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Working at Palmer Station and along
the Antarctic Peninsula aboard the re-
search ship Polar Duke, two teams of ma-
rine biologists will measure how
increased exposure to ultraviolet light
may be affecting the antarctic marine
ecosystem. The projects are part of the
U.S. study of the annual spring deple-
tion of ozone over Antarctica and the
effects of decreased ozone levels on the
environment.

Reports by British and U.S. research-
ers in 1986 led the National Science
Foundation (NSF), the National Aero-
nautics and Space Administration
(NASA), the National Oceanic and At-

mospheric Administration (NOAA), and
the Chemical Manufacturers Associa-
tion to sponsor the first National Ozone
Expedition during the 1986-1987 austral
spring. Four research teams, based at
McMurdo Station from late August to
early November 1986, measured chem-
ical changes in the lower atmosphere and
recorded variations in weather patterns
above Antarctica. These data helped to
describe the vertical extent and structure
of the "ozone hole." Also, the data pro-
vided support for the theory that the
ozone hole is caused by atmospheric
chemical processes that are triggered by
man-made chlorofluorocarbons rather
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In October 1986, University of Wyoming researchers David Hofmann, Jerry Harder, and Steve
Rolf carry an instrumented balloon to its launch site near the sea ice of McMurdo Sound. This
research team, participants in the first National Ozone Expedition (NOZE), collected data on
ozone levels and temperatures at an altitude of 18 miles. Dr. Hofmann, the principal investigator
for this project, returned to McMurdo Station in August 1987 as a part of the NOZE II.

NSF photo by Jim Herpoisheimer

than being caused by upward winds or
increased solar activity.

Data show that starting 1979 a dra-
matic decrease in stratospheric ozone
over the southern continent occurring
each austral spring. In late August or
early September, a hole about the size
of the United States, begins to form; the
decline continues through September and
October, with a recovery during No-
vember. Scientists compared contem -
porary measurements of the total amount
of ozone above Antarctica during Oc-
tober to amounts measured between 1950
and the 1970s. They found that the con-
temporary data showed that ozone
abundance had decreased by as much
as about 50 percent.

Ozone exists throughout the atmos-
phere but is principally concentrated in
a layer about 15 miles above the Earth.
It screens out much solar ultraviolet ra-
diation that potentially can damage liv-
ing organisms. The sun emits ultraviolet
radiation (UV) at varying levels of in-
tensity, which can be divided into four



categories based on wavelength. Two of
these—UV-B (280 to 320 nanometers) and
UV-C (200 to 280 nanometers)—have di-
rect lethal effects on organisms. One-
UV-A (320 to 400 nanometers)—can
damage organisms but must be present
at high levels before its effects are as
damaging as those of UV-B and UV-C.

Under normal conditions strato-
spheric ozone absorbs UV-B and UV-C
radiation. Investigations in temperate and
tropical regions show that as little as a
1-percent increase in exposure to ultra-
violet radiation has damaging conse-
quences. No similar data exist for the
Antarctic. Biologists are focusing on how
marine and terrestrial organisms re-
spond to increased exposure to ultravi-
olet radiation caused by the decrease in
ozone, because the antarctic food chain
is sensitive to environmental changes.

One group of biologists from Texas
A&M University will assess the quan-
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titative effects of ultraviolet radiation on
phytoplankton, the single-celled organ-
isms that are the basis of the antarctic
food chain. Experiments conducted by
U.S. and Polish researchers in the Pen-
insula region during the 1986-1986 aus-
tral summer suggest that phytoplankton
are sensitive to fluctuations in ultraviolet
radiation. For these experiments phy-
toplankton were incubated under inci-
dent ultraviolet radiation for 4 to 6 hours
on 3 consecutive days. During this pe-
riod, productivity in specimens exposed
to UV radiation decreased four times
more than those that were shaded from
the radiation.

While working at Palmer Station, the
Texas A&M biologists will extend these
earlier experiments. They will expose
phytoplankton to five levels of ultravi-
olet radiation—incident, two reduced
levels, and two enhanced levels—and
will monitor changes in biomass, pri-
mary productivity, pigment, and spe-
cies composition.

The second group from the University
of California at San Francisco will study
the ability of organisms to repair genetic
damage caused by exposure to ultravi-
olet radiation. When exposed to UV ra-
diation, DNA molecules can change
structurally. If not repaired, the dam-
aged DNA molecules can cause muta-
tions, affecting the physiology of the
species and the genetic make-up of fu-
ture generations. Although research has
shown that organisms have three ways
to repair DNA damage, these vary
widely. Some organisms have only one
repair mechanism, others have another,
and some combine two or three meth-
ods.

Biologists are not able to extrapolate
for antarctic organisms from these data
from temperate regions and need ad-
ditional data to predict how effectively
antarctic organisms repair damaged
DNA. The University of California group
will focus on the effects of the most
harmful wavelength, UV-C, and the re-
sponses of various organisms. They will
expose phytoplankton, zooplankton,
seaweed, some intertidal invertebrates
with shells that may block out harmful
rays, and possibly terrestrial plants to
UV-C for varying lengths of time. After
exposing these organisms, the biologists
will evaluate the DNA repair cabilities
of each species, quantify the potential
for mutations during and after the spring
ozone depletion, and assess the toler-
ance of each species to UV radiation.
These data will be compared to tests
conducted on tropical organisms from
Australia.

Investigations of the ozork depletion
phenomenon will continue at McMurdo
Station from August to November 1987.
In August, seven teams of scientists from
NOAA Aeronomy Laboratory, the Uni-
versity of Denver, SRI International, the
State University of New York at Stony

Brook (SUNY), the University of Wyo-
ming, and NASA/Goddard Space Flight
Center will go to McMurdo during early
season flights. NOAA, SUNY, and Uni-
versity of Wyoming researchers will re-
sume investigations begun last austral
summer. These studies include measur-
ing nitrogen dioxide and ozone levels
with an ultraviolet spectrophotometer,
determining chlorine monoxide profiles
in the atmosphere with microwave de-
vices, and recording ozone and aerosol
levels at a 18-mile altitude with instru-
mented balloons. SRI and NASA inves-
tigators will use a lidar (laser infrared
radar) to investigate the temporal vari-
ability of stratospheric aerosols and the
distribution of polar stratospheric clouds
and to record ozone profiles, aerosol
content, and temperature profiles.

Besides these projects, NASA will
conduct the Airborne Antarctic Ozone
Campaign over the Antarctic Peninsula
in September 1987. During this investi-
gation, an instrumented, medium-alti-
tude DC-8 airplane and a specially
adpated, high-altitude ER-2 airplane will
fly 13 flights. The investigation also will
make use of satellite data for the region.

The eight projects of the National
Ozone Expedition are among the 69 that
National Science Foundation has funded
for the 1987-1988 austral summer ant-
arctic program. Between August 1987 and
April 1988, the U.S. Antarctic Program,
which the National Science Foundation
funds and manages, will support 289 re-
searchers at four antarctic stations
(McMurdo, Amundsen-Scott South Pole
Station, Palmer, and Siple stations),
aboard the ice-strengthened research ship
Polar Duke, and with the antarctic pro-
grams of other nations. Highlights of this
austral summer's program appear in this
article; descriptions of each project begin
on page 4. Support and logistics for this
austral summer are described in an ar-
ticle on page 18.

Astronomy
In February 1987 a Canadian astron-

omer at Las Campanas Observatory in
northern Chile observed the explosion
of Sandulek - 69° 202, a star in the Large
Magellanic Cloud about 170,000 light
years from Earth. This explosion—su-
pernova 1987A—is the nearest super-
nova to Earth since 1604—the closest since
the invention of the telescope.

Only visible in the Southern Hemi-
sphere, supernova 1987A will be directly
above Antarctica in January 1988. Tak-
ing advantage of this and environmental
conditions unique to Antarctica, scien-
tists and engineers from the University
of Florida, Goddard Space Flight Center,
Catholic University of America, and the
Defense Advanced Research Projects
Agency Nuclear Monitoring Office will
launch a 11.6-million-cubic-foot helium
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balloon, the largest instrumented bal-
loon ever used in Antarctica.

The balloon will carry a gamma-ray
detector to an estimated 120,000 feet to
record the spectrum of gamma-ray emis-
sions from supernova 1987A. Although
the detector was originally designed for
space shuttle experiments, University of
Florida engineers have modified it for
the balloon flight. The detector is housed
in a solar-powered gondola that is at-
tached to a parachute and suspended
from the balloon.

Astronomers believe that thermonu-
clear processes within a supernova gen-
erate heavy elements. When a supernova
occurs, the star's iron core collapses,
emitting shock waves that blast away
the star's outer layers. As the remanents
of the star cool, they emit gamma-rays
characteristic of the radioactive isotopes
produced by explosive nucleosynthesis.
Because each radioactive isotope has a
unique gamma-ray signature, the sci-
entists working in Antarctica hoped to
be able to identify the heavy elements
produced by supernova 1987A. They are
specifically looking for evidence of co-
balt-56, the most identifiable of the heavy
elements produced by a supernova.
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Biology
Although how aquatic birds and

mammals respond physicological to has
fascinated scientists for more than a cen-
tury, until recently they could only ob-
tain data under highly controlled
experimental circumstances. These con-
ditions made it difficult for them to as-
sess whether the observed physiological
changes in the animals and birds were
normal or the result of stress induced by
unfamiliar surroundings and invasive
procedures. New computerized moni-
tors, however, now have made it pos-
sible for biologists to study marine birds
and mammals in their natural habitat.

Using specially devised techniques, a
research team from Scripps Institution
of Oceanography will continue to study
Weddell seals and will extend the tech-
niques to emperor penguins. The pen-
guins and seals will be instrumented with
a 3- by 15-centimeter submersible mi-
croprocessor that weighs 300 grams and
is waterproof. Once attached to a pen-
guin or seal, the microprocessor records
and stores real-time data during dives.
The system enables the biologists to re-
cord body temperature, heart rate, swim
velocity, metabolic rate, respiration, and
other factors related to the body's ability
to adapt and function during oxygen de-
privation.

Earth sciences
The Transantarctic Mountains extend

about 3,000 kilometers across Antarc-
tica, are between 50 and more than 400

kilometers wide, and have elevations up
to 4,500 meters. Geologists believe that
these mountains were created by ther-
mal forces that also formed large rift val-
leys and the existing mountain peaks.
Although they have defined the general
stratigraphy of the range, little is known
about the processes that brought about
the uplift 180 million years ago. Unlike
other mountain chains, the Transan-
tarctic Mountains show no evidence of
thrust faulting, folding, regional changes,
or volcanism.

During the 1987-1988 austral sum-
mer, geologists from the United States
and New Zealand will map erosion sur-
faces and terrace levels near Scott Gla-
cier (85°45'S 153°E), a 120-mile-long
glacier that begins on the polar plateau
and descends to the Ross Ice Shelf. The
information obtained from mapping will
be combined with data from samples
collected at the site. With these data they
hope to determine more accurately the
history of and rate at which uplift oc-
curred. Because uplift occured during the
inception, growth, and subsequent fluc-
tuations of the east and west antarctic
ice sheets, their investigation will add to
scientific knowledge of antarctic glacial
history and the relationship between East
and West Antarctica.

Glaciology
As the Transantarctic Mountains

formed, rift valleys where snow and ice
collect also were created. Today snow

samples and ice cores collected from sites
in these valleys provide long histories of
past climates, glacial history, and vol-
canic activity. Taking advantage of this,
glacial geologists and glaciologists from
the University of New Hampshire plan
to collect two ice cores—each 200 to 300
meters in length—in the Convoy, As-
gaard, and Royal Society ranges.

By analyzing samples and comparing
them with other antarctic data, the re-
search team hopes to provide new detail
to the existing terrestrial records and to
expand the data base provided by other
ice cores on global climate change. The
ice cores and snow samples also contain
particles of volcanic ash, providing clues
into the activity of Mt. Erebus (the 3,794-
meter, active volcano on Ross Island) over
long periods and of other volcanos in
the Southern Hemisphere and possibly
in the Northern Hemisphere. This re-
cord will help scientists to evaluate how
volcanos and solar activity influence cli-
mate change, as well as to add to the
understanding of atmospheric chemis-
try.

Marine geology
Through magnetic surveys that detect

the direction of the magnetic force pres-
ent in iron-bearing rock beneath the sea,
marine geologists can determine how
long ago a section of the ocean bottom
was formed. Magnetic anomalies in the
continental crust indicate that north-
south shifts periodically occur in the
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Earth's magnetic pole. Though not vis-
ible to the naked eye, the direction of
the magnetism is recorded as the rock
solidifies. The anomalies can be dated
by interpolation with other rocks of a
known age.

This austral summer researchers from
the Lamont-Doherty Geological Obser-
vatory and the Naval Research Labora-
tory (NRL) will continue an airborne
geophysical survey of the continental
margins and basins surrounding the
Antarctic Peninsula and southern South
America. Using a specially instru-
mented airplane, provided by NRL, they
will collect magnetic and gravimetric data.
Although magnetometers may be trailed
behind ships or airplanes, airborne sur-
veys of these regions of Antarctica pro-
duce data that cannot be obtained by
other methods because much the pen-
insular sector and its eastern and west-
ern margins are ice-covered and
inaccessible to ships.

During two previous austral sum-
mers, they collected more than 150,000
kilometers of geophysical data in four
series of flights over the western Wed-
dell Sea. This austral summer, the group
will fly a low-level survey over the west-
ern Weddell margin, complete a survey
of Powell Basin, and conduct a recon-
naissance survey of the western Bellings-
hausen margin. When analyzed, data
from this project will improve scientific
understanding of the relative motions of
tectonic plates and the interpretation of
the geology of the Antarctic Peninsula,
help determine when the Drake Passage
opened, and provide insight into the
evolution of southern ocean circulation
patterns.

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 agen-
cies, and several commercial firms. In
addition to conducting research, U.S.
citizens operate ships, aircraft, stations,
and camps.

In response to a Presidential directive,
the National Science Foundation funds
and manages the U.S. Antarctic Pro-
gram, which provides "an active and in-
fluential presence in Antarctica designed
to support the range of U.S. antarctic
interests." NSF supports research in gla-
ciology, earth sciences, ocean sciences,
marine and terrestrial biology, medical
sciences, and atmospheric sciences, as
well as develops goals for antarctic sci-
ence and plans logistics requirements.
Logistics and support in Antarctica is
provided by the U.S. Naval Support Force
Antarctica (NSFA), the Antarctic Devel-
opment Squadron Six (VXE-6), the U.S.
Coast Guard, and an NSF contractor liT!
Antarctic Services, Inc.(INT/ANS).

Planned research
projects, 1987-1988

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 dry-
ness, but the diversity of these organ-
isms is low. Unique environmental
factors—particularly large, dynamic sea-
ice zones, near-constant sea tempera-
tures close to the continent, and and cold
and nutrient-poor terrestrial areas—have
combined with the continent's isolation
to generate special adaptations and in-
teractions between species. Biologists
have identified and quantified much of
Antarctica's marine and terrestrial life;
today they probe the behavior, evo-
lution, and adaptations of these biota,
the interactions of flora and fauna with
the environment, the relationships
among organisms, and man's impact on
these ecosystems. With these data they
can better understand the biology of the
region, develop comparative models of
more complex ecosystems in lower lat-
itudes, and provide information needed
to manage and conserve antarctic living
resources.

Winter oxygen levels in an antarctic
lake. George M. Simmons, Virginia Poly-
technic Institute and State University, and
Robert A. Wharton, Jr. and Christopher P.
McKay, National Aeronautics and Space Ad-
ministration. Antarctic lakes are enriched
perennially with high levels of oxygen.
Although in other environments these
levels would be lethal to many organ-
isms, in antarctic lakes biota flourish un-
der these conditions. Biological activity
and effects caused by large shifts in the
freeze-thaw cycle of the ice cover and
associated inputs from glacial meltwater
apparently influence the oxygen budget
in these lakes. Scientific understanding
of this ecosystem is incomplete, because
researchers have not measured oxygen
levels during the austral winter. Contin-
uing work at Lake Hoare in Taylor Val-
ley, we will acquire winter data via remote
sensing to construct a model for the ox-
ygen cycle from these and other data.
Data collected during the 1985-1986 aus-
tral summer indicate that this lake is un-
dergoing an unanticipated dynamic
change. The ice cover is now only 3.2
meters thick instead of the previously
measured 4.75 to 5.2 meters, the sedi-
ment layer appears to be further down
in the ice-cover, and the supersaturated
oxygen zone is now about 60 to 90 cen-
timeters lower in the water column.
During the 1987-1988 austral summer,

we will place three new meterological
stations in the McMurdo Dry Valleys of
southern Victoria Land—near or on the
Kukri Hills opposite Lake Hoare, near
lake level on Lake Vanda, and at the end
of Taylor Valley between Lake Fryxell
and New Harbor. These stations will
provide us with needed year-round me-
teorological data from high-altitude
Wright Valley and from lower altitude
Taylor Valley environments. We will re-
trieve and reset sediment traps placed
last year and sample water from melt-
streams, a moat, the lake, and lake ice
for analyses of seasonal changes in ox-
ygen and nitrogen. Taking into account
the lake's reduced ice cover, we will con-
tinue our evaluation of seasonal fluctua-
tion of chlorophyll a and oxygen
concentrations. Data will be collected
from temperature and oxygen elec-
trodes. When these data are combined
with other data on antarctic lake ecol-
ogy, we will understand better how
growth and production in microbial
communities are related to changes in
the oxygen budget and how shifts in the
freeze-thaw cycle affect the oxygen level.
(S-002)

Behavior and ecology of Weddell
seals. Donald B. Siniff, University of Min-
nesota. We will continue studying Wed-
dell seals at a site near Hutton Cliffs,
Ross Island. Our project focuses on male
territorial and reproductive behavior, age-
specific survival of pups born in these
colonies, and the activities of and inter-
actions between mothers and pups. By
using physical and electronic markers
over the last two austral summers (1985-
1986 and 1986-1987), we have identified
the peak of breeding activity underwater
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

On the sea ice near McMurdo Station, biolo-
gists use a net to remove ice from a recently
opened hole in McMurdo Sound. Access to
the water beneath the ice allows them to sam-
ple and study different life forms.

NSF photo by Ann Hawthorne.
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equipped with proximity recorders to
document approaches 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 mothers invest
in caring for the pups. Early in October
1987, we will visit pupping sites to retag
seals, document early spring distribu-
tion patterns, and collect data on weather
and ice conditions that may affect pup-
ping distribution. In November and De-
cember, we will census the seal
population in McMurdo Sound between
Pram Point and Cape Evans. To estab-
lish the distribution of tagged seals and
obtain unbiased estimates of female re-
productive rates, we will survey the west
and north coast of Ross Island for fe-
males tagged at the pupping colonies on
the eastern side of the Island. With these
observations, we will document the
number of immature seals and improve
our estimates of survival rates for young-
er age classes. (S-004)

The role of glycopeptide antifreezes
in freezing avoidance by fishes. Arthur
L. DeVries, University of Illinois. Living
organisms adjust protein synthesis rates
in response to environmental factors as
a fundamental strategy for survival. We
have discovered that most antarctic fish
living in ice-laden shallow water possess
either glycopeptide or peptide com-
pounds that have antifreeze properties.
Results of our experiments indicate that
eight glycopeptides lower the freezing
point of body fluids below the temper-
ature of the seawater (- 1.9°C). This sea-
son we will catch various species of native
antarctic fish to continue our investiga-
tion of their antifreeze systems. Live fish,
caught during the season under the sea
ice near McMurdo Station, from cracks
near the ice edge, and in shallow water
near Cape Royds and the Dailey Islands,
will be studied at the McMurdo Station
aquarium to determine the distribution
and role of glycopeptides in various body
fluids and tissues. We also will study
what role 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 intes-
tinal 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 propagation into undercooled fluids
by determining at what subfreezing
temperatures these tissues act as a bar-
rier, with or without the presence of gly-
coproteins. (S-005)

Biogeochemistry of autochthonous
dissolved organic material in antarctic
lakes. Diane McKnight, U.S. Geological

Survey, Water Resources Division. One
component of the global carbon budget
that has not been resolved is the source
of marine dissolved organic carbon, 50
percent of which humic substances. Be-
cause of their chemical nature, scientists
have argued that marine humic sub-
stances are derived from indigenous al-
gal productivity. However, calculations
based on riverine inputs of dissolved or-
ganic carbon indicate that a large portion
of marine dissolved organic carbon may
have a terrestrial origin. Lakes in Ant-
arctica's deserts offer unique opportun-
ities to resolve this controversy because
lignin-containing plants are nonexistent
in these environments; dissolved or-
ganic carbon is derived solely from local
microbial productivity. Our objectives
are to determine distinctive chemical
characteristics of dissolved organic ma-
terial in Lake Fryxell and Lake Hoare
(where the only source of organic ma-
terial is local microbial productivity) and
to determine the chemical and biological
pathways and formation rates of dis-
solved organic material in one lake eco-
system. We will collect, isolate, and
chemically characterize major fractions
of dissolved organic carbon in the two
lakes. To study in detail the carbon bud-
get of Lake Fryxell, we will measure the
concentration of specific organic com-
pounds, rates of primary productivity
and algal excretion of organic material
with depth at several sites in the lake,
the rates of heterotrophic activity by up-
take of tritiated substrates, the deposi-
tion rate of particulate organic material
using sediment traps, and other impor-
tant liminological parameters. (S-008)

The biology of gelatinous zooplank-
ton: Studies on ctenophores, saips, and
pteropods in antarctic waters. G.R. Har-
bison, Woods Hole Oceanographic Institu-
tion. Although biologists have extensively
studied crustaceans, marine mammals,
and birds in southern oceans, they have
done few studies of gelatinous zoo-
plankton. It is becoming increasingly ap-
parent that the role of gelatinous
macroplankton and meionekton in ant-
arctic waters needs to be documented.
For example, saips often rival and some-
times exceed krill in abundance in net
collections. Ctenophores dominate the
gut contents of such fish as the Georgian
cod, but their abundance and distribu-
tion is unknown. Our evaluation of
studies conducted in tropical, subtrop-
ical, temperate, and arctic waters leads
us to believe that these two groups and
a third, possibly less dominant group,
pteropods have a more important role
in the southern ocean ecosystem than
has previously been considered. Using
experimentation and observation tech-
niques devtloped during earlier studies,
we plan to study these three groups.
With ctenophores, we will emphasize
systematics and studies of feeding be-

havior. Some preliminary work will be
done on the effect of temperature on the
metabolism of this group, which may be
an important predator and prey of com-
mercially important species. With salps,
we will emphasize laboratory experi-
ments on feeding rates and ingestion to
understand how they accommodate to
varying levels of particulate material in
the southern ocean and to assess their
role as competitors with krill. For pter-
opods, we will study feeding behavior,
diet, and shell composition. Our work
should add information about the biol-
ogy of three groups of potentially sig-
nificant but almost totally ignored
zooplankton in the southern ocean,
leading to a more realistic picture of their
roles in this ecosystem. (S-009)

Energetics of adult and larval krill
(Euphausia superba). Langdon Quetin and
Robin Ross, University of California at Santa
Barbara. Euphausia superba (krill) and re-
lated euphausid species are the most
abundant animals in the southern ocean.
Besides being exploited heavily by al-
most all antarctic marine carnivores, krill
is the focus of a small fishery. Our ob-
jective is to assess the impact of food
availability on the energetics of repro-
duction 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 metabolic costs are
for swimming and maintenance, and how
energy is partitioned for growth and re-
production. Working aboard the Polar
Duke along the Antarctic Peninsula, we
will search for and collect live krill for
laboratory experiments. During these
cruises, we will measure assimilation ef-
ficiency and rates of ingestion, instan-
taneous growth, and egg production. At
Palmer Station, we will continue inves-
tigating 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. The
results of this project should contribute
substantially to understanding aspects
of krill biology that are either unknown
or poorly understood. (S-014)

Reproductive ecology of Euchaeta
antarctica, a carnivorous marine cope-
pod: Lipid storage and the evolution of
large body size in polar plankton. Jean-
nette Yen, Hawaii Institute of Marine Bi-
ology, University of Hawaii. Body size of
copepods increases at higher latitudes.
In the southern ocean, Euchaeta antarc-
tica, a carnivorous marine copepod,
grows almost to the maximum size ob-
served for this genus. Its body size al-
lows this predator to accumulate large
lipid stores, a characteristic response of
high-latitude plankton to the extreme
seasonal fluctuations in food availabil-
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ity. Because lipids are a major compo-
nent of the chemical composition of these
plankton, we will examine the process
of lipogenesis by Euchaeta and relate it
to their reproductive strategy. The ca-
pacity to store large amounts of lipids,
the winter production of lipid-rich eggs
that develop before the summer pulse
of food, and the additional maternal care
resulting from brooding eggs all con-
tribute to the success of Euchaeta. We
will measure lipid levels, class compo-
sition, and fatty-acid composition for fe-
male copepods, their eggs, and their prey.
By using the radioisotope carbon-14 ac-
etate, we will be able to determine the
rate of lipogenesis of total lipid and each
lipid class. Determining lipid produc-
tion by different developmental stages
and different reproductive states will
clarify the ontogenetic changes in lipid
metabolism and determine the source of
egg lipids as either maternally derived
or from dietary lipids. We will also in-
vestigate the effect of low temperatures
on lipid class and fatty acid composition.
When these data are combined with data
on predatory feeding ecology, physiol-
ogy, and vertical migratory activity, we
hope to understand better the factors that
led to the evolution of large body size
in polar plankton and to evaluate the
importance of E. antarctica as biomass
dominant and carnivore in the southern-
ocean food web. (S-018)

Physiology of diving in emperor pen-
guins and Weddell seals. Gerald L. Kooy-
man, Scripps Institution of Oceanography.
During voluntary dives in emperor pen-
guins, we will collect basic information
on several physiological variables by us-
ing sensing electrodes connected to a
submersible microprocessor. These data
will be stored in the microprocessor until
we recapture the birds. Our objectives
are to determine the responses to diving
and compare these results to conven-
tional laboratory studies, to determine
the aerobic dive limit and compare it to
calculated values, and to determine the
metabolic rate of the diving bird. None
of this information has been determined
for free-diving birds, and it will be com-
pared to results from similar studies of
Weddell seals. Using similar techniques,
we also will study how the diving be-
havior of Weddell seals relates to muscle
blood flow. These experiments will help
us to understand better how muscle
functions under conditions of extreme
hypoxia, as well as the role of cardio-
vascular responses to natural dives of
birds and mammals. Our experiments
will be conducted on the sea ice near
McMurdo Station. (5-026)

Biological consequences of increased
ultraviolet radiation associated with
antarctic ozone depletion. Deneb Kar-
entz, University of California at San Fran-
cisco. Ultraviolet light comprises the

portion of the electromagnetic spectrum
between X-rays and visible light. Of the
four categories into which ultraviolet ra-
diation (UV) can be divided, two—UV -
B (280 to 320 nanometers) and UV-C (200
to 280 nanometers)—have direct lethal
effects on organisms, and one—UV-A
(320 to 400 nanometers)—can damage
organisms but must be present at high
levels before it can produce damage
comparable to UV-B and UV-C. Most UV-
B and UV-C radiation is absorbed by
stratospheric ozone. Because the re-
cently recorded annual depletion of
stratospheric ozone over Antarctica has
increased the flux of ultraviolet radiation
in Antarctica, our objective is to inves-
tigate the initial impact of increased UV
exposure on antarctic ecosystems. Using
a plasmid vector and E. coli beta-galac-
tosidase mutation screening, we will
quantify the mutagenic potential of in-
cident UV during and after the spring
maximum of ozone depletion, evaluate
the DNA repair capabilities of species,
and assess UV tolerances by observa-
tions of UV dose-dependent responses
of growth and photosynthesis. To ob-
tain base-line data, we will collect near
Palmer Station samples of plankton,
whole water, shallow-water organisms,
intertidal organisms, and terrestrial veg-
etation. In our laboratory, we will ex-
pose the organisms to short wavelength
UV light followed by incubation with ra-
diolabeled thymidine to determine how
much and how fast DNA incorporates
nucleotides. Our data will provide in-
formation that may help scientists to
evaluate the possible repercussions of
UV-initiated changes in the taxonomic
structure of antarctic communities rela-
tive to primary productivity and trophic
level interactions. (S-031)

Isolation of gas-vacuolate marine
bacteria from Antarctica. James T. Staley,
University of Washington. Gas vacuoles
are subcellular structures with special-
ized functions that are found only in
procaryotic organisms. Common to
planktonic bacteria and cyanobacteria,
these structures are used to increase
buoyancy and allow the organisms to
stratify at depths favorable for growth.
Although most recorded occurrences for
organisms with these structures are from
freshwater habitats, one gas-vacuolate
procaryote has been reported—cyano-
bacteria, which are photosynthetic and
are important nitrogen-fixing planktonic
heterotrophs. During the 1986-1987
austral summer, we isolated represen-
tatives of at least three separate genera
of marine gas-vacuolate heterotrophic
bacteria from waters near Palmer Sta-
tion. We believe that the growth of these
forms is associated with marine algae
and the density stratification that occurs
beneath sea ice. The gas vacuoles may
allow these bacteria to float up the water
column and reside near sea ice algae,

from which they derive organic nu-
trients. Working near McMurdo Station
during 1987-1988 austral summer, we
will extend this investigation to deter-
mine if gas-vacuolate bacteria do asso-
ciate themselves with sea-ice algae. Our
objectives are to characterize and iden-
tify isolates of gas-vacuolate marine het-
erotrophic bacteria that we have already
isolated and to test our hypothesis that
gas-vacuolate heterotrophic marine bac-
teria are found only in polar environ-
ments, because this marine environment
is the only one that provides suitable
stratification of the water column for these
bacteria. To test our hypothesis, we will
drill holes through McMurdo Sound sea
ice in December and take samples of ice
and water for analysis. (S-032)

Coupling of microalgal and bacterial
biomass of antarctic benthic marine
sediments: Measurement of biomass and
metabolic activity as a mechanism for
monitoring and comparing microbial
interactions. David C. White, University
of Tennessee, and Anna S. Palmisano, Ames
Research Center/National Aeronautics and
Space Administration. In Antarctica, pri-
mary biomass production is limited to
the austral summer, when light is suf-
ficient for net photosynthesis. Although
biologists have reported remarkably high
microbial biomass associated with sed-
iments in McMurdo Sound, little is
known about the composition and me-
tabolism of benthic microalgae and bac-
teria. We believe that algal and bacterial
metabolism are closely coupled during
the brief growing season and that cor-
relations in algal and bacterial biomass
and activity may highlight this coupling.
Other data suggest that the dynamics of
this interaction may differ in ice-covered
areas where light is strongly attenuated
and in areas where ice is minimal during
the austral summer. During the 1987-
1988 austral summer, we will describe
and quantify benthic microbiota during
the benthic microalgal bloom and will
compare our new data on benthic com-
munities growing in low-light condi-
tions beneath McMurdo Sound fast ice
with data on benthic communities col-
lected near Palmer Station in the absence
of fast ice. We will determine the bio-
mass and community structure of benthic
microbiota by analyzing signature lipids
and pigments. We are also interested in
the changes between primary and sec-
ondary activity during the austral sum-
mer bloom and whether or not there is
a time correlation or a lag period. (S-033)

Energy metabolism in antarctic fish.
Bruce D. Sidell, University of Maine. In the
southern oceans, only about 120 species
(or less than 1 percent of all species
worldwide) of fish have been identified;
of these, 65 percent belong to the sub-
order Nototheniodei. These fish, which
evolved isolated from other species, live
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in waters that have an average temper-
ature of approximately - 1.9°C near
McMurdo Station and -i.1° to 0.3°C in
the Antarctic Peninsula region. As part
of their adaptation to the cold, most ant-
arctic fish produce biological antifreeze
compounds; however, biologists also
have found that Nototheniodei fish ac-
cumulate substantial quantities of cor-
poreal lipids. Although some biologists
have suggested that lipids are a primary
fuel for energy metabolism, this has not
been demonstrated. Our goal is to use
a cellular/biochemical approach to de-
scribe more completely energy metab-
olism of antarctic fish. Specifically, we
will evaluate critically enzymatic corre-
lates of metabolic cold adaptation in tis-
sues, assess the relative importance of
carbohydrates and lipids as fuels for en-
ergy metabolism, determine the fatty acid
composition of lipid stores, evaluate the
suitability of predominant fatty acids as
substrates for energy metabolism, and
quantify geometric relationships of cel-
lular ultrastructure that may be required
for metabolic function at severely cold
body temperatures. To compare how diet
and lifestyle affect energy metabolism,
we will focus our investigation on benthic
(Notothenia gibberifrons and cryopelagic
(Trematomus newnesi) fish. We will con-
centrate on major energy-consuming tis-
sues (red and white skeletal muscle,
cardiac muscle, etc.) in order to address
questions of metabolic cold adaptation.
The activities of key enzymes in path-
ways of energy metabolism will be mea-
sured at physiological temperature and
compared with extant data from tem-
perate fishes to determine if antarctic
species are biochemically cold-adapted.
Results from our study should help to
resolve conflicting hypotheses on
whether metabolic rates of these fish are
cold-adapted or whether fats are pri-
mary fuels for energy metabolism. These
data also will contribute to a better un-
derstanding of the role of notothenioid
fishes in the trophic structure of the ant-
arctic marine ecosystem. (S-036)

Assembly and stability of microtu-
bules in fish at low temperatures. H.
William Detrich, III, University of Missis-
sippi Medical Center, School of Medicine.
Macromolecular assemblies of proteins
perform many essential cellular pro-
cesses. Cytoplasmic microtubules are
tube-like, subcellular filaments com-
posed of the major protein subunit, tub-
ulin, and one or more microtubule-
associated proteins (MAPs). The or-
dered assembly, maintenance, and dis-
assembly of cytoplasmic microtubules
play critical roles in cell division, nerve
growth and regeneration, cell-shape de-
termination, and cytoplasmic transport.
At temperatures near 0°C the cold-labile
microtubules of warm-blooded verte-
brates break down rapidly into their
September 1987

simpler subunits. In contrast, the cold-
stable microtubules of antarctic marine
poikilotherms must be assembled and
maintained at extremely low tempera-
tures (approximately - 2° to + 2°C). Our
goal is to determine the biochemical ad-
aptations responsible for assembly, sta-
bility, and function of microtubule
proteins in cold-adapted antarctic fishes
(Notothenia coriiceps neglecta, N. gibberif-
rons, and Chaenocephalus aceraturs) at low
temperatures. Experiments conducted
during three austral summers demon-
strated that cold stability of microtu-
bules from these fishes is caused by
alterations in the structures of tubulin
subunits and, to a lesser extent, in the
MAPs. To extend our research this aus-
tral summer we will determine the struc-
tural domains that are necessary for
polymerization of cold-stable microtu-
bules antarctic fish, characterize the
structural domain of tubulin and MAPs
that are involved in their interaction, se-
quence the carboxyl termini of alpha and
beta tubulins from antarctic fish brain or
ovarian tissues, and clone and sequence
tubulin genes from an antarctic fish (N.
coriiceps neglecta). From brain, testes, or
ovarian tissues of two antarctic cods (N.
gibberifrons and Notothenia coriiceps neg-
lecta) and an ice fish (Chaenocephalus ac-
eraturs), we will purify the microtubule
proteins and nucleic acids (DNA and
RNA) necessary for these studies. Ex-
periments will be conducted at Palmer
Station during the austral summer and
in our laboratory in Mississippi after we
return to the United States. (S-037)

Foraging habitats and behaviors of
pygoscelid penguins. Wayne Z. Trivel-
piece, Point Reyes Bird Observatory. Pen-
guins are major predators of krill
(Euphausia superba) and an important
component of the antarctic marine food
web. To understand thoroughly the
structure and function of the antarctic
ecosystem, biologists must have infor-
mation on population dynamics, as well
as the factors that regulate the size of
penguin populations, especially pygos-
celid penguins, the dominant antarctic
genus. The three pygoscelid penguins-
Adélie (Pygoscelis adeliae), chinstrap (P.
antarctica), and gentoo (P. papua)—nest
sympatrically at Point Thomas, King
George Island, near the Polish Arc-
towski Station. For several years, we have
banded penguins at this site and studied
their breeding and feeding ecology.
During austral summer 1987-1988, we
will attach transmitters to penguins of
known-age and sex during their chick-
rearing periods, track them at sea via
triangulation from two receiver stations,
and record their behavior using contin-
uous strip-chart records. These pen-
guins will also carry time-depth recorders
to record, simultaneously, diving depth
during foraging trips. Presently what we

know about the feeding ecology of py-
goscelid penguins has been derived from
stomach samples obtained ashore. This
study should advance understanding of
the interspecific trophic relationships
among these penguins and test hypoth-
eses regarding age-related foraging abil-
ities within the species. Our objectives
are to compare the foraging areas and
behavior of the three pygoscelid pen-
guins and, within each group, compare
young, inexperienced breeders with
older, established breeders. (S-040)

Trace metal transport processes in
Lake Vanda and the Onyx River. Wil-
liam J. Green, University of Hawaii. Lake
Vanda, the largest volume, closed lake
in southern Victoria Land's McMurdo
Dry Valleys, provides an excellent eco-
system for investigating metal dynamics
and phase-specific removal mecha-
nisms. 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 ex-
cludes airborne entry of metals, and a
setting that is remote from human influ-
ences. During austral summer 1987-1988,
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 reactivity in the Vanda-Onyx sys-
tem to trends in the oceans, examine
possible relationships between the phase
associations of incoming metals and their
lake residence times, model metal-sul-
fide equilibria in the stable anoxic brine
of Lake Vanda to better understand pos-
sible resolubilization and mobilization of
certain metals under high-sulfide con-
centrations, and examine metal profiles
in sediment pore waters to determine
the role of diagenetic remobilization in
the lake's trace metal budget. To accom-
plish these objectives, we will install traps
in Lake Vanda to collect particles settling
through the water column. We also will
measure sulfur species in the Vanda an-
oxic zone, collect samples for trace-metal
analysis, and take sediment cores for in-
formation on pore water chemistry. By
combining these data with data obtained
last austral summer and during a 1980
study, we will expand our understand-
ing of the processes regulating metal
transport and concentrations. (S-041)

Growth, predation, and mortality in
antarctic foraminifera: Effects on com-
munity structure. William L. Stockton,
Scripps Institution of Oceanography. Fora-
minifera are a numerically important



component of the shallow-water ben-
thos of Explorers Cove. Previous studies
have demonstrated that these proto-
zoans are capable of capturing, killing,
and consuming various metazoans, both
larvae and smallet adults. Our objective
is to investigate, through experimental
manipulation, biochemical and ultra-
structural investigations, and autoecol-
ogical studies, the role of these
protozoans in shallow-water communi-
ties. Apparently, the large benthic for-
aminifera Astrammina rara and Astrorhiza
limicola are important metazoan preda-
tors, which affect the recruitment suc-
cess of the larger benthic invertebrates
and various benthic meiofauna. As such,
foraminifera may be an important struc-
turing element in the community. Dur-
ing our study, we will determine the
distribution, abundances, and biomass
of benthic foraminifera at selected sites;
monitor temporal changes in these pa-
rameters with respect to recruitment,
growth, and mortality of predatory for-
aminifera; initiate a long-term study of
the growth, movement, mortality, and
recruitment of Astrammin and Astrorhiza
by marking individuals and foramini-
fera-free sediment; investigate the se-
quence of events that follow prey capture;
and determine the effects of larger de-
posit feeders and sediment disturbers on
rhizopod populations. (S-043)

Physiological ecology and energetics
of Adélie penguins. Mark A. Chappell,
University of California, Riverside. Adélie
penguins (Pygoscelis adeliae) are the most
abundant penguins in the Antarctic and
are important components of its marine
ecosystem. Although investigators have
studied Adélie breeding ecology and be-
havior, many aspects of thermoregula-
tion in this species have not been
described, and the importance of ther-
mal factors in breeding is not under-
stood. Our objective is to describe
temperature relations and energetics
during incubation and nestling growth
by focusing on two aspects of thermo-
regulation. Working in rookeries near
Palmer Station, we will measure contin-
ually the microclimate and observe pen-
guin 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 ventila-
tion rate. These data, along with field
measurements and observations, will
provide insights into the significance of
heat and cold stress, the energetic costs
of maintaining normal body tempera-
ture, daily energy expenditures, and the
role of thermal and climatic factors in
penguin breeding and thermoregula-
tion. (S-047)

Lipid biochemistry of antarctic ma-
rine organisms collected in polynyas
during the austral winter and spring.

Edward S. Van Vleet, University of South
Florida. The extremely low water tem-
peratures, strong seasonal light regime,
minimal thermal stratification, and only
small seasonal variations in salinity and
inorganic nitrate concentrations have
caused the inhabitants of the southern
ocean to evolve many unusual physio-
logical, morphological, and biochemical
adaptations for survival. Several bio-
chemical adaptations to this environ-
ment have been reported. Among these
is the ability of antarctic marine crea-
tures to maintain higher lipid energy re-
serves to survive the long austral winter.
Because of the success of our 18-month
study of lipids in antarctic midwater or-
ganisms, we have been invited to join
West German scientists aboard the re-
search ship Polarstern during an austral
winter and spring cruise the Weddell Sea
region. During this investigation of
coastal polynyas, we will sample surface
and midwater communities. Samples
collected during the cruise will be ana-
lyzed for hydrocarbons, alkanoic acids,
alkanois, sterols, wax esters, triacylgly-
cerols, and phospholipids. We will use
high-resolution gas chromatography and
combined gas chromatography/mass
spectrometry for analytical determina-
tions. Our objectives are to answer four
questions. (1) How does the lipid bio-
chemistry of major members of the ant-
arctic food web vary as a result of seasonal
changes in diet? (2) How is the energetic
stress on metabolic lipid stores mani-
fested as a result of reduced winter/early
spring primary productivity? (3) How do
lipid compositions of selected species vary
during different developmental stages
or reproductive cycles? (4) How can the
collected lipid data be used to help de-
fine feeding relationships, metabolic en-
ergy transfer, or buoyancy considerations
in the these species? This project will
enable us to have the first opportunity
to answer these questions by examining
winter/spring samples from the antarctic
marine community. (S-231)

Effect of ozone depletion on antarctic
marine phytoplankton. Sayed Z. El-Sayed,
Texas A&M University. The recent de-
pletion of atmospheric ozone over Ant-
arctica has been accompanied by
increased levels of incident ultraviolet
(UV) radiation, which is potentially
harmful to phytoplankton. Our objec-
tive is to assess quantitatively the effects
of UV on marine phytoplankton because
of its central role in the antarctic marine
ecosystem. We will evaluate the impact
of chronic exposure to UV by a month-
long incubation experiment. Working at
Palmer Station during September and
October 1987, we will use flow-through
chambers and natural surface water and
will expose phytoplankton to five UV
regimes—incident, two reduced levels,
and two enhanced levels. Changes in
biomass, primary productivity, and pig-

ment composition will be monitored at
3-day intervals and species composition
at 15-day intervals. While conducting the
incubation experiment, we will also ex-
pose natural samples to various UV
treatments for short intervals of 2, 4, and
8 hours to evaluate the effects of acute
UV exposure on productivity and pig-
ment composition. By conducting this
combination of experiments, we should
be able to address the potential ecolog-
ical consequences of increasing levels of
UV on antarctic phytoplankton, partic-
ularly, and on the antarctic marine eco-
system, generally. (S-232)

Earth sciences
During the last three decades geolo-

gists have surveyed, mapped, and de-
scribed geologic features in Antarctica.
These investigations have enabled them
not only to understand regional geology
and geophysics but also to address top-
ics that apply to other areas of the world.
These data have supported such theo-
ries as plate tectonics and the existence
of the former supercontinent Gond-
wana. Antarctic data also have helped
solve more fundamental problems such
as mountain-forming processes and
marginal basin evolution. With most of
the necessary reconnaissance work com-
pleted, geologists and geophysicists are

Geologists, collecting data in northern Victoria
Land during the 1981-1982 austral summer,
stop to record special characteristics of the
nearby rock formations.

NSF photo by Russ Kinne.

•	'-..'.,..N.	
...'—.

'çh

Antarctic Journal



focusing on the role of the south polar
region in global geodynamics, the evo-
lutionary history of endemic biota of the
continent and surrounding seas, and
Antarctica's role in the evolution of ocean
circulation. Geologists also are evaluat-
ing mineral and hydrocarbon resource
potentials of the continent and the con-
tinental shelf.

Geodetic satellite observations. James
R. Clynch, Applied Research Laboratories,
University of Texas at Austin. At Mc-
Murdo Station we will operate and
maintain a geodetic satellite observatory
to collect dual-frequency doppler data
from polar-orbiting satellites. These sat-
ellites transmit similar data to South Pole
Station on specific orbits; data from both
stations 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. (5-051)

Geodesy and seismology. Lowell Starr,
U.S. Geological Survey, Reston. At
Amundsen-Scott South Pole Station two
USGS technicians will operate electronic
doppler equipment to track overflights
of Navy navigational satellites through-
out the year. These data will be used in
studies of polar motion and ice move-
ment. The South Pole seismometer is
operated as part of the Worldwide Stan-
dardized Seismology Network. The
technicians will also operate the sta-
tion's science computer. (S-052A)

Topographic surveys. John Kelmelis,
U.S. Geological Survey, Reston. U.S. Geo-
logical Survey cartographers and New
Zealand field engineers will continue
surveys in the McMurdo Dry Valleys of
southern Victoria Land and the Ross Is-
land 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. car-
tographers also will locate the true geo-
graphic South Pole and will check the
control network near Amundsen-Scott
South Pole Station. (S-52B)

Aerial photography. Lowell E. Starr,
U.S. Geological Survey, Reston. U.S. Geo-
logical Survey personnel will take aerial
photographs during the 1987-1988 aus-
tral summer to support various science
and operations activities. Among the
areas that will be photographed are:
Beardmore Glacier area (geology, map-
ping, and meteorite collections); Mc-
Murdo Sound region (penguin
population studies); Windless Bight
(wind studies); polar plateau above David
Glacier (wind studies); Mount Erebus
(volcanology); McMurdo Station (oper-

ations); Quartermain, Asgard, and
Olympia ranges (geology); Ross Island
(mapping and search rescue support);
Elephant Moraine, Allan Hills (meteo-
rite collections); and ice streams D and
E, Siple Coast (glaciology reconnais-
sance). (S-052C)

Meteoritics. William A. Cassidy, Uni-
versity of Pittsburgh. Meteorites are use-
ful for investigating possible changes
through time in the meteoroid flux at
Earth, measuring the cosmic-ray flux in
past eras, searching events in which as-
teroid parent bodies were disrupted, and
defining the abundances and character-
istics of pre-solar-system organic mole-
cules. During austral summer 1987-1988,
we will survey several remote sites. We
will systematically search for meteorites,
map finds, collect ice samples (for iso-
topic oxygen-18/oxygen-16 analyses and
age determinations), and explore poten-
tial meteorite-stranding surfaces. In ad-
dition, one member of our party will go
to Amundsen-Scott South Pole Station
to check cosmic dust collectors. (5-058)

Tectonic development of West Ant-
arctica and its relation to East Antarc-
tica. Ian W. D. Dalziel, 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 be-
tween East and West Antarctica through
geologic time. Our investigations have
focused on the Scotia Arc and the region
at the base of the Antarctic Peninsula
extending to the Ellsworth, Thiel, and
Whitmore mountains. During the 1983-
1984 austral summer, U.S. and British
geologists began an intensive investi-
gation in the Ellsworth Mountains and
Martin Hills, at Mount Smart, and near
Siple Station. Field work includes geol-
ogy, paleomagnetism, geochronology,
and geophysics, with radio-echo sound-
ing and aeromagnetic surveys con-
ducted by British geophysicists. This
investigation will attempt to define the
limits of the crustal blocks and deter-
mine the tectonic nature of the ice-cov-
ered area between them. (S-063A)

Cenozoic micropaleontology and
biostratigraphy of the Victoria Land
Basin. Peter-Noel Webb, Institute of Polar
Studies, Ohio State University. Sites in the
McMurdo Sound region (Victoria Land
Basin), the valley basins in the Transan-
tarctic Mountains, and the inland slopes
and crests of these mountains provide
data crucial to unraveling Cenozoic ge-
ology. 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. During austral
summer 1987-1988, we will continue to
assist the New Zealand Antarctic Re-

search Program and provide on-site
biostratigraphic control for drilling op-
erations. Later in the summer, we will
collect rock samples along the McMurdo
Ice Shelf. Geologists have suggested that
the fossiliferous Late Cenozoic terres-
trial Sirius Formation, 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 geologic setting sim-
ilar to the McMurdo Ice Shelf. Conse-
quently, by collecting samples in this
region, we hope to be able determine if
the ice shelf contains marine material with
ages similar to the Paleogene, 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 under-
standing multiple marine and glacio-
marine phases of the Sirius Formation.
Our long-term objectives are to develop
a Cenozoic biostratigraphy based on mi-
crofossil groups and apply paleoecol-
ogical data to solving problems of basin
evolution, mountain building, and cli-
mate fluctuation. (S-064)

Argon-40/argon-39 whole-rock slate
ages from the Robertson Bay terrane,
northern Victoria Land: Documenting
diachronous orogeny as a result of ter-
rane accretion. R.D. Dallmeyer, Univer-
sity of Georgia. In models of tectonic
convergence, oceanic material enters
subduction zones, descends, and is de-
formed. Over time subduction cuts across
areas of deformation and should become
younger in a direction opposite the dip
of the subduction zone. Typically, ge-
ologists have found it difficult to docu-
ment this because of insufficient cross-
strike exposure, uncertainties in inter-
pretation of radiometric ages, and ov-
erprinting by later tectonothermal events.
The Robertson Bay and Bowers terranes
of northern Victoria Land, which were
accreted to the east antarctic craton
(Gondwana margin) during the Ordov-
ician Ross Orogeny, offer a unique op-
portunity to document a potentially
diachronous deformation associated with
an Ordovician orogeny. Exposed over a
large area, these terranes display nearly
uniform lithology, low metamorphic
grade, and structural style and are com-
bined with the absence of a regionally
significant tectonothermal over print.
Reconnaissance age analysis by potas-
sium/argon and argon-40/argon-39
methods suggests that ages decrease
eastward across the Robertson Bay ter-
rane. Our objective is systematically to
collect samples of and perform argon-
40/argon-39 age analysis on a whole-rock
suite from the Bowers and RobertsortBay
terranes. The resultant ages would more
clearly document the suggested diach-
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ronism and allow more rigorous evalu-
ation of the various tectonothermal
models proposed for the evolution of the
Gondwana margin. (S-069)

Uplift of the Transantarctic Moun-
tains. Edmund Stump, Arizona State Uni-
versity. The Transantarctic Mountains, a
major continental range, extend approx-
imately 3,000 kilometers, vary from less
than 50 to more than 400 kilometers wide,
and have elevations of up to 4,500 me-
ters. Earth scientists have generally de-
fined the stratigraphy of the range and
recognize that uplift of the region oc-
curred after the Jurassic period but still
know very little about the processes that
effected uplift. Unlike other major
mountain chains, the Transantarctic
Mountains show no evidence of thrust-
ing, folding, regional metamorphism,
and andesitic volcanism associated with
their uplift. Our objectives during aus-
tral summer 1987-1988 are to map the
uplift geometry of. the Transantarctic
Mountains using erosion surfaces (pre-
Devonian Kukir peneplain) and wide-
spread terrace levels as datum planes
and to determine the uplift rates for the
mountain range using fission-track dat-
ing of apatites. Presently, fission-track
dating provides only quantitative data
on the initiation time, amount, and rate
of uplift. Through our research, we hope
to extend data from Victoria Land
through 1,600 kilometers of the Trans-
antarctic Mountains. This study also has
implications for the glacial history of
Antarctica, because the uplift occurred
during the inception, growth, and sub-
sequent fluctuations of the east and west
antarctic ice sheets. It will also add to
our understanding of the nature of the
East-West Antarctic boundary and to our
knowledge of the sedimentation history
in the Ross embayment and the basins
beneath polar plateau. (S-076)

Dry valley real-time telemetry seis-
mology. Nicholas A. Orsini and L. G. Ho/-
comb, U.S. Geological Survey Albuquerque
Seismological Laboratory. The availability
of high-quality seismic data from Ant-
arctica is a long-term objective of many
investigators. Such data, when com-
bined with data from the Worldwide
Standardized Seismological Network,
would provide needed azimuthal con-
trol for locating seismic events in the
Northern and Southern Hemispheres.
During the several austral summers, we
surveyed sites and installed equipment
in southern Victoria Land's McMurdo
Dry Valleys. Eventually, data will be
transmitted in real time via a synchron-
ous satellite to the U.S. Geological Sur-
vey Albuquerque Seismological
Laboratory as part of a larger seismic
data collection network. (S-078)

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 system can be ob-
served. In September 1984, a series of
large magmatic eruptions rocked the
volcano. These were probably the larg-
est eruptions since James Ross discov-
ered the volcano in 1841. Based on
observations 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 understand
the nature, behavior, and evolution of
the Mount Erebus magma chamber bet-
ter, we will continue observing the vol-
cano during austral summer 1987-1988,
and document the nature and changes
in volcanic activity. We will collect sam-
ples of material ejected from the volcano
for later analysis. A detailed petrologic/
geochemical!isotopic study of these
samples, as well as samples from older
lavas flows, will be made to evaluate the
petrogenesis of the magma. We will map
older lava flows and pyroclastic deposits
to examine the geologic history and evo-
lution of the volcano and will examine
the petrologic evolution of the phonolite
magma in the lake to compare it to the
older lava flows. We also will determine
the temperature of the lava lake, mea-
sure the emission rate of sulfur dioxide
and particulate matter, and examine
changes in the composition and crystal-
lization of the anorthoclase phonolite
magma by analyzing recently ejected
material. (S-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 at
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 Mountains in West Ant-
arctica, Upper Proterozoic and Lower
Paleozoic rocks crop out in isolated areas.
From regional mapping and some de-
tailed studies geologists have shown that
generally these areas have similar geo-
logic histories, but these studies also have
indicated that differences in stratigra-
phy and structure exist. Our study fo-
cuses on two sequences of conglomerate
and sandstone, one in the central Trans-
antarctic Mountains and the other in
northern Victoria Land. The similarity in
stratigraphy of the clastic sequences in
these areas suggests that a genetic re-
lationship may exist between the two

geographically widespread areas. To im-
prove our understanding of the tectonic
and geologic history of rocks in these
areas, we will analyze facies to establish
the depositional settings, evaluate the
sediment composition to ascertain the
lithologies and ages of the source areas,
determine ages of interbedded volcanic
rocks, collect fossils from fine-grained
sedimentary units to establish the age of
deposition, and examine the relation-
ship between the coarse-clastic se-
quences and underlying formations.
From these data, we will try to deter-
mine if the tectonic setting that con-
trolled the origin and distribution of the
sequences later deformed them. If we
can determine that there is a genetic re-
lationship between the coarse-clastic
rocks of the Bowers terrane and those
in the central Transantarctic Mountains,
these data will greatly modify scientific
understanding of the lower Paleozoic
development of the western continental
margin of Antarctica and perhaps of
Gondwana. (S-082)

Glaciology and glacial
geology

Antarctica's ice sheet covers 97.6 per-
cent of the continent in thicknesses up
to 4.8 kilometers. Its history—derived
from ice cores, the terrestrial geologic
record, and the marine sedimentary re-
cord—reveals 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 atmos-
phere, the timing of northern and south-
ern hemisphere glaciations, global ocean
circulation, ocean boundary changes, and
the dynamic response of ice to changes
in the atmosphere. From deep ice cores
taken from the east antarctic ice sheet,
glaciologists have acquired a 150,000-year
record; continued study of such ice cores
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 ad-
vances as radar-echo sounding and dop-
pler-satellite positioning have provided
new data on ice thickness, internal lay-
ering in the ice sheet, and the velocity
of ice movement. With this information
and with data from ice cores, glaciolo-
gists are determining ice sheet stability,
understanding the role of ice in climate,
and assessing the potential impact of the
antarctic ice sheet on sea level.

Ice core drilling. Karl C. Kuivinen,
University of Nebraska. Ice cores provide
valuable information on past atmos-
pheric constituents and climate. During
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the 1987-1988 austral summer, we will
work with glaciologists from Goddard
Space Flight Center and at several sites
on the Siple Coast drill 10-meter ice co-
res to support this project. We will also
provide some support to glaciologists
from the University of Wisconsin. (S-150)

Glaciogeophysical survey of the in-
terior Ross embayment. Charles R. Ben-
tley, University of Wisconsin at Madison.
Although glaciologists generally agree
that the present size of the west antarctic
ice is reduced in comparison to its max-
imum during the glacial age, they dis-
agree about the magnitude of change and
the past locations of its seaward edge.
A thorough understanding of this ma-
rine ice sheet is essential for global cli-
matology as well as for glaciology. For
3 years we have studied extensively the
portion of the ice sheet that lies along
the Siple Coast and extends from the
Rockefeller Plateau down to the Ross Ice
Shelf. During this investigation we found
that the Ross ice streams appear to be
different from all the other antarctic ice
streams. They lack the deep subglacial
valleys that characterize other ice streams
and outlet glaciers, have driving stresses
that decrease continuously from their
heads to their grounding lines (while
other ice streams and outlet glaciers ap-
parently have a zone of high-driving
stress near their termini), and are char-
acterized by evidence of rapid change
through time. In austral summer 1987-
1988, we will continue to investigate the
configuration, physical properties, and
dynamics of these ice streams. In the
field we will study the characteristics and
distribution of the active subglacial till
layer found under one section of ice
stream "B," compare and contrast ice
streams "B" and "C" and the interven-
ing ridge with respect to basal charac-
teristics, internal, physical constitutions,
and surface configurations, and survey
of ice streams "D" and "E." We also will
do airborne radar surveys, seismic
shooting, and microearthquake record-
ing. Supplementary investigations will
include ground-based radar studies of
crevasse depths, basal reflection
strengths, depolarization phenomena,
and electrical resistivity profiles. In co-
operation with other field teams we will
take gravity measurements, make ice-
movement-rate determinations, and col-
lect ice core samples for calculation of
surface net balance rates. (S-151)

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 ques-
tions related to mass balance and flow
of ice from the west antarctic ice sheet.
A number of radar systems have been
operated in Antarctica, but these are be-
coming outdated and need to be re-
placed. We designed a system that uses
coherent radar techniques to achieve a
high signal-to-noise ratio with relatively
low-power, solid-state transmitters. The
system, which was tested for the first
time during the 1986-1987 austral sum-
mer, is capable of taking measurements
from a sled or from a Twin Otter air-
plane; a second version will be designed
for use on a ski-equipped Hercules (LC-
130) airplane. Working at South Pole
Station during austral summer, we will
continue to test the measuring capabil-
ities of a sled-drawn 150 megahertz ra-
dar with a probing accuracy of 5 meters
at 50-meter intervals. (S-152)

Detailed glaciochemical investiga-
tions in southern Victoria Land—A proxy
climatic record. Paul A. Mayewski, Uni-
versity of New Hampshire. Local accu-
mulation-basins in the Transantarctic
Mountains possess sites suitable for re-
covering ice-core records that are valu-
able for studying climate change. These
sites are also unique, because they are
close to the sites of other ice-core studies
and to areas with established terrestrial
records. Our objective is to study a
snowpit in detail and collect ice cores in
southern Victoria Land; this work will
be similar to the investigations that we
have conducted in south Greenland and
in the Dominion Range near the Beard-
more Glacier. The proposed sites are in
Convoy, Asgard, and Royal Society
ranges. We will select one site at which
we will recover two ice cores, each ap-
proximately 200 to 300 meters in depth.
Samples will be analyzed for major an-
ions (chloride, sulfate, nitrate, fluoride)
and cations (sodium, potassium, mag-
nesium, ammonium, silicate), total ac-
idity, conductivity, density, and core
stratigraphy with dating provided by
cross-calibration of all of the preceding
plus total beta-activity, lead-210, oxygen
isotopes, and microparticles. This in-
vestigation will yield a detailed record
of several thousand years of glacial his-
tory, climate change, and volcanic activ-
ity for southern Victoria Land. This record
will be compared to existing terrestrial
records to add necessary detail and to
other global ice-core records to assess
global climatic change. It will also help
to document volcanic activity for Mount
Erebus as well as other volcanos in the
Southern Hemisphere and possibly some
in the Northern Hemisphere. With this
record, we will be able to evaluate the
influence of volcanic and solar activity
on climate as well as add greatly to our
understanding of the chemistry of the
global atmosphere. (S-153)

Studies of internal layering and basal
conditions in ice sheets using low-fre-
quency ice radar. Steven M. Hodge, U.S.
Geological Survey, Water Resources Divi-
sion, Tacoma. Many of the problems cur-
rently studied by glaciologists concern
internal flow and structure of ice, par-
ticularly at bedrock. Knowledge of in-
ternal and basal ice conditions comes
almost entirely from drilling and radar.
Although these methods are comple-
mentary, radar is a more practical means
of acquiring data that are crucial to un-
derstanding of geophysical processes
taking place in an ice sheet. Our objec-
tive is to use new ice radar techniques
to obtain increased understanding of in-
ternal layering and basal conditions in
ice sheets, and to use this data to draw
conclusions about ice-sheet dynamics in
designated areas. We are particularly in-
terested in the causes of internal layer-
ing, the presence of water at bedrock,
bottom roughness, and the existence of
any soft, basal ice layer. We also wish
to obtain bedrock topography data, es-
pecially where existing radar has not been
useful. Working on the Siple Coast at
ice streams B and C, we will use low
frequencies (1 to 35 megahertz) and
measure more than one of these fre-
quencies. For analysis, we will use data
obtained by broad-band, impulse radar
and untuned receiver, digital recording,
and real-time computer processing of re-
ceived signals. We will also use quali-
tative, analytic, an finite element
numerical methods to describe the ice
flow for comparison with radar data.
(S-154)

Methane, helium, and trace gases in
polar ice cores. Harmon Craig, Scripps In-
stitution of Oceanography, University of
California at San Diego. In 1982 we doc-
umented that ice core data indicate that
methane in the atmosphere has doubled
during the last 100 years. This increase,
a large and climatically significant in-
crease, may be anthropogenic, but with-
out additional data, we cannot evaluate
the processes that bring about these in-
creased levels. During the last year, we
have analyzed helium and methane con-
tents of ice cores and compared these
with data on methane increases. The
comparison with methane data indicates
diffusion has not influenced the amounts
of helium that is present in the atmos-
phere. Working on ice streams B and C
on Siple Coast, we will collect ice cores
for analysis. To augment our Greenland
data, we will analyze the Siple Coast
cores and evaluate the changes in at-
mospheric gases. (S-155)

Isotopic dating of antarctic glacia-
tions. George H. Denton and Daniel R. Lux,
University of Maine. Glacial geologic ev-
idence, including high-elevation trim-
lines, striated bedrock, and basal tills,
from strategic positions in the Transant-
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NSF photo by Ann Hawthorne.

U.S. Geological Survey personnel take measurements during the annual survey of the geographic South Pole. They are standing on one of the
steel arches that extends from the South Pole Station geodesic dome. To the right is the meteorology tower, and at the end of the arch is the
telescope used by researchers from the National Solar Observatory.

arctic and Ellsworth mountains imply that
massive overridings by a temperate ice
sheet occurred in the late Tertiary. From
other data we infer numerous fluctua-
tions with maximum ice volumes in East
Antarctica greater than in the late Qua-
ternary and have evidence from the
ice-free valleys of southern Victoria Land
and near the Beardmore Glacier that a
younger massive overriding by a polar
ice sheet occurred in the later Tertiary.
Glacial geologic and soil studies of lat-
eral moraines suggest a less massive later
Quaternary expansion that featured pe-
ripheral thickening and interior thin-
ning relative to the present situation. Our
objectives are to develop a glacial chro-
nology, stratigraphy, and description of
tectonic uplift through critical time in-
tervals represented by these glaciations.
To do this we will need to acquire such
data as argon-40/argon-39 isotopic dates
for McMurdo volcanic eruptive centers
that simultaneously date overriding and
monitor tectonic uplift, stratigraphy of
dated volcanics and silty overriding tills
through a wide range of elevations, 49
radiocarbon dates of late Wisconsin mo-
raines in eastern Taylor Valley, and 25
uranium-series dates of moraines in
Taylor Valley. The results of our re-
search will improve antarctic glacial
chronology and associated tectonic his-
tory of the Transantarctic Mountains and
will allow numerical ice-sheet recon-
structions that will lead to atmospheric

modeling experiments of the influence
of these ice sheets on Southern Hemi-
sphere climate. (S-156)

West antarctic glaciology. Robert A.
Bindschadler, Goddard Space Flight Center,
National Aeronautics and Space Adminis-
tration. The size of the marine-based west
antarctic sheet has fluctuated greatly over
time, but little is known about how much
it fluctuated or what its present dynamic
behavior is. The minimum extent of the
ice sheet probably occurred about 125,000
years ago when only a small part of the
ice sheet was grounded and sea level
was approximately 5 meters higher than
today. Its maximum extent may have
been 18,000 years ago when scientists
believe that the ice sheet was 50 percent
larger than today and the grounded ice
sheet reached the continental margin's
edge. This austral summer we will con-
tinue our effort to assess the present dy-
namic state of west antarctic ice near ice
stream B on the Siple Coast. We are pri-
marily interested in the nature of ice
stream flow near the grounding line, the
interactions of the ice stream with the
ice shelf, and the nature and geometry
of the slow-moving catchment basins of
the ice streams. We will finish surface
measurements in the mouths of ice
streams "B" and "C," continue the net-
work of stations in the catchment basins
of all the ice streams, and drill through
the Crary Ice Rise to measure tempera-

ture profiles to allow calculation of its
age and migration rate of the grounding
line. (S-173)

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
surveys have significantly advanced sci-
entific understanding of sea-floor
spreading as the Earth's primary geo-
physical process, the complex nature of
the circum-antarctic current, the for-
mation of Antarctic Bottom Water (a cold,
dense water mass that sinks and spreads
globally), and climatic cycles and vari-
ations as recorded in ocean bottom sed-
iments. The use of data obtained by polar-
orbiting satellites is improving under-
standing of such oceanic features as the
changing sea-ice cover and surface tem-
poral variability of the Antarctic Circum-
polar Current. In the future satellite
observations and real-time transmission
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
summer and winter are crucial to discern
Antarctica's role in global climate change.
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Antarctic bottom water formation.
Theodore D. Foster, University of California
at Santa Cruz. Major sources of true bot-
tom water in the world ocean are small
and apparently limited to the Weddell
Sea and the Norwegian-Greenland Sea,
although smaller amounts may form in
areas such as off the Adélie coast of Ant-
arctica. Data from the International
Weddell Sea Oceanographic Expedition
(IWSOE, 1968-1980) confirm that bot-
tom water does form in the Weddell Sea,
but these data also have changed our
understanding of how this bottom water
forms. The classical view holds that sal-
inity of sea water increases as sea ice
forms and becomes concentrated. After
this concentration exceeds a certain level,
the water is dense enough to flow off
the shelf and down under the warm in-
termediate water to mix with existing
bottom water and become new bottom
water. IWSOE data show that the pro-
cess is more complex. Rather than im-
mediately flowing down the shelf, the
dense surface water mixes with inter-
mediate layer that has been modified by
admixture with the overlying near-
freezing surface water and that has been
intruded in a tongue onto the shelf, be-
fore it flows downslope. Our project fo-
cuses on this newly formed bottom water
and the possibility that near-surface water
sinks in the open ocean. Working in the
southeastern Weddell Sea during aus-
tral summer 1987-1988, we will do hy-
drographic sections across the flow of
this water and moor eight current me-
ters in the core of the bottom water; the
meters are scheduled to be picked up
the following austral summer. We will
also do a closely spaced conductivity-
temperature-depth survey near 64°S
43°W, where unusually large step struc-
tures were found in 1975 and 1976, to
investigate what role these structures
have in bottom water formation. We also
plan to do time-series, conductivity-
temperature-depth casts in this region
or further to the southwest. (S-206)

Marine geology of the Antarctic Pen-
insula continental margin. John B. An-
derson, Rice University. Since 1979, we
have collected and described sediments
that blanket the antarctic sea floor; we
have related sedimentary facies to gla-
cial and oceanic conditions. We will take
piston cores and conduct seismic profil-
ing to examine the glacial history of the
region, as well as study sedimentation
processes. Sample locations and de-
scriptions of materials collected will be
made available to other investigators
through the Antarctic Marine Geology
Research Facility at Florida State Uni-
versity and through publication. (S-207)

Depositional environments of the
antarctic continental shelf. Eugene W.
Domack, Hamilton College. Our objective

is to obtain and analyze data that will
provide quantitative paleoclimatic con-
straints for ancient glacial-marine envi-
ronments and that will enable us to
interpret properly the marine geologic
record along the antarctic margin. We
are particularly interested in meltwater
processes and how these affect sedi-
mentation along the antarctic continen-
tal shelf. Focusing on the water-column
environment and ice-proximal sedimen-
tation within fjords along the Antarctic
Peninsula, we will take vertical profiles
of salinity, temperature, and transmis-
sivity; collect water samples at several
depths; and take piston cores of bottom
sediments directly adjacent to glacial
marines and along fjord sills. This effort
will provide us with data by which we
can distinguish between true polar and
subpolar glaciomarine environments. The
distinction between these two will pro-
vide a useful paleoclimatic indicator for
ancient sequences and will further our
understanding of glacial climates through
Earth's history. In studying the stability
of deep-water intrusion along the east
antarctic margin, we will examine the
relationships among warm deep-water
tongues, ice rafting, and radiolarian
faunas. We will focus on down-core
analysis of shelf basin oozes that contain
a sedimentation record for approxi-
mately the last 2,000 years. Data suggest
that warm tongues may be important in
regulating ice-shelf melting and, con-
sequently, the mass-balance of associ-
ated ice sheets. By learning more about
the fluctuation of deep-water intrusion,
we will better understand the interplay
between land ice and ocean systems in
Antarctica. (S-212)

Marine heat flow around West Ant-
arctica. Lawrence A. Lawyer, Institute for
Geophysics, University of Texas at Austin.
The locations of India and Australia be-
fore Gondwana broke-up, and the re-
lationship of these locations to Antarctica
are well defined geologically and tecton-
ically. Although the pre-breakup posi-
tion of Africa has been almost delineated
by matching Mesozoic marine magnetic
anomalies on the East Antarctic and Af-
rican plates, how and when West Ant-
arctica can to be in its present position
with respect to East Antarctica is still
unknown. A key tool for dating the evo-
lution of tectonic plates is seafloor mag-
netic anomaly lineation identifications;
unfortunately, in many west antarctic
marginal basins, the observed seafloor
magnetic anomalies cannot be corre-
lated, because the anomaly sequence is
too short, has been obscured by thick
sediments, or is lacking because thick
sediments were present during the early
stages of seafloor spreading. To over-
come this problem, we will measure ma-
rine heat flow. Such measurements can

be used to determine approximate sea-
floor ages and, combined with age ver-
sus depth data, can give fairly accurate
ages and directions of tectonic evo-
lution. During the 1987-1988 austral
summer, we will study the temperature
regime of sediments in the Bransfield
Straits to quantify their relation to ther-
mogenic hydrocarbons and will collect
data to determine the age of Powell Basin
near the eastern side of the Antarctic
Peninsula. In regions of complex tec-
tonic history, heat flow measurements
also allow structural geologists, geo-
chemists, and petroleum resource-po-
tential analysts to determine thermal
environments. (S-213)

Sinking and suspended particulate
matter on the continental shelf. Robert
B. Dunbar, Rice University. Modern ant-
arctic shelf sediments have sources and
transport paths that are unique to the
present glacial setting. Studies during
three previous austral summers along
the antarctic continental margin have
shown that biotic and physical processes
affect sediment transport and deposi-
tion. Through surface sediment experi-
ments 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
example, in the Bransfield Strait bio-
genic 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 conti-
nent is low and biogenic-aggregate res-
idence times in the water column are
high. During austral summer 1987-1988,
we will extend our investigation of sed-
iment processes in the southwestern Ross
Sea. We will sample particulate matter
with sediment traps at several sites be-
low the sea ice in McMurdo Sound. Our
investigation is part of an integrated study
to measure primary production in sur-
face waters, particle fluxes at depth, and
sediment accumulation rates on the sea
floor. The results will provide data for
paleo-oceanographic studies and for in-
vestigations of geochemical cycles of nu-
trient elements in the southern oceans.
We will also characterize the input of
aeolian debris to McMurdo Sound, the
flux of which to antarctic shelf sediments
is presently unknown. (S-216)

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 stud-
ied the continent's climate and its var-
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ious geographic regimes. From this
research they have come to understand
the major seasonal features of atmos-
pheric circulation, the radiation and en-
ergy balances that affect 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 variations, coupled
air-ice-sea interactions, how Antarctica
affects global processes, and the re-
sponse of Antarctica to climate change.

Aerosol exchange processes in the
Antarctic. G. Garland Lala, State Univer-
sity of New York at Albany. The ice in Ant-
arctica acts as a sink and a temporary
storage reservoir for particulate matter,
certain gases, and vapors that precipi-
tate from the air as it passes over the
continent. The precipitation of these ma-
terials to the ice is important to the sta-
bility of several physical properties of
the atmosphere, but the precipitation
mechanisms and the frequency with
which they act are not well understood.
Our goal is to make measurements of
turbulent fluctuations of vertical wind
speed, temperature, and humidity us-
ing instrumentation to be mounted on
the 22-meter meteorological tower at
Amundsen-Scott South Pole Station. We
will also archive a series of whole-sky
photographs and digital images. These
measurements will help us to under-
stand the environment in which depo-
sition of aerosols occurs at the station.
While in the field and after our field work
is completed, our efforts will be coor-
dinated with personnel from the Na-
tional Oceanic and Atmospheric
Administration's global monitoring for
climate change (S-257) project. (S-255A)

Winter meteorology in the McMurdo
Sound region. G. Garland Lala, State Uni-
versity of New York at 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 record-
ings obtained at the surface near
McMurdo Station during late winter in-
dicate that stratosphere-troposphere ex-
changes occur more frequently at this
location than on the polar plateau. Our
objective is to determine the atmos-
pheric layers through which the various
materials are transported to Antarctica
and how these materials are trans-
formed while enroute. This information
is vital to climate modeling that includes
aerosols as a component of the radiation
budget and to an understanding of aero-
sol transport processes related to glacial
and climatic history. We will examine
aerosol and ozone exchange parameters
near McMurdo Station. To do this, we
will measure sodium, sulfur, and soot
components of aerosols and compare the

time scale with the variation of mete-
orological events. These measurements
and observations will enable us to esti-
mate the exchange of marine and com-
bustion-related aerosol components in
Antarctica. (S-255)

The electrode layer at the South Pole.
Robert F. Henry and Julie A. Samson, State
University of New York at 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 re-
pelled by the surface, this causes a near-
surface excess of positively charged ions
in the atmosphere. 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 tur-
bulent mixing. Numeric modeling of this
effect is relatively simple, as is investi-
gating it in air that is free of aerosols and
surface-related ionization. The South Pole
provides ideal conditions for an exper-
imental study of this effect. We will meas-
ure sufficient parameters to characterize
the electrode layer and will determine
the turbulent fluxes of positive and neg-
ative ions. These fluxes will be com-
pared with predictions of a simple model
to which we will input the surface elec-
tric field and space-charge density.
Specification of the surface electric field
and space-charge density near the sur-
face enables us to model the ionic eddy
fluxes and the eddy diffusivity. By learn-
ing about the eddy diffusivity of the sur-
face layer over Antarctica, we will
understand better the turbulent fluxes
of heat and water vapor to the ice sheet.
(S-256)

Global monitoring for climatic change.
James T. Peterson, Environmental Research
Laboratories, National Oceanic and Atmos-
pheric Administration. Our team will con-
tinue 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
temperature, atmospheric moisture, and
trace constituents from the station's clean-
air facility. The objectives are to deter-
mine the rate at which concentrations of
these atmospheric constituents change
and to examine sources, sinks, and bud-
gets. Working with climate modelers and
diagnosticians, we will use these data to
determine how the rate of change in
aerosol concentrations affects climate. In
support of this project, personnel at Pal-
mer Station will collect carbon dioxide
samples for us. (S-257)

Sampling and analysis of large aero-
sol particles in the antarctic troposphere

and near surface. Raymond L. Chuan and
Mary Jo Spencer, University of New Hamp-
shire. Limited sampling of tropospheric
and Mount Erebus plume aerosol par-
ticles in the size range from about 0.1 to
10 microns suggests a correlation be-
tween the two sets in terms of size dis-
tribution and elemental composition. In
samples collected during the 1983-1984
austral summer, particles similar to those
in the Erebus plume were found at an
8-kilometer altitude as far away as half-
way between McMurdo and South Pole
stations. If this data can be verified, we
believe it indicates that Mount Erebus
has a significant effect on the antarctic
troposphere and on regional ice chem-
istry. Many of these particles consist of
soluble salts that would not have been
seen in previous ice-core particle studies
because the ice is melted before it is tested
for particles. Our objective is to sample
systematically tropospheric aerosol par-
ticles up to tens of microns in size and
to correlate these data with data on par-
ticles sampled from the Mount Erebus
emission plume. From an LC-130, we
will use a multistage cascade impactor
that uses piezo-electric crystals as col-
lectors. This system will provide real-
time aerosol mass measurements in size-
segregated bands and will retain sam-
ples (on the collector crystals) for post-
flight analysis of particle morphology and
elemental composition. We will develop
freeze-drying techniques to obtain par-
ticles for analysis from existing ice cores
taken near Mount Erebus. (S-261)

The windfield near Terra Nova Bay.
David H. Bromwich, Ohio State University,
and Thomas R. Parish, University of Wyo-
ming. 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 relation-
ship between coastal katabatic winds and
interior conditions are not well under-
stood. We know that the surface wind
pattern over Antarctica is irregular and
that cold-air drainage patterns in the in-
terior may influence the strength and
persistence of katabatic winds. Where
negatively buoyant air from a large in-
terior catchment drains through a nar-
row section of the coastline, katabatic
winds can be considerably strength-
ened. Field studies and theoretical evi-
dence indicate that Terra Nova Bay is
one of these regions. In this project, we
will document the near-surface kine-
matic behavior of the katabatic flow us-
ing automatic weather stations and
airborne surveys of sastrugi orientation.
By using instrumented airplanes and
satellite imagery, we will determine the
physical characteristics of the boundary
layer over the coast and near-interior
sections of the region near the bay. Other
objectives are isolating the dynamic and

14	 Antarctic Journal



thermodynamic mechanisms responsi-
ble 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 sim-
ulating the windfield over the Terra Nova
Bay region and assessing the perfor-
mance of this model. (S-262 and S-263)

Springtime measurements of ozone-
related compounds in the antarctic
stratosphere. David G. Murcray, Univer-
sity of Denver. The springtime decrease
of atmospheric ozone over Antarctica has
been observed over Halley Bay and over
Syowa and South Pole Stations and has
been recorded by satellites over a wide
area of the continent. Current photo-
chemical models did not predict these
observations nor do the models explain
the decrease. Several explanations for the
decrease have been advanced; each ex-
planation assumes that concentrations
of other compounds in the atmosphere
would change along with the concen -
tration of ozone. However, verification
of these hypotheses requires atmos-
pheric chemical data obtained during the
antarctic spring. In support of the Na-
tional Ozone Expedition II, we will ob-
tain infrared solar spectra from ground-
based stations at McMurdo and South
Pole. These spectra, which contain thou-
sands of absorption lines produced by
compounds present in the atmosphere,
can provide information about atmos-
pheric chemistry at the time that the
measurements were made. Because they
respond to molecules anywhere along
the optical path, this technique yields
information ont the total column density
of compounds present in the strato-
sphere. At McMurdo Station from late
August until mid October, we will take
measurements near Arrival Heights and
later will continue our observations at
Amundsen-Scott South Pole Station. The
measurements will be analyzed for total
column density of hydrochloric acid, ni-
tric acid, nitrogen dioxide, chlorofluo-
rocarbon gases F-il and F-12, ozone,
methane, and nitrous oxide. With these
data, we hope to follow the change in
total column density for these com-
pounds from late winter through early
spring. (S-270)

Automatic weather stations: Opera-
tion and research. Charles R. Stearns,
University of Wisconsin. Although infor-
mation taken from satellites on antarctic
weather patterns is valuable, surface data
are needed for confirmation. Automatic
weather stations (AWS) measure surface
pressure, air temperature, wind speed,
and wind direction and transmit the data
to satellites for interrogation by ground
stations. We will use the weather sta-
tions to study the barrier wind along the
Transantarctic Mountains, vertical mo-
tion and sensible and latent heat flux

from the Ross Ice Shelf, foehn winds
flowing from the Beardmore and Byrd
glaciers onto the Ross Ice Shelf, katabatic
flow at Reeves Glacier, and propagating
weather systems at the South Pole. The
weather stations will also provide me-
teorological support for aircraft opera-
tions at McMurdo Station. In the field,
we will check and service existing AWS
units and install new units. These AWS
units enable us to gather continuous and
reliable meteorological data. (S-283)

Ground-based stratospheric lidar
measurements for the National Ozone
Expedition II. Bruce M. Morley and Ed-
ward E. Uthe, SRI International. Recent
measurements indicate that the column
content of ozone in the antarctic strat-
osphere has been decreasing over the
past dozen years and that major reduc-
tions occur between August and No-
vember, the late austral summer and early
austral spring. Atmospheric scientists
have proposed a number of theories to
explain this phenomenon; however, they
cannot validate these hypotheses with
existing data. As part of National Ozone
Expedition II, we will investigate the
temporal variability of stratospheric
aerosols and cloud distribution by using
a ground-based lidar (laser infrared ra-
dar). The ground-based lidar can be used
to monitor continuously the time and
height variability of aerosols and the po-
lar stratospheric cloud layers that occur
at altitudes of greatest ozone depletion.
These measurements can be correlated
with other atmospheric composition
measurements to infer the role of aerosol
and clouds on observed ozone behavior.
(S-285)

Visible spectroscopy at McMurdo
Station, Antarctica. Susan Solomon, Na-
tional Oceanic and Atmospheric Adminis-
tration Aeronomy Laboratory. Ground-
based observations and satellite data
confirm that total ozone abundance over
Antarctica during the austral spring has
decreased by 50 percent during the last
10 years. As participants in the 1986-
1987 National Ozone Expedition, we
measured as many stratospheric chem-
ical constituents as possible to obtain a
better understanding of chemical and
dynamic processes that may contribute
to this decline. Data from last austral
spring indicate that abundances of ozone-
destroying chlorine compounds were
about 20 to 50 times greater than antic-
ipated and vary diurnally. Although these
data, as well as lower than expected
abundances of nitrogen dioxide, are
consistent with the theory that en-
hanced chlorine chemistry is causing the
ozone depletion, these findings do not
prove that this model is correct. To aug-
ment our data base, during austral spring
1987, we will continue to use ground-
based visible absorption spectroscopy to
measure the stratospheric column abun-

dances of ozone, nitrogen compounds,
and chlorine compounds. This method
provides simultaneous measurements of
ozone change and the abundances of re-
active nitrogen and reactive chlorine
species. Possible correlations between
simultaneous measurements of these
three constituents are valuable for dis-
tinguishing between proposed mecha-
nisms of ozone depletion. We will take
our measurements using direct light from
the Sun and Moon or by measuring the
scattered light from the zenith sky. (5-
286)

National Ozone Expedition: Micro-
wave radiometer measurements. Robert
de Zafra and Philip Solomon, State Univer-
sity of New York, Stonybrook. To measure
vertical profiles of chlorine monoxide,
nitrous oxide, hydrogen cyanide, and
ozone, we will use a millimeter-wave
spectrometer. Of these measurements
the levels of chlorine 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 monoxide, taken
approximately 12 miles (20 kilometers)
above the Earth's surface, could be 100
times greater than normal. (S-287)

Sulfuric acid aerosol production at 30
kilometers over Antarctica. David Hof-
mann, University of Wyoming. We will use
balloons of various sizes, instrumented
with ozonesondes to measure in detail
vertical profiles of ozone and tempera-
ture from the ground to about 29 kilo-
meters above the surface. These
measurements should indicate where in
the column changes the ozone is being
destroyed. (S-289)

Ground-based lidar observations of
ozone aerosol and temperature. William
S. Heaps, National Aeronautics and Space
Administration, Goddard Space Flight Cen-
ter. Several theories have been proposed
to explain the recently discovered,
springtime ozone depletion over Ant-
arctica, but additional data is necessary
to establish what processes are produc-
ing this phenomenon. The preliminary
results of the 1986-1987 National Ozone
Expedition indicate that nitrogen oxides
were present smaller amounts than an-
ticipated and that chlorine compounds
were more prevalent. These findings
support chemical theories based on
chlorine or chlorine-bromine chemical
mechanisms are affecting the level of
ozone in the stratosphere; however, not
all climate dynamic theories are dis-
counted by these data. Our objective is
to use a ground-based laser radar system
(lidar) in an upward-looking mode to re-
cord ozone profiles, aerosol content, and
temperature profiles. Although the sys-
tem was not principally designed for
these measurements, we have modified
it slightly to collect these data and to be
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used on the ground instead of in flight
(S-292)

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

tronomical 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 its surface and the ionos-
phere in polar regions. The effects of
processes in the magnetosphere extend
along these lines of force and are ob-
served and studied at conjugate stations
in Antarctica and the Arctic. Such si-
multaneous investigations enable sci-
entists to learn more about the nature of
the magnetosphere and the disturb-
ances in this region that affect the Earth's
atmosphere. Because the antarctic con-
tinent encompasses a wide range of geo-
magnetic latitudes, scientists can study
the plasmapause (the internal magne-
tospheric boundary), the magneto-
spheric cusp, and the auroral zone. Solar
and stellar astronomers are using the
geographic South Pole for research be-
cause 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 enters the outer terrestrial
environment and reaches the atmos-
phere, how disturbances associated with
the transfer of energy propagate to and
affect the planet's surface, how space
disturbances affect communications sys-
tems and power transmission, and how
matter in the universe formed into gal-
axies and clusters of galaxies.

Very-low-frequency wave-particle
experiments on the magnetosphere and
ionosphere from Siple Station and Lake
Mistissini, Quebec. R.A. Helliwell, Stan-
ford University. Controlled wave injec-
tion from the ground enables scientists
to study wave-particle interactions, as
well as observe and analyze the function
of these interactions. With these tech-
niques scientists have acquired impor-
tant quantitative information on the
nature of wave-particle interactions in
plasma under conditions that could not
have been created in a laboratory. Dur-
ing austral summer 1987-1988, we will
investigate the mechanisms that amplify
coherent and incoherent waves, gener-
ate sidebands, suppress wave growth,
and trigger coherent emissions and the
effects of waves on the Earth's radiation
belts and on conditions of subiono-
spheric signal propagation through wave-
induced pitch angle scattering and pre-
cipitation of trapped particles and the
resultant coupling of the magneto-

sphere-ionosphere-atmosphere system.
The essential components of our re-
search include controlled injection into
the magnetosphere and Earth-iono-
sphere waveguide of very-low-fre-
quency (VLF) waves using the Siple Sta-
tion transmitter, observations of the Siple
signals as well as background magne-
tospheric wave activity in the extremely-
low-frequency/very-low-frequency (ELF!
VLF) range near the Siple's Northern
Hemisphere conjugate at Lake Mistis-
sini, Quebec, observations of the Siple
signals on satellites at various distances
form ionospheric wave-injection points,
ULF/VLF/LF (low-frequency) observa-
tions of magnetospheric waves and as-
sociated particle precipitation effects at
Siple Station, and observations of ULF
micropulsations and ionospheric effects
resulting from particle precipitation.
These experiments provide data that help
us to understand coherent radiation from
plasma better. These data are important
to laboratory plasma physics and astro-
physics, as well as magnetospheric
physics. The results also can be applied
to communications (both ELF and high-
frequency systems), remote sensing of
magnetospheric plasma, and modifica-
tion of the magnetosphere and the
ionosphere by wave-induced particle
precipitation. (5-100)

Aurora! 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
camera produces images of weak optical
emissions at the latitude of the cusp, an
important but poorly understood
boundary region of the Earth's magne-
tosphere. 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 im-
agery on the Dynamics Explorer satellite
(DE-1). We are particularly interested in
the extent to which aurora seen by DE-
1 in the Northern Hemisphere mirror
those observed at the South Pole. Dur-
ing austral summer 1987-1988, we will
inspect and do maintenance work on this
equipment. The system will be operated
and maintained by South Pole personnel
during the austral winter. (S-104A)

Lightning-induced electron precipi-
tation from the magnetosphere. U. S.
man, Stanford University. Recent re-
search results suggest that lightning and
thunderstorms may play a major role in
the precipitation of trapped radiation belt
particles. By using ground-and satellite-
based observations researchers have now
established that detectable lightning-in-
duced electron precipitation and asso-
ciated ionospheric perturbations do
occur. Such precipitation is evidence of
a fundamental coupling mechanism be-

tween the magnetosphere-ionosphere
system and the middle atmosphere. Our
project focuses on the bursts of precip-
itation that atmospheric lightning dis-
charges induce at middle to low latitudes.
The results should provide an initial ba-
sis for determining the role of lightning
and thunderstorms as a low process for
magnetospheric electrons and in the
coupling of the atmosphere-ionosphere-
magnetosphere system. We will study
this phenomenon by using the iono-
spheric density enhancements that it
produces. These enhancements are de-
tected as amplitude and phase pertur-
bations on very-low-frequency, low-
frequency, and middle-frequency radio
signals that propagate in the Earth-
ionosphere wave-guide. From recent re-
search, we know that such measure-
ments are a powerful and possibly unique
ground-based tool for detecting particle
precipitation at mid-and low-latitudes.
While working at Palmer Station, we will
carry out simultaneous, high-resolution
measurements of the amplitude and
phase of subionospheric very-low-fre-
quency, low-frequency, and middle-fre-
quency signals to determine the spatial
distribution, temporal signatures, and
magnetic conjugacy of lightning-in-
duced precipitation. (S-106)

Cosmic ray intensity variations. Mar-
tin A. Pomerantz, Bartol Research Foun-
dation, University of Delaware. Cosmic rays
provide a powerful tool for studying ex-
otic astrophysical processes that occur
on the Sun and in its far-reaching at-
mosphere that controls space near Earth.
Antarctic monitoring stations are crucial
for probing interplanetary plasma dy-
namics through observations of varia-
tions in relativistic (over 1
gigaelectronvolt) galactic cosmic rays. At
McMurdo and South Pole stations, we
will continue year-round observations
of cosmic radiation and collaborate with
the magnetospheric cusp program. To
enhance our understanding of the solar
physical processes that control the elec-
tromagnetic conditions in the Earth's en-
vironment, our data are used in
conjunction with data from other ground-
based instruments and spacecraft. (5-
109A)

Helioseismological observations from
the South Pole., Martin A. Pomerantz,
Bartol Research Institute, University of Del -
aware. During the 1981-1982 austral
summer, we used a solar observatory
about 4 miles (6.5 kilometers) from South
Pole Station. With this telescope and a
modified version used during the 1982-
1983 and 1984-1985 austral summers, we
have observed and recorded global solar
oscillations. These observations have
helped to extend our understanding of
the structure and dynamics of the solar
interior. During the 1981-1982 austral
summer, we obtained simultaneous,
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high-resolution photographs at two dif-
ferent wavelengths over protracted pe-
riods. During austral summer 1987-1988,
using an enhanced camera, we will take
new photographs for comparison with
the earlier ones. With these data, we will
investigate possible changes in the level
of solar activity and look for new solar
features. (S-109B)

Survey of galactic submillimetric
emissions in the Southern Hemisphere.
Martin A. Pomerantz, Bartol Research
Foundation, University of Delaware. Dur-
ing the 1986-1987 austral summer at
Amundsen-Scott South Pole Station, we
tested a specially designed, 1-meter ra-
dio telescope to detect fluctuations in the
microwave background radiation, which
is a remnant of the early universe. Meas-
urements of this radiation have shown
that it is remarkably uniform in all di-
rections, but theorists suggest that mi-
crowave radiation must contain
fluctuations, called anisotropy, that de-
scribe the initial clumping of matter dur-
ing the formation of structure in the
universe. Our telescope, developed by
Bell Laboratory researchers, can receive
signals with wavelengths of about 3 mil-
limeters, which is well below the limit
predicted by theorists as necessary to
record fluctuations in background radia-
tion. To attain the required sensitivity,
the telescope's receiver is cooled by
liquid helium to three-tenths of a degree
Celsius above absolute zero (-273.16°C).
Because the telescope will be at the Earth's
axis, it will remain fixed, and the Earth's
rotation will provide the scanning. Pre-
vious experiments have indicated that
the South Pole has the lowest water-va-
por content and "sky noise" on Earth.
Because these are essential conditions
for infrared observations, we hope to
obtain highly accurate observations. (S-
109C)

Observations of ultra-high-energy,
gamma-ray sources from the South Pole.
Martin A. Pomerantz, Bartol Research
Foundation, University of Delaware. Since
early in this century when cosmic rays
were discovered, scientists have sought
to determine their point of origin. Ini-
tially they believed that cosmic rays were
energetic electromagnetic radiation. More
recent data have shown that cosmic rays
are electrically charged particles, mainly
hydrogen nuclei and more particularly
protons. The circumpolarity of the sky
over South Pole Station makes this site
one of the few from which continuous
observations can be made for 200-tera-
electronvolt gamma-rays from a large
number of X-ray binaries and related
compact objects—potential emitters of
primary cosmic rays. Because of the sta-
tion's location, we will be able to search
for regularities (e.g., orbital phase, out-
burst repetition cycles, and flux modu-
lation on various time scales ranging from
September 1987

spin periods of seconds to possible ac-
cretion modulation over weeks or
months) of what are, in the few cases
confirmed to date, somewhat episodic
sources. The continuous exposure, cou-
pled with the favorably high altitude,
will also enable us to find weaker sources
in the southern sky, where there is a
preponderance of potential ultra-high-
energy, gamma-ray sources. To obtain
directional data, we will install an array
of detectors that respond to extensive air
showers produced by ultra-high-en-
ergy, gamma-rays incident on the Earth's
atmosphere. Our project will be con-
ducted in conjunction with investigators
from the University of Leeds in Great
Britain. (S-109D)

Riometry in Antarctica and conjugate
regions. T.J. Rosenberg and D.L. Mat-
thews, University of Maryland. The riom-
eter (relative ionospheric opacity meter)
provides continuous data on temporal
and spatial variations of energetic pre-
cipitation and ionospheric perturba-
tions. We use these data together with
photometric, magnetic, and radiowave
emission data to study physical pro-
cesses associated with the transfer of so-
lar wind energy to the magnetosphere
and the upper atmosphere. At South Pole
Station, our investigations focus on the
polar cusp, a dayside entry region for
solar wind plasmas, and on the night-
side polar cap region where magnetic
substorm effects predominate. At
McMurdo Station our studies relate ex-
clusively to ionospheric phenomena in
the polar cap. At Siple Station, our ob-
jective is to investigate wave-particle in-
teractions produced naturally by
lightning (whistlers) and other natural
very-low-frequency emissions and arti-
ficially by the very-low-frequency trans-
mitter. (5-111)

lonosonde studies of the cusp ionos-
phere. F. T. Berkey, Utah State University.
Plasma instabilities and precipitation ef-
fects are produced in the ionosphere by
the solar wind as it penetrates the mag-
netosphere through the magnetospheric
cusp. Research has established that the
cusp region, where particles with ener-
gies typical of magnetosheath plasma are
present, is longitudinally elongated. It
is composed of downstreaming plasma
from the entry layer, upstreaming plasma
that has been mirrored, and upward
streaming ions and electrons of mag-
netospheric origin. The discovery of this
magnetosheath-like plasma precipita-
tion has drawn special attention to the
dayside ionosphere; such precipitation
causes the structure and dynamics of the
dayside ionosphere to vary rapidly. Be-
cause these ionospheric disturbances
cause electron density irregularities, 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 iono-
sphere. By operating an ionosonde at
the South Pole, we can determine the
ionospheric signature of the low-energy
magnetosheath precipitation, estimate
the size and location of the resulting
ionospheric perturbation, and deter-
mine the latitudinal and longitudinal ex-
tent of the perturbation. Our investigation
will provide a better understanding of
the role of magnetosheath particle entry
in the physics of the magnetosphere. 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 emissions are a
direct manifestation of low-energy elec-
trons precipitating into the dayside i-
onosphere. 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 mor-
phology of the low-energy magneto-
sheath precipitation region. (S-122 and
S-122B)

Automated photometry of selected
stars at the South Pole. Kwan-Yu Chen,
University of Florida. Astronomical ob-
servations of celestial objects undergo-
ing such changes as brightness, color,
spectral type, or polarization of emitted
radiation are hindered by daylight or
starset interruptions. For photometric
studies of binary star systems or obser-
vations of comets and asteroids this is
particularly true. South Pole Station pro-
vides an ideal location for such obser-
vations, 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
several wave lengths. The nature of one
star, a close binary system, is not un-
derstood, and we are gathering data on
its light variation and changes in certain
helium and carbon emissions. Obser-
vations of the other three stars are col-
lected for comparison with the first star.
During the 1985-1986 austral summer,
we installed a redesigned optical astro-
nomical telescope, tested and aligned it,
and surveyed the site for possible light
pollution from South Pole station during
the winter. We also tested the data-re-
trieval system and developed proce-
dures for transmitting selected data via
satellite during the winter. During aus-
tral summer 1987-1988, we will collect
data, check the operation of the system,
and prepare it for continuing experi-
ments throughout the 1988 winter. (5-
123)
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This artist's rendering shows the new science facility that will be constructed at McMurdo Station.
Three of the wing will house laboratories for researchers from different science disciplines. The
fourth wing will be for offices, a library, meeting rooms, and other administrative needs.
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Support and logistics,
1987-1988

One hundred and eighty-five winter-
ers will greet U.S. ski-equipped Her-
cules (LC-130) airplanes at McMurdo
Station in late August 1987. To bring
supplies and equipment to the station,
which began winter operations in late
February 1987, the U.S. Antarctic Pro-
gram plans eight flights between Christ-
church, New Zealand, and McMurdo
Station, Antarctica, for the 1987 "winter-
fly-in" or "Winfly." On board will be 200
civilian and Navy support personnel and
some researchers, including 20 scientists
who will investigate the annual spring
depletion of ozone over Antarctica.

Several major support projects high-
light the 32nd year of continuous U.S.
support and research activities in Ant-
arctica. Among these are the recovery of
a ski-equipped airplane from East Ant-
arctica, the first stage of construction of
a new science facility at McMurdo Sta-
tion, and the second phase of glaciology
investigations along the Siple Coast.

Airplane recovery
In January 1988 an LC-130 airplane will

return to McMurdo Station after being
buried in the snow of the east antarctic
plateau for 15 years. VXE-6 pilots and
crew will fly the airplane, known as Ju-
liet Delta "321," to McMurdo Station and
then onto Christchurch, New Zealand.
After all repairs and up-grading of
equipment are completed, "321" will re-
turn to antarctic service.

The airplane was damaged in Decem-
ber 1971 during a jet-assisted takeoff
QATO) from a remote site in East Ant-
arctica. At that time, inspectors believed
18

that the extensive damage and remote-
ness of the site made recovery impos-
sible. All salvageable instruments and
equipment were stripped from the air-
plane which was then abandoned. In the
late 1970s, three other U.S. Antarctic
Program LC-130s were successfully re-
paired at another remote site in East
Antarctica and returned to service. These
successes convinced engineers that "321"
could be recovered.

Last austral summer, six ITT/Antarctic
Services, Inc. employees began to dig
out the airplane, which was buried be-
neath more than 30 feet of snow and ice.
During December 1986, these men
worked 10-to 12-hour days, 7 days a week
to remove the snow. On Christmas Day
1987 they towed the four-engine air-
plane to the surface. The dry, cold en-
vironment preserved the airplane
perfectly, even though the wings and
stabilizers bore the weight of more than
20 feet of densely packed snow.

Structural and electrical engineers in-
spected "321" in January 1987 and de-
cided it was airworthy. In November 1987
crews from Lockheed Corporation and
the Naval Aviation Depot at Cherry Point,
North Carolina, will go to the crash site
and prepare the airplane for its flight to
Christchurch. Besides repairing damage
to the hull, they will replace all four en-
gines and propellers, the main and nose
gear struts, radome, and flight instru-
ments. (For complete information on the
crash and recovery operations, see the
March/June 1987 issue, volume 22, num-
bers 1/2, of the Antarctic Journal of the
United States.)

McMurdo science facility
Construction crews from ITT/Antarc-

tic Services, Inc. will prepare a site for

the new 45,65C-square-foot science fa-
cility at McMurdo Station during the late
austral summer and early autumn. Part
of the USAP plan to improve McMurdo
Station, the new science facility will pro-
vide improved laboratories and new of-
fices for biology, geology, and
atmospheric science researchers. It also
will include an aquarium, library, and
administration offices for NSF science
program managers.

Designed by the CJS Group Archi-
tects, Ltd. of Honolulu, Hawaii, who are
under contract to NSF through the Pa-
cific Division of the National Facilities
Engineering Command, the new facility
replaces existing laboratories that are
housed in temporary buildings. These
older buildings are outdated and will be
dismantled when the new facility is fin-
ished.

Construction crews will place the foot-
ings for the building this austral summer
so the site will be ready for work during
the 1988-1989 austral summer. Once the
building is enclosed, work will proceed
year-round. NSF anticipates that it will
be completed during the 1992-1993 aus-
tral summer and ready for occupancy
the next season.

Siple Coast
Four glaciology teams assisted by the

Polar Ice Coring Office of the University
of Nebraska will continue to investigate
the past and present state and dynamic
behavior of the west antarctic ice sheet.
They will work at various sites on the
Siple Coast between 15 November 1987
and 15 January 1988 but will focus ice-
core drilling at three sites.

This project will be the largest field
program during the 1987-1988 austral
summer. ITT/ANS employees will sup-
port all Siple Coast field camps, and Navy
pilots will fly the LC-130s 250 hours to
transport fuel, equipment, supplies, and
personnel. A Twin Otter airplane, leased
for NSF by ITT'/ANS, will devote 300 flight
hours to science support, including ra-
dio-echo sounding and surface survey-
ing.

Station activities
Annually more than 1,000 people work

on the continent as part of the USAP
support system; another 300 work aboard
the supply ships and U.S. Coast Guard
icebreaker. Military personnel are mem-
bers of the Naval Support Force Antarc-
tica (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 support personnel are
employees of a contractor, ITT/Antarctic
Services, Inc. (ITT/ANS).
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Navy personnel fly NSF-owned air-
planes and U.S. Navy helicopters, over-
see the operation of the supply ships,
and provide health care, long-range
communications at McMurdo Station,
weather forecasting, and do some main-
tenance work at McMurdo. Coast Guard
personnel operate the icebreaker. ITT!
ANS employees provide support at
McMurdo Station and operate Williams
Field (McMurdo Station's skiway air-
field on the Ross Ice Shelf), Amundsen-
Scott South Pole, Siple, and Palmer sta-
tions, the research ship Polar Duke, and
remote field camps.

McMurdo Station and vicinity. Fifty-three
science teams will travel through New
Zealand and McMurdo Station during
the austral summer. Of these 29 will
based at McMurdo with research con-
ducted either near station, on McMurdo
Sound sea ice, or in the ice-free valleys
of southern Victoria Land. The remain -
ing 24 will based at Siple Station,
Amundsen-Scott South Pole Station, or
remote field camps.

Besides site preparation for the new
science facility, construction at Mc-
Murdo Station will include work on new
dormitories. ITT!ANS employees are
scheduled to complete two of the three-
story buildings by the end of this season
and a third one by the end of the 1988-
1989 austral summer. Construction work
on a 21,000-square-foot, one-story repair
shop for heavy vehicles will continue.
Other projects include upgrading the
communications center and renovating
the building that houses the station's
cafeteria, store, radio and TV studios,
and other services, as well as most berth-
ing for NSFA personnel.

VXE-6 pilots and crew will fly the ski-
equipped Hercules airplanes (LC-130s)
approximately 3,200 hours between Au-
gust 1987 and February 1988. Of these
flight hours, 710 will be devoted to sci-
ence projects at remote sites and Siple
Station. The remaining 2,500 flight hours
will be used for transporting personnel,
equipment, and supplies between New
Zealand and McMurdo and between
McMurdo and the inland stations, search
and rescue, ice reconnaissance, medical
evacuation, special projects, and train-
ing. VXE-6 will fly the Navy UH-1N hel-
icopters 446 hours to support science
projects in the Royal Society Range and
the ice-free valleys of southern Victoria
Land. Another 300 flights will be used
for training, ice reconnaissance, search
and rescue, and other support opera-
tions.

The U.S. Coast Guard icebreaker Polar
Star will arrive at McMurdo Station in
early January 1988 after a brief stop at
Palmer Station. In January the ice-
breaker will break a channel in Mc-
Murdo Sound sea ice and escort the
tanker and supply ship. The tanker, Gus
September 1987

Darnell, will arrive in mid January. The
supply ship, Green Wave, will do two
shuttles between Port Lyttleton, New
Zealand, and McMurdo Station to trans-
port additional construction materials.
After arriving in late January, station
personnel will unload cargo, and the ship
will return to New Zealand where it will
pick up more cargo. All deliveries will
be completed by mid February.

Amundsen-Scott South Pole Station. Over
the last several years, the U.S. science
program at the geographic South Pole
has centered on upper atmosphere stud -
ies, particularly stellar and solar astron-
omy. Between 1 November 1987 and 14
February 1988, ITT!ANS employees will
support 12 atmospheric science projects
at Amundsen-Scott South Pole Station.
By the beginning of the austral summer,
wintering personnel will have prepared
the remote telescope facility for use. This
integrated facility, which is 5 miles from
the main station, will support experi-
ments in solar seismology and the de-
tection of cosmic background radiation.
They also will construct a phased array
of detectors that researchers will use to
observe ultra-high-energy gamma rays.
Near the station they will build a phased-
array riometer antenna to complement
magnetospheric cusp studies.

During the austral summer, VXE-6 will
fly LC-130s 500 hours to transport sup-
plies, fuel, and personnel to the station.
ITT/ANS employees will continue to
renovate the station, which is almost 13
years old.

Siple Station. The station, which has
been closed since February 1987, will
open in late October 1987. Because of
the shorter operating season, only 143
flight hours will be required to bring per-
sonnel, supplies, and fuel to the station
this year. ITT/ANS employees will sup-
port 2 upper atmosphere projects during
the 1987-1988 austral summer. These
projects make use of the 26-mile-long
dipole antenna, which is crossed by a
second 26-mile-long antenna, to record
very-low-and ultra-low-frequency waves.

Currently, Siple Station is used for
summer projects because the snow that
has accumulated since 1979 gradually is
compressing the station tunnel. Esti-
mates indicate that NSF probably will
have to close the station by the end of
the 1989-1990 austral summer.

Palmer Station and Antarctic Peninsula
operations. Polar Duke, the ice-strength-
ened research ship that NSF leases to
support science and station operations
in the Peninsula region, will bring sum-
mer personnel and supplies from Punta
Arenas, Chile, to the station in early Oc-
tober 1987. Enroute to Palmer, the ship
will stop at the Polish station Arctowski
on King George Island so a biology team

NSF photo by Ann Hawthorne.

The U.S. Coast Guard icebreaker Polar Star
escorts a tanker, which is bringing fuel to
McMurdo Station, through the pack ice and
into Winter Quarters Bay.

can begin their research at this site. The
research program in the Antarctic Pen-
insula region this austral summer will
include 15 projects conducted by 69 re-
searchers.

Science equipment on the 219-foot ship
will be upgraded before the season's first
cruise. This work includes installation of
a constant-voltage power supply sys-
tem, replacement of the main winch, and
construction of semi-permanent labo-
ratories in the hold. Seismic equipment
will be moved onto a special "balcony,"
to free space on the fantail and helicop-
ter decks.

Polar Duke will support two 40-day
cruises to Weddell Sea from November
1987 through January 1988. Scientists on
these cruises will collect marine geo-
physical data. Cruises from February
through April 1988 will be dedicated to
marine biology investigations along the
Antarctic Peninsula. A 30-day cruise in
May will support geology projects.

Austral winter operations. McMurdo,
Amundsen-Scott South Pole, and Pal-
mer stations will be manned through the
1988 austral winter. Amundsen-Scott
South Pole Station will begin winter op-
erations on 14 February and McMurdo
Station on 23 February. Although Pal-
mer will begin winter operations in April,
Polar Duke will support projects in the
Weddell Sea from June through August.
Biologists and ocean scientists will use
the ship to study the marine ecosystem
along the sea ice edge.
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Robert W. Corell
to head Geosciences
Directorate

In July 1987 Erich Bloch, Director of
the National Science Foundation (NSF),
announced that Robert W. Corell had
been appointed the new Assistant Di-
rector for NSF's Geosciences Director-
ate. Dr. Corell succeeds William J.
Merrell, who served as Assistant Direc-
tor from October 1985 until June 1987.
Dr. Merrell, whose tenure focused the
Directorate on a global approach to
geoscience, has become President of
Texas A&M University at Galveston.

Dr. Corell came to the Foundation from
the University of New Hampshire, where
he was Director of the Marine Systems
Engineering Laboratory and of the ma-
rine and Sea Grant programs. As a pro-
fessor in the Complex Systems Research
Center, he also taught and conducted
research. He chaired NSF's ocean sci-
ences advisory committee from 1982 un-
til 1987 and was Vice President of the

Four die in helicopter
crash

On 28 July 1987 four crewmen from
Navy Antarctic Development Squadron
Six (VXE-6) perished when their UH-1N
helicopter crashed in southern Califor-
nia. Flying in a military operating area,
the four were conducting proficiency
training to prepare for support opera-
tions during the 1987-1988 austral sum-
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University-National Laboratories Sys-
tem from 1984 to 1987.

Dr. Corell is one of seven NSF Assis-
tant Directors, who with the Founda-
tion's Deputy Director, assist the Director
and the 24-member National Science
Board in maintaining U.S. strength in
scientific research, improving science,
mathematics and engineering educa-
tion, and aiding in disseminating sci-
entific information. The Division of Polar
Programs (DPP) is part of the Geosci-
ences Directorate, formerly the Direc-
torate for Astronomical, Atmospheric,
Earth, and Ocean Sciences (AAEO),
which the Foundation renamed in 1986
when the Division Astronomical Sci-
ences was transferred to the Mathemat-
ical and Physical Sciences directorate.

By Presidential directive, the National
Science Foundation manages and bud-
gets for U.S. activities in Antarctica. DPP
has been tasked by the Director to carry
out these duties. It awards grants for
research in Antarctica and procures lo-
gistics and support from the Navy, the
Coast Guard, other government agen-
cies, and the private sector.

mer in Antarctica. They were Lcdr.
Joseph D. Cerda, Lcdr. Stephen B. Duffy,
ADCS Kevin M. Kinsey, and ADAA Eric
J. Kugel.

VXE-6 operates the National Science
Foundation's ski-equipped Hercules air-
planes and the Navy's UH-1N helicop-
ters in Antarctica to support science and
operations of the U.S. Antarctic Pro-
gram. Navy authorities are conducting
an investigation to determine the cause
of the accident.
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Editor's note
In this issue climate reports for

February to April 1987 and for May
to July 1987 are included. Although
the first report should have appeared
in the March/June 1987 issue (Volume
22, number 1/2), we were unable to
include it because of space limita-
tions.

Navy units change
commanders

In May and June 1987, the Antarctic
Development Squadron Six and the Na-
val Support Force Antarctica, respec-
tively, received new commanding
officers. Both Navy units support the U.S.
Antarctic Program (USAP) in Antarctica.

In May 1987 Commander Jack Rector,
U.S. Navy, replaced Commander Jo-
seph D. Mazza, U.S. Navy, who took
command of the squadron in May 1985,
as Commander of the Antarctic Devel-
opment Squadron Six (VXE-6). The
change of command was conducted dur-
ing a ceremony held at the Naval Air
Station, Point Mugu, California. VXE-6,
the nation's only aerial support squad-
ron to participate in the annual explo-
ration and research of Antarctica,
operates the National Science Founda-
tion's ski-equipped Hercules airplanes
and the Navy's UH-1N helicopters. The
squadron provides airlift, aerial photo-
mapping services, search and rescue op-
erations, reconnaissance support for the
scientists participating in the U.S. Ant-
arctic Program, and related transporta-
tion services throughout Antarctica.

In June 1987 during a ceremony held
at the U.S. Naval Construction Battalion
Center in Port Hueneme, California,
Captain David A. Srite, U.S. Navy,
turned over command to Captain Dwight
D. Fisher, U.S. Navy. Captain Fisher,
who has been at the Naval War College
in Rhode Island since May 1985, served
in Antarctica previously as member of
VXE-6. From May 1984 to May 1985, he
was commander of the squadron.

The Naval Support Force is comprised
of military personnel from the U.S. Navy,
Army and Coast Guard. All of these units
come under the operational control of
the Commander, Naval Support Force,
and are collectively known as Operation
Deep Freeze. In Antarctica they supply
a variety of services, including weather
information, air traffic control, airport,
port, medical and dental, galley, and fire-
fighting services.

Near the Beardmore Glacier, a ski-equipped Hercules airplane (LC-1 30) waits as materials needed
to construct a remote camp are unloaded.

NSF photo by Ann Hawthorne.
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Bengtson, John L. Point Reyes Bird Ob-
servatory, Stinson Beach, California.
Antarctic marine ecosystem research
at the ice-edge zone (AMERIEZ): feed-
ing ecology of pinnipeds. DPP 84-
20851. $39,000.

Friedmann, E. Imre. Florida State Uni-
versity, Tallahassee, Florida. Compre-
hensive study of the cryptoendolithic
microbial ecosystem. DPP 83-14180.
$9,996.

Guillard
'

Robert R. Bigelow Laboratory
for Ocean Sciences, West Boothbay
Harbor, Maine. Center for culture of
marine phytoplankton. OCE 85-16093.
$15,000 ($45,000).

Harbison, C. Richard. Harbor Branch
Foundation, Fort Pierce, Florida. Bi-
ology of gelatinous zooplankton:
studies on ctenophores, saips, and
pteropods. DPP 86-13388. $82,188.

Huntley, Mark E. Scripps Institution of
Oceanography, La Jolla, California.
Pilot investigation for research on ant-
arctic coastal ecosystem rates and pro-
cesses: feeding, growth, and early
development of krill, Euphausia su-
perba Dana. DPP 85-17269. $97,037.

Karl, David M. University of Hawaii at
Manoa, Honolulu, Hawaii. Pilot in-
vestigation for research on antarctic
coastal ecosystem rates and processes:
microbiology and vertical flux. DPP 85-
18748. $31,900.

Stockton, William L. Scripps Institution
of Oceanography, La Jolla, California.
Growth, predation, and mortality in
foraminifera: effects on community
structure. DPP 86-17149. $85,121.

Targett, Timothy E. University of Del-
aware, College for Marine Studies,
Newark, Delaware. Age and growth
of fishes. DPP 87-42599. $6,890.

Wartzok, Douglas. Purdue University,
West Lafayette, Indiana. Sensory
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components of under-ice movement
and hole finding behavior of ringed
and Weddell seals. DPP 86-19272.
$10,000 ($179,126).

Yen, Jeannette. University of Hawaii at
Manoa, Honolulu, Hawaii. Reproduc-
tive ecology of Euchaeta antarctica, a
carnivorous marine copepod. DPP 86-
13957. $69,890.

Earth Sciences

Boyce, Joseph. National Aeronautics and
Space Administration, Washington,
D.C. Support for the antarctic meteo-
rite working group. DPP 84-12353.
$39,834.

Dalziel, Ian W. University of Texas,
Austin, Texas. Tectonic development
of West Antarctica and its relation to
East Antarctica. DPP 86-43404.
$100,000.

A Navy UH-1N helicopter flies over the ice-
free valleys of southern Victoria Land enroute
to a field camp.

NSF photo by Ann Hawthorne.
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Daiziel, Ian W. University of Texas,
Austin, Texas. Kinematic evolution of
the Scotia Ridge and southernmost
South America: orogenic processes at
convergent plate margins. DPP 86-
43441. $162,905.

Elliot, David H. Ohio State University,
Columbus, Ohio. The James Ross Is-
land basin and the evolution of the
Antarctic Peninsula. DPP 85-19080.
$30,205.

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. Volcanology of Mount Ere-
bus. DPP 85-19122. $73,570.

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

Glaciology

Bentley, Charles R. University of Wis-
consin, Madison, Wisconsin. Studies
of firn texture and diagenesis in West
Antarctica. DPP 85-21038. $4,805.

Moore, Richard K. University of Kansas,
Lawrence, Kansas. Development of a
modern radar system for probing ice
sheets. DPP 83-00450. $74,276.

Meteorology

Chuan, Raymond L. University of New
Hampshire, Durham, New Hamp-
shire. Sampling and analysis of large
aerosol particles in the troposphere and
near-surface ice. DPP 87-04319.
$68,105.

Ocean Sciences

DeMaster, David J . North Carolina State
University, Raleigh, North Carolina.
Chronometry and geochemistry of sil-
iceous sediments. DPP 85-12514.
$57,019.

Gordon, Arnold L. Lamont-Doherty
Geological Observatory, Palisades,
New York. Physical oceanography for
the Polarstern winter Weddell Gyre ex-
pedition, 1986. DPP 85-02386. $300,959.

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry during the Polar-
stern winter Weddell Gyre expedition,
1986. DPP 85-01717. $71,890.

Martinson, Douglas C. Lamont-Doherty
Geological Observatory, Palisades,
New York. Upper ocean structure
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Foundation awards of funds
for antarctic projects,
1 April to 30 June 1987

Following is a list of National Science Foundation antarctic awards made from 1
April to 30 June 1987. Each item contains the name of the principal investigator or
project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from
more than one Foundation program, the antarctic program funds are listed first, and
the total amount of the award is listed in parentheses. Award numbers for awards
initiated by the Division of Polar Programs contain the prefix DPP, those by the
Division of Ocean Sciences contain the prefix OCE, and those initiated by the Division
of Atmospheric Sciences contain the prefix ATM.

Biology and medicine



Weather at U.S. stations

February 1987

Palmer

1.9
7.2

(11)
- 2.8

March 1987
*

Palmer	South Pole

-51.4
-36.3

(12)
-69.9

(18)
683.3

706.2
(29)

665.2
(18)

TRACE
0600

5.1

15.4
(29)
360°

7.2
6.8
7.8

17.0

April 1987

Palmer

- 1.9
4.5

(24)
- 8.5

(17)
985.8

1004.2
(8)

968.5
(20)

359.9
030°
6.6

38.1
(13)
040°

8/10
0.7
8.0

21.2

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
(m/sec)

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.

McMurdo

-15.8
1.7

(1)
-21.3

(28)
989.6
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(__5)

969.9

238.8
1000

9.3

21.9
(11)
170°

7.1
0
8

20.0
0.0

	

South Pole	McMurdo

	-41.5	-19.8

	

-28.3	- 5.9

	

( 2)	(14)

	

-53.5	-28.4

	

(28)	(23)

	

990.4	685.0	987.6

	

1016.5	700.1	1002.1

	

(8)	(1,4&5)	(28)

	

965.0	669.1	975.4
(12	(18)	( 4)

	

110.0	TRACE

	

360°	045°

	

3.9	3.6

	

34.0	11.8

	

(28)	(10)

	

005°	340°

	

9/10	8.0

	

0.5	3.1

	

7.0	6.2

	

20.5	18.7
0.0

McMurdo

-17.7
- 4.8

(12)

-30.0
(18)

990.6

1000.9
(27)

979.1
(14)
35.4
135°
5.7

31.3
(25)
060°

6.5
1.0

9.0
20.0
0.0

South Pole

-58.9
-40.0

(1)
-72.8

(20)
681.6

693.0
( 1 )

670.5
(17)

TRACE
070°
4.0

20.1
(1)

030°

4.1
16.5
7.4

6.0
1.3

090°
6.7

21.9
(17)
090°

6.9
U

10.0
21.0
0.4

Prepared from information received by teletype from the stations. Locations: McMurdo 77051'S 16640'3E, Palmer 64046'S 6403'W,

Amundsen-Scott South Pole 90°S. Elevations: McMurdo sea level, Amundsen-Scott South Pole 2835 meters. Siple Station
(75°55'S 83055'W) was closed for the winter in January 1986 and will reopen in November 1987. For prior data and daily logs, contact
National Climate Center, Asheville, North Carolina 28801.

*Data was not received by NSF for this month.
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(f)rr Weather at U.S. stations
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Average temperature (°C)
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(date)

Snowfall (mm)

Prevailing wind direction
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Number partly cloudy days
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Number days with visibility
less than 0.4 km.

May 1987
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June 1987
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4.1	 4.6

	

17.5	 34.0
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July 1987

	

South Pole	McMurdo*	Palmer * South Pole

-56.9	 -60.6

-34.8	 -40.2

	

(3) 	(28)
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( 2 0) 	(31)
683.7	 682.6
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(4) 	(23)

	

659.3	 669.1
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20.1	-	 15.4

	

(26)	 (22)
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-	3.4  	3.1

	

18.8	 18.3

	

5.2	 8.0

	

5.9  	4.8

	

2.3	 1.8

Prepared from information received by teletype from the stations. Locations: McMurdo 77 051'S 16640'3E, Palmer 64 046'S 6403'W,
Amundsen-Scott South Pole 90 0 S. Elevations: McMurdo sea level, Amundsen-Scott South Pole 2835 meters. Siple Station
(75055'S 83055'W) was closed for the winter in January 1986 and will reopen in November 1987. For prior data and daily logs, contact
National Climate Center, Asheville, North Carolina 28801.

c-J	 *Data was not received by NSF for this month.
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studies for the Polarstern winter Wed-
deli Gyre expedition, 1986. DPP 85-
01976. $92,739.

White, William M. Cornell University,
Ithaca, New York. Petrology and geo-
chemistry of marginal basin volcanics
from the Bransfield Strait. DPP 87-
07124. $34,000.

Upper atmosphere studies

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. $38,601.

Eather, Robert H. Boston College, Bos-
ton, Massachusetts. Antarctic imag-
ing and photometry. DPP 86-02699.
$45,282.

Pomerantz, Martin A. Franklin Insti-
tute-Bartol Foundation, Newark, Del-
aware. Investigations of cosmic-ray
intensity variations. DPP 85-16501.
$299,661.

Rosenberg, Theodore J . University of
Maryland, College Park, Maryland.
Riometry in Antarctica and conjugate
regions. DPP 86-10061. $231,987
($251,987).

Services and support

Arnold, James R. Scripps Institution of
Oceanography, La Jolla, California.
Antarctica remote sensing facility:
management and operation. DPP 86-
14759. $76,395.

Becker, Robert A. ITT/Antarctic Ser-
vices, Inc., Paramus, New Jersey.

Specialized support for the U.S. Ant-
arctic Program. DPP 80-03801.
$4,000,000.

Bernstein, Robert L. SeaSpace, San Diego,
California. Antarctic remote sensing
facility: development, installation, and
validation. DPP 86-14267. $212,322.

Molnia, Bruce F. National Academy of
Sciences, Washington, D.C. Support
for the Polar Research Board. DPP 82-
07098. $115,000 ($180,000).

Murino, Clifford J . National Center for
Atmospheric Research, Boulder, Col-
orado. Operation, maintenance, and
management of the National Center
for Atmospheric Research. ATM 82-
17015. $8,961 ($763,381).

Srite, David A. Department of Defense,
Washington, D.C. Logistic support of
the U.S. Program in Antarctica. DPP
76-10886. $30,711,371.
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