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Over the last decade the importance
of Antarctica as a platform for astronom-
ical and astrophysical research has
grown. What has attracted these re-
searchers has been the continent's lo-
cation and its environment—especially
its elevation, and atmosphere, and geo-
graphic singularity. This austral sum-
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mer, however, astronomers from the
University of California at Irvine and at
Berkeley, and the University of Wiscon-
sin will begin testing an innovative ob-
servatory that will use antarctic ice as a
window to the universe.

The experimental observatory, which
will be located near Amundsen-Scott
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South Pole Station, is designed to de-
tected neutrino s—chargeless, weakly
interacting particles. The array, or neu-
trino "telescope," will consist of a series
of photomultiplier tubes. These tubes will
be lowered into 12- to 14-inch-diameter
boreholes, which will be between 300
and 1,000 meters deep and will be cre-
ated by using a hot-water drill. Each
photomultiplier tube captures and am-
plifies the light flashes that are created
as neutrinos pass through the transpar-
ent light.

U.S. scientists focus on astronomy,
astrophysics, and global-change research
during the 1991-1992 austral summer

Nathaniel B. Palmer is scheduled to arrive in Punta Arenas, Chile, on 31 March 1992 for the first
time. The new 308-foot research ship will be able to break ice up to 3 feet thick at a speed of 3
knots. It can accommodate up to 37 scientists, along with a crew of 26, for cruises up to 75 days
long. The capabilities of the Nathaniel B. Palmer will enable scientists to conduct biology, ocean-
ography, and geology along or within the pack-ice zone—a region previously inaccessible to most
research expeditions. One of its first missions will be to support U.S. and Soviet researchers,
who will set up a camp on a large tabular iceberg in the Weddell Sea in February 1992.
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Like photons, neutrinos are virtually
unaffected when they pass through mat-
ter or magnetic fields and can be traced
by measurement of their trajectories back
to their source. Photons do not carry in-
formation about cosmic processes that
are shielded from view by even the
smallest amounts of interstellar mate-
rial but neutrinos can travel through
space unobstructed by intervening ma-
terial near their source, by interstellar
dust, or by interaction with cosmic-mi-
crowave background radiation. As a re-
sult, they can provide information about
objects that cannot be detected using
traditional astronomical techniques.
Among these astronomical objects that
emit neutrinos are gravitationally col-
lapsing stars, matter falling into active
galactic cores, and supernovae.

After hot-water drilling is completed,
the investigators will lower into the ice
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the string of 8-inch photomultipler tubes,
which are housed in high-strength glass
vessels designed to withstand up to 500
atmospheres of pressure. The "tele-
scope" will record the light footprint of
not only neutrinos but also muons.
Muons are more abundant subatomic
particles that are created when cosmic
rays collide with the Earth's upper at-
mosphere. As these subatomic particles
pass through the ice, some collide with
atoms in the ice and emit bursts of Cher-
enkov radiation. Like a sonic boom,
Cherenkov radiation is produced when
the particles travel faster than the speed
of light through the ice. The investiga-
tors will count the number of "photonic
booms" detected by the photomultipler
tubes and compare these results with
the anticipated number of muon events
nearby. These measurements will ena-
ble them to determine the transparency
of the ice to an accuracy of 10 percent.

This will be the researchers' second
test of ice as a "neutrino detector." Dur-
ing a 1990 pilot project in Greenland,
they showed that ice, which has the clar-
ity of distilled water, is sufficiently
transparent to make the antarctic exper-
iment feasible. Although a larger neu-
trino detector is being constructed in the
ocean near Hawaii, the antarctic re-
searchers believe that ice may be an even
better medium than seawater because
ice is not turbulent, lacks biolumines-
cent organisms, and has low natural ra-
dioactivity that can disrupt the detectors.

This project, along with 22 other as-
tronomy and astrophysics project, are
among the 112 scientific and technical
projects to be conducted by 490 inves-

tigators at four large temporary camps,
at smaller remote field camps, at the three
year-round U.S. stations (McMurdo,
Amundsen-Scott South Pole, and Pal-
mer), and aboard U.S. and foreign re-
search ships during 1991-1992. Other
projects will focus on year-to-year
changes in phytoplankton blooms and
animal populations, variations in ice-
sheet flow and ocean circulation over
centuries and millennia, the past move-
ments of tectonic plates, and the evo-
lution of stars and galaxies over billions
of years.

Global-change related research
Antarctica's role in global processes,

particularly those environmental and
ecological processes related to global cli-
mate change and ozone depletion will
be the focus of several projects sup-
ported by the National Science Foun-
dation (NSF) as part of the U.S. Antarctic
Program.

In 10 projects, researchers will work
to learn more about mechanisms related
to ozone depletion. Since 1986 when the
United States and other nations began
concerted efforts to understand why and
how ozone was being depleted from the
antarctic stratosphere, scientists have
learned that when stratospheric tem-
peratures drop below —80 °C (- 112 °F)
polar stratospheric clouds, composed of
ice crystals, form. These clouds provide
a locus where, in the presence of sun-
light, chlorine freed from chlorofluoro-
carbons and other gases and catalyzes
the destruction of ozone. To determine
more precisely how atmospheric factors
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and climate dynamics affect ozone de-
struction, U.S. investigators will moni-
tor changes in temperature, humidity,
air circulation, cloud cover, and crucial
chemical compounds at various alti-
tudes.

Biologists, focusing on the effects of
decreased ozone protection and en-
hanced exposure to harmful wave-
lengths of ultraviolet (UV) radiation, will
continue to study naturally formed com-
pounds that protect algae and inverte-
brates from damage caused by UV
radiation. Others will attempt to mea-
sure whether enhanced UV exposure is
inhibiting photosynthesis in marine or-
ganisms and, consequently, affecting the
productivity of the southern oceans,
while other researchers will acquire data
from which a model can be developed
to describe how much UV radiation
reaches Earth's surface over large geo-
graphic areas. With such a model, sci-
entists will be able to estimate UV
exposure by extrapolating from exten-
sive satellite data on visible light re-
flected back into space from Earth's
atmosphere and from clouds. To aug-
ment the satellite data, ground mea-
surements of visible light will also be
made at Palmer Station; these will be
checked against data from NSF's UV
monitoring stations at Palmer, Mc-
Murdo, and Amundsen-Scott South Pole
stations.

For more than a decade, avian experts
have monitored and studied penguin
populations—particularly, Adélie, gen-
too, and chinstrap penguins—on King
George Island near the Antarctic Pen-
insula. Recent data show that some of
these populations are declining. To de-
termine whether these recent declines
represent natural fluctuations, a re-
sponse to the environmental changes, or
the results of such events as the growth
of commercial krill fisheries, biologists
will continue to monitor three penguin
rookeries. Data from their continued
studied will also be compared with data
on Adélie penguins from rookeries with
different environmental parameters.

Among other biology and ecology
projects is a series investigations by re-
searchers from six universities focused
on understanding how variations in the
annual pack ice affect the dynamics of
different components of the marine
community. During this first year of the
long-term ecological research project,
investigators will begin monitoring how
Adélie penguins, skua, and the prey of
these seabirds are affected by the cycles
of warm and cold winters. Observations
have established a 6- to 8-year cycle of
cold winters followed by warmer win-
ters; they also have found that Adélie
penguin survival follows a similar pat-
tern. Initially, their focus will be on yearly
variations in representative populations

from the marine food web and on mech-
anistic links controlling observed varia-
tions. With such data, the investigators
will be to develop models that can be
applied to other large marine environ-
ments.

Antarctic ice and geology record nat-
ural global changes processes as they oc-
curred over hundreds of thousands of
years and may suggest what changes
could occur in the future. Focusing on
these longer time scales, geologists are
investigating the stability of the west
antarctic ice sheet, Earth's only remain-
ing marine-based ice sheet.

Earth scientists know that at the end
of the last ice age, part of the North
American ice sheet was anchored over
Hudson Bay. As water and air temper-
atures rose, this part of the ice sheet col-
lapsed, bringing about a rapid rise in sea
level. Although much has been learned
about the west antarctic ice sheet during
the past decade, learning more about its
present state—is it stable, what factors
of the atmospheric and oceanic systems
might trigger a collapse, or have past
climatic factors already triggered the col-
lapse mechanism—will enable research-
ers to predict what effects changes in
antarctic ice sheets might have globally.

Because ice can record changes in cli-
mate and atmosphere over thousands of
years, other glaciologists will travel to
the Soviet station Vostok to obtain ice
cores that record global climate for more
than 160,000 years. By analyzing gases
trapped in the ice, they will be able to
learn about the composition of the at-
mosphere and about biological produc-
tivity. One group is interested in
determining if variations in marine pro-
ductivity and in the size of marine pop-
ulations can affect climate globally.

Antarctica has not, however, always
been covered by ice. In one of the 16
geology and geophysics projects sup-
ported by USAP this year, geologists from
the United States, New Zealand, and the
United Kingdom will be looking back to
an ice-free time 200 million years ago,
before Antarctica was a distinctly polar
continent. The continent was once joined
with other land masses in the ancient
supercontinent known as Gondwana-
land. These researchers are searching for
clues that will help them determine how
today's land masses fit together and then
split apart over time, changing ocean cir-
culation and climate.

To understand how the nearly per-
manent sea-ice cover of the Weddell Sea
affects ocean circulation today, U.S. and
Soviet investigators will collaborate in
establishing a manned research station
on a large floating tabular iceberg. Be-
ginning in February 1992, they will set
up a camp on an ice floe that they hope
will drift more than 400 miles in the
western Weddell Sea. The extent to which

the southern oceans are covered by ice
changes with the seasons. Winter sea
ice, which can cover an area more than
twice that of the United States (about 8
million square miles), plays an impor-
tant part in the exchange of heat be-
tween atmosphere and water. Below this
sea ice in the western Weddell Sea, the
water chills, sinks, and spreads along
the southern ocean sea floor. This water
also supplies cold bottom water to most
of the world's oceans. (See the sidebar
on page 16 for more detail on this pro-
ject).

Above Antarctica, astronomers and
astrophysicists will continue to study so-
lar activity and learn more about changes
that took place in the Universe billions
of years ago. For the third year, re-
searchers will use instrumented high-al-
titude helium balloons to gather data on
cosmic and gamma rays, solar flares, and
supernova-related processes. In Decem-
ber, two 28-million-cubic-foot balloons
will be launched from a site near
McMurdo Station. Once aloft, constant
daylight will prevent extreme diurnal
temperature fluctuations and allow the
balloons to maintain a nearly stable al-
titude throughout their flights. Circum-
polar air currents will carry the balloons
around the continent at an altitude of
approximately 120,000 feet—essentially
in space.

One team will take advantage of the
current peak in solar activity cycle to
study solar flares (sudden bursts of en-
ergy released from small areas of the
Sun's surface) by using a detector that
registers gamma rays and X rays emitted
by the flares. Data from this investiga-
tion will help in determining the causes
of these solar disturbances. The team also
will use their detector to record X rays
and gamma rays emitted during Super-
nova 1987A. Information about the ex-
plosive processes associated with the
collapse of a star as it becomes a super-
nova will help not only to describe how
stars evolve but also to provide clues to
the processes that create heavy elements
such as the iron that makes up the Earth's
core.

The second balloon will be used by
researchers studying heavy cosmic rays,
such as the nuclei of iron and cobalt.
These cosmic rays are made up of iso-
topes that can be identified by the way
they are bent in a magnetic field. Using
a 1-meter-diameter superconducting
magnet cooled by a vat of liquid helium,
this team of researchers hopes to record
and study the ratios of these isotopes
and to make new discoveries about the
changes that stars undergo.

Support project highlights
Support for the U.S. Antarctic Pro-

gram is provided by military personnel
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USAP 1991-1992 science field program
Scientists & projects by discipline
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The U.S. Antarctic Program, which is funded and managed by the National Science Foundation,
will support 490 scientists and technicians conducting 112 projects in Antarctica during the 1991-
1992 field season. Among these projects are four large field camps, involving 10 researchers or
more. These are corridor aerogeophysics of the southeast Ross transect zone (CASERTZ) in
Marie Byrd Land, continued investigations of the ice streams along the Siple coast in West
Antarctica, ice coring, snow sampling, and an airborne radar survey at McMurdo Dome, and the
joint U.S./Soviet oceanographic expedition to the Weddell Sea.

under the command of the U.S. Naval
Support Force Antarctica (NSFA) and by
the National Science Foundation's con-
tractor Antarctic Support Associates
(ASA). Besides ski-equipped Hercules
(LC-130) airplanes and UH-1N helicop-
ters flown by the Antarctic Development
Squadron Six (VXE-6), the prograni is
supported by U.S. Air Force wheeled C-
141 and C-5A transport airplanes; LC-
130s of the 109th Tactical Air Group of
the Air National Guard from Schenec-
tady, New York; wheeled C-130s of the
Royal New Zealand Air Force; and Twin
Otter airplanes flown on contract for the
National Science Foundation. Ship sup-
port, in addtion to research support by
Polar Duke, is provided by the U.S. Coast
Guard icebreakers and ships under con-
tract to the Military Sealift Command.

This austral summer support activities
will be highlighted by the dedication and
opening of the new Science and Engi-
neering Center at McMurdo Station. The
new center replaces McMurdo Station's
currently used but outdated laborato-
ries, Eklund Biological Center (EBC) and
Thiel Earth Science Laboratory (TESL).
Designed to afford scientists better
working conditions and access to mod-
ern technology, it also will facilitate co-
operative research among scientists from
other countries, who are working in the
Antarctic.

When completed, the 46,500-square-
foot center will consist of five "pods"
and will be about 6,000 square feet larger
than Eklund Biological Center, the larg-
est of McMurdo's laboratories. The
building, which was begun in 1987, is
being constructed in three phases. Phase
I, which will begin limited operations
during the 1991-1992 austral summer,
includes a two-story core pod and the
biology pod. On the first floor of the core
pod are management offices, special
equipment rooms, storage rooms, and a
receiving and staging area; the second
floor contains a telescience room, com-
puter facility, conference room, multi-
purpose space, and a lounge. The biol-
ogy pod contains two environmental
monitoring laboratories, seven general-
use laboratories, two microbiology lab-
oratories, four freezers, four environ-
mental rooms, a chemical storage room,
storage and preparation rooms, field-
party staging area, and ten offices.

The center's first occupants will be en-
vironmental researchers from Argonne
National Laboratories, biologists from
Montana State University, and ocean
scientists from the University of Alaska.
Using the Environmental Monitoring
Laboratories, Argonne researchers will
analyze samples collected in the Mc-
Murdo area to assess USAP waste man-
agement practices. Montana State

biologists will analyze algal pigments with
special equipment in the core pod lab-
oratories, and Alaskan ocean scientists
will prepare and analyze sea-ice cores in
the environmental rooms of the biology
pod.

The center will support primarily NSF-
funded researchers, three research cen-
ters/labs, a Geographic Information Sys-
tem (GIS), and a Linked Area Network
(LAN). The three research centers/labs
are the two Environmental Monitoring
Laboratories, a Snow and Ice Mechanics
Laboratory, and an Antarctic Meteoro-
logical Research Center. Discussions are
also underway for the installation of a
very-long-base-line interferometry tele-
scope and synthetic-aperture radar
ground station.

Full operation of Phases I and II is
planned for November 1992; Phase III
will be added in January 1993. USAP will
begin to phase-out use of the Eklund
Biological Center and Thiel Earth Sci-
ences Laboratory in early 1992 and con-
tinue the effort during the 1992 winter.

Another support-related event for the
1991-1992 USAP field season will be the
maiden voyage of Nathaniel B. Palmer,
the new 308-foot research ship with ice-
breaking capabilities. The ship, which is
being built in Louisiana for lease by the
Foundation over the next 10 years, will
be able to accommodate 37 scientists and
a crew of 26 for scientific cruises up to
75 days long. Its first voyage is sched-
uled for April 1992 to the Weddell Sea
where it will pick up some of the U.S.
team working with Soviet scientists at
the ice-floe camp and bring new crew
and supplies to the camp.

In the following pages each research
project is briefly described.

Planned research
projects, 1991-1992

Biology and medicine
The vivid contrasts and unique char-

acteristics of antarctic marine, fresh-
water, and terrestrial life have long at-
tracted biologists to the southern con-
tinent and the surrounding oceans. Here,
the oceans constitute one of the world's
most productive marine regions, while
scattered, ice-free areas on the continent
support biota of a limited number of spe-
cies that have adapted to the extreme
dry and cold. With much of Antarctica's
marine and terrestrial life identified and
quantified, biologists now focus on the
behavior, evolution, and adaptations of
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these biota and on special factors that
drive and maintain antarctic ecosys-
tems. They are studying how these en-
vironmental factors—particularly large,
dynamic sea-ice zones, near-constant sea
temperatures close to the continent, and
and cold, nutrient-poor terrestrial re-
gions—have combined with the conti-
nent's isolation to produce special
adaptations and interactions between
species. Understanding how antarctic
flora and fauna interact has taken on a
new significance in the last decade.
Without such information, scientists
cannot evaluate how life on the conti-
nent and in the oceans respond envi-
ronmental changes. Also, these
investigations help them to understand
how humans are affecting these ecosys-
tems and to hypothesize on the long-
term effects of human habitation in this
remote region. The discovery of the sea-
sonal depletion of ozone above Antarc-
tica brought special attention to
Antarctica's marine and terrestrial eco-
systems. Biologists are now probing how
marine organisms are responding to the
increased levels of exposure to ultravi-
olet (UV) radiation that result from the
deterioriation of protection afforded by
stratospheric ozone. Other investigators
are beginning to look at the physical and
psychological effects of this environ-
ment on humans, for here they can find
features—isolation and a harsh physical
environment—that parallel life in outer
space.

Human performance and adaptation
in polar environments. Lawrence A. Pal-
inkas, University of California, San Diego.
Failure to adapt to prolonged isolation
and extreme conditions of polar envi-
ronments can adversely affect both in-
dividuals and the organizations with
which they are associated. Despite de-
cades of research, scientists still have not
clearly identified the social and psycho-
logical characteristics associated with
successful adaptation and performance
in these settings. Building on the results
of preliminary work conducted in Ant-
arctica and the Canadian High Arctic,
we will focus on identifying social and
psychological characteristics that will
enable us to predict performance and
adaptation by individuals working in the
polar regions. Working at McMurdo Sta-
tion and at four atmospheric environ-
mental service weather stations in
Canada, we will use a battery of psy-
chological screening instruments and
standardized debriefing protocol. This
study will add to our understanding of
the social and psychological conse-
quence of adaptation and adjustment in
the polar regions contributing to group
morale and well-being, improved safety,
and performance in these regions. Ad-
ditionally, we will clarify fundamental

interrelationships among environmen-
tal stress, coping resources, personality
traits, and performance, and build a da-
tabase for comparative and cross-cul-
tural studies of adaptation and
performance in polar regions: (S003)

Dispersal and diving behavior of
Weddell seals determined by satellite
telemetry. I. Ward Testa, University of
Alaska. Most of what scientists know
about the behavior, ecology, and pop-
ulation dynamics of Weddell seals
(Leptonychotes weddellii) comes from re-
search conducted in the austral spring
and summer. Our study, which uses
data obtained from a 20-year popula-
tion study of seals in the McMurdo
Sound region, focuses on the winter
movements and diving behavior of adult
Weddell seals near McMurdo Sound.
To obtain data, we will attach satellite-
linked, time-depth recorders to the
seals. When a seal leaves the water for
the sea ice or a nearby beach, the re-
corder will relay information on the
seal's location and transmit summaries
of the duration and depth of dives made
by the seal. Because these seals usually
return to the same area each year, the
satellite time-depth recorders can be
recovered. With data from this inves-
tigation and earlier studies, we will gain
a better understanding of age-related
differences in behavioral traits that may
explain demographic features and se-
lective pressure on the life history of
Weddell seals. These data also will be
used in studies of other large mam-
mals. (S-004)

The role of antifreeze proteins in
freezing avoidance by antarctic fishes.
Arthur L. DeVries, University of Illinois.
Antarctic fish live in waters that are
perennially at the freezing point of body
fluids. If these fish had not adapted to
these conditions by developing natural
antifreeze molecules, the southern
oceans would be devoid of fish. The
evolutionary aspects of these anti-
freezes are of considerable scientific in-
terest. Studies conducted during the
last 3 decades have enabled us to in-
vestigate systematically the mecha-
nism by which antifreezes make it
possible for antarctic fish to avoid
freezing. During the 1991-1992 austral
summer, we will examine the physio-
logical and mechanistic processes in-
volved in freezing tolerance to improve
our understanding of the way anti-
freezes evolved in these fish. We will
conduct physiological studies that fo-
cus on the synthesis of antifreezes and
factors that control synthesis, secre-
tion, fluid and tissue transport, and
conservation of antifreezes. Besides
gaining a better understanding of how
creatures adapt to extreme environ-
ments, this project also will provide data
that may be have implications for hu-

man pathologies, nucleation theory,
and crystallography. (S-005)

Cold adaptations of carbon metabo-
lism in antarctic phototrophic micro-
organisms. J. Robie Vestal, University of
Cincinnati. To understand evolution and
ecological interactions among species,
scientists need to study the molecular
mechanisms of cold-adaptation of bio-
logical systems. In the McMurdo Dry
Valleys of southern Victoria Land, a
complete microbial ecosystem survives
at freezing temperatures within sand-
stone and in permanently ice-covered
lakes. Our objective is to determine
whether cold-adapted cyanobacteria, al-
gae, and photosynthetic bacteria pos-
sess unique nucleotides and amino-acid
sequences in their DNA and in a key
carbon-dioxide-fixing enzyme used in
photosynthesis. We also will establish
whether these unique compounds ac-
count for the enzyme's ability to func-
tion at subzero temperatures. From
previous research, we have discovered
that this carbon-dioxide-fixing enzyme
has unique photosynthetic properties that
may be related to its molecular structure.
Using the latest methods of molecular
biology, we will selectively isolate var-
ious cyanobacteria, algae, and bacteria
from sandstone and algal mats from dry
valley lakes. If we find that these ant-
arctic species do possess unique se-
quences in their DNA and enzymes, we
will gain new insight into the mecha-
nism of cold-adaptation of species and
the relationship of the evolution of these
species to temperate species. (S-006)

Biogeochemistry of antarctic dry val-
ley lakes: Seasonal and feedback pro-
cesses in amictic lakes dominated by
internal cycling. Diane McKnight and
Richard Smith, U.S. Geological Survey,
Water Resources Division and Brian L.
Howes, Woods Hole Oceanographic Insti-
tution. In temperate regions, seasonal
environmental changes, as well as bio-
geochemical cycles, influence freshwa-
ter-lake ecosystems. The mixing and
diluting of lake water, however, can ob-
scure the importance of some biogeo-
chemical processes. The lakes of the
McMurdo Dry Valleys sharply contrast
with temperate-zone lakes but are
uniquely suited for studying internal
production and degradation of organic
material. Located in one of Earth's most
arid, barren environments, these lakes
annually receive from glacial meltwater
relatively minor amounts of inorganic
matter, organic material, and nutrients.
The seasonal cycle is simple-6 months
of light and 6 months of dark—with the
permanent ice cover stabilizing the en-
vironment. During the austral summer,
sufficient light penetrates the ice cover
to support the algal and bacterial pho-
tosynthesis that sustains a microflora
population similar to temperate lakes
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without plant nutrients but with plen-
tiful amounts of oxygen. Our project fo-
cuses on the chemical and biological
changes that occur during the austral
summer (constant daylight) and the aus-
tral winter (constant darkness) and on
the interaction or feedback processes that
occur in aerobic, anaerobic, and benthic
zones of the lake. Working at Lake Fryxell
(a closed ecosystem), we will determine
the internal cycling of carbon, nitrogen,
and sulfur in various environments. We
also will determine how important sea-
sonal lake-water cycles are to the bio-
geochemical processes within the lake,
and we will study the response of pre-
dominant biogeochemical cycles to the
seasonal light-dark cycle. Our objectives
are to measure processes of organisms
that require organic matter for life and
those that synthesize organic material
from inorganic elements, to determine
related chemical parameters, to quantify
lake hydrology, and to develop sam-
pling devices for unattended operation
during the winter. Data from this project
will help us to understand internal bio-
geochemical cycling in nonantarctic lakes.
(S-008 and S-020)

Novel methods to assess the effects
of ultraviolet radiation on phytoplank-
ton photosynthesis. Patrick J. Neale, Uni-
versity of California, Berkeley. The amount
of ozone in the stratosphere above Ant-
arctica has declined over the last decade.
One result of ozone depletion is in-
creased transmission of harmful wave-
lengths of solar ultraviolet radiation (UV),
particularly UV-B (280-320 nanome-
ters), to the sea surface. The conse-
quences of increased exposure to UV
radiation are various, but a principal ef-
fect is the inhibition of photosynthesis
by marine phytoplankton. Scientists have
focused special attention on the Antarc-
tic because the spring decrease in the
ozone layer leads to enhanced exposure
levels of UV-B with unknown, but po-
tentially damaging results. Our project
addresses the effect of UV radiation on
phytoplankton physiology. Focusing on
photoinhibtion of photosynthesis, we will
develop methods to graph environmen-
tally relevant, comparative effects of dif-
ferent wavelengths of light on
phytoplankton. We will measure these
"action spectra" by using an experimen-
tal incubator that exposes phytoplank-
ton to combinations of ultraviolet and
visible radiation. Photoinhibition also will
be examined with new indicator assays.
We will test three types of assay—flu-
orescence-based measurements de-
signed to distinguish the primary damage
to photosynthesis from UV versus visi-
ble radiation; a spectrophotometric mea-
surement of light-related activity that also
might distinguish the effects of UV ra-
diation from those of excess visible light;
and a technique to measure repair func-

tion that is sensitive to UV radiation and
to excess visible light. We will use the
"action spectra" to model photoinhibi-
tion, which will be quantified by the in-
dicator assays without relying on the
incubation-based measurements of pho-
tosynthesis. To test the models and
methods, we will compare them with
direct measurements of the harmful ef-
fects of UV radiation and of excess vis-
ible light on photosynthesis by
phytoplankton living in antarctic waters.
(S-009)

The impact of the Bahia Paraiso oil
spill on a southern ocean seabird com-
munity. William Fraser, Old Dominion
University. On 28 January 1989, the Ar-
gentine supply ship Bahia Paraiso ran
aground and sank near Palmer Station,
spilling 170,000 gallons of diesel fuel, jet
fuel, and lubricating oil into the marine
environment. The spill coincided with
the feeding, fledging, and migration of
the area's six most abundant seabird
species and exposed 36,000 to 43,000
chicks and adults to the oil. Our focus
is to determine the impact the spill has
had on these seabirds in the Palmer Sta-
tion area. Studies done between 1987 and
1989 provide us with data on the abun-
dance, breeding success, diets, and
growth rates of many members of this
seabird community, including chicks
marked in 1988 (not exposed to oil) and
those marked in 1989 (exposed to oil).
These data serve as baseline data in our
comparative study, which is designed to
assess seabird mortality and to deter-
mine the population's potential for re-
covery. Because baseline data with which
to compare the impact of an oil spill is
rarely available, our study is unique not
only in terms of assessing the impact of
an oil spill on a comparatively pristine
polar environment but also generally as
a potential source of critical data for sea-
bird impact studies. (S-013A)

Energetics of adult and larval krill
(Euphausia superba). Langdon Quetin and
Robin Ross, University of California at Santa
Barbara. Euphausia superba, antarctic krill,
is a major component of the southern-
ocean ecosystem yet little is known about
the physiological ecology of this species.
Besides being exploited heavily by al-
most all antarctic marine carnivores, krill
is the focus of a small but growing fish-
ery. Our objective is to examine the de-
gree and consequences of food limitation
in the adults and larvae. From earlier
research, we know that adults and lar-
vae respond differently to long periods
of starvation. Adults can survive periods
of starvation longer than a year, but lar-
vae can survive only a few months. Dur-
ing our research, we will focus on how
different food levels affect development
and growth. A seasonal energy budget
will be constructed from data gathered
on rates of ingestion, fecal pellet pro-

duction, growth, molting, reproduction,
and metabolism. To accomplish this, we
will combine laboratory and shipboard
measurements to determine the ener-
getics of this important member of the
antarctic marine community. The results
of our project will contribute substan-
tially to understanding aspects of krill
biology that presently are poorly un-
derstood. (S-014)

Social structure, agreement, and con-
flict in groups in extreme and isolated
environments. Jeffrey C. Johnson, East
Carolina University. Our study focuses on
how an extreme, isolated environment
affects group structure and an individ-
ual's understanding of that structure.
Working at Amundsen-Scott South Pole
Station, we will study incidence and
management of conflict and the effect
that conflict has on the group structure.
We will collect qualitative and quanti-
tative data to understand the formation
of group structure, status and role con-
sensus, perceived conflict, and morale
for three groups living and working at
the station. From these data, we will de-
velop quantitative models of how group
structure is formed. Our study will con-
tribute to our understanding of the role
of group structure and cognition in the
functioning of groups in isolation and
will complement work on health and ad-
aptation in polar environments. It also
will provide us with information for de-
veloping improved procedures for as-
sembling groups of people who will live
in the Antarctic or other isolated envi-
ronments. (S-018)

Photoadaptation by phytoplankton in
permanently ice-covered antarctic lakes:
Response to a nonturbulent environ-
ment. John C. Priscu, Montana State Uni-
versity. The underwater environment of
the lakes in the McMurdo Dry Valleys
is the exception to the usual model of
the light regime for planktonic microal-
gae. In most ecosystems, plankton are
exposed to varying amounts of light
based on the rate of vertical mixing in
the water column. Because the water
column in the permanently ice-covered,
dry valley lakes is relatively stable, we
believe that light intensity and spectral
quality is constant. Our objective is to
describe the photophysiology of distinct
plankton populations in Lake Bonney in
relation to the lake's unchanging phys-
ical regime. We will examine the stability
of the physical environment, habitat
preferences for distinct vertically strati-
fied populations, the rate of physical and
chemical change in relation to photoad-
aptation, the rhythm of photosynthesis
over 24 hours, and the physiological
mechanism responsible for observed
photosynthesis versus the fluctuating
patterns of light intensity. Because these
plankton populations are spatially sta-
ble, they will be a model for studying
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photoadaptation as it occurs during the
growing season. (S-025)

Long-term ecological research on the
antarctic marine ecosystem: An ice-
dominated environment. Robin Ross,
Langdon Quetin, Barbara Prezlin, and Ray-
mond Smith, University of California, Santa
Barbara, and William Frazier and Wayne Z.
Trivel piece, Old Dominion University. The
annual advance and retreat of antarctic
sea ice may be the major physical de-
terminant of spatial and temporal changes
in the structure and function of antarctic
marine communities. Interannual cycles
or trends in the annual extent of the pack
ice also may significantly affect all levels
of the food web—from total annual pri-
mary production to breeding success in
seabirds. Historical records indicate a 6-
to 8-year cycle in the maximum extent
of the pack ice during the winter. These
observations are supported by the pat-
tern during the 1980s-1980 and 1981
were colder, followed by warmer win-
ters until 1986 and 1987 when the cold
cycle repeated. Data gathered during the
last decade show that, following the same
pattern, Adélie penguins had a higher
survival rate in winters with heavy pack
ice. The objective of the studies to be
conducted by six universities during this
long-term ecological research (LTER)
project is to define ecological processes
linking the extent of annual pack ice with
biological dynamics of different trophic
levels within antarctic marine commu-
nities. Generally, we will focus on yearly
variations in representative populations
from the marine food web (for example,
Adélie penguins, skuas, krill, and ant-
arctic silverfish) and on mechanistic links
controlling observed variations. With
these data we will be able to develop
broader characterizations that can be ap-
plied to other large marine environ-
ments. To achieve this, we will collect
data at several spatial and temporal
scales. Our collection and research
methods include remote sensing, an-
nual monitoring, a series of process-ori -
ented research cruises, and modeling to
link multiple spatial and temporal scales
between biological and environmental
components of the ecosystem. (S-028, S-
013B, S-016, S-029, and S-032)

Physiological ecology of UV-absorb-
ing compounds in antarctic organisms.
Deneb Karentz, University of California at
Santa Barbara. The persistence of the
austral spring depletion of ozone above
the antarctic region has caused scien-
tists to become increasingly more con-
cerned about the effects that enhanced
exposure to incident ultraviolet (UV)
radiation may have on antarctic flora
and fauna. Consequently, evaluating
the ecological effects of this atmos-
pheric phenomenon on biological sys-
tems in Antarctica is critical. Our project
will provide information about the range
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of natural "sunscreens" that marine
organisms use to protect themselves
from harmful wavelengths of UV ra-
diation. We will focus on mycosporine-
like amino acids (MAA5), compounds
that are common among marine spe-
cies. These amino acids absorb radia-
tion from the UV portion of the solar
spectrum. By gaining more data on
these amino acids, we will further our
understanding of how marine organ-
isms deal with UV exposure while con-
tinuing to function in their ecosystem.
To do this, we will determine if changes
occurring in MAA concentrations in se-
lected algae and invertebrates repre-
sent an adaptive response to UV
exposure and will examine the possible
relationships between MAA content in
primary producers and their consum-
ers. Working during the austral spring,
we will compare amino-acid concen-
trations in the algae and invertebrates
at different times as the days increase
in length and the level of ozone deple-
tion changes, during different stages of
each species' life cycle and under con-
trolled light and conditions. (S-031)

Satellite and in situ measurements of
spatial distribution of antarctic surface
ultraviolet radiation. Catherine Gautier,
University of California, Santa Barbara. Since
1986, antarctic field work has provided
significant new information concerning
the ability of marine organisms to with-
stand enhanced levels of UV radiation

during the springtime ozone depletion.
However, an outstanding problem for
scientists is how to generalize these
findings to the entire antarctic ecosys-
tem and biomass, particularly when
considering large geographic areas. Re-
mote-sensing techniques could provide
important information to resolve these
problems. For example mapping surface
UV and photosynthetically active radia-
tion (PAR) irradiance could enable bi-
ologists to take a given set of conclusions
about a specific marine community and
use large-scale maps of surface irradi-
ances to identify regions that could be
adversely affected and those that might
be only slightly affected. Knowledge of
the size and number of such regions,
combined with knowledge of temporal
and spatial distribution of a given com-
munity then could enable a researcher
to draw conclusions about the whole
antarctic ecosystem. Our objective is to
develop a method for mapping UV-B and
PAR radiation falling on the Antarctic
and the southern oceans. By using sat-
ellite remote-sensing techniques, vali-
dated by surface measurements made
with UV monitors at the three U.S. ant-
arctic stations, we will extend the geo-
graphic mapping of ozone and UV
radiation over the continent and de-
velop maps of surface UV-B and PAR
irradiance with a 50-kilometer resolu-
tion, which will be comparable to strat-
ospheric-ozone abundance maps

Thirty-eight science and technical investigations will be conducted by U.S. researchers in the
Antarctic Peninsula region during the 1991 —1 992 field season. Projects at remote sites included
three projects conducted in cooperation with the British Antarctic Survey (one aboard the research
ship RRS James Clark Ross) and the ten projects that make up the U.S. contribution to the
Weddell Sea ice camp.
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developed from satellite data. Empha-
sizing the period during the springtime
ozone depletion, we will collect atmos-
pheric data to develop a thorough un-
derstanding of solar-radiation transfer
in the antarctic Earth-atmosphere sys-
tem. With this information, we will
modify for high latitudes satellite re-
mote-sensing algorithms, developed by
one of our team to study surface-radia-
tion budgets at lower latitudes. (S-033)

Primary productivity in antarctic pack
ice: Time-series studies at ice stations.
Cornelius Sullivan, University of Southern
California. Sea ice covers 20 million square
kilometers of the southern oceans, cre-
ating a unique habitat for marine life.
This austral summer, for the first time,
sea-ice ecologists will be able to obtain
time-series data on microbial biomass
accumulation, growth rates, and pro-
ductivity in the antarctic pack-ice eco-
system—information essential for
understanding southern-ocean produc-
tivity. Working in the western Weddell
Sea as part of a multidisciplinary, inter-
national investigation, we will study pri-
mary production in first- and second-
year pack-ice environments, along with
the factors that influence the growth and
development of microalgae and bacte-
ria. Additionally, we will examine in-
dicators of cell metabolism to use as
indices of natural growth for sea-ice mi-
croalgae. During this investigation, we
also will test the hypothesis that a sub-
stantial fraction of primary and second-
ary productivity occurs within the sea-
ice zone and is mediated by microalgae
and bacteria associated with the pres-
ence of extensive ice-crystal surfaces in
this habitat. (S-039)

Foraging habitats and behavior of py-
goscelid penguins. Wayne Z. Trivel piece,
Point Reyes Bird Observatory. Penguins are
major predators of krill (Euphausia su-
perba) and an important component of
the antarctic marine food web. To un-
derstand thoroughly the structure and
function of the antarctic ecosystem, bi-
ologists must have information on pop-
ulation dynamics, as well as the factors
that regulate the size of penguin pop-
ulations, especially the dominant ant-
arctic genus—pygoscelid penguins. The
three pygoscelid penguins—Adelie (Py-
goscelis adeliae), chinstrap (P. antarctica),
and gentoo (P. papua)—nest sympatri-
cally at Point Thomas, King George Is-
land, near the Polish Arctowski Station.
For several years, we have banded pen-
guins at this site and studied their breed-
ing and feeding ecology. Results of these
studies indicate that each species re-
sponds differently to winter conditions,
differs in annual survival levels, and has
different age and sex requirements for
maintaining population levels. Our pri-
mary objectives are to determine age-
specific demographic parameters for

these penguin populations and to com-
pare these parameters to Adélie popu-
lations in different environments.
Another objective is to compare the for-
aging behavior and ecology of the three
species and, within each group, to com-
pare the feeding proficiency of young,
inexperienced, first-time breeders with
older, experienced breeders. Results from
the latter effort should help to explain
patterns observed in the demographic
data. This information will improve sig-
nificantly the scientific understanding of
the trophic relationships among these
penguins and will enable us to test hy-
potheses on how age affects foraging
proficiency and how foraging profi-
ciency affects breeding and recruitment
patterns. (S-040)

Sources, distribution, and fate of hy-
drocarbons in the vicinity of the Bahia
Paraiso, Arthur Harbor, Antarctica.
Mahlon C. Kennicutt II, Geochemical and
Environmental Research Group, Texas A&M.
The grounding of, and subsequent leak-
age of fuel and oil from, the Bahia Paraiso
into the relatively pristine environment
of Arthur Harbor raised the spectre of a
major ecological disaster caused by hu-
man activities in the polar climates. Our
objective is to investigate the distribu-
tion, sources, and fate of hydrocarbons
along the Antarctic Peninsula. Hydro-
carbons are ubiquitous components of
marine and terrestrial systems and rep-
resent inputs from biological processes,
local contamination, atmospheric trans-
port, recycled continental material, and
digenesis. The biogeochemical cycle of
hydrocarbons encompasses various in-
teractions, which impart characteristic
compositions that are useful tracers of
complex processes. By examining in de-
tail hydrocarbons and their altered by-
products, we will be able to document
the relative importance of various in-
puts, as well as to provide insight into
the processes that determine how pol-
lutants are distributed. Cores taken close
to scientific stations will be used to doc-
ument the onset, composition, and mag-
nitude of hydrocarbon pollution caused
by human presence in the Antarctic Pen-
insula. To provide an historical per-
spective, we will analyze core samples
dated by tracer methods. Shallow sedi-
ments collected near Palmer Station will
be analyzed as well as surficial sedi-
ments from remote areas. With these
data, we also will be able to assess the
importance of present-day atmospheric
transport of hydrocarbons produced by
combustion. We hope, through this in-
vestigation, to determine the relative im-
portance of local anthropogenic, global
anthropogenic, and natural combustion
hydrocarbons. (S-041)

Reproductive strategies of south po-
lar skuas: The role of food in chick sur-
vival and sibling aggression. Gary Miller,

University of New Mexico. Our study will
examine the relation between the nat-
ural selection process and chick deaths
during the nesting period for south po-
lar skuas. Previous theories have attrib-
uted deaths to cannibalism, adoption of
foreign chicks into the nest, and com-
petition among siblings. Our study will
examine the roles of food availability and
parental feeding behaviors as causes of
sibling aggression leading to siblicide and
nesting starvation. The south polar skua
represents one of the few examples where
sibling aggression is mediated by hun-
ger. Our hypothesis predicts that when
food is plentiful for chicks, aggression
will decrease and fewer deaths, higher
growth rates, and increased reproduc-
tive success will result. The causes and
timing of egg and chick mortality will be
determined; how skuas adjust their re-
productive strategies from year to year
will be studied; and a quantitative de-
scription of the role of siblicide to the
reproductive success of the south polar
skua will be developed. We will conduct
our study on Ross Island. (S-042)

Research on Antarctic Coastal Eco-
system Rates (RACER): Mechanisms of
bloom formation and decline. Osmund
Holm-Hansen, Scripps Institute of Ocean-
ography. Historical data and observa-
tions from studies of the coastal Antarctic
Peninsula region provide detailed doc-
umentation of massive phytoplankton
blooms that develop within the Gerlache
Strait and the southwest portion of the
Bransfield Strait. Hydrographic data in-
dicate that the flow field is relatively
quiescent in the region of bloom for-
mation. Our objectives are to under-
stand the temporal detail regarding the
mechanisms leading to formation and
decline of these blooms. As a part of the
RACER (Research on Antarctic Coastal
Ecosystem Rates) program, our inves-
tigation uses an interdisciplinary ap-
proach to resolve how phytoplankton
respond to physical forcing. We will em-
phasize high temporal resolution of me-
teorological phenomenon that cause
turbulent mixing in the upper water col-
umn and how phytoplankton respond
to this mixing process. During a pre-
vious season an automatic weather sta-
tion was installed on an island near our
primary research site to provide year-
round data that describe the weather
in this region. In addition to these data,
we will profile physical, optical, and
biological properties. We also will study
in detail phytoplankton rate processes
(including carbon and nitrogen isotope
uptake), growth rates determined by
radiocarbon labeling of chlorophyll a,
and kinetics of photoadaptation. Op-
tical, biochemical, and photosynthetic
parameters will enable us to determine
the photoadaptive status of the phy-
toplankton crop. This information is

Antarctic Journal



essential for an understanding of the
mechanisms underlying the formation
of the phytoplankton bloom. By un-
derstanding these mechanisms, we can
develop models that are capable of pre-
dicting seasonal progression and in-
terannual variability forced by the
physical environment. (S-044)

Research on Antarctic Coastal Eco-
system Rates (RACER): Development,
growth and production of macrozoo-
plankton, including krill. Mark E. Hunt-
ley, Scripps Institution of Oceanography.
Throughout the world ocean, coastal re-
gions dominate biological production;
however, knowledge of biological pro-
cesses in the southern oceans derives
mostly from studies of the circumpolar
open sea. Ecosystem dynamics of ant-
arctic coastal zones are virtually un-
known. Our objective is to study in detail
coastal processes in the northern Ger-
lache Strait. Our portion of RACER (Re-
search on Antarctic Coastal Ecosystem
Rates) will provide information on the
development, growth, and productivity
of zooplankton, including krill. We will
determine physical circulation, resi-
dence time and dispersion of popula-
tions, events leading up to the annual
spawning of krill, growth and devel-
opment of three principal species (Eu-
phausia superba, Calanoides acutus, and
Metridia gerlachei), and the flux of carbon
and nitrogen through macrozooplank-
ton. To accomplish this, we will use
ARGOS-linked Lagrangian drifters,
zooplankton nets, and shipboard labo-
ratory experiments. Because the dynam-
ics of biological processes in the northern
Gerlache Strait may be characteristic of
many nearshore marine environments
in Antarctica, our study may provide new
insights into the functioning of antarctic
coastal ecosystems. (S-045)

Research on Antarctic Coastal Eco-
system Rates (RACER): Microbial dy-
namics and carbon flux. David M. Karl,
University of Hawaii. The southern ocean
maintains moderate, if patchy, biologi-
cal productivity despite the harsh en-
vironment. Primary production in coastal
antarctic ecosystems is characterized by
an intensive spring bloom. During this
2-3 month bloom, 70-90 percent of the
annual organic carbon is produced, which
in turn, increases biological productivity
at all levels, from bacteria to baleen
whales. The precise pathways of carbon
transfer, however, and the rates and
mechanisms involved have not been
carefully investigated. In particular, the
role of microheterotrophs in antarctic
foodwebs and the immediate fate of
phytoplankton production need to be
examined. Our study attempts to define
the mechanisms, pathways, and rates of
coupling between photoautotrophic and
heterotrophic populations and also to
evaluate the coupling between the pe-

lagic and benthic habitats. The data ob-
tained during this expedition will add to
an overall understanding of the rates of
primary and secondary production and
will ultimately be used to formulate a
general model of carbon and energy flow
in antarctic coastal ecosystems. (S-046)

Production and regeneration of or-
ganic matter in the western Ross Sea.
Walker 0. Smith, Jr., University of Ten-
nessee. When compared to other oceanic
regions, the cycles of biogenic elements
in the Ross Sea are unusual in a number
of ways. The seasonal cycle of primary
productivity apparently is dominated by
ice-edge phytoplankton blooms, which
are controlled by the spatial extent of
meltwater produced by the receding sea
ice. Because this bloom depends on ni-
trate as a nitrogen source, much of the
bloom's production is readily available
for transport to other parts of the ocean.
Additionally, in the Ross Sea (particu-
larly the western portion) scientists have
found extensive deposits of siliceous
sediment and measured the world's
highest accumulation rates for these
sediments. Although in these sediments
the diatomaceous component is the same
species that dominates the ice-edge phy-
toplankton blooms, the sediments have
higher levels of silica than they do or-
ganic matter, and material collected in
sediment traps appears to be enriched
with larger amounts of silica than of or-
ganic materials. Working with ocean sci-
entists from Rice University (S-216),
Oregon State University (S-267), and
North Carolina State University (S-268),
we will characterize production, vertical
flux, water-column regeneration, and
sediment accumulation rates in the
western Ross Sea. Our project focuses
on describing phytoplankton distri-
bution and productivity in surface
waters, the small-scale vertical flux of
particulate matter, and the regenera-
tion of organic matter within the water
column. We hope not only to quantify
these rates at one location but also to
understand the mechanisms control-
ling the apparent breakdown between
the organic and siliceous matter cycles.
Results from the three investigations
should document the unique relation-
ship between surface production and
sediment accumulation and clarify the
differences in the two cycles. The data
also will assist in developing global
models of production and sedimenta-
tion of biogenic material. (S-047)

Stomach oils and reproductive ener-
getics in antarctic seabirds. Daniel D.
Roby, Southern Illinois University. Antarc-
tic diving petrels, unlike other surface-
feeding seabirds in the Antarctic, have
lost their ability to produce stomach oils
to feed their young. Consequently, pe-
trel chicks grow more slowly and fledge
at an older age than seabird chicks reared

on food containing as much as 20 per-
cent stomach oils. If there is an adaptive
advantage provided to these other sea-
bird chicks by stomach oils, it is not
known. To investigate how the presence
or absence of stomach oils in food may
influence the growth rates of chicks, we
will have diving petrels rear other sea-
bird chicks that normally are fed food
with stomach oils and other seabirds raise
petrel chicks. Specifically, we are inter-
ested in learning gastrointestinal transit
rates, the efficiency with which fats are
assimilated, patterns of fat storage and
catabolism, growth and development,
the efficiency with which adults find food,
and the net-production efficiency of the
parent-offspring unit. We will evaluate
our results to determine the ecological
and energetic significance of stomach oils
in reproduction, as well as the factors
responsible for the absence of stomach
oils in diving petrels. (S-049)

Energetics of reproduction and for-
aging in Adélie penguins. Mark A.
Chappell, University of California at Riv-
erside. Adélie penguins, Pygoscelis ade-
liae, are the most abundant of the antarctic
penguins and are an important com-
ponent of the antarctic marine ecosys-
tem. The breeding ecology, behavior, and
thermal physiology of Adélies have been
extensively studied, but many aspects of
their ecological and reproductive ener-
getics are not yet described. In this study,
we will measure rates of energy con-
sumption and changes in body compo-
sition in breeding Adélies while
simultaneously studying their foraging
behavior. This will enable us to deter-
mine reproductive effort and to calculate
the trophic impact of breeding Adélies
on the surrounding marine ecosystem.
(S-200)

Significance of bacterial exoenzymes
in organic matter cycling in the south-
ern ocean. James Hollibaugh, University of
California at San Diego. Coupling of car-
bon flows from primary producers to
bacteria can significantly influence the
patterns of vertical flux of organic matter
in the ocean. Bacteria must break down
particles and mix them with water be-
fore uptake; thus, excreted enzymes
(bacterial exohydrolases) assume a cen-
tral role in the carbon flux from partic-
ulate organic matter into the microbial
loop. We hypothesize that during the
austral winter, bacterial-exohydrolase
production ceases in the high latitudes.
Therefore, particles and polymers pro-
duced during the early spring bloom
cannot be used by bacteria. We will test
this hypothesis in the waters off Palmer
Peninsula, where we will sample the eu-
photic zone pre-bloom through the de-
velopment and decline of the spring
phytoplankton bloom. Field and labo-
ratory manipulations will examine en-
vironmental cues that regulate enzyme
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activity. This knowledge should contrib-
ute to the understanding of biological
production mechanisms and variability
in the pathways of organic matter cy-
cling in the southern ocean. (S-230)

Marine and terrestrial
geology
and geophysics

Surveying, mapping, and description
of most geologic features in Antarctica
have enabled geologists during the last
30 years not only to understand regional
geology and geophysics but also to ad-
dress topics that apply to other areas of
the world. Antarctic data have sup-
ported such theories as plate tectonics
and the existence of the ancient super-
continent Gondwanaland. These data
have helped geologists to resolve more
fundamental problems including moun-
tain-forming processes and marginal-
basin evolution. With most reconnais-
sance work completed, geologists and
geophysicists focus on the role of the
south polar region in global geodyn-
amics, the evolutionary history of en-
demic marine and terrestrial biota, and
Antarctica's role in the evolution of ocean
circulation. Special considerations in-
clude investigating the tectonic relation-
ships of West Antarctica and other areas
of the world to learn more about the
nature of Gondwanaland before it broke
up, probing past environments through
fossil data, and collecting for further study
the large number of meteorites that have
been uniquely concentrated on the sur-
face of the antarctic ice sheets. The com-
plex structure of the sea floor presents
fundamental problems in geology and
geophysics. The detailed sediment re-
cord of changes in the antarctic ice she
enables marine geologists to learn more
about the continent's glacial history and
about changes brought about by the
break-up of Gondwanaland.

Geodetic satellite observations. Ar-
nold Tucker, Applied Research Laboratories,
University of Texas at Austin. At Mc-
Murdo Station, we will operate and
maintain a geodetic satellite observatory
to collect dual-frequency, doppler data
from polar-orbiting satellites. These sat-
ellites transmit similar data to Amund -
sen-Scott South Pole Station on specific
orbits. Our observatories at both sites
record changes in electromagnetic fre-
quencies relative to the positions of the
observatory and the satellite. With these
data, we can help determine spatial and
time variations of the ionosphere and
provide geodetic positioning controls.
Data from the South Pole will be relayed
via the South Pole satellite data link and
then on to the United States via the Uni-

versity of Texas INMARSAT geosyn-
chronous satellite communications
system. Two members of the field team
will winter over to support the year-
round, continuous operation of the pro-
gram. (S-051)

Geodetic surveys in the McMurdo Dry
Valleys and on Ross Island. Jerry Mul-
lins, U.S. Geological Survey. A team will
conduct geodetic surveys the McMurdo
Dry Valleys and on Ross Island. The im-
age and reconnaissance maps devel-
oped will present scientific information,
such as geologic data, in an accurate
manner for expert analysis and can be
used in the design and execution of fu-
ture expeditions. They also will operate
newly installed geographic information
system (GIS) stations at McMurdo and
Amundsen-Scott South Pole Stations and
at Byrd Surface Camp. (S-052B)

Antarctic survey and mapping. Jerry
Mullins, U.S. Geological Survey, Reston.
At Amundsen-Scott South Pole Station,
two U.S. Geological Survey technicians
will continue to operate electronic dop-
pler equipment (to track overflights of
Navy navigational satellites throughout
the year), the South Pole seismometer
(part of the Worldwide Standardized
Seismology Network), and the ultra-low-
period seismology equipment. (S-052C)

Antarctic search for meteorites. Wil-
liam A. Cassidy, University of Pittsburgh.
Meteorites are useful for investigating
possible changes through time in the
meteoroid flux at Earth, measuring the
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cosmic-ray flux in past eras, searching
events in which asteroid parent bodies
were disrupted, and defining the abun -
dances and characteristics of pre-solar-
system organic molecules. During the
last 2 decades, field teams from the
United States, Japan, and, more re-
cently, a consortium of European coun-
tries have collected approximately 14,400
meteorite fragments that represent be-
tween 2,000 and 5,000 distinct impacts
on the ice sheet—making the antarctic
collection comparable in size to the total
number of meteorites collected from sites
worldwide over all time. Since we began
collecting meteorites in Antarctica, we
also have identified numerous exposed
ice areas—principally in the region of
the Transantarctic Mountains that bor-
ders on the central ice plateau—that act
as meteorite stranding surfaces. Study
of these stranding surfaces provides not
only information related to meteorite
studies but also data on terrestrial cli-
mate change and the composition of
Earth's ancient atmospheres. (S-058)

Tectonic evolution of the antarctic
sector of the Pacific margin: Mesozoic
and Paleozoic development of Marie
Byrd Land II. Ian W.D. Dalziel and Den-
nis Kent, Institute for Geophysics, Univer-
sity of Texas at Austin. Geologists have
long appreciated the importance of the
boundary between the east antarctic
fragment of the Gondwanaland Precam-
brian shield and the west antarctic sector
of the circum-Pacific mountain-forming

Of the 77 projects to be conducted on the continent, 26 will be based out of McMurdo Station;
12 will be conducted at sites in the McMurdo Dry Valleys in southern Victoria Land. Remote sites
include the Siple Coast, Vostok Station, the Transantarctic Mountains and West Antarctica, and
projects on the icebreaker Polar Sea. Additionally, Polar Duke will travel from the Antarctic Pen-
insula region to the Ross Sea to support several ocean science projects. In some cases, a single
project may be conducted at two sites.

Science prolects by site & discipline
McMurdo Station/Dry Valleys, South Pole
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belt. Understanding the nature of the
boundary and how the tectonic evo-
lution of West Antarctica relates to that
of East Antarctica, however, is a still a
fundamental problem—one which is
critical to studies of global plate inter-
actions, paleocirculation in the southern
oceans, paleoenvironment, and paleo-
biogeography, as well as to the pro-
cesses that control the growth of the
continents. This study is part of a tri-
partite United States-New Zealand-
United Kingdom effort to examine the
geology of Marie Byrd Land. The overall
goal is not merely to complete geo-
graphic coverage of the antarctic section
of the Pacific margin but also to develop
an integrated picture of the tectonic de-
velopment of West Antarctica within the
framework of both the Gondwanaland
and the Pacific Ocean basin evolution.
(S-063)

Transverse structural segmentation of
the Transantarctic Mountains. Terry I.
Wilson, Ohio State University. The Trans-
antarctic Mountains, Antarctica's intra-
continental mountain belt, developed
along the crustal boundary between the
subcontinents of East and West Antarc-
tica. These mountains appear to have
been formed by processes occurring
within the Antarctic Plate, probably re-
lated to the extension and rifting of the
Earth's crust that produced the Ross Sea,
during the Mesozoic and Cenozoic. Fo-
cusing on transects parallel and perpen-
dicular to the mountains, we will map
the orientation patterns of faults, frac-
tures, and dike swarms between the Fer-
rar and Koettlitz Glaciers. In contrast with
other continental rift systems, such
structures do not change their tilt direc-
tion between segments; additionally,
transverse structures (those features
perpendicular to the mountains) are as-
sociated with depressions that suggest
tensional "pull-apart" zones. Our ob-
jective is to determine the history of
structural movement along the bound-
ary between East and West Antarctica
during the early stages of the break-up
of Gondwanaland in the Jurassic as well
as during the formation of the Transant-
arctic Mountains in the Cenozoic. The
results of this investigation will help es-
tablish the direction of displacement as-
sociated with these structures and test
conflicting hypotheses on the relative
movement of East and West Antarctica
during the Gondwanaland breakup. The
data also will provide a three dimen-
sional picture of the structure of the
Transantarctic Mountains that will be
useful for modeling the processes as-
sociated with rifting and uplift of a
mountain chain. (S-072)

Structural evolution of the Cordillera
Darwin. Ian W.D. Dalziel, University of
Texas at Austin. Compression and ex-
tension of the Earth's crust during con-

tinental margin formation are
commonly sequential and may be linked
by underlying processes. From recent
field and laboratory studies, we know
that high-grade metamorphism in the
Darwin complex of the Andes Moun-
tains in Terra del Fuego accompanied
crustal thickening that was caused when
the Rocas Verdes margin basin was in-
verted by overlaying of the basin floor
onto the South American continent.
Uplift resulted from the tectonic ero-
sion of the thickened crust in the latest
Cretaceous or earliest Cenozoic. Our
objective is to test this hypothesis by
assembling a structural transect across
Cordillera Darwin and developing a
model for the evolution of the south-
ernmost Andes in relation to their plate
tectonic setting. (S-074)

Uplift history in the Transantarctic
Mountains in northern Victoria Land.
Edmund Stump, Arizona State University.
Using apatite fission-track analysis, we
will attempt to confirm three aspects of
the uplift history of the Transantarctic
Mountains in northern Victoria Land—
that a mid-Cretaceous uplift event is re-
corded in the Admiralty Mountains, that
most uplift of the mountains in northern
Victoria Land began in the Cenozoic, and
that a later period of uplift (early Paleo-
gene) occurred and can be delineated in
the southeast coastal region where ap-
proximately 10 kilometers of uplift is es-
timated. Results from our investigation
will place the post-Jurassic tectonic evo-
lution of northern Victoria Land in con-
text with the break-up of Australia and
Antarctica with the formation of exten-
sional features within the Ross embay-
ment. To accomplish this we will take
vertical profiles from granite plutons in
the Admiralty Mountains and the inland
edge of the southeast coastal region and
will perform a horizontal transect. After
returning to our laboratory, we will sep-
arate apatite (phosphate-containing
minerals such as fluorine and chlorine)
from collected samples and prepare them
for testing at the Fission-Track Dating
Laboratory at Arizona State University.
(S-076)

Dry valley seismograph project. John
S. Derr, U.S. Geological Survey Albuquer-
que Seismological Laboratory. Increasing the
availability of high-quality seismic data
from Antarctica is a long-term objective
of many investigators. Such data, when
combined with data from the World-
wide Standardized Seismological Net-
work, would provide needed azimuthal
control for locating seismic events in both
the Northern and Southern hemi-
spheres. During several austral sum-
mers, we surveyed sites and installed
equipment in southern Victoria Land's
ice-free valleys. Eventually, data will be
transmitted in real time via a geosyn-
chronous satellite to the U.S. Geological

Survey's Albuquerque Seismological
Laboratory as part of a larger seismic
data collection network. (S-078)

Support for the global seismic station
at Amundsen-Scott South Pole Station.
Rhett Butler, Incorporated Research Insti-
tutions for Seismology (IRIS). Amund-
sen-Scott South Pole Station is uniquely
located for long-term, global seismic
studies. The station is a seismically quiet
platform, which lies on the Earth's ro-
tational axis and can be used as a site
to measure long-period oscillations of
the Earth. Its location on the Great Cir-
cle Paths coincides with portions of the
Mid-Atlantic Ridge and the East Pacific
Rise and includes active seismic re-
gions and other features of intense
geophysical interest. IRIS, a non-profit
consortium of 57 U.S. universities, cre-
ates and manages research facilities for
seismology. Currently, IRIS is funding
the University of California at Los An-
geles to operate the South Pole seismic
facility. (S-090)

Determining exposure ages and ero-
sion rates of bedrock surfaces in Ant-
arctica. Robert Giegengack, University of
Pennsylvania. Through high-energy nu-
clear reactions, cosmic rays can produce
radioactive forms of beryllium and alu-
minum (Be-10 and Al-26) in quartz on
exposed bedrock surfaces. Using accel-
erator mass spectrometry, researchers
can determine the concentrations of these
radioactive species and have demon-
strated that this information can provide
valuable data on exposure times and rates
of erosion for exposed bedrock surfaces.
With this method, they have been able
to establish exposure ages ranging from
10,000 to 50,000 years for a variety of
surfaces; the oldest exposure times found
are those measured in bedrock samples
from Antarctica. During the course of
our study, we will measure concentra-
tions of beryllium-10 and aluminum-26
in bedrock samples from previous expe-
ditions, as well as from our own collec-
tions, and interpret those measurements
in terms of exposure ages, erosion rates,
and Quaternary glacial history. We also
will refine our techniques for preparing
samples in an effort to develop a gener-
alized, systematic procedure to extract
quartz efficiently from samples of a wide
range of mineral composition. (S-092)

Corridor aerogeophysics of the south-
east Ross transect zone (CASERTZ).
Donald Blankenship, Ohio State University,
and Steven Hodge, U.S. Geological Survey,
Tacoma. Developing a thorough under-
standing of the Cenozoic evolution of
West Antarctica is key to understanding
the breakup of the Pacific margin of
Gondwanaland; however, the nature and
history of two lowland regions of central
West Antarctica—the interior Ross em-
bayment (between western Marie Byrd
Land and the Transantarctic Mountains)
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and the Byrd subglacial basin (between
eastern Marie Byrd Land and the Whit-
more Mountains)—remain poorly un-
derstood. The U.S. Geological Survey in
conjunction with the Byrd Polar Re-
search Center of Ohio State University
will conduct a combined airborne radar
and aeromagnetic survey of these two
regions to gather specific information
About their nature and origin as well as
the relationship between Cenozoic vol-
canism and the tectonic and glacial his-
tory of these regions. Besides constructing
maps of subglacial topography and mag-
netic intensity, we will try to reconstruct
the position of subglacial diffractors in
three dimensions. This reconstruction,
especially when combined with the
magnetic results, should give new in-
formation about the distribution of es-
carpments and, therefore, the tectonic
relationships within the region. (S-166
and S-154)

Corridor aerogeophysics of the
southeastern Ross Transect Zone
(CASERTZ): Airborne gravity. John M.
Brozena, Naval Research Laboratory, and
Robin E. Bell, Lamont-Doherty Geological
Observatory. By taking airborne gravity
measurements, researchers can improve
tectonic interpretation of topographic and
magnetic data, because radar, magnet-
ics, and gravity are complementary data
sets. Radar shows the form of the ice-
topography interface and the thickness
of the ice. Magnetic measurements pro-
vide an estimate of the sediment thick-
ness by determining the magnetic depth
to the basement rock, as well as clues to
the composition of that rock. Gravity
measurements, when modeled using
density layers resulting from radar and
magnetic measurements, can resolve the
interface between the crust and mantle.
To improve the ability of investigators
participating in the CASERTZ program
(see S-154 and S-166) to evaluate data
collected during the 1990-1991 austral
summer and this austral summer, we
will take airborne gravity measurements
of two 220- by 330-kilometer areas be-
tween the Transantarctic Mountains and
Marie Byrd Land. Our survey is de-
signed to determine the motion, volcan-
ism and deformation history of the
Ellsworth-Whitmore crustal block of West
Antarctica and the relationship of the
tectonics of this block to the evolution
of the Byrd subglacial basin, the interior
Ross embayment, and the Transantarc-
tic Mountains. Our data will aid other
investigators in their effort to define
crustal structure and add a new capa-
bility to model crustal thickness. (S-169A
and S-169B)

Quaternary climate record from the
Antarctic Peninsula region. David H. El-
liot and Scott E. Ishman, Byrd Polar Re-
search Center, Ohio State University.
Preliminary analyses of benthic forami -

niferal distribution, sediment distribu-
tion, and water-column profiles from the
Bellingshausen/Pacific sector of the Ant-
arctic Peninsula have suggested that the
observed patterns are influenced by
oceanographic, glacial, and climatic con-
ditions. Our study will supplement these
preliminary findings and will provide
new information on the microhabitat and
geochemical associations between the
surface sediments and benthic forami-
nifera. We will analyze modern sedi-
ment flux and distribution, water-column
profiles, and benthic foraminiferal dis-
tribution. The faunal and environmental
associations observed in the modern set-
ting will then be used to formulate an
interactive model, which can be used,
in turn, to infer paleoceanographic and
paleoclimatic conditions in downcore
sediments, thus helping to reevaluate the
Cenozoic marine records from samples
previously collected in the antarctic mar-
gin region. (S-208)

Depositional processes and stratig-
raphy of antarctic fjords and ice-shelf
environments. Eugene W. Domack, Ham-
ilton College. We are studying sediment
transport on the antarctic continental
margin near floating glacier tongues and
restrictive fjord environments to deter-
mine the importanct of mid-water and
deep-cold-water tongues in the trans-
port processes and what precise links
can be established between the observed
glacial-climatic regime and the resulting
depositional record. The depositional
record will be reconstructed from a cor-
ing program and from high-resolution
seismic reflection profiles. The expected
thick Holocene sections with pro-
nounced internal changes in texture and
composition will be analyzed for their
implications with respect to the re-
sponses of antarctic fjord glacier systems
to Holocene climate changes. Our field
work will be carried out along the Ant-
arctic Peninsula. (S-285)

Glaciology and glacial
geology

Antarctica's ice sheet covers 97.6 per-
cent of the continent in thicknesses up
to 4.8 kilometers. Its history—derived
from ice cores, the terrestrial geologic
record, and the marine sedimentary re-
cord—provides information about global
and regional climate and the variation
of atmospheric constituents over time.
By studying the continent's glacial his-
tory, glaciologists, geologists, and oth-
ers have learned about the timing of
northern and southern hemisphere gla-
ciations, global ocean circulation, ocean
boundary changes, and the dynamic re-
sponse of ice to changes in the atmos-
phere. Deep ice cores, taken from the

east antarctic ice sheet have provided a
160,000-year record of climate change,
while data from ice-free regions enable
glacial geologists to create models of ice-
sheet fluctuation and soil development.
With data from radio-echo sounding and
doppler-satellite positioning, glaciolo-
gists and geophysicists have measured
the thickness of the ice sheets, learned
about the internal layering of ice sheets,
and determined the velocity of ice move-
ment. With data such as these, they can
better understand the relationship of ice
and climate, the stability of Antarctica's
ice sheets, and the potential impact of
these ice sheets on global sea levels.

Ice-core drilling at McMurdo Dome.
Luis Proenza, University of Alaska, Fair-
banks. Ice cores provide valuable infor-
mation on past atmospheric constituents
and climate. During the 1991-1992 aus-
tral summer, we will support two proj-
ects—one in area near McMurdo Dome
and one at Amundsen-Scott South Pole
Station. Working with glaciologists from
the University of Washington (S-167), we
will drill three intermediate-depth cores
(100 to 200 meters long) and collect sam-
ples along the flow line from the
McMurdo Dome to Taylor Glacier in the
McMurdo Dry Valleys. (S-150A)

Ice-core drilling at Amundsen-Scott
South Pole Station. Luis Proenza, Uni-
versity of Alaska, Fairbanks. At the South
Pole, we will use a hot-water drill to make
a series of boreholes near the South Pole
Air Shower Experiment array. These
boreholes, ranging in depth from 300
meters to 1,000 meters, will be used by
astrophysists from the University of Cal-
ifornia at Berkeley (S-130) in an experi-
ment to test whether or not antarctic
glacial ice can be used as a neutrino col-
lector. (S-150B)

Radar studies of the bed of an active
ice stream. Charles R. Bentley, University
of Wisconsin. The growth and decay of
continental ice sheets have had and con-
tinue to have profound effects on global
climate, sea level, and oceanic circula-
tion. During the Holocene many of these
ice sheets collapsed; three remain today.
Of these three, the west antarctic ice sheet
shows major dynamic imbalances in some
places while the Greenland ice sheet is
nearly stable. The status of the east ant-
arctic ice sheet remains unknown. Un-
derstanding what controls the size and
motion of these large ice sheets is im-
portant for assessing the impact of fu-
ture changes in climate—and whether
these changes are caused by natural or
manmade phenomenon. Our project is
part of a long-term study of the Siple
Coast in West Antarctica. To understand
what changes are occurring in this highly
dynamic region of the west antarctic ice
sheet and what causes these changes,
we need to know what type of rock un-
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denies the ice sheet. Our objective is to
conduct ground-based radar soundings
near the Upstream B camp on ice stream
B to determine the differential motion
between the top of the ice and the base
of the ice and/or the top of the bedrock.
To do this, we will measure the move-
ment (relative to the surface) of diffrac-
tion patterns associated with irregularities
in the ice-bedrock interface. If we are
successful, we will be able to track and
find diffractors lying 1 or 2 meters below
the interface and, consequently, obtain
information about the deformation of the
bedrock. We will also determine bed-
rock topography for drilling sites and
strain analyses, monitor drill holes for
lateral penetration of water layers, study
internal layering, and map near-surface
crevasses using a short-pulse, high-res-
olution radar system. (S-151)

Antarctic ice-sheet response to global
Pliocene warming. George H. Denton,
University of Maine. Glacial geologic ev-
idence, including high-elevation trim-
lines, striated bedrock, and basal tills,
from strategic positions in the Transant-
arctic and Ellsworth mountains, implies
that massive overridings by a temperate
ice sheet occurred in the late Tertiary
more than 2 million years ago. From other
data, we infer numerous fluctuations with
maximum ice volumes in East Antarctica
greater than those existing during the
last 2 million years. Evidence from the
ice-free valleys of southern Victoria Land
and the Beardmore Glacier region also
indicate that a younger massive overrid-
ing by a polar ice sheet occurred in the
later Tertiary. Glacial geologic and soil
studies of lateral moraines suggest a less
massive, later Quaternary (2 million years
ago) expansion that featured peripheral
thickening and interior thinning in com-
parison to the present. Our objective is
to develop a glacial chronology, stratig-
raphy, and description of tectonic uplift
through critical time intervals repre-
sented by these glaciations. To do this,
we will acquire data for argon-40/argon-
39 isotopic dating of McMurdo volcanic
eruptive centers that simultaneously date
overriding and monitor tectonic uplift,
the stratigraphy of dated volcanics and
silty overriding tills through a wide range
of elevations, radiocarbon dates of late
Wisconsin moraines in eastern Taylor
Valley, and uranium-series dates of mo-
raines in Taylor Valley. During the 1991-
1992 austral summer, we will continue
sampling of volcanic deposits and in-
terbedded glacial tills in Taylor Valley
and in the nearby Asgard and Quarter-
main Ranges. The results of our research
will improve antarctic glacial chronology
and associated tectonic history of the
Transantarctic Mountains and will allow
numerical ice-sheet reconstructions that
help us to develop atmospheric model-
ing experiments of the influence of these

ice sheets on Southern Hemisphere cli-
mate. (S-156)

Borehole study of antarctic ice-stream
mechanisms. Barclay Kamb, California In-
stitute of Technology. Geophysical mea-
surements in boreholes drilled to the
bottom of the west antarctic ice sheet can
provide data needed to understand how
the great ice streams are able to move
through ice sheets at speeds of approx-
imately 1 meter per day. Such measure-
ments also will be useful for quantitative
modeling of ice-stream motions. Our ob-
jective is to understand ice-stream flow
mechanisms at a level comparable to what
has been previously achieved in other
areas of glacier mechanics and good
enough to allow a reliable assessment of
how ice streams might contribute to a
possible ice-sheet collapse brought about
by climatic change. Working on the Siple
Coast, we will make borehole measure-
ments and take core samples. These data
will provide information on five, aspects
of flow mechanisms—soft-bed defor-
mation versus basal sliding as the pre-
dominant flow process, flow law of basal
till (or sliding law), the nature of the
basal-water conduit system under ice
streams, the source of basal water, and
the lithologic evolution of basal till by
erosion and pulverization. (S-157)

Methanesulfonic acid in the Vostok
ice core: A 160,000-year record of bio-
genic sulfur emissions from the south-
ern oceans. Eric S. Saltzman, University
of Miami, Rosentiel School of Marine and
Atmospheric Science. Polar ice sheets con-
tain a unique record of recent and long-
term climate change and of biogeochem-
ical cycling of many elements. Measure-
ments of ions, microparticles, and anions
in ice cores show that consistent pat-
terns of climate change are observable
in polar ice sheets from both hemi-
spheres. Recently, scientists have fo-
cused on the detection and distribution
of important atmospheric components,
including the greenhouse gases (carbon
dioxide, methane, and nitrous oxide) and
aerosols (particularly sulfate aerosols) that
may affect directly the surface radiation
balance by absorbing incoming solar ra-
diation or indirectly by forming clouds
that prevent solar radiation from reach-
ing the surface. Our objective is to ob-
tain a long-term record of the atmospheric
deposition of marine-derived sulfur
(methanesulfonic acid) in the east ant-
arctic ice sheet. Methanesulfonic acid, a
product from the atmospheric oxidation
of dimethylsulfide (the main form of
gaseous sulfur emitted by the sea), has
no nonliving precursors and is stable in
ice. Consequently, its distribution in ice
potentially can provide an unambiguous
chemical signal that reflects changes in
the oceanic sulfur cycle through time, as
well as changes in ocean productivity.
Our measurements of methanesulfonic

acid and non-sea salt sulfate will be made
from samples of an ice core taken from
the polar plateau near the Soviet station
Vostok; this core contains a 160,000-year
record of atmosphere and climate change.
We will assess the levels and variability
of organic sulfur under different climate
conditions, ranging from relatively sta-
ble interglacial or glacial maximum to
the glacial/interglacial transition. These
data will enable us to differentiate be-
tween sulfate of biogenic origin, origi-
nally present in the atmosphere as fine,
particle-size marine aerosols, and sul-
fate derived from nonliving sources such
as terrestrial dust and volcanic emis-
sions. From these data, we will be able
to use ice-core data to determine the
abundance of cloud-forming molecules
in Earth's ancient atmosphere and to
measure indirectly the primary produc-
tivity of the oceans—a critical factor in
the long-term control of atmospheric
carbon dioxide. Learning about the global
distribution of methanesulfonic acid po-
tentially can contribute to testing var-
ious models of climate change driven by
changes in oceanic productivity. (S-160)

Concentration and isotopic compo-
sition of oxygen, nitrogen, and argon in
trapped gases from the Vostok ice core.
Michael L. Bender, University of Rhode Is-
land. Interactions between climate and
the biosphere have a profound influence
on the nature of our environment. The
biosphere directly affects climate through
regulating the concentration of carbon
dioxide and trace greenhouse gases and
by influencing the hydrologic cycle. Cli-
mate has a great effect on the distribu-
tion of terrestrial ecosystems, while ocean
circulation is a major determinant of
oceanic production and the character-
istics of marine ecosystems. Describing
the nature of climate-biosphere inter-
actions is fundamental to understanding
climatic evolution and its effects on the
planetary ecosystem. The glacial-inter-
glacial time scale is especially relevant
to interactions between climate and the
biosphere. Over this relatively short time
interval (102,000 years), changing con-
tinental positions, long-term tectonic
events such as mountain building, or the
evolution of the fauna and flora do not
influence climate. Rather, climate change
is forced by variations in the distribution
of solar insolation on the Earth's surface,
variations in the atmospheric concentra-
tions of the radiatively active gases, and
perhaps by incompletely understood
tectonic, stochastic climatological, and
biotic processes as well. By studying in
detail the Pleistocene biogeochemistry
and paleochemistry, we hope to learn
about climate-biosphere interactions and
to understand how Earth's climate will
be influenced by human alteration of the
planetary environment. Our research
addresses a number of issues concern-
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ing interactions between the climate and
the biosphere. Experimentally, we will
determine the concentration and iso-
topic composition of oxygen, nitrogen,
and argon in trapped air in the Vostok
ice core, which preserves a 160,000-year
record of the environment. (S-161)

Geophysical surveys and ice-flow
modeling to support ice coring for pa-
leoclimate in the Antarctic Peninsula.
Charles F. Raymond, University of Wash-
ington. The Antarctic Peninsula crosses
the latitudes where the south polar sea
ice waxes and wanes, most deep ocean
waters are formed, and heat from at-
mospheric and oceanic fluxes is trans-
ferred from the midlatitudes to the
principal global heat sink. At many lo-
cations, temperature and snow-accu -
mulation rates suggest that we should
be able to identify annual layers in ice
cores over several 1,000 years. Data from
investigations of oxygen-isotope-ratio
measurements, seasonal variation in ox-
ygen-isotope ratios and salt content, and
microparticle variations indicate a rich
geochemical stratigraphic record and the
potential for paleoclimate interpreta-
tions of ice cores from this region. The
combination of geographic location and
glacial environment also suggests that
climate change should be particularly well
recorded at sites in the Antarctic Pen-
insula. Working with the British Ant-
arctic Survey, we will collect ice cores
between 100 and 200 meters in length
from various sites in the Peninsula re-
gion and will analyze these cores to ob-
tain a climate history for the last 1,000
to 2,000 years in the subantarctic latitude
belt. Our objectives are to add to a global
synthesis of paleoclimate variations and
to assess the relationship between pa-
leoclimate records from the interior of
Antarctica and climate changes at lower
latitudes. As part of this coring program,
we will measure ice dynamics, develop
modeling techniques that will assist with
site selection, and interpret ice stratig-
raphy. (S-163)

Mass balance and ice-stream mechan-
ics in West Antarctica. Ian M. Whillans,
Byrd Polar Research Center, Ohio State Uni-
versity. As participants in the long-term
study of the Siple Coast region of West
Antarctica, we will document the cur-
rent physical state of the Ross Sea sector
of the west antarctic ice sheet and collect
data that will contribute to our under-
standing of the cause of extremely rapid
drainage of the ice through large ice
streams. Our objective is to determine
the mass balance and ice-flow mechan-
ics of ice streams in the Siple Coast re-
gion. To accomplish this we will refine
mass-balance calculations for ice stream
B and develop the first accurate calcu-
lations of mass balance for ice streams
D and E. To study the flow mechanics
of these ice streams, we will use strain

grids, which allow us to determine side
drag, longitudinal tension, and basal
friction. Limited strain and topographic
grids also will be observed using SPOT-
satellite imagery. (S-164)

Oxygen-isotope climate record from
McMurdo Dome and its relation to the
geological climate record of the Mc-
Murdo Dry Valleys. Pieter M. Grootes,
University of Washington. During our
study, we will obtain a climate record of
the Holocene and the last part of the last
glaciation from the McMurdo Dome, a
small ice dome near the head of Taylor
Valley in southern Victoria Land. Com-
parison of this isotope proxy climate re-
cord with a radiocarbon-dated proxy
record derived from perched deltas,
strandlines, and moraines in the nearby
McMurdo Dry Valleys will provide data
that could be crucial for interpreting both
the isotopic oxygen-18 fluctuations ob-
served in ice cores during the Holocene
and the lake levels and ice positions dur-
ing this time. These comparisons should
reveal the response of the east and west
antarctic ice sheets to the glacial-inter-
glacial temperature increases and sea-
level rise. (S-167)

West antarctic glaciology III. Robert
Bindschadler, Goddard Space Flight Center,
National Aeronautics and Space Adminis-
tration, and Robert Jacobel, St. Olaf College.
In recent years the importance of the
connection between ice sheets and global
climate has become increasingly appar-
ent—with the most direct connection
being the effect that changing ice-sheet
volume has on sea level. The most dra-
matic example of the ice-sheet/climate
connection occurs when marine ice sheets
collapse and cause sea level to rise rap-
idly. This happened 12,000 years ago
when the large North American ice sheets
began to recede and sea level rose at a
rate of 38 millimeters per year or more.
Because theoretical studies indicate that
marine-based ice sheets (those grounded
on bedrock well below sea level) are par-
ticularly susceptible to collapse, glaciol-
ogists have focused on the stability of
the west antarctic ice sheet, the largest
remaining marine-based ice sheet. Since
1983 U.S. glaciologists have studied ice
streams that feed into the Ross Ice Shelf
along the Siple Coast in an effort un-
derstand better the status of the ice sheet,
as well as the processes that determine
its behavior. During the 1991-1992 aus-
tral summer, we will establish a survey
line across the mouths of ice streams D
and E on the eastern edge of the Ross
Ice Shelf. Along this 150-kilometer line,
we will take ground-based and airborne
radar soundings, including measuring
ice thickness along the grounding line,
to determine the discharge flux of the
two ice streams. For the airborne sur-
veys, we will be assisted by investigators
from Ohio State University (S-166). We

will also complete surveys of velocity,
accumulation rates, and temperatures at
a depth of 10 meters in the catchment
areas of all of the ice streams and will
determine the surface velocities on ice
streams D and F by analysis of sequen-
tial satellite imagery. (S-173)

Cenozoic glacial and climatic history
of the antarctic region. David M. Har-
wood, University of Nebraska. This project
focuses on the Cenozoic glacial and cli-
matic history of Antarctica. Our objec-
tives are to identify marine biogenic
productivity in former antarctic seas and
embayments, to determine hidden stra-
tigraphy in subglacial basins by study-
ing ice-transported microfossils, to
enhance the use of diatoms as tools for
interpretating past events (including sea-
level change, sea-ice cover, and paleo-
temperatures) and for dating samples,
and to provide antarctic stratigraphic
records to be used in interpreting deep-
sea data. (S-174)

Warm-climate antarctic ice dynamics:
Sirius Formation evidence. Michael L.
Prentice and Harold W. Borns, Jr., Univer-
sity of Maine. Because of the important
role that the antarctic ice sheet has in
global climate, scientists need to know
more about global-scale paleoclimate
problems, principally by constraining
interpretation of the deep sea oxygen-
isotope record. Our investigation fo-
cuses on detailed geological study of the
Sirius Formation, to determine its rela-
tion to alpine glaciers and ice sheets, its
age and stratigraphy, and the source of
marine microfossils in the formation. Data
from this study will provide a critical test
for the leading hypotheses of the origin
of the Sirius Formation and contribute
significantly to resolving the question of
antarctic ice-sheet response to Tertiary
climate warmth. This data will also per-
mit the testing and fine-tuning of ice sheet
models. (S-174)

Ocean sciences
The southern oceans are important for

understanding the history of the world's
oceans, changing oceanic conditions, and
climatic and glacial history. Physical and
chemical processes occurring there have
a central role in the composition and
structure of the world's oceans. Because
large-scale heat exchange at the surface
overturns the water column and mixes
trace constituents, these waters are a
major source of the world's intermediate
and deep water masses. The Antarctic
Circumpolar Current, the world's larg-
est ocean current, affects global ocean
circulation, and the annual change in sea-
ice cover—from 1 million to 8 million
square miles—influences energy trans-
fer. Ocean scientists probe the relation-
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ship between oceanic and atmospheric
circulation systems and the physical ba-
sis for biological productivity, determine
the dynamics of formation and distri-
bution of water masses, sea ice and cur-
rents, and investigate the relationship
between the southern oceans and cli-
mate.

Research on Antarctic Coastal Eco-
system Rates (RACER): Physical ocean-
ographic component. Anthony F. Amos,
Marine Sciences Institute, University of Texas
at Austin. Historical data and observa-
tions of the coastal region of the Ant-
arctic Peninsula have provided scientists
with detailed documentation of massive
phytoplankton blooms that develop
within the Gerlache Strait and the south-
western portion of the Bransfield Strait.
Hydrographic data indicate that sea water
in the region of the bloom is relatively
motionless. As participants in RACER,
we will take conductivity-temperature-
depth measurements, collect water sam-
ples from the surface to a depth of ap-
proximately 1,000 meters, make
bathythermographic measurements, and
collect weather and navigational data in
the Gerlache Strait region. We will focus
on meteorologic forcing of turbulent
mixing within the upper-water column
and the response of phytoplankton to
this mixing. Additionally, we will collect
data from and service an automatic
weather station, installed during the
1989-1990 austral summer on island near
our primary research site. These data,
along with data gathered by other RACER
participants, will be used to develop
models that can predict seasonal pro-
gression and interannual variability
forced by the physical environment. (S-
201)

Antarctic Bottom Water formation.
Theodore D. Foster, University of California
at Santa Cruz. This project will investi-
gate the dynamics and processes of deep-
water formation in the western Weddell
Sea, combining physical and chemical
oceanographic techniques to produce a
coherent picture of the importance of this
unique region to the structure of the
world ocean. In the global context, this
area is a major water mass modification
site, involving open-ocean convection,
the continental margin, and the ice cover.
At this time, the various water types that
combine to form Weddell Deep Water
and Antarctic Bottom Water and the
conditions under which these water
masses form are not known well enough
to establish direct physical links and vol-
umetric budgets. We expect that the out-
flow from the Weddell Sea is restricted
to quite narrow boundary currents flow-
ing near the base of the continental shelf
and, consequently, could be observed
with conventional current-meter moor-
ings from the shelf into the deep ocean.

Two oceanographic expeditions to the
western Weddell Sea are planned as part
of this study. The objectives will be to
measure the flow of the newly formed
bottom water and to explore the sinking
process of the near-surface waters in the
open ocean to see how these affect the
deep water flows. (S-206)

Sinking and suspended particulate
matter on the Antarctic Continental
Margin. Robert B. Dunbar, Rice Univer-
sity. As much as 25 to 40 percent of silica
in the southern oceans may be removed
through sedimentation on the continen-
tal shelf. Despite high levels of oxygen-
ation in the water column, organic carbon
accumulates at high rates, often equal to
those found in low-latitude basins lack-
ing oxygen. The processes producing
such widespread and rapid deposition
are poorly understood. Surface-water
production appears relatively low over
most of the area most of the time. High
levels of production occur within and
below the sea ice, but few sea-ice dia-
toms are preserved on the sea floor.
Large-scale productivity in the open
ocean has been recorded from December
through January but not studied in de-
tail. Our objective is to resolve the major
features of the carbon and silica cycles
along the continental shelf in the west-
ern Ross Sea area. We will examine the
vertical flux and water column dissolu-
tion/decomposition of opal and organic
matter as part of a multidisciplinary in-
vestigation with investigators from North
Carolina State University (S-268). From
the Polar Sea, we will recover time-series
sediment traps, current meters, and
transmissometer arrays deployed dur-
ing the 1989-1990 austral summer. These
arrays, which will be redeployed, enable
us to measure and characterize both ver-
tical and horizontal fluxes of particulate
debris during a complete annual cycle
of production and sedimentation. From
these data and those obtained by other
investigators, we will quantitatively as-
sess surface-, mid-, and deep-water col-
umn processes that determine
sedimentation rates on the antarctic con-
tinental shelf. The results of this study
should improve our understanding of
the influence of antarctic shelf sedimen-
tation on ocean chemistry, as well as our
ability to interpret the shelf sediment re-
cord from the last glacial period during
the Pleistocene epoch. (S-216)

Weddell Gyre physical oceano-
graphic studies. Arnold Gordon, Lamont-
Doherty Geological Observatory, Columbia
University. Energy exchange modes can
be used to divide the Weddell Sea into
three distinct regions. The warm regime
occurs in the east where the intrusion of
warm circumpolar deep water keeps the
water temperature near + 1 °C. The cold
regime occurs in the center where deep
water is overlain by a thick, near-freez-

ing mixed layer. In both regions, enough
heat is carried seasonally to the sea ice
to melt it completely. In the western re-
gion, however, where the sea-ice cover
does not melt, we suspect that the ther-
modynamic processes differ from those
in the other two regions. Working with
Soviet investigators at a camp estab-
lished on an ice floe in the western Wed-
dell Sea, we will focus on large-scale
oceanic circulation and the variability of
the Weddell Sea boundary current. We
also will investigate how circulation and
variability affect and are affected by re-
gional water mass formation and mod-
ification processes. Other investigators,
who are participating in this joint U.S.!
Soviet project will gather hydrographic
data, make current-meter observations,
conduct chemical tracer experiments,
measure turbulent flux, and study sea-
ice dynamics. These investigations along
with our oceanographic studies will pro-
vide a unique picture of processes oc-
curring on and near the Weddell Sea
slope. (S-236)

Regional-scale current and hydro-
graphic observations in the western
Weddell Sea. Robin D. Muench, Science
Applications International Corporation. As
participants of the joint U.S./Soviet
Weddell Sea investigation, our focus will
be regional circulation and variability
within the Weddell Sea boundary cur-
rent. To gather data, we will suspend
five moorings, consisting of two current
meters each, from locations within the
Weddell Sea pack ice at intervals of 50
meters along line normal to the mean
direction of the current. The upper cur-
rent meters will be within the polar sur-
face water, while the lower meters will
be within the warmer Weddell warm
water. Data gathered from this array will
complement data from a series of taut
wire moorings to be emplaced by the
German antarctic program in the central
Weddell Sea. (S-239)

Sea-ice properties and processes. Ste-
phen F. Ackley, Cold Regions Research and
Engineering Laboratory. In the western
Weddell Sea where scientists believe that
oceanic processes are largely horizontal,
there exists a consolidated perennial,
possibly multi-year, sea-ice cover, while
in the central eastern portions seasonal
variability in sea-ice cover is high and
vertical processes appear to dominate the
ocean. Working as participants in the
joint U.S./Soviet Weddell Sea investi-
gation, our principal experiment will be
a mesoscale-deformation array, which
we will site in a location determined by
satellite data from the Global Positioning
System. Additionally, we will make long-
term heat and mass-balance measure-
ments of various ice types near the ice-
floe camp. To do this, we will install ice-
thickness gauges, thermistor strings to
measure temperature, and stress sen-
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American and Soviet scientists to establish
first southern-ocean, manned station on floating ice

How will climate change affect the
delicate balance between the atmos-
phere above the southern ocean sea-
ice cover and the ocean below the
ice? What role does sea ice have in
maintaining the balance of the ex-
change of heat, carbon dioxide, and
other gases between the ocean and
atmosphere? Would global warming
stimulate the exchange between the
southern oceans and the atmos-
phere, or would it diminish this
interaction?

From February to June 1992, 10 U.S.
scientists and 10 Soviet scientists will
gather data that will help them re-
spond to these and other questions
critical to understanding the role of
the southern oceans in large-scale cli-
mate and its variability. Supported
by helicopters, ice-breaking research
ships, and 12 U.S. and Soviet sup-
port personnel, the scientists will set
up a camp on an ice floe at least 10
feet thick, 1 mile long, and 0.5 mile
wide in the western Weddell Sea. The
ice floe is expected to drift, carrying
the camp and scientific team, 400
nautical miles during the 5-month
project.

To reach the ice floe, the U.S.sci-
entists and support personnel will join
the Soviet team in Uruguay and travel
to the Weddell Sea aboard the Soviet
ice-breaking research ship Akademik
Fedorov. From Uruguay the team will
sail about 1,300 miles south of the tip

of South America into the western
Weddell Sea. During the project, the
United States will provide helicop-
ters, Twin Otter airplanes, and ice-
breakers to periodically pick up and
replace the scientific and support
crews and bring supplies. The U.S.
Antarctic Program (USAP) also will
provide a helicopter to support proj-
ects based at the ice-floe camp. At the
end of the project, the U.S. team will
be picked up by the new USAP ice-
breaking research ship Nathaniel B.
Palmer, which is scheduled to be
completed by March 1992. The Soviet
team will return to South America
aboard the Akademik Fedorov.

Between the antarctic polar front
and Antarctica's continental margins
is a 35-million-square-kilometer area
referred to by scientists as the Ant-
arctic Zone. Here, beneath the exten-
sive seasonal sea-ice cover, cold, dense
water forms and sinks below warmer
surface waters, providing the deep,
bottom waters of the world ocean with
their rather cold character. Circula-
tion and vertical mixing within this
zone not only influence the charac-
teristics of the deep ocean and con-
sequently global climate but also affect
southern hemisphere sea-ice traits,
provide the physical environment that
sustains the unique southern oceans
ecology, and may influence the sta-
bility of the ice sheets that cover Ant-
arctica.

The western Weddell Sea has an
important role in this process. Within
this region is the Weddell Gyre, a
large cyclonic circulation cell extend-
ing from the Antarctic Peninsula to
about 30°E. Scientists believe that the
action of the gyre's western bound -
ary current drains the Antarctic Zone
of cold, dense water masses and in -
jects these into the circumpolar belt
and eventually into the global ocean.

However, this region, unlike areas
to the east where sea ice melts during
the summer and remains thin during
the winter, is covered with sea ice
year-round. Because of the difficulty
of operating in ice-covered waters,
the western Weddell Sea has never
been surveyed by ship and, conse-
quently, scientists have had to rely
on shore-based observations and sat-
ellite data. The primary goal of this
year's expedition to the area is to dis-
cover the rates of heat exchange be-
tween the atmosphere and ocean, the
intervening role of the sea-ice cover,
and the nature of ocean circulation
beneath the ice. The data acquired
during the 5-month investigation will
enable scientists to develop and test
numerical models and to incorporate
this information into ocean-atmos-
phere climate models of the global
system.

The 10 U.S. projects are described
in detail under their disciplinary
headings in this issue of the Antarctic
Journal. The table accompanying this
article lists the principal investiga-
tor's name and institution, the title
of the project, and its "S" number.

sors that will be sampled periodically over
the duration of project. Ice samples will
be examined for physical, chemical, bi-
ological, and optical properties to estab-
lish a baseline ecology and its variations
as the ice-floe camp drifts northward.
Radar-backscatter and passive micro-
wave-emission measurements will be
made at several frequencies to establish
the dielectric properties of the sea ice
and to provide ground-truth informa-
tion for future satellite-based radar ex-
periments. (S-241)

Western Weddell Sea ice station tur-
bulence and mixed-layer project. Doug-
las G. Martinson, Lamont-Doherty Geological
Observatory, Columbia University; Miles
McPhee, McPhee Research; and James Mor-
ison, University of Washington. Our ob-
jective centers on defining the vertical
and horizontal thermohaline fluxes
within the western part of the Weddell
Gyre. To accomplish this, we will sus-
pend and maintain throughout the pro-
ject instrument clusters, capable of

directly measuring Reynolds stress (the
net transfer of momentum across a sur-
face in a turbulent flow caused by fluc-
tuations in fluid velocity) and turbulent
heat flux, from the ice flow on which the
camp will be built. A remote buoy also
will be positioned to measure upper-
ocean temperature, salinity, and current
structure to record observations of larger-
scale variability within which turbulence
data is embedded and which may affect
turbulence intensity. We will use these
measurements in conjunction with other
data from concurrent experiments to
quantify the energy that is brought to
the underside of the ice and forms part
of the energy flux from the through the
sea-ice cover to the atmosphere. (S-242,
S-243, and S-244)

Deep-water formation and water-ice
interaction in the Weddell Sea. Peter
Schlosser, Lamont-Doherty Geological Ob-
servatory. A significant portion of our re-
search is directed toward obtaining the
first representative hydrographic and

tracer observations of the western Wed-
dell Sea, where oceanic processes ac-
tively form deep-and bottom-water
masses. Specifically, we will collect ox-
ygen-18, helium isotope, and tritium
samples near the U.S./Soviet ice-floe
camp and at several sites crossing the
Weddell Sea continental slope. These
observations will be used to create an
integrated chemical-tracer data set that
will be useful in modeling the formation
rates and processes of Weddell Sea deep
and bottom water. (S-245)

Upper-ocean current and temperature
measurements in the western Weddell
Sea. Laurence Padman, Oregon State Uni-
versity. The upper ocean is a relatively
active zone where turbulent motion is
produced by shear flow and by the
movement of the sea ice through the
water. Our objective is to study how tur-
bulent energy is creafed and destroyed
by the exchange of momentum and en-
ergy across density surfaces in the upper
mixed layer, by shear-induced mixing,
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Miles McPhee
McPhee Research
James Morison
University of Washington

and by the differential diffusion of heat
and salt. Using an acoustic doppler cur-
rent profiler (ADCP) and a string of 12
internally recording temperature sen-
sors, we will take vertical profiles of ve-
locity and temperature. We also will use
a rapid sampling vertical profiler—a
tethered sensor system that free-falls
through the upper 250 meters of ocean.
From the frequent and quasi-continuous
current profiles produced by the ADCP
we will define the internal gravity-wave
field and determine how bottom topo-
graphy affects gravity waves. When these
data are supplemented by information
on the regional temperature structure of
the upper ocean, the observations will
enable us to separate barotropic and bar-
oclinic components of surface currents.
(S-238)

Cycling of biogenic silica in the water
column of the Ross Sea. David M. Nel-
son, Oregon State University. Scientists
have observed that more than 75 percent
of global accumulation of silica in mod-

ern sediments occurs in the southern
oceans generally and in the Ross Sea
particularly. Although most researchers
attribute these high levels to high rates
of primary productivity by phytoplank-
ton, direct measurements of primary
productivity and of silica production in-
dicate that primary production of both
organic and siliceous particulate matter
proceed at relatively low rates over most
of the region most of the time and can-
not account for the high levels of silica
deposition. Diatom blooms that occur
during the seasonal retreat of the ice edge
appear to dominate the annual cycle of
silica production in the Ross Sea; how-
ever, even with this enhanced produc-
tion, Ross Sea surface waters produce
barely enough silica to support the es-
timated accumulation rates in the seabed.
We believe that the high accumulations
in Ross Sea sediments, and generally in
the southern oceans, result not because
primary production is extremely high in
surface waters but because an unusually

low proportion of surface-produced sil-
ica dissolves in the water column. Work-
ing with several investigators, we will
measure the rates of silica production
and dissolution in the water column
during the austral summer. Measure-
ments will be made inside and outside
large phytoplankton blooms and over
silica-rich and silica-poor sediments. By
evaluating the key mechanisms of the
organic and silica cycles, we hope to learn
more about the separation of these two
major cycles in the southern oceans. (5-
267)

Preservation and accumulation of
biogenic silica and organic carbon in a
high-latitude environment: The Ross
Sea. David J. DeMaster, University of North
Carolina. Antarctic deep-sea and conti-
nental shelf environments are the world's
major repository for silica in the marine
environment. Annually, about 75 per-
cent of all silica deposited in the world's
oceans by rivers and hydrothermal em-
anations occurs in antarctic waters; how-
ever, antarctic sediments account for less
than 10 percent of the global organic-
carbon budget. A significant element of
the differences in these two global bud-
gets may relate to how efficiently the
water column and seabed preserve par-
ticulate material. Continuing an inves-
tigation begun during the 1989-1990
austral summer, we will measure rates
of production in surface waters, water-
column regeneration, vertical flux, seabed
regeneration, and accumulation to de-
termine the preservation efficiency for
silica and carbon fluxes in the Ross Sea.
We will collect various types of cores
from sediments in the northwest and
southwest Ross Sea and will measure
pore-water profiles of dissolved silica,
total dissolved carbon dioxide, nitrate,
nitrite, ammonia, sulfate, and phos-
phate to evaluate biogenic silica disso-
lution and organic matter degradation in
the seabed. By using radiochemical
chronologies and biogenic-silica and or-
ganic-carbon measurements, we hope to
determine silica and organic-carbon ac-
cumulation rates. Besides collecting and
redeploying current meters and trans-
missometers installed previously, we will
use towable seismic instruments to ob-
tain profiles of the seafloor. (S-268)

Physical properties and structural
stratigraphic variation of frazil, plate-
let, and congelation sea ice, Ross Sea,
Antarctica. Martin 0. Jeffries, Geophysical
Institute, University of Alaska. Frazil ice
may play a key role in the complex
southern-ocean regime, yet the forma-
tion, growth, and behavior of frazil ice,
in both horizontal and vertical dimen-
sions, are the least understood compo-
nents of the ocean/sea-ice system. We
will examine the physical and structural
properties of antarctic sea ice to deter-
mine the quantities of frazil, platelet, and

U.S. participants and projects

Principal investigator!	 Project title
Affiliation	 ("S" number)

Cornelius Sullivan,	 Primary productivity in antarctic pack ice:
University of Southern California	Time series studies at ice stations (S-039)

Arnold Gordon	 Weddell Gyre physical oceanographic
Lamont-Doherty Geological Observatory	studies (S-236)
Columbia University
Laurence Padman	 Upper-ocean current and temperature
Oregon State University	 measurements in the western Weddell

Sea (S-238)

Robin D. Muench	 Regional-scale current and hydrographic
Science Applications International	observations in the western Weddell Sea
Corporation	 (S-239)

Edgar L. Andreas	 Atmospheric boundary-layer
Cold Regions Research and Engineering	measurements on the Weddell Sea
Laboratory	 drifting station (S-240)

Stephen F. Ackley	 Sea-ice properties and processes (S-241)
Cold Regions Research and Engineering
Laboratory
Douglas G. Martinson	 Western Weddell Sea ice station
Lamont-Doherty Geological Observatory	turbulence and mixed-layer project (S-242,
Columbia University	 S-243, and S-244)

Peter Schlosser	 Deep-water formation and water-ice
Lamont-Doherty Geological Observatory	interaction in the Weddell Sea (S-245)
Columbia University
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congelation ice in Ross Sea pack. With
these data, we will determine whether
frazil, platelet, and congelation ice have
different levels of salinity and whether
observed salinity variations are related
to ice structure and stratigraphy. Ad-
ditionally, we will document grain size
and structure variations in frazil and
platelet ice, examine their relationships
to ice salinity, and complete a detailed
study of the substructure of frazil and
platelet ice to determine how and where
brine and other materials are included
and subsequently lost from the ice. Ice
cores will be tested for salinity and tem-
perature, as well as analyzed by thick/
thin section techniques for structural and
stratigraphic variations. Ice-crystal size
and structure variations will be studied
using optical and scanning electron mi-
croscope techniques. (S-290)

Climate studies
Antarctica, the world's largest and most

intense climate regime, affects and is af-
fected by global climate and has a key
role in long-term climate variability.
During this century, scientists have
studied regional climate regimes and
unique aspects of the continent's
weather. From this research, they have
come to understand the major seasonal
features of atmospheric circulation, the
radiation and energy balances, the na-
ture of katabatic winds, and the trans-
port of gases and aerosols. Such data
have been essential for understanding
the dynamics associated with the austral
spring "ozone hole" in the stratosphere
above Antarctica. Continuing these in-
vestigations, scientists are studying the
interaction of solar radiation with snow
and ice surfaces and its effect on the en-
ergy budget that controls the continent's
climate, the relationship between events
and conditions in the antarctic atmos-
phere and global climate phenomena,
and the region's role in global climate
change.

Atmospheric boundary layer mea-
surements on Weddell Sea drifting sta-
tion. Edgar L. Andreas, Cold Regions
Research and Engineering Laboratory. Our
contribution to the joint U.S./Soviet in-
vestigation in the Weddell Sea focuses
on determining the energy exchange be-
tween the sea-ice cover and the atmos-
pheric boundary layer. While the ice-floe
camp drifts in the western Weddell Sea,
we will take time-series measurements
of the individual components of the sea-
ice/atmosphere energy budget. We also
will determine the bulk transfer coeffi-
cients for the exchange of momentum
and sensible and latent heat. These mea-
surements will expand our capability to
model, numerically and analytically, the
antarctic environment. Turbulent fluc-

tuations in temperature, wind, and hu-
midity files will be measured directly with
small, fast-responding sensors. These
observations will be complemented by
other synoptic meteorological data and
upper-air soundings. (S-240)

Chlorine- and bromine-containing
trace gases in the antarctic. R.A. Ras-
mussen, Oregon Graduate Center. Our ob-
jective is collect a year-long suite of air
samples at Palmer Station. With these
samples, we will investigate seasonal
trends in trace-gas concentrations. The
samples will be analyzed at the Oregon
Graduate Center for a number of trace
components, especially chlorine-and
bromine-containing species. These trace
constituents, which come from both nat-
ural and manmade sources, can alter the
Earth's climate and have been impli-
cated in the chemical processes that con-
tribute to the austral spring depletion of
ozone over Antarctica. Our work will
contribute to a better understanding of
the buildup of trace constituents, par-
ticularly those of high-latitude, marine
origin. (S-254)

Global monitoring for climatic change.
Eldon Ferguson (South Pole Station), Cli-
mate Monitoring and Diagnostics Labora-
tory, and James T. Peterson (Palmer Station),
Environmental Research Laboratories, Na-
tional Oceanic and Atmospheric Adminis-
tration. Our team will continue long-term
measurements of trace atmospheric con-
stituents that may influence climate.
Working at the South Pole Station ob-
servatory, four scientists during the aus-
tral summer and two personnel during
the austral winter will measure carbon
dioxide, surface ozone, winds, pres-
sure, air and snow temperature, atmos-
pheric moisture, and trace constituents
from the station's clean-air facility. These
data will be used to make time-series
analyses of multiyear data records that
focus on stratospheric ozone depletion,
transantarctic aerosol transport and
deposition, solar and terrestrial radia-
tion fluxes on the polar plateau, the ac-
cumulation of and temporal variations
in greenhouse gasses, and the devel-
opment of polar stratospheric clouds over
Antarctica. The objectives are to deter-
mine the rate at which concentrations of
these atmospheric constituents changes
and to examine sources, sinks, and bud-
gets. Working with climate modelers and
diagnosticians, we will use these data to
determine how the rate of change in
aerosol concentrations affects climate. In
support of this project, personnel at Pal-
mer Station also will collect carbon diox-
ide samples for us. (S-257A and S-257B)

Katabatic winds in eastern Antarc-
tica. Gerd Wendler, University of Alaska.
Working with French and Australian in-
vestigators we will continue to study of
katabatic winds in East Antarctica. As
part of this investigation, surface me-

teorological data is gathered from two
lines of automatic weather stations—one
from Dome C to the antarctic coast and
the other along the east antarctic coast
from Commonwealth Bay to Dumont
d'Urville Station. Three new stations will
be installed, which will connect this net-
work with the network maintained by
the Australian Antarctic program. These
new stations will be able not only to make
standard observations but also to mea-
sure heat flux. With this expanded cov-
erage, we will be able to examine the
influence of synoptic weather systems
on the katabatic winds, as well provide
information on the spatial variability of
individual wind-speed maxima. Addi-
tionally, the calibration of the instru-
ment will be improved so that the
network will measure blowing snow. We
Will also investigate the formation and
heat budget of offshore polynyas that
result from katabatic winds. (S-263)

Climate studies at the South Pole. Ste-
phen G. Warren, University of Washing-
ton. Our project is an integrated study of
the optical and physical properties of the
antarctic snow surface. Its four major
objectives concern the processes by which
global climatic variability is imprinted into
the antarctic ice record. Over the course
of the austral summer, we will measure
the effect of surface roughness (sastrugi
orientation) on the angular distribution
of reflected sunlight to provide infor-
mation necessary for interpreting satel-
lite remote-sensing data from the Earth
Radiation Budget Experiment. These
measurements will also be compared with
our theoretical model of atmospheric ra-
diation. By operating instruments dur-
ing the austral winter, we also will assist
an ongoing experiment that involves
measuring the spectral distribution of
thermal infrared radiation from the at-
mosphere. To study the mechanism of
dry deposition of atmospheric aerosols
in the snow surface, we will measure the
flow of air in and out of the permeable
upper layers of firn and in samples of
hoar frost; firn and hoar frost samples
also will be examined for their isotopic
composition. The measurements of air-
flow through the firn will enable us to
evaluate the extent to which the aerosol
concentration in the firn and ice repre-
sent contemporaneous concentrations in
the atmosphere, while the hoar frost
samples will provide us with data for a
comparison of isotopic ratios to ambient
air temperatures. (S-265)

Spectral bi-directional reflectance of
antarctic snow and ice. Robert W.Carlson,
Jet Propulsion Laboratory, California Insti-
tute of Technology. Remote sensing of ter-
restrial and planetary polar areas is
hindered by an incomplete understand-
ing of the snow reflectance. Our objec-
tive is to contribute to a comprehensive
understanding of the optical properties
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of antarctic snow and ice—information
that can be extended to other regions.
With this information, we hope to de-
velop an experimental base, or "ground-
truth," for remote sensing of glacial and
snowpack regions. Such an experimen-
tal base will enable researchers to inter-
pret aircraft and satellite observations
more accurately to determine properties
of snow surfaces, including such fea-
tures as particle size and shape (prop-
erties that relate to the "age" of the snow
surface), impurity content, and liquid-
water content. Working near Amund-
sen-Scott South Pole Station, we will
measure the spectral bi-directional re-
flectance of various snow and ice sur-
faces in the visible and near-infrared
range (0.4-5.0 microns), as well as the
polarization effects. We will focus on how
surface and subsurface grain properties
influence spectral and angular varia-
tions of reflectance patterns. Antarctica
provides several advantages for this type
of investigation. First, the temperature
of this continent, which is important to
global climate, is determined largely by
the optical properties of the snow and
ice surface. Secondly, in contrast with
temperate regions, the antarctic snow
surface does not radically change during
the day; consequently, we are able to
perform lengthy measurements. Addi-
tionally, contamination from natural and
manmade sources is greatly minimized
in Antarctica. (S-266)

Operation of an aerosol sampling sys-
tem at Palmer Station. Gail dePlanque,
Environmental Measurements Laboratory,
Department of Energy. In March 1990, a
team from the U.S. Department of En-
ergy installed a surface-air sampling sta-
tion at Palmer Station to measure
manmade radionuclides, generate data
messages, and transmit these data
through National Oceanic and Atmos-
pheric Administration satellites to De-
partment of Energy receiving stations.
The sampling station is part of a global
array of automated stations, and its po-
sition in Antarctica fills a significant gap
in this vital global data set. (S-275)

Boundary-layer dynamics over West
Antarctica. David Bromwich, Ohio State
University. The antarctic surface wind-
field is highly irregular, is strongly af-
fected by the surface slope, and has
marked areas of convergence and di-
vergence inland from the coastal mar-
gins. The interior provides large
reservoirs of cold air that produce a per-
sistent, gravity-driven (or katabatic) wind
system. These convergent features ap-
pear to dominate the antarctic surface
climate. This austral summer will be the
first phase of this project. During the
1991-1992 austral summer, we will in-
stall atmospheric sensing equipment at
a site on the Siple Coast, which offers a
different dynamical setting from earlier

experiments in the Terra Nova Bay re-
gion of East Antarctica. The overall ob-
jectives of our project are to describe and
simulate both the downslope and cross-
slope variations of the surface winds and
temperatures in the Siple Coast conflu-
ence zone, to describe and model the
impact of synoptic forcing along the ter-
rain slope on the behavior of the surface
winds, to investigate the interaction be-
tween the surface wind field and the po-
tential temperature gradient along the
snow surface, and to measure and sim-
ulate boundary layer wind and temper-
ature profiles along terrain contours
under the opposing factors of mass con-
vergence and decreasing terrain slopes.
(S-282)

Automatic weather stations: Opera-
tion and research. Charles R. Stearns,
University of Wisconsin. Although infor-
mation taken from satellites on antarctic
weather patterns is valuable, surface data
are needed for confirmation. Automatic
weather stations measure surface pres-
sure, air temperature, wind speed, and
wind direction and transmit the data to
satellites for interrogation by ground
stations. The weather stations are used
to study the barrier wind along the
Transantarctic Mountains, vertical mo-
tion and sensible and latent heat flux
from the Ross Ice Shelf, foehn winds
flowing from the Beardmore and Byrd
glaciers onto the Ross Ice Shelf, katabatic
flow in East Antarctica, and propagating
weather systems at the South Pole. The
weather stations also gather continuous
and reliable meteorological data that
support aircraft operations at McMurdo
Station. (S-283)

Ozone depletion studies
Since 1986, U.S. investigators have

probed and monitored the changes oc-
curring in ozone layer above Antarctica.
Although they agree that chlorine, pro-
duced by manmade chlorofluorocar-
bons, is a key element in the chemical
reactions that break down stratospheric
ozone and create the ozone "hole" each
austral spring, the role and impact of
atmospheric phenomena, climate dy-
namics, and other atmospheric aerosol
compounds remain unclear. These
questions now constitute their focus—
how do dynamic processes of the upper
atmosphere influence the depletion, what
physical properties of polar strato-
spheric clouds enhance the chemical re-
actions that destroy ozone, and what
other aerosol compounds contribute to
the process. Answers to these and other
questions are critical not only for un-
derstanding the antarctic and arctic at-
mosphere and climate changes but also
for determining what effects these
changes and processes will have globally.

Polar stratospheric clouds at the South
Pole. James M. Rosen, University of Wy-
oming. The results of research since 1986
indicate that polar stratospheric clouds
(PSCs) have a significant role in the
annual springtime depletion of ozone
above Antarctica. Scientists believe that
these ice-crystal clouds, which form in
the stratosphere at temperatures below
–80°C, provide the environment in
which the ozone-destruction cycle oc-
curs. Our objective is to study the phys-
ical, chemical, and radioactive properties
of these clouds and the relationship be-
tween the clouds and the ozone-destruc-
tion cycle. To obtain data, we will launch,
near Amundsen-Scott South Pole Sta-
tion, approximately 20 balloons carrying
various instruments. The instruments will
measure water vapor, ozone, tempera-
ture, winds, infrared heat flux, and on
some flights, nitric-acid vapor. We will
use a PSCsonde to detect the presence
of polar stratospheric clouds and strat-
ospheric aerosols and to provide infor-
mation on particle size and distribution
in the clouds. Data from these measure-
ments will provide us with new details
on dehydration and denitrification in the
polar stratosphere. (S-117)

In situ measurements of polar strat-
ospheric clouds, condensation nuclei,
and ozone in the springtime antarctic
stratosphere. Terry Deshler, University of
Wyoming. To gain more information about
the annual springtime depletion of strat-
ospheric ozone above Antarctica, we will
continue to make balloonborne mea-
surements of ozone, polar stratospheric
cloud particles, and condensation nuclei
above McMurdo Station. From previous
projects, we know that the principal cause
of the ozone depletion is chlorine and
that polar stratospheric clouds have a
major role in the chemistry that frees
elemental chlorine from reservoir gases,
hydrochloric acid, and chlorine nitrate.
Once freed, the chlorine is available for
photocatalytic destruction of ozone at
sunrise. We know very little, however,
about the details of the formation and
physical state of stratospheric-cloud par-
ticles in the polar stratosphere. We an-
ticipate that data from this project will
improve scientific understanding of these
clouds, which are key to the ozone-de-
struction process. (S-131)

Lidar experiment at South Pole. Gior-
gio Fiocco, Universita "La Sapienza," Rome,
Italy. Our lidar is designed to take ver-
tical profiles of the upper stratosphere.
From this data, we are able to infer the
molecular and aerosol concentration of
air and, under some conditions, mea-
sure such parameters as atmospheric
temperature. This information, which is
useful in climate studies, is relevant to
studies of atmospheric radiation, struc-
ture, and composition and may help us
understand the mechanisms involved in
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ozone depletion. This is a cooperative
project between the U.S. and Italian ant-
arctic programs. (S-256)

Springtime measurements of ozone-
related compounds in the antarctic
stratosphere. David G. Murcray, Univer-
sity of Denver. The springtime decrease
of atmospheric ozone over Antarctica has
been observed over Halley Bay, Syowa,
and South Pole stations and has been
recorded by satellites over a wide area
of the continent. Although current pho-
tochemical models did not predict these
observations, atmospheric scientists now
agree that chlorine chemistry has a ma-
jor role in the decrease. The effects of
other atmospheric constituents, how-
ever, are still unclear. In this study, we
will use infrared techniques to measure
the concentrations of compounds in the
stratosphere over Antarctica. Our field
party will service the infrared emission
interferometer at Amundsen-Scott South
Pole Station; this equipment records in-
frared solar spectra during the winter.
Solar spectra, which contain thousands
of absorption lines produced by com-
pounds present in the atmosphere, can
provide information about atmospheric
chemistry at the time that the measure-
ments were made. Because they re-
spond to molecules anywhere along the
optical path, this technique yields infor-
mation on the total column density of
compounds present in the stratosphere.
Using these data, we will analyze for
total column density of hydrochloric acid,
nitric acid, nitrogen dioxide, chlorofluo-
rocarbon gases F-li and F-12, ozone,
methane, and nitrous oxide to docu-
ment the changes in the amounts of these
compounds from late winter through
early spring. (S-270)

Ultraviolet and visible spectroscopy
at McMurdo Station. Susan Solomon, Na-
tional Oceanic and Atmospheric Adminis-
tration. Our objective is to study the
chemistry of the antarctic stratosphere,
focusing on those chemical constituents
that are related to the annual springtime
depletion of ozone. Visible and near-ul-
traviolet spectroscopy will be used to
measure the total column abundances bf
nitrogen dioxide, symmetrical chlorine
dioxide, nitrogen trioxide, and bromine
monoxide above McMurdo Station on
Ross Island. By measuring the day and
night variations of the concentration of
these chemicals in the stratosphere, we
hope to gain a better understanding the
photochemical processes that cause the
ozone hole. Additionally, a novel tech-
nique that uses the Moon as a light source
during times of sunrise and sunset will
allow us to measure vertical profiles and
the rate of photolysis of fast-reacting
forms of these compounds. (S-286)

Measurement of chlorine monoxide,
nitrous oxide, and high-altitude ozone.
Robert deZafra, State University of New York,

Stony Brook. To improve our under-
standing of the chlorine-induced de-
struction of stratospheric ozone above
Antarctica, we will measure the abun-
dance and vertical profiles of several trace
gases. Our instruments measure micro-
wave-radio emissions from ozone, ni-
trous oxide, and chlorine monoxide. By
measuring the total radiation in the
emission lines and the widths of these
lines, we will be able to calculate the
amount and height of these three com-
pounds. Because our instrument em-
ploys a superconducting-insulating-
superconducting hetrodyne radio re-
ceiver (which has not previously been
used for these purposes), we expect to
be able to make measurements with un-
precedented sensitivity. (S-287)

Lidar monitoring of polar strato-
spheric clouds. Alberto Adriani, Institute
for Atmospheric Physics, CNR. In coop-
eration with the U.S. Antarctic Program,
Italian scientists will make laboratory-
based lidar observations of polar strat-
ospheric clouds (PSCs) above McMurdo
Station. These data will add to the grow-
ing body of information concerning the
annual springtime depletion of ozone in
the antarctic stratosphere and will en-
hance scientific understanding of the role
of PSCs in the depletion process. (S-324)

Astronomy
For upper atmosphere, solar, and as-

tronomical research, Antarctica is a
unique platform from which researchers
probe the Earth's near- and far-space en-
vironment, the nature of stellar and so-
lar activity, and solar-terrestrial effects
on humans and the environment. Be-
cause the antarctic continent encompas-
ses a wide range of geomagnetic latitudes,
scientists can study the plasmapause (the
internal magnetospheric boundary), the
magnetospheric cusp, and the aurora!
zone. For more than a decade, solar and
stellar astronomers have used the geo-
graphic South Pole for observations be-
cause it combines continuous daylight
(during the austral summer) and long
periods of clear weather with high alti-
tude, low humidity, and low effective
sky temperature. The success of these
investigations has drawn more astron-
omers and astrophysicists to the South
Pole. These investigators have found that
from this site they can probe the mys-
teries of the beginning of the universe
and the nature of cosmic background ra-
diation. Data from these studies and
others help describe how solar energy
enters the outer terrestrial environment
and reaches the atmosphere, how dis-
turbances associated with the transfer of
energy propagate to and affect the plan-
et's surface, and how matter in the Uni-

verse formed into galaxies and clusters
of galaxies.

Support for operating an extra-low-
frequency/very-low-frequency radi-
ometer at Arrival Heights, Antarctica.
R.A. Helliwell, Stanford University. Con-
trolled wave injection of low-frequency
radio waves into the upper atmosphere
from the ground enables scientists to
study magnetosphere wave-particle in-
teractions as well as observe and analyze
the behavior of these waves and the re-
sponse of ionized particles in the mag-
netosphere. With these techniques,
scientists have acquired important
quantitative information on the nature
of wave-particle interactions in the
magnetospheric plasma (low-energy,
ionized gas that permeates the magne-
tosphere) under conditions that cannot
be created in a laboratory. During the
1991-1992 austral summer, observations
will continue from the Arrival Heights
upper-atmosphere facility near Mc-
Murdo Station. We are interested in re-
cording information about background
magnetospheric wave activity in the ex-
tremely-low-frequency/very-low-frequency
(ELF/VLF) range, as well as other effects
produced by or associated with mag-
netospheric waves and particle precipi-
tation. These experiments provide data
that further our understanding of co-
herent radiation from magnetospheric
plasma. These data are important to lab-
oratory plasma physics and astrophys-
ics. The results also can be applied to
communications, remote sensing of
magnetospheric plasma, and modifica-
tion of the magnetosphere and the io-
nosphere by wave-induced particle
precipitation. (S-100)

Magnetometer data acquisition at
McMurdo and Amundsen-Scott South
Pole stations. Louis Lanzerotti, AT&T Bell
Laboratories, and Alan Wolfe, New York City
Technical College. Magnetometers in-
stalled at sites in both polar regions have
provided measurements on the magni-
tude and direction of variations in the
Earth's magnetic field. Because our pro-
ject focuses on these variations in the
magnetic field, we have installed mag-
netometers at conjugate sites in the
Northern and Southern hemispheres—
specifically, at McMurdo and South
Pole stations, Antarctica; Iqualuit, North-
west Territories, Canada; and Sondre
Stromfjord, Greenland. By means of
these systems, we are able to gather data
on the coupling of the interplanetary
medium into the magnetospheric cusp
region and the causes and propagation
of low-frequency hydromagnetic waves
in the magnetosphere. Additionally, be-
cause of unique climatic conditions at
the South Pole, we are able to correlate
optical measurements with particle pre-
cipitation and hydromagnetic-wave
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phenomena recorded by the magnetom-
eter. (S-101)

High-latitude magnetic pulsation
studies in the Antarctic and Arctic. Roger
L. Arnoldy, University of New Hampshire.
This project will continue the collection
and analysis of data from magnetic pul-
sation sensors located at high-geomag-
netic-latitude stations in the Arctic
(Sondre Stromfjord, Greenland) and
Antarctic (McMurdo and South Pole sta-
tions). The measured pulsations, which
range in frequency from a few millihertz
to a few hertz, are used in conjunction
with similar data acquired from a num-
ber of satellites and are vital to scientists'
understanding of the mechanism by
which energy is transferred from the so-
lar wind to the Earth's magnetosphere.
(S-102)

Measurement of vertical atmospheric
electric current at a network of sites in
Antarctica including manned stations
and automatic geophysical observation.
Edgar A. Bering, University of Houston.
The scientific objectives of this project
fall into two broad areas—atmospheric
electricity and ionospheric electrodyn-
amics. For our study of atmospheric
electricity, the network will provide a
measure of the power and voltage level
in the global circuit and a preliminary
estimate of the "geoelectric index." With
the ionospheric electrodynamics data,
we will be able to interpret the differ-
ences in air-Earth current at various sites
in terms of differences in the electro-
static potential of the ionosphere above
the sites. If most stations in the network
are installed and operating, we should
be able to obtain more or less continuous
"snapshots" of the ionospheric electro-
static potential and, therefore, convec-
tion patterns in the polar cap. Studies of
the relationship of statistical patterns to
instantaneous patterns, substorm re-
sponses, and hemispheric differences are
anticipated. (S-103)

Aurora! imaging. S. B. Mende, Lockheed
Palo Alto Research Laboratory. An image-
intensified all-sky camera, installed in
1982 at South Pole Station, has enabled
scientists to monitor cusp auroral activ-
ity. This camera produces images of weak
optical emissions at the latitude of the
cusp, an important but poorly under-
stood boundary region of the Earth's
magnetosphere. For data analysis, we
have used data from a two-channel pho-
tometer at Siple Station, correlative data
from other projects at South Pole and
Siple stations, and data from the auroral
imagery on the Dynamics Explorer sat-
ellite (DE-1). We are particularly inter-
ested in the extent to which aurora seen
by DE-1 in the Northern Hemisphere
mirror those observed at the South Pole.
This austral summer, a research team
will inspect and service this equipment.
The system will be operated and main-

tamed by South Pole personnel during
the following austral winter. (S-104)

Very-low-frequency sensing of thun-
derstorms and radiation-belt coupling.
U.S. man, Stanford University. Recent re-
search results suggest that lightning and
thunderstorms may have a major role in
the precipitation of trapped particles from
the radiation belts surrounding Earth.
By using ground- and satellite-based ob-
servations, researchers have established
that detectable lightning-induced elec-
tron precipitation and associated ionos-
pheric perturbations do occur. Such
precipitation is evidence of a fundamen-
tal coupling mechanism between the
magnetosphere-ionosphere system and
the middle atmosphere. Our project fo-
cuses on the bursts of precipitation that
lightning discharges induce at middle to
low latitudes. The results help us deter-
mine the role of lightning and thunder-
storms in relation to magnetospheric
electrons and the way in which the
atmosphere, ionosphere, and magne-
tosphere are coupled. To study this phe-
nomenon, we will use the ionospheric
density enhancements that it produces.
These enhancements are detected as
amplitude and phase perturbations on
very-low-frequency, low-frequency, and
middle-frequency radio signals that
propagate along geomagnetic field lines.
From recent research, scientists know that
such measurements are a powerful and
possibly unique ground-based tool for
detecting particle precipitation at mid-
and low-latitudes. While working
at Palmer Station, technicians will con-
duct simultaneous, high-resolution
measurements of the amplitude and
phase of subionospheric very-low-
frequency, low-frequency, and middle-
frequency signals to determine the spa-
tial distribution, temporal signatures, and
magnetic conjugacy of lightning-in-
duced precipitation. (S-106)

South Pole air shower experiment.
Thomas K. Gaisser, Bartol Research Foun-
dation, University of Delaware. Since early
in this century when cosmic rays were
discovered, scientists have sought to de-
termine their point of origin. Initially,
they believed that cosmic rays were en-
ergetic electromagnetic radiation. More
recent data have shown that cosmic rays
are electrically charged particles, mainly
hydrogen nuclei and more particularly
protons. The circumpolarity of the sky
over South Pole Station makes this site
one of the few from which continuous
observations can be made for 200-tera-
electronvolt gamma rays from a large
number of X-ray binaries and related
compact objects—potential emitters of
primary cosmic rays. Because of the sta-
tion's location, we can search for regu-
larities of what are, in the few cases
confirmed to date, somewhat episodic
sources. The continuous exposure, cou-

pled with the favorably high altitude,
will also enable our research team to find
weaker sources in the southern sky where
there is a preponderance of potential ul-
tra-high-energy, gamma-ray sources. To
obtain directional data, we will use an
array of detectors that respond to exten-
sive air showers produced by ultra-high-
energy, gamma-rays incident on the
Earth's atmosphere. (S-109D)

Antarctic neutral thennospheric and
mesospheric dynamics and thermody-
namics. Gonzalo J . Hernandez, Space Phys-
ics Research, University of Washington.
Using a high-resolution, high-luminos-
ity spectrometer near Amundsen-Scott
South Pole Station, we are studying the
dynamics and thermodynamics of the
antarctic mesosphere and thermos-
phere—those regions above the strato-
sphere beginning at 50 kilometers altitude
and extending to the outer edge of the
atmosphere. The station's location, in
relation to the south magnetic pole,
makes it possible to study the southern-
hemisphere cusp during 3 months in the
winter season. Because of the greater
degree of symmetry between the geo-
graphic and geomagnetic poles in the
Southern Hemisphere, solar ultraviolet
radiation and solar-wind particle effects
interact and influence the dynamics and
temperature in the upper atmosphere
differently than they do in the Northern
Hemisphere. Data from this investiga -
tion will help us determine the extent of
this interplay during the solar activity
minimum. Other studies include the de-
termination of the ion-neutral coupling
in the upper thermosphere and its var-
iation. The data from the optical station
in Antarctica, integrated with data from
other southern-hemisphere locations, will
give a picture of southern-hemisphere
thermospheric circulation not previ-
ously possible. Direct measurements of
ion drifts will provide a measure of the
ion-neutral coupling in the thermos-
phere near the station. Finally, optical
measurements of the antarctic mesos-
phere will continue to be made to study
the dynamics and thermodynamics of
this very important atmospheric region.
(S-hO)

Polar experiment network for geo-
physical upper-atmosphere investiga-
tions (PENGUIN). Ted I . Rosenberg,
University of Maryland. Using automatic
geophysical observatories and select
manned stations, we plan to carry out a
comprehensive investigation of the po-
lar ionosphere at high geomagnetic lat-
itudes in Antarctica. These arrays of
instruments will be used to study the
energetics and dynamics of the high-lat-
itude magnetosphere on both large and
small scales. One of the objectives is to
develop a polar-cap magnetic index to
provide the first continuous characteri-
zation of polar-cap variability. Our re-
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search will be carried out coincident with
in situ observations of the geospace en-
vironment by spacecraft, in close coop-
eration with other nations in Antarctica,
and in conjunction with conjugate stud-
ies performed in the Northern Hemi-
sphere. (S-ill)

Cosmic background isotropy mea-
surements from the South Pole. Jeffrey
Peterson, Princeton University. The cosmic
microwave background comprises ther-
mal radiation that fills the Universe. It
originated about 100,000 years after the
Big Bang, when electrons and protons
recombined into hydrogen, causing the
gas to become transparent to thermal ra-
diation. Any density inhomogeneity in
the Universe at that time should have
left an imprint on the background ra-
diation. Detecting this imprint has so far
been unsuccessful, because more sen-
sitive equipment and longer integration
times were required. The measurements
taken for this project, however, will be
made at wavelengths both longer and
shorter than the peak in the cosmic back-
ground radiation spectrum in hopes of
detecting even slight variations, which
theory tells us should be present but
which measurements, thus far, have
failed to detect. Because these radio
waves are strongly absorbed by the at-
mosphere (especially water vapor), South
Pole Station, the second driest inhabited
place on Earth, is the best place to make
these measurements. Another great ad-
vantage of this location is that the cir-
cumpolar motion of the sky makes it
possible to observe any spot in the sky
through a constant thickness of atmos-
phere for any length of time. (S-113)

Cosmic and solar hard X-ray and
gamma-ray spectroscopy from Antarc-
tica. Robert P. Lin, University of California
at Berkeley. Astrophysicists believe that
supernova explosions produce most of
the heavy elements in the Universe
through the processes that occur as a
star's core collapses and explodes dur-
ing supernova. Observing and record-
ing the spectral properties of gamma rays
appear to be the best ways to study this
process because many of the heavy ele-
ments are first produced as unstable nu-
clei that emit gamma rays of characteristic
energies as they decay. On 23 February
1987, astronomers and astrophysicists
observed Supernova 1987A in the Large
Magellanic Cloud, a companion galaxy
to the Milky Way. This was the closest
supernova to Earth in more than 300
years, and it continues to offer astron-
omers and astrophysicists a unique op-
portunity to study in detail a supernova
explosion, to learn more about the pro-
cess of explosive nucleosynthesis, and
to search for cosmic gamma-ray bursts
and astronomical events that occur dur-
ing supernovas. (S-116)

Low-frequency measurements of the
cosmic microwave background radia-
tion. George F. Smoot, Lawrence Berkeley
Laboratory. Scientific understanding of
how the Universe was formed will alter
if reported deviations from a blackbody
spectrum can be confirmed. From an
earlier experiment we know that the
geographic South Pole is an excellent site
for the type of measurements necessary
to investigate these deviations because
the atmosphere is extremely cold and
and and because our instruments can
view one portion of the sky continu-
ously through a constant thickness of
the atmosphere. During austral summer
1991-1992, we will make cosmic micro-
wave background radiation (CMBR)
measurements of the absolute bright-
ness of the sky at four frequencies (1.0,
1.5, and 7.5 gigahertz and 400 mega-
hertz), one of which is possible because
of the installation of a new 1.0-gigahertz
radiometer. With these measurements,
we hope to determine if the CMBR tem-
perature deviates from 2.735 K, the tem-
perature recorded at higher frequencies
by instruments such as those on the Na-
tional Aeronautic and Space Adminis-
tration's new Cosmic Background
Explorer (COBE) satellite. If the tem-
perature does deviate at different wave-
lengths, this would indicate that
significant energy was input into the
Universe since the time of the "Big Bang."
We also will attempt to measure micro-
wave radiation coming upward from the
more-than-2-kilometer-thick polar ice
sheet. Some researchers believe that ex-
tremely energetic neutrinos that have
passed through the Earth can interact in
the ice or rocks below the ice and cause
a electromagnetic shower that could
produce detectable radio emissions. If
so, the ice sheet could be used as a vast
detector for the developing field of neu-
trino astronomy. (S-118)

Solar and heliosphere studies with
antarctic cosmic-ray observations. John
W. Bieber, Bartol Research Institute, Uni-
versity of Delaware. Cosmic rays provide
a powerful tool for studying exotic as-
trophysical processes that occur on the
Sun and in its far-reaching atmosphere
that controls space near Earth. Antarctic
monitoring stations are crucial for prob-
ing interplanetary plasma dynamics
through observations of variations in re-
lativistic (over 1 gigaelectronvolt) gal-
actic cosmic rays. At McMurdo and South
Pole stations, we will continue year-
round observations of cosmic radiation
and collaborate with the magneto-
spheric cusp program. To enhance un-
derstanding of the solar physical
processes that control the electromag-
netic conditions in the Earth's environ-
ment, these data are used in conjunction
with data from other ground-based in-
struments and spacecraft. Our objec-

tives are to explore the nature of long-
term variations and north-south asym-
metries of solar activity; to investigate
the acceleration, coronal transport, and
interplanetary transport of energetic so-
lar particles; to learn more about the three-
dimensional structure of interplanetary
magnetic turbulence; and to improve
understanding of the solar modulation
of galactic cosmic rays. (S-120)

All-sky camera measurements of the
aurora australis from Amundsen-Scott
South Pole Station. Frank T. Berkey, Cen-
ter for Atmospheric and Space Sciences, Utah
State University. Amundsen-Scott South
Pole Station, located at the south geo-
graphic pole, is a unique platform from
which to undertake measurements of the
polar ionosphere. Because of the config-
uration of the geomagnetic field in the
Southern Hemisphere, the station is sit-
uated in such a way that dayside auroras
can be viewed for several hours each
day. Research has shown that the pre-
cipitation of low-energy particles, which
enter the magnetosphere by means of
the solar wind, cause these auroras. Our
objective is to continue making winter
observations of the aurora by operating
a 35-millimeter all-sky camera system that
has been used since 1967. The data that
we acquire will be used to investigate
dayside auroral structure, nightside
substorm effects, and polar-cap arcs.
These studies can also be used to obtain
further insight into the physics of the
magnetosphere, the convection of plasma
in the polar cap, and winds in the ther-
mosphere. (S-122)

Observation of very-high-energy
gamma-ray sources from the South Pole.
Robert M. Morse, University of Wisconsin,
and James A. Gaidos, Purdue University.
Although cosmic radiation was discov-
ered more than 75 years ago, its origin
remains a mystery. Gamma rays repre-
sent only a small fraction of the total
cosmic-ray flux, but they propagate un-
deflected from their sources to Earth,
while the dominant, electrically charged
component is deflected by magnetic
fields. Our objective is to identify sources
of cosmic radiation, which according to
some theories, may have been created
by a modest number of supernova. To
do this, we will install near the South
Pole an atmospheric Cherenkov tele-
scope. The telescope consists of an array
of parabolic mirrors with photomulti-
plier tubes at their foci that can detect
light from very-high-energy (VHE) in-
teractions in a small amount of atmos-
phere. The geographic South Pole is an
ideal site for this research because it is
possible to view a single object for ex-
tended periods through a constant
thickness of atmosphere. At a mid-lati -
tude site, observations are limited to a
few hours of viewing at a time. During
the 1991-1992 austral summer, we also
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will investigate the usefulness of ice as
a neutrino collector. If successful, we plan
to set up, in future summers, an array
of 20 tubes, 1 kilometer deep, for mea-
suring the neutrino flux. (S-125 and S-
126)

Low-frequency/high-frequency pro-
grammable frequency receiver to the
antarctic automatic geophysical obser-
vatories. James W. LaBelle, Dartmouth
College. For decades, intermittent ground
observations have given tantalizing hints
that the Earth's high-latitude ionos-
phere emits radio waves in the low-fre-
quency to high-frequency band (0.15-
9.6 megahertz). Rocket and satellite ob-
servations in the upper regions of the
ionosphere and magnetosphere com-
monly indicate the existence of such ter-
restrial radio signals, particularly in the
lower portion of this frequency range.
Theoretical studies have indicated that
some of these emissions should be able
to penetrate the ionosphere and be de-
tected at ground level, but ground-based
recordings are needed to study this much-
neglected radio band, to confirm these
theories, and to provide insight into au-
roral emission and wave-propagation
processes. The unmanned automatic
geophysical observatories (AGOs) are
ideal for this effort because the sensi-
tivity at these frequencies is greatly
affected by human-produced transmis-
sions, which are generally minimal in
the Antarctic. Because the AGOs can be
installed at locations remote from ant-
arctic stations, interference from radio
transmission is even less of a problem.
To gather data about this poorly under-
stood frequency band, our study will use
a programmable low-frequency/high-
frequency receiver, an array of small fer-
rite-rod antennas, a power subsystem,
and data compression software de-
ployed at two automatic geophysical ob-
servatory sites. (S-128)

Spectroscopic and interferometric
studies of airgiow and auroral processes
in the antarctic upper atmosphere over
South Pole Station. G.G. Sivjee, Embry-
Riddle Aeronautical University. Our pro-
ject focuses on the physical, dynamical,
chemical, and atomic-molecular pro-
cesses occurring in the upper atmos-
phere above Antarctica—particularly the
mesopause, thermosphere, and ionos-
phere. We will use the long, dark win-
ters at South Pole Station for more
extensive observations of semi-diurnal,
diurnal, and longer period disturbances
propagating through the mesopause. We
hope to compare our data from South
Pole Station with similar data from our
stations in the Arctic, where topological
and meteorological conditions are dif-
ferent from those in the Antarctic, to as-
sess the contributions of these factors to
the mesopause disturbances. (S-129)

Measurements of the optical trans-
parency of deep antarctic ice. P. Buford
Price, University of California at Berkeley.
Neutrinos, like gamma rays, are the de-
cay products of pi-mesons, short-lived
subatomic particles that exist in three
charge states. Like photons, neutrinos
are electrically neutral and not affected
by galactic magnetic fields. Conse-
quently, astrophysicists can measure the
trajectories of these particles back to their
sources. Unlike photons that do not carry
information on cosmic processes, neu-
trinos can provide information on sources
that are not detectable by traditional as-
tronomical techniques because their flux
is not diminished by intervening mate-
rial near their source, by interstellar dust,
or by interaction with cosmic-micro-
wave background radiation. Our objec-
tive is to measure the optical clarity of
South Pole ice at depths ranging from
200 meters to 1 kilometer and to deter-
mine if we can use large volumes of ice
as a neutrino, detector. If sufficiently
transparent, such detector could be used
as a Cherenkov detector for measuring
very-energetic neutrinos and gamma rays
from distant sources in space. (S-130)

Center for Astrophysical Research in
Antarctica. Doyal A. Harper, University of
Chicago. Infrared and submillimeter as-
tronomy has the potential to answer some
of major questions about the formation
of the Universe, including inhomogene-
ities in cosmic-microwave background
radiation, the processes by which stars
form from interstellar gas, the formation
of planets, the nature of primeval gal-
axies, and the inhomogeneous distri-
bution of matter and energy in the early
Universe. Making use of Antarctica's
unique physical characteristics and geo-
graphic location, the University of Chi-
cago, collaborating with Princeton
University, AT&T Bell Laboratories, and
other institutions, will establish a Sci-
ence and Technology Center for Astro-
physical Research in Antarctica. The goal
of the center is to establish an observa-
tory at the South Pole with three major
instruments designed to probe the far
reaches of the Universe. Three experi-
ments will be set up. ASTRO (Antarctic
Submillimeter Telescope and Remote
Observatory) will use a 1.7-meter-di-
ameter submillimeter telescope, which
will survey the galactic plane, the gal-
actic center and the Magellanic Clouds.
SPIREX (South Pole Infrared Explorer)
will use an existing 60-centimeter-di-
ameter, near-infrared telescope to ex-
plore the potential of the South Pole as
an infrared site and to make initial sur-
veys for primeval galaxies and brown
dwarf stars. This spectral window is also
located within a "hole" in the celestial
background and may afford the most
sensitive view of light from galaxies
forming in the early Universe. At this

wavelength, a South Pole telescope will
be more sensitive than the Hubble tel-
escope and 200 times more sensitive than
a ground-based telescope at a midlati-
tude site. COBRA (Cosmic Background
Radiation Anisotropy) is an instrument
that will search for and map anisotropies
in the cosmic-background radiation at
sufficient sensitivity to test definitively
current theories of the origin of the Uni-
verse. Overall, the South Pole center will
enable researchers to make measure-
ments at wavelengths that are ham-
pered by the absorption and emissions
of the Earth's atmosphere. Because of
the near absence of water vapor in the
atmosphere above the antarctic central
plateau, the infrared skies are clearer and
darker than anywhere on Earth. These
unique environmental conditions over-
come the diurnal variations in temper-
ature that lead to atmospheric noise and
wind at higher latitudes, as well as much
of the infrared background radiation. The
elevation of the antarctic plateau signif-
icantly reduces the atmospheric path that
the light must traverse. The geographic
singularity of a polar site also allows a
unique opportunity to reduce system-
atic errors in searches for cosmic micro-
wave background anisotropies. All these
factors will combine to improve the ob-
serving conditions by a factor of 10 to
100. (S-132)

A magnetic passive isotopic experi-
ment (MAGPIE). Michael H. Salamon,
University of Utah. Our project uses spe-
cial plastic sheets that can be etched to
reveal tracks made by energetic cosmic
rays. These sheets, which will be carried
into the near-space environment above
Antarctica aboard a long-duration, high-
altitude helium balloon, will enable us
to study the isotopic composition of heavy
(iron group) cosmic rays. The plastic is
mounted in a strong magnetic field pro-
duced by a superconducting magnet. Our
experiment will determine the isotopic
composition with unprecedented accu-
racy and, consequently, provide infor-
mation on the elemental composition of
the galaxy and on stellar processes that
produce the heavier elements. Because
of the high geomagnetic latitude of Ant-
arctica these fairly low-energy, heavy ions
reach the atmosphere in much larger
numbers than they would at mid-lati-
tudes. This, combined with the lack of
daily heating and cooling of the balloon
during the polar summer, makes long-
duration ballooning in Antarctica for
cosmic-ray research possible. (S-133)

Antarctic submillimeter telescope and
remote observatory (ASTRO). Anthony
A. Stark, AT&T Bell Laboratories. Making
use of the new Center for Astrophysical
Research in the Antarctic, we will ob-
serve astronomical and atmospheric
phenomenon in the submillimeter
wavelength of the spectrum. Our sub-
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millimeter telescope takes advantage of
the low-water-vapor content of the polar
atmosphere. Normally, the water vapor
limits the sensitivity of observations in
submillimeter range of the spectrum.
Using this telescope, we will survey se-
lected regions of the southern skies for
atomic carbon and carbon-monoxide,
observe star-forming clouds, nearby gal-
axies, and envelopes of mass-losing stars;
measure profiles of atmospheric ozone,
carbon monoxide, and other trace gases
to obtain a greater understanding of the
polar stratosphere and the causes of the
"ozone hole"; and search for protogal-
axies. (S-134)

Long-duration ballooning—Launch
and telemetry support. David Stuchlik,
Wallops Flight Facility, National Aeronau-
tics and Space Administration. In support
of astrophysical and astronomy proj-
ects, we will launch, track, provide te-
lemetry support for, and recover two
29.47-million-cubic-foot, high-altitude
helium balloons from Williams Field near
McMurdo Station in December 1991. One
flight will carry gamma-ray-measuring
instruments for researchers from the
University of California, Berkeley (S-116).
The other will carry cosmic-ray-measur-
ing instruments for investigators from
the University of Utah (S-133). Based our
experience during the 1990-1991 austral
summer, we anticipate that each balloon
will circumnavigate Antarctica at ap-
proximately 78° latitude and return to
the McMurdo area in about 8 to 9 days.
(S-272)

U.S. personnel winter at
three stations

The following lists researchers and
employees of Antarctic Support Asso-
ciates (ASA), the National Science Foun-
dation's support contractor, who
wintered at the three U.S. year-round
stations—McMurdo, Amundsen-Scott
South Pole, and Palmer—during the 1991
austral winter, and U.S. Navy personnel
who wintered at McMurdo Station dur-
ing 1991. The list is arranged by station
with names in alphabetical order. For
researchers, the title of their research
project and the name of the institution
to which the NSF grant was awarded are
indicated; for employees of the contrac-
tor (ASA) and Navy personnel (NSFA),
positions at the station are included.

McMurdo Station

Albert, Gregory, AG2, NSFA.
Albright, Bernice, material expeditor,

ASA.
Alexander, Robert K., welder, ASA.
Amerin, Kip, RM2, NSFA.

Anderson, Jamie, UT2, NSFA.
Baldwin, Lt. Mary, Officer-in-charge,

NSFA.
Baltz, Raymond, electrician, ASA.
Barber, Diane, insulator helper, ASA.
Barr, Sandy, carpenter helper, ASA.
Bax II, Timm A., computer supervisor,

ASA.
Baxter, David, painter, ASA.
Beaver, Bryant, ET1, NSFA.
Begnaud, Mark, electrician, ASA.
Beutler, Shely, carpenter helper, ASA.
Bjorkman, Paul, plumber foreman, ASA.
Blanchard, Michael, HT1, NSFA.
Bojack, Kathleen, assistant supervisor

for science laboratory, ASA.
Bombach, David, plumber, ASA.
Bond, Mary, senior material expeditor,

ASA.
Brace, Steven, electrician helper, ASA.
Braun, Francis, utility mechanic, ASA.
Brewer, Angela, DPi, NSFA.
Bridges, Roger, heavy equipment me-

chanic, ASA.
Briggs, Mark, equipment operator, ASA.
Brown, Jeffrey, E03, NSFA.
Brown, William, ABF2, NSFA.
Cannon, John, resident manager, ASA.
Caputo, David, lineman, ASA.
Carlson, Robert, plumber, ASA.
Can, Robert, pipefitter, ASA.
Christenson, Dennis, BU2, NSFA.
Cimaroli, Michael, DC2, NSFA.
Clendenning, William, field engineer,

ASA.
Cody, John, carpenter helper, ASA.
Cole, Christopher, utility mechanic, ASA.
Collier, Stephen, PN1, NSFA.
Collingwood, Elvin, heavy equipment

operator, ASA.
Cook, Matthew, general assistant, ASA.
Cornwall, Beverly, water plant techni-

cian, ASA.
Cotton, Rex, communications techni-

cian, ASA.
Couty, Jeffrey, electrician, ASA.
Crane, Warren, electrician, ASA.
Crossland, Carol, janitor, ASA.
Curoso, Anthony, data-entry clerk, ASA.
Curtiss, Douglas, AG2, NSFA.
Cutler, Craig L., utility mechanic, ASA.
Davis, Dallas, carpenter, ASA.
Dawson, Joseph, plumber, ASA.
Defedercis, Jerry, utility mechanic, ASA.
Dempsey, Clayton, HMC, NSFA.
Dickens, Jordan L., maintenance super-

visor, ASA.
Dickson, Ron, materialsperson, ASA.
Donnelly, James, YN2, NSFA.
Dougherty, Sean, MS2, NSFA.
Drake, Richard, drywaller, ASA.
Drake, Robert, sheetmetal worker, ASA.
Dries, Garrick, DT2, NSFA.
Dunbar, Rickey, SH1, NSFA.
Duran, Frank, drywaller, ASA.
Eckhoff, Peter, equipment operator,

ASA.
Eells, Gary, sheetmetal worker, ASA.
Egeland, Ron, heavy equipment me-

chanic, ASA.

Enloe, David P., grantee, "Geodetic sat-
ellite observations," Applied Re-
search Laboratories, University of
Texas at Austin.

Evans, Diane, ET2, NSFA.
Ewen, J. Chris, expeditor, ASA.
Falla, Brent, SKi, NSFA.
Farist, William, SK2, NSFA.
Faught, Steven, CE1, NSFA.
Flink, Jonathan, plumber foreman, ASA.
Flynn, Douglas, carpenter helper, ASA.
Frederickson, Donald E., senior con-

struction coordinator, ASA.
Frederickson, Roberta, senior clerk, ASA.
Frederickson, Roger, insulator foreman,

ASA.
Freeman, J.B., electrician foreman, ASA.
French, Mitchell, water plant mechanic,

ASA.
Gabrisch, Richard, materialsperson,

ASA.
Gale, Les, carpenter, ASA.
Galles, Tom, power plant mechanic,

ASA.
Gardner, James, construction supervi-

sor, ASA.
Garner, Loal, EA2, NSFA.
Gebhart, Mark, IC1, NSFA.
Gecas, Jeffrey, light-vehicle mechanic,

ASA.
Gibbs, Michael, ET1, NSFA.
Glennon, John, water plant mechanic,

ASA.
Green, Ken, power plant technician,

ASA.
Greene, James, BUC, NSFA.
Gregory, Mike, carpenter helper, ASA.
Griffin, Cindy, material expeditor, ASA.
Groenig, Mark, ironworker foreman,

ASA.
Grzywacz, Frank, plumber, ASA.
Gundlach, Sarah, assistant supervisor

for the field center, ASA.
Haals, Bill, carpenter, ASA.
Hackett, Malachy, electrician helper,

ASA.
Hall, Mark, EA2, NSFA.
Hammond, Donald, electrician, ASA.
Hanson, Glenn, light-vehicle mechanic,

ASA.
Harris, Alecia, SH2, NSFA.
Hassel, William, science technician, ASA.
Haymaker, Michael, 5K2, NSFA.
Healy, Rick, plumber, ASA.
Heifort, Connie, administrative assis-

tant, ASA.
Hekker, John, MS2, NSFA.
Heiman, Dana, E02, NSFA.
Hennes, Mike, preventive maintenance

foreman, ASA.
Hervey, James, DC2, NSFA.
Hester, R. Craig, carpenter foreman,

ASA.
Hilliard, Tim, equipment operator, ASA.
Hoffman, David R., title 2 inspector,

Metcalf and Eddy.
Hoffman, Dennis, carpenter, ASA.
Holdeman, Barbara, trouble clerk, ASA.
Holland, Matthew, power plant tech -

nician, ASA.
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Hoog, Thomas, electrician, ASA.
Hoog, Timothy, electrician, ASA.
Ivie, Richard, painter helper, ASA.
Jeffords, Bruce, HMC, NSFA.
Jirschele, Gary J., refrigeration me-

chanic, ASA.
Jones, Brian, SK2, NSFA.
Jones, Kenneth, plumber, ASA.
Kahier, Don, drywaller, ASA.
Kausch, Matthew, sheetmetal helper,

ASA.
Kay, David, MS1, NSFA.
Kelly, Frank, drywaller, ASA.
Kemper, Kyle, carpenter, ASA.
Kennedy, Natalie, Ad, NSFA.
Keys, Joanne M., programmer/analyst,

ASA.
Kirkpatrick, James, BU3, NSFA.
Kiser, Carl, drywaller, ASA.
Knapp, Dawn, insulator helper, ASA.
Kober, Wendy, boiler plant technician,

ASA.
Koerschen, Jeffrey, electrician, ASA.
Kohles, Carol, materials requisition spe-

cialist, ASA.
Kuder, Dan, explosive handler, ASA.
Kuehn, Bradley E., sheetmetal foreman,

ASA.
Lambert, Jean, BU1, NSFA.
Lambert, Robert, plumber, ASA.
Larsen, Daniel, BU3, NSFA.
Lashinsky, Eric, ET2, NSFA.
Lewis, Martin, light-vehicle mechanic,

ASA.
Lindzy, Michael, plumber, ASA.
Locquiao, Jose, CE1, NSFA.
Long, Joseph, DC2, NSFA.
Lux, Paul, heavy-equipment mechanic,

ASA.
Maddy, Frank, plumber, ASA.
Magee, Edward, electrician foreman,

ASA.
Magee, Joseph, electrician, ASA.
Marchetti, Peter, carpenter, ASA.
Marion, David, sheetmetal helper, ASA.
Marran, Randy, CE2, NSFA.
Matheson, Donald, general assistant,

ASA.
Matthews, Roger, sheetmetal worker,

ASA.
McAllister, Kenneth, painter, ASA.
McCarthy, Michael J., sheetmetal helper,

ASA.
McFarland, Annette, janitor, ASA.
McFarland, Lt. Robert, station physi-

cian, NSFA.
Melton, Mark, plumber, ASA.
Merrick, Nicholas, water plant techni-

cian, ASA.
Miller, Donna, RM3, NSFA.
Miller, Glenn, sheetmetal worker, ASA.
Miller, Juluis, electrician helper, ASA.
Moore, Melvin, senior materialsperson,

ASA.
Morris, Ted, electrician, ASA.
Moss, William, water plant technician,

ASA.
Moxon, Chris, water plant technician,

ASA.

Myers, Joanne, inventory control spe-
cialist, ASA.

Myers, John, materials foreman, ASA.
Ness, Gerald T., supervisor of power and

water production, ASA.
Neves, Bonita, clerk typist/terminal op-

erator, ASA.
Nicoll, Robert, carpenter foreman, ASA.
Norris, Carl, telephone exchange tech-

nician, ASA.
Norris, Wendy, data-entry clerk, ASA.
Nottke, Connie, material expeditor, ASA.
Nystrom, Tina, janitor, ASA.
Ogdahl, Peter, drywaller, ASA.
Olsen, Randy, carpenter, ASA.
Olson, Paul, DC2, NSFA.
Overton, Frank, carpenter, ASA.
Palmer, Linda, carpenter, ASA.
Papula, Michael, field engineer, ASA.
Parker, Michael, switchgear technician,

ASA.
Paul, Helen, power plant technician,

ASA.
Pavlovich, David, electrician, ASA.
Pendleton, Tracy, sheetmetal helper,

ASA.
Perales, Richard, insulator, ASA.
Peters, Steven, machinist, ASA.

U.S. Presidents have commemo-
rated Midwinter's Day with a special
message to the wintering community
since 1959 when the first interna-
tional community of scientists and
support personnel worked and con-
ducted research as part of the Inter-
national Geophysical Year (ICY).
President Bush's 1991 message to
personnel of 18 nations at 35 year-
round stations emphasizes the con-
tinuing commitment of the United
States to the "peaceful preservation"
of Antarctica and "to fostering sci-
entific study of its fragile environ -
ment"—the principles that were an
intrinsic part of the ICY experience
and that form the basis of the Ant-
arctic Treaty.

President Bush also reiterates the
U.S. dedication to environmental
protection in Antarctica in his 1991
message. The measure of Mr. Bush's
support for environmental protection
in Antarctica was emphasized further
when, on 3 July 1991, he announced
that the United States would sign the
new environmental protection pro-
tocol to the Antarctic Treaty. The text
of this protocol, which will protect
native flora and fauna; place limits on
tourism, waste disposal, and marine
pollution; and ban mineral resource
activities, will be published in the De-
cember 1991 issue of the Antarctic
Journal.

Pettit, Jeffrey, carpenter helper, ASA.
Pettit, Joseph, assistant project engi-

neer, ASA.
Picciotto, Paul, UT2, NSFA.
Pfannerstill, Charles, senior material-

sperson, ASA.
Pietrak, Robert, heavy-equipment me-

chanic, ASA.
Poehier, Donald, Jr., electrician, ASA.
Poehier, Donald, Sr., electrician fore-

man, ASA.
Pommrehn, William R., grantee, "Geo-

detic satellite observations," Applied
Research Laboratories, University of
Texas at Austin.

Pomraning, Verne, carpenter, ASA.
Porter, John, carpenter, ASA.
Powell, Larry, insulator, ASA.
Rachal, James, E02, NSFA.
Reck, Elizabeth, general assistant, ASA.
Reep, Eileen, HMC, NSFA.
Reynolds, Charles, heavy-equipment

operator, ASA.
Riker, Barbara, data-entry clerk, ASA.
Riker, David, senior materialsperson,

ASA.
Riley, Cinthia, data-entry clerk leader,

ASA.

The text of the President's Mid-
winter's Day Message for 1991 fol-
lows.

On this Midwinter's Day 1991, I am
pleased to send greetings to the dedicated
scientists and researchers who are endur-
ing the rigors of the antarctic winter in
the quest to expand understanding of our
world.

This year is a milestone that is espe-
cially significant in the history of antarc-
tic research. Thirty years ago, the 12
signatories of the Antarctic Treaty com-
mitted the resources and skills of their
nations to the peaceful preservation of this
vast, unique continent and to fostering
scientific study of its fragile environment.
Today, the information gained through
three decades of research is helping us bet-
ter understand the dynamics of our plan-
et's natural system. The United States
will continue both its commitment to en-
vironmental protection and its dedication
to scientific investigation in Antarctica.

By studying the natural forces at work
in Antarctica, each of you is helping not
only to protect its pristine beauty but also
to ensure that the entire world can benefit
from the lessons that we have learned in
this magnificent natural laboratory. It gives
me great pleasure to commend you for
your efforts and to extend best wishes for
your continuing success and a safe return
at winter's end. God bless you.

Signed George Bush

Winterers receive Presidential greeting
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Rogers, Wilson, boiler plant technician,
ASA.

Rose, Gene, painter foreman, ASA.
Rowland, Frederic, DS2, NSFA.
Russell, Bill, welder, ASA.
Sale, John, inventory control specialist,

ASA.
Schaffner, Valerie, draftsperson, ASA.
Schmidt, Richard, MS1, NSFA.
Simonson, John, carpenter helper, ASA.
Singer, Arden, general assistant, ASA.
Sislo, Bernard, carpenter helper, ASA.
Slattery, Katherine, RM2, NSFA.
Smith, Joseph P., grantee, "Measure-

ment of stratospheric trace gases,"
Aeronomy Laboratory, National
Oceanic and Atmospheric Adminstra-
tion, Boulder, Colorado.

Smith, Ross, heavy-equipment operator
foreman, ASA.

Smith, Scott, plumber helper, ASA.
Sorensen, Ronald, boiler mechanic, ASA.
Soulia, Sandra, clerk typist, ASA.
Spencer, Randy, heavy-equipment me-

chanic, ASA.
Stacy, Sharon, materialsperson, ASA.
Starks, Gene, carpenter helper, ASA.
Stevens, Wesley, ET1, NSFA.
Stinson-Wilge, John, carpenter, ASA.
Stout, Mark, SK2, NSFA.
Stuntzner, Brent, carpenter helper, ASA.
Syme, Randy, heavy-equipment me-

chanic, ASA.
Tattersall, Dennis. boiler plant techni-

cian, ASA.
Thompson, David, electrician helper,

ASA.
Thompson, Jeffrey, RM1, NSFA.
Thompson, Jennifer, data-entry clerk,

ASA.
Tomczak, Bruce, carpenter, ASA.
Truesdale, Greg, plumber, ASA.
Tupick, Dennis, communications super-

visor, ASA.
Turner, Donald, boiler plant technician,

ASA.
Vandyke, Brian, MS3, NSFA.
Vasquez, Lenny, RM3, NSFA.
Vick, David, lineman, ASA.
Wavra, Larry, ET2, NSFA.
Werner, Greg, equipment operator, ASA.
Williams, Michael, heavy-equipment

operator, ASA.
Wolff, Wirt, field processing technician,

ASA.
Wood, Alan, general assistant, ASA.
Wuollet, Dave, heavy-equipment me-

chanic, ASA.
Yurkinas, William, RMC, NSFA.

Amundsen-Scott South Pole Station

Cook, Jerome, communications coordi-
nator, ASA.

Hancock, James, meteorologist techni-
cian, ASA.

Houseal, Matthew, physician, ASA.
Isert, Terrence, materialsperson, ASA.
Jacoby, Brian D., computer technician,

ASA.

Jensen, Rodney A., heavy-equipment
mechanic, ASA.

Lowell, John E., grantee, "Polar strato-
spheric clouds at the South Pole,"
University of Wyoming.

Massey, Joseph, communications tech-
nician, ASA.

Midlam, Steve, senior cook, ASA.
Norton, William L., grantee, "Antarctic

survey and mapping," U.S. Geologi-
cal Survey.

Notchey, James L., meteorologist, ASA.
O'Neill, Dennis, station manager, ASA.
O'Neill, Michael S., grantee, "Polar

stratospheric clouds at the South Pole,"
University of Wyoming.

Parlin, John T., carpenter, ASA.
Peterson, Karen A., grantee, "Antarctic

survey and mapping," U.S. Geologi-
cal Survey.

Pratt, Jerome S., power plant mechanic,
ASA.

Price, Kathryn L., science technician,
ASA.

Redick, Suzanne, science technician,
ASA.

Sobanja, Kurt, general maintenance me-
chanic, ASA.

Zulejkic, David A., electrician, ASA.

Palmer Station

Baltz, Ronnie, materialsperson, ASA.

Ainley, David G. Point Reyes Bird Ob-
servatory, Stinson Beach, California.
The Bahia Paraiso oil spill: Impact on a
southern seabird community. DPP 89-
18324. $20,705.

Azam, Farooq. University of California,
Scripps Institution, Jolla, California.
Significance of bacterial exoenzymes
in organic matter cycling in the south-
ern oceans. DPP 89-17016. $35,000.

Brownell, Steve, Polar Duke marine elec-
tronics technician.*

Carlini, David B., grantee, "Energetics
of adult and larval krill (Euphausia su-
perba)," University of California at Santa
Barbara.

Cowan, Hugh, physician, ASA.
Frazer, Tom, grantee, "Energetics of adult

and larval krill (Euphausia superba),"
University of California at Santa Bar-
bara.

Frederick, Robert H., Station manager/
facility engineer.

Hatchett, Jody, administrative assistant,
ASA.

Mather, Cole, Polar Duke marine tech-
nician.*

Meis, James, communications techni-
cian, ASA.

O'Kelly, Albert, power plant mechanic,
ASA.

Pierce, Jamie, cook, ASA.
Ridley, Julian, general assistant, ASA.
Wood, Kevin, Polar Duke marine project

coordinator. *
Wyatt, Carol, grantee, "Energetics of

adult and larval krill (Euphausia su-
perba)," University of California at Santa
Barbara.

*Worked aboard the Polar Duke for the austral
winter.

Baker, D. James. Joint Ocean Institu-
tions Inc., Washington, D.C. GLO-
BEC planning and implementation
office for the GLOBEC initiative. OCE
90-06957. $10,000 ($251,628).

Boster, James S. University of Pitts-
burgh, Pittsburgh, Pennsylvania. Col-
laborative research: Social structure,
agreement, and conflict in groups in
extreme and isolated environments.

Foundation awards of funds
for antarctic projects,
1 October 1990 to 31 March 1991

Following is a list of National Science Foundation antarctic awards made from 1
October 1990 to 31 March 1991. Each item contains the name of the principal inves-
tigator 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 Ocean Sciences, the prefix OCE; those by the Division of Atmos-
pheric Sciences, the prefix ATM; those by the Division of Industrial Science and
Technological Innovation, the prefix ISI; those by the Division of International Pro-
grams, the prefix INT; those by the Division of Earth Sciences, the prefix EAR; and
those by the Division of Behavioral and Neural Sciences, the prefix BNS.

Biology and medicine
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BNS 90-11930. $13,913 ($27,826)

Bowser, Samuel S. New York State De-
partment of Health, Albany, New
York. Test morphogenesis in a giant
antarctic foraminiferan. DPP 89-17375.
$3,938.

Chappell, Mark A. University of Cali-
fornia, Riverside, California. Energet-
ics of reproduction and foraging in
Adélie penguins. DPP 89-17066.
$80,000.

Cullen, John J . Bigelow Laboratory for
Ocean Sciences, West Boothbay Har-
bor, Maine. Novel methods to assess
the effects of ultraviolet radiation on
phytoplankton photosynthesis. DPP
90-18441. $133,352.

Cullen, John J. Bigelow Laboratory for
Ocean Sciences, West Boothbay Har-
bor, Maine. Novel methods to assess
the effects of ultraviolet radiation on
phytoplankton photosynthesis. DPP
90-18441. $4,000.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of antifreeze
proteins in freezing avoidance of ant-
arctic fishes. DPP 90-19881. $142,830.

Dunton, Kenneth H. University of Texas,
Austin, Texas. Food web structure and
importance of macroalgal carbon to
coastal communities of the Antarctic
Peninsula based on stable carbon and
nitrogen isotope signatures. DPP 90-
19812. $52,555.

Ferrari, Frank D. Smithsonian Institu-
tion, Washington, D.C. Recording of
data and sorting of collections from
polar regions. DPP 74-13988. $199,380.

Ferrari, Frank D. Smithsonian Institu-
tion, Washington, D.C. Recording of
data and sorting of marine biological
collections from polar regions. DPP 74-
13988. $4,000.

Fraser, William R. Old Dominion Uni-
versity, Norfolk, Virginia. The Bahia
Paraiso oil spill: Impacts on a southern
ocean seabird community. DPP 91-
03429. $62,254.

Gautier, Catherine. University of Cali-
fornia, Santa Barbara, California. Spa-
tial distribution of antarctic surface
ultraviolet radiation from satellite and
in situ measurements. DPP 90-18207.
$77,694.

Holm-Hansen, Osmund. University of
California, Scripps Institution, La Jolla,
California. Research on Antarctic
Coastal Ecosystem Rates (RACER):
Mechanisms of bloom formation and

decline. DPP 88-17635. $152,953

Howes, Brian L. Woods Hole Ocean In-
stitute, Woods Hole, Massachusetts.
Collaborative research on the biogeo-
chemistry of dry valley lakes: Season-
ality and feedback processes in amictic
systems dominated by internal cy-
cling. DPP 88-18782. $30,973.

Huntley, Mark E. University of Califor-
nia, Scripps Institution, La Jolla, Cal-
ifornia. Research on Antarctic Coastal
Ecosystem Rates (RACER): Develop-

Unscheduled June flight
brings New Zealander to
safety

Despite the constant darkness and
extreme cold of Antarctica's long
winter night, U.S. Navy pilots of the
Antarctic Development Squadron Six
(VXE-6) landed a U.S. Antarctic Pro-
gram (USAP) ski-equipped Hercules
airplane (LC-130) safely at Williams
Field, McMurdo Station's ice-shelf
skiway, on 4 June 1991, to evacuate
a seriously ill member of the New
Zealand Antarctic Program (NZARP).

Since early May, the patient, Peter
Harding the engineer at NZARP's
Scott Base, had been under the care
of U.S. Navy Dr. Robert MacFarland
for ulcerative colitis, which can lead
rapidly to serious infection and pos-
sible death if the colon becomes per-
forated. The gradual deterioration of
his condition during May prompted
NZARP to request assistance from the
U.S. program.

The evacuation was only the fifth
emergency flight to McMurdo Sta-
tion, and the first in 24 years. The
United States normally suspends flight
operations during the austral winter
because the low temperatures threaten
aircraft operations and the constant
darkness makes landings on the rough
ice-shelf surface difficult. The earlier
flights occurred in early April 1961,
late June 1964, early June 1966, mid-
September 1966, and mid-June 1967.
The final destination of the April 1961
and September 1966 flights was Byrd
Station, about 1,000 miles from
McMurdo Station in Marie Byrd Land.

The National Science Foundation,
which manages and funds the U.S.
Antarctic Program, owns seven ski-
equipped, four-engine turboprop LC-
130s that are flown for the U.S. pro-
gram by Navy pilots. An LC-130 is
the only airplane capable of making

ment, growth and production of ma-
crozooplankton, including krill. DPP
88-17779. $288,000.

Johnson, Jeffrey C. East Carolina Uni-
versity, Greenville, North Carolina.
Social structure, agreement, and con-
flict in groups in extreme and isolated
environments. BNS 90-11351. $16,080
($51,130).

Kareiva, Peter M. University of Wash-
ington, Seattle, Washington. Mathe-
matical models of foraging seabirds.

the 2,400-mile flight from Chri-
stchurch, New Zealand, to McMurdo
Station and of landing on the ice-shelf
skiway. Four other LC-130s are flown
by the 109th Tactical Air Group of the
Air National Guard of Schenectady,
New York.

The New Zealand request to evac-
uate Harding was received by the USAP
on Friday, 31 May 1991. Immediately,
an LC-130 was dispatched from Point
California, the headquarters for VXE-
6. A second LC-130 also left Point
Mugu to serve as a backup, but while
in route to New Zealand, this LC-130
suffered unexpected mechanical
problems and stopped mid-route for
repairs. To replace this airplane, the
NSF requested additional support
from the 109th.

In Antarctica, wintering personnel
at McMurdo Station began grooming
the skiway, a surface of hard-packed
snow on top of the Ross Ice Shelf.
Working together, employees of NSF's
support contractor Antarctic Support
Associates and U.S. Navy personnel
cleared the skiway and ensured that
ground-control-approach naviga-
tional aids and strobe and marker
lights were working.

Because the situation was life-threat-
ening and because the second USAP
LC-130 was repaired and launched, the
primary LC-130 proceeded to Mc-
Murdo Station without waiting for the
backup airplane to arrive in Chri-
stchurch. After an 8-hour flight, the
LC-130, carrying a crew of 11, a doctor,
and a replacement for the stricken New
Zealander, landed in the early morn-
ing of 4 June 1991 on the Ross Ice
Shelf where the weather was clear and
the temperature was —24 °C. They
left with the patient on board shortly
after refueling.

In Christchurch, Harding, who was
pale but conscious and smiling (ac-
cording to observers at his arrival),
was transferred to a local hospital for
treatment.
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DPP 89-18130. $72,567.

Karentz, Deneb. University of Califor-
nia, San Francisco, California. Ozone
depletion, ultraviolet radiation and
phytoplankton biology in antarctic
waters. DPP 90-02872. $36,844.

Karentz, Deneb. University of Califor-
nia, San Francisco, California. Physi-
ological ecology of ultraviolet-
absorbing compounds in antarctic or-
ganisms. DPP 90-17664. $103,587.

Karl, David M. University of Hawaii,
Manoa, Honolulu, Hawaii. Research
on Antarctic Coastal Ecosystem Rates
(RACER): Microbial dynamics and
carbon flux. DPP 88-18899. $135,000.

Kennicutt, Mahlon C. Texas A&M Uni-
versity, College Station, Texas. The role
of global pollutants and localized con-
tamination in determining hydrocar-
bon concentrations along the Antarctic
Peninsula. DPP 90-22346. $100,100.

Kooyman, Gerald L. University of Cal-
ifornia, Scripps Institution, La Jolla,
California. Biology of king and em-
peror penguins while at sea. DPP 87-
15864. $13,314.

Manahan, Donal T. University of South-
ern California, Los Angeles, Califor-
nia. Ecology and nutrition of
invertebrate larvae in McMurdo Sound,
Antarctica and Monterey Bay, Cali-
fornia: Use of phytoplankton and
nonphytoplankton food resources.
DPP 88-20130. $21,351 ($42,702).

Martin, John H. San Jose State Univer-
sity, San Jose, California. The rela-
tionship between iron availability and
phytoplankton productivity in the
southern oceans. DPP 90-19390.
$99,976.

McFeters, Gordon A. Montana State
University, Bozeman, Montana. Per-
sistence and environmental impact of
enteric bacteria in an antarctic marine
environment. DPP 90-19059. $105,267.

Pearse, John S. University of California,
Santa Cruz, California. Ecology and
nutrition of invertebrate larvae in
McMurdo Sound, Antarctica and
Monterey Bay, California: Use of phy-
toplankton and nonphytoplankton
food resources. DPP 88-18354. $25,982
($51,963).

Quetin, Langdon, B. University of Cal-
ifornia, Santa Barbara, California. En-
ergetics of the adults and larvae of the
antarctic krill (Euphausia superba). DPP
88-20589. $184,982.

Radtke, Richard L. University of Ha-
28

waii, Honolulu, Hawaii. Early life his-
tory of antarctic fishes. DPP 88-16521.
$112,515.

Rivkin, Richard B. University of Mary-
land Center for Estuarian Research,
Cambridge, Maryland. Ecology and
nutrition of invertebrate larvae in
McMurdo Sound, Antarctica and
Monterey Bay, California: Use of phy-
toplankton and nonphytoplankton
food resources. DPP 88-20132. $42,630.

Roby, Daniel D. Southern Illinois Uni-
versity, Carbondale, Illinois. Stomach
oils and reproductive energetics in
antarctic seabirds. DPP 90-18091.
$109,773.

Sidell, Bruce D. University of Maine,
Orono, Maine. Metabolic and ultra-
structural adaptations to chronically
cold body temperature in antarctic
fishes. DPP 88-19469. $80,000.

Smith, Raymond C. University of Cali-
fornia, Santa Barbara, California.
Ozone diminution, ultraviolet radia-
tion and photoplankton biology in
antarctic waters. DPP 89-17076.
$131,529.

Smith, Raymond C. University of Cali-
fornia, Scripps Institution, La Jolla,
California. Ozone diminution, ultra-
violet radiation and photoplankton bi-
ology in antarctic waters. DPP 90-01848.
$48,347.

Smith, Walker 0. University of Tennes-
see, Knoxville, Tennessee. Production
and regeneration of organic matter in
the western Ross Sea. DPP 88-17070.
$66,953.

Testa, J. Ward. University of Alaska,
Fairbanks, Alaska. Determining dis-
persal and diving behavior of Weddell
Seals by satellite telemetry. DPP 88-
16567. $7,000.

Testa, I. Ward. University of Alaska,
Fairbanks, Alaska. Determining dis-
persal and diving behavior of Weddell
Seals by satellite telemetry. DPP 88-
16567. $51,410.

Vestal, J. Robie. University of Cincinnati
Main Campus, Cincinnati, Ohio. Cold
adaptations of carbon metabolism in
antarctic phototrophic microorgan-
isms. DPP 90-17739. $107,213.

Marine and terrestrial
geology and geophysics

Anderson, John B. William Marsh Rice
University, Houston, Texas. Marine
geology of the Antarctic Continental
Margin. DPP 88-18523. $105,304.

Askin, Rosemary A. University of Cal-
ifornia, Riverside, California. Eocene
terrestrial palynology of Seymour Is-
land, Antarctica. DPP 90-19378.
$34,895.

Bell, Robin E. Columbia Lamont-Doh-
erty Geological Observatory of Co-
lumbia University, Palisades, New
York. The Marie Byrd Land margin:
Early seafloor spreading history. DPP
90-18742. $36,767.

Brozena, John M. Naval Research Lab,
Arlington, Virginia. Corridor aero-
geophysics of the southeastern Ross
transect zone: Airborne gravity mea-
surements. DPP 90-20576. $158,002.

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania.
Search for meteorites. DPP 88-17083.
$73,055.

Collinson, James W. Ohio State Univer-
sity, Columbus, Ohio. Sedimentology
of the Permian-Triassic fluvial se-
quence in the Beardmore Glacier re-
gion. DPP 89-17413. $40,291.

Dalziel, Ian W. University of Texas,
Austin, Texas. The Pacific Margin of
the Antarctic Peninsula: A marine
geophysical study of the tectonic evo-
lution of Andean-type orogens. DPP
89-16436. $224,350.

Dalziel, Ian W. University of Texas,
Austin, Texas. Tectonic evolution of
the antarctic sector of the Pacific Mar-
gin: Mesozoic and Paleozoic devel-
opment of Marie Byrd Land II. DPP
89-17127. $88,000.

Elliot, David H. Ohio State University,
Columbus, Ohio. The tectonomag-
netic setting of early to middle Jurassic
bimodal volcanism in the Transant-
arctic Mountains. DPP 89-17348.
$80,582.

Goodge, John W. Southern Methodist
University, Dallas, Texas. Petrogene-
sis and crustal structure of metamor-
phic rocks in the central Transantarctic
Mountains: An integrated petrologic,
structural, and geochronologic study.
DPP 88-16807. $80,000.

Hanson, Richard E. Texas Christian Uni-
versity, Fort Worth, Texas. The tec-
tonomagmatic setting of early to middle
Jurassic bimodal volcanism in the
Transantarctic Mountains. DPP 89-
15429. $9,202.

Hayes, Dennis E. Lamont-Doherty Geo-
logical Observatory of Columbia Uni-
versity Palisades, New York. The
Pacific Margin of the Antarctic Pen-
insula: A marine geophysical study of
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the tectonic evolution of Andean-type
orogens. DPP 89-17332. $159,049.

Kennett, James P. University of Califor-
nia, Santa Barbara, California. The role
of the southern oceans and Antarctica
in global change: An ocean drilling
perspective. DPP 90-21690. $20,000.

King, John W. University of Rhode Is-
land, Narragansett, Rhode Island. A
versatile 10-meter coring tool for pre-
cision coring in deep water. DPP 90-
13147. $192,222.

Kurz, Mark D. Woods Hole Ocean In-
stitute, Woods Hole, Massachusetts.
Exposure-age dating applied to ant-
arctic glacial geology. DPP 88-17406.
$104,792 ($128,790).

Lawyer, Lawrence A. University of Texas,
Austin, Texas. Antarctic marine heat
flow. DPP 90-19247. $40,644.

Luyendyk, Bruce P. University of Cali-
fornia, Santa Barbara, California. Geo-
logical and geophysical studies in the
Ford Ranges of Marie Byrd Land, West
Antarctica. DPP 88-17615. $84,055.

Markgraf, Vera. University of Colorado,
Boulder, Colorado. Late Quaternary
paleoclimates: A pole-to-pole transect
for the Western Hemisphere. DPP 90-
24958. $15,309.

Powell, Ross D. Northern Illinois Uni-
versity, DeKalb, Illinois. Submersible
investigation of temperate glacimar-
me sedimentation, southeastern
Alaska. DPP 88-22098. $13,481
($24,439).

Sears, Derek W. University of Arkansas,
Fayetteville, Arkansas. Natural ther-
moluminescence levels in antarctic
meteorites and related studies. DPP
88-17569. $28,495.

Stump, Edmond. Arizona State Univer-
sity, Tempe, Arizona. Uplift history of
the Transantarctic Mountains in
northern Victoria Land. DPP 90-17763.
$90,015.

Taylor, Edith L. Ohio State University,
Columbus, Ohio. Diversity and dis-
tribution of fossil floras from southern
Victoria Land. DPP 87-16070. $5,000.

Taylor, Thomas N. Ohio State Univer-
sity, Columbus, Ohio. Biostratigra-
phy and paleobotany of the Beardmore
Glacier region. DPP 88-15976. $5,000.

tenBrink, Uri. Stanford University,
Stanford, California. Seismic investi-
gation of the plate boundary between
East and West Antarctica. DPP 89-
17634. $62,054.

June/September 1991

Wise, Sherwood, W. Florida State Uni-
versity, Tallahassee, Florida. Maes-
trichtian to Cenozoic calcareous
nanofossil biogeography of the South
Atlantic ocean basin based on new
ocean drilling sites. DPP 89-17976.
$29,286 ($58,572).

Ocean and climate studies

Amos, Anthony F. University of Texas,
Austin, Texas. Research on Antarctic
Coastal Ecosystem Rates (RACER):
Mechanisms of bloom formation and
decline. DPP 89-07287. $51,000.

Balsley, Ben B. University of Colorado,
Boulder, Colorado. Installation of a
wind-profiler radar on the Peruvian
antarctic base Machu Picchu on King
George Island. DPP 90-22446. $191,071.

Ferguson, Eldon E. National Oceanic and
Atmospheric Administration, Wash-
ington, D.C. South Pole monitoring
for climatic change. DPP 90-18208. $1.

Foster, Theodore D. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic bottom water formation. DPP 89-
15730. $123,501.

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry of the central Wed-
dell Sea, austral winter 1989. DPP 88-
16570. $108,368.

Leventer, Amy. Ohio State University,
Columbus, Ohio. Late Holocene cli-
mate history recorded in laminated
sediments from the George V Coast.
DPP 89-16712. $43,957.

Nelson, David M. Oregon State Univer-
sity, Corvallis, Oregon. Cycling of
biogenic silica in the water column of
the Ross Sea. DPP 88-17441. $128,700.

Parish, Thomas R. University of Wyo-
ming, Laramie, Wyoming. Continued
investigation of the extraordinary ka-
tabatic winds at Terra Nova. DPP 89-
16998. $55,882.

Shaw, Glenn E. University of Alaska
Geophysics Institute, Fairbanks,
Alaska. Travel aid for symposium on
the tropospheric chemistry of south-
ern high latitudes. DPP 90-16976.
$10,000.

Venkatesan, M.I. University of Califor-
nia, Los Angeles, California. Sources
and fluxes of biogenic and anthropo-
genic carbon compounds in antarctic
marine sediments. DPP 88-16292.
$89,034.

Warren, Stephen G. University of Wash-

ington, Seattle, Washington. Climate
studies at the South Pole. DPP 88-
18570. $152,713.

Wendler, Gerd. University of Alaska,
Fairbanks, Alaska. Katabatic winds in
eastern Antarctica. DPP 90-17969.
$109,753.

Aeronomy and astronomy

Arnoldy, Roger L. University of New
Hampshire, Durham, New Hamp-
shire. An accomplishment-based re-
newal of support for measurement and
analysis of high-latitude magnetic
pulsations. DPP 89-13870. $59,144
($154,465).

Bering, Edgar A. University of Houston,
Houston, Texas. Measurement of ver-
tical atmospheric electric current at a
network of sites in Antarctica includ-
ing manned stations and automated
geophysical observatories. DPP 89-
17464. $5,250.

Bering, Edgar A. University of Houston,
Houston, Texas. Balloonborne studies
of the ionosphere and magnetosphere
above Antarctica. DPP 90-19567.
$100,000.

Berkey, Frank T. Utah State University,
Logan, Utah. All-sky camera mea-
surements of the aurora australis from
Amundsen-Scott South Pole Station.
DPP 88-17365. $35,000.

Bieber, John W. Bartol Research Insti-
tute, University of Delaware, New-
ark, Delaware. Solar and heliospheric
studies with antarctic cosmic ray ob-
servations. DPP 88-18586. $181,880.

Deshler, Terry L. University of Wyo-
ming, Laramie, Wyoming. In situ
measurements of polar stratospheric
clouds, condensation nuclei, and ozone
in the springtime antarctic strato-
sphere. DPP 90-17805. $5,000.

Dragovan, Mark. Princeton University,
Princeton, New Jersey. Cosmic back-
ground isotropy measurements from
the South Pole. DPP 89-17157.
$149,613.

Dragovan, Mark. Princeton University,
Princeton, New Jersey. Cosmic back-
ground isotropy measurements from
the South Pole. DPP 89-17157. $6,300.

Forbes, Jeffrey M. Boston University,
Boston, Massachusetts. Dynamics of
the antarctic mesosphere and lower
thermosphere. DPP 89-16343. $35,677.

Gaidos, James A. Purdue University,
West Lafayette, Indiana. Observation
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of high gamma-ray sources from the	Riometry in antarctica and conjugate	Studies of subglacial cores from the
South Pole. DPP 90-22723. $110,000.	regions. DPP 88-18229. $282,000.	base of ice stream B. DPP 90-16631.

$90,000.
Greenwald, Raymond A. Johns Hop-

kins University, Baltimore, Maryland.
Polar Anglo-American conjugate ex-
periment. DPP 88-22172. $112,504.

Harper, Doyal A. University of Chicago,
Chicago, Illinois. Center for astro-
physical research in Antarctica. DPP
89-20223. $2,000,000.

Hernandez, Gonzalo J. University of
Washington, Seattle, Washington.
Antarctic neutral thermospheric and
mesospheric dynamics and thermo-
dynamics. DPP 90-17484. $135,000.

man, Umran S. Stanford University,
Stanford, California. Very-low-fre-
quency remote sensing of thunder-
storm and radiation belt coupling to
the ionosphere. DPP 90-20687. $4,809.

LaBelle, James W. Dartmouth College,
Hanover, New Hampshire. Provision
of a low-frequency/high-frequency
programmable frequency receiver to
the antarctic automatic geophysical
observatories. DPP 89-15635. $3,750.

Lin, Robert P. University of California,
Berkeley, California. Cosmic and solar
hard X-ray and gamma-ray spectros-
copy from the South Pole. DPP 87-
17481. $6,250.

Lubin, Philip M. University of Califor-
nia, Santa Barbara, California. Cosmic-
background radiation studies at the
South Pole. DPP 89-20578. $6,649.

Morse, Robert M. University of Wiscon-
sin, Madison, Wisconsin. Observa-
tion of very-high-energy gamma-ray
sources from the South Pole. DPP 90-
22092. $110,750.

Murcray, Frank J. University of Denver,
Denver, Colorado. Infrared measure-
ments in the Antarctic. DPP 89-17643.
$47,490 ($57,490).

Price, P. Buford. University of Califor-
nia, Berkeley, California. Measure-
ment of iron group isotopic
composition in the cosmic rays with a
lightweight balloonborne spectrome-
ter launched from Antarctica. DPP 88-
16550. $30,000.

Price, P. Buford. University of Califor-
nia, Berkeley, California. Measure-
ment of the optical transparency of
deep antarctic ice. DPP 90-19044.
$23,921.

Rosenberg, Theodore I. University of
Maryland, College Park, Maryland.

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Polar experiment network for geo-
physical upper-atmosphere investi-
gations (PENGUIN). DPP 89-18689.
$398,360.

Smoot, George F. University of Califor-
nia, Berkeley, California. Low-fre-
quency measurements of the cosmic
microwave background radiation. DPP
90-18395. $6,094.

Spilhaus, A.F. American Geophysical
Union, Washington, D.C. Publication
of 1987-1990 U.S. national committee
report to the Twentieth International
Union of Geodesy and Geophysics
General assembly. EAR 90-16709.
$15,000 ($60,000).

Glaciology

Bentley, Charles R. University of Wis-
consin, Madison, Wisconsin. Radar
studies of the bed of an active ice
stream. DPP 90-18530. $189,070.

Bindschadler, Robert A. National Aero-
nautics and Space Adminstration,
Goddard Space Flight Center, Green-
belt, Maryland. West antarctic gla-
ciology III. DPP 90-18127. $176,495.

Blankenship, Donald D. Ohio State Uni-
versity, Columbus, Ohio. West ant-
arctic glaciology III. DPP 90-19098.
$48,551.

Denton, George H. University of Ma-
rine, Orono, Maine. Antarctic ice-sheet
response to global Pliocene warmth.
DPP 89-18942. $118,973.

Fitzgerald, William F. University of Con-
necticut Marine Science Institute,
Groton, Connecticut. Geochemical
significance of temporal distribution
of mercury in the antarctic ice-sheet.
DPP 89-18957. $73,520.

Grootes, Pieter M. University of Wash-
ington, Seattle, Washington. The ice-
core working group (1989-1991). DPP
89-15749. $21,320.

Jacobel, Robert W. Saint Olaf College,
Northfield, Minnesota. West antarctic
glaciology III. DPP 91-04417. $69,694.

Jacobel, Robert W. Saint Olaf College,
Northfield, Minnesota. West antarctic
glaciology III. DPP 91-04417. $7,500.

Kamb, Barclay. California Institute of
Technology, Pasadena, California.

Kamb, Barclay. California Institute of
Technology, Pasadena, California.
Borehole study of antarctic ice-stream
mechanisms. DPP 90-18703. $140,000.

Kubik, Peter W. University of Roches-
ter, Rochester, New York. Terrestrial
age measurement of antarctic meteo-
rites. DPP 89-16236. $30,000.

Lal, Devendra. University of California,
Scripps Institution, La Jolla, Califor-
nia. Nuclear studies of accumulating
and ablation ice using cosmogenic car-
bon-14. DPP 90-17827. $59,739.

MacAyeal, Douglas R. University of
Chicago, Chicago, Illinois. Siple-Coast
ice-stream response to atmospheric
carbon dioxide variation. DPP 89-14938.
$82,309.

Meier, Mark F. University of Colorado,
Boulder, Colorado. National ice-core
curatorial facility. DPP 90-16366.
$704,261.

Merry, Carolyn. Ohio State University
Research Foundation, Columbus,
Ohio. Mapping of ice stream B using
SPOT satellite data. DPP 89-18709.
$48,319.

Middleton, Roy. University of Pennsyl-
vania, Philadelphia, Pennsylvania.
Determining exposure ages and ero-
sion rates of bedrock surfaces in Ant-
arctica. DPP 89-17581. $81,168.

Nishiizumi, Kunihiko. University of
California, Scripps Institution, La Jolla,
California. Terrestrial age measure-
ment of antarctic meteorites. DPP 89-
16036. $30,654.

Prentice, Michael L. University of Maine,
Orono, Maine. Warm-climate antarc-
tic ice dynamics: Sirius formation ev-
idence. DPP 90-20975. $70,651.

Rasmussen, Reinhold A. Oregon Gra-
duste Institute of Science and Technol -
ogy, Beaverton, Oregon. Concentrations
of methane and nitrous oxide during
glacial and interglacial periods: Anal-
yses of the Vostok ice core. DPP 88-
20632. $81,404.

Raymond, Charles F. University of
Washington, Seattle, Washington.
Geophysical surveys and ice-flow
modeling to support ice coring for pa-
leoclimate in the Antarctic Peninsula.
DPP 87-16243. $96,087.

Thompson, Lonnie G. Ohio State Uni-
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Weather at U.S. stations

Feature
Average temperature ('C)

Temperature maximum ('C)
(date)

Temperature minimum ('C)
(date)

Average station pressure (mb)

Pressure maximum (mb)
(date)

Pressure minimum (mb)
(date)

Snowfall (mm)

Prevailing wind direction

Average wind speed (m/sec)

Peak wind speed (m/sec)
(date)
(direction)

Average sky cover

Number clear days

Number partly cloudy days

Number cloudy days

Number days with visibility less than
0.4 km

McMurdo
-7.0'

-0.3'
(1)

-15.5'
(17)

990.01

1002.64
(21)

981.78
(19)

236.22

110'

5.15

25.74
(19)

(210')

7.8

3.0

1.0

24.0

0.8

February 1991
Palmer

2.6'

9.8'
(11)

-2.5'
(27)

989.60

1022.00
(7)

964.90
(1)

58.00

North

4.68

28.83
(13)
(10')

8.5

3.0

3.0

22.0

South Pole
-38.0'

-24.8'
(8)

-49.0'
(28)

691.30

712.00
(20)

675.80
(28)

Trace

50'

5.71

14.75

(270')

5.8

8.0

5.0

15.0

4.0

McMurdo
-19.2'

-5.2'
(7)

- 30.8'
(30)

983.34

999.7
(28)

973.69
(25)

25.40

70'

6.69

25.74
(20)

(330')

7.2

0.0

9.0

22.0

0.5

March 1991
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April 1991
Palmer
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(1)

969.60
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Prepared from information received from the stations. Locations: McMurdo 77'5l'S 166'40'E, Palmer 64'46'S 64'3'W, Amundsen-Scott South Pole 90'S.
Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2,835 meters. For prior data and daily logs, contact the National Climate Center,
Asheville, North Carolina 28801.

Weather at U.S. stations
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0.4 km
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May 1991
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June 1991
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(1)
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23.0
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1.0
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McMurdo
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-10.8'
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994.07
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Trace
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July 1991
Palmer

-6.1'

3.0'
(24)

-16.2'
(6)

992.10

1017.70
(10)

958.90
(2)

441.00

Northeast

7.21

27.28
(2)

(170')

9.5

0.0

0.0

31.0

South Pole
-56.7'

-39.1'
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(29)
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(3)

Trace
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Prepared from information received from the stations. Locations: McMurdo 77'51'S 166'40'E, Palmer 64'46'S 64'3'W, Amundsen-Scott South Pole 90'S.
Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2,835 meters. For prior data and daily logs, contact the National Climate Center,
Asheville, North Carolina 28801.
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