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Activities in October-
November, 1969

The first weeks of the antarctic summer season are
devoted primarily to getting things started. In gen-
eral, naval support personnel arrive first in order to
prepare the way for the USARP scientists, who take
to the field to commence their investigations about
mid-October. Although some delays occurred in late
October and early November due to storms and com-
munications blackouts, most projects were on sched-
ule at the end of the period, but a tragic helicopter
crash on November 19 marred the early season activ-
ities.

At Palmer and the inland stations Byrd and Pole,
most research was still on winter schedule, and the
few summer projects that had been started are not
covered in this brief summary.

Start of Deep Freeze 70 Operating Season

The operating season began on October 14 (not
October 15 as reported in the last issue of the Ant-
arctic Journal) with the arrival of the first Hercules
aircraft from New Zealand. Some summer scientific
work was already under way following the winter
fly-in of August 31. Wintering personnel at McMurdo
Station had put in a tremendous effort during late
September and early October preparing runways,
reopening Williams Field, getting buildings ready,
and making other preparations for the coming sea-
son. Similar activities were being conducted at Byrd
and Amundsen-Scott South Pole Stations in antic-
ipation of the day that they, too, would resume
physical contact with the outside world.

During the first week after the initial fly-in, air
operations went into high gear. Two Super-Constella-
tions (C-121Js) and one Hercules (LC-130R) were
engaged in ferrying personnel and cargo back and
forth between New Zealand and Antarctica, while
four Hercules (LC-130Fs) and three Seahorse (H-
34) helicopters carried on the intracontinental air-
lift. As a first priority, the latter group reestablished
the summer meteorological stations at Cape Hallett
and on the Ross Ice Shelf (Brockton Station), on
October 15 and 16, respectively. A few days later—
on October 20—the first Hercules reached Byrd Sta-
tion and resupply flights commenced. Concurrently,
the helicopters at McMurdo were putting scientific
parties into the field.

The favorable weather conditions that had per-
mitted this initial burst of activity deteriorated on
October 27, when a severe storm stopped flying activ-

ity at McMurdo Station. Helicopters recommenced
operations on October 30 and fixed-wing aircraft,
using the Williams Field skiway, took to the air a
few hours later on October 31. The annual ice run-
way remained unusable for several days thereafter
until drifted snow could be removed. Before this task
could be completed, a communications blackout,
lasting from November 2 to November 5, made im-
possible all flights except local trips in the McMurdo
area. Antarctic Development Squadron Six (VXE-
6), however, had seized upon the brief period when
flying was possible to reopen the South Pole Station
on November 1.

The emphasis during the opening days of the sea-
son was upon the deployment of naval and USARP
personnel. On November 5, the Commander, U.S.
Naval Support Force, Antarctica reported the follow-
ing station populations: McMurdo, 924; Byrd, 36;
South Pole, 46; Palmer, 13; Brockton, 3; and Hal-
lett, 21. Of the 1,043 total, 68 were wintering-over
personnel awaiting return to the United States. It is
interesting to note that at the end of November, the
number of persons at all stations was almost the same
—1,046. The number still not redeployed had drop-
ped to 26, however.

The most serious effect of the storm and the sub-
sequent communications blackout was to create a
backlog of personnel and cargo at Christchurch, New
Zealand, as these events coincided with the scheduled
peak of the air-transport effort. To help handle the
load at this time, Starlifters (C-141s) of the Air
Force's Military Airlift Command were to make a
series of turn-around flights between Christchurch
and Williams Field commencing October 30. Con-
ditions in the Antarctic, however, delayed the start
of these flights until November 5. From that date
until November 17, the Starlifters made 15 round
trips to "the ice." VXE-6 also received assistance
from Royal New Zealand Air Force Hercules (wheel-
equipped LG-13011s) during the same period. The
first two of three scheduled flights, on November 11
and 12, went off uneventfully, but the third ran into
difficulty about three hours out of Christchurch on
the way to McMurdo, when the pilot found it neces-
sary to feather a propeller and turn back. The VXE-
6 search-and-rescue plane took to the air and accom-
panied the stricken Hercules on its return. The air-
craft took off again and completed the trip to Mc-
Murdo the following day, November 14.

By December 1, the deployment of personnel and
the delivery of cargo by air was nearing completion.
At the same time, VXE-6 was also busy with resup-
ply operations to the inland stations and Cape Hal-
lett. The latter, because of its location about 400 miles
north of McMurdo, has a relatively short flying sea-
son. The last aircraft landed there on November 28,
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and the runway was closed down for the season four
days later because of deteriorating sea ice. A number
of visitors and news correspondents were also accom-
modated on flights to Byrd, South Pole, and Hallett
Stations. A flight on November 11 had a very special
group aboard: six women—five scientists and a news
correspondent.

Women at the South Pole

The five women scientists who made the historic
trip to the bottom of the world, escorted by Rear
Admiral Welch, were Mrs. Pam Young, a New Zea-
land biologist, and the Ohio State University team
carrying on geochemical investigations in the ice-
free valleys under the direction of Dr. Lois Jones. Her
assistants are Mrs. Eileen McSaveney, Mrs. Kay Lind-
say, and Miss Terry Tickhill. The sixth member of
the party was Mrs. Jean Pearson, science writer
for the Detroit News. To avoid any future argument
as to who was the first woman to reach the South
Pole, the six joined hands and marched down the
ramp of the Hercules together. After their return to
McMurdo, Mrs. Pearson went on to visit other
United States installations in the area and, on No-
vember 16, VXE-6 flew Dr. Jones and company by
helicopter to Lake Bonney, where they set up camp
and began their investigations.

Remote Field Parties

By December 1, all but one of the remote field
parties were in place, and equipment had been deliv-
ered for the fourth, but no personnel were at the
site. The first to reach its area of investigation was the
team from the U.S. Geological Survey carrying out a
topographic and geologic study along the Lassiter
Coast. On November 8, two Hercules carried six men
and their equipment to 74 0 26'S. 67 0 37'W., where
they established their camp. On the return trip, the
aircraft landed at Byrd Station in virtual whiteout
conditions. So poor was the visibility that the crew
could not leave the aircraft for the nearby station for
several hours. On November 18, a third flight was
made to the Lassiter Coast delivering additional sup-
plies and equipment and two more scientists. The
party is using motor toboggans for local transporta-
tion.

The most ambitious field project of the year is a
multi-organizational geological-paleontological survey
of outcrops in the Beardmore Glacier area, central
Transantarctic Mountains. Following an aerial re-
connaissance of the area, a Hercules, on November
15, landed cargo, a Navy construction crew, and a
lone scientist at Coalsack Bluff, the first of two camp
sites to be occupied during the season. A second sup-

ply flight arrived the following day, and by November
21, the camp was ready for the arrival of the investi-
gators. After the removal of the construction crew,
the camp had a population of 15 scientists and 4
navymen. Local transportation is being provided by
three Iroquois (UH-1D) helicopters, flown this year
for the first time by Navy pilots. Unfortunately, at
the end of November two of these aircraft were
down awaiting inspection of their tail-rotor drive
shafts, following the crash of the third on November
26 near Beardmore Glacier.

On November 23, Dr. David H. Elliot of
the Institute of Polar Studies and Department
of Geology, Ohio State University, senior scien-
tist of the party, discovered fossil bones in a
sandstone bed near the Coalsack Bluff camp.
The exposure was then submitted to systematic
exploration by a group of paleontologists in-
cluding Dr. Edwin H. Colbert of the American
Museum of Natural History, New York, and
the Museum of Northern Arizona; Mr. James
Jensen of Brigham Young University, Utah;
Mr. William J . Breed of the MUSeUm of North-
ern Arizona and Mr. Jon S. Powell of the
University of Arizona. In the process of this
work, various types of vertebrate fossils were
discovered. Included were the fossil bones of
lahyrinthodont amphibians and various reptiles,
among them apparently the remains of theco-
donts—characteristic of the Triassic period of
earth history.

On December 4, the Ohio State University
team discovered part of a reptilian skull identi-
fied by Dr. Colbert as Lystrosaurus. This key
index fossil of Lower Triassic in the major
southern land masses is further evidence of the
former existence of a great southern continent
—Gondwanaland. According to Dr. Colbert's
book, The Age of Reptiles, Lystrosaurus "has a
peculiarly shaped skull, with the nostrils high
on the skull, between the elevated eyes. This
almost surely indicated aquatic habits . . ." The
presence of fresh-water amphibians and land-
living reptiles in Antarctica some 200 million
years ago is very strong evidence of continental
drift because these amphibians and reptiles,
closely related to back-boned animals of the
same age on other continents, could not have
migrated between continental areas across
oceanic barriers.

It has been known for many years that Antarctica
once had a temperate climate. Fossil ferns and other
plants were found there as early as 1911, by Captain
Robert Falcon Scott's expedition to the South Pole.
Scott's party discovered beds of coal containing fossil
leaves in the mountain wall bordering the Beardmore
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U.S. Navy Photo

The first women to visit the South Pole photographed shortly after
their arrival by plane from McMurdo. They are, from left to right:
Mrs. Pam Young, Mrs. Jean Pearson, Miss Terry Lee Tickhill, Dr.

Lois Jones, Mrs. Eileen McSaveney, and Mrs. Kay Lindsay.

Glacier not far from the site of the present Calul) at
Coalsack Bluff. Two years ago, a fossil jawbone of
a labyrinthodont was found and, last year, insect fos-
sils were discovered for the first time in Antarctica.

At the Coalsack Bluff camp for a period was Dr.
Roy E. Cameron of the California Institute of Tech-
nology, who collected 10 soil samples from the sur-
face to the depth of hard permafrost along a 10-mile
traverse across the Bluff to Lewis Cliff. At the camp
itself, 6 snow samples to depths of 10 m were taken
and air samples for microorganisms were obtained
15 m north and south of the camp. All of these
samples were returned to McMurdo for laboratory
analysis.

For the second successive season, VXE-6 made the
long flight from McMurdo Sound to the United
Kingdom's Halley Bay Station. There, after refuel-
ling the Hercules from 50-gallon drums, a British
Antarctic Survey party consisting of 6 men and 27
dogs plus 10,000 pounds of equipment and supplies
were flown to the Shackleton Range in Queen Maud
Land. They will be picked up and returned at the
end of the season.

The Stanford University party that expects to do
magnetospheric research in Ellsworth Land made an
abortive attempt to reach the field on November 27.
Two loads of cargo were delivered to the proposed
site of a camp, to be named Siple Station. Weather,
however, was such that the personnel elected to re-
turn to McMurdo until conditions improved.

Siple Station is to be named after Dr. Paul
A. Siple, an internationally known U.S. scien-
tist who died on November 25, 1968. Dr. Siple
first went to the Antarctic as a Boy Scout with
Admiral Richard E. Byrd on his 1928-1930 ex-
pedition to Little America. He returned to Ant-
arctica several times and assumed increasingly
greater responsibilities in the U.S. antarctic
program, including that of the first Station
Scientific Leader at the Amundsen-Scott South
Pole Station. Dr. Siple was Science Attaché at
the American Embassy at Canberra, Australia,
when his career was thwarted by illness in 1966.

Research and Support in the McMurdo Sound
Area

Each year, a few scientific projects are undertaken
in the immediate vicinity of McMurdo Station that
can be supported by ground transportation from the
station itself. Those carried on at greater distances,
as in the ice-free valleys along the western side of the
sound or at Cape Crozier and other sites on Ross Is-
land, are generally placed and maintained in the
field by helicopters. These parties are usually small,
and many of them either shift from place to place
in the field, or alternate periods in the field with time
in the laboratories at McMurdo Station.

Among the field parties getting off to an early
start was the Dietland Mflller-Schwarze husband-wife
team from Utah State University studying penguin
behavior at Cape Crozier. They arrived at McMurdo
on October 16, and were placed in the field on Octo-

I
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U.S. Navy Photo

A Jamesway hut being erected on Wetmore Glacier for the Lassiter Coast survey party.
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ber 19 together with two assistants from Utah State
University and Messrs. Robert Wood and David
Ainley from Johns Hopkins University.

Dr. Müller-Schwarze's studies of anti-predator be-
havior of the Adélie included observations of inter-
actions between this penguin and its enemies—the
leopard seal and the skua. Equipment for the quanti -
tative study of predator recognition was tried out and
adapted to the field conditions. Meanwhile, the Johns
Hopkins team continued its observations of Adélies
and skuas of known age and made regular checks of
about 200 nests of 3-8-year old penguins.

Two investigators representing the University of
Wisconsin resumed a continuing study of patterned
ground on November 11. One of them was Mr.
Thomas E. Berg, for many years associated with the
University of Wisconsin but most recently in the
employ of the Research Council of Alberta, Canada.
For three days, they worked successively in the Tay-
lor Valley on the west side of McMurdo Sound, then
across the sound at Cape Evans on Ross Island, and
finally on the western side of the Wright Valley.

During a trip on November 19, the engine
of the helicopter in which Mr. Berg was flying,
failed. The pilot brought it down by auto-
rotation of the rotor blades, but it landed on
Mount McLennan and slid some 700 feet down
the slope. Of the eight persons on board, six
escaped, but Mr. Berg and Mr. Jeremy Sykes,
a New Zealand cameraman making a documen-
tary film, died. An obituary of Mr. Berg is pre-
sented on p. 7. On November 22, memorial
services for the deceased were held in the theatre
at McMurdo Station.
The crash ended an accident-free record of over

three years for VXE-6. Operations continued with-
out interruption, however, although the loss of one
of its three helicopters put an added strain on VXE-
6, which strove to fulfill its already heavy commit-
ments with a reduced flying capability. No help could
be expected before the arrival of the icebreakers
with their helicopters in late December.

Another research team that began work on Novem-
ber 11 included Mr. Robert Flory and an assistant,
both from the University of Wyoming, who were
placed at Skelton Glacier on that date to conduct
geological-geophysical research. When their radio
reports became overdue, a helicopter went out to
investigate. The party was well and safe, but its radio
had frozen, preventing communication with base or
with aircraft flying in the area. Also, heavy snow
accumulation was hampering the planned activities.
The party was flown back to McMurdo and reestab-
lished in another location on November 23. Condi-
tions having improved, the scientists returned briefly
to McMurdo Station on December 1 and two days
later were flown a second time to the Skelton Glacier.

Above. Foundation being laid for a small fiber-glass hut at Cape
Crozier. The old Jamesway hut is seen at left. Below. Dr. and
Mrs. MUller-Schwarze, Utah State University, making notes of

their observations of penguin behavior.
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U.S. Nary Photo
Surface rig supporting underwater TV camera used in University

of Minnesota seal study. Seals resting on the ice nearby.

U.S. Nary Photo
Close-up of television monitor used by the University of Minnesota
seal-study group. The two seals in the picture are near a crack

in the ice.

U.S. Navy Photo
Close-up of radio transmitter attached to seal flipper by the

University of Minnesota scientists.

Dr. Fiorenzo C. Ugolini of the University of Wash-
ington visited a number of field sites in pursuit of
his study of biological weathering. His party com-
pleted a glacial and soil survey of Beacon Valley,
where they identified 19 different soil types. Working
at times in cooperation with Dr. Ugolini was Mr.
George Linkletter, also of the University of Washing-
ton, who is studying weathering and soil formation
processes in the dry-valley areas.

NI r. Robert Behling of Ohio State University, and
assistant, commenced pedologic and glacial-geo-

logic studies in Wright Valley on November 17. In
Taylor Valley, Dr. Lois Jones and her all-women
research crew completed their geochemical studies
in November except for sampling of Lake Bonney for
C'4 dating. A soil-collecting traverse of the valley
was undertaken and saline samples were obtained
from the Taylor "red cone."

Prior to departure for Antarctica, Dr. Jones re-
ceived the following letter from the President of the
United States:

Dear Dr. Jones:
I was very pleased to read a recent news re-

port you will head the first team ofof women
to study at American bases in the Antarctic.
You are joining another very proud group of
pioneers in science and I have every hope that
each of you will find challenge and fulfillment
in this new and exciting assi(nment.

With best wishes,
Sincerely,
RICHARD NIXON

The University of California (San Diego) deep-
diving studies headed by Dr. Gerald L. Kooyman
that had begun in early September with night-diving
and respiration studies, continued west of Turtle
Rock during the early summer with determination
of oxygen-consumption rates and pulmonary dimen-
sions of Weddell seals. Nearby, another group from
UC San Diego, under Dr. Douglas D. Hammond, Jr.,
continued its study of the oxygen consumption of
newborn Weddell seals.

A University of Minnesota group, headed by Dr.
1 )onald B. Siniff, concerned with the population dy-
iiainics of seals, established a laboratory at Hutton
Cliffs, where they mounted an underwater television
camera about 2 m below the ice to monitor the seals'
activities. During November, about 7350 feet of
videotape recording, complete with sound, was made
of seal activities. Rookery population censuses were
conducted twice daily and a number of newborn
seal pups were tagged. By the end of November, 65
blood samples had been obtained, centrifuged, and
frozen for return to the U.S.A. Radio transmitters
were attached to 11 seals of which 8 were still pro-
viding data at the end of November.
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A party from the University of California (Davis)
under the direction of Dr. Robert E. Feeney, recom-
menced protein studies on various kinds of fish. Re-
search at a fish house established at Turtle Rock was
supplemented by visits to Cape Crozier, where pen-
guin eggs were obtained. By the end of November,
about 3000 specimens of Treinatomus borchgrevinki
had been caught and bled, and some samples of
heart, liver, and muscle taken. The 3000 ml of blood
obtained yielded 1500 ml of serum or plasma.

Two students of Dr. Frank E. Strong's, University
of California at Davis, continued his studies, begun
last year, of the low-temperature physiology of arth-
ropods. They collected a few collembola and mites
at Hallett Station, but the arthropods were mostly
inactive due to the cold that still prevailed at the
end of November.

Other projects in operation included algal studies
by Dr. Wolfgang Becker, University of Tübingen
(West Germany), and a study by Dr. Milton W.
Weller, Iowa State University, of the early embryo-
logy of the Adélie penguins at Cape Hallett. The
latter project employed motion-picture cameras to
record incubation behavior of experienced and inex-
perienced breeding Adélies. Incubation temperature
records, begun on November 29, will be correlated
with the time-lapse photography. Egg-laying began
on November 1; during the next 30 days, 131 eggs
were collected for artificial incubation at temperatures
of 26°-42°C. The preliminary results show no devel-
opment at 26°C., retarded development at 30°C.,
and accelerated development at 42°C.

Two distinguished scientists-educators arrived at
McMurdo Station on November 24 to observe the
U.S. Antarctic Program. One was Dr. Laurence M.
Gould of the University of Arizona, a veteran of
antarctic affairs and presently President of SCAR
and Chairman of the Committee on Polar Research
and the Advisory Panel for Antarctic Programs. The
other was Dr. Grover E. Murray, President of Texas
Technological University and a member of the Na-
tional Science Board. Together, they visited the party
at Coalsack Bluff, and participated in some special
activities (see below).

Special Events

The austral spring of 1969 saw the anniversary of
two antarctic milestones fall so closely together that
they could be commemorated at the same time. The
first was the fortieth anniversary of Admiral Byrd's
pioneering flight over the South Pole—on November
29, 1929, and the second was the decennial of the
signing of the Antarctic Treaty—on December 1,
1959. The two were not unrelated as Byrd had long
dreamed of Antarctica as a "great white continent of

peace." In this spirit, Admiral Welch, in a message
to ships and stations under his command, urged that
a ceremony be held to commemorate the two historic
occurrences on the intervening day, November 30,
a Sunday.

On November 29, however, a Hercules took off
from Williams Field with Dr. Laurence M. Gould,
chief scientist and second in command of the first
Byrd Antarctic Expedition, on board. The aircraft
flew first to the site of Byrd's original Little America
and then retraced the route of his flight across the
Ross Ice Shelf, up the Liv Glacier, and across the
plateau to the South Pole. Unlike their predecessors,
those aboard the plane were able to disembark and
to hold an appropriate commemorative ceremony
at the station established there in 1957.

The following day, ceremonies took place both at
McMurdo and South Pole Stations. Events at Mc-
Murdo began with a memorial service in the station
chapel, after which a wreath was laid before Admiral
Byrd's statue and representatives of five of the signa-
tory nations spoke briefly. They were Mr. Jack Van-
denheede of Belgium, Dr. Roberto Schiatter of Chile,
Mr. James Brodie of New Zealand, Dr. Aleksandr
Vasilev of the Soviet Union, and Dr. Gould of the
United States. At the South Pole, personnel rode out
from the station to the geographic pole, where Mr.
Dennis Walts spoke on the accomplishments of Ad-
miral Byrd, and the flags of the 12 original signatories
of the Treaty were planted. It was the hope of those
present, as they relayed it in a message, that the
spirit which animated the Antarctic Treaty and which
was symbolized by the flag-raising ceremony "might
someday spread throughout the world."

New Issue of SAE Information Bulletin

Translation into English of the Soviet Antarctic
Expedition Information Bulletin, supported by the
National Science Foundation, has reached Nos. 67
and 68 of the Bulletin, both issues originally pub-
lished in Russian in 1968. These two latest issues in
the series have been published as Vol. 7, No. 1 in the
translated series.

The 98-page Vol. 7, No. 1 is for sale at $7.50
from the American Geophysical Union, Suite 435,
2100 Pennsylvania Avenue, N.W., Washington, D.C.
20037. Subscriptions are available also ($40 per 12
Bulletins), as are back copies.
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Thomas E. Berg (1933-1969)

When Thomas E. Berg was killed in a helicopter
crash in Taylor Valley on November 19, 1969, he
was beginning the final field season of a 10-year long
investigation of patterned-ground phenomena in Ant-
arctica. The program, begun in 1959 by Professor
Robert F. Black, University of Wisconsin, was one of
the first long-term studies initiated after the close of
the International Geophysical Year and the com-
mencement of the U.S. Antarctic Research Program.
During each summer, a field party, usually headed by
Black or Berg, has made direct measurements of the
growth of several hundred ice and sand wedges, and
collected complementary micrometeorological data
and soil samples. In 1961, Berg was a member of the
wintering-over USARP party at McMurdo Station.

Thomas E. Berg was born in LaCrosse, Wisconsin
in 1933. He attended public schools in Onalaska,
Wisconsin, where his parents and surviving brother
make their home. After graduating from high school
in 1951, he attended LaCrosse State College for two
years. His college study was interrupted by two years
of service in the U.S. Navy as a radar man in the
Pacific area. Upon l'is discharge, he enrolled at the
University of Wisco isin, where he obtained a B.S.
in geology in 1957 nd expected to receive a Ph.D.
in geology in 1970.

In 1965, Berg joined the Research Council of
Alberta. As a research officer for the Council, he
conducted investigations on surficial deposits of the
Medicine Hat area, engaged in permafrost research
in Alberta, and studied the geology of the City of
Edmonton and its environs. He participated in the
Steele Glacier Expedition to the Yukon in 1967-1968.

Thomas Berg was an exceptional field worker.
Among his foremost personal traits was an untiring
enthusiasm, perseverance, and unflagging spirit un-

der trying conditions. His competence, enthusiasm,
and friendly disposition earned him the respect and
friendship of all who knew him.

Berg is survived by his wife, Barbara, his parents,
a brother and two sisters.

Office of Antarctic Programs
Becomes

Office of Polar Programs

On December 19, 1969, the name of the National
Science Foundation's Office of Antarctic Programs
was changed to Office of Polar Programs.

Dr. L. 0. Quam has been assigned to serve as Act-
ing Head of the Office of Polar Programs, and Mr.
Philip M. Smith has been appointed Deputy Head.
Prior to the change, they occupied the positions of
Chief Scientist and Program Director for Field Re-
quirements and Coordination, respectively, in the Of -
fice of Antarctic Programs. The position vacated by
Mr. Smith has been filled by Mr. Kendall N. Moul-
ton, formerly Associate Program Director for Field
Requirements and Coordination. Mr. H. S. Francis,
Jr., Acting Special Assistant to the Acting Deputy
Assistant Director for National and International
Programs, will continue to be responsible for Antarc-
tic Treaty matters.

The change of name of the office reflects NSF's
newly assigned responsibility as lead agency for the
extension of arctic research. Earlier—in 1968—an
Interagency Arctic Research Coordinating Commit-
tee, chaired by NSF, was established to improve the
coordination of basic, unclassified research conducted
in the Arctic under the auspices of U.S. Government
agencies. InJanuary, 1969, NSF expanded its clear-
inghouse for antarctic information to a Polar Infor-
mation Service, headed by Mr. K. G. Sandved.

Soviet Geological Volume Available
in English Translation

The Precambrian of East Antarctica, an important
geological monograph by M. G. Ravich, L. V. Kli-
mov, and D. S. Solov'ev, has been published in Eng-
lish for the National Science Foundation by the Is-
rael Program for Scientific Translations. The 475-
page translation (with folded maps) is available at
$3.00 a copy from the Clearinghouse for Federal
Scientific and Technical Information, U.S. Depart-
miment of Commerce, Springfield, Virginia 22151.
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Navy Art Collection

Water color by Comdr. Standish Backus, Jr., USNR, depicting
USCGC Eastwind towing a gasoline barge during Deep Freeze I.

The Role of
Icebreakers in the Antarctic

EDWIN A. MACDONALD 1

Captain, USN (Ret.)
Director, Ship and Polar Operations

Lindblad Travel, Inc.

The United States first employed icebreakers in
the Antarctic in 1946, in connection with Operation
High jump. The prominence of these ships in the
antarctic scene is demonstrated in the table which
shows that at least three and usually four of them
have been assigned to each of the 14 Deep Freeze
seasons to date. Only two other nations send ice-
breakers into the region: Argentina first dispatched
ARA General San Martin there in 1954, and Japan
introduced Fuji in 1965.

'Assigned to the U.S. Naval Support Force, Antarctica
from 1956 to 1962, including four years as Deputy Com-
mander, Capt. MacDonald is a former icebreaker com-
mander with 15 years' experience in polar shiphandling.

The Primary Task

In the Antarctic, the main duty of our icebreakers
is to break the ice defenses surrounding the Conti-
nent so that supplies can be delivered to ports of
entry, which for the United States program are Mc-
Murdo Station on Ross Island and Palmer Station
on Anvers Island. The vital importance of ice-
breakers can be summed up in one sentence: Over
95 percent of the materiel used by the U.S. program
is delivered to Antarctica by ships. 2 Without ice-
breakers, there is no assurance that the cargo ships
and tankers can get through to their destinations,
especially in the Ross Sea sector.

The annual ice in McMurdo Sound almost never
breaks up before late January, even under the most
favorable conditions. Sometimes, no annual break-
up occurs at all, as was the case during Scott's first
(1902-1904) expedition, when his ship Discovery
was forced to remain a second year for lack of such
help from nature.

Perhaps ships could reach McMurdo without ice-
breaker assistance after a natural breakup occurs,
but the operating period would be short indeed and
somewhat hazardous due to the onset of stormy
weather in March. In contrast, the breaking of a
ship channel into McMurdo Sound enables ship
transport to begin in late December or early Janu-
ary at the latest. (In 1964 and 1967, the channel
was pushed through to Winter Quarters Bay on the
unusually early date of December 5.) One must also
remember that the mooring site at Hut Point has
usually been readied by icebreakers, and that the
carving of the ship channel in the early part of the
season has certainly aided, if not precipitated, the
annual Ross Sea ice breakup.

How the Way is Cleared

Sea ice is never a solid, homogeneous mass, except
in sheltered sounds and bays. Rather, it is constantly
being broken into floes as variations in temperature,
wind, and current create cracks and channels. Those
same forces propel the sections or pieces of ice apart
and together in an accordion-like manner that alter-
nately increases and decreases pressure in the pack.

The term "icebreaking" is actually a misleading
description of how a passage is opened through sea
ice; the mechanics of the process are better described
as "ice displacement." Ice forward of the icebreaker
is shoved aside to accommodate the underwater por-
tion of the vessel. Where the ice coverage is too solid
to permit lateral displacement, it is necessary to shove
the ice over or under adjacent layers.

2 See Antarctic Journal, vol. III, no. 4, p. 138.
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Antarctic Service by U.S. Icebreakers
(N = Navy-operated; C Coast Guard-operated)
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Icebreaker	 Southwind*	Island

	
Eastwind	Edisto	Glacier	Northwind	Island** Westwind

Highjurnp
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Deep Freeze I
Deep Freeze II
Deep Freeze III
Deep Freeze IV
Deep Freeze 60
Deep Freeze 61
Deep Freeze 62
Deep Freeze 63
Deep Freeze 64
Deep Freeze 65
Deep Freeze 66
Deep Freeze 67
Deep Freeze 68
Deep Freeze 69

* USCGC Atka renamed USCGC Southwind on January 18, 1967.
** For a brief time after its return in December 1951, from lend-lease to the Soviet Union, which had operated it as

Severny Veter (meaning Northwind), this vessel was named USS Northwind; in April 1952 it was renamed Staten
Island (AGB-5) to prevent confusion with the Coast Guard's Northwind (WAGB-282).

N
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C	N	N
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N	C	 N
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N	N	C	 N
C	 N	 N

N	N	C	 N
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C	C	 C	 C
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Only those pieces of ice too large to be readily
shoved aside are broken. Breakage is accomplished
either by the shock of impact or by cleaving action,
in which the bow rises up (Fig. 1) and cuts through
because of weight and the leverage applied at the
bow section by the buoyancy of the depressed stern.
The broken pieces must still be forced into nearby
ice-free areas or the icebreaker will be impeded in
its progress. Occasionally, ice is forced under the

1

U.S.

aim
NEW

Aftow

 Na?'), Photo
Figure 1. USCGC Glacier carving a channel in the ice pack.

hull, to be caught in the propeller stream and driven
astern. Under such circumstances, a piece of ice may
become entangled with a propeller, sometimes re-
sulting in a broken blade or shaft or in tripping a
shaft off the line. The friction of the ice may also
bring the icebreaker to a halt.

The cushioning effect of snow can prevent the
upraised bow from returning to the water. As a
countermeasure, liquid ballast can be transferred
laterally between heeling tanks to impart a rolling
motion to the icebreaker, breaking the snow's sticky
grip. Sometimes, however, even this method, com
bined with the sudden application of full-astern
power, is of little use.

In McMurdo Sound, where 5- to 7-foot-thick bay
or fast ice ordinarily exists most of the year, two or
three icebreakers usually start in late November or
early December to carve a channel that will accom-
modate the thin-skinned supply ships scheduled to
come later. This 25- to 40-mile-long channel is cut
in the shape of a huge V with the open end to the
north and its center axis aligned as much as possible
in the direction of the prevailing southerly winds to
facilitate the escape of the broken ice, or brash. In
spite of these precautions, clogging of the channel
by ice rubble sometimes reaches serious proportions.
The icebreakers themselves may have difficulty ne-
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gotiating the ice conglomerate that accumulates when
northerly winds blow or when there are extended
periods of calm. At such times, the situation can be
improved only by a slow process of attrition wherein
the icebreakers work up and down the channel,
breaking large ice chunks into smaller ones and stir-
ring the icy debris with screw currents to promote
melting.

Basic Channel-Cutting Methods

To cut a channel through an extensive area of fast
ice, as in McMurdo Sound, either of two basic meth-
ods may be used. If only one icebreaker is available
to lengthen the channel—perhaps because its part-
ner is occupied in reworking the undispersed ice
rubble—it will alternately charge the ice at a small
angle to port of the basic course, and then to star-
board, repeating the process over and over in a
herringbone pattern (Fig. 2). (A channel cut by
making repeated straight-ahead charges would not
give the icebreaker any maneuvering room and might
cause it to become wedged at the head of the narrow
cut; such a channel also would be inadequate for
supply vessels.) A wider channel can be achieved by
first making two blows to port and starboard at
greater angles than . in the basic herringbone method,
and following each pair of these with a third blow
in the direction of the basic course (Fig. 3).

The other basic method, sometimes called the
railroad-track technique, requires two icebreakers.
They make two straightforward, parallel cuts, about
three ship-widths apart (Fig. 4). The intervening
ice breaks up under this attack, yielding a channel
of greater width than does the modified herringbone
pattern. This method has the added advantage of
being at least three times as fast as the single-ship
approach.

Escort Duties

Having cut a channel to McMurdo, the icebreakers
do not desert the approaching supply vessels. Even if
favorable winds have cleared the channel of broken
ice, there is the drifting pack to the north of the
channel to cope with, except perhaps during January
and February, when ships sailing the route from New
Zealand to McMurdo usually require escort south
of 67°S. During severe ice years, escort has been nec-
essary throughout the austral summer.

The escorting icebreaker, with the aid of its heli-
copters searching ahead, attempts to locate the easiest
paths through the jigsaw-puzzle pattern of ice floes.
Ease of transit, however, is not the only criterion.
Compromises must be made in order that the course
taken is straight enough for the supply ships to ne-

Figure 2. The basic herringbone pattern involves charging alter-
nately to port and starboard.

Figure 3. In the modified herringbone pattern, each pair of
angled cuts is followed by a head-on charge.

__	 fffr-

U.S. Navy Photo

Figure 4. USCGCs Southwind and Westwind employing the
railroad-track technique to cut a channel during Deep Freeze 68.
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A Difficult Job for Men and Machines

_ 4T

U.S. Navy Photo

Figure 5. USCGC Glacier breaking out the Norwegian sealer
Polarhav in Deep Freeze 60.

gotiate and so that the general heading never strays
further than 45° from the direct one to the destina-
tion.

The character and pattern of the ice floes and the
fact that the icebreaker, due to its relatively short
length (Fig. 5), tends to follow the path of least
resistance, make the channel behind the icebreaker
a meandering one that is often quite difficult for the
supply ships to follow. Another difficulty is that the
ice-free path cleared by the wide beam of the ice-
breaker, while at first adequate, tends to close rather
quickly, making it necessary for the following ship
(or ships in column) to keep closed-up tightly be-
hind the icebreaker. In thick pack—or even in a
channel previously cut through fast ice but still clog-
ged with brash—it may be necessary to take a cargo
ship or tanker in tow. Likewise, if a supply ship be-
comes severely damaged or has an engine casualty,
the icebreaker has the added task of towing the
cripple to a safe place, an operation which involves
placing the vessel's bow in the icebreaker's stern
towing notch, or towing at a short scope of hawser,
so that the ship will receive maximum protection
from the ice.

Other complications can arise during escort. Should
a particularly heavy section of ice be encountered,
the icebreaker may have to range ahead in order to
cut through a thick ice bridge. It may even be ex-
pedient to make the escorted ship wait while the
icebreaker attempts charging and backing tactics, as
in fast ice. It is possible, too, that a supply vessel may
become stuck in the ice. In the corrective maneuver,
the icebreaker clears the ice from the leeward side of
the beset ship so that it will have its stern free to
take a proper course.3

For  a detailed study of polar ship operations, including
the design, construction, and handling of icebreakers, see E.
A. MacDonald, Polar Operations, U.S. Naval Institute, An-
napolis, Md., 1969.

With its barrel-like hull and no keels, an icebreaker
rolls hideously in rough seas. Every one of them
boasts of a record roll at one time in the 60°-range.
But in the ice, where the vertical movement of the
seas is dampened, an icebreaker ride is an entirely
different affair. While in light to moderate ice, there
is an almost imperceptible rising and lowering of the
bow as the vessel rides up to break the larger floes.

If charging and backing tactics must be employed,
however, the effect is something like riding a freight
car over a railless track. When in solid, homogeneous
ice, or pack of eight oktas concentration, where these
tactics are employed, the bridge controllers are ad-
vanced to full ahead. The diesel engines respond with
a roar, the ship charges ahead, and momentum builds
up. Bow metal grinds into hard ice, and the ship
slows. The bow rises sharply as the icebreaker comes
to a complete stop after an advance of about one
length. The propellers are then reversed and the ship
backs off for another charge. It is a slow operation
that is extremely hard on men and machinery.

Last season, four icebreakers—the 8,755-ton, 17,-
000-horsepower Glacier, and three 6,150-ton, 10,000-
horsepower Wind-class icebreakers, Burton Island,
Southwind, and Edisto—participated in icebreaking
operations in Antarctica. All of these are under the
administration of the U.S. Coast Guard, and all
except Glacier are well over 20 years old. While
Edisto operated in the Antarctic Peninsula area, the
other three icebreakers cooperated to cut a channel
to McMurdo, after which Glacier proceeded to the
Weddell Sea on an oceanographic mission.

These operations were not without difficulties, nor
were they without incident of damage and engine
casualty. Preparing the McMurdo channel was parti-
cularly onerous last season due to unfavorable winds
and the extra distance and thickness of ice to be
broken. Before the task was done, Southwind suffered
a broken propeller blade and had to retire temporar-
ily to dry dock. Edisto, though not forced from the
field, experienced many engine problems.

International Assistance

Last season's heavy ice made tanker operations in
McMurdo Sound a nip-and-tuck affair. Further
west, the ice trapped the Danish vessel Thala Dan
while she was attempting to resupply Australia's
Wilkes Station. Southwind, recently returned from
repair yard, was sent to Thala Dan's aid. Southwind's
mission was by no means unique: on quite a few
occasions, U.S. icebreakers have gone to the assistance
of other nations' vessels operating in antarctic waters.
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In 1959, for example, a plea for help was received
from the Belgian expedition, when the Norwegian
sealer Polarhav was its resupply vessel. Polarhav,
loaded heavily with the relief party, dogs, supplies,
and equipment, became beset in heavy pressure ice
some 200 miles from the Belgian station. The situa-
tion had appeared so hopeless to those aboard Polar-
hay that they had elected a "town council" to govern
themselves during the long months ahead.

When Glacier finally broke through to circle the
entrapped ship, men cheered lustily from the rigging
of Polarhav, her whistle tooting merrily, and her flag
dipping in the traditional salute of a merchant vessel
to a warship on the high seas. (The last action was
so unexpected under the circumstances that it took
a long time to get a seaman aft on Glacier to return
the honor.) After a struggle with the ice, Glacier
finally managed to escort the tiny Polarhav out to
the fringes of the pack. Then, having taken the dogs,
relief party and cargo aboard, Glacier went on to
relieve Roi Baudouin Station.

During that same operating season, the British
were having problems supplying and relieving their
bases in the Antarctic Peninsula area. Northwind and
Edisto helped RRS John Biscoe overcome these dif-
ficulties.

Typically, the vessels requesting such aid are small
and of dual capability, combining moderate ice-
breaking ability with cargo-carrying capacity. The
situations, always urgent in character, have been
caused by unusually severe ice conditions: either the
vessel was beset and could not extricate itself, or it
needed help in carrying supplies and personnel to
one or more stations. Countries which have requested
such assistance in the past are Argentina, Australia,
Belgium, Great Britain, Japan, New Zealand, and
South Africa.

Other Uses of Icebreakers

Icebreakers have many supplementary uses in the
Antarctic, some scientific and some logistic. For one
thing, they are the only surface vessels rugged and
powerful enough to conduct oceanographic operations
within the ice pack. The oceanographic and marine
data collected from icebreakers have added appreci-
ably to our knowledge of the Antarctic, 4 and of the
Arctic as well. Especially notable instances in which
icebreakers have been employed in scientific endea-
vors are the Glacier-Burton Island and Glacier-Staten
Island penetrations into the Bellingshausen Sea dur-

4Antarctic Journal, vol. IV, no. 2, p. 54-59.

ing the early months of 1960 and 1961, respectively,
and the Glacier-General San Martin oceanographic
operations in the Weddell Sea during 1968 and 1969.

Icebreakers can be a valuable supplement to photo-
graphic aircraft in charting and exploring the coast-
line of Antarctica and off-lying islands. Using the
combined mobility of the icebreaker and its helicop-
ters, survey personnel can be put ashore at almost any
location around the periphery of the Antarctic Con-
tinent. An outstanding example was the 1947-1948
venture of Burton Island and Edisto that determined
the geographic coordinates of prominent terrain fea-
tures along the antarctic coast. Known unofficially
as "Operation Windmill," that effort was undertaken
to make the numerous aerial photographs taken the
season before during Operation High jump, usable
for mapping by establishing control points at rec-
ognizable features.

A Multipurpose Logistic Vessel

The assignment of an icebreaker to the Antarctic
Peninsula area in support of Palmer Station may at
first glance seem inappropriate. Admittedly, there is
little need there for icebreaking-escort services, al-
though severe ice conditions do have a habit of oc-
curring once every seven or eight years.

But one must not ignore the wide variety of sup-
port functions fulfilled by the assigned icebreaker.
It brings in Palmer Station's bulk fuel; delivers dry
cargo; serves as a research platform; is available as a
search-and-rescue vessel; augments the station's com-
munications capability during the busiest time of the
year; provides additional repair facilities; and is a
source of trained manpower for summer projects.
While other types of vessels can perform one or per-
haps a few of these tasks, only an icebreaker can do
all of them.

For Better Icebreakers

The configuration of our present icebreakers evol-
ved from the experience of nearly a century of ice-
breaking, during which shipbuilders made many
design improvements. That is not to say, however,
that further improvement is impossible. Shipbuilding
technology has advanced tremendously since our ice-
breakers were laid down, and our antarctic operations
have more than doubled our icebreaking experience

'Antarctic Journal, vol. III, no. 4, p. 80-84, and vol. IV,
no. 4, p. 98.
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in the past 20 years. Yet, the U.S.A. has not launched
a new icebreaker since 1954.

Many suggestions can be made for the design of
better icebreakers .6 Conventional propulsion machin-
ery certainly can be improved; better propeller
designs seem possible: using three propeller shafts—
a feature of some Soviet and Canadian icebreakers
—rather than two may have considerable merit. Per-
haps propellers, which are very susceptible to ice
damage that is reparable only in dry dock, should
be eliminated in favor of hydrojet propulsion. Nuclear
power appears to offer an answer to the cruising-
range limitations now imposed by fuel capacity.

Hull design can also be improved. A Massachusetts
Institute of Technology study indicates that a dif-
ferent bow profile would be more effective for ram-
ming. It also suggests several means (including the
use of a coating such as Teflon) for reducing the
frictional force to be overcome in the backing phase
of the ramming maneuver.

An interior improvement that would be welcomed
by both the ship's operators and her embarked scien-
tists would be larger, better-equipped research labora-
tories. This need will become greater if nuclear pro-
pulsion is adopted, permitting year-long cruises in the
ice fields.

Action to construct new icebreakers may have to
be taken soon. Icebreaking produces metal fatigue
and engine wear of unusual severity, and all of the
Wind-class icebreakers have more than 20 years of
arduous service. In fact, their age exceeds the pre-
scribed life of other, comparable naval vessels. Glacier,
while launched in 1954 with some advanced features,
is essentially an enlarged version of the basic Wind-
class design.

A Job Well Done

There seems to be no question that more modern
icebreakers could do a more efficient job for us, but
the tasks our present ships accomplish are still con-
siderable. They ensure that the cargo ships and
tankers get through with vital supplies; they permit
oceanographic research over a wider area; and they
perform a combination of services that cannot be
matched by other types of vessels.

Without our icebreakers, we—and perhaps several
other nations—could not plan antarctic research
programs with such assurance of success as we now
do. Certainly, the icebreakers must be given their
share of credit for what has been accomplished thus
far in the Antarctic.

'See E. A. MacDonald, "Our Icebreakers are not Good
Enough," United States Naval Institute Proceedings, vol.
92, no. 2, February 1966.

Water Masses of the
Weddell Sea

G. L. HUFFORD and J . M. SEABROOKE

U. S. Coast Guard Oceanographic Unit
Department of Transportation

During February and March of 1968 and 1969,
oceanographic investigations were conducted aboard
USCGC Glacier as part of the International Weddell
Sea Oceanographic Expedition (IWSOE). The prin-
cipal method of observation was Nansen-bottle casts
from the surface to the bottom for temperature,
salinity, dissolved oxygen, phosphate, silicate, nitrate,
and nitrite. Compass-oriented bottom photographs
were also taken at some stations. The general features
of the expedition were described in the July-August
1968 and 1969 issues of this journal; the purpose of
this article is to provide some preliminary results of
the data analysis.

Until IWSOE-1968, virtually all exploration of
the Weddell Sea had been limited to its periphery.
However, from the data available, the region had
been recognized as a major source of Antarctic Bot-
tom Water (Deacon, 1937). Several theories have
been proposed on bottom water formation (Mosby,
1967), but supporting data have been lacking on the
water masses present in the Weddell Sea, especially
those on the continental shelf.

From the survey made by USCGC Glacier, three
water masses were identified on the basis of preformed
nutrients (Redfield et al., 1963), temperature, and
salinity: Antarctic Shelf Water, Intermediate Warni
Water, and Antarctic Bottom Water. The core prop-
erties of each water mass are summarized in the
table.

Along the continental shelf of the Weddell Sea, the
entire water column (about 450 m) is occupied by
water characterized by temperatures of - 1 .4 0 to
–2.0 0 C., salinities of 33.9 to 34.8°/, and high oxy-
gen content (6.9 to 9.5 ml/l). The shelf water east
of 40°W. has temperatures above - 1.6°C. except
for a thin surface layer where it reaches a minimum
of - 1.8°C. Salinity ranges from 33.90/ at the sur-
face to less than 34.60/ at the bottom. West of
40°W., the shelf water below 200 in close to the
freezing point (-1.9'C.) and has a salinity greater
than 34.60 /. The most plausible explanation for
this cold, dense subsurface shelf water is that contact
with the underside of the Filchner Ice Shelf alters
its temperature and salinity. Analysis of the data
indicated that the dense shelf water did not form
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PO4 mean
[g-at/1]

1.81±0.20

1.35 ± 0.2 1

1.59 ±0. 19

1.65 ±0.19

1. 15 ± 0.22

1.31 ±0.12

No.	NO,,, mean
samples	[gat/1]

42	23.07±2.40

145	9.11±2.76

13	13.85±2.80

67	22.37±2.46

50	14.57±2.89

12	17.38±2.10

No.
samples

31

145

10

68

50

12

Year	Water mass	Criteria

1968	Shelf water	T=-1.91
below 200 m	S>34.60

Warm	 T+0.25
intrusion	S=34.67

Antarctic	 T= -0.44
Bottom Water	S=34.66

1969	Shelf water	T<-1.60
S<34.60

Warm	 T= +0.40
intrusion	S=34.67

Antarctic	 T-0.26
Bottom Water	S=34.66

T =Temperature in °C. SSalinity in 0/00

at the air-sea interface, nor was it transported in
from other areas. It was not water formed in the
winter, trapped on the shelf and prevented from
flowing off it: a bathymetric chart compiled during
the cruise showed no significant depressions to trap
the dense water. A new theory on the formation of
Antarctic Bottom Water in the summer will soon be
published in the Journal of Geophysical Research.

A thick (400-1600 m) layer of warmer, more
saline water exists under the surface antarctic waters.
This deep water is characterized by above-zero tem-
peratures (0.2° to 0.7°C.) and salinities of 34.66 to
34.700/. The oxygen content, 4.6 to 4.9 ml/1 (50-
60% of saturation), is considerably less than that of
surface and bottom waters. The zero isotherm coin-
cides approximately with the limit between the shelf
and the slope, and the warm layer does not intrude
upon the shelf. Deacon (1963) states that this warm,
deep layer consists primarily of Antarctic Circum-
polar Water and small amounts of North Atlantic
Deep Water.

Bottom water in the Weddell Sea was found to
approximate closely the classical definition of Ant-
arctic Bottom Water (-0.4°C, 34.66 0/) given by
Sverdrup and others (1942). The oxygen content
of the Bottom Water is 5.2 to 5.7 ml/l. Antarctic
Bottom Water was found to occupy an extensive area
in the Weddell Sea and to have an average layer
thickness of 1000 m.

The temperature of Antarctic Bottom Water in
the Weddell Sea is lower than that of the warm,
deep layer, but higher than that of the altered Ant-
arctic Shelf Water in the southwest region. Salinity,
oxygen content, and other physiochemical character-
istics of Antarctic Bottom Water are also intermediate
between the corresponding characteristics of altered
Antarctic Shelf Water and the warm, deep layer.
Judging from all these characteristics, Antarctic
Bottom Water is probably a mixture of altered Shelf
Water and the warm, deep layer; this conclusion is
contrary to the theory of Brennecke (1921).
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Introduction

More than 50 years of antarctic research have pro-
vided numerous observations and diverse ideas, along
with many unanswered questions about the long his-
tory of antarctic glaciation. What is the history of the
Antarctic Ice Sheet? When and why did it form? Has
the Ice Sheet existed continuously since its origin, or

1700

has it ever partly or wholly disappeared? Has the Ice
Sheet undergone changes in area and volume and, if
so, were the changes contemporaneous with world-
wide Quaternary glaciations? Has the Antarctic Ice
Sheet experienced catastrophic surges (Wilson, 1964),
or has it merely reacted passively to sea-level changes
induced by Northern Hemisphere Quaternary ice
sheets (Hollin, 1962), or has it fluctuated out of phase
with worldwide Quaternary glaciations as a result of
increased accumulation during interglacial ages
(Scott, 1905; Markov, 1969)? Will the future be-
havior of the Ice Sheet involve large-scale surges,
widespread melting, continuation of present growth,
or stability? Finally, have any areas remained free of
ice to serve as possible biologic refugia throughout the
long history of antarctic refrigeration?

Some of these questions can be answered partially
by examining the glacial history of ice-free areas in
the McMurdo Sound region of southern Victoria
Land. Here is preserved a unique and datable record
of the history of the three major glacier systems in the
region (Fig. 1). First, the huge ice sheet of East Ant-
arctica is dammed west of the Transantarctic Moun-
tains, which in this region trend nearly north-south
along the coast. Taylor and Wright Upper Glaciers,
which are small tongues of the ice sheet, spill over
bedrock thresholds and occupy the western ends of
Taylor and Wright Valleys—glacially carved valleys
that cross the mountains from the ice sheet on the

IQ 0

770

I 8°

Figure 1. Index map of the McMurdo Sound region, southern Victoria Land, Antarctica.
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west to McMurdo Sound on the east. Second, the
Ross Ice Shelf floats on the surface of the Ross Sea to
the east of the Transantarctic Mountains. The Ross
Ice Shelf is nourished by direct accumulation of snow,
by discharge both from the ice sheet in West Antarc-
tica and from outlet glaciers draining the ice sheet in
East Antarctica, and perhaps by bottom freezing.
Finally, independent alpine glaciers occur throughout
the Transantarctic Mountains in the McMurdo
Sound area. A few of these glaciers are shown in
Fig. 1.

Past fluctuations of the three major glacier systems
of the McMurdo Sound region were not synchronous.
Therefore, the history and chronology of each system
must be considered independently, as indicated in Fig.
2. In the McMurdo Sound region, changes in surface
level of the ice sheet in East Antarctica were recorded
by advances and recessions of Taylor Glacier and
Wright Upper Glacier. In the following, these events
in Taylor Valley are termed Taylor Glaciations.'
Expansions of the Ross Ice Shelf into ice sheets, which
were largely grounded on the floor of the Ross Sea,
are termed Ross Sea Glaciations .2 Likewise, expan-
sions of alpine glaciers are called Alpine Glaciations.
The advances of each glacier system are numbered
from youngest to oldest. All the terminology, includ-
ing the numbering system, is provisional and will be
replaced by formal geologic nomenclature on com-
pletion of the research.

The absence of good stratigraphic sections of gla-
cial deposits requires that identification of glacial
sequences be based on surface deposits. Thus, the se-
quences record only successively less extensive ad-
vances, and some glaciations undoubtedly were not
identified explicitly.

Glacial Geology and Chronology

Taylor Glacier drains the ice sheet in East Ant-
arctica and, at the present time, spills over a bedrock
threshold to occupy the western 70 km of Taylor

Previously, the term "glacier episode" had been used
(Denton and Armstrong, 1968; Denton et al., 1969) in def-
erence to the definition of the American Commission on
Stratigraphic Nomenclature (1961, P. 660), which restricted
"glaciation" to a climatic episode. This definition does not
apply in Antarctica, where fluctuations of glaciers were not
related to climate in a simple manner. Therefore, as defined
here, a "glaciation" was an event during which large glaciers
advanced, attained a maximum extent, and receded. This
definition removes all the climatic connotations inherent in
the definition of the American Commission on Stratigraphic
Nomenclature (1961, p. 660).

2 Previously, these were called "Ross Glacial Episodes"
(Denton and Armstrong, 1968; Denton et al., 1969). "Ross
Sea Glaciations" is used here because of the definition given
in the first footnote and because the term "Ross" duplicates
New Zealand glacial terminology.

Valley. The eastern half of the valley is now free of
ice except for small alpine glaciers on the valley walls.
However, on at least five occasions in the past, in-
creases in the surface level of the ice sheet in East
Antarctica have caused major advances of Taylor
Glacier (Fig. 3) . The drift sheets or erosional fea-
tures of all five Taylor advances are related to the ice
sheet in East Antarctica and are not associated with
local alpine glaciers or intermontane ice sheets.

During Taylor Glaciation (s) V, which probably
was multiple, ice tongues reached McMurdo Sound
and carved all the major features of glacial erosion
in the valley, including truncated spurs, riegels, hang-
ing valleys, and over-steepened walls. Taylor and
Wright Valleys thus attained their present profiles
during Taylor Glaciation (s) V. Subsequent glacia-
tions of Taylor Valley have caused very little erosion,
suggesting that the ice tongues that carved the valleys
were wet-based, whereas subsequent ice tongues were
dry-based.

Ice of Taylor Glaciations V, IV, and III also
reached McMurdo Sound. However, the advance of
Taylor Glaciation II was relatively minor and ex-
tended only about 4 km downvalley from the present
terminus of Taylor Glacier. Taylor Glaciation I, as
will be detailed in a later section, is current; and Tay-
lor Glacier, Wright Upper Glacier, and the edge of
the ice sheet in this area now occupy their maximum
positions since before the beginning of the Wisconsin
(Würm) Glaciation as defined elsewhere in the world
(Denton and Armstrong, 1968; Denton et al., 1969).

Considerable ice recession separated each Taylor
Glaciation. Lava flows deposited in Taylor Valley be-
tween Glaciations V and IV provide K/Ar dates that
range from 2.7 to 3.5 m.y.; volcanic cones in a similar
stratigraphic position in nearby Wright Valley are
about 3.7 m.y. old. Lava flows separating drifts of
Taylor Glaciations IV and III are between 1.6 and
2.1 m.y. old.

On at least four occasions, the Ross Ice Shelf ex-
panded into an ice sheet grounded on the floor of the
Ross Sea (Fig. 4). During these Ross Glaciations, ice
sheets in the Ross Sea and McMurdo Sound reached
high on the flanks of Mount Discovery, Brown Penin-
sula, and Black, White, and Ross Islands. Glacier
tongues from these ice sheets pushed westward up
Taylor Valley and the valleys fronting the Royal So-
ciety Range, leaving well-preserved moraines on the
valley floors and along the coast.

' Péwé (1960) was the first to discover multiple glaciation
in Antarctica and to describe advances of Taylor Glacier.
Similar advances have been recognized in Wright Valley
(Bull et al., 1962; Nichols, 1961) and in the Victoria Valley
system (Calkin, 1964).

16	 ANTARCTIC JOURNAL



Ross III

Ross IV
K/Ar dates; 3.1 to 1.2 my. (Walcott

Glacier area)

K/Ar dates; 2.1 my. (Taylor Valley)

Taylor II

Taylor III

K/Ar dates; 1.6 to 2.1 m.y. (Taylor
Valley)

Taylor IV

K/Ar dates; 2.7 to 3.5 my. (Taylor
Valley) and 3.7 my. (Wright Valley)

Taylor(s) V

Alpine III

K/Ar dates; 3.5 my. (Taylor Valley)

Taylor Glaciations	I

	

(Ice Sheet in East Antarctica West of I	Ross Sea Glaciations
Taylor and Wright Valleys)	I	(Ross Ice Shelf)

4450 yrs. B.P. (L-627; Marble Point)'
5900 yrs. B.P. (L-462; Hobbs Glacier )2
6100 yrs. B.P. (Y-2401; Hobbs Glacier)

Taylor I	 9490 yrs. B.P. (Y-2399; Hobbs Glacier)

Ross I
34,800 yrs. B.P. (no laboratory number

given; Cape Barne)4
>47,000 yrs. B.P. (Y-2641; Cape Barne;

same locality as sample dated 34,800
yrs. B.P.)

>49,000 yrs. B.P. (Y-2642; Cape Barne)
Ross II

Alpine Glaciations

Alpine I

12,200 yrs. B. P. (1-3019; Hobbs
Glacier)'

Alpine II

K/Ar dates; 2.1 to	0.4 m.y.
(Walcott Glacier area)

1 Nichols (lOGS, p. 471) ; Olson and Broecker (1961, P
date Is 3650±150 yrs. B.P. (L-027).

(1961).
3 Black and Bowser (1969).
Wilson (In press).

150). The C" date given in the chart and text is corrected. The uncorrected

Figure 2. Schematic correlation chart and chronology of glacial events in the McMurdo Sound region. The K/Ar dates given here are
rough averages of numerous age determinations made over a period of several years. The dating is still in progress; thus, the averages

given here and in previous papers have changed and will change slightly as new dates become available.

Several K/Ar and C 14 dates' place limits on the
ages of Ross Sea Glaciations. In the vicinity of Wal-
cott Glacier, lava flows dated at 1.2 ln.y. underlie

C' 4 dates in Antarctica must be interpreted with caution.
The base for the age determinations given here is 0.95 per-
cent of the C 14 activity of oxalic acid. Because the waters of
McMurdo Sound are deficient in C 14 , dates calculated in this
manner are too old and must he adjusted by 600 to 1300
years (Broecker and Olson, 1961, p. 200; Marini et al.,
1967). Likewise, samples of algae from hard-water lakes
also may be too old in some cases; this problem is not re-
stricted to Antarctica but is encountered in numerous areas
throughout the world. Unless otherwise indicated, the dates
given here are not corrected.

drift of Ross Sea Glaciation IV, thus placing a rnaxi-
inum age on all recognized Ross Sea Glaciations. At
two localities on Cape Barne, Ross Island (Deben-
ham, 1921; Wilson, in press), raised marine beds con-
taining numerous shells occur immediately beneath
erratics or drift presumably deposited during Ross
Sea Glaciation I. On this stratigraphic basis, the ma-
rine beds are assigned to the interval between Ross
Sea Glaciations I and II, when McMurdo Sound was
free of grounded glacier ice. However, the shells
may possibly date from an earlier interval of ice
recession. Shells from one of the marine deposits,
located at 59-63 m above the present sea level, gave
an age of >49,000 yrs. B.P. (Y-2642). Shells from
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the other deposit, located at 28.5 to 31.7 m above
present sea level, gave conflicting results. A. T. Wil-
son (in press) reports a date of 34,800± 2300 yrs.
B.P. (no laboratory number given) for these shells.
However, another sample collected by the writers
from the same locality gave an age of >47,000 yrs.
B.P. (Y-2641).

Several C 14 dates afford minimum ages of reces-
sion of the Ross Sea I ice sheet from coastal areas
back into McMurdo Sound. Most of these samples
consist of fresh-water algae buried in, or resting on,
ice-cored moraines deposited along the west coast of
McMurdo Sound by the Ross Sea I ice sheet. The
algae originally grew in small kettle lakes, which
formed on ice-cored moraine and which were de-
stroyed by shifting of moraine due to melting of ice
cores. In the area of the present Hobbs Glacier, algae
samples provide minimum dates for initial retreat
from the outer portion of Ross Sea I drift of 5900
yrs. B.P. (L-462) (Olson and Broecker, 1961, p. 149;
Péwé, 1960, p. 512), 6100 yrs. B.P. (Y-2401), and
9490 yrs. B.P. (Y-2399). Another C 14 date from this
area indicates that ice had receded from the present
coastline prior to 3930 yrs. B.P. (Y-2401). An algae
sample resting on Ross Sea I drift at an altitude of
65 m on Cape Barrie, Ross Island, gives a minimum
date for ice recession of 2760 yrs. B.P. (Y-2623).
Finally, based on the corrected age of an elephant
seal buried in a raised beach at Marble Point, ice
recession had proceeded sufficiently for seasonal open
water to exist there prior to 4450 yrs. B.P. (L-627)
(Nichols, 1968, p. 471).

The ages and distribution of mummified seals rest-
ing on ice-free surfaces in the McMurdo Sound re-
gion give information about the withdrawal of the
Ross Sea I ice sheet from McMurdo Sound, since
nearby open water was necessary for seal immigra-
tion. The corrected ages of the oldest mummified seals
in the ice-free areas range from about 900 yrs. B.P. to
about 3000 yrs. B.P. (Barwick and Balham, 1967;
Siegel and Dort, 1968). Furthennore, mummified
seals are common in ice-free areas only as far south
as Miers Valley, which fronts the Royal Society
Range and trends eastward from Miers Glacier to the
Ross Ice Shelf. Extensive search by the writers re-
vealed only one mummified seal south of Miers Val-
ley. This distribution seems to rule out a recent re-
treat of the Ross Ice Shelf, for such retreat would
have opened ice-free areas south of Miers Valley to
extensive seal immigration.

Two parameters relate recent Ross Sea and Taylor
Glaciations, and allow comparison of their relative
chronologies. First, the present tongue of Taylor Gla-
cier is in physical contact with deposits of Ross Sea I
and Ross Sea II ages, which in turn are related to the
C14 dates mentioned above. During Ross Sea II and
Ross Sea I Glaciations, ice tongues from Ross Sea ice

sheets pushed westward up Taylor Valley to the vicin-
ity of the present Canada Glacier (Fig. 3). These
tongues dammed large lakes in Taylor Valley. The
resulting strandlines are common throughout the
eastern half of the valley; those of Ross Sea I age
occur up to about 310 m in altitude and those of Ross
Sea II age reach 400 m. Subsequent to recession of
Ross Sea I ice and concomitant draining of lake
water from Taylor Valley, Taylor Glacier advanced
across Ross Sea I strandlines, across moraines de-
posited by alpine glaciers during the Ross Sea TI/I
interval of ice recession, and across Ross Sea II
strandlines (Fig. 3). The geometric relation of Taylor
Glacier to these features shows that the glacier pres-
ently occupies its maximum position since before Ross
Sea Glaciation II. Second, a vast difference in weath -
ering exists between Ross Sea I drift and Taylor II
drift, which borders Taylor Glacier. Granite boulders
on Ross Sea I glacial deposits are very little weath-
ered. In sharp contrast, granite boulders on Taylor II
deposits immediately bordering Taylor Glacier are in
an advanced state of cavernous weathering and some
are weathered to ground level. Highly weathered drift
also borders Wright Upper Glacier and the adjoining
edge of the ice sheet where it abuts against the Trans-
antarctic Mountains. The sharp weathering difference
between Ross Sea and Taylor drifts indicates that
these ice bodies presently occupy their maximum po-
sitions since before the Ross Sea Glaciation I. These
data are consistent and, taken as a whole, indicate
that Taylor Glacier, Wright Upper Glacier, and the
adjoining ice sheet were smaller than at present dur-
ing Ross Sea I time, that they have since expanded,
and that they now occupy their maximum positions
since before Ross Sea Glaciations I and II. In view
of the C14 ages of young Ross Sea events, Ross Sea
Glaciation II must have occurred during or prior to
the Early Wisconsin (Wünn) Glaciation as defined
elsewhere in the world. Thus it follows that the ice
sheet west of Taylor and Wright Valleys probably
occupies its maximum surface level since before Wis-
consin (Würrn) time. These data are in complete ac-
cord with the conclusion previously reached by Wil-
son (1967, p. 157) from geochemical data that Taylor
and Wright Upper Glaciers did not advance eastward
through the valleys during Wisconsin (Wiirrn) time.

The fluctuations of alpine glaciers have been dis-
cussed by Denton and others (1969). All three recog-
nized alpine glacier fluctuations were minor. The
youngest two occurred in opposite phase to Ross Sea
Glaciations, probably reflecting the presence or ab-
sence of a precipitation source in the Ross Sea due to
opening or closing of that water body by ice sheets.
In addition, a slight change in shape of alpine glaciers
has occurred within the last several thousand years,
and may record a relatively recent change from a
wanner, moister climate to a cooler, drier climate.
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Conclusions

1. The huge ice sheet in East Antarctica had at-
tained a full-bodied stage more than 4 m.y. ago. The
buildup of this ice sheet and the accompanying fall
of sea level through about 55 m thus occurred during
or before the Pliocene Epoch. Rutford and others
(1968) have shown that a large ice sheet occupied
much of West Antarctica by the late Miocene. Since
it was largely grounded below sea level, this ice sheet
in West Antarctica must have been preceded by ice
shelves, which in turn required polar conditions and
snowlines very close to sea level. Considering the con-
ditions in West Antarctica, it may be reasonable to
assume that an ice sheet in East Antarctica also ex-
isted during late Miocene time, especially in view of
the probable long history of glaciation that occurred
in Taylor and Wright Valleys prior to 4 m.y. ago.
Supporting evidence for the existence of late Miocene
ice sheets in polar regions is given by a plot of Ter-
tiary sea level, which shows that eustatic sea level
began a rapid decline during the Miocene (Tanner,
1968). Finally, data from deep-sea sediment cores in-
dicate that calving glacier ice has existed in Antarc-
tica continuously for more than 5 m.y. without major
intergiacials (Goodell et al., 1968).

Whether large glaciers existed in Antarctica prior
to the Miocene remains an open question. Tertiary
sea-level data provide no evidence for polar ice sheets
prior to the Miocene (Tanner, 1968). Furthermore,
Australia and East Antarctica were contiguous during
the early Tertiary. About 40 m.y. ago, the continents
separated, and sea-floor spreading has since moved
them to their present positions. Lack of evidence for
glaciation in the early Tertiary stratigraphic sections
of southern Australia suggests that the East Antarctic-
Australian land mass did not support large ice sheets
prior to about 40 m.y. ago. In accord with this, Adie
(1964), Cranwell and others (1960), McIntyre and
Wilson (1966), and Wilson (1967) have reported
temperate floras and faunas in rocks of Eocene, Ol-
igocene, and early Miocene age on the Antarctic Pen-
insula and in the Ross Sea area. On the other hand,
the presence of quartz grains with glacial surface tex-
tures in Eocene sediments from deep-sea cores taken
in the southern oceans suggests that glaciers may have
existed on Antarctica during the early Tertiary
(Geitzenauer et al., 1968). Whether these quartz
grains represent local calving glaciers in coastal
mountains, or whether they represent large ice sheets,
is unknown.

2. The ice sheet to the west of Taylor and Wright
Valleys in East Antarctica has undergone several
changes in surface level during the last 4 m.y. The
latest increase in level is current, in accord with the
present large positive mass budgets for this drainage

system of the ice sheet in East Antarctica (Giovinetto
et al., 1966). Radiometric dates and geologic rela-
tions indicate, in fact, that the ice sheet in this area
is now at its maximum height since before the Wis-
consin (Würm) Glaciation as defined elsewhere in
the world (Denton et al., 1969). The recorded
changes in surface level of the ice sheet in East
Antarctica were not synchronous with worldwide
glaciations.

3. All four recognized Ross Sea Glaciations were
confined to the last 1.2 m.y. The withdrawal phase
of Ross Sea Glaciation I coincided closely with the
rapid rise of sea level during Late Wisconsin (Würm)
time. The most probable explanation for this apparent
correlation is provided by Hollin's (1962) model of
alternate grounding and floating of the Ross Ice
Shelf due to sea-level changes caused by Northern
Hemisphere ice sheets. It is unlikely that the fluctua-
tions were climatically controlled, because alpine
glaciers in the area diminished in size during Ross
Sea Glaciations. A third alternative, which is un-
likely but which cannot be dismissed at the present
time, is that ice surges from West Antarctica caused
Ross Sea Glaciations.

In addition to the major Ross Sea Glaciations,
which were not synchronous with surface-level
changes of the ice sheet in East Antarctica, minor
fluctuations of the Ross Sea Shelf may have resulted
from variations in discharge of outlet glaciers which
drain into the Ross Ice Shelf from East Antarctica.
Such discharge variations could have resulted from
the surface-level changes of the ice sheet in East Ant-
arctica recorded by Taylor Glaciations.

4. Extensive ice-free areas have existed in the
McMurdo Sound region throughout the last 4 m.y.,
and perhaps throughout the long history of Cenozoic
glaciation in Antarctica. These ice-free areas may
have served as biologic refugia.
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Glacial History of Wright
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Land, Antarctica
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Introduction

Glacial geomorphic studies undertaken in Wright
Valley before 1967 were either of a reconnaissance
nature (Gunn and Warren, 1962; Péwé, 1960; Bull
et al., 1962; Calkin, 1964) or were detailed investiga-
tions of only part of the valley (Nichols, 1961;
Nichols, in press; Everett and Behling, 1968). The
present short report is based mainly on field work
during the 1967-1968 and 1968-1969 austral summer
seasons, supplemented by unpublished observations
made during the previous decade. It attempts to
review the glacial history of the whole valley, relating
the axial glacial invasions from the inland ice of East
Antarctica at the west end of the valley and from
the area now occupied by the Ross Sea at the east,
with variations of the alpine glaciers that now
descend towards the valley floor from névé fields in
the mountain ranges to the north and south.

Of the areas of southern Victoria Land that have
been investigated so far, Wright Valley appears to
show the most complete sequences both of axial
glaciations from the Ross Sea area and of alpine
glacier variations on the valley walls. In part, at least,
this is a consequence of the presence of high, resistant
bedrock sills at the western end of the valley that
isolate it almost completely from the inland ice
plateau. At present, very little ice flows over this
threshold, so that the Wright Upper Glacier extends,
at more than 1000-rn elevation, for only 8 km east-
wards along the 5-km wide valley. At the inland
ends of most of the other east-west valleys through
the Transantarctic Mountains, the thresholds are
lower or absent, so that the outlet glaciers, although
less extensive than formerly, still cover most of the
valley floors. Adequate descriptions of the 50-km
deglaciated Wright Valley, of the 1500-in ranges to
the north and south with their small alpine glaciers,

1 Permanently affiliated with the Department of Geologi-
cal Sciences, State University of New York at Buffalo,
Buffalo, New York.

'Also Department of Geology, The Ohio State University.

and of the low-lying Wright Lower and Wilson Pied-
mont Glaciers that separate the valley from McMurdo
Sound have been given by various investigators in-
cluding Bull and others (1962).

The glacial chronology outlined here is based
mainly on geometric relationships among the deposits
of the axial and the alpine glaciers. Detailed studies
of soil-profile development and of physical-chemical
weathering are still in progress (Everett and Behling,
1968; Behling and Calkin, 1969), but they have
already clarified age relationships and regional cor-
relations among the deposits. Such weathering studies
in Wright Valley and in Taylor Valley, 20 km to the
south, together with the similarities of the glacial
sequences and of the lithologies in the two valleys,
have allowed us to develop for Wright Valley a ten-
tative glacial sequence, with absolute ages (Fig. 1),
that is related to the sequence in Taylor Valley
described by Denton and others in this issue of the
Antarctic Journal (p. 15-21).

Initiation and Early Glacial Episodes

The sequence of glacial events described here was
initiated by alpine glaciation following uplift of the
Transantarctic Mountains during the Tertiary (Gunn
and Warren, 1962). The time of this uplift and gla-
ciation may be determined from potassium-argon dat-
ing of volcanic rocks erupted along the high-angle
faults associated with the uplift (Minshew and Mer-
cer, in press), from the absence of Tertiary glacia-
tions in Australia, and from the time of separation of
Australia and East Antarctica deduced from sea-floor
spreading (D. Christoffel, oral communication, 1969).

This initial period of glaciation, which included
several cycles of cirque-cutting in the Olympus and
Asgard Ranges (Calkin, 1964), was probably followed
by the development of glaciers flowing inland, the
accumulation of a thick ice sheet over East Antarc-
tica, and the flooding of the Wright Valley area by
outlet glaciers from the ice sheet. The multiple
erosion surfaces bordering the valley (Bull et al.,
1964) suggest that this outlet-glacier period probably
comprised several glaciations during which the ice
from the inland plateau flowed through the valley to
McMurdo Sound. Glacial erosion was intense, new
terrace surfaces were produced, spurs on the valley
walls were cut off, and the cirque glaciers werE
stunted by truncation. These outlet glaciers sculp-
tured the deep U-shaped valley with its high bedrod
threshold and deeper headward portions almost ti
the degree in which it appears today. The asymmetri
cal transverse profile of the valley, with its very steel
northern wall, the prominent northward bend in th
valley, and the rock bastions projecting from th
alpine valley lips at the eastern end of the valle'
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GLACIATIONS IN WRIGHT VALLEY
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Figure 1. Sketch map and tentative correlation table of glaciations in Wright Valley, Antarctica.

(Nichols, in press) all suggest that, at this time of
major valley cutting, many of the alpine valleys
carried large glaciers. Silty, till-like deposits between
Bull Pass and Lake Vanda, now completely reorgan -
ized by solifluction, may be the only depositional rem-
nants of this time.

During the retreat of these outlet glaciers, torren-
tial outpourings of meltwater cut deep potholes and
bedrock channels, up to 30 m deep and 90 m wide,
tt the inland ends of the Victoria Valley, 15 km to
the north (Calkin, 1964) and, quite possibly, at the
iead of Wright Valley (Smith, 1965), where the
rosional feature is called Labyrinth.

Potassium-argon datings of small basaltic cones on
;he floor of Wright Valley give a minimum age of

about 3.7 million years for the valley cutting by these
outlet glaciers (Nichols, in press; Denton et al., 1970).
From the distribution of these cones and their debris,
it is inferred that no outlet glaciers have flowed
through the valley to the sea since the cones' erup-
tion, and that no significant erosion of the valley
floors has occurred, although there have been several
later episodes of axial glacierization. Probably the
outlet glaciers during the valley-cutting period were
wet-based, while the ice-tongues of the later invasions
were frozen to the underlying material (and produced
little erosion (Holdsworth and Bull, in press)), be-
cause they were thinner or because the mean annual
air temperature was lower than at the valley-cutting
stage (Ugolini and Bull, 1965).
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Variations of the Wright Upper Glacier

Since the major valley-cutting period, the Wright
Upper Glacier has invaded the west end of Wright
Valley at least three times before the present advance
(Fig. 1). The earliest of these advances, Wright Up-
per Glaciation IV, was the most extensive: the ice
extended 23 km east of the present terminus to the
east end of the depression now occupied by Lake
Vanda. That this Wright Upper Glaciation IV was
a true readvance following the valley-cutting period,
and that it caused little erosion, is shown by features
on the valley wall south-southeast of Dais. Here, on
an alluvial fan that was overridden by Wright Upper
Glaciation IV, the ice-marginal meltwater channels
formed during this advance are still faintly visible. If
this advance is correlative with the advance of the
Taylor Glacier, called Taylor Glaciation IV (Denton
et al., 1970), it occurred between 2 and 3 m.y. ago.

Ice stagnation and recession from the maximum of
Wright Upper Glaciation IV was accompanied and
followed by extensive , talus and solifluction movement
of boulders of fine-grained Ferrar dolerite . on the
walls of the North and South Forks. The second re-
advance of the Wright UpperGlacier—Wright Upper
Glaciation ITT—was less extensive than Glaciation IV
(Fig. 1). The terminal deposits are poorly marked,
but remnants are outlined by ice-transported dolerite
boulders.

In a third and much more recent readvance
(Wright Upper Glaciation II), the glacier extended
only 2 km east of its present terminus. The terminal
position of this advance is marked by a line of very
large, cavernously weathered boulders of Beacon
sandstone, and of fine-grained diabase blocks that
still retain their columnar form.

Immediately in front of the southern portion of the
present Wright Upper Glacier are cavernously weath-
ered, coarse-grained Ferrar, dolerite boulders, indicat-
ing that the glacier is as far advanced now as it has
been at any time since Wright Upper Glaciation II.
The present advance is termed Wright Upper Glacia-
tion I.

Denton and others (1970) consider that Taylor
Glacier is also more extensive now than it has been
for a very long time, but it is not certain whether
these advances reflect an overall rise in the level of
the ice sheet of East Antarctica. Fresh ice-cored and
bouldery moraines in the Victoria Valley system
(Calkin, 1964) may indicate recent recessions, so
that the advances further south may be quite local-
ized.

The causes of variations in the level of the ice sheet
are not fully known. Measurements of snow accumu-
lation and ablation are not yet sufficiently accurate to
allow assessment of the mass balance of, distinct

drainage basins, although indications are that the
overall balance of East Antarctica is positive (Bull,
in press). Variations in sea level have a great indirect
effect on the ice-sheet surface level inland from the
ice-free valleys (Hollin, 1962; Bull, 1962), and glacial
surges may occur periodically that could affect either
only small areas or a major part of the ice sheet.

Variations in the Wright Lower Glacier

At present, the Wright Lower Glacier is a relatively
inactive distributary lobe extending westwards a few
kilometers into Wright Valley from Wilson Piedmont
Glacier. The ice-free valleys of southern Victoria
Land including Wright Valley have, however, experi-
enced three—and possibly four—west-flowing glacial
invasions from the Ross Sea and McMurdo Sound
areas.

The sequence in the eastern part of Wright Valley
has been studied and described in detail by Nichols
(1961; in press). Nichols included in his sequence
three glaciations, termed (from oldest to youngest)
the Pecten, Loop, and Trilogy Glaciations. Although
we disagree with Nichols' interpretation of some fea.
tures—and shall discuss them at length elsewhere—
the main details of his scheme appear to be well estab.
lished. When correlations are firmly established with
glaciations in neighboring valleys, it may be desirabk
to propose alternative names, but at present Nichols
terms will be used.

In the earliest and most extensive westward ad
vance that has been recognized—the Pecten Glacia
tion—ice extended 26 km westwards from the presen
Wright Lower Glacier terminus, and carried Pectet
shells and basalt volcanic debris into Wright Valle,,
from the Ross Sea. The shells occur in outwash, mud
of which has been covered by mudflows that carrie
material fronr Bull Pass, probably in a nonglacial in
terval following recession of Pecten ice. That th
mudflow is very old is shown by the complete absenc
of upstanding boulders. Radium-uranium measurc
ments show that Pecten shells are more than 200,00
years old (W. Broecker, personal communicatior
1969) and possibly more than 800,000 years (Nichol
in press). These figures give the best estimate so f
available for the age of the Pecten Glaciation. Dento
and others (1970) suggest that, in the Taylor Valle'
all the recognizable glacial invasions from the ea
have occurred within the last 1.2 m.y.

On the north wall of the valley, 12 km east of tI
Pecten deposits, and adjacent to a major end morair
of the next (Loop) glaciation is a large, compoun
alluvial fan that probably formed after the ice reced
from the maximum of the Pecten Glaciation. The ft
is cut by ice-marginal meltwater channels related
the maximum extent of the Loop Glaciation, wh
the ice terminus was 7 km farther west.
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The most westerly deposits of the succeeding Tril-
ogy Glaciation, 9 km west of the present terminus,
are distinctly better preserved than the Loop deposits
(Nichols, in press). Although Nichols did not define
a glaciation more recent than his Trilogy, he recog-
nized that an ice-cored moraine located only 2 km in
front of the present glacier probably did represent a
distinct readvance. This advance and the subsequent
recession are here tentatively recognized as the most
recent, Wright Lower Glaciation.

The mechanism for the westward glacial invasions
of the Pecten, Loop, and probably the Trilogy Glacia-
tions in Wright Valley, and related invasions in neigh-
boring valleys, is almost certainly related to lowering
of the sea level in the Ross Sea, the grounding of the
Ross Ice Shelf, and the development of ice sheets
that may have extended 100 km or more north from
the entrance to Wright Valley (Hollin, 1962; Bull,
1962; Bennett, 1964; Denton et al., 1970). East of
the Wright Valley mouth, the elevation of the surface
of each of these ice sheets was probably more than
1000 m.

Hollin (1962) considered that a eustatic fall in sea
level of 150 rn—sufficient toground major parts of
the Ross Ice Shelf—would be Produced by a major
glaciation in the Northern Hemisphere, so that the
westward invasions may be controlled by, and be
synchronous with, the Northern Hemisphere glacia-
tions.

The same lowering of sea level that produced ice
sheets in the Ross Sea area, and the westward glacial
invasions of Wright and adjacent valleys, should ex-
tend and thicken the ice sheet of East Antarctica, and
thence lead to significant extensions of the Wright
Upper Glacier. Bull (1962) has estimated that the
ice sheet west of Wright Valley was 200 m thicker
than at present when an ice sheet, 1200 in thick, stood
at the eastern end of the valley. However, considera -
tion must also be given to the idea proposed by Wilson
(1964) that the Northern Hemisphere glaciations are
induced by major surges of the antarctic ice sheets.
If this mechanism is possible, and the part of the East
Antarctic ice sheet inland from the ice-free valleys
was lowered in the surges, glacial advances at the
east and west ends of Wright Valley may be com-
pletely out of phase. Closer considerations of the con-
temporaneity of the westward invasions and the
Wright Upper Glaciations should provide valuable
information on this point.

Variations of the Alpine Glaciers

The small alpine glaciers in the Wright Valley
rea obviously respond more completely and quickly

:o changes in the local climate than do the axial
laciers considered above. In general, the advances

of the alpine glaciers on the eastern part of the south
side of Wright Valley appear to be out of phase with
the westward-moving glaciations from the Wright
Lower Glacier. This may be readily explained. Moist,
easterly winds from the Ross Sea area provide most
of the nourishment for the alpine glaciers, so that
their activity is directly related to evaporation from
open water in that area. The accumulation is small
at present (Bull and Carnein, in press) and would be
further reduced by the presence of an ice sheet cover-
ing McMurdo Sound and the western part of Ross
Sea.

Most of the investigations carried out so far have
been near Meserve and neighboring glaciers. The
relationships between alpine advances at the west end
of the valley (where most of the cirques are now
almost ice-free) and the eastward advances from the
inland ice are less well known, but deserve attention,
as such studies may indicate relationships between
the east and west axial invasions.

The oldest recognizable advance of the alpine gla-
ciers at the east end of the valley, Alpine Glaciation
III, has been correlated with deposits in Taylor Val -
ley that are between 2.2 and 3.6 rn.y. old (Denton
et al., 1970). In Wright Valley, Alpine Glaciation
III deposits are well displayed around the Goodspeed,
Hart, Meserve, and Bartley Glaciers, and the un-
named glacier west of Bartley Glacier. The end
moraines of this glaciation reach to the bottom of the
valley, showing that large axial glaciers were absent
at the time of their formation. These Alpine III
deposits are crossed and partly covered by moraines
of the Pecten Glaciation and, with the possible excep-
tion of the Alpine III deposits from the unnamed
glacier west of Bartley Glacier, by deposits from the
Loop Glaciation. The interrelationships of axial and
alpine deposits around Meserve Glacier are shown in
Fig. 2.

The age relationship of Alpine III to the Wright
Upper Glaciations is not well established. From the
large cirque south-southeast of Dais, a poorly exposed
end moraine rests on (and hence post-dates) a lateral
moraine of Wright Upper Glaciation IV. Tenta-
tively, this end moraine is considered to be an Alpine
III deposit, but further work is needed to confirm
this identification and hence to establish a relative
chronology between the Alpine and Wright Upper
sequences.

Following the Pecten Glaciation, but preceding the
Loop Glaciation, an interval occurred that was much
moister than at present in Wright Valley, as shown
by the mudflows and alluvial fans of this age. The
moister conditions may have produced a glacier ad-
vance, but no deposits of this age are recognized. If
they existed, they were probably reoriented by the
greater advances of Alpine II.
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The alpine glaciers during Alpine Glaciation II
were nearly as long as during Alpine III, but the
moraines are in general much less massive. On the
steep south wall of Wright Valley, many of the end
moraines show two distinct phases (Fig. 2). In the
earlier of the two-termed Alpine IIa-the glaciers
were wider and shorter than in the later phase. The
moraines of Alpine II cross (hence are younger than)
the moraines of the Loop and Pecten Glaciations, but
deposits in front of Clark Glacier that appear to be
correlative with the Alpine II deposits are truncated
by (hence are younger than) moraines of the Trilogy
Glaciation. The only direct estimates yet available for
the age of the Alpine II deposits are obtained from
studies, still in progress, of the mechanisms of salt
accumulations in the soil developed on the glacial
deposits in Wright Valley. With various assumptions,
not yet fully substantiated, it is concluded that Alpine
II deposits are one-fifth as old as Alpine III deposits,
say half a million years.

Since the Trilogy, all of the alpine glaciers have
shown a slight expansion and a subsequent minor re-
treat. Most of the small, fresh bouldery marginal
moraines of this Alpine Glaciation I are 5-50 m
from the margins of the present glaciers, and are
ice-cored. No direct age determinations of Alpine I
are available yet, but movements of the Hobbs
(alpine) Glacier, 70 km to the southeast, may be
correlative. Algae incorporated in the present basal
shear moraine at the terminus of this glacier have
been dated as 12,200 yrs. B.P. (Black and Bowser,
1968), suggesting an alpine advance since that time.

Since the maximum of Alpine Glaciation I, most
of the cirque glaciers have retreated slightly and, in
the Victoria Valley system, a few small ice masses
present at the maximum have disappeared. On the
south wall of Wright Valley, however, the Goodspeed
Glacier has advanced over its terminal ice-cored
moraine but is retreating at the sides, so that it ap-
pears to be repeating the Pattern of the early and
late phases of Alpine II deposits.

The great antiquity of many of the glacial deposits
in Wright Valley was apparent to many of the early
investigators, but with the absence of carbonaceous
material in the deposits, it was not possible to estab-
lish an absolute chronology. Potassium-argon dating
of volcanic rocks associated with the deposits, and
new pedclogical methods, have permitted the estab-
lishment of a framework of an absolute chronology.
Further studies in the Wright and neighboring valleys,
coupled with examinations of long cores from the
Ross Sea and under the Ross Ice Shelf, hold the best
promise of relating glaciations in the Antarctic to
those in the Northern Hemisphere.
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Antarctic Treaty: Tenth Anniversary

The Antarctic Treaty was signed on December 1,
1959. When the final ratification was received on
June 23, 1961, the Treaty went into effect, thus re-
serving one-tenth of the Earth's land surface for
peaceful purposes.

As last Thanksgiving Day approached, Rear Ad-
miral David F. Welch, USN, looking back on this
historic occasion, sent the following message to the
ships, stations, and units under his control as Com-
mander, U.S. Naval Support Force, Antarctica:

"As we approach this Thanksgiving Day, I feel that
the scientists and support forces of the United States
Antarctic Program have something extra for which
to be thankful. Ten years ago on December 1, a
handful of far-sighted men signed the Antarctic
Treaty which set aside The Great White Continent
of Antarctica exclusively for peaceful purposes. This
has resulted in men of many nations working together
on the Continent for the benefit of all mankind. The
fact that man had the foresight and ability to estab-
lish peaceful scientific research on this massive con-
tinent is a great and comforting accomplishment. I
hope you will join with me in observing this Thanks-
giving Day with these ideas in mind."

In a subsequent message, he paid tribute to Rear
Admiral Richard E. Byrd, who made the first flight
over the South Pole forty years previously—on No-
vember 29, 1929. He pointed out that Admiral Byrd
had foreseen the mutual cooperation of nations in
the peaceful scientific investigation of Antarctica, a
vision that had become fact with the signing of the
Antarctic Treaty. The message further directed that
all United States stations observe these historic events
with appropriate ceremonies on November 30, 1969,
a Sunday.

Without going into detail about the history behind
the Treaty or analyzing its provisions, it may be said
that it originated in the successful cooperation
achieved by the world's scientists during the Inter-
national Geophysical Year, which began in 1957. By
holding in abeyance territorial claims and prohibit-
ing any measures of a military nature, the Treaty
perpetuates the spirit of the IGY.

In commenting upon the recent proposal of the
United States and the Soviet Union to keep the
ocean floor free of nuclear weapons, the Scientific
American pointed to the Antarctic Treaty as the
first of a series of agreements along the road to better
world understanding. It mentioned the nuclear test
ban treaty (1963), the prohibition of nuclear wea-
pons in space (1966), the barring of nuclear weapons
in Latin America (1967), and the agreement for the
control of nuclear proliferation (1968). A compari-
son of the provisions of these documents with those

28

of the Antarctic Treaty would reveal that the latter
has provided precedents on several occasions. The
Treaty, therefore, has achieved a significance that
goes beyond the area it was designed to protect.

The New York Times, in an editorial on December
9*, also pointed out that, with the passage of time,
the example set by the Antarctic Treaty has grown
enormously in significance. It added that, "In effect,
this pioneering compact declared the Antarctic to be
a continent of peace, where men would cooperate for
mutual advantage and for the advancement of
science, where military activities would be prohibited
and where territorial claims would be outlawed for at
least thirty years. And so it has worked out—thus
far. Even at the times of greatest tension in the ter-
ror-filled sixties—the Cuban missile crisis and the
invasion of Czechoslovakia, for example—Russians,
Americans, Britons, and others have continued their
work in the Antarctic undisturbed. They have helped
each other as necessary, shared their knowledge and
resources, accepted international inspection of their
activities and generally behaved as friends and col-
leagues. In this coldest of the continents and the
iciest of landscapes, the Cold War was abolished."

"There can be little doubt that this precedent
helped to create the foundations of mutual confidence
on which the great diplomatic landmarks of the past
decade have been based, notably the test ban treaty
of 1963, the space compact of 1967 and the nuclear
nonproliferation pact of 1968. In effect, the Antarctic
has become a political science laboratory, and the
Antarctic Treaty a historic, successful experiment
pointing the way for future progress toward inter-
national cooperation."

"Now the task is to apply the lessons learned from
that experiment to all of the great contemporary
problems where needless suspicion and rivalry waste
huge resources and endanger earth itself."

*©1969 by The New York Times
Company. Reprinted by permission.

New Gazetteer of Antarctic Names

The third edition of Antarctica: Official Name
Decisions; Gazetteer No. 14-3, has been issued by the
United States Board on Geographic Names. The new
volume lists 10,000 names approved by the Board
and is the only comprehensive list of names covering
the entire Antarctic Continent.

The new gazetteer is available free from the U.S.
Army Topographic Command, 6500 Brooks Lane,
Washington, D.C. 20315; Attention: Geographic
Names Division, 13600.
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