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Geologists in the field contact McMurdo Station to test their radio before the ski-equipped
Hercules (LC-130) airplane leaves. Before leaving McMurdo the leader of the field party
arranges with the station communication center the schedule for contacting the station and
call signs that they will use. In this way station personnel are aware of the field party's location
and can help if there is an emergency. These geologists are working in a remote area of West
Antarctica during the 1984-1985 austral summer to learn more about the region's volcanic
history.

Over 300 U.S. scientists conduct
studies in Antarctica during
the 1985-1986 austral summer
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Earth science studies near the
Beardmore Glacier

Near the 160-kilometer-long Beardmore
Glacier between mid-November 1985 and
late January 1986, scientists will focus on
the glaciology, geology, and paleontology
of the Transantarctic Mountains as one
part of this austral summer's U.S. Antarctic
Reearch Program. This glacier, which
flo s from the east antarctic polar pla-

teau to the Ross Ice Shelf, lies near the
center of the continent. The area near the
glacier contains extensive ice-free terrain
with well-preserved glacial deposits. These
features make the region an important test-
ing ground for hypotheses of ice sheet
behavior during global ice ages.

The growth and fluctuation of antarc-
tic ice sheets began as long as 30 million
years ago, but the time and magnitude of

these phenomena are not well understood.
An objective of the investigations during
the upcoming austral summer is to study
glacial deposits to establish more accurately
the growth and decay of the east antarctic
ice sheet and the times at which it may
have covered the Transantarctic Mountains.

Many investigators link the glacial his-
tory of Antarctica—how and when gla-
ciers waxed and waned—to the behavior
of past northern hemisphere ice sheets and
to global ice ages. Because these ancient
ice sheets were huge planetary heat sinks,
glaciologists suggest that the mechanism
that transformed regional climate into
worldwide variations may have involved
changes in the global ice-sheet system. If
glaciologists can understand this global ice-
sheet system and its reaction to regional
insolation, they may comprehend ice ages.
Scientists are studying the present and past
behavior of the antarctic ice sheet, as well
as Antarctica's glaciers, to understand these
relationships. By applying these data, they
hope to learn more about the ice sheets
that once covered the Northern Hemisphere
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and to create models that describe global
ice sheet behavior during glacial cycles.

In the Beardmore Glacier region scien-
tists have found many well-preserved ani-
mal and plant fossils. In 1967 at nearby
Coalsack Bluff, Ohio State University
geologists discovered the first fossil of an
antarctic land vertebrate, an amphibian of
the subclass Labyrinthodontia. Members
of this group of amphibians ranged in size
from that of salamanders to alligators.
Although all members of the subclass
Labyrinthodontia are extinct now, they
were the dominant amphibians during the
late Paleozoic and early Mesozoic eras (be-
tween 350 and 200 million years ago).

Exposed rocks in this region contain fos-
sils that will enable scientists to better
understand the fauna, flora, and ecosys-
tems that may have been typical for much
of the supercontinent Gondwana. This aus-
tral summer one group of investigators
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will search for fossils of vertebrates that
flourished some 240 million years ago.
These fossils from the lower Triassic are
important to scientific understanding of
the relationships and distribution of the
world's land animals during this period.

Near the glacier in the Queen Alexan-
dra Range paleobotanists will scour fossil-
ized peat deposits for plants that have been
permeated with silica. Most fossil plants
from other areas are preserved as compres-
sions in which their internal structure has
been destroyed, but those from the Queen
Alexandra Range have been found to be
well preserved. Consequently, detailed stud-
ies can be made of the anatomy of 250-
million-year-old plants.

Marine science in the ice-edge zone
During November and December 1983

researchers, working in the northern Wed-
deli Sea, collected data on the relationship
between ecosystem changes and the posi-
tion of the pack-ice edge, maximum extent
of winter ice, and regions where "winter"
conditions still existed. This region, the
ice-edge zone, affects most of the surround-
ing seas during the annual freezing and
melting cycles. At its maximum extent in
early spring, the pack ice covers 18 to 21
million square kilometers, an area larger
than the 14 million square kilometers that
comprise Antarctica. By late summer only
remnants of this ice remain in the Wed-
dell Sea and other coastal areas. Prelimi-
nary analyses of the 1983 data show that
as the ice retreated there were massive
blooms of algae and many associated in-
vertebrate grazing animals. Measurements
suggest that this region has higher biological
activity than either the open sea or the

pack ice and that it is an important feed-
ing area for marine birds and mammals

This austral summer, between late Fel'-
ruary and early April 1986, 51 scientiss
will work in the western Weddell Sea
continue their investigation of the ice-edge
zone ecosystem. They will work aboad
two ships—the 245-foot research ship Mil-
yule and the 299-foot Coast Guard ice-
breaker Glacier. The data obtained durig
the project will increase understanding of
the antarctic marine ecosystem and pro-
vide information for management of re-
sources.

These projects are among the 87 sci-
ence projects that the United States will
support in Antarctica during the 1985-1986
austral summer. About 320 researchers will
work at four U.S. stations (McMurdo,
Amundsen-Scott South Pole, Siple, and
Palmer stations), at the large camp near
the Beardmore Glacier and other remote
sites, and at the stations of other nations.
In addition to Melville and Glacier, a sec-
ond Coast Guard icebreaker Polar Star,
the research ship Polar Duke (an ice-
strengthened ship leased by the Founda-
tion), and the British research ship John
Biscoe will support U.S. investigators in
the southern oceans. Twelve of the sci-
ence projects begun during the summer
season will be continued at the four U.S.
stations during the austral winter.

Upper atmosphere studies
Other projects to be conducted during

the upcoming austral summer inclu4e an
atmospheric science project at Siplej Sta-
tion; the station has been closed since Janu-
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ary 1984 and will reopen in November
1985. This 2-year project focuses on what
happens when very-low-frequency (VLF)
electromagnetic waves interact with charged
particles in the magnetosphere, a region
controlled by the Earth's magnetic field
and adjacent to the ionosphere. During
the austral summer ITT/AN5 employees
will reconfigure the station's 42-kilometer-
long horizontal antenna and modify the
VLF transmitter to enable researchers to
expand studies of wave excitation in the
magnetosphere and wave-induced charged
particle precipitation into the atmosphere.

Siple Station was selected as the site for
this research because it is the best location
in the Southern Hemisphere for controlled
VLF wave studies. It is at one end of a geo-
magnetic line of force that passes through
the plasmapause and returns to earth in
Roberval, Quebec. Scientists at the two
stations record what happens to VLF radio
signals generated at Siple as they travel
through the plasmapause region enroute
to Roberval. VLF studies of the plasmap-
ause are most efficient if the transmitter is
high above the ground to minimize signal
loss due to ground absorption. The Siple
antenna is on a 1-kilometer-high ice sheet
and is ideal for VLF research.

Meteorology
U.S. meteorologists, working with French

scientists, will study katabatic winds, which
trongly influence the climate of Antarc-
ica and the extent of the ice pack sur-
ounding the continent. The term "katab-
tic" is derived from a Greek root meaning
'going down;" these winds have been

described as the atmospheric equivalent
of a waterfall. The katabatic winds are
chilled, dense air spilling off primarily the
east antarctic polar plateau under the influ-
ence of gravity rather than temperature
or rotation. These winds, most prominent
in Antarctica, have velocities proportional
to the slopes and are found wherever there
are large ice masses. Three U.S. automatic
weather stations between Dumont d'Ur-
yule (the French station on the Adélie Coast)
and Dome C (a site about 1,000 kilome-
ters inland) provide data on seasonal vari-
ations and how pressure systems influ-
ence the winds, these data are augmented
by data from French weather stations in
and around Dumont d'Urville. This aus-
tral summer the U.S. team will use instrum-
ented kites and balloons to measure prop-
erties of the lower atmosphere and estimate
the net heat flow at three sites. They will
occupy one station about 97 kilometers
from the coast while French scientists con-
duct similar experiments at two other sites—
one 19 kilometers from the coast and the
other 190 kilometers inland.

Ocean sciences
Using the 219-foot research ship Polar

Duke, oceanographers from two universi-
ties will investigate the hypothesis that
sulfur gases produced by small marine

plants may be a major source of sulfate
aerosols over Antarctica. Sulfur in the form
of sulfate constitutes between 80 and 90
percent of the atmospheric aerosols over
Antarctica. Studies have shown that weath-
ering of the Earth's crust, sea salts, oxida-
tion of atmospheric constituents, strato-
spheric aerosols, and volcanism account
for only two-thirds of this sulfur. Although
unconfirmed, available data strongly sug-
gest that much of the remaining sulfur
comes from marine biological sources, such
as phytoplankton. Working in the Scotia
and Weddell seas, the Drake Passage, and
the Bransfield Strait, researchers will deter-
mine the concentration of gaseous sulfur
dioxide and other sulfates in the bound-
ary layer between the sea and the atmo-
sphere and will estimate how much of this
hypothesized marine source contributes to
the sulfur-dominated aerosol.

Glaciology
Glaciologists will try to determine cli-

matic and glacial conditions that existed
in Antarctica over the last 2,000 years and
to establish a pattern of climate variation
on the continent. Recent analysis of 500-
meter-long ice cores, which record climate
over the last 10,000 years, suggest that
large-scale climate fluctuations, such as
glacial and interglacial periods, occur at
approximately the same time throughout
the world. Investigations of ancient cli-
mates indicate that ice-core, tree-ring, and
lake-sediment records can be used to gain
an understanding of climate variations.
Reconstructions based on these short-term
records have led scientists to believe that
climatic events, once thought to be regional,
are really local manifestations of global
climate changes. To obtain data drillers
will retrieve two 250-meter-long ice cores
from sites near Siple Station. Data obtained
during this austral summer will be com-
bined with other ice-core data from South
America, Greenland, Alaska, and China.
With these data glaciologists will be able
to describe more completely worldwide cli-
mate variations over the last 2,000 years.
The results of their research may also pro-
vide important data for predicting future
climates.

Cooperative research with other nations
is an important component of the U.S.
program. This austral summer U.S. scien-
tists will conduct projects with research-
ers from the United Kingdom, France, New
Zealand, the Soviet Union, Poland, Can-
ada, and Japan. They will work in the
company of field programs of other nat-
ions, while foreign scientists will work at
U.S. stations or in remote areas of Antarc-
tica with U.S. scientists.

The United States supports an active
research program in Antarctica and the
oceans that surround the continent. Each
year more than 1,000 Americans partici-
pate in this program. The program involves
the operation of ships, aircraft, stations,

and camps and draws upon the resources
and scientists of numerous U.S. universit-
ies, Federal agencies, and several commerical
firms.

The National Science Foundation (NSF)
funds and manages the U.S. Antarctic Pro-
gram. NSF supports research in glaciol-
ogy, earth sciences, ocean sciences, marine
and terrestrial biology, medical sciences,
and atmospheric sciences, as well as devel-
ops goals for antarctic science and plans
logistics requirements. Logistic and sup-
port in Antarctica is provided by the U.S.
Naval Support Force Antarctica (NSFA),
the Antarctic Development Squadron Six
(VXE-6), the U.S. Coast Guard, and an
NSF contractor ITT/Antarctic Services, Inc
(ITT/ANS).

In the following pages the objectives of
each U.S. project are summarized. Sup-
port and logistics for this austral summer
are described in an article beginning on
page 20.

At the sea ice edge in McMurdo Sound, a
diver prepares to enter the water. In marine
biology investigations, divers can supplement
investigations by making direct observations,
photographing and filming marine life in its
environment, and collecting mobile creatures.

NSF photo by Ann Hawthorne.
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NSF photo by Don Wiggin.

The ice-strengthened research ship Polar Duke at Palmer Station near the Antarctic Penin-
sula. The National Science Foundation leased Polar Duke in 1984 to support science in the
Antarctic Peninsula region.

Planned research
projects, 1985-1986

Biology
Marine, fresh water, and terrestrial life

in Antarctica presents a world of contrasts.
In the oceans surrounding the continent,
life is abundant and diverse; in scattered
ice-free areas on the continent, however,
only a few terrestrial species and ecosys-
tems, adapted to the extreme cold and dry-
ness, have evolved over several million
years. Biologists working in Antarctica
focus on understanding adaptations and
relationships between species. They are
probing the behavior and evolution of
different fauna, the interactions of mar-
ine, fresh water, and terrestrial flora and
fauna with the environment, the relation-
ships between organisms, and the impact
that man has on this ecosystem. With these
data they will be better able not only to
understand the biology of the region but
also to provide the information that the
international community will need to man-
age and conserve life on the continent and
in surrounding waters.

Winter oxygen levels in an antarctic lake.
George M. Simmons, Virginia Polytech-
nic Institute and State University, and Rob-
ert A. Wharton, Jr. and Christopher P.
McKay, National Aeronautics and Space
Administration. Antarctic lakes are enriched
perennially with high levels of oxygen.
Although in other environments these levels
would be lethal to many organisms, in ant-
arctic lakes biota flourish under these
conditions. Biological activity and effects
caused by large shifts in the freeze-thaw
cycle of the ice cover and associated inputs
from glacial meltwater apparently influ-
ence the oxygen budget in these lakes.
Scientific understanding of this ecosys-
tem is incomplete because researchers have
been unable to measure oxygen levels dur-
ing the austral winter. For example, we do
not know presently whether the oxygen
levels fluctuate during the year or if they
are nearly static. Our objective is to acquire
winter data via remote sensing and to con-
struct a model for the oxygen cycle from
these and other data. Working at Lake
Hoare in Taylor Valley during the austral
summer, we will set and retrieve sediment
traps and sample water at various levels
to establish a vertical profile for chloro-
phyll a and oxygen concentrations. In the
water column we will place temperature
and oxygen electrodes, which will be con-
nected to an aquisition data bank on shore.
Because the instruments will be under-
water, they will be protected during the
winter from freezing and other adverse
effects from the weather. Remote sensing
and data transmission via satellites will
enable us to acquire data continuously.
When these data are combined with other
data on antarctic lake ecology, we will better

understand how growth and production
in microbial communities are related to
changes in the oxygen budget and how
shifts in the freeze-thaw cycle affect the
oxygen level. Our remote sensing tech-
niques for studying aquatic ecosystems also
will be useful to investigators working in
other areas of the world. (5-002)

Behavior and ecology of Weddell seals.
Donald B. Siniff, University of Minne-
sota. During the upcoming austral sum-
mer we will study Weddell seals at a site
near Hutton Cliffs, Ross Island. Our focus
is male territorial and reproductive behavior
and the activities of and interactions be-
tween mothers and pups. As males appear
at the site, we will tag them with proxim-
ity transmitters and small radio transmit-
ters to record their activity in and out of
the water. Females also will be equipped
with proximity recorders to document
approaches and copulatory activity by
males. Before the pups are born, we will
weigh the females; after birth mothers and
pups will be weighed weekly throughout
the lactation period to measure how much
time the mothers invest in caring for the
pups. We will set up a remote colony in a
crack-free area to mimic the Hutton Cliffs
colony and as a control for the data that
we collect there. Early in the austral sum-
mer we also will collect data on weather
and ice conditions that may affect pup-
ping distributions. We will continue to
tag and census seals in the Ross Island
area. During December 1985 and January
1986, we will use helicopters to search for
tagged seals and groups of subadults on
the east side of McMurdo Sound between
Pram Point and Cape Evans. With these

observations we will document the num-
ber of these immature seals and help to
improve our estimates of survival rates
for younger age classes. (S-004)

The role of glycopeptide antifreezes i
freezing avoidance of antarctic fish. Arthu
L. DeVries, University of Illinois. Livin
organisms adjust protein synthesis rate
in response to environmental factors as
fundamental strategy for survival. We hay
discovered that most antarctic fish living
in ice-laden shallow water possess either
glycopeptide or peptide compounds that
have antifreeze properties. Results of our
experiments have indicated that there are
eight different-sized glycopeptides, which
lower the freezing point of body fluids
below the temperature of the seawater
(-1.9°C). This season we will catch vari-
ous species of native antarctic fish to con-
tinue our investigation of biological anti-
freeze systems. Live fish, caught during
the season, will be studied at the McMurdo
Station aquarium to determine the distri-
bution and role of these glycopeptides in
various body fluids and tissues. We also
will study what part glycopeptides have
in freezing avoidance in intestinal fluid,
what mechanisms cause them to move from
blood to bile, and why they are not digested
as they move through the intestinal track.
We will continue biochemical studies of
the non-colligative lowering of the freez-
ing point of water by examining the inter-
action between antifreezes and ice. Addit-
ionally, we will examine the role of epithelial
tissues in preventing ice propagation into
undercooled fluids by determining at what
sub-freezing temperatures these tissues act
as a barrier, with or without the presence
of glycoproteins. (S-005)
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Behavioral ecology of antarctic krill
(Euphausia superba). William M. Ham-
ner, University of California, Los Ange-
les. 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
horizontally to exploit high food concen-
trations by area-intensive searching and
rapid feeding behavior. Because chemicals
rather than particles appear to trigger feed-
ing, we have extended our investigation
of how chemical cues initiate feeding and
are comparing our findings on feeding mor-
phology to other zooplankton. To docu-
ment swarming behavior and interactions,
we will use 35-mm photographs and video
films. Also we will study the relationships
among krill behavior and feeding strate-
gies of marine mammals and sea birds.
Sea birds that eat krill will be tracked to
their feeding grounds, and some will be
collected for analysis. Laboratory studies
of behavioral responses and structural mor-
phology will be conducted at Palmer Sta-
tion. With color video films, we will exam-
ine the relationship of swarming to 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 knit
feed. (5-006)

Reproduction, feeding, and swimming
energetics, and egg and larval physiology
of Euphausia superba. Lan gdon Quetin
and Robin Ross, University of California,
Santa Barbara. Euphausia superba (krill)
and related euphausid species are the most
abundant group of animals in the south-
ern ocean. Besides being exploited heavily
by almost all antarctic marine carnivores,
krill is the focus of a small, but growing,
fishery. Working in areas where krill is
highly concentrated, we will measure envi-
ronmental parameters and seasonal varia-
tion in school composition, fecundity,
chemical composition, field ingestion and
egestion, and growth rates of krill. At
Palmer Station we will continue culturing
krill larvae to study their behavior, devel-
opment, and growth under several feed-
ing regimes; for this part of our project
we will collect krill larvae from the ocean,
as well as hatch them from eggs in the
laboratory. We also will study the swim -
ming energetics 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. (S-014)

Endolithic microorganisms in ice-free val-
leys: biology and organism-substrate inter-
actions. E. !mre Friedmann, Florida State
University. The climate of Antarctica is
arid, especially in ice-free regions; katab-
atic winds descending from the polar pla-
teau heighten desert conditions. Because

environmental extremes in such regions
limit life to a narrow zone under the sur-
face of certain rocks, certain microorga-
nisms inhabit either fissures and cracks
or the structural cavities of porous rocks.
The first discovery of endolithic microor-
ganisms in southern Victoria Land's ice-
free valleys was reported in 1976. Reports
of microbial colonies inhabiting different
rocks in southern Victoria Land and the
Dufek Massif followed. Since 1979 geo-
logical, meteorological, and biological in-
vestigations have helped us to understand
the nature of these highly adapted com-
munities. In the upcoming austral sum-
mer we will continue sampling communi-
ties at Linnaeus Terrace in the Asgaard
Range and other sites in the ice-free val-
leys of southern Victoria Land. Our research
includes micrometeorological measurem-
ents, estimation of respiration and net
photosynthetic rates for microbial com-
munities, calculation of total yearly pro-
ductivity, taxonomy of cryptoendolithic
lichens and algae, and the study of non-
photosynthetic bacteria. We also will in-
vestigate the interactions between the
organisms and the rocks they inhabit (inclu-
ding chemistry, leaching, and biological
weathering), how the rocks are colonized,
and the yearly accretion of nitrogen in
rocks. This research will provide a more
comprehensive understanding of cryptoen-
dolithic microbial ecosystems, including
their implications for earth sciences. (S-015)

Contrasting modes of reproduction in
antarctic marine invertebrates. John S.
Pearse

'
University of California, Santa

Cruz. Many antarctic marine animals are
brooders that provide post-spawning paren-
tal care. However, some of the most abun-
dant shallow-water benthic invertebrates
spawn by broadcasting their gametes freely
into the sea; the larvae develop and feed
independent of their parents. To examine
reproductive biology, larval ecology, and
demographics of several common species
of "broadcasters," we are sampling com-
munities of the more common benthic in-
vertebrates in shallow waters of McMurdo
Sound and identifying features that con-
tribute to their numerical success. In the
laboratory we will raise larvae through
metamorphosis to learn about their mor-
phology and behavior. During the austral
summer we will continue to sample larvae
and juveniles near McMurdo Station, at
Cape Evans, and New Harbor. These sam-
ples will help us determine their distribu-
tion and to document demographic fea-
tures that determine how frequently re-
cruitment is needed to sustain the popula-
tion. Other laboratory and field work will
identify what organisms prey on larvae
and juveniles of these species. We will
contrast these data with information on
modes of trophic specialization and repro-
duction for less abundant species. The
results of this investigation should pro-
vide a better understanding not only of
how relatively few "broadcaster" species

maintain high densities in the shallow ant-
arctic benthos but also what factors make
brooders more prevalent in high-latitude
marine ecosystems. Our research and tech-
niques also will be relevant to studies of
other oceanic communities, especially deep-
sea ecosystems. (5-016)

Predatory feeding ecology of Euchaeta
antarctica, a marine planktonic copepod.
Jeannette Yen, University of Hawaii at
Manoa. Most investigations of trophic
interactions in plankton communities focus
on nutrient uptake by phytoplankton and
ingestion by particle-grazing copepods
because most oceanic food webs are based
on phytoplankton and in most epipelagic
ecosystems particle-grazing copepods domi-
nate the zooplankton community. Curren-
tly, biologists are also looking at the next
trophic level—predatory zoopiankton.
These creatures not only are an important
link between herbivorous zooplankton and
pianktivorous fish but also are involved in
predator-prey interactions that are impor-
tant to the structure of planktonic com-
munities. Our objective is to study the
predatory feeding ecology of Euchaeta ant-
arctica a predatory planktonic copepod.
In laboratory feeding experiments we will
document diet selectivity and functional
responses to preferred prey. To verify these
results, we will determine in the field how
this predator is temporally and spatially
distributed and how its feeding index over-
laps with the distribution of its preferred
prey. Antarctic data will be compared with
data on northern hemisphere organisms
from the same genus. From this compari-
son we hope to discover if different forag-
ing strategies evolved for congeneric spe-
cies as a response to latitudinal differences
in the plankton communities. Our long-
term objectives are to ascertain patterns
in trophic interactions of invertebrate
predators, understand the mechanism and
evolution of the predatory feeding response,
and evaluate the role of predatory zoo-
plankton in maintaining community struc-
ture in marine systems. (S-018)

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-
nomena may concentrate prey and play
a significant role in the distribution of sea
birds. Using physical and biological oceano-
graphic data obtained concurrently with
bird observations, we will investigate the
relationship between small-scale (1- to
10-kilometer) distribution of birds at sea
and the distribution of their prey, primar-
ily knit. This austral summer we will cen-
sus birds while aboard the British research
ship John Biscoe to continue document-
ing distribution. By combining these data
with data obtained during the 1984-1985
austral summer, we will be able to com-
pare foraging distributions at sea with the
length of foraging trips and chick growth
and survival for different species. Overall
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NSF photo by Ann Hawthorne.

To learn about how much time female Weddell seals devote to their pups, biologists from the
University of Minnesota weigh the mothers and pups weekly. The mothers also were weighed
before the pups were born. This photograph shows the biologists coaxing a seal onto the
scales.

knowledge of how birds use krill swarms
and of areas in which birds forage will
contribute to future management and con-
servation programs. (5-021)

Physiological and ecological micropor-
cessor monitoring studies of free-ranging
antarctic seals in pack ice. Warren M.
Zapol, Roger Hill, and Robert Schneider,
Massachusetts General Hospital. Crabeater
(Lobodon carcinophagus) and leopard
(Hydrurga leptonyx) seals inhabit the pack
ice between 55°S and Antarctica. The Wed-
deli seal (Leptonychotes weddelli) occu-
pies fast ice areas near the continent most
of the year, but young Weddell seals move
to the pack ice during certain seasons.
Although the physiology and ecology of
Weddell seals living near antarctic stations
have been documented to some extent, little
is known about the behavior of the youn-
ger Weddell seals or the other three spe-
cies living in the pack ice. Based on our
success with a computer system to moni-
tor free-diving Weddell seals, we have
developed a cigar-box-sized computer sys-
tem that can be attached to a seal's dorsal
area; with this system we can monitor via
satellite the ecology and physiology of seals
in the pack ice. Working in the pack ice
near the Antarctic Peninsula, we will attach
monitors to 40 crabeater, leopard, and Wed-
dell seals. By using the monitors we will
be able to examine and compare diving
adaptations. The monitors will record
swimming velocity, heart rate, and seawater
depth and transmit this data to the Argos
satellite system, which will also provide
data on the location of the seals. Addition-

ally, we will autopsy seals to obtain data
for comparison with physiologic and eco-
logic measurements. (5-024)

Microbial and vertebrate chitin degrada-
tion in the polar marine environment. James
T. Staley, University of Washington. Chitin
is a primary component of the exoskele-
tons of marine invertebrates. In the south-
ern oceans high primary production cause
correspondingly high concentrations of her-
bivorous consumers, particularly krill
whose dry weight is about 8 percent chitin.
Over time the antarctic marine environ-
ment would lose an enormous quantity of
nitrogen and carbon if chitin were not
degraded and remineralized. Although few
animals and mircoorganism possess en-
zymes that solubilize chitin, our labora-
tory investigations indicate that fin whales
and Adélie penguins produce a pancreatic
chitinase, an externally secreted digestive
enzyme produced also by certain microorg-
anisms and invertebrates that degrade
chitin. To determine the importance of chi-
tin in the carbon and nitrogen cycles of
antarctic coastal waters, we will assess the
extent to which animals that feed on krill
actually degrade chitin. Working near
Palmer Station, we will conduct oceanic
studies from small boats (zodiacs) and the
Polar Duke and collect tissue samples and
gastrointestinal contents from a limited
number of Adélie penguins, crabeater seals,
and chinstrap penguins. At the Palmer Sta-
tion laboratory, we will study the microbiol-
ogy and enzymology of these samples.
Some chinstrap and Adélie penguins will
be captured for feeding studies. Also, we

will investigate the distribution and activ-
ity of chitinolytic microorganisms in the
water column and sediments. The chitin-
ases from all of these sources will be isol-
ated, purified, and characterized. (5-032)

Assembly and stability of microtubules
from antarctic fish at low temperatures.
H. William Detrich, Iii, University of Mis-
sissippi Medical Center, School of Medi-
cine. Macromolecular assemblies of pro-
teins perform many essential cellular pro-
cesses. Cytoplasmic microtubules are tube-
like, subcellular filaments composed of the
major protein subunit, tubulin, and one
or more micro tubule- associated proteins
(MAPs). The ordered assembly, mainten-
ance, and disassembly of cytoplasmic
microtubules play critical roles in cell divi-
sion, nerve growth and regeneration, cell-
shape determination, and cytoplasmic trans-
port. At temperatures near 0°C the cold-
labile microtubules of warm-blooded ver-
tebrates break down rapidly into their simp-
ler subunits. In contrast, the cold-stable
microtubules of antarctic marine poikilo-
therms must be assembled and maintained
at extremely low temperatures (approximat-
ely -2 0 to +2 0 C). Our project focuses on
the biochemical adaptations that facilitate
the assembly, stability, and function at
low temperatures of microtubule proteins
isolated from cold-adapted antarctic fish.
The results of our 1984-1985 austral sum-
mer experiments suggest that cold stabil-
ity of microtubles is caused by alterations
in the structure of the tublin subunit. This
austral summer we will compare the chemi-
cal structures of tubulins from cold-stable
and cold-labile microtubules. We will col-
lect fish (Notothenia coriiceps, N. gibber-
ifrons, and Chaenocephalus aceraturs) near
Palmer Station and in the southern Brans-
field Strait near Brabant Island and Low
Island. Using methods established during
the 1984-1985 austral summer, we will
purify cold-stable tubulin from the brains
of these fish. To probe the differences in
structure of cold-stable tubulins from
antarctic fish and cold-labile tubulins from
cow or catfish brains, we will use peptide
mapping, high-resolution isoelectric foc-
using, and two-dimensional electrophoretic
analysis. Also we will determine the role,
if any, of MAPs or other ligands in the
cold stability of microbutules and continue
thermodynamic studies of the forces that
stabilize microtubules at low temperatures.
Our research will contribute to an under-
standing of the mechanism and thermody-
namics of the assembly and structural
stability of microtubles at low temperat-
ures. (S-037)

Growth, photosynthesis, and carbon
metabolism of phytoplankton in the south-
ern ocean: a species approach. Richard B.
Rivkin and Ian Morris, Horn Point Envi-
ronmental Laboratory, University of Mary-
land. In a changing environment, phyto-
plankton typically adapt by altering a
metabolic pathway or pattern of nutrient
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use. Over a short time these adaptive
mechanisms enable the cell to operate effi-
ciently. In the southern oceans and under
annual ice, phytoplankton are exposed to
discontinuous light and nutrients because
of turbulent motion, seasonal variations
in light, varying cloud cover and wave
action, and localized and periodic regenera-
tion of nutrients. Biologists in 1980 reported
that southern ocean phytoplankton can
incorporate 70 to 80 percent of recent prod-
ucts of photosynthesis into lipids and
smaller amounts into proteins. This find-
ing contrasts with the traditional interpreta-
tions of primary production measurem-
ents. Studies in the Arctic, Antarctic, and
laboratories suggest that the pattern of car-
bon uptake varies significantly with spe-
cies and geographic location. Our objec-
tive is to evaluate the relationship between
the biochemistry and growth of individ-
ual species and phytoplankton assembl-
age. From McMurdo Sound, we will col-
lect samples and measure growth rates and
temporal changes beneath the ice and in
open water. We also will measure the
photosynthesis-light relationship, enzyme
activity, cell division, the photoheterot-
rophic metabolism of dissolved organic
compounds, and partitioning of recent pho-
tosynthesis products into low molecular
compounds, lipids, polysaccharides, and
proteins. We will estimate the species
ontribution to total and net plankton pri-
ary production and photoadaptation time

o new light and temperature regimes. By
xamining specific species in nature and

in laboratory cultures, we will determine
he relationship between cellular biochemis-
ry and the division rate of individual algal

species and evaluate the coupling between
arbon metabolism and phytoplankton

growth. (S-038)

Physiology of sea-ice algae: Changes in
photosynthetic metabolism during the
course of a spring bloom. Anna C. Palrnis-
ano and Cornelius W. Sullivan, Univer-
sity of Southern California. Microalgae
remain trapped in the bottom of the annual
sea ice in McMurdo Sound during the
ettire spring bloom. Biologists have re-
ported that standing crops can represent
chlorophyll a levels as high as 300 milli-
grams of chlorophyll a per square meter.
Ice microalgae also may serve as a model
for studying physiological changes dur-
ing an algal bloom. Because vertical mix-
ing and horizontal advection are absent
and losses from grazing and sinking are
reduced, we are able to follow a single
community through bloom development
and decay. Our objectives are to examine
physiological changes in ice algae from the
beginning of the bloom in November
through its decay in January in both bot-
tom congelation and platelet ice communi-
ties and to determine the primary factors
affecting eventual senescence. We will focus
on changes in photosynthetic metabolism
occurring at the start, peak, and decline
of the ice algal bloom and use growth rates

to estimate changes in biomass over sev-
eral days. The factors that may contribute
to biological changes in ice algal communi-
ties before ice ablation include osmotic
stress, nutrient limitation, self-shading, and
oxygen inhibition. We will test the effects
of these variables both on natural popula-
tions and on laboratory cultures. (5-039)

Pygoscelid penguin population studies
in Admiralty Bay. Wayne Trivel piece, Point
Reyes Bird Observatory. Penguins are
major predators of krill (Euphausiasuper-
ba) and an important component of the
antarctic marine food web. To thoroughly
understand the structure and function of
the antarctic ecosystem, biologists must
have information on population dynam-
ics, as well as the factors that regulate the
size of penguin populations, especially pyg-
oscelid penguins, the dominant antarctic
genus. The three pygoscelid penguins-
Adélie (Pygoscelis adeliae), chinstrap (P.
antarctica), and gentoo (P. papua)—nest
sympatrically at Point Thomas, King George
Island, near the Polish Arctowski Base.
Here the gentoo population is stable while
the Adélie and chinstrap populations are
increasing. For several years we have
banded penguins at this site and studied
their breeding and feeding ecology. By
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 known-
age penguins at Admiralty Bay. Between
1 October 1985 and 15 February 1986, we
will make daily observations of banded,
known-age Adélie, chinstrap, and gentoo
penguins in two rookeries on King George
Island. These observations will enable us
to determine how sex, age, and experience
are related to fecundity and survival. Data
from this project contribute to scientific
understanding of the structure and func-
tion of the marine ecosystems and add to
present knowledge of population dynam-
ics of marine birds. (5-040)

The trophic positions of benthic rhizop-
oda in antarctic communities. Ted E. De-
Laca, University of California, San Diego.
Although benthic foraminifera are abun-
dant in many marine communities, their
trophic positions and significance in energy
transfer and community dynamics remain
unknown. Much of the published infor-
mation on benthic foraminifera is limited
to zoogeographic and systematic studies
of about 60 of the 4,000 cataloged spec-
ies. Our research focuses on one type of
benthic foraminif era, rhizopods, which
appear to be important in the energy trans-
fer in benthic food webs. Capable of rapid
growth on various foods, rhizopods may
represent a large benthic biomass that preys
on microbial life forms and serves as a
food source to higher trophic levels, espe-
cially small species and developmental

stages of larger ones. McMurdo Sound
has diverse types of habitats with distinc-
tive foraminiferal assemblages, ranging
from shallow-water to deep-ocean spec-
ies. Because the polar environment has pro-
nounced seasonal fluctuations in benthic
populations, we can sort out ecological rela-
tionships more easily. During this austral
summer we will analyze the energy flow
into rhizopod populations, evaluate the
standing stocks, biomasses, and chemical
and caloric compositions of rhizopods, and
determine what species are most likely to
prey on them. During the austral sum-
mer, we work mostly at New Harbor, Ross
Island, where we will dive under the ice to
collect samples. Observations will also be
made on the eastern and western sides of
McMurdo Sound. Because our investiga-
tion is year-round, we will obtain informa-
tion not only on the roles of rhizopods in
antarctic benthic communities but also on
environmental changes and the resulting
population dynamics of benthic species.
(5-043)

Antarctic marine ecosystems research at
the ice-edge zone: sea ice microbial dy-
namics. Cornelius W. Sullivan, Univer-
sity of Southern California. Our research
focuses on the distribution and biological
activity of sea ice microbial communities.
This austral summer we will investigate
the activity and biomass of ice algae, bac-
teria, phytoplankton, and bacterioplank-
ton in surface waters. Divers will collect
samples in and near the pack ice. Also, we
will analyze krill gut content and fecal
pellets to determine if ice alge and phyto-
plankton are present and collect krill and

Computers aid biologists studying microal-
gae that are trapped in the sea ice of McMurdo
Sound.

NSF photo by Ann Hawthorne.

September 1985



amphipods from the ice to provide experi-
mental animals for feeding studies (that
include measurements of uptake and res-
piration) using ice algae and phytoplank-
ton labeled with carbon-14. (5-320)

Antarctic marine ecosystems research at
the ice-edge zone: distribution of sea-
birds. David G. Ainley, Point Reyes Bird
Observatory. The results of our study dur-
ing the 1983-1984 austral summer sug-
gest that the ice-edge zone is an important
feeding area for seabirds. This austral sum-
mer our objectives are to describe the dis-
tribution and abundance of seabirds in rela-
tion to physically defined habitats and to
determine prey overlap among species of
seabirds in different habitats. We will cen-
sus seabirds while the Glacier and Mel-
ville are underway and collect specimens
from small boats (zodiacs) at each station.
While the Glacier is in the pack ice, we
also will attach radio transmitters to peng-
uins. (S-321)

Antarctic marine ecosystems research at
the ice-edge zone: microalgae of the sea
ice and water column. Greta A. Fryxell,
Texas A&M University. As participants
in the biological, physical, and chemical
oceanographic investigation of the ice-edge
zone in the Weddell Sea, our objectives
are to determine the abundance and distri-
bution of algae and to examine the relation-
ships between sea-ice and water-column
populations. Using nets and water bot-
tles, we will collect samples of microalgae
from the water column and the sea ice.
(S-322)

Antarctic marine ecosystems research at
the ice-edge zone: collaborative research
on the phytoplankton nutrient dynamics
and phytoplankton productivity. Walker
0. Smith, University of Tennessee, David
M. Nelson, and Louis I. Gordon, Oregon
State University. Our objective is to under-
stand the mechanisms that initiate and sus-
tain phytoplankton blooms in the ice-edge
zone and to evaluate the quantitative impor-
tance  of these blooms to the southern
oceans ecosystem. A coordinated, two-ship
transect, during which Glacier will be in
the pack ice and Melville will be in open
water, will enable us to obtain data on
phytoplankton biomass, growth, and pro-
duction simultaneously from within the
pack ice and from locations beyond the
seaward edge of the ice. We will measure
overall phytoplankton biomass, diatom bio-
mass, and particulate organic matter. Rate
measurements will include primary pro-
ductivity, the diatom component of prim-
ary productivity, and the relative fraction
of new versus regenerated production. We
are seeking to divide total primary produc-
tion into two groups—diatom versus non-
diatom and new versus regenerated pro-
duction—because these aspects of produc-
tion may affect marine ecology in fun-
damentally different ways. Diatom pro-
ductivity appears to be channelled through
a diatom-to-krill-to-large-carnivore chain

while production by other, smaller plank-
tonic algae may support a complex micro-
heterotrophic food web. New production,
supported by nitrate, can support a net
increase in ecosystem biomass over time,
but regenerated production, derived directly
from the degradation of biogenic mater-
ial, cannot. (5-323)

Antarctic marine ecosystems research at
the ice-edge zone: abundance, distribu-
tion, and energy use of micronekton and
zooplankton. Joseph J. Torres and Thomas
L. Hopkins, University of South Florida.
During the investigation of the Weddell
Sea ice-edge zone, we will determine the
abundance, distribution, and energy use
of micronekton and zooplankton within
the sea ice and in the upper 1,000 meters
of the water column. We will collect micro-
nekton, zooplankton, and microzooplank-
ton with 30-liter bottle casts and discrete-
depth and oblique midwater trawls. In the
laboratory we will determine oxygen con-
sumption rates for dominant species of
micronekton and zooplankton, sort spec-
imens, and make preliminary identifica-
tions. (S-324)

Antarctic marine ecosystems research at
the ice-edge zone: distribution of free-living
protozoa. David L. Garrison, University
of California, Santa Cruz. Heterotrophic
flagellates, ciliates, and other microheter-
otrophs are gaining recognition as impor-
tant components of pelagic food chains in
temperate and tropical oceans. Because
these forms consume bacteria and nano-
planktonic autotrophs, they are a link in
pelagic food chains between small produc-
ers and larger filter-feeding zooplankton.
Microheterotrophs appear to be abundant
in polar waters, although they have received
little attention in food-web models for these
regions. Our objective is to examine the role
of microheterotrophs in the ice-edge eco-
system of the Weddell Sea. Observations
made during the 1983-1984 investigation
of this region suggest that microheterot-
rophic populations are closely associated
with primary production in ice and water
and that production and community devel-
opment in ice precedes development in open
water. This austral summer we will exam-
ine the abundance and distribution of vari-
ous mircoheteortrophs in the ice-edge zone,
determine the trophic relationships among
microheterotrophs, nanotrophs, and micro-
autotrophs, examine the relationship be-
tween populations in the ice and those in
the water, and, where possible, measure
feeding activity. We believe that the release
of heterotrophic populations from the ice
as it melts promotes coupling between
microbial producers and consumers in the
adjacent water column. (S-325)

Antarctic marine ecosystems research at
the ice-edge zone: acoustic assessment of
nekton and micronekton. Michael C. Ma-
caulay and Bruce W. Frost, University of
Washington. During the investigation of
the Weddell Sea ice-edge zone, we will

conduct acoustic assessment of the abun-
dance and distribution of krill, other nek-
ton, and micronekton. Our work will be
coordinated with net sampling by other
investigators participating in the study.
(5-326)

Antarctic marine ecosystems research at
the ice-edge zone: feeding ecology of pin-
nipeds. John L. Bengtson, Point Reyes Bird
Observatory. To learn more about the feed-
ing ecology of seals in ice-edge zone, we
will participate in Weddell Sea investiga-
tion. We will attach radio transmitters and
time/depth recorders to seals in the pack
ice to monitor their behavior, as well as
collect specimens. (S-328)

Earth sciences
Over the last two decades geologists have

mapped and described geological features
in Antarctica. With these data they have
been able to describe the region's geolog
and geophysics and to support such theo

ories as plate tectonics and the existence
the former supercontinent Gondwana. Thi
austral summer geologists, geophysicists,
and glaciologists will focus their researc
on the glacial and tectonic history of th
Transantarctic Mountains. The origin o
mountain glaciers and ice caps is depe -
dent on the uplift history of the Transa -
tarctic Mountains, while the formation f
the mountains may have been influence4
by changes in and movement of the gla-
iers. With data from these investigations
the researchers will learn more about nt
only the history of the region but alo
global ice-age cycles. Other geologists ard
geophysicists will continue to gather dab
that help to explain the relationship betwen
East and West Antarctica, global geody-
namics and the Earth's deep structure, and
Antarctica's mineral resource potential.

Ultra long-period seismic and gravity
observations. Leon Knopoff and W.V.
Smythe, University of California, Los
Angeles. Because Amundsen-Scott South
Pole Station is a seismically quiet plat-
form, 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 La Coste-
Romberg gravity meters). The location of
this station on the Great Circle Paths, which
coincide 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 sta-
tion's location, its symmetric position be-
tween the oceans, and the low noise at the
site favor observations of long-period tides
and free oscillations. Our goal is to attain
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a better understanding of the deep struc-
ture and lateral inhomogeneities of the
Earth. (5-050)

Geodetic satellite observations. James R.
Clynch, Applied Research Laboratory. At
McMurdo Station we will operate and
maintain a geodetic satellite observatory to
collect dual-frequency doppler data from
polar-orbiting satellites. These satellites
transmit similar data to South Pole Sta-
tion on specific orbits; data from both sta-
tions help determine the spatial and time
variations of the ionosphere and provide
geodetic posi tioning controls. Data from
the South Pole will be relayed via the South
Pole satellite data link and to the United
States via the University of Texas INM AR-
SAT geosynchronous satellite communi-
cations system. (S-051)

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

Mapping operations. John Kelrnelis, U.S.
Geological Survey. This austral summer
two cartographers will conduct a survey
of the area near the Beardmore Glacier.
Their objective is to tie the existing survey
nto the World Geodetic System-1972 by
sing satellite Doppler position techniques,
s well as electronic and conventional sur-
eying methods. This new information will
elp to verify existing control networks,
xtend and strengthen control, and pro-
ide control for larger-scale mapping in
he future. (S-052B)

Aerial photography and mapping. John
Içelmelis, U.S. Geological Survey. Aerial
photomapping will be conducted this aus-
tral summer to acquire reconnaissance pho-
tos for potential geologic and glaciologic
field studies, to provide aerial coverage of
areas that are of special interest to the sci-
elce community, and to produce large-
scale maps. The areas to be covered are
the Beardmore Glacier region, Siple Coast,
and Terra Nova Bay. (S-52C)

'Triassic vertebrates from the Beardmore
Glacier area of Antarctica. John W. Cos-
griff, Wayne State University, and Wil-
liam R. Hammer, Augustana College. In
1967 Ohio State University geologists dis-
covered a lower jaw fragment of a fossil
labyrinthodont (a type of amphibian) at
Graphite Peak (85 0 3'S 172 0 19 1E). The fossil
was embedded in a pebbly, quartzose sand-
stone of fluvial origin in the lower part of
what is now identified as the Fremouw
Formation. This formation is an extensive
sedimentary sequence between 140 and 400
million years old and that makes up much
of the Transantarctic Mountains. Since that

time, geologists have recovered numerous
fossils amphibians and reptiles of Triassic
age (208 to 245 million years old) from
the Fremouw Formation in the central
Transantarctic Mountains. These discov-
eries suggest that more vertebrate fossils
probably are embedded in the Fremouw
Formation and provide data that enable
us to reconstruct the community struc-
ture of land vertebrates and environment
in Antarctica more than 200 million years
ago. Data from previous investigations indi-
cate that two communities existed—an
amphibian group that dominated the chan-
nels of what was once an extensive river
system and a reptilian group that domi-
nated the flood plains. Our objective this
austral summer is to collect fossils near
the Beardmore Glacier from as many strati-
graphic levels and facies within the Frem-
ouw Formation as possible. With these
fossils we will be better able to describe
community composition, structure, suc-
cession, and evolution. By collecting more
vertebrate fossils, we will expand the taxo-
nomic list and establish stratigraphic rela-
tionships of antarctic assemblages with
those from other areas of the world. With
these data we will better understand the
evolution of many vertebrates that existed
worldwide from the Permian to Triassic
periods. When the vertebrate paleontologic
data is integrated with sedimentologic and
paleobotanic data, we will be able to begin
working on a model of the paleo-environ-
mental setting of Antarctica during the
late Paleozoic and early Mesozoic. (S-054)

Sedimentology of the Permian-Triassic
Gondwana sequence in the central Trans-
antarctic Mountains. James W. Collinson,
Ohio State University, Molly Miller, Van-
derbilt University, and Julia Miller, Ohio
State University. Our objective is to learn
more about the nature and history of the
basins next to the Pacific margin of Gon-
dwana. To accomplish this, we will study
the 2.5-kilometer-thick sequence of Upper
Carboniferous to Triassic glacial (possi-
bly marine) and terrestrial sedimentary
rocks near the Beardmore Glacier in the
Transantarctic Mountains. We will sam-
ple rocks at Graphite Peak, Mt. Kinsey,
Mt. Wild, Mt. Miller, Clarkson Peak, Mt.
Roper, Painted Cliffs, Cranfield Peaks, Mt.
Weeks, Lowery Glacier, Disch Promen-
tory, Mt. Achernar, Mt. Mills, Fremouw
Peak, Mt. Falla, Mt. Sirius, Coalsack Bluff,
Wahl Glacier, Mt. Picciotto, and the Moore
Mountains. One group of geologists from
Vanderbilt University, Ohio State Univer-
sity, and University of Illinois will focus
on the lower part of the stratigraphic
sequence (tillite and black shale), while the
second group from Ohio State will con-
centrate on the upper terrestrial sequence.
From these samples we hope to achieve a
better understanding of the Late Car-
boniferous to Early Permian glacial his-
tory and paleogeography in the evolution
of the continents that made up Gondwana
and to improve facies models for glacial

environments. We will determine the nature
and origin of the post-glacial black shale
sequence of Early Permian age that occurs
throughout the Transantarctic Mountains.
We will assist paleontologists from Wayne
State College and Augustana College (5-
054) in reconstructing the histories and
environmental settings of Permian coal-
bearing delta/coastal plain deposits and
Triassic fluvial deposits. Also, we will work
out the post-depositional history of this
basin including how Jurassic intrusive rocks
altered the sediments. (S-055 and S-062)

Meteoritics. William A. Cassidy, Univer-
sity of Pittsburgh. Meteorites are useful in
investigating possible changes through time
in the meteoroid flux at Earth, measuring
the cosmic-ray flux in past eras, search-
ing events in which asteroid parent bod-
ies were disrupted, and defining the abun-
dances and characteristics of pre-solar-
system organic molecules. This austral sum-
mer two field parties will systematically
search areas near the Beardmore Glacier
and in the Thiel Mountains. The group
working near the Beardmore Glacier will
use motor toboggans to traverse north along
the polar plateau side of the Transantar-
ctic Mountains, possibly as far north as
the Geologists Range. The second group
will search for new meteorite sites in the
Thiel Mountains and will collect meteor-
ites at sites identified in earlier investigat-
ions. (S-058)

Resource and radioactivity survey in
Antarctica by gamma-ray spectrometry.
Edward J. Zeller and Gisela A. M. Dres-
chhoff, University of Kansas. Radioactivity
surveys conducted since 1976 in southern
and northern Victoria Land, the Darwin
Glacier area, the Ellsworth Mountains, and
Marie Byrd Land show that substantial
differences in potential for uranium and
thorium mineralization exist from area to
area. This austral summer we will con-
tinue to survey the ice-free valleys of south-
ern Victoria Land. Our objective is to under-
stand the distribution and concentration
of radioactive elements in different rock
types and tectonic environments. Data will
be used to produce gamma-radiation maps
of selected areas; these maps will be use-
ful in interpreting regional geology by
differentiating lithologic units with vary-
ing amounts of potassium. (S-059)

Petrology of Ferrar and uppermost Bea-
con rocks, Beardmore Glacier region. David
H. Elliot, Ohio State University. Near the
Beardmore Glacier is one of the best, and
possibly most complete, Gondwana se-
quences in Antarctica. The Permian-Trias-
sic part of the sequence, the Victoria Group
of the Beacon Supergroup, was deposited
in a foreland basin near an active volcanic
arc. In the sandstone, volcanic material is
abundant as a detrial component, particu-
larly in the upper parts of the sequence
where pyroclastic rocks (composed of mate-
rials ejected from volcanos during explo-
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sive events) become an increasingly more
important part of the section. This explo-
sive vulcanism was abruptly replaced by
the extrusion of tholeiitic flood basalts (Kirk-
patrick Basalt) of the Ferrar Group. This
group constitutes a unique geochemical
province that is characterized by high ini-
tial strontium isotope ratios. The emplace-
ment of the Ferrar Group is related to the
early stages of the break-up of Gondwana.
This austral summer we will focus on the
stratigraphy, petrology, and geochemis-
try of Jurassic Ferrar tholeiites and on the
volcanic rocks of the upper Falla and Preb-
ble formations of the Beacon Supergroup.
Our objectives are to establish the charac-
teristics of the magmatism responsible for
the volcanic rocks in the uppermost Bea-
con Supergroup, to investigate the petro-
genesis of the Ferrar basalts and dolerites,
to study the homogeneity of lava flows,
and to establish the regional contact rela-
tionships between the lavas and underly-
ing Beacon rocks. We also will collect fos-
sil floras and faunas from sedimentary
interbeds in the basalt sequence. Our
investigation will contribute to understand-
ing the magmatism associated with Bea-
con rocks, the volcanism and tectonics
related to the break-up of Gondwana, and
the petrogenesis of basaltic magmas. (5-060)

Tectonic development of West Antarc-
tica and its relation to East Antarctica. Ian
W. D. Daiziel, 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. Our investi-
gations have focused on the Scotia Arc
and the region at the base of the Antarctic
Peninsula extending to the Ellsworth, Thiel,
and Whitmore Mountains. During the
1983-1984 austral summer, U. S. and Brit-
ish geologists began an intensive investi-
gation in Ellsworth Mountains, Martin
Hills, and Mt. Smart and near Siple Sta-
tion. Field work includes geology, paleom-
agnetism, geochronology, and geophysics
with radio-echo sounding and aeromagn-
etic surveys conducted by British geophy-
sicists. During the 1985-1986 austral sum-
mer, we will work with British Antarctic
Survey personnel who will conduct an air-
borne geophysical investigation in the Ells-
worth Mountains region. This investiga-
tion will attempt to define the limits of
the blocks and determine the tectonic nature
of the ice-covered area between them.
(S-o63)

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 the net-
work's 10 permanent seismic stations. The
seismic network helps to precisely locate
microearthquakes in order to define active
areas of the Ross Islands volcanos and to
monitor long-term seismic and acoustic
energy release and fluctuations. (S-067)

Studies of anatomically preserved plants
from the Permian and Triassic periods of
Antarctica. Thomas N. Taylor, Ohio State
University. Our collection of fossil plants
will be divided into two phases. During
the first phase we will collect silica per-
mineralizations from sites at Mt. Augusta
and Fremouw Peak. The plants from these
areas are structurally perserved, and the
variety of plants is more diverse at these
two sites than any other Permian and Trias-
sic sites in the world. While collecting
plants, we also will study their general
distribution and the associated depositional
features. For the second phase of our pro-
ject, we will collect compression/impres-
sion specimens of fossil plants at other
sites in the Beardmore Glacier region includ-
ing Graphite Peak, Mt. Wild, Mt. Miller,
Mt. Mills, Mt. Archernar, Coalsack Bluff,
Mt. Sirius, and Mt. Ropar. We also will
explore the region for additional fossil-
plant-bearing sites. During this part of
our investigation we will characterize vari-
ous floras, specifically those with biostratig-
raphy relative to other known floras of
Gondwana age. (S-068)

Volcanic geology. Wesley E. LeMasur-
ier, University of Colorado, Denver. In
January 1983 we found that volcanic
sequences along the Ross Sea coast between
Cape Adare and Beaufort Island differed
considerably from those in Marie Byrd
Land. We identified only a few rocks as
hyaloclastites (volcanic deposits composed
predominately of fragmented volcanic glass
produced when lava interacts with water
during an eruption) but found many lithic
breccias, which were altered by hydrother-
mal activity resembled hyaloclastites. Our
analysis of samples collected during this
study suggests that in the Ross Sea area
volcanos did not erupt beneath a thicker
ice sheet as they apparently did in Marie
Byrd Land. This austral summer we will
visit sites at Beaufort Island, Cape Hal-
lett, Cape Adare, Cape Royds, Coulman
Island, and Cape Crozier. Because our
observations and conclusions differ signifi-
cantly from previously published mate-
rial, we will conduct detailed studies of the
glacial and volcanic history recorded in
rocks of this region. The results of our
studies will be compared with previous
studies of volcanic rocks from Marie Byrd
Land to enable us to better understand the
past behavior of the west antarctic ice sheet.
(S-o73)

NSF photo by Ann Hawthorne.

Contemporary geomorphic processes in
ice-free valleys. Michael C. Malin, Ari-
zona State University. Scientists have stud-
ied the geologic and geomorphologic his-
tory of the ice-free valleys of southern
Victoria Land but have not addressed in
detail the nature and rate of ongoing physi-
cal and chemical processes. During the
1983-1984 austral summer we established
test sites to examine wind erosion, desert-

A UH-1N helicopter waits while geophysicists make final adjustments to seismic equipment
near the summit of Mount Erebus, Ross Island's 3,794-meter active volcano.

Seismicity of Mt. Erebus and vicinity.
Juergen Kienle, University of Alaska.
Mount Erebus, an intraplate volcano on
Ross Island, contains the world's only
persistent convecting lava lake that is acces-
sible for study. By using seismic and acous-
tic 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
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pavement formation, chemical and physi-
cal modification of rock materials, and the
relationships of these processes to land-
form development. One of our goals is to
provide information for various time scales,
beginning with 2 months and continuing
up to 40 years. This austral summer we
will visit 10 test sites to repair equipment
and collect samples; the status of each site
and of the materials removed will-be doc-
umented. To obtain additional data, we
will drill cores from weathered boulders
and outcrops. We also will collect sam-
ples at a site in the Allan Hills. The sam-
ples will be analyzed by x-ray diffraction,
optical inspection, mineralogical analysis,
particle-size distribution and other sedi-
mentological methods, and topographic and
micro topographic meteorological model-
ing. Scanning electron microscopy will
enable us to study 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)

Deformation during the Beardmore and
Ross Orogenies, Nimrod Glacier area, Ant-
arctica. Edmund Stump, Arizona State Uni-
versity. From the late Precambrian to
Ordovician, the Transantarctic Mountains
underwent a period of intense deforma-
tion identified with the Ross Orogen. Ge-
ologists recognize two phases of activity—
the Ross Orogeny (500 to 570 million years
ago), which affected the region with defor-
mation, metamorphism, and intrusion, and
the Beardmore Orogeny (580 to 650 mil-
lion years ago), which caused a sequence
of marine clastic rocks, known as the Beard-
more Group, to be folded. The late Pre-
cambrian deformation has been identified
n an unique area near the Nimrod Gla-
ier where late Precambrian Goldie Forma-
on (Beardmore Group) is unconformably
verlain by Cambrian Shackleton Lime-
tone (Byrd Group). From various investi-
ations we know that the Beardmore Group
as deformed and eroded before the Early
ambrian deposition of the Byrd Group
nd that the Byrd Group was folded dur-

i g the Ross Orogeny. Our objective is to
etermine how the Beardmore and Ross
rogenies affected the Beardmore Group.
orking near Nimrod Glacier, we will

attempt to distinguish and characterize
ese two episodes of deformation. We
ill map the structure of the Beardmore
roup and Shackleton Limestone by trac-

i g structures in the Shackleton Limestone
d wn into the Beardmore Group and across

e area where they come in contact. The
r lative effects of both folding events
s ould be apparent. Samples collected in

e field will be analyzed petrographically
determine microstructures and meta-

mrphic grade. Beardmore Group samples
will be analyzed for major and trace ele-

ments and compared to the geochemistry
of sediments from known tectonic settings.
(S-o76)

Dry valley real-time telemetry seismol-
ogy. Nicholas A. Orsini and L. G. Hol-
comb, U. S. Geological Survey Albuquer-
que Seismological Laboratory. The availa-
bility of high quality seismic data from
Antarctica is a long-term objective of many
investigators. Such data, when combined
with data from the Worldwide Seismologi-
cal Network, would provide needed azi-
muthal control for locating seismic events
in the Northern and Southern Hemispheres.
During the 1983-1984 austral summer we
surveyed sites in southern Victoria Land's
ice-free valleys. In the upcoming austral
summer we will install two borehole seis-
mometers in Wright Valley for long-term
monitoring of seismic events. Recorders
will be installed at New Zealand's Scott
Base on Ross Island to relay data. Data
will be transmitted in real time via a syn-
chronous satellite to the U. S. Geological
Survey Albuquerque Seismological Labo-
ratory as part of a larger seismic data col-
lection 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 early deposi-
tional history of these mountains is poorly
understood. Focusing on the Paleozoic
rocks of the Byrd Group, we will deter-
mine the stratigraphic age and depositional
environment represented by the carbon-
ate platform rocks of the Shackleton Lime-
stone. We also will examine the overlying
Douglas Conglomerate and the nature of
the boundary between the two formations.
Results from our 1984-1985 austral sum-
mer field work have revealed that the lower
part of the succession contains more fos-
sils than have been reported. Also, between
the Shackleton and the Douglas forma-
tions, there seems to be a major stratigraphic
break with an unknown areal extent. Our
objective during this second year of field
work is to concentrate on the Byrd Group
in the central Transantarctic Mountains.
We will work at sites near the Beardmore
Glacier, on Bartrum and Cotton plateaus,
and in the Holyoake Range between the
Nimrod and Starshot glaciers. While in
the field, we will collect rock samples for
lithological and faunal studies. By combin-
ing paleontology and sedimentology, we
will be better able to determine the geo-
logic history of the sequence and under-
stand its implications for the development
of the Transantarctic Mountains. (S-079)

Investigations of the McMurdo Volcanic
Group and the associated ultramafic xen-
oliths. Philip R. Kyle, New Mexico insti-
tute of Mining and Technology. Continu-
ing research conducted over the last 3 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.
Terror, Mt. Morning, Cape Bird, and Cape
Crozier. At Minna Bluff, we discovered a
major glacial unconformity formed by ero-
sion of the Ross Ice Shelf. We will map
this area to determine the extent of the
unconformity and to collect samples for
radiometric dating. At the sites listed above
and in the foothills of the Royal Society
Mountains, we will study mantle-derived
ultramafic xenoliths. These xenoliths pro-
vide geochemical and petrologic data on
the nature of the subcontinental mantle in
the McMurdo Sound region. (S-081)

Petrogenesis of the ferrar Supergroup
and provenance of Neogene till in the
Transantarctic Mountains. Gunter Faure
and Teresa M. Mensing, Ohio State Uni-
versity. The basalt flows and dolerite sills
of the Ferrar Supergroup were formed
when rocks in the lithospheric mantle under
Antarctica melted during the break-up of
Gondwana. Later, the granitic rocks in the
crust contaminated the resulting magma
as it rose to the surface and crystallized
minerals at the same time. This explana-
tion is based primarily on our studies of
basalt flows in northern Victoria Land. The
origin of the associated intrusive sills is
not yet understood. Our objective is to
study the basalt flows and the dolerite sills
together to confirm the explanation for
the origin of the flows and to include the
sills in this theory. While working in the
Beardmore Glacier region, we will collect
samples for isotopic and geochemical anal-
ysis. By understanding the origin of these
rocks in Antarctica, we hope to learn what
happens when continents break apart to
form oceans. We will use the same isoto-
pic and chemical measurements to deter-
mine the sources of sediments that were
deposited by glaciers that flowed over the
Transantarctic Mountains more than 3 mil-
lion years ago. These data will help other
scientists to explain why glacial deposits
that are now 3,000 meters above sea level
contain marine microfossils. The explana-
tions that have been proposed require major
revisions in our understanding of the gla-
cial history of Antarctica and imply that
the growth of continental ice sheets in Ant-
arctica affect global climate and the level
of the oceans. (S-089)

Geochemical studies of Paleozoic gra-
nitic rocks of the central Transantarctic
Mountains. Donald J. DePaolo, Univer-
sity of California, Los Angeles. In the cen-
tral Transantarctic Mountains between the
Nimrod and Beardmore glaciers, an exposed
segment of bedrock appears to straddle
the boundary between old Precambrian
craton and late Precambrian geosynclinal
sediments. Also, in this region the Paleoz-
oic batholith clearly overlaps the edge of
Precambrian basement. During a petrologi-
cal and geochemical study, we will map
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and sample granites and additional coun-
try rocks in the Miller Range and along
the Shackleton Coast. Our objectives are
to understand the petrogenesis of the gra-
nitic rocks, to investigate the age and ori-
gin of the Precambrian basement rocks,
and to develop tectonic-magmatic models
of early Paleozoic evolution of the conti-
nental margin. Because igneous rocks
intrude into both geosynclinal metasedi-
mentary rocks and Precambrian crystal-
line basement in this region, we will be
able to use neodymium, strontium, oxygen,
and uranium-lead isotopic systematics to
assess what role crustal assimilation had
in the origin of the granitic magmas. Using
neodymium and strontium isotopic sys-
tems, we will determine the age and verti-
cal structure of the Precambrian basement
rocks about which little is known. Our
analytical work will include electron micro-
probe analysis, analysis for major and trace
elements, and isotopic analysis. The results
of this study will help explain the petro-
logic evolution of the Transantarctic Moun-
tains. (5-094)

Glaciology and glacial
geology

Antarctica's ice sheet covers 98 percent
of the continent in thicknesses up to 4.8
kilometers. By studying this ice sheet, glaci-
ologists are learning about Antarctica's gla-
cial history and such fundamental physi-
cal properties as ice-sheet dynamics and
ice physics. Data from antarctic ice cores
have helped to describe past climates,
changes in the atmosphere and world sea
level, human impact on the atmosphere,
terrestrial, volcanic, and cosmic fallout.
Over the past two decades scientists have
attempted to define the size and thickness
of the ice sheet and to determine whether
it is growing or shrinking. Radio-echo
sounding, ice cores, and seismic studies
have provided important information on
the ice sheet's internal characteristics. To
augment data on past fluctuations of ant-
arctic ice sheets, glacial geologists study
sediments and debris that glaciers have
deposited as they advance and recede.

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 1985-1986
austral summer, we will conduct hot-water
drilling of seismic shot holes on ice stream C
along the Siple Coast and drill a 100-meter
core for University of Wisconsin investi-
gators (S-151). We also will drill two
shallow-depth cores near Siple Station for
investigators from Ohio State University
(S-171). These cores will be approximately
250 meters, although the capability of the
drill and the quality of the core will deter-
mine how deep we can drill. (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 clima-
tology. Glaciologists investigate ice stream
dynamics, ice physics, glacier sliding laws,
and the ice sheet's history; climatologists
gain an understanding of the relationship
between the ice sheet's stability and cli-
matic warming, information vital to under-
standing global atmospheric dynamics.
Although glaciologists generally agree that
the present size of the west antarctic ice
sheet is reduced in comparison to its maxi-
mum during the glacial age, they disagree
about the magnitude of change and the
past locations of its seaward edge. This
austral summer we will continue a long-
term study of the present-day state of the
ice sheet and its dynamic behavior over
the last few 1,000 years by conducting a
multiphase geophysical survey around the
Siple Coast. We will conduct radar sound-
ing of the ice sheet and its basal surface
from a Twin Otter airplane; these sur-
veys will be done over ice streams B and
C. Ground-based radar surveys of the ice
sheet and subglacial bedrock will be con-
tinued at Crary Ice Rise and ice streams B
and C. We will do seismic sounding of
the ice sheet and bedrock, as well as micro-
earthquake studies, to gather information
about internal and subglacial physical char-
acteristics. To investigate subglacial geol-
ogy, we will expand the existing survey
of the region's gravity. (S-151)

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 f all-
out levels. To study dynamics we will mea-
sure deformation patterns to determine
where the resistive drag to glacial flow is
manifest. During the 1984-1985 austral
summer we established a velocity station
on ice stream B, took aerial photographs,
made a tractor traverse across the entrance
to this ice stream, and established velocity
stations in the catchment to ice streams B
and C. This austral summer we will resur-
vey the catchment area and the upper parts
of ice streams B and C. We also will work
closely with investigators from the Uni-
versity of Wisconsin (S-151A) and the
National Aeronautics and Space Adminis-
tration (S-173). (S-164)

NSF photo by Ann Hawthorn

Mountains near Beardmore Glacier.

Glaciological and climatological analy
sis of the past 2,000 years from antarcti
ice cores. Ellen Mosley-Thompson, Lon
nie C. Thompson, and Thomas R. Swee
Ohio State University. Recent analysis a
intermediate-depth (500 meters or more
ice cores, which record Late Wisconsin an
Holocene climate, demonstrate that large
scale climate fluctuations, such as glaci
and interglacial periods, occur at approxi
mately the same time worldwide. Paleo
climatic investigations indicate that record
in ice cores, tree rings, and lake sedimen
can be used to resolve short-term clima
variations. Because of paleoclimatic reco
structions based on these short-term re
ords, scientists believe that climatic even
once thought to be regional are local ma
festations of global climate fluctuation
Our objective is to understand the clima i
and glacial conditions prevalent in Antar
tica over the last 2,000 years and to esta
lish the degree of spatial and tempou
coherence in climate variations arou
Antarctica. To obtain data, drillers ii
retrieve two ice cores about 250 met r
long from sites near Siple Station. Su
shallow-depth ice cores that document Ii
mate variations since the Holocene r
essential for interpreting longer reco d
and, as some scientists believe, may p o
vide important data for predicting fut r
climates. Near the coring site we will ex a
vate a pit, map visual stratigraphy, ant
collect additional samples for analysis. u
field analysis will be limited to photograp i
documentation of the core stratigrap y
in our laboratory we will analyze sam le
for concentration and size distributior o
insoluble particulates and use ion chroina
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tography to study specific ion species. The
concentration and chemical nature of these
particulates provide information about the
types of atmospheric particulates depos-
ited during the time recorded in the ice
cores. In South Pole and Dome C ice cores,
the concentrations of insoluble particu-
lates exhibit a seasonal cycle, which, we
believe, should be present in the Siple cores.
This annual cycle can be used to establish
a relative time-scale for the Siple cores.
Our objective is to combine the antarctic
data with data from cores obtained in South
America, Greenland, Alaska, and China.
This combination will enable us to begin
synthesizing worldwide climate varia-
tions over the last 2,000 years. (S-171)

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 fluctuated
or what its present dynamic behavior is.
The minimum extent of the ice sheet proba-
bly occured 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 scientists believe that the ice sheet
was 50 percent larger than today and the
grounded ice sheet reached the continen-
tal margin's edge. Our objective is to assess
the present dynamic state of west antarc-
tic ice near ice stream B on the Siple Coast.
We also will gather data on ice dynamics
at the junction of grounded and floating
ice to determine what factors control ice
streams flowing through surrounding ice
and into the ice shelves, as well as the
factors controlling ice shelves as they flow
over or around submarine mountains.
Using snowmobiles and a Twin Otter air-
plane, we will resurvey surface stakes at a
site on ice stream B, in the catchment basin,
and around the Crary Ice Rise. With these
data we will determine ice velocity and

eformation at the point where ice stream
enters the Ross Ice Shelf. Also, we will
easure the north edge of ice stream B to
etermine the width of the area where

ntense shearing occurs. Mass balance mea-
urements in the catchment basin will help
s to calculate the state of balance for the
ntire basin of ice stream B. From this

i vestigation we hope to assess whether
e ice sheet is thickening or thinning,

ow the ice shelf interacts with the ice
streams, what the stresses are within the
i e shelf near a major ice rise, and how the
i e streams might behave in the future.

-173)
Late Cenozoic glacial history. George

• Denton, University of Maine. The Beard-
ore Glacier flows from the polar pla-

tau through the central Transantarc tic
Mountains to the Ross Ice Shelf. Because
this glacier lies near the center of the conti-

nent and contains extensive ice-free ter-
rain with well-preserved glacial deposits,
data from the region near the glacier are
important for testing models of the mas-
sive late Tertiary ice sheets that overrode
the Transantarctic Mountains. Our objec-
tive is to examine the chronology and
character of the Neogene ice-sheet over-
riding of the Transantarctic Mountains and
to test our model for changes in the antarctic
ice sheet over the last several million years.
Working with investigators from the Uni-
versity of Wisconsin (S-061), we will map
and study soil development on lateral
moraines in ice-free areas along the Beard-
more Glacier. Where possible, we will
sample and date by carbon-14 methods
algae from lakes that formerly were dam-
med beside a thicker Beardmore Glacier.
We also will analyze soluble salts from
numerous soil profiles in the moraines to
describe and date soil-forming processes.
(S-o56)

Late Cenozoic glacial history and soil
development. James G. Bockheim, 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 Quat-
ernary, eustatic sea level and precipitation
controlled ice-sheet fluctuations, as ground-
ed ice repeatedly covered peripheral conti-
nental shelves. By combining geologic and
soil studies we have developed a model
for late Cenozoic ice-sheet fluctuations and
soil development. The model has enabled
us to infer multiple, earlier glaciations with
ice-volume maximums greater than those
during the Quaternary. Salts from marine
aerosols are predominate in soil formed
during this time. To extend our antarctic
data base, we will work with investigators
from the University of Maine (S-056) at
sites along the Beardmore Glacier. Also,
we will complete our work in the ice-free
valleys of southern Victoria Land. In Taylor
and Wright valleys and nearby mountain
areas, we will use soils in relative-age dat-
ing of glacial deposits and study the nat-
ure, distribution, and origin of salts in the
soil. Data from southern Victoria Land and
the Beardmore Glacier area will not only
help to test our model but also contribute
to an understanding of antarctic soil for-
mation over the last several million years.
(S-ool)

Stratigraphy, paleontology, and sedimen-
tology of the Sirius Formation, Beardmore
Glacier region, Antarctica. Peter N. Webb
and John H. Mercer, Ohio State Univer-
sity. In 1983 while studying Cenozoic gla-
cial drift samples (Sirius Formation) col-
lected 15 years earlier, we discovered that
the samples contained marine microfos-
sils between 2 million and 70 million years
old. The samples had been collected in the
Transantarctic Mountains 2,500 meters
above sea level near the Reedy and Beard-
more Glaciers and Mount Feather. Out-

crops of Sirius Formation sediments have
been found between the Reedy Glacier in
the south to the MacKay Glacier in the
north. Near the Beardmore Glacier, which
is halfway between these two glaciers, is
the Dominion Range where the thickest,
most extensive exposures of the Sirius For-
mation in the Transantarctic Mountains
are found. Based at the Beardmore South
Camp this austral summer, we will con-
tinue to investigate the formation's stratig-
raphy, paleontology, and sedimentary geol-
ogy. We will describe, sample, and map
Sirius Formation sediments and younger
moraines at sites in the Dominion Range
and other sites near the Beardmore Glac-
ier. After returning to the United States,
we will analyze the samples for microfos-
sils (particularly diatoms and foraminif-
era) and sedimentary composition. We will
use the microfossils to determine the maxi-
mum depositional age for the formation
at each site, to provide a range of ages for
recycled microfossils, and to indicate the
sedimentary phases of areas where the
microfossils originated. In addition to sedi-
mentary analyses, which include grain-size
determinations and pebble and matrix
mineralogy, we will search for non-Trans-
antarctic Mountain rock fragments and
rocks that might have economic signific-
ance. Our objectives are to date Sirius For-
mation deposition phases, relate these to
the glacial history of the Transantarctic
Mountains, and correlate these data with
the late Cenozoic glacial history that has
been established for the Ross Sea margin
of the Transantarctic Mountains. (S-193)

Ocean science
The southern oceans are important for

understanding the history of the world's
ocean, changing oceanic conditions, and
climate and glacial history. Since the 1960s
ocean science investigations have provided
information on sea-floor spreading as the
Earth's primary geophysical process, the
complex nature of the circumantarctic cur-
rent, the formation of Antarctic Bottom
Water (a cold, dense water mass that sinks
and spreads globally), and climatic cycles
and variations as recorded in ocean bot-
tom sediments. Data from these early inves-
tigations provided scientists with a frame-
work for their current studies and helped
describe the role of the southern oceans in
global oceanic processes. Ocean science
research today includes physical, geolog-
ical, and geophysical studies, investiga-
tions of the relationship between oceanic
and atmospheric circulation systems, and
the physical basis for high biological pro-
ductivity.

Marine geology of the Antarctic Penin-
sula continental margin. John B. Ander-
son, Rice University. Since 1979 we have
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NSF photo by Ann Hawthorne.

In the Ross Sea, oceanographers lower buoys
from the Coast Guard icebreaker Polar Star
to mark the position of their instruments.

worked to describe the sediment types that
blanket the antarctic seafloor and to relate
sedimentary facies to glacial and oceano-
graphic conditions. This austral summer
we will focus on the continental margin
between the South Orkney Plateau and
Marguerite Bay. While aboard the Coast
Guard icebreaker Glacier, we will take pis-
ton cores and conduct a single-channel
seismic survey. Our objectives are to exam-
ine and describe the mechanisms by which
terrigenous sediments are transported from
the continental shelf to the deep sea floor
and to investigate the antarctic glacial record
as preserved in marine deposits of the shelf.
Data from these studies will help us to
understand glacial marine sedimentologic
processes and to interpret the Earth's cli-
mate record. Sample locations and descrip-
tions of materials collected will be made
available to other investigators through
the Antarctic Marine Geology Research
Facility at Flordia 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
test of the maximum model. Thomas B.
Kellogg and Davida E. Kellogg, Univer-
sity of Maine. Previous studies in the Wed-
dell and Ross seas suggest that informa-
tion about physical changes in the ocean
are recorded in diatom assemblages that
have frozen sequentially into the sea ice
during the preceeding winter. One of our
objectives is to compare the diatom distri-
bution patterns that we observed in Wed-
deli Sea ice with those in Ross Sea ice. If
quantifiable relationships between ocean

conditions and diatom distribution pat-
terns can be demonstrated, these relation-
ships will have important implications for
modern and paleo-oceanography. We also
may be able to describe general character-
istics for all antarctic sea ice. We will sample
diatom distributions in the surface and
near-surface waters of the Ross Sea and
relate these distributions to the near-surface
hydrography. Ideally, our sampling will
begin where the surface water tempera-
ture drops to 10°C. This isotherm was
choosen because recent investigations deter-
mined that temperature is an important fac-
tor in photosynthetic rates. To determine
water temperature, we will deploy eight ex-
pendable bathythermographs (XBTs) every
5 0 of latitude south 48 0 and at or near the
Ross Ice Shelf. We will routinely sample
water and core sea ice when deploying the
XBTs; water-column samples will be taken
at the surface and at depths of 5, 50, and
100 meters. During the cruise we will
continuously monitor the diatom content
of both water samples and ice cores. If
certain diatom assemblages consistently are
associated with specific ocean conditions,
we will be able to use ice diatoms to study
the oceanography and climate of Antarc-
tica and to monitor winter surface water
conditions. Sea-ice communities found in
sediments should provide similar informa-
tion on a geologic time scale. (S-209)

Marine sources of antarctic sulfate aero-
sol. Robert Duce, University of Rhode
Island, and Alexander A. P. Pszenny and
James N. Galloway, University of Virginia.
Sulfur in the form of sulfate constitutes
an average of 80 to 90 percent of the atmo-
spheric aerosol over Antarctica. Past investi-
gations have shown that crustal weather-
ing, sea salts, oxidation of atmospheric
constituents, stratospheric aerosols, and
volcanism do not appear to account for
more than two-thirds of this sulfur. Al-
though it has not been confirmed, the avail-
able data strongly suggest that much of
this sulfur may be derived from marine
biogenic dimethyl sulfide. Our objective
is to investigate the hypothesis that reduced
sulfur gases produced by antarctic phyto-
plankton may be a major source. Work-
ing in the Drake Passage, Bransfield Strait,
and the Scotia and Weddell seas, we will
determine the concentrations of gaseous
sulfur dioxide, aerosol methane sulfonic
acid, and aerosol non-sea-salt sulfate in
the marine boundary layer. These data will
be combined with simultaneous reduced-
sulfur-gas concentration data and estimates
of oceanic emission rates to better under-
stand how sulfur is oxidized in the marine
atmosphere. We also will estimate how
much of this hypothesized marine source of
sulfur contributes to the sulfate-dominated
atmospheric aerosol. (S-218)

Antarctic marine ecosystems in the ice-
edge zone: physical oceanography in the
Weddell Sea ice-edge zone. David M.
Husby, National Marine Fisheries Services,

National Oceanic and Atmospheric Admin-
istration, and Robin D. Muench, Science
Application Internaitonal Corporation. To
learn more about the physical basis for
biological productivity, we will work with
biologists during the ecosystem investiga-
tion in the Weddell Sea ice-edge zone. Our
objectives are to identify and assess the
nature of oceanic features associated with
the ice edge, to improve understanding of
regional oceanic conditions in the western
Weddell Sea/Weddell-Scotia seas, and to
provide data on temperature, salinity, and
other oceanic properties. In open water
we will measure salinity and temperature
down to depths of 1,500 meters at sta-
tions in a pattern designed to resolve major
mesoscale features of the baroclinc flow
field. To define frontal structures related
to the ice edge and to monitor the develop-
ment of meltwater lenses and mixed layer
changes, we will measure salinity and tem-
perature down to depths of 200 meters at
stations 10 to 20 meters apart. To obtain
information on mixed-layer dynamics asso-
ciated with the growth of the ice edge, we
will take a series of measurements repeti-
tively at the same location. (S-327)

Lower atmosphere studies
In the global climate system Antarctica

is critical to atmospheric circulation as a
major cooling center and may be impor-
tant in long-term climate variability. U.S.
scientists study the circulation systems con-
trolling the-continent's climate, variations
in air temperature, and the nature of kat-
abatic winds. With synoptic weather data
they are able to probe large-scale atmo-
spheric dynamics, model atmospheric pro-
cesses, and improve long-range weathe
forecasting in Antarctica. By investigat
ing physical processes in the antarctic envi
ronment and their influence on climat
and weather, scientists hope to understan
better how antarctic weather patterns influ
ence weather and climate. Additionally,
Antarctica's unique climate enables scien
tists to gather data on transport and pre
cipitation of atmospheric aerosols and th
variability of trace gas constituents an
their effect on climate.

Aerosol transport processes and metJ

a

-
rological variation. Austin Hogan, Ste
University of New York, Albany. The e
in Antarctica acts as a sink and a tem-
rary storage reservoir for particulate m-
ter, certain gases, and vapors that preci
tate from the air as it passes over	 e
continent. The precipitation of these mat
als to the ice is important to the stabily
of several physical properties of the atm.-
phere, but the precipitation mechaniss
and the frequency with which they ct
are not well understood. Near South Pole
Station we will use a 30-meter meteoroloi-
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cal tower and special instrumentation, as
well as equipment at the station's clean
air facility, to determine the nature of "end-
point" aerosols over Antarctica and the
water-vapor mixing ratio of polar air. Our
observations will be coordinated with
meteorological and radiation measurements
to estimate climatological significance. From
these data we will estimate the flux of parti-
cles to the ice and determine some fun-
damental properties of aerosols, which can
be measured only in a pristine atmosphere.
For 10 days during the early austral sum-
mer, we will conduct similar experiments
near the Beardmore Glacier. Also, we will
help select a site near Arrival Heights near
McMurdo Station for a new meteorologi-
cal facility and work with investigators
from the University of Wisconsin to estab-
lish a new automatic weather station sys-
tem on the polar plateau near South Pole
Station. (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 trace constituents from the
station's clean air facility. The objectives
for this project are to determine the rate at
which concentrations of these atmospheric
constituents change and to examine sour-
ces, sinks, and budgets. Working with cli-
mate modelers and diagnosticians, we will
use these data to determine how the rate
of change in aerosol concentrations affects
climate. In support of this project, personnel
at Palmer Station will collect carbon diox-
ide 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 Drygal-
ski Ice Tongue prevents pack ice from
drifting 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
square kilometers forms. This area pro-
vides the first evidence that katabatic winds
have 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 1985-1986 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 Adelie
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 pol-
ynya. In 1979 infrared satellite imagery
and surface 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 polynya may have in cyclone forma-
tion 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 wea-
ther stations near the bay and from ther-
mal infrared imagery obtained by polar-
orbiting satellites. The results of our study
will help to clarify the atmospheric pro-
cesses that form polynyas along the ant-
arctic coast. (5-263)

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 also will docu-
ment the atmospheric conditions occur-
ing at the time the halo is present. By com-
bining an understanding of the relationship
between crystal types and halo types with
a knowledge of the relationship between
atmospheric conditions and crystal types,
we may eventually be able to use halos as
a means of remote sensing of atmospheric
conditions. Although our work will con-
centrate on low-level halos, we also will
photograph all extensive or unusual halos.
(S-264)

Optical properties of snow. Stephen G.
Warren and Thomas C. Gren fell, Univer-

sity of Washington. Measurements of the
spectrum of solar radiation in the Antar-
ctic, and its interaction with the snow are
important for estimating the energy budget,
which controls the antarctic climate, and
understanding measurements made by sat-
ellite for remote sensing of snow and clouds.
Snow albedo in the Northern Hemisphere
is often found to be influenced by small
amounts of absorptive impurities, mainly
soot (graphitic carbon). Except near stat-
ions, snow in Antarctica is probably almost
free of soot. Unfortunately, snow albedo
has only been measured at these stations,
so the reflective properties measured may
not be representative of the whole contin-
ent. We will measure snow spectral albedo
and soot content at different sites near
Amundsen-Scott South Pole Station to find
out how far away one must go to escape
the influence of the station. We will also
study the effects of sastrugi on the snow
albedo and on the angular pattern of
reflected radiation to aid interpretation of
satellite observations made from particu-
lar angles. (S-265)

Measurement of atmospheric constitu-
ents. David G. Murcray, University of
Denver. Antarctica may act as a sink for
stratospheric constituents, particularly
water vapor and nitric acid. At the South
Pole during several austral summers we
have obtained infrared solar spectra, con-
taining a large number of absorption fea-
tures, the majority of which are due to con-
stituents 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

From this 30-meter tower at Amundsen-Scott
South Pole Station, meteorologists collect data
on the nature of atmospheric aerosols over
Antarctica and the water-vapor mixing ratio
of polar air.

NSF photo by Ann Hawthorne.
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for this type of investigation because it
combines 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, we have
monitored the chemical composition of the
atmosphere. These instruments were install-
ed at South Pole Station during the early
part of the 1954-1985 austral summer and
operated during the austral summer and
1985 winter. This austral summer we will
pack the instruments and return them to
the United States where the information
will be analyzed. (S-270)

Katabatic winds in East Antarctica. Gerd
Wendler and Joan P. Gosink, University
of Alaska. Katabatic, or gravity-driven,
winds strongly influence the climate of
Antarctica. To improve our understand-
ing of these winds, five automatic weather
stations were set up between Dumont d'Ur-
yule (on the coast) and Dome C (1,000
kilometers inland) to collect data for com-
parison with existing theoretical models.
These data provide us with a better under-
standing of the seasonal variations of the
katabatic wind and how the synoptic pres-
sure systems influence katabatic winds.
Working with French scientists who have
established weather stations in and around
Dumont d'Urville, we will use kites and
balloons to measure through the plane-
tary boundary layer and will estimate the
energy budget at three sites. We will occupy
one station about 100 kilometers from the
coast while French observers conduct sim-
ilar experiments at two other sites, one 20
kilometers from the coast and the other
200 kilometers from the coast. (S-277)

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-
ions. During the 1985-1986 austral sum-
mer, we will remove AWS units in the
Ross Island area; those stations on the
Ross Ice Shelf, at Dome C, Byrd, Siple,
and Dumont d'Urville stations, at the head
of Byrd Glacier, and at Franklin Island
and Terra Nova Bay will continue to oper-
ate year-round. We also will install four
AWS units looking down the drainage of
Beardmore Glacier, and three units at the
South Pole—one at Amundsen-Scott South
Pole Station and two near the station on
the polar plateau. With these AWS units
we are able to gather continuously reli-
able meteorological data that will support
current and future meteorological studies.
(S-283)

Airborne lidar study of antarctic aero-
sol distributions and their relationship to
meteorological process. Bruce M. Morley,
SRI International. By using an airborne
lidar (laser infrared radar), we will char-
acterize spatial and temporal distribution
of aerosol concentrations over Antarctica.
We will analyze the resulting data in terms
of atmospheric behavior. The laser in the
lidar, which will be carried on routine
LC-130 flights in Antarctica and between
Antarctic and New Zealand, transmits
energy pulses at a wavelength of 1.06
micrometers. This energy, backscattered
from atmospheric molecules and reflected
from the Earth's surface, is collected in an
optical telescope and transformed into an
electrical signal, which is digitized and
recorded on magnetic tape and paper. With
the data from a series of firings, we can
produce a vertical map of aerosol concen-
trations along the airplane's flight path.
These data also enable us to measure aerosol
backscatter inhomogeneities caused by
changes in partical concentration, size and
shape, or composition. We will character-
ize the frequency, height, thickness, and
extent of elevated and surface-based aerosol
layers. From these data we will be able to
identify aerosol sources in Antarctica and
meteorological processes that affect aero-
sol transport. Although some possible sour-
ces for atmospheric aerosols, such as sea-
salt particles, extraterrestrial dust, dust from
southern hemisphere deserts, and exposed
antarctic land areas, have been suggested,
some anomalies still exist. Data obtained
from the lidar measurements may help to
identify these unknown sources and pro-
vide important information for investiga-

tions of boundary layer dynamics and
tropospheric-stratospheric exchange. (5-
285)

Sulfuric acid aerosol production at 30
kilometers over Antarctica. David J. Hof-
mann 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 for-
mation 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 droplets from vapors proba-
bly related to volcanic injections and win-
ter transport to polar regions. Data obtained
during the 1983-1984 austral summer show
that an extensive aerosol layer, consisting
of aerosols similar in size to those we found
in the Northern Hemisphere, exists at alti-
tudes between 11 and 17 kilometers. These
results appear to support our model of
the effects of stratospheric warming on
sulfuric acid and water aerosols during
the austral summer. These data enable us
to better evaluate the global effects of major
volcanic eruptions. During the 1985-1986
austral summer we will launch a large plas-
tic, instrumented balloon from McMurdo
and South Pole Stations to measure the
concentration of small particles in the
stratosphere at altitudes up to 35 kilomet-
ers. (S-289)

Development of a parachute deployable
weather station. John 0. Anderson, Polar

NSF photo by Ann Hawthorne.

On the Ross Ice Shelf meteorologists set up an automatic weather station; in the background
is an HH-52 helicopter from the Coast Guard icebreaker Polar Star. The automatic weather
stations provide data used for weather forecasts needed by pilots and for studies of Antarctica's
climate.
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This proto-type automated geophysical observatory at Amundsen-Scott South Pole Station
enables scientists to make ground-based observations of the magnetospheric and ionospheric
phenomena in inaccessible areas.

NSF photo by Ann Hawthorne

Research Laboratory, Inc. Automatic wea-
ther stations have been used for a number
of years in Antarctica to obtain year-round
meteorological data from remote areas of
the continent. However, because all of these
units must be deployed manually, areas
of the continent where airplane landings
are hazardous or too costly have been
neglected. We have complete preliminary
development of a parachute-deployable
self-erecting weather station, which will
provide investigators with the capability
of collecting long-term data in the most
remote areas of Antarctica. Such air-drop-
ped systems have been used successfully
in the Arctic and in some areas of Antar-
ctica. This austral summer we will test a
prototype system. The 350-pound system
will operate in winds up to 100 knots and
in air temperatures of -60°C. Based on
our preliminary investigation of the ant-
arctic environment, we have designed this
system to include a cross-type parachute,
impact-activated parachute cutter, and an
inflatable-bag, impact-energy-absorption
system. Data from this austral summer's
testing will enable us to complete the design
of the impact-absorbing system, program
the erection-control system, and integrate
the necessary electronics into the system.
(S-290)

Development of a new data acquisition
and display system for the NSF research-
configured LC-130. Lawrence F. Radke and
Peter V. Hobbs, University of Washing-
ton. As part of the U. S. Antarctic Research
Program, the National Science Founda-
tion maintains one ski-equipped Hercules
(LC-130) airplane that has been config-
ured for airborne research. The system
includes sensors (similar to those used dur-
ing the 1970s for hurricane research) that
measure temperature, dewpoint, and pres-
sure and determine the airplane's geo-
graphic position. The current data aquisi-
tion system, known as the airborne research
data system (ARDS), is an analog/digital
"party-line" system, weighs more than 500
kilograms, and requires two technicians
to operate it. By current standards, ARDS
is obsolete because it is extremely heavy and
labor-intensive. We are designing and con-
structing a new, compact replacement, a
data acquisition and display system
(DADS). This system will use all of the
existing sensors and improve operational
flexibility. It combines advances in micro-
processor-directed recording on format-
ted cartridge tapes with a microcomputer
for real-time display. It does not require a
dedicated operator and can be contained
in two suitcase-sized packages, each weigh-
ing less than 45 kilograms. After installa-
tion, DADS will provide a modern sys-
tem for acquiring meteorological and at-
mospheric chemistry data. (S-291)

Observations of radiative properties of
antarctic atmosphere and snow. Takeski
Yamanouchi, National Institute of Polar
Research, Tokyo, Japan. In cooperation

with the U.S. Antarctic Research Program, I
will study the the radiative properties of
the atmosphere and snow at Amundsen-
Scott South Pole Station. Using pyranomet-
ers and a portable spectro radiometer, I
will take measurements of snow albedo,
including spectral dependence, solar zenith
and azimuth dependence, and the effects
of impurities. I also will measure atmo-
spheric turbidity with a sunphotometer
and atmospheric radiation with a pyrgeom-
eter and will sample snow to determine
what impurities it contains. (5-305)

Upper atmosphere studies
For many important upper atmosphere

investigatons, Antarctica is a unique plat-
form from which researchers probe the
Earth's upper atmosphere, its near- and
far-space environment, and solar-terrestrial
effects on man and the environment. The
effects of processes in the magnetosphere
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 the
Earth's atmosphere. In other investigations
scientists study how electromagnetic radia-
tion from very-low-frequency (VLF) trans-
mitters modify the magnetosphere and how
VLF and ultra-low-frequency (ULF) waves

cause charged particles to percipitate from
the magnetosphere. Data from these studies
and others will help describe how solar
energy enters the outer terrestrial environ-
ment and reaches the atmosphere and how
disturbances associated with the transfer
of energy propagate to and affect the plan-
et's surface. Also, such data may help sci-
entists to understand how space distur-
bances affect communications systems and
power transmission.

VLF Wave-particle experiments on the
magnetosphere and ionosphere from Siple
Station. R.A. Helliwell, Stanford Univer-
sity. Controlled wave injection from the
ground enables scientists to design new
wave-particle interactions, as well as ob-
serve and analyze the function of these in-
teractions. With these techniques scien-
tists have acquired important quantitative
information on the nature of wave-particle
interactions in plasma under conditions
that could not have been created in a lab-
oratory. When Siple Station opens in
November 1985, we will begin a 2-year
investigation of wave-particle interaction
in the magnetosphere and ionosphere. Our
objective is to understand natural and man-
made magnetospheric very-low-frequen-
cy (VLF) phenomena and magnetospheric
thermal plasma structure and dynamics.
After modifying the Siple transmitter and
reconfiguring the antenna, we will use this
system to study the effect of signal polar-
ization on wave excitation in the magneto-
sphere, ground-to-ground propagation out-
side the plasmapause, the response of the
magnetosphere as function of injected sig-
nal level, the response to signals with var-
ying degrees of coherence, and the effect
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of ionospheric structure on wave-injection
experiments. To investigate VLF wave-
induced precipitation in the ionosphere,
we will search with a high-frequency radar
for ionization-density changes and use the
Siple transmitter signal to probe the earth-
ionosphere propagation path to other
antarctic stations. These experiments pro-
vide data that help us to better under-
stand coherent radiation from plasma.
These data are important to laboratory
plasma physics and astrophysics, as well
as magnetospheric physics. The results also
can be applied to communications (both
extremely-low-frequency and high-fre-
quency systems), remote sensing of mag-
netospheric plasma, and modification of
the magnetosphere and ionosphere by
wave-induced particle precipitation. (5-100)

Fluxgate magnetometer investigations in
Antarctica. L. J. Lanzerotti, Bell Labora-
tories. Over the last decade, fluxgate magne-
tometers have been instrumental in study-
ing hydromagnetic wave phenomena in
the magnetosphere. At South Pole Station
we use a magnetometer to examine the
types of hydromagnetic waves produced
in the cusp region of the magnetosphere.
Hydromagnetic wave data from South Pole
is combined with data from riometers, pho-
tometers, an ionosonde, and the all-sky cam-
era to better understand the processes in
the magnetospheric cusp region. Because
South Pole provides outstanding climatic
conditions for extended optical observa-
tions, we are able to correlate optical mea-
surements with particle precipitation and
hydromagnetic wave phenomena recorded
by the magnetometer. The fluxgate magnet-
ometer, installed near McMurdo Station
in 1983-1984, was relocated to Arrival
Heights during the 1984-1985 austral sum-
mer with assistance from University of
Maryland researchers. This austral sum-
mer we will continue to conduct experi-
ments from this site. (5-101)

Magnetic pulsation studies at McMurdo,
Siple, and Amundsen-Scott South Pole stat-
ions. Roger L. Arnoldy, University of New
Hampshire, and Laurence J. Cahill, Uni-
versity of Minnesota. Since 1973 we have
operated digital micropulsation stations at
remote sites in Antarctica and the North-
ern Hemisphere to obtain data on how
ultra-low-frequency (ULF) waves are gener-
ated and propogated in the magnetosphere.
The wave spectra, amplitudes, and polar-
izations from opposite ends of a magnetic
field line are compared. During the 1985-
1986 austral summer we will check and
calibrate stations at the South Pole and
McMurdo stations and install sensors at
Siple Station. Our projects include meas-
uring ULF activity at South Pole, correlating
Dynamics Explorer-1 satellite data with
Siple/Roberval and South Pole data, and
studying emissions at or near the plasma-
pause. To study the propagation of ULF
waves through the ionosphere, we will take
measurements while the Dynamics Ex-

plorer-1 satellite is in range of South Pole
Station. We will try through simultaneous
cusp measurements to identify the ULF
cusp, define how it is controlled by the
interplanetary medium, and study ULF gen-
eration at or near the plasmapause during
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-io2)

Balloon-borne investigation of the iono-
spheric electric field at the geographic South
Pole. Edgar A. Bering, University of Hous-
ton—University Park. The magnetospheric
cusp is the region on the dayside of the
magnetosphere where the configuration of
the Earth's magnetic field changes signif-
icantly. The motions and microstructures
of this region, a major internal boundary
of the magnetosphere, have broad implica-
tions for magnetospheric dynamics. A sig-
nificant part of the energy and momen-
tum that drive magnetospheric processes
are injected from the solar wind through
the cusp. Processes in the cusp produce
dayside aurora, and propagation down cusp
field lines is one way that magnetopause
ultra-low-frequency waves penetrate the
magnetosphere. Our research focuses on
the ionospheric electric field near the cusp.
Because this field drives the convection
motions of the plasma, it is a sensitive
indicator of magnetospheric dynamics. To
obtain data, we will launch 10 high-altitude
instrumented balloons from Amundsen-
Scott South Pole Station. Each balloon will
carry an electric field detector (provided
by the University of Houston) and a x-ray
Bremsstrahlung detector (5 provided by
the University of Maryland and 5 pro-
vided by the University of Houston). With
the assistance of University of Maryland
researchers, we will investigate the con-
jugacy of the electric field with northern
hemisphere radar observations and the
response of the very-high-latitude day-
side electric field to isolated substorms.
We also will try to obtain sufficient data
for statistically signficiant studies of cor-
relations with other parameters such as
the interplanetary magnetic field. (S-103)

Photometer observations of particle pre-
cipitation in Antarctica. S. B. Mende, Lock-
heed Palo Alto Research Laboratory. An
image intensified all-sky camera, installed
in 1982 at South Pole Station, has enabled
us to monitor cusp aurora! activity. This
camera produces images of weak optical
emissions at the latitude of the cusp, an
important but poorly understood bound-
ary region of the Earth's magnetosphere.
This austral summer we will inspect and
do maintenance work on this equipment.
The system will be operated and main-
tained by South Pole personnel during the
austral winter. A two-channel photome-
ter will be reinstalled at Siple Station and
operated by wintering personnel. (S-104A)

Automatic geophysical observatory in
Antarctica. S. B. Mende, Lockheed Palo
Alto Research Laboratory. The automatic
geophysical observatory (AGO) was devel-
oped to obtain ground-based observations
of magnetospheric and ionospheric phe-
nomena from remote sites in Antarctica.
We tested a prototype AGO for 3 years at
South Pole Station to develop an unmanned
facility that provides shelter, heat, power,
and data acquisition to a variety of exper-
iments. From these tests, we have devel-
oped a system of components that is com-
patible with the requirement for unmanned
operation in the harsh winter environment
of Antarctica. (S-104B)

Atmospheric infrasound studies. Char-
les R. Wilson, University of Alaska. This
austral summer we will conclude our obser-
vations of infrasonic waves associated with
marine storms, auroral activity, and other
geophysical events. Our objective is to
improve understanding of marine storms
and stratospheric winds in the McMurdo
area and of the generating mechanism for
auroral infrasonic waves. The spaced array
of microphones at Windless Bight on the
Ross Ice Shelf will be returned to the United
States at the end of the austral summer.
(S-1o8)

Cosmic ray intensity variations. Martin
A. Pomerantz, Bartol Research Founda-
tion, University of Delaware. Cosmic rays
provide 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 i gigaelectron-volt) galactic cosmic
rays. At McMurdo and South Pole Sta-
tions, we will continue year-round obser-
vations of cosmic radiation and collabo-
rate with the magnetospheric cusp program.
This austral summer, we also will extend
the South Pole cosmic ray tower and its
platform. To enhance our understanding
of the solar physical processes that con-
trol the electromagnetic conditions in the
Earth's environment, our data are used in
conjunction with data from other ground-
based instruments and spacecraft. (S-109A)

Riometry in Antarctica and conjugate
regions. Theodore J. Rosenberg, Univer-
sity of Maryland. The riometer (relative
ionospheric opacity meter) provides con-
tinuous data on temporal and spatial vari-
ations of energetic precipitation and iono-
spheric perturbations. We use these data
together with photometric, magnetic, and
radiowave emission data to study physi-
cal processes associated with the transfer
of solar wind energy to the magnetosphere
and upper atmosphere. At South Pole Sta-
tion our investigations focus on the polar
cusp, a dayside entry region for solar wind
plasmas, and on the nightside polar cap
region where magnetic substorm effects
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NSF photo by Ann Hawthorne.

During the 1984-1985 austral summer ITT/ANS construction personnel built a new upper
atmospheric sciences building at Arrival Heights above McMurdo Station. At this site scien-
tists study such phenomena as the Earth's magnetic field, the ionosphere, and the propoga-
tion and generation of ultra-low-frequency waves in the magnetosphere.

predominate. At McMurdo Station our
studies relate exclusively to ionospheric
phenomena in the polar cap, while at Siple
Station our objective is to investigate wave-
particle interactions produced naturally by
lightning (whistlers) and other natural very-
low-frequency (VLF) emissions and artifi-
cially by the VLF transmitter. (S-111A)

Naturally and articifically stimulated elec-
tron precipitation near the plasmapause.
T. 1. Rosenberg and V. L. Matthews, Uni-
versity of Maryland. Working with investi-
gators from the University of Houston
(S-103), we will provide and prepare five
x-ray experiments to be launched in bal-
loons at Amundsen-Scott South Pole Sta-
tion. We will provide some ground-station
and launching equipment and help to
launch and monitor the experiments. From
these experiments we will obtain data on
electron precipitation in the magnetospheric
cusp and auroral regions that pass over
the South Pole each day. These data will
be correlated with electric field data ob-
tained by the University of Houston inves-
tigators. (5-111B)

South Pole optical observations. Robert
H. Eather, Boston College. We will con-
tinue to operate a two-color ' keogram"
camera and two-channel zenithal photome-
ter at the South Pole to continuously moni-
tor auroral intensity and the average elec-
tron 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 riom-
eter 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. (S-119)

lonosonde studies of the cusp iono-
sphere. F. T. Berkey and J. R. Doupnik,
Utah State University. Plasma instabilit-
ies and precipitation effects are produced
in the ionosphere by the solar wind as it
penetrates the magnetosphere through the
magnetospheric cusp. Research has estab-
lished that the cusp region, where parti-
cles with energies typical of magneto-
sheath plasma are present, is longitudinally
elongated. It is composed of downstream-
ing plasma from the entry layer, upstream-
ing plasma that has been mirrored, and
upward streaming ions and electrons of
magnetospheric origin. The discovery of

this magnetosheath-like plasma precipta-
tion has drawn special attention to the day-
side ionosphere; such precipitation causes
the structure and dynamics of the dayside
ionosphere to vary rapidly. Because these
ionospheric disturbances cause electron
density irregularities, we can measure these
variations by means of an ionosonde (ionos-
pheric sounder). These measurements pro-
vide year-round, detailed information on
the structure and dynamics of the ionos-
phere. By operating an ionosonde at the
South Pole, we can determine the iono-
spheric signature of the low-energy magnet-
osheath precipitation, estimate the size and
location of the resulting ionospheric per-
turbation, and determine the latitudinal
and longitudinal extent of the perturba-
tion. Our investigation will provide a bet-
ter understanding of the role of magnet-
osheath particle entry in the physics of
the magnetosphere. We also will operate
an all-sky camera, which records the dy-
namics of visible aurora by making expo-
sures at a rate of one per minute. Visible
auroral emissions are a direct manifesta-
tion of low-energy electrons precipitating
into the dayside ionosphere. Because light
emissions are generally weak, typical expo-
sure times are usually several seconds.
These color photographs will provide the
necessary data to study the dynamics and
morphology of the low-energy magnet-
osheath precipitation region. (S-122)

Automated photometry of selected stars
at the South Pole. Frank Wood, Univer-
sity of Florida. Astronomical observations
of celestial objects undergoing such changes
as brightness, color, spectral type, or polar-
ization of emitted radiation are hindered
by daylight or starset 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 auto-
mated, 8-centimeter telescope system to
monitor photoelectrially four stars at sev-
eral wave lengths. The nature of one star,
a close binary system, is not understood,
and we planned to gather data on its light
variation and changes in certain helium
and carbon emissions. Observations of the
other three stars were to be collected for
comparison with the first star. Because of
design deficiencies the telescope was dis-
mantled during the 1984-1985 austral sum-
mer. This austral summer we will install a
redesigned optical astronomical telescope,
test and aline it and survey the site for
possible light pollution from South Pole
station during the winter. We also will
test the data retrieval system and develop
procedures for transmitting selected data
via satellite during the winter. (S-123)
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NSF photo by Ann Hawthorne.

By late January the sea ice has broken out of McMurdo Sound. In this view the Coast Guard
icebreaker Polar Star is docked at the station's ice wharf.

Support and logistics,
1985-1986

The austral summer season begins in
early October when the first U.S. Air Force
C-141 airplane lands on the sea-ice run-
way near McMurdo Station and brings
support personnel and scientists to Mc-
Murdo Station. The 1985 austral summer
marks the 30th year of continuous U.S.
support and research activity in Antarctica.

Annually more than 1,000 people work
on the continent as part of the support
system for the U.S. antarctic program;
another 400 work aboard Navy supply
ships and U.S. 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. Other support person-
nel are employees of a contractor, ITT/Ant-
arctic Services, Inc. (ITT/ANS). Navy per-
sonnel fly airplanes and helicopters, oversee
the operation of the supply ships, provide
health care, long-range communications
at McMurdo Station, weather forecasting
services, and perform some maintenance
work at McMurdo; Coast Guard person-
nel operate the icebreakers. ITT/ANS
employees provide support at McMurdo
Station and operate Williams Field (Mc-
Murdo Station's skiway airfield on the Ross
Ice Shelf), Amundsen-Scott South Pole,
Siple, and Palmer stations, the Polar Duke
and remote field camps.

Air support
Sixty geologists, glaciologists, and geo-

physicists will be supported at the Beard-
more South Camp at Bowden Neve near
the Beardmore Glacier from 12 November
1985 until 28 January 1986. On 25 Octo-
ber ITT/ANS personnel will arrive to open
the camp, which was built during the
1984-1985 austral summer and used for a
international symposium on the Antarctic
Treaty system. Before the scientists arrive,
the contractor's employees will remove
drifted snow from the buildings and reac-
tivate the plumbing; fuel for helicopters
to be used throughout the austral summer
will be delivered from McMurdo Station
and stored in large, rubber fuel bladders
at the camp. Navy pilots will fly three
UH-1N helicopters from McMurdo Sta-
tion to the camp on 9 November and begin
reconnaissance flights. During the 3-month
project, VXE-6 pilots will fly the helicop-
ters 700 hours to support research pro-
jects; scientists also will use motor tobog-
gans while in the field. In addition to the
scientists, five ITT/ANS employees and
about 20 Navy personnel will live at the
camp.

For a third year glaciologists will work
at the Siple Coast while studying the past
and present state and dynamic behavior
of the west antarctic ice sheet. Navy pilots

will fly ski-equipped Hercules (LC-130)
airplanes 175 hours to support the four
planned projects. Temporary camps will
be established along and on major ice
streams that drain from the west antarctic
ice sheet into the Ross Ice Shelf. To assist
in moving scientists from camp to camp,
the National Science Foundation has char-
tered a Twin Otter airplane. In the field
investigators will use motor toboggans and
larger tracked vehicles for transportation.

UH-1N helicopters will support small
geology, glaciology, and biology field par-
ties in the ice-free valleys of southern Victo-
ria Land, the Allan Hills, and the Ross
Island area. Including the time allocated
for helicopter support at the Beardmore
camp, Navy UH-1N and Coast Guard
HH-52 helicopters and one UH-1N heli-
copter loaned to the U.S. program by the
Royal New Zealand Air Force will fly 1,750
hours to support research. LC-130 airplanes
will transport a field team to the Thiel
Mountains to recover meteorites, one group
of meteorologists to sites on the Ross Ice
Shelf and Byrd Glacier to establish and
service automatic weather stations, and a
second group of meteorologists to the
French station Dumont d'Urville to work
with French researchers.

Besides U.S. Air Force C-141 and the
NSF LC-130 airplanes, New Zealand C-130
wheeled airplanes will be used from Octo-
ber until mid December when McMur-
do's sea-ice runway begins to deteriorate.
New Zealand provides air support as part
of an agreement with the United States.
After this LC-130s will use the ice-shelf
runway. LC-130s also will transport per-
sonnel and materials to and from McMurdo,

Siple, and Amundsen-Scott South Pole
stations. The first flight to Siple will be
on or about 30 October and will be fol-
lowed in early November with the first
flight to the South Pole. During the 5-
month austral summer season, LC-130s
will fly 3,900 hours between McMurdo
and New Zealand and from McMurdo to
other areas of Antarctica.

Ship support
The U.S. Coast Guard icebreakers Polar

Star and Glacier will support the U.S. pro-
gram in Antarctica during the 1985-1986
austral summer. Additionally the research
ship Polar Duke, leased by the National
Science Foundation, will support science
in the Antarctic Peninsula area. The bio-
logical and oceanographic investigation of
the Weddell Sea ice-edge zone will be sup-
ported by Glacier and the research ship
Melville, which is operated by Scripps Insti-
tution of Oceanography and is part of the
University-National Oceanographic Labor-
atory System (UNOLS).

Polar Duke, scheduled to arrive at Palmer
Station in early November, is scheduled
to make four cruises from Punta Arenas,
Chile, between 8 November 1985 and 28
April 1986. The first cruise will bring sci-
entists and summer support staff to the
station and work along the Antarctic Pen-
insula. During the remaining three sci-
ence cruises Polar Duke will support marine
biology, air sampling, and geology pro-
jects in this region.

On 20 December 1985 Polar Star will
arrive at Palmer Station with supplies and
personnel. After supplies are unloaded,
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At Amundsen-Scott South Pole Station U.S. scientists study the upper atmosphere, the Sun
and other stars, Antarctica's climate and atmosphere, and the east antarctic ice sheet. In this
photograph the geodesic dome which houses the station's three main buildings is seen from
an archway that extends from the dome.

NSF photo by Ann Hawthorne.

the icebreaker will sail to McMurdo Sta-
tion..In early January 1986 it will arrive at
the ice edge where it will break a channel
through McMurdo Sound sea ice. Until
mid February Polar Star will tend the chan-
nel, escort a Navy tanker and the supply
ship Green Wave in and out of the sound,
and support science in the Ross Sea. At
the end of this period the icebreaker will
support an 8-day science cruise while
enroute to Melbourne, Australia.

In late January 1986 Glacier will sup-
port marine geologists who will collect pis-
ton cores of sediments from the continen-
tal margin in the Bellingshausen Sea. After
this project concludes Glacier will sail to
Palmer Station to pick-up cargo and pas-
sengers for transport to Punta Arenas. Later
in February the icebreaker will join Mel-

ville and support the 35-day ice-edge
research project in the western Weddell
Sea. Before returning to the United States,
Glacier will stop once more at Palmer Sta-
tion to pick-up the summer personnel and
cargo.

Station activities
Construction to upgrade station facili-

ties will continue this season at the four
U.S. stations. At McMurdo Station, the
water desalination plant and its salt water
intake main will be completed. The desali-
nators will use waste heat from the diesel
electric generators and are expected to pro-
vide more reliable water production at less
cost than the current system. Other work
at McMurdo includes construction of the
sewer outfall, a new heavy vehicle and
equipment maintenance and repair facil-

Ad

ity, and site preparation for two new dor-
mitories. Design will continue on a sci-
ence laboratory and will start on a light
vehicle garage.

ITT/ANS employees will continue to
upgrade Amundsen-Scott South Pole Sta-
tion computer and communication capa-
bilities this austral summer. They will also
raise the clean air facility and cosmic ray
detectors above the snow surface and will
work on the utility systems.

Because Siple Station has been closed
since early 1984, the first efforts will be to
reopen the station and prepare it for use.
During the season ITT/ANS construction
personnel will add a new antenna, which
will cross the existing very-low-frequency
42-kilometer antenna. The station also will
be a refueling base for British Antarctic
Survey Twin Otter airplanes and a Twin
Otter airplane, leased by the United States
to support glaciology in West Antarctica,
while it is enroute to and from the Siple
Coast.

At Palmer Station ITT/ANS employ-
ees will complete the new aquarium, a new
boat house, and storage building for flam-
mable materials. Work to improve the stat-
ion's salt water circulating system will con-
tinue, and a new antenna system will be
installed to improve communications with
South Pole and McMurdo stations.

This austral summer Siple Station will
begin winter operations on 10 February
1986, Amundsen-Scott on 15 February,
and McMurdo on 28 February. Palmer Sta-
tion will continue summer operations until
late April 1986.

U.S. Navy photo (xAM-9082-1 1-78) by Frank A. Bair.

Eagle Scout Mark Leinmiller rappels down an
ice cliff during survival training in 1978. During
1985-1986 austral summer, two Girl Scouts,
who were selected after a national competi-
tion sponsored by the Girl Scouts of America,
will take part in the U.S. Antarctic Research
Program.

NSFA change of
command

On 16 August 1985 Captain David A.
Srite, U.S. Navy, replaced Captain Brian
Shoemaker, U.S. Navy, as Commander of
the Naval Support Force, Antarctica
(NSFA). The change of command cere-
mony took place at the U.S. Naval Con-
struction Battalion Center in Port Huen-
eme, California. Dr. Peter Wilkniss, Direc-
tor of the National Science Foundation's
Division of Polar Programs, participated in
the ceremony as keynote speaker. The
Naval Support Force, Antarctica, plans and
directs U.S. Navy logistics in Antarctica.

Captain Srite, who began his naval career
in 1960, was assigned to Headquarters,
Washington Naval District, immediately
before assuming command of NSFA. From
1979 to 1980 he was commanding officer
of Antarctic Development Squadron Six
(VXE-6), which operates NSF's ski-equip-
ped Hercules airplanes and Navy UH-1N
helicopters in Antarctica. He came to VXE-6
from the Naval Facility at Barbers Point,
Hawaii, where he had been Commanding
Officer. Before this assignment, he had
served with Patrol Squadron One in the
Pacific arena.

Captain Shoemaker, who took command
of the Naval Support Force, Antarctica,
in 1982, has been assigned to the U.S.
Space Command, Peterson Air Force Base,
Colorado, where he is head of the Space
Command's Navy element.
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Foundation awards of funds
for antarctic projects
1 April to 30 June 1985

Following is a list of National Science
Foundation antarctic awards made from 1
April 1985 to 30 June 1985. Each item
contains the name of the principal investi-
gator or project manager, his or her institu-
tion, a shortened title of the project, the
award number, and the amount awarded.
If an investigator received a joint award
from more than one Foundation program,
the antarctic program funds are listed first,
and the total amount of the award is listed
in parentheses. Award number for awards
initiated by the Division of Polar Programs
contain the prefix DPP, and those initi-
ated by the Division of Earth Sciences con-
tains the prefix EAR.

Biology and medicine

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide and peptide antifreezes in the freez-
ing avoidance of antarctic fishes. DPP
84-15266. $98,526.

Delaca, Ted E. Scripps Institution of Ocean-
ography, San Diego, California. Ecology
of antarctic benthic foraminifera. DPP
83-05475. $123,400.

Friedmann, E. Imre. Florida State Univer-
sity, Tallahassee, Florida. A compre-
hensive study of the cryptoendolithic
microbial ecosystem. DPP 83-14180.
$89,439.

Hamner, William M. University of Calif-
ornia, Los Angeles, California. Behav-
ioral ecology of Eupliausia superba
(krill). DPP 83-02852. $102,507.

Kooyman, Gerald L. Scripps Institution
of Oceanography, San Diego, Califor-
nia. Emperor and King penguin brood-
ing and foraging energetics. DPP 83-
16963. $58,214.

Pearse, John S. University of California,
Santa Cruz, California. Reproductive
biology and larval ecology of shallow
water echinoderms. DPP 83-17082.
$119,106.

Siniff, Donald B. University of Minnes-
ota, Minneapolis, Minnesota. Behav-
ior and ecology of Weddell seals. DPP
83-18473. $136,752.

Targett, Timothy E. University of Delaw-
are, College of Marine Studies, Lewes,
Delaware. Age and growth of fishes.
DPP 85-41275. $76,327.

Earth sciences

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania. Search
for meteorites. DPP 83-14496. $76,984.

Collinson, James W. Ohio State Univer-
sity, Columbus, Ohio. Sedimentology
of the Permian-Triassic Gondwana
sequence in the central Transantarctic
Mountains. DPP 84-18354. $73,567.

Cosgriff, John W. Wayne State Univer-
sity, Detroit, Michigan. Triassic verte-
brates from the Beardmore Glacier area.
DPP 84-18428. $45,927.

Daiziel, Ian W. Lamont-Doherty Geological
Observatory, Palisades, New York. Tec-
tonic development of West Antarctica
and its relation to East Antarctica. DPP
82-13798. $84,319.

Daiziel, Ian W. Lamont-Doherty Geological
Observatory, Palisades, New York.
Kinematic evolution of the Scotia Ridge,
Antarctica and southernmost South
America: A study of orogenic processes
at convergent plate margins. DPP 85-
03196. $63,667.

DePaola, Donald J. University of Califor-
nia, Los Angeles, California. Geochemi-
cal studies of Paleozoic granitic rocks
of the central Transantarctic Mountains.
DPP 83-16807. $80,457.

Elliot, David H. Ohio State University,
Columbus, Ohio. Sixth International
Gondwana Symposium, Columbus,
Ohio, August 19-23, 1985. EAR-84-
07780. $20,000. ($62,900).

Elliot, David H. Ohio State University,
Columbus, Ohio. Petrology of Ferrar
and uppermost Beacon rocks, Beardmore
Glacier region. DPP 84-19529. $27,000.

Faure, Gunter. Ohio State University, Col-
umbus, Ohio. Origin of basalt flows
and sources of glacial deposits in the
Transantarctic Mountains. DPP 84-
17275. $41,325.

Hammer, William R. Augustana College,
Rock Island, Illinois. Triassic vertebrates
from the Beardmore Glacier area. DPP
85-11334. $36,282.

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. Investigations of the McMurdo
Volcanic group and associated Ultram-
afic xenoliths. DPP 82-18493. $47,196.

Lipschutz, Michael E. Purdue University,
West Lafayette, Indiana. Trace elements
in antarctic meteorites: terrestrial and
extraterrestrial applications. DPP 84-
15061. $114,400.

Miller, Molly F. Vanderbilt University,
Nashville, Tennessee. Sedimentology of
the Permian-Triassic Gondwana se-
quence in the central Transantarctic
Mountains. DPP 84-18445. $72,889.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Stratigraphic evolu-
tion and tectonic setting of the carbon-
ate platforms of the Ross Sequence,
Transantarctic Mountains. DPP 83-
17966. $72,762.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Deformation dur-
ing the Beardmore and Ross Orogen-
ies, Nimrod Glacier area. DPP 84-18088.
$31,995.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Data reduction
of from the northern Victoria Land pro-
ject. DPP 82-16281. $24,727.

Tasch, Paul. Wichita State University, Wic-
hita, Kansas. New fossil conchostracan
collection from Gair Mesa, northern Vic-
toria Land. DPP 84-21235. $10,100.

VonFrese, Ralph R. Ohio State Univer-
sity, Columbus, Ohio. Lithospheric anal-
ysis of gravity and magnetic anomal-
ies. DPP 83-13071. $24,999.

Glaciology

Elmore, David. University of Rochester,
Rochester, New York. Study of antarctic
ice using radionuclides produced by cos-
mic rays. DPP 84-10467. $27,863.

Moore, Richard K. University of Kansas,
Lawrence, Kansas. Development of a
radar system for probing the antarctic
ice sheet. DPP 83-00450. $174,367.

Patterson, Clair C. California Institute of
Technology, Pasadena, California. Tem-
poral variations of trace metals and sul-
fur in ice and snow. DPP 84-03490.
$120,891.

Stuiver, Minze. University of Washington,
Seattle, Washington. Oxygen-isotope
analysis of ice cores. DPP 84-00574.
$43,226.

Meteorology

Stearns, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Automatic
weather stations: operation and data
analyses. DPP 83-06265. $219,471.

Tape, Walter. University of Alaska, Fair-
banks, Alaska. Empirical correlation of
ice-crystal types with halo types. DPP
83-14178. $36,000.

Ocean sciences

Dick, Henry J. Woods Hole Oceanogra-
phy Institute, Woods Hole, Massac-
husetts. Petrology and tectonics of the
Circum-Antarctic Plate boundary. DPP
83-16490. $126,376.

Duce, Robert A. University of Rhode
Island, Narragansett, Rhode Island.
Sampling for marine sources of antarctic
sulfate aerosol. DPP 84-18868. $72,269.

(Continued on back page.)
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Weather at U.S. stations

	

May 1985	 June 1985	 July 1985

Feature	 McMurdo	Palmer	South Pole	McMurdo	Palmer	South Pole	McMurdo	Palmer

Average temperature (°C)

	

- 23.3	- 4.3	- 59.6	- 23.7	- 3.7	- 53.6	- 32.1	- 5.9

Temperature maximum (°C)	- 9.0	-	4.7	- 41.0	7.1	3.1	- 37.0	- 20.0	-	3.1
(date)	 (26)	(14)	(22)	(26)	(28)	(4)	( 1 1 )	(29)

Temperature minimum (°C)	- 38.0	- 10.2	- 74.3	- 26.7	- 12.6	- 68.8	- 49.1	- 17.4
(date)	 (6)	(2)	(10)	(5)	(14)	(30)	(26)	(21)

Average station pressure (rnb)	988.4	994.3	680.1	986.0	1005.2	681.7	975.0	983.7

Pressure maximum (mb)	1009.1	1010.8	693.6	1003.9	1025.2	696.8	987.0	1015.9
(date)	 (12)	(10)	(25)	(16)	(20)	(21)	(30)	(21)

Pressure minimum (mb)	 962.5	966.8	664.6	970.2	981.2	661.2	963.5	951.1
(date)	 (26)	(16)	(14)	(10)	(12)	(30)	(5)	(18)
Snowfall (mm)	 2.5	299.7	TRACE	27.9	774.7	TRACE	27.9	1493.5
Prevailing wind direction	 0850	0800	0900	0830	0300	3600	0730	3400

	

6.2	4.2	4.5	4.1	4.5	6.6	4.5	8.1

	

33.9	23.2	15.0	37.1	34.0	15.4	30.9	45.3

	

(26)	(14)	(21)	(9)	(7)	(14)	(7)	(31)

	

180 0	0300	3400	1800	0400	3400	1800	0200

	

5.8	8/10	3.2	4.0	8/10	4.6	2.7	8/10

	

4.0	4.9	19.2	11.0	5.8	14.3	19.0	2.6
Number partly cloudy days	14.0 	6 .6	3.3	10.0	3.2 	5. 1	6.0 	3. 7

Number cloudy days	 12.0	19.5	8.5	9.0	21.0	10.6	5.0	24.7

Number days with visibility	 0.1	 .

	

4 1	1 1	 8.1	0.7
less than 0.4 km.	 . 

Prepared from data received by teletype from the stations. Locations: McMurdo 77°51'S 166°40'E, Palmer 64 0 46'564°3'W, Amundsen-
Scott South Pole 90°S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. Siple Station (75°55'S
83 0 55W) was closed for the winter in January 1984 and will reopen November 1985. For prior data and daily logs, contact National
Climate Center, Federal Building, Asheville, North Carolina 28801-2696 (704/259-0682).

Average wind
(rn/see)

Fastest wind
(rn/sec)

(date)

Average sky cover

Number clear days

South Pole

- 60.4

- 36.0
(25)

- 75.2
(5)

663.1

674.2
( 11 )

664.1
(25)

TRACE
020°

5.67
19.6
(25)
360°

'.9
22.6
5.9
2.5

2.3
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Foster, Theodore D. University of Califor-
nia, Santa Cruz, California. Physical-
chemical reconnaissance of the deep
water formation region off Antarctica.
DPP 83-00804. $157,587.

Galloway, James N. University of Virginia,
Charlottesville, Virginia. Analysis of
marine sources of antarctic sulfate aero-
sol. DPP 84-19592. $47,142.

Hayes, Dennis E. Lamont-Doherty Geologi-
cal Observatory, Palisades, New York.
Regional synthesis of marine geologi-
cal and geophysical data of the circum-
antarctic region. DPP 82-00239. $20,
000.

Kellogg, Thomas B. University of Maine,
Orono, Maine. Sediments deposited by
marine-based ice sheets during the last
glacial maximum. DPP 80-20000. $85,
968.

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. $41,166.

MacAyeal, Douglas R. University of Chic-
ago, Chicago, Illinois. Evolution of sub-
ice-shelf meltwater plumes. DPP 84-
15207. $58,583.

Shor, George G. Scripps Institution of
Oceanography, San Diego, California.
R/V Melville (UNOLS ship) operations
support. OCE 84-20736. $7,306 ($277,
306).

Upper atmosphere

Bering, Edgar A. University of Houston,
Houston, Texas. Balloon-borne study
of the ionospheric electric field at the
geographic South Pole. DPP 84-15203.
$186,148.

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland. Nat-

urally and artificially stimulated elec-
tron precipitation near the plasmapause.
DPP 82-17260. $16,900.

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Electron precipitation studies in with
imaging riometer systems. DPP 84-
19272. $44,200 ($200,000).

Support, services

Davis, Gene D. Department of the Navy,
Naval Facility and Engineering Co -
mand, Washington, D.C. Engineeri g
support. DPP 85-43218. $640,720.

Shoemaker, Brian H. Department of e-
fense, Washington, D.C. Logistics s
port. DPP 85-42692. $1,700,000.

Wilson, Jack. Department of Interi r,
Washington, D.C. Aviation mana e-
ment services. DPP 85-43256. $6,00
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