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V,/hen the inward gravitational pres-
sure of a star exceeds the outward radia-
tion of energy, the star's core collapses.
Violent shock waves, moving from its
core to the surface, blast away the outer
layers of the star. This spectacular release
of energy is a supernova.

Supernovas fascinate astronomers and
astrophysicists. They theorize that such
events, which briefly give off amounts of
energy that can rival the energy output of
an entire galaxy, may trigger the birth of
other stars, provide the energy and
physical environment needed to syn-
thesize elements that are heavier than
iron, and have a part in redistributing
heavy elements in the interstellar medi-
um—gaseous and dust materials be-
tween stars.

At the time of the "Big Bang," the
event that many believe formed our uni-
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verse, only hydrogen, deuterium (heavy
hydrogen), and helium formed. All
other chemical elements, according to
theory, must have been formed by pro-
cesses occurring in stars, but a star that is
in equilibrium does not generate enough
energy or have conditions extreme
enough to cause the synthesis of heavy
elements. Only tremendous amounts of
energy and extreme conditions like
those resulting from a supernova can
complete nucleos ynthesis—the various
processes by which the nuclei of new
elements are formed from other
elements.

In February 1987 the first observations
of Supernova 1987A were made. Long
awaited by astronomers, this supernova
is the first to occur close to Earth since
the invention of the telescope. To learn
more about this event, astronomers and
astrophysicists launched a high-altitude,
instrumented balloon from McMurdo
Station in 1988. They selected Antarctica
because the southern continent offered
advantages not found at other sites. An
important advantage is that radiation
levels in the atmosphere above Ant-
arctica more closely approximate those
in space than levels above northern
areas.

The success of this project has encour-
aged other astrophysicists and astrono-
mers to come to Antarctica and launch a
second instrumented balloon during the
1989-1990 austral summer. Working at
McMurdo Station, 16 investigators and
balloonists from the Universit y of Cal-
ifornia at Berkeley, the Universit y of
Washington, the National Aeronautics,
and Space Administration's (NASA)
Johnson Space Center, and NASA's Wal-
lops Flight Facility will launch a 26.4-mil-

lion-cubic-foot, highThtnd_' balloon
near NTcMui'do Stat;;;n I he balloon,
which invesilgators ho ' t will tav lott
for 14-2() da ys, vvill circurnnavi.,'at.
South Pole on a latitude Of about 7S '
an altitude of 120,000 to 130,0h00 fet.

Supernova 1987A appears to he a Type
II supernova, which occurs when the
core of a star with a mass 8 times greater
than the mass of the Sun has been fused
to iron. The energy generated causes

Investigators prepare an 11.6-million-cubic-
foot  helium balloon for launch near Williams
Field in January 1988. This balloon, which was
the largest high-altitude balloon ever launched
in Antarctica, successfully carried aloft instru-
ments that measured changes in gamma-ray
emissions from Supernova 1987A. Its success
has encouraged astronomers and astro-
physicists to launch a 26.4-million-cubic-foot
balloon near McMurdo Station during the
1989-90 austral summer to study processes
related to Supernova 1987A, cosmic rays, and
solar phenomena.
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gravitational collapse. Astrophysicists
believe that the core becomes a neutron
star and that as the external la yers are
blasted away isotopic nickel-56 and nick-
el-57 are produced. Because each radi-
oactive isotope produced by explosive
nucleosvnthesis has a unique gamma-
ray signature, investigators from the
Universit y of California at Berkele y hope
to he able to trace gamma-ray emissions
that show the deca y of nickel-56 to co-
balt-57 to iron-D/. B y tracing this path,
they will he able to better determine
whether Supernova 1987A is t y pical of
events that cause galactic nucleo-
sy nthesis. They will also search for X-ray
emissions from Supernova 1987A to de-
termine if it has become a neutron star as
many scientists anticipate it will.

This group hopes also to observe cos-
mic gamma-ray bursts, to make high-
resolution measurements of solar X-rays
and gamma-rays from solar flares, to
stud y electron acceleration processes,
and to probe the processes of explosive
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nucleosynthesis. The researchers from
the University of Washington also will
acquire X-ray data. Using a special X-ray
imaging camera that will be carried by
the balloon, they will examine the be-
havior of auroral phenomena and corre-
late these data with other geophysical
data and information about such solar
events as solar flares and magne-
tospheric substorms.

The balloon flight also will offer op-
portunities to study phenomena other
than the supernova. Focusing on cosmic
rays, the second group from the Univer-
sity of California at Berkeley will attempt
to define better the isotopic composition
of nickel, iron, manganese, and cobalt in
cosmic rays. Such information will help
astrophysicists to understand the struc-
ture and composition of the interstellar
medium, the acceleration of cosmic rays,
and the conditions under which heavy
elements are formed in supernovas and
other astrophysical objects.

fo make these measurements, they
Will use a device made of 10 identical
glass p lates that are 5 centimeters by S
centimeters by 1.2 millimeters in size.
Thos particles that penetrate the glass
and are stopped between the second and
tenth glass plates can be identified later
by etching the glass with a strong acid.
From these etched tracks the inves-
tigators will be able to accurately deter-
mine the mass, charge, and energy of the
isotope.

These projects are among the 94 pro-
jects that comprise the 1989-1990 U.S.
antarctic research program, which the
National Science Foundation funds and
manages. In late August the first of more
than 300 researchers will fly from
Christchurch, New Zealand, to McMur-
do Station during the annual winter-fly-
in. During the austral summer, inves-
tigators will work at the three U.S. sta-
tions (McMurdo, Palmer, and
Amundsen-Scott South Pole), at tempo-
rary field camps in West Antarctica, Vic-
toria Land, and the Transantarctic
Mountains, at stations of other nations,
and aboard the NSF research ship Polar
Duke and the U.S. Coast Guard ice-
breaker Polar Star.

The following briefly highlights re-
search and support activities during the
1989-1990 austral summer. Brief descrip-
tions of each research project are
provided, beginning on page 4.

Science highlights
Ice cores and climate change. Polar ice

sheets contain a unique record of recent
and past climate and of the interactions
between climate and the biosphere that
influence our environment. Ice cores
taken from Antarctica and Greenland of-
fer scientists the opportunity to study
the buildup of atmospheric carbon diox-
ide, oxy gen isotopes, methane, lead
compounds, chlorofluorocarbons, and
trace gases over time periods ranging
from 1 year to several centuries.

In 1984 Soviet and French glaciologists
obtained an ice core from the polar
plateau near the Soviet station Vostok.
This core spans 160,000 years and con-
tains a record of atmosphere and climate
change that includes a record of the last
global glaciation. During the 1989-1990
austral summer U.S. investigators from
the Universit y of Miami, the University
of Rhode Island, and Oregon State Uni-
versity will obtain samples of the Vostok
cove to study.

By studying the long-term record of
deposits of methanesulfonic acid—the
principle form of gaseous sulfur emitted
by the ocean—University of Miami in-
vestigators hope to assess how levels of
organic sulfur var y under changing cli-
mate conditions. Scientists know that
greenhouse gases (carbon dioxide,
methane, and nitrous oxide) and sulfate
aerosols affect climate by either absorb-
ing incoming solar radiation or contrib-
uting to cloud formation and preventing
solar radiation from reaching the Earth's
surface. Because methanesultonic acid
has no non-living precursors, it gives a
clear chemical signal of changes in
oceanic sulfur production and the pro-
ductivit y of the world's oceans—a critical
factor in the control of carbon dioxide
levels. With data from the Vostok core,
University of Miami investigators will
differentiate between organic and non-
organic sulfur aerosols and will deter-
mine what levels of cloud-forming mole-
cules existed in ancient climates.

Over short intervals (100,000 years or
less), climate is influenced by solar radia-
tion levels, varying concentrations of
gases, and other less-well understood
factors. Researchers from the University
of Rhode Island wish to study the ice-
core record of interactions between cli-
mate and the biosphere during the
Pleistocene epoch, which ended about
10,000 years ago. They will determine
the composition of oxygen, nitrogen,
and argon trapped in the ice core to learn
more about photosynthesis, respiration,
and hydrologic process. These data will
help describe global interactions among
the hydrosphere, biosphere, and at-
mosphere, and, when compared to mea-
surements of present levels of at-
mospheric nitrogen, may help scientists
to understand climate changes that are
presently occurring.

Methane and nitrous oxide can have a
greater impact on the environment than
carbon dioxide. Ice-core data show that
during ice ages and colder periods these
gases were present at levels 50 percent
lower than those before the Industrial
Revolution and about 20 percent lower
than today. These changes probably re-
flect the response of the world's eco-
systems to climate changes. Because rec-
ords from the last 100 to 200 years show
that atmospheric levels of both gases
have increased dramaticall y, scientists
are concerned about the contribution
methane and nitrous oxide will make to
global warming. By studying the
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160,000-vear record in the Vostok core,
Oregon ' State Universit y investigators
hope to record how concentrations of
these two gases changed in response to
past global warming and cooling.

Ozone-depletion studies. Continuing re-
search begun in 1986, three science
teams will monitor changes in the ozone
layer above Antarctica during the late
austral spring. Work in previous 'ears
has enabled scientists to determine that
atmospheric chlorine, derived from
man-made chlorofluorocarbons, is a
principle component of the chemical cy-
cle that is eating away the antarctic ozone
layer. At McMurdo Station, one group
will launch instrumented balloons to
take profiles of ozone and temperature
from the ground to an altitude of 29 kilo-
meters (18 miles) to identif y where in the
air column ozone is being destroyed. A
second group will measure solar spectra
during the spring at McMurdo Station to
determine the amounts and con-
centrations of such atmospheric com-
pounds as hydrochloric acid, nitric acid,
nitrogen dioxide, chlorofluorocarbons,
ozone, methane, and nitrous oxide in
the stratosphere. At Palmer Station, a
third group will continue to use balloon-
borne ozonesondes to record changes in
depth, vertical extent, ozone-loss rates,
and seasonal variations.

At Amundsen-Scott South Pole Sta-
tion, a lidar—a laser infrared radar with
an intense pulsing beam that measures
atmospheric discontinuities—will be
used to determine the vertical motion of
the sodium layer about 90 kilometers (56
miles) above Earth. This information will
be related to the processes causing the
ozone depletion, particularly the dy-
namics of the climate. A second project at
the South Pole will focus on the charac-
teristics of polar stratospheric clouds.
These clouds, which are made of ice
crystals and form at temperatures below
–80°C, provide the environment in
which the ozone-destructive chemical
reactions occur. Investigators will send
aloft a new instrument that records data
on the physical, chemical, and radiative
properties of these clouds and the rela-
tionship between the clouds and the
ozone-destruction cycle.

Ecosystems in dry valley lakes. In the
McMurdo Dry Valleys, the ice-free re-
gion of southern Victoria Land, fresh-
water lakes provide unique oppor-
tunities to study biogeochemical cycles
and biota that have adapted to an ex-
treme terrestrial environment. This aus-
tral summer scientists from the U.S.
Geological Survey and Woods Hole
Oceanographic Institution will study
chemical and biological changes that oc-
cur seasonally in Lake Fryxell to obtain
new data that can be applied similar cy-
cles in non-antarctic lakes.

Located in one of Earth's most arid,
barren environments, this lake, unlike
lakes in other areas of the world, receives
minor amounts of organic material and
nutrients from glacial meltwater, has an
September 1989

extremely simple seasonal cycle, and is
stabilized by a permanent ice cover.
However, during the austral summer,
enough light penetrates the ice cover to
sustain a community of algae and bacte-
ria. This ecos ystem is similar to tempe-
rate lakes without plant nutrients but
with plentiful amounts ox ygen. Because
Lake Fr yxell is a closed system, the two
groups of scientists will be able to deter-
mine how carbon, nitrogen, and sulfur
are cycled through the lake s ystem. They
also will study how constant light in the
summer and constant darkness in the
winter affect the chemical and biological
systems and what interaction occurs
among processes that occur in aerobic,
anaerobic, and benthic zones of the lake.

West Antarctica and Gondwanaland.
West Antarctica is collage of small tec-
tonic plates that reflect movement dur-
ing or after the break-up of the ancient
supercontinent Gondwanaland. For
geologists understanding the rela-
tionship between West and East Ant-
arctica and between West Antarctica and
former 'ieces of Gondwana!nd is cru-
cial for understanding ancient environ-
ments, the evolution of southern ocean
circulation, and the global interaction of
tectonic plates.

One team of U.S. and British
geologists will study the tectonic evolu-
tion of the southern rim of the Pacific
Ocean. Another group will focus on the
relationship between Marie Byrd Land
and New Zealand to learn if these two
regions were once part of the same tec-
tonic unit. A third team will work in the
Ellsworth Mountains, focusing on how
and when these mountains were
formed. Finally, U.S., British, and New
Zealand investigators will examine the
glacial and volcanic history of Marie Byrd
Land.

Support and logistics highlights
The United States supports an active

research program in Antarctica and the
oceans that surround the continent. In
response to a 1982 Presidential directive,
the National Science funds and manages
the U.S. Antarctic Program, which
provides "an active and influential pres-
ence in Antarctica designed to support
the range of U.S. antarctic interests."

Scientists working in Antarctica are
supported by military personnel under
the command of the U.S. Naval Support
Force (NSFA) and the Antarctic Develop-
ment Squadron 6 (VXE-6) and by em-
ployees of an NSF contractor ITT/Ant-
arctic Services, Inc. (ITT/ANS). Addi-
tional support is provided by the U.S.
Air Force, the U.S. Coast Guard, and the
109th Tactical Air Group of Air National
Guard from Schenectady, New York.

Navy personnel will fly NSF-owned,
ski-equipped airplanes and U.S. Navy
helicopters, oversee the operation of the
supply ships, forecast weather, and
provide health care, long-range com-
munications, and do maintenance work
at McMurdo Station. Coast Guard per-

sonnel will operate the ice-breaker Polar
Star, which opens a channel in McMurdo
Sound sea ice for the supply ship and the
tanker and supports research in the Ross
Sea area. ITTANS personnel will
provide support and do construction at
McMurdo Station. Theyalso will operate
Amundsen-Scott South Pole Station and
Palmer Station.

Station activities. McMurdo Station will
begin summer operations on 3 October
1989 and winter operations in earls'
March 1990. Approximately 33 science
projects will work in the McMurdo area;
researchers from 17 projects will travel
through McMurdo Station enroute to re-
mote areas of the continent. During the
season, ITT'ANS personnel will con-
tinue to work on the new science labora-
tory, erect the steel structure for a fourth
new dormitory, and upgrade the sta-
tion's utility system.

Between 27 October 1989 and mid-
February 1990, 21 science projects will he
supported at Amundsen-Scott South
Pole Station. Because during the
1988.-1989 austral summer a structural
problem developed in the foundation
ring of the station dome, construction
efforts will focus on repairing this fault.
A review of the existing station and re-
search plans also will be conducted this
year to determine what changes or addi-
tions are needed to improve and main-
tain a U.S. facility at the geographic
South Pole.

The first of 16 research teams will ar-
rive at Palmer Station in August to study
ozone depletion above Antarctica. Be-
cause the Polar Duke is capable of sailing
in the sea ice along the Peninsula even
during the winter, research will continue
in the Peninsula region until August
1990. Additionally, the U.S. Air Force
will fly supplies and personnel to the
Chilean station on King George Island.

Air and ship operations. In the late aus-
tral spring, VXE-6 aircrews will bring the
first science and support personnel to
McMurdo Station to begin early season
research and to prepare for the austral
summer. During this "winter-fly-in,"
VXE-6 will be assisted by 109th Tactical
Air Group (TAG) of Schenectad y, New
York. At NSF's request, the 109th, which
flies support missions in the Arctic, will
provide an LC-130 and aircrew for the
August flights and will return in January
to fly supplies and personnel to
Amundsen-Scott South Pole Station.
This is the third austral summer season
that the 109th has provided support to
U.S. researchers in Antarctica. During
the 1987-1988 austral summer they flew
86 hours in Antarctica to deliver 56 pas-
sengers, 143,000 pounds of cargo, and
2,800 gallons of fuel to remote U.S. sta-
tions and in 1988-1989 flew about the
same number of hours to transport 48
passengers, 127,000 pounds of cargo,
and 8,400 gallons of fuel.

Between October and December, air-
crews from the U.S. Air Force will trans-
port personnel and equipment aboard



wheeled C-141 airplanes. This year they
also will make two trips with a C-5 trans-
port airplane to McMurdo Station in ear-
lv October and will deliver four Navy
helicopters along with the VXE-6 crews
and equipment.

During the 1989-1990 austral summer,
VXE-6 pilots will participate in two spe-
cial projects. In December, they will
transport glaciologists to the Soviet sta-
tion Vostok, more than 800 miles (1,300
kilometers) away in East Antarctica.
They also will assist the Italian Air Force
pilots, who will make four flights from
Christchurch, New Zealand, to McMur-
do Station. These flights will bring sup-
plies and personnel for the Italian Ant-
arctic Program, which has its base at
Terra Nova Bay.

Polar Duke, the ice-strengthened re-
search ship that is leased by NSF to sup-
port research, will journey to McMurdo
Station for the first time this year. The
ship, which is operated by ITT'ANS in
he Antarctic Peninsula, will arrive at the

McMurdo Sound ice edge in earl y Janu-
ary and will remain in the Ross Sea area
until late February. The ship then will
return to the Peninsula area to transport
supplies and equipment to and from Pal-
mer Station and to support research until
August.

Planned research
projects, 1989-1990

Biology
The vivid contrasts and unique charac-

teristics of antarctic marine, freshwater,
and terrestrial life have long attracted bi-
ologists to the southern continent and
the surrounding oceans. Here, the
oceans constitute one of the world's most
productive marine regions, while scat-
tered, ice-free areas on the continent
support biota of a limited number of spe-
cies that have adapted to the extreme dry
and cold. Because they have identified
and quantified much of Antarctica's ma-
rine and terrestrial life, biologists are
now focusing on the behavior, evolution,
and adaptations of these biota and on
special factors that drive and maintain
these ecosystems. They are studying
how these environmental factors—par-
ticularly large, dynamic sea-ice zones,
near-constant sea temperatures close to
the continent, and arid cold and nu-
trient-poor terrestrial areas—have com-
bined with the continent's isolation to
generate special adaptations and interac-
tions between species. With the discov-
ery of the seasonal depletion of ozone
above Antarctica, biologists are turning
their attention to how marine and ter-
restrial organisms respond to increased
exposure to ultraviolet (UV) radiation.
Understanding how antarctic flora and
fauna interact has taken on a new signifi-

cance in the last decade. Without such
information, scientists cannot evaluate
how life on the continent and in the
oceans is responding to such environ-
mental changes as decreased ozone lev-
els that enhance exposure to ultra-violet
radiation. These investigations also help
them to understand how humans are af-
fecting these ecosvtems and to hypoth-
esize on the long-term effects of human
habitation in this remote region. Con-
versely, other investigators are begin-
ning to look at the physical and psycho-
logical effects of this environment on
humans, since here they can find fea-
tures—isolation and a harsh physical en-
vironment—that parallel life in outer
space.

The role of in situ productivity, advec-
tion, and microbial activity in organiz-
ing contrasting benthic communities at
McMurdo Sound. Paul K. Dayton, Scripps
Institution of Oceanography. A fundamen-
tal goal of community ecology is under-
standing the biological and physical en-
vironmental processes that influence
population dynamics in a community. In
McMurdo Sound, benthic community
assemblages have strong east-west and
north-south density gradients related to
gradients in primary production. Our
objective is to explain how productivity
gradients are functionally linked to the
benthic system. This study has three
components: microbial and meiofaunal
ecology, selected aspects of macrofaunal
dynamics, and physical oceanographic
processes. The microbial work will eval-
uate benthic trophic relationships, ecolo-
gy of protozoans and meiofauna, and in
situ benthic production. The macro-
faunal work will include monitoring 20-
year baseline transects, quadrants, and
settling plates as well as several trans-
location studies both underway and new.
Samples will be collected by divers, and
through water samples, the
oceanographic component includes fol-
low-up work on regional current pat-
terns and new projects on local-scale
currents. We also will evaluate ice cover
and use sediment traps to characterize
further our study areas near Hut Point
Peninsula and along western McMurdo
Sound from Koettlitz Glacier to Marble
Point, including Explorers Cove at New
Harbor and Salmon Bay. (S-001)

Adaptation and adjustment in the
Antarctic: Long-term effects of health
and performance. Lawrence A. Palinkas,
Naval Health Research Center. The records
of exploration and research in Antarctica
confirm that prolonged exposure to an
extreme and isolated environment is
stressful. In most cases the stress-related
consequences are transitory and mild,
but under certain circumstances, they
profoundly affect the health and per-
formance of personnel in Antarctica.
Some evidence suggests that although
wintering personnel have short-term ad-
justment problems, they have a long-
term, decreased risk of diseases and ill-
nesses triggered by stress. To explain this

decreased risk, some researchers sug-
gest that wintering personnel benefit
from the stressful experience by friding
ways to use the social and psychological
resources developed during wintering to
cope with subsequent stressful experi-
ences. In this study, we will identify and
describe the sources of enduring adap-
tive responses to prolonged social isola-
tion and an extreme physical environ-
ment. By combining methods from
anthropology and psychology, we will
qualify and quantify short-term and
long-term consequences of the antarctic
winter experience. An ethnographic
study will examine the microculture of
McMurdo Station, the processes of social
interaction, the extent of social support
in coping with stress, and the means of
adjustment to the "winter-over syn-
drome." We will use epidemiologic
methods to assess baseline profiles of
health, stress, and coping to examine
how prolonged isolation affects these
coping strategies and resources in reduc
ing subsequent stress-related illness. (S-
003)

Dispersal and diving behavior of
Weddell seals determined by satellite
telemetry. J. Ward Testa, Uniz'ersitij ot Alas-
ka. Most of what scientists know about
the behavior, ecology, and population
dynamics of Weddell seals (Leptonychotes
weddellii) comes from research con-
ducted in the austral spring and summer.
Our study, which uses data obtained
from a 20-year population study of seals
in the McMurdo Sound region, focuses
on the winter movements and diving be-
havior of adult Weddell seals near
McMurdo Sound. To obtain data, we will
attach satellite-linked, time-depth re-
corders to the seals. When a seal leaves
the water for the sea ice or a nearby
beach, the recorder will relay informa-
tion on the seal's location and transmit
summaries of the duration and depth of
dives made by the seal. Because these
seals usually return to the same area each
year, the satellite time-depth recorders
can be recovered. With data from this
investigation and earlier studies, we will
gain a better understanding of age-re-
lated differences in behavioral traits that
may explain demographic features and
selective pressure on the life history of
Weddell seals. These data also will be
used in studies of other large mammals.
(S-004)

The role of glycopeptide and peptide
antifreezes in freezing avoidance by
antarctic fishes. Arthur L. DeVr:es, Uni-
versity of Illinois. Living organisms adjust
protein synthesis rates in response to en-
vironmental factors as a fundamental
strategy for survival. Our research
shows that most antarctic fish living in
ice-laden shallow water possess either
glcopeptide or peptide compounds that
have antifreeze properties. Results of
previous experiments indicate that eight
glycopeptides lower the freezing point of
body fluids below the temperature of the
seawater ( - 1.9°C). This year members of
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our research team will collect fishes
through holes in McMurdo Sound sea
ice from late August 1989 through late
January 1990. We will maintain these live
fish at the McMurdo Station acquarium
so that we may study the physiology and
biochemistry of freezing avoidance in
them. Our objective is to determine the
distribution and role of glvcopeptides in
various body fluids and tissues as well as
the role of glvcopeptides in freezing
avoidance in intestinal fluid, the mecha-
nisms that cause them to move from
blood to bile, and why they are not di-
gested as they move through the intes-
tinal track. By examining the interaction
between antifreezes and ice, we will try
to determine the biochemistry of non-
colligative lowering of the freezing point
of water. Additionally, we will examine
how epithelial tissues prevent ice propa-
gation into undercooled fluids by deter-
mining at what subfreezing tem-
peratures these tissues act as a barrier,
with or without the presence of
glvcoproteins. (5-005)

Biogeochemistry of antarctic dry val-
ley lakes: Seasonal and feedbck pro-
cesses in amictic lakes dominated by in-
ternal cycling. Diane McKnight and
Richard Smith, U.S. Geological Survey,
Water Resources Division, and Brian L.
Howes, Woods Hole Oceanographic Institu-
tion. In temperate zones, seasonally
varying external forces and internal bio-
geochemical cycles influence lake eco-
systems. Hydrologic mixing and dilu-
tion, however, can obscure the impor-
tance of some biogeochemical processes.
The lakes of the McMurdo Dr y Valleys
sharply contrast with temperate-zone
lakes and are uniquely suited for study-
ing internal production and degradation
of organic material. Located in one of
Earth's most and and barren desert en-
vironments, these lakes annually receive
proportionately minor amounts of chem -
ical constituents, including organic ma-
terial and nutrients, from glacial melt-
water. They experience an extremely
simple seasonal cycle (6 months of light
and 6 months of dark) and are stabilized
by permanent ice cover. During the aus-
tral summer, sufficient light penetrates
the ice cover to support the algal and
bacterial photosynthesis that sustains
microflora populations comparable to
temperate oligotrophic lakes (lakes with-
out plant nutrients but with plentiful
amounts of oxygen). Our project focuses
on the chemical and biological changes
that occur during the austral summer
(constant daylight) and the austral
winter (constant darkness) and on the
interaction or feedback mechanisms
among processes that occur in aerobic,
anaerobic, and benthic zones of the lake.
Working at Lake Fryxell (a closed eco-
system), we will determine the internal
cycling of carbon, nitrogen, and sulfur in
various environments. We also will de-
termine how important seasonal hydro-
logic cycles are to the biogeochemical
processes within the lake and study the
September 1989

response of predominant bio-
geochemical cycles to the seasonal light-
dark cycle. Our objective is to measure
key autotrophic and heterotrophic pro-
cesses and related chemical parameters,
quantify lake hydrology, and develop
sampling devices to operate during the
winter. Data from this project will help
us to understand internal bio-
geochemical cycling in non-antarctic
lakes. (S-008 and S-020)

Reproduction in the cold: Phys-
iological adaptation and phylogenetic
constraint in antarctic birds. Albert F.
Bennett, University of California at Irvine.
Over 10 million birds breed along the
Antarctic Continental Margin and on
nearby islands. In these regions, tem-
peratures rarely exceed 3°C. The adults
of many species show morphological,
physiological, and behavioral adapta-
tions to this cold environment; however,
how these adaptations to the constant
cold affect reproduction, chick survival,
and growth is unknown. The ther-
moregulatry problems facing nestling
birds are tremendous because of their
irnmaure physiology, small size, poor
insuatior, ztwnd lack of mobilit y. Chicks
must devko V the ability to generate their
own body h::; this development pro-
foundly affects the time-energy budgets
and reproductivi strategies of their par-
ents. Using three charadriiform bird spe-
cies (kelp gull, antarctic skua, and great-
er sheathbill), we will investigate parent
behavior, nest construction, and how ad-
aptations in thermoregulation of young
chicks relates to breeding success. These
birds independently colonized Ant-
arctica and hence are ecologically con-
vergent. Because kelp gulls also live
elsewhere in the lower latitudes, we will
be able to compare both within and be-
tween species. We will assess the relative
energetic costs and survival implications
of different behavioral strategies (includ-
ing nest construction, foraging patterns,
and brooding behavior) and phys-
iological adaptations (including resting
and maximal oxygen consumption, con-
ductance, shivering capacity, and en-
zymatic activity in skeletal muscles). This
study is critical to a larger study of how
parental behavior and physiological de-
velopment of the young in charadriiform
birds evolved in response to ecological
pressures. (S-Oil)

The relationship between iron avail-
ability and phytoplankton productivity
in the southern ocean. John H. Martin,
University of San Jose State. High phy-
toplankton productivity in the Antarctic
is largely confined to shallow shelf areas
and to waters along the ice edge. In com-
parison, little productivity occurs in off-
shore southern ocean waters. This varia-
tion in productivity is puzzling because
despite the presence of significant
amounts of major plant nutrients in off-
shore waters, phytoplankton do not use
them. During the 1925-1927 Discovery
expedition, British scientists pointed out
that the possible availability of beneficial

substances such as iron and manganese
near land could be responsible for the
nearshore massive blooms. Although bi-
ologists have sought evidence support-
ing this idea for the past 60 years, scien-
tists have not rigorously tested the trace-
nutrient-limitation hypothesis (using ul-
traclean techniques). During the
1989-1990 austral summer, we will meas-
ure iron concentrations nearshore and
offshore in southern-ocean waters and in
ice samples. We will use ultraclean meth-
ods to examine phtoplankton iron en-
richment. We hope, first, to learn why
major nutrients are not used by the ph-
toplankton and, second, to determine
the varying relationships (evident from
ice-age cores) among available iron, ma-
jor nutrient depletion, and carbon-diox-
ide levels. (S-012)

The impact of the Bahia Paraiso oil
spill on a southern ocean seabird com-
munity. David Ainley, Point Reyes Bird Ob-
servatory. On 28 January 1989, the Argen-
tine ship Bahia Paraiso ran aground and
sank 1.5 kilometers from Palmer Station,
spilling diesel and other fuels into the
water. Because onshore winds trapped
the fuel in Arthur Harbor, a 30-square-
kilometer fuel slick formed and exposed
much the area's seabird population to oil
at a critical time in their reproduction
cycles. Highly toxic to seabirds, diesel
fuel will kill them directly, if they are
exposed to lethal levels. At levels that are
less than lethal, however, diesel fuel will
interfere with their reproductive phys-
iology and behavior, growth rates, feed-
ing efficiency, and other factors impor-
tant to their health and survival. Our
objective is to gather data during the next
3 years for comparision with data col-
lected before the spill. We will band,
weigh, and measure as many individual
birds as possible and will place radio
transmitters on some to measure forag-
ing efficiency. (S-013)

Ecology and nutrition of invertebrate
larvae in McMurdo Sound, Antarctica,
and Monterey Bay, California: Use of
phytoplankton and non-phytop lank ton
food resources. John S. Pearse, University
of California, Santa Cruz, Donal T Man-
ahan, University of Southern California, and
Richard B. Rivkin, Horn Point Environmen-
tal Laboratory/ University of Maryland.
Many benthic invertebrates, including
polar species, produce larvae that must
survive as plankton before entering the
adult population. Understanding what
factors influence larval survival is critical
to understanding how adult populations
are replenished and maintained. Our re-
search team (which includes inves-
tigators from the University of California
at Santa Cruz, the University of South-
ern California, and the University of
Maryland's Horn Point Environmental
Laboratory) will focus on one of the most
important of these factors—nutrition.
Working in the McMurdo Sound area,
we will try to clarify whether larvae are
nourished by particulate food, dissolved
organic material, yolk provided by the



parent, or a combination of these three.
Because little is known about the relative
role of these nutrient sources for larvae
of different types, we will compare as-
teroid and echinoid larvae (feeding and
non-feeding varieties) from two con-
trasting environments—Monterey Bay,
California, and McMurdo Sound. In
Monterey Bay, primary production and
phvtoplankton production are high
throughout most of the year, but in
McMurdo Sound phytoplankton and
biomass production show marked sea-
sonal fluctuations and remain low most
of the year. At several sites in the
McMurdo Sound region, we will sample
adult animals and larvae of benthic in-
vertebrate populations, along with their
food. With these data, we will be able to
characterize seasonall y and dailydis-

tribution and physiology of various in-
vertebrate populations near Hut Point, at
Cape Armitage, and along the ice edge at
Explorers Cove, New Harbor, Butter
Point. and sites along an east-west trans-
ect. The results of this project will help
elucidate how different nutritional en-
vironnients affect larval growth and sur-
vival, and how the need to replenish
adult populations influences the evolu-
tion of larval nutritional modes. (S-016,
S-019, and S-038)

The chemical ecology of antarctic
shallow-water sponges. James B. McClin-
tock, University of Alabama, Birmingham.
Data from a number of investigations of
marine sponges have suggested that as
geographic latitude increases, the pro-
duction of toxic or noxious compounds
by marine sponges decreases. Biologists
proposed this theory because in polar
regions (higher latitudes) fish prev less
often on sponges; however, a 1984 study
of 16 marine sponges from McMurdo
Sound showed that nearly 56 percent
contained chemical compounds poi-
sonous to fish, despite the lack of fish
predators. In our investigation, we will
examine the chemical ecology of many of
the most abundant and conspicuous
benthic sponges in McMurdo Sound wa-
ters. To determine whether sponges in
antarctic waters produce poisonous
compounds, we will test the effects of
compounds extracted from these
sponges on various marine invertebrates
and vertebrates that interact with the
sponges in their natural habitat. Sponges
that show biological activity will be
chemically analyzed to isolate and de-
scribe active metabolites that they may
produce. Because these sponges poten-
tially may produce novel chemical com-
pounds, we also will test extracts for
their anti-viral and anti-tumor activity.
Through this study, we will learn more
about the geographic and taxonomic pat-
terns of toxicity in marine sponges. Ul-
timately, we hope to provide other scien-
tists with important information about
the role of chemical compounds in the
ecology of antarctic benthic commu-
nities. (S-022)

Use of the lateral line for foraging in
Antarctica. John Janssen, Loyola Un iver-
sity. Fishes of the suborder
Nototheniodei, the dominate species in
antarctic waters, have adapted to an un-
usually cold marine environment and
are able to function in extreme darkness
(during winter or under thick sea ice).
Recent investigations indicate that al-
though they can function in the dark,
they have not developed special ocular
adaptations. Our preliminary research
suggests these fish may use a mechanical
sensory system called the lateral-line
system. This system, which is common
to fishes that live in such dark habitats as
the deep ocean or caves, is made up of
hair cells and supporting cells that are
sensitive to changes in pressure and may
have a role in feeding. Our objectives are
to determine which notothenioids use
lateral-line systems to feed in the dark.
Working near McMurdo Station, we will
focus on two theories—that the lateral-
line system can be tuned to identify im-
portant prey and that fishes living in
deeper waters have more sensitive sys-
tems. Our approach combines studies of
behaviorial responses to live prey and
artificial stimuli, physiological responses
of lateral-line nerve fibers to artificial
stimuli, and the anatomny of the various
types of lateral-line systems. Because the
role of the lateral-line system in fishes is
not clearly understood, our project
should contribute much new informa -
tion to this field. (S-023)

Photoadaptation by phytoplankton in
permanently ice-covered antarctic lakes:
Response to a nonturbulent environ-
ment. John C. Priscu, Montana State Uni-
versity. The underwater environment of
the lakes in the McMurdo Dry Valleys is
the exception to the usual model of the
light regime for planktonic microalgae.
In most ecosystems, plankton are ex-
posed to varying amounts of light based
on the rate of vertical mixing in the water
column. Because the water column in the
permanently ice-covered dry valley
lakes is relatively stable, we believe that
light intensity and spectral quality is per-
sistently constant. Our objective is to de-
scribe the photophysiology of distinct
plankton populations in Lake Bonney in
relation to the lake's unchanging phys-
ical regimes. We will examine the sta-
bility of the physical environment, hab-
itat preferences for distinct vertically
stratified populations, time kinetics of
photoadaptation, diel rhythmicity of
photosynthesis, and the physiological
mechanism responsible for observed
photosynthesis versus irradiance pat-
terns. Because these plankton popula-
tions are spatially stable, they will
provide a model for studying pho-
toadaptation as it occurs over the grow-
ing season. (S-025)

Biology of king and emperor pen-
guins while at sea. Gerald L. Kooyman,
Scripps Institution of Oceanography. By
using sensing electrodes connected to a
submersible microprocessor, we will col-

lect basic information on several phys-
iological variables during voluntary
dives by emperor penguins. These data
will be stored in the microprocessor until
we recapture the birds. We will deter-
mine the metabolic rate of the diving
bird, the responses to diving (and how
they compare to conventional laboratory
studies), and the aerobic dive limit (and
how it compares to calculated values).
Because none of this information has
been determined for free-diving birds, it
will be compared to results from similar
studies of Weddell seals. These experi-
ments will enhance understanding of
how muscles function under conditions
of extreme h ypoxia, as well as the role of
cardiovascular responses to natural
dives of birds and mammals. These ex-
periments will be conducted on the sea
ice near McMurdo Station and at a re-
mote cape near the Cape Washington
emperor penguin rookery. (S-026)

Seasonal and spatial variation in the
abundances and trophic role of
nanoplankton and microzooplankton in
McMurdo Sound. Mary Thitt and Diane
Staick'r, T"/oods Hole Institution of
Oceanography. Research suggests that
nano- and microzooplankton, which are
too small to be effectively grazed by
larger zooplankton, are important in the
transfer of carbon through polar food
webs, but because of the large number of
energy transfers involved, microbial
food chains may be less efficient than
metazoan food chains in transferring en-
ergy to higher trophic levels. Con-
sequently, understanding the role of
these two food chains is important in the
development models of energy and ma-
terial flow through polar ecosystems.
McMurdo Sound is representative of
larger areas of the southern ocean that
are seasonally or permanentl y covered
by ice. Microalgal carbon enters the
sound seasonally and episodically.
These inputs appear to be influenced
strongly by inputs from sea-ice microbial
communities and the movement of water
from the Ross Sea into McMurdo Sound.
We believe that the trophic role of nano-
and microzooplankton reflects the epi-
sodic nature of primary production in
this system. Working in McMurdo
Sound, we will examine seasonal and
spatial variation in the distribution of
nanozooptankton (2 to 20 micrometers
in size), microzooplankton (20 to 200 mi-
crometers in size), microalgae, and bac-
teria. We also will investigate the growth
rates of microzooplankton and the im-
pact of grazing by the nano- and micro-
zooplankton communities on algae and
bacteria. Dominant bactivores found in
this system will be identified, and the
use of dissolved free amino acids and
detritus as nutritional sources for indi-
vidual microzooplankton species will he
evaluated. Results from our study will
contribute to scientific understanding of
how microbial foods function in the cyc-
ling of carbon in ice-covered areas of the
southern oceans. (S-027)
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The influence of prolonged polar resi-
dence on the cellular distribution of
thryroid hormones. H. Lester Reed, U.S.
Naval Research Institute. Thyroid hor-
mones are important for maintaining
basal metabolism; however, adaptations
to the environment can alter the serum
concentrations of these hormones. Data
from earlier investigations have shown
that thyroid activity changes after pro-
longed residence in Antarctica. In a 1986
study, we found that after 42-weeks resi-
dency in Antarctica, human pituitary
thyrotropin (TSI-1) responsiveness to the
hypothalamic-releasing hormone (TRH)
increased by 50 percent and, in addition,
the rate of triiodoth yronine (T 1 ) produc-
tion, the rate of metabolic clearance, and
the volume of distribution, increased by
150, 160, and 230 percent, respectively,
when compared with a control group.
How these changes occur and what
physiological and psychological signifi-
cance they have is yet unknown. By con-
tinuing our earlier investigation, we
hope to begin answering these ques-
tions. We will inve- tigate human cir-
culating blood lvmpho-yte as a model for
human-tissue response to alterations in
thyroid hormones found alter prolonged
antarctic residency. We will sample
blood from 20 volunteers, and from
these samples, we will isolate circulating
lymphocytes, which reflect accurately
systemic thyroid activity at the tissue
level. Sampling will be done before, dur-
ing, and alter the volunteers have been
in Antarctica for 42 weeks. To determine
the concomitant cellular and sub-cellular
changes that are associated with changes
in peripheral T1, the volume of distribu-
tion, the Trproduction rates, and the
metabolic clearance rates, we will ana-
lyze these lymphocytes for alterations in
the T3 receptor number and affinity and
in RNA. (S-030)

Early life history studies of antarctic
fish. Richard Radtke, Hawaii Institute of
Geophysics. Although fish larvae are im-
portant component of the zooplankton
community, the ecology of larval fish has
received little attention. How fish larvae
function affects the dynamics of antarctic
fish populations and, ultimately, the en-
tire marine ecosystem. Before these pro-
cesses can be investigated, we must
identify which life-history stages, en-
vironmental events, or combination of
these two are significant to larval
growth, survival, and recruitment into
the adult population. To examine the
variables that influence larval fish sur-
vival, we will study the microstructural
patterns in fish otoliths—calcium carbo-
nate concretions in the inner ear that
serve as storage sites for chronological
information. With these data, we hope to
develop a schedule for larval fish growth
rates, hatching periodicity, and environ-
mental histories and to understand lar-
val fish processes better. In laboratory
experiments, we will investigate otolith
microstructure to determine what causes
otoliths to form. The data from this part
September 1989

of our investigation will be combined
with environmental data so that we can
relate physical aspects of larval fish to
growth and survival. Our results will
help to clarify what factors influence
growth and mortality and, it is hoped,
will guide similar research of other eco-
systems. Additionall y, a model, de-
veloped from otoljth research, will be
useful for recruitment studies and could
improve understanding of the early life-
history stages of antarctic fish. (S-034)

Nematode distribution and function
of antarctic dry valley ecosystems. David
Bird and Diana W. Freckman, University of
California, Riverside. The McMurdo Dry
Valleys, the ice-free region of southern
Victoria Land, are among the most ex-
treme desert ecosystems in the world.
Like other desert regions, water is lim-
ited in these valleys, and this limitation
combined with extremely low tem-
peratures has prevented the develop-
ment of vascular plants. Nematodes,
Which are worms with unsegmented,
threadlike bodies and often parasitic, are
known to be important for carbon and
nutrient cycles in deserts because of their
interaction with plants and the decom-
position cycle. Little is known about
their distribution and function in the ice-
free regions of Antarctica. Our objective
is examine the distribution and trophic
structure of nematode communities in
Wright, Taylor, and Marshall valleys. We
will relate distribution, abundance, and
species composition to soil physical and
chemical properties, including organic
carbon, nitrogen, salinity, pH, and mi-
crobial numbers and biomass. To deter-
mine if nematod numbers are limited by
levels of energy or by environmental fac-
tors like soil moisture and temperature
that influence activity and survival, we
will augment the available energy supply
in the soil with sugar. Under controlled
laboratory conditions, we will study the
organisms adaptation to low soil
moisture and low temperatures. Wind
dispersal of nematodes from island and
continental sources also will be studied
in one of the valleys by trapping wind-
dispersed nematodes and identifying
the species that are endemic to these eco-
systems. (S-035)

Metabolic and ultrastructural adapta-
tions to chronically cold body tem-
peratures in antarctic fishes. Bruce D.
Side!!, University of Maine. Antarctic fish
have evolved in extremely cold sea water
that has little seasonal variation. Near
McMurdo Station, the average tem-
perature of the water is approximately
- 1.9°C and in the Antarctic Peninsula
about — 1.1° to 0.3°C. As part of their
adaptation to the cold, most antarctic
fish produce biological antifreeze com-
pounds; however, biologists also have
found that some of these fish, such as
Chan nichth yidae, substantially reduce
red blood cells and hemoglobin and are
protected from the cold because this
lowers the viscosity of the blood. The
lack of hemoglobin in Channichthyids

(icefish) is compensated for b y increas-
ing the size of the heart, the volume of
blood, and cardiac output. Not at henjoifri
fish, the most common antarctic 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 the energy me-
tabolism of antarctic fish. Specificall y, we
will criticall y evaluate enzymatic corre-
lates of metabolic cold adaptation in
tissues, assess the relative importance of
carbohydrates and lipids as fuels for en-
ergy metabolism, determine the fatt y-
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 ma y be required
for metabolic function at severel y cold
body temperatures. To compare how
diet and lifestyle affect energy metabo-
lism, we will focus our investigation on
henthic \'ototlienia '.iil'erifroiis and C han-
nichthtud fish. To address questions of
metabolic cold adaptation, we will con-
centrate on major energy-consuming
tissues (red and white skeletal muscle,
cardiac muscle, etc.). The activities of key
enzymes in pathways of energy metabo-
lism will be measured at physiological
temperature and compared with extant
data from temperate fishes to determine
whether antarctic species are bio-
chemically cold-adapted. Results from
this study should help to resolve con-
flicting hypotheses on whether meta-
bolic rates of these fish are cold-adapted
or whether fats are primary fuels for en-
ergy metabolism. These data also will
contribute to a better understanding of
the role of notothenioid fishes in the
trophic structure of the antarctic marine
ecosystem. (S-036)

Assembly and stability of micro-
tubules in fish at low temperatures. H.
William Detrich III, Northeastern Uniter-
sity. Macromolecular assemblies of pro-
teins perform many essential cellular
processes. Cytoplasmic microtubules are
tube-like, subcellular filaments com-
posed of the major protein subunit, tu-
bulin, and one or more microtubule-as-
sociated proteins (MAPs). The ordered
assembly, maintenance, and disassem-
bly of cytoplasmic microtubules play crit-
ical roles in cell division, nerve growth
and regeneration, cell-shape determina-
tion, and cytoplasmic transport. At tem-
peratures near 0°C the cold-labile micro-
tubules of warm-blooded vertebrates
break down rapidl y into their simpler
subunits. In contrast, the cold-stable mi-
crotubules of antarctic fish must be as-
sembled and maintained at extremely
low temperatures (approximately - 2 0 to
+ 2°C). The goal of this study is to deter-
mine the biochemical adaptations re-
sponsible for assembly, stabilit y, and
function of microtubule proteins in cold-
adapted antarctic fishes (Notothen ia cvr-



ceps neglecta, N. gibberifrons, and
haenocephalus aceraturs) at low tern-
eratures. Experiments conducted dur-
g four austral summers demonstrated
iat cold stability of microtubules from
iese fishes is caused by alterations in
ie structures of tubulin subunits and, to
lesser extent, in the MAPs. To extend
ie research this austral summer, we will
etermine the structural domains that
re necessary for polymerization of cold-
able microtubules in antarctic fish,
aracterize the structural domain of tu-

ilin and MAPs that are involved in their
teraction, sequence the unique pep-
ies derived from alpha and beta chains
antarctic fish brain or egg tubulins,

id clone and sequence tubulin genes
orn an antarctic fish (N. coriiceps neglec-
). From brain, testes, or ovarian tissues
two antarctic cods (N. gibberifrons and
tothenia coriiceps neglecta) and an ice

;h (Chaenocephalus aceraturs), we will
irify the microtubule proteins and nu-
eic acids (DNA and RNA) necessary for
ese studies. Experiments will be ccn
icted at Palmer Station during the aus-

summer and in our laboratory in the
nited States. (S-037)
Photobiology of sea-ice microalgal
ecies. Cornelius W Sullivan, University
Southern California. Southern-ocean
imary productivity derives largely
)m microalgal photosynthesis in the
iter column and in sea ice. Production
pears generally to be limited by light
ailability and temperature rather than
nutrient availibility. In past seasons,
have sought to understand the op-

al properties of sea ice in relation to the
Lcroalgal photosynthesis within it and
e photobiology of sea-ice microbial
mmunities. During the 1989-1990 aus-
1 summer, we will investigate the pho-
iology of individual sea-ice microbial

ecies. To obtain data, we will use a new
proach that enables us to characterize

photophysiology of individual sea-
algal species with almost the same

isitivity and precision found in single
;al laboratory cultures. This approach
ables us to examine the organisms
ich as they exist in nature rather than
er they have been cultured and al-
ed. From these data, sea-ice eco-
;tem models of production for the
ithem ocean can later be developed.
039)
oraging habitats and behaviors of
oscelid penguins. Wayne Z. Triv-

ece, Point Reyes Bird Observatory. Pen-
ns are major predators of krill (Eupha-
i superba) and an important compo-
it of the antarctic marine food web. To
ierstand thoroughly the structure
I function of the antarctic ecosystem,
logists must have information on
,ulation dynamics, as well as the fac-

that regulate the size of penguin
,ulations, especially pygoscelid pen-
ns, the dominant antarctic genus.

three pygoscelid penguins—Adélie
goscelis adeliae), chinstrap (P. ant-
ica), and gentoo (P. papua)—nest sym-

patricallv at Point Thomas, King George
Island, near the Polish Arctowski Sta-
tion. For several years, we have banded
penguins at this site and studied their
breeding and feeding ecology. Results of
these studies indicate that each species
responds differently to winter condi-
tions, differs in annual survival levels,
and has different age and sex require-
ments for maintaining population levels.
During austral summer 1989-1990, we
will work in the Admiralty Bay area. By
observing banded penguins dail y from
October through February and by using
radio telemetry and time-depth rec-
orders, we will be able to collect data on
known-age populations; to determine
the relationships of sex, age, and experi-
ence to fecundity and survival; and to
compare the foraging ability of young,
first-time breeding with older, experi-
enced breeders. With telemetry and
time-depth data, we will expand our data
base to include information on how
these penguins behave at sea. This infor-
matic.n will improve significantly the sci-
entific understanding of the trophic rela-
tionships among these penguins and
will enable us to test hypotheses on how
age affects foraging proficiency, and how
foraging proficiency affects breeding and
recruitment patterns. (S-040)

Research on Antarctic Coastal Eco-
system Rates and Processes (RACER):
Photobiology and primary production.
Osmund Holm-Hansen, Scripps Institution
of Oceanography. Primary productivity in
the coastal shelf region along the Ant-
arctic Peninsula is richer than in nearby
offshore waters; consequently, there are
larger populations of higher trophic lev-
els, particularly krill (Euphausia superba
Dana). Our project, which is part of the
multi-disciplinary "Research on Ant-
arctic Coastal Ecosystem Rates and Pro-
cesses" (RACER), is directed toward in-
creasing scientific understanding of the
paths and rates of energy flow within
this ecosystem. Continuing work begun
during the 1986-1987 austral summer,
we will focus on how physical mixing of
coastal waters increases water-column
stability, residence time of phy-
toplankton in shallow mixed layers, and
rates of photosynthesis. Because our re-
search supports the hypothesis that ant-
arctic phytoplankton are light-limited,
we will study phytoplankton and bio-
mass distribution, rate porcesses, and
photoadaptation in relation to available
light to determine conditions for max-
imum energy input to this ecosystem.
Working aboard the Polar Duke, we will
survey coastal shelf and deep ocean wa-
ters repeatedly to determine temporal
interactions between physical dynamics
and plankton populations. To determine
what environmental conditions ensure
that maximum amounts of energy flow
enter this ecosystem, we will investigate
phytoplankton and biomass distribu-
tions, rate processes, and photoadapta-
tions in relation to the available light. (S-
044A)

Research on Antarctic Coastal Eco-
system Rates and Processes (RACER):
Mechanisms of bloom formation and
decline. Osmund Holm-Hansen, Scripps
Institution of Oceanography, and Anthony F
Amos, University of Texas at Austin. Re-
searchers have observed and noted the
presence of massive phytoplankton
blooms within the Gerlache Strait and
the southwest portion of Bransfield
Strait. From hydrographic data, we
know that the water near these blooms is
relatively still. As participants in the
multi-disciplinary RACER project, we
will investigate the relationship of tem-
poral changes to the mechanisms that
form these blooms and cause them to
decline. To understand how phv-
toplankton respond to changes in the
physical environment, we will focus on
high-temporal resolution of mete-
orological forcing of turbulent mixing
within the upper water column and the
associated phvtoplankton response. We
will instal! a permanent meterological
station on an island in the shad y region,
as well as profile the physical, optical,
and biological parameters that nfiuence
bloom development. Additionally, we
will study the rate at which phy-
toplankton tahe in carbon and nitrogen
isotopes, determine growth rates by ra-
dio-carbon labeling of chlorophyll a, and
examine the kinetics of photoadaptation.
To establish how well the phvtoplankton
crop has adapted to changes in light, we
determine the optical, biochemical, and
photosynthetic parameters. These data
will help us to understand what physical
mechanisms cause blooms to form and to
develop reliable mechanistic models that
can be used to predict seasonal pro-
gression and interannual variations
caused by the physical environment. (S-
044B)

Research on Antarctic Coastal Eco-
system Rates and Processes (RACER):
Microbial dynamics and carbon flux.
David M. Karl, University of Hawaii, Man-
oa. Despite such harsh environmental
conditions as low temperatures, ex-
tended periods of darkness, and deep
vertical mixing of surface waters, the
southern oceans maintain a moderate,
but patchy, level of biological productivi -
ty. Intensive spring blooms, initiated by
the simultaneous increase in water-col-
umn stability and the return of sunlight,
characterize primary productivity in ant-
arctic coastal ecosystem. The bloom gen-
erally lasts no longer than 2 to 3 months
during the period when the antarctic ma-
rine ecosystem receives about 70 to 90
percent of its annual organic carbon.
Overall this temporal pulse of fixed car-
bon increases biological productivity at
all trophic levels—from bacteria to bal-
een whales. Despite the importance of
this process, scientists have not traced
the precise pathways of carbon transfer
or probed intensively the rates and
mechanisms involved in the process. In
particular, the role of microheterotrophs
in the foodwebs and the immediate fate
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of phtoplankton production need to be
clarified. Our objective is to evaluate sev-
eral ecological predictions based on a hy-
pothesis that relates physical charac-
teristics of the water column to the
temporal pulse of biological productivi -
ty. Working aboard the Polar Duke, we
will sample water and deploy floating
and bottom-moored sediment traps.
With these observations and data, we
will attempt to define the mechanisms,
pathways, and rates of coupling between
photoautotrophic and heterotrophic
populations and to evaluate the interac-
tion between pelagic and benthic hab-
itats. Information obtained during this
expedition will add to our understand-
ing of the rates of primary and secondary
production and will contribute to a gen-
eral model of the flow of carbon and en-
ergy in antarctic coastal ecosystems. (S-
)45)

Research on Antarctic Coastal Eco-
system Rates and Processes (RACER):
Physiological ecology of krill and other
zooplankton. Mark E. Huntlet,', Scripps In-
stitutwu of Oceanography. Although
throughout ihe world ocean, coastal re-
ions dominate biological production,

what scientists know about biological
rocesses in the southern oceans is
ased primarily on studies of open cir-

:umpolar seas. Ecosystem dynamics in
he coastal zones remain virtually un-
nown. One objective of "Research on
ntarctic Coastal Ecosystem Rates and

'rocesses" (RACER) is to contrast open
cean and coastal ecosystems. During
he pilot project, we found that physical
henomena in the coastal Gerlache

;trait—high temperatures, a massive
)hytoplankton bloom, nutrient deple-
ion, extraordinary growth rates of
.rill—require closer study. As RACER
)articlpants during the 1989-1990 austral
ummer, our team will focus on develop-
nent, growth, and productivity of zoo-
'lankton, including krill. Our objectives
re to determine physical circulation,
esidence time, and dispersion of popu-
tions; events leading up to the annual
pawning of krill; growth and develop-
nent of three principal zooplankton spe-
ies; and the flux of carbon and nitrogen
hrough macrozooplankton. During our
-month investigation between Sep-
ember and December 1989 near the Ant-
rctic Peninsula, we will use satellite-
racked drifting monitors, zooplankton
Lets, and sediment traps to record obser-
ations and collect data. Data obtained
ui! be used to determine the composi-
on and distribution of krill populations,
dvection rates, horizontal mixing and
irbuient transport in the water column,
nd development time for larval krill,
long with other related studies. Because
e Gerlache Strait appears to be an im-

ortant nursery for krill, we will charac-
'rize the biodynamic processes in the
orthern portion of the straits, which
iay also be similar to other nearshore
tame environments in Antarctica. (S-
46)

eptember 1989

Production and regeneration of
organic matter in the western Ross Sea.
Walker 0. Smith, Jr., University of Ten-
nessee. When compared to other oceanic
regions, the cycles of biogenic elements
in the Ross Sea are unusual in a number
of ways. The seasonal cycle of primary
productivity apparently is dominated by
ice-edge phytoplankton blooms, which
are controlled by the spatial extent of
meltwater produced by the receding sea
ice. Because this bloom depends on ni-
trate as a nitrogen source, much of the
bloom's production is readily available
for transport to other parts of the ocean.
Additionally, in the Ross Sea (par-
ticularly the western portion) scientists
have found extensive deposits of sil-
iceous sediment and measured the
world's highest accumulation rates for
these sediments. Although in these sedi-
ments the diatomaceous component is
the same species that dominates the ice-
edge phytoplankton blooms, the sedi-
ments have higher levels of silica than
they do organic matter, and material coi-
lected in 3ediment traps appears to bte
enriched with larger amounts of silica
than of organic materials. Working with
ocean scientists from Rice University
(S-216), Oregon State University (S-267),
and North Carolina State University
(S-268), we will characterize production,
vertical flux, water-column regenera-
tion, and sediment accumulation rates in
the western Ross Sea. Our project
focuses on describing phytoplankton
distribution and productivity in surface
waters, the small-scale vertical flux of
particulate matter, and the regeneration
of organic matter within the water col-
umn. We hope not only to quantify these
rates at one location but also to under-
stand the mechanisms controlling the
apparent breakdown between the
organic and siliceous matter cycles. Re-
sults from the three investigations
should document the unique rela-
tionship between surface production
and sediment accumulation and clarify
the differences in the two cycles. The
data also will assist in developing global
models of production and sedimentation
of biogenic material. (S-047)

Earth sciences
Surveying, mapping, and description

of most geologic features in Antarctica
have enabled geologists during the last
30 years not only to understand regional
geology and geophysics but also to ad-
dress topics that apply to other areas of
the world. Antarctic data have support-
ed such theories as plate tectonics and
the existence of the ancient superconti -
nent Gondwanaland and have helped to
solve more fundamental problems in-
cluding mountain-forming processes
and marginal-basin evolution. With
most reconnaissance work completed,
geologists and geophysicists focus on
the role of the south polar region in

global geodvnamics, the evolutionary
history of endemic marine and terrestrial
biota, and Antarctica's role in the evolu-
tion of ocean circulation. Special consid-
erations include investigating the tec-
tonic relationships of West Antarctica
and other areas of the world to learn
more about the nature of Gondwanaland
before it broke up, probing past environ-
ments through the study fossil data, and
collecting for further study the large
number of meteorites that have been
uniquely concentrated on the surface of
the antarctic ice sheets.

Geodetic satellite observations. James
R. Clynch, Applied Research Laboratories,
University of Texas at Austin. At McMurdo
Station, we will operate and maintain a
geodetic satellite observator y to collect
dual-frequency doppler data from polar-
orbiting satellites. These satellites trans-
mit similar data to Amundsen-Scott
South Pole Station on specific orbits; data
from both stations help determine spatial
and time variations of the ionosphere
and provide geodetic p'.sitioning con-
trols. Data froza the South Pole will be
relayed via the South Pole satellite data
link and then on to the United States via
the University of Texas INMARSAT geo-
synchronous satellite communications
system. Two members of the field team
will winter over to support the year-
round, continuous operation of the pro-
gram. (S-051)

Antarctic surveying and mapping.
Lowell Starr, U.S. Geological Survet,', Re-
ston. During austral summer 1989-1990,
the U.S. Geological Survey will conduct
field-survey operations in the ice-free
valley area in conjunction with the New
Zealand Department of Survey and
Land Information. The two-nation team
will establish geodetic control points and
make gravity measurements. If time per-
mits, additional field-survey work will
be done on Ross Island and at South Pole
Station. (S-052A)

Geodesy and seismology. Lowell Starr,
U.S. Geological Survey, Reston. At
Amundsen-Scott South Pole Station two
U.S. Geological Survey technicians will
operate electronic doppler equipment to
track overflights of Navy navigational
satellites throughout the year. These data
will be used in studies of polar motion
and ice movement. The South Pole seis-
mometer is operated as part of the
Worldwide Standardized Seismology
Network. The technicians will also oper-
ate the station's science computer. (S-
052B)

Antarctic search for meteorites.
William A. Cassidy, University of Pitts-
burgh. Meteorites are useful for inves-
tigating possible changes through time
in the meteoroid flux at Earth, measuring
the cosmic-ray flux in past eras, search-
ing events in which asteroid parent
bodies were disrupted, and defining the
abundances and characteristics of pre-
solar-system organic molecules. As part
of our ongoing meteoritics study, during
austral summer 1989-1990, one team will



recover meteorites, stud y the Lewis Cliff
Glacier Tongue, and sample ice. Begin-
fling in early December, a second field
team will collect meteorites and map
sites in the Thiel Mountains and near
Pecora Escarpment. This team will be
joined by the first team in late December
to assist with collection and mapping. (5-
058)

Paleomagnetic studies designed to re-
fine the mesozoic paleo-position of the
Antarctic Peninsula and test models of
the Weddell Sea opening. Ian W.D.
Dal:iel, University of Texas at Austin. Re-
solving the position of the different west
antarctic crustal blocks is critical to un-
derstanding how the Weddell Sea
opened and what climatic, oceanic, and
biologic effects resulted from this. Our
objective is to study the geologic history
of West Antarctica and the relationship
of West Antarctica to East Antarctica. To
accomplish this, we will collect pal-
eomagnetic samples from Mesozoic age
rocks in the Antarctic Peninsula region.
By systematicall y collecting paleomag
netic samples that range from Triassic
through Late Cretaceous in age, we hope
to obtain a more complete understand-
ing of the region's histor y and to con-
struct a polar-wander path for the Ant-
arctic Peninsula. Such a path will help
constrain the position of the Antarctic
Peninsula with respect to East Antarctica
and provide information about when the
Weddell Sea opened. (S-063A)

Marine geophysical study of the
Drake Passage, the Shackleton Fracture
zone, and the Bransfield Strait. Ian W. D.
Dalziel, University of Texas at Austin. The
tectonic evolution of West Antarctica and
its relationship to East Antarctica is the
most fundamental tectonic problem of
the antarctic continent. The question
concerns global plate interaction, pal-
eocirculation in the southern oceans,
paleoenvironment, and paleobiogeogra-
phy, as well as being fundamental to the
development of the continent itself. Be-
tween 1983 and 1988, American and Brit-
ish geologists and geophysicists studied
the tectonic evolution of the Weddell Sea
region. To extend scientific understand-
ing of the tectonic evolution of the south-
ern rim of the Pacific Ocean basin, this
austral summer, we will join with British
and New Zealand scientists to study the
evolution of Marie Byrd Land. The objec-
tive of this protect is to study the struc-
ture, paleomagnetism, and geo-
chronology of the region, particularly
the pre-Cenozoic development. Our in-
vestigation will elucidate the structure
and evolution of the Marie Byrd Land
crustal block and its relationship to other
west antarctic crustal blocks, the east
antarctic craton, New Zealand, and the
Pacific Ocean basin. (S-063B)

Petrogenesis and crustal structure of
metamorphic rocks in the central Trans-
antarctic Mountains: An integrated pe-
trologic, structural, and geochronologic
study. John W. Good''e, Southern Methodist
University. The Precambrian basement

rocks in the central Transantarctic Moun-
tains of Antarctica comprise some of the
only high-grade basement terrains ex-
posed in this mountain range and repre-
sent a part of the ancient east antarctic
craton. Understanding the origin of
these rocks (particularly igneous rocks)
and the tectonic evolution of the region is
important for a better understanding of
how the ancient antarctic craton evolved
and how the supercontinent Gond-
wanaland formed. Because these rocks
are near the edge of cratonal West Ant-
arctica, we have an unique opportunity
to study the relation between tectonic
elements of the Archean and Proterozoic
shield (which is more than 100 million
years old), and younger elements
formed along a convergent antarctic
plate boundary. Our objective is to inves-
tigate the regional metamorphism and
deformation of Precambrian basement
rocks in the Miller and Geologists ranges
in the central Transantarctic Mountains.
We will evaluate the metamorphic evolu -
tion of the Precambcin basement ter-
rains within this region, including the
evotvn ph ysical conditions, fluid com-
positions, aid regional thermal gra-
dients. We will characterize the geome-
try, styles, and kinematic history of
deformation within these rocks and the
strain mechanisms that operated during
metamorphic deformation. These data
from high-grade rocks will be compared
to structures within the adjacent lower-
grade sedimentary sequences. Addi-
tionally, we will determine the ages of
metamorphism and deformation that
pre-date post-tectonic granites, use min -
eral-age data to establish a crustal-ther-
mal history, develop petro-tectonic mod-
els of Proterozoic mountain-forming
processes for this area, and establish a
tectonic and paleogeographic frame-
work for evolution of the ancient conti-
nental margin. (S-064)

Diversity and distribution of fossil
floras from southern Victoria Land.
Edith L. Taylor and Thomas N. Taylor, Ohio
State University. The research objectives
of this 2-year project are to make detailed
and systematic collections of fossil floras
ranging from Devonian to Jurassic (be-
tween 405 million to 135 million years
old) from the ice-free valleys of southern
Victoria Land. During November and
December 1989, we will collect fossil flo-
ras from numerous localities. Once the
fossils are returned to the laboratory, the
various sites (logged at the time of collec-
tion) will be assessed for the quality of
preservation, diversity and types of
plants present, and the potential for fur-
ther collecting. This austral summer, we
will revisit the sites that showed the most
paleobotanic promise during our 1988
investigation, as well as collect from
those sites that could not be reached dur-
ing the first field season. Throughout
our field work, some reconnaissance for
additional fossil plant localities will also
be undertaken. (S-068)

Geological and geophysical studies in
the Ford Range of Marie Byrd Land,
West Antarctica. Bruce P. Lyendk and
David L. Kimbrough, University of Califor-
nia at Santa Barbara. In Gondwanaland
reconstructions, Marie Byrd Land is jux-
taposed with portions of New Zealand
and the Campbell Plateau. The breakup
of the Pacific margin of Gondwanaland is
reflected in well-documented Cre-
taceous and Early Tertiary extension and
rifting in the region. A sequence of mag-
netic anomalies records the opening of
the Tasman Sea and the splitting off of
New Zealand about 85 million years ago.
Events in Marie Byr d Land may relate to
the tectonics of the Gondwanaland Pacif-
ic margin before and following this rift-
ing. Although there are many geologic
parallels between New Zealand and
Marie Byrd Land, it is unclear whether
these similarities indicate that the two
regions were part of the same unit. From
previous research in New Zealand's
Western Province, we know that a se-
quence of Cretaceous metarnorphk
events that are related to the rifting of
Gondwanaland exist. Through pal.
eomagnetic studies, we also have identi-
fied a Permian terrane that formed dur-
ing the Early Jurassic just before Gond-
wanaland broke up. By studying the
tectonic history of the Ford Range in
Marie Byrd Land, we hope to determine
whether or not similar events occurred
in this part of Antarctica. Other
geologists have described West Ant-
arctica as a collage of microplates that
appear to have been closely related to
each other and Antarctica since the
Jurassic. The relationship of Marie Byrd
Land to these microplates during this
time is less clear. Paleomagnetic data for
the region do indicate that Marie Byrd
Land was at a higher latitude about 100
million years ago and that since this
time, it has rotated independently of East
and West Antarctica. Our objective is to
sample and study exposed Late Pre-
cambrian and Early Paleozoic metasedi-
ments, gneisses, and migmatites. Car-
boniferous and Cretaceous plutonic
rocks, and Cenozoic and Quaternary
volcanic rocks. During the 1989-1990
austral summer, we will focus on the Fos-
dick Mountains, where we believe the
center of a metamorphic core complex
formed during rifling may exist. Data
from petrology, geochronology, and pal-
eomagnetic studies also will be use to
reconstruct the tectonic evolution of
Marie Byrd Land. (S-070)

Geochemistry and petrology of the
lower crust, Antarctica: Evaluation over
space and time. Jonathan H. Berg and Ruth
I. Kalamarides, Northern Illinois University.
During previous field seasons, we have
investigated the nature of the upper and
lower crust in southern Victoria Land as
recorded in alkaline magmas of the
Erebus Volcanic Province over the last
few million years. This austral summer,
we want to expand our knowledge of the
antarctic crust by sampling contempo-
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raneous alkaline magmas of the Hallett
Volcanic Province that extend about bOO
kilometers to northern Victoria Land.
Recently, we discovered that 450- to 500-
million-year-old dikes, like those found
in southern Victoria Land, contain lower
crustal xenoliths and possibly mantle
xenoliths. Consequently, we have the
opportunity to study two suites of sam-
ples of the Earth's crust and mantle
brought to the surface in the same loca-
tion but separated by about 500 million
years. By also extending our southern
Victoria Land studies, we will be able to
see how the upper mantle and lower
crust have changed over the last 500 mil-
lion years. Samples from northern and
southern Victoria Land will help us to
understand better the geologic and tec-
tonic history of the Transantarctic Moun-
tains, as well as the tectonic history of
Gondwanaland. We will increase our
fundamental knowledge of the Earth's
upper mantle and lower-crust composi-
tion and evolution. Because we know
less about the lower crust than we know
about the portions above and below it,
these data will enhance understanding
of the Earth's evolution and contribute
information critical to completing cross-
sections in the Global Transect program
and to geophysical studies of the Ross
Sea. (S-071)

Mesozoic and Cenozoic kinematic
evolution of the Transantarctic Moun-
tains. Terry!. Wilson, Ohio State University.
Our objective is to examine the crustal
structures produced during two phases
of uplift of the Transantarctic Mountains.
Along the front of the mountains near
the Ross Sea are structures from the
more recent of these two uplift phases.
During the first part of our field work, we
will measure and map the orientation
patterns of faults, fractures, and igneous
dike swarms at sites in this area, includ-
ing the Granite Harbor and between
Mount Doorly and Marble Point. The
second phase of our research will focus
on studying magmatic intrusion and
fracturing from the older phase of uplift.
Because the best developed exposures
from this phase occur along the polar
plateau margin, we will concentrate our
efforts near Allan Nunatak and Coombs
Hills in the north and Shapeless Moun-
tain and Mount Fleming in the south.
With these data, we hope to establish the
regional significance of the orientation
patterns. (S-072)

Uplift history of the Ellsworth Moun-
tains, Antarctica. Edmund Stump, Arizona
State University. In reconstructions of
Gondwanaland with present continental
boundaries fixed, the Antarctic Penin-
sula invariably overlaps with southern
South America and Africa. Geologists
have generally accepted that West Ant-
arctica is a collage of microplates that
have undergone relative displacements
during or subsequent to the breakup of
Gondwanaland, but the evolution of this
region during the late Mesozoic and
Cenozoic is still unresolved. Our objec-
September 1989

five is to focus on the uplift history of the
Ellsworth Mountains by using apatite
fission-track analysis. These mountains
contain the highest point on the con-
tinent, the Vinson Massif (5,140 meters)
which is one of a series of summits along
the 3,000-meter-high Sentinel Range,
and descend eastward to 2,000 meters
below sea level beneath the Rutford Ice
Stream. The Ellsworth Mountains also
constitute one of the microplates in the
west antarctic tectonic collage. A four-
person field party will collect data along
three horizontal transects and will make
three vertical profiles in the mountain
range. With these and other data, we will
attempt to determine when uplift began,
at what rate it occurred, how much oc-
curred, and whether there was more
than one episode of uplift. (S-076)

Exposure-age dating applied antarctic
glacial geology. Mark D. Kurz, Woods
Hole Oceanographic Institution. Dating
surface rocks by exposure-age dating
techniques has great potential for glacial
geoloy. Although scientists have used
extensively the accumulation of in-situ-
produced cosmogenic nuclides to 13ate
meteorites, they have only recently be-
gun to use this technique to date ter-
restrial rocks. Cosmogenic isotopes of
helium in surface rocks are produced by
cosmic-ray-induced, high-energy nu-
clear reactions that release large numbers
of protons or neutrons. Recent studies of
radiocarbon-dated lava flows have
shown that measurements of cos-
mogenic helium can be used to deter-
mine exposure ages. Our goal is to use
this technique, for the first time, to date
glacial deposits in the ice-free areas of
southern Victoria Land, which provide
an ideal testing site for this method be-
cause of uniquely exposed, well-dated
glacial moraines. We hope not only to
resolve some questions about the helium
exposure-age method but also to define
better the history of the antarctic ice
sheet and its relationship with global cli-
mate. Initially, we will focus on collecting
samples and measuring quartz from
sandstone boulders in dated moraines of
Arena Valley. Extensive sampling by a
three-person field team will enable us
not only to gain sufficient date to help
elucidate the history of the ice sheet but
also to understand better the distribu-
tion and retention of helium with quartz.
Because quartz is common worldwide,
our results also should interest glacial
geologists not working in Antarctica. (S-
077)

Dry valley seismograph project. Nich-
olas A. Orsini and L. G. Ho/comb, U.S. Geo-
logical Survey Albuquerque Seismological
Laboratory. Increasing 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 both
the Northern and Southern Hemi-

spheres. During several austral sum-
mers, we surve yed sites and installed
equipment in southern Victoria Land's
ice-free valleys. Eventually, data will be
transmitted in real time via a geo-
synchronous satellite to the U.S. Geo-
logical Survey Albuquerque Seis-
mological Laboratory as part of a larger
seismic data collection network. During
the 1989-1990 austral summer, we will
perform maintenance on telemetry-ra-
dio equipment, clean, and check the op-
eration of our station in Wright Valley. (S-
078)

Degassing and crystallization of
anorthoclase phonolite magma, Mount
Erebus. Phillip Kyle, New Mexico Institute
of Mining and Technology. Mount Erebus
contains a persistent convecting lava
lake of anorthoclase phonolite magma.
The lake is the top of a magma chamber
and functions as a window through
which the processes operating within a
magma chamber can be observed. Be-
cause of the anorthoclase phonolite com-
position, which has a viscosity ap-
proaching that of an andesite, the ac-
tivity and convection complement stud-
ies at other volcanoes such as Kilauea and
Mount St. Helens. Observations of sul-
fur-dioxide emissions are providing new
insights into sulfur solubility in pho-
nolite magma and how degassing oc-
curs. Beautiful anorthoclase phe-
nocrysts, often over 88 millimeters long,
are well developed in older lavas and in
the active lava lake. To date no studies
have addressed the nucleation and
growth of such large crystals. The objec-
tives of this study are to continue sur-
veillance of the volcanic activity of
Mount Erebus, to monitor the latest
eruptive cycle, and to estimate the
growth of the anorthoclase phenocrysts.
We will also address several fundamen-
tal questions regarding sulfur-dioxide
degassing and the contribution of Mount
Erebus to the nearly pristine antarctic
atmosphere. By sampling the plume
from the crater rim, we will be able to
collect samples of volatile acid gases and
trace metals. (S-081A)

West antarctic volcano exploration
(WAVE). Phi/lip Kyle, New Mexico Institute
of Mining and Technology. Marie Byrd
Land, one of the world's largest alkali
volcanic provinces, contains a unique
record of the Late Cenozoic glacial and
volcanic history of Antarctica; however,
investigations of this region have been
limited to reconnaissance studies and
our recent studies Mount Takahe and
Mount Murphy. From this limited data
set, we know that the earlier reconnais-
sance interpretations of the subglacial
origins of these volcanoes are incorrect.
Our objective is to examine the glacial
and volcanic history of the region and
the origin of the volcanoes. Working as
part of a U.S., British, and New Zealand
investigation, we will study the geo-
chemistry, volcanology, and tectonic his-
tory of these Marie Byrd Land volcanoes.
During the 1989-1990 austral summer,
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we will focus on volcanoes in the Ex-
ecutive Committee Range. A field party
of six will map, sample, and make pal-
eomagnetic measurements of each vol-
cano in the range. (S-081B)

Extent and termination of the ant-
arctic early Cambrian carbonate plat-
form. Margaret N. Rees, University of Ne-
vada at Las Vegas, and A. I. Rowe!!, Univer-
sity of Kansas. Our principal goal is to
understand the regional and deposi-
tional setting of Cambrian limestone se-
quences in the Pensacola Mountains, as
well as their subsequent tectonic history.
This information will help us to recon-
struct the evolution of the ancient Pacific
margin of Gondwanaland, as well as that
of East Antarctica. In the field, we first
will map and sample Cambrian succes-
sions in the Argentina Range, which is
rarely visited, and then will sample
(where appropriate) and measure sec-
tions in the Neptune Range, which has
been studied more extensively. Based on
existing data, we believe that Cambrian
successions in these two areas differ
greatl y from each other. From our field
work and analysis, we hope to deter-
mine the causes of this difference. (S-
082)

Study of sediment, glacier ice, and
silicate spherules, Walcott Névé, Ant-
arctica. Gunter Faure, Ohio State Univer-
sity. Subglacial bedrock ridges disrupt
the flow of the east antarctic ice sheet and
make the margin a very sensitive area.
The resulting ice fields expose a strat-
igraphic section of the ice sheet that in-
cludes very old basal ice, which ablates
to form supraglacial moraines. Our ob-
jectives include mapping the surface ele-
vation and thickness of ice entering the
Walcott Névé and Law Glacier from the
Beardmore Glacier area to document
what effect bedrock topography has on
local ice-flow patterns; identifying by
ox y gen-isotope composition the
Pleistocene-Holocene boundary in ex-
posed ice; studying selected fragments
from supraglacial moraines to learn
about the geology of the ice-drainage
basin on the east antarctic craton; and
studying the geochemistry, mineralogy,
and isotopic composition of silicate
spherules that are found abundantly in
the area's glacial sediments. We also will
integrate geological and glaciological in-
formation to explain the occurrence of
meteorites and silicate spherules on
along the east antarctic ice sheet margin
and elsewhere in Antarctica. (S-089)

Support for the global seismic station
at Amundsen-Scott South Pole Station.
Rhett Butler, Incorporated Research institu-
tions for Seismology (IRIS). Amundsen-
Scott South Pole Station is uniquely lo-
cated for long-term, global seismic stud-
ies. The station is a seismically quiet plat-
form, which lies on the Earth's rotational
axis and can be used as a site to measure
long-period oscillations of the Earth. Its
location on the Great Circle Paths coin-
cides with portions of the Mid-Atlantic
Ridge and the East Pacific Rise and in-
12

cludes active seismic regions and other
features of intense geophysical interest.
IRIS, a non-profit consortium of 57 U.S.
universities, creates and manages re-
search facilities for seismology. Cur-
rently, IRIS is funding the University of
California at Los Angeles to operate the
South Pole seismic facility. During the
1989-1990 austral summer, IRIS will in-
stall a new state-of-the-art seismic station
to replace the existing equipment. (S-
090)

Glaciology and glacial
geology

Antarctica's ice sheet covers 97.6 per-
cent of the continent in thicknesses up to
4.8 kilometers. Its history—derived from
ice cores, the terrestrial geologic record,
and the marine sedimentary record—
provides information about climate and
atmospheric constituents and their vari-
ation over time. By studying the con-
tinent's glacial history, glciologists,
geologists, and others learn about the
timing of northern and southern hemi-
sphere glaciations, global ocean circula-
tion, ocean boundary changes, and the
dynamic response of ice to changes in
the atmosphere. Deep ice cores, taken
from the east antarctic ice sheet have
provided a 160,000-year record of climate
change, while data from ice-free regions
enable glacial geologists to create models
of ice-sheet fluctuation and soil develop-
ment. With data from radio-echo sound-
ing and doppler-satellite positioning,
glaciologists and geophysicists have
measured the thickness of the ice sheets,
learned about the internal layering of ice
sheets, and determined the velocity of
ice movement. With such data as these,
they can better understand the rela-
tionship of ice and climate, the stability
of Antarctica's ice sheets, and the poten-
tial impact of these ice sheets on global
sea levels.

Polar Ice Coring Office drilling pro-
jects. John Kelly, University of Alaska, Fair-
banks. Ice cores provide valuable infor-
mation on past atmospheric constituents
and climate. During the 1989-1990 aus-
tral summer, we will support inves-
tigators from the State University of New
York at Buffalo, who will be working at
Byrd Surface Camp. We will drill a 200-
meter ice core and three 20-meter cores
at sites located 10, 20, and 50 kilometers
from the station. (S-150)

Imaging radar for glaciology. Richard
K. Moore, University of Kansas. Radar
probes of ice sheets have been used for
extensive surveys since the 1950s. Al-
though several have been done in Ant-
arctica, expanding the survey effort is
essential to obtain data not only for gen-
eral studies but also for detailed inves-
tigations that address mass-balance and
ice-flow questions in the west antarctic
ice sheet. Because many radar systems
that have been used in Antarctica have
become outdated, we have designed a

system that uses coherent radar tech-
niques to achieve a high signal-to-noise
ratio with relatively low-power, solid-
state transmitters. The system, which
was tested for the first time during the
1986-1987 austral summer, is capable of
taking measurements from a sled or
from a Twin Otter airplane and will im-
prove subsurface imaging. This austral
summer, we will use the sledborne sys-
tem to survey a 2 kilometer by 20 kilo-
meter strain grid at ice stream B on the
Siple Coast. (S-152)

Analysis and dating of a 200-meter ice
core from Byrd Surface Camp, Ant-
arctica. Chester C. Langway, Jr., State Uni-
versity of New York at Buffalo. In 1967 and
1968 near Byrd Station in West Ant-
arctica, glaciologists drilled and collected
a 2,164-meter-long core, the deepest
continuous core ever taken in Ant-
arctica. This austral summer, we will re-
turn to this site (now called Byrd Surface
Camp), drill a 200-meter-long core, and
collect surface snow samples. We esti-
mate that this 200-meter-long core will
s-pait about 10 centuries of snow ac-
cumulation, extending from the present
snow surface and overlapping with the
profile of the earlier core. After retriev-
ing this core, we will measure and ana-
lyze it, as well as the surface samples, for
stable isotopes, volcanic activity, large-
scale stratigraphy, ionic concentrations,
trace metals, dust concentrations, gas
content and composition, and physical
properties. Our objectives are to provide
new, continuous information for the last
millennium from this location and to up-
date information on the short- and long-
term changes in the accumulation record
and climate variability, anthropogenic
trends, volcanic disturbances, and varia-
tions in the chemical composition of the
atmosphere as these phenomena are re-
flected in the deposited snow layers.
Using the existing record found in the
earlier Byrd core and in cores from other
sites in Antarctica, we will compare the
various chronologies developed from
the new core data. We also will compare
data on significant geochemical and cli-
matological signals with similar environ-
mental records obtained from studies of
Greenland ice cores. (S-155)

Isotopic dating of antarctic glacia-
tions. George H. Denton, University of
Maine. Glacial geologic evidence, includ-
ing high-elevation trimlines, striated
bedrock, and basal tills, from strategic
positions in the Transantarctic and
Ellsworth mountains, implies that mas-
sive overridings by a temperate ice sheet
occurred in the late Tertiary. From other
data, we infer numerous fluctuations
with maximum ice volumes in East Ant-
arctica greater than those existing in the
late Quaternary. Evidence from the ice-
free valleys of southern Victoria Land
and near the Beardmore Glacier also in-
dicate that a younger massive overriding
by a polar ice sheet occurred in the later
Tertiary. Glacial geologic and soil studies
of lateral moraines suggest a less massive
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later Quaternary expansion that featured
peripheral thickening and interior thin-
ning in comparison to the present situa-
tion. Our objectives are to develop a
glacial chronology, stratigraphy, and de-
scription of tectonic uplift through crit-
ical time intervals represented by these
glaciations. To do this, we will acquire
data for argon-40/argon-39 isotopic dat-
ing of McMurdo volcanic eruptive cen-
ters that simultaneously date overriding
and monitor tectonic uplift, stratigraphy
of dated volcanics and silty overriding
tills through a wide range of elevations,
radiocarbon dates of late Wisconsin mor-
aines in eastern Taylor Valley, and ura-
nium-series dates of moraines in Taylor
Valley. During the 1989-1990 austral
summer, we will continue sampling of
volcanic deposits and interbedded
glacial tills in Taylor Valley and in the
nearby Asgard and Quartermain
Ranges. The results of our research will
improve antarctic glacial chronology and
associated tectonic history of the Trans-
antarctic Mountains and will allow nu-
merical ice-sheet reconstructions that
help us to develop atmospheric model-
ing experiments of the influence of these
ice sheets on southern-hemisphere cli-
mate. (S-156)

Flow mechanism of ice stream B, Ant-
arctica. Barclay Kamb, California Institute
of Technology. The flow mechanism of the
great ice streams of the west antarctic ice
sheet are important in relation to the sta-
bility or instability of the ice sheet and its
response to and possible effect on world-
wide climatic change. To determine if
basal melting and high levels of basal-
water pressure cause the high flow ve-
locity of icestream B, we drilled several
boreholes to the base of the ice stream
near 83°S 138°W in the 1986-1987 austral
summer. Borehole measurements of ice
temperature, shear deformation, basal
electrical conductivity, and basal water
pressure, combined with surface mea-
surements of ice motion, help us to de-
termine basal sliding rates and ascertain
the physical parameters that govern
rapid sliding if it occurs. During the
1989-1990 austral summer, we again will
drill to the bottom of ice stream B and
take borehole measurements. Addi-
tionally, we will drill ice cores at two sites
on "Ridge BC" (near ice stream B). Ob-
servations will be related to a physical
model of glacier surging under high
basal water pressure. If an active basal
water system can be intercepted, we will
investigate the flow of water in this sys-
tem by measuring basal electrical con-
ductivity in conjunction with salt injec-
tion via boreholes. Core sampling of
basal ice for structure and fabric mea-
surements may be undertaken later if re-
sults indicate that this is important in the
ice-stream flow mechanism. (S-157)

Measurement of short-period varia-
tions in the speed of icestream B, West
Antarctica. William Harrison, University of
Alaska. The west antarctic ice sheet es-
pecially interests scientists, because it is
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grounded below sea level and, there-
fore, may be inherently unstable. A key
feature of its dynamics is the presence of
large ice streams through which it drains
into the Ross Ice Shelf. Several recent
discoveries have intensified interest in
these ice streams. Glaciologists have
found that although ice stream C is stag-
nant, ice stream B is very active. The
locations of the ice streams have no ap-
parent correlation with subglacial to-
pography, and near the Upstream B
Camp, ice stream B seems to be under-
lain by a several-meter-thick layer of de-
forming till, which may cause most of the
surface motion of the glacier. The objec-
tive of our study is to determine the pres-
ence of short-term variability in the flow
of ice stream B and to measure the propa-
gation of any observable motion along
the ice stream. A linear array of high-
resolution, vertical wire strain meters
and geophones will continuously
monitor seismic activity and temporal
changes in the strain field. When these
results are combined with the borehoic
measurements being taken by other
glaciologists, we hope to understand
more completely the mechanisms that
govern ice-stream flow and fast glacier
motion in general. (S-158)

A cooperative climatological-
glaciological program in the Antarctic
Peninsula. Lonnie G. Thompson and Ellen
Mosely-Thompson, Ohio State University.
During the most recent Neoglacial event
(known as the Little Ice Age) mountain
glaciers expanded, and Earth's climate
deteriorated. We are interested in assess-
ing the temporal synchroneity and
characteristics of this best-documented
climatic event as it is preserved in ice
cores from various latitudes. By docu-
menting climate variation on an annual
or decadal scale at different latitudes, we
may be able to establish latitudinal varia-
tions in the timing of the beginning of
the last Neoglacial and the end of this
event, which occurred between approx-
imately 1450 and 1890 A.D. Linking cli-
mate variations from low latitudes to cli-
mate variations in polar regions also will
improve our ability to interpret the long-
term record of globally significant cli-
mate fluctuations within cores from Ant-
arctica and Greenland. Our ice-coring
program for the 1989-1990 season, a co-
operative effort with the British Antarctic
Survey, continues our efforts to recon-
struct a 2,000-year paleoclimate record
for the southern Antarctic Peninsula. Be-
sides being a key site for global climatic
and environmental reconstruction from
ice cores, the Antarctic Peninsula is a
necessary link between the South Amer-
ican ice-core record and the record in ice
cores from East Antarctic. During the
1989-1990 austral summer, we will take
200- to 300-meter cores from from the ice
at three different Antarctic Peninsula
sites. The cores will be analyzed for con-
centration and size distribution of insol-
uble particulates and preliminarily for
specific ions using ion chromatography.

The concentration and chemical nature
of these particulates help us determine
the nature of the atmospheric particu-
lates deposited and may also show a sea-
sonal cycle similar to the cycle observed
in ice cores from central antarctic loca-
tions. Large pertubations in our environ-
ment, including the increase of radi-
atively active gases such as carbon
dioxide, have been occurring during the
last 100 years. To understand the con-
sequences of these perturbations, we
must have a frame of reference against
which present and future changes can be
compared. Ice-core records can provide
valuable information for such a time se-
ries of natural "background variability"
of an undisturbed earth/atmosphere sys-
tem during the last 1,000 years. (S-159)

Methanesulfonic acid in the Vostok
ice core: A 160,000-year record of bio-
genic sulfur emissions from the south-
ern oceans. Eric S. Saltzman, University of
Miami, Rosentiel School of Marine and At-
mospheric Science. Polar ice sheets contain
a unique record of recent and long-term
climate change and of biogeochemical
cycling of many elements. Measure-
ments of ions, microparticles, and
anions in ice cores show that consistent
patterns of climate change are observable
in polar ice sheets from both hemi-
spheres. Recently, scientists have
focused on the detection and distribu-
tion of important atmospheric compo-
nents, including the greenhouse gases
(carbon dioxide, methane, and nitrous
oxide) and aerosols (particularly sulfate
aerosols) that may affect directly the sur-
face radiation balance by absorbing in-
coming solar radiation or indirectly by
forming clouds that prevent solar radia-
tion from reaching the surface. Our ob-
jective is to obtain a long-term record of
the atmospheric deposition of marine-
derived sulfur (methanesulfonic acid) in
the east antarctic ice sheet. Meth-
anesulfonic acid, a product from the at-
mospheric oxidation of dimethylsulfide
(the main form of gaseous sulfur emitted
by the sea), has no non-living precursors
and is stable in ice. Consequently, its
distribution in ice potentially can
provide an unambiguous chemical sig-
nal that reflects changes in the oceanic
sulfur cycle through time, as well as
changes in ocean productivit y. Our mea-
surements of methanesulfonic acid and
non-sea salt sulfate will be taken from an
samples of an ice core taken from the
polar plateau near the Soviet station
Vostok; this core contains a 160,000-year
record of atmosphere and climate
change. We will assess the levels and
variability of organic sulfur under dif-
ferent climate conditions, ranging from
relatively stable interglacial or glacial
maximum to the glacial/ interglacial tran-
sition. These data will enable us to dif-
ferentiate between sulfate of biogenic
origin, originally present in the at-
mosphere as fine, particle-size marine
aerosols, and sulfate derived from non-
living sources such as terrestrial dust
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and volcanic emissions. From these data,
we will be able to use ice-core data to
determine the abundance of cloud-form-
ing molecules in Earth's ancient at-
mosphere and to measure indirectly the
primary productivity of the oceans—a
critical factor in the long-term control of
atmospheric carbon dioxide. Learning
about the global distribution of meth-
anesulfonic acid potentially can contrib-
ute to testing various models of climate
change driven by changes in oceanic
productivity. (S-160)

Studies of the concentration and iso-
topic composition of oxygen, nitrogen,
and argon in trapped gases from the
Vostok ice core. Michael Bender, Univer-
sity of Rhode Island. Interactions between
climate and the biosphere profoundly in-
fluence our environment. The biosphere
directly affects climate by regulating the
concentration of carbon dioxide and
trace greenhouse gases and by signifi-
cantly influencing the h ydrologic cycle.
Climate greatly affects the distribution of
terrestrial ecosystems, while similar pro-
cesses in oceanic circulation are a major
determinant of marine productivity and
the characteristics of such ecosystems.
To understand how climate and the bio-
sphere interact, scientists need a funda-
mental understanding of climatic evolu-
tion and its effects on planetary eco-
systems. Glacial-interglacial periods are
especially relevant to understanding
evolving interactions because, during in-
tervals as short as about 100,000 years,
climate is not influenced by changing
continental positions, long-term tectonic
events like mountain forming, or the
evolution of plants and animals. Rather,
climate change is influenced by the
amount of exposure to solar radiation,
variations in the atmospheric con-
centration of gases that directly or indi-
rectly affect the surface radiation bal-
ance, and other less well understood
properties. The last major glaciation oc-
curred during the Quaternary period
and encompassed most of the
Pleistocene epoch (4 million to 10,000
years ago). Our objective is study the
Pleistocene biogeochemical and pal-
eoclimatic record to learn more about cli-
mate-biospheric interactions. We will
focus on the elemental composition of
oxygen, nitrogen, and argon in trapped
gases in the Vostok ice core, which re-
cords 160,000 years of atmosphere and
climate. Because changes in the carbon
cycle during the Late Pleistocene would
have caused the concentration of at-
mospheric oxygen to vary, we will learn
more about photosynthesis, respiration,
and hydrologic processes and, con-
sequently, more about global-scale inter-
actions among the hydrosphere, bio-
sphere, and atmosphere. Atmospheric
ratios of nitrogen to argon should not
have varied during the Late Pleistocene
because geochemical fluxes would have
been too small to change this ratio over
this time scale. Comparing measure-
ments from the Vostok core of these
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gases and atmospheric nitrogen isotopes
to present values will help us learn more
about changes in our present at-
mosphere. (S-161)

Concentrations of methane and nitro-
us oxide during glacial and interglacial
periods: Analyses of the Vostok core.
R.A. Rasmussen, Institute of Atmospheric
Sciences. Concentrations of methane
have more than doubled over the last 100
to 200 years; nitrous oxide levels have
increased by as much as 20 percent dur-
ing the same period. Presumably, in-
creased emissions from human ac-
tivities, along with a possible reduction
in the ability of the atmosphere to re-
move methane, are causing the in-
creased presence of these gases in the
atmosphere. Because methane is 20
times more effective in influencing the
climate than carbon dioxide is, and nitro-
us oxide about 200 times more effective,
the increased concentrations of both
gases add significantly to global warm-
ing. Recent ice-core analyses show that
during ice ages methane concentrations
drop to about half the level that existed
before industrialization and about 20
percent below existing levels. Although
the presence of nitrous oxide also ap-
pears to decline during ice ages, not
enough data exists to evaluate accurately
the extent of this effect. These changes
during the ice ages and other colder peri-
ods probably reflect the response of
world's ecosystems to climate change in
the past. In the future as the Earth's at-
mosphere warms, ecosystems may re-
spond by emitting more methane and
nitrous oxide, causing a positive feed-
back on the cycles of these gases and on
the world's climate. Because the core
taken at the Soviet Station Vostok spans
160,000 years, we have an opportunity to
obtain data on the changes in methane
and nitrous-oxide concentrations during
periods of heating and cooling and more
complete data on the response of meth-
ane to climate change. We also hope to
delineate patterns in the data and assess
the causes of the changing con-
centrations of these gases during ice
ages. Our analyses also will provide data
on how the sources and sinks of these
gases respond to climate change and
provide a basis for understanding
changes that may occur in the future.
(S-162)

Geophysical surveys and ice-flow
modeling to support ice coring for pal-
eoclimate in the Antarctic Peninsula.
Charles F. Raymond, University of Wash-
ington. The Antarctic Peninsula crosses
the latitudes where the south polar sea
ice waxes and wanes, most deep ocean
waters are formed, and heat from at-
mospheric and oceanic fluxes is trans-
ferred from the mid-latitudes to the prin-
cipal global heat sink. At many locations,
temperature and snow-accumulation
rates suggest that we should be able to
identify annual layers in ice cores over
several 1,000 years. Data from investiga-
tions of oxygen-isotope-ratio measure-

ments, seasonal variation in oxygen-iso-
tope ratios and salt content, and micro-
particle variations indicate a rich geo-
chemical stratigraphic record and the
potential for paleoclimate interpretations
of ice cores from this region. The com-
bination of geographic location and
glacial environment also suggests that
climate change should be particularly
well recorded at sites in the Antarctic
Peninsula. Working with Ohio State Uni-
versity investigators (S-159) and the Brit-
ish Antarctic Survey, we will collect ice
cores between 100 and 200 meters in
length from various sites in the Penin-
sula region and will analyze these cores
to obtain a climate history for the last
1,000 to 2,000 years in the sub-antarctic
latitude belt. Our objectives are to add to
a global synthesis of paleoclimate varia-
tions and to assess the relationship be-
tween paleoclimate records from the in-
terior of Antarctica and climate changes
at lower latitudes. As part of this coring
program, we will measure ice dynamics,
develop modeling techniques that will
assist with site selection, and interpret
ice stratigraphy. (S-163)

Ocean sciences

The southern ocean is important for
understanding the history of the world's
oceans, changing oceanic conditions,
and climatic and glacial history. Physical
and chemical processes occurring there
have a central role in the composition
and structure of the world's oceans. Be-
cause large-scale heat exchange at the
surface overturns the water column and
mixes trace constituents, these waters
are a major source of the world's inter-
mediate and deep water masses. The
Antarctic Circumpolar Current, the
world's largest ocean current, affect
global ocean circulation, and the annual
change in sea-ice cover—from 1 million
to 8 million square miles—influences en-
ergy transfer. Ocean scientists probe the
relationship between oceanic and at-
mospheric circulation systems and the
physical basis for biological productivity,
determine the dynamics of formation
and distribution of water masses, sea ice
and currents, and investigate the rela-
tionship between the southern ocean
and climate. The complex structure of
the sea floor presents fundamental prob-
lems in geology and geophysics. The de-
tailed sediment record of changes in the
antarctic ice sheet enables geologists to
learn more about the continent's glacial
history and about changes brought
about by the break-up of
Gondwanaland.

Marine geology of the Antarctic Con-
tinental Margin. John B. Anderson, Rice
University. Since 1979, we have collected
and described sediments that blanket the
antarctic sea floor; we have related sedi-
mentary facies to glacial and oceanic con-
ditions. During the 1989-1990 austral
summer, we will continue this investiga-
tion in the Ross Sea. Working aboard the
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Polar Duke, we will use sedimentologic
analysis of deposits and high-resolution
seismic methods to map the distribution
and older drainage areas of marine ice
sheets and ice shelves on the continental
shelf during the last glacial maximum.
By studying in detail lithofacies in areas
representative of antarctic glacial-marine
environments, we will increase our un-
derstanding of glacial-marine sedimen-
tation. Additionally, we will examine the
deep-sea hemipelagic and turbidity rec-
ord to see how glacial changes are man-
ifested in deep-sea deposits and conduct
high-resolution seismic stratigraphic
studies of the continental shelf to learn
more about Neogene tectonic and glacial
evolution. This year's work, our studies
over the last 10 years, and work pro-
jected to be completed during the next 2
years will combined and published as a
folio series on the Antarctic Continental
Margin. (S-207)

Sinking and suspended particulate
matter on the Antarctic Continental
Margin. Robert B. Dunbar, Rice University.
As much as 25 to 40 percent of silica in
the southern oceans may be removed
through sedimentation on the continent-
al shelf. Despite high levels of oxygena-
tion in the water column, organic carbon
accumulates at high rates, often equal to
those found in low-latitude basins lack-
ing oxygen. The processes producing
such wide-spread and rapid deposition
are poorly understood—surface-water
production appears relatively low over
most of the area most of the time; high
production does occur within and below
the sea ice, but few sea-ice diatoms are
preserved on the sea floor; large-scale
productivity in the open ocean has been
recorded from December through Janu-
ary but not studied in detail. Our objec-
tive is to attempt to resolve the major
features of the carbon and silica cycles
along the continental shelf in the west-
ern Ross Sea area. We will examine the
vertical flux and water column dissolu-
tion/decomposition of opal and organic
matter as part of a multidisciplinary in-
vestigation with investigators from
North Carolina State University (S-268),
Oregon State University (S-267), and the
University of Tennessee (S-047). From
the Polar Duke, we will deploy time-series
sediment traps at two depths on each of
three moorings. Along with current
meter and transmissometer arrays de-
ployed by North Carolina State Univer-
sity investigators, these traps will enable
us to measure and characterize both ver-
tical and horizontal fluxes of particulate
debris during a complete annual cycle of
production and sedimentation. From
these data and those obtained by our co-
investigators, we will quantitatively as-
sess surface-, mid-, and deep-water col-
umn process that determine sedimenta-
tion rates on the antarctic continental
shelf. The results of this study should
improve our understanding of the influ-
ence of antarctic shelf sedimentation on
ocean chemistry, as well as our ability to
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interpret the shelf sediment record from
the last glacial period during the
Pleistocene epoch. (S-216)

Nutrient and oxygen chemistry of the
central Weddell Sea, austral winter
1989. Louis T. Gordon, Oregon State Univer-
sity. Ocean scientists have focused sever-
al investigations on the Weddell Sea re-
gion because air-sea exchange processes
help form unique water types that pro-
foundly influence water-mass distribu-
tion worldwide through the exchange of
heat, mass, and salt and because it is a
recognized region of high biological pro-
ductivity despite its extreme winter en-
vironment. Most of these investigations
have been conducted during the austral
summer because during the winter the
Weddell Sea is covered by sea ice that
may be as much as 1 meter thick. Work-
ing with West German scientists aboard
the Polarstern between August and Oc-
tober 1989, we will analyze dissolved nu-
trients and oxygen and will sample par-
ticulate biogenic material (silica, nitro-
gen, and carbon) along a cruise track
from the northeastern tip of the Ant-
arctic Peninsula to Cape Norvegia. This
work continues research begun during
the 1986 winter cruise of Polarstern in the
eastern Weddell Sea along the Green-
wich Meridian. This austral winter's
cruise will provide data from an area
"upstream" of the previous study and
will extend our studies of winter mixing
that renews nutrients and depletes dis-
solved oxygen in the water just below the
sea ice. We will focus our sampling of
particulate matter in the ice-edge region
where we previously observed a high-
level of biogenic particulate material dur-
ing the winter. (S-217)

Passive microwave measurments of
sea-ice thickness in the antarctic ocean.
Calvin T. Swift, University of Massachu-
setts. Presently, submarine sonars repre-
sent the most reliable means of measur-
ing sea-ice thickness, but because sub-
marines rarely cruise in antarctic waters,
other methods must be found to obtain
accurate measurements in this region.
Although the viability of a radiometer to
measure sea-ice thickness has been sub-
stantiated by frequencies other than ul-
tra-high-frequencies (UHF), the method
is new and unfamiliar to most inves-
tigators. Our objective is to use a long-
wave UHF radiometer, which potentially
can measure sea-ice thicknesses exceed-
ing 50 centimeters, to determine ice
thickness in the Weddell Sea. Working
with European and other U.S. scientists
aboard the West German research ship
Polarstern, we will test this remote-sens-
ing method, which observes emissions
from sea ice and the underlying water.
Additional microwave radiometer sea-
ice types will be provided by personnel
at Goddard Space Flight Center, National
Aeronautic and Space Administration.
(S-218)

Cycling of biogenic silica in the water
column of the Ross Sea. David M. Nelson,
Oregon State University. Scientists have

observed that in the southern oceans
generall y and in the Ross Sea par-
ticularly, more than 75 percent of global
accumulation of silica in modern sedi-
ments occurs. Although most re-
searchers attribute these high levels to
high rates of primary productivity by
phytoplankton, direct measurements of
primary productivity and of silica pro-
duction indicate that primary production
of both organic and siliceous particulate
matter proceed at relatively low rates
over most of the region most of the time
and cannot account for the high levels of
silica deposition. Diatom blooms that oc-
cur during the seasonal retreat of the ice
edge appear to dominate the annual cy-
cle of silica production in the Ross Sea;
however, even with this enhanced pro-
duction, Ross Sea surface waters pro-
duce barely enough silica to support the
estimated accumulation rates in the sea-
bed. We believe that the high accumula-
tions in Ross Sea sediments, and gener-
ally in the southern oceans, result not
because primary production is extremely
high in surface waters but because an
unusually low proportion of surface-pro-
duced silica dissolves in the water col-
umn. Working with several inves-
tigators, we will measure the rates of
silica production and dissolution in the
water column during the austral sum-
mer. Measurements will be made inside
and outside large phytoplankton blooms
and over silica-rich and silica-poor sedi-
ments. By evaluating the key mecha-
nisms of the organic and silica cycles, we
hope to learn more about the separation
of these two major cycles in the southern
oceans. (S-267)

Preservation and accumulation of bio-
genic silica and organic carbon in a
high-latitude environment: The Ross
Sea. David 1. DeMaster, University of North
Carolina. Antarctic deep-sea and conti-
nental shelf environments are the
world's major repository for silica ac-
cumulation in the marine environment.
Annually, approximately 75 percent of
all silica deposited in the world's oceans
by rivers and hydrothermal emanations
occurs in antarctic waters; however, ant-
arctic sediments account for less than 10
percent of the global organic-carbon
budget. A significant element of the dif-
ferences in these two global budgets may
relate to how efficiently the water col-
umn and seabed preserve particulate
material. As participants in five-univer-
sity project, we will measure rates of pro-
duction in surface waters, water-column
regeneration, vertical flux, seabed re-
generation, and accumulation to deter-
mine the preservation efficiency for silica
and carbon fluxes in the Ross Sea. We
will collect various types of cores from
sediments in the northwest and south-
west Ross Sea and will measure pore-
water profiles of dissolved silica, total
dissolved carbon dioxide, nitrate, nitrite,
ammonia, sulfate, and phosphate to
evaluate biogenic silica dissolution and
organic matter degradation in the sea-
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bed. By using radiochemical chro-
nologies and biogenic-silica and organic-
carbon measurements, we hope to deter-
mine silica and organic-carbon ac-
cumulation rates. To evaluate the relative
importance of vertical and horizontal
fluxes of biogenic material, we will use
current meter and transmissometer rec-
ords from three particle-trap mooring
sites. (S-268)

Ozone-depletion studies
Since 1986, U.S. investigators have

probed and monitored the changes that
are occurring in the ozone layer above
the antarctic stratosphere. Although
they agree that chlorine, produced by
anthropogenic chlorofluorocarbons, is a
major cause of the depletion that occurs
each spring, the role and impact of at-
mospheric phenomena, climate dynam-
ics, and other atmsopheric consitutents
remain unclear. These questions now zre
their focus: how do dynamic processes
of the upper atmosphere influence the
depletion, what physical properties of
polar stratospheric clouds enhance the
chemical reactions that destroy oz;,
and what other aerosol compounds coi
tribute to the process? Answers to these
and other questions are critical not only
for understanding antarctic and arctic at-
mospheric and climate changes but also
for determining the effects these
changes and process will have globally.

Polar stratospheric clouds at the South
Pole. James M. Rosen, University of Wyom-
ing. The results of research since 1986
indicate that polar stratospheric clouds
(PSCs) have a significant role in the an-
nual springtime depletion of ozone
above Antarctica. Scientists believe that
these ice-crystal clouds, which form in
the stratosphere at temperatures below
—80°C, provide the environment in
which the ozone-destruction cycle oc-
curs. Our objective is study the physical,
chemical, and radioactive properties of
these clouds and the relationship be-
tween the clouds and the ozone-destruc-
tion cycle. To obtain data, we will launch,
near Amundsen-Scott South Pole Sta-
tion, approximately 20 balloons carrying
various instruments. The instruments
will measure water vapor, ozone, tem-
perature, winds, infrared heat flux, and
on some flights, nitric acid vapor. One
newly designed instrument, a PSC-
sonde, will be used to detect the pres-
ence of polar stratospheric clouds and
stratospheric aerosols and to provide in-
formation on particle size and distribu-
tion in the clouds. Data from these mea-
surements will provide us with new
details on dehydration and denitrifica-
lion in the polar stratosphere. (S-117)

Springtime measurements of ozone-
related compounds in the antarctic strat-
osphere. David G. Murcray, University of
Denver. The springtime decrease of at-
m ospheric ozone over Antarctica has
been observed over Halley Ba y, Syowa,
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and South Pole stations and has been
recorded by satellites over a wide area of
the continent. Although current pho-
tochemical models did not predict these
observations, atmospheric scientists
now agree that chlorine chemistry has a
major role in the decrease. The effects of
other atmospheric constituents,
however, are still unclear. In this study,
we will use infrared techniques to meas-
ure the concentrations of compounds in
the stratosphere over Antarctica. One
field party will obtain infrared solar
spectra from ground-based stations at
McMurdo and South Pole stations.
These spectra, which contain thousands
of absorption lines produced by com-
pounds present in the atmosphere, can
provide information about atmospheric
chemistry at the time that the measure-
ments were made. Because they respond
to molecules anywhere along the optical
path, this technique yields information
on the total column density of com-
pounds present in the stratosphere. At
McMurdo Station from late August until
mid-October we will take measure-
rnents i rear Arrival Heights and later will
continue our observations at Amundsen-
Scot '  South Pole Station. The measure-
ments will be analyzed for total column
density of hydrochloric acid, nitric acid,
nitrogen dioxide, chlorofluorocarbon
gases F-il and F-12, ozone, methane,
and nitrous oxide. With these data, we
hope to document the change in total
column density for these compounds
from late winter through early spring.
The other field party will use an emission
interferometer in the clean-air facility at
South Pole Station to measure at-
mospheric properties during the winter.
(S-270)

Investigation of polar stratospheric
aerosols and their relation to the ozone
hole. David Hofmann and J.M. Rosen, Uni-
versity of Wyoming. In this study, we hope
to provide information valuable to two of
the models proposed to explain the
springtime ozone-hole phenomenon
(the chemical model and the dynamic
model). Using balloonborne instru-
ments, we will systematically study po-
lar stratospheric clouds and related
ozone variations. With data from our ear-
lier studies, we established that polar
stratospheric clouds are related to the an-
nual appearance of the ozone hole and
identified where in the air column most
of the ozone is being destroyed. During
the 1989-1990 austral summer, we will
launch approximately 40 balloons of vari-
ous sizes, instrumented with ozone-
sondes to measure in detail vertical pro-
files of ozone and temperature, as well as
aerosols and condensation nuclei, from
the ground to about 29 kilometers above
the surface. (S-289)

Antarctic ozone profiles: Palmer Sta-
tion. Arnold L Torres, Goddard Space Flight
Center, Wallops Flight Facility, Wallops Is-
land, Virginia. Sudden and dramatic de-
creases in atmospheric ozone occur each
austral spring over Antarctica. The most

detailed picture of this depletion comes
from relatively high-resolution vertical
profiles obtained with balloonborne
electrochemical ozonesondes. Con-
tinuing our project begun in 1987, we
will take a large set of profiles over Pal-
mer Station from July through October
1989, a period which should include the
beginning of the ozone depletion as well
as the peak. These profiles will provide
clues to changes in the depth, vertical
extent, ozone loss rates, and seasonal
behavior of this phenomenon. The inte-
grated profiles will provide correlative
performance checks on remote-mea-
surement systems. (S-293)

Climate studies
Antarctica affects and is affected by

global climate. The world's largest and
most intense climate regime, Antarctica
appears to be important in long-term cli-
mate variability. During this century, sci-
entists have studied regional climate reg-
imes and unique aspects of the con-
tinent's weather. From this research,
they have come to understand the major
seasonal features of atmospheric circula-
tion, the radiation and energy balances,
the nature of katabatic winds, and the
transport of gases and aerosols. Such
data have been essential for understand-
ing the causes and dynamics of the re-
cently recorded seasonal "ozone hole"
that has been growing above Antarctica
during the last decade. Continuing these
investigations, scientists are studying
the interaction of solar radiation with
snow and ice surfaces and its effect on
the energy budget that controls the con-
tinent's climate, the relationship be-
tween events and conditions in the ant-
arctic atmosphere and global events, and
the region's role in global climate change.

Chlorine- and bromine-containing
trace gases in the antarctic. R.A.
Rasmussen, Oregon Graduate Center. Our
objective is collect a year-long suite of air
samples at Palmer Station. With these
samples, we will investigate seasonal
trends in trace-gas concentrations. The
samples will be analyzed at the Oregon
Graduate Center for a number of trace
components, especially chlorine- and
bromine-containing species. These trace
constituents, which come from both bio-
genic and anthropogenic sources, can al-
ter the Earth's climate and have been im-
plicated in the chemical processes that
contribute to the austral spring depletion
of ozone over Antarctica. Our work will
contribute to a better understanding of
the buildup of trace constituents, par-
ticularly those of high-latitude, marine
origin. (S-254)

Global monitoring for climatic
change. James T Peterson, Environmental
Research Laboratories, National Oceanic and
Atmospheric Administration. Our team
will continue long-term measurements
of trace atmospheric constituents that
may influence climate. Working at the
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South Pole Station observatory, four sci-
entists during the austral summer and
two personnel during the austral winter
will measure carbon dioxide, surface
ozone, winds, pressure, air and snow
temperature, atmospheric moisture, and
trace constituents from the station's
clean-air facility. These data will be used
to make time-series analyses of multi-
year data records that focus on strat-
ospheric ozone depletion, transantarctic
aerosol transport and deposition, solar
and terrestrial radiation fluxes on the
polar plateau, the accumulation of and
temporal variations in greenhouse gas-
ses, and the development of polar strat-
ospheric clouds over Antarctica. The ob-
jectives are to determine the rate at
which concentrations of these at-
mospheric constituents change and to
examine sources, sinks, and budgets.
Working with climate modelers and di-
agnosticians, 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 also will collect carbon diox-
ide samples for us. S-257)

Atmospheric halos and ice crystals.
Walter Tape, University of Alaska. The re-
fraction-and reflection of sunlight by ice
crystals produce atmospheric halos. Dif-
ferent halos arise from different classes
of crystal orientations and from different
light-ray paths through the crystals. The
unique atmospheric conditions of the
antarctic interior frequently produce
beautifully formed simple, prismatic ice
crystals that create strong, well-defined
halo displays. Because these well-
formed crystals typically occur near the
surface, they can be collected easily for
examination and comparison with the
halos that they create. Working at
Amundsen-Scott South Pole Station dur-
ing the 1989-1990 austral summer, we
will photograph halos and simul-
taneously sample falling ice crystal. By
comparing computer-simulations of
halos with observed halos and crystals,
we hope to clarify the relationship be-
tween crystal types and halo types.
While we are sampling crystals, we will
measure the distribution of polarized
light intensity from associated halos.
Theoretically, the distinctive shapes
formed by the distribution of polarized
light should help definethe size and ori-
entation of the crystals. Data on crystal
size and orientation obtained from the
samples and from the halo simulations
will enable us to verify and calibrate po-
larimetric techniques. We will also con-
duct controlled experiments, such as
seeding the atmosphere with dry ice, to
produce simple, well-formed, single-
type crystals artificially. These artificially
produced crystals of known source, age,
and growth conditions will help us to
clarify the special atmospheric condi-
tions that produce the crystals for the
elaborate halos in Antarctica. The results
of our research have potential for remote
September 1989

sensing of atmospheric conditions.
(S-264)

Spectral bi-directional reflectance of
antarctic snow and ice. Robert W. Carlson,
Jet Propulsion Laboratory, California In-
stitute of Technology. Remote sensing of
terrestrial and planetary polar areas is
hindered by an incomplete understand-
ing of the snow reflectance. Our objec-
tive is to contribute to a comprehensive
understanding of the optical properties
of antarctic snow and ice—information
that can be extended to other regions.
With this information, we hope to de-
velop an experimental basis, or "ground-
truth," for remote sensing of glacial and
snowpack regions. Such an experimen-
tal basis will enable researchers to inter-
pret more accurately aircraft and satellite
observations to determine properties of
snow surfaces, including such features
as particle size and shape (properties
that relate to the "age" of the snow sur-
face), impurity content, and liquid-water
content. Working near Amundsen-Scott
South Pole Station, we will measure the
spethalhi-dii'ectionJ ieflectance of vari-
ous 3now and ice surfaces in the visible
and near-infrared (0.4 to 5.0 microns), as
well as th polarization effects. We will
focus on how surface and subsurface
grain properties influence spectral and
angular variations of reflectance pat-
terns. Antarctica provides several ad-
vantages for this type of investigation.
First, the temperature of this continent,
which is important to global climate, is
determined largely by the optical prop-
erties of the snow and ice surface. Sec-
ondly, in contrast with temperate re-
gions, the antarctic snow surface does
not radically change during the day; con-
sequently, we are able to perform
lengthy measurements. Additionally,
contamination from natural and an-
thropogenic sources is greatly mini-
mized in Antarctica. (S-266)

Mesoscale cyclone dynamics around
Antarctica. Andrew Carleton, Indiana Uni-
versity. The high southern latitudes are
regions of decay for synoptic-scale
cyclones. Recently, researchers have ob-
served that smaller mesoscale cyclones
frequently occur over the sea ice and
nearby coastal areas, significantly affect-
ing coastal climate. Our project focuses
on the climatic and dynamic aspects of
mesoscale cyclones. Working with in-
vestigators from Ohio State University,
we will use digital satellite data recorded
at McMurdo and Palmer stations and
measurements recorded by extensive ar-
ray of automatic weather stations and
drifting sea-ice buoys in the Ross Sea
regions. We will define characteristic sat-
ellite signatures associated with various
cyclone stages, identify the areas where
cyclones develop and dissipate, and de-
termine preferred tracks from the Ross
Sea eastward toward the Antarctic Pen-
insula. With existing upper-air sound-
ings and satellite-derived atmospheric
profiles, we will investigate mesoscale
dynamics in the southwestern Ross Sea,

one of the active formation regions. The
quantified results of this project will be
applied to forecasting mesoscale
cyclones that affect the western coast of
the Antarctic Peninsula and southern
South America. (S-271)

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. The weather stations are used to
study the barrier wind along the Trans-
antarctic Mountains, vertical motion 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 in East
Antarctica, and propagating weather
systems at the South Pole. The weather
stations also gathe: continuou-s and reli-
able meteorological data that support air-
craft operations at McMurdo Station.
During the 1989-1990 field season, we
will check, service, and in some cases
remove existing AWS units at South Pole
Station, Byrd Surface Camp, Reeves
Névé, Mount Erebus, Byrd NC-v6,
Beardmore Névé, and one other site near
McMurdo Station on the Ross Ice Shelf.
(S-283)

Astronomy and upper-
atmosphere studies

For upper atmosphere, solar, and as-
tronomical research, Antarctica is a
unique platform from which researchers
probe the Earth's near- and far-space en-
vironment, the nature of stellar and solar
activity, and solar-terrestrial effects on
humans and the environment. Because
the antarctic continent encompasses a
wide range of geomagnetic latitudes, sci-
entists can study the plasmapause (the
internal magnetospheric boundary), the
magnetospheric cusp, and the auroral
zone. For more than a decade, solar and
stellar astronomers have used the geo-
graphic South Pole for observations be-
cause it combines continuous daylight
(during the austral summer) and long
periods of clear weather with high al-
titude, low humidity, and low effective
sky temperature. The success of these
investigations has drawn more astrono-
mers and astrophysicists to the South
Pole. These investigators have found that
from this site they can probe the myste-
ries of the beginning of the universe and
the nature of cosmic radiation. Data from
these studies and others help describe
how solar energy enters the outer ter-
restrial environment and reaches the at-
mosphere, how disturbances associated
with the transfer of energy propagate to
and affect the planet's surface, and how
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matter in the universe formed into galax-
ies and clusters of galaxies.

Support for operating an extra-low-
frequency/very-low-frequency radi-
ometer at Arrival Heights, Antarctica.
R.A. Helliwell, Stanford University. Con-
trolled wave injection from the ground
enables scientists to study wave-particle
interactions as well as observe and ana-
lyze the function of these interactions.
With these techniques, scientists have
acquired important quantitative infor-
mation on the nature of wave-particle in-
teractions in plasma under conditions
that could not have been created in a
laboratory. During the 1989-1990 austral
summer, we will make observations from
the Arrival Heights upper-atmosphere
facility near McMurdo Station. Pre-
viously, we have collected data with in-
struments installed at Siple Station. We
are interested in recording information
about background magnetospheric wave
activity in the extremely-low-frequency/
very-low-frequency (ELF/VLF) range, as
well as other effects produced by or asso-
dated with magnetospheric waves and
peticle precipitation. These experi-
ments provide data that further our un-
derstanding of coherent radiation from
plasma. These data are important to lab-
oratory plasma physics and astro-
physics. The results also can be applied
to communications, remote sensing of
magnetospheric plasma, and modifica-
tion of the magnetosphere and the
ionosphere by wave-induced particle
precipitation. (S-100)

Auroral imaging. S. Mende, Lockheed
Palo Alto Research Laboratory. An image-
intensified all-sky camera, installed in
1982 at South Pole Station, has enabled
scientists to monitor cusp auroral ac-
tivity. This camera produces images of
weak optical emissions at the latitude of
the cusp, an important but poorly under-
stood boundary region of the Earth's
magnetosphere. For data analysis, we
have used data from a two-channel pho-
tometer at Siple Station, correlative data
from other projects at South Pole and
Siple stations, and data from the auroral
imagery on the Dynamics Explorer satel-
lite (DE-1). We are particularly interested
in the extent to which aurora seen by
DE-1 in the Northern Hemisphere mir-
ror those oh- rved at the South Pole.
During the 1989-1990 austral summer, a
research team will inspect, do mainte-
nance work on, and add a filter wheel to
this equipment as well as extend our re-
search to include observations of the
mesospheric OH rotational temperature
to find the relationship between this
temperature and the thermospheric en-
ergy input from the convective polar at-
mosphere. The system will be operated
and maintained by South Pole personnel
during the following austral winter.
(S-104)

Lightning-induced electron precipita-
tion from the magnetosphere. U.S. man,
Stanford University. Recent research re-
sults suggest that lightning and thun-
18

derstorms may have a major role in the
precipitation of trapped particles from
the radiation belts surrounding Earth. By
using ground- and satellite-based obser-
vations researchers have established that
detectable lightning-induced electron
precipitation and associated ionospheric
perturbations do occur. Such precipita-
tion is evidence of a fundamental cou-
pling mechanism between the magne-
tosphere-ionosphere s ystem and the
middle atmosphere. Our project focuses
on the bursts of precipitation that light-
ning discharges induce at middle to low
latitudes. The results should provide a
basis for determining the role of light-
ning and thunderstorms in relation to
magnetospheric electrons and in the
coupling of the atmosphere-ionosphere-
magnetosphere system. We will study
this phenomenon by using the
ionospheric density enhancements that
it produces. These enhancements are de-
tected as amplitude and phase perturba-
tions on very-low-frequency, low-fre-
quency, and middle-frequency radio
signals that propagate in the Earth-
ionosphere waveguide. From recent re-
search, scientists know that such mea-
surements are a powerful and possibly
unique ground-based tool for detecting
particle precipitation at mid- and low-
latitudes. While working at Palmer Sta-
tion, I will conduct simultaneous, high-
resolution measurements of the ampli-
tude and phase of subionospheric very-
low-frequency, low-frequency, and mid-
dle-frequency signals to determine the
spatial distribution, temporal sig-
natures, and magnetic conjugacy of
lightning-induced precipitation. (S-106)

Observations of ultra-high-energy,
gamma-ray sources from the South Pole.
Martin A. Pomerantz, Bartol Research Foun-
dation, University of Delaware. Since early
in this century when cosmic rays were
discovered, scientists have sought to de-
termine their point of origin. Initially
they believed that cosmic rays were ener-
getic electromagnetic radiation. More re-
cent 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-
teraelectronvolt gamma-rays from a
large number of X-ray binaries and re-
lated compact objects—potential emit-
ters of primary cosmic rays. Because of
the station's location, we will be able to
search for regularities of what are, in the
few cases confirmed to date, somewhat
episodic sources. (Examples of some of
the regularities we will look for are or-
bital phase, outburst repetition cycles,
and flux modulation on various time
scales ranging from spin periods of sec-
onds to possible accretion modulation
over weeks or months.) The continuous
exposure, coupled with the favorably
high altitude, will also enable our re-
search team to find weaker sources in the

southern sky, where there is a prepon-
derance of potential ultra-high-energy,
gamma-ray sources. To obtain direc-
tional data, we will use an array of detec-
tors that respond to extensive air show-
ers produced by ultra-high-energy, gam-
ma-rays incident on the Earth's at-
mosphere. (S-109)

Antarctic neutral thermospheric and
mesospheric dynamics and ther-
modynamics. Gonzalo J. Hernandez, Space
Physics Research, University of Washington.
Using a high-resolution, high-lumi-
nosity spectrometer near Amundsen-
Scott South Pole Station, we will study
the dynamics and thermodynamics of
the antarctic thermosphere and meso-
sphere. The station's location, in relation
to the south magnetic pole, makes it pos-
sible to study the southern-hemisphere
cusp during 3 months in the winter sea-
son. Because of the greater degree of
symmetry between the geographic and
geomagnetic poles in the Southern
Hemisphere, solar ultraviolet radiation
and solar-wind particle el/ects interact
and influence the d ynamics and tem-
perature in the upper atmosphere dif-
ferently in this hemisphere than they do
in the Northern Hemisphere. Data from
this investigation will help us determine
the extent of this interplay during the
solar activity minimum. Other studies
include the determination of the ion-
neutral coupling in the upper ther-
mosphere and its variation. The data
from the optical station in Antarctica, in-
tegrated with data from other southern-
hemisphere locations, will give a picture
of southern-hemisphere thermospheric
circulation not previously possible. Di-
rect measurements of ion drifts will
provide a measure of the ion-neutral
coupling in the thermosphere near the
station. Finally, the first optical measure-
ments of the antarctic mesosphere are
planned to study the dynamics and ther-
modynamics of this very important at-
mospheric region. (S-hO)

Riometry in Antarctica and conjugate
regions. T.J. Rosenberg, University of
Maryland. The riometer (relative
ionospheric opacity meter) provides
continuous data on temporal and spatial
variations of energetic precipitation and
ionospheric perturbations. These data
together with photometric, magnetic,
and radio-wave emission data are used to
study physical processes associated with
the transfer of solar wind energy to the
magnetosphere and the upper at-
mosphere. At South Pole Station, our in-
vestigations focus on the polar cusp, a
dayside entry region for solar wind plas-
mas, and on the nightside polar cap re-
gion where magnetic substorm effects
predominate. From McMurdo Station,
we are studying the ionospheric phe-
nomena in the polar cap. During austral
summer 1989-1990, the riometers will be
inspected and routine maintenance will
be performed. (S-Ill)

Cosmic and solar hard X-ray and gam-
ma-ray spectroscopy from Antarctica.
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Robert P. Lin, University of California at
Berkeley. Astrophysicists believe that su-
pernova explosions produce most of the
heavy elements in the universe through
the process of explosive nucleo-
synthesis. Gamma-ray line spectroscopy
appears to be the best way to stud y this
process because many of the heavy ele-
ments are first produced as unstable nu-
clei that emit gamma-ray lines of charac-
teristic energies as they decay. On 23
February 87, Supernova 1987A was ob-
served in the Large Magellanic Cloud, a
companion galaxy to the Milky Way. This
was closest supernova to Earth in more
than 300 years and offers astronomers
and astrophysicists a unique oppor-
tunity to study in detail a supernova ex-
plosion, to learn more about the process
of explosive nucleosyn thesis, and to
search for cosmic gamma-ray bursts,
cyclotron radiation, and gravitationally
red-shifted positron annihilation lines.
To accomplish this, we will launch high-
altitude balloons equipped with detec-
tors; we anticipate that each balloon
flight will last 5 to 20 days. (5-116)

Low-frequency measurements of cos-
mic microwave background Tadiation.
George F Smoot, University of California at
Berkeley. Scientific understanding of how
the universe was formed will alter if re-
ported deviations from a blackbody
spectrum can be confirmed. Our objec-
tive is to make low-frequency tem-
perature measurements of the shape of
cosmic microwave background radiation
at four frequencies (1.5 gigahertz, 3.7 gi-
gahertz, 10 gigahertz, and 90 gigahertz)
to obtain information about the thermal
history of the early universe and to aid in
the development of galaxy-formation
and particle-physics theories. The geo-
graphic South Pole is an excellent site for
the type of measurements necessary to
investigate these deviations because the
atmosphere is extremely cold and and
and because our instruments can view
one portion of the sky continuously
through a constant thickness of the at-
mosphere. Additionally, this site is one
of the quietest spots on the Earth for
radio frequencies that we will use. We
will use theradiometers, which will be
shielded from diffracted radiation from
Earth using speciall y designed antennas
and aluminum shields that will also keep
the wind and Sun from disrupting the
thermal stability of the equipment.
(S-118)

Solar and heliosphere studies with
antarctic cosmic-ray observations. John
W. Bieber, Bartol Research Institute, Univer-
sity of Delaware. Cosmic rays provide a
powerful tool for studying exotic astro-
physical processes that occur on the Sun
and in its far-reaching atmosphere that
controls space near Earth. Antarctic
monitoring stations are crucial for prob-
ing interplanetary plasma dynamics
through observations of variations in rel -
ativistic (over 1 gigaelectronvolt) galactic
cosmic rays. At McMurdo and South
Pole stations, we will continue year-
September 1989

round observations of cosmic radiation
and collaborate with the magnetospheric
cusp program. To enhance understand-
ing of the solar physical processes that
control the electromagnetic conditions in
the Earth's environment, these data are
used in conjunction with data from other
ground-based instruments and space-
craft. Our objectives for the 1989-1990
austral summer are to explore the nature
of long-term variations and North-South
asymmetries of solar activity; to investi-
gate the acceleration, coronal transport,
and interplanetary transport of energetic
solar particles; to learn more about the
three-dimensional structure of inter-
planetary magnetic turbulence; and to
improve understanding of the solar
modulation of galactic cosmic rays.
(S-120)

All-sky camera measurements of the
aurora australis from Ammundsen-
Scott South Pole Station. Frank T. Berkey,
Center for Atmospheric and Space Sciences,
Utah State University. Amundsen-Scott
South Pole Station, located at the south
geographic pole is a unique platform
from which to undertake measurements
of the polar ionosphere. Because of the
conhuration of the geomagnetic field in
the Southern Hemisphere, the station is
situated in such a way that dayside au-
roras can be viewed for several hours
each day. Research has shown that the
precipitation of low-energy particles,
which enter the magnetosphere by
means of the solar wind, cause these au-
roras. Our objective is to continue mak-
ing winter observations of the aurora by
operating a 35-millimeter all-sky camera
system that has been used since 1967.
The data that we acquire will be used to
investigate dayside auroral morphology,
nightside substorm effects, and polar-
cap arcs. These studies can also be used
to obtain further insight into the physics
of the magnetosphere, the convection of
plasma in the polar cap, and winds in the
thermosphere. (S-122)

Measurements of iron-group isotopic
composition in cosmic rays with a light-
weight balloonborne spectrometer
launched from Antarctica. P. Buford
Price, University of California at Berkeley.
An extraordinary amount of astro-
physical information can be extracted
from isotopic abundances of isotopes of
iron, nickel, and neighboring elements
in cosmic rays. Unfortunately, inade-
quate statistics and poor mass resolution
have limited past efforts to study these
isotopes. Our objective is to measure iso-
topic composition of iron, manganese,
cobalt, and nickel in galactic cosmic radi-
ation using balloonborne instruments
launched near McMurdo Station. These
measurements will provides us with in-
formation about cosmic-ray origin and
acceleration, the structure of interstellar
medium, and stellar evolution. The bal-
loons will carry a special glass to an al-
titude of approximately 120,000 feet
(36,580 meters), where the glass will be
exposed for more than 10 days. After we

recover the glass, we will etch it with a
strong acid. This process reveals the
tracks left by energetic cosmic rays that
penetrate the glass. By studying the
etched tracks, we can accurately deter-
mine the mass, charge, and energy of the
isotope that caused them. (S-124)

Observation of very-high-energy
gamma-ray sources from the South Pole.
Robert M. Morse, University of Wisconsin,
and James A. Gaidos, Purdue University. Al-
though cosmic radiation was discovered
more than 75 years ago, its origin re-
mains a mystery. Gamma rays represent
only a small fraction of the total cosmic-
ray flux, but they propagate undeflected
from their sources to Earth, while the
dominant, electrically charged compo-
nent is deflected by magnetic fields. Our
objective is to identify sources of cosmic
radiation, which according to some theo-
ries, may have been created by a modest
number of supernova. To do this, we will
install near the South Pole an at-
mospheric Cherenkov telescope. The
telescope consists of an array of para-
bolic mirrors with photomultiplier tubes
at their foci that can detect light from
very-high-energy (V HE) interactions in a
small amount of atmosphere. The geo-
graphic South Pole is an ideal site for this
research because at this site, it is possible
to view a single object for extended peri-
ods through a constant thickness of at-
mosphere. At a mid-latitude site, obser-
vations are limited to a few hours of
viewing at a time. (S-125 and S-126)

Sodium-lidar studies of the antarctic
upper atmosphere at Amundsen-Scott
South Pole Station. Chester S. Gardner,
University of Illinois. The antarctic upper
atmosphere is a region of diverse, com-
plex interactions where chemistry and
dynamics are greatly influenced the tro-
pospheric and thermospheric vortices.
This region is attracting considerable at-
tention because of the springtime deple-
tion of ozone above Antarctica. Al-
though the lower atmosphere has been
explored for many years using various
balloonborne, rocketborne, and ground-
based instruments, the relative isolation
of Antarctica and the paucity of suitable
instruments has inhibited the study of
the antarctic mesosphere and lower ther-
mosphere. Sodium lidar is powerful tool
for exploring upper atmosphere struc-
ture and dynamics, including strat-
ospheric aerosols, mesospheric tem-
peratures, gravity waves, tides, and
vertical transport near the mesopause.
The lidar can detect the sodium layer at
about 56 miles (90 kilometers) altitude
and, by measuring the height and densi-
ty of this layer, determine the vertical
motion of the upper atmosphere. Our
objective is to install and operate a so-
dium lidar at Amundsen-Scott South
Pole Station so that we can obtain infor-
mation relevant to ozone depletion, par-
ticularly in the area of dynamical charac-
teristics. Additionally, because measure-
ments made above the Norwegian Arctic
(Svalbard) in July 1987 showed that so-
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dium is depleted in the stratosphere, we
are interested in learning if sodium is
depleted above Antarctica. (S-127)

South pole X-ray characteristics.
George K. Parks, University of Washington.
The southern polar cap region is usually
associated with geomagnetic field lines
that connect to the interplanetary medi-
um. Recently, researchers established
that energetic particle precipitation oc-
curs in the upper atmosphere above Ant-
arctica. The disparity in energies indi-
cates that these energetic particles come
either from field lines flowing into the
magnetosphere or from some other type
of acceleration taking place on "open"
field lines. As a result of satellite-borne,
polar-orbiting imaging experiments, in-
vestigators know that various types of
polar-auroral arcs are present, but the
relationship between precipitating ener-
getic particles and these arcs is not
known. More information is needed to
understand the morphology and mecha-
nism of energetic polar-auroral activity.
By using a balloon-borne, X-ray imaging

camera, we hope be able to examine the
behavior of these auroral phenomena
over longer periods of time because the
balloon's movement is slower than the
typical amount of time for most auroral
events. When carried aloft by strat-
ospheric balloons, these systems will
provide us with data that will enable us
to study structures as large as 10 kilo-
meters with durations as short as a few
seconds. Working near McMurdo Sta-
tion with investigators from the Univer-
sityof California at Berkeley (S-116), we
will acquire X-ray data that later will be
correlated with other geophysical and
solar events (e.g., solar flares and mag-
netospheric substorms), studied for the
spatial, motional, and temporal evolu-
tion of X-ray events, and analyzed for
energy-spectral characteristics of X-rays
as a function of different spatial and tem-
poral forms. Additional support for the
balloon launched will be provided by in-
vestigators from the National Aero-
nautics and Space Administration's Wal-
lops Flight Center. (S-273)

Edge Zone (AMERIEZ): The distribu-
tion of free-living protozoa. DPP
84-20184. $4,000.

Holm-Hansen, Osmund. Scripps In-
stitution of Oceanography, La Jolla,
California. Research on Antarctic
Coastal Ecosystem Rates (RACER):
Mechanisms of bloom formation and
decline. DPP 88-17635. $166,069.

Huntley, Mark E. Scripps Institution of
Oceanography, La Jolla, California.
Research on Antarctic Coastal Eco-
system Rates (RACER): Development,
growth and production of mac-
rozooplankton, including krill. DPP
88-17779. $242,453.

Janssen, John. Loyola University of Chi-
cago, Chicago, Illinois. Use of lateral
line for foraging in antarctic
notothenioid fishes. DPP 88-16775.
$79,174.

Karl, David M University of Hawaii at
Lanoa, Honolulu, Hawaii. Research
on Antarctic Coastal Ecosystem Rates
(RACER): Microbial dynamics and car-
bon flux. DPP 88-18899. $151,685.

Karl, David M. University of Hawaii at
Manoa, Honolulu, Hawaii. Antarctic
oil spill emergency response: Micro-
biology component. DPP 89-12505.
$18,904.

Foundation awards of funds
for antarctic projects,
1 April to 30 June 1989

Following is a list of National Science Foundation antarctic awards made from 1 April
to 30 June 1989. 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, those by the Division of Atmospheric Sciences
contain the prefix ATM, and those by the Division of Materials Development, Re-
search, and Informal Science Education contain the prefix MDR.

Biology and medicine

Ainley, David G. Point Reyes Bird Obser-
vatory, Stinson Beach, California. Ant-
arctic Marine Ecosystem Research at
the Ice-Edge Zone (AMERIEZ): The
distribution of sea birds. APP
84-19894. $3,426.

Amos, Anthony F. University of Texas,
Austin, Texas. Reearch on Antarctic
Coastal Ecosystem Rates (RACER):
Mechanisms of bloom formation and
decline. DPP 89-07287. $60,386.

Brooks, James M. Texas A&M University,
College Station, Texas. The fate of pe-
troleum from a jet and diesel fuel spill
near Arthur Harbor: Initial field effort
and sampling. DPP 89-12497. $21,976.

Dayton, Paul K. Scripps Institution of
Oceanography, La Jolla, California.
The role of in situ productivity, advec-
tion, and microbial activity in organiz-
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ing contrasting benthic communities
at McMurdo Sound. DPP 87-16085.
$116,302.

Devnes, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide and peptide antifreezes in freez-
ing avoidance of antarctic fishes. DPP
87-16296. $116,506.

Dunton, Kenneth H. University of Texas,
Austin, Texas. Marine algal commu-
nities of the northwestern Antarctic
Peninsula: Comparative physiological
and biogeochemical study of effects of
a major oil spill. DPP 89-12148.
$19,527.

Fry, D. Michael. University of California,
Davis, California. Physiological re-
sponses of antarctic birds exposed to
oil. DPP 89-12133. $19,457.

Garrison, David L. University of Califor-
nia, Santa Cruz, California. Antarctic
Marine Ecosystem Research at the Ice-

Landrum, Betty J. Smithsonian Institu-
tion, Washington, D.C. Recording of
data and sorting of collections from
polar regions. DPP 74-13988. $185,699.

Manahan, Donal T. University of South-
ern California, Los Angeles, Califor-
nia. Ecology and nutrition of inverte-
brate larvae in McMurdo Sound, Ant-
arctica, and Monterey Bay, California:
Use of phytoplankton and non-phy

-toplankton food resources. DPI'
88-20130. $97,940.

Pearse, John S. University of California,
Santa Cruz, California. Ecology and
nutrition of invertebrate larvae in
McMurdo Sound, Antartica, and
Monterey Bay, California: Use of phy-
toplankton and non-phytoplankton
food resources. DPP 88-18354.
$42,697. ($85,393).

Putt, Mary E. Woods Hole
Oceanographic Institution, Woods
Hole, Massachusetts. Seasonal and
spatial variation in the abundances
and tropic role in nano- and micro-
zooplankton in McMurdo Sound. DPI'
88-16668. $99,641.

Reed, H. L. Navy-National Navy Medi-
cal Center, Washington, D.C. The in-
fluence of prolonged polar residence
upon the cellular distribution of thy-
roid hormones. DPI' 88-17037.
$10,000.
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Rivkin, Richard B. University of Mary-
land Horn Point Environmental Labo-
ratory, Cambridge, Maryland. Ecolo-
gy and nutrition of invertebrate larvae
in McMurdo Sound, Antarctica, and
Monterey Bay, California: Use of phy

-toplankton and non-phytoplankton
food resources. DPP 88-20132.
$39,100. ($78,200).

Smith, Raymond C. University of Cal-
ifornia, Santa Barbara, California. A
model for the assessment of the effects
of ultraviolet radiation on ph-
toplankton in antarctic waters. DPP
88-17643. $193,263.

Smith, Walker 0. University of Ten-
nessee, Knoxville, Tennessee. Ant-
arctic Marine Ecosystem Research at
the Ice Edge Zone (AMERIEZ): Collab-
orative research on nutrient dynamics
and phytoplankton productivity. DPP
84-20213. $4000.

Smith, Walker 0. University ot Ten-
nessee, Knoxville, Tennessee. Produc-
tion and regeneration of organic mat-
ter in the western Ross Sea. DPP
88-17070. $100,319.

Stockton, William L. University of Cal-
ifornia, Santa Cruz, California. The
effect of the Bahia Paraiso oil slick on the
Intertidal zone and shallow-water
benthos at Arthur Harbor, Anvers Is-
land. DPP 89-12053. $19,964.

Sullivan, Cornelius W. University of
Southern California, Los Angeles,
California. Photobiology of sea-ice mi-
croalgal species. DPP 87-17692.
$38,788. ($77,575).

Testa, J. Ward.. University of Alaska, Fair-
banks, Alaska. Dispersal and diving
behavior of Weddell seals determined
by satellite telemetry. DPP 88-16567.
$136,028.

Torres, Joseph J. University of South
Florida Marine Science Institute, St.
Petersburg, Florida. Distribution,
abundance, and energy utilization of
zooplankton and micronekton from a
winter ice edge. DPP 88-19533.
$57,996.

Trivelpiece, Wayne Z. Point Reyes Bird
Observatory, Stinson Beach, Califor-
nia. Comparative demography and
foraging behavior of pygoscelis pen-
guins. DPP 88-15878. $142,258.

Earth sciences

Barrera, Enriquetta. Ohio State Univer-
sity, Columbus, Ohio. A strontium,
oxygen, and carbon isotopic study of
Cenozoic marine biogenic carbonate
from Antarctica. DPP 88-16833.
$45,737.

Berg, Jonathan H. Northern Illinois Uni-
versity, De Kalb, Illinois. Geochemis-
try and petrology of the lower crust,
Antarctica: Evaluation over space and
time. DPP 88-16988. $89,361.

Butler, Rhett. Incorporated Research In-
stitutions for Seismology, Arlington,
Virginia. Logistics support for global
seismic station at the South Pole. DPP
89-00340. $1.

Cassidy, William, A. University of Pitts-
burgh, Pittsburgh, Pennsylvania. Ant-
arctic search for meteorites. DPP
88-17083. $95,921.

Ciesielski, Paul F. University of Florida,
Gainesville, Florida. Mode, variability,
and frequency of global Neogene cli-
mate change: The role of the southern
ocean. DPP 87-17854. $82,000.

Dalziel, Ian W. University of Texas, Aus-
tin, Texas. Tectonic evolution of the
antarctic sector of the Pacific Margin:
Mesozoic and Paleozoic development
of Marie Byrd Land. DPP 87-16017.
$150,952.

Daiziel, Ian W. Columbia University,
New York, New York. Paleomagnetic
studies designed to refine the Meso-
zoic paleoposition of the Antarctic
Peninsula and test models of Weddell
Sea opening. DPP 88-16810. $60,348.

DePaolo, Donald J. University of Califor-
nia, Berkeley, California. Geochemis-
try of granites and metamorphic rocks
of the Transantarctic Mountains. DPP
88-16925. $67,676.

Devore, George W. Florida State Univer-
sity, Tallahassee, Florida. Curatorship
of antarctic marine sediment and other
core collections. DPP 75-19723.
$182,060.

Dick, Henry J. Woods Hole
Oceanographic Institution, Woods
Hole, Massachusetts. Petrology and
tectonics of the Circum-antarctic Plate
Boundary. DPP 87-20002. $170,000.

Fisk, Martin R. Oregon State University,
Corvallis, Oregon. Rifting and vol-
canism on the Antarctic Peninsula.
DPP 88-17126. $35,587.

Goodge, John W. Southern Methodist
University, Dallas, Texas. Petrogenesis
and crustal structure of metamorphic
rocks in the central Transantarctic
Mountains: An integrated petrologic,
structural, and geochronologic study.
DPP 88-16807. $80,007.

Grew, Edward S. University of Maine,
Orono, Maine. The metamorphic pe-
trology of central Queen Maud Land:
A distinct geologic province in East
Antarctica. DPP 88-15863. $1.

Kienle, Juergen. University of Alaska
Geophysical Institute, Fairbanks,
Alaska. Gravity study of the Rennick
Graben and the Campbell Block in
northern Victoria Land, and the rela-
tion of the Rennick Structure to rifting
processes in the Ross Sea. DPP
87-20654. $54,438.

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. Degassing and crystallization
of anorthoclase phonolite magma,
Mount Erebus. DPP 87-16319. $67,068.

LaBrecque, John L. Lamont-Doherty
Geophysical Observatory, Palisades,
New York. The USAC aeroseophysical
survey of the basins surrounding the
Antarctic Peninsula. DPP 87-19147.
$102,000.

Law yer, Lawrence A. University of
Texas, Austin, Texas. Marine heat flow
around West Antarctica DPP
86-15307. $65,405.

Lipschutz, Michael E. Purdue Univer-
sity, West Lafayette, Indiana. Trace ele-
ments in antarctic meteorites: Extra-
terrestrial origin and terrestrial ice-
sheet processes. DPP 87-15853.
$93,300.

Palais, Julie M. University of New
Hampshire, Durham, New
Hampshire. Elemental tracers of vol-
canic emissions in antarctic aerosol
and snow samples. DPP 87-15963.
$63,448.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Extent and termi-
nation of the antarctic early Cambrian
carbonate platform. DPP 87-15768.
$59,718.

Sears, Derek W. University of Arkansas,
Fayetteville, Arkansas. Natural ther-
moluminescence levels in antarctic
meteorites and related studies. DPP
88-17569. $23,878.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Uplift history of
the Ellsworth Mountains, Antarctica.
DPP 88-16655. $61,553.

Taylor, Edith L. Ohio State University,
Columbus, Ohio. Diversity and dis-
tribution of fossil floras from southern
Viceoria Land, Antarctica. DPP
87-16070. $54,130.

Ocean and climate studies

Ackley, Stephen F. U.S. Army Cold Re-
gions Research and Engineering Labo-
ratory, Hanover, New Hampshire.
Sea-ice properties and processes. DPP
85-12728. $99,900.
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Bromwich, David H. Ohio State Univer-
sity, Columbus, Ohio. Studies of the
windfield near Terra Nova, Bay. DPP
87-16076. $54,938.

Chaun, Raymond L. University of New
Hampshire, Durham, New
Hampshire. Sampling and analysis of
large aerosol particles in the antarctic
troposphere and near surface ice. DPP
87-04319. $47,791.

Curry, Judith A. Purdue University,
West Lafayette, Indiana. Research ex-
periences for undergraduates: Supple-
mental funding (arctic ice crystal
haze). DPP 88-58830. $4,000.

Foster, Theodore D. University of Cal-
ifornia, Santa Cruz, California. Ant-
arctic Bottom Water formation. DPP
85-21083. $127,583.

cordon, Arnold L. Lamont-Doherty
Geophysical Observatory, Palisades,
New York. Winter Weddell gyre stud -
ies. DPP 85-02386. $287,147.

Jelson, David M. Oregon State Univer-
sity, Corvallis, Oregon. Cycling of bio-
genic silica in the water column of the
Ross Sea, DPI' 88-17441. $42,984.

'arish, Thomas R. University of Wyom-
ing, Laramie, Wyoming. Studies of
the windfield near Terra Nova Bay.
DPP 87-16127. $52,297.

asmussen, Reinhold A. Oregon Gradu-
ate Center, Beaverton, Oregon. Chlo-
rine and bromine trace gases in the
Antarctic. DPP 87-17023. $86,571.

;wift, Calvin T. University of Mas-
sachusetts, Amherst, Massachusetts.
Passive microwave measurements of
sea-ice thickness in the antarctic
ocean. DPI' 89-05198. $20,100.

ape, Walter. University of Alaska, Fair-
banks, Alaska. Atmospheric halos and
ice crystals. DPP 88-16515. $66,696.

Jntersteiner, Norbert. University of
Washington, Seattle, Washington.
Ross Sea data buoy project, 1988. DPP
88-08172. $70,000.

heronomy and astrophysics

ering, Edgar A. University of Houston,
Houston, Texas. Analysis of data ob-
tained by a balloonborne study of the
ionospheric electric field at the south
geographic pole. DPP 84-15203.
$4,000.

;aidos, James A. Purdue University,
West Lafayette, Indiana. Observation
of very-high-energy gamma-ray
sources from the South Pole. DPP
88-18733. $59,815.

;reenwald, Raymond A. Applied Phys-

ics Laboratory, Johns Hopkins L'niver-
sitv, Laurel, Maryland. U.S./British
polar conjugate experiment. DPP
88-22172. $103,400.

1-lelliwell, Robert A. Stanford University,
Stanford, California. Very-low-fre-
quency wave-particle interaction ex-
periments on the magnetosphere and
ionosphere from Siple Station, Ant-
arctica and Lake Mistissini, Quebec.
DPP 86-13783. $164,000.

Hofmann, David J. University of Wyom-
ing, Laramie, Wyoming. Investigation
of polar stratospheric aerosols and
their relation to ozone hole depletion.
DPP 87-15913. $300,000.

[nan, Umran S. Stanford University,
Stanford, California. Lightning-in-
duced burst-particle precipitation
from the magnetosphere. DPP
86-11623. $4,000.

[nan, Umran S. Stanford University,
Stanford, California. An international
workshop on a new antarctic ex-
tremelv-low-frec1uencv/verv-low-fre-
quency wave-injection facilit y. DPP 89-
08702. $19,089.

Lin, Robert P. University of California,
Berkeley, California. Cosmic and solar
hard X-ray and gamma-ray spec-
troscopy from the South Pole. DPP
87-17481. $119,200.

Morley, Bruce M. SRI International,
Menlo Park, California. National
Ozone Expedition (NOZE): Lidar ob-
servations of polar stratospheric cloud,
aerosol, and ozone distributions. DPP
88-09141. $60,184.

Morse, Robert M. University of Wiscon-
sin, Madison, Wisconsin. Observation
of very-high-energy gamma-ray
sources from the South Pole. DPP
88-18918. $87,450.

Murcray, David G. University of Denver,
Denver, Colorado. Springtime mea-
surements of ozone-related com-
pounds in the antarctic stratosphere.
DPI' 86-10804. $30,000. ($60,000).

Price, P. Buford. University of California,
Berkeley, California. Measurement of
iron group isotopic composition in the
cosmic rays with a lightweight bal-
loonborne spectrometer launched
from Antarctica. DPP 88-16550.
$117,800. ($132,800).

Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Riometry in Antarctica and conjugate
regions. DPP 88-18229. $273,000.

Smoot, George F. University of Califor-
nia, Berkeley, California. Low-fre-
quency measurements of the cosmic
microwave background radiation. DPI'

87-16548. $80,000.

Spilhaus, A.F. American Geophysical
Union, Washington, D.C. Travel sup-
port for U.S. scientist participation in
the Sixth Scientific Assembly of the
Internation Association of Geomag-
netism and Aeronom y in Exeter,
United Kingdom. ATM 88-21636.
$3,000. ($35,400).

Stark, Antony A. Bell Labs, Murray Hill,
New Jersey. A telescope for sub-
millimeter spectroscop y from the
South Pole. DPP 88-18384. $189,000.
($229,000).

Wofsy, Steven C. Harvard Universit,
Cambridge, Massachusetts. Their-
modynamic properties of antarctic
stratospheric clouds. DPP 88-13379.
$80,040.

Glaciology

Bender, Michael L. University of Rhode
Island, Narragansett, Rhode Island.
Studies of the concentration and iso-
topic composition of oxygen, nitro-
gen, and argon in trapped gases from
the Vostok ice core. DPP 88-20807.
$45,885. ($115,885).

Broecker, Wallace S. Columbia Univer-
sity, New York, New York. U.S.-Ar-
gentina Andean glaciation field con-
ference, 25 March to 11 April, 1989.
[NT 89-03681. $4,000. ($11,560).

Craig, Harmon. Scripps Institution of
Oceanography, La Jolla, California.
Methane, helium, and trace gases in
the Greenland and antarctic ice sheets.
DPP 87-22718. $43,300. ($78,300).

Jacobel, Robert W. St. Olaf College,
Northfield, Minnesota. Studies of in-
ternal layering and basal conditions in
ice sheets using low-frequency ice
radar. DPI' 85-17225. $4,015.

Mayewski, Paul A. University of New
Hampshire, Durham, New
Hampshire. Detailed glaciochemical
investigations in southern Victoria
Land, Antarctica: A proxy climate rec-
ord. DPI' 86-13786. $100,714.

Prentice, Michael L. University of
Maine, Orono, Maine. Modeling max-
imum and minimum Neogene ant-
arctic ice sheets. DPP 88-17147.
$50,000.

Rasmussen, Reinhold A. Oregon Gradu-
ate Center, Beaverton, Oregon. Con-
centrations of methane and nitrous ox-
ide during glacial and inter-glacial
periods: Analyses of the Vostok core.
DPI' 88-20632. $76,855.

Raymond, Charles F. University of
Washington, Seattle, Washington.
Geophysical surveys and ice-flow
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ep1
"C
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May 1989

Feature	 McMurdo	Palmer

Average tent perature(°C)
	-27.6	-1.5

Temperature maximum (°C)	-14.9	4.4
(date)	 (1)	(15)
Temperature minimum (°C)	-41.3	-10.8
(date)	 (26)	(30)
Average station pressure (nib)

	974.10	982.4

Pressure maximum (mh)	990.69	1010.9
(date)	 (27)	(3)
Pressure minimum (nib)	958.42	944.0
(date)	 (18)	(31)
Snow fall (mm)	 20.32	327

Prevailing wind direction	0850	2420
Average wind

(rn/see)	 6.18	10.4

Fastest wind	 31.38	40.67
(rn/see)	 (1)	(31)

(date)	 1500	0300

Average sky cover	 5.9	9/10
Number clear days	 9.0	0.0
Number partly cloudy days	13.0	1.0
Number cloudy days	 9.0	30.0
Number days with visibility

less than 0.4 km.	 0.	--

Weather at U.S. stations

June 1989

South Pole	McMurdo	Palmer	South Pole

-62.3	-28.6	-2.3	-56.5

-41.0	-21.0	5.0	-35.1
(29)	(17)	(23)	(11)

-74.7	-44.0 - -9.8

(21)	(11)	(8)	(30)

669.79	965.60	983.0	688.40

681.82	1005.28 1023.90	701.10
(1)	(15)	(13)	(10)

654.89	965.60	944.10	671.10
(20)	(24)	(2)	(30)

TRACE	25.40	734.1	TRACE

090 0	0950	1760	0800

6.07	5.15	7.82	6.33

19.04	28.30	21.00	14.93
(31)	(6)	(2)	(19)

030 0	1500	3400	049°

3.7	4.4	9/10 - -- 4.8

17.25	15.0	0.0 - 13.58

8.25	9.0	4.0 - -_6.46

5.50	6.0	26.0	996

6.8	0.1	--	4.5

July 1989

McMurdo	Palmer

	-24.3 	-3.0

	

-12.1	3.0
(27) (12)

	

-39.9	-11.0
(11)	(21)

	

981.61	990.60

1000.51 1009.00
(5)	(4)

	

960.41	963.5
(25)	(29)

55.88 -

065°	360°

5.15	5.04

32.72	37.06
(28) (28)

170°	030°

4.4	9/10

12.0	0.0

12.0	2.75

7.0	28.25

0.7	--

South Pole

-62.5

-45.0
(13)

-77.5
(19)

673.21

683.81
(19)

664.51
(10)

040°

5.97

15.96
(2.6)

020°

3.5

18.18

6.98

4.84

1.25

Prepared from information received by teletype from the stations. Locations: McMurdo 77 '53'S 166' 40'3E, Palmer 64" 46'S 6413'W,
Amundsen-Scott South Pole 90S. Elevations: McMurdo sea level, Palmer sea level, Ainundsen-Swtt South Pole 2835 meters. For prior
data and daily logs, contact National Climate Center, Asheville, North Carolina 28803
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modeling to support ice coring for pal-
eoclimate studies in the Antarctic Pen-
insula. DPP 87-16243. $104,888.

;altzman, Eric S. University of Miami,
School of Marine and Atmospheric
Studies, Miami, Florida. Measure-
ment of dimethylsulfide oxidation
products in ice cores: Methanesulfonic
acid, bimethylsufide, and di-
methylsulfone. DPP 87-00360. $4,500.

ftuvier, Minze. University of Wash-
ington, Seattle, Washington. Oxygen-
isotope analysis of ice cores. DPP
88-22183. $77,546.

Vaddington, Edwin D. University of
Washington, Seattle, Washington.
Finite-element modeling of ice defor-
mation and temperature near ice di-
vides to interpret ice cores. DPP
86-13935. $75,380.

shop, New York, New York. 3-2-1 Con-	tronic mail services. OCE 86-19368.
tact-100 half-hour television pro-	$12,900. ($62,800).
grams for children about science and
technology. MDR 83-17404. $10,000.	Martin, George F. Department of Trans-
($42,440).	 portation, U.S. Coast Guard, Wash-

ington, D.C. Icebreaker support in the
Kubany, Susan K. OMNET, Inc., Boston,	U.S. Antarctic Program fiscal year

Massachusetts. SCIENCEnet elec-	1989. DPP 82-17331. $2,366,385.

U.S. ANTARCTIC RESEARCH PROGRAM
1989-90

LOCATIONS OF MAJOR ACTIVITIES
O°N

R/V POLAR DUKE 
d

PALMER

Vhite, James W. University of Colorado,
Boulder, Colorado. The measurement
and interpretation of deuterium excess	900W-

profiles in polar ice. DPP 87-21704.
$22,389.

upport and service

-90°E

bbott, Sherburne B. National Academy
of Sciences, Washington, D.C. Sup-
port for the Polar Research Board. DPP
89-43962. $145,000.

lyslop, Al. Children's Television Work-

ICE BREAKER

1000S
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