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NSF reports focus on improving
USAP environmental practices

Over the last decade, the number of
countries conducting research or main-
taining stations in Antarctica has in-
creased dramatically. More tourists than
ever before are visiting the continent.
Because of this increase, scientists, sen-
ior government officials, environmen-
talists, and others are concerned about
how these activities will affect the ant-
arctic environment.

Although the environmental regime
for Antarctica is still evolving, recent ac-
tivities by international and national or-

During the 1988-1989 austral summer, bar-
rels of contaminated or hazardous waste were
removed from McMurdo Station. Barrels that
were not in good condition were placed in larger
barrels that were filled with absorbent mate-
rials to make shipment safe.

U.S. Navy photo.
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ganizations concerned with Antarctica
and research on the continent illustrate
an increased level of concern. For ex-
ample, in October 1989 during the 15th
Antarctic Treaty Consultative Meeting,
representatives of the Antarctic Treaty
Consultative Parties gave special atten-
tion to such issues as waste manage-
ment at antarctic stations; marine
pollution prevention, control and re-
sponse; environmental monitoring; and
new types of protected sites. Also in 1989,
the Scientific Committee for Antarctic
Research issued Waste Disposal in the
Antarctic, a report that recommends var-
ious improvements and changes in na-
tional practice.

Continuing its efforts to protect the
antarctic environment, the National Sci-
ence Foundation, manager of the U.S.
Antarctic Programs (USAP), issued two
reports directed toward making U.S. ac-
tivities in Antarctica more environmen-
tal sound. The first, A National Science
Foundation Strategy for Compliance with
Environmental Law in Antarctica, was pro-
duced by the agency's Office of the Gen-
eral Counsel and recommends actions
that will bring the U.S. activities into
compliance with environmental law. The
second, Implementation of the National Sci-
ence Foundation's Strategy for Compliance
with Environmental Law in Antarctica, is a
unified plan for implementing recom-
mendations made by the NSF General
Counsel.

In 1988 NSF's Division of Polar Pro-
grams (DPP) completed an environmen-
tal protection agenda for the U.S.
Antarctic Program. This agenda incor-
porated a directive from the NSF Direc-
tor to the General Counsel to review
existing environmental laws, determine
which were applicable to Antarctica, and
assess whether or not NSF activities
complied with these laws.

The General Counsel's review was di-
vided into two parts. After reviewing

international and domestic laws, they
applied the relevant laws to determine
what actions NSF needed to take to meet
mandatory legal standards and sound
environmental practices. During the re-
view, they worked with other Federal
agencies, received comments from the

In this issue.
NSF reports focus on improving

USAP environmental practices 1
DPP advisory committee outlines

long-term science plans .......3
President greets international

wintering community on
Midwinter's Day ...............3

Application of the Global
Positioning System in
Antarctica .....................	6

Funding research in Antarctica:
A look at NSF support to
scientists .......................9

Cost of the U.S. Antarctic
Program, 1955-1990 ...........10

Holocene megafauna in
McMurdo Ice Shelf
sediments—Fossilization and
implications for glacial
processes .....................11

Polar Duke, repaired and
returned to service ............14

Updated listing of antarctic place
names published ..............14

U.S. personnel winter at three
stations	.......................15

Earth-science specialists meet to
discuss antarctic offshore
acoustic stratigraphy ..........17

Contract awarded for new polar
research ship with icebreaking
capability ......................18

Foundation awards of funds for
antarctic projects, 1 January to
31 March 1990 ................19

Weather at U.S. stations ........23

Ic



The supply ship Green Wave removed 1,836,979 pounds of waste materials from McMurdo Statior
as part of the effort to clean up existing problems at U.S. antarctic stations.

U.S. Navy photo
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public and environmental organiza-
tions, met with USAP program staff, and
visited U.S. antarctic stations.

Many of their recommendations ex-
tend the 1988 environmental protection
agenda and emphasize the need to im-
plement these without delay. The report
recommends additional actions that are
needed to bring the U.S. program into
full compliance with existing law and to
achieve sound environmental and con-
servation practices in U.S. activities on
the continent. However, the report em-
phasizes that these activities should not
interfere or delay scientific work in Ant-
arctica and that fiscal and technical con-
straints will affect the environmental
initiative.

In response to these recommenda-
tions, DPP prepared an implementation
plan and schedule for completing the
recommended actions. Among the ac-
tions outlined in DPP's plan are remov-
ing from the continent all hazardous and
toxic wastes from U.S. stations, install-
ing equipment to prevent and clean up
fuel spills, treating waste at McMurdo
and Palmer stations, developing "cra-
dle-to-grave" waste management for all
U.S. stations, and cleaning up contam-
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publication of this periodical is neces-
sary in the transaction of the public busi-
ness required by law of this agency. Use
of funds for printing this periodical has
been approved by the director of the
Office of Management and Budget
through 31 March 1991.

mated areas near stations and field
camps. NSF is also developing a com-
prehensive permitting and enforcement
program to govern the discharge of pol-
lutants by any U.S. citizen. This system
will extend regulations under the U.S.
Antarctic Conservation Act. Ocean
dumping continues to be banned unless
a permit has been issued, and final en-
vironmental assessment regulations for
all antarctic activities are being devel-
oped.

Much progress toward these objec-
tives has already been made. During the
1989-1990 austral summer, station per-
sonnel began separating plastic, metal,
and burnable wastes and macerating and
diluting waste water at McMurdo Sta-
tion. When the supply ship Green Wave
left Antarctica for the United States, it
carried with it 1,836,979 pounds of ex-
plosives, recyclable material, old rolling
stock, scrap metal, radioactive and haz-
ardous waste, and other scrap from
McMurdo Station.

At Palmer Station, efforts focused on
cleaning up the area around the station
and the site of old Palmer Station. To
assist in the clean-up, NSF chartered a
180-foot Chilean barge Erebus, which re-
moved construction debris and other ac-
cumulated trash. USAP program
managers also visited East Base, an
abandoned U.S. station on the Antarctic
Peninsula, to evaluate what clean-up ef-
forts would be necessary.

Copies of A National Science Foundation
Strategy for Compliance with Environmental
Law in Antarctica and Implementation of
the National Science Foundation's Strategy
for Compliance with Environmental Law in
Antarctica are available from the Polar
Coordination and Information Program,
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U.S. Navy personnel watch as containerize
waste is hoisted onto the supply ship Gree
Wave, docked at McMurdo Station.

Division of Polar Programs, Nations
Science Foundation, Washington, D.0
20550 (telephone, 202/357-7817). Rec
ommendations made at the 15th Ant
arctic Treaty Consultative Meeting wer
published in Volume XXV, number 1, c
the Antarctic Journal of the United States



DPP advisory committee
outlines long-term
science plans

For centuries the polar regions, the
coldest and most remote areas of the
Earth, have attracted interest for many
reasons, strategic, economic, social and
environmental, as well as scientific. Be-
sides having unique characteristics of
their own, they have a critical part in the
complex processes that structure the
global environment. Researchers from
many nations and disciplines are drawn
to both the Arctic and the Antarctic, be-
cause they are concerned with under-
standing the causes and consequences
of environmental change on the global
scale, as well as the physical, chemical
and biological characteristics of these re-
gions.

During 1990 the National Science
Foundation's Division of Polar Pro-
grams (DPP) will provide approximately
$165 million to support research in both
polar regions. This research program,
which draws from a wide range of sci-
entific disciplines, will advance scientific
understanding of not only the unique
characteristics of the Arctic and Antarc-
tic but also their contributions to the larger
environmental systems of the globe.

In April 1990, the Advisory Commit-
tee of the Division of Polar Programs
completed a review of DPP's arctic and

As has been done by U.S. Presi-
dents since 1959, President George
Bush commemorated Midwinter's Day
with a special message to personnel
wintering in Antarctica. This year that
community is a more diverse group
than ever before. During this austral
winter, citizens of 17 of the 25 Ant-
arctic Treaty Consultative Parties are
living at 40 year-round stations.

This year's message to the winter-
ing population not only recognizes
the personal sacrifice that each win-
terer makes but also emphasizes that
the work done in Antarctica is an in-
vestment for the future. Throughout
the message, President Bush stresses
the contribution that antarctic science
has made and continues to make to-
ward understanding how human ac-
tions affect the global ecosystem. The
text of the message follows.

L

antarctic science programs and pre-
sented to NSF its recommendations in
A long-range science plan for the Division
of Polar Programs of the National Science
Foundation. The Division Advisory Com-
mittee (DAC) is a non-governmental
group of scientists who advise the di-
vision on various issues and evaluate the

I am pleased to send my warmest greet-
ings to all who are stationed in Antarctica
as you celebrate Midwinter's Day 1990.

Antarctica's vast, frozen land is a nat-
ural laboratory that generates informa-
tion vital to our understanding of not only
the processes that sustain life on earth but
also those that may be affecting the en-
vironment. Understanding the impact of
our actions on our ecosystem is the first
step toward ensuring a sound environ-
ment, and the progress that is being made
in Antarctica is critical to our efforts to
protect the natural resources of our planet.

Thanks to the dedication of all of you
who are spending the winter at stations
in Antarctica, important research in this
remote land can continue. During these
dark days on the coldest of the world's
continents, I hope you will remember your
vital work is part of our investment in
our future. On behalf of the American
people, I send my best wishes for every
future success. God bless you.

—George Bush

division's science and other operational
programs. (See table 1 for a list of the
committee and subcommittee mem-
bers.)

The long-range plan, written by a DAC
subcommittee in cooperation with mem-
bers of the DPP Polar Science Section,
outlines the justification and goals of the
disciplinary research programs, dis-
cusses long-range plans, and identifies
future needs and enhancements to the
core research programs. It also defines
key initiatives required to realize the long-
range scientific goals of each program.

Long-range science plans for polar
research

The Division of Polar Programs sup-
ports polar research that falls into three
broad categories. First, scientists study
the polar regions to understand their
unique features. Examples of these in-
vestigations are studies of the factors that
influence the formation of Antarctic Bot-
tom Water or of the plant communities
that grow on the drained lakes of the
Arctic Coastal Plain of Alaska. Second,
they conduct studies of non-polar phe-
nomena from the polar regions. For ex-
ample, research on the effects of solar
radiation on the Earth's magnetosphere
can best be carried out from conjugate
stations near the poles. Finally, scien-
tists, recognizing that the polar regions
are uniquely sensitive indicators and im-
portant initiators of environmental
change, study the role that these regions
have in global systems and processes.
Studies of ozone depletion in the ant-
arctic and arctic atmosphere or of the
effects of changes in polar ice sheets on
global sea level are examples of research

President greets international
wintering community on Midwinter's Day
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National Geographic photo by George Mobley.

Glaciologists prepare to drill an ice core. Ice cores provide important information for understanding
global climate changes, past and present.
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Table 1.
Advisory Committee and Long-Range Planning Subcommittee for

Polar Programs, 1990.

DIVISION ADVISORY COMMITTEE
Gail M. Ashley	 John Martin
Rutgers State University	 Moss Landing Marine Laboratory

Mark Fraker
B.P. Exploration
	 Murray Mitchell

National Oceanic and Atmospheric
Administration (Retired)

Mark F. Meier
University of Colorado	 Jeffery Peterson

Princeton University
Thomas H. McGovern
Hunter College	 Bruce Robison

Monterey Bay Aquarium Research
Margaret N. Rees	 Institute
University of Nevada, Las Vegas

Sharon Smith
Ted Rosenberg	 Brookhaven National Laboratory
University of Maryland

J. Robie Vestal (DAC Chairman, 1989-1990)
Susan Solomon	 University of Cincinnati
National Oceanic and Atmospheric

Administration Aeronomy	 Rosita Worl
Laboratory	 Smithsonian Institution

Rana Fine
University of Miami

LIAISON MEMBERS
Raymond Price	 Dale B. Haidvogel

Queens University, Ontario	 Johns Hopkins University

Carol J. Crannell
NASA/Goddard Space Flight Center

Long-Range Planning Sub-Committee
Dagmar Cronn, University of Maine

Rana Fine, University of Miami
Dennis Hayes, Lamont-Doherty Geological Observatory
John Hobbie, Marine Biological Laboratory, Woods Hole

Mark Meier, University of Colorado
Ted Rosenberg, University of Maryland
J. Robie Vestal, University of Cincinnati

Table 2.
Long-range science plans for the Division of Polar Programs, as

outlined by the Division Advisory Committee

Science program	 Program plan

Aeronomy and	• Investigate the causes of ozone depletion and other polar vortex
astrophysics	phenomena

• Monitor polar atmospheric constituents to detect long-term change
• Make use of magnetically conjugate observations
• Develop and deploy remotely operating Automatic Geophysical
Observatories
• Use wave-injection facilities and rockets to conduct active
ionospheric and magnetospheric experiments in Antarctica
• Develop improved long-duration ballooning capability to support
research in all areas of the program
• Take the first measurements sensitive enough to detect a possible
cosmic microwave background radiation anisotropy,
• Establish a high-altitude infrared observatory.

Table 2 continues on page 5

projects that are making a critical con-
tribution to the understanding of the
causes and consequences of global
change.

When evaluating the science pro-
grams for the polar regions, the com-
mittee considered the importance of these
regions as focal points for global change.
Both formidable and fragile, the polar
regions are uniquely sensitive to global
variations in temperature, sunlight, and
precipitation, while their responses to
these variations significantly influence
the magnitude and direction of change.

Researchers expect the polar regions
to exhibit the earliest and most intense
responses to changes in carbon dioxide
and methane concentrations in the at-
mosphere. Should atmospheric warm-
ing occur, reduction in polar snow cover,
glaciers, and ice sheets may raise global
sea levels. Northern peatlands store 44
percent of the world's soil carbon, and
arctic permafrost contains vast amounts
of methane that would be released as
the ground warms. Climate change will
affect the release or uptake of these gases
and enhance or diminish their effects in
the atmosphere. Ozone depletion, first
observed over Antarctica, is occurring
over the Arctic and the more temperate
latitudes as well, allowing increased lev-
els of ultraviolet radiation to affect the
biota. These and other environmental
changes catalyzed by processes in the
polar regions have the potential for
causing significant social and economic
upheaval.

Although the Antarctic and the Arctic
are unlike each other in several signifi-
cant respects, they share certain fun-
damental characteristics. The high solar
reflectivity of the snow and sea ice that
dominate the surface environments of
both regions affects the Earth's climatic
system the same way in each hemi-
sphere. The magnetic field that controls
the funneling of plasma and energetic
charged particles from near-Earth space
to Earth's surface at the high latitudes
unites the two poles in a single system.
The formation of deep ocean water in
both polar regions is a major force in the
thermohaline circulation and the flux of
carbon in the world ocean. Adaptation
to cold is a critical problem for species
that inhabit both ends of the Earth.

Understanding and predicting global
climate change require knowledge of the
past. Ice cores from Greenland and Ant-
arctica, as well as from arctic and tem-
perate ice caps, provide samples of
ancient atmospheres that show how
fluctuations of carbon dioxide and meth-
ane, for instance, are coupled to climatic
fluctuations. Cores from arctic lakes and
arctic and antarctic ocean sediments pro-
vide additional information on past cli-
mates and the effects on marine and
terrestrial ecosystems.

The polar regions also offer a number
of other unusual research opportunities.

Antarctic Journal



The magnetic poles are particularly good
sites for studying plasma dynamics in
the upper atmosphere, ionosphere, and
magnetosphere. The South Pole is unique
as a site for continuous observation of
the Sun and other astrophysical activi-
ties.

The Division of Polar Programs is
unique among National Science Foun-
dation divisions because it is multi-dis-
ciplinary: all the appropriate disciplines
are represented within the single divi-
sion. Consequently, the division is able
to respond to new challenges, such as
global change, in an interdisciplinary
way. This approach to science will be-
come increasingly important as large-
scale environmental issues challenge the
disciplinary barriers that exist in both
funding agencies and academic science.

Priorities for future research
Much of DPP's effort and expenditure

goes into the logistics support associated
with scientific activity. Rather than being
limited by the availability of funds, sci-
entific opportunities in the Antarctic are
often limited by the availability of air-
planes (LC-130's) or, for marine re-
search, by the lack of ice-strengthened
research vessels. Consequently, the
committee considered major research
requirements for ship and aircraft time
along with the budgetary projections.
Other aspects of operations and logistic
support also affect the antarctic science
program. For example new construction
or renovation of inland facilities, such as
the South Pole Station, temporarily could
limit logistic support for science. On the
other hand, after renovation these facil-
ities, as well as completion of a new sci-
ence laboratory at the McMurdo Station
could increase the efficiency and de-
crease the costs of some projects.

Specifically, the Advisory Commit-
tee's plan addresses core research proj-
ects, enhancements to core research, and
new initiatives. The main components
of the plan are described in table 2. Rec-
ognizing the difficultly of increasing the
core budgets substantially, the commit-
tee emphasized that the core program is
the heart of polar science—it provides
funding for not only basic but also in-
novative proposals.

In their opinion, the highest priority
should be increasing support to this core
program. An increase of 4 percent per
year above inflation is the minimum re-
quired to maintain a science program that
will be responsive to the challenges that
lie ahead.

The next two priority levels identified
by the committee were several enhance-
ments to the core program and initia-
tives. Enhancements comprise specially
defined programs such as instrumen-
tation that implements basic research or
that leads basic research into new areas
or larger coordinated programs. Initia-
tives are new research thrusts that are

Table 2.
Long-range science plans for the Division of Polar Programs, as

outlined by the Division Advisory Committee

Science program
	 Program plan

Biology and
medicine
Antarctic	• Study the structure and function of ice-zone ecosystems

• Determine the impact of human activities on ice-zone ecosystems,
as well as on locations near research stations
• Study biological adaptation and evolutionary processes in marine,
terrestrial, and freshwater ecosystems
• Investigate the structure and function of terrestrial and freshwater
ecosystems

Arctic	 • Support fundamental studies on the ecological interactions between
ocean circulation and atmospheric processes in the marginal ice zone
and effects on associated food webs and ecosystem dynamics in
polynyas
• Integrate current understanding of terrestrial and freshwater
ecosystems through modeling
• Study the interactions between terrestrial and freshwater
ecosystems at all levels of the food web
• Determine the long-term impact of human activities on terrestrial,
freshwater, and marine ecosystems.

Earth sciences	• Determine the tectonic role of Antarctica in the breakup of the
Gondwanaland supercontinent through plate tectonic processes
• Describe the crustal structure beneath Antarctica and the rim of the
arctic basin
• Determine the effect of the dispersal of the world oceans on global
paleoclimates, as well as on present global climate
• Develop a more detailed history of the polar ice sheets and define
geological responses to it on both regional and global scales
• Examine the evolution of sedimentary basins, both within the
antarctic continent and along the antarctic and arctic continental
margins.

Oceans and
	• Examine ocean dynamics and bottom water formation

climate systems	• Study the cycling of particulates, carbon dioxide, and other
atmospheric constituents
• Make long-term measurements of atmospheric pollutants
'*Determine  the role of the continent in forcing atmospheric
circulation, including dynamic atmospheric phenomena like barrier
and katabatic winds

Arctic	 • Support research on the complex exchange mechanisms for heat,
mass, gases, and nutrients within and across the coupled ocean-ice-
atmosphere system; the ventilation mechanisms within the Arctic
Ocean and its adjacent sea; and the effects of sea ice and ice-free
areas on circulation and ventilation processes
• Examine the effects of fresh water that flows from rivers on salinity
and of inputs from continental margins on the cycling of elements
• Determine the role of mesoscale atmospheric systems in the
transport of heat
• Make long-term measurements of greenhouse gases and
determine their origin, pathways, vertical distribution, chemical
conversion processes, and effects on arctic haze

Glaciology	• Correlate data on climate fluctuations from polar ice cores with data
from ice cores taken in lower latitudes, determine the spatial
variability of this record, and integrate the ice record with the
environmental record from terrestrial and marine systems
• Establish more precise dating methodologies for deep ice cores
• Determine the Cenozoic history of the ice sheets and their
interaction with global climate, the physics of fast glacier flow with
emphasis on processes at glacier beds, factors affecting ice-shelf
stability with emphasis on basal melting and pinning mechanisms in
areas of grounded ice and on the mechanisms and rates of iceberg
calving

Table 2 continues on page 6
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Table 2.
Long-range science plans for the Division of Polar Programs, as

outlined by the Division Advisory Committee

Science program	 Program plan

• Identify and quantify the feedback relationships between ice
dynamics and climate change
• Determine growth and shrinkage of large ice masses and seasonal
snow cover by remote sensing
• Determine the processes that cause seasonal snow accumulation
and ablation

Arctic social	• Promote studies of
sciences	—the complex relationships between human communities and the

biological and physical systems that make up the natural environment
of the Arctic
—the effect of rapid social change on arctic communities
—complex issues relating to health, identity and gender-related roles,
employment, community infrastructure, the balance between self-
sufficiency and dependence, the importance of villages to cultural
survival, and the adaptive strategies used by arctic communities to
incorporate modern institutions into traditional value systems.

generally finite in duration. The plan
discusses only those enhancements and
initiatives that have the highest priority
in terms of critical national scientific
needs.

In the process of setting priorities and
suggesting funding levels, the commit-
tee solicited comments from a broad
sampling of the scientific community and
sought assistance from individuals dur-
ing the initial writing process. Addition-
ally, a large number of polar scientists
were invited to review the penultimate
draft. The committee considered recent
publications on arctic and antarctic re-
search from the National Academy of
Sciences, the National Science Board, the
Arctic Research Commission, the Inter-
agency Arctic Research Policy Commit-
tee, the Committee on Earth Sciences,

During the austral summer 1988-1989,
three Texas Instruments model TI-4100
(PROM version) Global Positioning Sys-
tem (GPS) receivers were tested and used
as part of a field program in the Siple
Coast area, West Antarctica. Although
not all of the GPS data have been inter-
preted yet, inspection shows that results
obtained are satisfactory. This note sum-
marizes the four areas of GPS applica-
tion.

No difficulties were encountered in
tracking satellites, contrary to previous
experience in Greenland (Bolzan per-

the Office of Interdisciplinary Earth Sci-
ences, the Scientific Committee on Ant-
arctic Research and the Special
Committee for the International Geos-
phere-Biosphere Programme as well as
other planning efforts currently under-
way.

This plan proposes new directions for
polar sciences while recognizing the vi-
tal role the polar regions play in global
environmental processes, including a
newly defined focus on global-change
phenomena. Copies of A long-range sci-
ence plan for the Division of Polar Programs
of the National Science Foundation can be
obtained from the Polar Coordination and
Information Section, Division of Polar
Programs, National Science Foundation,
Washington, D.C. 20550 (telephone, 2021
357-7817).

sonal communication; Hodge personal
communication). Because of the small
number of satellites currently in orbit,
the satellite window (during which four
satellites are above the horizon) was about
4 hours; there were two windows per
day. Not all of each window could be
used advantageously for each applica-
tion, however, because of poor geomet-
ric arrangements of the satellites. The
usable windows were only about 2 hours
each.

The receivers were used (except when
navigating) with two Toshiba laptop

computers, which superceded the hand
held display unit and also stored the data
The usual cassette drives for data stor-
age proved to be untrustworthy in per.
formance. The microcomputers mad€
possible on-line interpretation of the data,
this was important during grid survey-
ing for detecting cycle slips. Unfortu-
nately, we had severe problems with on€
of the computer screens, making it nec-
essary to do much of the data recording
"blindly." With some makeshift solu-
tions, however, we managed to use this
computer almost to its full capacity.

Airborne GPS
A major motivation for the develop-

ment of a survey-quality GPS capability
is its application in aerial photography.
Photos taken from airplanes show cre-
vasses clearly, and repeated photogram-
metry can provide the velocity of each
crevasse. In this way, many thousands
of surface velocities, as well as the sur-
face slope, can be determined.

Because no suitable stationary surface
features (such as nunataks) exist, the
necessary ground control is ordinarily
obtained from photo targets (Whillans
in press, figure 2). These have been large
sheets of plastic, suspended on bamboo
poles about 0.5 meters above the sur-
face. The center position of each target
is determined by deploying a TRANSIT
satellite receiver at the site for about 24
hours.

Establishing and surveying ground-
control stations is costly and time-con-
suming, involving at least two airplane
landings at each site. In addition, the
photo targets are prone to destruction
by wind and snow. A lot of effort goes
into repairing targets while waiting for
an opportunity to conduct the aerial
photography.

With GPS, the need for ground con-
trol can be eliminated, because the po-
sition of the aircraft in flight can be
determined with an accuracy of about 5
meters. This accuracy is achieved by cal-
culating the difference in signals re-
ceived by the airborne receiver and by
a stationary receiver—both tracking the
same four satellites simultaneously.

To use the GPS-aided photogram-
metry, the camera and GPS receiver must
be coordinated. For this, we designed
and built a special circuit board—a Me-
trabyte CTM5 timer board—that oper-
ated within a laptop computer. This board
is set up as an accurate clock (accuracy
of ± 1 millisecond), synchronized with
GPS time through a one-pulse-per-sec-
ond signal from the receiver. The camera
(a Zeiss-Jena LMK) is activated by the
closure of a circuit. When the camera
signal arrives, the time, which is counted
by the timer board, is marked and writ-
ten to a computer disk. During post-pro-
cessing, the times of camera exposure
can be tied into the times and positions
from the GPS receiver, since these also

Application of the Global Positioning
System in Antarctica

Antarctic Journal



Figure 1. GPS equipment during an antenna swap. The antennae are the white, cone-shaped
objects. The major electronics and microcomputers are packed in shock-absorbing padding within
the wooden boxes.

II/

are written to a computer disk. The po-
sitions of the aircraft at the time a photo
was taken then can be calculated with
the required accuracy.

During the flight mission, few prob-
lems were encountered tracking the four
satellites. The antenna (Adams-Russell,
FURPA-2) was mounted between the
wings on top of a DH-6 Twin Otter air-
plane. No interference from the Twin
Otter electronics was apparent. The al-
titude of the flight lines was about 6.5
kilometers (21,000 feet) above sea level.

Kinematic survey of a strain grid
Strain grids covering the area of in-

terest are often used to study small-scale
features of ice flow. These grids consist
of steel conduit, placed vertically in the
firn, approximately 1 kilometer apart. To
obtain strain rates and strain-rate gra-
dients, the grid must be surveyed re-
peatedly. This involves measuring the
distances between adjacent survey poles,
as well as deploying satellite receivers
at both ends of the grid to get absolute
displacements.

Until now, grid surveying was done
by conventional methods—using an
electronic device to measure distances.
This yields horizontal strains only; ver-
tical strain rates can be obtained only if
time-consuming optical leveling is also
done.

There are a number of advantages to
the application of GPS to this problem.
Principally, comparable accuracy can be
obtained in potentially less time, making
it feasible to cover larger areas. Addi-
tionally, intervisibility problems due to
pronounced surface topography, often
encountered during electronic distance-
measurement work, are eliminated.

Consider as an example, the GPS sur-
vey of four stations Yl through Y4 that
form a quadrilateral (a normal strain grid
consists of many such quadrilaterals).
Two receivers track the same four sat-
ellites simultaneously. One receiver re-
mains stationary at, say, Yl, while the
second, a roving receiver, is moved from
Yl to Y2, Y3, Y4, and back to Yl. At the
start and the end of this loop, the two
antennae, mounted on top of the steel
poles, are swapped (figure 1) to resolve
phase ambiguities. At each station, the
antenna of the roving receiver is placed
on top of the pole for about 3 minutes.
The actual survey is conducted using a
single vehicle and takes only a little more
time than that involved in travel.

The distances and orientations are cal-
culated by finding the differences be-
tween phases of signals recorded by both
receivers using the phase ambiguities re-
solved by the antenna swaps. The vec-
tors Y1-Y2, Y1-Y3, and Y1-Y4 are obtained
with centimeter accuracy.

A requirement for successful comple-
tion of the survey is that both receivers
keep a continuous lock on the phase of
the signals from all four satellites. For

the stationary receiver, this proved to be
a minor issue, but much experimenting
was needed before a satisfactory set-up
for the roving receiver was found. The
roving receiver was mounted on a Nan-
sen sled, with automobile batteries pro-
viding power for the receiver and the
computer. The antenna was mounted on
top of the batteries, about 1 meter above
the snow surface. The heavy batteries
provided ballast. The sled was towed by
an Alpine Ski Doo at a speed of about
10 kilometers per hour. At this speed,
accelerations caused by movement over
sastrugi were generally small enough that
a lock was maintained on the satellites.
Our software alerted when the lock was
lost. Whenever this occurred, the roving
receiver was brought back to the sta-
tionary one to do another antenna swap.

These GPS receivers can be used in
four different dynamical modes—sta-
tionary as well as low, medium, and high
dynamics. In these modes, the antenna
can be subjected to accelerations of 0, 6,
15, and 40 meters per second per sec-
ond, respectively, without losing lock on
the satellites. Because higher dynamics
modes use a wider bandwidth, a poten-
tial disadvantage of using the high-dy-
namics mode is an increase in the noise
of the satellite signals. This did not prove
to be a problem, however.

Because the possibility of losing lock
is smallest while in the high-dynamics
mode, this mode was selected for the
surveying. In this mode, the receiver
produces phase data every 1.2 seconds.
To save on disk space and to allow the
slower T3100 computer to keep up with
the incoming data stream (the second
laptop, a T3200, did not have such a
problem), not all data were recorded.
Every sixth data block containing the

phase data was recorded (and inter-
preted to detect large jumps in the phase
of the received signal, which indicated
that lock was lost). A major problem with
this procedure turned out to be ensuring
that the recorded data from the two re-
ceivers were time synchronous.

In the high-dynamics mode, the times
at which the receivers send out a phase-
data block are arbitrary but always 1.2
seconds apart. (In the low-dynamics
modes, these blocks arrive every 3 sec-
onds, and the time of block assemblage
is linked to GPS time.) This means that
detecting a difference in the phase data
from both receivers becomes rather com-
plicated, and we are trying to resolve
this issue. Rather than using the high-
dynamics mode all the time, the station-
ary receiver should be kept in the low-
dynamics mode, while the moving re-
ceiver should be switched from high to
low dynamics after the antenna is placed
on top of the survey pole. This would
guarantee simultaneous phase data from
both receivers during the actual distance
measurement. (Only data collected while
both antennae are on top of survey poles
are used to calculate the relative dis-
tance. Satellite tracking in between, when
one receiver is moving to the next pole,
is necessary to check whether the re-
ceiver keeps lock on the satellites, but
these data are not used in post-process-
ing.)

Static measurement of a baseline
The traditional application of GPS is

measuring the relative positions of two
static receivers, tracking the same sat-
ellites simultaneously for many hours.
For long baselines, kinematic methods
are not practical, and static methods are
used. The accuracy of static measure-
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Figure 2. Ionospheric effects on GPS for two simultaneously operating receivers; (a) effect on
receiver at station 91 at the Upstream C camp, (b) effect on station 90, about 10 kilometers away,
(c) the difference between the upper two panels. The calculations are described in detail in Tseng
et al. (1989).

ments is better than 1 part per million,
but it is rather time-consuming because
the two receivers need to be operated
long enough to track the satellites in var-
ious positions as they traverse the heav-
ens.

To compare the accuracy of relative
positioning with TRANSIT receivers and
GPS baseline measurements, two sta-
tions near the Upstream C camp were
selected and receivers deployed at both
of these. The TRANSIT receivers re-
mained at these sites for about 48 hours.
The GPS receivers tracked satellites dur-
ing one evening and the subsequent
morning window.

These data have been used in a study
of ionospheric effects on GPS in Ant-
arctica (Tseng, Whillans, and van der
Veen 1989). Figures 2a and 2b show the
ionospheric disturbance to the carrier
phase of signals received from satellite
number 9. The cumulative phase has been
multiplied by the wavelength so that the
units are in meters. Notice that although
the disturbance varies rapidly with time,
the receivers at stations 90 and 91 ex-
perience nearly the same effects. The data
in figures 2a and 2b are subtracted from
one another to produce figure 2c. The
example is for a time when the varia-
tions are particularly large, but even so,
the difference is constant within about
0.1 meter. Thus, the ionospheric effects
on GPS vary greatly in time but not from
place to place, at least with this experi-
ment.

Navigation
A major practical problem on ice sheets

is navigating from one point to a distant
site. There are no reference points on
the ice surface or horizon, and naviga-
tion by clouds, or the orientation of sas-
trugi, is not very satisfactory. The usual
procedure is to set out straight flag lines
in the desired direction, while measur-
ing traveled distance using an odome-
ter. This way of traveling is time-
consuming and restricted to days with
sufficient visibility to see two or three
flags back.

With GPS, navigation becomes ex-
tremely simple and fast. Only one re-
ceiver is needed. In the navigation mode,
the GPS receiver can be given coordi-
nates of waypoints. That is, the posi-
tions of sites to be visited as well as the
current position (which is usually the
first waypoint) are entered into the re-
ceiver. Next, the operator selects the route
(for instance, from waypoint 3 to way-.
point 4), and the receiver shows which
direction to travel and how far. While
driving from point 3 to 4, the receiver
continuously keeps track of the cross-
track error (distance from the straight
line between waypoints 3 and 4) and the
remaining distance. It proved to be too
complex, however, both to drive and
operate the GPS receiver, so the navi -
gator rode on a sled and provided hand
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Figure 1. Total USARP budget 1972-1991.
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signals to the driver. This mode of trav-
eling is very efficient.

GPS navigation was used to construct
a topographic map of the area around
the Upstream C camp. Routes were se-
lected beforehand and the Ski Doo with
sled was directed accordingly. While
traveling along desired lines, the team
would stop every 1 or 2 kilometers, note
the position from the GPS receiver, and
take an altimeter reading. This method
made it possible to cover large areas that
with older methods would require much
more time. The accuracy of horizontal
positions of measurements is about 20
meters.

Conclusions
The GPS equipment performed well

over snow and in the air in the antarctic
auroral zone. Hinze and Seeber (1988)
also report satisfactory performance in
the Antarctic Peninsula and on the Ronne
Ice Shelf. It is extremely important to
have an on-line facility to check for par-
tial loss of lock (cycle slips) when seek-
ing centimeter-level accuracy.
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Each year approximately 350 Ameri-
cans participate in some 90 research
teams, supported by grants from the
National Science Foundation (NSF), to
study the physical and biological envi-
ronments of Antarctica. NSF funds these
projects under the U.S. Antarctic Re-
search Program (USARP), the science
component of the U.S. Antarctic Pro-
gram (USAP). Funding of logistic sup-
port also is provided through NSF and
includes the services of an NSF contrac-
tor, as well as units of the U.S. Navy,
Air Force, Army, and Coast Guard.

At first glance (see figures 1 and 2),
the expenditures of USARP, as a per-
centage of the total U.S. Antarctic Pro-
gram, appear to have fallen—from 13.4
percent in 1981 to 10.86 percent in 1991.
A closer examination of the USAP bud-
get, however, reveals that research ex-
penditures in Antarctica in fact have not
decreased but rather have been reallo-
cated.

Direct science support, a subcategory
of operations support, includes those
costs that support research directly and
that would not be incurred if the United
States maintained nothing more than a
presence in Antarctica. In this program
element are funds for operating and
leasing a research ship and for con-
structing a new research ship with ice-
breaking capability. Also included are
costs that most other NSF programs fund
as part of research grants to academic
institutions. Examples of these costs are
transportation to and from Antarctica,
special cold-weather clothing and equip-
ment, aircraft support for research pro-

grams, field-camp support, and research
equipment.

To calculate USAP science expendi-
tures most accurately, direct science
support should be added to the funding
for research grants. When the dollar fig-
ures for the USARP and the direct sci-
ence support categories from 1981 to 1991
are combined, it is clear that the per-
centage of total science expenditures has
not declined. In fact, the percentage has
risen slightly from 26.7 percent in 1981
to 26.9 percent in 1991. This explanation
alone, however, does not sufficiently
address the issue of how much is being
spent on antarctic science. The fact that
the budget figures show increases of $10
million in USARP and $19 million in di-
rect science support from 1981 to 1991
raises the question: why have USARP
and direct science support funding not
increased as a percentage of the USAP
budget?

The explanation is to be found in the
factors that have caused other USAP ex-
penditures to increase proportionally to
science expenditures during the last 10
years. Reconstruction and moderniza-
tion of U.S. antarctic stations during the
last decade have required major expen-
ditures. Many antarctic facilities built at
the end of the 1950s and in the early
1960s had not been renovated or rebuilt.
For example, three 50-bed dormitories
at McMurdo Station were built in the
early 1980s to replace "temporary"
housing dating from the International
Geophysical Year (1957-1958). Further,
in the mid 1980s, USAP spent $5.8 mil-
lion to replace McMurdo Station's heavy-

Year
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Table 1.
U.S. Antarctic Program Funding, fiscal 1955-1971, in thousands of

dollars.

Fiscal
	

Science	 Logistics	 Total
year	 (USARP)

	
(DOD)

1955
	

$ 73
	

$ 4,716
	

$ 4,789
1956
	

2,195
	

17,768
	

19,963
1957
	

712
	

30,049
	

30,761
1958
	

1,892
	

17,268
	

19,160
1959
	

2,306
	

26,724
	

29,030

1960
	

6,180
	

16,278
	

22,458
1961
	

5,461
	

25,026
	

30,487
1962
	

7,188
	

20,946
	

28,134
1963
	

6,359
	

21,555
	

27,914
1964
	

7,175
	

21,645
	

28,820
1965
	

7,608
	

20,984
	

28,592
1966
	

8,363
	

22,591
	

30,954
1967
	

7,577
	

26,907
	

34,484
1968
	

7,844
	

28,106
	

35,950
1969
	

6,859
	

25,625
	

32,484

1970
	

7,000
	

24,802
	

31,802
1971
	

7,407
	

24,752
	

32,159

Year

Percentages
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Base Level

_N 
0
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vehicle maintenance facility, which had
been lost in a 1981 fire.

Two other major construction projects
have taken place at McMurdo Station in
recent years to meet the needs of an ex-
panding antarctic program and to pro-
vide modern research facilities. The
construction of four dormitories at the
station began in 1986 and has been bud-
geted for $14.9 million over 5 years (1986-
1991). These dormitories replace addi-
tional "temporary" housing. The new
science laboratory at McMurdo Station,
begun in 1987, has been budgeted at $23
million from 1987 to 1992. This new fa-
cility will vastly improve U.S. research
capabilities at the station.

In addition to these replacement and
modernization initiatives, USAP ex-
penses have increased as a result of the
consolidation of USAP budgetary re-
sponsibility within NSF. In 1985, in the
latest major step in this process, USAP
took over responsibility for the payment
of retirement costs for military person-
nel assigned to the antarctic program.
This budgetary transfer has resulted in
a continuing, and increasing, charge to
the program that in fiscal year 1991 will
amount to $10 million.

The new safety, environment, and
health initiative, begun in 1990, in-
creased the budget by $33.3 million for
fiscal years 1990 and 1991. The special
5-year effort, slated to total $180 million,
aims to continue upgrading station fa-
cilities for safe occupancy, to address in
a more systematic way environmental
concerns that previously have been han-
dled on an ad hoc basis, and to upgrade
further the program's ski-equipped Her-
cules (LC-130) airplanes and related
ground-based facilities. The funding for
this initiative does not come at the ex-
pense of other USAP programs but in-
stead comprises incremental funds
earmarked for improving safety, the en-
vironment, and health at U.S. stations.

Finally, operating costs such as mili-
tary and contractor pay, supplies, equip-
ment, and materials have increased
significantly since 1981 due to general
inflationary trends. Although these did
not increase at a greater rate than science
spending, they are a significant part of
the total increase.

In a sense, all funds that support re-
search in this critical scientific arena are
interdependent, and analysis of one facet
of the total expenditures must take other
facets into account as well. While the
science components of USAP have in-
creased significantly in the past decade,
increased expenses from other initia-
tives- construction and modernization
of facilities, the transfer of program costs
from the Department of Defense to NSF,

Figure 2. Percentage breakdown of USAP
budget.

Cost of the U.S. Antarctic Program, 1955-1990
Although U.S. involvement in antarctic affairs is nearly as old as the Nation

itself, continuous activity by Government field programs began only with the
International Geophysical Year (IGY), 1 July 1957 through 31 December 1958.
After the IGY in 1959, the National Science Foundation (NSF) was given respon-
sibility for supporting research in Antarctica and established the U.S. Antarctic
Research Program. The responsibility for logistic support of the research program
was given to the U.S. Navy.

In 1970, the National Security Council completed a study of U.S. activities in
Antarctica. This study resulted in National Security Decision Memorandum 70
(NSDM 70), which directed the Federal government to continue the U.S. Antarctic
Program at a constant level of effort and transferred the responsibility for bud-
geting and managing the program to a single agency-NSF. Studies in 1975 and
1980 reaffirmed this NSF role and led to a 1982 Presidential memorandum that
supported these earlier directives.

The following tables show Federal expenditures for antarctic activities. Table 1
includes costs to prepare for the IGY, for antarctic work during the IGY, and for
the program before NSDM 70 was issued. Table 2 shows costs incurred after NSF
assumed responsibility for all program management and budgeting.
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Table 2.
U.S. Antarctic Program funding, fiscal 1972-1990, in thousands of

dollars.

Fiscal	Science	Direct	Base-	Major	Total
year	projects	science	level	construction

	

support	support	& procurement

*1972	$ 4,285	$ 4,410	$14,240	$ 4,065	$ 27,000
*1973	3,275	3,059	14,860	22,810	44,004
*1974	3,047	5,044	14,250	2,394	24,735
*1975	4,467	3,900	16,109	1,422	25,898
*1976	4,308	4,130	20,147	20,000	48,585

1977	6,349	6,100
	

25,546	7,300	45,295
1978	7,002	7,100

	
26,270	8,075	48,447

1979	7,282	7,574
	

28,013	8,222	51,091
1980	7,375	9,011

	
32,819	6,630	55,835

1981	9,041	8,960
	

37,280	12,174	67,455

1982	8,498	10,100
	

42,807	7,100	68,505
1983	8,996	10,800

	
55,300	8,100	83,196

1984	10,433	12,054
	

60,400	19,600	102,487
1985	11,155	14,000

	
67,600	18,085	110,840

1986	11,016	16,000
	

70,045	13,100	110,161

1987	12,617	17,879	59,080	27,700	117,276
1988	13,520	19,100	66,140	25,900	124,660
1989	15,570	19,300	69,200	27,000	131,070
1990	17,020	24,280	75,090	35,290	151,680

*Breakout by category includes estimates based on DPP records

NOTES
1972
	Direct Science Support is ship, air, and contractor support of grantees.

1973
	

Includes $19.74M LC-130 aircraft procurement.
1974
	

Deputy Secretary of Defense letter says NSF paying only half of Department of
Defense (DOD) costs.

1976
	

LC-130 procurement $18M; other procurement, $2M (estimate).
1977
	

Base-level and Procurement figures reflect transfer of about $10M of DOD costs,
particularly for aviation. Some costs were transferred from the Coast Guard also.

1980
	

Fuel cost increases account for $2.7M of the total in 1980 and 1981.
1981
	

McMurdo construction program increases significantly.
1982
	

Military pay	up by $2.5M in	1981 and $2.4M in 1982.
1983
	

Full cost of icebreakers while deployed is charged, + $13.4M.
1984
	

Replace Heavy Vehicle Maintenance Facility, $5.8M, and start LC-130 update,
$5M.

1985
	

Start of charges for military retirement, $6M.
1987
	

Funding of construction and LC-1 30 update more than offsets costs transferred
back to Coast Guard.

1988
	

Lease of research ship; construction; LC-130 updates.
1990
	

First year of	safety, environment, and health funding (in base-level support).

and the implementation of the safety,
environment, and health initiative, as
well as general cost increases for pay
raises, supplies, equipment, and mate-
rials-have overshadowed the increases
in USARP and direct science support.
All of these initiatives, however, are es-
sential to improve and sustain the re-
search infrastructure, without which
scientific inquiry in Antarctica could not
continue.

-Charles Schneider, Presidential
Management Intern, National Science
Foundation. Mr. Schneider, who was
assigned to the Division of Polar Pro-
grams from December 1989 to April 1990,
is a graduate student from the Maxwell
School of Citizenship and Public Affairs,
Syracuse University.
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Holocene* megafauna in McMurdo Ice Shelf sediments-
Fossilization and implications for glacial processes

The McMurdo Ice Shelf forms as an
extension of the western margin of the
Ross Ice Shelf into southern McMurdo
Sound. Broad areas of sediment-laden
ice are a conspicuous feature of this ice
shelf, with debris concentrated into long
ridges and ice-cored mounds. In areas
where sediment cover is relatively thin
or absent, pinnacle ice is formed through
surface ablation (photo 1). The supra-ice

*"Holocene" or "Recent" refers to the epoch that
began about 10,000 years ago.
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shelf sediments are principally com-
posed of McMurdo Group volcanic rocks
with only minor quantities of Transant-
arctic Mountain sediments or igneous
material. Biogenic materials, in the form
of shell debris or sponge spicules, are
found in localized concentrations in sev-
eral areas on the ice shelf. These sedi-
ments have had a large proportion of the
finer grain fraction winnowed out by
prevailing southerly winds and by the
hydraulic action of meltwater streams.
Because of this sorting, bioclastic debris

is fairly diluted or absent in the bulk of
the supra-ice shelf sediments.

Background
The biogenic materials found in these

deposits feature quite spectacular pres-
ervations of delicate morphologic detail
of sponges, molluscs, and other organ-
isms. The fresh appearance of this ma-
terial was of considerable interest to the
members of Scott's 1901-1904 Discovery
expedition, who first encountered these
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remains (Scott 1905). Based on his ob-
servations during Scott's 1910-1912 ex-
pedition, Debenham (1920) suggested
that the marine muds and fauna on the
McMurdo Ice Shelf were preserved as
the result of adfreezing* at the base of
the shelf. A combination of basal ad-
freezing and surface ablation would serve
to move the debris through the thick-
ness of the shelf and expose it at the
surface. Debenham suggested that ad-
freezing took place beneath a grounded
ice body on a sea bottom inhabited by
benthic invertebrates.

Studies by Cow (1967) and Cow and
Epstein (1972) demonstrated that com-
positional overturn of the ice in the
McMurdo Ice Shelf does indeed occur
by the adfreezing and ablation mecha-
nism. The result is that much of the
McMurdo Ice Shelf is composed of fro-
zen seawater.

The presence of biogenic material in
McMurdo Ice Shelf sediments has re-
ceived attention from several modern in-
vestigators. Swithinbank, Darby, and
Wohlachlang (1961) noted the presence
of fresh biogenic material near the Dailey
Islands. Cow et al. (1965) theorized that
the the ice shelf had ploughed up bio-
genic material from pre-existing fossil-
containing sediments. Swithinbank (1970)
determined that anchor ice (i.e., ice
formed on the bed of a shallow-water
area) contributed to the basal adfreezing
of the ice shelf and preserved inverte-
brate remains in surface debris of a float-
ing ice shelf. Kellogg et al. (1977) and

*Adfreezing is the process by which ice binds one
object to another.

_ H

Kellogg and Kellogg (1988) maintain that
the biogenic material preserved in
McMurdo Ice Shelf sediments is the re-
suit of basal adfreezing to grounded ice.

Field studies
During the 1986-1987 and 1987-1988

antarctic field season, a team from the
Byrd Polar Research Center collected
fossil, sediment, and ice samples from
the McMurdo Ice Shelf and bordering
areas. These field studies confirmed ear-
lier observations (Swithinbank 1970; Cow
et al. 1965) that a higher density of bio-
clastic debris occurs in areas of the
McMurdo Ice Shelf adjacent to land.
Further observations on the distribution
of invertebrate remains showed a direct
correlation between concentrations of
well-preserved remains and areas of
structural activity on the ice shelf. Struc-
tural features, near which biogenic ma-
terials are found, include tide cracks,
fractures, thrust ridges, and areas of the
ice shelf undergoing high rates of abla-
tion (Hart 1988). This correlation with
structural features suggests that, over-
all, ice thickness is less near a crack or
fracture compared with the remainder
of the shelf. Diving observations near
White Island seem to substantiate this
(Davis et al. 1983; Davis personal com-
munication). In "thin" areas of the ice
shelf, the residence time of entrained
debris within the ice will be shorter than
in other parts of the shelf.

In an area of the ice shelf to the west
of Brown Peninsula, fractures that are
several kilometers long are found. One
collection locality was along a fracture
in an area of the shelf over 2 kilometers

from the nearest land and well removed
from any tide cracks. On either side of
this fracture, well-preserved inverte-
brate material was actively ablating out
of pinnacle ice. Transects on a line nor-
mal to the fracture revealed well-pre-
served invertebrate material in a 200-to
300-meter-wide zone on both sides of
this feature. Nearby, Weddell seals had
opened a diving hole in the fracture,
which indicated a connection with open
water in the sound. Unfortunately, seal
activity offers no indication of water
depth beneath the shelf (Davis personal
communication).

The presence of well-preserved inver-
tebrate fossils on a portion of the ice shelf
over open water and well away from
land strongly suggests that this material
was transported and placed within the
shelf by anchor ice, which is known to
form in several areas of McMurdo Sound
(Swithinbank 1970; Dayton, Robillard,
and DeVries 1969). The depth at which
anchor or frazil ice forms seems to vary,
and the physical conditions needed for
its formation are uncertain. Diving ob-
servations suggest that anchor ice forms
no deeper than 33 meters near Cape Ar-
mitage (Dayton et al. 1969). Observa-
tions beneath the McMurdo Ice Shelf near
White Island indicate that anchor ice may
form at depths of up to 85 meters (Davis
et al. 1983; Castellini personal commu-
nication). Studies in the Weddell Sea have
noted the formation of ice platelets at
250 meters depth (Dieckmann et al. 1986).

Transects conducted across the ice shelf
near Brown Peninsula and East Dailey
Island showed a definite pattern in the
distribution of invertebrates in the sur-
ficial deposits. Smaller, faster-growing
benthos (i.e., bottom-dwelling marine
organisms) were found in deposits nearer
the shoreline suggesting shallower water
beneath that part of the shelf. Larger,
longer-lived species, such as sponges,
were found in deposits further out on
the shelf over apparently deeper water.
This surface distribution is identical to
the depth-related zonation of benthic in-
vertebrate communities observed (Day-
ton et al. 1970) near Cape Armitage. The
shallower depths are inhabited by va-
grant epibenthic and small, attached
benthic organisms. Dayton et al. (1970)
attribute much of the differentiation of
benthic faunal zones to the physical con-
trol of anchor ice. Salinity variation,
however, produced in near-surface
waters by meltwater runoff also may
contribute to this zonation.
Taphonomjc* studies

As noted previously, the presence of
biogenic material in these ice-shelf de-

*Tapho, Io,ny refers to the various physical and
chemical processes to which an organism is subject
during fossilization. Taphonomic processes at work
on the McMurdo Ice Shelf surface include wind stress,
which breaks and batters fragile shell material, and
hydraulic sorting of sediments and biogenic mate-
rial by meltwater.

Photo 1 . Typical landscape on the pinnacle ice field north of East Dailey Island. This area contained
a rich assemblage of anchor ice rafted benthic organisms preserved in surf icial deposits.
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Photo 2. Crushed specimen of the siliceous sponge Rossella villosa with associated sediments
and smaller benthic organisms. This material was collected from the pinnacle ice of the McMurdo
Ice Shelf just north of East Dailey Island.
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posits has been known for quite some
time; however, virtually no attention has
been paid to the condition of the re-
mains or their preservation potential. An
objective of our field and laboratory
studies has been to record the condition
of exposed biogenic remains, with par-
ticular attention focused on the sponge
remains because of their abundance in
the deposits. A diverse assemblage of
calcareous shell remains is also pre-
served in the supra-ice shelf sediments.
Carbonate-producing organisms in ant-
arctic communities, for the most part,
produce rather fragile shells or tests,
which in supra-ice shelf sediments have
low preservation potential. The most
widespread calcareous material re-
covered in these sediments has been di-
sarticulated plates of the barnacle
Bat hylasma corolliforme. A curious feature
of the preserved biogenic material is the
selective preservation of organic mate-
rial. Molluscs feature preserved hinge
ligaments and shell coverings (perios-
traca) while organic soft tissues are vir-
tually absent. It is difficult to determine
if soft tissues are removed by scavenging
after the organism died or by bacterial
decay during the time this material is
incorporated in the ice shelf.

We were able to compare the diversity
of the preserved invertebrate fauna with
living benthic faunas elsewhere in
McMurdo Sound. William Stockton of
the Scripps Institution of Oceanography
generously provided videotapes made
from a remotely operated submersible
vehicle in Explorers Cove and other parts
of McMurdo Sound. These tapes are an
excellent record of the diversity and
abundance in benthic communities at
depths of up to 100 meters. Study of
these tapes has shown that our collec-
tions from surface deposits preserve a
substantial proportion of the benthic
community that possesses any degree of
mineralized skeleton.

Within the ablation till, sponge pres-
ervation ranged from freshly exposed
individuals partially encased in ice to
clumps of matted siliceous spicules. A
taphonomic grading system was devel-
oped to quantify the range of preser-
vation observed within these two end
points. By using this grading system, we
were able to determine the relative length
of exposure of the sponges and associ-
ated biogenic remains found with them.
The actual amount of time needed to
produce a particular taphonomic grade
has been difficult to determine. Wind
stress across the ice-shelf surface ap-
pears to help break down the larger, cal-
careous elements of the fauna within a
matter of weeks. Sponges preserve within
their basal spicules an associated fauna
of invertebrates consisting mainly of
bryozoans, molluscs, brachiopods, and
serpulid tubes. The abundance and
quality of preservation of this associated
fauna reflected the taphonomic grade of

the sponge. Subsequent laboratory
studies have shown that the sponges
harbor sediments containing an abun-
dant and diverse microfauna (Ishman,
Hart, and Webb 1988; Ishman 1990).

McMurdo Ice Shelf surface deposits
have large numbers of complete or nearly
complete siliceous sponges (photo 2).
Specimens of the Hexactinellid sponge
Rossella nuda found during our studies
ranged from 50 to 100 centimeters in
height. Dayton (1980) observed no mea-
surable growth on live individuals of this
species during a 10-year study. This
would suggest that individual sponges
of the size seen in the surface sediments
were possibly hundreds of years old
(Dayton et al. 1970) when they were in-
corporated into the ice shelf. For a benthic
community to contain individuals of this
age and size, long-term stability of the
physical environment is required, and
for sponges, an open-water environ-
ment free from obstruction is needed for
sustained growth and viability (Dayton
1980).

Conclusions

The preservation of marine benthos in
supra-ice shelf deposits is one stage of
a sedimentary cycle that involves inver-
tebrate organisms that inhabit waters
beneath floating portions of the Mc-
Murdo Ice Shelf. The presence of indi-
vidual sponges in surficial deposits of
varying taphonomic grade is interpreted

as indicating different lengths of surface
exposure time. This observation sug-
gests that anchor ice has periodically
"cropped" individual sponges, as well
as other benthos, from the sea floor and
incorporated them within the ice shelf.

Historical observations of this inter-
mediate stage of the process in the surf-
ical sediments of the McMurdo Ice Shelf
show that the process essentially has been
continuous over the last 86 years. This
process can be extrapolated to have been
at work over a much longer interval of
time. Kellogg et al. (1977) report carbon-
14 dates 6,600 ± 60 years from shell ma-
terial collected from McMurdo Ice Shelf
sediments.

Large amounts of biogenic debris are
transported by this anchor-ice mecha-
nism over time. This requires a source
from a sub-ice shelf benthic community
with an abundant, robust siliceous
sponge fauna. Suitably abundant benthic
faunas have been observed by remotely
operated vehicle in other parts of
McMurdo Sound such as Explorers Cove.
The presence of abundant biogenic re-
mains in ice-shelf sediments attests to
the presence of a thriving benthic com-
munity beneath the shelf. The physical
requirements necessary for maintaining
a viable and productive benthic com-
munity beneath an ice shelf would rule
out the basal adfreezing, grounded-ice
hypothesis supported by others (Deben-
ham 1920; Kellogg et al. 1977; Kellogg
and Kellogg 1988). Evidence from field
observations is consistent with the hy-
pothesis of Swithinbank (1970) that sub-
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ice shelf benthos found in ablation de-
posits are transported and preserved by
anchor ice.

We express our appreciation to the
personnel of the U.S. Navy Antarctic
Development Squadron 6 (VXE-6) for
their support of our field studies during
1986-1987 and 1987-1988 austral sum-
mer seasons and our thanks to E.R. Hart,
S.E. Ishman, and P.N. Webb for reading
earlier versions of this manuscript and
contributing useful editorial advice. This
project was supported by National Sci-
ence Foundation grant DPP 85-17625 to
Peter-Noel Webb.

-Charles P. Hart, Department of Ge-
ology and Mineralogy, Byrd Polar Re-
search Center, Ohio State University,
Columbus, Ohio 43210.
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Polar Duke, repaired and
returned to service

Despite damage sustained during an
accident in May, Polar Duke, the 219-foot
research ship leased by the National Sci-
ence Foundation to support antarctic re-
search, is again sailing the southern
oceans between South America and Pal-
mer Station. Temporary repairs were
made at the Straights of Magellan ship-
yard in Punta Arenas, Chile, during late
May and enabled the ship to continue
its scheduled cruises with only minimal
delays. Permanent repairs will be made
in July and August during the ship's reg-
ular mainenance period.

The accident occured on 17 May 1990
at about 3:30 a.m. local time while the
ship was bringing Palmer Station per-
sonnel to to Punta Arenas. A Chilean
pilot, which is required by Chilean law
to navigate ships through local waters,
was negotiating Polar Duke through the
Beagle Channel near the Chilean-Argen-
tine border when the ship ran aground,
hitting Bartlett Island (54° 54'S 68° 15'W),
an islet in Ushuaia Bay. No one was in-
jured.

Although the ship's underside and
front left side were punctured in five
places with the largest hole about 6 feet
across, the shipboard pumps were suf-
ficient to control any fuel leaks that might
have resulted from the damage. During
a brief stay in the Argentine port Ushuaia,
divers inspected the ship and found that
no fuel was leaking from Polar Duke. Also,
the Argentine Coast Guard and a Chil-
ean naval unit reported to NSF that no
fuel spilled from ship had been detected.

Updated listing of antarctic
place names published

Gazetteer of the Antarctic is the first
comprehensive listing of approved names
for antarctic sites to be published since
1981. This edition includes entries for
12,362 names of which 758 have been
approved by the U.S. Board on Geo-
graphic Names and by the Secretary of
the Interior during the last decade. The
Board is the interagency group created
by law to standardized and circulate
geographic names for official purposes.
The gazetteer is the official standard for
names in Antarctica; when preparing
proposal for or articles about antarctic
research, scientists and other specialist
should use this volume to ensure ac-
curacy and uniformity.

The 145-page publication is the result
of cooperation among the Defense Map-
ping Agency, the U.S. Geological Sur-
vey, and the National Science
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Foundation. The Defense Mapping
Agency (DMA), which maintains rec-
ords of the antarctic names, funded the
preparation of material from the 1981
edition in a machine-readable format so
that the U.S. Geological Survey (USGS)
could enter these data into their Geo-
graphic Names Information System.
USGS also was responsible for updating
all records through mid-1989 with other
material provided by DMA and for pro-
ducing the camera-ready pages for
printing. NSF, which funds and man-
ages the U.S. Antarctic Program, funded
the book's printing and ensured the
preparation of the additional material for
the book.

Although the 1981 edition included
historical notes, this gazetteer includes
only the name, cross references if any,
and latitude and longitude for each nat-
ural feature; it does not include scientific
stations. It covers features, which have
been approved by the Board, in Antarc-
tica and the area extending northward
to the Antarctic Convergence. This cov-
erage corresponds to maps at the
1:250,000 or larger for islands, coastal
Antarctica, and mountains and ranges
of the continent. The high ice plateau
that comprises most of interior Antarc-
tica is nearly without features and has
been mapped at a smaller scale. Another
publication of the U.S. Board of Geo-
graphic Names, Gazetteer of Undersea Fea-
tures, covers submarine features.

Besides the information described
above, this publication includes all nec-
essary information and appropriate forms
for proposing names for antarctic sites.
Proposed names are reviewed and rec-
ommended by the Advisory Committee
on Antarctic Names. This committee,
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which was formed in 1947, advises the
Board of Geographic Names.

Copies of the Gazetteer of the Antarctic
can be obtained from the Polar Coordi-
nation and Information Program, Divi-
sion of Polar Programs, National Science
Foundation, Washington, D.C. 20550
(telephone-202!357-7817).

U.S. personnel winter at
three stations

The following lists researchers and
employees of the National Science Foun-
dation's contractor, who are wintering
at the three U.S. year-round stations—
McMurdo, Amundsen-Scott South Pole,
and Palmer—and U.S. Navy personnel
wintering at McMurdo Station. On 1 April
1990, Antarctic Support Associates (ASA),
a joint venture composed of EG&G of
Wellesley, Massachusetts, and Holmes
and Narver Services of Orange, Califor-
nia, replaced ITT/Antarctic Services, Inc.,
(ITT/ANS) as the National Science Foun-
dation's antarctic support contractor.
When the new contract began, all win-
tering personnel became employees of
ASA.

The list is arranged by station with
names in alphabetical order. For re-
searchers, the title of their research pro-
ject, and the name of the institution to
which the NSF grant was awarded are
indicated; for emplyees of the contractor
(ASA) and Navy personnel (NSFA), po-
sitions at the station are included.

Agnew, Jay, sheetmetal worker, ASA
Albershardt, Mark, plumber, ASA
Allman, James, CM2, NSFA
Ames, Williams, equipment operator,

ASA
Anderson, Dennis S., plumber helper,

ASA
Arthur, Michael, MS2, NSFA
Atkins, Mary Lee, carpenter, ASA
Atkins, Thomas, heavy equipment op-

erator, ASA
Bailey, Loyd, computer technician, ASA
Baltz, Raymond, electrician, ASA
Bamonte, Dale, materialsperson, ASA
Baxter, David, painter, ASA
Beyer, Timothy, electrician helper, ASA
Boone, Ronald, SWC, NSFA
Bond, Mary, materialsperson, ASA
Bostick, John, heavy equipment me-

chanic, ASA
Boyle, John, electrician, ASA
Briggs, Ray, carpenter, ASA
Burns, Timothy, supervisor, facilities

maintenance, ASA
Burns, Clayton, supervisor, power plant/

water plant, ASA
Brannan, Daniel, plumber, ASA
Bruce, Steven, carpenter foreman, ASA
Bruner, Richard, electrical lineperson,

ASA
Bull, Richard, carpenter foreman, ASA
Carlson, Robert, plumber, ASA
Canton, Robert, communications tech-

nician, ASA
Cater, Steven, carpenter helper, ASA
Chafin, Brian, SKC, NSFA
Chambers, Fredrick, electrician fore-

man, ASA
Chambers, Mark, Eli, NSFA
Chism, David, RMC, NSFA
Clark, Jerry Ray, water plant technician,

ASA
Clark, Terry, SK2, NSFA
Clendenning, William, field engineer,

ASA
Cornwall, Beverly, water plant techni-

cian, ASA
Cook, Larry, superintendent, opera-

tions and maintenance, ASA
Cruise, Susan, DPC, NSFA
Cummings, John, electrician foreman,

ASA
Czarniechi, Louise, materialsperson,

ASA
Davis, Dallas, carpenter helper, ASA
Davis, Terrance, materialsperson, ASA
Decker, David, equipment operator, ASA
Demick, Rusty, plumber, ASA
Desimone, Mark, resident manager, ASA
Dinsmore, Dianne, clerk typist/terminal

operator, ASA
Drake, Steve, carpenter, ASA
Duncan, Eric, MSSA, NSFA
Dunn, Edward, water plant technician,

ASA
Ebel, Michael, power plant technician,

ASA
Eckenrode, Patrick, DC1, NSFA
Eells, Gary, sheetmetal worker, ASA
Eide, Mark, 5W2, NSFA
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The research ship Polar Duke anchored at Palmer Station on Anvers Island. Despite damage to
its hull as a result of an accident in May, the ship resumed operations in mid-June.



Elston, James, HT2, NSFA
Everlith, Donald, MS1, NSFA
Ferrara, Peter, carpenter, ASA
Fetterolf, Lisa, materialsperson, ASA
Filter, Kim, welder, ASA
Fischer, Travis, carpenter, ASA
Floe, Easton, welder, ASA
Franklin, Daniel, UT1, NSFA
Fraser, James, science technician, ASA
French, Mitchell, general field assistant,

ASA
Friese, Spencer, SKi, NSFA
Frossard, Jeri, HT2, NSFA
Gage, Charles D., grantee: "Geodetic

satellite observation and ionospheric
studies," Applied Research Labora-
tories, University of Texas at Austin

Gallagher, James, AG2, NSFA
Gallagher, Kimberly, UTCA, NSFA
Gittings, Laura, clerk, ASA
Glass, John, CM1, NSFA
Golumb, Walter, plumber, ASA
Gonzalez, Pablo, SH3, NSFA
Goode, Jodey, SH1, NSFA
Gouse, Sally, painter, ASA
Groshens, Gregory, E02, NSFA
Haals, Bill, carpenter helper, ASA
Hahn, Susan, AC1, NSFA
Hall, Richard, plumber, ASA
Harford, Robert, LT, NSFA
Heizer, David, DC2, NSFA
Hill, Michael, RM1, NSFA
Hoffman, David B., grantee: "Construc-

tion oversight of the McMurdo Sci-
ence Facility," C.J .S. Group Architects,
Honolulu, Hawaii

Hogan, James, SK2, NSFA
Horneij, Robert, UT1, NSFA
Hopkins, Carrie, general field assistant,

ASA
Hopkins, Larry, electrician, ASA
Hopkins, Terry, electrician, ASA
Howell, Kenny, plumber, ASA
mama, Leo, heavy equipment me-

chanic, ASA
Jachynowski, Steve, mechanic, utilities,

ASA
Jackson, Rubin, PN1, NSFA
Johnson, Carol, RM2, NSFA
Johnson, Len, switchgear technician,

ASA
Johnston, Jon, AG1, NSFA
Jones, Randy, machinist, ASA
Joslin, Blake, pipefitter, ASA
Kellerman, Troy, BU1, NSFA
Kemper, Kyle, carpenter, ASA
King, Russell, HT2, NSFA
Klein, Michael, electrician, ASA
Kline, Cynthia, materialsperson, ASA
Kober, Wendy, boiler technician, ASA
Kontinos, Dean, AG1, NSFA
Lacombe, Michelle, SKi, NSFA
Laflamme, Roger, ET1, NSFA
Larson, Kristin, assistant manager, Ek-

lund Biological Center
Lawson, John, plumber, ASA
Lewis, Martin, light vehicle mechanic,

ASA
Luzadder, Jerry, E01, NSFA
Maddy, Frank, plumber, ASA
Magee, Edward, electrician, ASA
Mahenski, Charles, carpenter, ASA

Marceau, Leonard, sheetmetal worker,
ASA

Marchetti, Peter, carpenter, ASA
Martin, David, mechanic, utilities, ASA
McAllister, Kenneth, painter, ASA
McCathren, Kelly, plumber helper, ASA
McCathren, Mark, construction coordi-

nator, ASA
McCathren, Paige, materialsperson, ASA
McClard, Gina, general field assistant,

ASA
Medo, Robert, mechanic, utilities, ASA
Michaelis Barry, carpenter, ASA
Middleton, Sharon, YN2, NSFA
Mifflin, Kathleen, administrative assis-

tant, ASA
Miller, Julius, electrician helper, ASA
Miller, Richard, heavy equipment me-

chanic, ASA
Mj olsness, Lawrence, supervisor, vehi-

cle maintenance facility, ASA
Monetta, Alan, light vehicle mechanic,

ASA
Moore, Charles, DS2, NSFA
Moran, John, construction coordinator,

ASA
Moran, Phillip, carpenter helper, ASA
Morris, Michael, HMC, NSFA
Moxon, Christopher, water plant tech-

nician, ASA
Mullinix, Darrell, power plant techni-

cian, ASA
Mullins, Ronald, boiler mechanic, ASA
Musielewicz, James, carpenter helper,

ASA
Mustain, Kenneth, plumber helper, ASA
Nardella, Joseph, electrician, ASA
Newby, Donna, boiler technician, ASA
Newhouse, Charles, sheetmetal worker,

ASA
Nicholson, William, carpenter, ASA
Nilsen, Bruce, electrical lineperson, ASA
Nistler, Ken, sheetmetal worker, ASA
Norris, Carl, telephone technician, ASA
Norris, Wendy, janitor, ASA
Olsen, Randy, drafter, ASA
Olson, Kathleen, clerk typist/terminal

operator, ASA
Osborn, Cliff, carpenter, ASA
Osenbaugh, John, power plant me-

chanic, ASA
Overton, Frank, carpenter, ASA
Oylear, Dwight, electrical lineperson,

ASA
Palko, Robert, supervisor, computer op-

erations and maintenance, ASA
Park, Kelly, plumber foreman, ASA
Park, Kenneth, pipefitter, ASA
Parrott, Christi, general field assistant,

ASA
Peterson, Gregory, water plant me-

chanic, ASA
Pierce, David, ET2, NSFA
Poehler, Donald, electrician, ASA
Powell, Larry, insulator, ASA
Power, Jarold, BU2, NSFA
Prentice, Robert, carpenter, ASA
Quick, Ronald, small generator me-

chanic, ASA
Raby, Rocky, IC1, NSFA
Ramig, John, light vehicle mechanic, ASA
Ram!, James, mechanic, utilities, ASA

Reams, James, RM1, NSFA
Richard, John, insulator, ASA
Riker, Barbara, general field assistant,

ASA
Riker, David, materialsperson, ASA
Ringlieb, Gregory, carpenter, ASA
Rippy, Jerry, sheetmetal foreman, ASA
Roberts, Paul, AG2, NSFA
Robinson, Michael, MS2, NSFA
Rock, Mary, carpenter helper, ASA
Rosenbaum, Alan, heavy equipment

operator, ASA
Rosenbaum, George, materialsperson,

ASA
Rosenthal, David, general field assis-

tant, ASA
Ross, Billy, CE2, NSFA
Ross, Warren, water plant mechanic,

ASA
Rushton, Gary, carpenter, ASA
Sapien, Ismael, HMC, NSFA
Seeman, Craig, electrician, ASA
Shafer, Shawn, electrician, ASA
Shaw, Kathleen, plumber helper, ASA
Shelton, Nathan, power plant techni-

cian, ASA
Shone, Robert, E03, NSFA
Sisk, Dane!, LT, Officer in Charge, NSFA
Skaggs, James L., grantee: "Geodetic

satellite observation and ionospheric
studies," Applied Research Labora-
tories, Univerity of Texas at Austin

Smith, Addison, preventive mainte-
nance mechanic, ASA

Spanberger, Judith, plumber helper, ASA
Spaulding, Kent, welder, ASA
Stark, Raymond, materials foreman, ASA
Stark, Renee, janitor, ASA
Starks, Gene, carpenter helper, ASA
Steidi, Douglas, ET1, NSFA
Stiehr, Tracy, carpenter, ASA
Stine, James, boiler technician, ASA
Stinson-Wilge, John, general field assis-

tant, ASA
Strandlien, Lyle, heavy equipment op-

erator, ASA
Stuntzner, Todd, assistant manager, Berg

Field Center, ASA
Swanberg, Luann, EA2, NSFA
Swett, Greg, carpenter, ASA
Tien, Raymond, grantee: "The role of

glycopeptide and peptide antifreezes
in freezing avoidance of antarctic
fishes," University of Illinois

Thompson, Norman, heavy equipment
mechanic, ASA

Tussey, Chester, BU2, NSFA
Vavounas, Frank, HT1, NSFA
Waddell, Mark, RM2, NSFA
Wallace, Paul, ABFC, NSFA
Walley, Linda, clerk, ASA
Warden, Robert, HMC, NSFA
Waszil, Andy, heavy equipment me-

chanic, ASA
Weber, Louis, MS3, NSFA
White, Jerry, supervisor, utilities sup-

port, ASA
Wiles, Robert, CE2, NSFA
Williams, Michael, equipment operator,

ASA
Williams, Samuel, explosives handler,

ASA
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Wilmeth, Amanda, ET2, NSFA
Wilson, Mark, boiler technician, ASA
Winton, Andy, plumber, ASA
Wright, Bradley, heavy equipment op-

erator, ASA
Youngquist, Gary, heavy equipment

mechanic, ASA
Ziegler, Gary, plumber foreman, ASA

Amundsen-Scott South Pole Station

Ayres, David, meteorologist, ASA
Barber, Jon Kelly, heavy equipment me-

chanic, ASA
Carr, Roger, power plant mechanic, ASA
Crabtree, Leigh, communications tech-

nician, ASA
Fay, Thomas, station manager, ASA
Finnemore, Michael H., grantee: "Ob-

servation of high-energy, gamma-ray
sources from the South Pole," Uni-
versity of Delaware

Folger, Lora, communications coordi-
nator, ASA

Groeneveld, Carl R., grantee: "Global
Monitoring for Climate Change, ant-
arctic research program," National
Oceanic and Atmospheric Adminis-
tration, Environmental Research Lab-
oratories, Boulder, Colorado.

Hughes, Kathryn, meteorologist tech-
nician, ASA

Kauffman, Sanford, science technician,
ASA

Knebel, Tim, electrician, ASA
Moreau, Jean, physician, ASA
Nugent, Ronald,, general maintenance

mechanic, ASA

From 7 to 10 June 1990, 45 scientists
from 13 countries met at Asilomar in Pa-
cific Grove, California, to discuss how
to integrate offshore acoustic and geo-
logical databases to achieve a better un-
derstanding of the relationships between
Cenozoic terrestrial and marine glacial
histories and between Cenozoic ice-vol-
ume and global sea-level variations. The
workshop was sponsored by the Na-
tional Science Foundation's Division of
Polar Programs, the Scientific Commit-
tee on Antarctic Research (SCAR), and
the U.S. Geological Survey. The 13
countries represented at the meeting are
part of a group of 16 countries that have
collected or will soon collect offshore
acoustic data from the antarctic conti-
nental margin. The remaining three
countries contributed data and ideas to

Rogan, Michelle R., grantee: "Geodesy
and seismology," U.S. Geological
Survey, Reston, Virginia

Schrom, Frederick J . , grantee: "Global
Monitoring for Climate Change, ant-
arctic research program," National
Oceanic and Atmospheric Adminis-
tration, Environmental Research Lab-
oratories, Boulder, Colorado

Sliter, Ray, grantee: "Geodesy and seis-
mology," U.S. Geological Survey,
Reston, Virginia

Sterling, Ian, cook, ASA
Sulyma, Robert, materialsperson, ASA
Thomison, Frank, computer technician,

ASA

Palmer Station

Baltz, Ronnie, materialsperson, ASA
D'Aoust, Tony F., general field assis-

tant, ASA
Davidson, Matthew, carpenter, ASA
Deering, Andrew A., station manager/

facility engineer, ASA
Deering, Dennis, power plant me-

chanic, ASA
Esche, Gregg A., carpenter foreman, ASA
Miller, Dennis, cook, ASA
Mobley, David, science technician, ASA
Oxton, Alfred J . , communications co-

ordinator, ASA
Porter, James, carpenter, ASA
Radke, Lisa, administrative assistant,

ASA
Whittle, Edward, physician, ASA

the workshop but were not able to send
representatives.

The project, Antarctic Offshore
Acoustic Stratigraphy (ANTOSTRAT),
which was the workshop focus, was
proposed in April 1989 by the SCAR
Group of Specialists on Evolution of
Cenozoic Paleoenvironments of the
Southern High Latitudes. As proposed,
ANTOSTRAT is a multi-year, interna-
tional project to study Cenozoic sedi-
mentary deposits around Antarctica,
focusing in particular on the extensive
sedimentary sequences beneath the con-
tinental margin. This project, like the
ANTALITH project under the SCAR
Group of Specialists for the Evolution of
the Antarctic Lithosphere, encourages
more efficient and unified advancement
of antarctic science through greater co-

operation among scientists from around
the world.

The 4-day meeting concentrated on
• descriptions and interpretations of

existing offshore acoustic data through
formal talks and extensive poster ses-
sions,

• discussion of the numerous factors
that affect offshore antarctic stratigra-
phy in each of five geographic areas of
the antarctic margin where major Cen-
ozoic prograding sequences exist, and

• discussions of the important Cen-
ozoic objectives that can be addressed
by international collaboration on off-
shore acoustic and geologic studies.

More than 60 presentations were given
at the meeting. Many of these are avail-
able as extended abstracts (Cooper and
Webb 1990).

Participants established five regional
working groups—the Antarctic Penin-
sula, Ross Sea, Wilkes Land, Prydz Bay,
and Weddell Sea/Queen Maud Land
areas—during the workshop to facilitate
international collaboration in offshore
studies relevant to the ANTOSTRAT
project. Additionally, a nine-member in-
ternational steering committee was con-
vened to guide the workshop and future
ANTOSTRAT activities.

A final workshop report with sum-
maries of ANTOSTRAT discussions,
project objectives, and plans will be
published later this year. In the interim,
ANTOSTRAT information can be ob-
tained from Alan Cooper, U.S. Geolog-
ical Survey, 345 Middlefield Road, Menlo
Park, California 94025 (telephone, 415!
354-3132 or fax, 415/354-3191).

—Alan K. Cooper, U.S. Geological
Survey, Menlo Park, California 94025,
and Peter N. Webb, Department of Ge-
ology, Ohio State University, Colum-
bus, Ohio 43210. Drs. Cooper and Webb
were the conveners of the June meeting.

Reference

Cooper, A.K., and P.N. Webb (Conve-
ners). 1990. International Workshop on
Offshore Acoustic Stratigraphy (ANTOS-
TRAT): Overview and extended abstracts.
U.S. Geological Survey Open-File Re-
port 90-309, 290 pages. (This report is
available from Open-File Reports Sec-
tion, U.S. Geological Survey, P.O. Box
25425, Denver Federal Center, Den-
ver, Colorado 80225. Telephone, 303/
236-7476; fax, 303/236-1972.)

Earth-science specialists meet to discuss antarctic
offshore acoustic stratigraphy

June 1990
	 17



Contract awarded for new polar research ship
with icebreaking capability

Edison Chouest Offshore, Inc., of Gal-
liano, Louisiana, has been selected to
build a research ship with icebreaking
capabilities for use by the U.S. Antarctic
Program (USAP), managed by the Na-
tional Science Foundation (NSF). Ca-
pable of year-round operation in the
southern oceans, the 300-foot research
ship will be the first U.S. flagship that
has icebreaking capability and is fully
dedicated to research. After it is con-
structed, NSF will lease the ship through
its support contractor Antarctic Support
Associates (ASA) from Edison Chouest
for 10 years.

As scientists have learned more about
global climate change, their need to know
more about processes and phenomenon
in polar environments has grown. Polar
regions are sensitve to changes in the
global environment and serve indicators
of ongoing changes. Through the rela-
tionships among the oceans, atmos-
phere, ice, and land, they also may
influence the direction magnitude of
global climate change.

Although the southern oceans are a
major component of the ocean-atmos-
phere system, scientific knowledge about
biological, chemical, and physical pro-
cesses and phenomenon during the aus-
tral winter remains limited. With the new
research ship, scientists will be able to

study the biology, oceanography, and
geology related to global change in re-
gions along or within the pack-ice zone
throughout the year.

The ship is scheduled to be completed
in January 1992. One of the first projects
to be supported by the new research ship
will be a major investigation of oceanic
processes in the western Weddell Sea, a
major source of bottom water for the
world's oceans. As part of the project,
scientists from the U.S. and Soviet ant-
arctic programs will use the ship to es-
tablish a base camp on the sea ice. From
there they will launch studies of ocean
circulation and climate. Among other
projects that will make use the ship's
formidable capabilities are studies of the
winter stages in the life cycles of krill
and other marine organisms, the effects
of the annual melting of sea ice on ma-
rine productivity, and the dynamics of
the marine food web.

Specifications
The ship will accomodate up to 37 sci-

entists, along with a crew of 22 and will
be able to stay at sea for as long as 75
days. It also will have a helicopter land-
ing deck and facilities for housing and
maintaining two, 4-passenger helicop-
ters.

Six engines, capable of generating
11,070 horsepower, drive the ship, which
is designed to break ice up to 3 feet thick
at a speed of 3 knots. Each of its two
propellers are powered by three en-
gines, but at normal cruising speeds only
one or two of the engines will be run-
ning each propeller shaft.

The contract is valued at $83.8 million
dollars and includes the construction, the
10-year charter, per diem charges for food
and accommodations for the duration of
the charter, installation of winches and
compressors, and delivery to Punta Are-
nas, Chile, anticipated to be one of the
ship's home ports. The cost of operating
the ship, including the contract, fuel, port
charges, and other charges, is about $11
million per year ($110 million over the
10 years of the charter); however, the
contract also gives NSF the option to but
the ship for $55 million at the end of the
charter period.

After polling the polar community,
NSF, ASA, and Edison Chouest an-
nounced in June that they had selected
a name for the ship. It will be call the
Nathaniel B. Palmer in honor of the Amer-
ican credited with the first sighting of
the antarctic continent. Palmer, a 21-year-
old commander of the 47-foot sloop Hero,
was a sealer. On 16 and 17 November
1820, Hero entered Orleans Strait and
came within 3 miles of the ice-shrouded
continent—enough for the ship's crew
to view the continent. Later in his life,
Palmer also won fame as a pioneer clip-
per ship master and designer.

An artist's drawing of the new research ship with icebreaking capability, which NSF will lease for antarctic research. The ship, which has been
named the Nathaniel B. Palmer, is being built by a Louisiana firm, Edison Chouest, and is expected to be completed in 1992.

MAIN DIMENSIONS
LENGTH OVER ALL

MAXIMUM BEAM
DEPTH
DRAFT

DISPLACEMENT
POWER

,i

_-

292.7 FT
60.0 FT
29.6 FT.
20.7 FT	t.

5813 U
	y

11070 HP	I

a a
LuLL
	C C 0 DJ

C 0 0

U

18	 Antarctic Journal



Inside of Robert F. Scott's hut at Hut Point, Ross Island, supplies, equipment, and clothing are
preserved. The hut, dubbed the "Discovery" hut by Scott, was built for his first expedition in 1902
and was used during his last expedition, 1911 to 1912.

NASA photo by Larry Sammons.
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Valley lakes: Seasonality and feedback
processes in amictic systems domi-
nated by internal cycling. DPP 88-
18782. $46,641.

Foundation awards of funds
for antarctic projects,
1 January to 31 March 1990

Following is a list of National Science Foundation antarctic awards made from 1
January to 31 March 1990. Each item contains the name of the principal investigator
or project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from
more than one Foundation program, the antarctic program funds are listed first, and
the total amount of the award is listed in parentheses. Award numbers for awards
initiated by the Division of Polar Programs contain the prefix DPP, those by the
Division of Ocean Sciences contain the prefix OCE, and those by the Office of
Information Systems contain the prefix OIS.

Biology and medicine

Amos, Anthony F. University of Texas,
Austin, Texas. Research on Antarctic
Coastal Ecosystem Rates (RACER):
Mechanisms of bloom formation and
decline. DPP 89-07287. $36,198.

Azam, Farooq. Scripps Institution of
Oceanography, La Jolla, California.
Significance of bacterial exoenzymes
in organic matter cycling in the ant-
arctic ocean. DPP 89-17016. $70,000.

Bidigare, Robert R. Texas A&M Univer-
sity, College Station, Texas. Assess-
ment of the effects of ultraviolet
radiation on phytoplankton in antarc-
tic waters. DPP 90-05562. $38,587.

Guillard, Robert R. Bigelow Lab for Ocean
Sciences, West Boothbay Harbor,
Maine. Center for Culture of Marine
Phytoplankton. OCE 85-16093. $10,000.
($171,299)

Hollibaugh, James T. San Francisco State
University, San Francisco, California.
Significance of bacterial exoenzymes
in organic matter cycling in the ant-
arctic ocean. DPP 89-16524. $80,000.

Howes, Brian L. Woods Hole Oceano-
graphic Institute, Woods Hole, Mas-
sachusetts. Collaborative research on
the biogeochemistry of McMurdo Dry

Karentz, Deneb. University of Califor-
nia, San Francisco, California. Ozone
depletion, ultraviolet radiation, and
phytoplankton biology in antarctic
waters. DPP 90-02872. $41,776.

Martin, John H. San Jose State Univer-
sity, San Jose, California. The rela-
tionship between iron availability and
phytoplankton productivity in the
southern ocean. DPP 87-16460.
$137,513.

McClintock, James B. University of Al-
abama, Birmingham, Alabama. The
chemical ecology of shallow-water
sponges: An investigation of toxicity
and feeding deterrence. DPP 88-15959.
$49,538.

Quetin, Langdon B. University of Cali-
fornia, Santa Barbara, California. En-
ergetics of the adult and larval krill
Euphausia superba. DPP 88-20589.
$170,955.

Quetin, Langdon B. University of Cali-
fornia, Santa Barbara, California. Ex-
amination of marine benthic samples

Detrich, H. William. Northeastern Uni-
versity, Boston, Massachusetts. As-
sembly and stability of microtubules
from fish at low temperatures. DPP
86-14788. $126,290.

Ferrari, Frank D. Smithsonian Institu-
tion, Washington, D.C. Recording of
data and sorting of collections from
polar regions. DPP 74-13988. $192,137.

Fraser, William R. Point Reyes Bird Ob-
servatory, Stinson Beach, California.
The Bahia Paraiso oil spill: Impact on a
southern seabird community. DPP 89-
18324. $74,964.

Freckman, Diana W. University of Cal-
ifornia, Riverside, California. Nema-
tode distribution and function in
McMurdo Dry Valley ecosystems. DPP
88-18049. $4,000.

Fryxell, Greta A. Texas A&M Univer-
sity, College Station, Texas. Antarctic
Marine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Microalgae of
the sea ice and water column. DPP 84-
18850. $4,000.

Garrison, David L. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic Marine Ecosytem Research at the
Ice-Edge Zone (AMERIEZ): The dis-
tribution of free-living protozoa. DPP
88-15799. $4,000.
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NASA photo by Larry Sammons.

Looking across the sea ice, one can see the buildings of USAP's sea-ice runway, which is used between October and December by wheeled
airplanes. The modular buildings are moved in December to the Ross Ice Shelf, when the sea ice deteoriates and airplane operations shift to
Williams Field.

collected near Palmer Station, Antarc-
tica, after a fuel spill from the ground-
ing of the Bahia Paraiso. DPP 89-18276.
$61,555.

Smith, Raymond C. University of Cali-
fornia, Scripps Institution of Ocean-
ography, La Jolla, California. Ozone
diminution, ultraviolet radiation, and
phytoplankton biology in antractic
waters. DPP 89-17076. $199,280.

Smith, Raymond C. University of Cali-
fornia, Scripps Institution of Ocean-
ography, La Jolla, California. Ozone
diminution, ultraviolet radiation, and
phytoplankton biology in antractic
waters. DPP 90-01848. $57,335.

Smith, Walker 0. University of Tennes-
see, Knoxville, Tennessee. Antarctic
Marine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Collaborative
research on nutrient dynamics and
phytoplankton productivity. DPP 84-
20213. $9,200.

Vestal, J. Robie. University of Cincin-
nati, Cincinnati, Ohio. Molecular bi-
ology of the carbon-dioxide fixing
enzyme from a cryptoendolithic cy-
anobacterium. DPP 90-02869. $35,316.

Virginia, Ross A. San Diego State Uni-
versity, San Diego, California. Collab-
orative research: Nematode
distribution and function in McMurdo
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Dry Valley ecosystems. DPP 89-14655.
$3,974.

Earth science

Collinson, James W. Ohio State Univer-
sity, Columbus, Ohio. Sedimentology
of the Permian-Triassic fluvial se-
quence in the Beardmore Glacier re-
gion. DPP 89-17413. $41,957.

Cooper, Alan K. U.S. Geological Sur-
vey, Menlo Park, California. Work-
shop on seismic stratigraphy. DPP 90-
10852. $20,000.

Elliot, David H. Ohio State University,
Columbus, Ohio. Cretaceous and Ter-
tiary strata of the James Ross Basin
and the evolution of the Antarctic
Peninsula. DPP 87-16258. $34,846.

Elliot, David H. Ohio State University,
Columbus, Ohio. The tectonomag-
netic setting of Early to Middle Jur-
assic bimodal volcanism in the
Transantarctic Mountains. DPP 89-
17348. $89,073.

Elliot, David H. Ohio State University,
Columbus, Ohio. Antarctic geophys-
ical working group. DPP 90-11643.
$13,234.

Faure, Gunter. Ohio State University,
Columbus, Ohio. Study of sediment,

glacier ice, and silicate spherules,
Walcott Névé. DPP 88-16236. $55,564.

Feldmann, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleobiology of
Cretaceous and Tertiary decapod
crustaceans from Seymour Island. DPP
87-15945. $3,000.

Fisk, Martin R. Oregon State Uinversity,
Corvallis, Oregon. Rifting and volcan-
ism on the Antarctic Peninsula. DPP
88-17126. $39,551.

Hanson, Richard E. Texas Christian Uni-
versity, Fort Worth, Texas. The tec-
tonomagmatic setting of Early to
Middle Jurassic bimodal volcanism in
the Transantarctic Mountains. DPP 89-
15429. $14,818.

Lipschutz, Michael E. Purdue Univer-
sity, West Lafayette, Indiana. Trace
elements in antarctic meteorites: Ex-
traterrestrial origin and terrestrial ice-
sheet processes. DPP 87-15853. $15,000.

Luyendyk, Bruce P. University of Cali-
fornia, Santa Barbara, California. Geo-
logical and geophysical studies in the
Ford Ranges of Marie Byrd Land. DPP
88-17615. $99,341.

O'Connell, Daniel R. Ohio State Uni-
versity, Columbus, Ohio. Broadband
seismic imaging of lithospheric struc-
ture: Application to the Transantarctic
Mountain front and the Bentley
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Subglacial Trench. DPP 89-16852.
$114,972.

Sears, Derek W. University of Arkansas,
Fayetteville, Arkansas. Natural ther-
moluminescence levels in antarctic
meteorites and related studies. DPP
88-17569. $25,183.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Pre-Beacon ge-
ology of the Transantarctic Mountains.
DPP 89-16057. $57,468.

Taylor, Edith L. Ohio State University,
Columbus, Ohio. Diversity and dis-
tribution of fossil floras from southern
Victoria Land. DPP 87-16070. $60,891.

Webb, Peter-Noel. Ohio State Univer-
sity, Columbus, Ohio. Stratigraphy,
paleontology, structural geology, and
paleoglaciology of the Lake Neogene
Glacigene Sirius Group of the Domin-
ion Range-Beardmore Glacier Region.
DPP 89-19910. $87,399.

Wise, Sherwood W. Florida State Uni-
versity, Tallahassee, Florida. Maes-
trichtian to Cenozoic calcareous
nanofossil biogeography of the south
Atlantic Ocean basin based on new
ocean drill sites. DPP 89-17976. $30,239.
($60,477)

Woodburne, Michael 0. University of
California, Riverside, California. Pre-
paring the oldest protomysticete whale,
Seymore Island, Antarctic Peninsula.
DPP 89-20883. $14,520.

Each year, scientists, contractor employees,
and Navy personnel take survival training clas-
ses at sites on Ross Island. Below, a scientist
takes a break while building a snow-cave shel-
ter.

NSF photo by Russ Kinne.
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Zinsmeister, William J . Purdue Univer-
sity, West Lafayette, Indiana. Paleon-
tologic investigation of the Cretaceous/
Tertiary boundary on Seymour Is-
land. DPP 84-16783. $78,583.

Ocean and climate studies

tenBrink, Uri. Stanford University,
Stanford, California. Seismic investi-
gation of the plate boundary between
East and West Antarctica. DPP 89-
17634. $116,155.

Bernstein, Robert L. SeaSpace, San Diego,
California. Application of DMSP sat-
ellite data to antarctic oceanography
and meteorology. DPP 88-17448.
$130,698.

Dunbar, Robert B. Rice University,
Houston, Texas. Sinking and sus-
pended particulate matter on the ant-
arctic continental margin. DPP 88-
18136. $139,650.

Elliot, David H. Ohio State University,
Columbus, Ohio. Quaternary climatic
record from the Antarctic Peninsula
region. DPP 89-17200. $61,370.

Foster, Theodore D. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic Bottom Water formation. DPP
89-15730. $169,348.

Leventer, Amy. Ohio State University,
Columbus, Ohio. Late Holocene cli-
mate history recorded in laminated
sediments from the George V Coast.
DPP 89-16712. $41,372.

Muench, Robin D. Science Applications
International Corporation, Austin,
Texas. Physical oceanographic studies
of the Scotia Sea winter marginal ice
zone: A component of AMERIEZ. DPP
87-15979. $1,685.

Rasmussen, Reinhold A. Oregon Grad-
uate Institute of Science and Tech-
nology, Beaverton, Oregon. Chlorine-
and bromine-containing trace gases in
the Antarctic. DPP 87-17023. $89,323.

Swift, Calvin I. University of Massa-
chusetts, Amherst, Massachusetts.
Remote sensing of sea-ice thickness:
A proposal to participate in the 1991
antarctic winter cruise of the Polar-
stern. DPP 89-05198. $49,733.

Aeronomy and astronomy

Berkey, Frank T. Utah State University,
Logan, Utah. All-sky camera mea-
surements of the aurora australis from
Amundsen-Scott South Pole Station.
DPP 88-17365. $34,300.

Campbell, Wallace H. U.S. Geological
Survey, Denver, Colorado. Quiet-time

-	 -	.
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NSF photo by Ann Hawthorne.

To learn more about the erosion processes
that are occuring in the McMurdo Dry Valleys,
geologists began a 40-year study in the mid-
1980s. Rock samples with known properties
are mounted on frames and left exposed for
extended periods of time. Periodically, they are
checked and their conditions are noted.

geomagnetic field variations in Ant-
arctica. DPP 89-20443. $37,000.

Clark, Kenneth C. University of Wash-
ington, Seattle, Washington. South
Pole X-ray characteristics. DPP 87-
18586, $12,300.

Forbes, Jeffrey M. Boston University,
Boston, Massachusetts. Dynamics of
the antarctic mesosphere and lower
thermosphere. DPP 89-16343. $39,518.

Lin, Robert P. University of California,
Berkeley, California. Cosmic and solar
hard X-ray and gamma-ray spectros-
copy from the South Pole. DPP 87-
17481. $21,384.

Mende, Stephen B. Lockheed Missile,
Palo Alto, California. Antarctic au-
roral imaging. DPP 88-16825. $75,861.

Pomerantz, Martin A. Bartol Research
Institute, Newark, Delaware. Obser-
vations of ultra-high-energy gamma-
ray sources from the South Pole. DPP
86-13231. $155,213.

Rosen, James M. University of Wyo-
ming, Laramie, Wyoming. A study of
polar stratospheric clouds at the South
Pole. DPP 88-16563. $120,540.

de Zafra, Robert L. State University of
New York, Stony Brook, New York.
Measurement of chlorine monoxide,
nitrous oxide, and high-altitude ozone
in the 1990 spring stratosphere over
McMurdo Station. DPP 89-22688.
$18,324. ($28,324)
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NSF photo by Ann Hawthorne.

On top of the clean-air facility at Amundsen-Scott South Pole Station, air samples are taken so
that scientists can learn more about the types of natural and manmade materials that are in the
atmosphere above Antarctica. These investigations contribute to scientific understanding of the
composition of Earth's atmosphere.

umentation, training, support, and
improved analysis methods with test
of imaging radar for glaciology. DPP
87-16540. $10,000.

Proenza, Luis A. University of Alaska,
Fairbanks, Alaska. Polar ice coring and
support. DPP 88-20948. $2,238,285.

Saltzman, Eric S. University of Miami
School of Marine and Atmospheric
Studies, Miami, Florida. Methane sul-
fonic acid in the Vostok ice core: A
160,000-year record of biogenic sulfur
emissions from the southern ocean.
DPP 88-20919. $74,010.

Starmer, William T. Syracuse Univer-
sity, Syracuse, New York. A study of
the ancient microbes entrapped in gla-
cial ice. DPP 90-01520. $50,000.

Support and services

Becker, Robert A. ITT Antarctic Ser-
vices, Inc., Paramus, New Jersey.
Specialized support of the U.S. Ant-
arctic Program. DPP 80-03801.
$5,000,000.

Glaciology

Alley, Richard B. Pennsylvania State
University, University Park, Pennsyl-
vania. Ice-sheet stability on a deform-
ing bed: Model studies. DPP 89-15995.
$58,074.

Bentley, Charles R. University of Wis-
consin, Madison, Wisconsin. Contin-
uation of a glaciophysical survey of
the interior Ross embayment (GSIRE).
DPP 86-14011. $269,612.

Bindschadler, Robert A. National Aero-
nautic and Space Administration,
Goddard Space Flight Center, Green-
belt, Maryland. Support for a work-
shop on sea-level response to ice sheet
evolution (SeaRISE). DPP 90-01579.
$39,585.

Burckle, Lloyd H. Columbia University,
Lamont-Doherty Geophysical Obser-
vatory, Palisades, New York. Diatoms
in Sirius Formation and related sedi-
ments: Significance to paleocimate and
glacial geology. DPP 88-16613. $51,940.

Denton, George H. University of Maine,
Orono, Maine. Ice-sheet response to
global Pliocene warming. DPP 89-
18942. $115,401.

Fitzgerald, William F. University of Con-
necticut, Marine Science Institute,

Groton, Connecticut. Temporal dis-
tribution of mercury in the antarctic
ice sheet: Geochemical significance.
DPP 89-18957. $77,983.

Grootes, Pieter M. University of Wash-
ington, Seattle, Washington. The ice-
core working group (1989-1991). DPP
89-15749. $20,180.

Kurz, Mark D. Woods Hole Oceano-
graphic Institution, Woods Hole,
Massachusetts. Exposure-age dating
applied to glacial geology. DPP 88-
17406. $8,800.

Langway, Chester C. State University of
New York, Buffalo, New York. The
analysis and dating of a 200-meter ice
core from Byrd Station, Antarctica. DPP
88-17579. $160,251.

MacAyeal, Douglas R. University of
Chicago, Chicago, Illinois. Siple Coast
ice-stream response to atmospheric
carbon-dioxide variation. DPP 89-
14938. $124,715.

Merry, Carolyn. Ohio State University,
Columbus, Ohio. Mapping of ice
stream B using SPOT satellite data.
DPP 89-18709. $47,408.

Moore, Richard K. University of Kansas
Center, Lawrence, Kansas. The Kan-
sas antarctic radar: Completion, doc-

Brown, Otis B. University of Miami
School of Marine and Atmospheric
Studies, Miami, Florida. Satellite com-
munications for scientific purposes:
University-National Oceanographic
Laboratories fleet management and
polar programs support. OCE 86-
03719. $91,500 ($110,000)

Cannon, Johnnie B. Oak Ridge National
Laboratory, Oak Ridge, Tennessee.
Technical support for the U.S. Ant-
arctic Program environmental review.
DPP 89-12136. $289,996.

Murphy, Robert L. Antarctic Support
Associates, Orange, California. Logis-
tics support of operations and re-
search activities related to the U.S.
program in Antarctica. DPP 89-22832.
$696,000.

Spilhaus, A.F. American Geophysical
Union, Washington, D.C. Publication
of Antarctic Research Series. DPP 89-
15494. $53,900.

Tanen, Mark S. Phoenix Systems, Inc.,
Arlington, Virginia. Analysis support:
Information and advisory services for
the development of an international
database. OIS 87-16455. $33,175.

Thuronyi, Geza T. Library of Congress,
Washington, D.C. Abstracting and in-
dexing service for Current Antarctic Lit-
erature. DPP 70-01013. $219,326.

Wirth, David. Scripps Institution of
Oceanography, La Jolla, California.
Shipboard technician support. OCE
86-16368. $7,286.
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Weather at U.S. stations

April 1990
Palmer
-2.5"

3.3"
(1)

-10.6"
(20 & 21)

992.10

1011.40
(2)

966.20
(20 & 21)

230.00

045"

4.79

29.34
(20)

020"

7.7

2.0

11.0

17.0

Feature
Average temperature (SC)

Temperature maximum ("C)
(date)

Temperature minimum ("C)
(date)

Average station pressure (mb)

Pressure maximum (mb)
(date)

Pressure minimum (mb)
(date)

Snowfall (mm)

Prevailing wind direction

Average wind (m/sec)

Fastest wind (m/sec)
(date)
(direction)

Average sky cover

Number clear days

Number partly cloudy days

Number cloudy days

Number days with visibility less than 0.4
km

February 1990
McMurdo	Palmer	South Pole McMurdo
-11.0"	3.6"	-41.1"	-18.0"

-1.0"	8.3"	-29.0"	-7.3"
(6)	(11)	(1)	(21)

-20.0"	-1.1"	-51.4"	-31.5"

	

(22)	(28)	(22)	(29)

	

984.56	990.20	682.36	987.44

	

995.06	1006.10	690.15	994.75

	

(18)	(14)	(18)	(23)

	

971.79	970.60	670.00	979.45
(8) (7)	(8)	(28)

	

66.04	55.00	TRACE	312.42

	

090"	330"	045"	100"

	

6.69	7.05	4.74	7.21

	

22.80	28.83	13.38	28.16
(9) (25)	(1)	(20)

	

180"	010"	310"	180"

	

7.8	9.1	5.3	7.8

	

1.0	0.0	10.0	3.0

	

7.0	3.0	8.0	5.0

	

20.0	25.0	10.0	23.0

	

0.1	 0.5	2.3

March 1990

	

Palmer	South Pole* McMurdo
	1.9" 	 -21.2"

	

6.2"	 -9.0"

	

(1 & 7) 	(29)

	

-3.3"	 -38.8"

	

(28) 	(21)

	

983.90	 995.12

	

1013.00	 1019.74

	

(15) 	(30)

	

962.90	 966.85

	

(6) 	(23)

	

24.20	 142.24

	

360"	 130"

	

6.69	 6.18

	

33.98	 31.29

	

(19)	 (9)

	

020"	 210"

	

9.0	 5.8

	

0.0	 4.0

	

3.0	 14.0

	

28.0	 12.0

0.5

South Pole
-58.2"

-39.5"
(26 & 27)

-71.9"
(20)

686.59

716.22
(27)

670.00
(21 & 22)

TRACE

045"

5.61

16.54
(27)

010"

3.9

15.0

10.0

5.0

1.3

Prepared from information received from the stations. Locations: McMurdo 77"51'S 166"40'E, Palmer 64 046'S 6403'W, Amundsen-Scott South Pole 900S.
Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2,835 meters. For prior data and daily logs, contact the National Climate Center,
Asheville, North Carolina 28801.

"March 1990 climate data for Amundsen-Scott South Pole Station was not received but will be published at a later time.
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