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UNITED STATES ANTARCTIC ACTIVITIES:
LONG-RANGE PROJECTION, 1965-1970

The objectives of the United States Antarctic Re-
search Program over the next five years, as out-
lined on the following pages, have been developed
by the National Science Foundation and were ap-
proved by the Antarctic Policy Group at its meet-
ing on February 14, 1966. These long-range pro-
jections are updated and revised annually to reflect
past accomplishments and changes in scientific
trends, and to incorporate new items into the pro-
gram plans. They should not be construed as a
commitment of the United States Government;
rather, they represent a desirable and feasible set
of goals which take into account the expected capa-
bility of the U. S. Naval Support Force, Antarctica,
to provide the necessary logistic support.
As will be evident to the reader, some of the objec-
tives stated in this projection for 1965-1970, origi -
nally drafted in October 1965, have been accom-
plished during the 1965-1966 season. Since the
1966-1971 plan is already in the process of being
written, no attempt has been made to adjust for
this discrepancy. Minor changes have been made,
however, for the sake of conformity with the edi-
torial policy and standards of the Antarctic Journal.

INTRODUCTION

This projected plan for research and other activi-
ties in Antarctica for the next five years is predi-
cated upon a continuing interest by the United
States in the overall exploration and development
of the Continent, the neighboring oceanic areas, and
the subantarctic islands, and in the furtherance of
the principles of the Antarctic Treaty. The plan is
divided into three major divisions which, although
closely related, present three different facets: Scien-
tific Plans, Other Activities, and Development of
Facilities and Techniques. "Scientific Plans" repre-
sents a continuation and an updating of earlier long-
range documents which reflect the interests of
United States scientists. "Other Activities," is con-
cerned with the miscellaneous interests in the
antarctic area or material for nonscientific uses.
The last part concentrates on installations and
methods for the support of United States activities.

Part I
SCIENTIFIC PLANS

The United States Antarctic Research Program
(USARP) in the five-year period of 1965-1970
will include terrestrial and marine work carried out
through Christchurch, New Zealand, and McMurdo
Station; investigations in the Antarctic Peninsula
area using Palmer Station, a trawler, and available
icebreakers; and work from the research vessel,
USNS Eltanin.

Throughout the five - year period, McMurdo,
Byrd, South Pole, and Palmer Stations will be the
main scientific bases. McMurdo, Byrd, and Pole
will also serve in varying extent as staging areas
for continental operations. Although no other sta-
tions designed as logistic centers are presently
planned, there are requirements for a two-year
wintering-over scientific station on the plateau be-
tween the South Pole and Queen Maud Land for
the period between the summers of 1965-1966 and
1967-1968 (Appendix A), a Byrd substation for
experiments with the long-wire antenna (Appendix
B), and a small research camp in one of the dry
valleys west of McMurdo (Appendix C). The pres-
ent Eights Station was closed down late in 1965,
but may be reopened late in 1967 for observations
during the next active sunspot period, 1967-1969.
Biological studies will continue at Hallett Station
during the summer.

Under the present plan, most of the inland and
coastal ice-free areas incorporated in the require-
ments for cartographic and geologic reconnaissance
mapping will be completed by 1970, and the exten-
sive oversnow glaciological and geophysical traverses
will by then have covered essentially all important
inland-ice areas of the Continent. With the comple-
tion of these programs in the remote areas of the
Continent, the major exploratory phase of the
antarctic scientific work will have ended.

From these large-scale efforts to achieve ade-
quate general knowledge of Antarctica, there will
be a gradual changeover to programs aimed toward
the scientific exploitation of this knowledge. The
trend is already evident in the type of new projects
proposed, such as increased identification with the
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space and satellite programs, the long-wire antenna,
deep-drilling operations, and the sub-ice chamber.

The projected scientific plans are outlined below
by discipline. Each year, about 50 projects are
expected, involving approximately 125 to 150
scientists working near the stations and in accessible
field areas in the summer, or wintering at estab-
lished bases. While the exact nature of many of
these projects cannot be predicted, a large number
of them will be logistically undemanding, and ex-
perience has shown that most can be accommodated
within a year or two of announced intentions. In
this document, the major USARP projects expected
during the next five years are emphasized and are
presented in detail in the Appendices.

Biology

For a more complete understanding of the kinds
and distribution of antarctic life forms, biological
reconnaissance of the remote inland ice-free areas
should continue as these areas become accessible.
Studies in localities in the Ross Sea sector can be

staged through McMurdo Station, which, because of
its excellent scientific facilities, is a center for sea-
sonal and year-round studies. Hallett Station is also
an excellent base for summer studies.

With the installation of laboratory facilities at
Palmer Station, terrestrial and marine research, in-
cluding ecological, environmental, physiological,
and life history studies, are planned for both the
east and west coasts of the Antarctic Peninsula
during the summer. The station trawler and avail-
able icebreakers will serve for transportation and
communication between Palmer Station and field
parties, as well as for the conduct of inshore marine
studies. The trawler will be designed to assist re-
search in phytoplankton, microbiology, and zoology,
as well as programs in nonbiological fields. When
the Peninsula area is inaccessible because of sea-ice
conditions, the trawler will be utilized part time
outside the ice pack for observations and telemetric
studies of dolphins, porpoises, and other small
cetaceans. It will have facilities for recording un-
derwater sounds and for making gross anatomical
studies.

*	•"'-	 LLJ AK1`11
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80	 ANTARCTIC JOURNAL



- P
(Drawing by Stanley Potter,

Potter & McArthur, Inc.)

Palmer Peninsula Trawler

Investigations of life under sea and fast ice can
be carried out using chambers lowered through the
ice and other submarine techniques. Scuba-diving
operations have increased the capability for study-
ing marine problems and will continue to be an
important technique for research. The introduction
of manned or unmanned submersibles, if shown to
be operationally feasible, would permit more con-
trolled studies of the zonation of marine life along
the continental shelf and under the shelf ice. In-
creasing requirements are expected for small boats
(Greenland Cruisers and LCVP's) in McMurdo
Sound and along the Antarctic Peninsula.

Marine biology will continue as one of the major
programs aboard the USARP research vessel,
Eltanin. Presently operating in the South Pacific
Ocean, the ship will extend her work westward to
the Ross and Tasman Seas and the Indian Ocean
in the next five years (Appendix E).

Cartography

The topographic mapping of Antarctica involves
aerial photography, surface geodetic control, and
compilation of maps. As developed in Appendix L,
three separate field operations in any specific area
would take place in three consecutive years: first,
reconnaissance photo flights for effective planning
of final photo flights; second, the aerial photog-
raphy; and third, the surface geodetic control.
Experience has shown that the final flight lines can
be laid out very effectively with a minimum of re-
connaissance photography, and in many cases sub-
stantial reductions of the estimated flying hours can
be achieved. Similarly, with the aerial photographs
available, the geodetic control work can be very
efficiently planned.

In many of the areas requiring photographic
coverage, the ice-free features are widely separated,
and helicopter-hovering techniques will be needed
to carry the surface surveys across the snow areas.

An independent method of securing broad geo-
detic control of Antarctica, particularly the location
of the Continent relative to other land areas of the

Southern Hemisphere, is by the use of geodetic
satellites (Appendix D).

Geology

The use of turbine helicopters for geological work
has proved very successful. Not only has it been
possible, in a given period, to accomplish many
times the amount of work possible with surface
travel, but many areas have been reached that
would otherwise have been inaccessible. In this
long-range plan, the use of helicopters for geologi-
cal reconnaissance in presently unexplored areas is
scheduled for the summer after aerial photography
has been taken. Geodetic surface control, geologic
mapping, and biological studies are combined for
most effective use of these helicopters (Appendix
F).

Specialized geological studies in various areas of
the Continent and on the offshore islands are ex-
pected to continue. Many small parties will work
in the general area of McMurdo, where exposed
rocks, particularly late volcanics and Pleistocene
glacial deposits, representing a long span of geologic
history, are within easy reach. Increased attention
should be given to the geology of the Antarctic
Peninsula and the Scotia Arc as facilities in that
area become available.

Glaciology
The major future glaciological programs are the

South Pole-Queen Maud Land Traverses, the deep-
drilling program, inland-ice movement studies, con-
centrated work on local glaciers in the McMurdo
area, and an airborne radar sounding program for
ice-thickness measurements in areas not covered by
the oversnow traverses.

No major changes are contemplated in the trav-
erse program between the South Pole and Queen
Maud Land (Appendix H). At Plateau Station, the
glaciological program will concentrate on the collec-
tion of ice samples to a depth of 100 meters, using
a small thermal or mechanical drill.

One of the most significant advances in glaci-
ology has been the development of radar-sounding
apparatus for ice-thickness measurements. This
unit has now been perfected for use in surface
vehicles and should soon completely replace the
seismic equipment for most purposes on oversnow
traverses. Light weight and ease of use make this
equipment ideal for small parties operating. in
limited areas, such as on the outlet glaciers or along
the ice-movement networks. Preliminary tests indi-
cate that the equipment can also be adapted for use
in aircraft.

If a suitable aircraft is available, an "airborne
laboratory" will be inaugurated in the 1966-1967

May-June, 1966	 81



antarctic summer to collect a wide variety of data:
radar soundings for ice thickness, magnetic measure-
ments, aerial photography of sastrugi patterns, radi-
ation measurements, etc. (Appendix G).

Electromechanical drilling equipment was suc-
cessfully used during the 1965 summer in Green-
land to drill a hole over 1,000 meters (3,300 feet)
deep in the ice cap. The present plans are to
continue drilling to the bottom of the ice at Camp
Century (1375 meters/4,500 feet) and then a short
distance into the underlying rock in the summer of
1966. Shipment of the equipment to Byrd Station
is planned for late 1966 so that drilling can be
started in the 1967-1968 summer (Appendix I).

Ice-movement studies in the inland area by
means of resurveys of existing stake networks will
be needed along the line between Byrd Station and
the Whitmore Mountains, on Roosevelt Island, and
northeast of Byrd Station. The proposed flow-line
network west of the Byrd Glacier in East Antarc-
tica will be installed during the 1967-1968 season.
The tentative schedule for the resurveys is as
follows:

1965-1966—Ross Ice Shelf (Dawson Trail)
Byrd-Whitmore Mountains

1966-1967—Roosevelt Island
1967-1968—Northeast of Byrd Station
1968-1969—Byrd-Whitmore Mountains
1969-1970—West of Byrd Glacier

A small thermal drilling unit and radar sounding
equipment will be used along the line northeast of
Byrd Station and west of Byrd Glacier at the time
of the resurveys.

Satellite photography, expected to be available for
Antarctica in coming years, will contribute to the
investigation of sea-ice deformation and movement.
Many aspects of the study will require low-level
photographic flights over special sectors of the Ross
Sea and surrounding areas.

Solid-Earth Geophysics
Information about the crust and mantle of the

Earth, except that from special deep-drilling pro-
grams, must come from indirect evidence: gravity
and magnetic data, seismic waves initiated by earth-
quakes or explosions, and heat flow near the
surface.

Gravity observations at the surface are taken on
oversnow traverses and geological reconnaissances
and, in about a year, will be obtained on Eltanin.
In the mountainous areas of Antarctica, gravity
readings can be taken by geologists and topographic
engineers in the course of their regular work. Addi-
tional observations using helicopters or light aircraft
will be needed at special sites. The gravity meter
weighs only about 15 pounds, and readings can be
taken in a few minutes.

Observations of the Earth's gravity field from an
aircraft should be possible within the next five
years, and it is expected that a worldwide series of
flights will then be initiated. Flights over Antarctica
included in this plan would be made by special De-
partment of Defense aircraft, much in the manner
that an airplane of the Navy's Project Magnet is pres-
ently obtaining worldwide magnetic data.

Observations of all components of the Earth's
magnetic field are obtained by surface equipment
at the permanent stations and on oversnow trav-
erses. Total magnetic field observations are also
obtainable during airplane flights, and these should
be carried out during geological reconnaissance
programs.

Systematic, magnetic flight lines have been made
across ice-covered areas in many parts of West
Antarctica and across the Transantarctic Mountains
near the Ross Sea and Ice Shelf. Data are required
across the plateau of East Antarctica and can be
incorporated in the special "airborne laboratory"
program (Appendix G).

Seismographs are presently operating at most
antarctic stations, and data have been used suc-
cessfully in locating Southern Hemisphere earth-
quake epicenters. The paucity of earthquakes on
the Antarctic Continent has, however, prevented
any study of the description of the crust and mantle
of Antarctica by this means. Studies during traverse
operations using explosives have been limited to
shallow rock layers. Extension of this technique to
greater depths will require local traverse operations,
and can be carried out in many areas. Seismic
exploration at sea requires two vessels using stand-
ard explosives or depth charges. It can be done in
areas like the Ross Sea using Eltanin and an ice-
breaker. According to the present schedule of
Eltanin, these studies will begin early in 1968.

Meteorology
Routine upper-atmosphere balloon soundings will

continue at Byrd, McMurdo, and Pole Stations, as
will standard surface observations at all permanent
and temporary stations. In addition, specific re-
search projects will be conducted from time to time
at these stations.

Aircraft flying south from New Zealand and
South America provide excellent platforms for ob-
servations of noctilucent clouds. Radiation studies,
including measurements of albedo, will be included
in the proposed "airborne laboratory" aircraft
(Appendix G).

Expansion of meteorological observations for op-
erational weather information throughout the South-
ern Hemisphere north of Antarctica is expected
within the next five years, with maximum use made
of satellites and constant-level balloons. No new
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efforts are planned for the Continent, but addi-
tional information from subantarctic islands has
high priority in the long-range plans of the World
Meteorological Organization.

Oceanography
The major oceanographic work will be accom-

plished aboard Eltanin and the Peninsula trawler.
The areas of operation of Eltanin are given in
Appendix E. About one cruise out of five may be
directed north to areas between about 25°S. and
50°S. latitude, in order to correlate antarctic infor-
mation with that from temperate regions.

The area of operation of the trawler will be the
Antarctic Peninsula waters and between the Ant-
arctic Peninsula and South America.

Oceanographic studies of the Weddell Sea are
presently planned for January-March 1968 and 1969
(Appendix J), using an icebreaker and its heli-
copters.

Upper Atmosphere Physics
Plans are already under way for coordinated

international efforts in upper atmosphere physics
during the next active sunspot period, 1967-1969.
Satellites, rockets, and high-altitude balloons will
probably come into more extensive use.

The launching of Nike-Apache rockets instru-
mented to investigate the relationship of solar
activity to ionospheric changes is planned at Mc-
Murdo Station during 1969. High-altitude balloons,
launched from Byrd and McMurdo Stations during
the active sunspot period, are also under considera-
tion (Appendix K).

Continued expansion of the long-wire antenna
program is planned (Appendix B). The useful life
of the antenna is estimated as at least five years,
after which it may be so far below the snow surface
as to be ineffective.

Miscellaneous Studies
There have been repeated requests from United

States scientists to work in areas well outside the
Continent in order to correlate the antarctic scien-
tific results with information to the north. The
number of such requests is expected to increase as
the results from the Continent become better
known. These interests are outlined in more detail
in Appendix M.

Part II
OTHER ACTIVITIES

There is a continuing interest on the part of
organizations and individuals in the United States
and abroad to pursue nonscientific goals with the
aid of the United States expeditionary organization

for Antarctica. Since these activities would draw
upon government facilities, they need to be evalu-
ated on the basis of their contribution to United
States objectives in Antarctica.

From the beginning of the IGY effort in 1955,
applied research and engineering has been devoted
to the improvement of living conditions, construc-
tion techniques, and transportation in support of
the program of basic research. Other applied re-
search has been specifically directed to determining
the quality of coal reserves and to the problems
of mining fossil fuel. Geological reconnaissance in
West Antarctica has, as a by-product, identified
areas in which the minerals may some day become
exploitable. Descriptive biology contributes to the
identification of potentially valuable marine re-
sources. Projects in earthquake seismology, geo-
magnetism, and ionospheric physics contribute data
for global compilations and prediction services.
Antarctic meteorological observations are immedi-
ately useful in the conduct of air operations and
provide data for the study of Southern Hemisphere
weather patterns, which, in turn, will lead to a
better understanding of oceanic and atmospheric
circulation. Eventually, it will be possible to relate
the relatively local, high-latitude patterns to the
global circulation.

Utilization of Antarctic Material
With the approaching completion of the explora-

tory and descriptive phases of antarctic research,
increasing interest is expected in commercial ex-
ploitation, especially of biological resources. A
current economic study is evaluating the extent of
present knowledge and defining the parameters
necessary to make selected antarctic resources com-
mercially competitive. This assessment will be
completed by the end of 1966.

It is probable that during the next five years,
investigations into the productivity and resource
potentials of marine biological products will be
mainly concerned with whales. Plankton is already
being harvested in adjacent waters, and there is a
significant interest in antarctic seals.

Research studies have indicated that antarctic
marine microflora contains unusually high concen-
trations of antibiotic substances. Harvesting of se-
lected microflora for extraction of antibiotics may
become a reality, but for maximum control, mass
culturing or laboratory synthesis is the desideratum
in the commercial exploitation of a new substance.

Indications to date give no encouragement to
prospects for mineral exploitation of Antarctica at
any conceivable future time.

Despite engineering and transportation problems
of enormous magnitude, there is a persistent interest
in the possible utilization of icebergs as freshwater
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supply for rain-deficient areas. In the long term,
the development of practicable schemes for utiliz-
ing antarctic ice must be considered.

The universal popularity of the antarctic penguins
has been responsible for the interest of museum
and zoo personnel to obtain specimens as part of
their collections. Unfortunately, there has been a
high mortality rate among birds brought back to
the United States, due primarily to respiratory dis-
eases. Only institutions with proper facilities have
been able to keep the birds for extended periods.
It is expected that there will be an increasing
number of requests from zoos for both Adélie and
Emperor penguins. These requests should be ac-
commodated if the institutions can assure compe-
tence in the care of the birds. The specimens must
be obtained in keeping with the conservation prac-
tices currently being enforced by the United States.

Utilization of the Antarctic Area
One of the results of a decade of scientific and

logistic activities in Antarctica has been the estab-
lishment of a communication network covering the
Continent and linking Antarctica with adjacent land
areas. Although this network today serves only the
scientific and administrative needs of antarctic op-
erations, it could meet future communication re-
quirements by relaying commercial traffic among
population centers of the Southern Hemisphere.
Current experimentation with relatively simple long-
wire VLF antennas may provide a solution to the
problem of radio transmission through the auroral
zone.

In an age faced with increasingly serious atmos-
pheric chemical pollution and nuclear radiation, the
problems of food storage are becoming steadily
more acute. Antarctica is believed to receive less
pollution than any other part of the globe, and low
temperatures provide insurance against the normal
pests that make food storage difficult. There are
areas of relatively stagnant glacial ice near the
coasts where secure storage areas could be estab-
lished, assuming adequate motivation to overcome
technical problems which make such visions un-
realistic at present.

The question has arisen as to the use of Antarc-
tica for refueling points for commercial aircraft
flying austral polar routes. The enormous expense
of constructing and maintaining such facilities rules
them out as a likelihood in the next five years. By
the time the population density of the Southern
Hemisphere could support transantarctic flights,
aircraft technology will undoubtedly have made
nonstop intercontinental flights practicable. Regu-
larly scheduled transpolar flights in the Southern
Hemisphere will require alternate airfields and ade-
quate search and rescue facilities. In any case,

Antarctica will provide communication paths,
weather data, and navigational guidance for over-
flights.

Tourism is the most likely form of commercial
activity in Antarctica in the next five years. Tourist
cruises to the Antarctic Peninsula have been spon-
sored by Argentine organizations. Australian agen-
cies have proposed similar enterprises for McMurdo
Sound, and a West German group requested per-
mission to land a chartered aircraft at McMurdo
as part of its itinerary. A tour is currently being
planned in the United States and Argentina for the
1965-1966 summer. Included in its itinerary is a
stop of one day at Palmer Station.' Similar shore
visits to penguin rookeries and seal colonies are
included in the prospectus. It may be necessary for
the Government to establish guidelines for some of
the stations so that they may be able to cooperate
with such activities and prevent damage to the limited
flora and fauna.

Private, nonprofit ventures repeatedly proposed
for Antarctica include a wide range of projects de-
signed to promote institutional or individual prestige,
stimulate special interests, or gain other abstract ob-
jectives. In considering the impingement of private
activity on the present United States objectives, com-
petently organized, soundly financed, prestige-build-
ing projects seem to be the most favorable ones for
consideration.

Mountaineering is a private, noncommercial ven-
ture which, it is expected in the light of past
experience, will be proposed with increasing fre-
quency. At least one nationally sponsored expedi-
tionary group is currently on record as desiring to
go to the Sentinel Mountains in 1966-1967, and
other groups, both domestic and foreign, have indi-
cated an interest in these or other mountains.

There are no active proposals before the Govern-
ment at this time for the use of United States
antarctic facilities to receive and service private
aircraft, although each year at least one venture
includes requested support of this type. The ab-
sence of a permanent runway for wheeled aircraft,
the search and rescue responsibilities of the United
States implicit in each request, and the disruption
to scheduled logistic functions have led to consistent
refusals of support for these proposals in the past.

Other National Agency Mission Responsibilities
Agencies of the Federal Government have oc-

casional requirements to initiate activities of a non-
scientific nature in Antarctica in order to accom-
plish their specific missions or to implement obliga-
tions under the Antarctic Treaty. Inspections of

1 The tour materialized but, because of ice conditions, a
landing was not possible at Palmer Station.
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foreign antarctic installations in 1964 were conducted
under provisions of the Treaty; a further exercise of
these rights in the next five years is a possibility re-
quiring consideration in planning the overall program.
When the conservation provisions arising from
Treaty consultative recommendations are imple-
mented, monitoring functions may be required of
personnel of appropriate federal agencies.

During the next five years, Antarctica may pro-
vide a laboratory for the development and testing
of concepts and equipment associated with the
United States lunar program and other man-in-
space activities. From present arrangements be-
tween the National Aeronautics and Space Adminis-
tration and the National Science Foundation, NASA
will be able to capitalize upon the experience gained
in the antarctic program and conduct future study
of environmental conditions for the post-Apollo
lunar programs.

Orientation and General Information
Orientation of the public, general information on

the activities of the United States in Antarctica, and
information exchange with other nations are ac-
complished through several channels. Each year
public information media are selected to send
representatives to the Antarctic to describe and film
the activities of the United States expedition. Re-
cently, the number of such media representatives
has been severely limited and their selection has
been divided equally among the U. S. Navy, the
U. S. Information Agency, and the National Science
Foundation. It continues to be in the interest of
the program to set an annual limit on the number
of correspondents for periodicals, free-lance writers,
television and motion picture production teams, and
still photographers accommodated by the United
States expedition. These information specialists
should be selected so that logistic activities, scien-
tific research, , and foreign press interests are equi-
tably served.

Part III
DEVELOPMENT OF FACILITIES AND

TECHNIQUES
Stations for scientific research in Antarctica are

of two kinds. First, there are McMurdo, Byrd,
Pole, and Palmer Stations, which serve as both
scientific observatories and staging bases for the
support of field investigations. Second, there are
purely scientific installations such as Plateau Station,
which will be in operation between January 1966
and January 1968; Eights Station, for which reoccu-
pation is planned for the two years from December
1967 to December 1969; and the planned small
wintering station supporting biological and geologi-

cal investigations in the ice-free valley system west
of McMurdo Sound.

Concurrent with the execution of the field activi-
ties and scientific projects discussed in Part I,
there will be a need for construction and rehabilita-
tion at the four permanent antarctic stations. The
major attention will be directed to McMurdo Sta-
tion, which serves as the primary logistic base for
United States antarctic activities. McMurdo Sta-
tion was established at the beginning of the IGY
for logistic support purposes exclusively, and was
planned as a temporary facility for a four-year pe-
riod. The post-IGY construction has included facil-
ities such as the USARP biological laboratory, a
nuclear power plant, a saltwater distillation plant, a
fuel distribution system, and a water and waste
system.

Additional facilities for the scientific program
are planned at McMurdo during the 1965-1970
period. They include a field party processing facil-
ity, several small upper-atmosphere laboratories,
and a facility for the launching of Nike-Apache
rockets for atmospheric research. The overall
USARP housing objective at McMurdo Station is
the construction of a building providing adequate
accommodations for a scientific complement of 25
to 30 persons including women scientists, and
quarters for another 30 scientists working in Ant-
arctica during the summer.

Pole and Byrd Stations require routine annual
maintenance and additional facilities such as sat-
ellite-tracking antennas and accommodations for
the deep-drilling program. Overall logistic require-
ments at Byrd and Pole Stations may be reduced
through consolidation of existing facilities. Further
attention to station design and construction should
also help to alleviate the need for heavy resupply
at the inland stations. One means of effecting such
economy may be to relocate the Plateau Station
buildings at the South Pole in 1968. The winter-
ing party could then utilize this small, modular
station as living quarters instead of the larger facil-
ity, which now requires considerable maintenance
and resupply.

Detailed plans for a second increment of con-
struction at Palmer Station provide for a consol-
idated building housing 15 to 20 scientists and the
necessary support personnel close to the shore, at a
location where the Antarctic Peninsula trawler can
be serviced. The installation will then include a bio-
logical laboratory, storage space, living quarters,
and maintenance areas for station and shipboard
activities. This construction, planned for the 1966-
1967 summer, will be of a permanent nature and,
apart from regular maintenance, will require no
further attention for a number of years.
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It is planned to continue the occupation of Hal-
lett Station during the summer months and close it
for the winter. A certain reduction in the total
number of buildings in use may be possible through
the consolidation of activities. Primary USARP
projects at Hallett Station and in the local area
center around the biological laboratory, with some
flying from the station to the mountains of Vic-
toria Land for limited periods in the summer.

Intercontinental flights to support research proj-
ects initiated during the antarctic winter at McMurdo
are planned for 1967. Initially, few flights are con-
templated, since their primary purpose will be the
transportation of scientists and some support per-
sonnel to McMurdo at the end of May or the begin-
fling of June and again early in September to permit
a further interchange of personnel. Some additional
facilities at McMurdo Station may be required to
support the flying operations, and problems of
meteorological forecasts will require attention.

Another major logistic development desirable in
the next five years is the introduction into the Ant-
arctic of manned and unmanned submersibles as
a means of supporting research in marine biology
and physical oceanography under the ice. The sub-
mersibles would be an important addition to the
future programs around McMurdo Station and on
the Antarctic Peninsula. It is probable that the sub-
mersibles would require some shipboard support,
probably from icebreakers. The support, of course,
must be integrated into the overall plans for the
ships during the austral summer. A number of
manned and unmanned submersibles are currently
under development, with impetus to the total pro-
gram coming from the Navy's Deep Submergence
Systems Program. If the uses of these devices else-
where prove them seaworthy and safe, their use in
antarctic waters should be considered.

Appendix A

L
Plateau Station

1. Purpose of Program. The major portion of the
Antarctic Continent is the high, dome-like snow
plateau of East Antarctica, rising to a maximum
of about 4,000 meters (13,000 feet) above sea
level. The size of this dome can be realized by
visualizing the area above 3,000 meters (9,800
feet) as roughly 1,800 by 750 statute miles. The
only information available for this vast area comes
from the oversnow traverses and from the U.S.S.R.
station, Vostok, located in the extreme eastern part
of the high dome. The United States station at the
geographic South Pole, at an elevation of 2,800
meters (9,200 feet), lies in a topographic saddle be-
tween the dome and the Ross Ice Shelf, and mete-

orological, glaciological, and high atmospheric con-
ditions there are not necessarily typical of East Ant-
arctica in general.

In order to understand the character of the pla-
teau area, it is necessary to occupy a year-round
station in the high part of the dome. The optimum
location for the new station is at 79°30'S. 40°E.,'
about 850 nautical miles from Vostok and 630
nautical miles from the South Pole. The elevation
is expected to be about 3,400 meters (11,000 feet),
and annual temperatures should vary from - 180 to
- 84°C. (0° to - 120°F.).

The station has been planned in coordination
with the South Pole-Queen Maud Land Traverses
(Appendix H). Research will be conducted in mete-
orology, glaciology, aurora, geomagnetism, iono-
spheric physics, and human physiology.
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(US. Navy Photo)

LC-130F at Plateau Station

2. Scope of Program. It is planned to operate
Plateau Station from January 1966 to January 1968.
For the winter programs, there will be four scien-
tists, exclusive of the Navy medical doctor who will
carry out the physiological and psychological pro-
grams. During the summer months, November 1966
to February 1967 and November 1967 to January
1968, four additional scientists will carry out sum-
mer glaciological work, primarily deep drilling and
shallow pit studies.

Meteorological research will be primarily con-
cerned with the lower atmosphere, micrometeorol-
ogy, and the inversion layer between the surface
and about 300 meters (1,000 feet), and will include
special solar radiation observations. Because of the
high altitude, average winds should be light and an-
nual snow accumulation small. The lower levels of
the atmosphere will be studied by small, slow-rising
balloons, which will be tracked by a double theodo-
lite method. This program will be concentrated over

1 See article p. 99.
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12-hour periods at intervals during the year, with
several balloon releases made in each period of
study. Tanked helium will be used for balloon in-
flation. For the micrometeorological program, a
100-foot mast will be required.

The site of the station is near the auroral zone,
and observations made will help to fill in the 1,400-
mile gap between the South Pole and the coastal
stations in Queen Maud Land. Radio stations in
England, the continental United States, and Hawaii
transmitting in the VLF range will be monitored to
investigate the transequatorial propagation charac-
teristics of signals in this range. It will be possible
to study the effect of the "Capetown Magnetic
Anomaly," which is on the path between Plateau
Station and some of the northern transmitters.
3. Logistic Considerations. Plateau Station is de-
veloped as an air-transportable, modular station,
supporting the planned scientific programs for win-
tering activities. Additional scientific personnel con-
ducting summer investigations will be housed in an
emergency camp.

Consideration will be given to the further use of
Plateau Station buildings and equipment, since
they will be recoverable upon completion of the
program. At this time, no other temporary stations
are planned in East Antarctica. One possible use for
Plateau Station is as a wintering facility at the
South Pole Station, where it would be adequate for
the programs envisioned in the long-range plan.

Appendix B
Byrd Substation for Long-Wire Antenna Studies

t

(NSF Photo)

1. Purpose of Program. Many natural phenomena
useful to the study of the ionosphere and exosphere,
for example whistlers, dawn chorus, and hiss, occur
in the frequency range 1-30 kc./s. It is difficult
to generate artificially-stimulated signals in this
range because of the size of the transmitter re-
quired. The few VLF (very low frequency) stations

in existence have only limited time available for re-
search transmissions, operate on fixed frequencies,
and are located far from the auroral zone. Because
of the dielectric properties of ice, making possible
transmissions at 3 kc./s., it had been recognized,
even before the long-wire antenna was installed at
Byrd Station during 1964-1965, that the antarctic
ice cap would be an ideal site for a VLF transmit-
ter.

The environmental studies which may be per-
formed with the long-wire antenna at Byrd include
1) the determination of electron densities in
the magnetosphere, 2) phase-delay measurements
to determine the differential and integrated electron
density profile, and 3) the temporal and spatial
variation of the "knee" region of the ionosphere. By
employing multiple receivers, and transmitting over
a range of 5-30 kc./s., it will be possible to cor-
relate vertical and oblique reflections from the D-
layer and to describe some of the properties and
dynamics of this layer. To investigate the strength
and frequency dependency of VLF signals which
leak through the ionosphere, and thus determine
the feasibility of satellite communications in the
VLF and LF range, a polar-orbiting satellite will be
employed as a receiver for the long-wire transmitter.

An attempt will be made to test the hypothesis
that the space between the Earth's surface and the
lower ionosphere can act as a resonator. The pro-
cedure will be to use the antenna as a transmitter
at frequencies from 10 to 1,000 cps. and examine
the subject volume for resonance. If it is found pos-
sible to resonate the cavity beneath the ionosphere,
studies will be made to describe the time course of
the phenomenon.

Studies will be made of the artificial stimulation
of VLF and ion resonance, the acceleration of
electrons by whistler-mode disturbances, the artifi-
cial stimulation of dawn chorus emissions in the
500-1,500 cps. range, and emissions at the cyclo-
tron absorption frequency. The antenna is the
first one with which the horizontally polarized modes
of VLF transmissions can be studied.

It may also be possible to perform an experi-
ment leading to new knowledge about the core of
the Earth. Such an experiment would necessitate
simultaneous recordings of natural micropulsations
(frequencies at or below 1 cps.) with the long-wire
antenna and with a magnetic loop at the antenna
site. The difference in amplitude and phase of sig-
nals received by the two antennas would repre-
sent a measure of surface impedance which could
then be interpreted in terms of subsurface structure
and composition.
2. Scope of Program. The first section of the VLF
long-wire antenna, laid out about 13 miles from
Byrd Station during the summer of 1964-1965,
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consists of a 21-mile-long, 0.20-inch single-strand
copper wire covered by a 0.25-inch sheath of poly-
ethylene. The antenna is built of 1,000-foot sec-
tions which are welded together. It is laid on the
snow along a geomagnetic meridian in order to at-
tain more efficient coupling with the magnetosphere
and especially with the extraordinary mode, the
whistler mode, of propagation. The impedance, the
current distribution, and the local field strength
were measured for a number of different lengths
as the antenna was installed.

During the 1965-1966 summer, final testing of
the antenna characteristics will be carried out both
at the surface and from an aircraft. The antenna
will be enlarged by adding parallel and perpendicu-
lar strands. Switches will be installed along the an-
tenna so that the resonance frequency can be changed.

Snow accumulation over the wire may in five to
ten years interfere with the transmitting character-
istics of the antenna, and it is quite possible that un-
equal snow compaction along the wire may even-
tually cause breakage. There appears to be suffi-
cient interest in the use of this transmitter to war-
rant continual year-round operation over the next
five years at its present site.
3. Logistic Considerations. It is planned to build a
permanent facility servicing the long-wire antenna
during the 1965-1966 summer. This facility is to be
an air-transportable modular unit placed on the
surface and roofed. As snow accumulates, the roof-
ing over the station will be transformed into a tun-
nel. This small installation should serve as an ade-
quate substation for the long-wire antenna studies
between 1965 and 1970.

Three operational considerations should be noted.
The most immediate of these is the necessity to
maintain physical contact throughout the winter be-
tween the long-wire antenna substation and Byrd
Station, 13 miles away. A two-man party com-
prised of one VLF technician and one station engi-
neer will live at the substation. These persons can
make irregular trips to the main station as the op-
portunity affords. In addition, members of the scien-
tific complement at the main station may make
trips to the substation to confer on the experiments
being conducted and to rotate with the personnel
stationed there.

The second consideration will be an increase in
power requirements during the 1968-1970 period.
As the experiments with the long-wire antenna go
forward, it is possible that the 150 kw. of transmit-
ted power planned for the substation may become
inadequate and an additional 150 kw. or more may
be required.

A third probable consideration involves parallel
additions to the antenna, which will require an air-
lift of wire from McMurdo to Byrd Station.

Appendix C
Dry-Valley Station

1. Purpose of Program. The dry valleys with their
saline ponds located west of McMurdo Sound have
been actively investigated during the summer
months by geologists, chemists, and biologists.
Where glacier flow is small or nonexistent, these
valleys are ice-free as a result of and conditions,
and annual melting balances snow deposition. The
importance of the valleys lies partly in the rapidity
with which natural processes operate, illustrated by
the continuous wind erosion of the relatively soft
sandstones, the g r o w t h of the patterned-ground
polygon wedges (0.3-5 mm./year), and the increas-
ing salinity of the ponds by evaporation. From these
changes, it should be possible to date the beginning
of the present dry-valley era, i.e., when the last
overriding glacial period ended. To determine pre-
cisely the rates of change, the conditions respon-
sible for the changes must be clearly defined by ob-
servations throughout the year.
2. Scope of Program. A year-round station
will be established near Lake Bonney in Taylor
Valley or Lake Vanda in Wright Valley for a
thorough study of micrometeorology, microclimatol -
ogy, wind speeds, air-blown debris, ice and water
budget of the lakes, geothermal gradients, radia-
tion, and soil temperatures. A total of six winter-
ing scientists will be accommodated during the pe-
riod from February 1968 to February 1970.
3. Logistic Considerations. The primary logistic
consideration in the establishment of a wintering
station in one of the dry valleys is the necessity to
airlift the station and all supplies by helicopter. The
design of the station should incorporate engineer-
ing features which reduce transportation to a mini-
mum. Further, the design should provide for sta-
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Geologists in a Dry Valley
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tion maintenance by the scientific party, to elimi-
nate the need for additional space for support per-
sonnel. The use of an isotopic or other heat source
in place of the traditional fossil fuel, would aid con-
siderably in reducing the total logistic support for
the dry-valley station.

Appendix D
Worldwide Satellite Triangulation Program

1. Purpose of Program. The objective of the world-
wide satellite triangulation program (Geometric
Satellite Network) is to establish a geometrically
defined, worldwide geodetic reference scheme. By
the use of a satellite as an elevated auxiliary target,
observations can be made spanning ocean masses,
thereby allowing closure of a system of triangles en-
circling the Earth. Development of this tool and
establishment of a worldwide system will yield
benefits to a variety of scientific endeavors. A satel-
lite triangulation system capable of absolute posi-
tion determination will aid in the solution of prob-
lems of seismology, oceanography, astronomy,
world mapping and, of course, geodesy.
2. Scope of Program. Antarctica will be brought
into the program in 1967, 1968, or 1969. Because
of the required star background, observations in
the Antarctic must be made during the winter
months.

The antarctic portion of the Geometric Satellite
Network is expected to consist of three or four
stations on the Continent. To be of most benefit,
a station should be located on solid ground and not
more than 2,800 statute miles from each of five
adjacent stations. United States installations that
may be involved in this program are McMurdo and
Palmer Stations. One other coastal station will prob-
ably be needed.

Appendix E
USNS Eltanin Operations

(NSF Photo)

1. Purpose of Program. The study of Antarctica
would be incomplete without attention to the oceans
that surround the Continent. Since 1962, the
USARP research vessel, Eltanin, has been operating
on a year-round basis out of Chile and New Zealand
in the Scotia Sea, Drake Passage, and South Pa-
cific Ocean.

The Antarctic affects areas to the north princi-
pally through the movement of the cold antarctic
waters. Through the summer melting of ice, cold,
low-density water forms at the surface. During the
winter freezing, cold, high-density water forms be-
neath the sea ice and sinks to the bottom. These
two water masses are driven eastward by the pre-
vailing westerly winds, with some deviation to the
north owing to the Earth's rotation. Determining
the character of these water masses and their move-
ments into lower latitudes is one of the principal
projects aboard Eltanin.

Studies of the glacial deposits at the bottom of
the oceans, including their age, thickness, and min-
eralogy, will give clues to the distribution and his-
tory of the erosion of the continental rock by the
moving ice. From the studies of the fossil fauna
within the sediments, changes of temperature of the
oceanic waters can be determined for the past mil-
lion or more years of the existence of the antarctic
ice.

The southern waters are rich in marine life due
to the upwelling of cold bottom waters bringing up
nitrates, phosphates, and silicates. With the high
oxygen content of the cold waters, a food chain is
maintained extending from the plankton and krill to
the whales. Sampling of the marine flora and fauna
throughout the water column and dredging for bio-
logical specimens along the ocean floor are major
projects on Eltanin.

Studies of the atmosphere and ionosphere are also
made from Eltanin. Meteorological observations in
the Southern Hemisphere are enhanced by Eltan-
in's contribution of information on upper-air winds
and temperatures over the ocean areas. Projects in
cosmic radiation, aurora, and the propagation of
radio waves extend the continental studies north-
ward, thereby providing a basis of interpretation
for areas which are not dominated by proximity to
the auroral zone and the geomagnetic South Pole.
2. Scope of Program. Eltanin accommodates repre-
sentatives of a dozen or so investigating institu-
tions simultaneously. Thus, her survey is quite
thorough, and the only requirement to repeat work
in any area is to determine seasonal changes. The
water areas to be covered between about 25°S.
and the antarctic ice pack are so vast, however,
that Eltanin's work can be continued for at least
ten years even without the addition of new projects.
During some summer months, Eltanin will cooper-
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ate with other research vessels or with icebreakers
to conduct special work requiring more than one
ship, such as seismic refraction profiling of sedi-
ment thickness and synoptic studies of the Antarctic
Convergence.
3. Logistic Considerations. The primary logistic
support for Eltanin is undertaken by the Military
Sea Transportation Service with funds provided by
the National Science Foundation. The present pat-
tern of operations, utilizing the Southern Hemisphere
ports of Valparaiso, Chile, and Wellington, New
Zealand, will continue. As Eltanin's operations shift
westward, staging will be through Australian ports.

Appendix F
Surface Geodetic Control and Reconnaissance

L
of Ice-Free Areas
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(U.S. Navy Photo)

1. Purpose of Program. Intensive utilization of
turbine helicopters in the aerial support of such
combined endeavors as the following in ice-free
areas will yield maximum results:

A. Surface Locations and Elevations: The simul-
taneous placement by helicopters of two topogra-
phic engineers with electronic distance-measuring
equipment on peaks 10-30 miles apart permits
rapid acquisition of geodetic control. An accurate
baseline distance is obtained between the two posi-
tions and from these sites, all other visible major
peaks are triangulated. In a similar manner, a com-
plete mountain area is surveyed, with absolute loca-
tions taken by astronomical fixes at scattered sites
throughout the ranges. The survey can be extended
beyond the line of sight on the ground by using
the Hoversight apparatus in a helicopter maintain-
ing an intermediate station in the air between two
surface positions.

B. Geological Reconnaissance: Geologists choose
from the available aerial photographs the appropri-
ate sites to visit for a general comprehension of the
geology of a new area. The geological party needs
to be large enough to cover properly the strati-
graphy, the sedimentary sections, the structural dip
and azimuth, the search for fossils and proper rock
collections for further study including isotope dat-
ing, collections of oriented samples for paleomag-
netic information, evidence of glacial erosion, etc.

C. Geophysical Studies: The geophysical work
includes ice thickness determinations and gravity
and magnetic observations, all of which supplement
and extend the work of the geologist in determin-
ing overall structure. Magnetic work is carried out
by small aircraft towing a magnetometer over a
regular grid pattern. Ice thickness determinations
and gravity observations must be made on the sur-
face, using helicopters or light aircraft for trans-
portation between ground stations.

D. Biological Studies: All ice-free areas are po-
tential sites for the limited flora and fauna of the
Antarctic. Variability in species between isolated
nunataks separated by large expanses of snow cover
raise fundamental questions of origin and dispersal.
2. Scope of Program. Appendix L delineates the
ice-free areas to be rescheduled for surface observa-
tions in the year following the aerial photography.
The geodetic control in particular should be ob-
tained as soon as possible after the photography
in order not to delay production of the basic 1:
250,000-scale maps. The timing of the proposed
surface studies will therefore be as follows:

1965-1966--Pensacola Mountains
1966-1967—Amundsen Sea coast
1967-1968—Bellingshausen Sea coast and

Ellsworth Land
1968-1969--Coats Land
1969-1970--Princess Martha Coast

The composition of the USARP group involved in
these programs should be about as follows:

Topographic Engineers	3
Geologists	 6
Geophysicists	 4
Biologists	 2

Total	15
3. Logistic Considerations. The schedule calls for
a combined geodetic-geological-geophysical-biolog-
ical program in the Pensacola Mountains during the
1965-1966 summer. The program projected for the
1966-1967 season on the coast of the Amundsen
Sea is at a distance similar to that of the 1965-
1966 program in the Pensacola Mountains and
should be supportable within the existing logistic
capability. One difference between the Pensacola
Mountains region and that of the Amundsen Sea

90	 ANTARCTIC JOURNAL



coast is the greater areal spread of features in the
latter. The related supporting camps for the Army
turbine helicopters will consequently be scattered
over a wide area.

Utilization of the turbine helicopters in the
Coats Land-Princess Martha Coast areas may
prove impracticable because of the great operating
distance from the main logistic staging bases. In
this event, a reduced program will be undertaken
by smaller parties using motor toboggans.

Appendix G
Airborne Laboratory

1. Purpose of Program. In studies of the physical
characteristics of the Antarctic Continent, the great-
est challenge is its vast size. The few permanent or
temporary winter stations located in the interior ful-
fill only the minimum requirements for conti-
nuity of data, particularly for those parameters that
change with time: the meteorological and upper
atmosphere information, details of snow accumula-
tion, and the temperatures in the upper layers of
the snow. The inland oversnow traverses, extensive
as they have been since the beginning of the IGY,
cannot completely cover the area in the detail that
is desired, particularly in the plateau area of East
Antarctica, where extremely low temperatures allow
only about 10 weeks of operation annually.

A supplementary requirement is an "airborne
laboratory," a suitable aircraft from which maxi-
mum information can be collected over large areas
of the Continent in relatively short time. Phenom-
ena that lend themselves to this type of explora-
tion are 1) elevations by radar altimetry, 2) ice
thickness by radar sounding techniques, 3) sastrugi
extent, amplitude and orientation by aerial photog-
raphy, 4) surface albedo by measurements of in-
coming and outgoing shortwave radiation, 5) snow
surface temperatures by infrared sensors, and 6)
magnetic fields using a towed magnetometer.

Except for the ice thickness determination by
radar techniques, all the above measurements are
standard, and many have been made in local areas
in Antarctica. The new techniques now make it
possible to determine ice thickness from an aircraft,
using frequencies of 30-120 mc./s. Details of the
antenna configuration and proper display of results
are under study at present.
2. Scope of Program. In determining the tracks
that may be flown by an airborne laboratory, it is
planned to give first priority to East Antarctica,
where traverse routes have not been extensive and
early results of seismic soundings, using shallow
shot holes, are open to question. In West Antarctica,
areas of particular interest are the western part of

Marie Byrd Land and the eastern side of the Ross
Ice Shelf, and the Filchner Ice Shelf. Figure 1 out-
lines 30,000 miles of tracks from Byrd, McMurdo,
and Pole Stations that may be covered in this man-
ner within the next five years.

Fig. I

Appendix H
South Pole-Queen Maud Land Traverses

1. Purpose of Program. The oversnow traverses in
Antarctica have made major contributions to the
geographic exploration of the vast inland areas, ob-
taining snow surface elevations, ice thickness values,
snow characteristics, annual snow accumulation,
average annual temperatures, surface weather data,
collections of shallow snow samples for isotope
and particulate studies, and gravity and magnetic
field information.

Snow surface elevations are obtained by a mul-
tiple-altimeter system. From the elevation con-
tours, a good approximation can be made of the
direction of the ice flow that serves to maintain the
equilibrium of the ice sheet. Ice thickness values,
obtained by seismic and by radar sounding tech-
niques, are necessary to delineate the glacial and
geological features of the Continent.

A principal aim of traverse glaciologists is to de-
termine the average annual snow accumulation, in
order to supplement values obtained at permanent
stations by direct, year-round observations. The ac-
cumulation is determined by several indirect meth-
ods, the most successful being the location of the
"Castle" (a series of nuclear tests conducted in the
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Pacific in 1954) debris by radioactive counts of snow
samples taken at various depths, and the decay rate
of the isotope Pb210 which has a half-life of about 22
years. Stratigraphy studies and 018/016 values can
also differentiate summer and winter snows, although
these methods are less accurate on the high plateau
area, where accumulation is small and irregular.

Average annual surface temperature has been
found—by observations at permanent stations—
to be closely represented by the snow temperature
at ten meters.

Magnetic and gravity values and surface wea-
ther observations are taken routinely on the tra-
verses to aid in mapping these variables across the
Continent. Gravity observations also assist in ap-
proximating ice thickness values between the seis-
mic stations.

Fig. 2

2. Scope of Program. The South Pole-Queen Maud
Land Traverse was initiated in the summer of
1964-1965. Figure 2 shows the coverage that has
been obtained and the planned route for the com-
ing years. Because of the low temperatures preva-
lent at these high altitudes, the traverse must be
conducted during the periods between late Novem-
ber and early February. Plateau Station (Appendix
A) will be installed in early 1966 at the site where
the 1965-1966 traverse leg ends. No traverse is
planned in this area during the 1966-1967 summer,
but in the following years, 1967-1968 and 1968-
1969, the routes will be continued in the same saw-
tooth pattern toward the coast.

Appendix I

L
Deep Ice Drilling Program

1. Purpose of Program. Since ice behaves like a
viscous material, an ice sheet flows under the forces
of gravity and shear stresses determined by the con-
figuration of the ice sheet and the geometry of the
rock material on which it rests. Laboratory tests
show that the rate of deformation of the ice in-
creases exponentially with stress, approximating in
behavior plastic material which has a fixed yield
stress. Laboratory tests also show that the rate of
deformation increases exponentially as the tempera-
ture approaches the melting point. There are two
mechanisms by which ice can move: by viscous
flow, with ice frozen to the bottom, or by sliding,
with melting and refreezing processes allowing
movement over small obstacles on the rock bed.
Thus the temperatures at the bottom of an ice sheet
play a critical role in the mechanism and speed of
movement. In all probability, the movement is
some combination of these mechanisms, with the
further complication that if there is morainal rock
material embedded in the ice, the properties of
flow will be altered.

To understand the basic mechanism of antarctic
ice flow, it is necessary to determine the changes of
temperature and the variations in forward move-
ment with depth. Also, it must be determined if
the ice contains morainal material near the base.
These objectives can only be attained by drilling a
hole completely through the ice sheet, retrieving ice
cores and measuring the deformation of the hole
for a number of years afterwards.

The study of ice cores that are retrieved is an
added dividend from the deep hole. These can be
dated by isotope methods to give the net snow ac-
cumulation over a period which may amount to
tens of thousands of years. Also entrapped in the
ice are small particulates, terrestrial and extrater-
restrial, that have fallen to the Earth's surface dur-
ing this period.
2. Scope of Program. The U. S. Army Cold Re-
gions Research and Engineering Laboratory is dril-
ling through the ice cap at Camp Century, Green -
land. The hole is now about 1,000 meters (3,300
feet) deep and will be continued onto and into
the bottom. The hole through the morainal material
and into the bedrock below will be completed in
the 1966 northern summer.

In late 1966, the equipment for drilling in Ant-
arctica will be ready for shipment to McMurdo and
delivery to Byrd Station, with drilling to start in
the summer of 1967-1968. After completion of the
hole at Byrd Station, it is planned to move the unit
to Pole Station to start drilling there in 1968-1969.
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Appendix J
Weddell Sea Oceanography

Fig

1. Purpose of Program. Because of the low salinity
of sea ice (4-10 per mill) compared to sea water
(35-40 per mill), the formation and growth of sea
ice produces very high-density ocean water. In shal-
low depths, such as on the continental shelves of
Antarctica, the water becomes uniformly cold and
saline during the winter months and moves off the
shelf areas to form the bottom waters of the deep
oceans.

The Weddell Sea is the largest single ocean area
in the Antarctic with a perennial ice cover. Near
the Continent the ice generally drifts westward
owing to the prevailing easterly winds, until it is
blocked by the Antarctic Peninsula. To the north,
the ice comes under the influence of the circum-
polar westerly airflow. The result is a general clock-
wise movement of the ice in the Weddell Sea.

It is the consensus of oceanographers who have
studied the problem, that this high concentration of
ice throughout the year makes Weddell Sea the
source of most of the antarctic bottom waters flow-
ing into the northerly oceans. Despite their im-
portance, however, few oceanographic data are
available from this area. The main purpose of the
program is to obtain this information by sampling
of the water column. Cores of the bottom sediments

and collections of flora and fauna in the waters
will be taken also.
2. Scope of Program. Figure 3 shows an optimum
network of 20 stations in the Weddell Sea area.
These can be obtained by an icebreaker with heli-
copter support, or by an airlift operation using
light, ski-equipped aircraft. A complete oceano-
graphic station can be accomplished in about two
days with a crew of three scientists. It is planned
to obtain the necessary station data during Janu-
ary, February, and March, 1968 and 1969.

Appendix K
Cosmic Ray Rocket and Balloon Program

1. Purpose of Program. A rocket and balloon
launching facility at McMurdo Station will be re-
quired to support a program of study of the low-
energy particles which are emitted by the sun
during a solar event. The knowledge thus gained
will be used to determine the causal relationship
between solar activity and ionospheric changes. The
reason for establishing a rocket facility in Antarctica
follows from the fact that there are two rejection
mechanisms, one magnetic and one atmospheric,
which a cosmic ray particle must overcome in order
to progress to a particular depth in the atmosphere
at a particular latitude. The first barrier, the mag-
netic field of the Earth, becomes less effective with
increasing latitude and is not the dominant barrier
at polar latitudes; the second barrier is the Earth's
atmosphere. An ideal place, therefore, to investi-
gate very low energy solar cosmic radiation, is near
the top of the atmosphere in the polar regions. It
is also advantageous to perform the investigations
inside the auroral zone, where the data are less
subject to pollution by extraneous noise.

Experiments to be performed include the follow-
ing:

1. Determination of the proton and alpha particle
differential energy spectra as a function of time,
and the electron intensity at energy greater than
40 Key . during solar cosmic ray and sporadic absorp-
tion events.

2. Direct calibration of the ground-based riometer
system now in use at McMurdo.

3. Determination of the effect of the ratio of
alpha particles to protons on ionospheric absorp-
tion.

4. Determination of noise absorption versus fre-
quency for charged particles of different energies.

5. Determination of the electron-density profile
in the lower ionosphere as a function of altitude.

6. Simultaneous measurements for the first time
of the solar cosmic ray energy spectra and electron
density inside an auroral zone.
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7. Investigation of the possible existence and
magnitude of F2-region absorption and possible de-
tection of "electron islands," which have been sug-
gested by some satellite experiments.
2. Scope of Program. Solar activity varies in an
11-year cycle, approximately, and at its maximum
of one event per month, is about four times as great
as at its minimum. In the next five years the sun
will pass through a maximum in both frequency
and intensity of solar events. The peaking inter-
action between the magnetospheres of the Earth and
the sun is the period when the solar-terrestrial
relationship can be most efficiently investigated.

The launch facility should be operative at the
time of the next expected solar maximum, when it
is planned to fire 12 rockets and launch 25 balloons
in the period from January to November 1969.

The first rocket planned to be used is the Nike-
Apache, which can be fired to 150 km. and
launched on approximately an hour's notice. For
safety considerations, the facility should be con-
structed well away from the existing McMurdo
Station, requiring the establishment of ancillary
facilities for living and station maintenance.

Tentatively, the most promising site for a launch
facility appears to be the Arrival Heights area of
Hut Point Peninsula. This location is at a safe dis-
tance from McMurdo Station for a program of
rocket firings if a range safety officer is present. At
the same time, the facility is close enough to Mc-
Murdo to be serviced by the utility systems in the
McMurdo complex, and no special generating
equipment and other facilities would be required,
other than emergency standby equipment. An all-
weather road, capable of providing access to the
facility by wheeled vehicles on a year-round basis,
should be constructed between Arrival Heights and
McMurdo Station.

It appears that the greatest chances for opera-
tional success for antarctic balloon flights lie in the
use of the relatively small, rugged balloons which
have been flown in Alaska and at Macquarie Island
by nonprofessional scientific crews. For example,
the 80,000-cubic-foot, 0.75-mu-gauge balloon weigh-
ing about 40 pounds, can be expected to attain an
altitude of about 100,000 feet with 50 pounds of
payload and telemetering equipment. With its sail
area, successful launches can be expected in steady
surface winds up to 15 knots. No special launch
buildings are ordinarily needed with this balloon,
but a radiosonde balloon inflation shelter is desir-
able. Balloons are temperature sensitive and will
not survive much wind buffeting if flights are at-
tempted at - 20° to - 30°F. At 0°F. or warmer,
buffeting is not a critical problem.

Although midair snatching techniques for recov-
ery of parachute-lowered packages are well devel-

oped and quite successful, it is planned to use
telemetry. For many purposes the inexpensive
GMD-type telemetry is sufficient; but telemetry
equipment, both aloft and on the ground, covers a
wide range of costs and complexity depending upon
the accuracy required and the telemetry channels
used.

The launching of 80,000-cubic-foot balloons re-
quires minimal launching facilities. Hydrogen is
cheaper than helium, but the static electricity prob-
lem in the cold, dry antarctic air argues against its
use.

If a larger or more rugged balloon is needed, the
largest one which should be considered is the 250,-
000-cubic-foot balloon. A one-mil-gauge balloon of
this volume can be expected to take 40 pounds to
about 100,000 feet; two-mil-gauge balloons could
take 100 pounds above 75,000 feet. Balloons
larger than these require special launch equipment
and a professional launch crew.

Appendix L
Plan for Topographic Mapping of Antarctica

1. Purpose of Program. The mapping objectives for
Antarctica include:

A. A continental map at a 1:5,000,000 scale (1
inch equals approximately 85 miles) showing to-
pography at a detail commensurate with the scale,
all areas of relief depicted by relative elevations,
the shoreline accurately positioned, and the ice
shelves, major glaciers, and other significant ice
features indicated.

B. Maps covering the Continent at a scale of
1,000,000 (1 inch equals about 16 miles) show-

ing in greater detail and with a smaller contour
interval, the shapes and details of the mountain
ranges and their ice-free areas; the delineation,
direction, and possible relief of large areas of
crevassing, and boundaries of disturbed areas of ice;
and additional detail for such features as coastlines
and ice shelves.

C. Maps at 1:250,000 scale (1 inch equals
about 4 miles) with an appropriate contour interval,
covering the mountain ranges and certain areas of
the coastline. This series would not cover the entire
Continent.

D. Limited-area, special-purpose maps at scales
larger than 1:250,000, covering such features as
individual glaciers, parts of dry valleys, ice-free
mountainous areas, areas of crevassing, portions of
the edges of ice shelves, and areas of special
geological or biological importance.

The current continental maps of the Antarctic
produced in the United States include those of the
Naval Oceanographic Office, the Aeronautical Chart
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and Information Center, the National Geographic
Society, and the American Geographical Society. The
latter map, published at a scale of 1:5,000,000, is
prepared from a base at a scale of 1:3,000,000,
which is kept current. A revision was produced in
August 1965. To consolidate the cartographic and
geophysical results of IGY and post-IGY work in
the Antarctic, the U. S. Geological Survey compiled
a 1:10,000,000-scale, two-layer plastic relief map
of Antarctica and the surrounding area. Bathymetric
data and the sub-ice topography of Antarctica were
included as a part of this project. Paper copies of
these maps have been printed.

The U. S. Geological Survey has produced a
1:1,000,000-scale experimental topographic map of
part of the coast of Wilkes Land from previously
compiled 1:500,000-scale mapping. Among the
most widely used maps at this scale are the V30-
SP aerial navigation charts produced by the Naval
Oceanographic Office from the latest material avail-
able.

Eleven maps at 1:500,000 scale were produced
by the U. S. Geological Survey of portions of the
coast of East Antarctica from 52°30'E. to 135°-
00'E. The largest contribution to original mapping
of Antarctica has been made in the production of
the 1:250,000-scale series of topographic maps by
the Geological Survey. Nineteen quadrangles have
been published thus far, and another 41 are in
various stages of preparation.

Large-scale, special-purpose topographic maps of
limited areas have been produced by the United
States, primarily in response to needs of specific
scientific studies.
2. Scope of Program. The proposed plan envisions
the completion of the optical aerial photography
for the 1:250,000-scale mapping as shown in figure
4. Generally speaking, the areas are those that are
most distant from the present United States stations
and, therefore, logistically most difficult to accom-
plish. They include portions of the coastline in-
accessible by ship and heretofore impossible to
delineate accurately. Present locations shown on
maps may be in error by tens of miles.

The uncertainties of weather and other indeter-
minate variables make it impossible to foresee
accurately how much photography can be accom-
plished in any one season. The areas planned to
be photographed between now and the end of the
1969-1970 season amount to 402,000 square miles
in 1965-1966, 176,000 square miles in 1966-1967,
211,000 square miles in 1967-1968, 192,000 square
miles in 1968-1969, and 111,000 square miles in
1969-1970. Areas not photographed as planned in
one season will be reprogrammed for the following
season.

Continuation of the helicopter-supported trav-

erses for ground control, conducted so successfully
in the past, is planned with the same careful prep-
aration preceding the field season. In 1965-1966 a
multi-discipline operation including control of map-
ping is scheduled for the Pensacola Mountains
(Appendix F), using the Hoversight system for the
first time in Antarctica. In this system, a helicopter
equipped with a flashing beacon as a sighting
target, hovers between widely separated ground ob-
servers and serves as a vertical extension of a
marked point on the ground. This technique shows
exceptional promise for areas in Antarctica where
peaks are not intervisible and between which it is
essential to provide a geodetic tie.

The office preparation of maps will be carried
out by the photogrammetric extension of control,
after which the information from the photographs
can be adjusted to the control network. The speed
of the map compilation is dependent on the quan-
tity of available basic data (aerial photography and
map control). It is expected that there will be a
gap in the quantity of basic data available within
the next year, but the rate of map production will
gradually be adjusted over the next few seasons.

The schedule for the next five years (figure 5)
is presented below by year and phase of work:

1965-1966
A. Control: Topographic engineers are to obtain

control for mapping in the Pensacola Mountains
using UH-1B helicopters and the Hoversight sys-
tem.

B. Aerial Photography: The Walgreen and
Hobbs Coasts areas of Marie Byrd Land and the
Balleny Islands were incompletely photographed in
1964-1965, and some fill-in lines are required. The
extension of the Waigreen Coast area eastward to
93°W. to cover the Amundsen Sea coast, Thurston
Island, and the Jones Mountains is planned so that
the photography will be available for the biological,
geological, and topographic helicopter-supported
party operating in the area in 1966-1967. Needed
for geological studies planned for this season is the
photographic coverage of Ellsworth Land, including
the west coast of the Filchner Ice Shelf and the
mountains and nunataks adjacent to it northward
to Palmer Land. As in previous years, prints of the
photographs should be flown out to the field for
use by the investigators. Photography of the east
edge of the Ross Ice Shelf and Roosevelt Island is
planned for this season.

C. Map Compilation: Maps of all of the Britan-
nia Range project and part of the Queen Alexandra
Range project should be completed and published
during this period. The Queen Maud Range and the
northern Victoria Land projects should be well
under way. Work will start on the maps covering
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AERIAL PHOTOGRAPHY, CONTROL, AND COMPILATION PLAN
:250,000 SCALE

1965-66	1966-67	1967-68	1968-69	1969-70

Approx. Statute
Area	 Sq. Mi.

Pensacola Mts.	 27,000	 MENEM •••••••••••• •••••••
Heritage Range	 9,000	I•UUU•U••UU •uuuu••uuuu. iuuuu•uuu•u.

Queen Maud Range	 40,000	•uuu.•uu•u.. I.......uuu •.•••.••u.••

North Victoria Land	 100,000	 ....... i........... IU•••••U•UU. IUU•UU.

Marie Byrd Land	 216,000	 •••••••	 .U.UU•UUR1

East Coast, Ross Ice Shelf	 10,000

Ellsworth Land	 149,000	 •.....U.UUUU uuuuuu•u••..0

Palmer Land	 129,000

Bellingshausen Coast	 41,000	 -	.....•u••u•• i.U..•U••••I

Coats Lard	 211,000	 I..U.•U•UUU

Princess Martha Coast	 192,000

Filchner Ice Shelf	 111,000

Aerial Photography

Control

••UUU Office Compilation of Maps

Fig. 5

the Heritage Range of the Ellsworth Mountains. As
soon as the field control of the Pensacola Moun-
tains is adjusted, compilation will be initiated for
this area.

1966-1967
A. Control: Topographic engineers supported by

UH-1B helicopters will establish control between
160°W. and 93°W. The Edward VII Peninsula,
Edsel Ford Range, Executive Committee Range,
Mount Siple, Crary Mountains, Toney Mountain,
Hudson Mountains, Kohler Range, and Thurston
Island will be part of a traverse to establish the
positions and elevations of peaks in these areas.

B. Aerial Photography: Aerial photography for
mapping is planned this season for the area of the
Bellingshausen Sea coast east of 93°W. and the
Palmer Land area of the Antarctic Peninsula north
to 68°S., including Alexander I Island.

C. Map Compilation: Maps of the remainder of
the Queen Alexandra Range project and part of
the Queen Maud Range project will be published.
After the adjustment of control along the Marie

Byrd Land coast, compilation will be initiated for
the mapping of this area. The Pensacola Moun-
tains, Heritage Range, and northern Victoria Land
mapping should be well advanced.

1967-1968
A. Control: Topographic engineers plan to ex-

tend the traverse eastward from the Jones Moun-
tains along the Bellingshausen Sea coast, locating
isolated nunataks and photo-identifiable points on
the ground. Important will be the traverse south-
eastward and southward through Ellsworth Land to
tie into the control in the Sentinel Range.

B. Aerial Photography: It is planned to concen-
trate the efforts on the Coats Land area, joining the
photography covering the Pensacola Mountains.

C. Map Compilation: The Queen Maud Range
maps should be completed, as should those of the
Heritage Range and Pensacola Mountains. Plani-
metric bases and some topography of the northern
Victoria Land project will be available. The Marie
Byrd Land coastal area should have progressed to
preliminary planimetric bases.
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1968-1969
A. Control: Control parties plan to carry posi-

tions and elevations from Ellsworth Land through
Palmer Land to tie with the triangulation accom-
plished by the British to the north. In addition,
topographic engineers with helicopters will operate
in Coats Land, extending the control in the Pensa-
cola Mountains northward into the mountainous
areas east of the Filchner Ice Shelf.

B. Aerial Photography: Photography of the
Princess Martha Coast is planned. This is the area
farthest from the existing stations; however, use of
aerological field parties for weather reporting and
supplies of strategically placed fuel should make
this photographic operation feasible.

C. Map Compilation: The Pensacola Mountains
and Heritage Range maps should be printed. Work
on the Marie Byrd Land coast maps will be well
advanced. The Bellingshausen Sea coastal area and
the Ellsworth Land areas east of Eights Station
should be through the early stages of compilation.
Ten of the northern Victoria Land maps should be
completed.

1969-1970
A. Control: The extension of a network of

horizontal and vertical control throughout the area
of Princess Martha Coast is planned. The network
will include the peaks of the Mühlig-Hofmann
Mountains and the Wohithat Mountains and be
extended to tie into the South African and Soviet
stations along the coast.

B. Aerial Photography: The efforts should be
directed towards coverage of Berkner Island and the
Filchner Ice Shelf.

C. Map Compilation: In addition to publishing
the remainder of the northern Victoria Land maps
this year, several of the Marie Byrd Land maps
should be printed. Compilation of the Ellsworth
Land and Bellingshausen Sea coastal areas will be
well advanced. Palmer Land and Coats Land maps
should have planimetric information practically
completed.

In addition to the season-by-season program for
1:250,000-scale topographic mapping outlined
above, areas in West Antarctica not appropriate
for coverage by tricamera photography should be
overflown by aircraft equipped for the collection
of profile elevations of the surface and the location
and extent of significant surface irregularities or
relief features, to provide data for the 1:1,000,000-
scale series of maps.

Control for this 1:1,000,000-scale series will be
obtained from the automatic electronic equipment
in the aircraft, including an airborne profile re-
corder for a profile of elevations beneath the air-
craft. Horizontal control will be accomplished by

electronic navigational equipment such as RADAN.
Already positioned mountain peaks and existing
stations and equipment will be helpful. It may be
desirable to use light, ski-equipped planes to put out
a limited number of radar reflectors, with hori-
zontal positions established by an observing party.

Advances in the resolution of side-looking radar
offer possibilities of locating nunataks or other
relief features and of defining the location and
extent of significant ice or snow irregularities. Radar
coverage should be directed to West Antarctica
before covering the plateau of East Antarctica.
Flights overlapping areas of optical photography
are desirable to insure complete coverage and make
possible ties with previously controlled features.

To obtain radar photography in East Antarctica,
consideration should be given to flights from Mc-
Murdo to stations on the coast of the Indian Ocean
where supplies of fuel could be prepositioned by
ship. Control would be available at the beginning
and end of each flight with a minimum of dupli-
cate effort, and this survey would emphasize the
cooperative effort of a mapping program through
the use of base facilities of other nations. The
results in the form of raw data or finished maps
would be made available to other nations.

Photography obtained from the Nimbus satellite
reveals coastline configurations and other features
not seen before. Improvements in satellite photog-
raphy and techniques for obtaining and utilizing
source data from satellites may develop to the de-
gree that basic information for the 1:1,000,000-
scale series can be obtained from them.

It may be possible, using radar in a satellite, to
obtain surface elevations of an accuracy adequate
for the 1:1,000,000-scale maps. A satellite that
would execute this function is presently under con-
sideration by NASA.

The 1:250,000-scale mapping prepared from
optical photography and other maps and charts
will be used in the preparation of the series of
1:1,000,000-scale maps to cover the entire Conti-
nent. Approximately 70 maps at 1:1,000,000-scale
will be required for this purpose.

Appendix M

L
Scientific Investigations Outside Antarctica

I. Purpose of Program. Regardless of the thorough-
ness of the antarctic continental work, many proj-
ects will be incomplete until the results can be com-
pared with lower-latitude studies and the similarities
or differences understood. In particular, the geo-
logic structure of Antarctica must be related to the
structure of neighboring lands, and the question of
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the origin of antarctic biological species can only
be answered by comparison with the biota of
northern areas.

Geological studies in Antarctica have progressed
rapidly in the past few years. Field work in the
vast inland Ellsworth and Pensacola Mountains
will be essentially completed in 1965-1966. As
this work has progressed, there has also been
active interest in making additional studies of
similar geological formations on other continents.
One problem is centered on the Permocarboniferous
formation which overlies glacial tillites in Antarc-
tica, South Africa, South America, and Australia.
If these tillites are glacially deposited and are con-
temporaneous, then glaciation must have taken
place simultaneously on continents now widely
separated. Proponents of the continental drift theory
believe this could only happen if the continents
were fairly close together at the time of glaciation.
A further problem in antarctic geology lies in the
tectonics of the Scotia Arc, which supposedly at
one time linked together the southern part of South
America and the Antarctic Peninsula. The solu-
tion of this complex problem requires comparison
of formations on the Peninsula, southern Chile and
Argentina, and the islands of the Scotia Arc.

One of the fundamental biological problems con-
cerns the origin of the sparse antarctic land biota.
Could this life have been initiated by air dispersal
from outlying regions or through land bridges of
the past, or are these forms those which have re-
mained from earlier nonglacial times or developed
on the Continent in fairly recent times? Again, the
biology of the land area to the north must be com-
pared with that of Antarctica. The subantarctic

island volcanoes, which have a definite age of
eruption, are ideal sites to study local origin of
flora and fauna. It is essential in these studies to
include environmental and m icroclimatological con-
ditions to determine what ecological and geograph-
ical barriers determine distribution patterns.
2. Scope of Program. Geological studies have al-
ready been conducted in the Falkland Islands and
southernmost Chile and on many of the subantarctic
islands.

In November and December 1965, a botanical
team plans to investigate the flora of the Juan Fer-
nández Islands off the coast of Chile. Geologists
will investigate the Permocarboniferous formations
in South America (1965-1966 and 1966-1967),
Australia (1966-1967), and South Africa (1967-
1968).
3. Logistic Considerations. Logistic support of in-
vestigations which take place outside Antarctica can
come from two sources. First, the programs to be
supported can be effected through international
cooperative arrangements. Second, the programs
can be supported with United States logistics di-
verted from the main program in Antarctica.

Where it is feasible, attention should be given to
the development of cooperative logistic arrange-
ments with other nations. In some instances, these
countries might not have available such necessary
tools as helicopters. The use of United States
logistic elements will likely be required at some of
the remote subantarctic islands. More accessible
areas will probably be supported through commer-
cial services available in the Southern Hemisphere
countries or through logistic services of other
expeditions.

Preliminary Results of Medical Research
at Plateau Station

Preliminary medical information of general in-
terest has been received from Plateau Station.
Lieutenant J. L. Gowan, MC, USN, the Officer-
in-Charge, is conducting a medical research pro-
gram on the eight men wintering over at the new
station and reports that there is general stability
of vital functions. His tests have shown, however,
that, due to the high altitude (11,890 feet), the
red blood cell count has undergone a very marked
increase. This is an attempt by the body to ac-
commodate to the low oxygen content of the air.
Likewise, the oxygen-carrying component of the red
blood cells (hemoglobin) has been found to have
increased. Contrary to the results of studies by the
Soviets at Vostok, which is only a few hundred feet

lower in altitude than Plateau Station, blood pres-
sures are now generally stable. Reports from Vostok
have noted extremely low blood pressures in person-
nel there. At Plateau, on the other hand, blood
pressures were at first very high and then gradually
came back to normal levels.

New Coordinates Determined for
Plateau Station

A new set of coordinates was established for
Plateau Station following the arrival of the South
Pole-Queen Maud Land Traverse II party at the
end of January. The corrected coordinates are
79 0 148'S 40 0 30'E. The elevation of the station is
3,624 meters (11,890 feet) and the gravity value,
based on Isherwood observations at the summer
quarters, is 981.929 gals.
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Final Phase of
Operating Season

Another antarctic operation has come to a suc-
cessful end. The last aircraft took off from Wil-
liams Field on February 27 and the last ship de-
parted McMurdo Station on March 2. Left behind
were 213 naval personnel and 38 civilians, includ-
ing a United States exchange scientist with the
Soviets, to carry on scientific projects, maintain the
five stations, and prepare for next season's opera-
tions.

Programs at Plateau Station
The newest of United States stations, Plateau,

built during January and dedicated on the thirtieth
of the same month, was the first to become isolated.
The last LC-130F aircraft visited Plateau Station
on February 10. By that time, the four scientists
were well along in checking out their equipment
and getting their projects under way. By the end of
the month, observations in meteorology and upper
atmosphere physics, including very low frequency
(VLF) recordings, were in progress. The aurora and
airglow projects commenced on March 18th and
30th, respectively. The Officer-in-Charge, a Navy
doctor, was conducting a program in human physi-
ology.

During the summer, glaciologists had determined
that the station rested on between 3,100 and 3,150
meters of ice (between 10,170 and 10,335 feet), and
thus that the bedrock beneath the ice was about
525 meters (1,700 feet) above sea level. They also
drilled a 50-meter hole for density and tempera-
ture measurements, finding a temperature of - 58.10
C. (- 72.6°F.) at 45 meters, and laid out a strain
net 20 kilometers in circumference. With the end of
the summer season, the glaciology program was
closed down until next spring. On March 31, a
low temperature of —73.1 °C. (-99.6°F.) was re-
corded.

The End of the Season at South Pole Station
After one of its busiest seasons, Amundsen-Scott

South Pole Station saw its last aircraft on February
17. Tragically, on one of the last flights, a mem-
ber of the station wintering-over party, Andrew
Burl Moulder, Jr., SK2, USN, died as the result of
an unloading accident. The principal construction
activity of the season was the unscheduled replace-
ment of the balloon inflation shelter destroyed by
an explosion on January 31 1 . A 10-man detach-

1 See "Explosion Demolishes South Pole Building," Ant-
arctic Journal, Mar.-Apr. 1966, P. 71.

ment from Naval Mobile Construction Battalion
Six arrived on February 2 and, using material
available in the Antarctic, completed the new shel-
ter on February 13. Considerably smaller than its
predecessor, the new shelter would be easier to
heat, and the doors were reoriented in line with pre-
vailing winds. Both changes were expected to con -
tribute to improved balloon performance.

The unexpected departure of one of the wintering
scientists for personal reasons caused some curtail-
ment of the meteorological program at the South
Pole. For example, the measurements of ozone using
Mast and Regener instruments will be maintained,
but the records will not be processed during the
winter. Also, hourly wind, atmospheric electricity,
and low-temperature thermometer recordings are
being continued only as long as the charts presently
in their respective recorders last. Observations of
radioactivity and snow densities have been termi-
nated, and with the commencement of ozone sound-
ings, the summer Dobson spectrophotometer pro-
gram was discontinued except for unscheduled ob-
servations. Otherwise, meteorological activities are
being carried on as planned.

(NSF Photo)

Coils for Magnetic Field Measurements Being
Buried in Ice at Pole

The imminence of winter caused all hands to
concentrate on securing the station against the dark
and cold that lay ahead. Supplies were moved into
tunnels; outside buildings, except those used for re-
search projects, were closed; and barrels and signs
were removed from the ski-runway to reduce
drifting. Many individuals sought to improve their
rooms, and in some cases false ceilings were instal-
led to cut down heat loss. Although no aircraft
landed after February 17, VX-6 managed a final
airdrop of mail to the station on February 26.
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Byrd Station Prepares for Winter
February 26 was also the day of the final re-

supply flight of the season to Byrd Station. The
substation for the VLF program was completed on
February 14. Before that date, test transmissions
were made with the long-line antenna on frequen-
cies between 500 cps. and 40 kc./s., using a 150
kw. solid state transmitter especially installed for
the program. Equipment for experiments with the
D-region (the lowest portion) of the ionosphere had
become operational, except for the telemetry system,
and preliminary tests revealed the presence of
D-region reflection. In other aspects of the upper-
atmosphere physics program, the two antennas for
the forward scatter project were rebuilt for mechan-
ical strengthening, a four-directional antenna erected
for use in conjugate point research, and a new 136
mc./s. antenna with associated equipment installed
as part of the satellite tracking program. To ac-
commodate the equipment for the study of auroral
hydrogen emission, new this year, a wanigan was
placed 300 feet northwest of the radio noise building.

To reduce the chance of persons becoming lost
near the station as happened last year, all life lines
were improved with new poles and flags at shorter
intervals between markers. An emergency beacon
light was placed on one of the tall antennas, and a
communication system, with back-up capabilities,
placed in all vehicles that will travel between the
main station and the VLF substation some 13 miles
away. All personnel also received a thorough in-
doctrination in safety procedures. During the last
week in February, instructions, including practice
sessions, were given in the techniques of fighting fire.

Late Season Ship Movements
On February 1, the icebreaker Atka and the

tanker Alatna were at McMurdo Station. They both
departed two days later, Atka for Hallett Station to
pick up some cargo, and Alatna for Port Lyttelton,
where she would take on another load of petro-
leum products. When Atka returned to McMurdo
on February 6, she found Glacier, which had arrived
the previous day from New Zealand, ready to
depart for the coast of Marie Byrd Land in sup-
port of aerial photo-mapping missions. Glacier
continued in this activity until she damaged a rud-
der on February 18 and was sent two days later
to Wellington for repairs, arriving there on Febru-
ary 28. The cargo vessel, Wyandot, reached
McMurdo from Palmer Station on February 7
and found Atka in port. The next day, however,
the icebreaker made a quick run toward Cape
Bernacchi on the west side of McMurdo Sound
where two scientists had been stranded for five
days by a storm. They were picked up and re-
turned to McMurdo Station by ship's helicopter.

Alatna left Port Lyttelton on February 13 to
make her third and last trip of the season with vital
fuel supplies. In this activity, she was assisted by
HMNZS Endeavour, which made her second run
to McMurdo with fuel during February. Five days
before Alatna reached McMurdo, on February 20,
Wyandot departed for New Zealand. In the mean-
time, Atka had conducted a coastal survey along
the west side of McMurdo Sound between February
13 and 16, and finally on February 21, left
McMurdo for the last time. En route to Hallett
Station, she would do oceanographic work. Al-
though at this time of year, the need of icebreaker
escort for cargo ships was unlikely, Atka remained
at Hallett as long as other United States ships were
operating in the Ross Sea.

(U.S. Navy Photo)

Icebreakers in Winter Quarters Bay and a Tanker
Berthed at Elliott Quay

Alatna, having completed her assignment for
Deep Freeze 66, left McMurdo with summer sup-
port personnel on board one day after Atka. Wyan-
dot, however, made a turnaround in Port Lyttelton
between February 21 and 23 and arrived back at
McMurdo on March 1. The following day, she
picked up the last outgoing cargo and the remain-
ing summer people and departed. With Wyandot
safely on her way, Atka left Hallett, and the two
ships arrived in Port Lyttelton on March 8 to com-
plete ship operations for the year.

Final Air Operations
Although the ships participated in the lifting of

personnel, the majority was carried between Ant-
arctica and New Zealand by air. During February,
the aircraft of VX-6 flew a total of 1,050 flight
hours, of which over 780 were performed by LC-
130F Hercules and about 100 by C-i 2 1J Super
Constellations. Operations of the latter aircraft from
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the annual ice runway on McMurdo Sound had
been suspended on January 12 but were resumed
on February 22 from the newly developed runway
on the permanent ice shelf, thus offering hope that,
in the future, wheeled aircraft may operate through-
out the season. Right up to the end, the LC-13017s
continued to make supply flights, and the helicop-
ters and Dakotas continued their support of scien-
tific activities. For example, the Soviet exchange
scientist at McMurdo, Mr. L. V. Klimov, was as-
sisted in his study of the petrology of Victoria Land
by eight flights, during which he visited 17 rock
outcrops in the Skelton-Ferrar Glacier area. On Feb-
ruary 22, the ornithology program at Cape Crozier
was terminated for the season when a helicopter
returned the last of the scientists to McMurdo Sta-
tion.

Activities at McMurdo Station
Three interrelated projects at McMurdo called for

a new saltwater intake to the distillation plant, a
system for freshwater distribution, and the installa-
tion of a sewer system. On February 4, the distillation
plant was in operation, but owing to operating prob-
lems that could be expected during winter months, it
was closed down on February 22, and the saltwater
intake line was drained. An enlarged dispensary has
long been needed at McMurdo, especially during the
summer season, and one with space for 10 beds and
modern hospital equipment was completed on Febru-
ary 18. Because its operation is dependent on fresh
water from the distillation plant, it will not be acti-
vated until Deep Freeze 67. Other projects included
the completion of an earth sciences laboratory, mod-
ification to the senior scientists' quarters, and installa-
tion of a carbon dioxide fire extinguishing system in
the radio transmitting and receiving buildings, thus

(U.S. Navy Photo)

New Personnel Building Scheduled for Completion by
1969 at McMurdo Station

making McMurdo a safer as well as a more com-
fortable place to live. Many other modifications and
alterations were carried out, while, looking toward
the future, sites were prepared for the erection of the
new personnel building and a warehouse for VX-6.

During the summer, of course, McMurdo is the
center of both logistic and scientific activities. Dur-
ing the winter, scientific programs in cosmic rays,
ionospheric physics, satellite geodesy, and biology
are carried on. The biologists continued to investi-
gate the parasites of McMurdo Sound fishes. They
suspended fishing early in March, however, be-
cause the catches were small and they had lost five
traps. Some work was also done on the intestines of
seals, with many of the specimens frozen and ship-
ped to the United States for analysis.

A severe storm during the first week of March
caused extensive damage to the Elliott Quay pier
and triggered several power failures. Winds aver-
aging 30 knots gusted to 54 knots on the 7th and at
Scott Base, nearby, gusts to 80 knots were re-
corded.

Palmer Station Enjoys Good Weather
Located on Anvers Island off the Antarctic Pen -

insula, Palmer Station lies much further north than
other United States installations and has a climate
quite different from McMurdo or the inland
stations. This year, during February, it was much
cooler, drier, and clearer than during the corre-
sponding period of 1965. Waters in the surround-
ing area were open with little brash or drifting pack
and in Arthur Harbor, which had been ice-filled
when the Argentine cruise vessel Lapataia was off-
shore in the last days of January, conditions be-
came good to excellent during February. Reports
from RRS Shackleton and other ships indicated that
a small vessel, such as the trawler which the United
States plans to base at Palmer Station in the future,
would have had no trouble navigating in the area.
These favorable ice conditions generally prevailed
throughout March.

The good weather was accompanied by extensive
melting in the lower areas of the ice cap. At the
end of February, about 95 percent of the previous
winter's accumulation had disappeared from the
lower ramps. In the process, heavily crevassed fields
were revealed in the area where a snow accumula-
tion survey had been set up, and in places new
crevasses opened. Observations of some accumula-
tion stakes had to be discontinued because the
stakes were no longer accessible. Two stakes were
found to have been established on crevasse bridges.

Snowfall above the station, as measured during a
12-month period, amounted to 6.8 meters (22.3
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feet) at an elevation of 762 meters (2,500 feet);
6.0 meters (19.7 feet) at 700 meters (2,300 feet);
4.0 meters (13.1 feet) at 457 meters (1,500 feet);
and 2.7 meters (8.9 feet) at 305 meters (1,000 feet).

In the field of biology, a study of the dispersal of
soil arthropods was carried on near the station at
"Skua Pond." In the laboratory, eggs of insects of the
Alaskozetes species were hatched and developed
through moulting stages. The aggregation, behavior,
and development characteristics of the insects were
photographed.

Shipbased Oceanographic Survey
During February, the Coast Guard icebreaker

Eastwind was engaged in the support of oceano-
graphic and biological research, first in the Ger-
lache, Bransfield, and Boyd Straits, and later in the
Weddell Sea. Oceanographic stations were taken,
and biologists put ashore on many of the islands off
the coast. The commanding officer of Eastwind
and the USARP representative aboard the ship paid
courtesy calls at several of the Argentine, British,
and Chilean stations in the area. On February 7,
Eastwind temporarily suspended scientific opera-
tions to hasten to the British base on Signy Island

where the medical officer had immediate need for
X-ray equipment. The final week of scientific activ-
ities saw Eastwind in the vicinity of James Ross Is-
land from which the ship returned to Palmer Sta-
tion by way of Elephant, Gibbs, and Penguin Is-
'ands. She arrived at Arthur Harbor on February
20, in time to be present when a United Kingdom
party led by Captain S. R. Sandford, RN, of HMS
Protector, carried out an official inspection of the
station under the provisions of the Antarctic Treaty.
On February 23, the day following the inspection,
Eastwind left Palmer Station for the last time, thus
completing her work for Operation Deep Freeze 66.

Conclusion
The season was generally successful, even though

the satisfaction of success was marred by two seri-
ous accidents involving seven fatalities. Those re-
turning home could look back upon solid accom-
plishments in both science and operations. The prin-
cipal projects had been carried out substantially as
planned. For those who remained at the five United
States stations to pass the winter, there were exten-
sive programs to keep them busy during the months
of isolation.

Fatal Accident at South Pole
On February 13, 1966, in the course of a routine

operation, a member of the wintering-over party at
South Pole Station was fatally injured. Andrew
Burl Moulder, Jr., SK2, USN, was assisting in the
unloading of an LC-130F aircraft when he was
caught and crushed between the airplane and a
cargo sled pushed by a tracked vehicle. Moulder
was pronounced dead shortly after arrival at the
station's dispensary.

United States Naval Support Force,
Antarctica, Has New Address

As of May 1, 1966, the Commander, U. S. Naval
Support Force, Antarctica, moved his office from
Temporary Building D on Independence Avenue,
S.W., to the United States Navy Yard, also in Wash-
ington, D.C. Mail should be addressed as follows:

U. S. Naval Support Force, Antarctica
Building 210, Washington Navy Yard
Washington, D. C. 20390

Division names and code numbers remain un-
changed and should be used as . appropriate.

Robert Oliver Derrick Dies

Robert 0. Derrick, U.S. Weather Bureau, died
April 11, 1966, from a heart attack. Forty-five
years old, he had been associated with arctic and
antarctic activities for the past 18 years.

As an employee of the Arctic Operations Project
in the Weather Bureau, he served in various capaci-
ties at the weather stations at Thule, Eureka, and
Resolute Bay during 1948-1952. From 1960 to
1966, the services of Mr. Derrick were loaned by the
U.S. Weather Bureau to the National Science Foun-
dation to assist with United States Antarctic Research
Program activities at Christchurch, New Zealand. As
assistant to Mr. Edward Goodale, the Christchurch
USARP Representative, he came in close contact
with both United States and New Zealand scientists
as well as personnel of Operation Deep Freeze.

In the words of Ed Goodale, "Bob Derrick will
be greatly missed by those who knew him well,
especially for his keen sense of humor and abundant
good nature at all times."
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Antarctic Aerial Photography,
1902-1950

JOHN H. ROSCOE

Lockheed Aircraft Corp.
Sunnyvale, California

A captive balloon aloft in the Antarctic in 1902
was a radical concept. It was dangerous, too. Not
only were the winds totally unknown, but the balloon
had to be manned by inexperienced personnel. The
uncertain fate of the experienced balloonists of
Andrée's expedition, lost in the Arctic a few years
before, was still fresh in the minds of polar ex-
plorers.' Moreover, the cost of captive balloon
flights, the critically limited storage space on tiny
expedition ships, and the difficulties of field main-
tenance in a polar environment would limit the
flights to only one series. Yet, in the face of all
these facts, both Robert F. Scott and Erich von
Drygaiski made such ventures that year.

"The honor of being the first aeronaut to make
an ascent in the Antarctic Regions, perhaps some-
what selfishly, I chose for myself . . ." said Captain
Scott. 2 In points of fact, Scott had never been an
aeronaut anywhere. The flight was successful, but
quite aside from personal bravery and his brief
account of the pioneer ascent, Scott made a more
substantial contribution—his thoughtful descent in
sufficient time before an oncoming prohibitive wind
to allow Ernest Shackleton to ascend and photo-
graph the ephemeral morphology of the Balloon
Bight-Bay of Whales area. Shackleton, then the
young Third Officer aboard Discovery, had received
some coaching from the British ballooning depart-
ment at Aldershot. To him went the honor of being
the second antarctic aeronaut, but he will be better
remembered as the first antarctic aerial photog-
rapher.

This pre-Kitty Hawk endeavor was the first of
many antarctic experiences that demonstrated the
permanent value of aerial photographic records in
that region where so much of the surface is covered
by continuously moving ice. Scott's airborne, visual
reconnaissance gave him a useful impression of the
great ice shelf he would soon cross, but except for
six pages of narrative describing the more qualita-
tive aspects of his flight, his experiences were lost

with him a decade later on his fatal return journey
from the South Pole. Conversely, Shackleton's aerial
photographs have been used again and again as
original source material to determine both qualita-
tive and quantitative information about the Ross
Ice Shelf area and the glaciological processes that
contribute to its ever-changing morphology. They
will continue to be used in the future as basic data
to which new tools of analysis or mensuration may
be applied as they are developed.

While Shackleton's contribution to recording the
morphological status of the area where Byrd and
Amundsen based their expeditions is well known,
other uses to which his photography was put are
less so. For example, some of his photographs
(fig. 1) constitute veritable planimetric maps of the
ubiquitous antarctic sastrugi, whose precise spatial
distribution and interrelation cannot be determined
easily from surface observations.

The details concerning Scott's flight vary con-
siderably according to source. Scott, himself,' gave
800 feet as his altitude, but Armitage stated it was
700 feet and polar historian Mill 4 records it as 600
feet. The very fact that three people so intimately
connected with the expedition can come up with
such varying values lends emphasis to yet another
characteristic of the photographic record. Precise
values for the actual altitude reached on that day
in 1902, as well as flight data never recorded previ-
ously, can be computed now from the old photo-
graphs through the employment of photogrammet-
nc techniques unknown at the time the pictures
were made (fig. 2).

Geography poses such questions as: "How much
of what is where?" and "Why do people do what
they do where they do it?" History records this in-
formation with reference to time. Aerial photogra-
phy records it in profuse detail with specific refer-
ence to a particular place at a specific time. Our
comprehension of the geography and history of past
eras would have been vastly greater if previous civ-
ilizations had left us aerial photographic coverage of
their contemporary landscapes. 59 Unfortunately, we
have no such photography for Eurasia and the
Americas. The situation for Antarctica, however,
is different. Modern technology is making it possi-
ble for us to obtain aerial photographic coverage of
the landscape before the influence of man can change
its character. Repetitive coverage provides original
source material which enables us to gain an under-
standing of the area, its dynamic forces and se-
quent occupance. The value of this coverage de-
pends primarily on the uses to which it will eventu-
ally be put. The principal uses, which can be ac-
complished initially or at any subsequent time, are
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(1) the construction of maps by photogrammetric
analysis and (2) the preparation of geographical,
glaciological, geological, biological, and other scien-
tific inventories through photo interpretation.

Shackleton's 1902 photographs were of Balloon
Bight, the direct morphological ancestor of Byrd's
Bay of Whales (Map 1, No. 1). Less than two
months later, on March 29, Erich von Drygalski
independently made similar aerial photographs from
a captive balloon near Wilhelm II Coast (Map 1,
No. 2). Von Drygaiski's description, 5 well illustrated
with pictures of the balloon launching and resulting
aerial photographs, parallels Scott's narrative in
content, but von Drygalski was sufficiently moved
by this event, which he undoubtedly believed to be
the first, that his published account contains 44
lines of poetry commemorating the incident. De-
spite the pioneering efforts of Scott, Shackleton, and
von Drygaiski, however, balloon photography did
not continue. The high cost of balloon systems, the
inability to control their movements, and the ad-
vent of heavier-than-air flying machines doomed
the balloons as photographic platforms.

Unsophisticated and dangerous as the early air-
planes were, their potential for aerial reconnaissance
and exploration nevertheless caused many expedi-
tion leaders to turn to them. The first three such
attempts were failures. ,' To Sir Douglas Mawson
must go the credit for being the first to take an
airplane to Antarctica, in 1911. Unfortunately, this
Vickers monoplane, with an undercarriage of sledge
runners, lost its wings as a result of an accident in
Australia. The wingless plane was converted to an
air tractor sledge and taken to the Antarctic for sur-
face transportation. 7 J. L. Cope, who had little dif-
ficulty in securing surplus RAF aircraft in 1920,
did not muster enough financial backing to get his
expedition to the Antarctic. 8 Then, in 1921, Shack-
leton procured an Avro seaplane which was to be
placed on board the expedition ship at Cape Town.
Maintenance and logistics problems, however,
caused the ship to be rerouted directly from South
America to Antarctica with the result that, although
the pilot was on board, the airplane was left be-
hind. 9 Finally, in 1928, George (later Sir Hubert)
Wilkins, an Australian colleague of Mawson, a
partner of Cope in the 1920 attempt, and a mem-
ber of Shackleton's 1921 expedition, made the first
successful flight on his own expedition, the Wilkins-
Hearst Antarctic Expedition of 1928-1929.10

The 1928-1930 seasons saw a great advance in
antarctic exploration through the introduction of
flying. 6, 8, 11, 12 Wilkins, Byrd, Riiser-Larsen, and
Mawson all engaged in aerial reconnaissance. In
these two seasons, aerial photography was made of

Fig. 1. Balloon Ascending

Pictures reproduced from Scott, Robert F., "The Voyage
of the Discovery," with permission of the publisher, Charles

Scribner's Sons.

Fig. 2. View from Balloon, Showing Sastrugi
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widely separated areas in three antarctic quadrants.
These and other early flights are shown on Maps 1,
2 and 3. The areas of aerial photographic cover-
age shown have been generalized because of the
extreme variety of the early photography, which
runs the gamut from occasional hand-held stills to
continuous photographic coverage from mapping
cameras with photogrammetric lenses, cartographic
mounts, and data recording devices.

Wilkins 10 ' was the first to employ airplane
photography. He did this in connection with his
aerial reconnaissance of the Antarctic Peninsula
and Charcot Island areas (Map 1, Nos. 3 and 5).
The photographs were not of professional mapping
quality, but they were of immeasurable aid to cartog-
raphers in first delineating Charcot Land as an is-
land and in pinning down the morphological char-
acter of the Antarctic Peninsula. Unfortunately,
lack of familiarity with antarctic regional photo in-

terpretation 60 resulted in the peninsula being termed
an archipelago. Wilkins' discoveries, like Wilkes'
coastlines 14 nearly a century before, and Amund-
sen's Carmen Land as of 1911, might have been
ridiculed and held in dispute were it not for his
photographic evidence, since properly reanalyzed.

Ashley McKinley, a pilot and aerial photographer,
was Third-in-Command of the first Byrd Antarctic
Expedition, 19281930.16 It is to Colonel McKinley
that we are indebted for the first professional and
comprehensive collection of aerial photographs of
Antarctica (Map 1, No. 4). His collection, covering
all types of antarctic morphology from sea ice to
polar plateau features, is available from the National
Archives for comparative analysis with more recent
coverage. Many splendid examples may be found in
Admiral Byrd's publications. 17 On the historic polar
flight, McKinley took survey-quality photographs of
the Ross Ice Shelf, it g contributory glaciers and rim-
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ming mountains, and the polar plateau for later inter-
pretation and mapping. He also supplied to ground
parties by airdrop, photographs of the areas in which
they were working, thus improving tremendously the
effectiveness of the field survey. The field parties, in
turn, provided additional ground control for photo-
graphic mapping and ground truth for image in-
terpretation. Byrd, and Wilkins in his second season,
introduced airborne motion picture photography.
Byrd's aircraft were more effective than those of
his contemporaries in obtaining photography, largely
because they were ski-equipped, flew from a fixed
base, could land in the interior, were large enough to
carry cartographic camera installations, and were
multiple in number and configuration, thus allowing
more and different types of photographic sorties and
combined photographic and support missions.

Sir Douglas Mawson, 18 returning to Antarctica as
leader of the combined British-Australian-New
Zealand Antarctic Research Expedition, 1929-1931,
was successful this time in the employment of
aerial reconnaissance. He returned with a limited
number of photographs of the Enderby Land coast
(Map 1, No. 6). In common with most early ex-
plorers, Mawson used seaplanes for aerial explora-
tion. He rarely used the photographic capability of
his seaplane, however, because of the extensive
logistical preparation required for each flight and
the difficulties of launching aircraft in ice-filled
waters.

Lars Christensen, 19 the Norwegian whaling ty-
coon, sent many whaling expeditions and several
exploring expeditions to Antarctica. On his third
exploring voyage, the Norvegia expedition of 1929-
1930 under Hjalmar Riiser-Larsen, 20 he provided an
aerial photographic capability.. The additional ef-
fort he spent during the same season and in the
same quadrant as Mawson, resulted in correspond-
ingly greater coverage by Christensen's aerial recon -
naissance team of Riiser-Larsen and Lützow-Holm
(Map 1, No. 7). Included in the cruise was the dis-
covery of coasts and islands which were landed
upon and formally claimed. Here, as in all similar
instances, the aerial photography provided an im-
portant element in the proof of the area reached and
in specific description of the claim.

Thus, in the first two seasons of antarctic flying,
five expeditions had engaged in aerial photographic
reconnaissance and mapping. Of these, the photog-
raphy from the first Byrd expedition has the dis-
tinction of being nearest to survey quality, with more
continuous coverage and some ground control and
ground truth. The coverage by the other expeditions,

however, was used as the basis for the best maps
then available and is still of considerable value for
determining the dynamic morphology of the area
through comparative aerial photographic analysis.

By the middle and late nineteen thirties, six
more expeditions acquired useful aerial photog-
raphy in Antarctica (Map 2). Much of the coast-
line was located in general terms by this means;
aerial photographic reconnaissance had established
the character of the south polar plateau, and the
photographic records had been analyzed and re-
ported in many publications.

On his second expedition of 1933-1935, Admiral
Byrd 21 took four aircraft, including an Autogiro, to
which he added the two airplanes he had previously
left at the first Little America Station, making
what was for the Antarctic an armada of six air-
craft. This expedition concentrated on the Ross
Ice Shelf and Marie Byrd Land (Map 2, No. 8).
The major photographic reconnaissance flights,
northeast, east, and southeast of Little America,
were complemented with dog-sled and tractor par-
ties and oceanographic cruises. Pelter took the
aerial photography and Rawson was responsible for
the navigation. The survey work covered an area
equivalent to the northeastern United States north
of the Ohio River and east of the Mississippi. Byrd
considered it sufficiently important to include Raw-
son's account of the aerial photographic reconnais-
sance as the only added chapter to his own official
narrative.22

The 16 competent men of John Rymill's 28 British
Graham Land Expedition, 1934-1937, conducted a
series of surveys from ship, surface, and air, center-
ing along the western portion of the Antarctic
Peninsula (Map 2, No. 9). The expedition's small
airplane made 52 flights including those with survey
cameras. 2.1 Photographs and ground data were care-
fully assembled in the field by Stephenson. 25 From
these it was concluded that this long finger of land
pointing to South America was a single land mass,
rather than an archipelago as earlier assumed by
Wilkins and Joerg.

Coincidentally, Wilkins had returned during the
same period to explore the eastern side of the same
land mass, this time as a leading member of Ells-
worth's 1934-1935 and 1935-1936 expeditions.26
Pictures and aerial observations were made in the
summer of 1934-1935 while the second Ellsworth
expedition was searching for an operating base, and
again in 1935-1936 while the third Ellsworth ex-
pedition was preparing for the transantarctic flight
from Dundee Island to Little America.27
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Although the Ellsworth expedition photographs
were not part of a formal survey, Joerg's analysis
of them resulted in the first published demonstra-
tion of the land mass's peninsularity. 21 Credit for the
discovery must be shared with the members of the
British Graham Land Expedition, whose field work
and photo analysis independently led them to the
same conclusions.

Ellsworth's exploration of the Antarctic Penin-
sula (Map 2, No. 10) and his daring four-stop
transantarctic flight produced 66 intermittent
hand-held stills. These photographs, though lacking
in ground control, provided proof of his discoveries
and were for many years the only record of the
character of that part of Antarctica. Ellsworth and
Wilkins again returned to the Antarctic in 1938
with the intention of flying across the continent
from the Indian Ocean. A delay of 45 days in forc-

ing the pack ice made it too late in the season to
accomplish the flight as originally planned. Instead,
a 250-mile flight was made over American Highland.

Ellsworth said he had no spectacular photographs
because no land of any kind protruded through the
ice cap on the inland portion of his journey. It is
unfortunate that he did not realize the value of
making continuous photographic coverage on his
flight inland from the coast, since mapping the ab-
sence of spectacular landscapes is equal in signifi-
cance to mapping other types of unexplored terrain.

In the summer of 1936-1937, Lars Christensen
accompanied his sixth antarctic exploring expedi-
tion which made 2,200 quality oblique aerial
photographs. Pilot Viggo Wider4e and photog-
rapher Nils Romnaes photographed more than 10,-
000 square kilometers along the coast of Queen
Maud Land (Map 2, No. 11). An excellent atlas
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of maps 31 was prepared from the photography upon
their return, despite the limited number of control
points.

Alfred Ritscher's Deutsche A ntarktische Expedi-
tion of 1938-1939 began the first large-scale aerial
photographic coverage of the portion of the antarc-
tic interior lying between 10°W. and 20°E. (Map
2, No. 12). With typical German thoroughness,
Ritscher's large Dornier-Wal flying boats took ap-
proximately 12,000 oblique photographs in three
weeks. Upon the expedition's return, three large
maps were published of a 350,000 square kilometer
area never explored on the surface. Although survey
cameras and photogrammetric triangulation equip-
ment were used, the resulting maps still lacked abso-
lute precision because of the absence of known geo-
graphic positions in the interior. As a result, many
features were not recorded in their true geographic
location, and a few mountains and nunataks, per-
haps because different flight runs revealed them
from different angles, appear to have been plotted
twice, particularly in the western sector of the sur-
vey. In general, however, features were repre-
sented in proper conformality and in their relative
locations with respect to one another.

Ritscher's expedition was actually intended to be
the first of a series. Hence, the work was primarily
a reconnaissance effort, the results of which were
to be used as the basis for detailed exploration in
the years to follow. World War II halted the project,
but Ritscher had proved a point. A properly equip-
ped expedition could lie offshore and photograph
thousands of square miles within a few days by use
of large flying boats. From that time, few major
expeditions would be planned in unfamiliar areas
without preliminary aerial photographic reconnais-
sance.

The official published account is unique as an ex-
pedition narrative. 32 The first volume is largely de-
voted to a series of individual accounts by the
specialists directly concerned with the various oper-
ations and support functions relating to the aerial
reconnaissance mission, to the subsequent photo-
grammetric reduction of the imaged data to maps,
and to glaciology, geomorphology, and geography of
the area as revealed through photographic interpre-
tation. The second volume consists wholly of anno-
tated aerial photographs and maps. Among them
are a number of three-dimensional, red and blue,
anaglyphic stereograms which are another first in
a popular antarctic publication.

The success of this German photographic recon-
naissance stemmed in great part from the fact that
its operations were directed by specialists such as

Max Bundermann of Hansa Luftbild G.m.b.H. for
aerial reconnaissance, 0. von Gruber for photo-
grammetric reduction, and Ernst Herrmann for
geographic reduction. 33 The fate of the expedition's
11,600 aerial negatives is uncertain. They are be-
lieved to have been destroyed in the ashes of the
Third Reich.34

Byrd's third antarctic expedition (Map 2, No. 13)
was more popularly known as the United States Ant-
arctic Service, 1939-1941. With two widely sep-
arated bases under the field commands of Dr. Paul
A. Siple and Commander (now Rear Admiral)
Richard B. Black, 3" the expedition expanded con-
siderably the previous photographic coverage of
Marie Byrd Land and the Ross Ice Shelf and
made an extensive aerial photographic survey of
Charcot and Alexander Islands and of the south-
west and southeast coasts of the Antarctic Penin-
sula. Aerial color photography was used experi-
mentally. The technique of flying photo circles
was practiced, providing effective 360 0 panoramic,
stereographic photography from stations located
over geographic positions which contained some
elements of ground control. As in the second Byrd
expedition, the surface parties were supplied with
aerial photographs and logistic support by the re-
connaissance aircraft and in return provided ground
control information.

Charles Shirley 37 at Little America and Arthur
Carroll at Marguerite Bay on the Antarctic Penin-
sula took 13,575 aerial photographic negatives
which were added to the 18 rolls of aerial film
from the first and second Byrd expeditions which
had previously been placed in the custody of the
National Archives. Byrd also made seaplane recon-
naissance flights from Bear of Oakland off the ant-
arctic coast."

Effect of World War II

From 1941 through 1945, the nations of the
Northern Hemisphere were too busy with World
War II to be seriously concerned with antarctic ex-
ploration. Reconnaissance in Antarctica was largely
limited to German raiders and submarine supply
ships and the Allied Forces that hunted them.

In a continuous feud that heated up during the
war, the Argentines sent naval ships to Antarctica
and destroyed British symbols of authority, acts for
which the British retaliated in kind. It was on one
such Argentine expedition that Harriague (Map 3,
No. 14) took aerial photographs of Port Lockroy.39
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The British then secretly established Operation
Tabarin, under J. W. S. Marr, at several bases
in the area. After the war, Tabarin was renamed
the Falkland Islands Dependencies Survey, its mis-
sion was changed to exploration, and its bases along
the Antarctic Peninsula were expanded .40 Signifi-
cant aerial reconnaissance by and in support of
this organization was not to come for many years.
When it did, it came in full force in a contract
with Hunting Aerosurveys, Ltd., one of the largest
aerial photographic mapping firms in the world,
for systematic mapping of the northern Antarctic
Peninsula area, complete with professional ground
control. °

In the 1946-1947 season, U.S. Navy Task Force
68, operating under the First Antarctic Develop-
ment Project, with the code name Operation High-
jump, planned and executed an intensive photo-
graphic reconnaissance survey of the coasts and in-

tenor of Antarctica (Map 3, No. 15). Previous ex-
peditions had employed oblique photography, but
the aircraft of Task Force 68 were provided with
trimetrogon camera installations which permitted
survey quality, horizon-to-horizon oblique coverage,
and vertical photography along the path of flight.
"Gremlin" cameras simultaneously photographed in-
strument panels to provide additional data for map-
ping controls. Sixty-five thousand negatives were
exposed by the expedition's six long-range flying
boats, operating from two mobile task groups based
on seaplane tenders offshore and six ski-equipped
DC-3 aircraft operating from a third task group
based on the shelf ice at Little America IV. Most
of the coast between WE and 170°E. and be-
tween 95'W. and 130°W. was photographed by
single, double, or even triple trimetrogon flights
parallel to the general shoreline, with occasional
sorties into the interior averaging 200 miles in depth.
Aerial photographic reconnaissance was also car-
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ned out over parts of the polar plateau, including
the South Pole and the plateau areas east, west,
and south of the Ross Ice Shelf. Hundreds of
thousands of square miles of Antarctica were seen
and photographed for the first time.

The official accounts of the expedition were
limited to formal, detailed, unpublished govern-
ment technical reports. They are mentioned be-
cause they contain details pertaining to the tremen-
dous support provided the photo reconnaissance ef-
fort, which was a central purpose of this 4,700-man
expedition. Byrd's well-illustrated popular account 41
contains sufficient information for most purposes.
Many of the operation's more technical aspects
were assembled and published under the direction
of Paul Siple. 42 Details concerning the aerial photo-
graphic reconnaissance were described by John
Roscoe.43' "

Operation High jump photographs have been used
for many purposes in addition to mapping. Roscoe
employed them to construct and publish a set of
regional photo-interpretation keys. 45 The keys, in
turn, were used to analyze the morphology and geo-
graphy of Ingrid Christensen Coast, most of which
had never been visited. During the airphoto analysis,
many new features were discovered including a sec-
tion of previously unknown coastline buried be-
neath the antarctic ice. 46 Several nations used the
photography to select sites for their future antarctic
bases. In the case of Australia, Dr. Law reported
that the site he selected from the Operation High-
jump photography was the only really suitable site
within hundreds of miles. 47 Professor Debenham at
Cambridge used the photography for a comparative
study of ice movement in the Glacier Tongue area
of McMurdo Sound. Siple employed it in con-
junction with ship's radar mapping to study the
movement of ice in the Bay of Whales.42

Note should be made of the Australian flights
to Macquarie Island on March 12, 14, and 15, 1947.
The distances flown were 2,000, 2,200 and 2,800
miles, representing the farthest south (52°S.) then
achieved by an aircraft based in Australia. On the
last flight, 250 photographs of Macquarie Island
were made.48

The Ronne Antarctic Research Expedition (Map
3, No. 17) reoccupied the U. S. Antarctic Serv-
ice's East Base on Stonington Island in Marguerite
Bay in 1947.° Base "E" of the British Falkland
Islands Dependencies Survey was then operating on
the same tiny island. The trimetrogon photographic
reconnaissance flights of Ronne, 50 pilot Lassiter,
and photographer Latady 5' covered Charcot Is-
land, Alexander Island, and both coasts of the
Antarctic Peninsula to their southernmost limits.

They discovered and photographed Edith Ronne
Land and parts of the Filchner Ice Shelf. This
area south of the Weddell Sea was the last major
portion of the antarctic coastline unknown to man.
Ronne's 14,000 trimetrogon negatives seemed to
indicate that the Antarctic Continent is one land
mass, not two. They showed the extremities of the
huge Filchner Ice Shelf no longer in their previously
charted positions, and provided many details pre-
viously unrecorded about the Antarctic Peninsula
and its off-lying islands south to George VI Sound. 52

At the same time that Ronne was completing
his aerial reconnaissance and coordinated ground
survey, U.S. Navy Task Force 39, operating under
the Second Antarctic Development Project, began
its activities. Popularly known as Operation Wind-
mill and consisting of two icebreakers with organic
helicopters and seaplanes, the expedition semicir-
cumnavigated Antarctica from Haswell Island east-
ward past the Bunger Hills area, the Knox and
Budd Coasts, McMurdo Sound, Little America,
Peter I Island, and Adelaide Island to Marguerite
Bay. During the 1947-1948 season, all of these
places were photographed from seaplanes or heli-
copters, landed upon, and surveyed for ground con-
trol points. Some less accessible places, like Bunger
Hills, were visited for the first time. Peter I Island,
discovered a century and a quarter before, was
visited for only the third time. The expedition's
extreme flexibility was established by its full em-
ployment of the helicopter which had been tried
out successfully on Operation High jump during the
previous season.

The expedition is not at all well reported in the
professional literature, but the photography is avail-
able and examples of typical vertical stereo pairs,
obliques, and ground survey photos have been pub-
lished .45 Brief narratives are given by McDonald, 53
Nutt, the New York Times, and the contempo-
rary polar journals.

In late 1947, a Walrus amphibious aircraft
operating with Group Captain Stuart Campbell's
Australian expedition to Heard Island, began a
photographic survey of that island. 56 Good quality
photography was obtained, but before the Walrus
could complete its mission, it was torn from its
moorings by a violent storm and destroyed.

The Norwegian-British-Swedish Antarctic Exped-
ition of 1949-1952, under the leadership of John
Giaever, established a base at Maudheim on the
Crown Princess Martha Coast at about 100W.
longitude. 57 The first year, the aircraft employed
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were small British seaplanes, the size of which had
been limited by the space available on the expedition
ship. Several short reconnaissance tours were made.
Mountain peaks were discàvered and photographed
in color at about 13°W. 73°S. Later, slightly larger
aircraft were brought in by the Swedes. By the
expedition's end, all of the ice front from 20°W.
to the prime meridian had been photographed as
had the inland mountain ranges from 10°W. at 75 OS.
eastward past the prime meridian at 72°S. (Map 3,
No. 20).

Conclusion

Arriving in the Antarctic with the captive balloon
at the turn of the century, aerial photography was
at the time an exciting but impractical curiosity.
It was soon forgotten. But for Mawson's and
Shackleton's ill fortunes, the first airplane might
have arrived just one or two decades later. Instead,
almost three decades had passed when four over-
lapping expeditions simultaneously brought the age
of the airplane to Antarctica in the 1928-1930 sea-
sons.

The nineteen thirties and forties saw an irregular
but distinct advance in antarctic aerial photography
and in the basic flying platform and sensor
techniques from which it had sprung. Before the
end of this period, much of the aerial photographic
mapping had been turned over to the professionals,
i.e., the military photoreconnaissance organizations
and civilian mapping firms. Ground control re-
mained difficult because of the featureless ice
plateaus and the continual movement of the ice.

In the nineteen fifties, with the advent of the
International Geophysical Year (IGY) and the in-
creasing scarcity of lands never before seen by
humans, the requirement -for aerial reconnaissance
changed from the romance of "How much of the
unknown can we discover today?" to the necessary,
but routine, acquisition of aerial photography and
ground control in a dangerous environment. Ever
since the IGY, the large-scale, systematic acquisitipn
of aerial photography for mapping begun by Task
Force 68 has continued on an annual basis by ele-
ments of the U.S. Naval Support Force, Antarctica,
according to a long-range plan developed by the
National Science Foundation and the U.S.
Geological Survey. Other countries are also contri-
buting to the modern aerial reconnaissance of the
Antarctic. A typical example is the annual
Australian Antarctic Research Expedition. In 1965
the Nella Dan supported three helicopters and one
Beaver aircraft for 43 days of flying during a 55-
day resupply mission. 58 The flights were primarily
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for reconnaissance and survey. One-third of the air-
plane hours was used for photography. Over 30,000
miles were flown.

Several factors about the early aerial photo-
graphy of Antarctica seem worth noting. The first,
of course, was the severe lack of ground control
and reference points. The second was the tremend-
ous variety of ways in which it was handled: from
amateur to professional approaches, from formal
to informal organization, and from first-mission
priority to total lack of priority. The third was that
no matter how little ground control or how ama-
teurishly handled, the photographs of this era were
all distinctly useful.

The relative usefulness of uncontrolled aerial
photography has declined, however, with the advent
of proper mapping-quality photography. The ro-
mance and uncertainties of the initial aerial photo-
graphic flights are giving way to the new romance
and technological challenge of satellite sensors and
computerized data reduction systems not envisioned
by the early aeronauts.
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ANTARCTIC CHRONOLOGY
FEBRUARY 1-MARCH 31, 1966

Time in Greenwich Mean Time

February

1—Two members of the Ohio State University
glaciological group transferred from Meserve
Glacier to Packard Glacier for comparative
studies.
Informal visit made to Palmer Station by party
from the Chilean naval vessel Piloto Pardo.

2—USS Gary departed Dunedin for Ocean Station.
Crash of LC-47 at 70°50'S. 159°25'E. fatal
to six Air Development Squadron Six men (cf.
March-April issue, p. 39).
Commanding Officer and USARP Representa-
tive, USCGC Eastwind, visited United King-
dom, Argentine, and Chilean stations in the
Antarctic Peninsula.

3—USS Atka departed Winter Quarters Bay for
Hallett Station to pick up cargo.
USNS Alatna departed Winter Quarters Bay for
Port Lyttelton, New Zealand.
Johns Hopkins University biological party re-
turned to McMurdo Station from Cape Crozier.
U.S. Geological Survey topographic party re-
turned to McMurdo from Mile 60.
University of Wisconsin patterned-ground party
made a round trip to Taylor Valley from Mc-
Murdo Station.

4—HMNZS Endeavour arrived at Port Lyttelton.
5—USS Glacier arrived at McMurdo Station from

New Zealand.
USS Calcaterra arrived at Dunedin, New Zea-
land, from Ocean Station.

6—USS Glacier departed McMurdo for aerial photo
mapping support mission along the coast of
Marie Byrd Land.
USS Atka returned to McMurdo from Hallett
Station.

7—USNS Wyandot arrived at Hut Point from
Palmer Station.
USCGC Eastwind interrupted oceanographic
cruise and proceeded to British Base H on
Signy Island in answer to a request for X-ray
facility.

8—USS Atka departed McMurdo for Cape Ber-
nacchi to pick up two scientists who had been
stranded by a five-day storm and returned them
to McMurdo by helicopter.

USCGC Eastwind resumed oceanographic op-
erations in the vicinity of Coronation Island.

9—USS Atka returned to McMurdo from Cape
Bernacchi.
USS Calcaterra departed Dunedin, New Zea-
land, upon completion of antarctic duty.

10—HMNZS Endeavour departed Port Lyttelton
on last voyage to McMurdo for this season.
Last flight from Plateau Station completed,
leaving one officer, three enlisted men, and
four civilians to winter over.

11—USNS Alatna arrived at Port Lyttelton from
McMurdo.

13—New balloon inflation building at South Pole
Station completed.
USS Atka departed McMurdo on coastal sur-
vey.
USNS Alatna departed Port Lyttelton for Mc-
Murdo.
Andrew Burl Moulder, Jr., SK2, USN, fatally
injured during a cargo unloading accident at
South Pole Station.
Johns Hopkins University bird-banding party
made a round trip to Cape Crozier.
Soviet exchange scientist made a round trip
from McMurdo to Mt. Tricouni.

14—Antarctic Policy Group met to approve long-
range plans for antarctic activities.

15—USNS Wyandot departed McMurdo for Port
Lyttelton.
Ohio State University glaciological party com-
pleted research at Meserve Glacier and returned
to McMurdo.
Bishop Museum entomological party made a
round trip from McMurdo to Marble Point.
Soviet exchange scientist made a round trip
from McMurdo to Clinker Bluff.
Airborne testing of VLF long-wire antenna at
Byrd Station completed.

16—USS Atka arrived in Winter Quarters Bay after
completing a bathymetric survey along the west-
ern shore of McMurdo Sound.

17—Last scheduled flight to South Pole Station com-
pleted, leaving 1 officer, 11 enlisted men, and
6 scientists to winter over.
California Institute of Technology lead mea-
surement team and Ohio State University glacio-
logical group taken to Glacier Tongue and re-
turned to McMurdo the following day, having
completed their programs.

18—USS Glacier suffered rudder damage and, on
the 20th, changed course for Wellington for
repairs.
A successful test landing by an LC-130F made
on the new shelf-ice runway at McMurdo.
Final flight made to Byrd VLF substation.
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19—Approximately 4,000 gallons of fresh water
distilled using the new desalinization plant at
McMurdo during a two-day test commencing
this date.

20—USNS Alatna arrived at McMurdo from New
Zealand.
USCGC Eastwind arrived at Palmer Station.

21—USNS Wyandot arrived at Port Lyttelton from
McMurdo.
USS Atka departed McMurdo for Hallett Sta-
tion, conducting oceanographic survey en route.

22—USNS Alatna departed McMurdo for New Zea-
land with personnel for redeployment.
New shelf-ice runway used operationally for
the first time by a C-121J departing on a re-
deployment flight.
Johns Hopkins University bird-banding party
completed its program and returned to Mc-
Murdo from Cape Crozier.
All fuel deliveries to inland stations completed.
Mobile Construction Battalion Six construction
work concluded.
Palmer Station inspected under Article VII of
the Antarctic Treaty by a British party from
HMS Protector.

23—A C-121J departed Christchurch for the United
States with personnel for redeployment.
USNS Wyandot departed Port Lyttelton for
McMurdo.
USCGC Eastwind completed antarctic service
for Deep Freeze 66 and departed Palmer Sta-
tion for Punta Arenas, Chile.

24—HMNZS Endeavour departed McMurdo for
Wellington, New Zealand.
Brockton Weather Station closed for the winter
and equipment and personnel returned to Mc-
Murdo Station.

25—A C- 12 1J departed Christchurch for the United
States with personnel for redeployment.

26—USS Gary arrived at Dunedin, New Zealand,
from Ocean Station.
Final resupply flight to Byrd Station completed.
A C-12 1 J arrived at Quonset Point from Christ-
church, New Zealand.
USARP Representative, McMurdo Station, dis-
established.
Last mail delivery made to South Pole Station.
Operational control of Mobile Construction
Battalion Six, Detachment W, returned to par-
ent battalion.

27—Three LC- l3OFs departed McMurdo for Christ-
church on final deployment for Deep Freeze 66.
Commander, Task Force 43, Representative,
McMurdo, disestablished.

28—A C-121J arrived at Quonset Point from Christ-
church.

USNS Alatna arrived at Port Lyttelton from
McMurdo.
USS Glacier arrived at Wellington for repairs.

March

1—USNS Wyandot arrived at McMurdo from Port
Lyttelton to complete final equipment back-
loading.

2—Four LC-130Fs departed New Zealand for the
United States.
USNS Wyandot, last ship at McMurdo, de-
parted for New Zealand.
USS Atka departed Hallett Station for Port Lyt-
telton.

5—Four LC-130Fs arrived at Quonset Point from
Christchurch.
USNS Alatna departed Port Lyttelton upon
completion of antarctic service.
USS Gary departed Dunedin upon completion
of antarctic service.

6—HMNZS Endeavour arrived at Wellington from
McMurdo.

8—USS Atka arrived at Port Lyttelton from Hallett
Station.
USNS Wyandot arrived at Port Lyttelton from
McMurdo Station.

9—USS Atka departed Port Lyttelton upon comple-
tion of antarctic service.

10—Funeral services conducted at Ft. Myer Chapel
for four VX-6 crew members killed in LC-47
crash in Antarctica.

15—Commander, U. S. Naval Support Force, Ant-
arctica, Washington, D. C. Representative, dis-
established. Administration returned to Wash-
ington from Christchurch.

16—Williams Field in McMurdo Sound deactivated
for the winter.

17—USNS Eltanin arrived at Punta Arenas, Chile,
upon completion of Cruise 22.

25—Mr. Charles L. Roberts, Jr., relieved Mr. Harry
H. Wells as USARP Representative, USNS
Eltanin, at 0500.

26—USCGC Eastwind oceanographic cruise ter-
minated upon arrival at Punta Arenas, Chile.

29—RRS Shackleton visited Palmer Station briefly
and delivered some mail.

30—C-121J departed Christchurch for the United
States on final flight of the season.

31—USS Glacier in Wellington awaiting completion
of rudder repairs. Operational control returned
to Pacific Fleet.
USNS Eltanin departed Punta Arenas, Chile, on
Cruise 23.
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