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Dr. lmre Friedmann, Florida State University uses a depth gage to measure the extent to which
rocks have weathered, while Christopher McKay records the data. This information will be used
in their investigation of how lichens, algae, and non photosynthetic bacteria adapt to living in
cracks or under the surface of antarctic rocks. In the background the edge of the ice sheet is
visible above Beacon Valley, one of southern Victoria Land's ice-free valleys.
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West antarctic ice sheet and marine
ecosystems investigations highlight
1983-1984 U. S. program

The west antarctic ice sheet covers more
than 2.6 million square kilometers of the
continent; a large part of it is grounded
well below sea level. It is the world's only
marine-based ice sheet and is subject to
relatively rapid changes. The east antarc-
tic and Greenland ice sheets, the only other
major ice sheets, are land-based and respond

slowly to change. Information on the his-
tory and nature of the west antarctic ice
sheet is limited, but during the 1983-1984
austral summer four teams of U.S. scien-
tists will study its stability, behavior dur-
ing the last glaciation and interglacial peri-
od, and response to climate changes. Work-
ing on the Siple Coast (82 0S 155'W), they

will focus on four ice streams that flow
into the Ross Ice Shelf. Ice streams, fast-
flowing "glaciers" within the ice sheet,
play an important role in the ice sheet's
response to change. These projects will
expand scientific understanding of ice
sheets and the response of the polar regions
to climate changes.

While glaciologists probe the dynamics
of the west antarctic ice sheet, other scien-
tists will collaborate in a marine biologi-
cal, physical, and chemical investigation of
ice-edge ecosystems during November
1983. Working aboard the R/V Melville



from Scripps Institution of Oceanography
and the USCG icebreaker Westwind, these
scientists will collect data in the South
Atlantic Ocean that may suggest why the
pack-ice edge enhances biological pro-
ductivity and how the seasonal ice margin
acts as ecological interface between open-
ocean and pack-ice communities. Physical
and biological processes are interrelated
near the ice edge; a collaborative investi-
gation will enable the scientists to learn
about the relationships among oceanic fea-
tures, the fluctuating sea ice cover, and
the marine life that inhabits these areas.

Later in the summer, a second group of
biologists and physical oceanographers will
use the Melville to study the behavior and
biology of krill superswarms near the Ant-
arctic Peninsula. Although the antarctic
pelagic ecosystem is dominated by krill,
many aspects of this crustacean's biology
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and ecology are still poorly understood.
Superswarms have been recorded to con-
tain up to 10 million metric tons of adult
krill with a population density of over 5,000
animals per cubic meter. These swarms
attract not only such natural predators as
baleen whales but also commercial fish-
ing expeditions. During their investigation
the scientists will describe a superswarm,
its spatl and temporal behavior, and rela-
tionship with the environment. Data from
investigations like this one may improve
the understanding of ecological relation-
ships in the southern ocean.

These projects are part of the 1983-1984
U.S. Antarctic Research Program (USARP),
a program that the United States has con-
tinuously operated since 1957. Research
on the continent and in the surrounding
oceans provides data crucial to understand-
ing such global processes as climate vari-
ability, plate tectonics, and solar-terrestrial
physics as well as fundamental knowledge
of Antarctica. The National Science Foun -
dation, which funds and manages the U.S.
program, supports research in glaciology,
earth sciences, ocean sciences, marine and
terrestrial biology, medical sciences, and
atmospheric sciences. The scientists who
conduct these investigations are from uni-
versities, nonprofit institutions, and some
federal agencies. The U. S. program also
includes occasional short-term scientific
activities funded by other agencies and
coordinated in the framework of the Foun-
dation's logistic system.

During this austral summer, the National
Science Foundation will support over 300
researchers conducting 93 projects. Land-
based research will be conducted at Mc-
Murdo, Amundsen-Scott South Pole, Siple,
and Palmer Stations (the four U.S. stations),
remote sites, or stations of other nations.
Marine research will be carried out aboard
the R/V Melville, the Foundation's research
ship Hero, and the two U. S. Coast Guard
icebreakers Polar Sea and Westwind.

In other projects, geologists supported
by the Westwind will return to the James
Ross Island area near the eastern coast of
the Antarctic Peninsula to search for plant
and animal fossils, which help explain Ant-
arctica's past relationship with South Amer-
ica. Seymour Island, one of tHe islands in
this group, was the site of the first dis-
covery (in 1982) of antarctic land mam-
mal fossils. A glacial geology project will
search for marine microfossils at elevations
well above sea level along a 1,600-kilometer
stretch of the Transantarctic Mountains.
Scientists believe that the fossils will help
determine the size and frequency of ant-
arctic ice sheet fluctuations that occurred
over 65 million years ago. In both these
projects fossils provide a key for under-
standing past environmental changes, ice
sheet movement, and the geologic history
of the continent.

Marine geologists working aboard the
Melville and the South African research
ship Aguihas will study variations in the
geochemistry of the Earth's upper man-
tle. This research, which has been con-
ducted by U. S. and South African scien-
tists for several years, is designed to locate
upper mantle hot spots thought by many
scientists to be the driving mechanism for
tectonic plate motion. Both groups will
work near the Southwest Indian Ridge.
This undersea feature is part of the global
midoceanic ridge and separates the Afri-
can tectonic plate from the antarctic plate.
Rock samples dredged from locations along
the ridge will be used to describe varia-
tions in geochemistry and help define where
active upwelling is taking place in the man-
tle. One objective is to determine how such
upwelling might cause tectonic plates to
move.

Investigations of the sun's internal struc-
ture will continue at South Pole Station
this austral summer, along with a new
astronomy project. Astronomers will test
an 8-centimeter telescope system to moni-
tor photoelectrically four discrete stars at
several wavelengths during the austral win-
ter. These tests will help investigators eval-
uate the South Pole site for future research
as well as provide new data on the selected
stars about which little is known. The tele-
scope will be set up during the summer; a
microcomputer will activate it for obser-
vations between April and September 1984
when the sky is dark. The South Pole site
was chosen not only because the austral
winter is long and dark but also because
the star elevations do not vary diurunally.

Cooperative research with other nations
is an important component of the U.S.
program. This austral summer U. S. sci-
entists will work with scientists from Aus-
tralia, Chile, China, France, the Federal
Republic of Germany, Japan, New Zea-
land, Poland, South Africa, the Soviet
Union, Switzerland, and the United King-
dom in more than 20 projects. U. S. scien-
tists will work in company with field pro-
grams of other nations, while foreign sci-
entists will work at U. S. stations or in
remote areas of Antarctica with U.S. scien-
tists.

In the following pages the objectives of
each project are summarized; projects also
are listed by location. Support and logis-
tics activities are described on pages 19-20.
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Planned research projects, 1983-1984

Marine biology

Despite the inhospitable environment
of the continent, summer data suggest that
the oceans surrounding Antarctica comprise
one of the world's richest regions of marine
life. Although biologists have gathered
much data on the types of antarctic marine
life over the last decades, more informa-
tion is needed on the interactions among
species, their life histories, abundance and
distribution, and special adaptations to the
environment. Current research emphasizes
study of the structure and function of this
ecosystem, as well as understanding adapta-
tions to antarctic environments, particu-
larly low temperatures. With the 1982 entry
into force of the Convention for the Con-
servation of Antarctic Marine Living Re-
sources, a better understanding of this
marine ecosystem will have direct appli-
cation in its operation. Such data provide
the international community with infor-
mation necessary to manage and conserve
antarctic marine life.

Life under thick ice. Paul K. Dayton
and Gerald L. Kooyrnan, Scripps Institu-
tion of Oceanography. Ice thickness and
snow accumulation may limit primary pro-
ductivity under the Ross Ice Shelf. In the
past researchers believed that life was sparse
everywhere beneath this ice shelf, but recent
data, obtained from deep-water photogra-

phy and by divers, suggest that life is abun-
dant and varied near White Island. This
hypothesis also is supported by the pres-
ence of 25 to 30 well-nourished Weddell
seals near the island. The benthic communi-
ties in this area represent gradients of shal-
low to deep-sea (eutrophic to oligotrophic)
habitats and varying current and sedimenta-
tion regimes. We will take benthic photo-
graphs during transects from 20 to 500
meters deep at seven sites near Ross Island.
Three sites and most of the transects will
be under the ice shelf. The benthic associ-
ations described will be compared for pat-
terns of species, abundance, and distribu-
tions. Estimates of their biomass will be
made when possible. With midwater and
baited-trap photographs we will survey
rapid-swimming, pelagic life forms in
McMurdo Sound and under the Ross Ice
Shelf. Coupled with current and density
measurements, these data will help to define
better the ecological processes under thick
ice and may give a better understanding
of deep-sea ecosystems. (S-003)

Seasonal movements and interactions of
the Weddell seal and the antarctic cod in
McMurdo Sound. Donald B. Siniff, Uni-
versity of Minnesota. One objective of our
research during this austral summer is to
learn more about the interaction between
the Weddell seal (Leptonychotes weddelli)
and its prey, particularly the antarctic cod
(Dissostichus nlawsoni). We will catch fish

from various locations and release them
with sonic tags to track their under-the-
ice movement patterns. Working near
McMurdo Station, we will document dis-
tribution of immature Weddell seals be-
tween October and February, monitor the
movements of radio-instrumented Weddell
seals into and out of McMurdo Sound,
and census seals at Hutton Cliffs. In Jan-
uary and February we will be on an ice-
breaker to census and tag seals near the
ice edge. Several remote receiving-recording
stations will be placed on prominent land-
marks around McMurdo Sound to moni-
tor long-term movement of radio-tagged
seals. (S-004)

The role of glycopeptide antifreezes in
freezing avoidance of antarctic fish. Arthur
L. DeVries, University of Illinois. Living
organisms adjust protein synthesis rates
in response to environmental factors as a
fundamental strategy for survival. We have
discovered that all antarctic fish living in
ice-laden shallow water possess either gly-
copeptide or peptide compounds that have
protein antifreeze properties. Results of
our experiments have indicated that there
are eight different-sized glycopeptides,
which lower the freezing point of body
fluids below the temperature of the sea-
water (-1.9°C). This season we will catch
various species of native antarctic fish to
obtain tissue and fluid samples for deter-
mining the distribution of the different
glycopeptides in all body fluids. We will
also investigate whether intestinal glyco-
peptide antifreezes originate in the intes-
tines or are absorbed from the blood. Con-
tinuing past experiments, we will study
the relationship of the glycopeptide struc-
ture to its function. A comparison of how
the fish Pagothenia borchgrevinki and the
Atlantic fish Microgadus tomcod regulate
levels of glycopeptide antifreezes will be
conducted. While the antarctic fish main-
tains constant levels of the antifreeze com-
pound in the uniform cold of antarctic
waters, the tomcod produces different lev-
els, correlated with the seasonal variation
of temperature in its environment. (S-005)

Behavioral ecology of antarctic krill
(Euphausia superba). William M. Hamner,
University of California. Although krill
dominates the food chain of antarctic
marine ecosystem, few detailed observa-
tions exist of the crustacean at sea. Results
of previous 2-year study altered our as-
sumptions about open-ocean behavior of
krill. We found that krill form dense
schools that move rapidly and migrate hori-
zontally to exploit high food concentra-
tions by area-intensive searching and rapid
feeding behavior. Chemicals rather than
particles trigger feeding. We will extend
our investigation of how chemical cues
initiate feeding and compare our findings
of feeding morphology with other zoo-
plankton. This season we will begin a

September 1983



3-year investigation to extend our under-
standing of behavioral ecology. At sea,
divers will locate krill and map the extent
and configuration of swarms. To document
swarming behavior and interactions, we
will make 35-mm photographs and video
films. Also we will study the relationships
among krill behavior and feeding strate-
gies of marine mammals and sea birds.
Sea birds that eat krill will be tracked to
their feeding grounds, and some will be
collected for analysis. Laboratory studies
of behavioral responses and structural mor-
phology will be conducted at Palmer Sta-
tion. With color video films, we will exam-
ine the relationship of swarming to feed-
ing. For this study, phytoplankton will be
marked with a dye, which will enable us
to establish relationships of krill swarm
density and size with phytoplankton con-
centration and patch size. A 16-mm movie
film will help describe the movement of
particles and water in a flow chamber as
confined krill feed. (5-006)

Status of known-age birds banded as
chicks at Palmer Station in the 1970s. David
F. Parmelee, University of Minnesota. Dur-
ing the 1970s the behavior and ecology of
a select group of breeding skuas were stud-
ied near Palmer Station on Anvers Island.
As a part of these investigations large num-
bers of young, known-age birds were
marked. This season our main objective is
to determine the present status of this group
of young birds, because information about
antarctic species, especially those of known
age and parents, is limited. We will visit
sites of our earlier study to determine which
are occupied by marked birds and which
by unmarked birds; we also will check
what new territories have been established
(especially by known-age birds) and what
previously occupied territories have been
abandoned. The present status of the brown
skua population near Palmer Station will
be evaluated relative to the 1979 fowl chol-
era that killed most of the birds. Other
objectives include studying hybrid skuas
marked during the 1970s, collecting birds
of known-age and parents for plumage,
molt, and taxonomic studies, and banding
skuas to increase our knowledge of this
bird's migration patterns. Our data will
be incorporated into a comprehensive
monograph on the birds of Anvers Island.
Information on banding birds will be avail-
able from the U. S. Fish and Wildlife Ser-
vice, and specimens will be contributed to
the Bell Museum at the University of Min-
nesota and the Smithsonian Institution for
use by other investigators. (S-012)

Population biology of south polar skuas.
David G. Ainley, Point Reyes Bird Obser-
vatory. The breeding biology of south polar
skuas, one of six major avian species of
the pack-ice bird community in Antarcti-
ca, has been investigated by several re-
searchers; our study focuses on popula-

tion structure and demography. Surveys
during past austral summers indicated that
south polar skuas begin to breed between
ages 5 and 9 and that breeding pairs stay
together and maintain their breeding ter-
ritories for as long as 15 years. Our research
also suggests that these birds may survive
for 50 years or more, although the popu-
lation's age structure is irregular and
affected by environmental change. At Cape
Crozier this season we will focus on the
presence or absence of skuas and the breed-
ing status of known-age birds that may
be at this site. During the 1982-1983 aus-
tral summer we discovered three sites along
the Victoria Land coast with more than
1,000 pairs of skua at each site. We will
revisit these locations to check the status
of the colonies. (S-013)

Reproduction, feeding, swimming ener-
getics, and larval physiology of Euphausia
superba. Langdon Quetin and Robin Ross,
University of California. We are interested
in relating krill egg production to tempo-
ral changes in the environment, under-
standing the relation between krill spawned
early in the season and food availability,
and learning more about the interrelation-
ships of swimming, feeding, and respir-
ing. This season we will focus on three
aspects of krill biology. Working near the
Antarctic Peninsula, we will estimate the
seasonal and areal variation in daily egg
production and simultaneously measure
environmental and biological parameters
that may affect egg production. From these
data we will learn more about krill nutri-
tional history. The second phase focuses
on the effect that environmental conditions,
such as starvation during the first feeding
cycle and variable food supply, have on
growth and development of eggs released
at different times during a season. We will
compare feeding and swimming energet-
ics of individual krill with krill in a swarm.
We will attempt to determine how starva-
tion affects swimming capabilities, meta-
bolic rates, and chemical composition dur-
ing the austral winter and summer. The
results of this project should contribute
substantially to understanding aspects of
krill biology that are either unknown or
poorly understood. (5-014)

Computer studies of free diving Wed-
dell seals: Fetal and maternal heart rate
responses and arterial blood gas tensions
and intermediary metabolites. Warren M.
Zapol, Massachusetts General Hospital. In
the laboratory, simulated diving tests of
pregnant Weddell seals have shown that
the fetus responds with a slowed heart
rate within a minute of the mother's re-
sponse and before changes occur in fetal
blood gas composition. The stimulus that
slows the fetal heart rate is unknown. Con-
tinuing research begun last year, we will
use computer techniques to monitor and
sample blood while the seals dive beneath

the fast ice near McMurdo Station. We
have developed and tested computer in-
strumentation for recording fetal and ma-
ternal heart rates and seawater pressure in
near-term gravid seals. With this system
we will investigate whether the fetal seal
exhibits the diving bradycardia we observed
in the laboratory. We will correlate both
heart rates with the depth and duration of
each dive and obtain information about
the relationship between fetal and mater-
nal heart rates that may help to determine
how the fetus becomes aware of its moth-
er's diving response. These data will extend
our understanding of not only fetal re-
sponses in diving mammals but also fetal
cardiovascular responses in terrestrial
mammals. In 1982 we took the first arte-
rial blood samples ever drawn from marine
mammals during deep diving. Using sim-
ilar methods this season we will obtain
more blood samples to assay blood gas
ratios and intermediary metabolic reactions
during dives down to 450 meters by adult
seals. (5-024)

Reproductive dynamics of ciliates and
other protists in the ice-edge zone. John
F. Heinbokel, Chesapeake Bay Institute,
Johns Hopkins University. Models describ-
ing the antarctic marine food chain tradi-
tionally focus on the relationships among
diatoms, krill, and carnivores (whales, seals,
and birds). Because data from tropical and
temperate regions suggest that these sim-
plified, linear systems do not account for
bacteria, micro-flora and -fauna, and larger
gelatinous zooplankton, some biologists
believe that an unstructured web of inter-
actions provides a better model. In the
southern ocean a nano phytoplankton-ci-
hates-crustacean food chain may be a key
for understanding the ecosystem. Because
of their abundance, rapid feeding, growth,
and metabolic rates, ciliates have a greater
functional importance in most seas than
indicated by their biomass. The few exist-
ing southern ocean studies suggest that
planktonic ciliates are present and often
abundant. This austral summer we will
examine the reproductive dynamics of cili-
ates and other unicellular components of
the ice-edge planktonic community in the
ice-edge zone. Using a new technique, we
will determine diel periodicity in reproduc-
tion and estimate division and productiv-
ity rates. Population growth will be indexed
by the proportion of dividing individuals,
which we will identify by nuclear morphol-
ogy. (5-028)

Growth patterns in antarctic fish. Tim-
othy E. Targett, Skidaway Institute of
Oceanography. The original notothenioid
fish, present when Antarctica separated
from Australia 40 to 65 million years ago,
has evolved in isolation from other fauna.
Although the coastal fish community in-
cludes 14 families, more than 70 percent
of the species and greater than 90 percent
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of the individuals belong to four families
of the suborder Notothenioidei. Because
95 percent of the notothenioid species are
endemic to Antarctica, most southern ocean
coastal fishes are unique. No comprehen-
sive study of age and growth patterns in
these fish has been done. With recently
developed techniques that include scanning
electron microscope enumeration of micro-
structural growth increments, we will ana-
lyze otoliths (calcium carbonate concretions
in the inner ear) to determine accurate age
and growth rates for dominant antarctic
fish. By conducting controlled laboratory
experiments at Palmer Station on fish from
nearby waters, we will validate timing and
periodicity of microstructural growth and
investigate the effect of ecological factors
on microstructures. The latter information
will help us interpret the biological signif-
icance of the differences in microincrement
size and structure observed in otoliths.
Comparisons of growth patterns in spe-
cies occupying different trophic niches will
increase our understanding of the relative
roles of benthos and krill resources in fish
production. (S-031)

Interactions of antarctic marine sedimen-
tary microbiota with algae and foraminif-
eral grazers. David C. White, Center for
Biomedical and Toxicological Research,
Florida State University. Soils and surface
sediments in many environments may con-
tain a relatively constant 1 billion microbes
per gram (dry weight). If this is true, an
enormous capacity to regulate metabolic
activity must exist in microbial communi-
ties. At three sites in McMurdo Sound we
will gather data to test this hypothesis.
Our objectives are to define the microbial
biomass and community structure of the
sediments; to estimate microbial activities,
isotope incorporation, and turnover of 'sig-
nature" lipids with various degrees of dis-
turbance controlled by changes in nutri-
tional status; and to measure the transfer
of nitrogen and carbon isotopes from algae
into the microbiota and foraminiferal graz-
ing communities. We will also contrast
the microbes in the sediments of the Ant-
arctic during summer and winter with those
of Australia's Great Barrier Reef, north-
ern Gulf of Mexico estuarine sediments,
and the deep sea and oligotrophic ground
water sediments of aquifers. (S-036)

Factors influencing the growth and
development of sea ice microbial commu-
nities. Cornelius W. Sullivan, University
of Southern California. Annual sea ice is
a unique habitat for under-ice microbial
communities, dominated by diatoms but
including algae, bacteria, and protozoans.
At the end of the summer, the melting sea
ice suddenly releases a surge of these physi-
ologically active microorganisms into the
water column and provides the basis for
the subsequent phytoplankton blooms that
are a rich source of protein for pelagic graz-
ers. This season we will continue experi-

mental field ecology of these communities
in McMurdo Sound. To learn more about
factors influencing the growth and devel-
opment of the sea ice microbial communi-
ty, we will manipulate the degree of snow
cover to alter the light level reaching the
communities. In the laboratory we will
study physiological processes and deter-
mine the communities' biochemical com-
positions. Our objectives are to determine
the natural growth rates and understand
specific physical aspects including light,
temperature, and salinity of adaptations
to the sea ice microenvironment. (S-039)

Pygoscelid penguin population studies
in Admiralty Bay. Wayne Trivelpiece, Point
Reyes Bird Observatory. For 3 years we
have studied breeding and feeding ecol-
ogy of Adelie, gentoo, and chinstrap pen-
guins on King George Island near the Ant-
arctic Peninsula. Last austral summer data
on mates, nest-site selection, and reproduc-
tive success were collected for several hun-
dred known-age pairs of each penguin spe-
cies. During the 1983-1984 austral sum-
mer we will determine the nest-site tenac-
ity, mate fidelity, survival, and reproduc-
tive success of these known-age penguins.
These data will establish a basis for future
population studies of penguins in this
region and help determine the role that
members of this genus play in the marine
ecosystem. We will continue to band chicks
of each of the pygoscelid species. (S-040)

Sea ice microbial dynamics. Cornelius
W. Sullivan, University of Southern Cal-
ifornia. As participants in the ice-edge eco-
system investigation, we will collect data
on abundance, activity, and growth rates
of algae and bacteria in the ice, in the water
column under the ice, and along transects
away from the ice edge. Measurements
also will be made of microbial production
and use of dissolved free amino acids. By
comparing these three data sets we will
learn more about the role that this com-
munity plays in enhancing the productiv-
ity in the ice-edge zone. (5-320)

Distribution of sea birds in the ice-edge
zone. David G. Ainley, Point Reyes Bird
Observatory. Our objective is to under-
stand whether the abundance and distri-
bution of sea birds along the ice edges is
governed directly by the availability of prey
or indirectly by physical oceanic features
that the birds associate with abundant prey.
To acquire data we will participate in the
ice-edge ecosystem studies during Novem-
ber 1983. We will record the number and
distribution of birds as well as the species
composition of avian communities. This
information will be related to oceanic fronts
and the distribution of prey and integrated
with other biological and physical ocean-
ographic data. The results will extend our
understanding of interactions among organ-
isms in the upper trophic levels of the
antarctic marine ecosystem. (S-321)

a.
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NSF photo by William Curtsinger.

Adélie penguins gather on the sea ice under
the shadow of a large iceberg. A truly antarctic
bird, Adélie penguin and its colonies are found
within 1,400 kilometers of the South Pole
and rarely found north of the antarctic circle.

Microalgae of sea ice and the water col-
umn. Greta Fryxell, Texas A&M Univer-
sity. Observations and some quantitative
measurements suggest that more organisms
are concentrated and biological activity is
higher in the ice-edge zone than in the
open ocean or pack ice. During Novem-
ber 1983 a multidisciplinary investigation
will gather data on the biology and physi-
cal and chemical conditions that induce
and maintain high productivity in this
region. As participarus in this project, we
will examine microalgae populations in the
water column and sea ice and determine
relationships among these populations. We
will correlate distribution and composition
of algal flora associated with pulses of high
productivity with physical oceanographic
data. Selected algal species from the water
column and sea ice will be cultured to
determine growth rates, life history, and
resting stages. (S-322)

Nutrient dynamics and phytoplankton
production in the ice-edge zone. David
M. Nelson and Louis I. Gordon, Oregon
State University, and Walker 0. Smith,
University of Tennessee. In the ice-edge
zone intense phytoplankton blooms are
important to regional productivity. We
hypothesize that phytoplankton produc-
tivity is stimulated by a combination of
elevated nutrient concentrations and water
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column stability that results from interac-
tions between the ice edge and the open
ocean. To test this hypothesis, we will mea-
sure phytoplankton production and dis-
solved and particulate forms of nitrogen,
phosphorus, and silicas along transects
extending from within the pack ice to about
100 kilometers seaward from the ice front.
Autoradiographic studies using carbon-14
will help identify algal species contribut-
ing significantly to primary production.
This work will be coordinated with other
investigations during a multidisciplinary
investigation of the ice-edge zone in the
South Atlantic during November 1983.
(5-323)

Abundance and feeding of krill in the
pack ice. Jeanne C. Ste pien, Lamont-Do-
herty Geological Observatory of Colum-
bia University. Physical dynamics, asso-
ciated with melting ice, in the water col-
umn at the ice edge may increase the avail-
ability of light and, consequently, favor
phytoplankton growth at the sea edge and
in the pack-ice. We believe that the larger
phytoplankton biomass in this region
increases the abundance of macrozooplank-
ton, particularly krill. To test our hypothe-
ses and identify controlling physical mech-
anisms, we will characterize the abundance
of krill and other macrozooplankton in
the ice-edge zone, examine the contribu-
tion of ice algae to energy demands of
krill, and investigate krill winter behav-
ior. Underwater photography, as well as
acoustic measurements taken by other
investigators during this ice-edge ecosys-
tem investigation, will help characterize
krill abundance. Feeding modes and pref-
erences of krill during the winter will be
evaluated by microscopic examination of
gut contents and fecal pellets. Gut fluo-
rescence techniques will be used to esti-
mate feeding rates of krill feeding herbiv-
orously. The results of our investigation
will provide a better understanding of the
distribution, standing stock, and biology
of krill. (S-324)

Distribution of free-living protozoans
in the ice-edge zone. David L. Garrison
and Mary W. Silver, University of Cali-
fornia, Santa Cruz. Although protozoans
are gaining wide recognition as important
components of pelagic chains in temper-
ate and tropical oceans, models for food
chains in polar marine ecosystems are pre-
sented as comparatively uncomplicated sys-
tems. Occasionally protozoans are reported
to be abundant in polar waters, but oth-
erwise they have received little attention.
As consumers of bacteria and autotrophic
nannoplankton, these organisms form a
central trophic link between pico- and
nannoplankton producers and larger, filter-
feeding zooplankton. This austral summer
we will study protozoan populations in
ice-edge communities and determine their
abundance, distribution, species composi-

tion, and role in the food web. Some sam-
ples will be stained with the protargol silver
technique for enumeration and identifica-
tion; others will be examined microscopi-
cally to determine what protozoans eat.
Protozoans also will be cultured to estab-
lish affinities of cyst forms found in .the
ice and to help identify rarer species. (5-
325)

Acoustic assessment of nekton and mi-
cronekton at the ice edge. Michael C.
Macaulay and T. Saunders English, Uni-
versity of Washington. As a part of the
multidisciplinary investigation of the ice-
edge ecosystem, we will assess, by hydro-
acoustic methods, distribution and abun-
dance of krill and other nekton and mi-
cronekton, and coordinate net catches of
these organisms with acoustic data. We
will make acoustic observations in open
water at several frequencies (between 50
and 400 kilohertz) from a towed body with
downward- and sideward-looking trans-
ducers. In the pack ice downward-looking
observations will be made at 105 kilohertz.
Acoustic data will be analyzed to estimate
the biomass of these organisms and pro-
vide basic data for other investigations in
this project. These observations will help
to relate distribution and abundance of
specific organisms to physical, chemical,
and biological data. (S-326)

Population studies of seals in the ice-
edge zone. Albert W. Erickson, University
of Washington. The presence of crabeater,
leopard, Weddell, and Ross seals, as well
as other marine mammals, along the ice
edge is one of the visible expressions of
high productivity in this region. As par-
ticipants in the ice-edge ecosystem study
this austral summer, we will acquire data
on abundance and distribution of these
seals and other marine mammals in the
pack ice and adjacent open sea. We will
census seals and other mammals from a
helicopter flying about 200 feet high along
transects that extend one eighth nautical
mile on either side of the helicopter. As
often as possible we will conduct the cen-
sus during mid-day when the most seals
are on the ice. (5-327)

Feeding, growth, and early development
of krill. Mark Huntley and Edward Brinton,
Scripps Institution of Oceanography. Al-
though many investigations of krill (Eu-
phausia superba) have been conducted,
important aspects of krill biology are still
poorly understood. As part of the ice-edge
ecosystem study this austral summer, we
will focus on feeding and early develop-
ment of krill in the calyptopis and fucilia
stages. We will measure growth, devel-
opment time, and ingestion rates of spec-
imens maintained in suspensions of natu-
rally occurring particulate matter. Devel-
opment times measured in the laboratory
will be compared with those estimated from
collections made during the cruise. To esti-

mate total grazing pressure and its effects
on the phytoplankton standing stocks, we
also will measure the distribution and abun-
dance of other zooplankton. (S-329)

Metabolism of micronekton in the East
and West Wind Drift. Joseph J. Torres,
University of South Florida. Working in
the southern Drake Passage, we will exam-
ine the respiration of dominant midwater
micronektonic fishes and crustaceans at
environmental temperatures. Samples will
he collected between the surface and 1,500
meters. We will measure routine oxygen
consumption in stirred, sealed containers
with activity monitored by ultrasound and
respiration, as a function of swimming
speed, with annular and tunnel-type activi-
ty respirometers. By combining our respira-
tion data with data on feeding, growth,
and reproduction, we will be able to esti-
mate how these midwater species partition
energy from feeding for various activities.
Specimens also will be returned to the
United States for analyses of enzyme activi-
ties.

Biology, physics, and chemistry of large
swarms of krill (Euphausia superba). Eric
Shulenberger, V.I. Loeb, and H. Sleeper,
San Diego Society of Natural History, E.
Brin ton and E. Lange, Scripps Institution
of Oceanography, J. H. Wormuth, Texas
A&M University, and M. Macaulay and
0. Mathisen, University of Washington.
The antarctic pelagic ecosystem is domi-
nated by krill (Euphausia superba); few
other known oceanic systems appear to
be as strongly dominated by a single spe-
cies of zooplankton. Despite decades of
investigations many aspects of krill biol-
ogy and ecology still are not understood.
Among these are the behavior and biol-
ogy of superswarms, which have been
recorded to contain up to 10 million met-
ric tons of adult krill and to have popula-
tion densities of over 5,000 animals per
cubic meter. The causes and functions of
these swarms in the species' biology are
unknown, although feeding, breeding, age-
classes, predation avoidance, and various
physical processes have been suggested.
To develop a good description of a super-
swarm, its spatial and temporal behavior,
and its relationship with the environment, a
team of biological and physical oceanog-
raphers, euphausiid experts, and marine
chemical ecologists will pursue an inten-
sive study of superswarms. We will spa-
tially map one swarm by using high-fre-
quency acoustics and a sophisticated multi-
ple opening-closing net system with fluo-
rometer, acoustics, and current-tempera-
ture-depth (CTD) monitors attached. High-
density observations with CTDs and ex-
pendable bathythermographs will be used
to describe the physical environment. We
will search for aggregation phenomenons
to determine whether they exist and if they
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play a role in the function of superswarms.	may be applicable to more complex organ-	regions. We are also interested in evaluat-
Other studies include detailed taxonomic,	isms, the response of these systems to	ing the rate at which the plant communi-
gut content, reproductive state, and size-	human intervention, and their distribution,	ties recover after they have been disrupt-
frequency analyses of organisms captured	abundance, and dynamics.	 ed. (5-033)
with the net system. (S-330 to 5-332)

Medical sciences
The isolation of antarctic communities

provides biomedical researchers with op-
portunities to study human reactions in
an extreme environment. For several years
investigations of virus transmission and
immunity conducted at McMurdo and
South Pole Stations have provided data
on the nature of virus infections.

Human immune responses during bio-
isolation. Harold G. Muchmore, Oklahoma
Medical Foundation. Contrary to the ac-
cepted concept that virus shedding usu-
ally ends early in convalescence, we have
found by examining throat swabs taken
from South Pole residents that viral per-
sistence and shedding probably continue
over a prolonged period. Samples from
the station residents will be collected again
during this austral summer. We hope to
demonstrate the presence of virus in the
primary nasopharyngeal specimen, to mea-
sure directly posterior nasal mucosal temp-
erature in the extremely dry, cold climate
of the South Pole, and to assess the impact
of climate extremes on nasopharyngeal
mucosa by serial measurements of the
functions of the nasal secretory immune
system. Radioimmunoassay (RIA) and
enzyme-linked immunosorbent assay
(ELISA) techniques will be used to detect
viral antigens in frozen sera and in spec-
imens of nasopharyngeal secretions. Suc-
cessful immunoassays should confirm the
persistence of parainfluenza virus shedding
and increase our understanding of the epi-
demiology of virus infections and the pat-
terns of human immune response. (S-007)

Terrestrial biology
In the ice-free regions of Antarctica, a

few terrestrial species and ecosystems have
evolved over several million years and
adapted to the extreme cold and dryness.
Bacteria, algae, and lichens survive just
below the surface of some rocks. Algae
develops in unique forms in the ice-covered
lakes of southern Victoria Land. Simple
plant communities and some insects have
adapted to the environment of the Ant-
arctic Peninsula. The simplicity of these
terrestrial ecosystems provides opportun-
ities for analyses that are difficult or impos-
sible in more complex systems. By study-
ing these organisms and ecosystems, biolo-
gists learn more about adaptations that

Endolithic microorganisms in ice-free val-
leys: biology and organism-substrate inter-
actions. E. mire Friedmann, Florida State
University. The climate of Antarctica is
arid, especially in ice-free regions; katabatic
winds descending from the polar plateau
heighten desert conditions. Environmen-
tal extremes in such regions may limit life
to a narrow zone under the surface of cer-
tain rocks. Microorganisms inhabit either
fissures and cracks or the structural cavities
of porous rocks. In 1976 endolithic micro-
organisms in southern Victoria Land's ice-
free valleys were first reported. Reports
of microbial colonies inhabiting different
rocks in southern Victoria Land and the
Dufek Massif followed. Since 1979 geo-
logical, meteorological, and biological inves-
tigations have helped us to understand the
nature of highly adapted communities in
southern Victoria Land. Our research
includes micrometeorological measure-
ments, estimation of respiration and net
photosynthetic rates for microbial commu-
nities, calculation of total yearly produc-
tivity, taxonomy of cryptoendolithic lichens
and algae, and the study of nonphotosyn-
thetic bacteria. We also will investigate
the interactions between the organisms and
the rocks they inhabit (including chemis-
try, leaching, and biological weathering),
how the rocks are colonized, and the yearly
accretion of nitrogen in rocks. This research
will provide a more comprehensive under-
standing of cryptoendolithic microbial eco-
systems, including their implications for
earth sciences. (5-015)

Plant communities near Palmer Station,
Antarctic Peninsula. Vera Kornarkova,
University of Colorado, Boulder. In an area
of high environmental stress such as the
Antarctic, plant types decrease in diversi-
ty, and plant communities are organized
simply with an emphasis on stress toler-
ance over diversity of types. During this
austral summer, we will continue to char-
acterize and describe the distribution of
Antarctic Peninsula plant communities near
Palmer Station and identify significant envi-
ronmental factors that affect plant growth
and development. We will collect plants,
soil, rocks, and vegetation and environmen-
tal data. At a few sites in the Arthur Har-
bor area we will make observations
throughout the season. To establish long-
term trends in plant development, we will
compare our data to previously examined
and described plant communities near
Palmer Station. Our objective is to increase
the knowledge and understanding of ant-
arctic plant communities and ecosystems,
particularly in comparison with plant com-
munities and ecosystems in arctic and alpine

Trace metal and nutrient dynamics in
the lakes of southern Victoria Land ice-
free valleys. William J. Green, Miami Uni-
versity. The lakes of southern Victoria
Land's ice-free valleys provide ideal con-
ditions for investigating biogeochemical
processes occurring in natural waters. They
occupy enclosed basins, have a wide range
of water chemistries, and are fed by only
one or two meltwater streams during 6 to
3 weeks in the austral summer. We will
focus our geochemical and hydrological
study on Lakes Miers and Joyce this aus-
tral summer. To gain more information
on how trace metals and nutrients are
transported, removed, and remobilized in
aquatic environments, we will sample the
lakes, set up flumes on major streams feed-
ing them, and monitor the flow rates and
compositions of the streams. We will also
investigate changes in biologically impor-
tant elements as a response to changes in
chemical conditions and determine which
elements are present in concentrations and
forms likely to be toxic to aquatic organ-
isms. Chemical data from meltwater
streams, ice cover, and sediments will con-
tribute to a general understanding of the
trophic states and geochemical evolution
of antarctic lakes. Because the lakes are
isolated and can be studied as entire sys-
tems over a short period of time, they can
provide a complete set of chemical data
for testing equilibrium and dynamic models
of trace element and nutrient behavior.
(5-041)

Earth sciences
With many of the major geological fea-

tures described and mapped in Antarcti-
ca, earth scientists focus on various stud-
ies in geology, geophysics, and geochem-
istry. Over the last two decades the results
of their research have outlined the region's
geology and geophysics and provided sup-
port for such theories as plate tectonics
and the existence of the former supercon-
tinent Gondwanaland. Areas of special
interest include the geologic relationship
between East and West Antarctica, the evo-
lution of the southern ocean and major
continental features, the geologic history
of the southern hemisphere preserved in
fossils, and assessment of Antarctica's min-
eral resource potential. Glacial geologists
collect data to describe ancient climates
and the evolution of and changes in the
antarctic ice sheets, particularly the west
antarctic ice sheet. For geophysicists Ant-
arctica is an uniquely stable platform for
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investigating global geodynamics and moni-
toring the deep structure of the Earth. Since
1969 over 6,000 meteorites and meteorite
fragments, many unique or previously
unknown, have been collected in Antarc-
tica and provided meteoriticists with impor-
tant information about the solar system
and its evolution.

Long-period gravity and seismic obser-
vations. Leon Knopoff and W.D. Smythe,
University of California, Los Angeles.
Because Amundsen-Scott South Pole Sta-
tion is a seismically quiet platform, ideal
for ultralong-period seismic and gravity
observations, we will continue to measure
long-period oscillations of the Earth using
two ultralong-period seismometers (mod-
ified La Coste-Romberg gravity meters).
Also from this station, located on the Great
Circle Path which coincides with portions
of the Mid-Atlantic Ridge and the East
Pacific Rise, phase velocities sensitive to
the middle-mantle structure under an oce-
anic ridge can be studied. The station's
location, its symmetric position between
the oceans, and the low noise at the site
favor observations of long period tides and
free oscillations. Analysis will provide us
with a better understanding of the deep
structure and lateral inhomogeneities of
the Earth. (S-050)

Geodetic and upper-atmospheric stud-
ies using satellites. Arnold J. Tucker, Uni-
versity of Texas. At McMurdo Station we
will operate and maintain a geodetic satel-
lite observatory to collect dual-frequency
doppler data from polar-orbiting satellites.
These satellites transmit similar data to
South Pole Station on specific orbits, and
data from both stations will help determine
the spatial and time variations of the iono-
sphere and provide geodetic positioning
controls. The study of variations in the
Earth's magnetic field at a 1,000-kilometer
altitude will be augmented by telemetered
magnetometer data acquired from other
satellite passes. (S-051)

Geodesy and seismology. Rupert B.
Southard, U.S. Geological Survey. Over-
flights of Navy navigational satellites will
be tracked by two technicians at Amund-
sen-Scott South Pole throughout the year.
These data will be used in studies of polar
motion and ice movement. The South Pole
seismometer will operate as a part of the
Worldwide Standardized Seismology
Network. (S-052A)

Mapping operations. Rupert B. South-
arc!, U.S. Geological Survey. Two field
engineers will continue to conduct geodetic
surveys in the ice-free valleys of southern
Victoria Land to support antarctic map-
ping. Also, aerial photomapping will locate
potential sites for glaciological research
along the Siple Coast and new sites for
geology projects. This information also will
be used to produce large-scale maps of

the ice-free valleys in southern Victoria
Land. (S-052B and C)

Seismic and gravity studies of the upper
crust along the central Transantarctic
Mountains. L. D. McGinnis, Northern Illi-
nois University. This season during a
60-kilometer, north-south traverse of Mc-
Murdo Sound from the McMurdo Ice Shelf
to a point due west of Cape Bird, Ross
Island, we will take seismic measurements
of the Earth's crust and upper mantle. The
primary objective of our research is to com-
pare reflection quality below the ocean floor
in an area of "soft" bottom to the north to
a highly reflective "hard" bottom to the
south. Reflection profiles will be made at
the McMurdo Ice Shelf (78°S 166'E) to
develop techniques for detecting reflectors
beneath the ocean floor where it underlies
thick, floating ice. We will determine the
thickness of glacial and preglacial sediments
and obtain a detailed stratigraphic and sed-
imentary record. The combination of data
from 1982 and this season's data will pro-
vide a three-dimensional interpretation of
the structure and tectonics of the McMurdo
sedimentary basin. From these data we will
be better able to place the tectonic history
of the Ross Sea embayment/Transantarctic
Mountains in global perspective. (S-053)

Late Cenozoic glacial history. George
H. Denton, University of Maine. Research
suggests that the marine ice sheet of West
Antarctica expands to the edge of the conti-
nental shelves in the Weddell, Ross, and
Amundsen Seas during glacial periods and
recedes rapidly from these shelves during
warm interglacial periods. Our research
focuses on the late Quaternary history,
the apparent instability of the marine-
grounded ice sheet in West Antarctica, and,
during the same geologic period, the appar-
ent stability of the terrestrial ice sheet in
East Antarctica. This summer we will exam-
ine ice-free areas along the coast of West
Antarctica, particularly Cape Burks (740
45'S 136°50'W), Mt. Siple, and Pine Island
Bay in Marie Byrd Land. At Mt. Siple we
will sample soil and rocks to assess past
changes in the ice sheet's thickness; at
Pine Island Bay, an important outlet for
west antarctic ice, we will investigate the
ice sheet's present status. We will also visit
and study ice-free areas in Ellsworth Land,
the Antactic Peninsula, and islands in the
Gerlache and Bransfield Straits. Our ob-
jectives are to document and date the
youngest ice advances and recessions in
West Antarctica. These data will be used
in numerical modelling of the stability of
the west antarctic ice sheet. (5-056)

Resource and radioactivity survey in
Antarctica by gamma-ray spectrometry.
Edward J. Zeller and Gisela A. M. Dresch-
hoff, University of Kansas. Radioactivity
surveys conducted since 1976 in southern
and northern Victoria Land, the Darwin
Glacier area, the Ellsworth Mountains, and

Marie Byrd Land, show that substantial
differences in potential for uranium and
thorium mineralization exist from area to
area. During the 1983-1984 austral sum-
mer we will use helicopters based on the
USCG icebreaker Polar Sea to survey
coastal areas of the Pine Island Bay-Mt.
Siple area. A second survey may also be
conducted in the Antarctic Peninsula area
with support from the Chilean antarctic
program. Because no radiometric survey
has been conducted previously in these
areas, this summer's work will enable us
to examine a number of igneous intrusions
and contact zones. Our objective is the
understand the distribution and concen-
tration of radioactive elements in differ-
ent rock types and tectonic environments.
Data will be used to produce gamma-
radiation maps of selected areas; these maps
will be useful in interpreting regional geol-
ogy by differentiating lithologic units with
varying amounts of potassium. (S-059)

Meteoritics. William A. Cassidy, Uni-
versity of Pittsburgh. Meteorites are use-
ful in investigating possible changes
through time in the meteorite flux at Earth,
measuring the cosmic-ray flux in past eras,
searching events in which asteroid parent
bodies were disrupted, and defining the
abundances and characteristics of pre-solar-
system organic molecules. This austral
summer we will systematically search three
sites west of the main Allan Hills ice field.
At one of these sites, about 75 kilometers
west of the main Allan Hills site, we recov-
ered 41 specimens during reconnaissance
in early 1983. The discovery of new con-
centrations of meteorites guarantees that
more meteorite samples will be available
for study, and the chances of finding new
or rare types are greatly increased. (S-058)

Tectonic development of West Antarc-
tica and its relationship to East Antarcti-
ca. Ian W.D. Dalziel, Lamont-Doherty Geo-
logical Observatory. Over several years
we have compiled data and conducted field
research to gain an understanding of the
relationship between East and West Ant-
arctica through geologic time. Our previ-
ous investigations have focused on the Sco-
tia Arc. Because more data on the region
at the base of the Antarctic Peninsula
extending to the Ellsworth, Thiel, and
Whitmore Mountains is necessary, a joint
USARP-British Antarctic Survey investi-
gation will be conducted in Ellsworth
Mountains, Martin Hills, and Mt. Smart
and near Siple Station. During the 1983-
1984 austral summer, field work will
include geology, paleomagnetism, geochro-
nology, and geophysics, with radio-echo
sounding and aeromagnetic surveys con-
ducted by British geologists and geophys-
icists. (5-063)

Stratigraphy and paleontology of Sey-
mour Island. San kar Chatterjee, Texas Tech
University. The marine deposits in the

Antarctic Journal



James Ross Island area (including Seymour
Island) near the Antarctic Peninsula are
the most complete and well-exposed se-
quence of Cretaceous-Early Tertiary rocks
known in the southern hemisphere. These
deposits also are the only known sedimen-
tary rocks of Cretaceous to Lower Terti-
ary age exposed between South America
and Australia. Unprecedented fossil dis-
coveries of a land mammal and marine
Cretaceous vertebrates during a 1981-1982
expedition to this region clearly demon-
strate its importance to our understand-
ing of the biogeographic history of the
southern hemisphere and to the tectonic
history of the southeastern Pacific. Dur-
ing a second expedition to Seymour and
James Ross Islands we will study in detail
the stratigraphy, sedimentology, sedimen-
tary petrology, and paleontology of the
area's sedimentary rocks and search for
more evidence of marine Cretaceous ver-
tebrates on Seymour Island. At this site
we previously collected fossils of sharks,
bony fish, plesiosaurs, and mososaurs. The
abundance of the fossils insures that inten-
sive collecting will expand the faunal list
and provide more morphologic informa-
tion on the taxa already existing. (S-066)

Seismotectonics and volcanology of Mt.
Erebus and vicinity. Juergen Kienle, Uni-
versity of Alaska. Mt. Erebus, an intraplate
volcano on Ross Island, contains the
world's only persistent convecting lava lake
that is accessible for study. By using seismic
data we will try to define the geometry
and eruptive behavior of the magma body
that feeds the Erebus lava lake and will
study the seismicity of the Ross Island
region. From this information we may begin
to understand why there is active intraplate
volcanism in the McMurdo Sound area.
Since 1980-1981 a U.S.-Japanese-New Zea-
land project has used a five-station seis-
mograph network on Mounts Erebus and
Terror to acquire data. This season we
will install two additional permanent sta-
tions. The seismic network will help to
locate microearthquakes precisely in order
to define stress patterns and tectonically
active areas of the volcano and monitor
long-term seismic and acoustic energy
release and fluctuations. The system also
provides us with data by which we can
locate microearthquakes not occurring on
Mt. Erebus and determine if these are tec-
tonic. (5-067)

Volcanic geology of Marie Byrd Land
and its relationship to glacial and tectonic
history in West Antarctica. Wesley E.
LeMasurier, University of Colorado, Den-
ver. This austral summer we will continue
to study hyaloclastites, tufflike deposits
formed when basalt flows under water and
ice and is fragmented. During the 1982-
1983 austral summer we found that the
volcanic sequences from Cape Adare to
Beaufort Island differed from those found

in Marie Byrd Land. We identified only a
few rocks as hyaloclastites but found many
lithic breccia altered by hydrothermal activ-
ity to look like hyaloclastites. From pre-
liminary data we have concluded that in
the Ross Sea area volcanoes did not erupt
beneath a thicker ice sheet as they appar-
ently did in Marie Byrd Land. To support
our findings, we will visit volcanoes along
the Marie Byrd Land coast and western
Ellsworth Land, document field relation-
ships, and collect samples for laboratory
analysis and age determination. We are
particularly interested in Mt. Siple (73015'S
126°6'W) and Mt. Murphy (75 0 20'S 1100
44'W). Photographs indicate that Mt. Siple
is a major volcano, almost as large as Mt.
Erebus; it is unknown whether it is active
or dormant. Mt. Murphy, near the thickest
exposed hyaloclastite section in Marie Byrd
Land, is critical to understanding past ice
thicknesses and levels. Other nearby hy-
aloclastite sections will help establish the
ice level along the coast at the time of
volcanic eruptions. In Ellsworth Land we
will visit hyaloclastite localities in the Hud-
son Mountains (Pine Island Bay) and
Kohler Range (Bakutis Coast) and collect
samples along Hobbs Coast. Samples from
these areas will supplement the existing
information on the Marie Byrd Land gla-
cialhistory. (5-073)

Contemporary geomorphic processes in
ice-free valleys. Michael C. Malin, Arizona
State University. Scientists have studied
the geological and geomorphological his-
tory of southern Victoria Land's ice-free
valleys but have not addressed the nature
and rate of ongoing physical and chemi-
cal processes. We will examine wind ero-
sion, desert pavement formation, chemi-
cal and physical modification of rock mate-
rials, and the relationships of these pro-
cesses to landform development. One goal is
to provide information for various time
scales, beginning with 2 months and con-
tinuing up to 20 years. Each site and the
materials removed at selected intervals will
be documented. We will analyze samples
by x-ray diffraction, optical inspection,
mineralogical analysis, particle-size distribu-
tion and other sedimentological methods,
and topographic and microtopographic
meteorological modeling. Scanning electron
microscopy will be important for study-
ing surfaces (exposed and freshly created)
and crystal interfaces, as we identify the
initial phenomena associated with abrasion
and physical and chemical alteration of
rocks. This information should help in
understanding how these valleys were
formed, how they are changing, and how
to predict the evolution of the region.
(S-074)

Geology, petrology, and geochemistry
of crustal xenoliths from the Erebus Vol-
canic Province. Jonathan Berg, Northern
Illinois University. The boundary between
East and West Antarctica is critical in inter-

preting the geologic and glacial history of
Antarctica and is important to Gondwana-
land tectonics and reconstruction. Study-
ing the interface between the Ross Sea
area and the Transantarctic Mountains may
help determine the nature of the bound-
ary and the causes of uplift and subsidence.
From geophysical studies we know that
the crustal lithologies of these two areas
apparently do not differ, but the crust
beneath the Transantarctic Mountains is
about 40 kilometers thick and the crust
beneath the Ross Sea only 30 kilometers
thick. The accepted hypothesis is that the
Transantarctic Mountains are uplifted,
fault-block mountains, but the tectonic pro-
cesses and causes are unknown. The Ross
Sea region may have dropped or thinned,
probably as a result of continental exten-
sion. On either side of the boundary vol-
caic eruptions of the highly undersatu-
rated Erebus Volcanic Province during the
Cenozoic era carried upper and lower
crustal xenoliths to the surface. Prelimi-
nary analysis of crustal xenolith samples
from this area revealed previously unre-
ported rocks, resembling xenoliths found
in Australia. This season we will system-
atically investigate the petrography and
mineral and whole-rock chemistry of crustal
xenoliths and compare our data with data
from other geophysical projects. From this
investigation we will learn more about the
origins of lower crustal xenoliths and
determine regional variations of crustal
xenolith types. To develop a crustal geo-
therm and interpret regional tectonic histo-
ry, we also will study petrology of lower
crustal granulites. (S-075)

Dry valley real-time telemetry seismol-
ogy. L. G. Holcomb, U. S. Geological Sur-
vey Albuquerque Seismological Laboratory.
The regular availability of high quality
seismic data from Antarctica is a long-term
objective of many investigators. Such data,
when combined with data from the World-
wide Seismological Network, would pro-
vide needed azimuthal control for locat-
ing seismic events in the northern and
southern hemispheres. During the 1983-
1984 austral summer we will survey six to
eight sites in southern Victoria Land's ice-
free valleys. The system, which we plan
to install during the 1986-1987 austral
summer, includes borehole sensors to pro-
vide short-, intermediate-, and long-period
digital seismic data. Data will be transmitted
in real time via a synchronous satellite to
the U. S. Geological Survey Albuquerque
Seismological Laboratory as part of a larger
seismic data collection network. (S-078)

Investigations of the McMurdo Volcanic
Group and the associated ultramafic xeno-
liths. Philip R. Kyle, New Mexico Insti-
tute of Mining and Technology. Continu-
ing research conducted over the last 2 years,
we will map and sample Late Cenozoic alkali
volcanic rocks of the McMurdo Volcanic
Group. Our objective is to understand the
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NSF photo by Russ Kinne.

A UH-1N helicopter waits in University Valley, southern Victoria Land, to pick up a science
party. Helicopters, flown by Navy pilots, transport research field parties and their supplies
from McMurdo Station to areas within approximately 100 miles of the station.

distribution, petrogenesis, and chronology
of volcanic rocks from Minna Bluff, Mt.
Discovery, Mt. Morning, Mason Spur, and
Mt. Erebus. During the 1982-1983 austral
summer we discovered that Mason Spur
is probably an old deeply eroded volcanic
complex that may represent the oldest
known McMurdo Volcanic Group rocks.
To learn more about this area we will geo-
logically map it. While monitoring volcanic
activity at Mt. Erebus, we also will map
older rocks on the volcano's flanks to obtain
information on earlier volcanic activity.
At Minna Bluff, on Ross Island, along the
Hallett Coast, and at Mt. Siple on Siple
Island, we will study the geochemistry and
petrology of hyaloclastites to determine
techniques that will distinguish hyaloclas-
tites formed in subglacial and submarine
environments and also those that have been
affected by hydrothermal alteration. (5-081)

Exploration for fossil land mammals on
Seymour Island. Michael 0. Wood burne,
University of California, Riverside. In 1982
the discovery of land mammal fossils on
Seymour Island confirmed theories that
predicted past presence of mammals, par-
ticularly marsupials, in Antarctica. The
recovered fossils were related to an extinct
South American marsupial family Poly-
dolopidae, which are known there in rocks
about 35 to 60 million years old. We esti-
mate the antarctic fossils to be approxi-
mately 40 million years old and believe
this indicates that marsupials dispersed
from South America to Antarctica by this
time. The relatively young geologic age of
the fossils and their similarity to South
American forms raises questions as to how
long ago and over how much time the
marsupial dispersion occurred and to what
degree they moved back and forth between
Australia and South America before Aus-
tralia broke away from Gondwanaland
(about 56 million years ago). This austral
summer we will search for additional fos-
sil specimens. By recovering more speci-
mens of marsupials or other placental
mammals, we will be better able to inter-
pret the distribution and composition of
land mammals in Antarctica during the
Late Cretaceous to Late Eocene. We may
also be able to discover the role that Ant-
arctica played as a filter for mammal move-
ment between the other two continents.
(5-084)

Paleontologic and geologic history ofthe
James Ross Island basin. William J. Zins-
meister and David H. Elliot, Ohio State
University. A detailed geologic investiga-
tion of the James Ross Island region will
enhance understanding of the evolution
and faunal content of the Late Mesozoic-
Early Tertiary James Ross Island basin. It
also will help define the evolutionary rela-
tionship between this area and the Ant-
arctic Cordillera, the tectonic setting of
the Peninsula region, the evolution of
southern hemisphere shallow-water biota,

and the changing patterns of land and sea
connections. On James Ross, Vega, Snow
Hill, Seymour, and Cockburn islands we
will map sedimentary rock outcrops and
establish the succession of lithofacies in
the sandstone and of depositional envir-
onments in coarse conglomeratic rocks.
These data will help us to understand the
area's geologic development and to com-
pare it with the Tierra del Fuego region.
The unexpected discovery of land mam-
mal fossils in the marine deposits of the La
Meseta Formation has made a detailed en-
vironmental study of the formation impera-
tive. During our paleontologic investigation
we will explore changes in marine fauna
(preserved in sedimentary rocks) from the
Cretaceous to the Tertiary and the effects
of environmental changes on the early his-
tory of present-day benthic faunas along
the Pacific Ocean's southern margins. (5-
086)

Field and laboratory study of geologic
case hardening in dry valleys. Barclay
Kamb, California Institute of Technology.
Case hardening, which is widespread in
arid regions of the world, is a geologic
process in which a rock's surface becomes
harder than its interior; this reduces the
relative rate at which the exterior weath-
ers. On the rock's surface where the crust
has been removed, the interior weathers

rapidly and forms cave or pillar structures.
Case-hardening is a recognized geomorpho-
logical phenomenon, but scientists have
not done field or chemical analyses of these
rock types in Antarctica. To begin unrav-
eling these processes, we will gather sam-
ples for geochemical and microstructural
testing. In other areas of the world we
have observed that case hardening involves
complex interactions between components
on the surface and others that have been
brought to the surface mechanically or in
solution. How such movement occurs under
the conditions prevailing in the dry val-
leys is unknown. Our results will be incor-
porated in a worldwide study. (S-088)

Cretaceous and Early Tertiary palynol-
ogy of the James Ross Island area. Rose-
mary A. Askin, Colorado School of Mines.
Our aim is to establish a biostratigraphic
zonation for the marine and nonmarine
palynomorph succession of Seymour, Snow
Hill, and James Ross Islands. Samples col-
lected during a 3-week expedition in 1982
to Seymour Island and other nearby islands
have yielded rich palynomorph assem-
blages, including many new species. Some
of these have been found in sediment cores
from the Ross Sea, but others are appar-
ently peculiar to the James Ross Island
basin. We will collect additional samples
and correlate our age and environmental
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interpretations with other paleontologic and
sedimentologic studies. From the resulting
Cretaceous-Early Tertiary palynostrati-
graphic reference sequence, we will be able
to better define ages elsewhere in Antarc-
tica. We also will determine the deposi-
tional environment, nature of the original
plant communities, and major environmen-
tal changes in the James Ross Island basin.
(5-097)

Magnetostratigraphy and sedimentology
in ice-free valleys and McMurdo Sound.
Donald P. Elston, U. S. Geological Sur-
vey, Flagstaff, Arizona. To decipher dif-
ferent aspects of Late Cenozoic glacial his-
tory of southern Victoria Land's ice-free
valleys and the Ross Sea, we will conduct
stratigraphic, paleomagnetic, and sedi-
mentologic investigations in eastern (lower)
Taylor Valley. Our work concentrates on
stratigraphic and magnetostratigraphic cor-
relations and dating ice-cemented glacial
samples obtained from drill cores. Detailed
geologic mapping of deposits exposed in
lower Taylor Valley will augment core data.
The objective is to correlate the geologic
record in Taylor Valley with incursions of
the Ross Ice Shelf and the depositional
history contained in the marine record of
McMurdo Sound. This season's drilling
will include six holes, two in an area of
1982-1983 drilling and four near Lake
Fryxell. Drilling depths will range from
about 4 meters to 80 meters. This work is
a U. S. 	Zealand project. (S-099)

Glacial geology and pedology of the
Reedy Glacier-Harold Byrd Mountains
Area. John H. Mercer, Ohio State Universi-
ty. Our field work focuses on the moun-
tains near the southeastern extremity of
the Ross Ice Shelf—primarily those parts
of the Horlick and Queen Maud moun-
tains along the upper half of the Reedy
Glacier and the lower elevations of the
Harold Byrd Mountains. The mountains
along the Reedy Glacier are an excellent
region to investigate changes in the posi-
tion of the Ross Ice Shelf grounding line,
the thickness of the east antarctic ice sheet,
and the elevation of the Transantarctic
Mountains. Near the Reedy Glacier we
will study the glacial sediments in the
Quartz Hills (about halfway between the
Ross Ice Shelf and the polar plateau) and
the western edge of the Wisconsin Plateau
and the slopes below. Recent laboratory
analyses of samples collected from verti-
cal exposures show that these sediments
contain Paleogene and Neogene marine
microfossils. Other sites with fossiliferous
glacial sediments will be sought. On the
gentler ice-free slopes of the Quartz Hills
and below the edge of the Wisconsin Pla-
teau, we will sample soil and determine
the degree to which boulders on the sur-
faces of the several drift sheets of distinct
ages have weathered. Similar studies will
be made on the surface of the fossilifer-

ous tills on the Wisconsin Plateau edge to
estimate the relative ages of the ice over-
riding the Transantarctic Mountains and
the later variations in the proto-Reedy Gla-
cier surface level. Because the Harold Byrd
Mountains lie adjacent to the southeast-
ern extremity of the Ross Ice Shelf into
which the Reedy Glacier flows, these moun-
tains are crucial for investigations of recent
changes in the position of the west ant-
arctic ice sheet grounding line. In this area
we will identify evidence of recent east-
ward or westward migration of the Ross
Ice Shelf grounding line and, if possible,
date any eastward migration and conse-
quent thinning of the ice north of the
mountains by carbon-14 dating of algal
mats in stranded lacustrine deposits. Also
we will briefly visit Mt. Sirius, which is
capped by 40 meters of fossiliferous till.
Samples from this exposure will be com-
pared with those from the Reedy Glacier
area. (S-172)

Seismicity and volcanism of Mt. Erebus.
Takesi Nagata, National Institue of Polar
Research, Japan. In cooperation with the
U. S. and New Zealand antarctic programs,
we will continue to investigate the seis-
micity and volcanism of Mt. Erebus. This
austral summer we plan to install one or
two more year-round stations and eight
to nine temporary stations, which record
information for 20 to 25 days. Observa-
tions from such densely installed stations
should provide us with detailed informa-
tion on the velocity structures of Mt. Erebus
and the precise hypocenter distributions.
Gravity measurements taken at these sta-
tions help describe the volcano's structures.
(S-305)

Glaciology
Antarctica's ice sheet covers 98 percent

of the continent in thicknesses up to 4.8
kilometers. Glaciologists study its structure
and dynamics, its reaction to past climate
changes, and the record contained in the
ice of the variation of atmospheric constitu-
ents over time. Research over the past two
decades has attempted to define the size
and thickness of the ice sheet and to deter-
mine whether it is growing or shrinking.
Radio-echo sounding, ice cores, and seis-
mic studies have provided important infor-
mation on the ice sheet's internal charac-
teristics. Current research includes moni-
toring changes and studying the dynamics
of the east antarctic central ice domes, maj-
or ice shelves, and the marine-based west
antarctic ice sheet.

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. Ice cores provide valu-
able information on past atmospheric con-
stituents and climate. We will extend the
237-meter hole at South Pole Station to
500 meters and collect a 200-meter ice core
at Siple Station. At a camp near one ice

stream on the Siple Coast we will drill a
series of 30-meter shot holes and a deeper
hole for installation of a freeze-in exper-
iment by University of Wisconsin inves-
tigators (project 5-151). (5-150)

Glaciogeophysical study of the interior
Ross Sea embayment. Charles R. Bentley,
University of Wisconsin-Madison. The
dynamics of the west antarctic ice sheet
are important for glaciology and world
climatology. Glaciologists investigate ice
stream dynamics, ice physics, glacier slid-
ing laws, and the ice sheet's history; cli-
matologists gain an understanding of the
relationship between the ice sheet's stability
and climatic warming, information vital
to global atmospheric dynamics. During
the 1983-1984 austral summer we will col-
lect data to determine the present-day state
of the ice sheet and its dynamic behavior
over the last few thousand years. Although
glaciologists generally agree that its pres-
ent size is reduced jr comparison to its
Wisconsin maximum, they disagree about
the magnitude of change and the past loca-
tions of its grounding line. Ice domes, such
the Siple ice dome where we will work,
and ridges along the Siple Coast probably
hold a record of the transition between
Wisconsin and Holocene ice because they
are frozen to the bedrock and have small
catchment areas with little ice flowing away.
We will conduct radar studies of the ice
sheet and subglacial bedrock with a new
vehicle-mounted, digital recording sys-
tem supported by a computer at our base
camp. We will also do seismic shooting
and electrical resistivity sounding of the
ice sheet and bedrock to gather informa-
tion about internal and subglacial physi-
cal characteristics. By setting up a grid
network we will do gravity and magnetic
surveying to study subglacial geology.
(S-151)

Ice dynamics on the Marie Byrd Land
slope. Ian M. Whillans, Ohio State Uni-
versity Research Foundation. The west ant-
arctic ice sheet, an active ice sheet with
high accumulation rates and comparatively
high temperatures, has a close connection
with climatic conditions of the southern
ocean. This makes it more sensitive to
change than the east antarctic ice sheet.
With most of the substrata below sea level,
the ice sheet's margin floats and breaks
into icebergs. A small change in sea level
or ice flow characteristics could bring about
dramatic changes in the whole ice sheet.
The Siple Coast is a good area to study
such changes. Data obtained upglacier (near
Byrd Station) and downglacier (on the Ross
Ice Shelf) provide knowledge of the con-
ditions at both ends of the ice streams.
However, the dynamics of these fast flow-
ing ice streams need to be better under-
stood as they appear to be critical to the
ice sheet's dynamics. For the 1983-1984
austral summer our objectives are to de-
scribe the dynamics of these ice streams
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and survey the Siple ice dome and two ice
streams by conventional and doppler sat-
ellite systems for a future deep drilling
project. We will also take temperature mea-
surements and collect ice samples to deter-
mine snow accumulation rates. (5-164)

Gas analysis of radioactive isotopes and
general core processing of ice cores from
South Pole Station. Hans Oeschger and
Bernhard Stauffer, University of Berne,
Switzerland. In recent years the importance
of ice cores for climatic research has grown
because of the unique information they
provide on the history of the Earth and
planetary systems. New analytical tech-
niques measure carbon dioxide content of
the air in the past and changes in cosmic-
ray-produced isotopes. We are particularly
interested in how carbon dioxide and
cosmic-ray isotope levels relate to glacia-
tion. The South Pole site was chosen
because its temperature is extremely low
and the annual accumulation is such that
a 500-meter ice core will reach back sev-
eral thousand years. Using modified ver-
sions of techniques developed for ice-core
research in Greenland, we will assist with
the analysis and processing of the ice cores
drilled by Polar Ice Coring Office personnel
(project 5-150). Because for carbon diox-
ide studies ice cores must not be fractured,
we will test a device that slowly decom-
presses fragile ice cores in a pressure cham-
ber. Questions that our research addresses
are what were the atmospheric concentra-
tions of carbon dioxide before the indus-
trial revolution and during the climatic
optimum about 6,000 years ago, what is
the history of carbon dioxide increases from
preindustrial times to 1958, what variations
in concentrations occured during the last
few thousand years, and how old is the
air in the firn at the transition to glacier
ice. (5-170)

West antarctic glaciology. Robert A.
Bindschadler, Goddard Laboratory for
Atmospheric Sciences, National Aeronau-
tics and Space Administration. Detailed
measurements of ice sheets in Antarctica
and Greenland indicate that the ice thick-
ens and thins but seldom maintains steady-
state behavior. Different response times
and past conditions of each major drain-
age basin may cause this non-steady state
behavior. Although grounded ice sheets
respond slowly to change, marine ice sheets
show rapid, unified responses under cer-
tain conditions. Data on the stability and
past behavior of the marine-based west
antarctic ice sheet is limited, but theories
do suggest that it responds to climatic
changes. Our objective is to assess the pres-
ent mass balance of the ice sheet and deter-
mine what its likely responses would be
to climatic warming. To do this we will
measure the drainage rates from each major
ice stream along the Ross Ice Shelf and
large-scale strain rates in the mouths of

these streams and on major ice domes and
rises. Tiltmeters will help precisely locate
the grounding line. We also will measure
accumulation rates from surface stakes and
10-meter ice cores at sites within the
catchment area. At selected sites tempera-
ture measurements at 10 meters depth will
provide additional information on present
and past ice sheet conditions and ice stream
dynamics. To interpolate accumulation rate
values between surface measurements, we
will use satellite measurements of micro-
wave emissions. From ice-stream and ice-
sheet dynamics models we will forecast
the ice sheet's response to changes in cli-
mate and ocean behavior. (5-173)

Volcanic and climatic record of ice cores.
Philip R. Kyle, New Mexico Institute of
Mining and Technology. Antarctic ice cores
preserve a record of southern hemisphere
volcanic activity and climate for approx-
imately the last 100,000 years. To evalu-
ate this record we are conducting labora-
tory analyses of ice cores from various
areas of Antarctica. During the 1983-1984
austral summer we will collect data on the
nature and dispersal of tephra (solid vol-
canic ejecta) and volcanic-derived aerosols
from Mt. Erebus. We will drill shallow
firn cores in transects away from the vol-
cano and collect samples from shallow snow
pits. Particle-size distributions, measured
directly in the plume from an instrumented
airplane, will provide information on the
transfer function from the plume to the
surface. Sulfur dioxide content of the vol-
canic plume will be measured from an air-
plane, a helicopter, and the ground. The
surface firn cores will be analyzed for
particle-grain size, acidity, sulfate, and
major ion chemistry. Samples will also be
collected on the Ross Ice Shelf, Skelton
Neve, and Koettlitz Glacier for compari-
son. (S-182)

"Climatopic" drilling in ice at the South
Pole. Claude Lorius and F. Gillet, Labora-
toire de Glaciologie, France. From ice in
central areas of the polar ice sheets, glaci-
ologists have obtained information on
changes in past climates and atmospheric
environments. Ice cores drilled from the
surface to bedrock would answer many
questions about the climate and atmosphere
over the last 125,000 years, but no coring
equipment that can reach this depth is pres-
ently available. We have designed and
tested a thermal probe, the "Climatopic,"
to sample melted ice continually from the
surface to bedrock. Research at the South
Pole has indicated that 125,000-year-old
ice can be found at a depth of 2,600 meters
(200 meters above bedrock). This depth is
our goal. Analyses of the melted ice sam-
ples will provide profiles of deuterium and
oxygen-18 to describe climatic changes.
This project is a cooperative U. S.-French
project with logistic support from the U.S.
Antarctic Research Program. (S-306)

Ocean science
During 66 cruises between 1962 and

1979, the ice-strengthened research ship
Eltanin surveyed 521, 000 nautical miles
of the southern ocean around Antarctica.
Data from these and earlier studies pro-
vided the framework for current investi-
gations in physical oceanography, marine
chemistry, and marine geology and geo-
physics and helped describe the role of
the southern ocean in global oceanic pro-
cesses. This information contributed to the
understanding of sea-floor spreading as
the Earth's primary geophysical process
and the complex nature of the circumant-
arctic current. Subsequent investigations
probed the formation of Antarctic Bottom
Water (a cold, dense water mass that sinks
and spreads globally), identified and inter-
preted evidence of climatic cycles and varia-
tions in ocean bottom sediments, and estab-
lished upper mantle plume convection as
the driving force for sea-floor spreading
along the edge of the antarctic tectonic
plate. Presently ocean science research
focuses on physical, geological, and geo-
physical studies, investigations of the rela-
tionship between oceanic and atmospheric
circulation systems, and the physical basis
for high biological productivity in antarc-
tic waters.

Ross Sea heat flux experiment: pelagic
research on ice shelf melting. Stanley Jacobs
and Arnold Gordon, Lamont-Doherty Geo-
logical Observatory, and R. D. Pillsbury,
Oregon State University. Ice shelves may
control the size of the west antarctic ice
sheet, which in turn may relate to global
sea-level changes. Investigators have sug-
gested that basal melting of the ice shelves is
a significant factor in their stability and
that oceanic heat from the north controls
melting. One objective of our project is to
monitor the heat flux into the region
beneath the Ross Ice Shelf. This austral
summer we will retrieve three long-term
current meter arrays, deployed during the
1982-1983 austral summer to collect data
on water flowing beneath the Ross Ice
Shelf. With this information and next year's
expected data, we will evaluate the rela-
tive roles of vertical and horizontal fluxes
in Ross Sea circulation, determine the
impact of glacial and sea ice on the therm-
ohaline structure, and establish space and
time scales so that natural or induced per-
turbations may be modeled. From the
USCG icebreaker Polar Sea, we will deploy
10 more current meter arrays at selected
sites. During east-west transects we will
take conductivity-temperature-depth (CTD)
measurements at 100 locations. Closely-
spaced time-series CTD measurements will
be made along the the Ross Ice Shelf and
continental margin to determine the geo-
strophic currents, thermohaline properties,
and nature of mesoscale eddies. The data
obtained will help us verify and improve
models of ocean-ice interactions. (5-211)
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Physical oceanography in support of
marine ecosystem research at the ice edge.
Arnold L. Gordon, Stanley S. Jacobs, and
Bruce A. Huber, Lamont-Doherty Geolo-
gical Observatory. Biological activity in
the southern ocean is closely tied to sea-
sonal waxing and waning of sea ice. Dur-
ing November 1983 an investigation of
the ice-edge ecosystem in the Weddell Sea
will probe the effects of seasonal changes
and the characteristics of the ecosystem
by integrating physical oceanographic mea-
surements with biological observations. As
participants in this project, we will pro-
vide oceanic environmental information
within the ice-edge zone and study how
this region is related to the ocean's physi-
cal and chemical structure, meltwater input,
water column stability, and the overall heat
and salt fluxes. Specifically, we will eval-
uate buoyancy and energy fluxes related
to the ice margin, determine the spatial
and temporal scales of horizontal and verti-
cal features, and identify fronts, eddies,
meanders, and currents encountered along
the ice edge. By combining physical and
biological observations, we will learn more
about the relationships among oceano-
graphic features, fluctuating sea ice cover,
and marine life. (S-328)

Structure and petrology of the antarctic
plate boundary in the southwestern Indian
Ocean. Robert L. Fisher, Scripps Institu-
tion of Oceanography. Over several years
U. S. and South African marine scientists
have investigated the dynamics of the
circumantarctic plate boundary. In Janu-
ary and February 1984 a geological-geo-
physical research team will collect data for
this project during a cruise of the R/V
Melville. Working along portions of the
Southwest Indian Ocean Ridge, we will
make underway studies and dredge hauls
to describe structural patterns, crustal com-
position, and geochemical characteristics
of unsampled areas. By dredging four
chasms that segment this slowly spread-
ing ridge, we will be able to collect sam-
ples of lower crustal mafic and ultramafic
intrusives and possibly mantle ultramafics.
About one-third of our dredge hauls will
be devoted to recovering geologically young
basaltic extrusives from several key regions
along the ridge crest. Sampling longitudi-
nally along the ridge-transform fault sys-
tem may reveal significant areal variations
in minor- or trace-element geochemistry
that may be due to upper mantle inhetero-
geneities, differing melt source depths, or
mixing of sources by mantle motions. This
geophysical and geochemical information
will help to complete models of the plate
boundary.

Petrology and geophysics of the south-
ern end of the Mid-Atlantic Ridge. Henry
J. B. Dick, Woods Hole Oceanography
Institution. Although passive upwelling
of basaltic magma at mid-ocean ridges is
accepted as a response to sea-floor spread-

ing, the driving forces behind this phe-
nomenon are not clearly defined. Our data
suggest that a mantle convection plume
exists at the Bouvet triple juncture (near
Bouvet Island) and influences the geochem-
istry of the surrounding ocean-floor lavas.
From these data we also have determined
that the plume's influence does not extend
further west than 1°W but does extend as
far east as 11 0 E; little is known about its
influence to the north. We believe that
the apparent asymmetric distribution of
plume-enriched lavas around Bouvet Island
result from mantle geodynamic processes
associated with the development of the
Southwest Indian Ridge system and the
movement of the African tectonic plate
over the plume. Based on these data gath-
ered during several U. S.- South African
marine geophysical investigations, we have
developed a model to explain the plume's
influence on the surrounding ocean floor.
To test this model more information about
the geochemistry of lavas north of the
plume is necessary. During the 1983-1984
austral summer we will collaborate with
South African scientists and work aboard
their ship R/V Agulhas along the south-
ern end of the Mid-Atlantic Ridge. We
will conduct geophysical surveying to locate
dredge sites and systematically dredge ridge
segments and deep fracture zones between
34°35'5 i°W and 47 0 5 10°W.

Lower atmosphere studies
In the global climate system Antarctica

is critical to atmospheric circulation as a
major cooling center. The region also may
have an important role in long-term cli-
mate variability. U. S. scientists are inves-
tigating the physical processes in the ant-
arctic environment and their influence on
climate and weather. Synoptic meteoro-
logical data enable scientists to probe large-
scale atmospheric dynamics, model atmo-
spheric processes, and improve long-range
weather forecasting in Antarctica. Because
of the unique climatic conditions in Ant-
arctica, researchers are also able to gather
data on atmospheric aerosol transport and
precipitation and the variability of trace
gas constituents and their effect on climate.

Meteorological variation of aerosols.
Austin W. Hogan, State University of New
York, Albany. From 1973 through the 1983
austral winter we observed the interaction
among atmospheric aerosols, cloud process-
es, and transport mechanisms in the Mc-
Murdo/Ross Sea/dry valley area. This aus-
tral summer the results of this investiga-
tion will be used to learn how surface aero-
sols influence cloud formation. Solar and
terrestrial radiation will be measured; these
data will be compared to our near-surface
meteorological and aerosol measurements.
From this comparison we hope to deter-
mine the magnitude of aerosol interaction

in the energy budget and to gain informa-
tion on whether or not aerosols originate
from sea-ice leads and the sea ice-water
interface. (S-255A)

Aerosol transport processes. Austin
Hogan, State University of New York,
Albany. The ice in Antarctica acts as a
sink and a temporary storage reservoir for
particulate matter, certain gases, and vapors
that precipitate from the air as it passes
over the continent. The precipitation of
these materials to the ice is important to
the stability of several physical properties
of the atmosphere, but the precipitation
mechanisms and the frequency with which
they act are not well understood. This aus-
tral summer a 30-meter tower will be erected
near South Pole Station for meteorology.
By using this tower and special instruments
for measuring precipitation and mixing
parameters near the surface, we will gather
data on the aerosol concentration and rate
of change. Our observations will be coor-
dinated with meteorological and radiation
measurements to estimate climatological
significance. From these data we will de-
velop theories of aerosol transport and pre-
cipitation to antarctic ice. (5-255B)

Geophysical monitoring for climatic
change. James T. Peterson, Environmen-
tal Research Laboratories, National Oce-
anic and Atmospheric Administration. Our
field team will continue long-term mea-
surements at South Pole Station of trace
atmospheric constituents that may influ-
ence climate. Two wintering personnel will
measure carbon dioxide, surface ozone,
winds, pressure, air and snow temperature,
atmospheric moisture, and other trace con-
stituents from the station's clean air facil-
ity. Personnel at Palmer Station will col-
lect carbon dioxide samples for us. (S-257)

Variability in the concentrations of atmo-
spheric trace gases. M. A. K. Khalil, Ore-
gon Graduate Center. Antarctica's relatively
clean environment provides the ideal loca-
tion for identifying anthropogenic trace
gases in the atmosphere. Because the con-
tinent is thousands of miles from the nearest
sources of trace gases, a compound found
in the antarctic atmosphere probably is
present in equal or greater concentrations
everywhere else. The objective of our proj-
ect, which spans 7 years, is to sample var-
ious anthropogenic trace gases from South
Pole Station to determine the temporal
variabilities of concentrations. The results
of this austral summer's research will enable
us to set limits on variables in our calcula-
tions from past years. We will also mea-
sure flurocarbons, methane, and carbon
monoxide. These measurements will expand
scientific understanding of the impact of
these gases on the world's environment.
(S-262)

Boundary-layer air chemistry profile
research at South Pole. Elmer Robinson
and Dagmar R. Cronn, Washington State
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University. The atmospheric boundary
layer and the Earth's surface interact in
various ways that affect the chemical struc-
ture of the atmosphere and processes that
take place on the land or water surface.
The best studied example of these is the
carbon dioxide cycle in the atmosphere
and biosphere. Because these are biogeo-
chemical cycles, it might be assumed that
cold, nonbiological surfaces in Antarctica
would not modify the chemistry of the
atmospheric boundary layer. Our research
near McMurdo Station indicates that trace
compound profiles do occur in the bound-
ary layer. To better understand antarctic
air chemistry, we will begin sampling at
South Pole Station, where the uniform sur-
face of the polar plateau simplifies the
experiment's parameters. Using tethered,
instrumented balloons and an instrumented
meteorological tower we will collect data
up to 200 meters above the surface. These
data will enable us to identify and quan-
tify the mechanisms, active between the
atmosphere and surface, that create trace
compound profiles. Our results will be ana-
lyzed to show how vertical concentration
gradients change in relation to meteoro-
logical and surface parameters. This proj-
ect will provide new data not only for the
meteorologist's understanding of the atmo-
sphere but also for the glaciologist's inter-
pretation of the climate record preserved
in the antarctic glacier ice. (S-275A)

Air chemistry monitoring. Elmer Rob-
inson and W. Lee, Washington State Uni-
versity. To obtain data on halocarbons,
other trace gases, and Aitken nuclei, we
will continue to monitor air chemistry at
Palmer Station. Analysis of air chemistry
data will be augmented by meteorological
observations, correlation with synoptic
weather patterns, comparison with other
northern and southern hemisphere stations,
and other statistical assessments. Other
analyses will be made on whole-air sam-
ples collected at Palmer Station and sent
to Washington State University. (S-275B)

Collection and analysis of automatic
weather station data. Charles K. 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 sta-
tions. To obtain reliable year-round sur-
face data, we have installed AWS units
on the Ross Ice Shelf, at Dome C, Byrd,
Siple, and Dumont d'Urville Stations, and
at Franklin Island and Terra Nova Bay.
This season we will service and recalibrate
these units. With these stations we are
continuously able to gather reliable data
that support current and future meteoro-
logical studies. (5-283)

Tracer experiment. Paul K. Guthals, Los
Alamos National Laboratory. Regional
weather patterns that transport energy and
water to and from the continent and con-
trol the mass of snow and ice on the con-
tinent also transport pollutants, carbon
dioxide, and suspended particles to Ant-
arctica. To understand the way in which
antarctic weather influences global climate,
we need to better understand the circula-
tion systems controlling the continent's
climate. Research suggests that the chem-
ical composition of the aerosols at South
Pole differs from winter to summer and
that distinct seasonal circulation patterns
may exist. To test this hypothesis we will
monitor the transport of a methane tracer
released from an airplane enroute from
Christchurch, New Zealand, to McMurdo
Station, Ross Island. Air samples then will
be collected during flights between stations
and at McMurdo, South Pole, Byrd, and
Siple Stations; some samples may be col-
lected between Christchurch and McMur-
do. With the assistance of French, Aus-
tralian, and British investigators, samples
also will be taken at Dumont d'Urville,
Mawson, and Halley Stations. (S-284)

Dynamics of the Aitken particle size
spectrum for antarctic aerosols. Glenn E.
Shaw, Geophysical Institute, University
of Alaska. The size spectrum of suspended
particles over and around Antarctica may
help to elucidate sources, sinks, and mod-
ifying mechanisms of natural aerosols.
Research has established that the predomi-
nant antarctic aerosol consists of hydrated
droplets of sulfuric acid mixed with vary-
ing amounts of ammonium sulphate. Mete-
orologists agree that the "background" sul-
fate aerosol exists generally throughout
the polar troposphere and has a steady-
state size distribution. Sulfate-aerosol nuclei
are continually created by long-lived,
sulfur-bearing gases and coagulated under
thermal conditions to an upper radius limit
of .000002 centimeter. When larger parti-
cles of crustal or sea salt material are injected
into the atmosphere, larger primary parti-
cles and natural submicron background
aerosols coagulate and may deform the
size spectrum. Our objective is to estab-
lish characteristic sizes in different air mass-
es, including those flowing off the ice sheet
during both weak and strong temperature
inversions, marine masses subjected to
varying transport times over the Ross Ice
Shelf or the winter pack ice, and those
masses associated with precipitation and
frontal weather systems. From these data
we will construct a model that takes into
account sources, transport pathways, and
physical mechanisms that modify atmo-
spheric aerosols. Near McMurdo Station
we will make at least one characterization
of the aerosol size spectrum daily for one
year. These data will be combined with
observations of air temperature, dewpoint,
wind direction and speed, visibility, and

cloud types. We will also use daily synop-
tic charts and satellite photographs of West
Antarctica. (S-287)

Hygroscopic aerosols related to ice crystal
formation in the antarctic atmosphere.
Takeshi Oh take, Geophysical Institute,
University of Alaska. Previous investiga-
tions suggest that ice crystals, especially
from cloudless skies, originate from the
freezing of stratus cloud droplets formed
as moist air rises over the long, gradual
slope of the polar plateau. However, it
may be possible that sufficient quantities
of sulfuric acid and ammonium sulfate are
in the polar atmosphere to cause cloud
droplets to freeze. These aerosols would
he formed in the lower stratosphere in mid-
dle latitudes, transported to Antarctica, and
carried to lower elevations by subsidence.
At South Pole Station this season we will
gather data to test this hypothesis. We
will measure the size spectrum and chem-
ical composition of individual cloud con-
densation nticlei, chemically determine the
sulfate composition of clear-sky ice-crystal
precipitation, and measure the ice nucle-
ation ability of aerosols below -25°C and
under subsaturated water vapor conditions.
Two aerosol samplers on the roof of the
clean air facility will operate continuous-
ly ; aerosol samples on filters and glass
slides will be tested under the station dome.
From this data we will learn about the
nucleation process of atmospheric ice crys-

Cynthia McFee, a National Oceanic and At-
mospheric Administration researcher, reviews
data on trace elements occurring in the at-
mosphere at the South Pole.

U. S. Navy photo (XAM-31 8-B-i 1-80) by Michael L. Mullen.
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tals and the composition, concentration,
and effect of atmospheric particles in polar
regions. (5-288)

Sulfuric acid aerosol production at 30
kilometers over Antarctica. David J. Hof-
mann and J. M. Rosen, University of
Wyoming. In the northern hemisphere we
have measured aerosol size, distribution,
and concentration of sulfuric acid related
to the eruption of the volcano El Chichon.
These data suggest that this eruption has
affected the atmosphere's chemistry. Al-
though very few aerosol measurements of
this type have been taken in the southern
hemisphere, we believe that the same aero-
sols are present in high concentrations.
Continuing this investigation of the global
effects of major volcanic eruptions, we will
measure the concentration of small parti-
cles in the stratosphere (up to 35 kilome-
ters) with an instrumented balloon launched
near McMurdo Station in October. By
obtaining this southern hemisphere data
we will be better able to assess the total
mass of stratospheric aerosol resulting from
the El Chichon eruption. We also will
determine if stratospheric aerosol is formed
at altitudes of 30 kilometers and above, as
appears to happen in the northern hemi-
sphere during early spring. (5-289)

Upper atmosphere studies
Antarctica is well suited for many im-

portant upper atmosphere investigations,
some of which can be done only from ant-
arctic locations. From U. S. stations re-
searchers probe the Earth's upper atmo-
sphere, its near- and far-space environment,
and solar-terrestrial effects on man and
the environment. In the past scientists
working in Antarctica have discovered how
electromagnetic radiation from very-low-
frequency (VLF) transmitters modify the
magnetosphere, how VLF and ultra-low-
frequency (ULF) waves cause charged parti-
cles to precipitate from the magnetosphere,
and how solar flares are linked to occur-
rences of ULF waves in the ionosphere.
The results of these investigations and oth-
ers have helped to describe the structure
and dynamics of the magnetosphere and
the ionosphere, as well as to improve under-
standing of the way radio signals are trans-
mitted. Other research includes studies of
cosmic rays, infrasonic waves, global oscil-
lations of the sun, and aurora! activity.

Very-low-frequency probing of the mag-
netosphere. R.A. Helliwell and I. Katsu-
frakis, Stanford University. We are con-
tinuing to investigate the response of the
earth's magnetosphere to the injection of
coherent very-low-frequency (VLF) waves.
This response includes wave growth, spec-
tral broadening, development of sidebands,
triggering of VLF emissions, wave-wave
coupling, and particle scattering. To operate
within the 2-3 kiloherz range and increase

radiated power at those frequencies, the
existing dipole antenna at Siple Station
was extended to 42.8 kilometers and raised
above the level of accumulated snow dur-
ing December 1982 and January 1983. Dur-
ing the 1983-1984 austral summer, we will
continue to transmit to such satellites as
the Dynamics Explorer-1, ISIS-1, and ISIS-
2, and to support the SEEP (Stimulated
Emission of Energetic Particles) experiment.
We also will continue experiments involv-
ing multiple techniques to study how var-
ious types of VLF waves scatter electrons
into the ionosphere. As a part of particle
precipitation studies, special subionospheric
transmissions to Palmer, South Pole, and
Halley Stations will be made. Continuous
and synoptic broadband VLF recordings
will be carried out as required for long-
term observations, plasmapause studies,
and correlative support of particular pro-
jects. These experiments will conclude when
Siple Station closes in January 1984. (5-
100A)

Very-low-frequency wave observations.
D.L. Carpenter and J.P. Katsufrakis, Stan-
ford University. We are investigating the
physics of the magnetospheric cusp. In
this region, solar-wind plasma freely pene-
trates the magnetosphere and impinges on
the earth's ionosphere, giving rise to a rela-
tively localized region of particle precipi-
tation and to a variety of plasma instabili-
ties. Working with several other groups,
we are attempting to define the character-
istics of the southern polar cusp and deter-
mine the morphology of substorm phenom-
ena as they appear at the high-auroral-oval
latitude of South Pole Station. Broadband
very-low-frequency (VLF) wave data will
be recorded; wave intensity in 10 selected
narrow band channels will be sampled and
recorded on a digital data logging system
provided by the University of Maryland.
While the Siple VLF transmitter is operat-
ing, we will make special ground record-
ings at the South Pole to study how iono-
spheric changes affect subionospheric
signal propagation between Siple and South
Pole Stations. Ground VLF recordings,
made when the Dynamics Explorer-1 sat-
ellite is operating over Antarctica, should
provide important data for cusp and sub-
storm phenomena investigations, and help
determine the extent to which various
classes of high-latitude VLF waves can pen-
etrate the ionosphere. In 1984 we will begin
to study extra-low-frequencies with a new
recording system, developed by Stanford
University. (5-10B)

Very-low-frequency (VLF) probing of
the magnetosphere. D.L. Carpenter and
J.P. Katsufrakis, Stanford University. At
Palmer Station this austral summer we will
study the scattering of magnetospheric par-
ticles through wave-particle interactions
in the magnetosphere at low to middle lati-
tudes. These data will help determine the
rate at which energetic electrons are lost

from the radiation belts due to scattering
by natural whistlers along the geomagnetic
field lines in the plasmapause. We will
also study the effects of particle scatter-
ing from the earth's magnetosphere into
the lower nighttime ionosphere. In this
region the amplitude of subionospherically
propagating fixed-frequency, very-low-
frequency (VLF) signals may be perturbed
by burst-like particle precipitation. Dur-
ing periods of rapid changes in the field
strengths of various transmissions received
at Palmer, the Siple Station VLF transmit-
ter will be operated to test for precipitation-
induced wave effects as a frequency func-
tion on the Siple-to-Palmer path. Palmer
direction-finding equipment will be used
to detect the properties of magnetospheric
whistlers that induce particle scattering in
the subionosphere. We will continue to
support such satellite programs as the
Dynamics Explorer-1 and the SEEP (Stimu-
lated Emission of Energetic Particles) proj-
ect. VLF data will be acquired during passes
of the SEEP satellite near the Palmer meridi-
an. Through continuous chart recordings
we will monitor special modulations of
the Navy VLF transmitters for the SEEP
project. A riometer at the station may also
provide us with a new understanding of
particle scattering processes. We will
extend present observations of wave-in-
duced perturbations of subionospherically
propagating long-wave signals and search
for near-overhead burst precipitation effects
using a riometer. This season we will con-
clude our field work and concentrate on
analyzing our data. (5-100C)

Fluxgate magnetometer investigations.
L. J. Lanzerotti, Bell Laboratories. Over
the last decade, fluxgate magnetometers
have been instrumental in studying hydro-
magnetic wave phenomena in the magne-
tosphere. At South Pole Station we will
use a magnetometer to examine the types
of hydromagnetic waves produced in the
cusp region of the magnetosphere. Hydro-
magnetic wave data from South Pole will
be combined with data from riometers, pho-
tometers, an ionosonde, and the all-sky
camera to better understand the processes
in the magnetospheric-cusp region. Because
South Pole provides outstanding climatic
conditions for extended optical observa-
tions, we are able to correlate optical mea-
surements with particle precipitation and
hydromagnetic wave phenomena recorded
by the magnetometer. To expand this mag-
netic field investigation a fluxgate mag-
netometer will be installed near McMurdo
Station on Arrival Heights with assistance
from University of Maryland researchers
this austral summer. (S-101)

Micropulsation research and preparation
of a new micropulsation station for an
unmanned geophysical observatory. Lau-
rence J. Cahill, University of Minnesota
and Roger L. Arnoldy, University of New
Hampshire. We will continue operation
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of the digital micropulsation stations at
Siple Station and Roberval, Quebec, until
January 1984. Data from the magnetome-
ter on the Dynamics Explorer satellite will
be coordinated with data from these two
ground stations and South Pole Station
when the three stations and the satellite
are alined along magnetic field lines. These
data will enable us to compare wave fre-
quencies, amplitudes, and polarizations on
the ground and in the magnetosphere. A
digital micropulsation station at South Pole
Station will be used to study high-latitude
and cusp ultra-low-frequency (ULF) waves
and correlate ground ULF data with mag-
netic field observations made by the Dy-
namics Explorer. The station also operates
in collaboration with very-low-frequency
(VLF), riometer, optical, magnetometer, and
particle measurements taken at South Pole
Station. In another project, we will coor-
dinate micropulsation data from Siple,
Roberval, and South Pole with riometer
and auroral light data to determine the
source region of irregular, hydromagnetic
wave pulsations, which may originate dur-
ing magnetic activity near the aurora! zone.
Digital analysis will determine the propa-
gation characteristics of spectra and polar-
ization of these events. By combining occur-
rence, propagation, and correlated obser-
vations, we hope to have a more detailed
generation mechanism for these irregular,
hydromagnetic wave pulsations. In con-
junction with other South Pole studies,
we will investigate the relationships among
particle precipitation, field-alined currents,
optical emissions, and plasma waves. Work-
ing with S. Mende and R. Eather (projects
S-104 and S-119), we will continue tests
of a digital micropulsation station to be
used in a prototype unmanned geophysi-
cal observatory at South Pole Station.
(S-102)

Photometer observations of particle pre-
cipitation. S. B. Mende, Lockheed Palo Alto
Research Laboratory. At South Pole Sta-
tion a camera, was installed in 1980 by
our collaborator R. Eather from Boston
College (S-119) to monitor cusp auroral
activity. This camera, which was modified
during the 1982-1983 austral summer, pro-
duces time-latitude " keograms" directly
on film and provides a quick, easy method
of finding the latitude of the cusp, an
important but poorly understood bound-
ary region of the Earth's magnetosphere.
We will continue to operate the camera
this season and check the equipment for
needed adjustments. The system will be
maintained by South Pole personnel dur-
ing the austral winter. (S-104A)

Automatic geophysical observatory. S.
B. Mende, Lockheed Palo Alto Research
Laboratory. This season we will continue
tests of a prototype automatic station devel-
oped for unmanned geophysical observa-
tions in the Antarctic. When perfected,
these unmanned stations will make it fea-

sible to obtain ground-based observations
of magnetospheric and ionospheric phe-
nomena from inaccessible areas. During
the coming austral summer we will simu-
late transportation and field installation
of the observatories near South Pole Sta-
tion and during the winter conduct field
tests. (S-104B)

Atmospheric infrasound studies. Charles
R. Wilson, University of Alaska. We will
continue our observations of infrasonic
waves associated with marine storms, auro-
ral activity, and other geophysical events.
Our objective is to improve understand-
ing of marine storms and stratospheric
winds in the McMurdo area and of the
generating mechanism for auroral infra-
sonic waves. Data will be collected by a
spaced array of sensitive microphones at
Windless Bight on the Ross Ice Shelf.
(5-108)

Cosmic ray intensity variations. Martin
A. Pomerantz, Bartol Research Foundation,
University of Delaware. Cosmic rays pro-
vide a powerful tool for studying exotic
astrophysical processes that occur on the
sun and in its far reaching atmosphere
that controls space near Earth. The ant-
arctic monitoring stations are crucial for
probing interplanetary plasma dynamics
through observations of variations in rel-
ativistic (over 1 gigaelectron-volt) galactic
cosmic rays. At McMurdo and South Pole
Stations, we will continue year-round
observations of cosmic radiation and col-
laborate with the magnetospheric cusp pro-
gram. Our objective is to obtain high quality
observations with the ultimate time reso-
lution that has been attained by other upper
atmosphere programs at U.S. antarctic sta-
tions. (5-109A)

Solar seismology at the South Pole: stud-
ies of solar oscillations. Martin A. Pome-
rantz, Bartol Research Foundation, Uni-
versity of Delaware. This austral summer
we expect to obtain a new series of full-disk
doppler-shift measurements, which will
enable us to probe the sun's interior struc-
ture and dynamics. Specifically the obser-
vations should provide data for models of
the sun's interior temperature structure,
define the lifetime of specific modes of os-
cillations, provide critical information
about excitation and dissipation mecha-
nisms of solar oscillations, probe the nature
of meridional flows in the solar convec-
tion zone, and test the nature of oscilla-
tions with periods in excess of 10 min-
utes. With our new equipment we will
extend our understanding of the structure
and nature of the sun's interior. We will
extend long-period observations to depths
greater than those probed previously and
obtain crucial information about rotational
rates in the regions beneath the sun's sur-
face. (S-109B)

Riometry in Antarctica and conjugate
regions. Theodore J. Rosenberg, Univer-

sity of Maryland. A riometer, or relative
ionospheric opacity meter, provides con-
tinuous data economically on temporal and
spatial variations of energetic electron pre-
cipitation and ionospheric irregularities.
This austral summer we will concentrate
on riorneter measurements of electromag-
netic particle precipitation and ionospher-
ic perturbations associated with the cusp,
auroral oval, and the polar cap ionosphere.
Riometers will be operated at South Pole
and McMurdo Stations, but those at Siple
and Palmer Stations will terminate opera-
tions. At South Pole Station we will acquire
data for very-low-frequency, fluxgate mag-
netometer, micropulsation, and photome-
ter research. This system acquires various
types of data in a common format and
assists scientists in correlating their anal-
yses of complex ionospheric and magne-
tospheric phenomena, characteristic of
solar-terrestrial interactions. At McMurdo
Station we will relocate riometers and digital
recording systems to Arrival Heights from
near the cosmic-ray facility, help Bell Labo-
ratory scientists install a fluxgate magne-
tometer, and investigate the polar cap iono-
sphere in collaboration with New Zealand
scientists. (S-ill)

South Pole optical observations. Robert
H. Eather, Boston College. A modified ver-
sion of our color "keogram" camera was
installed at South Pole Station during the
1982-1983 austral summer. This camera
continuously records the distribution of
two auroral emissions along the magnetic
meridian and monitors the character, posi-
tion, and dynamics of polar cusp aurora.
Because of its spectrum discriminating
capability, this camera is uniquely suited
for displaying the position and motion of
the cusp and auroral oval. A two-channel,
zenithal photometer also has been installed
to monitor low-level auroral emissions for
correlation with riometer measurements.
In addition to this project we will continue
to assist Lockheed scientists with construc-
tion and installation of a prototype auto-
mated geophysical observatory (project
S-104B) at South Pole. (S-119)

Extended observations of solar oscilla-
tions. Robin Stebbins, Sacramento Peak
Observatory. The sun's normal modes of
oscillation comprise a powerful diagnos-
tic tool for studying a star's rotation, inter-
nal geometry, and internal physical pro-
cesses. But, to be useful, the acoustic spec-
trum must be more highly resolved in fre-
quency than is possible in a normal 12-hour
observation period. Extended observations
made at a polar site is one possible rem-
edy to this difficulty. Continuing our
observations this austral summer we will
use a compact, portable telescope to observe
solar oscillations over several days at South
Pole Station. Our observing technique ana-
lyzes solar-limb darkening for brightness
oscillations. Data, acquired for as many
extended viewing periods as possible, will
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be sent to Sacramento Peak Observatory
for analysis. These observations will help
us probe the sun's interior about which
there is little direct information. (5-121)

lonosonde studies of the cusp iono-
sphere. F. T. Berkey and J. R. Doupnik,
Utah State University. Plasma instabilities
and precipitation effects are produced in
the ionosphere by solar winds as they pene-
trate the magnetosphere through the mag-
netospheric cusp. Particle precipitation in
the cusp plays an important role in the
physics of the magnetosphere-ionosphere
system, perturbs the high-latitude dayside
ionosphere, and produces optical emissions.
Because these ionospheric disturbances
cause electron density irregularities, reflect-
ed vertically as incident radio waves, we
can measure these variations with an iono-
sonde (ionospheric sounder). These meas-
urements will provide year-round, detail-
ed information on the structure and dy-
namics of the ionosphere. Our research
will help determine the ionospheric signa-
tures of cusp precipitation and the latitu-
dinal and longitudinal structure of observed
parameters within the cusp region, estab-
lish if the signatures are clear and repeat-
able, and estimate the size and location of
the instantaneous cusp-produced iono-
spheric perturbation. Data will also be ob-
tained on small-scale dynamics and struc-
ture of the cusp ionosphere and how these
are related to other geophysical phenomena.
(S-122)

Automated photometry of selected stars
at the South Pole. Frank Wood, Univer-
sity of Florida. Astronomical observations
of celestial objects undergoing such changes
as brightness, color, spectral type, or polar-
ization of emitted radiation are hindered
by daylight or starset. For photometric stud-
ies of binary star systems or observations
of comets and asteroids this is particularly
true. South Pole Station is an ideal loca-
tion for continuous observations of these
phenomena because in this region the eleva-
tions of stars do not vary and the world's
longest nights exist. As a test, we will install
an 8-centimeter, automated telescope sys-
tem to monitor photoelectrically four stars
at several wave lengths throughout the
austral winter. The nature of one star, a
close binary system, is not understood,
and we will gather data on its light varia-
tion and changes in certain helium and
carbon emissions. Observations of the other
three stars will be compared with the first
star. To assess the South Pole's usefulness
as a site for photometric observations, we
will monitor the fraction of clear nights,
the effect of changing light intensity of
the sky background, and differences in
atmospheric transparency in several wave-
lengths as a function of time. (S-123)

1983-1984 research
projects by location

The following list includes project titles
and the names of the principal investiga-
tors. It is organized according to where
each project is to be conducted during the
coming austral summer and winter. See text
above for descriptions of projects.

Antarctic Peninsula

Behavioral ecology of antarctic krill (Eu-
phausia superba). William M. Hamner,
University of California. (5-006)

Status of known-age birds banded as chicks
at Palmer Station in the 1970s. David
F. Parmelee, University of Minnesota.
(S-012)

Reproduction, feeding, swimming ener-
getics, and larval physiology of Eu-
phausia superba. Langdon Quetin and
Robin Ross, University of California.
(5-014)

Growth patterns in antarctic fish. Timo-
thy E. Targett, Skidaway Institute of
Oceanography. (5-031)

Plant communities near Palmer Station,
Antarctic Peninsula. Vera Komarkova,
University of Colorado, Boulder. (S-033)

Pygoscelid penguin population studies in
Admiralty Bay. Wayne Trivelpiece,
Point Reyes Bird Observatory. (S-040)

Very-low-frequency (VLF) probing of the
magnetosphere. D.L. Carpenter and J.P.
Katsufrakis, Stanford University. (5-
100C)

Air chemistry monitoring. Elmer Robin-
son and W. Lee, Washington State Uni-
versity. (S-275B)

James Ross Island region

Stratigraphy and paleontology of Seymour
Island. Sankar Chatterjee, Texas Tech
University. (S-066)

Exploration for fossil land mammals on
Seymour island. Michael 0. Wood-
burne, University of California, River-
side. (S-084)

Paleontologic and geologic history of the
James Ross Island basin. William J.
Zinsmeister and David H. Elliot, Ohio
State University. (S-086)

Cretaceous and Early Tertiary palynology
of the James Ross island area. Rose-
mary A. Askin, Colorado School of
Mines. (S-097)

Weddell Sea (Melville I)
Reproduction dynamics of ciliates and other

protists in the ice-edge zone. John F.
Heinbokel, Chesapeake Bay Institute.
(5-028)

Sea ice microbial dynamics in the ice-edge
zone. Cornelius W. Sullivan, Univer-
sity of Southern California. (5-320)

Distribution of sea birds in the ice-edge
zone. David C. Ainley, Point Reyes Bird
Observatory. (5-321)

Microalgae of sea ice and the water col-
umn. Greta Fryxell, Texas A&M Uni-
versity. (S-322)

Nutrient dynamics and phytoplankton
production in the ice-edge zone. David
M. Nelson and Louis I. Gordon, Ore-
gon State University, and Walker 0.
Smith, University of Tennessee. (S-323)

Abundance and feeding of krill in the pack
ice. Jeanne C. Stepien, Lamont-Doher-
ty Geological Observatory of Columbia
University. (5-324)

Distribution of free-living protozoans in
the ice-edge zone. David L. Garrison
and Mary W. Silver, University of Cali-
fornia, Santa Cruz. (S-3 25)

Acoustic assessment of nekton and micro-
nekton at the ice edge. Michael C. Ma-
caulay and T. Saunders English, Uni-
versity of Washington. (S-326)

Population studies of seals in the ice-edge
zone. Albert W. Erickson, University
of Washington. (S-327)

Feeding, growth, and early development
of krill. Mark Huntley and Edward
Brinton, Scripps Institution of Ocean-
ography. (S-329)

Physical oceanography in support of ma-
rine ecosystem research at the ice edge.
Arnold L. Gordon, Stanley S. Jacobs,
and Bruce A. Huber, Lamont-Doherty
Geological Observatory. (S-328)

Metabolism of micronekton in the East
and West Wind Drift. Joseph J. Tor-
res, University of South Florida.

Marine geophysical cruises (Melville
II and R/VAgulhas)

Structure and petrology of the antarctic
plate boundary in the southwestern
Indian Ocean. Robert L. Fisher, Scripps
Institution of Oceanography.

Petrology and geophyics of the southern
end of the Mid-Atlantic Ridge. Henry
J. B. Dick, Woods Hole Oceanography
Institution.

Scotia Sea (Melville III)

Biology, physics, and chemistry of large
swarms of krill (Euphausia superba).
Eric Shulenberger, V.J. Loeb, and H.
Sleeper, San Diego Society of Natural
History, E. Brinton and E. Lange, Scripps
Institution of Oceanography, J. H. Wol-
muth, Texas A&M Univeristy, and M.
Macaulay and 0. Mathisen, Univer-
sity of Washington. (5-330 to 5-332)
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Siple Station

Very-low-frequency probing of the mag-
netosphere. R.A. Helliwell and J. Katsu-
frakis, Stanford University. (S-100A)

Micro pulsation research and preparation
of a new micro pulsation station for an
unmanned geophysical observatory.
Laurence J. Cahill, University of Min-
nesota and Roger L. Arnoldy, Univer-
sity of New Hampshire. (5-102)

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. (5-150)

Siple Coast

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. (5-150)

Glaciogeo physical study of the interior
Ross Embayment. Charles R. Bentley,
University of Wisconsin-Madison. (5-
151)

Ice dynamics on the Marie Byrd Land slope.
Ian M. Whillians, Ohio State University
Research Foundation. (5-164)

West antarctic glaciology. Robert A. Bind-
schadler, Goddard Laboratory for At-
mospheric Sciences, National Aero-
nautics and Space Administration. (5-
173)

Marie Byrd Land

Volcanic geology of Marie Byrd Land and
its relationship to glacial and tectonic
history in West Antarctica. Wesley E.
LeMasurier, University of Colorado,
Denver. (S-073)

Investigations of the McMurdo Volcanic
Group and the associated ultramafic
xenoliths. Philip R. Kyle, New Mexico
Institute of Mining and Technology.
(5-081)

Late Cenozoic glacial history. George H.
Denton, University of Maine. (5-056)

Resource and radioactivity survey in Ant-
arctica by gamma-ray spectrometry.
Edward J . Zeller and Gisela A. M.
Dreschhoff, University of Kansas. (5-
059)

McMurdo Station and vicinity

Life under thick ice. Paul K. Dayton,
Scripps Institution of Oceanography.
(5-003)

Seasonal movements and interactions of
the Weddell seal and the antarctic cod
in McMurdo Sound. Donald B. Siniff,
University of Minnesota. (5-004)

The role of glycopeptide antifreezes in
freezing avoidance of antarctic fish.

Arthur L. DeVries, University of Illi-
nois. (5-005)

Computer studies of free diving Weddell
seals: Fetal and maternal heart rate
responses and arterial blood gas tensions
and intermediary metabolites. Warren
M. Zapol, Massachusetts General Hos-
pital. (5-024)

Interactions of antarctic marine sedimen-
tary microbiota with algal inputs and
foraminiferal grazers. David C. White,
Center for Biomedical and Toxicologi-
cal Research, Florida State University.
(S-036)

Factors influencing the growth and devel-
opment of sea ice microbial communi-
ties. Cornelius W. Sullivan, Universi-
ty of Southern California. (5-039)

Geodetic and upper-atmospheric studies
using satellites. Arnold J. Tucker, Uni-
versity of Texas. (S-051)

Seismic and gravity studies of the upper
crust along the central Transantarctic
Mountains. L. D. McGinnis, Northern
Illinois University. (S-053)

Seismotectonics and volcanology of Mt.
Erebus and vicinity. Juergen Kienle,
University of Alaska. (S-067)

Geology, petrology, and geochemistry of
crustal xenoliths from the Erebus Vol -
canic Province. Jonathan Berg, North-
ern Illinois University. (S-075)

Fluxgate magnetometer investigations. L.
J . Lanzerotti, Bell Laboratories. (S-101)

Atmospheric infrasound studies. Charles
R. Wilson, University of Alaska. (5-108)

Cosmic ray intensity variations. Martin
A. Pomerantz, Bartol Research Foun-
dation, University of Delaware. (5-
109A)

Volcanic and climatic record of ice cores.
Philip R. Kyle, New Mexico Institute
of Mining and Technology. (S-182)

Ross Sea heat flux experiment: pelagic re-
search on ice shelf melting. Stanley Jac-
obs and Arnold Gordon, Lamont-Do-
herty Geological Observatory, and R.
D. Pillsbury, Oregon State University.
(S-211)

Meteorological variation of aerosols. Aus-
tin W. Hogan, State University of New
York, Albany. (S-255A)

Dynamics of the Aitken particle size spec-
trum for antarctic aerosols. Glenn E.
Shaw, Geophysical Institute, Univer-
sity of Alaska. (S-287)

Sulfuric acid aerosol production at 30 kil-
ometers over Antarctica. David J. Hof-

mann and J. M. Rosen, University of
Wyoming. (5-289)

Victoria Land

Endolithic microorganisms in ice-free val-
leys: biology and organism-substrate
interactions. E. Imre Friedmann, Flori-
da State University. (5-015)

Trace metal and nutrient dynamics in the
lakes of southern Victoria Land ice-free
valleys. William J. Green, Miami Uni-
versity. (S-041)

Mapping operations. Rupert B. Southard,
U.S. Geological Survey. (5-052B and
C)

Meteoritics. William A. Cassidy, Univer-
sity of Pittsburgh. (S-058)

Late Cenozoic glacial history. George H.
Denton, University of Maine. (S-056)

Contemporary geomorphic processes in
ice-free valleys. Michael C. Malin, Ari-
zona State University. (5-074)

Dry valley real-time telemetry seismology.
L. G. Holcomb, U. S. Geological Sur-
vey Albuquerque Seismological Labor-
atory. (S-078)

Investigations of the McMurdo Volcanic
Group and the associated ultramafic
xenoliths. Philip R. Kyle, New Mexico
Institute of Mining and Technology.
(S-081)

Field and laboratory study of geologic case
hardening in dry valleys. Barclay Kamb,
California Institute of Technology. (5-
088)

Magnetostratigraphy and sedimentology
in ice-free valleys and McMurdo Sound.
Donald P. Elston, U. S. Geological Sur-
vey, Flagstaff, Arizona. (S-099)

Glacial geology and pedology of the Reedy
Glacier-Harold Byrd Mountains area.
John H. Mercer, Ohio State University.
(5-172)

Amundsen-Scott South Pole Station

Human immune responses during bioiso-
lation. Harold G. Muchmore, Oklaho-
ma Medical Foundation. (S-007)

Long-period gravity and seismic observa-
tions. Leon Knopoff and W.D. Smythe,
University of California, Los Angeles.
(S-050)

Geodesy and seismology. Rupert B. South-
ard, U.S. Geological Survey. (S-052A)

Very-low-frequency wave observations.
D.L. Carpenter and J.P. Katsufrakis,
Stanford University. (S-100B)

Population biology of south polar skuas.	Seismicity and volcanism of Mt. Erebus.
David G. Ainley, Point Reyes Bird	Takesi Nagata, National Institue of Polar
Observatory. (S-013)	 Research, Japan. (5-305)
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Flux gate magnetometer investigations. L.
J. Lanzerotti, Bell Laboratories. (S-101)

M icropu lsatio n research and preparation
of a new micro pulsation station for an
unmanned geophysical observatory.
Laurence J. Cahill, University of Min-
nesota and Roger L. Arnoldy, Univer-
sity of New Hampshire. (S-102)

Photometer observations of particle pre-
cipitation in Antarctica. S. B. Mende,
Lockheed Palo Alto Research Labora-
tory. (S-104A)

Automatic geophysical observatory. S. B.
Mende, Lockheed Palo Alto Research
Laboratory. (S-104B)

Cosmic-ray intensity variations. Martin
A. Pomerantz, Bartol Research Found-
ation, University of Delaware. (S-109A)

Solar seismology at the South Pole: stud-
ies of solar oscillations. Martin A.
Pomerantz, Bartol Research Foundation,
University of Delaware. (S-109B)

Riometry in Antarctica and conjugate re-
gions. Theodore J. Rosenberg, Univer-
sity of Maryland. (S-ill)

South Pole optical observations. Robert
H. Eather, Boston College. (S-119)

Extended observations of solar oscillations.
Robin Stebbins, Sacramento Peak Ob-
servatory. (S-121)

lonosonde studies of the cusp ionosphere.
F. T. Berkey and J. R. Doupnik, Utah
State University. (S-122)

Automated photometry of selected stars
at the South Pole. Frank Wood, Uni-
versity of Florida. (S-123)

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. (5-150)

Gas analysis of radioactive isotopes and
general core processing of ice cores from
South Pole Station. Hans Oeschger and
Bernhard Stauffer, University of Berne,
Switzerland. (S-170)

Aerosol transport processes. Austin Hogan,
State University of New York, Albany.
(S-255B)

Geophysical monitoring for climatic
change. James T. Peterson, Environ-
mental Research Laboratories, National
Oceanic and Atmospheric Administra-
tion. (S-257)

Variability in the concentrations of atmo-
spheric trace gases. M. A. K. Khalil,
Oregon Graduate Center. (S-262)

Measurement of atmospheric constituents.
David G. Murcray, University of Den-
ver. (5-270)

Hygroscopic aerosols related to formation
of ice crystals in the antarctic atmo-
sphere. Takeshi Ohtake, Geophysical
Institute, University of Alaska. (S-288)

"Climatopic" drilling in ice at the South
Pole. Claude Lorius and F. Gillet, Lab-
oratoire de Glaciologie, France. (5-306)

Remote or multiple locations

Tectonic development of West Antarctica
and its relationship to East Antarctica.
Ian W.D. Daiziel, Lamont-Doherty Geo-
logical Observatory. (5-063)

Collection and analysis of automatic wea-
ther station data. Charles R. Stearns,
University of Wisconsin. (S-283)

Tracer experiment. Paul R. Guthals, Los
Alamos National Laboratory. (S-284)

Navy, Coast Guard,
contract, and other
personnel support
USARP

To ensure that U. S. scientists are able
to conduct research successfully and safe-
ly, an efficient support system is a neces-
sary component of the U. S. Antarctic Re-
search Program. Annually about 1,000 peo-
ple work on the continent as a part of this
support system; another 400 people work
aboard the Navy supply ships and Coast
Guard icebreakers. Military personnel are
members of the U. S. Naval Support Force
Antarctica (NSFA), Antarctic Development
Squadron Six (VXE-6), the U. S. Coast
Guard, and other Navy or military units.
Others are employees of a contractor,
ITT/Antarctic Services, Inc. (ITT/ANS).
The Navy personnel fly airplanes and
helicopters, oversee the operation of the
supply ships, provide health care, long-
range communications at McMurdo Sta-
tion, weather forecasting services, and per-
form some maintenance work at McMurdo
Station; Coast Guard personnel operate
the icebreakers. The contractor's employ-
ees provide support at McMurdo Station
and operate Williams Field (McMurdo
Station's skiway airfield on the ice-shelf),
Amundsen-Scott South Pole, Siple, and
Palmer Stations, R/V Hero, and remote
field camps.

During 1983-1984, the 29th consecu-
tive year of U. S. activity in Antarctica,
ship-based research will be a significant
part of the program. Two Coast Guard
icebreakers, the Polar Sea and the West-
wind, will operate in the southern oceans.
The Polar Sea will resupply Palmer Sta-
tion in December and then go to McMurdo
Station to open a channel in McMurdo
Sound sea ice for the annual supply ship
the USNS Southern Cross and the tanker
LISNS Maumee. After the channel break-in
the ship will support several science pro-
jects in the Ross Sea before beginning a

cruise along the Marie Byrd Land and Ells-
worth Land coasts. This cruise will enable
geologists to investigate Mt. Siple on Siple
Island, Pine Island Bay, Thurston Island,
and other remote areas.

The Polar Sea also will make a final
stop at Palmer Station before returning to
its home port, Seattle, Washington.

The Westwind's cruises will be devoted
to the Antarctic Peninsula area and Wed-
deli Sea. In November this icebreaker will
support scientists and assist the R/V Mel-
ville along the ice edge of the Weddell Sea
during an investigation of the marine eco-
system. In December the Westwind will
support geologists in the James Ross Island
area.

The Melville, operated by Scripps Institu-
tion of Oceanography and a part of the
University-National Oceanographic Lab-
oratory System (UNOLS), will be one of
two UNOLS ships working near Antarc-
tica this austral summer. In addition to
the marine ecosystems cruise it will sup-
port two other cruises. From early Janu-
ary tb mid-February 1984 the ship will
support marine geophysics research along
the southern portion of the Southwest
Indian Ocean Ridge. The last cruise in
February and March is devoted to an inves-
tigation of krill swarms in the South Geor-
gia Island-Scotia Sea area. The second
UNOLS ship, the R/V Knorr, will sup-
port an oceanographic survey near the zero
(Greenwich) meridian in the southern
oceans during January 1984.

Beginning in November1983 and end-
ing in April 1984, the National Science
Foundation's research ship Hero will oper-
ate between Punta Arenas, Chile, and
Palmer Station, Anvers Island. During two
cruises the ship will support marine biol-
ogy programs along the Antarctic Penin-
sula. During the first cruise Hero also will
bring support and science personnel to
Palmer Station; at the end of the second
cruise Hero will pick up summer person-
nel from the station and return them to
South America.

Sponsored by the U. S. Geological Sur-
vey, the R/V S.P. Lee will do seismic sur-
veying and sampling in antarctic waters
between December 1983 and March 1984.
During the first 30-day leg the ship will
work along Wilkes Land in East Antarcti-
ca. After refueling at McMurdo Station
in early February the Lee will begin the
second 30-day leg in the Ross Sea to com-
plete the survey.

In 1983-1984 remote field camps will
support giaciologists in West Antarctica
on the Siple Coast and a U. S.-British geolo-
gical investigation of the Ellsworth Moun-
tains and the Martin Hills. U.S. ski-equip-
ped Hercules airplanes (LC-130s) will
transport personnel and supplies to and
from these sites. The LC-130 flights to
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NSF photo by Russ Kinne.

Ski-equipped Hercules (LC-130) airplanes like this one transport U.S. science and support
personnel and supplies in Antarctica. The U. S. Air Force brought the first LC-130s, which had
been developed to supply arctic installations, to the southernmost continent in 1960. Because
they can land in areas where wheeled airplanes cannot, LC-130s have enabled scientists to
study remote areas of Antarctica.

VXE-6 receives Navy safety award for 1982

the Siple Coast also will survey the area
for camp sites and move science parties to
new camps along the coast. Investigators
will use motor toboggans and larger tracked
vehicles for field work. For the second
project in the Ellsworth Mountains and
Martin Hills, British Antarctic Survey
(BAS) geologists will conduct aeromagnetic
surveys with BAS Twin Otter airplanes,
while U. S. geologists will investigate the
area during a surface traverse with motor
toboggans.

LC-130s will transport personnel and
supplies to McMurdo, South Pole, and
Siple Stations. The winter's isolation ended
at McMurdo Station on 24 August 1983
when the first LC-130s arrived from Christ-
church, New Zealand, during the annual
winter-fly-in. The airplanes brought sup-
plies and 174 support personnel who will
prepare for the austral summer program.
During the first week of October the main
deployment of USARP participants to
McMurdo and inland areas will begin. U.
S. Air Force C-141 and New Zealand C-130
wheeled airplanes also will be used from
October until McMurdo's sea-ice runway
begins to deteriorate in mid December. The
first LC-130 flights to South Pole and Siple
Stations are scheduled for early November.

Palmer Station will begin summer opera-
tions in December 1983, when personnel
arrive on the Hero. Through an agreement
between the United States and Chile, some
USAP personnel will reach the Antarctic
Peninsula by means of Chilean Air Force
flights to Teniente Marsh Base, the Chilean
air station on King George Island. Hero
will transport scientists from the Chilean
station to their research sites.

Marine and some terrestrial biology will
be the focus of research at Palmer Station.
Growing interest in marine and terrestrial
ecosystems of the Antarctic Peninsula has
increased demands on the station's facili-
ties. To support these projects the contrac-
tor's employees will continue to expand
the available laboratory space.

Thirty science projects will be based at
McMurdo Station and supported by the
station's laboratories and other services.
UH-IN helicopters will transport science
parties and supplies to areas in the Mc-
Murdo Sound region or the ice-free val-
leys in southern Victoria Land. LC-130
airplanes also will support small field parties
at Mt. Sirius, the Crary Ice Rise, Byrd
Glacier, and the Allan Hills.

During the summer approximately 1,300
people will reside in or travel through
McMurdo Station. At the station construc-
tion projects include building a new water
desalination plant adjacent to the power
plant and continuing to prepare the new
Williams Field site. The station will begin
winier operations in late February 1984.

At South Pole Station 23 science pro-
jects, most of which are year-round, will
be supported. The contractor's employees
will construct a 30-meter meteorological
tower near the station, begin plans for rais-
ing the clean air facility above the snow
surface, and continue to upgrade the sta-
tion's electrical system. South Pole's win-
ter season will begin after the last LC-130
flight in early February 1984.

Antarctic Development Squadron Six
(VXE-o) was one of only 46 Navy and
Marine Corps squadrons chosen to receive
the 1982 Chief of Naval Operations (CNO)
Safety Award. The award was presented
to the command by Rear Admiral L. E.
Levenson, Commander, Anti-Submarine
Warfare Wing Pacific Fleet, at the May
1983 change of command ceremony held
at the Naval Air Station, Point Mugu, Cali-
fornia. The CNO Safety Award is given
to units in recognition of their outstandi-
ng contributions to aviation safety, mor-
ale, and economy of operations.

Decisions concerning safety must be
made by everyone from the most junior
personnel right up to the squadron com-
manding officer. Even minor decisions
made without regard for safe operation of
machines or tools can result in a major
accident or injury. Because of the unique
environment in which VXE-6 finds itself
each year, the squadron has developed spe-
cial instructions based on safe flying prac-
tices for Antarctica. Together with the
safety department, the commanding offi-
cer assures that safety factors are consid-

Besides upper atmosphere research this
summer at Siple Station, glaciologists will
drill a 200-meter ice core near the station
for the first time. U. S. and British geolo-
gists also will base some of their opera-
tions from the station. In January the sta-
tion will close for 2 years. During the
austral summer the contractor's employ-
ees will prepare Siple Station for closing
to ensure that operations can be resumed
efficiently in November 1985.

ered in daily operations. Strict enforcement
of Navy regulations and these safety in-
structions for all hands form the founda-
tion of the squadron safety program.

To ensure that only qualified personnel
are assigned to the unit, everyone receives
a physical prior to assignment. Each sum-
mer all assigned personnel are given another
physical, to meet the U. S. Antarctic Pro-
gram requirments. Additionally, the flight
surgeon lives with the aircrew and is an
integral part of the flight operations and
day-to-day work activities.

Training programs are structured for
the varied experience levels of personnel
entering the squadron. Prior to their arrival
at the squadron pilots and flight engineers
are given lengthy ground school, simula-
tor, and inf light evaluations in their respec-
tive model aircraft. A Personal Qualifica-
tions Syllabus (PQS) indoctrinates aircrew
and maintenance technicians in VXE-o
operational procedures and safety require-
ments.

Throughout the summer, pilots and
flight engineers are given refresher train-
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ing and flight simulator time to review
normal and emergency procedures. Mainte-
nance personnel attend special courses cov-
ering their area of responsibility during
the homeport period. Virtually every mem-
ber of the squadron is given some sort of
training over the summer months, most
of which is aimed at promoting safe oper-
ating practices in squadron activities.

The open field work done by VXE-6 in
Antarctica has proved to be one of the
most hazardous flight environments in
naval aviation. The ski-equipped Hercules
airplanes and UH-IN helicopters work in
areas that may not be charted and where
radio aids to navigation are virtually non-
existent. Stress on major aircraft compo-
nents is tremendous during take-off and
landing on unprepared fields. The pecu-
liar weather conditions and lack of humidity
create extremely dry snow, which can
reduce visibility to near zero at skiways
and landing zones. For example, one UI-I-
iN helicopter remained overnight at Lake
Hoar during the 1982-1983 austral sum-
mer because of insufficient visibility to
make a safe return to McMurdo Station.
This decision cost a day of operation for
that helicopter and delayed the return of
the science party, but rather than risk his
aircraft, crew, or passenger's safety, the
aircraft commander wisely elected to remain
on the ground.

The command focus on safety is gener-
ated through the numerous safety stand-
downs (cessation of normal operations) held
prior to and immediately following each
deployment. These focus on a number of
areas, such as Califorilia highway safety,
disaster preparedness, cold weather safety
precautions, and aircrew refresher train-
ing that include local operating procedures
and antarctic operations. New personnel
also take a course in fire fighting.

To complete the safety program in the
squadron, Naval Post Graduate School at
Monterey, California, provides additional
assistance. Their safety surveys at the Naval
Air Station at Point Mugu, Christchurch,
New Zealand, and various stations in Ant-
arctica help to ensure that the squadron's
goal towards safe working and flying condi-
tions for all personnel are met.

Because of these varied training and
inspection programs VXE-6 can provide
operational support to the National Sci-
ence Foundation in Antarctica with a mini-
mum of risk to personnel and aircraft.

—Commander Michael J. Harris, USNS.
Commander Harris was in charge of VXE-o
from May 1982 to May 1983.

VXE-6 changes
command

On 27 May 1983 Commander Michael
J. Harris turned over to Commander Mat-
thew J. Radigan command of the Antarc-
tic Development Squadron Six (VXE-6)
at a cermony held at the Naval Air Sta-
tion, Point Mugu, California. Admiral L. E.
Levenson, Commander, of the Anti-Sub-
marine Warfare Wing, U. S. Pacific Fleet,
and Dr. William A. Nierenberg, a member
of the National Science Board and Director
of Scripps Institution of Oceanography,
presented addresses during the ceremony.
Dr. Nierenberg also presented the squadron
with a commendation from the Director
of the National Science Foundation in rec-
ognition of their "outstanding record and
extraordinary success in supporting sci-
ence..." in the polar regions. VXE-6 oper-
ates the ski-equipped Hercules airplanes
and UH-1N helicopters in Antarctica.

Commander Radigan, a graduate of Fair-
field University in Fairfield, Connecticut,

Glaciology

Bentley, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Measurement
of the dielectric constant of ice core
samples. DPP 81-12881. $10,283.

Bentley, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Completion
and publication of Ross Ice Shelf Geo-
physical and Glaciological Survey final
report. DPP 81-19989. $33,390.

Bindschadler, Robert A. National Aeronau-
tics and Space Administration, Green-
belt, Maryland. West antarctic glaciolo-
gy. DPP 82-07320. $159,286.

Fireman, Edward L. Smithsonian Institu-
tion, Cambridge, Massachusetts. Radio-
metric ages and gas compositions of ice.
DPP 82-17831. $78,361.

Gow, Anthony J. Department of the Army,
Hanover, New Hampshire. Stratigraphic
and physical property studies of South
Pole ice cores. DPP 83-04013. $62,434.

Kuivinen, Karl C. University of Nebras-
ka, Lincoln, Nebraska. Coordination of
ice core drilling. DPP 74-08414. $223,
070. ($392,505).

was commissioned an Ensign in the U. S.
Naval Reserve in 1964. After completing
naval flight officer training, he became a
navigator and was assigned to the Airborne
Early Warning Barrier Squadron Pacific
at Barbers Point, Hawaii. In 1967 he trained
to be a pilot at the Naval Air Station in
Pensacola, Florida. During his career he
has served as a pilot with Patrol Squadron
One, Whidby Island, Washington, and
Patrol Squadron Eleven, Brunswick, Maine;
as an instructor and operations officer with
the Training Squadron Twenty-nine, Souda
Bay, Crete; and as Executive Officer for
the naval recruiting district in Pittsburgh,
Pennsylvania. In June 1981 he reported
to VXE-o as Operations Officer and became
Executive Officer in May 1982. Com-
mander Radigan has received 10 medals
and commendations for his service to the
Navy.

Commander Harris, who joined VXE-6
in 1980, had assumed command in May
1982. He is currently stationed at the
Department of Defense, Washington, D.C.

Schmidt, William F. University of Maine,
Orono, Maine. Finite element study of
calving from ice fronts. DPP 82-09311.
$3,551.

Stuiver, Minze. University of Washington,
Seattle, Washington. Oxygen isotope
analysis of ice and permafrost cores.
DPP 80-19756. $104,375.

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Ice dynamics on the
Marie Byrd Land slope. DPP 81-17235.
$164,453.

Atmospheric science

Carpenter, Donald L. Stanford Universi-
ty, Stanford, California. Very-low-fre-
quency wave-induced particle precipi-
tation phenomena observed at Palmer
Station. DPP 82-17820. $66,906. ($126,
906).

Carpenter, Donald L. Stanford University,
Stanford, California. Very-low-fre-
quency observations at South Pole.
DPP 82-18219. $37,330.

Mende, Stephen B. Lockheed Missles and
Space Company, Inc., Palo Alto, Cali-

Foundation awards of funds for antarctic projects,
1 April to 30 June 1983

Following is a list of National Science Foundation antarctic awards made from 1 April
to 30 June 1983. 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. Awards initiated by the Division of Polar Programs
contain the prefix DPP in the award number.
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fornia. Automatic geophysical observ-
atory. DPP 81-05624. $4,347.

Pomerantz, Martin A. Franklin Institute,
Philadelphia, Pennsylvania. Solar seis-
mology at the South Pole: Studies of
solar oscillations. DPP 81-19627. $99,
740.

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Riometry in Antarctica and conjugate
regions. DPP 83-04844. $63,429. ($125,
429).

Biological and medical sciences

Ainley, David G. Point Reyes Bird Obser-
vatory, Stinson Beach, California. Pop-
ulation biology of south polar skuas.
DPP 79-20796. $18,807.

Ainley, David C. Point Reyes Bird Obser-
vatory, Stinson Beach, California. Group
travel to U.S. participants in the fourth
Scientific Committee on Antarctic Re-
search (SCAR) symposium on biology.
DPP 83-04815. $29,240.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide antifreezes in freezing avoidance
of antarctic fishes. DPP 81-16917. $90,
078.

Friedmann, E. Imre. Florida State Univer-
sity, Tallahassee, Florida. The ecology
of endolithic microorganisms in the dry
valleys. DPP 80-17581. $15,500.

Garrison, David L. University of Califor-
nia, Santa Cruz, California. Marine eco-
system research in the ice-edge zone:
the distribution of free-living protozoa.
DPP 82-18747. $81,464.

Heinbokel, John F. Johns Hopkins Uni-
versity, Shady Side, Maryland. Repro-
ductive dynamics of ciliates and other
protists in the ice-edge zone. DPP 83-
02422. $12,746.

Lange, R. E. University of California, La
Jolla, California. Collaborative research
on the biology, physics and chemistry
of large patches of krill (Euphausia
superba). DPP 83-00957. $46,110.

Mathisen, Ole A. University of Washing-
ton, Seattle, Washington. Collaborative
research on the biology, physics, and
chemistry of large patches of krill (Eu-
phausia superba). DPP 82-18997. $64,
632.

Parmelee, David F. University of Minne-
sota, St. Paul, Minnesota. Continuation
of bird banding at Palmer Station. DPP
82-13688. $9,998.

Ricklefs, Robert E. University of Pennsyl-
vania, Philadelphia, Pennsylvania. Com-
parative analysis of development, nu-
trition, and energetics of seabird chicks.
DPP 82-17608. $20,000. ($40,000).

Shulenberger, Eric. San Diego Society of
Natural History, San Diego, California.
Collaborative research on the biology,
physics, and chemistry of large patches
of krill (Euphausia superba). DPP 82-
18659. $91,306.

Siniff, Donald B. University of Minneso-
ta, Minneapolis, Minnesota. Seasonal
movements and interactions of Weddell
seals and antarctic cod in McMurdo
Sound. DPP 80-20097. $60,000.

Sullivan, Cornelius. University of South-
ern California, Los Angeles, California.
Photoadaptation and the ecology of sea
ice microalgae. DPP 83-04985. $43,017.

Sullivan, Cornelius. University of South-
ern California, Los Angeles, California.
Factors which influence the growth and
development of sea ice microbial com-
munities. DPP 81-17237. $52,800.

Torres, Joseph J. University of South Flori-
da, Tampa, Florida. Metabolism of
micronekton in the East and West Wind
Drift. DPP 82-10437. $41,488.

White, David C. Florida State University,
Tallahassee, Florida. Ecology of marine
sedimentary microbiota. DPP 82-13796.
$40,000.

Wormuth, John. Texas A&M University,
College Station, Texas. Collaborative
research on the biology, physics, and
chemistry of large patches of krill (Eu-
phausia superba). DPP 82-18990. $82,
377.

Zapol, Warren M. Massachusetts General
Hospital, Boston, Massachusetts. Div-
ing physiology of the fetal Weddel seal.
DPP 81-00212. $47,070.

Earth sciences

Askin, Rosemary A. Colorado School of
Mines, Golden, Colorado. Cretaceous
and Early Tertiary palynology of the
James Ross Island area. DPP 80-20095.
$44,999.

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania. Search
for meteorites. DPP 78-21104. $84,995.

Chatterjee, Sankar. Texas Tech Universi-
ty, Lubbock, Texas. Stratigraphy and
paleontology of Seymour Island. DPP
82-14686. $35,500.

Chatterjee, Sankar. Texas Tech Universi-
ty, Lubbock, Texas. Stratigraphy and
paleontology of the Gondwana rocks.
DPP 81-07152. $3,230.

Daiziel, Ian W. Columbia University, Pali-
sades, New York. Tectonic development
of West Antarctica and its relation to
East Antarctica. DPP 82-13798. $73,745.

Denton, George H. University of Maine,
Orono, Maine. Cenozoic glacial history

of the ice sheet-field work and Beard-
more Glacier project planning meeting.
DPP 80-23714. $92,146.

Kamb, Barclay. California Institute of
Technology, Pasadena, California. Field
and laboratory study of geologic case
hardening in the ice-free valleys. DPP
82-15121. $34,145.

Kienle, Juergen. University of Alaska, Fair-
banks, Alaska. Seismicity of Mt. Erebus
and vicinity. DPP 83-00185. $34,894.

Knopoff, Leon. University of California,
Los Angeles, California. Ultra-long
period seismic and gravity observations
at the South Pole. DPP 81-17325. $170,
592.

Kyle, Philip R. New Mexico Institute of
Mining and Technology. Socorro, New
Mexico. Investigation of the McMurdo
Volcanic group and the associated ultra-
?nafic xenoliths. DPP 82-18493. $59,
309.

LeMasurier, Wesley E. University of Col-
orado, Denver, Colorado. Volcanic geol-
ogy of Marine Byrd Land and its rela-
tionship to glacial and tectonic history
in West Antarctica. DPP 80-20836.
$36,887.

Malin, Michael C. Arizona State Univer-
sity, Tempe, Arizona. Contemporary
geomorphic processes in ice-free valleys.
DPP 82-06391. $45,221.

Mayewski, Paul A. University of New
Hampshire, Durham, New Hampshire.
History and significance of ice mass
fluctuations in Victoria Land. DPP
80-19982. $2,940.

McGinnis, Lyle D. Northern Illinois Uni-
versity, DeKalb, Illinois. Seismic and
gravity studies of the upper crust along
the central Transantarctic Mountains.
DPP 80-19995. $84,168.

Quaide, William L. National Aeronautics
and Space Administration, Washington,
D.C. Lunar and Space Institute advi-
sory services on collection, curation,
distribution, and research of meteorites.
DPP 83-04943. $32,040.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Stratigraphic evolu-
tion and tectonic setting of the carbonate
platforms of the Ross Sequence, Trans-
antarctic Mountains. DPP 82-19564.
$9,610.

Stump, Edmund. Arizona State Universi-
ty, Tempe, Arizona. Data reduction on
studies from the northern Victoria Land
project. DPP 82-16281. $65,783.

Taylor, Thomas N. Ohio State Universi-
ty, Columbus, Ohio. Studies of anatomi-
cally preserved plants from the Permian
and the Triassic. DPP 82-13749. $41,
470.
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Weather at U.S. stations

May 1983	 June 1983	 July 1983

Feature	McMurdo Palmer	Siple South Pole McMurdo Palmer Siple South Pole McMurdo Palmer	Siple	South Pole

Average temperature (°C)	
-16.9 - 2.1 -28.	-56.7 -24.7 -3.0 '-35.9 -62.1	-27.7	- 2.9 -37.1 -64.3

Temperature maximum ('C)	-41	5.3 -13.0 -37.0 - 4.9	3.8 -16.2 -41.6	-14.6	1.8 -19.2 -48.0(date)	 (2)	(1)	(28)	(25)	(26)	(17)	(1)	(21)	(12)	(20)	(7)	(23)
Temperature minimum (°C)	-32.8 - 9.8 -45.9 -73.9 -38.1 - 10.2 -50.8 -72.8	-43.9	-11.6 -48.9 -74.8(date)	 (15)	(18)	(12)	(31)	(16)	(24) (22)	(16)	(16)	(11) (31)	(15)
Average station pressure (mb)	

986.9 996.4 867.9 687.3 989.9 990.0 862.5 677.4	982.4	984.2 855.3 672.4

Pressure maximum (mb)	1008.6 1024,4 886.5 710,6 1024.0 1017.2 880.9 703.4 1003.1 1002.0 872.2 685.2(date)	 (27)	(29)	(26)	(26)	(25) 1 (28) (24)	(25)_	(11) _--C2)	(5)	(5)
Pressure minimum (mb)	963.4 960.0 849.9 670.3 966.1 960.7 845.8 661.4	966.2	957.0 832.2 657.6(date)	 (3)	(12)	(14)	(31)	(7)	(21) (16)	(17)	(26)	(16)	(31)	(26)
Snowfall (mm)	 325 172.7	76.2 Trace	43.2 655.3 63.5 Traee	111.8	317.5 114.3 Trace
Prevailing wind direction	1000	3450	1400	045 0	0650	0350 190 0	0450	0450	3500 160 0	0450
Average wind	 7.4	5.4	3.8	41	6.2	6.7	3.8	4.7	5.6	7.9	3.5	3.2(m/sec)

Fastest wind	 36.6	31.4	17.5	14.9	33.9	28.8 24.2	18.5	25,9*	42.7 26.2	12.9(m/sec)	 1500	3600	1200	3600	1300	360 0 1500	360 0	1500	0300 140 0	3600
(date)	 (3)	(1,30)	(8)	(24)	(23)	(11) (23)	(21)	(3)	(15)	(17)	(7)

Average. sky cover	 8.1 7.5/10	6.8	3.8	5.0 7.8/1( 3.8	2.9	6.1 8.4/10	6.2	2.7
Number clear days	 1	1.4	8.5	18].	.11	0.5 17.2	22.4	9.0	0.0	9.5	23.0
Number partly cloudy days	10	14.2	1.7-	5.6	11 15.9	2,0	4.6	9.0	12.9	3,75	5.0
Number cloudy days	 20	15.4	20. 7f	7.3	8 13.6 10. 75	3.0	13.0	18.1 17,75	3.0
Number days with visibility	 11.5less than 0.4 km.	 0.01	0.7	---	6.5	0.75	1.3	---	8,75	0

Prepared from information received by teletype from the stations. Locations: McMurdo 77°51'S 166°40'E, Palmer 64°46'S 6403'W,
Siple 75 0 55'S 83 055'W, Amundsen-Scott South Pole 90°S. Elevations: McMurdo sea level, Palmer sea level, Siple 1054 meters, Amundsen -
Scott South Pole 2835 meters. For prior data and daily logs, contact National Climate Center, Asheville, North Carolina 28801.
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Woodburne, Michael 0. University of Cali-
fornia, Riverside, California. Explora-
tion for fossil land mammals in Sey-
mour Island. DPP 82-15493. $38,083.

Zinsmeister, William J. Ohio State Uni-
versity, Columbus, Ohio. Paleontologic
and geologic history of the James Ross
Island basin. DPP 82-13985. $87,000.

Meteorology

Hogan, Austin W. State University of New
York, Albany, New York. Aerosol trans-
port processes. DPP 81-15231. $75,000.

Robinson, Elmer. Washington State Uni-
versity, Pullman, Washington. Air
chemistry monitoring at Palmer Station.
DPP 80-05797. $154,227.

Wendler, Gerd. University of Alaska, Fair-
banks, Alaska. Katabatic winds. DPP
80-00161. $78,380.

Ocean sciences

Ackley, Stephen F. Department of the
Army, Hanover, New Hampshire. Air-
sea interaction and sea ice studies of
the Weddell Polynya expedition. DPP
80-06922. $70,428.

Anderson, John B. Rice University, Hous-
ton, Texas. Marine geology of the con-
tinental margin. DPP 81-16623. $71,210.

Dick, Henry J . Woods Hole Oceanographic
Institute, Woods Hole, Massachusetts.
Participation in the petrology and geo-
physics cruise at the southern end of
the Mid-Atlantic Ridge. DPP 82-19540.
$43,601.

Fanning, Kent A. University of South Flor-
ida, Tampa, Florida. Plankton and the

marine geochemistry of radium, germa-
nium, and barium. DPP 82-14213. $66,
590.

Hayes, Dennis E. Columbia University,
Palisades, New York. Regional synthesis
of marine geological and geophysical
data of the circumantarctic region. DPP
82-00239. $206,781.

Jacobs, Stanley S. Columbia University,
Palisades, New York. Ross Sea heat flux
experiment. DPP 81-19863. $155,700.

Kellogg, Thomas B. University of Maine,
Orono, Maine. Sediments deposited by
marine-based ice sheets in the Ross,
Weddell, Amundsen, and Barents Seas
during the last glacial maximum: A test
of the maximum model. DPP 80-20000.
$25,000. ($71,599).

Marra, John. Columbia University, Pali-
sades, New York. The Weddell Sea
Polynya in winter: plankton distribu-
tion. DPP 80-08011. $8,808.

On 8 June 1983 the People's Republic
of China joined with 26 other nations that
recognize the Antarctic Treaty, when it
acceded to the Treaty. The other acceding
nations are Brazil, Bulgaria, Czechoslovakia,
Denmark, the German Democratic Repub-
lic, Italy, the Netherlands, Papua New
Guinea, Peru, Romania, Spain, and Uru-
guay. These acceding nations agree to abide
by the Treaty, but do not participate in its
operation.

The contracting nations, or consultative
parties, all of which were original treaty

Sciater, John G. Massachusetts Institute
of Technology, Cambridge, Massachu-
setts. Tectonics of the southern ocean.
DPP 81-17402. $151,422.

Support and services

Hushen, W. Timothy. National Academy
of Sciences, Washington, D.C. Support
for the Polar Research Board. DPP
82-07098. $68,550. ($205,000).

Venzke, N. C. Department of Transpor-
tation, Washington, D.C. Icebreaker
support for the U.S. Antarctic Program.
DPP 82-17331. $2,027,137.

signatories or have substantial programs
in Antarctica, are Argentina, Australia, Bel-
gium, Chile, the Federal Republic of Ger-
many, France, Japan, New Zealand, Nor-
way, Poland, the Republic of South Afri-
ca, the Union of Soviet Socialist Repub-
lics, the United Kingdom, and the United
States. Representatives of these nations
participate in periodic consultative meet-
ings to formulate recommendations aimed
at furthering objectives of the Treaty. The
12th meeting of the Antarctic Treaty Con-
sultative Parties was held 13 to 23 Sep-
tember 1983 in Canberra, Australia.

People's Republic of China accedes to
Antarctic Treaty
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