
This Thematic Mapper image was created from data collected by the Earth Observation Satellite
Company's (EOSAT) Landsat 4 spacecraft on 28 November 1987. The image shows the iceberg
B-9 with a number of smaller tabular bergs and the Ross Ice Shelf. EOSAT was one of the
organizations that recorded the calving event that changed the seaward edge of the Ross Ice
Shelf and eliminated the Bay of Whales.
Photograph courtesy of EOSAT
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Massive iceberg breaks free
of the Ross Ice Shelf

In early October 1987 an iceberg, mea-
suring approximately 2,540 square miles
(6,500 square kilometers), broke free of
the Ross Ice Shelf. The birth of the mas-
sive iceberg was first observed by Navy
aeorographer's mate Terry Cooke, who

is stationed at McMurdo Station. The
Navy/National Oceanic and Atmos-
pheric Administration (NOAA) Joint
Satellite Center in Suitland, Maryland,
also reported the event and continues to
monitor the iceberg's position.

The break occurred near the Bay of
Whales. This niche in the Ross Ice Shelf
was the starting point for Roald Amund-
sen's 1911 trek to the South Pole. It is
also the site of several "Little America"
camps, constructed and operated by Ad-
miral Richard E. Byrd. Unless the ice-
berg, called B-9, grounds on the
continental shelf, this break will elimi-
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nate the Bay of Whales as a geographic
feature and will make it necessary to al-
ter maps of the region.

Twice the size of Rhode Island, B-9
represents two to three times the annual
ice discharge of the entire antarctic con-
tinent. It is 98 miles (160 kilometers) long,
25 miles (40 kilometers) wide, and has
an estimated thickness of about 750 feet
(225 meters). In late November 1987 it
had moved away from the calving site
approximately 50 to 53 miles (80 to 85
kilometers) toward the northwest.

The Ross Ice Shelf, like other antarctic
ice shelves, is a mass of freshwater ice
that flows from the continent and floats
on the sea surface, usually at an embay-
ment along the coast. Although scien-
tists do not fully understand the
phenomenon of calving, they do know
that near its seaward edge the ice shelf
is heavily crevassed. Along this edge,

By 19 November 1987, B-9 had moved about 35 statute miles tc the west, according satellite
images like this one that are collected at McMurdo Station. It had disintegrated slightly and now

0 measures about 94 by 24 statute miles. This image illustrates how large the iceberg is in com-
parison to the ice shelf. Using a new satellite imaging and display system (called GODDESS),
Ensign Mark Mickelinc, Forecast Duty Officer, Naval Support Force Antarctica, collected this
image of B-9. It was made by manipulating visible data (as opposed to infrared data) from a pass
of the NOAA-9 satellite on 19 November 1987.
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the ice shelf is subjected to tidal forces,
such as the rise and fall of sea level. Over
time these forces and the weakness
caused by crevassing affect the shelf and
may contribute to the calving of ice-
bergs. In the case of B-9, the flow of
glacial ice around Roosevelt Island, which
protrudes into the ice shelf, may have
created striations and cracks in the ice.

While B-9 remains in the cold waters
surrounding Antarctica, the water tem-
perature should prevent melting. It will
begin to break up once it enters warmer
waters. Despite its size, no stations or
other facilities were affected by B-9.
What's more, according to the Navy/
NOAA facility in Suitland, B-9's present
position does not threaten shipping
routes in the southern ocean.

In mid-November the Suitland facility
reported that three to five icebergs,
ranging in size from 9.5 miles (15 kilo-
meters) to 38 miles (60 kilometers) long,
were trailing B-9. Many smaller bergs
appeared to be trapped between B-9 and
the Ross Ice Shelf. The observers in

Maryland said that these bergs had ei-
ther broken free of the ice shelf at the
same time as B-9 or had come from the
shelf side of the larger iceberg. All were
drifting in the direction as B-9 and are
expected to begin independently drift-
ing once B-9 moves further away from
the continent.

Iceberg observation is one component
of weather forecasting, which is done by
members of the Naval Support Force
Antarctica at McMurdo Station. The
calving site is approximately 450 miles
(720 kilometers) from the U.S. station.
The fact that Navy personnel easily re-
corded B-9 demonstrates the powerful
remote sensing tools that are available
for research in Antarctica. The event was
also documented by the NOAA-10 met-
erological satellite operation by the Navy!
NOAA facility. The Joint Satellite Center
provides antarctic stations with reports
of ice conditions around the continent.
These are used for various projects but
are essential for ships traveling in Ant-
arctica's ice-laden waters.
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A geologist, atop an antarctic peak, steps back from his work and views the vastness of the
Antarctic. Like the geologist, a special committee of the National Science Board stepped back
and looked at all support provided by NSF to polar research. The result of their year-long study
was 15 recommendations to improve and strengthen the Foundation's role in the Arctic and
Antarctic.

NSF photo.

NSB committee recommends expanded
NSF role in polar research

The polar regions are vital to U.S. na-
tional interests, including environmen-
tal, economic, strategic, scientific, and
political concerns. Growing awareness
of the importance of the polar regions
has focused public-and private-sector at-
tention on U.S. goals and activities in
the Arctic and Antarctic. For two de-
cades the National Science Foundation
(NSF) has had an important role in polar
research.

As the Federal agency responsible for
funding basic research, NSF has sup-
ported many investigations of the na-
ture of the north and south polar regions
and processes occurring there. In 1970,
NSF was designated the lead agency for
the U.S. program in Antarctica. Since
that time, NSF has managed and funded
the U.S. Antarctic Program (USAP), in-
cluding logistic support provided by the
U.S. Navy and civilian contractors. In
1984, NSF's responsibilities in the Arctic
were expanded when Congress passed
the Arctic Research and Policy Act of
1984 (ARPA). Under this act, NSF is re-
sponsible for developing an integrated
arctic research policy and establishing a
plan to implement the research plan.
These responsibilities combined with a
new comprehensive, multidisciplinary
program developed by NSF's Geosci-
ences Directorate to investigate global
change have strengthened and ex-
tended the agency's leadership role in
the polar regions.

Because polar research has become
more prominent and NSF's responsibil-
ities to the polar research community
have increased, Dr. Roland W. Schmitt,
chairman of the National Science Board
(NSB), established a special committee
in June 1986. He directed the committee
to review NSF's role in polar research
and to report its findings and recom-
mendations to the Board in June 1987.
Rita Colwell of the University of Mary-
land chaired the committee. Working
with Dr. Colwell were Perry L. Adkisson
(Texas A&M University), Warren J . Baker
(California Polytechnic State Univer-
sity), Craig C. Black (Los Angeles County
Museum of Natural History), and K. June
Lindstedt-Siva (Atlantic Richfield Com-
pany).

Their study and the associated 15 rec-
ommendations will guide the Board as
it develops programs to respond effec-
tively to demands for and opportunities
in polar research. By improving support
to polar research, NSF will enhance the
contributions of polar research to na-
tional objectives and scientific under-
standing. This initiative also will

contribute to NSF's assigned mission to
maintain U.S. strength in scientific re-
search and improve science, mathemat-
ics, and engineering education by
fostering opportunities that will pro-
duce needed scientific and engineering
expertise.

Committee activities

The committee held eight meetings
between August 1986 and February 1987.
More than 45 experts, representing fields
of polar research and organizations con-
cerned with science and engineering in
the polar regions, were invited to speak
to the NSB group and provide them with
background papers for consideration.
Topics included scientific needs and op-
portunities, existing research programs,
research policy, logistics and support,
and trends in support to polar regions.

The committee reviewed research in
meteorology and climate, ocean sci-
ences, earth sciences, glaciology, upper
atmospheric sciences, astronomy, biol-
ogy, ecology, medicine and health, be-
havioral and social sciences, and
engineering. Their review considered

how international, national, and state
policies impact polar research and how
legal, environmental, and industrial
concerns affect polar science and engi-
neering. Also examined were the logistic
requirements for effective U.S. pro-
grams in the Arctic and Antarctic, as well
as trends in financial support.

Evolution of NSF leadership in polar
research

Antarctic. In 1970, the National Se-
curity Council completed a review of U.S.
activities and agency responsibilities in
Antarctica. This study resulted in a Na-
tional Security Decision Memorandum
(NSDM 70) that supported continuing
the research program in Antarctica at a
constant level of effort and transferred
budgeting and management responsi-
bilities for the program to a single
agency—the National Science Founda-
tion. Subsequent studies in 1975 and 1980
reaffirmed single-agency management
by NSF. The Office of Management and
Budget also reaffirmed NSF's role as
manager and created a separate appro-
priation for the U.S. Antarctic Program
within the NSF budget.

In 1982, the President of the United
States signed White House Memoran-
dum 6646. This memorandum states that
"the United States Antarctic Program
shall be maintained at a level providing
an active and influential presence in
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The role of NSF in the polar
regions: 15 recommendations

Antarctica designed to support the range
of U.S. antarctic interests." NSF was di-
rected to continue to "budget for and
manage the entire United States national
program in Antarctica including logistic
support activities so that the program
may be managed as a single package;
fund university research and federal
agency programs related to Antarc-
tica....

Arctic. In 1969, the Vice President of
the United States, as chairman of the
National Council on Marine Resources
and Engineering Development, named
NSF as the lead agency to extend U.S.
arctic research. In response, NSF estab-
lished the Arctic Research Program in
1971. The program was designed to co-
ordinate research supported by 10 U.S.
Federal agencies and to extend the U.S.
research effort.

When Congress passed the Arctic Re-
search and Policy Act (Public Law 98-
373) in 1984, NSF's role and responsi-
bilities in the Arctic were increased. The
act created a five-member commission
(the Arctic Research Commission) and
designated the Director of NSF as the
(ex officio) chairman. The commission's
responsibility is to "develop and rec-
ommend an integrated national Arctic
research policy . . . and assist in estab-
lishing a national Arctic program plan
to implement the Arctic research pol-
icy."

The act also established the Inter-
agency Arctic Research Policy Commit-
tee composed of representatives of
Federal agencies that have arctic re-
search programs. The NSF representa-
tive to this group is the committee
chairperson. Under the provisions of the
act, NSF is also responsible for imple-
menting arctic research policy. Among
the duties of the interagency committee
are:

• surveying arctic research programs
to determine priorities for future re-
search,

• working with the Arctic Research
Commission to develop an integrated
national policy for arctic research,

• developing, in consultation with the
Commission, a 5-year plan to implement
the research policy,

• coordinating and preparing a single
multi-agency budget request for arctic
research.

Research programs, planning, and
policy. Differences between the Arctic
and Antarctic influence what programs
are supported, how these are organized,
and what relationship exists between the
research programs and national policy.
The Arctic is an ocean basin covered by
ice and surrounded by land that has been
populated for thousands of years. In ad-
dition, the region falls within the bound-
aries of a number of nations. In contrast,
the Antarctic is a continent, 97 percent
of which is covered with glacial ice that

1. Scientific needs and opportun-
ities should determine the research
conducted in both polar regions, with
logistics deriving from and support-
ing the research rather than dictating
it.

2. The NSF should establish and
oversee the operation of a network of
research support centers for the polar
regions.

3. A logistics program should be
established for the Arctic to support
the NSF research projects and sci-
entists in the northern polar regions.

4. The NSF should take the ini-
tiative in coordinating the develop-
ment of an interagency national polar
research plan, including both the
Arctic and the Antarctic.

5. The NSB should encourage the
National Institutes of Health and other
appropriate agencies to support in-
creased health and medical science
research in polar regions, and NSF
should, itself, support a related pro-
gram of basic social sciences research
in polar regions.

6. Research on the culture, his-
tory, linguistics, archaeology, and
physical anthropology of arctic peo-
ples should be established in the NSF
as an identified and appropriately
staffed program within the Division
of Polar Programs.

7. A research vessel with ice-
breaking capability should be ac-
quired for the U.S. Antarctic Program,
and a research vessel capable of sci-
entific and engineering research in
arctic seas should also be acquired.

8. The cooperation of private or-
ganizations and industry should be
sought in the construction of facilities
and provision of logistic support in
the Arctic and Antarctic.

9. The health, safety, and envi-
ronmental protection practices for
polar research programs, especially
the U.S. Antarctic Program, should
be studied and upgraded as neces-
sary.

averages almost 2 kilometers (more than
1 mile) thick. The continent has no in-
digenous human population and is sep-
arated from populated areas by an ocean
known for its severe weather, almost
year-round ice cover, and large icebergs.

The political context in which antarctic
research is conducted differs greatly from
that in the Arctic. The Antarctic Treaty
provides a framework for cooperative
research projects among many nations
and maintains the continent for peaceful
uses only. Despite claims by seven
countries that are consultative parties to

10. Systems for remote and auto-
mated data collection should be in-
corporated in the development of the
recommended national plan for polar
research (see number 4 above),
funded, and when in place, fully uti-
lized.

11. The U.S. Navy's VXE-6 Squad-
ron should remain an integral part of
the U.S. Antarctic Program; how-
ever, the remaining support func-
tions provided by the U.S. Naval
Support Force Antarctica should be
reviewed by NSF management for
possible transfer to civilian contrac-
tors as suggested by the U.S. Navy,
if such transfer proves to be the most
efficient and cost-effective option.

12. The NSF should take a stronger
role in the development of polar poi-
icy.

13. Stronger recommendations
concerning tourism and the respon-
sibility for tourists should be made to
the Treaty nations through the Ant-
arctic Treaty Consultative Meetings.
NSF should take a lead role in these
international deliberations. In the
United States, national legislation
should be sought to ensure that tour-
ists are properly insured or indem-
nified before they visit Antarctica, and
nongovernmental groups should co-
operate in the development of a vol-
untary responsible set of guidelines
for tourism in the polar regions in
general, and especially in the Ant-
arctic.

14. Basic engineering research
should be conducted in the polar re-
gions, with development of the en-
gineering knowledge required for
operation in the polar environment a
specially targeted objective.

15. Over the next 3 years, in ad-
dition to funding for the recommen-
dations cited, core funding for polar
research should be increased to a level
twice that budgeted for Fiscal Year
1988.

the Treaty, these claims, which are not
recognized by other Treaty parties, have
been kept in abeyance by provisions in
the Treaty. The Treaty also guarantees
that participants will open access to all
parts of the continent and that data and
information about Antarctica will be freely
exchanged.

In the Arctic the situation is entirely
different. Because the Arctic crosses na-
tional boundaries, national interests and
sensitivities affect how research is
planned and conducted, as well as how
data and information are exchanged.

Antarctic Journal



Important to national security, the Arc-
tic is the site of security installations,
such as the Northern Warning System.
The region is becoming the base for sea-
borne strategic delivery systems and may
be the site for the deployment of air-
launched cruise missiles. The develop-
ment and exploitation of renewable and
nonrenewable arctic resources has added
to the issues and problems associated
with arctic research. These considera-
tions include environmental protection,
resource management, land use, and
conservation.

These factors influence antarctic and
arctic research. Arctic research has been
characterized by a greater amount of en-
gineering and applied research than in
the Antarctic. In many cases, basic
knowledge of arctic physical and biolog-
ical phenomena and processes is lack-
ing, and more long-term studies are
required. In the Antarctic, most research
is directed toward a basic understanding
of the continent's evolution, the nature
of the environment, and special pro-
cesses occurring there. Some antarctic
research, such as the study of upper at-
mospheric processes that disrupt com-
munications, does have direct
applications.

An important difference between the
two regions is the existence of an indig-
enous arctic population. Over the last
two decades, resource development has
brought new settlers and transient
workers to the region; consequently, the
population has increased rapidly. The
environmental, health, and socioeco-
nomic concerns of this population shape
the type of research conducted in the
north polar regions. The indigenous
population is seeking greater involve-
ment in planning and managing these
projects, because this research and re-
source development directly affect their
culture, lifestyle, and economic well-
being. The periodic conflict among na-
tional, industrial, and local interests im-
pacts such issues as land management
and the protection of wildlife and fish.
These issues emphasize the need for more
multidisciplinary, long-term research and
for international cooperation in research
that will benefit all arctic inhabitants.

Global change. The polar regions are
major determinants of global climate and
are especially sensitive to climatic change.
Improved understanding of interactions
among polar atmospheric, oceanic, and
terrestrial systems is basic to predicting,
detecting, and coping with the impacts
of climate change. Increased public
awareness of the significance of the po-
lar regions has drawn attention to ques-
tions about the cause of the seasonal
decrease in stratospheric ozone detected
over Antarctica, the relationship be-
tween the stability of the west antarctic
ice sheet and rising sea levels, and the
effects of carbon-dioxide-induced

warming on the north and south polar
regions.

This relationship between the polar
regions and global environmental sys-
tems ties NSF's future support for polar
research closely to the new Global Geos-
ciences Program in the Directorate of
Geosciences. The program emphasizes:

• reconstructing the history of global
environmental change,

• understanding contemporary
change in the physical environment and
in the biosphere,

• understanding major global biogeo-
chemical and hydrologic cycles.

The polar regions will contribute data
to each of these areas of concern. NSF's
program is coordinated with the Inter-
national Geosphere Biosphere Program,
an international effort sponsored by the
International Council of Scientific Unions.

Committee recommendations
Consistent with its charge, the Com-

mittee was fundamentally concerned
with how NSF can ensure strong, high-
quality programs in the polar regions.
Based on its detailed review, the group
concluded that NSF can integrate polar
science into its contribution to the global
geoscience program and can encourage
polar research, which is at the frontiers
of science. They also felt that NSF fulfills
its role as lead agency for basic scientific
research in the Arctic and Antarctic.
Throughout its evaluation, the Com-
mittee kept the Foundation's scientific
mission sharply in focus, as well as the
agency's specially assigned responsibil-
ities for basic research in the polar re-
gions.

They prepared 15 recommendations,
which appear on page 4 of this issue of
the Antarctic Journal, to assist NSF in
meeting its responsibilities to support
polar research. The most significant rec-

At the seventh Special Consultative
Meeting representatives of the 18 con-
sultative parties to the Antarctic Treaty
admitted Italy and the German Demo-
cratic Republic (GDR) to consultative
party status. The meeting, held in Rio
de Janeiro, Brazil, preceded the 14th
Consultative Meeting of the Antarctic
Treaty. Both countries were invited to
attend the 12-day meeting, which began
5 October 1986.

Italy and the GDR are the sixth and
seventh countries to gain consultative

ommendation is that, over the next 3
years, the NSF budgets for arctic and
antarctic research should be increased to
double the amount requested for 1988.

Several of the recommendations focus
on the U.S. antarctic program. These are:

• The U.S. program should acquire a
research ship with icebreaking capabil-
ity for work in Antarctica.

• Health, safety, and environmental
protection practices especially for the U.S.
Antarctic Program should be studied and
upgraded where necessary.

• The U.S. Navy's VXE-6 Squadron
should remain an integral part of the
U.S. Antarctic Program; however, NSF
management should review support
provided by the Naval Support Force
Antarctica and transfer to a civilian con-
tractor those duties that they might do
more cost-effectively (as suggested by
the U.S. Navy).

• Through the Antarctic Treaty sys-
tem, the United States should make
stronger recommendations concerning
tourism. NSF should lead this interna-
tional effort. In the United States, na-
tional legislation should be sought to
ensure that tourists are properly insured
or indemnified before visiting Antarc-
tica. NSF should seek assistance from
nongovernmental groups to develop
guidelines for tourism in the polar re-
gions, specifically in Antarctica.

In March 1988, the Director of NSF
will submit the agency's implementa-
tion plan to the National Science Board.
At this time, the Board will review the
plan and decide how NSF should pro-
ceed. Copies of the Committee's final
report, The Role of the National Science
Foundation in Polar Regions: A report to the
National Science Board are available
through the Polar Coordination and In-
formation Section of the Division of Po-
lar Programs.

status since the Treaty was signed by 12
countries on 1 December 1959. The GDR
acceded to the Treaty in November 1974
and Italy in March 1981.

To achieve consultative status each of
these countries "demonstrated its inter-
est in Antarctica by conducting substan-
tial scientific research there, such as the
establishment of a scientific station or
dispatch a scientific expedition (Antarctic
Treaty, Article XI, paragraph 2). Both
countries can now participate in the de-
liberations, recommendations, and de-

Italy and the German Democratic Republic
gain consultative status
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cisions of the Antarctic Treaty
consultative meetings. A recommenda-
tion to the Treaty requires unanimous
approval by all voting representatives,
but it does not enter into force until all
governments of the consultative parties
have ratified it.

Accession to the Treaty is open to "any
State which is a member of the United
Nations, or any other state which may
be invited to accede to the Treaty with
consent of all Contracting Parties." (Ant-
arctic Treaty, Article XII, paragraph 1).
The 17 nations that have acceded to the
Treaty agree to abide by the Treaty but
do not participate in its operation.

The German Democratic Republic has
participated for many years in the Soviet
Antarctic Expedition. As their research
program expanded, they established
stations near the Soviet stations. Pres-
ently, they have stations in East Ant-
arctica and on King George Island near
the Antarctic Peninsula.

After acceding to the Treaty in 1981,
the Italians began developing a research
program. They have participated in U.S.
sponsored projects in the past. During
the 1986-1987 austral summer they be-
gan building a station near Terra Nova
Bay in northern Victoria Land. Pres-
ently, their station is used for summer
research only. To conduct marine re-
search, they have leased the Polar Queen,
the sister of the NSF-leased Polar Duke.

The 12 original signatories to the Treaty
are Argentina, Australia, Belgium, Chile,
France, Japan, New Zealand, Norway,
the Republic of South Africa, the Soviet
Union, the United Kingdom, and the
United States. Poland became a con-
sultative party in 1977, the Federal Re-
public of Germany in 1981, Brazil and
India in 1983, and the People's Republic
of China and Uruguay in 1985.

DPP forms safety
panel

In 1986 two ITT/Antarctic Services, Inc.,
employees died near McMurdo Station
in a hiking accident when they fell into
an unseen crevasse. Following this ac-
cident, the NSF's Division of Polar Pro-
grams, which is the NSF division
responsible for management of the U.S.
Antarctic Program, asked other National
Science Foundation staff members to
study the existing safety procedures for
the U.S. Antarctic Program and to eval-
uate the implementation of these pro-
cedures.

This internal panel found that the pro-
gram's record was generally good. Since

1946, 50 Americans have died in Ant-
arctica while participating in a U.S. gov-
ernment program. Thirty of these deaths
occurred during nine aircraft accidents
before 1970. Others deaths occurred in
vehicles (6), aboard ships (4), at stations
(3), during recreational activities (3), in
the field (3), and under other conditions
(1). However, the group did recommend
that the Division of Polar Programs es-
tablish an external panel to conduct a
thorough review that would include other
aspects of the program, such as envi-
ronmental health and safety.

Responding to this recommendation,
the Director of the Division of Polar Pro-
grams Peter Wilkniss appointed Rusty
Schweickart, a former astronaut who has
a strong interest and background in
safety, to lead the group. Shortly after
his appointment, Mr. Schweickart an-
nounced that the following individuals
had agreed to participate in the study:

• Betsy Ancker-Johnson, Environ-
mental Activities Staff, General Motors
Technical Center

• Robert W. Craig, Keyston Center,
Keyston, Colorado

• Robert A. Duffy, Draper Labora-
tory, Cambridge, Massachusetts

• Charles E. Hess, Agricultural and
Environmental Sciences, University of
California at Davis, and member of the
National Science Board

• Howard Hiatt, Brigham Woman's
Hospital, Boston, Massachusetts

• Denis T. Schwaab, Naval Safety
Center, Norfolk, Virginia.

The group will work with DPP staff,
Navy personnel, and ITT/ANS staff.
While conducting its year-long investi-
gation, the panel will visit McMurdo,
Amundsen-Scott South Pole, and Pal-
mer stations, as well as locations in the
Arctic for comparison. The review in-
cludes safety, human health, morale, and
environmental aspects of U.S. activities
in Antarctica.

After completing its review, the group
will develop recommendations and will
report to the Director of the National
Science Foundation. The panel's report
is scheduled to be released in June 1988.

Wilkniss receives
highest SES award

In December 1987 Erich Bloch, Direc-
tor of the National Science Foundation
(NSF), announced that Peter E. Wilkniss
had been selected to receive the Presi-
dential Rank Award. Dr. Wilkniss, Di-

rector of NSF's Division of Polar
Programs, is one of 58 senior govern-
ment officials that are being recognized.
The award is the highest honor awarded
to members of the Federal government's
Senior Executive Service.

An awards ceremony will be held at
the White House in early January 1988.
Constance Homer, Director of the Office
of Personnel Management, plans to
present the awards to these senior man-
agers of the U.S. government.

New nations join
Treaty contracting parties

The number of contracting parties to
the 1961 Antarctic Treaty was increased
from 35 to 37 in August and September
1987, when Austria and Ecuador acceded
to the Treaty. Czechoslovakia, Den-
mark, the Netherlands, Romania, Bul-
garia, Papua New Guinea, Peru, Spain,
Hungary, Sweden, Finland, the Repub-
lic of Cuba, the Republic of Korea, Greece,
and the Democratic People's Republic of
Korea are the other acceding nations.
These countries agree to abide by the
Treaty but do riot participate in its op-
eration. Since the twelfth Antarctic Treaty
Consultative Meeting in 1985, these na-
tions, however, have been invited to
participate as observers at regular meet-
ings of the consultative parties.

The consultative parties, all of which
are original signatories to the Treaty or
have substantial programs in Antarctica,
are Argentina, Australia, Belgium, Bra-
zil, Chile, France, the Federal Republic
of Germany, India, Japan, New Zea-
land, Norway, the People's Republic of
China, Poland, the Republic of South
Africa, the Soviet Union, the United
Kingdom, the United States, and Uru-
guay. Italy and the German Democratic
Republic recently joined this group. For
further information please read "Italy and
the German Democratic Republic gain
consultative status" in this issue of the
Antarctic Journal.

Any nation may accede to the Treaty,
and nations conducting substantial re-
search in Antarctic may become con-
sultative parties.
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Terrestrial flora of the Sirius
Formation: Its significance for
Late Cenozoic glacial history

Antarctica has been described as pos-
sessing "the most diminutive continen-
tal flora and fauna in existence" (Greene
et al. 1967). The modern flora includes
yeasts, molds, bacteria, nonmarine dia-
toms, blue-green algae, green algae, li-
chens, and mosses. The only vascular
plants are two species confined to part
of the Antarctic Peninsula. The present-
day flora excludes grasses, rushes,
sedges, forbes, ferns, clubmosses, and
trees. Block (1985) lists 160 species of
living lower plants. Of particular inter-
est among present-day flora are the en-
dolithic, chasmolithic, and cryptolithic
microorganisms detected at the surface
and near-surface of rocks in Antarctica
(Friedmann 1982; Friedmann and
Ocampo-Friedmann 1984; and Ellis-Ev-
ans 1985).

Authors have sought to explain the
presence of these floral groups by tran-
soceanic dispersal, terrestrial dispersal,
and survival from earlier warmer con-
ditions. Terms such as "preglacial ant-
arctic flora" and "postglacial immigrants"
have been used in attempts to account
for the modern flora (Greene et al. 1967).

The antarctic fossil record provides lit-
tle basis for understanding the present
flora. Although Paleozoic and Mesozoic
macro-and microfloras are well docu-
mented, the Cenozoic record is repre-

sented mostly by recycled palynomorphs
of Paleogene age (Cranwell, Harrington,
and Speden 1960; Truswell 1983, 1986;
Truswell and Drewry 1984). The record
for the Miocene, Pliocene, and Pleisto-
cene is almost nonexistent. The paucity
of data may be attributed to incomplete
field coverage, obscuring of outcrops be-
neath present ice sheets, and destruc-
tion and burial of terrestrial sedimentary
sequences by successive Neogene gla-
cial events.

Pliocene climate in the southern
high latitudes

Terrestrial and marine studies within
and close to Antarctica provide compel-
ling evidence that Pleistocene and pre-
Pleistocene time cannot be equated with
glaciation and preglaciation, respec-
tively. The work of Harwood (1983, 1985,
1986a, 1986b, 1986c), Webb (1972, 1974),
Leckie and Webb (1985), Webb et al.
(1983, 1984, 1986), Barrett (1986), Barrett
et al. (in press), and others offers im-
portant interpretations, among which are
the following:

• Antarctic continental glaciation ex-
tends to at least 38 million years ago (early
Oligocene) and perhaps earlier.

• The late Paleogene and Neogene
were marked by repeated growth and
decay of major ice masses in Antarctica.

• Major marine transgressions inun-
dated the continental interior.

• The geography and topography was
constantly undergoing change.

Using reworked marine siliceous mi-
crofossils in the Sirius Formation, Har-
wood (1986a, 1986c) shows that relatively
warm seas (2-5°C) extended across part
of the East Antarctic craton as recently
as 2.5-3.1 million years ago (Pliocene)
and biogeographic barriers between ant-
arctic interior basins and the southern
ocean were greatly reduced (Harwood
in press). During the early to middle Pli-
ocene, large areas of the antarctic ter-
restrial environment probably enjoyed a
climate in which diverse terrestrial flora
and fauna could develop. As noted pre-
viously, the Neogene floral record is al-
most nonexistent in Antarctica.
Consequently, we are unable to evaluate
the impact of climatic and geographic
variation on vegetational development,
migration, evolution, and extinction. It
also is not possible at this point to com-
ment on floral relationships between
several Cenozoic interglacial periods or
between present-day flora and those of
Neogene interglacials.

Dominion Range late Pliocene flora
During the 1985-1986 austral season,

we recovered in situ and near in situ tree/
shrub stems and roots of Nothofagus sp.
(Carlquist 1987) and palynomorphs (As-
kin and Margraf 1986) from the glaci-
gene late Pliocene (or possibly early
Pleistocene) Sirius Formation at Oliver

Figure 1. Oliver Bluffs, Dominion Range, showing Sirius Formation Units 1 and 3 (glacial) and Units 2 and 4 (interglacial). See Webb, McKelvey
et al. Antarctic Journal, 22 (1/2) for a discussion of lithostratigraphy.
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Bluffs, Dominion Range (see Webb et al.
1987, figure 1). Collection sites are con-
centrated at three stratigraphic horizons
in eight localities, distributed over 1.5
kilometers laterally. The wood occurs in
narrow horizons at the boundary be-
tween lithologic units 1 and 2 and be-
tween units 3 and 4 (see Webb et al. 1987
and McKelvey et al. in press, for a dis-
cussion of informal stratigraphic no-
menclature) (figure 1).

The relationship between wood oc-
currences and sedimentary facies was
consistent at all localities. The wood is
present in the top 5 centimeters of diam-
ict units 1 and 3 (glacial) and is overlain
by gravel and sorted sand of units 2 and
4 (interglacial). Some wood is present in
units 2 and 4, but most is concentrated
in the lower 5 centimeters. Stems and
twigs range up to 10 centimeters in length
and 2 centimeters in diameter (figure 2).
Apparently, this vegetation was grow-
ing on top of the diamicts during glacial
recessions or interglacials and was sub-
sequently buried by outwash debris. Ev-
idence that the vegetation occurs in situ
or near in situ includes:

• the constant facies and repeated re-
lationship at all localities,

• the limited vertical distribution
within a 10-centimeter envelope, and

• the preservation of fine millimeter-
thick twigs. Paleosols occur in similar
horizons between units 1 and 2 and units
3 and 4 in the Oliver Bluffs section, but
no paleosols were associated with the
wood directly. The complete wood col-

Paleosols are buried soils, especially those that
developed during an interglacial period and were
covered by deposits of later ice advances.

lection has been studied by Sherwin
Carlquist, Santa Ana Botanical Garden,
Claremont, California (Carlquist 1987).

The wood, ranging from brittle to soft
and spongy, floats and burns with a slight
resinous odor. Beta Analytic Inc., (Coral
Gables, Florida) attempted to determine
the carbon-14 content of the wood, which
was pretreated with acid and alkali soak-
ings to concentrate the cellulose frac-
tion. These processes produced a 7.7-
percent residue of the original sample.
Because this is unusually low for subfos-
sil wood (M. Tammers personal com-
munication), a useful carbon-14
determination was not possible. This re-
sult may represent preferential destruc-
tion of the cellulose-fraction by
microorganisms or by some diagenetic
effect. The wood may have been ex-
posed for at least 15,000 years after ice
from the last glacial advance eroded the
surface of Oliver Bluffs and exposed a
fresh Sirius Formation outcrop to at-
mospheric processes. Wood fragments
exposed at outcrop surfaces are oxi-
dized, project 1 to 2 centimeters from
outcrop surfaces in some instances, and
show no evidence of fungal or microbial
degradation. Microbial action of the type
discussed by Friedmann (1982). Appar-
ently such microbial action has not been
active since at least the last glacial max-
imum in this area.

Palynological preparations of Sirius
Formation samples from Oliver Bluffs
contain parenchymatous and woody tis-
sue, palynomorphs, and possible fungal
bodies. According to Askin and Mark-
graf (1987), the palynomorphs point to
a low-diversity herbaceous and podo-
carpaceous conifers flora. This micro-
flora is determined as in situ or near in
situ but cannot be used to determine age.

L '

Material submitted to J.A. Snider,
University of Cincinnati, as possible bry-
ophytes proved to be from vascular
plants, most likely external appendages
of Nothofagus sp. Electron microscope
techniques revealed one instance of an
internal fungal hypha. Harwood (1986a)
notes the presences of translucent woody
residues similar to those found in Oliver
Bluffs samples in Sirius Formation dia-
tom preparations from sites between
Reedy Glacier in the south and Mount
Feather in the north, a distance of 1,300
kilometers. This suggests that the veg-
etation present at Oliver Bluffs is not an
isolated occurrence and that vegetation
was widely developed along the Tran-
santarctic Mountains in the Pliocene/early
Pleistocene.

Glacigene sediments and plant fossils
It is not uncommon to find macro- and

microflora remains in diamict, glaciola-
custrine, and glaciofluvial facies. Visser
and van den Berg (1980) mention root-
lets in the shallow-water (marsh) Paleo-
zoic Dwyka mudstones of the Tshipisie
Basin, South Africa. Coates (1972) notes
stem fragments in the Permian Pagoda
Tillite at Tillite Glacier, Queen Alexan-
dra Range. Barrett and Kyle (1975) ob-
served Gangamopteris leaves in shale
grading down into the Metschell Tillite
at Mount Fleming. Kemp (1975), Barrett
and Kyle (1975), and Kyle and Schopf
(1982) list microfloral taxa from Permian
glacials in the Ohio Range and Darwin
Mountains. These authors explain this
late Paleozoic vegetation as periglacial or
interglacial in origin. Lindsay (1968) and
Coates (1972) note repetitive or cyclic
stratigraphy in these same Paleozoic gla-
cials and suggest that multiple glacial
events occurred. We observed that the
total thickness of the Sirius Formation
and Paleozoic Pagoda Tillite and Met-
schell Tillite (McKelvey, Webb, and Kohn
1977) are very similar. Similar floral-gla-
cigene relations are not present in the
contemporary antarctic environment.
Mercer (1986) describes what we regard
as close environmental analogs from the
coastal areas of southernmost Chile. From
these comparisons we conclude that the
Sirius Formation outcrops at Oliver Bluffs
represent a typical periglacial or inter-
glacial floral-lithofacies association, which
is repeated through the geological col-
umn and even represented 280 million
years earlier at the same latitude and in
the same area.

The Sirius Formation and late
Pliocene/early Pleistocene climate

All available antarctic evidence points
to widespread relative warmth and
largely ice-free conditions in the marine
realm of the Wilkes, Pensacola, and Ross
Sea basins during the early and mid Ph-

Figure 2. Assortment of wood fragments from Oliver Bluffs, Dominion Range. Specimen at bottom
left is 3 centimeters in length.
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ocene (Harwood 1983, 1985, 1986a, 1986c,
in press; Webb et al. 1983, 1984). Older
Cenozoic terrestrial floras may have ex-
isted in other parts of the Transantarctic
Mountains at this time, but as yet these
have eluded discovery. In other parts of
the Transantarctic Mountains, Sirius
Formation outcrops may be slightly older
than the Oliver Bluffs site and contain a
contemporaneous flora. Most of the Sir-
ius successions studied, including that
at Oliver Bluffs, contain recycled early-
to-mid Pliocene marine microfossils
which originate from the Wilkes and
Pensacola basins of East Antarctica (Webb
et al. 1984, Harwood 1986a). Presum-
ably, ice advancing from the interior
eroded, transported, and redeposited
these in the Sirius Formation during the
late Pliocene or early Pleistocene. This
implies that major cooling had taken place
in the late Pliocene. The presence of
water-laid facie s—involving cyclic de-
velopment of lacustrine, fluvial, ice-con-
tact deposits, paleosols, carbonate
horizons along with a well-developed
vascular vegetation—indicate that, al-
though polar in nature, climatic fluctua-
tions were significant.

A pattern of multiple glaciation which
involved at least three glacial/interglacial
cycles, is apparent at Oliver Bluffs. What
is not apparent is the time span for this
succession. Is it representative of thou-
sands, tens of thousands, or hundreds
of thousands of years? Were these cycles
the result of orbital forcing? Our obser-
vations suggest that no periods of in-
terglacial warmth comparable to the
Pliocene existed after conclusion of the
Sirius Formation phase of the Transan-
tarctic Mountain's terrestrial history. Re-
cent studies of upper Pliocene coastal
marine sediments around McMurdo
Sound support this interpretation. Webb
and Andreasen (1986) indicate that the
interglacial and relatively warm-water
Scallop Hill Formation and its probable
correlative, the Pecten gravels of Wright
Valley, postdate 2.6 million years ago
(latest Pliocene). The next youngest dated
coastal marine sediments are 125,000
years old (Ward and Webb 1986). In ad-
dition, large-scale, post-Sirius Forma-
tion tectonic uplift of the Transantarctic
Mountains (Webb et al. 1986b) may have
helped dam a broad margin of the in-
terior ice sheet, initiating the severe gla-
cial conditions seen today. Post-Sirius
events effectively terminated terrestrial
vegetation, and little or none of the ear-
her flora survived to populate the late
Pleistocene/Recent periods.

Late Pliocene antarctic/arctic
relationships

Funder et al. (1985) document a shal-
low-water marine succession at Kap
Kobenhavn (82°30'N), northern Green-
land. The approximately 2-million-year-
old sediments, which are about the same

age as the terrestrial Sirius Formation,
the marine Scallop Hill Formation, and
the Pecten gravels, contain a flora and
fauna that suggest that lowland areas
were without perennial ice cover. Floral
evidence from Greenland indicates that
a larch-spruce-birch-herb tundra asso-
ciations were present. Similar associa-
tion now occur 2,500 kilometers south
in Labrador. Evidence for relatively warm
arctic high-latitude climates during this
time is also presented in papers by Kuc
(1973 and 1974), Hopkins et al. (1971),
Repenning (1983), Mathews (1977), Hills
and Mathews (1974), and Carteret al.
(1986). This suggests that Pliocene pole-
ward shifts of the tree-line and vascular
vegetation noted above for the Antarctic
also took place in the Arctic at about the
same time.

Conclusions
The terrestrial and glacigene Sirius

Formation contains recycled early-to-mid
Pliocene marine microfloral and late Pli-
ocene/early Pleistocene terrestrial micro-
floral and macrofloral assemblages; these
provide support for a scenario of gradual
marine and terrestrial cooling over the
last 3 million years after early-to-mid Pli-
ocene warmth. This climatic trend par-
allels that proposed for Southern
Hemisphere open-ocean sites on the ba-
sis of isotope and microfaunal studies
(Eltstrom and Kennett 1985, in press).

The origin of the late Pliocene/early
Pleistocene terrestrial flora cannot be de-
termined at this time. These floras may
have migrated across the oceans or the
antarctic land mass during Late Neo-
gene deglacials and therefore, have a
source within or beyond Antarctica. Be-
cause little is known of Miocene or Oli-
gocene floras in Antarctica, we cannot
determine the role that floral refugia may
have played in providing a favorable en-
vironment for plant growth on a agla-
ciated continent such as Antarctica, nor
can we address possible locations of ice-
free areas (sites at which refugia might
have been located) during early-middle
Neogene time. However, Warner, Ma-
thewes, and Clague et al. (1982) provide
data that support the possible existence
of refugia. These authors indicate that
terrestrial and aquatic plants were es-
tablished in ice-free conditions on Queen
Charlotte Island, British Columbia about
16,000 years ago at the height of late
Wisconsin glaciation.

A diversified and higher plant asso-
ciation apparently disappeared from the
Transantarctic Mountains and perhaps
all of Antarctica in the latest Pliocene/
earliest Pleistocene. The present antarc-
tic flora (Block 1985) contain only lower
plant groups. The closest present-day
Sirius floral analog is found in the Ma-
gellanic Tundra of southern Chile (Mer-
cer 1986) over 3,000 kilometers and

approximately 30° latitude north of the
Dominion Range.
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In 1978, George Simmons and his colleagues pioneered a new method for penetrating the 10-
to 16- foot (2- to 3-meter) thick ice cover of lakes in the ice-free valleys of southern Victoria Land.
By using hot antifreeze and copper tubing coils, they are able to melt a 5-foot (1.5-meter) wide
hole in the ice. This method takes 24-36 hours and replaces blasting a hole through the ice, a
technique that is more damaging to the ecology of the lake. This development enabled the research
team to collect samples from beneath the ice and opened a new dimension to the study of antarctic
lakes. Based on these data, Simmons has proposed that the lakes can be used a indicators of
short-term climate change. This photograph shows Dr. Simmons (left) and research assistants
Dale Anderson and Gordon Love as Anderson and Love prepare to dive under the ice of Lake
Bonney.

U.S. Navy photo by Harry weddington.
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search that the lakes may record short-
term (periods of less than 100 years) al-
terations in climate.

Since 1977, George Simmons of the
Virginia Polytechnic Institute and State
University, along with other scientists,
has studied the biota and the environ-
ment of these lakes. Their early research
focused on identifying special physio-
logical adaptations to environmental ex-
tremes and documenting the various
types of biota that inhabit these lakes.

The team has studied several of the
lakes in the ice-free valleys of southern
Victoria Land, including Lakes Fryxell,

Bonney, and Hoare. These lakes are
valuable natural laboratories, because
they have many similarities to ecosys-
tems that existed 600 million years ago.
Research has shown that algal mats form
beneath permanent, poorly translucent
ice. These benthic life forms have adapted
to extreme conditions, including low light
and temperature and higher levels of salt
and oxygen, by producing greater
amounts of photosynthetic pigments.

Many of the mats are preserved in an
algal-derived structure called stromato-
lites (blue-green algal mats) that have been
present in the fossil record for about 3.5
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Antarctic lakes:
Indicators of
global climate change?

Scientists agree that changes in the ice
sheets of East and West Antarctica could
indicate changes in the Earth's climate.
Now, data from a 10-year study suggest
that Antarctica may hold another means
by which observers can judge the sta-
bility of the global climate—the small
lakes that pepper the ice-free regions of
the continent. Biologists working in these
ice-free, or "dry," valleys in southern
Victoria Land, conclude from their re-
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U.S. Navy photo Harry Weddington.

In 1980 the research team from Virginia Polytechnic Institute and State University removes a
coring device from Lake Bonney.

billion years. During the lower Paleozoic
(between 400 and 570 million years ago),
the number of stromatolites was re-
duced by the appearance of larger life
forms that disrupted their sedimentary
structure. The discovery of stromatolites
by Simmons and his colleagues was the
first recorded evidence of their existence
in a polar environment and suggested
that ecological conditions of the Victoria
Land lakes might be analogs of Precam-
brian ecosystems. (Simmons et al. 1981).

During their 1985 field work at Lake
Hoare, they recorded an unanticipated
dynamic change. The ice cover had de-
creased from 15 to 18 feet (4.6 to 5.5
meters) in thickness to 10 feet (3 meters).
The sedimentation layer appeared to have
receded, and the supersaturated oxygen
zone was 2 to 3 feet (0.6 to 0.9 meters)
lower in the water column than it had
been before (Antarctic Journal, 1986.)

Continued observations of Lake Hoare
showed that the ice was thinning at a
rate of about 8 inches (20 centimeters) a
year. In 1987, they announced that their
data showed that the ice cover had de-
creased approximately 6.6 feet (2 me-

A floating blue-green algal mat in Lake Bonney
(upper panel) and the first underwater photo
of an attached blue-green algal mat in Lake
Hoare (lower panel). These algal mats have
adapted to extremely low levels of light and
low temperatures and are sensitive to changes
in lake ecology, particularly ice thickness. Data
show that ice cover on the lakes in which the
mats are found is thinning. As sediments per-
meate the thinning ice, they are deposited on
the algal mats; in response the algae recolon-
ize the new surface. These distinct layers pro-
vide evidence that the climate in the southern
Victoria Land's dry valleys may be changing.

Photo courtesy of Virginia Polytechnic Institute

'as

i

a.-

- '

ters) over the last decade. This thinning,
combined with rising water levels, sug-
gests that profound changes are occur-
ring in the lake's environment and that
these changes may result from local cli-
mate changes.

The ice cover influences the lake en-
vironment. It regulates the amount of
light that penetrates the lake water, the
way that sediments are deposited, and
the amount of dissolved oxyger, ..
water. Changes in the thickness of the
ice impact the ecological balance of the
lake.

The research team found that varia-
tions in the ice cover were most appar-
ent in the sediment profiles of cores from
the lake bottom. Sand-sized particles,
deposited on the ice by erosion and wind,
permeate the ice through cracks and gas-
bubble channels as the cover has thinned.
These sediments are beginning to be de-

posited on the algal mats. As sediments
are added, the microorganisms recolon-
ize the newly formed sediment surface
and create a distinct layer. If this trend
continues, the researchers expect that the
sediment load on Lake Hoare's ice cover
will be deposited and that the type of
biota inhabiting the lake will shift to an
increase in phytoplankton. (Simmons,
McKay, and Wharton in press).

Using his own data and that recorded
by other scientists, Simmons suggests
that the climate in the dry-valley region
is changing. New Zealand researcher
T.J.H. Chinn has documented rising lake
levels in all of the lakes during 10-year
period (Chinn 1982). According to Sim-
mons, these data may suggest that the
climate is warming, but more data are
needed to predict or evaluate the mag-
nitude of the change. (Simmons, McKay,
and Wharton in press).
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The researchers suggest that the pat-
tern of sediment deposition found in
these lakes may help scientists to deci-
pher past climates and predict the effect
of future changes. They stress the im-
portance of this research given the in-
creased human presence in Antarctica
and changes in the global atmosphere
caused by such phenomena as carbon-
dioxide induced warming.
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him dead shortly after the rescue heli-
copter returned to McMurdo Station.

MacMillian, a graduate of the Univer-
sity of California at Santa Cruz, was a
certified diver, who had diving experi-
ence in waters off the northern Califor-
nia coast. At the time of the accident, he
was collecting samples under the sea ice
with Dr. Stockton and other divers. Dr.
Stockton's research focuses on the role
of predatory foraminifera, minute sin-
gle-celled animals that are part of the
benthic community in the Ross Sea. On
17 November a memorial service was held
for MacMillian at McMurdo Station's
Chapel of the Snows. During the ser-
vice, which was conducted by Navy
Chaplain Timothy Sims, the following
statement by MacMillian's parents was
read:

"Mark dedicated his life to under-
standing the creatures of the ocean and
the ecological preservation of their en-
vironment. He intended to develop new
technology to help attain his life-long
dream. His mother, father, brother
David, and his only love, Linda, will al-
ways be proud of him, and will miss him
very much."

MacMillian was the fiftieth American
to die in Antarctica while participating
in the U.S. Antarctic Program. The last
deaths occurred in 1986 when two em-
ployees of the National Science Foun-
dation's contractor ITT/Antarctic Services,
Inc. died after falling into a crevasse while
hiking on Ross Island.

Pomerantz recognized
for contributions to
U.S. research

For nearly 50 years, Martin A. Pom-
erantz, director of the Bartol Research
Foundation, has actively studied cosmic
rays, solar-terrestrial relations, the
physics of the Sun, and astrophysics.
While pursuing these studies, Dr. Pom-
erantz has become an innovator and
leader in antarctic solar studies. Recog-
nizing his abilities and contributions to
research at the South Pole as well as to
the U.S. Antarctic Program, the Na-
tional Science Foundation (NSF) awarded
its highest honor, the Distinguished
Public Service Award to Dr. Pomerantz
during a ceremony at Amundsen-Scott
South Pole Station on 6 January 1987.
Dr. John Moore, NSF Deputy Director,
presented the award.

Dr. Pomerantz has been responsible
for bringing together investigators from
other disciplines, institutions, and coun-
tries. He recognized the unique char-
acteristics that make the South Pole an
excellent, high-latitude observatory for
astronomy. These multi-disciplinary
projects have enhanced the scientific
value of the U.S. station at the South
Pole and have earned prestige for the
U.S. research program. One project on
solar seismology, a cooperative effort
between French scientists and American
investigators from the U.S. National So-
lar Observatory, earned Dr. Pomerantz

Research assistant dies
in diving accident

Mark T. MacMillian, a 22-year-old re-
search assistant from San Jose, Califor-
nia, died on 14 November 1987 in a diving
accident near the coast of southern Vic-
toria Land. He was a member of a re-
search team, headed by William L.
Stockton from the Marine Biology Re-
search Division of Scripps Institution of
Oceanography (Sb). SlO is part of the
University of California at San Diego.

The accident occurred at New Harbor,
about 50 miles (80 kilometers) west of
McMurdo Station. MacMillian's col-
leagues called McMurdo Station via ra-
dio for emergency assistance, when they
discovered that the young diver was in
trouble. Immediately following the call
for assistance, a Navy search-and-rescue
team was dispatched from the U.S. sta-
tion and reached the scene quickly.
Emergency treatment administered dur-
ing and after the helicopter flight was
unsuccessful; Navy doctors pronounced
December 1987

Dr. Martin Pomerantz checks his solar telescope at Amundsen-Scott South Pole Station. The
National Science Foundation honored Dr. Pomerantz in January 1987 when Deputy Director John
Moore awarded him the Distinguished Public Service Award, the agency's highest honor. NSF
recognized him for his contributions to research at the South Pole and to the U.S. Antarctic
Program.
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the Prix de la Belgica, Academia Royal
des Sciences, des lettres et des Beaux
Arts de Belgique.

In addition to being director of Bartol
Research Foundation, Dr. Pomerantz has
served as chairman of the U.S. Com-
mittee for the International Years of the
Quiet Sun, as a member of the Com-
mittee on Polar Research, the Space Sci-
ence Board, the Geophysical Research
Board, and the Committee on Solar Ter-
restrial Research.

VXE-6 crew flies
transantarctic
medical evacuation

Lieutenant Commander Bradley Lan-
zer (USN) and a Navy air crew of 10 from
the Antarctic Development Squadron Six
(VXE-6) demonstrated in November 1987
how quickly and effectively the U.S. ant-
arctic program can respond to requests
for assistance. Reacting to a request from
the South African antarctic program, they
flew a U.S. ski-equipped Hercules air-
plane (LC-130) nearly 4,300 miles (7,500
kilometers) to the South African station
SANAE to evacuate a 26-year-old radio
operator. The young man, who was
completing his first assignment in Ant-
arctica, was suffering from kidney stones
and was at risk of renal failure. SANAE

(70°18'S 2°48'W) is the Atlantic Ocean
Coast of the Antarctica.

South Africa and the United States are
members of the 1961 Antarctic Treaty,
which reserves the southernmost con-
tinent for peaceful purposes and en-
courages international scientific
cooperation. Two of the original 12 sig-
natories to the Treaty, both nations have
operated year-round research stations
since the International Geophysical Year
in 1957-1958. Today 37 nations maintain
research programs in Antarctica.

Besides exchanging technical and sci-
entific information, the Treaty consult-
ative parties have developed other
agreements over the last three decades.
These include the exchange of personnel
and logistic support, as well as support
during emergencies.

Preparation for the evacuation
The mercy mission began when South

African officials in Pretoria contacted the
National Science Foundation and re-
quested aid for the stricken man. The
National Science Foundation (NSF)
manages and funds the U.S. Antarctic
Program. The South Africans contacted
the U.S. program because the United
States is the only country that maintains
aircraft and facilities capable of this type
of airlift in Antarctica. VXE-6 is the Navy
air squadron that supports U.S. research
in Antarctica. Other support is provided
by the Naval Support Force Antarctica
and an NSF contractor.

Isolated since December 1986, the 15
people at the South African station, were

scheduled to be relieved in December
1987 by the South African ship S.A.
Aguihas. However, on 20 October, radio
operator Louis Roode developed severe
pains. The station's medical practitioner
later diagnosed Roode's ailment as kid-
ney stones with complications.

After speaking with South African of-
ficials, NSF managers contacted Mc-
Murdo Station personnel. Lieutenant
Commander Ker Boyce, Force Medical
Officer for the Naval Support Force Ant-
arctica, attempted unsuccessfully to
communicate with SANAE Station. He
was able to contact Pretoria by INMAR-
SAT and acquire needed information.
Later, Dr. Boyce spoke with station per-
sonnel at SANAE. Based on this radio
conversation, he determined that al-
though Roode's condition was not crit-
ical, a routine evacuation was necessary.

Evacuation from SANAE
After delays caused by bad weather

at SANAE, the U.S. Hercules left
McMurdo's sea-ice runway at 2:45 pm
on Tuesday, 3 November 1987. To make
the transcontinental flight, VXE-6 in-
stalled a 3,600-gallon (16.5 kiloliters) in-
ternal fuselage fuel tank and carried 7,400
gallons (29.0 kiloliters) of extra fuel. Af-
ter a 6-hour-and-45-minute flight, the
Navy air crew landed the LC-130 on an
ice shelf near the South African station.
Because SANAE is supplied only by ship,
no prepared landing area existed. Dur-
ing the 2,116-mile (3,300-kilometer) flight
from McMurdo Station, Navy pilot Lan-
zer flew without the usual ground-based

A ski-equipped Hercules lands in the field in northern Victoria Land. These airplanes, used the United States to support antarctic research since
the 1960s, enable U.S. investigators to study remote areas of the continent and give the U.S. program the ability to fly anywhere in Antarctica. An
airplane such as the one in this photo made the 4,300-mile (7,500-kilometer) roundtrip flight between McMurdo and the South African station,
SANAE, to evacuate a stricken, 26-year-old radio operator.

NSF photo by Russ Kinne.
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electronic navigation aids and instead
charted a course by the Sun and by po-
sition on the antarctic grid, a naviga-
tional system unique to Antarctica.

According to LCDR Lanzer, "We were
the first people they'd (the South Afri-
cans) seen in 10 months. They'd pre-
pared a meal for us, but due to time
constraints we couldn't stay. We were
disappointed at not being able to enjoy
their hospitality."

Before returning to McMurdo Station,
the airplane stopped at Amundsen-Scott
South Pole Station for fuel. This stop
more than doubled the length of the
4,291-mile (7,000-kilometer) round trip.

The Polar Coordination and Infor-
mation Section of the Division of Polar
Programs (DPP), National Science Foun-
dation (NSF) sponsored a meeting of 28
representatives from organizations that
collect, process, transmit, archive, or use
meteorological data collected at U.S.
antarctic stations. The workshop, con-
vened by the World Data Center (WDC)
A for Glaciology/National Snow and Ice
Data Center (NSIDC) at the University
of Colorado at Boulder on 10-11 Sep-
tember 1987, considered the present flow
of data from antarctic stations to the end
users. A set of recommendations was
drafted and delivered to NSF to address
problems in collecting, archiving, and
accessing the data. Charles Stearns, Uni-
versity of Wisconsin, chaired the ses-
sion, which was organized by Roger
Barry, Director of WDC/NSIDC, and
Claire Hanson, User Services, WDC/
NSIDC.

The recommendations pertain to data
collection, entry, and display at observ-
ing stations; transmission of real-time
data from Antarctica; the flow of data
into permanent archives; and data ac-
cess for the user. Types of data under
consideration include surface and upper
air data, satellite, buoy, and automatic
weather station data, numerical anal-
yses, and historical data sets. Because of
the diversity of organizations involved,
workshop participants saw a need to as-
sign specific responsibility to monitor
implementation of the recommenda-
tions and, subsequently, to supervise
operation of the U.S. antarctic meteor-
ological data delivery system.
December 1987

The 17-hour flight set a new record for
the longest non-stop, point-to-point flight
ever started and completed in Antarc-
tica. Although longer flights have orig-
inated and ended at McMurdo Station,
none have been flown in a straight line.

The airplane landed at McMurdo Sta-
tion on Wednesday, 4 November at 7:34
a.m. Roode received preliminary medi-
cal attention at McMurdo Station from
LCDR Boyce, who determined that Roode
could safely travel from Antarctica aboard
a schedules flight to Christchurch, New
Zealand. By Wednesday night the
stricken South African was under hos-
pital care in Christchurch.

Recommendation for an oversight
committee

The Division Director of DPP should
appoint an oversight committee com-
posed of one representative from each
of the following organizations con-
cerned with U.S. antarctic meteorolog-
ical data: DPP (Chair), U.S. Naval Support
Force Antarctica (NSFA), ITT/Antarctic
Services (JIT/ANS), National Oceanic and
Atmospheric Administration (NOAA)/
National Weather Service (NWS), NOAAI
National Climatic Data Center (NCDC),
and two data users. The oversight com-
mittee would monitor:

• the proper collection, transmission,
receipt, distribution, and archiving of
synoptic and operational data;

• the archiving and distribution of U.S.
antarctic meteorological and related data;

• the operation of a system, whether
currently in place or developed in the
future, to distribute antarctic data to the
user community;

• the consideration of a means to in-
corporate U.S. data from outside the U.S.
Antarctic Program.

Specific recommendations
1. Before assignment to an antarctic

station, weather observers should be
trained in reporting requirements and
data formats, which should be standard
at all U.S. stations. Training in obser-
vational practices and instrument op-
eration in low temperatures and dark
polar environments also would improve
data quality.

2. Because of computer and com-
munications equipment upgrades now
taking place at McMurdo Station, DPP,
Naval Support Force Antarctica (NSFA),
and NWS should investigate the feasi-
bility of installing automated equipment
for the entry and encoding of opera-
tional and synoptic surface and upper-
air observations. Such a system would
increase staff efficiency at each station
because data would be digitized at the
collection point. This recommendation
applies to data collected in addition to
the routine surface synoptic and upper-
air data now submitted to the NWS for
entry in the Global Telecommunications
System (GTS). A progress report should
be distributed by 15 April 1988, includ-
ing recommendations for further action.
A Data Automation Task Group com-
posed of Erick Chiang, NSF; Mark Mick-
elinc, NSFA; and James Neilon, NWS,
was established to implement this rec-
ommendation and to assure that its im-
plementation places no additional burden
on the operational staff at McMurdo Sta-
tion, beyond the transition phase.

3. Satellite, high-frequency radio,
meteor scatter, and other available tech-
nologies, should be considered as a
means to improve transmission and re-
ception of operational and synoptic me-
teorological data within Antarctica and
onto the GTS. NWS would still be re-

Automatic weather stations such as this one
on the Ross Ice Shelf provide data year-round
via satellite to researchers in the United States.
Within 1 month after sunrise, the solar panels
near the center of the station will fully charge
the batteries that power the station.

NSF photo by Ann Hawthorne.
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quired to put the data onto the GTS. The
Data Automation Task Group should be
responsible for implementation, with a
target date of 3 October 1988.

4. The high-frequency radio link from
McMurdo Station to Christchurch, New
Zealand, should be kept in operation,
primarily to transmit data from Christ-
church to McMurdo, and secondarily to
backup the proposed INMARSAT link.
Changes to existing communications
links should be configured so that ant-
arctic stations can access any GTS data
needed for operational forecasting is not
degraded or reduced.

5. Data entry into the GTS should be
done as early as possible after quality con-
trol, with duplicate entry points, includ-
ing the present GTS entry system, and
confirmation of the entry at NWS.
Monthly results of the monitoring of GTS
data receipts from the United States and
other countries' antarctic stations should
be available to the oversight committee
Chair.

6. NWS and NCDC should ensure
that U.S. antarctic stations are desig-
nated WMO CLIMAT and CLI-
MAT.TEMP exchange stations for
monthly data exchange, like other U.S.
climate stations outside of Antarctica.

7. Surface and upper-air meteoro-
logical data collected by the United States
in Antarctica represent a valuable con-
tribution to science. NCDC is the ap-
propriate archive for permanent retention
of these data and should be so desig-
nated by NSF. The bulk of these data
already reside at NCDC; NCDC should
continue to verify and archive these data.

8. NSF and NCDC should develop a
memorandum of understanding to es-
tablish responsibility for future entry of
synoptic surface and upper-air data into
NCDC on a timely and regular basis.

9. U.S. antarctic CLIMAT and CLI-
MAT.TEMP data should be provided to
NCDC for publication in the Monthly Cli-
matic Data for the World. Existing data
gaps should be filled using data ex-
tracted from the present NCDC archive.
The oversight committee should moni-
tor progress in these areas.

10. The hard-copy collection of sur-
face and upper-air observations and
products produced by NSFA and unique
observations taken at airfields, during
research flights, on expeditions and at
temporary scientific stations, now housed
at the Naval Postgraduate School and
several other locations, should be eval-
uated for retention or disposal. Several
candidate archives exist for permanent
retention of the designated data sets. The
Naval Postgraduate School and NCDC
should cooperate to prepare a proposal
to NSF for the evaluation of these data.

11. Meteorological data collection
should be increased in data-sparse re-
gions of Antarctica, such as the coast of
West Antarctica, the interior of Queen

Maude Land, and the area surrounding
the South Pole. Automatic weather sta-
tion networks should be evaluated as a
partial means to this end.

12. Drifting-buoy data centers should
be asked to provide clean versions of
selected data sets. Roy Jenne, National
Center for Atmospheric Research
(NCAR), will take responsibility to im-
plement this recommendation.

13. Efforts to prepare enhanced ar-
chives of analyses should continue, and
existing archives of analyses should be
enhanced and maintained indefinitely.
Inventory information should be pub-
lished. Responsibility should be as-
signed and funds provided for these
tasks. Roy Jenne, NCAR, will coordinate
with the NWS/NMC and with the Trop-
ical Ocean Global Atmosphere research
community to assure implementation of
this recommendation.

14. All satellite data with antarctic
coverage should be inventoried by the
archiving organizations. The resulting
computer-based catalog should be shared
among all relevant data centers. This in-
ventory could provide the mechanism to
address the specific concerns expressed
in the following three recommenda-
tions.

15. NSF, with Naval Polar Oceanog-
raphy Center support, should request
NOAA digital AVHRR Local Area Cov-
erage data for the remaining areas of the
Antarctic to ensure that complete digital
coverage is maintained.

16. The feasibility of converting se-
lected analog satellite imagery products,
such as that from the DMSP, to digital
form should be investigated. The study
should consider such factors as the his-
torical value of the data, the conversion
technology's effect on the output data,
and the cost of conversion. A respon-
sible agency must be identified to carry
out the feasibility study.

17. Valuable long-term satellite data
sets should be protected despite short-
term constraints (such as budget reduc-
tions and operational versus research
mission conflicts).

18. Agencies should coordinate ef-
forts to ensure that valuable historical
antarctic meteorological data are per-
manently archived and that funds are
available for this purpose.

19. Recipients of Federal agency grants
for antarctic research should be re-
quired, at the end of the funded re-
search, to prepare well-documented data
sets suitable for permanent archival. The
agencies should also ensure that funds
are set aside for the preparation and
maintenance of such data sets by the
principal investigator in consultation with
the selected data center(s).

20. NSF should support development
of a common computerized data catalog
for U.S. antarctic meteorological data.
This system should include a well-ad-

vertised information referral function,
either within NSF or at one of the ex-
isting data centers. The responsible or-
ganization should also identify important
user groups, assess their needs (data ac-
cess, products, etc.), provide user train-
ing, and publish brochures and catalogs.
This system should be targeted for im-
plementation by 1990. Development of
this common data catalog should take
advantage of existing systems for data
manipulation, report production and
graphics display, systems that are suit-
able for managing modest-sized ar-
chives such as the antarctic synoptic
surface, and upper-air data. NSF should
solicit proposals for a candidate system,
such as NCDC's CLICOM, UCAR's NSF-
funded UNIDATA, or the National
Aeronautic and Space Administration's
Climate Data System, to provide the
necessary user services. When estab-
lished, the existence of the service(s)
should be made known throughout the
research community.

21. "Language level" access to data
sets should be provided, similar to the
machine-independent Fortran 77 soft-
ware available with the Comprehensive
Ocean-Atmosphere Data Set, for users
who prefer this method of interaction,
for users who do not wish to acquire
additional computer hardware or soft-
ware packages, or for data sets too large
for efficient interactive access.

22. The oversight committee should
meet at 6-month intervals to monitor im-
plementation of the workshop recom-
mendations.

23. The oversight committee should
continually monitor new technological
developments and the cost of their im-
plementation. New types of electronic
scanners, laser optical disks, informa-
tion systems, and CD ROMs are now
available, any of which might permit
more accurate and more cost-effective
data capture. NSF and the data centers
should investigate new developments
as they occur to determine whether they
can be used to provide appropriate and
cost-effective solutions.

24. The oversight committee should
consider using electronic mail for its in-
ternal communications, and the Omnet
POLAR bulletin board, the NSF news-
letter, and the Antarctic Journal of the U. S.
to reach the community.

Participants in the workshop were: Don
Barnett, Navy-NOAA Joint Ice Center
(in absentia); Roger C. Barry, National
Snow and Ice Data Center (workshop
convener); Robert Bernstein, SeaSpace,
Inc.: David Bromwich, Byrd Polar Re-
search Center (.n absentia); Andrew
Carleton, Indiana University; Erick
Chiang, National Science Foundation;
Richard S. Cram, NOAA/NESDIS/Na-
tional Climatic Data Center; Paul C. Dal-
rymple, U.S. Army Corps of Engineers,
Engineers Topographic Laboratories (re-
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In the dining area at Amundsen-Scott South Pole Station, Dr. Albert Crary (center) discusses his
64-day traverse to the South Pole with the station's science leader Dr. Ben Harlin (left) on 12
February 1961.

US Navy photo

tired); David Fulker, UCARIUNIDATA;
Andy Grosheider, Naval Support Force
Antarctica; Guy Guthridge, National
Science Foundation; Claire Hanson, Na-
tional Snow and Ice Data Center, (work-
shop coordinator); Kathryn Hughes, ITT/
Antarctic Services; Roy Jenne, National
Center for Atmospheric Research; Sharon
King, ITT/Antarctic Services; Mark
Mickelinc, Naval Support Force Antarc-
tica; James R. Neilon, NOAA/National
Weather Service; Lola Olsen, NASA Cli-
mate Data System; James T. Peterson,
NOAA/ERL/Geophysical Monitoring for
Climatic Change; Uwe Radok, Univer-
sity of Colorado; Richard L. Reinhardt,
Desert Research Institute, University of
Nevada; Robert J. Renard, Naval Post-
graduate School; Chester F. Ropelewski,
NOAA/National Weather Service;
Charles R. Stearns, University of Wis-
consin, (workshop chair); William D.
Smythe, University of California at Los
Angeles/Institute of Geophysics and
Planetary Physics; Ronald L.S. Weaver,

Obituaries

Albert P. Crary,
geophysicist, 1911-1987

Albert P. Crary, former Chief Scientist
for the U.S. Antarctic Research Pro-
gram, died on 29 October 1987 at the
George Washington University Hospital
in Washington, D.C. His death resulted
from complications after surgery for a
spinal tumor.

A pioneer in polar glaciogeophysics,
Dr. Crary's scientific career was as var-
ied as it was notable. He began his polar
research in 1951 with the study of sea
ice, ice islands, ice shelves, and the ocean.
In 1952, he became the chief scientist for
the U.S. Air Force program on the arctic
ice island T-3 (or "Fletcher's Ice Island")
and continued in this position until 1955.
At T-3, where he spent a year conduct-
ing research, Dr. Crary initiated a long-
term geophysical program that would
later provide valuable oceanographic in-
formation for submarine navigation.

While setting up the ice-island station,
a flight to and a landing at the North
Pole was made. Several years later when
Dr. Crary was working in Antarctica, he
reached the South Pole and became the
first man known to have stood at both
poles.

In 1955, he established the glaciolog-
ical headquarters for the U.S. National
Committee for the International Geo-
physical Year (IGY) and organized the
U.S.glaciology program, including ov-

National Snow and Ice Data Center;
Robert Whritner, Scripps Institution
of Oceanography; and Scott D. Wood-
ruff, NOAA/ERL/Climate Research
Division.

Proceedings of the workshop, includ-
ing a preliminary inventory of U.S. ant-
arctic meteorological data, are published
in Glaciological Data, Report GD-20. (World
Data Center A for Glaciology, January
1988). Copies are schueduled to be avail-
able in early March 1988 from the Na-
tional Snow and Ice Data Center. To
receive a copy, send prepayment of $5.00
(payable to "University of Colorado/
WDC") to Antarctic Workshop, WDC/
NSIDC, CIRES, Campus Box 449, Uni-
versity of Colorado, Boulder, Colorado
80309.

—C.S. Hanson, R.G. Barry, National
Snow and Ice Data Center, University
of Colorado, Boulder, Colorado 80309 and
C.R. Stearns, Department of Meteorol-
ogy, University of Wisconsin, Madison,
Wisconsin 53706.

ersnow traverses, for the antarctic por-
tion of the ICY. Dr. Crary documented
these pre-IGY activities, U.S. planning
for the IGY, and post-ICY planning for
the U.S. Antarctic Research Program in
the December 1982 issue of the Antarctic
Journal of the United States.

He went to Antarctica in 1957 as dep-
uty leader of the U.S. scientific program
and scientific leader at Little America V.
During the IGY, he led two oversnow
traverses—one on the Ross Ice Shelf and
the other in Victoria Land. The data that
he acquired during the Ross Ice Shelf
traverse demonstrated the dedication to
scientific excellence for which he was
known. Using a pain-stakingly slow, but
precise method, he recorded ice-surface
elevations. These measurements were
so exact that they are comparable to
modern satellite observations. Using
Crary's measurements, other glaciolo-
gists have identified a significant thin-
ning of the ice shelf along the Siple Coast
near Crary Ice Rise, which was named
in his honor.

After 21/2 years in Antarctica, Dr. Crary
returned to the United States in 1959 to
become the chief scientist of the U.S.
Antarctic Research Program, funded by
the National Science Foundation (NSF).
As chief scientist, he returned to Ant-
arctica in 1960 and led a 1,500-mile trav-
erse from the coast to the South Pole.

Although his last trip to the southern
continent was in 1966 aboard the re-
search ship Eltanin, his interest in and
enthusiasm for antarctic research did not
wane. As chief scientist and later deputy
division director and division director of
NSF's Division of Environmental Sci-
ences, he was influential in expanding
U.S. antarctic research to include biol-
ogy, geology, cartography, and ocean-
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ography, as well as other fields of
research. He recognized that radio-echo
sounding techniques could be used for
studying ice sheets. This program, which
included not only U.S. researchers and
resources but also British and Danish re-
searchers, resulted in a detailed series
of maps that cover more than half the
surface and bedrock of the southern
continent. He continued at the Foun-
dation until 1976 when he retired from
government service.

Albert Crary was born in Pierrepont,
New York, on 25 July 1911. He gradu-
ated magma cum laude from St. Lawrence
University and received a bachelor of
science degree in chemistry in 1931. In
1933 he received his master of science
degree in physics from Leigh Univer-
sity. His early research focused on geo-
physics. During this period he worked
closely with Maurice Ewing with whom
he published numerous papers on seis-
mology, electrical resistivity of rocks, and
submarine geophysics. Among these
papers was the first landmark series of
"Geophysical investigations in the
emerged and submerged Atlantic Coastal
Plain."

Before World War II and the begin-
ning of his polar research career, Crary
conducted geophysical prospecting for
oil in Columbia, Venezuela, and En-
gland. He also explored the Persian Gulf
for oil. From 1941 to 1942 he worked at
Woods Hole Oceanographic Institution,
where he did anti-submarine research.
His work for the U.S. Air Force resulted
in a series of papers on upper atmos-
phere winds and temperatures.

One of the outstanding scientists in
his field, Dr. Crary received numerous
awards recognizing his excellence in sci-
ence and his leadership abilities. Among
these are the U.S. Department of De-
fense Distinguished Civilian Service
Award, the Cullum Medal of the Amer-
ican Geographical Society, the Patron's
Medal of the Royal Geographical Soci-
ety, Honorary Membership in the Inter-
national Glaciological Society, the U.S.
Department of Navy Distinguished Pub-
lic Service Award, the Vega Medal of the
Swedish Society of Anthropology and
Geography, a medal from the Soviet
Academy of Sciences commemorating
100 years of international geophysics, and
Honorary doctorate of science from St.
Lawrence University. In 1987, Wiscon-
sin University established the Albert P.
Crary Chair of Geophysics in recogni-
tion of his contributions to polar geo-
physics and glaciology. The U.S. antarctic
community recognized Dr. Crary's re-
search in Antarctica and contributions to
the antarctic research program by nam-
ing two features after him—the Crary
Ice Rise and the Crary Mountains.

Dr. Crary is survived by his wife
Mildred and their son, as well as two
sisters.

John Mercer, geologist,
1922-1987

On 3 July 1988, John H. Mercer, Ohio
State University Quaternary geologist,
died shortly after returning from field
work in Chile. For almost 30 years, Dr.
Mercer had studied problems in polar
geology and glaciology and extended
understanding of global and Southern
Hemisphere glacial history.

Born in Cheltenham, England, in 1922,
John Mercer began his career as a ge-
ologist after serving in World War II as
radio operator in the British merchant
navy. He received his bachelor's degree
from Cambridge and his doctoral degree
from McGill University. Before begin-
fling his Southern Hemisphere investi-
gations, he did field work in Samoa while
working at the Australian National Uni-
versity and worked briefly for the Ca-
nadian Hydrographic Office.

After his first trip to Antarctica in 1960,
he moved between the World Data Cen-
ter A for Glaciology at the American
Geographical Society in New York and
the Institute of Polar Studies at Ohio State
University. In 1966, he moved perma-
nently to the Institute, now the Byrd Re-
search Center, and began intensive
investigations of the polar regions. He
made expeditions not only to Antarctica
but also to Alaska, Greenland, Argen-
tina, Chile, and Peru. These field inves-
tigations provided him with data for
approximately 50 papers. Among the
books that he prepared are the Southern
Hemisphere Glacier Atlas and an American
Geographical Society folio on Glaciers of
the Antarctic, (AGS folio 7), one of a se-
ries of folios supported by the National
Science Foundation's Division of Polar
Programs.

Biology and medicine
DeVries, Arthur L. University of Illinois

at Urbana, Champaign, Illinois. The
role of glycopeptides and peptide an-
tifreezes in the freezing avoidance of
antarctic fishes. DPP 84-15266.
$105,268.

Mercer's contributions to geology can
be divided into, but are not limited to,
three major regional themes.

• In Antarctica Mercer discovered and
named the Sirius Formation in the Tran-
santarctic Mountains. Through scan-
ning electron microscopy analysis,
Mercer's colleagues at OSU discovered
that samples, which he had brought back
from this region 20 years earlier, con-
tained marine microfossils. This discov-
ery led geologists to revise their theories
about antarctic glacial history, because
the data suggest that open seas existed
in East Antarctica as recently as 3 million
years ago. He also published papers
concerning the stability of the west ant-
arctic ice sheet. In 1968, he suggested
that this ice sheet had disintegrated dur-
ing the last interglacial. In a 1978 paper,
he predicted that the ice sheet might again
disappear as a result of carbon-dioxide-
induced warming.

• In the Arctic, he proposed that the
Younger Dryas cooling about 11,000 years
ago occurred when an arctic ice shelf
broke up. Much of the literature that has
been published on the extent of grounded
ice sheets and floating ice shelves in the
Arctic is based on this theory, presented
in a 1969 paper published in Arctic and
Alpine Research, (Volume 1).

• His extensive research in South
America contributed to scientific under-
standing of the Quaternary geology of
the region by pushing the glacial record
back to the Miocene, long before large
ice sheets appeared in the Northern
Hemisphere.

Dr. Mercer is survived by his wife,
daughter, and two sisters.

DeZafra, Robert L. State University of
New York, Stony Brook, New York.
Observation of trace gases in the strat-
osphere. DPP 87-13780. $1.

El-Sayed, Sayed Z. Texas A&M Re-
search Foundation, College Station,

Foundation awards of funds for antarctic
projects, 1 July to 30 September 1987

Following is a list of National Science Foundation antarctic awards made from 1
July to 30 September 1987. Each item contains the name of the principal investigator
or project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from
more than one Foundation program, the antarctic program funds are listed first, and
the total amount of the award is listed in parentheses. Award numbers for awards
initiated by the Division of Polar Programs contain the prefix DPP, those by the
Division of Atmospheric Sciences the prefix ATM, those by the Division of Earth
Sciences the prefix EAR, and those by the Division of Ocean Sciences the prefix
OCE.
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Texas. Effect of ozone depletion on	Siniff, Donald B. University of Minne-	paleobiogeography of decapod-rich
antarctic marine phytoplankton. DPP	sota, Minneapolis, Minnesota. Behav-	assemblages on Seymour Island, Ant-
87-12671. $74,394.	 ior and ecology of Weddell seals. DPP	arctica, supplement. DPP 84-11842.

83-18473. $50,865.	 $8,386.
Frost, Bruce W. University of Washing-

ton, Seattle, Washington. Antarctic
Marine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Acoustic as-
sessment of nekton and micronekton.
DPP 84-20215. $109,466.

Garrison, David L. University of Cali-
fornia at Santa Cruz, Santa Cruz, Cal-
ifornia. Antarctic Marine Ecosystem
Research at the Ice-Edge Zone
(AMERIEZ): The distribution of free-
living protozoa. DPP 84-20184.
$248,186.

Holm-Hansen, Osmund. University of
California at San Diego, Scripps In-
stitution of Oceanography, La Jolla,
California. Pilot investigation for re-
search on antarctic coastal ecosystem
rates and processes: Photobiology and
primary production. DPP 85-19908.
$96,799.

Karentz, Deneb. University of California
at San Francisco, San Francisco, Cal-
ifornia. Biological consequences of in-
creased ultraviolet radiation associated
with antarctic ozone depletion. DPP
87-12533. $54,032.

Nelson, David M. Oregon State Univer-
sity, Corvallis, Oregon. Antarctic Ma-
rine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Collaborative
research on nutrient dynamics and
phytoplankton productivity. DPP 84-
20204. $304,986.

Radtke, Richard L. University of Hawaii
at Manoa, Honolulu, Hawaii. Growth
patterns in antarctic fishes. DPP 85-
21017. $7,430.

Rivkin, Richard B. University of Mary-
land Center for Environmental and
Estuary Studies, Cambridge, Mary-
land. Growth, photosynthesis, and
carbon metabolism of marine phyto-
plankton in antractic waters. DPP 85-
20278. $117,456.

Ross, Robin M. University of California
at Santa Barbara, Santa Barbara, Cal-
ifornia. Energetic of the adults and lar-
vae of antarctic krill. DPP 85-18872.
$4,001.

Sidell, Bruce D. University of Maine at
Orono, Orono, Maine. Characteriza-
tion of energy metabolism in antarctic
fish. DPP 85-16137. $70,000.

Simmons, George M. Virginia Polytech-
nic Institute and State University,
Blacksburg, Virginia. Oxygen levels in
an antarctic lake. DPP 84-16340.
$15,750.

Smith, Walker 0. University of Tennes-
see at Knoxville, Knoxville, Tennes-
see. Antarctic Marine Ecosystem
Research at the Ice-Edge Zone
(AMERJEZ): Collaborative research on
nutrient dynamics and phytoplankton
productivity. DPP 84-20213. $231,528.

Solomon, Susan. National Oceanic and
Atmospheric Administration, Envi-
ronmental Research Laboratory, Boul-
der, Colorado. Visible spectroscopy at
McMurdo Station, Antarctica. DPP 87-
13781. $1.

Staley, James T. University of Washing-
ton, Seattle, Washington. Microbial
and vertebrate chitin degradation in
the polar marine environment. DPP
84-15069. $15,000.

Sullivan, Cornelius W. University of
Southern California, Los Angeles,
California. Antarctic Marine Ecosys-
tem Research at the Ice-Edge Zone
(AMERIEZ): Sea-ice microbial dynam-
ics. DPP 84-44783, $117,265.

Torres, Joseph J. University of South
Florida, Tampa Florida. Antarctic Ma-
rine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Abundance,
distribution, and energy utilization of
micronekton and zooplankton. DPP
84-20562. $132,634.

Trivelpiece, Wayne Z. Point Reyes Bird
Observatory, Stinson Beach, Califor-
nia. Pygoscelid penguin population
studies. DPP 83-14667. $85,384.

Earth sciences

Berg, Jonathan H. Northern Illinois Uni-
versity, DeKalb, Illinois. Geology, pe-
trology, and geochemistry of crustal
xenoliths from the Erebus Volcanic
Province, Antarctica. DPP 86-14071.
$4,000.

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania.
Antarctic search for meteorites. DPP
83-14496. $95,565.

Chatterjee, Sankar. Texas Technical
University, Lubbock, Texas. Creta-
ceous vertebrate fossils from Seymour
Island, Antarctica. DPP 86-13419.
$35,629.

Feldman, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleoecology and

Knopoff, Leon. University of California
at Los Angeles, Los Angeles, Califor-
nia. Ultra-long period seismic and
gravity observations at South Pole. DPP
83-14945. $10,389.

Markgraf, Vera. University of Colorado
at Boulder, Boulder, Colorado. Ant-
arctic paleoclimates derived from pa-
leoenvironmental records in Tierra del
Fuego. DPP 86-13980. $6,800.

Rees, Margaret N. University of Nevada
at Las Vegas, Las Vegas, Nevada. Or-
igin and depositional setting of pre-
Devonian, coarse-clastic sequences in
the central Transantarctic Mountains:
Evidence of one or more tectonic
events? DPP 85-18157. $83,594.

Rowell, Albert I. University of Kansas,
Lawrence, Kansas. Systematics, age,
and significance of the Cambrian
Shackleton limestone fauna, central
Transantarctic Mountains, Antarctica.
DPP 85-19722. $54,111.

Spilhaus, A.F. American Geophysical
Union, Washington, D.C. Publication
of 1983-1986 report to the Interna-
tional Union of Geodesy and Geo-
physics. EAR 86-11830. $49,950.

Taylor, Thomas N. Ohio State Univer-
sity, Columbus, Ohio. Workshop on
antarctic paleobotany and its relation-
ship to reconstruction of Gondwana-
land. DPP 87-13685. $29,740.

Webb, Peter-Noel. Ohio State Univer-
sity Research Foundation, Columbus,
Ohio. Cenozoic micropaleontology and
biostratigraphy of the Victoria Land
Basin. DPP 85-17625. $76,900.

Wogman, Nedwin A. BMI Battelle
Northwest Laboratories, Richland,
Washington. Measure and interpret
antarctic meteorite aluminum-26. DPP
85-14883. $50,000.

Woodburne, Michael 0. University of
California at Riverside, Riverside, Cal-
ifornia. Mammalian paleontology, ge-
ology, and stratigraphy, Seymour
Island, Antarctic Peninsula. DPP 85-
21368. $21,010.

Zinsmeister, William J. Purdue Univer-
sity, West Lafayette, Indiana. Travel
for U.S. participants to attend a sym-
posium in London on the origins and
evolution of the antarctic biota and a
one-day workshop on the role of Ant-
arctica to the Earth. DPP 87-19840.
$15,000.
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NSF photo by Ann Hawthorne.

Researchers and a VXE-6 air crew unload gear from an LC-130 airplane at a remote site in West Antarctica.

Ocean sciences

Ackley, Stephen F. U.S. Army Cold Re-
gions Research and Engineering Lab-
oratory, Hanover, New Hampshire.
Sea-ice properties and processes. DPP
85-12728. $100,200.

Anderson, John B. Rice University,
Houston, Texas. Marine geology of the
antarctic continental margin. DPP 85-
16908. $89,467.

Bullister, John L. Woods Hole Oceano-
graphic Institute, Woods Hole, Mas-
sachusetts. Chlorofluoromethane
(freon) studies in the Filchner III ex-
periment. DPP 86-19704. $28,003.

Domack, Eugene W. Hamilton College,
Clinton, New York. Depositional en-
vironments of the antarctic continen-
tal shelf. DPP 86-13565. $1,200.

Dunbar, Robert B. Rice University,
Houston, Texas. Sinking and sus-
pended particulate matter on the ant-
arctic shelf. DPP 85-16911. $58,964.

MacAyeal, Douglas R. University of
Chicago, Chicago, Illinois. The evo-
lution of sub-ice-shelf meltwater
plumes. DPP 84-15207. $19,246.

Moritz, Richard E. University of Wash-
ington, Seattle, Washington. Ross Sea
data buoy project. DPP 87-05181.
$159,223.

Suess, Erwin. Oregon State University,
Corvallis, Oregon. Thermal interac-
tion between back-arc volcanism and
basin sediments in the Bransfield Strait,
Antarctica. DPP 85-12395. $74,625.

Meteorolgy

Bromwich, David H. Ohio State Uni-
versity, Columbus, Ohio. A study of
the windfield near Terra Nova Bay.
DPP 85-19977. $67,908.

Hall, Michael J. National Oceanic and
Atmospheric Administration, Wash-
ington, D.C. Support for Argos data
collection and location System OCE
83-41973. $30,400 ($112,300).

Heaps, William S. National Aeronautics
and Space Administration, Goddard
Space Flight Center, Greenbelt, Mary-
land. Ground-based lidar observa-
tions of ozone, aerosol, and
temperature from McMurdo Station,
Antarctica. DPP 87-13778. $1.

Hofman, David J. University of Wyo-
ming, Laramie, Wyoming. Sulfuric acid
aerosol production at 30 kilometers
over Antarctica. DPP 85-15472.
S255,900.

Lala, G. Garland. State University of New
York at Albany, Albany, New York.
Aerosol exchange processes in the
Antarctic. DPP 85-16179. $83,765.

Radke, Lawrence F. University of Wash-
ington, Seattle, Washington. Proposal
for the maintenance of the data ac-
quisitions and display system for the
National Science Foundation's LC-
130R. DPP 85-07730. $24,240.

Stearns, Charles R. University of Wis-
consin at Madison, Madison, Wiscon-
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sin. Antarctic automatic weather
stations: Operations and research. DPP
86-0638. $120,543 ($241,086).

Wendler, Gerd. University of Alaska,
Geophyical Institute, Fairbanks,
Alaska. Katabatic wind in eastern
Antarctica. DPP 84-13367. $4,000.

Upper atmosphere physics

Arnoldy, Roger L. University of New
Hampshire at Durham, Durham New
Hampshire. High-latitude magnetic
studies in the Antarctic and the Arctic.
DPP 86-13272. $4,000.

Berkey, Frank T. Utah State University,
Logan, Utah. A study of the mid-lat-
itude ionospheric trough using ant-
arctic high-frequency radar data. DPP
84-18173. $5,746.

Helliwell, Robert A. Stanford Univer-
sity, Stanford, California. Very-low-
frequency wave-particle interaction
experiments on the magnetosphere
and ionosphere from Siple Station,
Antarctica and Lake Mistissini, Que-
bec. DPP 86-13783. $523,444.

man, Umran S. Stanford University,
Stanford, California. Lightning-in-
duced burst particle precipitation from
the magnetosphere. DPP 86-11623.
$4,000.

Morley, Bruce M. SRI International,
Menlo Park, California. Ground-based
NOZE-2 antarctic stratospheric lidar.
DPP 86-17364. $150,004.

Rester, A.C. University of Florida,
Gainesville, Florida. Balloon flight of
a gamma ray spectrometer from Ant-
arctica. DPP 87-15809. $11,936.

Torres, Arnold L. National Aeronautics
and Space Administration, Goddard
Space Flight Center, Wallops Island,
Virginia. Vertical ozone distributions
above the Antarctic: Ozonesonde
measurements. DPP 87-13779. $1.

Glaciology

Bentley, Charles R. University of Wis-
consin at Madison, Madison, Wiscon-
sin. Continuation of glaciogeophysical
survey of the interior Ross embay-
ment (GSIRE). DPP 84-12404. $41,960.

Bindschadler, Robert A. National Aero-
nautics and Space Administration,
Goddard Space Flight Center. Green-
belt, Maryland. West antarctic gla-
ciology II. DPP 86-14407. $117,500.

Bockheim, James G. University of Wis-
consin at Madison, Madison, Wiscon-
sin. Late Cenozoic glacial history and
soil development in Antarctica. DPP
83-19477. $29,584.

Craig, Harmon. University of California
at San Diego, Scripps Institution of
Oceanography, La Jolla, California.
Methane, helium, and trace gases in
polar ice cores. DPP 85-21486. $145,299.

Denton, George H. University of Maine
at Orono, Orono, Maine. Late Ceno-
zoic glacial history and soil develop-
ment in Antarctica. DPP 83-18808.
$21,776.

Denton, George H. University of Maine
at Orono, Orono, Maine. Isotopic dat-
ing of antarctic glaciations. DPP 86-
13842. $4,000.

Fireman, Edward L. Smithsonian-Astro-
physics Observatory, Cambridge,
Massachusetts. Radiometric ages and
gas compositions of antarctic ice. DPP
85-16601. $62,999.

Hodge, Steven M. Geological survey at
Tacoma, Tacoma, Washington. Stud-
ies of internal layering and basal con-
ditions in ice sheets using low-
frequency ice radar. DPP 85-18618.
$63,804.

Jacobel, Robert W. Saint Olaf College,
Northfield, Minnesota. Studies of in-
ternal layering and basal conditions in
ice sheets using low-frequency ice ra-
dar. DPP 85-17225. $47,263.

Kamb, Barclay. California Institute of
Technology, Pasadena, California.
Flow mechanism of ice stream B, West
Antarctica. DPP 85-19083. $237,601.

MacAyeal, Douglas R. University of
Chicago, Chicago, Illinois. Modeling
ice-shelf flow, mass balance, and re-
sponse to climatic change. DPP 85-
09451. $4,000.

Mayewski, Paul A. University of New
Hampshire at Durham, Durham, New
Hampshire. Detailed glaciochemical
investigations in southern Victoria
Land, Antarctica-A proxy climate re-
cord. DPP 86-13786. $10,098 ($14,098).

Mosley-Thompson, Ellen. Ohio State
University, Columbus, Ohio. Glaciol-
ogical and climatological analysis of
the past 2,000 years from antarctic ice
cores. DPP 84-10328. $276,860.

Saltzman, Eric S. University of Miami,
School of Marine and Atmospheric
Sciences, Miami, Florida. Measure-
ment of Dimethylsulfide oxidation
products in ice cores: Methanesul-

fonic acid, dime thylsulfide, and di-
methylsulfone. DPP 87-00360. $121,590
($161,590).

Services and support

Barbee, William D. University of Wash-
ington, Seattle, Washington. Support
for the University-National Oceano-
graphic Laboratory System (UNOLS)
Office. OCE 85-00868. $3,000 ($66,945).

Barry, Roger G. University of Colorado
at Boulder, Boulder, Colorado. A
workshop on the U.S. antarctic me-
teorological data delivery system. DPP
87-17108. $18,630.

Becker, Robert A. ITT Antarctic Ser-
vices, Inc., Paramus, New Jersey.
Specialized support of the U.S. Ant-
arctic Program. DPP 80-03801.
$4,545,185.

Fisher, Dwight D. Department of De-
fense, Washington, D.C. Logistic sup-
port of the U.S. Program in Antarctica:
DPP 76-10886. $236,787.

Fleming, Henry S. Naval Research Lab-
oratory, Arlington, Virginia. Aero-
geophysical study of the basins
surrounding the Antarctic Peninsula.
DPP 86-00663. $24,500.

Kubany, Susan. OMNET, Inc., Boston,
Massachusetts. SCIENCEnet elec-
tronic mail services. OCE 86-19368.
$2,500 ($25,000).

Kwock, Edison C. Department of the
Navy, Naval Facility and Engineering
Commando, Arlington, Virginia. En-
gineering support for the U.S. Ant-
arctic Program. DPP 84-01823.
$270,832.

Lynch, Louise. Courtesy Travel Service.
Washington, D.C. Travel and admin-
istrative services in support of do-
mestic and international science and
engineering activities sponsored by the
National Science Foundation. INT 86-
18696. $64,000.

Molnia, Bruce F. National Academy of
Sciences, Washington, D.C. Support
for the Polar Research Board. DPP 82-
07098. $30,000.

Murino, Clifford J. National Center for
Atmospheric Research, Boulder, Col-
orado. Operation, maintenance, and
management of the National Center
for Atmospheric Research. ATM 82-
17015. $0.

Murino, Clifford J. National Center for
Atmospheric Research, Boulder, Col-
orado. Operation, maintenance, and
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the U.S. Program in Antarctica. DPP
76-10886. $1,284,751.

Management Services. DPP 84-15220.
$4,000.

management of the National Center
for Atmospheric Research. ATM 82-
17015. $137,000.

Nelson, Marilyn K. Blue Pencil Group,
Inc., Reston, Virginia. Editorial ser-
vices for the Antarctic Journal of the U.S.
DPP 86-16512. $18,822.

Shor, George G. University of California
at San Diego, Scripps Institution of
Oceanography, La Jolla, California.
Ship operations. OCE 87-02835.
$120,543 ($454,258).

Starr, Lowell E. U.S. Geological Survey,
Reston, Virginia. Antarctic surveying
and mapping. DPP 85-12516. $313,000.

Wubbold, J.H. Department of Trans-
portation, U.S. Coast Guard, Wash-
ington, D.C. Icebreaker support in the
U.S. Antarctic Program fiscal year 1986.
DPP 82-17331. $3,024,000.

	

Schommer, John. Department of the In-	Srite, David A. Department of Defense,

	

tenor, Washington, D.C. Aviation	Washington, D.C. Logistic support of

This satellite image of B-9, the iceberg that broke off the Ross Ice Shelf in late October 1987, shows the iceberg in comparison to the ice shelf.
The image, along with others, was collected using a new satellite imaging and display system, called GODDESS, at McMurdo Station. It was made
by manipulating visible data (as opposed to infrared data) from a pass of the NOAA-9 satellite on 19 November 1987.
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Weather at U.S. stations

August 1987	 September 1987	 October 1987
Feature	 McMurdo I Palmer I South Pole	McMurdo I	Palmer	I South Pole	McMurdo* I	Palmer I South Pole

IJ
(JJ

Average temperature (°C)

	

-27.8	- 7.8	-67.1	-21.1	- 9.9	-60.7	 - 1.4
Temperature maximum (°C)	- 7.5	3.0	-52.5	- 7.6	5.0	43.4	 6.6
(date)	 (13)	(29)	(14)	(16)	(5)	(30) 	(30)

Temperature minimum (°C)	-41.0	27.2	80.0	38.8	25.0	-71.8	 15.8
(date)	 (10)	(24)	(28)	(26)	(25)	(23) 	(1)
Average station pressure (mb)

	

977.2	998.6	667.3	989.8	987.6	681.8	 986.9

Pressure maximum (mb)	 997.3	1010.2	675.8	1013.2	1017.3	701.0	1006.7
(date)	 (18)	-(27)	(31)	(16)	(19)	(14) 	-(24)
Pressure minimum (mh)	 950.0	971.0	656.0	966.1	956.9	658.4	 958.9
(date)	 (22)	(21)	(25)	(1)	(9)	(22) 	(27)
Snowfall (mm)	 82.6	322.6	TRACE	208.3	300.0	TRACE-------	 130.1
Prevailing wind direction	 1100	3400	100°	1030	0600	0700	 3400

	

7.2	4.7	3.5	6.7	5.6	4.4	 5.9

	

41.1	33,5	11.9	32.6	38.1	17.0	 34.5

	

(12)	(20)	(15)	(11)	(5)	(7)	 (14)

	

160 0	0100	0100	1500	0400	3500	 0300

	

6.7	7/10	3.1	6.3	8/10	4.7 	9/10
Number clear days	 2.0	3.8	20.0	1.0	0.8	14.7 	 1.3
Number partly cloudy days	 10.0	8.3	6.3	10.0	9.0	6.0	 5.3
Number cloudy days	 190	19.0	4.8	19.0	20.3	9.3 	24.5
Number days with visibility

less than 0.4 km.	 1.3	----	0.0	0.9	----	2.8
Prepared from information received by teletype from the stations. Locations: McMurdo 77'51'S 16640'3E, Palmer 6446'S 643W, Amundsen-
Scott South Pole 90S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. Siple Station (7555'S 8355'W)
was closed for the winter in January 1987 and will reopen in November 1981. For prior data and daily logs, contact National Climate Center,
Asheville, North Carolina 28801.

*McMurdo data was not available at press time. The information will be published later.
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