire track, and visual or photographic in-
formation was obtained over 65 percent of the route.
An airdrop of mail and a few generator and motor
toboggan parts for Palmer Station was planned on
this flight but was not completed because of low
cloud cover over Anvers Island, the area where the
least information was obtained on all of the route.
A second attempt at an airdrop was planned for as
late as August 15th, but the weather did not improve
before the Super Constellation had to return to the
United States.

Considerable open water existed along the north -
ern part of the Antarctic Peninsula during the time
of the flight (cf. map). Loosely consolidated, wind-
driven annual ice occurred in Bransfield Strait. An
outer belt of pack ice located to the north of the
Shetlands would have impeded the passage of a ves-
sel such as the trawler now under construction, but
ship operations could have been conducted in the
Bransfield and Gerlache Straits and in the vicinity of
Arthur Harbor. At Anvers Island, scattered brash
and ice floes were seen during an approach for the
abortive airdrop. These waters, too, were pass-
able for a vessel such as the trawler. The area to the
south of the Argentine Islands was, as expected,
frozen fast and would have been impenetrable for
the trawler. Although open water occurred at the
tip of the Peninsula in Antarctic Sound, the Terror
and Erebus Gulf to the east was frozen solid. This
same condition was noted on the September 1964
reconnaissance.

Repeated aerial reconnaissance and the use of
satellite photography will permit a better assessment
of the sea-ice conditions along the Antarctic Pe-
ninsula. In the months ahead, special emphasis will
be given to satellite photography, which makes pos-
sible regular studies of ice movement. In addition,
some visual observations are planned for November
1966 when the Super Constellation returns to
Punta Arenas to photograph Ellsworth Land.

Fourth Medical Evacuation Flight

a Success

At 2310 local time on September 4. the Wash-
ington duty officer of the U.S. Naval Support Force,
Antarctica, received a phone call from Davisville,
Rhode Island. The duty officer at the Davisville
headquarters of Antarctic Support Activities (ASA)
had picked up a garbled message from the amateur
radio transmitter at Byrd Station. With a mag-
netic storm raging, communications were bad. Byrd
could not hear the operator in Davisville at all, but
the ASA operator heard enough of Byrd's transmis-
sion to relay that a scientist was stricken with what
sounded like acute appendicitis and that Byrd was
not only requesting immediate aerial evacuation, but
was already preparing the skiways for landing.

As the magnetic storm subsided on the following
days, communications were restored and more pre-
cise information became available. The patient was
Mr. A. Lawrence Spitz of Fairfax, Virginia, an
auroral observer for the Arctic Institute of North
America. His ailment was diagnosed as generalized
peritonitis. A course of treatment based largely on
the use of antibiotics was prescribed. It was hoped
that Spitz would respond sufficiently to the treatment
to await the official opening of the season with the
first fly-in to Antarctica; this was scheduled for Oc-
tober 1 and might even have been pushed forward
a few days.

At first, things appeared to be going well, but early
on September 9, Dr. Robert Hunt, the physician at
Byrd, reported a steadily rising temperature. In
the afternoon of the same day, Rear Admiral Baku-
tis, Commander, U.S. Naval Support Force, Ant-
arctica, requested and obtained approval for a med-
ical evacuation flight. Two LC-1 30F Hercules pre-
pared to take off. At 2000 hours, the first aircraft
departed with Commander Daniel Balish, USN,
Commanding Officer of Air Development Squadron
Six, on board. His orders were to push straight
through to Christchurch, New Zealand, with mini-
mum time on the ground, and to proceed from there
to Antarctica as fast as weather permitted. The sec-
ond aircraft, which was to provide search and rescue
support to the first, was scheduled to leave Quonset
Point about 18 hours after Commander Balish.

In the meantime, Byrd, South Pole, and Mc-
Murdo Stations were instructed to make surface
synoptic weather observations every three hours
and to take upper-air soundings every 12 hours.
Terminal forecasts for Byrd and McMurdo were to
he prepared by the latter on a six-hour schedule. The
Australian and New Zealand stations on Macquarie
and Campbell Islands were requested to provide 12-
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hourly upper-air soundings. At Byrd and McMurdo
Stations, Navy crews were busy smoothing runways,
setting out emergency lighting, reactivating naviga-
tional aids, and checking out equipment. The
Christchurch detachment of the Naval Support Force
was asked to have a fuselage tank ready for installa-
tion in the Hercules.

Commander Balish arrived in New Zealand on
September 11 at 1125 hours. At 0959 on the fol-
lowing day, he left Christchurch for McMurdo Sta-
tion where he arrived at 1858. By this time,
weather at Byrd Station had deteriorated and the
fly-in had to be delayed for several hours. Dr. Hunt
reported that Spitz was resting comfortably, although
his condition was gradually worsening. The emer-
gency, while real, was not acute.

The Hercules departed McMurdo for Byrd Sta-
tion at 0435 on September 13. Everything went
smoothly. After a brief stop at Byrd to load Spitz
on board, the aircraft proceeded directly to Christ-
church, arriving at 1952. After diagnosis at a civilian
hospital, it was decided that surgery for an infected
appendix would be delayed for three months while
treatment with antibiotics continued.

The evacuation of Spitz by air was the fourth
aerial medical evacuation since the introduction of
the LC-1 30F to Antarctica in 1960, and the second
from Byrd Station. The first, also from Byrd, oc-
curred on April 9, 1961. A Soviet exchange sci-
entist, Mr. Leonid Kuperov, was found to be suffer-
ing from a stomach ailment. The evacuations
from McMurdo took place on June 26, 1964, and
June 6, 1966. The 1964 flight was made to bring
out Bethel L. McMullen, a Builder First Class, who
had suffered severe spinal injuries in a fall. On the
flight of last June, Robert L. Mayfield, Pipefitter
Second Class, was brought to Christchurch suffer-
ing from a ruptured bladder.

Antarctic Nomenclature Shortened
by the Board on Geographic Names

FRED G. ALBERTS

Office of Geography
Department of the Interior

The U.S. Board on Geographic Names has
shortened the names of 32 geographic features in
Antarctica that were previously designated by both
a Christian name and a surname. The changes are

included in the Board's new gazetteer of Antarctica,
now in press.

The briefer forms are considered to be in the
public interest and are consistent with trends in the
normal evolution of geographic names as well as the
stated objectives of national committees concerned
with the naming of antarctic features. Short names
are more convenient for radio transmission and for
use on maps and charts, where the longer forms
tend to obscure topographic detail and soundings.
Also, experience has shown that long names are
generally shortened when used in the field, regard-
less of the official name.

The shortened names are listed below with the
coordinates of the features, followed by the previous
names in parentheses. In a few instances, the ge-
neric portion of the name has been amended to con-
form better with the nature of the geographic feature.

Adams Glacier-66'47'S. 109'24'E. (John Quincy
Adams Glacier)

Arthur Glacier-77'04'S. 14501 2'W. (Arthur Davis
Glacier)

Black Coast-72°00'S. 62°30'W. (Richard Black
Coast)

Block Bay-76°15'S. 146°22'W. (Paul Block Bay)
Bowman Peak-77°29'S. 153°13'W. (John Bowman

Peak)
Bryan Coast-73°45'S. 82°00'W. (George Bryan

Coast)
Byrd Land-79°00'S. 120°00'W. (Marie Byrd

Land)
Byrd Mountains-85°26'S. 146°30'W. (Harold Byrd

Mountains)
Cook Ice Shelf-68°40'S. 152°30'E. (Joseph Cook

Bay)
English Coast-73°45'S. 72°00'W. (Robert English

Coast)
Flood Range-76°00'S. 134'15'W. (Hal Flood

Range)
Ford Ranges-77°00'S. 145°00'W. (Edsel Ford

Ranges)
Gould Peak-78°07'S. 155°15'W. (Charles Gould

Peak)
Hays Mountains-85°57'S. 155°20'W. (Will Hays

Mountains)
Hull Bay-74°55'S. 137°40'W. (Cordell Hull Bay)
Hull Glacier-75°05'S. 137°15'W. (Cordell Hull

Glacier)
Humboldt Mountains-71 °45'S. 11 °30'E. (Alexan-

der Humboldt Mountains)
Jackson, Mount-71 °25'S. 63°23W. (Andrew Jack-

son, Mount)
June, Mount-76°16'S. 145°07'W. (Harold June,

Mount)
Land Bay-75°25'S. 141 '35'W. (Emory Land Bay)
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Land Glacier-75'40'S. 141'45'W. (Emory Land
Glacier)

McKinley Peak-77 0 52'S. 148 0 11'W. (Grace Mc-
Kinley, Mount)

Muller Crest-72'12'S. 8'08'E. (Johannes Muller
Crests)

Nilsen Plateau-86 0 20'S. 158 ' 00'W. (Thorvald Nil-
sen Mountains)

Owen Peak-71 ' 50'S. 63°00'W. (Russell Owen,
Mount)

Rawson, Mount-85'55'S. 162'10'W. (Kennett
Rawson, Mount)

Ronne Ice Shelf-78°30'S. 61'00'W. (Edith Ronne
Land)

Ruth, Mount-86°17'S. 151'35'W. (Ruth Black,
Mount)

Scott Glacier-85'30'S. 152'00'W. (Robert Scott
Glacier)

Snow Nunataks-73°25'S. 77°30'W. (Ashley Snow
Nunataks)

Thomas Mountains-75'32'S. 70 0 57'W. (Lowell
Thomas Mountains)

Washington Ridge-78'06'S. 154 0 48'W. (Helen
Washington, Mount)

Orientation Held for Participants in the
U.S. Antarctic Research Program,

1966-1967
A five-day orientation was held September 19-23

by the National Science Foundation (NSF) for field
personnel of USARP-1967. Such meetings are ar-
ranged every year to familiarize the scientific per-
sonnel with the overall program and to brief them
on the history of exploration and research, safety
precautions and survival techniques, and interna-
tional aspects of the program including Antarctic
Treaty obligations. Another purpose of the meet-
ings is to acquaint the personnel with each other
and with the senior administrative staff of USARP.

Prior to departing for Skyland, Shenandoah Na-
tional Park, Virginia, where the orientation was
conducted, the some 200 participants gathered in
Washington. D.C., for welcoming remarks by Dr.
Leland J. Haworth, Director of the National Science
Foundation.

Dr. T. 0. Jones, Director of NSF's Division of
Environmental Sciences, opened Monday's sessions
at Skyland by addressing the group on the objec-
tives and philosophy of the U.S. Antarctic Research
Program. His introduction was followed by a briefing
on the U.S. Naval Support Force, Antarctica, after
which group meetings were held with members of
the staff of NSF's Office of Antarctic Programs. In

the evening, retired Rear Admiral George J. Dufek
spoke on his years as commander of Operation
Deep Freeze. He was introduced by Congressman
John P. Saylor (R-Pa.), who had arrived in the
afternoon for an overnight visit.

Speakers on Tuesday included Mr. Walter Sulli-
van, Science Editor of the New York Times, who
reviewed the history of antarctic exploration; re-
tired Ambassador Paul C. Daniels. who spoke on
the international aspects of Antarctica; and Profes-
sor Serge A. Korff, New York University, who dis-
cussed solar-terrestrial relationships as a prelude to
an afternoon session on upper atmosphere physics.

Wednesday was devoted to aspects of the biology,
geology, and mapping programs. The biology ses-
sion was opened by Dr. Waldo Schmidt, U.S. Na-
tional Museum. Drs. J. Campbell Craddock, Uni-
versity of Minnesota; F. Alton Wade, Texas Tech-
nological College; and John C. Crowell. University of
California, Los Angeles, discussed the geology of
Antarctica. Thursday was given over to glaciology,
meteorology, safety and survival, and support op-
erations including the informational programs. Mr.
B. Lyle Hansen, Cold Regions Research and Engi-
neering Laboratory, described the successful drilling
to the bottom of the Greenland ice cap.

On Friday morning. Dr. Robert Cushman Mur-
phy of the American Museum of Natural History
spoke on "The Urgency for Protecting Life Re-
sources in Antarctica." He was followed by Mr.
Neal Potter. Resources for the Future, Inc., who dis-
cussed the resource potential of the antarctic region.

Postscript to "Adlie Penguins in the
Milwaukee County Zoo"

The last issue of the Antarctic Journal (Vol. I,
No. 5. p. 229) contained an article by George
Speidel on the birth of an Adélie penguin at the
Milwaukee County Zoo. The chick did very well for
over a month but. Dr. Speidel now reports, it died
unexpectedly on August 13. The mother had died
two days earlier.

Autopsies revealed that their accidental deaths re-
sulted from punctured intestines, possibly caused by
bits of sharp stones. (Adult penguins swallow
stones to aid digestion and may transfer some of
them when feeding their chicks regurgitated food.)
The other penguins at the Zoo are doing fine, Dr.
Speidel reports.

Erratum in Vol. 1, No. 5. p. 211-212: the captions
beneath figures 1 and 2 should be transposed.
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