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South Pole astronomy highlights
30th consecutive year of U. S.
research in Antarctica

At the South Pole, the Sun rises in mid-
September and does not set until mid-
March. This and other unique features
drew the attention of solar astronomers to
the South Pole in 1979. During their

Solar astronomers work near Amundsen-
Scott South Pole Station. U. S. and French sci-
entists will use this solar telescope, one of two
to be operated at the South Pole during this
austral summer, to study solar seismology. By
observing long-period solar oscillations, the
scientists will learn more about the dynam-
ics and structure of the Sun's interior.

University of Delaware photo.

investigations over the last 5 years, they
have found that the site provides geo-
graphic and environmental conditions that
cannot be duplicated anywhere else. The
6-month day enables them to make long,
uninterrupted observations. In contrast to
the North Pole, the South Pole has more
relatively clear and cloudless days and
nights; its desert-dry atmosphere minimizes
absorption of some wavelengths of light
due to water vapor—a factor critical to infra-
red astronomy. The South Pole is located
on the east antarctic ice sheet at a point
where the ice is over 2,000 meters thick,
unlike the North Pole, which lies in the
middle of an ice-jammed ocean. Telescopes
at the austral site are the equivalent to
similar instruments atop a 3,352-meter
mountain.

During the 1984-1985 austral summer
solar astronomers will conduct two pro-
jects near Amundsen-Scott South Pole
Station. The projects focus on long-period
observations of global solar oscillations.
These oscillations (or pulsations) charac-
terize phenomena in the Sun's unseen layers
where dynamic processes cause effects that
produce visible manifestations on the solar
surface. Solar astronomers study the Sun's
interior by observing these oscillations, sim-
ilar to the way in which geophysicists study
the earth's interior by observing seismic
oscillations caused by earthquakes or artifi-
cial means.

One project focuses on solar seismology.
U.S. and French scientists will use a 5-inch
optical telescope and a special resonance
spectrophotometer, which looks at a sin-
gle spectral line and can detect minute shifts
in wavelengths. The shifts enable research-
ers to determine, once every 5 minutes,
the rate at which the Sun's surface comes
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toward them or recedes. By observing long-
period oscillations scientists learn more
about the dynamics and structure of the
solar interior.

The second project makes use of a com-
pact portable telescope with a 6-inch aper-
ture to observe solar oscillations over sev-
eral days. Because the Sun's acoustic spec-
trum is dense and complex, observation
periods longer than 12 hours are necessary;
extended observations at the South Pole
help remedy this problem. The observing
technique used by these scientists analyzes
the periodic darkening of the Sun's edges
to detect brightness oscillations. Such obser-
vations of the Sun's normal modes of
oscillation provide the astronomers with a
powerful diagnostic tool for studying solar
rotation, internal geometry, and internal
physical processes.

Two groups of stellar astronomers also
will make observations from the South



Pole during 1984-1985. One of the two
stellar astronomy projects will begin dur-
ing the austral summer. In this project
scientists will use a submillimeter photome-
ter to make infrared observations of the
southern part of the galactic plane and
nearby molecular clouds for the first time
from the South Pole. Their objective is to
try to solve a major puzzle in astronomy—
whether star formation is a continuing pro-
cess or whether it proceeds in bursts. With
these infrared observations the scientists
also will try to determine what role the
temperature of dust has in the fragmenta-
tion that precedes star formation. Their
observations are expected to shed light on
the chemical evolution of this galaxy.

The 6-month austral night will provide
the second group with the necessary long
periods of darkness for their observations.
This project, which began during the 1984
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austral winter, is a study of the star Gamma
2 Velorum in the constellation Vela. The
nature of this star, one of a close binary
system, is not clearly understood, and the
scientists are gathering data on its light
variation and changes in certain helium
and carbon emissions. Observations of
three other stars will be compared with
those of Gamma 2 Velorum and will pro-
vide information on the changes in trans-
parencies in the Earth's atmosphere and
the percentage of clear sky. Additionally,
the astronomers will determine the frac-
tion of clear periods of observation, the
changing light intensity of the sky back-
ground, and differences in atmospheric
transparency in several wavelengths.

These four projects are among the 99
science projects that the National Science
Foundation will support in Antarctica dur-
ing the 1984-1985 austral summer and
winter. During the austral summer, more
than 300 researchers will work at three
U.S. stations (McMurdo, Amundsen-Scott
South Pole, and Palmer stations), at remote
sites, and stations of other nations. Marine
research will be carried out aboard two
U.S. Coast Guard icebreakers, Polar Star
and Glacier, the Foundation's newly leased
research ship Polar Duke, the West Ger-
man research ship Polarsterrz, and the Brit-
ish research ship John Biscoe.

Since 1957 the United States has continu-
ously operated a research program in
Antarctica. Research on the continent and
in the surrounding oceans provides data
crucial to understanding such global pro-
cessses as climate variability, plate tectonics,
and solar-terrestrial physics as well as
fundamental knowledge of Antarctica. The
National Science Foundation, 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 investi-
gations are from universities, nonprofit
institutions, and some federal agencies. The
U. S. program also includes ocassional
short-term scientific activities funded by
other agencies and coordinated with the
Foundation's system.

In other projects during the upcoming
austral summer, biologists will continue
to study the life histories of marine organ-
isms, their behavior, and adaptations and
interactions within the ecosystem. One
group of biologists will integrate biology
and oceanography to better define the
different ecological processes under the
thick ice and along the east and west coasts
of McMurdo Sound. Such benthic com-
munities represent gradients of shallow to
deep-water oceanographic regimes and
varying degrees of current and sedimenta-
tion regimes. By using underwater photo-
graphs to document these life forms, they
hope to gain insight into the relationship

between these near-bottom communities
and their environment.

U. S. and British geologists will work in
the Jones Mountains on Eights Coast, a
region in Ellsworth Land near the base of
the Antarctic Peninsula. This project, which
began during the 1983-1984 austral sum-
mer, is part of a continuing effort to under-
stand the relationship between East and
West Antarctica. Geologists believe that
this region represents two separate crustal
blocks or microplates of West Antarctica.
British geophysicists will conduct an air-
borne geophysical survey in an effort to
define the limits of these blocks and deter-
mine the tectonic nature of the ice-covered
area between them. U. S. geologists will
concentrate on the geology and paleomag-
netics of exposed nunataks, (isolated moun-
tain peaks that protrude through the ice),
to determine their tectonic significance and
past and present relationships.

The past and present state and dynamic
behavior of the west antarctic ice sheet
will be the focus of three groups of glaci-
ologists. Glaciologists generally agree that
the size of this ice sheet has fluctuated
greatly over time, but little is known about
how much it has changed or what its pres-
ent dynamic behavior is. Its minimum
extent probably occurred about 125,000
years ago when only a small part of the
ice sheet was grounded, and sea level was
approximately 5 meters higher than today.
Its maximum extent may have been 18,000
years ago when the ice sheet may have
been 50 percent larger than today, with
rounded ice reaching the continental
Argins edge. In their investigations, the

glaciologists will probe the present stabil-
ity of the ice sheet, its behavior-during the
last glaciation and interglacial period, and
its response to climate changes. Investiga-
tions include airborne radar sounding of
ice thickness and topography at the base
of the ice streams, detailed ground-based
radar surveys of the internal physical
characteristics, and determination of accu-
mulation rates.

Marine geologists will seek to describe
the sediments types that blanket the ant-
arctic sea floor and to relate the differ-
ences among sediment layers to glacial and
oceanographic conditions. While aboard
the icebreaker Glacier, the geologists will
take piston cores from the ocean floor and
conduct a seismic survey in a region of
the Bellingshausen Sea. Their objective is
to describe how sediments that originate
on land are carried from the continental
shelf to the deep sea floor. They also will
study sedimentation in polar fjords and
the glacial record preserved in marine sec-
tions of the Quaternary Period, approxi-
mately the past million years. These data
will help scientists to understand how gla-
ciers affect the marine sedimentation pro-
cess and to interpret the sedimentary record
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as it relates to the periodic advance and
retreat of the antarctic ice sheet.

To understand how Antarctica's weather
patterns influence global climate, meter-
ologists are studying regional weather pat-
terns that control the continent's climate.
These weather patterns not only trans-
port energy and water to and from Antarc-
tica and control the mass of snow and ice
on the continent but also carry pollutants,
carbon dioxide, and suspended particles
from other parts of the Southern Hemi-
sphere to Antarctica. Earlier research has
suggested that the chemical composition
of aerosols at the South Pole differs from
winter to summer and that distinct sea-
sonal circulation patterns may exist. To
test this hypothesis, these researchers will
monitor the transport of a methane tracer,
released south of New Zealand from a U.S.
Air Force airplane during two austral
winter flights. The first tracer was released
in June 1984, and the second is scheduled
to be released in September. Between Octo-
ber and December, the scientists will col-
lect air samples during airplane flights
between stations in Antarctica, from heli-
copters near McMurdo Station, and from
the ground at McMurdo, Amundsen-Scott
South Pole, and Palmer stations. Samples
also will be collected during flights between
Christchurch, New Zealand, and McMurdo
Station and at five other antarctic stations
by Japanese, French, Australian, and British
investigators.

Research conducted in cooperation with
other nations is an important component
of the U. S. program. Among the coun-
tries with whose programs U. S. investiga-
tors will work this austral summer are
Australia, France, Federal Republic of
Germany, Japan, New Zealand, Poland,
the Soviet Union, and the United Kingdom.
U. S. investigators will work either in the
field or at various stations of these nations,
while foreign scientists will work at U. S.
stations or with U. S. field programs.

In the following pages the objectives of
each project are summarized. Support and
logistics activities are described on pages
20-21.

Planned research
projects, 1984-1985

Biology
The ocean surrounding Antarctica with

its abundant, diverse life contrasts sharply
with the scattered ice-free areas on the
continent where only sparse biological
activity exists. The combination of unique
environmental factors—including large,

dynamic sea-ice zones, near-constant sea
temperatures close to the continent, and
the arid, cold and nutrient-poor terrestrial
areas—and continent's geographic isola-
tion have caused special adaptations and
interactions between species to evolve in
Antarctica. In the past biologists have con-
centrated on identifying and quantifying
Antarctica's marine and terrestrial organ-
isms. Today, they focus on understand-
ing behavior and development of differ-
ent fauna, the interactions of marine and
terrestrial flora and fauna with the envir-
onment, the relationship between organ-
isms, and the human impact on this unique
ecosystem. Data from studies such as those
described in this section will contribute to
a basic understanding of the biology of
the region and to management and conser-
vation efforts.

Life under thick ice. Paul K. Dayton,
Scripps Institution of Oceanography. Ice
thickness and snow accumulation may limit
primary productivity under the Ross Ice
Shelf. The benthic communities in this
area represent gradients of shallow to deep-
water (eutrophic to oligotrophic) oceanic
regimes and varying degrees of current
and sedimentation regimes. This austral
summer we will collect continuous cur-
rent data from the Daily Island-Strand
Moraine region. At Minna Bluff, the Daily
Islands, Granite Harbor, Marble Point, and
other locations in McMurdo Sound between
the east and west portions of the ice edge,
we will take current-temperature-depth
measurements and benthic photographs.
Midwater and baited-trap photographs will
document mobile life forms. Scuba diving
will be continued at sites along Ross Island
(mostly at Cape Armitage). We also will
monitor benthic experiments at New Har-
bor and work iii the Granite Harbor area,
which is of special interest because of sev-
eral deep and rocky habitats. By integrat-
ing biology and oceanography we will be
better able to define the different ecologi-
cal processes under thick ice and on the
west and east sides of McMurdo Sound.
(S-003)

Behavior and ecology of Weddell seals.
Donald B. Siniff, University of Minne-
sota. During the upcoming austral sum-
mer we will study Weddell seals while pups
are being born at a site near Hutton Cliffs,
Ross Island. Our focus is on male territo-
rial and reproductive behavior and the
activities of and interactions between moth-
ers and pups. As males appear at the site,
we will tag them with small radio trans-
mitters to record their activity in and out
of the water. Before the pups are born, we
will weigh the females; after birth moth-
ers and pups will be weighed weekly
through the lactation period. Following the
birth of the pups, we will take blood sam-
ples and analyze progesterone levels to
record ovulation timing. To document
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attendance and nursing, we will attach to
a few mother and pup pairs small radio
transmitters linked to lactation detectors.
We will continue to tag and census seals
in the Ross Island area. On the west side
of McMurdo Sound and in the northern
parts of Ross Island, we will use helicop-
ters to search for tagged seals and groups
of subadults. Between mid-November and
mid-December we will census weekly the
entire seal population in Erebus Bay. (S-
004)

The role of glycopeptide antifreezes in
freezing avoidance of fish. Arthur L. De
Vries, University of Illinois. Living organ-
isms 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
glycopeptide or peptide compounds that
have antifreeze properties. Results of our
experiments indicate that there are eight
different-sized glycopeptides, which lower
the freezing point of body fluids below
the temperature of the seawater (-1.90C).
This season we will catch various species
of native antarctic fish to continue our
investigation of biological antifreeze sys-
tems. Live fish, caught during the season,
will be studied at the McMurdo Station
aquarium to determine how the antifreeze
system enables the fish to survive in sea-
water that has a temperature of only
—1.9°C. We also will do some biochemical
studies that include determining the distri-
bution of the eight glycopeptides, obtain-
ing information on how the absolute level
of antifreeze is related to turnover rates of
body fluids, and determining why super-
cooled ocular fluids of antarctic fishes do
not freeze. (S-005)

Behavioral ecology of krill (Euphausia
superba). William M. Hamner, Univer-
sity of California, Los Angeles. Although
krill dominates the antarctic marine eco-
system, few detailed observations of the
crustacean at sea exist. Results of earlier
investigations altered our assumptions
about the open-ocean behavior of krill.
We found that krill form dense schools
that move rapidly and migrate horizon-
tally to exploit high food concentrations
by area-intensive searching and rapid feed-
ing behavior. Because chemicals rather than
particles appear to trigger feeding, we will
extend our investigation of how chemical
cues initiate feeding and compare our find-
ings on feeding morphology to other zoo-
plankton. This season we will complete
our 3-year investigation of behavioral
ecology. To document swarming behav-
ior and interactions, we will use 35-mm
photographs and video films. We also will
use acoustic techniques to record sounds
produced by krill swarms and to track krill
predators, particularly whales and pen-
guins. With these we will learn more about

the relationships among krill behavior and
feeding strategies of marine mammals and
sea birds. Laboratory studies of behav-
ioral responses and structural morphol-
ogy will be conducted at Palmer Station.
With color video films, we will examine
the relationship of swarming to feeding.
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 us describe the movement
of particles and water as confined krill
feed. (S-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 part of these investigations large num-
bers of young, known-age birds were
marked. This season our objective is to
determine the status of this group of young
birds because information about antarctic
species, especially those of known age and
parents, is limited. We will visit the sites
of our earlier study to determine which
are occupied by marked adults and by
unmarked birds; we also will check what
new territories have been established (es-
pecially 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-
cholera epidemic that killed most of the
birds present at that time. Other objec-
tives include studying hybrid skuas marked
during the 1970s, collecting birds of known
age and parents for plumage, molt, and
taxonomic studies, and banded skuas to
increase our knowledge of this bird's migra-
tion patterns. Our data will be incorpo-
rated into a comprehensive monograph on
the birds of Anvers Island. Information
on banding birds. will be available from
the U. S. Fish and Wildlife Service, and
specimens will be contributed to the Bell
Museum at the University of Minnesota
and the Smithsonian Institution for use
by other investigators. (S-012)

Reproduction, feeding, and swimming
energetics, and egg and larval physiology
of Euphausia superba. Lan gdon Quetin
and Robin Ross, University of California.
Between early December 1984 and mid-
April 1985 we will work at Palmer Station
and in the surrounding waters. Early in
the season we will locate areas of high
krill abundance by searching in Gerlache
Strait, in areas north of the South Shet-
land Islands, and Charlotte Bay. In areas
of high krill abundance we will measure
environmental parameters and seasonal
variation in school composition, fecundity,
krill chemical composition, ingestion and

egestion, plankton under natural condi-
tions, and the sinking properties of fecal
pellets of krill. At Palmer Station we will
continue culturing the krill larvae to study
their development, behavior, feeding pre-
ferences, and metabolism. We also will
study the swimming energetics and inges-
tion/egestion rates of adult krill. The results
of this project should contribute substan-
tially to understanding aspects of krill biol-
ogy that are either unknown or poorly
understood. (5-014)

Endolithic microorganisms in ice-free
valleys: biology and organism-substrate
interactions. E. Imre Friedmann, Florida
State University. The climate of Antarc-
tica is arid, especially in ice-free regions;
katabatic winds descending from the polar
plateau heighten desert conditions. Envi-
ronmental extremes in such regions may
limit life to a narrow zone under the sur-
face of certain rocks. Microorganisms
inhabit either fissures and cracks or the
structural cavities of porous rocks. In 1976
endolithic microorganisms in southern Vic-
toria Land's ice-free valleys were first
reported. Reports of microbial colonies
inhabiting different rocks in southern
Victoria Land and the Dufek Massif fol-
lowed. Since 1979 geological, meteorolog-
ical, and biological investigations have
helped us to understand the nature of
highly adapted communities in southern
Victoria Land. In the upcoming austral
summer we will extend our sampling to
the Allan Hills of southern Victoria Land.
Our research includes micrometeorologi-
cal measurements, estimation of respira-
tion and net photosynthetic rates for micro-
bial communities, calculation of total yearly
productivity, taxonomy of cryptoendolithic
lichens and algae, and the study of non-
photosynthetic bacteria. We also will inves-
tigate the interactions between the organ-
isms and the rocks they inhabit (including
chemistry, leaching, and biological wea-
thering), how the rocks are colonized, and
the yearly accretion of nitrogen in rocks.
This research will provide a more compre-
hensive understanding of cryptoendolithic
microbial ecosystems, including their impli-
cations for earth sciences. (S-015)

Contrasting modes of reproduction in
marine invertebrates. John S. Pearse, Uni-
versity of California, Santa Cruz. Many
antarctic marine animals are brooders that
provide post-spawning parental care. How-
ever, some of the most abundant shallow-
water benthic invertebrates spawn by
broadcasting their gametes freely into the
sea; the larvae develop and feed indepen-
dent of their parents. To examine repro-
ductive biology, larval ecology, and demo-
graphics of several common species of
"broadcasters," we will sample communities
of the more common benthic invertebrates
in shallow waters of McMurdo Sound and
identify features that contribute to their
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numerical success. In the laboratory we
will raise larvae through metamorphosis
to learn about their morphology and be-
havior. During field studies we will sam-
ple larvae and juveniles to find out how
they are distributed and to document demo-
graphic features that determine how fre-
quently recruitment is needed to sustain
the population. Other laboratory and field
work will identify what organisms prey
on larvae and juveniles of these species.
We will contrast these data with data on
modes of trophic specialization and repro-
duction for less abundant species. The
results of this investigation should pro-
vide a better understanding of not only
how relatively few "broadcasters" main-
tain high densities in the shallow antarc-
tic benthos but also what factors make
brooders more prevalent in high-latitude
marine ecosystems. Our research and tech-
niques also should be relevant to studies
of other oceanic communities, especially
deep-sea ecosystems. (5-016)

Grazing by microbial cells on pico- and
nanoplankton and its significance to the
food web in antarctic waters. Osrnund
Holm-Hansen, Scripps Institution of
Oceanography. During the past few years
our research has indicated that the antarc-
tic food chain is not a simple progression
from large diatoms to macro- zooplankton
(such as krill) to higher trophic levels but
rather a dynamic microbial food web domi-
nated by both autotrophic and heterotro-
phic picoplankton and nanoplankton. The
objective of our field work during the
1984-1985 austral summer is to better
understand the routes and fluxes of organic
carbon through the microbial food web,
as well as to estimate the grazing pressure
exerted on the microbial populations by
macro-zooplankton. These data are essential
for understanding the recycling of organic
matter and the regeneration of nutrients
in antarctic waters. One part of our group
will be based at Palmer Station and will
collect samples near Anvers Island and
along the Antarctic Peninsula, in addition
to experimental studies in the shore-based
laboratory. More extensive sampling will
be conducted by 0. Holm-Hansen on board
the West German research ship Polarstern,
which will work near Elephant Island and
the South Orkney Islands and in the Wed-
deli Sea. (S-019)

Pelagic bird distribution in relation to
prey availability and prey use in the Sco-
tia Sea. George L. Hunt, Jr., University of
California, Irvine. Small-scale ocean phe-
nonmena may concentrate prey and play
a significant role in the distribution of sea
birds. Using physical and biological oce-
anic data obtained concurrently with bird
observations, we will investigate the rela-
tionship between small-scale (1- to 10-kilo-
meter) distribution of birds at sea and the
distribution of their prey, primarily krill.

We will collect these data in the Scotia
Sea while aboard the British research ship
John Biscoe. At the same time British sci-
entists will collect data on the distribution,
size-class composition, behavior, and size
of krill swarms. By combining our obser-
vations with those of the British biologists,
we will be able to document bird atten-
dance and behavior at a number of krill
swarms and possibly to describe the types
of krill swarms and other prey distribu-
tions that the birds prefer. We also will
coordinate our work with British scien-
tists studying energy requirements and prey
selection of breeding birds on Bird Island
(near South Georgia Island). The combi-
nation of these two studies will provide a
comparison of foraging distributions at sea
with the length of foraging trips, chick
growth, and survival for different species.
This will be the first southern hemisphere
study that combines pelagic and colony-
based research similar to studies done in
the Bering Sea. Overall knowledge of how
birds use krill in swarms for foraging and
of areas in which birds forage will contrib-
ute to future management and conserva-
tion programs. (S-021)

Emperor and king penguin brooding and
foraging energetics. Gerald L. Kooyrnan
and Randall W. Davis, Scripps Institu-
tion of Oceanography. Penguins comprise
75 to 85 percent of the birds in the south-
ern ocean ecosystem. Although most south-
ern penguins greatly depend on krill for
food, emperor and king penguins do not.
These two species differ in size, breeding
habits, and distribution, but they have sim-
ilar life styles. Specifically, they depend
entirely on fish and squid for food, can
dive deeper than other penguins (to depths
as great as 200 meters), and remain near
their breeding areas year-round. Few inves-
tigators have conducted field studies of
the free-ranging energetics of penguins,
even though they are major predators in
the southern ocean food web. While work-
ing with British biologists on South Geor-
gia Island during the 1984-1985 austral
summer, we will investigate behavior,
brooding, and foraging energetics of king
penguins. We will monitor activity pat-
terns while the birds care for older chicks
and study behavior while they make trips
to sea. At sea we will record the number,
depth, and frequency of dives, the time
spent swimming, diving, and out of the
water, and the rate and distances of swim-
ming. Four types of recorders will be used:
depth histogram recorders for the num-
ber and depth of dives, water monitors
for time spent in the water away from the
colony, velocity meters for time and rate
of swimming, and time-at-depth record-
ers for determining the length of each dive.
To measure energetics, we will use water
labeled with the isotopes oxygen-is and
tritium to determine water turnover rates
and carbon dioxide production. While con-

ducting these studies, we will measure the
average metabolic rate for the birds at the
colony and at sea. With these data we will
develop better models for the impact that
penguins have on the southern ocean
ecosystem, calculate how efficiently energy
is transferred from the environment to
growing chicks, and understand better how
these species exploit their environment.
(S-o26)

Reproductive dynamics of ciliates and
other protists in antarctic waters. John F.
Heinbokel and D. W. Coats, Chesapeake
Bay Institute, Johns Hopkins University.
Models describing the antarctic marine food
chain traditionally focus on the relation-
ships among diatoms, krill, and carnivores
(whales, seals, and birds). Because data
from tropical and temperate regions sug-
gest that simplified, linear systems do not
account for bacteria, micro-flora and -fauna,
and larger gelatinous zooplankton, some
biologists believe that an unstructured web
of interactions provides a better model. In
the southern oceans a nanophytoplankton-
ciliates-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 is indicated by their biomass.
The few existing southern ocean studies
suggest that planktonic ciliates are pres-
ent and often abundant. This austral sum-
mer we will study the reproductive dynam-
ics of ciliates and other unicellular com-
ponents of the plankton community in
waters near Palmer Station. Data from
previous investigations show that in Arthur
Harbor the phytoplankton biomass peaks
three times each year—spring (mid to late
November), summer (mid to late Decem-
ber), and fall (February to March). Our
investigation focuses on the summer peak
and the plankton community's response
to it. We will determine the diel periodic-
ity of division in ciliate and other micro-
planktonic populations and define the
growth rates of these unicellular creatures
in relation to changes in the environment.
After fixation and nuclear staining, we will
identify and quantify dividing individuals
by epiflourescence microscopy. Through-
out the summer peak and its dissipation,
we will sample the plankton each week at
1- to 2-hour intervals over 24- to 36-hour
periods. These data will help augment and
refine data acquired during our 1983-1984
investigation in the ice-edge zone. (S-028)

Behavioral and chemical ecology of
bryozoans. Judith E. Winston, American
Museum of Natural History. Bryozoans
are an important component of the antarctic
marine ecosystem, but studies of their
behavior and ecology have been hindered
by the limited information on their sys-
tematic relationships and zoogeography.
During the last 20 years, the United States,
New Zealand, Chile, France, and the Soviet
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Union have collected large numbers of ben-
thic animals. Because biologists have ac-
quired more information on systematics
and distribution of bryozoans from ant-
arctic and subantarctic waters, it is now
possible to study bryozoan behavior and
ecology. During the upcoming austral sum-
mer we will begin documenting and observ-
ing bryozoan communities near Palmer
Station. We are interested in the feeding
behavior, relationship between bryozoans
and predators, and the function of special-
ized characteristics developed by bryozo-
ans to deter other organisms. Avicularia,
specialized polyps of the bryozoan colony
that are presumed to have a protective
function, will be observed to determine
more exactly what their function is; even
in temperate waters the function of avicu-
lana is poorly understood. To accomplish
our goals, we will collect samples of shal-
low-water species and return them to
Palmer Station's laboratory for observa-
tion and analysis. (S-029)

Growth patterns in fishes. Timothy E.
Targett, Skidaway Institute of Oceanogra-
phy and Richard L. Radtke, Hawaii Insti-
tute of Marine Biology. The original noto-
thenioid fish fauna, present when Antarc-
tica separated from Australia 40 to 65 mil-
lion years, has evolved in isolation from
other fauna. Although the coastal commu-
nity includes 14 families, more than 70
percent of the species and greater than 90
percent 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 comprehensive study of age and growth
patterns in these fish has been done.
Recently developed techniques that include
scanning electron microscope enumeration
of microstructural growth-increments in
otoliths (calcium carbonate concretions in
the inner ear), enable us to determine accu-
rately age and growth rates for dominant
antarctic fishes. By conducting controlled
laboratory experiments at Palmer Station
on fishes from nearby waters, we will vali-
date timing and periodicity of microstruc-
tural growth-increment forms and investi-
gate the effect of ecological factors on
microstructure. The latter information will
help us interpret the biological significance
of differences in microincrement size and
structure observed in otoliths. Compari-
sons of growth patterns in species occupy-
ing different trophic niches will increase
our understanding of the relative roles of
benthos and krill resources in fish produc-
tion. (S-031)

Acoustic research on Weddell seals (Lep-
tonychotes Weddelli) in relation to man-
made noise in McMurdo Sound. Jeanette
Thomas, Hubbs-Sea World Research Insti-
tute. For many years scientists have been
concerned about the effects of high ampli-
tude underwater noise on marine organ-

isms. For example, evidence of mortality
and tissue damage in fish caused by under-
water dynamite explosions have been found
by various marine scientists. In McMurdo
Sound, marine organisms are subjected to
several sources of high amplitude noise,
including dynamite explosions used by
geologists to study ocean sediments and
the effects of breaking ice by Coast Guard
icebreakers. Because marine mammals are
greatly dependent on audible cues and
because underwater sounds propagate over
long distances, any noise source in the
environment could cause significant dis-
turbance to these mammals. In 1982 U. S.
biologists found two deaf Weddell seals
in McMurdo Sound and suggested that
hearing damage has occurred among this
population. To assess the possible impact
of these manmade noises on the region's
Weddell seal population, we will examine
hearing pathologies this austral summer.
Working with New Zealand personnel, we
will collect seal heads and transport them
to McMurdo Station's laboratory to remove
the temporal bones and study the inner
ears. The results of our study will provide
information on the types and extent of
hearing damage within the seal population.
Although similar studies have been con-
ducted on terrestrial mammals, to our
knowledge this is the first attempt to use
these methods to examine hearing dam-
age in marine mammals. Our results will
have worldwide application to the ques-
tion of whether manmade noise adversely
affects marine mammals. (S-034)

Interactions of marine sedimentary mic-
robiota with algal inputs and foraminif-
era! grazers. David C. White, Center for
Biomedical and Toxicological Research,
Florida State University. Soils and sur-
face sediments in many environments may
contain 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
communities. At Cape Armitage in Mc-
Murdo Sound and near the ice edge, we
will gather data to test this hypothesis.
Our objectives are to characterize the ben-
thic microbiota of McMurdo Sound sedi-
ments and determine the food chain direc-
tions and dynamics within these microbial
communities. This austral summer we will
focus on the dynamics of the food web in
these communities and search other sites
for sediment types to compare with sedi-
ments from Cape Armitage. At McMurdo
Station at least three special aquaria with
running seawater and lighting similar to
the natural environment will be set up.
Collaborating with biologists from the Uni-
versity of Southern California (5-039), we
will grow ice algae and attempt to grow
and label phaeocystis in these aquaria. We
also will contrast the microbes in the sedi-
ments during antarctic summer and win-
ter with those of Australia's Great Barrier

Reef, northern Gulf of Mexico estuarine
sediments, and the deep sea and oligotro-
phic ground water sediments of aquifers.
By working with other investigators who
are studying the same communities, we
are extending our understanding of another
portion of the antarctic marine food chain.
(S-o36)

Assembly and stability of microtubules
from fish at low temperatures. H. Wil-
liam Detrich III, University of Missis-
sippi Medical Center, School of Medicine.
Macromolecular assemblies of proteins per-
form many essential cellular processes.
Cytoplasmic microtubules are tube-like,
subcellular filaments composed of the major
protein subunit, tubulin, and one or more
microtubule- associated proteins (MAPs).
The ordered asssembly, maintenance, and
disassembly of cytoplasmic microtubules
play critical roles in cell division, nerve
growth and regeneration, cell-shape de-
termination, and cytoplasmic transport. At
temperatures near 0°C the cold-labile
microtubules of warm-blooded vertebrates
can be broken down rapidly into their sim-
pler subunits. In contrast, the cold-stable
microtubules of antarctic marine poikilo-
therms must be assembled and maintained
at extremely low temperatures (approxi-
mately —2 to +2 0 C). Our project focuses
on the biochemical adaptations that facili-
tate the assembly, stability, and function
at low temperatures of microtubule pro-
teins isolated from cold-adapted antarctic
fish. We will collect fish (Notothenia
coriiceps, N. gibberifrons, and Chaeno-
cephalus aceratus) near Palmer Station and
Low Island in the southern Bransfield Strait.
During our first field season we will estab-
lish conditions for the reversible assem-
bly and disassembly at low temperatures
of cold-stable microtubule proteins pre-
pared from the brain tissues of these fish.
To identify the components (tubulin,
MAPs, and/or small ligands) responsible
for cold-stable microtubule assembly, we
will compare the protein compositions and
assembly characteristics of cold-stable
microtubule proteins from antarctic fish
with those of microtubule proteins from
temperate marine organisms (sea urchins)
and from warm-blooded vertebrates (e.g.,
cows). We also will determine the struc-
tural and immunological relatedness of
tubulins and MAPs from these cold- and
warm-blooded organisms to identify reg-
ions of these molecules that are important
to assembly at low temperatures. Our
research will contribute to an understand-
ing of the mechanism and thermodynam-
ics of the assembly and structural stabil-
ity of microtubles at low temperatures.
(S-o37)

Growth, photosynthesis, and carbon
metabolism of phytoplankton in the south-
ern oceans: a species approach. Richard
B. Rivkin and Ian Morris, Horn Point Envi-
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ronrnental Laboratory, University of Mary-
land. In a changing environment, phyto-
plankton typically adapt by altering a
particular metabolic pathway or pattern
of nutrient use. Over a short time these
adaptive mechanisms enable the cell to
operate efficiently. In the southern oceans
phytoplankton are exposed to discontinu-
ous light and nutrients because of turbu-
lent motion, seasonal variations in light,
varying cloud cover and wave action, and
localized and periodic regeneration of
nutrients. Biologists in 1950 reported that
southern ocean phytoplankton can incor-
porate 70 to 80 percent of recent products
of phyotosynthesis into lipids and smaller
amounts into proteins. This finding con-
trasts with the traditional interpretations
of primary production measurements. Stud-
ies in the Arctic, Antarctic, and labora-
tories suggest that the pattern of carbon
uptake varies significantly with species and
geographic location. Our objective is to
evaluate the relationship between the bio-
chemistry and growth of individual phy-
toplankton species. Near McMurdo Sta-
tion we will collect water samples, ice algae,
and phytoplankton from beneath the ice
and in open water. With these samples we
can measure the photosynthesis-light re-
lationship, cell division rates, and parti-
tioning of recent products of photosynthe-
sis into low molecular compounds, lipids,
polysaccharides, and proteins. We also will
estimate how much the dominant phyto-
plankton species contribute to total- and
net-plankton primary production and mea-
sure how long adaptation to new light and
temperature regimes takes. Biochemical
analysis will be conducted at MMurdo's
Eklund Biological Center. By examining
both specific species in nature and labora-
tory cultures, we will determine the rela-
tionship between cellular biochemistry and
the division rate of individual algal spe-
cies and evaluate the coupling between
carbon metabolism and phytoplankton
growth in an environment subject to ex-
treme changes in light and temperature.
(S-038)

Ecology of sea ice microbial communi-
ties in McMurdo Sound. Cornelius W.
Sullivan, University of Southern Califor-
nia. Annual sea ice, a unique habitat for
microbial communities, is dominated by
diatoms but includes microalgae, bacteria,
and protozoans. At the end of the sum-
mer the melting sea ice suddenly releases
these physiologically active microorganisms
into the water column; these organisms
provide the basis for the subsequent phy-
toplankton blooms that are a rich source
of protein for pelagic grazers. This aus-
tral spring and summer we will study the
influence of temperature, salinity, and oxy-
gen on the metabolism and growth of these
microorganisms in McMurdo Sound. We
also will investigate the influence that the
sea ice microbial community has on the

integrity of sea ice structure. To learn more
about the factors influencing the growth
and development of the sea ice microbial
community, we will collect data on the
reciprocal relationship between light and
the sea ice microbial community. Divers
will collect samples from under the sea
ice; other samples will be obtained by dril-
ling ice cores near McMurdo Station and
at the ice edge from one of the U.S. Coast
Guard icebreakers. In the laboratory we
will study physiological processes and
determine the biochemical composition of
the community. Our objectives are to esti-
mate natural growth rates and to under-
stand specific adaptations by this micro-
bial community to the sea ice microenvir-
onment. (5-039)

Pygoscelid penguin population studies
in Admiralty Bay. Wayne Trivelpiece, Point
Reyes Bird Observatory. Penguins are
major predators of krill (Euphausia su-
perba) and an important component of
the antarctic marine food web. To thor-
oughly understand the structure and func-
tion of the antarctic ecosystem, biologists
must have information on population
dynamics and the factors that regulate
population sizes of penguins, especially
pygoscelid penguins, which are the domi-
nant antarctic genus. The three pygoscelid
penguins—Adlie (Pygoscelis adeliae) , chin-
strap (P. antarctica), anct gentoo (P. papua)
—nest sympatrically at Point Thomas, King
George Island, near the Polish base Arc-
towski. Here the gentoo population is sta-
ble while the Adélie and chinstrap popula-
tions are growing. For several years we
have banded penguins at this site and stud-
determining the nest-site tenacity, mate
fidelity, survival, and reproductive suc-
cess of several hundred known-age'pairs
of each penguin species, we have com-
piled data on mates, nest-site selection,
and reproductive success of these birds
at Admiralty Bay. These data provide the
basis for our 5-year investigation of popula-
tion dynamics of penguins in this region.
This austral summer we will band more
penguin chicks, estimate the number and
rate of bands lost by banding both flip-
pers on some birds, record arrival, location,
weight, breeding, and reproductive suc-
cess of banded penguins, and census colo-
nies to determine population sizes of the
three species. Analysis of these data will
enable us to determine how demographic
variables interact to affect changes in pen-
guin populations. If we have enough time,
we will continue to band and census other
birds that nest near Point Thomas. We
will focus on birds that are predators or
scavengers in penguin rookeries—brown
and south polar skuas, American sheathbill,
southern giant fulmar, and southern black-
backed gull. Data from this project con-
tribute to scientific understanding of the
structure and function of the marine eco-

systems and add to present knowledge of
population dynamics of marine organisms.
(5-040)

The trophic positions of benthic rhizo-
poda in antarctic communities. Ted E.
DeLaca, Scripps Institution of Oceanogra-
phy. Although benthic foraminifera are
abundant in many marine communities,
their trophic positions and significance in
energy transfer and community dynamics
remains unknown. Much of the published
information on benthic foraminifera is lim-
ited to zoogeographic and systematic studies
of about 60 of the 4,000 cataloged species.
Our research focuses on one type of ben-
thic foraminifera, rhizopods, which appear
to be important in the energy transfer in
benthic food webs. Capable of rapid growth
on various foods, they may represent large
standing stocks, prey on microbial life
forms, and serve as a food source to higher
trophic levels, especially small species and
developmental stages of larger ones. The
McMurdo Sound region has diverse types
of habitats with distinctive foraminiferal
assemblages, ranging from shallow-water
to deep-ocean species. Because the polar
environment has pronounced seasonal fluc-
tuations in benthic populations, we can
sort out ecological relationships more easily.
During this austral summer we will ana-
lyze the energy flow into rhizopod popu-
lations, evaluate the standing stocks, bio-
masses, and chemical and caloric composi-
tions, and determine what species are most
likely to prey on benthic rhizopods. Al-
though most of this research will be con-
ducted between October 1984 and Janu-
ary 1985, two members will collect data
during the winter at McMurdo Station.
Because our investigation is year-round,
we will obtain information not only on
the roles of rhizopods in antarctic benthic
communities but also on environmental
changes and the resulting population dy-
namics. (5-043)

Nutrients and ice-shelf water along the
barrier edge of the Ross Ice Shelf. Douglas
C. Biggs, Texas A&M University and
Anthony F. Amos, University of Texas.
While working with ocean scientists from
Lamont-Doherty Geological Observatory
and Oregon State University, we will
characterize the fine-scale physical and
chemical signature of shallow ice-shelf
water. The study will be conducted within
an area 10 miles offshore along 10 miles
of the Ross Ice Shelf edge. Our objective
is to determine the spatial extent of the
shallow ice-shelf water and its temporal
variation through one tidal cycle. Using
current-temperature-depth (CTD) casts
augmented by expendable bathythermo-
graphs (XBTs), we will locate a shallow
ice-shelf water core (or cores) between
175 0 E and 170 0 W. When the core is found,
we will begin a closely-spaced, underway
XBT survey to define the dimensions of
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the temperature-minimum core along the
ice-shelf edge and away from it. After com-
pleting this survey, we will continuously
sample nutrient concentrations, concur-
rent with CTD measurements. During a
1978 survey of plankton and inorganic
nutrient concentrations over the continental
shelf in the Ross Sea, investigators found
that relatively high levels of ammonium
(NH4 ) occurred at depths between 50 and
150 meters and were more prominent near
the edge of the Ross Ice Shelf than at sta-
tions 200 kilometers north. In addition to
complementing work by the other ocean
scientists on this cruise, our study extends
understanding of the scales of spatial vari-
ability in water-column NH4 in relation
to water-mass characteristics, geostrophic
flow, and distance from ice edges. (5-046)

Bioenergetics of antarctic fur seals. Daniel
P. Costa, University of California, Santa
Cruz. The fur seal (Arctocephalus gazella),
a major consumer of krill in the southern
oceans, has adapted its reproductive strat-
egy to the antarctic environment. With
more krill available, possibly because the
baleen whale population has declined, the
population of this seal has increased rapidly.
These seals breed mainly on subantarctic
islands during the brief periods of warm
weather; the cycles of birth through wean-
ing take about 4 to 5 months to complete.
Because this rapid growth places heavy
energy demands on the nursing females,
successful reproduction depends on nearby
availability of adequate supplies of food.
By learning what the energy requirements
are for successful pup rearing, we will
understand more of this seal's biology and
will be better able to predict the potential
effects of a major krill fishery on this spe-
cies and the antarctic marine ecosystem.
With the assistance of the British Antarc-
tic Survey, we will study antarctic fur seals
at Bird Island, South Georgia. We will mea-
sure the metabolism of unconfined indi-
viduals by using recently developed iso-
tope methods. Through these methods we
hope to overcome the limitations posed
by such conventional methods as measur-
ing food intake and respiration of con-
fined individuals. (5-047)

Biological research in the Antarctic Penin -
sula. Yoshikuni Ohyama, National insti-
tute of Polar Research, Tokyo, Japan. While
working at Palmer Station, I will study
the terrestrial environment of the Antarc-
tic Peninsula region. I will collect samples
of mites, springtails, and the wingless midge
(Belgica antarctica) at different stages of
development, and record information about
their habitats. For the herbarium at the
National Institute of Polar Research in
Tokyo, I will sample mosses and lichens.
During my 3-month stay at the station, I
also will attach a depth recorder to a pen-
guin and later attempt to recover the
recorder. (S-304)

Earth sciences
Antarctica and the surrounding ocean

basin make up the Antarctic Plate. The
break up of the supercontinent Gondwana,
the evolution of the Southern Hemisphere,
and the eventual isolation of Antarctica
are critical to understanding not only the
geologic history of the continent but also
the development of ocean circulation and
the Earth's varying climate. Recent fossil
discoveries in the Antarctic Peninsula region
suggest that the high southern latitudes
may have acted as a center of origin and
disperal for a broad spectrum of fauna,
previously thought to have originated in
the low latitudes. Discoveries such as this
point to the importance of understanding
the geology of Antarctica. Geologists and
geophysicists gather data that help to
explain the relationship between East and
West Antarctica, global geodynamics and
the Earth's deep structure, and Antarctica's
mineral resource potential. They also in-
vestigate ongoing processes such as the
physical and chemical processes related to
landform development.

Ultra long-period seismic and gravity
observations. Leon Knopoff and W.D.
Smythe, University of California, Los
Angeles. Because Amundsen-Scott South
Pole Station is a seismically quiet platform,
which lies on the Earth's rotational axis,
we use this site to measure long-period
oscillations of the Earth with two ultralong-
period seismometers (modified LaCoste-
Romberg gravity meters). The location of
this station on Great Circle Path, which
coincides with portions of the Mid-Atlantic
Ridge and the East Pacific Rise, is advan-
tageous for studying phase velocities sen-
sitive to the middle-mantle structure under
an oceanic ridge. We also hope to observe
motions of the Earth's inner core. 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. Our goal is to
attain a better understanding of the deep
structure and lateral inhomogeneities of
the earth. (5-050)

Geodetic satellite observations. Arnold
J. Tucker, University of Texas. At Mc-
Murdo Station we will operate an d main-
tain a geodetic satellite observatory to col-
lect dual-frequency doppler data from
polar-orbiting satellites. These satellites
transmit similar data to South Pole Sta-
tion on specific orbits, and data from both
stations will help determine the spatial and
time variations of the ionosphere and pro-
vide geodetic positioning controls. The
study of variations in the Earth's mag-
netic field at a 1,000-kilometer altitude will
be augmented by telemetered magnetometer
data acquired from other satellite passes.
(S-o51)

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 Net-
work. (5-052A)

Mapping operations. Rupert B. South-
ard, U.S. Geological Survey. Aerial photo-
mapping will be conducted this austral
summer to acquire reconnaissance photos
for potential new field study sites in the
geological and glaciological sciences, to pro-
vide aerial coverage of areas that are of
special interest to the science community,
and to produce large-scale maps. (S-052C)

Meteoritics. William A. Cassidy, Univer-
sity of Pittsburgh. Meteorites are useful in
investigating possible changes through
time in the meteoroid flux at Earth, meas-
uring 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. We will syste-
matically search three sites west of the
main Allan Hills ice field. We also will
sample airborne particulates for cosmic dust
at Amundsen-Scott South Pole Station.
Because of atmospheric-circulation patterns,
the polar plateau is uniquely situated for
direct stratospheric sampling at the Earth's
surface. We believe that more submicro-
scopic particles settle through the atmo-
sphere than microscopic particles. Although
ice-core samples from the South Pole have
yielded microscopic particles, smaller, low-
strength particles may be altered when they
are buried in moving ice and lose charac-
teristics that might help describe their
origins. Consequently, direct sampling of
airborne particulates may provide a supe-
rior sample of cosmic dust. (5-058)

Resource and radioactivity survey by
gamma-ray spectrometry. Edward J. Zeller
and Gisela A. M. Dreschhoff, University
of Kansas. Radioactivity surveys conducted
since 1976 in southern and northern Vic-
toria Land, the Darwin Glacier area, the
Ellsworth Mountains, and Marie Byrd Land
show that substantial differences in poten-
tial for uranium and thorium mineraliza-
tion exist from area to area. Our objective
is to understand the distribution and con-
centration of radioactive elements in dif-
ferent rock types and tectonic environ-
ments. 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. We will
survey the ice-free valleys of southern
Victoria Land and make ground truth deter-
minations from satellite imagery. (S-059)
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Tectonic development of West Antarc-
tica and its relation to East Antarctica. Ian
W.D. Dalziel, Lamont-Doherty Geologi-
cal 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. Although
our previous investigations have focused
on the Scotia Arc, more data on the region
at the base of the Antarctic Peninsula
extending to the Ellsworth, Thiel, and
Whitmore Mountains is necessary. Dur-
ing the 1983-1984 austral summer U. S.
and British geologists began an intensive
investigation in Ellsworth Mountains, Mar-
tin Hills, and Mt. Smart and near Siple
Station. Field work included geology,
paleomagnetism, geochronology, and geo-
physics with radio-echo sounding and
aeromagnetic surveys conducted by Brit-
ish geophysicists. We will investigate the
Jones Mountains on the Eights Coast and
sites at the base of the Antarctic Penin-
sula near Mt. Smart. These areas may repre-
sent two separate crustal blocks of West
Antarctica. Airborne geophysical surveys
will attempt to define the limits of the
blocks and determine the tectonic nature
of the ice-covered area between them. Our
geologic, paleomagnetic, and isotopic work
will concentrate on exposed nunataks to
determine their tectonic significance and
past and present relationships. (S-063)

Stratigraphy and paleontology of Sey-
mour Island. Sankar Chatterjee, Texas Tech
University. The marine deposits in the
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 Tertiary
age exposed between South America and
Australia. Recent discoveries of fossils of
a land mammal and marine Cretaceous
vertebrates in 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 the 1984-1985 austral summer we will
continue to study in detail the stratigraphy,
sedimentology, sedimentary petrology, and
paleontology of sedimentary rocks on Sey-
mour Island. During two earlier expedi-
tions to this site we collected fossils of
sharks, bony fish, and associated skele-
tons of plesiosaurs and mosasaurs. 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. (5-066)

Seismicity of Mt. Erebus and vicinity.
Juergen Kienle, University of Alaska. Mt.
Erebus, an intraplate volcano on Ross
Island, contains the world's only persis-

tent convecting lava lake that is accessible
for study. By using seismic and acoustic
data we will try to define the geometry
and eruptive behavior of the magma body
that feeds the Erebus lava lake. We also
will study the general 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 the 1980-1981 austral
summer, a U . S . -Japan-New Zealand project
has used a radio- telemetered seismograph
network on Ross Island to acquire this
data. This season we will service and
rearrange the network's 10 permanent seis-
mic stations. The seismic network helps
to precisely locate microearthquakes in
order to define active areas of the Ross
Island's volcanos and to monitor long-term
seismic and acoustic energy release and
fluctuations. Several test shots will be fired
this austral summer to probe the shallow
velocity structure of Mt. Erebus and to
search for velocity anomalies associated
with a magma body. (S-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. During the 1984-1985 austral sum-
mer we will visit Mt. Takahe in Marie
Byrd Land to follow up a reconnaissance
study made during the 1967-1968 austral
summer. With a base 35 kilometers in
diameter, Mt. Takahe is a symmetrical vol-
canic cone with a flat summit that stands
2.1 kilometers above the present level of
the continental ice sheet. In 1967-1968 we
visited four sites and surveyed by helicopter
some inaccessible cliff exposures. During
a 4-hour visit to the mountain we deter-
mined that most of the exposed rock is
hyaloclastite tuff and tuff breccia formed
by the interaction of lava and glacial ice
when the ice sheet was perhaps 2,000
meters thicker than it is today. Subsequent
potassium-argon dating showed that the
deposits at two of these sites are less than
300,000 years old. Mt. Takahe is there-
fore a key piece of evidence in support of
the theory that the west antarctic ice sheet
has experienced large and rapid changes
in size during the recent geologic past.
This austral summer we plan to visit more
sites and spend more time at each one than
was possible in 1967-1968. At each site
we will collect samples and make field
observations that will help us learn more
about the history of this interesting volcano.
(S-073)

Contemporary geomorphic processes in
ice-free valleys. Michael C. Malin, Ari-
zona State University. Scientists have stud-
ied the geological and geomorphological
history of the ice-free valleys of southern
Victoria Land but have not addressed the
nature and rate of ongoing physical and
chemical processes. During the 1983-1984

austral summer we established 11 test sites
to examine wind erosion, desert-pavement
formation, chemical and physical modifi-
cation of rock materials, and the relation-
ships of these processes to landform devel-
opment. One goal is to provide informa-
tion for various time scales, beginning with
2 months and continuing up to 40 years.
This austral summer we will return to these
sites to collect first-year samples; the sta-
tus of each site and the materials removed
will be documented. To obtain additional
data, we will drill cores from weathered
boulders and outcrops. The samples will
be analyzed by x-ray diffraction, optical
inspection, mineralogical analysis, particle-
size distribution and other sedimentologi-
cal methods, and topographic and micro-
topographic meteorological modeling. Scan-
ning electron microscopy will be impor-
tant for studying surfaces (exposed and
freshly created) and crystal interfaces, as
we identify initial phenomena associated
with abrasion and physical and chemical
alteration of rock material. This informa-
tion should help in understanding how
these valleys are changing and how to pre-
dict 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
tectonics and reconstruction. Studying the
interface between the Ross Sea area and
the Transantarctic Mountains may help
determine the nature of the boundary and
the causes of uplift and subsidence. From
geophysical studies we know that the
crustal lithologies of these two areas appar-
ently 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 Transant-
arctic Mountains are uplifted, fault-block
mountains, but the tectonic processes and
causes are unknown. The Ross Sea region
may have dropped or thinned, probably
as a result of continental extension. On
either side of the boundary volcanic erup-
tions of the highly undersaturated Erebus
Volcanic Province during the Cenozoic era
carried upper and lower crustal xenoliths
to the surface. Preliminary analysis of
crustal xenolith samples from this area
revealed previously unreported rocks,
which resemble xenoliths found in Aus-
tralia. This austral summer we will con-
tinue our systematic investigation of the
petrography and mineral and whole-rock
chemistry of crustal xenoliths. From late
November to mid-December 1984 we will
collect and study crustal inclusions in
McMurdo volcanics from sites in the Royal
Society Range, on Brown Peninsula, at
Cape Royds, and possibly on Mt. Terror.
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From this investigation we will learn more
about the origins of lower crustal xeno-
liths and determine regional variations of
crustal xenolith types. To develop a crustal
geotherm and interpret regional tectonic
history, we will study petrology of lower
crustal granulites. (5-075)

Dry valley real-time telemetry seismol-
ogy. Nicholas A. Orsini and L. G. Holcomb,
U. S. Geological Survey Albuquerque Seis-
mological Laboratory. The availability of
high quality seismic data from Antarctica
is a long-term objective of many investi-
gators. Such data, when combined with
data from the Worldwide Seismological
Network, would provide needed azimuthal
control for locating seismic events in the
Northern and Southern Hemispheres. Dur-
ing the 1983-1984 austral summer we sur-
veyed sites in southern Victoria Land's ice-
free valleys; in the upcoming austral sum-
mer we will prepare our system for instal-
lation during the 1986-1987 austral sum-
mer. The system includes borehole sen-
sors to provide short-, intermediate-, and
long-period digital seismic data. Data will
be transmitted in real time via a synchro-
nous satellite to the U. S. Geological Sur-
vey Albuquerque Seismological Labora-
tory as part of a larger seismic data collec-
tion network. (S-078)

Stratigraphic evolution and tectonic set-
ting of the carbonate platforms of the Ross
Sequence, Transantarctic Mountains. A.
J. Rowell, University of Kansas. Although
over the last two decades geologists have
completed initial reconnaissance of the
Transantarctic Mountains, the depositional
history of the platforms underlying the
mountains is poorly understood. Focus-
ing on the carbonate platform rocks of
the Ross Sequence, we will determine their
stratigraphic age, depositional environment,
morphology, and regional setting. These
rocks, important to understanding the
evolution of the orogenic belt that bor-
dered the east antarctic craton in the early
Paleozoic, represent the final depositional
phase of the orogen. The formation of the
sequence was initiated by the collapse of a
clastic wedge, which was formed by Ven-
dian deformation of late Precambrian clas-
tic, continental-margin sediments. The
sequence's tectonic setting is controversial;
intracontinental rift or back-arc basin sites
have been suggested. The carbonate-plat-
form rocks were deposited near the east
antarctic craton margin and, although
deformed, have not been severely altered.
Their age, however, is poorly defined. Our
objective is to accurately determine when
the foundering began, as well as the subse-
quent subsidence and depositional history
of the basin margin. While in the South-
ern Churchill Mountains north of Nimrod
Glacier, we will collect rock samples for
lithology and fossil studies. By combining

paleontology and sedimentology, we will
be better able to determine the age of the
sequence. (5-079)

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
distribution, petrogenesis, and chronology
of volcanic rocks from Minna Bluff, Mt.
Discovery, Mt. Overlord, Mt. Melbourne,
Mason Spur, and Mt. Erebus. Mt. Mel-
bourne, one of two active volcanoes in
the Ross Sea area, will be a major focus of
this austral summer's investigation. We
will study the distribution, chronology,
and petrogenesis of Mt. Melbourne's rock
suites and their relationship to the tec-
tonic evolution of the Ross Sea region.
During this part of our field work, we
will cooperate with West German scien-
tists working in northern Victoria Land.
While monitoring volcanic activity at Mt.
Erebus, we also will map older rocks on
the volcano's flanks to obtain informa-
tion on earlier volcanic activity. At Minna
Bluff, Mt. Discovery, and the Royal Soci-
ety Mountains we will continue geochemi-
cal and petrologic investigations of vol-
canic rocks and their included upper mantle
xenoliths. (S-osl)

Regional geology of the English Coast.
Thomas S. Laudon, University of Wiscon-
sin, Oshkosh. West Antarctica, for the most
part, is younger than the Precambrian shield
and collisional Transantarctic Mountains
of East Antarctica. The area of the Antarctic
Peninsula and eastern Ellsworth Land
belongs to a Mesozoic-Cenozoic magmatic-
arc complex that apparently is superim-
posed on one of at least four small litho-
spheric plates of the continental crust.
Working with geologists from the U. S.
Geological Survey (S-083), I will study
the geology of the English Coast at the
southern end of this plate. At least 20 unvis-
ited nunataks are scattered over the 15,000
square kilometers of the western English
Coast. Because the coast is located at the
j uncture of three microplates of continen-
tal lithosphere, data from this region will
help to define the tectonic and paleogeo-
graphic development of West Antarctica.
Although this project includes studies of
igneous petrology, geochronology, paleo-
magnetism, stratigraphy, sedimentary
petrology, mineral resources, and struc-
tural geology, I will be responsible primarily
for stratigraphy and sedimentology. The
remaining studies will be conducted by
Geological Survey geologists. (S-082)

Regional geology of the English Coast
and adjacent southern Antarctic Peninsula.
Peter D. Rowley, U. S. Geological Sur-
vey. West Antarctica contains at least four

tectonic provinces (Antarctic Peninsula-
eastern Ellsworth Land, Ellsworth Moun-
tains, western Ellsworth Land, and Marie
Byrd Land) of mostly Phanerozoic age. The
English Coast, which lies at the southern
end of the Antarctic Peninsula-eastern Ells-
worth Land province, is one of the largest
areas in West Antarctica that geologists
have not studied in detail. Based on work
in other parts of the province, we believe
that the English Coast probably represents
the southern end of a Mesozoic and Cen-
ozoic magmatic arc. The unexplored nuna-
taks to be visited are widely scattered over
15,000 square kilometers of the coast's
western section along the Bellingshausen
Sea in northeastern Ellsworth Land. Our
objective this austral summer is to begin
mapping, describing, and interpreting the
geology of this region. As we map this
area, we also will study petrology and geo-
chemistry of plu tonic Sand volcanic rocks,
paleomagnetism, mineral deposits, pale-
ontology, isotope geology, and perhaps fea-
tures at the boundary of a lithospheric
plate. Stratigraphy and sedimentology will
be studied by Thomas Laudon (S-082).
After the field investigation is completed,
we will compare our data with those col-
lected from nearby areas, particularly the
Black, Lassiter, and Orville coasts and east-
ern Ellsworth Land. Two members of our
party also will study lamprophyre dikes
in the ice-free valleys of southern Victoria
Land; only cursory geochemical and pet-
rographic studies of them have been con-
ducted to date. (S-083)

Exploration for fossil land mammals on
Seymour Island. Michael 0. Wood burne,
University of California, Riverside. In
March 1982 the discovery of mammal fos-
sils on Seymour Island confirmed theo-
ries that predicted the past presence of
land mammals, particularly marsupials, in
Antarctica. The recovered fossils were
related to an extinct South American marsu-
pial family Polydolopidae known there in
rocks about 35 to 60 million years old.
We estimate the antarctic fossils to be
approximately 40 million years old and
believe this indicates that marsupials dis-
persed from South America to Antarctica
by at least this time. The relatively young
geologic age of the fossils and their simi-
larity to South American forms, however,
raises questions as to how long ago and
over how much time the marsupial disper-
sion occurred and to what degree they
moved back and forth between Australia
and South America before Australia broke
away from Gondwana (about 56 million
years ago). This austral summer we will
make a third expedition to Seymour Island.
By recovering more specimens of marsupi-
als or other placental mammals, we will
be better able to interpret the distribution
and composition of land mammals in Ant-
arctica during the late Cretaceous to late
Eocene. We may also be able to determine
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if Antarctica acted as a filter for mammal
movement between the other two conti-
nents. (5-084)

Paleontologic and geologic history of the
James Ross Island basin. William J. Zins-
meister, Purdue University. A detailed geo-
logic investigation 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 evolu-
tionary relationship between this area and
the Antarctic Cordillera, the tectonic set-
ting of the Peninsula region, the evolu-
tion of southern hemisphere shallow-water
biota, and the changing patterns of land
and sea connections. This austral summer
we will make our third expedition to Sey-
mour Island. Our principal objective is to
complete a detailed geologic and paleonto-
logic survey of the uppermost Cretaceous
and lower Tertiary sequence on the island.
We will document stratigraphic relation-
ships of the Cretaceous-Tertiary bound-
ary and the occurrences of invertebrate
and vertebrate fossils in relation to the
boundary. In other areas of the world an
iridium anomoly has been reported at the
Cretaceous-Tertiary boundary. To deter-
mine if this anomoly occurs in the Antarctic
Peninsula region, we will collect samples
for geochemical analysis; samples from
above and below the boundary also will
be collected for radiometric dating. One
member of our party also will study the
paleomagnetism of the Late Cretaceous and
early Tertiary sequence on Seymour Island.
(5-086)

Origins of salts in the ice-free valleys
of southern Victoria Land by chlorine-36.
Fred M. Phillips, New Mexico Institute of
Mining and Technology, Harold Bentley,
University of Arizona, and David Elmore,
University of Rochester. Although over
the last 20 years scientists have documented
the saline characteristics of the lakes, other
water, and deposits in southern Victoria
Land's ice-free valleys, the source of these
salts is uncertain. Several possible, sources
have been suggested— trapped seawater,
local atmospheric deposition, glacial melt-
water, thermal springs, deep ground-water
discharge, weathering, or a combination
of these. In most of these studies investi-
gators have identified the chemical com-
position of potential salt sources and then
attempted to determine the processes that
might transport the salts to the lakes.
Unfortunately, most results have been
ambiguous because it has not been possi-
ble to identify specific sources in this way.
This austral summer we will trace the ori-
gins of chloride in these salts by using a
chlorine isotope, chlorine-36. Chloride is
a predominant anion in most water in the
ice-free valleys. Chlorine-36 provides a sim-
ple method of directly tracing the origins

of chloride because each of the possible
salt sources should have a distinctive
chlorine-36/chloride ratio. By analyzing
samples from Don Juan Pond, we already
have determined that the chloride in this
water is probably a mixture of deep ground-
water discharge and atmospheric deposi-
tion. In addition to tracing the origins of
chloride, we will construct chloride bal-
ances for the lakes from chlorine-36/chlor-
ide ratios and attempt to determine the
origins of other ionic solutes with the aid
of the chloride balances. (S-091)

Ross Sea aeromagnetic survey. John C.
Behrendt, U. S. Geological Survey. In coop-
eration with scientists from the Federal
Republic of Germany, we will conduct a
geophysical and geological study in the
Ross Sea-Victoria Land region of Antarc-
tica. Our principal objective is to deter-
mine the paleomagnetism of a large por-
tion of the western Ross Sea basin. West
German pilots will fly an aeromagnetic
survey in the the southwest Ross Sea area
at an elevation of 500 meters along east/
west lines, spaced 4 kilometers apart. The
survey area extends for about 400 kilome-
ters and includes the area east from the
west coast of the Ross Sea and north from
the front of the Ross Ice Shelf to a posi-
tion offshore where a West German sur-
vey will be conducted. While in the field
we will help coordinate the aeromagnetic
survey; after the field project we will work
cooperatively with West German geolo-
gists to analyze the data collected in Ant-
arctica. (5-092)

Cenozoic biostratigraphy. Peter N. Webb,
Ohio State University. Our work contin-
ues previous investigations of Late Creta-
ceous, Paleogene, and Neogene foramini-
fera, diatoms, and calcareous nanoplankton
from the western Ross Sea. Foraminifera
and diatoms will be used to delineate ages,
environments, and the position and mag-
nitude of hiatuses. In cores obtained dur-
ing the McMurdo Sound sedimentary and
tectonic studies, we found six sequences
of sediments separated by five hiatuses.
The sequences and hiatuses have been inter-
preted as interglacial and glacial phases,
respectively. It is possible that during each
marine hiatus (some of which lasted up to
10 million years) terrestrial ice flowed from
the Transantarctic Mountains into the Ross
Sea. Either marine sediments were not
deposited during these periods or, if they
were deposited, the sediments were severely
eroded. The effects of the terrestrial and
marine glacial and interglacial history in
the western Ross Sea probably contrib-
uted to Cenozoic global sea-level fluctua-
tions, variations in marine climate, and
biogeographic distributions as far north
as New Zealand and Australia. The over-
all objective of our work is to develop a

high southern latitude microfaunal bio-
stratigraphy, decipher eustatic fluctuations
and climate history, and date significant
paleoceanographic and tectonic events.
(S-o93)

Structure and stratigraphy of the Han-
dler Ridge, northern Victoria Land. Thomas
Wright, National Science Foundation. This
austral summer I will join New Zealand
geologists from the University of Canter-
bury to study the structure and stratigra-
phy of the Handler Ridge and surround-
ing area in northern Victoria Land. From
data gathered during this austral summer,
we hope to determine the structural set-
ting of upper Cambrian/Ordovician fos-
sils found during the West German expedi-
tion to northern Victoria Land (GANOVEX
III) in 1981-1982. These data will further
understanding of the structural relation-
ships and geological history of northern
Victoria Land and the tectonic relation-
ship between New Zealand, Australia, and
Antarctica. (5-095)

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 on Seymour Island during two aus-
tral summer expeditions (1981-1982 and
1983-1984) have yielded rich palynomorph
assemblages, including many new species.
Some of these have been found in sedi-
ment cores from the Ross Sea, but others
are apparently peculiar to the James Ross
Island basin. We will collect additional sam-
ples and correlate our age and environ-
mental interpretations with other paleon-
tologic and sedimentologic studies. From
the resulting Cretaceciis-early Tertiary
palynostratigraphic refei ce sequence, we
will be able to better def1 'ges elsewhere
in Antarctica. We also hope to determine
the depositional environment, nature of
the original plant communities, and major
environmental changes in the James Ross
Island basin. (S-097)

Magnetostratigraphy and sedimentology
in ice-free valleys and McMurdo Sound.
Donald P. Elston, U. S. Geological Survey,
Flagstaff, Arizona. Our objective is to
develop a viable magnetos tratigraphy from
core material drilled in the ice-free valleys
of southern Victoria Land. These data will
be used for age determination, temporal
control, and correlation with the geomag-
netic time scale and will help determine
sedimentation rates in McMurdo Sound.
This austral summer our field work will
be limited to paleomagnetic and sedimen-
tologic sampling of cores drilled by New
Zealand and U. S. investigators from Ohio
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State University (5-093) during the 1984-
1985 austral summer in the ice-free valleys.
(S-o99)

Seismicity and volcanism of Mt. Erebus.
Takesi Nagata, National institute of Polar
Research, Japan. In cooperation with the
U. S. and New Zealand antarctic programs,
we will continue to investigate the seismicity
and volcanism of Mt. Erebus. We also will
install eight to nine temporary stations,
which will record information for 20 to
25 days. Observations from such densely
installed stations should provide us with
detailed information on the velocity struc-
tures of Mt. Erebus and the precise hypo-
center distributions. Gravity measurements
taken at these stations will provide infor-
mation on the volcano's structure. (5-305)

Late Proterozoic granulite fades rocks
of the northern Prince Charles Mountains,
East Antarctica. Edward S. Grew, Univer-
sity of Maine-Orono. The Prince Charles
Mountains in East Antarctica contain a
large tract of exposed granulite- facies rocks,
a portion of the east antarctic Precambrian
shield. Although several geologists have
investigated these mountains, some major
questions remain unanswered, especially
how amphibolite (a crystalloblastic meta-
morphic rock composed mainly of amphi-
bole and plagioclase) relates to granulite-
facies metamorphism and the ages of crust
formation. This austral summer I will
participate as an exchange scientist in the
Soviet expedition to Beaver Lake (70°48'S
68°20'E). The lake, which is 7 miles long
and 5 miles wide, is 17 miles east-southeast
of the Aramis Range in the Prince Charles
Mountains. From late November 1984 to
early February 1985 I will collect samples
for petrological and geochemical studies
of Late Proterozoic granulite-facies rocks.
Petrology will emphasize the metasedi-
mentary rocks and includes topical stud-
ies of cordierite and sillimanite-bearing
metapelites, wollastonite-bearing caic-
silicates, and light-element contents of rock-
forming minerals. The metapelite and caic-
silicate assemblages will be the basis for
estimating the physical conditions of meta-
morphism and testing the hypothesis that
carbon-dioxide infiltration may be responsi-
ble for low-water partial pressures that
are characteristic of granulite-facies. For
the isotopic studies I will collaborate with
W. I. Manton and D. J. DePaolo; we will
use uranium-lead, samarium-neodymium,
and rubidium-strontium isotopes to deter
mine metamorphic and crust-formation
ages. I also will compare the geologic and
petrologic data with similar data from India
because India is juxtaposed to East Ant-
arctica in Gondwana reconstructions. The
results of this investigation should pro-
vide a better understanding of the crustal
evolution in the east antarctic Precambrian
shield. (S-302)

Glaciology and glacial

geology

Ice-core data describe past climates,
changes in the atmosphere and world sea
level, human impact on the atmosphere,
terrestrial, volcanic, and cosmic fallout.
From ice sheet studies, glaciologistis obtain
data on glacial history and such funda-
mental physical properties of ice sheets as
ice-sheet dynamics and ice physics. The
marine-based west antarctic ice sheet, which
covers more than 2.6 million square kilo-
meters of the continent, is of special interest
to glaciologists. Information about its his-
tory and present status is limited; glaciolo-
gists are gathering data on its stability,
behavior during the last glaciation and
interglacial period, and possible responses to
climate change. Because this ice sheet is
more likely to change rapidly than the land-
based east antarctic ice sheet, its stability
and relationship to climate change is of
interest to both glaciologists and climato-
logists. Augmenting these data obtained
by glaciologists is the information collected
by glacial geologists. By studying sediments
and debris that glaciers have deposited as
they expand and recede, glacial geologists
learn about the past fluctuations of antarctic
ice sheets.

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. Ice cores provide valu-
able information on past atmospheric con-
stituents and climate. During the 1984-1985
austral summer we will provide equipment
to University of Wisconsin investigators
(S-151A) who will conduct hot-water dril -
ling of shot holes on ice stream B along
the Siple Coast. We also will drill a 100-
meter ice core for use by University of
Wisconsin scientists (S-151B) in firn stud-
ies. At the Beardmore Glacier in the Trans-
antarctic Mountains we will drill a 200-
meter ice core for glaciologists from the
University of New Hampshire (S-152). We
also will go to South Pole Station to pack
and retrograde ice cores drilled during the
1983-1984 austral summer. (S-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 understanding global atmospheric dy-
namics. Although glaciologists generally
agree that the present size of the west ant-
arctic ice sheet is reduced in comparison
to its Wisconsin maximum, they disagree
about the magnitude of change and the
past locations of its seaward edge. This
austral summer we will study the present

day state of the ice sheet, assess its dynamic
behavior over the last few thousand years,
and conduct a multi-phase geophysical sur-
vey around the Siple Coast. Also, we will
carry out radar sounding of the ice sheet
and its basal surface and aeromagnetic sur-
veys from a Twin Otter airplane. These
suryeys will be done near our base camps
at the Crary Ice Rise, ice stream B, and the
catchment area; ground-based radar sur-
veys of the ice sheet and subglacial bed-
rock will be continued. We will do seis-
mic shooting and electrical resistivity
sounding of the ice sheet and bedrock to
gather information about internal and sub-
glacial physical characteristics. Using a grid
network, we will survey gravity and mag-
netics of the region's subglacial geology.
Other work during this austral summer
includes measuring the physical proper-
ties and structure of firn in shallow pits
and core samples, logging the tempera-
ture of shallow and deep holes, surveying
surface topography, and measuring geo-
detic position and absolute surface eleva-
tion. (5-151A)

Firn texture and diagenesis in West Ant-
arctica. Charles K. Bentley and Richard B.
Alley, University of Wisconsin, Madison.
Firn texture is the size, shape, and arrange-
ment of crystals and grains in firn. In part,
the flux of mass or energy through firn
depends on its density and texture. To
model glaciological processes that involve
mass or energy flux through firn requires
a knowledge of firn properties. Although
numerous studies have increased our under-
standing of firn processes, few studies have
focused on crystal and grain shapes, crystal-
or grain-shape orientation, grain-bond sizes
and distribution, permeability, pore close-
off, or seasonal and other variability of
firn properties. This austral summer while
working on the Siple Coast, we will extract
and study a 100-meter ice core and a sec-
ond 10-meter core. Specifically, we will
study pore close-off (the boundary between
firn and glacier ice), assess how load affects
density and at what rate, and search for
textural causes of reported critical points
in depth-density profiles. In the labora-
tory we will analyze thin sections of firn
to determine texture. Our choice of sam-
ples will take into account visual stratigra-
phy to evaluate the intra-annual variabil-
ity and to study how texture and density
(as functions of firn types) vary at differ-
ent depths. We will use data on micropar-
tide concentrations, oxygen-isotopic ratios,
and gross-beta activities obtained by other
investigators to interpret our textural data.
(S-151B)

Characterization of climatic events for
the last 2,000 years through retrieval of
ice cores from the Transantarctic Moun-
tains. Paul Mayewski and William B.
Lyons, University of New Hampshire. Pre-
dicting climate change depends on a knowl-
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edge of historical climate sequences rang-
ing from decades to millenia. Data from
pollen, sediment, tree rings, glacier fluc-
tuations, and ice and snow cores are valu-
able in reconstructing these sequences when
direct spatial or temporal observations of
the atmosphere are lacking. The best pre-
served climate record is found in snow
and ice cores, particularly from polar and
high-altitude temperate glaciers. During
the upcoming austral summer we will
retreive a 200-meter ice core from a site in
the Dominion Range, Transantarctic
Mountains. In addition to this core, we
will collect shallow cores, approximately
10 meters long, and snow samples from
pits and the surface. Our objective is to
test the hypothesis that the retrieved sam-
ples can be used to determine a record of
climate change. The cores and snow sam-
ples will be analyzed for sulfate, nitrate,
chloride, fluoride, sodium, reactive silicate,
deuterium, and total beta-activity; the stra-
tigraphy of the cores will also be deter-
mined. To decipher the climate record we
will evaluate the possible sources of these
chemicals, reconstruct the relationships
among the ocean, ice, and land by inter-
preting chemical species, determine the tim-
ing of and the relative temperature during
precipitation, and establish net mass bal-
ance over time. With data from the ice
core, which should be about 2,000 years
old, we will test models for recent glacial
history of the Transantarctic Mountains,
search for 100-year climatic cycles, and
investigate possible relationships between
volcanic and/or solar activity and climate
change. (5-152)

In situ precision analysis of nitrate in
South Pole snow. Edward J. Zeller and
Gisela A. M. Dreschhoff, University of
Kansas. Measurements of solar activity,
obtained by satellites over the last 20 years,
have provided new information on solar
variability and suggested that the effects
of solar variability on Earth should be
reexamined. Although carbon-14 in tree
rings has provided long-term records of
past solar variability, this record extends
back only 10,000 years. The polar ice sheets
may preserve a longer record of past solar
activity. If a relationship can be estab-
lished between NO produced in the upper
atmosphere by ionizing solar radiation and
the variations in nitrate concentrations in
South Pole snow, we may be able to develop
a reliable, long-term record of solar activ-
ity from deep ice cores. Our objective this
austral summer is to obtain snow samples
for analysis. By analyzing these samples
in the field, we hope to reduce possible
contamination that might invalidate our
data. We will collect samples near South
Pole Station from shallow pits and trenches
separated by about 2 kilometers. With
samples from the snow pits and trenches,
we will evaluate how much the nitrate sig-
nal varies from layer to layer and attempt

to quantify the lateral variability caused
by wind transport and other factors. We
also will assess quantitative correlations
between the snow nitrate record and satellite
data on solar cosmic-ray flux. The South
Pole samples will be compared with sam-
ples from Windless Bight near McMurdo
Station. This area has a high snow accu-
mulation rate, and with its thick, uniform
snow layers, we should be able to obtain a
high resolution record. (S-160)

Ice dynamics on the Marie Byrd Land
slope. Ian M. Whillans, Ohio State Uni-
versity. Various theories about the pres-
ent state of the west antarctic ice sheet
have been published. Among these are that
the ice sheet is presently recovering from
a surge, that it is now surging, or that it is
about to surge. The proposed triggers for
these actions are climate change, sea-level
rise, atmospheric rebound, and internal
instability. Our research is designed to mea-
sure the mass balance of part of the west
antarctic ice sheet and to study its dynamics,
especially the dynamics of the ice streams.
To obtain data about the ice sheet's mass
balance, we will measure outflow by using
satellite receivers and input by collecting
ice core samples to determine nuclear fall-
out levels. To study dynamics we will mea-
sure deformation patterns to determine
where the resistive drag to glacial flow is
manifest. Our field work will be carried
out in three phases. We will establish veloc-
ity stations on ice stream B and take aerial
photographs, make a tractor traverse across
the entrance to this ice stream, and estab-
lish velocity stations in the catchment to
ice streams B and C. We will work closely
with investigators from the University of
Wisconsin (5-151A) and the National Aero-
nautics and Space Administration (5-173).
(S-164)

West antarctic glaciology. Robert A.
Bindschadler, Goddard Laboratory for
Atmospheric Sciences, National Aero-
nautics and Space Administration. The size
of the marine-based west antarctic ice sheet
has fluctuated greatly over time, but little
is known about how much it has fluctu-
ated or what its present dynamic behavior
is. The minimum extent of the ice sheet
probably occured about 125,000 years ago
when only a small part of the ice sheet
was grounded and sea level was approxi-
mately 5 meters higher than today. Its maxi-
mum extent may have been 18,000 years
ago when scientists believe that the ice
sheet was 50 percent larger than today
and the grounded ice sheet reached the
continental margin's edge. Our objective
is to assess the present dynamic state of
ice in West Antarctica near ice streams B
and C on the Siple Coast. We also will
gather data on ice dynamics at the junc-
tion of grounded and floating ice to deter-
mine what factors control ice streams flow-
ing through surrounding ice and into the

ice shelves, as well as the factors control-
ling ice shelves as they flow over or around
submarine mountains. To do this we will
survey stake networks at the mouths of
the two ice streams and around the Crary
Ice Rise. At these sites we will drill ice
cores from which we will collect informa-
tion on accumulation rates. Personnel from
the Polar Ice Coring Office (S-150) will
assist us by carrying out hot water drilling;
from these deep holes we will obtain vertical
profiles of temperature to study current
and past ice conditions. To collect addi-
tional accumulation rate and velocity data,
we will use a grid covering the catchment
basins of the ice streams. Satellite mea-
surements of microwave emissions will be
used to interpolate the accumulation rates
within the grid. From this investigation
we hope to assess whether the ice sheet is
thickening or thinning, how the ice shelf
interacts with the ice streams, what the
stresses are within the ice shelf near a major
ice rise, and how the ice streams might
behave in the future. (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 approxi-
mately the last 100,000 years. To evaluate
this record we are conducting laboratory
analyses of ice cores from various areas of
Antarctica, as well as continuing field inves-
tigations to obtain new cores. Ice cores
taken near Byrd Station contain over 2,000
tephra (volcanic ash) layers, which we
believe were erupted from Mt. Takahe in
Marie Byrd Land. These data indicate that
although Mt. Takahe initially developed
through subaerial eruptions, it later erupted
below the ice surface. Our preliminary anal-
yses suggest that the west antarctic ice
sheet thickened between 18,000 and 20,000
years ago. This austral summer we will
visit Mt. Takahe and collect rock samples
for fission-track dating to obtain evidence
of this thickening. Near McMurdo Sta-
tion we will collect ice cores to examine
the dispersal of tephra from Mt. Erebus.
(S-182)

Gas analysis, analysis of radioactive iso-
topes in ice core samples and field tests in
Antarctica. 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 techniques have
made possible measurement of carbon diox-
ide contents of the air in the past and of
changes in cosmic-ray-produced isotopes.
We will analyze the ice core samples for
concentrations of carbon dioxide. We are
particularly interested in the history and
climatic influence of atmospheric carbon
dioxide. We will collect ice samples near
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South Pole Station and at sites on the Siple
Coast. Questions which our research will
address are what were the atmospheric con-
centrations of carbon dioxide before the
industrial revolution and during the cli-
matic optimum about 6,000 years ago, what
is the history of carbon dioxide changes
from preindustrial times to 1958, what
variations in concentrations occurred during
the last few thousand years, and what is
the age of the air in the firn at the transi-
tion to glacier ice. (S-303)

"Climatopic" drilling in ice at the South
Pole. Claude Lorius and F. Gillet, Labora-
toire de Glaciologie, France. By collecting
data from ice in central areas of the polar
ice sheets, glaciologists have obtained infor-
mation on changes in past climates and
atmospheric environments. During the
1983-1984 austral summer we used a spe-
cially designed thermal probe, the "clima-
topic," to sample melted ice. This austral
summer we will retrieve ice samples col-
lected last austral summer and recover
equipment left at South Pole Station. By
analyzing the melted ice samples we will
obtain profiles of deuterium and oxygen-18
to describe climatic changes. This project
is a cooperative U.S.-French project with
logistics and support from the U.S. Ant-
arctic Research Program. (S-306)

Late Cenozoic glacial history. George
H. Denton, University of Maine. Work-
ing with investigators from the Univer-
sity of Wisconsin (S-061), we will map
and date sediments deposited in the ice-
free valleys of southern Victoria Land by
the ice sheet's incursion. Also, we will con-
tinue radiometric dating of late Quater-
nary glacial deposits from the ice-free val-
leys and adjacent mountain ranges. Data
from our project and the University of
Wisconsin project will expand the data
base used to develop a model of late Cen-
ozoic ice-sheet fluctuations and soil devel-
opment. (S-056)

Late Cenozoic glacial history and soil
development. James G. Bock heirn, Univer-
sity of Wisconsin, Madison. The history
of antarctic ice dynamics relates to the
causes of global ice ages and provides
insights into the behavior of past north-
ern hemisphere ice sheets. During the
Quaternary, eustatic sea level and precipita-
tion controlled ice-sheet fluctuations, as
grounded ice repeatedly covered periph-
eral continental shelves. By combining geo-
logic and soil studies we have developed a
model for Late Cenozoic ice-sheet fluctua-
tions and soil development. The model has
enabled us to infer multiple, earlier glacia-
tions with ice-volume maximums greater
than those during the Quaternary. Salini-
zation from marine aerosols is predomi-
nate in soil formed during this time. To
extend our antarctic data base, we will map
in detail areas in the ice-free valleys of

southern Victoria Land and apply three
newly developed indices of soil develop-
ment. In Taylor and Wright valleys and
nearby mountain areas we will use soils in
relative-age dating of glacial deposits and
study the nature, distribution, and origin
of salts in the soil. These data will not
only help to test our model but also con-
tribute to an understanding of antarctic
soil formation over the last several million
years. (S-061)

Geological and geochemical study of Ele-
phant Moraine, Allan Hills area, southern
Victoria Land. Gunter Faure, Ohio State
University. Elephant Moraine, which is
located about 70 kilometers west of Reck-
ling Peak and 80 kilometers north of the
Allan Hills on the east antarctic ice sheet,
consists of a thin layer of rock fragments.
Geologists believe that the source of the
terrestrial clasts is a mountain buried under
the ice. This mountain apparently deflects
eastward-flowing ice towards the north.
Although the presence of the moraine as
of yet is unexplained, it does provide an
opportunity to study rock types in the
moraine to derive information about the
geology of the western flank of the Trans-
antarctic Mountains buried under the ice.
We also will identify and study rock and
mineral particles derived from the distant
Precambrian basement rocks under the east
antarctic ice sheet, map and analyze geo-
chemically dust bands in the ice to docu-
ment the internal deformation of the ice
sheet, and determine the origins of these
dust particles. (S-089)

Ocean sciences
Large-scale heat losses at high latitudes

cause the southern ocean to be a major
source of cooler intermediate and deep
water masses that circulate throughout the
world. Investigations of these water masses
help define the rates at which such water
is formed and help to reveal specific physi-
cal properties. Thermohaline and geochemi-
cal measurements show that glacial melting,
sea ice, and polynyas are important in deter-
mining shelf water characteristics. Inves-
tigators suggest that basal melting of ice
shelves may be a significant factor in ice-
shelf stability and that this melting is con-
trolled by oceanic heat from the north.
The ocean sciences encompass not only
physical and chemical investigations but
also geological and geophysical studies.
The antarctic continental margins contain
more than 100 million years of geologic
history. While the margins record the break
up of Gondwana and the development of
sedimentary basins and ridges, the basins
hold a record of geodynamic change, the
evolution of high-latitude organisms,
changing oceanic conditions, and fluctua-
tions of the ice sheet and sea level.

Physical and chemical oceanography of
a deep water formation region off Antarc-
tica. Theodore D. Foster, University of
California, Santa Cruz. Near the coast of
Wilkes Land ocean scientists have observed
a deep layer of water with lower tempera-
ture, lower salinity, higher oxygen, and
lower silicate than the water near the
surface. This water apparently sinks to
about 2,200 meters, where its density
becomes equal to the surrounding water,
and then spreads out to form a patch about
800 kilometers long and 100 kilometers
wide. Because no physical or chemical stud-
ies have been conducted in this area, this
austral summer we will measure conduc-
tivity, temperature, and density at closely
spaced stations and take water samples
for analysis. We will determine to what
extent deep water is formed in this area
through physical and chemical observa-
tions of the flow of deep water from its
probable source near the continental shelf
break to the deep ocean. These data will
be compared with theories of mixing and
entrainment. Using a conductivity-temp-
erature-depth-oxygen (CTD-0 2 ) profiler,
we will investigate the oceanic fine-struc-
ture. Water collected with large samplers
and a rosette sampler attached to the
CTD-02 will be analyzed chemically for
nutrients, alkalinity, total carbon dioxide,
calcium, tritium, carbon-14, freon, heli-
um-3, and other stable isotopes. This
investigation is a reconnaissance expedi-
tion that will help us to define the rates at
which deep water is formed as well as its
properties. (5-206)

Marine geology of the Antarctic Penin-
sula continental margin. John B. Anderson,
Rice University. Since 1979 we have
worked to describe the sediment types that
blanket the antarctic sea floor and to relate
the sedimentary facies to glacial and oceano-
graphic conditions. We will focus on the
continental margin along the northern part
of the Antarctic Peninsula. While aboard
USCGC Glacier, we will take piston cores
and conduct a single-channel seismic sur-
vey between 60°W and 70°W. Our objec-
tives are to examine and describe the mecha-
nisms by which terrigenous sediment are
carried from the continental shelf to the
deep sea floor, to investigate sedimenta-
tion in polar fjords, and to study the Qua-
ternary glacial record preserved in marine
sections of the continental shelf. Data from
these studies will help us to understand
the glacial marine sedimentologic process
and to interpret the sedimentary record.
Sample locations and descriptions of materi-
als collected will be made available to other
investigators through the Antarctic Marine
Geology Research Facility at Florida State
University and through publication. (S-207)

Sediments deposited by marine ice sheets
in the Ross, Weddell, Amundsen, and
Barents Seas during the glacial maximum: a
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test of the maximum model. Thomas B.
Kellogg and Davida E. Kellogg, Univer-
sity of Maine. The west antarctic ice sheet
drains primarily by large ice streams around
most of the perimeter of Antarctica. Ice
shelves like the Ross Ice Shelf slow the
rate of ice discharge from these ice streams.
One glaciologists has suggested that, if an
ice shelf were removed, ice stream veloc-
ity would increase greatly. This action
would lead to the lowering of the surface
of the ice sheet at its center and the ice
sheet's eventual destruction. Glacial mod-
elling suggests that the west antarctic ice
sheet should have disintegrated by now
unless, until recently, an ice shelf existed
in the Amundsen Sea. Presently, Pine Island
and Thwaites glaciers, which flow into the
Amundsen Sea, are the only west antarc-
tic ice streams not buttressed by ice shelves.
Our work on the few cores from the
Amundsen Sea continental shelf indicates
that an ice sheet or ice shelf filled this sea
perhaps as recently as the last 1,000 years.
We will obtain sediment cores to test this
hypothesis. By studying these cores we
hope to document changes from grounded
ice to ice shelf to modern sea-ice covered
conditions. We also will date the timing
of glacial changes using radiocarbon dat-
ing and microfossils. (5-209)

Ross Sea heat flux experiment: pelagic
research on ice shelf melting. Stanley Jacobs
and Arnold Gordon, Lamont-Doherty Geo-
logical Observatory. in situ melting of ice
shelves by above-freezing sea water is a
factor in the ice-shelf mass balance, which,
in turn, may relate to the mass balance of
the west antarctic ice sheet and to sea level.
Thermohaline and geochemical measure-
ments show that glacial melting, sea ice,
and polynyas are important in determin-
ing shelf water characteristics. The resi-
dence times of sea water under the Ross
Ice Shelf and on the continental shelf and
its exchange with water from the deep ocean
is not well understood. Since 1983, along
with ocean scientists from three other
universities, we have obtained data on
continental shelf circulation near glacial
ice. This austral summer we will help
investigators from Oregon State Univer-
sity (S-215) recover 10 current meter arrays
deployed during the 1983-1984 austral
summer. At each station and along the
Ross Ice Shelf, we will take bathythermo-
graph (XBT) casts and conductivity-temp-
erature-depth (CTD) measurements. Water
samples will be collected at these sites near
the continental shelf break in the central
Ross Sea and at the sea surface from Ant-
arctica to the United States in the Pacific
Ocean. Over the next year our laboratory
work will include data reduction, analysis,
and modeling of shelf circulation. (S-211)

Ross Sea heat flux experiment. R. Dale
Pillsbury, Oregon State University. Glaci-
ologists believe that ice shelves may con-

trol the size of the west antarctic ice sheet,
which in turn may relate to global sea-
level changes. Investigators have suggested
that basal melting of the ice shelves is a
significant factor in their stability and that
melting is controlled by oceanic heat from
the north. One objective of our project is
to monitor the heat flux into the region
beneath the Ross Ice Shelf. Working with
investigators from Lamont-Doherty Geo-
logical Observatory (5-211), we will retrieve
10 long-term current meter arrays, which
were deployed during the 1983-1984 aus-
tral summer to collect data on water flow-
ing beneath the Ross Ice Shelf. If possible
we will install one current meter array near
the center of the Ross Ice Shelf. From our
data gathered since 1983, we will evaluate
the relative roles of vertical and horizon-
tal fluxes in Ross Sea circulation, deter-
mine the impact of glacial ice and sea ice
on the thermohaline structure, and estab-
lish space and time scales so that natural
or manmade-induced perturbations may
be modeled. (S-215)

Sinking and suspended particulate matter
in the Ross Sea. Robert B. Dunbar, Rice
University. From data collected during two
previous austral summers we have found
that the antarctic continental margin has
a unique environment in which biological
and physical processes affect sediment
transport and deposition. From prelimi-
nary analysis of water-column and sedi-
ment samples, we believe that physical
processes, such as winnowing, turbidity
flows, and glacial effects, are more impor-
tant in determining the nature of sediment
deposits than surface productivity. We have
chosen McMurdo Sound for our sampling
program because all major shelf sediment
types and processes distributing the sedi-
ments are present. We will examine differ-
ent flux modes, seasonal and depth-de-
pendent variations in flux, variation in sedi-
ment input from basal melting of glaciers
and ice tongues, and sedimentation of prod-
ucts from sea-ice microbial communities.
We will deploy sediment traps through
holes in McMurdo Sound sea ice at five
sites and also work with New Zealand
scientists who will be deploying traps near
several large glaciers flowing into the sound.
With the traps we will collect data on the
flux of biogenic material from the annual
sea ice and the input of fine terrestrial
material from major glaciers draining into
McMurdo Sound. (S-216)

Lower atmosphere studies
Antarctica, as Earth's largest heat sink,

is a major component of the global cli-
mate system. To understand how antarc-
tic weather patterns influence the world's
weather and climate, scientists are study-
ing the circulation systems controlling the
continent's climate, variations in air temp-

erature, wind speed, and wind directions,
and the nature of katabatic winds. By
improving their understanding of physi-
cal processes in the continent's atmosphere,
they will be better able to determine the
relationship between the antarctic atmo-
sphere and global circulation and Antarc-
tica's role in past and present global climate.
Because of Antarctica's unique climate,
scientists also are able to gather data on
transport and precipitation of atmospheric
aerosols and the variability of trace gas
consitutents and their effect on climate.

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. Near
South Pole Station we will use a 30-meter
meteorological tower and special instru-
mentation to measure the concentration
and rate of change of aerosols near the
surface. Our observations will be coordi-
nated with meterological and radiation mea-
surements to estimate climatological sig-
nificance. From these data we will esti-
mate the flux of particles to the ice and
determine some fundamental properties of
aerosols, which can be measured only in a
pristine atmosphere. (5-255)

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 of trace atmospheric constitu-
ents that may influence climate. Two
wintering personnel will measure carbon
dioxide, surface ozone, winds, pressure,
air and snow temperature, atmospheric
moisture, and other trace constituents from
the station's clean air facility. This austral
summer three investigators will replace the
monitoring system at South Pole's clean
air facility, relocate the measuring equip-
ment on the meteorological tower, and cali-
brate instruments. In support of this proj-
ect, personnel at Palmer Station will col -
lect carbon dioxide samples for us. (5-257)

Boundary layer studies in Terra Nova
Bay. David H. Bromwich, Ohio State Uni-
versity. Persistent winter katabatic (or
gravity-driven) winds blow across Terra
Nova Bay's western shore and clear the
sea ice out of the bay. Nearby the Drygalski
Ice Tongue prevents pack ice from drift-
ing north into the bay. Strong winds,
mostly associated with cyclones, move the
sea ice and modify the amount of open
water. In the bay about once a month dur-
ing the winter, a polynya as large as 5,000
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square kilometers forms. This polynya is
the first example of katabatic winds hav-
ing a primary role in creating a polynya
and may maintain the region's high-salinity
shelf water. This water mass, the densest
water mass on the antarctic continental
shelf, contributes to basal melting of the
Ross Ice Shelf, blocks cross-shelf trans-
port of relatively warm water from the
circumpolar deep water, and forms high-
salinity bottom water at the continental
margin. During the 1954-1935 austral sum-
mer we will study the meteorology of this
region from a Coast Guard icebreaker. With
these data we will test and refine a model
that we have developed to describe the
generation and modulation of winter open
water in Terra Nova Bay. The katabatic
winds, apparently a small-scale version of
the strong coastal katabatic winds in Adélie
Land, extend approximately 25 kilometers
beyond the end of the main ice sheet slope;
typically katabatic winds do not persist
more than a few kilometers. We will docu-
ment and analyze the dynamics of the bay's
katabatic winds, describe the western Ross
Sea barrier winds, and define what part the
latter winds have in creating the polynya.
In 1979 infrared satellite imagery and sur-
face synoptic maps indicated that cyclones
formed and persisted along the Victoria
Land coast, particularly in or near Terra
Nova Bay. To identify what role the polyn-
ya may have in cyclone formation in this
area, we will determine how often cyclones
occur and what causes them. Besides data
obtained during our field work, we will
use data from two automatic weather sta-
tions near the bay and from thermal infra-
red imagery obtained by polar-orbiting
satellites. The results of our study will
help to clarify the atmospheric processes
that form polynyas along the antarctic
coast. (S-263)

Empirical correlation of ice crystal types
with halo types. Walter Tape, University
of Alaska—Fairbanks. Refraction or reflec-
tion of sunlight through ice crystals in the
atmosphere cause atmospheric halos. Such
ice-crystal halos depend on crystal shape
and orientation as well as the light-ray
path within the crystal. In the 1970s
computer-generated simulations, based on
the assumed shape and orientation of ice
crystals and the assumed light path through
the crystal, were developed to predict the
relationship between the types of crystals
and their orientation and types of atmo-
spheric halos. Although the predicted halo
shapes and intensities have been compared
with real halos, the responsible ice crys-
tals generally have not been examined.
Atmospheric conditions in the interior of
Antarctica produce crisp, well-defined
halos. The temperature is low, the atmo-
sphere dry and clean, and a strong low-
level inversion layer commonly occurs.
Working at South Pole Station, we will
photograph ice crystals and halos and will

replicate the crystals. We will also docu-
ment the atmospheric conditions occur-
ring at the time the halo is present. By
combining an understanding of the rela-
tionship between crystal types and halo
types with a knowledge of the relation-
ship between atmospheric conditions and
crystal types, we may be able to use halos
as a means of remote sensing of atmo-
spheric conditions. Although our work will
concentrate on low-level halos, we also
will photograph all extensive or unusual
halos. (S-264)

Measurement of atmospheric constitu-
ents. David G. Murcray, University of
Denver. Antarctica may be a sink for strato-
spheric constituents, particularly water
vapor and HNO3. At the South Pole dur-
ing several austral summers we have ob-
tained infrared solar spectra, containing a
large number of absorption features, the
majority of which are due to constituents
present in the Earth's atmosphere. The
spectra can be analyzed to determine the
total amount of these constituents. South
Pole Station is a unique ground site for
this type of investigation because it com-
bines high altitude and low water vapor
concentrations that reduce the amount of
atmospheric absorption in the infrared over
the site. Although solar spectra cannot be
obtained during the winter, similar infor-
mation can be obtained from infrared atmo-
spheric emission spectra. Using instruments
able to measure infrared radiation from
the atmosphere, we will monitor the chemi-
cal composition of the atmosphere. The
instrumentation will be installed and oper-
ated during the austral summer. Immedi-
ately before South Pole Station begins win-
ter operations, we will check the equipment
and make final adjustments. Wintering per-
sonnel will monitor the operation of our
equipment. (5-270)

Boundary-layer air chemistry profile
research. Elmer Robinson and Dagmar R.
Cronn, Washington State University. We
will collect air samples at the new McMurdo
Station atmospheric science facility, which
will be built at Arrival Heights this year.
This sampling includes measurements of
total gaseous sulfur concentrations in the
atmosphere along with supporting mea-
surements of ozone and Aitken nuclei.
These gaseous sulfur data can make an
important contribution to our understand-
ing of antarctic air chemistry because gas-
eous sulfur compounds may be the pre-
cursors of sulfate aerosol particles. Previous
research by several investigators has shown
that sulfate particles appear to account for
about 90 percent of antarctic atmospheric
aerosol particle mass. Because of its prox-
imity to marine and volcanic sources, the
coastal location of Arrival Heights is impor-
tant in the study of the sources of gaseous
sulfur compounds. (S-275A)

Air chemistry monitoring at Palmer Sta-
tion. Dagmar Cronn and W. Lee Bames-
berger, Washington State University. 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 aug-
mented by meteorological observations, cor-
relation with synoptic weather patterns,
comparison with other northern and south-
ern hemisphere stations, and other statistical
assessments. Other analyses will be made
on whole-air samples collected at Palmer
Station and sent to Washington State
University. (S-275B)

Collection and analysis of automatic
weather station data. Charles R. Stearns,
University of Wisconsin. Although infor-
mation taken from satellites on antarctic
weather patterns is valuable, surface data
are needed for confirmation. Automatic
weather stations (AWS) measure surface
pressure, air temperature, wind speed, and
wind direction and transmit the data to
satellites for interrogation by ground 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 install two AWS units
near the base of Byrd Glacier and service
and recalibrate units at Byrd surface camp
and on the Ross Ice Shelf. With the AWS
units we are able to gather continuous,
reliable meteorological data that will sup-
port current and future meteorological
studies. (S-283)

Tracer experiment. Paul R. Guthals, Los
Alamos National Laboratory. Regional
weather patterns that transport energy and
water to and from Antarctica and control
the mass of snow and ice on the continent
also transport pollutants, carbon dioxide,
and suspended particles. To understand
the way in which antarctic weather pat-
terns influence global climate, we need to
better understand the circulation systems
controlling the continent's climate. Research
suggests that the chemical composition of
the aerosols at South Pole differ from winter
to summer and that distinct seasonal circ-
ulation patterns may exist. To test this
hypothesis we will monitor the transport
of a methane tracer released south of New
Zealand from a U. S. Air Force WC-135
airplane during two austral winter flights,
one in June and one in September. Between
October and December 1934, we will col-
lect air samples during National Science
Foundation LC-130 flights between sta-
tions, from helicopters at McMurdo Sta-
tion, and from the ground at South Pole
and Palmer stations; samples also will be
collected during flights between Christ-
church, New Zealand, and McMurdo Sta-
tion. Japanese, French, Australian, and
British investigators will collect samples
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for us during the austral summer at Syowa,
Dumont d'Urville, Casey, Mawson, and
Halley stations. (5-284)

Hygroscopic aerosols related to forma-
tion of ice crystals in the atmosphere.
Takeshi Ohtake, 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 slowly rises over the long,
gradual slope of the polar plateau. However,
it may be possible that sufficient quanities
of sulfuric acid and ammonium sulfate are
in the polar atmosphere to cause cloud
droplets to freeze. These aerosols would
be formed in the lower stratosphere in mid-
dle latitudes, transported to Antarctica, and
carried to lower elevations by subsidence.
At South Pole Station we will to continue
to gather data to test this hypothesis. We
will measure the size spectrum and chemical
composition of individual cloud condensa-
tion nuclei, chemically determine the sul-
fate composition of clear-sky ice-crystal
percipitation, and measure the ice nucle-
ation ability of aerosols below —35°C and
under subsaturated water vapor conditions.
Two aerosol samplers on the roof of the
clean air facility will operate continuously;
aerosol samples on filters and glass slides
will be tested under the station dome. From
these data we will learn about the nucle-
ation process of atmospheric ice crystals
and the composition, concentration, and
effect of atmospheric particles in polar
regions. (S-288)

Sulfuric acid aerosol production at 30
kilometers. David J. Hofmann and James
M. Rosen, University of Wyoming. Each
year since 1979 we have observed that
during the late winter and spring small
sulfuric acid droplets form over the north
polar regions at an altitude of about 30
kilometers. In the northern hemisphere we
also have studied the formation and growth
of these droplets after volcanic eruptions.
From these data and related observations,
we have developed a model to describe
the thermal nucleation of sulfuric acid drop-
lets from vapors probably related to vol-
canic injections and winter transport to
polar regions. If the model is correct, the
same phenomenon should occur in the
southern stratosphere during winter and
spring. To test this model and better eval-
uate the global effects of major volcanic
eruptions, we will collect data with instru-
mented balloons near McMurdo Station
in October. Increased volcanic activity, such
as the eruption of El Chichon, make this
phenomenon important in aerosol produc-
tion and climate studies. (5-289)

Upper atmosphere studies
Many processes at the distant edge of

the Earth's magnetosphere affect the upper

atmosphere and surface of the Earth. These
effects extend along geomagnetic lines of
force that are connected to the polar regions.
Simultaneous investigations from both
poles enable scientists to learn more about
the nature of the magnetosphere and the
disturbances in this region that affect
Earth's atmosphere. These studies and oth-
ers lead to a better understanding of how
solar energy enters the outer terrestrial envi-
ronment and reaches the atmosphere and
how disturbances associated with this trans-
fer of energy propagate to and affect this
planet's surface. Continued studies of the
magnetospheric cusp, where particles and
waves from interplanetary space penetrate
the magnetosphere to ionosphere altitudes,
and of the polar cap, where the magnetic
field lines are linked to the interplanetary
magnetic field, provide critical data on the
dynamics of the magnetosphere. Such
investigations may help scientists under-
stand how space disturbances affect com-
munications systems and power transmis-
sion. Also, Antarctica provides a platform
for astronomical observations, especially
long-term solar observations that enable
scientists to probe the Sun's interior.

Logistics and support for the installa-
tion and operation of an ELI! VLF radiome-
ter at Arrival Heights,. R.A. Helliwell and
J. Katsufrakis, Stanford University. At least
seven radiometers will be deployed world-
wide. This network will provide new data
on the global distribution of extremely-
low-frequency (ELF) and very-low-fre-
quency (VLF) noise from natural and man-
made sources. One radiometer will be
installed at Arrival Heights, a quiet site 2
miles from McMurdo Station on Ross
Island. The radiometer, which was devel-
oped and constructed at Stanford Univer-
sity, monitors ELF/VLF noise levels and
spectra in the 10 Hertz to 32 kiloHertz
range. A state-of-the-art instrument, it
includes newly developed low-noise elec-
tronic components and a minicomputer
for continuous monitoring and control. We
selected the Arrival Heights site because
it combines accessibility and cusp/polar
cap geomagnetic latitude. This radiometer
will be the only one in the network located
at a high latitude; because of its location,
we will be able to search for distinctive
polar-cap ELF/VLF noise. We anticipate
that the combination of data from the seven
sites will improve understanding of the
mechanisms of ELF/VLF noise generation
in the Earth's environment, as well as identi-
fication of optimum frequencies, modula-
tion patterns, and signal processing tech-
niques for ELF/VLF communication sys-
tems. (S-100A)

Fluxgate magnetometer investigations at
McMurdo and South Pole Stations. L. J.
Lanzerotti, Bell Laboratories. Over the last
decade, fluxgate magnetometers have been
instrumental in studying hydromagnetic

wave phenomena in the magnetosphere.
At South Pole Station we use a magnetome-
ter to examine the types of hydromag-
netic waves produced in the cusp region
of the magnetosphere. Hydromagnetic
wave data from South Pole will be com-
bined with data from riometers, photome-
ters, an ionosonde, and the all-sky camera
to better understand the processes in the
magnetospheric cusp region. Because South
Pole has an outstanding climate for ex-
tended optical observations, we are able
to correlate optical measurements with
particle precipitation and hydromagnetic
wave phenomena recorded by the mag-
netometer. The fluxgate magnetometer was
installed near McMurdo Station in 1983-
1984 will be relocated to Arrival Heights
with assistance from University of Mary-
land researchers. (5-101)

Micropulsation studies in Antarctica,
Canada, and Greenland. Roger L. Arnoldy,
University of New Hampshire and Lau-
rence J. Cahill, University of Minnesota.
Since 1973 we have operated digital micro-
pulsation stations at remote sites in Ant-
arctica and the Northern Hemisphere to
obtain data on how ultra-low-frequency
(ULF) waves are generated and propagated
in the magnetosphere. These data are com-
pared with data on wave spectra, ampli-
tudes, and polarizations at opposite ends
of a magnetic field line. During the 1984-
1985 austral summer we will continue to
operate a station at the South Pole, move
the equipment used at Siple Station to a
site near McMurdo Station, and establish
a new station in Sondre Stromfjord, Green-
land. Research to be continued includes
defining ULF activity at South Pole, cor-
relating Dynamics Explorer-1 satellite data
with Siple/Roberval and South Pole data,
and studying emissions at or near the
plasmapause. To study the propagation
of ULF waves through the ionosphere, we
will take measurements while the Dynamics
Explorer-1 satellite is in range of South
Pole Station. We will try through simulta-
neous cusp measurements to identify the
ULF cusp, define how it is controlled by
the interplanetary medium, and study ULF
generation at or near the plasmapause dur-
ing solar minimum. We also will simulta-
neously observe the polar cap and auroral
zone/cusp to distinguish ULF waves gen-
erated by the magnetospheric tail from sig-
nals ducted from the auroral oval and cusp.
(S-i02)

Photometer observations of particle pre-
cipitation. S. B. Mende, Lockheed Palo Alto
Research Laboratory. An image intensi-
fied all-sky camera, installed in 1982 at
South Pole Station, has enabled us to moni-
tor cusp auroral activity. This camera pro-
duces images of weak optical emissions at
the latitude of the cusp, an important but
poorly understood boundary region of the
Earth's magnetosphere. This austral sum-
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mer we will inspect and clean the equip-
ment. The system will be operated and
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 operate a
prototype automatic station developed for
unmanned geophysical observations in the
Antarctic. When perfected, these unmanned
stations will make feasible ground-based
observations of magnetospheric and iono-
spheric phenomena from inaccessible areas.
During the austral summer the system will
be modified to correct thermal design dis-
crepancies discovered during the 1983-1984
austral summer. A thermoelectric genera-
tor will be replaced. (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.
(S-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. Antarctic
monitoring stations are crucial for probing
interplanetary plasma dynamics through
observations of variations in relativistic
(over 1 gigaelectron-volt) galactic cosmic
rays. At McMurdo and South Pole Stations,
we will continue year-round observations
of cosmic radiation and collaborate with
the magnetospheric cusp program. Our
objective is to obtain high quality observa-
tions with the ultimate time resolution that
has been attained by other upper atmo-
sphere programs at U.S. antarctic stations.
To enhance our understanding of the solar
physical processes that control the electro-
magnetic conditions in the Earth's envir-
onment, our data are used in conjunction
with data from other ground-based instru-
ments and spacecraft. (S-109A)

Solar seismology at the South Pole: stud-
ies of solar oscillations. Martin A. Pome-
rantz, Bartol Research Foundation, Uni-
versity of Delaware. Long-term observa-
tions of the Sun from the South Pole enable
us to obtain data essential for understanding
the dynamics of the convection zone—the
region beneath the Sun's visible surface
where much solar activity occurs. We will
use new equipment, which was tested and
modified during 1982-1983, to observe

global solar oscillations. These observa-
tions will expand significantly our under-
standing of the structure and dynamics of
the solar interior. Specifically, by study-
ing long-period oscillations we will probe
more deeply into the Sun's interior than
has been possible previously. Such obser-
vations provide crucial information about
rotational rates beneath the Sun's surface.
(S-109B)

Survey of the galactic submillimetric
emission in the southern hemisphere.
Martin A. Pomerantz, Bartol Research
Foundation, University of Delaware. Solar
observations conducted at South Pole Sta-
tion over the last few years have confirmed
that the site is unique for certain astro-
nomical observations. Because our solar
astronomy project (S-109B) has been suc-
cessful, we will extend our observations
to infrared astronomy over the submilli-
meter region of the spectrum. Infrared
observations are essential for understand-
ing the process of star formation, but for
accuracy they require that the terrestrial
atmosphere contain very little water vapor.
The environmental factors—low water
vapor, low temperatures, and high altitude—
at the South Pole provide excellent condi-
tions for infrared observations. This mil-
limetric survey of the southern part of the
galactic plane and of nearby molecular
clouds and dark nebulae may reveal whe-
ther star formation is a continuing pro-
cess or one proceeding in bursts. We will
also investigate the role that dust tempera-
ture has in the fragmentation that pre-
cedes the formation of a star. These mea-
surements and others may provide impor-
tant clues to the chemical evolution of the
galaxy and cosmological information related
to the evolution of the universe. (S-109C)

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.
We will concentrate on riometer measure-
ments of particle precipitation and iono-
spheric perturbations associated with the
cusp, auroral oval, and the polar cap
ionosphere. Riometers will be operated. at
South Pole and McMurdo stations. At
South Pole Station we will acquire data
for very-low-frequency, fluxgate magne-
tometer, micropulsation, and photometer
research in a common format and will assist
scientists in correlating their analyses of
complex ionospheric and magnetospheric
phenomena. At McMurdo Station we will
relocate riometers and the digital record-
ing system to the Arrival Heights area from
near the cosmic ray facility. Common for-
mat recordings also will be made of fluxgate
magnetometer and photometric data. (5-
111)

South Pole optical observations. Robert
H. Eather, Boston College. Over the next
2 years we will operate a two-color ' keo-
gram" camera and two-channel zenithal
photometer at the South Pole to continously
monitor auroral intensity and the average
electron energy that crosses the South Pole
geomagnetic meridian during the austral
winter. The camera records the distribu-
tion of two auroral emissions along the
magnetic meridian and monitors the char-
acter, position, and dynamics of polar cusp
aurora. Because of its spectrum discrimi-
nating capability, this camera is uniquely
suited for displaying the position and
motion of the cusp and auroral oval. The
photometer monitors low-level auroral
emissions that can be correlated with
riometer measurements. Since 1981 we have
broadened the range of our research by
working with investigators who are using
magnetometers, ionospheric sounders, and
riometers at the South Pole. These data
are being combined with global images
taken by the Dynamics Explorer-1 satel-
lite over the South Pole during the 1983
austral winter. In addition to this project
we will install a second photometer near
McMurdo Station for operation during the
1985 austral winter. (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. Because the Sun's acoustic spec-
trum is dense and complex, observation
periods longer than the normal 12-hour
period are required. Extended observations
made at a polar site help remedy this
difficulty. To continue our observations
this austral summer, we will use a compact,
portable telescope to observe solar oscilla-
tions over several days at South Pole
Station. Our observing technique analyzes
solar-limb darkening for brightness oscil-
lations. Data, acquired for as many extend-
ed viewing periods as possible, will be sent
to Sacramento Peak Observatory for analy-
sis. These observations will help us probe
the Sun's interior, about which there is
little direct information. (S-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. Research has established
that the cusp region, where particles with
energies typical of magnetosheath plasma
are present, is longitudinally elongated. It
is composed of downstreaming plasma from
the entry layer, upstreaming plasma that
has been mirrored, and upward streaming
ions and electrons of magnetospheric origin.
The discovery of this magnetos heath-like
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A ski-equipped Hercules (LC-130) parked at Amundsen-Scott South Pole Station. In the
foreground people gather hear the ceremonial South Pole; the geodesic dome, which houses
the main station buildings, can be seen in the background. National Science Foundation
LC-130 airplanes, which are flown by U.S. Navy pilots, bring all personnel and supplies to this
station.

NSF photo by Russ Kinne.
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plasma preciptation has drawn special
attention to the dayside ionosphere; such
precipitation causes the structure and
dynamics of the dayside ionosphere to vary
rapidly. Because these ionospheric distur-
bances cause electron density irregularities,
reflected vertically as incident radio waves,
we can measure these variations by means
of an ionosonde (ionospheric sounder).
These measurements provide year-round,
detailed information on the structure and
dynamics of the ionosphere. By operating
an ionosonde at the South Pole, we are
able to determine the ionospheric signa-
ture of the low-energy magnetosheath
precipitation, to estimate the size and loca-
tion of the resulting ionsopheric pertur-
bation, and to determine the latitudinal
and longitudinal extent of the perturbation.
Our investigation will provide a better
understanding of the role of magneto-
sheath-particle entry in the physics of the
magnetosphere. (5-122)

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 interruptions. For
photometric studies of binary star systems
or observations of comets and asteroids
this is particularly true. South Pole Sta-
tion provides an ideal location for such
observations, because in this region the
elevations of stars do not vary and the
world's longest nights exist. During the
1984 austral winter, we tested an automa-
ted, 8-centimeter telescope system to moni-
tor photoelec trial ly four stars at several
wave lengths. The nature of one star, a
close binary system, is not understood,
and we gathered data on its light variation
and changes in certain helium and carbon
emissions. Observations of the other three
stars were collected for comparison with
the first star. During the 1984-1985 aus-
tral summer we will collect the data from
the 1984 winter and prepare the system
for operation during the 1985 austral
winter. (S-123)

Other projects
Occasionally, the U. S. Antarctic Re-

search Program provides logistics and sup-
port for special projects that help the public
participate in and learn more about the
antarctic program. These projects include
media, artists, writers, movie makers, and
others. During the 1984-1985 austral sum-
mer, a Boy Scout also will participate in
the research program, following the exam-
ple of Paul Siple, who first went to Ant-
arctica as a Boy Scout with Admiral Rich-
ard E. Byrd's first expedition.

Boy Scout in Antarctica. Ili'nar Pleer,
National Office, Boy Scouts of America.

An Eagle Scout will participate in the
1984-1985 austral summer program of the
U. S. Antarctic Research Program. The
scout will travel to Antarctica on a U.S.
Coast Guard icebreaker and participate in
and interact with science activities onboard.
He will inspect Palmer Station and sur-
rounding locations when the icebreaker
stops there. While the icebreaker is near
McMurdo Station, he will participate in
science and support activities at McMurdo
and South Pole stations and other conti-
nental locations. The scout will return to
the United States via New Zealand and
Australia. A special committee, established
by the Boy Scouts of America, selected
the Eagle Scout (Douglas Barnhard, of
McMurray, Pennsylvania) from finalists
who submitted applications in a national
competition. (S-300)

Planet Earth (a television series). Gregory
P. Andorfer, Metropolitan Pittsburgh Pub-
lic Broadcasting. Scientific research in Ant-
arctica has yielded important new geophysi-
cal information about the nature of our
planet and about the dynamic systems that
shape our environment and affect Earth's
plants and animals. We have reviewed the
planned research of the U. S. Antarctic
Research Program for the upcoming aus-
tral summer and selected projects that best
exemplify advances in geophysical research.

In our seven-part television series, we will
interweave descriptions of these projects
with descriptions of other advances in geo-
physics made over the last two decades.
The ability to show scientists at work in
Antarctica's hostile environment is a key
component of the series' audience appeal.
We based our selection of the scientists
and their research on the critical impor-
tance of the projects to the major themes
in the series, as well as other factors related
to filming. A four-person film team will
work in and around McMurdo Station, in
southern Victoria Land, and at Amundsen-
Scott South Pole Station. This television
series, produced by Metropolitan Pittsburgh
Public Broadcasting in association with the
National Academy of Sciences, will be aired
on public television in the fall of 1985.
(5-3 12)

OceanQuest. Al Giddings, Ocean Images
Inc. During the 1984-1985 austral sum-
mer an eight-person film crew will work
near McMurdo Station to gather under-
water footage of marine life in McMurdo
Sound. The film will be used in an NBC
television series, "OceanQuest," five 1-hour
programs to be shown on the NBC net-
work in 1985. The series focuses on human
activities in the sea. Man's interaction with
polar marine life and the rigors of operat-
ing in this environment will be the topic
of one of the five programs. (5-313)
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Winter-fly-in opens
1984-1985 austral
summer program

The U. S. summer program in Antarc-
tica often is preceded by late winter flights,
known as the winter-fly-in or just Winfly.
On 22 August 1984 the first ski-equipped
Hercules airplanes (LC-130s) began round-
trip flights between Christchurch, New
Zealand, and McMurdo Station on Ross
Island. These flights brought over 200
Navy and contract personnel to the sta-
tion to begin preparations for the 1984-1985
austral summer as well as science personnel,
representing four biology projects. During
the next 6 weeks, Navy and contract per-
sonnel will prepare the sea-ice runway,
open the ice-shelf skiway (Williams Field),
prepare McMurdo Station for summer op-
erations, and get an early start on construc-
tion projects.

Annually, the U. S. research program
in Antarctica is supported by approximately
1,000 people; 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).
Navy personnel fly airplanes and helicop-
ters, oversee the operation of supply ships,
provide health care, long-range communica -
tions at McMurdo Station, weather fore-
casting services, and perform some main-
tenance work at McMurdo Station; Coast
Guard personnel operate the icebreakers.
ITT/ANS employees provide support at
McMurdo Station and operate Williams
Field, Amundsen-Scott South Pole and
Palmer stations, and remote field camps.

The 1984-1985 austral summer will be
a busy season for all of the U. S. stations.
Over 70 science projects will be supported
from or transit through McMurdo Station.
Eighteen projects will be based at Amund-
sen-Scott South Pole Station, and 10 pro-
jects will be supported at Palmer Station.

Air support
Many of the 1984-1985 science projects

will take place in remote areas of the
continent. This austral summer the National
Science Foundation LC-130s are sched-
uled to fly over 700 hours to support these
remote science projects—about double the
number of hours flown in support of field
parties during the 1983-1984 austral sum-
mer. Two projects conducted in coopera-
tion with the antarctic programs of other
countries are included in this schedule.

Over 160 hours have been planned to
support U. S. glaciologists working on the

Siple Coast. LC-130s will move science
parties from site to site and bring supplies,
fuel and other materials. Included in the
plans for these glaciology projects is the
use of a smaller Twin Otter airplane to
support radar sounding and geophysical
surveys. Investigators also will use motor
toboggans and larger tracked vehicles for
field work.

In West Antarctica, U. S. and British
geologists and geophysicists also will be
supported by LC-130s and Twin Otter
airplanes. U. S. LC-130s will transport the
U. S. geologists to and from a site in the
Jones Mountains as well as bring fuel to
be used by the Twin Otters airplanes, which
the British Antarctic Survey (BAS) will
operate. The BAS geophysicists will con-
duct surveys with the Twin Otter airplanes,
while U.S. geologists will investigate the
area during a surface traverse with motor
toboggans.

The second major cooperative project
will be with the U. S., West German, and
New Zealand antarctic programs in north-
ern Victoria Land. Over 50 scientists will
participate in this geophysical and geo-
logic investigation of the structure and
nature of the Ross Sea-Victoria Land region.
U. S. LC-130s will transport some field
parties, bring participants back to New
Zealand by way of McMurdo Station, and
transport fuel to be used by two West
German Dornier 228 twin-engine airplanes
and three Aerospatial helicopters. The West
German airplanes will fly aeromagnetic sur-
veys in the region.

Small geology and glaciology field par-
ties and other special projects will work at
Mt. Takahe, the Crary Mountains, the
Dominion Range, the English Coast, and
Byrd Glacier. Reconnaissance flights will
be made to Beardmore Glacier and the
Argentina Range to plan for future projects.
Near McMurdo Station and in southern
Victoria Land's ice-free valleys, Navy pilots
will fly UH-iN helicopters to support many
science projects.

LC-130s also will transport personnel
and materials to and from McMurdo and
Amundsen-Scott South Pole Station. Dur-
ing the first week of October the main
deployment of USARP participants to
McMurdo Station will begin. Besides the
LC-130 airplanes, U. S. Air Force C-141
and New Zealand C-130 wheeled airplanes
will be used from October until McMurdo's
sea-ice runway begins to deteriorate in mid-
December. After this LC-130s will use the
ice-shelf runway. The first flight to Amund-
sen-Scott South Pole Station will be in
early November.

Ship support
Two U. S. Coast Guard icebreakers again

will support the U. S. Antarctic Research
Program. Glacier, scheduled to arrive at

Palmer Station on 7 December 1984, will
bring supplies and the summer station
personnel. Before returning to Punta Are-
nas, Chile, with the 1983-1984 winter crew,
the ship will support biology projects along
the Antarctic Peninsula. From late Decem-
ber 1984 to late January 1985, Glacier will
support marine geologists collecting sedi-
ment cores in the Bellinghausen and
Amundsen seas. The ship will stop once
more at Palmer Station at the end of Janu-
ary before beginning its trip back to the
United States.

In early January 1985 the second ice-
breaker, Polar Star, also will stop at Palmer
Station to bring supplies and science and
support personnel. From Palmer Station
the icebreaker will continue on to McMurdo
Station and is scheduled to arrive in mid-
January to break a channel through Mc-
Murdo Sound sea ice. From late January
to mid-March, the Polar Star will tend the
channel in McMurdo Sound and support
science projects near McMurdo Station.
In late January the icebreaker will escort
the Navy tanker Maumee in and out
McMurdo Sound and later in February a
cargo ship. It will also support several sci-
ence projects in the Ross Sea and Terra
Nova Bay and along the Oates Coast of
East Antarctica.

A new ship, Polar Duke, will begin sup-
porting marine science projects in Janu-
ary 1985. The National Science Founda-
tion has leased this ship to replace its
wooden research ship Hero and will use it
to support Palmer Station and research in
the Antarctic Peninsula region. Polar Duke
will make three cruises between Punta
Arenas, Chile, and the Antarctic Penin-
sula to support marine science projects near
Palmer Station, a geology field party on
Seymour Island, biology projects along the
Antarctic Peninsula, and transport science
and support personnel from Palmer Sta-
tion to Punta Arenas at the end of the
austral summer. A complete description
of this new ship and its capabilities appears
on page 00 of this issue of the Antarctic
Journal.

Station and field activities
At the three U. S. stations work will

continue to improve science and support
facilities. At McMurdo Station ITT/ANS
employees will continue construction of a
new water distillation plant, complete the
relocation of Williams Field, rehabilitate
two of the older dormitories, and work on
the INMARSAT communications system.
They also will construct a new atmospheric
sciences building at Arrival Heights over-
looking McMurdo Station.

Construction and station renovation pro-
jects at Amundsen-Scott South Pole Sta-
tion will continue with emphasis this aus-
tral summer on improving the condition

20	 Antarctic Journal



of the clean air facility. The Hewlitt-Packer
computer will be replaced with a new Digi-
tal Equipment Corporation computer to
provide greater data-processing capabili-
ties and to ease programming. Also, per-
sonnel from Goddard Space Flight Center
(National Aeronautics and Space Admin-
istration) will install and test a data com-
munication system. This system, which
uses several polar-orbiting satellites, is
designed to transmit data from the South
Pole to McMurdo Station where the data
will be relayed to the United States via
INMARSAT. Additionally, it will provide
voice communications between the South
Pole and ITT/ANS headquarters in Para-
mus, New Jersey.

At Palmer Station efforts will be directed
toward expanding the station's support
capabilities. Among the projects scheduled
for this austral summer are the construc-
tion of a detached aquarium building and
a detached boat house, improving the avail-
ability of glacial melt water, maintaining
the main station building, and improving
sanitation facilities.

In early January the National Academy
of Sciences will host an international work-
shop on the Antarctic Treaty system. For
the conference a field camp will be estab-
lished on the Bowden Névé (83'30'S 165°E)
near the head of the Beardmore Glacier.
Approximately 70 participants, repre-
senting several countries and international
organizations, will gather in Antarctica to
exchange views on and discuss antarctic
science programs, the environment and the
continent's resources, and the existing and
future operation of the Antarctic Treaty.
The camp, which will have its primary
use during the 1985-1986 austral summer
as a camp for geologists, will be constructed
and managed by ITT/ANS employees.

The first station to begin winter opera-
tions will be Amundsen-Scott South Pole
Station in early February 1985. McMurdo
Station will begin winter operations at the
end of February, while Palmer Station will
continue summer operations until late
April.

Hero makes last cruise;
Polar Duke begins
antarctic service

On Christmas Day 1968 the 125-foot
wooden research ship Hero entered Arthur
Harbor, Antarctica, and approached Palmer
Station, the U. S. station in the Antarctic
Peninsula region, for the first time. On 15
April 1984 the Hero left Arthur Harbor
for the last time after 16 years of support-
ing antarctic science.

Because the harsh antarctic environment
has accelerated deterioration of the ship,
the National Science Foundation has de-
cided to replace Hero. Hero's main tim-
bers are infected with a progressing dry
rot condition. Under the circumstances,
further operation in antarctic waters is not
considered prudent.

Beginning in January 1985, scientists
participating in the U. S. Antarctic Research
Program will be supported by a newly
leased ship Polar Duke. The 219-foot ice-
strengthened research ship has been char-
tered by the National Science Foundation
for use in the southern oceans for the next 3
to 5 years. During the austral summer the
Polar Duke will operate principally near
the Antarctic Peninsula in conjunction with
Palmer Station and in the Drake Passage
and the Scotia Sea. During the austral win-
ter the ship will be available for work else-
where in the southern oceans.

Built in 1983 in Norway, the Polar Duke
was designed for science and transport

expeditions in polar areas. It carries 12
crew members and can accommodate 28
science personnel. The double hull has an
ice classificaiton the same as an icebreaker,
but the engines are not as powerful. Con-
sequently, the ship is permitted to per-
form science missions in moderate pack
ice but must stay clear of heavy ice and
working pack to avoid besetment. Space
formerly used for cargo is being converted
to laboratories, including wet laboratories.
The ship has a helicopter deck, but heli-
copters will not be carried on board dur-
ing the first year. Ship specifications, major
science equipment, and communication/
navigation capabilities are outlined in the
three tables that accompany this article.

During the 1984 austral winter Hero
continued to support science in the south-
ern Chile region. In October 1984 Hero
will return to southern California. Cur-
rent plans are to dispose of the ship as
government surplus.

Polar Duke specifications

Built: 1983	 Length: 219 feet
Beam: 43 feet	 Draft: 19 feet
Gross tonnage: 615 tons	 Displacement: 1,600 tons
Endurance: 90 days	 Range: 25,000 nautical miles
Icebreaker classification: 1AA	 Bow and stern thrusters
Engines: two diesels, each 2250 bhp	 Propeller: controllable pitch, 240 rpm,

in shrouded Kort nozzle
Crew: 14	 Science personnel: 26

Major science equipment

Deep sea trawl winch (112-inch wire rope x 30,000 feet) with stern A-frame for nets and towed
arrays

Hydrographic winch (1/4-inch wire x 12,000 feet)

Hydrographic winch (.322-inch conducting cable x 10,000 feet)

Starboard side A-frame and platform

Crane: 22 tons (at 8 meters reach) or 12 tons (at 15 meters)

Laboratories (four, totaling 900 square feet, including one wet lab)

110-volt and 22-volt 60-hertz electrical supply

Scuba gear van

Holding tanks (2x3x4 feet)

Zodiacs (two) with outboard motors

Precision depth recorder

Communication and navigation equipment

Satellite communication: Racal SES-Al (Comsat General MCS-9000)

Satellite navigation receiver: Magnavox MX3102

Radios: single sideband, vhf, portable uhf, aero Of

Telephone: automatic, all cabins and mess rooms, with hailing

Radar: Decca RM 916 A/C-3 centimeters
Decca TMS 1230C-10 centimeters ture motion

Doppler log: Simrad NL
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Republic of Cuba accedes
to the Antarctic Treaty

On 16 August 1984 the Republic of Cuba
acceded to the Antarctic Treaty. With the
accession of this country, there are now
32 contracting parties to the treaty.

In addition to Cuba, Bulgaria, Czecho-
slovakia, Denmark, Finland, the German
Democratic Republic, Hungary, Italy, the
Netherlands, Papua New Guinea, the Peo-
ple's Republic of China, Peru, Romania,
Spain, Sweden, and Uruguay have acceded
to the treaty since it entered into force in
1961. These contracting parties agree to
abide by the Treaty but do not participate
in its operation.

Glaciology

Bentley, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Firn texture
and diagenesis in West Antarctica. DPP
83-15777. $75,825.

Mercer, John H. Ohio State University,
Columbus, Ohio. Glacial geology and
pedology of the Reedy Glacier-Harold
Byrd Mountains area. DPP 81-17889.
$57,591.

Webb, Peter. Ohio State University, Co-
lumbus, Ohio. Microfossil assemblages
from the Sirius Formation: implications
for interpretation of ice volume varia-
tions on East Antarctica. DPP 83-15553.
$50,685.

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Ice dynamics on the
Marie Byrd Land slope. DPP 81-17235.
$191,599.

Atmospheric sciences

Eather, Robert H. Boston College, Chest-
nut Hill, Massachusetts. South Pole
optical observations. DPP 82-15312.
$115,409.

Helliwell, Robert A. Stanford University,
Stanford, California. Logistics support
for the installation and operation of an
extremely-low-frequency/very-low-
frequency radiometer at Arrival Heights.
DPP 83-16641. $4,876.

The contracting parties that are consul-
tative parties are Argentina, Australia,
Belgium, Brazil, Chile, the Federal Republic
of Germany, France, India, Japan, New
Zealand, Norway, Poland, the Republic
of South Africa, the Union of Soviet Social-
ist Republics, the United Kingdom, and
the United States of America. These nations
either are original treaty signatories or con-
duct substantial scientific research programs
in Antarctica. Representatives of these
nations participate in consultative meet-
ings to formulate recommendations aimed
at furthering the objectives of the treaty.

Any member of the United Nations may
accede to the Treaty. Nations conducting
substantial research in Antarctica may
become consultative parties.

Helliwell, Robert A. Stanford University,
Stanford, California. Very-low-fre-
quency wave-particle experiments on
the magnetosphere and ionosphere from
Siple Station. DPP 83-17092. $235,000.

Pomerantz, Martin A. Franklin Institute,
University of Delaware, Newark, Dela-
ware. Investigations of cosmic-ray in-
tensity variations in Antarctica. DPP
83-00544. $240,734.

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Riometry in Antarctica and conjugate
regions. DPP 83-04844. $58,113. ($113,
113).

Biology and medicine

Bligh, John. University of Alaska, Fair-
banks, Alaska. International travel to
an antarctic symposium for presentation
of bi6medical results. DPP 83-18623.
$7,170.

Detrich, H. William. University of Missis-
sippi, Jackson, Mississippi. Assembly
and stability of microtubules from ant-
arctic fish at low temperatures. DPP 83-
17724. $110,000.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide antifreezes in freezing avoidance
of antarctic fishes. DPP 81-16917. $93,
240.

Friedmann, E. Imre. Florida State Univer-
sity, Tallahassee, Florida. A comprehen-
sive study of the antarctic cryptoendo-
lithic microbial ecosystem. DPP 83-
14180. $73,465.

Fryxell, Greta A. Texas A&M University,
College Station, Texas. Antarctic marine
ecosystem research at the ice-edge zone
(AMERIEZ): microalgae of the sea ice
and water column. DPP 82-18491. $56,
674.

Garrison, David L. University of California,
Santa Cruz, California. Antarctic marine
ecosystem research at the ice-edge zone
(AMERIEZ): distribution of free-living
protozoa. DPP 82-18747. $39,780.

George, Robert Y. University of North
Carolina, Wilmington, North Carolina.
A symposium on the biology of antarctic
krill, Euphausia superba. DPP 82-05855.
$10,000.

Holloway, Harry L. University of North
Dakota, Grand Forks, North Dakota.
Intergovernmental Personnel Act mobil-
ity assignment. DPP 84-12428. $26,325.
($46,325).

Kooyman, Gerald L. University of Cali-
fornia, San Diego, California. Emperor
and king penguin brooding and forag-
ing energetics. DPP 83-16963. $58,655.

Lang, R. Edward. University of California,
San Diego, California. Collaborative
research on the biology, physics, and
chemistry of large patches of krill (Eu-
phausia superba). DPP 83-00957. $37,
331.

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. $34,
208.

Sullivan, Cornelius W. University of South-
ern California, Los Angeles, California.
Factors which influence the growth and
development of sea ice microbial com-
munities. DPP 81-17237. $94,222.

Sullivan, Cornelius W. University of South-
ern California, Los Angeles, California.
Antarctic marine ecosystem research
at the ice-edge zone (AMERIEZ): sea
ice microbial dynamics. DPP 82-18752.
$90,002.

Sullivan, Cornelius W. University of South-
ern California, Los Angeles, California.
Photoadaptation and the ecology of sea
ice microalgae. DPP 83-04985. $44,209.

Wormuth, John H. 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. $62,
301.

Foundation awards of funds for antarctic projects,
1 April to 30 June 1984

Following is a list of National Science Foundation antarctic awards made from 1 April
to 30 June 1984. 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
contains prefix DPP in the award number.
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July 1984
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-7.4
- 1 . 1

(13,22)
-21.7
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10255
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971.1

South Pole

-54.8
-40.2
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(1)
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(1)
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rD

,
-- May 1984

Feature	 McMurdo	Palmer

Average temperature(°C)
	-19.0	-3•3

Temperature maximum (°C)	-5.0	-0.9(date)	 (18)	(11)
Temperature minimum (°C)	-31.3	-10.5
(date)	 (30)	(14)
Average station pressure (mb)	989.2	993.8
Pressure maximum (mb)	1 01 0. 6	1 01 9. 0
(date)	 (13)	(17)
Pressure minimum (mb)	958.0	960.0
(date)	 (25)	(5)

Weather at U.S. stations

June1984

	

South Pole	McMurdo	Palmer

	-56.6	-22.8	-6.7

	

-37.0	-7.2	1.0

	

(9)	(11)_	(8)

	

-70.4	-35.9	-13.3

	

(2)	(20)	(28)

	

684.2	982.4	997.4

	

705.2	1003.9	1017.0

	

(16)	(30)	(21)

	

670.8	947.0	958.9

	

(2)	(11)	(1)
Snowfall (mm)

Prevailing wind direction	 0450	0450	0700	0700	3600	0900	0690	0300

	

7.8	7.1	5.1	8.9	5.4	3.2	7.1	6.9

	

47.3	31.9	17.5	53.6	25.7	10.8	52.8	33.9

	

150 0	0200	3600	1800	0200	1100	2000	0200

	

(16)	(30)	(9)	(11)	(22)	(27)	(17)	(24)

	

6.7	8.5/10	0.3	6.5	.4/10	0.27	6.0	8.8/10

	

5_ p	1.6	22.2	60	1.0	21.9	13.0	0.3
Number partly cloudy days	11.0	4.6	GA	9.0	5.3 	7.0	1.0
Number cloudy days	 15.0	24.8	8.5	15.0	23.7	8 1	11.0	24.7
Number days with visibility

less than O.4km.	 3.6	-	5.1	7.5	---	0.5	4.3
Prepared from information received by teletype from the stations. Locations: McMurdo 77 51'S 1660 40'3E, Palmer 64 0 46'S 6403'W,
Amundsen-Scott South Pole 90°S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. Siple Station
(75 0 55'S 83 0 55'W) was closed for winter in January 1984 and will reopen November 1985. For prior data and daily logs, contact National
Climate Center, Asheville, North Carolina 28801.

Average wind
(m/sec)

Fastest wind
(m/sec)
(date)

Average sky cover

Number clear days

360°
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22.7
360°
(23)

13.8

14.5
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Earth sciences

Kamb, Barclay. California Institute of
Technology, Pasadena, California. Field
and laboratory study of geologic case
hardening in the antarctic dry valleys.
DPP 82-15121. $25,911.

Webers, Gerald F. Macalester College, St.
Paul, Minnesota. Paleontological investi-
gation of the Ellsworth Mountains of
West Antarctica. DPP 82-14212. $51,
874.

Meteorology

Bromwich, David H. Ohio State University,
Columbus, Ohio. Boundary layer studies
in Terra Nova Bay. DPP 83-14613.
$44,207.

Hofmann, David J. University of Wyom-
ing, Laramie, Wyoming. Sulfuric acid
aerosol production at 30 kilometers over
Antarctica. DPP 83-14487. $102,400.

Hogan, Austin W. State University of New
York, Albany, New York. Aerosol trans-
port processes in the Antarctic. DPP 83-
14763. $90,421.

Stearns, Charles R. University of Wis-
consin, Madison, Wisconsin. Antarc-
tic automatic weather stations: opera-
tion and data analyses. DPP 83-06265.
$198,627.

Tape, Walter. University of Alaska, Fair-
banks, Alaska. Empirical correlation
of ice crystal types with halo types. DPP
83-14178. $57,562.

Warren, Stephen C. University of Wash-
ington, Seattle, Washington. Optical

properties of antarctic snow. DPP 83-
16220. $95,000. ($110,000).

Ocean sciences

Anderson, John B. Rice University, Hous-
ton, Texas. Marine geology of the Ant-
arctic Peninsula continental margin.
DPP 83-15555. $113,189.

Ciesielski, Paul F. University of Florida,
Gainesville, Florida. Paleoceanography
and paleoc lima tology of the southern
ocean: stratigraphy. DPP 83-16679.
$39,744.

Corliss, Bruce E. Woods Hole Oceano-
graphic Institute, Woods Hole, Massa-
chusetts. Cenozoic history of the Ant-
arctic Circumpolar Current. DPP 82-
16539. $50,000.

Fanning, Kent A. University of South Flori-
da, Tampa, Florida. Antarctic plankton
and the marine geochemistry of radium,
geranium, and barium. DPP 82-14213.
$16,832.

Gordon, Andrew S. Columbia University,
Palisades, New York. Antarctic marine
ecosystem research at the ice-edge zone:
physical oceanography. DPP 82-19088.
$50,000.

Jacobs, Stanley S. Columbia University,
Palisades, New York. Ross Sea heat flux
experiment. DPP 81-19863. $166,827.

Kellogg, Thomas B. University of Maine,
Orono, Maine. Sediments deposited by
marine-based ice sheets during the last
glacial maximum. DPP 80-20000. $20,
157. ($90,369).

Lawyer, Lawrence A. University of Texas,
Austin, Texas. Tectonics of the south-
ern ocean. DPP 84-05968. $111,748.

Ledbetter, Michael T. San Jose State Uni-
versity, San Jose, California. Paleocean-
ography and paleoclimatology of the
southern ocean: lithofacies and hiatuses.
DPP 83-16992. $38,282.

Pillsbury, R. Dale. Oregon State University,
Corvallis, Oregon. Ross Sea heat flux
experiment. DPP 81-20677. $79,280.

Support and services

Becker, Robert A. ITT Antarctic Services,
Inc., Paramus, New Jersey. Support for
the U. S. Antarctic Research Program.
DPP 80-03801. $6,000,000.

Cook, J . W. Department of the Navy,
Washington, D.C. Engineering support
for the U.S. Antarctic Research Pro-
gram. DPP 84-01823. $8,000.

Shoemaker, Brian H. Department of De-
fense, Washington, D.C. Logistics sup-
port of the U.S. program in Antarctica.
DPP 76-10886. $20,000,000.

Thuronyi, Geza T. Library of Congress,
Washington, D.C. Abstracting and
indexing service for current antarctic
literature. DPP 70-01013. $145,696.

Venzke, N. C. Department of Transpor-
tation, Washington, D.C. Icebreaker
support in the U.S. Antarctic Program.
DPP 82-17331. $1,268,822.
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