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In August 1986 12 scientists, compris-
ing four research teams, flew to McMurdo
Station on early season flights to study
the alarming annual deviations in the ozone

A researcher cleans and checks equipment
on top of the clean air facility at Amundsen-
Scott South Pole Station. At this observatory
scientists monitor various atmospheric param-
eters and measure their effect on global cli-
mate. These baseline data, taken far from
pollution sources, are used to determine
whether gases or particulates introduced into
the atmosphere by natural causes or human
activities significantly affect climate.

NSF photo by Ann Hawthorne.

layer above Antarctica. Ozone, a form of
oxygen, exists throughout the atmosphere
in small amounts but is principally con-
centrated in a layer about 15 miles above
the Earth. It is critical to life on Earth
because it screens out much solar ultravi-
olet radiation that causes skin cancer and
could harm plants.

Two papers in the 19 June issue of the
British journal Nature—one by U.S. re-
searchers and one by British scientists who
have been recording ozone levels over Hal-
ley Bay in the eastern Weddell Sea region—
reported that since 1975 about a 50-percent
decrease in the total amount of ozone above
Antarctica has occurred each austral spring.
The data are supported by National Aero-
nautics and Space Administration (NASA)
satellite data which show that the spring
depletion extends over much of Antarc-
tica, creating a "hole in the ozone" about
the size of the United States.

One puzzling aspect of this problem is
that the dramatic deviations apparently oc-
cur only during the austral spring, from
mid-August to late October. The largest
rate of depletion occurs in September. Sci-
entists have suggested various theories to
explain the seasonal phenomenon, includ-
ing high solar activity, dynamic forces in
the polar atmosphere, and manmade or
natural chemical triggers.

The four teams working in Antarctica
are from the University of Wyoming, the
State University of New York at Stony
Brook (SUNY), NASA's Jet Propulsion
Laboratory (JPL) in Pasadena, California,
and the National Oceanic and Atmospheric
Administration (NOAA). The study is an
interagency cooperative effort involving
NSF, NASA, and NOAA; support for
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some researchers is being provided by the
Chemical Manufacturers Association.

Wyoming scientists are launching thirty
19,000-cubic-foot balloons instrumented
to measure ozone and three 54,000-cubic-
foot balloons carrying aerosol measuring
devices. The SUNY team is using micro-
wave devices to measure chlorine monox-
ide profiles in the atmosphere, while the
JPL group is measuring absorption by at-
mospheric gases of solar infrared radia-
tion. NOAA scientists are using an ultra-
violet spectrophotometer to determine
nitrogen dioxide and ozone levels.

These 12 scientists are among the ap-
proximately 350 researchers who are par-
ticipating in the 1986-1987 research pro-
gram of the USA Antarctic Program.
Highlights of this austral summer's pro-
gram appear in this article; descriptions
of each of the 74 projects to be conducted
in Antarctica between August 1986 and
April 1987 begin on page 4. Support and
logistics for this austral summer are de-
scribed in an article beginning on page
18.

Early season flights bring
scientists to Antarctica to study
ozone depletion



Atmospheric physics
How did matter in the universe form

into galaxies and clusters of galaxies?
Astronomers from the University of Del-
aware and AT&T Bell Laboratories in
Holmdel, New Jersey, will focus on this
fundamental question while working at
the geographic South Pole during Novem-
ber and December 1986. They will try to
detect fluctuations in the microwave back-
ground radiation that permeates the uni-
verse. So far, measurements of this radia-
tion have shown that it is remarkably
uniform in all directions, but theorists sug-
gest that microwave radiation must con-
tain fluctuations, called anisotropy, that
describe the initial clumping of matter
during the formation of structure in the
universe.
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In 1965 two AT&T Bell Laboratories

scientists, who received the Nobel Prize
for their discovery, found that background
radiation permeates all regions of the sky.
This discovery solidly supported the the-
ory that the universe began with a tre-
mendous explosion of an extremely dense,
hot and compact object. During this ex-
plosion (the "Big Bang"), events occurred
that dictated the present nature of the uni-
verse. Microwave background radiation
is a remnant of the early universe and has
cooled by expansion to a temperature of
2.75°C above absolute zero from about
1,000 billion billion billion degrees at the
earliest epoch imagined by physicists.

This austral summer the astronomers
will use a 1-meter radio telescope, which
was designed by the Bell Laboratories re-
searchers. The telescope can receive sig-
nals with wavelengths of about 3 millime-
ters, which is well below the limit predicted
by theorists as necessary to record fluctu-
ations in background radiation. To attain
the required sensitivity, liquid helium cools
the telescope's receiver to 0.3°C above abso-
lute zero (-273.15 1 C). Because the tele-
scope will be at the earth's axis, it will
remain fixed and the earth's rotation will
provide the scanning. Infrared observa-
tions made 2 years ago confirmed that the
South Pole has the lowest water vapor con-
tent and "sky noise" on Earth. If this ex-
periment is successful the South Pole could
become a center for this type of cosmo-
logical research.

Glaciology
Working at Amundsen-Scott South

Pole Station, University of Kansas scien-
tists will test the capabilities of a newly
designed sled-drawn radar system to mea-
sure ice thickness and document the in-
ternal layering of the ice sheet. Glaciolo-
gists have used radar for probing glaciers
and ice sheets and for extensive surveys
in Antarctica since the 1950's. For several
of these surveys, more data are needed to
answer such questions as whether the ice
sheet is expanding or contracting and to
trace the flow of ice in West Antarctica.

The new system, designed by the Kan-
sas scientists, uses a radar technique that
achieves high signal-to-noise ratios with
relatively low-power, solid-state trans-
mitters. This system can be used from a
sled or from a Twin Otter, a small two-
engine airplane often flown to support
research in Antarctica. A second version
will be designed for use on ski-equipped
Hercules (LC-130) airplanes.

In other glaciology projects, Ohio State
University investigators will continue col-
lecting and analyzing data from ice cores
to learn more about climatic variations over
the past 2,000 years. This austral summer
drillers will retrieve four ice cores from
two sites in East Antarctica for the Ohio
State researchers. Previous studies at one
of the sites suggest that a 450-foot core
should provide approximately a 2,600-year
record. Shallow-depth ice cores that
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document climate variations since the
Holocene—the last 10,000 years of Earth's
history—are essential for interpreting longer
records and may provide data for predict-
ing future climates.

Biology
Three teams of scientists will investi-

gate what makes the coastal shelf ecosys-
tem of the Antarctic Peninsula biologi-
cally richer than surrounding waters. This
region is the principal breeding, feeding,
and spawning ground for krill (Euphausia
superba), the crustacean that has become
the focus of antarctic marine ecosystem
research in the last few years. While the
structure of this ecosystem has been widely
studied, little is known about how it func-
tions. Working aboard the 219-foot, ice-
strengthened research ship Polar Duke,
two groups of scientists from Scripps In-
stitution of Oceanography and a team from
the University of Hawaii will take part in
this project called "Research on Antarctic
Coastal Ecosystem Rates and Processes"
(RACER).

Another group of biologists from Scripps
Institution of Oceanography will study the
energy expended by emperor penguins as
they breed and forage near Cape Wash-
ington in northern Victoria Land. Penguins
comprise 75 to 85 percent of the birds in
southern ocean ecosystems. Although most
southern penguins depend on krill for food,
emperor and king penguins do not. These
two species differ in size, breeding habits,
and distribution but share similar life styles.
Specifically, they depend on fish and
squid for food, can dive deeper than other
penguins—to depths as great as 600 feet—
and remain near their breeding areas year-
round.

Last austral summer the researchers and
co-workers completed an investigation of
the king penguin. Using a newly designed
submersible microprocessor, they will re-
cord for the first time the swimming ve-
locity and diving capabilities of the em-
peror penguin. They also will measure the
average metabolic rate for birds at the col-
ony. With these data and those obtained
in the king penguin study, the research-
ers will develop better models for the im-
pact penguins have on the southern oceans,
calculate how efficiently growing chicks
convert food into energy, and better un-
derstand how these species exploit their
environment.

Ocean sciences
The 3-million-square-mile Weddell Sea,

one of the Earth's largest sea-ice environ-
ments, will be studied by a Woods Hole
Oceanographic Institution scientist. The
objective of this project is to obtain data
on the flow, origin, and seasonality of or-
ganic and inorganic particles in the open
sea. Although recent research has helped
clarify the distribution of carbon and other
organic matter and sedimentation processes
in antarctic continental shelf waters, such

processes in open areas of the southern
oceans are not well understood. Each sum-
mer the retreat of the ice edge generates a
set of unique circumstances, which scien-
tists believe may control sedimentation.
One important question the scientists hope
to answer is whether or not particulate
organic material produced in the open sea
remains suspended or is dissolved under
the ice during the austral winter.

This project, the Weddell Sea sediment
trap experiment, is one of 10 projects to
be conducted by U.S. scientists in cooper-
ation with the West German antarctic pro-
gram during two winter cruises of the
West German icebreaking research ship
Polarstern. Twenty-one U.S. scientists are
participating in the two cruises.

Marine geologists from Rice University
will continue their investigation, which be-
gan in 1979, of the sediments that blanket
the antarctic sea floor and of the relation-
ship between different glacial and ocean
conditions. Although they will continue
work near the Antarctic Peninsula, they
will also work in the McMurdo Sound
region, which includes various glacial ma-
rine environments in a relatively small and
accessible shelf basin. They are also inter-
ested in the origin of marine canyons on
the western side of the Sound and the role
that the canyons have in sediment trans-
port to the ocean floor. Working from the
U.S. Coast Guard ice-strengthened ship
Glacier during February 1987, they will
conduct seismic profiling to examine the
glacial history of the region and compare
glacial records, which include the last
600,000 years, from McMurdo Sound and
the adjacent Ross Sea shelf.

Earth sciences
Geophysicists from New Mexico Insti-

tute of Mining and Technology will study
the nature, behavior, and evolution of the
magma chamber of Mount Erebus, the
3,794-meter volcano on Ross Island. The
volcano, which has been active for at least
1 million years, contains the world's only
easily accessible convecting lava lake. This
lake—the top of the volcano's magma
chamber—is a window through which the
processes operating in the chamber sys-
tem can be studied.

In September 1984, the volcano was con-
vulsed by a series of large eruptions, be-
lieved to be the largest since Mount Erebus
was discovered in 1841. Based on obser-
vations made in December 1984, scien-
tists believe that the volcano has entered a
new eruptive cycle. Observations made last
year indicate that a lava lake 45 feet in
diameter exists in a site similar to that of
the former lake. To document changes in
Mount Erebus' activity, scientists will col-
lect samples of materials ejected from the
volcano. Older lava flows and rock mate-
rial broken into fragments by volcanic or
igneous action will be mapped and exam-
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Since the International Geophysical Year
(1957-1958), the United States has continu-
ously supported research in Antarctica. From
stations like Amundsen-Scott South Pole Sta-
tion (pictured above), scientists collect data
that provide insight into not only the nature
of Antarctica but also such global concerns
as the history of climatic change, formation
of the continents, and the nature of Earth's
upper atmosphere.

med. From the ejected materials, the re-
searchers will determine the temperature
of the lava lake, measure the emission rate
of sulfur dioxide and particulate matter,
and examine changes in the composition
and crystallization of magma.

In eastern Ellsworth Land, U.S. geolo-
gists will work with the British Antarctic
Survey to study the Antarctic Peninsula-
eastern Ellsworth Land plate, the largest
and most exposed part of the Earth's crust
in any area of Antarctica. It also has the
greatest potential for containing economic
metallic mineral deposits. The geology of
this area will be compared with that of
nearby previously studied regions. To aid
in mapping, the British Antarctic Survey
will supply a Twin Otter airplane for 4
weeks.

The United States supports an active
research program in Antarctica and the
oceans that surround the continent. Ap-
proximately 1,500 Americans participate
annually in this program, which draws
upon the resources and scientists of nu-
merous U.S. universities, Federal agencies,
and several commercial firms. In addition
to conducting research, U.S. citizens op-
erate ships, aircraft, stations, and camps.

In response to a Presidential directive,
the National Science Foundation (NSF)
funds and manages the USA Antarctic Pro-
gram, which provides "an active and in-

September 1986



fluential presences in Antarctica designed
to support the range of U.S. antarctic in-
terests." NSF supports research in glaci-
ology, earth sciences, ocean sciences, ma-
rine and terrestrial biology, medical sciences,
and atmospheric sciences, as well as de-
velops goals for antarctic science and plans
logistics requirements. Logistics 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).

Planned research
projects, 1986-1987

Biology
Marine, freshwater, and terrestrial life

in Antarctica present vivid contrasts. In
the oceans surrounding the continent, life
is abundant. In scattered ice-free areas on
the continent some organisms have adapted
to the extreme cold and dryness, but the
diversity of these organisms is low. Unique
environmental factors—particularly large,
dynamic sea-ice zones, near-constant sea
temperatures close to the continent, and
arid cold and nutrient-poor terrestrial
areas—have combined with the continent's
isolation to generate special adaptations
and interactions between species. Biolo-
gists have identified and quantified much
of Antarctica's marine and terrestrial life;
today they probe the behavior, evolution,
and adaptations of these biota, the in-
teractions of flora and fauna with the en-
vironment, the relationships among organ-
isms, and man's impact on these ecosys-
tems. With these data they can better
understand the biology of the region, de-
velop comparative models of more com-
plex ecosystems in lower latitudes, and
provide information needed to manage and
conserve antarctic living resources.

Winter oxygen levels in lakes. George
M. Simmons, Virginia Polytechnic Insti-
tute and State University, and Robert A.
Wharton, Jr. and Christopher P. McKay,
National Aeronautics and Space Admin-
istration. Antarctic lakes are enriched pe-
rennially with high levels of oxygen. Al-
though in other environments these levels
would be lethal to many organisms, in ant-
arctic lakes biota flourish. Biotic activity,
large shifts in the freeze-thaw cycle of the
ice cover, and the entry of glacial meltwa-
ter apparently influence the oxygen bud-
get in these lakes. Scientific understand-
ing is incomplete because researchers have
not measured oxygen levels during the aus-
tral winter. At Lake Hoare in Taylor Val-
ley, we will acquire winter data via re-

mote sensing and construct a model for
the oxygen cycle. Data collected during
the 1985-1986 austral summer indicate that
this lake is undergoing an unanticipated
dynamic change. The ice cover is now only
10 feet thick instead of the previously mea-
sured 15 to 18 feet, the sediment layer
appears to be farther down in the ice-cover,
and the supersaturated oxygen zone is now
about 2 to 3 feet lower in the water col-
umn. We will retrieve and reset sediment
traps placed last year and sample water
from meltstreams, a moat, the lake, and
lake ice for analyses of seasonal changes
in oxygen and nitrogen. Taking into ac-
count the lake's reduced ice cover, we will
continue evaluating seasonal fluctuations
of chlorophyll a and oxygen concentra-
tions. Data will be collected with temper-
ature and oxygen electrodes. We also will
sample algal mats in experimental growth
plots established during the 1980-1981,
1981-1982, and 1985-1986 austral sum-
mers and set up new ones. A reconnais-
sance trip to Lake Joyce is planned to col-
lect data for comparison with the Lake
Hoare data. 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 oxygen levels. (S-002)

Behavior and ecology of Weddell seals.
Donald B. Siniff, University of Minne-
sota. We will continue studying Weddell
seals at a site near Hutton Cliffs, Ross
Island. Our project focuses on male terri-
torial and reproductive behavior, age-
specific survival of pups born in these
colonies, and the activities of and interac-
tions between mothers and pups. By us-
ing physical and electronic markers over
the last two austral summers, we have iden-
tified the peak of breeding activity under-
water and have obtained the first proof of
the degree of polygyny in this species. As
males appear at the site, we tag them with
proximity transmitters and small radio
transmitters to record their activity in and
out of the water. Females also are equipped
with proximity recorders to document ap-
proaches and copulatory activity by males.
Before the pups are born, we weigh the
females; after birth mothers and pups are
weighed weekly throughout the lactation
period to find out how much time the moth-
ers invest in caring for the pups. Early in
October 1986 we will set up a remote camp
near Hutton Cliffs to continue implant-
ing radio transmitters. In November and
December we will census a seal popula-
tion at the ice edge near Cape Royds, Ross
Island. With these observations we will
document the number of immature seals
and improve our estimates of survival rates
for younger age classes. (5-004)

The role of glycopeptide antifreezes in
freezing avoidance by fishes. Arthur L.
DeVries, University of Illinois. Living or-
ganisms adjust protein synthesis rates in

response to environmental factors as a fun-
damental strategy for survival. We have
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 indicate that eight glycopep-
tides 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 their antifreeze
systems. Live fish, caught during the sea-
son under the sea ice near McMurdo Sta-
tion, from cracks near the ice edge, and in
shallow water near Cape Royds and the
Dailey Islands, will be studied at the Mc-
Murdo Station aquarium to determine the
distribution and role of 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 di-
gested as they move through the intesti-
nal track. We will continue biochemical
studies of the noncolligative lowering of
the freezing point of water by examining
the interaction between antifreezes and ice.
Additionally, we will examine the role of
epithelial tissues in preventing ice propa-
gation into undercooled fluids by deter-
mining at what subfreezing temperatures
these tissues act as a barrier, with or with-
out the presence of glycoproteins. (S-005)

Energetics of adult and larval krill
(Euphausia superba). Langdon Quetin and
Robin Ross, University of California, Santa
Barbara. Euphausia superba (krill) and re-
lated euphausid species are the most abun-
dant animals in the southern ocean. Be-
sides being exploited heavily by almost all
antarctic marine carnivores, krill is the focus
of a small fishery. Our objective is to as-
sess the impact of food availability on the
energetics of reproduction in adults and
on the survival, development, and growth
of larval stages of krill. Four factors
affect how much food is available for
reproduction—how much is ingested, how
efficiently it is assimilated, what the met-
abolic costs are for swimming and main-
tenance, and how energy is partitioned for
growth and reproduction. Working aboard
the Polar Duke in two regions west of the
Antarctic Peninsula, we will search for and
collect live krill for laboratory experi-
ments three or four times, November 1986
through January 1987. During these cruises
we will measure assimilation efficiency and
rates of ingestion, instantaneous growth,
and egg production. At Palmer Station we
will complete our winter experiments on
how different conditions affect larval
growth and development and will continue
investigating oxygen consumption and am-
monia excretion at different swimming
speeds for adult krill. To do this we will
drive krill to swim at different constant
speeds in an annular respirometer. We will
also test two assumptions that are critical
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Biologists collect fish through a hole in McMurdo Sound sea ice. They are studying these fish
to determine how natural antifreeze compounds help fish to avoid freezing in ice-laden antarc-
tic waters.

to the method that we use to measure field
ingestion and assimilation efficiency. The
results of this project should contribute
substantially to understanding aspects of
krill biology that are either unknown or
poorly understood. (5-014)

Cryptoendolithic ecosystems. F. Irnre
Friedmann, Florida State University. The
climate of much of Antarctica, especially
in ice-free regions, is arid; katabatic winds
descending from the polar plateau heighten
desert conditions. Because environmental
extremes in such regions limit life to a
narrow zone under the surface of certain
rocks, certain microorganisms inhabit
cracks and the structural cavities of po-
rous rocks. We will continue sampling com-
munities at Linnaeus Terrace in the Asgaard
Range and other sites in the ice-free val-
leys of southern Victoria Land, including
Battleship Promontory, Mt. Lister, Mt.
Fleming, and University Valley. Our re-
search includes micrometeorological mea-
surements, 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
(including chemistry, leaching, and bio-
logical weathering), how the rocks are colo-
nized, and the yearly accretion of nitro-
gen in rocks. This research will provide a
more comprehensive understanding of
cryptoendolithic microbial ecosystems,
including their implications for earth sci-
ences. (5-015)

Emperor and king penguin brooding and
foraging energetics. Gerald L. Kooyman,
Scripps institution of Oceanography. Pen-
guins comprise 75 to 85 percent of the
birds in the southern ocean ecosystem.
Although most southern penguins greatly
depend on krill as a food source, emperor
and king penguins do not. These two spe-
cies differ in size, breeding habits, and
distribution, but they have similar life
styles. Both species depend entirely on fish
and squid for food, can dive deeper than
other penguins (to depths as great as 200
meters), and remain near their breeding
areas year-round. Few investigators have
studied the free-ranging energetics of pen-
guins, even though penguins are major
predators in the southern ocean food web.
During the 1985-1986 austral summer we
completed our investigation of the king
penguin. This austral summer we will work
at an emperor penguin rookery near Cape
Washington in northern Victoria Land.
Using a newly designed submersible
microprocessor, we will record for the first
time swimming velocity, time/depth pro-
files, and dive patterns of the emperor
penguin. These data will help us to un-
derstand how these penguins respond phys-
iologically to diving. To measure energet-
ics we will use water labeled with the

isotopes oxygen-is and tritium to deter-
mine water turnover rates and carbon-
dioxide production. While conducting these
studies we will measure the average meta-
bolic rate of the birds at the colony. With
these data and data obtained previously
on the king penguin, we will develop bet-
ter models of the impact that penguins
have on the southern ocean ecosystem,
calculate how efficiently energy is trans-
ferred from the environment to growing
chicks, and understand better how these
species exploit their environment. (S-026)

Microbial and vertebrate chitin degra-
dation. James T. Staley, University of
Washington. Chitin is a primary com-
ponent of the exoskeletons of marine
invertebrates. In the southern oceans high
primary production causes correspond-
ingly high concentrations of herbivorous
consumers—particularly krill whose dry
weight is about 8 percent chitin. Over time
the antarctic marine environment would
lose an enormous quantity of nitrogen and
carbon if chitin were not degraded and
remineralized. Although few animals and
microorganisms possess enzymes that solu-
bilize chitin, our laboratory investigations

indicate that fin whales and Adélie pen-
guins produce a pancreatic chitinase, an
externally secreted digestive enzyme that
degrades chitin. To determine the impor-
tance of chitin in the carbon and nitrogen
cycles of antarctic coastal waters, we will
study animals that feed primarily on krill
and determine if chitin is being degraded
during passage through the digestive tract.
Tissue samples and gastrointestinal con-
tents from a limited number of Adélie pen-
guins and crabeater seals will be collected
and tested for the presence of chitinase.
Working near Palmer Station, we will sur-
vey the water column and sediments from
small boats and Polar Duke. We also will
investigate the microbiology and degra-
dation of chitin in soils in penguin rook-
eries. During a Polar Duke cruise along
the Antarctic Peninsula (in collaboration
with investigators from the University of
Hawaii), we will collect water-column and
sediment samples and material from sedi-
ment traps. We will sample areas near
Palmer Station where there are large pop-
ulations of crabeater seals. The chitinase
from the animals mentioned above, from
bacteria residing in the water column, and
from sediments will be isolated, purified,
and characterized. (5-032)
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Pinniped studies. John L. Bengtson, Na-
tional Marine Mammal Laboratory. Work-
ing aboard the U.S. Coast Guard ice-
strengthened ship Glacier, we will study
seals in the region of James Ross and Sey-
mour islands. We will census fur, crabeater,
and leopard seals, test and deploy elec-
tronic tracking and recording devices, and
determine feeding habits and reproduc-
tive status. Surveys will be conducted from
the ground and from Glacier's helicop-
ters. (S-034)

Thyroid hormone kinetics in cold-
exposed man. John T. O'Brian, Depart-
ment of Internal Medicine, Naval Hospi-
tal Bethesda. In mammals many factors
regulate the basal metabolic rate to satisfy
energy and heat requirements. Thyroid hor-
mones are important for maintaining basal
metabolism and, along with other endo-
crine factors, are related to nonshivering
thermogenesis. However, adaptation to the
environment can alter the serum concen-
trations of these hormones. Before and dur-
ing the 1980-1981 austral winter, thyroid
hormone homeostasis was studied in in-
dividuals with normal thyroid activity. Al-
though in this investigation the serum levels
of two thyroid hormones—thyroxine (T4)
and a form of triiodothyronine (rT3)_
remained unchanged and the level of free
triiodothyronine decreased, the response
of the thyroid stimulating hormone (TSH)
to the thyrotropin releasing hormone (TRH)
increased by 50 percent over 42 weeks.
We believe this change in hormone activ-
ity is related directly to multiple cold ex-
posures. Because all known states of stress
(except cold) blunt the stimulated TSH
response, we believe that the increase in
TSH response to TRH during cold adap-
tation suggests changes in the metabolism
of the feedback control of hormones T4
and 13 . During the 1986-1987 austral sum-
mer, we will select six volunteers from the
McMurdo Station wintering population
to participate in our year-long experiment.
To determine if production and clearance
of thyroid hormones does increase, we will
calculate the dynamics of thyroid hormone
turnover during cold exposure by using
radiolabeled 13 and 14, administered in-
travenously to each of the six participants.
The two hormones will be separated chro-
matographically from serial plasma sam-
ples and counted; from these data we will
obtain turnover rates for the hormones.
Our study will be conducted before cold
exposure, after 24 weeks, and after 40
weeks in Antarctica. The results of this
experiment will help to define a theoreti-
cal model for cold adaptation and clarify
the contribution of thyroid hormones to
this process. (5-035)

Energy metabolism in fish. Bruce D.
Side!!, University of Maine. In the south-
ern oceans only about 120 species (or
less than 1 percent of all species world-
wide) of fish have been identified; of
these 65 percent belong to the suborder
Nototheniodei. These fish, which evolved

isolated from other species, live in waters
that have an average temperature of
approximately -1.9°C near McMurdo Sta-
tion and -1.1 0 to 0.3°C along the Antarc-
tic Peninsula. As part of cold adaptation,
most antarctic fish produce antifreeze com-
pounds; however, biologists have found
that Nototheniodei fish also accumulate
substantial quantities of corporeal lipids.
Although some biologists have suggested
that lipids are a primary fuel for energy
metabolism, this has not been demon-
strated. Our goal is to use a cellular/
biochemical approach to describe more
completely energy metabolism in these fish.
Specifically, we will evaluate critically
enzymatic correlates of metabolic cold ad-
aptation in tissues, assess the relative im-
portance of carbohydrates and lipids as
fuels for energy metabolism, determine the
fatty acid composition of lipid stores, evalu-
ate the suitability of predominant fatty
acids as substrates for energy metabolism,
and quantify geometric relationships of
cellular ultrastructure that may be required
for metabolic function at severely low body
temperatures. To compare how diet and
lifestyle affect energy metabolism, we will
study benthic (Notothenia gibberifrons) and
cryopelagic (Trematomus newnesi) fish.
We will concentrate on major energy-
consuming tissues (red and white skeletal
muscle, cardiac muscle, etc.) in order to
address questions of metabolic cold adap-
tation. The activities of key enzymes in
pathways of energy metabolism will be
measured at physiological temperature and
compared with extant data from temper-
ate fishes to determine if antarctic species
are biochemically cold-adapted. Results of
our study should help to determine whether
metabolic rates of these fish are cold-
adapted or whether fats are primary fuels
for energy metabolism. These data also
will contribute to a better understanding
of the role of notothenioid fishes in the
trophic structure of the antarctic marine
ecosystem. (S-036)

Assembly and stability of microtubules
in fish at low temperatures. H. William
Detrich, III, University of Mississippi
Medical Center, School of Medicine.
Macromolecular assemblies of proteins per-
form many essential cellular processes.
Cytoplasmic microtubules are tube-like,
subcellular filaments composed of the major
protein subunit, tubulin, and one or more
microtubule-associated proteins (MAPs).
The ordered assembly, maintenance, and
disassembly of cytoplasmic microtubules
play critical roles in cell division, nerve
growth and regeneration, cell-shape de-
termination, and cytoplasmic transport. At
temperatures near 0°C the cold-labile
microtubules of warm-blooded vertebrates
break down rapidly into their simpler
subunits. In contrast, the cold-stable
microtubules of antarctic marine poikilo-
therms must be assembled and maintained
at extremely low temperatures (approxi-
mately -2 0 to 2 1 C). Our goal is to deter-

mine the biochemical adaptations responsi-
ble for assembly, stability, and function
of microtubule proteins in cold-adapted ant-
arctic fishes (Notothenia coriiceps ne,glecta,
N. gibberifrons, and Chaenocephalus
aceraturs) at low temperatures. Experiments
during the last two austral summers dem-
onstrated that cold stability of microtu-
bules from these fishes is caused by alter-
ations in the structures of tubulin subunits
and, to a lesser extent, in the MAPs. At
Palmer Station this summer, we will com-
pare the structure and immunology of
tubulins and MAPs from cold-stable and
cold-labile microtubule systems. We will
use one- and two-dimensional peptide map-
ping techniques to identify regions of struc-
tural variation between cold-stable tubulins
from antarctic fish brains and cold-labile
tubulins from bovine or catfish brains. Us-
ing monoclonal antibodies, we will assess
the immunology of cold-stable and cold-
labile tubulins. We also will compare MAPs
from cold-adapted fishes, temperate fishes,
and mammals and continue studying the
thermodynamic forces that stabilize mi-
crotubules at low temperatures. (5-037)

Growth, photosynthesis, and carbon
metabolism of phytoplankton in the south-
ern ocean: diel periodicity in cell metabo-
lism. Richard B. Rivkin, Horn Point
Environmental Laboratory, University of
Maryland. In a changing environment,
phytoplankton typically adapt by alter-
ing a metabolic pathway or pattern of nu-
trient use. Over a short time these adap-
tive mechanisms enable the cell to resume
efficient operation. In the southern oceans
and under annual ice, phytoplankton are
exposed to discontinuous light and nutri-
ents because of turbulent motion, seasonal
variations in light, varying cloud cover
and wave action, and localized and peri-
odic regeneration of nutrients. Biologists
in 1980 reported that southern ocean phyto-
plank ton can incorporate 70 to 80 percent
of recent products of photosynthesis into
lipids and smaller amounts into proteins.
This finding contrasts with the traditional
interpretations of primary production mea-
surements. Studies in the Arctic, the Ant-
arctic, and laboratories suggest that the
pattern of carbon uptake varies signifi-
cantly with species and geographic loca-
tion. Our objective is to examine how fluc-
tuating light cycles are related to carbon
metabolism, photosynthesis, and growth
of individual species and phytoplankton
assemblages. From late August until mid-
November, we will collect samples and mea-
sure growth rates and temporal changes
beneath the ice and in open water of Mc-
Murdo Sound. We also will measure the
photosynthesis-light relationship, enzyme
activity, cell division, the photohetero-
trophic metabolism of dissolved organic
compounds, and partitioning of recent pho-
tosynthesis products into low molecular
weight compounds, lipids, polysaccharides,
and proteins. We will estimate the species
contribution to total and net plankton pri-
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mary production and the time required to
adapt to new light and temperature re-
gimes. By examining specific species in
nature and in laboratory cultures, we will
determine the relationship between cellu-
lar biochemistry and the division rate of
individual algal species and evaluate the
coupling between carbon metabolism and
phytoplankton growth. (5-038)

Physiology of sea-ice algae: Changes
in photosynthetic metabolism during
the course of a spring bloom. Anna C.
Palmisano, Ames Research Center/National
Aeronautics and Space Administration, and
Cornelius W. Sullivan, University of
Southern California. Microalgae remain
trapped in the bottom of the annual sea
ice in McMurdo Sound during the entire
spring bloom. These standing crops have
as much as 300 milligrams of chlorophyll
a per square meter. Ice microalgae also
may serve as a model for studying physi-
ological changes during an algal bloom.
Because vertical mixing and horizontal ad-
vection are absent and losses from graz-
ing and sinking are reduced, we are able
to follow a single community through
bloom development and decay. Our ob-
jectives are to examine physiological
changes in ice algae from the beginning
of the bloom in November through its de-
cay in January in both bottom congela-
tion and platelet ice communities and to
determine the primary factors affecting
eventual senescence. We will focus on
changes in photosynthetic metabolism oc-
curring 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 commu-
nities before ice ablation include osmotic
stress, nutrient limitation, self-shading, and
oxygen inhibition. We will test the effects
of these variables on natural populations
and laboratory cultures. (5-039)

Pygoscelid penguin population studies
in Admiralty Bay. Wayne Z. Trivelpiece,
Point Reyes Bird Observatory. Penguins
are major predators of krill (Euphausia
superha) and an important component of
the antarctic marine food web. To thor-
oughly understand the structure and func-
tion of the antarctic ecosystem, biologists
must have information on population
dynamics, as well as the factors that regu-
late the size of penguin populations, es-
pecially pygoscelid penguins, the domi-
nant antarctic genus. The three pygoscelid
penguins—Adelie (Pygoscelis adeliae),
chinstrap (P. antarctica), and gentoo
(P. papua)—nest sympatrically at Point
Thomas, King George Island, near the Pol-
ish Arctowski Station. 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. Our objective is to col-
lect data on these banded penguins to de-
termine the relationships of sex, age, and
September 1986

experience to fecundity and survival. From
October 1986 until February 1987, we will
make daily observations of banded, known-
age Adélie, chinstrap, and gentoo penguins
in two rookeries on King George Island.
Data from this project contribute to sci-
entific understanding of the structure and
function of the antarctic marine ecosys-
tem and add to present knowledge of popu-
lation dynamics of marine birds. (S-040)

Trace metal transport processes in Lake
Vanda and the Onyx River. William J.
Green, University of Hawaii. Lake Vanda,
the largest volume closed lake in southern
Victoria Land's ice-free valleys, provides
an excellent ecosystem for investigating
metal dynamics and phase specific removal
mechanisms. Besides being fed by a single
river, the Onyx, the lake has a reasonably
well-characterized chemistry and biology,
a permanent ice cover that largely excludes
airborne entry of metals, and a setting that
is remote from human influences. During
this austral summer we will study the solid
phase speciation of chromium, magnesium,
iron, cobalt, nickel, copper, zinc, cadmium,
lead, and aluminum. We will determine
what phases control the transport of each
metal in Lake Vanda and the Onyx River,
trace phase-specific metal associations from
river to lake to sediments, obtain metal
resident times and relative residence times
over 2 years, compare trends in metal re-
activity in the Vanda-Onyx system to
trends in the oceans, examine possible re-
lationships between the phase associations
of incoming metals and their lake resi-
dence times, model metal-sulfide equilib-
ria in the stable anoxic brine of Lake Vanda
to better understand possible resolubiliza-
tion and mobilization of certain metals un-
der high-sulfide concentrations, and ex-
amine metal profiles in sediment pore
waters to determine the role of diagenetic
remobilization in the lake's trace metal bud-
get. To accomplish these objectives we will
install 10 traps in Lake Vanda to collect
particles settling through the water col-
umn. We also will measure sulfur species
in the Vanda anoxic zone, collect 100 sam-
ples for trace metal analysis, and take sedi-
ment cores for information on pore water
chemistry. By combining these data with
data obtained during a 1980 study, we
will expand our understanding of the pro-
cesses regulating metal transport and con-
centrations. (5-041)

Trophic positions of benthic rhizopoda.
William L. Stockton, University of Cal-
ifornia, San Diego. Although benthic
foraminifera are abundant in many ma-
rine communities, their trophic positions
and significance in energy transfer and
community dynamics remain unknown.
Much of the published information on ben-
thic foraminifera is limited to zoogeographic
and systematic studies of about 60 of the
4,000 cataloged species. Our research fo-
cuses on one type of benthic foraminifera,
rhizopods, which may be important in en-
ergy transfer in benthic food webs. Capa-

ble of rapid growth on various foods, rhi-
zopods may represent a large benthic
biomass that preys on microbes and is food
for higher trophic levels, especially small
species and developmental stages of larger
ones. McMurdo Sound has diverse habi-
tats with distinctive foraminiferal assem-
blages, ranging from shallow-water to deep-
ocean species. Because the polar environ-
ment has pronounced seasonal fluctuations
in benthic populations, we can sort out
ecological relationships more easily. We
will analyze the energy flow into rhizo-
pod populations, evaluate the standing
stocks, biomasses, and chemical and calo-
ric compositions of rhizopods, and deter-
mine what species are most likely to prey
on them. We will work mostly at New
Harbor, where we will dive under the ice
to collect samples. Observations also will
be made on the eastern and western sides
of McMurdo Sound. (5-043)

Coastal ecosystem rates and processes:
photobiology and primary production.
Osmund Holm-Hansen, Scripps institu-
tion of Oceanography. Compared to off-
shore waters, the coastal shelf region along
the Antarctic Peninsula is rich in primary
production; consequently, there are larger
populations of higher trophic levels, par-
ticularly of krill (Euphausia superba Dana).
Our project is part of a multi-disciplinary
study, "Research on Antarctic Coastal Eco-
system Rates and Processes" (RACER),
that is directed to increase understanding
of the paths and rates of energy flow within
this important ecosystem. We will focus
on the hypothesis that physical mixing in
coastal waters favors increased water-
column stability and greater residence time
of phytoplank ton in shallow mixed layers
and allows higher rates of photosynthe-
sis. Because evidence supports the hypothe-
sis that antarctic phytoplankton are light-
limited, we will study phytoplankton and
biomass distribution, rate processes, and
photoadaptation in relation to available light
to determine conditions for maximum en-
ergy input to this ecosystem. Working
aboard the Polar Duke, we will survey
coastal shelf and deep ocean waters re-
peatedly to determine temporal inter-
actions between physical dynamics and
plankton populations. Productivity will be
determined by radiocarbon techniques;
photoadaptation, by independent measure-
ments of photosynthetic, optical, and bio-
chemical parameters. (S-044)

Coastal ecosystem rates and processes:
feeding, growth, and early development
of krill (Euphausia superba Dana). Mark
Huntley, Scripps Institution of Oceano-
graphy. As part of RACER (Research on
Antarctic Coastal Ecosystem Rates and Pro-
cesses) we will test four questions: Are
the growth rates of larval krill a function
of food availability, and, consequently, are
these rates greater in productive waters of
the coastal shelf ecosystem than in less
productive, deep-water areas? Is the de-
velopment of larval krill more rapid and



more direct in coastal shelf ecosystems than
in deep water regions? Do juvenile and
adult krill supplement their feeding by car-
nivorous feeding on other zooplankton,
particularly when phytoplankton con-
centrations are too low to provide ade-
quate food for metabolism? Do planktonic
larval krill have a longer residence time in
coastal waters than in offshore regions near
the Antarctic Peninsula? We will observe
surface and vertical distributions of krill
and combine these data with data on bio-
mass and distribution, larval physiology,
and feeding and metabolism of juveniles
and adults. Answers to the questions that
we have posed are fundamental to under-
standing Euphausia superba and the eco-
system. (5-045)

Coastal ecosystem rates and processes:
microbiology and vertical flux component.
David M. Karl, Hawaii Institute of Geo-
physics, University of Hawaii at Manoa.
Despite low temperatures, extended dark-
ness, deep vertical mixing of surface wa-
ters, and other environmental factors, the
southern oceans support moderate but
patchy biotic activity. Our knowledge of
the carbon pathway and energy flow
through the lower trophic levels of the
oceanic food web is incomplete. In partic-
ular, the role of microheterotrophs in ant-
arctic marine food webs and the immedi-
ate fate of phytoplankton production
needs to be clarified. As part of the multi-
disciplinary project RACER (Research on
Antarctic Coastal Ecosystem Rates and Pro-
cesses), our objective is to evaluate sev-
eral ecological predictions, based on a cen-
tral hypotheses that relates physical stability
of the water column to biotic productivity
at all trophic levels. We will attempt to
define the mechanisms, pathways, and rates
of coupling between photoautotrophic and
microheterotrophic populations, to mea-
sure steady-state concentrations and turn-
over rates of selected components of the
dissolved organic carbon pool, and to es-
timate the downward vertical flux of par-
ticulate organic materials, including mi-
croorganisms. Working aboard the research
ship Polar Duke, we will measure biomass
and metabolic activity of microbial popu-
lations, relationships between primary and
secondary production, downward flux of
carbon, nitrogen, and phosphorus with sed-
iment traps, and dissolved nutrients, gases,
and macromolecules in water samples. Data
obtained from these experiments will add
to our understanding of the rates of pri-
mary and secondary production and may
be useful in formulating a general model
of carbon and energy flow in antarctic
marine ecosystems. (5-046)

Physiological ecology and energetics of
Adélie penguins. Mark A. Chappell, Uni-
versity of California, Riverside. Adélie
penguins (Pygoscelis adeliae) are the
most abundant penguins in the Antarctic
and are important components of its ma-
rine ecosystem. Although investigators have
studied Adélie breeding ecology and be-

havior, many aspects of thermoregulation
in this species have not been described,
and the importance of thermal factors in
breeding is not understood. Our objective
is to describe temperature relations and
energetics during incubation and nestling
growth by focusing on two aspects of ther-
moregulation. Working in rookeries near
Palmer Station, we will measure continu-
ally the microclimate and observe penguin
behavior to establish a range of thermal
conditions in adult birds and chicks. In
the laboratory we will study physiology,
including carbon-dioxide consumption,
water loss, and ventilation rate. These data,
along with field measurements and obser-
vations, will provide insights into the sig-
nificance of heat and cold stress, the ener-
getic costs of maintaining normal body
temperature, daily energy expenditures, and
the role of thermal and climatic factors in
penguin breeding and thermoregulation.
(5-047)

Earth sciences
During the last three decades geologists

have surveyed, mapped, and described geo-
logic features in Antarctica. These inves-
tigations have enabled them not only to
understand regional geology and geophys-
ics but also to address topics that apply to
other areas of the world. These data have
supported such theories as plate tectonics
and the existence of the former supercon-
tinent Gondwana and have contributed to
the solution of more fundamental prob-
lems such as mountain-forming processes
and marginal basin evolution. With most
of the necessary reconnaissance work com-
pleted, geologist and geophysicists now
focus on determining the role of the south
polar region in global geodynamics, un-
derstanding the evolutionary history of
the endemic biota of the continent and
surrounding seas, and understanding Ant-
arctica's role in the evolution of present
ocean circulation. Geologists also are evalu-
ating mineral and hydrocarbon resource
potentials of the continent and the conti-
nental shelf.

Ultra long-period seismic and gravity
observations. Leon Knopoff and W.D.
Smythe, University of California, Los An-
geles. Because Amundsen-Scott South Pole
Station is a seismically quiet platform,
which lies on the Earth's rotational axis,
we use this site to measure long-period
oscillations of the Earth with two ultra
long-period seismometers (modified
LaCoste-Romberg gravity meters). The lo-
cation of this station on the Great Circle
Paths that coincide with portions of the
Mid-Atlantic Ridge and the East Pacific
Rise is advantageous for studying phase
velocities sensitive to the middle-mantle
structure under an oceanic ridge. We also
hope to observe motions of the Earth's
inner core. The station's location, its sym-
metric position between the oceans, and

the low noise at the site favor observa-
tions of long-period tides and free oscilla-
tions. Our goal is to attain a better under-
standing of the deep structure and lateral
inhomogeneities of the Earth. (5-050)

Geodetic satellite observations. James R.
Clynch, Applied Research Laboratories,
University of Texas at Austin. At Mc-
Murdo Station we will operate and main-
tain a geodetic satellite observatory to col-
lect dual-frequency doppler data from
polar-orbiting satellites. These satellites
transmit similar data to South Pole Sta-
tion on specific orbits; data from both sta-
tions help determine the spatial and time
variations of the ionosphere and provide
geodetic positioning controls. Data from
the South Pole will be relayed via the
South Pole satellite data link and to the
United States via the University of Texas
INMARSAT geosynchronous satellite
communications system. (S-051)

Geodesy and seismology. Lowell Starr,
U.S. Geological Survey. At Amundsen-
Scott South Pole Station two USGS tech-
nicians will operate electronic Doppler
equipment to track overflights of Navy
navigational satellites 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 Net-
work. The technicians will also operate
the station's science computer. (S-052A)

Topographic surveys. John Kelmelis,
U.S. Geological Survey. Two U.S. Geolo-
gical Survey cartographers and two New
Zealand field engineers will connect prior
surveys to create a single geodetic net-
work in the ice-free valleys of southern
Victoria Land and the Ross Island area.
This network will support 1:50,000-scale
mapping by the U.S. and New Zealand
antarctic programs. These controls will be
used later to support the Shuttle Imaging
Radar project. U.S. cartographers also
will locate the true geographic South Pole
and will check the control network near
Amundsen-Scott South Pole Station.
(S-52B)

Meteoritics. William A. Cassidy, Uni-
versity of Pittsburgh. Meteorites are use-
ful in investigating possible changes
through time in the meteoroid flux at Earth,
measuring the cosmic-ray flux in past eras,
searching events in which asteroid parent
bodies were disrupted, and defining the
abundances and characteristics of pre-solar-
system organic molecules. This austral sum-
mer we will survey from the site of the
1985-1986 Beardmore Glacier field camp
and continue to the Lewis Cliff Ice Tongue,
about 30 miles south of the field camp
site. We will systematically search for mete-
orites, map finds, collect ice samples (for
isotopic oxygen-18/oxygen-16 analyses and
age determinations), and explore poten-
tial meteorite-stranding surfaces along the
Walcott Neve. If we have enough time,
we will search for meteorites in the Do-
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minion Range. One member of our party
will go also to Amundsen-Scott South Pole
Station to check cosmic dust collectors.
(S-058)

The James Ross Island Basin and the
evolution of the Antarctic Peninsula.
David H. Elliot, Ohio State University.
The James Ross Island Basin contains the
only exposed sequence of Upper Creta-
ceous to Lower Tertiary marine strata in
Antarctica. One island of the James Ross
group, Seymour Island, has strata of
Campanian to Paleocene age and late
Eocene to early Oligocene age. These poorly
consolidated sedimentary rocks contain
plant microfossils, diverse invertebrate
fauna that is generally well-preserved,
and vertebrate faunas including the first
fossil marsupial from Antarctica. The
Campanian to Paleocene sequence spans
the Cretaceous/Tertiary boundary, which
we have tentatively located at the top of
the Lopez de Bertodano Formation. Since
1975 we have spent four austral summers
in this region. Our objectives are to deter-
mine the provenance and depositional set-
tings of the sedimentary rocks through
time and to relate these to the evolution of
the antarctic cordillera. We will map de-
posits, measure geologic sections, and
collect samples. The ages of rocks in the
basin range from late Jurassic to early
Oligocene. This age range enables us to
investigate the tectonic evolution, paleo-
current data, the provenance of detrital
sediments, and the petrology of volcanic
material. The results of our field studies
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and laboratory work will be combined with
information on the magmatic history of
the cordillera and will help establish a model
for tectonic evolution of the northern Ant-
arctic Peninsula. This history of develop-
ment will contribute to a general under-
standing of paleobiogeography and pale-
oceanography in the Southern Hemisphere
as well as an understanding of the devel-
opment of the James Ross Island Basin.
(S-060)

Tectonic development of West Antarc-
tica and its relation to East Antarctica. Ian
W.D. Daiziel, Institute for Geophysics,
University of Texas at Austin. Over several
years we have compiled data and conducted
field research to gain an understanding of
the relationship between East and West
Antarctica through geologic time. Our in-
vestigations have focused on the Scotia
Arc and the region at the base of the Ant-
arctic Peninsula extending to the Ellsworth,
Thiel, and Whitmore Mountains. During
the 1983-1984 austral summer, U.S. and
British geologists began an intensive in-
vestigation in the Ellsworth Mountains and
Martin Hills, at Mt. Smart, and near Siple
Station. Field work includes geology, pa-
leomagnetism, geochronology, and geo-
physics, with radio-echo sounding and
aeromagnetic surveys conducted by Brit-
ish geophysicists. This summer we will
work with British Antarctic Survey per-
sonnel who will conduct an airborne geo-
physical investigation in the Ellsworth
Mountains region. This investigation will
attempt to define the limits of the blocks

and determine the tectonic nature of the
ice-covered area between them. (5-063A)

Kinematic evolution of the Scotia Ridge:
a study of orogenic processes at conver-
gent plate margins. Ian W.D. Dalziel, In-
stitute for Geophysics, University of Texas
at Austin. Because the structural history
and geometry of the rocks forming the
West Antarctic-Andean Cordillera in the
Scotia Arc are now fairly well defined, we
are interested in understanding the pro-
cess that formed the Scotia Arc. Our ob-
jective is to study the kinematic evolution
of the subduction complex along the Pa-
cific margin of the Antarctic Peninsula in
the South Shetland Islands. By studying
the structure and metamorphics of the re-
gion, we hope to better understand the
movement and processes that placed this
complex in its present continental margin
setting. We also will study Tierra del Fuego
and South Georgia Island on the northern
Scotia Ridge to understand the evolution
of the southernmost Andean Cordillera.
Studies over the last 15 years have shown
that orogenic uplift in this area was initi-
ated when an Early Cretaceous back-arc
extensional basin closed in the mid-
Cretaceous. From the research ship Polar
Duke, we will conduct a multi-channel
seismic survey to determine the deep struc-
ture of the cordillera. A detailed study of
the structural and metamorphic geology
in a critical zone along the continental side
of the former back-arc basin will provide
valuable information on the kinematic de-
velopment of the orogen. (S-063 B)

Cenozoic micropaleontology and bio-
stratigraphy of the Victoria Land Basin.
Peter-Noel Webb, Institute of Polar Stud-
ies, Ohio State University. Sites in the Mc-
Murdo Sound region (Victoria Land Ba-
sin), the valley basins in the Transantarctic
Mountains, and the inland slopes and crests
of these mountains provide data crucial to
unraveling Cenozoic geology, Over the last
5 years the greatest progress has been made
in deciphering the late Paleogene (about
30 million years ago) and Neogene records,
although much is still unknown about the
early and middle Paleogene. This austral
summer we will work with the New Zea-
land Antarctic Research Program and pro-
vide on-site biostratigraphic control when
they drill a stratigraphic hole near Butter
Point. Later in the summer we will collect
rock samples along the McMurdo Ice Shelf.
Geologists have suggested that the fossil-
iferous Late Cenozoic terrestrial Sirius For-
mation, which crops out along the crest
of the Transantarctic Mountains, may have
originated in the marine "Wilkes-Pensacola
Basins" inland from the Transantarctic
Mountains. We believe that some of the
Sirius Formation marine sediments that
contain fossils may have come from a geo-
logic setting similar to the McMurdo Ice
Shelf. Consequently, by collecting sam-
ples in this region, we hope to be able
determine if the ice shelf contains marine
material with ages similar to the Paleogene,

NSF photo by Ann Hawthorne.

A geologist waits by his equipment as a U.S. Navy UH-1 N helicopter lands. The United States
began using these helicopters to support research in Antarctica in the early 1970's. Besides
supporting research near McMurdo Station, the UH-1 Ns also are used at large field camps in
remote areas of Antarctica.
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Neogene, and Pleistocene sediments of the
Sirius Formation. Although the present
McMurdo Ice Shelf is only about 6,000
years old, it may be useful for understand-
ing multiple marine and glacio-marine
phases of the Sirius Formation. Our long-
term objectives are to develop a Cenozoic
biostratigraphy based on microfossil groups
and apply paleoecological data to solving
problems of basin evolution, mountain
building, and climate fluctuation. (5-064)

Dry valley real-time telemetry seismol-
ogy. Nicholas A. Orsini and L. G. Ho! -
comb, U. S. Geological Survey Albuquer-
que Seismological Laboratory. The avail-
ability of high quality seismic data from
Antarctica is a long-term objective of many
investigators. Such data, when combined
with data from the Worldwide Standard-
ized Seismological Network, would pro-
vide needed azimuthal control for locat-
ing seismic events in the Northern and
Southern Hemispheres. During the 1983-
1984 austral summer we surveyed sites in
southern Victoria Land's ice-free valleys.
In the upcoming austral summer we will
install and calibrate propane tanks at Mt.
Newall and at a borehole site in the ice-
free valleys of southern Victoria Land and
install a borehole seismometer at the bore-
hole site for long-term monitoring of seis-
mic events. After our equipment is in-
stalled, we will activate recorders to relay
data. Eventually, data will be transmitted
in real time via a synchronous satellite to
the U. S. Geological Survey Albuquerque
Seismological Laboratory as part of a larger
seismic data collection network. (S-078)

Regional geology of the southern Ant-
arctic Peninsula. Peter D. Rowley, U.S.
Geological Survey, Reston, Virginia. The
Antarctic Peninsula and eastern Ellsworth
Land belong to a Mesozoic-Cenozoic mag-
matic arc complex that appears to be su-
perimposed on one of at least four small
lithospheric plates of continental crust in
West Antarctica. This plate, the Antarctic
Peninsula-eastern Ellsworth Land plate, is
the largest and best exposed plate and has
the greatest potential of any area in Ant-
arctica for containing economic metallic
mineral deposits. We are particularly in-
terested in the central Black Coast, the
axis of the southern Antarctic Peninsula,
and in some coastal areas of the southern
Antarctic Peninsula near the southern end
of the plate. The objectives of our investi-
gation, which will be conducted in coop-
eration with the British Antarctic Survey,
are to map, describe, and interpret the ge-
ology of these three areas. None of these
areas have been explored; they are south
of the areas studied by British geologists
and north of areas study by American ge-
ologists. Also they comprise the largest
area in West Antarctica of totally unknown
rocks. Because we will be working in an
unexplored region, various topical studies
will be developed in the field. These may
include petrology and geochemistry of plu-
tonic and volcanic rocks, structural geol-

ogy, paleomagnetism, mineral deposits,
paleontology, stratigraphy, stratigraphic
correlation, and isotope geology. The geol-
ogy of the area will be compared with that
of the nearby previously studied south-
ern Black Coast, Lassiter Coast, Orville
Coast, English Coast, and eastern Ellsworth
Land. To aid in mapping, the British Ant-
arctic Survey will supply a Twin Otter
airplane for 4 weeks. (5-080)

Volcanology of Mount Erebus. Philip
R. Kyle, New Mexico Institute of Mining
and Technology. Mount Erebus contains
a persistent convecting phonolite lava lake.
This lake, which represents the top of the
volcano's magma chamber, can be viewed
as a window through which the processes
operating within the magma chamber sys-
tem can be observed. In September 1984 a
series of large magmatic eruptions rocked
the volcano. These were probably the larg-
est eruptions since James Ross discovered
the volcano in 1841. Based on observa-
tions made in December 1984, we believe
that the volcano has begun a new cycle of
strombolian eruptions. Observations made
in December 1985 indicate that a lava lake,
15 meters in diameter, is present in a site
similar to that of the former lake. To bet-
ter understand the nature, behavior, and
evolution of the Mt. Erebus magma cham-
ber, we will continue observing the vol-
cano this austral summer and document
the nature and changes in volcanic activ-
ity. We will collect samples of material
ejected from the volcano for later analy-
sis. A detailed petrologic/geochemical/
isotopic study of these samples, as well as
samples from older lavas flows, will be
done to evaluate the petrogenesis of the
magma. We will map older lava flows and
pyroclastic deposits to examine the geo-
logic history and evolution of the volcano
and will examine the petrologic evolution
of the phonolite magma in the lake to com-
pare it to the older lava flows. We also
will determine the temperature of the lava
lake, measure the emission rate of sulfur
dioxide and particulate matter, and exam-
ine changes in the composition and crys-
tallization of the anorthoclase phonolite
magma by analyzing recently ejected ma-
terial. (5-081)

Origin and depositional setting of pre-
Devonian, coarse-clastic sequences in the
central Transantarctic Mountains: evidence
of one or more tectonic events. Margaret
N. Rees, University of Nevada, Las Vegas.
The Transantarctic Mountains extend over
4,000 kilometers between the Weddell and
Ross seas and form the western boundary
of the east antarctic craton. Within the
mountain chain and in the Ellsworth Moun-
tains in West Antarctica, Upper Proterozoic
and Lower Paleozoic rocks crop out in iso-
lated areas. From regional mapping and
some detailed studies geologists have shown
that generally these areas have similar geo-
logic histories, but these studies also have
indicated that differences in stratigraphy
and structure exist. Our study focuses on

two sequences of conglomerate and sand-
stone, one in the central Transantarctic
Mountains and the other in northern Vic-
toria Land. The similarity in stratigraphy
of the clastic sequences in these areas sug-
gests that a genetic relationship may exist
between the two geographically widespread
areas. To improve our understanding of
the tectonic and geologic history of rocks
in these areas we will analyze facies to
establish the depositional settings, evalu-
ate the sediment composition to ascertain
the lithologies and ages of the source areas,
determine ages of interbedded volcanic
rocks, collect fossils from fine-grained sedi-
mentary units to establish the age of de-
position ., and examine the relationship be-
tween the coarse-clastic sequences and
underlying formations. From these data
we will try to determine if the tectonic
setting that controlled the origin and dis-
tribution of the sequences later deformed
them. If we can determine that there is a
genetic relationship between the coarse-
clastic rocks of the Bowers terrane and
those in the central Transantarctic Moun-
tains, these data will greatly modify sci-
entific understanding of the lower Paleozoic
development of the western continental
margin of Antarctica and perhaps of
Gondwana. (5-082)

Exploration for fossil land mammals on
Seymour Island. Michael 0. Woodburne,
University of California, Riverside. In
March 1982 the discovery of mammal fos-
sils (Antarctodolps dailyi) on Seymour Is-
land confirmed theories that predicted that
past presence of land mammals, particu-
larly marsupials, in Antarctica. The re-
covered fossils were related to an extinct
South .American marsupial family Poly-
dolopidae known there in rocks about 35
to 60 million years old. We estimate that
the antarctic fossils are approximately 40
million years old and believe this indicates
that marsupials dispersed from South
America to Antarctica by at least this time.
This discovery, as well as other fossil dis-
coveries during the 1984 austral summer,
have emphasized the importance of this
region to understanding the paleontology,
biogeography, and biochronology of the
Southern Hemisphere. This austral sum-
mer we will continue to search for more
fossil mammal remains in rock formations
on Seymour Island and for additional
cetacean, bird, and plant fossils. Our in-
vestigation also will improve our under-
standing of geologic relationships and strati-
graphic controls of that portion of the
sequence that contains the Cretaceous/
Tertiary boundary. (S-084)

Paleontologic investigation of the
Cretaceous/Tertiary boundary on Seymour
Island. William]. Zinsmeister, Purdue Uni-
versity. A detailed geologic investigation
of the James Ross Island region will en-
hance understanding of the evolution and
faunal content of the late Mesozoic-early
Tertiary James Ross Island basin. It also
will help define the evolutionary relation-
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ship between this area and the Antarctic
Cordillera, the tectonic setting of the Pen-
insula region, the evolution of southern
hemisphere shallow-water biota, and the
changing patterns of land and sea con-
nections. Our objective is to complete a
geologic and paleontologic survey of the
uppermost Cretaceous and lower Tertiary
sequence on Seymour Island. We will docu-
ment stratigraphic relationships of the
Cretaceous-Tertiary boundary and the oc-
currences of invertebrate and vertebrate
fossils. In other areas of the world an irid-
ium anomaly has been reported at the
Cretaceous-Tertiary boundary. To deter-
mine if this anomaly occurs in the Ant-
arctic Peninsula region, we will collect sam-
ples for geochemical analysis; samples from
above and below the boundary also will
be collected for radiometric dating. (5-086)

Geochemical studies of Paleozoic gra-
nitic rocks of the central Transantarctjc
Mountains. Donald J. DePaolo, Univer-
sity of California, Los Angeles. In the cen-
tral Transantarctic Mountains between the
Nimrod and Beardmore glaciers, an ex-
posed segment of bedrock appears to strad-
dle the boundary between old Precambrian
craton and late Precambrian geosynclinal
sediments. Also, in this region the Paleozoic
batholith clearly overlaps the edge of
Precambrian basement. During the 1985-
1986 austral summer we completed recon-
naissance mapping and sampling of gran-
ites in the central Transantarctic Moun-
tains between Nimrod and Ramsey glaciers.
This austral summer we will map and sam-
ple granites and metamorphics in the Miller
Range and granitics rocks in the Gabbro
Hills region, south of the mouth of the
Shackleton Glacier. By working in the
Miller Range, we will be able to investi-
gate in detail the structural geology and
metamorphic petrology of Precambrian
metamorphic rocks and complete sampling
of Paleozoic granites. In the Gabbro Hills,
we will extend our sampling to an area
that geologists believe was the furthest edge
of the continental margin during the late
Precambrian and early Paleozoic. Our ob-
jectives are to understand the petrogene-
sis of the granitic rocks, to investigate the
age and origin of the Precambrian base-
ment rocks, and to develop tectonic-
magmatic models of early Paleozoic evo-
lution of the continental margin. Because
igneous rocks intrude into both geosyn-
clinal metasedimentary rocks and Pre-
cambrian crystalline basement in this re-
gion, we will be able to use neodymium,
strontium, oxygen, and uranium-lead iso-
topic systematics to assess what role crustal
assimilation had in the origin of the gra-
nitic magmas. Using neodymium and stron-
tium isotopic systems, we will determine
the age and vertical structure of the Pre-
cambrian basement rocks about which lit-
tle is known. Our analytical work includes
electron microprobe analysis, analysis for
major and trace elements, and isotopic anal-
ysis. The results of this study will help
September 1986

explain the petrologic evolution of the
Transantarctic Mountains. (5-094)

Cretaceous and Tertiary palynology of
the James Ross Island basin and western
Ross Sea. Rosemary A. Askin, Colorado
School of Mines. Our objective is to es-
tablish a biostratigraphic zonation for the
marine and nonmarine palynomorph suc-
cession of Seymour, Snow Hill, and James
Ross islands. Samples collected on Sey-
mour Island during three expeditions have
yielded rich palynomorph assemblages, in-
cluding many new species. Some of these
have been found in sediment cores from
the Ross Sea, but others are apparently
peculiar to the James Ross Island basin.
We will collect additional samples and cor-
relate our age and environmental inter-
pretations with other paleontologic and
sedimentologic studies. From the result-
ing Cretaceous-early Tertiary palyno-
stratigraphic reference sequence, we will
be able to better define ages elsewhere in
Antarctica. We also hope to determine the
depositional environment, nature of the
original plant communities, and major envi-
ronmental changes in the James Ross Is-
land basin. (S-097)

Glaciology and glacial
geology

Antarctica's ice sheet covers 97.6 per-
cent of the continent in thicknesses up to
4.8 kilometers. Its history, derived from
ice cores, the terrestrial geologic record,
and the marine sedimentary record, re-
veals the history of climatic change and
environmental conditions in Antarctica. By
studying the continent's glacial history,
scientists also learn about the impact of
humans on the atmosphere, the timing of
northern and southern hemisphere glaci-
ations, global ocean circulation, and the
dynamic response of ice to changes in the
atmosphere and ocean boundary changes.
From deep ice cores taken from the east
antarctic ice sheet, glaciologists have ac-
quired a 150,000-year record; continued
study of deep ice cores from the antarctic
ice sheet could provide a climatic record
for more than 500,000 years. Data from
ice-free areas of Antarctica have enabled
glacial geologists to develop models on ice-
sheet fluctuations and soil development.
Over the last 30 years, such technological
advances as radar-echo sounding and
Doppler-satellite positioning have provided
new data on ice thickness, internal layer-
ing in the ice sheet, and the velocity of ice
movement. With this information and with
data from ice cores, glaciologists are de-
termining ice sheet stability, understand-
ing the role of ice in climate, and assess-
ing the potential impact of the antarctic
ice sheet on sea level.

Ice core drilling. Karl C. Kuivinen, Uni-
versity of Nebraska. Ice cores provide valu-
able information on past atmospheric con-

stituents and climate. We will drill at two
sites in East Antarctica—one near the old
U.S. station Plateau (82°S 43°E) and one
to the west of an ice divide within the
Ross Ice Shelf catchment basin (approxi-
mately 82 0 S 86 0 E)—to support investiga-
tors from Ohio State University (5-171).
At each site we will collect a 150-meter
core and a 50-meter core. In addition, three
members of our group will go to Byrd
Surface Camp in West Antarctica to be-
gin relogging the 2,164-meter core hole
drilled in 1968. While at Byrd, we will do
reconnaissance, extend the casing in the
core hole, and drill an access hole. (5-150)

Development of a radar system for ice
probing. Richard K. Moore, University of
Kansas. Radars for probing the ice sheets
in Antarctica and Greenland have been
used for extensive surveys since the 1950's.
Although several surveys have been done
in Antarctica, the need exists to expand
these to obtain data not only for general
studies but also for detailed investigations
aimed at answering questions related to
mass balance and flow of ice from the
west antarctic ice sheet. A number of ra-
dar systems have been operated in Ant-
arctica, but these are becoming outdated
and need to be replaced. We have designed
a system that uses coherent radar tech-
niques to achieve a high signal-to-noise
ratio with relatively low-power, solid-state
transmitters. The system will be capable
of taking measurements from a sled or
from a Twin Otter airplane; a second ver-
sion will be designed for use on a ski-
equipped Hercules (LC-130) airplane.
Working at South Pole Station this aus-
tral summer, we will test the measuring
capabilities of a sled-drawn 150 megahertz
radar with a probing accuracy of 5 meters
at 50-meter intervals. This will enable us
to see how well the radar works in the
field. (5-152)

Late Cenozoic glacial history and soil
development. George H. Denton, Univer-
sity of Maine. The history of antarctic ice
dynamics relates to the causes of global
ice ages and provides insights into the be-
havior of past northern hemisphere ice
sheets. During the Quaternary, changes
in sea level and precipitation controlled
ice-sheet fluctuations, as ground ice re-
peatedly covered peripheral continental
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. This austral sum-
mer our field work will concentrate the
ice-free valleys of southern Victoria Land.
Working near the Rhone Platform and Tay-
lor Glacier, we will collect volcanic rocks
for radiometric dating to determine when
the east antarctic ice sheet overrode the
Transantarctic Mountains. In the eastern
Wright Valley, we will complete mapping
of moraines and glacial drift to tie together
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An ice sheet, which at its thickest is almost 3 miles deep, covers 97.6 percent of Antarctica.
Data from ice cores taken from the ice sheets in East and West Antarctica help to describe
past climates, changes in the atmosphere and world sea level, human impact on the atmo-
sphere, and terrestrial, volcanic, and cosmic fallout.

NSF photo by Ann Hawthorne

the valley floor moraines with basal till
deposited when the east antarctic ice en-
tered this area. We will also complete map-
ping of moraines and drifts in Arena Val-
ley in the Quartermain Range. Data ob-
tained from this site when combined with
data from the Beardmore Glacier region,
the Ellsworth Mountains, and northern
Victoria Land will help us to reconstruct
the east antarctic ice sheet during the time
that it overrode the Transantarctic Moun-
tains. We also will complete mapping of
moraines and drift sheets in Beacon Val-
ley and near Mt. Feather. (5-156)

Late Cenozoic glacial history and soil
development. James G. Bockheirn, Uni-
versity of Wisconsin, Madison. The his-
tory 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 Qua-
ternary, eustatic sea level and precipita-
tion controlled ice-sheet fluctuations, as
grounded ice repeatedly covered periph-
eral continental shelves. By combining geo-
logic and soil studies we have developed a
model for late Cenozoic ice-sheet fluctua-
tions and soil development. The model has
enabled us to infer multiple, earlier glaci-
ations 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, we will work with in-
vestigators from the University of Maine
(S-156) in the ice-free valleys of southern
Victoria Land. In Taylor and Wright val-
leys and nearby mountain areas, we will

use soils in relative-age dating of glacial
deposits and study the nature, distribu-
tion, and origin of salts in the soil. These
data, combined with other data from south-
ern Victoria Land and the Beardmore Gla-
cier area, will not only help to test our
model but also contribute to an under-
standing of antarctic soil formation over
the last several million years. (5-161)

Glaciological and climatological analy-
sis of the past 2,000 years from ice cores.
Ellen Mosley-Thompson and Lonnie G.
Thompson, Ohio State University. Recent
analysis of intermediate-depth (500 me-
ters or more) ice cores, which record Late
Wisconsin and Holocene climate, demon-
strate that large-scale climate fluctuations,
such as glacial and interglacial periods,
occur at approximately the same time
worldwide. Paleoclimatic investigations in-
dicate that records in ice cores, tree rings,
and lake sediments can be used to resolve
short-term climate variations. Because of
paleoclimatic reconstructions based on these
short-term records, scientists believe that
climatic events once thought to be regional
are local manifestations of global climate
fluctuations. Our objective is to ascertain
the spatial and temporal coherence of cli-
matic variations (inferred from ice cores)
across Antarctica. Data that describe ant-
arctic paleoclimatic history will be incor-
porated with data from other latitudes to
produce a global synthesis of climatic varia-
tions over the last 1,000 to 2,000 years.
To obtain data, drillers will retrieve four
ice cores, two 100-meter cores and two
50-meter cores, from two sites in East Ant-

arctica. Previous studies near the former
U.S. station Plateau suggest that a 150-
meter core from this area should include
approximately a 2,600-year record. Al-
though accumulation rates have not been
estimated for the second site, which is west
of an ice divide lying within the Ross Ice
Shelf catchment basin, we believe that a
150-meter core should record about the
same or slightly shorter number of years
than the Plateau Station core. Such shallow-
depth ice cores that document climate varia-
tions since the Holocene are essential for
interpreting longer records and, as some
scientists believe, may provide important
data for predicting future climates. Near
each coring site, we will excavate two snow
pits, take three shallow cores (two 15-meter
and one 6-meter), record densities and vi-
sual stratigraphy in each snow pit, and
collect additional samples for analysis. In
our laboratory we will analyze samples
for concentration and size distribution of
insoluble particulates and use ion chro-
matography to study specific ion species.
The concentration and chemical nature of
these particulates provide information
about the types of atmospheric particu-
lates deposited during the time recorded
in the ice cores. (S-171)

Geological and geochemical study of Ele-
phant Moraine, Allan Hills. Gunter Faure,
Ohio State University. Elephant Moraine,
which is located about 70 kilometers west
of Reckling Peak and 80 kilometers north
of the Allan Hills on the east antarctic ice
sheet, consists of a thin layer of rock frag-
ments. We believe that this moraine be-
gan to form about 30,000 years ago when
the east antarctic ice sheet had thinned
significantly in this area. Also our data
suggest that Elephant Moraine is forming
at a site where a series of ridges that are
part of the western flank of the Trans-
antarctic Mountains is emerging from be-
neath the ice sheet. These rocks, along
with rocks from a nearby basin that opens
to the north, resemble cirques that may
have formed during the beginning of gla-
ciation in Antarctica when today's outlet
glaciers were valley glaciers that drained
the ice that accumulated at higher eleva-
tions in the Transantarctic Mountains, This
austral summer we will map Reckling Mo-
raine and do geophysical studies near
Reckling and Elephant moraines. We also
will remeasure ablation stakes set up in
1985. (S-189)

Ocean sciences
The southern ocean is important for

understanding the history of the world's
oceans, changing oceanic conditions, and
climatic and glacial history. During the
last 30 years, circumpolar and regional sur-
veys have significantly advanced scien-
tific understanding of sea-floor spreading
as the Earth's primary geophysical pro-
cess, the complex nature of the circum-
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antarctic current, the formation of Ant-
arctic Bottom Water (a cold, dense water
mass that sinks and spreads globally), and
climatic cycles and variations as recorded
in ocean bottom sediments. The use of
data obtained by polar-orbiting satellites
is improving understanding of such oce-
anic features as the changing sea-ice cover
and surface temporal variability of the Ant-
arctic Circumpolar Current. In the future
satellite observations and real-time trans-
mission of data from unmanned systems
will augment existing data on the nature
of southern oceans, particularly during the
austral winter. Such data on the air-ice-
ocean interactions during the austral sum-
mer and winter is crucial to discern Ant-
arctica's role in global climate change.

Marine geology of the Antarctic Penin -
sula continental margin. John B. Ander-
son, Rice University. Since 1979 we have
collected and described sediments that blan-
ket the antarctic sea floor; we have re-
lated sedimentary facies to glacial and oce-
anic conditions. This austral summer we
will investigate gravity-driven sediment
transport in the McMurdo Sound region.
We selected McMurdo Sound because it
includes various glacial marine settings
within a single, relatively small and acces-
sible shelf basin and because we are inter-
ested in the origin of submarine canyons
on the western platform of the Sound and
their role in sediment transport to the ba-
sin floor. During February 1987 from the
U.S. Coast Guard ice-strengthened ship
Glacier, we will conduct marine geologic
and geophysical surveys in two areas—
Sulzberger Bay and McMurdo Sound. We
will take piston cores and conduct seismic
profiling to examine the glacial history of
the region and compare the Quaternary
glacial record from McMurdo Sound with
the adjacent Ross Sea shelf, as well as study
sedimentation processes in this unique shelf
setting. Sample locations and descriptions
of materials collected will be made avail-
able to other investigators through the Ant-
arctic Marine Geology Research Facility
at Florida State University and through
publication. (5-207)

Ross Sea heat flux experiment. R. Dale
Pillsbury, Oregon State University, and
Stanley S. Jacobs, Lamont-Doherty Geo-
logical Observatory of Columbia Uni-
versity. In situ melting of ice shelves by
above-freezing sea water is a factor in ice-
shelf mass balance, which, in turn, may
relate to the mass balance of the west ant-
arctic ice sheet and to sea level. Since 1983,
we have focused on understanding ocean
circulation on the antarctic continental shelf
and the interactions of the ocean, sea ice,
and glacial ice. Primarily, we are studying
heat transport into the sub-ice shelf cav-
ity via a relatively warm current "jet" that
crosses the continental shelf at intermedi-
ate depths. Ice-shelf melting and winter
formation of sea ice strongly influence
shelf-water thermohaline and geochemi-
cal characteristics and, consequently, con-
September 1986

tribute significantly to the formation of
Antarctic Bottom Water. During January
and February 1987, investigators from Ore-
gon State University and Lamont-Doherty
Geological Observatory will work aboard
the U.S. Coast Guard icebreaker Polar Sea.
Oregon State investigators will recover one
current-temperature-conductivity meter
(CTD) deployed during the 1984-1985 aus-
tral summer and will do data reduction.
Lamont-Doherty investigators will mea-
sure and interpret temperature, salinity,
and density fields by collecting and pro-
cessing CTD and expendable bathyther-
mograph (XBT) data. XBTs will be released
along the Ross Ice Shelf and at hydro-
graphic stations at about 168°E and at
172°30'W where an array of current me-
ters was moored in early 1985; these cur-
rent meters will be retrieved this year. By
recovering and extending the time period
of these data sets that are near an inflow
of warm water to the sub-ice shelf cavity,
we hope to learn more about the variabil-
ity of Ross Sea circulation and about the
interactions of ocean and glacial ice. (5-211)

Sinking and suspended particulate matter
on the continental shelf. Robert B. Dun-
bar, Rice University. Modern antarctic shelf
sediments have sources and transport paths
that are unique to the present glacial set-
ting. Studies during three previous aus-
tral summers along the antarctic continental
margin have shown that biotic and physi-
cal processes affect sediment transport and
deposition. Through surface sediment ex-
periments that estimate the sinking flux
of particulate matter and reveal different
depositional styles at various points we
will characterize sedimentary processes on
the antarctic continental shelf. For exam-
ple, in the Bransfield Strait biogenic phases
of rapid transit to the sea floor are diluted
within the mid- and deep-water column
by materials eroding from the continent,
while, in the Ross Sea, the amount of
material from the continent is low and
biogenic-aggregate residence times in the
water column are high. This austral sum-
mer we will extend our investigation of
sediment processes in the southwestern
Ross Sea. Between October and Decem-
ber 1986 we will sample particulate mat-
ter with sediment traps at 11 sites below
the sea ice in McMurdo Sound—near
Barnes Glacier, Erebus Glacier Tongue,
Cape Chocolate, New Harbor (2 sites),
Granite Harbor (3 sites), Tripp Bay, Cape
Crozier, and the southern Erebus Basin.
We also will test an acoustic release de-
vice, which will be used during future aus-
tral summers, if possible, and deploy a
single lightweight wire-and-rope sediment-
trap mooring from the edge of the Ross
Ice Shelf near Cape Crozier. In January
and February 1987 we will retrieve the
sediment trap mooring, collect surface sedi-
ments, and conduct a high-frequency seis-
mic survey of several regions in McMurdo
Sound from the U.S. Coast Guard ice-
strengthened ship Glacier. This phase of

the project will be conducted in conjunc-
tion with other marine geologists from Rice
University (5-207). Our investigation is
part of an integrated study to measure pri-
mary production in surface waters, parti-
cle fluxes at depth, and sediment accumu-
lation rates on the sea floor. The results
will provide data for paleo-oceanographic
studies and for investigations of geochemi-
cal cycles of nutrient elements in the south-
ern oceans. We will also characterize the
input of aeolian debris to McMurdo Sound,
the flux of which to antarctic shelf sedi-
ments is presently unknown. (S-216)

Chronometry and geochemistry of
antarctic siliceous sediments. David J.
Demaster, North Carolina State University.
In marine environments silica (Si0 2 ) is an
important nutrient used by such organ-
isms as diatoms, radiolaria, siliceous
sponges, and silicoflagellates for growth
and formation of skeletal material. The
best estimate of the dissolved silica sup-
ply to the oceans is 4.6 x 1014 grams per
year. Based on reported biogenic silica ac-
cumulation rates, only 70 percent of the
silica supplied to the oceans can be ac-
counted for in marine siliceous deposits.
On the antarctic continental shelf biogenic
silica accumulation accounts for 1.4 x 1014

grams, a significant portion of the "miss-
ing silica." During 2 years of antarctic
research we have documented an accu-
mulation of 0.4 x 1014 grams of biogenic
silica per year in Ross Sea sediments. If
these accumulation rates in the Ross Sea
are typical for the rest of the antarctic
continental shelf, the total amount of bio-
genic silica in this repository may be as
high as 1.3 x 1014 grams each year. Ex-
tending our earlier research, we will col-
lect sediment cores while working aboard
the Polar Duke from the antarctic conti-
nent shelf on the west coast of the Ant-
arctic Peninsula. Sediment accumulation
rates in these deposits will be determined
by using lead-210. For three cores taken
from beneath Polar Front, we will use
radium-226/thorium-230, protactinium-
231, and thorium-230 to establish rates of
sediment accumulation. We are also in-
terested in the rapidly accumulating sili-
ceous sediments located beneath the Polar
Front because 36 percent of the dissolved
silica that reaches the oceans accumulates
in these deposits. (5-220)

Winter Weddell Sea project 1986: physi-
cal oceanography. Arnold L. Gordon,
Lamont-Doherty Geological Observatory,
Columbia University. The southern oceans
are major components in the ocean-
atmosphere system. The region is the domi-
nant area for deep-water formation and
ocean ventilation and is an important cli-
mate modulator because of the insulating
effect and high albedo of the extensive
seasonal sea-ice cover. The sea ice is cou-
pled to the ocean-atmosphere system; its
temporal and spatial distribution is deter-
mined by the nature of atmospheric forc-
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ing and the ocean's density structure.
Measurements made during the ice-free
austral summer suggest the winter ocean-
atmosphere coupling significantly affects
global heat, water, and gas budgets. Data
on winter conditions in the southern oceans
are limited to inferences from summer ob-
servations, data acquired during the 1981
U.S.-U.S.S.R. investigation of the north-
ern third of sea ice, Weddell Sea, observa-
tions from a few coastal stations, and data
obtained in 1912 during the Deutschland
cruise. Between June and November 1986
U.S. and West German scientists aboard
the West German icebreaker Polarstern
will investigate the Weddell Gyre in the
Weddell Sea. During two 80-day cruises
we will take measurements by lowering
conductivity-temperature-depth (CTD) and
current meter profiles from the ship and
its helicopters, either through openings in
the sea ice or in polynyas. Our objective
is to better understand the ocean-ice-
atmosphere coupling in this region, water
mass conversion, and deep ocean ventila-
tion. Working with investigators from West
Germany and Great Britain, we will ob-
tain a data set that will add significantly
to sea-ice, ocean circulation, and global
climate modeling. It will provide ground-
truth for satellite data and essential infor-
mation on surface, deep, and bottom wa-
ter formation, sea-air heat flux, and uptake
of carbon-dioxide and other substances by
the ocean. (S-221)

Winter Weddell Sea project 1986:
collection and modeling of upper ocean
temperature/salinity data from ice-locked
drifters. Douglas Martinson, Lamont-
Doherty Geological Observatory, Colum-
bia University. As participants in the U.S.-
West German investigation of the Weddell
Gyre, during the 1986 austral winter we
will collect temperature/conductivity
time series data from the upper regions of
the ocean and refine our model of the
ocean/sea ice coupling. To improve our
understanding of the air-sea-ice coupling
in the southern ocean, we will determine
fluxes across the ocean-atmosphere bound-
ary under different air, sea, ice, and lead
conditions and study the dominant mech-
anisms and extent of water mass conver-
sion that is brought about by forcing when
the ocean is ice covered. Our data and
model, in addition to complementing other
components of this program, will be a ba-
sis for future studies and will provide an
observational foundation for future mod-
els. (S-219)

Winter Weddell Sea project 1986: chloro-
fluoromethanes. Ray F. Weiss, Scripps In-
stitution of Oceanography. As part of the
U.S.-West German multi-disciplinary proj-
ect of the Weddell Gyre (see S-221), we
will study winter distributions of anthro-
pogenic chlorofluoromethanes CC1 3F (F-il)
and CC1 2 F 2 (F-12) and investigate winter
surface water and atmospheric distribu-
tions of carbon dioxide, nitrous oxide, and

methane. Dissolved atmospheric F-li and
F-12 can be used as time-dependent tracers
of ocean circulation and mixing processes
on decadal time scale. From laboratory in-
vestigations which were conducted dur-
ing the 1984 austral summer, we know
that this type of measurement is well-suited
for studies in the Weddell Gyre. Winter
measurements should help significantly in
studying the mechanisms and rates of Wed-
dell Sea deep and bottom-water forma-
tion and in determining the role of winter
air-sea exchange in ventilating water masses
in this region. To measure carbon diox-
ide, nitrous oxide, and methane in the sur-
face waters and atmosphere, we will use
automated, high-precision gas chromatog-
raphy along the entire cruise track. These
data will help to determine the role of the
Weddell Gyre as a winter source or sink
of these environmentally important atmo-
spheric trace gases. (S-222)

Winter Weddell Sea project 1986:
nutrients. Louis I. Gordon, Oregon State
University. During the winter cruise of
the West German icebreaker Polarstern (see
5-221), we will study dissolved oxygen,
nutrients, and particulate silicon. We plan
to extend, geographically and temporally,
observations reported by A. Gordon in
1984 of dissolved oxygen depletion in Wed-
dell surface water under the sea ice. By
extending these observations, we will im-
prove preliminary estimates of deep-water
entrainment into ice-covered surface wa-
ters of the Weddell Sea. Oxygen and nu-
trient data will augment our understand-
ing of the chemistry of the surface waters
and will help us compare phytoplankton
production in summer to calculated nutri-
ent depletion in winter. We will measure
the concentrations of particulate biogenic
silica and mineral silica in shallow and
deep water to help explain where silicic
acid (relative to nitrate and phosphate) is
concentrated. We will use our data to evalu-
ate hypothetical water-type histories and
trajectories that are necessary for inter-
preting time-dependent, geochemical tracer
data sets obtained by other investigators
during this cruise. (S-223)

Winter Weddell Sea project 1986: car-
bon dioxide. Taro Takshashi, Lamont-
Doherty Geological Observatory, Colum-
bia University. Based on recent measure-
ments of the partial pressure of carbon
dioxide in surface waters, we estimate that
oceans in the Southern Hemisphere (south
of about 30 0S) take up carbon dioxide from
the air at an annual rate equal to 25 per-
cent of the annual industrial emission rate
of carbon dioxide. Working with other
U.S. and West German investigators aboard
the Polarstern (see S-221), we will collect
about 1,000 surface and subsurface water
samples that will be analyzed for partial
pressure of carbon dioxide and total carbon-
dioxide concentration. A second 1,000 sam-
ples will be collected and stored for alka-
linity determinations in our laboratory. Our

objective is to determine how summer con-
ditions differ from winter conditions, when
a large part of the southern oceans is ice-
covered. From previous investigations we
know that in the summer the southern
oceans are a strong net sink for atmo-
spheric carbon dioxide. But during the win-
ter the sea-ice cover prevents the air-sea
gas exchange. Additionally, beneath ice
the mixing layers receive Weddell deep
water by entrainment. At times the partial
pressure of carbon dioxide in this layer
apparently exceeds the partial pressure of
carbon dioxide in the atmosphere. When
the sea ice melts in the spring, this water
is exposed and releases the carbon diox-
ide; consequently, the region becomes a
net source of carbon dioxide. The partial
pressure is lowered as photosynthesis uses
the carbon dioxide in the air during the
summer. Because geographic variability of
carbon chemistry in this water layer is not
known, we will investigate it and its rela-
tionship to oceanic features, as well as de-
termining the carbon chemistry in this wa-
ter and its influence on the overlying winter
mixed layer. Additional measurements of
chlorofluorocarbons will determine the
transient increase in total carbon-dioxide
concentration in the ocean water that re-
sults from increased amounts of atmo-
spheric carbon dioxide from industrial emis-
sions. Ultimately, our research will help
to explain the nature of chemical and bio-
logical coupling and feedback of carbon
dioxide in the atmosphere-ocean-climate
system. (5-224)

Winter Weddell Sea project 1986:
krypton-85. William M. Smethie, Jr.,
Lamont-Doherty Geological Observatory.
Krypton-85, a radioactive inert gas with a
half-life of 10.76 years, forms when ura-
nium undergoes fission. Because nuclear
testing and use of nuclear reactors have
increased over the last 30 years, the con-
centration of krypton-85 has increased in
the atmosphere. This gas enters the ocean
by gas exchange and reaches an equilib-
rium in about 1 month. Krypton-85 is a
powerful tool for tracing how surface ocean
water enters the deep ocean because the
approximate amount of time that it takes
for the gas to be incorporated in surface
waters is known. As part of the U.S.-West
German investigation of the Weddell Sea
(see S-221), we will measure krypton-85
to investigate mechanisms and rates of
deep-water formation in the Weddell Gyre
and the Weddell Sea, to determine the ex-
tent to which the winter surface-mixed
layer is in equilibrium with atmospheric
gases, and to establish the rate of gas ex-
change between the winter surface-mixed
layer and the atmosphere. We also want
to determine accurately the krypton-85 con-
tent of Antarctic Bottom Water because it
is one of the major abyssal water masses
in the Atlantic Ocean and mixes with other
water masses far north of the equator. To
interpret previously obtained samples col-
lected in northern and tropical Atlantic
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NSF photo by Ann Hawthorne.

An oceanographer lowers a CTD into the
Ross Sea from the U.S. Coast Guard ice-
breaker Polar Star. This instruments mea-
sures salinity, temperature, and depth and
enables oceanographers to describe the struc-
ture of water masses.

Ocean waters, we need to know how much
krypton-85 is contributed by the south-
ern oceans. (5-225)

Weddell Sea sediment trap experiment.
Susma Honjo, Woods Hole Oceanographic
Institution. Because of ice cover and lack
of input from rivers, the sources, processes,
and fate of organic matter in polar re-
gions differ significantly from those in
lower latitudes. Although recent research
has helped to clarify biogenic carbon and
other organic matter distribution and sed-
imentation processes in the antarctic con-
tinental shelf region, sedimentation pro-
cesses in pelagic areas of the southern
oceans are still not well understood. Our
objective is to clarify the flux, origin, sea-
sonality, and mode of vertical transport
of biogenic and lithogenic particles in the
pelagic Weddell Sea. The Weddell Sea is
one of the largest sea-ice environments on
Earth. As the ice-edge retreats each sum-
mer, a unique set of ecodynamics, which
may control biogenic and lithogenic sedi-
mentation in pelagic polar oceans, is gen-
erated. We are interested in describing the
relation of particle flux to the seasonal
succession of organic production and con-
sumption that occurs throughout the year,
especially in the open ocean. Another ques-
tion is whether or not particles produced
in the open ocean are suspended or dis-
solved under the ice during the austral
winter. Continuing our 1985-1986 exper-
iment, we will deploy time-series sediment
traps, along with a time-series suspended
particle/water collector, from the West Ger-

man research ship Polarstern at two depths
where the annual ice coverage is about 70
percent. Data from our research will be
applicable to the southern oceans and to
other oceans frequently or permanently
covered with ice. (S-226)

Winter Weddell Sea project 1986:
sea ice. Stephen F. Ackley, U.S. Army
Cold Regions Research and Engineering
Laboratory. Sea-ice cover in the southern
oceans uniquely constrains the type of in-
teractions that are possible between the
ocean and the atmosphere. For example,
ice-cover can alter greatly the albedo of
the surface and the turbulent exchange
from the ocean to the atmosphere. The
region near the Weddell Gyre is a major
dynamic area because sea ice undergoes a
seasonal change of several million square
kilometers. A large cyclonic subpolar gyre
dominates the intense ocean currents in
this area which is at the southern bound-
ary of the westerly winds in the Southern
Hemisphere, one of the more intense large-
scale circulation features in the Earth's at-
mosphere. As part of the U.S.-West Ger-
man investigation of the Weddell Sea (see
5-221), we will participate in two cruises
between July and November 1986. Our
objective is to understand sea-ice-air pro-
cesses to verify models and better use sat-
ellite remote-sensing to quantify these pro-
cesses on hemispheric and seasonal scales.
To meet these objectives, we will study
mesoscale ice deformation, ice surface mor-
phology and physical properties, and physi-
cal, chemical, and biotic properties of ice
cores. (5-227)

Bransfield Strait hydrothermal activity.
Erwin Suess, Oregon State University. The
Antarctic Peninsula formed as an "island
arc" between the early Jurassic and Miocene
when the Pacific plate was subducted be-
neath the antarctic plate. The South Shet-
land Islands, originally part of this arc,
were separated from it when the Bransfield
Strait opened, beginning about 1.4 mil-
lion years ago. This separation, which is
consistent with classical back-arc rifting,
is still active. Our work with the scientists
from West Germany's Alfred-Wegener In-
stitute for Polar Research confirms this
interpretation. The most convincing evi-
dence that we have found is that there are
submarine seeps of hydrothermal petro-
leum and slow advection of fluids through
the sediment covering the axis of spread-
ing. During the 1986-1987 austral sum-
mer, we will study the geochemistry, pe-
trology, and oceanography of the Bransfield
Strait to characterize early back-arc vol-
canism and to document and quantify hy-
drothermal interaction between volca-
nism and basin sediments. We will dredge
dikes that penetrate basin sediments, core
sediments across the axis of spreading, and
survey the lower water column for tem-
perature, radon, and anomalous silica and
manganese contents. This study will help
constrain mass flux estimates associated

with back-arc activity, yield new insight
into thermal alteration mechanisms affect-
ing marine organic matter, and may con-
tribute to a better differentiation between
back-arc basin basalts and mid-ocean ridge
basalts and help in understanding the ori-
gin of ophioloites. This joint project be-
tween U.S. and West German ocean sci-
entists will be conducted from the West
German research ship Polarstern. (5-228)

Lower atmosphere studies
Antarctica affects and is affected by

global climate. The coldest continent and
the planet's largest heat sink, Antarctica
appears to be important in long-term cli-
mate variability. Since the International
Geophysical Year, scientists have studied
the continent's climate and its various geo-
graphic regimes. From this research they
have come to understand the major sea-
sonal features of atmospheric circulation,
the radiation and energy balances that af-
fect climate and circulation, the nature of
katabatic winds, and the transport of gases
and aerosols. Today, research is directed
toward such problems as the large-scale
nature of the antarctic sink and its varia-
tions, coupled air-ice-sea interactions, how
Antarctica affects global processes, and
the response of Antarctica to climate
change.

Winter meteorology in the McMurdo
Sound region. Austin Hogan, State Uni-
versity of New York, Albany. During the
30 years that Amundsen-Scott South Pole
Station has operated, meteorologic and
ozone observations have shown few in-
stances of deep mixing or stratosphere-
troposphere exchange. Ozone recordings
obtained at the surface near McMurdo
Station during late winter indicate that
stratosphere-troposphere exchanges occur
more frequently at this location than on
the polar plateau. Our objective is to de-
termine the atmospheric layers through
which the various materials are transported
to Antarctica and how these materials are
transformed while enroute. This informa-
tion is vital to climate modeling that in-
cludes aerosols as a component of the ra-
diation budget and to an understanding
of aerosol transport processes related to
glacial and climatic history. During Sep-
tember and October 1986 we will examine
aerosol and ozone exchange parameters
near McMurdo Station. To do this we will
measure sodium, sulfur, and soot compo-
nents of aerosols and compare the time
scale with the variation of meteorological
events. These measurements and obser-
vations will enable us to estimate the ex-
change of marine and combustion-related
aerosol components in Antarctica. (S-255)

Global monitoring for climatic change.
James T. Peterson, Environmental Research
Laboratories, National Oceanic and At-
mospheric Administration. Our team will
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continue long-term measurements of trace
atmospheric constituents that may influ-
ence climate. Two wintering personnel will
measure carbon dioxide, surface ozone,
winds, pressure, air and snow tempera-
ture, atmospheric moisture, and trace con-
stituents from the station's clean air facil-
ity. The objectives are to determine the
rate at which concentrations of these at-
mospheric constituents change and to ex-
amine sources, sinks, and budgets. Working
with climate modelers and diagnosticians,
we will use these data to determine how
the rate of change in aerosol concentra-
tions affects climate. In support of this
project, personnel at Palmer Station will
collect carbon dioxide samples for us.
(S-257)

The windfield near Terra Nova Bay. Da-
vid H. Bromwich, Ohio State University,
and Thomas R. Parish, University of Wy-
oming. Katabatic (or gravity-driven) winds
occur frequently along the steep coastal
rim of Antarctica. The dynamics and be-
havior of these winds have been docu-
mented at various locations, but the
actual forcing mechanisms and the rela-
tionship between coastal katabatic winds
and interior conditions are not well un-
derstood. We know that the surface wind
pattern over Antarctica is irregular and
that cold air drainage patterns in the inte-
rior may influence the strength and per-
sistence of katabatic winds. Where nega-
tively buoyant air from a large interior
catchment drains through a narrow sec-
tion of the coastline, katabatic winds can
be considerably strengthened. Field stud-
ies and theoretical evidence indicate that
Terra Nova Bay is one of these regions. In
this project, we will document the near-
surface kinematic behavior of the katabatic
flow using automatic weather stations and
airborne surveys of sastrugi orientation.
By using instrumented airplanes and sat-
ellite imagery, we will determine the physi-
cal characteristics of the boundary layer
over the coast and near-interior sections
of the region near the bay. Other objec-
tives are isolating the dynamic and ther-
modynamic mechanisms responsible for
anomalous longevity of katabatic flow away
from the foot of the steep coastal slopes,
evaluating the impact of synoptic scale
disturbances on katabatic winds near the
coast, numerically simulating the windfield
over the Terra Nova Bay region and as-
sessing the performance of this model. In
November 1986, investigators from Ohio
State University will measure the bound-
ary layer structure from instrumented air-
planes and photograph sastrugi orienta-
tion. In January 1987, investigators from
the University of Wyoming will select sites
for and oversee the deployment of auto-
matic weather stations. (S-262 and 5-263)

Automatic weather stations: operation
and research. Charles R. Stearns, Univer-
sity of Wisconsin. Although information
taken from satellites on antarctic weather

patterns is valuable, surface data are needed
for confirmation. Automatic weather sta-
tions (AWS) measure surface pressure, air
temperature, wind speed, and wind direc-
tion and transmit the data to satellites for
interrogation by ground stations. We will
use the weather stations to study the bar-
rier wind along the Transantarctic Moun-
tains, vertical motion and sensible and la-
tent heat flux from the Ross Ice Shelf,
foehn winds flowing from the Beardmore
and Byrd glaciers onto the Ross Ice Shelf,
katabatic flow at Reeves Glacier, and propa-
gating weather systems at the South Pole.
The weather stations will also provide mete-
orological support for aircraft operations
at McMurdo Station. In the field we will
check and service existing AWS units; new
units will be installed on Reeves Glacier
near Terra Nova Bay, on Scott Island (680S
180 0 E), and on Balleny Island (66°551S
163'20 ,E). These AWS units enable us to
gather continuous and reliable meteoro-
logical data. (S-283)

The electrode layer at the South Pole.
Robert F. Henry and Julie A. Samson, State
University of New York, Albany. In fair
weather, there is a region of positively
charged space near the Earth's surface that
results from the Earth's electric field. This
field points downward; the positive ions
drift downward, and negative ions upward.
Because negative ions are repelled by the
surface, this causes a near-surface excess
of positively charged ions in the atmo-
sphere. This phenomenon is known as the
electrode effect. In the lower 10 meters of
the atmosphere, or the electrode layer, the
concentrations of ions are determined by
the electric field strength and the strength
of turbulent mixing. Numeric modelling
of this effect is relatively simple, as is in-
vestigating it in air that is free of aerosols
and surface-related ionization. The South
Pole provides ideal conditions for an ex-
perimental study of this effect. We will
measure sufficient parameters to charac-
terize the electrode layer and will deter-
mine the turbulent fluxes of positive and
negative ions. These fluxes will be com-
pared with predictions of a simple model
to which we will input the surface electric
field and space-charge density. Specifica-
tion of the surface electric field and space-
charge density near the surface enables us
to model the ionic eddy fluxes and the
eddy diffusivity. By learning about the
eddy diffusivity of the surface layer over
Antarctica, we will better understand the
turbulent fluxes of heat and water vapor
to the ice sheet. (5-256)

National Ozone Expedition: Ultravio-
let visible spectrophotometer measure-
ments. Susan Solomon, NOAA Aeronomy
Laboratory. Recent measurements show
large, systematic changes of unprecedented
portions in the ozone layer above Antarc-
tica. Measurements taken at the British
station Halley on the coast of East Ant-
arctica show that the observed total ozone

abundance has decreased every austral
spring since about 1975. The total amount
of ozone is only about half that observed
during the spring in the early 1970's and
before. NASA satellite data confirm that
the spring ozone depletion extends over
most of Antarctica with maximum de-
creases:. nside the polar vortex. These dra-
matic deviations occur only from about
mid-August to the end of October, with
no observable changes during other sea-
sons. Ozone, which plays a central role
in the Earth's ecology, is the only atmo-
spheric molecule capable of absorbing life-
damaging ultraviolet photons in the wave-
length range of 240 to 310 nanometers.
Stratospheric models suggest that the ozone
column over Antarctica should remain con-
stant from July through October, but since
1975 this cycle has been changing. Cur-
rent understanding of the mechanisms con-
trolling the seasonal variation of ozone
cannot explain these changes. In an effort
to understand these changes, a series of
special experiments will be conducted be-
tween August and November 1986 at Mc-
Murdo Station. Our portion of this suite
of experiments focuses on the effects of
chlorine on atmospheric ozone. We will
use an ultraviolet spectrophotometer to
measure vertical column abundances of
nitrogen dioxide, nitrogen trioxide, chlo-
rine dioxide, and stratospheric ozone. With
these measurements we can detect how
chlorine may affect the ozone layer. The
nitrogen dioxide observations are particu-
larly important because nitrogen dioxide
plays an important role in two of the the-
ories proposed to explain the ozone "hole."
(S-286)

National Ozone Expedition: microwave
radiometer measurements. Robert de Zafra
and Philip Solomon, State University of
New York, Stonybrook. To measure ver-
tical profiles of chlorine monoxide, nitrous
oxide, hydrogen cyanide, and ozone, we
will use a millimeter-wave spectrometer.
Of these measurements the levels of chlo-
rine monoxide should help us to describe
potential causes of the cause of the ozone
"hole." If the ozone depletion is chlorine
related, abundances of chlorine monox-
ide, taken approximately 12 miles above
the Earth's surface, could be 100 times
greater than normal. (S-287)

National Ozone Expedition: infrared
spectrometer measurements. Crofton B.
Farmer, Jet Propulsion Laboratory. We will
use an infrared spectrometer to observe
the sun and obtain a complete solar spec-
trum in the infrared range (from 2 to 16
microns). This will enable us to measure
the number of chemicals in the air column—
including hydrochloric acid, nitric acid,
methane, chlorofluoromethane gases (F-li
and F-12), nitrous oxide, chlorine nitrate,
and nitrogen dioxide. These measurements
will enable us to determine the differences
in chemical abundances outside of and
within the ozone "hole." (S-288)
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National Ozone Expedition: sulfuric acid
aerosol production at 30 kilometers over
Antarctica. David Hofmann, University
of Wyoming. We will use 33 balloons of
various sizes, instrumented with ozone-
sondes to measure in detail vertical pro-
files of ozone and temperature from the
ground to about 18 miles above the sur-
face. These measurements should indicate
where in the column changes the ozone is
being destroyed. (5-289)

Upper atmosphere studies
For upper atmosphere, solar, and astro-

nomical research, Antarctica is a unique
platform 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
geomagnetic field lines that thread the
Earth's magnetosphere intercept the Earth's
surface and the ionosphere in polar re-
gions. The effects of processes in the mag-
netosphere extend along these lines of force
and are observed and studied at conjugate
stations in Antarctica and the Arctic. Such
simultaneous investigations enable scien-
tists to learn more about the nature of the
magnetosphere and the disturbances in this
region that affect the Earth's atmosphere.
Because the antarctic continent encom-
passes a wide range of geomagnetic lati-
tudes, scientists can study the plasmapause
(the internal magnetospheric boundary),
the magnetospheric cusp, and the auroral
zone. Solar and stellar astronomers are us-
ing the geographic South Pole for research
because it offers continuous daylight (dur-
ing the austral summer), high altitude, and
low humidity. Data from these studies and
others help describe how solar energy en-
ters the outer terrestrial environment and
reaches the atmosphere, how disturbances
associated with the transfer of energy prop-
agate to and affect the planet's surface,
how space disturbances affect communi-
cations systems and power transmission,
and how matter in the universe formed
into galaxies and clusters of galaxies.

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
interactions. 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. We will complete a 2-year inves-
tigation of wave-particle interactions in
the magnetosphere and the ionosphere. Our
objective is to understand natural and man-
made magnetospheric very-low-frequency

(VLF) phenomena, VLF-wave propagation,
wave-particle interactions in the Earth's
magnetosphere, and magnetospheric
thermal plasma structure and dynamics.
We will use a new crossed dipole antenna
configuration and a redesigned, upgraded
transmitter control system for various ex-
periments, including the effect of signal
polarization on wave excitation in the mag-
netosphere, ground-to-ground propagation
outside the plasmapause, the response of
the magnetosphere as a function of in-
jected signal level, the response to signals
with varying degrees of coherence, and
the effect 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 sig-
nal to probe the earth-ionosphere propa-
gation path to other antarctic stations.
These experiments provide data that help
us to better understand coherent radia-
tion from plasma. These data are impor-
tant to laboratory plasma physics and as-
trophysics, as well as magnetospheric
physics. The results also can be applied to
communications (both extremely-low-
frequency and high-frequency systems),
remote sensing of magnetospheric plasma,
and modification of the magnetosphere and
the ionosphere by wave-induced particle
precipitation. (5-100)

Conjugate area studies of hydromag-
netic wave and particle precipitation in
dayside cusp regions. L. J. Lanzerotti, Bell
Laboratories. Over the last decade, fluxgate
magnetometers have been instrumental in
studying hydromagnetic wave phenom-
ena in the magnetosphere. At South Pole
Station we use a magnetometer to exam-
ine the types of hydromagnetic waves pro-
duced in the cusp region of the magneto-
sphere. Hydromagnetic wave data from
South Pole are combined with data from
riometers, photometers, an ionosonde, and
the all-sky camera to better understand
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. We will continue
experiments with a fluxgate magnetome-
ter at Arrival Heights near McMurdo Sta-
tion. (5-101).

Auroral imaging. S. B. Mende, Lockheed
Palo Alto Research Laboratory. An image
intensified all-sky camera, installed in 1982
at South Pole Station, has enabled us to
monitor cusp auroral activity. This cam-
era produces images of weak optical emis-
sions at the latitude of the cusp, an im-
portant but poorly understood boundary
region of the Earth's magnetosphere. For
our data analysis we will use data from a
two-channel photometer at Siple Station,
correlative data from other projects at South
Pole and Siple stations, and data from the

auroral imagery on the Dynamics Explorer
satellite (DE-1). We are particularly inter-
ested in the extent to which aurora seen
by DE-1 in the Northern Hemisphere mir-
ror those observed at the South Pole. This
austral summer we will inspect and do
maintenance work on this equipment. The
system will be operated and maintained
by South Pole personnel during the aus-
tral winter. (S-104A)

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 atmo-
sphere that controls space near Earth. Ant-
arctic monitoring stations are crucial for
probing interplanetary plasma dynamics
through observations of variations in rel -
ativistic (over 1 gigaelectron-volt) galactic
cosmic rays. At McMurdo and South Pole
Stations, we will continue year-round ob-
servations of cosmic radiation and collab-
orate with the magnetospheric cusp pro-
gram. To enhance our understanding of
the solar physical processes that control
the electromagnetic conditions in the Earth's
environment, our data are used in con-
junction with data from other ground-based
instruments and spacecraft. (S-109A)

Galactic submillimetric emission in
the southern hemisphere. Martin A.
Pomerantz, Bartol Research Foundation,
University of Delaware. At Amundsen-
Scott South Pole Station we will try to
detect fluctuations in the microwave back-
ground radiation, which is a remnant of
the early universe. So far, measurements
of this radiation have shown that it is re-
markably uniform in all directions, but
theorists suggest that microwave radiation
must contain fluctuations, called aniso-
tropy, that describe the initial clumping of
matter during the formation of structure
in the universe. We will use a 1-meter
radio telescope, which was designed by
Bell Laboratory researchers. The telescope
can receive signals with wavelengths of
about 3 millimeters, which is well below
the limit predicted by theorists as neces-
sary to record fluctuations in background
radiation. To attain the required sensitiv-
ity, the telescope's receiver is cooled by
liquid helium to three-tenths of a degree
Celsius above absolute zero (-273.15°C).
Because the telescope will be at the earth's
axis, it will remain fixed and the earth's
rotation will provide the scanning. Infra-
red observations made 2 years ago con-
firmed that the South Pole has the lowest
water vapor content and "sky noise" on
Earth. If this experiment is successful the
South Pole could become a center for this
type of cosmological research. (S-109C)

Riometry in Antarctica and conju-
gate regions. T. I. Rosenberg and D. L.
Matthews, University of Maryland. The
riometer (relative ionospheric opacity me-
ter) provides continuous data on tempo-
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ral and spatial variations of energetic pre-
cipitation and ionospheric perturbations.
We use these data together with photo-
metric, magnetic, and radiowave emission
data to study physical processes associ-
ated with the transfer of solar wind en-
ergy to the magnetosphere and the upper
atmosphere. At South Pole Station our in-
vestigations focus on the polar cusp, a
dayside entry region for solar wind plas-
mas, and on the nightside polar cap re-
gion where magnetic substorm effects pre-
dominate. At McMurdo Station our studies
relate exclusively to ionospheric phenom-
ena in the polar cap. At Siple Station our
objective is to investigate wave-particle in-
teractions produced naturally by lightning
(whistlers) and other natural very-low-
frequency (VLF) emissions and artificially
by the VLF transmitter. (S-1 11)

lonosonde studies of the cusp iono-
sphere. F. T. Berkey, Utah State Univer-
sity. Plasma instabilities and precipitation
effects are produced in the ionosphere by
the solar wind as it penetrates the magne-
tosphere through the magnetospheric cusp.
Research has established that the cusp re-
gion, where particles with energies typi-
cal of magnetosheath plasma are present,
is longitudinally elongated. It is composed
of downstreaming plasma from the entry
layer, upstreaming plasma that has been
mirrored, and upward streaming ions and
electrons of magnetospheric origin. The
discovery of this magnetosheath-like
plasma precipitation has drawn special at-
tention to the dayside ionosphere; such
precipitation causes the structure and dy-
namics of the dayside ionosphere to vary
rapidly. Because these ionospheric distur-
bances cause electron density irregulari-
ties, we can measure these variations
by means of an ionosonde (ionospheric
sounder). These measurements provide
year-round, detailed information on the
structure and dynamics of the ionosphere.
By operating an ionosonde at the South
Pole, we can determine the ionospheric
signature of the low-energy magnetosheath
precipitation, estimate the size and loca-
tion of the resulting ionospheric pertur-
bation, and determine the latitudinal and
longitudinal extent of the perturbation. Our
investigation will provide a better under-
standing of the role of magnetosheath parti-
cle entry in the physics of the magneto-
sphere. We also will operate an all-sky
camera, which records the dynamics of
visible aurora by making exposures at a
rate of one per minute. Visible auroral emis-
sions are a direct manifestation of low-
energy electrons precipitating into the day-
side ionosphere. Because light emissions
are generally weak, typical exposure times
are usually several seconds. These color
photographs will provide the necessary data
to study the dynamics and morphology of
the low-energy magnetosheath precipita-
tion region. (5-122)

Automated photometry of selected stars
at the South Pole. Frank Wood, Univer-

sity of Florida. Astronomical observations
of celestial objects undergoing such changes
as brightness, color, spectral type, or po-
larization 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 photoelectrically four stars at sev-
eral wave lengths. The nature of one star,
a close binary system, is not understood,
and we are gathering data on its light varia-
tion and changes in certain helium and
carbon emissions. Observations of the other
three stars are collected for comparison
with the first star. During the 1985-1986
austral summer we installed a redesigned
optical astronomical telescope, tested and
alined it, and surveyed the site for possi-
ble light pollution from South Pole sta-
tion during the winter. We also tested the
data retrieval system and developed pro-
cedures for transmitting selected data via
satellite during the winter. This austral
summer we will check the operation of
the system and prepare it for continuing
experiments throughout the 1987 winter.
(S-123)

Support and logistics,
1986-1987

In late August 1986, flights to McMurdo
Station began the 31st year of continuous
U.S. support and research activities in Ant-
arctica. Besides 12 scientists from two fed-
eral agencies and one university travel-
ling to McMurdo Station to conduct a late
winter study of ozone depletion, three other
science groups and approximately 200 ci-
vilian and Navy support personnel par-
ticipated in the early season flights.

Annually more than 1,000 people work
on the continent as part of the support
system for the U.S. antarctic program; an-
other 400 work aboard Navy supply ships
and U.S. Coast Guard icebreakers. Mili-
tary 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. The U.S. Air Force
provides transport between New Zealand
and McMurdo and a midwinter air drop
to McMurdo and South Pole. Other sup-
port personnel are employees of a con-
tractor, ITT/ Antarctic Services, Inc. (ITT/
ANS). Navy personnel fly NSF-owned
airplanes and U.S. Navy helicopters, over-
see the operation of the supply ships, pro-
vide health care, long-range communica-
tions at McMurdo Station, weather fore-

casting, and some maintenance work at
McMurdo; Coast Guard personnel oper-
ate the icebreakers. ITT/ANS employees
provide support at McMurdo Station and
operate Williams Field (McMurdo Station's
skiway airfield on the Ross Ice Shelf),
Amundsen-Scott South Pole, Siple, and
Palmer stations, the research ship Polar
Duke, and remote field camps.

Station activities
The construction of new facilities will

be a focus for ITT/ANS employees at Mc-
Murdo Station during the 1986-1987 aus-
tral summer. They will begin to construct
two dormitories and a vehicle maintenance
and repair shop. The three-story dormi-
tories will replace several temporary struc-
tures, some of which have been used since
1957. The buildings, each of which will
house 138 persons, will be built of steel-
frame, fire-resistant materials and will have
fire detectors and sprinklers. The 21,000-
square-foot, one-story repair shop will re-
place a vehicle maintenance facility de-
stroyed by fire in 1981. In the interim,
vehicles have been repaired in makeshift
facilities. Construction of the three build-
ings is expected to be completed about
February 1988. Other projects at McMurdo
Station include site preparation for the new
science laboratory and consolidation at one
location of the station's satellite, high-
frequency radio, and field party transceiv-
ers, which will be operated through a new
dedicated computer.

After 3 years of construction, a new
water distillation plant will begin operat-
ing at McMurdo Station this austral sum-
mer. The plant, which draws sea water
from McMurdo Sound through a 2,500-
foot heated, insulated pipe, can supply up
to 80,000 gallons of fresh water per day,
meeting all station needs. The water plant
will use waste heat from McMurdo's diesel-
driven electric generators, which are in a
building next door, to distill the sea wa-
ter. The new plant's capacity is double
that of the current water plant, which will
be retained for emergency use. With ex-
treme conservation measures, McMurdo
Station uses about 38,000 gallons of wa-
ter each day during the summer.

In early November 1986 ITT/ANS em-
ployees will continue to renovate facilities
at Amundsen-Scott South Pole Station.
Among these projects are replumbing the
station fuel lines and raising the clean air
facility . This structure, built in the late
1970's, houses all of the atmospheric moni-
toring projects at the South Pole. When it
was built, it was about 15 feet above the
snow surface. Drifting snow has raised
the snow surface to the floor of the build-
ing. ITT/ANS employees will raise the
building about 12 feet to prevent it from
being buried and to reduce the negative
effects of surface winds on the air samplers.

Palmer Station will begin summer op-
erations in early November when the Po-
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lar Duke arrives at the station with the
relief crew and some science teams. Con-
struction this austral summer will focus
on renovating and adding to the biology
laboratory. Science equipment aboard the
Polar Duke will be upgraded before the
ice-strengthened ship's first 1986-1987
cruise. New equipment includes a deep-
sea coring system and a single-channel seis-
mic digital data acquisition system.

At Siple Station, which begins summer
operations in early November, upgrade
of the ultra-low-frequency/very-low-
frequency antenna will be completed. Dur-
ing the 1985-1986 austral summer the
26-mile-long dipole antenna was crossed
by a second dipole antenna that extends
6.5 miles on each side. This austral sum-
mer two more 6.5-mile legs will be added.
Because Siple will be closed from Febru -
ary 1987 to early November 1987, ITT/
ANS employees also will prepare the sta-
tion for an unattended winter.

McMurdo, Amundsen-Scott South
Pole, and Palmer stations will be manned
throughout the 1987 austral winter.
Amundsen-Scott South Pole Station will
begin winter operations on about 14 Feb-
ruary and McMurdo Station on 20 Feb-
ruary. At Palmer Station austral summer
operations will end approximately 30
March, about 30 days earlier than usual;
the early start of operations will enable
NSF to continue to upgrade science equip-
ment on Polar Duke. A winter cruise of
Polar Duke to the Peninsula region is
planned for June and July 1987 to sup-
port biologists studying winter ocean
conditions.

Air support
The main deployment of support and

science personnel to Antarctica is sched-
uled to begin on 1 October 1986. Between
October and mid-December, 23 flights by
U.S. Air Force C-141 Starlifter and 14
flights by Royal New Zealand Air Force
(RNZAF) C-130 airplanes will augment
flights by the antarctic program's ski-
equipped Hercules (LC-130) airplanes. The
Starlifters and RNZAF airplanes do not
have skis and must land on McMurdo's
sea-ice runway. By mid-December the sea
ice deteriorates, and air operations are
moved to the Williams Field skiway on
the Ross Ice Shelf, where only ski-equipped
airplanes can land. Besides flights between
McMurdo Station and Christchurch, New
Zealand, the program's LC-130 airplanes
will transport personnel and materials to
and from McMurdo, Siple, and Amundsen-
Scott South Pole stations. During the
5-month austral summer, LC-130s are
scheduled to fly 3,242 hours to support
the stations and science projects in remote
areas.

Another project planned for the 1986-
1987 austral summer is to begin the re-
covery of all or part of an LC-130 that
was damaged in 1971 in East Antarctica.

This season, a traverse from the French
station on the coast of Adelie Land will
bring necessary equipment and personnel
to the crash site, known as D-59, to pre-
pare the snow surface for landings by U.S.
LC-130 airplanes. After the area has been
prepared, support personnel from Mc-
Murdo Station will go to D-59 to begin
digging out the airplane, which over the
last 15 years has been buried by snow.
The objective for this austral summer is
to evaluate the condition of the airplane
and its equipment and to determine whether
or not the entire airplane can be salvaged.

UH-1N helicopters will support geol-
ogy, glaciology, and biology field projects
in the ice-free valleys of southern Victoria
Land, the Allan Hills, and the Ross Island
area. To support these projects the Navy
helicopters will fly an estimated 610 hours
between October 1986 and January 1987.

Ship support
The U.S. Coast Guard icebreaker Polar

Sea and ice-strengthened ship Glacier will
support the U.S. program in Antarctica
during the 1986-1987 austral summer. Until
1986 Glacier, built in 1955, was classified
as an icebreaker, but the Coast Guard found
that the ship's hull had deteriorated to the
extent that icebreaking would be impru-

The new Data Acquisition and Display
System (DADS), designed by H. Terry
and L. F. Radke for the National Science
Foundation's research-configured, ski-
equipped Hercules (LC-130R) airplane, re-
places the Airborne Research Data Sys-
tem (ARDS), used in Antarctica on the
LC-130R for more than a decade. This
new system substantially improves oper-
ational flexibility and, because it is small
and light, enables scientists to record data
during LC-130R cargo flights.

DADS accepts data from all the perma-
nent research sensors currently installed
on the LC-130R (see table 1) and from
additional analog and digital devices pro-
vided by researchers. The inputs include
16 analog channels, four 16-bit discrete
ports, and two high-speed, multi-channel
scaling-instrument ports that are used with
particle counters. The data are recorded at
1 hertz on a high-capacity data cartridge,
displayed on a monitor, and printed on a
thermal printer. The DADS operator con-
trols which data are displayed and printed.

DADS is comprised of a recording sys-
tem and a display system (see figure 1).
The recording system consists of instru-

dent. Glacier will support two geology pro-
jects and one biology project in the Ant-
arctica Peninsula region during 5 weeks
beginning in December. Afterwards the
ship will sail to the Ross Sea region to
support two science cruises.

Polar Sea will bring supplies and per-
sonnel to Palmer Station in late December
and then travel to McMurdo Station to
open a channel in McMurdo Sound sea
ice. The channel break-in this austral sum-
mer is expected to be difficult because last
year's sea ice did not leave the Sound.
The icebreaker will remain in the Ross
Island area after the channel break-in to
escort the tanker Paul Buck and the sup-
ply ship Green Wave in and out of Mc-
Murdo Sound. It will also make three sci-
ence cruises during February 1987 in the
Ross Sea area.

Along the Antarctic Peninsula, science
cruises will be made by the research ship
Polar Duke. The 219-foot ice-strengthened
ship is leased by the USA Antarctic Pro-
gram to support research and to bring sup-
plies and personnel to Palmer Station.
Polar Duke will support biology, including
three projects focusing on coastal ecosys-
tems and processes, between November
1986 and March 1987.

ment interface circuits, two high-capacity
tape drives for data, and a microcomputer.
The system writes 1 kilobyte of data to
the tape every second and can run contin-
uously with little attention.

The recording system can operate inde-
pendently of the display system. Because
it communicates with the display computer
through a standard serial port, the record-
ing system easily can interface with any
computer and can record voice comments.
A computer-generated voice announces the
time with each comment.

The display system consists of a com-
puter with a keyboard, a CRT monitor,
and a thermal printer. The computer exe-
cutes a program that is stored in "read
only" memory (ROM), runs automatically
when there is power, receives data from
the recorder, and processes data for dis-
play. Initially, a menu appears on the CRT
and offers display options. The user can
choose from three pre-programmed dis-
play formats or a "user format" with up
to 26 data fields. The user can start and
stop printing and choose which data are
to be printed.

A new data acquisition and display
system for airborne research in
Antarctica
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The display system can also play back
data tapes for post-flight data analysis.
Normally, the display system ROM would
be configured for a particular user before
a project begins. Programs can be gener-
ated in the field and stored on cassettes,
so modifications in the field are possible.
The computer, an HP-9915A (which is
functionally equivalent to an HP-85), is
programmed in Basic.

DADS is easily transportable. Each com-
ponent is packaged in an environmentally
secure fiberglass enclosure with handles
and removable covers. The enclosures con-
tain shock-mounted equipment racks. In
the normal operating configuration, the
two boxes are stacked in the forward part
of the airplane's cargo bay with a foot-
print of 0.61 meters by 0.66 meters.

Requests for the use of the DADS should
be included in research proposals to the
National Science Foundation. Operator
training, limited software modification, sup-
plies, and transcription of the formatted
tapes into standard 9-track tapes can be
provided at no cost to the user.

Development of the DADS was sup-
ported by National Science Foundation
grant DPP 84-15197.

—H. Terry and L. F. Radke, Cloud and
Aerosol Research Group, Atmospheric Sci-
ences Department, University of Wash-
ington, Seattle, Washington 98195.

Table 1.
Permanent sensors aboard the LC-130R airplane.

Parameter	 Instrument

Latitude	 LTN-51 inertial navigational sector

Longitude	 LTN-51 inertial navigational sector

Radar altitude	 APN-194 radar altimeter

Pressure altitude	 Garrett pressure transducer

Heading	 C12 gyrocompass

True heading	 LTN-51 inertial navigational sensor

True airspeed	 computed

Track angle	 LTN-51 inertial navigational sensor

Ground speed	 "
11	 11

Drift angle	 "
1P	 1

Ground speed	 APN-147 Doppler radar

Drift angle	 11	 11	 11

Wind direction	 LTN-51 inertial navigational sensor

Wind speed

Differential pressure	Pitot-static probe

Static pressure	 Garrett pressure transducer

Angle of attack	 Pitot-static probe

Angle of slip	 Pitot-static probe

Total temperature	 Total temperature sensor

Dew point	 Thermoelectric dewpoint hygrometer

Cabin pressure	 Rosemount transducer

Foundation awards of funds for antarctic
projects, 1 January 1986 to 30 June 1986

Following is a list of National Science Foundation antarctic awards made from 1
January 1986 to 30 June 1986. Each item contains the name of the principal investigator
or project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from more
than one Foundation program, the antarctic program funds are listed first, and the total
amount of the award is listed in parentheses. Award number for awards initiated by the
Division of Polar Programs contain the prefix DPP, those initiated by the Division of
Atmospheric Sciences contain the prefix ATM, and those initiated by the Division of
Ocean Sciences contain the prefix OCE.

Biology and medicine

Chappell, Mark A. University of Califor-
nia, Riverside, California. Physiologi-
cal ecology and energetics of thermal
regulation in Adelie penguins. DPP
85-15357. $65,113.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide and peptide antifreezes in the freez-
ing avoidance of fishes. DPP 84-15266.
$100,797.

DeLaca, Ted E. Scripps Institution of
Oceanography, San Diego, California.

Ecology of benthic foraminifera. DPP
83-05475. $88,187.

Friedmann, E. Imre. Florida State Univer-
sity, Tallahassee, Florida. Study of the
cryptoendolithic microbial ecosystem.
DPP 83-14180. $98,000.

Frost, Bruce W. University of Washing-
ton, Seattle, Washington. Antarctic ma-
rine ecosystem research at the ice-edge
zone (AMERIEZ): Acoustic assessment
of nekton and micronekton. DPP 84-
20215. $70,556.

Fryxell, Greta A. Texas A&M University,
College Station, Texas. Antarctic ma-
rine ecosystem research at the ice-edge
zone (AMERIEZ): Microalgae of the
sea ice and water column. DPP 84-
18850. $64,167.

Garrison, David L. University of Califor-
nia, Santa Cruz, California. Antarctic
marine ecosystem research at the ice-
edge zone (AMERIEZ): Distribution of
free-living protozoa. DPP 84-20184.
$90,000.

Green, William J. Miami University, Ox-
ford, Ohio. Trace metal transport pro-
cesses in Lake Vanda and the Onyx
River. DPP 85-16465. $97,027.

Hofmann, Eileen E. Texas A&M Univer-
sity, College Station, Texas. Collabo-
rative research on a descent-ascent
model of the eggs and larvae of krill.
DPP 85-15486. $74,813.

Holm-Hansen, Osmund. Scripps Institu-
tion of Oceanography, San Diego, Cali-
fornia. Pilot investigation for research
on antarctic coastal ecosystem rates and
processes: Photobiology and primary
production. DPP 85-19908. $121,488.
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Hunt, George L. University of California,
Irvine, California. The distribution of
pelagic birds and their prey in the Sco-
tia Sea. DPP 83-18464. $85,223.

Huntley, Mark E. Scripps Institution of
Oceanography, San Diego, California.
Research on antarctic coastal ecosys-
tem rates and processes: Feeding,
growth, and early development of krill,
Euphausia superba Dana. DPP 85-
17269. $117,115.

Karl, David M. University of Hawaii, Ho-
nolulu, Hawaii. Research on antarctic
coastal ecosystem rates and processes:
Microbiology and vertical flux compo-
nent. DPP 85-18748. $63,909.

Nelson, David M. Oregon State Univer-
sity, Corvallis, Oregon. Antarctic ma-
rine ecosystem research at the ice-edge
zone (AMERIEZ): Collaborative re-
search on nutrient dynamics and phy-
toplankton productivity. DPP 84-20204.
$95,988.

Palmisano, Anna C. University of South-
ern California, Los Angeles, Califor-
nia. The physiological ecology of sea-
ice algae. DPP 84-15215. $103,909.

Quetin, Langdon B. University of Cali-
fornia, Santa Barbara, California. Re-
production, feeding and swimming ener-
getics, and egg and larval physiology
of Euphausia superba. DPP 82-18356.
$37,197.

Radtke, Richard L. University of Hawaii,
Honolulu, Hawaii. Growth patterns in
fishes. DPP 85-21017. $25,604.

Rivkin, Richard B. University of Mary-
land, Center for Environmental and Es-
tuarine Studies, Cambridge, Maryland.
Growth, photosynthesis, and carbon
metabolism of marine phytoplankton.
DPP 85-20278. $37,148.

Ross, Robin M. University of California,
Santa Barbara, California. Collabora-
tive research on a descent-ascent model
of the eggs and larvae of krill. DPP
86-06440. $24,995.

Sidell, Bruce D. University of Maine,
Orono, Maine. Characterization of en-
ergy metabolism in fish. DPP 85-16137.
$58,856.

Siniff, Donald B. University of Minne-
sota, Minneapolis, Minnesota. Behav-
ior and ecology of Weddell seals. DPP
83-18473. $130,984.

Smith, Walker 0. University of Tennes-
see, Knoxville, Tennessee. Antarctic ma-
rine ecosystem research at the ice-edge
zone (AMERIEZ): Collaborative re-
search on nutrient dynamics and phy-
toplankton productivity. DPP 84-20213.
$46,980.

Staley, James T. University of Washing-
ton, Seattle, Washington. Microbial and

vertebrate chitin degradation in the
marine environment. DPP 84-15069.
$54,321 ($79,321).

Torres, Joseph J . University of South Flor-
ida, Tampa, Florida. Antarctic marine
ecosystem research at the ice-edge zone
(AMERIEZ): Abundance, distribution,
and energy utilization of micronekton
and zooplankton. DPP 84-20562.
$127,053.

Earth sciences

Askin, Rosemary A. Colorado School of
Mines, Golden, Colorado. Cretaceous
and Tertiary palynology of the James
Ross Island Basin and western Ross
Sea. DPP 83-14186. $49,602.

Behrendt, John C. U.S. Geological Sur-
vey, Reston, Virginia. Data compila-
tion for map of magnetic anomalies,
northern Victoria Land. DPP 86-07500.
$50,000.

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania. Search
for meteorites. DPP 83-14496. $91,859.

Collinson, James W. Ohio State Univer-
sity, Columbus, Ohio. Sedimentology
of the Permian-Triassic Gondwana se-
quence in the central Transantarctic
Mountains. DPP 84-18354. $56,583.

De Paolo, Donald, J. University of Cali-
fornia, Los Angeles, California. Geo-
chemical studies of Paleozoic granitic
rocks of the central Transantarctjc
Mountains. DPP 83-16807. $90,000.

Elliot, David H. Ohio State University,
Columbus, Ohio. Petrology of Ferrar
and uppermost Beacon rocks, Beardmore
Glacier region. DPP 84-19529. $38,799.

Elliot, David H. Ohio State University,
Columbus, Ohio. The James Ross Is-
land basin and the evolution of the
Antarctic Peninsula. DPP 85-19080.
$50,579.

Faure, Gunter. Ohio State University, Co-
lumbus, Ohio. Origin of basalt flows
and sources of glacial deposits in the
Transantarctic Mountains. DPP 84-
17275. $44,999.

Feldmann, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleoecology and
paleobiogeography of decapod-rich as-
semblages on Seymour Island. DPP
84-11842. $21,701.

Grew, Edward S. University of Maine,
Orono, Maine. Wollastonite in caic-
silicate rocks of the east antarctic Pre-
cambrian shield and the role of carbon
dioxide in granulite-facies metamor-
phism. DPP 84-14014. $25,000.

Hammer, William R. Augustana College,
Rock Island, Illinois. Triassic vertebrates
from the Beardmore Glacier area. DPP
85-11334. $17,871.

Knopoff, Leon. University of California,
Los Angeles, California. Ultra-long pe-
riod seismic and gravity observations
at the South Pole. DPP 83-14945.
$57,740 ($81,618).

Kyle, Philip R. New Mexico Institute of
Mining and Technology. Socorro, New
Mexico. Volcanological studies of Mt.
Erebus. DPP 85-19122. $60,759.

Lipschutz, Michael E. Purdue University,
West Lafayette, Indiana. Trace elements
in antarctic meteorites: Terrestrial and
extraterrestrial applications. DPP 84-
15061. $80,000.

Malin, Michael C. Arizona State Univer-
sity, Tempe, Arizona. Contemporary
geomorphic processes in the ice-free val-
leys of southern Victoria Land. DPP
82-06391. $50,000.

Miller, Molly F. Vanderbilt University,
Nashville, Tennessee. Sedimentology of
the Permian-Triassic Gondwana se-
quence in the central Transantarctic
Mountains. DPP 84-18445. $37,996.

Rees, Margaret N. University of Nevada,
Las Vegas, Nevada. Origin and depo-
sitional setting of pre-Devonian, coarse-
clastic sequences in the central Trans-
antarctic Mountains: Evidence of one
or more tectonic events. DPP 85-18157.
$67,907.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Systematics, age, and
significance of the Cambrian Shackleton
Limestone fauna, central Transantarctic
Mountains. DPP 85-19722. $48,292.

Rowley, Peter D. U.S. Geological Survey,
Reston, Virginia. Regional geology of
the southern Antarctic Peninsula. DPP
85-17151. $23,500.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Deformation dur-
ing the Beardmore and Ross Orogenies,
Nimrod Glacier area. DPP 84-18088.
$24,092.

von Frese, Ralph R. Ohio State Univer-
sity, Columbus, Ohio. Lithospheric anal-
ysis of regional gravity and magnetic
anomalies. DPP 83-13071. $50,000.

Webb, Peter-Noel. Ohio State University.
Columbus, Ohio. Cenozoic micropale-
ontology and biostratigraphy of the
Victoria Land basin. DPP 85-17625.
$59,380.

Wogman, Nedwin A. BMI Batelle North-
west Laboratories, Richland, Wash-
ington. Measurement and interpreta-
tion of aluminum-26 in antarctic mete-
orites. DPP 85-14883. $50,000.

Woodburne, Michael 0. University of Cali-
fornia, Riverside, California. Mamma-
lian paleontology, geology, and stra-
tigraphy, Seymour Island. DPP 85-
21368. $74,378.
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Ocean sciences

Ackley, Stephen F. U.S. Army Cold Re-
gions Research and Engineering Labo-
ratory, Hanover, New Hampshire. Sea
ice properties and processes. DPP 85-
121728. $117,412.

Anderson, John B. Rice University, Hous-
ton, Texas. Marine geology of the con-
tinental margin. DPP 85-16908. $86,342.

Dick, Henry J . Woods Hole Oceanographic
Institute, Woods Hole, Massachusetts.
Petrology and tectonics of the circum-
antarctic plate boundary. DPP 83-16490.
$133,853.

Dunbar, Robert B. Rice University, Hous-
ton, Texas. Sinking and suspended par-
ticulate matter on the continental shelf.
DPP 85-16911. $33,678.

Galloway, James N. University of Virginia,
Charlottesville, Virginia. Marine sources
of sulfate aerosol: Analysis program.
DPP 84-19592. $56,050.

Gordon, Arnold L. Lamont-Doherty Geo-
logical Observatory of Columbia Uni-
versity, Palisades, New York. Physical
oceanography for the Polarstern 1986
winter Weddell Gyre expedition. DPP
85-02386. $337,243.

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry in winter. DPP 85-
21472. $18,375.

Honjo, Susumu. Woods Hole Oceano-
graphic Institute, Woods Hole, Mas-
sachusetts. Year-round particulate
flux experiment in the central Weddell
Sea. DPP 85-21471. $18,375.

Jacobs, Stanley S. Columbia University,
Lamont-Doherty Geological Observa-
tory, Palisades, New York. Ross Sea
heat flux experiment. DPP 85-12540.
$74,634.

Kennett, James P. University of Rhode
Island, Graduate School of Oceanog-
raphy, Narragansett, Rhode Island.
Paleoenvironmental evolution of south-
ern high-latitude oceans based on deep-
sea sedimentary sequences. DPP 84-
16687. $80,449.

Martinson, Douglas G. Lamont-Doherty
Geological Observatory of Columbia
University, Palisades, New York.
Polarstern winter 1986 expedition: Up-
per ocean structure. DPP 85-01976.
$82,634.

Suess, Erwin. Oregon State University,
Corvallis, Oregon. Thermal interac-
tion between back-arc volcanism and
basin sediments in the Bransfield Strait.
DPP 85-12395. $35,710 ($75,710).

Meteorology

Bromwich, David H. Ohio State Univer-
sity, Columbus, Ohio. Boundary layer
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Cronn, Dagmar R. Washington State Uni-
versity, Pullman, Washington. Analy-
sis of atmospheric chemistry data from
Palmer Station. DPP 85-15752. $84,971.

Hofmann, David J . University of Wyo-
ming, Laramie, Wyoming. Sulfuric-acid
aerosol production at 30 kilometers. DPP
85-15472. $104,944.

Lala, G. Garland. State University of New
York, Albany, New York. Aerosol ex-
change processes in the Antarctic. DPP
85-16179. $89,165.

Morley, Bruce M. SRI International, Menlo
Park, California. Airborne lidar study
of aerosol distributions. DPP 84-17551.
$42,744.

Murcray, David G. University of Den-
ver, Denver, Colorado. Measurement
of the column densities of water, fluo-
rocarbons, and ozone during the aus-
tral winter. DPP 81-18005. $39,711.

Parish, Thomas R. University of Wyo-
ming, Laramie, Wyoming. Surface
winds of Antarctica. DPP 84-14695.
$60,646.

Stearns, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Automatic
weather stations: Operations and
research. DPP 86-06385. $106,992
($213,983).

Upper atmosphere

Arnoldy, Roger L. University of New
Hampshire, Durham, New Hampshire.
Micropulsation research in the Antarctic
and the Arctic. DPP 83-18632. $54,490.

Berkey, Frank T. Utah State University,
Logan, Utah, All-sky camera obser-
vations of the dayside aurora from
Amundsen-Scott South Pole Station.
DPP 83-13428. $36,000.

Berkey, Frank T. Utah State University,
Logan, Utah. A study of the mid-
latitude ionospheric trough using high-
frequency radar data. DPP 84-18173.
$41,644 ($81,644).

Eather, Robert H. Boston College, Chest-
nut Hill, Massachusetts. Imaging and
photometry. DPP 86-02699. $52,921.

Engebretson, Mark J . Augsburg College,
Minneapolis, Minnesota. Analysis of
ultra-low-frequency pulsation data from
ground and satellite magnetometers us-
ing a multiuser microcomputer system.
ATM 86-06388. $10,000 ($35,400).

Helliwell, Robert A. Stanford Univers-
ity, Stanford, California. Very-low-
frequency wave-particle experiments on
the magnetosphere and ionosphere from
Siple Station. DPP 83-17092. $318,374
($418,374).

ter, Paul M. Cornell University, Ith-
aca, New York. Application of full-
wave calculations to very-low-frequency
transmissions from Siple Station. DPP
86-00367. $42,859.

Pomerantz, Martin A. Franklin Institute-
Bartol Foundation, Newark, Delaware.
Investigations of cosmic-ray intensity
variations. DPP 83-00544. $7,454.

Pomerantz, Martin A. Franklin Institute-
Bartol Foundation, Newark, Delaware.
Investigations of cosmic-ray intensity
variations. DPP 85-16501. $289,776.

Pomerantz, Martin A. Franklin Institute-
Bartol Foundation, Newark, Delaware.
The Sun and cosmic rays. ATM 83-
03758. $5,000 ($27,354).

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Electron precipitation studies in Ant-
arctica with imaging riometer systems.
DPP 84-19272. $145,000.

Wood, Frank B. University of Florida,
Gainesville, Florida. Automatic photom-
etry of selected stars at the South Pole.
DPP 84-14128. $2,908.

Glaciology

Bockheim, James G. University of Wis-
consin, Madison, Wisconsin. Late Ce-
nozoic glacial history and soil develop-
ment. DPP 83-19477. $35,960.

Denton, George H. University of Maine,
Orono, Maine. Late Cenozoic glacial
history and soil development. DPP
83-18808. $117,017.

Elmore, David. University of Rochester,
Rochester, New York. Study of ice us-
ing radionuclides produced by cosmic
rays. DPP 84-10467. $27,000.

Faure, Gunter. Ohio State University, Co-
lumbus, Ohio. Geological and geochemi-
cal study of Elephant Moraine, Allan
Hills. DPP 83-17092. $418,374.

Fireman, Edward L. Smithsonian Institu-
tion, Astrophysical Observatory, Cam-
bridge, Massachusetts. Radiometric ages
and gas compositions of ice. DPP 85-
16601. $35,000.

Hodge, Steven M. U.S. Geological Sur-
vey, Tacoma, Washington. Studies of
internal layering and basal conditions
in ice sheets using low-frequency
ice radar. DPP 85-18618. $71,054
($104,373).

Jacobel, Robert W. St. Olaf College,
Northfield, Minnesota. Studies of in-
ternal layering and basal conditions in
ice sheets using low-frequency ice ra-
dar. DPP 85-17225. $17,913 ($27,141).

MacAyeal, Douglas R. University of Chi-
cago, Chicago, Illinois. Modelling ice-
shelf flow, mass balance, and response
to climate change. DPP 81-17235.
$52,767.

Antarctic Journal

studies in Terra Nova Bay. DPP 83-	Kir
14613. $14,736.
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May 1986	 June 1986	 July 1986
McMurdo Palmer	Siple South Pole McMurdo Palmer Siple	South Pole McMurdo Palmer	Siple South Pole
-18.7	- 4.7 -34.6	-61.1 -23.2 - 4.5 -35.	-62.7	-25.4	- 6. -34.7	-59.4

Feature

Average temperature (°C)

Temperature maximum (°C)
(date)

Temperature minimum (°C)
(date)

Average station pressure (mb)

Pressure maximum (mb)
(date)

Pressure minimum (mb)
(date)

Snowfall (mm)

Prevailing wind direction

Average wind
(rn/see)

Fastest wind
(rn/see)

(date)

Average sky cover

Number clear days

Number partly cloudy days

Number cloudy days

Number days with visibility
less than 0.4 km.

	- 8.0	0.9 -17.5

	

1)	( 4)	( 6)

	

-28.9	-12.0-52.6

	

(7)	(29)	(29)

	

9955	997.1 870.9

1011.8 1014.0 885.2

	

(13)	(6) (18)

	

968.7	976.5 851.0

	

(31)	(29) (30)

	

109,2	0.0 1

	1000	0300 2460

	

7.2	7.3	4.9

	

29.9	29.9 14.9

	

180 0	0300 300

	

(24)	(15) (17)

	

8.0	0.8 3/10

	

0.0	6.1 15.3

	

14.0	2.8 5•3

	

16.0	22.11 9.3

	

3.3 1	0.0	1.2

	

-47.4 - 7.9	3.0 -23.	-34.5

	

(30)	(17)	(13)	(12)	(12)
-72.8 -40.4 -14.2 -48.6 -77.0

	

-(U)	(3fi ( 8)( 4)	(28)

685.6 993.2 978.5 861.3 681.1

697.2 1013.5 990.2 875.8 705.9

	

(22)	(12)	(1)	(7)	(4)
666.0 969.9 962.7 844.1 657.9

	

2&30)	( 1)	(30)	( 4)	(12)

	

TRACE	99.1 353.1	--- TRACE
	090°	060° 090 0 _212 0	0700

	

4.6	6.7 10.9	6.8	3.5

	

13.4	41.1 36.0 17.5	15.4

	

360 0	180 360 0 180 0	3600

	

(5)	( 6)	(12)	(29)	(12)

	

0.1	6.1 8/10 6/10	0.3

	

27.0	6.0	1.9	6.3	21.0

	

4.0	15.0	4.6	5.5	5.4

	

0.0	9.0 23.5	8.5	3.6
1.0	2.6	000 1 9.8	1.3

	

-10.0	4•9 -17.9

	

(31)	(10)	(3)

	

-38.1	-18.5 -54.2

	

(11)	(23)	(7)

	

983.0	983.5 854.4

998.8 1004.6 872.6

	

(22)	(23)	(20)

	

962.2	956.8 833.1

	

(14)	(10) (4&5'

-33.7
(16)

-73.1

675.1

692.9

654.1
(2&3

	

i-it-I. I	 ---	I IM(j

	040° 	330 0	2 03 0	0600

	

5.1	11.5	6.5	4.9

	

36.6	33.5	22.1	15.9

	

150°	030 0	270 0	3600

	

(14)	(11)	(30)	(7&15)

	

4.3
	8/10	6/10	0.4

	

14.0	3.5	9.5	18.8

	

9.0	3.1	4.3	4.7

	

8.0	23.4	9.8	7.5

	

0.8	 7.5	2.1

Prepared from information received by teletype from the stations. Locations: McMurdo 77 11 51'S 166 0 40'3E, Palmer 64 0 46'S 6403'W,Siple 75° 55'S 83°55'W, Amundsen-Scott South Pole 90 0 S. Elevations: McMurdo sea level, Palmer sea level, Siple 1054 meters Amundsen-
Scott South Pole 2835 meters. For prior data and daily logs, contact National Climatic Center, Federal Building, Asheville, North Carolina
28801-2696 (704/259-0682).



NATIONAL SCIENCE FOUNDATION
WASHINGTON, D.C. 20550

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE $300

RETURN THIS COVER SHEET TO ROOM 233, IF YOU DO
NOT WISH TO RECEIVE THIS MATERIAL H. OR IF
CHANGE OF ADDRESS IS NEEDED El INDICATE
CHANGE, INCLUDING ZIP CODE ON THE LABEL. (DO
NOT REMOVE LABEL).

111111

MAJ

POSTAGE AND FEES PAID
NATIONAL SCIENCE FOUNDATION

NSF-640

Moore, Richard K. University of Kansas,
Lawrence, Kansas. Development of a
modern radar system for probing ice
sheets. DPP 83-00450. $168,539.

Mosley-Thompson, Ellen. Ohio State Uni-
versity, Columbus, Ohio. Glaciologi-
cal and climatological analysis of the
past 2,000 years from ice cores. DPP
84-10328. $117,000.

Nishiizumi, Kunihiko. University of Cal-
ifornia, La Jolla, California. Study of
ice using radionuclides produced by cos-
mic rays. DPP 84-09526. $27,000.

Spilhaus, A. F. American Geophysical
Union, Washington, D.C. Chapman
conference on fast glacier flow: Ice
streams and surging and tidewater gla-
ciers. DPP 85-21012. $5,000 ($10,000).

Stuiver, Minze. University of Washing-
ton, Seattle, Washington. Oxygen-
isotope analysis of ice cores. DPP 84-
00574. $146,899.

Webb, Peter-Noel. Ohio State University,
Columbus, Ohio. Stratigraphy, pale-
ontology, and sedimentology of the
Sirius Formation, Beardmore Glacier re-
gion. DPP 84-20622. $123,614.

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Ice dynamics on the
Marie Byrd Land slope. DPP 81-17235.
$52,767.

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Studies of internal
layering and basal conditions in ice

sheets using low-frequency ice radar.
DPP85-19550. $11,222 ($17,004).

Whillans, Ian M. Ohio State University.
Columbus, Ohio. Ice sheet dynamics
in West Antarctica. DPP 85-17590.
$111,657.

Services and support

Becker, Robert A. ITT Antarctic Services,
Inc. Paramus, New Jersey. Specialized
support of the United States Antarctic
Program. DPP 80-03801. $12,804,710.

Brown, Otis B. University of Miami,
School of Marine and Atmospheric
Sciences, Miami, Florida. Satellite
communications for scientific pur-
poses: UNOLS fleet management and
polar programs support. OCE 86-03719.
$44,600 ($89,253).

DeVore, George W. Florida State Univer-
sity, Tallahassee, Florida. Curatorship
of sediment core collection. DPP 75-
19723. $169,992.

Hushen, W. Timothy. National Academy
of Sciences, Washington, D.C. Sup-
port of 19th meeting of the Scientific
Committee on Antarctic Research
(SCAR). DPP 86-05641. $85,680.

Kwock, Edison C. Department of the Navy,
Naval Facility and Engineering Com-
mando, Arlington, Virginia. Engineer-
ing support for the U.S. Antarctic Pro-
gram. DPP 84-01823. $151,000.

Langway, Chester C. State University of
New York, Buffalo, New York. Oper-

ation of the central ice core storage fa-
cility and information exchange. DPP
75-08512. $5,000 ($65,000).

Nelson, Marilyn. Blue Pencil Group, Inc.
Reston, Virginia. Editorial services for
the 1985 annual review issue of the
Antarctic Journal of the United States.
DPP 82-17792. $253.

Spilhaus, A. F. American Geophysical
Union, Washington, D.C. Publication
of the Antarctic Research Series. DPP
85-20816. $20,811.

Srite, David A. Department of Defense,
Washington, D.C. Memorandum of
agreement between NSF and DOD for
operation and logistic support of the
U.S. Antarctic Program. DPP 76-10886.
$34,000,000.

Thuronyi, Geza T. Library of Congress,
Washington, D.C. Abstracting and in-
dexing service for current antarctic lit-
erature. OPR 70-01013. $94,739.

Treadwell, T. K. Texas A&M University,
College Station, Texas. Shipboard tech-
nician support. OCE 83-16022. $13,000
($187,300).

Wirth, David. University of California,
Scripps Institution, San Diego, Cali-
fornia. Shipboard technician support.
0CE83-16603. $65,000 ($507,928).

Wubbold, J.H. Department of Transpor-
tation, U. S. Coast Guard, Washing-
ton, D.C. Icebreaker support for the
U.S. Antarctic Program during 1986.
DPP 82-17331. $15,200,000.
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