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A Message From The
President Of The United States

Since his beginning, one facet of the nature of man which has served to raise him gradually a-
bove the lot of his fathers has been his insatiable drive to unearth the unknown, and better the known.
It is this constant striving forward which, today, finds you, and your colleagues from around the
world, gathered together on the isolated remoteness of the Antarctic Continent. For here men of
many nations have peacefully joined together in a common bond in pursuit of a common goal,

The knowledge you garner during these lonely months will one day enable the rest of us to con-
quer those elements you battle today. As a result of your efforts now, tomorrow man may not know
cold or privation, fear or ignorance. The hardships you face shall not have been in vain.

To all of you, as you observe the passing of mid-winter's day, I send my warmest greetings and
best wishes.

Lyndon B. Johnson



The United States Antarctic a
Projects Officer

The United States may well be proud of its Ant-
arctic accomplishments. Its scientific programs
cover a range of activity unequalled by any other
nation, and there is every sign that the alert minds
of our scientists will continue to conceive of new
projects to illuminate our understanding of that
strange world in which we live. The more they learn
the more they want to know.

In this unending adventure, it is the honor and
privilege of the military establishment, and espec-
ially the Navy, to support the scientific effort, and
to carry on further exploration of the Continent.
The adaptation of our advancing technology to Ant-
arctic requirements is exciting for those of us en-
gaged in it. Intelligent use of ski-equipped aircraft
has not only made possible activities that would have
been dismissed as visionary a decade ago, but has
made our air operations far more efficient.

No longer must we depend upon slow and hazardous tractor trains or costly and inefficient air
drops to supply our inland stations. Last season, for the first time, all personnel and supplies, in-
cluding fuel, were delivered to Byrd and Amundsen-Scott South Pole Stations by ski-equipped air-
craft. A flight by these same aircraft from South Africa into the Antarctic, and another from New
Zealand to McMurdo Sound at the depth of the winter night, show that neither distance nor darkness
prevent aerial penetration of the Antarctic Continent when the necessity arises.

The increased tempo of our scientific activities there is made possible by this increased e ff1-
ciency of our support operations. U. S. Army turbine-powered helicopters, for example, enabled
a party of geologists to do in 2 months what would have required 3 seasons by conventional methods
of ground transportation. Scientists in the field need no longer be encumbered by large quantities
of supplies. They can live better, carry more scientific equipment, and work more efficiently
when periodically resupplied by air.

For those programs best carried out at fixed bases, a continuous program of station improve-
ment has produced more comfortable and productive living conditions. Permanent occupancy has
brought about health problems unknown to the small, temporary expeditions of the past. A long
step toward their solution will be taken with the completion next season of a water distillation plant
and a heated sewage system at McMurdo Station, These will be further confirmation of the value
of nuclear power in an environment such as that of Antarctica.

While all is not perfect, and probably never will be, experience over a decade has brought revo-
lutionary changes to the entire concept of Antarctic operations. By continuing and expanding its
scientific research programs, the United States will maintain its position in Antarctica.

This support force must continue to improve its techniques and to search for and developbetter
equipment for sustaining our national effort.
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INTRODUCTION
On 1 December 1954, USS ATKA, an icebreaker, sailed from Boston to make a reconnaissance of

the Antarctic. ATKA!s primary mission was to seek out sites for United States stations for the Inter-
national Geophysical Year (IGY), scheduled to begin on 1 ruly 1957. The season just concluded, there-
fore, finishes a decade of continuous Antarctic activity for the United States,

One could measure the effort of this decade in the number of miles steamed, of hours flown, of
miles traveled across the surface, of buildings erected; or possibly in the number of observations
recorded, the pounds of samples collected, or the linear feet of shelf space required to hold the re-
sulting scientific papers. None of these figures, taken either alone or collectively, would really in-
dicate the dynamic quality of development over the past 10 years.

In reviewing the activities of 1963-1964, a large place is given to biology, geology, and cartog-
raphy. None of these disciplines was included in the IGY, and all have in common that their basic
materials must be gathered in the field. The expansion that has occurred is a direct reflection of
developments in logistics that make it possible for the support elements to put scientists into areas
where they want to go and to maintain them once they are there.

The historian can find precedents for many of these support techniques as far back as the first
expedition of Admiral Byrd. Their growing flexibility, reliability, and sophistication would, how-
ever, amaze even the bold planners of 10 years ago, who conceived the establishment of a station at
the South Pole by means of airdrop. Last season, however, this technique was phased out because
newer, more efficient, and less costly methods had become available. Anyone at a small station
who has ever chased parachuted supplies scattered by the wind and laboriously hauled and cached
them, will appreciate the convenience of removing supplies from an LC-130F directly onto a sled
or of pumping fuel directly into waiting bladders.

The ability of this aircraft to land wherever a flat and reasonably-smooth surface exists, com-
bined with its cargo capacity, soon made it possible to land scientific parties halfway across Ant-
arctica from McMurdo Sound. They could come into their areas of study equipped with shelter, ve-
hicles, supplies, and scientific instruments and go to work without delay. In fact, with the possi-
bility of resupply, the field party could increase its scientific instrumentation and activity without
diminishing its comfort.

Not every investigator wants to go to the Pensacola Mountains or high on the polar plateau. Not
every project needs the cargo space of an LC-130F. Many are modest in their requirements and may
be supported by helicopter or Otter, or the ubiquitous C-47. Flexible use of a variety of aircraft has
made possible a spectrum of field activities that would hardly have been contemplated, much less
attempted, a generation ago, and enables those in the field to accomplish in days or weeks what would
formerly have required months and, in some cases, years.

The result has been to increase the ratio of summer field work compared to that which is carried
on throughout the year at fixed installations. This does not mean that station scientific programs have
remained static, for they have not. As has been pointed out, the projects under the International Years
of the Quiet Sun are not a mere repetition of those carried out during the IGY because since 1957, know-
ledge of the upper atmosphere has increased and the methods for its study have improved.

It has become a truism to say that even a decade ago, Antarctic studies were largely descriptive,
principally concerned with the observation and classification of material phenomena, and that, even
though this primary task is far from completed, many fields are now entering upon the stage of analy-
sis and synthesis. This stage, of course, is reflected in the numerous grants for study in the librar-
ies and laboratories of the United States, and in the lengthening bibliography of significant papers.
And, it is just here that the measure of accomplishment becomes most difficult, for quality ulti-
mately depends upon the breadth of understanding and the disciplined imagination of the individual
scientist. One comes at last to that point where fact and poetry blend.

I
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The primary mission of Operation DEEP FREEZE 64 was to supply the United States Antarctic

stations which support the United States Antarctic Research Program (USARP). This necessarily
entails a large logistic support program.

Logistics, as defined in Webster's Third New International Dictionary, is "military science in
its planning and handling and implementation of personnel (as in classification, movement, evacua-
tion) and materiel (as in production, distribution, maintenance) and facilities (as in construction,
operation, distribution) and other related factors."

The logistic support provided during Operation DEEP FREEZE 64 by the U. S. Navy, Air Force,
and Army followed almost to a word the above definition.

DEEP FREEZE 64 cannot be said to have started on a certain date. The planning, handling, and
implementing phases of the operation each started at a different time. The planning phase started
a couple of years ago and much of this phase was complete before the fiscal year for which the op-
eration was named rolled around. The handling phase could be said to have started when procure-
ment of supplies began, which was as early as 2 years ago and as late as after the operating season
began. Finally, the implementing phase could be considered to have started when the first cargo
was loaded aboard ships at stateside harbors or when the first ships or aircraft departed the United
States for New Zealand and Antarctica. To the men who wintered-over on the continent, the date
of the beginning of DEEP FREEZE 64 was the same as that of the ending of DEEP FREEZE 63,
which for them was that day when the first aircraft of the season arrived at the station ferryingtheir
replacements.

For our purposes, if we had to choose, we would pick the day when Rear Admiral James R.
Reedy, Commander, U. S. Naval Support Force, Antarctica, landed at McMurdo Station in an LC-
130F after an historic, 4, 700-mile, 14-1/2-hour, nonstop flight from Cape Town, South Africa.
This was at 0426 hours GMT on 1 October 1963. It was after this time that the movement and
evacuation of personnel, the distribution and maintenance of materiel, and the construction, opera-
tion, and distribution of facilities began.

From that date until the time of the departure of the last aircraft from McMurdo Station (28
February 1964) and the last icebreaker (USS GLACIER) from Hallett Station (7 March 1964), approxi-
mately 19, 513 measured tons (7, 600 long tons)* of cargo and over 6, 000, 000 gallons of bulk fuel and
345, 000 gallons of drummed fuel were shipped to Antarctica aboard U. S. Navy and Coast Guard ships,
and 500 short tons of cargo were flown in aboard U. S. Navy and Air Force aircraft. Approximately

*A measured ton is 40 cubic feet and a long ton is 2, 240 pounds.

is
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3, 000 personnel were transported to the continent aboard aircraft and ships and, during the season,
a like number were evacuated - leaving 287 men wintering- over at the b United States Antarctic
stations. Of these, 21 are United States military personnel, 33 are United States scientists and
other civilians, 2 are New Zealand scientists, and 1 is a Russian scientist. In addition, 1 U nit e d
States scientist is wintering-over at the Russian Vostok Station.

At each of our Antarctic stations, both major and minor construction projects were carried out.
Buildings which had not been used during the winter were reopened; others were refurbished, and,
at most of the stations, some new ones were constructed.

Scientific camps were temporarily established, supplied, utilized, evacuated, and removed. Trail
parties were supplied by airdrops and, in some cases, supported by the use of aircraft throughout
the period of their investigations. Other scientific parties were flown between our major permanent
stations and temporary summer camps.

Both before and after the date that we have chosen, there was planning and coordination going on
around the world. In the United States, there were several organizations involved in the logistic sup-
port of the country's program in Antarctica - The Office of the Secretary of Defense, through the
U. S. Antarctic Projects Officer; the Department of Defense, through the Air Force, Army and Navy;
the Department of the Treasury, through the Coast Guard; the Department of Commerce, through
the Weather Bureau; the Department of State; the National Science Foundation, through the Office of
Antarctic Programs; and many other government agencies and organizations, educational institutions,
and industries.

In New Zealand, where at Christchurch, the Naval Support Force maintains its Advance Head-
quarters, and at Port Lyttelton, where our ships are docked for loading and unloading of cargo and
for repair, if necessary, personnel were busy planning the expediting of our shipments of cargo and
personnel to Antarctica.

In the Antarctic, the men who had wintered-over during DEEP FREEZE 63 were extremelybusy
readying the facilities which would make it possible for the aircraft to arrive. There were runways
and skiways which had to be cleared of drifted snow and smoothed out, navigational aids had to be
readied, weather forecasting stations had to be activated, and facilities to handle the increase in
population during the summer had to be reopened and, in some cases, repaired.

Thus, everyone connected with the Antarctic endeavor was, in some way, connected with the log-
istic support program for the season. Details on the Antarctic logistic support program are presen-
ted on the following pages. The facts speak for themselves and, once again, illustrate that another
successful season was accomplished in Antarctica.

S Bulletin of the U. S. Antarctic Projects Officer	 4
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The resupply of the inland Antarctic stations is vitally important and one of the most difficult
of the many logistic support problems that occur annually. Coupled with this problem are the asso-
ciated tasks of delivering high-priority materiel and personnel required, both for the inland stations
and McMurdo, well in advance of the arrival of the icebreakers and logistic support ships.

To make maximum use of the full summer season for both logistic and scientific activities, it
Is necessary to commence the annual resupply and construction programs about 2 months before
surface lift arrives at McMurdo. To accomplish this requires the airlift of personnel from the
United States to New Zealand and of personnel and cargo from New Zealand to Antarctica, follow-
ed by the distribution of personnel and cargo to stations and field parties in Antarctica. This is ac-
complished by the United States Navy, Air Force, and Army units operating on the continent during
the austral summer.

Air operations during DEEP FREEZE 64 followed the same general pattern established in ear-
lier seasons. The LC-130F Hercules continued to expand its sphere of operational activity. This
year's most notable accomplishments were three long-range flights: one non-stop from CapeTown.
South Africa, across the South Pole to McMurdo Station; one which was an exploratory flight by Com-
mander, Task Force 43, over previously uncharted areas of Queen Maud Land; and one during mid-
winter to evacuate a seriously injured navyman.

To augment the aerial support of U. S. Navy Air Development Squadron SIX (VX-6), the 1608th
Air Transport Wing of the U. S. Air Force introduced a new era of direct operational support with
the utilization of the C-130E which replaced the previously-used C-124.

For the third successive year, an Army detachment of turbine-powered helicopters (UH-lBs)
was utilized for the support of United States Antarctic Research Program research in the Senti-
nel Range.

On the following pages are presented the accounts of the air operations of the Navy, Army, and
Air Force units in support of the overall logistics requirements of the scientific program in Antarc-
tica.

5	 Bulletin of the U. S. Antarctic Projects Officer	is
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U.S. NAVY
Air Development Squadron SIX
Task Group 43.2
Commander G.R. Kelly, USN

Task Unit 43.2. 1 Naval Air Unit, McMurdo
Commander G. R. Kelly, USN

Task Unit 43.2.2 Naval Air Unit, Christchurch
LCDR C. 0. Roberts, USNR

Task Unit 43.2.3 Naval Air Unit, Quonset Point
LCDR R. H. Spencer, USNR

.

Primary Utilization

Heavy logistic support.
Cargo and personnel.
Search and rescue, light
logistic support, and
Albedo program,
Field party and traverse
support, and magnetometer
program.
Field party and traverse
support, and magnetometer
program.
Local scientific field party
support.
Local scientific field party
support.
Field party support.

6

AIRCRAFT

Type	 Quantity	 Confiquration

LC-l3OF	 4	 Ski
C-121i	 1	 Wheel
C-54Q	 1	 Wheel (Albedo

equipped)

LC-47H	 4	 Ski (long range)

LC-117D	 1	 Ski

LH-34D	 3	 Helicopter

U- 1B	 1	 Ski

LC-47J	 1	 Ski

Bulletin of the U. S. Antarctic Projects Officer
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Taking a long,
cool drink,
these LC-130F
Hercules take a
pause to refresh
and refill their
tanks for flights
in support of the
scientific efforts
in Antarctica.

Organization of air units

Task Group 43. 2. with a unit established at Quonset Point, Rhode Island, one at Christchurch,
New Zealand, and one at McMurdo Station, Antarctica, is responsible for providing logistic air
support, aerial photography, ice and other reconnaissance, and search and rescue operations in Ant-
arctica, as well as logistic support in New Zealand and between New Zealand and Antarctica. Aeri-
al logistic support of the inland stations (Amundsen-Scott South Pole, Byrd, and Eights) is the pri-
mary task of the naval air group. All other tasks are undertaken within the capabilities of the forces
assigned, without jeopardy to the primary mission.

Air operations commence

The first Air Development Squadron SIX flight (C-1211) departed the United States for New Zea-
land on 14 July 1964. This initiated the air operations for the season. On the continent, the first
air operations commenced at McMurdo Station with the brief flights of two helicopters from the low-
er to the upper helo pads. The second flight to depart the United States for New Zealand was an
LC-130F on 29 August 1964, After this, the flights followed rapidly.

The first fly-in to the continent occurred on 30 September 1963, when two LC-130Fs arrived at
McMurdo from Christchurch with 56 relief personnel and 2-1/2 tons of mail. These aircraft had
the additional mission of being available to serve as navigational aids, communication relays, and
search and rescue craft for a nonstop flight of two other LC-130Fs from Cape Town, South Africa.
This flight, the first from the African Continent to Antarctica, covered 4, 700 miles in 14 hours and
26 minutes and arrived at McMurdo at 0426 hours on 1 October. Aboard the plane was Rear Admiral
James R. Reedy, Commander, U. S. Naval Support Force, Antarctica, and his arrival officially
opened the DEEP FREEZE 64 operating season.

In addition to the above-mentioned two helicopter flights at McMurdo, other flights were flown
within the area prior to the arrival of flights from outside. The LC-47r which was retained at Mc-
Murdo over the winter began conducting Skua tracking operations, and helicopter flights were made

.
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LC-130F parked
near vehicles and
radio antenna at
Amundsen-Scott
South Pole Station,
This was the first
flight to the station
since 13 February
1963 and brought
Rear Admiral
amesR. Reedyto

get a fir st-hand re-
port on existing con-
ditions after the long
wintering- over
period.

to Capes Crozier and Royds,

Stations reopened after winter isolation

Beardmore and Little Rockford Summer Weather Stations were reactivated on 9 and 13 October
1963, respectively. Beardmore has the responsibility of supplying vital weather information to the
aircraft flying the 730-mile route from McMurdo Station to Amundsen-Scott South Pole Station, and
Little Rockford performs the same function for flights from McMurdo to Byrd.

The first flight of the season to Hallett Station was by an LC-47H on 9 October, and the first to
Byrd Station was by an LC-130F on 13 October. This was the earliest fly-in to Byrd Station ever
made.

The first of the planned 27 turnaround flights from Christchurch to McMurdo by the C-1211, which
was scheduled to deliver a total of 270 tons of cargo to the station, was completed on 14 October 1963.
The C-121J actually only made 17 flights due to other requirements imposed on the aircraft.

In addition to completing the earliest flight ever made to Byrd Station, the task group also made
the earliest flight ever made to Eights Station (20 October) and to Amundsen-Scott South Pole Station
(23 October).

Field operations begin in October

Initial field operation support began with the airlift of the New Zealand northern field party out
of Hallett Station by two LC-47s on 24 October. Other accomplishments by the Navy air unit during
October were the evacuation of the DEEP FREEZE 63 wintering-over party from Hallett Station a-
board a C-54Q on the 22nd, the stationing of one LC-4711 at Hallett for operations from there, and
the instigating of the C-121J trimetrogon mapping program in northern Victoria Land.

In November, early-season bulk POL deliveries were completed and routine cargo missions to
all the stations were flown, DEEP FREEZE 64 personnel were taken in and the wintering-over

Bulletin of the U. S. Antarctic Projects Officer	 8



LC-130F onFATO
(Jet Assisted Take
Off) at Amundsen-
Scott South Pole
Station following a
resupply mission.

personnel were evacuated to McMurdo on the first leg of their journey back to the United States, and
Mobile Construction Battalion EIGHT (MCB-8) personnel were flown to the stations to begin their ma-
jor construction projects.

The New Zealand southern party was transported to the foot of the Strom Glacier in two LC-47s
on 6 November and supplied by a LC-47 flight later in the month. The party consisted of 4 men,
motor toboggans, and other equipment. On 5 November, an Ohio State University geology party and
their equipment were delivered to Beardmore by an LC-130F and, on 7 November, transferred to
the polar plateau at the top of the Amundsen Glacier by LC-47s. A University of Minnesota party,
consisting of 7 men and 6 tons of equipment was placed at Camp Gould in the Sentinel Range of the
Ellsworth Mountains on 22 November by LC-130Fs. As in previous missions of this type, the
LC-13OFs were assisted by other squadron aircraft (LC-47s) which preceded the LC-130s to the
site, and, after landing, reported the surface conditions and wind data to the heavily-loaded Hercu-
les. On 24 November, field operations were started in the Pensacola Mountains by the U. S. Geo-
logical Survey. The party, consisting of 7 men and 28, 000 pounds of equipment, was placed in the
Pensacola Mountains by LC-130Fs and LC-47s.

The tempo of airlift operations accelerated during the month of December with a total of 800
flight hours for the LC-130Fs. The highlight of logistic operations was the airlift of 3 U. S. Army
UH-1B helicopters into Camp Gould for the support of USARP research in the Sentinel Range. Lo-
cal science operations near and around McMurdo Station stepped up with the marriage of Helicop-
ter (LH-34D) -Otter(U-1B) teams. At the beginning of DEEP FREEZE 64, the usefulness of the
Otter was considered somewhat debatable, but when properly programmed, this sturdy machine
contributed considerable productive effort at a minimal cost. The scientific parties rode aboard
the helicopters and were placed at locations accessible only to rotary-winged aircraft. The Otter
remained aloft and maintained communications with the base radio. During these missions, the two
aircraft were available for mutual support and search and rescue operations. These two types,hav-
ing basically the same cruising speed, complement each other and, consequently, greater utiliza-
tion as a team may be expected in future operations.

December saw the completion of the Albedo program and photographic requirements as well as

Bulletin of the U. S. Antarctic Projects Officer



the early and successful termination of the airborne magnetometer project, during which more use-
ful magnetometer data were acquired than in all the previous operations.

The New Zealand northern party was resupplied in December by LC-47s as was the University
of Minnesota Ellsworth Mountain party. The U. S. Geological Survey party in the Pensacola Moun-
tains was supported by LC-117D flights during the month. This aircraft also supported the Universi-
ty of Wisconsin traverse party by providing a 1, 200-mile trail reconnaissance on 17 December and
a 600-mile reconnaissance on 31 December.

The C-121J, which had been returned to the United States in mid-November, was back in Antarc-
tica in mid-December. The engines had been replaced with more powerful ones which gave the air-
craft increased performance, allowing it to cruise at 25, 000 feet on photographic missions without
difficulty. It was decided this year that the photographic missions previously performed by two LP-
2Js would be performed by the one C-121J. The LP-21 is now inadequate for Antarctic photographic
requirements because of the altitudes at which flight lines must be flown and because the majority
of current targets are now at ranges beyond the LP-21's capability.

U. S. leaders visit Russian scientists

On 9 January 1964, the Navy flew the first flight by LC-130F to the Russian Mirnyy Station, A-
board the aircraft were Rear Admiral James R. Reedy, Commander, U. S. Naval Support Force,
Antarctica, and Dr. T. 0. Jones, Head, Office of U. S. Antarctic Programs. The visit marked the
first time in several years that the station, located on the Queen Mary Coast, had been visited by
United States Antarctic leaders, Earlier in the season (30 November) two Soviet IL-18 turboprop
aircraft landed at McMurdo en route to Minyy Station to start the Soviet Union's Ninth Antarctic Ex-
pedition. The flight had originated in Moscow and come by way of Australia and New Zealand, The
two aircraft departed McMurdo on 4 December on the final leg of their journey,

VA

Owl

Rear Admiral James H. Reedy (right) and Dr.
Thomas 0. Jones (extreme left) with Dr. Mik-
hail M. Somov (center) Russian Science Leader
at Mirnyy Station on 1 January 1964.

Some of the passengers of the two Soviet IL-18
aircraft which stopped at Williams Field on
their way to Mirnyy. Insert: IL-18 making a
pass over Williams Field.

Antarctic Treaty observers inspect foreign stations

The Navy air unit also flew the Antarctic Treaty observers, representing the United States, to
the various foreign Antarctic stations which were to be inspected. The C-121J was used to fly the
observers to Dumont d'Urville Station (French), where inspection and photography were accomp-
lished from the air as no landing facilities are available at the station. On 13 and 14 January, ob-
servers were flown to Vostok Station (Soviet) aboard an LC-130F, and, the following day, to Mirnyy

Bulletin of the U. S. Antarctic Projects Officer	 10



Station (Soviet). On 12 fanuary, two LC-130Fs were flown to Vostok to take in personnel, cargo,
and equipment necessary for the construction of the forward scatter antennas to be used in the co-
operative scientific program during the International Years of the Quiet Sun. A total of 4 LC-130F
flights were made to Vostok from McMurdo during the season.

Stations isolated for winter

Because of the early break-up of the ice runway at Hallett Station, the last flight of the season
to that station was made on 17 November. The last flight of the season to Eights Station was com-
pleted on 20 February, and, the following day, the final flight to Little Rockford returned all per-
sonnel, closing the station for the winter. Amundsen-Scott South Pole Station was officially isola-
ted on 14 February, but it was decided on 25 February to make a mall drop just before all LC-130Fs
were to redeploy. Since the skiway was still in good condition and the temperature not too low
Admiral Reedy, who was aboard, decided a landing could be effected safely. The flight, on 25 Feb-
ruary, was the latest austral summer season landing ever attempted at the South Pole. The 1 as t
flights of the season to Byrd Station and Beardmore Station were on 25 and 28 February, respectivel
The final C-12lJ turnaround flight to McMurdo was completed on 28 February, and the ffnalflight
out of McMiIrdo (LC-130F) departed on 29 February 1964.

Major improvements effect savings

Air operations during DEEP FREEZE 64 were completed in a highly satisfactory manner. All
logistic goals were achieved and, in many cases, exceeded. Parties were placed in the field ontime
resupplied as scheduled, except for delays due to bad weather, and recovered with a minimum of ef-
fort.

During the operation, major improvements in logistics led to increased efficiency, economy, and
safety. The delivery of bulk fuel by LC-130F aircraft equipped with a 3 .,600-gallon fuselage tank
proved so successful that additional bulk storage capacity was provided at Byrd and Amundsen-Scott
South Pole Stations. A total of 499, 300 gallons of diesel and JTP-4 fuel were airlifted, of which only
681 000 gallons were in 1, 360 drums. The elimination of U. S. Air Force wheel aircraft for inland
station logistic resupply, closer fuel inventory, fuel usage control, and a more realistic fuel re-
serve, resulted in more economy and greater efficiency as well as safety and flexibility. A con-
scientious and determined effort towards long range planning, avoidance of crash programs, early
procurement, and screening of requirements, reduced the expensive turnaround flights between
Christchurch and McMurdo from 84 in DEEP FREEZE 61 to 41 in DEEP FREEZE 64.

Accidents not a major pitfall

A program as large and complex and involving as much flying as this one cannot be expec-
ted to be accident-free. This year was no exception. The accidents, however, were few and of a
minor nature with no casualties or major injuries. On 17 November, an LC-47, en route to Byrd
Station from McMurdo Station, developed engine trouble and was forced down 120 miles east of Mc-
Murdo on the frozen Ross Sea. There were no personnel injuries, and, 3 days later, the aircraft
was returned to McMurdo. On 2 December, an LH-34D helicopter taking 9 Russians to Williams
Field lost its tail rotor and gear box about 15 feet above the ice while landing, but no major damage
occurred and no personnel were injured. In Christchurch, on 4 November, the Navy LC-117D made
an emergency landing after a fire broke out in its starboard engine. The airplane, making its
maiden flight after recent overhaul, landed safely with no injuries to personnel. At Amundsen-
Scott South Pole Station, on 18 January, an LC-130F sustained damage to the airframe just forward
of the cargo door when the aircraft stalled out while landing. No personnel were injured and, 2 days
later, the aircraft was at Christchurch en route to the United States for repairs.

Mid-winter rescue

Probably the most significant flight the U. S. Navy air unit performed during the past year oc-
curred after the austral summer support season ended. One of the navymen at McMurdo Station
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board Helicopters

suffered a fractured spine with paralysis of his legs, cerebral concussion, and scalp lacerations
when he fell 16 feet from the second floor of the station fire house. Because of the seriousness of
his condition, it was decided that a mid-winter evacuation would be necessary. Two ski-equipped
LC-130F Hercules of Air Development Squadron S ]X departed their home base at Quonset Point,.
R. I, on 23 Tune 1964 en route to McMurdo Station. One of the aircraft performed search and res-
cue duty while the other landed at McMurdo. The landing was accomplished at 0825 hours on 26
June and the aircraft departed with the patient 2 hours and 10 minutes later en route to Christchurch.
A more detailed account of this flight appears on page 18.

USCGC EASTWLD	- 1 CH-19E - 1 TJH-13F
USS ATKA	- 1 CH-19E - 1 UH-13F
USS BURTON ISLAND - 1 CH-19E - 1 UH-13F
1556 GLACIER	- 2 CH-19E

p

	

	
As in previous years, each of the 4 icebreakers had 2 helicopters assigned for ice reconnais-

sance and transport of cargo and personnel. This season, however, only 3 icebreakers operated
in the McMurdo Sound area; the other, IJSCGC EASTWLND, operated in the Antarctic Peninsula
area.

The only unusual incident that occurred was the crash on 28 November 1963 of a OH- 19E from
TJSS ATKA, during a flight from McMurdo Station to the ship, when the aircraft suddenly encount-
ered an unpredicted "white out" condition. Only minor injuries to a passenger and crewman re-
sulted, although the aircraft was destroyed by the impact.

In addition to providing service to the icebreakers, these helico pters greatly assisted the heli-
copters assigned to Air Development Squadron SIX in carrying out scientific and utility missions in
the McMurdo area, and standing search and rescue duty.

Starboard side of CH-19E helicopter attached to
TJSS ATKA which crashed about 4 miles from
McMurdo Station on 28 November 1963.
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U.S. ARMY

U. S. Continental Army Command
62nd Transportation Detachment
Fort Eustis, Virginia
Major Paul M. Cagle, USA

3 UH-1B

For the third successive year, the U. S. Army provided a helicopter detachment for use in
support of scientific field disciplines in remote and mountainous regions.

The detachment, which consisted of 3 turbine-powered UH- iBs, 7 officers, 8 men, and 2 civi-
lian technicians, was airlifted from the United States to Christchurch by Air Force C-124s and to
McMurdo by Air Force C-130Es.

The Army detachment, under the operational control of Air Development Squadron SIX, was
programmed to support geologists in the Hallett Station area and in the Sentinel Range of the Ells-
worth Mountains. The first task was not accomplished, as two of the aircraft received substantial
damage from high winds on the day of arrival at Hallett Station.	 4

The U. S. Army took expeditious action and provided two new ones which were taken to McMur-
do Station in early December. The damaged aircraft were transported back to the United States for
repairs.

The scientific program in the Sentinel Range was successfully supported by the three UH- lBs.
Use of the helicopters enabled the geologists to conduct about five times as much investigation in
the same period of time as would have been possible with only motor toboggans for transport, and,
In addition, enabled them to reach areas previously inaccessible.

Besides geological investigation, a considerable amount of surveying was accomplished. While
in the McMurdo area, the Army helicopters performed utility work, particularly transporting per-
sonnel. When the austral summer closed, permission was obtained from the Army to retain two
of the UH-lBs at McMurdo in custody of Air Development Squadron SIX.

McMurdo Station looking grid north from 500 feet
In altitude. Note helicopter pad in upper left corner.
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Military Air Transport Service
Eastern Transport Air Force
1611th Air Transport Wing
McGuire Air Force Base, N. J.

(USAF Photograph)

C-135

During DEEP FREEZE 64, the 1611th Air Transport Wing operated C-135s as special-mission
passenger airlifts in support of the program in Antarctica. This was the first full season of opera-
tions for the C-135s in support of DEEP FREEZE. The aircraft is configured to carry 74 passen-
gers with a crew of 10. In addition, there is usually sufficient capacity for about 6, 000 pounds of
cargo on the longest legs of the flight.

The routing was generally non-stop from either Quonset Point or Andrews AFB to Hickam AFB,
then non-stop to Christchurch. The same route was generally followed on the return trip if aircraft
loading permitted. Some flights, however, stopped by Pago Pago, American Samoa, and some stop-
ped by Travis AFB, California.

10

	

	
The special-mission passenger airlift was required to deploy and redeploy passengers between

the United States and New Zealand. In addition, these aircraft provided a large cargo airlift, par-
ticularly during the redeployment period.

From 4 September 1963 to 23 November 1963, these special-mission passenger airlifts deliver-
ed 1, 128 passengers to New Zealand from the United States and returned 615 from New Zealand to
the United States in 15 round-trip flights, and from 6 February to 24 March, 184 passengers were
taken to New Zealand and 372 returned to the United States in 12 flights.

On the deployment phase of the operation, MATS, in addition to the C-135s, utilized two C-l21J
Constellation flights operated by Capitol Airways, and one CL-44 CANADAIR flight operated by the
Flying Tiger Lines,

An over-all view of the display area of
the annual Antarctic Week Open House
in Christchurch, New Zealand show-
ing an Air Force C-135 (right) and
three Air Force C-130Es.
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3 C-124
3 C-130E

Military Air Transport Service
76th Air Transport Squadron
Charleston AFB, S. C.
LTCOL Russell C. Clarke, USAF

No airdrops needed

For the first season since DEEP FREEZE 11(1956-57), no requirement existed for the airdrop
of supplies or fuel to inland stations. Air Force assistance was still needed, however, to move
cargo and passengers back and forth between Christchurch, New Zealand, and McMurdo Station, Ant-
arctica.

Organization of air unit

The Air Force delegated this mission to the 1608th Air Transport Wing, Eastern Transport Air
Force, Military Air Transport Service, Brigadier General James C. Sherrill, USAF, Commander. OF
A special task unit was organized within the Wing, under Lieutenant Colonel Russell C. Clarke, USAF.
In addition to transportation between New Zealand and Antarctica, the air task unit provided search
and rescue services between Christchurch and 600 South latitude during its period of operation from
13 October to 12 December 1963. In place of the C-124s used on all previous operations, the air task
unit was assigned 3 C-130Es. Because of the necessity of having an aircraft on alert for search and
rescue, a fourth C-130E was stationed briefly at Christchurch (from 22 October to 2 November)but
did not participate in operations.

The complement of the air task unit consisted of 33 officers and 134 airmen. The personnel were
principally from the 1608th Air Transport Wing, but, to obtain the needed combination of specialists,
a few individuals were drawn from other organizations and key spaces were reserved for representa-
tives of Western Transport Air Force, which was expected to assume responsibility for support of
Antarctic operations on DEEP FREEZE 65.

The main body of administrative and maintenance personnel departed Charleston Air Force Base
on 24 September and 3 October on 2 C-135 flights. Mission aircraft followed, leaving Charleston on
4, 7, and 8 October, bringing aircrews and some additional personnel.

Flights to continent commence

The first cargo flight from Christchurch to McMurdo Station was made on 13-14 October. From
that time, daily flights were scheduled for the first 20 days, and after that, flights were to be made
every other day until the completion of the operation in December. With good weather generally
prevailing, this schedule was substantially adhered to. The forty-first and final round trip put down
at Christchurch on 15 December. Five days later, Air Force personnel had all returned to the
United States.

15	 Bulletin of the U. S. Antarctic Projects Officer 0



t
Amu

WS

First C-130E arriving at McMurdo Station during
Operation DEEP FREEZE 64.

Port side of C-130E, showingthe aircraft inits final
position, after an emergency landing on the skiway at
McMurdo.

IIi I

Air Force 0-124 delivers LH-34D helicopter from
United States to McMurdo Station.

Bulletin of the U. S. Antarctic Projects Officer

Minimum ground time used

All flights were made with a minimum
time at McMurdo. As fast as the aircraft
could be unloaded, serviced, and reloaded
they took off on the return flight to Christ-
church. An average of 2 hours was spent
on the ice, and the usual round trip requir-
ed about 20 hours, although on one occasion
it was made in 16, setting a new record. To
service the aircraft, a maintenance crew of
10 was stationed at McMurdo. This crew
was rotated at 10-day intervals, so that all
Air Force personnel had an opportunity to
see Antarctica.

Single accident mars record

The C-130Es carried 379 tons of cargo
and 734 passengers. They flew a total of
713 hours over the 2-month period. The
operation proceeded without a seriousac-
cident, and only one incident of importance
occurred. On the next to the last flight, a
change in weather obscured McMurdo. Af-
ter circling the field for 4-1/2 hours, the
aircraft commander jettisoned 8, 000 pounds
of cargo to lighten the aircraft. He then
was guided down to the skiway, rather than
the ice runway, by a Navy air controlman.
Most of the cargo was recovered, and the
aircraft suffered only superficial damage.
It required, however, a considerable a-
mount of effort on the part of Navy construc-
tion battalion personnel to move the air-
craft to the ice runway from which it could
take off.

WESTAF Commander visits operation

In addition to the C-130Es, 3 C-124s,
also from the 1608th Air Transport Wing,
made the trip to Antarctica on a special
mission to deliver Army and Navy heli-
copters. The Western Transport Air Force,
which is scheduled to assume responsibility
for next year's airlift, sent 2 C-l3OEs to
Antarctica on survey flights. One of these
aircraft, with Brigadier General JamesW.
Chapman, Commander of the 1501st Air
Transport Wing, on board, became the
first of its kind to fly over the South Pole,
when, on 3 December, it did so while en
route from McMurdo Station to Christ-
church. General Chapman piloted the Her-
cules over the 3, 800-niile route which took
12 hours and 52 minutes to complete.
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CARGO AND PASSENGER STATISTICS FOR DEEP FREEZE 64

United States New Zealand	McMurdo New Zealand
To	To	To	To	Intra	Sub-

New Zealand	McMurdo New Zealand United States Antarctica	Total	Total

Cargo Pass. Cargo Pass. Cargo Pass. Cargo Pass. Cargo Pass. Cargo Pass. Cargo Pass.

USAF
1608 ATW
C-130E	 *488.8 734 4,209.4 560	 *698.2 13 294 698.2 1,294

VX-6
LC-130F 22	114	67 266	44 322	18	29 3758 1202 3909 1933
C-121J	7	203	*143 519	*115 708	2	107	 267 1537
C-54Q	 51	243
LC-47/
LC-117D	 142	458
U- 1B	 41
LH-34D	 140 3696
Misc.	 299	179

4, 808 8, 087

MATS
Special
Mission
C-124	47.5	17	30	8.5	20.3	85	 106.3	102
C-133	16.,	 .5	 16.9
C-135B	g2,0 1,046	 18.7 1,395	 110.7 2441
Commer-
cial	 283	 164	 447

233.9 21990

Army
UH-1B	Statistics Not Available

Total	 - .5740-1 12, 37
All cargo measurements in tons.	*Includes passengers.

INTRA -ANTARCTICA CARGO AND PASSENGER STATISTICS

LC-130F	 Tonnage Delivered Tonnage Boaded Passengers

Byrd Station	 1, 967	 234	 483
Amundsen-Scott
South Pole Station	1, 190	 111	 441

Eights Station	 142	 58	 64
Hallett Station	 96	 12	 73
Beardmore Station	 83	 42	 42
Little Rockford Station	71	 38	 29
Scientific Field Support	I78	 89	 45
Vostok Station	 31	 6	 25
Total	 33758	 590	 if 202
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Outstanding Flights
Midwinter Evacuation Flight

Although the austral summer was a time of several unusual flights, the most significant flight
at the 1963-1964 season, and one which will most certainly be recorded in Antarctic history, occurred
within just a few days of the midwinter solstice. The story leading up to the flight goes back to 20
June 1964.

Petty Officer Bethel Lee McMullen, Builder First Class, one of the n'avymen wintering-over
at McMurdo Station, was critically injured when, while standing watch in the McMurdo fire sta-
tion, he fell 16 feet, landing on his head and shoulders. He was using the fire pole to descend from
the second to the first deck of the fire station. He suffered a fractured spine with paralysis of his
legs, cerebral concussion, and severe scalp lacerations.

Because of his critical condition, it was deemed necessary that a team of surgeons be flownto
the Antarctic to operate on him or that he be evacuated from the station.

Rear Admiral James R. Reedy, Commander, U. S. Naval Support Force, Antarctica, after
consultations with the resident physician at McMurdo and the Support Force Staff Medical Officer in
Washington, announced that the Navy would attempt to provide emergency medical assistance and
evacuation of the patient,

On 23 June, two Air Development Squadron SIX LC-130F ski-equipped Hercules aircraft de-
parted Quonset Point, Rhode Island, their home station, for Washington where they picked up a 3-
man surgical team from Bethesda Naval Hospital, meteorologists, air controllers, and other essen-
tial personnel. The aircraft, making minimum-time en route stops for rest and refueling, arrived
in Christchurch, New Zealand, on 25 June,

Before the aircraft could fly into McMurdo Sta'ion, the seemingly impossible had to be accomp-
lished. A runway had to be constructed and all air- control facilities had to be reactivated. This
was begun immediately and, even before the aircra. arrived at Christchurch, Williams Field was
prepared. A skiway 10, 000 feet long and 200 feet wle had been leveled and planed, barrels of
fuel had been placed at 250 . -foot intervals to light the skiway, the GCA and TACAN equipment was
put in readiness, and the weather office began makLg constant forecasts. The navigational aids
at Hallett, Amundsen-Scott South Pole, and Byrd Stations were prepared for use, and arrangements
were made with foreign Antarctic stations for increased weather observations. The helicopters of
Air Development Squadron SIX, Detachment ALFA, at McMurdo, were readied and flown. The men
at McMurdo worked 24 hours a day in preparation for the arrival of the first aircraft ever to attempt
to land on the continent during mid-winter,

The New Zealand Naval Board diverted the frigates OTAGO and PUKAKI for weather reporting
and possible search and rescue duties near 60 0 South latitude, 170° East longitude. PLJKAKI was
scheduled to relieve OTAGO in the event the flight was delayed and the latter ship had to refuel,
which did not occur.

After a 12-hour crew rest at Christchurch, LT. Robert Mayer and his crew departea liarewood
International Airport at 2356 hours on 25 June for McMurdo Station. The other LC-130F remained
in Christchurch to stand-by for possible search and rescue duty.

The aircraft, encountering favorable weather and no difficulties, landed at Williams Field,
Antarctica, at 0825 hours on 26 June, successfully completing the first mid-winter landing on the
continent. The weather at McMurdo was reported as being clear with more than 15 miles visibili-
ty, 6-knot winds, and brightened by a full moon. Fifty miles out from his destination, the pilot re-
ported McMurdo "lit up like a Christmas tree."
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Before the aircraft arrived, a 10, 000-foot ski-	 S

way was constructed and the GCA equipment was
put into readiness. (These photographs were
taken last September when similar operations	fl.
were being conducted in preparation for the first
flight of the season to arrive on the continent.) Ltt.

A temporary communications failure during the flight caused some concern at Advance Head-
quarters in Christchurch when contact was lost both with the aircraft and McMurdo Station, about
2 hours before the aircraft was to land at McMurdo. Strangely, a radio station in midwe stern United
States, a distance of more than 10, 000 miles, then reported to Washington that they were receiving
both the aircraft and McMurdo "loud and clear." Contact was regained in Christchurch, however,
shortly before the aircraft landed at Williams Field.

The special surgical team immediately embarked by helicopter to McMurdo Station. After their
examination of the injured Seabee, they ordered his evacuation and the aircraft was again airborne,
at 1035 hours, for Christchurch.

The flight was successfully completed when the aircraft landed at Harewood at 1754 hours on
26 June and the patient was safely transferred to a Christchurch hospital.

After almost a month of convalescing in the hospital in Christchurch, McMullen was returnedto
the United States on 23 July. His spirits were reported to be high, and he was pronounced to be in
good condition. Accompanying him on his flight to the United States was Sister Averill, the New
Zealand nurse who had attended him continously. Sister Averill is a specialist in nursing spinal in-
juries.

Special recognition has been proposed for the men who participated in this historic event. It
has been recommended that the aircraft commander, LT. Robert V. Mayer, USN, "who thoroughly
planned and skillfully executed an historic flight to and from the Antarctic Continent on 26 June 1964
during the height of the Antarctic winter darkness be awarded the Distingnished Flying Cross for
heroic achievement of an aerial flight under extremely adverse conditions, " and that the officers and
enlisted crew members of the evacuation flight be awarded the Air Medal for "participating in the
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unprecedented and outstandingly-executed flight.

PERSONNEL ABOARD THE LC-130F EVACUATION AIRCRAFT

LT. Robert Volk Mayer (Air Development Squadron SIX)
CDR. Daniel Balish
LT. Charles Robert Paty
LT. James Elul Stanley
LTJG. George Fredrick Wright
ADJ1 Robert Harrison Kline
ADJI. John Daniel Hart
AMH1 Frederick Thomas Milan
ABH1 Clyde Kenneth Long
AE2 Carl Francis Lindewall
AT2 Dolan Jean Sugar
LCDR. R. E. Millington (Naval Support Force)
LCDR. G. J. McClard (Bethesda Naval Hospital)
LT. H. L. Dixon (Bethesda Naval Hospital)
HMC J. T. Oheir (Naval Support Force)

It has also been recommended that the officers and men of the LC-130F which were to provide
search and rescue duties be awarded the Navy Commendation Medal "for meritorious achievement
in support of the first historic mid-winter flight to the Antarctic Continent to air evacuate a criti-
cally injured Petty Officer. Each was willing to risk his life as a search and rescue crew mem-
ber, daring the extreme hazards of flying into the darkness of the Antarctic winter to rescue down-
ed shipmates should the occasion have arisen. IT

PERSONNEL ABOARD THE SEARCH AND RESCUE LC-130F

CDR. Frederick S. Gallup, Jr. (Air Development Squadron SIX)
LT. Andrew Curtis Huggins
LT. Alan Lee Dick
LCDR. Benjamin Warren Taylor
LCDR. James Ernest Fendorf
LCDR. Frank Lewis White
LT. Joe Henery Capley
LTJG. Ronald Lee Brown
LT. Daniel Major Moody
ABHC James Elsworth Zimmer
S/SGT John David Triplett (USMC)
S/SGT Carrol Ray Milburn (USMC)
AT1 Leo Campbell
AE1 John Edward Morgan
AMH1 Franklin John Daugherty
ADR1 William Dunbar Bridger
ADR1 Charles Lawrence Duggins
ADR1 Earl David Rudder, Jr.
ADJ2 Allen Nelson Cox
ADJ2 Robert Charles Blumer
ADJ2 Gary Allen Sanders
CDR. John Kenneth Allison (Naval Support Force)
AGC H. C. Losch (Naval Support Force)
ETC J. A. Socks (Antarctic Support Activity)
AG1 B. R. Thomas (Naval Support Force)
AC 1 R. G. Saner (Antarctic Support Activity)
AG1 C. Reilly (Antarctic Support Activity)
AN K. L. Strudevant (Bethesda Naval Hospital)
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Additionally, the officers and crewmen who flew the helicopters -were recommended for the Air
Medal "for their courageous actions in the preparation of the landing aids at McMurdo Station, Ant-
arctica, involving 6 helicopter flights for a total of 12.2 hours spent flight checking the aerial navi-
gation aids, providing emergency crash alert, and transporting the injured patient to the evacuating
aircraft.

SUPPORT PERSONNEL

LCDR. John Alfred Morton, Jr.
LT. Wilbur David Templeton, Jr.
LT. Bruce McGlasson
ADJ2 Nick L. Stratos
ADR2 Homer X. Stallings
ADR2 Garrett Shiroma
AMS2 Hugh F. Cordy, Jr.

Cape Town-McMurdo Flight
Another significant flight, accomplished during the austral summe; was the flight which officially

opened the DEEP FREEZE 64 summer season. Rear Admiral James R. Reedy, Commander, U. S.
Naval Support Force, Antarctica, aboard one of two LC-130Fs, departed Cape Town, South Africa,
on 30 September 1963, after having attended a SCAR meeting.

The two aircraft, each carrying 9, 600 gallons of fuel and weighing 10, 000 pounds more than us-
ual, landed at Williams Field on 1 October, alter a 4, 700-mile, non-stop flight, which took 14 hours
and 26 minutes.

Cape Town preparations included a week of intensive briefing, equipment check and tune-up, and
radio communications tests. The South African Air Force flew weather probes, and the South African
Navy stationed the frigate TRANSVAAL 1 1 200 miles from Cape Town in the Antarctic Ocean, along
the flight line, to serve as a navigational aid, radio communications aid, and as an advance weather
station.

The two aircraft lifted off at 1400 hours from South Africa's Malan Airfield and proceeded a-
long the planned flight line of 180 30' East longitude toward the Antarctic Continent. The LC-130Fs,
flying at altitudes of 25, 000 and 31, 000 feet, with an outside temperature of minus 79°F., passed
the "point of safe return" at about 67 0 South, after 7 hours and 11 minutes flight time. Shortly
thereafter, radar picked up the outline of the Antarctic coast and the aircraft continued over 1, 400
miles of uncharted Queen Maud Land and the Antarctic Plateau to Amundsen-Scott South Pole Station.

PERSONNEL ABOARD THE LEAD AIRCRAFT

Rear Admiral James R. Reedy, Co-pilot
CDR. George R. Kelly, Co-pilot
LCDR. Richard G. Dickerson, Aircraft Commander
LT. Arthur L. Herr, Co-pilot
LTJG. Donald E. Miller, Navigator
ADJC Claude C. Stanley, Flight engineer
AE2 John C. Wood, Flight electrician
ATC Earl D. Gordinier, Flight electrician
S/SGT Arthur L. Kring, Navigator
ADR1 Charles L. Duggins, Flight enginee
AIvER1 Franklin J. Daugherty, Flight mec1:i
Mr. Lowell Thomas, Civilian passenger
Professor L. C. King, South African passenger
Mr. Otis Imboden, Civilian passenger
CDR John K. Allison, Staff meteorologist

(Left to right, front row, Duggi.ns, 6taxdey,
Dickerson, and Kelly. Standing; Gordinier,
Daugherty, Wood, and Herr)
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Weather was perfect and the flight comfortable, with visual contact between aircraft possible at
all times. Communications were excellent with contact being made with Amundsen-Scott South Pole
Station as far out on course as 2,700 miles. A message of 'God Speed" was received from the
TRANSVAAL and an offer of assistance from the men of Mirnyy Station.

PERSONNEL ABOARD THE WING AIRCRAFT

LCDR. William B. Kurlak, Aircraft Commander
LCDR. John D. Stich, Co-pilot
LT. Andrew C. Huggins, Co-pilot
ENS. Robert Wolcott, Navigator
G/SGT E. R. Simpson, Navigator
ADJC George H. Fuller, Flight engineer
AT 1 M. E. Westlund, Flight radioman
AE1 Thomas H. Dunn, Flight electrician
ADR1 James P. Houghton, Flight mechanic
AMH1 sack H. Tankersley, Flight mechanic
LTJG Harold H. Hemphill, Photo officer
LTTG Alan F.j Blanchard, Flag Lieutenant
LCDR Richard Millington, Staff medical officer
Mr. Allyn Baum, Civilian passenger
(Pictured: Left to right, front row: Huggins, Kurlak,
Fuller, Simpson, Tankersley, and Houghton.)

and Stich. Standing; Dunn, Westlund, Wolcott,

Christchurch-McMurdo Flight

The day before, 30 September, two LC-130Fs flew the 2, 100-mile route from Christchurch, New
Zealand, to McMurdo, bringing 56 relief personnel and over 2-1/2 tons of mall to the wintering-over
party there. The early arrival of this flight was planned so that facilities and aircraft could be uti-
lizsd as navigational aids, radio communications back-up, and search and rescue, if necessary,
for the Cape Town-McMurdo flights.

Exploratory Flight

Another highly successful flight was the one conducted over Queen Maud Land this season. The
flight of 10 February 1964 was a follow-up of a shorter exploratory flight made by Commander, Task
Force 43, at the close of DEEP FREEZE 63. During that flight, what appeared to be mountains ma
blank area of the map showed on the radar screen. Further investigation appeared warranted, and
this belief was substantiated this season by the sighting of mountains 80 to 100 miles west of the
Shackleton Range, believed to be part of this range, but never seen before. They are estimated to

be 4, 000 to 6, 000 feet high.
The flight also discovered that
Recovery Glacier probably ex-
tends further inland than pres-
ently charted.

New mountain range discovered
at latitude 80°25'S., longitude 19 °W.
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Flight plot chart showing position of mountains.

At about the time the aircraft had to re-
turn to McMurdo, two additional targets, giv-
ing the appearance of small mountain ranges,
appeared on the radar scope, but fuel require-
ments for the return leg would not permit
further investigation. In addition to the radar
and flight tracks, a pictorial record of the
flight was made.

When all evidence has been studied, the
location and extent of the mountains sighted
will be determined.

The pilots of the LC-130F which made
this year's exploratory flight, LCDR. R. G.
Dickerson and CDR. G. R. Kelly, and the
navigator, SGT. A. L. Kring, TJSMC, were
in the same crew that accompanied Admiral
Reedy on the previous year's Light.

PERSONNEL ABOARD THE LC-130F

Rear Admiral James R. Reedy, Co-pilot
LCDR. R. G. Dickerson; Aircraft commander
CAPT. M. W. Nicholson, Co-pilot
CDR. G. R. Kelly, Co-pilot
CDR. R. L. Dale, Co-pilot
LTJG, J. R. Shackleton, Staff Assistant Public

Information officer
ADR1 R. E. Keckley, Flight engineer
AT1 L. Campbell, Flight radioman
S/SGT. A. L. Kring, Navigator
ADfl 1% A. Nelson, Flight mechanic
PH2 L. Roane, Photographer
AE2 T. E. Wood, Flight electrician

Location and close-up view of mountain range discovered on the exploratory flight of 10 February
1964 in a U. S. Navy LC-130F Hercules.
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To resupply United States stations in the Ross Sea required the use of three icebreakers, alike
number of cargo vessels, and two tankers. All three icebreakers were United States Navy ships. A
fourth icebreaker, assigned from the United States Coast Guard, operated in the Antarctic Peninsu-
la area. The three cargo vessels and one tanker were chartered from the Military Sea Transporta-
tion Service. Arrangements were made with the New Zealand Naval Board to use the excess capaci-
ty of the New Zealand tanker, HMNZS ENDEAVOUR, to deliver bulk fuels to McMurdo Station. Two
New Zealand frigates and a United States Navy destroyer escort served as picket ships along the
long flight route from Christchurch to McMurdo Sound.

A combination of relatively-light ice and better scheduling, based on the experience of previous
years, permitted ship operations in the Ross Sea to proceed as planned with a minimum of changes
or revisions. Ship damage was light compared to that of past seasons, During February, an ice-
breaker was detached for an oceanographic survey of the western Ross Sea,

The expansion of air activity in recent years has rendered ships less important as passenger
vehicles. The majority of persons now arrive in the Antarctic aboard aircraft. This development
has not, however, diminished the importance of sea transportation in the field of logistics. Air
cargo is limited to mail and high priority items, and the major part of bulk supplies arrives by
ship. Without the fuel brought in, by tankers, aircraft could not make their important contribution
to Antarctic operation. Ships remain basic to the United States Antarctic logistics system.
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USCGC EASTWII\D (WAGB-279) - Captain B. R. Henry, USCG
USS ATKA (AGB-3)	 - Commander J. J. Judith, USN
USS GLACIER (AGB-4)	- Commander V. 1. Vaughan, USN
USS BURTON ISLAND (AGE-i) - Commander G. H. Lewis, USN

- Commander CL W. Mitchell, USN

I
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USS ATKA

1.	
All

Penetration of ice pack begins

ATKA, the first icebreaker to leave New Zealand for McMurdo Sound, departed Port Lyttelton
on 5 November 1963. She proceeded by way of Scott Island where an automatic weather station was
installed. On 15 November, she arrived 21 miles off Hut Point and commenced breaking a channel
through fast bay ice. She was joined in this activity on 18 November by BURTON ISLAND and GLA-
CIER, which had left Port Lyttelton on 7 and 8 November, respectively. On the way down, GLACIER
had been temporarily diverted for a mercy mission. A seaman aboard the New Zealand frigate
ROT OTTI had been stricken with appendicitis and required surgical attention. The two ships met in
the vicinity of Campbell Island where the sailor was transferred, and an emergency appendectomy
successfully performed by GLACIER's doctor.

ATKA loses propeller

On the day GLACIER and BURTON ISLAND reached McMurdo Sound, a change-of-command was
held aboard the latter ship, when Commander G. H. Lewis, USN, was relieved by Commander G. W.
Mitchell, USN. This incident completed, the three icebreakers went steadily about the job of cut-
ting the channel in preparation for the arrival of the tankers and cargo ships, scheduled for the first
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week in December. The work progressed smoothly until 30 November when ATKA's port shaft broke,
causing the loss of a propeller which now lies at the bottom of McMurdo Sound. The casualty was
diagnosed as the result of cumulative stress rather than having been caused by any single incident.

At-sea refuelling operation

While not appreciably delaying the cutting of the channel, the accident did cause some rearrange-
ment of plans. BURTON ISLAND assumed ATKA's mission to resupply Hallett, and after transfer-
ring Hallett cargo and assisting CHATTAHOOCHEE into McMurdo Sound, ATKA departed on 5 Decem-
ber for New Zealand. On the way north, she met USS HISSEM, the ocean station vessel, and trans-
ferred 20, 000 gallons of fuel in what was believed to be the first at-sea refuelling operation below
60° South latitude. She arrived at Wellington on 14 December and entered drydock the next day. Re-
pairs were completed on 30 December, and after a brief stop at Port Lyttelton, ATKA sailed on New
Year's Eve for her second trip of the season to the Antarctic.

Supply ships arrive in McMurdo Sound

BURTON ISLAND, on 5 December, took over the escort of CHATTAHOOCHEE, the first supply

I

I
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ship to arrive. By 8 December, the two ships reached a point 7 miles from Hut Point where CHAT-
TAHOOCHEE commenced to discharge fuel. GLACIER, with assistance from BURTON ISLAND, con-
tinued channel breaking and by 10 December had pushed on to within 2,2 miles of Hut Point. Six days
later the distance had decreased to 1, 500 yards, and on 19 December the channel was completed,

While GLACIER put the final touches on the channel, BURTON ISLAND escorted CHATTAHOO-
CHEE out of McMurdo Sound and then proceeded to Hallett where, from 17 to 20 December, she dis-
charged cargo. On Christmas Day, she was engaged in breaking up large ice floes north of the chan-
nel entrance and on the last day of the year was off-loading cargo for McMurdo Station and taking on
supplies for a second run to Hallett. On 4 January she again escorted CHATTAH000HEE, which
had returned from New Zealand, up the channel to Hut Point, With the arrival of ATKA, fresh
from drydock, BURTON ISLAND set off for Wellington, stopping off at Hallett on 6 January to dis-
charge cargo. The ship arrived in New Zealand on 14 January for a week of well-earned rest.

Salvage of sunken tractor successful

After her return to McMurdo Sound on 6 January ., ATKA, between 8 and 14 January, conduc-
ted sounding surveys in the vicinity of Tent and Inaccessible Islands and around Winter Quarters
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Bay. On 24 January, she received on board 5 civilian scientists from the Naval Oceanographic Of-
fice whoi were scheduled to conduct oceanographic work in the Ross Sea during February. GLACIER,
the only icebreaker to have remained in the area since November, was getting ready to leave for a
visit to Hobart, Tasmania. While waiting, she participated in the salvage of a D-8 tractor that had
broken through the ice 300 yards south of Cape Armitage. On 23 January, GLACIER broke the ice
and led the cargo ship, PVT. JOSEPH F. MERRELL to the spot. MERRELL then hoisted the ve-
hicle to her deck and eventually carried it to New Zealand for repair. The following day after ex-
corting MERRELL from the channel and while awaiting the arrival of CHATTAMOOCHEE, GLACIER
conducted a sounding survey in the vicinity of Cape Bird and Beaufort Island. With CHATTAHOO-
CHEE safely berthed, GLACIER departed for Tasmania on 26 January.

Iceberg pushed out of shipping channel

BURTON ISLAND visited Port Lyttelton briefly and on 22 January departed for Hallett via
Scott Island where she recovered the automatic weather station that ATKA had installed in Novem-
ber. Next day BURTON ISLAND reached Hallett and began off-loading fuel. On 28 January, she
departed Hallett and, on the thirtieth, reached McMurdo just in time to help ATKA reverse the
course of a 1-1/2-million-ton iceberg that had invaded the ship channel. Having  reinoved
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this menace to navigation, ATKA left McMurdo Sound on 1 February for her oceanographic cruise.

BURTON ISLAND suffers damage

While engaged in clearing ice from Winter Quarters Bay BURTON ISLAND, on 3 February, suf-
fered damage to her unused forward propeller installation. As originally designed, Wind-class ice-
breakers had a bow propeller, in imitation of the USCGC MACKINAC which operates on the Great
Lakes. Highly successful in fresh water, this installation proved useless in salt water. The pro-
pellers have long since been removed, and the resulting aperture has been closed with a fairing plug.
For a moment, it appeared that BURTON ISLAND might have to suspend icebreaking, but the crew
was able to effect temporary repairs which permitted the ship to continue operations.

BURTON ISLAND left McMurdo for Hallett on 5 February where the cargo ship, WYANDOT,
was expected. On 7 February, ATKA suspended oceanographic work to join up with WYANDOT and
escort her to Hallett where BURTON ISLAND was preparing the way. After unloading was discon-
tinued because of bad weather and severe ice conditions, WYANDOT and the two icebreakers sor-
tied from Hallett. ATKA resumed her survey work, while BURTON ISLAND accompanied WYAN-
DOT to McMurdo The two ships made another visit to Hallett, 15-17 February, completed the re-
supply operation, and returned to McMurdo on the eighteenth. The following day, they were joined
by GLACIER which had visited Hobart between 4 and 12 February.

Ships beqi.n departing Sound

ATKA completed her oceanographic survey and also put into McMurdo on 27 February. (For
details of the scientific activity, see page 167). The three icebreakers were reunited, but not for
long. The season was waning fast, and it was time to button up the stations for the winter. The
last cargo ship had departed on 22 February, and the Super-Constellation was readying to take-off
on the last flight of the year. On 28 February, BURTON ISLAND left McMurdo Sound for Port
Lyttelton and then home. ATKA followed a day later, but had one more scientific task to perform.
Along the Victoria Land Coast, she took a series of ice potential observations to assist the Ocean-
ographic Office in forecasting ice conditions. She cleared the Ross Sea on 4 March.

GLACIER reports to Hallett at flank speed

GLACIER lingered on at McMurdo to pick up the last of the summer support personnel whowere
hastening to complete as much of the construction program as possible. She finally sailed on 4 March
with 100 members of Mobile Construction Battalion EIGHT embarked. When about 70 miles off Hal-
lett, she received word of the fire in the science building of that station. Flank speed was ordered
so that GLACIER was on the scene in a few hours. The 100 Seabees and the ship's crew assisted
station personnel in cleaning up the debris. GLACIER also replaced Hallett.'s depleted water sup-
ply from her tanks and made available personal equipment and other supplies to replace items lost
in the fire.

Last ship departs McMurdo Sound for season

Leaving Hallett on 7 March, GLACIER proceeded to the Balleny Islands where scientists on
board conducted brief surveys, from 8 to 10 March. On leaving the Ballenys, GLACIER received
orders to stop briefly at two New Zealand possessions outside the Antarctic area, Antipodes Is-
land and Bounty Island, which she did on 13 and 14 March, respectively, but was prevented by bad
weather from carrying out the requested surveys. She reached Port Lyttelton on 16 March, and
the season was over.

Antarctic Peninsula operations

In addition to the three icebreakers assigned to the Ross Sea, the Coast Guard's EASTWIND
operated around the Antarctic Peninsula during January 1964. This trip had the double objective
of taking an observer team to inspect Argentine, British, and Chilean stations under the terms of
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the Antarctic Treaty and to continue the survey of Arthur Harbor on Anvers Island as a suitable lo-
cation for a small scientific station to be established next year.

The ship left Bostonon 10 December and after stops at Valparaiso and Punta Arenas, Chile
cleared the latter port for Antarctica on 10 January. She arrived at Arthur Harbor on 13 January
and put the survey party ashore. On the way down, the British and Chileans reported abnormally
heavy Ice conditions, quite in contrast to what the Navy icebreakers had encountered in the Ross Sea

After leaving Arthur Harbor, EASTWIND encountered EMS PROTECTOR and sought to lead that
ship to the British; 1ase In the Argentine Islands. When It proved Impossible to penetrate the ice,
PROTECTOR was led to the comparatively open water of the Gerlache Strait. EASTWThID helicop-
ters took the observers to the base where the inspection was carried out on 16 January. The fol-
lowing day found EASTWThID back at Arthur Harbor where .ship's company assisted the survey par-
ty to erect a Jamesway hut at Bonaparte Point.

Leaving Arthur Harbor again on 20 anuary, the observer team rapidly completed its work, in-
specting Chile's Gonzales Videla Station on the twenty-first and, on the following day, arriving at
Deception, where the team visited the Argentine and Chilean Stations. The next morning the obser-
vers visited the British base on the same island and, shortly afterward, departed for Hope B ay,
where the Argentine's Esperanza Station was inspected on the twenty-fourth.

This phase of theoperation completed, EASTWIND returned to Arthur Harbor, where the sur-
vey party was taken on board. The ship left Anvers Island for the last time on 27 January and ar-
rived at Punta Arenas on the thirtieth, having completed her missions.

Despite the heavy Ice off the Antarctic Peninsula, the 1963-64 season was a welcome contrast
to the previous one. The only casualty requiring dry-docking occurred when ATKA lost her propel-
ler, as compared to GLACIER's two visits to Wellington during Operation DEEP FREEZE 63. Al-
though both GLACIER and BURTON ISLAND suffered minor damage, their icebreaking ability was
not impaired as occurred to EDISTO when she lost the use of an engine on 16 January 1963. For
several years past, GLACIER has been plagued by breaking or deforming propeller blades in the
ice. This season, she was fitted with a set of heavier, stronger blades produced by the Philadel-
phia Naval Shipyard. The Innovation was a success, and prolonged time away from operations was
avoided.

With favorable ice conditions in the Ross Sea and comparatively light damage to the icebreakers
cargo operations could be carried out substantially as planned. In fact, in some instances, arri-
vals and departures were ahead of schedule. Also, it was unnecessary to retain Icebreakers in the
area for periods of 122 and 126 days as occurred to EDISTO and EASTWIND, respectively, during
Operation DEEP FREEZE 63. Each of the icebreakers in the Ross Sea had an opportunity to make
a visit to New Zealand or Tasmania in the course of the season.

USS ATKA pushing 1 1/2 - million ton
iceberg out of the McMurdo Sound ship-
ping lane where it had drifted about for
days.
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USNS CHATTAHOOCHEE (T-AOG-82)	 - Master H. Jacobsen
KMNZS ENDEAVOUR II	 -Commander P. R. H. Silk, RNZN
USNS WYANDOT (T-AKA-92)	 - Master A. Ekblad
TJSNS PVT. JOHN H. TOWLE (T-AK-240)	- Master W. Bondeson
USNS PVT. JOSEPH F. MERRELL (T-AK-27) - Master H. Cleaves
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USNS PVT. J. F. MERRELL
Three cargo ships and a tanker of the Military Sea Transportation Service and one New Zealand

Navy tanker, EMNZS ENDEAVOUR, participated in Antarctic resupply during DEEP FREEZE 64,
ENDEAVOUR did not, like the others, come under the operational control of Commander, U. S.
Naval Support Force, Antarctica, but arrangements were concluded with the New Zealand Naval
Board to use ENDEAVOURrs excess capacity to carry fuel to McMurdo. It was thus possible to
eliminate the second United States tanker that had been assigned on previous operations.

t

ml__^

::VSNS -
U. S. Naval ships are chartered by the Naval Support Force from the Military Sea Transporta-

tion Service. To reduce expenditures, a successful effort was made to speed up operations. First,
initial arrival dates in the Antarctic were scheduled later than previously to avoid delays and damage
by adverse ice conditions early in the season. Second, it was provided that no more than one ship
at a time would be at either Port Lyttelton or McMurdo Sound, thus expediting the handling of cargo.

The three cargo vessels, MERRELL, TOWLE, and WYANDcYT, each made a single trip to the
Antarctic. The very large part of the logistics effort devoted to the delivery of fuel was underlined
by the fact that CHATTAHOOCREE made four trips and ENDEAVOUR two, All ships went to McMur-
do Sound, but WYANDOT, because she possessed landing craft and the equipment for amphibious op-
erations, also resupplied Hallett Station where conditions make necessary over-the-beach landing of
supplies and equipment.

Icebreakers not only cut the channel into McMurdo Sound and escorted cargo ships and tankers
through the ice, but also delivered limited amounts of fuel and cargo. Deliveries by the three ice-
breakers in the Ross Sea included 219, 873 gallons of arctic diesel to Hallett and 42 long tons of mis-
cellaneous cargo to Hallett and McMurdo. EASTWIND put ashore 3 long tons of cargo at Anvers

I
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USNS WYANDOT

Island off the west coast of the Antarctic Peninsula.

During the summer of 1963, two shipments were sent from Davisville to Christchurch aboard
the commercial cargo vessels, Pioneer Star and Pioneer Reef0 They amounted to 944 long tons. The
figures from the icebreakers and commercial ships are included in the following statistics.
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USNS :PVT J. R-,,- TOWLE
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DEEP FREEZE 64 SHIP CARGO DELIVERIES (in long tons)

Commercial Ships
to New Zealand

U. S. Navy Ships

Military Sea Transporta-
tion Service

TOTAL

United States to
New Zealand and/or Antarctica

944

46

72629

82619

Antarctica to New Zealand
and the United States

0

5

742

747

SHIP CARGO FROM THE UNITED STATES BY ULTIMATE DESTINATION

Destination	 Long Tons	 Measurement	Tons

McMurdo Sound	 6.9603	 16.%597

Byrd	 239	 835

South Pole	 322	 826

Hallett	 360	 11093

Eights	 74	 162

Anvers Island	 3	 18

Christchurch	 1,018	 2,572

TOTAL	 8, 619	 22)283

The above figures do not include bulk fuel deliveries to McMurdo and Hallett Stations, which
were as follows:

BULK'PUEL DELIVERIES TO MCMtJRDO AND HALLETT STATIONS

Type	 McMurdo	 Hallett

Aviation Gasoline	 4641021

3P-4 (aviation fuel)
	

3,226,545

Arctic diesel
	 1,720,180

	
219)873

Marine diesel
	

548,480

TOTAL
	

5,951,480	gallons	 219,873 gallons
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OCEAN STATION SHIPS
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New Zeatand ,, f rigate
1355 HISSEM (DER-400)	 Lieutenant Commander R. K. Fontaine, USN
HMNZS PUKAKI (Frigate)	Lieutenant Commander A. G. Rhodes, RNZN
HMNZS ROTOffI (Frigate)	Lieutenant Commander D. T. Cheney, RNZN

Viqil at mid-point

While aircraft are passing back and forth between Christchurch and McMurdo Sound, it is custo-
mary to station a ship along the route. This vessel provides weather information, navigational aids,
and a checkpoint for the aircraft. It is also available for search and rescue, but has not so far been
required for this service. During DEEP FREEZE 64, one United States destroyer escort and two
New Zealand frigates performed this duty. En route, these hips frequently stopped at remote
Campbell Island, where New Zealand maintains a scientific station.

IJSS EESSEM arrived on station at 60°S, 160°E on 27 September 1963 for the first fly-in scheduled
for 30 September. She continued on location until 10 October, when the ship suffered a cracked keel,
which resulted in a flooded fuel tank, and departed for Dunedin, New Zealand, and drydock. Her
place was taken by the New Zealand frigate, ROTOTTI, which arrived on station on 11 October. Dur-
ing the brief period from 13 to 20 October, ocean station was shifted eastward to 60 0S, 170°E. After
the return to the normal position, ROTOITI departed, and IUSSEM took her place, on 25 October.

On 10 November, ifiSSEM again departed for Dunedin. ROT OITI, which was scheduled to take
up the task, was delayed in arriving because of a stricken seaman. She met with GLACIER just off
Campbell Island where the seaman was transferred, and his appendix successfully removed. ROTOI-
TI then proceeded to ocean station where she arrived on 14 November. Nine days later, she report-
ed another case of appendicitis and transferred the patient to HISSEM, where another successful op-
eration was performed.

HISSEM remained on ocean station until 22 December and returned to Dunedin on Christmas Eve,
being at sea for 35 days. This extended period was made possible when she received 20, 000 gallons
of fuel from ATKA, then on her way to New Zealand for repairs. After passing Christmas in port,
HISSEM again departed Dunedin on 27 December and arrived back on ocean station on 2 January. Be-
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United States
destroyer escort

tween 11 and 14 January, the ship left ocean station and cruised southward as far as the Balleny Islands.

On her return from sea at the end of November, ROTOTTI's material condition was found to be
such as to preclude further service on ocean station. In her place, the New Zealand Naval Board
assigned HMNZS P(JKAKI, another frigate, to this duty. PLTKAKI arrived on station for the first
time on 22 January and remained until 5 February. She also took the last tour of the season, be-
tween 21 February and 1 March. HISSEM filled in during the period from 7 to 19 February. When
relieved by PLJKAKI, HISSEM departed for the United States by way of New Zealand and Tasmania.
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Mobile Construction Battalion EIGHT (MCB-8)
Task Group 43.4 - CDR G. L. Hoffman, CEC, USN

Antarctic Support Activities (ASA)
Task Group 43.3
CDR R. K. McGregor, USN
CAPT J. B. Elliott, Jr., USN,( Change of Command during season)0

Annually, during the summer months, a Navy Mobile Construction Battalion is deployed to the
Antarctic, where under the operational control of Commander, U. S. Naval Support Force, Antarc-
tica, it performs major construction and improvement tasks. On Operation DEEP FREEZE 64,
this duty was assigned to Mobile Construction Battalion EIGHT (MCB-8),

Antarctic Support Activities (ASA) is a major element of the U. S. Naval Support Force, Ant-
arctica, charged with operating and maintaining United States stations in the Antarctic. An ASA
detachment spends the winter in the Antarctic and is augmented for the heavier summer workload.

Antarctic Support Activities performs the housekeeping functions necessary to support United
States activities in the Antarctic. Included are such matters as the maintenance of stations and
ground equipment, operation of public utilities (except the nuclear reactor at McMurdo Station) and
communications, ground control of aircraft flights, supply activities of many sorts, and the provis-
ion of homey amenities such as food, laundry, and recreation. In the course of its normal public
works activity, ASA introduces many improvements into the structures and utilities which it main-
tains.

During DEEP FREEZE 64, there were no radical changes in any of the five United States sta-
tions. The major emphasis was placed upon completion of projects begun during DEEP FREEZE
63 and renovation and limited expansion of existing facilities to meet the needs of the ever-expand-
ing scientific program and to ease, somewhat, the rigors of living conditions on the ice. McMurdo,
Byrd, and Amundsen-Scott South Pole Stations were the scenes of major activity, while relatively
little was done at Eights or Hallett Stations. In substance, the operation order was fulfilled, leav-
ing few projects to be carried over to DEEP FREEZE 65. Thus, the efforts of MCB-8 and ASA
may be termed successful for the season.
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Amundsen-Scott South Pole Station
	 I

Men of MCB-8 construct new Wonder Arch at	MCB-8 personnel remove roof panels of
Pole Station; a new form of construction which	one of the buildings at Pole Station prior
has proven most effective in Antarctica.	 to its remodeling.

In comparison to the size of the facifity, Pole Station was the scene of the greatest major con-
struction activity. Rehabilitation of the station, originally built during the IGY, began in DEEP
FREEZE 63 and was continued this year. Collapse of some of the original chicken-wire and burlap
tunnels connecting the buildings necessitated the introduction of arch construction, like that employed
at Byrd Station, to rebuild these tunnels and also for all new construction.

MCB-8 projects included construction of a new seismology tunnel with arch construction, rewir-
ing of the tunnel, installation of a complete incinerator system, completion of a snowmelter installa-
tion, improvements in the ventilation system, erection of antenna and towers for the forward scat-
ter program, renovation and installation of a complete electrical distribution system, rebuilding of
the cache area utilizing rigid frame structures, rebuilding of the overhead and tunnel walls in the
west end of the camp area, rehabilitation of the washroom and laundry, construction of a new cosmic
ray building, and enlargement of the POL cache (90 per cent completed) including construction of a
new tunnel and preparation for installation therein of eight new 10, 000-gallon, heavy rubber POL
bladders,

ASA activities were largely confined to support operations for the construction personnel. How-
ever, clean-up of the drummed diesel area was completed by ASA as well as the provision of summer
shelter for additional personnel and removal thereof after the departure of MCB-8. The installation,
by ASA personnel, of a new 140-kilowatt generator was completed and a second, similar generator
was temporarily installed for use in an emergency.

Byrd Station

All major construction plans for Byrd Station were completed. Projects accomplished by MCB-
8 were the installation of new trusses in tunnels over magnetic variations, geomagnetic calibration,
hydrogen generator, and radio noise buildings; repairs and replacement of an arch which had failed
in the entrance to the vehicle storage and maintenance tunnel; erection of antenna and associated
towers for use in the forward scatter program, and installation of the electrical distribution system
or the GCA and TACAN systems.

ASA completed assigned tasks of snow removal from tunnels prior to MCB-8 construction, con-
struction of a new sewage collection pit, installation of a new GCA tower and additional 1P-4 blad-
ders, replacement of one diesel bladder, installation of a new 250-kilowatt diesel generator in tun-
nel L-3, repair and renovation of aurora building and construction of board walks in conjunction with
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Exterior view of Byrd Station shows only a f e w	The new dining hall at Byrd Station under
structures as the station is in a system of tunnels.' construction in early 1963.

new arch work accomplished by MCB-8.

It should be noted that these projects were completed in addition to normal activities necessitated
by support requirements for additional construction personnel and additional scientific personnel stag-
ing traverse operations from Byrd.

Eights Station	 Hallett Station

AWMILALiirl ' .

Exterior view of Eights Station showing van ar-	Hallett Station, surrounded by mountains on
rangement. No construction or repair work	three sides, is operated jointly by the United
w a s scheduled for this station this past season.	States and New Zealand.
Snow clearing and obstacle removal were sched-
uled for the wintering-over ASA detachment.

Early in the season there was a severe storm at Hallett which caused damage to several build-
ings and facilities. Although this damage was generally minor, it was widespread and necessitated
repairs and clean-up in addition to repair and construction work originally plaiied for D E E P
FREEZE 64. In spite of this additional work load, MCB-8 and ASA substantially completed their
assigned tasks.
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MCB-8 partially erected two walk-in refrigerators and completed the erection of two 100, 000-gal-1
ion POL tanks on sites prepared in DEEP FREEZE 63. They also prepared a site and foundation for a
new generator building, and completed the electrical distribution system project.

ASA emptied and prepared four 25,000-gallon diesel bladders for backloading to McMurdo, con-
structed anew barracks, improved the biology laboratory heating system, and made repairs on the
warehouse and ships stores as well as generally cleaning up the base and performing routine mainten-
ance.

A fire at Hallett near the end of the season caused substantial damage to two buildings. Fortunate-
ly, TJSS GLACIER, with 100 MCB-8 personnel aboard, was in the vicinity of Hallett and sped to the
station. The MCB-8 personnel and GLACIER's crew assisted in cleaning up the station.

McMurdo Station

:

Ire

McMurdo Station looking grid north at approxi-
mately 500 feet altitude.
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Over-all view of the Soviet Vostok Station
showing the antennas erected by men of
MCB-8 for the forward scatter program.

The construction season at McMurdo is always busy and this year was no exception. Two major
projects, modifications to the nuclear power plant and installation of the water system, including salt-
water and freshwater distribution systems, a saltwater distillation plant, and a sewer system were
not fully completed this year but are scheduled for completion during DEEP FREEZE 65. A third ma-

A IN

Exterior view of berthing Wannigan with mess-	A new water tank being installed in one of the
ing Wannigan in the background at Little Rocidord • water storage buildings at McMurdo Station.
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MCB-8 personnel dismantling half of a Tames-	Men of MCB-8 erect a steel beam during
way in preparation for returning to McMurdo	construction of the Air Development Squad-
after completing antenna construction at Vostok.	ron SIX helicopter hangar at McMurdo.

jar project, renovation and construction of new roads, will also be continued into DEEP FREEZE 65.

While the bulk of the construction activities was completed as outlined below, this recitation of
work accomplished at McMurdo alone does not give a complete picture. McMurdo is primarily a
logistic depot and relay point for inland stations. It is the center of all United States air and ship
operations in the Antarctic. All materials to inland stations must pass through McMurdo, thus
transportation and storage facilities for transshipment of cargo must be maintained continuously
throughout the austral summer. This requirement necessitates the construction of support facili-
ties not required at the other stations. For example, this year, in addition to construction work at
the McMurdo site, a communications van was installed at Little Rockford, and a 131-foot tower for
the forward scatter program erected at Vostok, a Soviet station 700 miles from McMurdo.

Completed projects of MCB-8 at McMurdo during DEEP FREEZE 64 were: installation of par-
titions and electrical wiring of the 40- by 100-foot supply warehouse erected in DEEP FREEZE 63;
erection of a 40- by 100-foot helicopter storage building; construction of a chemistry laboratory for
the nuclear reactor; installation of decking, plumbing, and electrical wiring in the science quarters
begun in DEEP FREEZE 63; construction of an earth science laboratory; installation of a septic tank
at the remote transmitter site; erection of two forward scatter antennas; construction of a radio wave
propagation antenna; and completion of the compacted snow runway. Partially completed projects have
been deferred to DEEP FREEZE 65. These are the water distillation plant, which has been placed in
dry lay-up condition for the winter (90 per cent complete), the saltwater intake line, pump house, and
pumps (90 per cent complete), the freshwater distribution system (70 per cent complete), the new
sewer system (80 per cent complete), modifications to the PM-3A nuclear reactor (90 per cent com-
plete and in operational status), POL distribution system (5 per cent complete), and construction of
a new warehouse (80 per cent complete), a new science quarters (95 per cent complete), a new
electronics building (95 per cent complete), and construction of a helicopter pad (80 per cent complete).

ASA accomplished a variety of minor construction tasks and miscellaneous assignments during
the austral summer. Early in the season, the high priority project of preparing Williams Field for
air operations was undertaken and accomplished. This required clearance and preparation of the
skiways and installation of additional diesel and POL bladders, as well as normal procedures nec-
essary to make the air facility operational after the long winter. As the season progressed, ASA
completed installation of a heater and duct-work in the biology laboratory, installed additional fuel
bladders at Williams Field, repaired and modified two buildings, and erected a portable garage at
Williams Field. The installation of the standby snow melter and water purification plant in one
building, and the emergency generators at the communications and air operations buildings were
rescheduled for the wintering-over personnel to complete.
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INTERNATIONAL
	 I

Since the inception of the International Geophysical Year (IGY), Antarctica has been the scene of
an international scientific effort, with from 9 to 12 national expeditions participating. During the 1963-
1964 season there were 10, with one, the Belgian, expanded into a joint expedition by inclusion of a
Netherlands contingent.

From the time when the first expeditions started south, in 1955-1956, to prepare for the IGY, an
admirable spirit of cooperation and mutual assistance has prevailed, not only in science but in log-is-
tics and other fields. Exchanges of representatives have occurred yearly between expeditions since
1955. They have returned with wide and useful knowledge of what the other fellow is doing in the Ant-
arctic and how he goes about doing it. Requests for assistance in time of difficulty have been answer-
ed promptly.

From this reservoir of good will, it was perhaps inevitable that certain international institutions
should develop. Two have appeared of outstanding significance: the Scientific Committee on Antarctic
Research, and the Consultative Meetings of the Antarctic Treaty Nations. The Scientific Committee
on Antarctic Research (SCAR) is the older of the two and was established to continue the formulation
of scientific objectives and coordination of scientific programs aster the conclusion of the IGY. SCAR
is a committee of the International Council of Scientific Unions and is not an intergovernmental body.
Its conclusions take the form of recommendations that are transmitted to national scientific committees
for consideration. These national committees, through appropriate channels in their respective
countries, bring SCAR recommendations to suitable private or governmental organizations for action.

Consultative meetings are held under the provisions of the Antarctic Treaty of 1959, which became
effective in 1961. The meetings provide machinery for the formulation of recommendations, the objec-
tive of which is to assist in the fulfillment of Treaty objectives. These recommendations, when approved
by the governments, become binding upon the participants.	

aIn brief, SCAR seeks to coordinate scientific objectives and programs, while the Consultative
Meetings try to adjust political relations within the framework of the Treaty. In practice, the two
institutions are not far apart, since the Treaty recognizes the primacy of science as an Antarctic
activity, urges the free and full exchange of scientific information, and supports the desirability of
conservation of flora and fauna. The Consultative Meetings have frequently requested from SCAR the
advice of the scientific community in furthering the purposes of the Treaty.

During the past year, SCAR met at Cape Town, South Africa, in September 1963, and the repre-
sentatives of the Treaty nations convened in Brussels in Tune 1964. To both meetings the United States
sent delegations. The results of the SCAR meeting have been published; the recommendations of the
Consultative Meeting await the approval of the governments concerned.

It is against this general background that the more specific events in the Antarctic, itself, should
be considered. Two of these appear to stand out; the inauguration, on 1 January 1964, of the prograx
of the International Years of the Quiet Sun, and the carrying out of the first inspections under Articl
VII of the Antarctic Treaty.

International Years Of The Quiet Sun

The program for the International Years of the Quiet Sun (IQSY) and the important part of the
Antarctic in that program have been explained by Dr. Martin A. Pomerantz in an earlier issue of th
Bulletin. It seems unnecessary, therefore, to repeat that material here.

From the international viewpoint, the program is interesting because the scientists of the varioUs
countries are not only exchanging results of observations, but also are working together in common
programs, and United States logistic support elements installed equipment at a foreign station.
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The forward scatter part of the program calls for continuous and simultaneous operation of a
transmitter and receiver at different points. During the past season, naval personnel of Mobile
Construction Battalion EIGHT set up equipment at three United States stations: Byrd, McMurdo,
and Amundsen-Scott South Pole - and at the Soviet Vostok Station. The last is located on the polar
Dlatealrn the vicinity of the South Geomagnetic Pole at an altitude of 12, 000 feet. The Seabees,
ferried in by LC-130Fs beginning on 12 January 1964, were a self-sufficient detachment and arrived
completely equipped with tools and equipment, shelter and food, and even their own oxygen bottles.
Having completed their task of erecting 135-foot antennas, the Seabee personnel departed on 19
January. A United States scientist, Mr. John Jacobs of the University of Alaska, remained at Vostok
to cooperate with his Soviet colleagues in forward scatter and very low frequency observations.

As Dr, Pomerantz pointed out, the additional special effort in Antarctica for the IQSY is relative-
ly modest, and the emphasis has been upon intensification of observations already being taken and
upon coordination, planning, and cooperation. A good example is the conjugate point research al-
ready being carried on since early 1963 from Eights Station, with a station in Canada, and engag-
ing the cooperation of United States and Canadian scientists. Other examples will be found among
the projects in upper atmosphere physics, covered elsewhere in this issue,

Inspection

Article VII of the Antarctic Treaty provides that each contracting party may designate observers
to carry out inspections. In brief, these observers may inspect all stations, installations, and equip-
ment within the Treaty area and all ships and aircraft at points of embarking and discharging cargoes
or personnel in Antarctica. In addition, aerial observations may be carried out over any or all areas
of Antarctica by any of the contracting parties.

On 13 September 1963, the United States Government announced its intention to designate observers
under the Treaty. Following this initial action upon the part of the United States, the following other
governments also indicated their intention to designate observers: Australia, New Zealand and the
United Kingdom. The United States designated two inspection teams, as follows:

Team A - Stations of Argentina
Chile, and United Kingdom.

Mr. Richard H. Hawkins, Jr.
Dr. John L. Buckley
Dr. George W. Rathj ens

Team B - Stations of France,
New Zealand, and USSR.

Mr, John C. Guthrie
Dr. sack P. Ruina
Dr. Victor B. Scheffer
Mr. Michel Ivy (Interpreter)

The following stations were inspected by the United States teams ,with transportation of Team A
provided by USCGC EASTWIND:

Team A

Decepcion (Argentina)	- 22 January 1964
Esperanza (Argentina)	- 24 January 1964
Pedro Aguirre Cerda (Chile)	- 22 January 1964
Gabriel Gonzalez Videla (Chile) - 21 January 1964
Argentine Islands (United Kingdom) - 16 January 1964
Deception Island (United Kingdom) - 23 January 1964

Team B

Dumont D tUrville (France) - 10 January 1964
Scott (New Zealand)	- 9 January 1964
Mirnyy (USSR)	- 15 January 1964
Vostok (USSR)	- 13 January 1964
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ITransportation from McMurdo Station to Scott Base was by vehicle; to the others, by naval air-
craft. As no runway was available at Dumont D 'Urville, the station was flown over and photographed.

United States stations were also inspected by observers from Australia, New Zealand, and the
United Kingdom. These observers were LCDR A. Erskine, Royal Navy; Mr. A. Brown, Australia
and Mr. R. L. Hutchens and Mr. J. T. O'Leary, New Zealand. These four individuals visited
Amundsen-Scott South Pole, Byrd, and McMurdo Stations during December 1963, using transportation
furnished by the United States. No violation of the treaty was reported by any observer.

Exchanges of Personnel

In the Antarctic, exchange of individuals by expeditions has been common practice. The longest,
continuous exchange of this sort in which the United States has been involved is the official repre-
sentative exchange. This program has been carried on since DEEP FREEZE I, 1955-1956. Invita-
tions are issued to the countries active in the Antarctic (currently defined as the signatories of the
Antarctic Treaty) by the Department of State. The administrative and other arrangements are made
by the United States Antarctic Projects Officer on behalf of the Department of Defense. During
Operation DEEP FREEZE 64, the following exchanges were effected:

Foreign Exchange Representatives with the United States

Nation

Argentina
Australia

Belgium
Chile
Japan
South Africa
United Kingdom

Name

LT. Lucio E. Sanguinetti
Mr. AlanM. Brown

Mr. Tony Van Autenboer
SQP. CDR. Gerado Lopez
Dr. Yoshio Kobyashi
Mr. Pieter Van Vuuren
LCDR. Angus B. Erskine

Position

Naval Officer
Antarctic Division, Ministry

of Foreign Affairs
Geologist, Louvain University
Air Force Officer
Biologist, Science Museum
Foreign Service Officer
Naval Officer I

United States Exchange Representatives with Foreign Countries

Nation	 Name	 Position

Argentina	 Mr. T. Elkin Taylor
Australia	 LCDR. Lyle W. Glenny
Belgium	 Mr. David Anthony
Chile	 Dr. George E. Watson

France	 Dr. Karl R. Johannessen
South Africa	Mr. David M. Perkins

United Kingdom	Mr. Robert T. Disney

Foreign Service Officer
Coast Guard Officer
Geodesist, U. S. Air Force
Ornithologist, Smithsonian

Institution
Meteorologist, U. S. Air Force
Geomagnetician, U. S. Coast

and Geodetic Survey
Radio Engineer, Bureau of

Standards

Beginning in DEEP FREEZE II, the United States and the Soviet Union have, with the exception
of one year, exchanged wintering-over scientists. For the current season, they are Mr. John D.
Jacobs of the University of Alaska, who is at Vostok, and Dr. V. S. Ignatov of the Arctic and Ant-
arctic Scientific Research Institute, who is at Byrd Station.

Not exactly in the nature of exchange, but worthy of note, are the many distinguished individ-
uals from foreign countries who are invited each year to visit United States installations in the Ant-
arctic. Upon their return home, they contribute to a better understanding of United States activ-
ities and objectives in the area. (For a list of last season's visitors see pages 215-216.)

45	 Bulletin of the U. S. Antarctic Projects Officer	4



At the request of their government, three members of the Japanese Maritime Defense Service,
Captain T. Honda, Commander K. Akatsuka and Mr. M. M. Matsumoto spent several weeks
observing icebreaker operations, as the Japanese- Government has authorized the construction of
such a ship, which it hopes to have in operation by 1966.

A Japanese Ltmnological team, consisting of Drs.T. Toni and N. Yamagata of the Chiba Insti-
tute of Technology and Dr. Y. Yoshida of Ochanomizu University, visited McMurdo Station as guests
of the United States Antarctic Research Program. While in the area, they gathered data and collected
samples for future analysis from the dry valleys and at other locations.

Wilkes Station

After the close of the International Geophysical Year, the United States decided to cease oper-
ation of Ellsworth and Wilkes Stations and offered to transfer custody of these installations to nations
that would be willing to continue the scientific programs at the two locations. In February 1959,
Argentina assumed custody of Ellsworth, and Australia, of Wilkes.

During the following years, United States scientists, principally in the field of meteorology, par-
ticipated in the programs with their Argentine and Australian colleagues. Argentina, however, halted
operations at Ellsworth on 30 December 1962, and, since that date, the station has been closed. The
Australians, however, have continued at Wilkes, and, through the 1963-1964 season, United States
scientists participated in the program. They have now been withdrawn and none are currently winter-
ing-over at Wilkes.

Visits

While on his flight from Cape Town to McMurdo Station, Rear Admiral Reedy received an invita-
tion to use the facilities at Mirnyy. He declined at the moment, but indicated that, if at all possible,
he would visit the Soviet base later in the year. Before he could carry out his intention, however,

I
two Soviet IL-18 aircr1t, on their way from their homeland to Mirnyy, arrived at McMurdo. From
30 November to 3 December 1963, that station played host to 72 members of the Soviet Antarctic
Expedition. When word came that weather conditions were favorable and that the airstrip at Mirnyy
was ready, the IL-18s were refuelled and continued on their way.

Finally, on 9 January 1964, Admiral Reedy, accompanied by Dr. T. 0. Jones, Head of the
National Science Foundation's Office of Antarctic Programs, took off for Mirnyy in an LC-130F. They
were cordially received by their Soviet colleagues and shown about the station. After a short visit,
they set out on the return journey,

Support Operations

Unlike many past seasons, no expedition ship of any nation became beset and called for help.
TJSCGC EASTWIND, however, tried to assist HMS PROTECTOR in reaching the United Kingdom's
station in the Argentine Islands. When the ice proved too heavy to justify the effort, EASTWIND
led PROTECTOR to the relatively open water of the De Gerlache Strait.

Again this year, the New Zealand Naval Board assigned a frigate to act as alternate ocean picket
ship with a United States destroyer escort s When the first frigate was found to be in unsatisfactory
material condition, a second frigate was substituted. On two occasions, a seaman aboard the New
Ze aiand vessel was stricken with appendicitis and transferred to a United States ship for a successful
operation. Arrangements were also concluded with the New Zealand Naval Board to use excess capac-
ity aboard HMNZS ENDEAVOUR to transport petroleum products to McMurdo Station.

The customary close cooperation between the United States and New Zealand that has existed
over the last decade was continued. United States support elements stage through the Port Lyttelton-
Chnistchurch area, where advance headquarters are established during the operating season. The
joint scientific program at Hallett functioned smoothly as in the past.
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SCIENCE
Since the International Geophysical Year, scientific investigations in Antarctica have witnessed

an expansion of effort. Sciences such as biology and geology have been added to the program and map-
ping of the continent has been made more comprehensive. The 1963-1964 scientific season saw a
larger effort than before to investigate the scientific phenomena of Antarctica. Programs in biology,
geology, geophysics, glaciology, mapping, meteorology, oceanography, and upper atmosphere phy-
sics were carried on.

The scientific programs in Antarctica are under the auspices of the United States Antarctic Re-
search Program (TJSARP) which is financed with public funds administered by the National Science
Foundation (NSF). Individuals wishing to carry on research in the Antarctic request support from
the Foundation. if the project is approved, a grant is made to the institution with which the research-
er is affiliated, as all grants are made to institutions and. not to individuals. For each project that is
approved, a principal investigator is named. He may or may not himself visit the Antarctic to en-
gage in field work.

Most of the support for the scientific programs in Antarctica is provided by the Department of
Defense. The Secretary of Defense is the executive agent for the support of the United States Ant -
arctic program. This authority has been delegated to the Navy, which, each year, d eve lop s t,h e
support program, calling upon the other services for such assistance as may be required. They pro-
vide transportation to and from the Antarctic; construct and maintain stations; deliver , fuel, supplies,
and equipment; conduct aerial reconnaissance and photographic flights; furnish weather, communi-
cations, medical, search and rescue services; support scientific traverses and other field parties;
and engage in special projects for the improvement of support techniques and equipment.

On the following pages, a brief summary is presented of the scientific projects carried out this
past season in connection with the United States Antarctic Research Program under grants from the
National Science Foundation. Research was carried out on the Antarctic Continent, in surrounding
waters, and in the United States. Grants include whatever funds may be necessary for laboratory
and analytical work, as well as for field activity, and some grants are awarded for work in t h e
United States on materials and information collected in the Antarctic.

For each project listed on the following pages, the title is given followed by the name of the
grantee institution, the principal investigators, field investigators, and area of operations. T he
summaries are arranged alphabetically by scientific discipline, and, within a discipline, alpha -
betically by grantee institution. Within the summaries are brief statements of the background of
the project, the objectives to be attained and the activities during the 1963-1964 season. W her e
appropriate, references as to where additional information may be found are included.

The statement of activities is not intended to give a detailed account of what happened or of
scientific accomplishment, but, rather, to indicate the general nature and extent of the project.
Those persons interested in more information on a project should contact the principal investigator
or the National Science Foundation.

Every attempt has been made to provide the reader with as complete coverage of the 1963-1964
scientific program as possible. Most of the summaries were prepared by the principal investigator
or his designee. In a few cases, members of the staff of the U. S. Antarctic Projects Officer pre-
pared the summaries from information in the public press and other sources. Your suggestions and
comments on the arrangement, contents, and accuracy of this section are invited.
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Research into biological problems in Antarctica is receiving increased attention as scien-
tists continue to contribute valuable information concerning both past and present life forms there.
Concentrated biological investigations in Antarctica have been undertaken only since 1959, at the
end of the International Geophysical Year.

As has been done In the past, biological programs again were carried out at United States
Antarctic stations, in the field, and on the research ship USNS ELTANIN, as well as at temporary
camps occupied periodically during the summer season.

Scientists this past season studied various phenomena of Antarctica's biological world. They
investigated Insects to determine their means of dispersal over the continent; studied algae and fun-
gi to determine their secrets of survival in such a cold and inhospitable environment; investigated
Antarctic birds to learn more of their movements, migrations, longevity, life histories, ecology,
social behavior, and other aspects as well as banding additional birds for future study; studied the
fishes and invertebrates in McMurdo Sound to determine their growth rates and feeding rates with
respect to energy requirements; and studied McMurdo Sound's seals to learn of their diving char-
acteristics, including diving depths, length of dives and respiration patterns and heart rates be-
tween dives, as well as marking some of the seals for observations on movements of the pups and
adults about the Sound.

Biological studies in Antarctica are not limited to the continent. The Antarctic Ocean con-
tains great amounts of mineral food and microscopic plants which are food sources for the fish and
mammals which are so numerous. Marine plankton studies were accomplished this s e a s on a s
were studies on deep-sea isopods.

In addition to the programs carried out in Antarctica, several were conducted in the United
States. This work consisted, in a large part, of analysis of data collected in earlier Antarctic pro-
grams and preparation of reports of these programs, and In laboratory investigation of samples of
the flora and fauna collected during previous seasons.

Reports on the biological programs conducted in Antarctica this season, under the auspices
of the National Science Foundation's U. S. Antarctic Research Program, are presented on the
lollowing pages.
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Field Investigators

S	ENTOMOLOGICAL RESEARCH IN ANTARCTIC REGIONS
WITH EMPHASIS ON NATURAL DISPERSAL

Bernice P. Bishop Museum
Honolulu, Hawaii

Dr. T. Linsley Gressitt, Principal Investigator

A scientist exposes
soil samples to the heat
of electric light bulbs at-
tempting to drive any in-
sects through an opening
in the bottom of the fun-
nel-shaped containers in-
to collecting bottles.

(NSF photograph)

Operations Areas

Dr. T. Linsley Gressitt
	 New Zealand to Antarc-

Mr. K. A. T. Wise	 tica, southern Queen
Mr. A. Spain	 Maud Mountains, south
Mr. K. Rennell	 Victoria Land, IJSNS
Mr. R. S. Buchanan	 ELTANIN, and McMurdo
Mr. S. W. Henderson	 Station area.

Background

To many people, even to some who have worked in Antarctica, an entomologist seems out of
place on the Antarctic Continent. However, certain insects and their relatives are widespread in
many of the areas not covered with ice. In fact, they appear to be the most numerous land animals,
with the possible exception of some more or less microscopic forms. Also, they are rather toler-
ant of the environment, and appear to be the group extending farthest south.

They are not generally seen because they are minute—mostly less than one millimeter (1/25
inch) in length, and lead a largely hidden existence. They can only exist where basic requirements
such as food, humidity in the micro-environment, and protection from the elements are afforded.
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The types occurring on the Antarctic Continent include five groups of true insects and sev-
eral other groups of arthropods (joint-legged animals). The true insects include (1) springtails,
primitive wingless insects of small size, generally occurring under rocks; (2) biting lice, prob-
ably one species on every species of bird in the Antarctic area, and two or three species each on
some of the larger birds; (3) sucking lice, apparently one species on each species of Antarctic
seal; (4) two species of midges (relatives of mosquitoes, but non-biting) known only from the Ant-
arctic Peninsula and the South Shetland Islands; and (5) one species of true flea, known only from
the nests of two species of petrels along the coast of East Antarctica. The other forms, which are
arthropods but not true insects, include (1) free-living mites, generally hidden under surface rocks,
which include (a) longer-legged, active, predaceous forms, and (b) generally larger, shorter-leg-
ged, often dark forms which are scavengers as far as known; (2) parasitic mites, including (a) fea-
ther mites on the feathers of birds, (b) nasal mites in the nasal passages of seals and birds, (c)
certain ectoparasitic mites in the nests of birds, and (d) ticks, which feed on birds, generally in
the nests; and (3) marine mites, often found on seaweed. These total about 56 species, not count-
ing the marine mites. Slightly more than one-half of them are free-living forms.

The springtails and the free-living mites are the most widespread forms, and those extend-
ing farthest south. Both have been found as far south as the Beardmore Glacier and the Shackleton
Glacier. They are generally found under relatively small or flattish rocks on the surface in sum-
mer, or in sand or gravel beneath the surface. In general, they must be near melting snow, seep-
ing water, or moisture-giving clay. When the environment becomes too dry, they must move to
damper areas, towards the receding snow, closer to the glacier edge, or downward from the sur-
face to a more humid environment. For sufficient warmth to permit activity in summer, he at
from solar radiation must be absorbed by the rocks under which the insects live.

Generally, in a single locality, in the more southern areas, there are apt to be one spe-
cies each of springtail and mite. However, in one of the southernmost known habitats, near the
lower Beardmore Glacier, there are two species of springtails and one species of mite, whereas
on the Victoria Land coast, just opposite Ross Island, (and also at Cape Evans) no springtails have
been found, but two kinds of mites are present. One of these is fairly long-legged and active, near-
ly one millimeter long, and the other is short-legged, stouter, more slow moving, and only 1/4
millimeter long when full grown. The latter can be seen without a hand lens only by people wit h
very sharp eyes. Both of these mites are partly to largely red, with some blackish, and r ar e ly
greenish tinges. Almost nothing is known of the feeding habits of these species, but they m icrht
feed upon rotifers. They often seem to occur where no other animals or plants are in evidence. Pos-
sibly they feed on microscopic fungi or algae. The springtails appear to feed on lichens to some ex-
tent, and are often numerous where lichens are abundant, as near Cape Bane and Cape Royds on
Ross Island. Along the Mackay Glacier in south Victoria Land three species of springtails have been
found, one along the lower portion, one in the central portion and one near the top, with their ranges
somewhat overlapping. This is an ideal area for ecological studies, and only a start has been made
on this.

Between the McMurdo area and Cape Hallett, only a few records exist, but at Hallett, sev-
eral species of mites and springtails are known. No springtails are recorded from the eastern
coasts of East Antarctica, but mites and a flea have been found. The lice, of course, are to be
found where the seals and birds occur. On the Antarctic Peninsula and the South Shetland Islands,
several species of springtails and mites occur, as well as two kinds of ticks and the two midges.
The larvae of the latter develop in stagnant water, generally of snow melt in rock holes containing
wind-blown debris from rookeries.

The discovery of the Antarctic arthropods has spanned a long period. The first species
were discovered on the early Belgian and British expeditions around the turn of the century, on
the Antarctic Peninsula, and at Cape Adare, then the next at Granite Harbor and Cape Royds,
with later discoveries by Swedish, French, German, Scottish, Norwegian-British-Swedish, and,
more recently, by American., New Zealand, Australian, and Argentine expeditions.

On this Bishop Museum program, three principal phases of study have been undertaken:
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(1) The study of natural dispersal of arthropods to help determine how they reached Antarctica; (2) fau-
nal surveys to learn the species that exist and determine their distribution. (In addition to the ex-
ploratory work, this requires taxonomic studies to identify the species and learn their r elation -
ships.); (3) the study of ecology and biology-in order to learn feeding habits, relationships to other
organisms and the environment, developmental cycles, and tolerances.

Moderate progress has been made In the study of dispersal. Although not many specimens
have been taken on the continent in the trapping experiments, a considerable number have been trap-
ed at sea on various ships, Including TJSNS ELTANThT, and also some from the Air Development
Squadron SIX C-121J Super Constellation. The insects trapped correlate fairly well with types oc-
curring on the subantarctic islands and In Antarctica. Of course the severe environmental limita-
tions in Antarctica prevent most of these types from becoming established. Some of the trappings
on the continent, together with the evidence from discontinuous distribution in similar environ-
ments, indicates rather clearly that dispersal within the continent Is by air currents.

In the faunal and distributional survey, great areas remain still to be investigated and the
plotted records of occurrence leave wide blanks. Some of the higher and more inland mountains
are probably negative, but enough is not yet known about tolerances and limiting factors.

The ecological studies have only commenced recently, and much remains to be done. The
stringent environment offers the opportunity to learn the basic thresholds or more extreme tole-
rances, and thus the most severe environmental factors that animal life can tolerate.

In the future, all the above aspects need much further study, and physiological stud i e s
must be Initiated. These will lead to an understanding of the mechanisms of withstanding the en-
vironmental limitations, and the performance of routine functions of life. This can provide need-
ed data on cold tolerance and other significant aspects of life under adverse conditions. Thus,
entomology even in Antarctica Is a diverse field with many avenues needing Investigation.

Objectives

To continue entomological research in and around the Antarctic, studying the natural dis-
persal of insects; to learn whether they are the southernmost-dwelling Insects in the world; wheth-
er they are actually distributed to isolated areas at high southern latitudes by means of air d is -
persal; and what the controlling factors and tolerances are In the insect distribution.

Activities

During the 1963-1964 season, the fifth season for this study In and around Antarctica, Mr.
K. A. 1. Wise and Mr. A. Spain carried on environmental studies In the south Victoria Land area,
and Investigated new areas to the north (positive) and south (negative); Mr. K. Rennell investigated
the Ellsworth Mountains with negative results; Dr. J. L. Gressltt searched In the southern Queen
Maud Mountains, also negative, and made population counts near McMurdo Station; Mr. R. S.
Buchanan carried out ship-trapping between Port Lyttelton, New Zealand, and McMurdo Station,
Antarctica, and Mr. S. W. Henderson did part-time trapping aboard IJSNS ELTANIN. (For an ac-
count of ELTANIN cruises, see pages 207 through 214.)

Plans for the 1964-1965 season include work at Hallett Station, Shackleton Glacier, Horlick
Mountains, and elsewhere, in addition to trapping aboard ships.

In recent years, quite a bit of work has been done by Bishop Museum personnel on various
subantarctic islands, including Macquarie, Campbell, Aucklands, South Georgia, and the Navarino
Island area south of Tierra del Fuego. Extensive results on Macquarie have been published and a
volume on Campbell Island was published in July 1964.
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Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 21.
Vol. IV, No. 9, June 1963, pages 39-40.

Dr. J. Linsley Gressit
Linus Allen Bishop Distinguished

Chair of Zoology
Bernice P. Bishop Museum
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0	CULTURAL STUDY OF ANTARCTIC LICHEN FUNGI

Clark University
Worcester, Massachusetts

Dr. Vernon Ahmadjian, Principal Investigator
Mr. Edmund A. Schofield, Co-Principal Investigator

Neur opogon antarcticus
Collected January 1964 at
Rocky Point, Cape Royds,
Antarctica.

(Photograph by
E. Schofield)

Field Investigator	 Operations Areas

Mr. Edmund A. Schofield	 Hallett and McMurdo
Stations, and Balleny
Islands (Sabrina Islet)

Background

Virtually every expedition to Antarctic regions has brought back some lichen specimens, but
studies of these collected plants have been concerned only with their taxonomy and distribution. No-
thing has been attempted on the cultural and physiological behavior and requirements of lichens from
this region nor of the two separate components, fungi and algae, which constitute lichens. A few pre-
liminary studies made by the principal investigator have shown that the components of Antarctic 1 i -
chens can be separated and grown In laboratory cultures, thus allowing for critical, controlled, phys-
iological studies.

Objectives

To study the basic nutritional and environmental requirements and cultural characteristics
of isolated Antarctic lichen fungi and some lichen algae and to relate this information to that ob-
tained from lichen fungi of tropical, temperate, and arctic regions. It is hoped to obtain an under-
standing of what adaptive mechanisms, i. e. faster metabolic rates, greater resistance to environ-
mental extremes, if any, allow these plants to survive and grow in these areas.
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Activities
	 I

From 1 November 1963 until 5 March 1964, lichens were collected in the Hallett and McMurdo
areas. The program was transferred from Hallett Station to McMurdo Station on 23 December 1963.
More than 35 distinct locations were visited, the majority by helicopter, for lichen collecting,includ-
ing dry valleys, nunataks, and coastal areas of Ross Island and Victoria Land, On 9 March 1964, en
route to New Zealand aboard the USS GLACIER, Sabrina Islet in the Balleny, Islands was visited by
helicopter. Specimens of lichens and algae were collected. Representatives of 10 lichen families
were found during the season.

From the specimens, 2, 500 fungal isolates were made on various media, and a number of
single-cell algal isolations were done. About 1 percent of the total fungal isolates finally gave rise to
colonies, some of them taking as long as 6 months to appear. The resulting cultures were sent to
Clark University for investigation. Freshly-collected lichen specimens were mailed to the Univer-
sity for use in respiration studies, and for algal isolations. Algae of four species were isolated suc-
cessfully.

For comparison with the lichenized algae and fungi, free-living species, plus bacteria and
mosses, were isolated into pure culture. Eight pure cultures of the motile alga Chlamydomonas cf.
•antarcticus Wille have been obtained from penguin guano at Hallett. Eight pure cultures of a moss
from the Jones Mountains are growing well.

All specimens were prepared for placement in herbaria and identification by specialists.

Related Bulletin Article

Vol. V, No. 2, October 1963, pages 36-37.

Dr. Vernon Ahmadjian	 41Associate Professor of Botany
Clark University
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S A STUDY OF THE SYSTEMATICS, DISTRIBUTION AND ORIGIN
OF ANTARCTIC DEEP-SEA MARINE ISOPODA

Duke University Marine Laboratory
Beaufort, North Carolina

Dr. Robert J. Menzies, Principal Investigator

Field Investigators	Operations Areas

University of Southern	Antarctic Seas at
California field inves-	abyssal depth.
tigators (see page 76).	(Aboard USNS
Dr. George Schultz,	ELTANIN.)
Duke University.

Backqround

Collectibns of Antarctic deep-sea isopods from the
American Museum (VEMA collections) and the University
of Southern California Allan Hancock Foundation (ELTANU\T
collections) are now being studied.

The ELTANIN collections thus far have shown 1, 394
specimens belonging to 49 genera and representing close to
150 new species.

The VEMA collections have shown 995 specimens be-
longing to 41 genera with an added unknown number of new
species.

Ten loot-double beam traul being brought on deckThus far, the collections come mainly from-the	after successful sampling of trench three miles down. Bend
Drake Passage and Scotia Sea area. New collections will	in "cage" frame caused when frame caught on side of vessel.

Note large cod-end full of sediment. Photo courtesy ofcome from the Bellingshausen Sea area in the near future.	Mr. JACK L. DIELKEY, Scientist, U. S. Weather Bureau.
ROBERT JAMES MENZIES

Objectives

One objective of this project is to provide a monograph on the deep-sea isopod crustacea
collected by these vessels. Other objects are concerned with the affinities of the abyssal species
with species from shallow waters and other oceans and a determination of endemism in the Antarc-
tic deeps.

Activities
Specimens are sorted from the USNS ELTANIN collections and are Identified, Illustrated,

and described for the monograph. Subsequent studies determine the relationships to fauna else-
where.

Specimens of Antarctic deep-sea isopods have been collected for this study since cruise 4
by the University of Southern California field representatives aboard USNS ELTANIN. (For an ac-
count of ELTANIN cruises, see pages 207 through 214.)

Dr. Robert J. Menzies
Director, Oceanographic Program
Duke University Marine Laboratory
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SYSTEMATICS AND ZOOGEOGRAPHY OF ANTARCTIC CEPHALOPODS
	 I

Institute of Marine Science
University of Miami

Miami, Florida

Dr. Gilbert L. Voss, Principal Investigator

Field Investigators	 Operation Areas

Mr. William F. Herrnkind	 USNS ELTANIN - Drake
Mr. Clyde F. E. Roper	 Passage and Chile-New
Mr. Richard E. Young	 Zealand

Background

The principal Investigator and his colleagues have been studying the systematics, geogra-
phical distribution and general biology of the bathypelagic and deep-sea cephalopods for over 10
years concentrating mainly in the faunas of the tropical world oceans and marginal temperate
seas. These animals constitute the second most important group of predatory animals in the sea,
thereby greatly affecting the food cycles. They also are of major economic importance both as
direct food to man and as the major food of the large pelagic fishes such as tunas and the toothed
whales and even to a smaller degree some of the baleen whales. They also contain some of the
most spectacular bioluminescent species in the sea.

The kinds, distribution and abundance of cephalopods in the Southern Ocean is only frag-
mentarily known. That cephalopods of great size attaining lengths in excess of 30 feet occur in
the Southern Ocean is well documented by remains recovered from sperm whale stomachs. These
squids are unrelated to the giant squids of tropical and temperate seas, and from present evidence
must occur in large numbers in the whaling grounds.

Objectives

The program is designed to sample the bathypelagic and bottom cephalopod faunas of the
Southern Ocean in order to determine, where possible, the species found within the Antarctic re-
gion, to obtain some idea of their numbers and their distribution, and to obtain information on bio-
luminescent levels and types and other phenomena.

Activities

Last summer Mr. Richard Young worked with the University of Southern California bio-
logical program collecting octopods and squids in the Drake Passage area using various types of
collecting gear. An important discovery among the material collected by him was a member of
the genus Promachoteuthis, of which only a single individual had hitherto been collected in Japan-
ese waters by HMS CHALLENGER.

Collections from the first cruise of USNS ELTANThT in the Scotia Sea and Burdwood Pla-
teau regions have been studied in the laboratory at Miami. These collections contained approxi-
mately 20 species, of which most were bottom-dwelling octopods of the genus Pareledone. (For
an account of USNS ELTANIN cruises, see pages 207 through 214).

Several important collections of Antarctic cephalopods taken by Australian and New Zea-
land expeditions have been loaned to the investigator for inclusion in the present study. Mr.
Herrrildnd is now aboard ELTANTh on cruise 13 from Chile to New Zealand and Mr. Roper will
join the vessel in New Zealand for cruise 14.
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All previous records of cephalopods from the Antarctic region have been compiled, pre-
liminary charts are being made of the distribution of the animals and all of the literature perti-
nent to cephalopods of the region have been gathered together In two bound volumes for assistance
in the studies both in the laboratory and aboard IJSNS ELTANIN.

Related Bulletin Article

Vol. V, No. 4, December 1963, page 14.

Dr. Gilbert L. Voss
Biological Sciences Division
Institute of Marine Science
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Background

IJSARP BIRD-BANDING PROGRAM;
ACTIVITIES AT CAPE CROZIER, 1963 — 1964

The Tohns Hopkins University
Baltimore, Maryland

Dr. William L L. Sladen, Principal Investigator

Field Investigators

Dr. William J. L. Sladen
Mr. Robert C. Wood
Dr. Geoffrey Watson
Dr. Robert L. Damm
Mr. Richard S. Peterson
Mr. Anthony G. H. Parker
Mr. William B. Emison

Operations Area

Cape Crozier on Ross
Island in McMurdo Sound

The activities at Cape Crozier are a part of the overall USARP Bird-Banding Program. This
program, which is basically an international cooperative activity designed to provide information on is
migration patterns, longevity, growth and life cycles of southern ocean pelagic birds, has completed
its fifth year of operations in Antarctica. It is conducted in conjunction with the United States Fish
and Wildlife Service. Other areas of activities have been Wilkes Station, Hallett Station, Antarctic
Peninsula, Cape Royds, Beaufort Island, Balleny Islands, Falkland Islands, and South Georgia.

Qectives

To build up large populations of marked Antarctic and subantarctic sea birds of known age
for study of their movements, migrations, longevity, life histories, ecology, social behavior, pop-
ulation dynamics, predator-prey relationships, and various physiological aspects of the birds' breed-
ing cycle.

Activities

A total of 7, 375 Adelie penguin chicks was web punched, of which 5, 000 were banded, for
future studies on known-age birds. A further 112 adults and 23 yearlings were banded for special
studies, making a grand total of 5, 135 Adelies banded. A new method of check-marking penguins
on the flipper was tested and shows great promise, for the birds can be recognized easily from a
distance even if the band was to come off in later life. A new design flipper band was tested on 140
Adelies. This, with certain modifications, will be used for future banding since there is evidence
of the old design band opening slightly after 2 or 3 years wear. A portable corral was made for the
chick banding. This resulted in efficient rounding up of chicks in specific study areas with the min-
imum of disturbance. Observations were made on Adelies banded in previous seasons. Of special
interest were eleven 2-year-olds (banded as chicks in 1962) observed and filmed during the reoccu-
pation period. They were returning to the areas where originally banded. The penguin study areas
were outlined and 100 aluminum poles for marking the colonies were firmly fixed.
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stow
The research hut at Cape
Crozier, overlooking a
small section of the Ade-
lie rookery.

(Photograph by
R. S. Peterson.
Courtesy of author.)

A total of 434 Skuas was banded, of which 197 were adults and 237 were chicks. The band num-
bers of two 1-year-old and seventeen 2-year-old Skuas were recorded, all banded at Cape Crozier
chicks. In a study area of 110 to 120 pairs of breeding Skuas where observations began in the 1962-
1963 season, 180 (879o) of 207 banded in 1962-1963 were present in 1963-1964. Of 92 pairs of SkuasS	that were banded in 1962-1963, 71 (77 176) pairs were intact and nesting in the same territory in 1963-
1964.

In an effort to determine the age at which a Skua chick is first recognized by its parents, 11
exchanges were made of chicks ranging in age from 1 to 11 days. The substitute chick was the same
age as the one removed and, in each case, was successfully adopted by the foster parents.

Four 2-year-old Skuas from Hallett, one 2-year-old from Cape Evans, and one 4-year-old
from Cape Royds were seen with other non-breeding Skuas late in the season. At this time there
was a marked increase of unbanded birds which indicates that Cape Crozier is a collecting place
for non-breeders from a wide area. Crozier has had other recoveries from Wilkes and  Litt1e
America Stations. Regional color banding on an international scale will be the only easy way to
work out these extensive coastal movements in the future. A new method for catching Skuas us -
ing a pull net resulted in 79 Skuas banded. With more practice, this should prove an easy and effec-
tive method for catching non-breeders.

Air photographs of the Adelie rookery were taken by the U. S. Navy on 16 November 1963,
and 9 January 1964. The 16 November pictures were outstandingly good, having been taken just
after a light snowfall. These, with ground observations, will aid in population estimations. Dr.
Geoffrey Watson, professor of mathematical statistics, Johns Hopkins University, visited the
study area to advise on this and other statistical aspects of the long-term program.

A method of determining sex in penguins by a special instrument made by the American
Cystoscope Makers Inc. has been worked out. Heretofore, It has only been possible to sex these
penguins with certainty by dissection, or as a result of the careful observation of marked birds.

By-products of the main ornithological program at Cape Crozier included the immobiliza-
tion of seals, primarily as an aid to collecting blood and specimens without the need for killing the
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animal; evaluation of effects of tranquilizing-type drugs on Adelie penguins; and the collection of
frozen material for certain collaborative investigations.

Blood samples were taken from penguins and seals in a continuing attempt to collect data
on antibodies to respiratory virus diseases in Antarctic vertebrates. Of particular interest is
the possibility of psittacosis in the seals which is being investigated in collaboration with Drs.
Karl Meyer and B. Eddie of George Williams Hooper Foundation, California.

Table 1 summarizes birds banded to date at Cape Crozier. A report on the activities on
Bird Island, South Georgia, will follow in a later issue of the Bulletin.

Table 1

Birds Banded at Cape Crozier, '1958-64

1958-59	1961-62	1962-63	1963-64	Totals
Species	 Ch Ad	Ch Ad	Ch Ad	Ch Ad	Ch Ad
Adelie Penguin	 198 2310 1347 4110 304	5000 135 11,420 1984
Chinstrap Penguin	 1	1
South Polar Skua	 224 208	501 1365	237 197	962 1770

Ch - banded as chick and therefore a bird of known age
Ad - banded as adult or sub-adult

Adelie Penguin Chicks Marked at Cape Crozier, 1961-64

1961-62	1962-63	1963-64	Totals
Banded Only	 900	-	-	900
Web Punched Only	 -	-	2375	2375
Banded and Web Punched	1410	4110	5000	10)520
Total Marked	 2310	4110	7375	13,795

Web Punches: 1961-62 - Middle of left web, left foot.
1962-63 - Middle of right web, left foot.
1963-64 - Middle of left web, right foot.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, p. 25; Vol. W, No. 9, Tune 1963, pp. 43-44.

Dr. William T. L. Sladen
and Mr. Robert C. Wood

Department of Pathobiology
The Johns Hopkins University
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PHYSIOLOGICAL ECOLOGY OF ANTARCTIC SEALS
OF THE TRIBE LOBODONTINI

New York Zoological Society
Brooklyn, New York

Dr. Carleton Ray, Principal Investigator

Dr. Canton Ray uses a telethermometer to record
skin temperatures of a female Weddell seal, pen-
ned for study. Her pup is alongside and gained
weight normally during the captive period.

(NSF photograph)

Background

Field Investigators

Dr. Carleton Ray,
New York Zoological Society, New
York.

Mr. Elmer T. Feltz,
Arctic Health Research Center,
U. S. Public Health Service,
Anchorage, Alaska.

LT. David 0. Lavallee, USN,
New York.

Laboratory Investigators

Dr. William Autopol
Dr. Ion Cocioba
Dr. George Fried

(All of Beth Israel Hospital, New York)

Operations Areas

McMurdo Sound, Antarctica.

This was the first year in which a general survey of pinniped physiological ecology was un-
dertaken by the New York Zoological Society at McMurdo Sound. It is analagous to the work carried
out over the past 5 years in the Bering Sea. There Is a strong indication that the enzymes of fat me-
tabolism, the microbes of the gastro-intestinal tract, and possibly even the viruses of seals are of
a different sort than found in other mammals and that this is related to their total ecology in the cold-
est environment known —that of polar seas. In order to understand these subjects in proper perspec-
tive, these specialized studies must be placed in terms of the animal In the wild state. Thus, a pro-
gram of study of therm oregulation, metabolic rates, nutrition and growth was also begun. Work of
this sort studies the seal largely as a terrestrial animal and, this not being entirely the case, a pro-
gram was designed for study under the ice. SCUBA and acoustical work were tested preliminarily to
a full program in future years.

Objectives

A principal objective, in addition to those listed above, is to find out how seals relocate their
breathing holes after far-ranging swims under the ice. It is suspected that they have a sonar mecha-
nism much like that of whales.

Activities

The somewhat diffuse nature of the work nessitated dividing the program into four parts;
(1) work on wild animals in which were taken microbiological samples and frozen tissue for enzyme
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A large Weddell seal is crated for weighing.
(NSF photograph)

Dr. Ray and LT. Lavallee under the 8-foot
thick ice of McMurdo Sound. The water
temperature was -1. 9°C (28. 6°F).

(New York Zoological Society photograph)

study, certain dissections were performed
on a very few killed animals, and thermal
characteristics studied; (2) work on penned
captives which comprised normally non-
feeding females and their recently-born pups
and in which microbiological sampling was
continued, and growth rates and metabolic
rates also were studied; (3) underice SCUBA
observations on swimming seals, as apart
of which tapes of submarine Weddell seal
were taken, and (4) capture and transport of
Weddell seals back to the New York Aquar-
ium in which characteristics of behavior con-
tinued to be observed, growth and nutrition
studied, some notes on pathology made, and
microbiological sampling continued,

Analysis of data has advanced to t he
state that more detailed study can now be
planned for ensuing years. The Weddell
seal is shown to be able, even as a pup, to
maintain warm body temperatures against
very cold conditions. The lanugo hair of
the pup is an efficient insulator until a suf-
ficient layer of blubber Is laid d ow n, at
which time the lanugo is shed. T h e en -
z y m e s of fat metabolism are different in
quantity than in other mammals and fats
are, significantly, of considerably higher
energy content than carbohydrates (glucose)
used by most mammals. Metabolism in
terms of oxygen consumption is higher in
seals than in most other mammals. There
is a significant gut flora, contrary to some
reports, but the origin and nature of this
flora are still under study.

Tape recordings showed the Weddell
eal to possess one of the most powerful

and remarkable of all marine m a m m a 1
sounds. Trills are uttered which, it is
hypothesized, aid it in finding holes in
thick sea ice after forays of often over
1,400 feet in depth and 20 minutes dura-
tion - holes which it cannot see and which
are few and far between.

References

Ray, Carleton, "Studying the Weddell Seal
in Antarctica,' Animal Kingdom, The Mag-
azine of the N. Y. Zoological Society, Vol.
LXVII, No. 2, Mar. -Apr., 1964, pp. 34-43.

Dr. Carleton Ray
Associate Curator
New York Aquarium
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I	ECOLOGY AND FLORISTIC INVESTIGATIONS
OF ANTARCTIC LICHENS

The Ohio State University
Institute of Polar Studies

Columbus, Ohio

Dr. E. D. Rudolph, Principal Investigator

Microclimate re-
cording setup at
Cape Hallett; dual
recorder and wea-
ther shelter on tri-
pod.

(Photograph by
F. D.	to1Ii.)

Field Investigators	 Operations Areas

Dr. E. D. Rudolph	 Hallett and McMurdo
Mr. Clifford Wetmore	 Stations and Cape

Crozier,

Background

Lichens are the predominant type of vegetation found on the Antarctic Continent. Mosses
and algae are there in smaller numbers in the less extreme environments and two kinds of flower-
ing plants are also present on the tip of the Antarctic Peninsula, north of the Antarctic C i r c 1 e.
The studies of many previous expeditions have provided general information about the classifica-
tion and description of Antarctic lichens. (Lichens are dual organisms - a fungus and a alga -
living symbiotically. Symbiosis is an association of two dissimilar organisms for their mutual
advantage; a symbiont is any one of the organisms in such a relationship.) It Is of considerable
biological interest to know what the exact environmental conditions are for rock-growing lichens
in Antarctica and to explain any physiological adaptations that they may have in order to survive
and grow.

Objectives

One objective was to continue a study of the microclimate of lichen rock sites and of li-
chen growth rates, succession and distribution. Others were to provide a better understanding
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of the ecology and physiology of lichens, their evolution, and their relationship to other lichens
and to the glacial history of the area in which they grow, and to try to discover something about
plant dissemination in Antarctica.

A subsidiary project was to plant grass and alpine plant seeds outside and in Antarctic "soil"
in the laboratory. During the past season some non-hardy species were grown from seed to flower-
ing in Antarctic "soil" in the laboratory but failed to germinate outside.

Activities
During the 1962-1963 season in Antarctica, microclimate measurements were obtained which

indicated how different the rock surface temperatures were from the air temperatures. In the 1963-
1964 season, measurements were continued and, as previously observed, the rock surfaces onafew
warm calm days reached 90°F. ,and the 2-foot air temperatures never exceeded 53 0F., while the
official station 5-foot air temperatures never exceeded 40°F. Further analysis of the microclimate
data at The Ohio State University will provide for a more exact understanding of the Antarctic plant
environment.

The growth rate of lichens at Cape Hallett and Cape Crozier during the 2-year period was
very low. The lichens that are completely attached to rocks do not grow more than one-tenth of a
millimeter in diameter in 2 years.

Many different fungi were isolated from air and soil at Hallett as were algae and lichenpro-
pagules from the air. These organisms are now being studied in pure culture in Columbus. It was
of interest to find that the numbers of fungal spores and algal and lichen propagules were far fewer
in numbers in Antarctic air than those reported for air over other land masses.

The experiment of growing flowering plants from seed under natural conditions at C ape
Hallett was successful. This is the first report of plant growth of this kind for any e x  e n d e d
period within the Antarctic Circle. Kentucky Bluegrass grew to a height of an inch and a hail in	41the 73-day duration of the experiment. Such little growth indicated unfavorable conditions espe-
cially when compared with the grass grown in Antarctic soil in the Hallett laboratory. In the
laboratory, the grass grew to over a foot in height during the same period of time as that in the
outside experimental plot. This experiment shows the possibility for seed germination should
seeds ever reach this part of Antarctica.

References
Rudolph, E. D. 1963. Vegetation of Hallett Station Area, Victoria Land, Antarctica. Ecology 44(3):
585-86.

1964. Lichen Ecology and Microclimate Studies at Cape Hallett, Antarctica. Proc.
Third Intern Biometeorological Congress, 1963. Oxford: Pergamon Press, in press.

• 1964. Biologists and their Laboratory at Hallett Station, Bulletin oit1ieJJ. S. Ant-
arctic Projects Officer , Vol. V, No. 9, May 1964, pages 11-14.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 26; Vol. IV, No. 5, February 1963, page 5;
Vol.. IV, No. 9, rune 1963, pages48-49; Vol. V, No. 7, March 1964, pages 14-15.

Dr. E. D. Rudolph
Associate Professor
of Botany & Research
Associate

65	 Bulletin of the U. S. Antarctic Projects Officer



TEE BENTHIC ALGAL VEGETATION OF ANTARCTICA

Oceanograpnic Laboratory
Old Dominion College

Norfolk, Virginia

Dr. Jacques S. Zaneveld, Principal Investigator

Field Investigators

Dr. Jacques S Zaneveld
Mr. Willard I. Simmonds	 WAite 2520
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Coast of Ross Island, McMurdo
Sound.

Background

Cape

Cape Roberts

ID

National Geographic Society

The materials which will come from the field work will furnish useful study specimens and
eventually contribute to the impoverished Antarctic algal collections in this country.

Objectives

To collect algae specimens and data In the Littoral and sublittoral regions by all possible
means, including diving and sub-marine photography. In order to obtain local biological and
other environmental information of specific areas of the Ross Seathe investigations were carried
out during 1963-1964 over a 3-month period and will be continued for 4 more months during the
1964-1965 season.

The study of Living specimens makes it possible to determine the influence of habitat con-
ditions as well as methods of reproduction which are not known for a number of species.

An analysis of the data might also settle the question of whether an elittoral region as men-
tioned for the Arctic by Kjellman in 1877 does exist also in the Antarctic or that such a region for
the Antarctic cannot be justified as Skottsberg expressed in his paper on the communities of ma-
rine algae in subantarctic and antarctic waters of 1941.

Finally, the collected specimens will be preserved both In liquid and dried so that they
will provide material for detailed morphological and taxonomical studies.
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Some of the Antarctic Algae collected around
the coast of Ross Island by diving from a
depth of about 10 meters.

Part of the Marine Algae collection in the Bio-
logical Laboratory at McMurdo Station.

(Photographs by T. S. Zaneveld & W. L
Simmonds, February 1964.)

Activities

The study of marine algal vegetation in shallow waters along the coast of Ross Island be-
gan with an inspection flight to Capes Royds and Evans on 24 December 1963. Cape Royds was
selected for the first study because of open water. Between 26 December 1963 and 1 ranuary 1964,
16 $CUBA dives were made in that area and algal specimens were obtained on each dive.

•	No Intertidal growths of algae were found at Cape Royds although just under the level of
low tide the volcanic rocks were covered with a thick layer of diatoms. Macroscopic algal growths
were observed to begin at the boundary of the beach slope at a depth of approximately 4 meters.

A huge algal bed was found west of Cape Royds. Composed primarily of Iridaea obovata
the bed covered an area of about 36 by 150 meters, with its inshore boundary about 38 meters
from the edge of the high-water line.

In Back Door Bay, at Cape Royds, the same species was present at depths of 10 to 17
meters although the density of coverage was less than on the other bed. The most abundant inver-
tebrates in this area were Asteroidea.

Another red algal species, probably Phyllophora antarctica, surrounded the primary
species on the landward side and to the east and west at depths between 3 and 10 meters. A pink
crustaceous red alga, tentatively identified as IlUdenbrandla lecanellierj, was found covering vol-
cathc rocks or boulders at a depth of 17 meters. These species were notably absent from Black
Sand Beach, Cape Royds, where a vescular brown alga was found growing on rocky boulders a-
long the coast from low water neap tide down to about 10 feet. This species might be Adenocys-
Us utricularis; it has uni.locular sporangia only. Several species of cyanophyta were collected.
There was an abundance of Amphipoda and other crustacea at this site.

A great abundance of Echinodenmata, Pycnogonida, Ctenophora and Medusae was observed
during the course of the algal collection and some species of fish were caught.

Algal collections were made also in the meltwater lakes surrounding Cape Royds: Pony
Lake, Coast Lake, Green Lake, and Clear Lake. As a part of a longterm study, blocks we r e
lowered in the water west of Cape Royds to sample the sessile growth of plants and an i m a 15
throughout the year.
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Blue-green algae were collected from meltwater lakes along the shore of Marble Point
on 8 and 9 January, but ice in the bay prevented making marine collections at this time of the sea-
son. Two algal specimens attached to the legs of a sea spider were found during dives near Hut
Point, on 9 January, the most southern locality where marine algae can be collected (177°511S,166 °3811E). Nine dives at Cape Evans during the period from 16 to 20 January produced abundant
collections of;Irldaea obovata. Adenocystis utricularis was also present on small p ebb 1 e s
throughout the area, and Monostroma harioti was found on large boulders located In friW
along the bottom. At Cape Evans a biomass study was made of the Iridaea obovata vegetation
to assess the abundance of this alga surrounding Ross Island.

A collection of blue-green algae was obtained from four different lakes, in which the sa-
linity, temperature, and pH were checked every 4 hours during 24 hours. Material which appear-
ed to be a Chiamydomonas species was collected in a small pool in which the water was bright
green, colored by its presence therein.

During a field trip to Cape Bird, during the latter part of January, a 5-mile stretch of
the coast was surveyed by diving. The flora consisted mainly of Monostrom, Phyllophora and
Adenocystis species. Among the specimens found washed up along the beach were Gigartiña,
Codium, Iridaea and other unidentified species of red and green algae. At the tip of Cape Bird
Glacier, great numbers of Monostroma and Iridaea specimens were collected from the beach;
growing within the ice of the glacier were specimens of Prasiola. At Cape Bird, extensive col-
lections of bottom and floating algae were made in four meltwater lakes.

On 30 January,a Greenland cruiser provided by the U. S. Navy was used to make exten -
sive dredges of Winter Quarters Bay and the Dellbridge Islands, In the sublittoral regions a-
round Hut Point, at the base of Observation Hill at Tent Island, and Inaccessible Island, a check
of sessile growth revealed only Adenocystis utricularis in abundant quantities, although several
other small marine algae were collected also.

During February, collection trips were made to Capes Hallett and Crozier to Marble
Point, and Granite Harbor. Rich beds of algae were found growing at Cape Crozier (possibly
five different species), and ma1i amounts of algae belonging to two different species we r e
collected in Granite Harbor. At Hallett, diving was not possible due to bad weather conditions
and only shore collections could be made. Also, since the Edisto Inlet was totally covered by
ice, it was not possible to launch a cruiser from USS BURTON ISLAND to dredge for algae a-
round this inlet. On the way back to McMurdo a landing was made by helicopter, for 20 minutes,
at Franklin Island where four different species of marine algae were collected.

During this season a total of 45 dives w a 5 made, each lasting from 5 to 25 minutes.
Sorting, mounting, and identification of collected specimens continued until 28 February,

when the collected material was shipped to the Oceanographic Laboratory of Old Dominion College,
Norfolk, Va., where the specimens will be studied in detail.
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PELAGIC PHOSPHORUS METABOLISM

Smithsonian Institution
Division of Radiation and Organisms

Washington, D. C.

Dr. David L. Correll, Principal Investigator

Field Investigator	 Operations Area
Dr. David L. Correll

	

	 Cruise 11 of USNS
ELTANIN.

Background

0

Although much research has been carried out on the phosphorus metabolism of pure cul-
tures of various microorganisms in the laboratory, little progress has been made in the study of
phosphorus metabolism in marine plankton.

Objectives

To obtain large enough samples of plankton in areas rich in phosphate to determine the
pool sizes of various broad categories of phosphorus compo9cs, to measure the approximate
turn-over rates of the compounds by means of their rate of P incorporation, and to measure
the percent distribution of phosphorus between dissolved compounds, particles of less than 150
diameter and particles of greater diameter,

Activities

Samples for phosphorus studies were collected during cruise 11 of TJSNS ELTANIN. The
samples consisted of: (1) particles in surface seawater of diameter greater than 150 ,i, (2) par-
ticles of smaller diameter, and (3) representative particle-free seawater aliquots.

Sampling was done by means of a plankton net and a continuous centrifuge. Frozen samples
were shipped to Washington for analysis. The following data are being determined: (a) total phos-
phorus and organic nitrogen per cubic meter in fractions (1), (2), and (3) at a series of locations;
(b) distribution of the phosphorus in fractions (1) and (2) between organic esters, phospholipids,
ortho-phosphate, oligopolyanions, and ribonucleic acid-polyphosphates; and (c) relative rates of
phosphorus-32 incorporation into the phosphorus pools of fractions (1) and (2).

For an account of cruise 11 of USNS ELTANThT, see pages 208 through 213.

Dr. David L. Correll
Smithsonian Institution
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ECOLOGICAL AND PHYSIOLOGICAL RESEARCH ON	 OMCMURDO SOUND FISHES AND INVERTEBRATES

Stanford University
Department of Biological Sciences

Stanford, California

Dr. Donald E. Wohlschlag, Principal Investigator

Background

Dr. Wohlschlag, right, and Mr. Laird pre-
pare a metabolism chamber for use in a fish
house on McMurdo Sound. The chamber Is
placed in a hole in the 9-foot-thick ice be-
low the house.

(NSF photograph)

Field Investigators

Dr. Donald E. Wohlschlag
Mr. Paul K. Dayton
Mr. Arthur L. DeVries
Mr. Peter H. Koerwltz
Mr. John A. Macdonald
Mr. George N. Somero

Operations Area

McMurdo Sound, Antarctica.

This was the fifth season of research into the ecology and physiology of McMurdo Sound fishes
and invertebrates. Various aspects of the 1958-1963 research activities of Dr. Wohlschlag and his
graduate students have been summarized in previous Bulletin articles written by Dr. Wohlschlag.

Objectives

This team has four main objectives: (1) studies emphasizing group effects and seasonal
changes between resting and actively-swimming fish; (2) investigation of ecological implications of
a cold-adaptation mechanism newly hypothesized to explain the high metabolic level of Antarctic
fish (perhaps even higher than the levels of some tropical fish); (3) comparison of growth rates at
different temperatures; and (4) determination of feeding rates with respect to energy requirements
for growth and maintenance.

Activities
During the past two seasons, various attempts have been made to develop techniques for

capturing alive several kinds of fish that are different from those regularly taken from stationary
traps or by hook and line. At the same time progress has been made in maintaining and feeding
several fishes under controlled laboratory conditions.

Since the discovery of the large, frozen, well-preserved remains of fishes in the shelf ice
at the Dailey Islands and since the recapture of both live and partially-consumed specimens of very
large (59 to 140 pounds) Dissostichus mawsoni from seals each summer after 1960-1961, there is
a continuing effort to devise methods of direct capture of this and other rarely-obtained species be-
neath the ice. To ascertain depths to which the local Weddell seals could dive, and thereby obtain
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. information on possible depth distribution of Dissostichus mawsoni, Mr. Arthur L. DeVries lashed
to the backs of seals depth recording gages which were later recovered. The new data on directly
measured seal diving depth provide circumstantial information to suggest that these large fish live
at fairly great depths. One such fish taken alive in excellent physical condition by Mr. G. L. Kooyman
was brought to the laboratory in late December 1963; it lived in a large aquarium and provided me-
tabolic rate measurements within the limits expected from data on the smaller species.

During the 1963-1964 summer there were attempts to set gill nets in very deep water of the
Sound. Previous attempts to set gill nets beneath the ice had always failed when the fairly strong
currents had caused tangling. There was required a system for pulling a light line beneath the ice
from one hole to another about 300 yards away, so that the nets could then be pulled from one hole
to the other and lowered. Because the distance would be rather extensive for a SCUBA diver search
operation for the second hole, a battery-operated, underwater propulsion device was rigged to pull
the light line from one hole to the other— the first submarine launching in Antarctica I Trial runs
with the "submarine" worked out well, but the first test run with about 400 yards of line payed out
ended with an uncontrolled deep dive when attempts to dislodge the device from dense Ice crystals
failed. Mr.DeVries later attached the line to a captive seal, forced the seal to dive down one hole,
let out the line, and then retrieved the line as the seal surfaced at the second, and nearest, hole.
While demonstrating the possibilities of developing the first domesticated Antarctic mammal, the
technique also provided a way of setting a gill net. Although the gill net was heavily weighted It
was dragged extensively by the currents over the bottom, judging from the splendid assortment of
invertebrates entangled in the net each time it was hauled. Hence the net failed to "fish" effective-
ly. Pending further experimental attempts at setting nets or long lines or attempts at pulling con-
ventional trawling gear from one hole to another, there will be continued reliance on gear set ver-
tically through the ice holes.

At the present time and during the past year the data from earlier studies and much new
data have been collated for comparisons among Antarctic fishes and between Antarctic and more
temperate fishes. The utility of the data in extending ecological concepts from tropical to polar
conditions has been most rewarding. The work on the ecological Implications of five smaller
fish species comprised the basis for a summary article.

Several of the truly Antarctic nototheniid fishes have relatively high metabolic rates even
at the freezing temperatures of the sea. Several of these species, at just a few degrees above
freezing, have metabolic levels nearly as high as some of the tropical fishes. The .Antarctic
fishes are thus very highly cold-adapted. However, a new species of fish (an eel pout) takenfrom
McMurdo Sound is related to north temperate and arctic forms and Is not highly cold-adapted. This
species and perhaps several others with non-Antarctic affinities provide an important insight into
the problems of cold adaptation and biogeographical distribution of fishes.

Another important result of the first wintering-over studies has been the discovery of ra-
ther pronounced seasonal fluctuations in metabolic levels of one species of fish, even though the
environment remains at a constant temperature. There also tended to be some considerable dif-
ference in seasonal metabolic fluctuations for this species between deep and shallow w ate r S
throughout 1961-1962 when Mr. DeVrles wintered- over. A study of the metabolism of a s  all
collection of the same species, which was taken beneath the permanent glacial ice cover n e a 
Heald Island the same year, indicated they likewise have a lower metabolic level corresponding
to that for fish in the deeper waters of McMurdo Sound.

Another of the results of the studies of metabolism of several species reveals that at the
lowest and natural temperatures there Is excessive upward metabolic variability, which means
that some of the fish, some of the time, at freezing temperatures have a relatively higher me-
tabolic level than might be expected. Certain circumstantial evidence indicates that the regula-
tion of the salt balance in the fish may be responsible for this variability.

It was discovered that fish brought up from the depths and held In live boxes just below the
surface of the sea ice would tend to have exceptionally high mortality rates. The fact that some
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. ^
of these fish were observed to have frozen crystals in their urinary bladders and in their blood,
even though these Waters were a small fraction of a degree warmer than the waters in which they
live normally, indicated that there was probably a disturbance in the salt balance or an"
system of the body fluids. Similar observations In the laboratory indicated that benthic or pelagic
fish would not survive as well at freezing temperatures as they would about a tenth of a degree
above freezing. Because of this survival problem at freezing temperatures, 1963-1964 field data
were obtaiied on blood freezing points for comparison with temperatures and salinities of waters
in the active process of freezing. Mr.DeVrles found that one species living among the ice crys-
tals had lower blood freezing point depressions than occurred later in the season when Ice forma-
tion had ceased. These studies will be continued as his thesis research project.

Of both blological:and hydrodynamical, interest are the studies on requirements of metabo-
lic energy for swimming. Antarctic fishes consume relatively little more energy when swimming
alone than do temperate species at their lower temperature range. However, the results of 1963-
1964 summer studies show that when several fish, are swimming together they expend less energy
at higher velocities than they expend at relatively lower velocities when swimming alone.

One of the most Intriguing problems to be solved is the problem of explaining what must be
the efficient metabolic systems in Antarctic fishes that have both relatively-high metabolic rates
and growthrates. Current studies involve measurements of the growth rates of several McMurdo
fishes by use of scales to determine sizes at different ages and by laboratory studies. Laboratory
studies are proceeding on the basis of trial feeding-growth experiments conducted during the 1963
winter by Messrs. R. J. Laird and D. L. Johnson who installed an elaborate system of refrigera-
ted aquaria in the wet laboratory. These experiments are currently being carried on by Messrs.
P. K. Dayton and T. A. Macdonald. It is expected that these studies will enable the determina-
tion of the minimum amount of food material required for metabolic maintenance plus the amount
required for a given amount of growth. Because growth in these highly cold-adapted species Is
fairly rapid, the amount of energy required for maintenance will be an important factor for com-
parisons of the Antarctic species with those of more temperate waters. It is quite possible that
the relatively abundant life In McMurdo Sound could be explained not by higher over-all produc-
tivity in the environment but by a relatively greater efficiency in utilization of available foods by
the various organisms. During the 1963-1964 summer season Mr. M. Somero began an investi-
gation on some of the aspects of energetics as a basis for an ecological explanation of cold adap-
tation; he plans a continuation of this investigation during the ensuing year as a thesis project.

The detailed ecological and physiological studies on McMurdo Sound invertebrate animals
are nearing completion. Studies on the fishes are continuing on a more highly specialized basis.
The general metabolic and growth conditions of McMurdo Sound fishes have been related to the
ecological circumstances in both polar and more temperate waters. Intensified studies on the
causes and ecological implications of cold adaptation of Antarctic fishes are now underway.
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DIVING BEHAVIOR AND PHYSIOLOGY
OF THE WEDDELL SEAL

The University of Arizona
Tucson, Arizona

Dr. Albert R. Mead, Principal Investigator

Field Investigator

Mr. Gerald L. Kooyman

Operations Area

McMurdo Sound, Antarc-
tica

Background

This was the first sea-
_______	 son of research into the

problems of under-ice div-
________	 ing of the Weddell seal and

correlative physiological
measurements. Weddell
seals are the most south-
erly
mal known, and a great
number of these animals
spend most of their life
ii ril	v' +11,0 4 c+ 4	y. + j-

Mother Weddell Seal nursing her 4-day-old pup on the bay ice,	Antarctic Continent.

particular kinds of studies that would be impossible,
on other species of marine mammals.

Objectives

cause 01 LIUS iecuar nao-

it, they lend themselves to
with presently-known techniques, to accomplish

To begin a comprehensive study of the diving characteristics of the Weddell seal, including
diving depths, length of dives, and respiration patterns and heart rates between dives; to mark some
of the seals for observations on movements of the pups and adults about the Sound; and to perform pre-
liminary investigations of water balance and the effects of lactation.

Activities

Experimental investigations of diving were carried on and a large number of measurements
were obtained on the depth to which Weddell seals dive while hunting, the submersion time during
these dives, and the respiratiQn patterns upon recovery from these dives. Some of the depths and
submersion times recorded during the experiments were greater than have ever been observed be-
fore in seals.

Physiological studies such as those concerned with the seals' blood chemistry, heart rates,
and body temperatures were conducted to ascertain the relationships between these parameters and
the seals' diving capacities.

Two hundred seals were tagged to learn more about the movements of Individual seals In
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Related Bulletin Articles

Vol. V, No. 2, October 1963, pages 35-36.

Vol. V, No. 6, February 1964, page 18.

Col. V, No. 7, March 1964, page 14.

Dr. Albert R. Mead
Professor and Head
Department of Zoology
University of Arizona

.
Weddell Seals in McMurdo
Sound

the Cape Armitage to Cape
Royds area, and to follow
the growth and dispersal
of the pups. One of the
most interesting observa-
tions was that nearly all
pups had disappeared from
this area by late January.

Certain chemical as-
says of the seals' body flu-
ids, including the milk,
were done to determine
what effects living in a
saline environment might
have on the water balance
of these animals.
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BIOLOGICAL OCEANOLOGY IN THE ANTARCTIC SEAS

University of Southern California,
Los Angeles, California

Dr. Leslie A. Chambers and Dr. J. L. Mohr,
Principal Investigators

Field Investigators	 Operations Area
Mr. Burdette Barrett	cruises 11 (1 wk), 12	 USNS ELTANIN
Mr. Gordon Chapman	cruises 7, 8
Mr. Tames Dittmar	cruises 10, 11
Mr. Paul Dix	 cruise 8
Mr. Ronald Echols	cruises 7, 8, 9
Mr. Lloyd Ellis	cruises 11 (1 wk), 12
Mr. Sherman Hendrix	cruise 10
Mr. Charles Larson	cruises 9, 101 11, 12
Dr. Frank Little, Tr.	cruise 7
Capt. Ibiracy Miniussi	cruise 8
Mr. Adilson Murillo	cruise 7
Mr. Arthur Rothenstein	cruise 11
Mr. rohn Tibbs	cruises 10, 11
Mr Richard Young	cruise 9
Dr. Russel Zimmer	cruise 9
Mr. W. Delton Shirley	cruises 11, 12
(Affiliations other than USC: Barrett, University of New Hampshire; Hendrix, Florida State TJni.ver-
sity, Young, University of Miami, Miniussi and Murillo, Tnstituto Oceanografico, University Sao

'
Paulo, Brasil; and Rpthenstein, Rutgers University.)

Background and Objective

The Department of Biology and Hancock Foundation of the University of Southern Cali-
fornia, in cooperation with biologists of various universities and other institutions in the United
States and abroad, undertook an integrated study of the influence of the productivity of the Ant-
arctic Convergence upon life in midwaters and depths nearby.

Activities

The biological sampling is planned to take advantage of a continuing broad sampling a-
bout the Southern Ocean emphasizing areas thought to be of highest significance (for example the
Drake Passage and the dynamically-related areas south anci north) and those not touched by pre-
vious expeditions, and to use gear of greater effectiveness than was available to biologists work-
ing earlier in the southern oceans.

The combination of gear used was the following: for plankton, 1/2 M standard Copenhagen
closing nets; for mid-waters, 10-foot Isaacs-Kidd trawls, characteristically towed 2 hours at
depth, depths ranging from shallow hauls to ones as deep as bottom permitted; for bottom, a
Phieger corer (for organisms and sediments in situ) with a Menzies small biological trawl as an
epibenthic dredge for small to microscopical organisms; a 5- and 10-foot Blake trawl, for larger
bottom organisms, and a Campbell grab for large in situ samples in those bottoms it will pene-
trate. In shallow waters as on Burdwood Bank a 40-foot otter trawl was used occasionally, but
as the ship was not equipped to handle this expeditiously, it was used only under favorable condi-
tions.

Normal sampling program involved hydrographic and primary productivity measurements
by the L. G. 0. teams and bottom photographs by the support team (Texas Instrument or Alpine

0
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Pelohpej, a multicolored crustacean—
blue, purple, orange, and more—which
was known from just two specimens when
Keppel Barnard, of Cape Town, describ-
ed it in the Discovery Reports.

pterobranchs— living individuals of the genus Cephalo-
discus—may not seem very impressive to a non-bio-
logist, but are one of the forms known by reputation
by most zoologists, seen even pickled by relatively few
and seen alive by hardly more than a handful.

(Photographs by Dr. R. L. Zimmer,
U.S.C., courtesy of Dr. J. H. M hr.

I
Geophysical) before or within the zoological sampling program—in transects with sampling north
of convergence, on the convergence, and south of the convergence. The hydrographic and produc-
tivity measurements provide indispensable environmental parameters. The bottom photographs
help in "reconstruction" of bottom communities.

The work in 1963-1964 emphasized the faunas of the rises of the South Georgia group, the
Burdwood Bank, and Southern South America as contrasted with the fringing areas of the Antarctic
Peninsula, and, of course, the deep water areas (2000 + fathoms) of the convergence transects.
Cruises 7 through ii have sampled between 22 0 and 116 0 Wand south to 710. Most sampling was
conducted south of 55° for these cruises. Bottom samples are to 2900 fathoms, Isaacs- Kidd sam.-
plet to at least 2500 fathoms and routinely to 2000 fathoms were taken.

In the shallower waters the benthic collections were particularly heavy including the fora-
miniferans which Prof. Bandy and Mr. Ron Echols (doctoral dissertation) are analyzing and which
led to Prof. Bandy t s Miocene-Pliocene boundary study (1); the bryozoans whose marked distribu-
tion discontinuities Mr. John Bullivant (doctoral dissertation) studies; very many sponges (studied
by Dr. Little), coelenterates (anemones, hydroids, solitary corals, and others), polychaetes
(Prof. Hartman and Mr. Carl Petterson - doctoral study), echinoderms, and the colonial entero-
pneusts, Cephalodiscus and Rhabdopleura, of which embryological mat erials were taken for study
by Dr. Zimmer.

In the deeper waters a wide range of other bottom forms, usually smaller, was taken. In
these foraminiferans, polychaetes, very small gastropod and pelecypod mollusks, nematodes (not
uider study), small asteroids and holothurians, and isopod crustaceans (Prof. R. I. Menzies, Duke)
were representative.
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I pterobranchs - living individuals of the genus Cepha-
lodiscus.

In the planktonic and midwater trawl col-
lections among other organisms there were
abundant radiolarians (Mr. r. F. Tibbs, doctoral study)
and other protozoans, medusae (Dr. M. Vannucci, Sao
Paulo), including the specialized Tetraplatia, siphono-
phores, ctenophores, nemerteans, a very few pelagic
holothurians, many chaetognaths (Dr. A. Alvarino,
Scripps), pteropods, and arthropods (amphipods, Dr.
Bernard, Beaudette Foundation; copepods, Dr. T.
Bjornberg, Sao Paulo; shrimp, Dr. J. C. Yaldwyn).

A beginning is being made with epizoic protozoans
of . crustaceans (Prof. Mohr, ellobiopsids, chonotrichs,
suctorians) and with internal barnacle-like parasites of
echinoderms (Dr. Zimmer, ascothoracids).

The fishes, benthic (Dr. Hugh DeWitt) and pelagic
(Prof. Savage) are notable for numbers, size, and ex-
traordinary variety. Of the benthic groups, Dr. DeWitt-	-	 is working up the notothenilds and other families than
the zoarcids on which Mr. Shelley Johnson (doctoral study)
Is working. Of the midwaters groups, Mr. Richard Mc-

Ginnis (masters study) is working up the Drake Passage collections as a faunal group, with some
emphasis on the myctophids; Mr. John Paxton (doctoral study) is working up the cetomimids; Mr.
Robert Lavenburg is comparing the microstomids with those of the eastern North Pacific and the
William Bussings are studying scopelarcid.
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Vol. IV, No. 9, rune 1963, pages 54-55.

Dr. John L. Mohr
Professor of Biology
University of Southern California
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STUDY OF BACTERIA, FUNGI, AND OTHER BIOTA IN
AIR, SOIL, SNOW AND MELT POOLS AT MIRNYY STATION

University of Texas
Austin, Texas

Dr. Orville Wyss, Principal Investigator

Field Investigators	 Operations Area

None	 United States

Background

The University of Texas has conducted field research on the ecology of Antarctic micro-
organisms for the past several summers and one winter.

Objective

To carry out laboratory work and publish reports on microorganisms collected during pre-
vious seasons.

Activities

Under controlled laboratory conditions the physiological factors influencing growth and de-
velopment of microorganisms Isolated from polar environments are being investigated. Study of
the survival and longevity of organisms isolated from foodstuffs, plant materials and other sources
are being completed and organisms isolated from the skin of men wintering-over at McMurdo Sta-
tion are being compared to the skin populations in temperate areas.

Related Bulletin References

Vol. IV, No. 1, October 1962, page 9.

Vol. V, No. 2, October 1963, page 37.
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CERTAIN PARASITES OF ANTARCTIC VERTEBRATES
AND INVERTEBRATES

Virginia Institute of Marine Science
Gloucester Point, Virginia

Dr. William J. Hargis, Jr., Principal Investigator
Dr. Mitchell A. Byrd, Associate Investigator
Mr. William A. Dillon, Research Assistant

Field Investigators

Mr. William Stanley Wilson
Mr. William Y. Saunders

Graduate Assistants and Aides

Mr. Adrian R. Lawler
Mr. David E. Zwerner

Operations Area

United States

Backqround

The Virginia Institute of Marine Science is conducting a study of the parasite fauna of fishes
and invertebrates of the Antarctic region and the fishes of the northern reaches of the So u t  her n
Ocean. The study includes the systematics, host-specificity and zoogeography of the parasites, es-
pecially monogenetic and digenetic trematodes, and is a part of a worldwide study of monogeneids
of marine fishes.

S
Work under this grant includes collection of additional materials on the islands of New Zea-

land and on the southern and eastern coasts of Australia for the purpose of making additional com-
parisons between the Antarctic fauna and the fauna of southern temperate zones. The grant also
supports further laboratoly and data reduction work in the United States, The morphology, syste-
matics and ecology of invertebrate hosts will be studied wherever necessary.

Objetives

To improve our understanding of the ecto- and endoparasitic helLminths of the Antarctic and
Southern Ocean areas. It is certain that many new species and higher taxonomic groupings will be
discovered. The study will contribute measurably to the continuing studies of the host-specificity
and zoogeography of the Monogenea of the world being conducted by scientists of this Institute.

Activities

To process and identify the extensive collection of gill and intestinal parasites of Antarc-
tic and Southern Ocean marine fishes at the Virginia Institute of Marine Science, to make such
systematic studies of these materials as are necessary and to study the ecological relationships
between the hosts and parasites.

References

Byrd, M. A., 1963. Heiminth parasites of Antarctic vertebrates Part I. Digenetic trematodes
of marine fishes. Proc. of the Helminthological Soc. of Wash. 30 (1): 129-148.

Dillon, W. A., and W. J. Hargis, Jr. Monogenetic trematodes from the southern Pacific Ocean
Part I. Monopisthocotyleids from New Zealand fishes. Submitted to USARP for pub-
lication.
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Dillon, W. A., and W. T. Hargis, Jr. Monogenetic trematodes from the southern Pacific Ocean
Part H. Polyopisthocotyleids from New Zealand fishes: The families Discocotylidae, Axi-
n.tdae and Gastrocotylidae. Being prepared for publication by USARP.

and W. J. Hargis, Jr. Monogenetic trematodes from the southern Pacific Ocean
Part Ill. Polyopisthocotylelds from New Zealand fishes: The family Microcotylidae. Be-
ing prepared for publication by TJSARP.

Lawler, A. R. and W. I. Hargis, Jr. Monogenetic trematodes from the southern Pacific Ocean.
Part -. Monopisthocotyleids from Australian fishes: The family Capsalidae. Being pre-
pared for publication by USARP.

Dr. William L Hargis, Jr.
Director
Virginia Institute of Marine Science

I
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LICHEN FLORA OF THE ANTARCTIC CONTINENT
AND ADJACENT SUBANTARCTIC ISLANDS

Washington University, St. Louis, Missouri, and
The University of Vermont, Burlington, Vermont

Dr. Carroll W. Dodge, Principal Investigator

Background

The lichens are the largest group of terrestrial plants In Antarctica. Since the return of
the Second Byrd Expedition, I have studied the lichens which are largely endemic to the continent,
paying especial attention to changes in morphology, probably due to the severe climatic conditions,
and to their geographic distribution. Shortly after the publication of the report of the Byrd Expe-
dition, Sir Douglas Mawson sent me the lichens of the Australian Antarctic Expedition and of the
British, New Zealand, Australian Antarctic Research Expedition, and, later, I also received the
lichens of the U. S. Antarctic Service Expedition, 1939-1941.

Since that time, I have received smaller collections from many expeditions (Including Ar-
gentine, Belgian, and Japanese) and from various collectors. I have been able to study specimens
of most of the British expeditions in the British Museum and in the herbarium of the Royal Botanic
Gardens at Kew (Hooker's collections from the voyage of Erebus and Terror). As the flora of
Macquarie Island is closely related to the alpine flora of the South Island of New Zealand, I have
also studied the lichens in the herbarium of Canterbury University, Christchurch, New Zealand.

Objectives

To prepare manuals for the identification of all species of lichens found in Antarctica and
the subantarctic islands. To simplify the work, It is planned to have four manuals: (1) Antarctic
Continent including the South Shetlands and South Orkneys; (2) Kerguelen including the Crozet
Archipelago and Heard Island; (3) Macquarie Island and the alpine regions of the South Island of
New Zealand; and (4) Tierra del Fuego (perhaps including the province of Magellanes, Chile, and
southern Argentine Patagonia), the Falkland Islands and South Georgia.

Activities

Work was somewhat interrupted during the summer of 1963 when I moved my research
from Washington University to the University of Vermont, but I was able to revise my manu-
scripts and keys for identification. I studied a collection from Dr, E. D. Rudolph (Ohio State
University) from his last season's studies at Cape Hallett, and also a small collection from M.
Rene Delepine of Paris from Possession Island, Crozet Archipelago. I have finished a large col-
lection from M. Aubert de la Rue from Kerguelen, on loan from the Jardln Botanique de Montreal.
Meanwhile the Antarctic collections by Skottsberg (Swedish Antarctic Expedition) on loan from the
Riksmuseet, Stockholm, and the Antarctic collections by Racovitsa (voyage of the Bgica) de-
scribed by Vainio on loan from the University of Turku, have been delivered. It is expected that
study of these collections will be completed by 1 July 1964. I have studied 350 specimens includ-
ing 2 new species from the Argentine Tierra del Fuego and Isla de los Estados collected by Dr.
Paul R. and Lillian Burkholder.

So far, my manuscript on the Lichen Flora of Antarctica (including the South Shetland and Ork-
ney Islands) contains 24 families, 63 genera, and 367 species, with formal descriptions and notes on
geographic distribution of each taxon, and keys for the identification of species. When I began work
on the lichens of Antarctica, Darbishire in 1923 had listed 18 families, 30 genera, and 208 species.
When I published the first lichen flora of Macquarie Island in 1948, I described 15 families, 24
genera, and 39 species; my present manuscript contains 23 families, 48 genera, and 39 species. I
presently plan to publish the manual for Macquarie Island and the alpine areas of New Zealand this
year.
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References

Dodge, C. W. 1962. Expedition antarctique Beige - Lichens. Bull. Jard, Bot. Etat Bruxelles
32:301-308. 1 p1. (separates received in 1963).

1964. Ecology and geographic distribution of Antarctic lichens. Proc. First Sym-
posium on Antarctic Biology.

Dr. Carroll W. Dodge
Department of Botany
The University of Vermont
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This year,
leys of Victoria Land; the Thorvald Nilsen Mountains of the Queen Maud Range; the Neptune Range of
the Pensacola Mountains; and in the Heritage and Sentinel Ranges of the Ellsworth Mountains.

In addition to the programs on the continent, there were four others—one aboard U S NS
ELTANIN; one in Northeast Greenland; one in Southern Chilean Patagonia and the Southern Chilean
Archlpelago,and one in the United States consisting of data analysis of samples collected in previous
expeditions.

The geological studies carried out in Antarctica during previous years combined with those of
this past season will contribute to the knowledge of the overall geology of the continent. They will
shed light on the continent's geologic history as well as aid in defining the relationship of Antarctica
to the other continents.

Report s on the geological programs conducted this season, under the auspices of the National
Science Foundation's U. S. Antarctic Research Program, are presented on the following pages.
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DIFFERENTIATION OF FERRAR DOLERITES OF
THE MCMURDO SOUND AREA

Australian National University
Canberra, Australia

Dr. Bernard M. Gunn, Principal Investigator

Field Investigators

Dr. Bernard M. Gunn
Mr. T. Wilson

Qperations Areas

Wright, Taylor, and
Ferrar Valleys.

Background

The problem of the petrogenesis of basic mag-
mas and their associated derivatives has two aspects,
firstly the mode of origin of the magmas themselves
and secondly the liquid-crystal relationships, process-
es of differentiation, crystal accumulation and con-
tamination, which appear to give rise to a wide range
of secondary magmas and rocks. Of relevance to the
second aspect, the present study Is concerned w1than
examination of three different types of differentiated
tholeiitic sills in Ferrar Dolerite, Antarctica.

£
4	/A1

\ i11
Qject1vesZI 

gl
/

60	I	 I62	 64 0

To establish whether the distribution of chem-- LE 
-MILES

ical elements throughout the sills is compatible with	 0	0	10	20 30

crystallization in situ from a homogeneous magma, to discover If the pattern of phase layering is
consistent in different sections of the same sill, to investigate the reason for the crystallization of
orthopyroxene in the interior but not near the margins of certain sills, and to seek consistent chem-
ical differences between the marginal compositions of the olivine, hypersthene, and pigeonite-bear-
Ing sills.

Activities

Field work was carried out In the 1962-1963 season In the Wright, Taylor, and Ferrar Val -
leys which lie in the mountains northwest of McMurdo Sound. Helicopter transportation to and from
the field was provided by Air Development Squadron SIX (VX 6). Field equipment was provided by
the U. S. Antarctic Research Program.

Detailed collections were made on cross-sections of the following Dolerite sills:
(1) Peneplain Sill, Lake Vanda (332m)	 (2) Basement Sill, Sauna Pond (300m)
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(3) Basement Sill, Solitary Rocks
(5) Terracotta Dome
(7) Peneplain Sill, Solitary Rocks
(9) New Mountain Sill (207 m)

(II) Emanuel Sill (430 m)

(262 m)	(4) Basement Sill, Kukri Hills (253 m)
(6) Peneplain Sill, Kukri Hills (433 m)

(320 in)	(8) Lower Finger Mountain Sill (50 in)
(10) Northwest Mountain Sill 030 in)
(12) Finger Mountain Sheet

Detailed studies of various sills have been made by the principal investigator (1962 and 1963)
which showed that the chemical and modal variation within the hypersthene-bearing sills was ex-
treme with silica ranging from 49 per cent to 69 per cent and magnesia from 1 per cent to 22 per
cent. These studies are being continued to cover the olivine-bearing and pige onite- bearing sills.
Ferro-magnesian minerals have been analyzed using an ARL electron microprobe.

References

Grindley, G., Geology of the Miller Range Antarctica, with Petrology by Gunn, B. M. In press
New Zealand Geol. Surv. Bull.

Gunn, B. M., 1962. Differentiation in Ferrar dolerites, Antarctica. New Zealand Journal of
Geology and Geophysics, Vol. 5, No. 5, p. 820-863.

_ and R. I. Walcott, 1962. The geology of the Mt. Markham region, Ross Dependency,
Antarctica. New Zealand Journal of Geology and Geophysics, Vol. 5, No. 3, p. 407-426.

and G. Warren, 1962. Geology of Victoria Land from Mawson Glacier to Mulock In-
let, New Zealand Geol. Surv. Bull. 71.

1963. Layered intrusions in Ferrar Dolerites, Antarctica. Mm, Soc, Amer. SDecal
Paperj, p. 124-133.

New Data on the Problem of Differentiated Tholelites. (In preparation). Jour, Pet.

-, 1963. New Zealand Geologists with U. S. A. R. P. Antarctic, Vol. 3 No. 5, 211-2.
1963. Quaternary Glaciations in Victoria Land. Note in Jour, Glacial,4 (36).

1963. Geological Structure and Stratigraphic Correlation in Antarctica. New
Zealand Journal of Geology and Geophysics, Vol. 6, No. 3, pp 423-43,

Harrington, L., B. L. Wood, I. Mc Kellar, and G. Lensen, Geology of the Cape Hallett Region,
Antarctica; with Petrology by Gunn, B. M. (In press). New Zealand Geol. Surv. Bull.

Dr. Bernard M. Gunn
Department of Geophysics
The Australian National University
Canberra, Australia
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MARINE GEOLOGY ABOARD USNS ELTANIN

Florida State University
Tallahassee, Florida

Dr. H. G. Goodell and Dr. J. K. Osmond,
Principal Investigators

Field Investigators	 O"ations Areas

Aboard USNS ELTANIN in the
North Atlantic Ocean, the Lab-
rador Basin, from the United
States to Valpariso, Chile, in
the Drake Passage, Scotia Sea
and South Sandwich Trench.

Mr. Ronald L. Kolpack; cruises 1, 2, 3, and 4.
Mr. Vernon L. Finney; cruises 1 and 5
Mr. Thomas T. Mather; cruises 1, 6 1 7, and 8.
Mr. Charles W. Holmes; cruise 8.

Background

The Department of Geology of The Florida State University has been associated with the Ma-
rine Geology of the Antarctic since Operation DEEP FREEZE P1, and with the National Science
Foundation's Antarctic research vessel, USNS ELTANIN, from her beginning.

The investigations undertaken aboard ELTANIN consist of researches into the nature and
genesis of the bottom materials of the Antarctic Ocean. Samples are obtained by coring, dredg-
ing, and grab sampling. A Ewing gravity piston corer modified slightly to take plastic core lin-
ers is used in coring. These liners are in 20-foot lengths, fit inside the steel core barrels, and
reduce core diameter to 2-1/4 inches. The piston travels inside the plastic. The liners are re-
moved following the coring operation, cut into 10-foot lengths, capped at each end with a plastic
cap, and coated with wax. The core sections are stored below deck in individual metal canisters
until the ship returns to port. All of the core sections for a single cruise are sent together via
commercial sea transport to the United States and thence by truck to Tallahassee.

The number of cores taken each cruise depends largely on the cruise length. Pre-opera-
tional plans generally call for a core to be taken every degree of latitude along traverses that vary
from 3 to 5 degrees of longitude apart. Additional cores are taken, as operations permit, at ano-
molous topographic features. The length of cores taken during a cruise largely is a function of the
major bottom type encountered during the operation. Coarse sediments or lithified sediments cut
into core length, as does extremely deep water. In the latter case, with tremendous weights, the
sensitivity of the winch accumulator is reduced and the "lag" time is long between trigger impact-
core release and accumulator sensing. This sometimes means that the corer is literally lowered
into the bottom instead of free-falling the final distance.

In addition to the piston cores, short Phleger cores have been obtained from the trigger of
the large coring apparatus as well as from separate Phleger core drops. In a few cases no trigger
core was obtained because of the nature of the bottom or because of mechanical malfunction.

Patterson 0. 1 square-meter grab samples weighted for deep-sea work are used primarily
for surface sampling but have not proved too successful below about 300 meters. Most of the grab
samples therefore represent shallow water drops.

Dredge samples have been obtained by use of a rock dredge consisting of a metal frame 2
by 4 feet supporting a 6-foot chain bag which encloses two fiber bags of smaller mesh. Additional
materials have been donated by the University of Southern California from their Otter, Blake, and
occasional Kidd Trawls.	 I
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Figure 1

Objectives

To make observations of the various aspects of geology, micropaleontology, and geochemis-
try of ocean bottom samples.

Activities

The Marine Geology of the Scotia Sea —Drake Passage —South Sandwich Trench is control-
led by a unique combination of features — Continental glaciation, an infinite ocean, and tectonism.
Since no other place on earth has these parameters In common for comparison and because of the
relative difficulty of oceanographic surveys in the area, the marine geology has heretofore rested
on only limited descriptive data.

The area under consideration is dominated by the Scotia Ridge, which connects Tierra del
Fuego with the Antarctic Peninsula in a 2, 700-mile eastward-lying loop, which encloses the Scotia
Sea (Fig. 1). The Scotia Sea is unequally divided into two basinal areas, the East and West Scotia
Basins, by a slight rise which roughly connects South Georgia with the South Orkney Islands. On
the concave eastward side of the Scotia Ridge occurs the asymetrically-profiled South Sandwich
Trench which has depths in its northeastern portion in excess of 4, 000 meters. A bathymetric
chart and cross sections of the trench were constructed by Holmes from precision depth recorder
data taken during cruise 8 of TJSNS ELTANIN. The arcuate ridge, with its volcanic Islands and its

.
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Figure 2
associated deep, has been termed a tectogene.

The Scotia. Ridge has there "saddles" on It where water depths deepen to 1, 500 fathoms or
more. The first of these, east of the Burdwood Bank and west of South Georgia, is the shallowest and
longest. It is through this topographic gap that the majority of the South Pacific-West Antarctic Ocean
wster pours following the general clockwise circulation of the infinite Antarctic Ocean. Therefore, the
Antarctic Convergence, a zone of extremely high biological productivity, is also found runnlngthrough
and over this saddle. Current ripples at 1, 700 fathoms are present.

The second saddle in the ridge is found between South Georgia and the South Sandwich Islands.
The axis of that portion of the ridge of which South Georgia is emergent is slightly en echeloned tothe
trend of the remainder of the Scotia Ridge and points almost directly into the East Scotia Basin behind
the South Sandwich Islands. Due east of South Georgia, with Its axis aligned east-west, Is a wide sub-
marine valley deepening eastward into the deepest part of the trench. Midway, south along the east-
ern margin of the South Sandwich Island portion of the ridge, another less well defined submarine
valley exist; oriented east of north and deepening northward Into the southern portion of the trench.

The third saddle In the Scotia Ridge exists between the South Orkney Islands and the westward
extension of South Sandwich Island Arc. It is about 100 miles wide and separates the Weddell Seato
the south from the Scotia Sea to the north. The Scotia Ridge and these three saddles profoundly
affect water circulation, sediment character, and sediment distribution within the entire area.

.
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Superimposed upon the tectonic-morphological and ocean circulation patterns in the area are
the characteristics of the source areas of the terrestial component of the sediments. These are (1)
continentally-glaciated Antarctica, devoid of "normal" weathering processes and fluvial action; (2)
the volcanic islands of Scotia Ridge where mechanical weathering prevails; and (3) the southern tip
of South America.

The most comprehensive summaries of the bottom sediments to date are presented in the
Oceanographic Atlas of the Polar Seas, Part I, Antarctic (H. 0. Pub. No. 705, 1957) and in Hough
(1956). Both of these sources have been used to supplement the data from TJSNS ELTANThI. The
present maps of the distribution of surface sediment type (Figs, land 2) have been drawn from the
core, grab, and dredge information from cruises 4 through 10 of ELTANIN although as yet the only
quantitative information on texture is from cruises 4 through 8. Only Phieger core or grab samples
have been used for textural studies. Where Phleger trigger cores were not recovered duringpis-
ton coring, the piston core was used. Where the upper portion of the Phleger core was homogene-
ous, one-hail of the core, 10 cm in length, was taken for textural, mineralogical, and paleonto-
logical analysis. The other one-half was taken for radiology.

Five sediment types are defined on the basis of texture and genesis.

1. Sand, clayey, gravelly: This sediment is quite heterogeneous in grain size and
mineralogy. It grades locally toa coarse gravel from its usual texture of 50-60 per cent
sand sizes. Most of the sand-sized grains are rock fragments although rounded glass
shards are often found in the .62-.l25 mm size. The rock fragmentsaredotninated by
extrusive igneous types and appear to be exclusively so along the South Sandwich Ridge.
The colors of the sand are black to gray depending upon the color of the rock fragments
and the amount of organic material.

2. Silt, sandy: Silt-sized particles comprise at least 50 per cent of this sediment with
the sand component exceeding 10 per cent of the total. Although sand is not quantitatively
the second most important size constituent, its importance from a genetic point of view war-
rants its use adjectively. The sand sizes are predominantly rock fragments with foraminifera
tests second in importance. The silt sizes are a heterogeneous mixture of glacial rock flour,
splintered forarniniferal tests,radiolarian and diatom tests and frustrules, glass and micro-
manganese nodules(?). The sediment colors range from yellowish gray (5Y 7/2*) to pale olive
(10Y 6/2)to pale grayish brown (5Y R6/2) along the Scotia Ridge and Drake Passage. Within
the Bransfield Straits these sediments are olive gray(5Y 3/2) and fetid.

3. Silt, clayey: Silt comprises 50 per cent or more of the grain sizes; sand is less
than 10 per cent. A majority of the silt is probably rock flour. Occasionally diatom and
radiolarian particles become numerous enough to apply the adjective diatomaceous. The
few sand-sized grains are usually foraminifera tests although floating quartz and rock
fragment grains are not rare. Glass and micromanganese nodules often are present. The
sediment colors range from yellowish gray (5Y 7/2) to light olive gray (5Y 5/2) over most
of the Scotia Sea—Drake Passage; to olive gray (5Y 3/2) in the Bransfield Straits; to light
brown (5Y 5/6), more typical of "red clay", on the Pacific side of the Drake Passage.

4. Ooze, foraminiferal (calcareous): The sediment is comprised of more than about
30 per cent of foraminifera tests. The usual light colors of pale greenish yellow (10Y 8/2)
to very light gray (N8). indicate that this percentage often approaches 90 per cent. The us-
ual coarse particles are small sand- and pea-sized grains of manganese and terrestrially-
derived sand and pebbles.

5. Ooze, diatom (siliceous): The sediment comprises about 30 per cent or more sili-
ceous diatom and radiolarian tests and frustrules and usually has a felted or matted appear-
ance. It would be texturally classed as a clayey silt. The colors range from pale yellow-
ish brown (10YR 6/2) to a yellowish olive brown (5Y 5/4).

*Rock Color Chart, Geological Society of America (1951).
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The coarsest sediments are found peripheral to South America, South Georgia Island, the
South Sandwich Islands and the Antarctic Peninsula. On the Chilean side of South America none of
the cores taken in waters deeper than 500 fathoms, and only a few taken any shallower, indicate
sand on the surface of the sea floor. However, in a few places slumps along the continental slope
may move coarse material deeper, especially at times of earthquake. One such probable locality
is at 39 0 22 t S., 73 0 51 1W. Grab-samples from this locality taken during cruise 4 showed the bottom
to be comprised of a conglomerate of pebbles, each of which was composed of a sandy clayey silt
that was partially indurated. On the strength of this conglomerate the area was reinvestigated on
cruise 10. Zeimels (1963) reports that the area !certainly seems to be the site of a submarine land-
slide. There L a horseshoe-shaped gouge at the break in slope of the continental margin about 4-1/2
miles wide. The continental shelf is flat and has a slope of about 10 minutes; the break in slope is at
90 fathoms and is well defined on both sides of the gouge; the continental slope is smooth and slopes
3 to 4 degrees. A crevice about 40 fathoms deep occurs at the landward end of the gouge with a
slightly westward-inclined block on the seaward side of the crevice. The normal, flat shelf sur-
rounds the gouge east. Westward from the crevice the floor of the gouge displays a rough, irregular
topography with hills 20 to 40 fathoms high. The floor of the gouge generally slopes westward. In
one part of the floor the PDR shows a profile of asymmetrical cusps (which may be either north-south
trending ridges or merely hills) that resembled a series of down-faulted blocks. Several miles west
of the gouge, the continental slope smooths out but further west it becomes hilly once more.

South and southeast of Tierra del Fuego the course sediment band widens. One reason for
this disposition lies in the currents of the area that are strong enough at 2, 200 fathoms to generate
ripple marks 6 to 9 inches in length. These coarse sediments continue eastward around the Horn
and compose the sea floor over the Burdwood Bank and around the Falkland Islands. The amount
of gravel appears to increase over the Bank and a large portion of this material Is glacial marine.
In places a large amount of mollusk and brachiopod shell Is present.

A halo of coarse sediment surrounds South Georgia Island on the sea floor to a water depth
of at least 1, 500 fathoms except on the east where sand and gravel may be found to depths of at
least 2, 000 fathoms. Coarse sediments may be moving down the previously-mentioned submarine
valley east of South Georgia and into the northwestern part of the South Sandwich Trench. However,
two cores taken at the bottom of this part of the trench reveal only clayey silt.

The coarse sediments which floor the crest of the Scotia Ridge around the South Sandwich
Islands are sometimes indicated as being continuous. This Is not the case in all probability for
the source areas are small and sand Is probably restricted to the 1, 000-fathom line with fine-
grained sediments between. One core due east of Zavodovski Island, at the northern end of the
Islands, cored sand and gravel at 2, 000 fathoms. Pumice, scoria and basalt are common pebble
and boulder types throughout this part of the ridge.

The final area of coarse sediment occurs peripheral to the Antarctic Peninsula, extend-
ing north and east to the South Orkneys, and hooking south into the Weddell Sea. Almost all of
these sediments are glacial marine. They extend westward to about the 500-fathom line (the
edge of the continental shelf) although occasional slumping must deliver material down the slope.
A completely anomolous and poorly defined area of coarse material extends north and west from
about the 21 000-fathom line, down the continental rise, and into the Bellingshausen basin. Al-
though the surface layers do not appear to be graded, pebble layers at depth in these cores are
well graded. Although the materials from ELTANN do not extend south past about Deception
Island In the South Shetlands, DEEP FREEZE samples extend the coVerage to the south (Goodell,
1962). The southern extent of sand south of the South Orkneys is based on two cores about 150
miles apart which cored sand at about 2, 000 fathoms. Gravel is found In excess of 100 fathoms.

These four areas of coarse terrestrially-derived sands and gravels are rimmed by zones
of sandy silt. This sediment constitutes the bottom along the continental slope on the northwest-
ern margin of the Antarctic Peninsula and extends 200 miles north of the South Orkney Islands
along the rise separating the East and West Scotia Basins.
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Sandy silt is the predominant sediment type in and around the northern and eastern ex-
tents of the Scotia Ridge. On the north, the South Georgia source area dominates. A 600-foot
drop In sea level during Pleistocene would about quadruple the areal extent of the Island open todenu-
dation. The same amount of drop would expose several hundred square miles to the west of South
Georgia around Shag and Black Rocks. The predominant movement of materials derived from these
sources has been due east around the northern end of the South Sandwich Trench and to the southeast
into the center of the East Scotia Basin. Several cores from the latter area closely resemble gla-
cial marine.

The South Sandwich Islands are the source area for the sandy silt to their east and south.
The northeastern deepest part of the Trench seems to be an effective barrier against sand trans-
port further north and east. However, the southern deep, east of Southern Thule, appears less an
effective sediment trap, for sand values east of the trench range from 20-40 per cent. A major por-
tion of this may be ice-rafted, however, for the general circulation pattern within the Weddell Sea
brings Its ice into the South Atlantic to the east of the Trench. A Phleger core traverse across the
center of the trench at about 580 south reveals two thin black sand layers, non-graded, that can be
traced for about 70 miles down the west side of the Trench and into its center.

The westward extent of the sandy silt belt is unknown at present, and awaits data from cruise
12. It may connect across the topographic saddle in the southern part of the Scotia Ridge with the
coarse sediments around the Orkneys. A different Interpretation is presented here with the saddle
acting as an effective barrier to coarse sediment migration from west or east.

The finest sediments are clayey silt and are distributed in a band running SW-NE parallel-
ing the Antarctic Peninsula. A smaller area is the East Scotia Basin. Biological dilutants often
contribute important constituents to the predominantly terrestrially-derived clastic particles. The
cores are mottled in color; often structureless, bottom photos reveal large in! auna populations, and
the sediment often may be in large part fecal pellet. Sediments of this type also appear to floor
the Weddell Sea and the deep depressions in the Bransfield Straits, The bottom within the Straits
often has such a high population of worms on the bottom that the sediment surface consists of bur-
rows and fecal pellets,

Diatomaceous (siliceous) ooze occupies the bottom between the East and West Scotia Basin.
The sediments within these cores often show color-banding from light cream to greens, blue-
greens, olives, to brown, often in cyclical repetition. It now appears that some micro-strati-
graphy may be accomplished over several hundreds of miles within this area.

Foraminiferal (calcareous) ooze Is found in a broad band ringing Tierra del Fuego and par-
allels to the north the area of clayey silt described above. This sediment cuts across topography
and follows across the northwestern saddle of the Scotia Ridge.

Many cores have been taken in traverses across this zone of ooze that reveal it to be a lens.
shaped deposit about 40 cm. thick in the center 1-4 cm. at the edges, Holmes (personal communi-
cation) using disequilibrium age-dating has found a depositional rate for these sediments of 3-4 cm.
per 1, 000 years. This means that the upper lens is about 10, 000 years old. Admixed with these
sediments are terrestrially-derived sands and gravels that increase In importance to the north. The
surface of the sea floor throughout much of the zone of calcareous ooze is covered with manganese
nodules. Zones of manganese are at several depths in these cores.

The distribution of surface manganese is given by figure 2. Where the concentration is high-
est huge concretions of manganese cover the sea floor draped on the bottom. Rock dredges have re-
covered some of the smaller ones up to 18 inches in diameter. The size of these manganese concre-
tions is due in part to the fact that they were precipitated on what may be the southernmost extent of
a line of pebbles and boulders derived from the north. However, many of the large plates recovered
from dredges are nucleated on clay balls. Adjacent to these areas of concretions are zones of man-
ganese nodule pavement where the nodules are almost literally shoulder-to-shoulder. Several other
areas where scattered nodules and pea-sized manganese pebbles occur are peripheral to the areas
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of high concentration and around the Scotia Ridge. All of these areas, however, are on or near the
topographic saddles previously discussed. A one-to-one correlation does not exist between calca-
reous ooze and manganese. The ooze generally is found extending northward further; manganese
southward. The highest concentrations. of both, however, coincide.

Manganese Is found in five morphological varieties. The first and smallest is sand-sized,
dark brown to black particles of friable material disseminated throughout the core. These have
not definitely been proved to be manganese dioxide. The second is pea- sized pebbles of-manganese
concentrically arranged about a non-manganese nucleus which Is often a foram, quartz grain, or
small clay grain. The third variety Is a spherical to triaxial ellipsoidal variety, 5-10 cm. in di-
ameter, consiting of concentric layers of Mn02 and hydrous iron oxides about a pebble nucleus.
The fourth variety Is about the same shape as the third, but Is composed of agglutinated manga-
nese pebbles (variety two) so that a surface pebble mosaic results. The last variety is the large
concretions, irregular in shape, often draped, and composed of agglutinated manganese pebbles
(variety two).

Superimposed on these primary sediment varieties are ice-rafted erratic pebbles, cobbles
and boulders. These are often faceted, polished, and striated. Those which are further south than
the belt of foraminiferal ooze and which show little or no manganese stain are undoubtedly from the
Antarctic Continent. However, on or near the northern and eastern part of the Scotia Ridge, Pleis-
tocene glacial erratics are present on the sea floor, usually with some manganese stain and/or en-
crusting organisms that originated within the Island arc.
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Field Investigators

Dr. Richard P. Goldthwait
Dr. William E. Long
Mr. Douglas McLelland
Mr. Courtney J. Skinner

Operations Area

Exposed cliffs of the
Thorvald Nilsen Moun-
tains along the eastern
side of the upper Amund-
sen Glacier.

GEOLOGY OF THE WESTERN ESCARPMENT
OF THORVALD NILSEN MOUNTAINS

The Ohio State University
Institute of Poiar Studies

Columbus, Ohio

Dr. William E. Long, Principal Investigator

Text camp in the nor-
thern Thorvald Nilsen
Mountains. The mouit-
tains are about 7, 000
feet higher than the tents
and are predominantly
composed of basement
rock and diabase sills.
Thin layers of sedimen-
tary beds can be seen
between the sills and on
top of the mountain. Two
Polaris motor toboggans
can be seen to the right
of the tents.

(Photograph by Dr. we
E. Long.)F1

I

Background
Ohio State University continued investigation of the Transantarctic Mountains for the fourth

year. During the three previous seasons OSU parties have investigated the Ohio Range and the Mt.
Weaver area of the Robert Scott Glacier. These earlier investigations disclosed an interesting pat-
tern of sedimentary strata of Devonian and Permian age. Studies of basement geology, stratigraphy,
glacial geology, geomorphology and paleontology have been conducted in the past years and were con-
tinued during the recent season.

Objectives
The objectives of the expedition were to investigate the rocks exposed on the cliffs bordering
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'
Messrs. 2. J. Skinner and
2t, P. Goldthwait ascend
one of the ridges of the
Western escarpment of the
Thorvald Nilsen Mountains.
The ridge in the background
is composed of basement
granite, diabase sills (dark
iayers) and sedimentary
strata.

(Photography by Dr. W.
E. Long)

jp

the upper part of the Amundsen Glacier and to map the exposed rock, to measure stratigraphic sec-
tions, and to make measurements of the rate of geomorphic processes.	 IActivities

The field party reached Amundsen Glacier at 85 0S, 160°W on 7 November 1963. Air Develop-
ment Squadron SiX had used one LC-130F to Beardmore Station and four LC-47 loads from Beard-
more Station to Amundsen Glacier. Base Camp, a 16- by 16-foot 3amesway, was erected about 6 mi-
les from the airstrip on 9 November 1963 and field work commenced soon thereafter. Four Polaris
motor toboggans provided transportation for personnel and equipment along the foot of the mountains.

Most field work was conducted from a base camp, but tent camps were used to reach out -
crops which were beyond 20 miles from base camp. Such camps were erected both north and south
of the base and provided temporary quarters for geologic work high on the more distant ridges and
cliffs. The party was evacuated on 21 January 1964 by an Air Development Squadron SIX LC-130F.
Before leaving the continent a short investigation of the Long Hills (85'S,, 120°W) was conducted to
determine the rock units which are exposed there. A single motor toboggan and tents provided
transport and shelter for the party, which included the Belgian Government representative, Mr. T.
van Autenboer.

Studies of the basement geology of the Thorvald Nilsen Mountains showed that at least five
types of granitic intrusive rocks are present as well as metavolcanic and metasedimentary rocks.
The ages of these rocks and their relationships to one another are presently under study.

The sedimentary rocks lie upon a very obvious old erosion surface and are closely related
to strata described from the Mt. Weaver and Ohio Range areas. The oldest unit is a tilite (ancient
glacial till deposit) which is overlain by a dark shale unit, a thick sandstone unit, a coal measures
unit, and finally a coarse-grained sandstone unit. Plant fossils from the coal measures include fos-
sil wood, various stems, roots, seeds and leaves (Glossopteris) which belong to the Glossopteris
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flora of the southern hemisphere. Probably all of the strata are of Permian age.

Studies of glacial geology showed that the Amundsen Glacier has been higher in the recent
past and that the fluctuations of ice level were greater in a northerly or down-glacier direction. In
certain areas, extremely high rates of evaporation are presently causing a decrease in glacier-ice
level. Quasiquantitative measurements show how fast cirques are being formed at the present time
by erosion of parts of the escarpment.

The Laig Hills are composed of basement rock with a thin cover of the Buckeye Tillite (as
described by Long, 1962, from the Ohio Range). The basement rocks are composed of granitic
rocks, metavolcanic rocks and mixtures of the two. An ancient erosion surface truncates the
basement complex and upon this surface rests the tilite. The strata did not include fossiliferous
beds of Devonian age like those found in the Ohio Range.

Reference
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PEDOLOGICAL PROCESSES IN ANTARCTICA

Rutgers University
New Brunswick, New Jersey

Dr. Florenzo C. Ugolini, Principal Investigator
Field Investigators	Operations Area	 -:
No field activity in the	United States	 2:,1963-1964 season.

Background

The close association of pedology with	 ' (
agriculture has prevented a more academic
orientation of this science. Areas of the polar
regions now considered of no agriculture value
have been long neglected. Soil studies in Ant-
arctica, initiated in 1961 by Rutgers University,
represent an attempt to understand soil forma-	 -
tion in the polar desert environment. As a re-	A typical Ahumic soil from Antarctica.
suit of this investigation, It was found that:	(Photograph furnished by author.)
(1) The ice-free areas of South Victoria Land
are mantled by a layer of soil; (2) soil formation is taking place almost under abiotic conditions with
the exclusion of microbial population; (3) pedologlcal processes are mainly exemplified by redistri-
bution of soluble salts within the soil profile, oxidation of ferrous iron into ferric, liberation of free
iron oxides, and progressive increase of finer particles as function of time; (4) the meager quantity
of liquid water available together with the persistent low temperatures are the limiting factors for
soil formation; (5) with the exception of limited areas near glaciers or snow patches which display a
relatively moist regime, many soils in the Inland area are arid to the point that they are no longer
active; (6) definite degrees of alteration have been detected in soils that have enjoyed in the past a
moist stage; (7) soils near penguin rookeries where guano-like material accumulated present a u-
nique condition in that an excess of organic material is affecting the soil; and (8) a close association
between soil development and age of glacial deposit was found in the Wright Valley.

Objectives

With the completion of the field work and with the accumulation of considerable analytical data
a definite picture of the soil-forming processes in a polar desert environment Is now appearing. The
original objectives of this investigation, which must be considered somewhat general, have been
reached. Information now available is sufficient to describe the processes of the soils of the ice-
free areas, to compare these processes with the ones occurring in other cold regions of the world,
and to place the Antarctic soils in the genetic classification of the soils of the world.

Activities

The activities of the year 1963-1964 have been totally devoted to physical, chemical, and
mineralogical studies of the collected samples.

Dr. F. C. Ugolini.
Assistant Professor of Soils
Rutgers University
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Field Investigators Operations Area

Geologist inspects mottled red beds in the
ieptune Range.

(Photograph by Dr. D. L. Schmidt)

.
1

GEOLOGY OF THE PENSACOLA MOUNTAINS

U. S. Department of the Interior
Geological Survey
Washington, D. C.

Charles A. Anderson, Principal Investigator

.

Dr. Dwight L. Schmidt - Geologist, Leader
Mr. Paul L. Williams - Geologist
Mr. Willis H. Nelson - Geologist
Mr. John R. Ege - Geologist
Mr. Waiter W. Boyd - Glaciologist
Mr. Donald C. Barnett - Civil Engineer
Mr. games R. Heiser - Civil Engineer

Background

Neptune Range, central
Pensacola Mountains

Geologic field investigations of the Pensacola Mountains began during the season of 1962-1963
In the Patuxent Mountains in the southern Pensacola Mountains (Schmidt and Ford, 1963). The full
extent of the Pensacola Mountains had been known only 1 year earlier following the complete recon-
naissance aerial photography of the Range on 10 December 1961 by an Air Development SquadronS]X
P2V mission. The northern Pensacola Mountains were first flown over and aerially photographed
by Captain Hawkes on a long-range P2V flight from McMurdo Station on 13 January 1956. During
the International. Geophysical Year, in December 1957, Nolan B 1 Aughenbaugh, geologist for the
Ellsworth Station Traverse under the leadership of Edward C. Thiel, briefly studied the geology of
the Dufek Massif (Aughebaugh, 1961). During the same season, William H. Chapman of the U. S.
Geological Survey established the first geodetic control In the Dufek area, and Major Lassiter first
photographed the central Pensacolas from the air.
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SKETCH MAP OF THE PENSACOLA MOUNTAINS, ANTARCTICA

Besides being a geographic outpost, the Pensacola Mountains area has been geologicaUyvir-
tuafly unknown territory, bordered by known geology to the northeast In the Whichaway-Shackleton-
Theron area, to the west along the Transantarctic Mountains from the Thiel Mountains westward,
and to the northwest In the Ellsworth Mountains. Geologically the Pensacola Mountains are part of
an orogenic belt, geographically coincident with the Transanta.rctic Mountains, which separates the
thicker and older crustal shield of eastern Antarctica from the thinner, more recently active crus-
tal area of western Antarctica. The geologic history of the Pensacola Mountains, therefore, holds
another critical key not only to the exposed geology of the continent but to its crustal framework as
well.
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from late Precambrian through Jurassic. Seven units of flows, sills, other shallow-seated bodies,
and deep-seated plutons range in composition from rhyolite to basalt. These rocks have been sub-
jected to at least three episodes of folding, faulting, and erosion, each followed by renewed sedi-
mentary deposition.

Detailed microscopic examination of many rock specimens, dating of fossils, and isotopic
age determination of some of the igneous rocks now in progress will greatly supplement the geo-
logic history. One more season of geologic mapping will complete reconnaissance surveys in the
Pensacola Mountains.
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Objectives

To map and study the bedrock geology, to initiate glaclologl.c studies, and to establish ground
control for topographic mapping of the Pensacola Mourxta1ns

Activities

An aerial reconnaissance and Initial landing was made In the Neptune Range on 23 November
1963, bringing Schmidt and Williams to the field on an LC-47 flight piloted by LT. Donald R. Miller
from Byrd Station, Three LC-130F flights directly from McMurdo Station brought the rest of the
field personnel and fully supplied the new camp. The new base camp, centered about a 3amesway
hut, was thus established at an estimated location of 57 015 1W. longitude and 83 036 1S. latitude and
at an altitude of about 3,000 feet. At this time Boyd, Barnett, and Heiser were shuttled by LT.
Miller's LC-47 to the Patuxent Camp where glaciologic and geodetic control work, started during
the 1982-1963 season, was resumed.

Field operations in the Pensacola Mountains during the 1963-1964 season depended entirely
on simple and expedient motor toboggan sledging for transportation. Two noteworthy sledgingtrlps
were made during the season. The first trip, made during late December, was across the 50-mile-
wide ruggedly-crevassed central glacier between the Neptune Range and the Patuxent Mountains.
This trip culminated after 150 miles and 6 days of travel and resulted in the two mountain masses
being geodetically tied together by a distance measured electronically by means of Tellurometers.
The second trip began on 20 January and extended geodetic control to the northern end of the Pensa-
cola Mountains. Observations and travel during this trip were greatly hampered by overcast wea-
ther, but completion of the trip on 8 February after about 250 traverse miles meant that the entire
Pensacola Mountains area was geodetically controlled and the accurate planimetric maps of the area
can now be made.

Five LC-117D flights piloted by LT. CDR. Douglas from Byrd Station were made to the Pen-
sacola Mountains during the course of the summer's operation. On 19 December aerologist Robert
D. Serpan was flown from Byrd Station to the Neptune Camp to make systematic weather observa-
tions In anticipation of trinietrogon photographic flights over the Pensacola Mountains. , Duringthe
same flight the four geologists who crossed the central glacier were flown back to the Neptune Camp
from the Patuxent Camp. On 26 December, Barnett, Heiser, and Boyd were flown back to the Nep-
tune Camp, having completed their geodetic and glaciologic work in the Patuxent Mountains. By
mid-Ianuary it became apparent that the proposed mapping-quality trimetrogon photography of the
Pensac1a Mountains was not going to be flown during the 1963-1964 season despite mostly favorable
weather reports by Serpan. Hence, a flight on 17 Januaxy was scheduled to obtain handheld oblique
photographs of areas of critical study, but unfavorable weather intervened and the LC-117D only suc-
ceeded in returning Serpan to Byrd Station. On 22 January., another flight from Byrd completed tak-
ing the handheld photographs in excellent weather,

A nickel-iron meteorite found. by Heiser and Barnett on 7 Feburary was one of the most spec-
tacular finds of the season. The meteorite, weighing 2.4 pounds and measuring about 4 by 3 by 2
Inches, was found on rock outcrop on a nunatak at about 83 °lS'S. latitude and 55 °W. longitude. It is
the fourth meteorite thus far discovered in Antarctica

One of the most complete displays of Antarctic geologic history from late Precambrianthrou.gh
Paleozoic is exposed in the Pensacola Mountains. This geology provides especially important infor-
mation on the early Paleozoic history of the Transantarctic Mountain system. Geologic mapping re-
vealed a complex sedimentary rock section at least several tens of thousands of feet thick, which in-
cludes sedimentary and volcanic rocks deposited in a deep marine trough and unconformably over-
lain by marine limestone containing early Paleozoic fossils. The limestone is overlain by rhyolite
flows, shallow-water shale and siltstone, and volcanic sandstone and conglomerate, which are in
turn unconformably overlain by orogenic conglomerate and sandstone. These rocks are overlain by
quartzose red beds which are unconformably overlain by tan quartzose siltstone and sandstone, the
upper part of which contains Gondwana flora of Devonian and Permian age. Igneous activity ranges
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FEASIBILITY STUDY FOR PHOTOGEOLOGIC MAPPING
OF ICE-FREE AREAS IN ANTARCTICA

University of Massachusetts
Amherst, Massachusetts

Dr. H. T. U. Smith, Principal Investigator

Low altitude aerial view
of anomalous labrynthine
topography at the head of
Wright Valley, Victoria
Land.

(Photograph by
Dr. H. T. U. Smith.)

Field Investigator

Dr. H. T. U. Smith

Operations Areas

Dry valleys and nunataks
of Victoria Land, with
aerial reconnaissance
over parts of Queen Maud
Range.

Background

In many parts of the
world, it has been found
that air photograph inter-

pretation, properly coordinated with ground studies, has expedited geologic and geomorphic investi-
gations to a marked degree, effecting substantial economies of time, effort, and funds, and making
for significant improvement in accuracy. In Antarctica, where the limitations on field w or k a r e
particularly severe, it would appear that the systematic use of aerial photography might be especial-
ly advantageous. However, in the past, these potentialities seem not to have received adequate at-
tention.

Objectives

To evaluate the usefulness of various types of aerial photography for geologic and geomor-
phic investigation under the particular conditions prevalent in Antarctica, and to apply this method
of approach to such specific problems or areas as were found to be illustrative.

Activities

Following extensive laboratory studies of available air photographs during the precedingyear,
2 months were spent in Antarctica, based at McMurdo Station, in December 1963 and January 1964.
Helicopters were used for aerial observation and photography, and for travel to and in the dry valley
area, and three field camps in that area were occupied for studies on the ground. Reconnaissance
observations and photography over the Queen Maud Range were from LC-130F aircraft. All field ob-
servations were made with pre-existing air photographs at hand, and in the light of available published
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geologic Information.

Evaluation of results from the above is still in progress, but some preliminary conclusions
may be presented, in generalized form. Available trimetrogon photography, at relatively s  all
scales, and made primarily for cartographic purposes, provides a satisfactory starting point for
photogeologic interpretation. To exploit fully the potentialities of that method of study, however,
requires supplemental photography made more specifically to meet the requirements of geologic In-
terpretation. This includes systematic vertical and oblique photography at larger scales and/or
along more favorable flight lines, hand-held oblique photography from selected points, altitudes,
and angles, and color photography, both vertical and oblique. In part, this supplementaiphotogra-
phy is best carried out, or closely directed, by the geologist himself. In the dry - valley a  e a,
photography now available is sufficiently diversified in scale and other characteristics tofacilitate
geologic interpretation, and was supplemented by much additional spot photography taken by the in-
vestigator on this project.

The interpretation of bedrock geology is subject to various limitations, of which two may be
mentioned here: (1) the size and spacing of the snow-free and ice-free areas, and (2) the nature of
the geology itself. The first of these factors is different at different places, but in general is not
unduly restrictive. The second of the foregoing factors differs with the rock units concerned. The
Beacon sandstone and post-Beacon Intrusives, in general, have strong surface expression, and are
easily recognized and delineated. The basement rocks, however, with their more complex struc-
tures and generally less distinctive surface expression of lithologic units, yield smaller returns to
photographic interpretation, and require more ground study; locally, however, a great deal can be
done.

The role of air photographic interpretation In the study of geomorphic phenomena appears to
be very promising, and may be Illustrated by two examples. The first involves an area of anoma-
lous erosional topography at the head of Wright Valley. This was first recognized as a pr o b 1 em
area of particular interest from preliminary study of trimetrogon photographs before going to Ant-
arctica, but details were lacking. Once in the area, observation and supplemental photography
from helicopters, ground traverses,, and additional large-scale vertical photography from an Otter
aircraft supplied essential information for interpretation. The area is distinguished by a labrynthin
assemblage of interconnecting rock-cut channels with intervening rock "islands having local relief
up to several hundred feet. The channels lack systematic profiles and have inclosed rock basins up
to several hundred feet. The channels lack systematic profiles and have inclosed rock basins up to
250 feet deep. The form and pattern of the relief elements are distinctly different from anything
known to result from glacial erosion. They are provisionally interpreted to have been formed by
stream erosion under conditions of great volume, velocity, and depth, comparable to those respon-
sible for the Channeled Scabland of eastern Washington state. This interpretation has far-reach-
ing implications for the glacial and geomorphic history of this part of Antarctica.

The second example has to do with the role of eolian erosion in shaping the minor relief fea-
tures of the dry-valley area. Some casual comments on this are found in the literature, but no very
specific data have been presented. The critical features are, in general, too small to be recogniz-
able on air photographs of the usual scale. However, as a result of aerial observation on helicop-
ter flights, supplemented by low-altitude aerial photography, and followed up by ground observation;
It was possible, on this project, to locate positive evidence as to the effectiveness of wind erosion on
bedrock, and wind transportation of exceptionally coarse material.

An unanticipated by-product of the project was the discovery of supporting evidence f or c on -
cluslons reached in connection with another project some 10 years ago. At that time, the r o c k
cities" of western New York were interpreted as a result of wedging action in bedrock cracks open-
ed by thermal contraction under former periglacial conditions. However, no demonstrable exam -
ples of such a process operatitig in bedrock under existing conditions were known then. Such exam-
ples now have been observed on uplands bordering the dry valleys, thus adding direct to I n  I r e c t
lines of evidence, and placing the original interpretation on a firmer basis.
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Field Investigators Operations Area

Mr. Norman P. Lasca
Mr. Darwin R. Spearing
Mr. Keith Schmidt
Mr. Michael F. Baad

Skeldal, Mesters Vig,
Northeast Greenland
(72 °14'N. latitude)
24°20 1W. longitude)

Background

GENESIS OF MACRO- AND MICRO-FORMS
IN POLAR GLACIATED LANDSCAPE

The University of Michigan
Ann Arbor, Michigan

Dr. Donald F. Eschman, Principal Investigator

In recent years much research on weathering and landform development has been carried on
in the ice-free areas of the Antarctic. It was felt advisable to conduct similar research in an area
of the Arctic where there is much more ice-free land and where the climate is somewhat more hu-
mid. Botanical studies of the sort undertaken in this project can be done only In the Arctic where
there is land within the proper latitude range under present climatic conditions; yet the effect of
plants on the development of landforms is great. As it is possible that parts of the Antarctic re-
gion were more extensively vegetated during some of the last million years or so, during whichthe
present landforms were developed, a study of the effect of sub-polar vegetation on landforms seem-
ed necessary to a true understanding of landform development in a polar environment.

The field investigation under National Science Foundation sponsorship is part of a program
to map and study the landforms and deposits and their sequential relationships through geomorpho-
logical and botanical studies performed in the Skel Valley, which extends some 30 km northeast from
the Staunings Alper to King Oscar Fiord. A variety of environmental factors results from this al-
pine-fiord continuum; further complexities are the result of the fact the northwest side of the Skel
drainage is developed in a crystalline igneous and metamorphic complex while nearly flat-lying Car-
boniferous sediments underlie the southeast valley wall.

Objective

To investigate the landforms in such a polar environment and to determine the relationship
between the various geomorphologic and botanic factors.

Activities

Work begun in 1962, under sponsorship by the Arctic Institute of North America, was con-
tinued during the 1963 field season (July 9 - September 7). Systematic sampling of the soils and
vegetation of the various landforms was completed.

The reference plant collection totals some 1, 000 members. The form and development of
vegetation on particular geomorphological features (moraines, outwash flats, ponded lake deposits,
pingoes, marine beaches, etc.) received particular attention. A peat section, several centimeters
thick and buried under 2 meters of surficial material, was sampled for pollen analysis and bottom
sediments of some 12 ponds and lakes were sampled similarly.

A study of slope development as related to vegetation exposure, and the nature of the sur-
ficial material was made. Systematic soil sampling of the entire valley was completed.

The daily maximum and minimum temperatures and relative humidity were recorded for
both the upper and lower ends of the valley for most of the field season.
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Reference

Pessl, F. , "Glacial geology and geomorphology of the Sortehjorne area, East Greenland, "Arctic,
15(1), 73-76, 1962.

Dr. Donald F. Eschrnan
Department of Geology and

Mineralogy
The University of Michigan
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GEOLOGY OF THE ELLSWORTH MOUNTAINS

University of Minnesota
Minneapolis Minnesota

Dr. Campbell Craddock, Principal Investigator

Field Investigators

Mr. Robert H. Rutford, leader
Mr. Thomas Bastien, assistant leader
Mr. rohn Evans
Mr. Barton D. Gross
Mr. Walter D. M. Hall (New Zealander)
Mr. Bernhard Spoerli (Swiss)
Mr. Alfred Zavis (USGS)
Mr. Kelvin P. Rennell (Bishop Museum)

Background

Operations Areas

Heritage Range and
Sentinel Range of the
Ellsworth Mountains.

During the past several years steady progress has been made toward completing the geologi-
cal study of West Antarctica. Field studies have been made to the north, northwest, south, and
southwest of the largely-unexplored Ellsworth Mountains. Scientific knowledge of these mountains
is needed, to help complete the picture of the geologic history of this part of the continent s The Uni-
versity of Minnesota Is conducting a continuing program of geological investigations Inthe Ellsworth
Mountains.

During the 1961-1962 and 1962-1963 seasons, Minnesota groups worked in the Sentinel Range
of the Ellsworths, almost certainly the highest and most rugged mountain range in Antarctica.

Exploration of the Ellsworths marked the fifth season of a long-term study of Antarctic moun-
tains, and the third season of Ellsworth investigations by the University of Minnesota, under the di-
rection of Dr. Craddock.

The Ellsworths were discovered In 1935 from the air by the explorer Lincoln Ellsworth, but
were not visited by a ground party until 1957. They appear to be Isolated, but mountains r a  e 1 
occur this way, according to the geologists. Links with other systems may be buried beneath the
deep ice blanketing the largely-unexplored surrounding territory.

Objectives

The ultimate purpose is to determine causes of formation of the mountains and mountain lay-
ers, and to relate them with other areas of Antarctica. A particular goal of this year's work was
to determine if the Ellsworths are linked with the Antarctandes chain to the north or the Transart-
arctic chain to the south, and if they were caused by the same uplifts.

Activities

The University of Minnesota geological party was assisted by the U. S. Army 62nd T r an s -
portatlon Detachment in completing reconnaissance of the 250-mile-long and 90-mile-wide E 11 s -
worth Mountains. They flew at altitudes as great as 16, 5Q0 feet and landed on summits as high as
12, 000 feet. This party was the first to depend almost entirely on high-altitude helicopters for Ant-
arctic geology.

U. S. Navy Air Development Squadron SIX aircraft, equipped with skis, placed the group at
a base camp, periodically resupplied It, and evacuated It at the end of the season. For local trans-
portation, the scientists used motor-powered toboggans.
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Field work involved determination of the shape of mountains and surface features, kinds of
rocks in various layers, folding of layers, gravity measurements, and collection of specimens for
later determination of age, fossil content, chemical composition, and magnetization.

Scientists and helicopter crews were based at Camp Gould, about 800 miles from the South
Pole and 1, 300 miles from McMurdo Station. They logged 300 hours of flight time and covered
thousands of miles.

The researchers collected 3, 500 pounds of samples. They hope analysis of their collec-
tions will give them clues to the land beneath the continental icecap, which is over 2 miles thick in
places and covers all but the higher mountains. Exposed rocks of above-snow peaks provide the
only direct information about that which lies beneath the ice.

Messrs. Hall, a New Zealander, and Spoerli, a Swiss, were included in the field party be-
cause of their experience in the New Zealand and European alps. Mr. Zavis, a topographer with
the U. S. Geological Survey, established locations and altitudes of several mountains for c all-
bration of photo-mapping. Mr. Renriell, an entomologist with the Bernice P. Bishop Mu s e urn,
searched unsuccessfully for insects, but found specimens of lichens and algae and measured wea-
ther variables close to growing surfaces.

A trip to the Jones Mountains, in another area of Antarctica, was made after the scientists
returned from the Ellsworth Mountains. They spent a day exploring, by conventional methods, a
unique feature, the importance of which was realized during analysis of results obtained by afield
party that investigated the area 2 years ago. They saw evidence that a striated surface between
the oldest rocks of the area and newer deposits may have been caused by an icecap that covered the
area before the formation of the present ice sheet, or may be due to lava that once flowed over the
region.

Reference

Schmidt, Paul G., "Geological Reconnaissance of the Ellsworth Mountains, "Bulletin of the U. S.
Antarctic Projects Officer, Vol. LU, No. 8, April 1962, pages 17-20,

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, pages 34-35.

Vol. IV, No. 9, June 1963, pages 77-78.

Vol. V, No. 9, May 1964, pages 16-17.
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[-I:PATTERNED GROUND IN ANTARCTICA

The University of Wisconsin
Madison, Wisconsin

Dr. Robert F. Black, Principal Investigator

Background

Dr. R. F. Black exca-
vating an ice-wedge us-
ing a gasoline-powered
jackhammer. Ice samp-
les collected from the
wedge enable investiga-
tors to determine the
origin and history of the
wedge.

(Photograph furnish-
ed by Dr. Black.)

Field Investigators

Dr. Robert F. Black
Mr. Thomas E. Berg

Orations Areas

Ross Island
Dry Valleys S

In areas of permafrost (permanently frozen ground) patterned ground in the form of poly-
gons, circles, or stripes creates striking patterns, especially when viewed from the air. In Ant-
arctica the non-sorted polygon is the most common form of patterned ground. The polygons, 4 to6
sided in plan and 5 to 30 m in diameter, are outlined by troughs 2 to 6 m wide and up to 2 m deep.
Beneath the troughs are wedge- shaped fillings of ice, sand, or mixtures of the two, whose apices
point downward. The wedges are the result of contraction of the ground during the winter. Stress-
es set up by a sudden drop in temperature cause the ground to crack. Hoarfrost may form in these
cracks or, in dry inland areas, sand may fall into the cracks. The following summer the ground
warms up and the cracks attempt to close but do not, due to the filling of hoarfrost or sand. The
following winter this process is repeated and the wedges continue to grow.

For the past 3 years, the growth rates of wedges have been measured in an effort to use wed-
ges as a method of dating the advance and retreat of glaciers In Victoria Land. As these wedges do
not form and rarely are preserved beneath glaciers, but form immediately upon retreat of glaciers,
the widths of the wedges should provide an excellent indication of the date of retreat if annual growth
rates can be accurately determined.

Unfortunately there are many complications. Environmental conditions, such as precipita-
tion, temperature, availability of sand, presence or absence of a snow cover, amount of ice present
in the subsurface, and many others, result in variable growth rates. Therefore the local environment
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0 must be well understood before the method can be used with confidence.
Activities

The field personnel this year concentrated their work at McMurdo and in the d r y vail e y s
west of the station. Work included remeasurement of all contraction sites for the  determination
of growth rates, monitoring of ground and air temperatures, ground moisture studies, measurement
of other environmental conditions, excavation of numerous wedges and mapping the glacial geology of
the area.

The study just completed permits growth rates to be correlated with environment and age.
Growth rates vary from 0.3 mm per year in very dry areas to over 3 mm per year on ice-coredmo-
raines in coastal areas. Preliminary application of these rates to the glacial history of Victoria
Land indicates that some glaciers are as far advanced as they have been for 3,000 years. However,
there has been a retreat of others starting approximately 500 years ago. There appears to be no
correlation between the type of glacier (1. e, alpine or outlet) and whether it has advanced or retreat-
ed.

The major deglaciation of the valley floors occurred less than 10,000 years ago but there are
moraines on the sides of some valleys where, due to a thick, dry, surface layer, no patterned ground
is present and the surface may be older.

Compilation of data and publication of the results are being continued.
References

Berg, T. E. and R. F. Black, 1964. Validity of C 14 dates in Victoria Land, Antarctica (ab st.
Geol. Soc. Am. Spec, Pap, 76, pages 13-14.

• Black, H. F. and T. E. Berg, 1963. Dating with patterned ground, Victoria Land, Ant ar c t 1 c a
(abst.). Trans. Am. Geophys. Union, Vol. 44, No. 1, page 48.

1963. Hydrothermal regimen of patterned ground, Victoria Land,
Antarctica. mt. Assoc. Sci. Hydrology, Committee of Snow and Ice, Pub. No. 64pages 121-
127.

1963. Glacial fluctuations recorded by patterned ground, Victoria
Land, (abstj, Polar Record Vol. 14pages 752-753.

in press. Saline discharge from Taylor Glacier, Victoria Land, Ant-
arctica. T. Geoloqy,

in press. Glacier fluctuations recorded by patterned ground. SCAR
Symposium on Antarctic Geology, Cape Town.

in press. Patterned ground in Antarctica, in Proc. 1st Intern. Coi.
on Permafrost, National Academy of Sciences.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 40.
Vol. iv, No. 9, June 1963, pages 79-80.
Vol. V, No. 7, March 1964, pages 13-14.

Dr. Robert F. Black
Professor of Geology
The Unlveristy of Wisconsin
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GEOLOGIC COMPARATIVE STUDIES OF THE ANTARCTIC
	

.
PENINSULA AND SOUTHERN CHILE

The University of Wisconsin
Madison, Wisconsin

Dr. Robert H. Dott, 1r., Principal Investigator

Field Investigators

Dr. Martin Halpern
Dr. Kevin M. Scott

Operations Areas

Chilean Patagonia
(K. M. Scott, Spring)

Southern Chilean Archipelago
(M. Halpern, Fall)

Background

For the past few years comparative
studies of the geology of the north Antarctic
Peninsula and southernmost Chile have been
made in an attempt to understand more clear-
ly the geologic history of the Andean-Scotia-
West Antarctic mountain-island system.

Dr. Martin Halpern made detailed
studies in 1961-1962 of the Chilean Base
O'Higgins, Cape Legoupil, Antarctic Penin-
sula. Dr. Kevin Scott made reconnaissance
studies farther south around the Gerlache
Straits. The group has also been in close con-
tact with British geologists who have been ac-
tive in the Peninsula for many years.

Objectives

Relations of the history of mountain-
building to sedimentation and volcanism.

Activities
A total of 2 seasons have been spent by the 3 investigators at various Chilean bases in the

Antarctic, and 2 complete seasons have now been spent in southern Chile. Dr. Scott (1962-1963)
investigated in detail a well-exposed, structurally uncomplicated "flysch-like" sequence of Cre-
taceous strata north of the Straits of Magellan and Tierra del Fuego. Dr. Halpern in 1963-1964
spent a season in the southern islands below Tierra del Fuego and near Cape Horn in a varied
rock complex, probably mostly of Mesozoic ages. An extensive radioactive dating program of
granitic rocks is planned by him for this area next year.

Dr. Robert H. Dott, Jr.
Associate Professor
The University of Wisconsin
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ANTARCTICA AREA STATIONS
for

DEEP FREEZE 64
(See map on following page)

.

UNITED STATES

1. AMUNDSEN .SCOTT SOUTH POLE......Lat.	90001S
2. BEARDMORE STATION ...............Lat.	8321'S

(Summer)	 Long.	17454'E
3. BYRD STATION ......................Lat.	8001'S

Long. 11932'W
4. EIGHTS STATION....................Lat.	7515'S

Long. 7706'W
5. HALLETT STATION ...................Lat.	7219'S

(Jointly with New Zealand)	Long.	17013'E
6. LITTLE ROCKFORD STATION ..........Lat.	7914'S

(Summer)	 Long.	147*29'W
7. Mc MURDO STATION.................Lat.	77*51'S

Long. 16640'E

ARGENTINA

8. DECEPCION.........................Lat.	6259'S
Long. 6043'W

9. ESPERANZA.........................Lat.	6324'S
Long. 5656'W

10. GENERAL BELGRANO................Lat.	7758'S
Long. 3&48'W

11. MELCHIOR ..........................Lat.	6420'S
(Summer)	 Long. 6259'W

12. ORCADAS...........................Lat.	6045'S
Long. 4443'W

13. TENIENTE MATIENZO................Lat.	6458'S
Long. 6003'W

AUSTRALIA

14. DAVIS..............................Lat.	6835'S
Long. 7758'E

15. MAWSON ...........................Lat.	6736'S
Long. 6253'E

16. WILKES STATION .................... Lat.	615'S
(In temporary custody of Australia) Long. 11032'E

In addition to these stations, field camps and sub-
stations are occupied intermittently throughout
the year.

CHILE

17. AGUIRRE CERDA.....................Lat.	6256'S
Long. 6036'W

18. ARTURO PRAT.......................Lat.	6229'S
Long. 5938'W

19. BERNARDO O'HIGGINS...............Lat.	6319'S
Long. 5754'W

20. COMODORO GUESALGA..............Lat.	6746'5
(Summer)	 Long.	6853'W

21. GONZALES VIDELA...................Lat.	6449'S
Long. 6251'W

22. YELCHO............................Lat.	6450'5
(Sub-base, Summer)	 Long.	6335'W

FRANCE

	

*23.	CAMP HEURTIN .....................Lat.	37501S
Long. 7734'E

	

24.	DUMONT D'URVILLE.................Lat.	6640'S
Long. 14001'E

	

* 25.	POINTE MOLLOY....................Lat.	4921'S
-	 Long. 7012'E

*	^6.	PORT AUX-FRANCAIS.................Lat.	4921'S
Long. 7004'E
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* 27.	CAMPBELL ISLAND..................Lat.	5233'S
Long. 16909'E

28. HALLETT............................Lat.	7219'S
(Jointly with United States)	Long.	17013'E

29. SCOTT..............................Lat.	77*51'S
Long. 16648'E

SOUTH AFRICA

* 30. GOUGH ISLAND.....................Lat.	4019'S
Long. 0951'W

* 31. MARION ISLAND.....................Lat.	4653'S
Long. 37*52E

32. SANAE..............................Lat.	7118'S
Long. 0221'W

33. TOTTENBUKTA......................Lat.	7016'S
Long. 0221'W

	

* 34.	TRISTAN ISLAND....................Lat.	3703'S
Long. 1219'W

U.S.S.R.
35. KOMSOMOLSKAYA ................... Lat.	7406'S

(Summer)	 Long.	9728'E
36. MIRNYY.............................Lat.	6633'S

Long. 9301'E
37. MOLODEZHNAYA.....................Lat.	6740'S

Long. 4551'E
38. N OVO LAZAR EVSKAYA.................Lat.	7046'S

Long. 1150'E
39. VOSTOK............................Lat.	7827'S

Long. 10652'E

In addition to the permanent stations, Russian
parties will be stationed at former station sites and
field camps.

UNITED KINGDOM

40. BASE B (DECEPTION ISLAND) ........ Lat.	6259'S
Long. 6034'W

41. BASE D (HOPE BAY).................Lat.	63o24'S
Long. 5659'W

42. BASE E (STONINGTON ISLAND).......Lat.	68 * 1 1'S
Long. 67*00'W

43. BASE F (ARGENTINE ISLANDS)........Lat.	65 * 1 5'S
Long. 6416'W

44. BASE H (SIGNY ISLAND) ............. Lat.	6043'S
Long. 4543'W

45. BASE K (FOSSIL BLUFF)............Lat.	7120'S
(Summer)	 Long.	6817'W

46. BASE M (GRYTVIKEN, S. GEORGIA).. . . Lat.	5416'S
Long. 3630'W

47. BASE T (ADELAIDE ISLAND)..........Lat.	6746'S
Long. 6854'W

48. BASE V (VIEW POINT)................Lat.	6332'S
(Summer)	 Long.	57*24'W

49. BASE Z (HALLEY POINT).............Lat.	7531'S
Long. 2636'W

In addition to these stations, field camps and sub-
stations are occupied intermittently throughout
the year.

Stations not shown on H. 0. 16429-A
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GEOPHYSICS-- -

•	 ::

I -p-

4_1

Antarctica is the only continent supporting the weight of an icecap. The effect of this weight
on the crust and its underlying mantle, and the degree to which equilibrium has been established,
are problems of direct interest to studies of crustal rigidity and plastic flow within the earth.

Studies of the physical properties of the crust and the upper mantle advance our understand-
ing of the nature of the earth as a unit. Crustal studies involve the static and dynamic properties
of rock not accessible for direct measurement. The nature of these underlying rocks is surmised
through seismic and gravity measurements and studies of magnetic field anomalies.

Itself seismically inactive, the Antarctic is a favorable location for the study of earthquakes
originating in the Southern Hemisphere. Since 1957, seismological observatories have been main-
tained at Hallett Station by Columbia University and at Byrd and Amundsen-S C ott South Pole Sta-
tions by the Coast and Geodetic Survey.

The United States program in gravity studies has proceeded in three phases: (1) establish-
ment of a first-order base station (McMurdo), (2) use of geodetic gravity meters to establish
secondary bases at other stations, and (3) measurement of gravity in interior regions.

The University of Wisconsin conducted a program of aeromagnetic measurements in Ant-
arctica again this season, as has been done since 1957. The program is primarily aimed at de-
termining depth of basement rocks and surface rocks beneath the ice.

Airborne magnetic studies will be emphasized during the World Magnetic Survey, 1964-
1965, when a minimum of solar activity is anticipated. Major flight lines across the Antarctic Con-
tinent will be required.

Reports on this season's activities in geophysics appear on the following pages. These studies
were accomplished under the auspices of the National Science Foundation's U. S. Antarctic Research
Program.
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CONDUCT OF STATION SEISMOLOGY PROGRAM

Lamont Geological Observatory
Columbia University, Palisades, New York

Dr. Jack Oliver, Principal Investigator

U
,- S T ,	 ---.----------.- -

0521	 0542
Hallett, Antarctica, seismograms for earthquake on West Chile rise, 14 November 1958.

Field Investigators	 Oration Area

New Zealand geophysicists	 Hallett Station

Background

Since 1957, the Lamont Geological Observatory, in conjunction with the New Zealand Gov-
ernment, has maintained the Hallett seismological station. Original equipment and annual expen-
dables for the station were provided through a National Science Foundation grant to Columbia
University. New Zealand geophysicists operated the instruments in the field.

Objective

The seismological observatory at Hallett Station is maintained to record long-period and
short-period seismic waves and to provide a seismic file for the study of earthquakes and earth
structure in Antarctica and in surrounding oceanic areas.

Equipment

Until the early part of 1963, the seismic instrumentation consisted of a WiUmore short-
period vertical seismograph and a three-component Press-Ewing long-period seismograph. Ear-
ly in 1963, the U. S. Coast and Geodetic Survey installed a standard seismic station at Hallett. The
recordings from the previous instruments were discontinued at that time.

References

Alsop, L. E., 1964. "Spheroidal Free Periods of the Earth Observed at Eight Stations around the
World, Bull. Seismol. Soc. Am., 54:755-776. (Spectral analyses of the Chilean earth-
quake of 22 May 1960 were made using records from Hallett and seven stations in various
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parts of the world.)

Oliver, T., 1962. "A World Wide Storm of Microseisrns with Periods of about 27 Seconds," Bull.
Seismol. Soc. A., 52:507-517.

Sykes, L. R., 1963. "Seismicity of the South Pacilic Ocean," T. Geophys. Res., 68:5999 -6006.

and T. Oliver, 1964. "The Propagation of Short-Period Seismic Surface Waves
across Oceanic Areas," (in preparation). Abstract publiched in program of XIII General
Assembly of International Union of Geodesy and Geophysics, Berkley, August 1963.

Related Bulletin Article

Vol. IV, No. 9, June 1963, page 109.

Mr. Lynn Sykes
Lamont Geological Observatory
Columbia University
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Mr. Norman W. Peddie - Byrd
Mr. Robert G. Tate - Pole

Byrd Station and Amundsen -Scott
South Pole Station

ANTARCTIC SEISMOLOGICAL OBSERVATORIES

U. S. Department of Commerce
Coast and Geodetic Survey

Washington, D. C.

Rear Admiral H. Arnold Karo, Principal Investigator

General view of
South Pole Station.
Main camp is in
background; new

Z7
___

	

	 World-Wide Sei-
-	 mograph buildings

-	 are in foreground.
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Field Investigators	 Operations Areas

Background

The Coast and Geodetic Survey has operated seismological observatories at Byrd andAmund-
s e n-Scott South Pole Stations since 1957. The data obtained are transmitted by telegraph to Wash-
ington for use in the Survey's Epicenter Program which locates earthquakes and computes their mag-
nitudes for international distribution. These readings have greatly increased the number of earth-
quakes located and the accuracy of the hypocenters in the Southern Hemisphere by providing azimuth
control previously unobtainable.

The data from these stations are published in the quarterly Antarctic Seismological Bulletin
within several months of the end of the quarter to which they pertain. The bulletins are available
on request from the Director, Coast and Geodetic Survey, Washington, D. C. 20230.

The seismograms are sent to Washington annually for further analysis. They are available
to seismologists throughout the world for studies of the continental and sub -oceanic crustal struc-
ture in the Antarctic, microseisms, and wave propagation through the mantle and core of the earth.

Objective

To maintain and operate seismological observatories at Byrd and Amundsen - Scott S out h
Pole stations.
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Activities

World -W id e Standard Instruments were installed at Amundsen-Scott South Pole Station.
Copies of seismograms from that station are available from the Director, Coast and Geodetic Sur-
vey, Washington, D. C. 20230, Attn: Seismology Data Center, for a charge of $0,008 per seismo-
gram copy on 35 mm film, $0.03 per copy on 70 mm film and $0.32 per full-sized paper copy.

A vertical component Benioff, two horizontal component Wilson- Lami son, one verticalcom-
ponent Sprengnether, and two horizontal component Sprengnether seismographs are operated at
Byrd Station. Further information regarding copies of these records may be obtained from the Di-
rector, Coast and Geodetic Survey, Washington, D. C. 20230.

Related Bulletin Articles

Vol. III, Nos. 9-10 , Summer Issue 1962, page 63.

Vol. flY, No. 9, June 1963, pages 109-110.

Rear Admiral H. Arnold Karo
Director,
U. S. Coast and Geodetic Survey
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Field Investigators Operations Area
Per Gjelsvik
Richard Wanous Logistic and special

flights over inland areas.
Background

pAEROMAGNETIC MEASUREMENTS IN ANTARCTICA

The University of Wisconsin
Geophysical and Polar Research Center

Madison, Wisconsin

Dr. Charles R. Bentley and Dr. John C. Behrendt,
Principal Investigators

Magnetic measurements have been taken during logistic and special flights in this continu-
ing project since 1957. The readings have been used principally to ascertain depth of basement
rocks (those underlying sedimentary layers) and to supplement seismic data in determining depth
of surface rocks beneath the Ice.

Previous observations have shown the existence of numerous magnetic anomalies In a re-
gion extending from Marie Byrd Land past the Jones Mountains to the base of the Antarctic Penin-
sula. These anomalous areas, which are presumably associated with the known volcanic rocks in
this region, do not extend beneath the Ice sheet to the Ellsworth Mountains. The "hiagrietic base-
merit" apparently deepens about halfway between Byrd Station and the Sentinel Range. More in-
formation in this region was desired, as was generally fuller coverage of West Antarctica to pro-
mote better correlation of subglacial geology with areas of known surface geology.

Very few measurements had been previously made In the Transantarctic Mountains despite
therelatively extensive geologic work which has been carried out and is still continuing. It was hoped
that a geomagnetic map of these very important mountains would provide a better idea of their geo-
logic nature and also aid in following the trend of the mountain structure where It disappears.

Activities

Two airborne nuclear precession magnetometers were available. Per Gjelsvik flew with one
out of McMurdo Station, most of his flights crossing the Transantarctic Mountains; Richard Wanous,
based at Byrd Station, flew most of the West Antarctic lines. Approximately 48,000 km of aeromag-
netic profiles were flown using Air Development Squadron SIX LC-47 aircraft. Traverses were
made roughly perpendicular to the trend of the Transantarctic Mountains from Ironside Glacier at
72 OS. 169 °E,, south and east to an unnamed glacier at 860	136 °W. These profiles extended about
450 km into the plateau of East Antarctica and totaled about 28,000 km. Another 20,000 km of flight
lines were concentrated to the east of Byrd Station over the northern Pensacola Mountains, Berk-
ner Island, the Fllchner Ice Shelf, and the Ellsworth Mountains. In addition to the magnetic data
collected, snow surface elevations were measured at 5-minute intervals using barometric and radio
altimeters in the aircraft.

Reference

Behrendt, J. C. and R. J. Wold, Depth to magnetic basement in West Antarctica, J. Geophys. Res,,
68, 1145-1153. 1963.

Related Bulletin Articles

Vol. II, No. 5, January 1961, pp. 25-26; Vol. III, No. 7, March 1962, p. 13; Vol. III, Nos. 9-10,
Summer Issue 1962, p. 52; Vol IV, No. 9, June 1963, pp. 116-117. Vol. V, No. 7, March1964, p. 13.
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OVERSNOW TRAVERSE PROGRAM

The University of Wisconsin
Geophysical and Polar Research Center

Madison, Wisconsin

Dr. Charles R. Bentley, Principal Investigator

Field Investigators

Dr. Manfred Hochstein, traverse leader
Mr. F. Jerry Clark
Mr. Thomas R. Horrall
Mr. William M. Boman
Mr. John S. Ong
Mr. Michael Phelan, USCGS

Background

Operations Areas

From Byrd Station to
the Filchner Ice Shelf

This was a continuation of the University of Wisconsin's program of oversnow geophysical
exploration. The latest in the succession of oversnow traverse parties carried out its operations
in Edith Ronne Land between Byrd Station, the Ellsworth, Whitmore, and Pensacola Mountains, and
the Filchner Ice Shelf, Previous traverses had shown large irregularities in the subglacial topo-
graphy in the eastern part of this area, which is of great importance in understanding the geologi-
cal relationship between East and West Antarctica. There were also strong Indications of an ice
stream in this area. In the western part of the region investigated more detailed study of the sub-
glacial topography was required since gravity data were lacking from previous traverses.

Objectives

The traverse was designed to complete the picture of the subglacial extension of the Trans-
antarctic Mountain Range, to study the continuity of the nunatak system between the Ellsworth and
Thiel Mountains, to trace the southerly extent of the deep basin under the eastern edge of the Filch-
ner Ice Shelf, and to delineate the motion of the suggested ice stream which may drain a large part
of the polar plateau.

Activities

The traverse left Byrd Station at the end of November and covered 1,650 statute miles in92
field days. A total of 45 seismic reflection points and one reversed refraction profile indicated
that the nunataks between the Sentinel and Thiel Mountains are sitting on a ridge gently sloping to
sea level. No evidence was found of a channel cutting through this ridge. Deep sediments were
found north of the ridge near the Filchner Ice Shelf, Some 520 gravity and 2,060 magnetic stations
occupieçl along the traverse route confirmed the seismic results. A total of 25 temperature meas-
urements in 10 m holes indicated cold ice in the area of the suggested ice stream. In addition, ice
cores for micrometeorite and glaciological studies and water samples for chemical and stable iso-
tope analyses were taken.

References

Bentley, C. R., Glacial and subglacial geography of Antarctica, Geophys. Monograph 7: Antarc-
tic Research, Amer. Geophys. Union, 11-25, 1962,

Behrendt, J. C., R. J. Wold, and F. L. Dowling, Ice surface elevation of central Marie Byrd
Land, J. Glaclol,, 4, 121-123, 1962.
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Related Bulletin Articles

Vol. V, No. 4, December 1963, page 19.

Vol. V, No. 5, January 1964, page 8.

Vol. V, No. 9, May 1964, pages 15-16.

Dr. Charles R. Bentley
Associate Professor
The Tiniverlsty of Wisconsin
Geophysical and Polar Research

Center
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GLACIOLOGY
The vast Antarctic icecap, containing over 95 per cent of the earth's ice, demonstrates its

Influence throughout all the scientific studies of the continent. Thus It is no wonder that it is one of
the primary areas of study in the Antarctic. The greater part of the surface of the icecap Is com-
posed of either loose or packed snow, with a minimum of rock debris.

Determination of the true size of the icecap and the thickness of the ice have been primary
areas of investigation since 1957 and are now quite well-known. Now that the more general ques-
tions are better understood, the Investigators are attacking some of the more detailed ones.

This past season, The Ohio State University Initiated a long-term study for determining the
changes in Ice thickness, elevations, and surface velocities. The U. S. Army conducted a program
to further define the physical properties of snow and ice.

The summaries of these two programs, which were carried out under the auspices of the
National Science Foundation's U. S. Antarctic Research Program, are presented on the following
pages.
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Field Investigators Operations Areas

Dr. Richard L. Cameron
Mr. Arthur S. Rundle

Vicinity of Byrd
Station.

Background

BYRD STATION GLACIOLOGY

The Ohio State University
Institute of Polar Studies

Columbus, Ohio

Dr. Richard L. Cameron, Principal Investigator

Detailed glaciological investigations along an Ice flow line in Marie Byrd Land will repre-
sent the first phase of al ong-term  study aimed at understanding the dynamics of the ice-accumu-
lation, horizontal s t r a in, changes in elevation, etc. This information will lead to knowledge a-
bout the age of the ice at various depths and about the stability of the ice sheet in this part of the
continent, and will be of use in connection with later d e e p -drilling operations planned for Byrd Sta-
tion.

Objectives

To initiate long-termed glaciological studies along ice flow l i nes from which future meas-
urements of accumulation, surface elevation, ice thickness, surface velocity, and strain can be
made, to determine the changes of these parameters over periods of years.

Activities

The 2-rn an glaciological party started operations late in November at Byrd Station with ex-
cavation of a 10-meter pit to be used for firn settling measurements. In December, the party was
Joined by 2 topographers of the U. S. Geological Survey. They then commenced the installation and
survey of a network of movement stakes, leaving Byrd Station on 26 December.

This study utilized quadrilaterals with corner stakes of 4- by 4-inc h posts set 6 feet In the
snow for stability, which will eventually give not only movement but change of movement with direc-
tion. In this manner, the divergent or convergent ice flow can be accounted for in the determination
of equilibrium of the ice cap of West Antarctica. Remeasurement is planned after a lapse of 3 or 4
years.

The field party returned to Byrd Station on the last day of Tanuary after extending the strain
network 96 km to the northeast to approximately 79°34'17"S, 115°29121?TW.

At Byrd Station, the base point of Array Zero of the photogrammetric surface movement
survey from Byrd Station to the Whitmore Mountains was tied into Stake #1 of the strain network.
The small strain net at old Byrd Station was resurveyed, a contour map prepared of a 1 km 2 area
where 100 accumulation stakes had been placed earlier, and data obtained for a location map.

A 14-rn long, 1- 1/2-m wide, and 2-rn deep trench was excavated for firn studies, Including
density profiles, stratigraphic and grain- si z e observations, and photographic recording of the study
wall. Samples were taken for 016/018, deuterium, and particulate analyses, and two 8 m cores
were obtained.

Remeasurement of the 100 stakes In the 1 km 2 accumulation net showed an average accumula-
tion of 1.5 cm snow over a 2-month period. The distance between dowels in the 10-rn deep "settling"
pit showed no appreciable change.
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Mr. Anthony Gow (Leader)
Mr. George Hendrickson
Mr. Robert Rowland

Old and new Byrd Stations,
South Pole Station, McMurdo
Sound and United States

Mr. Chester Langway (Leader)
Mr. Edward Bon Durant
Mr. David Donovan

Greenland and United States

Background

SNOW AND ICE DEFORMATION AND ANALYSIS OF DEEP ICE CORES

U. S. Army Cold Regions Research and Engineering Laboratory

Mr. James A. Bender, Principal Investigator

Field Investigators	 Operations Areas

This program provides for two glaciological projects with supplementary laboratory Investi-
gations in the United States. One phase of the research Is In the Antarctic and a complementary
phase Is in Greenland. The Greenland research Is designed to develop and perfect techniques and
equipment for future Antarctic studies.

Objective

To provide further data on the physical properties of polar ice and snow and to develop tech-
niques for dating and analyzing deep ice cores.

Activities

Remeasurements of snow accumulation were made on the two stake lines laid out near Byrd
Station the previous season. Emphasis was on the accumulation in the valleys and on the crests of
the undulating snow surface. The texture of snow and firn to a depth of 30 meters was Investigated
by means of thin sections. Samples were collected for oxygen isotope studies, and the closure of
t he 300-meter drill hole was again measured. Snow studies were also made at the South Pole and
additional samples were collected for Isotope studies.

Measurements of thickness, salinity, density and ring tensile strength of both the new annual
and 2-ye ar-old sea Ice at McMurdo Sound were completed. The composition and structure of the
McMurdo Ice Shelf in the Immediate vicinity of the Dailey Islands were Investigated in cores from
two drill holes. Preliminary analyses Indicate that existing hypotheses on the formation and nour-
ishment of this shelf must be revised.

In Greenland, Ice cores were examined for fabric and structure of crystals chemical con-
tent and particulates. New techniques, using Carbon-14, to date glacier Ice have proven to be
very encouraging, and analyses of the gases entrapped in Ice are currently in progress.

References

Gow, A. J., 1963, The Inner Structure of the Ross Ice Shelf at Little America V, Antarctica, as
Revealed by Deep Core Drilling, I. U. G. G., A. I. H. S. Publication No. 61, pages 272-84.

Hendrickson, G. and R. Rowland, 1964. Strength Studies on Antarctic Sea Ice, USA CRREL
Technical Report No. 156 (in press).

Langway, Chester C., Jr., 1963. Some Physical and Chemical Investigations of a 411 on Deep
Greenland Ice Core, USA CRREL Research Report 77 (in press).
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Langway, Chester C., Jr., 1963. Sampling f or Extra-terrestrial Dust on the Greenland Ice Sheet.
I. U. G. G., A. I. H. S. Publication No. 61, pages 189-98.

Wright, F. W., P. W. Hodge and C. C. Langway, Jr., 1963. Studies of Particulates for Extra-
terrestrial Origin. Tournal of Geophysical Research, pages 5575-87.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 43.

Vol. IV, No. 9, June 1963, pages 85-86.

Dr. James A. Bender
Chief, Research Division
U. S. Army Cold Regions Research

and Engineering Laboratory
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S
This season the United States Geological Survey continued an extensive mapping program in

the Antarctic with projects for establishing ground control in parts of the Pensacola Mountains, Ells-
worth Mountains, and the Ross Island area. In addition to these projects, geodetic surveys were ex-
ecuted in support of various other scientific disciplines.

Other mapping projects were carried out in the United States, including the continuation of a
project by the Office of Geography to provide up-to-date, comprehensive nomenclature for identi-
fiable geographic features and areas in Antarctica. The Geological Survey published four 1:250,000-
scale topographic maps of the Horlick Mountains, making a total of 13 sheets now available at this
scale. Mapping at the same scale Is presently underway for 12 sheets In the Queen Maud Range, 8 in
the Queen Alexandra Range, 6 in the Britannia Range, 6 covering the McMurdo area, and 19 inVic-
toria Land.

Geographic information supplied to the Geological Survey initiates from many sources; for
example, traverses, aircraft flights, ship explorations, arri new map data produced by the various
countries with field parties on the continent. All data are evaluated and utilized in the continuing
effort to provide new Antarctic maps, and to revise and update existing maps.

The American Geographical Society continued to update its 1:3,000,000-scale maps of the Ant-
arctic Continent in preparation for the revision of the 1:5,000,000-scale map to be issued In 1964.
The same organization has also undertaken to plan and publish for the National Science Foundation
a series of map folios devoted to those fields of Antarctic investigation that lend themselves to map
representation. Two grants recorded in the following pages reflect this project, but activity is not
confined to the institutions mentioned. Others, under varying arrangements, are also preparing
material for the map folio series.

Summaries of the mapping programs carried out under the auspices of the National Science
Foundation's U. S. Antarctic Research Program are presented on the following pages.
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GLACIOLOGICAL MAPS OF ANTARCTICA

The Ohio State University
Institute of Polar Studies

Columbus, Ohio

Dr. Richard L. Cameron, Principal Investigator

Field Investigators	 Operations Area

No field investigations	 United States

Background

The National Science Foundation has initiated several new projects to encourage and pro-
mote the dissemination of Antarctic scientific information. One of these is the production of an
Antarctic map folio series. The American Geographical Society has undertaken the task of plan-
ning and publishing the series of map folios which will be devoted to those aspects of the know-
ledge of the Antarctic that lend themselves to map presentation.

One of the early folios will contain maps of the glacial and subglacial relief of Antarctica,
and features of the ocean bottom relief north to 35°S. latitude. (For information on this work, see
"Preparation of Antarctic Maps" on page 136.)

Another folio will show results of glaciological studies, including the thickness of the ice
sheet, temperatures and densities within the ice, and rates of snow and ice accumulation. Inf or-
mation for this folio will be contributed by the Institute of Polar Studies of the Ohio State Universi-
ty, the Geophysical and Polar Research Center of the University of Wisconsin, and U. S. Army
Cold Regions Research and Engineering Laboratory.

Objective

To prepare a series of maps showing the characteristics and amount of snow and ice in Ant-
arctica to facilitate the preparation of the second of the series of scientific map folios on Antarctica
being produced by the American Geographical Society.

Activities

Work is progressing at the University on the preparation of the maps for inclusion in the
folio series.

References

National Science Foundation, U. S. Antarctic Research Program, Antarctic Rftn.ort, Vol.), No. 1,
Fanuary 1964, pages 7-8.
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ANTARCTIC GEOGRAPHIC NOMENCLATURE

U. S. Department of the Interior
Office of Geography

Dr. Meredith F. Burrifi, Principal Investigator

Investigators

Mr. Fred G. Alberts
Mrs. Virginia S. Taylor
Mr. Gordon D. Ashley

Background

The geographic nomenclature of Antarctica was long in need of an overall systematic treat-
ment, objective in approach and based upon thorough examination of the evidence. The results of
such treatment were presented in BGN Special Publication No. 86 (The Geographical Names of Ant-
arctica, 1947) and two supplements (1949, 1951) totaling over 1,400 name decisions, and BGN Gaz-
etteer No. 14 (Geographic Names of Antarctica, 1956) with more than 3,400 decisions. Since 1956,
the various nations have applied several thousand additional names; those approved by the Board
have been listed in recent issues of the Bulletin of the U. S. Antarctic Projects Officer.

Objective

The primary objective of this continuing work Is the building of an orderly, comprehensive
geographic nomenclature for the Antarctic region.

Activities

The Office of Geography performs the staff research for the Advisory Committee on Antarc-
tic Names, which makes recommendations on Antarctic names and policy to the Board on Geogra-
phic Names, and the Secretary of the Interior. Members of the Advisory Committee are Dr.
Kenneth T. Bertrand, Chairman, Dr. Albert P. Crary, Dr. Henry M. Dater and Mr. Herman R.
FrUs. Dr. Meredith F. Burrill is ex officio member.

Each physical feature for which a name has been applied is researched to establish the facts
of its discovery, mapping and initial naming, the appropriateness of a given name and the extent to
which usage may have become established. Names investigated include those applied by individuals
or groups in the United States as well as other countries. Problems, such as the use of different
names for the same feature, are ironed out whenever possible by correspondence with other names
authorities. The most celebrated names conflict, the long-standing Palmer Peninsula/Graham
Land controversy, was resolved this year when the United States and United Kingdom agreed that
this major feature would henceforth be Antarctic Peninsula.

During the past year the Board examined and approved nearly 1,000 names, many for use on
new maps and charts by the Geological Survey, Naval Oceanographic Office, and university or other
groups participating in the U. S. Antarctic Research Program. In addition, the Office assisted gov-
ernment mapping agencies, as well as private organizations, In the editing of new Antarctic maps.
Hundreds of geographic name inquiries and related questions on Antarctica were received and
answered.

Future work will continue the examination of names not already considered and the review
and revision, where necessary, of names approved earlier. A publication of all Antarctic names
approved by the Board is contemplated.
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References

The three references listed below contain the complete listing of approved geographic names
of Antarctica to date.

U. S. Department of the Interior, Office of Geography, Board on Geographic Names, Gazetteer
No. 14, Geographic Names of Antarctica, Revised edition, January 1956.

U. S. Antarctic Projects Officer, Supplement to the Gazetteer No, 14, (reprinted from various
Bulletins of the U. S. Antarctic Projects Officer), January 1963.

Bulletin of the U. S. Antarctic Prolects Officer, Vol. V, No. 8, April 1964, pages 10-18.

Mr. Fred G. Alberts
Regional Geographer
Office of Geography
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ANTARCTIC MAPPING OPERATIONS 1963-1964

United States Department of the Interior
U. S. Geological Survey

Dr. Thomas B. Nolan and Mr. George D. Whitmore,
Principal Investigators

Topographic Engineers	 Operations Areas

Mr. Donald C. Barnett	 Pensacola Mountains, Ellsworth
Mr. James R. Heiser	 Mountains, Northern Victoria
Mr. Richard E. Kenfield	 Land, Marie Byrd Land, Ross
Mr. Kenneth S. McLean	 Island, and Christchurch, New
Mr. Alfred Zavis	 Zealand.

Photographic Specialist

Mr. William R. MacDonald

Background

Requirements for ground control necessary for the compilation of maps covering the Trans-
antarctic Mountains have been satisfied to a great extent through the successful execution of the
Topo North and South and the Topo East and West helicopter-supported traverses during the pre-
vious two austral summers.

Consequently, this	1s geodetic control requirements for mapping were concentrated in
two isolated mountain groups, the Heritage Range of the Ellsworth Mountains and the Neptune Range
of the Pensacola Mountains,

As in previous years, topographic engineers performed additional geod?ttc surveys necessary
to the successful completion of other scientific studies, such as biology, geology and glaciology.

Objectives

Provide field research scientists with needed cartographic materials, adequately map geo-
graphically important areas of Antarctica, and satisfy the surveying and mapping requirements of
other scientific disciplines.

Activities

The U. S. Geological Survey sent five topographic engineers and one photographic specia-
list to Antarctica in October 1963. Two engineers accompanied the U. S. Geological Survey geo-
logic party to the Pensacola Mountains, one engineer worked with the University of Minnesota
field party in the Ellsworth Mountains, and two engineers established a precise ice-strain net in
the vicinity of Byrd Station.

The photographic specialist was assigned to the U. S. Navy Photographic Laboratory in
Christchurch to advise on the quality of developed photography. and to assist with further planning
and necessary reflights. In addition, he also served as visual navigator on all aerial photographic
missions flown by the C-121J,

Pensacola Mountains

Two hundred and fifty miles of electronic traverse were executed to completely control the
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were completed at the previously established Patuxent Camp astronomic station.
Ellsworth Mountains

The engineer accompanying the University of Minnesota geological party in the Ellsworth
Mountains established additional mapping control In this area. Supported by the U. S. Army heli-
copter detachment and assisted by the geologists, the engineer extended a previously established
electronic control net through the Heritage Range of the Ellsworth Mountains. The Camp Gould
astronomic station, established during the 1962-1963 field season, was strengthened by observa-
tions on 18 additional stars.

North Victoria Land

The planned geodetic tie between positions established by the Topo North traverse In 1961
and the Topo West traverse in 1962 was cancelled. The operation was aborted after the Army UH-
lB helicopters suffered extensive wind damage in a sudden storm shortly after their arrival at Hal-
lett Station.

Marie Byrd Land

Two engineers established a precise ice-strain net which originated at New Byrd Station and
now extends approximately 60 miles to the east towards the divide between the Filchner Ice S he if
and the Ross Ice Shelf. To obtain the required surveying accuracy of 1 part In 60, 000, the engi-
neers used theodolites for angulation and electronic equipment for distance measurements.
Ross Island

Adverse weather conditions and the unavailability of helicopter support at opportune times
precluded the proposed traverse tie between McMurdo and the local triangulation net at Cape Crozier.

S
Topographic engi-
neer Kenneth S.
McLean using a
theodolite to estab-
lish a station of the
precise ice .. strain
net near Byrd Sta-
tion, Antarctica.

(Photograph cour-
tesy of author.)
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a
Topographic engi-
neer Donald C.
Barnett and geolo-
gist Paul Williams
enroute to new sur-
vey station In Nor-
thern Neptunes.

(Photograph cour-
tesy of author.)

Aerial Photoqraphy

The aerial photography program was severely hampered by the lack of an aircraft with suit-
able operational capabilities. LP-21 Neptune airplanes, previously used in Antarctica to photograph
400, 000 square miles, were unavailable because they were phased out of U. S. Naval aircraft inven-
tory in 1963. Photographic mapping missions were flown by a C-121r Constellation limited to opera-
tions from Williams Field, McMurdo. Final analysis of the season's photography indicates t hat
areas totaling about 15,000 square miles were photographed acceptably for use in the mapping pro-
gram. In addition, approximately 16,000 square miles of special photography were obtained for use
by other USARP disciplines. The total VX-6 photographic accomplishment for DEEP FREEZE 64
was 31, 000 square miles, or 12 per cent of the combined TJSGS-USARP mapping and special photo-
graphic requirements for the year.

References

Bermel, P. F. March 1964. The Development of Ground Control for Antarctic Topographic Ma
Chapman, W. H., fune 1960. Field Control for Antarctic Mapping.

September 1962. Projects Topo North and South.
Lee, D. R.,, March 1963. Daylight Star Observations in Antarctica.
National Science Foundation in cooperation with the U. S. Geological Survey, August 1961. Plan for

Topographic Mapping of Antarctica.
Radlinski, W. A., September 1962. Mapping of Antarctica.
Whitmore, G. D., August 1959. Topographic Mapping in Antarctica.

Mr. Peter F. Bermel
Acting Chief
Office of International Activities
U. S. Geological Survey
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PREPARATION OF ANTARCTIC MAPS

The University of Wisconsin
Geophysical and Polar Research Center

Madisbn, Wisconsin

Dr. Charles R. Bentley, Principal Investigator

Field Investigators	 Operations Area

No field investigations	 United States

Background

The National Science Foundation has initiated several new projects to encourage and promote
the dissemination of Antarctic scientific Information. One of these is the production of an Antarctic
map folio series. The American Geographical Society has undertaken the task of planning and pub-
lishing the series of map folios which will be devoted to those aspects of the knowledge of the Ant-
arctic that lend themselves to map presentation.

One of the early folios will contain maps of the glacial and sub-glacial relief of Antarctica,
and features of the ocean bottom relief north to 35°S. latitude. Material for this folio is being com-
piled at the University of Wisconsin Geophysical and Polar Research Center, the Columbia Univer-
sity Lamont Geological Observatory, and the Seismology Division of the U. S. Coast arid Geodetic
Survey. (For information on the second folio, see "Glaciological Maps of Antarctica;" on page 129.)

Objective

To prepare a series of seven maps showing topographical and geophysical properties tofa-
dilitate the preparation of a series of scientific map folios on Antarctica being produced by the
American Geographical Society.

Activities

At the University, work progressed on the project to prepare a series of maps depictingAnt-
arctic snow surface elevation, ice thickness, rock topography, and gravity anomalies. The work is
nearly completed, and awaits only the inclusion of up-to-date  results from the field season just
completed.

Reference

National Science Foundation, U. S. Antarctic Research Program, Antarctic Repo, Vol. 1, No. 1,
anuary 1964, pages 7-8.

Dr. Charles R. Bentley
Associate Professor
The University of Wisconsin
Geophysical and Polar Research

Center
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METEOROLOGY

Since Antarctica is a major planetary heat sink, it influences the weather of a large part
of the world. Therefore, extensive scientific efforts are being made in meteorology at inland,
coastal, and research vessel stations.

The main U. S. effort is directed toward the evaluation of the heat, mass, ozone, and radi-
ation budgets for the Antarctic region. Thu; the emphasis on ozonesonde and radiometersonde
flights, which provide the vertical distribution of ozone, radiative cooling rates, wind speed and
direction, pressure, and temperature. These observations are supported by a continuous reading
of surface pressure, temperature, humidity, and wind speed and wind direction.

Reports on the meteorological research programs carried out this season under the aus-
pices of the National Science Foundation's U. S. Antarctic Research Program are presented on
the following pages.

137	 Bulletin of the U. S. Antarctic Projects Officer



Field Investigators Operations Areas
Mr. Anthony 3• . Gow
Dr. Richard L. Cameron
U. S. Weather Bureau personnel

Amundsen.-Scott South
Pole, Byrd, and Eights
Stations.

Background

OXYGEN—ISOTOPE RATIOS AND DEUTERIUM CONTENT
IN ANTARCTIC SNOW

California Institute of Technology
Division of Geological Sciences

Pasadena, California

Dr. Robert P. Sharp and Dr. Samuel Epstein,
Principal Investigators

Stud y of oxygen-isotope ratios in the snow, firn, and Ice of glaciers in Alaska, Cana,
United States, and particularly on the Greenland Ice Sheet has shown that variations in the 0 /0
ratio can be used effectively as a tool in glaciological research. For example, in Greenland such
variations have successfully identified layers of winter and summer snow, thus establishing the an-
nual rate of accumuation. The thickness of annual layers in deep cores (300 meters) has alsobeen
determined by 018/0 6 variations.

During the International Geophysical Year, attempts were made to apply this technique to
samples from various U. S. Antarctic stations. This preliminary work showed that the Antarc-
tic relationships are much more complicated than those of other areas. Good curves of varia-
tions in 0i016 ratios were obtained, but in some Instances their interpretation Is at variance
with conclusions based on firn stratigraphy.

Objectives

The principal aims of work to earted in 1964 are to resolve some of the uncertainties
arising from the earlier studies of 0 16/0-LO ratios in Antarctic materials. Specifically, efforts
will be made to obtain and analyze specimens from pits dug at or near accumulation stakes where
a record has been kept for several years that permits accurate identification of specific layers of
snow as to their date of accumulation. This should give a direct check of variations of 01/016
ratios within a known thickness of accumulated snow. Analyses will also be made of samples taken
from pits and cores in which the stratigraphy has been throughly studied or controls of other natures
are well established. Samples of n e w -fallen snow collected throughout the year will be analyzed,
and particular attention will be given to instances in which the upper air-temperatures are well
known. This phase of the work benefits from the cooperation of the U. S. Weather Bureau,

Samples of win d-blown snow will be checked against t he oxygen-isotope ratios of snow
accumulating on the surface to see if there is a differentiation resulting from wind action. Samp-
les from specific types of strata such as win rugs, melt crusts, and sublimation layers will
also be analyzed. Opportunity to check the 0 8/016 	of identifying annual layers against
identifications based on variations in particulate matter may be provided by the cooperation of the
Institute of Polar Studies at Ohio State University (James Gliozzi).

Activities

Field collections will be made In 1964 by Gow, Cameron, and personnel of the U. S. Weather
Bureau. Analyses will be made in the geochemical laboratories of the Division of Geological Sciences
a the California Institute of Technology.
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Reference

Epstein, Samuel, Robert P. Sharp, and Irene Goddard, "Oxygen-Isotope Ratios in Antarctic Snow,
Firn, and Ice", Tour. of Geoloqy, Vol. 71, No. 6, pages 698-720, 1963.

Dr. Robert P. Sharp
Division of Geological Sciences
California Institute of Technology
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ANTARCTIC METEOROLOGICAL RESEARCH PROGRAM
ABOARD USNS ELTANIN

U. S. Department of Commerce
Weather Bureau

Dr. Robert M. White, Principal Investigator

Radiosonde release from stern of USNS ELTANThT

(Photograph furnished by author)

Field Investigators

Mr. Keith Blessum
Mr. Ernest Etheridge
Mr. Reginald C. Baum

Operations Areas

Drake Passag South Sandwich
Island Area,Beuingshausen Sea

Background

The waters of the oceans, in their inter-
action with the overlying air, are important fac-
tors in the heat and water budgets of the planetary
atmosphere. These ocean masses are particular-
ly significant in the Southern Hemisphere, where
98 per cent of the earth's surface Is water in the
zone between 400 and 65° South. The lack of land
masses for weather observation stations in this
area operates against the establishment of ade-
quate meteorological networks over the ocean.

The lack of meteorological data in this zone has handicapped studies of the large-scale cir-
culation, o c e a n-atmosphere coupling, transport of heat and other forms of energy in the atmosphere,
and the meteorological relationships between Antarctica and the rest of the Southern Hemisphere.
The Antarctic research vessel, USNS ELTANIN, operating in high southern latitudes of the south-
west Atlantic and south Pacific Oceans, is carrying out meteorological programs to help fill this
Informational gap.

Objective

To obtain information which will help provide a more complete picture of the meteorology of
Antarctica and related areas and of the meteorological relationships between this area and the rest
of the Southern Hemisphere.

Activities

Operating aboard USNS ELTANIN, U. S. Weather Bureau personnel take upper-air ob-
servations measuring the vertical distributions of atmospheric cooling rate, ozone concentrations,
wind direction and speed, temperature, pressure and humidity. Deck ob s e r v at i on s i n c 1 u d e
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measurements of surface ozone concentrations, precipitation, temperature, pressure, humidity,
wind speed and wind direction. Operational weather forecasts for the optimum scheduling of ac-
tivities of other disciplines are also provided.

Related Bulletin Article

Vol. IV, No. 9, Tune 1963, page 95.

William S. Weyant
Chief, Polar Meteorology

Research Project
U. S. Weather Bureau
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ATMOSPHERIC — OCEANIC— GLACIOLOGIC
INTERACTION IN ANTARCTICA

U. S. Department of Commerce
Weather Bureau

Dr. Robert M. White, Principal Investigator

Field Investigator	 Operations Areas

Mr. Angelo F. Spano	 Ross Sea sector between
New Zealand and the South
Pole, (and in the U. S. A.)

Background

A considerable portion of the sea surrounding Antarctica undergoes an annual cycle of freez-
ing and melting. The reflectivity (albedo) of the open ocean is much less than that of partially or
fully ± c e-covered seas. Therefore, the amount of Ice cover present, and to some extent the type
of ice, determines the amount of solar energy absorbed near the sea surface. As the sea serves as
a heat source and the Antarctic Continent a heat sink, the variation of albedo of the sea surface is an
important factor in the overall heat and mass budgets of the Antarctic region.

Objective

The basic objective is the further description and explanation of the physical processes occur-
ing in the atmosphere and ice of Antarctica and their interaction with each other and the surround-
ing sea.

Activities

The second season of airborne measurements of albedo over representative ± c e-water sur-
faces was completed during the early part of the 1963-1964 austral summer. Aerial photographs
supplemented the observations of incoming and reflected solar radiation, which were made in the
Ross Sea sector of Antarctica. The dates and tracks of the flights are shown in the accompanying
chart.

In addition to the regular flights over various sea Ic e-water surfaces, flights were made
for special research purposes. These included a flight over open water near Campbell Island to
obtain the characteristic albedo of open water surfaces and to obtain some wave photographs for an
oceanographic study; flights at several levels over a homogeneous surface to determine the effect
of aircraft altitude on the measured albedo; flights along tracks perpendicular and parallel to the
direction of the sun to determine any effect of the sun's azimuth on the measurements obtained;
and a flight to the South Pole Station to examine the continental albedo and to relate the aircraft
values to those of a surface station.

Besides the field work discussed above, the program provides for research investigations
in the United States, using Antarctic data, in the following areas:

(1) Atmospheric Circulation and Transport Studies

The atmospheric transport of sensible heat and water vapor across the Antarctic bound-
ary is the subject of continuing and additional investigations. In particular, the atmospheric trans-
port of water vapor by both eddies and the mean circulation is being studied.
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(2) Radiation

Work continues on the preparation of a surface radiation climatology for the Antarctic
Continent. Data from a concentrated field program of radiation measurements, both surface and
upper air, are to be used in a more accurate determination of the heat and radiation budgets of
Antarctica and for possible indirect determination of the water vapor distribution at heights from
which no direct observations are available.

(3) Oceanography
All available data will continue to be used as they become available in studying the Inter-

actions among the atmosphere, the ocean waters and the sea Ice.

(4) Ozone
A summary and analysis of the U. S. Antarctic ozone data is being prepared. Ozone-

sonde observations will be used as tracers of atmospheric motions, by analyzing the ozone concen-
trations at various atmospheric levels and their changes with time.

Related Bulletin Article

Vol. lv, No. 9, Tune 1963, pages 96-98.

William S. Weyant
Chief, Polar Meteorology

Research Project
U. S. Weather Bureau
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METEOROLOGICAL RESEARCH PROGRAM IN ANTARCTICA, 1963-64
	 I

U. S. Department of Commerce
Weather Bureau

Dr. Robert M. White, Principal Investigator

Field Investigators

Byrd Station -

Eights Station -

South Pole Station -

Henry L. Leopold
Raymond Erven
Benjamin F. Groves
Ronald R. Stephen

Wesley R. Morris

Robert C. Judd
Harold 0. Gatlin
Robert C. Grass
Henry B. Schroeder

Summer Personnel - (Or 1963 wintering person.
nel who remained for the
austral summer season.)

Gene S. Levi
Douglas J. Johnson
Robert L. Melrose
Larry R. Shute
Edward J. Landry
John A. Shelton
Simon J. Roman
David R. Whitman
Kent A. Wyckoff
Paul L. Adams
Edwin C. Flowers
Walter Komhyr
William S. Weyant

(Hallett)
(Hallett)
(Hallett)
(Hallett)
(Byrd)
(Byrd)
(Pole)
(Pole)
(Pole)
(Byrd, Pole, Hallett)
(Byrd, Pole, Hallett)
(Byrd, Pole, Hallett)
(Byrd, Pole)

I

Background

Meteorological programs have been con-
tinued in Antarctica since their commence-
ment during the International Geophysical Year.
Emphasis this year is on obtaining upper-air
and surface radiation and ozone data, with sup-	(Photograph courtesy of author.)plementary surface weather observations. The
program is designed both to yield more knowledge concerning Antarctic atmospheric processes per
Se, and to dovetail with International Years of the Quiet Sun programs on a worldwide basis.

All regular meteorological data obtained as a corollary to the field research program are made
available to the International Antarctic Analysis Center in Melbourne, Australia, and to all U. S. in-
stitutions and agencies and those of other nations interested in Antarctic research

145	 Bulletin of the U. S. Antarctic Projects Officer 
149



Objectives

To provide adequate and specific data (1) for research investigations of the heat, water, radia-
tion and ozone budgets of Antarctica; (2) for the development of a comprehensive understanding of
the still unsolved problems of ocean.tc-glaciologjc-atmospheric relationships; (3) for the study of
the electrical conductivity of the atmosphere and of the variations in carbon dioxide concentration;
(4) for the formation of a body of valid statistics which will serve these purposes.
Activities

Regular radiometersonde flights and continuous surface radiation observations are made at
Byrd and South Pole Stations. Ozonesonde and Dobson total ozone observations are made periodi-
cally at these stations, and surface ozone concentrations are continuously measured at Byrd, Pole
and Eights Stations. Special carbon dioxide measurements are made at the South Pole, and atmos-
pheric electrical potential gradient is measured at Eights Station.

Standard upper-air and surface meteorological data are collected to provide supplementary
data for the reduction and evaluation of the measurements mentioned above. These meteorological
observations are furnished to the LAAC for use in preparing charts of the higher-latitude Southern
Hemisphere, and are made available to any other U. S. agency or other nation having a research
or operational interest in Antarctic meteorology.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 57.

Vol. IV, No. 9, June 1963, pages 99-100.

William S. Weyant
Chief, Polar Meteorology

Research Project
U. S. Weather Bureau
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ANALYSIS OF KATABATIC WIND DATA FROM ANTARCTICA

Geophysical Institute
University of Alaska

College, Alaska

Mr. Keith B. Mather, Principal Investigator

Field Investigators	 Operation Areas

Data are drawn from many	 Coastal and inland Ant-
national Antarctic parties	 arctica
over many years.

Background

The surface wind flow In many sections of the Antarctic coast is systematically offshore, and
can be explained on a fairly simple hydraulic approximation as due to a cold layer of air accelerated
down the coastal slope of the ice cap under gravity. This is the so-called katabatic wind. It is
predominately southerly, with an easterly component arising from the Coriolis effect. Local fea-
tures can cause considerable change in the pattern of flow, e. g., strong channeling down ice gullies
and into depressions, etc.

Objectives

To determine the relationship of strength and direction of surface winds to the contours of the
ice cap.

Activities

In the present study, all available surface wind data are being compiled in an effort to determinE
to what extent, and over what area of Antarctica, the katabatic flow Is significant compared with cy-
clonic effects. Data are of two kinds: Direct data derived from meteorological records of stations
and traverse parties, and indirect data inferred from prevailing sastrugi patterns in the snow. Com-
bining these, the pattern of surface wind flow is compared with the ice contours, where known.

A sideline investigation concerns the tendency for katabatic winds to 'surge' which may be inter-
preted as a relaxation oscillation, i. e., the cooling of a surface air layer to a point of instability
whereupon the flow starts strongly but eases when warmer air replaces the cold layer.

References

Polar Record. Vol. 9, No. 62, May 1959, pages 436-445.

Polar Record, Vol. 14 No. 71, May 1962, pages 158-169.

Mr. Keith B. Mather
Director, Geophysical Institute
The University of Alaska
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The Antarctic Ocean with its unique icebound southern coastline and free-floating ice masses,

is the only ocean that extends around the whole circumference of the earth with contact among the
three major water bodies of the world: the Atlantic, Pacific, and Indian Oceans.

Owing to its remoteness, great difficulties of access, and extremely unfavorable climatic con-
ditions, this ocean has posed unique problems to explorer and scientist alike. Further difficulty
has been encountered because of the necessity of devoting first attention to the heavy logistics com-
mitments of the ships goingto Antarctica.

Until 1961, a large part of the oceanographic research projects conducted in the Antarctic was
carried out as ships proceeded on logistic missions. During the 1961-1962 season, a. major effort
was made to gain more knowledge of the waters surrounding the continent. Investigations were
carried out aboard ships of National Science Foundation grantee institutions, foreign nations, the
United States Navy, and USNS ELTANLN (an ice-strengthened oceangoing laboratory operated for
the National Science Foundation by MSTS).

The 1963-1964 season oceanographic program was a continuation of programs started In pr e -
vious years. Columbia University continued its microbiological investigations and oceanographic
survey aboard tJSNS ELTANILN; Texas A&M University, in cooperation with the Argentine Navy, con-
tinued the productivity program begun in 1962 and the current measurement program begun in 1961;
and the U. S. Naval Oceanographic Office, for the ninth consecutive year, carried out shipbased
oceanographic observations aboard U. S. Navy and Coast Guard icebreakers.

In the United States, The Florida State University continued its marine geology program which
was begun during DEEP PREZE IV, and Texas A&M University pursued the study of trace e 1 e -
merits in the Antarctic bottom sediments.

The oceanographic programs presented on the following pages were all sponsored by the Na-
tional Science Foundation's U. S. Antarctic Research Program.,
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MICROBIOLOGICAL INVESTIGATIONS ABOARD
USNS ELTANIN

Columbia University
Lamont Geological Observatory

Palisades, New York

Dr. Paul R. Burkholder, Principal Investigator

Biology laboratory
aboard USNS
ELTANI

(Photograph fur-
nished by author)

Field Investigators

Dr. Frederick Bach,
cruises 7 & 12

Mr. Donald R. Wixsom,
cruises 8,9&l0

Mr. Carl Hicks,
cruise U

Laboratory Invest1ators

Mrs. Lillian M. Burkholder
Dr. Harvey Asterita
Mr. Carl Baren

Operations Areas

Aboard USNELTANIN
during cruises 7-12

Background

This is a continuing investigation of primary productivity, phytoplankton, bacterial activity, and
chemical values in marine sediments of Antarctic waters.

Objectives

To study the relationship between the physical and chemical factors of the ocean and the life
that is found there.

Activities

During the period of time covered by this summary, the Lamont Geological Observatory partic-
ipated In this program aboard URNS ELTANThT during cruises 7 through 12. (For an account of EL-
TANIN cruises, see pages 207 through 214.)

The microbiology group is investigating the species of phytoplankton which occur at different
depths, geographic locations, and times of the year. Plankton is quantitatively filtered from the sea-
water pump through a No. 20 net suspended in a large cylinder. Total numbers per cubic meter and
percentage of each species in the phytoplankton community have been calculated and plotted on charts.
Qualitative samples of plankton are obtained by towing a No. 20 net from a depth of about 100 meters
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to the surface. The chlorophyll content of the standing crop of phytoplankton is determined at dif-
ferent depths and stations as an index to the potential productivity. Samples of water are filtered
through Millipore filters to collect the organisms, and the pigments are then extracted in 90% ace-
tone. The absorption of the mixed pigments in solution is determined with a spectrophotometer and
by simple calculations, the mg. of chlorophyll a per cubic meter is calculated. The data for cruises
7 through 12 have been plotted for all stations on charts.

Primary productivity of the plankton is estimated by incubating measured samples of seawater
in glass bottles to which a known amount of Na2C 1402 has been added. The incubation takes place
in a light incubator for a definite period of time (usually 5i ours) and then the plankton organisms
are filtered out of the water on a Millipore filter. The C -  removed by photosynthesis of the plank-
ton is measured with a beta-counter and then by simple calculation one finds the photosynthesized
portion of the total CO2 present in the seawater sample. Results have been calculated and plotted
as mg. of carbon per cubic meter of water. Incubation experiments have also been performed at
different temperatures and different light intensities. Photometric determinations of surface light
penetration of the euphotic zone have been made on various cruises.

In order to gain some idea about the bacterial conversion of organic material produced by the
plankton, studies have been carried on with the enumeration of bacteria present in the Antarctic
waters and sediments. Representative cultures of bacteria have been isolated and brought to La-
mont Observatory for special studies on their physiology and taxonomy. Work is progressing
rapidly on the determination of the growth responses of Antarctic bacteria to temperature and
various substrates. This project has six bacteriologists engaged in the determination of enzyme
activities, substrate utilization, and micromorphology of several hundred cultures obtained on
USNS ELTANIN.

Samples of sediments and plankton have been collected and frozen without addition of preserva-
tives for use in making certain chemical studies of organic and inorganic constituents, and the avail-
ability of materials in the sediments for bacterial growth. Assays of certain B vitamins and other
organic materials used in the growth of marine organisms in sediments will be made.

During cruise 7, 173 chlorophyll samples, 120 preserved phytoplankton samples, 36 sediment
samples from the Phieger corers, piston corer, and Peterson grab, 24 primary productivity stud-
ies using Carbon-14 10 water chemistry stations, 6 photometer stations, and 24 bacteriological
stations were completed. At the southern part of the cruise, collections of sea ice were obtained.

The phytoplankton results show both rich and poor plankton areas during the cruise.

Throughout cruise 8, as in other cruises, fresh seawater was pumped through the ship supply
line to the laboratory, then through a water meter and a net hung in a large plastic container. Dif-
ferent volumes of water were strained,depending upon the abundance of plankton in the water. Net
samples were also taken with a GM highspeed sampler and Clarke-Bumpus samplers.

On cruise 8, approximately 350 samples for chlorophyll a measurement were taken with Van
Dorn bottles at many depths in the water and from the seawater line.

On cruise 9, approximately 150 samples for extraction of chlorophyll a were obtained using Van
Dorn bottles and the seawater line to the laboratory.

Chlorophyll determinations were made aboard ship during this cruise. Carbon-14 incubation
studies proceeded as usual. Phytoplankton studies of two kinds were made. Qualitative plankton
tows were obtained with a No. 20 net and quantitative samples were collected by straining measur-
ed volumes of seawater from the seawater pump.

On cruise 10, approximately 364 samples were taken for extraction of chlorophyll a using Van
Dorn bottles and the seawater line to the laboratory. Two hundred and fifty incubations of water
samples were made with Carbon-14. Plankton sampling was continued routinely.
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During cruise 11, 130 samples for extraction of chlorophyll a were taken at depths of 0-100	ismeters using Van Dorn bottles and the seawater line to the laboratory. These samples, unfortu-
nately, were not stored at a low temperature, and the chlorophyll was destroyed. A total of 19 qual-
itative phytoplankton samples were obtained by towing a net at about 0-5 meter depth until a suitable
amount was secured. These collections were attempted at every station or whenever the ship was
hove to. Quantitative samples were collected daily by pumping 100 meters of seawater through a
net and reducing the sample to a standard volume of about 30 ml. A total of 152 chlorophyll s am -
pies were filtered from water samples taken between the surface and 100 meters.

Twenty-eight sediment samples were obtained from the Phieger bottom cores and frozen for
later assays. Seventy-two water samples were taken with the ZoBell bacteriological sampler at the
surface and at standard depths to 100 meters. These were then cultured i n m e di a for g  owing
and Isolating aerobic marine bacteria.

In addition to the principal activities, submarine photometer readings were taken at six stations
to determine the light intensity for Carbon-14 studies. Samples of sea Ice were retrieved for later
analysis.

During cruise 12, chlorophyll samples obtained at different depths from 0 to 150 m. totaled 251.
Of these, 22 were from the surface and 109 from the laboratory seawater line.

Chlorophyll determinations were made on board the ship. The irregular distributionof plankton
in the Weddell Sea observed on cruise 7 was confirmed. The number of preserved specimens total-
el 113, of which 21 qualitative samples were obtained with a net towed from 0-100 meters at each
major station. The rest was quantitatively obtained from the laboratory seawater line. All the
specimens were preserved In buffered formalin, except for one that was frozen for chemical studies.

A total of 375 Carbon-14 samples w as run in 65 incubation series. The effect of increased in-
cubation temperature (10° - 15°C. above environment) on carbon fixation, and the extent of varia-
tion in primary productivity due to high and low light intensity were studied.

Bacteriological samples were obtained with a sterile surface sampler and from bottom s e di -	S
ments. Emphasis was placed on obtaining microorganisms growing at temperatures between 2-4°C,
and organisms growing on relatively unenriched media.

Summary

A summary of the general observations made on the distribution of phytoplankton, chlorophyll, and
productivity can be given briefly. The marine phytoplankton of Antarctica is chiefly composed of dia-
torus. On cruise 7 during the Antarctic summer, phytoplankton was very abundant at many stations in
the Weddell Sea, although great variation in the abundance was noted from station to station. Very high
values were found at stations located approximately at 57'S. , 45 Ow. and 65°S., 45 °W. In contrast, the
plankton was relatively scarce on cruise 8 at most of the stations located east of the Weddell. On cruises
9 and 10, the plankton was also scarce. Increases in plankton were observed on cruise 11, especially at
stations located at approximately 60 to 65 05• and ilOto 120 0W. The plankton observed on cruise 12 in the
Weddell Sea was variable, with great abundance at some station.

Chlorophyll values on cruise 7 were variable in the Weddell sea, just as were the amounts of
plankton. The highest chlorophyll observed was In Deception Harbor during March, when one of
our field men on the Canepa observed a value of 9.5 mg. of chlorophyll a. per cubic meter near the
surface. Chlorophyll values became lower on cruise 8 and still less on curise 9, excepting along
the Chile coast, where there was much plankton at this time of the year. Chlorophyll was still
scarce on cruise 10. No reliable data were obtained on cruise 11. On cruise 12, chlorophyll be-
came abundant along the Chile coast and near the South Shetland Islands.

Primary productivity on the various cruises showed high values along the Chilean coast at lati-
tude 40-50, near the southern tip of South America, near Elephant Island, and near the South
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Shetland Islands, The highest value was found in Deception Harbor,

Chlorophyll a determinations on the vertical water column showed pigment maxima occurring
at approximately three meters. Ten-meter values generally equalled or surpassed chlorophyll a
values at the very surface, i. e,, within first meter of the water column

Thus far, about 300 cultures of bacteria have been isolated from Antarctic waters and sedi -
ments.  These organisms often show ability to grow over a wide range of temperatures from
near zero to about 30 degrees Centigrade. Most of them are Gram-, some are remarkably pleo-
morphic,, and nearly all hydrolyze gelatin and require amino acids for growth. They also require
seawater media, and will not grow In media made with tap or distilled water. Most of them also
are specific In their ability to utilize carbohydrates, Work Is progressing rapidly toward a de-
scription of these interesting bacteria which appear to be adaptable to low temperature conditions.

Several publications on the plankton and bacteriology are in preparation and will be submitted
for publication soon.

References

National Science Foundation, Ti. S. Antarctic Research Program, Antarctic Status Reports, March
1963 through April 1964.

Dr, Paul R. Burkholder
Chairman, B1olog Programs
Lamont Geological Observatory
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SYSTEMATIC OCEANOGRAPHIC SURVEY IN THE DRAKE PASSAGE
AND IN THE SOUTH ANTILLEAN SEA (SCOTIA SEA)

Columbia University
Lamont Geological Observatory

Palisades, New York

Dr. Maurice Ewing, Principal Investigator

Operations Areas

Cruises 6 through 11
of USNS ELTANIN,

Background

Columbia University's Lamont Geological Observatory has had responsibility for the hydrogra-
phic work aboard ELTANThT ever since 1962 when her first scientific voyages began. Hydrographic
stations were made in the Labrador Sea on cruise 2 of ELTANThT en route to the Antarctic. The pro-
gram which is now underway is leading to the accumulation of an unprecedented quantity of Antarc-
tic hydrographic data.

Columbia University's first work in the Antarctic Oceanwas done in 1956 when 61 hydrographic
stations were occupied on voyage Vema 12, This expedition was made jointly with the Argentine re-
search vessel, BAHIA BLANCA. Since 1956 Vema has continued work in the Antarctic in coopera-
tion with various Argentine and Chilean vessels. The start of the United States program utilizing
ELTANIN provided the first opportunity for uninterrupted work in the Antarctic. Of particular im-
portance is the fact that ELTANIN's work continues yearly 'round, for most of the previous work
had been confined to the Antarctic summers.

Objectives

To determine the circulation of water through the Drake Passage both by the classical method
of computing dynamic heights and by current meter observations made at different levels using an
anchored buoy system,

Activities

Hydrogra.phic and geochemical studies were continued in this program, and heat flow measure-
ments, geological studies, and biology studies were carried out. Surface and subsurface currents
were directly measured, heat flow through the ocean floor was determined, analysis of radioac-
tive elements in sea water were made in an attempt to understand the transition of water masses
in Antarctica, the profile of the ocean bottom was plotted, microfauna from cores were studied to
gain information of fluctuations of climate, and the ecology of skeletal plankton was studied. (For
an account of USNS ELTANIN cruises, see pages207 through 214.)

Two hundred and six standard hydrographic stations were taken at each degree of latitude, gen-
erally from 53°S. to pack ice, and along 13 meridians from 27 040 1W. to 115°W., andintheBrans-
field Strait, South Sandwich Trench, and Argentine Basin. The majority of these stations reached
bottom and resulted in samples at 23 discrete levels, while 3 to 6 shallow stations were usually
taken in quick succession at each crossing of the convergence. The Nansen bottle samples were
analyzed for salinity, oxygen, nitrate, phosphate, silicate and pH. Three thousand fifty-four bathy-
thermograph observations with surface salinity and surface temperatures were taken along the
ship's track. A Hytech hydrotemp surface temperature recorder was utilized to make continuous
surface temperature recordings. Phleger cores were employed on the bottom of each hydrographic
deep cast and the cores turned over to the Lamont Microbiology Department. A Doppler w ave
height sensor was designed and fabricated to study wave amplitude.
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Preliminary T-S curves, temperature and salinity profiles, track plots, etc. were done aboard
ship, and processing and analysis of the data are proceeding at the Lamont Geological Observatory.

References
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ANALYSIS OF DEEP FREEZE 63
ANTARCTIC BOTTOM SEDIMENTS

Florida State University
Tallahassee, Florida

Dr. H. G. Goodell and Dr. 1. K. Osmond,
Principal Investigators

Field Investigators	 Operations Area
Samples were collected	 United States
during DEEP FREEZE 63.

Background

The Department of Geology of The Florida State University has been associated with the Marine
Geology of the Antarctic since DEEP FREEZE W, and with the National Science Foundation's Ant-
arctic research vessel, USNS ELTANIN, since her beginning.

This grant is associated with one entitled "Marine Geology Aboard USNS ELTANIN" (see page
87) and consists of analysis of samples of Antarctic bottom sediments.

jctive

To continue analysis of core and grab samples taken during DEEP FREEZE 63. Work will in-
clude splitting, photographing, and lithological logging of cores. Samples will be taken for analysis
at the surface and at specified areas along the cores.

Activities

Samples were obtained by coring, dredging, and grab sampling. (For more information onthe
collection of samples during DEEP FREEZE 64, which was similar to the process for D E E P
Freeze 63, see pages 87-93.)

Upon arrival at the University, the wax is stripped from opposite sides of the plastic core lin-
ers and the plastic is barely cut through by means of a circle-saw. The cores are then split using
a fine wire and laid open, if thermal conductivity measurements are to be made, "windows" Inthe
plastic liners are opened prior to cutting for the insertion of heating element and thermisters. After
splitting the cores are tagged with plastic tags at 20-cm intervals, described, and then photographed
by a 70-mm track camera which makes a 1-to-1 continuous negative 100 feet long. Black-and-white
film is developed locally and proofed by blue-printing continuous strips of ozalid paper. The cores
are sampled as necessary, then placed in plastic sleeves still in their liner halves, and stored.

Textural, mineralogical, geochemical, and paleontological studies are in process.

Dr. H. G. Goodell
Associate Professor
Department of Geology
The Florida State University
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PRODUCTIVITY STUDIES IN THE DRAKE PASSAGE,
BRANSFLELD STRAIT AND WEDDELL SEA

Texas A&M University
Department of Oceanography & Meteorology

College Station, Texas

Dr. Sayed Z. El-Sayed, Principal Investigator

Field Investigators	 Operations Areas

Dr. Sayed Z. El-Sayed	 Argentine Coast
Dr. Enrique F. Mandelli	 Drake Passage
Mr. ByungD. Lee	 Bransfield Strait

Weddell Sea

Background

Although the waters surrounding Antarctica are considered the world's most fertile oceanic re-
gion, very few data have appeared in available publications dealing with primary production inthese
waters.

During the period February 1962 to the present, productivity studies were undertaken as apart
of a cooperative investigation between Texas A&M University and the Argentine Navy Hydrographic
Office with financial support from the Office of Antarctic Programs, National Science Foundation.
In the course of this investigation, primary production and phytoplankton standing crop were studied
along the Argentine continental shelf, the Drake Passage and the Bransfield Strait. In the latter
part of 1963 and early 1964, the area of investigation was expanded to include the Weddell Sea, one of
the least known seas in the world. (See figure 1.)

Objectives

To make measurements of primary production and standing crop of phytoplankton in the Drake
Passage, Bransfield Strait and the Weddell Sea; to study the vertical distribution of primary pro-
duction and chlorophyll a in the aforementioned areas and to study the effect of submarine light in-
tensity on the amount of production; to investigate the distribution of the nutrient elements in the
areas studied; to determine the seasonal and year-to-year variations in the magnitude of production;
and to study the species composition of the phytoplankton and zooplankton populations and their sea-
sonal variations in abundance.

Activities

To date, seven major cruises have been made aboard Argentine vessels ARA CapitanCanep
ARA Zapiola and the icebreaker General San Martin, The physical and chemical observations
during these cruises include: temperature, salinity, dissolved oxygen, transparency, phosphates,
silicates, nitrates, nitrites, pH and total alkalinity. Submarine light intensities were also mea-
sured at several stations.

Primary organic production was determined by the C 14 uptake method of Steemann Nielsen
(1952). The phytoplankton standing crop was estimated from the chlorophyll a concentration as mea-
sured by a Beckman DU spectrophotometer according to the method of Richards with Thompson (1952)
as modified by Creitz and Richards (1955).

For collecting phytoplankton to be used in identifying species, a 17-cm phytoplankton net (mesh
size 36p) was used. The zooplankton standing crop was studied from collections made with a 1-meter
plankton net (No. 3) and a 12-in. Clarke-Bumpus sampler (No. 8).
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Argentine icebreaker General San Martin in the Weddell Sea, 3anuary 1964.
(Photograph courtesy of author.)

Based on the preliminary analysis of the data collected so far, the findings, to date, can be
summarized as follows:

1. South of Tierra del Fu.p2o, and between the islands of the archipelago, the concentration
of surface chlorophyll a and C uptake decreased southward of the Beagle Channel to the northern
Drake Passage.

2. The concentrations of surface chlorophyll a and C 14 uptake In the Drake Passage (March
1963) decreased between Tierra del Fuego and the Antarctic Convergence; south of the convergence
they gradually incased, reaching their highest values north of the South Shetland Islands (chloro-
phyll , 3.5 mg/rn ; C14 uptake, 14.1 mgC/h/m 3). (Figure 2.)

3. The vertical distribution of chlorophyll a from the surface to a depth of 50 rn (during March
1963 cruise) showed little variation in the Drake Passage, but concehtrations were highest at 10 rn
in the Bransfield Strait.

4. In terms of chlorophyll a and primary production, the Bransfield Strait is considerably
more productive than the Drake Passage; averaged surface values of chlorophyll a and C 14 uptake2.4 mg/m3 and 8.3 mgC/h/m3 respectively for the Bransfield Strait, compared with 0.73 mg/
m and 3.5 mgC/h/m3 for the Drake Passage (March 1963).

5. Together with the physical data collected, corroborative evidence of the presence of the Ant-
arctic Convergence has been established by studying the species composition of the phytoplankton in
the Drake Passage.

6. Productivity values taken in December 196 3-January 1964 showed that the Weddell Sea
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Figure 2. Distribution of surface chlorophyll a and C 14 uptake across the Drake Passage.

exhibited conspicuous regional variations In production. In northern Weddell Sea, between South1
Orkney and South Sandwich Islands, substantial increase in concentration of chlorophyll a and c
uptake were found compared to the Drake Passage. The densest phytoplankton population wa .p found
south of the South Sandwich Islands where chlorophyll a values as high as 40 mg/m 3 and C 4 up-
take; 10 mgCfrn3 /11, were recorded. In the eastern and southern Weddell Sea, the paucity of the
phytoplankton was notable.

7. Sub-surface observations made in the Weddell Sea showed, in general, slight increases in
concentration at sub-surface levels (10-15 m) than at the surface. IL situ experiments showed
that the uptake of C 14 exhibited some inhibition in photosynthetic activity in surface s am p3, e s,
followed by an increase (between 5-10 m) and then a marked decline in activity at sub-surface level.

8. The poor development of phytoplankton in the eastern and southern Weddell Sea cannot be
attributed to the nutrient elements since it is unlikely that their high concentrations are limiting
factors. On the other hand, it would seem more likely that light plays a significant role in control-
ling phytoplankton production in Antarctic waters.

9. There is a great need for more observations and experiments on the physiology of Antarc-
tic phytoplankton under different light regimes in order to gain a better understanding of primary
production in Antarctic waters.
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CONTINUATION OF SURFACE AND DEEP WATER
CURRENT MEASUREMENTS IN THE ANTARCTIC

OCEAN (DRAKE PASSAGE)

Texas A&M Research Foundation
College Station, Texas

Dr. Dale Leipper and Captain Luis Capurro,
Principal Investigators

60'

V -\

Am

Field Investigator	75.

Captain Luis Capurro,
Argentine Navy

Operations Area

Drake Passage

Backqround

Since the end of 1961,
a program has been con-
ducted during the sum-
mer months of the South-
ern Hemisphere aimed at
directly measuring the
surface and deep currents
existing in the Antarctic
Ocean bottleneck - the
Drake Passage -which
is located between the
southern tip of South
America and the Antarc-
tic Peninsula.

The Importance of such
information in understand-
ing the whole scheme of the
deep-water oceanic circula-
tion has been indicated by
many oceanographers.

Objective

To measure currents
In the Drake Passage to pro-
vide factual Information on
oceanic motions in the region.

Activities
To date, three extensive

cruises have been carried out
in the area of operations, as
well as other shorter cruises
in the deep waters of the
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CURRENT MEASUREMENTS IN THE DRAKE PASSAGE AREA (SOUTHERN OCEAN)

Nominal Depth of	CURRENT	 WaterLatitude	Longitude	Observations	Speed	Direction	Techniqe	Depth	Date

	

(Meters)	cm/s	(Toward)	 (Fathoms)

56 0 42 1 S	660 07' W	 7	25	0200	Parachute	1,100	March 1963
drogue

56 0 42' S	660 07' W	 500	20	0100	Parachute	1,100	March 1963
drogue

560 42 1 S	660 07' W	 1,000	17	0000	Parachute	1,100	March 1963
drogue

550 06' S	640 09' W	 500	14	0500	Pinger	Not avail-	April 1963
able

60° 45' S	550 25' W	 659	14	1530	Pinger	Not avail-	April 1963
able

56° 45' S	660 10' W	 500	41.6	3550	Pinger	2,100	March 1964

560 45' S	660 10' W	 1,000	18.3	0210	Pinger	2,100	March 1964

56° 45' S	660 10' W	 1,500	18.9	0030	Pinger	2,100	March 1964

56° 45' S	660 10' W	 2,000	17.9	358°	Pinger	2, 100	March 1964

56° 45' S	660 10' W	 2,500	 8.3	3350	Plnger	2,100	March 1964
56 0 451 S	660 10' W	 3,000	8.9	3100	Pinger	2, 100	March 1964

Argentine Basin which served to test the instrumentation and measurement techniques.

The current measuring devices used in this work were neutrally buoyant floats, commonly
known as Swallow pingers, and parachute drogues.

The main limitation to the measurement program was the roughness of the sea. Because of
this the ship had to remain long intervals of time at sea in order to find good weather for the opera-
tion. The instrumentation had to be especially adapted.

Figure 1 shows the positions where measurements were made during the different cruises, in
the last cruise, research vessel ARA COMMANDANTE GENERAL ZAPIOLA was able to determine
effectively the structure of currents at the position (4).

The general results so far obtained are as follows: 1) Observed surface current varied between
2 knots toward the north and 0.7 knots toward the ENE. Since these determinations were obtained
in the last cruise when a good reference buoy (Station 4) was available, they are believed depend-
able. 2) Strong subsurface and deep currents were found. The above table shows the results so
far obtained.

Stations 1, 2, and 3 were covered the previous years (1962-63). Landmarks were used as ref-
erences because of difficulties with the anchored buoys.

A complete report will be written soon, and, when ready, it will be published in one of the spec-
ialized journals.

The program was carried out this time, as in previous years, with the cooperation of the Argen-
tine Navy which provided the vessel and some of the instrumentation, and the National S c I e n c e
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Foundation Office of Antarctic Programs, which funded the grant. Researchers from both Argen-
tina and the United States cooperated in this program.
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Professor
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5	TRACE ELEMENTS IN ANTARCTIC BOTTOM SEDIMENTS

Department of Oceanography and Meteorology
Texas A&M University
College Station, Texas

Dr. Ernest E. Angina, Principal Investigator

Investigators	 Operations Area
Dr. Ernest E. Angina	 United States
Mr. Sheldon E. Sommer

Background

Krauskopf (1956) made an extensive laboratory study of possible factors controlling the ionic
concentration of thirteen trace metals in seawater (Al, Co, Cr, Cu, Mn, Fe, Mo, Ni, Pb, Ti,
V, W, Zn) and showed t hat seawater is greatly undersaturated with regard to these Ions. Some
elements are selectively removed from solution by reactions between Ions in solution and solid ma-
terial (both particles (e, g. clays) in suspension and bottom sediments). The only detailed study
between Mo and W, for example, and silt, clay, and sand sizes in bottom sediments are those of
Isayeva (1960 a, b), Drozdova and Yemelyanova (1960), El Wakeel and Riley (1960), and first (1961).
A study of this nature should yield information as to relation of trace element content and sediment
type in an area of extreme, hydrologic conditions (I. e. water temperature, pH, etc.).

Recently, Llsitzin (1962) studied the trace element content of a few cores collected during re-
cent Antarctic operations of the Russian Research Vessel 'IOB.H His data are restricted, however,
to the elements Ti, Fe, Mn and P. Rough correlations between trace element content, sediment
size and depth in care were observed in samples examined. Such breaks in the trace element-
core depth plots are suggestive evidence of past climatic changes in the area. Work by Thomas
(1959) and Hough (1950) suggest a definite amelioration of climate in the Ross Sea area over the past
6000 years. Decided breaks were noted in plots of per cent kaolinite vs. depth and radiolarian
specimens (sp/cm2 ) vs. depth in core. These data suggest that some mechanism must have in-
hibited or arrested both organic production and sedimentation at various times In the past. A cli-
matic change (or changes) which would affect amount and extent of sea-ice cover is a likely possi-
bility. The work of Isayeva (1960 a, b) and Drozdova and Yemelyanova (1960) provide a possible
means of checking these changes by correlation of trace element content and sediment type.

Objectives

To determine if it is possible to use variations in trace element content as a function of depth
In the core and sediment type as an indicator of past climatic changes in Antarctic waters and addi-
tionally if these data might be suggestive of changes in the climatic regimen of adjacent continental
areas,

Activities

Of the results obtained to date, fair agreement is evident between the work under this grant and
that reported by Llsitzin (1962). Table 1 lists only the data that are directly comparable.

In the samples studied (Figure 1) so far, values for Mo are less than 20 ppm (0.002 17), Pb is
less than 50 ppm (0.005%) and Zn and W<200 ppm (0.0270). Of the elements investigated, aluminum
Is domlnant,yieldlng values in the range 4-11.5%. Results for Cr, Ni, Co, V and Cu are quite vari-
able with no distributional pattern discernable. Inasmuch as a complete elemental ratio analy-
sis (Cu/Al, NI/Al, etc,) has not yet been compiled and subjected to the different multiple regress-
ion correlation techniques available, It would be premature to state that no pattern exists.
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S	Table 1 - Comparison of trace element data from recent Antarctic sediments

This Study*	 Lisltzin 1**	 Lisitzin 2**

Fe	2-5.5%	 3-5%	 0.1-1%
Mn	0.04-0,4596'	 0.03-0,2%	 Not given
Ti	0.25-0.409o'	 0.3-0.42%	 0-0.09%

* Ranges based on 80 samples (14 cores) from Ross, Amundsen, and Bellingshausen Seas.

** Location (1) 64 025 1 S, 92 0 59 1 E, depth= 2750 M
(2) 57°40'S, 75 019 tE, depth= 1605 M

In one core (78°08S 162'51 1 E) from western Ross Sea, the Cu/Al ratio remained essentially
constant (13x10 4 - 18x10 4) down the length of the core suggesting strongly that in this area, at
least, copper is being transported into basin of deposition on the clay (empirically Al Is a fair in-
dication of trends in total clay content of sediment materials (Hurst, 1961). Whether or not this, ratio
or others ar6 constant in other sediment samples from different areas has not yet been determined.

In an attempt to learn more of the mechanisms controlling the concentration and distribution
of different trace elements under study in recent glacial marine sediments analyses are being made
for percent organic matter (11202 method), percent carbonate (HC1 or HC2H302 method) and mag-
nesium (EDTA-Ethylenediaminetetraacetic acid-method). Subsequently, multiple correlation tech-
niques will be used to determine the correlation, if any, between these parameters and the abso-
lute concentration of, and the element ratios calculated for the different trace elements. To pre-
sent any firm conclusions regarding this study at the present stage of the investigation would be
untimely.
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Assistant Professor of Geochemistry
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SHIP-BASED OCEANOGRAPHY IN THE ANTARCTIC
AND SUBANTARCTIC

U. S. Naval Oceanographic Office
Washington, D. C.

Mr. James Q. Tierney, Principal Investigator

Field Investigators

Mr. James Q. Tierney
Mr. William A. Babis
Mr. Stephen W. Dorey
Mr. Robert S. Rushton
Mr. Richard M. Wargelin

Background

Operations Area

Ross Sea area

This was the ninth consecutive year that the U. S. Naval Oceanographic Office carried out ship-
based oceanographic observations aboard U. S. Navy and Coast Guard icebreakers.

Objective
To conduct basic oceanographic research in the true Antarctic by penetrating the heretofore un-

explored frozen sea areas to gain an understanding of the physical and chemical characteristics,
water mass types, circulation, and dynamics of the water masses.

Activities
The Oceanographic Office, supported by a National Science Foundation grant, conducted basic

oceanographic research in the Antarctic during the austral summer of 1963-1964. USS ATKA was
assigned as oceanographic survey ship by Commander Task Force 43 for the period 1 February
through 5 March 1964. Stations were occupied as follows:

3 February - 4. February	2 oceanographic stations
5 February - 7 February	9 oceanographic stations

13 February -26 February	46 oceanographic stations
1 March	- 5 March	22 ice forecast potential stations

	

Total	79

Exigencies of the naval service and transit time resulted in the curtailment of the oceanogra-
phic surveys program, permitting less than 23 days of operations. Figure 1 shows the location of
stations occupied during the program. Of the 90 proposed oceanographic stations, 57 were occu-
pied in the eastern reaches of the Ross Sea. Most of the stations westward from Edward VII Penin-
sula to about 1680 West longitude were attained only because ATKA arduously broke through eight-
tenths and greater concentrations of pack ice. Of the 28 ice forecast potential stations extending
from lower McMurdo Sound northward along the Victoria Land coast, 22 were reoccupied for the
fourth consecutive year.

Oceanographic survey operations were divided into two phases: (1) f r o m 3 F e b r u a r y to
26 F e b r u a r y, 57 s  and a r d oceanographic stations were occupied. These stations were lo-
cated from the ice shelf northward to beyond the continental shelf where water depths were in ex-
cess of 2, 000 meters. The interval between stations was approximately 30 miles; (2) from 1 March
to 5 March, 22 ice forecasting potential stations were occupied. During both phases Oceanographic
Office personnel made standard oceanographic observations at all stations.

Serial oceanographic data were collected with Nansen bottles placed at preselected depths
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FIG. 1	OCEANOGRAPHIC STATIONS - DEEP FREEZE 1964

extending from the sea surface to the bottom. Depth of each sample was determined by geometry
of the wire rope and/or thermometric computations based on protected and unprotected reversing
thermometers, and temperatures were measured with paired protected reversing thermometers.
Serial salinity, dissolved oxygen and nitrogen, inorganic phosphate, and pH water samples were ob-
tained, and analyses on all except salinity samples were performed aboard ship. Serial salinity anal-
ysis was accomplished at the New Zealand Oceanographic Institute by U. S. Naval Oceanographic Of -
fice personnel. Dissolved oxygen and nitrogen values were determined by the Oceanographic Office
modification of the Swinnerton-Linnenbom-Cheek gas chromatographic method, inorganic phosphate
by Strickland and Parsons spectrophotometric method, pH by means of a Beckman expanded scale pH
meter, and salinity by the inductively-coupled salinometer method. To determine the accuracy of
the gas chromatography equipment, 77 comparison dissolved oxygen samples were analyzed by
Thompson and Robinson modification of the Winkler method. Data from these observations are be-
ing processed and evaluated, and the results will be published as a Naval Oceanographic Office Tech-
nical Report.

The collection of bottom sediments was suspended due to a random variable error in the ship's
fathometer resulting in a loss hazard to equipment. As a result, only four serial bottom samples
were obtained. Only one plankton tow was attempted because of heavy concentrations of sea ice.

I 74'

76 0

74*

76'
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In addition to the foregoing, a special oceanographic cast was made to obtain 20 water samples
for geochemistry trace element studies. These 1-liter samples were immediately frozen and for-
warded, in this condition, to the Science Council of Japan.

A summary of observations made during DEEP FREEZE 64 is presented in the table below.

Type of Observation or Sample	 Recipient	 Number

Oceanographic Stations ........ 0 .......NAVOCEANO* .....
Serial Temperature , . . . . . . . . . . . . . . . . NAVOCEANO* .....
Serial Salinity . , ..................NAVOCEANO* .....
Serial Dissolved Oxygen/Nitrogen . . . . . . . . . NAVOCEANO* .....
Serial Inorganic Phosphate .............NAVOCEANO* .....
Serial pH ........................NAVOCEANO* .....
Serial Bottom Samples . ..... 0 .........NAVOCEANO .....
Serial Surface Biological Samples ......... NAVOCEANO .....
Geochemistry Trace Element Samples .,. .... Science Council of Japan.

*Data will be transferred to the National Oceanographic Data Center when processed.
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Tierney, James Q1,, 111964 Shipboard Oceanographic Program of the U. S. Naval Oceanographic
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U. S. Naval Oceanographic Office, Pre-DEEP FREEZE 1954-1955, USS ATKA, H. 0. Misc.
16331.

DEEP FREEZE 11955-1956 2 USS GLACIER, USS EDISTO, Rpt.
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U. S. Naval Oceanographic Office, DEEP FREEZE 60 1959-1960, USS ATKA, USS BURTON ISLAND,
USCGC EASTWIND, USS GLACIER, Rpt No. TR-82.
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Oceanographic Survey," II May 1964.
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* RELATED 1 '

SUPPORT

PROJECTS

i^c^l

1
Administration of so large a program as the United States Antarctic Research Program necess-

arily requires the granting of some funds not directly in support of specific research projects, but
which further the success of Antarctic research in some other manner.

Florida State University was the recipient of a grant to establish a geological sample storage
facility, core library, and research facility; and the Library of Congress received funds for pro-
viding an indexing and abstracting service which will provide interested persons and agencies with
rapid access to Antarctic literature.

The Ohio State University grant was for supplementing the University's administrative support of
the Institute of Polar Studies.

As in the past, Stanford University maintained, with National Science Foundation contracts, bio-
logical laboratories at McMurdo and Hallett Stations for the use of all biologists within the Founda-
tion's Antarctic program. Stanford has the responsibility of supplying operating, and maintaining
the laboratories, including the construction of any specialized equipment and the provision of ay -ear-
round laboratory technician to assist those using the facility.

In addition to the related support projects which are summarized on the following pages, were
several others which cannot be easily presented In a yearly summary. Fellowships were awarded to
two Chilean nationals to study at United States universities for MS degrees in exploration geophysics
and oceanography. The fellowships are part of a new program run jointly by the National Science
Foundation and the Department of State. The latter provides the money, which NSF in turn awards
In the form of grants to the institutions at which the fellowship winners are elected to study.

The U. S. Weather Bureau is responsible for providing administrative services in New Zealand
and Antarctica. These services include support of USARP field operations and Antarctic aircraft
operations.

The US ARP Representative in New Zealand maintains liason with the U. S. Naval Support Force
staff, manages transportation of USARP personnel through New Zealand, monitors the transporta-
tion of USARP cargo airlifted to Antarctica, and procures emergency supplies required at United
States Antarctic stations.
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SUPPORT OF THE INSTITUTE OF POLAR STUDIES
	 S

The Ohio State University
C olumbiIs, Ohio

Dr. Richard P. Goldthwait, Director

Background

The Institute was established in February 1960 as an outgrowth of the IGY data reduction cen-
ter then existing at The Ohio State University. Primary administrative support comes from the
University, and from an NSF grant such as this which has been granted annually since February
1961. The Institute staff currently includes 12 lull-time and 17 part-time research personnel. (For
a detailed related article, see the Bulletin, Vol. IV, No. 5, February 1963, pages 2-7.)

Objective
The broad objective of the NSF grant is to supplement The Ohio State University administrative

support of the Institute. The University funds are intended primarily for salaries for new research
personnel or visiting professors engaged in polar research and for maintenance and educational pur-
poses, so that only one key administrative person, the assistant director, is totally supported by the
University. The University support does not extend to the director, the secretary, and the shop man-
technician, all of whom previously had derived their salaries piecemeal through one or another re-
search grant. It is much more efficient, and simpler bookkeeping, for these three persons to be paid
from one fund. The present grant fulfills this purpose, and, secondarily, allows appropriate reduct-
ions in the budgets of research proposals.

Activities

This NSF grant makes it possible for the director to devote half-time during the academic year
to the administration of the Institute, to supervision of reseaxch projects, planning of new research,
and to undertaking projects for his own research during the field season. During the period of this
grant, the director was able to undertake field studies in glacial geology in Greenland during June-
July 1963, and in Antarctica during October-December 1963, and to visit other Institute field parties
working in Alaska and the Yukon during August 1963.

Also, the NSF grant supports the regular full-time secretary who handles the routine office mat-
ters relating to the Institute and the many research projects, in addition to typing the manuscripts
of the publications resulting from research.

In addition, the NSF grant supports a shop man-technician who is responsible for maintenance
of Institute laboratory facilities (especially the 2-compartmen4low-temperature rooms and the dust-
controlled particulate laboratory), and for making items to specifications in the machine shop.

Finally, this year for the first time, a draftsman was added to be supported through this single
grant rather than piecemeal from a number of individual research grants.

Grants for Antarctic research administered by the Institute of Polar Studies are listed and dis-
cussed under the appropriate scientific disciplines.

Related Bulletin Article

Vol. IV, No. 5, February 1963, pages 2-7.	
Dr. Richard P. Goldthwait
Director
The Institute of Polar Studies
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GEOLOGICAL SAMPLE STORAGE FACILITY
AND CORE LIBRARY

Florida State University
Tallahassee, Florida

Dr. H. G. Goodell and Dr. T. K. Osmond,
Principal Investigators

Field Investigators	 Operations Area
None	 United States

Background

The Department of Geology of The Florida State University has been associated with the Marine
Geology of the Antarctic since DEEP FREEZE 1V, and with the National Science Foundation's Ant-
arctic research vessel, USNS ELTANIN, since her beginning.

87). This grant is associated with one entitled "Marine Geology Aboard USNS ELTANIN" (seepage

Objective

0

	

	To establish a geological sample storage facility, core library, and research facility.

Activities

At the present, no atmospheric storage facility for geological samples Is available, however,
by the fall of this year, the new storage and research facility will be ready which will store all cores
at 1°C. and selected cuts of cores to -10°C, When this facility is completed, which will store 23
years of core at present rates of accumulation, cores will be sent up from the Antarctic under re-
frigeration.

References

"Maxine Geology Aboard USNS ELTANIN," page 87.

"Analysis of DEEP FREEZE 63 Antarctic Bottom Sediments," page 155.

Dr. H. G. Goodell
Associate Professor
Department of Geology
The Florida State University
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TEE MCMURDO BIOLOGICAL LABORATORY
ACTIVITIES DURING 1963-1964

Department of Biological Sciences
Stanford University
Stanford, California

Dr. Donald E. Wohlschlag, Project Director

Dr,D. E. Wohlschlag
(Stanford University),
Mr. J. T. O'Leary ann
Mr. R. L. Hutchens
(both New Zealand ob-
servers) look at under-
water specimens in the
Biology laboratory.

Field Investigators

Mr. r. OsikL, Mana-
ger, 1963 winter

Mr. R. J. Laird, 1963
winter

Mr. D. L. Johnson,
1963 winter

Mr. F. J. Thomas, 1963-
1964 summer

Mr. P. H. Koerwitz,
1963-1964 summer

Mr. K. R. Brown, Mana-
ger, 1964 winter

Operations Area

McMurdo Station

Background

This season, as in the past, Stanford University maintained, with National Science Foundation
contracts, biological laboratories at McMurdo and Hallett Stations for the use of all biologists with-
in the Foundation's Antarctic program. Stanford has the responsibility of supplying, operating, and
maintaining equipment and the provision of a year-around laboratory technician to assist those using
the facility.

By the end of the summer season 1963, the new 20- by 80-foot T-5 structure was joined to the
existing laboratory at McMurdo by means of a wall-to-wall abutment and connected to the existing
roof by a "flying roof." The structure was designed by the U. S. Navy Bureau of Yards and Docks.
Its design illustrates the feasibility of side-by-side adjoinment of T-5 type structures.

This new addition adds immeasurably to the working space and versatility of the laboratory. It
provides a large entrance room that can be utilized for storage of field gear, for a work shop and an
area for the air compressor utilized by SCUBA diving teams. It also provides five modest office
areas, a library, and a28- by 20-foot "wet lab" section where a waterproof epoxy-aggregate floor
was installed.

During the 1963 winter, the team of R. J. Laird and D. L. Johnson installed eight 1 a  g e
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U. S. Antarctic Research Program sci-
entists, Mr. John Fisher, from Stanford
University, and Mr. Richard Peterson,
from The Johns Hopkins University, dis-
sect a Crabeater seal in the biology
laboratory.

insulated seawater aquaria with appro-
priately-refrigerated cooling systems. An
attempt to utilize copper coils that were
burled a few inches beneath the surface of
the soil outside was successful In provid-
ing adequate cooling during the winter mos.
only. During the following summer months
mechanical refrigeration was necessary for
cooling.

Also, by early winter, 1963, a 48-foot
Jamesway storage section was completed
at one end of the laboratory. The storage
area added Immeasurably to the area re-
quired for packing and processing ship-
ments of equipment as well as for pro-
viding a much-needed area for storage of
bulk items and little-used equipment.

During the 1963 winter period, a com-
pletely new water-filter system was in-
stalled for filtering the melted snow water
provided by the large laboratory snow mel-
ter unit. During the later winter months
a very complete inventory was initiated by
Mr. Osiki.

At the beg-Inning of the 1963-1964 summer season, Mr. F. T. Thomas, logistical coordinator
of the Blolab project, completed the inventory with Mr. Osiki and initiated Mr. K. R. Brown, the
new laboratory manager for 1964. Mr. P. H. Koerwitz, who was on the laboratory summer staff,
aided immeasurably in processing incoming shipments and in general laboratory maintenance, Mr.
Thomas completed the inventory activities by early November and returned to the United States.
Mr. Koerwitz completed his short summer tour by mid-January.

Early in the last summer season, the installation of the new air compressor and storage tanks
was completed. A microbiological section was completely inclosed from the remainder of one T-5
section which also housed the general stockroom. The inclosed microbiological laboratory and a
small Inclosed adjacent culture transfer room should enable microbiological work to proceed with-
out potential contamination of cultures with the ubiquitous summertime dust.

A new central heating system was installed by the mid-summer season. By the end of the sum-
mer the epoxy floor in the wet laboratory had been repaired to alleviate the extensive damage due to
porosity associated with improper installation the previous year. The epoxy-aggregate system of
making a waterproof floor should far excel the conventional tile or linoleum floor covering.

Since the 1964 summer season the installation of a new electrical system has begun in the lab-
oratory in order to bring voltages up to standard and to handle the heavy electrical loads for the
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Jack L. Littlepage,
biologist from Stan-
ford University ti-
trates, in the biolo-
gy laboratory, samp-
les of seawater ten
from McMurdo Sound
in aneffortto deter
mine the dissolved oxy-
gen content of the wa-
ter,

various laboratory
equipment. A new
hot- and Oidhcasar=n
installed. New and	 A

shelv-
ing construction inthe
Jamesway storage
building has been com-
pleted and various stor-
age cabinets, shelves,
and benches for the specialized equipment and tools have been constructed. New office furniture and
laboratory shelving and furniture have been incorporated in the recent T-5 addition. The interior of
an original T-5 unit has been completely repainted.

Many of the smaller construction jobs in the laboratory involve appropriate consolidation of vari-
ous categories of specialized equipment and supplies within a very limited storage area. Keeping
little-used items and items for which there is a great demand properly separated will always be ama-
jor problem with the ever changing research projects from season to season.

The entire laboratory inventory system has been put on IBM cards at Stanford. Appropriate
printout forms are then used for shelf checks at McMurdo, for packing lists, for general property
accounting lists, or for listing of specialized categories of equipment and supplies. The cards, with
the appropriate descriptive information, are now prepared when new supplies or equipment are or-
dered. The saving in time required for repetitious typing of lists is considerable.

The biological laboratory at Cape Hallett has been operated only during the summer seasons,
but its operation is tied in with the operation of the McMurdo Biological Laboratory. A brief inven-
tory check of the laboratory at Hallett was made late in October 1963 by Mr. Thomas. The final in-
ventory was completed by the end of the season through the kind cooperation of Dr. E. D. Rudolph
of The Ohio State University. At McMurdo some limited support was provided for The Johns Hopkins
University team who worked under the leadership of Dr. W. J. L. Sladen at Cape Crozier. The
McMurdo laboratory facilities were also utilized for short periods by various teams working ongeo-
logical and glaciological problems.

Activities

The late 1963 and early 1964 biological laboratory support program was most successful from
the standpoint of operations of the physical plant at McMurdo. New construction, solutions to some
of the electrical problems, repairs and modifications of existing facilities, and an improved IBM
system of inventory and property control improved the general utility of the laboratory.
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The varied biological research projects listed below attest to the great biological interest in
the Antarctic area served by the biological laboratory. The success of the long-term projects is
obvious from the increasing number of scientific reports appearing in a wide variety of journals.
The promise of the projects just initiated is equally obvious judging from the enthusiasm and the
completeness under which these projects have proceeded. For a summary of this past season's
activities of the below-listed projects, see the biology section of this issue.

Bernice P. Bishop Museum: "Entomological Research in Antarctic Regions with Emphasis on
Natural Dispersal," Dr. T. Linsley Gressitt.

Clark University: "Cultural Study of Antarctic Lichen Fungi," Dr. Vernon Ahmadjian and Mr.
Edmund A. Schofield.

3apanese Limnoloqical Team: (The laboratory was visited for a short time by Drs. T. Toril
and N. Yamagata of the Chiba Institute of Technology and by Dr. Y. Yoshida of Ochano-
mizu University. This team in a very short time managed to obtain a great amount of
data and samples for further study on the biological, chemical, and physical characteris-
tics of waters from the lakes of the dry valleys and other areas.)

The Johns Hopkins University: "USARP Bird-Banding Program, "Dr. W. J. L. Sladen.

The New York Zoological Society: "Physiological Ecology of Antarctic Seals of the Tribe Lobo-
dontini," Dr. Carleton Ray.

The Ohio State University: "Ecology and Floristic Investigations of Antarctic Lichens, "Dr.
E. D. Rudolph.

Old Dominion College: "The Benthlc Algal Vegetation of Antarctica," Dr. Tacques S. Zaneveld.

Stanford University: "Ecological and Physiological Research on McMurdo Sound Fishes and
Invertebrates," Dr. Donald E. Wohlschlag.

University of Arizona: 'Diving Behavior and Physiology of the Weddell Seal," Dr. Albert R.
Mead.

References

Wohlschlag, D. E., 1963. Biological Research Facilities at McMurdo Station. Bulletin of the U. S.
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ABSTRACTING AND INDEXING SERVICE FOR
CURRENT ANTARCTIC LITERATURE

U. S. Library of Congress
Washington, D. C.

Dr. George A. Doumani, Principal Investigator

Field Investigators	 Operations Area

None	 United States

Background

The information explosion of Antarctic literature resulting from scientific research during and
after the International Geophysical Year has not been brought under adequate bibliographic control.
Because existing information control services are usually organized by subject discipline, Antarc-
tic references are scattered over a wide variety of discipline-oriented abstract journals and bibli-
ographies, while many other Antarctic publications not clearly within the conventional scope of a
discipline are likely to be lost.

This deficiency is now being filled by an indexing and abstracting service aimed at providingra-
pid access to current Antarctic material, based primarily on the extensive collections of the Libra-
ry of Congress. Pertinent materials in other libraries and research institutions are also utilized.
This seri4e Is made possible through a transfer of funds from the National Science Foundation,
Office of Antarctic Programs, and is executed at the Cold Regions Bibliography Section, Science
and Technology Division at the Library of Congress.

The Section monitors and screens the bulk of the current output of the world's literature in the
search for Antarctic Information, This information includes (1) research in pure and applied scien-
ces, including maps and charts, in the Antarctic Continent or its adjacent waters; (2) research in
any field, anywhere in the world, where the findings pertain directly to the Antarctic or help illu-
minate a topic of major concern to the investigators; (3) the origins, conduct, and results of expe-
ditions, specific stations, and particular programs in the Antarctic, including logistical data, en-
vironmental effects, and the relationship of these programs to one another and to current research
trends; (4) the location and contents of unpublished observational and historical data, as well as pub-
lished information on specimen collections; and (5) references on the political geography of the Ant-
arctic, as well as topics in economic geography, and international affairs which may conceivably
affect the conduct of research.

The bibliography is issued in the form of 3 x 5 cards containing citations, abstracts and index
terms. These cards are eventually reproduced in abound volume containing all the entries and In-
dexes accumulated in 1,000 cards or multiples thereof. The original articles are copied on micro-
film and stored for rapid retrieval. The cards are available from the NSF Office of Antarctic Pro-
grams free of charge to all interested investigators or organizations. A sample card Is reproduc-
ed in this article, which explains the different parts and annotations.

The Antarctic Bibliography is intended to be exhaustive. Although the project is presently con-
centrating on current literature, a retrospective search for older material Is foreseen. The pre-
sent staff includes George A. Doumani (previously of The Ohio State University), Head of the Cold
Regions Bibliography Section, and Sohn F. Splettstoesser, previously of the University of Minneso-
ta and Associate Editor of GeoScience Abstracts. Both have been on expeditions to Antarctica and
are well acquainted with the different disciplines and aspects of operations. Also on the staff are
ranet Terner and Frank Marson whose joint effort resulted in the production of the "United States
IGY Bibliography 1953-1960.
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Activities

Shown below is an exact reproduction of an Antarctic bibliography card as issued to the users.
The classification scheme includes 13 major subject categories Indicated by a letter or letters fol-
lowing the accession number in the upper left-hand corner. Abstracts are classed in more than one
category where relevant. This classification is amplified on the right-hand side of the card with the
sub-categories and the geographic location or station where the research was conducted, which are
preceded by Arabic numerals Also on this side of the card, preceded by Roman numerals, are list-
ed the personal or corporate author, research institution supported by NSF funds, and the names of
symposia, conferences, etc. Universal Decimal Classification Numbers (F or Use in PolarLi-
brarles) are indicated at the top center of the card.

Main Subject Categories

.

A. General	 H. Medicine & Physiology
B. Biological Sciences	 I. Meteorology
C. Cartography	 Jo Oceanography
D. Expeditions	 K. Physics, Atmospheric
E. Geological Sciences	 L. Physics, Terrestrial
F. Ice and Snow	 M. Political Geography
G. Logistics, Equipment & Supplies

•	Office of Antarctic Programs
Accession Number

OAP 415-G, B

Universal Decimal Classification Number

57:727. 5:(764)

Wohlschlag, Donald E.
THE BIOLOGICAL LABORATORY AND FIELD RE-
SEARCH FACILITIES AT THE UNITED STATES
"McMURDO" STATION, ANTARCTICA. Polar Rec.
11(75):713-718, incl. diagr., Sept. 1963,
DLC, G575.P6

At the close of the IGY, the Nail. Sci. Found, initiated
long-term plans for the support of Antarctic biologi-
cal research. By early 1959, the first biological
facility was established at McMurdo Station consist-
ing of a 20 x 48 It T5 building. Since that time, the
facility has been enlarged and refined so that today it
consists of 4120 ft 2 of floor space plus an additional
768 ft2 of temporary storage space. A detailed de-
scription of the facility is provided including informa-
tion on the scientific apparatus available. The vari-
ous kinds of huts used for biological field work are
also described.

1. Logistics, Equipment
& Supplies--
Research Facilities

2. Biological Sciences
3. McMurdo Station
I. Wohlschiag, Donald E.

II. Stanford Univ.
Dept. Biol. Sci.

NATIONAL SCIENCE
FOUNDATION

OFFICE OF
ANTARCTIC PROGRAMS

Dr. George A. Doumani, Head
Cold Regions Bibliography Section
Science and Technology Division
The Library of Congress

.
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UPPER ATMOSPHERE	0

PHYSICS

LFI	JU

UM

Concentrated observations in upper atmosphere physics have been made in Antarctica since
the beginning of the International Geophysical Year, Research in upper atmosphere physics is
important in the Antarctic for a number of reasons. The lines of force of the earth's magnetic
field curve downward toward the earth in the polar region. Since incoming charged particles
from space are diverted along lines of force toward the polar areas, study of these phenomena
and their effects upon the upper atmosphere is enhanced and made more productive from stations
in the areas.

The simultaneous observations of upper atmospheric phenomena at conjugate points (areas of
the earth in the Northern and Southern Hemispheres intersected by the same line of geomagnetic
force) adds much to the knowledge of causes and characteristics of these phenomena. In this re-
spect Antarctic upper atmosphere research is especially favored. For every United States sta-
tion in Antarctica, conjugate point investigations are possible at landbased stations in Canada.
Canadian scientists are cooperating with United States scientists in this research.

Variation of upper atmosphere parameters is closely related to solar activities, which fol-
low the well-known 11-year sunspot cycle. The International Geophysical Year (IGY) of 1957-
1958 and the International Years of the Quiet Sun (IQSY) of 1964-1965 were specifically planned to
coincide with the maximum and minimum sunspot numbers of this cycle, to allow comparisons be-
tween high and low activities.

The upper atmosphere physics program in Antarctica this season included studies of aurora
and airglow, the ionosphere, cosmic rays, variations of the earth's magnetic field, and the prop-
agation of electromagnetic energy in various frequency ranges.

The upper atmosphere physics research programs, sponsored by the National Science Founda-
tion's U. S. Antarctic Research Program, are summarized on the following pages.
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V

S	AURORA AND AIRGLOW OBSERVATIONS, 1963-1964

Arctic Institute of North America
Washington, D. C.

Mr. Robert C. Faylor, Principal Investigator

Field Investigators

Mr. John W. Eaton - Eights
Mr. Henn Oona	- South Pole
Mr. Edmond R. Siemiatkoski -

Byrd

Operations Areas

Byrd, Eights, and Amundsen-Scott
South Pole Stations

.

Background

A comprehensive program of world-
wide geophysical measurements taken
simultaneously over a period of years
provides valuable data toward under-
standing the earth, its mantle, oceans
and atmosphere as well as the sun and
the near and far reaches of interplan-
etary and interstellar space. Record-
ing of spectra, intensities, frequen-
cies, forms and heights of aurorae and
variations of the several components of
the airgiow makes up a valuable part
of such an overall program which has
been carried on since the IGY. At a
recent meeting of the Arctic Insti-
tute of North America Aurora Advi-
sory Committee it was opined that the
synoptic aurora and airglow observing
program should be continued ideally
through an 11-year solar cycle.

Compared to the extensive auro-
ral records that had been collected for
decades in northern regions, there was
a great paucity of observations of auro-
ra australi.s prior to the IGY. This
was principally due to geography.

Objective

Exterior of aurora tower at Byrd Station
(Photograph by I. H. Kinsey)

For observing the aurora australis, with a reasonable percentage of clear nights and proximity
to the zone of maximum auroral frequency, the best situated positions lie on the Antarctic Continent.
It is therefore felt advisable to continue the present program of photographing and recording the im-
portant characteristics of the austral aurora from the TJSARP Antarctic stations, at least through
the International Years of the Quiet Sun.
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Activities	 -1---	-
The TJSARP aurora observing pro-

gram over the winter of 1964 is being
continued, on a grant from the National
Science Foundation, at Byrd, South
Pole, and Eights Stations by personnel
of the Arctic Institute of NorthAmerica.
These men were selected from a group
of University physics graduates apply-
ing for the observer position and were
trained last August and September.
Most of the instruction took place at
the Arctic Institute Office inWashington
and a very fruitful week was spent with
Drs. Gartlein and Sprague at Cornell
University, where the trainees were
introduced to the fundamentals of auro-
ra research and the workings of the
Patrol Spectrograph.
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The new observers were flownvia	 f[T_J	\ 
Meat

New Zealand and McMurdo Sound to	 l
their respective stations in November,	 \ \ fl-_I
1963 and spent two weeks with the ob-
servers of the previous austral winter	 I
before the latter returned to the United
States. During a4uary and February	 [j\
the Arctic Institute's Aurora Program	 A•

Coordinator visited the Antarctic and
spent one to two weeks in checking,,

 modifying, and installing	 ri H!
instruments with the new observers at
each station. Operating procedures
were reviewed and inventories were
made of all major equipment. At	 Diagram of Byrd Station aurora tower
Byrd Station a new type of All-Sky	 (Drawn by I. H. Kinsey)
camera was installed for testing over
the winter with several types of color and black-and-white films. The new camera was manufac-
tured in New Zealand. It uses 35mm film and is of such design as to avoid the usual radial com-
pression of the near-horizon regions of the sky. The older American design 16mm All-Sky-camera,
which has been recording data since the IGY, is being operated alongside the new one.

A brief summary of the USA.RP 1964 Antarctic Aurora Observing Program follows: Patrol Spec-
trographs and 16mm All-Sky cameras are being run at all three stations. At Byrd, the new 35mm
All-Sky camera is also running on a test basis. The spectrographs break the auroral light into its
component wave lengths and photograph the resulting spectra on two-hourly cycles with exposures
of different durations. The All 	cameras photograph the entire night sky on 15-minute cycles, em-
ploying three lengths of exposures. A National Bureau of Standards' Turret Photometer, which re-
cords light intensities on four wave lengths prominent in auroral emissions, is operating at Eights
Station for studying Airglow. (In search for possible correlations, an identical instrument is being
run simultaneously at Baie St. Paul, Quebec, which is geomagnetically conjugate to Eights Station.)
Less sophisticated photometers, which record light intensities at the zenith region of the sky, are
operating at Byrd and South Pole Stations. Development of film records is being carried out at all
stations under carefully-controlled standard conditions.

Back in the United States three returned aurora observers are processing and analyzing data

S
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Typical root installation of All-Sky cam-
eras

(Photograph by H. Freimanis)
-

O

taken during the winter of 1963. This includes photographs from a program of heights me as u  e -
ments of the auroral streamers taken simultaneously from Byrd Station and the 46-mile-distant
Byrd Satellite Station.

Riometer and photometer records from Hallett Station are being investigated for correlations
between ionospheric opacity changes and auroral light variations on three specific wave lengths.

The photometer records from Eights Station are being used for a different study. The data from
Eights and from the geomagnetically conjugate station at Bale St. Paul, Quebec forms part of a con-
tinuing conjugate point study program in which similarities and dissimilarities in aurora and air-
glow light intensities at the two stations are being analyzed.

It is expected that several scientific publications will result.

In March, after the return of the Aurora Program Coordinator, a very fruitful second meeting
of the Aurora Advisory Committee was held at Cornell University. Dr. Carl Gartlein and Dr. Gale
Sprague were the hosts. Reports were made by the Coordinator and the recently returned 1963 ob-
servers and color slides of aurorae and r ec ent, apparatus installations were shown. Tentative new
proposals for northern aurora research were discussed with the committee members through whose
advice these plans were altered and reduced in scope.

At the Washington Office of the Arctic Institute all the administrative work of the program is be-
ing carried out. Recently, the major activity has been in recruiting aurora observers for the aus-
tral winter of 1965 and preparations are being made for training the new group and for filling re-
sv.pply requests from the Antarctic stations.
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FORWARD SCATTER OBSERVATIONS IN THE ANTARCTIC
	 S

Bartol Research Foundation
Dr. Martin A. Pomerantz, Principal Investigator

National Bureau of Standards
Dr. Dana K. Bailey, Principal Investigator

Field Investigators

Mr. J. Evan Deardorff (Bartol - McMurdo)
Mr. H. Scott Kane (Bartol - South Pole)
Mr. Dale Blake (National Bureau of Standards - Byrd)
Mr. 3ohn racobs (University of Alaska - Vostok)

Background

Operations Areas

McMurdo - Vostok
Byrd - Pole Station
Byrd - Pole Station
McMurdo - Vostok

Ionospheric forward scatter observations provide a means for continuously monitoring at fixed
locations (midpoint between the transmitting and receiving stations) the flux of solar-produced pro-
tons and heavy nuclei in an energy range not accessible to other techniques. In particular, the com-
bination of forward scatter and neutron monitor measurements permits complete coverage of the
energy spectrum of solar-produced cosmic rays from a few million electron volts upward. In con-
trast with riometers, forward scatter signals do not exhibit absorption effects associated with
auroral phenomena. Therefore, at or near the auroral zone the records of forward scatter signal
intensity exhibit no confusing effects associated with the onset of geomagnetic storms, and hence
permit the continuous study of the decay in intensity of incident cosmic rays in the period after the
onset of the magnetic storm.

Objectives

The principal objective of this program is to observe and study by the ionospheric forward
	n

scatter technique, discrete solar cosmic ray emission events of a smaller magnitude than has
been detectable heretofore and to investigate the spectral, geographical, and temporal vari-
ations of these polar cap absorption (PCA) events.

Activities

The Antarctic network which has been put into operation thus far during 1964 comprises three
Links: Byrd - McMurdo, McMurdo - Vostok, and Byrd - Pole Station.

This research program is a collaborative undertaking of the Bartol Research Foundation and
the National Bureau of Standards. The design, development, construction and installation of the
equipment have been executed by the Central Radio Propagation Laboratory with essential logistical
support provided by the Navy. Operation of the stations in Antarctica is now the responsibility of
the Bartol Research Foundation. Data reduction and analysis, including correlation with other cos
mic ray measurements and related geophysical data, will be performed at the Bartol ResearchFoui -
dation, in close collaboration with CRPL.

Reference

Pomerantz, Martin A., "IQSY and Antarctica," Bulletin of the U. S. Antarctic Projects Officer,
Vol. V. No. 6, February 1964, pages 2-7.

Dr. Martin A. Pomerantz
Director
Bartol Research Foundatto
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I	INVESTIGATIONS OF COSMIC RAY INTENSITY
VARIATIONS IN ANTARCTICA

Bartol Research Foundation

Dr. Martin A. Pomerantz, Principal Investigator

Field Investigators	 Operations Areas

Mr. J. Evan Deardorff	 McMurdo and Amundsen-Scott
Mr. H. Scott Kane	 South Pole Stations, and aboard
Mr. Arno J. Kosko, Stanford University	 USNS ELTANIN

Background

Cosmic rays provide a means for studying problems of fundamental importance in solar physics,
the upper atmosphere, interplanetary space, and geomagnetism. Various anisotropies and modula-
tion mechanisms affecting the cosmic rays of galactic origin are manifested by intensity variations
on a wide variety of time scales ranging from a few minutes to a solar cycle.

Observations at stations located in the proximity of the geomagnetic poles are particularly cru-
cial for a number of reasons. Among these is the fact that, in contrast with detectors at lower lat-
itudes, directional asymmetries can be pinpointed only by instruments in the polar regions, which
also afford the only possibility for studying the anisotropy in directions nearly perpendicular to the
plane of the ecliptic. The comparison of the Antarctic observations with those recorded by identi-
cal equipment operated by the Bartol Research Foundation at Thule, Greenland, near the north geo-
magnetic pole, and at Swarthmore, Pennsylvania, as well as with data from the world-wide cosmic
ray network, extend the scope of such studies.

Objective

To continue the observations of time variations of the cosmic rays in two different energy in-
tervals with high counting rate neutron monitors and meson telescopes.

Activities

Time variations of the flux of the lower energy primary cosmic rays (2-9 billion electronvolts)
are observed by means of neutron monitors, whereas intensity fluctuations of the primaries with
somewhat higher energies (15 billion electron volts) are detected by meson telescopes.

The new high counting rate neutron monitor which commenced operation this year now makes It
possible to detect variations either of much smaller magnitude or shorter duration than has hereto-
fore been resolvable. In addition, heretofore unfeasible studies such as those requiring the deter-
mination of the solar diurnal variation on a day-to-day basis are now possible. Detailed compari-
sons of the amplitude and phase of the diurnal vector at different locations will lead to an under-
standing of the mechanisms producing the anisotropies.

The Antarctic network has been further enhanced by the addition this year of a station at the
South Pole. Heretofore, there has been no high altitude cosmic ray station beyond the latitude of
600, either in the Arctic or Antarctic.

The roving station aboard the USNS ELTANIN provides a valuable means for investigating both
periodic and non-periodic intensity fluctuations in the polar regions. Studies of the geographic de-
pendence of the diurnal variation are also being conducted.

Intensive theoretical analysis of all of the data are being carried out. Unexpected and signifi-
cant results have been obtained in the comparison of the diurnal variation vectors at McMurdo and
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Thule for 1962, the first year of simultaneous operation of four instruments. This is being investiga-
ted further.
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Related Bulletin Articles
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O	STUDIES OF WHISTLERS AND RELATED IONOSPHERIC
PHENOMENA AT BYRD STATION, EIGHTS STATION,

SOUTH POLE STATION AND THE USNS ELTANI

Stanford University
Radioscience Laboratory

Stanford, California

Professor R. A. Helliwell, Principal Investigator

Field Investigators	 Operations Areas

Mr. R. Sefton - Byrd Station	 Byrd and Amundsen-Scott
Mr. R. Flint - Byrd Station	 South Pole Stations and
Mr. Chip Wiest - South Pole Station (National Bureau of Standards)	aboard USNS ELTANIN
Mr. A. Burns - USNS ELTANIN (Replaced by Mr. A. Kosko

on 1 May 1964.)

Backqround

In the period since the International Geophysical Year, Stanford has carried out extensive in-
vestigations of whistlers and VLF emissions, The principal contributions from this research,
much of which was funded by the Office of Antarctic Programs of the National Science Foundation,
are briefly described below.

I. Maqnetospheric-Electron Density Measurements

By means of techniques developed at Stanford University, whistlers are being used to measure
electron densities from low ionospheric heights to just within the boundary of the magnetosphere.

S Most of the whistlers used in studies of the region beyond about 4.5-earth-radii geocentric distance
were recorded at Byrd Station, Eights Station, and South Pole Station.

Study of a new phenomenon called the "knee whistler" (first identified at Stanford) shows the ex-
istence of a knee in the equatorial density profile—that is, a region in which the profile shows a
large negative gradient—falling from relatively normal levels on the inner side to levels depressed
by a factor of roughly 6. The knee is believed to be a persistent phenomenon that moves to lower
L (the magnetic-shell parameter of Mdflwain) values with increasing magnetic activity. During and
following periods of relatively severe magnetic disturbance, it may be observed at L<3.5. During
moderately disturbed conditions, it may be observed at L 3 and L 4.5 During quiet conditions
it may be observed between about L 4.5 and L = 6, The knee appears to indicate a separation
between an inner, relatively quiet region and an outer, more turbulent region in which there may
be a significant amount of low-energy (ke y-range) particle activity. On many occasions the whist-
ler records show that strong VLF-noise generation, including whistler-triggered events, is con-
centrated in the region outside the large density gradient.

Further studies of the Byrd whistler records show that the probability of observing at least
one whistler path within a range of L values varies with geocentric distance in much the same
way as does the electron density. There is an inner zone in which observations of one or more
paths are relatively unaffected by magnetic activity, and an outer zone, beginning at several earth
radii, in which the number of observations is sharply reduced during disturbed periods. (See
Figure 1)

II. Triggering of VLF Emissions by Natural and Artificial Sources

Since the inception of the IGY, the broadband VLF recordings from Byrd Station have regular-
ly revealed triggering of VLF noise bursts by whistlers.
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Figure 1 - A multi-path nose whistler recorded at Eights Station, Antarctica, on 3 July 1963,
during the 1150 UT synoptic recording.

From IGY whistler recordings made at Wellington, New Zealnad, the first evidence of artifi-
cially-stimulated VLF emissions was obtained. These emissions were triggered by whistler-mode
echoes from station NPG, operating on 18.60 kc. A unique feature of this observation was the fact
that triggering was caused only by the Morse-Code dashes, and not by the dots. Later, artificially-
stimulated emissions were observed on 19 October 1962 aboard the USNS ELTANIN, (See Figure 2)
Again, triggering was caused only by the dashes. These two observations are described in a paper
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Figure 2 - VLF emissions triggered by the whistler-mode echo of the Morse-Code dashes trans-
mitted by station NAA (14.70 icc). The emissions observed on a north-south and on an east-west
antenna aboard the ELTANIN are shown on the two bottom strips. The top strip is from a Green-
bank, West Virginia whistler-recording. These emissions were observed on 19 October 1962,
during the 0850 UT synoptic whistler recording.
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Figure 3 - A low time resolution of VLF ionospheric noise observed at conjugate stations. This
event was observed on 8 October 1962 at Byrd Station, Antarctica; and Great Whale River, Canada.

recently submitted to the Journal of Geophysical Research by R. A. Helliwell, I. Katsulrakis,
M. Trimpi, and N. Brice, Since the preparation of that paper, many additional examples of the
artificial triggering of VLF emissions by various transmitters have been observed at Eights Station.

III, Observations of Whistlers and VLF Emissions on Alouette

The VLF receiver aboard the Alouette satellite has shown high whistler and emission activity.
These data are being compared with data from the Stanford ground whistler network. Some of the
significant results are summarized below.

A. Many whistlers have been recorded on Aloutte that have not been observed on the ground
directly below the track of the satellite.

B. Anomalous-dispersion whistlers, of a type not previously seen on the ground, have been
observed on Alouette.
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Figure 4 - An event, at approximately 0245 LIT, 19 June 1963 from the correlation recorder at
Byrd Station, Antarctica. This shows a simultaneous change in amplitude on all eight signals.
Signals from top to bottom are Aurora (Photometer 5577A), VLF (Broadband; antenna oriented
in north - south plane); VLF (Broadband; antenna oriented in horizontal plane); Absorption (Rio-
meter, 30 Mc): two channels of micropulsations; and VLF (filter with 1 kc center frequency and
100 cps bandwidth).

C. An unusual type of low-dispersion whistler, trapped, and apparently echoing below the pro-
tonosphere, has been seen at some of our ground stations and on the Alouette.

D. When noise triggered by a fractional-hop whistler is observed on the Alouette, the frequen-
cy of this noise is always at the center frequency of the continuous VLF noise band. This is a puzz-
ling feature, since the frequency of the continuous band is proportional to the magnetic-field strength
at the peak of the line of force on which the noise is observed.

A comparative study of the nose-whistlers and VLF noise recorded simultaneously withAlouette
(readout in the Falkland Islands) Byrd Station, Eights Station, and IJSNS ELTANIN is presently under-
way.

W. Conjugate-Point Studies

There are significant differences in the whistler and emission activity observed between con-
jugate stations such as the Byrd Station - Great Whale River pair, and the Eights Station - Que-
bec City pair. For instance, Eights Station showed whistler activity during every hour of every
day from 1 June through 31 August 1963. At Quebec City, on the other hand, activity was limited
to approximately eight hours of each day and frequently there were days with no whistler activity
whatsoever.
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Figure 5 - An event at 1412 UT, 21 September 1963, from the correlation recorder at Eights Sta-
tion, Antarctica. This shows a simultaneous change in amplitude on three VLF channels and a
micropulsation channel. The excursions on the 1 - 2 kc, 0. 5 - 1 kc, and the micropulsation chan-
nel are almost identical from 1412 - 1425 UT,

VLF emission activity may appear simultaneously at conjugate stations or be limited to one or
the other. "Simultaneous" phenomena often consist of periodic emissions which echo back and forth
in the whistler mode. (See Figure 3.)

V. Correlation of Geophysical Phenomena at Byrd and Eights Stations

Correlation studies at the Antarctic stations were limited until 1963, when H. Morozumi and
M. Trimpi conducted extensive programs at Byrd and Eights Stations, respectively. (See Figure 4
and Figure 5. )The following geophysical phenomena were correlated:

1. VLF (300 - 30,000 cps)
2. ELF (2 - 30 cps)
3. Micropulsations (0.02 - 2 cps)
4. Absorption (riometer, 30 mc)
5. Auroras (photometer)
6. Magnetic-field variations (magnetometer)

Some of the initial results are described as follows:

A. Not all VLF hiss is related to the auroras, The VLF hiss associated with the aurora is an
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impulsive type (the burst has a relatively short rise time and duration).

B. In general, more hiss than aurora is observed.

C. A sudden decrease in VLF hiss intensity is often followed by a sudden increase in riometer
absorption.

D. The diurnal peak of the VLF hiss occurs about one hour before the peaks in the aur or a 1-
light-intensity and the magnetic -K-index.

E. Large variations in all components of micropulsations are associated with the type of VLF
hiss burst described in A. above.

Objectives of the 1963-1964 Program

It is proposed to continue the investigations described above with emphasis on refining the re-
search in situ begun at Byrd Station and extending this to the other stations.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, pages 71-72.

Vol. IV, No. 9, June 1963, pages 130-135.

Vol V, No. 2, October 1963, page 5.

Dr. Robert A. Helliwell
Professor
Stanford Electronics Laboratories
Stanford University
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I	STATION AND TRAVERSE MAGNETIC OBSERVATIONS

U. S. Department of Commerce
Coast and Geodetic Survey

Washingtän, D. C.

Rear Admiral H. Arnold Karo, Principal Investigator

Ronald Davis making magnetic observa-
tions with Quartz Horizontal Magneto-
meter at South Pole Station.

(Courtesy R.N. Davis, TJSC&GS)

Field Investigators

Mr. Norman W. Peddie - Byrd
Mr. Robert G. Tate - South Pole
Mr. Charles N. Anderson - Eights
Mr. Michael 1. Phelan - Filchner Ice

Shelf Traverse

Operations Areas

Byrd, Eights, Hallett, Wilkes, and
South Pole Stations and Filchner Ice
Shelf Traverse

S Background

The Coast and Geodetic Survey has operated magnetic observatories at Byrd and South Pole sta-
tions since 1957, and at Eights Station beginning in 1963. These three magnetic observatiories are
part of a five-observatory network supported by National Science Foundation grants. The other two
are located at Wilkes Station and Hallett Station and are operated by Australian and New Zealand
personnel.

Results obtained from the operation of Antarctic magnetic observatories have been widely used
in theroretical studies contributing to our knowledge of the earths magnetic conditions and the en-
vironmental aspects of space exploration. Special studies of magnetic storm activity in high lati-
tudes have continued and for this work it is essential that Antarctic observatory results be used to
the fullest extent. In addition, Antarctic observatory and traverse results continue to provide valu-
able information for use in the preparation of world magnetic charts as well as to supply reliable
data for use in connection with related upper atmospheric programs.

Objective

To maintain and operate magnetic observatories in Antarctica to measure the intensity and di-
rection of the earths magnetic field, and to record the vector changes in that field.

Activities

Continuously recording magnetographs were maintained in operation at the three U. S. magnetic
observatories, producing daily photographic records of variations in magnetic declination, and hori-
zontal and vertical intensity. In addition, absolute values of the various components of the earth's
magnetic field were determined. The data from these observatories are published in the form of
quarter-size reproductions of the magnetograms and tables o hourly values of each of the magnetic
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elements. These publications are available on request from the Director, Coast and Geodetic
Survey, Washington, D. C. 20230.

In addition to the operation of the magnetic observatories, the Coast and Geodetic Survey assign-
ed a goephysicist to the Filchner Ice Shelf oversnow traverse to make observations to determine mag-
netic component values along the traverse route. Magnetic results from this traverse and from past
traverses are available from the Director, Coast and Geodetic Survey, Washington, D. C. 202%"

References

Published Results - Magnetic Observatories

Byrd Station

Maqnetoqrams and Hourly Values, Byrd Station, 1957-1958, U. S. Coast and Geodetic Survey,
Washington, 1961.

Maqnetoqrams and Hourly Values, Byrd Station, 1959, U. S. Coast and Geodetic Survey, Washington,
1962.

Maqnetoqrams and Hourly Values, Byrd Station, 1960, U. S. Coast and Geodetic Survey, Wash-
ington, 1963.

South Pole Station

Maqnetoqrams and Hourly Values, South Pole Station,1959, U. S. Coast and Geodetic Survey, Wash-
ington, 1962.

Maqrietoqrams and Hourly Values, South Pole Station, 1960, U. S. Coast and Geodetic Survey, Wash-
ington, 1963.

Published Results - Traverse Operations
	 S

Magnetic Results Ellsworth Highland Traverse and McMurdo-to-Pole Traverse, 1960-1961,H. Meyers
and A. X. Meyer, Ti. S. Coast and Geodetic Survey, Washington, 1962.

Magnetic Results Antarctic Peninsula Traverse, 1961-1962, P. T. Wasilewski, U. S. Coast and Geo-
detic Survey, Washington, 1963.

Magnetic Results South Pole Traverse, 1962-1963, D. M. Perkins, Ti. S. Coast and Geodetic Sur-
vey, Washington, 1964.

Related Bulletin Articles

Vol. III, Nos.9-10, Summer Issue 1962, pages 63 and 67.

Vol. P1, No. 9, June 1963, pages 110, and 136-137.

Rear Admiral H. Arnold Karo
Director
U. S. Coast and Geodetic Survey
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ANTARCTIC IONOSPHERIC SOUNDING

U. S. Department of Commerce
National Bureau of Standards

Central Radio Propagation Laboratory
Boulder, Colorado

Dr. C. Gordon Little, Principal Investigator

Field Investigators	 Operations Areas

Mr. Howard H. Sargent, III	 South Pole Station,
Mr. William Wiest	 Byrd Station, and
Mr. Dale Blake	 Eights Station
Mr. Stephen Maagoe

Background

Vertical incidence, sweep-frequency sounder operations were commenced in 1957 as part of the
IGY program and have been continued at Pole, Byrd, Wilkes and Hallett Stations to obtain continuous
data throughout a complete sunspot cycle. Eights Station has a sounder which was not operated last
year, 1963, but hopefully will be operated on a minimum schedule during 1964. While each model
sounder differs in appearance, each functions in principle as a radar set. Pulses of radio frequency
energy are transmitted upward into the ionosphere where some of the energy is returned to the receiv-
er from regions of the upper atmosphere above the stations. The reflections are presented on a
cathode ray tube and recorded permanently on film. After processing the film records, ionograms,
the data are reduced daily at each station and forwarded by radiogram to Boulder, Colorado.

SObjective

Verticle incidence, sweep-frequency sounder operations are maintained in the Antarctic to pro-
vide basic research data and to supply information to the world-wide prediction services for predic-
ting radio communications propagation conditions.

Activities

The sounder installations at Pole and Byrd Stations were completely modified to operate fr o m
0.25 to 20 Mc/s.' The original antenna at Pole was replaced by a larger unit necessary to obtain data
during the minimum of the sunspot cycle. In addition, these two sounders were modernized to in-
sure smooth, trouble-free operation during the IQSY program. Reports of interest to the prediction
service are sent by radiogram each week. Study programs are carried out by field investigators as
time permits and when unusual events are observed.

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 70.

Vol. N, No. 9, June 1963, pages 127-128.

Mr. William S. Hough
Central Radio Propagation Laboratory
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THE HIGH LATITUDE IONOSPHERE AT MAGNETICALLY
CONJUGATE POINTS

U. S. Department of Commerce
National Bureau of Standards

Central Radio Propagation Laboratory
Boulder, Colorado

Dr. H. 1. A. Chivers, Mr. R. M. Gallet and Dr. Franklin E. Roach,
Principal Investigators

Field Investigators	 Operations Areas

Mr. Lorne Matheson	 Eights Station,
Mr. David Lewis	 Byrd Station, and
Mr. Fames Petlock South Pole Station, Antarctica,

together with conjugate stations
in the Northern Hemisphere.

Background

Following a successful preliminary program of observations using Eights St at ion and it s
Canadian conjugate (near Quebec), the Central Radio Propagation Laboratory installed equipment at
three pairs of conjugate stations early in 1963. It is planned to operate these stations for two full
years. In this conjugate point experiment the stations are located at the ends of selected magnetic
field lines of the earth, and the equipment used is sensitive in one way or another to the charged
particles in space which are strongly controlled by the earth's magnetic field.

Objective

By making observations at the opposite ends of field lines of the earth, it is hoped to learn more
about the charged particles in space and the ways in which they are first trapped in the magnetic field
and sporadically precipitated into the upper atmosphere of the earth. The precipitation process is
associated with auroral phenomena and causes disturbances in the ionosphere which often seriously
affect radio communication.

Activities

The range of equipment which has been used includes riometers, VLF receivers, magnetic ml-
cropulsation detectors, magnetometer s,and photometers. The riometer measures the absorption of
radio waves in the ionosphere by recording the intensity of the cosmic radio noise at a particular
frequency. The VLF receivers measure the very low frequency signals which are caused at times
by terrestrial lightning flashes and at other times by the passage of charged particles along the mag-
netic field lines. Micropulsation detectors are sensitive to small periodic variations in the earth's
magnetic field. The photometer in use records the optical emissions from the aurora on four dif-
ferent colors.

Data from the equipment are being collected and analyzed in Boulder, Colorado. Studies are
underway to determine the differences in the effects observed simultaneously in opposite hemis-
pheres, and to determine the differences between effects at various latitudes on the earth t s surface.

References

Boyd, Gary M., "The conjugacy of magnetic disturbance variations ", Journal of Geophys. Res.,
68, No. 4, 1011-1013, February 15, 1963.
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Cliivers, H. 3. A., and J. K. Hargreaves, "Ionospheric absorption in conjugate regions and possi-

ble oscillation of the exosphere, " Nature, 202, 891-893, May 1964.

Gilmor, C. S., Jr., "The day -to-night ratio of cosmic noise absorption during polar cap absorp-
tion events," Journal of Atmos. and Terrestrial Physics,	No. 5, 263-266, May 1963.

and J. K. Hargreaves, "The occurrence of short-duration cosmic noise ab-
sorption events inside the southern auroral zone," Journal of Atmo. and Terrestrial Physics,
25, No. 6, 311-317, June 1963.

Hargreaves, J. K., atd H. 3. A. Chivers, "Fluctuations in ionospheric absorption events at conju-
gate stations, " Journal of Geophys. Res. (Letter to Editor) (in preparation).

Little,C. G., E. R. Sc±iffmacher, H. 3. A. Chivers and K. W. Sullivan, "Observations of cosmic radio
noise absorption at geomagnetically conjugate stations, " NBS Report (in preparation).

Related Bulletin Articles

Vol. III, Nos. 9-10, Summer Issue 1962, page 69.
Vol. IV, No. 9, June 1963, page 129.

Dr. H. J. A. Chivers
Chief
High Latitude Ionospheric Physics
Central Radio Propagation Laboratory
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Field Investigators Operations Area

Mr. Deane E. Thomas
Mr. Robert B. furgens Aboard USNS ELTANIN during

cruises 1 through 8
Aboard USNS ELTANIN during
cruises 9 through present

Background

RADIO NOISE MEASUREMENTS ON FLOATING
	 I

ANTARCTIC RESEARCH STATION

U. S. Department of Commerce
National Bureau of Standards

Central Radio Propagation Laboratories
Boulder, Colorado

R. T. Disney, Principal Investigator

The objective of the C. R. P. L. Radio Noise Group is to furnish information on the interference
environment relative to frequency, time and location so that terminal facilities can be designed that
will promote the maximum utilization of the electromagnetic spectrum. To achieve this objective,
basic scientific data were required on the integrated effects of thunderstorm activity on the environ-
ment. In 1957, a widespread measurement program was initiated to obtain these data. However,
quantitative data over large ocean areas were essentially nonexistent until the USNS ELTANIN was
outfitted as a floating Antarctic research station, and data collection began during the winter of 1962.

Objectives

Data from this program will assist in the determination of the range, variability, and character
of radio noise due to thunderstorm activity over ocean areas in the high southern latitudes.

Activities

The Atmospheric Radio Noise Recorder operated throughout the year, recording noise on eight
discrete frequencies between 13 kc/s and 20 Mc/s. These data are now being analyzed, and the pre-
liminary results are being published in the NBS Technical Note 18 series, as well as being submitted
to the World Data Center. Since atmospheric radio noise is quite variable from day today, the
median value for all values recorded within a block 15° in latitude by 100 in longitude is used as the
basic parameter for a given time block. The latitude is centered on even hours from 0° (60° ) 75 02

90 0 etc.). The median values of the average power and the median values of the deviation of the
average voltage and average longarithm of the voltage are determined for each area. One of the
first uses to which these data were put was the checking of the C. C. I. R. Report 322 predictions of
radio noise. With the 1962 winter season records, radio noise measurements along a given merid-
ian were obtained for the first time. The figure shows the comparison of the ELTANIN records com-
pared with the C. C. I. R. predictions along the 75th meridian for 0000-0400 and 0400-0800 winter time
blocks.

References

Clarke, C., 'Atmospheric Radio-Noise Studies Based on Amplitude-Probability Measurements at
Slough, England, during the International Geophysical Year, "Proc. Inst. Elec. Engs,, Pt. B
109, 47, 393 (September, 1962).

Crichlow, W. Q., A. D. Spaulding, C. J. Roubique, and H. T. Disney, "Amplitude-Probability
Distributions for Atmospheric Radio Noise, " NBS Monograph 23 (November, 1960b).
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Crichiow, W. Q., C. J. Roubique, -
A. D. IBpatilding, and W. M. Beery
(January-February, 1960) "De-
termination of the Amplitude-
Probability Distribution of Atmos-
pheric Radio Noise from Statis-
tical Moments, " J. Res, NBS
64D (Radio Propagation) No. 1,
49-56.

., "Noise Investi-
gation at VLF by the National Bu-
reau of Standards," Proc. IRE,
45, 6 778 (1957).

D. F. Smith,
R. N. Morton, andW,R, Corliss,
"Worldwide Radio Noise Levels
Expected in the Frequency Band
10 Kilocycle sto 100 Megacycles,"
NIBS Circular 557, August 25,
19550

"Report on Revision of Atmospher-
ic Radio Noise Data, it C. I. R.
Report No. 65, VITIth Plenary
Assembly, Warsaw, 1956, (Inter-
national Radio Consultative Com-
mittee, Secretariat, Geneva,
Switzerland).

"World Distribution and Charac-
teristics of Atmospheric Radio
Noise, "C. C. I. R. Report No. 322,
Xth Plenary Assembly, Geneva,
1963, (International Radio Consul-
tative Committee, Secretariat,
Geneva, Switzerland).

Fulton, F, F. Jr., (May-June 1961),
"Effect of Receiver Bandwidth on
the Amplitude Distribution of VLF
Atmospheric Noise, "J, Res. NBS
65D (Radio Propagation) No. 3,
299-304.

Homer, F., "An Investigation of
Atmospheric Radio Noise at Very
Low Frequencies," Proc. Inst.
Elec. Engs., Pt. By 103, 743
(1956),

p	ELTANIN RADIO NOISE DATA

750 WEST LATITUDE

WINTER 1962

Robert T. Disney
Assistant Chief
Radio Noise Section, Troposphere and
Space Telecommunications Division
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CONJUGATE POINT STUDIL
ON USNS ELTANIN

University of Alaska
Geophysical Institute

College, Alaska

Mr. Keith B. Mather, Principal Investigator

Field Investigator	 Operations Areas

Mr. Samuel W. Henderson	 Aboard USNS ELTANIN,
Drake Passage and
South Pacific Ocean

Background

A photometer for aurora and night airglow studies was installed on TJSNS ELTANIN in Decem -
ber 1961 and has been operated at all opportunities since. A riometer operating at 30 mc/s was in-
stalled in March 1962 and has been operated continuously since then.

Objectives

To obtain optical and radio data at locations in the South Pacific Ocean conjugate to Alaskan,
Canadian and other North American observatories, and to list instrumental techniques for making
these observations at sea.

Activities

During the ELTANIN cruises in non-conjugate areas, equipment tests have been carried out.

Photometric measurements of the aurora and airglow were made at wavelengths of 5577, 6300
and 5300 A during 1962 over a wide range of northern and southern latitudes, as part of an associated
program (Principal Investigator, Dr. T. N. Davis). Difficulties have occurred due to interference
from the ship's light.

The riometer has been operated continuously since installation. The primary purpose, up to
this stage, has been a feasibility test of operation of a riometer at sea, but it has also served as
a crude monitor of absorption events. Precise measurement of events is not possible.

A high frequency riometer, 60 me/s, which is too high for appreciable absorption, has been in-
stalled on the ELTANIN to normalize the 30 mc/s data against the continuous change of orientation
of the antennas as the ship pitches and rolls.

Cruises 11, 13, 14, 15 and 16 westwards across the South Pacific are expected t o b r in g t he
ELTANIN into waters conjugate to North American observatories.

Mr. Keith B. Mather
Director, Geophysical Institute
University of Alaska
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,,ELATION OF VLF PHENOMENA IN THE POLAR REGIONS
TO SOLAR PARTICLE STREAMS

University of Alaska
College, Alaska

Dr. Leif Owren, Principal Investigator

Field Investigator	 Operations Area

Mr. John Jacobs	 Vostok Station

Background

This program provided for establishment at the USSR Station at Vostok of one of a pair of stations
for simultaneous recording of VLF (very low frequency) phenomena at high geomagnetic latitudes in
the Arctic and Antarctic. The northern station is at New Thule, Greenland. Mr. Jacobs is also op-
erating the Vostok link of the cosmic ray forward scatter network.

Objectives

Discovery of a possible relation of high-altitude very low frequency emissions tT streams of par-
ticles ejected from the sun, the properties of the far reaches of the earth's magnetic field, and a the-
ory of the generation mechanism of high-latitude VLF emissions and their propagation mechanisms

Activities

Tdr. John Jacobs was flown by an Air Development Squadron SIX aircraft to Vostok Station on 9
January 1964 to work on the VLF and forward scatter experiments. VLF recording began on 22 Jan-
iary.

The first VLF emissions were recorded on 11 February consisting of a series of long hooks and

F

ses occurring from 0510 to 0630 GMT. Magnetic activity at this time was normal. Modification of
transformer system decreased hum by at least 0. 5 db. Hiss and infrequently dispersed emissions
ere recorded.

The forward scatter system began working on 14 February. Signal strengths were lower thanex-
cted, but improvement is anticipated with a change in electrical power at both the transmitter and
ceiver sites.

During March, temperature and power fluctuations caused loss of 40 hours of forward scatter
a and a minor loss of VLF data. A thermostatically-controlled ventilating system should obviate

problem.

elated Bulletin Article

V, No, 92 May 1994, page 9.
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DIURNAL MOTION OF AURORAL HYDROGEN EMISSION

University of Colorado
Boulder, Colorado

Dr. Manfred H. Rees, Principal Investigator

The meridian spectroraph, self-
contained in styrofoam housing. The
slot views a narrow strip of sky ex-
tending over nearly 1800.

(Photograph courtesy of
C. S. Deehr, University
of Alaska.)

Field Investigator

Mr. Henry Morozumi

Operations Area

Byrd Station

Background

Neutral atomic hydrogen radia-
tion is an important feature of the
emission spectrum of the aurora.
The observation provides evidence
that energetic protons penetrate the	 \earth's atmosphere to about the l00
km level. During the International
Geophysical Year a spectroscopic	7 'r pastudy with high time resolutionwas	 - -
carried out at College, Alaska, which	r	 -revealed a systematic behavior of
the auroral hydrogen emission fea-
ture in the form of a repetitive diur-
nal shift in latitude. In order to explain this phenomenon it was suggested that the earth rotates un
der a region of particle precipitation which is fixed with respect to the sun. Observations in Alas
were limited by the maximum number of dark hours available which, even in midwinter d o e s not
exceed fifteen hours at this latitude. This limitation suggested transferring operations to a higher
latitude station,

Objectives

Byrd Station offers the unique possibility of carrying out observations in a zone of maximal au
roral occurrence throughout a complete 24 .-hour day in total darkness. This makes it possible to
follow the motion of the hydrogen emission over several entire daily cycles during the Antarctic
midwinter, which is the principal objective of the program. Operation of the spectrograph throw,
out the year provides observational material for a study of the changes in the auroral spectrum wit
a time resolution heretofore not available. The effect of highly variable solar illumination of the
ionosphere at this high latitude station is of particular interest.
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Spectrograii obtained with meridian
spectrograph in 15 minute exposure
during the red aurora of November
27/28, 1959 at College, Alaska. The
geomagnetic meridian is displayed on
the vertical scale and the wavelength
is indicated on the horizontal scale.
The principal auroral emission fea-
tures are indicated, including two
Balmer lines of hydrogen. The lines
of mercury are a contaminant from
artificial lighting.

(M. H. Rees and C. S. Deehr, Planet.
Space Sci. 8. 49, 1961)
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Instrumentation

The spectrograph views a nar-
row band of the sky extendingnear-
ly 90 0 each side of the zenith, and
is placed so as to monitor the emis-
sions along the geomagnetic merid-
ian. The instrument records the
visible auroral spectrum on 35mm	 4	 *
spectroscopic film and is designed
for optimum detection of the Balmer
alpha line of hydrogen. The film is
advanced automatically accordingto
a preset exposure schedule, usual-
ly 15 minutes. The unit is contain-
ed in a heated styrofoam housing
and is placed outdoors away from
artificial lighting. This spectro-
graph has been operated successfully at field stations in Alaska, at Thule, Greenland, in New Mexico,
and at Canton Island in the South Pacific.

Activities
The spectrograph was shipped to Byrd in December 1962. It was set up near the VLF Station but

due to pressure of higher priority jobs power was not supplied to the instrument and it was never
plabed into operation during the 1963 season. The spectrograph is part of the IQSY instrumentation
In Alaska and was, therefore, shipped back to Alaska in February 1964. It is hoped that the pro-
gram can be resumed at Byrd in the near future.

References
Rees, M. H., and G. C. Reid, 'The Aurora, the radiation belt and the solar wind, a unifying hypoth-

esis, Nature, Vol. 184, page 539, 1959.
A. E. Belon and G. J. Romick, 'The systematic behaviour of hydrogen emission in the

aurora, I, "Planetary and Space Science, Vol. 5, page 87, 1961.

Dr. Manfred H. Rees
Department of Physics and Astrophysics
University of Colorado
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COSMIC RAY MONITORING AT
RALLETT STATION, ANTARCTICA

University of Maryland
Department of Physics and Astronomy

College Park, Maryland

Dr. S. F. Singer, Principal Investigator

Field Investigators

Mr. A. L. Spitz, summer season.
(Wintering-over negated by the
recent fire at Hallett Station.)

Operations Areas

Hallett Station and
United States

Background

This program provides for continual
operation of a high counting rate, plastic-
scixitillator meson telescope and a low en-
ergy neutron monitor at Hallett Station.

Cosmic Ray building at Hallett Station.

In addition, a duplicate set of counters is in operation at the Physics Department, Univer sity of
Maryland. These are used for graduate student training programs and "in-house" counter improve-
ment objective,

Objective

To continue cosmic ray monitoring in an area of 'greatest acceptance 11 i. e, the South Polar re-
gion activities,

Activities

This program consists of observing the details of rapid variations of cosmic ray intensity. The
intensity of cosmic rays has generally been measured by integral recorders giving the number of
particles penetrating a given area within a definite time interval of 15 minutes, or one hour. The
variation of intensity within these time intervals is therefore averaged out and mostly masked .by
the statistical fluctuations. Correspondingly, the analysis of time variations of cosmic ray intensi-
ty such as diurnal, seasonal variations or change of intensity during geomagnetic storms etc. has
been done on this basis.

With an increase of detection accuracy of cosmic ray intensity, however, it becomes possible
to analyze-the variations within short time intervals.

In keeping with the IQSY effort for high counting rate detectors Maryland has achieved much great-
er counting rate ability than originally hoped for. At this time, and keeping within the limits of reli-
ability and accuracy, a counting rate of 2500 pulses per second has been established with imporved
circuitry.

The data gathered at Hallett Station are reduced and correlated at the University of Maryland.
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klbove: Plastic Scintillation Equipment; Right top:
Plastic Scintillation Counter; Right bottom: Neutron
Moniter, all at Hallett Station, Antarctica.

(Photographs courtesy of author.)

Reference

Meada, K. and R. S. Hazlett, "Plastic Scintillation Cosmic Ray Detector.

Related Bulletin Article

Vol. IV, No. 9, June 1963, page 139.

Mr. Richard S. Hazlett
Faculty Research Assistant
University of Maryland

I
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ANTARCTIC ANTENNA FEASIBILITY STUDY	 I
University of Washington

Seattle, Washington

Dr. Donald K. Reynolds and Dr. H. Myron Swarm,
Principal Investigators

Electronics technician measuring current
distribution of dipole antenna in electrical

• p
	 model of Antarctic ice.

11 X"i
•	'

Investigators	 Operations Area

Mr. A. Wayne Biggs	United States
Mr. Arthur W. Guy

United States
Background

Under a grant awarded to the University of Washington last year, a study was made on the feasi-
bility of installing a high power VLF transmitting antenna on the Antarctic ice cap. Based on this
work an additional grant was awarded this year to install the actual antenna.

Both theoretical and experimental studies indicate that thick and expansive bodies of cold ice
such as encountered in Greenland and Antarctica provide a relatively low loss layer of dielectric
for supporting horizontal VLF antenna arrays. Such arrays may be used to couple VLF energy effi-
ciently to the whistler mode. Antarctica is not only an ideal location for such an antenna array be-
cause of the thick ice, but also because of the great interest in VLF phenomena in that area,

Objective

To determine the optimum antenna configuration for the efficient excitation of the VLF whistler
mode from Antarctica.

Activities

Although there were no field activities on the Antarctic Continent last year under the grant, some
preliminary field tests suggested by the investigators were performed by the Institute of Exploratory
Research of the U. S. Army Electronic Research and Development Laboratories in cooperation with
the Boeing Company of Seattle. These tests indicated that horizontal dipoles consisting of heavy
polyethylene insulated wire performed most successfully as antenna elements. They also indicated
that the average dielectric properties of the surface ice were close to theoretical values of pure solid
ice.
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Theoretical studies were performed at the University of Washington to determine the theoreti-
cal electromagnetic fields of the dipole on Antarctic ice. Studies were made of dipole efficiencies
and impedances as a function of ice thickness, temperature and frequency. An electrical model
of a dipole on the Antarctic ice cap was constructed with the cooperation of the Boeing Company
and experimental data are now being taken to verify some of the theoretical work.

Reference

Swarm, H. M,, D. K. Reynolds, and A. W. Biggs, Analytic Study of ELF and VLF Radiation Fields
from a Horizontal Dipole in Antarctica, Technical Report No. 87, University of Washington,
Tanuray 1964.

Related Bulletin Article

Vol. DJ, No. 9, June 1963, pages 130-135.

Mr, Arthur W. Guy
Department of Electrical Engineering
University of Washington

S
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(NSF photograph)

One of the extensive scientific operations in the Antarctic area is conducted by the floating lab-
oratory ship, US NS ELTANIN. Originally built as a cargo; ship for use in ice conditions, ELTANIN
has been specially refitted, under funds from the National Science Foundation, as a research fa-
cility, fully equipped to carry out scientific investigations in biology, geophysics, oceanography, up-
per atmosphere physics, marine geology, and meteorology in polar waters.

ELTANIN is operated by the Military Sea Transportation Service for the United States Antarctic
Research Program. After each cruise she has returned to a South American port where crew mem-
bers and scientific personnel are exchanged and the ship is resupplied and repaired, if need be. In
this fashion the long voyage back to the United States is avoided and time saved.

After three shakedown cruises in 1962, USNS ELTANIN commenced operations on 5 July 1962
(cruise 4). An account of cruises 4 through 7 appeared in the summary of last year's scientific
programs (rune 1963, pages 141-143). A chart depicting the routes of these four cruises is reprint-
ed in this issue.

After short descriptions of cruises 8 through 12 on the following pages, are charts for each of
the cruises.23 Summaries of the scientific investigations accomplished aboard the ship during
these cruises appear throughout the scientific section of this issue.

References

1. Bulletin of the U. S. Antarctic Projects Officer, Vol. III, No. 6, February 1962, pages 18-20;
Nos. 9-10, Summer Issue 1962, pages 75-76; Vol. IV ,, No. 9, Tune 1963, pages 141-143.

2. National Science Foundation, U. S. Antarctic Research Program, Antarctic Status Report,,
No. 54, for June 1963; No. 57, for September 1963; and No. 60, for December 1963.

3. National Science Foundation, U. S. Antarctic Research Program, Antarctic Report, February
1964 and April 1964.
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) CRUISE 8

The United States Antarctic Research Program ship, USNS ELTANIN, completed her eighth
cruise, the longest of the first year of Antarctic operations, on 19 June 1963 when she arrived at
Talcahuana, Chile. This 80-day cruise began on 1 April when she departed Montevideo for the South
Sandwich Islands.

During the cruise, a systematic investigation of the South Sandwich Trench was conducted, fol-
lowed by southward penetration, which was ended at 630321 South latitude by ice pack.

CRUISE 9

USNS ELTANLI left Valpariso, Chile, on 1 August 1963 on her ninth cruise, the sixth in Antarc-
tic waters. The first part of the cruise was a survey of the Argentine Basin area roughly defined be-
tween 50° to 470 South and 40° to 350 West. Although bathymetry and hydrographic work were
stressed, several full stations were also made in the area.

Upon leaving the Argentine Basin, the ship proceeded to Bird Island, located off the tip of South
Georgia, where some of the personnel visited the small research facility of the Johns Hopkins Uni-
versity and Bernice P. Bishop Museum biologists,

From Bird Island, the ship proceeded south along the 38th Meridian to approximately 59°12'
South latitude where further penetration was halted by heavy ice. Proceeding eastward, one sta-
tion was made at 58 °40'S,, 36'00'W. and eight stations were taken along the 34th Meridian as the
ship proceeded north.

Upon arrival in the vicinity of South Georgia, various studies of the changes from deep water to
continental shelf around the island were made. Upon completion of these studies, ELJTANIN proceed-
ed toward Valparaiso, making several trawls in the vicinity of Cape Horn and Valparaiso.

01he cruise ended on 27 September alter completing 9,339 miles, the longest yet accomplished
by ELTANIN.

CRUISE 10

TJSNS ELTANIN departed Valparaiso on 6 October 1963 on her tenth cruise. Thirty-three ocean-
ographic stations were taken south of 55° South latitude. Additional work included intermediate
plankton sampling between stations in the pack ice, two hydrographic casts and plankton samplings
at the north and south boundaries of the Antarctic Convergence, and the investigation a sub-marine
slide area off the coast of Chile at 3902515., 730531W.

Stations were taken at standard 60-mile intervals along the 83°, 79 ', and 75 0 West Meridians
with the southernmost stations at 66 0, 65 0, and 64 0 South latitude, respectively. A brief search
for the Pactolas Bank in the area bounded by 560201 - 57 0 South latitudes and 74° - 75°40' West
longitudes was unsuccessful.

The cruise ended on 6 December alter the completion of a 7, 000-mile voyage lasting 61 days,

CRUISE 11

Leaving Valparaiso, Chile, on 17 December 1963, ELTANU\T steamed on a southwesterly course
to 55°S,, 115°W., where the major work of the cruise commenced. A series of 15 complete stations
was taken between 55°S., and 70°S. ELTANIN then made an easterly course along 70°S., to ap-
proximately 90°W., stopping for a station every 4° of longitude. The southernmost point in her op-
erations to date, 70 026S (at 99°52'W.), was reached on 22 January 1964.

Heavy pack ice was encountered in the vicinity of Peter I Island and attempts to reach the island
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Cruises 4-7 of
USNS ELTANIN

were unsuccessful. A series of six stations was made between Peter I Island and 62 °S., 87 0W.,
after which ELTANIN proceeded to 62°15 1 S,, 80 030'W. for VLF studies in an area magnetically con-
jugate to Annapolis, Maryland, site of the U. S. Navy's transmitter, NSSO

Between 5 and 7 February, marine biological stations were conducted west of the Magellan
Straits. After a 3-day port call at Punta Arenas the ship made a brief trip into the South Atlantic
for marine biological studies, then returned to the Pacific through the Straits and arrived at Val-
paraiso on 21 February.

With the exception of the first 12 days of the cruise, when strong head winds and currents slowed
the ship to less than 9 knots, favorable weather was encountered. On the 500-mile eastward transit
along the edge of the ice pack, experiments in trawling and other over-the-side operations were con-
ducted in preparation for future trans-Pacific cruises along or near the edge of the pack.

CRUISE 12

Cruise 12 began on 3 March 1964, when ELTANIN left Valparaiso for the northwest Weddell Sea
and Scotia Arc area between the South Sandwich and South Orkney Islands. The first major station
was taken north of the South Shetland Islands on 13 March. Station 2 was taken at 63 O S. 52 0W. as
ELTANThT entered the Weddell Sea. Three more stations were taken before the ship reached her
southernmost point of 66003t5. on 18 March.

Station 8 was completed by 21 March as the ship worked northeastward to begin a series of six
N-S profiles along the E-W axis of the Scotia Arc. Between 22 March and 12 April, twelve stations
were taken. Working west past the South Orkney Islands and to the Drake Passage on 19 April, EL-
TANII\T accomplished her last five full stations. In the Drake Passage, hydrographic casts and three
special piston cores were taken at the Antarctic Convergence. ELTANIN then proceeded directly to
Valparaiso, arriving on 30 April 1964.
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PERSONNEL
DEEP FREEZE 64 VISITORS TO ANTARCTICA

Each year, a number of distinguished persons and representatives of the news media visit Ant-
arctica as the guests of Commander, Ti. S. Naval Support Force, Antarctica. The objective of this
program is to acquaint government and civilian agencies of the United States and foreign countries
with the mission and accomplishments of the operation and to provide news coverage of the program
for the general interest of national and international readers.

Close cooperation and coordination of the U. S. Information Agency, Department of State, Na-
tional Science Foundation, Office of the Chief of Naval Information, and the U. S. Antarctic Projects
Officer, with the Commander, Ti. S. Naval Support Force, Antarctica, results in an efficient and
well-planned program of public relations and visitor selection.

The following national and foreign distinguished visitors and representatives of news media
visited Antarctica during DEEP FREEZE 64:

J. C. Landrigan, Rhode Island Navy League
Brig Gen. C. H. Olds, Chaplain (Ret.)
Dr. G. E. Pearcy, U. S. State Department
A. Belden, Department of the Interior
RADM. B. M. Strean, DCNO Fleet Ops
P. Kirill, Jacksonville, Fla. Navy League
S. Holland, Hollywood, Fla. Navy League
Rep. H. Abele, Congress (D-Ohio)
M. Peterson, Smithsonian Institution
J. Abey, Rotary International
M. Schrenk, Naval Reserve
W. Randol, U. S. Explorers' Club Executive
W. Reynolds, State Department
T. Abrams, Abrams Institute
Dr. L. Leroy, Retired Dentist
Col. L. Prouty, USAF, JCS
T. Driver, American Embassy, Wellington
CAPT. J. Dowdell, Deputy CHINFO
L. Smith, Caterpillar Co.
RADM. F. Dreith, Chief of Navy Chaplains
Cardinal Spellman, Military Vicar of U. S.
CDR. Darkowski, CHC, U. S. Navy
RADM. Ailes, COMSERVLANT
CDR. Divoli, CBLANT OPS
LTG.McQuillan, COMSERVLANT Aide
Ward Rogers, U. S. Industrialist
Col. Daley, Arms Control Disarmament

Agency
S. Weintraub, Bureau of Ships
W. Henderson, NASA
Dr. T. 0. Jones, NSF Antarctic Programs
CAPT. Wooding, COMCBLANT
RADM. Haynsworth, SC, U. S. Navy
RADM. Barnum, President, Navy League of

the U. S.
Dr. Simsarian, State Department
LTJG. Falconer, SC, U. S. Navy
Prof. L. C. King, South Africa SCAR

I. Morrison, Chief of Air Staff, RNZAF
i. Claydon, Wing Commander, RNZAF
K. Clegg, Auckland Public Relations Advisor,

New Zealand
J. Johns, Taranaki Alpine Club, New Zealand
W. McLachlan, Mt. Cook Airlines, New Zealand
Sir Bernard Ferguson, New Zealand Governor

General
Maj. M. Reynolds, RNZMC
LCDR. P. C. D. Gibaut, RNZN
Lt. Col. Elderton, RNZA (Ret.) - New Zealand

Red Cross
RADM. R. Washbourn, Chief of Naval Staff, RNZ
Brig. Campbell, RNZA - Commander, Southern

Military Dist.
T. Simpson, Byrd Fellowship, Wellington,

New Zealand
J. Fair, British Petroleum, New Zealand
J. Herndon, Reehm Ltd. of New Zealand
Col. H. Hoare, U. K, Military Advisor to

New Zealand
J. D. Davey, New Zealand Tourist Bureau
R. L. Hutchins, New Zealand Treaty Observer
J. T. O'Leary, New Zeeland Treaty Observer
L. Dennis, New Zealand Businessman
L. Dennis, Jr. New Zealand Businessman
L. Spencer, New Zealand Businessman
W. Nash, Former Prime Minister of New

Zealand
E. Button, New Zealand Physician
Dr. C. Naude, South Africa, CSLR
CAPT. H. Millar, RAN Advisor to New Zealand
Lt. Col. D. Moore, RNZA
Mr. M. S imes, New Zealand Barrister
W. McFarlane, New Zealand Businessman
CAPT. G. H. Edwards, New Zealand Merchant

Marine (Ret.)
G. Cable, New Zealand Shipyard Owner
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Thomas, NBC
Baum, New York Times
Imboden, National Geographic Magazine
Abraham, Philadelphia Bulletin
Bell, San Diego Union - Copley Press
Gershen, Newark Star-Ledger - UPI

Kestner, Norfolk Ledger-Star - AP
O'Leary, Houston Post
Follett, Follett Publishing Co.
Muenchen, Artist
Bumstead, National Geographic Magazine
Alley, U. of Michigan TV
Woodruff, U. of Michigan TV

Euller, Author
Foote, Providence Journal
Berland, Freelance
Payne, McGraw-Hill Publishers

T. Kelly, USIA, Washington, D. C.
D. Walther, Freelance agent
R. Harbison, San Bernardino Sun
N. Vichney, LeMonde, Paris
H. Vohra, Times of India
J. Davy, London Observer
S. Heydinger, London Observer
F. Oku.ra, Asahi-Shimbun Press
R. Mitchell, Christchurch Press
D. MilLie, N. Z. Herald, Auckland
D. Wilkie, Melbourne Sun, Australia
H. Yasuzi, Japanese TV
A. Sukeo, Japanese TV
A. Noritoshi

'
Japanese TV

B. Frodin, Author
A. Moorehead, Author
S. Nolan, Artist

DEEP FREEZE 64 WINTERING-OVER PERSONNEL

At the end of each austral summer season, the United States leaves a detachment of men at
each of the United States Antarctic stations to spend the austral winter in pursuit of scientific knowl-
edge and in support of the scientific program.

These groups, which number 289 at the 5 United States stations and 1 at the Soviet Vostok Station
this season, were isolated on the continent on 7 March 1964 with the departure of USS Glacier from
Hallett Station.

10

	

	
Normally, these men would be completely cut-off from all outside contact, except by radio,

until the arrival, in late September or early October, of the first aircraft of the new austral summer
season. This winter, however, the men at McMurdo Station received a mid-winter visit by an air-
craft flight to the station, necessitated by an emergency medical evacuation.

The personnel wintering-over during Operation DEEP FRMI 	64 are as follows:

Amundsen-Scott South Pole Station

C x, Larry Eugene, RM2	 Mull, William B., CS1
G Lin, Harold 0., Meterology, U. S.	 Oona, Henn, Aurora, Arctic Institute of

Weather Bureau	 North America
G ass, Robert D., Meteorology, U. S.	 Peterson, James Carl, EON3

Weather Bureau	 Rath, Arthur Edward, ETN2
J dd, Robert C. Meteorology, U. S.	 Sage, Richard Howard, BUC

Weather Bureau	 Sargent, Howard H., Ionospheric Physics,
K ne, Alan Frost, CMA2	 National Bureau of Standards
K e

'
Henry S., Cosmic Radiation,	 Schroeder, Henry B., Meteorology, U. S.

Bartol Research Foundation	 Weather Bureau
Lamboley, Paul Eugene, RM1	 Strange, Donald Lee, HM1
Lthnpert, Irwin Ronald, SK3

	
Sumner, Joseph Wilburn, UTP2

MGrillis, Harold George, CE1
	

Tate, Robert G., Geomagnetism/Seismology,
McLaughlin, Robert Harold, EN2

	
U. S. Coast and Geodetic Survey,

McLean, William E., LT., (MC),	 (Station Scientific Leader)
Officer in Charge	 Wiest, William G., Ionospheric Physics,

National Bureau of Standards
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Byrd Station
	 I

Abney, J immy Dean, RM1
Andrus, Carl H., LT., (MC), Officer in Charge
Blake, Dale G., Ionospheric Physics, National

Bureau of Standards
Brooks, Russell Atful, CEW2
Brush, Bernard Eugene, EN2
Erven, Raymond D., Meteorology, U. S.

Weather Bureau
Fiedler, Leonard George, CE1
Flint, Robert B., Jr., Radio Physics,

Stanford University
Gordon, William Allen, BUL3
Grabe, John William, CS1
Groves, Benjamin F., Meteorology, U. S.

Weather Bureau
Harndierks, Ervin Frederick, BUL3
Ignatov, V. S., Ionospheric Physics, AANII,

USSR, (Exchange Scientist)
Jenkins, J ohn Henry, RM2

Leopold, Henry L., Meteorology, U. S.
Weather Bureau

Mullin, Julian Lamar, SK2
Nowicki, Robert Leo, EM2
Olsen, Peter Khors, HM2
Peddle, Norman W., Geomagnetism/Seismo-

logy, U. S. Coast and Geodetic Survey
Scheele, Edward Byrne, SWE2
Sefton, Ronald L., Radio Physics, Stanford

University, (Station Scientific Leader)
Siemiatkoski, Edmond R., Aurora, Arctic

Institute of North America
Stephen, Ronald R., Meteorology, U. S.

Weather Bureau
Stoeckig, Charles Christian, UT1
Tidmore, Howard Earl, CMH2
Underwood, William Jackson, E 0N2
Webster, David 0., Ionospheric Physics,

National Bureau of Standards
Wise, Martice Edgar, ET1

Eights Station

Anderson, Charles N., Geomagnetism/
Seismology, U. S. Coast and Geo-
detic Survey

Anderson, Henry Russell, ETR2
Boyer, Francis C., (HMC), Chief Petty

Officer in Charge
Eaton, John W., Aurora, Arctic In-

stitute of North America

Janke, John William, RM2
Maagoe, Steffen, Ionospheric Physics,

National Bureau of Standards
Morgan, William Raleigh, CS1
Morris, Wesley R., Meteorology, U. S.

Weather Bureau, (Station Scientific Leader)
Shelton, Willard Smith, EM1
Witte, Paul Frank, CM1

Hallett Station ^q ^

Bell, Charles Arthur, UT1
Cochrane, Donald, CEC
Crofoot, Howard, RM1
Crouch, James Frank, RM2
Dawson, Robert Allen, HM2
Hicock, Charles Scott, ETC
King, Hugh A., Jr., (MC), Officer in Charge
Lann, Roy Reice, CSI

Ridgeway, N. M., New Zealand Department
of Scientific and Industrial Research,
(Station Scientific Leader)

Rowles, D., New Zealand Department of
Scientific and Industrial Research

Smith, Glen Harold, CM1
Sweeney, James William, SKI
Wilson, Kenneth Russel, EON2

McMurdo Station

Adams, Lawrence G., AMS3
Allman, Guril 3. C., CMA3
Agnew, Stewe, ETN2
Archibald, Donald Lindsay, SKI
Ayres, Thomas Clinton Brannon, ETCH
Bachand, Robert Conrad, PH2
Badger, Thomas Howard, RM1

Barker, Donald Edgar, DT1
Barrs, Eddie, SKI
Barstad, Jerome Lee, AG2
Bates, Ronald G., LTJG., (CEC), (Superin-

tendent, Nuclear Reactor)
Bates, Thomas R., LT., (MC), (Flight

Surgeon & Medical Officer)
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Behrens, Adrion D., AMH1
Bell, Frederick Harold, HMC
Bellows, Frederick Alfred, RM2
Bender, Neal Eugene, SFC (USA)
Bennett, Ronald Douglas, UTP2
Bernardo, Gerald Sidney, UTCM
Bicknese, Neal William, EOH2
Blackwell, Jackie Leroy, CEW3
Blanchard, Ronald Deloss, CMHCN
Bliss Lauris Wesley, CS2
Bloch, George A., LT. (DC), (Dental Officer)
Bohannon, Wayne Lee, BUH3
Bonitatibus, William G., AN
Bragg, Ralph L., PHCA
Brown, Kenneth R., Biology Laboratory

Manager, Stanford University
Brown, Robert John, SWE2
Butler, Don Edward, CMA2
Calderavzo, Frank, The Martin Company
Calvert, John Michael, RM2
Casey, James Clair, ETR2
Chamberlain, Wallace Harvey, AG1
Chisholm, John Wayne, SK3
Churchill, Oscar Edwin, E01
Clark, William Paul, CE 1
Cluts, Roy Nichols, RM2
Colby, Stanley Charles, UTP2
Cooper, Lance Edward, SWE3
Cooper, Claud Hood, ETN2
Cooper, Hugh F., ADR3

P
Cordy, Gerald W., AMS2
Cox, Mack Gray, CS2
Crown, Ernest Francis, RM2
Custead, Elmer Bard, KMC
Davis, James Kenneth, CSC
Dayton, Paul K., III, Biology, Stanford

University
Deardorff, J. Evan, Cosmic Radiation,

Bartol Research Foundation
Deming, Ralph A., AE2
Desimone, Joseph Anthony, CN
De Wees, Bruce Volney, CE1
Doningue, Marion Lewis, CEC
Duncan, Tommy J., PN2
Dunham, William Steve, UTA2
Dworschak, Robert Larry, RM2
Edgar, Oscar Earl, CEW2
Elgin, Glenn Roger, RM1
Ellis, Robert Edward, ETN3
Elwell, Daniel Ray, SW1
Erickson, Roger C., LT., (SC), Supply Officer)
Essen, Darrell Dean, CMA3
Fans, William E., LT., (Communications,

Administration, & Personnel Officer)
Farley, Norwood Marshall, EN3
Fegley, Charles E., Ill, LT., (CEC)
(Officer in Charge, Nuclear Reactor)
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Fields, John William, RM2
Fleig, Paul Louis, CN
Ford, Elmer E., AMH3
Fort, Robert Edward, CEC
Foster, Max Frank, ET1
French, Winford Litten, KM1
Fuller, William C., LCDRO , (C HC), (Chaplain)
Gaberlain, William Edward, CEC
Gallagher, Eugene Joseph, CS2
Garcia, Arthur, EON3
Garland, Robert Allen, CE1

•Gay, Leonard Clifford, CEWCN
Geoghegan, Laurence Joseph, UTPCN
Germain, Armand Joseph, CES2
Gibson, Charles T., ATN2
Gilreath, Archie Leallen, E 0N3
Goligoski, Eugene L,, PHi
Gonzalez, George Walter, AG2
Goodman, Mack Alonzo, SK3
Gormsen, Paul Joseph, EASCN
Green, James Franklin, CEWCN
Gregg, Rodney Ross, BULCN
Gricius, George John, ETR3
Griffin, Kenneth Merle, MR1
Hardesty, Rodney Lynn, SWE3
Harmon, Roger Alan, CN
Haseley, Karl Eugene, HM2
Held, George E., LT., (CEC), (Public

Works Officer)
Herron, Thomas Joseph, AG1
Hobbs, Harold Ray, EOH2
Holland, Donald Olaf, DKC
Holland, Thomas James, BUR3
Hunter, William G., LCDR., (Executive and

Operations Officer)
Jett, Edward K., AE2
Johnson, Michael Allen, AG2
Johnstone, Graeme N,, USARP Coordinator,

U. S. Weather Bureau
Jones, Charles Thomae, UTP2
Kanzenbach, William Edward, RMCA
Keesler, Thomas James, CMA3
Knops, Thomas Roger, ETN2
Knowlton, Robert Charles, CS1
Kumagai, Takeshi, SFC (USA)
Laiblin, George Frederick, RM2
Lamance, Arthur Duane, RM1
Lenning, Walter Edward, CMCM
Lewis, Calvin Andrew, EM2
Libby, Lawrence L., LTJG., (Meteorological

Officer)
Lightfoot, Ralph Edgar, CMH2
Lint, Paul Wilson, CMH3
Littleton, Rudolph, RM1
Lodge, David Benjamin, KM1
Ludwig, Kenneth Dell, CMA2
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a
Macdonald, John A., Biology, Stanford

University
Martin, Billy Daniel, SH2
Maynard, Edgar Jackson, UTW2
McBride, Phillip Narwood, UTB3
McCown, Maury Duane, ABF1
McDonald, James E., SH1
McGIasson, Bruce, LT.
McKenzie, Richard Harley, EOl
McLaury, Ronald Dwane, CN
McMullen, Bethael Lee, BU1

(EVACUATED DURING MIDWINTER)
Mickler, Raymond Roscoe, EON3
Mules, Lloyd Benjamin, EN1
Mills, James Walter, RMSN
Moore, Ernest Harrison, CEC
Moore, Roger L., ATR2
Morang, Robert Charles, RM2
Morel, Sylvester Frank, BUR2
Morgan, Thomas Samuel, BU1
Morton, John A., LCDR.
Murray, David Warren, SWF3
Nichols, Robert William, 5K3
Nootnagel, Frederick G., AK2
O'Connor, Michael Dennis, RM2
Orchard, James Roland, UTP2
Pastor, Stephen Edward, E01
Patterson, Harry Francis, UTC
Perkins, Thomas Morgan, RMC
Peterman, William Kenneth, SW].
Pettit, Gerard Anthony, EN2
Phelps, Edward Randall, SKi
Pinamonti, John R., ADJ3
Poley, David Lewis, CMH3
Powell, Floyd Ray, BUCS
Quick, Joe Cecil, SP6 (USA)
Randall, John Alden, CM].
Redman, Roy Darrell, UTCS
Reilly,'Joseph L., CDR,, Officer in Charge

(Commanding Officer, Detachment ALFA)
Rennell, Kelvin P., USARP Logistics Assist-

ant, Arctic Institute of North America
Rennicks, Leland Burdett, E ON2
Rhue, Frederick, MMCS
Richards, Donald W., PR2
Richardson, Wade Edward, RM2
Riley, Cecil Claude, SK3
Rising, Harold Albert, HM1
Risinger, James Murle, EOHCN
Robert, Rene Richard, RM2

Roisler, David Lee, BURCN
Ruda, Walter, HM1
Sabol, Stephen John, EM].
Sayles, Marvin L., ADR].
Schloredt, Jerry Lee, CE].
Schulz, George Karl, CEC
Schwarz, Klays, SK3
Scott, Gordon, The Martin Company
Sellers, Walter C., LTJG., (SC), (Disburs-

ing Officer)
Shaffer, Terry Lee, RM3
Shestko, Paul Raymond, RM2
Shiroma, Garrett, ADR2
Siefker, Dennis Richard, ETR2
Sieg, John, The Martin Company
Simmons, Percy Alvin, UTA3
Singleton, William Thomas, CEC
Sisler, James Lee, ABF1
Smith, Luther J., EON2
Smith, Larry Paul, RM3
Southard, Richard Keith, PN2
Spencer, Clifton Henry, EMA3
Stallings, Homer L., ADR2
Staples, Everett Martelle, HM2
Starkey, William Edward, UTW3
Stocks, William W., AME2
Stratos, Nick L., ADR2
Svaton, Ernest M., Ionospheric Physics,

Douglas Aircraft Company
Svensson, John Alfred, CN
Taylor, Robert Kay, BUL3
Templeton, Wilbur D., LT.
Thomas, George Calvert, RM1
Thomas, Tommie Clarence, SH3
Tolin, Dean Stacy, HMC
Turner, James Sunday, ABF2
Turner, Walter Harry, SWE3
Truesdell, Timothy Barr, SKi
Vantine, Wendell Hawkins, CEWCN
Wables, Frank Charles, RM1
Warren, Donald H., AMH3
Watson, James, E01
Watson, William Steve, PN1
Wells, Sidney Everett, RMC
Weyer, David L., ADJ3
Wissinger, Kenneth Eugene, RM2
Witsman, Harold Eugene, AG].
Woods, Jimmy Ray, SKi
Wosick, James Andrew, EMC
Wright, James Robert, CMA3
Young, Tolbert Jr., 5P6 (USA)

Vostok Station

Jacobs, John D., Radio Physics, University of Alaska, (Exchange Scientist)
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RECENT ADDITIONS TO THE LIBRARY
OF THE Ti. S. ANTARCTIC PROJECTS OFFICER

ARGENTINA

Ageitos de Castellanos, Zulma J. and Juan Carlos Luna Perez, Alqunos Aspectos Bioecoloqicos de
lo Zona Intercotidal de Cabo Primavera (costa'de Danco, Peninsula Antarctica) ; Contribution del
Instituto Antartico Argentino, No. 72, Buenos Aires 1963, pp. 4-24.

Aversano, Jorge Cirilo, La Frigorifica de las Nieves, in Junta Nacional de Carnes, Ano 1, No. 7,
January 1963, pp. 7-19.

Conejo International de Uniones Scientificas, Boletin del S. C. A. R., Indice Nos. 1-9, 1959-1961Y
and No. 11, published by the Instituto Antartico Argentino, (in Spanish with charts).

Corte, Alfredo and Carlos A. N. Daglio, Micromicetas Aislados en el Antartico, Contribucion del
Instituto Antartico Argentino, No. 74, Buenos Aires, 1963, pp. 4-27,

Novatti, Ricardo, Distribucion Peleqica de Ayes en el mar de Weddell, Contribucion del Instituto
Pntartico Argentino, No. 67, Buenos Aires 1962, pp. 5-22, with maps and charts, in Spanish.

Perez, Juan Cabs Luna, Vista a la Rogueria de Pinquines Emperado de Bahia Austral (Mar de
Weddell), Contribucion del Instituto AntarticoArgentino, No. 70, pp. 5-19, Buenos Aires, 1963.

FRANCE

International Union of Geodesy and Geophysics, I. U. G. G. Chronicle, Union Geodesique et Geophy-
sique Internationale, Chronigue de I. U. G. G.I, No. 51, December 1963 and No. 52, January 1964.
(in French and English)

Rapport D'Activitis, Terre Adeli 1959-1961, (Expeditions Polaires Francaises, Mission Paul-Emile
Victor) Pub. No. 231, 2 copies, in French with ills.

JAPAN

National Science Museum of Japan, The Antarctic Record, No. 17, Report of the Japanese Antarctic
Research Expedition (in Japanese with English abstracts) January 1963.

NEW ZEALAND

Heine, A. J,, Ice breakout around the southern end of Ross Island, Antarctica. In: New Zealand
Journal of Geology and Geophysics, Vol. 6, No. 3, 1963, pages 395-401, with ills., map (lists
known dates and extents of breakout since 1901).

New Zealand Antarctic Society, Antarctic News Bulletin, Vol. 3, No. 6, June 1963 and Vol. 3, No. 9,
March 1964.

SOUTH AFRICA

South African Antarctic Association, Antarktiese Bull etin, January, 1964, No. 1.

Weather Bureau, Department of Transport, Republic of South Africa, News Letter, No. 180, March
1964, (72 pages, with figures).
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UNITED KINGDOM

Armstrong, Terence, Oil and Gas in the Soviet Arctic, Reprinted from the Polar Record, Vol. 14
No. 73, January 1963, pages 431-434, 2 copies with map.

Armstrong, Terence, The Population of the North of the USSR, Reprinted from the Polax Record,
Vol. 11, No. 71, May 1962, pages 172-178, with table and map.

British Antarctic Survey, Bulletin, No. 2, December 1963, 96 pages with maps, charts and ills.

Evans, 5,,, Radio. Techniques for the Measurement of Ice thickness, Reprinted from the Polar Record
Vol. 11, No. 73, January 1963, pages 406-410, with table.

Holdgate, Martin Wyatt, Observations in the South Sandwich Islands, 1962. Reprint from the Polar
Record, Vol. 11, No. 73, 1963, pages 394-405, with ills. (Topography, volcanic activity and
terrestrial biology, includes list of known visits to area before 1962)

Holdgate, Martin Wyatt, Faunal remains on the Ross Ice Shelf in McMurdo Sound, Reprint from
Polar Record, Vol. 11,No. 70, 1961, pages 40-42 (Discovered November 1960, review of lit-
erature.)

Holdgate, Martin Wyatt, Fur Seals in the South Sandwich Islands, Reprint from the Polar Record,
Vol. 11, No. 73, 1963, page 474. (Reports on breeding herd, 1960-1962.)

Lewis, H. E. and J. P. Masterson, Polar Physiology its Development in Britian. Reprint from
The Lancet, May 11, 1961, pages 1009-1014, with charts.

Robin, Gordon de Quetteville, Ocean Waves and pack ice. Reprint from the Polar Record, Vol. 11,
No. 73, 1963, pages 389-393. (Historical outline of work done in this field)

Royal Society, Picadilly, Proceedings of the Royal Society of London, Series A, Vol. 277, No. 1368,
7 January 1964.

Sandford, B. P., Optical Studies of Particle Bombardment in Polar Cap Absorption Events. Reprint
from Planetary and Space Science, 1963, Vol. 10, pages 195-213, Pergamon Press Ltd., with
maps, charts, and ills.

Scott Polar Research Institute, Thirty-Seventh Annual Report, (Report from the Director of the
Scott Polar Research Institute to the General Board on the work of the Institute for the period
1 October 1962 to 30 September 1963.)

The Glaciological Society, ICE, News Bulletin of the Glaciological Society, Vol. 4, No. 35, June
1963; No. 12, July 1963; No. 13, December 1963, and No. 14, April 1964.

UNITED STATES

Allis Chalmers, Monthly Progress Report, March 1963, Inland Antarctic Station Design Contract
AT(30-1) - 3111 phase H. April 10, 1963 ) U. S. AEC (NYO) Contract AT(30-1) - 3111

Anderson, Gary S. and Keith M. Hussey, Alluvial Fan Development at Franklin Bluffs, Alaska.
Reprint from Iowa Academy of Science, Vol. 69, pages 309-321.

Angino, Ernest E. and Others, Physicochemical Limnology of Lake Bonney, Antarctica. Reprint
fromLimnoloqy and Oceanography, Vol. 9, No. 2, April 1964, pages 207-217, 2 copies.

Arctic Institute of North America, Annual Report 1963, with ills.
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Arctic Institute of North America, Report of the Arctic Research Review Group 1963, March 1964,
Prepared for the Office of Naval Research under contract No. 3996(01).

Awano, S. and Others, Cold and Hot Water Making Equipment Utilizing the Exhaust-gas Energy of
Diesel Engines Coupled with Electric Generators., n. p., n, d., tables, charts and ills.

Bandy, Orville L. and Ronald J. Echols, Antarctic Foraminiferal Zonation. Reprint from Bioloqy
of the Antarctic Seas,Antarctic Research Series, Vol. 1, published by the American Geophysi-
cal Union.

Behrendt, John C., Antarctic Peninsula Traverse Geophysical Results Relating to Glacioloqican and
Geological Studies, Research Report No. 64-1, March 1964, University of Wisconsin, Geo-
physical and Polar Research Center.

Boxmeyer, Don, Supply on the Rocks. U. S. Navy, Newsletter, Bureau of Supplies and Accounts,
April 1964, 2 pages ills.

Boyd, William L. and Josephine W. Boyd, A Bacteriological Study of an Arctic Coastal Lake.
Reprint from Ecoloqy, Vol. 44, No. 4, Autumn 1963, pages 705-710.

Boyd, William L. and Josephine W. Boyd, Enumeration of Marine Bacteria of the Chukchi Sea.
Reprint from Limnoloqy and Oceanography, Vol. 8, No. 3, July 1963, pages 343-348, with map
and charts.

Bull, C., B. C. McKelvey and P. N. Webb, Glacial Benches in South Victoria Land. Reprint
from Journal of Glacioloqy, Vol. 5, No. 37, February 1964.

Calkin, Parker E., Geomorphology and Glacial Geology of the Victoria Valley System, Southern
Victoria Land, Antarctica, Institute of Polar Studies Report No. 10, with ills.

' Chance, Norman A., and John Trudeau, Social Organization, Acculturation, and Intergration
Among the Eskimo and the Cree: A comparative Study. Excerp from Anthropoloqica, N. S.
Vol. V, No. 1, 1963, pages 48-56.

Clarke, James W. and Others, Geophysical Abstracts, No. 208, May 1964, U. S. Department of
the Interior.

Craddock, Campbell and Gerald F. Webers, Fossils from the Ellsworth Mountains, Antarctica.
Reprint from Nature, Vol. 201, No. 4915, pages 174-175, January 11, 1964.

Craddock, Campbell and Others, Rubidium, Strontium, Ages from Antarctica,Geological Society of
American Bulletin, Vol. 75, pages 237-240, 1 figure, March 1964.

Crary, A. P., Results of U. S. Traverses in East Antarctica, 1958-1961, World Data Center A:
Glaciology, American Geographical Society, IGY Glaciological Report No. 7, December 1963.

Drew, J. V. and J. C. F. Tedrow, Arctic Soil Classification and Patterned Ground. Reprint from
Arctic, Journal of the Arctic Institute of North America, Vol. 15, No. 2, pages 109-116, with ills.

Essler, Warren, Radiotelemetry of Heart Rate and Temperature with Subdermally Implanted Sen-
sors. Reprint from Bio-Telemetry, Pergamon Press 1963, pages 341-351, with charts and ills.

Essler, W. 0., and G. E. Folk Jr., Multi-Channel Radio Telemetry System used to obtain Heart
Rates. Reprint from Bulletin of Wildlife Telemetry , 2i4- 5, 1963.

Folk, E. Edgar Jr., Observations on the Daily Rhythms of Body Temperature, Labile Mammals.
Reprint from Annals of the New York Academy of Sciences,Vol.98, Article 4, pages 954-968,Oct. 1962.
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Folk, Edgar G. Jr., and Others, Daily (Dircadian) Physiological Rhythms of Arctic Carnivores In
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