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Conference on the conservation of antarctic seals

JAMES E. HEG
Office of Polar Programs

National Science Foundation

Representatives of the 12 governments that origi-
nally signed the Antarctic Treaty met in London,
England, from February 3 to 10, 1972, to negotiate a
convention for the conservation of antarctic seals. The
conference was the culmination of 8 years of prepara-
tory work.

Background

The need for such a convention arises from Article
VI of the Antarctic Treaty, which states:

The provisions of the present Treaty shall apply to the
area south of 600 South latitude, including all ice
shelves, but nothing in the present Treaty shall preju-
dice or in any way affect the rights, or the exercise
of the rights, of any State under international law
with regard to the high seas within that area.

Because of this provision, conservation measures
adopted under the Antarctic Treaty afford protection
to seals and other animals only on the land and ice
shelves south of 60° S. They are not applicable to the
much larger numbers of seals in the water and on the
sea ice.

Early efforts were made to rectify this situation
within the context of the provisions of the Antarctic
Treaty, but it was soon recognized that an agreement
with greater international applicability was needed.
On the basis of suggestions submitted by the Scien-
tific Committee on Antarctic Research (SCAR)—a
scientific committee of the International Council of
Scientific Unions—and discussions at the Fifth Con-
sultative Meeting, selected delegates to the Sixth Con-
sultative Meeting in Tokyo, meeting ad hoc, reached
agreement on a draft text of the Convention to serve

as the basis for negotiations. The United Kingdom,
which initiated discussion of the subject at the Third
Consultative Meeting in 1964, circulated this text to
governments together with an invitation to participate
in the London conference. All 12 nations signatory to
the Antarctic Treaty responded to the invitation and
took part in the negotiations. Canada was invited but
declined to participate.

Results

The conference, which had as its objective the es-
tablishment of conservation measures in advance of
the possible development of a commercial sealing in-
dustry in the area, attracted widespread attention
from private conservation organizations in the United
States and abroad. The U.S. delegation to the con-
ference included as advisers representatives from sev-
eral of these organizations. Two members of the Sub-
committee on Fisheries and Wildlife Conservation of
the House of Representatives Merchant Marine and
Fisheries Committee also attended the conference to
advise the U.S. delegation. Dr. Donald B. Siniff of the
University of Minnesota and Dr. George A. Llano of
the Office of Polar Programs, National Science Foun-
dation, attended the conference as scientific advisers
to the U.S. delegation.

The Convention, which emerged from the negotia-
tions, sets conservative total annual take limits, based
on scientifically established seal population estimates.
Only three species may be hunted: the crabeater
(175,000 annually), the leopard (12,000 annually)
and the Weddell (5,000 annually). The killing or cap-
ture for commercial purposes of the Ross, the south-
ern elephant, and the Artocephalus fur seal is pro-
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hibited. The Convention also establishes reserve areas
where sealing is prohibited and prohibits the killing
or capturing of seals in the water, except in limited
quantities for scientific research.

An interesting and unusual feature of the Conven-
tion is found in Article 5, which provides for the ex-
change of information on sealing activities among the
Parties to the Convention and invites SCAR to under-
take a careful and critical annual review of these ac-
tivities. SCAR is asked to determine the kinds, form,
and frequency of data required on commercial sealing
operations and to advise the Parties to the Conven-
tion when catches are approaching the seasonal limit.
SCAR is currently conducting a canvas of its National
Committees with a view toward the development of
suitable mechanisms for handling this new responsi-
bility at its 12th meeting.

U.S. objection

The U.S. delegation made a vigorous attempt to in-
clude in the Convention clear, workable provisions
for international inspection and enforcement of com-
mercial sealing operations. This effort, although un-
successful, resulted in provisions that will permit the
establishment of a system of international inspection
at any time after commercial operations begin. To
record its disappointment at the failure of the Confer-
ence to include adequate inspection and enforcement
provisions in a direct manner, the United States, at
the conclusion of the meeting, submitted this state-
ment for the Conference record:

The Delegation of the United States of America
believes that the Convention should contain stronger
provisions for the observation of operations and enforce-
ment of regulations, especially with regard to the use
of observers of the Contracting Parties with each
others' sealing expeditions. Opposition to stronger pro-
visions has chiefly arisen not from commercial but from
juridical interests.

Nevertheless, the Convention is a new and valuable
International Agreement, achieved in advance of the
development of commercial sealing in the Antarctic,
that contains many provisions important to the con-
servation of seals and their protection against over-
exploitation. We understand exploratory commercial
sealing ventures may be imminent.

In order not to diminish the progress achieved by
this Conference in international cooperation for effec-
tive conservation in the Antarctic, the delegation of
the United States of America has decided to sign the
Final Act and will submit the Convention for its
government's consideration.

The Convention for the Conservation of Antarctic
Seals, as agreed upon at the London conference (see
complete text below), is open for signature by gov-
ernments from June 1 to December 31, 1972. The
U.S. Department of State is in the process of discuss-
ing the Convention with members of the Congress,
other government agencies, and interested private
groups.

Convention for the
Conservation of Antarctic Seals

The Contracting Parties,
Recalling the Agreed Measures for the Conservation of
Antarctic Fauna and Flora, adopted under the Antarctic
Treaty signed at Washington on 1 December 1959;
Recognizing the general concern about the vulnerability of
antarctic seals to commercial exploitation and the consequent
need for effective conservation measures;
Recognizing that the stocks of antarctic seals are an important
living resource in the marine environment which requires
an international agreement for its effective conservation;
Recognizing that this resource should not be depleted by
overexploitation, and hence that any harvesting should be
regulated so as not to exceed the levels of the optimum
sustainable yield;
Recognizing that in order to improve scientific knowledge
and so place exploitation on a rational basis, every effort
should be made both to encourage biological and other
research on antarctic seal populations and to gain information
from such research and from the statistics of future sealing
operations, so that further suitable regulations may be
formulated;
Noting that the Scientific Committee on Antarctic Research
(SCAR) of the International Council of Scientific Unions
is willing to carry out the tasks requested of it in this
Convention;
Desiring to promote and achieve the objectives of protection,
scientific study, and rational use of antarctic seals, and to
maintain a satisfactory balance within the ecological system,
Have agreed as follows:

Article 1. Scope

(1) This Convention applies to the seas south of 600
South latitude, in respect of which the Contracting Parties
affirm the provisions of Article IV of the Antarctic Treaty.
(2) This Convention may be applicable to any or all of
the following species:

Southern elephant seal Mirounga leonina
Leopard seal Hydrurga leptonyx
Weddell seal Leptonychotes weddelli
Crabeater seal Lobodon carcinophagus
Ross seal Ommatophoca rossi
Southern fur seals Arctocephalus sp

(3) The Annex to this Convention forms an integral part
thereof.

Article 2. Implementation

(1) The Contracting Parties agree that the species of
seals enumerated in Article 1 shall not be killed or captured
within the Convention area by their nationals or vessels
under their respective flags except in accordance with the
provisions of this Convention.
(2) Each Contracting Party shall adopt for its nationals and
for vessels under its flag such laws, regulations, and other
measures, including a permit system as appropriate, as may
be necessary to implement this Convention.

46	 ANTARCTIC JOURNAL



Article 3. Annexed measures

(1) This Convention includes an Annex specifying measures
which the Contracting Parties hereby adopt. Contracting
Parties may from time to time in the future adopt other
measures with respect to the conservation, scientific study,
and rational and humane use of seal resources, prescribing
inter alia:

(a) permissible catch
(b) protected and unprotected species
(c) open and closed seasons
(d) open and closed areas, including the designation of

reserves
(e) the designation of special areas where there shall be

no disturbance of seals
(f) limits relating to sex, size, or age for each species
(g) restrictions relating to time of day and duration,

limitations of effort, and methods of sealing
(h) types and specifications of gear and apparatus and

appliances which may be used
(i) catch returns and other statistical and biological

records
(j) procedures for facilitating the review and assessment

of scientific information
(k) other regulatory measures including an effective sys-

tem of inspection
(2) The measures adopted under paragraph (1) of this
Article shall be based upon the best scientific and technical
evidence available.
(3) The Annex may from time to time be amended in
accordance with the procedures provided for in Article 9.

Article 4 Special permits

(1) Notwithstanding the provisions of this Convention, any
Contracting Party may issue permits to kill or capture seals
in limited quantities and in conformity with the objectives
and principles of this Convention for the following purposes:

(a) to provide indispensable food for men or dogs
(b) to provide for scientific research
(c) to provide specimens for museums, educational or

cultural institutions
(2) Each Contracting Party shall, as soon as possible,
inform the other Contracting Parties and SCAR of the
purpose and content of all permits issued under paragraph
(1) of this Article and subsequently of the numbers of
seals killed or captured under these permits.

Article 5. Exchange of information and scientific advice

(1) Each Contracting Party shall provide to the other
Contracting Parties and to SCAR the information specified
in the Annex within the period indicated therein.
(2) Each Contracting Party shall also provide to the other
Contracting Parties and to SCAR before 31 October each
year information on any steps it has taken in accordance
with Article 2 of this Convention during the preceding
period 1 July to 30 June.
(3) Contracting Parties which have no information to
report under the two preceding paragraphs shall indicate
this formally before 31 October each year.
(4) SCAR is invited:

(a) to assess information received pursuant to this
Article; encourage exchange of scientific data and
information among the Contracting Parties; recom-
mend programs for scientific research; recommend
statistical and biological data to be collected by
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sealing expeditions within the Convention area; and
suggest amendments to the Annex

(b) to report on the basis of the statistical, biological,
and other evidence available when the harvest of
any species of seal in the Convention area is having
a significantly harmful effect on the total stocks of
such species or on the ecological system in any
particular locality

(5) SCAR is invited to notify the Depositary which shall
report to the Contracting Parties when SCAR estimates in
any sealing season that the permissible catch limits for any
species are likely to be exceeded and, in that case, to provide
an estimate of the date upon which the permissible catch
limits will be reached. Each Contracting Party shall then
take appropriate measures to prevent its nationals and ves-
sels under its flag from killing or capturing seals of that
species after the estimated date until the Contracting Parties
decide otherwise.
(6) SCAR may if necessary seek the technical assistance of
the Food and Agriculture Organization of the United Na-
tions in making its assessments.
(7) Nothwithstanding the provisions of paragraph (1) of
Article 1, the Contracting Parties shall, in accordance with
their internal law, report to each other and to SCAR for
consideration statistics relating to the antarctic seals listed in
paragraph (2) of Article 1 which have been killed or cap-
tured by their nationals and vessels under their respective
flags in the area of floating sea ice north of 60° South lati-
tude.

Article 6. Consultation between Contracting Parties

(1) At any time after commercial sealing has begun, a Con-
tracting Party may propose through the Depositary that a
meeting of Contracting Parties be convened with a view to:

(a) establishing by a two-thirds majority of the Contract-
ing Parties, including the concurring votes of all
States signatory to this Convention present at the
meeting, an effective system of control, including in-
spection, over the implementation of the provisions
of this Convention, or

(b) establishing a commission to perform such functions
under this Convention as the Contracting Parties may
deem necessary, or

(c) considering other proposals, including:
(i) the provision of independent scientific advice
(ii) the establishment, by a two-thirds majority, of

a scientific advisory committee which may be
assigned some or all of the functions requested
of SCAR under this Convention, if commercial
sealing reaches significant proportions

(iii) the carrying out of scientific programs with the
participation of the Contracting Parties

(iv) the provision of further regulatory measures, in-
cluding moratoria

(2) If one-third of the Contracting Parties indicate agree-
ment the Depositary shall convene such a meeting as soon as
possible.
(3) A meeting shall be held at the request of any Contract-
ing Party, if SCAR reports that the harvest of any species of
antarctic seal in the area to which this Convention applies
is having a significantly harmful effect on the total stocks or
the ecological system in any particular locality.

Article 7. Review of operations

The Contracting Parties shall meet within five years after
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the entry into force of this Convention and at least every five
years thereafter to review the operation of the Convention.

Article 8. Amendments to the Convention

(1) This Convention may be amended at any time. The text
of any amendment proposed by a Contracting Party shall be
submitted to the Depositary, which shall transmit it to all
the Contracting Parties.
(2) If one-third of the Contracting Parties request a meet-
ing to discuss the proposed amendment the Depositary shall
call such a meeting.
(3) An amendment shall enter into force when the Deposi-
tary has received instruments of ratification or acceptance
thereof from all the Contracting Parties.

Article 9. Amendments to the Annex

(1) Any Contracting Party may propose amendments to the
Annex to this Convention. The text of any such proposed
amendment shall be submitted to the Depositary, which shall
transmit it to all Contracting Parties.
(2) Each such proposed amendment shall become effective
for all Contracting Parties six months after the date appear-
ing on the notification from the Depositary to the Contract-
ing Parties if, within 120 days of the notification date, no
objection has been received and two-thirds of the Contract-
ing Parties have notified the Depositary in writing of their
approval.
(3) If an objection is received from any Contracting Party
within 120 days of the notification date, the matter shall be
considered by the Contracting Parties at their next meeting.
If unanimity on the matter is not reached at the meeting,
the Contracting Parties shall notify the Depositary within
120 days from the date of closure of the meeting of their
approval or rejection of the original amendment or of any
new amendment proposed by the meeting. If, by the end of
this period, two-thirds of the Contracting Parties have ap-
proved such amendment, it shall become effective six months
from the date of the closure of the meeting for those Con-
tracting Parties which have by then notified their approval.
(4) Any Contracting Party which has objected to a pro-
posed amendment may at any time withdraw that objection,
and the proposed amendment shall become effective with
respect to such Party immediately if the amendment is al-
ready in effect, or at such time as it becomes effective under
the terms of this Article.
(5) The Depositary shall notify each Contracting Party, im-
mediately upon receipt of each approval or objection, of
each withdrawal of objection and of the entry into force of
any amendment.
(6) Any State which becomes a party to this Convention
after an amendment to the Annex has entered into force
shall be bound by the Annex as so amended. Any State which
becomes a Party to this Convention during the period when
a proposed amendment is pending may approve or object to
such an amendment within the time limits applicable to
other Contracting Parties.

Article 10. Signature

This Convention shall be open for signature at London
from 1 June to 31 December 1972 by States participating in
the Conference on the Conservation of Antarctic Seals held
at London from 3 to 11 February 1972.

I. Permissible catch

ANNEX

with the Government of the United Kingdom of Great Brit-
ain and IJorthern Ireland, hereby designated as the Deposi-
tary.

Article 12. Accession

This Convention shall be open for accession by any State
which may be invited to accede to this Convention with the
consent of all the Contracting Parties.

Article 13. Entry into force

(1) This Convention shall enter into force on the thirtieth
day following the date of deposit of the seventh instrument
of ratification or acceptance.
(2) Thereafter this Convention shall enter into force for
each ratifying, accepting, or acceding State on the thirtieth
day after deposit by such State of its instrument of ratifica-
tion, acceptance, or accession.

Article 14. Withdrawal

Any Contracting Party may withdraw from this Conven-
tion on 30 June of any year by giving notice on or before
1 January of the same year to the Depositary, which upon
receipt of such a notice shall at once communicate it to the
other Contracting Parties. Any other Contracting Party may,
in like manner, within one month of the receipt of a copy
of such a notice from the Depositary, give notice of with-
drawal, so that the Convention shall cease to be in force on
30 June of the same year with respect to the Contracting
Party giving such notice.

Article 15. Notifications by the Depositary

The Depositary shall notify all signatory and acceding
States of the following:

(a) signatures of this Convention, the deposit of instru-
ments of ratification, acceptance, or accession, and
notices of withdrawal

(b) the date of entry into force of this Convention and
of any amendments to it or its Annex

Article 16. Certified copies and registration

(1) This Convention, done in the English, French, Russian,
and Spanish languages, each version being equally authentic,
shall be deposited in the archives of the Government of the
United Kingdom of Great Britain and Northern Ireland,
which shall transmit duly certified copies thereof to all signa-
tory and acceding States.
(2) This Convention shall be registered by the Depositary
pursuant to Article 102 of the Charter of the United Nations.

IN WITNESS WHEREOF, the undersigned, duly authorized,
have signed this Convention.

Article 11. Ratification

This Convention is subject to ratification or acceptance.
Instruments of ratification or acceptance shall be deposited

The Contracting Parties shall in any one year, which shall
run from 1 July to 30 June inclusive, restrict the total num-
ber of seals of each species killed or captured to the numbers
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specified below. These numbers are subject to review in the
light of scientific assessments.

(a) in the case of crabeater seals Lobodon carcino-
phagus: 175,000

(b) in the case of leopard seals Hydrurga leptonyx:
12,000

(c) in the case of Weddell seals Leptonychotes weddelli:
5,000

2. Protected species

(a) If is forbidden to kill or capture Ross seals Omma-
tophoca rossi, southern elephant seals Mirounga
leonina, or fur seals of the genus Arctocephalus.

(b) In order to protect the adult breeding stock during
the period when it is most concentrated and vulner-
able, it is forbidden to kill or capture any Weddell
seal Leptonychotes weddelli one year old or older
between 1 September and 31 January inclusive.

3. Closed season and sealing season

The period between 1 March and 31 August inclusive is
a Closed Season, during which the killing or capturing of
seals is forbidden. The period 1 September to the last day
in February constitutes a Sealing Season.

4 Sealing zones

Each of the sealing zones listed in this paragraph shall be
closed in numerical sequence to all sealing operations for the
seal species listed in paragraph 1 of this Annex for the period
1 September to the last day of February inclusive. Such
closures shall begin with the same zone as is closed under
paragraph 2 of Annex B to Annex 1 of the Report of the
Fifth Antarctic Treaty Consultative Meeting at the moment
the Convention enters into force. Upon the expiration of
each closed period, the affected zone shall reopen.

Zone 1—between 60 0 and 120° West longitude
Zone 2—between 0 0 and 60° West longitude, together

with that part of the Weddell Sea lying westward of
60 0 West longitude

Zone 3—between 0 0 and 70° East longitude
Zone 4—between 70 0 and 130 0 East longitude
Zone 5—between 130 0 East longitude and 170 0 West

longitude
Zone 6—between 120 0 and 170 0 West longitude

5. Seal reserves

It is forbidden to kill or capture seals in the following re-
serves, which are seal breeding areas or the site of long-term
scientific research:

(a) The area around the South Orkney Islands between
60 0 20' and 60°56' South latitude and 44 0 05' and
46 0 25' West longitude

(b) The area of the southwestern Ross Sea south of 760
South latitude and west of 170° East longitude

(c) The area of Edisto Inlet south and west of a line
drawn between Cape Hallett at 72 0 19' South lati-
tude, 170 0 18' East longitude, and Helm Point, at
72 0 11' South latitude, 170 0 00' East longitude.

6. Exchange of information

(a) Contracting Parties shall provide before 31 October
each year to other Contracting Parties and to SCAR
a summary of statistical information on all seals
killed or captured by their nationals and vessels
under their respective flags in the Convention area,

in respect of the preceding period 1 July to 30 June.
This information shall include by zones and months:

(i) The gross and net tonnage, brake horsepower,
number of crew, and number of days' opera-
tion of vessels under the flag of the Contract-
ing Party

(ii) The number of adult individuals and pups of
each species taken. When specially requested,
this information shall be provided in respect
of each ship, together with its daily position
at noon each operating day and the catch on
that day

(b) When an industry has started, reports of the num-
ber of seals of each species killed or captured in each
zone shall be made to SCAR in the form and at the
intervals (not shorter than one week) requested by
that body.

(c) Contracting Parties shall provide to SCAR biological
information concerning in particular

(i) Sex
(ii) Reproductive condition

(iii) Age
(d) Contracting Parties shall provide to other Contract-

ing Parties and to SCAR, at least 30 days in ad-
vance of departure from their home ports, informa-
tion on proposed sealing expeditions.

7. Sealing methods

SCAR is invited to report on methods of sealing and
to make recommendations with a view to ensuring
that the killing or capturing of seals is quick, pain-
less, and efficient. Contracting Parties, as appropri-
ate, shall adopt rules for their nationals and vessels
under their respective flags engaged in the killing
and capturing of seals, giving due consideration to
the views of SCAR.
In the light of the available scientific and technical
data, Contracting Parties agree to take appropriate
steps to ensure that their nationals and vessels under
their respective flags refrain from killing or captur-
ing seals in the water, except in limited quantities to
provide for scientific research in conformity with the
objectives and principles of this Convention. Such
research shall include studies as to the effectiveness
of methods of sealing from the viewpoint of the man-
agement and humane and rational utilization of the
antarctic seal resources for conservation purposes.
The undertaking and the results of any such scien-
tific research program shall be communicated to
SCAR and the Depositary which shall transmit them
to the Contracting Parties.

Twelfth meeting of SCAR

The twelfth meeting of the Scientific Committee
on Antarctic Research will be held from August 7
to 19 1 1972, in Canberra, Australia. Persons desiring
further information should contact G. E. Hemmen,
the executive secretary of SCAR, Scott Polar Re-
search Institute, Cambridge, England CB2 1ER.

(a)

(b)
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International Antarctic Glaciological Project

CHARLES R. BENTLEY
Department of Geology and Geophysics

University of Wisconsin

The ultimate objective of glaciological research in
Antarctica is to determine the regime and processes,
past, present, and future, of the entire ice sheet, and
to examine the unique record of the terrestrial and
extraterrestrial environment contained within the ice.
To do this is an immense task, too large for any one
country to undertake alone. Even when consideration
is limited to one part of the continent, an effective
program must comprise many different kinds of meas-
urements and must encompass at least a complete
flow line in the ice sheet. Consequently, the old pro-
cedure of separate national programs coordinated by
the Scientific Committee for Antarctic Research
(SCAR), so effective during the International Geo-
physical Year and still viable for many scientific dis-
ciplines, is no longer sufficient for glaciological pur-
poses.

Recognizing this, France and the Soviet Union a
decade ago undertook a program of joint field meas-
urements, aimed at determining strain rates along a
line from Mirnyy into the East Antarctic interior. Out
of this, and out of early talks between A. P. Crary,
A. Bauer, and P. A. Shumsky, has grown the Interna-
tional Antarctic Glaciological Project (IAGP), a
large-scale cooperative project involving Australia,
France, the Soviet Union, and the United States.

Aims of project
Following informal meetings among representatives

of the several countries from 1966 through 1968, the
International Antarctic Glaciological Project was for-
mally constituted at a meeting in Paris in May 1969
to carry out a concentrated program of collaborative
glaciological studies in the region approximately
bounded by longitudes 600 and 160°E., latitude
80 0 S., and the antarctic coast. Within this region, the
primary effort will be devoted to the area bounded
by 90°E., the high dome of East Antarctica, and the
Ross Ice Shelf, comprising the Wilkes Land and west-
ern Ross Ice Shelf drainage systems.

University of Wisconsin Geophysical and Polar Research
Center Contribution No. 284.

As stated in a project outline drawn up at the Paris
meeting (Anonymous, 1971), the

broad aims of the program are to clarify the relation-
ships among the size, shape, and glaciological regime of
the ice sheet; to reconstruct various stages of its devel-
opment, their causes, and their effects on the atmosphere
and the world ocean; to assess the relationships between
the ice sheet and changes in climatic conditions; to de-
termine any changes in size and regime taking place at
the present time, and to trace events of human and
natural origin recorded in the ice.

To achieve these aims it is necessary to carry out the
following specific studies:

1. surveys of the ice surface and bedrock topogra-
phies;

2. determinations of the three-dimensional fields of
all relevant parameters (such as density, temperature,
velocity, strain rates, crystal structure, chemical prop-
erties of the ice and its inclusions, etc.)

3. measurements of the mass and energy exchanges
at the ice boundaries;

4. observations of changes at the ice margins; and
5. surveys of evidence for the extent and age of pre-

vious glaciations.
This program is in line with the general recommenda -

tions made by the Scientific Committee on Antarctic
Research (SCAR) for antarctic glaciological research.
The project exemplifies the spirit of cooperation in sci-
ence among nations signatory to the Antarctic Treaty.

In view of the magnitude of the project it is essen-
tial that nations with interests in the study area should
collaborate in this work. While each nation will choose
its principal area for the field studies to be carried out
by its own specialists, a number of the specific field
projects, laboratory investigations, and theoretical
studies call for the exchange of scientists. Such inter-
national collaboration is especially necessary to ensure
that the project will provide complete and compara-
ble results for testing the best theoretical ice sheet
models which can be devised at the present time.

The specification of the extensive scientific pro-
grams ideally to be undertaken (Anonymous, 1971)
makes it clear why an international collaborative ap-
proach is required: even with the combined expertise
and logistic capabilities of the four countries princi-
pally involved, and perhaps the additional aid of
other nations (which are encouraged to join in the
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project), it will take a mighty effort to fulfill the
ideal.

Specific objectives

The major emphasis of the project is on a series of
measurements along traverses that follow approximate
flow lines from the ice divide in central East Antarc-
tica to Dumont d'Urville, Casey, and Mirnyy Sta-
tions, and perhaps also to Byrd Glacier, with further
traverses along elevation contour lines, one at about
2,000 meters elevation and one farther inland. Meas-
urements to be carried out along the traverses include
the establishment of a network of permanent markers
with firm astronomical control for horizontal strain
and absolute velocity determinations, precise optical
leveling supplemented by continuous barometric altim-
etry, gravimetric and snow-surface-level readings at
all permanent markers, continuous radio-echo sound-
ing of ice thickness and ice structure complemented
by seismic reflection soundings, seismic refraction
shooting along profiles of various lengths combined
with wide-angle seismic and radio-echo profiles to de-
termine wave velocities in and beneath the ice, con-
tinuous magnetic profiling, electrical resistivity pro-
files at selected sites, examination of the physical and
chemical properties of the ice in cores recovered from
an extensive series of drill holes to depths ranging
from just a few meters to 500 meters as well as from
surface samples, and temperature measurements
through the ice sheet using robot probes.

A second major emphasis of the project is on deep
drilling to and into bedrock in several locations. A
comprehensive series of core and borehole studies will
be carried out.

A third important objective is the reconnaissance
radio-echo mapping of ice thickness and surface eleva-
tion at a spacing of about 100 kilometers throughout
the entire region, with more detailed mapping in areas
of special interest.

The fourth objective is a sequence of observations
at the ice margins, carried out principally by repeated
aerial photography with the establishment of suitable
ground control, combined with geomorphological
study of evidences of glacial action.

Role of United States

The United States will be an important contributor
to the first three of the objectives. The program of
radio-echo mapping already has been started under
the direction of G. de Q . Robin. Radio-echo sounding
equipment developed by S. Evans at the Scott Polar
Research Institute has been operated from an LC-130
aircraft for several seasons (Evans and Smith, 1970).

The work thus far has been largely developmental,
with flight lines selected primarily to sample many
different conditions of ice thickness, temperature,
and bedrock configuration in both East and West
Antarctica, rather than to provide specific areal
coverage. Despite some technical difficulties, the sys-
tem is essentially ready for routine mapping work,
which was begun in the IAGP area of interest during
the past field season. Unfortunately, a U.S. LC-130
airplane that was lost in the 1971-1972 season will
not be replaced until after the 1972-1973 season,
and continuation of the sounding program will be
delayed until 1973-1974.

Probably the most exciting part of the U.S. partici-
pation in the project is in connection with the deep
drilling program. A drill hole to bedrock makes
possible, through examination of the cores and of
the hole itself, a wide variety of important studies.
We shall cite only one of the particularly dramatic
examples. Penetration to the base of the ice in
central East Antarctica, where the snow accumulates
very slowly, will yield ice samples up to hundreds
of thousands of years in age, thus providing a con-
tinuous historical record well back into the Pleisto-
cene. If the East Antarctic ice sheet has remained
largely unchanged over that time, paleotemperatures
from stable isotope studies will yield an unparalleled
record of Pleistocene climatic changes. If, on the
other hand, there have been major changes in the
ice sheet, such as might have been produced by a
surge, evidence of this also should be revealed. The
examination of ash layers will be of particular interest
in the light of the recent correlation found between
ash layers and paleotemperatures in the ice cores
from Byrd Station (Gow and Williamson, 1971).
Drilling equipment used in the International Ant-
arctic Glaciological Project will be used also in the
Ross Ice Shelf Project (Zumberge, 1971).

Drilling in ice at a temperature in the vicinity of
—60'C. gives some difficult engineering problems;
significant modifications to the system used at Byrd
Station are necessary. The engineering development
program is being conducted at the U.S. Army Cold
Regions Research and Engineering Laboratory under
the direction of B. L. Hansen. The target date for
actual drilling in East Antarctica is 1977-1978.

The other major aspect of U.S. participation in the
International Antarctic Glaciological Project is less
dramatic but also of vital importance—the provision
of logistic support for the field parties of the other
countries. The completion of the traverse program
will depend heavily on LC-130 aircraft for trans-
porting personnel, equipment, and supplies into the
field. Such support was initiated in the 1971-1972
season in connection with the French traverse from
Dumont d'Urville inland toward Vostok.
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Methods and priorities

Before the 1971-1972 season, IAGP activity was
concerned largely with planning and development of
techniques. As an aid to participating expeditions
to ensure that specific projects will undertake a
range of measurements agreed upon as essential, with
techniques giving compatible and comparable results,
a "standardization" document has been produced
that summarizes the parameters to be determined and
the accuracy needed, recommended methods and
spacing of observations, and suggested instrumenta -
tion. This document, which is to be considered a
guide rather than a straitjacket, will be published
soon in the Polar Record.

Experts in theoretical ice dynamics met in Moscow
in August 1971 to consider how the field measure-
ments should be designed to provide data of maxi-
mum use in the study of the flow of ice. The partici-
pants emphasized that detailed observations along
a single flow line, rather than more general observa-
tions along several, should be made. They agreed
that the flow line inland from Casey Station is most
suitable for detailed examination because of the
apparent parallel or gently convergent flow, and that
the flow line inland from Dumont d'Urville, with the
contrasting pattern of strongly divergent flow, is the
second choice. In any case, it is important to carry
flow line studies all the way to the summit of the
ice sheet, but there is an immediate need for more
detailed aerial sounding to define the flow lines
more precisely. The experts agreed that first priority
for the deep drill hole should be at the East Ant-
arctic summit; second priority, at a position on deep
ice along the most detailed flow line. They empha-
sized that it is important to make the best possible
use of modern techniques and that detailed laboratory
measurements should be made on antarctic ice cores
to determine the flow parameters. These recommen-
dations will be of great value in IAGP planning,
although they must, of course, be considered in the
light of logistic realities.

New techniques

Progress has been made toward the development
of several promising new techniques. For position
location, in addition to the satellite /Doppler system
field-tested by the U.S. Geological Survey in 197 1-
1972, the French may use their own satellite system,
which would hopefully have a precision of a few
meters, and Soviet experts are working on a radio-
geodetic technique, utilizing transmitting stations
along the coast, which would have similar precision.
Already, the Soviet Union is testing deep drilling

equipment at Vostok, where a depth of 520 meters
has been reached with a thermal drill, but the
problems of drilling in a fluid-filled hole (the fluid
being required to prevent excessive closure rates in
the lower part of the hole) have not yet been faced.
Both France and the Soviet Union are developing
mobile thermodrills with 500-meter coring capability
on the cold East Antarctic ice. A potentially impor-
tant new technique for measuring ice movement by
mapping and re-observing detailed radio-echo dif -
fraction patterns at the surface, suggested by J. F.
Nye, was to be tested by members of the British
Antarctic Survey during the past season. An intrigu-
ing development in the Soviet Union involves the
observation of Doppler frequency shifts of a laser
beam as a means of instantly recording ice movement
speeds. Such a system, while not useful in the East
Antarctic interior, could have valuable application to
measurements wherever rock outcrops are available
as observing points.

1971-1972 field work

In the first field work of the project, which took
place during the 1971-1972 season, both Soviet and
French traverse teams completed at least a portion
of their goals. The French traverse, from Dumont
d'Urville to Vostok, will continue in the 1972-1973
season, again with U.S. aircraft support. The party
is expected to reach Vostok in late January. The
equipment will be left at Vostok until the following
season, and the traverse team will be flown to
McMurdo Station in U.S. planes. Summary reports
on 1971-1972 field work will appear in the next
issue of the Antarctic Journal.

U.S. inquiries regarding participation in the Inter-
national Antarctic Glaciological Project or analysis of
material collected during field work should be directed
to the author at the University of Wisconsin, Geo-
physical and Polar Research Center, 6118 University
Avenue, Middleton, Wisconsin 53562. Proposals may
be submitted to Mr. Mort Turner, Program Manager
for Earth Sciences, Office of Polar Programs, National
Science Foundation, Washington, D.C. 20550.
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Dry Valley Drilling Project

Three nations are studying the subsurface in the McMurdo Sound region

L. D. MCGINNIS
Department of Geology

Northern Illinois University

TETSUYA T0RIT
Japan Polar Research Association

P. N. WEBB
New Zealand Geological Survey

Several drilling proposals submited to the National
Science Foundation in the 1960s requested support
for studies of the glaciology, lake bottom stratigraphy
and geochemistry, and thermal regimen of the dry
valleys lying west of McMurdo Sound. As interest
in drilling mounted and near-surface studies ap-
proached a point of diminishing scientific return and
occassionally of contradictory interpretation, the
National Science Foundation decided to coordinate
the drilling proposals into one project. Scientists
from Japan and New Zealand joined with the United
States to organize an international program called the
Dry Valley Drilling Project (DVDP). Initially, the
plan was to explore the physical, chemical, and
biological regimen of the subsurface in the and and
enigmatic ice-free valleys, which have been studied
continuously since the International Geophysical Year.
As it has evolved, the project has been expanded to
explore the valleys, the Ross Island volcanics, and the
McMurdo Sound marine sediments.

Geologic and physiographic setting

A wide assortment of marine, fluvial, lacustrine,
glacial, and volcanic rock assemblages lies within a
logistically supportable radius of McMurdo Station.
In this well endowed geologic setting, a moderately
deep exploratory drilling program can yield a detailed
record of antarctic geologic history.

Three physiographic features dominate the Mc-
Murdo area. The Transantarctic Mountains, dividing
West and East Antarctica, contain early Paleozoic and
perhaps Precambrian metamorphic rocks that lie
exposed in the glaciated lowlands of the dry valleys.
A continental Paleozoic and Mesozoic history is re-
corded in the thick Beacon Supergroup of the Trans-
antarctic Mountains, which also contain the beauti-
fully exposed Ferrar Dolerite sills, originally described
by Ferrar (1907) of the early Scott Expeditions.
These sediments form the uplands of east—west trend-
ing ranges, and they dip gently to the west where

they descend beneath the icecap of the Victoria Land
plateau.

McMurdo Sound, normally covered by 3 meters of
ice, separates the Transantarctic Mountains from
Ross Island and is up to 1,000 meters deep. Long
refraction profiles made by Robinson (1963) suggest
that McMurdo Sound is floored by 2 kilometers of
bottom sediments having seismic velocities of 2.0
kilometers per second. These sediments should con-
tain at least part of the record of Antarctica's evolu-
tion from a temperate-zone member of the Paleozoic-
Mesozoic supercontinent Gondwanaland to its present,
unique polar position.

The third dominant feature is Ross Island, a
volcanic complex lying a hundred kilometers east of
the dry valleys. Ross Island contains the topographi-
cally conspicuous cones of Mt. Erebus, Mt. Terror,
Mt. Terra Nova, and Mt. Bird. Ages of the volcanic
rocks of Ross Island range from several tens of
thousands to several millions of years. Mt. Erebus,
an active volcano, rises to 3,794 meters above sea
level and vents gases almost continuously. Flights
over the caldera reveal that it is thermally and
chemically active. Stratigraphic relationships among
the innumerable small volcanic cones and plugs that
dot the island suggest a long and active volcanic
history.

Scientific plan

The primary aims of scientists participating in the
Dry Valley Drilling Project are perhaps best described
by listing the boreholes of highest priority and stating
the preliminary objectives of each. A planned mini-
mum of 10 sites will be occupied and completed in a
3-year drilling program.

Ross Island. The Ross Island hole (see map), to
be drilled next to the earth science laboratory at
McMurdo Station, is expected to give volcanic and
marine history to depths of more than 600 meters.
Ross Island and the entire suite of volcanic rocks in
the McMurdo Sound region could represent extru-
sives formed along a major fracture zone, which
produces the right-lateral offset of the Transantarctic
Mountains in the vicinity of Minna Bluff. The paleo-
magnetic record contained in the McMurdo volcanics
may permit a detailed reconstruction of Mesozoic-
Cenozoic high-latitude magnetic history.

McMurdo Sound. The McMurdo Sound hole will
be between McMurdo Station and eastern Taylor
Valley in 300 meters of water. An attempt will be
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made to retrieve 300 meters or more of marine
sediment core from beneath the moving sea ice.
Interbedded marine, volcanic, and glacial sediments
will be cored continuously. Analyses of these sedi-
ments will give us a record of the climatic and geo-
logic history of Antarctica and may help us establish
the continent's influence on present global climates.
Hopefully, alternations in sediment deposition in
McMurdo Sound can be correlated with those in
other latitudes. Theories on the causes of continental
glaciations and their fluctuations may be resolved or
at least better understood from this record.

Marble Point, New Harbor shoreline, Walcott
Glacier. These three sites, near the coast, will be
drilled to a depth of up to 300 meters and should
yield the oldest basement rocks in the McMurdo
Sound region. The cores will provide clean samples
for rubidium-strontium and potassium-argon dating.
In addition, these cores are the most likely to hold
evidence of the heating event that accompanied the
intrusion of the Ferrar Dolerite as hypothesized by
McDougall (1963). The early geologic history of the
Transantarctic Mountains will be established and
correlated with other basement rocks of Gondwana-
land. Heat flow measurements in these coastal areas
will provide a thermal record that can be used as an
aid in the reconstruction of the relative motions of
land and sea. A complex interplay of tectonic and
glacial isostatic movements is suspected in the dry
valleys.

Lake Vida, Lake Vanda, Don Juan Pond, Lake
Fryxell, Lake Bonney. Drill sites are to be established
on or near these lakes to determine, as nearly as
possible, their chemical, biological, and geophysical
regimen. Heat flow analyses and hydrological studies
will help determine the relationship between con-
tinental ice sheets and the phenomena associated with
their peripheries. Data from these holes, drilled near
the margins of ice caps, are expected to help us
get a better understanding of the present and past
dynamics of ice sheets. Further, the chemical history
of the lake waters can be known only if subsurface
conditions are understood fully. The degree of frac-
turing of basement rock and its hydrological aspects
must be established to quantitatively analyze the
genesis of lake waters.

Objectives

Some of the specific objectives outlined by
Zumberge (1971) for the Ross Ice Shelf Project
apply also to the Dry Valley Drilling Project; how-
ever, the abundant bedrock exposures near McMurdo
Sound permit us to emphasize geological rather than
glaciological studies. Objectives of regional or global
interest, not in order of importance, include-

1. paleontological evolution of marine life as
Antarctica migrated poleward

2. frequency of glacial pulsations over McMurdo
Sound

3. volcanic evolution during the polar migration
of Antarctica

4. paleomagnetic reversals of near axial, mag-
netic, volcanic rocks

5. hydrogeology of ice cap margins
6. geochemistry of polar desert soils and perma-

frost
7. evolution of closed ecosystems in polar saline

lakes
8. heat flow, analyses of polar regions under-

going sea level changes, volcanism, isostatic
fluctuations, and glacial burial

9. global tectonic significance of the McMurdo
volcanics

10. effect of glacial loading on crustal bending,
isostasically induced mantle currents, and
geophysical anomalies.

Progress to date

It has been decided to conduct the study in 4 years
—an initial exploratory season and three drilling
seasons. Scientific and administrative coordinators
from the three participating nations were selected
early in the planning. Lines of communication were
established among all groups, and areas of responsi-
bility were proposed through correspondence and
finally through a planning conference in Christchurch,
New Zealand, in December 1971. A team of scientists
from Japan, New Zealand, and the United States
consisting of geologists, geochemists, microbiologists,
and geophysicists reconnoitered the dry valley region
during the 1971-1972 field season. Specific sites,
where a borehole presumably would provide core
containing critical information, were studied.

In the 1971-1972 field work (which will be sum-
marized in the July—August Antarctic Journal) elec-
trical depth soundings using Schumberger and
Wenner configurations gave information on perma-
frost thickness and the nature of the material under-
lying permafrost. Seismic refraction profiles were run
in lake basins to establish overburden thicknesses and
bedrock structure and relief. Microbiological sam-
pling of both air and soils was conducted near each
camp site. Samples of soil and water were collected
for geochemical analyses. The distribution of bottom
sediments beneath Lake Vanda was determined using
a shallow coring device. Raised beaches in the valleys
were identified to add further control during drilling.
Over the area outlined by the U.S. Geological Survey
topographic maps Ross Island and Taylor Glacier,
a. regional aeromagnetic study having flight lines at
2-kilometer intervals is now 50 percent completed.
This study will provide added structural control for
tectonic interpretation.
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Sequence of boreholes

The drilling equipment and accessory gear will be
transported mainly by helicopter, and the sites will
be sequenced to minimize flight time. The drilling
sites, listed in their proposed drilling order, are--

1972-1973	 1973-1974	1974-1975
McMurdo Station	McMurdo Sound Lake Bonney
Marble Point	Lake Vida	Walcott Glacier
New Harbor shoreline Don Juan Pond

Lake Vanda
Lake Fryxell

This list is subject to revision in both timing and spe-
cific location of sites.

Surface vehicles may support the first three sites.
To limit vehicular activity and its consequent surficial
disruption, helicopters will support the sites in the dry
valleys.

Drill rig

The National Science Foundation has purchased
a diamond-bit, wire-line, rock coring rig capable of
drilling a 6.4-centimeter (2.5-inch) borehole to 1,500
meters. Where necessary for future geophysical log-
ging, holes will be cased. The rig will be broken into
900-kilogram components for transport by helicopter

sling to proposed sites. Continuous core will be col-
lected, and where unconsolidated overburden is en-
countered techniques will be established to preserve,
as far as possible, undisturbed samples. The drill rig
and accessories will be used on other antarctic drilling
projects upon the termination of the Dry Valley
Drilling Project.

Collection and disbursal of cores

The drill crew will collect the cores, and a geolo-
gist will make a preliminary core description at the
site. Nomenclature used in the preliminary description
and report writing will be that of the Joint Oceano-
graphic Institutions for Deep Earth Sampling. As
nearly as possible, procedures for core handling will
be conducted in a comparable manner. The core will
be collected in lengths up to about 3 meters and
flown immediately after collection to the existing
earth science laboratory at McMurdo Station, which
will be the site for preliminary core study, preparation,
packing, and shipment. Preliminary descriptions of
the section will be prepared by a team of geologists.
At the termination of the Dry Valley Drilling Project,
a continuous, permanent record will be established
at the Antarctic Core Facility, Florida State Uni-
versity. Samples will be distributed to qualified
scientists from that location.

Tentative locations of drill holes
for Dry Valley Drilling Project.
I McMurdo Station, 2 McMurdo
Sound, 3 Marble Point, 4 Lake
Vida, 5 Don Juan Pond, 6 Lake
Vanda, 7 New Harbor shore-
line, 8 Lake Fryxell, 9 Lake Bon-
ney, 10 Walcott Glacier. Num-
bers do not correspond to order

of drilling.

and
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National responsibilities

Purchase of the drill rig and accessories is the
responsibility of the United States. A drilling super-
intendent and drilling contractor with many years
of experience drilling in permafrost and a broad
variety of other difficult situations have been em-
ployed. Contracting of drill personnel, including
drillers and assistants, is being arranged by New
Zealand. Three drillers and three assistants will
compose the drilling staff to provide round-the-clock
drilling personnel for the 4-month drilling season
(November–February). Types of equipment and
furnishings for the field earth science laboratory at
McMurdo Station are being investigated by Japan.

Staffing

Operational staffing of the laboratory will be the
responsibility of all members of the project. A field
operations manager will have the responsibility for
proper treatment and routine handling of the core.
Laboratory assistants will be furnished by all national
members, and a field geologist will be on site at the
drill rig at all times during its operation. Although
scientists having particular concern about a specific
drill location might be present at the site or in the
earth science laboratory under exceptional circum-
stances, these site visits will be held to a minimum.
Field facilities and logistic support capability simply
will not be adequate to support more than the
minimal operational staff.

Reports

Formal publication of results will be through the
normal channels of scientific journals; however, a
preliminary science report on each borehole should
be prepared and issued in an as yet undetermined
outlet. Where several scientists are working on similar
projects, joint publication is strongly encouraged.
If two or more scientists are working on the same
general problem, visits to various research centers
for report writing and research may be advantageous.
It will be the responsibility of the project science
coordinators to inform principal investigators of other
scientists who might be working on similar problems.

Japanese proposal review

Japanese scientists should direct their enquiries to
Dr. Tetsuya Toni, The Japan Polar Research Asso-
ciation, Shoko Kaikan, 3-4-2, Kasumigaseki,
Chiyoda-Ku, Tokyo, Japan (Code 100) or to Mr.
Masayoshi Murayama, Polar Research Center, Na-
tional Science Museum, Kaga 1-9-10, Itabashi-Ku,
Tokyo, Japan.

New Zealand proposal review

New Zealand scientists should direct enquiries and
formal proposals to Dr. Peter Webb, New Zealand
Geological Survey, Lower Hutt. Proposals will be
reviewed by New Zealand, U.S., and Japanese
project coordinators and incorporated, perhaps in
modified form, in the overall program. All New
Zealand proposals must be acceptable to the Ross
Dependency Research Committee. If principal in -
vestigators are required at the McMurdo Station
earth science laboratory, they should make travel
and other arrangements with the Superintendent,
Antarctic Division, Department of Scientific and
Industrial Research, P.O. Box 2110, Christchurch.
Enquiries relating to the New Zealand drilling con-
tingent should be directed to the same address.

United States proposal review

A U.S. advisory panel consisting of three geologists,
a biologist, and a geophysicist has been appointed by
the National Science Foundation for review and eval-
uation of U.S. proposals. Panel members are—

Dr. Robert Black, Professor of Geology, University
of Connecticut

Dr. Paul E. Damon, Professor of Geosciences,
University of Arizona

Dr. Carl Kisslinger, Professor of Geophysics and
Chairman of the Department of Geophysics,
Saint Louis University

Dr. Herbert Wright, Jr., Professor of Geology,
University of Minnesota

Dr. Elso Barghoorn, Professor of Biology, Harvard
University

Responsibility of these panel members will be directed
toward the broad science goals of the project.
Enquiries relating to the scientific aspects of the
project should be directed to L. D. McGinnis, Depart-
ment of Geology and Geophysics, Northern Illinois
University, DeKalb, Illinois 60115. Proposals may
be submitted to Mr. Mort Turner, Program Manager
for Earth Sciences, Office of Polar Programs, National
Science Foundation, Washington, D.C. 20550.
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Antarctic sea ice forecasting

Satellite photography and computer analysis permit fast, accurate prediction

WILLIAM S. DEHN
Lieutenant Commander, U.S. Navy

U.S. Fleet Weather Facility, Suitland, Maryland

Since 1970, a division of the U.S. Naval Weather
Service Command has been making antarctic sea
ice forecasts that are helping ships pare thousands
of miles from their southern-ocean itineraries. Taking
nearly all its data from polar-orbiting satellites, the
Fleet Weather Facility, Suitland, Maryland, was
credited with saving one ship—the U.S. Coast Guard
icebreaker Staten Island-5 days and 1,200 to 1,500
miles on her December 1971 transit from Palmer
Station to McMurdo Station. Staten Island's com-
manding officer Captain Stanley G. Putzke reported,
"With the help of ice routing from the Fleet Weather
Facility, and with consistent ice reconnaissance by
ship's helicopters, we were able to pursue leads and
cut through the outer pack, arriving at McMurdo
Sound on 15 December. This is the earliest any ship
has ever passed through the eastern Ross Sea.
Normally even icebreakers, when making this annual
passage, skirt the vast fields of outer pack ice along
the 65° parallel."

Development

Although Fleet Weather Facility's antarctic sea
ice forecasts and use of satellites began only 2 years
ago, predecessor organizations in the U.S. Navy
have been observing and forecasting sea ice condi-
tions since the early 1950s. The need for these services
first became apparent in the late 1940s, when U.S.
stations were being set up in the Arctic. Ship damage
from sea ice amounted to millions of dollars. The
Naval Oceanographic Office responded with a pro-
gram that provided sea ice observations and forecasts.
In 1954, the Naval Weather Service began training
aerographers mates to be sea ice observers, and in
1963 short-range operational sea ice forecasting be-
came a Naval Weather Service responsibility.

For the next 7 years, the Service positioned its ice
forecasters at Fleet Weather Central, Kodiak, Alaska,
and Fleet Weather Facility, Argentia, Newfoundland.
In 1970 the sea ice forecasting program was expanded
to include the Antarctic. At the same time, Fleet
Weather Facility Suitland was designated as the com-
mand responsible for implementing the expanded
program. The Suitland site is ideal: the same build-
ing houses the National Environmental Satellite
Service and the National Meteorological Center, from
which all satellite imagery and current and forecast
meteorological charts are immediately available. Also
available are the products of the Fleet Numerical
Weather Central, Monterey, California. In addition,
archived in the Washington, D.C., area is satellite
imagery dating to the early 1960s. And when avail-
able, Nimbus research satellite imagery is delivered
in real time, from a nearby National Aeronautics and
Space Administration facility.

In the Arctic, the use of satellite imagery has
drastically reduced, though not eliminated, sea ice
reconnaissance by aircraft. For example, U.S. Coast
Guard icebreakers working in the Bering Sea in
winter can be supported almost entirely by the use
of satellite imagery and their on-board helicopters.
Sea ice interpretation by satellite is usually possible in
this area because prevailing winds flowing southward
over the only slightly warmer ice-covered Bering Sea
keep the area relatively cloud free. When the tem-
perature regime reverses, the interaction of warm
air and cold sea water forms massive areas of stratus
and fog that make satellite detection of sea ice
impossible for up to 2 weeks at a time. Then, although
satellite imagery is still of value for detecting weather
and wind patterns, radar-equipped, long-range recon-
naissance aircraft flights are made with trained sea
ice observers aboard.
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Drawing on their experience and on years of
recorded data, Fleet Weather Facility forecasters can
predict ice conditions in the Arctic with accuracy,
but the makeup of ridges and general ice thickness
in the Antarctic is not yet completely understood.
When Staten Island transited the antarctic pack in
her voyage from Palmer Station to McMurdo Station,
the forecaster was quite certain of inner-pack ice
concentrations but assumed that the icebreaker would
encounter ice that was older and therefore generally
thicker than that found. Staten Island did report
second-year ice, but not in the amounts expected.
Trained sea ice observers simply have not flown over
much of the antarctic pack. Nor have forecasters
had the opportunity, because of darkness, to watch
its growth and extension northward by means of
meteorological satellites. Aerial reconnaissance by
trained observers is still needed over antarctic ice to
develop a base of information for future predictions.

Forecasting techniques

Until recently, the sea ice forecaster would apply
existing ice edge and inner pack concentrations to

Satellite photograph of the Weddell Sea area taken
January 23, 1972.

a chart of forecast winds and would then "move"
the ice, depending on ice concentration and rough-
ness, at a rate of 1 to 3 percent of the wind speed,
keeping in mind the effect of current. In the past
year, computer techniques have been used to combine
forecast winds and ocean currents into a single
numerical value for direction and rate of ice move-
ment at selected arctic positions. This method is
reliable for drift, but it does not accommodate sea ice
growth or disintegration (caused by temperature
changes) or erosion (caused by movement). Recently,
the factors of wind and current, temperature, and
erosion have been combined into a single value for
selected positions. This value is applied to satellite
or aerial-reconnaissance information, which is re-
ceived at least twice weekly. The computer technique
will be applied to the antarctic pack after antarctic
wind and current fields have been developed.

In its first two seasons of making operational sea
ice forecasts for the Antarctic, Fleet Weather Facility
Suitland transmitted forecasts to ships and stations
of Argentina, Chile, France, and Japan as well as
those of the United States. Three types of forecasts
were sent:

1. Once a week—general ice conditions around the
Antarctic Continent.

2. Three times a week, with updates as necessary
—detailed sea ice conditions to individual ships and
stations.

3. Daily—advisories with recommended routes to
ships actually penetrating the ice pack.

In addition to Staten Island, other ships operating
in the Antarctic saved large amounts of time and
distance. The Argentine icebreaker General San
Martin reported that the ice advisories had saved it
approximately 30 days in its 1971-1972 operations.
The following ships advised Fleet Weather Facility
Suitland of the accuracy of its sea ice information:
Goyena (Argentina), Photo Pardo (Chile), Thala
Dan (resupplying the French station Dumont
d'Urville), and Fuji (Japan). Most U.S. ships in-
volved in antarctic research and resupply also had
praise for the new forecasts.

Future improvements

The keys to future sea ice forecasting programs
are satellite imagery and computer techniques. Better
camera resolution, in visual and infrared spectra, and
eventually the ability to penetrate cloud cover, will
enable interpreters to ascertain exactly the position
of all sea ice, to detect narrow leads and fractures,
and to measure reliably the ice thickness. Computer
techniques will improve forecasts of wind and current
and result in even better sea ice forecasts.
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USNS Eltanin Cruise 51: biological study of the Ross Sea

M. A. MCWHINNIE
Department of Biological Sciences

De Paul University

Cruise 51 of USNS Eltanin began at Lyttelton,
New Zealand, on January 17, 1972, and comprised
work along a track passing near Campbell Island, the
Balleny Islands, and thence past Cape Adare into
the Ross Sea. The cruise ended, after 40 days and
4,505 nautical miles, at McMurdo Station, Antarctica,
on February 25. Scientific station work occupied 54
percent of the cruise time. Personnel returned to
New Zealand by air or aboard the U.S. icebreaker
Northwind.

This was Eltanin's second integrated biology cruise
(El-Sayed, 1971; McWhinnie, 1972). The objective
of these cruises is to find out the functional relation-
ships and the energy flow in the trophic hierarchy
of the antarctic marine ecosystem. On Cruise 51,
26 scientists and their assistants conducted 10 research
programs. Two representatives of Australia's Com-
monwealth Bureau of Meteorology made meteoro-
logical observations throughout the cruise.

Biological sampling, analysis, and experimentation
were conducted at 18 multiple-operation stations
(fig. 1). Twelve of these stations were in the Ross
Sea between Cape Adare and Cape Colbeck and
along the Ross Ice Shelf between the Bay of Whales
and McMurdo Sound. After station 18 was com-
pleted, trawling (entered as station 19 for purposes
of record) continued for 6 hours to take advantage
of the rich pelagic fauna. Stations 1 to 3 were north
of the Polar Front (Antarctic Convergence) ; station
4 was at the Front (at approximately 59°30' S. 171°
E.) as determined from expendable bathythermo-
graph records, salinity-temperature-depth sensors, and
continuously recorded surface temperatures. The
weather was bad on station 4 and forced us to sus-
pend work for 18 hours; poor weather also inter-
ferred with operations on station 6. On the rest of
the cruise the weather was moderate, but fog occurred
frequently.

Dr. McWhinnie was the U.S. Antarctic Research Program
representative for Cruise 51. Figure 1. Track of Eltanin Cruise 51.
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Research programs

Downwelling and upwelling solar energy was meas-
ured continuously throughout the cruise with spectral
radiometers. Thus, total energy input into this area
as well as its spectral quality during the latter part
of the austral summer now is known. Submarine
photometric measurements were made on most sta-
tions, providing data for study of primary produc-
tivity. Dr. G. A. Franceschini of Texas A&M Univer-
sity conducted the radiation studies.

Dr. Sayed Z. El-Sayed of Texas A&M University
studied primary productivity by incorporation of car-
bon-14 into phytoplankton samples under in situ con-
ditions at each station. The assembly, with its buoy
and marker, was untethered in ice or open sea as
incubation proceeded, free of the ship's influence,
from local apparent noon to sunset or for 12 hours.
Also, phytoplankton species were identified, and
chlorophyll analyses were conducted. Related hydro-
graphic measurements were made with water samples
taken from the same depths.

Marine fungi were identified and their abundance
in water and in sediments studied by Gunther
Bahnweg and Kurt Nehring for Dr. F. Sparrow of
the University of Michigan. Also, the association of
the fungi with phytoplankton and zooplankton was
investigated.

To account fully for energy flow in an aquatic
system, one should know the distribution and amount,
in both sea water and sediments, of organic com-
pounds. Dr. W. Sackett of Texas A&M University
conducted studies to determine these factors and,
as well, to determine the isotope ratios of carbon.
Dr. P. Williams and Dr. 0. Holm-Hansen of the
Scripps Institution of Oceanography made similar
measurements for vitamins and high energy phos-
phates. Dr. R. Griffiths, for Dr. R. Morita of Oregon
State University, studied heterotrophic nutrition of
marine bacteria. Water samples for all these studies
were taken from the same levels as those for the
primary productivity studies.

In conjunction with our principal biological objec-
tives, stations 9, 11, and 16 were positioned to give
preliminary data on pelagic fauna, benthic fauna,
and sediment in the vicinity of the proposed Glomar
Challenger drilling sites (Hayes and Edgar, 1972),
and stations 14 to 18 were located to give informa-
tion correlative to the proposed Ross Ice Shelf Project
(Zumberge, 1971). With a view to studying primary
organic production and fauna under sea ice, stations
9 to 12 were taken at the edge of the northeastward-
moving pack ice.

Zooplankton was sampled at all stations at a
number of depths. Most samples were collected with
quantitative nets, such as the WP2 free-fall nets used

by Mr. Tasman Carryer for his study of copepod
populations (directed by Dr. F. A. Knox of the
University of Canterbury, New Zealand). Brown-
McGowan ("bongo") nets, as well as midwater
trawls, were set for zooplankton and fish for study
of organic pesticides (Dr. Williams), for lipids and
their composition as they occur at a number of
trophic levels (Dr. N. Bottino, Texas A&M Univer-
sity), and for metabolic studies as well as soluble
nutrient utilization (Dr. M. A. McWhinnie, De Paul
University).

Preliminary findings

Though swarms of krill (Euphausia superba) were
seen farther north on Cruise 50, we encountered this
species for the first time at station 7; moderate num-
bers were consistently collected at stations 8 to 13.
These observations extend the krill distribution de-
scribed by Marr (1962) to the eastern end of the
Ross Sea. However, no indication of swarming of
this species was evident on this cruise. At stations 10
through 18, countless Euphausia crystallorophias were
collected at depths of 100 to 400 meters. Between
stations 12 and 13 surface netting yielded uncom-
monly dense samples of decapod larvae (probably
shrimp). One quantitative sample yielded a wet
biomass of approximately 1,500 cubic centimeters
per cubic meter. However, subsequent samples in
the same area contained relatively few of these sur-
face dwellers, pointing to swarming by these larvae.

Gravity cores were taken at each station for a
number of programs. Near Campbell Island these
cores were unsuccessful; they washed out upon re-
trieval to the ship's deck. Alternately, a Menzies
bottom-trawl sample was taken to obtain bottom
sediments. A rich benthic fauna was collected among
a coarse shell-rich sediment. The changing character
of the benthic environment along our cruise track
became strongly evident as samples taken near Cape
Colbeck (station 13) were compared to those taken
near the Ross Ice Shelf. A strong northward current
sweeps past Cape Colbeck. At this station a com-
pletely encrusting benthic population was found con-
sisting of numerous and diverse bryozoa, brachiopods,
and attached soft coral with an attendant polychaete
annelid population, all built on a luxuriant sponge
community. Few echinoderms were present. In sharp
contrast, similar samples taken from 0.5 to 7 miles
in front of the Ross Ice Shelf at stations 15 (Bay of
Whales) and 16 showed a remarkably fine mud-clay
bottom with a distinctly different fauna whose density
appeared to be somewhat less. The faunal composi-
tion included stalked alcyonarian (soft) corals, large
tube-dwelling polychaete annelid worms, pelecypod
(clam) and gastropod (snail) mollusks, amphipod
crustaceans, brittle stars, and sea cucumbers. Unidenti-
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Figure 2. Ross Ice Shelf at Bay of Whales, with remains of a camp—perhaps Little America IV. Poles mentioned in text are not visible in
this photo.

fled worms, possibly of a minor phylum, also were
present. The pelagic realm (100 to 400 meters) along
the extent of the Ross Ice Shelf was rich in copepods,
chaetognaths, euphausids, amphipods, and radio-
larians, with fewer jellyfish and pteropods also
collected.

Operations

The computer facility aboard Eltanin assisted in
the large task of recording basic sampling data and
the associated navigational data. All cruise data rec-
ords were completed and the computerized display
of the cruise track available when the ship reached
McMurdo Station. These operations were conducted
by Messrs. Kenneth Griffiths and Steven Apter of
Alpine Geophysical Associates, the support contractor.
Sampling records and their computer storage were
coordinated by Miss Betty Landrum of the Smith-
sonian Oceanographic Sorting Center. Mr. Robert
Hitch assisted in obtaining benthic and quantitative
pelagic samples for the Sorting Center.

Air samples were collected between stations with
a filter mounted on the forward half-deck of the ship.
Study of air particulates and their chemical character
will provide information concerning global atmos-
pheric distributions. In addition, undisturbed films
on the sea's surface were collected at 71° S., 76 0 5.,
and 78° S. from a small skiff, which departed from
Eltanin to collect these samples. The Scripps scientific
personnel conducted these sampling programs.

Three programs used radioactive carbon com-
pounds in tracer studies. Radiological monitoring of
the ship's laboratories was conducted and recorded
weekly. Through the assistance of the U.S. Navy, all
radioactive waste from Cruise 51 was transferred to

the McMurdo Station radiation officer for shipment
out of the Antarctic and appropriate disposal.

Eltanin reached her southernmost position on
Cruise 51—at 78°30.99' S. 164'18.74' W.—on Feb-
ruary 17 while on station 15 in the Bay of Whales.
In the course of steaming to the southern end of
the bay, an unchartered contour in the ice shelf
became evident lying to the east of the Bay of Whales.
This opening was charted by the ship's Captain
Richard Gregg and was found to extend approxi-
mately 8 miles eastward. The openings had a north–
south extent of some 5 miles when first entered on
February 16. By the time of our departure on
February 18, calving icebergs (observed on several
occasions) had measurably increased its east-to-west
extent. On the southern ice border of the uncharted
bay, and extending to its edge, a linear array of poles
was seen, probably markers of a previous camp or
traverse route made before the shelf broke to form
the new bay (fig. 2). On the sheer face of the ice
several dark objects were seen sunken below the
surface, suggesting a previous camp—perhaps Little
America IV Station, last used in 1947.
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Late-season field activities (February-March 1972)

February and March saw the U.S. antarctic pro-
gram move from extensive summer activity to the
winter-over routine. Correspondingly, the total U.S.
station population for the period declined from about
990 on February 1 to the winter-over figure of 204
on March 31. The summer's high, occurring in
December, had been 1,150.

The consequences of weather in the late season
were remarkable. At the South Pole, low temperature
and high wind conspired to bring work on the new
station to an early halt. In McMurdo Sound, a
large iceberg grounded in line with the Williams
Field runway, creating a possible flight hazard. At
McMurdo Station, a fierce March storm carried
away nearly all of the new steel protective facing at
Elliott Quay, completed only weeks before after 3
years of work. Near Showa Station, across the con-
tinent, pack ice gripped the Japanese icebreaker Fuji
for a month but set her free before U.S. icebreakers
could arrive to help. At King George Island, off the
tip of the Antarctic Peninsula, a blizzard in late
February drove the tourist ship Lindblad Explorer
aground. A Chilean ship transported the passengers
(some were U.S. citizens) to Punta Arenas, and a
West German tug towed the damaged ship to
Ushuaia.

Perhaps surprisingly in light of these events, the
U.S. science programs and support activities were
carried out in the late season without crisis. Although
the shortage of airplanes forced curtailment of some
programs, most investigators reported that their pro-
jects had been carried out successfully, and the sup-
port force was able to complete all of its essential
tasks.

As in past years, the forthcoming July–August
Antarctic Journal will be devoted to first-hand renorts
on activities of the entire summer season. The follow-
ing pages summarize late-season activities as reported
in messages sent from the field.

McMurdo Station

One summer project got under way at McMurdo
Station in the late season. Messrs. Victor C. Anderlini
and Gary M. Carmignani, representing Dr. Robert
Risebrough (University of California at Berkeley)
collected young penguins on Ross Island and at
Hallett Station to analyze for the content of poly-
chlorinated biphenyls. Dr. Risebrough hopes to ascer-
tain if the pollutants are entering the penguins from
local sources.

Setup of the Stanford Research Institute polar
aurora radar system was completed on February 8.

On February 14, the radar was operated manually,
and on the 17th it was switched to automatic opera-
tion. The radar was found to have a negligible effect
on the riometer station, 400 meters away. On Feb-
ruary 23 the setup team, led by Mr. James Hodges,
left McMurdo, and the radar was turned over to
University of Texas personnel for winter operation.

The unmanned geophysical observatory, also being
set up this season, achieved automatic operation on
February 14. Propane- and wind-powered electric
generators, which will power the observatory in future
years at remote locations, appeared to be operating
normally. Unmanned operation will continue through-
out the winter.

In addition to the above two systems, four other
year-round programs are under way at McMurdo.
Messrs. Brian P. Smith and Charles L. Rushing, in
addition to maintaining the polar auroral radar,
have as their principal task the operation of the
University of Texas geodetic satellite tracking observa-
tory. Mr. John L. Bowers is operating the McDonnell
Douglas Astronautics Company riometer, and Mr.
Michael A. Mongillo is manning the Bartol Research
Foundation cosmic ray laboratory. Dr. E. N.
Kamenev, Soviet exchange scientist, is investigating
geological specimens he collected during the past
austral summer in the McMurdo area and will con-
tinue his work into the coming summer.

USNS Eltanin terminated Cruise 51 at McMurdo
Station on February 25 (see page 59) and began
Cruise 52 from the station 4 days later.

Mr. D. Christopher Shepherd, this past season's
National Science Foundation representative for Ant-
arctica, left McMurdo on February 21, and shortly
thereafter Mr. Ervon Koenig, manager of the bio-
logical laboratory (recently named the Eklund Bio-
logical Center—see page 68), assumed the duties of
station scientific leader for 1972.

When the last aircraft departed McMurdo on
February 29, Commander R. L. Mautino, U.S. Navy,
assumed command of Detachment Alpha, Antarctic
Support Activities, and the winter schedule was
begun.

Amundsen-Scott South Pole Station

The February 14 departure of the last plane of
the season marked the start of 8 months of isolation
for the 22 men who will operate Pole Station and
its year-round science programs until next austral
summer.

Eight persons are carrying out the science programs.
From the University of California at Los Angeles,
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Dr. Walter Zurn is collecting data to determine the
earth's tides and free oscillations, and Mr. Keith D.
Ritala is measuring the tilt of the ice plateau. The
National Oceanic and Atmospheric Administration
has three programs. Messrs. Edward A. Jessup and
Harold G. Hoots (National Weather Service) are
making surface and upper air observations and collect-
ing other meteorological and atmospheric data. Mr.
Vernon T. Rumble (Environmental Research Labora-
tories) is monitoring solar radiation (except during
the dark period), micropulsations, and atmospheric
ozone levels. He also is operating a riometer and a
coruscatometer and is making twice-weekly radio-
metersonde launchings, and he assists Messrs. Jessup
and Hoots in their work. Mr. Larry Minter (Environ-
mental Research Laboratories) is collecting seismo-
graphic and geomagnetic data. Mr. Russell Mumm
is operating the Bartol Research Foundation's cosmic
ray observatory. Mr. Edward J . Weber is monitoring
a Lockheed Missiles and Space Company program
to investigate subvisual aurora.

Construction

Summer season construction activities were con-
cluded by February 20. Eighty-five percent of the
planned construction was completed, the new South
Pole Station elements providing for most of the
uncompleted work.

Only 34 percent of the construction planned for
Deep Freeze 72 was completed at South Pole. Site
preparation was 85 percent complete, the utilidor
was 80 percent complete, and the geodesic dome was
18 percent finished when construction activities were
halted for the season. Weather and continual prob-
lems with certain construction equipment slowed
progress all season.

All 65 meters of arch at Siple Station was com-
pleted in early February. The ends of the arch were
sealed, and Seabees returned to McMurdo on Feb-
ruary 10. The Siple vans, now at McMurdo, will
be installed next season to prepare for year-round
operations.

Most McMurdo area construction projects were
completed by late February. The Williams Field
berthing project, the helicopter airfield, the fire
station /telephone exchange, the incinerator, and the
concrete pad for the sewage treatment plant were
all completed.

The third increment of pier facing at Elliott Quay
was completed, but an early March storm seems to
have destroyed 3 years' work. Initial information
indicates the steel panels have disappeared and
supporting I-beams have been severely damaged.
Additional evaluation will be completed after ice
forms over Winter Quarters Bay, and plans will
then be drawn up for corrective action.

Air operations

The long range airlift resources of Antarctic
Development Squadron Six (VXE-6)—one LC-130R
and two LC-130F Hercules transports—were as-
signed two high priority tasks during the late season.
Before mid-February the primary concern was to
move as much construction material as possible to
Amundsen-Scott South Pole Station. After mid-
February the highest priority was redeployment to
New Zealand of summer Navymen and investigators.

During the first two weeks of February, 150 short
tons of cargo, 70 short tons of fuel, primarily arctic
diesel fuel, and 28 passengers were flown to Pole
Station. Return flights moved 50 short tons of cargo,
which included the small Peter Snow Miller on its
way to Davisville, Rhode Island, and 56 passengers.
By February 12 temperatures had fallen so low at the
Pole that idling aircraft were enveloped in their own
contrails, creating safety hazards for the unloading
crews. Operations were terminated and the final
flight of the summer season from Pole Station oc-
curred on February 14.

From mid-February until February 29, when the
last Hercules flight departed Williams Field for New
Zealand, the LC-130s moved 703 passengers to Christ-
church. Adverse winds delayed the last two south-
bound flights in New Zealand for 36 hours.

Four flights were made to Siple Station in February.
Thirty-two passengers and 8.65 short tons of cargo
were returned to McMurdo Station via Byrd Station.
Siple was closed for the winter on February 10.

Byrd Station remained open until February 18.
Seventy-three short tons of cargo and 42 passengers
were flown to McMurdo. The cargo consisted of
material removed from the station, now abandoned
to the ice, and the 955 Traxcavator which had been
used primarily to unload aircraft. It was later sent
to New Zealand for overhaul.

Military Airlift Command C-141 Starlifters and
commercially chartered jets completed the redeploy-
ment to the United States. Eight northbound flights
from Christchurch during February and March car-
ried 868 passengers.

The UH-1N Iroquois helicopters were little used
during February and not at all in March after
McMurdo Station settled in for the winter. Less
than 50 hours of flight time were flown, 19 of which
supported a New Zealand glaciology and hydrology
project in the dry valleys. Other direct science sup-
port accounted for 20 additional hours, and logistic
flights between Williams Field and McMurdo ac-
counted for the remaining 9.5 hours. Four UH–lNs
remain in Antarctica over the winter.

Ross Sea ship operations

USNS Wyandot arrived at McMurdo Station on
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January 31. When unloading was complete, return
cargo for New Zealand and Davisville, R.I., was
loaded and Wyandot, with 37 redeploying passengers
on board, sailed for Lyttelton, New Zealand. Just
before Wyandot's departure USNS Maumee arrived.

Heavy weather and the presence of numerous ice
floes in Winter Quarters Bay slowed Maumee's
approach to berth. Finally, Staten Island's assistance
was required to moor and unmoor the large T-5
tanker. Maumee delivered 1.744 million gallons of
arctic diesel fuel, 2.452 million gallons of jet fuel,
and 165,000 gallons of motor vehicle gasoline. For
her return voyage she took on 155,000 gallons of
aviation gasoline, no longer used by U.S. aircraft in
the Antarctic. Some 78,000 gallons of avgas remains.

USCGC Staten Island began a bottom survey of
four individual approach sites in the Marble Point-
Gneiss Point area on January 30. This survey was
not completed because of unfavorable weather and
ice conditions. Shipboard observations noted that
drift ice from as far away as Williams Field—some
40 miles—is carried along the west shore of the
mainland by the prevailing east and southeast winds.
A counterclockwise sweep of the current at Marble
Point appeared to always hold some drift ice along
the shore, around and between Marble and Gneiss
Points. Staten Island observers at one point noted
that the current was strong enough to hold the ice
against the mainland in the face of a 15- to 18-knot
wind.

Staten Island completed her Deep Freeze 72
requirements by February 18 and departed McMurdo
for the United States.

On February 1, USCGC Northwind took aboard
nine investigators from the Scripps Institution of
Oceanography, the Woods Hole Oceanographic
Institution, and the Coast Guard Oceanographic Unit.
The investigators were to make deep oceanographic
casts for temperature, salinity, oxygen, and nutrient
data in the Ross Sea between 71°S. and 75°S. and
between 140°W. and 170°W. An experiment also
was conducted to determine the effects of ice crystals
on the measurement of salinity.

By February 20 some 22 oceanographic stations
were completed. Northwind then proceeded to the
vicinity of Hallett Station, where a second cast was
taken at one station. Hallett Station was closed on
February 21 when Northwind helicopters were used
to bring out 10 men and 500 kilograms of cargo. The
Hallett personnel and oceanographic investigators
were returned to McMurdo, where Northwind re-
mained pending the arrival of USNS Eltanin (see
page 59). After refueling Eltanin on February 25,
Northwind departed for Campbell Island and Lyttel-
ton with 11 U.S. and five New Zealand investigators
on board.

Cargo was delivered to a New Zealand station at
Campbell Island on March 3 using ship's boats and
helicopters. Northwind arrived at Lyttelton on March
6. Three days later she was ordered to stand by in
Lyttelton for possible assistance to the Japanese ice-
breaker Fuji.

Assistance for Fuji

In mid-February, the Japanese icebreaker Fuji
reached a point about 17 miles from Showa Station
on her annual supply trip, but ice kept the ship from
getting any closer. Although the ship's three heli-
copters were able to resupply the station and relieve
the winter-over crew, heavy equipment had to remain
on board.

On February 23, Fuji turned back. By March 9,
she was still in ice, and it was decided to delay the
homeward passage of USCGC Northwind, then in
Lyttelton, and USCGC Southwind, in Rio de Janeiro.
Fleet Weather Facility, Suitland, Maryland, con-
tinued to send ice forecasts to both Fuji and the
U.S. icebreakers, which were about 17 sailing days
from Fuji. On March 11, Fuji entered winter ice
from young ice. On the 13th, 3 miles of fast ice and
30 miles of pack lay between the ship and open
water.

On March 18, ice conditions around Fuji appeared
to be getting worse, and the Coast Guard ordered
Northwind and Southwind to refuel and replenish
and, when ready, to sail toward Fuji, whose tanks
were down to 21 percent of capacity. Northwind
departed Lyttelton on March 21, and Sout.'zwind left
Rio de Janeiro the next day.

Also on March 21, Japan made a formal request
for U.S. icebreakers to assist Fuji.

Seven days later, on March 28, Fuji broke out
of the ice on her own. With less than 20 percent
fuel on board, she headed for Capetown, the nearest
port, to refuel before returning to Japan. Northwind
and Southwind changed course for their U.S. home
ports.

Novolazarevskaya Station

Mr. Gregg A. Vane (University of California,
Los Angeles) is spending a year with the Soviets
as an exchange scientist at Novolazarevskaya Station
(70°46'S. 11°50'E.), on the Princess Astrid Coast.
He arrived on April 10, having traveled aboard Soviet
ships from the Canary Islands, Mr. Vane is operating
a long-period seismic station similar to those at Pole
Station and New Zealand's Scott Base.

Palmer Station

R/V Hero returned to Palmer Station on February
22 after making a midseason trip to Punta Arenas,
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where she disembarked NSF representative Lloyd R.
Haugh and three scientific teams and embarked
Dr. John H. Dearborn and five colleagues from the
University of Maine.

The Dearborn group, investigating the ecology of
echinoderms (starfishes, sea urchins) and other or-
ganisms, collected extensively from Hero near Palmer
and as far south as the southern tip of Adelaide
Island. Feeding, reproduction, brood protection, and
respiration were investigated. In late March, trawls
and nettings yielded invertebrates and fishes, includ-
ing 19 large specimens of the ice fish Chaenocephalus
aceratus, some of which will go to the Smithsonian
Oceanographic Sorting Center. A total of 106 sta-
tions were taken, with depths ranging to 670 meters.
The group departed Palmer on March 31 aboard
Hero, which reached Punta Arenas on April 7.

Two groups that had arrived at Palmer Station
aboard South wind in January left aboard the ice-
breaker on February 24. Dr. Frank Strong's group
collected arthropods until mid-February and made
aerial infrared photographs of Norsel Poit and
Humble Island from a Southwind helicopter. Dr.
Gerald Kooyman and his group continued metabolic
studies of penguins in February and also made be-
havioral observations. Both groups reported that they
had completed their programs as scheduled.

Two scientific teams of two men each are wintering
at Palmer Station this year. Messrs. William L.
Graham and A. Robert Crooker, representing Dr.
Russell W. Strandtmann (Texas Tech University'),
are studying the population dynamics of arthropods.
In February, sticky slides were placed in 91 areas for
collection of the mite Stereotydeus villosus. The
number of specimens collected declined steadily until
late March, when a slight increase was noted, prob-
ably owing to continued mild weather. Collections
also were made using a berlese funnel for life-history
studies. Cultures of two species of Rhagidia, another
mite family, were started in mid-March, and by
month's end several eggs had been laid, although
none had yet hatched.

Messrs. William N. Krebs and William L. Stockton
are wintering over to continue a study of benthic
foraminifera begun in December under Dr. Jere H.
Lipps (University of California at Davis). Work in
February and March consisted mainly of monitoring
phytoplankton and its environmental influences at
approximately 100 sites and establishing cultures of
algae.

USCGC Southwind

Continuing a seal population survey begun in
January in the pack ice of the Bellingshausen Sea,
USCGC Southwind entered the Amundsen Sea in
early February. By the 19th she finished her work,

having reached as far south and west as 72°30'S.
137°30'W. Scientific leader Dr. Albert W. Erickson
(University of Idaho) reported that from January
30 to February 19 a total of 26 shipboard and heli-
copter censuses of seals were made covering 2,200
square kilometers. Fewer than 2 seals per square
kilometer were seen, far lower than that reported for
the Bellingshausen Sea but approximately the same
as densities previously determined for the Weddell
Sea. Most seals were crabeaters, but leopard and
Ross seals were seen. Also in February, 16 oceano-
graphic stations were taken.

After finishing her westward track through the
Bellingshausen and Amundsen Seas, the icebreaker
turned and sailed eastward, this time skirting the pack
ice instead of penetrating it. The ship visited Palmer
Station on February 23 and 24, taking on personnel
and supplies. She set out a day marker on Halfway
Island and placed a day marker and a survival cache
in the Outcast Islands and then sailed for Buenos
Aires.

Notable dates
September 1970—August 1971

September

6—M/V African Neptune departs Davisville, Rhode
Island, for Lyttelton, New Zealand, with cargo to
be airlifted in early season to McMurdo Station.

October

7—Summer season begins with first flight to Williams
Field from Christchurch, New Zealand.

8—C-121J Super Constellation (BuNo 131644)
crashes on landing at Williams Field. No serious
injuries, but aircraft is destroyed.

10—Hallett Station is opened for summer operations.
I 1--Brockton Station is opened for summer

operations.
14—First flight of season to Byrd Station.
20—Operation Ice Cube Six, Royal New Zealand

Air Force C-130 logistic flights to Williams Field,
commences. Operations are completed on Octo-
ber 23 after delivery of high priority cargo.

28—First of 12 C-141 turn-around flights by U.S.
Air Force Military Airlift Command arrives at
Williams Field.

31—First flight of season to Amundsen-Scott South
Pole Station.
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November

8—Three UH-11) Iroquois helicopters fly to
McGregor Glacier Camp to support central
Transantarctic Mountains survey.

12—U.S. Geologic Survey party is airlifted to Lassiter
Coast area by LC-130.

22—Last flight of season to Hallett Station.
30—Norwegian Polar Institute party of six is air-

lifted to Queen Maud Land by LC-130.
—British Antarctic Survey party of four is airlifted

from Halley Bay to 80 0 32S. 29 0 W. in the
Shackleton Range.

December

2—Hallett Station skiway is closed owing to melt-
water.

4—UH-11) helicopter evacuates injured New Zea-
land investigators from Wise Peak to McMurdo
Station. LC-130 continues evacuation to Christ-
church.

6—Siple Station is opened for summer operations.
1 1—RRS John Biscoe arrives at Palmer Station to

end winter isolation.
13—Last C-121J Super Constellation flight is made

to Antarctica; plane is later retired from ant-
arctic service.

1 7—USCGC Burton Island arrives at Palmer Station
with summer scientific and support personnel.

22—R/V Hero returns to Palmer Station for summer
operations.

23—Central Transantarctic Mountains investigators
and support element move camp from McGregor
Glacier to Amundsen Glacier.

25—USCGC Staten Island resupplies New Zealand
facility at Campbell Island.

29—Byrd iongwire substation is deactivated with
removal of buildings and equipment.

31—USCGC Burton Island begins cutting channel in
Ross Sea.

January
2—R/V Alpha Helix arrives at Palmer Station.
9—Williams Field ice runways are closed owing to

deterioration of ice.
—USCGC Staten Island HH-52A helicopter

number 1404 crashes at 3,700-meter elevation
on Mt. Erebus. No injuries, but aircraft is
abandoned.

25—Amundsen Glacier camp is closed.
27—USNS Private John R. Towle arrives at

McMurdo Station; leaves on February 2.
—USNS Wyandot arrives at Palmer Station; leaves

on 29th.
29—Siple Station is closed for winter.

February

1—U.S. Antarctic Treaty inspection team arrives
at McMurdo Station.

2—LC-130s pick up and return to home bases
British Antarctic Survey team in Shackleton
Mountains and Norwegian Polar Institute team
in Queen Maud Land. Surveyor's Almanac is
air-dropped to Sanae Station during pickup mis-
sion.

4—U.S. Geological Survey team is picked up by
LC-130 from Lassiter Coast.

5—USCGC Staten Island is ordered to assist beset
M/V Thala Dan.

10—M/V Thala Dan gets out of ice and no longer
needs assistance.

1 1—USNS Wyandot arrives at McMurdo; leaves
on 15th.

12—USNS Maumee arrives at McMurdo; leaves on
14th.

—USCGC Staten Island departs McMurdo to
partially circumnavigate Antarctica in Antarctic
Treaty inspection.

15—Last flight of season to Amundsen-Scott South
Pole Station; population 21.

—LC-130F (BuNo 148318) is destroyed by fire
after taxi accident at Williams Field.

—Brockton Station closes for winter.
16—Hallett Station closes for winter; USCGC Burton

Island picks up station personnel.
17—U.S. inspection team visits Dumont d'Urville

Station.
18—Last flight of season to Byrd Station; population

20.
20—U.S. inspection team visits Casey Station.
22—R/V Alpha Helix departs Palmer Station.
24—U.S. inspection team visits Mirnyy Station.
25—Last plane of season leaves McMurdo Station;

population 160.
28—USCGC Staten Island grounds and is damaged

14 nautical miles northwest of Mawson Station
at 67 0 22S. 62005'S.

--U.S. inspection team visits Mawson and M/V
Thala Dan.

March

2—Secretary of State cancels remainder of U.S.
Antarctic Treaty inspection.

12—R/V Hero departs Palmer Station at conclusion
of summer operations.

15—USCGC Staten Island arrives at Melbourne,
Australia, for repairs.

30—RRS Brans field arrives at Palmer Station, departs
March 31 station population 11.

April–June
No significant activities.
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July
1—Commander C. H. Nordhill, Jr., assumes com-

mand of VXE-6, relieving Commander D. B.
Eldridge, Jr.

9—Captain H. W. Swinburne, Jr., temporarily
assumes command of U.S. Naval Support Force,
Antarctica, relieving Rear Admiral D. F. Welch.

August

17—Rear Admiral L. B. McCuddin assumes com-
mand of U.S. Naval Support Force, Antarctica,
relieving Captain H. W. Swinburne, Jr.

31—Two LC-130s arrive at Williams Field with
scientific investigators and summer support
personnel.

Staff is increased at OPP
To meet its increased responsibilities in administer-

ing both logistic support and scientific activities in
the United States Antarctic Research Program and in
acting as lead federal agency for the extension of
arctic research, the Office of Polar Programs (OPP)
has increased its staff.

Captain James E. Heg, U.S. Navy, has been named
chief of the new polar planning and coordination
staff. Captain Heg comes to OPP from the office
of the Assistant Secretary of Defense for International
Security Affairs, where he had been involved in ant-
arctic policy matters since 1967.

Three scientists have taken sabbaticals from their
university posts to strengthen OPP's management of
scientific programs in evolving areas. Dr. Victor Neal,
from Oregon State University, is managing OPP's
programs in the ocean sciences. Dr. Gunter Weller,
from the University of Alaska, manages programs
in polar meteorology. Dr. Jay Zwalley comes to OPP
from the University of Maryland to manage pro-
grams that use advanced systems, including remote
sensing.

Mr. Rolf Bjornet is taking a year's absence from
the Arctic Ice Dynamics Joint Experiment head-
quarters at the University of Washington to act as
0 PP's assistant station operations manager.

Two U.S. Navy officers are joining OPP to assure
effective liaison with the Naval Support Force, Ant-
artica. Captain E. W. Van Reeth, formerly Com-
mander, Antarctic Support Activities, is now associate
manager of the polar operations section. A second
officer, to be named soon, will act as assistant field
projects manager. Captain Van Reeth retains his ac-
tive duty status in the Navy.

Soviet literature
available in English

The following Soviet publications have been trans-
lated for the National Science Foundation's Polar
Information Service:

Academy of Sciences of the U.S.S.R. Soviet Com-
mittee on Antarctic Research. The Antarctic. 1965.
279 p. (TT67-59071). Fourteen papers on geology,
ice dynamics, atmospheric physics, and medical
research.

Sorkina, A. I. Atmospheric Circulation and the
Related Wind Fields over the North Pacific.
Moscow, Government Oceanographic Institute.
1963. 218 p. (TT70-50129).

The following Soviet publication was translated for
the National Aeronautics and Space Administration:

Isayev, S. I., and Ya. I. Fel'dshteyn (eds.). Auroras.
Collection of Articles No. 17. Moscow, "Nauka"
Press. 1968. 242 p. (NASA TT F-637).

These publications are available for $3 each from
the National Technical Information Service, Spring-
field, Virginia 22151.

SAE Information Bulletin
Volume 7, Issue 6, published

The English translation of Soviet Antarctic Expedi-
tion Information Bulletin numbers 77 and 78 (1970)
has been published. The two numbers constitute the
156-page Issue of Volume 7 of this continuing series,
which is translated and published under a grant from
the National Science Foundation.

The issue contains 39 scientific papers and a number
of reviews. It also contains an index, by subject and
by author, covering SAE Information Bulletin num-
bers 67 through 78. Copies can be ordered from the
American Geophysical Union, Suite 435, 2100 Penn-
sylvania Avenue, N.W., Washington, D.C. 20037.
Issue 6 costs $7.50.

Permafrost conference in Yakutsk
The Second International Conference on Perma-

frost will be held in Yakutsk, in eastern Siberia, from
July 16 to 28, 1973. The conference is being orga-
nized under the direction of Dr. P. I. Melinkov,
director of the Siberian Division of the Permafrost
Institute, a part of the Academy of Sciences of the
U.S.S.R., which is located in Yakutsk. Interested U.S.
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citizens should contact the secretary of the U.S. plan-
fling committee for the conference: Mr. Robert M.
Dillon, National Research Council, 2101 Constitution
Avenue, N.W., Washington, D.C. 20418.

Carl R. Eklund Biological Center
dedicated at McMurdo Station

On February 27, 1972, personnel of the U.S.
Antarctic Research Program, the U.S. Naval Support
Force, Antarctica, and New Zealand's Scott Base
gathered at McMurdo Station to dedicate the bio-
logical laboratory in memory of Carl Robert Eklund,
biologist, who died in 1962. The selection of the
biological laboratory as a memorial to Carl Eklund
is an acknowledgment of his dedication to polar
research and his contribution to antarctic biology.
Built in 1959, the laboratory was the first scientific
facility for support of research in Antarctica, and in-
deed for many years was the only professional labora-
tory in the Southern Hemisphere below 55°S. The
latest professional apparatus and scientific supplies
allow biologists to carry out sophisticated experi-
ments, extending the scope of possible research and
in situ studies.

Following an introduction by McMurdo Station's
officer in charge, Commander Richard L. Mautino,
U.S. Navy, and a benediction by Lt. Edgar A. Snyder,
Jr., U.S. Naval Reserve, Chaplain, Dr. George A.
Llano, the Office of Polar Programs' program man-
ager for polar biology and medicine, spoke. He said,
"The existence of this fine center for biological work
is in no small measure due to the foresightedness of
Carl, who, as a member of the Committee on Polar
Research, insisted on the construction of adequate
laboratories as a primary means for advancing polar
biology. He was concerned with both arctic and
antarctic polar research, but Antarctica was un-
doubtedly his first love. His dedication is revealed not
only through his personal involvement in polar ex-
peditions but also in his professional career with the
Polar Branch of the U.S. Army and in his bringing
to existence the Antarctican Society. His contribution
to antarctic biology includes the first biotelemetric
research in Antarctica, an early and important study
on seal populations, and initiation of a cooperative
international avian birdbanding program. Carl was
a keen sportsman with a deep appreciation for the
principles of conservation. He represented the United
States at two Antarctic Treaty consultative meetings.
At the Buenos Aires meeting, he presented the U.S.
recommendations for conservation, now a vital part
of the Agreed Measures for the Conservation of
Antarctic Flora and Fauna. Above all, he was a

good leader, commanding respect and cooperation,
and those who were with him at Wilkes Station in
1957-1958 recall his enthusiasm and his wonderful
sense of humor. The excellent cooperation that existed
at Wilkes Station between the Navymen and the
scientists is shown in the research paper, 'Measuring
the temperatures of incubating penguin eggs,' written
by Carl Eklund and Frederick E. Charlton, a Navy
electronics technician chief who assisted Carl in his
work, and published in the March 1959 American
Scientist."

After the dedication ceremony, which was held in
the nearby National Science Foundation chalet, the
Party moved outdoors to the biological laboratory,
where Dr. Llano unveiled a plaque commemorating
Dr. Eklund.

Antarctic geologic map published
The 1:5 5 000,000-scale Geologic Map of Antarctica

has been published and may be ordered for $6 plus
$1  postage from the American Geographical Society,
Broadway at 156th Street, New York, N.Y. 10032.

The map updates and synthesizes the 1: 1,0005000
Geologic Maps of Antarctica, published as Folio 12
of the Antarctic Map Folio Series. Prof. Campbell
Craddock compiled the new map, which uses sources
available through May 1971. The 41- by 48-inch map
is printed in color and shows, besides geology, bathym-
etry, ice surface elevations, and supplementary refer-
ences beyond those of Folio 12. It was produced
under a National Science Foundation grant.

Antarctic Support Activities
change of command

Captain Alfred N. Fowler succeeded Captain
Eugene W. Van Reeth as Commander, Antarctic
Support Activities, in ceremonies at Davisville, Rhode
Island, on April 14, 1972.

Captain Fowler had been Chief of Operation,
Team Two, at the Alternate National Military Com-
mand Center (JCS) at Fort Ritchie, Maryland. He
is a graduate of Parks College, Saint Louis Univer-
sity, the Naval War College, and the Air War College,
and he holds a master of arts degree in international
relations from George Washington University, Wash-
ington, D.C.

Captain Van Reeth has been assigned to the Office
of the Assistant Secretary of the Navy (Research and
Development) for duty in the Office of Polar Pro-
grams, National Science Foundation.
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U.S. Navy

The antarctic scene. Looking south at McMurdo Station and environs in December 1971. Hut Point, at lower right forms the northern boundary of Winter Quarters Bay. Cape Armitage, upper right, flanks
..i;ii a.,..,, p ....,. ..,..,,.. U.	tho .;.	 qrntt Rnc. W.11tcimc FpIr1 k iihôve Pram Point on the Ross Ice Shelf. The annual ice runway is seen as dots above Cape Armitage.
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