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Antarctica's role in global processes
highlights investigations for 1990-1991
austral summer

Antarctica is a polar desert, remote and
alien. Ice sheets, up to 3 miles thick,
cover all but 2 percent of its 5.4-million-
square-mile (14-million-square-kilome-
ters) area. Fierce cold dominates its in-
terior, and strong coastal winds roar
toward the sea at speeds that have
reached more than 200 miles per hour.
A belt of sea ice that fluctuates between
300 and 1,000 miles (500 to 1,600 kilo-
meters) wide isolates the continent from
the Southern Hemisphere; the Antarctic
Circumpolar Current, the world's larg-
est oceanic current, creates a boundary

separating warm water to the north from
the cold waters surrounding Antarctica.

Despite this isolation, Antarctica is
sensitive to enviromental changes that
occur in other regions of the world and
also can influence the global environ-
ment. Major interactions in Antarctica
between the atmosphere, sea ice, and
oceans affect such global systems as
transport of atmospheric trace gases,
deep-ocean water circulation, and the
worldwide balance of ice.

Additionally, the oceans surrounding
Antarctica, support one of the world's

most productive marine ecosystems and
one of the most sensitive to environ-
mental change. Because of its sensitiv-
ity, this ecosystem, scientists believe, will
be one of the first to exhibit the effects
of changes in the global environment.
By learning how this ecosystem re-
sponds to global as well as regional
changes, they hope to understand better
how temperate regions may react to
changes in the global environment.

This austral summer 454 U.S. re-
searchers will continue a more than 30-
year-old tradition, begun during the In-
ternational Geophysical Year. They will
go to Antarctica to study how processes
and phenomena occurring in Antarctica
relate to global problems and to inves-
tigate the unique characteristics of this
continent and its environment. These
scientists are funded and supported
through U.S. Antarctic Program, which
is managed by the National Science
Foundation.

This telescope near Amundsen-Scott South Pole Station is used by University of Wisconsin
researchers to observe very-high-energy sources of gamma rays. The telescope consists of an
array of parabolic mirrors with photomultiplier tubes at the foci and can detect light from very-
high energy interactions in a small amount of atmosphere.

Photo by Robert M. Morse.
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Each austral spring, scientists have
studied and monitored the formation and
dissolution of an "ozone hole," discov-
ered in 1985 in the upper stratosphere
above Antarctica. Data from their stud-
ies have enabled them to determine the
processes that cause ozone depletion
above Antarctica and identify some of
the effects of decreased levels of ozone.
They have established that, during aus-
tral spring, as the total amount of strat-
ospheric ozone decreases, the amount
of potentially harmful ultraviolet radia-
tion reaching the surface increases to
levels equal to those occurring in late
summer. Research conducted during the
1986-1987 and 1987-1988 austral sum-
mers indicates that antarctic marine eco-
systems are responding to enhanced
exposure to ultraviolet (UV) radiation.

Shorter wavelengths of UV radiation,
particularly mid-wavelength UV-B,
damage DNA. Because of this, biologists
are focusing on whether increased ex-
posure to UV-B is causing DNA damage
in antarctic marine organisms and, if it
does cause DNA damage, whether or
not these organisms can repair the dam-

age. Initial laboratory experiments on
phytoplankton collected during the 1988
austral spring show the ability to survive
exposure or to repair DNA damage var-
ies greatly from species to species.

Although they have observed these
and other effects—including reduced
productivity in surface waters, they still
are concerned about how these environ-
mental changes are affecting the com-
position of the marine food web. To learn
more about how ozone depletion and
enhanced exposure to UV radiation may
be altering the antarctic marine ecosys-
tem, 22 biologists will use Polar Duke,
the research ship leased by the National
Science Foundation, to collect data and
make observations along the eastern coast
of the Antarctic Peninsula and in Wed-
dell Sea beginning in September 1990.
Their investigation is timed to coincide
with the annual spring increase in phy-
toplankton productivity and with growth
of the "ozone hole."

The investigation will begin with
plankton sampling near Palmer Station
in September. In October they will work
along the western coast of the Antarctic
Peninsula and into the Weddell Sea ice-
edge zone, where they will conduct a
suite of investigations designed to de-
termine changes in the ratio of UV ra-
diation to visible light and to define the
restraints imposed by changes in the
balance UV radiation on the marine eco-
systems. They will study phytoplankton
production and dynamics, perform bio-
optical profiling to measure UV radia -
tion, study ocean water circulation, and
determine if pigment changes may pro-
tect organisms from DNA damage caused
by exposure to enhanced radiation.

As part of this investigation, they will
use a remotely operated vehicle to mea-

sure in-situ UV spectral irradiance and
will take hydrographic measurements
with sensors tethered to the ship, con-
ductivity-depth-temperature device, and
irradiance probes that are designed to
sample surface waters. While they are
conducting these studies, they will also
sample various phytoplankton species.
These samples will be identified and
analyzed for biochemical properties to
determine how each species responds to
differing UV spectral qualities. Besides
learning about the response of the ma-
rine community to increased UV expo-
sure, they also hope to learn more about
photosynthetic mechanisms operating
in the southern oceans.

These projects will help scientists to
understand how ecosystems respond to
disruptions in the global environment;
however, other biologists working in the
Antarctic Peninsula area will continue to
monitor the impact of disruptions to lo-
cal environments.

In January 1989, the Argentine supply
ship Bahia Paraiso sank near Palmer Sta-
tion, spilling 170,000 gallons of diesel
fuel, jet fuel, and lubricating oil into the
relatively pristine environment of Ar-
thur Harbor. Immediately following the
accident, scientists began collecting data
on the impact of the spill. These data
combined with data collected before the
spill serve as a base for studies to be
conducted this austral summer.

One of the concerns of avian biologists
is the impact of the spill on the region's
six species of seabirds. The spill coin-
cided with the feeding, fledging, and
migration for approximately 36,000 to
43,000 birds. To determine if these birds
were affected, biologists will continue to
collect data on abundance, breeding suc-
cess, diet, and growth rates for selected
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Remote field camps
Amundsen-Scott South Pole Station
Total number of projects, Continental system

birds. They will compare these data to
pre-spill data collected between 1987 and
1988 and data collected immediately af-
ter the spill. The comparison will help
them to assess seabird mortality and to
determine the population's ability to re-
cover after an environmental disrup-
tion.

Other environmental scientists will
continue monitoring changes in the Ar-
thur Harbor ecosystem. They will take
additional samples of water and sedi-
ments for laboratory analysis and for
comparison with samples taken in 1989.
Their goal is to assess the chemical im-
pact of the accident on the environment
and to evaluate the signficance of re-
leasing petroleum products in a polar
marine environment.

Beneath the thick ice sheets blanket-
ing the continent, on remote mountain
peaks, and in lake and ocean sediments
is a rich record of past environments.
The ice itself holds a record of climate
and atmosphere, extending back over
more than 100,000 years. This geologic
history suggests that the terrestrial en-
vironment has undergone significant
changes during the last 100 million years.
Reconstructing this history is important
to understanding and identifying the re-
gional and global responses to variations
in the continent's massive ice sheets.

Scientists working in the Bellingshau-
sen Sea region of the Antarctic Peninsula
have found evidence that patterns in
faunal distribution, sediment distribu-
tion, and water-column profiles are in-
fluenced by oceanic, glacial, and climatic
conditions. This austral summer, they
will continue to collect data that de-
scribes this environment as it exists to-
day. Through these data and earlier
observations, they hope to develop a
September 1990
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model that will enable them to evaluate
geologic record of the Cenozoic period
in the Southern Hemisphere.

Data from the ice-free regions of
southern Victoria Land and from the
Beardmore Glacier region suggest that
temperate ice sheets expanded over the
Transantarctic Mountains several times
during the last 2 million years or more.
By collecting samples from glacial mo-
raines formed during these glaciations,
scientists will be able to develop a glacial
chronology and describe the tectonic en-
vironment during glacial periods. This
austral summer they will work in the
Taylor Valley region and near the As-
gard and Quartermain Ranges. These
data, along with data from earlier sea-
sons, will enable them to reconstruct past
ice-sheet environments and help to de-
velop atmospheric modeling experi-
ments to evaluate the influence of ice
sheets on the climate of the Southern
Hemisphere.

These projects are among the 111 re-
search projects that constitute the 1990-
1991 U.S. Antarctic Program. Other ma-
jor projects include:

• astrophysical investigations of
cosmic microwave background radiation
at Amundsen-Scott South Pole Station

• the launch of a 28-million-cubic-foot,
high-altitude balloon equipped with de-
tectors to measure such astronomical
events as the spectral properties of
gamma rays, the istopic composition of
cosmic rays, and the polar auroras

• a U.S./New Zealand geologic in-
vestigation of the geologic history of
Marie Byrd Land in order to develop an
integrated picture of the tectonic devel-
opment of West Antarctica as it relates
to Gondwanaland and the evolution of
the Pacific Ocean basin.

During the austral summer, investi-
gators will work at the three U.S.
stations (McMurdo, Palmer, and
Amundsen-Scott South Pole), at field
camps near the Beardmore Glacier, in
the McMurdo Dry Valleys and other areas
of West Antarctica, and aboard research
ships (including Lamont-Doherty Geo-
physical Observatory's ship Maurice Ew-
inc'). U.S. scientists will also work with
scientists from Italy, Poland, West Ger-
many, and Japan.

Support for the U.S. program is pro-
vided by military personnel under the
command of the U.S. Naval Support
Force Antarctica (NSFA) and by the Na-
tional Science Foundation's contractor
Antarctic Support Associates (ASA). In
addition to ski-equipped Hercules (LC-
130) airplanes and UH-1N helicopters
flown by the Antarctic Development
Squadron Six (VXE-6), the program is
supported by U.S. Air Force wheeled C-
141 and C-5A transport airplanes, the
LC-130s of the 109th Tactical Air Group
of the Air National Guard from Sche-
nectady, New York, wheeled C-130s of
the Royal New Zealand Air Force, and
Twin Otter airplanes provided by a con-
tractor to the National Science Founda-
tion. Ship support, besides research
support by the Polar Duke, is provided
by the U.S. Coast Guard icebreaker Polar
Sea and the ships under contract to the
Military Sealift Command.

In the following pages each research
project is briefly described. Highlights
of support activities are included in the
table on page 20.

Planned research
projects, 1990-1991

Biology
The vivid contrasts and unique char-

acteristics of antarctic marine, freshwa-
ter, and terrestrial life have long attracted
biologists to the southern continent and
the surrounding oceans. Here, the oceans
constitute one of the world's most pro-
ductive marine regions, while scattered,
ice-free areas on the continent support
biota of a limited number of species that
have adapted to the extreme dry and
cold. Because they have identified and
quantified much of Antarctica's marine
and terrestrial life, biologists are now fo-
cusing on the behavior, evolution, and
adaptations of these biota and on special
factors that drive and maintain these
ecosystems. They are studying how these
environmental factors—particularly large,

U.S. Antarctic Program, 1990-1991
location of science projects

Research site
	 Number of projects

Continental system
McMurdo Station, Ross Island, and McMurdo Dry Valley region	 45

Peninsula system
Total number of projects, Palmer Station and Polar Duke	 21

The U.S. Antarctic Program will support 454 scientists (Continental system, 344; Pen-
insula system, 110) who will conduct 111 science projects. Major field camps will be
based at the Beardmore South Camp near Bowden Névé (83 055'S 164030'E), in Marie
Byrd Land at a camp near 82030'S 1170W, in East Antarctica along a 93-mile (150-
kilometer) line beginning at the edge of the Ross Ice Shelf and ending in the Beardmore
Glacier region at 84 0S 170030'E, and in northern Marie Byrd Land between Toney Moun-
tain and the Ford Range. Highlights at other sites include: the launch of 28-million-
cubic-foot, high-altitude helium balloon near McMurdo Station, an investigation of cosmic
microwave background radiation at Amundsen-Scott South Pole Station, three Polar
Duke cruises to the Weddell Sea region, and a multi-channel seismic investigation in
the Peninsula region conducted from Maurice Ewing, Lamont-Doherty Geophysical Ob-
servatory's research ship.



dynamic sea-ice zones, near-constant sea
temperatures close to the continent, and
and cold and nutrient-poor terrestrial
areas—have combined with the conti-
nent's isolation to generate special ad-
aptations and interactions between
species. With the discovery of the sea-
sonal depletion of ozone above Antarc-
tica, biologists are turning their attention
to how marine and terrestrial organisms
respond to increased exposure to ultra-
violet (LTV) radiation. Understanding how
antarctic flora and fauna interact has
taken on a new significance in the last
decade. Without such information, sci-
entists cannot evaluate how life on the
continent and in the oceans is respond-
ing to such environmental changes as
decreased ozone levels that enhance ex-
posure to ultraviolet radiation. These in-
vestigations also help them to understand
how humans are affecting these ecosy-
tems and to hypothesize on the long-
term effects of human habitation in this
remote region. Conversely, other inves-
tigators are beginning to look at the
physical and psychological effects of this
environment on humans, since here they
can find features—isolation and a harsh
physical environment—that parallel life
in outer space.

Dispersal and diving behavior of
Weddell seals determined by satellite
telemetry. J . Ward Testa, University of
Alaska. Most of what scientists know
about the behavior, ecology, and pop-
ulation dynamics of Weddell seals (Lep-
ton ychotes weddellii) comes from research
conducted in the austral spring and
summer. Our study, which uses data
obtained from a 20-year population 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 recorder will relay information on
the seal's location and transmit sum-
maries 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 investi-
gation and earlier studies, we will gain
a better understanding of age-related
differences in behavioral traits that may
explain demographic features and selec-
tive pressure on the life history of Wed-
deli seals. These data also will be used
in studies of other large mammals. (S-
004)

The role of glycopeptide and peptide
antifreezes in freezing avoidance by
antarctic fishes. Arthur L. DeVries, Uni-
versity of Illinois. Responding to the polar
marine environment, antarctic fishes
produce protein and amino-acid com-
pounds that act as antifreeze and enable
them to survive in ice-laden shallow
water. Our research indicates that there
are eight antifreeze-like compounds, ca-
pable of lowering the freezing point of

body fluids below - 1.9°C, the temper-
ature of the sea water. Such mecha-
nisms, which provide resistance to
freezing, have great evolutionary and
ecological importance. The objective of
our multidisciplinary study is to learn
how these compounds prevent ice from
forming in intestinal fluids, what the
biophysical interactions between ice and
antifreeze compounds are, and what the
molecular biology and organization of
the antifreeze genes are. Also, by con-
tinuing this investigation, we hope to
learn more about ice-crystal growth and
to apply this new information to such
areas as crystallography, medicine, and
frozen-food technology. (S-005)

Biogeochemistry of antarctic dry val-
ley lakes: Seasonal and feed-back 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 lakewater, 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 that is similar to temperate
lakes without plant nutrients but with
plentiful amounts of oxygen. Our pro-
ject focuses on the chemical and biolog-
ical 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 study the response of predominant
biogeochemical cycles to the seasonal
light-dark cycle. Our objective is to mea-
sure processes of organisms that require
organic matter for life and those that
synthesize organic material from inor-
ganic elements, determine related
chemical parameters, quantify lake hy-
drology, and develop sampling devices
to operate during the winter. Data from
this project will help us to understand

internal biogeochemical cycling in non-
antarctic lakes. (S-008 and S-020)

The impact of the Bahia Paraiso oil
spill on a southern ocean seabird com-
munity. David Ainlei, Point Re yes Bird
Observatory. 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, which coincided
with the feeding, fledging, and migra -
tion of the area's six most abundant sea-
bird species, exposed 36,000 to 43,000
chicks and adults to the oil. Our focus
is to determine what 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 will serve as baseline data in
our comparative study, which is de-
signed to assess seabird mortality and
to determine the population's potential
for recovery. 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 compar-
atively pristine polar environment, but
also generally as a potential source of
critical data for seabird impact studies.
(S-013)

Energetics of adult and larval krill
(Euphausia superba). Langdou Queti,, and
Robin Ross, University of California at Santa
Barbara. Euphausia superba (krill) and re-
lated euphausid species are the most
abundant animals in the southern ocean.
Besides being exploited heavily by al-
most all antarctic marine carnivores, krill
are the focus of a small but growing fish-
ery. Our objective is to assess the impact
of food availability on the total energy
required for reproduction in adults and
on the survival, development, and
growth of larval stages of krill. Four fac-
tors affect how much food is available
for reproduction—how much is in-
gested, how efficiently it is assimilated,
what the metabolic costs are for swim-
ming and maintenance, and how energy
is partitioned for growth and reproduc-
tion. Working aboard the Polar Duke from
late November 1990 to mid January 1991,
we will collect samples of live krill from
waters near Adelaide Island and in Mar-
guerite Bay, the Bellingshausen Sea, the
southern Bransfield Strait, Gerlache
Strait, and the Palmer Basin. During these
cruises, we will use sonar to measure
and track krill populations; measure cur-
rent, temperature, and salinity at se-
lected sites; and take water samples.
Divers also will observe the behavior of
krill communities. The results of our
project will contribute substantially to
understanding aspects of krill biology that
are either unknown or poorly under-
stood. (S-014)
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Site visit to Litchfield Island
Specially Protected Area Number 17

The Fourteenth Antarctic Treaty
Consultative Meeting (ATCM, Rio de
Janeiro, 5-16 October 1987) recog-
nized the need for periodic assess-
ments of Specially Protected Areas
(SPAs), Sites of Special Scientific In-
terest (SSSIs), and Historic Monu-
ments (HM5). Acting upon a proposal
from the Scientific Committee for
Antarctic Research (SCAR), repre-
sentatives of the Antarctic Treaty
Consultative Parties strongly sug-
gested that Contracting Parties visit
SPAs, SSSIs, and HMs and submit
reports based on their findings. Such
reports, the representatives advised,
would be valuable in determining
whether the objectives for which these
locales have been designated are being
met.

During the 1989-1990 season, we
visited SPA number 17, Litchfield Is-
land (64°46'S 64°06'W). This SPA is
located in Arthur Harbor, Palmer Ar-
chipelago, near the southern shore of
Anvers Island off the west coast of
the Antarctic Peninsula and is ap-
proximately 1.2 miles (2 kilometers)
from the U.S. Palmer Station. Its lo-
cation is identical to the original des-
ignation of the SPA.

The physical features of Litchfield Is-
land are described in Bonner and Lewis-
Smith (1985). The island is about 1.6
sq. miles (2.5 sq. kilometers) in area,
with a varied topography ranging from
pebble beaches to high, rocky outcrops
with valleys between the two. There
is a diverse terrestrial plant community
which has been described by Smith and
Corner (1973).

Litchfield Island remains a rela-
tively undisturbed area where long-
term changes in flora and fauna can
be monitored. In recent years, re-
search has been conducted at Litch-
field Island under permits issued in
accordance with articles VI and VIII
of the Agreed Measures. Bird and
mammal censuses were initially con-
ducted by W.R. Fraser and D.C. Am-
ley (Point Reyes Bird Observatory) to
provide a description of the status of
species composition and abundance
in order to denote changes since the

original SPA designation. Following
the sinking of the Bahia Paraiso and
the subsequent oil spill near the is-
land in January 1989, research has
concentrated on assessing the eco-
logical effects of the spill (Kennicutt
et al. 1990).

Litchfield Island has historically
provided breeding habitats for seven
species of seabirds in the Arthur Har-
bor area. Among these, the Adélie
penguin (Pygoscelis adeliac) is the most
abundant, exhibiting a total breeding
population of approximately 400 pairs.
This species has been declining
steadily since the early 1970s when
breeding populations were closer to
900 pairs. Next in abundance is the
south polar skua (Catharacta inaccor-
inicki), which numbers approximately
120 pairs and breeds throughout the
island. Populations of this species have
approximately doubled since 1975.
Increases in the populations of giant
petrels (Macronectes yailtuL) and
antarctic terns (Sterna vittata) have also
been noted. Breeding populations of
kelp gulls (Larus do,ninicanus, 5-10
pairs), brown skuas (Cat/iaracta Ion-
bergii, 4-8 pairs), and Wilson's storm
petrels (Ocean ites occaiiiczis, status un-
known) have remained relatively sta-
ble since the early 1970s. Recently,
the island has become a loafing area
for chinstrap penguins (Pygoscelis nut-
arctica) in late spring and early sum-
mer; several hundred may be seen on
beaches and promontories through-
out the island between 15 November
and 15 December. Populations of this
penguin are increasing dramatically
along the western side of the Ant-
arctic Peninsula.

Five seal species have been ob-
served near Litchfield Island. South-
ern elephant (Mirounga leenena),
southern fur (A rctocephalus antarctica),
and Weddell (Leptoniitclotes weddellii)
seals use the beaches proper, while
crabeater (Lobodon carcinopliagus) and
leopard (Hidru rca lcptonitx) seals are
often seen in association with nearby
pack ice and ice floes. Loafing pop-
ulations of southern elephant and
southern fur seals have increased

dramatically on this SPA since the
early 1970s; neither species yet breeds
on Litchfield Island. Censuses con-
ducted in 1989 and 1990 indicate that
the average, nonwinter population of
elephant seals now numbers approx-
imately 50 individuals as opposed to
only about a dozen between 1974 and
1976. Even more pronounced has been
the increase in fur seals. In the early
1970s, it was rare to see this species
in the area, but censuses completed
in 1988 and 1990 indicate that as many
as 200 individuals may use the Litch-
field Island beaches on any given day
beginning in early March. These spe-
cies, particularly elephant seals, have
had a major impact on Litchfield Is-
land's unique plant community. It is
estimated that total surface area on
the island covered by vegetation has
been reduced by approximately 30
percent since 1975.

We observed no evidence of activ-
ities contrary to the Agreed Measures
or the management plan. Future in-
spections and reports will be con-
ducted in accordance with the
recommendations of the Antarctic
Treaty Consultative Meeting.

—Polly A. Penhale is Program
Manager for Polar Biology and Med-
icine for the Division of Polar Pro-
grams, National Science Foundation,
Washington, D.C. William R. Fraser
is affiliated with Old Dominion Uni-
versity, Norfolk, Virginia.
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Ecology and nutrition of invertebrate
larvae in McMurdo Sound, Antarctica,
and Monterey Bay, California: Use of
phytoplankton and non-phytoplankton
food resources. Jo/ii S. Pearse, Universiti,,
of California, Santa Cruz, Donal T. Man-
a/ian, University of Southern California, and
Richard B. Rivkin, Horn Point Environ-
mental Laboratory/University of Maryland.
Many benthic invertebrates, including
polar species, produce larvae that must
survive as plankton before entering the
adult population. Understanding what
factors influence larval survival is critical
to understanding how adult popula-
tions are replenished and maintained.
Our research team (which includes in-
vestigators from the University of Cali-
fornia at Santa Cruz, the University of
Southern California, and the University
of Maryland's Horn Point Environmen-
tal Laboratory) will focus on one of the
most important of these factors—nutri-
tion. Working in the McMurdo Sound
area, we will try to clarify whether larvae
are nourished by particulate food, dis-
solved organic material, yolk provided
by the parent, or a combination of these
three. Because little is known about the
relative role of these nutrient sources for
larvae of different types, we will com-
pare feeding and nonfeeding varieties of
larvae from two contrasting environ-
ments—Monterey Bay, California, and
McMurdo Sound. In Monterey Bay, pri-
mary production and phytoplankton
production are high throughout most of
the year, but in McMurdo Sound phy-
toplankton and biomass production re-
main low most of the year with marked
seasonal fluctuations. At several sites in
the McMurdo Sound region, we will
sample adult animals and larvae of
benthic invertebrates, along with their
food. With these data, we will be able
to characterize seasonally and daily dis-
tribution and the physiology of various
types of invertebrates near Hut Point, at
Cape Armitage, and along the ice edge
at Explorers Cove, New Harbor, Butter
Point, and sites along an east-west tran-
sect. The results of this project will help
explain how different nutritional envi-
ronments affect larval growth and sur-
vival, and how the need to replenish
adult populations influences the evo-
lution of larval nutritional modes. (S-016,
S-019, and S-038)

Use of the lateral line for foraging in
Antarctica. Jo/in Janssen, Loyola Univer-
sity. Fishes of the suborder Notothen-
iodei, the dominate species in antarctic
waters, have adapted to an unusually
cold marine environment and are able
to function in extreme darkness (during
winter or under thick sea ice). Recent
investigations indicate that although they
can function in the dark, they have not
developed special ocular adaptations.
Our preliminary research suggests these
fish may use a mechanical sensory sys-
tem called the lateral-line system. This
system, which is common to fishes that
live in such dark habitats as the deep

ocean or caves, is made up of hair cells
and supporting cells that are sensitive
to changes in pressure and may have a
role in feeding. Our objectives are to de-
termine which notothenioids use lateral-
line systems to feed in the dark. Work-
ing near McMurdo Station, we will focus
on two theories—that the lateral-line
system can be tuned to identify impor-
tant prey and that fishes living in deeper
waters have more sensitive systems. Our
approach combines studies of behavior-
ial responses to live prey and artificial
stimuli, physiological responses of lat-
eral-line nerve fibers to artificial stimuli,
and the anatomy of the various types of
lateral-line systems. Because the role of
the lateral-line system in fishes is not
clearly understood, our project should
contribute much new information to this
field. (S-023)

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 fluctuation
light intensity patterns. Because these
plankton populations are spatially sta-
ble, they will be a model for studying
photoadaptation as it occurs during the
growing season. (S-025)

Biology of king and emperor pen-
guins while at sea. Gerald L. Kooyinan,
Scripps Institution of Oceanography. Our
study, which will be conducted at Cape
Washington, will compare king and em-
peror penguins, focussing on two be-
haviors of the birds at sea: diving and
energetics. For studies of diving behav-
ior, we will use a microprocessor to mea-
sure and store data on time, dive depth,
and swim velocity. From these re-
corders, we will obtain the diurnal pat-
terns of dives, prey depth distribution,
and swim speeds. Time spent by the
penguins at sea and at the colony will
be determined by remote transmitters.
For studies of energetics at sea, we will
procure laboratory measurements of ox-
ygen consumption and carbon dioxide
production at antarctic temperatures and

at various swim velocities and use those
values to validate time budget estimates.
Both types of studies will be used for
interspecies comparisons of hunting
strategy, success rates, and energy out-
puts as well as to test several hypotheses
regarding the physiology of diving. (S-
026)

Seasonal and spatial variation in the
abundances and trophic role of nano-
plankton and microzooplankton in
McMurdo Sound. Mary Putt, Old Do-
minion University. Research suggests that
nano- and microzooplankton, which are
too small to be effectively grazed by larger
zooplankton, are important in the trans-
fer of carbon through polar food webs.
Because of the large number of energy
transfers involved, however, microbial
food chains may be less efficient than
food webs that are dominated by larger,
physiologically more complex organ-
isms in transferring energy to higher
trophic levels. Consequently, under-
standing the role of these two food chains
is important in developing models of en-
ergy and material flow through polar
ecosystems. McMurdo Sound is repre-
sentative of larger areas of the southern
ocean that are seasonally or perma-
nently covered by ice. Microalgal carbon
enters the sound seasonally and episod-
ically. These inputs appear to be influ-
enced strongly by inputs from sea-ice
microbial communities and the move-
ment of water from the Ross Sea into
McMurdo Sound. We believe that the
trophic role of nano- and microzoo-
plankton reflects the episodic nature of
primary production in this system.
Working in McMurdo Sound, we will
examine seasonal and spatial variation
in the distribution of nanozooplankton
(2 to 20 micrometers in size), microzoo-
plankton (20 to 200 micrometers in size),
microalgae, and bacteria. We also will
investigate the growth rates of
microzooplankton and the impact of
grazing by the nano- and microzoo-
plankton communities on algae and bac-
teria. Dominant bactivores found in this
system will be identified, and the use of
dissolved amino acids and detritus as
nutritional sources for individual micro-
zooplankton species will be evaluated.
Results from our study will contribute
to scientific understanding of how mi-
crobial food webs function in the cycling
of carbon in ice-covered areas of the
southern oceans. (S-027)

The influence of prolonged polar res-
idence on the cellular distribution of
thryroid hormones. H. Lester Reed, U.S.
Naval Medical Research Institute. Thyroid
hormones are important for maintaining
basal metabolism; however, adaptations
to the environment can alter the con-
centrations of these hormones. Data from
earlier investigations have shown that
thyroid activity changes after prolonged
residence in Antarctica. In a 1986 study,
we found that after 42-weeks residency
in Antarctica, the responsiveness of the
pituitary that stimulates thyroid activity
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to the hypothalamic-releasing hormone
(TRH) increased by 50 percent. Addi-
tionally, the rate of production of
another thyroid-related hormone (triio-
dothyronine or 13), the rate of metabolic
clearance, and the volume of distribu-
tion increased by 150, 160, and 230 per-
cent, respectively, when compared with
a control group. How these changes oc-
cur and what physiological and psycho-
logical significance they have is yet
unknown. By continuing our earlier in-
vestigation, we hope to begin answering
these questions. We will investigate hu-
man circulating blood lymphocyte as a
model for human-tissue response to al-
terations in thyroid hormones found af-
ter prolonged antarctic residency. We will
sample blood from 20 volunteers, and
from these samples, we will isolate cir-
culating lymphocytes, which reflect ac-
curately system-wide thyroid activity at
the tissue level. Sampling will be done
before, during, and after the volunteers
have been in Antarctica for 42 weeks. To
determine the concomitant cellular and
sub-cellular changes that are associated
with changes in peripheral 13 , the vol-
ume of distribution, the T3-production
rates, and the metabolic clearance rates,
we will analyze these lymphocytes for
alterations in the T3 receptor number and
affinity and in RNA. (S-030)

Ozone diminution, ultraviolet-B, and
phytoplankton biology in antarctic
waters. Deneb Karentz, University of Cal-
ifornia at Santa Barbara and Rai,nond Smith,
Texas A&M University. The Antarctic is
experiencing large springtime losses of
stratospheric ozone. As a result, the
magnitude of ultraviolet-B radiation
reaching the surface now approaches that
measured in tropical latitudes. Perhaps
more important, while ultraviolet-B ra-
diation in the Antarctic has increased,
both ultraviolet-A and photosyntheti-
cally available radiation have remained
unchanged. In our study, we will make
use of recent improvements in atmos-
pheric modeling and technology in
oceanographic instrumentation during a
6-week, austral spring field study to
document the impact of ultraviolet ra-
diation on the phytoplankton commu-
nity during the ice-edge spring bloom.
Special emphasis will be placed on de-
fining biological restraints imposed by
the springtime radiation changes on the
balance of ultraviolet-B photodamage to
photorepair as well as photoprotective
and photosynthetic mechanisms oper-
ating in the southern ocean. (S-031 and
5-231)

Early life history studies of antarctic
fish. Richard Radtke, Hawaii Iiistitutt' of
Geophysics. Although fish larvae are im-
portant component of the zooplankton
community, the ecology of larval fish has
received little attention. How fish larvae
function affects the dynamics of antarc-
tic fish populations and, ultimately, the
entire marine ecosystem. Before these
processes can be investigated, we must
identify which life-history stages, envi-

ronmental events, or combination of
these two are significant to larval growth,
survival, and recruitment into the adult
population. To examine the variables that
influence larval fish survival, we will
study the microstructural patterns in fish
otoliths—calcium carbonate structures
in the inner ear that serve as storage sites
for chronological information. With these
data, we hope to develop a schedule for
larval fish growth rates, hatching peri
odicity, and environmental histories and
to understand larval fish processes bet-
ter. In laboratory experiments, we will
investigate otolith microstructure to de-
termine what causes otoliths to form.
The data from this part of our investi-
gation will be combined with environ-
mental data so that we can relate physical
aspects of larval fish to growth and sur-
vival. Our results will help to clarify what
factors influence growth and mortality
and, it is hoped, will guide similar stud-
ies of other ecosystems. Additionally, a
model, developed from otolith research,
will be useful for studies of how fish
communities maintain population levels
and could improve understanding of the
early life-history stages of antarctic fish.
(S-034)

Nematode distribution and function
of antarctic dry valley ecosystems. Diana
W. Freckmnan, University of California at
Riverside. The McMurdo Dry Valleys, the
ice-free region of southern Victoria Land,
are among the most extreme desert eco-
systems in the world. Like other desert
regions, water is limited in these valleys,
and this limitation combined with ex-
tremely low temperatures has pre-
vented the development of vascular
plants. Nematodes, which are worms
with unsegmented, threadlike bodies and
which are often parasitic, are known to
be important for carbon and nutrient cy-
cles in deserts because of their interac-
tion with plants and the decomposition
cycle. Little is known about their distri-
bution and function in the ice-free re-
gions of Antarctica. Our objective is
examine the distribution and nutritional
requirements structure of nematode
communities in Wright, Taylor, and
Marshall valleys. We will relate distri-
bution, abundance, and species com-
position to soil physical and chemical
properties, including organic carbon, ni-
trogen, salinity , pH, and microbial num-
bers and biomass. To determine if
nematode numbers are limited by levels
of energy or by environmental factors
like soil moisture and temperature that
influence activity and survival, we will
augment the available energy supply in
the soil with sugar. Under controlled
laboratory conditions, we will study the
organisms' adaptation to low soil mois-
ture and low temperatures. Wind dis-
persal of nematodes from island and
continental sources also will be studied
in one of the valleys by trapping wind-
dispersed nematodes and identifying the
species that are endemic to these eco-
systems. (S-035)

Metabolic and ultrastructural adap-
tations to chronically cold body tem-
peratures in antarctic fishes. Bruce D.
Sidell, University of Maine. Antarctic fish
have evolved in extremely cold sea water
that has little seasonal variation. Near
McMurdo Station, the average temper-
ature of the water is approximately
–1.9°C and in the Antarctic Peninsula
about –1.1° to 0.3°C. As part of their
adaptation to the cold, most antarctic fish
produce biological antifreeze com-
pounds; however, biologists also have
found that some of these fish, such as
Channichthyidae, substantially reduce
red blood cells and hemoglobin and are
protected from the cold because this
lowers the viscosity of the blood. The
lack of hemoglobin in Channichthyids
(icefish) is compensated for by an in-
creased heart size, volume of blood, and
cardiac output. Notothen iodei fish, the
most common antarctic fish, accumulate
substantial quantities of corporeal lip-
ids. Although some biologists have sug-
gested that lipids are a primary fuel for
energy metabolism, this has not been
demonstrated. Our goal is to use a cel-
lular/biochemical approach to describe
more completely the energy metabolism
of antarctic fish. Specifically, we will
critically evaluate enzyme activity that
parallels metabolic cold adaptation in
tissues, assess the relative importance of
carbohydrates and lipids as fuels for en-
ergy metabolism, determine the fatty-
acid composition of lipid stores, evalu-
ate the suitability of predominant fatty
acids as substrates for energy metabo-
lism, and quantify geometric relation-
ships of cellular structure that may be
required for the functioning of metab-
olism at severely cold body tempera-
tures. To compare how diet and lifestyle
affect energy metabolism, we will focus
our investigation on benthic Notothenia
gibberifrons and Channichthtyid fish. To
address questions of metabolic cold ad-
aptation, we will concentrate on major
energy-consuming tissues (red and white
skeletal muscle, cardiac muscle, etc.). The
activities of key enzymes in pathways of
energy metabolism will be measured at
body temperature and compared with
existing data from temperate fishes to
determine whether antarctic species are
biochemically cold-adapted. Results from
this study should help to resolve con-
flicting hypotheses on whether meta-
bolic rates of these fish are cold-adapted
or whether fats are primary fuels for en-
ergy metabolism. These data also will
contribute to a better understanding of
the role of notothenioid fishes in the
trophic structure of the antarctic marine
ecosystem. (S-036)

Assembly and stability of microtu-
bules in fish at low temperatures. H.
William DL'trich 111, Nortbieastermi Un iver-
sitt/. Macrornolecular assemblies of pro-
teins perform many essential cellular
processes. Cytoplasmic microtubules are
tube-like, subcellula r filaments com-
posed of the major protein subunit, tub-

September 1990



ulin, and one or more microtubule-
associated proteins (MAPs). The or-
dered assembly, maintenance, and di-
sassembly of cytoplasmic microtubules
play critical roles in cell division, nerve
growth and regeneration, cell-shape de-
termination, and cytoplasmic transport.
At temperatures near 0°C the cold-labile
microtubules of warm-blooded verte-
brates break down rapidly into their
simpler subunits. In contrast, the cold-
stable microtubules of antarctic fish must
be assembled and maintained at ex-
tremely low temperatures (approxi-
mately —2° to +2°C). The goal of this
study is to determine the biochemical
adaptations responsible for assembly,
stability, and function of microtubule
proteins in cold-adapted antarctic fishes
(Notot/ienia coriiceps neglecta, N. gibberif-
rons, and Chaenocephalus aceraturs) at low
temperatures. Experiments conducted
during previous austral summers dem-
onstrated that cold stability of microtu-
bules from these fishes is caused by
alterations in the structures of tubulin
subunits and, to a lesser extent, in the
MAPs. To extend the research this aus-
tral summer, we will determine the
structural adaptations that enable ant-
arctic fish to chemically assemble and
disassemble cold-stable microtubules,
characterize the structure of tubulin and
MAPs that are involved in these inter-
actions, clone and sequence the DNA
messager that encodes alpha and beta
chains in tubulins, and determine the
structure of tubulin genes from an ant-
arctic fish. From brain and reproductive
organ tissues of two antarctic cods (N.
gthherifrons and Notothen in coriiceps neg-
lecta) and an ice fish (Chaenocephalus ac-
eraturs), we will purify the microtubule
proteins and nucleic acids (DNA and
RNA) necessary for these studies. Ex-
periments will be conducted at Palmer
Station during the austral summer and
in our laboratory in the United States.
(S-037)

Foraging habitats and behaviors of
pygoscelid penguins. Wayne Z. Trivel-
piece, Point Reyes Bird Observatory. Pen-
guins are major predators of krill
(Euphausia superba) and an important
component of the antarctic marine food
web. To understand thoroughly the
structure and function of the antarctic
ecosystem, biologists must have infor-
mation on population dynamics, as well
as the factors that regulate the size of
penguin populations, especially pygos-
celid penguins, the dominant antarctic
genus. The three pygoscelid penguins-
Adélie (Pygoscelis adeliae), chinstrap (P.
antarctica), and gentoo (P. papua)—nest
sympatrically at Point Thomas, King
George Island, near the Polish Arc-
towski Station. For several years, we have
banded penguins at this site and studied
their breeding and feeding ecology. Re-
suits of these studies indicate that each
species responds differently to winter
conditions, differs in annual survival
levels, and has different age and sex re-

quirements for maintaining population
levels. During austral summer 1990-1991,
we will work in the Admiralty Bay area.
By observing banded penguins daily from
October through February and by using
radio telemetry and time-depth re-
corders, we will be able to collect data
on known-age populations; to deter-
mine the relationships of sex, age, and
experience to fecundity and survival; and
to compare the foraging ability of young,
first-time breeding birds with older, ex-
perienced breeders. With telemetry and
time-depth data, we will expand our data
base to include information on how these
penguins behave at sea. This informa-
tion will improve significantly the sci-
entific understanding of the trophic
relationships among these penguins and
will enable us to test hypotheses on how
age affects foraging proficiency and how
foraging proficiency 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 petroleum 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. In
response to initial accident reports, which
stated that substantial amounts of hy-
drocarbons had been released, a multi-
disciplinary team of experts was
dispatched to the area. Environmental
chemists at the accident site focussed on
determining the extent of hydrocarbon
contamination and its ultimate fate in
the environment. Sampling included tis-
sues (invertebrates and macroalgae),
sediments, and water in both effected
and control areas. As part of this effort,
we will perform laboratory chemical
analysis of samples collected at the site
at the time of the accident and approx-
imately 1 year later. Our goal is twofold:
to assess the chemical impact of this ac-
cident on the environment and to eval-
uate, on a broader scale, the significance
and impact of petroleum releases asso-
ciated with mankind's activities in the
polar regions. (S-041)

Test morphogenesis in a giant ant-
arctic formaminiferan. Sam tie! S. Bowser,
Wadsworth Center for Laboratories and Re-
scare/i. The shell of the giant foramini-
feran protist, Astratn,nina rara, is
composed of mineral grains tightly bound
by a chemically resistant, biological ce-
ment. The goal of our study is to detail
the process used by this cold-adapted
organism to construct its shell. Cursory
observations indicate that A. ram's net-
work of foot-like projections collects
larger particulates from the sediment,
secretes a shell matrix, then sculpts the
shell. Because A. rara is a giant, single-
celled system, general questions regard-
ing the induction, synthesis, post-trans-
lational modification, secretion, and

assembly of extracellular matrix com-
ponents can be studied without the
complications of cell-to-cell and cell-to-
tissue interactions common to the sys-
tem of larger, more physiologically com-
plex organisms. From a theoretical
standpoint, this study will help to an-
swer a long-standing biological ques-
tion; from a practical standpoint, analysis
of A. mm's shell is likely to reveal the
presence of novel cold-adapted fuso-
gens, which may have biotechnical and
commercial value. (S-043)

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 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): Microbial dy-
namics and carbon flux. David M. Karl,
University of Hawaii. The southern ocean
maintains a moderate, if patchy, biolog-
ical productivity in spite of the harsh
environment. Primary production in
coastal antarctic ecosystems is charac-
terized 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 bi-
ological 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 will attempt
to define the mechanisms, pathways, and
rates of coupling between photoauto-
trophic and heterotrophic populations
and also evaluate the coupling between
the pelagic and benthic habitats. The data
obtained 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
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general model of carbon and energy flow
in antarctic coastal ecosystems. (S-046)

Mathematical models of foraging sea-
birds. Peter M. Kareiva, University of
Washington. Seabirds are excellent indi-
cators of biological activity in the pelagic
environment and have the special ad-
vantage that they can be easily and in-
expensively studied in conjunction with
conventional oceanographic sampling.
The problem is that we now have an
abundance of data on seabird dispersion
without any theoretical framework within
which to evaluate these observations. We
theorize that the foraging movements of
seabirds are likely to be responsive to
the dispersion of food resources; to ana-
lyze this hypothesis, we will contrast
models of passive diffusion with more
realistic behavioral models. The behav-
ior-based modeling we plan to apply to
seabirds will be useful for explaining
patterns at the population and ecosys-
tem levels, thereby enabling us to define
species-specific foraging behaviors as well
as the interrelationships between fora-
gers and their prey. (S-048)

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 yet undescribed. 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)

Earth sciences
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 and have
helped to solve more fundamental prob-
lems including mountain-forming pro-
cesses and marginal-basin evolution.
With most reconnaissance work com-
pleted, geologists and geophysicists fo-
cus on the role of the south polar region
in global geodynamics, the evolutionary
history of endemic marine and terres-
trial biota, and Antarctica's role in the
evolution of ocean circulation. Special
considerations include investigating the

tectonic relationships of West Antarctica
and other areas of the world to learn
more about the nature of Gondwana-
land before it broke up, probing past
environments through the study fossil
data, and collecting for further study the
large number of meteorites that have been
uniquely concentrated on the surface of
the antarctic ice sheets.

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)

Antarctic survey and mapping. Lowell
Starr, U.S. Geological Survey, Reston. At
Amundsen-Scott South Pole Station, two
U.S. Geological Survey technicians will
continue to operate electronic doppler
equipment (to track overflights of Navy
navigational satellites throughout the
year), the South Pole seismometer (part
of the Worldwide Standardized Seis-
mology Network), and the ultra-low-pe-
riod seismology equipment. In addition,
a team will work in the Convoy range
as part of a joint U.S. /New Zealand map-
ping program. The image and recon-
naissance maps developed 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 future expeditions. (5-
052A and S-05213)

Vertebrate paleontology and sedi-
metology of the Cynognathus zone (late
Early Triassic), Beardmore Glacier re-
gion, Antarctica. Williain R. Hammer,
Augustana College. In a joint expedition,
investigators from Augustana College
and Ohio State University will under-
take a vertebrate paleontologic-sedi-
mentologic study of a recently discovered
vertebrate locality. At the end of the 1985-
1986 field season, late Early Triassic fauna,
including abundant amphibian and rep-
tilian fossils, were found along the sur-
face of an ancient stream channel, which
had been exhumed by recent erosion.
Further collecting will greatly enlarge the
numbers of taxa in this fauna. The abun-
dance of fossils and the ideal exposure
of the sediments in which they occur
will permit the group to study the chem-

ical and physical processes to which these
organisms were subjected during fossil-
ization, reconstruct the paleoecologic/
environmental conditions for the late
Early Triassic vertebrate community, and
work out stratigraphic relations with
other Gondwanaland continents. The
search will be expanded for new fossil
localities at the same and higher levels
throughout the Beardmore Glacier re-
gion. (S-054)

Sedimentology of the Permian-Trias-
sic Gondwanaland sequence in the cen-
tral Transantarctic Mountains. Jammies W.
Collinson, Byrd Polar Research Center, Ohio
State University. Our study promises sig-
nificant new insights into fulvial sedi-
mentology, the evolution of the
Transantarctic foreland basin, and the
relationship of the Transantarctic basin
with other Gondwanaland basins. Our
objectives are to appraise fluvial channel
and flood-plain depositional models; to
determine internal (e.g., channel pro-
cesses) and external (e.g., climate, tec-
tonic activity, and basin subsidence)
controls on sedimentation; to develop
fluvial models for rapidly subsiding
foreland basin; to achieve a better un-
derstanding of the Late Paleozoic/Early
Mesozoic Transantarctic basin including
subsidence history, climate, and tec-
tonic activity along the adjacent paleo-
Pacific margin of Antarctica; and to re-
construct environmental settings for
Permo-Triassic floras and Triassic ver-
tebrate faunas in conjunction with field
parties engaged in paleontologic stud-
ies. We will employ techniques of de-
tailed mapping and sampling of extensive
three-dimensional plateau margin ex-
posures. (S-055)

Antarctic search for meteorites. Wi!-
liani A. Cassidy, University of Pittsburgh.
Meteorites are useful for investigating
possible changes through time in the
meteoroid flux at Earth, measuring the
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. As part of our
ongoing meteoritics study, during aus-
tral summer 1990-1991, one team will
recover meteorites, study the Lewis Cliff
Glacier Tongue, and sample ice. The
second team will search for meteorites
in the Allan Hills region, northern Vic-
toria Land for 7 weeks. (S-058)

Variation in solar flare signatures in
antarctic snow. Gisela Dreschhoff, Uni-
versity of Kansas. Analysis has shown that
antarctic snow contains a chemical re-
cord of ionization from charged particles
incident upon the upper atmosphere. The
continent acts as a cold trap that effec-
tively retains this signal in the stratig-
raphy of the ice. Using ultraviolet
spectrophotometry, we will be able to
detect short pulses of high nitrate con-
centration, which can be directly related
to specific solar flares known from past
records of geomagnetic activity and sat-
ellite data. Past studies using harmonic
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analysis have constructed a signature re-
cord that correlates with the 11- and 22-
year cycles of solar activity. This project
will focus on the solar activity record at
Windless Bight and will enable us to ex-
pand our quantitative correlation be-
tween nitrate anomalies in the snow
sequence and white-light flares. (S-059)

The tectonomagnetic setting of Early
to Middle Jurassic bimodal volcanism
in the Transantarctic Mountains. David
H. Elliot, Byrd Polar Research Center, Ohio
State University. The Beardmore Glacier
region of the Transantarctic Mountains
has the most complete Gondwanaland
sequence in Antarctica. Deposits in this
region give evidence to a major change
in the tectonic environment of the
Transantarctic Mountains from a fore-
land basin associated with an active plate
margin to a continental rift related to the
Gondwanaland breakup. The objectives
of our study in this region are to estab-
lish a detailed stratigraphic framework
for the volcanogenic rocks of the upper
Falla and Prebble Formations; to inves-
tigate the paleovolcanology of this se-
quence; to further characterize the
geochemistry of the volcanogenic rocks;
and to attempt a preliminary assessment
of possible source regions for silic mag-
mas. Through these investigations, we
hope to be able to assess the importance
of geological processes in the area, un-
derstand the physical environment in
which the rocks were formed, determine
the relationship of rock-formation pro-
cesses to the tectonic setting, and better
define time-dependent changes. (S-060)

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. The importance of
the boundary between the east antarctic
fragment of the Gondwanaland Precam-
brian shield the west antarctic sector of
the circum-Pacific orogenic belt has long
been appreciated by geologists. Under-
standing the nature of the boundary and
how the tectonic evolution of West Ant-
arctica relates to that of East Antarctica,
however, is a still a fundamental prob-
lem—one which is critical to studies of
global plate interactions, paleocircula-
tion in the southern oceans, paleoenvi-
ronment, and paleobiogeography, as well
as to the processes that control the growth
of the continents. This study is part of
a tripartite 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)

Paleomagnetic studies designed to test
the Mesozoic paleoposition of the Ant-
arctic Peninsula and test models of the
10

Weddell Sea opening. Ian W.D. Dalziel,
Institute for Geophysics, University of Texas
at Austin. We will continue examining
the geologic history of West Antarctica
and the relationship of West to East Ant-
arctica by collecting paleomagnetic sam-
ples from Mesozoic-age rocks on the
Antarctic Peninsula. Resolving the po-
sition of the different West Antarctic
crustal blocks is critical for understand-
ing when and how the Weddell Sea
opened and for understanding the re-
sulting paleoclimatic, paleoceano-
graphic, and paleobiological implications.
By systematically collecting paleomag-
netic samples ranging in age from the
Triassic through Late Cretaceous, we
hope to be able to construct a more com-
plete apparent polar wander path for the
Antarctic Peninsula. Such a polar wan-
der path can help constrain the position
of the Antarctic Peninsula with respect
to East Antarctica and provide infor-
mation on the time of opening of the
Weddell Sea. (S-063A)

The Pacific Margin of the Antarctic
Peninsula: A marine geophysical study
of the tectonic evolution of Andean-type
orogens. Ian W.D. Dalziel, University of
Texas at Austin. We will study several
globally important processes that are re-
lated to the formation of the Earth's crust
in mountainous regions. The processes
we will study have been active during
the complex tectonic history of the Pa-
cific Margin of Antarctica. We hope to
illuminate the role of the South Shetland
Isla nds/Bransfield Trough region as a
modern parallel to the processes which
formed the Andes Mountains. Our study
will also provide reconnaissance data for
the less accessible, and therefore little
known, parts of the west antarctic mar-
gin bordering the Bellingshausen and
Amundsen seas. By integrating the ma-
rine data with onshore geologic obser-
vations and kinematic plate motion
histories, we should be able to advance
the understanding of: Andean-type
mountain formation processes, conti-
nental lithosphere extension in a con-
vergent continental margin setting, ridge
crest/trench interaction, and the signif-
icance of large-offset fracture zones on
convergent margin evolution. (S-063B)

Petrogenesis and crustal structure of
metamorphic rocks in the central Trans-
antarctic Mountains: An integrated pe-
trologic, structural, and geochronologic
study. Jo/in W. Goodge, Southern Meth-
odist University. In the central Transant-
arctic Mountains of Antarctica, rocks
more than 600 million years old (Pre-
cambrian era) comprise some of the only
exposed, high-grade basement rocks in
this range and represent a part of the
ancient east antarctic craton. Under-
standing the origin of these rocks (par-
ticularly igneous rocks) and the tectonic
evolution of the region is important for
a better understanding of how the an-
cient antarctic craton evolved and how
the supercontinent Gondwanaland
formed. Because these rocks are near the

edge of West Antarctica, we have an
unique opportunity to study the rela-
tionship between tectonic elements,
which are more than 100 million years
old, and younger elements formed along
a convergent antarctic plate boundary.
Our objective is to investigate the re-
gional metamorphism and deformation
of Precambrian basement rocks in the
Miller and Geologists ranges of the cen-
tral Transantarctic Mountains. We will
evaluate and describe the metamorphic
evolution of the basement terrains within
this region, including the evolving phys-
ical conditions, fluid compositions, and
regional thermal gradients, as well as
the history of tectonic movement, ge-
ometry, and styles of deformation within
these rocks and the strain mechanisms
that operated during metamorphosis.
These data will be compared to struc-
tures within the adjacent lower-grade
sedimentary sequences. Additionally, we
will determine the ages of metamorph-
ism and deformation that pre-date post-
tectonic granites, use mineral-age data
to establish a crustal-thermal history,
develop petro-tectonic models of Pro-
terozoic mountain-forming processes for
this area, and establish a tectonic and
paleogeographic framework for evo-
lution of the ancient continental margin.
(S-064)

Corridor aerographics of the south-
east Ross transect zone (CASERTZ). John
Behrendt, U.S. Geological Survey, Denver,
Steven Hodge, U.S. Geological Survey, Ta-
coma, and Donald Blankenship, Ohio State
University. Developing a thorough un-
derstanding of the Cenozoic evolution
of West Antarctica is the key to under-
standing the breakup of the Pacific mar-
gin of Gondwanaland; however, the
nature and history of two lowland re-
gions of central West Antarctica—the in-
terior Ross embayment (between western
Marie Byrd Land and the Transantarctic
Mountains) and the Byrd subglacial basin
(between eastern Marie Byrd Land and
the Whitmore Mountains)—remain
poorly understood. The U.S. Geological
Survey in conjunction with the Byrd Po-
lar Research Center of Ohio State Uni-
versity will conduct a combined airborne
radar and aeromagnetic survey of these
two regions to gather specific informa-
tion about their nature and origin as well
as the relationship between Cenozoic
volcanism and the tectonic and glacial
history in the regions. The grid spacing
will be 5 kilometers and navigation will
be by radio-positioning. In addition to
constructing maps of subglacial topo-
graphy and magnetic intensity, we will
also try to reconstruct the position of
subglacial diffractors in three dimen-
sions. This reconstruction, especially
when combined with the magnetic re-
sults, should give new information about
the distribution of escarpments and,
therefore, the tectonic relationships
within the region. (S-066, S-154, and 5-
166)

Antarctic Journal



Diversity and distribution of fossil
floras from southern Victoria Land. Ed-
it/i L. Taylor and Thomas N. Taylor, Ohio
State University. The research objectives
of this project are to make detailed and
systematic collections of fossil floras
ranging from Devonian to Jurassic (be-
tween 405 million to 135 million years
old) from the ice-free valleys of southern
Victoria Land. Once the fossils, collected
from these areas, are returned to the lab-
oratory, the sites (logged at the time of
collection) will be assessed for the qual-
ity of preservation, diversity, and types
of plants present, and the potential for
further collecting. Throughout our field
work, some reconnaissance for addi-
tional fossil plant localities will also be
undertaken. (S-068)

Geological and geophysical studies
in the Ford Range of Marie Byrd Land,
West Antarctica. Bruce P. Liendyk and
David L. Kimbrouyh, University of Califor-
nia at Santa Barbara. In Gondwanaland
reconstructions, Marie Byrd Land is jux-
taposed with portions of New Zealand
and the Campbell Plateau. The breakup
of the Pacific margin of Gondwanaland
is reflected in well-documented Creta-
ceous and Early Tertiary extension and
rifting in the region. A sequence of mag-
netic anomalies records the opening of
the Tasman Sea and the splitting off of
New Zealand about 85 million years ago.
Events in Marie Byrd Land may relate
to the tectonics of the Gondwanaland
Pacific margin before and following this
rifting. Although there are many geo-
logic parallels between New Zealand and
Marie Byrd Land, it is unclear whether
these similarities indicate that the two
regions were part of the same unit. From
previous research in New Zealand's
Western Province, we know that a se-
quence of Cretaceous metamorphic
events that are related to the rifting of
Gondwanaland exist. Through paleo-
magnetic studies, we also have identi-
fied a Permian terrane that formed during
the Early Jurassic just before Gondwan-
aland broke up. By studying the tectonic
history of the Ford Range in Marie Byrd
Land, we hope to determine whether or
not similar events occurred in this part
of Antarctica. Other geologists have de-
scribed West Antarctica as a collage of
microplates that appear to have been
closely related to each other and Ant-
arctica since the Jurassic, but the rela-
tionship of Marie Byrd Land to these
microplates during this time is less clear.
Paleomagnetic data for the region do in-
dicate that Marie Byrd Land was at a
higher latitude about 100 million years
ago and that since this time it has rotated
independently of East and West Ant-
arctica. Our objective is to sample and
study exposed Late Precambrian and
Early Paleozoic metasediments, gneisses,
and migmatites, carboniferous and Cre-
taceous plutonic rocks, and Cenozoic and
Quaternary volcanic rocks. Data from
petrologic, geochronologic, and paleo-
magnetic studies also will be used to re-
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construct the tectonic evolution of Marie
Byrd Land. (S-070)

Geochemistry and petrology of the
lower crust, Antarctica: Evaluation over
space and time. Jonathan H. Berg and Ruth
I. Kalamarides, Northern Illinois Univer-
sity. During previous field seasons, we
have investigated the nature of the up-
per and lower crust in southern Victoria
Land as recorded in alkaline magmas of
the Erebus Volcanic Province over the
last few million years. This austral sum-
mer, we want to expand our knowledge
of the antarctic crust by sampling con-
temporaneous alkaline magmas of the
Hallett Volcanic Province that extend
about 600 kilometers to northern Vic-
toria Land. Recently, we discovered that
450- to 500-million-year-old dikes, like
those found in southern Victoria Land,
have inclusions of igneous rock from the
lower crust and possibly the mantle.
Consequently, we have the opportunity
to study two suites of samples of the
Earth's crust and mantle brought to the
surface in the same location but sepa-
rated by about 500 million years. By also
extending our southern Victoria Land
studies, we will be able to see how the
upper mantle and lower crust have
changed over the last 500 million years.
Samples from northern and southern
Victoria Land will help us to understand
better the geologic and tectonic history
of the Transantarctic Mountains, as well
as the tectonic history of Gondwana-
land. We will increase our fundamental
knowledge of the Earth's upper mantle
and lower-crust composition and evo-
lution. Because we know less about the
lower crust than we know about the por-
tions above and below it, these data will
enhance understanding of the Earth's
evolution and contribute information
critical to completing cross-sections in
the Global Transect Program and to geo-
physical studies of the Ross Sea. (S-071)

Mesozoic and Cenozoic kinematic
evolution of the Transantarctic Moun-
tains. Tern J . Wilson, Ohio State Univer-
sity. Our objective is to examine the
crustal structures produced during two
phases of uplift of the Transantarctic
Mountains. Along the front of the
mountains near the Ross Sea are struc-
tures from the more recent of these two
uplift phases. Near the Beardmore Gla-
cier, rock formations associated with older
period of magmatic intrusion and frac-
turing are best developed in and around
the Marshall Mountains. Rock forma-
tions produced during the more recent
phase of uplift are found in the Domin-
ion Range and along the front of the
mountains adjacent to Ross Ice Shelf.
This austral summer our field party will
concentrate on measuring and mapping
the orientation of faults, fractures, and
igneous dike swarms (large groups of
linear, parallel, or radially oriented ig-
neous rocks that cut across or through
other rocks) near the Beardmore Glacier.
These observations and measurements
will be compared to those that we made

during the 1989-1990 austral summer in
southern Victorian Land. As a result of
last year's field studies, we have already
identified critical areas for establishing
the regional significance of fault and
fracture patterns. (S-072)

Cosmic-ray exposure-age dating ap-
plied to antarctic glacial geology. Mark
D. Kurz, Woods Hole Oceanographic Insti-
tution. Dating surface rocks by exposure-
age dating techniques has great poten-
tial for glacial geology. Although sci-
entists have used extensively the
accumulation of elements produced in
situ to date meteorites, they have only
recently begun to use this technique to
date terrestrial rocks. Isotopes of helium
in surface rocks are produced by cosmic-
ray-induced, high-energy nuclear reac-
tions that release large numbers of pro-
tons or neutrons. Recent studies of
radiocarbon-dated lava flows have shown
that measurements of helium produced
this way can be used to determine ex-
posure ages. Our goal is to use this tech-
nique, for the first time, to date glacial
deposits in the ice-free areas of southern
Victoria Land, which provide an ideal
testing site for this method because of
uniquely exposed, well-dated glacial
moraines. We hope not only to resolve
some questions about the helium ex-
posure-age method but also to define
better the history of the antarctic ice sheet
and its relationship with global climate.
Initially, we will focus on collecting sam-
ples and measuring quartz from sand-
stone boulders in dated moraines of
Arena Valley. Extensive sampling by our
field team will enable us not only to gain
sufficient data to help elucidate the his-
tory of the ice sheet but also to under-
stand better the distribution and retention
of helium with quartz. Because quartz is
common worldwide, our results also
should interest glacial geologists not
working in Antarctica. (S-077)

Dry valley seismograph project. Ni-
cholas A. Orsini and L.G. Holcomb, U.S.
Geological Survey Albuquerque Seismologi-
cal Laboratory. Increasing the availability
of high-quality seismic data from Ant-
arctica is a long-term objective of many
investigators. Such data, when com-
bined with data from the Worldwide
Standardized Seismological Network,
would provide needed azimuthal con-
trol 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. During the 1990-
1991 austral summer, we will perform
maintenance on telemetry-radio equip-
ment and clean and check the operation
of our station in Wright Valley. (S-078)

Degassing and crystallization of an-
orthoclase phonolite magma, Mount Er-
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ebus. Phillip Kyle, New Mexico Institute of
Mining and Technology. Mount Erebus
contains a persistent convecting lava lake
of magma that is composed predomi-
nantly of alkali feldspar. The lake is the
top of a magma chamber and functions
as a window through which the pro-
cesses operating within a magma cham -
ber can be observed. Because of the
magma's mineral composition, the ac-
tivity and convection complement stud-
ies at other volcanoes such as Kilauea
and Mount St. Helens. Observations of
sulfur-dioxide emissions are providing
new insights into sulfur solubility in this
type of magma and how degassing oc-
curs. Beautiful, large crystals of feldspar
(oranorthoclase phenocrysts) often over
88 millimeters long, are well developed
in older lavas and in the active lava lake.
To date no studies have addressed the
nucleation and growth of such large
crystals. The objectives of this study are
to continue surveillance of the volcanic
activity of Mount Erebus, to monitor the
latest eruptive cycle, and to estimate the
growth of the anorthoclase phenocrysts.
We will also address several fundamen-
tal questions regarding sulfur-dioxide
degassing and the contribution of Mount
Erebus to the nearly pristine antarctic
atmosphere. By sampling the plume from
the crater rim, we will be able to collect
samples of volatile acid gases and trace
metals. (S-081A)

West antarctic volcano exploration
(WAVE). Phi/lip Kyle, New Mexico Insti -
tute of Mining and Technology. Marie Byrd
Land, one of the world's largest alkali
volcanic provinces, contains a unique re-
cord of the Late Cenozoic glacial and
volcanic history of Antarctica; however,
investigations of this region have been
limited to reconnaissance studies and our
recent studies Mount Takahe and Mount
Murphy. From this limited data set, we
know that the earlier reconnaissance
interpretations of the subglacial origins
of these volcanoes are incorrect. Our ob-
jective is to examine the glacial and vol-
canic history of the region and the origin
of the volcanoes. Working as part of a
U.S., British, and New Zealand inves-
tigation, we will study the geochemis-
try, volcanology, and tectonic history of
these Marie Byrd Land volcanoes. Dur-
ing the 1990-1991 austral summer, we
will focus on volcanoes near the Toney
Mountain and Mount Hampton. Geo-
chemical, tectonic, and glaciovolcanic
investigations will be made using geo-
chemical and isotopic analyses, argon-
40/argon-39 dating, scanning electron
micrograph studies, and paleo- and rock-
magnetic analysis. (S-081B)

Study of sediment, glacier ice, and
silicate spherules, Walcott Névé, Ant-
arctica. Gunter Faure, Ohio State Univer-
sity. Subglacial bedrock ridges disrupt
the flow of the east antarctic ice sheet
and make the margin a very sensitive
area. The resulting ice fields expose a
stratigraphic section of the ice sheet that
includes very old basal ice, which ablates

to form supraglacial moraines. Our ob-
jectives include mapping the surface el-
evation and thickness of ice entering the
Walcott Névé and Law Glacier from the
Beardmore Glacier area to document
what effect bedrock topography has on
local ice-flow patterns; identifying by ox-
ygen-isotope composition the Pleisto-
cene-Holocene boundary in exposed ice;
studying selected fragments from su-
praglacial moraines to learn about the
geology of the ice-drainage basin on the
east antarctic craton; and studying the
geochemistry, mineralogy, and isotopic
composition of silicate spherules that are
found abundantly in the area's glacial
sediments. We also will integrate geo-
logic and glaciologic information to ex-
plain the occurrence of meteorites and
silicate spherules along the east antarctic
ice sheet margin and elsewhere in Ant-
arctica. (S-089)

Support for the global seismic station
at Amundsen-Scott South Pole Station.
Rhett Butler, Incorporated Research Insti-
tutions for Seismology (IRIS). Amundsen-
Scott South Pole Station is uniquely lo-
cated for long-term, global seismic stud-
ies. 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 Circle
Paths coincides with portions of the Mid-
Atlantic Ridge and the East Pacific Rise
and includes active seismic regions and
other features of intense geophysical in-
terest. IRIS, a non-profit consortium of
57 U.S. universities, creates and man-
ages research facilities for seismology.
Currently, IRIS is funding the Univer-
sity of California at Los Angeles to op-
erate the South Pole seismic facility. (5-
090)

Determining exposure ages and ero-
sion rates of bedrock surfaces in Ant-
arctica. Roy Middleton, University of
Pennsylvania. Determination by acceler-
ator mass spectrometry of concentra-
tions of the cosmogenic radionuclides
beryllium-10 and aluminum-26, pro-
duced by cosmic rays in quartz on ex-
posed bedrock surfaces through high-
energy nuclear reactions, has been dem-
onstrated to provide valuable data on
exposure times and rates of erosion for
those surfaces. The oldest exposure times
found using this method are those mea-
sured in bedrock samples from Antarc-
tica. During the course of this study, we
will measure concentrations of beryl-
lium-10 and aluminum-26 in bedrock
samples from previous expeditions, as
well as from our own collections, and
interpret those measurements in terms
of exposure ages, erosion rates, and
Quaternary glacial history. (S-092)

Stratigraphy, paleontology, struc-
tural geology, and paleoglaciology of
the late Neogene Sirius Group of the
Dominion Range/Beardmore Glacier
region of the Transantarctic Mountains.
Peter N. Webb, Ohio State University. Our
previous studies have convinced us that

the Dominion Range/Beardmore Glacier
area has a highly significant, late Neo-
gene climate record of Antarctica. In this
study, our field and laboratory work will
focus on determining pre-Sirius paleo-
topography and structural geology; tak-
ing measurements and recording
observations; collecting macro- and mi-
croplant material; searching for fossil in-
sect, crustacean, bivalve, and fish
material; collecting additional samples
from the Sirius Group with the aim of
expanding the collection of Cretaceous/
Paleogene/Neogene microfossils which
were transported from the interior bas-
ins of East Antarctica during the late Pli-
ocene/early Pleistocene; and continuing
to test our hypothesis that Pliocene gla-
ciation in this part of Antarctica involved
high-frequency variations of relatively
small ice sheets, the development of
protracted warm periods, and major ma-
rine invasions of the antarctic interior
associated with periodic higher sea lev-
els. (S-093)

Geochemistry of Paleozoic granites
of the Transantarctic Mountains: Phase
2. Donald J. DePaolo, University of Cali-
fornia at Berkeley. One of the most im-
portant advances in plate tectonics is the
realization that the mantle of the Earth
behaves like a fluid—it transports, by
convection, the internal heat of the Earth
to the surface. This convection drives
both plate tectonics and magmatism.
Since the mantle represents about two-
thirds of Earth's mass, understanding
the fluid-like nature of the mantle is tan-
tamount to understanding the evolution
of the planet. Our project, a systematic
study of the portion of early Paleozoic
granitic rocks of the central Transant-
arctic Mountains that may have been
formed from magma, seeks to increase
the body of knowledge about the mantle
by focussing on three objectives: under-
standing the origin and structure of the
granitic rocks; investigating the age and
origin of the Precambrian basement rocks;
and constructing tectonic-magmatic
models of the early Paleozoic evolution
of the antarctic continental margin. (5-
094)

Cretaceous and Tertiary strata of the
James Ross Basin and the evolution of
the Antarctic Peninsula. David H. Elliot,
Byrd Polar Research Center, Ohio State Uni-
versity. In this project, we will investi-
gate the tectonic and volcanic evolution
of the Transantarctic Mountains during
the late Triassic to Middle Jurassic. Dur-
ing this interval, the foreland basin set-
ting (which had existed for most of the
Permian and Triassic) was replaced by
forces related to the Gondwanaland break
up. Specifically, we will examine the pa-
leovolcanologic status of the silicic and
basaltic hydroclastic deposits of Early to
Middle Jurassic age; the regional strati-
graphic relationships between the var-
ious rock formations and structures
created by volcanoes and their tectonic
implications; the geochemical character-
istics of the volcanic rocks; the source
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region of the silicic rocks; and the rela-
tionship between basaltic and silicic vol-
canism. (S-199)

Quaternary climate record from the
Antarctic Peninsula regions, Antarctica.
David H. Elliot and Scott E. Ishinan, Byrd
Polar Research Center, Ohio State Uiiiver-
sity. Preliminary analyses of benthic for-
aminiferal distribution, sediment
distribution, and water-column profiles
from the Bellingshausen/Pacific sector of
the Antarctic Peninsula have suggested
that the observed patterns are influ-
enced by oceanographic, glacial, and cli-
matic conditions. Our study will
supplement these preliminary findings
and will provide new information on the
microhabitat and geochemical associa-
tions between the surface sediments and
benthic foraminifera. We will analyze
modern sediment flux and distribution,
water-column profiles, and benthic for-
aminiferal distribution. The faunal and
environmental associations observed in
the modern setting will then be used to
formulate an interactive model, which
can be used, in turn, to infer paleocean-
ographic and paleoclimatic conditions in
downcore sediments, thus helping to
reevaluate the Cenozoic marine records
from samples previously collected in the
antarctic margin region. (S-208)

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 cli-
mate and atmospheric constituents and
their variation over time. By studying
the continent's glacial history, glaciolo-
gists, geologists, and others learn about
the timing of northern and southern
hemisphere glaciations, global ocean cir-
culation, ocean boundary changes, and
the dynamic response of ice to changes
in the atmosphere. Deep ice cores, taken
from the east antarctic ice sheet have
provided a 160,000-year record of cli-
mate change, while data from ice-free
regions enable glacial geologists to cre-
ate models of ice-sheet fluctuation and
soil development. With data from radio-
echo sounding and doppler-satellite po-
sitioning, glaciologists and geophysi-
cists have measured the thickness of the
ice sheets, learned about the internal
layering of ice sheets, and determined
the velocity of ice movement. With such
data as these, they can better under-
stand 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.

Polar Ice Coring Office drilling proj-
ects. John Kelly, University of Alaska, Fair-
banks. Ice cores provide valuable
information on past atmospheric con-

stituents and climate. During the 1990-
1991 austral summer, we will support
U.S. and New Zealand investigators (S-
159 and S-165) who will be conducting
a seismic investigation along the bound-
ary of East Antarctica and the Ross em-
bayment and near the Beardmore Glacier.
(S-150)

Antarctic ice-sheet response to global
Pliocene warming. George H. Den ton,
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 more than 2 million
years ago in the late Tertiary. 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 near the Beardmore Glacier also in-
dicate that a younger massive overriding
by a polar ice sheet occurred in the later
Tertiary. Glacial geologic and soil stud-
ies 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 objectives
are to develop a glacial chronology, stra-
tigraphy, 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,
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. This austral
summer, we will continue sampling of
volcanic deposits and interbedded gla-
cial tills in Taylor Valley and in the nearby
Asgard and Quartermain Ranges. The
results of our research will improve ant-
arctic glacial chronology and associated
tectonic history of the Transantarctic
Mountains and will allow numerical ice-
sheet reconstructions that help us to de-
velop atmospheric modeling experi-
ments of the influence of these ice sheets
on southern-hemisphere climate. (5-156)

Seismic investigation of the plate
boundary between east and west ant-
arctica. Uri ten Brink, Stanford University.
The Seismic Experiment-Ross Ice Shelf
(SERIS) program will examine the plate
boundary between East Antarctica and
the Ross embayment. We will first ac-
quire a 150-kilometer-long multichannel
seismic refection line starting on the Ross
Ice Shelf and entering the Transantarctic
Mountains front through one of the out-
let glaciers. A reversed-refraction profile
and several wide-angle reflection pro-
files will be collected along this multi-
channel seismic line. Interpretation of
the data, flexural modeling of the uplift

and the subsidence, analysis of the seis-
mic stratigraphy and modeling of the
gravity will then be done. This cooper-
ative experiment is designed to serve as
a prototype for large-scale seismic ex-
periments in the interior of Antarctica in
the next decade. (S-159)

Broadband seismic imaging of lith-
ospheric structure: Application to the
Transantarctic Mountain front and
Bently Subglacial Trench. Daniel R.H.
O'Connell, Byrd Polar Resea re/i Center, Ohio
State University. The tectonic relation-
ship between the east antarctic Precam-
brian craton and the west antarctic
assemblages of deformed Paleozoic sed-
imentary rocks, Jurassic granites, and
Mesozoic and Cenozoic intrusive and
extrusive rocks remains a fundamental
problem of Gondwanaland geology. To
explore this question, our study will fo-
cus on determining the lithospheric sig-
nature of the Bentley Subglacial Trench
in West Antarctica. We will deploy an
array of portable, digital broadband seis-
mographs at a Beardmore Glacier site
and at a site close to the Bentley Sub-
glacial Trench. Seismic waveform mod-
eling of broadband body waveforms will
be used to describe constraints on Trans-
antarctic Mountain and Bentley Sub-
glacial Trench lithospheric velocity
structures. Further, the portable seismic
packages used in this project will pro-
vide a long-term capability for studying
lithospheric structure throughout the
antarctic interior. (S-165)

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)

Ocean sciences
The southern ocean is 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
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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-
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 ocean and cli-
mate. The complex structure of the sea
floor presents fundamental problems in
geology and geophysics. The detailed
sediment record of changes in the ant-
arctic ice sheet enables geologists to learn
more about the continent's glacial his-
tory and about changes brought about
by the break-up of Gondwanaland.

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)

Marine geology of the Antarctic Con-
tinental Margin. John B. Anderson, Rice
University. Since 1979, we have collected
and described sediments that blanket the
antarctic sea floor; with these data, we
have related sedimentary facies to gla-
cial and oceanic conditions. During the
1990-1991 austral summer, we will gather
seismic reflection data and collect piston
core samples in the Bransfield basin
(north of Palmer Station to King George
Island) and along the continental margin
(north of the South Shetland Islands).
Working aboard the Polar Duke, we will
use sedimentologic analysis of deposits
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and high-resolution seismic methods to
map the distribution of marine ice sheets
and ice shelves on the continental shelf
during the last glacial maximum. By
studying in detail lithofacies in areas
representative of antarctic glacial-ma-
rine environments, we will increase our
understanding of glacial-marine sedi-
mentation. Additionally, we will ex-
amine the deep-sea hemipelagic and
turbidity record to see how glacial
changes are manifested in deep-sea de-
posits and conduct high-resolution seis-
mic stratigraphic studies of the
continental shelf to learn more about
tectonic and glacial evolution. This year's
work and our studies over the last 11
years will be combined and published
as a folio series on the Antarctic Conti-
nental Margin. (S-207)

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
production does occur within and below
the sea ice, but few sea-ice diatoms are
preserved on the sea floor. Large-scale
productivity in the open ocean has been
recorded from December through Jan-
uary but not studied in detail. Our ob-
jective is to resolve the major features of
the carbon and silica cycles along the
continental shelf in the western Ross Sea
area. We will examine the vertical flux
and water column dissolution/decom-
position of opal and organic matter as
part of a multidisciplinary investigation
with investigators from North Carolina
State University (S-268). From the Polar
Sea, we will recover time-series sedi-
ment traps, current meters, and trans-
missometer arrays deployed during the
1989-1990 austral summer. These ar-
rays, 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
assess surface-, mid-, and deep-water
column processes that determine sedi-
mentation rates on the antarctic conti-
nental 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)

Sources and fluxes of biogenic and
anthropogenic carbon compounds in
antarctic marine sediments. M.I. Ven-

katesan, University of California at Los An-
geles. Preliminary organic geochemical
data from antarctic sediment cores in-
dicate that organic matter in Holocene
sediments is well preserved. Informa-
tion regarding the occurrence, source,
and preservation of several lipid com-
ponents, however, is lacking. In this
project, we will undertake detailed geo-
chemical analyses of free and bound lip-
ids from sediments and particulates and
of total lipids from the potential source
materials. It is our goal to characterize
the sources, estimate the fluxes, and
study the incorporation of organic com-
pounds into seafloor sediments. This data
should help scientists understand the
paleoceanographic conditions and bio-
geochemical processes in the region by
resolving sediment provenance; identify
chemical tracers of global pollution by
providing a baseline measurement for
future monitoring studies; and evaluate
the historical migratory routes and hab-
itats of marine mammals (particularly,
cetaceans and pinnipeds) in the region.
(S-219)

Significance of bacterial exoenzymes
in organic matter cycling in the south-
ern ocean. Farooq Azam and James Holli-
baugh, University of California at San Diego.
Coupling of carbon 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 before uptake; thus, excreted en-
zymes (bacterial exohydrolases) assume
a central role in 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
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)

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
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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. In addition to collect-
ing and redeploying current meters and
transmissometers installed last year, we
will use towable seismic instruments to
obtain profiles of the seafloor. (S-268)

Depositional processes and stratig-
raphy of antarctic fjords and ice-shelf
environments. Eueiit' W. Domack, Ham-
ilton College. This project is a study of
sediment transport on the antarctic con-
tinental margin near floating glacier
tongues and restrictive fjord environ-
ments. It is concerned with determining
the importance of mid-water and deep-
cold-water tongues in the transport pro-
cesses, and whether precise links can be
established between the observed gla-
cial-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 on the Antarctic
Peninsula. (S-285)

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
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
September 1990

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 affects and is affected by

global climate. The world's largest and
most intense climate regime, Antarctica
appears to be important in long-term cli-
mate variability. During this century,
scientists have studied regional climate
regimes and unique aspects of the con-
tinent's weather. From this research, they
have come to understand the major sea-
sonal features of atmospheric circula-
tion, the radiation and energy balances,
the nature of katabatic winds, and the
transport of gases and aerosols. Such data
have been essential for understanding
the causes and dynamics of the recently
recorded seasonal "ozone hole" that has
been growing above Antarctica during
the last decade. Continuing these in-
vestigations, scientists are stud ying 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 events, and the re-
gion's role in global climate change.

Chlorine- and bromine-containing
trace gases in the antarctic. R.A. Ras-
musseii, Oregon Graduate Ccii ter. 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 multi-year 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 change
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-257C)

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
ozone depletion. This is a cooperative
project between the U.S. and Italian ant-
arctic programs. (S-257B)

Atmospheric halos and ice crystals.
Walter Tape, University of Alaska. The re-
fraction and reflection of sunlight by ice
crystals produce atmospheric halos. Dif-
ferent halos arise from different classes
of crystal orientations and from different
light-ray paths through the crystals. The
unique atmospheric conditions of the
antarctic interior frequently produce
beautifully formed simple, prismatic ice
crystals that create strong, well-defined
halo displays. Because these well-formed
crystals typically occur near the surface,
they can be collected easily for exami-
nation and comparison with the halos
that they create. Extending the work that
we have done at Amundsen-Scott South
Pole Station, this austral summer, we
will photograph halos and simulta-
neously sample falling ice crystals at the
Soviet station Vostok. By comparing
computer-simulations of halos with ob-
served halos and crystals, we hope to
clarify the relationship between crystal
types and halo types. While we are sam-
pling crystals, we will measure the dis-
tribution and intensity of polarized light
intensity from associated halos. Theo-
retically, the distinctive shapes formed
by the distribution of polarized light
should help define the size and orien-
tation of the crystals. Data on crystal size
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and orientation obtained from the sam-
ples and from the halo simulations will
enable us to verify and calibrate polari-
metric techniques. We will also conduct
controlled experiments, such as seeding
the atmosphere with dry ice, to produce
simple, well-formed, single-type crys-
tals artificially. These artificially pro-
duced crystals of known source, age, and
growth conditions will help us to clarify
the special atmospheric conditions that
produce the crystals for the elaborate
halos in Antarctica. The results of our
research have potential for remote sens-
ing of atmospheric conditions. (S-264)

Climate studies at the South Pole. Ste-
phen G. Warren, University of Washington.
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 con-
centration of aerosols in the firn and ice
represent contemporaneous concentra-
tions in the atmosphere, while the hoar
frost samples will provide us with data
for a comparison of isotopic ratios to am-
bient air temperatures. (5-265)

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
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 more accurately aircraft and satellite
observations to determine properties of
snow surfaces, including such features
as particle size and shape (properties that
relate to the "age" of the snow surface),
16

impurity content, and liquid-water con-
tent. Working near Amundsen-Scott
South Pole Station, we will measure the
spectral bi-directional reflectance of var-
ious snow and ice surfaces in the visible
and near-infrared (0.4 to 5.0 microns),
as well as the polarization effects. We
will focus on how surface and subsur-
face grain properties influence spectral
and angular variations of reflectance
patterns. Antarctica provides several ad-
vantages for this type of investigation.
First, the temperature of this continent,
which is important to global climate, is
determined largely by the optical prop-
erties of the snow and ice surface. Sec-
ondly, in contrast with temperate regions,
the antarctic snow surface does not rad-
ically change during the day; conse-
quently, we are able to perform lengthy
measurements. Additionally, contami-
nation from natural and manmade
sources is greatly minimized in Antarc-
tica. (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. In October
and November 1990, we will test at-
mospheric sensing equipment on the
Ross Ice Shelf near McMurdo Station at
a site that has climate conditions similar
to the Siple Coast. During the 1991-1992
austral summer, we will move this
equipment to the Siple Coast, which of-
fers a different dynamical setting from
earlier experiments in the Terra Nova
Bay region of East Antarctica. The over-
all objectives of our project are to de-
scribe and simulate both the downslope
and cross-slope variations of the surface
winds and temperatures in the Siple
Coast confluence zone, to describe and
model the impact of synoptic forcing
along the terrain slope on the behavior
of the surface winds, to investigate the
interaction between the surface wind field
and the potential temperature gradient

along the snow surface, and to measure
and simulate boundary layer wind and
temperature profiles along terrain con-
tours under the opposing factors of mass
convergence 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 (AWS) measure surface
pressure, 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. During the 1990-1991 field sea-
son, we will check, service, and relocate
existing AWS units at South Pole Sta-
tion, near McMurdo Station, and at sites
accessible via the Coast Guard ice breaker
Polar Sea. (S-283)

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

probed and monitored the changes that
are occurring in the ozone layer above
the antarctic stratosphere. Although they
agree that chlorine, produced by an-
thropogenic chlorofluorocarbons, is a
major cause of the depletion that occurs
each spring, the role and impact of at-
mospheric phenomena, climate dynam-
ics, and other atmsopheric consitutents
remain unclear. These questions now are
their focus: how do dynamic processes
of the upper atmosphere influence the
depletion, what physical properties of
polar stratospheric clouds enhance the
chemical reactions that destroy ozone,
and what other aerosol compounds con-
tribute to the process? Answers to these
and other questions are critical not only
for understanding antarctic and arctic at-
mospheric and climate changes but also
for determining the effects these changes
and process 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 an-
nual 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 study the physical,
chemical, and radioactive properties of
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these clouds and the relationship be-
tween the clouds and the ozone-destruc-
lion 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 PSC-sonde 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)

Springtime measurements of ozone-
related compounds in the antarctic
stratosphere. David C. M ii rcrav, 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)

Investigation of polar stratospheric
aerosols and their relation to the ozone
hole. David Hofmann and J.M. Rosen, U;ii-
versity of Wyoming. In this study, we hope
to provide information valuable to two
of the models proposed to explain the
springtime ozone-hole phenomenon (the
chemical model and the dynamic model).
Using balloonborne instruments, we will
systematically study polar stratospheric
clouds and related ozone variations. With
data from our earlier studies, we estab-
lished that polar stratospheric clouds are
related to the annual appearance of the
ozone hole and identified where in the
air column most of the ozone is being
destroyed. During the 1990-1991 austral
September 1990

summer, we will launch approximately
40 balloons of various sizes, instru-
mented with ozonesondes to measure in
detail vertical profiles of ozone and tem-
perature, as well as aerosols and con-
densation nuclei, from the ground to
about 29 kilometers above the surface.
(S-289)

Antarctic ozone profiles: Palmer Sta-
tion. Arnold L Torres, Goddard Space Flight
Center, Wallops Flight Facility. Sudden and
dramatic decreases in atmospheric ozone
occur each austral spring over Antarc-
tica. The most detailed picture of this
depletion comes from relatively high-
resolution vertical profiles obtained with
balloonborne electrochemical ozone-
sondes. Continuing our project begun
in 1987, we will take a large set of pro-
files over Palmer Station from Septem-
ber through November 1990, a period
which should include the beginning of
the ozone depletion as well as the peak.
These profiles will provide clues to
changes in the depth, vertical extent,
ozone loss rates, and seasonal behavior
of this phenomenon. The integrated
profiles will provide correlative perfor-
mance checks on remote-measurement
systems. (S-293)

Astronomy and upper-
atmosphere studies

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 auroral
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 radiation. Data
from these studies and others help de-
scribe how solar energy enters the outer
terrestrial environment and reaches the
atmosphere, how disturbances associ-
ated with the transfer of energy propa-
gate to and affect the planet's surface,
and how matter in the universe 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. Hellizvell, 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
1990-1991 austral summer, observations
will be made from the Arrival Heights
upper-atmosphere facility near Mc-
Murdo Station. We are interested in
recording information about back-
ground magnetospheric wave activity in
the extremely-low-frequncy/very-low-
frequency (ELF/VLF) range, as well as
other effects produced by or associated
with magnetospheric waves and particle
precipitation. These experiments pro-
vide data that further our understanding
of coherent radiation from magnetos-
pheric plasma. These data are important
to laboratory plasma physics and astro-
physics. 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)

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 pulsations measured, 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.
During the 1990-1991 field season, we
will deploy a network of eight atmos-
pheric current sensors in Antarctica, two
at manned stations and six at automatic
geophysical observatories. The scientific
objectives of this project fall into two
broad areas: atmospheric electricity and
ionospheric electrodynamics. For our
study of atmospheric electricity, the net-
work will provide a measure of the power
and voltage level in the global circuit and
a preliminary estimate of the "geoelec-
tric index." With the ionospheric elec-
trodynamics data, we will be able to
interpret the differences in air-Earth cur-
rent at various sites in terms of differ-
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ences in the electrostatic potential of the
ionosphere above the sites. If most sta-
tions in the network are installed and
operating, we should be able to obtain
more or less continuous "snapshots" of
the ionospheric electrostatic potential
and, therefore, convection patterns in
the polar cap. Studies of the relationship
of statistical patterns to instantaneous
patterns, substorm responses, and
hemispheric differences are anticipated.
(S-103)

Aurora! imaging. S. 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.
During the 1990-1991 austral summer,
a research team will inspect and service
this equipment. The system will be op-
erated and maintained 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 at-
mosphere, ionosphere, and magnetos-
phere are coupled. To study this
phenomenon, we will use the ionos-
pheric density enhancements that it pro-
duces. 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 Pal-
mer Station, technicians will conduct

simultaneous, high-resolution measure-
ments of the amplitude and phase of
subionospheric very-low-frequency, low-
frequency, and middle-frequency sig-
nals to determine the spatial distribu-
tion, temporal signatures, and magnetic
conjugacy of lightning-induced precip-
itation. (S-106)

High-resolution helioseismology from
the South Pole. Martin Pomerantz, Uni-
versity of Delaware. During the 1981-1982
austral summer, we used a solar obser-
vatory about 4 miles (6.5 kilometers) from
South Pole Station. With this telescope
and a modified version used during the
1982-1983 and 1984-1985 austral sum-
mers, we have observed and recorded
global solar oscillations. These obser-
vations have helped to extend our un-
derstanding of the structure and
dynamics of the solar interior. During
the 1981-1982 austral summer, we ob-
tained simultaneous, high-resolution
photographs at two different wave-
lengths over protracted periods. During
austral summer 1990-1991, using an en-
hanced camera, we will take new pho-
tographs for comparison with the earlier
ones. With these data, we will investi-
gate possible changes in the level of so-
lar activity and look for new solar
features. (S-109B)

Observations of ultra-high-energy,
gamma-ray sources from the South Pole.
Martin A. Pomerantz, Bartol Research
Foundation, University of Delaware. Since
early in this century when cosmic rays
were discovered, scientists have sought
to determine their point of origin. Ini-
tially, they believed that cosmic rays were
energetic 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-ter-
aelectronvolt 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 will be able to search
for regularities of what are, in the few
cases confirmed to date, somewhat ep-
isodic sources. The continuous expo-
sure, coupled with the favorably high
altitude, will also enable our research
team to find weaker sources in the
southern sky where there is a prepon-
derance of potential ultra-high-energy,
gamma-ray sources. To obtain direc-
tional data, we will use an array of de-
tectors that respond to extensive air
showers produced by ultra-high-en-
ergy, gamma-rays incident on the Earth's
atmosphere. (S-109D)

Antarctic neutral thermospheric 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-
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. (5-111)

Cosmic background isotrophy mea-
surements from the South Pole. Mark
Dragovan, 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, thereby
causing the gas to become transparent
to thermal radiation. Any density in-
homogeneity in the Universe at that time
should have left an imprint on the back-
ground radiation. Detecting this imprint
has so far been unsuccessful, because
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more sensitive equipment and longer in-
tegration times were required. The mea-
surements taken for this project,
however, will be made at wavelengths
both longer and shorter than the peak
in the cosmic background 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 the
atmosphere, especially water vapor,
South Pole Station, which is the second
driest, inhabited place on Earth, is the
best place to make these measurements.
Another great advantage of this location
is that the circumpolar motion of the sky
makes it possible to observe any spot in
the sky through a constant thickness of
atmosphere for any length of time. (5-
113)

South Pole studies of the cosmic
background radiation. Philip M. Lubin,
University of California at Santa Barbara.
Measuring fluctuations (or anistropy) in
cosmic background radiation is one of
the few experimental inputs available to
atmospheric physicists for comparison
with cosmological models. Because large-
scale (greater than 100) measurements of
these variations can be disrupted by
emissions from our galaxy, particularly
by high-galactic latitude dust emissions,
our objective is to make observations at
the 3-millimeter-wavelength level, where
galactic emission is near its minimum.
Atmospheric fluctuations, particularly
water vapor, generally create problems
for ground-based anistropy measure-
ments, but results from earlier antarctic
studies indicate that the extreme cold
and low water-vapor content of the at-
mosphere at South Pole provide an ex-
cellent environment for our type of
measurement. During the 1990-1991
austral summer, we will again collabo-
rate with Princeton University research-
ers (S-113) in their study of cosmic
background radiation by using a liquid-
helium-cooled detector that operates at
a 3-millimeter wavelength. A 1-meter
telescope, developed as a part of our bal-
loonborne program, will allow us to make
measurements on the order of 10. Our
measurements will be made in an an-
gular region that has not been well in-
vestigated, that is complementary to
other experiments, and where the pre-
dicted fluctuations are expected to be near
maximum. These measurements will also
help us better understand the atmos-
pheric fluctuations, useful information
for future millimeter and submillimeter
wave astronomical investigations. (S-115)

Cosmic and solar hard X-ray and
gamma-ray spectroscopy from Antarc-
tica. Robert P. Liii, 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
elements are first produced as unstable
nuclei that emit gamma rays of charac-
teristic energies as they decay. On 23
February 1987, astronomers and astro-
physicists observed Supernova 1987A
was observed in the Large Magellanic
Cloud, a companion galaxy to the Milky
Way. This was closest supernova to Earth
in more than 300 years and offers as-
tronomers and astrophysicists a unique
opportunity to study in detail a super-
nova explosion, to learn more about the
process of explosive nucleosyn thesis, and
to search for cosmic gamma-ray bursts
and astronomical events that occur dur-
ing supernovas. To accomplish this, we
will participate in a multi-institute pro-
ject to launch a 28.4-million-cubic-foot
high-altitude helium balloon equipped
with detectors. We anticipate that the
balloon will reach an altitude of between
120,000 and 130,000 feet and that it will
stay aloft for 20 days. (S-116)

Measurement of cosmic-ray compo-
sition and spectra using emulsion
chambers—Japanese-American Coop-
erative Emulsion Experiment. Thomas A.
Parnell, National Aeronautics and Space Ad-
ininist ration, George C. Mars/ia!! Space Flight
Center, and R.J. Wilkes, University of
Washington. Since 1979 we have collab-
orated with Japanese investigators in a
series of experiments to study the com-
position, spectra, and interactions of
cosmic-ray nuclei. Although initially
NASA personnel worked to develop an
electronic counter and performed cal-
culations to support data analysis, our
focus during the last 7 years has been to
perform passive detector analysis, spe-
cifically using X-ray film densitometry
and emulsion chambers. As participants
in the antarctic long-duration balloon
project, we use similar passive tech-
niques to trace and measure cosmic-ray
events and perform calculations for data
analysis. Over the last 3 years, the group
has analyzed data from six balloonborne
experiments and has produced unique
data on nucleus-to-nucleus interactions
at high energies (greater than 1,000 gi-
gaelectron volts). (S-119)

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 magnetos-
pheric 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, Ccii-
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)

Measurements of iron-group isotopic
composition in cosmic rays with a light-
weight, balloonborne spectrometer
launched from Antarctica. P. Buford Price,
University of California at Berkeley. An ex-
traordinary amount of astrophysical in-
formation can be extracted by
determining the amount of isotopes of
iron, nickel, and neighboring elements
in cosmic rays. Unfortunately, inade-
quate statistics and poor mass resolution
have limited past efforts to study these
isotopes. Our objective is to measure
isotopic composition of iron, man-
ganese, cobalt, and nickel in galactic
cosmic radiation using balloonborne in-
struments launched near McMurdo Sta-
tion, as part of the Long-Duration
Ballooning Program. These measure-
ments will provide us with information
about cosmic-ray origin and accelera-
tion, the structure of interstellar me-
dium, and stellar evolution. The balloons
will carry a special glass to an altitude
between 120,000 (36,580 meters) and
130,000 feet (39,624 meters), where the
glass will be exposed for as long as 20
days. After we recover the glass, we will
etch it with a strong acid. This process
reveals the tracks left by energetic cosmic
rays that penetrate the glass. By study-
ing the etched tracks, we can accurately
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Highlights of planned operation and support activities
for the U.S. Antarctic Program, 1990-1991

Date	 Event

22 August 1990	Winter-fly-in 1990 to McMurdo Station begins	 -
10 September 1990	Polar Duke cruise 90-5—begin 1990-1991 austral summer

operations
25 September 1990	Polar Duke cruise 90-6 to the Weddell Sea region to investigate

the biological effects of enhanced exposure to ultra-violet radiation
begins

2 October 1990	First U.S. Air Force C-141 Starlifter flight to McMurdo Station
3 October 1990	First U.S. Air Force C-5A transport flight to McMurdo Station
10 October 1990	Helicopter-supported science begins near Ross Island
15 October 1990	USAP ski-equipped Hercules (LC-130) airplanes arrive at

McMurdo Station
26 October 1990	First LC-130 flight to Amundsen-Scott South Pole Station to begin

1990-1991 austral summer operations
7 November 1990	Field operations begin in Marie Byrd Land
10 November 1990	Field operations begin near Toney Mountain, Marie Byrd Land
12 November 1990	Royal New Zealand Air Force wheeled C-130 flights to McMurdo

Station begin
15 November 1990	Field operations begin at Beardmore South Camp
20 November 1990	Seismic survey near the Ross Ice Shelf boundary begins
24 November 1990	Polar Duke cruise 90-7 along the Antarctic Peninsula begins—

projects include sediment coring, a high-resolution seismic survey,
an investigation of krill growth rates, and a geologic investigation
of Beyers Peninsula, Livingston Island

8 December 1990	McMurdo Sound sea-ice runway closes— wheeled airplane flights
end and air operations transfer to Williams Field skiway on the
Ross Ice Shelf

2 January 1991	U.S. Coast Guard icebreaker Polar Sea arrives at the McMurdo
Sound ice edge

8 January 1991 Polar Duke cruise 91-1 in the Weddell Sea along the northern
coast of the Antarctic Peninsula begins—projects include high-
resolution, marine geologic surveying and collecting krill

13 January 1991	U.S. Air National Guard squadron 109 arrives at McMurdo Station
to augment LC-130 support to USAP

20 January 1991	The geophysical research ship Maurice Ewing from Lamont-
Doherty Geological Institute begins a multi-channel seismic study
in the Antarctic Peninsula region

23 January 1991	Tanker ship arrives at McMurdo Station
3 February 1991	The supply ship Green Wave arrives at McMurdo Station
7 February 1991	Polar Duke cruise 91-2 to the Weddell Sea to investigate the

formation and circulation of cold, deep bottom water begins
13 February 1991	Amundsen-Scott South Pole Station begins winter operations
23 February 1991	McMurdo Station begins winter operations
22 March 1991	Polar Duke cruise 91-3 begins supporting various biology

investigations along the Antarctic Peninsula
3 May 1991	 Polar Duke cruise 91-4 continues biology studies in the Peninsula

region
16 June 1991	Polar Duke cruise 91-5 begins in the Scotia Sea near South

Georgia Island. This is the last scheduled Polar Duke cruise for
the 1990-1991 antarctic season.
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determine the mass, charge, and energy
of the isotope that caused them. (S-124)

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 interactions
in a small amount of atmosphere. The
geographic South Pole is an ideal site for
this research because it is possible to view
a single object for extended periods
through a constant thickness of atmos-
phere. At a mid-latitude site, observa-
tions are limited to a few hours of viewing
at a time. (S-125 and S-126)

Sodium-lidar studies of the antarctic
upper atmosphere at Amundsen-Scott
South Pole Station. Chester S. Gardner,
University of Illinois. The antarctic upper
atmosphere is a region of diverse, com-
plex interactions where chemistry and
dynamics are greatly influenced by the
tropospheric and thermospheric vor-
tices. This region is attracting consid-
erable attention because of the springtime
depletion of ozone above Antarctica. Al-
though the lower atmosphere has been
explored for many years using various
balloonborne, rocketborne, and ground-
based instruments, the relative isolation
of Antarctica and the paucity of suitable
instruments has inhibited the study of
the antarctic mesosphere (50 to 80 kilo-
meters) and lower thermosphere (above
80 kilometers). A sodium lidar is pow-
erful tool for exploring upper atmos-
phere structure and dynamics, including
stratospheric aerosols, mesospheric
temperatures, gravity waves, tides, and
vertical transport near the mesopause,
the boundary between the mesosphere
and thermosphere where there is a tem-
perature minimum. The lidar can detect
the sodium layer at about 56 miles (90
kilometers) altitude and, by measuring
the height and density of this layer, de-
termine the vertical motion of the upper
atmosphere. Our objective is to install
and operate a sodium lidar at Amund-
sen-Scott South Pole Station so that we
can obtain information relevant to ozone
depletion, particularly data concerning
the dynamics of upper atmospheric re-
gions. (S-127)
20

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 there is a need

for a ground-based recording effort to
study this much-neglected radio band to
confirm these theories and provide in-
sight into auroral emission and wave-
propogation processes. The unmanned
automatic geophysical observatories
(AGOs) are ideal for this effort because
the sensitivity at these frequencies is
greatly affected by human-produced
transmissions, which are generally min-
imal in the Antarctic. Because the AGOs
can be installed at locations remote from
antarctic stations, interference from ra-
dio transmission is even less of a prob-
lem. To gather data about this poorly
understood frequency band, our study
will use a programmable low-frequency/
high-frequency receiver, an array of small
ferrite-rod antennas, a power subsys-



tern, and data compression software de-
ployed at two automatic geophysical
observatory sites. (S-128)

Spectroscopic and interferometrin
studies of airglow and auroral processes
in the antarctic upper atmosphere over
South Pole Station. G.G. Sivjee, Enibri-
Riddle Aeronautical Un iversitij. Our pro-
ject will focus on the physical, dynam-
ical, chemical, and atomic-molecular
processes 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)

Long-duration balloon test flight in
Antarctica. David Stuchlik, National Aero-
nautic and Space Administration, Wallops
Flight Center. In January 1988, an 11.6-
million-cubic-foot, the first large high-
altitude, helium balloon successfully
launched in Antarctica, carried instru-
ments, which collected data on cosmic
events associated with Supernova 1987A,
to an altitude of 115,000 feet. Although
its flight was brief, the successful launch
of this balloon demonstrated that large
high-altitude, helium balloons could be
used for research in Antarctica. This
austral summer, we will continue to de-
velop the uses of long-duration balloon-
ing in Antarctica. Our part in this project
will be to test the balloon instrumenta-
tion subsystems for future flights and
manage flight operations. We anticipate
that the 28.4-million-cubic-foot balloon
will reach an altitude between 120,000
and 130,000 feet and remain aloft for
about 20 days, following a circumpolar
path at about 78°S latitude. (S-273)

South pole X-ray characteristics. George
K. Parks, University of Washington. The
southern polar cap region is usually as-
sociated with the geomagnetic field lines
that connect to the interplanetary me-
dium. Recently, researchers established
that energetic particle precipitation oc-
curs in the upper atmosphere above
Antarctica. The disparity in energies in-
dicates that these energetic particles come
either from field lines flowing into the
magnetosphere or from some other type
of acceleration taking place on "open"
field lines. As a result of satelliteborne,
polar-orbiting imaging experiments, in-
vestigators know that various types of
polar-auroral arcs are present, but the
relationship between precipitating en-
ergetic particles and these arcs is not
known. More information is needed to
understand the morphology and mech-
anism of energetic polar-auroral activity.
As part of the Long-Duration Balloon
Program, we will use a balloonborne, X-
ray imaging camera. With this camera,
we hope to be able to examine the be-
havior of these auroral phenomena over
longer periods of time because the bal-
loon moves more slowly than most au-
roral events occur. When carried aloft
by the stratospheric balloon, these sys-
tems will provide us with data that will
enable us to study structures as large as
10 kilometers with durations as short as
a few seconds. Working near McMurdo
Station with investigators from the Uni-
versity of California at Berkeley (S-116),
we will acquire X-ray data that later will
be correlated with other geophysical and
solar events (e.g., solar flares and mag-
netospheric substorms). These results will
be studied for spatial, motional, and
temporal evolution of X-ray events and
analyzed for energy-spectral character-
istics of X-rays as a function of space and
time. Additional support for the balloon
launched will be provided by investi-
gators from the National Aeronautics and
Space Administration's Wallops Flight
Center. (S-272)

Biology

Bowser, Samuel S. Wadsworth Center
for Laboratories and Research, Al-
bany, New York. Test morphogenesis
in a giant antarctic foraminiferan. DPP
89-17375. $146,751.

Chappell, Mark A. University of Cali-
fornia, Riverside, California. Energet-
ics of reproduction and foraging in
Adélie penguins. DPP 89-17066.
$90,000.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide and peptide antifreezes in freez-
ing avoidance of antarctic fishes. DPP
87-16296. $7,360.

Huntley, Mark E. Scripps Institution of
Oceanography, La Jolla, California.
Research on Antarctic Coastal Ecosys-
tem Rates (RACER): Development,
growth, and production of macrozoo-
plankton, including krill. DPP 88-
17779. $196,000.

Kennicutt, Mahlon C. Texas A&M Uni-
versity, College Station, Texas.
Sources, distribution, and fate of hy-
drocarbons in the vicinity of the Ba/na
Paraiso spill, Arthur Harbor. DPP 89-
15015. $33,600.

Palinkas, Lawrence A. University of Cal-
ifornia, San Diego, California. Adap-
tation and adjustment in the Antarctic:
Long-term effects on health and per-
formance. DPP 90-96178. $75,910.

Putt, Mary E. Old Dominion University,
Norfolk, Virginia. Seasonal and spa-
tial variation in the abundances and
trophic role in the nano- and micro-
zooplankton in McMurdo Sound. DPP
90-96155. $94,115.

Radtke, Richard L. University of Ha-
waii, Honolulu, Hawaii. Early life his-
tory of antarctic fishes. DPP 88-16521.
$98,704.

Rivkin, Richard B. University of Mary-
land, Horn Point Environmental Lab-
oratory, Cambridge, Maryland.
Ecology and nutrition of invertebrate
larvae in McMurdo Sound and Mon-
terey Bay, California: Use of phyto-
plankton and non-phytoplankton food
resources. DPP 88-20132. $43,606.
($89,028)

Stein, David L. Oregon State University,
Corvallis, Oregon. Taxonomy of car-
eproctus (Liparidedne, Pisces) of the
southern ocean. DPP 89-15669. $30,000.

Trivelpiece, Wayne Z. Point Re yes Bird
Observatory, Stinson Beach, Califor-
nia. Comparative demography and
foraging behavior of Pygoscelid pen-
guins. DPP 88-15878. $8,843.
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Following is a list of National Science Foundation antarctic awards made from
April to 30 June 1990. Each item contains the name of the principal investigator or
project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from
more than one Foundation program, the antarctic program funds are listed first, and
the total amount of the award is listed in parentheses. Award numbers for awards
initiated by the Division of Polar Programs contain the prefix DPP, those by the
Division of Ocean Sciences contain the prefix OCE, those by the Division of At-
mospheric Sciences contain the prefix ATM, and those by the Division of Materials
Development, Research, and Informal Science Education contain the prefix MDR.
September 1990



Earth sciences

Anderson, John B. Rice University,
Houston, Texas. Marine geology of the
Antarctic Continental Margin. DPP 88-
18523. $25,225.

Boyce, Joseph. National Aeronautics and
Space Administration, Washington,
D.C. Antarctic meteorite working
group. DPP 84-12353. $42,178.

Daiziel, Ian W. University of Texas,
Austin, Texas. Multichannel seismic
study of the deep structure of a cor-
dilleran orogen: The southernmost
Andes. DPP 87-16557. $49,000.
($85,750)

DePaolo, Donald J. University of Cali-
fornia, Berkeley, California. Geo-
chemistry of granites and metamorphic
rocks of the Transantarctic Moun-
tains: Phase 3. DPP 88-16925. $94,234.

Dick, Henry J. Woods Hole Oceano-
graphic Institution, Woods Hole,
Massachusetts. Petrology and tecton-
ics of the circum-antarctic plate
boundary. DPP 87-20002. $170,370.

Faure, Gunter. Ohio State University,
Columbus, Ohio. Study of sediment,
glacier ice, and silicate spherules,
Walcott Névé. DPP 88-16236. $29,297.

Hodge, Steven M. U.S. Geological Sur-
vey, Tacoma, Washington. Corridor
Aerogeophysics of the Southeastern
Ross Transect Zone (CASERTZ). DPP
89-19663. $88,678.

Kubik, Peter W. University of Roches-
ter, Rochester, New York. Measure-
ments of terrestrial ages of antarctic
meteorites. DPP 89-16236. $29,674.

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. $30,854.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Uplift history of
the Ellsworth Mountains. DPP 88-
16655. $4,000.

Oceans and climate studies

Anthes, Richard. University Corpora-
tion for Atmospheric Research, Boul-
der, Colorado. Cooperative agreement:
Support of the National Center for At-
mospheric Research. ATM 87-09659.
$40,000. ($1,125,852)

Bromwich, David H. Ohio State Uni-
versity, Columbus, Ohio. Mesoscale
cyclone dynamics around Antarctica.
DPP 88-16792. $15,414.

Bromwich, David H. Ohio State Uni-
versity, Columbus, Ohio. Boundary-
layer dynamics over West Antarctica.
DPP 89-16921. $261,909.

Curry, Judith A. Pennsylvania State
University, University Park, Pennsyl-
vania. Presidential Young Investiga-
tor Award. DPP 90-96151. $24,500.

DeMaster, David J. North Carolina State
University, Raleigh, North Carolina.
The preservation and accumulation of
biogenic silica and organic carbon in
high-latitude environment: The Ross
Sea. DPP 88-17209. $104,667.

Nelson, David M. Oregon State Univer-
sity, Corvallis, Oregon. Cycling of
biogenic silica in the water column of
the Ross Sea. DPP 88-17441. $130,340.

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.
$82,356.

Astronomy and aeronomy

Arnoldy, Roger, L. University of New
Hampshire, Durham, New Hamp-
shire. Measurement and analysis of
high-latitude magnetic pulsations. DPP
89-13870. $4,200.

Gardner, Chester S. University of Illi-
nois, Urbana, Illinois. Sodium-lidar
studies of the upper atmosphere at the
Amundsen-Scott South Pole Station.
DPP 87-18089. $58,051. ($101,051)

Hofmann, David J. University of Wyo-
ming, Laramie, Wyoming. Investiga-
tion of polar stratospheric aerosols and
their relation to the ozone hole. DPP
87-15913. $272,412.

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. $140,000.

Lubin, Philip M. University of Califor-
nia, Santa Barbara, California. Cosmic
background radiation studies at the
South Pole. DPP 89-20578. $9,131.

Morse, Robert M. University of Wiscon-
sin, Madison, Wisconsin. Observa-
tion of very-high-energy gamma-ray
sources from the South Pole. DPP 88-
18918. $9,500.

Murcray, Frank J. University of Denver,
Denver, Colorado. Infrared measure-
ments in the Antarctic. DPP 89-17643.
$26,250. ($52,499).

Parks, George K. University of Wash-
ington, Seattle, Washington. South
Pole X-ray characteristics. DPP 87-
18586. $7,800.

Price, P. Buford. University of Califor-
nia, Berkeley, California. Measure-
ment of iron group isotopic compo-
sition in the cosmic rays with a light-
weight balloonborne spectrometer
launched from Antarctica. DPP 88-
16550. $41,252. ($68,090)

Rosen, James M. University of Wyo-
ming, Laramie, Wyoming. A study of
polar stratospheric clouds at the South
Pole. DPP 88-16563. $8,000.

Rosenberg, Theodore J. University of
Maryland, College Park, College Park,
Maryland. Riometry in Antarctica and
conjugate regions. DPP 88-18229.
$77,425. ($273,120)

Salamon, Michael H. University of Utah,
Salt Lake City, Utah. MAGPIE: A
magnetic passive isotopic experiment.
DPP 90-03850. $1.

Solomon, Susan. National Oceanic and
Atmospheric Administration, Envi-
ronmental Research Laboratory, Boul-
der, Colorado. Ultraviolet and visible
spectroscopy at McMurdo Station. DPP
89-21914. $1.

Stark, Antony A. Bell Laboratories,
Murray Hill, New Jersey. A telescope
for submillimeter spectroscopy from
the South Pole. DPP 88-18384.
$205,800. ($245,800)

Glaciology

Bindschadler, Robert A. National Aero-
nautic and Space Administration,
Goddard Space Flight Center, Green-
belt, Maryland. West antarctic gla-
ciology-11. DPP 86-14407. $60,000.

Burckle, Lloyd H. Columbia University,
Lamont-Doherty Geophysical Obser-
vatory, Palisades, New York. Diatoms
in Sirius Formation and related sedi-
ments: Significance to paleoclimate and
glacial geology. DPP 88-16613, $4,450.

Grootes, Pieter M. University of Wash-
ington, Seattle, Washington. Oxygen-
isotopoe record for "McMurdo dome"
and its relation to the geological cli-
mate record of the McMurdo Dry Val-
leys. DPP 89-15924. $246,644.

Gross, Gerardo W. New Mexico Insti-
tute of Mining and Technology, So-
corro, New Mexico. A laboratory
investigation of chemical and electri-
cal impurity effects in ice pertinent to
atmospheric and paleoclimatic re-
search. ATM 89-21289. $22,500.
($45,000)
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Weather at U.S. stations

June 1990
South Pole McMurdo	Palmer

	-61.3°	-25.00	-3.40

	

-38.40	-9.20	3.3°

	

(13)	(19)	(30)

	

-73.90	-41.60	-11.1°

	

(30)	(11)	(27)

	

685.24	990.62	981.40

	

707.92	1003.25	1013.50

	

(1)	(3)	(11)

	

670.00	974.60	948.00

	

(24)	(12)	(25)

	

TRACE	17.78	657.00

	

045°	080°

	

5.25	4.79	6.85

	

14.75	33.98	47.88

	

(8)	(13)	(20)

	

090°	1600	3600

	

4/10	3.4	8.4

	

16.0	17.0	0.0

	

9.0	9.0	9.0

	

6.0	4.0	21.0

	

0.75	0.4

South Pole* McMurdo
	-56.6° 	-25.90

	

-40.90	-12.20

	

(22)	(23)

	

-69.20	-38.20

	

(26)	(31)

	

682.70	1014.05

	

695.06	1016.05

	

(18)	(14)

	

670.17	980.19
(4)	(31)

TRACE	7.62

045°	080°

	

8.29	5.66

	

20.56	25.03

	

(22)	(13)
010°	070°

8/10	6.0

	

3.0	5.0

	

8.0	11.0

	

19.0	15.0

	

4.9	0.0

South Pole
-57.3°

-39.9°
(12)

-74.8
(27)

683.03

696.92
(12 & 13)

660.10
(30 & 31)

TRACE

045°

7.05

18.33
(12)

020°

7/10

3.0

9.0

19.0

6.0

July 1990
Palmer
-2.7°

8.0°
(4)

-10.11
(19)

989.50

1010.60
(19)

965.70
(29)

581.00

5.71

41.18
(5)

010°

8.9

0.0

3.0

27.0

(

CD

J)

May 1990
Feature	 McMurdo	Palmer

Average temperature (°C)	 -23.50	-3.00

Temperature maximum (°C)	 -8.50	0.60
(date)	 (2)	(19)

Temperature minimum (°C)	 -35.00	- 8.2°
(date)	 (13)	(12)

Average station pressure (mb)	 1000.71	1003.20

Pressure maximum (mb)	 1019.78	1030.70
(date)	 (9)	(11)

Pressure minimum (mb)	 979.11	954.10
(date)	 (20)	(23)

Snowfall (mm)	 129.54	309.00

Prevailing wind direction	 0900	0900

Average wind (m/sec)	 6.18	4.68

Fastest wind (m/sec)	 33.98	31.92
(date)	 (2)	(21)
(direction)	 2100	0600

Average sky cover	 6.9	8.0

Number clear days	 5.0	1.0

Number partly cloudy days	 5.0	12.0

Number cloudy days	 21.0	18.0

Number days with visibility less than 0.4	11.0
km

Prepared from information received from the stations. Locations: McMurdo 77 051'S 166040'E, Palmer 64 ©46S 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.
*Prevailing direction for Palmer Station in June and July will be provided in a later issue of the Antarctic Journal.
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Middleton, Roy. University of Pennsyl-
vania, Philadelphia, Pennsylvania.
Determining exposure ages and ero-
sion rates of bedrock surfaces. DPP 89-
17581. $70,893.

Nishiizumi, Kunihiko. University of
California, Scripps Institution of
Oceanography, La Jolla, California.
Terrestrial age measurement of ant-
arctic meteorites. DPP 89-16036.
$29,435.

Saltzman, Eric S. University of Miami,
School of Marine and Atmospheric
Studies, Miami, Florida. Methanesul-
fonic acid in the Vostok ice core: A
160,000-year record of biogenic sulfur
emissions from the southern ocean.
DPP 88-20919. $3,000.

Support and services

Abbott, Sherburne B. National Acad-
emy of Sciences, Washington, D.C.
Core support for the Polar Research
Board. DPP 89-43962. $110,000.
($161,700)

Canete, Douglas. Argonne National
Laboratories, Argonne, Illinois. Waste
minimization, treatment, and dis-
posal program fro McMurdo Station.
DPP 90-07371. $494,310.

Kubany, Susan K. OMNET, Inc., Bos-
ton, Massachusetts. SCIENCEnet
electronic mail services. OCE 86-19368.
$17,600. ($68,000)

Kwock, Edison C. Navy Facilities and
Engineering Command, Arlington,
Virginia. Engineering support for the
U.S. Antarctic Program. DPP 84-01823.
$365,800.

Lynch, Louise. Courtesy Travel Service,
Washington, D.C. Travel and admin-
istration services of domestic and in-
ternational science and engineering
activities sponsored by the National
Science Foundation. TNT 86-18696.
$4,444.

Murphy, Robert L. Antarctic Support
Association, Orange, California. Lo-
gistics support of operations/research

activities related to the U.S. program
in Antarctica. DPP 89-22832.
$20,111,759.

Murphy, Robert L. Antarctic Support
Association, Orange, California. Lo-
gistics support of operations/research
activities related to the U.S. program
in Antarctica. DPP 89-22832.
$10,000,000.

Proteau, Paul R. Capital Systems Group,
Inc., Rockville, Maryland. Services to
store, publicize, and fulfill requests for
NSF-owned visual materials regard-
ing polar subjects. DPP 88-16162.
$47,685.

Shono, Brian. Navy Facilities and En-
gineering Command, Arlington, Vir-
ginia. Engineering support for the U.S.
Antarctic Program. DPP 84-01823.
$25,000.

Tannen, Mark S. Phoenix Systems, Inc.,
Arlington, Virginia. Software con-
tract—Distributed systems. OIS 87-
16455. $6,515.
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